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dugc mo ta chi tiét trong ban mo ta va cac mudi duge dung va cic dang bao ché
dugc dung clia ching. Sang ché ciing dé cap dén dugc phdm va té hop dugc chita

ching.
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Linh vuc k§ thuit dwoc dé cap
Sang ché dé cép dén cac hop chit B-lactam, trong d6 vong lactam nay la don

vong, va dugc pham va ché pham hon hgp dugc cta chung.

Tinh trang ky thuit ciia sang ché

Sau moét vai thap ky, tan suét khang khang sinh va su lién két ctia n6 véi céac
bénh xam nhiém nghiém trong di gia ting véi tbe do dang bao ddng. Ty 1€ hién hanh
dang gia ting cta viéc khang ciia cac mam bénh tir bénh vién dic biét giy lo ngai.
Trong s6 hon 2 triéu ca xAm nhiém tir bénh vién xay ra mdi nam tai M§, 50% dén 60%
do cac chiing vi khuin khang khang sinh gay ra. Ty 1¢ khang cao véi céc chét khang
khuén thudong duge st dung nay lam ting ty 16 méc, ty 16 tr vong, va cic chi phi diéu
tri kém theo cac bénh x4m nhiém tir bénh vién. O MY, cac bénh x4m nhiém tir bénh
vién duroc cho 14 gop phan hay gdy ra hon 77.000 ca tir vong mdi nam va mdi nim tiéu
tén x4p xi 5 dén 10 ty do.

Nhitng nguyén nhan cha yéu din dén tinh khang & vi khudn Gram 4m bao gdém
cac B-lactamaza (ESBL), serin carbapenemaza (KPC) va metalo-B-lactamaza (vi du,
NDM-1) ¢6 phd duge mé& rong trong Klebsiella pneumoniae, Escherichia coli, va
Proteus mirabilis, mirc 46 cao ctia tinh khang xephalosporin (AmpC) B-lactamaza thé
hé thir ba cta céac loai Enterobacter va Citrobacter freundii, va cac gen khang nhiéu
dugc chit dugc quan sat thdy trong Pseudomonas, Acinetobacter, va
Stenotrophomonas. Vén dé khang lai chit khang khudn duogc téng hop do su tdn tai
cic ching vi khuan khang nhiéu chat khang khuin. Vi du, Klebsiella pneumoniae
mang NDM-1 metalo-B-lactamaza thudng mang céc serin-p-lactamaza bd sung ciing
nim trén plasmit mang NDM-1 nay.

EP 0 093 376 A2 (1983-11-09) dé cap dén din suit 1-sulfo-2-oxoazetidin and
cac chét trung gian dé diéu ché hop chét nay va phuong phap diéu ché hop chit nay.
Hop chét c6 hoat tinh khang vi sinh vét va hoat tinh trc ché B-lactamaza va c6 gia tri

nhu la cac thuoc cho nguoi va dong vat da duoc thuan hoa.
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Do d6, ¢6 nhu cau doi véi cac chat khang khuan mdi, cu thé 1a cac hop chat
khang khuéan c6 hiéu qué khang céac vi sinh vt khang thuoc hién nay, hodc it c6 nguy
co dan dén su phat trién tinh khang méi clia vi khuan. Sang ché dé xuét nhitng hop

chét nay.

Ban chit ky thuit ciia sang ché

SanSang ché dé xuat cac hop chat, dwoc phim chira hop chét nay, va phuong
phap sir dung cic hop chit va ché phim nay dé diéu trji cac bénh nhén bi nhiém khuan.
Céc hop chét nay la cdc monobactam, bao gém vong beta-lactam don vong, va dién
hinh 14 hoat ddng bing cach irc ché cac protein gan két penixilin (PBP), lién quan dén
sinh téng hop cac peptidoglycan cin c¢6 dbi véi thanh té bao vi khudn binh thuong.
Mot sb thanh vién thudc nhém nay bao gém aztreonam va carumonam. Cac hop chit
monobactam khiac dd dugc mo td trong EP0093376A2, WO02013/110643 va
W02012/073138. Cac hop chét nay c6 hiéu qua chu yéu 1a khang vi khudn Gram am.

Hop chit theo sang ché c6 thé dugc sir dung dé didu tri cac bénh xa4m nhiém do
Enterobacteriaceae, bao gébm Salmonella, E. coli, Klebsiella pneumoniae, Proteus,
Enterobacter, Serratia, va Citrobacter, bao gdm céc tac nhan giy bénh chang han nhu
Klebsiella pneumoniae sinh ra KPC it nhay cam hon védi cac monobactam trude do
nhu aztreonam, cling nhu vi khuin khong 1én men, bao gém Pseudomonas aeruginosa,
Acinetobacter, Burkholderia, Moraxella va Stenotrophomonas.

Hop chét theo sang ché co thé duoc sir dung mot minh hodc két hop véi cac
chit khang sinh khac, va c6 thé két hop véi cac chat ching han nhu cac chit irc ché
beta-lactamaza lam ting tiém luc hoat tinh cta hop chét theo sang ché chéng lai cac
tac nhan gdy bénh cu thé hoac gidm tan suét hodc muc 46 khang cua vi khuén véi hop
chét theo sang ché chdng lai cac tic nhan gy bénh cu thé. Cac chét uc ché beta-
lactamaza thich hop dé st dung két hop voi hop chit theo sang ché bao gbém

avibactam, tazobactam, sulbactam va axit clavulanic.

Theo mot khia canh, sang ché dé xuét hop chit co cong thire (I):
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hodc mudi dugce dung cua no,
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trong do :

Z 1a CR* hodic N;

R'14 H hogic C;-C, alkyl;

R? dugc chon tir nhém bao gdbm H, C,-C, alkyl, va -COOH

hoic R' va R? cling véi cacbon ma chung duogc gin vao dé tao thanh
vong dugc chon tir vong Cs-Cexycloalkyl va vong di vong ¢ 4-6 canh chira 1én
dén hai nguyén tir khac loai duge chon tir N, O va S lam cac thanh phén cta
vong;

R’ dugc chon tir H, -COOH, va —L'-W-(CH,)e,-X-R>;

R'1aH hoéc halo;

moi L' doc 1ap 1a C,_4 alkylen mach théng hoac mach nhanh;

W 1a lién két, O, NH hoic S;

X la phenyl, hodc vong heteroaryl c6 5-6 canh chira 1-3 nguyén tir khac loai
duge chon tr N, O va S 1am céc thanh phan clia vong; trong d6 phenyl va heteroaryl
cO 5-6 canh nay tuy y duogc thé b?mg mot hodc hai nhém duge chon tir Cy4 alkyl,
hydroxy, -CN, F, C,4alkoxy, -NH,, -NH(C .4 alkyl) va -N(C,_4 alkyl),;

R’ duge chon tir

R1b R1b
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trong do R, R, va R*® doc lap la hydro, hydroxy, CN, (C,-Cy)alkyl, (C,-C4)alkoxy,
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(C5-Ceg)xycloalkyl, hoac heteroxyclyl c¢6 4, 5, 6 hodc 7 canh chira N, O hodc S lam
thanh phan cta vong, trong d6 mdi (C;-Cy)alkyl, (C,-Ca)alkoxy, (C;-Cg)xycloalkyl,
hodc heteroxyclyl ¢6 4, 5, 6 hodc 7 canh chira N, O hodc S lam thanh phén cua vong

c6 thé dugc thé béng mot, hai hodc ba phén tr thé doc lap dugc chontr Y,

va trong do R*®vaR® cling véi nguyén tir nito ma ching duge lién két co thé tiy y tao
thanh heteroxyclyl c6 5 dén 7 canh ngoai ra con bao gdm 0 hodc 1 nguyén tir khac loai

duge chon tir N, O va S, heteroxyclyl nay tiy y dugc thé bang Y;

Y dugce chon tir F, CN, -NH,, Q, -L*-C(O)NR"-L2-Q, -L2:-NR"-C(0)-L%-Q, -
LZ—ORIO, -L2-N(R10)2, -L2-N+(R”)3, -L2-NR10-C(O)R10, -L2-NR10—L2-N(R10)2, -L2-O-
C(O)OR", -L*0-C(0)-N(R'%),, -L>NR'’-C(0)-N(R'%),, -L-NR"-C(0)-OR" -L%-
C(=NR'))-N(R'?),, -CON(R'®),, -L>-NR'*-C(=NR'%)-N(R'?),, -L-NR'°-C(=NR'%)-R"°,
-L2-C(O)N(R'?,, -L20-SO:R";

L2 v6i mbi 1an xuét hién doc lép la lién két hodc C4 alkylen mach théng hoic
mach nhanh, tity y duoc thé bing NH,, OH, hoic F;

Het la vong di vong no c6 4-6 canh, trong d6 vong di vong nay chira 1 hodc 2
nguyén tir khic loai duge chon tir N, O va S 1am céc thanh phén cuia vong va duge thé
bing oxo va tity ¥ con dugce thé bing Y:

R'" va R" doc 1ap 1a H hodc C,.4 alkyl tiy ¥ duoc thé bing mot hoic hai nhém
duogc chon tir OH, NH, hoic Q;

Q duge chon tir -L>-N(R"),, -L-N"(R");, -L>-NR">-C(=NR"*)-N(R"),, -L*-
NR"- CRP(=NRP), -L>-NR“-L-Cy, -L-NR"“-C(=NR")-NR">.L%.Cy, -L:-NR"-
C(=NRP)-L*-Cy, -L>-Cy-L:-R", -L-Cy-L:-N(R"),, -L2-NR"-S0,-N(R'?),, -L.%-SO,-
N(R"),, -L*>-NR"-80,-R", -L>-NR"*-L*-Ar, -L2-S-L2-Cy, -L2-NR'*-(C=0)-0-R ",

+
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R15

mdi Cy doc lap la xycloalkyl ¢6 3-6 canh hodc heteroxyclyl c6 3-6 canh chira

mat hodc hai nguyén tir khac loai duoc chon tir N, O va S lam thanh ph?m vong va tuy

y dugc ngung tu v6i vong aryl hodc vong heteroaryl ¢ 5-6 canh, trong d6 méi Cy tuy

y duoc thé béng mot hodc hai nhom duge chon tir halo, C;_; haloalkyl, R", hydroxy,
C).4alkoxy, -NH,, -NH(C/.4 alkyl) hodc -N(C_4 alkyl),;
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Ar 13 phenyl, tily y dugc thé bing mdt hoac hai nhém dugce chon tir halo, C, 3
haloalkyl, R", hydroxy, C;.s alkoxy, -NH,, -NH(C,_4 alkyl) hodc -N(C,_4 alkyl),;

R'' véi mbi 14an xuét hién doc 1ap la C.4alkyl;

va hai R', hoic hai R"", hoic hai R trén ciing nguyén tir N ¢6 thé vong hoa dé
tao thanh vong di vong c6 4-6 canh tuy y dugc thé béng C,.4 alkyl, C,4 alkoxy,
hydroxy, hodc oxo;

R"” v6i mdi lan xuét hién doc lap 1a H hodc C,4 alkyl tuy y duoc thé bing
hydroxy, C,_4 alkoxy, -NH,, -NH(C,_4 alkyl) hoac —N(C,_4 alkyl),;

R" v&i mbi 1an xuét hién doc lap l1a C,4alkyl tuy y duge thé b?mg hydroxy, C,_4
alkoxy, -NH,, -NH(C,_4 alkyl) hodc -N(C,_4 alkyl),;

trong d6 hai R" hodc hai R' trén cung nguyén tr N c6 thé vong hoa dé tao
thanh vong di vong c6 4-6 canh tuy y dugc thé béng Ci.4 alkyl, C,_4 alkoxy, hydroxy,
amino hoéc 0xo;

R'1a H, halo, C,.4alkyl, CN, hodc -O(C s alkyl);

hodc mudi dugc dung cua no;

Theo khia canh khéc, sang ché dé xuit hop chét cé cong thuc () dé sir dung
trong phuong phap trc ché sy ting truéng cia vi khudn hodc diéu bién doc luc cia su
nhiém khuin.

Theo khia canh khéc, sang ché dé xudt hop chit c6 cong thirc (I) dé sir dung
trong phuong phap diéu tri cho bénh nhan bi nhiém vi khuin Gram am, ty y két hop
v6i chat mang duoc dung. Theo céac phuong an cu thé, dbi tuong nay 1a dong vit c6 v
va theo mot sé phwong an, ddi tuong nay 1a nguoi.

Vi khudn Gram 4m c6 thé la chi dugc chon tir Citrobacter, Enterobacter,
Escherichia, Klebsiella, Morganella, Proteus, Salmonella, Serratia, Pseudomonas,
Acinetobacter, Bacteroides, Burkholderia, Campylobacter, Neisseria,va
Stenotrophomonas. Cu thé 13, nhiém khudn do loai Citrobacter, Enterobacter,
Escherichia, Klebsiella, Morganella, Proteus, Salmonella, Serratia, Pseudomonas,
hodc Acinetobacter c6 thé diéu tri dugc. Cac loai vi khuan cu thé dbi véi viec diéu tri
nidy bao gdm Citrobacter freundii, Citrobacter koseri, Enterobacter cloacae,
Enterobacter faecalis, Enterobacter faecium, Escherichia coli, Klebsiella pneumoniae,
Klebsiella oxytoca, Morganella morganii, Proteus mirabilis, cdc loai Salmonella,

Serratia marcescens, Pseudomonas aeruginosa,va Acinetobacter baumanii, cling nhu
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Bacteroides bivius, Bacteroides fragilis, Burkholderia cepacia, Campylobacter jejuni,

Neisseria gonorrhoeae, va Stenotrophomonas maltophilia.

Theo khia canh khéc, sang ché @& xudt hop chét c6 cong thirc (I) dé sir dung
trong phuong phap ding lugng cé tac dung trc ché cta hop chét c6 cong thire (I) véi vi
khudn Gram am 1én men hodc vi khudn Gram am khong 1én men. Theo phuong 4n cu
thé, hop chit c6 cong thic (I) dé st dung trong phurong phép ap dung lugng co tac
dung trc ché ctia hop chét c6 cong thirc (I) voi vi khudn Gram 4m 1én men hoic vi
khuan Gram 4m khong 1én men nay, vi khuidn Gram 4m 1a céc loai Burkholderia,
Citrobacter, Enterobacter, Escherichia, Klebsiella, Morganella, Neisseria, Proteus,
Salmonella, Serratia, Pseudomonas,va Acinetobacter. Céc loai vi khuén cu thé ddi vai
phuong phap nay bao gém Citrobacter freundii, Citrobacter koseri, Enterobacter
cloacae, Enterobacter faecalis, Enterobacter faecium, Escherichia coli, Klebsiella
pneumoniae, Klebsiella oxytoca, Neisseria meningiditis va Burkholderia cepacia,
Morganella morganii, Proteus mirabilis, cac loadi Salmonella, Serratia marcescens,
Pseudomonas aeruginosa, va Acinetobacter baumanii, cling nhu Bacteroides bivius,
Bacteroides fragilis, Burkholderia cepacia, Campylobacter jejuni, Neisseria
gonorrhoeae,va Stenotrophomonas maltophilia.

Theo phwong 4n khéc, sang ché dé xuit hop chit co cong thie (I) dé st dung
trong phuong phép dp dung luong cé tic dung e ché cua hop chit c6 cong thirc (I)
v6i vi khudn Gram 4m, ching han nhu Enterobacteriaceae; theo mot sb phuong an vi
khudn Gram a4m nay dugc chon tir nhom bao gé)m cac loai Citrobacter, Enterobacter,
Escherichia, Klebsiella, Morganella, Proteus, Salmonella, Serratia, Pseudomonas,va
Acinetobacter.

Theo phuong an khac, sang ché dé xudt dugc phim chira lugng ¢6 hiéu qua cua
hop chét c6 cong thirc (I) két hop vé6i chét mang dugc dung hodc ta duge. ‘Luong cé
hiéu qua’ dugc st dung & day dé cap dén lugng dit dé giam d6 nghiém trong hodc cac
triéu ching cta viéc xAm nhiém, hoiic lugng c6 hiéu qua dé giam lugng vi khuén trong
bénh nhan.

Dugc phém dugc dé xuét theo sang ché chira cac hop chét bt ky dugc mo ta &
day va chat mang dugc dung. Theo mét sb phuong an ché phdm nay chua chit diéu tri

b0 sung hodc chat rc ché beta lactamaza.
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Theo khia canh khéc, sang ché dé xuit ché phidm hdn hop duoc chita hop chét
theo sang ché va chit diéu trj bd sung hodic chét wrc ché beta lactamaza hodc tiy y ca
hai.

Sang ché dé xuit cac hop chit mét, hop chit dé sir dung trong cac phwong phap
méi dé irc ché sy sdng sot va tang trudng quan thé vi khudn Gram 4m, va hop chét dé
sir dung trong cac phuwong phap va ché phdm méi dé diéu tri nhim khuén & cac dbi
tuong la dong vat cé vu, cu thé 1a & dbi tugng 1a ngudi. Hop chét dugc dé xuit & day
c6 thé duge bao ché thanh dugc phdm va thude ma hiru ich trong cac phuong phap e
ché su tang truéng cla vi khudn hodc do nghiém trong hoic khoang thoi gian nhiém
khuan, hodc dé didu tri cho ddi twong bi nhiém khuén ma d& bj irc ché bing hop chét
c6 cong thire (I). Sang ché ciing dé xuit cac hop chit dé st dung trong bao ché thubc
va duoc phém, viée sir dé sir dung trong viéc ¢ ché su tang trudng cla vi khuén, va
vi€c sur dung dé diéu trj cac chtng xam nhiém do vi khuén & d6i tuong can dugc diéu
tri, vi du, ddi tuong bi nhiém vi khudn Gram 4m hodc cé nguy co dic biét cao dbi voi
viéc xdm nhiém nay.

Céc khia canh khac cia sang ché dugce boc 10 & day.

Mo ta chi tiét sang ché
Vé&i muc dich dién giai phdn mé ta sang ché, cac dinh nghia sau 4p dung trir phi
duge cu thé héa cu thé hodc mau thuln rd rang voi nglr canh. Bt ctr khi nao thich hop,

cac thudt ngir duge st dung & dang so it ciing bao gdm dang sb nhiéu va nguoc lai.

Dinh nghia

Cac thudt ngir dugc sir dung trong ban mo ta cé cac y nghia sau:

Khi dugc st dung & day, thuat ngit “dbi tuong” dé cap dén dong vat. Theo cic
khia canh cu thé, dong vat nay 1a dong vat co va. Déi tuong ciing dé cép dén, vi du,
linh trudng (vi dy, con nguoi), bo, ciru, dé, ngua, ché, meéo, thod, chudt nhit, chudt, ca,
chim va tuong ty. Theo céc phuong 4n cu thé, ddi twong nay 1a nguoi.

Nhu dugc str dung & ddy, thuat ngit "su rc ché" hodc “irc ché” dé cap dén giam
hodc kim ham tinh trang, triéu ching, hodc rdi loan, hodc bénh da biét, hodc gidm
dang ké hoat tinh co ban cua quy trinh hodc hoat tinh sinh hoc, hodc kha ning sbng

sot, sO lugng hodc toc do tang trudng clia quan thé vi khuan.
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Khi duge sir dung & déy, thuat ngit “diéu tri" hodc "viéc diéu tri" rdi loan hoic
bénh bt ky duogc dé cap trong mdt phuong 4n, dé 1am thuyén giam rdi loan hoic bénh
(c6 nghia 13, 1am cham hodc kim ham hodc giam su phat trién ciia bénh nay hodc it
nhit mot triéu ching trong sé cac triéu chirng 14m sang ctia nd). Theo phuong én khéc
"diéu tri" hodc "viéc didu tri" dé cap dén viéc 1am dju hodc lam thuyén giam it nhat
mdt tham sb vé thé chit bao gdm cac tham sb thé chit ma c6 thé khong c6 kha ning
duge bénh nhan nhén . Theo mot phuong an khac, "diéu tri" hodc "viéc diéu tri" dé
cap dén viéc diéu bién rdi loan hoac bénh, co6 thé 1a vé thé chit, (vi du, 1am én dinh cac
triéu chimg c6 thé nhan rd), vé sinh 1y, (vi dy, 1am n dinh tham sd thé chét), hodc ca
hai. Theo mot phuong an khac, "didu tri" hodc "viéc diéu tri" dé cap dén viée ngan
ngtra hodc tri hodn khéi phat hodc phat trién hodc dién tién cta bénh hodc rdi loan.

>IN 14

Khi dugce sir dung & ddy, thuat ngit "mot”, “nay” va cac thudt ngit tuong tu
dugc sir dung trong ngir canh ciia sang ché (dic biét 14 trong ngit canh cia yéu ciu bao
ho) dwgc hidu 14 bao gém cé sb it va sé nhiéu trir phi ban mo ta dé cap didu nguoc lai
hodc mau thuin rd rang vé6i ngir canh.

T4t ca cac phuong phap dugc md ta & day c6 thé duoc tién hanh theo thu tu
thich hop bat ky trir phi ban mé ta dé cép diéu nguoc lai hoic mau thuln ro rang vaéi
ngit canh. Sir dung tit ca vi du hodc vi du bt ky, ngon ngit vi du (vi du, "ching han
nhu”) cung cép & dy chi chii dinh minh hoa sang ché rd hon va khong dat ra giéi han
cho pham vi bdo hd sang ché duoc yéu cau.

Thuat ngit "chét khéang khuin" dé cap dén cac chét duoc téng hgp hodc duogc
bién dbi trong phong thi nghiém ma c6 hoat tinh diét khudn hodic kim ham su phat
trién cta vi khudn. Chit "co hoat tinh" trong ngit canh nay s& trc ché sy tiang trudng
cla P. aeruginosa va/hodc vi khuan Gram am khéac. Thudt ngir "irc ché tang truong”
chi ra ring toc d9 ting vé sé lugng quan thé cua vi khudn cu thé duoc giam xuéng. Do
do, thuét ngit nay bao gdm cac tinh hudng trong do quéan thé vi khuan ting nhung & tc
do6 bi giam xuéng, ciing nhu céc tinh hudng trong d6 su ting truéng cua quan thé nay
bi dung lai, cling nhu céc tinh hudng trong do6 sé vi khuén trong quan thé nay bj giam
hodc tham chi qué‘m thé nay bi loai trir.

"Tuy y duoc thé" ¢6 nghia 12 nhom dugc dé cap dén co thé dugc thé & mot hoédc
nhiéu vi tri bing mot hodc bang td hop bt ky cac gbe duoc liét ké sau day. Su thé nay

lién quan dén viéc thay thé nguyén tir hydro cia nhém khong dugc thé bang gbc khac;
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do do, sb lugng cac phin tir thé c6 thé dugc Thém vio nhom khong duge thé bét ky
bing v6i s6 nguyén tir hydro trén nhém khong duoc thé. Néu khéng dugc cu thé hoa
didu nguoc lai, ‘tiy ¥ dugc thé’ ¢6 nghia 13 1én dén ba nhom phén tir thé khong phai
hydro c6 thé duge Thém vao.

"Halo" hodc "halogen", khi dugc sir dung & day, cé thé 1a flo, clo. brom hoic
iot.

"C-Cg alkyl", hodc “C,¢ alkyl” khi dugc st dung & day, biéu thi alkyl mach
thing hodc mach nhanh c6 1-6 nguyén tir cacbon. Néu s nguyén tir cacbon khac duge
cu thé hoa, chéng han nhu Cg hodc C;, thi dinh nghia nay theo d6 dugc dién giai theo,
chang han nhu "C;-C, alkyl" s& bao gdm metyl, etyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl va tert-butyl.

"C;-Cg alkoxy", hodc “C¢ alkoxy” khi dugc stir dung & day, alkoxy mach théng
hoic mach nhanh cé 1-6 nguyén tir cacbon. Néu sb nguyén tir cacbon khac dugc cu thé
hoa, chéng han nhu Cg hodc Cs, thi dinh nghia nay theo d6 duoc dién giai theo, vi du,
"C;-C4 alkoxy" s& dai dién cho metoxy, etoxy, propoxy, isopropoxy, butoxy,

isobutoxy, sec-butoxy va tert-butoxy.

"C,-C4-haloalkyl" hodc “C,.4 haloalkyl” khi duoc st dung & day, biéu thi alkyl
mach thing hodc mach nhanh c¢6 1-4 nguyén tir cacbon, trong d6 it nhit mot hydro
duoc thay thé bang halogen. Néu sé nguyén tr cacbon khac dwgc cu thé héa, ching
han nhu Cg hodc C;, thi dinh nghia nay theo d6 dugc dién giai theo, do d6 "C;-Cs-
haloalkyl" s& dai dién cho metyl, etyl, propyl, isopropyl, butyl, isobutyl, sec-butyl va
tert-butyl c¢¢ it nhit mot hydro dugc thé béng halogen, chéng han nhu: CF;CF,-,
(CF;),CH-, CH;-CF,-, CF;CF,-, CF3, CF,H-, CF;CF,CHCF; hoac CF;CF,CF,CF,-.

“C3-Cg-xycloalkyl” hodc “C;_g xycloalkyl” khi dugce st dung ¢ day dé cap dén
vong hydrocacbon don vong no ¢ 3 dén 8 nguyén tir cacbon. Vi du vé& cac nhém nay
bao gébm xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl. Néu sé nguyén tr
cacbon khac duge cu thé hoa, chéng han nhu C;-C, thi dinh nghia nay theo dé dugc
dién giai theo.

“Heteroxyclyl 4 dén 8 canh”, “heteroxyclyl 5 dén 6 canh”, “heteroxyclyl 3 dén
10 canh”, “heteroxyclyl 3 dén 14 canh”, “heteroxyclyl 4 dén 14 canh” va
“heteroxyclyl 5 dén 14 canh”, dé cap dén, tuong tmg 1a cac vong di vong ¢o 4 dén 8

canh, 5 dén 6 canh, 3 dén 10 canh. 3 dén 14 canh, 4 dén 14 canh va 5 dén 14 canh
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chita 1 dén 7, 1 dén 5 hoidc 1 dén 4 nguyén tir khac loai dugc chon tir nhom bao gém
nito, oxy va luu huynh, co thé 14 no, hodc no mot phﬁn. “Di vong” c6 thé dugc sir dung
hoan dbi cho “heteroxyclyl”. Nhom di vong nay c6 thé duoc gin & nguyén tir khac loai
hodc nguyén tir cacbon. Thuat ngir “heteroxyclyl” bao gébm cic nhom vong don, cac
nhém vong ngung tu va cac nhém vong tao ciu. Vi du vé heteroxyclyl nay bao gbm,
nhung khong chi gidi han & pyrolidin, piperidin, piperazin, oxazolidin, pyrolidinon,
morpholin, tetrahydrofuran, tetrahydrothiophen, tetrahydrothiopyran, tetrahydropyran,
1,4-dioxan, 1,4-oxathian, 8-aza-bixyclo[3.2.1]octan, 3,8-diazabixyclo[3.2.1]octan, 3-
oxa-8-aza-bixyclo[3.2.1]octan, 8-oxa-3-aza-bixyclo[3.2.1]octan, 2-o0xa-5-aza-
bixyclo[2.2.1]heptan, 2,5-diaza-bixyclo[2.2.1]heptan, azetidin, etylendioxo, oxtan va
thiazolidin. Tét hon 14, nhém di vong hodc nhém heteroxyelyl 1a nhém don vong no
hodc no mot phé“m trir phi dugc cu thé hoa diéu ngugec lai, va chira 5-7 nguyén tir vong
c6 dén hai nguyén tir khac loai dugc chon tir N, O va S 1am cac thanh phin cta vong.
Theo mét sé phuong an, nhém di vong con bao gbm céc hé vong hai vong chira 1 hoic
2 nguyén tir khac loai ching han nhu N, O hodc S lam cac thanh phdn cua vong va
gdbm hai vong ¢6 3, 4, 4, hoic 6 duge ngung tu, ching han nhu 3-
azabixyclo[3.1.0]hexan, 8-aza-bixyclo[3.2.1]octan, 3,8-diazabixyclo[3.2.1]octan, 3-
oxa-8-aza-bixyclo[3.2.1]octan, 8-oxa-3-aza-bixyclo[3.2.1]octan, 2-oxa-5-aza-

bixyclo[2.2.1]heptan, 2,5-diaza-bixyclo[2.2.1]heptan.

"Heteroaryl" 1a vong khong no hoan toan (vong thom). Thuét ngir "heteroaryl”
dé cap dén hé vong thom mot vong hodc hai vong hodc ba vong, ¢6 1 dén 8 nguyén tir
khéc loai dugc chon tir N, O va S. Piac trung 1a, heteroaryl nay 1a hé vong ¢6 5-10
canh (vi dy, vong mot vong c¢6 5-6 canh hodc vong hai vong co 8-10 canh) hodc hé
vong ¢6 5-6 canh. Trir phi dugc cu thé héa diéu nguoc lai, heteroaryl tét hon 1a vong
co 5-6 canh dugc phan 1ap chira 1én dén 4 nguyeén tir khac loai duge chontu N, O va S
lam cac thanh phan cia vong. Cac nhom heteroaryl dic trung bao gbém furan,
isothiazol, thiadiazol, oxadiazol, indazol, indol, quinolin, 2- hodc 3-thienyl; 2- hoic 3-
furyl; 2- hodc 3-pyrolyl;1-, 2-, 4-, hodc 5-imidazolyl;1, 3-, 4-, hodc 5- pyrazolyl;2-, 4-,
hoac 5-thiazolyl, 3-, 4-, hodc S-isothiazolyl, 2-, 4-, hodc 5-oxazolyl, 3-, 4-, hoic 5-
isoxazolyl, 3- hodc 5-(1,2,4-triazolyl), 4- hodc 5-(1,2,3-triazolyl), tetrazolyl, triazin,
pyrimidin, 2-, 3-, hodc 4-pyridyl, 3- hodc 4-pyridazinyl, 3-, 4-, hodc 5-pyrazinyl, 2-
pyrazinyl, va 2-, 4-, hoac 5-pyrimidinyl.
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Thuat ngir “hydroxy” hodc “hydroxyl” dé cap dén nhom —OH, hodc khi dugce st
dung nhu mot phin cia tén gbc ching han nhu hydroxyalkyl, né dé cép dén nhom
dugc goi tén dugc thé bang —OH.

Nhiéu phuong an khac theo sing ché dugc mo ta ¢ ddy. S& dugc cong nhan
rz"mg cac dic diém duge cu thé hoa trong mdi phurong an co thé duoc két hop vai céac
dic diém dugc cu thé héa khac dé dua ra cac phuong an khac nira. Cac phuong an

dugc danh s6 dudi ddy la cac dai dién cho mdt so khia canh cua sang ché.

1. Hop chét c6 cong thic (I):

R1><R3
2
R O
N:”
| H
y N\(Nj)\”/N Het
2 l
s-Z O N_ O
G Ng?
—~OH
O
D
hodc mudi duogc dung cuda nd,
trong do :
Z1a CR*hoic N;

R'1a H hogc C;-C, alkyl;
R? dugc chon tir nhom bao gdm H, C,-C, alkyl, va -COOH
hoic R' va R? clng v6i cacbon ma chung dugc gin vao dé tao thanh

vong dugce chon tir vong C;-Cg xycloalkyl va vong di vong c6 4-6 canh chira 1én

dén hai nguyén tir khac loai dugc chon tir N, O va S lam céc thanh phén cia

vong;

R’ dwoc chon tir H, -COOH, va —L'-W-(CH,),-X-R>;

R'l1aH hoéc halo;

mbi L' doc lap 1a C,_4 alkylen mach théng hodac mach nhanh;

W 1a lién két, O, NH hogc S;

X la phenyl, hodc vong heteroaryl c6 5-6 canh chira 1-3 nguyén tir khac loai
dugc chon tir N, O va S lam cac thanh phan cta vong; trong d6 phenyl va heteroaryl

¢O 5-6 canh nay tuy y duoc thé béng mot hodc hai nhém dugc chon tir C,4 alkyl,
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hydroxy, -CN, F, C,_4alkoxy, -NH,, -NH(C,_4 alkyl) va —N(C,_4 alkyl),;

R’ dugce chon tir

R1b R0
{ { . 0 A\
(CHp)1-2
/k R3b :55 )\ R3b J\ s . /L (CH)1.2
AR fy oy
R20 R2b R2b Fltz”

; ; va ;
trong d6 R'°, R®, va R* doc 13p 1a hydro, hydroxy, CN, (C;-Cy4)alkyl,
(C-Cyalkoxy, (Cs-Cg)xycloalkyl, hodc heteroxyclyl ¢é 4, 5, 6 hodc 7 canh
chira N, O hodc S lam thanh phén ctia vong, trong d6 mdi (C;-Cy)alkyl, (C,-
Cy)alkoxy, (C5-Cg)xycloalkyl, hodc heteroxyclyl cé 4, 5, 6 hoac 7 canh chira N,
O hoic S lam thanh phén ctia vong c6 thé dugc thé béng mot, hai hodc ba phén

tir thé doc 1ap dugc chon tir Y,

va trong d6 R* va R*® cung v&1i nguyén tir nito ma ching dugce
lién két c6 thé tity ¥ tao thanh heteroxyclyl c6 5 dén 7 canh ngoai ra con
bao gdbm 0 hodic 1 nguyén tir khac loai duge chon tr N, O va S,

heteroxyclyl nay tity y duge thé bing Y:;

Y duge chon tir F, CN, -NH,, Q, -L*-C(O)NR'-L%-Q, -L-NR"-C(0)-L%-Q, -
L>-OR'", -L>-N(R"),, -L2N*'(R"");, -L2-NR'’-C(O)R"’, -L2-NR'*-L2-N(R"?),, -L*-O-
C(O)OR", -L*-0-C(0)-N(R'%),, -L:-NR"-C(0)-N(R'®),, -L-NR'-C(0)-OR"" -L%-
C(=NR'%)-N(R'%),, -CON(R'"),, -L-NR"’-C(=NR'%)-N(R'?),, -L2-NR'°-C(=NR'%)-R"*,
-L2-C(O)N(R'Y),, -L*-0-SO;R?;

L v6i mdi 1an xuat hién doc 14p 1a lién két hodc C,4 alkylen mach thing hodc
mach nhéanh, tuy y dugc thé b?mg NH,, OH, hoac F;

Het la vong di vong no c6 4-6 canh, trong d6 vong di vong nay chira 1 hoic 2
nguyén ti khac loai duogc chon tir N, O va S lam cac thanh phén cua vong va dugc thé
bang oxo va tily ¥ con duge thé bing Y;

R vaRr"? doc 1ap 1a H hoac C 4 alkyl tily y dugc thé béng mot hodc hai nhém
dugc chon tir OH, NH, hoic Q;

Q duge chon tir -L>-N(R"),, -L-N*(R");, -L2-NR">-C(=NR")-N(R"),, -L*-
NR"- CR"”(=NR"), -L2-NR"“-L%-Cy, -L>-NR"-C(=NR")-NR'">-L2-Cy, -L:NR"-
C(=NR")-L>-Cy, -L’-Cy-L:-R", -L’-Cy-L-N(R"),, -L2-NR"-S0,-N(R"?),, -1.-80,-
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NR'"),, -L2-NRP-S0,-R"?, -L-NR"*-L%-Ar, -L%-S-L2-Cy, -L-NR*-(C=0)-0-R ",

$11 y
L2 N 2 R L2
_§_L2\N+/\ ;211_ \[ NS %LTQ + /*—LL: \(\‘
R15 _ +
v : / : S , /\7 SR
R15 R15 R15

mdi Cy doc 14p 1a xycloalkyl ¢6 3-6 canh hodc heteroxyclyl c6 3-6 canh chta
mot hodc hai nguyén tir khac loai dugce chon tir N, O va S 1am thanh phan vong va tly
y dugc ngung tu véi vong aryl hodc vong heteroaryl c¢6 5-6 canh, trong d6 méi Cy tuy
y duge thé bang mot hodc hai nhom duge chon tir halo, C,; haloalkyl, R" hydroxy,
Ci.salkoxy, -NH,, -NH(C,_4 alkyl) hodc —N(C4 alkyl),;

Ar 1a phenyl, tuy y dugc thé bang mdt hodc hai nhém duge chon tir halo, C;3
haloalkyl, R™, hydroxy, C;.4 alkoxy, -NH,, -NH(C,_4 alkyl) hodac -N(C,_4 alkyl),;

R'! véi mdi 14n xudt hién doc 1ap 1a C,4 alkyl;

va hai R', hoic hai R", hodc hai R' trén cting nguyén tir N ¢6 thé vong
héa dé tao thanh vong di vong c6 4-6 canh tuy y dugc thé béng Ci4alkyl, Cy4 alkoxy,
hydroxy, hoac oxo;

R" véi mdi 1an xudt hién doc 1ap 1a H hodc C,. alkyl tuy y duoc thé bing
hydroxy, C,.4 alkoxy, -NH,, -NH(C,_4 alkyl) hodc —-N(C,_4 alkyl),; tuy y, khi RP1a Cis
alkyl no6 cé thé dugc thé béng ~OR" -NHRM, hydroxy, C,.4 alkoxy, -NH,, -NH(C,_4
alkyl) hodac —N(C,_4 alkyl),;

R" v&i mdi 14n xuét hién doc 1ap 14 C,_4alkyl tiy y durge thé bang hydroxy, C;.4
alkoxy, -NH,, -NH(C,_4 alkyl) hodc —-N(C,_4 alkyl),;

trong d6 hai R" hodc hai R' trén cing nguyén ttr N c¢6 thé vong hoa dé tao
thanh vong di vong c6 4-6 canh tity y dugc thé bang C,.4 alkyl, C,4 alkoxy, hydroxy,
amino hoac oxo;

R"1a H, halo, C,.4alkyl, CN, hodc -O(C,_4 alkyl);

hoac mubi duogc dung cua no.

Puoc hiéu rang mdi hop chit trong sb cac hop chat trong bang B, bao gdm
cac hop chit cta vi du 1-156, 1a mot phuong an theo sang ché va dugc chii dinh dé
nam trong pham vi cia phuong an 1.

2. Hop chét co cong thirc (1A):
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R;<R3
2
R O
s
N
. N\(NWN Het
2 /
s-Z O N_ 0
O \S/
iy OH
0
(IA)
hodc mudi duoc dung cua nd,
trong do :
Z1a CR* hodc N;

R'1a H hodc C,-C4 alkyl;
R? duoc chon tir nhém bao g@)m H, C,-C,alkyl, va -COOH

hoic R' va R? cling v6i cacbon ma ching duoc gin vao dé tao thanh
vong dugce chon tir vong C;-Cexycloalkyl va vong di vong ¢ 4-6 canh chira 1én
dén hai nguyén tir khac loai dugc chon tir N, O va S 1am céc thanh phin cua
vong;

R’ dugc chon tir H, -COOH, va —L'-W-(CHy)o-X-R>;

R'1aH hoic halo;

mdi L! doc 1ap 1a Cy_4alkylen mach théng hodc mach nhanh;

W la lién két, O, NH hodc S;

X 14 phenyl, hodc vong heteroaryl c¢6 5-6 canh chira 1-3 nguyén tir khac loai
dugc chon tr N, O va S 1am cac thanh phan cuia vong; trong d6 phenyl va heteroaryl
cO 5-6 canh nay tuy y duogc thé béng mot hodc hai nhém dugc chon tir C,4 alkyl,
hydroxy, -CN, F, Cy_4 alkoxy, -NH,, -NH(C,_4 alkyl) va —N(C_4 alkyl),;

R’ duoc chon tir

RP R1b
i [ 8 N\
3b - 3b J\ (CHa)1-2 )\ CH,)4.
"/I,LJ\T/R QSS\H)\N/R ‘3'2, N/ :_SS\N I N/( Ha)1.2
R2b leZb éQb H AZb

; : va 5
trong d6 R RZb, va R*® doc 1ap 1a hydro, hydroxy, CN, (C;-Cy)alkyl,
(Ci-Cylalkoxy, (C5-Cg)xycloalkyl, hodc heteroxyclyl ¢6 4, 5, 6 hodc 7 canh,
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trong do mdi (Ci-Cyalkyl, (C,-Cy)alkoxy, (Cs-Cg)xycloalkyl, hodc heteroxyclyl
c6 4,5, 6 hodc 7 canh c6 thé duoc thé béng modt, hai hodc ba phﬁn tir thé doc lap

dugc chontur Y,

va trong d6 R*™ va R* ciing v6i nguyén tir nito ma ching dugc
lién két c6 thé tiry y tao thanh heteroxyclyl ¢6 5 dén 7 canh ngoai ra con
bao gém 0 hodc 1 nguyén tir khac loai dugc chon tr N, O va S,

heteroxyclyl nay tity ¥ dugc thé bang Y;

Y dugc chon tir F, CN, -NH,, Q, -L*-C(O)NR'-L%-Q, -L>-NR"-C(0)-L%-Q, -
L-OR", -LZN(R"),, -L-N*'[R");, -L>-NR'-C(O)R"’, -L2-NR'-L2N(R'%),, -L2-O-
C(0)OR", -L*-0-C(0)-N(R'%),, -L>-NR"-C(0)-NR'?),, -L:NR'"’-C(0)-OR" -L*-
C(:NRIO)_N(RIO)z, -CON(RIO)Q, -LZ-NRIO-C(=NR]°)-N(R’0)2, -L2-NR1°-C(=NR1°)-RIO,
-L%-C(O)N(R'"?),, -L2-0-SO;R"";

L? v6i mbi 14n xudt hién dgc lap 1a lién két hodc C4 alkylen mach théng hodc
mach nhénh;

Het la vong di vong no c6 4-6 canh, trong d6 vong di vong nay chira 1 hodc 2
nguyén tr khac loai dugc chon tir N, O va S 1am céc thanh phan cta vong va dugc thé

bang oxo va tiy y con dugce thé bang Y;

R'’ va R'? doc 1ap 1a H hogc C,_s alkyl tuy ¥ duoc thé bing Q;
Q dugc chon tir -L*-N(R"),, -L*-N*(R');, -L>-NH-C(=NH)-NH,, -L>-C(=NH)-
NH,,

R11

A %Lz\[&j %Bl@ R %Lz\(\ +
S R S S
R'' véi mbi 1an xudt hién doc 1ap 1a C,4 alkyl;
va hai R', hoac hai R, hodc hai R" trén cing nguyén tir N ¢6 thé vong
héa dé tao thanh vong di vong c6 4-6 canh tuy y dugc thé béng Ci4alkyl, Cy4alkoxy,
hydroxy, hoic oxo;
R" véi mdi 14n xuét hién doc 1ap 1a H hodc C,4 alkyl tuy y duge thé béng
hydroxy, C,_4 alkoxy, -NH,, -NH(C | 4 alkyl) hodc —-N(C,_4 alkyl)s;

R'" vé&i méi 1an xuat hién doc 1ap 1a C,alkyl tily ¥ duoc thé bing hydroxy, C,4
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alkoxy, -NH,, -NH(C,_4 alkyl) hodc —N(C;_4 alkyl),;

trong d6 hai R' hodc hai R" trén cung nguyén tir N ¢6 thé vong hoa dé tao
thanh vong di vong c6 4-6 canh tuy y duogc thé bang C,.4 alkyl, C,.4 alkoxy, hydroxy,
amino hodc oxo;

R'1a H, halo, C,.4 alkyl, CN, hoic -O(C;.4 alkyl);

hodc mudi dugc dung cua no.

Theo cac phuong an cu thé ctiahop chit ¢6 cong thire (I) hodc (IA), nhém duge

COOH . COOH
va
0 0

dai dién bing -O-CR'R’R? dugc chon tir

3. Hop chat theo phuong 4n 1 hodc phuong an 2, trong d6 mbi R' va R? 1a
metyl va R’ 14 -COOH.

4. Hop chét theo phuong an 1 hodc phuong an 2, trong do R'vaR? cung vai
cacbon ma ching dugc gin vao tao thanh vong xyclopropan va R’ 1a -
COOH.

5. Hop chét theo phurong 4n 1 hodc phwong 4n 2, trong d6 R' va R déu 1a H va
R*1a -COOH.

6. Hop chit theo phuong an bét ky trong s& cac phuong an trén, trong d6 Z 1a
CH.

7. Hop chét theo phuong 4an bét ky trong sb cac phuong an 1-6, trong d6 Z la
N.

8. Hop chét theo phuong an bat ky trong sé céac phuong an 1-7, trong d6 Het 1a
vong no dugc thé bing oxo va con tiy y duoc thé bang Y.

9. Hop chat theo phuong 4n 8, trong d6 Het dugc chon tir pyrolidin-2-on,
oxazolidin-2-on, va imidazolidin-2-on, va tlly y dugc thé bang Y. Theo cac

phuong an cu thé vé cac hop chét nay, Het duge chon tur:
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O

O 0
A Mor  n-A va A
) 2 LM

Y)o-1 (Y)o-1 , 7
, trong d6 lién két dang nét dut bicu

thi diém gin ctia Het v&i phdn con lai cta cong thirc (I) hodc (IA), va (Y),.; dai dién

phan tir thé Y ty y ¢6 thé duoc gin vai vi tri hién 6 bét ky trén vong nay.

10. Hop chét theo phuong an 8, trong d6 Het 1a oxazolidin-2-on va ty y duoc
thé bing -L-N(R'%), hodc L2-NR'"-C(=NR!))-N(R %),

11. Hop chét theo phuong 4n 8, trong d6 Het 14 oxazolidin-2-on dugc thé trén vi
tri 5 bang -L-N(R'%), hoac L2-NR'’-C(=NR'%)-N(R'?%), & cdu hinh R

12. Hop chét theo phuong an bit ky trong s cac phuong an trén, ¢ ciu truc

theo cong thirc (1I):

O

R;%OH
R2
N/O
N | H H
H2N\</ ) et
S O N. O

N
O S—0H
o)
(ID),

hodc mudi dugc dung ciia nd.

13. Hop chét theo phuong 4n 1 hodc phuong an 2, trong d6 ---O-CR'R’R® duoc

chon tur

COOH COOH COOH COOH COOH COOH

O)T O)V o) 0)\ O) o O/@
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va

D L D

15. Hop chét theo phuong 4n bt ky trong s cac phuong 4n 1-10, trong d6 L? 1a
—~(CHa)1.3-.

16. Hop chét theo phurong an 12 trong d6 Het dugce chon tir:

Y o)
N= O
! 10 n

N 3 N

17. Hop chét theo phuong én 12, trong d6 Het dugc chon tir
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0 o Y
Yo  va N
L N
N - Y N

va

18. Hop chét theo phuong 4an 16, hoac 17, trong d6 Y duoc chon tr Q, 1=
OR", -L2N(R'"%),, -L-N*(R"),, -L>-NR'-C(O)R", -, -L2-0-C(O)OR"?, -
L%-0-C(0)-N(R'"),, -L,-NR'-C(O)-N(R!?),, -L>-C(=NR!")-NR!?),, -
CON(R'), -L2-NR,(-C(=NR'")-N(R'%),, va -L’-NR(-C(=NR'%))-R"°.

Theo cach khac, hop chét theo phuong an 16 hodc 17 trong d6 Y c6 cong thirc —
L>NR"-L2NR'),, vi du,Y c¢6 thé 1a mdt nhom ching han nhu ~CH,-NR'°-(CH,),.-
N(R'%),; theo cac phwong an cu thé vé cac hop chét nay, R' 1a H.

19. Hop chét theo phwong 4n bét ky trong sb cac phuong an 6-17, trong d6 R’

c6 cong thirc

T
N
---O
\

20. Hop chét theo phuong 4n 19, trong do R’ 1a

| 3b
N/R
H, H
£~o

trong d6 R*® dwoc chon tir H, azetidin, pyrolidin va piperidin.
21. Hop chét theo phuong 4n bét ky trong s6 cac phuong 4n trén, 13 mudi duge
dung.
22. Duoc pham chira hop chét theo phuong an bét ky trong s cac phuong én

néu trén va it nhat moét td duge duge dung.
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24,

25.

26.

27.
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Hop chit theo phuong 4n bat ky trong sé 1-20, hoic dugc phim theo
phuong 4n 22 dé sir dung trong phuong phap diéu tri xdm nhidm do vi
khuan Gram am.

Hop chit hoic dugc phim theo phuong 4n 23, trong d6 bénh nhidm khuén
ld do cac loai vi khudn Burkholderia, Citrobacter, Enterobacter,
Escherichia, Klebsiella, Meningitidis, Morganella, Pseudomonas, Proteus,
Salmonella,  Serratia,  Acinetobacter, Bacteroides, —Campylobacter,
Neisseria, hodc Stenotrophomonas gay ra.

Hop chét hoic dugc phim theo phuong an 23, trong do nhifm khuén 1a
viém phdi bénh vién, xAm nhiém trong khoang bung, hodc xam nhiém dng
tiét niéu do cac loai Enterobacteriaceae gdy ra.

Hop chit theo phuong 4n bit ky trong sb céac phuong 4n 1-20 dé dung 1am
thudc.

Hop chat dé sir dung theo phuong 4n 26, trong d6 thudc nay 1a chit khang
khuén.

Hop chit dé str dung theo phuong 4n 26, trong d6 chét khang khuén nay 1a
dé diéu tri nhiém khudn Gram am do cac loai Citrobacter, Enterobacter,
Escherichia, Klebsiella, Morganella, Pseudomonas, Proteus, Salmonella,
Serratia, Acinetobacter, Bacteroides, Burkholderia, Campylobacter,
Neisseria, hodc Stenotrophomonas gay ra.

T4 hop hop duge, chira hop chét theo phuong 4n bit ky trong sb cac phuong

an 1-20 va cht diéu tri tht hai.

Trong hop chit c¢6 cong thire (I) va cac phuong an khac nhau dugc moé ta & day,

oxime t6t hon 1a c6 c4u hinh dugc biéu thi & day:

R! R3

RZX
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|
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Trong mdt s6 trudng hop theo phuong an bit ky trong sd cac phwong an da néu,
trir phi duge cu thé hoa diéu nguoc lai, mot trong ) nhung khong d(‘A)ng thoi R? va R
la -COOH.

Trong do R’ theo phuong 4n bét ky trong sd cac phuong 4n néu trén c6 cong
thirc —L'-W-(CH,)p..-X-R>, X ¢6 thé 1a phenyl. Theo mdt sé phuong 4n trong sb céac
phuong 4n nay, L' is CH,. Theo céc phuong an nay, W 1a O. Theo mdt sé phuong 4n

trong sd cac phirong 4n nay, R’ 12 nhém c6 cong thirc

trong d6 R'®, R?® va R*® nhu duoc mo ta dbi véi phuong an 1 néu trén. Theo

1b
R
I
3b
?’LJ\N/ R
I
mdt s6 phuong 4n cu thé trong s6 cac phuong an nay, R’ co cong thirc
trong d6 m&i R'® va R* 1a H, va R* ¢6 thé 1a H, hodc nhom di vong chéng han nhu 4-

piperidinyl. Thich hop 14, trong cac phwong 4n nay R' 1a H va R*1a H hogc COOH.
Theo khia canh khéc, sang ché dé xuit:

e Ché phdm hén hop duoc chira (a) chdt diéu tri tha nhét 1a hop chét theo sang
ché, vi du, hop chét c6 cong thirc (1) hodc cong thire phu bét ky ciia n6 duge mod
ta & day, va (b) chat diéu trj thtr hai nhu duoc mo ta trén day.

e Hop chét c6 cong thirc (I) dé sir dung trong phuong phap nhu dwgc xac dinh
trén day bao gém déng sir dung, vi du, déng thoi hodc tun ty, lugng c6 hi¢u
qua diéu tri cia hop chét theo sang ché, vi du hop chét c¢6 cong thire (1) hodc
cong thirc phu bit ky ctia né duge mé ta & ddy, va chat diéu trj thir hai nhu duge
mo ta trén day.

Céc thuat ngir “déng sir dung” hodc “su dung két hgp” hodc tuong tuy dugc
dugc sir dung ¢ day co nghia la bao ham viéc st dung cua cac chét diéu tri dugce chon

cho mét bénh nhan, va dugce chi dinh dé bao gdm céac phac do diéu tri trong d6 cac
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chét nay khéng nhit thiét duoc sir dung theo duong ding gidng nhau hodc ciing mét
thoi diém. Nhirng td hop ¢ dinh ciing ndm trong pham vi ciia sang ché. Viéc ding ché
pham hdn hop duge theo sang ché din dén tac dong c6 1oi, vi du, tic dong diéu tri hiép
ddng, so véi liéu phap don ap dung chi mot thanh phan trong s cac thanh phin ¢

hoat tinh duogc ciua né.

M3ai thanh phan ctia ché phidm két hop theo sang ché c¢6 thé duge sir dung tach
riéng, ciing nhau, hodc theo t6 hop bit ky cta chiing.

Hop chét theo sang ché va chat bd sung bét ky c¢6 thé dugc bao ché & cac dang
liéu tach riéng. Ngoai ra, dé ting sb luong cac dang lidu dugc ding cho bénh nhéan,
hop chét theo sang ché va chit bd sung bét ky c6 thé duge bao ché cing nhau theo tb
hop bét ky. Vi du, chit (rc ché 1a hop chit theo sang ché ¢6 thé dugc bao ché & mot
dang lidu va chit bd sung ¢6 thé duge cling bao ché trong dang lidu khac. Cac dang
liéu tach riéng bt ky co thé dugc sir dung vao cling thoi diém hodic vao céac thoi diém
khac nhau.

Ngoai ra, ché phdm theo sang ché chira chét bd sung nhu duge mo ta & day.
M&i thanh phén c6 thé c6 mit trong cac ché phdm riéng, ché pham két hop riéng, hodc

trong mot ché pham duy nhit.

Hop chét theo sang ché co thé dugc téng hop bang céc duong tong hop chung
duéi day, cac vi du cu thé vé cac duong tong hop nay duge md ta chi tiét hon trong
phén Vi du thuc hién sang ché.

Céc hop chit theo sang ché va cac chét trung gian ciing ¢ thé duoc chuyén hoa
14n nhau theo cac phurong phap thudng 1a da duoc biét dbi vai ngudi c¢é hiéu biét trong
linh vuc nay.

Nam trong pham vi cta sang ché, chi c6 nhom c6 thé duge loai bé dé dang ma
khéng 1a thanh phan ctia san pham cudi mong mudn cu thé cia hop chét theo sang ché
dugc chi dinh 14 "nhém bao v€", trir phi ph?m mo ta chi ra diéu nguoc lai. Viéc bao vé
cac nhém chire ¢6 chire ning bing cac nhom bao vé nay, ban than cadc nhém bao vé, va
cac phan trng phan cét clia chung da duge md ta, vi du, trong cac cong tfinh tham khéo
tiéu chuén, chéng han nhu J. F. W. McOmie, "Protective Groups in Organic
Chemistry", Plenum Press, London va New York 1973, trong T. W. Greene va P. G.
M. Wuts, "Protective Groups in Organic Synthesis", Tai ban lan thir ba, Wiley, New
York 1999, trong "The Peptides"; Volume 3 (bién tip vién: E. Gross va J.
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Meienhofer), Academic Press, London and New York 1981, trong "Methoden der
organischen Chemie" (Phuong phap ciia Hoa hitu co), Houben Weyl, tai ban lan thir 4,
Volume 15/I, Georg Thieme Verlag, Stuttgart 1974, trong H.-D. Jakubke va H.
Jeschkeit, "Aminosduren, Peptide, Proteine" (Axit amin, Peptit, Protein), Verlag
Chemie, Weinheim, Deerfield Beach, va Basel 1982, va trong Jochen Lehmann,
"Chemie der Kohlenhydrat: Monosaccharide und Derivate" (Hoa hoc cua cac Hydrat
cacbon: Monosacarit va cac chat dan xuit), Georg Thieme Verlag, Stuttgart 1974. Pic
tinh ciia cic nhém bao vé la ching c6 thé bi loai bo dé dang (c6 nghia 13, khéng xuét
hién céc phan img thir cip khong mong mudn), vi du, bing dung méi phén, phan tng
khir, quang phéan hoic theo cich khac trong cac diéu kién sinh 1y (vi du, bing cach
phén cit bang enzym).

Muébi ciia hgp chit theo sang ché c¢o it nhdt mot nhom tao mudi co thé duoc
diéu ché theo phuong thuc da biét véi ngudi c6 hiéu biét trong linh vue nay. Vi du,
mubi cia hop chét theo sang ché c¢6 cac nhom axit c6 thé dugc tao ra, vi du, bang cach
Xir ly cac hop chét nay bang cac hop chét kim loai, chdng han nhu cac mudi kim loai
kiém clia cic axit carboxylic hitu co thich hop, vi du, mudi natri cia axit 2-
etylhexanoic, béng cac hop chét kim loai kiém hitu co hodc hop chét kim loai kiém
thd, chang han nhu cac hydroxit, carbonat hodc hydro carbonat twong Umg, chiang han
nhu natri hodc kali hydroxit, carbonat hodac hydro carbonat, béng cac hop chét canxi
turong (g hoic bang amoniac hodic amin hiru co thich hop, céc lugng hoa ty lugng
hodc chi mdt lugng du nhé chit tao mudi vu tién dugc sir dung. Muébi cong axit cua
hop chiét theo sang ché dugc tao ra theo phuong thirc thong thuong, vi du, bing cach
Xir Iy hop chat nay bang axit hodc cht phan ng trao ddi anion thich hop. Mudi noi
ctia hop chit theo sang ché chira cac nhém tao mudi axit va bazo, vi du, nhém khong
chura carboxy va nhém khéng chira amino, c6 thé dugc tao ra, vi du, bing cach trung
hoa mudi, chéng han nhu dua mudi cfng axit, toi diém déng dién, vi du, béng bazo
yéu, hodc bing cach Xir Iy voi cac chat trao dbi ion.

Mubi ¢6 thé dugc chuyén héa thanh cac hop chét ty do theo cac phuong phap
da biét voi ngudi ¢6 hiéu bidt trong linh vure nay. Mudi kim loai va mudi amoni c6 thé
dugc chuyén hoa, vi du, bang cach X ly véi cac axit, mudi cOng axit thich hop, vi du,

bang cach Xir ly v6i chat c6 tinh bazo thich hop.
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Hdn hop ciia cac chit ddng phan c6 thé thu dugc theo sang ché c6 thé duoc
phan tach theo phuong thirc da biét voi ngudi c6 hiéu biét trong linh vire nay thanh céc
chat dong phan riéng 1¢; chat ddng phan khong dbi quang c6 thé duogc phén tach, vi du,
bing cach phan bb giita cac hdn hop dung méi da pha, ddng két tinh hoa va/hodic phén
tach bang sic ky, vi du, qua silicagel hodc bang vi du, sic ky 1éng 4p suit trung binh
qua cdt pha dao, va chét triét quang c6 thé dwoc phan tach, vi du, bing cach tao mubi
v6i chét tao mudi tinh khiét quang va phén tich hdn hop chit ddng phan khong dbi
quang ciing c6 thé thuc hién, vi dy, bing phuong phép két tinh phan doan, hodc bing
cach séc ky qua vit liéu ¢t quang hoat.

Chat trung gian va san phdm cudi c6 thé dwgc didu ché va/hodc tinh sach theo
cac phuong phap tiéu chudn, vi du, sir dung cic phuong phép sic ky, cac phuong phép
phan bb, (tai) két tinh hoa, va trong tu.

Céc diéu kién sau p dung chung cho moi quy trinh dugc d& cp trude va sau
day.

T4t ca cac budc néu trén co thé dugc thuc hién trong cac diéu kién phén rng da
biét véi ngudi c6 hidu biét trong linh vire nay, bao gdm cac diéu kién duge dé cip mot
céchcuthé,Véisu\énglnéthoaqthéngthudnglé,véim;célnatcﬁadunglnéihoac
chétphaloﬁng,bm)géngvidu,dunglnéihoacchétphaloﬁngrnétnydéivéicécchét
phan ing dugc str dung va hoa tan chung, voi su véng mit hodc c6 mit cla chit xuc
tac, chit ngung tu hodc chét trung hoa, vi du, chét trao dbi ion, chang han nhu chit
trao ddi cation, vi du, & dang H+, phu thudc vao ban chit cua phan ung va/hodc cua
chét phén ung & nhiét d6 ting, binh thwong hodc giam, vi du & khoang nhiét do tir
khoang -100°C dén khoang 190°C, bao gdm, vi du, tir xap xi -80°C dén x4p xi 150°C,
vi dy, & tir -80°C dén -60°C, & nhiét d6 phong, & tir -20 dén 40°C hoic & nhiét do hdi
lwu, dudi 4p sudt khong khi hodc trong mach kin, trong dé x4p xi dudi ap suét, va/hodic
trong diéu kién khi tro, vi du, dudi didu kién khi argon hogc khi nito.

O moi giai doan cua phan ng, cac hdn hop clia cac chat dong phan ma duge
tao ra c6 thé duge phan tach thanh cac chét ddng phan riéng, vi du, chat dong phan
khong dbi quang hodc chat déng phan dbi anh, hodc thanh hén hop chit dong phan
mong mudn bat ky, vi du, chét triét quang hozc hdn hop chit ddng phan khéng dbi

quang.
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Céc dung méi ma tir nhitng nhitng dung mdi nay thich hop cho phan tng cu thé
bét ky cé thé dugc chon bao gém cac dung moi duogc dé cap cu thé hodc, vi du, nuéc,
este, chéng han nhu alkanoat ngén cua alkyl mach ngén, vi duy, etyl axetat, ete, chéng
han nhu ete béo, vi dy, dietyl ete, hodc ete dang vong, vi du, tetrahydrofuran hogc
dioxan, hydrocacbon vong thom dang 16ng, chfmg han nhu benzen hoic toluen, ancol,
chéng han nhu metanol, etanol hodc 1- hodc 2-propanol, nitril, chéng han nhu
axetonitril, hydrocacbon halogen hoa, chéng han nhu metylen clorua hodc cloform,
amit cua axit, chang han nhu dimetylformamit hodc dimetyl axetamit, bazo, ching han
nhu bazo nito di vong, vi du, pyridin hodc N-metylpyrolidin-2-on, anhydrit cia axit
carboxylic, ching han nhu anhydrit cua axit alkanoic bac thip, vi du, anhydrit cua axit
axetic, hydrocacbon mach théng, mach nhéanh hodc mach vong, chéng han nhu
xyclohexan, hexan hodc isopentan, methyxyclohexan, hoic hon hgp ciia cac dung méi,
vi dy, dung dich chira nuée, trir khi duge chi dinh khac trong ban mé ta vé quy trinh
nay. Hon hop dung méi nay ciing ¢6 thé duge sir dung trong didu ché, vi dy, bing sic
ky hoic phén bé.

Hop chit theo sang ché, bao gém mubi cua no, cling c6 thé dugc thu & dang
hydrat, hoic tinh thé cta n6 c6 thé, vi du, bao gém dung mdi dugce st dung dé két tinh.
Céc dang tinh thé khéac c6 thé c6 mit.

Tét ca cac nguyén liéu ban du, don vi clu tric, chét phan g, axit, bazo, chit
khtr nuéc, dung méi, va chét xuc tac duge dung dé tong hop hop chét theo sang ché 1a
c6 sén trén thi truong hoic co thé dugc diéu ché bai cac phuong phép tong hop hitu co

da biét voi ngudi c6 hiéu biét trung binh trong linh vuc nay.

Thuat ngir “chit ddng quang hoc” hodc “chit ddng phan lap thé” dé cap dén ciu
hinh bét ky trong sb cac cau hinh ddng phan lap thé khac nhau ma c6 thé ton tai déi
v6i hop chit cu thé theo sang ché va bao gdm cac chét ddng phén di hinh. Phn tir thé
dugc hidu 1a ¢6 thé dugce gin & trung tdm bét dbi ciia nguyén tir cacbon. Thuat ngit
"khong ddi xing" dé cap dén cic phan tir c6 tinh cht khong thé chdng khit 1én anh
guong cua ching, trong khi thut ngir "ddi ximg" dé cap dén cac phan tr co thé dat
chéng khit 1én anh guong cua ching. Do d6, sang ché bao gdm chit dong phan dbi
anh, chit dong phan khong déi quang hodc chét triét quang ctia hop chét nay. “Chét
dong phan déi anh” 1a cap chit dong phén lap thé ma 1a anh qua guong khong chong

khit 1én nhau. Hon hop 1:1 ctia cdp chét déng phan dbi anh 1a hdn hop "chat triét
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quang”. Thuét ngir nay dwoc sir dung dé chi dinh hdn hgp chét triét quang néu thich
hop. "Chét dong phan khong dbi quang” 1a cac chit dong phén lap thé ma c6 it nhat
hai nguyén tir khong dbi xing, nhung chiing khong 1a anh qua guong ctia nhau. Hoa
lap thé tuyét d6i duge xac dinh theo hé théng R-S Cahn- Ingold- Prelog. Néu hop chét
1a ch4t dong phéan ddi anh tinh khiét hoa 1ap thé & mdi cacbon bét dbi c6 thé duge xac
dinh bang R hoic S. Céc hop chét duge phan tach ma c6 ciu hinh tuyét dbi khong xac
dinh c6 thé dugc chi dinh 1a (+) hodc (-) phu thudc vao hudng (quay phai hodc quay
trai) ma chung quay mat phing phan cuc 4nh sang & budc séng vach D cia natri. Mot
$6 hop chét cu thé cta cac hop chét dugc mo ta & day chira mot hodc nhiéu trung tam
hoic truc khong dbi ximg va c¢6 thé do d6 tao ra chat déng phan dbi anh, chit dong
phan khong déi quang, va cac dang chit dong phén 1ap thé c6 thé dugc xac dinh, vé
hoa 14p thé tuyét dbi, 1a (R) hodc (S).

Phu thugc vao viéc lua chon nguyén liéu ban déu va quy trinh, hop chit c6 thé
c6 mit & dang ctia mdt trong s6 cac chit dong phan c6 thé hodc & dang hdn hop cua
chung, vi du, & dang chat déng phan tinh khiét quang, hodc & dang hén hop chit dong
ddng phan, ching han nhu hén hop chit triét quang va chit ddng phén khong dbi
quang, phu thudc vao sd nguyén tir cacbon khong déi ximg. Sang ché duge du tinh bao
gdm tit ca cac chit ddng phan c6 thé, bao gdm hdn hop céc chit chét triét quang, hdn
hop chét dong phan khéng dbi quang va cac dang tinh khiét quang. Cac chit déng
phan quang hoat dang (R) va (S) c6 thé dugc diéu ché bing cach sir dung synthon
khong ddi xtimg hoic chit phan tmg khéng d6i xirng, hodc duoc phéan tach bing cach
str dung céc k¥ thudt thong thudong. Néu hop chit chira lién két d6i, phan tir thé nay c6
thé & cdu hinh E hodc Z. Néu hop chit chira xycloalky! dugc thé hai 1in, phan tir thé
xycloalkyl nay c6 thé ¢é ciu hinh cis hodc trans. Tt ca céac dang chit hd bién ciing

dugc du tinh dugc bao gém.

Hdn hop chét déng phan thu dugc bat ky c6 thé dugce phén tach trén co s& su
khac biét hoa 1y ctia cac thanh phin, thanh chét ddng phan quang hoc hodc chét dong
phan hinh hoc, chit dong phan khong déi quang, chét triét quang tinh khiét hodc gn
nhu tinh khiét, vi duy, b'flng sdc ky va/hoac két tinh phéan doan.

Chét triét quang clia san pham cudi hoic chét trung gian thu dugc bit ky c6 thé
dugc phan tach thanh thé déi quang quang hoc bing cac phuong phap da biét, vi du,

bing cach phan tach mudi déng phén khong dbi quang ctia né, thu duge bang axit hodc
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bazo quang hoat, va giai phéng hop chét c6 tinh axit hodc bazo quang hoat. Cu thé, vi
véy gbc bazo co thé dugce sir dung, dé phén tach hop chit theo sang ché thanh céac thé
d6i quang quang hoc cua né, vi du, bang két tinh phan doan mubi duoc tao ra boi axit
quang hoat, vi dy, axit tartaric, axit di-O,O'-p-toluoyl tartaric, axit mandelic, axit malic
hoic axit camphor-10-sulfonic. Cac san phdm chét triét quang ciing c6 thé dugce phan
tach bang sic ky khong ddi xtng, vi du, sic ky 1éng ap suit cao (HPLC) sir dung chét
héap phu khong déi xtng.

Ngoai ra, hgp chét theo sang ché, bao gdbm mubi ciia né, ciing c6 thé dugc thu &
dang hydrat ctia né, hoic chira dung méi khac ma duge st dung dé két tinh chung.
Hop chét theo sang ché co thé vén c¢6 hodc do thiét ké tao ra cac solvat véi dung moi
dugc dung (bao gdm nuéc); do d6, sang ché chu dinh bao gbm ca dang solvat hoa va
khéng solvat héa. Thuét ngit "solvat" ding dé chi phirc phén tir ciia hop chét theo sang
ché (bao gém mudi dugc dung cta nd) véi mot hoic nhiéu phan t&r dung méi. Cac
phan tir dung mdi nay 1a céc phan tr dung méi thuong duge sir dung trong linh vuc
duoc, ma duge biét 1a khong doc voi nguoi nhan, vi du, nude, etanol, va tuong tu.
Thuat ngit "hydrat" diung dé chi phirc phén tir trong d6 phén tr dung mdi la nude.

Hop chét theo sang ché, bao gdm muébi, hydrat va solvat cta no, c6 thé vén c6
hodc do thiét ké tao ra cic dang da hinh.

Nhu duge st dung & day, cdc thuat ngit “mudi” hodc “cac mubi” dé cip dén
mudi cdng axit hoic bazo cia hop chit theo sang ché. “Mudi” bao gdm cu thé 1a
“mubi dugc dung”. Thuit ngit “mudi dugc dung” dé cap dén mubi ma gilr dugc tinh
chét va tinh hiéu qua sinh hoc cua hop chét theo sang ché va, dic trung la khong co
dac tinh sinh hoc khong mong muén hodc dic tinh khong mong muédn khac. Trong
nhiéu trudng hop, hop chét theo sang ché ¢ kha ning tao ra mudi axit va/hoic bazo
nho su c6 mét ciia nhdm amino va‘hodc carboxyl hodc cac nhom tuong tu.

Cac mubi cong axit duoc dung c6 thé dugce tao ra bang cac axit vo co va axit
hitu co, vi du, mudi axetat, mubi aspartat, mudi benzoat, mudi besylat, mubi
bromua/hydrobromua, mubi bicarbonat/carbonat, mubi bisulfat/sulfat, mudi
camphorsulfonat, mubi clorua/hydroclorua, mudi clotheophylonat, mudi xitrat, mudi
etandisulfonat, mudi fumarat, mudi gluxeptat, mudi gluconat, mudi glucuronat, mudi
hipurat, mubi hydroiodua/iodua, mudi isethionat, mubi lactat, mudi lactobionat, mudi

laurylsulfat, mu6i malat, mudi maleat, mudi malonat, muoi mandelat, muéi mesylat,
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mubi metylsulphat, mubi naphtoat, mubi napsylat, mubi nicotinat, mudi nitrat, mudi
octadecanoat, mudi oleat, mudi oxalat, mubi palmitat, mubi pamoat, mubi
phosphat/hydrophosphat/dihydrophosphat, mudi polygalacturonat, mudi propionat,
mudi stearat, mudi sucxinat, mudi sulfosalixylat, mubi tartrat, mudi tosylat va mudi
trifloaxetat.

Céc axit vO co ma tir chung cé thé tao din xuit mudi bao gém, vi duy, axit

clohydric, axit bromhydric, axit sulfuric, axit nitric, axit phosphoric, va tuong tu.

Céc axit hiru co ma tir chung c6 thé dugce din xudt mubi bao gém, vi du, axit
axetic, axit propionic, axit glycolic, axit oxalic, axit maleic, axit malonic, axit sucxinic,
axit fumaric, axit tartaric, axit xitric, axit benzoic, axit mandelic, axit metansulfonic,
axit etansulfonic, axit toluensulfonic, axit 1-hydroxy-2-naphtoic va axit sulfosalixilic,
va tuong tu. Céac mudi cong bazo duoc dung co thé dugc tao ra béng cac bazo vo co va

hitu co.

Céc bazo vo co ma tir chiing c6 thé tao din xudt mudi bao gdm, vi du, cac mubi
amoni va cac mudi ctia kim loai & ¢ot I dén XII ctia bang tudn hoan. Theo cac phuong
an cu thé, cac mudi nay dugc din xuét tir natri, kali, amoni, canxi, magie, sit, bac,
kém, va déng; cic mudi dic biét thich hop bao gém cac mubi amoni, mudi kali, mudi

natri, mudi canxi va mudi magie.

Céc bazo hiru co ma tir chung céc mudi ¢6 thé duge din xuét bao gém, vi du,
cac amin bac mot, bac hai, va bac ba, cac amin duoc thé bao g6m cac amin dugc thé
c6 trong tu nhién, cic vong amin, nhua trao d6i ion, va tuong tu. Mot s6 amin hitu co
bao gém isopropylamin, benzathin, cholinat, dietanolamin, dietylamin, lysin,
meglumin, piperazin va trometamin.

Mubi dugc dung theo sang ché c6 thé duoc tdng hop tir gbe co tinh axit hodc
bazo, theo cac phuong phap héa hoc thong thudong. Thong thudong, mubdi ndy co thé
duge diéu ché bang cach cho cac dang axit tw do ciia cac hop chit nay phan ung voi
lugng ty lugng bazo thich hgp (chéng han nhu Na, Ca, Mg, hoac K hydroxit, carbonat,
bicarbonat hoic twong tr), hodc bang cach cho céac dang bazo tu do cia cac hop chét
nay phan ng voi lugng ty lugng axit thich hgp. Céc phan tng nay thuong dugce tién
hanh trong nudc hodc trong dung mdi hitu co, hodc trong hon hop clia ca hai. Thong
thuong Ia, viéc su dung moi truong khong chira nude nhu ete, etyl acxtat, etanol,

1sopropanol, hodc axetonitril dugc mong muon, néu ¢6 thé thuc hién. Cac danh sach
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cia mudi thich hop khic c6 thé dugc tim thdy, vi du, trong “Remington's
Pharmaceutical Sciences”, 20th ed., Mack Publishing Company, Easton, Pa., (1985);
va trong “Handbook of Pharmaceutical Salts: Properties, Selection, and Use” cua Stahl
va Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

Bit ky cong thuc nao dugc dua ra & day ciling chd dinh 1a dai dién cho cac dang
khong danh d4u ciing nhu dang danh ddu dong vi cua cac hop chit nay. Hop chit danh
déu dbng vi ¢6 ciu tric duge mo ta bdi cac cdng thirc cho trude & day ngoai trir c6 mat
hodc nhiéu nguyén tir dugc thay thé bang nguyén tir c6 nguyén tir khéi hodc sb khéi da
chon. Cac vi du vé& dong vi ma c6 thé dugc két hop voi hop chét theo sang ché bao
gbm cac dong vi clia hydro, cacbon, nito, oxy, phospho, flo, va clo, ching han nhu l4n
luot 14 °H, °H, ''C, *C, "c, N, "F 3'p, ?p, 353, 3Cl, 1. Sang ché bao gdm nhiéu
hop chit danh diu déng vi dugc xac dinh & day, vi dy, cac hop chit chira déng Vi
phong xa, ching han nhu *H va "C, hoic cac hop chét chira déng vi khong phong xa,
ching han nhu ¢6 mit *H va "*C. Cac hop chat danh d4u ddng vi nay hiru ich trong céac
nghién ciru chuyén hoa (véi '*C), nghién ciru dong hoc phan img (vdi, vi du, *H hodc
H), cac k¥ thuat hinh anh hodc phat hién, ching han nhu chup phat xa positron (PET)
hogc chup tinh todn phét xa photon don (SPECT) bao gom céc thir nghiém phan bd co
chét hodc thubc trong md, hodc trong tri xa & bénh nhan. Cu thé, '*F hoic hoic hop
chit danh diu co6 thé 1a chét dédc biét dugec mong mudn cho nghién ctru PET hodc
SPECT. Hop chat danh d4u ddng vi c6 cong thirc (I) thong thuomg c6 thé duoc didu
ché bing cac ky thuat thong thudng da biét bai ngudi co hiéu biét trong linh vuc nay
hoic bang cac quy trinh tuong tu véi quy trinh dugc mo ta trong phan Vi du thyuc hién
sang ché va Piéu ché va phin So db dugc md ta sau day bang cach thay thé chit phan
mg d4anh diu dong vi thich hop cho chit phan img khong danh déu ddng vi duge st
dung trudce do.

Ngoai ra, thé béng déng vi néng hon, cu thé 1a doteri (c6 nghia 1a, ’H hodc D)
c6 thé mang lai céc lgi ich diéu tri bénh nhét dinh thu duoc tir 46 bén chuyén héa tbt
hon, vi dy, chu ky bén ra in vivo ting hodc yéu cau liéu lvong giam hodc cai thién chi
sb diéu tri. Ngudi ta hiéu réng, doteri theo khia canh nay dugc coi nhu phén tr thé cua
hop chét ¢6 cong thire (). Néng do cia ddng vi niang hon nay, cu thé 1a doteri, c6 thé
dugc xac dinh béng hé sb lam giau dff)ng vi. Thuat ngir “hé sb lam giau déng vi” duogc

str dung & day toe 1a ty 1& gitta do phong phu ddng vi véi do phong phu tu nhién cia
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mang lai céc lgi ich diéu tri bénh nhit dinh thu duoc tir d6 bén chuyén héa tt hon, vi
du, chu ky ban rd in vivo ting hodc yéu cau liéu luong giam, va vi thé c6 thé dugc wu
tién trong mot sb truong hop. Vi du, thé doteri & cac lién két hydrocacbon khong thé
trao ddi (vi du, C-H) ¢6 thé trc ché epime hoa va/hoic oxi hoa chuyén hoa in vivo.

Hop chit theo sang ché dugc danh d4u ddng vi, tire 1a hop chit c6 cong thire (1),
c6 thé thuong durge didu ché bang cac ky thuat thong thuong da biét véi ngudi c6 hiéu
biét trong linh vuc nay hodc bing cic quy trinh tuong tw v&i quy trinh duge mod ta
trong phan Vi du thuc hién sang ché va Diéu ché kém theo bang cach sir dung chit
phan tng danh déu dbng vi twong (mg thay thé cho chit phan tng khong danh déu

ddng vi da sir dung trudc do.

Theo khia canh khéc, sang ché dé xuit hop chit ¢co cong thac (I), hodc mudi
dugc dung cia no, dé sir dung trong phuong phép diéu tri d6i twong bi nhidm vi khuin
Gram am, phuong phap nay bao gém budc cho déi tuong cin dugc didu tri dung lugng
c6 hiéu qua khang khuédn cia hop chét theo sang ché, vi du, hop chét co cong thuc (1)
hodc mudi cia n6 véi chét mang dugc dung.

Hop chét theo sang ché ciing hiru ich trong viéc diéu tri cac bénh nhan mic
ho#ic dé c6 nguy co mic bénh viém phéi, bénh nhiém tring mau, bénh xo nang, bi
thong, bénh tiéu dudong ban chan phuc tap hodc bénh nhiém tring duong tiét niéu
phirc tap va cac bénh truyén qua dudng tinh duc do tac nhén gdy bénh Gram am gay
ra. Hop chit theo sang ché ciing hiru ich dé diéu tri cac tinh trang do céac loai
Citrobacter, Enterobacter, Escherichia, Klebsiella, Morganella, Proteus, Salmonella,
Serratia, Pseudomonas, Acinetobacter, Bacteroides, Burkholderia, Campylobacter,
Neisseria, hodc Stenotrophomonas gy ra. Cu thé 13, nhiém khuan do loai Citrobacter,
Enterobacter, Escherichia, Klebsiella, Morganella, Proteus, Salmonella, Serratia,
Pseudomonas, hodc Acinetobacter c¢6 thé diéu tri dugc bing cac phuong phéap theo
sang ché. Cac loai vi khuin cu thé déi véi viée diéu tri nay bao gdm Citrobacter
freundii, Citrobacter koseri, Enterobacter cloacae, Enterobacter faecalis,
Enterobacter faecium, Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca,
Morganella morganii, Proteus mirabilis, cac loai Salmonella, Serratia marcescens,
Pseudomonas aeruginosa, va Acinetobacter baumanii, cling nhu Bacteroides bivius,
Bacteroides  fragilis, Burkholderia cepacia, Campylobacter jejuni, Neisseria

gonorrhoeae, va Stenotrophomonas maltophilia.
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Hop chét theo sang ché ciing c6 thé dugc st dung két hop véi cac chét khac, vi
du, chét khéang sinh bd sung c¢6 hodc khong cé cong thire (1), dé diéu tri nhiém khuin
& dbi tuong, hodc hop chit ting cudng hoat tinh khang khuan cta hop chét theo sang
ché, bao gdm cac chét 1am tang tiém luc ching han nhu cac chét e ché beta-lactamaza
(BLI). Cac BLI thich hgp dé sir dung két hop véi hop chit theo sang ché, bao gdbm hop
chét c6 cong thirc (I) va cac chi phu (subgenera) ciia nd, bao gdm avibactam, axit

clavulanic, sulbactam, tazobactam, va cac hgp chit khéac c6 cong thirc

trong d6 M 1a H hodc cation duge dung, va R 1a CN,—C(O)NR'R?, hoic nhém
heteroaryl hoic nhém dj vong c¢6 5-6 canh duge thé. Cac amit thich hop bao gém cac
amit c6 R' 1a H hodc C,4 alkyl, va R? 1a nhém C,.4 alkyl tay y duge thé, nhom Ci4
alkoxy tuy y duoc thé, nhom C,_4 alkylamino tuy y dugc thé, nhom Cs.6 heteroxyclic
ty y duge thé, hodc -NH-C(O)-R’, trong d6 R® 1a nhém C,4 alkyl tdy ¥ dugc thé,
nhém C,4 alkoxy tuy y duogc thé, nhom Cy4 alkylamino tuy y duogc thé, nhém Cs.
heteroxyclic tily y dugc thé. M&i nhém heteroaryl hodc nhom di vong trong cac hop
chit nay chira 1-2 nguyén tir khac loai dugc chon tir N, O va S 1am cac thanh phan cua
vong, va mdi nhom tly y duoc thé c6 thé duoc thé béng 1-2 nhém dugc chon tir CN,
halo, -OH, C,4 alkyl, C,4 alkoxy, amino, C,4 alkylamino, di(C.4 alkyl)amino, -
COO(C,4 alkyl), va cac nhém di vong c6 5-6 canh. Cac hop chét thich hop ¢o6 cac
cong thirc nay dugc moé ta trong WO2008/039420, WO2009/091856,
WO02013/122888, WO02010/126820, WO0O2009/091856, WO02013/038330,
US2013/0225554, WO02013149121, WO02013149136, WO02014141132 va
W02014/033560.

Bing thuat ngit “td hop”, c6 nghia 1a td hop duge ¢b dinh trong mét dang don
vi liéu, hodc bd kit hodc cac huéng dan cho viéc sir dung két hgp trong do6 hop chét
theo sang ché va chat cling cap cua td hop c6 thé duoc sir dung doc lap cung luc hodc
tach riéng theo cac khoang thoi gian ma dédc biét 1a cho phép cac chét cing cap cua td
hop nay biéu thi tinh hop tac, vi du, hiép dong, tac dong, hodc td hop bét ky cia

ching.
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Theo mdt phuong an, sang ché dé xudt cac hop chét theo sang ché trong ché
pham hén hop dugc véi chit didu tri thir hai. Theo mét sé phuong an, chét diéu tri thir
hai nay 1a chit khang khudn. Céc vi du khong gi6i han vé chit khang khuan dé st
dung trong cac ché phdm hén hop duge theo sang ché ¢ thé duge chon tir cdc nhoém
sau:

(1) Cac macrolid (phan tir vong 16n ¢é nhiéu nhém dinh chirc) hodc cac ketolit
ching han nhu erythromyxin, azithromyxin, clarithromyxin, va telithromyxin;

(2) Céc beta-lactam bao gdm céc penixilin ching han nhu penixiling, penixilin
V, methixilin, oxaxilin, cloxaxilin, dicloxaxilin, nafxilin, ampixilin, amoxixilin,
carbenixilin, ticarxilin, mezloxilin, piperaxilin, azloxilin, temoxilin, xephalosporin
ching han nhu xephalothin, xephapirin, cephradin, xephaloridin, cefazolin,
xefamandol, xefuroxime, xephalexin, xefprozil, xefaclor, loracarbef, xefoxitin,
xefinetazol, xefotaxime, xeftizoxime, xeftriaxon, xefoperazon, xeftazidime, xefixime,
xefpodoxime, xeftibuten, xefdinir, xefpirome, xefepim, va cac carbapenem chéng han
nhu doripenem, imipenem, meropenem va PZ-601;

(3) Cac glycopeptit ching han nhu vancomyxin va teicoplanin;

(4) Céac quinolon chéng han nhu axit nalidixic, axit oxolinic, norfloxacin,
pefloxacin, enoxacin, ofloxacin, levofloxacin, ciprofloxacin, temafloxacin,
lomefloxacin, fleroxacin, grepafloxacin, sparfloxacin, trovafloxacin, clinafloxacin,
gatifloxacin, moxifloxacin, sitafloxacin, ganefloxacin, gemifloxacin va pazufloxacin;

(5) Céc sulfonamit khang khuin va céc sulphanilamit khang khuén, bao gdm
cdc axit para-aminobenzoic, sulfadiazin, sulfisoxazol, sulfamethoxazol va
sulfathalidin;

(6) Cac aminoglycosit ching han nhu streptomyxin, neomyxin, kanamyxin,
paromyxin, gentamixin, tobramyxin, amikaxin, netilmixin, spectinomyxin, sisomixin,
dibekalin va isepamixin;

(7) Céc tetraxyclin chiang han nhu tetraxyclin, chlortetraxyclin, demecloxyclin,
minoxyclin, oxytetraxyclin, methaxyclin, doxyxyclin, tigexyclin;

(8) Cac rifamyxin ching han nhu rifampixin (con dugc goi la rifampin),
rifapentin, rifabutin, bezoxazinorifamyxin va rifaximin;

(9) Céc lincosamit chang han nhur lincomyxin va clindamyxin;

(10) Cac streptogramin chang han nhu quinupristin va daflopristin;
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(11) Cac oxazolidinon ching han nhu linezolid hoac tedizolid;

(12) Polymyxin, colistin va colymyxin;

(13) Trimethoprim va baxitraxin;

(14) Céc chét trc ché bom déy;

(15) Chét rc ché beta-lactamaza, bao gdm avibactam va c4c chét trong tu cia
no, va cac chit trc ché beta-lactamaza dugc mo ta trén day.

Chét khang khuan thir hai ¢6 thé duoc ding két hop véi cac hop chit theo sang
ché trong d6 chit khang khuin thir hai duoc sir dung trudce, déng thoi, hodc sau hop
chat hodc cac hop chit theo sang ché. Khi viée st dung ddng thoi hop chét theo sang
ché véi chit thir hai duge mong muébn va dudng dung 1a giéng nhau, thi hop chét theo
sang ché c6 thé dugc bao ché véi chit thir hai trong cung mdt dang lidu dung. Vi du vé
dang lidu dung chira hop chit theo sang ché va chit thir hai 1a dung trong tinh mach.
Vi du khéc 1a dung trong co dung dich chira hop chit theo sang ché va chét thir hai.

Céc hop chit va ché phdm duge mo ta & day c6 thé duoc sir dung hoic dung két
hop véi mot hodc nhiéu chit diéu tri ma hoat dong nhu la cac chit didu bién mién
dich, vi du, chit hoat héa phan tir dong kich thich, hodc chét wc ché phén tir uc ché
mién dich, hodc vacxin. Protein chét theo chuong trinh 1 (PD-1) 1a phén t&r tc ché
thudc ho CD28/CTLA4 dugc md rong cla cic chét diéu hoa té bao T (Okazaki et al.
(2002) Curr Opin Immunol 14: 391779-82; Bennett et al. (2003) J. Immunol. 170:711-
8). PD-1 dugc biéu hién trén cac té bao T, té bao B va bach ciu don nhén duge hoat
hoa. PD-1 1a protein trc ché mién dich ma diéu hoa am céc tin hiéu TCR (Ishida, Y. et
al. (1992) EMBO 1J. 11:3887-3895; Blank, C. et al. (Epub 2006Dec. 29) Immunol.
Immunother. 56 (5):739-745), va duoc diéu hoa tdng 1én trong cac ching xAm nhiém
man tinh. Tuong tac gitta PD-1 va PD-L1 ¢6 thé hoat d6ng nhu mot diém kiém soat
mién dich, ma c6 thé din dén, vi du, giam viéc tham nhdp cta té bao lympho, giam
tdng sinh do trung gian thu thé té bao T, va/hodc viéc 14n trén hé mién dich cua cac té
bao bi xAm nhiém hoic cic té bao ung thu (Dong et al. (2003) J.mol. Med. 81:281-7;
Blank et al. (2005) Cancer Immunol. Immunother. 54:307-314; Konishi et al. (2004)
Clin. Cancer Res. 10:5094-100). Kim ham mién dich c6 thé nghich dao bang cach wc
ché trong tac cuc bo cua PD-1 v6i PD-L1 hodc PD-L2; tic dong nay ciing 1a phu tro
khi tuong tac cia PD-1 v6i PD-L2 bi phong bé (Iwai et al. (2002) Proc. Nat'l. Acad.
Sci. USA 99:12293-7; Brown et al. (2003) J. Immunol. 170:1257-66). C6 thé dat duoc
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viéc diéu bién mién dich bang cach gin két vai protein trc ché mién dich (vi du, PD-1)
hodc véi cac protein gan két diéu bién protein trc ché nay (vi dy, PD-L1, PD-L2).

