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Linh vwe k¥ thuét dwoce dé cap

Sang ché dé cap dén hop chét diazabixyclooctan. Séng ché ciing dé cap dén
quy trinh didu ché hop chét nay. Sang ché con dé cap dén dugc phdm chira hop chét do.

Tinh trang ky thuat cia sang ché

Penixilin va xephalosporin 1a thubc khang sinh p-lactam dugc sir dung rong rai
va thuong xuyén nhét trong 1am sang. Tuy nhién, sy khdng thudc khéng sinh B-lactam
¢6 duge & nhiéu vi sinh vat gdy bénh da gdy ra nhirg anh huéng cuc ky bét loi dbi voi
viéc duy tri didu tri hiéu qua cic bénh nhidm khuin. Co ché dugc biét dén nhiéu nhét
lién quan dén viéc ¢ duoc sy khang khun 13 su san sinh c4c B-lactamaza nhom A, C,
va D ¢c6 gbc serin & tdm hoat dong. Céc enzym nay phén huy thubc khang sinh B-
lactam, 1am mét céc hoat tinh khéng khuén. Cac B-lactamaza nhom A wu tién thiy
phan cac penixilin trong khi cdc B-lactamaza nhém C co tidu st co chit ua
xephalosporin. Du6i dang cac thudc e ché B-lactamaza c6 ban sdn trén thi trudng,
axit clavulanic, sulbactam, va tazobactam da dugc biét dén, va cac thude e ché nay
cha yéu c6 hiéu qua chéng lai vi khuén sinh B-lactamaza nhém A, va dugc st dung
du6i dang hdn hop véi thubc khang sinh penixilin. Tuy nhién, cho dén nay c6 250 loai
B-lactamaza hodc nhidu hon d3 duoc béo cdo, va trong sd chiing, ngoai viéc md rong
cac P-lactamaza nhém C cling nhu B-lactamaza phd rong (ESBL) thudc cac B-
lactamaza nhém A va D, cic vi khudn khang thuc khac ma san sinh B-lactamaza
KPC-2 nhom A thim chi phan huy c& carbapenem nhu la loai thube khang sinh B-
lactam cudi cung dugc xem 1a mot van dé. Su phat trién thude e ché mai dic biét can
thiét vi cac thubce trc ché hién c6 12 khong c6 hiéu qua d6i v6i cac p-lactamaza nay.

Ngoai ra, trong nhitng ndm gin déy, cac bénh nhiém trung do vi khuén khéang
thudc néu trén gay ra nhu 1a vi khudn sinh bénh da duogc phat hién khong chi & cac
bénh nhidm tring ning ma déi khi con & bénh nhidm tring mic phai ¢ cong dong, do
d6 viéc phat trién thudc trc ché méi ma c6 thé dugc sir dung két hop véi thudc dugc
lya chon ddu tién (vi du, penixilin hodc xephalosporin) & do thi 1a cyc ky can thiét.
Tuy nhién, mdc du c6 bdo cdo vé céac thude tre ché tiém nang va bdo céo vé viée diéu
tri bénh nhiém trung ning, chi c6 mot vai chit dugc phat trién.

Trong nhitng nam gin day, US 7,112,592, US 7,612,087 va WO 2009/091856
da boc 10 rang cac loai din xuét diazabixyclooctan 1a cac hop chét hta hen trong didu
tri cac bénh nhiém trung dudi dang thudc khang sinh c6 ciu tric khong p-lactam hodc
thudc @e ché p-lactamaza. V& quy trinh didu ché din xuét nay, ngoai cac tai liéu dugc
d& cap trén ddy, quy trinh duoc boc 19 trong WO 2010/126820 da dugc biét dén.
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Ban chit ky thuit ciia sang ché
Van dé can duoc giai quyét béi sang ché

Céac thubc e ché B-lactamaza sin c6 hién nay khéng da dé @c ché B-
lactamaza khong ngimg gia ting, va ngay nay doi héi c6 cac thudc e ché B-lactamaza
m&i dé didu tri cac bénh nhiém khuén gay ra do vi khudn khang thudc ma san sinh ra
B-lactamaza nhém C, B-lactamaza phd rong (ESBL) thudc nhém A va D, hoic KPC-2
nhém A phan huy tham chi ca carbapenem nhu 14 loai thudc khang sinh B-lactam cudi
cung.

Céch thire giai quyét van dé

Céc tac gia sang ché da tién hanh nghién ctru siu rong vé thudc rc ché -
lactamaza m&i ¢ hiéu qua dbi véi vi khuédn sinh B-lactamaza ma hién nay da giy ra
cac van dé néu trén, cu thé 1a cac B-lactamaza nhém A, nhém C va nhém D, va két qua
14 da phat hién ra din xuét diazabixyclooctan c6 cdng thie (I). Céc tic gia sang ché
cling phét hién ra ring hop chét theo séng ché c6 kha ning khéi phuc hoat tinh khang
vi khudn coa thudc khang sinh B-lactam chéng lai cac vi khuin khang thudc khi st
dung két hop véi thude khang sinh B-lactam.

Ngoai ra, ban md ta nay ciing boc 10 phuong phap diéu ché hop chit co cong
thac (III), ma bao ham trong cdng thirc (I) cua sang ché:

A\B/(U)‘ Rc’o\Bj
MM

- Ny
o oC o 0S0M 11y

P

trong d6

A'1la -N(R,)(Rp) hodc -OR,, trong do mdi R, va Ry, ddc 1ap 1a C¢-alkyl hodc axyl; va
R, 1a C;_¢-alkyl hodc heteroxyclyl;

A c6 thé duoc thé bang 4 ph?ln ttr thé F,; duge chon tir C;¢-alkyl, =O va -(CHy)n-Rg,
trong do

nla0-3 va

R, 18 heteroxyclyl; phenyl; heteroaryl, axyl, R4O,S-; Re(Rp)N-, R((R)NCO-, -OR,, -
OCOR, hoic nhom bao vé dugce chon tir cic nhom bao vé kiéu trialkylsilyl va
carbamat, trong d6

Ry 1a Cy4-alkyl hodc —OM, va
R., R¢mdi nhém doc 1ap 1a H hodc C¢-alkyl,
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va Fy co thé tiép tuc dugc thé;

B 12 —-NH hodc —N(C.¢-alkyl);

C l1a H, benzyl, hoac —SO;M, trong d6 M 1a H, cation v6 co hodc cation hitu co;

va tiép theo, R, va Ry, R, va B, va R, va R¢ ¢ thé dugc lién két véi nhau dé tao thanh
heteroxyclyl c6 it nhat mot nguyén tir nito.

Trudc tién, dé nghién ciru phuong phép didu ché dé thu duge hop chét c6 cong
thie (II) néu trén, thdm chi khi phuong phép trong d6 mot duong lugng phosgen va
amin dugc st dung nhu da dugce boc 1o trong patent My s6 7,112,592 hoic patent M§
s6 7,612,087 hoic phuong phép trong d6 hop chét duoc xir Iy bang triphosgen va dung
dich axit phosphoric 10% nhu dwgc bdc 10 trong WO 2009/133442 hodc WO
2010/126820 dugc ap dung cho hop chét c6 cong thire (IV-c):

j |
- HN N,OBn
H
(V-c)
trong cong thirc (IV-c) trén, Rc va B ¢6 nghia gidng nhw d3 duge dinh nghia cho hop

chét c6 cong thirc (IT), va OBn 1a benzyloxy,

hop chit ¢6 cong thirc (IV-c) c6 N-alkoxycarbamoyl thé hién tinh axit yéu ¢ mach
nhénh & vi tri 2, & hop chét ¢6 ciu tric diazabixyclooctan c6 cong thic (Ila):

o ?
Rc” “B/L'"
N

o N‘OBn

(ha)

trong cong thirc (I1a) néu trén, Rc va B ¢6 nghia gidng nhu d4 dwoc dinh nghia cho
hop chit c6 cong thirc (IT), va OBn 1a benzyloxy,

cd thé duogc di€u ché chi véi hi€u suat cuc ky nho.

Ngoai ra, phuong phap dugc bdc 1§ trong WO 2009/133442 hodc WO
2010/126820 d4 dwa mach nhanh & vi tri 2 vao giai doan du ctia quy trinh diéu ché,
ma khong qué tén kém, dé phuong phap niy khong c6 hidu qua can thiét nhu 1a mot
quy trinh san xuét thwong mai, va viéc thiét 1ap mot quy trinh didu ché ma dé dang
cong nghiép hdéa dugc mong doi.
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Vi thé, céc tac gia sang ché da phat hién ra cc hop chét c6 cong thirc (IV-a2),
(IV-a3) hoac (IV-a4) dudi day:

OH

.
P1.IO\N,OBn

H
(IV-a2) P'=TFA
(IV-a3) P'=Boc
(IV-ad) P'=Teoc

trong d6 TFA 1a trifloaxetyl, Boc 14 tert-butoxycarbonyl, Teoc la 2-
trimetylsilyletoxycarbonyl, va OBn la benzyloxy,

duédi dang cac nguyén liéu ban dAu hiru ich hon, va dd nghién ctru nghiém tic dé dua
ching vao cac hop chét c6 cong thirc (IV-c) va (Ila) néu trén.

Két qua 13, séang ché da dé& xuét quy trinh didu ché hop chét c6 cong thire (IIT)
dudi day:

|
RO/O‘B)I"‘
N

05 N‘o—SO3M
(I
trong d6 Rc, B va M ¢6 nghia gidng nhwr da dugc dinh nghia cho hop chét c6 cong
thac (I) néu trén.

Thc 13, sang ché @& cap dén hop chét 12 din xuit diazabixyclooctan ¢ cong
thirc (I) hodc mubi duge dung hoic solvat cia no:

|!
A.B)
N

ofL_N‘O'c ,

U]

trong do

Ala N(R,)(Ry) hodc -OR, trong do mdi R, va Ry, doc 14p 1a Cy¢-alkyl hodc axyl; va
R, 1a C,¢-alkyl hodc heteroxyclyl;
A c6 thé duge thé bing 4 phin tir thé Fy,; duge chon tir Cyg-alkyl, =0 va (CHy)p-Ry,

trong do

-5-



23597

nla0-3va

R, 1 heteroxyclyl; phenyl; heteroaryl, axyl, R40,S-; R(RN-, R(RgNCO-, -OR,, -
OCOR, hodc nhom bao vé dugce chon tir cdc nhoém béo vé kiéu trialkylsilyl va
carbamat, trong do

Ry 1a Cy6-alkyl hodc —OM, va

R., Ry mdi nhom doc 1ap 1a H hodc C¢-alkyl,

va F.; co thé tiép tuc dugc thé;

B 1a —NH ho#c -N(C,.¢-alkyl);

C 1a H, benzyl, hodc —SO3M, trong d6 M 1a H, cation v co hodc cation hitu co;

va t1ep theo, R, va Ry, Rc va B, va R, va Recd thé dugc lién két v4i nhau dé tao thanh
heteroxyclyl c6 it nht mot nguyén ti nito.

Ngoai ra, sang ché ciing @& cap dén duoc pham chira hop chét theo sang ché
néu trén va tiry ¥ chit mang duge dung, va ciing @& cap dén hop chit theo séng ché,
dugc pham dung trong phuong phéap didu tri bénh nhiém trung.

Hon nita, sang ché dé cap dén quy trinh diéu ché hop chét c6 cong thirc (I1D):

O\ )‘l.
R:/ B .

O‘ N‘Of SO3M

an

quy trinh nay bao gdm cac bude:

(iv) loai nhom benzyl Bn cta hop chét ¢6 cong thie (1la):

CI)
Rc’o‘B/t""
N

N\
(lla)

str dung chét xtic tic qua trinh hydro phan trong moi trudng hydro dé tao ra hop chit
¢é cong thirc (1Ib):
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O

|
Rc,o\B) s
N

O)‘_N\OH

(Ilb)

va

(v) sulfat hoa nhém hydroxyl & vi tri thir 6 v6i sy c6 mit cua bazo, va

(vi) néu cén, loai nhém bao vé c6 mit & mach nhanh -B-O-R,,

va tly y cac budc (i)-(iii) trude cac bude (iv)-(vi) n€u trén:

(i) lién két hop chét c6 cong thirc (IV-a) v6i hop chét c6 cong thire R,OBH, bang cach

st dung este hoat tinh, amit hoat tinh hodc chét ngung tu loai nudce dé tao ra hop chét
c6 cong thic (IV-b):

OH

.

° O\
N OBn
P N’
H

(ii) loai nhém béo vé P' dé tao ra hop chét c6 cong thirc (TV-c):

l
Rc’o‘la’l _
HN N,OBn

H
(IV-c)

(iii) silyl héa hop chét nay trong hé phan tmg va sau d6 dua hop chét d6 dén phan ung
tao ure ndi phan tir dé tao ra hop chét c6 cong thirc (I1a) néu trén,

trong do6 trong cac cdng thirc & trén, R, B va M 1a nhu dugc dinh nghia & cho hop chét
c6 cong thiee (I) & trén, OBn 1a benzyloxy, va P! 1a nhém bao vé ma c6 thé dugc loai
b bing axit, bazo hodc chét 4i nhan.

Hon nita, sang ché dé cap dén quy trinh didu ché hop chét c6 cong thire (ITa):
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N
@) OBn (I1a)

quy trinh nay bao gbm budc:

(iii) silyl héa hop chét c6 cong thire (IV-c)

(IV-C)

trong hé phan tng, va sau d6 dua dén phan tmg tao ure ndi phéan tlr, va tlry y cac budc
(i) va (ii) trudce budc (iii) néu trén:

(i) lién hop hop chat c6 cong thirc (IV-a) véi hop chét co cong thire R.OBH, sir dung
este hoat tinh, amit hoat tinh hoédc chét ngung tu loai nudc 8 tao ra hop chét c6 cong
thirc (IV-b):

OH ?
1) /O iy
g BN <o N
P1,N N,OBn P1,N N/OBn
H H
(IV-a) (IV-b) va

ii) loai nhém bao vé P' @& tao ra hgp chét c6 cong thirc (IV-c) & trén,
g

CI)
O 1y
RS \B/L
H/N N/oan
H

trong d6 trong cc cong thire néu trén, R, va B 13 nhu dugce xac dinh cho hop chét ¢6

(IV-c),

cdng thire (I) néu trén, OBn 1a benzyloxy, va P! 1a nhém béo vé ma ¢6 thé duoc loai bd
béng axit, bazo hodc chét 4i nhan.

Hon thé nita, sang ché @& cép dén quy trinh diéu ché (2S,5R)-metyl 5-
(benzyloxyamino)piperidin-2-carboxylat va hydroclorua cia no, quy trinh nady bao
gdbm budc metyl este hoa axit (2S,5S)-5-hydroxypiperidin-2-carboxylic  hodc
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hydroclorua ctia né, trifloaxetyl hoa, benzyloxyamin héa nhém hydroxyl ¢ vi tri thir 5,
va loai bd trifloaxetyl.

Ngoai ra, sang ché dé cap dén cac hop chat ¢ cong thuc sau day:

OMe OMe
s CL Cl CL CL Q
HN .0Bn HN .0Bn HN .0Bn HN OBn — .0Bn

N 2va 2HCI
g 3. J

O/’“‘O\ BOC~N/\/O ﬁ O\ Cbhz. N/\,O N
Teoc’N E{ OBn TFA® OBn H .0Bn

o 0 '

soc\n/\,o\u)‘/.,, Boc.y ~Osy Chz. /\/o ﬂ)

,Q oBn N H HQ .0Bn HQ _OBn
Teoc u u

trong d6 TFA la trifloaxetyl, OMe la metoxy, Boc la tert-butoxycarbonyl, OBn 1a
benzyloxy va Teoc 12 2-trimetylsilyletoxycarbonyl.

Céac phuong 4n uu tién cia sang ché 13 nhu dugc x4c dinh & cac diém yéu cau
bao ho phu thudc va/hodc trong phﬁn mo ta chi tiét dudi day.
Hiéu qua clia sang ché

Cac din xuét diazabixyclooctan méi c6 cdng thire (I) néu trén duge tao ra boi
sang ché c6 hoat tinh e ché hitu hiéu khang lai nhiéu loai B-lactamaza khac nhau. Cu
thé, n6 c6 hoat tinh thudc trc ché hitu hidu dbi véi cac B-lactamaza nhém A, nhém C
va nhém D. Cu thé hon, n6 c6 hoat tinh Grc ché hiru hiéu khang lai B-lactamaza nhom
C, B-lactamaza phd rong (ESBL), va B-lactamaza KPC-2, va hoat tinh khang khuin
ctia thudc khang sinh B-lactam hién c6 chéng vi khudn ma san sinh ra cac B-lactamaza
khang thudc khing sinh B-lactam co6 thé duoc tai tao mot cach hitu hiéu khi két hop
v6i hop chit theo sdng ché.

Ngoai ra, quy trinh didu ché hop chét dugc thé hién bang cong thirc (IIT) dudi
day:

O\ )‘/c
R:/ B .

0//L_ N.-so.m

an

trong d6 Re, B va M ¢6 nghia gidng nhu dugc xéc dinh cho hop chét c6 cong thire (I)
néu trén, va

-0-



23597

hop chét nay dugc bao ham trong hop chét c6 cong thire (I) duge tao ra béi sang ché,
1a quy trinh diu ché ¢6 tinh hitu dung cao hon nhu quy trinh diéu ché dé thwong mai
hoa.
M3 ta vin tit cac hinh vé

Fig. 1 thé hién céc hoat tinh khang khuin d6i véi 5 chung sinh KPC-2 hodc 3,

K. pneumoniae.

Fig. 2 thé hién c4c hoat tinh khéng khudn d6i v6i 5 chiing biéu hién cAu tric
AmpC, P. aeruginosa.

Fig. 3 thé hién cac hoat tinh khang khudn d6i v6i 5 chiing biéu hién ciu tric
AmpC, Enterobacteriaceae.

Fig. 4 thé hién céc hoat tinh khang khuén déi véi 5 ching sinh metallo-B-
lactamaza loai IMP, Enterobacteriaceae.

Fig. 5 thé hién céc hoat tinh khang khudn dbi v6i 5 ching sinh CTX-M-15
(ESBL), E. coli.
M3 ta chi tiét sang ché

Nhu da dé cdp & trén, sang ché dé cap dén dan xuét diazabixyclooctan méi c6
cong thirc (I) dudi ddy, mudi dugc dung clia né, hoic solvat cia no, va thudc trc ché p-
lactamaza chtra hop chét c6 cong thire (I):

O‘
ANB)’;,‘
N

o)_—N‘o—c

V)

trong do

Ala-N(R,)(Ry) hodc -OR trong do mdi R, va Ry, ddc 14p 1a C,¢-alkyl hodc axyl; va
R, 1a Cy¢-alkyl hoac heteroxyclyl;

A ¢6 thé duoc thé bing 4 phan tir thé F,,; duge chon tir Cy¢-alkyl, =0 va ~(CHy),-Rg,
trong do

nla0-3 va

R, 12 heteroxyclyl; phenyl; heteroaryl, axyl, R4O»S-; Re(Re)N-, R.(RpNCO-, -OR,, -
OCOR, hodc nhom bao vé€ dugce chon tir cic nhom bao vé kiéu trialkylsilyl va
carbamat, trong do

Ry 1a Cy¢-alkyl hodc —OM, va
-10-
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R., Ry mdi nhom ddc 1ap 1a H hodc Cy¢-alkyl,

va F,; c6 thé tiép tuc duoc thé;

B 1a -NH hodc —N(C,_¢-alkyl);

C 1a H, benzyl, hodc —SOsM, trong d6 M 1a H, cation v6 co hodc cation hitu co;

va tiép theo, R, va Ry, R, va B, va R, va R c6 thé dugc lién két v6i nhau dé tao thanh
heteroxyclyl c6 it nhit mot nguyén tir nito.

Duéi déy, cac din xuét diazabixyclooctan méi ¢6 cong thirc (I) theo sang ché
va quy trinh diéu ché céc din xuit, thudc e ché p-lactamaza, va hop chét theo sdng
ché dugc str dung dé didu tri bénh nhiém khuén sé& dugc giai thich chi tiét, nhung séng
ché khong bi giéi han & pham vi cac vi du cu thé nay.

Thuét ngit “mubi” duge st dung trong ban md ta c6 nghia la mudi duge dung,
va c6 mudi cong bazo bao gdm bazo v6 co hodc bazo hitu co, va mudi cong axit gom
axit v co hodc axit hitu co.

Thudt ngit “cation v6 co” c6 nghia 1a, vi du, kim loai kiém hodc kim loai kiém
thd, va thuat ngit “cation hitu co” nghia 1a mudi amoni duge tao thanh tir amin dugc
thé tr mot dén ba lan, va mudi amoni bac bdn duge tao thanh tir amin dugce thé bdn lan
hoc tir vong di vong thom dugc thé.

Khi “M” 12 H va hop chét theo sing ché c6 nhém amino, cdc amin vong hodc
cac amin thom ma c6 thé proton hoa trong phén tir, nhém amino, cac amin vong hodc
cac amin thom trong phén tir hoat dong dudi dang mudi amoni proton hoéa, va né ¢
th ¢c6 dang mudi ndi phan tir, ma cling dugc coi 1a mot phan ciia hop chit theo séng
ché. Ngoai ra, néu “M” 1a cation hitu co va c6 mdt trong hop chit theo sang ché dudi
dang mudi amoni bac bén, né ciing c6 thé c6 dang mubi ndi phan tir, ma ciing dugc coi
1a mot phan cta hop chét theo sang ché.

Thuét ngit “duoc thé” cé nghia 1a trao ddi H trong A hodc trong phén tir thé
Fnl va lién két v6i hodc bang phin tir thé Fnl.

Thudt ngit “A c6 thé duoc thé bing tir 0 dén 4 phan tir thé Fnl, va phén tir thé
Fnl c6 thé dugc thé mot cach lién tuc” c6 nghia 1a Fnl ma cai bién A c6 thé tiép tuc
duge thé bing Fnl, va c6 thé d& cap dén A-(Fnl)g.q, A-(Fnl)(Fnl)s, A-(Fnl)y(Fnl)o.,
va A-(Fnl)3(Fnl)y.; nhu 1a céc vi dy.

Céc vi du cu thé vé& “nhém bao v&” co thé 12 nhom bao vé dang trialkylsilyl va,
tdt hon 1a triisopropylsilyl, tert-butyldimetylsilyl, tert-butoxycarbonyl hogc
benzyloxycarbonyl, ma 12 nhém bao vé cho nhém amino va nhém hydroxyl dugc boc
10 trong tai liéu: Protective Groups in Organic Synthesis (T. W. Greene et al., Wiley,
New York (1999)).
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Dung mdi chira trong “solvat” c6 thé 1a nuéc, metanol, etanol, isopropanol,
axeton va metyl etyl xeton, tot hon nita 1a nuéc.

Thuét ngtt “C, alkyl” nghia 1a nhém alkyl co6 tr 1 dén 6 nguyén tir cacbon,
ma co thé 1a mach théng, mach nhanh hodc mach vong.

Thuat ngit “axyl” nghia 1a formyl, benzoyl, phenylaxetyl, C,.¢ alkylcarbonyl,
heteroxyclylcarbonyl, va heteroarylcarbonyl.

Thuat ngit “heteroxyclyl” nghia 14 vong khong thom hodc vong di vong no
mdt vong ¢6 tir 3 dén 7 canh c6 tdng cong 1 dén 3 nguyén tr nito, nguyén tir oxy
va/hodc nguyén tr luu huynh.

Thuit ngit “heteroaryl” nghia la vong di vong thom mot vong c6 tir 5 dén 6
canh c6 téng cong 1 dén 4 nguyén tir nito, nguyén tir oxy va/hodc nguyén tir luu huynh.

Thuat ngir “Ra(Rb)N-" va “Re(Rf)N-"" nghia la nhém amino dugc thé bang Ra
va Rb, hodc Re va Rf.

Thuét ngit “RcO-" c¢6 nghia 1a oxy dugc lién két voi Re, tie 13, alkoxy hoic
heteroxyclyloxy, va thuit ngit “ReO-" c6 nghia la oxy dugc lién két véi Re, tirc 13,
alkoxy hodc hydroxy.

Thuét ngit “Rd0,S-" ¢ nghia 1a sulfonyl lién két véi Rd.

Thuat ngit “Re(RfYINCO-" c6 nghia la carbonyl lién két v6i Re(RHN-.
Thuét ngir “ReOCO-" c6 nghia la carbonyl lién két v6i ReO-.

Thuét ngit “O=" c6 nghia la nhém oxo.

Vé cac vi du cu thé v& c4c bazo ma tao thanh “mudi cong bazo™, ¢ thé ké dén
lithi hydroxit, natri hydroxit, kali hydroxit, natri hydro carbonat, kali hydro carbonat,
natri carbonat, kali carbonat,' lithi carbonat, canxi carbonat, natri axetat, kali axetat,
trinatri xitrat, natri dihydro xitrat, trikali xitrat, kali dihydro xitrat, amoni, metylamin,
etylamin, dimetylamin, dietylamin, trimetylamin, trietylamin, N-metylmorpholin,
etanolamin va trietanolamin, tot hon 13 natri hydroxit, natri hydro carbonat, natri
carbonat, natri axetat, trinatri xitrat, natri dihydro xitrat va trietanolamin.

V& céc vi du cu thé vé céc axit ma tao thanh “mudi cdng axit”, c6 thé ké dén
axit clohydric, axit bromhydric, axit hydroiodic, axit sulfuric, axit sulfuric, axit
hemisulfuric, axit thioxyanic, axit axetic, axit butyric, axit propionic, axit
xyclopentanpropionic, axit pivalic, axit heptanoic, axit hexanoic, axit 3-phenyl-
propionic, axit undecanoic, axit lactic, axit oxalic, axit malonic, axit sucxinic, axit
xitric, tartaric, axit malic, axit maleic, axit fumaric, axit adipic, axit alginic, axit
aspartic, axit benzoic, axit digluconic, axit nicotinic, axit pamoic, axit pectic, axit
glucoheptanoic, axit glyxerophosphoric, axit benzensulfonic, axit tosylic, axit
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metansulfonic, axit etansulfonic, axit camphorsulfonic, axit dodexylsulfuric, axit 2-
hydroxyetansulfonic va axit 2-naphtalensulfonic, t5t hon 1 axit clohydric, axit sulfuric,
axit axetic, axit lactic, axit malic, axit xitric, metansulfonic va axit tosylic.

A ¢

Cac vi du cu thé v€ “cation vO co” gom natri, kali, liti, va canxi, tot hon 1a

natri va kali.

Cac vi dy cu thé v& “cation hitu co” gbm metylamoni, etylamoni,
dimetylamoni, dietylamoni, diisopropylamoni, pyridin, trimetylamoni, trietylamoni,
xyclohexylamoni, dixyclohexylamoni, diisopropyletylamoni, pyridin, tetrametylamoni,
tetraetylamoni, tetrabutylamoni, trietylbenzylamoni, N,N’-dimetylimidazoli va N-
metylpyridin, t6t hon 1a pyridini va tetrabutylamoni.

Céc vi du cu thé v& “C¢alkyl” gém nhom Ci_galkyl nhu metyl, etyl, propyl,
isopropyl, butyl, tert-butyl, s-butyl, isobutyl, pentyl, 1,1-dimetylpropyl, 1,2-
dimetylpropyl, neopentyl, 1-metylbutyl, 2-metylbutyl, isopentyl va hexyl, nhom Cs.4
xycloalkyl nhu xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl, hodc nhom metyl
dugc thé bing nhom Css xycloalkyl nhu xyclopropylmetyl, xyclobutylmetyl,
xyclopentylmetyl, t6t hon la metyl, etyl, propyl, isopropyl, butyl, tert-butyl,
xyclopropyl, xyclobutyl, xyclopropylmetyl va xyclobutylmetyl.

Céac vi du cu thé vé “heteroxyclyl” gém nhém thu dugce tr aziridin, oxiran,
thiiran, azetidin, oxetan, thietan, pyrolidin, tetrahydrofuran, tetrahydrothiophen,
imidazolidin, oxazolidin, thiazolidin, pyrazolidin, piperidin, tetrahydro-2H-pyran,
tetrahydro-2H-thiopyran, hexahydropyridazin, piperazin, morpholin, thiomorpholin,
1,2-oxazolidin, 1,2-oxazinan, 1,4-dioxan, 1,2-thiazinan, azepan, oxepan, thiepan, 1,4-
diazepan, 1,4-oxazepan, 1,4-thiazepan, 1,2,5-triazepan, 1,4,5-oxadiazepan, 1,2,5-
oxadiazepan, 1,4,5-thiadiazepan, 1,5,2-dioxazepan, 1,5,2-oxathiazepan, 3,4-dihydro-
2H-pyrol, 4,5-dihydro-1H-pyrazol, 4,5-dihydro-1H-imidazol, 4,5-dihydro-1,2-oxazol,
4,5-dihydro-1,3-oxazol, 4,5-dihydro-1,3-thiazol, 2,3,4,5-tetrahydropyridin, 1,2,3,6-
tetrahydropyrazin, 5,6-dihydro-4H-1,2-oxazin hodc 3,6-dihydro-2-H-1,4-oxazin, tt
hon 1a nhém thu dugc tir azetidin, pyrolidin, tetrahydrofuran, piperidin, tetrahydro-2H-
pyran, imidazolidin, oxazolidin, 1,2-oxazolidin, hexahydropyridazin, piperazin,
morpholin, 1,2-oxazinan, azepan, 1,4-diazepan hodc 1,2-oxazepan.

Céc vi du cu thé v& nhém bao vé cho “heteroxyclyl” ma “tert-butoxycarbonyl
hodc benzyloxycarbonyl dugc li€n két vao” gdbm nhom thu duge tir 1-(tert-
butoxycarbonyl)azetidin, 1-(tert-butoxycarbonyl)pyrolidin, 1,3-di(tert-
butoxycarbonyl)imidazolidin, 3-(tert-butoxycarbonyl)oxazolidin, 1,3-di(tert-
butoxycarbonyl)pyrazolidin, 1-(tert-butoxycarbonyl)piperidin, 1,2-di(tert-
butoxycarbonyl)hexahydropyridazin, 1,4-di(tert-butoxycarbonyl)piperazin, 4-(tert-
butoxycarbonyl)morpholin, 2-(tert-butoxycarbonyl)-1,2-oxazolidin, 2-(tert-
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butoxycarbonyl)-1,2-oxazinan, 1-(tert-butoxycarbonyl)azepan, 1,4-di(tert-
butoxycarbonyl)-1,4-diazepan, 1-(benzyloxycarbonyl)azetidin, 1-
(benzyloxycarbonyl)pyrolidin, 1,3-di(benzyloxycarbonyl)imidazolidin, 3-
(benzyloxycarbonyl)oxazolidin, 1,3-di(benzyloxycarbonyl)pyrazolidin, 1-
(benzyloxycarbonyl)piperidin, 1,2-di(benzyloxycarbonyl)hexahydropyridazin, 1,4-
di(benzyloxycarbonyl)piperazin, 4-(benzyloxycarbonyl)morpholin, 2-
(benzyloxycarbonyl)-1,2-oxazolidin, 2-(benzyloxycarbonyl)-1,2-oxazinan, 1-
(benzyloxycarbonyl)azepan hodc 1,4-di(benzyloxycarbonyl)-1,4-diazepan, va hién
nhién 1a cac vi du cu thé c6 nhom bao vé néu trén duge bao gbdm trong cac vi du cu thé
¢6 heteroxyclyl dugc mo ta dudi day.

Céc vi du cu thé v& “heteroaryl” gdm nhém thu duge tir pyrol, furan, thiophen,
pyrazol, imidazol, 1,2-oxazol, 1,3-oxazol, 1,2-thiazol, 1,3-thiazol, 1,2,3-triazol, 1,2,4-
triazol, 1,2,3-oxadiazol, 1,3,4-oxadiazol, 1,2,3-thiadiazol, 1,3,4-thiadiazol, tetrazol,
pyridin, pyridazin, pyrimidin, pyrazin, 1,2,4-triazin hodc 1,3,5-triazin, tot hon 1a nhém
thu dugc tir pyrol, furan, imidazol, oxazol hodc pyridin.

Cac vi du cu thé v& nhom bao vé cho “heteroaryl” ma “tert-butoxycarbonyl
hodc benzyloxycarbonyl dugc li€n két” gdbm nhém thu dugc tir 1-tert-
butoxycarbonylpyrol, 1-tert-butoxycarbonylpyrazol, 1-tert-butoxycarbonylimidazol, 1-
tert-butoxycarbonyl-1,2,3-triazol, 1-tert-butoxycarbonyl-1,2,4-triazol, 1-tert-
butoxycarbonyltetrazol, 1-benzyloxycarbonylpyrol, 1-benzyloxycarbonylpyrazol, 1-
benzyloxycarbonylimidazol, 1-benzyloxycarbonyl-1,2,3-triazol, 1-benzyloxycarbonyl-
1,2,4-triazol hodc 1-benzyloxycarbonyltetrazol, va hién nhién 13 cac vi du cu thé co
nhom bao vé néu trén dugce bao g@)m trong cac vi du cu thé c6 heteroaryl dugc md ta
dudi day.

Céc vi du cu thé v& “C, alkylcarbonyl” gbdm axetyl, propanoyl, butanoyl,
isobutanoyl, pentanoyl, 2,2-dimetylpropanoyl, 2-metylbutanoyl, 3-metylbutanoyl,
hexanoyl,  xyclopropancarbonyl,  xyclobutancarbonyl,  xyclopentancarbonyl,
xyclohexancarbonyl, 2-xyclopropylaxetyl, 2-xyclobutylaxetyl va 2-xyclopentylaxetyl.

1
A

Céc vi du cu thé vé& “heteroxyclylcarbonyl” gdm aziridin-2-ylcarbonyl, oxiran-
2-ylcarbonyl, thiiran-2-ylcarbonyl, azetidin-2-ylcarbonyl, azetidin-3-ylcarbonyl,
oxetan-2-ylcarbonyl, oxetan-3-ylcarbonyl, thietan-2-ylcarbonyl, thietan-3-ylcarbonyl,
pyrolidin-2-ylcarbonyl, pyrolidin-3-ylcarbonyl, tetrahydrofuran-2-ylcarbonyl,
tetrahydrofuran-3-ylcarbonyl, tetrahydrothiophen-2-ylcarbonyl, tetrahydrothiophen-3-
ylcarbonyl, pyrazolidin-3-ylcarbonyl, pyrazolidin-4-ylcarbonyl, 1,2-oxazolidin-3-
ylcarbonyl, 1,2-oxazolidin-4-ylcarbonyl, 1,2-oxazolidin-5-ylcarbonyl, piperidin-2-
ylcarbonyl, piperidin-3-ylcarbonyl, piperidin-4-ylcarbonyl, tetrahydro-2H-pyran-2-
ylcarbonyl, tetrahydro-2H-pyran-3-ylcarbonyl, tetrahydro-2H-pyran-4-ylcarbonyl,
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tetrahydro-2H-thiopyran-2-ylcarbonyl, tetrahydro-2H-thiopyran-3-ylcarbonyl,
tetrahydro-2H-thiopyran-4-ylcarbonyl, hexahydropyridazin-3-ylcarbonyl,
hexahydropyridazin-4-ylcarbonyl, piperazin-2-ylcarbonyl, morpholin-2-ylcarbonyl,
morpholin-3-ylcarbonyl, thiomorpholin-2-ylcarbonyl, thiomorpholin-3-ylcarbonyl,
1,2-oxazinan-3-ylcarbonyl, 1,2-oxazinan-4-ylcarbonyl, 1 ,2-oxazinan-5-ylcarbonyl,
1,2-oxazinan-6-ylcarbonyl, 1,4-dioxan-2-ylcarbonyl, 1,2-thiazinan-3-ylcarbonyl, 1,2-
thiazinan-4-ylcarbonyl, 1,2-thiazinan-5-ylcarbonyl, 1,2-thiazinan-6-ylcarbonyl,
azepan-2-ylcarbonyl, azepan-3-ylcarbonyl, azepan-4-ylcarbonyl, oxepan-2-ylcarbonyl,
oxepan-3-ylcarbonyl, oxepan-4-ylcarbonyl, thiepan-2-ylcarbonyl, thiepan-3-
ylcarbonyl, thiepan-4-ylcarbonyl, 1,4-diazepan-2-ylcarbonyl, 1,4-diazepan-5-
ylcarbonyl, 1,4-diazepan-6-ylcarbonyl, 1,4-oxazepan-2-ylcarbonyl, 1,4-oxazepan-3-
ylcarbonyl, 1,4-oxazepan-5-ylcarbonyl, 1,4-oxazepan-6-ylcarbonyl, 1,4-oxazepan-7-
ylcarbonyl, 1,4-thiazepan-2-ylcarbonyl, 1,4-thiazepan-3-ylcarbonyl, 1,4-thiazepan-5-
ylcarbonyl, 1,4-thiazepan-6-ylcarbonyl, 1,4-thiazepan-7-ylcarbonyl, 1,2,5-triazepan-3-
ylcarbonyl, 1,2,5-triazepan-4-ylcarbonyl, 1,4,5-oxadiazepan-2-ylcarbonyl, 1,4,5-
oxadiazepan-3-ylcarbonyl, 1,2,5-oxadiazepan-3-ylcarbonyl, 1,2,5-oxadiazepan-4-
ylcarbonyl, 1,2,5-oxadiazepan-6-ylcarbonyl, 1,2,5-oxadiazepan-7-ylcarbonyl, 1,4,5-
thiadiazepan-2-ylcarbonyl, 1,4,5-thiadiazepan-3-ylcarbonyl, 1,5,2-dioxazepan-3-
ylcarbonyl, 1,5,2-dioxazepan-4-ylcarbonyl, 1,5,2-dioxazepan-6-ylcarbonyl, 1,5,2-
dioxazepan-7-ylcarbonyl, 1,5,2-oxathiazepan-3-ylcarbonyl, 1,5,2-oxathiazepan-4-
ylcarbonyl, 1,5,2-oxathiazepan-6-ylcarbonyl va 1,5,2-oxathiazepan-7-ylcarbonyl. Hién
nhién 14 c4c vi du cu thé néu trén gdm céc hop chit ma lién két véi tert-
butoxycarbonyl hodc benzyloxycarbonyl dudi dang nhoém bao vé.

Cac vi du cu thé vé “heteroarylcarbonyl” gbém pyrol-2-ylcarbonyl, pyrol-3-
ylcarbonyl, furan-2-ylcarbonyl, furan-3-ylcarbonyl, thiophen-2-ylcarbonyl, thiophen-
3-ylcarbonyl, pyrazol-3-ylcarbonyl, pyrazol-4-ylcarbonyl, imidazol-2-ylcarbonyl,
imidazol-4-ylcarbonyl, 1,2-oxazol-3-ylcarbonyl, 1,2-oxazol-4-ylcarbonyl, 1,2-oxazol-
5-ylcarbonyl,  1,3-oxazol-2-ylcarbonyl, 1,3-oxazol-4-ylcarbonyl,  1,3-oxazol-5-
ylcarbonyl,  1,2-thiazol-3-ylcarbonyl, 1 ,2-thiazol-4-ylcarbonyl,  1,2-thiazol-5-
ylcarbonyl, 1,3-thiazol-2-ylcarbonyl, 1,3-thiazol-4-ylcarbonyl, 1,3-thiazol-5-
ylcarbonyl, 1,2,3-triazol-4-ylcarbonyl, 1,2,3-oxadiazol-4-ylcarbonyl, 1,2,3-oxadiazol-
5-ylcarbonyl, 1,2,3-thiadiazol-4-ylcarbonyl, 1,2,3-thiadiazol-5-ylcarbonyl, 1,2,4-
triazol-3-ylcarbonyl,  1,3,4-oxadiazol-2-ylcarbonyl, 1,3,4-thiadiazol-2-ylcarbonyl,
tetrazol-5-ylcarbonyl,  pyridin-2-ylcarbonyl, pyridin-3-ylcarbonyl,  pyridin-4-
ylcarbonyl, pyridazin-3-ylcarbonyl, pyridazin-4-ylcarbonyl, pyrimidin-2-ylcarbonyl,
pyrimidin-4-ylcarbonyl, pyrimidin-5-ylcarbonyl, pyrazin-2-ylcarbonyl, 1,2,4-triazin-3-
ylcarbonyl, 1,2,4-triazin-5-ylcarbonyl, 1,2,4-triazin-6-ylcarbonyl va 1,3,5-triazin-2-
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ylcarbonyl. Hién nhién 13 c4c vi du cu thé néu trén gdm céac hop chit lién két véi tert-
butoxycarbonyl hodc benzyloxycarbonyl duéi dang nhom bao vé€.

B6 sung formyl, benzoyl, hoic phenylaxetyl vao “axyl” néu trén, va dugc uu
tién 13 formyl, benzoyl, axetyl, phenylaxetyl, propanoyl, butanoyl, 2-metylpropanoyl,
2,2-dimetylpropanoyl, azetidin-2-ylcarbonyl, azetidin-3-ylcarbonyl, pyrolidin-2-
ylcarbonyl,  pyrolidin-3-ylcarbonyl, tetrahydrofuran-3-ylcarbonyl, piperidin-2-
ylcarbonyl, piperidin-3-ylcarbonyl, piperidin-4-ylcarbonyl, tetrahydro-2H-pyran-2-
ylcarbonyl, tetrahydro-2H-pyran-3-ylcarbonyl, tetrahydro-2H-pyran-4-ylcarbonyl,
furan-2-ylcarbonyl, 1,3-oxazol-2-ylcarbonyl, 1,3-oxazol-4-ylcarbonyl, pyridin-2-
ylcarbonyl, pyridin-3-ylcarbonyl, va pyridin-4-ylcarbonyl.

Céc vi du cu thé v& Re(Rf)N- bao gdbm amino, metylamino, etylamino,
propylamino, isopropylamino, butylamino, tert-butylamino, s-butylamino,
isobutylamino, pentylamino, 1,1-dimetylpropylamino, 1,2-dimetylpropylamino,
neopentylamino, 1-metylbutylamino, 2-metylbutylamino, isopentylamino, hexylamino,
N,N-dimetylamino, N,N-dietylamino, N,N-dipropylamino, N,N-di(isopropyl)amino,
N,N-dibutylamino, N,N-di(tert-butyl)amino, N,N-di(s-butyl)amino, N,N-
di(isobutyl)amino, N,N-dipentylamino, N,N-di(1,1-dimetylpropyl)amino, N,N-di(1,2-
dimetylpropyl)amino, N,N-di(neopentyl)amino, N,N-di(1-metylbutyl)amino, N,N-
di(2-metylbutyl)amino, N,N-di(isopentyl)amino va N,N-di(hexyl)amino, t6t hon 1a
amino, metylamino, etylamino, propylamino, isopropylamino, N,N-dimetylamino, va
N,N-dietylamino. Hién nhién 14 céc vi du cu thé néu trén bao gdm cac hop chit dugc
bao vé bing tert-butoxycarbonyl hodc benzyloxycarbonyl dudi dang nhom béo v¢.

Céc vi du cu thé v& Re(Rf)NCO- gdm aminocarbonyl, metylaminocarbonyl,
etylaminocarbonyl, propylaminocarbonyl, isopropylaminocarbonyl,
butylaminocarbonyl, tert-butylaminocarbonyl, s-butylaminocarbonyl, isobutylamino-
carbonyl, pentylaminocarbonyl, 1,1-dimetylpropylaminocarbonyl, 1,2-dimetyl-
propylaminocarbonyl, neopentylaminocarbonyl, 1-metylbutylaminocarbonyl, 2-
metylbutylaminocarbonyl, isopentylaminocarbonyl, hexylaminocarbonyl, N,N-
dimetylaminocarbonyl, N,N-dietylaminocarbonyl, N,N-dipropylaminocarbonyl, N,N-
di(isopropyl)aminocarbonyl, N,N-dibutylaminocarbonyl, N,N-di(tert-butyl)amino-
carbonyl, N,N-di(s-butyl)aminocarbonyl, N,N-di(isobutyl)aminocarbonyl, N,N-
dipentylaminocarbonyl, N,N-di(1,1-dimetylpropyl)aminocarbonyl, N,N-di(1,2-
dimetylpropyl)aminocarbonyl, N,N-di(neopentyl)aminocarbonyl, N,N-di(1-metyl-
butyl)aminocarbonyl, N,N-di(2-metylbutyl)aminocarbonyl va N,N-
di(isopentyl)aminocarbonyl, ma cd ngudn gdc tir cac vi du cu thé v& Re(Rf)N- duoc
mo ta & trén, tdt hon 13 dimetylaminocarbonyl hodc dietylaminocarbonyl.
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Céc vi du cu thé vé ReO- gdm hydroxy, metoxy, etoxy, propoxy, iSOpropoxy,
butoxy, tert-butoxy, s-butoxy, isobutoxy, pentoxy, 1,1-dimetylpropoxy, 1,2-
dimetylpropoxy, neopentoxy, 1-metylbutoxy, 2-metylbutoxy, isopentoxy, hexyloxy,
benzyloxy, xyclopropoxy, xyclobutoxy, xyclopentyloxy, Xyclohexyloxy,
xyclopropylmetoxy, xyclobutylmetoxy va xyclopentylmetoxy, t6t hon 1a hydroxy,
metoxy, etoxy, propoxy, isopropoxy, tert-butoxy, xyclopropoxy va xyclobutylmetoxy.
Hién nhién 13 hydroxy néu trén gdm cac hop chit ma lién két véi triisopropylsilyl chira
trong trialkylsilyloxy dudi dang nhém bao v¢.

Céc vi du cu thé v& ReOCO- bao gdbm metoxycarbonyl, etoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl, s-
butoxycarbonyl, isobutoxycarbonyl, pentoxycarbonyl, 1,1-dimetylpropoxycarbonyl,
1,2-dimetylpropoxycarbonyl, neopentoxycarbonyl, 1-metylbutoxycarbonyl, 2-
metylbutoxycarbonyl, isopentoxycarbonyl va hexyloxycarbonyl, ma bét ngudn tir cac
vi du cu thé v& ReO- dugc mo ta & trén, tdt hon 14 metoxycarbonyl, etoxycarbonyl,
tert-butoxycarbonyl, va benzyloxycarbonyl, metoxycarbonyl dugc thé bing phenyl ma
da dugc dinh nghia bing Fnl.

Céc vi dy cu thé v& RdO,S- bao gdbm metylsulfonyl, etylsulfonyl,
propylsulfonyl, isopropylsulfonyl, butylsulfonyl, tert-butylsulfonyl, s-butylsulfonyl,
isobutylsulfonyl, pentylsulfonyl, 1,1-dimetylpropylsulfonyl, 1,2-dimetylpropylsulfonyl,
neopentylsulfonyl, 1-metylbutylsulfonyl, 2-metylbutylsulfonyl, isopentylsulfonyl,
hexylsulfonyl, xyclopropansulfonyl, xyclobutansulfonyl, xyclopentylsulfonyl,
xyclohexylsulfonyl, xyclopropylmetansulfonyl, xyclobutylmetansulfonyl va
xyclopentylmetansulfonyl, tdt hon 1a sulfoxy va metansulfonyl.

Trong sb cac vi du cu thé vé Ra(Rb)N- bao gdm C. alkyl, axyl va Re(Rf)N-
néu trén, duoc wu tién 1a N,N-dimetylamino, N,N-dietylamino, N,N-
di(isopropyl)amino. Hién nhién 12 cdc vi du cy thé néu trén bao gdm céc hop chit ma
lién két v6i tert-butoxycarbonyl hodc benzyloxycarbonyl dudi dang nhém bao vé.

Trong s6 cac vi du cu thé vé C,¢ alkoxy dugc léy lam vi du tir cdc vi du cu thé
vé ReO- néu trén, va RcO- thu duge tir heteroxyclyl, duge wu tién 12 metoxy, etoxy,
propoxy, isopropoxy, xyclobutylmetoxy, azetidin-3-yloxy, oxetan-3-yloxy, thietan-3-
yloxy, pyrolidin-3-yloxy, tetrahydrofuran-3-yloxy, tetrahydrothiophen-3-yloxy,
pyrazolidin-4-yloxy, piperidin-3-yloxy, piperidin-4-yloxy, tetrahydro-2H-pyran-3-
yloxy, tetrahydro-2H-pyran-4-yloxy, tetrahydro-2H-thiopyran-3-yloxy, tetrahydro-2H-
thiopyran-4-yloxy, hexahydropyridazin-4-yloxy, 1,2-oxazolidin-4-yloxy, 1,2-oxazinan-
4-yloxy, 1,2-oxazinan-5-yloxy, 1,2-thiazinan-4-yloxy, 1,2-thiazinan-5-yloxy, azepan-3-
yloxy, azepan-4-yloxy, oxepan-3-yloxy, oxepan-4-yloxy, thiepan-3-yloxy, thiepan-4-
yloxy, 1,4-diazepan-6-yloxy, 1,4-oxazepan-6-yloxy va 1,4-thiazepan-6-yloxy. Ngoai ra,
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trong RcO-b-, cac vi du cu thé vé heteroxyclyl dugc hinh thanh bang lién két ciia vong
RcvaB gém 1,2-oxazolidin, 1,2-oxazinan va 1,2-oxazepan. Hién nhién 14 céc vi du cu
thé bao gdm cac hop chét c6 lién két véi tert-butoxycarbonyl hodc benzyloxycarbonyl
dudi dang nhoém béo vé.