Theo mot phuong an, cac liéu phap két hop theo sang ché bao gdm chit diéu
bién mién dich 1a cht irc ché hodc chét ddi véan clia phan tir irc ché phan tir diém kiém
soat mién dich. Theo phuong an khéc, chat diéu bién mién dich gin véi protein c6 ban
chit (rc ché phan tir diém kiém tra tc ché mién dich nay. Khi dwoc st dung két hop
v6i cac hop chit khang khuén, cac chét didu bién mién dich nay c6 thé ting cuong dap
ung khang vi sinh vét, va do do6 ting cudong hi¢u qua so vdi viéc diéu tri béng mot
minh chét khang khuén nay.

Thuét ngir "cac diém kiém soat mién dich" dé cap dén mot nhom phén tir trén
bé mat té bao cia cac té bao T CD4 va té bao T CDS. Cac phén tir nay c6 thé phuc vu
hiéu qua nhu bo phan “phanh ham” dé diéu bién giam hodc wrc ché dap img mién dich
thich nghi. C4c phan tir diém kiém soat mién dich bao gm, nhung khong chi giéi han
&, phan tir chét theo chuong trinh 1 (PD-1), khéang nguyén té bao lympho T 4 giy doc
té bao (CTLA-4), B7TH1, B7H4, OX-40, CD137, CD40, va LAG3, trc ché truc tiép cac
té bao mién dich. Cac chat diéu trj v& mién dich c6 thé hoat dong nhu cac chit wre ché
diém kiém soat mién dich hiru ich trong cac phuong phap theo sang ché, bao gdm,
nhung khéng chi gi¢i han &, cac chat we ché PD-L1, PD-L2, CTLA4, TIM3, LAG3,
VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 va/hoic TGFR beta. Su trc ché phén tir
chit tc ché co thé duoc tién hanh b:?mg cach wrc ché & muac do6 ADN, ARN hoic
protein. Theo mdt sé phuong an, Axit nucleic e ché (vi du, dsRNA, siRNA hoic
shRNA), c6 thé dugc sir dung dé Grc ché sy biéu hién cta phan tir chit irc ché. Theo
phuong 4n khac, chét e ché tin hiéu trc ché nay 1a polypeptit, vi du, phdi tir tan, hoic
khang thé hoic manh gin két khang nguyén ctia né, gin véi phan tir chét {rc ché.

Bing “cach két hop véi”, nguoi ta khong chu dinh dé dé cap dén cac chit tri
liéu hodc cac chit diéu tri phai dugce dung cung lac va/hodc duge bao ché dé van
chuyén ciing nhau, mic du cac phuong phap véan chuyén nay nim trong pham vi da
dugc md ta & day. Chét diéu bién mién dich c¢6 thé duoc dung cung luc véi, trude,
hodc sau mot hodc nhiéu hop chit theo séng ché, va tly y mot hodc nhiéu chét trj liéu
hodc chét diéu tri khac. Cac chit diéu tri trong su két hop nay c¢é thé duoc st dung
theo thir tu bét ky. N6i chung, mdi chat s& dugc sir dung & lidu va/hodc theo lich trinh

thoi gian da duge xac dinh cho chét do. Nguoi ta con mong doi réng cac chét diéu tri
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duoc sir dung trong sur két hop nay co thé dugc sir dung cung trong ché phim duy nhét
hodc dugc sir dung tach riéng trong cac ché phidm khic nhau. N6i chung, ngudi ta
mong dogi réng mdi chét diéu tri trong sb cac chit diéu tri dugc sir dung trong su két
hop nay & cac ndng d6 ma khéng Ién hon cac nbng d6 khi chi sir dung minh chit do.
Theo mét s& phuong 4n, cic ndng d6 duogc st dung trong su két hop nay s& thdp hon
néng do khi chi str dung minh chét do.

Theo cic phurong 4n nhét dinh, cdc hop chit khang khuén duoc mé ta & day
dugce sir dung két hop véi mét hodc nhiéu chét diéu bién mién dich ma 1a c4c chét tc
ché PD-1, PD-L1 va/hodc PD-L2. M&i chit trc ché nay co6 thé 1a khang thé, manh gin
két khang nguyén cta no, chit bam dinh mién dich, protein dung hgp, hoic
oligopeptit. Céc vi du vé cic chat diéu bién mién dich nay da dugc biét trong linh vuc
nay.

Theo mot s6 phuong 4n, chét diéu bién mién dich nay 14 khang thé khang PD-1
duoc chon tir MDX-1106, Merck 3475 hodac CT- 011.

Theo mot sb phurong an, chit didu bién mién dich nay Ia chit bam dinh mién
dich (vi du, chit bam dinh mién dich chira phin gin két PD-1 hoidc phin ngoai bao cta
PD-LI hodc PD-L2 dugc dung hop védi ving cd dinh (vi du, vung Fc cua trinh tu
globulin mién dich).

Theo mdt sd phuong an, chit didu bién mién dich nay 1 chit trc ché PD-1
ching han nhu AMP-224.

Theo mét sb phuong én, chit diéu bién mién dich nay la chét {rc ché PD-L1
ching han nhu khang thé khang PD-LI.

Theo médt s6 phuong 4n, chit didu bién mién dich nay la chat dbi van gin két
khang PD-LI dugc chon tr YW243.55.870, MPDL3280A, MEDI-4736, MSB-
0010718C, hofic MDX-1105. MDX-1105, con dugc biét dén 1a BMS-936559, 1a khang
thé khang PD-L1 dugc md ta trong WO2007/005874. Khang thé YW243.55.870 1a
chét khang PD-LI dugc mo ta trong WO 2010/077634.

Theo mot s6 phuong an, chat diéu bién mién dich nay 1 nivolumab (CAS Sé
dang kiém: 946414-94-4). Cac tén khac clia nivolumab bao gém MDX-1106, MDX-
1106-04, ONO-4538, hodc BMS-936558. Nivolumab 14 khing thé don dong IgG4 diy
du clia nguoi phong bé dic hiéu PD-1. Nivolumab (dong 5C4) va cac khang thé don
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dong cua ngudi khac gén dac hiéu vai PD-1 duge mod ta trong US 8,008,449,
EP2161336 va W0O2006/121168.

Theo mot sé phuong 4n, chit diéu bién mién dich nay 1a khang thé khang PD-1
Pembrolizumab. Pembrolizumab (con dugc dé cap dén 1a Lambrolizumab, MK-3475,
MK03475, SCH-900475 hoic KEYTRUDA®; Merck) khang thé don dong IgG4 duoc
lam gidng nhu ciia nguoi gin véi PD-1. Pembrolizumab va cac khang thé khang PD-1
dugc lam gidng nhu cia ngudi khac duge mo ta trong Hamid, O. et al. (2013) New
England Journal of Medicine 369 (2): 134—44, US 8,354,509, W02009/114335, va
W02013/079174.

Theo mot sé phwong 4n, chat diéu bién mién dich nay 1a Pidilizumab (CT-011;
Cure Tech), khang thé don dong IgGlk duoc lam gidng nhu cta ngudi gin voi PDI.
Pidilizumab va céc khang thé don dong khang PD-1 dugc lam gidng nhu ciia nguoi
khac dugc md ta trong WO2009/101611.

Céc khang thé khang PD1 khac hiru ich 1am cdc chét diéu bién mién dich dé
dung trong cac phwong phap dugc boc 16 & day bao gobm AMP 514 (Amplimmune), va
cac khang thé khang PD1 dugce boc 10 trong US 8,609,089, US 2010028330, va/hoidc
US 20120114649. Theo mét sé phuong an, khang thé khang PD-L1 la
MSB0010718C.MSB0010718C (con duoc dé cap dén 1a A09-246-2; Merck Serono) la
khang thé don dong gin véi PD-L1.

Theo mot sd phuong 4an, chit diéu bién mién dich nay 1a MDPL3280A
(Genentech/Roche), khang thé don dong IgG1 dugc tbi ru héa Fe cia ngudi gan voi
PD-L1. MDPL3280A va cac khang thé don dong ciia ngudi khac véi PD-L1 duge mo
ta trong patent My so: 7,943,743 va cong bb patent M§ sé: 20120039906. Cac chét
khang gin két PD-L1 khac hitu ich lam céc chat didu bién mién dich déi véi phuong
phép theo sang ché bao g6m YW243,55.870 (xem WO02010/077634), MDX-1105 (con
dugc dé cap dén 1a BMS-936559), va cic chit khang gén két PD-L1 dugc boc 19 trong
WO02007/005874.

Theo mot s6 phuong 4n, chit didu bién mién dich nay 1a AMP-224 (B7-DClg;
Amplimmune; vi du, duge boc 16 trong W0O2010/027827 va W02011/066342), 1a thu
thé tan dung hop Fc PD-L2 phong bé tuong tac giita PD1 va B7-H1.

1%%n©W6Mmmg$Lm&dﬁuw&nm%dmhMyMkmmgm@magLAG-
3 chang han nhu BMS-986016. BMS-986016 (con duge dé cap dén 1a BMS986016) 1a

-38-



21204

khang thé don dong gin két voi LAG-3. BMS-986016 va cac khang thé khang LAG-3
dugc lam gidng nhu cia ngudi khic duge mé ta trong US 2011/0150892,
W02010/019570, va WO2014/008218.

Theo céc phuong 4n cu thé, cic liéu phap diéu tri két hop dugc boc 16 & ddy bao
gém chéit diéu bién phan tir déng kich thich hodc phéan tir rc ché, vi du, thu thé hoic
phdi tir ddng trc ché.

Theo mét phuong 4n, chit diéu bién dong kich thich, vi du, chit chi vén, cua
phan tir déng kich thich dugc chon tir chit chii van (vi du, khang thé chi van hoic
méanh gin két khang nguyén cua nd, hoic thé dung hop tan) phéi tir 0X40, CD2,
CD27, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), 4-1BB (CD137),
GITR, CD30, CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp&0,
CD160, B7-H3 hoic CD$3.

Theo phuong an khéc, cac liéu phap diéu tri két hop dugc boc 16 & day bao gdm
chat diéu bién mién dich 1a phén tr ddng kich thich, vi du, chit chii vin kém theo tin
hiéu duong tinh bao gdm mién ddng kich thich cia CD28, CD27, ICOS va/hoic
GITR.

Céc chét chu van GITR minh hoa bao gbm, vi du, cac protein dung hop GITR
va cac khang thé khang GITR (vi du, cac khang thé khang GITR hoa trj hai), chang
han nhu, protein dung hop GITR da dugc mo ta trong patent My so: 6,111,090, patent
Chau Au sb: 090505B1, U.S patent sb: 8,586,023, cic cong bd PCT sb: WO
2010/003118 va 2011/090754, hoac khang thé khiang GITR da dugc moé ta, vi du,
trong patent My sb: 7,025,962, patent Chau Au sb: 1947183B1, patent My Sé:
7,812,135, patent My sd: 8,388,967, patent My sé: 8,591,886, patent Chau Au sb: EP
1866339, cong bd PCT sb: WO 2011/028683, cong bd PCT sb: WO 2013/039954,
cong bd PCT sé: WO2005/007190, cong bd PCT sé: WO 2007/133822, cong bd PCT
s0: 'W02005/055808, cong bd PCT sb: WO 99/40196, cong bd PCT sé: WO
2001/03720, cong bd PCT s6: W099/20758, cong bd PCT sé: WO2006/083289, cong
b6 PCT s6: WO 2005/115451, patent My sb: 7,618,632, va cong b PCT sé: WO
2011/051726.

Theo mdt phuong an, chit diéu bién mién dich duge sir dung 1a phdi tir tan (vi
du, CTLA-4-Ig), hodc khang thé hoic manh khang thé gén véi PD-L1, PD-L2 hoic
CTLA4. Vi du, phén tir khang thé khang PD-1 nay c6 thé duoc str dung két hop véi
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khang thé khang CTLA-4, vi du, ipilimumab. Cac khang thé khang CTLA4 dién hinh
bao gdm Tremelimumab (khang thé don dong IgG2 c6 sin tir Pfizer, truée diy dugc
biét 14 ticilimumab, CP-675,206); va Ipilimumab (khang thé CTLA-4, con dugc biét
dén 1a MDX-010, CAS s 477202-00-9).

Theo mét phuong an, phan tir khang thé khang PD-1 duogc ding sau khi diéu trj
bang hop chit theo sang ché nhu duge mé ta & day.

Theo phuong an khac, phéan tir khang thé khang PD-1 hogic PD-L1 dwgc ding
két hop véi khang thé khang LAG-3 hodc manh gin két khang nguyén ciia né. Theo
phuong 4n khéc, phén tir khang thé khang PD-1 hodic PD-L1 duoc sir dung két hop véi
khang thé khang TIM-3 hodc méanh gin két khang nguyén ciia nd. Theo cac phwong an
khac, phén tir Khang thé khang PD-1 hoac PD-L1 duoc sir dung két hop véi khang thé
khang LAG-3 va khang thé khang TIM-3, hoic manh gin két khang nguyén cua né.
Su két hop cac khang thé dugc trich din & day co thé duoc dung riéng, vi du, la cac
khang thé tach riéng, hodc duoc lién két, vi du, 1a phan tir khang thé c6 hai vi tri dic
hi¢u hodc ba vi tri dac hi€éu. Theo mot phuong an, phan tr khang thé ¢6 hai vi tri dic
hiéu bao gdm phan tir khang thé khang PD-1 hodc PD-L1 va phén tir khang thé khang
TIM-3 hoic phan tir khang thé khang LAG-3, hodc manh gin két khang nguyén cia
no, dugc ding. Theo cac phirong an nhit dinh, viéc két hop cac khang thé dugc trich
din & day duoc sir dung dé diéu tri bénh ung thu, vi du, bénh ung thu nhu dugc mo ta
& day (vi du, khéi u rin). Hidu qua cua cac su két hop néu trén c6 thé dugc thir nghiém
trén cac md hinh dong vat da biét trong linh vuc nay. Vi du, cac mod hinh dong vét dé
khao nghiém tac dong hiép dong cia khang thé khang PD-1 va khang thé khang LAG-
3 da duge mo ta, vi dy, trong Woo et al. (2012) Cancer Res. 72 (4):917-27).

Céc chét diéu bién mién dich minh hoa ma cé thé duge st dung trong
céc liéu phap diéu tri két hop nay bao gdm, nhung khong chi gi¢i han &, vi du,
afutuzumab (c6 sin tir Roche®); pegfilgrastim (Neulasta®); lenalidomit (CC-5013,
Revlimid®); thalidomit (Thalomid®), actimid (CC4047); va cac xytokin, vi du, IL-21
hodc IRX-2 (hdn hgp ctia cac xytokin clia ngudi bao gém intolokin 1, intolokin 2, va
intoforon y, CAS 951209-71-5, ¢6 san tir IRX Therapeutics).

Cac liéu minh hoa cua cac chét diéu bién mién dich nay co6 thé dugce sir

dung két hop vai hop chat theo sang ché khang khuén bao gbm lidu luong cua khang
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thé khang PD-1 & khoang 1 dén 10mg/kg, vi du, 3mg/kg, va liéu lugng cia khang thé
khang CTLA-4, vi dy, ipilimumab, & khoang 3mg/kg.

Céc vi du vé cac phuong an cac hgp chit khang khuén theo sang ché dé
sir dung két hop voi chit diéu bién mién dich trong phwong phéap bao gbém cac phuong
an trong d6 cac phuong phép nay la:

i. Phuong phap dé didu trji xdm nhiém do vi khuén & ddi tuong, bao gdm viéc
cho d6i twgng dung hop chit ¢ cong thirc (I) nhu dwge mé ta & ddy, va chét didu bién
mién dich.

ii. Phuong phép theo phuong 4n i, trong d6 chat diéu bién mién dich nay 1a chét
hoat hoa phén tir ddng tmg ché hoic chit trc ché phén tir diém kiém soat mién dich.

iii. Phuong phap theo phuong 4n i hoic ii, trong d6 chat hoat héa phén tir déng
ung ché nay chét chu vén cia mot hodc nhiéu trong sb céc phéi tir OX40, CD2, CD27,
CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), 4-1BB (CD137), GITR,
CD30, CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160,
B7-H3 va CD83.

iv. Phuong phap theo phuong 4n bét ky trong sb cac phwong 4n i-iii néu trén,
trong d6 chét wrc ché phan tir diém kiém soat mién dich duoc chon tir PD-1, PD-L1,
PD-L2, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 va TGFR
beta.

v. Phuong phép theo phuong an bét ki trong sé cac phuong an i-iii, trong dé
chét trc ché phan tir diém kiém soat mién dich dugc chon tir chét wre ché PD-1, PD-L1,
LAG-3, TIM-3 hoidc CTLA4, hoic té hop bét ky cua ching.

vi. Phuong phép theo phuong an bét ky trong sd cic phuong 4n i-v, trong d6
chét trc ché phan tr diém kiém soat mién dich 1a phdi tir tan hodc khang thé tan hoic
manh gén két khang nguyén cua no, gin vdi phan tir diém kiém soat mién dich nay.

vii. Phuong phdp theo phuong an bat ky trong sé cac phuong éan i-vi, trong do
khang thé hodc manh gin két khang nguyén cua no tir IgG1 hodc IgG4 (vi duy, IgGl
hodc I1gG4 cua nguoi).

viii. Phuong phap theo phwong 4n bat ky trong sé cac phuong 4n i-vii, trong do
khéang thé hodc manh gén két khang nguyén ctia né duge bién dbi, vi du, bi dot bién,
dé tang hoac giam mot hoac nhiéu trong sb cac chirc ning: gan két thu thé Fe, glycosyl

héa khang thé, sb gbe xystein, chirc ning té bao tac dong hodc, hodc chirc nang bd thé.
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ix. Phurong phéap theo phwong 4n bat ky trong sb cac phwong an i-viii, trong do
phén t0 khang thé nay 1a phan tir khang thé co hai vi tri dic hiéu hodc c6 nhiéu vj tri
dic hiéu ma c6 tinh dic hidu gin két th nhét véi PD-1 hodc PD-L1 va c6 tinh dic
hi¢u gén két thir hai voi TIM-3, LAG-3, hodac PD-L2.

x. Phuong phép theo phuong an bt ky trong s6 cac phuong 4n i-ix, trong d6
chit diéu bién mién dich nay la khang thé khang PD-1 dugc chon tir Nivolumab,
Pembrolizumab hoac Pidilizumab.

xi. Phuong phap theo phuong 4n bét ky trong sé cic phuong an i-x, trong dé
chét diéu bién mién dich nay 1 khang thé khang PD-L1 dugc chon tir YW243,55.870,
MPDL3280A, MEDI-4736, MSB-0010718C, hoac MDX-1105.

xii. Phuong phép theo phuong an bit ky trong sé cac phuong 4n i-x, trong d6
chét didu bién mién dich nay 1a phan tr khang thé khang LAG-3.

xiii. Phuong phép theo phuong 4n xii, trong d6 phan tir khang thé khang LAG-3
nay la BMS-986016.

xiv. Phuong phép theo phuong an bat ky trong sé cac phuong an i-x, trong d6
chit diéu bién mién dich nay 1a phan tir khang thé khang PD-1 dwgc dung bing céch
tiém (vi du, duéi da hodc trong tinh mach) & lidu khoang 1 dén 30mg/kg, vi du,
khoang 5 dén 25mg/kg, khoang 10 dén 20mg/kg, khoang 1 dén 5Smg/kg, hoac khoang
3mg/kg., vi du, mot 1an/tudn dén mot 1an/ 2, 3, hodc 4 tuln.

xv. Phuong phép theo phuong 4n xiv, trong d6 phan tir khang thé khang PD-1
nay dugc sir dung & liéu tir khoang 10 dén 20mg/kg cach tuin.

xvi. Phuong phap theo phuong 4n xv, trong d6 phén tir khang thé khang PD-1
ndy, vi du, nivolumab, dugc st dung trong tinh mach & liéu tir khoang 1mg/kg dén
3mg/kg, vi dy, khoang Img/kg, 2mg/kg hodc 3mg/kg, mbi 2 tuin.

xvii. Phuong phép theo phuong an xv, trong d6 phan tir khang thé khang PD-1
nay, vi du, nivolumab, dugc st dung trong tinh mach & liéu khoang 2mg/kg & cdc

khoang thoi gian 1a 3 tuin.

Thuat ngir “luong c6 hi¢u qua” cua hop chét 1a luong can thiét hodc lugng du
dé phong hodc diéu tri nhiém Khuén va’/hodc bénh hodc tinh trang duge mo ta & day.
Theo mot vi du, lugng ¢6 hiéu qua cia hop chét la lwong du dé diéu tri nhi®m khuan &

d6i tuong. Theo vi du khac, lugng cO hiéu qua cta hop chét 1a lugng da dé Xur ly
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nhiém khudn, chang han nhu, nhung khéng chi gidi han & Pseudomonas aeruginosa va
tuong tw & ddi tuong. Lugng c6 hiéu qua cé thé thay dbi phu thude vao cac yéu td sau
chéng han nhu kich thudc va trong lugng cua dbi tugng, loai bénh, hodc hop chét cu
thé theo séng ché. Vi dy, viéc lya chon hop chét theo sang ché c6 thé anh huéng
nhimg thanh phin cdu thanh nén “lugng c6 hidu qua”. Ngudi c6 hiéu biét trong linh
vure nay sé co kha ning nghién ciru cc yéu td & day va xac dinh luwgng c6 hiéu qua cia
hop chit theo sang ché khong can thi nghiém qua mirc.

Phéc d6 ding c¢6 thé anh hudng nhirng thanh phén cu thanh nén lurong c6 hi€u
qua. Hop chit theo sang ché c6 thé duoc dung cho dbi tuong trude hodic sau khi khéi
phat nhiém khudn. Dién hinh 14, hop chét nay duoc dung cho dbi twong da duge chin
doan 13 bi nhiém khudn va c¢6 nhu cdu duogc diéu tri. Ngoai ra, mot sb lidu dung dugc
phan chia, cling nhu céc liéu ding dugce sip xép xem k&, co thé duoc dung hang ngay
hoic theo tuin tu, hodc liéu nay co thé duge truyén lién tuc, hodc c6 thé 1a tiém mot
14n toan b lidu. Ngoai ra, cac lidu dung ctia hop chét theo sang ché c6 thé dugc giam
twong (mg ty 1€ hodc ting tuong {mg ty 1& nhu dugc chi dinh bdi nhu cu cép thiét cia
tinh trang phong bénh hodéc tinh trang diéu tri. Dién hinh 14, hop chét theo sang ché s&
dugc dung qua mot lidu trinh dai it nhat 1a 5 ngay, phd bién hon 1a it nhit 1a 7 ngay
hoic it nhit 1a 10 ngay hodc it nhét 1a 14 ngay.

Hop chit theo sang ché c6 thé dugc sir dung trong diéu tri cac trang thai, rbi
loan hogc bénh nhu duge mo ta ¢ day, hodc dé san xuit dugc phém dé dung trong diéu
tri cac bénh nay. Sang ché dé xuit cac hop chét theo sang ché dé sir dung trong diéu tri
cac bénh nay hoic trong dang bao ché dugc c6 cic hop chét theo sang ché dé sir dung

trong diéu tri cac bénh nay.

Thuét ngir “duge phim” bao gdm cac dang bao ché thich hop dé sir dung cho
dong vat c6 v, vi dy, con nguoi. Khi cac hop chit theo sang ché dugc dung lam duogc
chét cho dong vat ¢ vu, vi du, con ngudi, ching c6 thé dugc dua ra & dang vén c6
hodc dang dugc pham chira, vi du, 0,1% dén 99,5% (tét hon 13, 0,5% dén 90%) thanh
phan c¢6 hoat tinh két hop véi chat mang dugc dung.

Cum tir “chét mang duoc dung” da duge nhin nhén trong linh vuc nay va bao
gdm chit dan thudc, ché phdm hoac nguyén liéu dugc dung, thich hgp cho viéc dung
cac hop chat theo sang ché cho M&di chét mang phai dugc “chdp nhan dugc” theo

nghia twong thich véi cac thanh phan khéc ciia dang bao ché va khong cé hai voi bénh
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nhan. Mot sb vi du vé cac nguyén liéu c6 thé lam chit mang dugc dung bao gém: cac
loai duong, chéng han nhu lactoza, glucoza va sucroza; tinh bdt, chéng han nhu tinh
bdt ngd va tinh bot khoai tdy; xenluloza, va cac dan xuét cia no, ch?mg han nhu natri
carboxymetyl xenluloza, etyl xenluloza va xenluloza axetat; nhyua tragacan bot; mach
nha; gelatin; hoat thach; céac chét tro, chfmg han nhu bo tir qué ca cao va sdp dung
trong thudc dan; cac loai dau, chéng han nhu dau dau phdng, déu hat bong, dau cay
rum, diu me, dau 6 liu, dau ngod va dau déu nanh; céac glycol, chéng han nhu propylen
glycol; cac polyol, ching han nhu glyxerin, sorbitol, manitol va polyetylen glycol; cac
este, ching han nhu etyl oleat va etyl laurat; aga; cic chit dém, ching han nhu magie
hydroxit va nhom hydroxit; axit alginic; pyrogen-khong chira nudc; dung dich nudc
mubi dﬁng dién; dung dich Ringer; etanol; cac dung dich dém phosphat; va cac chét
tuong thich khong ddc khac dugc sir dung trong cac dang bao ché dugc. Theo mét sb
phuong an, chit mang dugc dung duge khir tring trude khi két hop véi hop chit theo
sang ché.

Theo mdt sé phuong an, duge phdm theo sang ché chira hop chit theo phuong
an bt ky trong sb cac phuong 4n dugc danh sé va it nhdt mot chét mang hodc ta dugc
dung. Theo cac phuong an nhét dinh, dugc phdm theo sang ché chua hop chét theo
phwong an bét ky trong sd cac phuong an dugc danh sé va it nhit hai chat mang dugc
dung hodc ta dugc.

Chat thim udc, chit tao nhil tuong va chat boi tron, ching han nhu natri lauryl
sulfat va magie stearat, ciing nhu chét tao mau, chit giai phong, chit phu, chit tao
ngot, chét tao vi va chét tao huong, chét bao quan va chét chéng oxi hoa cling cé thé
c6 mit trong ché phdm nay.

Céc vi du vé chét chéng oxi hoa dugc dung bao gém: cac chét chéng oxi héa
tan trong nudc, chéng han nhu axit ascorbic, xystein hydroclorua, natri bisulfat, natri
metabisulfit, natri sulfit va twong tu; cac chit chdng oxi hoa tan trong dau, ching han
nhu ascorbyl palmitat, butylated hydroxyanisol (BHA), hydroxytoluen dugc butyl hoa
(BHT), lexitin, propyl galat, a-tocopherol, va tuong tu; va cac chét tao chelat kim loai,
chéng han nhu axit xitric, etylendiamin cia axit tetraaxetic (EDTA), sorbitol, axit
tartaric, axit phosphoric, va tuong ty.

Céc dang bao ché theo sang ché bao gom céac dang bao ché thich hop dé sir

dung qua duong miéng, mii, hit, tai chd, qua da, trong khoang, duéi ludi, truc trang,
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am dao va/hodic ngoai dudng tiéu hoéa. Pién hinh 13, hop chit theo sang ché s& dugc
ding qua tinh mach, & dang dung dich thuong 1a ding truong, ching han dung dich
glucoza hodc dung dich nudc mudi. Cac dang bao ché nay co thé co mat thuén loi &
dang liéu don vi va c6 thé duge bao ché bang phuong phap bit ky da biét trong linh
vuc dugc phdm. Luong cta thanh phén hoat tinh c6 thé két hop véi nguyén liéu chét
mang dé tao ra dang lidu diing don s& thuong 1a lugng hop chét tao ra tac dong diéu tri.
N6i chung, trén téng sb 100%, luong ndy s& nim trong khoang tir khoang 1% dén
khoang 99% ctia thanh phan hoat tinh, t6t hon 14 tir khoang 5% dén khoang 70%, t6t
nhit 1a tir khoang 10% dén khoang 30%.

Céc phuong phép tao ra cac dang bao ché hoic ché phdm nay bao gdm bude két
hop hop chit theo sang ché va chit mang thanh hén hop va, tiy ¥, mot hodc nhiéu
thanh phin kém theo. Noi chung, cac dang bao ché nay dwgc tao ra bang cach két hop
dong nhat va mat thiét hop chét theo sang ché va chét mang 16ng thanh hdn hop, hoic
chét mang rin duoc phan chia nho, hoic ca hai, va sau do, néu cin, tao hinh sén phém.

Céc dang bao ché theo sang ché thich hop dung theo dudng miéng co thé &
dang vién nang, vién con nhong, vién nén tron, vién nén dai, vién ngdm (st dung nén
dugc Thém huong vi, thudong 1a sucroza va gom acaxia hodc nhya tragacant), bot, hat
nho, hoic & dang dung dich hodc huyén phil trong chét 16ng chira nude hodic chat léng
khéng chita nuéc, hodc & dang nhii twong 16ng dau trong nude hodc dang nhii tuong
léng nuée trong dau, hodc & dang sird hodc con ngot, hodc dang vién ngdm (pastille)
(str dung bazo tro, ching han nhu gelatin va glyxerin, hodc sucroza va acaxia) va/hodc
& dang nudc sic miéng va tuong tu, mdi dang bao ché chia lugng dinh trude cda hop
chit theo sang ché & dang thanh phin hoat tinh. Hop chét theo sang ché ciing c6 thé
duogc stir dung & dang bolus, thudce bt tron duong (electuary) hodc bot nhio.

O céac dang lidu rin theo sang ché dé dung qua duong miéng (vién nang, vién
nén dai, vién nén tron, vién boc dudng (dragee), bot, hat nhé va tuong tu), thanh ph?m
c6 hoat tinh dugc trén véi mot hodc nhiéu chét mang dugc dung, chéng han nhu natri
xitrat hodc dicanxi phosphat, va/hogic chat mang bét ky trong sé cc chat sau: chét don
hodc hodc chét kéo dai, chéng han nhu céc loai tinh bot, lactoza, sucroza, glucoza,
manitol, va/hodc axit silicic; chat két dinh, chéng han nhu, vi du,
carboxymetylxenluloza, alginat, gelatin, polyvinyl pyrolidon, sucroza va/hodc acaxia;

cac chit gy am, chéng han nhu glyxerol; cac chét phan tan, ching han nhu aga-aga,
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canxi carbonat, tinh bdt khoai tdy hodc tinh b0t tapioca, axit alginic, cac silicat cu thé,
va natri carbonat; c4c chit kim ham dung dich, chéng han nhu parafin; cac chét tang
cuong hip thu, ching han nhu céc hop chit amoni bac bdn; cdc chit thdm uét, ching
han nhu, vi du, xetanol va glyxerol monostearat; cac chit hip phu, ching han nhu
kaolin va dét sét bentonit; chit boi tron, nhu hoat thach, canxi stearat, magie stearat,
cac polyetylen glycol rén, natri lauryl sulfat, va cac hén hop cua chung; va cac chit tao
mau. Trong trudng hop vién nang, vién nén dai va vién nén tron, duge phdm ciing cd
thé chira cac chit dém. Cac ché phém ran cla céc loai tuong tu cling ¢ thé duge sir
dung 1am chét 1am d4y vién nang genlatin dugc nap diy ctng va vién nang cirng hodc
mém duoc nap diy genlatin sir dung cac chét trg nhur lactoza hodc cac loai duong sita,
cling nhu cic polyetylen glycol c6 khéi lwgng phan tir cao va tuong tu.

Vién nén c6 thé duogc tao ra béng cach nén hoidc duc, tuy y véi mdt hodc nhiéu
than phan kém theo. Céc vién nén dugc nén ¢ thé duoc tao ra bang céach st dung chét
két dinh (vi du, gelatin hoac hydroxypropylmetyl xenluloza), chit bdi tron, chit pha
lodng tro, chit bao quan, chdt gdy rd (vi du, natri tinh bot glycolat hodc natri
carboxymety! xenluloza lién két chéo), chit ¢6 hoat tinh bé mit hodc chit phén tan.
Céc vién nén dic khudn cé thé dugce tao ra bang cach dic khudn hdn hop chira hop
chat bot hoa trong may thich hop dugc duy tri dd 4m bang chit pha lodng tro.

Vién nén, va cic dang lidu rin khac cia duoc phim theo sang ché, ching han
nhu vién boc dudng, vién nang, vién nén tron va hat ¢ vo, ¢6 thé tily y thu dugc hodic
bao ché véi 16p vé va 16p phu, ching han nhu bao tan trong rudt va cac 16p bao da
duogc biét ro trong linh vue bao ché duge phim. Chiing ciing c6 thé dugc bao ché dé
cung cip su giai phong thanh phan hoat tinh chim hogc duge kiém soat bing céach sir
dung, vi du, hydroxypropylmetyl xenluloza theo nhiéu ty 1& khac nhau dé cung cip
profile (tdp hop cac dic tinh) gidi phong mong mudn, cac chit tao mang ludi polyme,
liposom va/hodc vi ciu khac. Chung ¢6 thé duge khir tring bang cach, vi du, loc qua
mang loc gitt lai vi khuan, hodc bang cach két hop céc chét khir tring & dang ché pham
rin vo trung ma c¢6 thé dwoc hoa tan duoc trong nudc vo tring, hodc mot sé moi
truong vo tring ¢ thé tiém co thé tiém dugc ngay trude khi sit dung. Cac ché pham
nay ciing ¢ thé tuy y chira cac chét can sang va c6 thé cta ché phdm ma chung chi
giai phong cac thanh phan hoat tinh, hodc tdt hon 1, trong phan cu thé cua 6ng da day-

rut, tuy y, theo phuong thirc tri hoan. Céac vi du vé ché phim nhing ¢6 thé dugce st
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dung bao gdm sap va cac chit duoc polyme héa. Thanh phin hoat tinh nay ciing c6 thé
& dang vi nang, néu thich hop, v6i mdt hodc nhiéu chét trg d3 duge mo ta trén day.

Céc dang liéu 1ong dé ding qua dudng miéng cua hop chét theo sang ché bao
gbm nhii twong, vi nhii trong, si-rd va cdn ngot dugc dung. Ngoai thanh phin hoat
tinh, cac dang lidu 1ong nay c6 thé chira chat pha lodng tro thuong dugc sit dung trong
linh vuc nay, chéng han nhu, vi duy, nuéc hodc céc dung moi, chit hoa tan, chét tao
nhil tuong khac, chéng han nhu etanol, rugu isopropyl, etylcarbonat, etylaxetat, rugu
benzyl, benzyl benzoat, propylen glycol, 1,3-butylen glycol, diu (cu thé 13, dau hat
bong, dau lac, dau ngo, dau mam, diu 6 liu, ddu thau dau va dau me), glyxerol, rnuou
tetrahydrofuryl, polyetylen glycol va este axit béo cua sorbitan, va cac hén hop cua
chung.

Bén canh cic chét pha lodng tro, ché phim ding qua dudng miéng ciing c6 thé
bao g@)m cac ta dugc chéng han nhu chét thidm uét, chit tao huyén phu va chét tao nhii
tuong, chét tao ngot, chit tao huong vi, chét tao mau, chét tao mui huong va chét bao
quan.

Huyén phil, ngoai cac hop chit ¢6 hoat tinh, c6 thé chira céc chét tao huyén phu
nhu, vi du, cac rugu isostearyl etoxyl hda, polyoxyetylen sorbitol va cédc este sorbitan,
xenluloza vi tinh thé, nhom metahydroxit, bentonit, aga-aga va tragacant, va cac hdn
hop ctia ching.

Céc dang bao ché cta dugc phdm theo sang ché dé ding qua duong am dao
hodc qua duodng tiéu hoa co thé co & dang thudce dan, c6 thé dugc bao ché béng cach
tron mot hodc nhiéu hop chét theo sang ché v&i mot hodc nhiéu chét trg hodic chat
mang khong gy kich tmg bao gdém, vi du, bo tir hat ca cao, polyetylen glycol, sap
dung trong thuc dan hoic salixylat, va 1 chit rin & nhiét do phong, nhung 1a chét
l6ng & nhiét do co thé va, do do, sé& chay ra trong khoang am dao hodc khoang truc
trang va giai phong chét c6 hoat tinh.

Céc dang bao ché cta dugce phim theo sang ché thich hop dé dung qua dudng
4m dao bao gdm ché phim vong tranh thai, tampon, cdc loai kem, gel, bot nhdo, bot
hodc ché phim xit chira cac chit mang nay da duoc biét rd trong linh vuc nay 1a thich
hop.

Céc dang liéu dung dé st dung qua da hoic tai chd ctia hop chét theo sang ché

bao gdm bot, phun, thudc md, bot nhdo, kem, dung dich lotion. gel, dung dich, bot
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nhdo va dang hit. Hop chét c6 hoat tinh c6 thé dugc tron trong céc diéu kién tiét trung
v6i chat mang duoc dung, va véi chét bao quan chit dém, hodc chét day bat ky co thé
dugc yéu ciu.

Thubc m&, bot nhio, kem va gel c6 thé chira, ngoai hop chét theo sang ché, cac
chét tro, chéng han nhu chét béo tir thuc vat va dong vat, dau, sép, parafin, tinh bot,
tragacant, cac chit dan xudt xenluloza, polyetylen glycol, silicon, bentonit, axit silicic,
hoat thach va kém oxit, hoéc céc hdn hop clia chung.

Chat bdt va dang xit ¢ thé bao gém, ngoai hogp chét theo sang ché, cac chét tro
chfmg han nhu lactoza, hoat thach, axit silicic, nhom hydroxit, canxi silicat va bot
polyamit, hodc cic hén hop ciia cac chét nay. Dang xit c6 thé chira dung cu déy thich
hop b sung, ching han nhu cloflohydrocarbon va hydrocarbon khong dugc thé dang
hoi, chdng han nhu butan va propan.

Miéng dén qua da c6 loi ich bd sung cia viéc mang lai sy véan chuyén c6 kiém
sodt hop chét theo sang ché dén co thé. Céc dang lidu nay c6 thé dugc tao ra bang cach
hoa tan hodc phan tan hop chét nay trong mdi truong thich hop. Cac chit ting cudng
hép thu ciing c6 thé duoc st dung dé tang dong khuéch tan hop chét qua da. Téc do
dong khuéch tan nay cé thé dugc kiém soat bing cach tao ra mang kiém soat tdc do
ho#c phan tan hgp chét ¢6 hoat tinh trong chét nén polyme hodc gel.

Céc dang bao ché dung cho mit, thuéc mo mit, bot, dung dich va tuong tu,
cling dugc chi dinh thuoc pham vi sang ché cac dang bao ché dung cho mit, thuéc md
mit, bot, va cac dang bao ché tuong tu, cling da dugc du tinh thudc pham vi sang ché.

Dugc phim theo sing ché thich hop dé dung theo duong tiéu héa chira mot
hodc nhiéu hop chét theo sang ché két hop véi mot hoac nhidu dung dich, dich phan
tan, huyén phu, hodc nhii trong, hoic chit bot khir trung chira nudc hoac khong chira
nuée ding trrong duge dung ma c6 thé duoc hoan nguyén thanh thé phan tan hodc
dung dich dung cho ti€ém vo trung truéce khi st dung, ¢ thé chua chit chéng oxi hoa,
dung dich dém, bacteriostat (chat kim ham vi khuin), chét tan ma khién dang bao ché
nay déng truong v6i mau clia ngudi nhan da dinh hodic cac chét lam dic hodc chit tao
huyén phu.

Céc vi du vé chat mang chira nude va chit mang khong chtra nudce thich hop
ma c6 thé duoc sir dung trong cac duoc phim theo sang ché bao gdbm nudc, etanol,

polyol (chéng han nhu glyxerol, propylen glycol, polyetylen glycol, va tuong tu), va
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cac hdn hop thich hop clia chung, dau thue vat, ching han nhu diu 6-liu, va este hitu
co dung cho tiém, ching han nhr etyl oleat. Trang thdi 16ng thich hgp c6 thé duge duy
tri, vi du, bang cach st dung cac nguyén liéu phuy, ching han nhu lexitin, bing cach
duy tri kich thuéc hat duge yéu cu trong truong hop cac chit phén tan, va bing cich
st dung chét hoat dong bé miit.

Céc ché pham nay ciing c6 thé chutra ta duge ching han nhu chét bao quan, chét
thAm w6t, chét tao nhii tuong va chét phén tan. Viéc ngén nglra hoat dong cda vi sinh
vat ¢6 thd dugc dam bao bing cach dua vao nhiéu loai chit khing nim va khang
khuin khac nhau, vi du, paraben, clobutanol, axit phenol sorbic, va twong tu. N6 cling
c¢6 thé dugc mong mudn dé bao gdm chit déng truong, ching han nhu duodng, natri
clorua, va turong tu trong ché phdm nay. Ngoai ra, su hép thu kéo dai ciia dang dugc
phim ding cho tiém c6 thé dugc mang lai nho viée dua vao cic chét tri hodn hép thu
ching han nhu nhdm monostearat va gelatin.

Trong mét sb trudong hop, dé kéo dai tac déng cia duoc chét, ngudi ta ¢o thé
mong muén 1am chdm su hip thu dugc chét bing viéc tiém trong co hodc tiém dudi
da. Diéu nay c6 thé dat dugc bang cach str dung huyén phu 1ong ctia nguyén lidu vo
dinh hinh hodc nguyén li¢u tinh thé c6 d6 tan trong nuGe thép. Tbc @ hép thu caa
duoc chat sau do phu thudc vao tde do phan ra cta nd, theo dé cé thé phu thudc vao
kich thuée tinh thé va dang tinh thé. Ngoai ra, hdp thu tri hodn cua dang dugc chét
duoc st dung ngoai dudong tiéu hoa co thé dat duoc bing cach hoa tan hoic tao huyén
phil duoc chit ndy trong chét din thude dang dau.

Cac dang ding dé chira dang bao ché dung cho tiém dugc tao ra bang cach hinh
thanh cac mang ludi vi bao nang cta cac hop chit quan tdm trong cac polyme c6 thé
dugc phan hiy sinh hoc ching han nhu polylactit-polyglycolit. Phu thudc bao ty 18
giita duoc chit va polyme, va ban chét ciia polyme cu thé dwgc sir dung, tbc do giai
phong duoc chit co thé duge kiém soat. Cac vi du vé cac polyme c6 thé dugc phan
huy sinh hoc khac bao gdm poly(orthoeste) va poly(anhydrit). Cac dang dung dé chua
dang bao ché dung cho tiém ciing dugc tao ra bang cach giit duoc chét trong liposome
hodc vi nhil trong ma trong thich véi mo co thé.

Céc dang bao ché theo sang ché c¢6 thé dugc ding qua dudng miéng, ngoai
dudng tiéu héa, tai chd, hodc qua dudng tiéu hoa. Chiing duong nhién & cac dang thich

hop v6i moi duong dung. Vi du, chung dugce sir dung ¢ dang vién nén hodc vién nang,
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béng cach tiém, hit, dung dich nhé mit, thubc md, thude dan, v.v, dung béng cach
tiém, truyén hodc bing céach hit; diing tai chd biang dung dich nhé hodc thuéc md; va
qua dudng tiéu hoa bang thude dan. Str dung trong tinh mach duge vu tién.

Céc thuét ngir “sir dung ngoai dugce ti€u héa” va “dugc st dung ngoai dudong
tiéu hoa” nhur dugce sir dung & ddy c6 nghia 1 cac ché do sir dung khong phai sir dung
qua dudng tiéu hoa va sir dung tai chd, thudng 1a bing cach tiém, va bao gdm, khong
chi gidi han &, tiém va truyén trong tinh mach, trong co, trong déng mach, trong v,
trong bao, trong & mit, trong khoang tim, trong da, trong mang bung, qua khi quén,
dudi da, dudi 16p cutin, trong cung dong mach, dudi bao, dudi khi quan, trong day
sdng than kinh va trong xwong trc.

Céc thuat ngit “stir dung cho h¢ tudn hoan”, “dugc st dung cho hé tudn hoan”
“str dung cho vung ngoai vi” va “dugce sir dung cho ving ngoai vi” nhu duogc sir dung
& ddy co nghia 1a viéc sir dung hop chét, durge chéat hodc nguyén liéu khong truc tiép
vao hé than kinh trung wong, sao cho né di vao hé tudn hoan cua bénh nhan va, do do,
i tugng chuyén hoa, va cac quy trinh tvong tu khac, vi du st dung dudi da.

Céc hop chét nay c6 thé duge sir dung cho ngudi va cac dong vat khac dé diéu
tri bang duong dung thich hop bét ky, bao gbm qua dudng miéng, qua miii, nhur 1a,
phun, trong dudng tiéu hoa, trong dm dao, ngoai dudng ti€u hoa, trong khoang dudi
nhén va ding tai chd, nhu & dang bét, thudc m& hoic dang nhé giot, bao gdm dung
trong khoang va dung duéi ludi.

Bit ké duong dung nao duge chon, cac hop chét theo sang ché, c6 thé dugc sir
dung & dang dugc hydrat héa, va/hodc dugce phém theo sang ché, dugc bao ché thanh
cac dang liéu ding dugce dung bing céac phuong phap thong thuong da biét boi ngudi
¢6 hiéu biét trong linh vurc nay.

Nbng d6 liéu thuc t& cia thanh phan hoat tinh trong dugc phim theo sang ché
c6 thé duoc thay dbi dé thu duge luong thanh phan hoat tinh ¢6 hiéu quéa dé dat dugc
dap tmg diéu tri mong muén véi bénh nhéan, ché pham, ché d6 4p dung cu thé, ma
khong gay doc véi bénh nhén.

N6ng do lidu duge chon sé phu thudc vao nhiéu yéu t6 khac nhau bao g@)m hoat
tinh cua hop chét cu thé theo sang ché dugce st dung, hoidc este, mudi hodc amit cia
no, duong dung, thoi gian ding, téc do thanh thai hop chét cu thé duoc st dung,

khoang thoi gian diéu tri. cac duge chit khac, hop chit va/hodc cac nguyén lidu duge
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str dung két hop vaoi hop chét cu thé duge sir dung, tudi, gisi tinh, trong luong, tinh
trang, strc khée chung va tién sir bénh an cua bénh nhan duogc diéu tri, va nhu cac yéu
t6 trong tur d biét ro trong linh vuc y hoc.

N6i chung, liéu hing ngay thich hop ctia hop chét theo sang ché s& 14 lwgng cia
hop chét ma 1 liéu ¢6 hiéu qua dé tao ra tac d6ng diéu tri. Liéu hiéu qua nay thuong sé
phu thudc vao cac yéu td duoc mo ta trén day. Thong thudng, cac liéu dudi da va lidu
trong tinh mach cia cac hgp chét theo sang ché cho bénh nhan, khi duoc sir dung dé
cac tac dong khang khuin dugc biéu thi, s& ndm trong khoang tir khoang 5 dén khoang
150mg/kilogam trong luong co thé/ngay, tét hon 1a tir khoang 15 dén khoang
115mg/kg/ngay, va tét hon nira 1a tir khoang 20 dén khoang 85mg/kg/ngay. Luong co
hiéu qua 1a lugng diéu tri nhim khuén.

Néu mong mubn, liéu hang ngay c6 hiéu qua cia hop chét c6 hoat tinh c6 thé
duoc str dung & dang hai, ba, bbn, nim, sau hodc nhiéu lidu nhé hon dugc st dung tach
r0i & cac khoang thich hop trong ngay, tiy y, & cac dang liéu don vi, hodc & dang
truyén lién tuc.

Néu c6 truong hop hop chét theo sang ché duoc sir dung mot minh, tét hon néu

ngudi sir dung hop chit nay & dang dugce phim.

Céc hop chat nhu duge xac dinh trong céc phuong an duge tong hop bing cic
dudmg tdng hop chung dudi ddy, cac vi du cu thé duge md ta chi tiét hon trong phin

Vi du thuc hién sang ché

So d6 tdng hop chung

Mot phuong phéap dé tong hop cac hop chit ¢o cong thirc (I) duge mo ta trong
So dd A. C6 thé chuyén héa ruou A-1 thanh A-2 theo quy trinh “Mitsunobu”, véi diéu
kién chat di vong nay c6 tinh axit di dé tién hanh phan ung Mitsunobu. Budc sulfonyl
hoa A-2 tao ra A-3, c6 thé dugc loai bé bao vé bang TFA hoic axit formic dé thu duoc

A-4.
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Céc chit trung gian di vong ciia A-2 ciing ¢6 thé thu duge nhu duge tom tit
trong So d6 C, bang phan tmg alkyl héa amin, ching han nhu C-1. Cac chét phén Ung
alkyl hoa thich hop bao gdm cac alkyl halogenua hodc epoxit. Phan tmg alkyl héa C-1
cling co thé dugc dem lai béng su amin héa khir béng aldehyt dugc bado vé va c¢d chirc
ning thich hgp. Phan tng vong héa C-2 ¢6 thé duge dem lai bang cach st dung chét
carbonyl héa twong tu CDI. Vi du vé nhém Y trong cic hop chit nay bao gbm OXy

hoic NR® , vi du, NH.
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Céac amin C-2 ¢c6 chirc ning thu duogc theo cach khac tir B-1 bang viéc alkyl hoa
béng amin c6 chirc ning. Di vong lactam c6 thé thu duge theo cach tuong tu bing viée
alkyl héa C-1 bing cac este cia axit carboxylic dugc brominat hoa, sau d6 vong hoa

¢b xuc tac bazo.

Di vong c6 thé dugc dua vao dé tao ra chit trung gian A-2, bing viéc thé nhém
doi chuyén trong azetidi khong c6 chét trung gian thich hop duoc bao vé. Cac chét bao
vé thich hop bao gdm Cbz dbi voi amin va DMB d6i véi azetidi khong c6. Viéc loai
bd bao vé cia nhém Cbz sau d6 axyl hoa béng cac axit D-6 duoc bao vé va co chic

ning thich hop tao ra A-2, nhu duge tém tit trong so dd D.
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CbzHN OH
N,

o DMB

D-1

kali persulfat/
kali phosphat

—_——

Cac chat trung gian dugc bao vé ching han nhu D-1 ciing duoc sir dung dé dua
vao phan tng di vong trong céc diéu kién Mitsunobu, nhu dugc tom tit trong So dd A.
D-1 ciing dugc chuyén héa thanh azit twong trng, ma dugc st dung cho phan g “hoéa
hoc click” dé dua cac 1,2,3 triazol duge ndi & vi tri 1 vao phan {mg theo trinh ty gidng
nhur duge tém tit trong So dd B. D-1 ciing ¢6 thé dugc sir dung dé tao ra cac chit din

xudt amin c6 chirc ndng ma c6 thé dugc chuyén hoa thanh céc di vong, nhu duoc mo

ta trong so do C.

Céc chét trung gian cua loai A-3 cling c6 thé duoc lip ghép bing trinh tu duoc

21204
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PG ¥ ) OH ~z [
N
0
A-2

tom tit trong So db E, trong d6 gbc oxime duoc dua vao sau budc ghép cap.

So dd E
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H o) HoN N duoe nbi H N P
PG’N\(/N»/[%/OH . 2 j;f\ Het PG’N\(/ )/[grn N dugce ndi
S—x NH S~z d Het
0 0 chit ghép j;fll/\
E-1 D-5 cip o
E-2
PG
o-PG R, @
R o

1
N-©O

R
PG" 7 N duoc ndi -0 N
DMF SO; V%/N - HaN N I H
S~ PG

z d Het \g\/ N

N o

o

E-2 o

A-3

- 7 N duge ndi
Het
N

“SO4H .
SOzH

Hop chit c6 cong thirc (I) dugc diéu ché tir cac hop chat thong thuong cé sin
bing cach sir dung cic quy trinh va so d6 chung nay da biét béi ngudi co hiéu biét

trong linh vuc ndy cung vdi cac phuong phép va vi du dugc dua ra & day.

Vi du thwe hién sang ché

Sang ché con duge minh hoa bﬁng cac vi du sau, khong thé dugc hiéu 1a su gidi
han khéc. Céc thir nghi€ém duoc st dung trong tat ca cac vi du nay dadugc chép nhan
vé tinh hiéu qua trong cac thir nghiém nay 1a su du doan trude v tinh hidu qua & cac
ddi tuong.

Nhitng diéu kién chung

Phé khdi thu duoc tir cac hé théng LC-MS, SFC-MS, hoic GC-MS str dung céc
phuong phép ion héa va cham dién tir (electron), ion hoa hoéa hoc, ion héa phun dién
tir tir nhiéu thiét bj c¢6 ciu hinh sau: hé théng Waters ACQUITY UPLC va dugce trang
bi hé théng ZQ 2000 hoac hé théng SQD MS trong d6 (M+1) dé cap dén phan tir ion
dugc proton héa ctia cac tiéu phan héa hoc (chemical species), (M+) dé cap dén amoni
cation khong dugc proton hoa, (M+Na) dé cap dén ion duoc két hop vai natri va (M-1)
dé cap dén ion phan tir dugc loai bé proton cua tidu phan hoéa hoc.

Quang phd NMR duoc chay trén cic mdy do quang phé Bruker AVANCE
500MHz hodc Varian 400MHz NMR str dung ICON-NMR, duéi chuong trinh kiém
soat TopSpin. Quang phé duoc do & 298K, trir khi dugc dé cap khac, va dugc tham

chi€u tuong tng voi were referenced relative to the cong hudng dung moi.

Thiét bi do
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Cac phuong phap MS: Sir dung hé théng Agilent 1100 HPLC véi may do khéi

phd Agilent 6110

Phuong phap 2m_c6 tinh axit:

Cot

Nhiét d6 cot
Chét rira giai
Luu lugng

Gradien

Kinetex C18 50 x 2,1mm, 2,6um

50°C

A: H,0, B: axetonitril, ca hai chtra TFA 0,1%
1,2ml/phut

2% dén 88% B trong 1,30 phut, 0,15 phut 95% B

Phuong phap 2m_c6 tinh axit phén cuc:

Cot

Nhiét d6 cot
Chét rira giai
Luu lugng

Gradien

Céc tir viét tat:

ACN
aq

app
ATP
BINAP
Boc

br

brs

BSA

Kinetex C18 50 x 2,1mm, 2,6um

50°C

A: H,0, B: axetonitril, ca hai chira TFA 0,1%
1,2ml/phut

1% dén 30% B trong 1,30 phut, 0,15 phit 98% B

axetonitril

chira nuéc

apparent

adenosin 5'-triphosphat

chit triét quang 2,2"-bis(diphenylphosphino)-1, 1'-binaphtyl
butyl carboxy béc ba

rong

dinh don rdng

albumin huyét thanh bo
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dd

DCM

DCE

DIAD

DIPEA

DME

DMF

DMSO

EDTA

ESI

EtOAc

HATU

HBTU

HCl
HOBt
HPLC

LCMS

m-CPBA

MeOH

21204

1,1"-carbonyldiimidazol

dinh doi

dinh doi cua dinh d6i

diclometan

1,2-dicloetan
diisopropylazodicarboxylat
diisopropyletylamin
1,4-dimetoxyetan
N,N-dimetylformamit
dimetylsulfoxit

etylendiamin cua axit tetraaxetic
ion hoa phun dién tir

etylaxetat

gam

gio
1-[bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]
pyridinium 3-oxid hexaflophosphat

1-[bis(dimetylamino)metylen]-1H-

benzotriazoliumhexaflophosphat (1-) 3-oxit
axit clo hydric

1-hydroxybenzotriazol

sic ky 16ng hiéu ning cao

sdc ky léng va khéi phd

dinh da

axit 3-cloperbenzoic

metanol

-57-



21204

MS khéi phd

mg milligam

min phut

mL mililit

mmol milimol

m/z ty 1¢ giira khbi luong va dién tich
NMR cong hudng tir hat nhan

p dinh ndm

PdCl, (dppf)-CH,Cl, phirc 1,1°-bis(diphenylphosphino)feroxen-

paladi(Il)diclorua diclometan

PPh; triphenylphosphin

ppm mdt phan triéu

PyBOP benzotriazol-1-yloxytripyrolidinophosphonium
hexaflophosphat

q dinh bén

rac chét triét quang

rt nhiét do phong

R; thoi gian luu

S dinh don

satd bdo hoa

t dinh ba

TBAF tetrabutylamoniflorua

TBME metylfert-butyl ete

TFA axit trifloaxetic

THF tetrahydrofuran

Tris-HCI aminotris(hydroxymetyl)metan hydroclorua
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Diéu ché céc chat trung gian

Chét trung gian A: ((2S,35)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-dimetoxybenzyl)-

4-oxoazetidin-2-yl)metyl metansulfonat.

CbzHN CbzHN
OH OMs
N N

(o] O
OMe OMe

OMe OMe

Thém MsCl (1,15ml, 14,75mmol) vao dung dich chaa benzyl ((25,3S5)-1-(2,4-
dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat (5,37g, 13,41mmol)
va TEA (3,72ml, 26,8mmol) trong DCMé 0°C. Sau khi khudy & 0°C trong 1 gid, pha
loding n6 bing nuéc/DCM va phén tich cac 16p. Chiét 16p nudce bing DCM (2x) va rira
céc 16p hiru co két hop bing nude mubi, siy qua Na,SO, va ¢0 déc trong chan khong.
San phdm tho dugc dua vio trong toluen va cd dic (2x), dé thu hop chét tiéu dé & dang
chit rin mau tring nhat. N6 duoc sir dung ludn trong cic phan tng tiép theo. LCMS:

R; = 0,86 min, m/z = 479,2 (M+1) Phuong phap 2m_c6 tinh axit.

Chét trung gian B: fert-butyl ((2H-tetrazol-5-yl)metyl)carbamat.

erl\;:?/\r\m2 » HN\;:?/\NHBOC
Thém NaOH (4N, 4,42ml, 17,70mmol) vao binh dugc nap (2H-tetrazol-5-
yDmetylamin (1,67g, 16,85mmol), Boc anhydrit (3,86g, 17,70mmol) va nudc
(16,85ml). Khudy huyén phu thu duoc & nhiét do phong trong 12 gio sau d6 lam lanh
xubng 0°C, ngay sau d6 Thém HCI (IN) cho dén do pH = 4-5. Thu két tia bing cach
loc va lam lanh phan phan uéc gbe xudng 0°C va tai axit hoa bang HCI (I1N) cho dén
do pH = 4-5. Thu két taa dugc tao thanh tiép sau va két hop voi mé thir nhét, rira 16
san pham biang Heptandé thu hop chat tiéu dé (2,74g, 82%) & dang chét rin mau tring.

LCMS: R, = 0.38 min, m/z = 200,2 (M+1) Phuong phap 2m_¢o6 tinh axit.
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Chét trung gian C: tert-butyl ((1H-1,2,4-triazol-3-yl)metyl)carbamat.
N’NY\ HN/NY\
H NH NHBoc
= T \—y

Thém NaOH (4N, 1,137ml, 4,5mmol) vdo dung dich chira 2H-[1,2,4]triazol-3-
yl-metylaminhydroclorua (583mg, 4,33mmol) va Boc-anhydrit (993mg, 4,5mmol)
trong nude (5,78ml). Sau khi khudy trong 48 gio thu két tia mau tring bang cach loc.
Tao huyén phu chit rin trong Heptan, siéu 4msau do loc, rira banh loc bang Heptan.

LCMS: R, = 0,41 min, m/z = 199,2 (M+1) Phuong phap 2m _c6 tinh axit.

Chét trung gian D: 3-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)oxazolidin-2-on.

CbzHN

0
CbzHN OH CbzHN )k
OMs n/\/ z N o

0 Budc 1 0 Budc 2 0
OMe ——» OMe O OMe
OMe OMe OMe
(o] O
Budc 3 CbzHN N)ko Bu()’p4 HzN N/U\O
O O
Bude I: Benzyl ((2R.395)-1-(2,4-dimetoxybenzyl)-2-(((2-

hydroxyetyl)amino)metyl)-4-oxoazetidin-3-yl)carbamat. Thém etanolamin (8,13ml,
134mmol), sau d6 Thém DIPEA(7,0ml, 40mmol) vao dung dich chura ((25,35)-3-
(((benzyloxy)carbonyl)amino)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl
metansulfonat (6,43g, 13,4mmol) trong axetonitril (44,8ml). Gia nhiét dung dich dén
80°C trong 20 gio, ngay sau d6 gidm nhiét do xudng nhiét do phong, pha lodng bang
EtOAc, rira b.%lng nudc, séiy qua Na,SO, va cd dac trong chan khong, dé thu hop chét
tiu dé (4,47g, 75%) & dang chét rin mau tring. LCMS: R, = 0,60 min, m/z = 4442
(M+1).
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Budce 2: Benzyl ((3S5,4R)-1-(2,4-dimetoxybenzyl)-2-ox0-4-((2-oxooxazolidin-3-
yl)metyl)azetidin-3-yl)carbamat. Thém CDI (4,90g, 30,2mmol) vao dung dich chira
benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-(((2-hydroxyetyl)amino)metyl)-4-
oxoazetidin-3-yl)carbamat (4,47g, 10,08mmol) trong clorofom (50ml). Sau khi khudy
& nhiét d6 phong trong 30 phut ¢d dic no6 trong chan khéng. Tinh ché san phdm tho
qua sic ky silicagel (MeOH-DCM, 0-5%), dé thu hop chit tiéu dé (3,84g, 81%) & dang
bot mau tring LCMS: R, = 0,76 min, m/z = 470,1 (M+1).

Buéc 3: Benzyl ((35,4R)-2-0x0-4-((2-oxooxazolidin-3-yl)metyl)azetidin-3-
yl)carbamat. Piéu ché theo phuong thirc twong tir véi vi du 4, bude 2 sir dung benzyl
((3S5,4R)-1-(2,4-dimetoxybenzyl)-2-o0x0-4-((2-oxooxazolidin-3-yl)metyl)azetidin-3-
yl)carbamat (3,84g, 8,18mmol), K,S,04 (3,10g, 11,5mmol) va K,HPO, (1,852g,
10,6mmol) trong ACN:nudc (2:1, 136ml) trong khi gia nhiét trong 40 phut & 90°C. B4
sung Thém K,S,04 (663g, 2,45mmol) va K,HPO, (370mg, 2,13mmol) va gia nhi¢t
trong 3 gid nita. BS sung thém K,S,05 (332mg, 1,23mmol) va K,HPO, (185mg,
1,06mmol), va gia nhiét trong 2 gid nita, ngay sau d6, co6 ddc n6 trong chan khong, loai
b6 phén 16n ACN. Pha loding hdn hop nay bing nudc mubi/EtOAc va phén tach céc
16p. Chiét 16p nuéc bing EtOAc (3x) va siy rira cac 16p hitu co két hop qua Na,SOs.
Tinh ché san phdm thé qua sic ky silicagel (EtOAc-Heptan, 0-100% sau d6 MeOH-
DCM, 10%) dé thu hop chit tiéu dé (1,61g, 62%) & dang bot mau be. LCMS: R, = 0,51
min, m/z = 320,0 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 4: 3-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)oxazolidin-2-on. Diéu
ché theo phuong thue tuong tu véi vi du 4, bude 3 st dung benzyl ((3S,4R)-2-0x0-4-
((2-oxooxazolidin-3-yl)metyl)azetidin-3-yl)carbamat (96mg, 0,30mmol) va Pd/C 10%
Degussa loai 101 (10%, 64mg) trong EtOH:MeOH (4:1, 1,5ml) trong 1 gid. San phim
thd dugc st dung luén cho budc sau. LCMS: R, = 0,11 min, m/z = 186,0 (M+1)
Phuong phap 2m_c6 tinh axit.

Chédt trung gian E: tert-butyl  (4-(2-(((2R,3S)-2-((1H-1,2 4-triazol-1-yl)metyl)-4-

oxoazetidin-3-yl)amino)-2-oxoaxetyl)thiazol-2-yl)carbamat.
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Thém DIPEA (2,91ml, 16,7mmol) vao huyén phu dic cia axit 2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoaxetic (2,72g, 9,99mmol) va HATU (3,80,
10,0mmol) trong DCM:DMF (3:1, 33,3ml) & 0°C. Thém dung dich chtra (35,4R)-4-
((1H-1,2 4-triazol-1-yl)metyl)-3-aminoazetidin-2-on ~ (1,39g, 8,33mmol) trong
DCM:DMF (1:1, 32ml), sau d6 Thém dung dich rira DMF (3ml). Sau khi khudy trong
48 gid pha loang dung dich tdi mau bing EtOAc (150ml)/nuéc mubi (140ml) va phan
tach cac 16p. Chiét 16p nudc bing EtOAc (3x) va rira cic 16p hitu co két hop bing
nuée mudi (70ml). Tai chiét dich rira 16p nude mudi bang EtOAc. Sy rira cac 16p hitu
co két hop qua Na,SO, va cb dic trong chan khong. Tinh ché san phdm thé qua séc ky
silicagel (MeOH-DCM, 0-10%), dé thu hop chét tiéu dé (2,38g, 68%) & dang chat rin
mau d6. LCMS: R, = 0,59 min, m/z = 422,0 (M+1) Phuong phép 2m_c¢6 tinh axit; 'H
NMR (400MHz, DMSO-dq) 8 11,85 (s, 1H), 9,70 (d, J = 9,3 Hz, 1H), 8,52 (d, J= 1,6
Hz, 1H), 8,48 (s, 1H), 8,44 (s, 1H), 7,96 (s, 1H), 5,28 (ddd, J= 9,3, 5,2, 1,5 Hz, 1H),
4,45 (dd, J = 14,2, 5,3 Hz, 1H),4,36 (dd, J = 14,1, 7,6 Hz, 1H), 4,18 (dt, J = 7,6, 5,3
Hz, 1H), 1,47 (s, 9H).

Chét trung gian F: axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-(2-(2-((tert-

butoxycarbonyl)amino)thiazol-4-yl)-2-oxoaxetamido)-4-oxoazetidin-1-sulfonic

0 0]
N N N
N
BocHN\</ I N\/\N —_— BocHN\</ I \—l/\N\/\N
S (o] NH N=/ S O /r—N N=/
0]

o “SO4H

Thém SO;DMF (367mg, 2,40mmol) vao dung dich chira fert-butyl (4-(2-
(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoaxetyl)thiazol-2-yl)carbamat (200mg, 0,475mmol) trong DMF (4,75ml) & 0°C. Sau
16 gir khudy, ¢ dic n6 trong chan khong va tinh sach bang nhwa HP21 (ACN-nuéc,
0-50%), dé thu hop chét tiéu dé (110mg, 46%) & dang cht rin mau vang nhat. LCMS:
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R, = 0,54 min, m/z = 501,9 (M+1) Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz,
DMSO-dg) 6 11,87 (s, 1H), 9,75 (d, J= 9,2 Hz, 1H), 8,94 (s, 1H), 8,44 (s, 1H), 8,34 (s,
1H), 5,25 (dd, J=9,1, 5,4 Hz, 1H), 4,75 (dd, J = 14,3, 4,9 Hz, 1H), 4,61 (dd, J = 14,4,
7,6 Hz, 1H), 4,43 (dt, J=17,6, 5,2 Hz, 1H), 1,49 (s, 9H).

Chéat trung gian G: Benzyl ((2S,3S)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-

oxoazetidin-3-yl)carbamat

) /k
0] o]
: o/k Buc 1 Bugc 2
OMe . W‘)\/o > 0 N
[¢]
OMe

N
o]
OMe
e

X X

OMe
OMe
o] o] H '
H
HoN H CbzHN z CbzHN H OH
Budce 3 N Budc 4 N Budc 5 N
e o) Em— o
OMe
OMe

OMe
OMe OMe

OMe OMe

Budc 1: (R,E)-1-(2,4-dimetoxyphenyl)-N-((2,2-dimetyl-1,3-dioxolan-4-
yl)metylen)metanamin. Diéu ché theo quy trinh di dugc mé ta béi Hubschwerlen, C.
va Schmid, G. Helv. Chim. Acta 1983, 66, 2206-2209 véi su bd sung MgSQO,. Thém
2,4-dimetoxybenzylamin (193g, 1,154mol) vio huyén phii cta (S)-2,2-dimetyl-1,3-
dioxolan-4-carbaldehyt (Carbosynth LLC, 346g, 43% trong DCM, 1,143mol) va
MgSO, (278g) trong DCM (1,5L) & 0°C trong sudt thoi gian 1a 20 phut. Sau khi khudy
& nhiét do phong trong 2 gid, loc san pham, rira banh loc bing DCM (2 x 250ml).

Dung dich phan wéc gbe duge st dung truc tiép trong budc 2.
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Buéce 2: 2-((2S,35)-1-(2,4-dimetoxybenzyl)-2-((R)-2,2-dimetyl-1,3-dioxolan-4-
yl)-4-oxoazetidin-3-yl)isoindolin-1,3-dion. Diéu ché theo quy trinh dd dugc mé ta bsi
Hubschwerlen, C. va Schmid, G. Helv. Chim. Acta 1983, 66, 2206-2209. Sau khi
Thém TEA (322ml, 2,31mol) vao dung dich phan u6c gbe tir budc 1, né duge giam
nhiét xudng 0°C, sau d6 Thém luong bd sung cua dung dich chia 2-(1,3-
dioxoisoindolin-2-yl)axetylclorua (284,3g, 1,272mol) trong DCM (11) qua khoang thoi
gian 30 phit. Lam 4m hén hop dén nhiét d6 phong va khudy trong 16 gid nita, ngay
sau d6, rtra hdn hop nay bing nudc (2 x 1L), NaHCO; bio hoa (aq, 1L), nude mudi
(1L), siy qua Na,SO, va cd dic trong chan khong, thu hop chit tiéu dé & dang tho
(631g,dinh lugng gia dinh) & dang chat rdn mau vang nhat. 'H NMR cua mau duge
tinh ché nay (EtOAc-Heptan, 40-60%) khdp hoan toan véi dir liéu da duge dua ra

trong céc tai li€éu chuyén nganh.

Buoc 3:  (35,45)-3-amino-1-(2,4-dimetoxybenzyl)-4-((R)-2,2-dimetyl-1,3-
dioxolan-4-yl)azetidin-2-on. Thém hydrazin hydrat (235ml, 50-60%, ~4mol) trong
subt thoi gian 1a 20 phut vao dung dich chira 2-((2§,3S5)-1-(2,4-dimetoxybenzyl)-2-
((R)-2,2-dimetyl-1,3-dioxolan-4-yl)-4-oxoazetidin-3-yl)isoindolin-1,3-dion th6é (631g,
1,143mol, chuyén héa dinh luong gia dinh tir buge 2) trong EtOH (8,21). Gia nhiét hén
hop thu duge dén héi luu trong 3 gid, giam nhiét xudng nhiét 6 phong, loc, rira bing
EtOH va cb dic trong chan khong. Tao huyén phu dic phéan thu duge trong EtOAc

(41), loc va rira bang nude (2 x 11).

Buéc 4: Benzyl ((25,35)-1-(2,4-dimetoxybenzyl)-2-((R)-2,2-dimetyl-1,3-
dioxolan-4-yl)-4-oxoazetidin-3-yl)carbamat. Thém timg giot NaHCO; bdo hoa (aq,
2,051), sau d6 Thém benzyl cloroform (205ml, 1,43mol), qua 1 gi& vao dung dich hiru
co thd tlr bude 3 (EtOAc, 41), 1am lanh xubng 0°C. Sau khi khudy & nhiét d6 phong
trong 2 gid, phan tach cac 16p va chiét 16p nuée bang EtOAc (2 x 50ml). Rura céc 16p
hiru co két hop bing nudc, nude mubi, sdy qua Na,SOy va ¢d dic trong chan khong.
X1 ly san pham thd bang MeOH (21), loc va rira bing MeOH (2 x 200ml) dé thu hop
chat tiéu d& tinh khiét (155g) & dang chat rin mau tring. Giam nhiét phan phan udc
gbc xubng -20°C trong 12 gid va thu két taa thu duoc bang cach loc, thu dugc Thém
hop chét tiéu dé (90g) vai hiéu suit két hop 45% qua 4 bude. LCMS: m/z = 471,1
(M+1).
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Budc 5:Benzyl ((2S,35)-2-((R)-1,2-dihydroxyetyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)carbamat. Thém dung dich chira TsOH*H,O (43,6g, 0,229mol) trong
nude (0,751) vao dung dich chira benzyl ((2S,35)-1-(2,4-dimetoxybenzyl)-2-((R)-2,2-
dimetyl-1,3-dioxolan-4-yl1)-4-oxoazetidin-3-yl)carbamat (267g, 0,567mol) trong THF
(31). Gia nhiét dung dich hai 16p dén 70°C trong 16 gi& sau d6 giam nhiét xudng nhiét
d6 phong, trung hoa dén d6 pH = 7 bang NaHCO;bdo hoa (aq) va co dic trong chan
khong. Loc hon hop thu duge, ria béng nudc va séy dé thu hop chét tiéu dé (240g,
98%) & dang chét rin mau vang nhat. LCMS: m/z = 431,1 (M+1).

Buéc 6: Benzyl ((2S,35)-1-(2,4-dimetoxybenzyl)-2-formyl-4-oxoazetidin-3-
yl)carbamat. Thém dung dich chtra natri periodat (132g, 0,617mol) trong nudc
(1,1251) vao dung dich chta benzyl ((2S,35)-2-((R)-1,2-dihydroxyetyl)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat  (240g, 0,557mol) trong EtOAc
(4,51)Thém dung dich chira natri periodat (132g, 0,617mol) trong nudc (1,1251) va gia
nhiét dung dich hai 16p dén 50°C trong 2 gid, ngay sau dogiam nhiét d6 xudng nhiét
d6 phong va phan tach cac 16p. Chiét 16p nude bing EtOAc (500ml) va rira cac 16p
hitu co két hop bing nuée, nude mubi, sdy qua Na,SO, va cb dic trong chan khong dé
thu hop chit tidu dé& (218g, 98%) & dang chét rin mau vang nhat. LCMS: m/z = 399,0
(M+1). '"H NMR (400MHz, DMSO-dg) § 9,32 (d, J = 3,2 Hz, 1H), 8,19 (d, J= 8,5 Hz,
1H), 7,39-7,23 (m, 5SH), 7,16 (d, J= 8,3 Hz, 1H), 6,53 (d, J= 2,4 Hz, 1H), 6,47 (dd, J
= 8,3, 2,4 Hz, 1H), 5,00-4,96 (m, 2H), 4,90 (dd, J = 8,5, 5,8 Hz, 1H), 4,38 (d, /= 14,5
Hz, 1H), 4,29 (d, J = 14,5 Hz, 1H), 4,05 (dd, J= 5,9, 3,3 Hz, 1H), 3,73 (s, 3H), 3,70 (s,
3H).

Buéc 7: Benzyl  ((2S,35)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-
oxoazetidin-3-yl)carbamat. Thém ting phén natri borohydrua (41,3g, 1,09mol) vao
dung dich chra benzyl ((2S,35)-1-(2,4-dimetoxybenzyl)-2-formyl-4-oxoazetidin-3-
yl)carbamat (218g, 0,546mol) trong hdn hop ciia DCM:MeOH (4:1, 2,251) & 0°C.
Khudy hdn hop thu dugcd 0°C trong 2 gi®, ngay sau dolam ngimg phan tng bang
nude lanh (11) trong 30 phit va phan tach céc 16p. Chiét 16p nudc bing DCM (3 x
200ml) va rira cac 16p hiru co két hop bang nude, nude mudi, sdy qua Na,SOy va ¢d
dic trong chan khong dé thu hop chat tiéu dé (208g, 95%) & dang chit rin mau tring
nhat. LCMS: m/z = 401,2 (M+1); '"H NMR (300MHz, CDCl;) & 7,37-7.29 (m, 5H),
7,21-7,18 (m, 1H), 6,46-6,49 (m, 2H), 5,82 (bd, J = 9,6 Hz, 1H), 5,18-5,08 (m, 3H),
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4,45 (d, J = 14,4 Hz, 1H), 4,28 (d, J = 14,4 Hz, 1H), 3,83 (s, 3H), 3,79 (s, 3H), 3,76-
3,72 (m, 1H), 3,63-3,52 (m, 2H), 1,87 (dd, J = 9.6, 4,0 Hz, 1H).

Chét trung gian H: tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-
2-(((2S,35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-

metylpropanoat

CbZHN);(\OH ACOH
g N Budc 1 CbzHN OH Budc 2 HN OH
OMe NH NH
0]

OMe

(o] /k

A

N’O
H

Buéc 3 N N
—_— BocHN~</ I OH
S o NH

o

Budce 1: Benzyl ((25,35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat. Dugc
didu ché theo Mastalerz et al. J. Med. Chem,1988, 31, 1190. Thém kali persulfat
(243g, 0,899mol) sau d6 Thém dung dich chira dikaliphosphat (147,4g,0,846mol)
trong nudc (21) vao dung dich ciia chét trung gian G (208g, 0,529mol) trong ACN (41).
Gia nhiét hdn hop thu duoc dén 90°C trong 4 gid, sau d6 giam nhiét xudng nhiét do
phong va ¢b dic trong chan khong, loai bo phan 1én ACN. Chiét hdn hop nay bing
EtOAc (1L, 2 x 200ml) va rira cac 16p hiru co két hop biang nude, nude mudi, sy qua
Na,SO4 va ¢ dic trong chan khéng. Tinh ché san phidm thd qua sic ky silicagel
(EtOAc-Hexan, 50-100%), d& thu hop chét tiéu dé (86g, 65%) & dang chat rén mau
trang. Dir liéu phan tich 13 mét sy tring khép hoan toan véi dir liéu da dugc dua ra
trong céc tai liéu chuyén nganh.

Budce 2: (25,39)-2-(hydroxymetyl)-4-oxoazetidin-3-amoniaxetat. Thém Pd trén
C (10% uét, 2,5g) sau d6 Thém AcOH (11,4ml, 200mmol) vao dung dich chira benzyl
((28.35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat (25g, 100mmol) trong MeOH
(350ml). Loai bé khi va tai nap khi ctia hdn hop bang H, (3x), dua ap suét cudi téi 50

psi. Khudy n6 & nhiét do phong trong 2 gi0, sau do gan, loc qua xelit va c6 dic trong
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chan khéng, thu hop chét tiéu dé & dang thd (22g) & dang chit dAu mau vang nhat,

dugce st dung truc tiép trong budc 3.

Buoc 3: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2S,35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat. Thém dung dich chua (28,35)-2-(hydroxymetyl)-4-oxoazetidin-3-
amoniaxetat (22g, 100mmol, dinh lugng gia thiét tir bude 2) trong DMF (100ml), sau
d6 Thém DIPEA (52,2ml, 300mmol) vao dung dich chita (Z)-tert-butyl 2-(((2-
(benzo[d]thiazol-2-ylthio)-1-(2-((terz-butoxycarbonyl)amino)-thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (85g, 116,4mmol) trong DMF (200ml) &
0°C. Lam 4m hén hop dén nhiét do phong va khudy trong 16 gidr nira, ngay sau do, co
ddc né trong chan khong va tinh ché qua sic ky silicagel (EtOAc-Hexan, 25-100%),
thu hop chit tiéu dé & dang tho (44g, 83%) & dang chit rin mau vang nhat. LCMS:
m/z = 526,1 (M-1); '"H NMR (400MHz, CDCl,): & 8,94 (s, 1H), 8,02 (d, J= 7,8 Hz,
1H), 7,30 (s, 1H), 6,48 (s, 1H), 5,43 (dd, J = 7.4, 4,7 Hz, 1H), 4,25 (m, 1H), 4,02 (dd, J
= 8,6, 4,3 Hz, 1H), 3,86 (m, 2H), 1,56 (s, 3H), 1,55 (s, 3H), 1,52 (s, 9H), 1,44 (9H, s).

Chét trung gian I: (Z)-tert-butyl 2-(((2-(benzo[d]thiazol-2-ylthio)-1-(2-((tert-

butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat

Thém triphenylphosphin (44,3g, 168,8mmol), sau d6 Thém tung giot TEA
(22,7ml, 163mmol) vao huyén phu cia axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-
oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (50g,
116,4mmol) va 2,2’-dibenzothiazolyl disulfua (54,2g, 163mmol) trong DCM (11). Sau
khi khudy trong 16 gio, c¢6 dic hdn hop va duge sir dung truc tiép trong viée diéu ché

chit trung gianH. LCMS: m/z = 579,0 (M+1).

Chéit trung gian J: tert-butyl 2-(((2)-(2-(((2R,35)-2-(azidometyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoat
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Bude 1: tert-butyl 2-(((Z2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2S,3S5)-2-(10dometyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat. Thém timg phdn iotua (42,3g, 166,8mmol) vao dung dich cua chit
trung gian H (44,0g, 83,4mmol), triphenylphosphin (43,7g, 166,8mmol) va imidazol
(11,4g, 166,8mmol) trong DCMtrong thdi gian 5 phat. Sau khi khudy & nhiét d6 phong
trong 16 gio pha lodng n6 bing DCM (300ml), rira bang Na,$,0;bdo hoa (aq, 200ml),
nude, nude mudi, séy qua Na,SO4 va c6 dic trong chan khong. Tinh ché san phém tho
qua sic ky cot (EtOAc-Hexan, 25-75%), dé thu hop chét tiéu dé (33g, 62%) & dang
chét rin mau vang. LCMS: m/z = 638.0 (M-1). Dir liédu 'H NMR 1a sy trung khép
chinh xac véi dir li¢u da duge mo ta trong WO2012073138 (A1).

Bude 2 tert-butyl  2-(((2)-(2-(((2R,3S)-2-(azidometyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-y1)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat. Thém TEA (10,5ml, 75,2mmol), sau d6 Thém tetrabutylamoniazit
(13,9g, 489mmol) vao dung dich chira fert-butyl 2-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl1)-2-(((2S,3S)-2-(iodometyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat (24,0g, 37,6mmol) trong THF
(200ml) & 0°C. Lam 4m hén hop dén nhiét d6 phong va khudy trong 16 gio nita, ngay
sau dorét nd vao trong nude-da (200ml) va chiét bang EtOAc (3 x 100ml). Rira cac 16p
hiru co két hop bang nudc mudi, sdy qua Na,SO, va ¢ dic trong chan khong. Tinh
ché san phim tho qua sic ky silicagel, dé thu hop chit tiéu d& (17,0g, 82%) & dang
chit rin mau vang nhat. LCMS: m/z = 551,0 (M-1) . Dt liéu 'H NMR la su trung
khop chinh xac véi dir li¢u da duge mo ta trong WO2012073138 (Al).
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Chét trung gian K: axit (2R,3S)-2-(azidometyl)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-
oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-

yl)axetamido)-4-oxoazetidin-1-sulfonic

Vk Lk
BocHN\(j)‘\'( );‘A - BocHN\</j)J\n/ j;(\

“SO:H

Thém SO;DMF (1,38g, 9,05mmol) vao dung dich cta chit trung gian J
(500mg, 0,905mmol) trong DMF (8ml). Sau khi khudy & nhiét do phong trong 4 gid,
pha lodng né bang EtOAc (50ml) va rira bang nuéc, sau d6 Thém nude mudicho dén
d6 pH = 7. Sy 16p hiru co qua Na,SO, va cb dic trong chén khong, dé thu hop chét
tiéu dé (500mg, 87%) & dang chit rin mau vang nhat. LCMS: m/z = 629,85 (M-1); 'H
NMR (400MHz, DMSO-d¢) & 11,85 (s, 1H), 9,10 (d, J = 8,9 Hz, 1H), 8,63 (s, 1H),
7,27 (d, J= 11,1 Hz, 1H), 6,55 (s, 1H), 5,37 — 5,13 (m, 1H), 3,83 — 3,54 (m, 2H), 1,46
- 1,41 (m, 4H), 1,43 — 1,35 (m, 7H).

Chét trung gian L: tert-butyl 2-(((2)-(2-(((2R,3S)-2-(aminometyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoat
Ak Ak
BocHN\(j)\y( );ﬁ . BocHN\</J)‘\n/ ):(\

Thém Pd trén C (10%, udt, 2,0g) vao dung dich cua chét trung gian J (17,0g,
30,8mmol) trong EtOH (300ml Thém Pd trén C (10%, uét, 2,0g) trong ap suét nito.
Loai bo khi va tai nap khi cta hdén hop bing H, (3x), dua ap suat cubi toi 50 psi.
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Khuiy né & nhiét do phong trong 2 gid, sau dé gan, loc qua xelit va ¢6 dic trong chan
khong, thu hop chét tiéu dé & dang thd (15,5g, 96%) & dang chit rin mau vang nhat.
LCMS: m/z = 527,1 (M-1). Di li¢u 'H NMR 1a sy trung khép chinh xac véi dir li€u da
dugc mo ta trong WO2012073138 (Al).

Chét trung gian M: tert-butyl 4-(but-3-yn-1-yl)piperazin-1-carboxylat

NH & KO3 ACN M N

+ B N
—_—
BOCN\) r 60 OC, 6h BOCN\)

Thém K,CO; (0,55g, 4,02mmol), sau d6 Thém 4-bromo-1-butyn (0,39g,
2,95mmol) vao dung dich chira 1-Boc-piperazin (0,5g, 2,68mmol) trong axetonitril
(2,5ml). Gia nhiét hdn hop & 60°C trong 6 gid, dé nhiét do vé& nhiét d6 phong, pha
loding bang nuée va chiét bing EtOAc (2 x 15ml). Rira cac 16p hitu co két hop bing
nude, nude mudi, sdy qua Na,SO, va ¢d diic trong ap suét chan khong dé thu hop chét

tiéu dé (0,55g, 86%); LCMS: m/z = 239,10 (M+1). Phuong phép 2minLowp.

Chét trung gian N: N,N,N-trimetyl-2-0x0-2-(prop-2-yn-1-ylamino)etanaminibromua

o

Budc | H =z
Br)l\/Br + /\NH2 _L Br/\n/N/

Bugc 1: 2-bromo-N-(prop-2-yn-1-yl)axetamit. Thém timg giot dung dich chira
propargylamin (0,57g, 10,34mmol) trong DCM (10ml) vao dung dich chira
bromoaxetylbromua (2,1g, 10,34mmol) va trietylamin (1,5ml, 10,34mmol) trong DCM
(20ml) lam lanh xubng 0°C, qua khoéng thoi gian 5 phut, duy tri viéc khudy trong sudt
thoi gian Thém nay. Khudy hén hgp ¢ 0°C trong 2 gio, ngay sau d6, loc chit rin va co

dac dich loc trong chan khong. Tinh ché san pham tho qua sic ky ¢t (60-120 silica
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duogc ray, 50% EtOAc: Hexan), dé thu hop chét tiéu dé (1,3g, 72%) & dang chét rin
mau tring nhat; LCMS: m/z = 176,2 (M+1); '"H NMR (300MHz, CDCL;) & 6,68 (brs,
1H), 4,09 (dd, J = 5,4, 2,6 Hz, 2H), 3,90 (s, 2H), 2,28 (t, J = 2,6 Hz, 1H).

Budc 2:  N,N, N-trimetyl-2-0x0-2-(prop-2-yn-1-ylamino)etanaminibromua.
Thém trimetylamin (30% trong MeOH, Sml) vao dung dich chira 2-bromo-N-(prop-2-
yn-1-yl)axetamit (0,6g, 3,4mmol) trong axetonitril (Sml). Khudy hdn hop & nhiét do
phong trong 16 gid va cb dic trong chan khéng. Nghién nhé phan thu dugc bing ete,
thu dugc hop chét tidu dé (780mg, 97%); LCMS: m/z = 155,1 (M+1); 'H NMR
(300MHz, DMSO-d¢) 89,03 (t, J= 5,3 Hz, 1H), 4,17 (s, 2H), 3,95 (dd, /= 5,4, 2,6 Hz,
2H), 3,23 (s, 9H), 2,09 (s, 1H).

Chét trung gian O: 2-(4-metylpiperazin-1-yl)-N-(prop-2-yn-1-yl)axetamit

0 (\N/
/\”J\/N\)

Thém ting giot N-metyl piperazin (0,66ml, 5,96mmol) vao dung dich chira 2-
bromo-N-(prop-2-yn-1-yl)axetamit (0,7g, 3,98mmol) trong DCM (10ml). Khudy hdn
hop phéan tmg & nhiét do phong trong 16 gid, pha loang bang DCM va rira bing nude
va nudc mubi. Sdy 16p hiru co qua Na,SO, va ¢b dic trong chan khéng. Nghién nhé
san phim thd bing ete-pentan, thu hop chét tidu dé (0,38g, 49%); LCMS: m/z =
196,15 (M+1); 'H NMR (300MHz, DMSO-dj) 5 8,06 (d, J=6,1Hz, 1H), 3,86 (dd, J =
5,9, 2,5Hz, 2H), 3,07 (t, J = 2,5Hz, 1H), 2,91 (s, 2H), 2,47 — 2,25 (m, 8H), 2,15 (s,
3H).

Chét trung gian P:4-etynyl-1-metylpyridin-1-ium triflometansulfonat

Diéu ché theo Rubinsztajn et al. Tetrahedron Lett, 1992, 33, 14, 1821-1824.
Thém tr tr dung dich NaHCO; (aq, satd, 10ml) vao huyén phu cua 4-
etynylpyridinhydroclorua (500mg, 3,58mmol) trong DCM (50ml) & 0°C. Sau khi
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khudy trong 5 phut, phan tach cac 16p va chiét 16p nuée bing DCM (2 x 10ml). Siy
rira cac 16p hitu co két hop qua Na,SO,, c¢b dic trong chin khong va dua vao chan
khong cao trong 10 phit. Hoa tan san phdm thotrong DCM (10ml), 1am lanh xudng
0°C va Thém timg giotmetyltriflat (450ul, 3,94mmol). Sau khi khudy trong 30 phut &
0°C, Thém ete va thu va siy kho tiia, dé thu hop chit tiéu dé (870mg, 91%) & dang
cht rin mau niu nhat. Cac dit liéu phén tich déng nhét voi cac gia tri duge dua ra

trong cac tai liéu chuyén nganh.

Chit trung gian Q: 4-etynyl-1,3-dimetylpyridin-1-ium triflometansulfonat

Buoc 1 D\ Budc 2
Br / \N —_— SiMez;——=—= / N

/ A Buoce 3 = :OTf
— N _— — \ /N—

Budc 1: 3-metyl-4-((trimetylsilyl)etynyl)pyridin. Thém déng iotua (450mg,
2,40mmol) va trietylamin (20,0mL, 143,9mmol) vao dung dich chia 4-bromo-3-
metylpyridinhydroclorua (5,0g, 24,0mmol) trong THF (loai khi, 80ml). Sau khi loai
khi trong 15 phut, Thém paladi tetrakis triphenylphosphin (830mg, 0,72mmol) va
trimetylsilylaxetylen (6,10ml, 43,16mmol). Gia nhiét hdn hgp & 50°C trong 16 gidr sau
d6 lam mat dén nhiét d6 phong va loc. Tinh ché san pham thd qua sic ky silicagel
(EtOAc-Hexan, 10%) dé thu hop chat tiéu dé (3,95¢, 87%) & dang diu t6i mau nhung
trong.

Budc 2: 4-etynyl-3-metylpyridin. Diéu ché theo phuong phap da duge mo ta
trong WO2013/028590. Thém TBAF (1M trong THF, 40ml, 40mmol) vao dung dich
chira 4-etynyl-3-metylpyridin (3,79g, 20mmol) trong THF (50ml). Sau khi khudy &
nhi€t do phong trong 1 giv, co dac dung dich trong chan khong. Tinh ché san phdm tho
qua sic ky silicagel (EtOAc-Hexan, 20-40%) dé thu hop chét tidu dé& (1,70g, 72%) &

dang chit rin mau trang nhat.
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Budce 3: 4-etynyl-1,3-dimetylpyridin-1-ium triflometansulfonat

Didu ché theo Rubinsztajn et al. Tetrahedron Lett,1992, 33, 14, 1821-1824.
Thém timg giot metyltriflat (450pl, 3,94mmol) vao dung dich chira 4-etynyl-3-
metylpyridin (420mg, 3,58mmol) trong DCM (10ml) & 0°C. Sau khi khudy trong 30
phut & 0°C, Thém ete va thu va sy kho tia, dé thu hop chit tiéu d (863mg, 86%) &

dang chat rin mau nau nhat.

Chat trung gian R: fert-butyl ((2H-1,2,3-triazol-4-yl)metyl)carbamat

_N
HN j/\NHBoc
N=—

Thém trimetylsilylazit(2,0ml, 15,2mmol) va Cul (95mg, 0,50mmol) vao dung
dich chtra N-Boc-propargyl amin (1,60g, 10,3mmol) trong hdén hop cia DMF:MeOH
(4:1, 10ml). Gia nhiét hdn hgp thu dugc dén 100°C trong 16 gi0, ngay sau do, co dic
n6 trong chin khong va tinh ché qua sic ky silicagel, dé thu hop chit tiéu d& (2,0g,
99%) & dang diu mau vang sang; LCMS: m/z = 196,9 (M-1) .

Chét trung gian S:

CbzHN CbzHN - CbzHN
OH [ N3
N N N
Budgce 2

0o Budce 1 o] [o}
OMe —_— > OMe —_— > OMe

OMe OMe OMe

o N=N

CbzHN
N7
Buoc 3 \ﬁANHB% Buoc4  CbeHN N
N N=N N/Y\NHBoc
—» —_— NH \
o

OMe

Budce 1: Benzyl ((25,35)-1-(2,4-dimetoxybenzyl)-2-(iodometyl)-4-oxoazetidin-
3-yl)carbamat. Thém timg phén iotua (19g, 75mmol) qua khoang thoi gian 10 phut vao
dung dich cta chét trung gian G (10g, 25mmol), triphenylphosphin (19,6g, 75mmol)
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va imidazol (5,1g, 75mmol) trong DCM (150ml) & 0°C. Sau khi khudy & nhiét do
phong trong 4 gid, rira né bang dung dich Na,S,05 bdo hoa (aq), nudce, nude mudi, sdy
qua Na;SO, khan ¢ dic trong chan khong. Tao huyén phil san phim tho trong EtOAc
(150ml) va khudy trong 16 gio, ngay sau d6, loc san phdm, sau d6 rira bing axeton va
MeOH, dé thu hop chat tidu dé (9,8g, 77%) & dang chit rin mau tring. LCMS: m/z =
510,8 (M+1).

Budce 2: Benzyl ((2R,35)-2-(azidometyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)carbamat. Thém TEA (2,73g, 19,6mmol), sau d6 Thém dung dich
chira tetrabutylamoniazit (3,62g, 12,7mmol) trong THF vao dung dich chira benzyl
((25,38)-1-(2,4-dimetoxybenzyl)-2-(iodometyl)-4-oxoazetidin-3-yl)carbamat  (5,00g,
9,80mmol) trong THF (100ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 16 gio,
loc san phim va c¢6 dac trong chan khong. Tinh ché san phdm tho qua sic ky silicagel

(MeOH-DCM, 2%), dé thu hop chét tiéu dé (3,4g, 81%) & dang chit rén mau tring.

Budce 3: Thém DMSO: nudc: fert-butanol (1: 1: 1, 6ml), tert-butyl but-3-yn-1-
ylcarbamat (2,19g, 14,1mmol), CuSO, (56mg, 0,35mmol) va natri L-ascorbat
(2,0lmg, 10,6mmol) vao dung dich chtra benzyl ((2R,3S)-2-(azidometyl)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat (3,00g, 7,06mmol) trong DCM (6ml).
Sau khi khudy & nhiét do phong trong 3 gid, ¢ dic mot phan hdn hopva Thém nudc,
ngay sau dothu chit rén bang cach loc. Huyén phi héa banh loc trong trong DCM, loc
va ¢d dic dich loc, thu hop chit tiéu dé (dinh luong gia dinh) & dang chit rin mau

vang nhat.

Budce 4: Thém kali persulfat (3,82g, 14,1mmol), sau d6 Thém dung dich chira
dikaliphosphat (3,08g, 17,7mmol) trong nudc (25ml) vao dung dich chira san pham tir
budce 3 (7,06mmol) trong ACN (50ml). Gia nhiét hdn hop thu dugc dén 90°C trong 4
gi0, sau d6 giam nhiét xubng nhiét d6 phong, loc va co dic trong chéan khong, loai bo
phan 16n ACN. Chiét dich loc bang EtOAc va cb dic trong chan khéng. Rira san phim
tho bangHexan va Axeton, dé thu hop chét tiéu dé (1,72g, 57% qua hai buéc) & dang
chét rin mau tring. LCMS: m/z = 431,1 (M+1).

Chat trung gian T
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Budce 1: Thyc hién theo quy trinh chung ddi v6i phan tmg Mitsunobu. Thém
tert-butyl ((2H-1,2,3-triazol-4-yl)metyl)carbamat (2,97mg, 15,0mmol),
triphenylphosphin (3,93mg, 15,0mmol) va DIAD (3,0ml, 15mmol) trong THF (100ml)
vao dung dich ciia chét trung gian G (5,00g, 12,5mmol). Tinh ché qua séic ky silicagel
(MeOH-DCM, 2-5%), d& thu hop chit tiéu d& (12,6g, tap nhidm bsi
triphenylphosphinoxit) & dang bot mau tring.

Buéc 2: Thém dung dich chia kali persulfat (6,76g, 25,0mmol) va
dikaliphosphat (5,44g, 31,2mmol) trong nuéce (75ml) vao dung dich chira san phdm tir
budc 1 (12,5mmol) trong ACN (150ml). Gia nhiét hén hop thu duge dén 90°C trong 4
gio, sau d6 gidm nhiét xudng nhiét do phong, pha lodng bing nudc va chiét bing
EtOAc. C6 dac 16p hitu co trong chan khong va tinh ché san phdm tho qua sic ky
silicagel, dé thu hop chét tiéu dé (2,23g, 41% qua hai buéc) & dang chit rin mau tring.
LCMS: m/z =428,9 (M-1).

Chét trung gian U:
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Budc 1: Benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((1,3-dioxoisoindolin-2-
yl)metyl)-4-oxoazetidin-3-yl)carbamat. Thyuc hién theo quy trinh chung dbi véi phan
ung Mitsunobu st dung chét trung gian G (5,00g, 12,5mmol), phtalimit (1,83g,
12,5mmol), triphenylphosphin (3,93g, 15,0mmol), DIAD (3,03g, 15,0mmol) va THF
(150ml). Sau khi khudy trong 16 gid, loc két tiia dugc tao thanh, thu hop chit tidu dé
(5,67g, 85%) & dang chét rin mau tréng.

Budce 2: Benzyl ((2R,35)-2-(aminometyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)carbamat. Thém hydrazin hydrat (1,50g, 25,0mmol) vao dung dich
chira benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((1,3-dioxoisoindolin-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat (4,40g, 8,31mmol) trong DCM:MeOH (5:1, 60ml). Sau khi
khudy trong 16 gio, loc bo két tia va c6 dic dich loc, thu hgp cht tiéu dé (dinh lugng)
& dang chét rin mau tring.

Budc 3: Thém (R)-tert-butyl (oxiran-2-ylmetyl)carbamat vao dung dich chira
benzyl ((2R,3S)-2-(aminometyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat
(8,31mmol) trong DCM:MeOH (13:1, 43ml). Sau khi khudy trong 16 gid ¢6 dac nd
trong chan khong va tinh ché qua sic ky silicagel (MeOH-DCM, 2-10%), dé thu hop
chét tidu dé (2,2g, 46%) & dang bot mau tring.

Budge 4: Thém CDI (1,12g, 6,92mmol) vao dung dich chira san phdm tir budce 3
(2,20g, 3,85mmol) trong DCM (100ml) & 0°C. Sau khi khudy & 15°C trong 2 gio, co
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dic dung dich trong chan khong. Tinh ché san phdm thé qua séc ky silicagel (MeOH-
DCM, 1-5%) dé thu hop chét tiéu dé (2,10g, 91%) & dang bot mau tring.

Buéc 5: Thém dung dich chia kali persulfat (1,89g, 7,02mmol) va
dikaliphosphat (1,52g, 8,75mmol) trong nuéc (20ml) vao dung dich chira san phim tir
bude 4 (2,10g, 3,51mmol) trong ACN (40ml). Gia nhiét hén hop thu dugc dén 90°C
trong 4 giosau do lam mét dén nhiét do phong va loc. C6 dédc dich loc, chiét béng
EtOAc va cb dic 16p hitu co. Tinh ché san phdm thd qua sic ky silicagel (MeOH-
DCM, 2-5%), dé thu hop chat tiéu dé (660mg, 42%) & dang chét rin mau vang nhat.
LCMS: m/z = 449,09 (M+1).

Chét trung gian V:

N
Bude 1 Buoc2 %
Ho_Z + TMSN; wée J/\ N Noreows

HN

CbzHN N
N’j/\OTBDMS
. \ CbzHN
Budc 3 N N= Buoc 4 —7/\OTBDMS
> o) N=
OMe
OMe

Step 5 CszNj;'/\ \ Step 6 ;(\N\ j/\
N=

Buoc 1. (1H-1,2,3-triazol-4-yl)metanol. Thém Cul (1,9g, 10mmol) va
trimetylsilyl azit (34,6g, 300mmol) vao dung dich chtra propargyl alcohol (11,2g,
200mmol) trong DMF (160ml) va MeOH (40ml). Sau khi gia nhiét dén 100°C trong
16 gio, 1am mat hon hop phan tng dén nhiét do phong va loc qua xelit. Co dic dich
loc trong chén khong dé thu hop chét tiéu dé (dinh luong gia dinh). St dung ludn hop
chat thé trong budc tiép theo.

Budce 2: 4-(((fert-butyldimetylsilyl)oxy)metyl)-1H-1,2,3-triazol. Thém timng
phan imidazol (20,4g, 300mmol) sau d6 Thém TBDMS-CI (33,3g, 220mmol) & dang
chit ran vao dung dich chua (1H-1,2,3-triazol-4-yl)metanol (30g, 200mmol) trong
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DCM (160ml). Sau khi khudy & nhiét 6 phong trong 16 gi®, loc hdn hop phéan ting
qua xelit, va c6 dic dich loc trong chan khong. Hoa tan phan thu duge trong EtOAc
(500ml) va rira bang nudc, nwde mudi, sdy qua Na,SOy, va cb dic trong chén khong.
Tinh ché san phim thd qua sic ky silicagel (EtOAc-Hexan, 5-30%) dé thu hop chit
tiéu dé (30,2g, 71%) & dang chét rin mau vang nhat.

Budoc 3: Benzyl ((2R,3S)-2-((4-(((tert-butyldimetylsilyl)oxy)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat. Thém tir tir
DIAD (0,57g, 2,8lmmol) vao dung dich chta benzyl ((2S,35)-1-(2,4-
dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat (0,94g, 2,34mmol),
4-(((tert-butyldimetylsilyl)oxy)metyl)-1H-1,2,3-triazol (0,5g, 2,34mmol), va PPh;
(0,74g, 2,81mmol) trong THF (20ml) & 0°C. Sau khi khudy & nhiét do phong trong 16
gi0, ¢d ddc hdn hop phin tmg trong chan khong. Tinh ché san phim thd qua sic ky
silicagel (EtOAc-Hexan, 20-30%) dé thu hop chat tiéu d& (1,25g, 89%) & dang chét
rin mau vang nhat. LCMS: m/z = 594,3 (M-1).

Buée 4: Benzyl ((2R,35)-2-((4-(((tert-butyldimetylsilyl)oxy)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat. Thém K,S,04 (0,73g, 2,7mmol), sau
d6 Thém dung dich chira K,HPO4(0,84g,4,8mmol) trong nude (10ml) vao dung dich
chira benzyl ((2R,35)-2-((4-(((tert-butyldimetylsilyl)oxy)metyl)-2H-1,2,3-triazol-2-
yDmetyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat ~ (1,25g,  2,1mmol)
trong CH;CN (20ml), sau khi khudy & 90°C trong 1 gid, bd sung Thém K,S,05 (0,23¢,
0,84mmol). Sau khi gia nhiét ¢ 90°C trong 2 gid nita, c¢6 dic hdn hogp phan tmg trong
chén khong. Chiét phan thu dugc bing EtOAc (2 x 30ml). Rira cac 16p hitu co két hop
béng nuéce, nude mudi, séy bﬁng Na,SOy, loc va cd dic trong chian khoéng. Tinh ché
san pham thd qua sic ky silicagel (MeOH-DCM, 1-3%) dé thu hop chét tiéu d& (0,44g,
47%) & dang chét rin mau vang nhat. LCMS: m/z = 446,2 (M+1).

Budce 5: Benzyl ((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Thém tir tir TBAF (1M trong THF, 26,6ml, 26,6mmol) qua
khoang thoi gian 15 phat vao dung dich chira benzyl ((2R,3S)-2-((4-(((tert-
butyldimetylsilyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (10,8g, 24,4mmol) trong THF (100ml). Sau khi khudy & nhiét do phong

trong 1,5 gidy, ¢6 dic hdn hop phan img trong chan khong. Tinh ché san phdm tho qua

-78-



21204

sic ky silicagel (MeOH-DCM, 1-5%) dé thu hop chét tiéu dé (6,8g, 85%) & dang chét
ran mau vang nhat. LCMS: m/z = 330,0 (M+1).

Budce 6: (3S,4R)-3-amino-4-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-
yDmetyl)azetidin-2-on. Thém Pd/C (10%, 0,51g, 4,65mmol) vao dung dich chira
benzyl ((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (1,54g, 4,65mmol) trong EtOH (50ml) va EtOH (25ml). Sau khi khudy &
nhiét do phong trong 4 gidy, loc hdn hop phan ung qua tim xelit, va ¢b dic dich loc
trong chan khong dé thu hop chit tiéu dé (dinh luong gia dinh). San phim thé dugce st
dung ludn trong budc tiép theo. LCMS: R, = 0,12 min, m/z = 198,0 (M+1) Phuong
phép 2m_c6 tinh axit.

Chét trung gian W: 3-(amoniometyl)-1-metylpyridin-1-ium clorua

(o) - 0
Buéc 1 JI\ Budgce 2 ~F Jl\
N| x NH, _— Nl X u —_ N| x ”
Z Z Z
Bute 3 a cl
uoc N+ +
» N| = NH;
F

Budc 1: N-(pyridin-3-ylmetyl)axetamit

Diéu ché theo Plater et al. Org. Biomol. Chem, 2009, 7, 1633. Thém anhydrit
axetic (10,47ml, 111mmol) vao dung dich chira pyridin-3-ylmetanamin (9,42ml,
92mmol) trong nuéc (103ml) & 10°C, khudy & tde do sao cho nhiét do bén trong khong
tang trén 25°C. Sau khi khudy Thém 18 gio, ¢6 dac dung dich trong chin khongsau d6
lam ddng bay hoi véi toluen (3x) dé thu hop chit tiéu dé (14,22¢g, dinh luong) & dang
dau trong. LCMS: R, =0,12 min, m/z =151,1 (M+1) Phuong phap 2m_c6 tinh axit. 'H
NMR (400MHz, CDCls) 6 8,49 (d, J= 2,4 Hz, 2H) 7,65 (dd, J= 7,8, 1,6 Hz, 1H) 7,30-
7,24- (m, 1 H) 6,59-6,49 (m, 1 H) 4,43 (d, J= 6,0 Hz, 2H) 2,02 (s, 3H).

Budc 2: 3-(axetamidometyl)-1-metylpyridin-1-ium iotua

Thém metyliotua (8,10ml, 129mmol) vao dung dich chita N-(pyridin-3-
ylmetyl)axetamit(13,89g, 92mmol) trong DCM & 0°C. Gan bé mé dugc lam mat sau
10 phat va khudy dung dich & nhiét do phong trong 19 gio, ngay sau do, ¢d dic nd
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trong chin khong va sir dung lam nguyén li€u thoé trong budc 3. LCMS: R; = 0,18 min,
m/z =164,9 (M+) Phuong phap 2m c6 tinh axit. 'H NMR (400MHz, DMSO-dg)
68,91-8,87 (m, 2H) 8,58 (brs, 1H) 8,42 (d, J= 8.0 Hz, 1H) 8,09 (t, /= 7,0 Hz, 1H) 4,43
(d, J/=5,9 Hz, 2H) 4,35 (s, 3H) 1,92 (s, 3H)

Budc 3: 3-(amoniometyl)-1-metylpyridin-1-ium clorua

Gia nhiét huyén phu cua 3-(axetamidometyl)-1-metylpyridin-1-ium iotua
(26,9g, 92mmol) trong HCI1 (6N,307ml, 1,84mol) dén 100°C trong 3 gio. Co6 dic dung
dich trong 4p sudt giam (nhiét d6 cia mé 1a 80°C). Rén héa ddu mau do thu dugcqua
dém va nghién nhé bing MeOH va loc dé thu hop chit tiéu d& (8,76g, 49%) & dang
chit rin mau trz“mg nhat. C6 dic dich locdén diu mau do, sau khi lam dung trong 4
ngay, thu chét rin dugc tao thanh va rira bing MeOH lanh, thu dugc mé thér hai (6,5g,
36%). LCMS: R; = 0,11 min, m/z =123,0 (M+) Phwong phép 2m_c6 tinh axit. 'H
NMR (400MHz, DMSO-dg) 6 ppm 9,18 (s, 1H) 9,03 (d, /= 6,0 Hz, 1H) 8,66 (d, J= 8,1
Hz, 1H) 8,45 (brs, 3H) 8,24 (t, /= 7,0 Hz, 1H) 4,38 (s, 3H) 4,30 (s, 2H).

Cac chét trung gian néu trén, va cac hop chét tuong tu dugc tao ra br?mg cac
phuong phép tuong tu nay, c6 thé duoc st dung dé diéu ché hop chét ¢ cong thirc (1)
béng cac so dd téng hop dugc d& xuét & day. Céc vi du dudi ddy minh hoa viéc téng
hop hop cic chét co cong thire (1) duge chon va dé xut cac phuong phép c6 thé duoc

thay ddi dé téng hop cdc hop chét co cong thirc (1) Khac.

Vi dy 1. Axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxopyrolidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-
metylpropanoic.

Buge 1: tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((2-oxopyrolidin-1-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoat. Gia nhiét dung dich chira Chét trung
gian L (100mg, 0,190mmol), metyl-4-bromobutyrat (25uL, 0,194mmol) va TEA
(27ul, 0,194mmol) trong DMF (1,3ml) dén 70°C trong 16 gid trong khi khudy, ngay

sau donhiét sau do da ting lén dén 90°C. Sau 6 gid gia nhiét bd sung pha lodng né
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bing HCI (IN) va EtOAc. Chiét 16p nudc bing EtOAc (2x) va rira cac 16p hitu co két
hop bang dung dich LiCl (5% aq), nuéc mudi, sdy qua Na,SO, va cd dic trong chin
khong. Tinh sach san pham tho qua sic ky silicagel (EtOAc-Heptan, 50-100% sau d6
MeOH-EtOAc, 0-7%), thu hop chit tiéu dé (21mg, 18%) & dang bot. LCMS: R, = 0,88
min,m/z = 595,4 (M+1) Phuong phap 2m_cé tinh axit.

Buéc 2: axit (3S,4R)-3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-
oxopyrolidin-1-yl)metyl)azetidin-1-sulfonic. Xu& ly tert-butyl 2-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-o0x0-2-(((3S,4R)-2-0x0-4-((2-oxopyrolidin-1-
yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat (43mg,
0,072mmol) trong DMF (725ul) bing SO;*DMF (111mg, 0,725mmol). Khudy dung
dich & nhiét dd phong trong 30 phut, sau d6 pha lodng bing EtOAc va rét vio trong
dung dich (5% aq). Chiét 16p nuéc bang EtOAc (2x) va rira cac 16p hiru co két hop
béng nude mudi, séy qua Na,SO4 va ¢6 dac trong chén khong, thu hop chét tiéu dé &
dang tho (55mg) & dang chét rin mau tring. LCMS: Rt = 0,77 min, m/z = 675,3 (M+1)
Phuong phap 2m_c6 tinh axit. N6 duge sir dung trong budc 3 khong cén tinh ché

Thém .

Buée 3: axit 2-(((Z2)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxopyrolidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (3S,4R)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-o0x0-4-((2-oxopyrolidin-1-
yDmetyl)azetidin-1-sulfonic (55mg, 0,072mmol), DCM (720ul) va TFA (333pl,
4,32mmol). Tinh ché san pham tho biang HPLC thu san phdm pha dao (XSelect CSH,
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19x100mm, 5um, cot C18; véi chit diéu bién axit formic 0,1% ACN-nuéc,
24ml/phiit), dé thu hop chét tiéu d& (6mg, 16%) & dang chét rén mau tring. LCMS: R,
= 0,35min, m/z = 519,0 (M+1) Phuong phap 2m_cé tinh axit; 'H NMR (400MHz,
D,0): 8 7,17 (s, 1H), 5,46 (d, J = 5,8 Hz, 1H), 4,71-4,64 (m, 1H), 3,92 (dd, J = 14,7,
8,7 Hz, 1H), 3,71-3,55 (m, 2H), 3,49 (dd, J = 14,7, 4,1 Hz, 1H), 2,42 (td, J = 8,0, 4,8
Hz, 2H), 2,08 (p, J = 7,6Hz, 2H), 1,55 (s, 3H), 1,54 (s, 3H).

Vi du 2 axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.

Buge 1: fert-butyl 2-(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-(((2-((tert-butyldimetylsilyl)oxy)etyl)amino)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat. Gia nhiét & 80°C dung dich
ctia chat trung gian L (500mg, 0,949mmol) va (2-bromoetoxy)(tert-butyl)dimetylsilan
(204pl, 0,949mmol) trong ACN (3,2ml) trong thiét bi vi song trong 30 phut sau d6 giit
& nhiét do phong trong 12 gio. Téi gia nhiét n6 dén 100°C trong 45 phiit trong thiét b
vi songsau do6 gilt & nhiét do phong trong 12 gid, ngay sau d6, pha lodng n6 bing
EtOAc va rira bang natri carbonat (2M, aq), sdy qua natri sulfat va co dic trong chan
khong. Tinh ché san phim thod qua sic ky silicagel (EtOAc-Heptan, 0-100% sau do
MeOH-DCM, 10%) dé thu hop chit tiéu dé (111mg, 17%). LCMS: R, = 1,03 min, m/z
= 685,4 (M+1) Phuong phdp 2m_c6 tinh axit; '"H NMR (400MHz, CDCl;) 6 8,17 (d,
J= 8,4 Hz, 1H), 7,30 (s, 1H), 6,30 (br s, 1H) 5,57-5,50 (m, 1H) 4,09-4,01 (m, 1H)
3,77-3,61 (m, 3H) 3,09 (dd, J= 12,6, 3,7 Hz, 1H) 2,87-2,71 (m, 3H) 1,56 (s, 6H) 1,53
(s, 9H) 1,44 (s, 9H) 0,86 (s, 9H) 0,03 (s, 3H), 0,03 (s, 3H).

Buoc 2: tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-(((2-hydroxyetyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Diéu ché theo Seki et al. Synlett, 1995,
609-611. Thém amonifloruahydroflorua (37,0mg, 0,648mmol) vao dung dich chira
tert-butyl  2-(((2)-(1 -(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-(((2-
((tert-butyldimetylsilyl)oxy)etyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (111mg, 0,162mmol) trong DMF:NMP
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(2,7:1, 1,62ml). Sau khi khudy trong 65 gid, pha loang dung dich bang nudc va chiét
bang EtOAc. Sy 16p hiru co qua natri sulfat va c6 dic trong chan khong dé thu hop
chét tiéu dé & dang thd (92mg, 99%). Nguyén liéu tho nay duge sir dung truc tiép
trong budc 3. LCMS: R, = 0,76 min, m/z 571,3 (M+1) Phuong phap 2m_cé tinh axit.

Buée 3: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((2-oxooxazolidin-3-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoat. Piéu ché theo PCT Int. Appl.
2011061760. Xua ly dung dich chaa tert-butyl  2-(((Z2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-(((2-hydroxyetyl)amino)metyl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(92mg,0,161mmol) trong clorofom (806pl) biang CDI (131mg, 0,806mmol), sau khi
khudy & nhiét 6 phong trong 3 gi® pha lodng né bang EtOAc, rira bing nudc, nudc
mubi, sdy qua Na,SO, va cd dic trong chan khong. Tinh ché san phim thd bang sic ky
silicagel (MeOH-DCM, 0-10%), thu hop chat tiéu dé (91mg, 95%) & dang ddu mau
cam.LCMS: R; = 0,86 min, m/z = 597,2 (M+1) Phuong phap 2m_c6 tinh axit.

Budoc 4: axit (3S,4R)-3-((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-
oxooxazolidin-3-yl)metyl)azetidin-1-sulfonic. Xir ly dung dich chira fert-butyl 2-(((Z)-
(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl1)-2-0x0-2-(((3S,4R)-2-ox0-4-((2-
oxooxazolidin-3-yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat
(9lmg, 0,153mmol) trong DMF (Thé tich: 763ul) bing SO;sDMF
(234mg,1,525mmol). Sau khi khudy & nhiét d6 phong trong 1 gi®r pha lodng né bang
EtOAc, rira bing nuéc mudi (3x), sdy qua Na,SO, va ¢ dic trong chan khong, thu
hop chét tidu dé (100mg, 97%) & dang diu mau cam. LCMS: R, = 0,78 min, m/z =
677,3 (M+1) Phuong phap 2m_¢6 tinh axit.

Budc 5: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bd bao vé do trung gian axit str dung axit (3S,4R)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-ox0-4-((2-oxooxazolidin-3-
yDmetyl)azetidin-1-sulfonic (100mg, 0,148mmol), DCM (1,5ml) va TFA (569pl,
7,39mmol). Tinh ché sin phdm thé bang HPLC thu san phim pha dao (XSelect CSH,
19 x 100mm, Sum, cot C18; v&i chat diéu bién axit formic 0,1% ACN- nuéc,
24ml/phit), dé thu hop chét tidu d& (10mg, 12%) & dang chit rin mau tring. LCMS: R,
= 0,32 min, m/z = 521.0 (M+1). Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz,
DMSO-ds) 6 9,33 (d, J = 8,8 Hz, 1H), 6,89 (s, 1H),5,22 (dd, J= 8,8, 5,7 Hz, 1H), 4,23-
4,11 (m, 3H),3,75-3,62 (m, 2H dugc gia thiét; bi che khudt bdi nudc), 3,60-3,51 (m,
2H dugc gia thiét; bi che khuat béi nuéc), 3,34 (dd, J = 14,6, 5,5 Hz, 1H), 1,44 (s,
3H), 1,40 (s, 3H).

Vi du 3: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxoimidazolidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.

Buéce L: tert-butyl 2-(((D-2-(((2R,35)-2-(((2-((((9H-fluoren-9-
yl)metoxy)carbonyl)amino)etyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat. Xt
ly dung dich ctia chit trung gian L (650mg, 1,234mmol) va (9H-fluoren-9-yl)metyl (2-
oxoetyl)carbamat  (365mg, 1,234mmol) trong DCE (12,3ml) béng natri
triaxetoxyborohydrua (1,377g, 6,17mmol). Sau khi khudy & nhiét do phong trong 18
gi0, 1am ngimg no6 biang NaHCOs bo hoa (aq) va chiét bing FtOAc. Rira 16p hitu co
bang nuéc mudi, siy qua Na,SO, va ¢b dic trong chin khéng. Tinh ché san phim tho
qua sic ky silicagel (MeOH-DCM, 0-10%), dé thu hop chét tidu dé& (435mg, 45%) &
dang chét rin mau tréng. LCMS: R = 1,00 min, m/z = 792,3 (M+1) Phuong phap
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2m_c6 tinh axit; '"H NMR (400MHz, DMSO-dq) 89,11 (d, J= 9,0 Hz, 1H), 8,35 (s,
1H), 7,89 (d, J= 7,7 Hz, 2H), 7,67 (d, J=7,5 Hz, 2H), 7,41 (t, J = 7,2 Hz, 2H), 7,32 (td,
J =174, 1,2 Hz, 2H), 7,27 (s, 1H), 7,19 (t, J= 5,7 Hz, 1H), 5,20 (dd, J= 9.1, 5,0 Hz,
1H), 4,30 (d, J= 6,8 Hz, 2H), 4,24-4,17 (m, 1H), 3,76 (ddd, J = 8,8, 5,3, 3,7 Hz, 1H),
3,11-2,97 (m, 2H), 2,76 (dd, J = 12,5, 3,7 Hz, 1H), 2,63-2,52 (m, 3H), 1,45 (s,
9H),1,42 (s, 3H), 1,39 (s, 3H), 1,38 (s, 9H).

Buéc 2: tert-butyl  2-(((Z2)-(2-(((2R,3S)-2-(((2-aminoetyl)amino)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Xir ly dung dich chua fert-butyl 2-(((2)-(2-
(((2R,35)-2-(((2-((((9H-fluoren-9-yh)metoxy)carbonyl)amino)etyl)amino)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (435mg, 0,549mmol) trong DMF (2,75ml)
bang piperidin (1,Iml, 11mmol). Sau khi khudy & nhiét do phong trong 1 gi pha
loding né bang toluen va ¢6 dic (3x). Tinh ché san phim tho bang HPLC thu san phim
pha dao (XSelect CSH, 19 x 100mm, Sum, cot C18; voi chit diéu bién axit formic
0,1% ACN- nudc, 24ml/phut), dé thu hop chat tiéu dé (238mg, 64%) & dang bt mau
trang. LCMS: R, = 0,68 min,m/z = 570,3 (M+1) Phuong phap 2m_c6 tinh axit; 'H
NMR (400MHz, DMSO-dj) 8 9,12 (d, J = 8,9 Hz, 1H), 8,38 (s, 1H), 8,31 (s, 1H), 7,21
(s, 1H), 5,17 (dd, J = 8,3, 4,9 Hz, 1H), 3,76 (dt, J = 8,7, 4,7 Hz, 1H), 2,81-2,51 (m,
6H), 1,44 (s, 9H), 1,41 (s, 3H), 1,39 (s, 3H), 1,38 (s, 9H).

Bude 3: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((2-0xoimidazolidin-1-yl)metyl)azetidin-3-
ylamino)etyliden)amino)oxy)-2-metylpropanoat. Thém CDI (98mg, 0,604mmol), sau
d6 Thém TEA (105ul, 0,756mmol) vao dung dich oftert-butyl 2-(((Z)-(2-(((2R,3S)-2-
(((2-aminoetyl)amino)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(100mg, 0,151mmol) trong clorofom (756ul). Sau khi khudy & nhiét do phong trong 1
gio pha lodng né bing EtOAc,rira bing nudce, nude mudi, sdy qua Na,SO,va cd dic
trong chan khong dé thu hop chit tiéu dé (73mg, 81%) & dang chét rin mau trang. N6
dugc st dung lam nguyén li¢u thé trong budc 4. LCMS: R, = 0,70 min, m/z = 596,2
(M+1) Phuong phap 2m_c6 tinh axit.
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Bude 4: axit (3S,4R)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-
oxoimidazolidin-1-yl)metyl)azetidin-1-sulfonic. Xur ly dung dich chua zers-butyl 2-
(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxoimidazolidin-1-yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-
metylpropanoat (73mg, 0,123mmol) trong DMF (613ul) biang SO;*DMF
(94mg,0,613mmol). Sau khi khudy & nhiét do phong trong 2 giv pha lodng né bing
EtOAc, rira bang nudc mubi (3x), sdy qua Na,SO, va ¢b dic trong chan khéng dé thu
hop chét tiéu dé (99mg) & dang chat rin mau tring. LCMS: R, = 0,74 min, m/z = 676,3
(M+1) Phuong phap 2m_c6 tinh axit.

Bude 5: axit 2-(((Z)-(1-(2-aminothiazol-4-yl1)-2-ox0-2-(((3S,4R)-2-ox0-4-((2-
oxoimidazolidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bd bao vé do trung gian axit sir dung axit (3S,4R)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-oxoimidazolidin-1-
yDmetyl)azetidin-1-sulfonic (99mg,0,147mmol), DCM (1,47ml) va TFA (566ul,
7,35mmol). Tinh ché san phdm thé bing HPLC thu san phim pha dao (XSelect CSH,
19 x 100mm, Sum, cdt C18; v&i chit didu bién axit formic 0,1% ACN- nudc,
24ml/phut), dé thu hop chét tiéu dé (4,8mg) & dang bot mau tring. LCMS: R, =
0,31min, m/z = 520,0 (M+1) Phuong phap 2m c6 tinh axit; 'H NMR (500MHz,
DMSO-dg) 89,25 (dd, J= 9,0, 5,0 Hz, 1H), 6,83 (s, 1H), 5,21 (dd, J= 9,0, 5,8 Hz, 1H),
4,06-4,00 (m, 1H), 3,65 (dd, J= 14,5, 4,7 Hz, 1H), 3,33-3,30 (m, 2H duogc gia thiét; b
che khuét béi nudc), 3,25 (dd, J= 14,5, 6,9 Hz, 2H duoc gia thiét; bi che khudt bsi
nudc), 3,17 (ddd, J=16,7, 8,6, 6,7 Hz, 2H), 1,43 (s, 3H), 1,42 (s, 3H).
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Vi du tham khdo 4: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)-2H-tetrazol-2-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl1)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Bude 1: Nap chét trung gian A (1,50g, 3,13mmol), chit trung gian B (1,108g,
4,70mmol), K,CO5 (1,733g, 12,54mmol), Nal (564mg, 3,76mmol) va DMF (10ml)
vao binh &p suit dung tich 75ml sau d6 gia nhiét dén 70°C cling vé6i khudy. Sau 3 gio,
b6 sung Thém chét trung gianB (1,108, 4,70mmol), K,CO; (1,733g, 12,54mmol) va
Nal (394mg, 2,63mmol) va tiép tuc gia nhiét. Sau téng thoi gian gia nhiét 1a 8 gio
giam nhiét o xudng nhiét d6 phong,pha lodng bang EtOAc/nuée mudi va phén tach
cac 16p. Chiét 16p nude bing EtOAc (2x) va rira cac 16p hitu co két hop bing nudc
mudi (3x), siy qua Na,SO, va ¢d dic trong chan khong. Két hop phin thu duoc véi
mau Khéc c6 cling quy md va quy trinh va tinh ché qua sic ky silicagel (Axeton-DCM,
0-30%), thu dugc chit dong phan 2H-tetrazol (2,15g, 60%) va chit ddng phan 1H-
tetrazol (443mg, 12%) & dang chét rin mau tring. A-LCMS: R, = 0,97 min, m/z =
582,3 (M+1) Phuong phdp 2m_co tinh axit; B-LCMS: R, = 0,93 min, m/z = 582.3
(M+1) Phuong phap 2m_c6 tinh axit.

Buéc 2: Puogc diéu ché theo Mastalerz et al. J Med. Chem,1988, 31, 1190.
Thém K,S,04 (1,40g, 5,18mmol), sau d6 Thém K,HPO, (837mg, 4,81mmol) vao dung
dich chira chit ddng phan 2H-tetrazol (2,15g, 3,70mmol) tir bude 1 trong ACN:nude
(2:1, 61,5ml). Gia nhiét hdn hep thu duge dén 90°C trong 1,5 gidy, ngay sau do, bd
sung Thém K,S,0z (300mg, 1,11mmol) va K,HPO, (167mg, 0,96 1mmol). Sau 3,5 gio
gia nhiét bo sung & 90°C, pha loAng né bang ACN va c6 dac trong chan khong, loai bo
phén 16n ACN. Pha loang hén hgp nay bing nu6c/EtOAc va phén tach cac 16p. Chiét
16p nu6e bang EtOAc (5x) va sdy rira cac 16p hitu co két hop qua Na,SO, va ¢d dic
trong chan khéng. Tinh ché san phim tho qua sic ky silicagel (Axeton-DCM, 50%),
dé thu hop chit tiéu dé (785mg, 49%). LCMS: R, = 0,77 min, m/z = 432,3 (M+1)
Phuong phép 2m_c6 tinh axit; 'H NMR (500MHz, ACN-ds) §7,49-7,30 (m, 5SH), 6,76
(br s, 1H), 6,55-6,41 (m, 1H), 5,85 (brs, 1H), 5,03-5,21 (m, 3H), 4,88-4,71 (m, 2H),
4,52-4,43 (m, 3H), 4,39-4,24 (m, 1H), 1,50-1,35 (m, 9H).

Buge 3. tert-butyl  ((2-(((2R.3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2 H-
tetrazol-5-yl)metyl)carbamat. Diéu ché theo quy trinh duoc mo ta trong Malmstromet

al. Bioorg. Med. Chem. Lett, 2012, 22, 5293. Dung dich chira hop chét tir budc 2
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(785mg, 1,819mmol) trong EtOAc:MeOH (5:1, 65ml) dugc xa khi va nap day lai bang
agon (2x) sau d6 Thém lugng bd sung cia Pd trén C (10%, 581mg). X4 khi va nap ddy
lai hé théng nay bang H, (3x). Sau khi khudy 21 gid, loc hdn hop qua xelit, rira bang
MeOH, ¢0 dic trong chan khong, cho vao toluen va tai cd dic(3x). San phim thd duoc
stt dung ludn cho buéc sau. LCMS: R, = 0,37 min, m/z = 298,3 (M+1) Phuong phap

2m_co tinh axit.

Budce 4. tert-butyl 2-(((D)-(2-(((2R,38)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-2 H-tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-
(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoat.

Thém DIPEA (9531, 5,46mmol), sau d6 Thém HATU (830mg, 2,18mmol) vao
dung dich chira axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic =~ (938mg, 2,18mmol) trong
DCM:DMF (5:1, 8,5ml) & 0°C. Thém dung dich chtra ferr-butyl ((2-(((2R,3S)-3-
amino-4-oxoazetidin-2-yl)metyl)-2 H-tetrazol-5-yl)metyl)carbamat (541mg,
1,82mmol) trong DCM:DMF (5:1, 8,5ml) vao dung dich thu dugc. Khudy dung dich &
nhi€t d6 phong trong 1 gio sau d6 cd dic trong chén khong, hoa tan trong EtOAc va
rira bing nudc mudi. Chiét 16p nuée bang EtOAc va rira cac 16p hitu co két hop bing
nuée mudi (3x), sdy qua Na,SO, va ¢d dic trong chan khong. Tinh ché san phim tho
qua séc ky silicagel (Axeton-DCM, 30-50%), dé thu hop chét tieu dé (897mg, 70%) &
dang chat rin mau tim. LCMS: R, = 1,01 phat, m/z = 709,3 (M+1) Phuong phap

2m_co tinh axit.

Buoc 5 axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-2H-tetrazol-2-yl)metyl)-4-oxoazetidin- 1-sulfonic.

Xu ly tert-butyl 2-(((D)-(2-(((2R,38)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-2H-tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl1)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (200mg, 0,282mmol) trong DMF (2ml) bang SO;*DMF (432mg,
2,82mmol). Dung dich mau tim ngay l4p trc tr& thanh mau xanh luc. Sau 20 phut

khudy, b6 sung Thém SO;*DMF (432mg, 2.82mmol). Sau 20 phit bd sung, bd sung
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Thém SO;DMF (432mg, 2,82mmol). Sau 20 phitpha lodng dung dich bing
EtOAc/nudc mudi va phén tach cac 16p. Chiét 16p nude bing EtOAc (3x) va sdy rira
céc 16p hiru co két hop qua Na,SO, va ¢ dic trong chan khong dé thu hop chit tiéu dé
(185mg, 83%). LCMS: R, = 0,91 min, m/z = 789,1 (M+1) Phuong phdp 2m_cé tinh

axit.

Budce 6: axit 2-(((Z2)-(2-(((2R,35)-2-((5-(aminometyl)-2H-tetrazol-2-yl)metyl)-
4-0x0-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-2H-tetrazol-2-yl)metyl)-4-oxoazetidin- 1 -sulfonic
(185mg, 0,234mmol), DCM (2,34ml) va TFA (1,08ml, 14,06mmol) trong 1,5 gid.
Tinh ché san phim thd bang HPLC thu san phdm pha dao (XSelect CSH, 19 x 100mm,
Sum, ¢4t C18; véi chét didu bién axit formic 0,1% ACN- nude, 24ml/phut), d& thu hep
chét tiéu dé (55,5mg, 45%) & dang bot mau tréng. LCMS: R; = 0,30 min, m/z = 533,0
(M+1) Phuong phép 2m_c6 tinh axit; 'H NMR (500MHz, DMSO-d) 59,34 (d, J= 8,8
Hz, 1H), 8,55 (br s, 3H), 7,34 (br s, 2H), 6,73 (s, 1H), 5,37 (dd, J= 8,7, 5,5 Hz, 1H),
5,19-5,13 (m, 1H), 5,01-4,94 (m, 1H), 4,62-4,57 (m, 1H), 4,43-4,37 (m, 2H), 1,38 (s,
3H) 1,34 (s, 3H).

Vi du tham khdo 5: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-
(guanidinometyl)-2H-tetrazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém DIPEA (26,2ul, 0,150mmol) vao dung dich chira axit 2-(((Z)-(2-
(((2R,3S)-2-((5-(aminometyl)-2H-tetrazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic
(20mg, 0,038mmol) va pyrazol-1-carboxamidinhydroclorua (11,6mg, 0,079mmol).
trong DMF (376pl). Sau khi khudy & nhiét do phong trong 12 gid ¢6 dic dung dich
trong chan khong. Thém toluen va ti ¢6 ddc hon hgp nay (3x). Tinh ché san phim tho
bang HPLC thu san phim pha dao (XSelect CSH, 19 x 100mm, Sum, cot C18; véi
chat diéu bién axit formic 0,1% ACN- nudc, 24ml/phit), dé thu hop chét tiéu dé
(11mg, 45%) & dang bot mau tring. LCMS: R, = 0,31 min, m/z = 575,2 (M+1) Phuong
phap 2m_c6 tinh axit; 'H NMR (500MHz, DMSO-dg) 67,49-7,04 (m, 5H), 6,74 (br s,
1H), 5,26 (br s, 1H), 5,14-5,07 (m, 1H), 4,98-4,90 (m, 1H), 4,65 (br s, 2H), 4,59-4,52
(m, 1H), 1,36 (s, 3H), 1,34 (s, 3H).

Vi du tham khdo 6: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)-1H-tetrazol-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: Didu ché theo phuong thirc twong ty véi Vi du 4, budce 2 sir dung chét
dong phan 1H-tetrazol thich hop thu dugc trong Bude 1 trong vi du 4 (442mg,
0,760mmol), K,S,04 (288mg, 1,064mmol) va K,HPO, (172mg, 0,988mmol) trong
ACN:nude (2:1, 12,6ml) & 90°C trong 1,5 gid. Bb sung Thém K,S,0q
(62mg,0,228mmol) va K,HPO, (42mg,0,198mmol) va gia nhiét n6 trong 3,5 gio nira
sau d6 giam nhiét xubng nhiét do phong, pha loing bang ACN va ¢6 dic trong chan
khéng, loai bé phan 16n ACN. Pha loang hén hop nay bing nu6c/EtOAc va phén tich
céc 16p. Chiét 16p nude bing EtOAc (5x) va sdy rira cac 16p hitu co két hop qua
Na,SO;. Tinh ché san phim tho qua sic ky silicagel (Axeton-DCM, 50%), dé thu hop
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chit tiéu dé (179mg, 54%). LCMS: R, = 0,72 min, m/z = 432,3 (M+1) Phuong phap

2m_c¢ tinh axit.

Budc 2:  tert-butyl  ((1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-
tetrazol-5-yl)metyl)carbamat. Piéu ché theo phuong thuc teong tu véi vi du 4, bude
3,str dung san phdm cua Bude 1 (179mg, 0,415mmol) va Pd trén C (10%, 132mg)
trong EtOAc:MeOH (10:1, 13,8ml) trong 21 gid. San phdm thé dugc st dung ludén cho
budc sau. LCMS: R = 0,37 min, m/z = 298,3 (M+1) Phuong phdp 2m_c6 tinh axit.

Budc 3: tert-butyl 2-((D)-(2-(((2R,35)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)- 1 H-tetrazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-
(2-((zert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoat.

Diéu ché theo phwong thire tuong tur véi vi du 4, budce 3 sir dung axit (Z)-2-(((1-
(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (214mg, 0,498mmol), DIPEA (953ul,
5,46mmol) vd HATU (830mg, 2,18mmol) trong DCM:DMF (5:1, 3,6ml) & 0°C, sau
d6 Thém dung dich chira rert-butyl ((1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-
1H-tetrazol-5-yl)metyl)carbamat (123mg, 0,415mmol) trong DCM:DMF (4,3:1,
3,7ml). Sau khi khudy & nhiét d6 phong trong 1 gid n6 duge dua vao quy trinh didu
ché giéng hétsau do tinh ché qua sic ky silicagel (Axeton-DCM), dé thu hop chit tidu
dé (174mg, 59%) & dang chit rin mau tim nhat. LCMS: R, = 1,03 min, m/z = 709,2
(M+1) Phuong phap 2m_c¢0 tinh axit.

Budc 4: axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-

butoxycarbonyl)amino)metyl)- 1H-tetrazol-1-yl)metyl)-4-oxoazetidin- 1-sulfonic.

Diéu ché theo phwong thirc tuong tu voi vi du 4, budce 4 st dung tert-butyl 2-
(((£)-(2-(((2R,3S)-2-((5-(((tert-butoxycarbonyl )amino)metyl)- 1 H-tetrazol- 1-yl)metyl)-
4-oxoazetidin-3-yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat  (100mg, 0,141lmmol) va SO;DMF
(216mg, 1,41mmol) trong DMF (1,4ml) trong 20 phat & nhiét ¢ phong. Sau dém tién
hanh tuong ty dé thu hop chit tiéu d& (100mg, 89%). LCMS: R, = 0,91 min, m/z =
789,1 (M+1) Phuong phap 2m_c¢6 tinh axit.

-91-



21204

Buédce 5: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)- 1 H-tetrazol- 1 -yl)metyl)-
4-oxo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoic.

%)}\OH
N,O NH,
y L
N
\
S °© N=N

o “SO,4H

Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-1H-tetrazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(100mg, 0,126mmol), DCM (1,26ml) va TFA (584ul, 7,58mmol) trong 1,5 gi¢. Tinh
ché san pham tho biang HPLC thu san phidm pha dao (XSelect CSH, 19 x 100mm,
Spum, cot C18; véi chét diéu bién axit formic 0,1% ACN- nudc, 24ml/phut), dé thu hop
chit tidu dé (18,7mg, 28%) & dang bot mau tring. LCMS: R, = 0,31 min, m/z = 533,2
(M+1) Phuong phép 2m_c6 tinh axit; 'H NMR (400MHz, DMSO-d;) 89,21 (d, J= 8,8
Hz, 1H), 7,28 (s, 2H), 6,79 (s, 1H), 5,35 (dd, J= 8,8, 5,8 Hz, 1H), 4,79-4,61 (m, 2H),
4,59-4,53 (m, 1H), 4,47-4,35 (m, 2H), 1,36 (br s, 6H).

Vi du tham khao 7: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((5-metyl-2H-
tetrazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)Jamino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoic.

Budc 1, hop chédt 1: Benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((5-metyl-2 H-
tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat.

Buéc 1.Hop chit 2: Benzyl ((2R,39)-1-(2.,4-dimetoxybenzyl)-2-((5-metyl-1 H-
tetrazol-1-yl)metyl)-4-oxoazetidin-3-yl)carbamat.

Diéu ché theo phuong thirc tuong tu v6i vi du 4, budc 1 st dung chét trung
gianA (1,0g, 2,1mmol), 5-metyl-2H-tetrazol (527mg, 6.27mmol), K,CO; (1,44g,
10.5mmol), Nal (470mg, 3,13mmol) trong DMF (10ml) & 70°C trong 4 gio. Khong c6
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su bd sung chit phan tng nao khac 1a can thiét. Sau khi giam nhiét dén nhiét d6 phong
pha lodng no bing EtOAc, rira bang nudc mudi, sdy qua Na,SO4va ¢b dic trong chén
khong. Tinh ché san phdm thd qua sic ky silicagel (Axeton-DCM), dé thu hop chat
tiéu d& 1 (680mg, 70%) va hop chét tiéu dé 2 (221mg, 23%) & dang céc chét rin. 1-
LCMS: R, = 0,87 min, m/z = 467,2 (M+1) Phuong phap 2m_cé tinh axit; 2-LCMS: R,
= 0,80 min, m/z = 467,2 (M+1) Phuong phép 2m_cé tinh axit.

Budc 2: Benzyl ((2R,395)-2-((5-metyl-2H-tetrazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat. Diéu ché theo phuong thirc twong tu voi vi du 4, budc 2 sir dung benzyl
((2R,39)-1-(2,4-dimetoxybenzyl)-2-((5-metyl-2 H-tetrazol- 1-yl)metyl)-4-oxoazetidin-
3-yl)carbamat (202mg, 0,433mmol), K,S,05 (164mg, 0,606mmol) va K,HPO, (98mg,
0,563mmol) trong ACN:nuéc (2:1, 7,4ml) & 90°C trong 1,5 gio. BS sung Thém
K,S,0¢ (35mg, 0,13mmol) va K,HPO, (20mg, 0,1 lmmol) va gia nhiét trong khoang
thoi gian bd sung 1a 30 phut, sau d6 giam nhiét xudng nhiét do phong sau do c6 dic
trong chan khong. Pha lodng hdn hgp nay bing EtOAc, rira bing nudc mudi, sdy qua
Na,SO, va c¢d dic trong chan khong. Tinh ché san phim thd qua sic ky silicagel
(MeOH-DCM, 0-10%), dé thu hop chét tiéu dé (111mg, 81%). LCMS: R, = 0,58 min,
m/z = 317,2 (M+1) Phuong phap 2m_c6 tinh axit; "H NMR (400MHz, CDCly) & 7,43-
7,30 (m, 5H), 6,34 (br s, 1H), 6,01 (br s, 1H), 5,28-5,21 (m, 1H), 5,20-5,12 (m, 3H),
4,92 (dd, J = 14,3, 3,9 Hz, 1H), 4,68 (dd, J = 14,2, 7,9 Hz, 1H), 4,48-4,27 (m, 2H),
2,53 (s, 3H).

Budc 3: (3S,4R)-3-amino-4-((5-metyl-2 H-tetrazol-2-yl)metyl)azetidin-2-on.
Piéu ché theo phuong thirc twong tu véi vi du 4, bude 3 sir dung benzyl ((2R,3S)-2-
((5-metyl-2H-tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat (111mg, 0,351mmol)
va Pd trén C (10%, 50mg) trong EtOAc:MeOH (5:1, 7,0ml) trong 3 gi¢. San phidm thod
duoc sir dung ludn cho bude sau. LCMS: R, = 0,14 min, m/z = 183,2 (M+1) Phuong

phdp 2m_c6 tinh axit.

Bude 4. tert-butyl 2-(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((5-metyl-2 H-tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Diéu ché theo phuong thirc tuong tu vai vi
du 4, budc 3 st dung axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (130mg,
0.302mmol), DIPEA (158ul, 0.906mmol) va HATU (138mg, 0,362mmol) trong
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DCM:DMF (2:1, 3,0ml) ¢ 0°C, sau d6 Thém dung dich chira (3S,4R)-3-amino-4-((5-
metyl-2 H-tetrazol-2-yl)metyl)azetidin-2-on(55mg, 0,30mmol) trong DCM:DMF (2:1,
3,0ml). Sau khi khudy & nhiét do phong trong 1 gid, ¢d dic no trong chén khong, hoa
tan trong EtOAc, rira bang nuéc sau d6 nudc mudi, siy qua Na,SO4 va cd dédc trong
chan khong. Tinh ché san phdm thé qua séc ky silicagel (Axeton-DCM), dé thu hop
chét tiéu dé (179mg, 99%) & dang chét rin. LCMS: R, = 0,93 min, m/z = 594,3 (M+1)
Phuong phép 2m_cé tinh axit.

Buéc 5: axit  (2R,38)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-

2H-tetrazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic.

Diéu ché theo phuong thirc twong tu vai vi du 4, bude 4 sir dung ters-butyl 2-
(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-2 H-
tetrazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (179mg, 0,302mmol) va SO3;*DMF (462mg, 3,02mmol) trong DMF
(3,0ml) trong 1 gi® & nhiét d6 phong. Pha loang dung dich bang EtOAc, rira bing nudc
mubi, sdy qua Na,SO, va c6 dic trong chin khong dé thu hop cht tiéu d& (dinh luong
gia dinh). LCMS: R, = 0,80 min, m/z = 674,1 (M+1) Phuong phap 2m_c6 tinh axit.

Bude 6: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-2H-
tetrazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoic. Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung
axit  (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-2H-tetrazol-2-
yDmetyl)-4-oxoazetidin-1-sulfonic (203mg, 0,302mmol), DCM (3.0ml) va TFA
(1,39ml, 18,1mmol) trong 2 gi®. Tinh ché san pham tho bing HPLC thu san phim pha
dao (XSelect CSH, 19 x 100mm, Spm, c6t C18; véi chét diéu bién axit formic 0,1%
ACN- nuéc, 24ml/phut), dé thu hop chét tiéu dé (37mg, 24%) & dang bot mau tring.
LCMS: R, = 0,35 min, m/z = 518,1 (M+1) Phuong phap 2m_c6 tinh axit; 'H NMR
(400MHz, D,0) 6 7,03 (s, 1H), 5,37 (d, J= 5,5 Hz, 1H), 5,08-4,97 (m, 1H), 4,90-4,80
(m, 2H), 2,35 (s, 3H), 1,32 (s, 3H), 1,31 (s, 3H).
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Vi du tham khéo 8: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-1H-
tetrazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.

Buéce 1: Benzyl ((2R,3S)-2-((5-metyl-1H-tetrazol-1-yl)metyl)-4-oxoazetidin-3-
yl)carbamat. Diéu ché theo phuong thirc trong ty véi vi du 4, bude 2 sir dung benzyl
((2R,35)-1-(2,4-dimetoxybenzyl)-2-((5-metyl- 1H-tetrazol- 1 -yl)metyl)-4-oxoazetidin-
3-yl)carbamat (221mg, 0,474mmol), K,S,04 (179mg,0,663mmol) va K,HPO, (107mg,
0,616mmol) trong ACN:nudc (2:1, 7,9ml) & 90°C trong 1,5 gid. B sung Thém
K,S,05 38,4mg, 0,142mmol) va K,HPO, (21,5mg, 0,123mmol) va gia nhiét trong
khoang thai gian bd sung 14 30 phut, sau d6 giam nhiét xudng nhiét d6 phongsau d6 co
dic trong chian khong. Pha lodng hdn hop nay bang EtOAc, rira bing nudc mudi, siy
qua Na,SO, va cd dic trong chan khéng. Tinh ché san pham thé qua sic ky silicagel
(MeOH-DCM, 0-10%), dé thu hop chét tiéu dé (97mg, 65%). LCMS: R, = 1,00 min,
m/z = 317,3 (M+1) Phuong phép 2m_cé tinh axit.

Budc 2: (35,4R)-3-amino-4-((5-metyl-1H-tetrazol-1-yl)metyl)azetidin-2-on.

Piédu ché theo phuong thirc twong ty v&i vi du 4, bude 3 st dung benzyl
((2R,35)-2-((5-metyl-1H-tetrazol-1-yl)metyl)-4-oxoazetidin-3-yl)carbamat (97mg,
0,31mmol) va Pd trén C (10%, 50mg) trong EtOH:MeOH (5:1, 3,0ml) trong 3 gid. San
phém thd duogc sir dung ludn cho buée sau. LCMS: R, = 0,11 min, m/z = 183,2 (M+1)
Phuong phap 2m_c6 tinh axit.

Buoce 3: tert-butyl 2-(((2)-(1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((5-metyl-1H-tetrazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Didu ché theo phuong thirc tuong tu vadi vi
du 4, budc 3 su dung axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (130mg,
0,302mmol), DIPEA (158ul, 0,906mmol) va HATU (115mg, 0,302mmol) trong
DCM:DMF (2:1, 3,0ml) & 0°C, sau d6 Thém dung dich chira (3S,4R)-3-amino-4-((5-
metyl-1H-tetrazol-1-yl)metyl)azetidin-2-on(55mg, 0,30mmol) trong DCM:DMF (2:1,
3,0ml). Sau khi khudy & nhiét do phong trong 1 gio, c6 dic né trong chan khong, hoa
tan trong EtOAc, rira bang nuéc sau do nude mudi, sdy qua Na,SO, va ¢d dic trong

chan khong. Tinh ché san phim thé qua sic ky silicagel (Axeton-DCM), dé thu hop
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chét tidu dé (133mg, 74%) & dang chét rdn. LCMS: R, = 0,92 min, m/z = 594,2 (M+1)
Phuong phap 2m_cé tinh axit.

Buéc 4: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yDoxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-
1H-tetrazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic. Piéu ché theo phuong thirc tuong tu
véi  vi du 4, buéc 4 st dung tert-butyl  2-(((Z2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((5-metyl- 1 H-tetrazol-1-yl)metyl)-
4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat (133mg,
0,224mmol) va SO;*DMF (343mg, 2,24mmol) trong DMF (2,24ml) trong 1 gio &
nhiét do phong. Pha lodng dung dich bing EtOAc, ria bing nuéc mudi, sdy qua
Na,SO, va cb dic trong chan khong dé thu hop chét tiéu dé (dinh lugng gia dinh).
LCMS: R, = 0,85 min, m/z = 674,2 (M+1) Phuong phdp 2m_¢6 tinh axit.

Buoc 5: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-1H-
tetrazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit s dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-1H-tetrazol-1-yl)metyl)-4-
oxoazetidin-1-sulfonic (151mg, 0,224mmol), DCM (2,24ml) va TFA (1,04ml,
13,45mmol) trong 2 gio. Tinh ché san phdm tho bang HPLC thu san pham pha dao
(XSelect CSH, 19 x 100mm, Spum, cot C18; véi chat didu bién axit formic 0,1% ACN-
nudc, 24ml/phat), dé thu hgp chit tiéu dé (14,4mg, 11%) & dang bdt mau tréng.
LCMS: R; = 0,55 min, m/z = 518,1 (M+1) Phuong phap 2m_c6 tinh axit phan cyc; 'H
NMR (400MHz, D,0) 67,04 (s, 1H), 5,37 (d, J= 5,5 Hz, 1H),4,83-4,77 (m, 1H),4,76-
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4,54 (m, 2H dugc gia thiét; bi che khuit bai dung méi), 2,48 (s, 3H), 1,35 (s, 3H), 1,33
(s, 3H).

Vi du tham khao 9: axit 2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.

Budce 1: benzyl ((2R,35)-2-((1H-1,2,4-triazol-1-y)metyl)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat. Nap Chit trung gianA (250mg,
,0522mmol), 1,2,4-triazol (54mg, 0,784mmol), K,CO; (215mg, 1,56mmol), Nal
(94mg, 0,63mmol) va DMF (2ml) vao 6ng vi séng thé tich 20mlsau do gia nhiét dén
70°C cung vai khuéy. Sau 4 gio, bd sung Thém 1,2,4-triazol (54mg, 0,784mmol),
K,COs (215mg, 1,56mmol) va Nal (94mg, 0,63mmol) va tiép tuc gia nhiét. Sau téng
thoi gian gia nhiét 1a 7 gio, giam nhiét do xudng nhiét d6 phong, pha loang bang
DCM/nuéc mudi va phan tach cac 16p. Chiét 16p nuéc bing DCM va sy rira cée 16p
hiru co két hop qua Na,SO,4 va ¢d dic trong chan khong. Thém toluen va cb dic nd
trong chin khong (nhiét do mé 1a 40°C). Tinh ché san phdm tho qua sic ky silicagel
(Axeton-Heptan, 50%) dé thu hop chét tiéu dé (156mg, 66%). LCMS: Rt = 0,77 min,
m/z = 452,3 (M+1) Phuong phap 2m_cé tinh axit.

Budc 2: Benzyl ((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)carbamat. Pidu ché theo phuong thirc twong tu véi vi du 4, bude 2 st dung benzyl
((2R,39)-2-((1H-1,2 4-triazol-1-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-
yl)carbamat (101mg, 0,224mmol), K,S,0g (85mg, 0,313mmol) va K,HPO,
(50,7mg,0,291mmol) trong ACN:nude (2:1, 61,5ml) trong khi gia nhiét trong 2 gir &
90°C. B sung Thém K,S,05 (18,1mg, 0,067mmol) va K,HPO, (10,1mg, 0,058mmol)
va gia nhiét tiép trong 1,5 gio. B sung Thém K,S,04 (18,Img, 0,067mmol) va
K,HPO, (10,1mg, 0,058mmol) va gia nhiét tiép trong 1 gi¢r. Pha lodng n6 bing ACN
va ¢d dic trong chin khong, loai bo phin 1én ACN. Pha lodng hdn hop nay bing
nude/DCM sau d6 bo sung EtOAc va phan tach cac 16p. Chiét 16p nuée bing EtOAc
(5%) va sdy rira cac 16p hitu co két hop qua Na,SO,. Tinh ché san pham tho qua sic ky
silicagel (MeOH-DCM, 10%) dé thu hop chit tiéu dé (38mg, 56%). LCMS: R, = 0,50
min, m/z = 302,2 (M+1) Phuong phap 2m_cé tinh axit; '"H NMR (500MHz, ACN-d5)
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& 8,17 (s, 1H), 7,92 (s, 1H), 7,49-7,31 (m, 4H), 6,82-6,74 (m, 1H), 6,67 (br s, 1H),
5,18-5,01 (m, 3H), 4,49-4,42 (m, 1H), 4,37-4,30 (m, 1H), 4,21 (q, J= 5,4 Hz, 1H).

Buéc 3: (3S,4R)-4-((1H-1,2,4-triazol-1-yl)metyl)-3-aminoazetidin-2-on. Thém
Pd den (6,7mg,0,063mmol), sau d6 Thém axit formic (339ul, 8,83mmol) vao dung
dich chra benzyl ((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (38mg,0,126mmol) trong MeOH (5ml). Sau 1 gi& khudy, loc hdn hop qua
xelit, rira béng MeOH, va c6 dac dich lgc trong chan khéng. Pong khé dung dich va
nguyén liéu tho duge st dung truc tiép cho budc tiép theo. LCMS: R; = 0,14 min, m/z
= 168,1 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 4: tert-butyl 2-(((2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol- 1-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thém DIPEA (88uL, 0,504mmol), sau d6
Thém HATU (72mg,0,190mmol) vio huyén phu dac cua axit (Z)-2-(((1-(tert-butoxy)-
2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-
ylaxetic (81mg, 0,19mmol) trong DCM (800uL) & 0°C. Thém mot vai giot DMFdé
ddng nhit hdn hop nay. Thém dung dich chira (3S,4R)-4-((1H-1,2,4-triazol-1-
yl)metyl)-3-aminoazetidin-2-on(21mg, 0,126mmol) trong DCM (1ml) vao dung dich
thu dwgc. Sau khi khudy 1,5 gid, pha lodng né bing nudc/DCM va phén tach céac 16p.
Chiét 16p nudc bang DCM va sdy rira cac 16p hitu co két hop qua Na,SO, va cb dic
trong chan khong. Tinh ché san phim thé qua sic ky silicagel (Axeton-DCM) dé thu
hop chit tiéu dé (47mg, 65%). LCMS: R, = 0,88 min, m/z = 579,3 (M+1) Phuong phap
2m_cé tinh axit.

Budc 5: axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic.

Xa ly tert-butyl  2-(((2)-(2-(((2R.,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (44mg, 0,076mmol) trong DMF (760uL)
bang SO3-DMF (116mg, 0,760mmol). Sau 1 gi khudy, pha loang dung dich bing
EtOAc/nuée mudi va phan tach cac 16p. Chiét 16p nudce bang EtOAc (3x) va sdy rua

céc 16p hiru co két hop qua Na,SO, va ¢o dic trong chan khong dé thu hop chét tiéu dé
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(dinh luong gia dinh) & dang chét rin mau traing. LCMS: Rt = 0,81 min, m/z = 659,3
(M+1) Phuong phap 2m_c6 tinh axit.

Buée 6: axit 2-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-ox0-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.

O
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-1-sulfonic  (50,1mg, 0,076mmol), DCM (760ul) va TFA (351ul,
4,56mmol). Tinh ché san pham thd bang HPLC thu san phdm pha dao (XSelect CSH,
19 x 100mm, Spm, cdt C18; voi chit diéu bién axit formic 0,1% ACN- nudc,
24ml/phut), dé thu hop chét tidu dé (14,8mg, 34%) & dang bot mau tring. LCMS: R, =
0,31 min, m/z = 503,1 (M+1) Phuong phap 2m_cé tinh axit; 'H NMR (500MHz,
DMSO-dg) 6 9,39 (d, J= 8,83 Hz, 1H), 8,52 (s, 1H), 8,02 (s, 1H), 6,74 (s, 1H), 5,28
(dd, J= 8,8, 5,4 Hz, 1H), 4,74-4,64 (m, 1H), 4,58 (d, J= 6,9 Hz, 1H), 4,32 (d, J= 5,7
Hz, 1H), 1,37 (s, 3H) 1,41 (s, 3H).

Vi du tham khao 10: axit 2-(((Z)-(2-(((2R,3S)-2-((3-(aminometyl)-1H-1,2,4-triazol-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoic.

Bude 1: Tao huyén phu dac ((2S,35)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl metansulfonat (3,10g, 6,48mmol), tert-
butyl ((1H-1,2,4-triazol-3-yl)metyl)carbamat (1,926g, 9,72mmol), K,CO; (1,35g,
9,72mmol) va Nal (1,165g, 7,78mmol) trong DMF (20ml) va gia nhiét dén 70°C cung
v6i khudy. Sau 3 gio, bd sung Thém tert-butyl ((1H-1,2,4-triazol-3-yl)metyl)carbamat
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(1,926g, 9,72mmol), K,CO; (1,35g, 9,72mmol) va Nal (777mg, 8,10mmol) va gia
nhiét trong khoang thoi gian bd sung 1a 4 gio, ngay sau dé, pha loing né bing
EtOAc/nudce va phan tach céc 16p. Chiét 16p nude bang EtOAc (2x) va rira cac 16p hiru
co két hop bang nude mudi (3x), sdy qua Na,SO, va cd dic trong chan khong. Tinh
ché san phim thé qua sic ky silicagel (Axeton-Heptan, 0-70%) dé thu chit ddng phén
dugc thé & vi tri 3 (1,16g, 31%) cung véi chét déng phén dugc thé ¢ vi tri 5 (375mg,
10%). A-LCMS: R, = 0,87 min, m/z = 581,2 (M+1) Phuong phap 2m_cé tinh axit; B-
LCMS: R; = 0,94 min, m/z = 581,2 (M+1) Phuong phap 2m_c6 tinh axit; B-'H NMR
(500MHz, CDCl;) 6 7,86 (s, 1H), 7,44-7,31 (m, 4H), 7,29 (s, 3H), 6,90 (d, J = 8,2 Hz,
1H), 6,49-6,37 (m, 2H), 5,25-5,04 (m, 3H), 4,54-4,43 (m, 2H), 4,43-4,22 (m, 3H), 4,13
(d, J=5,4 Hz, 1H), 3,90-3,71 (m, 7H), 1,36-1,51 (m, 9H).

Budc 2: Diéu ché theo phuong thirc tuong tu véi Vi du 4, bude 2 sir dung chit
dong phan dugc thé & vi tri 3 tir buée 1 (1,16g, 2,00mmol), K,S,04 (756mg,
2,80mmol) va K,HPO, (452mg, 2,60mmol) trong ACN:nudc (2:1, 33,3ml) trong khi
gia nhiét trong 1,5 gio & 90°C. Bb sung Thém K,S,0q (162mg, 0,599mmol) va
K,HPO4 (90mg, 0,52mmol) va gia nhiét Thém trong 3,5 gid, ngay sau d6, co dic nod
trong chan khong, loai bé phén 16n ACN. Pha loang hén hop nay bing nudc/EtOAc va
phan tach cac 16p. Chiét 16p nude bing EtOAc (5x) va sy rira cac 16p hitu co két hop
qua Na,SO;. Tinh ché san phim tho qua sic ky silicagel (Axeton-DCM, 0-100%) dé
thu hop chét tiéu dé (416mg, 48%). LCMS: R, = 0,71 min, m/z = 431,3 (M+1) Phuong
phap 2m_c6 tinh axit; '"H NMR (500MHz, ACN-d5) 8 8,08 (s, 1H), 7,49-7,25 (m, 5H),
6,82-6,60 (m, 2H), 5,81-5,62 (m, 1H), 5,21-5,03 (m, 3H), 4,48-4,07 (m, 6H), 1,46-1,33
(m, 9H).

Bugce 3: tert-butyl ((1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,4-
triazol-3-yl)metyl)carbamat. Pidu ché theo quy trinh dugc md ta trong Malmstromet
al. Bioorg. Med. Chem. Lett, 2012, 22, 5293.Dung dich chtta san phidm cia Budc 2
(416mg, 0,966mmol) trong EtOAc:MeOH (5:1, 32,2ml) dugc xa khi va nap diy lai
bang agon (2x) sau d6 Thém luong bo sung cia Pd trén C (10%, 103mg). Xa khi va
nap ddy lai h¢ thong nay bing H, (3x). Sau khi khudy 21 gio, Thém MeOH (282ul).
Sau khi khudy Thém 4 gi0, loc hén hop qua xelit, rira bing MeOH, cb dic trong chén
khong, cho vao trong toluen va tai ¢d dic(3x). San phdm tho duoc st dung luén cho

bude sau. LCMS: R, = 0,33 min, m/z = 297.,2 (M+1) Phuong phap 2m_c6 tinh axit.
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Buéce 4. tert-butyl 2-(((D)-2-(((2R,39)-2-((3-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoat.

Thém DIPEA (505pL, 2,89mmol) sau d6 Thém HATU (440mg, 1,16mmol)
vao huyén phd dic cua axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic
(47mg,0,109mmol) trong DCM:DMF (12:1, 6,5ml) & 0°C. Thém dung dich chua ters-
butyl ((1-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,4-triazol-3-
yDmetyl)carbamat (286mg, 0,964mmol) trong DCM:DMF (14:1, 7,5ml) vao dung
dich thu dugc. Sau 1 gior khudy, pha lodng n6 bing nudc/EtOAc va phén tach céc 1dp.
Chiét 16p nudc bang EtOAc va rira céc 16p hitu co két hop bing nude mudi (3x), sdy
qua Na,SO, va ¢ ddc trong chan khong. Tinh ché san phim tho qua séc ky silicagel
(Axeton-DCM, 70%) dé thu hop chét tiéu dé (428mg, 63%). LCMS: R, = 0,99 min,
m/z = 708,2 (M+1) Phuong phap 2m_c0 tinh axit.

Buoe 5: axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin- 1 -sulfonic.
X ly tert-butyl 2-(((2)-(2-(((2R,3S)-2-((3-(((tert-butoxycarbonyl)amino)metyl)- 1 H-
1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(200mg, 0,283mmol) trong DMF (2,0ml) bing SO3DMF (433mg, 2,83mmol). Sau 20
phut khudy, pha loang dung dich biang EtOAc/nuéc mubi va phén tach cac 16p. Chiét
16p nuéc biang EtOAc (3x) va sdy rira cac 16p hitu co két hop qua Na,SO, va ¢o dac
trong chin khong dé thu hop chét tiéu dé (dinh hrong gia thiét) & dang chét rin mau
trang. LCMS: R,= 0,91 min, m/z = 788,4 (M+1) Phuong phap 2m_c6 tinh axit.

Bude 6: axit 2-(((Z)-(2-(((2R,3S)-2-((3-(aminometyl)-1H-1,2,4-triazol-1-
ylmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-(((tert- .
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(223mg,0,283mmol), DCM (2,89ml) va TFA (1,3Iml, 16,98mmol). Tinh ché san
pham tho bang HPLC, thu san pham pha dao (XSelect CSH, 19 x 100mm, Sum, cot
C18; v&i chét diéu bién axit formic 0,1% ACN- nudc, 24ml/phﬁt), dé thu hop chét tiéu
d& (99mg, 65%) & dang bét mau tring. LCMS: R, = 0,31 min, m/z = 532,2 (M+1)
Phuong phap 2m_c6 tinh axit; 'H NMR (500MHz, DMSO-dy) 89,45 (d, J= 8,5 Hz,
1H), 8,53 (s, 1H), 8,39 (br s, 3H), 7,32 (s, 2H), 6,74 (s, 1H), 5,23 (dd, J= 8.5, 5,7 Hz,
1H), 4,76-4,65 (m, 1H), 4,62-4,5 (m, 1H), 4,32-4,27 (m, 1H), 4,16-4,08 (m, 2H), 1,36
(s. 3H) 1,43 (s, 3H). |

Vi du tham khdo 11: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-((3-
(guanidinometyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém DIPEA (33ul, 0,188mmol) vao dung dich axit 2-(((Z)-(2-(((2R,3S)-2-((3-
(aminometyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-
aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (25mg, 0,047mmol)
va pyrazol-1-carboxamidinhydroclorua (10,9mg, 0,099mmol) trong DMF (470ul). Sau
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khi khudy & nhiét d6 phong trong 12 gid, co dic dung dich trong chan khong. Thém
toluen va tai cd dic hdn hop nay (3x). Tinh ché san phdm thd bang HPLC thu san
pham pha dao (XSelect CSH, 19 x 100mm, Spm, c6t C18; v6i chit diéu bién axit
formic 0,1% ACN- nudc, 24ml/phut), dé thu hop chét tiéu dé (16mg, 52%) & dang bot
mau tring. LCMS: R, = 0,31 min, m/z = 574,3 (M+1) Phuong phép 2m_c6 tinh axit;
'H NMR (500MHz, DMSO-d;) 89,45 (br s, 1H), 8,47 (s, 1H), 7,86 (br s, 1H),7,31 (br
s, 3H), 6,74 (br s, 1H), 6,55 (s, 1H), 5,22 (br s, 1H), 4,69-4,59 (m, 1H), 4,60-4,50 (m,
1H), 4,45-4,36 (m, 2H), 4,34-4,26 (m, 1H), 1,35 (s, 3H) 1,41 (s, 3H).

Vi du tham khao 12: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)-1H-1,2,4-triazol-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: Piéu ché theo phuong thitc twong tr voi Vi du 4, buée 2 sir dung chét
déng phan dugc thé & vi tri 5 tir bude 1 trong Vi du 10 (361mg, 0,622mmol), K,S,04
235mg, 0,870mmol) va K,HPO, (115mg, 0,808mmol) trong ACN:nudc (2:1, 10,4ml)
trong khi gia nhiét trong 1,5 gi&r & 90°C. B sung Thém K,S,04 0mg, 0,187mmol) va
K,HPO, (23mg, 0,162mmol) va gia nhiét Thém trong 3,5 gi®, ngay sau d6, cd dic nd
trong chan khong, loai bo phan 16n ACN. Pha lodng hén hop nay bing nudc/EtOAc va
phan tach cac 16p. Chiét 16p nudc bing EtOAc (5x) va sdy rira cac 16p hitu co két hop
qua Na,SOy. Tinh ché san phdm tho qua sic ky silicagel (Axeton-DCM, 0-100%) dé
thu hop chit tidu dé (155mg, 58%). LCMS: R, = 0,71 min, m/z = 431,2 (M+1) Phuong
phdp 2m_c6 tinh axit.

Bué6e 2: tert-butyl ((1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,4-
triazol-5-yl)metyl)carbamat. Pugc diéu ché theo vi du 7, budc 3. Dung dich chtra san
pham cua bude 1 (134mg, 0,311mmol) trong EtOAc:MeOH (5:1, 10,4ml) dugc xa khi
va nap day lai bing agon (2x) sau d6 Thém luong bd sung cta Pd trén C (10%, 33mg).
X4 khi va nap day lai hé théng nay bing H, (3x). Sau khi khudy 21 gidThém MeOH
(282ul). Sau khi khudy Thém 4 gio, loc hdn hop qua xelit, rira bang MeOH, ¢6 dic
trong chan khong, cho vao trong toluen va tai ¢6 dic (3x). San phim tho dugc sir dung
ludén cho budce sau. LCMS: R, = 0,38 min, m/z = 297,2 (M+1) Phuong phap 2m_co

tinh axit.
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Buéce 3: tert-butyl 2-(((D)-(2-(((2R,35)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoat.

Thém DIPEA (163uL, 0,933mmol), sau ¢6 Thém HATU (142mg, 0,373mmol)
vao huyén phi dic cua axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (160mg,
0,373mmol) trong DCM:DMF (30:1, 3,1ml) & 0°C. Thém dung dich chira tert-butyl
((1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,4-triazol-5-
yDmetyl)carbamat (92mg, 0,311mmol) trong DCM:DMF (30:1, 3,1ml) vao dung dich
thu duge. Sau 1 gid khudy, cd dic n6 trong chin khong va cho vao trongtrong
EtOAc/nudc mudi. Phan tach cac 16p va chiét 16p nudce bing EtOAc. Rira céc 16p hitu
co két hop bing nudec mudi (3x), sdy qua Na,SO, va c6 dic trong chan khong. Tinh
ché san phim thd qua séc ky silicagel (Axeton-DCM, 70%) dé thu hop chit tiéu dé
(128mg, 58%). LCMS: R; = 0,97 min, m/z = 708,2 (M+1) Phuong phap 2m_c6 tinh

axit.

Buéc 4: axit (2R,3S)-3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic.
Tert-butyl  2-(((Z2)-(2-(((2R,35)-2-((5-(((tert-butoxycarbonyl)amino)metyl)-1H-1,2,4-
triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(128mg,0,18 I mmol) trong DMF (1,3ml)Xir Iy bing SO3DMF (277mg, 1,81mmol).
Sau 20 phut khudy, pha lodng dung dich bing EtOAc/nude mudi va phén tach cac 16p.
Chiét 16p nudc bang EtOAc (3x) va sdy rira cac 16p hiru co két hop qua Na,SO, va cd
ddc trong chan khong dé thu hop chét tiéu d& (dinh luong gia thiét) & dang chit rin
mau tring. LCMS: Rt = 0,90 min, m/z = 788,3 (M+1) Phuong phap 2m_cé tinh axit.

Buéc 5: axit  2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)-1H-1,2,4-triazol-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-y1)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bd bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(143mg, 0,18 lmmol), DCM (1,81ml) va TFA (837pl, 10,9mmol). Tinh ché san phdm
thé bang HPLC thu san phdm pha dao (XSelect CSH, 19 x 100mm, 5um, cot C18; voi
chét didu bién axit formic 0,1% ACN- nudc, 24ml/phut), dé thu hop chét tidu dé
(60mg, 62%) & dang bot mau tring. LCMS: R, = 0,28 min, m/z = 532,2 (M+1) Phuong
phép 2m_c6 tinh axit; 'H NMR (500MHz, DMSO-dg) 89,23 (d, J= 9,1 Hz, 1H), 8,40
(br s, 3H), 8,06 (s, 1H), 7,59-7,27 (m, 2H), 6,84 (s, 1H), 5,37 (dd, J= 9,0, 5,5 Hz, 1H),
4,61-4,51 (m, 1H), 4,49-4,34 (m, 3H), 4,25 (dd, J= 15,3, 5,8 Hz, 1H), 1,37 (s, 6H).

Vi du tham khao 13: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-
(guanidinometyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

0 O

AAOH ykw '3

SO3H

Thém DIPEA (33ul, 0,188mmol) vao dung dich axit 2-(((Z)-(2-(((2R,3S)-2-((5-
(aminometyl)-1H-1,2,4-triazol-1-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-

aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (25mg, 0,047mmol)

va pyrazol-1-carboxamidinhydroclorua (10,9mg, 0,099mmol) trong DMF (470pul). Sau

khi khudy & nhiét do phong trong 12 gio ¢ ddc dung dich trong chan khong. Thém
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toluen va tai co dic hdn hop nay (3x). Tinh ché sin phdm thé bing HPLC thu san
phém pha ddo (XSelect CSH, 19 x 100mm, S5um, cot C18; vai chit didu bién axit
formic 0,1% ACN- nudc, 24ml/phit), dé thu hop chit tiéu dé (13mg, 42%) & dang bot
mau tring. LCMS: R, = 0,29 min, m/z = 574,2 (M+1) Phuong phap 2m_c6 tinh axit;
'"H NMR (500MHz, DMSO-ds) & 7,96-7,78 (m, 1H), 7,41-6,96 (m, SH), 6,80-6,71 (m,
1H), 6,55 (s, 1H), 5,42-5,32 (m, 1H), 4,75-4,63 (m, 1H), 4,62-4,42 (m, 1H), 4,39-4,28
(m, 1H), 1,38 (s, 3H) 1,34 (s, 3H).

Vi du 14: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxopiperidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.

Budc 1: Benzyl ((3S,4R)-1-(2,4-dimetoxybenzyl)-2-0x0-4-((2-oxopyridin-1
(2H)-yDmetyl)azetidin-3-yl)carbamat. Tao huyén phu dac((25,35)-3-
(((benzyloxy)carbonyl)amino)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl
metansulfonat (860mg, 1,80mmol), pyridin-2 (1H)-on(855mg, 8,99mmol), K,CO;
(1,74g, 12,6mmol) va Nal (746mg, 4,49mmol) trong DMF (6,9ml) va gia nhiét dén
80°C cling véi khudy. Sau 4 gi, giam nhiét do xudng nhiét d6 phong, pha lodng bing
EtOAc va rira bang nuéc mudi. Sdy 16p hiru co qua Na,SO4 va c6 dic trong chén
khong. Tinh ché san phim thé qua sic ky silicagel (Axeton-DCM) dé thu hop chit tiéu
dé (304mg, 35%). LCMS: R, = 0,79 min, m/z = 478,2 (M+1) Phuong phap 2m_c6 tinh
axit; 'H NMR (500MHz, CDCL;) & 7,39-7,28 (m, 6H), 7,07 (d, J= 5,9 Hz, 1H), 6,93-
6,85 (m, 1H), 6,55 (d, J= 9,0 Hz, 1H), 6,40 (d, J= 2,4 Hz, 1H), 6,35 (dd, J= 8,2, 2,4
Hz, 1H),6,10-6,02 (m, 1H), 5,87 (d, J= 7,8 Hz, 1H), 5,10 (s, 2H),4,93 (br s, 1H), 4,63
(d, J= 14,5 Hz, 1H), 4,27-4,10 (m, 1H), 3,97 (d, J= 9,0 Hz, 2H), 3,88 (d, J= 14,5 Hz,
1H), 3,78 (s, 3H), 3,76 (s, 3H).

Buée 2: Benzyl ((3S,4R)-2-0x0-4-((2-oxopyridin-1 (2H)-yl)metyl)azetidin-3-
yl)carbamat. Diéu ché theo phuwong thirc tuwong tu voi vi du 4, budce 2 sir dung benzyl
((35,4R)-1-(2,4-dimetoxybenzyl)-2-ox0-4-((2-oxopyridin-1 (2H)-yl)metyl)azetidin-3-
yl)carbamat (361mg, 0,622mmol), K,S,04 225mg, 0,833mmol) va K,HPO, (135mg,
0,773mmol) trong ACN:nuéc (2:1, 9,9ml) trong khi gia nhiét trong 1,5 gio> & 90°C. Bd
sung Thém K,S,04 (45mg, 0,17mmol) va K,HPO, (26,9mg, 0,155mmol) va gia nhiét
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trong 30 phut nita, ngay sau do, ¢6 dic, tai hoa tan trong EtOAc, rira biang nudc mudi,
siy qua Na,SOy, va ¢ dic trong chan khéng. Tinh ché san phdm thd qua sic ky
silicagel (MeOH-DCM, 0-10%) dé thu hop chit tiéu dé (157mg, 81%). LCMS: R, =
0,56 min, m/z = 328,2 (M+1) Phuong phap 2m_cé tinh axit.

Budc 3.Hop chit 1:1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)pyridin-2
(1H)-on.

Budc 3.Hop chét 2:1-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)piperidin-2-
on. Pugc didu ché theo vi du 7, budce 3. Dung dich chira benzyl ((35,4R)-2-0x0-4-((2-
oxopyridin-1  (2H)-yl)metyl)azetidin-3-yl)carbamat (157mg, 0,480mmol) trong
EtOH:MeOH (5:1, 4,8ml) dugc x4 khi va nap déy lai bing agon (2x) sau d6 Thém
luong bd sung cia Pd trén C (10%, 33mg). Xa khi va nap diy lai hé théng nay bing H,
(3x). Sau 3 gid khudy, loc hén hop qua xelit, rira bang MeOH va ¢o dic trong chin

khong. San phadm thé dugc sir dung ludn cho budc sau.

Budc 4. Hop chit l: tert-butyl 2-(((D)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-0x0-2-(((3S,4 R)-2-0x0-4-((2-oxopyridin-1
(2H)-yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat.

Budc 4. Hop chét 2: tert-butyl 2-(((2)-(1-2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-o0x0-2-(((35,4R)-2-0x0-4-((2-oxopiperidin-1-
yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat.

Thém DIPEA (73pL, 0,42mmol), sau d6 Thém HATU (63,7mg,0,168mmol)
vao huyén phl dic coa axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (60mg, 0,14mmol)
trong DCM:DMF (1:1, 1,4ml) & 0°C. Sau 20 phut, Thém dung dich hon hop chira 1-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)pyridin-2 (1H)-on va 1-(((2R,35)-3-
amino-4-oxoazetidin-2-yl)metyl)piperidin-2-on (90mg, ~0,46mmol) trong DCM
(200u1) vao dung dich thu duoc. Sau 1 gid khudy, c6 dic né trong chin khong va cho
vao trongtrong EtOAc, rira bing nudc, nudc mubi, sdy qua Na,SO, va cb dic trong
chan khong. Tinh ché san phidm tho qua sic ky silicagel (Axeton-DCM) dé thu hop
chit tiéu dél (54mg) va hop chét tiéu d&2 (30mg). 1-LCMS: R, = 0,88 min, m/z =
605,2 (M+1) Phuong phap 2m_cé tinh axit; 2-LCMS: R, = 0,90 min, m/z = 609,2
(M+1) Phuong phap 2m_cé tinh axit.
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Buée 5: axit (3S,4R)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-
oxopiperidin-1-yl)metyl)azetidin-1-sulfonic. X& ly fert-butyl 2-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-o0xo0-2-(((3S,4R)-2-0x0-4-((2-oxopiperidin-1-
yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat (30mg,
0,049mmol) trong DMF (493pul) bing SO;*DMF (151mg, 0,986mmol). Sau 1 gid
khudy, pha loang dung dich bing EtOAc, rira bang nudc mudi, sdy qua Na,SO, va ¢d
dic trong chan khong dé thu hop chét tidu dé (dinh luong gia thiét) & dang chit rin
mau tring. LCMS: Rt = 0,78 min, m/z = 689,1 (M+1) Phuong phép 2m_c06 tinh axit.

Bude 6: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxopiperidin-1-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (3S,4R)-
3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxopiperidin-1-
yDmetyl)azetidin-1-sulfonic (34mg, 0,049mmol), DCM (494ul) va TFA (228pl,
2,96mmol). Tinh ché san phdm thd bing HPLC thu san phadm pha dao (XSelect CSH,
30 x 100mm, Spm, cot C18; véi chat diéu bién axit formic 0,1% ACN- nuéc,
60ml/phit), & thu hop chit tieu dé (5,2mg, 17%) & dang bot mau tring. LCMS: R, =
0,63 min, m/z = 533,1 (M+1) Phuong phap 2m c6 tinh axit phan cuc; 'H NMR
(400MHz, D,0) & 7,02 (s, 1H), 5,27 (d, J= 5,5 Hz, 1H),4,59-4,48 (m, 1H), 3,61 (d, J=
4,7 Hz, 2H),3,48-3,37 (m, 1H), 3,32 (d, /= 5,9 Hz, 1H), 2,34-2,13 (m, 2H), 1,78-1,57
(m, 4H), 1,39 (br s, 6H).
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Vi du tham khdo 15: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-0x0-2-(((3S,4R)-2-0x0-4-
((2-oxopyridin-1 ~ (2H)-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.
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Buéc 1: axit (3S,4R)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-
oxopyridin-1 (2H)-yl)metyl)azetidin-1-sulfonic. Xt ly fert-butyl 2-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-oxopyridin- 1
(2H)-yDmetyl)azetidin-3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat
(54mg,0,089mmol) trong DMF (893pl) bing SO;DMF (205mg, 1,34mmol). Sau 1
gi& khudy, pha lodng dung dich bang EtOAc, rira bing nuéc mudbi, sdy qua Na,SO, va
c0 ddc trong chan khong dé thu hop chét tiéu dé (dinh lugng gia dinh) & dang chét rin
mau tring. LCMS: Rt = 0,76 min, m/z = 685,1 (M+1) Phuong phap 2m_c6 tinh axit.