Dudi day, cac vi du cu thé trong truong hop khi Cy_6 alkyl, axyl, hoac
heteroxyclyl ma tao thanh Ra(Rb)N- hodac RcO- néu trén dugc thé bang C, alkyl, O=,
Rg-(CH,).3-, heteroxyclyl, phenyl, heteroaryl, axyl, RdO,S-, Re(Rf)N-, Re(Rf)NCO-,
ReO- va ReOCO-, ma dugc dinh nghia b%mg Fnl, hoéac béng nhém bao vé s&€ dugc mod
ta chi tiét béng cac vi du dién hinh, nhung hién nhién 1a cac vi du khong bi gi6i han &
pham vi cda céc vi du cu thé ma né minh hoa.

Vi du cu thé v& C, alkyl duoc thé bing amino (H,N-) ma 1a vi du dai dién cua
Re(Rf)N- gdm 2-aminoetyl, 2-aminopropyl, 3-aminopropyl, 2-amino-1-metyletyl, 2-
aminobutyl, 3-aminobutyl, 4-aminobutyl, 2-amino-1,1-dimetyletyl, 2-amino-1-
metylpropyl va 3-amino-2-metylpropyl. Hién nhién 1a cac hop chit ma c6 lién két voi
tert-butoxycarbonyl ho#ic benzyloxycarbonyl bao vé c¢6 trong ReOCO- bao ham trong
cac vi du cu thé néu trén.

Ngoai ra, CH; ma lién két v6i amino trong 2-aminoetyl trong céc vi du cu thé
néu trén duge thé bing O= (oxo) dé thu duge din xult aminocarbonylalkyl c6 trong
Re(RHONCO- bao gdm, vi du, 2-(amino)-2-oxoetyl, 2-(metylamino)-2-oxoetyl, 2-
(etylamino)-2-oxoetyl, 2-oxo-2-(propylamino)etyl, 2-(isopropylamino)-2-oxoetyl, 2-
(tert-butylamino)-2-oxoetyl va 2-(isobutylamino)-2-oxoetyl.

Ngoai ra, cac vi du cu thé trong d6 din xuét 2-aminoetyl néu trén dugc thé
béng metylsulfonyl 1am vi du cu thé cua RdO,S-, axetyl 1am vi du cu thé cua axyl hodc
carbamoyl (H,NCO-) duéi dang vi du cu thé ciia Re(Rf)INCO- bao gdm 2-
(metylsulfonylamino)etyl, 2-(metylsulfonylamino)propyl, 3-
(metylsulfonylamino)propyl, 2-(metylsulfonylamino)-1-metyletyl, 2-(metyl-
sulfonylamino)butyl, 3-(metylsulfonylamino)butyl, 4-(metylsulfonylamino)butyl, 2-
(metylsulfonylamino)-1,1-dimetyletyl, 2-(metylsulfonylamino)-1-metylpropyl, 3-
(metylsulfonylamino)-2-metylpropyl, 2-(axetylamino)etyl, 2-(axetylamino)propyl, 3-
(axetylamino)propyl, 2-(axetylamino)-1-metyletyl, 2-(axetylamino)butyl, 3-
(axetylamino)butyl, 4-(axetylamino)butyl, 2-(axetylamino)-1,1-dimetyletyl, 2-
(axetylamino)-1-metylpropyl, 3-(axetylamino)-2-metylpropyl, 2-(carbamoylamino)etyl,
2-(carbamoylamino)propyl, 3-(carbamoylamino)propyl, 2-(carbamoylamino)-1-
metyletyl, 2-(carbamoylamino)butyl, 3-(carbamoylamino)butyl, 4-(carbamoylamino)-
butyl, 2-(carbamoylamino)-1,1-dimetyletyl, 2-(carbamoylamino)-1-metylpropyl va 3-
(carbamoylamino)-2-metylpropyl.
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Céc vi du cu thé trong d6 C, alkyl dugc thé bang hydroxy (HO-) duéi dang
vi du cu thé ctia ReO- gdm 2-hydroxyetyl, 2-hydroxypropyl, 3-hydroxypropyl, 2-
hydroxy-1-metyletyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 1,1-dimetyl-2-
hydroxyetyl, 2-hydroxy-1-metylpropyl va 3-hydroxy-2-metylpropyl. Hién nhién 14 c4c
vi du cu thé néu trén bao g@)m hop chét trong d6 hydroxy duogc bio vé bsi
triisopropylsilyl c6 trong trialkylsilyl.

Vi du cu thé trong treong hop ma etyl 1a vi du cu thé cta C . alkyl dugc thé
bang metylsulfonyl duéi dang vi du cu thé cia RdO,S- gdm 2-(metylsulfonyl)etyl.

Céac vi du cu thé vé C, alkylcarbonyl, phenylaxetyl hodc benzoyl dugc thé
bing amino (H,N-) duéi dang vi du cu thé cia Re(Rf)N- gdm 2-aminoaxetyl, 2-
aminopropanoyl, 3-aminopropanoyl, 2-aminobutanoyl, 3-aminobutanoyl, 4-amino-
butanoyl, 3-amino-2-metylpropanoyl, 2-(2-aminophenyl)axetyl, 2-(3-aminophenyl)-
axetyl, 2-(4-aminophenyl)axetyl, 2-[2-(aminometyl)phenyl]axetyl, 2-[3-(amino-
metyl)phenyl]axetyl, 2-[4-(aminometyl)phenyl]axetyl, 2-aminobenzoyl, 3-amino-
benzoyl, 4-aminobenzoyl, 2-(aminometyl)benzoyl, 3-(aminometyl)benzoyl va 4-
(aminometyl)benzoyl. Hién nhién 1a cac hop chit ma co lién két véi tert-
butoxycarbonyl hodc benzyloxycarbonyl duéi dang nhom bao vé duge bao gbm dudi
dang vi du cu thé.

Céac vi du cu thé vé Cy alkylcarbonyl, phenylaxetyl, benzoyl dugc thé bing
hydroxyl (HO-) duédi dang vi du cu thd ciia ReO- bao gdm 2-hydroxyaxetyl, 2-
hydroxypropanoyl, 3-hydroxypropanoyl, 2-hydroxybutanoyl, 3-hydroxybutanoyl, 4-
hydroxybutanoyl, 3-hydroxy-2-metylpropanoyl, 2-(2-hydroxyphenyl)axetyl, 2-(3-
hydroxyphenyl)axetyl, 2-(4-hydroxyphenyl)axetyl, 2-hydroxybenzoyl, 3-hydroxy-
benzoyl va 4-hydroxybenzoyl. Hién nhién 14 hop chit trong d6 hydroxy dugc bao vé
bang triisopropylsilyl c6 trong trialkylsilyl dugc bao gbm trong cac vi du cu thé néu
trén.

Céc vi du cuy thé trong d6 metyl hoc etyl dudi dang vi du cu thé ctia Cy_¢alkyl
duoc thé bing heteroxyclyl gbdm azetidin-2-ylmetyl, azetidin-3-ylmetyl, pyrolidin-2-
ylmetyl, pyrolidin-3-ylmetyl, tetrahydrofuran-3-ylmetyl, tetrahydrothiophen-3-ylmetyl,
pyrazolidin-4-ylmetyl, 1,2-oxazolidin-3-ylmetyl, piperidin-2-ylmetyl, piperidin-3-
ylmetyl,  piperidin-4-ylmetyl, tetrahydro-2H-pyran-4-ylmetyl,  tetrahydro-2H-
thiopyran-4-ylmetyl,  hexahydropyridazin-4-ylmetyl,  piperazin-2-ylmetyl,  1,2-
oxazinan-3-ylmetyl, morpholin-2-ylmetyl, morpholin-3-ylmetyl, thiomorpholin-2-
ylmetyl, thiomorpholin-3-ylmetyl, azepan-2-ylmetyl, azepan-4-ylmetyl, oxepan-2-
ylmetyl, oxepan-4-ylmetyl, 1,4-diazepan-2-ylmetyl, 1,4-diazepan-6-ylmetyl, 2-
(azetidin-1-yl)etyl, 2-(pyrolidin-1-yl)etyl, 2-(pyrazolidin-1-yl)etyl, 2-(piperidin-1-
yletyl, 2-(hexahydropyridazin-1-yl)etyl, 2-(piperazin-1-yl)etyl, 2-(morpholin-4-yl)etyl,
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2-(thiomorpholin-4-yl)etyl, 2-(1,2-oxazolidin-2-yl)etyl, 2-(1,2-oxazinan-2-yl)etyl, 2-
(azepan-1-yl)etyl va 2-(1,4-diazepan-1-yl)etyl. Hién nhién 1a cac vi du cu thé néu trén
gdm céc hop chét co lién két véi tert-butoxycarbonyl hozc benzyloxycarbonyl duéi
dang nhém béo ve.

Ngoai ra, céc vi du cu thé trong d6 etyl ctia dan xuit heteroxyclyl-etyl néu trén
tiép tuc dugc thé bang O=(oxo) dé tao thanh aminocarbonyl ¢6 trong Re(Rf)NCO- bao
gdbm  2-(azetidin-1-yl)-2-oxoetyl, 2-oxo-(pyrolidin-1-yl)etyl, 2-oxo-(pyrazolidin-1-
yDetyl, 2-oxo-(piperidin-1-yl)etyl, 2-(hexahydropyridazin-1-yl)-2-oxoetyl, 2-oxo-
(piperazin-1-yl)etyl, 2-(morpholin-4-yl)-2-oxoetyl, 2-oxo-(thiomorpholin-4-yl)etyl, 2-
(1,2-oxazolidin-2-yl)-2-oxoetyl, 2-(1,2-oxazinan-2-yl)-2-oxoetyl, 2-(azepan-1-yl)-2-
oxoetyl va 2-(1,4-diazepan-1-yl)-2-oxoetyl. Hién nhién 1a cac vi du cu thé néu trén bao
gdm cac hop chit ma lién két véi tert-butoxycarbonyl hodc benzyloxycarbonyl dudi
dang nhém bao ve.

Céc vi du cu thé trong dé, trong s6 Re(RFINCO-, Re va Rf duge thé bang Fnl
duoc lién két dé tao thanh heteroxyclyl gdm azetidin-1-ylcarbonyl, pyrolidin-1-
ylcarbonyl,  1,2-oxazolidin-2-ylcarbonyl, pyrazolidin-1-ylcarbonyl,  piperidin-1-
ylcarbonyl, hexahydropyridazin-1-ylcarbonyl, piperazin-1-ylcarbonyl, morpholin-4-
ylcarbonyl, thiomorpholin-4-ylcarbonyl,  1,2-oxazinan-2-ylcarbonyl, azepan-1-
ylcarbonyl va 1,4-diazepan-1-ylcarbonyl.

Céc vi du cu thé trong trudng hop ma metyl hodc etyl 1a vi du cu thé ctia Cy6
alkyl duoc thé bing heteroaryl bao gdm pyrol-2-ylmetyl, furan-2-ylmetyl, pyrazol-3-
ylmetyl, pyrazol-4-ylmetyl, imidazol-2-ylmetyl, imidazol-4-ylmetyl, 1,2-oxazol-3-
ylmetyl, 1,3-oxazol-2-ylmetyl, 1,3-oxazol-4-ylmetyl, 1,3-thiazol-2-ylmetyl, 1,3-
thiazol-4-ylmetyl, 1,2,3-triazol-4-ylmetyl, 1,2,3-oxadiazol-4-ylmetyl, 1,2,4-triazol-3-
ylmetyl, 1,3,4-oxadiazol-2-ylmetyl, tetrazol-5-ylmetyl, pyridin-2-ylmetyl, pyridin-3-
ylmetyl, pyridin-4-ylmetyl, pyridazin-3-ylmetyl, pyridazin-4-ylmetyl, pyrimidin-2-
ylmetyl, pyrimidin-4-ylmetyl, pyrazin-2-ylmetyl, 1,2,4-triazin-3-ylmetyl, 1,2,4-triazin-
5-ylmetyl, 1,3,5-triazin-2-ylmetyl, 2-(pyrol-1-yl)etyl, 2-(pyrazol-1-yl)etyl, 2-
(imidazol-1-yl)etyl, 2-(1,2,3-triazol-1-yl)etyl, 2-(1,2,4-triazol-4-yl)etyl va 2-(tetrazol-
1-yDetyl. Hién nhién 1a cac vi du cu thé néu trén bao gdm cac hop chit ma lién két véi
tert-butoxycarbonyl hodc benzyloxycarbonyl duéi dang nhém béo ve¢.

Céc vi du cu thé trong d6 heteroxyclyl dugc thé bang metyl dudi dang vi du cu
thd cta C alkyl bao gébm 1-metylazetidin, 3-metylazetidin, 1-metylpyrolidin, 3-
metylpyrolidin, 1-metylimidazolidin, 3-metyloxazolidin, 1-metylpyrazolidin, 1-
metylpiperidin, 4-metylpiperidin, 2-metyltetrahydro-2H-pyran, 4-metyltetrahydro-2H-
pyran, 1-metylpiperazin, 1,4-dimetylpiperazin, 4-metylmorpholin,  4-metyl-
thiomorpholin, 1-metylazepan, 1-metyl-1,4-diazepan va 1,4-dimetyl-1,4-diazepan.
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Hién nhién 1a céc vi du cu thé néu trén bao gbm céc hop chit ma lién két véi tert-
butoxycarbonyl hodc benzyloxycarbonyl du¢i dang nhém bao ve.

Céc vi du cu thé v& heteroxyclyl duoc thé bang O= (ox0) gdm 2-oxoazetidin,
2-oxopyrolidin, 3-oxopyrazolidin, 2-oxoimidazolidin, 3-oxo-1,2-oxazolidin, 2-
oxooxazolidin, 2-oxopiperidin, 3-oxo-hexahydropyridazin, 2-oxopiperazin, 3-
oxomorpholin, 3-oxo-1,2-oxazinan, 2-oxoazepan, 2-0xo0-1,4-diazepan va 5-oxo-1,4-
diazepan.

Céc vi du cu thé trong truong hop ma etyl duéi dang vi du cu thé cua C,.¢alkyl
duoc mo ta & trén duge thé bing heteroxyclyl va sau d6 heteroxyclyl dugce thé bang
O= (0x0) bao gdm 2-(2-oxoazetidin-1-yl)etyl, 2-(2-oxopyrolidin-1-yl)etyl, 2-(2-
oxoimidazolidin-3-yl)etyl, 2-(2-oxooxazolidin-3-yl)etyl, 2-(3-oxopyrazolidin-1-yl)etyl,
2-(2-oxopiperidin-1-yl)etyl, 2-(3-oxo-hexahydropyridazin-1-yl)etyl, 2-(2-
oxopiperazin-1-yl)etyl, 2-(3-oxomorpholin-4-yl)etyl, 2-(3-oxo0-1,2-oxazolidin-2-yl)etyl,
2-(3-0x0-1,2-oxazinan-2-yl)etyl, 2-(2-oxoazepan-1-yl)etyl, 2-(2-oxo-1,4-diazepan-1-
yletyl va 2-(5-oxo-1,4-diazepan-1-yl)etyl.

Céc vi du cu thé vé heteroxyclylcarbonyl trong d6 heteroxyclyl dugc thé bang
O= (0x0) bao gdm 4-oxoazetidin-2-ylcarbonyl, 5-oxopyrolidin-2-ylcarbonyl, 2-
oxoimidazolidin-4-ylcarbonyl, 2-oxooxazolidin-4-ylcarbonyl, 5-oxopyrazolidin-3-
ylcarbonyl, 6-oxopiperidin-2-ylmetyl, 2-oxopiperidin-4-ylcarbonyl, 6-oxo-
hexahydropyridazin-3-ylcarbonyl, 3-oxo-hexahydropyridazin-4-ylcarbonyl, 5-
oxopiperazin-2-ylcarbonyl, 6-oxopiperazin-2-ylcarbonyl, 5-oxomorpholin-2-
ylcarbonyl, 5-oxomorpholin-3-ylcarbonyl, 3-oxothiomorpholin-2-ylcarbonyl, 5-
oxothiomorpholin-3-ylcarbonyl, 7-oxoazepan-2-ylcarbonyl, 2-oxoazepan-4-ylcarbonyl,
7-0x0-1,4-diazepan-2-ylcarbonyl va 2-oxo-1,4-diazepan-6-ylcarbonyl. Hién nhién 1a
céc vi du cu thé néu trén bao gdm cac hop chit ma lién két voi tert-butoxycarbonyl
hoic benzyloxycarbonyl dudi dang nhém bao ve.

Céc vi du cu thé vé heteroxyclyl dugc thé bing amino (H,N-) duéi dang vi du
cu thé ctia Re(Rf)N- bao gdm nhém thu dugc tlr 3-aminoazetidin, 3-aminopyrolidin, 3-
amino-tetrahydrofuran, 3-amino-tetrahydrothiophen, 4-aminopyrazolidin, 4-
aminopiperidin, 4-amino-tetrahydro-2H-pyran, 4-amino-tetrahydro-2H-thiopyran, 4-
amino-hexahydropyridazin, 4-amino-1,2-oxazolidin, 4-amino-1,2-oxazinan, 4-
aminoazepan, 4-aminooxepan hodc 6-amino-1,4-diazepan. Hién nhién 13 céc vi du cu
thé néu trén gbdm cac hop chét lién két véi tert-butoxycarbonyl hodc
benzyloxycarbonyl duéi dang nhém béo vé.

Céc vi du cu thé vé heteroxyclyl dugc thé bang hydroxy (HO-) dudi dang vi
du cu thé ciia ReO- bao gdm nhém thu duoe tlr 3-hydroxyazetidin, 3-hydroxypyrolidin,
4-hydroxypyrazolidin, 4-hydroxytetrahydrofuran, 4-hydroxytetrahydrothiophen, 3-
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hydroxypiperidin, 4-hydroxypiperidin, 4-hydroxytetrahydro-2H-thiopyran, 4-hydroxy-
hexahydropyridazin, 4-hydroxy-1,2-oxazolidin,  4-hydroxy-1,2-oxazinan,  4-
hydroxyazepan hoéc 6-hydroxy-1,4-diazepan. Hién nhién 1a cac vi du cu thé néu trén
gdm céc hop chét trong d6 hydroxy dugc bao vé bang triisopropylsilyl, heteroxyclyl
duge bao vé bing tert-butoxycarbonyl hodc benzyloxycarbonyl.

Céc vi du cu th8 v& heteroaryl dugc thé bing metyl dudi dang vi du cu thé cuia
Ci6 alkyl bao gébm nhém thu dugc tir 1-metylpyrol, 2-metylpyrol, 3-metylpyrol, 1-
metylpyrazol, 3-metylpyrazol, 4-metylpyrazol, 2-metylimidazol, 4-metylimidazol, 4-
metyl-1,2-oxazol, 5-metyl-1,2-oxazol, 2-metyl-1,3-oxazol, 4-metyl-1,3-oxazol, 5-
metyl-1,3-oxazol, 1-metyl-1,2,3-triazol, 4-metyl-1,2,3-triazol, 1-metyl-1,2,4-triazol, 3-
metyl-1,2,4-triazol, 1-metyltetrazol, 5-metyltetrazol, 2-metyl-1,3,4-oxadiazol, 2-
metylpyridin, 3-metylpyridin, 4-metylpyridin, 3-metylpyridazin, 4-metylpyridazin, 2-
metylpyrimidin, 4-metylpyrimidin, 2-metylpyrazin, 3-metyl-1,2,4-triazin, 5-metyl-
1,2,4-triazin, 6-metyl-1,2,4-triazin hodc 2-metyl-1,3,5-triazin. Hién nhién 13 cac vi du
cu thé bao gdm céc hop chét lién két vai tert-butoxycarbonyl hodc benzyloxycarbonyl
dudi dang nhém béo vE.

Céac vi du cu thé vé heteroaryl dugc thé bﬁng amino (H,N-) duéi dang vi du cu
thé ciia Re(Rf)N- bao gdm nhém thu dugc tir 2-aminopyrol, 3-aminopyrol, 2-
aminofuran, 3-aminofuran, 3-aminopyrazol, 4-aminopyrazol, 2-aminoimidazol, 3-
amino-1,2-oxazol, 2-amino-1,3-oxazol, 2-aminothiazol, 4-amino-1,2,3-triazol, 3-
amino-1,2,4-triazol, 2-amino-1,3,4-thiadiazol, 5-aminotetrazol, 2-amino-1,3,4-
oxadiazol, 2-aminopyridin, 3-aminopyridazin, 2-aminopyrimidin, 3-amino-1,2,4-
triazin hodc 2-amino-1,3,5-triazin. Hién nhién 13 cac vi du cu thé bao gﬁ‘)m cac hop
chit ma lién két voi tert-butoxycarbonyl hodc benzyloxycarbonyl du¢i dang nhém bao
vE.

Céc vi du cy thé vé heteroaryl dugc thé bang hydroxy (OH-) duéi dang vi du
cu thé ciia ReO- bao gdm nhém thu duge tir 2-hydroxypyrol, 3-hydroxypyrol, 2-
hydroxyfuran, 3-hydroxyfuran, 3-hydroxypyrazol, 4-hydroxypyrazol, 2-
hydroxyimidazol, 3-hydroxy-1,2-oxazol, 2-hydroxy-1,3-oxazol, 2-hydroxythiazol, 4-
hydroxy-1,2,3-triazol, 3-hydroxy-1,2,4-triazol, 5-hydroxytetrazol, 2-hydroxy-1,3,4-
oxadiazol, 2-hydroxypyridin, 3-hydroxypyridazin, 2-hydroxypyrimidin, 3-hydroxy-
1,2,4-triazin hodc 2-hydroxy-1,3,5-triazin. Hién nhién 1a c4c vi du cy thé gém cac hop
chét trong d6 hydroxy dugc bao vé bang triisopropylsilyl, va heteroaryl dugc bao vé
bang tert-butoxycarbonyl hodc benzyloxycarbonyl.

Dud6i dang céc vi du cu thé vé Ra(Rb)N- gﬁ“)m ¢6 Cy alkyl hodc axyl néu trén,
duoc wu tién 13 amino, metylamino, etylamino, propylamino, isopropylamino,
dimetylamino, dietylamino, phenylamino, axetylamino, propanoylamino,
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butanoylamino, 2-metylpropanoylamino, 2,2-dimetylpropanoylamino, 2-
aminoaxetylamino, 3-aminopropanoylamino, 2-metoxyaxetylamino,
phenylaxetylamino, 2-(4-aminophenyl)axetylamino, 2-(4-
aminometylphenyl)axetylamino, benzoylamino, 4-aminobenzoylamino, 4-
aminometylbenzoylamino, [(azetidin-2-yl)carbonyl]amino, [(pyrolidin-2-
yl)carbonyl]amino, [(pyrolidin-3-yl)carbonyl]amino, [(piperidin-2-yl)carbonyl]amino,
[(piperidin-3-yl)carbonyl]amino, [(piperidin-4-yl)carbonyl]amino, [(4-
xyclopentylmetylpiperidin-2-yl)carbonyl]amino, [(tetrahydro-2H-pyran-4-
yl)carbonyl]amino, [(5-oxopyrolidin-2-yl)carbonyl]amino, furan-2-ylcarbonylamino,
1,3-oxazol-4-ylcarbonylamino, pyridin-2-ylcarbonylamino, pyridin-3-ylcarbonylamino,
pyridin-4-ylcarbonylamino, metansulfonylamino, dimetylaminocarbonylamino,
dietylaminocarbonylamino, phenylaminocarbonylamino, morpholin-4-
ylcarbonylamino, metoxycarbonylamino, etoxycarbonylamino va tert-
butoxycarbonylamino. Ngoai ra, cac vi du cu thé trong trudng hop ma trong sd
Ra(Rb)N-, Ra va Rb duogc thé bang Fnl duoc lién két dé tao thanh heteroxyclyl gdm
azetidin-1-yl, pyrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, morpholin-4-yl,
thiomorpholin-4-yl, azepan-1-yl, 1,4-diazepan-1-yl, 2-oxoazetidin-1-yl, 2-
oxopyrolidin-1-yl, 2-oxopiperidin-1-yl, 2-oxo-piperazin-1-yl, 3 -oxo-morpholin-4-yl,
2-oxoazepan-1-yl va 2-oxo-1,4-diazepan-1-yl. Hién nhién 12 NH hodc HO tu do duoc
thé bang nhom bao vé nhu tert-butoxycarbonyl, benzyloxycarbonyl, hodc
triisopropylsilyl chira trong Ra(Rb)N- néu trén, néu can.

Ngoai ra, cac vi du cu thé v& RcO- gdm c6 Cy.¢ alkoxy va heteroxyclyloxy néu
trén t6t hon 12 bao gdm metoxy, etoxy, propoxy, isopropoxy, xyclobutylmetoxy,
azetidin-3-yloxy, pyrolidin-3-yloxy, tetrahydrofuran-3-yloxy, tetrahydrothiophen-3-
yloxy, pyrazolidin-4-yloxy, piperidin-3-yloxy, piperidin-4-yloxy, tetrahydro-2H-pyran-
4-yloxy, tetrahydro-2H-thiopyran-4-yloxy, 1,2-oxazolidin-4-yloxy, 1,2-oxazinan-4-
yloxy, 1,2-oxazinan-5-yloxy, azepan-3-yloxy, azepan-4-yloxy, 1,4-diazepan-6-yloxy,
1,4-oxazepan-6-yloxy, 2-aminoetoxy, 2-(metylamino)etoxy, 2-(propylamino)etoxy, 2-
(isopropylamino)etoxy, 2-(dimetylamino)etoxy, 2-hydroxyetoxy, 2-metoxyetoxy, 2-
aminopropoxy, 3-aminopropoxy, 2-amino-1-metyletoxy, 2-amino-2-oxo-etoxy, 2-
(dimetylamino)-2-oxo-etoxy, 2-(metylsulfonyl)etoxy, (azetidin-2-yl)metoxy, (azetidin-
3-yl)metoxy, (pyrolidin-2-yl)metoxy, (pyrolidin-3-yl)metoxy, (piperidin-2-yl)metoxy,
(piperidin-3-yl)metoxy, (piperidin-4-yl)metoxy, (4-oxoazetidin-2-yl)metoxy, (5-
oxopyrolidin-2-yl)metoxy, (6-oxopiperidin-2-yl)metoxy, 2-(azetidin-1-yl)etoxy, 2-
(pyrolidin-1-yl)etoxy, 2-(piperidin-1-yl)etoxy, 2-(morpholin-4-yl)etoxy, 2-(piperazin-
1-yl)etoxy, 2-(1,4-diazepan-1-yl)etoxy, 2-(azetidin-1-yl)-2-oxoetoxy, 2-0x0-2-
(pyrolidin-1-yl)etoxy, 2-oxo-2-(piperidin-1-yl)etoxy, 2-0x0-2-(piperazin-1-yl)etoxy, 2-
(morpholin-4-yl)-2-oxoetoxy, 2-(1,4-diazepan-1-yl)-2-oxoetoxy, 2-(2-oxoazetidin-1-
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yl)etoxy, 2-(2-oxopyrolidin-1-yl)etoxy, 2-(2-oxopiperidin-1-yl)etoxy, 2-(2-
oxoimidazolidin-1-yl)etoxy, 2-(2-0x0-1,3-0xazolidin-3-yl)etoxy, 2-(pyrol-1-yl)etoxy,
2-(imidazol-1-yl)etoxy va 2-(2-sulfonat-1H-imidazol-1-i-1-yl)etoxy. Ngoai ra, cac vi
du cu thé v& heteroxyclyl duoc hinh thanh bang lién két giita Rc va B hoic Rc va B
duoc thé bang Fnl trong RcO-b- bao gdm 1,2-oxazolidin-2-yl, 1,2-oxazinan-2-yl, 1,2-
oxazepan-2-yl, 1,2,5-oxadiazepan-2-yl va 1,5,2-dioxazepan-5-yl. Hién nhién 1a NH
hotic HO tu do duoc thé bang nhém bao vé nhu tert-butoxycarbonyl,
benzyloxycarbonyl, hodc triisopropylsilyl dugc bao gdm trong trong RcO- néu trén,
néu can.
Cécviducuthéhonvécéchqpchétduchécéptheoséngchététhanlégénl
cac hop chét dudi day:
natri tert-butyl 1-metyl-2-{[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazincarboxylat,
tert-butyl 2-{[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }-
1-metylhydrazincarboxylat,
tert-butyl 2-{[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-1-
metylhydrazincarboxylat,
pyridini tert-butyl 2-{[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}-1-metylhydrazincarboxylat,
natri (2S,5R)-N’,N’-dimetyl-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
(28,5R)-6-benzyloxy-N’,N’-dimetyl-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
(2S,5R)-N’,N’-dimetyl-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
pyridini (28,5R)-N’,N’-dimetyl-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
natri (2S,5R)-N’-axetyl-N’-metyl-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
(2S,5R)-N’-axetyl-6-benzyloxy-N’-metyl-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
(28,5R)-N’-axetyl-6-hydroxy-N’-metyl-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit,
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pyridini (2S,5R)-N’-axetyl-N’-metyl-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carbohydrazit,

natri (2S,5R)-7-0x0-N-(2-oxopyrolidin-1-yl)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
(2S,5R)-6-benzyloxy-7-ox0-N-(2-oxopyrolidin-1-yl)-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit,

(2S,5R)-6-hydroxy-7-ox0-N-(2-oxopyrolidin-1-yl)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

pyridini (2S,5R)-7-0x0-N-(2-oxopyrolidin-1-y1)-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,

natri (28,5R)-N-(morpholin-4-yl)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(2S,5R)-6-benzyloxy-N-(morpholin-4-yl)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit,

(28,5R)-6-hydroxy-N-(morpholin-4-yl)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

pyridini (2S,5R)-N-(morpholin-4-yl)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

natri (2S,5R)-N-metoxy-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(28,5R)-6-benzyloxy-N-metoxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-6-hydroxy-N-metoxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit,

tetrabutylamoni (2S,5R)-N-metoxy-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

natri (2S,5R)-N-etoxy-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-6-benzyloxy-N-etoxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-N-etoxy-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit,

pyridini (2S,5R)-N-etoxy-7-0xo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

natri (2S,5R)-N-(xyclobutylmetoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

(28,5R)-6-benzyloxy-N-(xyclobutylmetoxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
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(28,5R)-N-(xyclobutylmetoxy)-6-hydroxy-7-oxo-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

pyridini (2S,5R)-N-(xyclobutylmetoxy)-7-ox0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(2S,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]Jetyl}carbamat,

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1 ,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl} -
amino)oxy]etyl}carbamat,

tetrabutylamoni tert-butyl {2-[({ [(2S,5R)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy] etyl}carbamat,

pyridini tert-butyl {2-[({[(2S,5R)-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJetyl }carbamat,

natri tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat,

(28,5R)-N-[2-(metylamino)etoxy]-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-ox0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJetyl}metylcarbamat,

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1 ,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]etyl} metylcarbamat,

tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy] etyl}metylcarbamat,
(2S,5R)-N-[2-(etylamino)etoxy]-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-ox0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJetyl}etylcarbamat,

tert-butyl etyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat,

tetrabutylamoni tert-butyl {2-[({ [(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]etyl} etylcarbamat,
(28,5R)-7-oxo-N-[2-(propylamino)etoxy]-6-(sulfooxy)— 1,6-diazabixyclo[3.2.1]octan-

2-carboxamit,
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tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-o0xo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} propylcarbamat,

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]etyl}propylcarbamat,

tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl} propylcarbamat,
(28,5R)-7-0x0-N-[2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}propan-2-ylcarbamat,
tert-butyl {2-[({[(28,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]etyl} propan-2-ylcarbamat,
tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl} propan-2-ylcarbamat,
(28,5R)-N-[2-(dimetylamino)etoxy]-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
(28,5R)-6-benzyloxy-N-[2-(dimetylamino)etoxy]-7-oxo-1,6-diazabixyclo[3.2. 1]octan-
2-carboxamit,
(28,5R)-N-[2-(dimetylamino)etoxy]-6-hydroxy-7-oxo-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
pyridini (2S,5R)-N-[2-(dimetylamino)etoxy] -7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-N-{[(2S)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {(2S)-1-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yljcarbamat,
tert-butyl {(2S)-1-[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2. 1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
tetrabutylamoni tert-butyl {(2S)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]propan-2-yl}carbamat,
(28,5R)-N-{[(2R)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {(2R)-1-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2. 1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
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tert-butyl {(2R)-1-[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,

tetrabutylamoni tert-butyl {(2R)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
(28,5R)-N-{[(25)-1-aminopropan-2-yl]oxy}-7-o0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,

tert-butyl {(28)-2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat,

tert-butyl {(28)-2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat,

tetrabutylamoni tert-butyl {(2S)-2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]propyl} carbamat,

(28,5R)-N-(3-aminopropoxy)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

tert-butyl {3-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1 Joct-2-
yl]carbonyl}amino)oxy]propyl}carbamat,

tert-butyl {3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2. 1]oct-2-yl]carbonyl}-
amino)oxy]propyl}carbamat,

tetrabutylamoni tert-butyl {3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]propyl} carbamat,

natri (2S,5R)-2-(1,2-oxazolidin-2-ylcarbonyl)-6-(su1fooxy)-1,6-diazabixyclo[3 2.1]-
octan-7-on,

(28,5R)-6-benzyloxy-2-(1,2-oxazolidin-2-ylcarbonyl)-1 ,6-diazabixyclo[3.2.1]octan-7-
on,

(28,5R)-6-hydroxy-2-(1,2-oxazolidin-2-ylcarbonyl)-1,6-diazabixyclo[3.2. 1]octan-7-on,
pyridini (2S,5R)-2-(1 ,2-oxazolidin-2-ylcarbonyl)-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-7-o0n,

natri (2S,5R)-2-(1,2-oxazinan-2-ylcarbonyl)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1 1-
octan-7-on, '
(28,5R)-6-benzyloxy-2-(1,2-oxazinan-2-ylcarbonyl)-1,6-diazabixyclo[3.2. 1]octan-7-
on,

(2S,5R)-6-hydroxy-2-(1,2-oxazinan-2-ylcarbonyl)-1,6-diazabixyclo[3.2.1 ]Joctan-7-on,
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pyridini (28,5R)-2-(1,2-oxazinan-2-ylcarbonyl)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-7-on,
natri (28,5R)-N-[2-(morpholin-4-yl)etoxy]-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-benzyloxy-N-[2-(morpholin-4-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
(28,5R)-6-hydroxy-N-[2-(morpholin-4-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
pyridini (28,5R)-N-[2-(morpholin-4-yl)etoxy]-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-7-0x0-N-[2-(piperazin-1-yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
tert-butyl 4-{2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl } piperazin-1-carboxylat,
tert-butyl 4-{2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]Jetyl} piperazin-1-carboxylat,
tetrabutylamoni tert-butyl 4-{2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl} piperazin-1-carboxylat,
(28,5R)-7-0x0-N-[2-(1,4-diazepan-1-yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl 4-{2-[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]Jetyl}-1,4-diazepan-1-carboxylat,
tert-butyl 4-{2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]Jetyl}-1,4-diazepan-1-carboxylat,
pyridini tert-butyl 4-{2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2. 1]oct-2-
yl]carbonyl}amino)oxy]Jetyl}-1,4-diazepan-1-carboxylat,
(2S,5R)-N-[(2S)-azetidin-2-ylmetoxy]-7-0xo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (25)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
ylJcarbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tert-butyl (28)-2-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tetrabutylamoni tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxymetyl} azetidin-1-carboxylat,
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(2S,5R)-7-0x0-N-[(2S)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (2S)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat,
tert-butyl (2S)-2-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat,
pyridini tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-
2-yl]carbonyl }amino)oxy]metyl}pyrolidin-1-carboxylat,
(28,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (2R)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat,
tert-butyl (2R)-2-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl }amino)oxy]metyl}pyrolidin-1-carboxylat,
tetrabutylamoni tert-butyl (2R)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl} pyrolidin-1-carboxylat,
(28,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (28)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat,
tert-butyl (2S)-2-{[({[(2S,5R)-6-hydroxy-7-o0xo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat,
tetrabutylamoni tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl} piperidin-1-carboxylat,
(2S,5R)-N-(azetidin-3-yloxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl 3-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]azetidin-1-carboxylat,
tert-butyl 3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl} -
amino)oxyJazetidin-1-carboxylat,
tetrabutylamoni tert-butyl 3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl} amino)oxy]azetidin-1-carboxylat,
(2S,5R)-7-0x0-N-[(3R)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
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tert-butyl (3R)-3-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,
tert-butyl (3R)-3-[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,
tetrabutylamoni tert-butyl (3R)-3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]pyrolidin-1-carboxylat,
(28,5R)-7-0x0-N-[(3S)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
tert-butyl (3S)-3-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,
tert-butyl (39)-3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,
tetrabutylamoni tert-butyl (3S)-3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl} amino)oxy]pyrolidin-1-carboxylat,
(28,5R)-N-(azetidin-3-ylmetoxy)-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl 3-{[({[(2S,5R)-6-benzyloxy-7-o0xo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tert-butyl 3-{[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tetrabutylamoni tert-butyl 3-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl} azetidin-1-carboxylat,
(28,5R)-7-0x0-N-[(3R)-piperidin-3-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (3R)-3-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat,
tert-butyl (3R)-3-{[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat,
tetrabutylamoni tert-butyl (3R)-3-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl} piperidin-1-carboxylat,
(28,5R)-7-0x0-N-(piperidin-4-yloxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl 4-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]piperidin-1-carboxylat,
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tert-butyl 4-[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]piperidin-1-carboxylat,
tetrabutylamoni tert-butyl 4-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]piperidin-1-carboxylat,
(28,5R)-7-0x0-N-(piperidin-4-ylmetoxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat,
tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy |metyl}piperidin-1-carboxylat,
tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat,
natri (28,5R)-N-[2-(1H-imidazol-1-yl)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-benzyloxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
(28,5R)-6-hydroxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
pyridini (28,5R)-N-[2-(1H-imidazol-1-yl)etoxy]-7-ox0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
natri (2S,5R)-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-benzyloxy-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
(28,5R)-6-hydroxy-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
pyridini (28,5R)-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
dinatri 1-{2-[({[(2S,5R)-7-0x0-6-(sulfonatoxy)-1,6-diazabixyclo[3.2.1]oct-2-
ylJcarbonyl}amino)oxy]etyl}-1H-imidazol-2-sulfonat,
(28,5R)-6-benzyloxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
(28,5R)-6-hydroxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
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pyridini 1-{2-[({[(2S,5R)-7-0x0-6-(sulfonatoxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}-1H-imidazol-1-i-2-sulfonat,
natri (2S,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-6-benzyloxy-N-[2-(dimetylamino)-2-oxoetoxy]-7-oxo0-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(2S,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
pyridini (2S,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
(28,5R)-7-0x0-N-[2-0x0-2-(piperazin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]axetyl}piperazin-1-carboxylat,
tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl|carbonyl}-
amino)oxyJaxetyl}piperazin-1-carboxylat,
tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]axetyl} piperazin-1-carboxylat,
natri (2S,5R)-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-oxo0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
(28,5R)-6-benzyloxy-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-0x0-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-hydroxy-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-oxo-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
pyridini (28,5R)-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-N-[2-(1,4-diazepan-1-yl)-2-oxoetoxy]-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
ylJcarbonyl}amino)oxyJaxetyl}-1,4-diazepan-1-carboxylat,
tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }-
amino)oxy]axetyl}-1,4-diazepan-1-carboxylat,
tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]axetyl}-1,4-diazepan-1-carboxylat,
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natri (2S,5R)-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-6-benzyloxy-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-hydroxy-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
pyridini (2S,5R)-7-0x0-N-[2-(2-oxopyrolidin-1 -yl)etoxy]-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
natri (2S,5R)-7-0x0-N-[2-(2-oxoimidazolidin-1 -yl)etoxy]-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]octan-2-carboxamit,
(28,5R)-6-benzyloxy-7-0x0-N-[2-(2-oxoimidazolidin-1 -yl)etoxy]-1,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
(28,5R)-6-hydroxy-7-0x0-N-[2-(2-oxoimidazolidin-1-yl)etoxy]-1 ,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,
pyridini (2S,5R)-7-0x0-N-[2-(2-oxoimidazolidin-1 -yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
natri (2S,5R)-N-(2-hydroxyetoxy)-7-0xo-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
(2S,5R)-6-benzyloxy-7-oxo-N-(2-triisopropylsilyloxyetoxy)-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
(28,5R)-6-hydroxy-7-0x0-N-(2-triisopropylsilyloxyetoxy)-1 ,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tetrabutylamoni (28,5R)-7-0x0-6-(sulfooxy)-N-(2-triisopropylsilyloxyetoxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
natri (2S,5R)-N-(2-metoxyetoxy)-7-0xo0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
(28,5R)-6-benzyloxy-N-(2-metoxyetoxy)-7-0xo-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
(28,5R)-6-hydroxy-N-(2-metoxyetoxy)-7-oxo-1,6-diazabixyclo[3 .2.1]octan-2-
carboxamit,
pyridini (2S,5R)-N-(2-metoxyetoxy)-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
natri (2S,5R)-N-[2-(metylsulfonyl)etoxy]-7-ox0-6-(sulfooxy)-1 ,0-diazabixyclo-
[3.2.1]octan-2-carboxamit,
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(28,5R)-6-benzyloxy-N-[2-(metylsulfonyl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

(28,5R)-6-hydroxy-N-[2-(metylsulfonyl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

pyridini (28,5R)-N-[2-(metylsulfonyl)etoxy]-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo-
[3.2.1]octan-2-carboxamit,

benzyl {2-[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2. 1]oct-2-yl]carbonyl}-
amino)oxyJetyl}carbamat, va

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2. 1]oct-2-yl]carbonyl}-
amino)oxy]etyl}carbamat.

Ngoai ra, vé cic vi du cu thé cia cac hogp chat theo sang ché, cac nhom hop

Mle O
Me/N ) ['"u.
H ‘ }
N\ /P3

chit dudi day tdt hon 14 dugc dé cap.

N
0™ (11-018), (11-019) d 0" (11-020)
(o]
3. L L
O H
N P3 N P3
o 07 (11-025) o 07 (11-033)

trong cac cong thirc néu trén, P? 14 tert-butoxycarbonyl (Boc) hodc benzyloxycarbonyl
(Cbz); P? 14 benzyl (Bn), H hoic SO;M; trong d6 M la H, natri, pyridini hogc
tetrabutylamoni.

O O
k/N\N/u """"
H
9
)——N
~._p3
o o (11-055)

trong do, P’ 1a benzyl (Bn), H hodc SO;M; trong d6 M la H, natri, pyridini hodc
tetrabutylamoni.
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(1-077) (11-078) (11-079)

trong cdc cong thurc néu trén, P? 1a tert-butoxycarbonyl (Boc), benzyloxycarbonyl
(Cbz), hoac H; P 1a benzyl (Bn), H hoic SOsM; trong d6 M 1a H, natri, pyridini hodc
tetrabutylamoni.
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trong cac cong thirc néu trén, P? 1a tert-butoxycarbonyl (Boc), benzyloxycarbonyl
(Cbz), hodc H; P 1a benzyl (Bn), H hodc SO;M; trong d6 M 1a H, natri, pyridini hodc
tetrabutylamoni; va P* 14 triisopropylsilyl hogc H.

Tét hon nita 13, cac vi du cu thé bao gﬁ“)m:

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} carbamat,

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-

amino)oxy Jetyl}carbamat,

pyridini tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-

yl]carbonyl}amino)oxy]etyl} carbamat,

natri tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-

yl]carbonyl}amino)oxy]etyl} carbamat,

tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]etyl} carbamat,

(28,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit,
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benzyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl } -
amino)oxy]etyl}carbamat,
(2S,5R)-N-[2-(metylamino)etoxy]-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl } metylcarbamat,
tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]etyl}metylcarbamat,
tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]etyl }metylcarbamat,
(2S,5R)-7-0x0-N-[2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl } propan-2-ylcarbamat,
tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]etyl}propan-2-ylcarbamat,
tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl} propan-2-ylcarbamat,
(2S,5R)-N-[2-(dimetylamino)etoxy]-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
(2S,5R)-6-benzyloxy-N-[2-(dimetylamino)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,
(2S,5R)-N-[2-(dimetylamino)etoxy]-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
pyridini (2S,5R)-N-[2-(dimetylamino)etoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
(2S,5R)-N-{[(2S)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {(2S)-1-[({ [(2S,5R)-6-benzyloxy-7-oxo- 1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
tert-butyl {(2S)-1-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
tetrabutylamoni tert-butyl {(2S)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]propan-2-yl} carbamat,
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(28,5R)-N-{[(2R)-2-aminopropyl]oxy }-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl {(2R)-1-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy|propan-2-yl}carbamat,
tert-butyl {(2R)-1-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat,
tetrabutylamoni tert-butyl {(2R)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]propan-2-yl} carbamat,
(28,5R)-N-(3-aminopropoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,
tert-butyl {3-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat,
tert-butyl {3-[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy]propyl}carbamat,
tetrabutylamoni tert-butyl {3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl} amino)oxy]propyl } carbamat,
(2S,5R)-N-[(2S)-azetidin-2-ylmetoxy]-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (25)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tert-butyl (28)-2-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,
tetrabutylamoni tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl } azetidin-1-carboxylat,
(2S,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
tert-butyl (2R)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat,
tert-butyl (2R)-2-{[({[(2S,5R)-6-hydroxy-7-o0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat,
tetrabutylamoni tert-butyl (2R)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl} pyrolidin-1-carboxylat,
(2S,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
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tert-butyl (25)-2-{[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat,

tert-butyl (2S)-2-{[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat,

tetrabutylamoni tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diaza-
bixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl} piperidin-1-carboxylat,
(2S,5R)-7-0x0-N-[(3S)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

tert-butyl (3S)-3-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,

tert-butyl (38)-3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat,

tetrabutylamoni tert-butyl (3S)-3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl }amino)oxy]pyrolidin-1-carboxylat,
(2S,5R)-N-(azetidin-3-ylmetoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

tert-butyl 3-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,

tert-butyl 3-{[({[(2S,5R)-6-hydroxy-7-0xo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
amino)oxy|metyl}azetidin-1-carboxylat, va

tetrabutylamoni tert-butyl 3-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo-
[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat,

va nhom hop chét dudi ddy cé thé duoc dé cap.
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trong cac cong thirc n€u trén, P? 1a tert-butoxycarbonyl (Boc), benzyloxycarbonyl
(Cbz) hodc H; P? 1a benzyl (Bn), H hodc SOsM; trong d6 M 1a H, natri, pyridini hogdc
tetrabutylamoni.

Tét nhét 13,
(28,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit,

(28,5R)-N-[2-(metylamino)etoxy]-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(28,5R)-7-0x0-N-[2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(2S,5R)-N-[2-(dimetylamino)etoxy]-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

(28,5R)-N-{[(2S)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,
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(2S,5R)-N-{[(2R)-2-aminopropyl]oxy }-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(2S,5R)-N-(3-aminopropoxy)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(2S,5R)-N-[(2S)-azetidin-2-ylmetoxy]-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(2S,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(28,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]-
octan-2-carboxamit,

(2S,5R)-7-0x0-N-[(3S)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit, va

(2S,5R)-N-(azetidin-3-ylmetoxy)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit dugc dé cap.

Thudc duge d& cap theo sang ché chira chit duge chon tir cac hop chét c6 cong
thirc (I) (nhu hop chét c6 cong thuc (I1a), (IIb) hodc (III)) va mubi duge dung ctia no,
va hydrat ctia n6 hodc solvat ctia né lam thanh ph?m hoat tinh, dugc st dung duong
miéng hoac ngoai dudng tiéu hoa, va tdt hon 12 str dung ngoai duong tiéu hoa. Hop
chit theo sang ché va thudc khang sinh B-lactam ¢ thé dugc s dung bang phuong
phép trong dé cac thudc twong tng dugc bao ché mot cach riéng r& & thoi diém sir
dung dugc st dung két hop dong thoi hodc riéng ré, hodc phuong phép trong d6 ca hai
thudc dugc tron trude théng thuong bang cach st dung mot hodc nhiéu chit phy gia
(chit mang) dung cho ché pham dé san xuit dugc phdm va st dung ching.