Budge 2: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxopyridin-1 (2H)-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-
metylpropanoic. Theo quy trinh chung dé loai bé bao vé do trung gian axit s dung
axit  (35,4R)-3-((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-oxopyridin-1  (2H)-
ylmetyl)azetidin-1-sulfonic (61mg, 0,089mmol), DCM (891ul) va TFA (412l
5,35mmol). Tinh ché san phim tho bang HPLC thu san pham pha dao (XSelect CSH,
30 x 100mm, 5pm, cot C18; véi chit didu bién axit formic 0,1% ACN- nudc,

60ml/phut), dé thu hop chét tiéu dé (9,6mg, 19%) & dang bot mau tring. LCMS: R, =
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0,57 min, m/z = 529,1 (M+1) Phuong phap 2m_cé tinh axit phan cyc; 'H NMR
(400MHz, D,0) 67,59 (d, J= 6,7 Hz, 1H), 7,56-7,48 (m, 1H), 7,05 (s, 1H), 6,50 (d, J=
9,0 Hz, 1H), 6,39 (t, J= 6,7 Hz, 1H), 5,30 (d, J= 5,9 Hz, 1H), 4,47 (dd, J= 14,5, 2,7 Hz,
1H), 4,07 (dd, J= 14,5, 8,6 Hz, 1H), 1,37 (s, 3H), 1,36 (s, 3H).

Vi dy tham khao 16: axit 2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo0-
1-sulfoazetidin-3-yl)amino)-1-(5-amino-1,2,4-thiadiazol-3-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Bu6c 1: (3S,4R)-4-((1H-1,2,4-triazol-1-y)metyl)-3-aminoazetidin-2-on. Diéu
ché theo phuong thirc twong tw voi vi du 4, bude 3 sir dung benzyl ((2R,35)-2-((1H-
1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)carbamat (250mg, 0,830mmol) va Pd trén
C (10%, 125mg) trong EtOH:MeOH (4:1, 8,3ml) trong 3 gid. San pham thd dugce sir
dung ludn cho budc sau. LCMS: R, = 0,13 min, m/z = 168,1 (M+1) Phuong phap

2m_co tinh axit.

Buoc 2: tert-butyl 2-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(5-((tert-butoxycarbonyl)amino)-1,2,4-thiadiazol-3-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thém DIPEA (157uL, 0,897mmol), sau
d6 Thém HATU (136mg, 0,359mmol) vao huyén phu ddc cda axit (Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(5-((tert-butoxycarbonyl)amino)-
1,2,4-thiadiazol-3-yl)axetic (129mg,0,299mmol) trong DCM:DMF (1:1, 3ml) & 0°C.
Sau 20 phat, Thém dung dich chira (3S.4R)-4-((1H-1,2,4-triazol-1-yl)metyl)-3-
aminoazetidin-2-on (50mg, 0,299mmol) trong DCM vao dung dich thu dugc. Sau 2
gio khudy, ¢b dic no6 trong chan khéng va cho vao trongtrong EtOAc, rira bang nuéc,
nuée mudi, sdy qua Na,SO, va cd dic trong chan khong. Tinh ché san phédm thé qua
sic ky silicagel (Axeton-DCM) dé thu hop chit tiéu dé (100mg, 58%). LCMS: R, =
0,82 min, m/z = 580,2 (M+1) Phuong phdp 2m_c6 tinh axit.

Buoc 3:  axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(5-((tert-butoxycarbonyl)amino)-
1,2,4-thiadiazol-3-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xir ly tert-butyl 2-(((2)-(2-
(((2R,35)-2-((1H-1,2 4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(5-((tert-
butoxycarbonyl)amino)-1,2,4-thiadiazol-3-yl)-2-oxoetyliden)amino)oxy)-2-
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metylpropanoat (100mg, 0,173mmol) trong DMF (1,7ml) bing SO;*DMF (396mg,
2,59mmol). Sau 1 gi¢r khudy, pha loang dung dich biang EtOAc, rira bing nudc mudi,
sdy qua Na,SO, va c¢b dic trong chan khong dé thu hop chat tiéu dé (dinh lugng gia
dinh) & dang chit rin mau tring. LCMS: Rt = 0,74 min, m/z = 660,2 (M+1) Phuong
phép 2m_c0 tinh axit.

Bude 4: axit 2-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(5-amino-1,2,4-thiadiazol-3-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl- 1-oxopropan-2-
yl)oxy)imino)-2-(5-((tert-butoxycarbonyl)amino)-1,2,4-thiadiazol-3-yl)axetamido)-4-
oxoazetidin-1-sulfonic (114mg, 0,173mmol), DCM (1,7ml) va TFA (800pul,
10,4mmol). Tinh ché san phim tho bing HPLC thu san phim pha dao (XSelect CSH,
30 x 100mm, Spm, cot C18; voéi chat diéu bién axit formic 0,1% ACN- nudc,
60ml/phit), dé thu hop chat tidu d& (46mg, 46%) & dang bot mau tring. LCMS: R, =
0,42 min, m/z = 504.0 (M+1) Phuong phap 2m_c6 tinh axit phan cuc; 'H NMR
(400MHz, DMSO-dg) 8 9,42 (d, J = 8,6Hz, 1H), 8,65 (s, 1H), 8,21 (br s, 2H), 8,10 (s,
1H), 5,22 (dd, J= 8.6, 5,5 Hz, 1H), 4,67-4,58 (m, 1H), 4,56-4,47 (m, 1H), 4,28 (q, /=
5,5 Hz, 1H), 1,39 (s, 3H), 1,34 (s, 3H).

Vi du tham khdo 17: axit 2-(((Z2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)axetic.
Budc 1. tert-butyl 2-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)axetat. Thém DIPEA (141uL, 0,808mmol), sau d6 Thém
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HATU (113mg,0,296mmol) vao dung dich chta axit (Z)-2-((2-(tert-butoxy)-2-
oxoetoxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic
(108mg,0,269mmol) trong DCM (2,7ml) & 0°C. Sau 20 phut, Thém dung dich chira
(3S,4R)-4-((1H-1,2,4-triazol-1-yl)metyl)-3-aminoazetidin-2-on(50mg, 0,299mmol)
trong DCMvao dung dich thu duge. Sau 1 gid khudy, pha lodng n6 bing EtOAc, rira
bing nudc, nudc mudi, sdy qua Na,SO4 va cd dic trong chan khong. Tinh ché san
phim thd qua sic ky silicagel (Axeton-DCM) dé thu hop chét tiéu dé ( 106mg, 72%).
LCMS: R; = 0,78 min, m/z = 551,2 (M+1) Phuong phap 2m_c¢ tinh axit.

Budc 2: axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((2-(tert-
butoxy)-2-oxoetoxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-
yl)axetamido)-4-oxoazetidin-1-sulfonic. Xt ly tert-butyl 2-(((Z2)-(2-(((2R,3S)-2-((1H-
1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)axetat (100mg,
0,182mmol) trong DMF (1,8ml) biang SO;*DMF (278mg, 1,82mmol). Sau 1 gio
khudy, pha lodng dung dich bing EtOAc, rira bing nudc da lanh, nuée mudi, sdy qua
Na,S0, va ¢6 dic trong chan khong, dé thu hop chét tiéu d& (dinh luong gia dinh) &
dang chit rin mau tring. LCMS: Rt = 0,71 min, m/z = 631,1 (M+1) Phuong phap

2m_co tinh axit.

Bugc 3: axit 2-(((Z2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-

sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)axetic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit st dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((2-(tert-butoxy)-2-oxoetoxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic (97mg,
0,154mmol), DCM (1,54ml) va TFA (711ul, 9,23mmol). Tinh ché san phém tho béng
HPLC thu san pham pha dao (XSelect CSH, 30 x 100mm, 5Sum, cdt C18; véi chét diéu
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bién axit formic 0,1% ACN- nuéc, 60ml/phit), 4 thu hop chat tidu dé (22,7mg, 22%)
& dang bot mau tring. LCMS: R, = 0,28 min, m/z = 475,0 (M+1). Phuong phép 2m_c6
tinh axit; '"H NMR (400MHz, DMSO-d;) § 9,50 (d, J = 9,0 Hz, 1H), 8,56 (s, 1H), 8,07
(s, 1H), 6,80 (s, 1H),5,25 (dd, J= 9,0, 5,9 Hz, 1H), 4,69-4,49 (m, 4H), 4,36 (dt, J= 7.4,
4,9 Hz, 1H).

Vi du tham khao 18: axit 1-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.

Budc 1:Benzhydryl 1-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (146uL, 0,837mmol),
sau d6 Thém HATU (127mg, 0,335mmol) vao dung dich chta axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (dugc diéu ché theo Yamawaki et al.
Bioorg. Med. Chem. Lett. 2007, 15, 6716-6732)(150mg, 0,279mmol) trong
DCM:DMF (1:1, 2,8ml) & 0°C. Sau 20 phut, Thém dung dich chtta (35,4R)-4-((1H-
1,2,4-triazol-1-yl)metyl)-3-aminoazetidin-2-on (51mg, 0,31mmol) trong DCM vao
dung dich thu dugc. Sau 1 gi¢ khuz?iy, pha lodng né béng EtOAc, rra béng nudce, nudc
mudi, sdy qua Na,SO, va cb dic trong chin khéng. Tinh ché san phdm tho qua sic ky
silicagel (Axeton-DCM) dé thu hop chét tiéu dé (147mg, 77%). LCMS: R, = 0,98 min,
m/z = 687,1 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 2: axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xir ly
benzhydryl 1-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol- 1 -yl)metyl)-4-oxo0azetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (147mg,0,214mmol) trong DMF
(2,14ml) bang SO;*DMF (328mg, 2,14mmol). Sau 1 gior khudy, pha loang dung dich

bang EtOAc, rtra bang nudce da lanh, nude mudi, say qua Na,SO, va ¢6 dac trong chan
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khong, dé thu hop chét tiéu dé (dinh luong gia dinh) & dang chdt rin mau tring.
LCMS: Rt = 0,89 min, m/z = 767,0 (M+1) Phuong phap 2m_cé tinh axit.

Bugc 3: axit 1-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit st dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic
(164mg,0,214mmol), DCM (2,14ml) va TFA (989pul, 12,8mmol). Tinh ché san phidm
tho béng HPLC thu san phém pha dao (XSelect CSH, 30 x 100mm, 5um, ¢t C18; voi
chit diéu bién axit formic 0,1% ACN- nude, 60ml/phut), dé thu hop chét tiéu dé
(50mg, 41%) & dang bot mau tring. LCMS: R, = 0,29 min, m/z = 501,1 (M+1) Phuong
phép 2m_c6 tinh axit; 'H NMR (400MHz, DMSO-dy) 8 9,31 (d, J= 9,0 Hz, 1H), 8,59
(s, 1H), 8,09 (s, 1H),6,83 (s, 1H),5,26 (dd, J = 9,0, 5,5 Hz, 1H),4,67 (dd, J = 14,5, 4,3
Hz, 1H),4,49-4,39 (m, 1H), 4,33 (ddd, J= 7.4, 5,5, 4,3 Hz, 1H),1,34-1,27 (m, 4H).

Vi du tham khao 19: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-y1)-2-
oxoetyliden)amino)oxy )xyclopropancarboxylic.

Budce 1: tert-butyl ((2-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)carbamat. Diéu ché theo phuong thire tuong tu véi vi du 4, buge 3
sir dung chét trung gian T (1,20g, 2,79mmol) va Pd trén C (10%, 830mg) trong
EtOAc:MeOH (5:1, 24ml) trong 19 gio. San pham thd duge st dung ludn cho budc
sau. LCMS: R; = 0,41 min, m/z = 297,0 (M+1) Phuong phap 2m_c¢ tinh axit.
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Budc 2: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(((zert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (1,22ml, 6,98mmol) va
HATU (1,11g, 2,93mmol) vao dung dich chtta axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (dwoc didu ché theo Yamawaki et al
Bioorg. Med. Chem. Lett. 2007, 15, 6716-6732) (1,50g, 2,79mmol) trong DCM (15ml)
& 0°C. Sau khi lam 4m dén nhiét d6 phong, dung dich chira fert-butyl ((2-(((2R,35)-3-
amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl)carbamat (827mg,
2,79mmol) trong DCM:DMF (1,7:1, 12,7ml). Sau 1 gi¢ khudy, pha lodng né bing
DCM va rira bang nude, nuée mudi, sdy qua Na,SO, va co dic trong chan khong. Tinh
ché san phim tho qua sic ky silicagel (EtOAc-Heptan, 0-90%), dé thu hgp chét tiéu dé
(1,92g, 84%) & dang ddu mau tim. LCMS: R, = 1,08 min, m/z = 816,5 (M+1) Phuong
phép 2m_cd tinh axit.

Budc 3: axit (2R,3S5)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic.
Xu ly benzhydryl 1-(((Z)-(2-(((2R,3S)-2-((4-(((tert-butoxycarbonyl)amino)metyl)-2 H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(1,92¢, 2,35mmol) trong DMF (20ml) biang SO;*DMF (3,60g, 23,5mmol). Sau 30 phit
khudy, pha loing dung dich bing EtOAc/nudc va phan tach cac 16p. Chiét 16p nudce
bing EtOAc va rira cac 16p hitu co két hop bang nuéc mudi, sdy qua Na,SO, va ¢o dic
trong chan khéng, dé thu hop chit tidu dé (1,98g, 94%) & dang bot mau tim. LCMS: Rt
= 0,99 min, m/z = 896,4 (M+1) Phuong phap 2m_c¢6 tinh axit.

Budc 4: axit 1-(((Z)-(2-(((2R,35)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sit dung axit (2R,3S)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic
(1,98g, 2,21mmol), DCM (18,4ml) va TFA (10,2ml, 133mmol). Tinh ché mot mra san
phidm thé bang HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm, Spm, cot
C18; v&i chat diéu bién axit formic 0,1% ACN- nude, 60ml/phit), dé thu hop chit tiéu
dé (300mg, ca 50%) & dang chit bot mau tring nhat. LCMS: R, = 0,29 min, m/z =
530,1 (M+1) Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, D,0) 6 7,69 (s, 1H),
7,04 (br s, 1H), 5,43 (d, /= 5,5 Hz, 1H), 4,93-4,78 (m, 2H),4,74-4,67 (m, 1H),4,22-
4,12 (m, 2H),1,36-1,20 (m, 2H),1,20-1,00 (m, 2H).

Vi du tham khdo 20: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(guanidinometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Thém pyrazol-1-carboxamidinhydroclorua (322mg, 2,20mmol) va DIPEA
(1,54ml, 8,80mmol) vao dung dich chira axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-
yl)-2-oxoetyliden)amino)oxy)-xyclopropancarboxylic (582mg, 1,10mmol) trong DMF
(12ml) & 0°C. Sau 16 gi& khudy, & nhiét do phong, pha lodng dung dich bing toluen
(60mL), khién ddu dic dugc phan tach. Chiét 16p bé trén va tinh ché phan diu con lai
bing HPLC thu san phim pha dao (XSelect CSH, 30 x 100mm, 5pm, cft C18; véi
chit didu bién axit formic 0,1% ACN- nuéc, 60ml/phat), @& thu hop chét tiéu dé
(240mg, 37%) & dang chét bot mau tring nhat. LCMS: R, = 0,31 min, m/z = 572,2
(M+H) Phuong phdp 2m_c6 tinh axit; 'H NMR (400MHz, D,0O) ¢ 7,59 (s, 1H), 6,99
(brs, 1H), 5,43 (d, J= 5,5 Hz, 1H), 4,91-4,75 (m, 2H duogc gia thiét; bi che khuét boi
dinh cia dung méi du), 4,70 (dd, J = 8,2, 6,3 Hz, 1H), 4,41-4,34 (m, 2H), 1,20 (br s,
2H), 1,05 (br s, 2H). Ciing thu dugc chit déng phan dang E. LCMS: R, = 0,33 min,
m/z = 572,2 (M+H) Phuong phdp 2m_c6 tinh axit; 'H NMR (400MHz, D,0) 87,58 (s,
1H), 7,46 (br. s., 1H),5,45 (br. s., 1H), 4,84 (s, 3H), 4,37 (s, 2H), 1,33-1,08 (m, 4H)..

Vi du 21: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-ox0-2-(((3S,4R)-2-0x0-4-((2-

oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)axetic.

Budce 1: tert-butyl 2-(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S5,4R)-2-0x0-4-((2-0x00xazolidin-3-yl)metyl)azetidin-3-
yDamino)etyliden)amino)oxy)axetat. Thém DIPEA (131uL, 0,747mmol) vao dung
dich chtra axit (Z)-2-((2-(tert-butoxy)-2-oxoetoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (100mg, 0,249mmol), Chét trung gianD
(51mg, 0,27mmol) va HATU (123mg, 0,324mmol) trong DMF (1,25ml). Sau 4 gi&
khudy, pha lodng n6 bang EtOAc, rira bing nudce, nuéc mudi, siy qua Na,SO, va cd
dic trong chan khong. Tinh ché san phidm tho qua sic ky silicagel (0-10% MeOH-
DCM) dé thu hop chét tiéu dé (118mg, 83%). LCMS: R, = 0,81 min, m/z = 569,1
(M+1) Phuong phap 2m_c6 tinh axit.

Buédce 2: axit (3S,4R)-3-((2)-2-((2-(tert-butoxy)-2-oxoetoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxooxazolidin-3-

yl)metyl)azetidin- 1-sulfonic. X ly tert-butyl 2-(((D)-(1-2-((tert-

-117-



21204

butoxycarbonyl)amino)thiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-0xooxazolidin-3-
yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)axetat (118mg,0,208mmol) trong
DMF (2,14ml) biang SO;*DMF (159mg, 1,04mmol). Sau 30 phit khudy, pha loing
dung dich bﬁng EtOAc, rira béng nude mudi nude da, séy qua Na,SO, va cd dic trong
chan khong, dé thu hop chit tiéu d& (dinh lugng gia dinh) & dang chét rin mau tring.
LCMS: Rt = 0,72 min, m/z = 649,1 (M+1) Phuong phap 2m_c6 tinh axit.

Bude 3: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-

oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)axetic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (3S,4R)-
3-((Z)-2-((2-(tert-butoxy)-2-oxoetoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxooxazolidin-3-
ylmetyl)azetidin-1-sulfonic (135mg, 0,208mmol), DCM (1,04ml) va TFA (801pl,
10,4mmol). Tinh ché san phim thoé bing HPLC thu san phdm pha dao (XSelect CSH,
19 x 100mm, Spum, cot C18; véi chat didu bién axit formic 0,1% ACN- nudc,
24ml/phut), d thu hop chét tiéu dé (25mg, 23%) & dang bdt mau tring. LCMS: R, =
0,25 min, m/z = 493,0 (M+1) Phuong phdp 2m_co tinh axit; 'H NMR (500MHz,
DMSO-dg) 89,41 (d, J= 9,1 Hz, 1H) 6,86 (s, 1H) 5,24 (dd, J=9,0, 5,8 Hz, 1H) 4,62 (s,
2H) 4,20-4,11 (m; 3H) 3,72-3,63 (m, 2H) 3,40-3,31 (m, 2H duoc gia thiét; bi che

khuat béi nuéce).

Vi du 22: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-o0x0-2-(((3S,4R)-2-0x0-4-((2-
oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-
yl)amino)etyliden)amino)oxy)xyclopropancarboxylic.

Budce 1: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((2-0x00xazolidin-3-yl)metyl)azetidin-3-
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yl)amino)etyliden)amino)oxy)xyclopropancarboxylat. =~ Thém  DIPEA  (832pl,
4,77mmol) vao dung dich chtra axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (854mg, 1,59mmol), Chét trung gian D
(324mg, 1,75mmol) va HATU (785mg, 2,07mmol) trong DMF (7,9ml). Sau 1 gi¢
khudy, rét n6 vao trong nudc va chiét bang EtOAc. Thém nuée mudivao 16p nude, va
chiét tiép bang EtOAc (3x). Sy rtra cac 16p hitu co két hop qua Na,SOy4 va ¢b dic
trong chan khong. Tinh ché san phdm tho qua sic ky silicagel (0-10% MeOH-DCM)
dé thu hop chit tidu dé (1,09g, 97%) & dang bot mau be. LCMS: R, = 0,97 min, m/z =
705,3 (M+1) Phuong phép 2m_cé tinh axit.

Buéce 2: axit (3S,4R)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-oxooxazolidin-3-
yl)metyl)azetidin-1-sulfonic. Xu ly benzhydryl 1-(((£)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-oxooxazolidin-3-
yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)xyclopropancarboxylat (1,00g,
1,42mmol) trong DMF (7,0ml) & 0°Cbing SO5*DMF (448mg, 2,84mmol). Sau 2 gidr
khudyd nhiét do phong, rot dung dich vao trong nuéc mudi nude da va chiét bing
EtOAc (3x). Sy rira cac 16p hiru co két hop qua Na,SO,va c6 dic trong chan khong,
dé thu hop chét tiéu dé (dinh luong gia dinh) & dang chét rin mau tring. LCMS: Rt =
0,90 min, m/z = 785,2 (M+1) Phuong phap 2m_c6 tinh axit.

Buée 3: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-ox0-2-(((3S,4R)-2-ox0-4-((2-
oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (3S,4R)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-o0xo-4-((2-oxooxazolidin-3-
yl)metyl)azetidin-1-sulfonic (1,10g, 1,40mmol), DCM (7,0ml) va TFA (5,39ml,
70.0mmol). Bb sung Thém TFA (3,24ml, 42,0mmol) sau 1 gid & nhiét 46 phong va
pha loang dung dich bing DCM va cb dic trong chan khongsau 30 phut tiép theo. Tinh
ché san phidm thd bang HPLC thu san phdm pha ddo (XSelect CSH, 30 x 100mm,
5um, cdt C18; v6i chét didu bién axit formic 0,1% ACN- nudc, 60ml/phit), dé thu hop
chét tiéu dé (178mg, 23%) & dang bot mau tring. LCMS: R, = 0,30 min, m/z = 518,9
(M+1) Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, DMSO-dy) 89,27 (d, J= 9,0
Hz, 1H) 6,92 (s, 1H) 5,23 (dd, /= 9,1, 5,7 Hz, 1H) 4,12-4,23 (m, 3H) 3,72-3,62 (m, 2H
duoc gia thiét; bi che khuét bdi nudc) 3,61-3,52 (m, 2H duogc gia thiét; bi che khuét
boi nuée) 3,26 (dd, J= 14,5, 5,9 Hz, 1H) 1,36 (s, 4H). 'H NMR (400MHz, D,0) & 7,23
(s, 1H), 5,48 (d, /= 5,8 Hz, 1H), 4,71-4,65 (m, 1H), 4,44 (t, J= 8,2 Hz, 2H), 3,89-3,73
(m, 3H), 3,54 (dd, J = 14,9, 4,9 Hz, 1H), 1,65-1,56 (m, 2H), 1,56-1,46 (m, 2H).

Vi du tham khao 23: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((R)-5-
metyl-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic

Buée 1: tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((((R)-2-hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Khudy dung dich ctia chét trung gian L
(500mg, 0,949mmol) va (R)-propylenoxit (996ul, 14,2mmol) trong DCM (1,9ml) &
nhiét do phong trong 16 gid ngay sau déquan sat thiy két tia. B6 sung Thém (R)-
propylenoxit (332pl, 4,75mmol). Sau 3 gid bd sung, bd sung Thém (R)-
propylenoxit(500pul, 7,14mmol). Sau 24 gid khudy tiép theo, ¢ dic no trong chén
khong va tinh ché san phdm thd bang HPLC thu san phdm pha déo (XSelect CSH, 30 x
100mm, Sum, cot C18; vai chat didu bién axit formic 0,1% ACN- nuée, 60ml/phut),
dé thu hop chét tiéu dé (185mg, 33%) & dang bot mau tring. LCMS: R, = 0,82 min,
m/z = 585,2 (M+1) Phuong phap 2m_c6 tinh axit.
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Bude 2: tert-butyl 2-(((Z2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-(((R)-5-metyl-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thém CDI (257mg, 1,58mmol) vao dung
dich chira tert-butyl  2-(((Z2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((((R)-2-hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (185mg, 0,316mmol) trong clorofom
(3,16ml). Sau khi khudy & nhiét d6 phong trong 20 phiitpha lodng dung dich bing
EtOAc/nudce va phan tach cac 16p. Chiét 16p nude bang EtOAc va sy rira céc 16p hitu
co két hop qua Na,SO,4va cb dic trong chan khéng. Tinh ché san phim tho qua sic ky
silicagel(Axeton-DCM, 0-100%) dé thu hop chét tiéu dé& (81mg, 42%). LCMS: R, =
0,92 min, m/z=611,2 (M+1) Phuong phdp 2m_c6 tinh axit.

Buéc 3: axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-
metyl-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-sulfonic. Xir ly fert-butyl 2-(((2)-
(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-(((R)-5-metyl-2-
oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-yl)Jamino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (81mg, 0,133mmol) trong DMF (1,33ml) bang SO;*DMF (203mg,
1,33mmol). Sau 20 phit khudy & nhiét do phong, pha loing dung dich bing
EtOAc/nuée mudi va phan tach cac 16p. Chiét 16p nudc bang EtOAc (3x) va sdy rira
céc 16p hiru co két hop qua Na,SO4va ¢b dic trong chin khong, dé thu hop chét tiéu dé
(dinh lwong gia dinh) & dang chét ran. LCMS: Rt = 0,84 min, m/z = 691.0 (M+1)
Phuong phdp 2m_cé tinh axit.

Buéc 4: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-(((R)-5-metyl-2-
oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-metyl-2-oxooxazolidin-3-
yl)metyl)-4-oxoazetidin-1-sulfonic (92mg, 0,133mmol), DCM (1,33ml) va TFA
(615pul, 7,98mmol). Tinh ché san phdm thé bing HPLC thu san phim pha dio
(XSelect CSH, 30 x 100mm, 5pum, c6t C18; véi chit diéu bién axit formic 0,1% ACN-
nuée, 60ml/phit), d& thu hop chét tiéu d& (18,6mg, 23%) & dang bot mau tring.
LCMS: R; = 0,39 min, m/z = 535,1 (M+1) Phuong phap 2m_c6 tinh axit; 'H NMR
(500MHz, DMSO-dq) 89,29 (d, J= 8,8 Hz, 1H), 6,85 (s, 1H), 5,22 (dd, J= 8,8, 5,7 Hz,
1H), 4,5 (dt, J= 13,5, 6,5 Hz, 1H), 4,15 (q,J = 6,0 Hz, 1H), 3,72-3,63 (m, 2H), 3,34-
3,27 (m, 2H), 1,46 (s, 3H), 1,42 (s, 3H), 1,28 (d, J= 6,3 Hz, 3H).

Vi du 24: axit 2-(((Z2)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-(((R)-5-
(guanidinometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém DIPEA (38,3ul, 0,219mmol) vao dung dich chira axit 2-(((Z)-(2-
(((2R,35)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-
3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic
(30,1mg, 0,055mmol) va pyrazol-1-carboxamidinhydroclorua (16,1mg, 0,110mmol)
trong DMF (548ul). Sau 5 gio khudy ¢ nhiét d6 phong, ¢6 dic dung dich trong chin
khéng va tinh ché biang HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm,
Sum, cot C18; vai chét diéu bién axit formic 0,1% ACN- nudc, 60ml/phut), dé thu hop
chit tiéu dé (17,5mg, 49%) & dang bot mau tring. LCMS: R, = 0,30 min, m/z = 592,2
(M+1) Phuong phap 2m_¢6 tinh axit; 'H NMR (400MHz, D,0) 86,97 (s, 1H), 5,31 (d,
J=5,9Hz, 1H), 4,74 (dtd, J=9,3, 5,9, 3,2 Hz, 1H), 4,5 (ddd, J=9,2, 5,9, 3,1 Hz, 1H),
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3,86 (t, J = 9,3 Hz, 1H), 3,66 (dd, J = 15,0,9,5 Hz, 1H), 3,53 (dd, J = 15,5, 3,2 Hz,
1H), 3,47-3,34 (m, 3H), 1,39 (s, 3H), 1,37 (s, 3H).

Vi du 25: axit 1-(((Z)-(2-(((2R,3S)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-
yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.

Bude 1: tert-butyl (((R)-3-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2-
oxooxazolidin-5-yl)metyl)carbamat. Piéu ché theo phuong thirc tuong tu véi vi du 4,
bude 3 sir dung chét trung gianU (1,16g, 2,28mmol) va Pd trén C (10%, 246mg) trong
EtOH:MeOH (5:1, 3ml) trong 19 gi&. San phdm thd dugc sir dung ludn cho budre sau.

Budce 2: Benzhydryl 1-(((2)-(2-(((2R,38)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)-thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (1,0ml, 5,72mmol) vao
dung dich chira axit (Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic(1,29¢g, 2,28mmol) va HATU (909mg,
2,39mmol) trong DMF:DCM (3:1, 9,0ml) & 0°C. Sau 15 phut khue”iy & 0°C, Thém tert-
butyl (((R)-3-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2-oxooxazolidin-5-
yl)metyl)carbamat (715mg, 2,28mmol) & dang dung dichtrong DMF:DCM (1:1,
9ml),tiép theo, rira bang DMF (1,5ml). Sau 1,2 gid & nhiét 6 phong pha lodng né
bang EtOAc va rira bang LiCl (5% aq). Chiét 16p nudc bing EtOAc (3x) va rira cac
16p hitu co két hop bang LiCl (5% aq), NaHCO; (aq satd), nudc mudi, sdy qua Na,SO,
va ¢b dic trong chan khong. Tinh ché sin phim thé qua sic ky silicagel (EtOAc-
Heptan, 5-90%) dé thu hop chat tidu dé (1,357g, 72%) & dang chit rin mau tring.
LCMS: R; = 1,04 min, m/z = 834,4 (M+1) Phuong phap 2m_c¢ tinh axit.

Budce 3: axit (2R,3S)-3-((Z2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)-metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-sulfonic.
Xu ly benzhydryl 1-(((2)-(2-(((2R,35)-2-(((R)-5-(((tert-butoxycarbonyl)amino)metyl)-

2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((tert-
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butoxycarbonyl)amino)-thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(1,357g, 1,627mmol) trong DMF (8,1ml) ¢ 0°Cbang SO;*DMF (748mg,4,88mmol).
Sau 2 gior khudy & nhiét d6 phong, pha loang dung dich bing EtOAc/LiCl (5% aq) va
phén tach cac 16p. Chiét 16p nuéc bing EtOAc (3x) va rira cic 16p hitu co két hop
bang LiCl (5% aq), nudc mudi, sdy qua Na,SO,4va co dic trong chan khong, dé thu
hop chét tiéu @& (dinh lugng gid dinh) & dang chit rdn. LCMS: Rt = 0,96 min, m/z =
914,4 (M+1) Phuong phap 2m_c¢06 tinh axit.

Bude 4: axit 1-(((Z)-(2-(((2R,3S)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Theo quy trinh chung dé loai bd bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)-metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin- 1-sulfonic
(725mg, 0,794mmol), DCM (8,0ml) va TFA (3,7ml, 48,0mmol). Tinh ché san phdm
tho bang HPLC thu san phim pha déo (XSelect CSH, 30 x 100mm, 5pm, cot C18; véi
chit diéu bién axit formic 0,1% ACN- nudc, 60ml/phut), dé thu hop chét tiéu dé
(231mg, 52%) & dang bot mau tring. LCMS: R, = 0,41 min, m/z = 548,1 (M+1)
Phuong phép 2m_c6 tinh axit_phén cuc; '"H NMR (400MHz, DMSO-dg) 89,18 (d, J =
8.8 Hz, 1H), 8,00 (t, J = 5,8 Hz, 3H), 6,83 (s, 1H), 5,22 (dd, J = 8,8, 5,9 Hz, 1H), 4,68
(tdd, J=9,0, 5,8, 3,4 Hz, 1H), 4,24 (ddd, J=9.,3, 5.9, 3,6 Hz, 1H), 3,75 (t, J= 8,8 Hz,
2H duoc gia thiét; bi che khudt bai nudc), 3,61 (dd, J = 8.7, 5,8 Hz, 2H dugc gia thiét;
bi che khuit béi nudc), 3,41 (dd, J = 14,7, 9,0 Hz, 1H), 3,30 (dd, J = 14,7, 3,7 Hz,
1H), 3,25-3,05 (m, 2H), 1,40-1,27 (m, 4H),1H NMR (400MHz, D,0) 6 7,18 (d,/=2.4
Hz, 1H), 5,45 (d, J = 5.8 Hz, 1H), 5,02-4,93 (m, 1H), 4,70 (ddd, J = 9,2, 5.8, 3,7 Hz,
1H), 4,04 (t, /= 9,2 Hz, 1H), 3,78 (dd, J = 15,0, 9,0 Hz, 1H), 3,60-3,56 (m, 1H), 3,54
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(dd, J = 11,3, 3,6 Hz, 1H), 3,40 (s, 1H), 3,38 (d, J = 2,0 Hz, 1H), 1,57-1,49 (m, 2H),
1,49-1,40 (m, 2H).

Vi du 26: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((R)-5-
(guanidinometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Thém DIPEA (1,20mL, 8,06mmol) vao dung dich chtra axit 1-(((Z)-(2-
(((2R,3S)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-
3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropan-
carboxylic  (0,795mmol) va  pyrazol-1-carboxamidinhydroclorua  (234,8mg,
1,602mmol) trong DMF (7,0ml). Sau 19 gi¢ khudy & nhiét d6 phong, c¢6 dic dung dich
trong chan khong va tinh ché bang HPLC thu san pham pha dao (XSelect CSH, 30 x
100mm, 5pm, cot C18; véi chit diéu bién axit formic 0,1% ACN- nudc, 60ml/phut),
dé thu hop chét tiéu dé (177mg, 37%) & dang bot mau tring. LCMS: R, = 0,47 min,
m/z = 590,1 (M+H) Phuong phép 2m c6 tinh axit phan cuc;; '"H NMR (400MHz,
DMSO-dy) 89,15 (d, J = 8,9 Hz, 1H), 7,62 (br s, 1H), 7,24 (s, 3H), 6,81 (s, 1H), 5,23
(dd, J = 8,9, 5,9 Hz, 1H), 4,60-4,51 (m, 1H), 4,23 (ddd, J = 9,0, 5,8, 3,7 Hz, 1H), 3,70
(t, J = 8,8 Hz, 1H), 3,52 (dd,J = 8,8, 5,4 Hz, 1H), 3,49-3,44 (m, 1H), 3,43-3,34 (m,
3H), 1,38-1,24 (m, 4H).

Vi du tham khéao 27: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-y1)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylic.

Bude 1: fert-butyl ((1-(((2R,3S5)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,3-
triazol-4-yl)metyl)carbamat. Thém chét trung gianS (1,11g, 2,58mmol) tét ca trong
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mot l4n vao huyén phu cua paladitrén cacbon (823mg, 0,774mmol) trong
EtOAc/MeOH (5:1, 16,8ml). Xa khi va nap ddy lai hé thong nay bang H, (3x). Sau khi
khudy trong 19 gior pha loang hdn hop nay bang EtOAc, loc qua xelit, rira bang
MeOH-EtOAc (20%, 100mL x3) va c6 dédc trong chan khong, thu duge hop chét tiéu
dé & dang tho(730mg) & dang chit bot mau tring nhat. LCMS: R, = 0,37 min, m/z =
297,0 (M+1) Phuong phap 2m_c¢ tinh axit.

Budce 2: Benzhydryl 1-(((2)-(2-(((2R,3S5)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (1,08ml, 6,16mmol) sau
d6 Thém HATU (0,984g, 2,59mmol) vao huyén phu dic cua axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (1,32g, 2,46mmol) trong DCM (12mL) &
0°C. Lam 4m hdn hop phan tmg dén nhiét d6 phong va Thém fert-butyl ((1-(((2R,3S)-
3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,3-triazol-4-yl)metyl)carbamat (0,73g,
2,5mmol) & dang dung dich trong DCM:DMF(1,7:1, 9,6mL). Sau khi khuéy trong 1,3
gi®, quan sét thdy sy thay doi mau sic tir vang sang tim ddm, ngay sau do, pha lodng
n6 bang DCM, rira bang nudc, nudc mudi, siy qua natri sulfat va cd dic trong chén
khong. Tinh ché san phim tho bang sic ky silicagel (EtOAc-Heptan, 0-90%), dé thu
hop chit tiéu dé (1,62g, 81%) & dang bot mau tim. LCMS: R, = 1,05 min, m/z = 816,5
(M+1) Phuong phép 2m_c6 tinh axit.

Buéc 3: axit (2R,3S)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic.
Thém phirc SO3*DMF (2,97g, 19,4mmol) vao dung dich chira benzhydryl 1-(((Z)-(2-
(((2R,35)-2-((4-(((tert-butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol- 1 -yl )metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (1,58g, 1,94mmol) trong DMF (15ml).
Sau khi khudy 45 phut, pha lodng n6 bing EtOAc (120ml), nuée mudi (80ml), nude
(40mL) va phén téch céc 16p. Chiét 16p nuée bang EtOAc (2 x 20ml) va rira cac 16p
hiru co két hop, sdy qua Na,SO, va ¢6 dic trong chén khong dé thu hop chét tiéu dé
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(dinh hrong gia dinh) & dang bot mau tim. LCMS: R, = 0,96 min, m/z = 896,4 (M+1)
Phuong phap 2m_c6 tinh axit.

Bugc 4: axit 1-(((Z)-(2-(((2R,35)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1 -(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit str dung axit (2R,3S)-3-((Z)-
2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(1,74g, 1,94mmol), DCM (19,4ml) va TFA (8,95ml, 116mmol). Sau 3 gid & nhiét 4o
phong, né dugc giam nhiét xubng 0°C va bd sung Thém TFA (200ul, 2,6mmol), ngay
sau dolam 4m né dén nhiét d6 phong. Sau 1 gio nira & nhiét do phong, né dugc giam
nhiét xuéng 0°C va bd sung Thém TFA (200ul, 2,6mmol), lam Am lai dén nhiét do
phong. Sau khi Thém 1 gio & nhiét do phong,pha lodng n6 bing DCM va ¢6 dic trong
chan khéng. Tinh ché mot ntra san phdm tho bing HPLC thu san phdm pha dao
(XSelect CSH, 30 x 100mm, Sum, ¢t C18; vai chét diéu bién axit formic 0,1% ACN-
nudce, 60ml/phut), dé thu hop chét tiéu dé (140mg, ca 23%) & dang bot mau tring.
LCMS: R; = 0,27 min, m/z = 530,1 (M+1) Phuong phap 2m_c¢ tinh axit; 'H NMR
(400MHz, D,0) 6 8,07 (s, 1H), 7,08-6,99 (m, 1H) 5,42-5,31 (m, 1H),4,88-4,74 (m, 2H
dugc gia thiét; bi che khuat mot phan boi dinh ciia dung méi du), 4,74-4,68 (m,
1H),4,20 (s, 2H), 1,36-1,23 (m, 2H),1,23-1,07 (m, 2H).

Vi du tham khdo 28: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
(guanidinometyl)-1H-1,2,3-triazol- 1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-xyclopropancarboxylic.
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Thém DIPEA (1,48ml, 8,45mmol) vao dung dich chira axit 1-(((Z)-(2-
(((2R,3S)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2  oxoetyliden)amino)oxy)xyclopropan-carboxylic
(559mg, 1,06mmol) va pyrazol-1-carboxamidinhydroclorua (310mg, 2,12mmol) trong
DMF (12ml). Sau khi khudy 16 gio, & nhiét do phong, pha loing dung dich bing
toluen (20mL), khién diu dic dwoc phén tach. Chiét 16p bé trén va tinh ché phin dau
con lai bing HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm, 5um, cot C18;
v6i chit didu bién axit formic 0,1% ACN- nudc, 60ml/phit), dé thu hop chét tidu dé
(240mg, 39%) & dang bot mau tréng. LCMS: R; = 0,28 min, m/z = 572,0 (M+H)
Phuong phap 2m_c6 tinh axit; '"H NMR (400MHz, D,0) 58,09 (s, 1H), 7,18 (s, 1H),
5,52 (d, J = 5,4 Hz, 1H), 4,97 (dd, J = 14,1, 5,5 Hz, 1H), 4,91 (q, J = 5,5 Hz, 1H),
4,84-4,76 (m, 2H dugc gia thiét; bi che khuat mot phan béi dinh cia dung méi du), 4,5
(s, 2H), 1,49-1,36 (m, 2H), 1,34-1,23 (m, 2H).. Ciing thu dugc chit ddng phan dang E.
LCMS: R; = 0,32 min, m/z = 572,0 (M+H) Phuong phap 2m c6 tinh axit. 'H NMR
(400MHz, DMSO-d¢) 6 9,37 (d, J = 9,6 Hz, 1H), 8,11 (s, 1H), 7,41 (s, 1H), 7,13 (s,
2H), 6,50 (s, 1H), 5,18 (dd, J = 9,6, 5,3 Hz, 1H), 4,97 (d, J= 13,5 Hz, 1H), 4,76-4,58
(m, 1H), 4,52 (dd, J = 16,11, 7,70 Hz, 1H), 4,26-4,05 (m, 2H), 1,86-2,08 (m, 1 H),
1,34-1,07 (m, 6 H).

Vi du tham khao 29: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
0x0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)propanoic.
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Buéde 1: (R)-tert-butyl 2-clopropanoat. Pugc didu ché theo Wright et al.
Tetrahedron Lett,1997, 38, 7345. Napmagie sulfat (4,21g, 35,0mmol) va DCM
(43,8ml) vao binh thiy tinh dung tich 500ml. Thém ting giot axit sulfuric (486pul,
8,75mmol) vao huyén phil nay, cing véi khudy manh. Sau khi khudy 15 phit, Thém
axit (R)-2-clopropanoic (950mg, 8,75mmol), sau d6 Thém fert-butanol (4,20ml,
43,8mmol). Binh nay dugc han kin va khudy & nhiét 4o phong trong 19 gid, ngay sau
d6, Thém cin thin natri bicarbonat (aq satd, 100mL), dén diém t4t ca cic chit rin
duogc hoa tan. Phén tach cac 16p va chiét 16p nude bing DCM (2x). Rira cic 16p hitu co
két hop béng nude mubi, séy qua Na,SO, va ¢d déc trong chin khong (nhiét do cia mé
1a 20°C, 50mBar) d& thu hop chét tiéu dé (1,36g, 94%) & dang diu mau hdng nhat.'H
NMR (500MHz, CDCl;) 64,29 (q, J= 6,9 Hz, 1H) 1,65 (d, J= 6,9 Hz, 3H) 1,49 (s, 9H).

Budc 2: (S)-tert-butyl 2-((1,3-dioxoisoindolin-2-yl)oxy)propanoat. Pugc diéu
ché theo Yamawaki et al. Bioorg. Med. Chem,2007, 15, 6716. Thém (R)-tert-butyl 2-
clopropanoat (522mg, 3,17mmol) vao huyén phil dic ciia N-hydroxyphtalimit (517mg,
3,17mmol) va kalicarbonat (657mg, 4,76mmol) trong DMF (4,5ml). B6 sung Thém
DMEF (4,5ml), sau khi nhin thiy huyén phi dic. Sau khi khudy trong 5 ngay, pha loing
n6 bang EtOAc va rét vao trong dung dich LiCl (5% ag, 90ml). Chiét 16p nu6c bing
EtOAc (3x) va rira cic 16p hitu co két hop bang LiCl (5% aq), nudc mudi, sdy qua
Na,SO,4 va ¢b dic trong chan khong. Tinh ché san phim thd bang sic ky silicagel
(EtOAc-Heptan, 0-50%), dé thu hop chét tiéu dé (348mg, 38%) & dang chét rin mau
trang. LCMS: R, = 0,89 min, m/z = 314,0 (M+23) Phwong phap 2m_c6 tinh axit; 'H
NMR (400MHz, CDCls) ¢ 7,87-7,81 (m, 2H), 7,75 (dd, J = 5,5, 3,1Hz, 2H), 4,79 (q, J
=6,8 Hz, 1H), 1,61 (s, 3H), 1,46 (s, 9H).

Budce 3: (S)-tert-butyl 2-(aminooxy)propanoat. Thém metyl hydrazin (13,5pul,
0,252mmol) vao dung dich chta (S)-terr-butyl 2-((1,3-dioxoisoindolin-2-
yl)oxy)propanoat (73,3mg,0,252mmol) trong DCM (Volume: 500ul) & 0°C. Sau khi
khudy trong 3 gior & 0°C, loc bod chét rin va ¢6 dac dich loc trong chan khong, dé thu
hop chét tiéu dé (dinh lwong gia dinh) & dang dau trong.

Budgc 4: (S)-tert-butyl 2-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-y)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-propanoat. Thém dung dich chaa (S)-fert-butyl 2-

(aminooxy)propanoat (24mg, 0,15mmol) trong DCM (300ul) vao dung dich chira chét
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trung gianE (62,2mg, 0,148mmol) trong MeOH (1ml) & 0°C. Sau khi khudy trong 6
ngay, Thém axit axetic (8,5ul, 0,15mmol). Sau 4 ngéy,bé sung Thém axit axetic (8,5ul,
0,15mmol). Sau 24 gid tiép theo, ¢6 dic mdt phan trong chan khong,sau d6 pha lodng
bing EtOAc/nuée. Phén tich cac 16p va rira 16p hitu co bing nudc mudi, sdy qua
Na,SO4va ¢b dic trong chén khong. Tinh ché san phdm thd bing sic ky silicagel
(MeOH-DCM, 0-10%), d& thu hop chét tiéu dé (20,2mg, 24%) & dang chat rin mau
tring. LCMS: R, = 0,81 min, m/z = 565,1 (M+1) Phuong phap 2m_cé tinh axit.

Bude 5: axit (2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((((S)-1-(tert-
butoxy)-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-
yl)axetamido)-4-oxoazetidin-1-sulfonic. Thém SO;*DMF (54,8mg, 0,358mmol) vao
dung dich chwta (S)-tert-butyl 2-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)propanoat (20,2mg, 0,036mmol) trong DMF (400ul). Sau khi
khudy 2,5 gid,pha logng n6 bing EtOAc/LiCl (5% aq) va phén tach céc 16p. Chiét 16p
nude bing EtOAc (3x) va rira cdc 16p hiru co két hop bang LiCl (5% aq), nude mudi,
sdy qua Na,SO4 va ¢6 dic trong chan khong, dé thu hop chét tiéu dé (dinh luong gia
dinh) & dang chét rin mau tring. LCMS: R, = 0,74 min, m/z = 645,3 (M+1) Phuong
phap 2m_c6 tinh axit.

Budc 6: axit (S)-2-(((Z2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy )propanoic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit st dung axit (2R.3S)-2-
((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((((S)- 1-(tert-butoxy)- 1 -oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-1-sulfonic (23mg, 0,036mmol), DCM (357ul) va TFA (165ul, 2,14mmol).
Tinh ché san pham thé bang HPLC thu san pham pha dao (XSelect CSH, 19 x 100mm,
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5um, cdt C18; véi chit didu bién axit formic 0,1% ACN- nuée, 24ml/phit), dé thu hop
chét tiéu d& (7,9mg, 36%) & dang bot mau trang. LCMS: R, = 0,40 min, m/z = 489,0
(M+1) Phuong phép 2m_c¢ tinh axit_phén cuc; 'H NMR (400MHz, D,0) & 8,69 (s,
1H), 8,18 (s, 1H), 7,20 (s, 1H), 5,54 (d, J = 5,7 Hz, 1H), 4,96-4,67 (m, gi4 thiét 4H; bi
che khuét mot phin bai dinh cta dung mai du), 1,44 (d, J=7,0 Hz, 3H).

Vi du tham khao 30: axit (R)-2-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-y1)-2-

oxoetyliden)amino)oxy )propanoic.

Budc 1: (S)-tert-butyl 2-clopropanoat. Diéu ché theo Wright et al. Tetrahedron
Lett, 1997, 38, 7345. Nap magie sulfat (21,7g, 18 1mmol) va DCM (182ml) vao binh
thity tinh dung tich 500ml. Thém ting giot axit sulfuric (2,5ml, 45mmol) vao huyén
phi ndy, ciing v&i khudy manh. Sau khi khudy 15 phat, Thém axit (S)-2-clopropanoic
(5,0g, 45mmol), sau dé6 Thém tert-butanol (21,6ml, 226mmol). Han kin binh nay va
khudy & nhiét d6 phong trong 19 gid, ngay sau d6, n6 duwge giam nhiét xudng 0°C va
Thém tir tir natri bicarbonat (aq satd, 350ml), dén diém tit ca cac chét rin duoc hoa
tan. Phén tach cac 16p va chiét 16p nudc bing DCM (2x). Rura cac 16p hiru co két hop
béng nude mudi, séy qua Na,SO,4 va c6 dac trong chan khong(nhiét d¢ cia mé 1a 20°C,
50mBar) dé thu hop chét tiéu dé (7,64g, 96%) & dang ddu mau vang sang (do tinh sach
93%). Dir liéu "H NMR tring khép hoan toan véi chit ddng phan dbi anh dugc didu

ché trudce do.

Budgce 2: (R)-tert-butyl 2-((1,3-dioxoisoindolin-2-yl)oxy)propanoat. Thém (S)-
tert-butyl 2-clopropanoat (4,30g, 24,3mmol) vao huyén phu dic cia N-
hydroxyphtalimit (3,71g, 22,1mmol) va kalicarbonat (4,58g, 33,1mmol) trong DMF
(55ml). Sau khi khudy 72 gid, gia nhiét huyén phu dic dén 40°C trong khoang thoi
gian bd sung 1a 16 gid, & thoi diém nay, pha lodng né bing EtOAc/LIiCl (5% aq) va
phéan tach cac 16p. Chiét 16p nudce bing EtOAc (2x) va rira cac 16p hitu co két hop
bang LiCl (5% aq), nudc mudi, sdy qua Na,SO, va ¢ dic trong chan khéng, dé thu
hop chit tiéu dé (5,452, 85%) & dang chét rin mau trang nhat. LCMS: R, = 0,88 min,
m/z = 313,9 (M+23) Phuong phap 2m_cd tinh axit.
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Bude 3: (R)-tert-butyl 2-(aminooxy)propanoat. Thém metyl hydrazin (12,8pl,
0,239mmol) vao dung dich chta (R)-tert-butyl 2-((1,3-dioxoisoindolin-2-
yl)oxy)propanoat (69,6mg, 0,239mmol) trong DCM (478ul) & 0°C. Sau khi khudy
trong 3 gio ¢ 0°C, loc bd chét rin va c6 dic dich loc trong chan khong, dé thu hop chét
tiéu d& (dinh luong gia dinh) & dang diu trong.

Budce 4: axit (2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((((R)-1-(tert-
butoxy)-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-
yl)axetamido)-4-oxoazetidin-1-sulfonic. Thém dung dich chira (R)-tert-butyl 2-
(aminooxy)propanoat (38,5mg, 0,239mmol) trong DCM:MeOH (2:1, 600puL) sau do
Thém dung dich rira DCM (400ul) vao dung dich chira chét trung gian F (110mg,
0,219mmol) trong MeOH (2ml) & 0°C. Sau khi khudy trong 16 git, ¢6 diic mdt phén
trong chan khéngsau d6 pha lodng bang EtOAc/nudc va phén tach cac 16p. Chiét 16p
nude bang EtOAc (2x) va siy ria cac 16p hitu co két hop qua Na,SO, va ¢6 dic trong
chan khong, dé thu hop chit tiéu dé (dinh luong gia dinh) & dang chét rin mau tring.
LCMS: R; = 0,74 min, m/z = 645,3 (M+1) Phuong phap 2m_c¢ tinh axit.

Buéce 5: axit (R)-2-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)propanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sit dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((((R)-1-(tert-butoxy)- 1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-1-sulfonic (141mg, 0,219mmol), DCM (2,19ml) va TFA (1,0ml,
13mmol). Tinh ché san phdm thd bang HPLC thu san phim pha déo (XSelect CSH, 30
x 100mm, Sum, ¢t C18; voi chét diéu bién axit formic 0,1% ACN- nudc, 60ml/phat),
dé thu hop chét tiéu dé (35,5mg, 29%) & dang bot mau tréng. LLCMS: R; = 0,42 min,
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m/z = 489,0 (M+1) Phuong phép 2m_cé tinh axit phén cuc; 'H NMR (400MHz, D,0)
58,58 (s, 1H), 8,06 (s, 1H), 7,06 (s, 1H), 5,41 (d, J = 5,6 Hz, 1H), 4,81-4,52 (m, gia
thiét 4H; bi che khuit mot phan boi dinh dung méi), 1,29 (d, J= 7,0 Hz, 3H).

Vi du tham khéao 31: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-(piperidin-4-yl)carbamimidoyl)-phenoxy)propanoic.

Busc 1: tert-butyl  4-(4-((S)-2-(((2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-
yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)-3-(benzhydryloxy)-3-
oxopropoxy )benzimidamido)piperidin-1-carboxylat. Thém DIPEA (44,8ul,
0,256mmol) vao dung dich chira axit(S,2)-2-(((1-(benzhydryloxy)-3-(4-(N-(1-(tert-
butoxycarbonyl)piperidin-4-yl)carbamimidoyl)phenoxy)-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (Pugc diéu ché
theo W02013110643, 72mg,0,085mmol), (3S5,4R)-4-((1H-1,2,4-triazol-1-yl)metyl)-3-
aminoazetidin-2-on (15,7mg, 0,094mmol) va HATU (42,2mg, 0,111mmol) trong DMF
(854pl). Sau khi khudy trong 3 gio pha lodng né bing EtOAc, rira bing nudc,
NaHCO; (aq satd), nuéc mudi, sdy qua Na,SO, va cd dic trong chan khong, dé thu
hop chit tiéu dé (82mg, 87%) & dang 16p mong mau 6-liu.LCMS: R, = 0,97 min, m/z
=992,5 (M+1) Phuong phap 2m_c¢6 tinh axit.

Buéc 2: axit (2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-3-((Z)-2-((((S)-1-
(benzhydryloxy)-3-(4-(N-(1-(tert-butoxycarbonyl)piperidin-4-
yl)carbamimidoyl)phenoxy)-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xir ly fert-
butyl 4-(4-((S)-2-((2)-(2-(((2R.3S)-2-((1H-1,2 4-triazol-1-yl)metyl)-4-oxoazetidin-3-
yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
3-(benzhydryloxy)-3-oxopropoxy)benzimidamido)piperidin-1-carboxylat (99mg,
0,10mmol) trong DMF (500ul) bangSO5;*DMF (45,9mg, 0,299mmol). Sau khi khudy
trong 40 phut,bd sung Thém SO;*DMF (45,9mg, 0,299mmol). Sau 1,3 gio,bd sung
Thém SO;*DMF (45,9mg, 0,299mmol). Sau khi khudy Thém trong 30 phit,rét dung

dich vao trong nude mudi nude da va chiét bing EtOAc. Phan tach céc 16p va sdy 16p
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hitu co qua Na,SO,va ¢o dic trong chan khong, dé thu hop chét tiéu dé (dinh luong gia
dinh) & dang chit rin mau tring nhat. LCMS: R, = 0,97 min, m/z =1073,1 (M+1)
Phuong phdp 2m_c6 tinh axit.

Budce 3: axit (S)-2-(((Z)-(2-(((2R,3S5)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-(4-(N-
(piperidin-4-yl)carbamimidoyl)-phenoxy)propanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (2R,3S)-
2-((1H-1,2,4-triazol-1-yl)metyl)-3-((2)-2-((((S)-1-(benzhydryloxy)-3-(4-(N-(1-(tert-
butoxycarbonyl)piperidin-4-yl)carbamimidoyl)phenoxy)-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-1-sulfonic (0,085mmol), DCM (850ul) va TFA (327ul, 4,25mmol). Tinh
ché san phdm tho bing HPLC thu san phdm pha dao (XSelect CSH, 19 x 100mm,
Sum, cot C18; vai chit didu bién axit formic 0,1% ACN- nuéc, 24ml/phut), dé thu hop
chit tiéu dé (12mg, 17%) & dang bdt mau tring. LCMS: R, = 0,41 min, m/z = 706,2
(M+1) Phuong phap 2m_c6 tinh axit phan cuc; 'H NMR (400MHz, DMSO-dj) 89,55
(d, J= 7,4 Hz, 1H) 9,40 (br s, 1H) 9,01 (br s, 1H) 8,53-8,71 (m, 1H) 8,41 (s, 1H) 7,92
(s, 1H) 7,67 (d, J=9,0 Hz, 2H) 7,21 (br s, 2H) 7,03 (d, /=7,8 Hz, 1H) 6,76 (s, 1H) 5,17-
5,24 (m, 1H) 4,94 (d, J= 3,9 Hz, 1H) 4,46-4,53 (m, 2H) 4,37-4,45 (m, 1H) 4,25-4,32
(m, 1H) 3,88 (brs, 1H) 3,39 (br s, 4H) 2,92 (t, J= 11,5 Hz, 2H) 2,05-2,14 (m, 2H) 1,79
(d, J/=11.0 Hz, 2H).

Vi du tham khdo 32: axit 1-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-oxo0-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclobutancarboxylic.
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LCMS: R, = 0,58 min, m/z = 515,0 (M+1) Phuong phép 2m_c¢ tinh axit phan
cuc; '"H NMR (400MHz, D,0) & 8,75 (s, 1H), 8,22 (s, 1H), 7,23 (s, 1H), 5,56 (d, J =
5,6 Hz, 1H), 4,95-4,85 (m, 2H), 4,86-4,82 (m, 2H dugc gia thiét; bi che khuit mot
phin béi dinh ctia dung moi du), 4,78-4,70 (m, 2H dugc gia thiét; bi che khuait mot
phin béi dinh ctia dung méi du), 2,61-2,46 (m, 2H), 2,38-2,27 (m, 2H), 2,00-1,89 (m,
2H).

Vi du tham khdo 33: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(xyanometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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LCMS: R, = 0,57 min, m/z = 542,1 (M+1) Phuong phap 2m_c6 tinh axit phin
cuc;'H NMR (400MHz, DMSO-dg) 89,19 (d, J= 9,0 Hz, 1H), 7,71 (s, 1H),6,65 (s,
1H),5,43-5,23 (m, 1H),4,93-4,84 (m, 1H),4,76-4,67 (m, 1H), 4,47 (ddd, J= 8,71, 5.4,
3,5 Hz, 1H), 4,07 (d, J= 1,6 Hz, 2H),1,35 (s, 6H).

Vi du tham khdo 34: axit 2-(((Z)-(2-(((2R,3S)-2-((3-amino-1H-pyrazol-1-yl)metyl)-4-
0xo0-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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LCMS: R, = 0,50 min, m/z = 517,3 (M+1) Phuong phép 2m_c¢ tinh axit_phan
cuc; 'H NMR (400MHz, D,0) §7,54 (d, J = 2,5Hz, 1H), 6,97 (s, 1H), 6,00 (d, J = 2,4
Hz, 1H), 5,40 (d, J= 5,8 Hz, 1H), 4,69 (q, J = 5,5 Hz, 1H), 4,43 (d, J = 5,4 Hz, 2H),
1,31 (d, /= 1,8 Hz, 6H).

Vi du tham khéo 35: axit 2-(((Z)-(2-(((2R,3S)-2-((4-amino-1H-pyrazol-1-yl)metyl)-4-
0x0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.

(0]
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LCMS: R; = 0,39 min, m/z = 517,1 (M+1) Phuong phap 2m cé tinh axit phin
cuc; 'H NMR (400MHz, D,0) 87,86 (s, 1H), 7,56 (s, 1H),6,90 (s, 1H), 5,35 (d, J=5,9
Hz, 1H),4,72-4,67 (m, 1H),4,54-4,49 (m, 2H), 1,28 (s, 3H), 1,27 (s, 3H).

Vi du tham khao 36: (2R,35)-3-((£)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-((4-((1-metylpyrolidin-1-ium-1-yl)metyl)-2H-1,2,3-

triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonat.
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LCMS: R = 0,55 min, m/z = 600,3 (M+) Phuong phdp 2m_c¢ tinh axit_phéan
cuc; 'H NMR (400MHz, DMSO-dg) 512,50 (s, 1H), 9,34 (s, 1H), 7,94 (s, 1H), 7,27 (s,
2H), 6,72 (s, 1H), 5,33 (dd, J = 8,6, 5,6 Hz, 1H), 4,82 (dd, J= 15,1, 9,2 Hz, 1H), 4,69-
4,53 (m, 4H), 3,60-3,50 (m, 2H), 3,46-3,33 (m, 2H), 2,95 (s, 3H), 2,14-2,00 (m, 4H),
1,35 (s, 3H), 1,29 (s, 3H).

Vi du tham khido 37: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
((carbamoyloxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.
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LCMS: R; = 0,53 min, m/z = 576,0 (M+1) Phuong phap 2m_c6 tinh axit phan
cuc; 'H NMR (400MHz, DMSO-dg) 89,23 (d, J = 9,3 Hz, 1H), 7,70 (s, 1H), 6,74 (s,
1H), 6,59 (br s, 2H), 5,31 (dd, J=9,2, 5,4 Hz, 1H), 4,94 (s, 2H), 4,91 (dd, J = 14,3, 3,2
Hz, 1H), 4,72 (dd, J = 14,2, 9,0 Hz, 1H), 4,42 (ddd, J = 8,8, 5,5, 3,1 Hz, 1H), 1,38 (s,
3H), 1,37 (s, 3H).

Vi du tham khdo 38: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-o0x0-2-(((3S,4R)-2-0xo0-1-
sulfo-4-((4-((sulfooxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)azetidin-3-

yl)amino)etyliden)amino)oxy)-2-metylpropanoic.
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LCMS: R, = 0,43 min, m/z = 612,9 (M+1) Phuong phap 2m_c¢ tinh axit phan
cuc; '"H NMR (400MHz, D,0) & 7,71 (s, 1H), 6,96-7,11 (m, 1H), 5,40 (d, J= 5,5 Hz,
1H),4,98 (s, 2H), 4,93-4,65 (m 3H gia thiét; bi che khuidt mot phan béi dinh cua dung
mdi du), 1,34 (s, 6H).

Vi du tham khao 39: axit 2-(((Z)-(2-(((2R,3S)-2-((2-amino-4,5-dihydro-1H-imidazol-
1-yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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LCMS: R, = 0,30 min, m/z = 520,1 (M+1) Phuong phap 2m_c6 tinh axit; 'H
NMR (400MHz, DMSO-d;) 6 12,63 (br s, 1H) 9,12 (d, /= 8,6 Hz, 1H) 7,74 (d, J= 15,3
Hz, 3H) 7,31-7.49 (m, 2H) 6,77 (s, 1H) 5,22 (dd, J= 8.5, 5,8 Hz, 1H) 4,24 (dt, J= 17,1,
5,3 Hz, 1H) 3,76-3,85 (m, 1H) 3,59-3,73 (m, 2H) 3,43-3,55 (m, 3H) 1,43 (s, 3H) 1,41,
(s, 3H).

Vi du tham khido 40: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((E)-2-
(xyanoimino)imidazolidin-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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LCMS: R; = 0,33 min, m/z = 544.0 (M+1) Phuong phdp 2m_c¢ tinh axit; 'H
NMR (500MHz, DMSO-dg) 69,29 (d, /= 9,1 Hz, 1H) 7,74 (br s, 1H) 6,85 (s, 1H) 5,20
(dd, /= 8.8, 5,7 Hz, 1H) 4,10-4,17 (m, 1H) 3,72-3,81 (m, 1H) 3,62 (dd, J=14,7, 6,8 Hz,
1H) 3,48-3,56 (m, 1H) 3,31-3,42 (m, 3H) 1,43 (s, 3H) 1,41, (s, 3H).

Vi du tham khéo 41: axit 2-(((Z)-(2-(((2R,35)-2-((4-(2-aminoetyl)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic
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Budc 1: axit (2R,3S5)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(2-
((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-
sulfonic. Thém CuSOy (13mg, 0,079mmol) va natri L-ascorbat (32mg, 0,16mmol) vao
hon hop ciia chit trung gianK(100mg, 0,158mmol) va tert-butyl but-3-yn-1-
ylcarbamat (54mg, 0,32mmol) trong DMSO: nudce: tert-butanol (1: 1: 1, 3ml). Sau khi
khudy qua dém.pha loang hdn hop nay bang EtOAc va nudc. Phan tach cac l6p va
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chiét 16p nudc bang bang EtOAc (3x). Rira céc 16p hitu co két hop bang nudc, nudc
mudi, sdy qua Na,SO4 va cd dic trong chin khong. Rira phén thu duoc bing dietyl
ete/pentan, thu hop chét tiéu dé (80mg, 63%) & dang chét rin mau tring. LCMS: m/z =
799,8 (M-1).

Budc 2: axit 2-(((Z)-(2-(((2R,3S)-2-((4-(2-aminoetyl)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoic. Thém TFA: DCM (1:1, 4,2ml), sau do
Thém trietylsilan (65ul, 0,411mmol) vao dung dich chtra axit (2R,35)-3-((Z)-2-(((1-
(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(110mg, 0,137mmol) trong DCM (1,4ml) & 0°C. Khudy hén hop phan tingé 0°C trong
30 phut va lam 4m tir tir &én nhiét do phong. Sau 2 gior & nhiét d6 phong, c6 dic nd
trong chan khong va nghién nhé bang MTBE:Heptan (1:2) ngay sau d6,quan sat thiy
chit ran. Tinh ché cht rin thé nay bang HPLC thu sin phim pha dao(cot C18, hé
théng dung méi axetonitril: nudevai chit diéu bién axit formic 0,1%) dé thu hop chét
tiéu dé (5mg, 7%); LCMS: m/z = 543,9 (M-1); 'H NMR (400MHz, MeOH-d,) 88,06
(s, 1H), 6,95 (s, 1H), 5,44 (d, J= 5,8 Hz, 1H), 4,66 (q, J = 6,0 Hz, 1H), 4,95-4,83 (m,
2H dugc gia thiét; bi che khuét boi nudc), 3,29-3,24 (m, 2H), 3,07 (t, J= 6,5 Hz, 2H),
1,54 (s, 3H), 1,52 (s, 3H).

Vi du tham khao 42: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-
((4-(2-(piperazin-1-yl)etyl)-1H-1,2,3-triazol-1-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)-2-metylpropanoic

Buéc 1: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(2-(4-
(tert-butoxycarbonyl)piperazin-1-yl)etyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-
1-sulfonic. Thém CuSO4 (2,5mg, 0,016mmol) va natri L-ascorbat (5Smg, 0,15mmol)
vao dung dich ciia chét trung gian K (90mg, 0,142mmol) va tert-butyl 4-(but-3-yn-1-
yl)piperazin-1-carboxylat (34mg,0,14mmol) trong hdn hop ciia DMSO:nudc: tert-
butanol (1:1:1, 2,16ml). Sau khi khudy qua démpha lodng hdn hop nay bang EtOAc va
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nuée. Phén tach cac 16p va chiét 16p nude bing bang EtOAc (3x). Rira céac 16p hitu co
két hop bang nudc, nude mudi, sdy qua Na,SO, va cb dic trong chan khong. Rira phin
thu dugc bang dietyl ete/pentan, thu hgp chit tiéu dé (120mg, san phim tho); LCMS:
m/z = 871,4 (M+1).

Bude 2: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((4-
(2-(piperazin-1-yletyl)-1H-1,2,3-triazol-1-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)-2-metylpropanoic
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Thém TFA: DCM (1:1, 4,2ml), sau d6 Thém trietylsilan (65ul, 0,41 1mmol) vao
dung dich chira axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(2-(4-
(tert-butoxycarbonyl)piperazin-1-yl)etyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-
1-sulfonic (120mg, 0,138mmol) trong DCM (1,4ml) & 0°C. Khudy hdn hop phan tngd
0°C trong 30 phut va lam 4m tir tir #én nhiét d6 phong. Sau 2 gir & nhiét do phong, cb
dic no trong chan khong va nghién nhé bing MTBE: Heptan (1:2) ngay sau doquan
sat thay chét rin. Tinh ché chit rin thd nay bang HPLC thu sén pham pha dao (cot
C18, hé théng dung méi axetonitril: nudc véi chit diéu bién axit formic 0,1%) dé thu
hop chét tiéu dé (9,3mg, 11%); LCMS: m/z = 612,8 (M-1); '"H NMR (400MHz,
DMSO-dg) 6 9,67 (s, 1H), 7,99 (s, 1H), 7,30 (s, 2H), 6,66 (s, 1H), 5,27 (dd, /= 8,8, 5,5
Hz, 1H), 4,82 (dd, J= 14,7, 4.0 Hz, 1H), 4,68 (dd, J= 14,7, 6,6 Hz, 1H), 4,24 (td, J =
5,9, 4,2 Hz, 1H), 3,10 (t, J = 5,2 Hz, 4H), 2,76 (t, J = 7,0 Hz, 2H), 2,64-2,54 (m, 6H),
1,37 (s, 3H), 1,30 (s, 3H).

Vi du tham khao 43: (35,4R)-3-((2)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-0xo0-4-((4-((2-(trimetylamonio)axetamido)metyl)-1H-
1,2,3-triazol-1-yl)metyl)azetidin-1-sulfonat.
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Budc 1: 2-(((1-(((2R,3S5)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl- 1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxo-1-
sulfoazetidin-2-yl)metyl)-1H-1,2,3-triazol-4-yl)metyl)amino)-N,N,N-trimetyl-2-
oxoetanamonibromua. Thém CuSO, (2,5mg, 0,016mmol) va natri L-ascorbat (5mg,
0,15mmol) vao dung dich cua chit trung gian K(100mg, 0,158mmol) va N,N,N-
trimetyl-2-0x0-2-(prop-2-yn-1-ylamino)etanamonibromua (50mg, 0,212mmol) trong
hén hop cia DMSO: nuéc: tert-butanol (1:1:1, 3ml). Khudy hdn hopqua dém va lam
nging phan ng bangnudc d4 lanh,ngay sau do, loc chit ran thu dugc va sdy trong
chan khong dé thu dugc hop chit tiéu dés dang san pham thé(50mg, 40%); LCMS:
m/z = 784,85 (M-1).

Buéc 2:  (3S5,4R)-3-((£)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-oxo0-4-((4-((2-(trimetylamonio)axetamido)metyl)-1H-
1,2,3-triazol-1-yl)metyl)azetidin-1-sulfonat.
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Thém TFA: DCM (1:1, 1,92ml), sau d6 Thém trietylsilan (31ul, 0,19mmol) vao
huyén phu dic cia 2-(((1-(((2R,3S5)-3-((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-
2-yl)oxy)imino)-2-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxo-1-
sulfoazetidin-2-yl)metyl)-1H-1,2,3-triazol-4-yl)metyl)amino)-N,N,N-trimetyl-2-
oxoetanaminibromua (50mg, 0,0635mmol) trong DCM (640ul) & 0°C. Khuéy hon hop
phan ingd 0°C trong 30 phit va 1am am tir tir dén nhiét do phong. Sau 2 gid & nhiét do
phong, ¢d dic né trong chan khong va nghién nhé bang MTBE:Heptan (1:2) ngay sau
doquan sat thdy chét ran. Tinh ché chét rin tho nay bing HPLC, thu san phim pha
dao(cot C18, hé thong dung méi axetonitril: nuée voi chét didu bién axit formic 0,1%)
dé thu hop chat tiéu dé (11mg, 27%). LCMS: m/z = 630,9 (M-1); 'H NMR (400MHz,
DMSO-dg) 6 9,40 (d, J = 8,6 Hz, 1H), 9,06 (t, J = 5,6 Hz, 1H), 8,06 (s, 1H), 7,32 (s,
2H), 6,71 (s, 1H), 5,28 (dd, J = 8,6, 5,5 Hz, 1H), 4,89-4,64 (m, 2H), 4,38 (t, J = 5,1
Hz, 2H), 4,22 (q, J = 5,3 Hz, 1H), 4,08 (s, 2H), 3,22 (s, 9H), 1,33 (s,3H), 1,26 (s, 3H).
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Vi du tham khao 44: axit 2-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Buoc 1: axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic.
Thém N-Boc-propargyl amin (50mg, 0,321mmol), CuSO,4 (13mg, 0,079mmol) va natri
L-ascorbat (48mg, 0,237mmol) vao dung dich cta chit trung gian K (100mg,
0,158mmol) trong hén hop ctia DMSO: nuéc: tert-butanol (1:1:1, 1,5ml) & 0°C. Pua
dan dan hdn hop thu dugc dén nhiét d6 phong va khudy trong 3 gid. Sau d6 pha loang
n6 bang EtOAc va nuée mubi va phan tach cac 16p. Chiét 16p nude bang EtOAc (3x)
va rira cac 16p hitu co két hop bing nuée mudi, sdy qua Na,SOysau d6 cb dic trong
chan khong dé thu hop chét tiéu d& & dang tho(120mg, 96%); LCMS: m/z = 787,95
(M+1).

Budc 2: axit 2-(((2)-(2-(((2R,35)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém TFA: DCM (1:1, 4,5ml), sau d6 Thém trietylsilan (72ul, 0,45mmol) vao
huyén phu dic cia axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(120mg, 0,15mmol) trong DCM (1,5ml) & 0°C. Khudy hdn hop phan tmgd 0°C trong
30 phut va 1am 4m tir tir dén nhiét do phong. Sau 2 gi ¢ nhiét do phong, ¢o dic no

trong chan khong va nghién nhé bing MTBE: Heptan (1:2) ngay sau doquan sat thiy
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chét rén. Tinh ché chit rin thé nay bing HPLC thu san phdm pha dio(cot C18, hé
théng dung moi axetonitril: nudc véi chit didu bién axit formic 0,1%) dé thu hop chét
tiéu d& (11,3mg, 14%).LCMS: m/z = 528,9 (M-1); '"H NMR (400MHz, DMSO-d;) &
9,47 (d, J= 8,5 Hz, 1H), 8,25 (s, 1H), 7,30 (s, 2H), 6,75 (s, 1H), 5,27 (dd, J = 8,6, 5,6
Hz, 1H), 4,82 (qd, J = 14,9, 5,0 Hz, 2H), 4,23 (q, J = 5,1Hz, 1H), 4,09 (s,2H), 1,37 (s,
3H), 1,32 (s, 3H).

Vi du tham khao 45: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(guanidinometyl)-1H-1,2,3-triazol- 1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Bude 1: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-((2,3-bis(tert-
butoxycarbonyl)guanidino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-
3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic. Thém DIPEA (100ul,
0,610mmol), sau d6 Thém N,N-di-Boc-1H-pyrazol-1-carboxamidin (42mg,
0,134mmol) vao dung dich chira trifloaxetatcua axit 2-(((Z)-(2-(((2R,3S)-2-((4-
(amoniometyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-
aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (150mg, 0,122mmol)
trong DCM (10ml). Khudy dung dich & nhiét ¢ phong qua démngay sau do, c¢6 dac no
trong chan khong, Thém nuéc va dong kho né trong 72 giv dé thu hop chit tiéu dé o
dang th6(210mg, chuyén hoéadinh lugng gia dinh). LCMS: m/z = 772,1 (M-1).
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Budce 2: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
(guanidinometyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Quy trinh chung dé loai bd bao vé trung gian do axit. Thém TFA (689uL,
9mmol) vao dung dich chira axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
((2,3-bis(tert-butoxycarbonyl)guanidino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (0,15 mmol,
chuyén héa dinh luong gia dinh) trong DCM (1,5ml) & 0°C. Loai bd mé lanh nay sau
10 phut. Sau 4 gid & nhiét 6 phong, pha loang né bang DCM (1,5ml) va ¢d dic trong
chin khéng. Tinh ché san phim tho bing HPLC, thu san phdm pha dao (X-Bridge, 30
x 100mm, Spm, cdt C18; axetonitril-nuéc véi chit didu bién axit formic 0,1%,
1ml/phut) dé thu hop chit tiéu d& (2,7mg, 3%).LCMS: m/z = 572,0 (M-1); '"H NMR
(400MHz, D,0): 8'H NMR (400MHz, D,0): § 7,91 (s, 1H), 6,80 (s, 1H),5,31 (d, J =
5,2 Hz, 1H), 4,54 (s, 1H), 4,35 (s, 2H), 3,50-3,35 (m, 2H),1,19 (s, 3H),1,18 (s, 3H).

Vi du tham khdo 46: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-((2-(4-
metylpiperazin-1-yl)axetamido)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-

sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2-(4-
metylpiperazin-1-yl)axetamido)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-
sulfonic. Thém 2-(4-metylpiperazin-1-yl)-N-(prop-2-yn-1-yl)axetamit
(47mg,0,24mmol), CuSO, (13mg, 0,079mmol) va natri L-ascorbat (48mg,
0,237mmol) vao dung dich ctia chét trung gian K (100mg, 0,158mmol) trong hén hop
ctia DMSO: nudc: tert-butanol (1:1:1, Iml) & 0°C. Pua tir tir hdn hop thu dugc dén
nhiét d6 phong va khudy trong 3 gid. Sau d6 pha lodng no6 bang FtOAc va nudc mubdi
va phén tach cac 16p. Chiét 16p nuée bang EtOAc (3x) va rira cac 16p hitu co két hop
bing nudc mudi, sdy qua Na,SOy,sau d6 ¢b dic trong chan khong dé thu hop chét tiéu

dé ¢ dang tho(110mg, 84%); LCMS: m/z = 829,1 (M+1).

Bude 2:  axit  2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-((2-(4-
metylpiperazin-1-yl)axetamido)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-
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sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém TFA: DCM (1:1, 3,9ml), sau d6 Thém trietylsilan (62ul, 0,39mmol) vao
huyén phu dic cua axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2-(4-
metylpiperazin-1-yl)axetamido)metyl)-1H-1,2,3-triazol- 1-yl)metyl)-4-oxoazetidin-1-
sulfonic (120mg, 0,13mmol) trong DCM (1,3ml) ¢ 0°C. Khudy hdn hop phan ungd
0°C trong 30 phiit va 1am 4m tir tir dén nhiét d6 phong. Sau 2 gid & nhiét do phong, o
dac no trong chan khong va nghién nho bing MTBE: Heptan (1:2) ngay sau déquan
sat thiy chét rin. Tinh ché chét rin thé nay biang HPLC, thu san phdm pha dao(cot
C18, hé thdng dung mdi ACN-nudevéi chit didu bién axit formic 0,1%) dé thu hop
chit tiéu d& (9mg).LCMS: m/z = 669,75 (M-1); '"H NMR (400MHz, DMSO-dj) & 9,40
(d, J= 8,7 Hz, 1H), 8,25 (s, 1H), 8,00 (s, 1H), 7,33 (s, 2H), 6,71 (s, 1H), 5,29 (dd, J =
8,7, 5,6 Hz, 1H), 4,88-4,60 (m, 2H), 4,34 (d, J=5,7 Hz, 2H), 4,24 (q, J = 5,3 Hz, 1H),
3,20-2,87 (m, 8H), 2,77 (s, 3H), 1,34 (s, 3H), 1,30 (s, 3H).

Vi du tham khido 47: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(hydroxymetyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budéc 1: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-
(hydroxymetyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic. =Thém ruou
propargyl (24pl, 0,40mmol), CuSO, (16mg,0,10mmol) va natri L-ascorbat (59mg,
0,30mmol) vao dung dich cta chit trung gian K (126mg,0,20mmol) trong hdn hop cia
DMSO: nudc: tert-butanol (1:1:1, 1,5ml) & 0°C. Pura tir tir hdn hop thu dugc dén nhiét
d6 phong va khudy trong 3 gio. Sau do déng lanh va dong kho né. Tinh sach san pham
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thd bing nhwya HP21 (ACN-nué6c, 10-100%) dé thu hop chét tiéu dé & dang chét ran
mau ndu nhat (100mg, 73%); LCMS: m/z = 687,1 (M-1).

Budce 2: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
(hydroxymetyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(hydroxymetyl)-1H-1,2,3-
triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic (100mg, 0,145mmol), DCM (4ml) va
TFA (1ml, 13mmol). Tinh ché san phdm tho bang HPLC thu san phiam pha dao (T3,
30 x 100mm, Sum, cdt C18; axetonitril-nudc vai chit diéu bién axit formic 0,1%,
Iml/phit), dé thu hop chét tidu dé (22mg, 29%) & dang chét rin mau tring. LCMS:
m/z = 530,9 (M-1); 'H NMR (400MHz, DMSO-dg): § 12,50 (br s, 1H), 9,36 (d, J=9,2
Hz, 1H), 7,97 (s, 1H), 7,50 (br s, 2H), 6,70 (s, 1H), 5,28 (dd, J = 8,8, 5,2, Hz, 1H),
4,86 (dd, J = 14,4,4.0 Hz, 1H), 4,69 (dd, J = 14,8,7,2 Hz, 1H), 4,48 (s, 2H), 4,27-4,21
(m, 1H), 1,35 (s, 3H), 1,34 (s, 3H).

Vi du tham khao 48: (2R,3S5)-3-((Z£)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
ybhoxy)imino)axetamido)-2-((4-(1-metylpyridin-1-ium-4-y1)-1H-1,2,3-triazol-1-
yl)metyl)-4-oxoazetidin-1-sulfonat.

Budc 1:  4-(1-(((2R,35)-3-((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-2-yl)metyl)-1H-1,2,3-triazol-4-yl)-1-metylpyridin-1-ium
triflometansulfonat. Thém 4-etynyl-1-metylpyridin-1-ium triflometansulfonat (72pl,

0,27mmol), CuSO4 (11mg, 0,067mmol) va natri L-ascorbat (40mg, 0,201 mmol) vao
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dung dich cta chét trung gian K (85mg, 0,134mmol) trong hdn hop ciia DMSO: nuéc:
tert-butanol (1:1:1, 1,0ml) & 0°C. Pua dan din hdn hop thu duge dén nhiét do phong
va khudy trong 3 gio ngay sau do, pha lodng né bang nuéc (Sml). Rira két tia thu dugc
bing nude (2ml) va siy qua dong N, dé thu hop chit tiéu dé (80mg) & dang hdn hop
v6i chit tuong ty duge N-sulfonyl héa & dang chat rin mau niu nhat; LCMS: m/z =

748,1 (M-1).

Budce 2: (2R,39)-3-((£)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(1-
metylpyridin-1-ium-4-yl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonat. Xt ly
4-(1-(((2R,3S5)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-1H-
1,2,3-triazol-4-yl)-1-metylpyridin-1-ium triflometansulfonat (70mg, 0,10mmol) trong
DMF (1ml) bing SO5*DMF (80mg, 0,52mmol). Khudy hdn hop phan tmg & nhiét do
phong trong 16 gi sau d6 cb dic trong chan khong va tinh sach bing nhua HP21
(ACN-nudc, 10-100%), dé thu hop chit tiéu d& (24mg, 31%) & dang chét rin mau be.
LCMS: m/z =748,1 (M-1).

Buéc  3: (2R,35)-3-((Z£)-2~(2-aminothiazol-4-y1)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-((4-(1-metylpyridin-1-ium-4-yl)-1H-1,2,3-triazol-1-

yl)metyl)-4-oxoazetidin-1-sulfonat.

0
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Theo quy trinh chung d& loai bé bao vé do trung gian axit sit dung (2R,3S)-3-
((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(1-metylpyridin-1-ium-4-yl)-1H-
1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonat (24mg, 0,032mmol), DCM (1,2ml)
va TFA (0,3ml, 3,9mmol). Tinh ché san phim thd biang HPLC thu san phim pha dao
(XBridge, 30 x 100mm, Sum, cot C18; véi chit diéu bién axit formic 0,1% ACN-
nude, 1ml/phat), dé thu hop chét tiéu dé (7,.9mg, 41%) & dang chét rdn mau tréng.
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LCMS: m/z = 592,0 (M-1); '"H NMR (400MHz, D,0): & 8,76 (s, 1H), 8,62 (d, J =
6,8Hz, 2H), 8,19 (d, J = 6,4 Hz, 2H), 6,76 (s, 1H), 5,42 (d, J = 5,2 Hz, 1H), 4,98-4,81
(m, 2H; bi che khuét mot phén bdi dinh dung moi du), 4,66-4,54 (m, 2H dugc gia
thiét: bi che khuét boi dinh dung méi du), 4,22 (s, 3H), 1,30 (s, 3H), 1,27 (s, 3H).

Vi du tham khao 49: (2R,3S)-3-((Z)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-((4-(1,3-dimetylpyridin-1-ium-4-yl)-1H-1,2,3-triazol-1-

yl)metyl)-4-oxoazetidin-1-sulfonat.

Budce 1: (2R,3S)-3-((Z£)-2-(((1-(tert-butoxy)-2-metyl- 1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(1,3-
dimetylpyridin-1-ium-4-yl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonat.
Thém 4-etynyl-1,3-dimetylpyridin-1-ium triflometansulfonat (107mg, 0,38mmol),
CuS0O, (15mg, 0,095mmol) va natri L-ascorbat (56mg,0,285mmol) vao dung dich cta
chét trung gian K (120mg, 0,19mmol) trong hdn hop ciia DMSO: nudc: tert-butanol
(1:1:1, 1,5mL) & 0°C. Pua dén din hdn hop thu duge dén nhiét do phong va khudy
trong 3 gid ngay sau do, pha lodng né bing nuéc (10ml). Rira két tua thu duge bang
nude (Sml) va sdy. Tinh sach san phdm thé bang nhua HP21 (ACN-nude, 10-100%),
dé thu hop chit tiéu dé (80mg, 55%) & dang chét rdn mau n4u nhat; LCMS: m/z =
762,2 (M-1).

Buoc  2:  (2R,35)-3-((2)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-2-
yl)oxy)imino)axetamido)-2-((4-(1,3-dimetylpyridin-1-ium-4-yl)-1H-1,2,3-triazol-1-

yl)metyl)-4-oxoazetidin- 1-sulfonat.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung (2R,3S5)-3-
((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(1,3-dimetylpyridin-1-ium-4-yl)-
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1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonat (24mg, 0,032mmol), DCM
(1,2ml) va TFA (0,3ml, 3,9mmol). Tinh ché san pham tho bing HPLC thu san phdm
pha dao (T3, 30 x 150mm, Spm, cdt C18; véi chét diéu bién axit formic 0,1% ACN-
nude, 1ml/phit), dé thu hop chét tiéu dé (12mg, 62%) & dang chét rin mau tring.
LCMS: m/z = 606,1 (M-1);'"H NMR (400MHz, D,0): § 8,65 (s, 1H), 8,57 (s, 1H), 8,49
(d, J= 5,6 Hz, 1H), 8,27 (d, J = 6,8 Hz, 1H), 6,74 (br s, 1H), 5,47 (d, J = 5,2 Hz, 1H),
4,97-4,88 (m, 3H), 4,21 (s, 3H), 2,46 (s, 3H), 1,30 (s, 3H), 1,28 (s, 3H).

Vi du tham khao 50: axit 2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,3-triazol-1-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic

Buée 1: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((4-(trimetylsilyl)-1H-1,2,3-triazol-1-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoat. Thém trimetylsilylaxetylen (100pul,
0,724mmol), CuSO4 (29mg,0,18 1 mmol) va natri L-ascorbat (108mg, 0,543mmol) vao
dung dich cua chét trung gian J (120mg, 0,19mmol) trong hdn hop ctia DMSO:nudc:
tert-butanol (1:1:1, 2,0ml) & 0°C. Pua din din hdn hop thu duge dén nhiét do phong
va khudy trong 4 gid, ngay sau dé, pha loding n6 bang nuéc mudi (Sml) va chiét bang
EtOAc (3 x 10ml). Sdy cac 16p hiru co két hop qua Na,SO,4 va cé dic trong chin
khong. Tinh ché san phim tho qua sic ky silicagel (MeOH-DCM, 7%), dé thu hop
chét tiéu dé& (170mg, 72%) & dang chét rin mau ndu nhat; LCMS: m/z = 651,2 (M+1).

Buée 2: tert-butyl 2-(((2)-(2-(((2R,3S)-2-((1H-1,2,3-triazol-1-y)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Pugc diéu ché theo phuong phap da duoc
mo ta trong WO2013/028590. Thém TBAF (1M trong THF, 860ul, 0,86mmol) vao
dung dich chira fert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S8,4R)-2-0x0-4-((4-(trimetylsilyl)-1H-1,2,3-triazol- 1 -yl )metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoat (140mg, 0,261mmol) trong THF
(4ml). Sau khi khudy & nhiét d6 phong trong 16 gid, bd sung thém TBAF (1M trong
THF, 1,0ml, 1,0mmol). Sau khi khuéy thém trong 48 gid, ¢6 dédc dung dich trong chan
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khong. Tinh ché san phdm thé qua séc ky silicagel (MeOH-DCM, 7%) dé thu hop chét
tiéu dé (84mg, 68%) & dang chit rin mau tring nhat. LCMS: m/z = 579,2 (M+1).

Bude 3: axit (2R,3S)-2-((1H-1,2,3-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xu ly rert-
butyl 2-(((2)-(2-(((2R,35)-2-((1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-
1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (84mg, 0,145mmol) trong DMF (2ml) biang SO;DMF (222mg,
1,45mmol). Khudy hdn hop phan (ngd nhiét do phong trong 16 gid sau d6 pha lodng
bang EtOAc (50ml) va nuée. Phén tach cac 16p va rira 16p hitu co bing nudc mudi, siy
qua Na,SO, va ¢b dic trong chan khong, thu hop chit tiéu dé & dang thd & dang chét
rin mau vang nhat (84mg, 88%). LCMS: m/z = 657,1 (M-1) .