Céc vi du cu thé vé dugc pham dung qua dudng miéng c6 thé bao gdbm vién
nén, vién nang, hat, bot, vién tron, dung dich chira nuéc hodc khong chira nude dung
qua duong mi¢ng va huyén phu.

V& duong ding @& diing ngoai dudng tiéu hoa, co thé ké dén duong dung trong
miii, nhd mét, nho tai, qua da, qua khi quan, trong rudt, trong dudng ni¢u, dudi da,
trong co va trong tinh mach.

Céc vi du cu thé v& dugc phdm ding ngoai duong tiéu héa dudi dang sir dung
trong tinh mach c6 thé bao gdbm dung dich tiém dé sir dung trong tinh mach trong d6
dang bdt ctia dugc phdm duoc hoa tan trong dung méi kha dung. Dung méi kha dung
6 thé dugc dé cap, vi dy, nude vo trung dung dé tiém, dung dich mudi sinh ly, chét
16ng glucoza, dung dich Ringer, nuéc kim hdm vi khudn dung dé tiém chua
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metylparaben va propylparaben, hodc nu¢c kim ham vi khuin ding dé tiém chira rugu
benzyl.

Dugc phim dang bot ding ngoai dudng tiéu héa c6 thé dugc san xuét bing
cach dua vao quy trinh khir trung hop chét theo sang ché ma 1a thé hoat tinh va thudc
khang sinh B-lactam, cho vao binh dugc gén xi va lam kho lanh, hodc cho dugc phém
¢ dang bot dd khir tring vao binh gén xi. Cac phuong phap cu thé cho quy trinh khir
trung t5t hon 1a dugc dé cép:

phuong phép trong d6 dung dich don nhét hodic hdn hop dugc cho tich ndi doc
td, loc chét khong hoa tan, sau do, két tinh, d6 véao binh ¢6 gén xi va chiéu tia gamma;

phuong phép trong d6 dung dich don nhét hodc hdn hgp duge cho tach ndi doc
t6, loc vo tring, khir tring 1an cubi nhu khir tring bang hoi dudi 4p sudt va chiéu anh
sang xung, va lam kho lanh;

phuong phép trong d6 dung dich don nhit duoc cho tach ndi doc td, loc vo
trung dudi khong khi da khir trung, tiép theo dd vao binh c6 gén xi, lam dong lanh va
déy lai, va sau d6, 1am kho lanh;

phuong phép trong do mdi dung dich cta hop chét duogc cho tach ndi doc td,
loc vO tring, va két tinh trong khong khi da kht trung;

phuong phép trong d6 mdi trong s6 thubc & dang bot da khir trung duoc két
tinh trong khong khi da khir tring duoc dit trong khong khi da khir trung trén mot
thudc khac & dang bot da khir tring ma da duoc 1am kho lanh trong mot binh ¢6 gén
Xi; va

phuong phép trong do mdi trong sé thudc & dang bot dd khir trung da duoc
lam kho lanh va thudc khéc & dang bot da khtr tring dugc két tinh trong khong khi da
khtr tring dugc trdn v6i nhau trong khong khi dé khir trang.

Puoc vu tién hon 1a phuong phap trong d6 dung dich don nhét duoc cho tich
ndi doc td, loc vo trung trong khong khi da khir tring, 1An lugt d6 vao binh ¢ gin xi,
lam dong lanh va ddy lai, va sau d6, 1am kho lanh, hodc phwong phép trong do moi
dung dich cia hgp cht cho tach noi doc 6, loc vo tring, va két tinh trong khong khi
da khtr trung.

Dugc phém néu trén co6 thé duogc cit gitt & nhi€t do trong phong hodc thép hon
dén khi n6 dugc didu ché dudi dang dung dich tiém trong tinh mach, va dugc str dung
bang cach hoa tan & trong do6 tai thoi diém st dung. Nong do hop chét theo sang ché
trong dung dich tiém trong tinh mach dugc hoan nguyén nim trong khoang, vi du, 1
dén 50mg/ml.
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Liéu dung va s 1an st dung duge phdm theo sang ché khong bi giéi han cu
thé, va lidu ding va s 1an sir dung c6 thé duoc xac dinh tuy v phu thudc vao céc didu
kién khac nhau nhu muc dich diéu tri hodc phong ngira, loai bénh, do tudi, trong luong
co thé va triéu ching ctia bénh nhan. Nong d6 méu hitu hiéu ctia hop chét theo sang
ché duoc st dung két hop véi thudc khang sinh B-lactam dugc didu chinh sao cho t6t
hon 1a né duoc duy tri & mirc 1pg/ml hodc 16n hon trong khi sir dung thudc khang sinh
B-lactam. Liéu dung hop chét theo séng ché d& sir dung trong tinh mach tét hon 1a tir 2
dén 75mg/kg cho mdi 1an sir dung, va st dung qua duong miéng t6t hon 1a tir 4 dén
300mg/kg trong vai 14n mbi ngay phu thudc vao s6 14n st dung thudc khang sinh p-
lactam, t6t hon 13 duoc str dung tir 2 dén 6 1an.

$ day, thudc khang sinh B-lactam ma c6 thé dugc sir dung két hop véi hop
chit theo sang ché c6 thé 14 penixilin, xephem va carbapenem c6 thé dugc dé cap.

Cac vi dy cu thé vé céac penixilin bao gdbm benzylpenixilin, phenethixilin,
cloxaxilin, dicloxaxilin, ampixilin, xyclaxilin, amoxyxilin, talampixilin, becampixilin,
lenampixilin, aspoxixilin, piperaxilin, sulbenixilin, pivmexilinam, sultamixilin,
phenoxymetylpenixilin, carbenixilin, azidoxilin, propixilin, epixilin, ticarxilin,
pirbenicilin, azloxilin, mezloxilin, va c4c penixilin d& biét khac.

Cac vi du cu thé vé& cac xephem bao gdbm xefaclor, xefazolin, xefatrizin,
xefadroxil, xephapirin, xefamandol-nafat, xephradin, xephalexin, xephalothin, xefepim,
xefoxitin, xefixim, xeftazidim, xefditoren, xefdinir, xefsulodin, xefoselis, xefozopran,
xefotaxim, xeftazidim, xeftarolin, xefotiam, xeftizoxim, xeftibuten, xeftezol, xefteram,
xeftriaxon, xefonixit, xefpiramit, xefpirom, xefbuperazon, xefprozil, xefoperazon,
xefpodoxim, xefminox, xefmetazol, xefmenoxim, xefradin, xefroxadin, xefuroxim,
xeftolozan (hydro sulfat cua axit CXA101, (6R,7R)-3-[5-amino-4-[3-(2-
aminoetyl)ureido]-1-metyl-1H-pyrazol-2-i-2-ylmetyl]-7-[2-(5-amino-1 ,2,4-thiadiazol-
3-y1)-2-[(Z)-1-carboxy-1-metyletoxyimino]axetamit]-3 -xephem-4-carboxylic) va cac
xephem d3 biét khac.

Cac vi du vé carbapenem c6 thé dugc dé cdp 1 imipenem, panipenem,
meropenem, biapenem, doripenem, ertapenem va tebipenem, va thudc ¢ ché DHP-1
nhu natri xilastatin cé thé duogc str dung két hop, néu can.

Céac vi du vé cac thudc khang sinh B-lactam khac véi cac carbapenem,
penixilin v xephem c¢6 thé dugc ké dén la thuoc khang sinh B-lactam nhu aztreonam,
carumonam, latamoxef, flomoxef, loracarbef, faropenem va ritipenem.

Céc vi du vé cac penixilin ma dic biét phu hop cho vige st dung két hop véi
hop chit theo séng ché c6 thé duge ké dén 1a ampixilin, amoxixilin, carbenixilin,
piperaxilin, azloxilin, mezloxilin va ticarxilin. Céc penixilin nay c6 thé dugc st dung,
vi du, & dang mudi duge dung nhu mudi natri. O mot phuong 4n khac, ampixilin hodc
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amoxixilin ¢ thé duge st dung két hop véi hop chét c6 cong thie (1) dudi dang huyén
phi dung dé tiém hozic cac hat min (ampixilin-trihydrat hodc amoxixilin-trihydrat) kiéu
ion ludng tinh cho huyén phi dung dé tiém.

Céac xephem déc biét phu hgp cho viéc str dung két hop v6i hop chét theo sang
ché bao gdm xefotaxim, xeftriaxon, xeftazidim va xefepim, va cac xephem nay c6 thé
duge st dung dudi dang mudi dugc dung nhu mudi natri.

Céc carbapenem dic biét phu hgp cho viéc sir dung két hop v6i hop chit theo
sang ché 13 imipenem, meropenem, biapenem, doripenem va ertapenem.

Mot vi du vé thudc khang sinh B-lactam ddc biét phu hop cho viée str dung két
hop v6i hop chét theo sang ché ngoai c4c carbapenem, cac penixilin va cdc xephem 1a
aztreonam.

Bing cach sit dung két hop hop chit theo sang ché va thudc khang sinh B-
lactam, hdn hop nay c6 thé sir dung dé didu tri bénh truyén nhiém do céc chung san
sinh P-lactamaza 16p A va 16p C, va cac ching san sinh ESBL va KPC2
carbapenemaza gy ra, ngodi bénh nhiém khuan thudc phd khang khuan ctia céc thudc
khang sinh.

Céac chiing san sinh B-lactamaza 16p A va 16p C, va cdc chung san sinh ESBL
va KPC2 carbapenemaza bao gdm Escherichia coli, Klebsiella pneumoniae,
Enterobacter croacare, Citrobacter freundii, Serratia marcescens, Morganella
morganii, Pseudomonas aeruginosa va Acinetobacter baumannii.

Dudi day, quy trinh didu ché chung ctia hop chét theo sang ché s& dugc gidi
thich.
Céc hop chit dugc st dung @8 kiém tra va danh gia sang ché c6 thé dugc téng

hop bang cach str dung hop chét tao mach nhanh (A-BH) va axit carboxylic c6 cong
thirc (6b) theo so dd 1 dudi day:

So dd 1
o

/lol" chét phénAﬁ'-rg'-I:ét hop A. | A. j’
HO Q Bazo' B Q Hydro, chét xdc tac B Q
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trong so dd trén, OBn 1a benzyloxy, bao gdm phuong phap duge boc 1 trong patent
Mgy sb 7,112,592, bang cach tién hanh sy cai bién va cai thién cac diéu kién phan tng,
hau xir Iy va budc tinh ché dua trén kha ning phén Umg riéng cho cic nhom chirc
twong ng hoic tinh 6n dinh riéng cho céc hop chét trong tmg.

Ttre 14, axit carboxylic hoat tinh tuy y c6 cong thirc (6b) va hop chét tao mach
nhanh (A-BH) dugc xir ly bang phuwong phéap dugc chon tir phuong phéap anhydrit axit
hdn hop, phuong phép este hoa hoat tinh, phuong phép amit hoa hoat tinh hodc chét
ngung tu loai nudc voi su c6 mit cua bazo dé didu ché hop chét c6 cong thirc (Ta),
benzyl ctia benzyloxy c6 cong thirc (Ia) dugc dua dén phan tmg hydro phan trong khi
quyén hydro dudi sy c6 mit clua chit xtc tac duge chon tir platin oxit, paladi oxit,
mudi paladi va paladi-cacbon, va néu can, v&i su c6 mit cia di-tert-butoxydicarbonat,
@& didu ché hop chit c6 cong thire (Ib), nhom hydroxyl c6 cong thire (Ib) duge sulfat
hoa bang chét sulfat héa dugce chon tir phirc chét luu huynh trioxit-pyridin, phirc chét
lwu huynh trioxit-dimetylformamit va axit closulfonic dudi sy c6 mét cia bazo dugc
chon tir pyridin, 2-picolin, 2,6-lutidin va 2,4,6-colidin d8 didu ché hop chét c6 cong
thac (Ic), va néu cin, nhém bao vé cho nhém amino (vi dy, nhém tert-butoxycarbonyl
(Boc)) trén mach nhanh dugc xtt ly nhe bang axit (vi du, dugc chon tir axit clohydric,
axit sulfuric, axit metansulfonic, axit p-toluensulfonic, axit triflometansulfonic, axit
trifloaxetic va axit tetrafloboric) dé loai bd nhém bao vé nd, va sau do, hop chét c6
cong thire (Id) duge tinh ché, vi dy, bing séc ky cdt octadexyl silicagel, sic ky cot str
dung nhua tbng hop nhu DIAION HP21 (c6 béan san tir Mitsubishi Chemical
Corporation), SEPABEADS SP207 (c6 ban san tir Mitsubishi Chemical Corporation)
hoic HPLC diéu ché, & d6 pH phu hop, bang cach d6 hop chét dich co thé dugc tong
hop.

Axit carboxylic hoat tinh tly y c¢6 cdng thirc (6b) néu trén ¢ thé dugc tong
hop theo so d6 2 dudi day:
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trong so dd trén, Cbz 1a benzyloxycarbonyl, t-Bu la tert-butyl, TFAA 1a anhydrit cua
axit trifloaxetic, TFA lién két voi hop chét 13 trifloaxetyl, Tf,0 1a anhydrit cla axit
triflometansulfonic, BnONH, 1a benzyloxyamin, DMAP la 4-dimetylaminopyridin,
TFA dugc md ta duy nhét trong so dd 12 axit trifloaxetic, OBn 1a benzyloxy, va LiOH
14 lithi hydroxit,

va phuong phap dugc thé hién & phan vi dy thyc hién sang ché.

Tic 13, benzyloxycarbonyl cta hop chit da biét co cong thic (1) dugce loai bd
bang phan tng thiy phén duéi sy c6 mét ciia chét xuc tac nhu paladi-cacbon du6i khi
quyén hydro dé didu ché hop chét c6 cong thire (2); chuyén hoa n6 bing céach cho phan
ng v6i anhydrit cua axit trifloaxetic dudi sy c6 mit cua trietylamin dé didu ché hop
chét c6 cong thirc (3); cho nhém hydroxyl & vi tri thtr 5 clia né phan Gng véi anhydrit
cla axit triflometansulfonic duéi sy ¢6 mit cua 2,6-lutidin, tiép theo phan ung voi
benzyloxyamin dé diéu ché hop chit c6 cong thirc (IV); loai bd trifloaxetyl bang cach
st dung natri hydroxit d& didu ché hop chét co cong thirc (4a), hodc loai b trifloaxetyl
bing cach sir dung hydro clorua-metanol va phén Ung trao dbi este mot cach dong thoi
dé diéu ché hop chit c6 cong thuc (4b); cho ching phan tng véi diphosgen hodc
phosgen du6i sy co mit clia trietylamin hodc 4-dimetylaminopyridin dé didu ché hop
chit c6 cong thirc (5a) hodc (5b); va tach este & vi tri thir 2 bang cach xt ly bang axit
sir dung, vi du, axit trifloaxetic, hodc xir ly bang bazo st dung, vi du, lithi hydroxit, dé
didu ché axit (28S,5R)-6-(benzyloxy)-7-0x0-1,6- diazabixyclo[3.2.1]octan-2-carboxylic
co cdng thirc (6b). Hodc hop chét khac, axit (2S,5S)-5-hydroxypiperidin-2-carboxylic
¢ cong thirc (7) co ban trén thi truong hodc hydroclorua ctia n6 dugc chuyén hoéa
thanh hgp chét c6 cong thirc (10) hodc (4b) theo phuong phap tuong tu nhu duoc dé
cap O trén ma khong can tinh ché, va dugc tach dudi dang hydroclorua cia no, va
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ngoai ra quy trinh nay duoc thyc hién dé thu duoc axit (2S,5R)-6-(benzyloxy)-7-0x0-
1,6-diazabixyclo[3.2.1]octan-2-carboxylic cé cong thirc (6b).

Trong s6 hop chét tao mach nhanh A-BH, din xuét hydrazin cu thé duoc thé
hién bing Ra(Rb)N-BH ¢6 thé dugc téng hop theo so dd 3 duéi day:

So dd 3
" hydrazin monohydrat
RCO;R' — RCONHNH,
H,NNHCbz thdy phan
RCOCI RCONHNHCbz RCONHNH

chét ngwng tu loai nwéc
H,NNHCbz | hodc
phuong phap anhydrit axit hdn hop

RCO;H

trong so dd trén, Cbz 1a benzyloxycarbonyl.

Tac 13, nd c6 thé d& dang duge tbng hop bang cach cho este phan Ung vdi
hydrazin'-monohydrat, amit hoéa axit clorua va N-benzyloxycarbonyl hydrazin dudi su
c6 mit cua bazo thich hgp, hodc amit héa axit carboxylic va N-benzyloxycarbonyl
hydrazin bang chit ngung tyu loai nude hodc bang phuong phap anhydrit axit hdn hop,
va sau d6, cho nhém benzyloxycarbonyl dem di hydro phan duéi sy ¢6 mét cia chét
xuc tac nhu paladi-cacbon.

Ngoai ra, alkoxyamin cu thé dugc thé hién bing RcOBH dugc tbng hop bing
phuong phép dugc thé hién trong so dd 4 dudi day:

So db 4
e} Q
phan (rng Mitsunobu ~ Rc, Hydrazin monohydrat
HO-N - = 0N -_— + RcONH,;
hO‘éC ho#c
o} chat alkyl hoa o}

MeNH2

Tt 13, n6 ¢6 thé d& dang dugce tong hop bang cach cho N-hydroxyphtalimit va
dan xuét ruou thich hop lién hop véi nhau theo phan mg Mitsunobu, hodc cho phan
tng voi chit alkyl hoa c6 nhém roi chuyén nhu alkyl halogenua va nhém
metylsulfonyloxy, sau do, loai bd nhom bao vé phtalimit bing bazo hitu co nhu
hydrazin-monohydrat hodc metylamin.

Duéi déy la quy trinh didu ché hop chat c6 cong thirc (III):
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o)

|
Rc’O”B)_ "‘Q

N
o‘ N‘o—SO;;M

1)

trong do, Rc 1a Cy.¢ alkyl hodc heteroxyclyl; B 1a NH hodc NCy alkyl; M 1a H, cation
v co hoic cation hitu co; Re ¢6 thé duge thé bing 0 dén 4 phan tir thé Fnl, trong d6
phén tir thé Fnl c6 thé duoc thé tiép; Fnl 1a C alkyl, O= hodic Rg-(CH,)o.3-, trong d6
Rg 14 heteroxyclyl, phenyl, heteroaryl, axyl, RdO,S-, Re(Rf)N-, Re¢(Rf)NCO-, ReO-,
ReOCO- hodc nhom béo vé, trong do Rd 1a Cy.¢ alkyl hodc MO-; mdi trong s6 Re va
Rf doc 14p 1a H hodc Cy alkyl; va gitta Re-b, va giita Re-Rf ¢6 thé dugc déng vong
bang cach lién két @8 tao thanh heteroxyclyl c6 it nhdt mt nguyén tir nito,

duoc d& xuét trong sang ché s& duge giai thich chi tiét hon.

Trong quy trinh didu ché theo sang ché, vé nhom bio vé phi hop duge thé
hién bing P' & nguyén liéu ban dau c6 cong thire (IV-a):

OH
O,
pt N N,OBn
H
(IV-a)

trong cong thirc (IV-a) n€u trén, P! 1a nhém béo vé ma c6 thé dwoc loai bo bing axit,
bazo hodc chét 4i nhan; va OBn 1a benzyloxy,

nhém bao vé cho nhom amino ¢6 kha néng loai nhém bao vé béng axit, bazo hodc chét
4i nhan dugc md ta trong Protective Groups in Organic Synthesis (T. W. Greene et al.,
Wiley, New York (1999)) c6 thé dugc sir dung. Cu thé hon, c6 thé ké dén tert-
butoxycarbonyl, 2-trimetylsilyletoxycarbonyl, 1,1-dimetylpropinyloxycarbonyl, 1-
metyl-1-(4-biphenylyl)etoxycarbonyl, 1-metylxyclobutoxycarbonyl, 1-
adamantyloxycarbonyl, diphenylmetoxycarbonyl, 9-florenylmetoxycarbonyl, 1,1-
dimetyl-2-xyanoetoxycarbonyl, formyl, tricloaxetyl, trifloaxetyl, benzensulphenyl, 2-
nitrobenzensulphenyl, 2-trimetylsilyletansulfonyl, 2-nitrobenzensulfonyl, 4-
nitrobenzensulfonyl, 2,4-dinitrobenzensulfonyl, 2-naphtalensulfonyl, 9-
antratensulfonyl va benzenthiazol sulfonyl, t6t hon 14 tert-butoxycarbonyl, 2-
trimetylsilyletoxycarbonyl, trifloaxetyl, 9-florenylmetoxycarbonyl, 2-
nitrobenzensulfonyl va 4-nitrobenzensulfonyl.

Bude thu hop chét ¢6 cong thirc (IV-b):
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J
Rc/o‘B "—.O\
P1.N N,OBn

(IV-b) H

trong cong thire (IV-b) néu trén, P! 12 nhém bao vé ma c6 thé duoc loai bo bing axit,
bazo hoic chit 4i nhan, Rc va B ¢6 nghia gidng nhu da dugc dinh nghia cho hop chét
¢6 cong thirc (III), va OBn la benzyloxy,

béng cach lién hop hop chét ¢6 cong thire (IV-a) vé6i hop chét tao mach nhanh: RcOBH,
¢6 thé dugc thuc hién bang phuong phap ma trong d6 hop chét c6 cong thire (IV-a)
dugc xtt Iy bang cach bang cach st dung este hoat tinh, amit hoat tinh hodc chét ngung
tu loai nudc trong dung mdi thich hop.

Viéc lién hop béng cach str dung chét ngung tu loai nuéc duge thuc hién trong
nhidu truong hop bang cach bd sung nhom este hoat tinh hogc nhém amit hoat tinh
1am chét xtc tac dé tao ra este hoat tinh hodc amit hoat tinh trong hé¢ phan tmg, va cac
vi du cu thé dugc dé cap va dugc giai thich dudi day.

Céac vi du vé& dung méi dugce st dung cho chit 1am ngung tu loai nuéc c6 thé
duoc ké dén 12 nuGe, metanol, etanol, isopropanol, etyl axetat, toluen, tetrahydrofuran,
dioxan, axetonitril, diclometan, clorofom, dimetylformamit va dimetylaxetamit, tbt
hon 1a etyl axetat, tetrahydrofuran, diclometan, axetonitril, dimetylformamit va
dimetylaxetamit, ma co thé dugc str dung riéng ré& hodc két hop.

Khi chit 1am este hoa hoat tinh hodc chét 1am amit héa hoat tinh duoc st dung,
phan rng dugc thyc hién dudi sy c6 mét cla bazo, néu can. Bazo duoc sir dung trong
phan tng co thé 1a trietylamin, diisopropyletylamin, tributylamin, N-metylmorpholin
va 4-dimetylaminopyridin dd dugc @& cap, t6t hon 1a trietylamin, va dugc st dung
trong khoang tur 1 dén 3 duong lugng phu thudc vao su can thiét dua trén hop chit c6
cong thirc (I'V-a), tdt hon la tir 1 dén 1,5 dwong lugng.

V& chit 1am ngung tu loai nuée, co thé sir dung riéng carbodiimit nhu N,N’-
diisopropylcarbodiimit, N,N’-dixyclohexylcarbodiimit va 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua, hodc két hop voi nhém amit hoat tinh
hodc nhom este hoat tinh nhu imidazol, 1-hydroxybenzotriazol-monohydrat, N-
hydroxysucxinimit va 2-hydroxypyridin-N-oxit, va ngoai ra c6 thé k& dén chét este
ho4 hoat tinh hodc chét amit hoa hoat tinh nhu carbonyldiimidazol, benzotriazol-1-
yloxy-tris(dimetylamino)phosphoni hexaflophosphat, 2-clo-1-metylpyridin iodua va 4-
(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua, t6t hon 1a 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua két hop voéi 1-
hydroxybenzotriazol-monohydrat, hodc 2-clo-1-metylpyridini iodua dugc chon, va
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chit nay duoc st dung v6i lugng ndm trong khoéng tir 1,0 dén 2,0 dwong lugng tinh
theo hop chét c6 cong thirc (IV-a), t5t hon nita 13 tir 1,0 dén 1,5 dwong luong. Nhiét do
phan tmg nim trong khoang tir -40°C dén nhiét do trong phong, tot hon 1a nim trong
khoéng tir -20°C dén nhiét d6 trong phong. Phan ing duge thuc hién trong khoang
thoi gian tir 30 phut dén 1 ngay, t6t hon 14 trong khoang tir 2 dén 16 gio.

Hop chit c6 cong thirc (TV-b) c6 thé duogc tach bang cach pha lodng hdn hop
phan tng v4i dung moi thich hgp sau khi hoan thanh phan Gng, rira 1an luot bang nudc,
axit lodng, dung dich bazo chira nuéc (vi dy, axit clohydric lodng, kali monohydro
sulfat, axit xitric, hodc dung dich nudc natri bicarbonat, dung dich nuéce mubi bio hoa),
va lam bay hoi dung méi dé c¢6 hdn hop phan tng. Dung méi hitu co duge sir dung dé
pha lodng co thé ké dén 1a dietyl ete, etyl axetat, butyl axetat, toluen, diclometan va
clorofom, t&t hon 14 etyl axetat.

Tiép theo, budc loai bd nhém bao vé hop chit ¢ cong thire (IV-b) dé diéu ché
hop chét c6 cong thirc (IV-¢) dudi day:

J
Rc’O”B e
HN N,OBn
H
(IV-c)
trong cdng thuc (IV-c) néu trén, Rc va B ¢ nghia gidng nhu dd dugc dinh nghia cho
hop chit c¢6 cong thire (111), va OBn 1a benzyloxy,

budc niy c6 thé dugc thyc hién nhu sau.

Céc vi du v& dung mdi duge sit dung dé loai bd nhém bao vé dusi cac didu
kién axit c6 thé dugc ké dén 1a nuéc, metanol, etanol, isopropanol, etyl axetat,
tetrahydrofuran, dioxan, diclometan, clorofom, 1,2-dicloetan va 2,2,2-trifloetanol, tdt
hon 13 nudc, metanol, etanol, etyl axetat, dioxan va diclometan, ma co thé duoc st
dung riéng r& hoic két hop.

Céc vi du vé axit duge st dung dé loai bd nhom bao vé dudi cac diéu kién axit
¢6 thé duoc k& dén 1a axit clohydric, axit sulfuric, axit phosphoric, axit formic, axit
trifloaxetic, axit metansulfonic, axit triflometansulfonic, axit clometansulfonic va axit
tetrafloboric, tot hon 14 axit clohydric, axit sulfuric, axit trifloaxetic, axit metansulfonic
va axit tetrafloboric, tdt hon nita 13 axit clohydric hogc axit trifloaxetic. Axit nay duoc
st dung v6i lugng nam trong khoang tir 1 dwong lugng dén luong dung moi tinh theo
hop chét c6 cong thirc (IV-b), t6t hon 1 tir lwong gip 5 14n dén lugng dung moi. Nhiét
do phan Ung nam trong khoang tlr -25 dén 50°C, t6t hon 14 trong khoang tir -10 dén
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30°C. Phan ung dugc thuc hién trong khoang thoi gian tir 30 phut dén 16 gio, tdt hon
1a trong khoang tir 30 phut dén 5 gio.

Céc vi du vé dung mdi duge st dung dé loai bé nhom béo vé dudi cac diéu
kién bazo hodc b%mg chit 4i nhan c6 thé dugc ké dén 1a nuéc, metanol, etanol,
isopropanol, tetrahydrofuran, dioxan, axetonitril, dimetylformamit, dimetylaxetamit va
2,2,2-trifloetanol, tdt hon 13 nudce, metanol, tetrahydrofuran va dioxan, ma c6 thé dugc
st dung riéng r& hodc két hop.

Céc vi du v& bazo dugc str dung dé loai bo nhom bao vé dudi cac diéu kién
bazo ¢6 thé dugc k& dén 1a lithi hydroxit, natri hydroxit, kali hydroxit, xesi hydroxit,
lithi carbonat, natri carbonat, kali carbonat va xesi carbonat, tdt hon 1a lithi hydroxit,
natri hydroxit va kali hydroxit, va dugc st dung véi lugng ndm trong khoang tir 2 dén
5 duong lugng tinh theo hop chit c6 cong thire (IV-b), tét hon 1a nam trong khoang tur
2 dén 4 duong lugng. Nhiét do phan Gng nam trong khoang ttr -25 dén 50°C, t&t hon 13
tr 0 dén 10°C. Phan tng dugc thue hién trong khoang thoi gian tir 30 phit dén 16 gio,
t8t hon 1a trong khoang tlr 30 phut dén 5 gio.

Cac vi du v& chit 4i nhan duoc sit dung d& loai bo nhém bao vé bang chét i
nhan ¢6 thd dugc k& dén 13 thiol nhu etanthiol, axit thioglycolic va thiophenol; va
florua nhu hydro florua pyridin, natri florua, kali florua, xesi florua va tetrabutylamoni
florua, tét hon 13 tetrabutylamoni florua, va dugc st dung véi lugng nim trong khoang
tir 2 dén 4 duong luong tinh theo hop chét c6 cong thire (IV-b), tét hon 1a tir 2 dén 3
duong luong. Nhiét d0 phan ung duoc chon nim trong khoang tir 0 dén 100°C, t6t hon
1a tr 25 dén 60°C. Phan tng nay dugc thyc hién trong khodng thoi gian tir 2 dén 48
gidy, t6t hon 13 tir 8 dén 24 gio.

Hop chét c6 cong thirc (IV-c) ¢6 nhom ReONHCO c6 tinh axit yéu 1a chét
ludng tinh, c6 khoang pH t6i wu dé thu hop chat dudi dang bazo ty do. PO pH t6i wru
nim trong khoang pH = 6 dén 9, tbt hon 1a trong khoang pH = 6 dén 8.

Hop chét c¢6 cong thie (IV-c) c6 thé dugc tach bing cach pha lodng hon hop
phan tng v6i mot dung mdi hitu co, didu chinh do pH t&i wu nhu dé cap & trén, va
chiét bang dung mdi. Dung moi hitu co dugc sir dung dé pha losng hon hop phan Gng
bazo c6 thé k& dén 1a dietyl ete, etyl axetat, butyl axetat, toluen, diclometan va
clorofom, t&t hon 14 etyl axetat hodc diclometan.

Tiép theo, budc sylyl hoa hop chét c6 cong thire (IV-c) trong hé phéan tng, va
lién tuc trdi qua phan Gng hinh thanh uré ndi phén tir dé thu dugc hop chit c6 cong
thirc (ITa) dudi day:
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Rc’o‘s)"'-
N

o’ N‘oan

(Ia)

trong cong thic (Ila) néu trén, Rc va B ¢6 nghia gidng nhu di duge dinh nghia cho
hop chét ¢6 cong thire (I1I), va OBn 13 benzyloxy,

budc nay co thé dugc thyc hién nhu sau.

Céac vi du vé dung moi dugc st dung cho phan tng ¢6 thé dugc dé cap 1a etyl
axetat, tetrahydrofuran, dioxan, axetonitril, dimetylformamit va dimetylaxetamit, tdt
hon 13 axetonitril dugc chon.

Vé bazo dugc st dung cho phan Umg, co thé k& dén 13 trietylamin,
diisopropyletylamin, tributylamin va N-metylmorpholin, tdt hon 1a trietylamin, va
duoc sir dung véi lugng nam trong khoang tir 3 dén 6 duong lugng tinh theo hop chét
¢6 cong thitc (IV-c), tot hon 1a tir 3 dén 4 duong lugng.

V& chét silyl héa dugc st dung cho phan tng, co thé k& dén clotrialkylsilan
nhu clotrimetylsilan, clotrietylsilan, clotriisopropylsilan va clo-tert-butyldimetylsilan;
trimetylsilyl triflometansulfonat va tert-butyldimetylsilyl triflometansulfonat, t&t hon
1 clotrialkylsilan nhu clotrimetylsilan, va dugc st dung v6i luong nam trong khoang
fir 1 dén 3 duong lugng tinh theo hop chét ¢6 cong thire (IV-c), t6t hon 1a tir 1 dén 1,5
duong luong.

V& chét tao uré duge sit dung cho phan ung, c6 thé dugc d& cap 1a phosgen,
diphosgen, triphosgen va carbonyldiimidazol, tdt hon 13 phosgen va diphosgen, va
duoc st dung voi luong nam trong khoang tir 0,5 dén 2 duong lugng tinh theo hop
chét ¢6 cong thire (IV-c), tt hon 1a tir 0,5 dén 1,0 duong lwong. O thoi diem do, aé
hoan thanh qua trinh tao thanh uré, chit xuc tac 4-dimetylaminopyridin dugc st dung
v6i lwong nim trong khoang tir 0,1 dén 1 duong lugng tinh theo hop chét c6 cong thirc
(IV-c), tt hon 14 tir 0,1 dén 0,2 dwong lwong.

Nhiét do phan Ung nim trong khoang tr -25 dén 50°C, tét hon 14 tir -15 dén
30°C. Phan tmg duge thuc hién trong khoang thdi gian tir 10 phut dén 24 gio, t5t hon
lat 1 gio dén 16 gio.

Hop chét dugc tao ra ¢ cong thirc (V-2) c6 thé dugc tach bf?mg qua trinh hau
xir Iy thong thudng nhu 1am bay hoi dung mdi hitu co clia hdn hop phén tng dé ¢ hon
hop nay, pha loang v6i dung moi, rira bing axit va bazo, lam kho, 1am bay hoi dung
méi dé c6 hdn hop, va két tia.
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Tiép theo, budc diéu ché hop chat c¢6 cong thirc (ITb):

N\
(Ilb)

trong cong thirc (IIb) néu trén, Rc va B c6 nghia gidng nhu dd dugc dinh nghia cho
hop chét c6 cong thirc (IIT),

bugde ndy co thé dwgc thuc hién bing cach phan tach nhém benzyl ctia nhom
benzyloxy & vi tri 6 cua hop chét co cong thie (Ila) néu trén st dung chét xtc tac
hydro phén trong khi quyén hydro nhu sau.

Dung moi dugc st dung cho phan ng ¢o6 thé ké dén 13 nudc, metanol, etanol,
isopropanol, etyl axetat, tetrahydrofuran va dioxan, t6t hon 13 metanol hodc
tetrahydrofuran, ma co thé dugc stir dung riéng ré& hodc két hop.

Chét xtc tac hydro phan c6 thé dugc @& cap 1a platin oxit, paladi hydroxit,
mudi paladi hodc paladi-cacbon, t6t hon 14 paladi-cacbon.

Luong chét xic tic duge st dung nim trong khoang tir 5 dén 100% trong
luong tinh theo hop chét ¢ cong thirc (11a), t6t hon 1a tir 5 dén 30% trong luong.

Ngudn cung cip hydro duge st dung cho qué trinh hydro phan 1a khi hydro,
va 4p sult hydro dugc chon nam trong khoang tir &p sut khi quyén dén 1 MPa, t&t hon
1a tir 4p sult khi quyén dén 0,5 MPa. Vé ngudn cung cp hydro, amoni format,
xyclohexen hodc xyclohexadien ¢6 thé duoc st dung nhu phuong phép khéc. Lugng
hydro dugc cung cap duogc str dung it nhét 12 lugng theo hé s ty lugng.

Nhiét d6 phan tng hydro phan nim trong khoang tir 10 dén 50°C, t6t hon la
trong khodng tir 15 dén 30°C. Phan ing dugc thyc hién trong khodng thoi gian tir 0,5
dén 3 gidy, tot hon 13 trong khoang tir 0,5 dén 2 gio.

Khi nhém amino va nhom benzyloxycarbonyl dudi dang nhém bao v€ ¢6 mat
& mach nhanh Rc ciia hgp chit c6 cong thirc (Ila), chiing ¢6 thé lai dugc bao vé bang
nhém tert-butoxycarbonyl duéi sy c6 mit cua di-tert-butoxycarbonyldicarbonat dong
thoi voi phan Gng hydro phan dugc d8 cap & trén.

Luogng di-tert-butoxycarbonyldicarbonat dugc bd sung 1a tir 1 dén 2 duong
luong tinh theo hop chét c6 cong thie (I1a), tdt hon 14 tir 1 dén 1,2 duong lugng. Sau
khi hoan thanh phan tng, hop chit c6 cong thirc (IIb) ¢6 thé dugc tach bang cac qua
trinh xir ly thong thuong nhu loc chat xic téc, va 1am bay hoi dung mdi d€ ¢6 hén hop.
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Tiép theo, budc tao ra hop chit c6 cong thire (III) bing cach sulfat héa nhom
hydroxyl & vi tri 6 cua hgp chét c6 cong thirc (IIb) dudi sy c6 mat cta bazo, va loai bd
nhém bao vé & mach nhanh (RcO), néu cin, c6 thé dugc thuc hién nhu sau.

Dung moéi dugc st dung dé sulfat héa c6 thé dugc dé cap dén 1a nuéc, metanol,
etanol, isopropanol, diclometan, clorofom, 1,2-dicloetan, pyridin, axetonitril va
dimetylformamit, tbt hon 1 diclometan, pyridin va axetonitril, ma c6 thé duogc st dung
riéng r& hoic két hop.

Bazo dugc st dung cho phan ung ¢o thd dugc @& cép dén 1a trietylamin,
tributylamin, diisopropyletylamin, N-metylmorpholin, pyridin, 2-picolin, 3-picolin,
2,6-lutidin, 2,4,6-colidin, 4-dimetylaminopiperidin va N-metylimidazol, tdt hon 1a
pyridin, 2-picolin va 2,6-lutidin, va dugc st dung véi lugng nam trong khoang tir 1,0
dén luong dung moi tinh theo hop chét c6 cong thire (1Ib), t5t hon 1a trong khoang tir
3,0 dén lugng dung moi.

Nguyén liéu dugc sit dung dudi dang chét sulfat héa c6 thé dugc dé cap la axit
closulfonic, phtrc chit luu huynh trioxit-pyridin, phtrc chit luu huynh trioxit-
dimetylformamit, phirc chit lwu huynh trioxit-trimetylamin va phirc chit luu huynh
trioxit-trietylamin, t5t hon 14 phte chét luu huynh trioxit-pyridin hodc phirc chét luu
huynh trioxit-dimetylformamit, va dugc stt dung voi lugng nim trong khoang tir 1 dén
4 duong lugng tinh theo hop chét c6 cong thuc (1Ib), t5t hon 1a tir 2 dén 3 duong lugng.
Nhiét d6 phan mg ndm trong khoang tir 0 dén 50°C, t6t hon 1a tir 10 dén 30°C. Phan
tmg duogc thye hién trong khodng thoi gian tir 12 dén 48 giv, t6t hon 1a trong khoang
tir 12 dén 24 gio.

Sau khi hoan thanh phéan Gng, hop chét c6 cong thire (I11) ¢6 thé thu dugc duéi
dang mubi pyridini cta axit sulfonic bang cach loc va lam bay hoi dung moi dé c6 hon
hop phan tng, va béng cach xir ly v6i dung dich nudc bazo vo co chira natri nhu dung
dich nuGc natri bicarbonat d8 thu dwoc mubdi natri, bing cich bd sung tir 1 dén 3
dwong lugng mol cua tetrabutylamoni hydro sulfat vao dung dich nuéc mudi natri, va
chiét bang dung moi hitu co nhu etyl axetat @ thu dugc mubi tetrabutylamoni, va
dung dich nudc néu trén dugc diéu chinh dén d6 pH t6i wu dé thu dugc mudi ndi phan
ttr, duge cung cdp cho bude tiép theo hodc san phim duogc tinh ché dé diéu ché hop
chét c6 cong thic (I11) & dang mong mudn.

5 day, do pH tbi uu c6 nghia la khoang pH ma & d6 hop chét ¢ cong thirc
(I11) c6 thé c6 mit dn dinh dud¢i dang mudi ndi phan ti. Khoang pH duge chon la tir 4
dén 7 dé phan tach hop chét nay dudi dang mudi ndi phén ti, t6t hon nira 13 do pH nay
nam trong khoang tir 5 dén 6.

Khi nhém bao vé (vi dy, nhém tert-butoxycarbonyl) c6 mit & mach nhanh
(RcO) ctia hgp chit ¢6 cong thire (I1D), tiép tuc 4p dung budc loai bo nhém béo ve.
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V& budce loai bé nhém bao vé 1a nhém tert-butoxycarbonyl & mach nhanh
(RcO), su loai béd nhom bao vé dudi cac diéu kién axit duogc sir dung.

Céc vi du vé dung méi dugc sit dung cho phan tng c6 thé duogc dé cap 1a nuée,
metanol, etanol, isopropanol, etyl axetat, tetrahydrofuran, dioxan, diclometan,
clorofom, 1,2-dicloetan va 2,2,2-trifloetanol, tdt hon 1 diclometan, etyl axetat hodc
2,2,2-trifloetanol.

Céc vi du vé axit duge sir dung dé loai bd nhom bao vé dudi cac diéu kién axit
6 thé dugc @8 cap dén 1a axit clohydric, axit sulfuric, axit phosphoric, axit formic, axit
trifloaxetic, axit metansulfonic, axit triflometansulfonic, axit clometansulfonic va axit
tetrafloboric, tot hon 1a axit clohydric, axit sulfuric, axit trifloaxetic, axit metansulfonic
va axit tetrafloboric, tot hon nita 13 axit clohydric, axit sulfuric va axit trifloaxetic. Axit
dugc st dung véi lugng nam trong khoang tir 1 duong luong dén lugng dung moi tinh
theo hop chit ¢ cong thuce (I1D), t6t hon 1a tr lugng gdp 3 1an dén lugng dung moi.
Nhiét d6 phan @ng nm trong khoang tir -25 dén 50°C, tdt hon la tir -10 dén 30°C.
Phan (g duge thuc hién trong khoang thoi gian tir 30 phat dén 5 gio, tot hon 1a trong
khoang tir 30 phit dén 1 gio.

Sau khi hoan thanh qua trinh loai bé nhém bao v¢, dung mdi chura hdn hop
phan tng dugc bay hoi @8 c6 hop chét hogc dung moi yéu dugc bd sung dé két tha san
phém thd va sau d6 hdn hop dugc tao dung dich nuéc c6 d6 pH t81 wu ndm trong
khoang tur pHS dén 6, va dugc cho két tta lai, hodc tinh ché béng cach st dung
octadexyl silic oxit (ODS), nhua tbng hop nhu DIAION HP-20 va SEPABEADS
SP207, va nhua trao ddi ion nhu DOWEX 50W-X8 (dang Na), tiép tuc két tua hodc
]am khé lanh dé thu dugc hop chét c6 cong thirc (I11) & dang dich.

Ngoai ra, quy trinh diu ché hop chét c6 cong thue (III) va (2S,5R)-7-0x0-N-
(2-aminoetoxy)-6-sulfooxy-1,6-diazabixyclo[3.2.1]octan-2-carboxamit c6 cong thire
(II1-059):

o
HzN/\/O~H/u"«.
N

/ N.5-s05H

o
(I11-059)

s& dugc giai thich chi tiét.

Bude didu ché (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat ¢
cong thirc (4b) hodc hydroclorua cia nd ¢6 thé dugc thuc hién nhu sau.
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Metyl este hoa axit (2S,5S)-5-hydroxypiperidin-2-carboxylic ¢6 cong thirc (7)
ban san trén thj trudng hodc hydroclorua cua n6 dugc tién hanh trong metanol trong
khi gia nhiét dudi sy c6 mét cla axit phu hop. V& axit dugce st dung, c6 thé duoc dé
cap dén 1a hydro clorua, axit sulfuric, axit percloric, axit metansulfonic va axit p-
toluensulfonic, t6t hon 14 hydro clorua. Khi hydro clorua duge st dung, né duge sir
dung & luong nam trong khoang tir 3 dén 6 dwong luong, tot hon 1a tir 4 dén 5 duong
lugng tinh theo ti 1€ sb mol cia axit amin/trong lugng thu dugce tir lugng tiéu thy
axit/bazo ciia hop chét c6 cong thirc (7). Phan tmg dwoc thuc hién duéi didu kién hdi
luu trong 2 dén 4 gio, t6t hon 1a 3 gid. Sau khi hoan thanh phan tng, phén cin thu
dugc bing cach co6 hdn hop phan tmg dugc bazo hoa, va chiét bing dung mdi hiru co
phit hop dé tach (2S,5S)-metyl 5-hydroxypiperidin-2-carboxylat c¢6 cong thuc (8).
Bazo dugc st dung c6 thé duge dé cap dén 1a natri hydroxit, natri carbonat va kali
carbonat, t&t hon 13 kali carbonat. Dung mdi dugc st dung @8 chiét co thé duoc dé cap
dén 1a dietyl ete, etyl axetat, diclometan, clorofom, tt hon 1a etyl axetat. Hop chit da
tach ¢6 cong thic (8) co thé dugc sir dung cho budc tiép theo ma khong can tinh ché
thém.

Qua trinh trifloaxetyl hoa (2S,5S)-metyl 5-hydroxypiperidin-2-carboxylat co
cong thirc (8) duoc thyc hién bang cach phan mg véi anhydrit trifloaxetic dudi sw c6
mit cua trietylamin. Anhydrit trifloaxetic dugc st dung v6i lugng nim trong khoang
tir 0,9 dén 1,3 dwong luong, t5t hon 1a 1,0 dwong lugng tinh theo téng cla ty 1¢ sb
mol/trong lugng cua hop chét c6 cong thire (8) thu duge bang phuong phap HPLC da
duge danh diu trude va ti 1& sb mol/trong lwgng cuia axit amin thu dugc tir lugng tiéu
thy axit. Ngoai ra, trietylamin duogc sir dung véi luong nhiéu gip d6i luong anhydrit
trifloaxetic. Dung moi phan ing dugc chon tir diclometan, clorofom, dicloetan, etyl
axetat va tetrahydrofuran, t6t hon 1a etyl axetat. Phan tmg dugc thyc hién ¢ nhiét do
ndm trong khoang tir -70°C dén 0°C, tét hon 1a tir -40°C dén 0°C, va thoi gian phan
tmg nim trong khoang tir 60 dén 120 phut, tot hon 1a tir 60 dén 90 phut. (28,5S)-metyl
5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat ¢6 cong thirc (9) co thé duoc
tach bang cach bd sung nudc vao hdn hgp phéan tng dé hydro héa nhom trifloaxetoxy
& riéng vi tri 5, sau 46 rira bang axit/bazo thong thuong va cd hdn hop dudi 4p sut
giam. Hop chét da tach c6 cong thire (9) c6 thé duge sir dung cho budc tiép theo ma
khong cin tinh ché thém.

Buéc benzyloxyamin héa nhém hydroxyl & vi tri 5 cta (2S,5S)-metyl S-
hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat ¢ cdng thic (9) co thé duoc thuc
hién bang cach cho hop chét nay phan mg véi anhydrit triflometansulfonic véi lugng
tir 1 dén 1,1 duong luong, t6t hon 13 1 dwong lugng dudi sy c6 mét cua 2,6-lutidin v6i
lwong nim trong khoang tir 1 dén 1,2 duong lugng, tot hon 14 1,1 duong lugng dua
trén @6 chudn HPLC ciia hop chét c6 cong thirc (9) trong hé phan tmg dé didu ché este
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cla axit triflometansulfonic, tiép theo 1a cho hop chit thu dugc phan ung véi
benzyloxyamin & luong tir 1 dén 3 dwong luong, t6t hon 14 2 dwong luong dudi su c6
mat cua 2,6-lutidin v6i lugng tir 1 dén 1,2 duong lugng, t6t hon 1 1,1 duong luong.
Dung modi phan ung dugc chon tir diclometan, clorofom, 1,2-diclometan,
tetrahydrofuran va axetonitril, tdt hon 13 axetonitril. Phan (mg dwoc thuc hién & nhiét
dd nim trong khoang tir -50°C dén 50°C, t6t hon 1a -35°C dén 0°C, va thoi gian phan
rng nam trong khoang tir 1 dén 5 ngay, tdt hon 1a tir 2 dén 3 ngay. (2S,5R)-metyl 5-
(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat c6 cong thac (10) co
thé duoc tach va tinh ché bing cach ¢d hdn hop phén tmg dudi ap suét giam, pha lodng
phan cin véi dung moi nhu etyl axetat, rira béng axit/bazo thong thuong, va c¢d hdn
hop dudi ap sudt giam dé didu ché hop chét thd c6 cong thire (10), sau do, hoa tan san
phim thd nay trong etyl axetat va bd sung dung dich hydro clorua-etyl axetat vao do
dé thu hydroclorua ctia hgp chét c6 cong thirc (10).

Su loai bd nhom 2,2,2-trifloaxetyl cua (2S,5R)-metyl 5-(benzyloxyamino)-1-
(2,2,2-trifloaxetyl)piperidin-2-carboxylat c6 cong thirc (10) c6 thé dugc thuc hién
trong metanol trong khi gia nhiét du6i sy ¢6 mét clia axit phu hop. Axit phu hop dugc
st dung 1a hydro clorua, axit sulfuric, axit percloric, axit metansulfonic va axit p-
toluensulfonic, t&t hon 13 hydro clorua. Lugng hydro clorua dugc st dung nim trong
khoang tir 10 dén 20 duwong lugng, t&t hon 1a tir 13 dén 18 dwong luong dua trén lugng
hop chét c6 cong thire (10). Thi gian phan tng 13 tir 1 dén 4 ngay, t6t hon 1a tir 1 dén
3 ngay. Khi axit khong phai 1a hydro clorua dugc st dung, phin cin thu duge bang
cach c6 hdn hop phan ung dudi 4p suét giam bi kiém hoa, bazo ty do ciia (2S,5R)-5-
(benzyloxyamino)piperidin-2-carboxylat ¢6 cong thirc (4b) dugc chiét mot 1an bing
dung moi hitu co thich hgp, va sau d6, axit dugc chon tur axit oxalic va hydro clorua
duoc bd sung vao d6 dé tach va tinh ché hop chit dich duéi dang mudi. Néu hydro
clorua dugc st dung, hdn hgp phan tmg dugc cd va etyl axetat duoc bd sung duéi
dang dung mdi nghéo dé tach va tinh ché hydroclorua ctia hop chét c6 cong thirc (4b).

3 day, hop chét c6 cong thirc (4b) c6 thé d& dang duge tach va tinh ché dudi
dang hydroclorua béng cach két tinh dé no 1a chét trung gian cuc ky c6 loi trong cong
nghiép.

Hop chét c6 cong thirc (IV-a2), (IV-a3) hodc (IV-a4) dudi day:

OH

O)”'.
P"O\N'OBH

, H
(IV-a2) P'=TFA
(IV-a3) P'=Boc

(IV-a4) P'=Teoc
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trong cong thirc (IV-a2), (IV-a3) hodc (IV-a4) néu trén, TFA 1a trifloaxetyl, Boc la tert-
butoxycarbonyl, Teoc 1a 2-trimetylsilyletoxycarbonyl, va OBn la benzyloxy,

hop chét nay c6 thé duge didu ché theo so dd 5 dudi day:

Sodds
t-Bu. o OH
O//l//,,, ’/\j\ axit trifloaxetic O)I”" O\
—————— s P
TFA’N H/OBn TFA’N u,OBn
(IV) (IV-a2)
NaOH NaOH
dén HCI
OH OH
O&‘//,,l Q 80020 O)/m. O\
HN NOBT s pt-N O8N
H TeocO-Su H
(IV-at) (IV-a3) P1=Boc
(IV-ad) P'=Teoc

NaOH
Me\O I
o

O (N
HN N,OBn
H

(4b)

trong so dd néu trén, TFA tu do 12 axit trifloaxetic, TFA lién két v6i cong thirc héa hoc
nay la trifloaxetyl, t-Bu la tert-butyl, OBn la benzyloxy, Boc,O la di-tert-
butoxydicarbonat, TeocO-Su 1a N-(2-trimetylsilyletoxycarbonyloxy)sucxinimit, Boc 1a
tert-butoxycarbonyl, va Teoc 13 2-trimetylsilyletoxycarbonyl,

tir hop chét c6 cong thie (IV) hodc cong thirc (4b) trong so d6 tdng hop 2 cuia axit
carboxylic hoat quang (6b), va bing phuong phép dugc thé hién trong phan vi du thuc
hién sang ché.

Tire 13, hop chét c6 cong thire (IV-a2) ¢6 thé duge diéu ché bing cach phan
tach tert-butoxy este ctiia hop chit c6 cong thirc (IV) bang lugng dung mdi clia axit
trifloaxetic trong dung méi ddy halogen nhu diclometan va clorofom.

Ngoai ra, hop chit c6 cong thirc (IV-al) ¢6 thé thu dugc bang cach loai bo
trifloaxetyl ctia hgp chéit c6 cong thic (IV) bing bazo dugc chon tir natri hydroxit va
kali hydroxit trong dioxan dugc hydrat héa, phin tich tert-butoxy este bing axit dugc
chon tir axit clohydric, axit sulfuric, axit trifloaxetic hodc axit metansulfonic dé didu
ché mubi cua hop chét ¢6 cong thic (IV-al), ma co thé dugce st dung & budce tiép theo
sau khi tach hodc khong can tach. Ngoai ra, metyl este cua hydroclorua cua hop chét
¢6 cong thirc (4b) dugc phéan tach dudi céc didu kién co ban tuong ty dé didu ché dung
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dich ctia hop chét c6 cong thirc (IV-al) va hop chét nay c6 thé dugc st dung & budc
tiép theo ma khong cén tach.

Céc hop chét c6 cac cong thirc (IV-a3) va (IV-a4) ¢6 thé duge diéu ché bing
cach hoa tan hop chit co cong thirc (IV-al) trong dioxan chira nudc hodc
tetrahydrofuran chira nudc, va cho phan Ung voi chét tert-butoxycarbonyl héa dugc
chon tir Boc,O (di-tert-butoxydicarbonat), Boc-ON (2-(tert-butoxycarbonyloxyimino)-
2-phenylaxetonitril) va Boc-OSu (N-(tert-butoxycarbonyloxy)sucxinimit), hodc véi N-
(2-trimetylsilyletoxycarbonyloxy)sucxinimit dudi sy c6 mit clia bazo duge chon tur
natri hydroxit, natri carbonat, kali carbonat va trietylamin

Axit (28,5R)-5-(benzyloxyamino)piperidin-2-carboxylic,

axit (2S,5R)-5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylic,

axit (28,5R)-5-(benzyloxyamino)-1-(tert-butoxycarbonyl)piperidin-2-carboxylic, va
axit (2S,5R)-5-(benzyloxyamino)-1-((2-(trimetylsilyl)etoxy)carbonyl)piperidin-2-
carboxylic,

ma 14n luot ¢6 cong thic (IV-al), (IV-a2), (IV-a3) va (IV-a4), trong so dd 5 néu trén 1a
céc hop chdt méi, va ching hitu ich khong chi trong linh vuc cia séng ché ma con 1a
cac nguyén li¢u khéi dau chung.

Trong sb cac cong thirc (IV-a2), (IV-a3) va (IV-a4) néu trén, budc thu dugce
hop chit c6 cong thirc (IV-b2-boc-059), (IV-b3-Cbz-059), (IV-b4-boc-059) duoi déy:

0
2 |
P \H/\/O\HJ ,"0\
|='1.N N,OBn
H

(IV-b2-Boc-058) P'=TFA, P?=Boc
(IV-b3-Cbz-059) P'=Boc, PZ=Cbz
(IV-b4-Boc-058) P'=Teoc, P2=Boc

trong cong thire (IV-b2-boc-059), (IV-b3-Cbz-059), (IV-b4-boc-059) néu trén, TFA la
trifloaxetyl, Boc 1a tert-butoxycarbonyl, Cbz la benzyloxycarbonyl, Teoc la 2-
trimetylsilyletoxycarbonyl, va OBn la benzyloxy,

bing cach két hop céc hop chét duoc thé hién bing cac cong thirc (IV-a2) va (IV-a4)
bang phuong phap st dung tert-butyl 2-(aminooxy)etylcarbamat va este hoat tinh, amit
hoat tinh hogic chit ngung tu loai nuéc, va bing cach két hop hop chét c6 cong thirc
(IV-a3) bang phuong phép st dung benzyl 2-(aminooxy)etylcarbamat va este hoat tinh,
amit hoat tinh hodc chét ngung tu loai nuée c6 thé duogc thuc hién nhu sau.
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Luong tert-butyl 2-(aminooxy)etylcarbamat hodc benzyl 2-
(aminooxy)etylcarbamat dugc sit dung nim trong khoang tir 1 dén 2 dwong luong tinh
theo hop chét ¢ cong thire (IV-a2), (IV-a3) hodc (IV-a4), tot hon 1a nim trong khoang
tr 1,0 dén 1,5 duong lugng.

Su két hop sir dung chét ngung tu loai nuéc dugc thuc hién trong nhiu truong
hop bang cach bd sung nhém este hoat tinh hodc nhom amit hoat tinh dudi dang chat
xuc tac dé tao thanh este hoat tinh hogic amit hoat tinh trong hé phén mg, va céc vi du
cu thé dugc d& cap va duge giai thich dudi day.

Céac vi du vé& dung mdi dugc st dung khi chét ngung tu loai nuée duge sir
dung c6 thé dugc @& cap dén 14 etyl axetat, toluen, tetrahydrofuran, dioxan, axetonitril,
diclometan, clorofom, dimetylformamit va dimetylaxetamit, tdt hon 1a etyl axetat,
tetrahydrofuran, diclometan, axetonitril, dimetylformamit va dimetylaxetamit.

Khi chét este hoa hoat tinh hoic chit amit hod hoat tinh dugc st dung, phan
trng dugc thyc hién dudi sy c6 mit cua bazo, néu cén thiét. Bazo duoc sir dung cho
phan tng co thé dugc dé cip 1a trietylamin, diisopropyletylamin, tributylamin, N-
metylmorpholin va 4-dimetylaminopyridin, t6t hon 1a trietylamin, va dugc st dung voi
lwong ndm trong khoang tir 1 dén 3 duong lugng tinh theo hgp chét c6 cong thire (IV-
b2-boc-059), (IV-b3-Cbz-059) hodc (IV-b4-boc-059) phu thude vio tinh can thiét, tot
hon 1a tir 1 dén 1,5 dwong luong.

Chét ngung tu loai nuéc c6 thé dugc str dung carbodiimit riéng r& nhu N,N’-
diisopropylcarbodiimit, N,N’-dixyclohexylcarbodiimit va 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua, hodc két hop véi nhém este hoat tinh
nhu 1-hydroxybenzotriazol'-monohydrat, N-hydroxysucxinimit va 2-hydroxypyridin-
N-oxit, va ngoai ra chAt amit hoa hoat tinh ho#ic chit este héa hoat tinh nhur
carbonyldiimidazol, benzotriazol-1-yloxy-tris(dimetylamino)phosphoni
hexaflophosphat, 2-clo-1-metylpyridin iodua va 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-
metylmorpholini clorua, t6t hon 13 1-etyl-3-(3-dimetylaminopropyl)carbodiimit
hydroclorua két hop véi 1-hydroxybenzotriazol-monohydrat, hodc 2-clo-1-
metylpyridini iodua d& dugc chon, va 1-etyl-3-(3-dimetylaminopropyl)carbodiimit
hydroclorua dugc st dung v6i luong ndm trong khoang tir 1 dén 2 mol dwong lugng
va 1-hydroxybenzotriazol-monohydrat v6i luong ndm trong khoang tir 1 dén 2 duong
luong tinh theo hop chit c6 cong thire (IV-a2), (IV-a3) hodc (IV-a4), tot hon 1a tir 1
dén 1,3 duong lugng cua 1-etyl-3-(3-dimetylaminopropyl)carbodiimit hydroclorua va
0,1 dén 0,3 duong luong cia 1-hydroxybenzotriazol'monohydrat. Nhiét do phan tmg
nim trong khoang tir -40°C dén nhiét do trong phong, t6t hon 14 trong khoang tir -20°C
dén nhiét do trong phong. Phan tng dugc thuc hién trong khoang thoi gian tir 30 phut
dén 1 ngay, tbt hon 14 tir 2 dén 16 gio.
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Hop chét c6 cong thirc (IV-b2-boc-059), (IV-b3-Cbz-059) hodc (IV-b4-boc-
059) ma 1a san phdm két hop co thé duge tach sau khi hoan thanh phéan g, bang cach
pha lodng hdn hop phan tmg v6i mot dung moéi thich hop, rira 14n lugt bang nude, axit
lodng, dung dich bazo chira nuée (vi dy, axit clohydric lodng, kali monohydro sulfat,
axit xitric, hodic dung dich nudgc natri bicarbonat), va lam bay hoi dung mdi dé co hdn
hop phan ng. Dung moi hitu co dugc sir dung d& pha loéng c6 thé dugc dé cap dén 1a
dietyl ete, etyl axetat, butyl axetat, toluen, diclometan va clorofom, t6t hon 1a etyl
axetat.

Sau d6, budc loai bd nhom trifloaxetyl clia hop chét c¢6 cong thirc (IV-b2-boc-
059) néu trén bing cach xir Iy bing bazo dé diéu ché hop chat c6 cong thirc (IV-c-boc-
059) dudi day:

0
2 |
P \N/\/O\N) e,
H H HN O8N

(IV-c-Boc-059) P2=BocH

(IV-c-Cbz-059) P?=Cbz
trong cdng thirc (IV-c-boc-059) hodc (IV-c-Cbz-059) néu trén, Boc 1a tert-
butoxycarbonyl, Cbz 12 benzyloxycarbonyl, va OBn la benzyloxy,

budc nay co thé duoc thuc hién nhu sau.

Céac vi du vé dung mdi duge st dung dé loai bo nhém trifloaxetyl c6 thé duoc
dé cap dén 13 nudc, metanol, etanol, isopropanol, tetrahydrofuran, dioxan, diclometan,
clorofom va 1,2-dicloetan, tdt hon 13 nudc, metanol, tetrahydrofuran va dioxan, ma cé
thé dugc st dung riéng ré hodc két hop, tot hon nita 1a dung dich dioxan hoic
tetrahydrofuran.

Cac vi du vé bazo dugce st dung c6 thé duoc dé cap dén 1a lithi hydroxit, natri
hydroxit, kali hydroxit, xesi hydroxit, lithi carbonat, natri carbonat, kali carbonat va
xesi carbonat, tét hon 14 lithi hydroxit, natri hydroxit va kali hydroxit, tot hon nira 13
natri hydroxit, va dugc st dung véi lugng nim trong khoang tir 2 dén 4 dwong lugng
tinh theo hop chit c6 cong thirc (IV-b2), tot hon 1a tir 2 dén 3 duong lugng.

Nhiét d6 phan tng nim trong khoang tir -20 dén 30°C, t6t hon 13 trong khoang
tr 0 dén 10°C. Phan tng duoc thuc hién trong khoang thdi gian tir 1 dén 16 gio, tot
hon la tir 1 dén 3 gio.

Hop chit c6 cong thirc (IV-c-boc-059) c6 nhém RcONHCO ma c6 tinh axit
yéu 12 chét ludng tinh, ma c6 khoang pH t6i uvu dé thu duge hop chit nay dudi dang
bazo tu do. Do pH tbi uu ndm trong khoang tir pH 6 dén 9, tbt hon 1a nim trong
khoang tir pH 6 dén 8.
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Hop chit ¢6 cong thirc (IV-c-boc-059) c6 thé dwge tach bing cach pha lodng
hén hop phan ung véi dung méi hitu co, didu chinh hdn hgp dén d6 pH tdi wu, va chiét
hdn hop véi dung méi. V& dung méi hiru co duge st dung dé pha lodng hdn hop phan
ung c6 tinh bazo, co thé ké dén 1a dietyl ete, etyl axetat, butyl axetat, toluen,
diclometan va clorofom, tot hon 14 etyl axetat ho#c diclometan.

Ngoai ra, budc loai bé nhom tert-butoxycarbonyl cta hop chét c6 cong thirc
(IV-b3-Cbz-059) néu trén bing cach xir Iy bing axit & diéu ché hop chit c6 cong thirc
(IV-c-Cbz-059) ¢6 thé dugc thuc hién nhu sau.

Dung méi duge sir dung dé loai bé nhom tert-butoxycarbonyl c6 thé dugc dé
cép dén 1a nugc, metanol, etanol, isopropanol, etyl axetat, dioxan, diclometan,
clorofom, 1,2-dicloetan va 2,2,2-trifloetanol, t&t hon 1a metanol, etanol, etyl axetat,
dioxan va diclometan, ma c6 thé dugc str dung riéng ré hodc két hop.

Axit dugc stt dung cho phan tng c6 thé duge @& cap dén 1a axit clohydric, axit
sulfuric, axit phosphoric, axit formic, axit trifloaxetic, axit metansulfonic, axit
triflometansulfonic, axit clometansulfonic va axit tetrafloboric, t6t hon 1a axit
clohydric, axit sulfuric, axit metansulfonic va axit trifloaxetic, tdt hon nita 1a axit
clohydric hodc axit trifloaxetic. Axit dugc st dung v6i luong nam trong khoang tur 1
duong luong dén lwong dung mdi tinh theo hgp chét ¢6 cong thire (IV-b3-Cbz-059),
t6t hon 1a lugng gép 5 14n so véi lugng dung moi.

Nhiét d6 phan tng nim trong khoang tir -25 dén 50°C, tbt hon 14 trong khoang
tir -10 dén 30°C. Phan ting dugc thuc hién trong khoang thdi gian tir 1 dén 6 gio, tot
hon 14 trong khoéng tir 1 dén 3 gio.

Hop chét c6 cong thirc (IV-c-Cbz-059) c6 nhom RcONHCO ma c6 tinh axit
yéu 14 chét ludng tinh, vy nén c6 khoang pH t6i wu dé thu dugc hop chét dudi dang
bazo tu do. DO pH t6i wu nim trong khoang tir pH 6 dén 9, t6t hon 13 nim trong
khoang tir pH 6 dén 8.

Hop chét c6 cong thirc (IV-c-Cbz-059) c6 thé dugc tach bing cach pha lodng
hdn hop phan tng véi mot dung méi hitu co, didu chinh hén hop dén d6 pH t6i uu, va
chiét hdn hop véi dung moi. Dung mdi hitu co duge sir dung dé pha loging hdn hop
phan Gng c6 tinh bazo c6 thé duogc dé cap dén 13 dietyl ete, etyl axetat, butyl axetat,
toluen, diclometan va clorofom, t8t hon 1a etyl axetat hodc diclometan.

Budc loai bd 2-trimetylsilyletoxycarbonyl ctia hop chét c6 cong thire (IV-b4-
boc-059) bang florua dé didu ché hop chét co cong thire (IV-c-boc-039) ¢6 thé dugc
thuc hién nhu sau.

Vé dung moi duge sir dung dé loai b6 2-trimetylsilyletoxycarbonyl, c6 thé
duoc ké dén 1a nuéc, metanol, etanol, isopropanol, etyl axetat, dioxan, tetrahydrofuran,
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axetonitril, dimetylformamit va dimetylaxetamit, tdt hon 13 dioxan, tetrahydrofuran va
axetonitril.

V& florua duogc st dung cho phéan tng, c6 thé ké dén 1 natri florua, kali florua,
xesi florua, axit flohydric, hydro florua-pyridin, tetrabutylamoni florua, t6t hon 1a
tetrabutylamoni florua, va dugc st dung véi luong nam trong khoang tir 2 dén 6 dwong
lwong tinh theo hop chét ¢ cong thire (IV-b4-boc-059), t6t hon 13 nam trong khoang
tir 2 dén 3 dwong luong.

Nhiét d6 phan tng nim trong khoang tir 0 dén 100°C, t6t hon 14 trong khoang
tir 25 dén 60°C. Phan tng dugc thuc hién trong khoang thoi gian tir 1 dén 48 gio, tot
hon 14 trong khoang tir 12 dén 24 gio.

Hop chét ¢6 cong thirc (IV-c-boc-059) ¢6 thé dugc tach bang cach pha lodng
hdn hop phéan tmg véi mdt dung moi hitu co, didu chinh hdn hop dén do pH téi vy, va
chiét hdn hop véi dung mdi theo cach thire giéng nhu & cong thirc (IV-b2-boc-059).
V& dung mdi hitu co duge sir dung dé pha lodng hdn hop phan g c6 tinh bazo, c6 thé
ké dén 1a dietyl ete, etyl axetat, butyl axetat, toluen, diclometan va clorofom, tdt hon 1a
etyl axetat.

Tiép theo, bude didu ché hop chét c6 cong thirc (Ila-boc-059) hodc (Ila-Cbz-
059):

o
)

2
P \N/\/OxN/l ..,
H H N

o N\OBn

(lla-Boc-059) P2=Boc
(I1a-Cbz-059) P?=Cbz

trong cong thirc (ITa-boc-059) hodc (Ila-Cbz-059) néu trén, Boc la tert-butoxycarbonyl,
Cbz 1a benzyloxycarbonyl, va OBn 1a benzyloxy,

bang céch silyl héa hgp chét ¢6 cong thirc (IV-c-boc-059) hogc (IV-c-Cbz-059) trong
hé phéan tng, tiép tuc trdi qua phan tng hinh thanh ure ndi phén tir c6 thé duoc thuc
hién nhu sau.

Céc vi du vé dung mdi duge sit dung cho phan tmg c6 thé dugc d& cap dén 1a
etyl axetat, tetrahydrofuran, dioxan, axetonitril, dimetylformamit, dimetylaxetamit,
diclometan, clorofom va 1,2-dicloetan, tdt hon 14 axetonitril.

Céc vi du v& bazo hitu co duge st dung cho phan tng, c6 thé dugc dé cap dén
la trietylamin, diisopropyletylamin, tributylamin va N-metylmorpholin, tdt hon 1a
trietylamin, va dugc str dung véi luong nim trong khoang tir 3 dén 6 dwong lugng tinh
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theo hop chit c6 cong thirc (IV-c-boc-059) hodc cong thirc (IV-c-Cbz-059), t6t hon 1a
nim trong khoang tir 3 dén 4 dwong lugng.

V& chét silyl hoa duge st dung cho phan tmg, c6 thé dugc d& cap dén 1a clo-
trialkylsilan nhu clotrimetylsilan, clotrietylsilan, clotriisopropylsilan va clo-tert-
butyldimetylsilan;  trimetylsilyl triflometansulfonat va tert-butyldimetylsilyl
triflometansulfonat, t6t hon 1a clotrimetylsilan, va dugc sir dung v6i luong nam trong
khoang tir 1 dén 3 dwong lugng tinh theo hop chét c6 cong thirc (IV-c-boc-059) hodc
cong thirc (IV-c-Cbz-059), tot hon 1a tir 1 dén 2 duong lugng.

Chét tao ure dugc sir dung cho phan tng c6 thé k& dén 13 phosgen, diphosgen,
triphosgen va carbonyldiimidazol, t5t hon 13 phosgen va diphosgen, va dugc st dung
v6i lugng ndm trong khoang tir 0,5 dén 2 duong luong tinh theo hop chét c6 cong thirc
(IV-c-boc-059) hoc cong thirc (IV-c-Cbz-059), tét hon 14 tir 0,5 dén 1,0 duong luong.
O thoi diém d6, dé hoan thanh qua trinh tao ure, chét xuc tac 4-dimetylaminopyridin
dugce st dung voi luong nim trong khoang tir 0,1 dén 1 duong luong tinh theo hop
chét c6 cong thie (IV-c), tdt hon 14 tir 0,1 dén 0,2 duong lugng. Nhiét d6 phan Gng
ndm trong khoang tir -25 dén 50°C, t6t hon 1a tir -15 dén 30°C. Phan tmg dugc thuc
hién trong khoang thoi gian tir 10 phut dén 24 gio, tot hon 14 trong khoang tir 10 phut
dén 16 gio.

Hop chit dugc tao ra c6 cong thuc (Ila-boc-059) hodc (IIa-Cbz-059) c6 thé
duogc tach bing phuong phap hau xt ly thong thuong nhu lam bay hoi dung moi hitu
co ctia hdn hop phan tmg @ cd hop chét, pha lodng véi dung méi, rira bang axit va
bazo, lam kho, va 1am bay hoi dung mdi dé c6 hdn hop.

Tiép theo, budc diu ché hop chit c6 cong thirc (ITb-boc-059):

o)
|
Boc\N/\/O\N/l

o’ N‘OH

(lib-Boc-059)

trong cong thire (IIb-boc-059) néu trén, Boc 1a tert-butoxycarbonyl,

bang cach phan tdch benzyl cua benzyloxy o vi tri thit 6 cua hop chét c6 cong thirc
(ITa-boc-059) st dung chét xtic tc hydro phan dui khi quyén hydro, hozic

loai bd benzyl ciia benzyloxy & vi tri 6 cia hop chét c6 cong thirc (Ila-Cbz-059) s
dung chit xtGc tdc hydro phan dud6i khi quyén hydro, va dong thoi cho tert-
butoxycarbonyl hoa c6 thé dugc thuc hién dudi day.

-65-



23597

Dung méi duge st dung cho phan tmg c6 thé duge d& cap dén 1a nudc,
metanol, etanol, isopropanol, etyl axetat, tetrahydrofuran va dioxan, t&t hon 14 metanol
hoic tetrahydrofuran, ma c6 thé dugc sir dung riéng r& hodc két hop.

Chét xtc tac hydro phan c6 thé duge dé& cap 1a platin oxit, paladi hydroxit,
mudi paladi hoic paladi-cacbon, tdt hon 12 paladi-cacbon.

Lugng chat xuc tic duge st dung ndm trong khoang tlr 5 dén 50% trong lugng
theo trong lwgng khé tinh theo hop chit c6 cong thic (V-2), t6t hon 14 nim trong
khoang tir 5 dén 20% trong luong.

Ngudn cung cdp hydro duge st dung cho qué trinh hydro phan 1a khi hydro,
va 4p suét hydro duoc chon nim trong khoang tir 4p sudt khi quyén dén 1MPa, tét hon
nita 1a tir 4p suét khi quyén dén 0,5MPa. V& ngudn cung cdp hydro, amoni format,
xyclohexen hodc xyclohexadien co6 thé dugc st dung nhu phwong phép khac. Lugng
hydro dugc cung cdp dugce st dung it nhét & lugng theo ty 1& hop thirc.

Nhiét dd phan ing cia qua trinh hydro phan nim trong khoang tir 10 dén 50°C,
t6t hon 1a trong khoang tir 15 dén 30°C. Phan tng duoc thuc hién trong khoang thoi
gian tir 0,5 dén 3 gio, bt hon 1a trong khoang tir 0,5 dén 2 gid. Nhu & hop chét c6 cong
thirc (Ila-Cbz-059), khi hop chat c6 benzyloxycarbonyl téch tir benzyloxy & vi tri 6, n6
¢6 thé duogc bao vé mét l4n nira béng tert-butoxycarbonyl dudi sy c6 mét cia di-tert-
butoxycarbonyldicarbonat dong thoi véi phan ung hydro phén dugc dé cap trén day.

Luong di-tert-butoxycarbonyldicarbonat dugc bb sung 1a tir 1 dén 2 duong
luong tinh theo hop chét c6 cong thirc (ITa-Cbz-059), tot hon 1a tir 1 dén 1,2 duong
lwgng. Sau khi hoan thanh phan tmg, hop chét c6 cong thire (IIb-boc-059) dugc tao ra
trong hé phan trng co thé dugc tach bang cac qua trinh xtr Iy thong thuong nhu loc chét
xUc tac, va lam bay hoi dung méi dé c6 hdn hop.

Tiép theo, budc diéu ché hop chit c6 cong thirc (IlI-boc-059) dudi day:

o)
BOC\N./\\/O\N)L".

0//1 N o-S0M

(llI-Boc-058)

trong cong thire (I1l-boc-059) néu trén, Boc 1a tert-butoxycarbonyl, va M la H, pyridini,
natri hoac tetrabutylamoni,

bing cach sulfat héa nhém hydroxyl & vi tri 6 ciia hop chét c6 cong thirc (ITb-boc-059)
dudi su ¢6 mat cia bazo hitu co co thé dugc thuc hién nhu sau.
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Cac vi du vé& dung méi duoc sir dung dé sulfat hoa c6 thé duge dé cap dén la
nude, metanol, etanol, isopropanol, diclometan, clorofom, 1,2-dicloetan, pyridin,
axetonitril va dimetylformamit, t5t hon 14 diclometan, pyridin hodc axetonitril.

Bazo hitu co dugc st dung cho phan tng co thé dugc @& cap 1a trietylamin,
tributylamin, diisopropyletylamin, N-metylmorpholin, pyridin, 2-picolin, 3-picolin,
2.6-lutidin, 2,4,6-collidin, 4-dimetylaminopiperidin va N-metylimidazol, tdt hon 1a
pyridin, 2-picolin va 2,6-lutidin, va dugc st dung véi lugng nim trong khoang tir 1,0
dén luong dung mdi tinh theo hop chét c6 cong thire (IIb-boc-059), t6t hon 13 trong
khoang tir 3,0 dén lugng dung moi.

Nguyén li€u dugc st dung lam chét phan tng sulfat hoa c6 thé duogc dé cap
dén 13 axit closulfonic, phirc chét luu huynh trioxit-pyridin, phire chit Ivu huynh
trioxit-dimetylformamit, phirc chat luu huynh trioxit-trimetylamin va phirc chét lvu
huynh trioxit-trietylamin t6t hon 14 phtrc chét luu huynh trioxit-pyridin, va dugc st
dung v6i luong nim trong khoang tir 1 dén 4 duong lugng tinh theo hop chét c6 cong
thire (ITb-boc-059), tét hon 14 tir 1 dén 3 duong luong.

Nhiét d0 phan ung nam trong khoang tir 0 dén 50°C, t&t hon 14 tir 10 dén 30°C.
Phan tmg dugc thuc hién trong khoadng thoi gian tir 12 dén 48 gio, tdt hon 1a trong
khoang tir 12 dén 24 gio.

Sau khi hoan thanh phan ung, hop chét c6 cong thic (III-boc-059) ¢ thé thu
dugc dusi dang mubi pyridini cta axit sulfonic bang cach loc va lam bay hoi dung moi
dé 6 hdn hop phan tng, va bing cach xir Iy hop chét v6i dung dich nuée bazo vo co
chtra natri nhu dung dich nudc natri bicarbonat dé thu dugc mudi natri, loai bo bazo
hitu co du bang cach rira bang dung mdi va béng cach b sung tir 1 dén 3 duong luong
mol, tét hon 1a tir 1 dén 2 duong lugng cua tetrabutylamoni hydro sulfat, va chiét bang
dung moi hitu co nhu etyl axetat dé thu mudi tetrabutylamoni, ma c6 thé duoc st dung
cho budc tiép theo ma khong can tinh ché.

Tiép theo, budc didu ché (I11-059) néu trén bang cach loai bd nhém bao vé
tert-butoxycarbonyl cia hgp chét c6 cong thirc (II1-boc-059) véi axit duge chon tir axit
clohydric, axit sulfuric, axit metansulfonic, axit trifloaxetic va axit tetrafloboric ¢6 thé
dugc thue hién dudi day.

Céc vi du vé dung méi duge st dung cho phan tmg c6 th8 dugc dé cap dén 1a
nude, metanol, etanol, isopropanol, etyl axetat, tetrahydrofuran, dioxan, diclometan,
clorofom, 1,2-dicloetan va 2,2,2-trifloetanol, t6t hon 1a diclometan ho#c 2,2,2-
trifloetanol.

Céc vi du v axit dugc sir dung dé loai bo nhém bao vé dudi cac diéu kién axit
6 thé duge d& cap dén 14 axit clohydric, axit sulfuric, axit phosphoric, axit formic, axit
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trifloaxetic, axit metansulfonic, axit triflometansulfonic, axit clometansulfonic va axit
tetrafloboric, tdt hon 14 axit clohydric, axit sulfuric, axit trifloaxetic, axit metansulfonic
va axit tetrafloboric. Axit dugc st dung v6i lugng nim trong khoang tir 1 dwong luong
dén lwong dung moi tinh theo hop chét ¢ cong thire (III-boc-059), tt hon 13 lwong
gép 5 14n so voi lwgng dung moi. Phan tmg duge thuc hién nam trong khoang tir -25
dén 50°C, tét hon 1 tir -10 d&én 30°C. Phan ing duoc thuc hién trong khoang thoi gian
tir 30 phut dén 5 gid, tot hon 14 trong khoang tir 30 phit dén 1 gio.

Sau khi hoan thanh viéc loai béd nhém bao vé, dung moi chira hdn hgp phan
tng duoc 1am cho bay hoi dé ¢6 hdn hop, phén can thu dugc duge tao thanh dung dich
nude c6 d6 pH tdi vy, va tinh ché bing oxtadexyl silic oxit (ODS), nhya tong hop nhu
HP-20 va SP207, hodc nhua trao ddi ion nhu DOWEX 50W-X8 (loai Na), 1am bay hoi
dung méi dé c6 hdn hop va két tia hodc 1am kho lanh dé thu dugc hop chét c6 cong
thae (I11-059).

G day, do pH t6i wu c6 nghia 14 khoang pH trong d6 hop chét c6 cong thirc
(I11-059) c6 kha nang ton tai én dinh du6i dang mudi ndi phan tir. Khoang pH tir 4 dén
7 dugce chon dé phan tach hop chét dudi dang mubi ndi phén tt, t5t hon nira 12 ndm
trong khoang pH tir 5 dén 6.

Vi du thyce hién sang ché

Duéi day, sang ché s& dugc giai thich chi tiét hon bang cac vi du, nhung sang
ché khong bi gidi han & cac vi du ndy, cung véi nhitng sy cai bién khac ¢6 thé xay ra.

Vi du tham khao 1
(2S,5S)-1-benzyl 2-tert-butyl 5-hydroxypiperidin-1,2-dicarboxylat (1)
Buéec 1: (S)-1-benzyl 2-tert-butyl 5-oxopyrolidin-1,2-dicarboxylat

Axit (S)-1-(benzyloxycarbonyl)-5-oxopyrolidin-2-carboxylic (100g) dugc hoa
tan trong metylen clorua dd loai nudc (21), va bd sung axit sulfuric ddm dic (10ml) va
isobuten (213g) trong diéu kién lam lanh trong nudc dé, sau do khudy qua dém &
+20°C hodc thdp hon. Hon hop phan tmg dugc bd sung vao dung dich nuéc natri
carbonat lanh ddng thoi chii y dén su sti bot, sau d6 tach chét 16ng chira pha hitu co,
rira bing nudc mudi bio hoa va lam khé trén magie sulfat khan, sau do c6 dung mdi
dudi 4p sudt gidm. Phdn cin dugc cho chay sic ky cdt silicagel (hexan/etyl axetat =
7/3), va dugc két tinh bang hexan/etyl axetat dé thu dugc 80g hop chét duge néu &
phén dé& muc nay dudi dang bot tinh thé khong mau (hiéu suét 67%). Do tinh khiét
quang 99,9% ee hodc cao hon (CHIRALPAK AD-H, 4,6 x 150mm, UV 210nm,
hexan/etanol = 2/1, tdc do dong chay 1 ml/phut, thoi gian luu 4,2 phut).

[a]zoD -43,3° (¢ 0,52 trong CHCI;), theo tai li¢u E.K.Dolence et al., Journal of
Medicinal Chemistry 1991, 34(3), 956-968: "Synthesis and siderophore activity of
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albomycin-like peptides derived from NS5-axetyl-N5-hydroxy-L-ornithine" -41,8° (¢
6,71, CHCl;); "H NMR (400 MHz, CDCl5) & 1,39 (s, 9H), 2,04 (m, 1H), 2,32 (m, 1H),
2,51 (ddd, J=17,6, 9,5, 3,2 Hz, 1H), 2,62 (ddd, J = 17,6, 10,5, 9,5 Hz, 1H), 4,55 (dd, J
=9,5,2,7 Hz, 1H), 5,25 (d, ] = 12,2 Hz, 1H), 5,30 (d, J = 12,2 Hz, 1H), 7,26-7,41 (m,
5H); MS m/z 320 (M+H).

Budc 2: (S)-tert-butyl 2-(benzyloxycarbonylamino)-5-oxo-6-dimetylsulfoxoni
hexanoat

B6 sung kali tert-butoxit (36,8g, 279mmol) vao dung dich trimetylsulfoxoni
iodua (70,2g) trong N,N-dimetylformamit da loai nuéc (585ml) dudi khi quyén argon,
sau d6 khudy & nhiét do trong phong trong 1 gid. Sau d6, ¢ nhiét do 5°C hodc thap hon,
bd sung (S)-1-benzyl 2-tert-butyl 5-oxopyrolidin-1,2-dicarboxylat (87,0g) trong vong
20 phut (duoc rira bing N,N-dimetylformamit d& loai nu6c (87ml)), sau d6 cho phan
ng & cung mdt nhiét do trong 1 gio. Hén hop phéan tng duge bd sung vao nuée dugce
lam lanh béng bang (2,61), dugc bdo hoa béng natri clorua, chiét béng etyl axetat (2,61
X mot 1an, 1,31 x hai 14n, 650ml x 4 l?m), va dung moi cua 16p hitu co dugc loc ra dudi
ap sudt giam. Phan cdn thu dugc duge cho chay sic ky cot silicagel (heptan/etyl axetat
= 1/2 — etyl axetat/metanol = 19/1 — 9/1) dé thu dwgc 112,3g hop chit dugc néu &
phén d& muc nay dudi dang d4u mau vang nhot (dinh lugng).

'H NMR (400 MHz, CDCl;) 8 1,46 (s, 9H), 1,95 (m, 1H), 2,09 (m, 1H), 2,23-2,32 (m,
2H), 3,32 (s, 3H), 3,33 (s, 3H), 4,22 (m, 1H), 4,37 (s, 1H), 5,07 (d, J = 12,0 Hz, 1H),
5,13 (d, J = 12,0 Hz, 1H), 5,75 (br d, T = 8,0 Hz, 1H), 7,30-7,36 (m, 5H); MS m/z 412
(M-+H).

Budéce 3: (S)-1-benzyl 2-tert-butyl 5-oxopiperidin-1,2-dicarboxylat

(S)-tert-butyl 2-(benzyloxycarbonylamino)-5-o0xo0-6-dimetyl sulfoxoni
hexanoat (24,8g) dugc hoa tan trong 1,2-dicloetan (774ml) va sau khi khir khi, bd sung
di-p-clobis-[(n-xycloocta-1,5-dien)]diiridi (I) (388,5mg) dudi khi quyén argon, sau d6
nang nhiét do va cho phan tng ¢ +70°C trong 2 gi¢. Dung mdi chtra hdn hop phan g
duoc loc ra dudi ap suét gidm, va phén cin thu dugc dugc cho chay séc ky cot
silicagel (hexan/etyl axetat = 2/1) dé thu duoc 14,55g hop chét dugc néu & phan dé
muc nay dudi dang diu mau dé (hiéu suét 76%).

'H NMR (400 MHz, CDCL3) & 1,38 (s, 4,5H), 1,47 (s, 4,5H), 2,12-2,48 (m, 4H), 3,93
(d, 7= 19,0 Hz, 0,5H), 4,00 (d, J = 18,8 Hz, 0,5H), 4,37 (d, J = 18,8 Hz, 0,5H), 4,46 (d,
1 =19,0 Hz, 0,5H), 4,62 (dd, J = 7.3, 6,6 Hz, 0,5H), 4,77 (dd, J = 6,6, 5,9 Hz, 0,5H),
5,10-5,23 (m, 2H), 7,34-7,35 (m, SH); MS m/z 334 (M+H).

Buéc 4: (28,55)-1-benzyl 2-tert-butyl 5-hydroxypiperidin-1,2-dicarboxylat (1)
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Dung dich chtra (S)-1-benzyl 2-tert butyl S5-oxopiperidin-1,2-dicarboxylat
(14,55g) trong etanol (437ml) dugc lam lanh bang nudc di, va bd sung natri
borohydrua (1,65g), sau dé cho phan Ung trong khi lam lanh bang nudc da trong 20
phat. B4 sung nhé giot dung dich nuwéc amoni clorua bdo hoa vao hén hop phén ung
cho dén khi hét sui bot, va mubi tao thanh dugc hoa tan bang céch bd sung nuéc. Dung
mdi hiru co cta hdn hop duoc loc ra dudi ap sudt giam, va 16p nude chira phin cin
duogc chiét bang etyl axetat. Lop hitu co duge rira bang nude mudi bao hoa, sau d6 1am
kho trén magie sulfat khan, va dung méi dugc loc ra dudi 4p suét giam. Phan cin thu
duge dugce cho chay sic ky cot silicagel (hexan/etyl axetat = 3/1 — 2/1) dé thu duoc
13,35g hop chit duge néu & phan dé muc nay dudi dang ddu khong mau (hiéu suét
91%). D6 tinh khiét quang 98,8% ee (CHIRALPAK AD-H, 4,6 x 150 mm, UV 210 nm,
hexan/etanol = 4/1, tbc d6 dong chay 1ml/phit, thoi gian Iuu 9,1 phut).

[oc]ZOD -29,7° (¢ 1,3, CHCI3), theo tai liéu JC. Jung et al., Tetrahedron Asymmetry 2006,
17(17), 2479-2486: 'Diastereoselective synthesis of (2S,55)- and (2S,5R)-N-
benzyloxycarbonyl-5-hydroxypipecolic acids from trans-4-hydroxy-L-proline" -27,9°
(¢ 2,0, CHCl3); 'TH NMR (400 MHz, CDCl3) & 1,42 (s, 4,5H), 1,46 (s, 4,5H), 1,66-1,75
(m, 2H), 1,96-2,00 (m, 2H), 2,24-2,30 (m, 1H), 2,74-2,80 (m, 0,5H), 2,84-2,90 (m,
0,5H), 3,64 (br s, 1H), 4,15-4,20 (m, 0,5H), 4,23-4,27 (m, 0,5H), 4,65 (d, J = 5,4 Hz,
0,5H), 4,78 (d, J = 4,6 Hz, 0,5H), 5,07 (d, J = 12,5 Hz, 1H), 5,21 (d, J = 12,5 Hz, 1H),
7,26-7,37 (m, 5H); MS m/z 334 (M+H).

Tbng hop lién tuc (28,5S)-1-benzyl 2-tert-butyl 5-hydroxypiperidin-1,2-dicarboxylat
(1)

(S)-tert-butyl 2-(benzyloxycarbonylamino)-5-oxo0-6-dimetyl sulfoxoni
hexanoat (112,3g, 272mmol) dugc hoa tan trong 1,2-dicloetan (3,41) va sau khi khir
khi, bd sung di-p-clobis-[(n-xycloocta-1,5-dien)]diiridi (I) (1,83g) dudi khi quyén
argon, sau d6 nang nhiét do dén +70 °C trong vong 1,75 gid va sau d6 cho phan tng
trong 1 gio. Sau khi lam lanh dén nhiét d6 trong phong, dung mdi chira hdn hgp phan
ung dugc loc ra dudi 4p sudt giam, va phan cin thu dugc dugc hoa tan trong etanol
(1,1L). Hdn hop dugc lam lanh béng nudc d4, va bd sung natri bohydrua (5,14g) vao
trong vong 10 phut, sau d6 cho phan Ung trong khi lam lanh bing nudc d4 trong 20
phut. Dung dich nuéc amoni clorua bdo hoa (265ml) dugc bd sung nhé giot vao hdn
hop phan tng cho dén khi hét sti bot, va mudi tao thanh dugc hoa tan bang cach bd
sung nudc (250ml). Dung moi hitu co cua hdn hop duoc loc ra dudi ap sudt giam, va
16p nude chira phan cin dugc chiét bing etyl axetat (0,9 1 x 3 14n). Dung méi dugc loc
ra dudi 4p sudt giam, va phin cin thu duge dugc cho chay sic ky cot silicagel
(heptane/etyl axetat = 3/1 — 2/1) d& thu dugc 66,82g hop chit dwgc néu & phén dé
muc nay dudi dang dau khéng mau (hiéu sudt 73%). Dit liéu theo dung cu thuc
nghiém phu hop vai dit liéu cua bude 4 cua vi du tham khao 1.
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Vi du tham khéo 2
Tetrahydro-2H-pyran-4-carbohydrazit

Dung dich chita metyl tetrahydro-2H-pyran-4-carboxylat (1,44g, 10,0mmol)
trong metanol (50ml) duoc khudy & 50°C. B6 sung hydrazin-monohydrat (0,675g) vao
hén hop phan mg, sau d6 khudy & cling nhiét d¢ trong 2 gid, sau khi hoan thanh phan
tmg, hdn hop phan tng dugc cd va pha loang bang metylen clorua, dung dich sau d6
duoc rira bang dung dich nuéc natri bicarbonat bdo hoa va nuéc mudi bdo hoa, va 16p
hitu co dugc lam khd bing magie sulfat va dung moi dugc loc ra dudi ap sut giam dé
thu dugc 952mg hop chit dugc néu & phén dé muc nay (hiéu suét 66,1%).

'H NMR (400 MHz, CD;0D) & 1,59-1,83 (m, 4H), 2,37-2,60 (m, 1H), 3,38-3,47 (m,
2H), 3,87-3,96 (m, 2H); MS m/z 145 [M+H]".

Vi du tham khéo 3
Benzyl 2-(furan-2-cacbonyl)hydrazincarboxylat

Benzyl hydrazincarboxylat (1,66g, 10,0mmol) dugc hoa tan trong
tetrahydrofuran (20ml) va nuéc (20ml) va b6 sung natri hydro carbonat (1,68g) vao do.
B6 sung tir tir furan-2-cacbonyl clorua (1,30g, 10mmol) trong khi lam lanh bang nudce
d4, sau d6 khudy trong 1 gio. Sau khi hoan thanh phan tng, bd sung 300ml etyl axetat
vao dung dich phan ung, sau do rira bang dung dich amoni clorua bo hoa va nuéc
mubi bdo hoa. Lép hitu co duge 1am kho bang magie sulfat, dung méi duoc loc ra dudi
ap sudt giam, va Sml etyl axetat dugc hoa tan trong phan cin thu duge, sau d6 bd sung
tir tir hexan (100ml) @& thu duoc 2,30g hop chit duge néu & phan dé myc nay dudi
dang chét rén (hiéu suét 88,4%).

'H NMR (400 MHz, CDCls) 8 5,18 (s, 2H), 6,51 (m, 1H), 6,91(br s, 1H), 7,17 (m, 1H),
7,33 (m, 5SH), 7,47 (m, 1H), 8,17 (br s,1H); MS m/z 261 [M+H]".

Vi du tham khéo 4

(R)-tert-butyl 2-(2-((benzyloxy)carbonyl) hydrazincarbonyl)-5-oxopyrolidin-1-
carboxylat

Dung dich chira axit (R)-1-(tert-butoxycarbonyl)-5-oxopyrolidin-2-carboxylic
(1,146g, 5,00mmol) trong metylen clorua da loai nuéc (25ml) dugc 1am lanh dén 0°C
dudi khi quyén argon va b sung tlr tir nhé giot isobutyl clorofomat (0,682¢) dé nhiét
do khong vuot qua 0°C. Sau do, bd sung tir tir trietylamin (0,505g) dé nhiét do khong
vuot qua 0°C, sau do khudy 30 phut, bang cach d6 didu ché axit anhydrit hdn hop
trong hé phan tng. B sung tir tir benzyl hydrazincarboxylat (0,830g) vao hdn hop
phan tng, sau khi bd sung, sau d6 nang nhiét do dén nhiét do trong phong va khudy
trong 1 gid. Hon hop phén ting nay dugc rira bang axit clohydric 0,5M va nuée mudi
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bdo hoa, 16p hitu co duge lam khd bang magie sulfat va sau d6 dugc loc ra duéi ap
sudt giam. Phan cin thu dugc duge cho chay sic ky cot silicagel (hexan/etyl axetat =
4/1 — 0/1 — etyl axetat/metanol = 30/1) dé thu duge 1,53g hop chét dugce néu & phan
d& muc nay (hiéu suit 80,1%).

'H NMR (400 MHz, CDCL;) & 1,45 (s, 9H), 2,20 (m, 2H), 2,45 (m, 1H), 2,63 (m, 1H),
4,59 (br s, 1H), 5,16 (m, 2H), 6,84 (br s, 1H), 7,33 (m, 5H), 8,17 (br s, 1H); MS m/z
378 [M+H]".

Vi du tham khdo 5
(S)-tert-butyl 2-(2-((benzyloxy)carbonyl)hydrazincarbonyl)pyrolidin-1-carboxylat

Axit (S)-1-(tert-butoxycarbonyl)pyrolidin-2-carboxylic (1,076g, 5,00mmol)
dugc khudy dudi khi quyén argon & nhiét do trong phong v6i metylen clorua da loai
nudc (16ml). Sau do, bd sung N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (EDC, 1,15g), 1-hydroxybenzotriazol- monohydrat (HOBt-H,0, 0,918g),
va trietylamin (1,01g), sau do khudy trong 10 phut. B6 sung benzyl hydrazincarboxylat
(1,66g), sau do khudy trong 18 gio. Sau khi hoan thanh phan tmg, dung dich phéan tng
dugc rira bing axit clohydric 0,5M va nudc mubi bdo hoa, sau d6 16p hiru co duge lam
kho bing magie sulfat, dung méi dugc loc ra dudi dp suit giam, sau do, phén cin thu
duoc duge cho chay sic ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1 — etyl
axetat/metanol = 30/1) dé thu duge 1,48g hop chét dugce néu & phin dé muc nay (hidu
suét 81,6%).