Budc 4: axit 2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
2-((1H-1,2,3-triazol-1-yl)metyl)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl- 1 -oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-1-sulfonic (80mg, 0,121mmol), DCM (4ml) va TFA (1ml, 13mmol). Tinh
ché san pham tho bang HPLC thu san phdm pha dao (T3, 30 x 150mm, 5pm, cot C18;
v6i chdt didu bién axit formic 0,1% ACN- nude, 1ml/phut), dé thu hop chét tiéu dé
(12mg, 20%) & dang chit rin mau trang. LCMS: m/z = 500,9 (M-1);'H NMR
(400MHz, D,0): 6 7.95 (s, 1H), 7,67 (s, 1H), 7,04 (s, 1H), 5,38 (d, J = 5,6 Hz, 1H),
4,88-4,80 (m, 1H), 4,78-4,70 (m, 2H duogc gia thiét; bi che khuét béi dinh cua dung
moi du), 1,34 (s, 6H).
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Vi du tham khdo 51: axit 1-(((2R,3S)-3-((Z)-2-(2-aminothiazol-4-yl)-2-(((2-
carboxypropan-2-yl)oxy)imino)axetamido)-4-oxo-1-sulfoazetidin-2-yl)metyl)-1H-

1,2,3-triazol-4-carboxylic.

Budc 1: axit (2R,3S5)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(tert-
butoxycarbonyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic. Thém tert-
butyl propiolat (68ul, 0,496mmol), CuSO, (20mg, 0,124mmol) va natri L-ascorbat
(198mg, 0,372mmol) vao dung dich cla chét trung gian K (157mg, 0,248mmol) trong
hén hop ctia DMSO: nuée: tert-butanol (1:1:1, 2,0ml) & 0°C. Pua tir tir hén hop thu
dugce dén nhiét 6 phongva khudy trong 3 gio, ngay sau dé, pha loing né bang nudc
(20ml) va chiét bing EtOAc (3 x 50ml). Sdy cac 16p hiru co két hop qua Na,SOy, ¢b
dic trong chan khong hoa tan trong nude va dong kho, dé thu hop chét tidu dé (180mg,
96%) & dang chat rin mau vang nhat; LCMS: m/z = 759,3 (M+1).

Budc 2: axit 1-(((2R,3S)-3-((Z)-2-(2-aminothiazol-4-yl)-2-(((2-carboxypropan-
2-yl)oxy)imino)axetamido)-4-oxo-1-sulfoazetidin-2-yl)metyl)-1H-1,2,3-triazol-4-

carboxylic.

Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(tert-butoxycarbonyl)-1H-1,2,3-
triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic (180mg, 0,237mmol), DCM (8ml) va
TFA (2ml, 26mmol). Tinh ché san pham thé bang HPLC thu san phdm pha dao (T3,
30 x 150mm, Sum, cot C18; vai chat diéu bién axit formic 0,1% ACN- nudc,
1ml/phit), dé thu hop chét tiéu dé (35mg, 27%) & dang chét rin mau tring. LCMS:
m/z = 544.9 (M-1);'"H NMR (400MHz, D,0): & 8,43 (s, 1H), 6,99 (s, 1H), 5,38 (d, J =
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5,2 Hz, 1H), 4,92-4,71 (m, 3H; bi che khuét mot ph?in béi dinh cua dung moi du), 1,33
(s, 6H).

Vi du tham khao 52: axit 2-(((Z2)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budce l: tert-butyl 2-(((2)-(2-(((2R,39)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yDamino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-

2-metylpropanoat.

Quy trinh chung cho phan ng Mitsunobu. Thém ting giot DIAD (145mg,
0,682mmol) vao dung dich cta chit trung gian H (300mg, 0,569mmol), fert-butyl
((2H-1,2,3-triazol-4-yl)metyl)carbamat (135mg, 0,682mmol) va triphenylphosphin
(178mg,0,682mmol) trong THF (10ml) & 0°C. Sau khi khudy & nhiét do phong trong
16 gio, ¢b dic dung dich va tinh sach bang sic ky silicagel (MeOH-DCM, 2-5%), dé
thu hop chit tiéu dé (300mg, 75%) & dang bot mau vang. LCMS: m/z = 706,2 (M+1).

Buoc 2: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin- 1-sulfonic.
Xu ly tert-butyl 2-(((Z2)-(2-(((2R,3S)-2-((4-(((tert-butoxycarbonyl)amino)metyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((zert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(220mg, 0,311mmol) trong DMF (5ml) bing SO;sDMF (476mg,3,11mmol). Khudy
dung dich & nhiét d¢ phong trong 48 gio,sau d6 sau d6 c¢6 dic trong chian khong va
tinh sach bing nhuya HP21 (ACN-nudc, 10-50%), dé thu hop chét tiéu dé& (82mg,
33%). LCMS: m/z =786,2 (M-1).

Buoc 3: axit 2-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-y1)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Khuiy axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin- 1-sulfonic
(82mg,0,104mmol)vaiaxit formic (2,0ml) & nhiét dd phong trong 5 gid, da loai bo ca
hai nhém Boc. Sau khi ¢ dic trong chan khong, hoa tan nguyén li¢u nay trong DCM
(1,5ml), lam lanh xuéng 0°C va xu ly béng TFA (0,5ml, 6,5mmol) trong 1 gio, ngay
sau do, cd dic no trong chan khong. Tinh ché san phim thé biang HPLC thu san phim
pha dao (T3, 30 x 150mm, 5pum, cot C18; voi chit didu bién axit formic 0,1% ACN-
nude, 1ml/phat), dé thu hop chit tiéu dé (17,2mg, 31%) & dang chit rin mau tring.
LCMS: m/z = 529,9 (M-1);'H NMR (400MHz, D,0): 87,67 (s, 1H), 6,92 (s, 1H), 5,39
(d, J = 5,6 Hz, 1H), 4,86-4,74 (m, 3H gia thiét; bj che khuit bsi dinh ciia dung moi
du), 4,16 (s, 2H), 1,25 (s, 3H), 1,23 (3H, s).

Vi du tham khido 53: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(guanidinometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

9] 0

N~° N7° NH
H H
N N /N N N /N Jk
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Thém DIPEA (45ul, 0,27mmol) vao dung dich chira axit 2-(((Z)-(2-(((2R,3S)-

2-((4-(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-
(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (60mg,
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0,089mmol) va pyrazol-1-carboxamithydroclorua (16mg,0,11mmol) trong DMF(3ml).
Sau khi khudy trong 16 gid, ¢6 dic dung dich va rira bing ete. Tinh ché san phdm tho
bang HPLC thu san phdm pha dao (XBridge, 30 x 150mm, Sum, cdt C18; véi chét
didu bién axit formic 0,1% ACN- nuéc, 1ml/phut), @& thu hop chét tidu dé (7,5mg,
15%) & dang chédt rin mau tring. LCMS: m/z = 571,9 (M-1);'H NMR (400MHz,
D,0): 67,55 (s, 1H), 6,78 (s, 1H), 5,38 (d, /= 5,2 Hz, 1H), 4,82-4,76 (m, 2H dugc gia
thiét; bi che khuét boi dinh cia dung méi du), 4,76-4,72 (m, 2H duoc gia thiét; bi che
khuét boi dinh coa dung mdi du), 4,32 (s, 2H), 1,15 (s, 3H), 1,14 (s, 3H).

Vi du tham khao 54: axit 2-(((Z)-(2-(((2R,3S)-2-((2H-1,2,3-triazol-2-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.

Budc 1: tert-butyl 2-(((2)-(2-(((2R,35)-2-((2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thuc hién theo quy trinh chung dbi véi
phan ng Mitsunobusir dung chit trung gianH (300mg, 0,569mmol), 1,2,3-triazol
(47mg,0,682mmol), triphenylphosphin (178mg, 0,682mmol), DIAD (145mg,
0,682mmol) va THF (10ml). Tinh ché qua sic ky silicagel (MeOH-DCM, 2-5%), dé
thu hop chét tidu dé (320mg, 97%) & dang bot mau vang. LCMS: m/z = 579,2 (M+1).

Buoc 2: axit (2R,3S5)-2-((2H-1,2,3-triazol-2-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xu ly tert-
butyl 2-(((2)-(2-(((2R,3S)-2-((2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-
1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (320mg, 0,553mmol) trong DMF (5ml) bang SO;DMF (846mg,
5,53mmol). Khudy dung dich & nhiét d6 phong trong 24 gi sau do sau d6 co dic trong
chan khong va tinh sach bang nhwa HP21 (ACN-nudc, 10-50%), dé thu hop chét tiéu
dé (70mg, 19%). LCMS: m/z = 657,1 (M-1).

Bude 3: axit 2-(((Z)-(2-(((2R,3S)-2-((2H-1,2,3-triazol-2-yl)metyl)-4-o0x0-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Khudy axit (2R,3S)-2-((2H-1,2,3-triazol-2-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic (70mg,
0,11mmol)véiaxit formic (2,0ml) & nhiét d0 phong trong 4 giosau d6 c6 dic trong
chan khong. Tinh ché san phdm thé bing HPLC thu san pham pha dio (XBridge, 30 x
100mm, 5um, cot C18; véi chét diéu bién axit formic 0,1% ACN- nudc, 1ml/phut), dé
thu hop chét tiéu d& (8,1mg, 15%) & dang chat rin mau tring. LCMS: m/z = 500,9 (M-
1); '"H NMR (400MHz, D,0): 87,60 (s, 2H), 6,94 (s, 1H),5,39 (d, J = 5,2 Hz, 1H), ),
4,83-4,78 (m, 2H), 4,78-4,68 (m, 2H dugc gia thiét; bi che khuit bdi dinh clia dung
mdi du), 1,26 (s, 3H), 1,25 (s, 3H).

Vi du tham khdo 55: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-metyl-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Buéc 1: tert-butyl 2-(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)Jamino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thuc hién theo quy trinh chung d6i véi
phan tmg Mitsunobusir dung chét trung gianH (300mg, 0,569mmol), 4-metyl-1,2.3-
triazol (83mg, 0,683mmol), triphenylphosphin (179mg, 0,683mmol), DIAD
(138mg,0,648mmol) va THF (8ml). Tinh ché qua sic ky silicagel (MeOH-DCM, 2-
4%), dé thu hop chét tiéu dé (160mg, 47%) & dang bot mau vang. LCMS: m/z = 591
(M-1).

Buoc 2: axit (2R,3S)-3-((2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yloxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-metyl-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic. Xt& ly tert-butyl 2-(((Z)-(1-(2-
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((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((4-metyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(160mg, 0,270mmol) trong DMF (5ml) bing SO;*DMF (413mg, 2,70mmol). Khudy
dung dich ¢ nhiét do phong trong 16 gi¢ sau d6 sau d6 co ddc trong chin khong va
tinh sach bang nhya HP21 (ACN-nuéc, 10-50%), dé thu hop chét tiéu d& (77mg,
43%). LCMS: m/z = 671,1 (M-1).

Budc 3: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-metyl-2H-
1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Khudy axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-metyl-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic (67mg,0,10mmol) vd&i axit
formic (1,5ml) & nhiét d6 phong trong 3,5 gid,sau d6 c6 dac trong chian khong. Tinh
ché san phim thd bang HPLC thu san phdm pha dao (XBridge, 30 x 100mm, Spum, cdt
C18; v6i chét diéu bién axit formic 0,1% ACN- nudc, 1ml/phat), dé thu hop chét tiéu
dé (13,7mg, 27%) & dang chit rin mau tring. LCMS: m/z = 514,9 (M-1); 'H NMR
(400MHz, D,0): 67,39 (s, 1H), 6,94 (s, 1H), 5,38 (d, J = 5,6 Hz, 1H), 4,80-4,60 (m,
3H gia thiét; bi che khuét bsi dinh cta dung méi du), 2,10 (s, 3H), 1,26 (s, 3H), 1,25
(s, 3H).

Vi du tham khao 56: axit 2-(((Z2)-(2-(((2R,3S)-2-((4H-1,2,4-triazol-4-yl)metyl)-4-oxo0-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoic.

Budc 1. tert-butyl 2-(((2)-(2-(((2R,35)-2-((4H-1,2.,4-triazol-4-yl)metyl)-4-

oxoazetidin-3-yl)amino)- 1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
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oxoetyliden)amino)oxy)-2-metylpropanoat. Gia nhiét dén nhiét do hdi luu dung dich
chira hydrazit cua axit formic (27,4mg, 0,456mmol) va trietyl orthoformat (67,6mg,
0,456mmol) trong MeOH (5ml) trong 4 gid. Sau khi giam nhiét dén 40°C, Thém chét
trung gianL (120mg, 0,228mmol) va gia nhiét thém hdn hop nay dén nhiét d6 hdi
lurutrong 20 gi¢. Sau khi gidm nhiét dén nhiét d6 phong, 1am bay hoi dung méi trong
chan khong va han tan phan thu dugc trong EtOAc, rira bing nudc, nude mubi, siy
qua Na,SO, va ¢ dac trong chan khong. Tinh ché sin phim thé qua sic ky silicagel
(0-10% MeOH-EtOAc), dé thu hop chit tiéu dé (95mg, 72%) & dang bot. LCMS: m/z
=529,1 (M+1).

Budc 2: axit (2R,3S)-2-((4H-1,2,4-triazol-4-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Xir ly fert-
butyl 2-(((2)-(2-(((2R,3S)-2-((4H-1,2,4-triazol-4-yl)metyl)-4-oxoazetidin-3-yl)amino)-
1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (95mg, 0,16mmol) trong DMF (2ml) bang SO;DMF (251mg,
1,64mmol). Khudy dung dich & nhiét d6 phong trong 24 gid.ngay sau do, bd sung
Thém SO;*DMF (502mg, 3,28mmol) va khudy Thém dung dich trong 72 gid. Pha
lodng né bang nude va chiét bang EtOAc (2x). Rira cic 16p hitu co két hop bang nudc
mubi (2x), séy qua Na,SO4 va c¢6 dic trong chén khong, dé thu hop chét tiéu dé
(77mg) & dang chit rin. LCMS: m/z = 657,1 (M-1).

Bude 3: axit 2-(((Z)-(2-(((2R,3S)-2-((4H-1,2,4-triazol-4-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
2-((4H-1,2,4-triazol-4-yl)metyl)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
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oxoazetidin-1-sulfonic (77mg, 0,117mmol), DCM (3ml) va TFA (1ml, 13,0mmol)
trong 2 gid. Tinh ché san pham thd bing HPLC thu san phim pha dao (XBridge, 30 x
100mm, Spm, cot C18; v6i chat didu bién axit formic 0,1% ACN- nuéc, 1ml/phut), dé
thu hop chét tiéu d& (5,6mg, 10%) & dang bdt mau tring. LCMS: m/z = 500,8 (M-1);
'H NMR (400MHz, D,0): § 8,52 (s, 2H), 6,90 (s, 1H), 5,30 (d, J=5,6 Hz, 1H), 4,56
(m, 2H), 4,42 (q, 1H), 1,30 (s, 6H).

Vi du 57 axit 2-(((Z)-(2-(((2R,3S)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-
ylmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: tert-butyl 2-(((2)-(2-(((2R,3.5)-2-((((S)-3-((tert-butoxycarbonyl)amino)-
2-hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fer?-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat.
Khudy dung dich ciia chét trung gian L (250mg, 0,475mmol) va (R)-tert-butyl (oxiran-
2-ylmetyl)carbamat (410mg, 2,38mmol) trong DCM (3ml) & nhi¢t do phong trong 16
gir sau d6 cb dic trong chan khong. Tinh ché san phdm thd bing sic ky silicagel
(MeOH-DCM, 4-10%), dé thu hop chét tidu d& (250mg, 75%) & dang chét rin mau
tring. LCMS: m/z = 698,1 (M-1).

Buéc 2: tert-butyl 2-((D)-(2-(((2R.,38)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((¢ert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat. Thém CDI (104mg, 0,643mmol) vao dung dich chira fers-butyl 2-
(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((((R)-2-
hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (250mg, 0,357mmol) trong DCM (10ml) & 0°C. Sau khi khudy & 15°C
trong 2 gid, co dic dung dich trong chan khong. Tinh ché san phim thdé qua sic ky
silicagel(MeOH-DCM, 3-5%) dé thu hop chét tiéu dé (155mg, 60%). LCMS: m/z =
724.0 (M-1).

Budc 3: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-

(((tert-butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-

-159-



21204

sulfonic. Xu ly tert-butyl 2-(((Z2)-(2-(((2R,38)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat (155mg, 0,213mmol) trong DMF (1ml) bing SO;DMF (130mg,
0,854mmol). Khudy dung dich & nhiét d6 phong trong 2 gid ngay sau do, cd dic nd
trong chan khong va tinh sach bang nhya HP21 (ACN-nuée, 10-50%), dé thu hop chét
tiu dé (160mg, 93%) & dang chat rin mau tring. LCMS: m/z = 804.0 (M-1).

Budc 4: axit 2-(((Z2)-(2-(((2R,35)-2-(((R)-5-(aminometyl)-2-oxooxazolidin-3-
yl)metyl)-4-ox0-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung d& loai b6 bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((R)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-sulfonic
(160mg, 0,199mmol), DCM (1,5ml) va TFA (500pl, 6,49mmol). Tinh ché san phdm
thd bang HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm, Spm, cdt C18; véi
chat diéu bién axit formic 0,1% ACN- nuéc, 60ml/phut), dé thu hop chit tiéu dé
(85,8mg, 78%) & dang bot mau tring. LCMS: m/z = 548.0 (M+1); 'H NMR (400MHz,
D,0) dppm 6,93 (s, 1H), 5,23 (d, J = 5,6 Hz, 1H), 4,76-4,69 (m, 1H), 4,54-4,49 (m,
1H), 3,84 (t, J = 9,6 Hz, 1H), 3,56 (dd, /=14,8, 9,6 Hz, 1H), 3,41-3,34 (m, 2H), 3,21-
3,11 (m, 2H), 1,34(s, 3H), 1,32 (s, 3H).

Vi du 58 axit 2-(((Z)-(2-(((2R,3S)-2-(((S)-5-(aminometyl)-2-oxooxazolidin-3-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

-160-



21204

Buéce 1: tert-butyl 2-(((D)-(2-(((2R,35)-2-((((R)-3-((tert-
butoxycarbonyl)amino)-2-hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat. Khudy dung dich cta chét trung gian L(400mg, 0,760mmol) va (S)-
tert-butyl (oxiran-2-ylmetyl)carbamat (658mg, 3,80mmol) trong DCM (4ml) & nhiét
d6 phong trong 16 gitr sau d6 cb dic trong chan khéng. Tinh ché san phim tho bing
sic ky silicagel (MeOH-DCM, 4-10%), dé thu hop chét tiéu d& (390mg, 73%) & dang
chit rin mau tring. LCMS: m/z = 700,1 (M+1).

Budc 2: tert-butyl 2-(((2)-(2-(((2R,35)-2-(((S)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat. Thém CDI (162mg, 1,00mmol) vao dung dich chira tert-butyl 2-
(((D-(2-(((2R,35)-2-((((R)-3-((tert-butoxycarbonyl)amino)-2-
hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(390mg, 0,557mmol) trong DCM (20ml) & 0°C. Sau khi khudy & 15°C trong 2 gi&y, cd
dic dung dich trong chan khong. Tinh ché san phiam thd qua sic ky silicagel(MeOH-
DCM, 3-5%) dé thu hop chit tiéu dé (168mg, 41%). LCMS: m/z = 726,1 (M+1).

Buéc 3: axit (2R,3S)-3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((S)-5-
(((tert-butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-
sulfonic. Xu ly tert-butyl 2-(((2)-(2-(((2R,39)-2-(((S)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat (168mg,0,231mmol) trong DMF (1ml) bang SO;*DMF (142mg,
0,926mmol). Khudy dung dich & nhiét do phong trong 2 gi¢ ngay sau do, ¢ diac no
trong chan khong va tinh sach bing nhwa HP21 (ACN-nudc, 10-50%), dé thu hop chit
tiéu dé (155mg, 83%) & dang chit rin mau tring. LCMS: m/z = 804.0 (M-1).

Bué6e 4: axit 2-(((Z2)-(2-(((2R,35)-2-(((S)-5-(aminometyl)-2-oxooxazolidin-3-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bd bao vé do trung gian axit str dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-(((S)-5-(((tert-
butoxycarbonyl)amino)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-1-sulfonic
(155mg, 0,192mmol), DCM (1,5ml) va TFA (500ul, 6,49mmol). Tinh ché mot nira san
phim thé bang HPLC thu san phim pha dao (XSelect CSH, 30 x 100mm, Sum, cot
C18; v6i chit diéu bién axit formic 0,1% ACN- nude, 60ml/phut), dé thu hop chét tiéu
dé (21,8mg, khoang 82%) & dang bot mau tring. LCMS: m/z = 547,8 (M-1); 'H NMR
(400MHz, D,0) éppm 6,96 (s, 1H), 5,27 (d, J = 6,0 Hz, 1H), 4,80-4,78 (m, 1H), 4,52-
4,47 (m, 1H), 3,75-3,66 (m, 2H), 3,49-3,45 (m, 1H), 3,32-3,16 (m, 3H), 1,37 (s, 3H),
1,35 (s, 3H).

Vi du 59: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-(((S)-5-
(guanidinometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy )-2-metylpropanoic.
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Thém DIPEA (100ul, 0,576mmol) vao dung dich chira axit 2-(((Z)-(2-(((2R.3S)-2-
(((S)-5-(aminometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-
1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (0,096mmol) va
pyrazol-1-carboxamidinhydroclorua (21mg, 0,144mmol) trong DMF (3ml). Sau 16 gi®

khudyé nhiét do phong, ¢ dic dung dich trong chan khong va rira bang ete. Tinh ché
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san phdm thd bang HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm, Sum, cot
C18; v6i chét diéu bién axit formic 0,1% ACN- nude, 60ml/phit), ¢ thu hop chit tidu
d& (29mg, 51%) & dang chét rin mau tring. LCMSm/z = 589,8 (M-1); 'H NMR
(400MHz, D,0) dppm 6,93 (s, 1H), 5,26 (d, J = 6,0 Hz, 1H), 4,65-4,5 (m, 1H), 4,52-
4,45 (m, 1H), 3,69-3,61 (m, 2H), 3,44-3,30 (m, 4H), 1,34 (s, 3H), 1,32 (s, 3H).

Vi du tham khao 60: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((3-metyl-
1H-1,2,4-triazol- 1 -yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1. Hop chit A: Benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((3-metyl-1H-
1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)carbamat.

Budc 1. Hop chit B: Benzyl ((2R,3S)-1-(2,4-dimetoxybenzyl)-2-((5-metyl-1H-
1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)carbamat.

Tao huyén pha dic ((28,35)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl metansulfonat (3,74g, 8,0mmol), 3-metyl-
1H-1,2,4-triazol (2,00g, 24,0mmol), K,CO; (6,64g, 48,0mmol) va Nal (2,88¢g,
17,2mmol) trong DMF (16ml) va gia nhiét dén 70°C cing véi khudy. Sau 24 gid, o
dic hon hop trong chan khong. Tinh ché san phim thd qua sic ky silicagel (MeOH-
DCM, 2%) dé thu cac hop chét tiéu dé (1,64g, két hop 44%) & dang chét rdn mau tring
nhat (hdn hop khéng thé phan tach dugc). LCMS: m/z = 466,2 (M+1).

Budc 2.Hop chit A: Benzyl ((2R,35)-2-((3-metyl-1H-1,2 4-triazol-1-yl)metyl)-
4-oxoazetidin-3-yl)carbamat.

Buée 2.Hop chit B: Benzyl ((2R,35)-2-((5-metyl-1H-1,2 4-triazol-1-yl)metyl)-

4-oxoazetidin-3-yl)carbamat.

Dugc diéu ché theo Mastalerz et al. J. Med. Chem,1988, 31, 1190. Thém
K,S5,04 (1,86g, 6,88mmol), sau d6 Thém K,HPO, (1,50g, 8,60mmol) vao dung dich
chira cac hop chit A/B, budc 1 (1,60g, 3,44mmol) trong ACN:nudc (2:1, 45ml). Gia
nhiét hdn hop thu duoc dén 90°C trong 4 gid, ngay sau dégiam nhiét do xuéng nhiét
do phongsau d6 pha lodng bing EtOAc va phén tach cac 16p. Chiét 16p nudc bing
EtOAc (3x) va sdy rira cac 16p hiru co két hop qua Na,SO, va ¢6 dac trong chéin
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khong. Tinh ché san pham tho qua sic ky silicagel (MeOH-DCM, 10%), dé thu cac
hop chét tiéu dé (hdn hop, 670mg, 62%) & dang chét rin mau tring. Tinh ché Thém
hén hop nay qua HPLC khong dbi xting (Chiralcel-OJ, 2 x 25 cm, EtOH-Hexan,
18%), d& thu hop chét A (250mg) va hop chit B (240mg).

Budc 3: (3S,4R)-3-amino-4-((3-metyl-1H-1,2 4-triazol-1-yl)metyl)azetidin-2-

on.

Huyén phil didc cta benzyl ((2R,3S)-2-((3-metyl-1H-1,2,4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)carbamat (250mg, 0,79mmol) va Pd trén C (10%, 100mg) trong
MeOH (20ml) duoc xa va nap day lai bing H, (3x), dua ap suit cubi tdi 35 psi. Sau 2
gir khudy loc hdn hop qua xelit, rira bang MeOH va ¢d dic dich loc trong chan khong.

San phém thé duge sir dung ludn cho budc tiép theo.

Budc 4: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,39)-2-((3-metyl-1H-1,2 4-triazol-1-y])metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thém pyridin (64pul, 0,79mmol) vao dung
dich chira axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (310mg, 0,72mmol), (3S5,4R)-3-
amino-4-((3-metyl-1H-1,2,4-triazol-1-yl)metyl)azetidin-2-on(130mg, 0,72mmol) va
EDCI (150mg, 0,79mmol) trong DMF (5ml) & 0°C. Sau khi khudy & nhiét d6 phong
trong 24 gid, bé sung Thém axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yloxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (310mg,
0,72mmol) va EDCI (150mg, 0,79mmol), cung véi HOBt (110mg, 0,79mmol) va
DIPEA (250pl, 1,44mmol). Sau khi khudy Thém trong 16 gid, ¢6 ddc né trong chin
khong. Tinh ché san phdm tho qua sic ky silicagel (MeOH-DCM, 5%), dé thu hop
chét tiéu dé (230mg, 54%) & dang chét rin mau tring. LCMS: m/z = 593,0 (M+1).

Buéc 5: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-metyl-
1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic. X 1y fert-butyl 2-(((2)-(1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((3-metyl-1H-1,2,4-triazol-1-
yDmetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(230mg, 0,388mmol) trong DMF (4ml) béng SO5;*DMF (594mg, 3,88mmol). Sau khi
khudy 24 gio, ¢6 dac dung dich trong chan khong. Tinh sach san phdm thé bing nhua
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HP21 (ACN-nuéc, 5-50%), dé thu hop chit tiéu d& (100mg, 38%) & dang chét rin mau
vang nhat. LCMS: m/z = 673,1 (M+1).

Budc 6: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((3-metyl-1H-
1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung d loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-metyl-1H-1,2,4-triazol-1-
yl)metyl)-4-oxoazetidin-1-sulfonic (100mg, 0,149mmol), DCM (4,0ml) va TFA
(1,0ml, 13,0mmol) trong 3 gio. Tinh ché san phdm tho bang HPLC thu san phim pha
dao (XSelect CSH, 30 x 100mm, 5pm, cdt C18; vdi chét diéu bién axit formic 0,1%
ACN- nudc, 60ml/phut), dé thu hop chit tiéu dé& (50mg, 65%) & dang bdt mau tring.
LCMS: m/z = 514,7 (M-1); 'H NMR (400MHz, DMSO-dy) & 9,40 (d, J = 8,4 Hz, 1H),
8,72 (br s, 1H), 6,78 (s, 1H), 5,25 (dd, J = 8,8, 5,6 Hz, 1H), 4,61 (dd, J = 14,4, 5,2 Hz,
1H), 4,47 (dd, J = 14,4, 6,0 Hz, 1H), 4,33 (dd, J = 6,0, 5,2 Hz, 1H), 2,30 (s, 3H), 1,42
(s, 3H), 1,38 (s, 3H).

Vi du tham khdo 61: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-
1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoic.

Bude 1: (35,4R)-3-amino-4-((5-metyl-1H-1,2,4-triazol-1-yl)metyl)azetidin-2-
on.

Huyén phu dic cua benzyl ((2R.,38)-2-((5-metyl-1H-1,2 4-triazol-1-yl)metyl)-4-
oxoazetidin-3-yl)carbamat (240mg, 0,76mmol) va Pd trén C (10%, 100mg) trong
MeOH (20ml)dugc xa va nap day lai bang H, (3x), dua ap sudt cudi t6i 35 psi. Sau 2
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gi&r khudy loc hén hop qua xelit, rira bing MeOH va c6 dic dich loc trong chan khong.

San phim tho duoc st dung ludn cho bude tiép theo.

Budc 2: tert-butyl 2-(((Z2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((5-metyl-1H-1,2 4-triazol-1-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat. Thém pyridin(64ul, 0,79mmol) vao dung
dich chira axit (Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (310mg, 0,72mmol), (3S,4R)-3-
amino-4-((5-metyl-1H-1,2,4-triazol-1-yl)metyl)azetidin-2-on(130mg, 0,72mmol) va
EDCI (150mg, 0,79mmol) trong DMF (5ml) & 0°C. Sau khi khudy & nhiét do phong
trong 24 gid, ¢6 dic no trong chan khong. Tinh ché san phdm thé qua sic ky silicagel
(MeOH-DCM, 10%), dé thu hop chét tiéu dé (190mg, 45%) & dang chét rin mau
trang. LCMS: m/z = 593,0 (M+1).

Budéc 3: axit (2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-
1H-1,2,4-triazol-1-yl)metyl)-4-oxoazetidin-1-sulfonic. X ly fert-butyl 2-(((2)-(1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((5-metyl-1H-1,2,4-triazol-1-
yDmetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(180mg, 0,304mmol) trong DMF (4ml) bing SO;*DMF (466mg, 3,04mmol). Sau khi
khudy 24 gid, ¢ diac dung dich trong chan khong. Tinh sach san phim thd bang nhya
HP21 (ACN-nudc, 0-50%), dé thu hop chét tiéu d& (80mg, 39%) & dang chét rin mau
trang. LCMS: m/z = 671,0 (M+1).

Buée 4: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((5-metyl-1H-
1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit st dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-metyl-1H-1,2,4-triazol-1-
ylmetyl)-4-oxoazetidin-1-sulfonic (80mg, 0,119mmol), DCM (4,0ml) va TFA (1,0ml,
13,0mmol) trong 3 gid. Tinh ché san phdm thd bing HPLC thu san phim pha dao
(XSelect CSH, 30 x 100mm, 5um, cot C18; v6i chét didu bién axit formic 0,1% ACN-
nudce, 60ml/phit), dé thu hop chét tiéu dé (15mg, 24%) & dang bot mau tring. LCMS:
m/z = 514,8 (M-1); '"H NMR (400MHz, D,0) & 7,86 (s, 1H), 6,89 (s, 1H), 5,36-5,28
(m, 1H), 4,78-4,66 (m, 2H duoc gia thiét; bi che khuét bai dinh cia dung moi du),
4,54-4,44 (m, 1H), 4,42-4,30 (m, 1H), 2,35 (s, 3H), 1,25 (s, 6H).

Vi du 62: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
(formimidamidometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.

0 0

A A
N/o N,O
N § N §
N N
HZN\</ I N\/j/\NHZ - . H2N~</ I N\/_\]/\N/\NH
s 0 N N= s 0 N, N=
0 0

“S0H “s04H

Thém DIPEA (41mg, 0,32mmol) vao dung dich chira axit 2-(((Z)-(2-(((2R,3S)-
2-((4-(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-1-
(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic (100mg,
0,159mmol) va etylformamidate hydroclorua (17,4mg, 0,159mmol) trong DMF (1ml).
Sau 2 gio khudy, bd sung thém etylformamidatehydroclorua (9,0mg, 0,082mmol) va
thém DIPEA (20mg, 0,16mmol). Sau 4 gid tiép theo, c¢d dic dung dich va rira bing
ete. Tinh ché san phdm thé bang HPLC thu san phdm pha dao (XSelect CSH, 30 x
100mm, Sum, cot C18; voi chét diéu bién axit formic 0,1% ACN- nudce, 60ml/phuat),
dé thu hop chit tiéu dé (15,5mg, 18%) & dang hdn hop cua cac cht hd bién amidin.
LCMS: m/z = 556,8 (M-1); 'H NMR (400MHz, D,0): § 7,73 (s, 0,4H), 7,65 (s, 0,6H),
7,57 (m, 1H), 6,83 (s, 1H), 5,37 (d, J = 5,6 Hz, 1H), 4,80-4,61 (m, 3H gia thiét; bi che
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khuit béi dinh cta dung méi du) 4,48 (s, 0,4H), 4,45 (s, 0,6H), 1,17 (s, 3H), 1,15 (s,
3H).

Vi du 63: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((S)-5-(hydroxymetyl)-
2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((S)-9-hydroxy-2,2-dimetyl-5,7-dioxa-11-aza-2-siladodecan-12-yl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat. ~Thém  (S)-
trimetyl(2-((oxiran-2-ylmetoxy)metoxy)etyl)silan (485mg, 2,38mmol) vao dung dich
chira tert-butyl 2-(((2)-(2-(((2R,3S)-2-(aminometyl)-4-oxoazetidin-3-yl)amino)-1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (500mg, 0,95mmol) trong DCM (5ml). Sau khi khudy & nhiét do
phong trong 12 gid, bd sung thém 2,5 dwong lugng ciia (S)-trimetyl(2-((oxiran-2-
ylmetoxy)metoxy)etyl)silan. Sau khi khudy thém & nhiét d6 phong trong 12 gid, co
dic hon hop phan mg trong chan khéng. Tinh ché san phim thd qua séc ky silicagel
(MeOH-DCM, 2-10%) dé thu hop chét tiéu @& (155mg, 22%). LCMS: m/z = 731,4
(M+1).

Bude 2: tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
0x0-2-(((3S,4R)-2-0x0-4-(((S)-2-0x0-5-(((2-
(trimetylsilyl)etoxy)metoxy)metyl)oxazolidin-3-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoat. Thém CDI (62mg, 0,38mmol) vao
dung dich chua tert-butyl 2-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,3S5)-2-((S)-9-hydroxy-2,2-dimetyl-5,7-dioxa-11-aza-2-siladodecan-12-y1)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat (155mg,
0,21mmol) trong DCM (10ml) & 0°C. Sau khi khudy ¢ <15 °C trong 2 gid, ¢ dic hdn
hop phan tng trong chan khong. Tinh ché san phim thé qua sic ky silicagel (MeOH-
DCM, 3-5%) dé thu hop chit tiéu dé (130mg, 81%). LCMS: m/z = 755,3 (M-1).

Budc 3: axit (3S,4R)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-
(((S)-2-ox0-5-(((2-(trimetylsilyl)etoxy )metoxy)metyl)oxazolidin-3-yl)metyl)azetidin-
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1-sulfonic. Thém SO;*DMF (105mg, 0,69mmol) vao dung dich chua fert-butyl 2-
(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-o0x0-2-(((3S,4R)-2-0x0-4-
(((S)-2-0x0-5-(((2-(trimetylsilyl )etoxy)metoxy)metyl)oxazolidin-3-yl)metyl)azetidin-
3-yl)amino)etyliden)amino)oxy)-2-metylpropanoat (130mg, 0,17mmol) trong DMF
(1ml). Sau khi khudy & nhiét d6 phong trong 2 gid, c¢o dic hdn hop phan g trong
chan khong. Tinh ché hdn hop san phdm thdé qua nhua HP21 (ACN-nude, 10-50%) dé
thu hop chit tiéu dé (140mg, 97%). LCMS: m/z = 705,42 (M-SEM).

Budc 4: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-(((S)-5-
(hydroxymetyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung axit (3S,4R)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-(((S)-2-ox0-5-(((2-
(trimetylsilyl)etoxy)metoxy)metyl)oxazolidin-3-yl)metyl)azetidin-1-sulfonic (140mg,
0,17mmol), DCM (2ml) va TFA (1ml) trong 3 gio. Tinh ché san phim thé bing HPLC
thu san pham pha dao (XSelect CSH, 30 x 100mm, Sum, ¢t C18; véi chét diéu bién
axit formic 0,1% ACN- nuéc, 60ml/phut), dé thu hop chit tiéu dé& (28mg, 30%)
LCMS: m/z = 549,0 (M-1); 'H NMR (400MHz, D,0): 7,00 (s, 1H), 5,23 (d, J= 5,2
Hz, 1H), 4,80-4,70 (m, 1H), 4,45-4,40 (m, 1H), 4,10-3,95 (m, 2H), 3,77 (t, J=9,2 Hz,
1H), 3,49 (t, J= 7,6 Hz, 2H), 3,39 (m, 1H), 1,39 (s, 3H), 1,38 (s, 3H).

Vi du 64: axit (S)-2-(((Z)-(1-(2-aminothiazol-4-yl1)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxooxazolidin-3-yl)metyl)azetidin-3-yl)amino)etyliden)amino)oxy)-3-(4-(N-
(piperidin-4-yl)carbamimidoyl)phenoxy )propanoic.
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Budéc 1. tert-butyl  (4-(2-0x0-2-(((3S,4R)-2-0x0-4-((2-0x00xazolidin-3-
yl)metyl)azetidin-3-yl)amino)axetyl)thiazol-2-yl)carbamat. Piéu ché theo phurong thire
tuong tu voi chét trung gianE, sir dung chét trung gianD (0,776g, 4,19mmol), axit 2-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoaxetic (1,141g, 4,19mmol), HATU
(3,071g,8,08mmol) trong DMF (20ml), sau d6 Thém DIPEA (3,66ml, 20,95mmol).
LCMS: R, = 0,60 min, m/z = 440,1 (M+1) Phuong phap 2m_c0 tinh axit.

Budc 2: axit (3S,4R)-3-(2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoaxetamido)-2-ox0-4-((2-oxooxazolidin-3-yl)metyl)azetidin-1-sulfonic. Piéu ché
theo phuong thirc twong tu voi chit trung gian F, sir dung fert-butyl(4-(2-oxo0-2-
(((3S,4R)-2-0x0-4-((2-oxoo0xazolidin-3-yl)metyl)azetidin-3-yl)amino)axetyl)thiazol-2-
yl)carbamat (500mg, 1,138mmol), SO;*DMF (523mg, 3,41mmol) trong DMF (5,7ml).
LC/MS: Rt = 0,54min; m/z = 520,0 (M+1) Phuong phép 2m_c6 tinh axit.

Budc 3: axit (35,4R)-3-((2)-2-((((S)-1-(benzhydryloxy)-3-(4-(N-(1-(tert-
butoxycarbonyl)piperidin-4-yl)carbamimidoyl)phenoxy)- 1 -oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((2-
oxooxazolidin-3-yl)metyl)azetidin- 1-sulfonic. Thém (S)-tert-butyl 4-(4-(2-
(aminooxy)-3-(benzhydryloxy)-3-oxopropoxy)benzimidamido)piperidin-1-carboxylat
(duoc diéu ché theo W0O2013110643, 193mg, 0,328mmol) vao dung dich chira axit
(3S,4R)-3-(2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoaxetamido)-2-0x0-4-
((2-oxooxazolidin-3-yl)metyl)azetidin-1-sulfonic (170mg, 0,328 mmol) trong CHCI;
(2ml,ty 1&: 1) va EtOH (6mL, ty 1&: 3). Sau khi khudy trong 2 gi¢r, Thém AcOH (19ul,
0,328mmol). Sau 12 gidr, b sung Thém dung dich chira axit (3S,4R)-3-(2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoaxetamido)-2-0x0-4-((2-oxooxazolidin-3-
yl)metyl)azetidin-1-sulfonic (170mg, 0,328mmol) trong CHCI;:EtOH ty 1€ 3:1. Sau
khi khudy trong 45 gi®y, ¢6 dic né trong chén khong, va tinh sach san phdm thé bing
nhwa HP21 (10-100% ACN-nuéc), dé thu hop chit tiéu dé (117mg, 33%) & dang chét
rin mau trang nhat. LCMS: Rt = 0,96 min, m/z = 1091,1 (M+1) Phuong phap 2m_c6

tinh axit.

Buédce 4: axit (S)-2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-
((2-oxooxazolidin-3-yl)metyl)-1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-3-(4-
(N-(piperidin-4-yl)carbamimidoyl)phenoxy)propanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (35,4R)-
3-((Z2)-2-((((S)-1-(benzhydryloxy)-3-(4-(N-(1-(tert-butoxycarbonyl)piperidin-4-
yl)carbamimidoyl)phenoxy)-1-oxopropan-2-yl)oxy)imino)-2-(2-((zert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxooxazolidin-3-
ylD)metyl)azetidin-1-sulfonic (117mg, 0,107mmol), DCM (5,3ml) va TFA (0,413ml,
5,37mmol). Tinh ché sin phdm thé bang HPLC thu san phidm pha dao (Xselect CSH,
30x100mm, Spm, cot C18; véi chit diéu bién axit formic 0,1% ACN- nudc,
60ml/phut), dé thu hop chét tiéu dé (23mg, 28%) & dang bot mau tring. LC/MS: R, =
0,42 min, m/z = 724,5 (M+1) Phuong phap 2m co tinh axit phin cuc; 'H NMR
(500MHz, DMSO-dg) 6 9,53 (d, J=7,57 Hz, 1 H), 9,43-9,36 (m, 2H), 9,01 (br s, 1
H),8,53-8,36 (m, 2H), 7,72 (d, J=8,5 Hz, 3H), 7,26 (br s, 2H), 7,15 (d, /=8,8 Hz, 2H),
6,82 (s, 1H), 5,19 (dd, J=8,7, 5,8 Hz, 1H), 5,02 (t, /=3,8 Hz, 1H), 4,51-4,42 (m, 2H),
4,12-3,96 (m, 3H), 3,90-3,81 (m, 1H), 3,73 (d, J=7,3 Hz, 1H), 3,69-3,62 (m, 1H), 3,58-
3,53 (m, 1H),3,20-3,16 (m, 1H), 2,98-2,85 (m, 1H) 2,13-2,04 (m, 1H), 1,85-1,72 (m,
1H).

Vi du tham khao 65: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-({((3S,4R)-2-0x0-4-
((4-((sulfamoylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)-2-metylpropanoic.

0

%»OH
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-171-



21204

Piéu ché theo phuong thirc trong tw v6i vi du 53, sir dungmubi TFA cia axit 2-
(((Z)-(2-(((2R,3S5)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo0-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoic, hop chit & dang sin phim tho (200mg, 0,318mmol), tert-
butylclosulfonylcarbamat (68mg, 0,318mmol), DIPEA (113ml,0,636mmol) va DMF
(1ml). LCMS: m/z = 609,1 (M-1),1H NMR (400MHz, D,0): & 7,65 (s, 1H), 6,98 (s,
1H), 5,40 (d, J = 6,0 Hz, 1H), 4,85-4,83 (m, 1H), 4,76-4,74 (m, 2H), 4,13 (s, 2H), 1,26
(s, 3H), 1,25 (s, 3H).

Diéu ché tert-butylclosulfonylcarbamat: Thém sulfurisocyanatidoyl clorua (3,5ml,
36,6mmol) vao dung dich chira tert-butanol (3,2g, 36,9mmol) trong benzen (13ml).
Sau khi khudy & nhiét d6 phong trong 2 gid, 1am ngimg hdn hop phan tmg v6i Hexan.
Giam nhiét hdn hop nay trong bé nudc d4, thu dugc két tha rin mau tring. Loc chat

rin, rira bang Hexan, sdy va sir dung ludn trong budc tiép theo (3,2g, 41%).

Vi du tham khao 66: axit (S)-3-(4-(N-(2-aminoetyl)carbamimidoyl)phenoxy)-2-(((Z)-
(2-(((2R,395)-2-((4-(aminometyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)propanoic.
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Diéu ché theo phuong thirc tuong tu véi vi du 31, st dung axitrert-butyl ((2-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-2 H-1,2,3-triazol-4-yl)metyl)carbamat va
(8,2)-2-(((1-(benzhydryloxy)-3-(4-(N-(2-((tert-
butoxycarbonyl)amino)etyl)carbamimidoyl)phenoxy)-1-oxopropan-2-yl)oxy)imino)-2-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)  axetic (dwoc  diéu ché theo
WO02013110643). Tinh ché san pham tho bing HPLC thu sdn phim pha dao (Xselect
CSH, 30 x 100mm, Sum, cot C18; véi chit diéu bién axit formic 0,1% ACN- nudc,
60ml/phut). LCMS: R, = 0,25 min, m/z = 695,2 (M+1) Phuong phap 2m_co tinh axit;
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'"H NMR (400MHz, DMSO-dy) 89,48 (s, 3H), 8,99 (s, 1H), 8,21 (s, 4H), 7,89 (s, 4H),
7,82-7,77 (m, 2H), 7,71 (s, 1H), 7,22 (dd, J = 10,5, 8,2 Hz, 4H), 6,72 (s, 1H), 5,33 (dd,
J=973,5,5 Hz, 1H), 4,99 (dd, J = 5,7, 3,3 Hz, 1H), 4,90 (ddd, J = 12,8, 8.0, 3,9 Hz,
1H), 4,78-4,68 (m, 2H), 4,51-4,36 (m, 3H), 4,08 (s, 3H), 3,13 (s, 2H).

Vi du tham khao 67: axit (S)-2-(((2)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-(2-aminoetyl)carbamimidoyl)phenoxy)propanoic.

NH NH
2
° Q*W
H
HO)H‘-“\O

SO3H

Diéu ché theo phwong thirc twong tu voi vi du 66,str dung (35,4R)-4-((1H-1,2,4-
triazol-1-yl)metyl)-3-aminoazetidin-2-on. Tinh ché san phim thé bing HPLC thu san
phim pha dao (Xselect CSH, 30 x 100mm, Sum, cot C18; véi chit didu bién axit
formic 0,1% ACN- nudc, 60ml/phut). LCMS: R, = 0,25 min, m/z = 666,1 (M+1)
Phuong phap 2m_c6 tinh axit.

Vi du tham khéo 68: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
0x0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-(azetidin-3-yl)carbamimidoyl)phenoxy)propanoic.

A Q*
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SO3H
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Piéu ché theo phuong thirc twong tu v6i vi du64, st dung chét trung gian F va
(S)-tert-butyl 3-(4-(2-(aminooxy)-3-(benzhydryloxy)-3-
oxopropoxy)benzimidamido)azetidin-1-carboxylat (duogc diéu ché theo
W02013110643). Tinh ché san phim tho bing HPLC thu san phdm pha dao (Xselect
CSH, 30 x 100mm, 5pm, cot C18; véi chit diéu bién axit formic 0,1% ACN- nuéc,
60ml/phit).LCMS: R, = 0,35 min, m/z = 678,2 (M+1) Phuong phép 2m_cé tinh
axit_phén cuc; 'H NMR (500MHz, DMSO-d¢): 80113,68-13,03(m, 1 H),10,02 (d,
J=5,9Hz, 1 H), 9,57-9,51 (m, 2 H),9,05 (brs, 1 H), 8,91-8,76 (m, 2 H), 8,39 (s, 1 H),
7,91 (s, 1 H), 7,69 (d, J=8,5 Hz, 2 H), 7,30 (br s, 2 H), 6,92 (d, J=8,8 Hz, 2 H), 6,80 (s,
1H), 5,12-5,04(m, 2H), 4,74-4,66 (m, 1H), 4,54 (d, /=8,8 Hz, 1H), 4,49-4,35 (m,
3H),4,31-4,16 (m, 5 H).

Vi du tham khao 69: axit 1-(((Z2)-(2-(((2R,35)-2-((4-(((3-aminopropyl)amino)metyl)-
1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic hdn hgp véi axit formic (1:1).
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Diéu ché theo phuong thirc tuong tu véi vi du 28, sir dung axit 1-(((Z)-(2-
(((2R,3S)-2-((4-(aminometyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
(20mg, 0,038mmol), tert-butyl (3 bromopropyl)carbamat (60mg, 0,252mmol), DIPEA
(0,1ml, 0,572mmol), va DMF (0,5ml). Tinh ché san phdm thd bing HPLC thu san
phém pha dao (Xselect CSH, 19 x 100mm, Sum, cit C18; vai chit diéu bién axit
formic 0,1% ACN- nudc, 24ml/phat). LCMS: R, = 0,29 min, m/z = 587,1 (M+1)
Phuong phdp 2m_c6 tinh axit,IH NMR (500MHz, D,0) 6 8,31 (s, 1H), 8,14 (s, 1H),
6,93 (s, 1H), 5,32 (d, J = 5,1 Hz, 1H), 4,86-4,78 (m, 2H), 4,73-4,66 (m, 2H dugc gia
thiét; bi che khuit bsi dinh dung méi du), 4,29 (s, 2H), 3,04-3,01 (m, 2H), 2,97-2,92
(m, 2H), 1,96 (p, J = 7,9 Hz, 2H), 1,22-1,11 (m, 2H), 1,10-0,96 (m, 2H).
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Vi du 70: axit 2-(((Z)-(2-(((2R,3S)-2-((3-(2-aminoetyl)-2-oxoimidazolidin-1-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1 -(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: Tert-butyl 2-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-(11,11-dimetyl-9-ox0-10-0xa-2,5,8-triazadodexyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoat. =~ Thém  tert-butyl  (2-
oxoetyl)carbamat (27,9mg, 0,176mmol) vao dung dich chtra tert-butyl 2-(((2)-(2-
(((2R,35)-2-(((2-aminoetyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(100mg, 0,176mmol) trong DCE (1,8ml). Sau khi khudy trong 2 gid, Thém natri
triaxetoxyborohydrua (112mg, 0,527mmol). Sau 12 gid, 1am ngimg hdn hgp phan g
bing NaHCOsbdo hoa(aq) va chiét biang EtOAc. Rira 16p hitu co bang nuéc mudi, sdy
qua Na,SO4 va ¢ didc trong chian khong. N6 dugc sir dung lam nguyén li€u thd trong

budc 2.

Buéc 2: Tert-butyl 2-(((D)-2-(((2R,39)-2-((3-(2-((tert-
butoxycarbonyl)amino)etyl)-2-oxoimidazolidin-1-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat. Diéu ché theo phuong thirc twong tr véi vi du 3 bude 3, st dung
tert-butyl 2-(((£)-(1-(2-((zert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S5)-2-
(11,11-dimetyl-9-oxo0-10-0xa-2,5,8-triazadodexyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (135mg, 0,189mmol), CDI (46,1mg,
0,284mmol), TEA (132ul, 0,947mmol) va cloroform (1,9ml). San phidm tho duoc sir
dung luén cho budc tiép theo. LC/MS: R, = 1,02 min, m/z = 739,4 (M+1) Phuong
phap 2m_c6 tinh axit.

Budc 3: axit (2R,3S5)-3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-(2-
((tert-butoxycarbonyl)amino)etyl)-2-oxoimidazolidin-1-yl)metyl)-4-oxoazetidin-1-
sulfonic. Piéu ché theo phuong thirc twong tu véi vi du 3, bude 4, st dung tert-butyl
2-(((D)-(2-(((2R,35)-2-((3-(2-((tert-butoxycarbonyl)amino)etyl)-2-oxoimidazolidin-1-
yDmetyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-
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2-oxoetyliden)amino)oxy)-2-metylpropanoat ~ (60mg,  0,081mmol),  SO;*DMF
(124mg,0,812mmol), DMF (812ul). San phim tho duoc sir dung luén cho bude tiép
theo. LC/MS: R; = 0,94 min, m/z = 819,2 (M+1) Phuong phap 2m_c¢ tinh axit.

Bude 4: axit 2-(((2)-(2-(((2R,3S)-2-((3-(2-aminoetyl)-2-oxoimidazolidin-1-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1 -(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-(2-((tert-
butoxycarbonyl)amino)etyl)-2-oxoimidazolidin-1-yl)metyl)-4-oxoazetidin-1-sulfonic
(42mg, 0,051mmol), TFA (237ul, 3,08mmol) trong DCM (500p1). Tinh ché san phdm
th6 bing HPLC thu san phdm pha dao (Xselect CSH, 30 x 100mm, 5um, cdt C18; véi
chit diéu bién axit formic 0,1% ACN- nudc, 60ml/phut) dé thu hop chét tiéu dé
(1,2mg, 4%). LC/MS: R; = 0,35 min, m/z = 563,2 (M+1) Phuong phép 2m_c6 tinh
axit; '"H NMR (400MHz, D,0): § '"H NMR 6,99 (s, 1 H), 5,32 (d, /=5,9Hz, 1 H), 4,56-
4,50 (m, 1 H), 3,70 (dd, J=15,1, 9,6Hz, 1 H), 3,59-3,49 (m, 1 H), 3,463,30 (m, 4 H),
3,29-3,20 (m, 2 H), 3,08-3,02 (m, 2 H), 1,40 (s, 3 H), 1,38 (s, 3 H).

Vi du tham khéo 71: axit (S)-2-(((Z)-(2-(((2R,3S5)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
0x0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-((S)-pyrolidin-3-yl)carbamimidoyl)phenoxy )propanoic.
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Diéu ché theo phuong thire trong ty véi vi du 64, sir dung chit trung gian F va
(R)-tert-butyl 3-(4-((S)-2-(aminooxy)-3-(benzhydryloxy)-3-
oxopropoxy)benzimidamido)pyrolidin-1-carboxylat ~ (dugc  didu  ché  theo
W02013110643). Tinh ché san phim tho biang HPLC thu san phdm pha dao (Xselect
CSH, 30 x 100mm, Sum, cdt C18; véi chat diéu bién axit formic 0,1% ACN- nudc,
60ml/phat). LCMS: R; = 0,39 min, m/z = 692,3 (M+1) Phuong phip 2m cé tinh
axit_phan cuc; '"H NMR (500MHz, DMSO-dg): 89,52 (d, J=7,6Hz, 3 H),9,11 (brs, 1
H), 8,92-8,78 (m, 2 H), 8,40 (s, 1 H), 7,92 (s, 1 H), 7,67 (d, /=8,8 Hz, 2 H), 7,30 (brs,
2 H), 6,90 (d, J=9,1 Hz, 2 H), 6,80 (s, 1 H),5,11-5,04(m, 2 H), 4,58-4,51 (m, 1 H),
4,48-4,35 (m, 4 H),4,25-4,20 (m, 1 H), 3,53-3,44 (m, 1 H), 2,35-2,25 (m, 1 H), 2,20-
2,11 (m,1 H).

Vi du 72: axit 2-(((Z2)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((R)-5-(hydroxymetyl)-
2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: tert-butyl 2-(((D)-2-(((2R.,38)-2-((((R)-3~(benzyloxy)-2-
hydroxypropyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat.
Piéu ché theo phuong thirc tuong tu voi vi du 63 bude 1, st dung terz-butyl 2-(((2)-(2-
(((2R.35)-2-(aminometyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(200mg, 0,38mmol), (R)-2-((benzyloxy)metyl)oxiran (623mg, 3,8mmol), DCM (2ml).
Tinh ché san pham thé qua sic ky silicagel (MeOH-DCM, 4-10%) dé thu hop chét tiéu
dé (126mg, 48%). LCMS: m/z = 691,3 (M+1).
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Buoc 2:  tert-butyl  2-(((Z)-(2-(((2R,3S)-2-(((R)-5-((benzyloxy)metyl)-2-
oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((ter?-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat.
Diéu ché theo phuong thirc trong tir véi vi du 63 bude 2, sir dung tert-butyl 2-(((2)-(2-
(((2R,38)-2-((((R)-3-(benzyloxy)-2-hydroxypropyl)amino)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat (126mg,0,182mmol), CDI (53mg, 0,33mmol), DCM (5ml). Tinh
ché san phim thd qua séc ky silicagel (MeOH-DCM, 3-5%) dé thu hop chét tiéu dé
(76mg, 58%). LCMS: m/z = 715,3 (M-1).

Budc 3: Tert-butyl 2-(((2)-(2-(((2R,35)-2-(((R)-5-((benzyloxy)metyl)-2-
oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat
(2R,39)-2-(((R)-5-((benzyloxy)metyl)-2-oxooxazolidin-3-yl)metyl)-3-((Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonat. Diéu ché
theo phuong thirc twong tu v6i vi du 63 budc 3, st dung tert-butyl 2-(((Z2)-(2-
(((2R,39)-2-(((R)-5-((benzyloxy)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat (76mg, 0,1 lmmol), SO;*DMF (65mg, 0,42mmol), DMF (1ml). Tinh
ché san phdm thé qua nhwa HP21 (CH;CN-nude, 10-50%) dé thu hop chit tiéu dé
(80mg, 95%). LCMS: m/z = 797,3 (M+1).

Budéc 4. axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((R)-5-
(hydroxymetyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Thém BCl; (IM trong DCM, 0,6ml) vao dung dich chira zert-butyl 2-(((2)-(2-
(((2R.35)-2-(((R)-5-((benzyloxy)metyl)-2-oxooxazolidin-3-yl)metyl)-4-oxoazetidin-3-

-178-



21204

yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-
2-metylpropanoat (2R,3S)-2-(((R)-5-((benzyloxy)metyl)-2-oxooxazolidin-3-yl)metyl)-
3-((Z2)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonat (80mg,
0,1mmol) trong DCM (10ml). Sau khi khudy & nhiét d6 phong trong 15 phut, lam
ngimg hdn hop phan tmg bang EtOH va ¢6 dic trong chan khong. Tinh ché san phdm
tho béng HPLC thu san phém pha dao (XSelect CSH, 30 x 100mm, Spum, ct C18; véi
chét didu bién axit formic 0,1% ACN- nuéc, 60ml/phut), d& thu hop chét tiéu dé
(1,1mg, 2%). LCMS: m/z = 549,0 (M-1); '"H NMR (400MHz, D,0): § 6,96 (s, 1H),
5,29 (d, J=5,2 Hz, 1H), 4,48 (m, 2H), 3,73-3,35 (m, 6H), 1,36 (s, 3H), 1,35 (s, 3H).

Vi du tham khao 73: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-((R)-pyrolidin-3-yl)carbamimidoyl)phenoxy)propanoic.
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Pidu ché theo phuong thirc trong tw véi vi du 64, st dung chét trung gian F va
(S)-tert-butyl 3-(4-((S)-2-(aminooxy)-3-(benzhydryloxy)-3-
oxopropoxy)benzimidamido)pyrolidin-1-carboxylat ~ (dugc  diéu  ché  theo
WO02013110643). Tinh ché san phidm thé bang HPLC thu san phim pha dao (Xselect
CSH, 30 x 100mm, Sum, cot C18; véi chat didu bién axit formic 0,1% ACN- nuéc,
60ml/phat). LCMS: R; = 0,39 min, m/z = 692,3 (M+1) Phuong phap 2m_c6 tinh
axit_phan cuc; '"H NMR (500MHz, DMSO-dq): § 9,52 (d, J=7,6Hz, 3 H),9,11 (brs, 1
H), 8,92-8,78 (m, 2 H), 8,40 (s, 1 H), 7,92 (s, 1 H) 7,67 (d, J=8,8 Hz, 2 H), 7,30 (br s,
2 H), 6,90 (d, J=9,1 Hz, 2 H), 6,80 (s, 1 H),5,11-5,04(m, 2 H), 4,51-4,58 (m, 1 H),
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4,48-4,35 (m, 4 H),4,25-4,19 (m, 1 H), 3,53-3,44 (m, 1 H), 2,35-2,26 (m, 1 H), 2,29-
2,11 (m, 1 H).

Vi du tham khdo 74: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((3-
carbamoyl-1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)Jamino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Piéu ché theo phuong thirc twong tu véi vi du 4, sir dung tert-butyl (1-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,4-triazol-3-carbonyl)carbamat.
LCMS: m/z = 544,0 (M-1);'H NMR (400MHz, D,0): 88,41 (s, 1H), 6,94 (s, 1H),
5,36-5,32 (m, 1H), 4,75-4,50 (m, 3H, bi che khuét mot phén bdi dinh ctia dung moi
du), 1,23 (s, 6H).

Vi du tham khao 75: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)- 1-(5-amino-1,2,4-thiadiazol-3-yl)-2-
oxoetyliden)amino)oxy)-3-(4-(N-(piperidin-4-yl)carbamimidoyl)phenoxy)propanoic.

Piéu ché theo phuong thirc twong tu véi vi du 31, st dung axit 2-(5-((zert-
butoxycarbonyl)amino)-1,2,4-thiadiazol-3-yl)-2-oxo axetic. LCMS: R, = 0,305 min,
m/z = 707.4 (M+1) Phuong phap 2m_c6 tinh axit; '"H NMR (500MHz, D,0): 6(18,02
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(s, 1 H), 7,66 (s, 1 H), 7,43 (d, J=8,8 Hz, 2 H), 6,77 (d, J=9,1 Hz, 2 H), 5,24 (d, J=5.9
Hz, 1 H), 5,10-5,06 (m, 1 H), 4,44-4.29 (m, 4 H), 4,01-3,88 (m, 1 H), 3,49 (d,
J=13,6Hz, 2 H), 3,21-2,99 (m, 2 H), 2,33-2,23 (m, 2H), 1,92-1,80 (m, 2H).

Vi du 76: axit 2-(((Z)-(2-(((2R,35)-2-(((S)-3-amino-2-oxopyrolidin-1-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Piéu ché theo phuong thirc twong tw v6i vi du 1, sir dung (S)-metyl 4-bromo-2-
((tert-butoxycarbonyl)amino)butanoat. LCMS: m/z = 532,0 (M-1);'"H NMR (400MHz,
D,0): 6 6,99 (s, 1H), 5,31 (d, J/=6,0 Hz, 1H), 4,70-4,58 (m, 1H), 4,02 (t, /=9,6,9,2 Hz,
1H), 3,85 (dd, J=9,6,9,2 Hz, 1H), 3,59 (m, 1H), 3,47 (m, 1H), 3,34 (dd, J=14,8, 2,4
Hz, 1H), 2,48 (m, 1H), 2,01 (m, 1H), 1,39 (s, 3H), 1,37 (s, 3H).

Vi du tham khao 77: axit (S)-2-(((Z)-(2-(((2R,35)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-((1r,3S)-3-aminoxyclobutyl)carbamimidoyl)phenoxy)propanoic.
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Diéu ché theo phuong thirc twong tu véi vi du 31, sir dung(S)-benzhydryl 2-
(aminooxy)-3-(4-(N-((17,3S)-3-((tert-
butoxycarbonyl)amino)xyclobutyl)carbamimidoyl)phenoxy)propanoatLCMS: R, =
0,39 min, m/z = 692,1 (M+1) Phuong phdp 2m_c6 tinh axit phén cuc; 0'H NMR
(400MHz, DMSO-dy) 6 9,83-9,76 (m, 1H), 9,51 (d, J = 8,1 Hz, 1H), 9,33 (brs, 1H),
8,71 (brs, 1H), 8,39 (s, 1H), 8,05-7,97 (m, 3H), 7,91 (s, 1H), 7,66 (d, J = 8,5 Hz, 2H),
7,30 (brs, 2H), 6,89 (d, J = 9,2 Hz, 2H), 6,80 (s, 1H), 5,13-5,04 (m, 2H), 4,5-4,49 (m,
1H), 4,47-4,33(m, 3H), 4,24-4,16 (m, 2H), 3,97-3,86 (m,1H), 2,69-2,52 (m, 4H).

Vi du tham khdo 78: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-(3-aminopropyl)carbamimidoyl)phenoxy)propanoic.
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Pidu ché theo phuong thirc twong tu voi vi du 67, st dung(S)-benzhydryl 2-
(aminooxy)-3-(4-(N-(3-((tert-
butoxycarbonyl)amino)propyl)carbamimidoyl)phenoxy)propanoat (dugc diéu ché theo
WO02013110643). LCMS: R, = 0,38 min, m/z = 680,2 (M+1) Phuong phap 2m_c6 tinh
axit_phan cuc; 'H NMR (400MHz, DMSO-d¢) 8 'H NMR (400MHz, DMSO-dy) &
9,59-9,47 (m, 2H), 9,34 (s, 1H), 8,88 (s, 1H), 8,37 (s, 1H), 7,90 (s, 1H), 7,79-7,67 (m,
3H), 7,66-7,62 (m, 2H), 7,29 (s, 2H), 6,94-6,88 (m, 2H), 6,80 (s, 1H), 5,10 (dd, J =
8,1, 5,5 Hz, 1H), 5,06 (dd, J = 5,0, 2,7 Hz, 1H), 4,56-4,48 (m, 1H), 4,48-4,35 (m, 3H),
4,26-4,19 (m, 1H), 2,90 (dd, J= 8,9, 5,5 Hz, 3H), 1,96-1,83 (m, 2H).
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Vi du tham khao 79: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
ox0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

((6-(N-(piperidin-4-yl)carbamimidoyl)pyridin-3-yl)oxy)propanoic.
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Diéu ché theo phuong thirc trong tu véi vi du68, sir dung chét trung gian F va
(R)-tert-butyl 4-(5-(2-(aminooxy)-3-(benzhydryloxy)-3-
oxopropoxy)picolinimidamido)piperidin-1-carboxylat ~ (dwoc  diéu ché  theo
W02013110643). LCMS: R, = 0,29 min, m/z = 707,0 (M+1) Phuong phép 2m_cé tinh
axit; 'H NMR (400MHz, DMSO-d): 89,71 (d, J=7,8 Hz, 1 H), 9,58 (brs, 1 H), 9,24
(brs, 1 H), 8,45-8,40 (m, 1H), 8,36 (s, 1H), 8,27-8,21 (m, 1H), 8,12 (d, J=8,6 Hz, 1 H),
7,84 (s, 1 H), 7,65-7,59 (m, 1H), 7,24 (br s, 2 H), 6,77 (s, 1 H), 6,50 (s, 1 H), 5,18-5,11
(m, 1H), 5,09-5,03 (m, 1H), 4,64-4,58 (m, 1H), 4,5-4,49 (m, 1H), 4,48-4,42 (m, 1H),
4,23 (q, J=5,5 Hz, 1H), 3,96-3,85 (m, 1H), 3,45-3,40 (m, 2H), 2,94-2,83 (m, 2H), 2,10-
2,02 (m, 2H), 1,92-1,81 (m, 2H).

Vi du 80: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-(((S)-3-guanidino-2-
oxopyrolidin-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Diéu ché theo phuong thirc twong tr véi vi du 20 sir dung axit 2-(((Z)-(2-
(((2R,3S)-2-(((S)-3-amino-2-oxopyrolidin-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic va
1H-pyrazol-1-carboximidamit cia HClL. LCMS: m/z = 576,2 (M+1);1H NMR
(400MHz, D,0): 6 6,95 (s, 1H), 5,31 (d, J= 6,0 Hz, 1H), 4,72-4,57 (m, 1H), 4,27 (t, J
=9,6&9,2 Hz, 1H), 3,85 (dd, J = 9,6 Hz, 1H), 3,59 (t, J = 9,2, 8,8 Hz, 1H), 3,49 (q,
1H), 3,34 (dd, 1H), 2,46 (m, 1H), 1,88 (m, 1H), 1,35 (s, 3H), 1,33 (s, 3H).

Vi du tham khao 81: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-(N-((1R,58,65)-3-azabixyclo[3.1.0]hexan-6-yl)carbamimidoyl)phenoxy)propanoic.
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Diéu ché theo phurong thirc tuong tur véi vi du 31, sir dung (1R,58,65)-tert-butyl
6-(4-((R)-2-(aminooxy)-3-(benzhydryloxy)-3-oxopropoxy)benzimidamido)-3-
azabixyclo[3.1.0]Hexan-3-carboxylathydrat. LCMS: R, = 0,42 min, m/z = 704,2 (M+1)
Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, DMSO-dg) & 9,70 (brs, 1H), 9,56-
9.45 (m, 2H), 9,14-8,96 (m, 2H), 8,54 (br s, 1H), 8,36 (s, 1H), 7,88 (s, 1H), 7,63 (d, J
=79 Hz, 2H), 7,28 (brs, 2H), 6,88 (d, J = 9,6 Hz, 2H), 6,78 (s, 1H), 5,10-5,02 (m,
2H), 4,54-4,48 (m, 1H), 4,45-4,35 (m, 3H), 4,23-4,17 (m, 1H), 3,61-3,54 (m, 4H),
2,73-2,68 (m, 1H), 2,25 (brs, 2H).
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Vi du tham khio 82: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)isoxazol-3-
yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1 -(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

Budc 1: Benzyl ((2R,3S)-1-(2,4-dimetoxybenzyl)-2-((E)-2-metoxyvinyl)-4-
oxoazetidin-3-yl)carbamat. Thém tir tr KHMDS (trong toluen) (66,3ml, 33,Immol)
vao huyén phi cta (metoxymetyl)triphenylphosphonium clorua (10,34g, 30,2mmol)
trong THF (100ml) & -78°C. Sau khi khudy trong 30 phit, Thém dung dich ylid da
duoc didu ché vao dung dich chira benzyl ((2S,3S)-1-(2,4-dimetoxybenzyl)-2-formyl-
4-oxoazetidin-3-yl)carbamat (3g, 7,53mmol) trong THF (38ml) & -78°C. Sau 3 gid,
1am ngimg hén hop phan timg bang NaHCO; bdo hoa (ag, 60ml), va khudy né qua dém.
Pha loang hdn hop nay bing EtOAc, va phén tach céc 16p. Chiét 16p nuée bing EtOAc
(2x), va rira cac 16p hiru co két hop bing nude mudi, siy bing Na,SO; va c¢d dic trong
chan khong. Tinh ché san phdm thé qua séc ky silicagel (EtOAc-Heptan, 0-60%) dé
thu hop chét tiéu dé (1,6g, 49%) cing v4i cht trung gian dang trans (0,8g, 25%).
LCMS: R, = 0,91 min, m/z =427,0 (M+1). Phuong phap 2m_c6 tinh axit.

Budc 2: Benzyl ((35,4R)-1-(2,4-dimetoxybenzyl)-2-0x0-4-(2-oxoetyl)azetidin-
3-yl)carbamat. Thém HCI (7,4ml, 7,4mmol) vao dung dich chira benzyl ((2R,35)-1-
(2,4-dimetoxybenzyl)-2-((E)-2-metoxyvinyl)-4-oxoazetidin-3-yl)carbamat (1,58¢,
3,70mmol) trong dioxan (37ml) va gia nhiét dén 50°C trong 4 gi. Sau khi giam nhiét
dén nhiét do phong, 1am ngimg hdn hop phan tng bang NaHCO;bdo hoa(aq) va chiét
bang EtOAc (3x). Rira cac 16p hitu co két hop bang nudc mudi, sdy bang Na,SO, va
cb dic trong chan khong. Tinh ché san pham thé bang sic ky silicagel (EtOAc-Heptan,
0-80%) dé thu hop chét tidu dé& (0,89g, 58%). LCMS: R, = 0,86 min, m/z = 413,0
(M+1). Phuong phap 2m_cé tinh axit.

Budc 3: Benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((E)-2-
(hydroxyimino)etyl)-4-oxoazetidin-3-yl)carbamat. Thém dung dich chira benzyl
((3S,4R)-1-(2,4-dimetoxybenzyl)-2-0x0-4-(2-oxoetyl)azetidin-3-yl)carbamat  (886mg,
2,15mmol) trong EtOH (200pL) sau d6 thém dung dich rira EtOH (200ul) vao dung
dich chtra hydroxylaminhydroclorua (160mg, 2,25mmol) va natri bicarbonat (2,4ml,
2,23mmol) trong nude (6ml). Sau khi khudy trong 20 gid, ¢ dic mot phin hdn hop
phan g trong chan khong va phan bd giita DCM va nuée mudi. Chiét 16p nude bing

DCM (2x). Rira cac 1¢p hiru co két hop béng nude mudi, say qua Na,SOy, loc va co
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dic trong chan khéng. San pham tho dugc st dung ludn cho budc tiép theo. LCMS: R,
= (0,76 min, m/z = 428,1 (M+1). Phuong phap 2m_cé tinh axit.

Buéc 4: Thém ting giot natri hypoclorit (5%, 2,6ml, 1,89mmol) vao dung dich
chira benzyl ((2R,3S5)-1-(2,4-dimetoxybenzyl)-2-((E)-2-(hydroxyimino)etyl)-4-
oxoazetidin-3-yl)carbamat (403mg, 0,94mmol) va N-Boc-propargylamin (156mg,
0,97mmol) trong DCM (12ml) & 0°C. Sau khi khudy trong 18 gid, pha loang hén hop
phan tmg bing DCM va nudc. Chiét 16p nuéc bing DCM (2x). Rira cic 16p hiru co két
hop biang nude mubi, sdy qua Na,SO, va ¢b dic trong chan khong. Tinh ché san phim
thd bing sic ky silicagel (EtOAc-Heptan, 0-80%), dé thu hop chét tiéu dé (127mg,
23%). LCMS: R; = 0,96 min, m/z = 581,2 (M+1). Phuong phdp 2m_c6 tinh axit.

Buée 5: Thém kali peroxydisulfat (169mg,0,62mmol), va kaliphosphat, dibazo
(192mg, 1,1mmol) vao dung dich clia chit trung gian tir buéc 4 (279mg, 0,48mmol)
trong axetonitril (4,6ml,ty 1&: 2) va nuée (2,3ml, ty 1&: 1) va gia nhiét dén 90°C. Sau 3
gi®, bd sung thém kali peroxydisulfat (81mg, 0,3mmol) va gia nhiét dén 90°C. Sau 2
gir gia nhiét bd sung, lam ngimg hdn hop phan tng bing NaHCO; va chiét bing
EtOAc (3x). Rira cac 16p hiru co két hop bing nuée mubi, sdy qua Na,SO, va cb dic
trong chan khoéng. Tinh ché san phdm tho bing sic ky silicagel (EtOAc-Heptan, 0-
80%), dé thu hop chit tieu d& (71mg, 34%). LCMS: R, = 0,77 min, m/z = 431.0
(M+1). Phuong phap 2m_c6 tinh axit.

Budc 6: Tert-butyl ((Z)-4-amino-5-((2R,3S)-3-amino-4-oxoazetidin-2-yl)-2-
oxopent-3-en-1-yl)carbamat. Thém Pd-C (22mg, 20umol) vao dung dich cta chéit
trung gian tir budc 5 (84mg,0,20mmol) trong EtOH (1,9ml, ty 1é: 2) va MeOH
(0,93ml,ty 1€: 1) va loc bang N,. Binh phan tng dugc khop voi mot bong khi chira H,,
dugc xa khi va duogc nap diy lai bang H, (3x). Sau 1,5 gio, loc hdn hop phan ing qua
xelitvdi dung dich rita MeOH (3x). C6 dic dich loc trong chan khong va dong sbi véi
toluen. San phém tho dugce st dung ludén cho bude tiép theo. LCMS: R, =0,39min, m/z
=229,1 (M+1). Phuong phap 2m_cé tinh axit.

Budc 7: Tert-butyl 2-(((2)-(2-(((2R,3S5)-2-((£)-2-amino-5-((tert-
butoxycarbonyl)amino)-4-oxopent-2-en- 1-yl)-4-oxoazetidin-3-yl)amino)-1-(2-((ter?-

butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoat.
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Diéu ché theo phuong thirc tuong tr véi buée 4 vi du 4, sit dung axit (Z)-2-(((1-
(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (100mg, 0,23mmol), HATU
(89mg,0,23mmol), DIPEA (68ul, 0,39mmol), fert-butyl ((Z)-4-amino-5-((2R,35)-3-
amino-4-oxoazetidin-2-yl)-2-oxopent-3-en-1-yl)carbamat ~ (58mg,0,19mmol)  va
DCM:DMF (3:1, 2ml). 79 mg. LCMS: R; = 0,98 min, m/z = 710,4 (M+1). Phuong
phép 2m_co tinh axit.

Buéce &: Tert-butyl 2-(((£)-2-(((2R,39)-2-((5-(((rert-
butoxycarbonyl)amino)metyl)isoxazol-3-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat. Thém hydroxylaminhydroclorua (19mg,0,27mmol) va kalicarbonat
(18mg, 0,13mmol) vao dung dich chita ters-butyl 2-(((2)-(2-(((2R,3S)-2-((£)-2-amino-
5-((tert-butoxycarbonyl)amino)-4-oxopent-2-en-1-yl)-4-oxoazetidin-3-yl)amino)-1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat (77mg,0,108mmol) ) trong etanol (0,4ml) va gia nhiét dén 60°C. Sau 6
gid, ¢d dic mot phin hdn hop phan tmg trong chén khéng va phan b giita EtOAc va
nuée. Chiét 16p nude biang EtOAc (3x). Rira cac 16p hiru co két hop biang nude mudi,
sdy qua Na,SO,, loc va ¢ dic trong chan khéong. Tinh ché san phdm tho bang séc ky
cot (EtOAc-Heptan, 5-90%) dé thu hop chit tiéu dé (13mg, 17%). LCMS: R, = 1,04
min, m/z = 708,3 (M+1). Phuong phdp 2m_c6 tinh axit.

Budéc 9: axit (2R,3S5)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert-

butoxycarbonyl)amino)metyl)isoxazol-3-yl)metyl)-4-oxoazetidin-1-sulfonic.

Diéu ché theo phuong thirc twong tu véi vi du 4 budc 5, sir dung tert-butyl 2-
(((D)-(2-(((2R,35)-2-((5-(((tert-butoxycarbonyl)amino)metyl)isoxazol-3-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoat (13mg, 18umol), SO;*DMF
(16,8mg,0,1 1 mmol), DMF (200p1). San phim tho duoc sir dung ludn cho budc tiép
theo. LCMS: R, = 0,94 min, m/z = 788,4 (M+1). Phuong phap 2m_c6 tinh axit.
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Bude 10: axit 2-(((Z)-(2-(((2R,3S)-2-((5-(aminometyl)isoxazol-3-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(((tert
butoxycarbonyl)amino)metyl)isoxazol-3-yl)metyl)-4-oxoazetidin-1-sulfonic (10,9mg,
14pmol), TFA (70pl, 0,91mmol), va DCM (0,2ml). Tinh ché san phim thd bing
HPLC thu san phém pha dao (Xselect CSH, 19 x 100mm, Spm, cdt C18; véi chét diéu
bién axit formic 0,1% ACN- nudc, 24ml/phut) dé thu hop chit tiéu d& (1,7mg, 17%).
LCMS: R, = 0,48 min, m/z = 532,1 (M+1). Phuong phap 2m_c6 tinh axit_phén cuc,'H
NMR (400MHz, D,0) 3 6,85 (s, 1H), 6,52 (s, 1H), 5,38 (d, J = 5,6 Hz, 1H), 4,26 (s,
2H), 3,22 (dd, J= 16,2, 7,1 Hz, 2H), 3,10 (dd, J = 16,2, 6,0 Hz, 1H), 1,33 (s, 3H), 1,29
(s, 3H).

Vi du tham khédo 83: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
((benzyl(metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.
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Piéu ché theo phuong thirc tuong tu véi vi du 52, sir dungN-((2H-1,2,3-triazol-
4-yl)metyl)-N-metyl-1-phenylmetanamin. LCMS: m/z = 634,1 (M-1),IH NMR
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(400MHz, D,0O) 6 7,79 (s, 1H), 7,40-7,31 (m, 5H), 6,89 (s, 1H), 5,43 (d, J = 5,2 Hz,
1H), 4,96-4,89 (m, 1H), 4,87-4,83 (m, 2H), 4,70-4,60 (m, 2H, bi chéng chéo mot ph?m
vai tin hiéu D,0), 4,36 (s, 2H), 2,64 (s, 3H), 1,28 (s, 3H), 1,27 (s, 3H).

Vi du tham khdo 84: axit (S)-2-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-
oxoetyliden)amino)oxy)-3-(4-(N-(piperidin-4-yl)carbamimidoyl)phenoxy)propanoic.

N NH,

Piéu ché theo phuong thuc twong tu véi vi du 31, st dung tert-butyl ((2-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-2 H-1,2,3-triazol-4-yl)metyl )carbamat.
LCMS: R, = 0,44 min, m/z = 735,3 (M+1). Phuong phép 2m_c¢ tinh axit. 'H NMR
(400MHz, DMSO-dg) 69,63-9,48 (m, 1H), 9,45-9,33(m, 2H), 9,02 (s, 1H), 8,56
(brs,1H), 8,44 (brs, 1H), 8,22 (s, 3H), 7,74-7,67 (m, 3H), 7,26 (brs, 2H), 7,19 (d, J =
8,6 Hz, 2H), 6,72 (s, 1H), 5,38-5,30 (m, 1H), 5,01-4,96 (m, 1H), 4,93-4,86 (m, 1H),
4,77-4,68 (m, 1H), 4,49-4,35 (m, 3H), 4,08 (brs, 2H), 3,85 (brs, 2H), 2,96-2,84 (m,
2H), 2,13-2,03(m, 2H), 1,83-1,70 (m, 2H).

Vi du tham khao 85: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
(((azetidin-3-ylmetyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budce 1: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA
(0,11ml,0,61lmmol), HATU (170mg, 0,446mmol), va (3S,4R)-3-amino-4-((4-
(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)azetidin-2-on  (80mg, 0,41mmol) vao
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dung dich chira axit (Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (218mg, 0,39mmol) trong DCM (5ml)
va DMF (1ml) & 0°C. Sau khi khudy & 0°C trong 1 gi®, pha loing hdn hop phan tng
bing DCM, rira bing nudc, nude mubi, sdy qua Na,SO, va ¢6 dic trong chan khong.
Tinh ché san phdm thd qua séc ky silicagel (MeOH-DCM, 0-5%), dé thu hop chit tiéu
dé (250mg, 86%). LCMS: Rt= 0,98 min, m/z = 717,3 (M+1). Phuong phap 2m_cé tinh

axit.

Budc 2: Benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém MnO, (1,2g, 13,51mmol) vao
dung dich chira benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-(hydroxymetyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat  (440mg, 0,614mmol)
trong THF (4ml). Sau khi khudy & nhiét d6 phong trong 20 gid, loc hdn hop phan tng
qua tdm xelit v6i dung dich rira THF (20ml). C6 dic dich loc, va tinh ché phin thu
dugc qua sic ky silicagel (MeOH-DCM, 0-5%) dé thu hop chét tiéu d& (300mg, 68%).
LCMS: R, = 1,04 min, m/z = 715,3 (M+H). Phuong phdp 2m_c6 tinh axit.

Buéce 3: Tert-butyl 3-(((2-(((2R,39)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((fert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)amino)metyl)azetidin-1-carboxylat. Thém tert-butyl 3-
(aminometyl)azetidin-1-carboxylat (78mg, 0,420mmol), natri triaxetoxyborohydrua
(66,7mg, 0,315mmol), va DMF (0,4ml) vao dung dich chira benzhydryl 1-(((2)-(1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-formyl-2 H-1,2,3-triazol-
2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (150mg, 0,21mmol) trong DCE (4ml)
& 0°C. Sau khi khudy & nhiét d6 phong trong 3 gid, 1am ngirng hdn hgp phan tng bang
NaHCOj; bio hoa (aq) va pha lodng bang 10% EtOH/DCM (40ml). Phan tach 16p hitu
o, séy béng Na,SOy, Ioc va ¢6 dac trong chan khoéng. San ph'flm thd dugc st dung
luén cho bude tiép theo. LCMS: R, = 0,55 min, m/z = 885,5 (M+1). Phuong phép

2m_co tinh axit.
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Budc 4: Tert-butyl 3-((((2-(((2R,35)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)(zert-butoxycarbonyl)amino)metyl)azetidin- 1 -carboxylat. Thém
Boc,0 (137mg, 0,630mmol) vao dung dich chtra tert-butyl 3-((((2-(((2R,35)-3-((2)-2-
((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)amino)metyl)azetidin-1-carboxylat (186mg,0,2 Immol) va
NaHCO;béo hoa (aq, 4ml1,0,210mmol) trong DCM (4ml). Sau khi khudy & nhiét do
phong trong 12 gid, phan tach cac 16p clia hdn hop phan tmg. Chiét 16p nudc bing
DCM, va rira cic 16p hiru co két hop bing nuée mubi, sdy qua Na,SOy, loc va ¢ dic
trong chan khong. Tinh ché san phdm thé bing sic ky silicagel (EtOAc-Hept, 50-80%)
dé thu hop chit tiéu d& (120mg, 58%). LCMS: R, = 1,24 min, m/z = 985,7 (M+1).
Phuong phdp 2m_c6 tinh axit.

Budc 5: axit (2R,39)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((¢tert-butoxycarbonyl)((1-(tert-
butoxycarbonyl)azetidin-3-yl)metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin- 1-sulfonic. Pidu ché theo phuong thic tuong tur v6i vi du 19 budce 3, sir
dung tert-butyl 3-((((2-(((2R,35)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)(fert-butoxycarbonyl)amino)metyl)azetidin-1-carboxylat  (120mg,
0,122mmol), SO;*DMF(192mg, 1,22mmol), va DMF (1,2ml). San phém tho duoc s
dung luén cho buédce tiép theo. LCMS: R, = 1,12 min, m/z = 1065,7 (M+1). Phuong
phap 2m_c6 tinh axit.

Budce 6: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-(((azetidin-3-
ylmetyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung d& loai b6 bao vé do trung gian axit sir dung axit (2R,35)-
3-((Z2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((fert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((zert-butoxycarbonyl)((1-(zert-
butoxycarbonyl)azetidin-3-yl)metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic (130mg, 0,122mmol), TFA (0,56ml, 7,32mmol), va DCM
(1,5ml). 6,3 mg. LCMS: R, = 0,47 min, m/z = 599,3 (M+1). Phuong phap 2m_c6 tinh
axit_phan cuc,'H NMR (400MHz, D,0) 87,82 (s, 1 H), 7,10 (s, 1 H), 5,61 (d,
J=5,9Hz, 1 H), 5,01 (q, J=5,6 Hz, 1 H), 4,95-4,85 (m, 2 H), 4,36 (s, 2 H), 4,26-4,15
(m, 2 H) 4,11-3,97 (m, 2 H), 3,46-3,30 (m, 3 H), 1,26 (s, 2 H), 1,20 - 1,05 (m, 2 H).

Vi du 86: axit 2-(((Z)-(2-(((2R,35)-2-(((R)-3-amino-2-oxopyrolidin-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-

metylpropanoic.
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Piéu ché theo phwong thirc twong tr véi vi du 76, st dung (R)-metyl 4-bromo-
2-((tert-butoxycarbonyl)amino)butanoat. LCMS: m/z = 532,0 (M-1); 'H NMR
(400MHz, D,0): 66,96 (s, 1H), 5,28 (d, J=6,0 Hz, 1H), 4,53(m, 1H), 3,96 (t,
J=10,0&9,2 Hz, 1H), 3,85 (dd, J=10,4&10,0 Hz, 1H), 3,58 (m, 1H), 3,44(m, 1H), 3,31
(dd, 1H), 2,47 (m, 1H), 1,96 (m, 1H), 1,34(s, 3H), 1,34 (s, 3H).
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Vi du 87: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-0xo0-
2,3-dihydro-1H-imidazol-1-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)-2-metylpropanoic.

Buége 1: Benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((2,5-dioxoimidazolidin-1-
yDmetyl)-4-oxoazetidin-3-yl)carbamat. Thuc hién theo quy trinh chung d6i v6i phan
g Mitsunobu sir dung chit trung gian G (10,0g, 25mmol), imidazolidin-2,4-dion
(2,5g, 25mmol), triphenylphosphin (7,9g, 30mmol), DIAD (6,1g, 30mmol) va THF
(200ml). Két tua thu dugc (8,3g, 69%) bi tap nhiém nhe bai triphenylphosphinoxit, thu
bang cach loc. LCMS: m/z = 481,0 (M-1).

Buée 2: tert-butyl  3-(((2R,3S5)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl)-2,4-dioxoimidazolidin- 1 -carboxylat.
Thém DMAP (0,150g, 1,33mmol) vao dung dich chtra benzyl ((2R,35)-1-(2,4-
dimetoxybenzyl)-2-((2,5-dioxoimidazolidin- 1-yl)metyl)-4-oxoazetidin-3-yl)carbamat
(4,60g, 9,54mmol) va di-tert-butyldicarbonat (2,30g, 10,5mmol) trong DCM (55ml).
Sau 3 gid & nhiét d6 phong, thém nude, ngay sau d6 phan tach cac 16p. Sdy 16p hitu co
qua Na,SO, va c6 dic trong chan khong. Tinh ché san phim thé qua sdc ky silicagel,

dé thu hop chit tiéu dé (4,20g, 75%).

Buéce 3: tert-butyl 3-(((2R,3S)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-
2-yl)metyl)-2,4-dioxoimidazolidin-1-carboxylat. Piéu ché theo phuong thirc twrong tur
voi vi du 4, budce 2 st dung ters-butyl 3-(((2R,3S)-3-(((benzyloxy)carbonyl)amino)-1-
(2,4-dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl)-2,4-dioxoimidazolidin-1-carboxylat
(900mg, 1,70mmol) K,S,04 (280mg, 2,89mmol), va K,HPO, (680mg, 2,91mmol)
trong ACN:nuégce (2:1, 30ml) trong khi gia nhiét & 90°C trong 4 gio. Sau khi giam
nhiét dén nhiét do phong, loc hén hop va co dac dich loc trong chin khong, loai bo
phan 16n ACN. Pha losng hdn hop nay bing nuéc/EtOAc va phan tach céac 16p. Chiét
16p nuée bang EtOAc va siy rira cac 16p hitu co két hop qua Na,SO, va ¢6 dic trong
chan khong. Tinh ché san phdm thé qua sic ky silicagel (MeOH-DCM,2-6%) dé thu
hop chét tidu dé (170mg, 23%). LCMS: m/z = 431.0 (M-1).