'H NMR (400 MHz, CDCly) & 1,45 (s, 9H), 1,64 (m, 1H), 1,87-2,16 (m, 2H), 2,38 (m,
1H), 3,31-3,45 (m, 2H), 4,32 (m, 1H), 5,14-5,19 (m, 2H), 6,68 (br s, 1H), 7,34-7,40 (m,
5H), 8,76 (br s, 1H); MS m/z 364 [M+H]".

Vi du tham khdo 6
(S)-tert-butyl 2-(2-((benzyloxy)carbonyl)hydrazincarbonyl)-5-oxopyrolidin-1-
carboxylat

(S)-tert-butyl 2-(2-((benzyloxy)carbonyl)hydrazincarbonyl)pyrolidin-1-

carboxylat (1,089g, 3,00mmol) dugc md td & Vi du tham khao 5 duogc hoa tan trong
metanol (15ml), bd sung paladi 10%-cacbon (50% ham luong nudc, 200mg), sau do
khudy & nhiét do trong phong trong 1 gio dudi khi quyén hydro. Chét xuc tac ctia hon
hop phan tmg duge loc qua Celite va ¢d dung mdi dudi ap suit giam dé thu dugc
595,5mg hop chit dugc néu & phin d& myc nay (hiéu suét 86,6%).

'{ NMR (400 MHz, CD;0D) & 1,41-1,45 (m, 9H), 1,80-1,99 (m, 3H), 2,15-2,22 (m,
1H), 2,26-3,50 (m, 2H), 4,08-4,15 (m, 1H); MS m/z 230 [M+H]".

Vi du tham khao 7
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tert-butyl (2-((1,3-dioxoisoindolin-2-yl)oxy)etyl)carbamat

tert-butyl (2-hydroxyetyl)carbamat (1,61g, 10,0mmol) dugc khudy duéi khi
quyén argon & nhiét do trong phong véi tetrahydrofuran da loai nuéc (50ml). Sau do,
bd sung triphenylphosphin (2,75g) va N-hydroxyphtalimit (Pht-OH, 1,71 g. Sau khi
hdn hop phan Gng dugc 1am lanh bing nudc da, bd sung tir tir nho giot dietyl
azodicarboxylat (DEAD, 1,82g), sau d6 khudy & nhiét d§ trong phong trong 24 gid.
Sau khi hoan thanh phan ng, phan cin thu dugc tir su chung c4t khoi dung mdi dudi
ap suét giam duoc cho chay sic ky cot silicagel (hexan/etyl axetat = 4/1 — 1/1) dé thu
dugc 2,61g hop chit duoc néu & phan d& muc nay (hiéu suét 85,2%).

'H NMR (400 MHz, CDCL) & 1,45 (s, 9H), 3,40-3,44 (m, 2H), 4,22-4,24 (m, 2H),
5,62 (br s, 1H), 7,73-7,85 (m, 4H); MS m/z 307 [M+H]".

Vi du tham khéo 8
tert-butyl (2-((1,3-dioxoisoindolin-2-yl)oxy)etyl)carbamat

tert-butyl (2-bromoetyl)carbamat (5,00g, 23,5mmol) duoc khudy du6i khi
quyén argon & nhiét do trong phong véi axetonitril (74ml). Sau do, bd sung N-
hydroxyphtalimit (Pht-OH, 3,83g) va trietylamin (5,64g), sau d6 khudy hdn hop phan
tng & 70°C trong 24 gid. Sau khi hoan thanh phan g, dung dich phan tng dugc cd,
sau d6 pha loding bing etyl axetat va rira bang axit clohydric 0,5M va dung dich nuée
natri bicarbonat bao hoa, va 16p hitu co dugce lam kho bing magie sulfat, bd sung etyl
axetat vao phan cin thu dugc tir sy chung cAt dung méi dudi ap sudt giam (10ml), sau
d6 bd sung hexan, bang cach d6 4,72g hop chét dugc néu & phan d& muc nay thu dugc
(hiéu suét 65,7%). Dit liéu theo dung cy thuc nghiém phu hop véi dit liéu ciia hop chét
cua vi du tham khao 7.

Vi du tham khdo 9
tert-butyl 2-(aminooxy)etylcarbamat

B6 sung tir tir dung dich metylamin metanol 9,8M (1,83ml) vao dung dich
chtra tert-butyl (2-((1,3-dioxoisoindolin-2-yl)oxy)etyl)carbamat (1,83g, 6,00mmol)
dugc mo ta & vi du tham khao 7 trong metylen clorua (11ml), sau do khudy trong 2 gio.
Dung dich phan tng dugc loc va chit loc dugc loc ra dudi &p sudt giam, sau d6 chiét
bang axit clohydric 0,5M (24ml). B6 sung metylen clorua va natri hydroxit 1M (18ml)
vao 16p nudce thu duge, béng cach d6 chit dich dugc chiét bang etylen clorua. L6p hitu
co thu duge duoc 1am kho bing magie sulfat va dung mdi dugce chung cat dudi ap suét
giam. 1,038g hop chét dugc néu & phin dé muc nay thu dugc duéi dang san pham thd
(hiéu suét 98%).

'H NMR (400 MHz, CDCl5) & 1,45 (m, 9H), 3,35-3,36 (m, 2H), 3,70-3,72 (m, 2H),
4,91 (brs, 1H), 5,47 (br s, 2H); MS m/z 177 [M+H]".
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Vi du tham khao 10
Benzyl (2-((1,3-dioxoisoindolin-2-yl)oxy)etyl)carbamat

Benzyl (2-hydroxyetyl)carbamat (5,857g, 30,0mmol) duoc khudy dudi khi
quyén argon & nhiét d6 trong phong véi tetrahydrofuran da loai nude (150ml). Sau do,
bd sung triphenylphosphin (7,90g) va N-hydroxyphtalimit (Pht-OH, 4,89g). Sau khi
hdn hop phan tmg dugc lam lanh bing nudc da, dung dich dietyl azodicarboxylat
toluen 2,2M (13,7ml) dugc bd sung tir tir nho giot, sau d6 khudy qua dém & nhiét do
trong phong. Sau khi hoan thanh phéan Ung, phan cin thu duoc tir viée chung cét ra
khoi dung méi dudi ap sudt giam duge cho chay sic ky cot silicagel (hexan/etyl axetat
= 1/1) @& thu duoc 9,36g hop chét dugc néu & phin d& muyc nay (hiéu suét 92%).

'H NMR (400 MHz, CDCls) & 3,50-3,54 (m, 2H), 4,26-4,34 (m, 2H), 5,14 (br s, 2H),
5,98 (br s, 1H), 7,18-7,40 (m, SH), 7,75-8,06 (m, 4H); MS m/z 358 [M+H]".

Vi du tham khéo 11
Benzyl 2-(aminooxy)etylcarbamat

B sung tir tir dung dich metylamin metanol 9,8M (8,50ml) vao dung dich
chta benzyl (2-((1,3-dioxoisoindolin-2-yl)oxy)etyl)carbamat (9,36g, 27,50mmol)
dugc mo td & vi du tham khéo 10 trong metylen clorua (51ml), sau 4o khudy trong 2
gio. Dung dich phan (g dugc chung cht dudi ap suét giam, va bd sung metylen clorua
(50ml) va nude (80ml), sau do didu chinh dén d6 pH = 1 bang axit clohydric 5M, tach
16p nudce, va rira thém bing metylen clorua (50ml). B sung metylen clorua (50ml)
vao 16p nuée thu duge, sau d6 didu chinh dén d6 pH=11 bang natri hydroxit 5M, tach
16p hitu co, va sau d6 chiét 16p nude v6i metylen clorua (50ml) hai lan. Céc 16p hiru
co két hop dugce rira bang dung dich nuéc kali carbonat 50%, sau d6 lam kho trén kali
carbonat khan, va chung cit ra khéi dung méi duéi ap sudt giam. Phan cin thu dugc
dugce cho chay séc ky cOt silicagel (etyl axetat) dé thu dugc 5,61g hop chit duoc néu &
phin d& muc nay (hiéu suat 97%).

'H NMR (400 MHz, CDCls) & 3,42-3,46 (m, 2H), 3,72-3,74 (m, 2H), 5,10 (s, 2H),
5,15 (br's, 1H), 7,29-7,39 (m, 5H); MS m/z 211 [M+H]".

Vi du tham khéo 12
2-(2-((triisopropylsilyl)oxy)etoxy)isoindolin-1,3-dion
Budéce 1

2-(2-hydroxyetoxy)isoindolin-1,3-dion

B sung 2-bromoetanol (2,88ml) vao dung dich chtra N-hydroxyphtalimit
(2,20g, 13,5mmol) va natri axetat (3,30g) trong dimetylsulfoxit (40ml) dudi khi quyén
argon & nhiét do trong phong. Hon hop phén tmg duoc khudy & 70 °C trong 5 gio, sau
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d6 1am lanh dén nhiét do trong phong, bd sung nudc (40ml), va chiét bang metylen
clorua. Lép hitu co thu duge duge rira bang nuéc, axit clohydric 2,5M, va nuéce mudi
bdo hoa. L6p hitu co da rira duge lam kho bing magie sulfat, phan cin thu dugc tir
viéc chung cét ra khéi dung moi duéi ap sudt giam dugc két tinh lai bing etanol va
nuée dé thu duge 1,86g hop chét duge néu & phan dé muc nay (hiéu suit 66%).

'H NMR (400 MHz, CD;0D) & 3,84 (t, J = 4,6 Hz, 2H), 4,26 (t, ] = 4,6 Hz, 2H), 7,89-
7,80 (m, 4H); MS m/z 208 [M+H]".

Budce 2
2-(2-((triisopropylsilyl)oxy)etoxy)isoindolin-1,3-dion

B6 sung imidazol (306mg) va clotriisopropylsilan (TTPSCI, 963ul) vao dung
dich chira 2-(2-hydroxyetoxy)isoindolin-1,3-dion (622mg, 3,00mmol) trong metylen
clorua d3 loai nuée (6ml) dudi khi quyén argon & nhiét do trong phong. Sau khi hdn
hop phéan tng dugce khudy & nhiét do trong phong qua dém, axit clohydric 2M dugc bd
sung dé dimg phan tng, sau d6 chung cét ra khoi metylen clorua dudi 4p suét giam.
Lép hitu co thu duge duoce chiét bang etyl axetat, tiép theo rira 16p hitu co bang nude
mudi bdo hoa va sau d6 lam kho bing magie sulfat. Phan cin thu dugc dugc cho chay
sdc ky cot silicagel (hexan/etyl axetat = 9/1 — 2/1) dé thu duoc 1,04g hop chét duoc
néu & phan d& myc nay (hiéu suit 95%).

'H NMR (400 MHz, CDCls) 6 0,93-1,06 (m, 21H), 4,09 (t, ] = 4,8 Hz, 2H), 4,33 (t, ] =
4,8 Hz, 2H), 7,70-7,76 (m, 2H), 7,80-7,86 (m, 2H); MS m/z 364 [M-+H]".

Vi du tham khao 13

(R)-tert-butyl 3-(aminooxy)pyrolidin-1-carboxylat

B6 sung tir tir hydrazin - monohydrat (1,54g) vao (R)-tert-butyl 3-((1,3-
dioxoisoindolin-2-yl)oxy)pyrolidin-1-carboxylat (2,73g, 8,21mmol) dugc diéu ché
theo quy trinh twong tw v&i vi du tham khéo 7 tir (R)-tert-butyl 3-hydroxypyrolidin-1-
carboxylat trong metanol (43ml), sau do khudy trong 2 gitr. Dung dich phén (mg duoc
loc, va phan cin thu dugc tir viéc chung cAt ra khoi chit loc dudi ap suét giam dugc
cho chay séc ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1) dé thu duoc 1,30g hop
chét duoc néu & phan dé muc nay (hiéu suit 78,3%).

'H NMR (400 MHz, CDCl;) § 1,45 (m, 9H), 1,86-1,88 (m, 1H), 2,01-2,06 (m, 1H),
3,26-3,60 (m, 4H), 4,42 (br s, 1H); MS m/z 203 [M+H]".

Vi du tham khéao 14
tert-butyl 4-(2-((1,3-dioxoisoindolin-2-yl)oxy)axetyl)-1,4-diazepin-1-carboxylat

tert-butyl 1,4-diazepin-1-carboxylat (2,00g, 10,0mmol) dugc khqu dudi khi
quyén argon trong khi lam lanh bang nudc d4 véi tetrahydrofuran da loai nuéce (50ml).
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Sau khi bd sung trietylamin (1,01g), bd sung tir tir cloaxetyl clorua (1,01g). Sau khi
hoan thanh phan tng, bd sung N-hydroxyphtalimit (1,95g) va trietylamin (2,22g). Hon
hop phan tng dugc khudy & 60°C trong 22 gid. Sau khi hoan thanh phan tmg, dung
dich phan ng dugc cd, sau d6 pha lodng bing etyl axetat, rira bang axit xitric 8% va
dung dich nudc natri bicarbonat bédo hoa, lam kho 16p hitu co bing magie sulfat. Phan
cdn thu dugc tir viée chung cét ra khoi dung moi dudi 4p suét giam duge cho chay sdc
ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1) dé thu duoc 3,74g hop chit dugc néu &
phén dé muc nay (hiéu suét 93,0%).

'H NMR (400 MHz, CDCL3) & 1,45 (m, 9H), 1,85-1,99 (m, 2H), 3,37-4,11 (m, 8H),
4,84 (br s, 2H), 7,71-7,84 (m, 4H); MS m/z 404 [M+H]".

Vi du tham khéo 15
tert-butyl 4-(2-(aminooxy)axetyl)-1,4-diazepin-1-carboxylat

B6 sung tir tir dung dich metylamin metanol 9,8M (1,62ml) vao tert-butyl 4-
(2-((1,3-dioxoisoindolin-2-yl)oxy)axetyl)-1,4-diazepin-1-carboxylat (2,14g, 5,30mmol)
dugc md td & vi du tham khao 14 trong metanol (16ml), sau do khudy trong 2 gio.
Phén cin thu dugc bang chung cét ra khoi dung dich phén tmg dudi ap sudt giam duoc
hoa tan trong etyl axetat (50ml), sau do chiét bang axit clohydric 0,25M (20ml). Bb
sung metylen clorua va natri hydroxit 0,3M (40ml) vao 16p nu6c thu duge va chét dich
duoc chiét bang metylen clorua. Lép hitu co thu duge dugc 1am khd bang magie sulfat
va dung moi dugce loc ra dudi ap sudt giam. 1,298g hop chét duoc néu & phan d& muc
nay thu duoc du6i dang san phim thd (hidu suit 89,6%).

'H NMR (400 MHz, CDCL;) & 1,45 (m, 9H), 1,85-1,99 (m, 2H), 3,36-3,63 (m, 8H),
4,37 (m, 2H), 5,92 (br s, 2H); MS m/z 274 [M+H]".

Vi du tham khéo 16
tert-butyl 2-(aminooxy)etyl (metyl)carbamat

Hop chit dugc néu & phin d& muc ndy dugc didu ché tr tert-butyl 2-
hydroxyetyl(metyl)carbamat, theo quy trinh twong tu véi vi du tham khao 7 va vi du
tham khéo 13.

'H NMR (400 MHz, CDCls) & 1,46 (s, 9H), 2,88 (br s, 3H), 3,36-3,53 (m, 2H), 3,75 (t,
I =62 Hz, 2H), 5,30-5,75 (m, 2H); MS m/z 191 [M+H]".

Vi du tham khao 17
tert-butyl (2-(aminooxy)etyl) (isopropyl)carbamat

Hop chit dugc néu & phin d& muc nay dugc didu ché tir tert-butyl 2-
hydroxyetyl(isopropyl)carbamat, theo quy trinh twong tw véi vi du tham khao 7 va vi
du tham khéo 15.
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'H NMR (400 MHz, CDCl5) & 1,15 (d, J = 6,4 Hz, 6H), 1,47 (s, 9H), 3,22-3,44 (m,
2H), 3,72 (t, ] = 6,4 Hz, 2H), 3,82-4,45 (m, 1H), 5,30-5,71 (m, 2H); MS m/z 2

19 [M+H]".
Vi du tham khao 18
2-(aminooxy)-N,N-dimetyletanamin dihydroclorua

Hop chét dugc néu & phin d& muc nay dugc diéu ché theo J Med. Chem.,
2000, 43 (15), pp 2332-2349.

'H NMR (400 MHz, CDCl3) & 2,80 (s, 6H), 3,43 (t, J = 4,6Hz, 2H), 4,44 (d, ] = 4,6 Hz,
2H), 11,2 (br s, 2H); MS m/z 105 [M-2HCI+H]".

Vi du tham khéo 19
(S)-tert-butyl (1-(aminooxy)propan-2-yl)carbamat

Hop chét dugc néu & phin d& muc nay dugc didu ché tir (S)-tert-butyl 1-
hydroxypropan-2-ylcarbamat, theo quy trinh tuong tu v6i vi du tham khao 7 va vi du
tham khéo 15.

'H NMR (400 MHz, CDCls) & 1,12 (d, J = 6,8 Hz, 3H), 1,45 (s, 9H), 3,43-3,54 (m,
1H), 3,64 (dd, J = 11,2, 4,0 Hz, 1H), 4,00 (br s, 1H), 4,64 (br s, 1H), 5,57 (br s, 1H),
6,64 (br s, 1H); MS m/z 191 [M+H]".

Vi du tham khéao 20
tert-butyl 3-(aminooxy)propylcarbamat

Hop chit dugc néu & phin d& muc nay dugc didu ché tir tert-butyl 3-
hydroxypropylcarbamat, theo quy trinh twong tw v6i vi dy tham khao 7 va vi du tham
khao 13.

'H NMR (400 MHz, CDCls) & 1,44 (s, 9H), 1,68-1,82 (m, 2H), 3,14-3,27 (m, 2H),
3,73 (t, ] = 6,0 Hz, 2H), 4,77 (br s, 1H), 5,40 (br s, 2H); MS m/z 191 [M+H]".

Vi du tham khao 21
(S)-tert-butyl 2-((aminooxy)metyl)azetidin-1-carboxylat

Hop chédt duge néu & phin d& muc nay dugc diéu ché tir (S)-tert-butyl 2-
(hydroxymetyl)azetidin-1-carboxylat, theo quy trinh trong tw v&i vi du tham khao 7 va
vi du tham khao 15.

'H NMR (400 MHz, CDCly) & 1,45 (s, 9H), 1,97-2,11 (m, 1H), 2,19-2,30 (m, 1H),
3,78-3,93 (m, 4H), 4,42 (br s, 1H), 5,62 (br s, 1H); MS m/z 203 [M+H]".

Vi du tham khao 22

(R)-tert-butyl 2-(aminooxymetyl)pyrolidin-1-carboxylat
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Hop chét dugc néu & phan dé muc nay dugc didu ché tir (R)-tert-butyl 2-
(hydroxymetyl)pyrolidin-1-carboxylat, theo quy trinh twong tu v6i vi du tham khao 7
va vi du tham khao 13.

"H NMR (400 MHz, CDCl;) & 1,47 (s, 9H), 1,68-1,97 (m, 4H) 3,33 (br s, 2H), 3,56 (br
s, 1H), 3,61-3,82 (m, 1H), 3,88-4,26 (m, 1H), 5,37-5,74 (m, 2H); MS m/z 217 [M+H]".

Vi du tham khéo 23
(S)-tert-butyl 2-((aminooxy)metyl)piperidin-1-carboxylat

Hop chit duge néu & phin d& muc nay dugc didu ché tir (S)-tert-butyl 2-
(hydroxymetyl)piperidin-1-carboxylat, theo quy trinh twong tw v6i vi du tham khao 7
va vi du tham khéao 15.

'H NMR (400 MHz, CDCl3) & 1,32-1,76 (m, 6H), 1,47 (s, 9H), 2,71-2,84 (m, 1H),
3,56 (dd, J = 11,2, 5,2Hz, 1H), 3,86-4,04 (m, 2H), 4,59 (br s, 1H), 5,64 (br s, 2H); MS
m/z 231 [M+H]".

Vi du tham khao 24
(S)-tert-butyl 3-(aminooxy)pyrolidin-1-carboxylat

B6 sung tir tir (S)-tert-butyl 3-((1,3-dioxoisoindolin-2-yl)oxy)pyrolidin-1-
carboxylat (2,91g, 8,77mmol) dugc didu ché tir (R)-tert-butyl 3-hydroxypyrolidin-1-
carboxylat theo quy trinh twong ty v6i vi du tham khdo 7 vao metanol (43ml) va
hydrazin-monohydrat (1,54g), sau d6 khudy trong 3 gio. Dung dich phén tmg dugc loc
va pha‘in can thu duogc tir vigc chung cAt ra khoi chét loc duéi ap sudt giam duge cho
chay sc ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1) d& thu dugc 1,75g hop chét
duoc néu & phén dé muc nay (hiéu suit 98,7%).

'H NMR (400 MHz, CDCl5) § 1,42 (m, 9H), 1,86 (m, 1H), 2,01-2,06 (m, 1H), 3,28-
3,60 (m, 4H), 4,23 (br s, 1H); MS m/z 203 [M+H]".

Vi du tham khéo 25
tert-butyl 3-((aminooxy)metyl)azetidin-1-carboxylat

Hop chét dugc néu & phin d& muc ndy dugc didu ché tir tert-butyl 3-
(hydroxymetyl)azetidin-1-carboxylat, theo quy trinh twong tu véi vi du tham khéo 7 va
vi du tham khao 15.

'H NMR (400 MHz, CDCls) & 1,43 (s, 9H), 2,68-2,90 (m, 1H), 3,57-3,88 (m, 4H),
3,88-4,09 (m, 2H), 5,43 (br s, 2H); MS m/z 203 [M+H]".

Vidu 1
(2S,59)-tert-butyl 5-hydroxypiperidin-2-carboxylat (2)
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B6 sung paladi 10%-cacbon (ham lwong nuéc khodng 50%, 10,1g) vao dung
dich chira (28S,5S)-1-benzyl 2-tert-butyl S-hydroxypiperidin-1,2-dicarboxylat (67,2g)
duoc mod ta & vi du tham khao 1 trong etanol (900ml), sau d6 khudy manh dudi khi
quyén hydro & nhiét d6 trong phong qua dém. Chét xtic tac ctia hdn hop duoc loc qua
Celite, sau d6 cd chét loc, b%lng cach do thu duoc 39,3g hop chit duogc néu & ph?m dé
muc ndy dudi dang chét rin khéng mau (hiéu sult 97%). Do tinh khiét quang 99% ee
hodc hon (CHIRALPAK AD-H, 4,6 x 150mm, UV 210nm, dietylamin/hexan/etanol =
0,1/80/20, téc d6 dong chay 1 ml/phut, thdi gian luu 6,3phut).

[0]*°p -28,7° (¢ 1,01, CHCL3); 'H NMR (400 MHz, CDCls) & 1,47 (s, 9H), 1,63 (m,
1H), 1,79-1,84 (m, 3H), 2,82 (dd, J = 12,2, 2,2 Hz, 1H), 3,02 (ddd, J = 12,2, 3,7, 1,7
Hz, 1H), 3,21 (m, 1H), 3,80 (m, 1H); MS m/z 202 [M+H]".

Vidu?2
(28,58)-tert-butyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat (3)

Dung dich chira (2S,5S)-tert-butyl 5-hydroxypiperidin-2-carboxylat (39,14g,
194mmol) trong tetrahydrofuran da loai nudc (450ml) dugc lam lanh dén nhiét d6 nam
trong khoang tur -3 dén -5°C duéi khi quyén argon, sau d6 bd sung trietylamin (78,7g)
va bd sung nho giot trifloaxetic anhydrit (81,5g) trong 30 phit. Hdn hop phan ung
dugc cho phan ing & nhiét do nim trong khoang tir -3 dén -5°C trong 1 gid, sau d6 bd
sung nudc (90ml), nadng nhiét do dén nhiét do trong phong, va khudy trong 1 gid. B
sung nuéc vao hdn hop phan ung (740ml), sau do chiét bing etyl axetat (450ml x ba
14n) va rira cac 16p hitu co két hop 1an lugt bing dung dich nudc axit xitric 5%
(450ml), dung dich nuéc natri bicarbonat 6,5% (450ml) va nuéc (450ml). Phan cin
thu duogc tr viée chung cit ra khéi dung moi duéi 4p sudt giam dugc cho chay sic ky
cot silicagel (hexan/etyl axetat = 2/1) dé thu dugc 50,06g hop chét duge néu & phin dé
muc nay dudi dang chét rin mau vang nhat (higu sudt 87%). Do tinh khiét quang 99%
ee hodc hon (CHIRALPAK AD-H, 4,6 x 150mm, UV 210 nm, hexan/etanol = 4/1, tde
dod dong chay 1 ml/phut, thoi gian luu 4,2 phut).

[0]*°p -54,1° (¢ 0,73, CHCl3); "H NMR (400 MHz, CDCl3) § dugc quan sat dudi dang
14 hdn hop gdm hai chét ddng phan hinh hoc (7:3). 1,26-1,43 (m, 1H), 1,46 (s, 2,7H),
1,47 (s, 6,3H), 1,68-1,77 (m, 1H), 1,81 (d, J = 4,8 Hz, 0,3H), 1,89 (d, ] = 5,2 Hz, 0,7H),
2,05-2,08 (m, 1H), 2,36-2,42 (m, 1H), 2,77 (dd, I = 12,2, 12,0 Hz, 0,3H), 3,12 (dd, J =
13,2, 10,7 Hz, 0,7H), 3,68-3,77 (m, 1H), 4,00 (m, 1H), 4,52-4,60 (m, 0,6H), 5,07 (d, J
=5,9 Hz, 0,7H); MS m/z 298 [M+H]".

Vidu3
(2S,5R)-tert-butyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat
Iv)
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Dung dich chtra (2S,5S)-tert-butyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (10,22g, 34,38mmol) trong axetonitril loai nudc (113ml) duge lam lanh dén
nhiét 6 ndm trong khoang tir -30 dén -40°C dudi khi quyén argon, sau d6 bd sung
2,6-lutidin (4,4ml), sau d6 bd sung nho giot triflometansulfonic anhydrit (5,92ml)
trong 10 phut, va sau d6 phan ung & -30°C trong 15 phut. B6 sung benzyloxyamin
(8,46g) vao hon hop phan tmg (duoc rira bang axetonitril (5ml)), sau d6 nang nhiét do
dén 0°C trong vong 30 phut, sau d6 bd sung 2,6-lutidin (4,4ml), va cho phan tng &
nhiét d6 ndm trong khoang tir 0 dén 5°C trong 3,5 ngdy. Hon hop phan tmg dugc cd
dudi ap sudt giam, phan cin thu dugc duge pha loéng bang etyl axetat (200ml), sau d6
rita 1An luot bing nuée (200ml), dung dich nudc axit xitric 10% (200ml x ba lan),
dung dich nudc natri bicarbonat 6,5% (100ml), va nuéce mubi bao hoa (100ml). Mai
16p nuée duge chiét trd lai bang etyl axetat (100ml), cac 16p hitu co duge két hop va
lam khé bang magie sulfat khan, va dung méi dugc loc ra dudi ap sudt giam. Phan cin
thu dugc duge cho chay sic ky cot silicagel (hexan/etyl axetat = 4/1) dé thu dugc
11,69g hop chét duge néu & phin dé muc nay duéi dang diu khong mau (hiéu suét
85%). Do tinh khiét quang 99,0% ee (CHIRALPAK AD-H, 4,6 x 150 mm, UV 210 nm,
hexan/etanol = 9/1, tc d6 dong chay 1ml/phut, thoi gian luu 4,5phit).

[0]?p -45,6° (¢ 0,73, CHCl;); "H NMR (400 MHz, CDCl3) § duge quan sat dudi dang
1a hdn hop gdm hai chit ddng phén hinh hoc (7:3). 1,46 (s, 2,7H), 1,48 (s, 6,3H), 1,62-
1,65 (m, 2H), 1,93-2,05 (m, 2H), 3,13 (m, 0,3H), 3,24-3,29 (m, 1H), 3,46 (m, 0,7H),
4,12 (m, 0,3H), 4,58-4,77 (m, 2,7H), 5,06 (m, 0,7H), 5,38 (m, 1H), 7,30-7,36 (m, SH);
MS m/z 403 [M+H]".

Vidu4
(28,5R)-tert-butyl 5-(benzyloxyamino)piperidin-2-carboxylat (4a)

B4 sung nuée (9,2ml) vao dung dich chira (2S,5R)-tert-butyl 5-
(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat (6,91g, 17,17mmol)
trong 1,4-dioxan (34ml), sau do bd sung nhé giot natri hydroxit 2,5M (13,7ml) trong
khi lam lanh bang nudc d4, va cho phan tmg & cung nhiét do trong 0,5 gio. B6 sung
axit axetic vao hdn hop phan g (khoang 1ml), sau d6 c6 dudi ap sudt giam, va phan
can ¢6 thu dugc duge chiét bang etyl axetat (58ml, 29ml). M&i 16p hitu co duge rira
bang dung dich nuéc kali carbonat 50%, va cac 16p hiru co két hop duoc loai nudce trén
natri sulfat khan dé chung cit khoi dung moi dudi ap sudt giam. Phan cin thu dugc
dugce cho chay sic ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1 — etyl
axetat/metanol = 19/1) dé thu duoc 4,74g hop chét dugce néu & phén dé muc nay dudi
dang dau khong mau (hi¢u sudt 90%). Do tinh khiét quang 98,9% ee (CHIRALPAK
AD-H, 4,6 x 150mm, UV 210nm, dietylamin/hexan/etanol = 0,1/80/20, tdc do dong
chay 1ml/phut, thoi gian luu 5,5 phat).
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[a]®p -2,8° (¢ 0,73, CHCl3); 'H NMR (400 MHz, CDCl3) § 1,28 (m, 1H, 1,42-1,46 (m,
10H), 1,92 (m, 1H), 2,04 (ddd, J = 12,9, 7,3, 4,0 Hz, 1H), 2,43 (dd, J = 12,0, 9,8 Hz,
1H), 2,98 (m, 1H), 3,16 (dd, J = 11,0, 3,2 Hz, 1H), 3,57 (ddd, J = 12,0, 4,2, 2,0 Hz,
1H), 4,68 (s, 2H), 7,29-7,35 (m, SH); MS m/z 307 [M+H]".

Vidu5
Tbng hop lién tuc (28,5R)-tert-butyl 5-(benzyloxyamino)piperidin-2-carboxylat (4a)

Dung dich chtra (28,5S)-tert-butyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (47,9g, 161mmol) trong axetonitril loai nuéc (318ml) duge lam lanh dén
nhiét d6 nim trong khoang tir -30 dén -40°C duéi khi quyén argon, sau d6 bb sung
2,6-lutidin (20,5ml), sau d6 bd sung nhé giot triflometansulfonic anhydrit (28,4ml)
trong 40 phut, va sau d6 cho phan tng ¢ -30°C trong 15 phut. Bé sung benzyloxyamin
(39,7g) vao hdn hop phén tmg (dugce ria bang axetonitril (11ml)) trong vong 8 phut,
sau d6 nang nhiét do dén 0°C trong vong 30 phit, bd sung thém 2,6-lutidin (20,5ml),
va cho phan g ¢ nhiét do gitta 0 va 5°C trong 2 ngay. Hén hop phan tmg duoc co
duéi ép suét giam, phén can thu dugc dugc pha lodng bé‘tng etyl axetat (960ml), va rira
1an luot bing nude (960ml), dung dich nudce axit xitric 10% (960ml x ba 1an), dung
dich nudc natri bicarbonat 6,5% (480ml) va nuéce mubi bdo hoa (480ml). Mbi 16p
nuée duoc chiét tro lai bing etyl axetat (960ml), cac 16p hiru co duge két hop, va dung
mdi duoc loc ra dudi ap sult giam. Phén cin thu duge dugc hoa tan trong dung dich
1,4-dioxan (320ml) va nudc (86ml), sau do bd sung nhé giot natri hydroxit 2,5M
(128ml) trong khi lam lanh bang nuGc d4, va cho phan tmg & cing nhiét do trong 0,5
gid. Bb sung axit axetic (khoang 9,3ml) vao hdn hop phéan tng, sau d6 ¢d dudi ap suét
giam, phan cin c6 thu dugc duge chiét bang etyl axetat (580ml, 290ml). Méi 16p hitu
co duoc rira bang dung dich nudce kali carbonat 50% (580ml), sau d6 két hop céac 16p
hitu co va dung moi dugce loc ra dudi ap sudt giam. Phén cin thu dugc duge cho chay
sic ky cot silicagel (hexan/etyl axetat = 4/1 — 0/1 — etyl axetat/metanol = 100/1 —
19/1) @& thu duge 36,58g hop chét dugce néu & phin dé muc nay duédi dang dau khong
mau (hiéu suét 74%). Dit liéu theo dung cu thyc nghiém phi hop véi dit ligu ctia vi du
4.

Vidu 6
(28,5R)-tert-butyl 6-(benzyloxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxylat (5a)

Bb sung trietylamin (4,9ml) vao dung dich chira (2S,5R)-tert-butyl 5-
(benzyloxyamino)piperidin-2-carboxylat (4,14g, 13,51mmol) trong axetonitril loai
nuée (615ml) dudi khi quyén argon & 0°C, sau do bd sung nhé giot diphosgen
(1,18ml) trong 5 phat, va khudy & cing nhiét do trong 10 phit. B sung 4-
dimetylaminopyridin (182mg) vao dung dich nay, sau do nang nhiét do dén nhiét do

trong phong va sau d6 cho phan tng trong 3 gio. Hon hop phan g dugc ¢d dudi ap
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sudt giam dén khi dung lugng bang 1/10 cta nd, dung dich ¢d thu dugc duge pha
loang bang etyl axetat, sau d6 rira lién tiép bang nude, dung dich nudc axit xitric 5%,
dung dich nudc natri bicarbonat 6,5%, va nudc mudi bao hoa, sau d6 lam khd béng
magie sulfat khan, va chung cat ra khoi dung moi duéi ap sudt giam. Phan cin thu
duoc duoc cho chay séc ky cOt silicagel (hexan/etyl axetat = 2/1) dé thu duoc 3,09g
hop chit dugc néu & phé“m dé muc nay (hiéu sult 69%). Chét rin thu duogc dugc két
tinh lai tir etyl axetat-hexan, chét két taa xuit hién duoc loc ra. Tinh thé w6t duoc ria
bang hexan, sau d6 lam khd & nhiét d trong phong dudi ap sudt giam, va hop chét
duoc néu & phan dé muc nay thu dugc dudi dang bot tinh thé khong mau. Do tinh
khiét quang 99,4% ee (CHIRALPAK AD-H, 4,6 x 150mm, hexan/etanol = 2/1, UV
210nm, téc do dong chay 1ml/phit, thoi gian luu 8,0 phut).

Mp (diém néng chay) 83°; [a]*’p+5,9° (c 0,61, CHCl;); 'H NMR (400 MHz, CDCl3) 8
1,48 (s, 9H), 1,62 (m, 1H), 2,00-2,10 (m, 3H), 2,98 (d, J = 11,7 Hz, 1H), 3,03 (m, 1H),
3,30 (m, 1H), 4,01 (m, 1H), 4,90 (d, J = 11,5 Hz, 1H), 5,06 (d, J = 11,5 Hz, 1H), 7,35-
7,42 (m, 5H); MS m/z 333 [M+H]".

& biéu dd nhiéu xa bot tia X, hop chét tinh thé néu & d& muc thé hién cac mau
¢6 dinh dic trung nhu duge thé hién & bang 1 dudi day. DE do, sir dung RINT 2100 tir
Rigaku Corporation dudi dang nhidu xa bdt tia X, trong d6 quas trinh do dugc tién
hanh véi CuKol duéi dang ngudn tia X, dién thé 6ng 1a 40kV, dong dién trong éng 1a
40mA, toc do quét 4°/phut, va pham vi quét 26 =3 dén 40°.

Béang 1
Nhiéu xa bot tia X cia hop chit (5a)
Vi tri dinh Cuong do tuong
20 Hing s6 mang (d) dbi
(Cuka) A 1/10
7,64 11,56 13
8,06 10,96 67
13,50 6,55 46
14,74 6,00 15
15,30 5,79 11
15,92 5,56 44
16,18 5,47 58
16,86 5,25 64
18,10 4,90 46
20,38 4,35 18
20,96 4,23 100
23,04 3,86 10
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Vidu7

(2S,5R)-tert-butyl 6-(benzyloxy)-7-ox0-1,6-diazabixyclo[3.2.1]octan-2-carboxylat
(5a): Phan ung do khi phosgen

B6 sung trietylamin (3,82ml) va 4-dimetylaminopyridin (120mg) vao dung
dich chtra (2S,5R)-tert-butyl 5-(benzyloxyamino)piperidin-2-carboxylat (3,0g,
9,791mmol) trong axetonitril loai nude (150ml) dudi khi quyén argon, & nhiét do trong
phong, va khi phosgen (sinh ra do bd sung nhé giot diphosgen (1,548g) trén cacbon
hoat tinh (1g) dd dugc lam néng lén dén 60°C trong vong 1,5 gid) dwoc dua vio bing
dong chay argon, sau do khudy qua dém. Phosgen du dugc phan huy bang nudc amoni
¢d (0,6ml), va dung moi chira hdn hop phan ung dugc ¢o dudi ap sudt giam. Phan cin
dugc pha loidng bang etyl axetat (50ml), dugc ria lan luot bing nude (50ml), dung
dich nudc axit xitric 5% (50ml), dung dich nuéc natri bicarbonat 6,5% (25ml), va
nuée mudi bdo hoa, sau d6 1am kho bing magie sulfat khan, va dung mdi dugc loc ra
dudi 4p sut giam. Phén cin thu dugc duge cho chay sdc ky cot silicagel (hexan/etyl
axetat = 2/1) dé thu dugc 2,25g hop chét duoc néu & phan d& myc nay (hiéu suit 69%).
Chét rin thu dugce duge két tinh lai tir etyl axetat-hexan, chét két tua sinh ra dugc loc.
Tinh thé w6t duoc rira bing hexan va tiép theo lam khd duéi p sudt gidm & nhiét do
trong phong dé thu dugc hop chit dugc néu & phan dé muc ndy duéi dang bot tinh thé
khong mau. Dit liéu theo dung cu thuc nghiém phu hop véi dit lidu cia hop chét duoc
néu & phin d& muc nay cua vi du 6.

Vidu 8

Mubi xyclohexylamin ctia axit (2S,5R)-6-(benzyloxy)-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxylic (6a)

B6 sung axit trifloaxetic (2ml) vao dung dich chira (2S,5R)-tert-butyl 6-
(benzyloxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxylat  (270mg, 0,842mmol)
trong metylen clorua (2ml) dudi khi quyén argon & 0°C, va nhiét do dugc nang dén
dén nhiét do trong phong, sau d6 cho phan (g trong 4 gio. Hén hop phan tng dugc
cb, va phan cin thu duge duge pha lodng bing etyl axetat, dugc rira 1an luot bang
nuée va nude mudi bio hoa, 1am kho bing magie sulfat khan, va dung mdi dugc loc ra
dudi ap sudt giam. Phén cin thu duoc duge hoa tan trong etyl axetat (2,5ml), va sau do
bd sung dung dich chira xyclohexylamin (149mg) trong dietyl ete & nhi¢t do trong
phong, sau do khudy & 0°C trong 1 gio. Chét két tha sinh ra dugc loc, va banh loc
duoc rira bang dietyl ete, sau d6 1am kho ¢ nhiét do trong phong dudi ap sudt giam, va
270mg hop chét dugc néu & phin d& muc nay thu dugc dudi dang bot tinh thé khong
mau (hiéu sut 86%).

Mp (diém néng chay) 175% [o]®p -36,8° (¢ 0,50, H,0); 'H NMR (400 MHz,
dimetylsulfoxit-d6) & 1,00-1,30 (m, SH), 1,53-1,95 (m, 8H), 2,04-2,09 (m, 1H), 2,76 (d,
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J=11,6 Hz, 1H), 2,80-2,93 (m, 1H), 3,19 (d, J = 11,2 Hz, 1H), 3,33 (br s, 2H), 3,40 (d,
J =172 Hz, 1H), 3,51 (br s, 1H), 4,87 (d, J = 11,6 Hz, 1H), 4,93 (d, J = 11,6 Hz, 1H),
7,30-7,45 (m, 5H), 8,04 (br s, 1H); MS m/z 100, 277 [M-C¢H;N+H]".

3 bidu @6 nhidu xa bot tia X, hop chit tinh thé néu & d& muc thé hién cac miu
¢6 dinh dic trung nhu dugc thé hién & bang dudi day 2. Dé do, sit dung RINT 2100 tir
Rigaku Corporation duéi dang nhiéu xa bt tia X, trong d6 tién hanh do bing CuKal
dudi dang ngudn tia X, dién thé dng 1a 40kV, dong dién trong éng 1a 40mA, toc do
quét 4°/phut, va pham vi quét 20 =3 dén 40°.

Béang 2

Nhidu xa bot tia X ctia hgp chit (6a)

Vi tri dinh Cuong do tuong

20 Hing s6 mang (d) d6i

(Cuka) A I/10
8,88 9,95 46
10,46 8,45 9
14,14 6,26 14
15,08 5,87 17

16,04 5,52 100
16,98 5,22 71
17,38 5,10 17
17,88 4,96 26
18,74 4,73 57
19,52 4,54 22
21,36 4,16 13
22,60 3,93 68
25,08 3,55 12

Vidu9
Axit (28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxylic (6b)

Mubdi xyclohexylamin (230mg) chira axit (2S,5R)-6-(benzyloxy)-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxylic dugc hoa tan trong dung dich nudc natri
dihydro phosphat bdo hoa, sau do chiét 4 1an bang etyl axetat, va cac 16p hitu co két
hop duogc rua bing nude mudi bio hoa, va tiép theo 1am kho bing magie sulfat khan.
Dung moéi dugce loc ra dudi ap sult giam, va lam khd trong chén khong, dé thu duoc
161mg hop chéit dugc néu & phan @& muc nay duédi dang chét rén c6 bot khong mau
(hiéu suét 87%). Do tinh khiét quang 99,9% ee hodc hon (CHIRALPAK AD-H, 4,6 x
150mm, axit trifloaxetic’/hexan/etanol = 0,1/80/20, UV 210nm, toc do dong chay
Iml/pht, thoi gian Iuu 10,5 phut).
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[0]*°p +11,5° (¢ 0,56, CHCl;); "H NMR (400 MHz, CDCl;) § 1,67 (m, 1H), 2,04-2,26
(m, 3H), 2,85 (d, ] = 12,0 Hz, 1H), 3,13 (m, 1H), 3,35 (m, 1H), 4,12 (m, 1H), 4,91 (d,
J=11,3 Hz, 1H), 5,06 (d, J = 11,3 Hz, 1H), 7,37-7,44 (m, SH); MS m/z 277 [M+H]".

Vidu 10

Axit (28,5R)-6-(benzyloxy)-7-0x0-1,6-diazabixyclo[3.2.1]octan-2-carboxylic (6b); xr
Iy bang axit clohydric pha lodng sau d6 két tinh

Mubi  xyclohexylamin  cta axit  (2S,5R)-6-(benzyloxy)-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxylic (3,75g, 10,0mmol) dugc hoa tan trong nudc
(50ml). B sung etyl axetat (100ml) va axit clohydric 1M (20ml). Hdn hop duoc khudy,
sau d6 chiét bang etyl axetat ba 1an (mdi 14n 100ml). Lép hitu co duge lam khod bang
magie sulfat khan, c6 dung mdi dén 10ml dudi ap sudt giam. B6 sung tir tir 120ml
hexan trong khi khudy trong khi lam lanh bing nudc d4 va chét két tia thu duge dugc
loc. Chét két tia sinh ra dwoc loc. Sau khi tinh thé wét dugc rira bang hexan, va lam
kho & nhiét d6 trong phong dudi ap suédt giam dé thu dugc 2,44g hop chat duge néu &
phin dé muc nay duéi dang bot tinh thé khong mau. Mp (diém néng chay) 116°C; dit
liéu khac theo dung cu thue nghiém phi hop véi dit liéu cta hop chét dwoc néu & phan
dé muc nay cua vi du 9.

3 bidu dd nhidu xa bdt tia X, hop chét tinh thé néu & d& myc thé hién cac mau
¢6 dinh diic trung nhu duoc thé hién & bang dudi day 3. Dé do, st dung RINT 2100 tir
Rigaku Corporation duéi dang nhidu xa bdt tia X, trong d6 tién hanh do bing CuKal
duéi dang ngudn tia X, dién thé 6ng 1 40kV, dong dién trong bng 1a 40mA, tdc do
quét 4°/phat, va pham vi quét 20 =3 dén 40°.

Béang 3
Nhidu xa bot tia X ctia hop chét (6b)
Vi tri dinh Cuong do tuong
20 Hang s6 mang (d) d6i
(Cuka) A /10
10,80 8,19 10
12,38 7,14 14
13,32 6,64 11
14,06 6,29 81
15,82 5,60 33
17,02 5,21 92
18,04 4,91 12
19,28 4,60 37
21,06 4,21 100
24,08 - 3,69 42
25,80 3,45 16
28,52 3,13 33
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Vidu 11

Dihydroclorua ctia axit (2S,5R)-5-(benzyloxyamino)piperidin-2-carboxylic (IV-al)

t-Bu. v, : Y,
" 0 : HO/[ -
HN .OBn HN N,OBn

It{ 2HCI H

B6 sung (2S,5R)-tert-butyl  5-(benzyloxyamino)piperidin-2-carboxylat
(46,69g) vao axit clohydric SM (500ml), sau do6 khudy & 65°C trong 2 gio. Dung dich
phan tmg dugce lam lanh dén nhiét 4o trong phong, phén cin thu dugc bang cach c¢b
dung moi dudi ap suét giam dugc hoa tan trong nude (500ml), sau dé bd sung cacbon
hoat tinh (2,7g) va khudy trong 30 phut. Than hoat tinh dugc loai bé bang céch loc,
chit loc duge c6 dén kho, sau d6 1am kho trong chén khong qua dém, va bang cach d6
49,3g hop chét dugc néu & phan d& muc nay thu dugce dudi dang chit rin mau vang
nhat (dinh lugng). |

'H NMR (400 MHz, D;,0) & 1,39-1,49 (m, 1H), 1,59-1,70 (m, 1H), 1,88-1,95 (m, 1H),
2,20-2,28 (m, 1H), 2,78 (t, T = 11,8 Hz, 1H), 3,19-3,28 (m, 1H), 3,48-3,52 (m, 1H),
3,68-3,72 (m, 1H), 3,57 (s, 3H), 3,70 (dd, J = 3,4, 12,6 Hz), 4,68 (s, 2H), 7,26-7,32 (m,
5H); MS m/z 251 [M-2HCI+H]".

Vidu 12

Dihydroclorua ctia (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat (4b)

b i
UL o L
HN N,OBn HN N,OBn

2HCI H 2HCI H

B6 sung dihydroclorua cua axit (2S,5R)-5-(benzyloxyamino)piperidin-2-
carboxylic (176mg) vao hydro clorua metanol 2M (7ml), sau d6 dé hoi luu trong 3 gio,
dung dich phan tmg dugc cd dudi ap suit giam, 1am kho trong chan khong qua dém aé
thu duoc hop chit duoc néu & phén d& muc nay dudi dang chét rdn mau vang nhat
(dinh lugng).

'H NMR (400 MHz, D;0) 8 1,40-1,51 (m, 1H), 1,61-1,72 (m, 1H), 1,90-1,94 (m, 1H),
2.25-2,30 (m, 1H), 2,80 (t, J = 11,2 Hz, 1H), 3,19-3,27 (m, 1H), 3,51-3,55 (m, 1H),
3.66 (s, 3H), 3,87-3,91 (m, 1H), 4,68 (s, 2H), 7,27 (s, SH); MS m/z 265 [M-2HCI+H]".

Vidu 13
(28,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat (4b)
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2HCI H H

B6 sung etyl axetat (20ml) va dung dich nuéc kali carbonat 50% (20ml) vao
(2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat, dihydroclorua (1,319g)
trong phan tach chét 1éng va 16p nude duge chiét bang etyl axetat (15ml) ba lan. Lép
hitu co dugc rira béng nuée mudi bdo hoa, 1am kho bang natri sulfat khan, va duge loc,
tiép theo dugc cd dudi ap suit giam, va 1am kho trong chén khoéng qua dém dé thu
duoc 975mg hop chét dugc néu & phin d& muc nay (hiéu sut 94%).