Budce 4: rert-butyl 3-(((2R,3S5)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-
2-yl)metyl)-4-hydroxy-2-oxoimidazolidin-1-carboxylat. Thém natri borohydrua
(30mg,  0,78mmol) vao dung dich chtta fert-butyl  3-(((2R,3S)-3-
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(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-2,4-dioxoimidazolidin-1-
carboxylat (170mg, 0,390mmol) trong EtOH (10ml) & 0°C. Sau 3 gi¢ ¢ 0°C, lam
ngimg phan mg bang NH,CI bio hoa (aq) va ¢ dic mot phan trong chan khong. Chiét
phan c6 hai 16p bang DCM va sdy 16p hitu co qua Na,SO, va ¢b dic trong chan khéng.
San phdm thu duge duge st dung ludn trong bude 5. LCMS: m/z = 457,1 (M+Na).

Buédce 5: tert-butyl 3-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-
2-yl)metyl)-2-0x0-2,3-dihydro-1 H-imidazol-1-carboxylat. Thém metansulfonyl clorua
(31pl, 0,41mmol), sau d6 Thém TEA (0,15ml, 1,1mmol) vao dung dich chira tert-butyl
3-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-4-hydroxy-2-
oxoimidazolidin-1-carboxylat (160mg, 0,368mmol) trong DCM (5ml) & 0°C. Sau khi
khudy trong 1 gio & 0°C, ¢b dic dung dich trong chan khéng va tinh ché qua séc ky
silicagel (MeOH-DCM, 2-5%),dé thu hop chét tiéu @& (100mg, 65%). LCMS: m/z =
415,1 (M-1); '"H NMR (400MHz, CDCl5): 88,02 (s, 1H), 7,41-7,27 (m, 5H), 7,06 (d, J
= 8,4 Hz, 1H), 6,61 (d, J = 3,2 Hz, 1H), 6,15 (d, J = 3,2 Hz, 1H), 5,21-5,09 (m, 3H),
4,30 (dd, J = 14,4, 9,6 Hz, 1H), 4,01-3,94 (m, 1H), 3,49 (dd, J = 14,8, 3,2 Hz, 1H),
1,46 (s, 9H).

Buoc 6: tert-butyl 3-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2-oxo0-2,3-
dihydro-1H-imidazol-1-carboxylat. Hon hop chita fert-butyl 3-(((2R,3S)-3-
(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-2-oxo0-2,3-dihydro-1H-
imidazol-1-carboxylat (490mg, 1,18mmol) va Paladi trén cacbon (10% wt, 140mg)
trong MeOH (60ml) dugc xa va nap diy lai bang H, (3x), mang ap suét cudi 1én dén
30 psi. Sau 2 gir khudy, loc hdn hop qua xelit va ¢ dic trong chan khong. Tinh ché
san phim thé qua sic ky silicagel (MeOH-DCM, 6%),dé thu hop chét tiéu dé (50mg,
25%).

Budc 7: tert-butyl 3-(((2R,35)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-
2-yl)oxy)imino)-2-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-
oxoazetidin-2-yl)metyl)-2-0x0-2,3-dihydro-1H-imidazol-1-carboxylat. Pidu ché theo
phuong thirc tuong tw véi vi du 4 bude 4, st dung axit (Z)-2-(((1-(tert-butoxy)-2-
metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-
yDaxetic  (117mg, 0,276mmol), HATU (105mg, 0,276mmol), DIPEA
(36mg,0,28mmol), tert-butyl 3-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2-0xo-
2,3-dihydro-1H-imidazol-1-carboxylat (65mg, 0,23mmol) va DMF (5ml). Tinh ché
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san phdm thd qua séc ky silicagel (MeOH-DCM, 3%), dé thu hop chét tidu dé (140mg,
88%). LCMS: m/z = 694.0 (M+1).

Budc 8: axit (2R,3S)-3-((Z)-2-(((1-(tert-Butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((3-(tert-
butoxycarbonyl)-2-ox0-2,3-dihydro-1H-imidazol-1-yl)metyl)-4-oxoazetidin-1-
sulfonic. Thém SO;*DMF (185mg, 1,21mmol) vao dung dich oftert-butyl 3-(((2R,3S)-
3-((£)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2-0x0-2,3-
dihydro-1H-imidazol-1-carboxylat (140mg, 0,202mmol) trong DMF (1,0ml). Sau 4
gi&r & nhiét d6 phong, c¢b dic dung dich trong chan khong va tinh ché qua nhya HP21
(ACN-nuéc, 10-50%), dé thu hop chit tiéu dé (90mg, 58%). LCMS: m/z = 772,3(M-
1).
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Buée 9: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-ox0-2-(((3S,4R)-2-ox0-4-((2-
0x0-2,3-dihydro-1H-imidazol-1-yl)metyl)-1-sulfoazetidin-3-
yl)amino)etyliden)amino)oxy)-2-metylpropanoic. Theo quy trinh chung dé loai bé bao
vé do trung gian axit st dung tert-butyl 3-(((2R,3S)-3-amino-4-oxoazetidin-2-
yl)metyl)-2-o0x0-2,3-dihydro-1H-imidazol-1-carboxylat (dwoc diéu ché tir tert-butyl 3-
(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-2,4-
dioxoimidazolidin-1-carboxylat) (90mg, 1,16mmol), TFA (0,5ml, 6,4mmol) va DCM
(1,5ml). Tinh ché san pham th6é qua HPLC thu san phidm pha déo (XSelect CSH, 30 x
100mm, Spm, cot C18; vé6i chit didu bién axit formic 0,1% ACN- nudc, 60ml/phit) dé
thu hop chét tiéu dé (15,6mg, 60%) ¢ dang chit rdn mau tring nhat. LCMS: m/z =
516,0 (M-1);'H NMR (400MHz, D,0): 86,98 (s, 1H), 6,41 (d, J = 2,8 Hz, 1H), 6,30
(d, J= 2,8 Hz, 1H), 5,30 (d, J = 6,0 Hz, 1H), 4,54-4,52 (m, 1H), 4,00-3,95 (m, 1H),
3.84-3,79 (m, 1H), 1,35 (s, 3H), 1,34 (s, 3H).
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Vi du 88: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-(((R)-3-guanidino-2-
oxopyrolidin-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Piéu ché theo phuong thirc twong tu véi vi du 20,str dungsir dung axit 2-(((Z)-
(2-(((2R,3S)-2-(((R)-3-amino-2-oxopyrolidin-1-yl)metyl)-4-oxo- 1-sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-metylpropanoic va
1H-pyrazol-1-carboximidamit cia HCL. LCMS: m/z = 574,1 (M-1); 'H NMR
(400MHz, D,0): 6 6,93 (s, 1H), 5,28 (d, J = 5,6 Hz, 1H), 4,53 (m, 1H), 4,24 (t, J =
9,6&9,2 Hz, 1H), 3,85 (dd, J = 9,2&9,2 Hz, 1H), 3,51 (m, 1H), 3,40 (t, /= 9,2& 8,8
Hz, 1H), 3,32 (dd, 1H), 3,34 (dd, 1H), 2,43 (m, 1H), 1,87 (m, 1H), 1,36 (s, 3H), 1,32
(s, 3H).

Vi du tham khéo 89: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-ox0-2-(((3S,4R)-2-0x0-4-
((4-(((R)-pyrolidin-3-ylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-sulfoazetidin-3-

ybDamino)etyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phwong thuc twong tu véi vi du 85, sir dung (R)-tert-butyl 3-
aminopyrolidin-1-carboxylat. LCMS: R, = 0,46 min, m/z = 599,3 (M+1) Phuong phap
2m_c¢ tinh axit phéan cuc; 'H NMR (400MHz, D,0): 6 7,86 (s, 1 H), 7,16 (s, 1 H),
5,60 (d, J=5,5Hz, 1 H), 4,99 (s, 1 H), 4,90 (d, J=3.9 Hz, 2 H), 4,46 (d, J=5.1Hz,
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2H),4,20-4,14(m, 1 H), 3,82 (dd, J=13,1, 8,0 Hz, 1 H), 3,65-3,38 (m, 2 H), 2,67- 2,57
(m, 1 H), 2,31-2,20 (m, 1 H), 1,34 (t, J=4,3 Hz, 3 H), 1,25-1,19 (m, 2 H).

Vi du tham khao 90: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((3-aminopropyl)amino)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Buéce 1: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-(hydroxymetyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (1,2ml,
7,00mmol), HATU (1,9g, 5,13mmol), va (3S,4R)-3-amino-4-((4-(hydroxymetyl)-2H-
1,2,3-triazol-2-yl)metyl)azetidin-2-on(0,92¢g, 4,67mmol) vao dung dich chira axit (Z)-
2-((1-((benzhydryloxy)carbonyl)xyclopropoxy )imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (2,5g, 4,43mmol) trong DCM (78ml) va
DMF (15ml) & 0°C. Sau khi khudy & 0°C trong 1 gid, pha lodng hdn hop phan tng
bing DCM, rira bing nudc, nude mubi, sdy qua Na,SO, va cb dic trong chan khong.
Tinh ché san pham thd qua séc ky silicagel (MeOH-DCM, 0-5%), dé thu hop chét tiéu
dé (2,5g, 75%). LCMS: R, = 0,98 min, m/z = 717,3 (M+1) Phuong phap 2m_c6 tinh

axit.

Budc 2: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,3S5)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém MnO, (4,9g, 56,5mmol) vao
dung dich chira benzhydryl 1-(((Z)-(1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-(hydroxymetyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat (1,8g, 2,57mmol) trong
THF (21ml). Sau khi khudy & nhiét do phong trong 20 gi®y, loc hdn hop phan tng qua
tdm xelit v6i dung dich rira THF (250ml). Cé dic dich loc, va tinh ché phin thu duoc
qua sdc ky silicagel (MeOH-DCM, 0-5%) dé thu hop chét ticu d& (1,4g, 76%). LCMS:
R; = 1,04 min, m/z = 715,3 (M+H). Phuong phap 2m_c6 tinh axit.

Buéc 3: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(((3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-

oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
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oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém 1dn lugt fert-butyl (3-
aminopropyl)carbamat (180mg, 1,04mmol) va natri triaxetoxyhydroborat (165mg,
0,78mmol) vao dung dich chtra benzhydryl 1-(((Z2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(370mg, 0,52mmol) trong DCE (4ml) & 0°C. Sau khi khudy & nhiét do phong trong 16
gi®, pha loang hdn hop phan tmg bang DCM, rira bang NaHCO;bdo hoa (aq), nuéc
mudi, sa‘iy qua Na;SOq, loc va ¢d dic trong chan khong dé thu hop chét tiéu dé (dinh
lwrong gia dinh). San phdm thd dugc sir dung ludn cho budc tiép theo. LCMS: R, =
0,99 min, m/z = 873,2 (M+1). Phuong phap 2m_c¢ tinh axit.

Buéc 4: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(((tert-butoxycarbonyl)(3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. ~ Thém  Boc-anhydrit  (0,24ml,
1,04mmol) vao dung dich chira benzhydryl 1-(((2)-(2-(((2R,3S)-2-((4-(((3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (0,45g, 0,52mmol) trong DMF (6ml) &
0°C. Sau khi khudy & nhiét do phong trong 18 gid, Thém DIPEA (0,18ml, 1,04mmol).
Sau khi khudy trong 36 gio, rét hdn hop phan mg vao trongnude va chiét bing DCM.
Rura céc 16p hitu co két hop béng 5% LiCl, nudc mudi, séy qua Na,SOy, loc va ¢6 dic
trong chan khong. Tinh ché san phdm thé qua séc ky silicagel (EtOAc-Heptan, 0-60%)
dé thu hop chét tiéu dé (0,40g,80%). LCMS: R, = 1,26 min, m/z = 973,3 (M+H).
Phuong phép 2m_c6 tinh axit.

Budc 5: axit (2R,385)-3-((Z2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-butoxycarbonyl)(3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic. Thém SO;*DMF (0,63g, 4,12mmol) vao dung dich chira
benzhydryl 1-(((Z)-(2-(((2R.,3S)-2-((4-(((tert-butoxycarbonyl)(3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-

oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
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oxoetyliden)amino)oxy)xyclopropancarboxylat (0,40g, 0,41mmol) trong DMF (5ml) &
0°C. Sau khi khudy & nhiét do6 phong trong 1 gi®y, pha loang hdn hop phan tmg bing
EtOAc, rira béng 5% LiC (aq), nudc mubi, séy qua Na,SOy, loc va ¢d dic trong chin
khong dé thu dugc hop chat tiéu dé (0,42g, 97%). LCMS: R, = 1,10 min, m/z = 1053,6
(M+H). Phuong phap 2m_c6 tinh axit.

Buoc 6: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((3-aminopropyl)amino)metyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit st dung axit (2R,3S)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-butoxycarbonyl)(3-((tert-
butoxycarbonyl)amino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic (0,5g, 0,48mmol), DCM (2,5ml), va TFA (1ml, 13mmol) trong
1,5 gio. Tinh ché san phim tho bing HPLC thu san phidm pha dao (XSelect CSH,
30x100mm, Spm, cot C18; véi chét diéu bién axit formic 0,1% ACN- nudc,
60ml/phut) dé thu hop chét tiéu d& (123mg, 42%). LCMS: R, = 0,31 min, m/z = 587,2
(M+1) Phuong phap 2m_cé tinh axit; '"H NMR (400MHz, DMSO-dg): 6 9,39 (br s, 1
H), 7,76 (s, 1 H), 7,22 (s, 2 H), 6,73 (s, 1 H), 5,33 (dd, J=9,0, 5,5 Hz, 1 H), 4,84 (dd,
J=14,3, 4,5 Hz, 1 H), 4,73-4,61 (m, 1 H), 4,61-4,48 (m, 1 H), 4,27-4,14 (m, 2 H),3,02-
2,89 (m, 3 H), 2,85 (t, J=7,4 Hz, 3 H), 1,85 (p, J=7,5 Hz, 3H) 1,32-1,04 (m, 6 H); 'H
NMR (400MHz, D,0) 6 7,90 (s, 1H), 7,15 (s, 1H), 5,67 (d, J = 5,5 Hz, 1H), 5,12-5,04
(m, 1H), 5,04-4,88 (m, 2H), 4,45 (s, 2H), 3,30-3,22 (m, 2H), 3,16 (t, J = 7,6 Hz, 2H),
2,24-2,08 (m, 2H), 1,37-1,26 (m, 2H), 1,26-1,08 (m, 2H).
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Vi du tham khéo 91: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-
((4-(((S)-pyrolidin-3-ylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thuc tuong tu véi vi du 90, s dung (S)-tert-butyl 3-
aminopyrolidin-1-carboxylat va benzhydryl 1-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yDmetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong bude 3. LCMS: R;= 0,3 min, m/z = 599,0 (M+1) Phuong phéap 2m_c6 tinh axit;
'H NMR (400MHz, DMSO-d¢): 6 9,18 (d, /=9,0 Hz, 1 H), 9,04-8,59 (m, 2 H), 7,79 (s,
1 H), 7,24 (br s, 2 H), 6,72 (s, 1 H), 5,35 (dd, J=9,0, 5,5Hz, 1 H), 4,93-4,81 (m, 1 H),
4,68-4,60 (m, 1 H), 4,5 (s, 1 H), 4,24 (br s, 2 H), 3,95-3,79 (m, 1 H), 2,27-2,11 (m, 1
H), 2,04-1,90 (m, 1 H), 1,38-1,06 (m, 4 H).

Vi du tham khdo 92: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(aminometyl)azetidin-1-
yDmetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-

aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thuc twong tu véi vi du 90, st dung tert-butyl (azetidin-
3-ylmetyl)carbamat va benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbony!)amino)thiazol-
4-yD)-2-(((2R.35)-2-((4-formyl-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
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yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat trong budc 3. LCMS: R, =
0,46 min, m/z = 599,4 (M+1) Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, D,0):
67,84 (s, 1 H) 7,11 (s, 1 H) 5,56 (d, J=5,5Hz, 1 H) 5,00 (m, 1 H) 4,89 (m, 2 H) 4,52 (s,
2 H) 4,35 (m, 2 H) 4,23-4,03(m, 2 H) 3,38- 3,21 (m, 3 H) 1,31 (m, 2 H) 1,18 (m, 2 H).

Vi dy tham khdo 93: axit  1-(((Z)-(2-(((2R,3S)-2-((4-((((1r,3R)-3-
aminoxyclobutyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-o0x0-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong ti v6i vi du 90, st dung fert-butyl ((17,37)-3-
aminoxyclobutyl)carbamat va benzhydryl 1-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-
yDmetyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R; = 0,46 min, m/z = 599,3 (M+1) Phuong phdp 2m c6 tinh
axit; 'H NMR (400MHz, D,0): § 7,82 (s, 1 H), 7,09 (s, 1 H), 5,58 (d, /=5,9Hz, 1 H),
5,04-4,84 (m, 3 H), 4,31 (s, 2 H), 4,14-4,00 (m, 2 H), 2,81-2,60 (m, 4 H) 1,26 (s, 2 H),
1,19-1,06 (m, 2 H).

Vi du tham khéo 94: axit (((Z)-(1-(5-amino-1,2,4-thiadiazol-3-y1)-2-(((2R,3S)-2-((4-
(((3-aminopropyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sul foazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phwong thic twong tu voi vi du 90, sir dung axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(5-((tert-butoxycarbonyl)amino)-
1,2,4-thiadiazol-3-yl) axetic. LCMS: R; = 0,29 min, m/z = 588,0 (M+1) Phuong phap
2m_c6 tinh axit; '"H NMR (400MHz, DMSO-dg): 809,53-9,29 (m, 1 H), 8,15 (s, 2 H),
7,75 (s, 1 H) 5,40-5,28 (m, 1 H), 4,82-4,69 (m, 1 H), 4,63 (s, 2 H), 4,21 (d, /=5,1Hz, 2
H), 3,00-2,91 (m, 2 H), 2,85 (s, 2 H), 1,91-1,74(m, 2 H), 1,37-1,04 (m, 4 H).

Vi du tham khdo 95: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((2,4-
dioxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.

9]
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Diéu ché theo phuong thirc tuong tu véi vi du 54, sir dung benzhydryl 1-(((2)-
(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-(((2S,3S)-2-(hydroxymetyl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat va
oxazolidin-2,4-dion. LCMS: R, = 0,31 min, m/z = 533,0 (M+1) Phuong phap 2m ¢6
tinh axit;'H NMR (400MHz, D,0) 6 7,23 (s, 1 H), 5,42 (d, J=5,9Hz, 1 H), 4,86-
4,83(m, 3 H), 4,07 (dd, J=14,5, 9,8Hz, 1 H), 3,72 (dd, J~14,5,3,9 Hz, 1 H),1,58-1,52
(m, 2 H), 1,51-1,45 (m, 2 H).
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Vi du tham khao 96: axit 1-(((Z)-(2-(((2R,3S)-2-((5-(((3-aminopropyl)amino)metyl)-
2H-tetrazol-2-yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-y1)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thirc twong tu véi cac quy trinh duge mo ta trong cac vi
du 54 va 90, st dung benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-
yD)-2-(((2S,35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat va 5-(((tert-
butyldimetylsilyl)oxy)metyl)-2H-tetrazol. LCMS: R, = 0,31 min, m/z = 588,4(M+1)
Phuong phép 2m_c6 tinh axit:"H NMR (400MHz, DMSO-dg) 6 9,41 (br s, 1 H), 7,78
(s, 1 H), 7,24 (s, 1 H), 6,75 (s, 1 H), 5,38-5,32 (m, 1H), 4,86 (dd, /=14,3, 4,5 Hz, 1 H),
4,72-4,63 (m, 1H), 4,61-4,5 (m, 1H), 4,28-4,16 (m, 1H), 3,01-2,94 (m, 1H), 2,87 (t,
J=7,4 Hz, 1 H), 1,92-1,82 (m, 1H), 1,33-1,18 (m, 2 H), 1,18-1,08 (m, 1 H).

Vi du 97: axit 1-(((Z)-(2-(((2R,3S)-2-(((R)-5-(((2-aminoectyl Jamino)metyl)-2-
oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-

2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thire tuong ty v6i vi du 26, st dung tert-butyl (2-
bromoetyl)carbamat. LCMS: R; = 0.380 min, m/z = 591,1 (M+1) Phuong phap 2m_cé
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tinh axit;'H NMR (400MHz, D,0)6,93 (s, 1H), 5,28 (d, J = 5,8 Hz, 1H), 3,85 (1, J =
9,3 Hz, 1H), 3,68 (dd, J = 15,0, 8,1 Hz, 1H), 3,46-3,36 (m, 2H), 3,25-3,01 (m, SH),
2,60 (s, 1H), 1,30-1,21 (m, 2H),1,18-1,09 (m, 2H).

Vi du tham khao 98: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-metyl-5-
0x0-4,5-dihydro-1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Piéu ché theo phuong thirc tuong tu véi vi du 31, sir dung 1-(((2R,3S)-3-amino-
4-oxoazetidin-2-yl)metyl)-4-metyl-1H-1,2,4-triazol-5 (4H)-on va axit (Z)-2-(((1-(tert-
butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic. LCMS: m/z = 531.0 (M-1); 'H NMR
(400MHz, D,0): 67,67 (s, 1H), 7,02 (s, 1H), 5,36 (d, J = 5,6 Hz, 1H), 4,70 — 4,60 (m,
1H, bi che khuit mot phan boi dinh cta dung méi du), 4,14 (dd, J = 15,2 va 7,6 Hz,
1H), 3,96 (dd, J= 15,2 va 4,8 Hz, 1H), 3,14 (s, 3H), 1,37 (s, 3H), 1,35 (s, 3H).

Vi du tham khdo 99: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
((dimetylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo0-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)-2-metylpropanoic.
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Diéu ché theo phwong thirc trong tu véi vi du 54, st dungN,N-dimetyl-1-(2H-
1,2,3-triazol-4-yl)metanamin. LCMS: m/z = 560,2 (M+1); 'H NMR (400MHz, D,0) &
7,80 (s, 1H), 6,98 (s, 1H), 5,43 (d, J = 4,8 Hz, 1H), 4,94-4,88 (m, 1H), 4,85-4,80 (m,
2H), 4,32 (s, 2H), 2,75 (s, 6H), 1,28 (s, 6H).

Vi du tham khao 100: axit 2-(((Z)-(1-(2-aminothiazol-4-yl1)-2-(((2R,3S)-2-((4-
((metylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-

2-oxoetyliden)amino)oxy)-2-metylpropanoic.
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Piéu ché theo phuong thirc tuvong tu véi vi du 54, st dung ters-butyl ((2H-1,2,3-
triazol-4-yl)metyl)(metyl)carbamat. LCMS: m/z = 544,1 [M-H]; 'H NMR (400MHz,
D,0) 8 7,73 (s, 1H), 7,02 (s, 1H), 5,42 (d, J = 5,6 Hz, 1H), 4,92-4,86 (m, 1H), 4,82-
4,78 (m, 2H), 4,22 (s, 2H), 2,60 (s, 3H), 1,30 (s, 6H).

Vi du tham khao 101: axit 2-(((Z)-(2-(((2R,3S)-2-((1-(2-aminoetyl)-1H-1,2,3-triazol-
4-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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Budc 1: Benzyl ((2R,35)-2-(3,3-dibromoallyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)(4-metoxybenzyl)carbamat. Thém CBrs (192mg, 0,58mmol) vao
dung dich chira PPh; (302,4mg, 1,15mmol) trong DCM (1ml) & 0°C. Sau 10 pht,
Thém tung giot dung dich chtra benzyl ((3S,4R)-1-(2,4-dimetoxybenzyl)-2-0x0-4-(2-
oxoetyl)azetidin-3-yl)(4-metoxybenzyl)carbamat (152,7mg,0,29mmol) trong DCM
(800pL) sau d6 thém dung dich rira DCM (800uL). Sau 20 phut, pha lodng hén hop
phan g bang DCM va nuéc, va phan tach cac 16p. Chiét 16p nude bang DCM (2x).
Rira cac 16p hitu co két hop bang nuéc mubi, sdy qua Na,SOy, loc va cb dic trong
chan khong. Tinh ché phan thu dugc qua sic ky silicagel (0-40% EtOAc-Hept) dé thu
hop chét tiéu dé (162mg, 82%). LCMS: R, = 1,2 min, m/z = 689,1 (M+1) Phuong phap

2m_c¢ tinh axit.
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Diéu ché benzyl ((35,4R)-1-(2,4-dimetoxybenzyl)-2-oxo0-4-(2-oxoetyl)azetidin-
3-yl)(4-metoxybenzyl)carbamat: Thém natri hydrua (60%, 162mg, 4,05mmol) vao
dung dich chira benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((E)-2-metoxyvinyl)-4-
oxoazetidin-3-yl)carbamat (vi du 82, buégc 1, 1,44g, 3,38mmol) trong DMF (33,8ml) &
-10°C (bé nuéc da-mudi). Sau khi khudy trong 30 phit, Thém p-metoxybenzylclorua
(506,ul, 3,71mmol). Sau khi lam 4m dén 0°C va khudy Thém trong 30 phit, lam
ngimg no6 bang NH,Cl (aq, satd) sau d6 pha loing bang EtOAc va LiCl (5% aq). Phén
tach cac 16p va chiét 16p nuée bang bing EtOAc (2x). Rira cac 16p hiru co két hop
bang LiCl (5% aq), nudc mudi, siy qua Na,SO, va c¢b dic trong chan khong. Nguyén
liéu thd dugc dua vao cac diéu kién dugc mo ta trong vi du 82, budc 2 sau d6 tinh ché
qua sic ky silicagel (EtOAc-Hept, 0-70%) dé thu hop chit tiéu dé (684mg, 38%).
LCMS: R, = 0,97 min, m/z = 533,2 (M+1) Phuong phap 2m_c6 tinh axit.

Budéc 2: Benzyl ((3S,4R)-1-(2,4-dimetoxybenzyl)-2-oxo-4-(prop-2-yn-1-
ylazetidin-3-yl)}(4-metoxybenzyl)carbamat. Thém  tert-butyllithium  (0,291ml,
0,494mmol) vao dung dich chira benzyl ((2R,3S)-2-(3,3-dibromoallyl)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-3-yl)(4-metoxybenzyl)carbamat (162mg,0,235mmol)
trong THF (thé tich: 3,4ml) & -78°C. Sau 15 phut, 1am ngirng hdn hop phan tng bang
NH,CI, va pha loing bing nuéc va EtOAc. Phan tach cac 16p, va chiét 16p hiru co
bing EtOAc (2x). Rira cac 16p hiru co két hop bang nude mudi, siy qua Na,SO,, loc
va ¢b dic trong chan khong. Tinh ché phan thu dugc qua sic ky silicagel (EtOAc-
Hept, 0-40%) dé thu hop chit tiéu d& (98mg, 79%). LCMS: R, = 1,08 min, m/z = 529,3
(M+1) Phuong phap 2m_c¢6 tinh axit.

Buéce 3: Benzyl ((2R,3S)-2-((1-(2-((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-
triazol-4-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)(4-
metoxybenzyl)carbamat. Thém df‘)ng (IT) sulfat pentahydrat (4,5mg, 0,018mmol), natri
L-ascorbat (35,8mg, 0,18mmol) va N-Boc-2-azidoetylamin (76mg, 0,39mmol) vao
dung dich chia benzyl ((3S,4R)-1-(2,4-dimetoxybenzyl)-2-0x0-4-(prop-2-yn-1-
yl)azetidin-3-yl)(4-metoxybenzyl)carbamat (95,6mg, 0,18mmol) trong hén hop clia
DMSO (1,2ml), tert-butanol (1,2ml) va nude (1,2ml). Sau khi khue‘iy trong 12 gio, bd
sung Thém ddong (1) sulfat pentahydrat (10,6mg, 0,23 duo ng luong), natri L-ascorbat
(37.4mg, 1,04 duong lugng) va N-Boc-2-azidoetylamin (82,1mg, 2,44 duong luong).
Sau khi khudy trong thoi gian tong s 1a 4 ngay, pha lodng hdn hop phan tmg bing
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EtOAc va nuée. Phan tach cac 16p, va chiét 16p nude bang EtOAc (2x). Rira cac 16p
hitu co két hop bz"mg LiCl (5% aq), nuéc mubi, séy qua Na,SOq, loc va c6 dic trong
chéan khong. Tinh ché phin thu duogc qua sic ky silicagel (EtOAc-Hep, 0-40%) dé thu
hop chit tiéu @& (57,2mg, 44%). LCMS: R, = 1,06 min, m/z = 715,5 (M+1) Phuong
phép 2m_c¢ tinh axit.

Budc 4: Benzyl ((2R,35)-2-((1-(2-((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-
triazol-4-yl)metyl)-4-oxoazetidin-3-yl)(4-metoxybenzyl)carbamat. Piéu ché theo
phuong thuc tuong ty véi vi du 82 budce 5, st dung benzyl ((2R,35)-2-((1-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)(4-metoxybenzyl)carbamat (57,2mg, 0,080mmol), CH;CN (762ul),
nudc (381ul), kali peroxydisulfat (31mg, 0,12mmol), va kaliphosphat, dibazo (19mg,
0,109mmol). 20,2 mg. LCMS: R, = 0,89 min, m/z = 565,3 (M+1). Phuong phap 2m_cé

tinh axit.

Budc 5: Tert-butyl (2-(4-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-
1,2,3-triazol-1-yl)etyl)carbamat. Thém Pd den (19mg, 0,018mmol) va axit formic
(31pl, 0,711mmol) vao huyén phit dic cua benzyl ((2R,3S5)-2-((1-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-yl)metyl)-4-oxoazetidin-3-y1)(4-
metoxybenzyl)carbamat (20,2mg, 0,036mmol) trong MeOH (0,68ml). Sau khi khudy &
nhiét ¢ phong trong 3 gid, bd sung Thém Pd den (9,7mg). Sau khi khudy Thém &
nhiét d6 phong trong 5,5 gid, loc hdn hop phan ing qua xenluloza bing chit rira giai
MeOH, va c¢6 dac dich loc trong chan khong. N6 dugce st dung trong bude 6 khong
can tinh ché thém. LCMS: R; = 0,396min, m/z = 311,1 (M+1). Phuong phdp 2m_c6

tinh axit.

Buéce 6: Tert-butyl 2-(((D-2-(((2R,39)-2-((1-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-yl)metyl)-4-oxoazetidin-3-yl)amino)-
1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)-2-
metylpropanoat.

Piéu ché theo phuong thirc tuong tu véi vi du 82 budce 7, sir dung axit (Z)-2-
(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-yl)oxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (18,55mg, 0,043mmol), HATU (17,7mg,
0,047mmol), DCM:DMF (1:3, 800ul), DIPEA (18,86ul, 0,108mmol), tert-butyl (2-(4-
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(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-1H-1,2,3-triazol-1-yl)etyl)carbamat
(11,17mg, 0,036mmol). 6,5mg. LCMS: R, = 0,971min, m/z = 722,4 (M+1). Phuong
phép 2m_cé tinh axit, 'H NMR (400MHz, Metanol-dy) 6 7,82 (s, 1H), 7,32 (s, 1H),
5,34 (d, J=4,9 Hz, 1H), 4,43 (t, /= 5,9 Hz, 3H), 4,19 (dt, /= 9,3, 4,5 Hz, 1H), 4,09 (q,
J=17,1 Hz, 1H), 3,54-3,45 (m, 3H), 3,13 (ddd, J= 15,0, 11,8, 6,0 Hz, 2H), 2,93 (dd, J
=15,2, 9,6 Hz, 1H),2,01 (s, 2H), 1,53 (d, J = 1,4 Hz, 14H), 1,49 (s, 7H), 1,46 (d, J =
1,7 Hz, 15H), 1,38 (s, 14H), 1,23 (t, J= 7,1 Hz, 3H).

Budoe 7. axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-2-
yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((1-(2-
((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-yl)metyl)-4-oxoazetidin-1-
sulfonic. Piéu ché theo phuong thirc trong tu véi vi du 82 budce 9, sir dung fert-butyl
2-(((2)-(2-(((2R,35)-2-((1-(2-((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-
yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)-2-metylpropanoat  (6,5mg, 9,00umol), DMF (200ul),
SO;3*DMF (5,8mg, 0,037mmol). N6 duoc sir dung trong budc 8 khong cin tinh ché
Thém . LCMS: R, = 0,91 1min, m/z = 802,1 (M+1). Phuong phéap 2m_c¢é tinh axit.

Bude 8: axit 2-(((Z)-(2-(((2R,3S)-2-((1-(2-aminoetyl)-1H-1,2,3-triazol-4-
yD)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-
oxoetyliden)amino)oxy)-2-metylpropanoic. Theo quy trinh chung dé loai bo bao vé do
trung gian axit, str dung axit (2R,3S)-3-((Z)-2-(((1-(tert-butoxy)-2-metyl-1-oxopropan-
2-yl)oxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((1-(2-
((tert-butoxycarbonyl)amino)etyl)-1H-1,2,3-triazol-4-yl)metyl)-4-oxoazetidin-1-
sulfonic (7,22mg, 9,00pmol), DCM (200ul) va TFA (50ul, 649umol). Tinh ché san
phim tho bang HPLC thu san phdm pha dao (XSelect CSH, 19x100mm, Sum, ct
C18; v6i chat diéu bién axit formic 0,1% ACN- nu6e, 24ml/phit) dé thu hop chét tiéu
dé (1,2mg, 24%). LCMS: R, = 0,487min, m/z = 5462 (M+1). Phuong phap 2m c¢6

tinh axit.

Vi du tham khao 102: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((2-aminoetyl)amino)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

y1)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tw véi vi du 90, sir dung tert-butyl (2-
aminoetyl)carbamat va benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-
4-y1)-2-(((2R,3S5)-2-((4-formyl-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat trong budc 3. LCMS: R, =
0,31 min, m/z = 573,2 (M+1) Phuong phdp 2m c¢é tinh axit; 'H NMR (400MHz,
DMSO-dg) 6 9,24 (d, J=9,0Hz, 1.0 H), 7,75 (s, 1 H), 7,22 (s, 2 H),6,71 (s, 1 H), 5,42-
5,28 (m, 1 H), 4,86 (dd, J=14,3, 4,1 Hz, 1 H), 4,72-4,59 (m, 1 H), 4,53 (ddd, J=74,
5,5, 4,3 Hz, 1 H), 4,24-4,09 (m, 2 H), 3,10-2,97 (m, 5 H), 1,34-1,19 (m, 3 H), 1,19-
1,06 (m, 1H).

Vi du tham khdo 103: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-
((azetidin-3-ylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tw véi vi du 90, sir dung fert-butyl 3-
aminoazetidin-1-carboxylat va benzhydryl 1-(((2)-(1-2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat

trong budc 3. LCMS: Ry = 0,31 min, m/z = 585,2 (M+1) Phuong phap 2m_c6 tinh
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axit; 'H NMR (500MHz, D,0) 87,84 (s, 1H), 7,14 (s, 1H), 5,60 (d, J = 5,6 Hz, 1H),
5,04-4,87 (m, 3H), 4,52-4,36 (m, SH), 4,35 (s, 1H), 1,35-1,29 (m, 2H), 1,24-1,14 (m,
2H).

Vi du 104: axit 1-(((2)-(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-(((R)-5-
(formimidamidometyl)-2-oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

0]

Ak,
H2N\</j)k'( )ﬁ—ﬂ

NSOH o

Diéu ché theo phuong thirc twong tu véi vi du 26, st dung etyl formamidat-

HCIL. LCMS: R; = 0,29 min, m/z = 575,0 (M+1) Phuong phap 2m_co6 tinh axit.

Vi du tham khao 105: axit 2-(((2)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S5)-2-((3-xyano-
1H-1,2,4-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.

0

A
%ﬁ ;ﬁ e

“SO,H

Diéu ché theo phuong thirc tuong tu voi vi du 54, st dung 1H-1,2,4-triazol-3-
carbonitril. LCMS: m/z = 526,0[M-H]; '"H NMR (400MHz, D,0) §(18,57 (s, 1H), 6,90
(s, 1H), 5,34(br s, 1H), 5,20-4,77 (m, 3H), 1,31 (s, 6H).

Vi du tham khao 106: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-aminoazetidin-1-yl)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1 -(2-aminothiazol-4-

yD)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tw véi vi du 90, sir dung tert-butyl (2-
oxoetyl)carbamat va benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-
y1)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat trong budc 3, ngoai trir viéc ¢ mot
quy trinh diéu ché bd sung trong budc sulfonyl héa. Xir Iy san pham sulfonyl héa tho
bang pyridin trong MeOH & 40°C trong 1 gi¢r dé loai b6 san phdm sulfonyl hoa qua
muec trén azetidin. LCMS: R; = 0,30 min, m/z = 585,2 (M+1) Phuong phdp 2m_c6 tinh
axit; '"H NMR (500MHz, D,0) & 7,76 (s, 1 H), 7,03 (s, 1 H), 5,50 (d, J=5,5 Hz, 1 H),
4,97-4,89 (m, 1 H), 4,89-4,77 (m, 2 H), 4,56-4,48 (m, 3 H), 4,46-4,35 (m, 3 H), 1,29-
1,18 (m, 2 H), 1,15-1,08 (m, 2 H).

Vi du tham khéo 107: axit (S)-2-(((2)-(2-(((2R,3S)-2-((1H-1,2,4-triazol-1-yl)metyl)-4-
oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)-3-

(4-carbamimidoylphenoxy)propanoic.
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Piéu ché theo phuong thirc tuong tu véi vi du 68, stir dung (R)-benzhydryl 2-
(aminooxy)-3-(4-(N-(tert-butoxycarbonyl)carbamimidoyl)phenoxy)propanoat  (dugc
diéu ché theo WO20131 10643). LCMS: R; = 0,30 min, m/z = 623,4 (M+1) Phuong
phap 2m_c6 tinh axit; '"H NMR (400MHz, DMSO-dg): 8119,14 (s, 2 H), 8,68 (brs, 2
H), 8,37 (s, 1H), 7,90 (s, 1H), 7,77-7,70 (m, 2 H), 7,28 (br s, 2 H), 6,95 (brs, 1H), 6,79
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(s, 1 H), 6,55 (br s, 1 H), 5,19-5,11 (m, 1H), 5,07-4,98 (m, 1H), 4,54-4,39 (m, 3H),
4,28-4.22 (m, 1H).

Vi du 108: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-ox0-2-(((3S,4R)-2-0x0-4-((2-
oxoimidazolidin-1-yl)metyl)-1-sulfoazetidin-3-

ylDamino)etyliden)amino)oxy)xyclopropancarboxylic.

Budc 1: Benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((28,35)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (6,49ml, 37,2mmol) va
HATU  (5,65g, 14,86mmol) vao dung dich chira axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (6,66g, 12,38mmol) & 0°C trong DCM
(61,9ml, ty 1¢: 1) va DMF (61,9ml, ty 1&: 1). Sau 20 phut, thém (3S,4S5)-3-amino-4-
(hydroxymetyl)azetidin-2-on (1,44g, 12,38mmol) . Sau khi khudy trong 2 gir & nhiét
do phong, c¢6 dic hdn hop phan g trong chan khong va pha loing bang EtOAc. Rira
16p hiru co bang nude, nude mudi, sdy qua Na,SO;, loc va ¢b dic trong chan khong.
Tinh ché san phdm thé qua sic ky silicagel (Axeton-DCM) d& thu hop chét tiéu dé
(4,4g, 56%). LCMS: R, = 0,97 min, m/z = 636,1 (M+1), Phuong phdp 2m_cé tinh
axit,|H NMR (400MHz, DMSO-d¢): 11,80 (brs, 1H), 9,08 (d, /=9,0 Hz, 1 H), 8,41 (s,
1 H),7,48-7,32 (m, 5 H), 7,32-7,15 (m, 6 H), 6,84 (s, 1 H), 5,20 (ddd, /=9,2, 5.1, 0.9
Hz, 1 H), 4,77 (t, J=5,3 Hz, 1 H), 3,76-3,70 (m, 1H), 3,62-3,48 (m, 1 H), 3,47-3,33 (m,
1 H), 1,56-1,33 (m, 13 H).

Buéce 2:Benzhydryl 1-(((2)-(1-(2-((zert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((28,38)-2-(((metylsulfonyl)oxy)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém TEA (0,66ml, 4,7mmol) va
MsCl (25pl, 0,32mmol) vao dung dich chtra benzhydryl 1-(((Z2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl1)-2-(((2S,3S)-2-(hydroxymetyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat (1g, 1,57mmol) & 0°C
trong THF (15,7ml). Sau 2 gi®, pha lodng hdon hgp phan ing bang EtOAc, rira bing

nude mudi, sdy qua Na,SO,, loc va ¢d dic trong chan khong, dé thu hop chét tiéu dé
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(dinh lwgng gia dinh). LCMS: R, = 0,99 min, m/z = 714,1 (M+1), Phuong phép 2m_coé

tinh axit.

Budc 3: Benzhydryl 1-(((2)-(2-(((2R,3S)-2-(azidometyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém Nal (0,82g, 5,5mmol)andnatri
azit (0,83g, 12,8mmol) vao dung dich chira benzhydryl 1-(((2)-(1-(2-((zert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2S,35)-2-(((metylsulfonyl)oxy)metyl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat (1,3g,
1,82mmol) trong DMF (20ml). Sau khi khudy & 60°C trong 6 gid, lam ngimg hdn hop
phan mg biang nudc da lanh va chiét bing EtOAc. Rira cac 16p hitu co két hop bing
nude, nude mudi, sdy qua Na,SO, khan, ¢b dic trong chan khong. Tinh ché san phim
thd qua sic ky silicagel (EtOAc-Heptan) dé thu hop chét tiéu dé (689mg, 57%).
LCMS: R, = 1,02min, m/z = 661,1 (M+1), Phuong phap 2m_cé tinh axit.

Buéc 4: Benzhydryl 1-(((2)-(2-(((2R,3S5)-2-(aminometyl)-4-oxoazetidin-3-
yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém Ph;P (301mg, 1,15mmol). vao
dung dich chtra benzhydryl 1-(((2)-(2-(((2R,35)-2-(azidometyl)-4-oxo0azetidin-3-
yDamino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (689mg, 1,04mmol) trong THF (10ml)
va MeOH (1,3ml). Sau 12 gi®, ¢6 dic hdn hogp phan tng trong chan khéng. Tinh ché
san phim thd qua sic ky silicagel (MeOH-DCM, 0-100%) dé thu hop chit tiéu dé
(369mg, 56%). LCMS: R, = 0,88min, m/z = 635,1 (M+1), Phuong phap 2m_c6 tinh

axit.

Buée 5: Benzhydryl 1-(((D)-2-(((2R,35)-2-(((2-((((9H-fluoren-9-
yl)metoxy)carbonyl)amino)etyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat.
Thém (9H-floren-9-yl)metyl (2-oxoetyl)carbamat (84mg, 0,30mmol) va natri
triaxetoxyborohydrua (181mg, 0,86mmol) vao dung dich chira benzhydryl 1-(((2)-(2-
(((2R,35)-2-(aminometyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(199mg,0,29mmol) trong DCE (2.9ml). Sau 12 gid, 1am ngimg hon hop phan tng
bang NaHCO; bao hoa (aq). pha loang bang EtOAc, va phan tach cac I6p. Chiét 16p
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nuéce bang EtOAc, va rira cac 16p hiru co két hop bing nudc mubi, siy qua Na,SO,,
loc va ¢b dac trong chan khong. Tinh ché san phdm tho qua sic ky silicagel (MeOH-
DCM, 0-100%) dé thu hop chét tiéu dé& (150mg, 58%). LCMS: R, = 1,10 min, m/z =
900.0 (M+1), Phuong phap 2m_c6 tinh axit, 'H NMR (400MHz, DMSO-d¢):9,16 (d,
J=9,0 Hz, 1 H), 8,35 (s, 1H), 7,87 (d, J=7.,4 Hz, 2 H), 7,66 (d, J/=7,4 Hz, 2 H), 7,45-
7,18 (m, 16 H), 6,83 (s, 1H), 5,24-5,17 (m, 1H), 4,28 (d, J=6,7 Hz, 2 H), 4,19 (d, J=6,3
Hz, 1 H), 3,79-3,67 (m, 1 H), 3,03-2,95 (m, 2H), 2,73-2,63 (m, 1H), 1,54-1,37 (m,
13H).

Buéc 6: Benzhydryl 1-(((2)-(2-(((2R,3S5)-2-(((2-aminoetyl)amino)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém piperidin (16,501, 0,167mmol)
vao dung dich chaa benzhydryl 1-(((2)-(2-(((2R,3S)-2-(((2-((((9H-fluoren-9-
yl)metoxy)carbonyl)amino)etyl)Jamino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(150mg, 0,167mmol) trong DCM (1,7ml). Sau 2 gid, ¢ dic hon hop phan img trong
chan khong va dong kho trong hdn hgp CH;CN/nude dé thu hop chit tiéu dé (dinh
luong gia dinh). LCMS: R; = 0,93 min, m/z = 678,5 (M+1), Phuong phap 2m_c6 tinh

axit.

Bude 7: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
0x0-2-(((3S,4R)-2-0x0-4-((2-oxoimidazolidin-1-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)xyclopropancarboxylat. Thém CDI (43,1mg,
0,266mmol) va TEA (111pl, 0,797mmol) vao dung dich chira benzhydryl 1-(((2)-(2-
(((2R.35)-2-(((2-aminoetyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(90mg, 0,133mmol) trong clorofom (2,7ml). Sau 12 gio, ¢6 dic hon hop phan tmg
trong chan khong. Tinh ché san phim thé qua sic ky silicagel (MeOH-DCM, 0-100%)
dé thu hop chat tiéu dé (46mg,49%). LCMS: R, = 0,95min, m/z = 704,0 (M+1),
Phuong phap 2m_c6 tinh axit.

Buéce &: axit (3S,4R)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxoimidazolidin-1-

yl)metyl)azetidin-1-sulfonic, axit (3S.4R)-3-((Z)-2-((1-
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((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((3-0x0-1,2,4-triazinan-1-
yl)metyl)azetidin-1-sulfonic. Thém SO3;*DMF (100mg, 0,654mmol) vao dung dich
chira benzhydryl 1-(((2)-(1-(2-((zert-butoxycarbonyl)amino)thiazol-4-yl)-2-ox0-2-
(((3S5,4R)-2-0x0-4-((2-oxoimidazolidin-1-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)xyclopropancarboxylat (46mg,65umol) trong DMF
(654pl). Sau khi khudy & nhiét d6 phong trong 2 gid, pha lodng hdn hop phan tng
b?mg EtOAc, rra béng nude mudi, séy qua Na,S0,, loc va ¢o déc trong chan khong aé
thu hop chét tiéu dé (50mg, 98%). LCMS: R, = 0,84min, m/z = 784.0 (M+1), Phuong

phap 2m_c6 tinh axit. San phdm thé duoc sir dung ludn cho budc tiép theo.

Budce 9: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxoimidazolidin-1-yl)metyl)-1-sulfoazetidin-3-

yl)amino)etyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (3S,4R)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo0-4-((2-oxoimidazolidin-1-
yl)metyl)azetidin-1-sulfonic, axit (3S,4R)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-oxo-4-((3-oxo-1,2,4-triazinan-1-
ylDmetyl)azetidin-1-sulfonic (48mg, 61pmol), DCM (0,61ml), va TFA (0,28ml,
3,7mmol) trong 4 gid. Tinh ché san phdm thod bang HPLC thu san pham pha dao
(XSelect CSH, 30x100mm, Sum, cot C18; voi chét diéu bién axit formic 0,1% ACN-
nude, 60ml/phut) dé thu hop chét tiéu dé (3,6mg, 10%). LCMS: R, = 0,45 phit, m/z =
518,1 (M+1), Phuong phap 2m c6 tinh axit; '"H NMR (500MHz, D,0): 807,01 (s, 1
H), 5,32 (d, J=5,5 Hz, 1 H), 4,53-4,39 (m, 1 H),3,61 (dd, J= 14.8, 6,9 Hz, 1 H), 3,56-
3,41 (m, 2 H), 3,35-3,21 (m, 3 H), 1,46-1,19 (m, 4 H).
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Vi du tham khao 109: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4,5-
bis(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budc 1: Thém natri hydrua (0,19g, 4,83mmol) vao dung dich chira di-fers-
butyliminodicarbonat (1,02g, 4,60mmol) trong DMF (14ml) & 0°C. Loai bd bé lanh,
va bd sung Thém DMF (20ml). Sau khi khudy trong 15 phut, Thém nhanh 1,4-
diclobut-2-yn (0,91ml,9,20mmol). Sau khi khudy & nhiét d6 phong trong 12 gid, rét
hdn hop phan tmg vao trong dung dich lanh chira LiCl (5% aq.). Chiét 16p nudc bing
EtOAc (3x), va rira céc 16p hitu co két hop bang LiCl (5% aq.), nudc mudi, sdy qua
Na,S0,, loc va ¢b dic trong chan khong. Tinh ché san phdm thd qua sic ky silicagel
(EtOAc-Heptan, 0-10%) dé thu hop chét tiéu dé (467mg, 33%). LCMS: R, = 1,07 min,
m/z = 326,0 (M+Na), Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, CDCl5)0]
4,13 (t, J<1,9 Hz, 2 H) 4,40 (t, J~1,9 Hz, 2 H), 1,57-1,51 (m, 18H).

Budc 2: Puoc didu ché theo quy trinh dugc md ta trong Sharpless, K. B.
Synthesis. 2005, 9, 1514. Thém natri azit (40lmg, 6,17mmol), sau d6 Thém
amoniclorua (167,8mg, 3,14mmol) vao dung dich cta chit trung gian tir buéc 1
(466mg, 1,53mmol) trong 1,4-dioxan (5,8ml) va nude (1,9ml). Sau khi gia nhiét dén
75°C trong 11 gi®, rét hdn hop phan tmg vao trong phéu phén tach, va phan tach cac
16p. Chiét 16p nuéc bang EtOAc (3x). Rira céc 16p hitu co két hop bang nudc mubi,
sdy qua Na,SO,, loc va ¢o dic trong chan khong. Tinh ché san pham thé qua sic ky
silicagel (EtOAc-Hep, 0-40%) dé thu hop chit tiéu d& (224mg, 41%). LCMS: R, =
0,90 min, m/z = 354,1 (M+1), Phuong phap 2m_c6é tinh axit; 'H NMR (400MHz,
CDCl5)$ 4,87 (s, 2H), 4,56 (s, 2H), 1,50 (s, 18H).

Budc 3: Benzhydryl 1-(((2)-(2-(((2R,3S5)-2-((4-(azidometyl)-5-((bis(tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém ting giot DIAD (0,079ml,
0,38mmol) vao  huyén phu dic ctia benzhydryl 1-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2S,3S)-2-(hydroxymetyl)-4-oxoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat (202mg, 0,32mmol), chat

trung gian T budc 2 (136mg, 0,38mmol) va triphenylphosphin (100mg, 0,38mmol)
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trong THF (4ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 12 gid, pha lodng hdn
hop phan tmg bing DCM va ¢d dic trong chan khong. Tinh ché san phdm thé qua sic
ky silicagel (EtOAc-Hep, 0-70%) dé thu hop chit tiéu d&. LCMS: R, = 1,27 min, m/z =
971,5 (M+1), Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, DMSO-dg) 519,38
(d, J=9,1 Hz, 1H), 8,56 (d, J= 1,7 Hz, 1H), 7,45 — 7,38 (m, 5H), 7,32 — 7,20 (m, 7H),
6,84 (s, 1H), 5,41 (dd, J= 9,0, 5,2 Hz, 1H), 4,78 (d, J = 1,5 Hz, 2H), 4,51 (d, J= 1,2
Hz, 2H), 4,48 — 4,42 (m, 2H), 4,37 — 4,30 (m, 1H), 1,42 (d, J= 39,1 Hz, 31H).

Budc 4. axit (2R,35)-2-((4-(azidometyl)-5-((bis(tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Thém
SO;*DMF (33,5mg, 0,21mmol) vao dung dich chira benzhydryl 1-(((2)-(2-(((2R,3S)-2-
((4-(azidometyl)-5-((bis(tert-butoxycarbonyl)amino)metyl)-2 H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat (103mg,0,11pmol) trong DMF
(530ul) & 0°C. Sau khi khudy & nhiét do phong trong 3 gid, pha lodng hdn hop phan
g bing EtOAc, rira bang LiCl (5% aq.), nuéc mudi, sdy qua Na,SO;, loc va ¢b dic
trong chan khong dé thu hop chit tiéu dé (dinh lwong gia dinh). LCMS: R, = 1,16 min,
m/z = 1051,6 (M+1), Phurong phap 2m_c6 tinh axit. San phim thd dugc sir dung lubn

cho budc tiép theo.

Budc 5: axit (2R,3S)-2-((4-(aminometyl)-5-((bis(tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic. Thém Pd-C
(22mg, 0,021mmol) vao dung dich chua axit (2R,3S)-2-((4-(azidometyl)-5-((bis(tert-
butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic (111mg,
0,11mmol) trong EtOAc (1,1ml) va EtOH (0,22ml) trong diéu kién N,. Xa khi va nap
diy lai hé thong nay bang H, (3x). Sau khi khudy & nhiét do phong trong 4 gio, loc
hén hop phan g qua xelit bang dung dich rira EtOAc va EtOH. C6 dic dich loc trong
chan khong dé thu hop chat tiéu dé (dinh luong gia dinh). San phim thé duoc st dung
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luén cho budc tiép theo. LCMS: R, = 1,06min, m/z = 1025,7 (M+1), Phuong phap
2m_co6 tinh axit.

Budc 6: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4,5-
bis(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung axit (2R,3S)-
2-((4-(aminometyl)-5-((bis(tert-butoxycarbonyl)amino)metyl)-2H-1,2,3-triazol-2-
yDmetyl)-3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy )imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-1-sulfonic(109mg,
0,11pmol), DCM (1,1ml), va TFA (0,49ml, 6,36mmol) trong 2 gi¢. Tinh ché san phém
thd bang HPLC thu san phdm pha dao (XSelect CSH, 30 x 100mm, 5um, cdt C18; voi
cht diéu bién axit formic 0,1% ACN- nudc, 60ml/phut) d& thu hop chit tiéu dé
(12mg, 19%). LCMS: R; = 0,46 min, m/z = 559,2 (M+1), Phuong phép 2m_cé tinh
axit; 'H NMR (400MHz, D,0): 5 7,16 (s, 1H), 5,61 (d, J = 5,6 Hz, 1H), 5,07-4,88 (m,
3H), 4,34 (s, 4H), 1,39-1,13 (m, 4H).

Vi du tham khao 110: axit 2-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yDmetyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)-3-(4-carbamimidoylphenoxy)propanoic.

NH

e
oA H

SO3H
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Diéu ché theo phwong thirc twong tu voi vi du 107, sir dung tert-butyl ((2-
(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl)carbamat.
LCMS: R,= 0,29 min, m/z = 652,1 (M+1), Phuong phap 2m_cé tinh axit;'H NMR
(400MHz, D,0): 6 7,53 (d, J= 8,9 Hz, 2 H), 7,43 (s, 1 H), 7,03 (s, 1 H), 6,82 (d, J =
8,9 Hz, 2 H), 5,35-5,28 (m, 1 H), 4,97-4,91 (m, 1 H), 4,77-4,70 (m, 1 H), 4,61-4,5 (m,
2 H), 4,38-4,29 (m, 1H), 4,27-4,19 (m, 1H), 4,00 (s, 2H).

Vi du 111: axit 1-(((£2)-(2-(((2R,3S5)-2-(((R)-5-((3-(2-aminoetyl)ureido)metyl)-2-
oxooxazolidin-3-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-

2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thirc tuong tu véi vi du 26, st dung terz-butyl (2-(1H-
imidazol-1-carboxamido)etyl)carbamat. LCMS: R; = 0,31 min, m/z = 634,3 (M+1),
Phuong phép 2m_cé tinh axit;lH NMR (500MHz, DMSO-dg): 609,18 (d, J = 8,8 Hz,
1 H), 7,68 (br s, 2 H), 7,28 (brs, 2 H), 6,82 (s, 1H), 6,41 (t, J= 5,9Hz, 1H), 6,31-6,20
(m, 1H), 5,23 (dd, J = 8.9, 5,83 Hz, 1H), 4,52-4,44 (m, 1H), 4,24-4,12 (m, 1H), 3,69-
3,58 (m, 1H), 2,90-2,75 (m, 2H), 1,38-1,27 (m, 4H).

Vi du tham khdo 112: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0xo0-
4-((4-((piperidin-4-ylamino)metyl)-2H-1,2,3-triazol-2-yl)metyl)- 1 -sulfoazetidin-3-

ylamino)etyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thuc tuong ty véi 90, sit dung tert-butyl 4-
aminopiperidin-1-carboxylat va benzhydryl 1-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R, = 0,31 min, m/z = 613,5 (M+1) Phuong phép 2m_cé tinh
axit; '"H NMR (400MHz, D,0): 87,73 (s, 1 H), 7,00 (s, 1 H), 5,49 (d, J=5,6 Hz, 1 H),
4,90 (q, J=5,5Hz, 1 H), 4,85-4,74(m, 2 H), 4,33 (s, 2 H), 3,53-3,37 (m, 2 H), 3,09-2,88
(m, 2 H), 2,29 (t, J~12,5Hz, 2 H), 1,87-1,66 (m, 2 H), 1,25-1,12 (m, 2 H),1,11-0,95
(m, 2 H).

Vi du 113: axit 2-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((2-
oxoazetidin-1-yl)metyl)- 1-sulfoazetidin-3-yl)amino)etyliden)amino)oxy)-2-

metylpropanoic.

0]
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Piéu ché theo phuong thic twong tu véi vi du 1, st dung axit 3-
bromopropanoic. LCMS: m/z = 503,0[M-H]; 'H NMR (400MHz, D,0) 516,95 (s,
1H), 5,27 (d, J = 5,2 Hz, 1H), 4,52-4,43 (m, 1H), 3,66-3,60 (m, 1H), 3,36-3,31 (m,
2H), 3,28 (m, 1H), 2,76 (t, J = 3,6 Hz, 2H), 1,36 (s, 3H), 1,35 (s, 3H).
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Vi du tham khdo 114: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-(((3-
guanidinopropyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phwong thirc tuong tu véi vi du 90, sir dung N-(3-aminopropyl)-
N'-tert-butoxycarbonyl guanidin va benzhydryl 1-(((D)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R; = 0,55 min, m/z = 629,4 (M+1) Phuong phip 2m c6 tinh
axit_phén cuc; 'H NMR (400MHz, D,0): 6 7,80 (s, 1 H), 7,05 (s, 1 H), 5,68-5,57 (m, 1
H), 5,05-4,90 (m, 2 H), 4,84-4,79 (m, 1 H), 4,34 (s, 2 H), 3,29-3,21 (m, 2 H), 3,19-
3,08 (m, 2 H), 2,02-1,91 (m, 2 H), 1,29-0,94 (m, 4 H).

Vi du tham khao 115: axit I-(((Z)-(2-(((2R,3S)-2-((4-(((3-
aminopropyl)(metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-
3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.
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Diéu ché theo phwong thic tuong tu véi vi du 90, sir dung tert-butyl (3-
(metylamino)propyl)carbamat va benzhydryl 1-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R, = 0,53 min, m/z = 601,4 (M+1) Phuong phép 2m_c¢ tinh
axit_phén cye; 'H NMR (400MHz, D,0): & 7,91 (s, 1 H), 7,06 (s, 1 H), 5,55 (d, 1 H, J
= 6,1Hz), 5,06-4,88 (m, 3 H), 4,49 (s, 2 H), 3,26-3,15 (m, 2H), 3,06 (t, 2 H, J= 17,5
Hz), 2,89 (s, 3 H), 2,20-2,07 (m, 2H), 1,30-1,07 (m, 4H).

Vi du tham khdo 116: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-(((3-
(metylamino)propyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-

3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thirc twong tu v6i vi du 90, sir dung tert-butyl (3-
aminopropyl)(metyl)carbamat va benzhydryl 1-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R, = 0,48 min, m/z = 601,4 (M+1) Phuong phdp 2m _c6 tinh
axit_phan cuc; 'H NMR (400MHz, D,0): 87,82 (s, 1 H), 7,09 (s, 1 H), 5,66-5,53 (m, 1
H), 5,03-4,87 (m, 3 H),4,37 (s, 2 H), 3,21-3,05 (m, 4 H), 2,68 (s, 3H), 2,17-2,02 (m, 2
H), 1,30-1,04 (m, 4 H).

Vi du tham khao 117: axit 1-(((£)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-(((2-
(metylamino)etyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc tuong tw véi vi du 90, sir dung tert-butyl (2-
aminoetyl)(metyl)carbamat va benzhydryl 1-(((2)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S5)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
trong budc 3. LCMS: R; = 0,44 min, m/z = 587,2 (M+1) Phuong phap 2m_c6 tinh
axit_phan cuc; 'H NMR (400MHz, D,0):87,82 (s, 1 H), 7,09 (s, 1 H), 5,58 (d, J= 5,5
Hz, 1 H), 5,02-4,82 (m, 3 H), 4,42 (s, 2 H), 3,55-3,40 (m, 4H), 2,75 (s, 3 H), 1,30-
1,04(m, 4 H).

Vi du tham khao 118: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((4-aminobutyl)amino)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Pidu ché theo phuong thirc tuong ty véi vi du 90, sit dung tert-butyl (4-
aminobutyl)carbamat va benzhydryl 1-(((D)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat

trong budéc 3. LCMS: R = 0,32 min, m/z = 601,3 (M+1) Phuong phap 2m_c¢ tinh
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axit_phan cuc; 'H NMR (400MHz, D,0):57,71 (s, 1 H), 6,99 (s, 1 H), 5,48 (d, J=5,6
Hz, 1 H), 4,95-4,69 (m, 3 H),4,24 (s, 2 H),3,00 (t, J=7,3Hz, 2 H), 2,87 (t, J=7,1Hz, 2
H), 1,77-1,51 (m, 4 H), 1,23-1,12 (m, 2 H), 1,12-0,90 (m, 2 H).

Vi du tham khao 119: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-
aminopropyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budc 1: Tert-butyl (3-(3-benzoylthioureido)propyl)carbamat. Pugc didu ché
theo quy trinh da dugc mo ta badi Jubian et al. Angew.Chem, 1995, 107, 1343 va
Rasmussen et al. Synthesis, 1988, 456. Thém tert-butyl (3-aminopropyl)carbamat
(0,95g, 5,45mmol) vao dung dich chira benzoyl isothioxyanat (0,93g, 5,70mmol) trong
Axeton (10ml). Sau khi gia nhiét & 60°C trong 2,5 gi®, c¢o dic hdn hop phan ung trong
chan khong. Tinh ché san phim thd qua sic ky silicagel (EtOAc-Heptan, 0-40%), dé
thu hop chat tiéu dé (0,83g, 43%). LCMS: R, = 0,93 min, m/z = 338.0 (M+1) Phuong
phép 2m_c¢ tinh axit.

Budc 2: Tert-butyl (3-thioureidopropyl)carbamat. Thém dung dich natri
hydroxit chira nuéc (1,96ml, 2,45mmol) vao dung dich chia tert-butyl (3-(3-
benzoylthioureido)propyl)carbamat (0,83g, 2,45mmol) trong MeOH (15ml). Sau khi
khudy & nhiét d6 phong trong 2 gid, ¢6 dic hdn hgp phan ung trong chan khong va
ddng s6i voi toluen. Tinh ché san phim tho qua sic ky silicagel (MeOH-DCM, 9%
with 1% NH,OH), dé thu hop chét tidu dé (0,83g, 43%). LCMS: R, = 0,47 min, m/z =
234,2 (M+1) Phuong phap 2m_c6 tinh axit.

Bugc 3: Tert-butyl (3-((imino(metylthio)metyl)amino)propyl)carbamat. Thém
iodometan ~ (80ul, 1,29mmol) vao dung dich chta tert-butyl (3-
thioureidopropyl)carbamat (0,29g, 1,28mmol) trong MeOH (8ml). Sau khi khudy &
nhiét 46 phong trong 18 gio, Thém bicarbonat gia d& polyme (0,5¢g, 3,5mmol NaCO;/g
nhya) vao hdn hop phén tmg. Sau 30 phut, loc hdn hop phan tng, va ¢b dic dich loc
trong chan khéng dé thu san phdm mong mudn cing véi san phim metyl hoa & vi tri
N, tert-butyl (3-(3-metylthioureido)propyl)carbamat (0,28g, 87%, ty 1¢ 2:1). San phdm
thé duogc st dung luon cho budc tiép theo. LCMS: R, = 0,44 min va 0,49 min, m/z =
248,1 (M+1) Phuong phap 2m_c6 tinh axit.

-225-



21204

Buoc 4: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-(3-imino-
11,11-dimetyl-9-0x0-10-0xa-2,4,8-triazadodexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-
1-sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic. Thém
trietylamin (30pL, 0,22mmol), axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylic (vi du 19, 23mg, 43umol), va DMF
(0,5ml, ty 1¢: 1) vao dung dich chua tert-butyl (3-
((imino(metylthio)metyl)amino)propyl)carbamat (32,1mg, 87umol) trong dioxan
(Imlty 1&: 2) & nhiét & phong. Sau khi gia nhiét dén 60°C trong 17 gid, pha lodng hén
hop phan g bing EtOAc va nudc. Phan tach 16p nudc, ¢d dic trong chin khong,
dong s6i véi toluen, va sdy trén ap sudt chdn khong cao dé thu hop chit tiéu dé (dinh
legng gia dinh). LCMS: R, = 0,51 min, m/z = 729,6 (M+1), Phuwong phap 2m_c6 tinh

axit.

Budc 5: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-aminopropyl)guanidino)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo0- 1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung d loai bd bao vé do trung gian axit sir dung axit 1-(((Z)-
(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-(3-imino-11,1 1-dimetyl-9-0x0-10-oxa-
2,4,8-triazadodexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylic (37mg, 15pumol), DCM (0,8ml), va
TFA (0,2ml, 2,60mmol) trong 1,5 gi¢. Tinh ché san phim tho bing HPLC thu san
pham pha dao (XSelect CSH, 19x100mm, Sum, cot C18; véi chit didu bién axit
formic 0,1% ACN- nuéc, 24ml/phut) dé thu hop chit tiéu dé (5,2mg, 20%). LCMS: R,
= 0,39 min, m/z = 629,2 (M+1), Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz,
D,0) 617,77 (s, 1H), 7,15 (s, 1H), 5,63 (d, J= 5,7 Hz, 1H), 5,06-4,99 (m, 1H), 4,98-

-226-



21204

4,89 (m, 2H), 4,57 (s, 2H), 3,39-3,34 (m, 2H), 3,14-3,06 (m, 2H), 2,01 (p, J = 7,2 Hz,
2H), 1,39-1,29 (m, 2H), 1,26-1,15 (m, 2H).

Vi du tham khao 120: axit 1-(((£)-(2-(((2R,3.5)-2-((4-((3-(3-
aminopropyl)guanidino)metyl)-1H-1,2,3-triazol-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tu véi vi du 119, sit dung tert-butyl (3-
((imino(metylthio)metyl)amino)propyl)carbamat. LCMS: R, = 0,30 min, m/z = 629,1
(M+1) Phuong phap 2m_c6 tinh axit_phén cyc;'H NMR (500MHz, D,0) 6 7,97 (s, 1
H), 7,05 (s, 1 H), 5,42 (d, J=5,4Hz, 1 H), 4,87-4,78 (m, 1 H), 4,45 (s, 1 H), 3,24
(t.J=6,9Hz, 1 H), 2,98-2,93(m, 1 H), 2,64 (s, 1 H), 1,87 (dt, /~14,9, 7,18 Hz, 3 H),
1,33-1,25 (m, 3 H), 1,21-1,10 (m, 4 H).

Vi du tham khdo 121: axit 2-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((2,5-
dioxopyrolidin-1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)-2-metylpropanoic.
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biéu ché theo phuong thirc tuong tu véi vi du 54, str dung pyrolidin-2,5-dion.
LCMS: R, = 0,55 min, m/z = 533,3 (M+1) Phuong phap 2m_c6 tinh axit_phan cuc; 'H
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NMR (400MHz, DMSO-dg:D,0 (1:1)):56,94 (s, 1 H), 5,18 (d, J = 5,9Hz, 1 H), 4,53-
4.43(m, 1 H), 3,96-3,86 (m, 1H), 3,36-3,25 (m, 1 H) 2,53 (s, 4 H), 1,40 (s, 3 H) 1,37
(s, 3 H).

Vi du tham khao 122: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-2-
oxoimidazolidin- 1-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic

o]
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o
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Diéu ché theo phuong thirc twong tu véi vi du 108, stir dung benzhydryl 1-(((2)-

(2-(((2R,39)-2-((((S)-2-((((9H-fluoren-9-yl)metoxy)carbonyl)amino)-3-((tert
butoxycarbonyl)amino)propyl)amino)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat.
Chét dong phan khong d6i quang A: 3,1mg. LCMS: R; = 0,65 min, m/z = 547,1 (M+1)
Phuong phap 2m_c6 tinh axit; 'H NMR (400MHz, D,0O): 67,12 (s, 1H), 5,39 (d, J =
6,8 Hz, 1H), 4,60-4,56 (m, 1H), 3,84 (t, J= 9,9 Hz, 1H), 3,59-3,53(m, 1H), 3,48-3,41
(m, 2H), 3,21-3,09 (m, 3H), 1,46 (brs, 3H), 1,36 (brs, 3H).
Chét dong phan khong dbi quang B: 2,9mg, LCMS: R = 0,65 min, m/z = 547,1 (M+1)
Phuong phéap 2m_c6 tinh axit; 'H NMR (400MHz, D,0): 807,12 (s, 1H), 5,42 (d, J =
5,6 Hz, 1H), 4,61-4,54(m, 1H), 4,16-4,08 (m, 1H), 3,82-3,72 (m, 2H), 3,55-3,49 (m,
1H), 3,27-3,15 (m, 3H), 1,47 (brs, 3H), 1,37 (brs, 3H).

Vi du tham khio 123: 3-(((2-(((2R,35)-3-((£)-2-(2-aminothiazol-4-yI)-2-((1-
carboxyxyclopropoxy)imino)axetamido)-4-oxo- 1-sulfoazetidin-2-yl)metyl)-2H-1,2,3-

triazol-4-yl)metyl)amino)-N,N,N-trimetylpropan-1-aminium.
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Diéu ché theo phuong thirc tuong tu véi vi du 90, sir dung NI,NI,NI-
trimetylpropan-1,3-diaminium 2,2,2-trifloaxetat.. LCMS: R, = 0,51 min, m/z = 629,5
(M+1) Phuong phdp 2m_c6 tinh axit_phan cuc; 'H NMR (400MHz, D,0):57,81 (s, 1
H), 7,09 (s, 1 H), 5,70-5,63 (m, 1 H), 5,03-4,93 (m, 3 H), 4,83-4,82 (m, 1 H), 4,37 (s, 2
H), 3,44-3,37 (m, 2 H), 3,22-3,16 (m, 2 H), 3,07 (s, 9 H), 2,26-2,17 (m, 2 H), 1,29-
1,10 (m, 4 H).

Vi du tham khdo 124: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((4-aminobutanamido)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-0xo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budce 1: Benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
(((2R,35)-2-((4-(((metylsulfonyl)oxy)metyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém
MsCl (25ul, 0,32mmol) vao dung dich chra benzhydryl 1-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-(hydroxymetyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (178mg,0,25mmol) va DIPEA (65ul,
0,37mmol) trong DCM (2,5ml) & 0°C. Sau 1 gio & 0°C, pha logng hdn hop phéan {mg
bang DCM (10ml), rira bang 0,2 N HCI va NalHCO; bdo hoa (aq). Sy 16p hitu co qua
Na,S04, c6 dic trong chan khong dé thu hop chit tiéu dé (190mg, 96%). San pham thd
dugc str dung ludn cho bude tiép theo. LCMS: R, = 1,05 min, m/z = 795,4 (M+1)
Phuong phap 2m_cé tinh axit.

Budce 2: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(aminometyl)-2H-1,2,3-triazol-
2-yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((¢ert-butoxycarbonyl)amino)thiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém ting giot dung dich chtra
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benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-
(((metylsulfonyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat (190mg, 0,24mmol) trong THF
(1ml) vao dung dich chira NH,OH chira nuéc (2ml, 28-30% wt) trong EtOH (2ml, ty
16:1) va THF (2ml, ty 1&:1) & -5°C. Sau khi khudy & -5°C trong 1 gio va & nhiét do
phong trong 12 gid, pha loang hén hop phéan tmg biang 40mL DCM va rira bang 10mL
NaHCO; bdo hoa chira nude (aq), séy qua Na,SO,, loc va c6 didc trong chian khong.
Tinh ché phan thu dugc qua sic ky silicagel (MeOH-DCM, 5-10%) dé thu hop chét
tidu dé (120mg, 49%). LCMS: R, = 0,87 min, m/z = 716,4 (M+1) Phuong phap 2m_c6
tinh axit.

Budc 3: Benzhydryl 1-(((2)-(2-(((2R,3.5)-2-((4-((4-((tert-
butoxycarbonyl)amino)butanamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (35ul, 0,20mmol) va
HATU (65mg, 0,17mmol) vao dung dich chira 4-((tert-
butoxycarbonyl)amino)butanoic acid (30,7mg, 0,15mmol) trong DCM (2ml) & 0°C.
Sau 10 phut, benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat (90mg, 0,10mmol) Thém . Sau khi
khudy & 0°C trong 1 gio, pha lodng hdn hop phan (g bing DCM (40ml), rira bing
Na,CO; chira nuédc ni‘)ng do6 2M (20ml), nuéc mudi, séy qua Na,SOq,, loc va cb dic
trong chan khong. Tinh ché phan thu dugc qua sic ky silicagel (MeOH-DCM, 5-10%)
dé thu hop chat tiéu dé (42mg, 46%). LCMS: R, = 1,07 min, m/z = 901,5 (M+1)
Phuong phap 2m_c6 tinh axit.

Budc 4: axit (2R,3S)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((4-((tert-
butoxycarbonyl)amino)butanamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic. Thém SO;DMF (74mg, 0.47mmol) vao dung dich chua
benzhydryl 1-(((2)-(2-(((2R,3S5)-2-((4-((4-((tert-
butoxycarbonyl)amino)butanamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-

oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
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oxoetyliden)amino)oxy)xyclopropancarboxylat (42mg, 47umol) trong DMF (0,47ml).
Sau khi khudy & nhiét d6 phong trong 5 gi®, Thém 10 duong lugng bd sung cua SO;e
Thém va khudy & nhiét do phong trong 2 gi. Pha lodng hdn hgp phéan ung bing
EtOAc (60ml) va nudc mudi (40ml), va phan tach cac 16p. Chiét 16p nude bang bing
EtOAc (40ml). Sdy cac lgp hiru co két hgp bang Na,SO,, loc va co dic trong chan
khong d& thu hop chét tiéu dé (45,3mg, 99%). San phidm tho duoc st dung ludn cho
bude tiép theo. LCMS: R, = 0,96 min, m/z = 981,6 (M+1) Phuong phép 2m_c6 tinh

axit.

Budc 5: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((4-aminobutanamido)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((4-((tert-
butoxycarbonyl)amino)butanamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic (47mg, 48pumol), DCM (0,5ml), va TFA (0,2ml, 2,87mmol)
trong 2 gio. C6 ddc hdn hgp phan mg trong chin khéng, va phan b phin con lai gitra
DCM va nuéc d4. Tinh ché 16p nuéc bang HPLC thu san phidm pha dao (XSelect
CSH, 30x100mm, 5um, cot C18; véi chat didu bién axit formic 0,1% ACN- nudc,
60ml/phit) dé thu hop chit tiéu d& LCMS: R, = 0,53 min, m/z = 615,3 (M+1) Phuong
phép 2m_c6 tinh axit phéan cuc; 'H NMR (400MHz, D,0):6 7,63 (s, 1 H), 7,05 (s, 1
H), 5,58-5,49 (m, 1 H), 4,96-4,83 (m, 3 H), 4,41 (brs, 2 H), 3,06-2,90 (m, 2 H), 2,44-
2,28 (m, 2 H), 1,98-1,83 (m, 2 H), 1,38-1,04 (m, 4 H).
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Vi du tham khao 125: axit 1-(((Z)-2-(((2R,3S)-2-((4-((3-((1r,3R)-3-
aminoxyclobutyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thirc twong tw véi vi du 119, sir dung tert-butyl ((1r,37)-
3-((imino(metylthio)metyl)Jamino)xyclobutyl)carbamat. LCMS: R; = 0,33 min, m/z =
641.0 (M+1) Phurong phap 2m_cé tinh axit;'H NMR (400MHz, D,0) § 7,72 (s, 1 H),
7,10 (s, 1 H), 5,58 (d, J=5,5 Hz, 1 H), 5,01-4,95 (m, 1H), 4,89-4,85 (m, 2H), 4,53 (s, 2
H),4,25-4,17 (m, 1H), 4,05-3,95 (m, 1H), 2,69-2,59 (m, 2H), 2,58-2,48 (m, 2H), 1,34-
1,27 (m, 2H), 1,19-1,12 (m, 2H).

Vi du tham khdo 126: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-((3-
(azetidin-3-ylmetyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-

sulfoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budoc 1. tert-butyl  3-((3-((2-(((2R,3S)-3-(((benzyloxy)carbonyl)amino)-4-
oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl)-1,2-bis(tert-

butoxycarbonyl)guanidino)metyl)azetidin- 1 -carboxylat.

Diéu ché benzyl ((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat 2,2,2-trifloaxetat. Thém TFA (1,05ml, 13,68mmol) vao
dung dich chra NH-Boc [benzyl ((2R,3S)-2-((4-(aminometyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)carbamat] (368mg, 0,86mmol) trong DCM (4ml). Sau
khi khudy & nhiét d6 phong trong 1 gid, ¢6 ddc hdn hop phan ing trong chan khong dé
thu duge hop chat tiéu déd dang mubi TFA (dinh lwong gia dinh). San phém thé dugc
str dung ludn cho bude tiép theo. LCMS: R, = 0,43 min, m/z = 331.0 (M+1) Phuong

phép 2m_c6 tinh axit.
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Pidu ché tert-butyl 3-((N,N'-bis(tert-butoxycarbonyl)-1H-pyrazol-1-
carboximidamido)metyl)azetidin-1-carboxylat. Thém tung giot DIAD (1,62g,
8,01lmmol) vao dung dich chira Bis-Boc-pyrazolcarboxamidin (2,49g, 8,01mmol), N-
Boc-3-hydroxymetylazetidin  (1,50g, 8,0lmmol) va triphenylphosphin (2,10g,
8,01mmol) trong THF (80ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 12 gid, cd
dic hdn hop phan tng trong chian khong, va hoa tan phin thu duogc trong
EtOAc/Heptan 10% dé nghién nhé triphenylphosphinoxit. C6 dic dich loc trong chan
khong va sic ky do qua sic ky cot silicagel (EtOAc-Heptan, 0-35%) dé thu hop chit
tiéu dé (1,6g, 41%). LCMS: R, = 1,12 min, m/z = 480,0 (M+1) Phuong phép 2m_c6

tinh axit.

Piéu ché ter-butyl 3-((3-((2-(((2R,3S)-3-(((benzyloxy)carbonyl)amino)-4-
oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl)-1,2-bis(tert-
butoxycarbonyl)guanidino)metyl)azetidin-1-carboxylat. Thém DIPEA
(0,147ml,0,842mmol) va dung dich chira tert-butyl 3-((N,N'-bis(tert-butoxycarbonyl)-
1H-pyrazol-1-carboximidamido)metyl)azetidin-1-carboxylat (367mg, 0,765mmol)
trong dioxan (1ml) vao dung dich chira benzyl ((2R,35)-2-((4-(aminometyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat 2,2,2-trifloaxetat (340mg, 0,77mmol)
trong dioxan (6ml). Sau khi gia nhiét dén 60°C trong 12 gid, ¢6 diac hdn hop phan tng
trong chan khong va tinh ché qua sic ky silicagel (EtOAc-Heptan, 0-95%) d& thu hop
chit tiéu dé (390mg, 69%). LCMS: R, = 0,94 min, m/z = 742,5 (M+1) Phuong phap

2m_co tinh axit.

Buoc 2: Tert-butyl 3-((3-((2-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-2 H-
1,2,3-triazol-4-yl)metyl)-1,2-bis(zert-butoxycarbonyl)guanidino)metyl)azetidin-1-
carboxylat. Thém Pd/C (5%, 112mg, 53umol) va bong chira khi hydrd vao dung dich
chira tert-butyl 3-((3-((2-(((2R,395)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-y)metyl)-1,2-bis(zert-
butoxycarbonyl)guanidino)metyl)azetidin-1-carboxylat (390mg, 0,526mmol) trong
EtOH (10ml) va MeOH (10,00ml) sau khi duoc xa khi va dugce nap lai H,. Sau 1 gio,
loc hdn hop phan tmg qua tdm xelit, va ¢6 dac dich loc trong chan khong dé thu hop
chét tieu dé (302mg, 95%). San phim thé dwgc sir dung luén cho bude tiép theo.
LCMS: R, = 0,74 min, m/z = 608,4 (M+1) Phuong phap 2m_c0 tinh axit.
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Budc 3: Tert-butyl 3-(B-((2-((2R,38)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)-1,2-bis(tert-butoxycarbonyl)guanidino)metyl)azetidin-1-
carboxylat. Thém HATU (232mg,0,61mmol), sau d6 Thém DIPEA (0,22ml,
1,27mmol) vao dung dich chira tert-butyl 3-((3-((2-(((2R,3S5)-3-amino-4-oxoazetidin-
2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl)-1,2-bis(tert-
butoxycarbonyl)guanidino)metyl)azetidin-1-carboxylat (309mg, 0,51mmol) va axit
(Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (273mg, 0,5 1mmol) trong DMF (6ml, ty I¢:
1) va DCM (6ml, ty 1&: 1). Sau khi khudy & nhiét d6 phong trong 12 gid, EtOAc Thém
vao hon hop phéan ng va rira béng nude, nude mudi, séy qua Na,SO,, loc va cd dic
trong chin khéng. Tinh ché san phdm tho qua sic ky silicagel (EtOAc-Heptan, 0-95%)
dé thu hop chét tiéu dé& (330mg, 58%). LCMS: R, = 1,15 min, m/z = 1127,8 (M+1)
Phuong phap 2m_c6 tinh axit.

Budc 4. axit (2R,35)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2,3-bis(tert-butoxycarbonyl)-3-
((1-(tert-butoxycarbonyl)azetidin-3-yl)metyl)guanidino)metyl)-2 H-1,2,3-triazol-2-
yDmetyl)-4-oxoazetidin-1-sulfonic. Thém dung dich chira SO3;*DMF (359mg,
2,34mmol) trong DMF (1ml) vao dung dich chira fert-butyl 3-((3-((2-(((2R,35)-3-((Z)-
2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)-1,2-bis(zert-butoxycarbonyl)guanidino)metyl)azetidin-1-carboxylat
(330mg, 0,29mmol) trong DMF (2ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 5
gi0, pha lodng hdn hop phan ung biang EtOAc va rira bang nudc mudi, sdy qua
Na,S04, loc va b dic trong chan khong dé thu hop chét tiéu dé (300mg, 85%). San
pham tho duoc sir dung luén cho bude tiép theo. LCMS: R, = 1,25 min, m/z = 1208,7
(M+1) Phuong phap 2m_¢o6 tinh axit.

Budce 5: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-((3-(azetidin-3-
ylmetyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (2R,35)-
3-((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2,3-bis(zert-butoxycarbonyl)-3-
((1-(tert-butoxycarbonyl)azetidin-3-yl)metyl)guanidino)metyl)-2 H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-1-sulfonic (300mg, 0,248mmol), DCM (3ml) va TFA
(1,90ml, 24,85mmol). Tinh ché san phdm thé bing HPLC thu san phim pha dao
(XSelect CSH, 19x100mm, Sum, cot C18; voi chét diéu bién axit formic 0,1% ACN-
nuée, 24ml/phit) dé thu hop chét tidu dé (19mg, 12%). LCMS: R, = 0,32 min, m/z =
641,3 (M+1), Phuong phap 2m_cé tinh axit; 'H NMR (400MHz, DMSO-dg) 810,26
(brs, 1 H), 8,79 (br s, 3 H), 7,78-7,54 (m, 3H), 7,14 (s, 2 H), 6,84 (s, 1 H), 5,06 (brs, 1
H), 4,88 (dd, J= 14,1, 3,94 Hz, 1 H), 4,70-4,59 (m, 1H), 4,54-4,46 (m, 1H), 4,35 (d, J
= 3,8 Hz, 2 H), 4,00-3,89 (m, 2H), 3,76-3,65 (m, 2H), 3,08-2,94 (m, 1H), 1,30-1,09
(m, 4H).

Vi du tham khao 127: axit 1-(((Z)-(2-(((2R,35)-2-((4-((3-(aminometyl)azetidin-1-
carboximidamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy )xyclopropancarboxylic.

Buéc 1: Benzyl ((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Vao dung dich chta benzyl ((2R,35)-2-((4-(((tert-
butyldimetylsilyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (1,8g, 4,04mmol) trong MeOH (60mL) Thém nhua DOWEX-50W-X4
100-200 (3,60g, 4,04mmol) da dugc rira trude béng MeOH. Sau khi khqu & nhiét do
phong trong 2 gid, loc hdn hgp phan tng, va ¢b dic dich loc trong chan khong dé thu
dugc hop chét tiéu dé (dinh lugng gia dinh). LCMS: R, = 0,52 min, m/z = 332,1 (M+1)
Phuong phap 2m_c6 tinh axit.
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Budc 2: Tert-butyl ((2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-
oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-y)metyl)(((zert-
butoxycarbonyl)imino)(1H-pyrazol-1-yl)metyl)carbamat. Thém triphenylphosphin
(1,16g, 4,42mmol), sau d6 Thém DIAD (0,89g, 4,42mmol) vao dung dich chira benzyl
((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
ylcarbamat (1,33g, 4,0lmmol) va bis-Boc-pyrazolcarboxamidin (1,37g, 4,42mmol)
trong THF (50ml). Sau khi khudy & nhiét d6 phong trong 12 gid, ¢d dic hdn hop phan
tmg trong chan khong. Tinh ché san phidm tho qua sic ky silicagel (EtOAc-Heptan, 0-
90%) dé thu hop chit tidu dé (1,73g, 69%). LCMS: R, = 0,99 min, m/z = 624,4 (M+1)
Phuong phap 2m_c6 tinh axit.

Bude 3: Thém Boc-aminometylazetidin (105mg, 0,56mmol) vao dung dich
chira tert-butyl ((2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-yl)metyl)(((tert-butoxycarbonyl)imino)(1 H-pyrazol-1-
ylmetyl)carbamat (320mg, 0,51mmol) trong CH;CN (2ml). Sau khi gia nhiét dén
70°C trong 1 gid, c6 dic hdn hop phan g trong chan khéng dé thu hop chit tiéu dé.
San phim tho duoc sir dung ludn cho bude tiép theo. LCMS: R, = 0,91 min, m/z =
742,5 (M+1) Phuong phép 2m_c6 tinh axit.

Budc 4: Tert-butyl ((2-(((2R,3S5)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)((3-(((tert-butoxycarbonyl)amino)metyl)azetidin-1-y1)((tert-
butoxycarbonyl)imino)metyl)carbamat. Thém Pd/C (5%, 16,35mg, 77umol) va béng
chita khi hydro vao dung dich chira hop chit tir bude 3 (570mg, 0,77mmol) trong
EtOH (10ml) va MeOH (10mL) sau khi dugc xa khi va nap lai bing H,. Sau 4 gid, loc
hén hop phan (g qua tdm xelit, va ¢ dic dich loc trong chan khong dé thu hop chit
tiéu dé (302mg, 95%). San phim thd duge sir dung ludn cho bude tiép theo. LCMS: R,
= 0,68 min, m/z = 608,4 (M+1) Phuong phdp 2m_c6 tinh axit.

Budce 5: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-((N,N'-bis(tert-butoxycarbonyl)-
3-(((tert-butoxycarbonyl)amino)metyl)azetidin- 1-carboximidamido)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat.
Diéu ché theo phuong thirc trong tu v6i vi du 126 budce 3, sir dung tert-butyl ((2-
(((2R,3S5)-3-amino-4-oxoazetidin-2-yl)metyl)-2 H-1,2,3-triazol-4-yl)mety])((3-(((tert-

butoxycarbonyl)amino)metyl)azetidin-1-yl)((zert-
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butoxycarbonyl)imino)metyl)carbamat  (460mg, 0,76mmol), axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (407mg, 0,76mmol), DMF (8ml), DCM
(8ml), HATU (345mg, 0,91mmol) va DIPEA (0,33 pL, 1,89mmol). Tinh ché san
phim thé qua sic ky silicagel (EtOAc-Heptan, 0-100%) dé thu hop chét tidu dé (0,65g,
76%). LCMS: R, = 1,15 min, m/z = 1127,9 (M+1) Phuong phap 2m_cé tinh axit.

Buéce 6: axit (2R,39)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((V,N'-bis(tert-butoxycarbonyl)-
3-(((tert-butoxycarbonyl)amino)metyl)azetidin-1-carboximidamido)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic. Thém dung dich chta SO;DMF
(883mg,5,77mmol) trong DMF (1ml) & 0°C vao dung dich chira benzhydryl 1-(((2)-(2-
(((2R,3.9)-2-((4-((NV,N'-bis(tert-butoxycarbonyl)-3-(((tert-
butoxycarbonyl)amino)metyl)azetidin-1-carboximidamido)metyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat (650mg, 0,58mmol) trong DMF
(3ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 12 gio, pha loéing hdn hop phan
ng bang EtOAc va rira bing nudc mudi, sdy qua Na,SO,, loc va cd dic trong chin
khong dé thu hop chét tiéu dé (dinh lwong gia dinh). San phém thé dugc sir dung luén
cho bude tiép theo. LCMS: R, = 1,18 min, m/z = 1208,5 (M+1) Phuong phap 2m_c6

tinh axit.