'H NMR (400 MHz, CDCl;) & 1,25-1,35 (m, 1H), 1,49-1,59 (m, 1H), 1,89-2,11 (m,
2H), 2,45 (t, ] = 11,7 Hz, 1H), 2,96-3,03 (m, 1H), 3,28-3,92 (m, 2H), 3,72 (s, 3H), 4,68
(s, 2H), 7,26-7,35 (m, SH); MS m/z 265 [M+H]".

Vidu 14

Téng hop truc tiép dihydroclorua cia (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-
carboxylat (4b)

b i
t'BU ~ ‘s, 7
N .0Bn HN OBn
TFA” N ”
H 2HCI ﬁ

Nguyén liéu thé (507mg, 1,26mmol) cua (2S,5R)-tert-butyl  5-
(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat dugc md ta & vi du 3
duge hoa tan trong dung dich hydro clorua metanol 2M (10,3ml), sau d6 dé hdi luu
trong 33 gio. Hon hop phén tng duge c6 dudi ap sudt giam dén dung lugng khodng
3,6ml, va etyl axetat (10,3ml) dugc bd sung vao dung dich dugc cd dé cho két tua.
Chét két tha thu duge bang cach loc hut, banh loc dugce rira bang luong nhé etyl axetat,
sau d6 1am kho c6 ludng din, va bang cach d6 290mg hop chit dugc néu & phan dé
muc nay thu dugc duéi dang bot mau tring (hidu suét 68%). Dit liéu theo dung cu thyc
nghiém phu hgp véi dit liu cua vi du 12.

Vidu 15
(2S,5R)-metyl 6-(benzyloxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxylat (5b)
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B6 sung axetonitril loai nuéc (198ml) vao (2S,5R)-metyl 5-
(benzyloxyamino)piperidin-2-carboxylat (1,154g, 4,37mmol), sau d6 lam lanh bing
nude da. B sung nhé giot 1an luot trietylamin (1,60ml) va diphosgen (0,389ml) & 5°C
hoic thip hon, sau d6 khudy & 2°C trong 20 phut. Sau dé, bd sung 4-
dimetylaminopyridin (70,0mg) vao dung dich phan tng, sau do khudy & nhiét do trong
phong trong 10 gid. Dung dich phan tng dugc c6 dudi ap sudt giam, sau d6 thay thé
va cb bang etyl axetat ba 1an, va dung dich dugc co dén 30ml. Etyl axetat (20ml) va
nude (40ml) duoc bd sung vao do, sau d6 tach chét 16ng, va 16p nuée tach ra duge
chiét bang etyl axetat (30ml) hai 14n. Céc 16p hitu co két hop duogc rira bang dung dich
nudce axit xitric 5% (40ml), dung dich nudc natri bicarbonat 6,5% (30ml), va nudc
mubi 5% (30ml), va lam khé bing natri sulfat khan, sau d6 loc va c¢d dudi ap sudt giam.
1,16g phan can thu duge duge pha lodng bing etyl axetat (5,5ml), va bd sung n-hexan
(11ml), va tinh thé hat dugc cdy truyén dé két tinh. Sau d6, bd sung n-hexan (49ml),
sau d6 khudy & 0°C trong 1 gio. Tiép theo, cac tinh thé dugc loc, dugc ria bing n-
hexan (60ml), va sau d6 lam kho trong chén khong dé thu dugc 882,3mg hop chét
duoc néu & phén d& muc nay dudi dang bot tinh thé khoéng mau (hidu suét 71%).

Mp 86°; [0]*’p +5,3° (¢ 1,10, CHCl3); 'H NMR (400 MHz, CDCl;) & 1,65-1,70 (m,
1H), 2,03-2,12 (m, 3H), 2,90 (d, ] = 12,0 Hz, 1H), 3,07 (m, 1H), 3,79 (s, 3H), 4,12 (dd,
T =46, 4,4 Hz, 1H), 4,91 (d, J = 11,2 Hz, 1H), 5,06 (d, J = 11,2 Hz, 1H), 7,35-7,44 (m,
5H); MS m/z 291 [M+H]".

G bidu d6 nhifu xa bot tia X, hop chét tinh thé néu & dé muc thé hién cac miu
c6 dinh ddc trung nhu duge thé hién & bang dudi day 4. DE do, st dung RINT 2100 tir
Rigaku Corporation dudi dang nhifu xa bot tia X, trong do6 tién hanh do bang CuKal
dudi dang ngudn tia X, dién thé ng 1a 40 kV, dong dién trong bng 12 40 mA, toc do
quét 4°/phit, va pham vi quét 20 =3 dén 40°.

Béang 4
Nhidu xa bt tia X cta hop chét (5b)
Vi tri dinh Cuong do tuong
20 Hing s6 mang (d) dbi
(Cuka) A I/10
8,50 10,39 92
15,10 5,86 9
15,56 5,69 66
16,60 5,34 11
18,42 4,81 28
19,98 4,44 100
22,30 3,98 9
23,50 3,78 66
28,64 3,11 13
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29,44 3,03 19

30,52 2,93 13

32,28 2,77 11
Vidu 16

Axit (2S,5R)-6-(benzyloxy)-7-oxo0-1,6-diazabixyclo[3.2.1]octan-2-carboxylic (6b):
Tdng hop tir (5b)

B6 sung tetrahydrofuran (8ml) va nuéc (3,6ml) vao (2S,5R)-metyl 6-
(benzyloxy)-7-ox0-1,6-diazabixyclo[3.2.1]octan-2-carboxylat (809,0mg, 2,79mmol),
sau d6 bd sung nhé giot dung dich nuéc lithi hydroxit 0,5M (6,41ml) & 4,9°C hodc
thap hon trong 10 phit. Dung dich phan tng dugc khudy & 2 °C trong 2 gid, sau d6 bd
sung nude (30ml) va ria bang etyl axetat (25ml). B4 sung etyl axetat (15ml) vao 16p
nuée tach ra, 16p nude duge didu chinh dén do pH 4,0 bang dung dich nudc axit
clohydric 1M, va chiét bang etyl axetat hai 1an (etyl axetat: tong thé tich 12 65ml). Lép
nuéc tach ra duge didu chinh dén pH3,4 béng dung dich nudc axit clohydric 1M, va
chiét bang etyl axetat mot 1an, tiép theo 16p nude dugc didu chinh dén d6 pH 2,4 va
chiét bang etyl axetat hai 1an. Chét 16ng dugc chiét thu dugc tir tir téng s6 nam lan
chiét bing etyl axetat (175ml) dugc rira bing nudc mudi bdo hoa (40ml), 1am kho
bing natri sulfat khan, dugc loc, va sau d6 duge cd dudi ap sudt giam. 759,1mg phan
cin thu dugc duge pha lodng bing etyl axetat (Sml), va bd sung n-hexan (3ml), va tinh
thé hat dugc cdy truyén dé két tinh. Ngoai ra, bd sung dung dich etyl axetat/n-hexan
(5/3) (8ml) va dugc khudy, tiép theo bd sung n-hexan (20ml) va khudy & 4 °C trong 14
gidr. Céc tinh thé dugc loc, sau d6 rira bing n-hexan (55ml), tiép theo lam kho trong
chan khéng dé thu duogc 633,6mg hop chét duge néu & phan dé muc nay dudi dang bot
tinh thé khong mau (hiéu suit 82%). Dit liéu theo dung cu thuc nghiém ctia hgp chét
nay phu hgp véi dit liéu cua hop chét ctia vi du 9.

Vi dy 17 (1a vi du tham khéo, khong theo sing ché)
(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carbohydrazit
Bude 1

tert-butyl 2-{[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazincarboxylat

B6 sung trietylamin (0,227ml) va isobutyl clorofomat (218ul) vao dung dich
chtra axit carboxylic (6b, 371mg, 1,34mmol) ctia vi du 9 hodc 16 trong tetrahydrofuran
(7ml) trong khi 1am lanh bing nudc d4, sau d6 khudy & 0°C trong 15 phut. B6 sung t-
butyl carbazat (245mg) vao dung dich phan tng & 0°C, sau d6 khudy & nhiét do trong
phong trong 1,5 gio, va sau d6 co dudi ap suét giam. Phén can thu dugc dugc tinh ché
bang sic ky cot silicagel (hexan/etyl axetat = 1/1-0/1) dé thu dugc 583mg hop chét
dugc néu & ph?m d& muc nay (hiéu suét 98%).
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[a]p2° +54,3° (¢ 0,56, CHCly); "H NMR (400 MHz, CDCl3) & 1,47 (s, 9H), 1,56-1,67
(m, 1H), 1,90-2,05 (m, 2H), 2,34-2,41 (m, 1H), 3,04-3,17 (m, 2H), 3,26-3,31 (m, 1H),
4,00 (d, J = 7,6 Hz, 1H), 4,91 (d, J = 11,2 Hz, 1H), 5,06 (d, ] = 11,2 Hz, 1H), 6,31 (brs,
1H), 7,34-7,46 (m, 5H), 8,14 (d, J = 2,8 Hz, 1H); MS m/z 391 [M+H]".

Budc 2

tert-butyl 2-{[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazincarboxylat

Hop chét (573mg, 1,47mmol) ctia bude 1 néu trén duge hoa tan trong metanol
(10ml), va bd sung paladi 10%-cacbon (50% ham lugng nude, 126mg), sau d6 khudy
dudi khi quyén hydro & nhiét o trong phong trong 55 phit. Chét xtc tac ciia hdn hop
phan tng duogc loc qua Celite, cd dung modi dudi ap suét giam dé thu dugc 423mg hop
chét duge néu ¢ phan d& muc nay (hiéu suit 96%).

'H NMR (400 MHz, CD;0D) & 1,48 (s, 9H), 1,70-1,82 (m, 1H), 1,86-1,98 (m, 1H),
2,01-2,12 (m, 1H), 2,27 (br dd, J = 14,6, 6,6 Hz, 1H), 3,11-3,25 (m, 2H), 3,70 (br s,
1H), 3,91 (br d, J = 7,2 Hz, 1H); MS m/z 301 [M+H]".

Budc 3
(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carbohydrazit

B4 sung phtrc chét lru huynh trioxit-pyridin (1,01g) vao dung dich chira hop
chét (421mg, 1,40mmol) ctia budc 2 néu trén trong pyridin (10ml), sau d6 khudy tron
& nhiét @6 trong phong qua dém. Bé sung metylen clorua vao dung dich phan g, sau
d6 loc, sau d6 co dudi 4p sudt giam, va didu chinh dén d6 pH 8 bing mot nira dung
dich nuéc natri bicarbonat bdo hoa. Lép nude duge rira bang metylen clorua. Tiép theo,
bd sung tetrabutylamoni hydro sulfat (564mg) va metylen clorua vao 16p nudc, sau do
khudy tron trong 15 phit. Lép nude duge chiét bing metylen clorua, tiép theo 16p hitu
co thu duge duge lam kho b%lng natri sulfat khan, sau d6 loc, sau dé c6 dudi ap suét
giam dé thu dugc 841mg tetrabutylamoni tert-butyl 2-{[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl} hydrazincarboxylat.

"H NMR (400 MHz, CDCl3) & 1,01 (t, J = 7,4 Hz, 12H), 1,40-1,53 (m, 8H), 1,49 (s,
9H), 1,60-1,75 (m, 9H), 1,84-1,98 (m, 1H), 2,15-2,24 (m, 1H), 2,35-2,44 (m, 1H),
3,06-3,18 (m, 1H), 3,24-3,36 (m, 8H), 3,39 (br d, J = 11,6 Hz, 1H), 3,97 (br d, J = 7,2
Hz, 1H), 4,36 (br s, 1H), 6,31 (br s, 1H), 8,59-8,67 (m, 1H); MS m/z 381 [M-
Bu,N+2H]".

Toan bd lwong mubi tetrabutylamoni néu trén dugc hoa tan trong metylen
clorua (15ml), sau d6 bd sung axit trifloaxetic (Sml) va khudy & nhiét do trong phong
trong 1 gid. Tiép theo, dung dich phan tng dugc cb dudi dp sudt giam, phin cin thu

duogc duoc ria b'?mg dietyl ete va 1am kho. San phém thd thu duge duge didu chinh dén
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d6 pH 8 bing dung dich nudc natri bicarbonat va cho chay sic ky cot silicagel
oxtadexyl dé thu duoc 227mg hop chét dwogc néu & phin d& muyc nay (2 budc, hiéu suit
58%). [alp?-52,9° (¢ 0,15, H,0); 'H NMR (400 MHz, D,0) & 1,63-1,73 (m, 1H),
1,76-1,87 (m, 1H), 1,90-1,99 (m, 1H), 2,00-2,09 (m, 1H), 2,97 (d, J = 12,2 Hz, 1H),
3,17 (br d, J = 12,2 Hz, 1H), 3,92 (d, J = 7,2 Hz, 1H), 4,04-4,08 (m, 1H); MS m/z 281
[M+H]".

Vidu 18

Natri tert-butyl 1-metyl-2-{[(2SR,5RS)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl } hydrazincarboxylat

Buoc 1

tert-butyl 2-{[(2SR,5RS)-6-benzyloxy-7-o0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}-1-metylhydrazincarboxylat

B6 sung trietylamin (972pl) va 2-clo-1-metylpyridin-1-ium iodua (554mg) vao
dung dich chira axit (2SR,5RS)-6-(benzyloxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxylic (400mg, 1,45mmol) va tert-butyl 1-metylhydrazincarboxylat (232mg) trong
tetrahydrofuran (14ml), sau do6 khudy & nhiét do trong phong qua dém. B4 sung dung
dich nuéc natri bicarbonat bdo hoa vao dung dich phan tng, sau do chiét bang
clorofom. Lép hitu co duge 1am kho béng natri sulfat, va sau d6 dugc cd. San phém
tho thu dugc duge tinh ché bang sic ky cot silicagel dé thu duogc 458mg hop chit duge
néu & phén dé muc nay (hiéu suit 78%).

'"H NMR (400 MHz, CDCl;) & 1,29-1,40 (m, 10H), 1,53-1,60 (m, 2H), 2,24-2,30 (m,
1H), 2,96-3,24 (m, 6H), 3,87 (d, J = 1,7, 1H), 4,83 (d, J = 2,8, 1H), 4,97 (d, ] = 2.8,
1H), 7,26-7,36 (m, SH).

Bude 2

tert-butyl 2-{[(2SR,5RS)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}-
1-metylhydrazincarboxylat

B6 sung paladi 50%-cacbon (50% ham lugng nudc, 50mg) vao dung dich
chira hop chét (485mg, 1,20mmol) ctia bude 1 néu trén trong metanol (14ml), sau d6
khudy duéi khi quyén hydro & nhiét do trong phong trong 2 gio. Chét xdic tac trong
hdn hop phan ung dugc loc qua mang PTFE, sau d6 c6 dudi ap sudt giam. San phim
tho thu duoc duge tinh ché bang sic ky cot silicagel d8 thu duoc 359mg hop chit duge
néu ¢ phan d& muc nay (hidu sudt 95%). MS m/z 315 [M+H]".

Budce 3
Natri tert-butyl 1-metyl-2-{[(2SR,5RS)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl } hydrazincarboxylat
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B6 sung 2,6-lutidin (842ul) va phirc chét luvu huynh trioxit-pyridin (273mg)
vao dung dich chira toan bo lugng hop chit clia budc 2 néu trén trong metylen clorua
(10,0ml), sau d6 khudy tron & nhiét d trong phong qua dém. B6 sung clorofom vao
dung dich phan tng, sau do6 téach chit 16ng véi nude. Pyridini tert-butyl 2-
{[(2SR,5RS)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }-1-
metylhydrazincarboxylat thu dugc & 16p nudc dugce trung hoa véi dung dich nude natri
bicarbonat bdo hoa, va tinh ché bing sic ky cot silicagel oxtadexyl dé thu dugc 114mg
hop chit dugc néu & phén dé muc nay (hiéu sudt 23%).

'H NMR (400 MHz, D,0) & 1,47 (s, 9H), 1,84 (m, 1H), 1,96-2,04 (m, 1H), 2,11-2,15
(m, 1H), 2,23-2,28 (m, 1H), 3,11 (s, 3H), 3,18 (d, J = 3,0, 1H), 3,41 (d, J = 2,7, 1H),
4,15 (d, J = 1,9, 1H), 4,25 (br s, 1H); MS m/z 393 [M-Na]".

Vi du 20

Natri (2SR,5RS)-N’,N’-dimetyl-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Budc 1

(2SR,5RS)-6-benzyloxy-N’,N’-dimetyl-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Theo quy trinh twong ty v6i vi du 18, tir axit (2SR,5RS)-6-(benzyloxy)-7-oxo-
1,6-diazabixyclo[3.2.1]octan-2-carboxylic (200mg, 0,72mmol) va 1,1-dimetylhydrazin
(48mg), thu dugc 150mg hop chét duoc néu & phin d& muc nay (hiéu sudt 65%).

'"H NMR (400 MHz, CDCls) & 1,53 (m, 1H), 1,75-1,88 (m, 2H), 2,21-2,27 (m, 1H),
2,46 (s, 6H), 2,61 (d, ] = 2,6, 1H), 2,89 (d, J = 2,6, 1H), 3,19-3,21 (m, 1H), 3,75 (d, ] =
1,9, 1H), 4,78 (d, 1 =2,9, 1H), 4,92 (d, J = 2,9, 1H), 7,16-7,31 (m, SH).

Buéce 2

(2SR,5RS)-N’,N’-dimetyl-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Theo quy trinh twong ty véi vi du 17, tir toan bo luong hop chét cua bude 1
néu trén, 101mg hop chit dugc néu & phan dé muc nay thu dugc (hiéu suit 94%). MS
m/z 229 [M+H]".

Budc 3

Natri (2SR,5RS)-N’,N’-dimetyl-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Theo quy trinh twong ty voi vi du 18, pyridin (2SR,5RS)-N’,N’-dimetyl-7-
ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carbohydrazit thu dwgc tir toan b
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lugng hop chit ciia budc 2 néu trén dugc trung hoa bang dung dich nudc natri
bicarbonat bdo hoa, va tinh ché bang sic ky cdt octadexyl silicagel dé thu dugce 65mg
hop chét duoc néu & phan dé muc nay (hidu sudt 44%).

'H NMR (400 MHz, D,0) 5 1,80-1,98 (m, 2H), 2,07-2,20 (m, 2H), 2,59 (s, 6H), 3,11
(d, J = 3,0, 1H), 3,33 (d, J = 3,0, 1H), 4,01 (d, T = 1,3, 1H), 4,22 (br s, 1H); MS m/z
307 [M-Na]’.

Vi du 22 (Tham khao, khong theo sang ché)

Natri (2S,5R)-7-0x0-N’-propanoyl-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Budce 1

(2S,5R)-6-benzyloxy-7-oxo-N’-propanoyl-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

B6 sung trietylamin (0,216ml) va isobutyl clorofomat (208ul) vao dung dich
chia axit carboxylic cta vi dy 9 hodc vi du 16 (6b, 354mg, 1,28mmol) trong
tetrahydrofuran (10ml) trong khi lam lanh bang nudc da, sau d6 khudy tron & 0°C
trong 15 phut. B4 sung dung dich chira propionohydrazit (161mg, dugc didu ché theo
quy trinh twong ty v6i vi du tham khéo 3 va vi du tham khao 6) vao dung dich phan
rng trong tetrahydrofuran (3ml) ¢ 0°C, sau d6 khudy & nhiét do trong phong trong 1
gio, va sau d6 co dudi ap sudt giam. Phin cin thu dwgc dugc tinh ché bang sic ky cot
silicagel (hexan/etyl axetat = 1/1-0/1) @& thu dugc 425mg hop chét dugc néu & phan dé
muc nay (hiéu sudt 96%).

[a]p2'+95,6° (¢ 0,46, CHCl3); 'H NMR (400 MHz, CDCl3) & 1,20 (t, J = 7,6 Hz, 3H),
1,56-1,66 (m, 1H), 1,91-2,05 (m, 2H), 2,25-2,40 (m, 3H), 3,09 (br d, J = 12,0 Hz, 1H),
3,17 (d, J = 12,0 Hz, 1H), 3,29-3,34 (m, 1H), 4,02 (d, ] =7,6 Hz, 1H), 4,92 (d, T = 11,4
Hz, 1H), 5,06 (d, J = 11,4 Hz, 1H), 7,33-7,46 (m, SH), 7,58 (br d, ] = 3,0 Hz, 1H), 8,50
(br d, J=3,0 Hz, 1H); MS m/z 347 [M+H]".

Budc 2
(28,5R)-6-hydroxy-7-0x0-N’-propanoyl-1,6-diazabixyclo[3.2.1]octan-2-carbohydrazit

Hop chét (417mg, 1,20mmol) cta bude 1 néu trén duge hoa tan trong metanol
(10ml), b6 sung paladi 10%-cacbon (50% ham luong nude, 110mg), sau d6 khudy
duéi khi quyén hydro & nhiét do trong phong trong 50 phut. Chét xuc tac ciia hdn hop
phan tng dugc loc qua Celite va cd dung mdi dudi ap sudt giam dé thu duoc 297mg
hop chit dugc néu & phén d& muc nay (hiéu suit 96%).

'H NMR (400 MHz, CD;0D) § 1,17 (t, J = 7,6 Hz, 3H), 1,69-1,79 (m, 1H), 1,88-1,99
(m, 1H), 2,02-2,11 (m, 1H), 2,24-2,32 (m, 1H), 2,28 (g, ] = 7,6 Hz, 2H), 3,16 (br d, J =
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11,6 Hz, 1H), 3,26 (d, J = 11,6 Hz, 1H), 3,68-3,72 (m, 1H), 3,95 (d, J = 7,6 Hz, 1H);
MS m/z 257 [M+H]".

Budc 3

Natri (2S,5R)-7-0x0-N’-propanoyl-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

B& sung phie chét luu huynh trioxit-pyridin (843mg) vao dung dich chtra hop
chét (296mg, 1,15mmol) ciia budc 2 néu trén trong pyridin (7,5ml), sau d6 khudy trén
& nhiét do trong phong qua dém. BS sung metylen clorua vao dung dich phén tmg, sau
do loc va co dudi ap sudt giam. BS sung toluen vao phén cin, tiép theo 14 qué trinh
ddng so6i. Bang cach d6, pyridini (2S,5R)-7-0x0-N’-propanoyl-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit thu dwgc, sau d6 trung hoa bang mdt nira
dung dich nuéc natri bicarbonat bdo hoa va sau do tinh ché bang sic ky cot silicagel
oxtadexyl dé thu dugc 357mg hop chat dugc néu & phan dé muc nay (hiéu sut 86%).
[op?! -46,7° (¢ 0,28, H,0); '"H NMR (400 MHz, D,0) & 1,02 (t, J = 7,6 Hz, 3H), 1,64-
1,76 (m, 1H), 1,78-1,90 (m, 1H), 1,93-2,02 (m, 1H), 2,10 (br dd, J = 15,6, 7,2 Hz, 1H),
2,22 (q, J = 7,6 Hz, 2H), 3,10 (d, J = 12,0 Hz, 1H), 3,23 (br d, ] = 12,0 Hz, 1H), 4,04
(d, T=7,2 Hz, 1H), 4,07-4,12 (m, 1H); MS m/z 337 [M-Na+2H]",

Vidu 25

Natri (2SR,5RS)-N’-axetyl-N’-metyl-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit

Budéce 1

(2SR,5RS)-N’-axetyl-6-benzyloxy-N’-metyl-7-oxo0-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Theo quy trinh twong tu vai vi du 17, tr axit (2SR,5RS)-6-(benzyloxy)-7-oxo-

1,6-diazabixyclo[3.2.1]octan-2-carboxylic (148mg, 0,536mmol) va N-
metylaxetohydrazit (64,0mg, dugc didu ché tir metylhydrazin va axetic anhydrit), thu
duoc 221mg hop chit duogc néu & phén d& myc nay (hiéu suit 88%).
'H NMR (400 MHz, CDCl3) & 1,59-1,73 (m, 1H), 1,88-2,10 (m, 2H), 2,02 (s, 1,8H),
2,17 (s, 1,2H), 2,31-2,39 (m, 1H), 2,69 (d, J = 11,6 Hz, 0,6H), 3,07 (br d, J = 11,6 Hz,
0,4H), 3,11-3,38 (m, 2H), 3,13 (s, 1,8H), 3,30 (s, 1,2H), 4,01 (d, ] = 7,2 Hz, 1H), 4,92
(d, J = 11,6 Hz, 1H), 5,06 (d, J = 11,6 Hz, 0,4H), 5,07 (d, J = 11,2 Hz, 0,6H), 7,31-7,53
(m, 5SH), 8,49 (brs, 0,4H), 8,58 (br s, 0,6H); MS m/z 347 [M+H]".

Budc 2

(2SR,5RS)-N’-axetyl-6-hydroxy-N’-metyl-7-oxo0-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit
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Theo quy trinh tuong tu v6i vi du 17, tir hop chét (216mg, 0,624mmol) cla
bude 1 néu trén, thu duge 156mg hop chit duge néu & phan d& muc nay (hidu sudt
98%).

'H NMR (400 MHz, CD;0D) & 1,74-1,83 (m, 1H), 1,89-2,04 (m, 1H), 2,01 (s, 2,5H),
2,06-2,14 (m, 1H), 2,17 (s, 0,5H), 2,22-2,32 (m, 1H), 2,96 (d, J = 11,6 Hz, 0,8H), 3,06-
3,24 (m, 1,2H), 3,11 (s, 2,5H), 3,28 (s, 0,5H), 3,68-3,74 (m, 1H), 3,96 (br d, J = 7,6 Hz,
1H); MS m/z 257 [M+H]".

Budce 3

Natri (2SR,5RS)-N’-axetyl-N’-metyl-7-o0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit

Theo quy trinh twong ty véi vi du 22, hop chét (150mg, 0,585mmol) ciia bude
2 néu trén, pyridini (2SR,5RS)-N’-axetyl-N’-metyl-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit thu dugc, trung hoa bang dung dich nuéc
natri bicarbonat bdo hoa, va sau do6 tinh ché bé’mg cach séc ky cot DIAION HP21
(MITSUBISHI CHEMICAL), thu dugc 148mg hgp chit duge néu & phin dé muyc nay
(hiéu suét 71%).

'H NMR (400 MHz, D,0) & 1,67-1,80 (m, 1H), 1,80-2,04 (m, 2H), 1,93 (s, 2,4H),
2,05-2,16 (m, 1H), 2,09 (s, 0,6H), 2,98 (d, J = 12,0 Hz, 0,8H), 3,00 (s, 2,4H), 3,11 (d, J
= 12,0 Hz, 0,2H), 3,18 (s, 0,6H), 3,20 (br d,J = 12,0 Hz, 0,2H), 3,28 (br d, J = 12,0 Hz,
0,8H), 4,01-4,15 (m, 2H); MS m/z 337 [M-Na+2H]".

Vi du 26 (Tham khao, khong theo sang ché)

(2SR,5RS)-N’-(aminoaxetyl)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Budce 1

tert-butyl [2-(2-{[(2SR,5RS)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazinyl)-2-oxoetyl]carbamat

B6 sung trietylamin (0,232ml) va isobutyl clorofomat (89,1 pl) vao dung dich
chtra axit (2SR,5RS)-6-(benzyloxy)-7-0x0-1,6-diazabixyclo[3.2.1]octan-2-carboxylic
(153mg, 0,554mmol) trong tetrahydrofuran (3ml) trong khi lam lanh bing nudc da,
sau d6 khudy tron & 0°C trong 45 phut. B6 sung dung dich chta tert-butyl 2-
hydrazinyl-2-oxoetylcarbamat (129mg, dugc didu ché theo quy trinh twong tu véi vi
du tham khéo 5 va vi du tham khéo 6) trong tetrahydrofuran (3ml) vao dung dich phan
ung ¢ 0°C, sau do khudy & nhiét d trong phong trong 2,5 gio va c6 dudi ap sut giam.
Phén cin thu dugc dugc tinh ché bang sdc ky cot silicagel (hexan/etyl axetat = 7/3-
0/10) dé thu dugc 179mg hop chét dwgc néu & phan d& muyc nay (hiéu sudt 72%).
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'H NMR (400 MHz, CDCL3) & 1,45 (s, 9H), 1,57-1,70 (m, 1H), 1,91-2,06 (m, 2H),
2,28-2,38 (m, 1H), 3,07 (br d, J = 12,0 Hz, 1H), 3,12 (d, J = 12,0 Hz, 1H), 3,29-3,34
(m, 1H), 3,88 (dd, T = 16,3, 6,1 Hz, 1H), 3,92 (dd, J = 16,3, 6,1 Hz, 1H), 4,02 (br d, J =
7.2 Hz, 1H), 4,91 (d, ] = 11,2 Hz, 1H), 5,05 (d, J = 11,2 Hz, 1H), 5,24 (brt, ] = 6,1 Hz,
1H), 7,34-7,46 (m, SH), 8,42 (brs, 1H), 8,53 (br s, 1H); MS m/z 448 [M+H]".

Budc 2

tert-butyl [2-(2-{[(2SR,5RS)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazinyl)-2-oxoetyl]carbamat

Hop chét (176mg, 0,394mmol) ctia budec 1 néu trén duge hoa tan trong
metanol (4ml), sau d6 bd sung paladi 10%-cacbon (50% ham luong nudc, 42,4mg), va
khudy dudi khi quyén hydro & nhiét d trong phong trong 40 phut. Chét xtc tac cta
hdn hop phan tng dugc loc qua Celite, c6 dung moi dudi ap sudt giam dé thu duoc
140mg hop chét dugc néu & phén d& muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,45 (s, 9H), 1,69-1,79 (m, 1H), 1,87-2,00 (m, 1H),
2,01-2,11 (m, 1H), 2,27 (br dd, J = 15,0, 6,6 Hz, 1H), 3,16 (br d, J = 12,0 Hz, 1H),
3,24 (d, J = 12,0 Hz, 1H), 3,67-3,73 (m, 1H), 3,81 (s, 2H), 3,95 (br d, J = 7,2 Hz, 1H);
MS m/z 358 [M+H]".

Buédc 3

(2SR,5RS)-N’-(aminoaxetyl)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

B sung phtrc chét luu huynh trioxit-pyridin (276mg) vao dung dich chira hop
chét (137mg, 0,382mmol) cta budc 2 néu trén trong pyridin (4ml), sau d6 khudy trén
& nhiét d6 trong phong qua dém. B& sung metylen clorua vao dung dich phan tng, sau
d6 loc va cd dudi ap sut giam. B sung toluen vao phén cin thu duoc, tiép theo 1 qua
trinh ddng s6i. Bing cach d6 thu dugc 405mg pyridini tert-butyl [2-(2-{[(2SR,5RS)-7-
o0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl} hydrazinyl)-2-
oxoetyl]carbamat. MS m/z 438 [M-CsH;N+H]".

Toan b lugng mudi pyridin dwgc hoa tan trong metylen clorua (Sml), va bd
sung axit trifloaxetic (1,7ml), sau do khudy trén & nhiét @ trong phong trong 3,5 gio.
Dung dich phan tng dugc cd dudi ap sudt giam. Phan cin thu dugce dugc ria béng
dietyl ete, va dugc didu chinh dén do6 pH 7 bing dung dich nudc natri bicarbonat va
duge 1am khd lanh. San phim thé thu dwoc dugc tinh ché bing SEPABEADS SP207
(MITSUBISHI CHEMICAL) (axetonitril/nude = 0/100-10/90). Sau khi 1am kho lanh,
thu duogc 42,6mg hop chit dugc néu & phén d& muc nay (2 budc, hi€u sut 33%).
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'H NMR (400 MHz, D,0) & 1,63-1,74 (m, 1H), 1,78-1,89 (m, 1H), 1,92-2,02 (m, 1H),
2,05-2,14 (m, 1H), 3,08 (d, J = 12,4 Hz, 1H), 3,23 (br d, ] = 12,4 Hz, 1H), 4,06 (br d, J
— 6,4 Hz, 1H), 4,07-4,12 (m, 1H); MS m/z 338 [M+H]".

Vi du 27 (Tham khao, khong theo sang ché)

(2S,5R)-N’-(3-aminopropanoyl)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Buéce 1

tert-butyl [3-(2-{[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazinyl)-3-oxopropyl]carbamat

B sung trietylamin (393ul), N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (406mg), 1-hydroxybenzotriazol - monohydrat (324,6mg), va tert-butyl (3-
hydrazinyl-3-oxopropyl)carbamat (430,8mg, dugc diéu ché theo quy trinh twong tw véi
vi du tham khao 2) vdo dung dich chira axit carboxylic (6b, 390mg, 1,41mmol) cia vi
du 9 hoic vi du 16 trong metylen clorua (14,1ml), sau do6 khudy tron & nhiét do trong
phong qua dém. Dung dich phan tng dugc ¢6 dudi ap sudt giam va phéan cin thu dugc
duoc tinh ché bang sic ky cot silicagel (etyl axetat) dé thu dugc 347,3mg hop chat
duge néu & phin dé muc nay (hidu suit 53,3%).

'H NMR (400 MHz, CD;0D) & 1,32 (s, 9H), 1,55-1,63 (m, 1H), 1,75-1,91 (m, 2H),
2.11-2,17 (m, 1H), 2,31-2,34 (¢, J = 6,4 Hz, 2H), 2,92-2,95 (br d, J = 11,6 Hz, 1H),
3,09-3,12 (d, J = 11,6 Hz, 1H), 3,20-3,26 (t, ] = 6,4 Hz, 2H), 3,47 (br s, 1H), 3,86-3,88
(d, J = 7,6 Hz, 1H), 4,82-4,85 (d, ] = 11,2 Hz, 1H), 4,89-4,92 (d, J = 11,2 Hz, 1H),
7.27-7,31 (m, 3H), 7,35-7,38 (m, 2H); MS m/z 462 [M+H]".

Buéce 2
tert-butyl [3-(2-{[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}hydrazinyl)-3-oxopropyl]carbamat

Toan bd lugng hop chit cia bude 1 néu trén duge hoa tan trong metanol
(7,5ml), sau @6 bd sung paladi 10%-cacbon (50% ham lugng nudc, 69mg) va khudy
dudi khi quyén hydro & nhi€t d¢ trong phong trong 1 gio. Chét xuc tac ctia hdn hop
phén tng dugc loc qua Celite va c6 dung moi dudi ap sudt giam dé thu dugc hop chit
dugc néu & phan d& muc nay (dinh lugng).

Budc 3

(2S,5R)-N’-(3-aminopropanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit
B6 sung phtic chét luu huynh trioxit-pyridin (598,4mg) vao dung dich chira

toan bo lugng hop chét clia bude 2 néu trén trong pyridin (7,5ml), sau d6 khudy trén &
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nhiét do trong phong qua dém. B4 sung metylen clorua vao dung dich phan g, sau
do6 loc va cd dudi 4p sudt giam. Phin cin thu dugc bd sung toluen, tiép theo 1a qua
trinh ddng s6i. Bing cach d6 thu dugc pyridini tert-butyl [3-(2-{[(2S,5R)-7-0x0-6-
(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl } hydrazinyl)-3-
oxopropyl]carbamat (dinh luong). MS m/z 450 [M-CsHsN-H]'.

Toan bd lwong mudi pyridin néu trén duge loai bd nhém bao vé bang axit
trifloaxetic, va tinh ché bang sic ky cdt octadexyl silicagel dé thu duge 191mg hop
chit dugc néu & pha‘in d& muc nay (hiéu suét 72,3%).

'"H NMR (400 MHz, D,0) & 1,62-1,70 (m, 1H), 1,76-1,86 (m, 1H), 1,92-1,95 (m, 1H),
2,04-2,09 (m, 1H), 2,60-2,63 (t, J = 6,8 Hz, 2H),3,04-3,07 (d, J = 12,0 Hz, 1H), 3,13-
3,16 (t, J = 6,8 Hz, 2H), 3,18-3,22 (d, J = 11,6 Hz, 1H), 4,02-4,03 (d, J = 7,2 Hz, 1H),
4,06 (br s, 1H); MS m/z 352 [M+H]".

Viduy 33

Natri (2SR,5RS)-7-0x0-N-(2-oxopyrolidin-1-yl)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budce 1

(2SR,5RS)-6-benzyloxy-7-0x0-N-(2-oxopyrolidin-1-yl)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong ty v6i vi du 17, tir axit (2SR,5RS)-6-(benzyloxy)-7-oxo-
1,6-diazabixyclo[3.2.1]octan-2-carboxylic (164mg, 0,594mmol) va 1-aminopyrolidin-
2-on hydroclorua (101mg), thu dugc 128mg hop chit dugc néu & phan dé muc nay
(hiéu suit 60%).

'H NMR (400 MHz, CDCl;) & 1,57-1,70 (m, 1H), 1,88-2,22 (m, 4H), 2,30-2,52 (m,
3H), 3,09 (br d, J = 12,0 Hz, 1H), 3,22 (d, J = 12,0 Hz, 1H), 3,30-3,35 (m, 1H), 3,46
(ddd, J = 8,5, 8,5, 4,8 Hz, 1H), 3,73 (q, J = 7,7 Hz, 1H), 4,02 (br d, J = 7,6 Hz, 1H),
4,92 (d, J = 11,2 Hz, 1H), 5,06 (d, J = 11,2 Hz, 1H), 7,35-7,46 (m, 5H), 8,34 (br s, 1H);
MS m/z 359 [M+H]".

Budc 2

(2SR, 5RS)-6-hydroxy-7-0x0-N-(2-oxopyrolidin-1-yl)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh tuong twy véi vi du 17, tir hop chét (126mg, 0,352mmol) cla
budc 1 néu trén, thu dugce hop chéit dugce néu & phz‘?ln dé muc nay (dinh luong).

'"H NMR (400 MHz, CD;0D) & 1,70-1,80 (m, 1H), 1,88-2,00 (m, 1H), 2,02-2,19 (m,
3H), 2,27 (br dd, J = 15,0, 7,0 Hz, 1H), 2,40-2,47 (m, 2H), 3,16 (br d, J = 11,6 Hz, 1H),
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3,21 (d, J = 11,6 Hz, 1H), 3,52-3,65 (m, 2H), 3,68-3,73 (m, 1H), 3,96 (d, J = 7,6 Hz,
1H); MS m/z 269 [M+H]"

Budce 3

Natri (2SR,5RS)-7-0x0-N-(2-oxopyrolidin-1-yl)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Dung dich chira toan bd lugng hop chét cia budc 2 néu trén trong pyridin
(3,5ml) duge bd sung phirc chét luu huynh trioxit-pyridin (248mg), sau do khudy trén
& nhiét do trong phong qua dém. Dung dich phan Ung duoc bb sung thém metylen
clorua, sau d6 loc va c6 dudi ap sudt giam. B6 sung toluen vao phan cin thu dugc, tiép
theo 1a qua trinh ddng sbi. Bang cach d6, thu dugc 178mg pyridini (2SR,5RS)-7-oxo0-
N-(2-oxopyrolidin-1-y1)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit. MS
m/z 349 [M-CsHsNH]".

Toan bd lwong mudi pyridini néu trén dugce bd sung viao nuéc va dung dich
nuée natri bicarbonat bdo hoa va dwgc diéu chinh dén d6 pH 7, sau d6 lam kho lanh.
San phdm thd thu dugc duge tinh ché biang DIAION HP21 (MITSUBISHI
CHEMICAL) (axetonitril/nuéc = 100/0-90/10), sau d6 lam kho lanh, va 103mg hop
chét dugc néu & phﬁn d& muc nay thu duge (2 bude, hiéu suét 79%).

'H NMR (400 MHz, D,0) & 1,65-1,74 (m, 1H), 1,77-1,89 (m, 1H), 1,92-2,14 (m, 2H),
2,03 (qui, J = 7,6 Hz, 2H), 2,38 (t, ] = 7,6 Hz, 2H), 3,06 (d, J = 12,0 Hz, 1H), 3,23 (br
d, J = 12,0 Hz, 1H), 3,49 (t, ] = 7,6 Hz, 2H), 4,05 (br d, ] = 6,8 Hz, 1H), 4,08 (br dd, J
= 5,8, 3,0 Hz, 1H); MS m/z 349 [M-Na+2H]".

Vi du 45 (Tham khao, khong theo sang ché)

Natri (28,5R)-7-0x0-N’-(pyridin-3-ylcarbonyl)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit

Buéce 1

(28,5R)-6-benzyloxy-7-0x0-N’~(pyridin-3-ylcarbonyl)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Dung dich chira axit carboxylic (6b, 390mg, 1,41mmol) ctia vi du 9 hodc vi du
16 trong metylen clorua da loai nudc (14,1ml) dugce lam lanh dén 0°C dudi khi quyén
argon, va bd sung tr tir isobutyl clorofomat (231,1mg) dé nhiét do khong vuot quéa 0°C.
Sau do, trietylamin (185mg) dé nhiét d6 khong vuot qua 0°C sau d6 khudy trong 30
phut, bang cich d6 hdn hop anhydrit axit trong hé phan ing dugc diéu ché. B6 sung tir
tr hydrazit clia axit nicotinic (580mg) vao hén hop phan tmg. Sau khi bd sung, nhiét
do duoc nang dén dén nhiét o trong phong, sau do khudy trong 1 gi®. Hon hop phan
ung nay dugc rira bang axit clohydric 0,5M va nudc mudi bio hoa, va 16p hitu co duge
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lam kho béng magie sulfat, va sau d6 dugc loc ra dudi ap suét giam. Phan cin thu
duoc duoc cho chay sdc ky cot silicagel (hexan/etyl axetat = 4/1-0/1, etyl
axetat/metanol = 30/1) dé thu dugc 439,5mg hop chét dugce néu & phian dé& muc nay
duéi dang dau khong mau (hidu suit 78,8%).

'H NMR (400 MHz, CD;0D) & 1,68-1,75 (m, 1H), 1,88-2,02 (m, 2H), 2,25-2,30 (m,
1H), 3,08-3,11 (d, J = 12,4 Hz, 1H), 3,28-3,33 (m, 1H), 3,60 (br s, 1H), 4,03-4,08 (d, ]
= 12,0 Hz, 1H), 4,90 (d, J = 11,2 Hz, 1H), 5,00 (d, ] = 11,2 Hz, 1H), 7,33-7,41 (m, 3H),
7,45-7,48 (m, 2H), 7,54-7,58 (dd, J = 5,0, 8,0 Hz, 1H), 8,26-8,29 (dd, J = 2,0, 8,0 Hz,
1H), 8,71-8,72 (dd, J = 1,2, 4,8 Hz, 1H), 9,00-9,01 (dd, J = 0,8, 2,0 Hz, 1H); MS m/z
396 [M+H]".

Budc 2

(2S,5R)-6-hydroxy-7-oxo-N’-(pyridin-3-ylcarbonyl)-1,6-diazabixyclo[3.2.1]octan-2-
carbohydrazit

Toan b lwong hop chat ciia buéc 1 néu trén dugc hoa tan trong metanol
(11ml), va bd sung paladi 10%-cacbon (50% ham lugng nudéc, 80mg), sau d6 khudy
dudi khi quyén hydro & nhiét do trong phong trong 1 gio. Chét xtc tac ctia hdn hop
phan tng dugc loc qua Celite, va ¢6 dung mdi dudi ap sut giam dé thu dugc 319,7mg
hop chét duge néu & phin d& muc nay (hidu sudt 94,3%). MS m/z 306 [M+H]".

Budce 3

Natri (28,5R)-7-0x0-N’-(pyridin-3-ylcarbonyl)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carbohydrazit

Bé sung phtrc chét luu huynh trioxit-pyridin (796mg) vao dung dich chira toan
bo lugng hop chit ciia bude 2 néu trén trong pyridin (10,0ml), sau do khudy tron &
nhiét do trong phong qua dém. B sung metylen clorua vao dung dich phan mg, sau
d6 loc va co dudi ap sult giam. B4 sung toluen vio phan cin thu duogc, tiép theo 1a qua
trinh ddng s6i. Bing cach d6, pyridini (2S,5R)-7-0x0-N’-(pyridin-3-ylcarbonyl)-6-
(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carbohydrazit thu dugc, va dugc trung hoa
bang dung dich nudc natri bicarbonat bdo hoa, va sau d6 tinh ché bing sic ky cot
octadexyl silicagel dé thu duoc 193,1mg hop chét dugc néu & phdn dé muc nay (hiéu
sudt 45,6%).

'H NMR (400 MHz, D,0) & 1,67-1,75 (m, 1H), 1,80-1,90 (m, 1H), 1,95-1,99 (m, 1H),
2,06-2,16 (m, 1H), 3,14-3,18 (d, T = 12,4 Hz, 1H), 3,25-3,28 (br d, J = 12,0 Hz, 1H),
4,10 (m, 2H), 7,46-7,49 (dd, T = 5,2, 8,0 Hz, 1H), 8,12-8,14 (d, J = 8,0 Hz, 1H), 8,58-
8,60 (d, J = 5,2 Hz, 1H), 8,81 (s, 1H); MS m/z 386 [M-Na+2H]".

Vidu 55
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Natri (2SR,5RS)-N-(morpholin-4-yl)-7-o0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budece 1

(2SR,5RS)-6-benzyloxy-N-(morpholin-4-yl)-7-o0xo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

B4 sung trietylamin (226 pl), N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (125mg), 1-hydroxybenzotriazol-monohydrat (100mg), va morpholin-4-
amin (62,7 upl) vao dung dich chuoa axit (2SR,5RS)-6-(benzyloxy)-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxylic (142mg, 0,513mmol) trong metylen clorua
(3,5ml), sau d6 khudy tron & nhiét do trong phong qua dém. Dung dich phan ting duoc
cd dudi ap suét giam, va phén cin thu duge dugce tinh ché biang sic ky cot silicagel
(etyl axetat) dé thu dugc 149mg hop chét dugc néu & phan dé muc nay (hiéu sudt 80%).

'H NMR (400 MHz, CDCL3) & 1,57-1,66 (m, 1H), 1,86-2,06 (m, 2H), 2,37 (br dd, J =
14,2, 6,8 Hz, 1H), 2,72 (d, J = 11,8 Hz, 1H), 2,74-2,88 (m, 4H), 3,01 (br d, J = 11,8 Hz,
1H), 3,28-3,33 (m, 1H), 3,81 (t, ] = 4,6 Hz, 4H), 3,90 (br d, J = 7,6 Hz, 1H), 4,91 (d, ]
= 11,4 Hz, 1H), 5,06 (d, J = 11,4 Hz, 1H), 7,32-7,48 (m, 6H); MS m/z 361 [M+H]".

Buéce 2

(2SR,5RS)-6-hydroxy-N-(morpholin-4-yl)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tgy v6i vi du 17, tir hop chit (170mg, 0,471mmol) cia
budc 1 néu trén, thu duge hop chét duge néu & phén dé muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,74-1,84 (m, 1H), 1,85-1,97 (m, 1H), 2,02-2,11 (m,
1H), 2,21 (br dd, J = 14,8, 7,2 Hz, 1H), 2,81 (br t, ] = 4,4 Hz, 4H), 3,01 (d, J = 11,6 Hz,
1H), 3,12 (br d, J = 11,6 Hz, 1H), 3,69 (br s, 1H), 3,76 (br t, ] = 4,4 Hz, 4H), 3,81 (br d,
J=17,6 Hz, 1H); MS m/z 271 [M+H]".

Budc 3

Natri (2SR,5RS)-N-(morpholin-4-yl)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong ty v6i vi du 22, tir toan bd lugng hop chat ctia budc 2
néu trén, pyridin (2SR,5RS)-N-(morpholin-4-yl)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu duoc, va trung hoa bang dung dich nudc
natri bicarbonat bdo hoa, va sau d6 tinh ché bang sic ky cot SEPABEADS SP207
(MITSUBISHI CHEMICAL) dé thu dugc 104mg hop chét duge néu & phan dé muc
nay (2 bude, hiéu sudt 63%).
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'H NMR (400 MHz, D,0) & 1,65-1,85 (m, 2H), 1,90-1,99 (m, 1H), 2,00-2,08 (m, 1H),
2,68-2,80 (m, 4H), 3,97 (d, T = 12,0 Hz, 1H), 3,18 (br d, ] = 12,0 Hz, 1H), 3,70 (br t, J
= 4.6 Hz, 4H), 3,89 (br d, J = 7,0 Hz, 1H), 4,07 (br dd, ] = 5,6, 2,8 Hz, 1H); MS m/z
351 [M-Na+2H]".

Viduy 56

Natri (2S,5R)-N-metoxy-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Buée 1
(28,5R)-6-benzyloxy-N-metoxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit

B sung trietylamin (1,95ml), N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (802mg), 1-hydroxybenzotriazol * monohydrat (658mg), va O-
metylhydroxylamin hydroclorua (363mg) vao dung dich chua axit carboxylic (6b,
965mg, 3,49mmol) cta vi du 9 hodc 16 trong tetrahydrofuran (20ml), sau d6 khudy
tron dén nhiét do trong phong qua dém. Dung dich phan ing dugc ¢ dudi ap suét
giam, va phén cin thu dugce duge tinh ché bang sic ky cot silicagel (hexan/etyl axetat
=9/1-0/10) dé thu dugc 773mg hop chét dugce néu & phan d& muc nay (hiéu sudt 72%).