Budce 7: axit 1-(((Z)-(2-(((2R,35)-2-((4-((3-(aminometyl)azetidin-1-
carboximidamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

0

M ’\f

Theo quy trinh chung dé loai bé bao vé do trung gian axit s& dung axit (2R,35)-3-((2)-
2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
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butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((NV,N'-bis(tert-butoxycarbonyl)-
3-(((tert-butoxycarbonyl)amino)metyl)azetidin-1-carboximidamido)metyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic (690mg, 0,57mmol), DCM (3ml) va TFA
(2,1ml, 27,4mmol). Tinh ché san phim tho qua HPLC thu san pham pha dao (XSelect
CSH, 30x100mm, 5pm, cot C18; voi chét diéu bién axit formic 0,1% ACN- nuéc,
60ml/phat) dé thu hop chit tiéu d& (98mg, 27%). LCMS: R, = 0,32 min, m/z = 641,3
(M+1), Phuong phép 2m co tinh axit; 'H NMR (400MHz, DMSO-dg) 8010,73 (s,
1H), 8,06 (s, 1H), 7,72-7,54 (m, 3H), 7,18 (s, 2H), 6,74 (s, 1H), 5,25 (dd, J = 8,9, 5,5
Hz, 1H), 4,88 (dd, J = 14,2, 4,3 Hz, 1H), 4,65 (dd, J = 14,2, 7,7 Hz, 1H), 4,53 (ddd, J
=17,6, 5,6, 4,4 Hz, 1H), 4,46-4,31 (m, 2H), 4,15 (td, J= 8,7, 5,0 Hz, 2H), 3,96-3,81 (m,
2H), 3,11 (d, J = 7,3 Hz, 2H duoc gia thiét; bi che khuit mot phan bsi nuéce), 2,91 (p,
J=6,8 Hz, 1H), 1,26-1,11 (m, 2H), 1,08-0,95 (m, 2H).

Vi du tham khdo 128: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0xo0-
4-((4-((3-(piperidin-4-yl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-

sulfoazetidin-3-yl)amino)etyliden)amino)oxy)xyclopropancarboxylic.

o)
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Diéu ché theo phuong thuc trong tw vai vi du 119, sit dung tert-butyl 4-
((imino(metylthio)metyl)amino)piperidin-1-carboxylat. LCMS: R, = 0,32 min, m/z =
655,1 (M+1) Phuong phdp 2m_c6 tinh axit;'H NMR (400MHz, D,0) §17,73 (s, 1 H),
7,14 (s, 1 H), 5,59 (d, J=5,6 Hz, 1 H), 5,01-4,94 (m, 1 H), 4,90-4,84 (m, 1H), 4,80 (s,
1H), 4,54 (s, 2 H), 3,80-3,71 (m, 1H), 3,48 (d, J= 13,4Hz, 2 H), 3,10 (t, J= 12,5Hz, 2
H), 2,21 (d, J=12,9 Hz, 2 H), 1,85-1,71 (m, 2H), 1,38-1,31 (m, 2 H), 1,24-1,16 (m, 2
H).
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Vi du tham khao 129: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(2-
aminoetyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

O
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Diéu ché theo phuong thic twong tu véi vi du 119, st dung tert-butyl (2-
((imino(metylthio)metyl)amino)etyl)carbamat. LCMS: R; = 0,31 min, m/z = 615,4
(M+1) Phuong phap 2m_cé tinh axit;'H NMR (400MHz, D,0) & 7,63 (s, 1 H), 7,02 (s,
1 H), 5,49 (d, J=5,6 Hz, 1 H), 4,88 (q, /= 5,6Hz, 1 H), 4,77 (d, J= 5,6Hz, 2 H), 4,44
(s, 2 H), 3,48 (t, J= 5,9 Hz, 2 H), 3,14 (t, J = 5,9 Hz, 2 H), 1,28-1,15 (m, 2 H), 1,12-
1,00 (m, 2 H).

Vi du tham khao 130: axit 1-(((2)-(2-(((2R,3.8)-2-((4-((1-(3-
aminopropyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budce 1: Benzyl ((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Thém nhgya DOWEX-50W-X4 100-200 (1g, 1,12mmol)
vao dung dich chira benzyl ((2R,3S5)-2-((4-(((tert-butyldimetylsilyl)oxy)metyl)-2 H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat  (S00mg, 1,12mmol) trong
MeOH (15ml). Sau khi khudy & nhiét d6 phong trong 3 gid, loc hdn hop phan img, va
cd dic dich loc trong chan khéng dé thu dugc hop chét tiéu dé (dinh luong gia dinh).
LCMS: R; = 0,51 min, m/z = 332,1 (M+1) Phuong phap 2m_c¢ tinh axit.

Budée 2:  Benzyl ((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Thém mangan dioxit (2,0g, 23mmol) vao dung dich chira
benzyl  ((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (385mg, 1,16mmol) trong THF (10ml). Sau khi khudy & nhiét d6 phong
trong 12 gio, Thém 1g MnO, khudy Thém trong 1 gi&r. Loc hdn hgp phan ng qua xelit
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voiqa dung dich rira MeOH. C6 dic dich loc trong chan khong dé thu duge hop chét
tiéu dé (340mg, 89%). San phdm tho dugc st dung ludn cho budc tiép theo. LCMS: R,
= 0,61 min, m/z = 330.0 (M+1) Phuong phép 2m_c¢ tinh axit.

Budce 3: TThém natri triaxetoxyborohydrua (328mg,1,55mmol) vao dung dich
chira benzyl ((2R,3S5)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (340mg, 1,03mmol) va Boc-1,3-diaminopropan (360mg, 2,07mmol) trong
DCE (16ml) va THF (6ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 18 gid, ¢6 dic
hén hop phan @mg trong chin khong, tai hoa tan trong DCM, rira bing 5% natri
bicarbonat, nudc mudi, séy qua MgSO04, loc va cd dic trong chan khong dé thu duogc
hop chét tiéu dé (470mg, 93%). San pham thd duoc st dung ludn cho budc tiép theo.
LCMS: R; = 0,64 min, m/z = 488,2 (M+1) Phuong phap 2m_cé tinh axit.

Buéc 4: Thém bis-Boc-pyrazolcarboxamidin (359mg, 1,16mmol) vao dung
dich chira DIPEA (0,17ml, 0,96mmol) va san phdm i budc 3 (470mg, 0,96mmol)
trong dioxan (15ml). Sau khi gia nhiét dén 60°C trong 3 gi®s, c6 dic hdn hop phan tng
trong chan khong va tinh ché qua sic ky silicagel (EtOAc-Heptan, 20-100%) d& thu
hop chét tiéu dé (130mg, 18%). LCMS: R, = 0,93 min, m/z = 730,5 (M+1) Phuong
phép 2m_c6 tinh axit.

Budrc 5: Didu ché theo phuong thire trong tu véi vi du 126 bude 2, st dung san
phim tir budc 4 (130mg, 0,178mmol), EtOH (5ml) va metanol (3ml), Pd/C (5%,
37,9mg, 18umol). San phim thd thu duoc duoc sir dung 1a chinh nod trong budc sau
day(100mg, 94%). LCMS: R, = 0,70 min, m/z = 596,0 (M+1) Phuong phap 2m_c6

tinh axit.

Budc 6: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-((2,3-bis(tert-butoxycarbonyl)-
1-(3-((tert-butoxycarbonyl)amino)propyl)guanidino)metyl)-2H-1,2,3-triazol-2-
yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-
2-oxoetyliden)amino)oxy)xyclopropancarboxylat. Diéu ché theo phuong thirc tuong tu
véi vi du 126 budce 3, st dung san phém tir bude 5 (100mg, 0,168mmol), tert-butyl 3-
((3-((2-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-y)metyl)-1,2-
bis(fert-butoxycarbonyl)guanidino)metyl)azetidin-1-carboxylat (309mg, 0,51mmol) va
axit (2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axeticacid (90mg, 0,17mmol), DMF (3ml), DCM
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(2ml), HATU (83mg,0,22mmol) va DIPEA (73pl, 0,42mmol). Tinh ché san phdm tho
qua séc ky silicagel (EtOAc-Heptan, 15-90%) dé thu hop chét tiéu dé (110mg, 59%)
cung voéi the bis-Boc product. LCMS: Ry = 1,13 min, m/z = 1115,7 (M+1) Phuong
phép 2m_c0 tinh axit.

Buéce 7: axit (2R,35)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2,3-bis(tert-butoxycarbonyl)-1-
(3-((tert-butoxycarbonyl)amino)propyl)guanidino)metyl)-2 H-1,2,3-triazol-2-yl )metyl)-
4-oxoazetidin-1-sulfonic. Diéu ché theo phuong thirc twong tu véi vi du 126 budc 4,
st dung benzhydryl 1-(((2)-(2-(((2R,3S5)-2-((4-((2,3-bis(tert-butoxycarbonyl)-1-(3-
((tert-butoxycarbonyl)amino)propyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (110mg, 99umol), DMF (2ml), dung
dich chira SO;*DMF (121mg, 0,79mmol) trong DMF (1ml), sau d6 Thém 140mg
SO;*DMF bd sung. San phém thd thu dugc dugc st dung la chinh né trong budc sau
day (dinh lugng gia dinh). LCMS: R, = 1,15 min, m/z = 1195,9 (M+1) Phuwong phap

2m_co tinh axit.
Budc 8: san phim tho thu dugc dugce sir dung 1a chinh né trong budc sau day.

0]

A
e j)Y \;(‘ f NH,

Theo quy trinh chung d loai bé bao vé do trung gian axit sir dung axit (2R,3S)-
3-((Z2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((2,3-bis(fert-butoxycarbonyl)-1-
(3-((tert-butoxycarbonyl)amino)propyl)guanidino)metyl)-2 H-1,2,3-triazol-2-yl)metyl)-
4-oxoazetidin-1-sulfonic (118mg, 99umol), DCM (2ml) va TFA (2,0ml, 26mmol).
Tinh ché san phém th6 qua HPLC thu san phém pha ddo (XSelect CSH, 30x100mm,
Sum, c6t C18; vai chét diéu bién axit formic 0,1% ACN- nudc, 60ml/phut) dé thu hop
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chit tiéu dé (5,1mg, 8%). LCMS: R, = 0,28 min, m/z = 629,4 (M+1). Phuong phap

2m_co tinh axit.

Vi du tham khdo 131: axit 1-(((Z)-(2-(((2R,35)-2-((4-(((3-amino-3-
metylbutyl)amino)metyl)-2H- 1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phuong thirc trong tu véi vi du 90, st dung tert-butyl (4-amino-
2-metylbutan-2-yl)carbamat. Tinh ché san phdm thd bing HPLC thu san phim pha dao
(XSelect CSH, 30x100mm, Sum, cdt C18; v&i chat diéu bién axit formic 0,1% ACN-
nude, 60ml/phit). LCMS: R, = 0,33 min, m/z = 615,3 (M+1) Phuong phap 2m_c6 tinh
axit; 'H NMR (400MHz, D,0):87,76 (s, 1 H), 7,03 (s, 1 H), 5,52 (d, J=5,6 Hz, 1
H),4,97-4,90 (m, 1 H), 4,88-4,74(m, 2 H), 4,31 (s, 2 H), 3,18-3,08 (m, 2 H), 2,04-
1,94(m, 2 H), 1,29 (s, 6 H), 1,23-1,18 (m, 2 H), 1,14-0,99 (m, 2 H).

Vi du tham khao 132: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((4-amino-2-metylbutan-2-
yl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-

aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Piéu ché theo phwong thirc twong tu véi vi du 90, str dung terz-butyl (3-amino-
3-metylbutyl)carbamat (Bao vé Boc 1a khong cén thiét do amin bi can trd). Tinh ché
san pham tho bing HPLC thu san phidm pha dao (XSelect CSH, 30x100mm, Sum, cot
C18; véi chit didu bién axit formic 0,1% ACN- nuée, 60ml/phit). LCMS: R, = 0,49
min, m/z = 615,3 (M+1) Phuong phdp 2m c6 tinh axit; 'H NMR (400MHz,
D,0):07,86 (s, 1 H), 7,16 (s, 1 H), 5,62 (d, /=5,4Hz, 1 H), 5,07-4,91 (m, 2 H), 4,88-
4,79 (m, 3 H), 4,40 (s, 2 H), 3,23-3,13 (m, 2 H), 2,22-2,12 (m, 2 H), 1,49 (s, 6 H),
1,39-1,11 (m, 4H).

Vi du tham khao 133: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((((2-
aminoetoxy)carbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.

Budc 1: 2-((tert-butoxycarbonyl)amino)etyl 1H-imidazol-1-carboxylat. Thém
dung dich chua fert-butyl (2-hydroxyetyl)carbamat (0,22ml, 1,37mmol) trong DCM
(1ml) vao dung dich chira CDI (218mg, 1,30mmol) trong DCM (4ml). Sau khi khudy
& nhiét do phong trong 1 gid, hdn hop phan tmg duoc sir dung truc tiép trong DCM

cho budc tiép theo.

Budc 2: Benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-troyl)-
2-(((2R,35)-2-((4-(10,10-dimetyl-3,8-diox0-4,9-dioxa-2,7-diazaundexyl)-2 H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém dung dich chaa 2-((tert-
butoxycarbonyl)amino)etyl 1H-imidazol-1-carboxylat (0,59ml,0,19mmol) trong DCM
(0,6ml) vao dung dich chtra benzhydryl 1-(((2)-(2-(((2R,3S)-2-((4-(aminometyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(90mg, 0,13mmol) trong DCM (2ml) & 0°C. Sau khi khudy & nhiét do phong trong 12
gio, Thém 3 duong lugng bd sung cia 2-((tert-butoxycarbonyl)amino)etyl 1H-
imidazol-1-carboxylat (1,18ml, 0,38mmol). Sau khi khudy & nhiét do phong trong 60
gior bd sung, phan bd hon hop phan ung gitra DCM (40ml) va nuée (20ml). Say lop

hitu co b.’?lng Na,SO,, loc va ¢b dac trong chan khong. Tinh ché san pham thé qua sic
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ky silicagel (MeOH-DCM, 0-5%) d& thu hop chit tiéu dé (64mg, 56%). LCMS: R, =
1,09 min, m/z = 903,5 (M+1) Phuong phdp 2m_cé tinh axit.

Buédce 3: axit (2R,38)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(10,10-dimetyl-3,8-diox0-4,9-
dioxa-2,7-diazaundexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic. Thém
SO;*DMF (189mg, 1,20mmol) vao dung dich chira benzhydryl 1-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-y1)-2-(((2R,3.5)-2-((4-(10,10-dimetyl-3,8-dioxo-4,9-
dioxa-2,7-diazaundexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (108mg,0,120mmol) trong DMF
(1,2ml). Sau khi khudy & nhiét do phong trong 5 gidr, pha lodng hdn hop phan img
bing EtOAc (60ml) va nuéc mudi (20ml). Chiét 16p nudc bing bing EtOAc (20ml).
Séy cac lop hiru co két hop béng Na,S0y, loc va cd dac trong chan khong dé thu dugc
hop chit tiéu d& (68mg, 58%). San phim thd dugc sir dung ludn cho bude tiép theo.
LCMS: R, = 0,96 min, m/z = 983,6 (M+1) Phuong phap 2m_co6 tinh axit.

Buédc 4: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((((2-
aminoetoxy)carbonyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-ox0-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit st dung(2R,35)-3-
((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(10,10-dimetyl-3,8-dioxo-4,9-
dioxa-2,7-diazaundexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic  aciD
(68mg,69umol), DCM (0,7ml) va TFA (0,32ml,4,15mmol). Tinh ché san phim tho
bang HPLC thu san phim pha dao (XSelect CSH, 30x100mm, Sum, cot C18; véi chit
didu bién axit formic 0,1% ACN- nuée, 60ml/phut),dé thu hop chét tidu d& (19mg,
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44%). LCMS: R; = 0,54 min, m/z = 617,3 (M+1) Phuong phdp 2m_c¢ tinh axit phén
cuc; 'H NMR (400MHz, D,0) § 7,67 (s, 1 H), 7,10 (s, 1 H), 5,60-5,52 (m, 1 H), 5,01-
4,84(m, 3 H), 4,43-4,37 (s, 2 H), 4,35-4,27 (m, 2 H), 3,33-3,25 (m, 2 H), 1,36-1,13 (m,
4 H).

Vi du tham khao 134: axit 1-(((2)-(2-(((2R,3S)-2-((4-((2-aminoaxetamido)metyl)-2 H-
1,2,3-triazol-2-yl)metyl)-4-oxo0-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tr véi vi du 124, st dung axit 2-((tert-
butoxycarbonyl)amino) axetic. Tinh ché san phim thé bing HPLC thu san phim pha
dao (XSelect CSH, 30x100mm, Sum, cot C18; voi chét diéu bién axit formic 0,1%
ACN- nué6c, 60ml/phat). LCMS: R, = 0,48 min, m/z = 587,2 (M+1) Phuong phap
2m_cé tinh axit phan cuc;lH NMR (400MHz, D,0) 007,68 (s, 1 H), 7,12 (s, 1 H),
5,57-5,53 (m, 1 H), 4,96 (m, 3 H), 4,51 (s, 2 H), 3,84 (s, 2 H), 1,35 (m, 4 H).

Vi du tham khdo 135: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(2-aminoetyl)ureido)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc tuong tu véi vi du 133, sir dung tert-butyl (2-(1H-
imidazol-1-carboxamido)etyl)carbamat (khong c6 bazo bd sung) trong budc 2. Tinh
ché san pham tho bang HPLC thu san phim pha dao (Xselect CSH, 30x100mm, Spum,
¢t C18; véi chét didu bién axit formic 0,1% ACN- nuée, 60ml/phut). LCMS: R, =
0,51 min, m/z = 616,3 (M+1) Phuong phdp 2m_cé tinh axit phén cuc;lH NMR
(400MHz, D,0) 6037,62 (s, 1H), 7,07 (s, 1H), 5,55-5,49 (m, 1H), 4,97-4,86 (m, 3H),
4,34(s, 2H), 3,44-3,35 (m, 2H), 3,12-3,03 (m, 2H), 1,36-1,10 (m, 4H).

Vi du tham khao 136: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-
aminopropyl)ureido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)- 1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc tvong tu véi vi du 133, tert-buryl (3-(1H-imidazol-
1-carboxamido)propyl)carbamat (khong c¢6 bazo bd sung) trong budce 2. Tinh ché san
pham thd bang HPLC thu san phim pha ddo (Xselect CSH, 30x 100mm, 5um, cot
C18; véi chét diéu bién axit formic 0,1% ACN- nudc, 60ml/phut). LCMS: R, = 0,52
min, m/z = 630,4 (M+1) Phuong phap 2m_c6 tinh axit_phan cuc: 'H NMR (400MHz,
D,0) 6 7,60 (s, 1H), 7,07 (s, 1H), 5,57-5,48 (m, 1 H), 4,97-4,86 (m, 3H), 4,32 (s, 2H),
3,18 (m, 2H), 2,97 (m, 2H), 1,79 (m, 2 H), 1,33 (m, 4H).

Vi du tham khao 137: (2R,35)-3-((2)-2-(2-aminothiazol-4-y1)-2-((1-
carboxyxyclopropoxy)-imino)axetamido)-2-((4-((((1-metylpyridin-1-ium-3-
yl)metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonat.

Bude l: 3-((((2-(((2R,35)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
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butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-

triazol-4-yl)metyl)amino)metyl)-1-metylpyridin-1-ium clorua.

Thém trietylamin (175ul, 1,26mmol), sau d6 Thém tung giot dung dich chira
benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,3S)-2-((4-
(((metylsulfonyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-
2-oxoetyliden)amino)oxy)xyclopropan-carboxylat (200mg, 0,252mmol) trong THF
(500uL) vao huyén phu cia 3-(amoniometyl)-1-metylpyridin-1-ium (147mg,
0,755mmol) trong THF:EtOH (1:1, 1,26ml). Sau khi khudy & nhiét do phong trong 20
gid, cd dic hdn hop trong chan khong, sau d6 tai hoa tan trong DMSO va tinh ché
bang HPLC thu san phadm pha dao (Xselect CSH, 30 x 100mm, Spm, cot C18; véi chit
diéu bién axit formic 0,1% ACN- nuéc, 60ml/phut), d& thu hop chét tiéu d& (50meg,
23%) & dang chit rin mau tring. LCMS: R, = 0,85 min, m/z = 821,3 (M+) Phuong
phép 2m_c6 tinh axit.

Budc 2: 3-((((2-(((2R,38)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-

triazol-4-yl)metyl)(fert-butoxycarbonyl)amino)metyl)-1-metylpyridin-1-ium clorua.

Diéu ché theo phuong thirc twong tu véi vi du 85, budc 4 st dung 3-((((2-
(((2R,35)-3-((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)amino)metyl)-1-metylpyridin-1-ium clorua(50mg,
0,058mmol),Boc-anhydrit (0,027ml,0,115mmol), NaHCO; (satd aq, 1,22ml) va DCM
(1,15ml). LCMS: R; = 0,99 min, m/z = 921,3 (M+) Phuong phap 2m_c6 tinh axit.

Budc 3: (2R,35)-3-((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-
2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)((1-metylpyridin-1-ium-3-yl)metyl)amino)metyl)-2H-1,2,3-triazol-2-

yD)metyl)-4-oxoazetidin-1-sulfonat.

Piéu ché theo phuong thire tuong tur voi vi du 19, bude 3 s dung 3-((((2-
(((2R,35)-3-((£)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-

triazol-4-yl)metyl)(tert-butoxycarbonyl)-amino)metyl)-1-metylpyridin-1-ium  clorua
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(49mg, 0,051mmol), SO3*DMF (78mg, 0,51mmol) va DMF (1ml). LCMS: R, = 0,99
min, m/z = 1002 (M+) Phuong phap 2m_c6 tinh axit.

Buéc 4: (2R,35)-3-((Z2)-2-(2-aminothiazol-4-yl)-2-((1-carboxyxyclopropoxy)-
imino)axetamido)-2-((4-((((1-metylpyridin-1-ium-3-yl)metyl)amino)metyl)-2H-1,2,3-

triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonat.
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung (2R,3S)-3-
((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-butoxycarbonyl)((1-
metylpyridin-1-ium-3-yl)metyl)amino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonat (53mg, 0,053mmol), TFA (81ul, 1,Immol) va DCM (72ml).
Tinh ché san pham thé bang HPLC thu san phdm pha dao (Xselect CSH, 30 x 100mm,
Spm, cot C18; vé6i chét diéu bién axit formic 0,1% ACN- nudc, 60ml/pht), dé thu hop
chét tidu d& (13mg, 35%) & dang bot mau tring. LCMS: R, = 0,30 min, m/z = 635,3
(M+1) Phuong phap 2m_c6 tinh axit;lH NMR (400MHz, D,0O) 619,00 (s, 1H), 8,78-
8,67 (m, 2H), 7,97 (t, J = 7,1 Hz, 1H), 7,86 (s, 1H), 6,93 (s, 1H), 5,75 (d, J = 5,3 Hz,
1H), 5,11 (dd, J = 14,4, 3,7 Hz, 1H), 5,06-4,99 (m, 1H), 4,70-4,46 (m, 4H), 4,38 (s,
3H), 3,77-3,62 (m, 1H), 1,35-1,26 (m, 1H), 1,20-1,10 (m, 2H), 0,93-0,82 (m, 1H).

Vi du tham khao 138: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((4-aminopiperidin-1-yl)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-
yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budc l: Benzhydryl 1-(((2)-(2-(((2R,39)-2-((4-((4-((tert-
butoxycarbonyl)amino)piperidin-1-yl)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylat.

-248-



21204

Khudy benzhydryl 1-(((Z)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
(((2R,35)-2-((4-(((metylsulfonyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(64mg,0,08 1mmol) va natri iotua (18,1mg, 0,121mmol) trong DMF (700ul) trong 14
gi®, ngay sau d6 Thém cesium carbonat (33,4mg,0,103mmol) va fert-butyl piperidin-
4-ylcarbamat (17,7mg,0,089mmol). Sau 3 gi¢ khudy Thém , pha lodng hdn hop nay
bing EtOAc va dung dich LiCl (5% aq). Chiét 16p nudc bing EtOAc (2x) va ria cac
16p hitu co két hop bang dung dich LiCl (5% aq), nudc mudi, sdy qua Na,SO; va cb
diac trong chan khong. Tinh ché san phdm tho qua sic ky silicagel (1-8% MeOH-
DCM), dé thu hop chit tiéu dé (52,6mg, 73%) & dang chit rin mau tring nhat. LCMS:
R; = 0,98 min, m/z = 899,7 (M+1) Phuong phép 2m_c¢ tinh axit.

Buée 2: axit (2R,3S)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((4-((tert-
butoxycarbonyl)amino)piperidin-1-yl)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic. Thém SO;*DMF (24,3mg, 0,159mmol) vao dung dich chtra
benzhydryl 1-(((2)-(2-(((2R,3S5)-2-((4-((4-((tert-butoxycarbonyl)amino)piperidin-1-
yDmetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(53mg, 59umol) trong DMF (293ul) & 0°C. Sau khi khudy trong 2 gio & nhiét do
phong, bd sung Thém SO;*DMF (24,3mg, 81pmol). Sau khi khudy bd sung trong 16
gid, co dic dung dich trong chan khong. Nguyén liéu san phim thd duoc sir dung truc
tiép trong buédc 3. LCMS: R, = 0,97 min, m/z = 979,9 (M+1) Phuong phap 2m_c6 tinh

axit.

Budc 3: axit 1-(((Z)-(2-(((2R,35)-2-((4-((4-aminopiperidin-1-yl)metyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.
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Theo quy trinh chung dé loai bé bao vé do trung gian axit st dung axit (2R,3S)-
3-((Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((4-((tert-
butoxycarbonyl)amino)piperidin-1-yl)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic (58mg, 59umol), DCM (590ul), anisol (13ul, 0,12mmol) va
TFA (273ul, 3,54mmol). Tinh ché san phim thé bang HPLC thu san phdm pha déo
(Xselect CSH, 30 x 100mm, Spm, cot C18; véi chét diéu bién axit formic 0,1% ACN-
nude, 60ml/phut), @& thu hop chit tiéu dé (2,7mg, 7,3%) & dang chit bt mau tring
nhat. LCMS: R; = 0,50 min, m/z = 613,4 (M+1) Phuong phép 2m_c6 tinh axit phén
cuc; 'H NMR (400MHz, D,0) 87,93 (s, 1H), 7,12 (s, 1H), 5,59 (d, J=5,5 Hz, 1H),
5,07-5,00 (m, 1H), 4,99-4,96 (m, 1H), 4,93-4,90 (m, 1H),4,39 (s, 2H), 3,75-3,62 (m,
2H), 3,63-3,51 (m, 1H), 3,28-3,08 (m, 2H), 2,33 (d, J=13,7 Hz, 2H), 2,04-1,89 (m,
2H), 1,38-1,11 (m, 4H).

Vi du  tham khao 139: (2R,35)-3-((£)-2-(2-aminothiazol-4-yl)-2-((1-
carboxyxyclopropoxy)imino)axetamido)-2-((4-(((6,7-dihydro-5H-pyrazolo[1,2-
a][1,2,4]triazol-4-1um-6-yl)thio)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-
sulfonat.

Buéce 1: 6-(((2-(((2R,38)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)thio)-6,7-dihydro-5H-pyrazolo[1,2-a][1,2,4]triazol-4-ium clorua.

Piéu ché theo phwong thic tuong tu vdi vi du 138, budc 1 st dung benzhydryl
1-(((£)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-(((2R,35)-2-((4-
(((metylsulfonyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-

2-oxoetyliden)amino)oxy)xyclopropancarboxylat  (54mg,0,068mmol), natri iotua

-250-



21204

(17,2mg,0,115mmol), cesium carbonat (24,5mg, 0,075mmol), 6-mercapto-6,7-
dihydro-5H-pyrazolo[1,2-a][1,2,4]triazol-4-ium clorua (13,4mg, 0,075mmol) va DMF
(600p1). Co dac huyén phu dic trong chan khong, va tinh ché san pham thoé qua HPLC
thu san phidm pha dao (Xselect CSH, 30 x 100mm, 5pm, cot C18; vdi chét diéu bién
axit formic 0,1% ACN- nuéc, 60ml/phit), dé thu hop chit tiéu dé (19,7mg, 34%) &
dang chét rin mau tring. LCMS: R, = 0,91 min, m/z = 840,4 (M+) Phuong phap

2m_co tinh axit.

Buéde 2: (2R,35)-3-((£2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-
2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((6,7-dihydro-5 H-
pyrazolo[1,2-a][1,2,4]triazol-4-ium-6-yl)thio)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-

oxoazetidin-1-sulfonat.

Piéu ché theo phuong thirc twong tu véoi vi du 138, bude 2 sir dung 6-(((2-
(((2R,35)-3-((£)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-
triazol-4-yl)metyl)thio)-6,7-dihydro-5H-pyrazolo[ 1,2-a][ 1,2,4]triazol-4-ium clorua
(21mg, 0,025mmol), DMF (250ul), SO;sDMF (18,9mg,0,123mmol), sau d6 1a lwgng
SO;*DMF bb sung (22,3mg,0,146mmol). Nguyén liéu san phdm thé duge sir dung truc
tiép trong budc 3. LCMS: R, = 0,92 min, m/z = 921,7 (M+1) Phuong phap 2m_c6 tinh

axit.

Budc 3: (2R,35)-3-((£)-2-(2-aminothiazol-4-y1)-2-((1-
carboxyxyclopropoxy)imino)-axetamido)-2-((4-(((6,7-dihydro-5H-pyrazolo[ 1,2-
a][1,2,4]triazol-4-ium-6-yl)thio)metyl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-

sulfonat.
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Piéu ché theo phuong thirc tuong tu voi vi du 138, budce 3 st dung (2R,3S)-3-
((Z2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((fert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((6,7-dihydro-5H-pyrazolo[ 1,2-
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a][1,2,4]triazol-4-ium-6-yl)thio)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-
sulfonat (23mg, 0,025mmol), anisol (5,5ul, 0,050mmol), TFA (116ul, 1,50mmol) va
DCM (300ul). Tinh ché san phim thé bang HPLC thu san phim pha dao (Xselect
CSH, 30 x 100mm, 5pm, cot C18; v6i chit diéu bién axit formic 0,1% ACN- nuéc,
60ml/phut), dé thu hop chét tiéu dé (1,5mg, 8%). LCMS: R, =0,60 min, m/z = 654,4
(M+1) Phuong phap 2m_c6 tinh axit;’H NMR (400MHz, D,0) 69,02 (d, J = 4,8 Hz,
2H), 7,84 (s, 1H), 7,17 (s, 1H), 5,65 (d, J= 5,8 Hz, 1H), 5,12-4,97 (m, 3H), 4,94-4,89
(m, 1H), 4,64-4,50 (m, 4H), 4,09 (s, 2H), 1,48-1,36 (m, 2H), 1,32-1,24 (m, 2H).

Vi du tham khao 140: axit 1-(((Z)-(2-(((2R,3S5)-2-((4-((3-((1s,3S)-3-
aminoxyclobutyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic
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Piéu ché theo phuong thirc twong tir véi vi du 119, sir dung tert-butyl ((1S,3S5)-

“NH,

3-((imino(metylthio)metyl)amino)xyclobutyl)carbamat. LCMS: R; = 0,49 min, m/z =
641,2 (M+1) Phuong phép 2m_c6 tinh axit; 'H NMR (400MHz, D,0) & ppm 7,61 (s,
1H)7,00 (s, 1H)5,47 (d, J=5,6 Hz, 1H)4,91-4,84 (m, 1H)4,79-4,76 (m, 3H) 4,41 (s,
3H) 3,78 (t, J= 7,6 Hz, 1H) 3,51 (t, J = 8.0 Hz, 1H) 2,84-2,67 (m, 1H) 2,12 (d, /= 9,7
Hz, 1H) 1,23-1,19 (m, 2H) 1,05 (d, /= 4,5 Hz, 2H).

Vi dy tham khéao 141: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-0x0-2-(((3S,4R)-2-0x0-
4-((4-((3-((S)-pyrolidin-3-yl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-

sulfoazetidin-3-yl)amino)etyliden)amino)oxy)xyclopropancarboxylic
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Piédu ché theo phuong thirc twong tw véi vi du 119, sir dung (S)-tert-butyl 3-
((imino(metylthio)metyl)amino)pyrolidin-1-carboxylat. LCMS: R, = 0,49 min, m/z =
640,8 (M+1) Phuong phép 2m_co6 tinh axit; 'H NMR (400MHz, D,0) & ppm 7,62 (s,
1H)7,00 (s, 1H) 5,49 (d, J=5,6 Hz, 1H) 4,83 — 4,91 (m, 1H) 4,80-4,75 (m, 2H) 4,44 (s,
2H) 4,30 (t, /= 4.0 Hz, 1H) 3,60-3,18 (m, 5H)2,38-2,24 (m, 1H) 2,04 (dq, J=12,5, 6,5
Hz, 1H)1,24-1,12 (m, 2H) 1,04 (br s, 2H).

Vi du tham khao 142: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-o0x0-2-(((3S,4R)-2-0xo0-
4-((4-((3-(®-pyrolidin-3-yl)guanidino)metyl)-2H-1,2,3-triazol-2-yl )metyl)-1-

sulfoazetidin-3-yl)amino)etyliden)amino)oxy)xyclopropancarboxylic

0

MOH
H2N\</
N-soqH H NH

Didu ché theo phuong thirc twong tu véi vi du 119, usi®(R)-tert-butyl 3-
((imino(metylthio)metyl)amino)pyrolidin-1-carboxylat. LCMS: R, = 0,29 min, m/z =
641,1 (M+1) Phuong phap 2m:; 'H NMR (400MHz, D,0) é ppm 7,62 (s, 1H)7,01 (s,
1H) 5,49 (d, J=5,6 Hz, 1H) 4,87 (q, J=5,7 Hz, 1H)4,80-4,75 (m, 2H) 4,44 (s, 2H)4,31
(t, /4,0 Hz, 1H) 3,61-3,20 (m, 4H)2,41-2,21 (m, 1H) 2,08-2,00 (m, 1H) 1,18 (m, 2H)
1,14 (m, 2H).

-253-



21204

Vi du tham khdo 143: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-5-metyl-2H-1,2.3-
triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic

Buée 1: 4-(azidometyl)-5-metyl-2H-1,2,3-triazol. Thém natri azit (1,901g,
29,2mmol), sau d6 Thém amoniclorua (782mg, 14,6mmol) vao dung dich chira 1-
bromo-2-butyn (640ul, 7,31mmol) trong 1,4-dioxan/Nudc (3:1, 36ml). Gia nhiét
huyén phil diic dén 75°C trong 8 gio. Phén tach céac 16p va chiét 16p nude bing EtOAc
(3x). Rira céc 16p hitu co két hop bing nude mubi, siy qua Na,SO, va ¢d dic trong
chan khong dé thu nguyén liéu san phdm tho (833mg, 78%) ma dugce sir dung truc tiép

trong budc 2. LCMS: R; = 0,35 min, m/z = 138,9 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 2: tert-butyl ((5-metyl-2H-1,2,3-triazol-4-yl)metyl)carbamat. Huyén phi
dac Cﬁa 4-(azidometyl)-5-metyl-2H-1,2,3-triazol (803mg, 5,81mmol), Boc-anhydrit
(1,36ml, 5,88mmol) va Pd-C (157mg,0,148mmol) trong EtOH (39ml) xa khi va tai nap
khi H, (3x).Khudy hén hop phan ung trong H, trong 1 gir 45 phut. Loc huyén phi
mau den thu dugc qua xelit va chiét b?mg EtOAc. C6 dac dich loc trong chan khong.
Tinh ché sin phim tho qua séc ky silicagel (EtOAc-Heptan, 0-60%) d& thu hop chit
tidu dé (878mg, 71%). LCMS: R, = 0,82 min, m/z = 213,0 (M+1) Phuong phap 2m c¢é

tinh axit.

Budc 3: Thém ting giot DIAD (0,210ml, 1,016mmol) vao dung dich chira
benzyl ((28,35)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-3-
yl)carbamat  (331mg, 0,826mmol), tert-butyl  ((5-metyl-2H-1,2,3-triazol-4-
yDmetyl)carbamat  (235,3mg, 1,109mmol) va triphenylphosphin (265,6mg,
1,013mmol) trong THF (8,3ml) & 0°C. Sau khi khudy & nhiét do phong trong 2 gid, ¢o
dac hon hop phan tng trén silicagel. Tinh ché qua sic ky silicagel (EtOAc-Heptan, 0-
60%) thu dugc hop chit mong muébn (360mg, 73%). LCMS: R, = 0,99 min, m/z =
595,3 (M+1) Phuong phap 2m_c¢6 tinh axit.

Buéc 4: Gia nhiét huyén phd dic cia sén phim tir buéc trén (budc 4)
(396,8mg,0,667mmol), K,S,05 (243mg,0,870mmol) va K,HPO, (268,1mg,
1,539mmol) trong ACN/nuée (2:1, 9,4ml) dén 90°C trong 2 giv. B sung Thém
K,S,05(55,6mg, 0,200mmol) va tiép tuc gia nhi¢t Thém trong 2 giv.Cod diac mot phén
hdn hgp phan tng trong chan khong, sau d6, lam ngtrng béng bang NaHCO; va chiét
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bang EtOAc (3x). Rira cac 16p hitu co két hop bing nude mubi, sdy qua Na,SO, va ¢o
dic trong chan khong. Tinh ché qua sic ky silicagel (EtOAc-Heptan, 0-90%), sau d6
HPLC (OBD C18, 5 p, 30x100mm, ACN/H,O 30-70% w/0,1% TFA buffer over 18
min, 60ml/phut), thu dugce hop chdt mong mubn (157mg, 53%) & dang chét rin mau
trang. LCMS: R, = 0,80 min, m/z = 445,2 (M+1) Phurong phép 2m_c6 tinh axit.

Buéce 5: tert-butyl ((2-(((2R,3S5)-3-amino-4-oxoazetidin-2-yl)metyl)-5-metyl-
2H-1,2 3-triazol-4-yl)metyl)carbamat. Thém etanol (1,6ml), sau d6 Thém metanol
(0,4ml) vao binh phian tng dugc suc N, chita sian phidm tir budc trén
(93,2mg,0,210mmol) va Pd-C (18mg). Huyén phu dic thu dugc duge x4 va nap ddy lai
bing H, (3x). Khudy hén hop phan tmg trong khi H,trong 2 gid. Loc huyén phit mau
den thu duogc qua xelit, chiét bang metanol. C6 dic dich loc trong chén khong va sant
phém thé thu dugc duge st dung ludn trong bude 6. LCMS: R, = 0,46 min, m/z =
311,1 (M+1) Phuong phap 2m_c6 tinh axit.

Budce 6: Benzhydryl 1-(((D)-(2-(((2R,35)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-y1)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat. Thém DIPEA (0,073ml, 0,420mmol)
vao dung dich chira axit (Z)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-
(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic(120mg, 0,213mmol), zert-butyl ((2-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-5-metyl-2H-1,2,3-triazol-4-
yDmetyl)carbamat (65,2mg,0,210mmol) va HATU (86mg,0,22mmol) trong DMF
(2,1ml) & 0°C. Sau khi khudy trong 16 gid, pha loang hén hop phan (mg bang EtOAc
va rira bing dung dich LiCl (5% aq). Chiét 16p nuéc bing EtOAc (3x) va rira céc 16p
hiru co két hop biang dung dich LiCl (5% aq), NaHCOj; bao hoa (aq), nuedec mudi, siy
qua Na,SOy va cd dic trong chan khong. Tinh ché san phim tho qua sic ky silicagel
(EtOAc-Heptan, 0-90%) thu dugc hop chét tiéu dé (144mg, 82%). LCMS: R, = 1,12
min, m/z = §30,5 (M+1) Phuong phap 2m_c¢ tinh axit.

Buéce 7: axit (2R,35)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-
sulfonic. Thém SO3;*DMF (54,4mg, 0.355mmol) vao dung dich chita benzhydryl 1-
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((D)-(2-(((2R,35)-2-((4-(((tert-butoxycarbonyl)amino)metyl)-5-metyl-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat
(140mg, 0,170mmol) trong DMF (848ul) & 0°C. Khudy hdn hop phéan tg trong 2,5
gid, ngay sau d6, bd sung Thém SO;*DMF (27,4mg,0,170mmol). Sau khi khudy Thém
trong 22 gid, pha lodng dung dich bing EtOAc va rét vao trong dung dich LiCl (5%,
aq) lanh. Phan tach cac 16p va chiét 16p nudc bang EtOAc (2x). Rira cac 16p hitu co
két hop bing LiCl (5% aq), nudc mudi, sdy qua Na,SO, va ¢b dic trong chan khong dé
thu 163,1mg nguyén liéu san phdm thé ma dugc sir dung trong budc 8 khong cén tinh

ché Thém . LCMS: R, = 1,01 phit, m/z = 910,5 (M+1) Phuong phap 2m_cé tinh axit.

Buéce 8: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(aminometyl)-5-metyl-2H-1,2,3-triazol-
2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung (2R,3S)-3-
((2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(((tert-
butoxycarbonyl)amino)metyl)-5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-
sulfonic acid (155mg, 0,170mmol), DCM (1,70ml), anisol (37ul, 0,34mmol) anf TFA
(0,787ml, 10,2mmol).Nguyén liéu sin phim thd was tinh sach bing HPLC thu san
phém pha dao (XSELECT C18, 5u, 30x100mm, ACN-H,0 w/axit formic 0,1% buffer,
60ml/phit),dé thu hop chét tiéu dé (55mg, 57%) & dang chit rin mau tring nhat.
LCMS: R; = 0,49 min, m/z = 544,1 (M+1) Phuong phap 2m_c6 tinh axit_phén cyc,1H
NMR (400MHz, D,0) & 7,04 (s, 1H), 5,46 (d, J = 5,6 Hz, 1H), 4,91-4,84 (m, 1H),
4,84-4,76 (m, 1H), 4,62-4,56 (m, 2H duoc gia thiét; bi che khuit b&i dinh cla dung
moi du), 4,13 (s, 2H), 2,16 (s, 3H), 1,32-1,18 (m, 2H), 1,18-1,00 (m, 2H).
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Vi du tham khao 144: axit 1-(((Z)-(2-(((2R,35)-2-((4-((3-(3-
aminopropyl)guanidino)metyl)-5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-
sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic

Buéce l: tert-butyl (3-((tert-butoxycarbonyl)amino)propyl)(((tert-
butoxycarbonyl)imino)(1 H-pyrazol-1-yl)metyl)carbamat. Thém DIAD  (470pl,
2417mmol) vao dung dich nudc d4 lanh chioa ferr-butyl  (((tert-
butoxycarbonyl)amino)(1H-pyrazol-1-yl)metylen)carbamat (500mg, 1,61 1mmol), tert-
butyl (3-hydroxypropyl)carbamat (282mg, 1,61 1mmol) va triphenylphosphin (634mg,
2,417mmol) hoa tan trong THF (16ml) va khudy trong 16 gio. C6 diic hdn hop phan
ng trong chan khéng va tinh ché san phdm thd qua sic ky silicagel (EtOAc-Heptan)
dé thu hop chét tiéu dé (600mg, 80%). LCMS: R, = 1,02 min, m/z = 468,4 (M+1)
Phuong phap 2m_c6 tinh axit.

Budc 2: axit 1-(((£)-(1-(2-aminothiazol-4-yl)-2-(((2R,35)-2-((4-((Z)-4-(tert-
butoxycarbonyl)-3-((fert-butoxycarbonyl)imino)-11,11-dimetyl-9-0xo0-10-o0xa-2,4,8-
triazadodexyl)-5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-
yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic. Thém DIPEA (32,7ul,
0,187mmol) vao dung dich chua axit 1-(((Z)-(2-(((2R.3S)-2-((4-(aminometyl)-5-
metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-1-(2-
aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
(33,9mg,0,062mmol) va fert-butyl (3-((tert-butoxycarbonyl)amino)propyl)(((tert-
butoxycarbonyl)imino)(1H-pyrazol-1-yl)metyl)carbamat (54,2mg,0,116mmol) trong
DMF (624ul) & 0°C. Sau khi khudy & nhiét d6 phong trong 16 gid, c6 dic dung dich
trong chan khong va dugc sir dung luén khong cén tinh ché Thém . LCMS: R, = 0,75
min, m/z = 943,7 (M+1) Phuong phap 2m_c6 tinh axit.

Bude 3: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-aminopropyl)guanidino)metyl)-
5-metyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-1-(2-

aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
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Theo quy trinh chung dé loai b6 bao vé do trung gian axit sir dung axit 1-(((Z)-
(1-(2-aminothiazol-4-y1)-2-(((2R,35)-2-((4-((£)-4-(tert-butoxycarbonyl)-3-((zert-
butoxycarbonyl)imino)-11,11-dimetyl-9-oxo-10-oxa-2,4,8-triazadodexyl)-5-metyl-2H-
1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylic (58,5mg, 0,062mmol), DCM (621pl),
anisol (20,4pl, 0,186mmol) va TFA (427ul, 4,5mmol).Pha lodng hon hop phan img
bing ice-cold nudc (1ml) va phan tach cac 16p. Chiét 16p hiru co bang nude (1ml) va
rira cac 16p chira nuée két hop bang DCM (1ml) va sau d6 tinh sach bing HPLC thu
san pham pha dao (XSELECT C18, 5 p, 30x100mm, 1-20% ACN/H,O w/axit formic
0,1% buffer over 18 min, 60ml/phut), dé thu hop chét tiéu dé (19mg, 44%) & dang chit
rin mau tring nhat. LCMS: R, = 0,54 min, m/z = 643,2 (M+1) Phwong phdp 2m_c6
tinh axit phan cuc,1H NMR (400MHz, D,0) 6 7,11 (s, 1H), 5,62 (d, J= 5,6 Hz, 1H),
5,01-4,94 (m, 1H), 4,91-4,74 (m, 2H dugc gia thiét; bi che khuét boi dinh cua dung
moi du), 4,50 (br s, 2H), 3,36 (t, J= 6,9 Hz, 2H), 3,11 (t, J= 7,8 Hz, 2H), 2,29 (s, 3H),
2,01 (p,J= 7,2 Hz, 2H), 1,35-1,25 (m, 2H), 1,21-1,05 (m, 2H).

Vi du tham khao 145: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(1-(3-(3-
aminopropyl)guanidino)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-
yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
Budce 1: 1-(2H-1,2,3-triazol-4-yl)etanol. Thém azidotrimetylsilan (10,22ml,
75mmol) vao dung dich chira but-3-yn-2-ol (3,63g, 50,2mmol) trong DMF (40ml) va
MeOH (10ml). Gia nhiét hdn hgp phan tng & 100°C trong 16 gio. Giam nhiét phan
ung va loc qua thm xelit. Co dic dich loc dén ~25 ml va st dung truc tiép trong budce
ké tiép.LCMS: R, = 0,16 min, m/z = 113,8 (M+1) Phuong phap 2m_c6 tinh axit_phan

cuc.
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Buoc 2:  4-(1-((tert-butyldiphenylsilyl)oxy)etyl)-1H-1,2,3-triazol. =~ Thém
TBDPSCI (14,6ml, 55,2mmol) vao dung dich chira 1-(1H-1,2,3-triazol-4-yl)etanol
(50,2mmol) va imidazol (5,13mg, 75mmol) trong DCM (50ml) 0°C. Sau khi khudy &
nhiét d6 phong qua dém, loc hdn hop qua tdm xelit va sau d6 cb dic dén kho. Han tan
phén thu dugc trong EtOAc, rira bing nudc, nuée mudi, sdy bing natri sulfat va cd
dic. Tinh ché san phim thé qua sic ky silicagel (EtOAc-Heptan, 5-25%) thu duoc hop
chit tiéu dé (8,16g, 46%) & dang diu mau vang. LCMS: R, = 1,09 min, m/z = 352,1
(M+1) Phuong phap 2m_c6 tinh axit, 'H NMR (400MHz, CDCl;) & ppm 7,71 (d, J =
6,5 Hz, 2H) 7,64-7,54 (m, 3 H) 7,49-7,28 (m, 6H) 5,14 (q, J = 6,3 Hz, 1H) 1,46 (dd, J
=6,3, 3,0 Hz, 3H) 1,08 (s, 9H).

Budc 3: Benzyl ((2R,35)-2-((4-(1-((tert-butyldiphenylsilyl)oxy)etyl)-2H-1,2,3-
triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat. Thém timng
giot DIAD (1,60ml, 8,26mmol) vao dung dich chta 4-(1-((tert-
butyldiphenylsilyl)oxy)etyl)-1H-1,2,3-triazol (2,42g, 6,88mmol),benzyl ((2S,3S5)-1-
(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat (2,76g,
6,88mmol), va PPh; (2,17mg, 8,26mmol) trong THF (35ml) & 0°C. Khudy phan tmg &
nhiét do phong trong 5 gid, sau d6 co dic trong chan khong. Tinh ché san phim tho
qua séc ky silicagel (EtOAc-Heptan, 30-60%) thu dugc hop chét tiéu dé (4,32g, 85%)
& dang chét rin. LCMS: R, = 1,12 min, m/z = 734 (M+1) Phuong phdp 2m_c6 tinh

axit.

Budce 4: Benzyl ((2R,35)-2-((4-(1-((fert-butyldiphenylsilyl)oxy)etyl)-2H-1,2,3-
triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat. Thém K,S,0;3 (1,57mg,5,79mmol) va
K,HPO, (949mg, 5,45mmol) vao dung dich chita benzyl ((2R,3S)-2-((4-(1-((tert-
butyldiphenylsilyl)oxy)etyl)-2H-1,2,3-triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)carbamat (2,50g, 3,41mmol) trong ACN/nudc (2:1, 45ml) & nhiét do
phong. Gia nhiét hdn hop dén 90°C troﬁg ap suat khi nito cuing voi khudy trong 6 gio.
Co ddc hdn hop phan ting trong chan khong dé loai bé ACN. Thém EtOAc va nuéc
vao huyén phu dac. Phén tach 16p hitu co va chiét 16p nude bang EtOAc (2x). Két hop
céc phan hitu co lai, sdy bang Na,SO,, loc va ¢ dic trong chan khéng. Tinh ché san
phim tho qua sic ky silicagel (EtOAc-Heptan, 30-60%) thu dugc hop chit tiéu dé
(1,35g, 68%). LCMS: R, = 1,18 min, m/z = 584,3 (M+1) Phuong phép 2m_co tinh

axit.
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Budc 5: Benzyl ((2R,35)-2-((4-(1-hydroxyetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Khudy hdn hop chira  ((2R,3S)-2-((4-(1-((tert-
butyldiphenylsilyl)oxy)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat
(1,35g, 2,31mmol) va TBAF (1M trong THF, 4,63ml, 4,63mmol) trong THF (23ml) &
nhiét d6 phong trong 3 gid. Loai bé dung mdi va tinh ché phéan thu dugc qua sic ky
silicagel (EtOAc-Heptan) dé thu hop chat tiéu dé (450mg, 56%) & dang chét ran mau
vang nhat. LCMS: R, = 0,53 min, m/z = 346,1 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 6:  tert-butyl  (1-(2-(((2R,395)-3-(((benzyloxy)carbonyl)amino)-4-
oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)etyl)((Z)-((tert-
butoxycarbonyl)imino)(1H-pyrazol-1-yl)metyl)carbamat. Thém timg giot DIAD
(0,311ml,1,598mmol) vao dung dich chira benzyl ((2R,3S)-2-((4-(1-hydroxyetyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat (460mg, 1,33mmol ), (E)-tert-
butyl (((tert-butoxycarbonyl)imino)(1 H-pyrazol-1-yl)metyl)carbamat (455mg,
1,465mmol), va triphenylphosphin (419mg, 1,60mmol) trong THF (7ml) & 0°C.
Khudy phan tng & nhiét do phong qua dém va c6 dic dén kho. Tinh ché san phdm tho
qua sic ky silicagel (EtOAc-Heptan, 30-60%) thu duwgc hop chét tidu dé (190mg, 22%)
¢ dang chét rdn mau vang nhat. LCMS: R, = 0,99 min, m/z = 638,4 (M+1) Phuong
phap 2m_c6 tinh axit.

Buéc 7: Khudy hdn hop chia fert-butyl  (1-(2-(((2R.3S)-3-
(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-
yDetyl)((2)-((tert-butoxycarbonyl)imino)(1H-pyrazol-1-yl)metyl)carbamat ~ (190mg,
0,298mmol) va tert-butyl (3-aminopropyl)carbamat (57,1mg, 0,328mmol) trong ACN
(1490ul) & nhiét d6 phong trong 16 gid. Sau do, loai bo dung moi trong chin khong va
tinh ché san phim thd qua sic ky silicagel (EtOAc-Heptan, 50-80%), thu dugc hop
chit mong muén (100mg, 45%). LCMS: R, = 0,91 min, m/z = 744,5 (M+1) Phuong
phap 2m_co tinh axit.

Budc 8: Khudy hén hop chira san phim thu dugc tir bude 7 (100mg,
0,134mmol) va 10% Pd-C (30mg, 0,134mmol) trong EtOH (2ml) va MeOH (1ml)
duéi ap sudt khi hydro trong 4 gir. Loc bé paladi qua tdm xelit va loai bo dung méi dé
thu nguyén liéu san phdm thd duwoch sir dung trong budc 9 khong can tinh ché Thém .

LCMS: R; = 0,68 min, m/z = 610,4 (M+1) Phuong phdp 2m_c¢6 tinh axit.
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Buédce 9: Benzhydryl 1-(((2)-2-(((2R,35)-2-((4-((E)-3-(tert-butoxycarbonyl)-4-
((tert-butoxycarbonyl)imino)-12,12-dimetyl-10-oxo-11-0xa-3,5,9-triazatridecan-2-yl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)- 1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat.
Thém HATU (61,Img, 0,161lmmol) vao dung dich chua axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (76mg, 0,13mmol) va DIPEA (35,1ul,
0,201mmol) trong DCM/DMF (2:1, 1,34mL) & 0°C. Khudy dung dich niy & 0°C trong
30 phiit. Thém san pham thu dugc tir buée 8 (82mg, 0,13mmol) vao dung dich phan
tmg. Khudy hén hop phan tmg & 0°C trong 30 phut, sau d6 pha lodng bing
EtOAc(60ml), rira b::ing Na,COs chita nuée bio hoa, nude mudi, séy qua Na,SO,4 va ¢
dic trong chan khéng. Tinh ché san phdm thé qua sic ky silicagel (EtOAc-Heptan, 40-
60%) thu duge hop chat tiéu dé (150mg, 99%) & dang chit rin mau vang nhat. LCMS:
R;= 1,12 min, m/z = 1129,8 (M+1) Phuong phap 2m_c¢6 tinh axit.

Bude 10: axit (2R,3S5)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((E)-3-(tert-butoxycarbonyl)-4-
((tert-butoxycarbonyl)imino)-12,12-dimetyl-10-oxo-11-oxa-3,5,9-triazatridecan-2-yl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic Thém phirc SO3*DMF (203mg,
1,33mmol) vao dung dich chita benzhydryl 1-(((Z2)-(2-(((2R,35)-2-((4-((E)-3-(tert-
butoxycarbonyl)-4-((tert-butoxycarbonyl)imino)-12,12-dimetyl-10-oxo-11-oxa-3,5,9-
triazatridecan-2-yl)-2 H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-
((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (150mg, 0,133mmol) trong DMF
(1ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 2,5 gio pha loang dung dich bing
EtOAc, rira béng nude mudi lanh, séiy béng Na,SOy, loc va co dac trong chan khong.
San phém thd dugce sir dung ludn trong budc 11.LCMS: R, = 1,15 min, m/z = 1210,5
(M+1) Phuong phap 2m_c6 tinh axit.

Bude 11: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(1-(3-(3-aminopropyl)guanidino)etyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
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Theo quy trinh chung dé loai bé bao vé do trung gian axit sir dung axit (2R,35)-
3-((£)-2-((1-((benzhydryloxy )carbonyl)xyclopropoxy )imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((E)-3-(tert-butoxycarbonyl)-4-
((tert-butoxycarbonyl)imino)-12,12-dimetyl-10-oxo-11-oxa-3,5,9-triazatridecan-2-yl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic  (0,133mmol), TFA (410pl,
5,32mmol)anisol (29ul, 0,27mmol) vda DCM (1,33ml). Gidm nhiét hdn hop phan {mg
xudng 0°C va pha lodng bing DCM va nuéc d4. Ngay sau d6, phan tach céc 16p. Tinh
sach cic 16p chira nudc bing HPLC thu san phim pha dao (XSELECT, C18 Sum
30x100mm; véi ACN-nuéce axit formic 0,1%), dé thu hop chét tiéu d& (34mg, 39%) &
dang bot mau tring. LCMS: R, = 0,52 min, m/z = 643,2 (M+1) Phuong phap 2m_cé
tinh axit phén cuc, 'H NMR (400MHz, D,0, dugc bao cio & dang hdn hop cia chét
ddng phan khéng déi quang theo ty 18 1:1) 87,79 (s, 1H) 7,77 (s, 1H), 7,12 (s, 1H),
7,12 (s, 1H), 5,64 (d, J = 5,6 Hz, 1H), 5,61 (d, J = 5,6 Hz, 1H), 5,05-4,73 (m, 8H gia
thiét; bi che khudt mot phin boi dinh cia dung méi dw), 3,39-3,32 (m, 4H), 3,13-3,05
(m, 4H), 2,00 (p, J = 7,0 Hz, 4H), 1,64 (d, J = 3,6 Hz, 3H), 1,63 (d, J = 3,7 Hz,
3H),1,37-1,28 (m, 4H), 1,21-1,12 (m, 4H).
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Vi dyu tham  khdo  146:  axit 1-(((Z)-(2-(((2R,3S)-2-((4-((S)-1-((3-
aminopropyl)amino)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic

Buéc 1: (R)-But-3-yn-2-yl metansulfonat. Thém metansulfonyl clorua
(1,44ml,18,6mmol) vao dung dich chira R-(+)-3-butyn-2-o0l (1000mg, 14,27mmol) va
DIPEA (3,72ml, 21,4mmol) trong DCM (50ml) & 0°C. Khqu hdn hop & 0°C trong 2
gidy, sau d6 pha lodng biang DCM, rira bang HCI (0,2 N, aq), sau d6 Thém NaHCOsbdo
hoa (aq). Sy 16p hitu co qua Na,SO, va cb dic trong chan khong, thu duogc the hop
chit tiéu dé (2,093g, 99%) & dang diu mau cam, 'H NMR (400MHz, CDCl;) & ppm
5,28 (m, J=6,7, 2,1 Hz, 1H) 3,12 (s, 3H) 2,71 (d, J=2,2 Hz, 1H) 1,66 (d, J = 6,7 Hz,
3H).

Budc 2:(S)-tert-butyl (3-(but-3-yn-2-ylamino)propyl)carbamat. Thém tirng giot
dung dich chua (R)-but-3-yn-2-yl metansulfonat (2189mg, 14,77mmol) trong ACN
(10ml) vao huyén phul cta rers-butyl (3-aminopropyl)carbamat (283 1mg, 16,25mmol)
va kalicarbonat (2446mg, 17,72mmol) trong ACN (50ml). Khudy hdn hop phéan tmg &
nhiét d6 phong trong 24 gi®, ngay sau do, loc huyén phu dic va cd dic dich loc trong
chan khong. Tinh ché san phdm thd qua sic ky silicagel (MeOH-DCM, 0-8%) dé thu
hop chét tiéu d& (570mg, 17%) & dang diu mau cam. LCMS: R, = 0,43 min, m/z =
227,0 (M+1) Phuong phap 2m_cé tinh axit.

Budce 3: (S)-tert-butyl but-3-yn-2-yl(3-((tert-
butoxycarbonyl)amino)propyl)carbamat. Khudy hén hop chira (S)-tert-butyl (3-(but-3-
yn-2-ylamino)propyl)carbamat  (570mg, 2,52mmol), di-fert-butyl  dicarbonat
(1,10g,5,04mmol) va NaHCO;bao hoa (aq, 17ml) trong DCM (16,8ml) & nhiét do
phong trong 16 gid, ngay sau do, phan tach hai 16p va sy 16p hitu co qua Na,SO, va
¢d dic trong chan khong. Tinh ché qua sic ky silicagel (MeOH-DCM, 0-5%) thu duoc
hop chat tiéu dé (710mg, 86%) & dang dau nhot. LCMS: R, = 0,99 min, m/z = 327,1
(M+1) Phuong phap 2m_c6 tinh axit.

Budc 4: (S)-tert-butyl (1-(2H-1,2,3-triazol-4-yl)etyl)(3-((tert-
butoxycarbonyl)amino)propyl)carbamat. Gia nhiét hdn hop chira (S)-fers-butyl but-3-
yn-2-yl(3-((tert-butoxycarbonyl)amino)propyl)carbamat (710mg, 2,18mmol),
azidotrimetylsilan (452ul, 3,26mmol) va déng () iotua (21mg, 0,11mmol) trong
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DMF/MeOH (1:1, 3,4ml) dén 100°C trong 8 gid. Cung vai viéc gidm nhiét, loc hon
hop qua tim xelit,va c¢b dic dich loc trong chan khdng va tinh ché qua sic ky silicagel
(EtOAc-Heptan, 30-80%) dé thu hop chét tiéu dé (636mg, 79%) & dang dau. LCMS:
R;=0,78 min, m/z = 370,1 (M+1) Phuong phap 2m_c6 tinh axit.

Buéc 5: Thém tung giot DIAD (402ul, 2,07mmol) vao dung dich chira (S)-tert-
butyl (1-(1H-1,2,3-triazol-4-yl)etyl)(3-((tert-butoxycarbonyl)amino)propyl)carbamat
(636mg, 1,72mmol),benzyl ((25,35)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-
oxoazetidin-3-yl)carbamat (689mg, 1,72mmol) va triphenylphosphin (542mg,
2,07mmol) trong THF (8,6ml) & 0°C. Sau khi khudy & nhiét do phong trong 5 gid, cb
dac hdn hop trong chan khéng. Tinh ché qua sic ky silicagel (EtOAc-Heptan, 30-60%)
thu duge hop chit mong mudn (970mg, 75%) & dang chét rin mau tring. LCMS: R, =
1,08 min, m/z =752,1 (M+1) Phuong phap 2m_cé tinh axit.

Bu6e 6: Gia nhiét hdn hop chira san phdm thu dugc buéc 5 (970mg,
1,29mmol), K,S,05 (611mg, 2,19mmol) va K,HPO, (360mg, 2,06mmol) trong
ACN/nuée (2:1, 15ml) dén 90°C trong 4p suét khi nito trong 4 gir. Co dic hdn hop
phan ung trong chan khong dé loai b6 ACN. Phan bd hén hop phan Ung giira
EtOAc/nuéc va phan tach cac 16p. Chiét 16p nude bing EtOAc va sdy cac phan hiru co
két hop qua Na,SO,, loc va ¢b dic trong chin khong. Tinh ché qua sic ky silicagel
(EtOAc-Heptan, 50-100%) thu dugc hop chét mong mudn (443mg, 57%). LCMS: R, =
0,95 min, m/z = 602,4 (M+1) Phuong phap 2m_cé tinh axit.

Buoc 7: tert-butyl ((S)-1-(2-(((2R,3S)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-
1,2,3-triazol-4-yl)etyl)(3-((tert-butoxycarbonyl)amino)propyl)carbamat. Khudy hdn
hop chira san phidm thu dugce tir bude 6 (443mg, 0,736mmol) va 10% Pd/C (100mg)
trong EtOH/MeOH (2:1, 15ml) dudi 4p suat khi hydro trong 4 gi®, ngay sau do, loc
hén hgp qua xelit va loai bo dung mdi trong chan khong dé thu dugc hop chét tiéu dé
(dinh lugng gia dinh) dugc sir dung truc tiép khong cén tinh ché Thém . LCMS: R, =
0,68 min, m/z = 468,3 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 8: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-((S)-1-((tert-butoxycarbonyl)(3-
((zert-butoxycarbonyl)amino)propyl)amino)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)amino)- 1-(2-((fert-butoxycarbonyl)amino)thiazol-4-yl)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylat
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Thém HATU (308mg,0,810mmol) vao hdén hop chia axit (Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic (416mg, 0,736mmol), fert-butyl ((S)-1-(2-
(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)etyl)(3-((tert-
butoxycarbonyl)amino)propyl)carbamat (0,736mmol) va DIPEA (193ul, 1,10mmol)
trong DCM/DMF (5:1, 7,3ml) & 0°C. Sau khi khudy & 0°C trong 1 gio, pha lodng né
bing EtOAc, rira bing nudc, nudec mudi, sdy qua natri sulfat va cd dic trong chan
khéng. Tinh ché qua sic ky silicagel (EtOAc-Heptan, 50-90%) thu dwoc hop chat
mong mudn (700mg, 96%) & dang chat rin mau do. LCMS: R, = 1,17 min, m/z =
987,7 (M+1) Phuong phap 2m_c6 tinh axit. Phan tich SFC khéng ddi xtmg (SFC-X5,
CO,/EtOH=90/10, SFC=5ml/min, AD cét, Rt = 12,28 min) d3 xic nhan no la chét
ddng phan khong dbi quang don.

Budc 9: axit (2R,39)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((S)-1-((fert-butoxycarbonyl)(3-
((fert-butoxycarbonyl)amino)propyl)amino)etyl)-2H-1,2,3 -triézol-Z-yl)metyl)-4-
oxoazetidin-1-sulfonic. Thém SO;*DMF (760mg, 4,96mmol).vao benzhydryl 1-(((Z)-
(2-(((2R,35)-2-((4-((S)-1-((tert-butoxycarbonyl)(3-((tert-
butoxycarbonyl)amino)propyl)amino)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-
3-yl)amino)-1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (700mg, 0,709mmol) trong DMF
(3,5ml) & 0°C. Khudy hdn hop phan rmg¢ nhiét d6 phong trong 2 gid, ngay sau d6 B
sung Thém 3 duong lugng ctia SO3*DMF va khudy Thém trong 2 gid. Pha lodng hén
hop phén tmg biang EtOAc, rira bing LiCl (5%, aq, 2x), nwéc mudi, siy bang Na,SO,,
loc va cd dic trong chan khong dé thu dugc hop chét tiéu d& (dinh lugng gid dinh)
dugc sir dung luén khong can tinh ché Thém . LCMS: R; = 1,07 min, m/z = 1067,6
(M+1) Phuong phap 2m_c6 tinh axit.

Buge 10: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((S)-1-((3-aminopropyl)amino)etyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
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Theo quy trinh chung dé loai bd bao vé do trung gian axit sir dung axit (2R,3S)-
3-((£)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-((S)-1-((tert-butoxycarbonyl)(3-
((tert-butoxycarbonyl)amino)propyl)amino)etyl)-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-1-sulfonic (0,709mmol), anisol (153mg, 1,42mmol), TFA (273ul,
35,5mmol) va DCM (7,1mL). Gidm nhiét hdn hop phan ing xuéng 0°C va pha lodng
bing DCM va nu6c da. Sau khi khudy manh phén tach hai 16p va tinh sach 16p nuédce
bang HPLC thu san phim pha ddo (XSELECT, C18, 5um 30x100mm v&i ACN-nuée
v6i 0,1 axit formic), thu hop chit tiéu dé (110mg, 25%) & dang chit rin mau
tring. LCMS: R, = 0,50 min, m/z = 601,3 (M+1) Phuong phap 2m_c6 tinh axit phén
cuc;'H NMR (400MHz, D,0) & 7,87 (s, IH) 7,04 (s, 1H) 5,61 (d, J = 5,6 Hz, 1H)
5,04-4,97 (m, 1 H) 4,89 (d, J = 5,4 Hz, 2H) 4,69-4,62 (m, 1H) 3,13-3,00 (m, 4H) 2,04
(t,J=4.0 Hz, 2H) 1,68 (d, J= 6,9 Hz, 3H) 1,23 (t, J= 3,9 Hz, 2H) 1,11-1,02 (m, 2H).

Vi du tham  khao 147: axit 1-(((Z)-2-(((2R,3S)-2-((4-((3-(2-(2-
aminoetoxy)etyl)guanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-

3-yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic

(0]
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Pidu ché theo phuong thirc twong tw véi vi du 119, st dung tert-butyl (2-(2-
((imino(metylthio)metyl)amino)etoxy)etyl)carbamat. LCMS: R, = 0,31 min, m/z =
659,0 (M+1) Phuong phap 2m_c6 tinh axit."H NMR (500MHz, D,0) 8ppm 7,61 (s,
1H), 6,99 (s. 1H), 5,47 (d, J=5,7 Hz, 1H),4,87 (q, J=5,6 Hz, 1H), 4,81-4,70 (m, 2H
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duoc gia thiét; bj che khuit mot phan bai dinh ciia dung méi du), 4,42 (s, 2H), 3,66-
3,54 (m, 4H), 3,32 (t, J=5,0 Hz, 2H), 3,13-3,06 (m, 2H), 1,28-0,93 (m, 4H).

Vi du tham khao 148: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-aminopropyl)-1-
metylguanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic

Budce 1: tert-butyl (3-((tert-butoxycarbonyl)amino)propyl)(((tert-
butoxycarbonyl)imino)(1H-pyrazol-1-yl)metyl)carbamat. Thém DIAD (470ul,
2,42mmol) vao dung dich nudc-da chira rert-butyl (((tert-butoxycarbonyl)amino)(1H-
pyrazol-1-yl)metylen)carbamat (500mg, 1,61mmol), tert-butyl (3-
hydroxypropyl)carbamat  (282mg, 1,611mmol) va triphenylphosphin(634mg,
2,42mmol) trong THF (16ml). Khudy hdn hop & nhiét d6 phong trong 16 gid, ngay sau
d6 loai bo tit ca cac chét bay hoi trong chin khong. Tinh ché qua sic ky silicagel
(EtOAc-Heptan, 0-100%) thu duoc hop chét tiéu dé (600mg, 80%). LCMS: R, = 1,02
min, m/z = 468,4 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 2: Benzyl ((2R,35)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-
oxoazetidin-3-yl)carbamat. Khuay hdn hop ctia benzyl ((2R,35)-2-((4-(hydroxymetyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat  (360mg, 1,09mmol) va
MnO; (2,36g, 27,2mmol) trong THF (11ml) & nhiét d6 phong trong 2 gid, ngay sau do,
loc hdn hop qua xelit va cd dic. Nguyén lidu thu duge (340mg, 95%) dugc sir dung

ludn trong budc 3.

Buéc 3: Benzyl ((2R.35)-2-((4-((metylamino)metyl)-2H-1,2,3-triazol-2-
yDmetyl)-4-oxoazetidin-3-yl)carbamat. Thém MeNH, (1032ul, 2,065mmol) vao dung
dich chira benzyl ((2R,3S)-2-((4-formyl-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (340mg, 1,03mmol) trong DCE (10ml). Sau khi khudy trong 1 gir & nhiét
do phong, Thém natri triaxetoxyborohydrua (438mg, 2,07mmol) va khudy hdn hop
qua dém, ngay sau d6 lam ngimg phan g bing NaHCO; (aq) bdo hoa & 0°C va chiét
bang EtOAc (2x). Két hop cac dich chiét hitu co, rira bing nuéc mudi, sdy qua
Na,SO;, loc va cd dic trong chan khong. Nguyén liéu san pham thé thu duge (dinh

lrong gia dinh) duge st dung ludn trong budc 4.
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Buédce 4: Gia nhiét dung dich chira benzyl ((2R,3.5)-2-((4-((metylamino)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)carbamat  (93mg,0,27mmol), tert-
butyl (3-((zert-butoxycarbonyl)amino)propyl)(((fert-butoxycarbonyl)imino)(1H-
pyrazol-1-yl)metyl)carbamat (152mg, 0,324mmol), DIPEA (94pul, 0,540mmol) trong
ACN (1800p1) dén 90°C qua dém. Loai b tt ca cic chét bay hoi trong chan khéng va
tinh ché san pham thé thu dugc qua sic ky silicagel (EtOAc-Heptan) thu dugc san
phidm mong muén. LCMS: R, = 0,94 min, m/z = 744,6 (M+1) Phuong phép 2m c6
tinh axit.

Buéc 5: Khudy hdn hop chira san phim tir budc 4 (46mg, 0,062mmol) va Pd
trén C (10% wt, 23mg) trong EtOH/MeOH (4:1, 620p1) trong diéu kién ap suét khi
hydro trong 16 gi¢. Loc hdn hop phan ing qua tm xelit va c6 dic va nguyén lidu thu

dugc (dinh lugng gia dinh) dugce st dung ludn khong can tinh ché Thém .

Budc 6: Benzhydryl 1-(((2)-(2-(((2R,35)-2-((4-(4-(tert-butoxycarbonyl)-3-
((tert-butoxycarbonyl)imino)-2,11,11-trimetyl-9-0xo0-10-oxa-2,4,8-triazadodexyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-1-(2-((zert-
butoxycarbonyl)amino)thiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylat.
Khudy dung dich chira axit (2)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-
2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetic (30,9mg, 0,057mmol), DIPEA
(30,1ul, 0,172mmol) va HATU (26,2mg,0,069mmol) trong DCM/DMF (1:1, 574pl)
trong 20 phut, ngay sau d6, Thém san phdm tir budc 5 (35mg, 0,057mmol). Khudy hdn
hop thu duge trong khoang thdi gian bd sung 1a 2 gid, ¢ thoi diém nay, loai bd cac
chit bay hoi trong chan khong va pha lodng nguyén liéu nay bang EtOAc, rira bing
nuée mudi, sy qua Na,SO,, loc va ¢b dic trong chan khéng. Tinh ché qua sic ky
silicagel (EtOAc-Heptan) thu dugc hgp chét tiéu dé. LCMS: R, = 1,11 min, m/z =
1029,9 (M+1) Phuong phép 2m_c6 tinh axit.

Budc 7: axit (2R,385)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(4-(fert-butoxycarbonyl)-3-
((tert-butoxycarbonyl)imino)-2,11,11-trimetyl-9-oxo-10-oxa-2,4,8-triazadodexyl)-2 H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic. Thém SOz*DMF
(43,4mg,0,283mmol) vao dung dich nude-dd cia benzhydryl 1-(((2)-(2-(((2R,3S)-2-
((4-(4-(tert-butoxycarbonyl)-3-((fert-butoxycarbonyl)imino)-2,11, 1 I-trimetyl-9-oxo-
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10-oxa-2,4,8-triazadodexyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-yl)amino)-
1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylat (32mg, 0,028mmol) trong DMF
(283pl). Sau khi khudy trong 2 gid, pha lodng hdn hop phan tng biang EtOAc, rira
bing nudc mubi, sdy qua Na,SO, va c¢b dic trong chan khong. San phim thd duogc st

dung trong budc tiép theo khong can tinh ché Thém .

Budce 8: axit 1-(((Z)-(2-(((2R,3S)-2-((4-((3-(3-aminopropyl)-1-
metylguanidino)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-ox0-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic
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Theo quy trinh chung dé loai bo bao vé do trung gian axit sir dung axit (2R,35)-3-((2)-
2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((4-(4-(tert-butoxycarbonyl)-3-
((zert-butoxycarbonyl)imino)-2,11,11-trimetyl-9-oxo-10-oxa-2,4,8-triazadodexyl)-2 H-
1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-1-sulfonic (27mg, 0,022mmol), TFA (103pl,
1,34mmol) va DCM (223ul). Tinh ché nguyén lidu sin phim tho bing HPLC thu san
phém pha dio (XSELECT C18, 5pu, 30x100mm, dung dich dém ACN/H,0 w/axit
formic 0,1%), dé thu hop chit tiéu dé ( 1,1mg, 7%) & dang chat rin mau tring.LCMS:
R; = 0,32 min, m/z = 643,3 (M+1) Phuong phap 2m_c6 tinh axit, 'H NMR (500MHz,
D,0) 6 ppm 7,65 (s, 1H)7,00 (s, 1H) 5,48 (d, J=5,7 Hz, 1H) 4,89-4,83 (m, 1H)4,60-
4,45 (m, 2H)3,25 (td, J=6,9, 3,6 Hz, 2H)2,95 (t, /=7,7 Hz, 2H)2,91 (s, 3H)1,98-1,74
(m, 2H)1,23-1,10 (m, 2H)1,05-1,00 (m, 2H).

Vi du tham khao 149: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((3-(aminometyl)azetidin-1-
carbonyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-yl)amino)-

1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tu véi vi du 126 st dung (2-(((2R,3S)-3-
(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-2H-1,2,3-triazol-4-yl)metyl
3-(((tert-butoxycarbonyl)amino)metyl)azetidin-1-carboxylat trong budc 2. LCMS: R,
= 0,52 min, m/z = 643,2 (M+1) Phuong phép 2m_cé tinh axit phin cuc,1H NMR
(400MHz, D,0)87,83 (s, 1H), 7,11 (s, 1H), 5,61 (d, J = 5,3 Hz, 1H), 5,25-5,16 (m,
2H), 5,08-497 (m, 2H), 493-48 (m, 2H dugc gia thiét
bi che khuit mot phén béi dinh du dung moi), 4,22 (t, J = 8,6 Hz, 2H), 3,89-3,77 (m,
2H), 3,32 (d, J = 7,6 Hz, 2H), 3,07-2,95 (m, 1H), 1,49-1,37 (m, 2H), 1,34-1,19 (m,
2H).

Diéu ché (2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-yl)metyl 3-(((ferz-butoxycarbonyl)amino)metyl)azetidin-
1-carboxylat. Pidu ché twong tir nhu cach da néu trong vi du 4, bude 2 st dung (2-
(((2R,3.5)-3-(((benzyloxy)carbonyl)amino)- 1-(2,4-dimetoxybenzyl)-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-yl)metyl 3-(((fert-butoxycarbonyl)amino)metyl)azetidin-
1-carboxylat (410mg, 0,591mmol), K,S,04 272mg, 1,01lmmol) va K,HPO, (165mg,
0,946mmol) trong ACN:nuéc (2:1, 7,2ml) trong khi gia nhiét trong 5 gid & 90°C. Tinh
ché san phdm thd qua sic ky silicagel (EtOAc-Heptan, 30-90%), dé thu hop chét tiéu
dé (80mg, 25%) & dang chat ran. LCMS: R, = 0,78 min, m/z = 544,2 (M+1) Phuong
phép 2m_c6 tinh axit.

Piéu ché (2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl)-2 H-1,2,3-triazol-4-yl)metyl 3-(((tert-
butoxycarbonyl)amino)metyl)azetidin-1-carboxylat. Nap benzyl ((2R,3S)-1-(2,4-
dimetoxybenzyl)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yhcarbamat (660mg, 1,37 mmol, thu dugc & dang san pham phu trong qua trinh didu
ché chét trung gian V), CDI (252mg, 1,51mmol) va DCM (11,4ml) vao 6ng siéu 4m
dung tich 20mL. Sau khi khudy trong 2 gio, Thém fert-butyl (azetidin-3-
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ylmetyl)carbamat (383mg, 2,06mmol) va khudy né trong khoang thoi gian bd sung 14
16 gid. Co dic hon hop trong chan khong va tinh ché qua sic ky silicagel (EtOAc-
Heptan, 40-90%), dé thu hop chét tiéu dé (410mg, 43%) & dang chit rin.R, = 0,94
min, m/z = 694,3 (M+1) Phuong phap 2m_c6 tinh axit.

Vi du tham khdo 150: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((S)-3-aminopyrolidin-1-
carboximidamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-0xo0-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy )xyclopropancarboxylic.
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Diéu ché theo phuong thirc twong tu véi vi du 127 st dung (S)-fert-
butylpyrolidin-3-ylcarbamat trong buéce 3. R, = 0,25 min, m/z = 641,4 (M+1) Phuong
phép 2m_c6 tinh axit. '"H NMR (400MHz, DMSO-ds) & 10,55-10,15 (m, 1H), 8,06-
7,78 (m, 1H), 7,66 (d, J = 1,4 Hz, 1H), 7,59 (br s, 2H), 7,20 (s, 2H), 6,74 (d, J = 3,9
Hz, 1H), 5,23 (ddd, J = 14,6, 8,8, 5,5 Hz, 1H), 4,90 (dt, J = 13,8, 3,7 Hz, 1H), 4,71-
4,60 (m, 1H), 4,59-4,35 (m, 3H), 3,90 (br s, 1H), 3,70-3,38 (m, 3H gia thiét; chdng
chéo 1én dinh cia nuéc), 2,30-2,15 (m, 1H), 2,09-1,98 (m, 1H), 1,30-1,13 (m, 2H),
1,13-0,98 (m, 2H).

Vi du tham khao 151: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(1-((3-aminopropyl)amino)etyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.
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Diéu ché theo phuong thirc trong tw v6i vi du 146 sir dung 3-bromobut-1-yn
trong budc 2. LCMS: R, = 0,50 min, m/z = 601,2 (M+1) Phuong phdp 2m_cé tinh
axit_phén cuyc, 'H NMR (400MHz, D,0, duoc bdo céo 12 hén hop chit déng phan
khong ddi quang ty 1€ 1,3:1) & 7,94 (s, 0,75H), 7,90 (s, 1H), 5,69 (d, J = 5,6 Hz,
0,75H), 5,64 (d, J = 5,6 Hz, 1H), 5,08 (q, J = 5,5 Hz, 1,8H), 4,97 (q, J = 9,3, 7,7 Hz,
3,9H), 4,76-4,68 (m, 1,7H gia thiét; bi che khuit mot phan bsi dinh ciia dung mdi du),
3,24-3,02 (m, 7,5H), 2,21-2,02 (m, 3,8H), 1,76 (d, J= 7,0 Hz, 2,35H), 1,73 (d, J= 6.9
Hz, 3,1H), 1,41-1,21 (m, 4,9H), 1,20-1,08 (m, 2,5H).

Vi du tham khdo 152: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((2-aminoetyl)sulfonyl)metyl)-
2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-1-(2-aminothiazol-4-

yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budce l: (2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-yl)metyl metansulfonat. Thém TEA (84ul, 0,60mmol),
sau d6 thém metansulfonyl clorua (28,2ul, 0,362mmol) vao dung dich chira benzyl
((2R,35)-2-((4-(hydroxymetyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
yl)carbamat (100mg, 0,302mmol, thu dugc trong qua trinh diéu ché chét trung gian V)
trong DCM (3,0ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 2 gid, pha lodng
dung dich bing DCM, rira bang NaHCO; bdo hoa (aq), nude mubi, sdy qua Na,SO, va
cd dic trong chan khong. San phdm thé thu duge duge sir dung khong can tinh ché
Thém . LCMS: R, = 0,66 min, m/z = 410,2 (M+1) Phuong phap 2m_co6 tinh axit.

Budc 2: Piéu ché theo phuong thirc tuong tu véi vi du 138, bude 1 sir dung sén
pham tir bude 1 (525mg, 1,28mmol), fert-butyl (2-mercaptoetyl)carbamat (273mg,

1,53mmol), natri iotua (192mg, 1,28mmol) va cesium carbonat (836mg, 2,56mmol)

trong DMF (12,8ml). Tinh ché san phdm thé qua séc ky silicagel (EtOAc-Heptan) dé
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thu san phim (190mg, 30%). LCMS: R, = 0,80 min, m/z = 491,2 (M+1) Phuong phap

2m_co tinh axit.

Budc 3: Thém m-CPBA (147mg, 0,852mmol) vao dung dich chira san phdm
nay (190mg, 0,387mmol)tir bude 2 trong DCM (3,9ml) ¢ 0°C. Sau khi khudy trong 1
gi, phan bd no gitta nude/DCM. Chiét 16p nude bing DCM va sdy rira cac 16p hitu co
két hop qua Na,SO, va co dic trong chan khong. Tinh ché san phdm tho qua séc ky
silicagel (EtOAc-Heptan), dé thu san phdm (148mg, 73%). LCMS: R, = 0,72 min, m/z
= 523,2 (M+1) Phuong phdp 2m_c6 tinh axit.

Budce 4: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((2-aminoetyl)sulfonyl)metyl)-2H-
1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-yl)amino)- 1-(2-aminothiazol-4-y1)-2-

oxoetyliden)amino)oxy )xyclopropancarboxylic.

0]

MOH

Pidu ché theo phwong thuc tuong tu vai vi du 4, cac bude 3-6. LCMS: R, =
0,31 min, m/z = 622,1 (M+1) Phuong phép 2m_c6 tinh axit. 'H NMR (500MHz, D,0)
87,90 (s, 1H), 7,15 (s, 1H), 5,59 (d, J = 5,7 Hz, 1H), 5,03 (q, J= 5,6 Hz, 1H), 4,91 (d,
J = 15,6 Hz, 2H), 4,78 (s, 2H dugc gia thiét; bi che khuit bsi dinh cta dung méi du),
3,63-3,58 (m, 2H), 3,54-3,50 (m, 2H), 1,41-1,33 (m, 2H), 1,24 (t, /= 3,2 Hz, 2H).

Vi du tham khdo 153: axit 1-(((Z)-(2-(((2R,3S)-2-((4-(((R)-3-aminopyrolidin-1-
carboximidamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-1-(2-aminothiazol-4-yl)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

-273-



21204

o

MOH
O
N7 y NH
N N N
HN /]/“\”/ N/j/\NJI\N: )_.\\NHz
< \ H
S o N N

o NSOzH

Diéu ché theo phuong thirc tuong ty v6i vi du 127 sir dung (R)-tert-
butylpyrolidin-3-ylcarbamat trong buéc 3. R, = 0,30 min, m/z = 641,4 (M+1) Phuong
phap 2m_c6 tinh axit. 'H NMR (400MHz, DMSO-dj) §10,51-9,87 (m, 1H), 8,07-7,75
(m, 1H), 7,66 (s, 1H), 7,59 (br s, 2H), 7,20 (s, 2H), 6,73 (d, J= 5,6 Hz, 1H), 5,22 (ddd,
J=15,1, 838, 5,4 Hz, 1H), 4,94-4,85 (m, 1H), 4,70-4,59 (m, 1H), 4,59-4,36 (m, 3H),
3,97-3,83 (m, 1H), 3,70-3,38 (m, 3H gia thiét; chdng chéo I1én dinh cua nuéc), 2,29-
2,17 (m, 1H), 2,08-1,98 (m, 1H), 1,27-1,15 (m, 2H), 1,13-1,01 (m, 2H).

Vi du tham khido 154: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((5,6-
dihydropyrolo[3,4-d][1,2,3]triazol-2 (4H)-yl)metyl)-4-oxo-1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

Budc 1: zert-butyl((4-clobut-2-yn-1-yl)oxy)diphenylsilan. Thém 4-clobut-2-yn-
1-ol (824pl, 9,18mmol) vao dung dich chira imidazol (691mg, 10,2mmol) va tert-
butylclodiphenylsilan (2,65ml, 10,1mmol) trong DCM (15,3ml) & 0°C. Sau 2 gio
khudy & nhiét d6 phong, pha loang né bing DCM/nuée va phén tach céc 16p. Chiét 16p
nude bang DCM (2x) va rira cdc 16p hitu co két hop bing nude mudi, sdy qua Na,SO
va ¢0 ddc trong chan khong. Hoa tan san phdm thé thu dugc trong dioxan va tai ¢o dic

(2x) sau d6 dugc st dung tryre tiép khong can tinh ché Thém .

Buéc  2:  5-(azidometyl)-4-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-1,2,3-
triazol. Thém amoniclorua (982mg, 18,4mmol), sau d6 thém natri azit (2,39g,
36,8mmol) vao dung dich chira tert-butyl((4-clobut-2-yn-1-yl)oxy)diphenylsilan
(3,15g, 9,18mmol) trong dioxan/nudc (46ml, 3:1). Gia nhiét dung dich hai pha nay dén
75°C trong 33 gio, ngay sau d6 phan tach cic 16p va chiét 16p nudc bang EtOAc (3 x
20ml). Rira cac 16p hitu co két hop béng nude, nude mudi, séy qua Na,SO, va co dac

trong chén khong. Tinh ché san pham thé qua sic ky silicagel (EtOAc-Heptan, 0-35%)
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dé thu hop chét tiéu dé (1,692g, 47%) & dang chéit rin mau tréng. R;=1,11 min, m/z =
393,2 (M+1) Phuong phap 2m_c6 tinh axit. 'H NMR (400MHz, CDCls) 80111,54 (s,
1H), 7,71-7,63 (m, 4H), 7,49-7,36 (m, 6H), 4,87 (s, 2H), 4,46 (s, 2H), 1,58 (s, 2H),
1,07 (s, 9H).

Buéc 3: tert-butyl ((4-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-1,2,3-triazol-5-
yDmetyl)carbamat. Nap 5-(azidometyl)-4-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-
1,2,3-triazol (1,044g, 2,420mmol), Boc-anhydrit (581mg, 2,66mmol) va Pd-C (5%,
200mg) vao binh phan tmg. Sau khi suc khi N, vao hé théng, Thém EtOH (24,2ml).
Sau d6, hdn hop nay duoc xa khi va tai nap khi H, (3x). Sau khi khudy manh trong 17
gid, x4 khi N, khéi hé théng va loc huyén phu dic qua xelit va c¢b dic trong chan
khong. Tinh ché san pham tho qua séc ky silicagel (EtOAc-Heptan, 0-50%) dé thu hop
chit tiéu dé (777mg, 69%) & dang chét rin mau tring. R, = 1,12 min, m/z = 467,1
(M+1) Phuong phap 2m_c6 tinh axit. '"H NMR (500MHz, CDCl;) §7,71-7,64 (m, 4H),
7,49-7,36 (m, 6H), 4,87 (s, 2H), 4,40 (br s, 2H), 1,43 (s, 9H), 1,08 (s, 9H).