[c]n? -19,8° (¢ 0,60, CHCl3); 'H NMR (400 MHz, CDCl3) & 1,60-1,71 (m, 1H), 1,88-
2,07 (m, 2H), 2,32 (br dd J = 14,2, 7,4 Hz, 1H), 2,80 (d, J = 11,6 Hz, 1H), 3,00 (br d, J
= 11,6 Hz, 1H), 3,30-3,35 (m, 1H), 3,78 (s, 3H), 3,94 (d, J = 7,6 Hz, 1H), 4,90 (d, ] =
11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,34-7,46 (m, 5H), 9,22 (br s, 1H); MS m/z
306 [M+H]".

Budc 2
(28,5R)-6-hydroxy-N-metoxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu voi vi du 17, tir hop chét (770mg, 2,52mmol) cia

budc 1 néu trén, thu duge 486mg hop chit dugc néu & phin d& muc nay (hidu suét
90%).
[a]p? -76,8° (¢ 0,34, MeOH); 'H NMR (400 MHz, CD;0OD) & 1,74-1,84 (m, 1H),
1,86-1,98 (m, 1H), 2,03-2,13 (m, 1H), 2,20 (br dd J = 15,0, 7,0 Hz, 1H), 3,05 (d, J =
11,8 Hz, 1H), 3,12 (br d, J = 11,8 Hz, 1H), 3,66-3,74 (m, 1H), 3,71 (s, 3H), 3,82 (br d,
J=17,6 Hz, 1H); MS m/z 216 [M+H]".

Budc 3

Natri (2S,5R)-N-metoxy-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit
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Theo quy trinh twong tw véi vi du 17, tir hgp chét (483mg, 2,24mmol) cua
budc 2 néu trén, thu dugc 963mg tetrabutylamoni (2S,5R)-N-metoxy-7-0x0-6-
(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit.

'H NMR (400 MHz, CDCl;) & 0,93 (t, J = 7,4 Hz, 12H), 1,37 (sex, J = 7,4 Hz, 8H),
1,53-1,72 (m, 9H), 1,77-1,90 (m, 1H), 2,05-2,15 (m, 1H), 2,27 (br dd, J = 14,8, 6,4 Hz,
1H), 2,84 (d, J = 11,6 Hz, 1H), 3,14-3,31 (m, 9H), 3,73 (s, 3H), 3,87 (br d, J = 7,6 Hz,
1H), 4,25 (br's, 1H), 9,32 (br s, 1H); MS m/z 296 [M-Na+2H]".

Toan bd lugng mudi tetrabutylamoni dugc cho trao dbi ion bing DOWEX
(kiéu Na), va sau d6 tinh ché bing sdc ky cot silicagel octadexyl dé thu duoc 401mg
hop chét dugc néu & phén dé muc nay (hiéu suét 56%).
[a]p2° -49,0° (¢ 0,85, H,0); 'H NMR (400 MHz, D,0) § 1,66-1,87 (m, 2H), 1,91-2,07
(m, 2H), 3,02(d, J = 12,0 Hz, 1H), 3,18 (br d, J = 12,0 Hz, 1H), 3,62 (s, 3H), 3,92 (dd,
J=28.,0, 2,4 Hz, 1H), 4,07 (dd, J = 6,0, 2,8 Hz, 1H); MS m/z 296 [M+H]"; ham luong
Na 10,9%.
Vidu 57

Natri (2SR,5RS)-N-etoxy-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Buéce 1
(2SR, 5RS)-6-benzyloxy-N-etoxy-7-ox0-1,6-diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 27, tir axit (2SR,5RS)-6-(benzyloxy)-7-oxo-
1,6-diazabixyclo[3.2.1]octan-2-carboxylic (150mg, 0,58mmol) va O-etylhydroxylamin
hydroclorua (85mg), thu dugc 95mg hop chét dugc néu & phan dé muc nay (hiéu suét
39%). MS m/z 320 [M+H]+.

Budce 2
(2SR,5RS)-N-Etoxy 6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tw v&i vi du 17, tir toan bd luong hop chét cua budc 1
néu trén, thu dugc 88mg hop chit duge néu & phan dé muc nay (hiéu sudt 96%).

Budc 3

Natri (2SR,5RS)-N-etoxy-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3 .2.1]octan-2-
carboxamit

Theo quy trinh twong ty véi vi du 18, tir toan b lugng hop chét cta budc 2
néu trén, pyridin (2SR,5RS)-N-etoxy-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bing dung dich nuéc
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natri bicarbonat bdo hoa, va sau d6 tinh ché bang séc ky cdt silicagel octadexyl dé thu
duge 30mg hop chit dugc néu & phin @& muc nay (higu suit 24%).

'H NMR (400 MHz, D,0) & 1,09 (t, J=1,7, 3H), 1,66-1,86 (m, 2H), 1,91-2,02 (m, 2H),
3,00 (d, J=3,0, 1H), 3,17 (d, J=2,9, 1H), 3,84 (q, J=1,7, 2H), 3,92 (d, J=1,7, 1H), 4,06
(m, 1H); MS m/z 308 [M-Na]".

Vidu 58

Natri (2S,5R)-N-(xyclobutylmetoxy)-7-oxo-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budéce 1

(2S,5R)-6-benzyloxy-N-(xyclobutylmetoxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty v6i vi du 45, tir axit carboxylic (6b, 379mg,
1,37mmol) ctia vi du 9 hodc 16 va O-(xyclobutylmetyl)hydroxylamin (274mg, dugc
diéu ché theo quy trinh twong tu v6i vi du tham khao 7 va vi du tham khao 15), thu
dwoc 359,4mg hop chit duge néu & phin d& muc nay (hiéu sut 73%).

'H NMR (400 MHz, CDCl;) & 1,55-2,15 (m, 9H), 2,28-2,39 (m, 1H), 2,59-2,72 (m,
1H), 2,77 (d, T = 11,6 Hz, 1H), 3,00 (br d, J = 11,6 Hz, 1H), 3,26-3,34 (m, 1H), 3,83-
3,89 (m, 1H), 3,90-3,97 (m, 2H), 4,90 (d, J = 11,4 Hz, 1H), 5,05 (d, J = 11,4 Hz, 1H),
7,34-7,46 (m, SH), 8,98 (s, 1H); MS m/z 360 [M+H]".

Budce 2
(2S,5R)-N-(xyclobutylmetoxy)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty véi vi du 17, tir toan bd lwgng hop chéit cta budc 1

néu trén, thu duge hop chit dugc néu & phan d& muc nay (dinh lugng). MS m/z 270
[M+H]".
Buéce 3
Natri (2S,5R)-N-(xyclobutylmetoxy)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 18, tir toan b lugng hop chét cua budc 2
néu trén, pyridin (2S,5R)-N-(xyclobutylmetoxy)-7-o0xo-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bing dung dich nudc

natri bicarbonat bdo hoa, va sau do tinh ché bing sic ky cot silicagel octadexyl dé thu
duoge 157,8mg hop chit dugc néu & ph?m dé muc nay (2 buédc, hidu suét 42%)).
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'H NMR (400 MHz, D,0) & 1,55-1,86 (m, 6H), 1,88-2,07 (m, 4H), 2,46-2,57 (m, 1H),
3,00 (d, J = 12,0 Hz, 1H), 3,18 (br d, J = 12,0 Hz, 1H), 3,79 (d, J = 7,2 Hz, 2H), 3,87-
3,94 (m, 1H), 4,05-4,10 (m, 1H); MS m/z 350 [M-Na+2H]".

Vidu 59

(28,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit (II-059)

@)

}
HzN/\/O\ N) i
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o] ‘OSO;H

Budce 1

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat

0
|
BocHN/\/O\N/l ’/\]
H N

o N‘osn

Bd sung trietylamin (2,71ml), N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (1,41g), 1-hydroxybenzotriazol - monohydrat (1,15g), va tert-butyl 2-
(aminooxy)etylcarbamat (1,12g) dugc md ta ¢ vi du tham khao 9 vao dung dich chtra
axit carboxylic (6b, 1,34g, 4,87mmol) ctia vi du 9 hodc 16 trong metylen clorua (35ml),
sau d6 khudy tron & nhiét do trong phong qua dém. B sung nuéc vao phén cin thu
duoc bing cach c6 dung dich phan Gng dudi ap suit giam, sau d6 chiét bang etyl
axetat. Lép hitu co thu dugce duoce ria b%mg axit clohydric 0,1M, dung dich nuéc natri
bicarbonat bdo hoa, va dung dich nudc natri clorua bdo hoa, lam kho béng natri sulfat
khan, dugc loc, va dugc co. Phén cin thu duge duoc tinh ché bing sdc ky cot silicagel
(hexan/etyl axetat = 8/2-0/10) dé thu duge 1,77g hop chét duge néu & phéan dé muc
nay (hiéu suét 84%).

[a]p® -0,08° (c 0,29, CHCL3); "H NMR (400 MHz, CDCly) 8 1,44 (s, 9H), 1,56-1,70
(m, 1H), 1,90-2,09 (m, 2H), 2,25-2,38 (m, 1H), 2,76 (d, J = 11,6 Hz, 1H), 3,03 (br d, J
= 11,6 Hz, 1H), 3,24-3,47 (m, 3H), 3,84-4,01 (m, 3H), 4,90 (d, J = 11,6 Hz, 1H), 5,05
(d, J = 11,6 Hz, 1H), 5,44 (br s, 1H), 7,34-7,48 (m, 5H), 9,37 (br s, 1H); MS m/z 435
[M+H]"; do tinh khiét quang bang 99,9% ee hodc 16n hon (CHIRALPAK AD-H, 4.6 x
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150mm, hexan/etanol = 2/1, UV 210 nm, tdc d6 dong chay 1ml/phut, thoi gian luu
4,95 phut (2R,5S), 6,70 phut (2S,5R).

Budc 2

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} carbamat

0
|,
BocHN/\/O‘NJ Q
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o) OH

B& sung chit xic tic 10% paladi cacbon (50% ham lugng nudce, 803mg) vao
dung dich chtra hop chét (3,91g, 9,01mmol) ctia budc 1 néu trén trong metanol (80ml),
sau d6 khudy tron dudi khi quyén hydro trong 45 phut. Dung dich phan Gng dugc loc
qua Celite va dugc cd dudi ap sut giam dé thu dwogc 3,11g hop chit duoc néu & phin
dé muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,44 (s, 9H), 1,73-1,83 (m, 1H), 1,86-1,99 (m, 1H),
2,01-2,12 (m, 1H), 2,22 (br dd, J = 15,0, 7,0 Hz, 1H), 3,03 (d, ] = 12,0 Hz, 1H), 3,12
(br d, T = 12,0 Hz, 1H), 3,25-3,35 (m, 2H), 3,68-3,71 (m, 1H), 3,82-3,91 (m, 3H); MS
m/z 345 [M+H]".

Budce 3

(28,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

B sung 2,6-lutidin (3,20ml) va phirc chét luu huynh trioxit-pyridin (3,58g)
vao dung dich chtra hop chét (3,09g, 8,97mmol) cua bude 2 néu trén trong metylen
clorua (80ml), sau d6 khudy tron & nhiét do trong phong qua dém. Dung dich phéan tmg
dugc rét vao mot nira dung dich nude natri bicarbonat bao hoa, va 16p nudce duge rira
bang clorofom. B4 sung tetrabutylamoni hydro sulfat (3,47g) va clorofom (30ml) vao
16p nude, sau do khudy tron trong 10 phut. Lép nude dugce chiét bang clorofom, va 16p
hitu co thu dugc duge lam kho b%mg natri sulfat khan, duogc loc, va duge cd dudi ap
sudt giam dé thu dugc 5,46g tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-
(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl }carbamat ~ (hiéu
sut 91%).

'H NMR (400 MHz, CDCl;) § 1,01 (t, J = 7,4 Hz, 12H), 1,37-1,54 (m, 8H), 1,45 (s,
9H), 1,57-1,80 (m, 9H), 1,85-1,98 (m, 1H), 2,14-2,24 (m, 1H), 2,30-2,39 (m, 1H), 2,83
(d,J = 11,6 Hz, 1H), 3,20-3,50 (m, 11H), 3,85-3,99 (m, 3H), 4,33-4,38 (m, 1H), 5,51
(br's, 1H), 9,44 (br s, 1H); MS m/z 425 [M-bu,;N+2H]".
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B sung axit trifloaxetic (25ml) vao dung dich chira mudi tetrabutylamoni
(5,20g, 7,82mmol) trong metylen clorua (25ml) trong khi lam lanh bing nudc d4, sau
d6 khudy tron & 0°C trong 1 gid. Dung dich phan tmg dugc c6 dudi ap sudt giam. Phan
can thu dwgc duge rira bang dietyl ete, va dugc didu chinh dén d6 pH = 7 biang dung
dich nuGc natri bicarbonat, va sau d6 tinh ché bing sic ky cot silicagel octadexyl
(nuéc), va sau d6 duge 1am kho lanh dé thu dwgc 1,44g hop chit duge néu & phan dé
muc nay (hiéu sudt 57%).

[o]p2* -63,5° (¢ 0,83, H,0); 'H NMR (400 MHz, D,0) § 1,66-1,76 (m, 1H), 1,76-1,88
(m, 1H), 1,91-2,00 (m, 1H), 2,00-2,08 (m, 1H), 3,02(d, J = 12,0 Hz, 1H), 3,15 (t, J =
5,0 Hz, 2H), 3,18 (br d, J = 12,0 Hz, 1H), 3,95 (dd, J = 7,8, 2,2 Hz, 1H), 4,04 (t, ] =5,0
Hz, 2H), 4,07 (dd, ] = 6,4, 3,2 Hz, 1H); MS m/z 325 [M+H]".

Vi du 60

Natri tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} carbamat (1I-060)

AR oS
O/Lka\/OsNJf,,‘Q
H H N
A—N

o) "0SO;Na

Tir hop chét (1,700g, 4,938mmol) ctia bude 2 cia vi du 59, pyridin tert-butyl
{2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} carbamat thu dugc, va trung hoa bang dung dich nudce
natri bicarbonat bdo hoa, va sau do tinh ché bang sic ky cot silicagel octadexyl dé thu
duoe 926,7mg hop chét duge néu & phan d& myc nay (hiéu sudt 43,6%).

'H NMR (400 MHz, D,0) & 1,28 (s, 9H), 1,68-1,83 (m, 2H), 1,92-2,07 (m, 2H), 3,00-
3,03 (d, ] = 12,8 Hz, 1H), 3,16-3,22 (m, 3H), 3,81-3,84 (d, ] = 4,8 Hz, 2H), 3,90-3,92
(d, J = 6,4 Hz, 1H), 4,06-4,07 (br s, IH); MS m/z 423 [M-Na]".

Viduy 61

(28,5R)-N-[2-(Metylamino)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit (II-061)
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Budce 1

tert-butyl{2-[({[(2S,5R)-6-benzyloxy-7-0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]Jcarbonyl}amino)oxy]etyl} metylcarbamat

0
|
Me\',lq/\/o\u/l .,
Boc N
)—-N\
0 OBn
Theo quy trinh twong tu véi vi du 27, tir axit carboxylic (6b, 390mg,
1,41mmol) cua vi du 9 hodc 16 va tert-butyl (2-(aminooxy)etyl)(metyl)carbamat
(436mg) dugc mé ta ¢ vi du tham khao 16, 347,8mg hop chét dugc néu & phén dé muc
nay thu dugc (hiéu suit 55%).
'H NMR (400 MHz, CDCl3) § 1,46 (s, 9H), 1,58-1,70 (m, 1H), 1,88-2,07 (m, 2H),
2,25-2,36 (m, 1H), 2,70-3,08 (m, 2H), 2,88 (s, 3H), 3,23-3,41 (m, 2H), 3,51-3,68 (m,
1H), 3,83-4,10 (m, 3H), 4,90 (d, J = 11,4 Hz, 1H), 5,06 (d, ] = 11,4 Hz, 1H), 7,32-7,47
(m, 5H), 10,11 (br s, 1H); MS m/z 449 [M+H]".

Budc 2

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} metylcarbamat

@]
ME.N/\\/O\N)L,,
Boc H N
AN,
O OH
Theo quy trinh twong ty véi vi du 17, tir toan bd lugng hop chét cua budc 1
néu trén, hop chét duge néu & phan dé muc nay thu dugc (dinh lugng).
'H NMR (400 MHz, CD;0D) & 1,46 (s, 9H), 1,73-1,83 (m, 1H), 1,86-2,00 (m, 1H),
2,01-2,13 (m, 1H), 2,14-2,28 (m, 1H), 2,93 (s, 3H), 3,04 (d, J = 10,8 Hz, 1H), 3,08-
3,18 (m, 1H), 3,43-3,55 (m, 2H), 3,65-3,72 (m, 1H), 3,79-3,88 (m, 1H), 3,92-4,05 (m,
2H); MS m/z 359 [M+H]".

Budc 3

(2S,5R)-N-[2-(Metylamino)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh tuong tu voi vi du 59, tir toan bd lugng hop chét cta bude 2
néu trén, tetrabutylamoni tert-butyl  {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
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diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl} metylcarbamat thu dugc (dinh
luong).

'H NMR (400 MHz, CDCl;) & 1,01 (t, J = 7,2 Hz, 12H), 1,36-1,53 (m, 8H), 1,47 (s,
9H), 1,57-1,77 (m, 9H), 1,83-1,98(m, 1H), 2,13-2,25 (m, 1H), 2,28-2,40 (m, 1H), 2,82-
2,96 (m, 4H), 3,22-3,42 (m, 11H), 3,60-4,08 (m, 3H), 4,34 (br s, 1H), 10,15 (br s, 1H);
MS m/z 437 [M-BuyN]J".

Toan bd lrgng mubi tetrabutylamoni néu trén duge loai bd nhém bao vé bang
axit trifloaxetic, va tinh ché bing séc ky cot silicagel octadexyl dé thu dwoc 149,4mg
hop chit duge néu & phin d& muc nay (3 budc, hi¢u suit 57%).

'H NMR (500 MHz, D,0) & 1,73-1,97 (m, 2H), 1,98-2,07 (m, 1H), 2,08-2,18 (m, 1H),
2,74 (s, 3H), 3,09 (d, J = 12,0 Hz, 1H), 3,21-3,32 (m, 3H), 4,04 (dd, J = 7,5, 2,0 Hz,
1H), 4,10-4,23 (m, 3H); MS m/z 337 [M-HJ".

Vi du 62

(2S,5R)-N-[2-(etylamino)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit
Bude 1
tert-butyl{2-[({[(2S,5R)-6-benzyloxy-7-o0xo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl }etylcarbamat

Theo quy trinh twong ty véi vi du 45, tir axit carboxylic (6b, 414mg,
1,50mmol) ctia vi du 9 hodc 16 va tert-butyl (2-(aminooxy)etyl) (etyl)carbamat
(744mg, duge diéu ché theo céc quy trinh twong tw vo&i vi du tham khao 7 va vi du
tham khao 15), thu duogc 541,6mg hop chét dugc néu & phén dé muc nay (hiéu sut
78%). ,
'H NMR (400 MHz, CDCl3) & 1,11 (t, J = 7,2 Hz, 3H), 1,46 (s, 9H), 1,58-1,74 (m, 1H),
1,89-2,08 (m, 2H), 2,24-2,38 (m, 1H), 2,72-2,91 (m, 1H), 2,92-3,11 (m, 1H), 3,12-3,42
(m, 4H), 3,43-3,66 (m, 1H), 3,85-4,05 (m, 3H), 4,90 (d, J = 11,4 Hz, 1H), 5,06 (d, J =
11,4 Hz, 1H), 7,33-7,47 (m, 5H), 10,18 (br s, 1H); MS m/z 463 [M+H]".

Budc 2

tert-butyl etyl{2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat

Theo quy trinh twong tu véi vi du 17, tir toan bd lugng hop chét cta budc 1
néu trén, thu dugc hop chét dugc néu & phﬁn d& muc nay (dinh lrong).

'H NMR (400 MHz, CD;0D) & 1,22 (t, ] = 7,0 Hz, 3H), 1,46 (s, 9H), 1,73-1,84 (m,
1H), 1,86-1,98 (m, 1H), 2,02-2,12 (m, 1H), 2,14-2,27 (m, 1H), 3,04 (d, J = 11,6 Hz,
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1H), 3,09-3,18 (m, 1H), 3,25-3,37 (m, 2H), 3,43-3,54 (m, 2H), 3,66-3,72 (m, 1H),
3,79-3,88 (m, 1H), 3,89-4,03 (m, 2H); MS m/z 373 [M+H]".

Budce 3

(2S,5R)-N-[2-(etylamino)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tir v&i vi du 59, tir toan bd lwong hop chét ciia budc 2
néu trén, thu dugc tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl }etylcarbamat (dinh lugng). MS
m/z 451 [M-BuyNTJ'.

Toan b0 lugng mubi tetrabutylamoni néu trén dugc loai bé6 nhom bao vé béng
axit trifloaxetic va tinh ché bing séc ky cot silicagel octadexyl dé thu duge 166,6mg
hop chit duge néu & phan d& muc nay (3 budc, higu suit 40%).

'H NMR (500 MHz, D,0) & 1,25 (t, J = 7,3 Hz, 3H), 1,73-1,83 (m, 1H), 1,84-1,95 (m,
1H), 1,97-2,15 (m, 2H), 3,05-3,13 (m, 3H), 3,22-3,29 (m, 3H), 3,99-4,04 (m, 1H),
4,10-4,17 (m, 3H); MS m/z 353 [M+H]".

Vidu 63

(2S,5R)-7-0x0-N-[2-(propylamino)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Buédce 1

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl } propylcarbamat

Theo quy trinh twong ty véi vi du 45, to axit carboxylic (6b, 414mg,
1,50mmol) cia vi du 9 hodc 16 va tert-butyl (2-(aminooxy)etyl)(propyl)carbamat
(801mg, dugc diu ché theo cac quy trinh twong tw véi vi du tham khao 7 va vi du
tham khao 15), thu dugc 552,2mg hop chit duoc néu & ph?ln dé& muc nay (hiéu suét
77%).

'H NMR (400 MHz, CDCl;) & 0,87 (t, J = 7,2 Hz, 3H), 1,45 (s, 9H), 1,53 (sext, ] = 7,2
Hz, 2H), 1,58-1,73 (m, 1H), 1,87-2,07 (m, 2H), 2,23-2,36 (m, 1H), 2,83 (d, ] = 11,2 Hz,
1H), 2,96-3,40 (m, 5H), 3,44-3,64 (m, 1H), 3,83-4,07 (m, 3H), 4,90 (d, J = 11,4 Hz,
1H), 5,06 (d, J = 11,4 Hz, 1H), 7,32-7,48 (m, 5H), 10,20 (br s, 1H); MS m/z 477
[M+H]".

Budc 2

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy Jetyl } propylcarbamat
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Theo quy trinh teong tw véi vi du 17, tir toan b lwong hop chét cta budc 1
néu trén, thu duoc 436,7mg hop chét duge néu & phin dé muc nay (hidu sudt 97%).

'H NMR (400 MHz, CD;0D) § 0,89 (t, J = 7,5 Hz, 3H), 1,40-1,61 (m, 2H), 1,46 (s,
9H), 1,66-2,00 (m, 2H), 2,02-2,28 (m, 2H), 3,04 (d, J = 11,6 Hz, 1H), 3,09-3,19 (m,
1H), 3,24 (t, ] = 7,2 Hz, 2H), 3,42-3,56 (m, 2H), 3,62-3,74 (m, 1H), 3,79-4,05 (m, 3H);
MS m/z 387 [M+H]".

Budce 3

(2S,5R)-7-0x0-N-[2-(propylamino)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong ty véi vi du 59, tir toan by luong hop chit cta bude 2
néu trén, thu dugc tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl}propylcarbamat (dinh luong).
MS m/z 465 [M-BuyN]J'.

Toan bd luong mubi tetrabutylamoni néu trén dugc loai bé nhom bao vé béng
axit trifloaxetic, va tinh ché bang sic ky cot silicagel octadexyl dé thu duoc 226,9mg
hop chét dugc néu & phé‘m dé muc nay (3 budc, hiéu suét 53%).

'H NMR (500 MHz, D,0) & 0,92 (t, J = 7,5 Hz, 3H), 1,66 (sext, J = 7,5 Hz, 2H),1,74-
1,82 (m, 1H), 1,83-1,94 (m, 1H), 1,97-2,13 (m, 2H), 3,00 (t, J = 7,5 Hz, 2H), 3,11 (d, J
= 12,0 Hz, 1H), 3,21-3,29 (m, 3H), 3,96-4,03 (m, 1H), 4,09-4,17 (m, 3H); MS m/z 367
[M+H]".
Vi du 64

(2S,5R)-7-0x0-N-[2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (II-064)

0
PR~ Onp A,
e
//L__

N Y
o 0SOzH

Budce 1

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} propan-2-ylcarbamat
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Theo quy trinh twong ty voi vi du 45, tr axit carboxylic (6b, 414mg,

1,50mmol) ctia vi du 9 hodc 16 va tert-butyl (2-(aminooxy)etyl)(isopropyl)carbamat
(596mg) dugc md ta & vi du tham khao 17, thu dwogc 578,4mg hop chit duoc néu &
phdn d& muc nay (hiéu suét 81%).
'H NMR (400 MHz, CDCl3) & 1,15 (d, J = 6,8 Hz, 6H), 1,46 (s, 9H), 1,55-1,70 (m,
1H), 1,89-2,07 (m, 2H), 2,25-2,37 (m, 1H), 2,73-2,90 (m, 1H), 2,98-3,08 (m, 1H),
3,22-3,38 (m, 2H), 3,40-3,60 (m, 1H), 3,83-4,06 (m, 4H), 4,90 (d, J = 11,2 Hz, 1H),
5,06 (d, J= 11,2 Hz, 1H), 7,35-7,46 (m, 5SH), 10,29 (br s, 1H); MS m/z 477 [M+H]".

Budc 2

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} propan-2-ylcarbamat

0
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Theo quy trinh twong tw véi vi du 17, tir toan bd lugng hop chét ctia bude 1

néu trén, thu dugc hop chit dugc néu & phﬁn dé& muc nay (dinh luong).

'H NMR (400 MHz, CD;0D) & 1,09-1,23 (m, 6H), 1,46 (s, 9H), 1,73-2,27 (m, 4H),
3,06 (d, J = 11,6 Hz, 1H), 3,08-3,50 (m, 4H), 3,64-3,73 (m, 1H), 3,79-3,98 (m, 3H);
MS m/z 387 [M+H]".

Budc 3

(2S,5R)-7-0x0-N-[2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tw v6i vi du 59, tir toan b lugng hop chat cia budc 2
néu trén, thu duoc tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl} amino)oxyJetyl } propan-2-ylcarbamat (dinh lugng).

'H NMR (400 MHz, CDCl;) & 1,01 (d, J = 7,4 Hz, 12H), 1,10-1,20 (m, 6H), 1,33-1,77
(m, 17H), 1,46 (s, 9H), 1,84-1,97 (m, 1H), 2,12-2,25 (m, 1H), 2,28-2,40 (m, 1H), 2,79-
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2,95 (m, 1H), 3,17-3,45 (m, 9H), 3,50-3,67 (m, 1H), 3,80-4,07 (m, 5SH), 4,34 (br s, 1H),
10,36 (br s, 1H); MS m/z 465 [M-BuyN]".

Toan b luong mudi tetrabutylamoni néu trén duge loai bd nhém bao vé bang
axit trifloaxetic, va tinh ché bing sic ky cot silicagel octadexyl dé thu dugce 252,1mg
hop chét duge néu & phéan dé muc nay (3 bude, hidu suit 57%).

'H NMR (500 MHz, D,0) & 1,28 (d, J = 6,5 Hz, 6H),1,74-1,83 (m, 1H), 1,85-1,96 (m,
1H), 1,98-2,14 (m, 2H), 3,11 (d, J = 12,5 Hz, 1H), 3,22-3,30 (m, 3H), 3,40 (quint, J =
6,5 Hz, 1H), 4,01 (br d, J = 5,5 Hz, 1H), 4,09-4,18 (m, 3H); MS m/z 367 [M+H]".

Vidu 65

(2S,5R)-N-[2-(Dimetylamino)etoxy]-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

O
|
Me\'}‘/\/O\NJ .,
Me H N
J—N

o] ‘OSO;Na

Budce 1

(2S,5R)-6-benzyloxy-N-[2-(dimetylamino)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Dung dich chura axit carboxylic (6b, 553mg, 2,00mmol) cia vi du 9 hogc 16
trong metylen clorua da loai nude (10ml) dugce lam lanh dén 0°C duéi khi quyén argon,
sau do bd sung nho giot isobutyl clorofomat (289 pL, 2,20mmol). Sau do, bd sung
trietylamin (293 L), sau do6 khudy trong 30 phiit. Bing cach d6, hdn hop anhydrit axit
duoc didu ché trong hé phan Gmg. BS sung tir tir 2-(aminooxy)-N,N-dimetylethanamin
dihydroclorua (591mg) dugc md ta & vi du tham khdo 18 va trietylamin (930puL) vao
hdn hop phan tng trong khi rira bing metylen clorua di loai nu6c (7,0ml), sau do
khudy & cling nhiét do trong 1 gio. Hon hop phan ung nay duge loc qua gidy loc
Kiriyama. Tiép theo, phan cin dugc rira bing metanol va chét loc dugc cd dudi ap suét
giam. Phén cin thu duge duge hoa tan trong metylen clorua va nudce, va 16p hitu co
chiét bang metylen clorua dugc 1am kho bang magie sulfat, sau d6 chung cét ra khoi
dudi 4p sudt giam. Phan cin thu dugc duge cho chay sdc ky cot silicagel (amino silic
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oxit, clorofom/metanol = 10/1) d& thu dwgc 291,1mg hop chit dugc néu & phan dé
muc nay dudi dang dau khong mau (hiéu suit 40%).

'H NMR (400 MHz, CDCly) 8 1,45-1,85 (m, 4H), 2,29 (s, 6H), 2,60 (t, ] = 5,2 Hz, 2H),
281 (d, T = 11,6 Hz, 1H), 2,97 (br d, J = 11,6 Hz, 1H), 3,28-3,34 (m, 1H), 3,92-4,07
(m, 3H), 4,90 (d, J = 11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,35-7,48 (m, SH);MS
m/z 363 [M+H]".

Budc 2

(2S,5R)-N-[2-(dimetylamino)etoxy]-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

0
Me\N/\/O\NJl":,
Me N
N,
@) OH

Theo quy trinh twong ty v6i vi du 17, tir toan bd luong hop chét cia buéde 1
néu trén, thu duogc hop chit dugc néu & phé‘m d& muc nay (dinh luong).

'H NMR (400 MHz, CDCl3) & 1,74-1,84 (m, 1H), 1,87-1,98 (m, 1H), 2,03-2,12 (m,
1H), 2,15-2,24 (m, 1H), 2,36 (s, 6H), 2,67-2,74 (m, 2H), 3,07 (br d, J = 11,6 Hz, 1H),
3,12 (br d, J = 11,6 Hz, 1H), 3,67-3,72 (m, 1H), 3,83 (br d, ] = 6,4 Hz, 1H), 3,96-4,06
(m, 2H); MS m/z 273 [M+H]".

Budc 3

(2S,5R)-N-[2-(dimetylamino)etoxy]-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong ty v&i vi du 18, tir toan bd luong hop chét cua budc 2
néu trén, pyridin  (2S,5R)-N-[2-(dimetylamino)etoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bang dung dich nudc
natri bicarbonat bdo hoa, va sau d6 tinh ché bang sic ky cot silicagel octadexyl dé thu
duoc 130,7mg hop chét dugc néu & phan d& muc nay (2 budc, higu suat 43%).

'H NMR (400 MHz, D,0) & 1,68-1,84 (m, 2H), 1,86-2,04 (m, 2H), 2,80 (s, 6H), 3,09-
3,17 (m, 2H), 3,17-3,29 (m, 2H), 3,80-3,90 (m, 1H), 4,02-4,13 (m, 3H); MS m/z 353
[M+H]".

Vidu 66

(2S,5R)-N-{[(2S)-2-aminopropyl]oxy}-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (II-066)
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Me O
o
N
S—N

o "OSO4H

Budce 1

tert-butyl {(2S)-1-[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat

/ Me (8]
Boc\N/k/O\u/uu,,q
H N
o N‘OBn

Theo quy trinh twong tu v6i vi du 45, tir axit carboxylic (6b, 414mg,
1,50mmol) cta vi du 9 hodc 16 va (S)-tert-butyl (1-(aminooxy)propan-2-yl)carbamat
(550mg) dugc md ta & vi dy tham khao 19, thu dugc 585,6mg hop chét duogc néu &
phan dé muc nay (hiéu suét 87%).

'H NMR (400 MHz, CDCl3) & 1,17 (d, J = 6,4 Hz, 3H), 1,44 (s, 9H), 1,55-1,70 (m,
1H), 1,90-2,10 (m, 2H), 2,26-2,34 (m, 1H), 2,80 (d, J = 12,0 Hz, 1H), 3,06 (br d, J =
12,0 Hz, 1H), 3,27-3,34 (m, 1H), 3,64-3,74 (m, 1H), 3,86-3,98 (m, 3H), 4,81 (br d, J =
7,6 Hz, 1H), 4,90 (d, J = 11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,34-7,45 (m, SH),
9,68 (br s, 1H); MS m/z 449 [M+H]".

Budc 2

tert-butyl {(2S)-1-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat

Me 0o
Boc‘N)\/O\NJI""Q
H H N

o

N,
OH

Theo quy trinh twong ty véi vi du 17, tir toan bd lwong hop chét cta budc 1
néu trén, thu duge hop chét dugc néu & phin d& muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,16 (d, J = 6,4 Hz, 3H), 1,44 (s, 9H), 1,74-1,84 (m,
1H), 1,86-1,98 (m, 1H), 2,03-2,12 (m, 1H), 2,21 (br dd, J = 15,2, 6,8 Hz, 1H), 3,06 (d,
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J=12,0 Hz, 1H), 3,14 (br d, J = 12,0 Hz, 1H), 3,68-3,72 (m, 1H), 3,74-3,87 (m, 4H);
MS m/z 359 [M+H]".

Budc 3

(2S,5R)-N-{[(2S)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 59, tir toan bo luong hop chét cia bude 2
néu trén, thu duoc tetrabutylamoni tert-butyl {(2S)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]propan-2-yl} carbamat (dinh
lugng). MS m/z 437 [M-BusNJ".

Toan bd lugng mubi tetrabutylamoni néu trén dugc loai bé nhom bao vé bing

axit trifloaxetic, va sau d6 tinh ché bing sic ky cot silicagel octadexyl dé thu duogc
117,1mg hop chét duoc néu & phin d& muc nay (3 budc, higu suit 26%).
"H NMR (400 MHz, D,0) & 1,17 (d, ] = 6,8 Hz, 3H), 1,66-1,89 (m, 2H), 1,91-2,08 (m,
2H), 3,02 (d, J = 12,0 Hz, 1H), 3,18 (br d, J = 12,0 Hz, 1H), 3,47-3,58 (m, 1H), 3,82
(dd, T = 11,8, 9,4 Hz, 1H), 3,92-4,02 (m, 2H), 4,05-4,10 (m, 1H); MS m/z 339 [M+H]".
Vidu 67

(2S,5R)-N-{[(2R)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (II-067)

Me 0

O b
e B

J—N

of "0SO;H

Buoc 1

tert-butyl {(2R)-1-[({[(2S,5R)-6-benzyloxy-7-o0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat

Me O

Boc. NNO‘N)[""
H H N

o)_N‘oan

Theo quy trinh twong tw v&i vi du 45, tr axit carboxylic (6b, 414mg,
1,50mmol) ctia vi du 9 hodc 16 va (R)-tert-butyl (1-(aminooxy)propan-2-yl)carbamat
(569mg, dugc diéu ché theo cac quy trinh twong tu v6i vi du tham khao 7 va vi du
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tham khéao 15), thu dugc 625mg hop chit dwgc néu & phan dé muc nay (hiéu suét
93%).

'H NMR (400 MHz, CDCl3) & 1,14 (d, J = 6,4 Hz, 3H), 1,43 (s, 9H), 1,53-1,70 (m,
1H), 1,90-2,06 (m, 2H), 2,28-2,36 (m, 1H), 2,79 (d, J = 12,0 Hz, 1H), 3,02 (br d, J =
12,0 Hz, 1H), 3,28-3,33 (m, 1H), 3,56-3,68 (m, 1H), 3,84 (dd, J = 11,2, 3,6 Hz, 1H),
3,92-4,04 (m, 2H), 4,66 (br d, J = 8,0 Hz, 1H), 4,91 (d, J = 11,2 Hz, 1H), 5,06 (d, J =
11,2 Hz, 1H), 7,35-7,45 (m, SH), 9,94 (br s, 1H); MS m/z 449 [M+H]".

Budc 2

tert-butyl {(2R)-1-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propan-2-yl}carbamat

we 9
Boc ~ N /\/O\N ‘.,
H H N
)_N\
O OH

Theo quy trinh tuwong ty v6i vi du 17, tir toan bd lugng hop chit ctia bude 1
néu trén, thu duge hop chit duge néu & phin d& muc nay (dinh luong).

'H NMR (400 MHz, CD;0D) & 1,15 (d, J = 6,4 Hz, 3H), 1,44 (s, 9H), 1,73-1,84 (m,
1H), 1,86-2,00 (m, 1H), 2,01-2,12 (m, 1H), 2,19-2,29 (m, 1H), 3,06 (d, J = 11,6 Hz,
1H), 3,10-3,20 (m, 1H), 3,67-3,72 (m, 1H), 3,73-3,92 (m, 4H); MS m/z 359 [M+H]".

Budc 3

(2S,5R)-N-{[(2R)-2-aminopropyl]oxy }-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu voi vi du 59, tir toan b lugng hop chét cta budc 2
néu trén, thu dugc tetrabutylamoni tert-butyl {(2R)-1-[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]propan-2-yl} carbamat (dinh
lugng). MS m/z 437 [M-BusNT.

Toan bd luong mudi tetrabutylamoni néu trén dugc loai bd nhom bao vé béng
axit trifloaxetic va tinh ché bang sic ky cot silicagel octadexyl dé thu duogc 212,6mg
hop chit duge néu & phan dé muc nay (3 bude, hiéu suit 45%).

'H NMR (400 MHz, D,0) 6 1,17 (d, J = 6,8 Hz, 3H), 1,66-1,78 (m, 1H), 1,78-1,88 (m,
1H), 1,90-2,06 (m, 2H), 3,02 (d, J = 12,0 Hz, 1H), 3,18 (br d, J] = 12,0 Hz, 1H), 3,48-
3,58 (m, 1H), 3,83 (dd, J = 11,8, 9,0 Hz, 1H), 3,94 (br d, ] = 7,2 Hz, 1H), 3,98 (dd, J =
11,8, 3,4 Hz, 1H), 4,06-4,10 (m, 1H); MS m/z 339 [M+H]".
Vidu 68
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(28,5R)-N-{[(2S)-1-aminopropan-2-yl]oxy }-7-o0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budc 1

tert-butyl {(2S)-2-[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat

Theo quy trinh twong ty v&i vi du 45, tir axit carboxylic (6b,
414mg,1,50mmol) cua vi du 9 hodc 16 va (S)-tert-butyl (2-
(aminooxy)propyl)carbamat (597mg, dugc diéu ché theo cac quy trinh twong tw v6i vi
du tham khdo 7 va vi du tham khao 15), thu dugc 626,6mg hop chét dugc néu & phan
d& muc nay (hiéu suét 93%).

'H NMR (400 MHz, CDCl3) & 1,22 (d, J = 6,4 Hz, 3H), 1,40-1,70 (m, 1H), 1,44 (s,
OH), 1,92-2,08 (m, 2H), 2,27-2,36 (m, 1H), 2,77 (d, J = 11,6 Hz, 1H), 2,94-3,08 (m,
2H), 3,30-3,35 (m, 1H), 3,38-3,50 (m, 1H), 3,95-4,05 (m, 2H), 4,91 (d, J = 11,4 Hz,
1H), 5,05 (d, T = 11,4 Hz, 1H), 5,48-5,60 (m, 1H), 7,35-7,45 (m, SH), 9,25 (br s, 1H);
MS m/z 449 [M+H]".

Budc 2

tert-butyl {(2S)-2-[({[(2S,5R)-6-hydroxy 7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat

Theo quy trinh twong tw v6i vi du 17, tir toan bd lugng hop chit cta bude 1
néu trén, thu dugc hop chit dugc néu & ph?ln d& muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,20 (d, J = 6,4 Hz, 3H), 1,44 (s, 9H), 1,74-1,85 (m,
1H), 1,86-2,00 (m, 1H), 2,01-2,12 (m, 1H), 2,16-2,25 (m, 1H), 3,06 (d, J = 11,6 Hz,
1H), 3,10-3,18 (m, 2H), 3,23-3,38 (m, 1H), 3,66-3,73 (m, 1H), 3,83-3,90 (m, 1H),
3,92-4,01 (m, 1H); MS m/z 359 [M+H]".

Budc 3

(2S,5R)-N-{[(2S)-1-aminopropan-2-yl]oxy}-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tw v&i vi du 59, tir toan bd lwgng hop chét ciia budc 2
néu trén, thu duoc tetrabutylamoni tert-butyl {(2S)-2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]propyl} carbamat (dinh lugng).
MS m/z 437 [M-BusN]".

Toan b lugng mudi tetrabutylamoni néu trén dugc loai bo nhém bao vé bang
axit trifloaxetic, va sau do6 tinh ché bang sic ky cot silicagel octadexyl dé thu dugc
175,0mg hop chat dwoc néu & phan d& muc nay (3 budc, hiéu sut 37%).
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'H NMR (400 MHz, D,0) § 1,19 (d, J = 6,4 Hz, 3H), 1,67-1,88 (m, 2H), 1,91-2,10 (m,
2H), 2,91-3,00 (m, 1H), 3,01-3,13 (m, 2H), 3,19 (br d, J = 12,4 Hz, 1H), 3,95 (br d, J =
7,2 Hz, 1H), 4,08 (br s, 1H), 4,11-4,20 (m, 1H); MS m/z 339 [M+H]".

Vidu 69

(28,5R)-N-(3-aminopropoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2. 1]octan-2-
carboxamit (IT1-069)

o)
HaN \/\/QN/l "'»,
Hon

S—N

o) "0OSOzH

Budce 1

tert-butyl {3-[({[(2S,5R)-6-benzyloxy-7-0x0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat

o .
H Os /u'l
Boc” ~ 7N g

N

H
L
o OBn

Theo quy trinh twong ty véi vi du 27, tir axit carboxylic (6b, 390mg,
1,41mmol) cia vi du 9 hodc 16 va tert-butyl (3-(aminooxy)propyl)carbamat (730mg)
durgc md té & vi du tham khdo 20, thu duge 398,1mg hop chét duge néu ¢ phan dé muc
nay (hiéu suét 63%).
'H NMR (400 MHz, CDCl3) & 1,44 (s, 9H), 1,50-1,67 (m, 1H), 1,75-1,86 (m, 2H),
1,88-2,07 (m, 2H), 2,28-2,37 (m, 2H), 2,77 (d, J = 11,0 Hz, 1H), 3,01 (br d, J = 11,0
Hz, 1H), 3,20-3,38 (m, 3H), 3,89-4,04 (m, 3H), 4,90 (d, J = 11,4 Hz, 1H), 5,05 (d,J=
11,4 Hz, 1H), 5,17 (br s, 1H), 7,36-7,45 (m, 5H), 9,21 (br s, 1H); MS m/z 449 [M-+H]".

Budc 2

tert-butyl {3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2. 1]oct-2-
yl]carbonyl}amino)oxy]propyl}carbamat
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Theo quy trinh tuong ty véi vi du 17, tir hop chét (392,8mg, 876 pmol) ciia
buéc 1 néu trén, thu duge hop chit duge néu & phan d& muc nay (dinh lugng).
'H NMR (400 MHz, CD;0D) § 1,43 (s, 9H), 1,73-1,99 (m, 4H), 2,01-2,12 (m, 1H),
2,13-2,24 (m, 1H), 3,07 (d, J = 11,6 Hz, 1H), 3,09-3,21 (m, 3H), 3,69 (br s, 1H), 3,80-
3,96 (m, 3H); MS m/z 359 [M+H]".

Budc 3

(2S,5R)-N-(3-aminopropoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty véi vi du 59, tir toan bd lugng hop chét ciia bude 2

néu trén, thu dugc tetrabutylamoni tert-butyl {3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]propyl} carbamat (dinh Iugng).
'"H NMR (400 MHz, CDCl3) & 1,01 (t, J = 7,4 Hz, 12H), 1,33-1,53 (m, 8H), 1,47 (s,
9H), 1,55-1,96 (m, 12H), 2,14-2,23 (m, 1H), 2,31-2,41 (m, 1H), 2,85 (br d, J = 11,2 Hz,
1H), 3,15-3,42 (m, 11H), 3,88-4,07 (m, 3H), 4,35 (br s, 1H), 5,27 (br s, 1H), 9,26 (br s,
1H); MS m/z 437 [M-BugNJ".

Toan bd lugng mubi tetrabutylamoni néu trén dugc loai bd nhom bao vé béng
axit trifloaxetic, va sau do6 tinh ché bing sic ky cot silicagel octadexyl dé thu duoc
138,4mg hop chit dugce néu & phin d& muc nay (3 budc, hidu suit 47%).

"H NMR (400 MHz, D,0) § 1,67-2,05 (m, 6H), 3,00-3,19 (m, 4H), 3,82-3,94 (m, 3H),
4,05-4,10 (m, 1H); MS m/z 337 [M-H]J".

Vidu 70
Natri (2S,5R)-2-(1,2-oxazolidin-2-ylcarbonyl)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-7-on

Budc 1

(2S,5R)-6-benzyloxy-2-(1,2-oxazolidin-2-ylcarbonyl)-1,6-diazabixyclo[3.2.1]octan-7-
on

Theo quy trinh twong ty v&i vi du 27, tr axit carboxylic (6b, 550mg,
2,00mmol) ctia vi du 9 hodc 16 va 1,2-oxazolidin hydroclorua (328,6mg, c6 ban san
trén thi truong), thu dugc 588mg hop chét dugc néu & phan dé muc nay (hiéu sut
88,7%).

'H NMR (400 MHz, CDCl3) & 1,26-2,34 (m, 6H), 2,95 (m, 1H), 3,33 (m, 2H), 3,74 (m,
2H), 3,98-4,42 (m, 3H), 4,92 (m,1H), 5,03-5,06 (m, 1H), 7,26-7,52 (m, SH); MS m/z
332 [M+H]".

Buéce 2
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(2S,5R)-6-hydroxy 2-(1 ,2-oxazolidin-2-ylcarbonyl)-1 ,6-diazabixyclo[3.2.1]octan-7-on

Theo quy trinh twong tw v6i vi du 17, tir toan bd lugng hop chét cua budc 1
néu trén, thu dugc hop chit dugc néu & phé‘m d& muc nay (dinh lugng). MS m/z 242
[M+H]".
Budc 3
Natri (2S,5R)-2-(1 ,2-oxazolidin-2-y1carbonyl)-6-(sulfooxy)- 1,6-
diazabixyclo[3.2.1]octan-7-on

Theo quy trinh twong ty voi vi du 22, tlr toan bd lugng hop chit ciia budc 2
néu  trén, pyridin (ZS,SR)-Z-(I,2-oxazolidin-2-ylcarb0ny1)-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-7-on thu duoc, va trung hoa bang dung dich nuéc natri
bicarbonat bao hoa, va sau do tinh ché bang sic ky cot silicagel octadexyl dé thu dugce
281,3mg hop chét duge néu & phan dé myc nay (hiéu suét 46,9%).
'H NMR (400 MHz, D,0) & 1,79-1,98 (m, 4H), 2,28-2,30 (m, 2H), 3,13-3,24 (m, 2H),
3,61-4,33 (m, 6H); MS m/z 322 [M-Na+2H]".

Vidu71

Natri (2S,5R)-2-(1 ,2-oxazinan-2-ylcarbonyl)-6-(su1fooxy)- 1,6-
diazabixyclo[3.2.1]octan-7-on

Budce 1

(28,5R)-6-benzyloxy-2-(1 ,2-oxazinan-2-ylcarbonyl)-1 ,6-diazabixyclo[3.2.1]octan-7-
on

Theo quy trinh tuong tu véi vi dy 27, tir axit carboxylic (6b, 552mg,
2,00mmol) cta vi du 9 hodc 16 va 1,2-oxazinan (261mg), thu dugc 679mg hop chét
duge néu & phan d& muc nay (hiéu sudt 98,3%).