Budc 4: Thém tung giot DIAD (414pl, 1,10mmol) vao dung dich chira benzyl
((28,35)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-3-yl)carbamat
(674mg, 1,68mmol), fert-butyl ((4-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-1,2,3-
triazol-5-yl)metyl)carbamat (777mg, 1,67mmol) va triphenylphosphin (525mg,
2,00mmol) trong THF (16,7ml) & 0°C. Sau khi khudy & nhiét d6 phong trong 11 gid,
co dic hon hop trén silicagel va tinh ché qua sic ky silicagel(EtOAc-Heptan, 0-50%)
dé thu san phdm (1,196g, 85%) & dang chét rin mau tring. R, = 1,31 min, m/z = 8494
(M+1) Phuong phap 2m_c6 tinh axit.

Budc S: Benzyl ((2R,35)-2-((4-(aminometyl)-5-(((tert-
butyldiphenylsilyl)oxy)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-3-yl)carbamat. Thém TFA (721pl, 9,36mmol) vao dung dich chira san
pham tir buéc 4 (265mg, 0,312mmol) trong DCM (3,1ml) & 0°C. Sau khi khudy & 0°C
trong 3 gi®, pha lodng n6 bang DCE va ¢6 dic trong chan khong. Tai hoa tan phan thu
duge trong DCM va rira bing NaHCO; bdo hoa (aq). Chiét 16p nude bang DCM (3x)
va sdy rira cac 16p hitu co két hop qua Na,SO, va c6 dic trong chan khong. San phim
tho6 thu dugc dugce st dung luon khong can tinh ché Thém . R, = 1,03 min, m/z = 749,4
(M+1) Phuong phap 2m_¢06 tinh axit.
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Buéc 6: Benzyl ((2R,3S5)-2-((4-(((tert-butyldiphenylsilyl)oxy)metyl)-5-((2-
nitrophenylsulfonamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-
4-oxoazetidin-3-yl)carbamat. Thém 2-nitrobenzen-1-sulfonyl clorua (77,2mg,
0,338mmol), sau d6 Thém TEA (87ul, 0,62mmol) vao dung dich chira benzyl
((2R,35)-2-((4-(aminometyl)-5-(((tert-butyldiphenylsilyl)oxy)metyl)-2 H-1,2,3-triazol-
2-yDmetyl)-1-(2,4-dimetoxybenzyl)-4-oxoazetidin-3-yl)carbamat (234mg,
0,312mmol) trong DCM (3,1ml) & 0°C. Sau khi khudy 2,2 gi& ¢ nhiét d6 phong, pha
lodng né bing DCM va rira bang KHSO, (2%, aq). Chiét 16p nuée bing DCM (3x) va
rira cac 16p hitu co két hop bang nudc mubi, sy qua Na,SO4 va ¢ dic trong chén
khong. Tinh ché san pham thd qua sic ky silicagel (EtOAc-Heptan, 0-60%), dé thu
hop chét tiéu dé (252mg, 87%) & dang chit rin mau tréng nhat. R, = 1,24 min, m/z =
934,4 (M+1) Phuong phdp 2m_¢6 tinh axit.

Budc 7: Benzyl ((2R,3S5)-1-(2,4-dimetoxybenzyl)-2-((4-(hydroxymetyl)-5-((2-
nitrophenylsulfonamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
ylcarbamat. Thém TBAF (1.0 M trong THF, 270ul, 0,270mmol) vao dung dich chira
benzyl ((2R,35)-2-((4-(((tert-butyldiphenylsilyl)oxy)metyl)-5-((2-
nitrophenylsulfonamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-1-(2,4-dimetoxybenzyl)-
4-oxoazetidin-3-yl)carbamat (252mg,0,270mmol) trong THF (2,8ml) & 0°C. Sau khi
khudy trong 2,6 gi®, pha loang dung dich bang EtOAc va cb dic mot phin trong chin
khong. B6 sun Thém EtOAc cung vé1 KHSO, (2%, aq) va nudce. Phan tach cac 16p va
chiét 16p nude bang EtOAc (3x).Rtra céc 16p hitu co két hop bing nude mubi, sdy qua
Na,SO, va ¢6 ddc trong chan khong. Tinh ché san phim thé qua sdc ky silicagel
(EtOAc-Heptan, 0-100%), dé thu hop chét tiéu d& (165mg, 88%) & dang chit rin mau
trang. R, = 0,83 min, m/z = 696,3 (M+1) Phuong phép 2m_c6 tinh axit.

Budc 8: Benzyl ((2R,395)-1-(2,4-dimetoxybenzyl)-2-((5-((2-
nitrophenyl)sulfonyl)-5,6-dihydropyrolo[3,4-d][1,2,3]triazol-2 (4H)-yD)metyl)-4-
oxoazetidin-3-yl)carbamat. Thém timg giot DIAD (72pL, 0,35mmol) vao dung dich
chtra benzyl ((2R,35)-1-(2,4-dimetoxybenzyl)-2-((4-(hydroxymetyl)-5-((2-
nitrophenylsulfonamido)metyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxoazetidin-3-
ylcarbamat (165mg, 0,237mmol), va triphenylphosphin (91,6mg, 0,349mmol) trong
THF (119ml) & 0°C. Sau 3 gio, bd sung Thém triphenylphosphin

(46,4mg,0,177mmol), ngay sau do, né dugc gidm nhiét xuéng 0°C, sau do6 Thém
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lwong bd sung ciia DIAD (37ul, 0,18mmol). Sau khi khudy & nhiét &6 phong trong 2,5
gid, ¢o dic né trong chin khéng va tinh ché qua sic ky silicagel (EtOAc-Heptan, 0-
100%) dé thu hop chit tiéu dé (318mg), bi tap nhiém béi triphenylphosphinoxit. R, =
0,93 min, m/z = 678,3 (M+1) Phuong phép 2m_cé tinh axit.

Buéc 9:  fert-butyl  2-(((2R.3S5)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-
dimetoxybenzyl)-4-oxoazetidin-2-yl)metyl)-4,6-dihydropyrolo[3,4-d][1,2,3]triazol-5
(2H)-carboxylat. Thém thiophenol (23,8ul, 0,23 1mmol) vao huyén phu dic cia benzyl
((2R,35)-1-(2,4-dimetoxybenzyl)-2-((5-((2-nitrophenyl)sulfonyl)-5,6-
dihydropyrolo[3,4-d][1,2,3]triazol-2 (4H)-y)metyl)-4-oxoazetidin-3-yl)carbamat
(241mg, ~50%/wt, ~0,178mmol) va kalicarbonat (77,4mg, 0,560mmol) trong DMF
(3,0ml). Sau khi khudy & nhiét d6 phong trong 2 gid, Thém Boc-anhydrit (78mg,
0,36mmol). Sau khi khudy Thém trong 2 gid, pha loang huyén phu dic bing EtOAc va
rira bang NaHCO;bdo hoa (aq). Chiét 16p nuée bing EtOAc (2x) va rira cac 16p hitu
co két hop bﬁng LiCl (5% aq), nudc mudi, séy qua Na,SO4 va cd dédc trong chan
khong. Két hop phén thu dugc véi phan thu dugc tir hai mé chuyén dang twong tu (quy
md 15mg va 20mg) va tinh ché qua sic ky silicagel (EtOAc-Heptan, 0-100%) dé thu
hop chét tiéu dé (85,5mg, 81% két hop). R, = 0,96 min, m/z = 593,2 (M+1) Phuong
phap 2m_c6 tinh axit,1H NMR (500MHz, DMSO-d;) 6 8,21 (d, J= 9,6 Hz, 1H), 7,40-
7,27 (m, 5SH), 6,92 (d, J = 8,3 Hz, 1H), 6,49 (d, J = 2,1 Hz, 1H), 6,40 (d, J = 8,3 Hz,
1H), 5,04 (s, 2H), 5,00 (dd, J = 9,6, 5,1 Hz, 1H), 4,65 (dd, J= 14.0, 7,1 Hz, 1H), 4,56
(dd, J=4,1, 6,2 Hz, 1H), 4,38-4,24 (m, 5H), 4,12 (q, J= 6,2 Hz, 1H), 3,86 (d, J= 15,1
Hz, 1H), 3,74 (s, 3H), 3,72 (s, 3H), 1,46 (s, 9H).

Buéc 10: fert-butyl 2-(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-
2-yl)metyl)-4,6-dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat. Tao huyén phu
dac tert-butyl 2-(((2R,3S5)-3-(((benzyloxy)carbonyl)amino)-1-(2,4-dimetoxybenzyl)-4-
oxoazetidin-2-yl)metyl)-4,6-dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat
(85,5mg, 0,144mmol), kali peroxydisulfat (51,8mg, 0,186mmol) va Kkaliphosphat,
dibazo (57mg, 0,33mmol) trong ACN/nuée (2ml, 2:1) trong 5 phut, sau d6 gia nhiét
dén 90°C trong 1,5 gitr. BS sung thém kali peroxydisulfat (13,9mg, 0,050mmol) va gia
nhiét Thém trong 1 gio. B sung Thém kali peroxydisulfat (12,1mg, 0,043mmol) va
gia nhiét Thém trong 1 gio, ngay sau d6 ¢6 dic mot phan huyén phi dic trong chan

khong, sau d6 phan bd gitta NaHCO; bio hoa (aq) va EtOAc. Sau khi phén tach cac
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16p, chiét 16p nude bing EtOAc (3x). Rira cac 16p hitu co két hop bang nude mudi, sdy
qua Na,SO, va cd dic trong chan khéng. Tinh ché san phdm thd qua sic ky silicagel
(EtOAc-Heptan, 0-100%) thu dugce san phém bi tap nhiém (33mg), tai tinh sach béng
HPLC pha ddo (XSELECT CSH, C18, 5, 30x100mm, dung dich dém ACN/H,0 véi
axit formic 0,1%, 60ml/phut). Thu dugc hop chit tiéu d& (12,1mg, 19%) & dang chit
rin mau tring. R, = 0,78 min, m/z = 433,2 (M+1) Phuong phap 2m_c6 tinh axit, 'H
NMR (500MHz, DMSO-d;) 6 8,40 (s, 1H), 8,17 (d, J = 9,7 Hz, 1H), 7,42-7,26 (m,
5H), 5,05 (s, 2H), 5,04-4,99 (m, 1H), 4,58 (d, J = 6,6 Hz, 2H), 4,40 (d, J = 4,7 Hz,
4H), 4,22 (q, J= 6,5 Hz, 1H), 1,45 (s, 9H).

Budc 11:  tert-butyl  2-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-4,6-
dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat. Tao huyén phii dic fert-butyl 2-
(((2R,35)-3-(((benzyloxy)carbonyl)amino)-4-oxoazetidin-2-yl)metyl)-4,6-
dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat (11,8mg, 0,027mmol) va Pd-C
(5%, 2,3mg) trong MeOH/EtOH (740ul, 1,7:1) trong ap suét khi N, ngay sau do, xa
khi va nap ddy lai hé thdng nay bang H, (3x). Sau khi khudy manh trong 1,7 gio, xa
khi N, khéi hé théng va loc chét ran qua 6ng tru loc 0,451 Co dic dich loc trong chéan

khong va dugc st dung ludn khong cin tinh ché Thém .

Budc 12: tert-butyl 2-(((2R,35)-3-((2)-2-((1- ((benzhydryloxy)carbonyl)-
xyclopropoxy)imino)-2-(2-((tert-butoxycarbonyl)amino)-thiazol-4-yl)axetamido)-4-
oxoazetidin-2-yl)metyl)-4,6-dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat.
Thém DIPEA (9,5ul, 0,054mmol) vao huyén phii duge dugce gidm nhiét (0°C) cia axit
(£)-2-((1-((benzhydryloxy)carbonyl)xyclopropoxy)-imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axit axetic (15,3mg, 0,028mmol), fert-butyl 2-
(((2R,3S5)-3-amino-4-oxoazetidin-2-yl)metyl)-4,6-dihydropyrolo[3,4-d][1,2,3]triazol-5
(2H)-carboxylat (8,3mg, 0,027mmol) va HATU (11,4mg, 0,029mmol) trong DMF
(500ul). Sau khi khudy & nhiét do phong trong 16 gid, pha lodng né bang EtOAc va
rira bang LiCl (5%, aq). Chiét 16p nude bang EtOAc (3x) va rira cac 16p hitu co két
hop bing nudc mubi, sdy qua Na,SO, va ¢ dic trong chan khong. Tinh ché san phim
thé qua sic ky silicagel (EtOAc-Heptan) dé thu hop chit tiéu dé (1 8,1mg, 81%) & dang
chit ran mau trang. R, = 1,08 min, m/z = 828,5 (M+1) Phuong phap 2m_c6 tinh axit.
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Budc 13: axit (2R,3S)-3-((Z)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-(tert-butoxycarbonyl)-5,6-
dihydropyrolo[3,4-d][1,2,3]triazol-2 (4H)-yl)metyl)-4-oxoazetidin-1-sulfonic. Thém
SO3*DMF (12,3mg, 0,078mmol) vao dung dich chua tert-butyl 2-(((2R,3S5)-3-((£)-2-
((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-4-oxoazetidin-2-yl)metyl)-4,6-
dihydropyrolo[3,4-d][1,2,3]triazol-5 (2H)-carboxylat (18,1mg, 0,022mmol) trong
DMF (300pl) & 0°C. Sau khi khudy & nhiét d6 phong trong 2 gid, giam nhiét dung
dich xuéng 0°C va bd sung Thém SO;sDMF (22,2mg,0,14 mmol). Sau 4 gid tiép theo
& nhiét do phong, pha lodng n6 biang EtOAc va rira bang LiCl (5% aq). Chiét 16p nuéc
bing EtOAc (2x) va rira cac 16p hiru co két hop bing nude mubi, siy qua Na,SO,4 va
¢d dic trong chan khong. N6 duge sir dung ludn (dinh luong gia dinh) khong cén tinh
ché Thém . R, = 0,96 min, m/z = 908,4 (M+1) Phuong phap 2m_c6 tinh axit.
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Budce 14: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((5,6-dihydropyrolo[3,4-
d][1,2,3]triazol-2 (4H)-yD)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-
oxoetyliden)amino)oxy)xyclopropancarboxylic. Theo quy trinh chung dé loai bo bao
vé do trung gian axit st dung (2R,35)-3-((2)-2-((1-((benzhydryloxy)carbonyl)-
Xyclopropoxy)imino)-2-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-((5-
(tert-butoxycarbonyl)-5,6-dihydropyrolo[3,4-d][1,2,3]triazol-2 (4H)-yl)metyl)-4-
oxoazetidin-1-sulfonic aciD (20mg, 0,022mmol), anisol (5ul, 0,046mmol), DCM
(300uL) va TFA (51pL, 0,66mmol). Tinh ché san phim thd bing HPLC thu san phdm
pha dédo (XSELECT CSH, 30x100mm, Sum, cot C18; vdi chat diéu bién axit formic
0,1% ACN- nuGc, 60ml/phut), dé thu hop chit tiéu d& (7,3mg, 60%) & dang bot mau
traing. LCMS: R, = 0,37 min, m/z = 542,1 (M+1) Phuong phép 2m_c6 tinh axit _phéan
cuc; 'H NMR (500MHz, D,0) 87,18 (s, 1H), 5,51 (d, J = 5.3 Hz, 1H), 5,01-4,92 (m,
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2H), 4,87 (d, J = 6,0 Hz, 1H), 4,61-4,35 (m, 4H), 1,42-1,32 (m, 2H), 1,32-1,23 (m,
2H).

Vi du tham khéo 155: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-((S)-1,3-
diaminopropyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo-1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic

Vi du tham khdo 156: axit 1-(((Z)-(1-(2-aminothiazol-4-yl)-2-(((2R,3S)-2-((4-((R)-1,3-
diaminopropyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo0- 1-sulfoazetidin-3-yl)amino)-2-

oxoetyliden)amino)oxy)xyclopropancarboxylic

Bugc 1:  (S)-fert-butyl  (1-((tert-butyldiphenylsilyl)oxy)-4-oxobutan-2-
yl)carbamat Thém huyén phu dic cia DMSO (7,20ml, 10Ilmmol) va phuc
sulfurtrioxitpyridin (16,14g, 101mmol) trong DCM (50ml) vao dung dich chira (S)-
tert-butyl (1-((fert-butyldiphenylsilyl)oxy)-4-hydroxybutan-2-yl)carbamat (duwoc diéu
ché theo quy trinh dugc md ta trong WO2013124826 Al s dung axit L-aspartic)
(15,0g, 33,8mmol) va DIPEA (29,5ml, 169mmol) trong DCM (50ml) & 0°C. Sau khi
khudy & nhiét d6 phong trong 1,5 gi, pha loang hdn hop nay bing NaHCO; béo
hoa(aq) va phan tach cac 16p. Chiét 16p nude bing DCM va sdy cac phén hitu co két
hop qua Na,SO4 va c6 dic trong chan khong dé thu hop chét tiéu dé (16,9g, dinh
lugng gia dinh) & dang diu mau ndu nhat. N6 duge st dung luén khong can tinh ché

Thém . LCMS: R, = 1,20 min, m/z = 442,2 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 2: (S)-tert-butyl (4-(benzylamino)-1-((tert-butyldiphenylsilyl)oxy)butan-
2-yl)carbamat. Thém 1in lugt benzylamin (3,69ml, 33,8mmol) va natri
triaxetoxyhydroborat (8,60g, 40,6mmol) vao (S)-tert-butyl (1-((zert-
butyldiphenylsilyl)oxy)-4-oxobutan-2-yl)carbamat (14,93g, 33,8mmol) trong DCE
(100ml) & 0°C. Sau khi khudy & nhi¢t do phong trong 18 gi, 1am ngimg né bing cach
Thém NaHCO; bdo hoa (aq, 300mL) va khudy Thém trong 30 phut. Phan tach cac pha
va chiét pha chira nu6e bang EtOAc. Rura céc 16p hitu co két hop bang nude mubi, sdy
qua Na;SO4va cd dic trong chan khong. Tinh ché nguyén liéu san phim thd qua sic ky
silicagel (EtOAc-Heptan) dé thu hop chit tiéu dé (8g, 44%). LCMS: R, = 1,08 min,
m/z = 533,2 (M+1) Phuong phap 2m_c¢6 tinh axit.
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Budc 3:  (S)-fert-butyl  (4-amino-1-((tert-butyldiphenylsilyl)oxy)butan-2-
yl)carbamat. Thém amoniformat (9,47g, 150mmol) va PD (OH), (1,054g, 1,502mmol)
vao (S)-tert-butyl (4-(benzylamino)-1-((tert-butyldiphenylsilyl)oxy)butan-2-
yl)carbamat (8,0g, 15,0mmol) trong MeOH (100ml). Khudy hén hop phan tng & 70°C
trong 1,5 gid sau d6 1am mat dén nhiét d6 phong va loc qua xelit, chiét bang
MeOH/EtOAc (1:2, ~800ml). Cb dic dich loc trong chan khong dé thu hop chét tiéu
dé (7g) c6 dang cdn mau niu nhat ma dugc sir dung ludn khoéng can tinh ché Thém .

LCMS: R, = 0,95 min, m/z = 443,2 (M+1) Phuong phap 2m_c6 tinh axit.

Budce 4: (S)-di-tert-butyl (4-((tert-butyldiphenylsilyl)oxy)butan-1,3-
diyl)dicarbamat. Thém 14n lugt NaHCO, bdo hoa (aq, 50ml) va di-tert-butyl dicarbonat
(5,24¢, 24,03mmol), vao (S)-tert-butyl (4-amino-1-((tert-
butyldiphenylsilyl)oxy)butan-2-yl)carbamat (6,65g, 15,02mmol) trong DCM (75ml).
Sau khi khudy trong 16 gio. Phan tach cac 16p va rira 16p hitu co bing nuéc mudi, siy
qua Na,SO, va ¢ dic trong chan khong. Tinh ché san phim thé qua sic ky silicagel
(EtOAc-Heptan) dé thu hop chit tidu dé (6,25g, 77%). LCMS: R, = 1,31 min, m/z =
543,2 (M+1) Phuong phap 2m_c6 tinh axit. '"H NMR (400MHz, CDCls) 80ppm 7,70-
7,58 (m, 4H) 7,49-7,34 (m, 6H) 5,29-5,12 (m, 1H) 4,83-4,56 (m, 1H) 3,72 (d, J = 8,4
Hz, 2H) 3,63-3,51 (m, 1H) 3,48-3,27 (m, 1H) 3,04-2,73 (m, 1H) 1,58 (d, J = 4,9 Hz,
2H) 1,44 (s, 9H) 1,43, (s, 9H), 1,06 (s, 9H).

Bude 5: (S)-di-fert-butyl (4-hydroxybutan-1,3-diyl)dicarbamat. Thém natri
hydroxit (1,38g, 34,5mmol) trong nudc (20,0ml) vao dung dich chira (S)-di-tert-butyl
(4-((tert-butyldiphenylsilyl)oxy)butan-1,3-diyl)dicarbamat (6,25g, 11,51mmol) trong
MeOH (100ml). Gia nhiét hdn hop dén 70°C trong 18 gid, sau d6 giam nhiét xuéng
nhiét do phong va c6 dic mot phin trong chan khong. Sau d6 Thém DCM va giam
nhiét hon hop xubng 0°C, ngay sau do, Thém axit axetic (2,3 1ml, 40,3mmol). Sau do
phén tach 16p hitu co, rira bang NaHCO; bio hoa (aq) va nudc mudi. Chiét cac phan
chir nude két hop bang DCM va sdy rira cac 16p hitu co két hgp qua Na,SO,4 va ¢o dac
trong chan khong. Tinh ché san phdm tho qua séc ky silicagel (EtOAc-Heptan) dé thu
hop chét tiéu dé (1,67g, 48%). LCMS: R, = 0,67 min, m/z = 305,1 (M+1) Phuong phap
2m_co tinh axit,IH NMR (400MHz, CDCl;) & ppm 5,06 (br s, 1H) 4,83 (br s, 1H)
3,82-3,64 (m, 2H) 3,61 (dd, J= 10,3, 4,9 Hz, 1H) 3,43-3,25 (m, 1H) 3,11-2,93 (m, 1H)
2,18 (brs, 1H) 1,79-1,65 (m, 1H) 1,64-1,58 (m, 1H) 1,51-1,36 (m, 18H).
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Budc 6: (S)-di-tert-butyl (4-oxobutan-1,3-diyl)dicarbamat. Thém huyén phi
dic cia DMSO (1,061ml, 13,72mmol) va phirc sulfur trioxitpyridin (2,183g,
13,72mmol) trong DCM (20ml) vao dung dich chira (S)-di-tert-butyl (4-oxobutan-1,3-
diyl)dicarbamat (1,67g, 5,49mmol) va DIPEA (3,83ml, 21,95mmol) trong DCM
(20ml) & 0°C. Sau khi khudy & nhiét do phong trong 30 phut, pha lodng hdn hop nay
bing NaHCOsbdo hoa(aq) va phén tach cac 16p. Chiét 16p nude bing DCM va sdy rira
céc 16p hitu co két hop qua Na,SO, va cd dic trong chan khong. Tinh ché san phdm
thd qua sic ky silicagel (EtOAc-Heptan) dé thu hop chét tiéu dé (1,47g, 89%). LCMS:
R;= 0,70 min, m/z = 325,0 (M+Na) Phuong phdp 2m_c6 tinh axit.

Budc 7: (S)-di-tert-butyl pent-4-yn-1,3-diyldicarbamat. Thém 1in luot
kalicarbonat (1,680g, 12,15mmol) va dimetyl (1-diazo-2-oxopropyl)phosphonat
(1,40ml, 7,29mmol), vao dung dich chia (S)-di-tert-butyl (4-oxobutan-1,3-
diyl)dicarbamat (1,47g, 4,86mmol) trong MeOH (30ml). Sau khi khudy trong 15 gid,
pha lodng hdn hop nay bang EtOAc, rira bing nudc, nude mudi, siy qua Na,SO, va cd
dic trong chan khong. Tinh ché nguyén liéu san phim tho qua sic ky silicagel
(EtOAc-Heptan) dé thu hop chét tiéu dé (0,943g, 65%). LCMS: R, = 0,81 min, m/z =
321,1 (M+Na) Phuong phap 2m_c6 tinh axit.

Budgce 8: (S)-di-tert-butyl (1-(2H-1,2,3-triazol-4-yl)propan-1,3-diyl)dicarbamat.
Thém azidotrimetylsilan (330ul, 2,38mmol) va ddng iotua (15mg, 0,079mmol) vao
dung dich chtra (S)-di-fert-butyl pent-4-yn-1,3-diyldicarbamattrong DMF/MeOH
(3,7ml, 1,2:1). Gia nhiét hon hop & 100°C trong 16 gid, giam nhiét xuéng nhiét dd
phong, sau d6 loc qua xelit. C6 ddc dich loc trong chan khéng va tinh ché san phim
thd qua sic ky silicagel (EtOAc -Heptan) dé thu hop chét tiéu d&. LCMS: R, = 0,68
min, m/z = 342,1 (M+1) Phuong phap 2m_c¢ tinh axit.

Bude 9: Thém tung giot DIAD (0,582ml, 2,99mmol) vao dung dich chia (S)-
di-tert-butyl (1-(2H-1,2,3-triazol-4-yl)propan-1,3-diyl)dicarbamat (852mg,
2,50mmol), benzyl ((25,3S5)-1-(2,4-dimetoxybenzyl)-2-(hydroxymetyl)-4-oxoazetidin-
3-yl)carbamat (1,05g, 2,62mmol) va PPh; (785mg, 2,99mmol) trong THF (13ml) &
0°C. Sau khi khudy & nhiét do phong trong 7 giv, ¢d ddc nd trong chin khong va tinh
ché qua sic ky silicagel (EtOAc -Heptan) dé thu san phim (1,24g, 68%). LCMS: R, =
1,01 phuat, m/z = 724,5 (M+1) Phuong phap 2m_c6 tinh axit.
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Buéc 10: Thém lan lugt K,S,08 (621mg, 2,227mmol) va dung dich chira
K,HPO, (477mg, 2,74mmol) trong nudc (10ml), vao san phdm cua bude 9 (1,240g,
1,713mmol) trong axetonitril (20ml). Sau khi gia nhiét & 90°C cing véi khudy manh
trong 1 gio, bd sung thém K,S,0 (185mg, 0,685mmol) cung vdi K;PO, (363mg,
1,71mmol). Gia nhiét hdn hop dén 90°C trong 5 gid, sau d6 gidm nhiét xuéng nhiét do
phong va pha lodng bing EtOAc (120ml). Phan tach cac 16p va rira 16p hiru co bang
nuée mudi, sdy qua Na,SO, va ¢b dic trong chan khong. Tinh ché nguyén liéu san
phdm tho qua sic ky silicagel (EtOAc-Heptan) dé thu san phdm (590mg, 60%).
LCMS: R, = 0,85 min, m/z = 574,2 (M+1) Phuong phdp 2m_c6 tinh axit.

Bude 11: Di-tert-butyl ((S)-1-(2-(((2R,35)-3-amino-4-oxoazetidin-2-yl)metyl)-
2H-1,2,3-triazol-4-yl)propan-1,3-diyl)dicarbamat. Tao huyén phu dic san phim cia
bude 10 (590mg, 1,03mmol) va Pd-C (10% 200mg) trong EtOH/MeOH (21ml, 2:1),
ngay sau d6 hé théng nay dwogc xa khi va tai nap khi H, (3x). Sau 4 gio khudy manh,
loc hén hop qua xelit, rira bang EtOH/DCM. C6 dic dich loc trong chan khong, dé thu
hop chét tiéu dé (dinh luong gid dinh) & dang chit rén mau vang nhat dugc st dung
ludn khong can tinh ché thém. LCMS: R, = 0,61 min, m/z = 440,2 (M+1) Phuong phép

2m_c0 tinh axit.

Buoce 12: Benzhydryl 1-(((2)-(1-(2-((tert-butoxycarbonyl)amino)thiazol-4-yl)-
2-0x0-2-(((35,4R)-2-0x0-4-((4-((S)-2,2,12,12-tetrametyl-4,10-dioxo-3,11-dioxa-5,9-
diazatridecan-6-yl)-2H-1,2,3-triazol-2-yl)metyl)azetidin-3-
yl)amino)etyliden)amino)oxy)xyclopropancarboxylat. Khudy hén hop chua axit (Z)-2-
((1-((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetic ~  (582mg, 1,028mmol),  DIPEA
(0,269ml,1,543mmol) va HATU (430mg, 1,131mmol) trong DCM/DMF (12ml, 5:1) &
0°C trong 30 phut. Thém di-fert-butyl ((S)-1-(2-(((2R,3S)-3-amino-4-oxoazetidin-2-
yDmetyl)-2H-1,2,3-triazol-4-yl)propan-1,3-diyl)dicarbamat (1,03mmol) vao hdn hop
nay. Sau khi khudy Thém trong 30 phit & 0°C, pha lodng n6 bing EtOAc, rira bing
nude, nude mudi, sdy qua Na,SO, va ¢o dic trong chan khong. Tinh ché nguyén liéu
san pham thd qua séc ky silicagel (EtOAc-Heptan) dé thu hop chit tiéu dé (760mg,
77%). LCMS: R = 1,12 min, m/z = 959,6 (M+1) Phuong phap 2m_cé tinh axit.

Budc 13: axit (3S.4R)-3-((£)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
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butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-ox0-4-((4-((S)-2,2,12,12-tetrametyl-
4,10-dioxo0-3,11-dioxa-5,9-diazatridecan-6-yl)-2H-1,2,3-triazol-2-yl)metyl)azetidin-1-
sulfonic. Thém SO;*DMF (850mg, 5,55mmol) vao benzhydryl 1-(((Z)-(1-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)-2-0x0-2-(((3S,4R)-2-0x0-4-((4-((S)-2,2,12,12-
tetrametyl-4,10-dioxo-3,11-dioxa-5,9-diazatridecan-6-yl)-2H-1,2,3-triazol-2-
yDmetyl)azetidin-3-yl)amino)etyliden)amino)oxy)xyclopropancarboxylat (760mg,
0,792mmol) trong DMF (4ml) & 0°C. Sau khi khudy trong 2 gid & nhiét do phong, pha
losing dung dich bing EtOAc, rira bang LiCl (5% aq), nudc mudi, sdy qua Na,SO,va
cb dic trong chan khong dé thu hop chét tidu dé (dinh lwong gia dinh) & dang diu mau
cam dugc sir dung truc tiép khong can tinh ché Thém . LCMS: R, = 1,01 phut, m/z =
1039,6 (M+1) Phuong phap 2m_c6 tinh axit.

Budc 14. Hop chit 1: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
((S)-1,3-diaminopropyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1 -sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

O

N
HZN\(j)H( j;—,/\ NH,

“SO4H

Bude 14. Hop chit 2: axit 1-(((Z)-(1-(2-aminothiazol-4-y1)-2-(((2R,3S)-2-((4-
((R)-1,3-diaminopropyl)-2H-1,2,3-triazol-2-yl)metyl)-4-oxo- 1-sulfoazetidin-3-

yl)amino)-2-oxoetyliden)amino)oxy)xyclopropancarboxylic.

O

MOH
e J)‘Y j;ﬁj/\ﬂ

SO5H
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Thém anisol (173ul, 1,58mmol) vao (3S,4R)-3-((2)-2-((1-
((benzhydryloxy)carbonyl)xyclopropoxy)imino)-2-(2-((tert-
butoxycarbonyl)amino)thiazol-4-yl)axetamido)-2-o0xo0-4-((4-((S)-2,2,12,12-tetrametyl-
4,10-dioxo-3,11-dioxa-5,9-diazatridecan-6-yl)-2H-1,2,3-triazol-2-yl)metyl)azetidin-1-
sulfonic acid (5,55mmol) trong axit formic (4ml) & 0°C. Gia nhiét dung dich & 40°C
trong 2 gid, ngay sau d6 giam nhiét do xudng nhiét d6 phong va c¢b dic trong chan
khong. Thém DCM (15ml) sau d6 nuéc d4 (12ml) vao phin thu dugc va khudy manh
trong 1 gio. Phéan tach cac 16p va tinh ché truc tiép 16p nude bing HPLC pha dao
(XSELECT CSH, 30 x 100mm, Sum, cdt C18; v6i chit diéu bién axit formic 0,1%
ACN- nuée, 60ml/phut), dé thu hop chét 1 (170mg, 37%) va hop chit 2 (21mg, 5%) &
dang chit ran mau tring. Hop chit 2 duoc cho 14 phét sinh tir viée epime hoa tdm 1ap
thé nay trong sudt busc 7. 1-LCMS: R, = 0,31 min, m/z = 573,3 (M+1) Phuong phép
2m_co tinh axit_phén cuc, {H NMR (400MHz, D,0) 6 ppm 7,86 (s, 1H) 7,07 (s, 1H)
5,60 (d, J= 5,6 Hz, 1H) 5,03-4,82 (m, 4H gia thiét; bi che khuit mot phan boi dinh cia
dung moi du) 3,12-2,85 (m, 2H) 2,54-2,34 (m, 2H) 1,28-1,08 (m, 4H). 2-LCMS: R, =
0,30 min, m/z = 573,3 (M+1) Phuong phap 2m_c6 tinh axit phin cuc, 1H NMR
(400MHz, D,0) é ppm 7,86 (s, 1H) 7,07 (s, 1H) 5,58 (d, J = 5,5 Hz, 1H) 5,07-4,85 (m,
4H gia thiét; bi che khuit mét phin béi dinh cia dung moi du) 3,12-2,84 (m, 2H) 2,53-
2,34 (m, 2H) 1,30-1,03 (m, 4H).

Sang loc va nudi cdy vi khuan

Nubi cdy cac dong vi khudn phén 13p dugc tir -70°C dugce giir dong lanh bang
hai doan qua d€m li€n tuc ¢ 35°C trong mdi trudng khéng khi xung quanh trén thach
mau 5% (Remel, Lenexa, Kans.). Kiém soét sb lugng va P. aeruginosa ATCC 27853)
tir American Type Culture Collection (ATCC; Rockville, Md.) va PAO1 thu dugc tir
Dr. K. Poole.

Chu tric cua ching ding gen ciia Escherichia coli NB27273-CDY0026
(parent), NB27273-CDY0033 (KPC2) va NB27273-CDY0030 (SHV12)

Chung NB27273 (BW25113 pspB::Km') thu dugc tir viée chon loc chén
transposon Keio. Chung ndy c6 gen pspB duoc thay thé bing déu chuin chéng chiu

kanamyxin (BW25113 pspB::Km"). Ching nay dugc ndi lién nhd transposon trong
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pspB qua FLP recombinaza sitr dung hé phuong phép da duoc cong bd. Ching thu
duge, BW25113 pspB, dugc sir dung lam vat chu clia cac vecto da ban biéu hién B-
lactamaza chu yéu. Cac plasmit da ban sao diéu huéng sy bidu hién ung dong cua cac
B-lactamaza dugc thiét 1ap nhu sau: Cac gen tong hop duoc ti wu héa codon ma hoa
céc B-lactamaza KPC2 va SHVI12 ciia E. coli duogc tao ra bing ADN 2.0 (Palo Alto,
CA). Mdi phéan doan trong s6 céc phan doan téng hop dugc thiét ké dé chira cac vi tri
cét gi6i han ciia Notl va Ncol & phia ddu cia chung, cho phép néi vao vecto bién thé
pET28a(+) duge phan cét bing Notl/Ncol dé biéu hién protein. Cac doan chén trong
céc vecto ndy c6 vai trd 1a ADN khuon dé khuéch dai PCR caa gen ma hoa KPC2 va
SHV12, st dung cac cip mdi twong mg 1a  E225
(tcgcCTCGAGgcgactgegcetgacgaatttgg) (SEQ ID NO:1) va E202
(aatcGAATTCttactgaccattaacgcccaage) (SEQ ID NO:2) va E227
(tcgcCTCGAGgcgageccgeaaccgetgga) (SEQ ID NO:3) va E204
(aatcGAATTCttaacgetgecagtgctcaate) (SEQ ID NO:4). Céc trinh tir nucleotit duge tbi

uu hoéa condon va thong tin cong nhan doan moi lién quan dugc bi€u thi dudi day:

SHV12

ATGGGCCATCATCATCATCATCACAGCAGCGGCCTGGAAGTTCTGTTCCAGGGGCCC
GCGAGCCCGCAACCGCTGGAGCAGATCAAGCAGTCTGAGAGCCAGCTGAGCGGCCGTGTGGG
TATGATCGAGATGGATCTGGCTTCCGGCCGTACGCTGACGGCATGGCGTGCCGACGAACGTT
TCCCGATGATGTCGACCTTTAAAGTTGTTCTGTGTGGTGCGGTCTTGGCACGTGTAGACGCG
GGTGACGAACAACTGGAGCGCAAGATCCATTACCGCCAACAGGACTTGGTCGACTACAGCCC
GGTTAGCGAAAAGCACCTGGCGGATGGCATGACCGTGGGTGAATTGTGCGCCGCTGCGATTA
CCATGAGCGACAATAGCGCGGCTAATCTGCTGTTGGCGACCGTTGGTGGCCCAGCGGGCTTG
ACCGCATTTCTGCGTCAAATCGGCGATAATGTTACGCGTCTGGATCGCTGGGARACGGAGCT
GAACGAGGCACTGCCGGGTGATGCCCGTGATACCACGACTCCTGCTAGCATGGCAGCGACCC
TGCGTAAACTGCTGACCAGCCAGCGTCTGAGCGCACGTAGCCAACGCCAGCTGCTGCAATGG
ATGGTGGATGACCGCGTGGCGGGTCCGCTGATCCGCTCCGTCCTGCCAGCAGGCTGGTTCAT
TGCGGACAAAACTGGTGCCTCTAAGCGTGGTGCGCGTGGTATCGTCGCGCTGCTGGGTCCGA
ACAACAAAGCCGAACGTATTGTGGTTATCTATCTGCGCGACACCCCGGCAAGCATGGCCGAG
CGCAACCAGCAAATTGCGGGCATTGGTGCGGCACTGATTGAGCACTGGCAGCGTTAACGCCG
GCG(SEQ ID NO:5)
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E227 TCGCCTCGAGGCGAGCCCGCAACCGCTGGA (SEQ ID NO:6)
E204 AATCGAATTCTTAACGCTGCCAGTGCTCAATC (SEQ ID NO:7)

REV. COMP. E204 GATTGAGCACTGGCAGCGTTAAGAATTCGATT (SEQ 1ID
NO:8)

KPC2

ATGGGCCATCATCATCATCATCACAGCAGCGGCCTGGAAGTTCTGTTCCAGGGGCCCG
CGACTGCGCTGA

CGAATTTGGTGGCCGAGCCGTTCGCGAAATTGGAGCAAGATTTTGGTGGTTCGATCGG
TGTCTACGCGAT

GGACACCGGTAGCGGTGCCACCGTGAGCTACCGTGCCGAAGAGCGTTTTCCGCTGTGT
AGCTCTTTCAAG

GGTTTTCTGGCCGCAGCCGTGCTGGCACGCAGCCAACAGCAAGCGGGCCTGCTGGACA
CCCCGATCCGTT

ACGGCAAAAATGCGCTGGTTCCGTGGAGCCCGATTAGCGAAAAGTACCTGACCACCGG
CATGACGGTGGC

GGAGTTGAGCGCTGCGGCGGTTCAGTATTCCGATAACGCTGCGGCAAATCTGCTGCTG
AAAGAACTGGGC

GGTCCAGCGGGTCTGACGGCTTTCATGCGTTCTATTGGCGACACCACCTTTCGCTTGG
ACCGCTGGGAGC

TGGAGCTGAACAGCGCGATTCCGGGCGACGCACGTGATACGAGCAGCCCGCGTGCAGT
GACCGAGAGCCT

GCAGAAGCTGACCCTGGGCAGCGCACTGGCCGCACCGCAGCGCCARACAGTTCGTCGAT
TGGCTGAAGGGT

AACACCACCGGTAACCATCGTATTCGCGCAGCGGTCCCGGCTGATTGGGCAGTTGGTG
ACAAGACTGGTA
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CGTGCGGCGTTTATGGTACGGCGAATGACTACGCGGTTGTTTGGCCTACGGGTCGTGC
GCCGATCGTCCT

GGCGGTGTATACCCGTGCTCCGAACAAAGACGATAAACACTCCGAAGCGGTCATCGCC
GCAGCAGCGCGT

CTGGCCCTGGAAGGCTTGGGCGTTAATGGTCAGTAACGCCGGCG (SEQ ID NO:9)

E225 TCGCCTCGAGGCGACTGCGCTGACGAATTTGG(SEQ ID NO:10)
E202 AATCGAATTCTTACTGACCATTAACGCCCAAGC (SEQ ID NO:11)

REV. COMP. E202 GCTTGGGCGTTAATGGTCAGTAAGAATTCGATT (SEQ
ID NO:12)

GACH CHAN = ADN MA HOA BL

Sau d6, c4c san phdm PCR nay duoc phan cit bing Xhol va EcoRI va nbi vao
plasmit pAH63-pstS(BlaP) dugc phan cit tuong tu. Plasmit pAHG63-pstS(BlaP) 1a bién
thé cia plasmit pAH63 (J Bacteriol:183(21): 6384-6393) dugc tao ra bing cach phan
1ap trinh tu khéi dau phién ma TEM-1 (bla) va peptit tin hi¢u ma héa vung tir plasmit
pBAD (J Bacteriol. 1995 Jul. 177 (14):4121-30) vao plasmit pAH63. Manh nau dugc
khuéch dai PCR tir pBAD sur dung cap moi E192
(ttcaCTGCAGtgaacgttgcgaagcaacggC) (SEQ ID NO:13) va E194
(TCGAggatcctcgagageaaaaacaggaaggeaaaatgeeg) (SEQ ID NO:14), dugc phan cét
bing Pstl va BamHI va dugc chén vao plasmit pAH63 dugc phan cit tuong tu. Do do,
su biéu hién cta cac B-lactamaza tir pAH63-pstS(BlaP) dua trén cac cdu tric tng dong
va trinh tu tin hiéu dugc dé xuit dé didu huéng cac protein nay dén khoang chu chat.
Cac vecto dya trén plasmit pAH63 dugc sir dung dé chén vao hé gen & dang don ban,
tuy nhién, dé cung cip muc do biéu hién cao hon dé bd sung Thém tinh nhay cia viéc
phat hién kha ning nhay cam cla cac hop chit véi cac B-lactamaza, céc doan chén
biéu hién ¢ trong cac vecto nay duge chuyén sang vector pBAD-Kan da ban sao chép
(J Bacteriol. 1995 Jul. 177 (14):4121-30). Pé thuc hién viéc nay, cac doan chén bao

gdm céac gen P -lactamaza, véi trinh tu khoi ddu phién ma TEM kém theo va cac trinh
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tur tin hiéu, dugce khuéch dai PCR tir cic vecto twong {mg ctia chiing sir dung mdi E269
(ccgTCTAGAc cggatggcctttttgcgttte) (SEQ ID NO:15) va E202
(aatcGAATTCttactgaccattaacgcccaage) (SEQ ID NO:16) véi cdu tric KPC2 va E204
(aatcGAATTCttaacgctgecagtgctcaate) (SEQ ID NO:17) véi cdu trac SHV12. Sau do,
cac phéan doan nay dugc phan cat béng Xbal va EcoRI, va mdi phan doan dugc chén
vao pBAD18-kan d3 duge phan cat béng cung loai enzym dé tao ra cdp vecto da ban
biéu hién twong tmg 1a KPC2 va SHV12. Cac vecto nay dugc bién nap vao BW25113
pspB dé tao ra cac ching NB27273-CDY0033 (biéu hién KPC2) va NB27273-
CDY0030 (biéu hién SHV12). Vecto pBAD18-kan con chira ving khoi ddu phién ma
TEM va trinh ty tin hiéu, (nhung khong chira bat ky gen p-lactamaza nguyén ven nao)
va dugc bién nap vao BW25113 pspB st dung cac quy trinh tiéu chuin dé tao ra chung
d6i ching NB27273-CDY0026. Su bidu hién céc p-lactamaza dugc x4c nhan bing
céch x4c dinh tinh nhay cadm véi cic chét khang sinh thir nghiém vi du bi giam xudng

d3 biét 1a cac co chét cia KPC2 hoic SHV12.

Thir nghiém vé tinh nhay cam

Néng d6 tre ché tdi thiéu (MICs) duoc x4c dinh bing phuong phép vi pha loang
nuge canh thit theo hwong dan cta Clinical and Laboratories Institute (CLSI). Ngén
gon 13, dung dich nudi cdy vi khudn qua dém méi dugc tao huyén phu trong nude
mubi da khi tring, va dugc diéu chinh dén 0,5 McFarl va chuin vé dd duc McFarl.
Sau d6, huyén phu chtra vi khuin duge pha lodng trong cation dugc diéu chinh nuée
canh thit Mueller-Hinton (MHB II; BBL) d thu duoc nguén mam bénh cubi xép xi la
5x10° don vi tao thanh khun lac (colony) (CFU)/mL. Pia master chtra cdc chit khéang
sinh duge chuan bi & ndng do dwong luong dé gip 100 1an ndng do cudi mong mudn
cao nhét trong dimetyl sulfoxit (DMSO) 100%. Dia chira chét khéng sinh master nay
sau d6 duoc pha lodng bang dai pha lodng hai diém vdi pipet da kénh. Dai pha lodng
thu dugc cia céc hgp chit dugc pha lodng theo ty 1€ 1:10 vé&i nudce khir trung dan dén
nong d¢ cudi 1a DMSO 10%. Thé tich 1a 10pl cia dai pha loing dugc chit duoc
chuyén sang cac dia thu nghiém 96 giéng. Céc dia thir nghiém duge G véi 90pl huyén
phu vi khuan va dugc u & 35-37°C trong 20 gio. C4c dia tht nghiém nay dugce doc
bing cach st dung may doc dia vi chuin d6 (Molecular Devices) & 600nm cling nhu

bang cach quan sat bang mit thuong voi guong doc. Ty 1¢ thap nhép cua hop chit ma
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ngin nglra duge sy ting trudng nhin thdy dugc duge ghi lai 14 MIC. Viéc tién hanh thir
nghiém nay dugc gidm sat bing thir nghiém aztreonam khéng céc chung dbi chimg dat

tiéu chudn phong thi nghiém theo hudng dan ctia CLSL.

Hop chét tham chiéu: dé so sanh, cic hop chit monobactam da biét dudi day

dugce sir dung & day:

Hop chit tham chiéu 1: Aztreonam
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Hop chét tham chiéu 2: Carumonam
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Hop chit tham chiéu 4: Aicuris W02013110643

HN
OH /@NH
O)\;/\O
.0
N
LK
N
H2N\</ , S N.
S g~ 0so:A

Bang A: Nong d6 wc ché téi thiéu (MIC) khang céc chiing déng gen ciia E. coli, mang
nhiéu yéu té quyét dinh khang khac nhau.

Vi du s6 Chiing 1 Ching 2 MIC | Ching
MIC (ug/mL) (ug/mL) 3MIC
(ng/mL)
Hop chat 0,125 >32 >32

tham chiéu 1

Hop chat 0,125 1 >32

tham chiéu 2

Hop chat 0,25 0,5 >32

tham chiéu 3

Hop chat <0,06 0,25 32

tham chiéu 4

Vidul 1 2 2
Vi du tham 0,125 0,25 0,5
khao 31

Vidu 22 <0,06 0,125 0,5
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Vi du tham 0,5 8 2
khao 4

Vi du tham <0,06 <0,06 0,5
khao 28

Chung 1: E.coli NB27273-CDY0026 (gbc)
Chung 2: E.coli NB27273-CDY0033 (KPC2)
Chung 3: E.coli NB27273-CDY0030 (SHV12)

Dir lidu trong bang A biéu thi ring hop chét theo sang ché c6 tiém lyc khang
khuén chéng lai E. coli tbt, bao gém cac ching biéu thi tinh chéng chiu manh véi mot

s& chét khang sinh monobactam va sulfabactam da biét.

Dit liéu vé hoat tinh cia hop chét theo séng ché da duoc chon loc duge dua ra
trong bang duéi diy. Cac hop chit dugc kiém tra trén ching E. coli 25922 va E. coli
chtra KPC-2 (carbapenemaza tir Klebsiella pneumoniae), dé xac dinh ndng do trc ché
t6i thiéu (MIC), & mg/L. Luu y ring cac hop chét dugc xac dinh & dang cac mudi dugc
dwa vio dong kho trong subt qua trinh phén tach, ma trong mét sb truomg hop da loai
bo mot sb axit formic, do d6 ham lwong format ciia céc mudi nay c6 thé it hon lugng

hoa ty lugng.

Bang B. Hoat tinh ciia cac hop chit trong céc vi du thuc hién sang ché.

Vi du

sb/Vi ) Ec Ec KPC2
Muoi

du tham 25922 | Iso

khao sb

-292-



21204

Vi du
s6/Vi ) Ec Ec KPC2
Muodi
du tham 25922 | Iso
khao sb
0
%)J\OH N
H
41 khong
;j/Lﬁr 1 2
HN—( ﬁ N co
[e]
%)J\OH
43 N
| H - khén
HZN\(j)\WNj/—'—‘/\N\ _\ N)k/N\ g 2 2
N=N 2
N0 co
0 //S\
0" OH
[¢]
%)]\OH
42 [ ONH Khon
g
H2N\</ﬂ );‘/\ /ﬁ/\/N\/’ , 1’4 2
N\ép cO
[¢]
%OH
Ny
46 A
HzN\</ \;N(//\/‘\/ Y\ /\N khOIlg
g om h co
0
;%)kOH
= N*/
N~ ﬂ j;ﬁ =N c6
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Vi du
s0/Vi Mudi Ec Ec KPC2
udi
du tham 25922 | Iso
khao sd
O
%)kOH
.0 AN
49 Ny o khong
N N NS 2 16
HN— ] N=N co
S 0 N_ 0
0" 87
0" “oH
0
o
0 A
47 NI H khong
N N x 2 5
HN— ] N\/Y o co
0 N=N
S N__ O
S 4
0~ "OH
o)
Ao
/O A
50 N khong
P 2 2,8
H N\</N ] N/N\\N co ’
2
S 0 LN o=/
-4
0" “OH
0
Ao
0 .
44 N khong 0.6
N N ,67 1,5
HzN\fj)\ﬂ/ N N NH, cod >
N=N
S o N0
0 TN
0” “oH
0
%)J\OH
7 N/o /NQ
N
N l H \NQK format 4 8
7
HZN\< , I N\S//
S o ~OH
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Vi du
s6/Vi . Ec Ec KPC2
Muodi
du tham 25922 Iso
khao sb
0
;>erOH
N I LN
H,N—< 0
2 \<s l ) N\S//\
o] O// OH
0
—lrJ\OH
0
51 N o khong
g ﬂN N VLOH , >64 16
2
S l 0 );r\(:o\r\FN €0
g’ sl
0’ “oH
o)
—BTJKOH
4 N/O H
ﬁ:f/ﬂ\W/N N’MN format 1 8
H;N—/
2 \<S | o N, //O?\li
© O//S\OH NH;
0
;>r)kOH
1 N o) khon
g
v AR 16 2
mN~%{ | N co
o N_ O
o -
0~ “OH
0
%)kOH
55 khong
16 4
co
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Vi du
s6/Vi Ec Ec KPC2
Mudi
du tham 25922 | Iso
khao sb
0
—lrJ\OH
e
> NJ)I\H/H N
HoN——” N™ Sy format 1 4
2 \<s | J j;,\cokj\
o S NH
d” “oH
NH
WN>:
0
_B(J\OH
52 N-°
ﬁ:]/JLTT//H LR format 0,5 1
2
T
(0] //S\ NH2
od” “oH
0
%OH
54 N/O
N:j/ﬂ\w//ﬂ LN format 2 1
H,N—
N ] );NCONJ
o P-4
07 OH
OH
%/&O
2 NC o khong |
| 0,5
S 0 >LO co
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Vi du
s6/Vi Ec Ec KPC2
Mudi
du tham 25922 | Iso
khao sb
o)
%)LOH
12 N-© ! NH,
N [N N/\( format 4 4
HZN\</ | v N
S 0 N //ONQ/
o s{
0~ OH
o)
A’)]\OH
10
HZN\(J)\H/ j;(\N/\\ format |4 11
o OH
(o]
%)L on
11
HzN\éj/Kf( };ﬁ” format | 4 4
o// \OH #NH
Hy;N
o)
H,N
13 %/U\OH \fNH
format 16 32
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Vi du
s6/Vi Mud: Ec Ec KPC2
uoi
du tham 25922 | Iso
khao sb
0
:}/J\OH o}
14 N°
I X N format | 16 8
N N
H2N~</ ] I N\S//o
S o & OH
0
>‘)]\OH o)
15 .0
N \
P N§_> format | 16 8
HN— | g N\ép
S g $on
0
%OH
56 n-C
)tj/ﬂ\w//n Ry format |4 16
H2N{S | 5 );[L/\O\:N/
o} S
0’ “oH
OH
%/&o
3 NO khong
I
o )\NH . 2 1
S co
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Vi du
s6/Vi b | EC Ec KPC2
uoi
du tham 25922 | Iso
khao sb
(0]
%OH
16
format 4 2
H2N\</
d/ “~OH
[e]
Q%)kou
53
format 1 |
mM*(:T)\W/’:I:f,;N\Z_
o” “OH
o)
6 % OH
NHZ format 4 1
HzN%j)\”/ ymmN
o “OH
0
3 —lrJ\OH
0
. w H /4\ format 2 1
HN—” N™ Yo
2 \<S , (o] N O\\/
o
o~ “oH
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Vi du
s0/Vi i | S Ec KPC2
udi
du tham 25922 | Iso
khao sb
OH
%/&O
39 NC HN khong
o )K\ 64 >64
s NN €6
=N HN \/I
H,N N_ S/P
o  TOoH
(@)
;>rik0H
0 N 0
38 Vo N fojé,o
N N \ format 8 4
S g Fon
OH
%/&o y
40 N/O N// khong
5 \ 2 2
x NH co
S N
>:N HN\;/;(_'\/l
HzN N_
S
o) O// OH
(@)
AV
18 N/O
PN
| H N" N format | 0,5 0,25
HN— | N
S o ~SOsH
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Vi du
s6/Vi ol | E© Ec KPC2
uoi
du tham 25922 Iso
khao sb
[e)
%)L OH
62
o J)\W j;K\ format 0,5 2
SO4H
Q format
HLOH
17 N-C
Nﬂn 0,5 0,25
HoN—/
2 \<S | 0 N\S//
O o
O format
9 %AOH
1 1
N
H2N\</ J/k[( j;K\ \
0
O OH
%)I\OH
57
format 0,5 |
HzN%/ ! ﬁ -
803H “—NH,
OH
%o 0.
21 khong
) 0,25 0,5
co
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Vi du
s6/Vi Ec Ec KPC2
Mudi
du tham 25922 | Iso
khao sb
OH
A(&o O
22 khong
0,25 0,125
co
HZN%ﬂ
SOSH
0
M% 0
ve “OH
37 e NH,
N_:T/II\W/H\;:(_ format 2 2
HoN~—7
\<s | J Neg
o)
[e]
Me%/u\
36 -l 0
o~ J/Kﬂ/ \;( format 2 1
~SO5H
0
M
35 0
format 2 1

NH
oy T
Nﬂ " v
HoN—
N
5%; J o} S ~SO4H
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Vi du
s6/Vi Mudi Ec Ec KPC2
uoi
du tham 25922 Iso
khéo sb
0
—lrJ\OH
24
Hznxeﬂ ﬁu format |025 |1
S0H  —N
NH
WN
0
—SrJ\OH
63 khong
32 32
SO3H —
0
%)kOH
61 NO khon
U * ’ = g 2
rhN-ﬂ( | N” SN co
S 0 N, N=/
“SO,H
0
A
34 N/O H N ~
N, LN NN format | >64 >64
}hN\xf | N 2
S o} 3 ~SO3H
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Vi du
s0/Vi . |Ec Ec KPC2
Mudi
du tham 25922 | Iso
khao sb
0
M%
33 Nl/o H N:N:j/\\\N
N N N format 2 2
H,N
’ \<s 1 o ~SO;H
0
%OH
N° J\H
45 RPN
N
HZN{/])\W VYR format | 0,5 0,5
s— O 4~ oN
o 5
0" "OH
0
“,,, HJ\OH
30 khon
g
1 1
HZN\</ j/:_'/\N NN co
SOzH
O
%OH
29 khong
] 0,25 1
co

so3
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Vi du
s6/Vi " Ec Ec KPC2
uo1
du tham 25922 | Iso
khao sb
/[::TH format
HN
31 ji/\ N
oY ° 0,25 0,25
HzN\(J)\ﬂ/ \;g‘//
// ~OH
[e]
M on
28
e j)Y j;(o % format | 0,25 0,125
\ // NH
o// “oH
(0]
%)kOH
60 khong
8 8
7 cO
"N J)\W ﬁ \—
SO,H
O
Q)LOH
32 khong
2 1
co
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Vi du
s&/Vi . Ec Ec KPC2
Mubi
du tham 25922 Iso
khao sb
O
%A o
59 khong
H2N\</j)\‘( j;‘/\ c(’) 16 16
SO3H
>:NH
O
—lrJ\OH
58 khon
g
2 1
H2N\</ ] );ﬁ co
so3
(o]
Z%/ﬂ\OH
27 HZN\(:])‘\”/ );(\N\ \N Khoéng
SO 6 <0,06 |0,125
(o]
MOH
_O
N H )o]\
N N
25 HoN—( J)\W \DA N .
~*g I o I \__4 khong
o SOH TN g 0,125 |<0,06
(o]
MCH
26 HZ”%jJY yu Khén
SO3H ‘—NH g
=N co 0,125 |<0.,06

H,N
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Vi du
sb/Vi ) Ec Ec KPC2
Mudi
du tham 25922 Iso
khao sb
(@]
A
_0
N
H
19 HoN ’ " N’N\ NH
2 \<S /. );NV/\ \— * | Khong
0" Tsos co 0,25 0,25
(o]
MOH
PZN\(J)‘Y ;'/\ N
20 = R
SOBHN Khong
co <0,06 0,125
NH /OH
! O* “
H
HoJ\““\o
o | g ﬁ ;ﬁ (i
SOH co 0,5 0,25
.
N \//
65 HzN\(j/uY );NNI N en
SO3H g
co 64 64
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Vi du
sb/Vi y Ec Ec KPC2
udi
du tham 25922 |Iso
khao sb
NH NH
o] NN
H
HO)H"\\\O
66 Hm"*(:j/ljr ;[j/b\ _IL’ khong
SO:H co 1 2
NH NH
(o] N/\/
H
Ho/“\"“\o
67 N \N n
HN— j)‘\l( j;(\ khong
"0y co 0,25 0,125
o
HN
o /[::]/l§NH
Ao,
_0
N
68 HoN——” N™ °N n
2‘*2 /- % =/ khong
" sos 6 0,25 0,25
0
MOH
69 HZN\(J)H‘/ J:'/\N \N
format 0,25 0,125
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Vi du
sO/Vi v |EC Ec KPC2
uol1
du tham 25922 | Iso
khéo s
(o]
A\)J\OH
70 ””“(’]JY);V/\ NN
803H
format 8 8
/[:)NH
HN
0 /[::]/l§NH
HO/EW”W\O
0O
N
Nj/u\"/n VES
71 MN—? N n
Hwﬂg’ o N N=/ khong
0" sos b 0,25 0,25
(o]
%)k%
wﬁ ﬁ
803H
72 khong
¢ 4 4
HOJ\ @
N N A
73 HN /j)krf NP .
5*; /I ;[:(’\~N=J khong
o SO b 0.25 0.25
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Vi du
s6/Vi ) Ec Ec KPC2
Mubi
du tham 25922 Iso
khao sb
(@]
A'/U\OH
Mﬁ pagye
74 N—&i khong
NSO,H
co 8 32
oLr
HN
0 /@NH
Ho/lj“”\o
A
75 /W)‘\”/ N N
"~ );W\N_/
"SOH format | 0,5 0,5
(0]
%)‘\OH
76 ‘@)H( ﬂb’ Khong
"SOdH co 1 0,5
_oNH
T
(o] @NH
HO)H"“\O
77 Hm\*(:j/uj( ;[jr’\~w— khong
"SOsH co 0,25 0,125
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Vi du
s6/Vi , Ec Ec KPC2
Muodi
du tham 25922 Iso
khao sb
NH
o N/\/\ e
H
HO)H"‘\\O
N/O
N H
78 el J)\!f %‘NJ khong
& soH co <0,06 |0,125
O
HN
0 =z I NH
o oS
0
N
NJ)H/H N
79 / N
HZN\<S l I ﬁN{\ Na
N\
o SO3H format | 0,25 0,25
(0]
%)‘\OH
pre)
N H (0]
80 = 2 5
co 4 4
H',,::NH
HN R
H
HO)H"‘ o
0
N
i N N
N N
81 Hm~«iiﬂ/l1( ;[:(’\~N=J khong
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Vi du
sb/Vi " Ec Ec KPC2
udi
du tham 25922 | Iso
khao sb
(o]
%/U\OH
N
o [T
S0 co 0,5 0,5
(0]
%)k o
83 HZN‘(J)H( );‘/\”‘N;?/\
S0+ khong
co 32 32
o
HN
0 @NH
HO%"‘\\O
N X
84 *EN~*6;]/JLH/ :I:_-[/\~ _ll—— khong
"SO:H ¢ 0,5 0,5
(o]
ok
Y FOE,
85 sogHN khong
co 0,5 0,5
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Vi du
s6/Vi e | E€ Ec KPC2
uodi
du tham 25922 Iso
khéo sb
0
%OH
26 HZN\(J)H( );(\ \b wNH, khéng
S0 6 1 1
0
A
N’O
0
H
N
87 HZN-<? ] N/u\NH X
S 0 N \—/ khong
o sod c6 1 0,5
(o]
%)L '
88 ”2”‘</j/”\’( );‘A\b " khon
SO3H g
co 2 4
q)ok
o Y Pl
SOzH
’ khéng
NH
co 0,5 1
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Vi du
sd/Vi Mudi Ec Ec KPC2
uoi
du tham 25922 Iso
khao sb
0
q)k o
HMJ*W gy
90 SO3H { khoén
3 g
co 0,25 0,25
qi
Mﬁ ol
91 SOH khong
C co 0,125 0,25
(e}
M H
Mﬁ ey
92 504 O”\NHz khong
co 0,25 0,5
(0]
M H
Mﬁ prgoly
SO3H
93 \D khong
R P 0,25 0,5

-314-




21204

Vi du
sb/Vi ) Ec Ec KPC2
Muoi
du tham 25922 Iso
khao s
(e}
MOH
H2N~</ ﬁ/“ﬁ( NS
0 { A
S%H khong
NH2
co 0,5 1
o)
MOH
HN—”
95 z \< j/”\”/ ):(\ khong
0
"o co 0,25 0,125
qi
96 "o
format 0,25 |
q)ok
HaN /;j/lm/
97 ~ :I:r,\\_J Kh
“SOH ong
NH2 co 0,125 0,125
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Vi du
s6/Vi N Ec Ec KPC2
Muobi
du tham 25922 Iso
khao sb
o)
%/‘%H
o)
N~ 0
N : N/H\N”
98 2 \<s | i );N(\ =/ khong
& “sos 6 2 0,5
(@]
%)kOH
99 HzN%j)J\v( );\ﬁ\j/\/ khong
S03H .
cO 2 4
(o]
%)j\OH
100 HZN\(ﬁ ;'/\ khéng
SO3H ,
cO 1 4
%)Ok
“4
101 ”2N‘</J/UW j;mN/\/NHz khon
SO3H g
co 1 1
(o]
Ak
HzN\(J)H‘/ );'/\NN___\?/\N/\/NHZ
102 SO khong
co 0,25 0,25
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Vi du
sO/Vi v | E€ Ec KPC2
uoi
du tham 25922 | Iso
khao sb
(0]
MCH
”2”%%( y \
1 03 SOSH b khéng
NH co 0,25
A)Ok
NH

104 = j/‘H( j;'/\ khon

Ns0,H o g

co >64 >64
o)
%)f\OH
CN
105 H2N\</J)J\N/ );(\ \_7/ kh(’jng
S0 co 16 32
o}
M H
wﬂ gy
106 “SOuH O'NHz khong
cod <0,06 |<0,06
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Vi du
s&/Vi : ke pe e
Muoi
du tham 25922 | Iso
khao sb
NH
o
? o
Ho”J““rJ
_0
I
N N A
N™ N
107 HN—C ] );‘/\ \=3
0 N
o SOH format | 0,25 0,25
o)
Mo“
_0
N y 0
N N
108 “Z”%J)\’( \_(\NJI\NH
s ° N
\,
o SOzH format | 0,125 <0,06
(0]
A)I\OH
2! 7 )
109 HN\<:/)\I( y\{\ khong
SO3H
¢ 0,125 | 0,25
NH
OI (e}
HO) H
N
110 H2N\</J/U\"/ j;l/\N\NJ\ khéng
SO4H co S 8
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Vi du
s6/Vi v | B Ec KPC2
uol1
du tham 25922 | Iso
khao s
0
MOH
N/O " 0
HoN /' " NJ\O
‘<s ! 0 N v/
111 0 “s03H —N_ H
)/N
o \/\NHZ
format <0,06 |<0,06
0
MOH
_0
N
H
N N .
HoN— NT N
=T 1 -
112 o NS0,H Nb
NH format 0,5 0,5
o}
A/U\OH
*N
N f NH
N
HN—? NTR N7 NH,
20 \< I 0 N= R
s S \SOaHN khong
co 2 4
0
MOH
N
N H NH
N
28 una i g S
o “504H khong
cO 4 8
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Vi du
s6/Vi ) Ec Ec KPC2
Mubi
du tham 25922 Iso
khao sb
%)kOH
%
113 HN—( J)H\/ ;:‘(\ & Khong
"SOzH c6 4 4
Mﬁ pugys
114 \'\»WH khong
A 025 |<0,06
Mﬁ prgyay
115 R
khong
\—'\/NHQ
cod 0,125 0,25
wﬁ gy
116 _2;_ A
khong
\/\’NH
N co 0,25 0,125
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Vi du
s6/Vi Ec Ec KPC2
Mudi
du tham 25922 Iso
khao sb
o]
M o
~r TR
117 S%m khong
HN-— cd 0,5 1
o]
M H
7Y ey
118 S0 \,\¥—\ khong
NH co 0,5 0,25
(o]
MOH
N0
RERP-Al
119 & som N khong
R P 025 1025
4)‘1
HQN\(j)\y( Ny
120 ;:T;; ),H khong
HN \"\’NH2
co 0,25 0,5
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Vi du
s6/Vi ) Ec Ec KPC2
Mudi
du tham 25922 | Iso
khao sb
0
%)‘\OH )
_0
N " N
N N
121 HoN—¢ R
\<S I 0 N\s O?H khong
© 6 0,25 0,25
o)

122 H2N~</f‘\ﬂ/ );ﬂ
503

format 0,125 0,125

122 sz\gﬁ( );(\

803“ format | <0,06 |<0,06

2 / N N
W*;f

SO3H N/ kh(A)Hg

co 1 0,5
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Vi du
s0/Vi vudi | E Ec KPC2
udi
du tham 25922 Iso
khao sb
o]
MOH
N/O
NJ)I\NNH N/N\
T T
124 S LN N n
d SOsH )/\/\ khong
e} NH,
cod | |
(o]
MOH
e N
v i N N\NJ\/H R
HaN
125 BRIV iau iy
(o] 2
khong
ch 0,25 0,5
[¢]
AL,
N/O NH
N
126 NS (K N\/j/\ﬁ N
=
(o} g N\503H kE\NH khéng
ch 0,5 0,5
NHZ
L4
DA :
O N N/\§NH
N' N( j/\H
127 N NH N= .
NH2< J)\ON \;{; . khong
& 9" on co 025 |025
0]
MOH
N’o N
s H “\NJ\JYN
I 0 N som HN \O
128 NH R
Khéng
co 0,5 1

-323-




21204

Vi du
so/Vi v | B Ec KPC2
uoi
du tham 25922 Iso
khao sb
(e}
MOH
°
n AR N
2 H,me \N%/H
1 g’ AN .
o H,?/ M\, Khong
co 0,5 1
O
j/\ /\/\NH2
130 khong
co 1 2
4)01\
<Y PV
131 SO3H NHz khf)ng
co 1 2
A
Rl
132 “SoaH khong
co | 1
MOH
HZN\(J/“\"/ NT /lL /\/NH2
)ﬂf
133 . khong
co 1 0,5
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Vi du
s0/Vi e | E© Ec KPC2
uotl
du tham 25922 | Iso
khao sb
0
MOH
0
(it o
77N NHZ
134 RSN );N\ﬁN‘NJ/\ :
) SO3H kh(“)ng
co 0,5 0,25
0
A'/u\OH
Nl/O
H N
N N
2! 7 \ =
N ST
T P on 07’ M N, khong
co 0,5 0,5
o}
A‘)‘\OH
W
N AN S
HzN\(;j)\!)r L //ON{H '
QO S
136 o o Z/’ g khong
co 0,5 0,5
o
MOH
W
HZN\</ I );(\ \N%/H
0 —
137 o Z,:s/(ZH N\/Q{ khong
co 1 0,5
0
MCH
N~°
4 y S
HoN N N
138 T 7 CL
¢ soH NH, khong
co 0,5 1
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Vi du
sb/Vi Mudi Ec Ec KPC2
udi
du tham 25922 Iso
khao sb
q)ok
W ey o
“SOaH kh6ng
co | 4
[0
MOH
N/O N
¥ N\;L\/ H
140 HzN&(;J)ﬁ( yN(\SO;;H HN "'NH
o) 2
khong
cO 0,25 0,25
[e]
A/U\OH
N’o N
: NN;LVf N
HN—¢
141 \< J)Ho( }N(\SO:M
khong
co 0,5 0,5
(0]
MOH
/O /N\
H,N
142 T g o
khong
chd 0,5 0,25
AL
wﬁ ﬁ
143 SOr khéng
ch 0,5 0,25
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Vi du
$&/Vi Mubs Ec Ec KPC2
uoi
du tham 25922 | Iso
khao sb
[e]
q)k o
H
HN—¢ J)\"/ j;(\ I\ N/\/\an
144 SOaH khong
co 1 1
[¢]
\ HN
145 SOgH khéng
co 0,5 0,5
Q
HzN\(ﬁ ;:(\ / AN !
146 P S
o “on khéng
co 0,5 0,5
o]
S N SN
147 khéng
co 0,5 0,5
0]
H;N—¢ \/\/NH2
148 \< \;(SOJH Y
khong
co 1 1
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Vi du
s6/Vi y Ec Ec KPC2
uo1
du tham 25922 | Iso
khéo sb
o)
MOH
0
i e
N
HN—{ ] ! J:\/\N\Nf ° N\j\/NHz
149 “sOsH R
khong
co 0,5 0,5
0
A/U\OH
N/O H NH
N N X
HZN\</S ’ I );N(\N\NJ/\N NQ»NH
150 “SOsH A
khong
co 1 0,5
0
MCH
O
H2N~</ i I N);N(\N\’:i\ NNk,
151 “S0:H n
khong
co 0.5 0,5
)
MOH
0
H2N\</s ] I 3?»(\’\1\;3/\/’8\?/ 2
152 SOsH khéng
co 0,5 0,5
o
MOH
_0
N N . NH
HzN\</S i I N\’:_\ N7 N NH,
" sos khong
153 co 1 0,5
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Vi du
s6/Vi Mudi Ec Ec KPC2
uoi
du tham 25922 |Iso
khao sb
0
MOH
HzN%j)JY y :C
“SOzH khong
154 co 0,25 0,25
(o]
MOH
HzN\(J)‘\’( ):_(\ /
“SO5H khong
155 co 0,25 0,25
(o]
A/U\OH
H2N
<Y g
NS0.H khong
156 co 0,25 0,25

Bing céc phuong phap giéng nhu duge mo ta & day, cac hop chit bd sung c6 thé duoc
diéu ché dé dang tir nhimg nguyén liéu ban dau da biét sir dung k§ ning thong thuong.
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YEU CAU BAO HO
1. Hop chit c6 cong thirc (1):
R1><R3
2
R O
s
NoH
H N\</N N Het
2 /
s-Z O N_ 0
O \S/
0]
@
hoic mubi dugc dung cua no,
trong do :
Z 14 CR*hoic N;

R'IaH hodc C;-C; alkyl;

R? dwogc chon tir nhém bao gém H, C;-Cy4alkyl, va -COOH

hoic R' va R’ cung v&i cacbon ma ching dugce gén vao tao thanh vong duge chon tir
vong C;-Cexycloalkyl va vong di vong ¢ 4-6 canh chira 1én dén hai nguyén tir khac
loai dugc chon tir N, O va S lam cac thanh phﬁn cua vong;

R? dugc chon tir H, -COOH, va —L'-W-(CH,)o-X-R’;

R'IaH hodc halo;

mdi L' doc 1ap 1a C,_4alkylen mach théng hodc mach nhanh;

W la lién két, O, NH hoic S;

X 1a phenyl, hodc vong heteroaryl c6 5-6 canh chira 1-3 nguyén tir khac loai dugc
chon tir N, O va S lam cac thanh phéan cia vong; trong d6 phenyl va heteroaryl c6 5-6
canh nay tuy y dugc thé béng mdt hodc hai nhém duge chon tir C4 alkyl, hydroxy, -
CN, F, C,_;alkoxy, -NH,, -NH(C,_4 alkyl) va —-N(C;_4 alkyl),;

R’ duge chon tir

-330-



21204

R1b R1b

N N N /\ v\
Jl\ R® J\ R /“\ (CHr2 PEE
[T éSH N RN K NP
IIQZb éZb ||Q2b H [Lzb
; ; va ;

trong do Rlb, sz, va R*® doc 1ap 14 hydro, hydroxy, CN, (C;-C,)alkyl, (C,-Cy)alkoxy,
(C5-Ceg)xycloalkyl, hodc heteroxyclyl cé 4, 5, 6 hoac 7 canh chira N, O hodc S lam
thanh phdn cta vong, trong d6 mbi (C-Cyalkyl, (C,-Cyalkoxy, (Cs-Cg)xycloalkyl,
hodc heteroxyclyl c6 4, 5, 6 hotic 7 canh chira N, O hodc S lam thanh phin ciia vong

c6 thé dugce thé béng mot, hai hodc ba phén tr thé doc 13p duoc chon tir Y,

va trong d6 R? va R*® clng v6i nguyén tir nito ma ching duge lién két c6 thé tuy y tao
thanh heteroxyclyl ¢6 5 dén 7 canh bao gdm Thém 0 hodc 1 nguyén tir khéc loai dugc

chon tir N, O va S, heteroxyclyl ndy tuty ¥ duoc thé bing Y;

Y duoc chon tir F, CN, -NH,, Q, -L*-C(O)NR'*-L*-Q, -L>-NR'%-C(0)-L-Q, -L2-OR°,
-L>-NR'"),, -L2N*R"Y);, -L2NR'-C(O)R"?, -LZNR"’-L2NR'%),, -1.2-0-C(O)OR",
-L2-0-C(0)-N(R"),, -L-NR"-C(0)-NR'"),, -L:NR'’-C(0)-OR" -L%-C(=NR'").
NR'"),, -CONR'"), -L:NR"-C(=NR'")-NR'"),, -LZNR"-C(=NR'")}-R", 1%
C(O)N(R"),, -L%-0-SO;R?;

L? v6i mdi 1an xuét hién doc 1ap 1a lién két hodc C;.4 alkylen mach thrfmg hoac mach
nhanh, tiy y dugc thé béng NH,, OH, hoic F;

Het la vong di vong no c6 4-6 canh, trong d6 vong dj vong nay chira 1 hodc 2 nguyén
tar khac loai duge chon tir N, O va S lam cac thanh phén cua vong va dugc thé béng
0x0 va tlly ¥ c¢on dugc thé bang Y;

R!%va R? doc 1ap 1a H hodc Cy4alkyl tuy y duoc thé béng mot hodc hai nhém duoce
chon tir OH, NH, hoic Q;

Q dugc chon tir -L>-N(R"),, -LAN"(R'"),, -L-NR"-C(=NR'*)-N(R"),, -L:-NR"-
CRP(=NR"), -L>-NR"-L%-Cy, -L>-NR"-C(=NR"*)-NR"*-L2-Cy, -L2-NR"-C(=NR?)-
L*-Cy, -L*-Cy-L>R", -L%-Cy-L>-NR"?),, -L2-NR"-80,-N(R"*),, -L-SO,-N(R"),, -
L’-NR"-80,-R", -L2-NR"-L%Ar, -L2-8-L%-Cy, -L>-NR *~(C=0)-0-R ",
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+
~

R11
|+ R11 2
—3-L2 v %LZ NS }{Lz SN N

R11
R15 R15 R15

mdi Cy ddc 1ap 1a xycloalkyl c6 3-6 canh hodc heteroxyclyl ¢ 3-6 canh chira mot
hozc hai nguyén tir khic loai dugc chon tir N, O va S 1am thanh phén vong va tiy ¥
duoc ngung tu véi vong aryl hodic vong heteroaryl ¢ 5-6 canh, trong d6 mdi Cy tuy y
duoc thé bﬁng mot hodc hai nhom duge chon tir halo, C,.3 haloalkyl, R”, hydroxy, C,4
alkoxy, -NH,, -NH(C,_4 alkyl) hodc —N(C,_4 alkyl),;

Ar 13 phenyl, tiy y dugc thé béng mot hodc hai nhom dugce chon tir halo, C;;
haloalkyl, R'*, hydroxy, C;.4 alkoxy, -NH,, -NH(Cj.4 alkyl) hodic -N(C s alkyl),;

R'"! v&i mbi 14n xudt hién ddc l1ap 1a C_4 alkyl;

va hai R', hodc hai R, hodc hai R" trén cung nguyén tir N co thé vong hoa dé tao
thanh vong di vong c6 4-6 canh tily y dugc thé bang C,4alkyl, Ci4 alkoxy, hydroxy,
hodc oxo;

R" v6i mbi 14n xuét hién doc 1ap 1a H hodc C4alkyl tiy y dugc thé bing hydroxy, -
OR', -NHR", C,_4 alkoxy, -NH,, -NH(C).4 alkyl) hodc -N(C.4 alkyl)y;

R" v6i mdi 1an xuit hién doc 1ap 1a C,4 alkyl tily y dugc thé bing hydroxy, Cj4
alkoxy, -NH,, -NH(C_4 alkyl) hodc —N(C,_4 alkyl);

trong d6 hai R hodc hai R' trén cung nguyén tir N ¢6 thé vong hoa dé tao thanh vong
di vong c6 4-6 canh tity ¥ duoc thé bang C,alkyl, C 4 alkoxy, hydroxy, amino hoac
0XO0;

R"Y1a H, halo, C,_4alkyl, CN, hodc -O(C_4 alkyl).

2. Hop chit theo diém 1, trong do R' va R? cung v6i cacbon ma chung duoc gin vao

tao thanh vong xyclopropan va R* 1a -COOH.
3. Hop chét theo diém bét ky trong sé cac diém néu trén, trong d6 Z 1a CH.
4. Hop chat theo diém bat ky trong s cac diém 1-3 | trong d6 Het dugc chon tir

pyrolidin-2-on, oxazolidin-2-on, va imidazolidin-2-on, va tity y dugc thé bang Y.
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5. Hop chit theo diém bét ky trong s cac diém néu trén, trong d6 hop chét nay c6

cong thuce (II):

O

F%EX<§&-—<>++
R2
N/o
| H
H,-N N N
2 v
\<S ! O 5 N

Het
\S//O
7 —OH
O
D),
hodc mudi duge dung ctia né.
6. Hop chét theo diém 1, trong do ---O-CR'R’R? duogc chon tir
COCH COOH COOH COOH COOH COOH

O)< O)V o) o)\ O) o O)Q

va
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7. Hop chét theo diém 1 hoic diém 6, trong d6 Het dugc chon tir

8. Hop chit theo diém bét ky trong s cac diém trén, trong d6 hop chit nay 1a mudi

dugc dung.

9. Hop chét theo diém 1, dugc chon tir:

0

L

1 N/O
| H i
N N
HZN\(J)\[f N: 7
S o N O
74
o -4
0" “OH
OH
S
2 o)
N o)
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o
: b
HZN\(J)\”/ y(f
J ~oH
OH
%/&o
3 Nl/o 0
S AN 0 N>\\NH
=N HN \)
H,N N\S/P
o  TOH
(@)
—%/J\OH
57
HzN%J)\W ﬁ "/
S03 _NH2
OH
r&o 3.
21
SO3H
OH
0
. M O
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24
HzN%ﬂ ﬁu
SOH  —
H2N
0]
%)J\OH
63
HzN%ﬂ ﬁ 7
“SOH  —
o)
%OH
59
i
sthH
Y=NH
H,N
0
%OH
58
Wﬂ ﬁ
so3
o)
MOH
wﬁ ﬁ
25

SO3H

_NH2

-336-




21204

" 3)3( oae

26
SO;H —NH
>=NH
H,N
NH /OH
! O* “
H
HO)H.»\
o wﬁ ﬁ
“s0.H
(o]
%/”\OH
o | e ﬁy o
SO;H
Q
%/“\OH
wﬁ ﬁ
72 503
(@]
_%)kOH
76
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A
e b

80
SO:,H
(0]
_\)‘\OH
26 HZN\(J/H/ I(\ \5 wNH,
SOaH
(o]
%/U\OH
88 HaN—( ])\’( y \5 ™
SO3H
4)1
97 HzN\(J/L'r y 7
Ns0,H e
NH2
q)ok
H
104 2““</j/k‘( y

S05H o
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(o]
MO“
_O
N H /ﬁ\
N N
108 HzN%j)l\H/ N7
s o N /
O SO3H
(o]
q)‘\ o
”’”‘«j)l\'( yu
111 SO3H Y
o \/\NH2
0O
%)LOH
113 HZ”‘(J)\”/ y &
NSO H
(o]
MOH
122

Y Py

va cac mudi dugce dung cia ching.
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10. Hop chét theo diém 1, trong d6 hop chit nay 1a

OH

MO 5
N/O >\\O
N | H N\/I
N~ ] N
S o ¥ “SO4H

22

hodc muoi duge dung cia no.

11. Dugc pham chira hop chét theo diém bat ky trong sb cic diém néu trén va it nhat

mot ta duge duge dung.

12. T4 hop duge, chira hop chit theo diém bat ky trong sé céc diém 1-10 va chét didu
tri thur hai, trong do chét diéu trj thtr hai 1a chét khang vi khuén, chét nay dugc chon tir
macrolit, beta-lactam, glycopeptit, quinolon, sulfonamit khang khudn, sulphanilamit
khang khuén, aminoglycosit, tetracyclin, rifamyxin, lincosamit, streptogramin,
oxazolidinon, polymyxin, colistin, colymyxin, trimethoprim, bacitraxin, chit trc ché

bom diy, hodc chét trc ché beta-lactamaza.
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DANH MUC TRINH TU

<110> Novartis AG

<120> HOQOP CHAT HOU CO MONOBACTAM, DUQC PHAM VA TO HQP DUQC CHUA HQP CHAT NAY

<130> PAT056170-US-PSPO2
<160> 17

<170> PatentIn version 3.5

<210> 1
<211> 32
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> Oligonucleotit tdng hop

<400> 1

tcgectcgag gcgactgcecge tgacgaattt gg 32
<210> 2

<211> 33

<212> ADN

<213> Trinh tyg nhédn tao

<220>
<223> Oligonucleotit tdéng hop

<400> 2

aatcgaattc ttactgacca ttaacgccca agc 33
<210> 3

<211> 30

<212> ADN

<213> Trinh ty Nhén tao

<220>
<223> Oligonucleotit Tdng hop

<400> 3

tcgcctcgag gcgagcccgce aaccgctgga 30
<210> 4

<211> 32

<212> ADN

<213> Trinh tyu nhan tao

<220>
<223> Oligonucleotit tdng hop

<400> 4

aatcgaattc ttaacgctgc cagtgctcaa tc 32
<210> 5

<211> 866

<212> ADN
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<213>

<220>
<223>

<400> b
atgggccatc

agcccgcaac
atgatcgaga
ttceccgatga
gcgggtgacg
agccceggtta
gcgattacca
gcgggcettga
gaaacggagc
atggcagcga
cagctgctgce
ccagcaggct
gtcgcgctgce
accccggcaa
gagcactggc
<210> ©

<211> 30

<212> ADN
<213>

<220>
<223>

<400> 6

atcatcatca
cgctggagca
tggatctggc
tgtcgacctt
aacaactgga
gcgaaaagca
tgagcgacaa
ccgcatttet
tgaacgaggc
ccctgegtaa
aatggatggt
ggttcattge
tgggtccgaa
gcatggccga

agcgttaacg

Trinh tuy nhédn tao

Polynucleotit téng hop

tcacagcagc
gatcaagcag
ttccggeegt
taaagttgtt
gcgcaagatc
cctggcggat
tagcgeggcet
gcgtcaaatc
actgccgggt
actgctgacc
ggatgaccgc
ggacaaaact
caacaaagcc

gcgcaaccag

ccggeg

Trinh ty nhan tao

Oligonucleotit tdng hop

tcgectcgag gcgagcccgce aaccgctgga

<210> 7
<211> 32
<212> ADN
<213>
<220>
<223>
<400> 7

Trinh ty nhén tao

Oligonucleotit Téng hop

21204

ggcctggaag
tctgagagcc
acgctgacgg
ctgtgtggtg
cattaccgcecce
ggcatgaccg
aatctgctgt
ggcgataatg
gatgcccgtg
agccagcgtc
gtggcgggte
ggtgcctcta
gaacgtattg

caaattgcgg

aatcgaattc ttaacgctgc cagtgctcaa tc

<210> 8
<211> 32
<212> ADN

-342-

ttctgttcca
agctgagcgg
catggcgtgce
cggtcttgge
aacaggactt
tgggtgaatt
tggcgaccgt
ttacgcgtct
ataccacgac
tgagcgcacg
cgctgatccg
agcgtggtgce
tggttatcta

gcattggtge

ggggcccegeg
ccgtgtgggt
cgacgaacgt
acgtgtagac
ggtcgactac
gtgcgccgcet
tggtggccca
ggatcgctgg
tcctgctage
tagccaacgc
ctcegtectg
gcgtggtatc
tctgcgcgac

ggcactgatt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

866

30

32



<213>

<220>
<223>

<400> 8

Trinh ty Nhédn tao

Oligonucleotit tdng hop

gattgagcac tggcagcgtt aagaattcga

<210> 9

<211> 884
<212> ADN
<213>

<220>
<223>

<400> 9
atgggccatc

actgcgctga
tcgatcggtg
gagcgttttc
agccaacagc
ccgtggagcec
gctgcggegg
ggtccagcgg
cgctgggage
cgtgcagtga
cgccaacagt
gcggtcccgg
gcgaatgact
accecgtgcete
ctggcccetygg
<210> 10

<211> 32

<212> ADN

<213>

<220>
<223>

<400> 10

atcatcatca
cgaatttggt
tctacgcgat
cgctgtgtag
aagcgggcect
cgattagcga
ttcagtattc
gtctgacggc
tggagctgaa
ccgagagcct
tcgtcgattg
ctgattgggc
acgecggttgt
cgaacaaaga

aaggcttggg

Trinh ty Nhéan tao

Polynucleotit Téng hop

tcacagcagc
ggccgageceg
ggacaccggt
ctctttcaag
gctggacacc
aaagtacctg
cgataacgct
tttcatgcgt
cagcgcgatt
gcagaagctg
gctgaagggt
agttggtgac
ttggcctacg
cgataaacac

cgttaatggt

Trinh ty nhén tao

Oligonucleotit téng hop

tcgcctcgag gcgactgcge tgacgaattt

<210> 11
<211> 33
<212> ADN

21204

ggcctggaag

ttcgcgaaat
agcggtgceca
ggttttctgg
ccgatccegtt
accaccggca
gcggcaaatc
tctattggcg
ccgggcgacg
accctgggceca
aacaccaccg
aagactggta
ggtcgtgcegce
tccgaagcegg

cagtaacgcc

g9

-343-

ttctgttcca
tggagcaaga
ccgtgagceta
ccgcagccegt
acggcaaaaa
tgacggtggc
tgctgctgaa
acaccacctt
cacgtgatac
gcgcactggc
gtaaccatcg
cgtgcggcgt
cgatcgtcct
tcatcgccge

99cg

ggggccecgeg
ttttggtggt
ccgtgcecgaa
gctggcacgce
tgcgetggtt
ggagttgagc
agaactgggc
tcgcttggac
gagcagcccg
cgcaccgcag
tattcgcgca
ttatggtacg
ggcggtgtat

agcagcgcegt

32

60

120

180

240

300

360

420

480

540

600

660

720

780

840

884

32



<213>

<220>
<223>

<400>

21204

Trinh ty nhédn tao

Oligonucleotit tdng hop

11

aatcgaattc ttactgacca ttaacgccca agce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

33

ADN

Trinh ty nhén tao

Oligonucleotit tdng hop

12

gcttgggcegt taatggtcag taagaattcg att

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

31

ADN

Trinh ty nhéan tao

Oligonucleotit téng hop

13

ttcactgcag tgaacgttgc gaagcaacgg c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

tcgaggatcce tcgagagcaa aaacaggaag gcaaaatgcc g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

41

ADN

Trinh ty nhédn tao

OCligonucleotit téng hop

14

15

30

ADN

Trinh ty nhé&n tao

Oligonucleotit tdng hop

15

ccgtctagac ggatggcectt tttgcgtttce

<210>
<211>
<212>
<213>

<220>
<223>

16

33

ADN

Trinh tu nhén tao

Oligonucleotit téng hop
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<400>

21204

16

aatcgaattc ttactgacca ttaacgccca agce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

32

ADN

Trinh ty nhén tao

Oligonucleotit téng hop

17

aatcgaattc ttaacgctgc cagtgctcaa tc

-345-

33

32