'H NMR (400 MHz, CDCl;) & 1,63-2,10 (m, 8H), 2,93-2,96 (br d, J = 9,2 Hz, 1H),
328-3,31 (d, J = 11,6 Hz, 1H), 3,34 (s, 1H), 3,61 (br s, 1H), 3,93-4,14 (m, 3H), 4,47
(br's, 1H), 4,89-4,92 (d, ] = 11,2 Hz, 1H), 5,03-5,06 (d, J = 11,6 Hz, 1H), 7,23-7,52 (m,
5H); MS m/z 346 [M+H]".

Budc 2

(28,5R)-6-hydroxy2-(1 ,2-oxazinan-2-ylcarbonyl)-1 ,6-diazabixyclo[3.2.1]octan-7-on

Theo quy trinh twong tw voi vi du 17, tir toan bd luong hop chét cia budc 1
néu trén, thu dugce hop chét dugc néu & phé‘m d& muc nay (dinh luong). MS m/z 256
[M+H]".

Budc 3

-121-



23597

Natri (2S,5R)-2-(1 ,2-0xazinan-2-ylcarbonyl)-6-(su1fooxy)- 1,6-
diazabixyclo[3.2.1]octan-7-on

Theo quy trinh tuong tu véi vi du 22, tir toan bo luong hop chét cia budc 2
néu trén, pyridin (2S,5R)-2-(1 2-oxazinan-2-ylcarbonyl)-6-(sulfooxy)-1 ,6-
diazabixyclo[3.2.1]octan-7-on thu dugc, va trung hoa bang dung dich nudc natri
bicarbonat bdo hoa, va sau do6 tinh ché bing séc ky cdt silicagel octadexyl dé thu duoc
297mg hop chit dugc néu & phan d& muc nay (hiéu suét 42,4%).

'H NMR (400 MHz, D,0) & 1,64-1,97 (m, 8H), 2,99-3,16 (m, 1H), 3,21-3,24 (d, ] =
12,0 Hz, 1H), 3,54-4,37 (m, 6H); MS m/z 336 [M-Na+2H]".

Vidu 72

Natri (2S,SR)-N-[2-(morpholin-4-yl)etoxy] -7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budce 1

(2S,5R)-6-benzyloxy-N-[2-(morpholin-4-yl)etoxy]-7-oxo-1,6-
diazabixyclo[3.2. 1Joctan-2-carboxamit

Theo quy trinh twong tw vo6i vi du 45, tir axit carboxylic (6b, 414mg,
1,50mmol) ctia vi du 9 hodc 16 va O-(2-morpholinoetyl)hydroxylamin (306mg, Huhu
Technology), thu dugc 629,6mg hop chét dugc néu & phﬁn d& muc nay (dinh lugng).

'Hf NMR (400 MHz, CDCl3) & 1,60-1,73 (m, 1H), 1,85-2,06 (m, 2H), 2,33 (brdd, J =
14,4, 7,6 Hz, 1H), 2,46-2,60 (m, 4H), 2,62-2,74 (m, 2H), 2,80 (d, J = 11,8 Hz, 1H),
2,98 (br d, J = 11,8 Hz, 1H), 3,28-3,34 (m, 1H), 3,70-3,81 (m, 4H), 3,93 (br d,J =72
Hz, 1H), 3,97-4,11 (m, 2H), 4,90 (d, J = 11,2 Hz, 1H), 5,06 (d, J = 11,2 Hz, 1H), 7,35-
7.45 (m, 5H), 9,93 (br s, 1H); MS m/z 405 [M+H]".

Budc 2

(28S,5R)-6-hydroxy-N- [2-(morpholin-4-yl)etoxy]-7-o0xo- 1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong tu véi vi du 17, tir toan bo lugng hop chét cua budc 1
néu trén, thu duoc 452,4mg hop chét duge néu & phan d& muc nay (hiéu suit 96%).
'H NMR (400 MHz, CD;0D) & 1,77-1,85 (m, 1H), 1,86-1,98 (m, 1H), 2,03-2,13 (m,
1H), 2,16-2,25 (m, 1H), 2,50-2,61 (m, 4H), 2,68 (t, J = 5,4 Hz, 2H), 3,05 (d, ] = 11,6
Hz, 1H), 3,12 (br d, J = 11,6 Hz, 1H), 3,67-3,74 (m, SH), 3,84 (br d,J = 7.2 Hz, 1H),
4,02-4,06 (m, 2H); MS m/z 315 [M+H]".

Budc 3
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Natri (28,5R)-N-[2-(morpholin-4-yl)etoxy]-7-oxo0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 18, tir toan bd luong hop chét cta budc 2
néu trén, pyridin (28,5R)-N-[2-(morpholin-4-yl)etoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dwgc, va trung hoa bang dung dich nuédc
natri bicarbonat bo hoa, va sau d6 tinh ché bing sic ky cot silicagel octadexyl dé thu
dwoc 30,9mg hop chét duoc néu & phin dé muc nay (4 bude, hiéu suat 21%).

'{{ NMR (500 MHz, D,0) & 1,77-1,87 (m, 2H), 1,93-2,06 (m, 2H), 2,51-2,65 (m, 4H),
2,67 (t, = 5,5 Hz, 2H), 3,16 (br d, ] = 11,8 Hz, 1H), 3,24 (d, T = 11,8 Hz, 1H), 3,66-
3,76 (m, 4H), 3,85 (br d, ] = 5,0 Hz, 1H), 3,95 (t, J = 5,5 Hz, 2H), 4,13 (br s, 1H); MS
m/z 395 [M-Na+2H]".

Vidu73

(2S,5R)-7-0x0-N-[2-(piperazin-1 -yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Budc 1

tert-butyl 4-{2-[({[(2S,5R)-6-benzyloxy-7-oxo0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl} piperazin-1-carboxylat

Theo quy trinh twong tw véi vi du 27, tir axit carboxylic (6b, 552mg,
2,00mmol) ctia vi du 9 hodc 16 va tert-butyl 4-(2-(aminooxy)etyl)piperazin-1-
carboxylat (735mg, dugc diéu ché theo cac quy trinh twong tu véi vi du tham khao 7
va vi du tham khao 15), thu dugc 476,5mg hop chit dugc néu & phin dé muc nay (hiéu
suit 47,3%).

'H NMR (400 MHz, CDCl3) & 1,45 (s, 9H), 1,64-2,06 (m, 3H), 2,30-2,35 (m, 1H),
2,58-2,66 (m, 4H), 2,68-2,69 (m, 2H), 2,77-2,80 (d, J = 11,6 Hz, 1H), 2,96-2,99 (d, J =
11,6 Hz, 1H), 3,31 (br s, 1H), 3,79-3,82 (m, 4H), 3,92-3,94 (d, J = 8,0 Hz, 1H), 3,99-
4,09 (m, 2H), 4,88-4,92 (d, J = 11,2 Hz, 1H), 5,04-5,07 (d,J=11,6 Hz, 1H), 7,34-7,42
(m, 5H); MS m/z 504 [M+H]".

Budc 2

tert-butyl 4-{2-[({ [(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}piperazin-1 -carboxylat

Theo quy trinh twong tw voi vi du 17, tr toan bd luong hop chét cia bude 1
néu trén, thu duogc hop chit duoc néu & phén dé muc nay (dinh lugng). MS m/z 414
[M+H]".

Budc 3
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(28,5R)-7-0x0-N-[2-(piperazin-1-yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh tuong ty v6i vi du 59, tlr toan bd luong hop chét cia budc 2
néu trén, thu duoc tetrabutylamoni tert-butyl 4-{2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl } piperazin-1-carboxylat (dinh
lugng). MS m/z 492 [M-BuyNJ'.

Toan bd luong mudi tetrabutylamoni dugc loai bo nhém bao vé bang axit
trifloaxetic, va sau do tinh ché bang sic ky cdt silicagel octadexyl dé thu dugc 12,3mg
hop chét duge néu & phan d& muc nay (hiéu suét 3,3%).

'H NMR (400 MHz, D,0) & 1,74 (m, 2H), 1,76 (m, 2H), 2,65-2,69 (m, 6H), 2,96 (m,
4H), 2,98-2,99 (d, J = 5,2 Hz, 1H), 3,17-3,20 (d, J = 10,8 Hz, 1H), 3,86-3,89 (m, 3H),
4,04 (br s, 1H); MS m/z 394 [M+H]".

Vidu 74

(2S,5R)-7-0x0-N-[2-(1,4-diazepan-1-yl)etoxy]-6-(sulfooxy)-1 ,6-
diazabixyclo[3.2.1]octan-2-carboxamit
Budce 1
tert-butyl 4-{2-[({[(2S,5R)-6-benzyloxy-7-0x0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}-1,4-diazepin-1-carboxylat

Theo quy trinh twong ty v6i vi du 17, tir axit carboxylic (6b, 548mg,
1,98mmol) ctia vi du 9 hodc 16 va tert-butyl 4-(2-(aminooxy)etyl)-1,4-diazepin-1-
carboxylat (921mg, dugc diéu ché theo cac quy trinh twong tu véi vi du tham khao 7
va vi du tham khao 15), thu dugc 1,13g hop chét dugc néu & phan dé muc nay. MS
m/z 518 [M+H]".

Budc 2

tert-butyl 4-{2-[({[(2S,5R)-6-hydroxy-7-0x0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}-1,4-diazepin-1 -carboxylat

Theo quy trinh tuwong ty véi vi du 17, tir toan bd luong hop chit cua budce 1
néu trén, thu dugc 910mg hop chét dugc néu & phin dé muc nay. MS m/z 428 [M+H]".

Budc 3

(28,5R)-7-0x0-N-[2-(1,4-diazepan-1 -yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

B6 sung 2,6-lutidin (692ul) va phirc chét Ivu huynh trioxit-pyridin (945mg)
vao dung dich chtra toan b luong hop chét ctia budc 2 néu trén trong metylen clorua
(20ml), sau do khudy trén & nhiét d6 trong phong qua dém. Sau khi hoan thanh phéan
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ung, hdn hop phan tmg nay dugc loc, va chét loc duoc cd dé thu dugc 1,67g pyridin
tert-butyl 4-{2-[({[(2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3 2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}-1,4-diazepin-1-carb0xylat. MS m/z 506 [M-CsHsNH]".
Mudi pyridin néu trén (1,00g, 1,19mmol) dugc hoa tan trong metylen clorua
(2,0ml), va bd sung axit trifloaxetic (2,0ml) vao d6 trong khi 1am lanh bing nudc da va
khudy tron & 0°C trong 30 phut. Dung dich phan tng dugc cb dudi ap sudt giam, va
phin cin thu dugc duge rira bing dietyl ete, va diéu chinh do pH bang dung dich nudc
natri bicarbonat dén o pH = 7, va sau do6 tinh ché bing séc ky cot silicagel octadexyl
(metanol /nuéc = 0/ 10-5/5). Sau khi lam khd lanh, thu dugc 111mg hop chit duoc néu
& phin d& muyc nay (4 budc, hi¢u suét 23%).
'H NMR (400 MHz, D,0) 3 1,64-2,07 (m, 6H), 2,73-2,85 (m, 4H), 2,90-3,04 (m, 3H),
3,13-3,28 (m, 5H), 3,90-3,98 (m, 3H), 4,05 -4,09 (m, SH); MS m/z 408 [M+HT".

Vidu75

(ZS,SR)-N-[(2S)-azetidin-Z-ylmetoxy]—7 -0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2. 1]octan-2-carboxamit (II-075)

i
HNG\/CLN/L"«
HoN
J—N

o "0S0,H

Buéce 1

tert-butyl (2S)-2-{ [({[(28,5R)-6-benzyloxy-7-oxo- 1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl} amino)oxy|metyl}azetidin-1 -carboxylat

Boc’ H N

J—N

0 'OBn

NQ\/O‘N’CU)"%Q

Theo quy trinh tuong tw voi vi du 45, tir axit carboxylic (6b, 353mg,
2,00mmol) cta vi du 9 hodc 16 va (S)-tert-butyl 2-((aminooxy)metyl)azetidin—1-
carboxylat (578mg) dugc mo ta & vi du tham khao 21, thu dugc 760,1mg hop chét
dugc néu & phan d& muc nay (hiéu suét 83%).

IH NMR (400 MHz, CDCl3) 3 1,46 (s, 9H), 1,56-1,70 (m, 1H), 1,88-2,07 (m, 3H),
2,23-2,34 (m, 2H), 2,84 (d, J = 11,6 Hz, 1H), 3,02 (d, = 11,6 Hz, 1H), 3,28 (br s, 1H),
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3,77-4,03 (m, 4H), 4,06-4,15 (m, 1H), 4,37-4,48 (m, 1H), 4,89 (d, J = 11,6 Hz, 1H),
5,04 (d, J = 11,6 Hz, 1H), 7,34-7,44 (m, SH), 10,63 (br s, 1H); MS m/z 461 [M+H]".

Budc 2

tert-butyl (2S)-2-{[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy|metyl}azetidin-1-carboxylat

0
&O‘N’u'"r
Bod H
N
/—N,

0O OH

Theo quy trinh twong tuw vé6i vi du 17, tir hop chét (699mg, 1,52mmol) cia
buéc 1 néu trén, thu dwge hop chit duge néu & phan dé muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,44 (s, 9H), 1,74-1,85 (m, 1H), 1,86-1,99 (m, 1H),
2,02-2,14 (m, 1H), 2,16-2,40 (m, 3H), 3,06 (d, J = 11,6 Hz, 1H), 3,10-3,17 (m, 1H),
3,67-3,74 (m, 1H), 3,75-3,93 (m, 3H), 4,01 (dd, J = 10,6, 10,6 Hz, 1H), 4,14 (dd, J =
10,6, 10,6 Hz, 1H), 4,37-4,47 (m, 1H); MS m/z 371 [M+H]",

Budc 3

(2S,5R)-N-[(2S)-azetidin-2-ylmetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu véi vi du 59, tir toan bo luong hop chit cta bude 2
néu trén, thu dugc tetrabutylamoni tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl } azetidin-1-carboxylat
(dinh luong).

'H NMR (400 MHz, CDCl;) & 1,01 (t, ] = 7,2 Hz, 12H), 1,30-2,10 (m, 19H), 1,46 (s,
9H), 2,12 -2,39 (m, 3H), 2,89 (br d, ] = 12,0 Hz, 1H), 3,23-3,39 (m, 9H), 3,76-3,93 (m,
3H), 3,95-4,06 (m, 1H), 4,08-4,18 (m, 1H), 4,33 (br s, 1H), 4,37-4,50 (m, 1H); MS m/z
449 [M-Bu,NT.

Toan bd lwong mubi tetrabutylamoni néu trén duge loai bd nhém béo vé bing
axit trifloaxetic, va sau do tinh ché béng séc ky cot silicagel octadexyl, thu duoc
172,3mg hop chét dugc néu & phin d& muc nay (3 budc, higu sudt 32%).

'H NMR (500 MHz, D,0) & 1,71-1,83 (m, 1H), 1,84-1,97 (m, 1H), 1,98-2,16 (m, 2H),
2,36-2,49 (m, 1H), 2,50-2,61 (m, 1H), 3,10 (d, J = 12,0 Hz, 1H), 3,22-3,30 (m, 1H),
3,92-4,12 (m, 5H), 4,25-4,36 (m, 1H), 4,68-4,77 (m, 1H); MS m/z 351 [M+H]".

Vidu 76

-126-



23597

(2S,5R)-7-0x0-N-[(2S)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Bude 1

tert-butyl (2S)-2-{[({[(2S,5R)-6-benzyloxy-7-o0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat

Theo quy trinh twong ty véi vi du 27, tr axit carboxylic (6b, 390mg,
1,41mmol) cta vi du 9 hodc 16 va (S)-tert-butyl 2-((aminooxy)metyl)pyrolidin-1-
carboxylat (649mg, duoc didu ché theo cac quy trinh twong tw véi vi du tham khao 7
va vi du tham khao 13), thu dugc 477mg hop chat dugc néu & phén dé muc nay (hiéu
suit 71%).

'"H NMR (400 MHz, CDCl;) & 1,46 (s, 9H), 1,62-1,77 (m, 1H), 1,70-2,07 (m, 6H),
2,21-2,37 (m, 1H), 2,88 (br d, J = 12,4 Hz, 1H), 2,98-3,10 (m, 1H), 3,25-3,38 (m, 3H),
3,65-4,05 (m, 3H), 4,08-4,24 (m, 1H), 4,90 (d, J = 11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz,
1H), 7,32-7,46 (m, 5H), 10,22 (s, 1H); MS m/z 475 [M+H]".

Budc 2

tert-butyl (2S)-2-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}}amino)oxy]metyl}pyrolidin-1-carboxylat

Theo quy trinh twong tw v6i vi du 17, tir toan bd luwgng hop chét ciia budc 1
néu trén, thu dugc hgp chét duge néu & phan d& muc nay (dinh lugng).

"H NMR (400 MHz, CD;0D) § 1,46 (s, 9H), 1,72-2,27 (m, 8H), 2,99-3,18 (m, 2H),
3,25-3,56 (m, 2H), 3,66-4,10 (m, 5H); MS m/z 385 [M+H]".

Budce 3

(2S,5R)-7-0x0-N-[(2S)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu voi vi du 26, tir toan bd lugng hop chét cia budc 2
néu trén, thu duoc 385,6mg pyridin tert-butyl (2S)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl} pyrolidin-1-carboxylat
(71%).

'H NMR (400 MHz, CDCl;) § 1,45 (s, 9H), 1,65-2,57 (m, 8H), 2,96-3,12 (m, 1H),
3,25-3,44 (m, 4H), 3,68-4,18 (m, 3H), 4,25 (br s, 1H), 7,92-8,00 (m, 2H), 8,45 (dd, J =
7.6, 7,6 Hz, 1H), 8,98-9,07 (m, 1H), 10,61 (br s, 1H); MS m/z 463 [M-CsHsNH]".

Toan bd lugng mudi pyridin néu trén dugc loai bé nhém bao vé béng axit
trifloaxetic, va sau d6 tinh ché bang sic ky cdt silicagel octadexyl dé thu dugc 58,Img
hop chit duge néu & phén dé muc nay (3 budc, hidu suit 16%).
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"H NMR (400 MHz, D,0) § 1,78-2,12 (m, 8H), 3,04 (d, J = 12,4 Hz, 1H), 3,18 (br d, J
= 12,4 Hz, 1H), 3,24 (t, ] = 7,2 Hz, 2H), 3,83 (ddd, J = 8,2, 8,2, 3,4 Hz, 1H), 3,89-3,97
(m, 2H), 4,04-4,11 (m, 2H); MS m/z 365 [M+H]".

Vidu77

(2S,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (II-077)

H ‘.,
Ho N
A—N,
o 0SOzH
Budce 1

tert-butyl (2R)-2-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat

Theo quy trinh twong ty voi vi du 27, tu axit carboxylic (6b, 390mg,
1,41lmmol) ctia vi du 9 hoic 16 va (R)-tert-butyl 2-((aminooxy)metyl)pyrolidin-1-
carboxylat (796mg) dugc mo ta & vi dy tham khao 22, thu dugc 336mg hop chét duoc
néu & phan dé muc nay (hiéu suit 50%).

"H NMR (400 MHz, CDCls3) § 1,45 (s, 9H), 1,52-1,72 (m, 1H), 1,80-2,09 (m, 6H),
2,27-2,39 (m, 1H), 2,84 (br d, J = 12,4 Hz, 1H), 2,96-3,08 (m, 1H), 3,28-3,44 (m, 3H),
3,60-3,86 (m, 2H), 3,89-4,06 (m, 1H), 4,14-4,29 (m, 1H), 4,90 (d, J = 11,2 Hz, 1H),
5,06 (d, J = 11,2 Hz, 1H), 7,32-7,47 (m, 5H), 10,56 (s, 1H); MS m/z 475 [M+H]".
Buéce 2

tert-butyl (2R)-2-{[({[(2S,5R)-6-hydroxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}pyrolidin-1-carboxylat
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Theo quy trinh twong tu v&i vi du 17, tir toan bd lwong hop chét ctia budc 1
néu trén, thu dugc hop chit duge néu & phan dé muc nay (dinh luong).
'H NMR (400 MHz, CD;0D) & 1,46 (s, 9H), 1,73-2,27 (m, 8H), 3,06 (d, ] = 11,6 Hz,
1H), 3,09-3,18 (m, 1H), 3,24-3,40 (m, 2H), 3,67-3,71 (m, 1H), 3,73-4,12 (m, 4H); MS
m/z 385 [M+H]".

Budce 3

(2S,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit
Theo quy trinh twong ty v6i vi du 59, tur toan bo lugng hop chét cta budc 2
néu trén, thu dugc tetrabutylamoni tert-butyl (2R)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy]metyl} pyrolidin-1-carboxylat
(dinh luong).
'"H NMR (400 MHz, CDCl;) & 1,01 (t, J = 7,4 Hz, 12H), 1,34-1,51 (m, 8H), 1,46 (s,
9H), 1,55-1,78 (m, 10H), 1,80-2,01 (m, 4H), 2,11-2,23 (m, 1H), 2,29-2,42 (m, 1H),
2,88 (br d, J = 11,2 Hz, 1H), 3,21-3,43 (m, 10H), 3,60-3,86 (m, 2H), 3,88-4,07 (m, 2H),
4,16-4,28 (m, 1H), 4,34 (br s, 1H), 10,62 (br s, 1H); MS m/z 463 [M-Bu,N+2H]".
Toan b lwong mubi tetrabutylamoni néu trén dugc loai bd nhém bao vé bang
axit trifloaxetic, va sau d6 tinh ché bang sic ky cdt silicagel octadexyl dé thu duoc
77,4mg hop chét dugc néu & phan d& muc nay (3buéc, hiéu suit 30%).
'H NMR (500 MHz, D,0) & 1,66-2,18 (m, 8H), 3,14 (d, J = 12,8 Hz, 1H), 3,23 (br d, J
= 12,8 Hz, 1H), 3,30 (t, ] = 7,3 Hz, 2H), 3,89 (ddd, J = 8,2, 8,2, 3,4 Hz, 1H), 3,92-4,01
(m, 2H), 4,09-4,18 (m, 2H); MS m/z 365 [M+H]".
Vidu 78

(2S,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (II-078)

(oS
" o‘N)'.,,
N Ho

S

N\
o OSO4H

Budce 1

tert-butyl (2S)-2-{[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat
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Theo quy trinh tuong tu v6i vi du 45, tr axit carboxylic (6b, 276mg,
1,00mmol) cta vi du 9 hodc 16 va (S)-tert-butyl 2-((aminooxy)metyl)piperidin-1-
carboxylat (300mg) dugec md td & vi du tham khao 23, thu duge 353,3mg hop chit
dugc néu & phén dé muc nay (hiéu suét 72%).

'H NMR (400 MHz, CDCLy) & 1,30-1,75 (m, 7H), 1,46 (s, 9H), 1,90-2,10 (m, 2H),
2,22-2,34 (m, 1H), 2,72-2,90 (m, 1H), 2,85 (d, J = 11,2 Hz, 1H), 3,09 (br d, J = 11,2
Hz, 1H), 3,26-3,32 (m, 1H), 3,68-3,84 (m, 1H), 3,90-4,01 (m, 2H), 4,06-4,15 (m, 1H),
4,44-4,58 (m, 1H), 4,90 (d, J = 11,4 Hz, 1H), 5,05 (d, J = 11,4 Hz, 1H), 7,35-7,46 (m,
5H), 10,14 (br s, 1H); MS m/z 489 [M+H]".

Budc 2

tert-butyl (25)-2-{[({[(2S,5R)-6-hydroxy-7-0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat

Theo quy trinh twong tw véi vi du 17, tir toan bd lugng hop chit ciia bude 1
néu trén, thu dugc hop chét dugc néu & phan dé muc nay (dinh luong).
'H NMR (400 MHz, CD;0D) & 1,33-1,70 (m, 5H), 1,45 (s, 9H), 1,74-2,00 (m, 3H),
2,03-2,12 (m, 1H), 2,17-2,26 (m, 1H), 2,82-2,93 (m, 1H), 3,06 (d, J = 12,0 Hz, 1H),
3,14 (br d, J = 12,0 Hz, 1H), 3,68-3,92 (m, 1H), 3,84 (br d, ] = 6,8 Hz, 1H), 3,92-4,08
(m, 3H), 4,43-4,51 (m, 1H); MS m/z 399 [M+H]".

Budce 3

(2S,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu véi vi du 59, tir toan bd lwong hop chét cia bude 2
néu trén, thu dugc tetrabutylamoni tert-butyl (25)-2-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]metyl } piperidin-1-carboxylat
(dinh luong).
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'H NMR (400 MHz, CDCl;) & 1,01 (t, J = 7,2 Hz, 12H), 1,14-1,79 (m, 23H), 1,45 (s,
9H), 1,84-2,00 (m, 1H), 2,12-2,23 (m, 1H), 2,24-2,38 (m, 1H), 2,72-2,83 (m, 1H), 2,92
(brd,J=12,8 Hz, 1H), 3,21-3,34 (m, 8H), 3,36-3,45 (m, 1H), 3,72-4,18 (m, 4H), 4,35
(brs, 1H), 4,45-4,56 (m, 1H); MS m/z 477 [M-Bu,N]J".

Toan bd lugng mubi tetrabutylamoni néu trén dugc loai bd nhém bado vé béng
axit trifloaxetic va tinh ché bang sic ky cot silicagel octadexyl dé thu duoc 52,8mg
hop chit dugc néu & phan dé muc nay (3 budce, hiéu sudt 19%).

'H NMR (400 MHz, D,0) & 1,31-1,60 (m, 3H), 1,68-1,89 (m, 5H), 1,92-2,10 (m, 2H),
2,82-2,91 (m, 1H), 3,05 (d, J = 12,0 Hz, 1H), 3,18 (br d, J = 12,0 Hz, 1H), 3,26-3,40
(m, 2H), 3,87 (dd, J = 11,8, 9,0 Hz, 1H), 3,94 (br d, J = 7,2 Hz, 1H), 3,97 (dd, J = 11,8,
3,4 Hz, 1H), 4,07-4,12 (m, 1H); MS m/z 377 [M-H]".

Vidu 79
(2S,5R)-N-(azetidin-3-yloxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Budce 1

tert-butyl 3-[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]azetidin-1-carboxylat

Theo quy trinh tuong ty voi vi du 27, tir axit carboxylic (6b, 413mg,
1,50mmol) cua vi du 9 hodc 16 va tert-butyl 3-(aminooxy)azetidin-1-carboxylat
(375mg, dugc didu ché theo céc quy trinh twong ty v6i vi du tham khéo 7 va vi du
tham khao 13), thu dugc 558mg hop chét duge néu & phin d& muc nay (hiéu sut
84%).

[o]p2 -17,0° (¢ 0,30, CHCl;); '"H NMR (400 MHz, CDCl3) § 1,43 (s, 9H), 1,57-1,70
(m, 1H), 1,84-2,07 (m, 2H), 2,31 (br dd, J = 14,6, 7,4 Hz, 1H), 2,41 (d, J = 11,4 Hz,
1H), 3,01 (br d, J = 11,4 Hz, 1H), 3,29-3,34 (m, 1H), 3,93-4,03 (m, 2H), 4,05-4,16 (m,
2H), 4,69-4,76 (m, 1H), 4,90 (d, J = 11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,33-7,45
(m, 5H), 8,18 (br s, 1H); MS m/z 447 [M+H]".

Budce 2

tert-butyl 3-[({[(2S,5R)-6-hydroxy-7-0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]azetidin-1-carboxylat

Theo quy trinh twong tu véi vi du 17, tir hop chét (543mg, 1,22mmol) cua
buée 1 néu trén, thu duge 428mg hop chét dugc néu & phén d& muc nay (99%).

'H NMR (400 MHz, CD;0D) & 1,44 (s, 9H), 1,72-1,84 (m, 1H), 1,85-1,99 (m, 1H),
2,00-2,11 (m, 1H), 2,15-2,24 (m, 1H), 3,00 (d, J = 11,6 Hz, 1H), 3,11 (br d, ] = 11,6
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Hz, 1H), 3,69 (br s, 1H), 3,85 (br d, J = 7,6 Hz, 1H), 3,88-4,00 (m, 2H), 4,03-4,17 (m,
2H), 4,67-4,76 (m, 1H); MS m/z 357 [M+H]".

Budc 3

(2S,5R)-N-(Azetidin-3-yloxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tu véi vi du 59, tir hop chét (424mg, 1,19mmol) cta
budc 2 néu trén, thu dugc 739mg tetrabutylamoni tert-butyl 3-[({[(2S,5R)-7-0x0-6-
(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]azetidin-1-carboxylat
(higu suit 91%).

'H NMR (400 MHz, CDCls) & 1,01 (t, J = 7,4 Hz, 12H), 1,37-1,53 (m, 8H), 1,44 (s,
9H), 1,57-1,78 (m, 9H), 1,83-1,96 (m, 1H), 2,14-2,23 (m, 1H), 2,34 (br dd, J = 15,0,
7,0 Hz, 1H), 2,79 (d, J = 11,6 Hz, 1H), 3,23-3,40 (m, 9H), 3,93 (br d, J = 7,6 Hz, 1H),
3,95-4,15 (m, 4H), 4,33-4,38 (m, 1H), 4,70-4,78 (m, 1H), 9,24 (br s, 1H); MS m/z 435
[M-BuyNT".

Mubi tetrabutylamoni (720mg, 1,06mmol) dugc loai bé nhém bao vé béng axit

trifloaxetic, va sau d6 tinh ché bang sic ky cot silicagel octadexyl dé thu dugc 144mg
hop chét duge néu & phin d& muc nay (hiéu suit 40%).
[op? -69,2° (¢ 0,32, H,0); 'H NMR (400 MHz, D,0) & 1,67-1,78 (m, 1H), 1,78-1,89
(m, 1H), 1,92-2,09 (m, 2H), 3,00 (d, J = 12,2 Hz, 1H), 3,20 (br d, J = 12,2 Hz, 1H),
3,97 (br d, ] = 7,2 Hz, 1H), 4,04-4,14 (m, 3H), 4,25-4,33 (m, 2H), 4,76-4,84 (m, 1H);
MS mv/z 337 [M+H]".

Vi du 80
(28,5R)-7-0x0-N-[(3R)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1 ]Joctan-
2-carboxamit

Bude 1

tert-butyl (3R)-3-[({[(2S,5R)-6-benzyloxy-7-o0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat

Theo quy trinh twong tu véi vi du 27, tr axit carboxylic (6b, 553mg,
2,00mmol) cua vi du 9 hodc 16 va (R)-tert-butyl 3-(aminooxy)pyrolidin-1-carboxylat
(606mg) dugc md ta ¢ vi du tham khao 13, thu dugc 904,6mg hop chét dugc néu &
phén dé muc nay (hi€u sudt 98,3%).

'H NMR (400 MHz, CDCly) & 1,46 (s, 9H), 1,61-1,68 (m, 1H), 1,83-2,09 (m, 3H),
2,13-2,19 (m, 1H), 2,28-2,34 (m, 1H), 2,75 (d, ] = 11,6 Hz, 1H), 3,03 (br d, J = 11,6
Hz, 1H), 3,31-3,37 (m, 5H), 3,96 (d, J = 6,8 Hz, 1H), 4,68 (br s, 1H), 4,90 (d, J = 11,6
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Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,26-7,43 (m, 5H), 9,06-9,20 (m, 1H); MS m/z 461
[M+H]".
Budc 2
tert-butyl (3R)-3-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat

Theo quy trinh twong tw v6i vi du 17, tir hop chét (805mg, 1,75mmol) ctia
bude 1 néu trén, thu dwge hop chit duge néu & phin dé muc nay (dinh lugng).
'H NMR (400 MHz, CD;0D) & 1,46 (s, 9H), 1,75-2,12 (m, 4H), 2,15-2,28 (m, 2H),
3,06 (d, J = 11,6 Hz, 1H), 3,13 (br d, J = 11,6 Hz, 1H), 3,25-3,50 (m, 2H), 3,60 (br d, J
= 12,8 Hz, 1H), 3,70 (br s, 1H), 3,87 (br d, J = 7,2 Hz, 1H), 4,34-4,38 (m, 1H), 4,56-
4,63 (m, 1H); MS m/z 371 [M+H]".

Budc 3

(2S,5R)-7-0x0-N-[(3R)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong ty v6i vi du 59, tir toan bd lugng hop chét ciia bude 2
néu trén, thu duoc tetrabutylamoni tert-butyl (3R)-3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]pyrolidin-1-carboxylat (dinh
luong). MS m/z 449 [M-BuyN]J".

Toan bd lugng mubi tetrabutylamoni néu trén dugc loai b nhom béo vé bing
axit trifloaxetic, va sau do6 tinh ché bing sic ky cot silicagel octadexyl dé thu dugc
204,7mg hop chit dugc néu & phan d& muc nay (3 budc, hidu suét 33%).

'H NMR (400 MHz, D,0) & 1,67-1,88 (m, 2H), 1,92-2,15 (m, 3H), 2,17-2,26 (m, 1H),
3,02 (d, T =12,0 Hz, 1H), 3,20 (br d, J = 12,0 Hz, 1H), 3,27-3,44 (m, 3H), 3,48 (d, J =
12,8 Hz, 1H), 3,96 (br d, J = 7,2 Hz, 1H), 4,06-4,11 (m, 1H), 4,69-4,74 (m, 1H); MS
m/z 349 [M-HJ".

Vidu 81

(2S,5R)-7-0x0-N-[(3S)-pyrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit (II-081)

i
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Budce 1
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tert-butyl (3S)-3-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat

i
O_‘\O\N)'l,,g
BocN N

H
N,
O OBn
Theo quy trinh tuwong tw véi vi du 27, tr axit carboxylic (6b, 553mg,
2,00mmol) cta vi du 9 hodc 16 va (S)-tert-butyl 3-(aminooxy)pyrolidin-1-carboxylat
(606mg) dugc md ta & vi du tham khdo 24, thu dugc 920,4mg hop chét duoc néu &

phén d& muc nay (dinh luong).

'H NMR (400 MHz, CDCl3) & 1,46 (s, 9H), 1,61-1,68 (m, 1H), 1,89-2,09 (m, 3H),
2,15-2,19 (m, 1H), 2,28-2,34 (m, 1H), 2,75 (d, J = 11,6 Hz, 1H), 2,95-3,06 (m, 1H),
3,31 (br s, 1H), 3,35-3,68 (m, 4H), 3,97 (d, ] = 7,6 Hz, 1H), 4,60 (br d, J = 23,2 Hz,
1H), 4,90 (d, J = 11,6 Hz, 1H), 5,05 (d, J = 11,6 Hz, 1H), 7,26-7,43 (m, 5H), 9,08 (br d,
J =23,2 Hz, 1H); MS m/z 461 [M+H]".

Buéc 2

tert-butyl (3S)-3-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]pyrolidin-1-carboxylat

i
O“‘O‘ﬁ)’"@
BocN N
N\
(o] OH

Theo quy trinh twong twy v&i vi du 17, tir hop chét (869mg, 1,89mmol) cua
bude 1 néu trén, thu duoc hop chit dugc néu & phén dé muc nay (dinh luong).

'H NMR (400 MHz, CD;0D) & 1,47 (s, 9H), 1,75-2,12 (m, 4H), 2,13-2,25 (m, 2H),
3,05 (d, J = 12,0 Hz, 1H), 3,13 (br d, J = 12,0 Hz, 1H), 3,25-3,50 (m, 2H), 3,61 (br d, J
= 13,2 Hz, 1H), 3,70 (br s, 1H), 3,86 (br d, ] = 7,2 Hz, 1H), 4,32-4,38 (m, 1H), 4,54-
4,62 (m, 1H); MS m/z 371 [M+HT".

Budce 3

(2S,5R)-7-0x0-N-[(3 S)—pyrolidin-3-yloxY]-6-(sulfooxy)- 1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong tu v6i vi du 59, tir toan bd lugng hop chét cia buéde 2
néu trén, tetrabutylamoni tert-butyl (3S)-3-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
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diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]pyrolidin-1-carboxylat thu  duoc
(dinh lugng). MS m/z 449 [M-BuyN]".

Toan b lugng mudi tetrabutylamoni néu trén dugc loai bd nhém bao vé bing
axit trifloaxetic, va sau d6 tinh ché bing sic ky cot silicagel octadexyl dé thu dugc
170,7mg hop chét duoc néu & phin d& muc nay (3 bude, hiéu suit 26%)).

'H NMR (400 MHz, D,0) & 1,71-1,92 (m, 2H), 1,95-2,18 (m, 3H), 2,21-2,30 (m, 1H),
3,07 (d, J = 12,2 Hz, 1H), 3,24 (br d, J = 12,2 Hz, 1H), 3,31-3,45 (m, 3H), 3,51 (d,J =
13,6 Hz, 1H), 3,99 (br d, ] = 6,0 Hz, 1H), 4,10-4,14 (m, 1H), 4,72-4,77 (m, 1H); MS
m/z 349 [M-H]".

Vi du 82
(2S,5R)-N-(azetidin-3-ylmetoxy)-7-ox0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit (I1-082)

HNQ\/ CIJ
o\NJ‘,,,
HoN
J—N

0 ‘0SO3H

Buéce 1

tert-butyl 3-{[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}azetidin-1-carboxylat

Boc.

N\k/ ?
o\NJ',.,
H N

Theo quy trinh twong tu véi vi du 45, tir axit carboxylic (6b, 553mg,

2,00mmol) ctia vi du 9 ho#c 16 va tert-butyl 3-((aminooxy)metyl)azetidin-1-carboxylat
(564mg) dugc md ta & vi du tham khao 25, thu dugc 699,7mg hop chét duoc néu &
phan d& muc nay (higu suét 76%).
'H NMR (400 MHz, CDCl3) & 1,43 (s, 9H), 1,54-1,70 (m, 1H), 1,87-2,06 (m, 2H),
2,27-2,35 (m, 1H), 2,75 (d, J = 11,6 Hz, 1H), 2,80-2,90 (m, 1H), 3,01 (brd, J = 11,6
Hz, 1H), 3,32 (br s, 1H), 3,68-3,76 (m, 2H), 3,94 (br d, J = 7,6 Hz, 1H), 4,00-4,15 (m,
4H), 4,90 (d, J = 11,8 Hz, 1H), 5,05 (d, J = 11,8 Hz, 1H), 7,35-7,44 (m, 5H), 9,08 (br s,
1H); MS m/z 461 [M+H]".

Budc 2
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tert-butyl 3-{[({[(2S,5R)-6-hydroxy-7-o0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy|metyl}azetidin-1-carboxylat

Boc. (o)
N\k/o )I’t
\N ,;
O

o4 N‘OH

Theo quy trinh tuong tu véi vi du 17, tir hop chit (642mg, 1,39mmol) cua
budc 1 néu trén, thu duge hop chit dugc néu & phin dé muc nay (dinh Iuong).

'H NMR (400 MHz, CD;0D) & 1,43 (s, 9H), 1,74-1,85 (m, 1H), 1,86-1,97 (m, 1H),
2,04-2,13 (m, 1H), 2,16-2,24 (m, 1H), 2,84-2,94 (m, 1H), 3,05 (d, J = 11,6 Hz, 1H),
3,13 (br d, J = 11,6 Hz, 1H), 3,68-3,82 (m, 3H), 3,83 (br d, J = 6,8 Hz, 1H), 3,97-4,06
(m, 4H); MS m/z 371 [M+H]".

Bude 3

(2S,5R)-N-(azetidin-3-ylmetoxy)-7-o0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tu véi vi du 59, tir toan bo Iuong hop chét cta bude 2

néu trén, thu dugc tetrabutylamoni tert-butyl 3-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl } amino)oxy]metyl}azetidin-1-carboxylat  (dinh
lugng).
'H NMR (400 MHz, CDCl3) & 1,01 (t, J = 7,2 Hz, 12H), 1,37-1,51 (m, 8H), 1,46 (s,
9H), 1,54-1,75 (m, 9H), 1,82-1,97 (m, 1H), 2,13-2,25 (m, 1H), 2,29-2,40 (m, 1H),
2,77-2,95 (m, 2H), 3,24-3,40 (m, 9H), 3,64-4,16 (m, 7H), 4,36 (br s, 1H), 9,16 (br s,
1H); MS m/z 449 [M-BuyN]J".

Toan bd lwong mudi tetrabutylamoni néu trén duge loai bd nhém béo vé bang
axit trifloaxetic, va sau do tinh ché bang sic ky cot silicagel octadexyl dé thu duogc
164,7mg hop chét dugce néu & phén d& muc nay (3 bude, higu suit 34%).

'H NMR (400 MHz, D,0) & 1,65-1,89 (m, 2H), 1,92-2,06 (m, 2H), 3,06 (d, J = 12,4
Hz, 1H), 3,10-3,22 (m, 2H), 3,90-4,00 (m, 5H), 4,07-4,14 (m, 3H); MS m/z 351
[M+H]".

Vidu &3

(2S,5R)-7-0x0-N-[(3R)-piperidin-3-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Buédce 1
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tert-butyl (3R)-3-{[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat

Theo quy trinh twong ty véi vi du 27, tor axit carboxylic (6b, 390mg,
1,41mmol) cia vi du 9 hodac 16 va (R)-tert-butyl 3-((aminooxy)metyl)piperidin-1-
carboxylat (527mg, dugc didu ché theo cac quy trinh tuong tu véi vi du tham khao 7
va vi du tham khao 13), thu dugc 333mg hop chit dugc néu & phan dé muc nay (hiéu
sudt 48%).

'H NMR (400 MHz, CDCl;) & 1,15-2,10 (m, 8H), 1,45 (s, 9H), 2,25-2,40 (m, 1H),
2,70-3,08 (m, 4H), 3,27-3,37 (m, 1H), 3,65-4,00 (m, 5H), 4,90 (d, J = 11,2 Hz, 1H),
5,05 (d, J = 11,2 Hz, 1H), 7,34-7,46 (m, 5H), 9,22 (br s, 1H); MS m/z 489 [M+H]".

Budc 2

tert-butyl (3R)-3-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat

Theo quy trinh twong ty véi vi dy 17, tir toan bo lugng hop chét cua bude 1
néu trén, thu dugc hop chét dugc néu & phé‘ln d& muc nay (dinh luong).

'H NMR (400 MHz, CD;0D) & 1,24-1,37 (m, 1H), 1,40-1,56 (m, 1H), 1,45 (s, 9H),
1,64-1,73 (m, 1H), 1,75-2,00 (m, 4H), 2,03-2,13 (m, 1H), 2,15-2,26 (m, 1H), 2,65-2,95
(m, 2H), 3,06 (d, J = 12,0 Hz, 1H), 3,13 (br d, J = 12,0 Hz, 1H), 3,67-3,91 (m, 5H),
4,01-4,08 (m, 1H); MS m/z 399 [M+H]".

Budc 3

(2S,5R)-7-0x0-N-[(3R)-piperidin-3-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty véi vi du 59, tir toan b luwong hop chét cua bude 2
néu trén, thu dugc tetrabutylamoni tert-butyl (3R)-3-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl}amino)oxy|metyl} piperidin-1-carboxylat
(dinh luong).

'H NMR (400 MHz, CDCl;) § 1,01 (dd, J = 7,6, 6,8 Hz, 12H), 1,11-1,99 (m, 23H),
1,46 (s, 9H), 2,12-2,24 (m, 1H), 2,30-2,42 (m, 1H), 2,67-2,96 (m, 3H), 3,19-3,38 (m,
9H), 3,70-3,99 (m, 5H), 4,35 (br s, 1H), 9,16 (br s, 1H); MS m/z 477 [M-BuyN]J".

Toan bd luong mudi tetrabutylamoni néu trén dugc loai bd nhém bao vé béng
axit trifloaxetic, va sau d6 tinh ché bang sic ky cot silicagel octadexyl dé thu duogc
106mg hop chit dugc néu ¢ ph?ln d& muc nay (3 bude, hiéu suét 41%).

'H NMR (400 MHz, CDCl;) & 1,16-1,28 (m, 1H), 1,54-1,88 (m, 5H), 1,92-2,16 (m,
3H), 2,72 (t, ] = 12,2 Hz, 1H), 2,81 (ddd, J = 12,8, 12,8, 3,5 Hz, 1H), 3,02 (d, ] = 12,0
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Hz, 1H), 3,15-3,28 (m, 2H), 3,37-3,44 (m, 1H), 3,70 (dd, J = 10,3, 7,6 Hz, 1H), 3,79
(dd, J = 10,3, 5,0 Hz, 1H), 3,88-3,94 (m, 1H), 4,06-4,10 (m, 1H); MS m/z 377 [M-H]".

Vidu 84

(28,5R)-7-0x0-N-(piperidin-4-yloxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Budce 1

tert-butyl 4-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]piperidin-1-carboxylat

Theo quy trinh twong ty v6i vi du 27, tir axit carboxylic (6b, 552mg,
2,00mmol) cta vi du 9 hodc 16 va tert-butyl 4-(aminooxy)piperidin-1-carboxylat
(1,08g, duogc didu ché theo cc quy trinh twong ty v&i vi dy tham khao 7 va vi du tham
khéo 13), thu duoc 688,5mg hop cht duge néu & phn dé myc nay (hiéu suat 72,5%).

'"H NMR (400 MHz, CDCl;) § 1,43 (s, 9H), 1,58-1,66 (m, 5H), 1,85-2,02 (m, 2H),
2,27 (m, 1H), 2,75-2,77 (br d, J = 11,6 Hz, 1H), 2,99-3,02 (d, J = 11,6 Hz, 1H), 3,07-
3,13 (m, 2H), 3,29 (s, 1H), 3,71-3,77 (m, 2H), 3,94-3,96 (d, J = 7,2 Hz, 1H), 3,98-4,08
(m,1H), 4,86-4,90 (d, J = 11,2 Hz, 1H), 5,01-5,05 (d, J = 11,2 Hz, 1H), 7,34-7,41 (m,
5H), 9,02 (br s, 1H); MS m/z 475 [M+H]".
Buéce 2
tert-butyl 4-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]piperidin-1-carboxylat

Theo quy trinh twong tw véi vi du 17, tlr toan bd lugng hop chét cua budc 1
néu trén, thu duoc hop chit dugc néu & phdn d& muc nay (dinh luong). MS m/z 385
[M+H]+.
Budce 3
(28,5R)-7-0x0-N-(piperidin-4-yloxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tw v&i vi du 17, tir toan bd lugng hop chét cta budc 2
néu trén, thu dugc tetrabutylamoni tert-butyl 4-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]piperidin-1-carboxylat (dinh luong).
MS m/z 463 [M-BuyN]".

Toan bd lugng mudi tetrabutylamoni dugc loai bd nhém bao vé bang axit
trifloaxetic, va sau do6 tinh ché bang sic ky cot silicagel octadexyl dé thu duoc
216,3mg hop chit dugc néu & phin dé muyc nay (hiéu suat 40,9%).
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'H NMR (400 MHz, D,0) & 1,69-2,08 (m, 8H), 2,99-3,06 (m, 3H), 3,18-3,21 (d, ] =
12,0 Hz, 1H), 3,26-3,31 (m, 2H), 3,96-3,97 (d, J = 3,2 Hz, 1H), 4,08-4,12 (m, 2H); MS
m/z 365 [M+H]".

Vi du 85

(28,5R)-7-0x0-N-(piperidin-4-ylmetoxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Buéce 1

tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl}piperidin-1-carboxylat

Theo quy trinh twong tu véi vi du 27, tu axit carboxylic (6b, 390mg,
1,41lmmol) cta vi du 9 hodc 16 va tert-butyl 4-((aminooxy)metyl)piperidin-1-
carboxylat (749mg, dugc didu ché theo cac quy trinh twong tw voi vi du tham khéo 7
va vi du tham khéo 13), thu duoc 360,3mg hop chét duoc néu & phin d& muc nay (hiéu
suét 52%).

'H NMR (400 MHz, CDCl3) § 1,12-1,30 (m, 2H), 1,45 (s, 9H), 1,55-1,69 (m, 1H),
1,70-1,79 (m, 2H), 1,80-2,07 (m, 3H), 2,27-2,38 (m, 1H), 2,60-2,80 (m, 2H), 2,76 (d, J
= 11,8 Hz, 1H), 3,01 (br d, J = 11,8 Hz, 1H), 3,31 (br s, 1H), 3,68-3,83 (m, 2H), 3,94
(br d, J = 7,2 Hz, 1H), 4,02-4,20 (m, 2H), 4,91 (d, J = 11,4 Hz, 1H), 5,05 (d, J = 11,4
Hz, 1H), 7,35-7,44 (m, SH), 9,04 (br s, 1H); MS m/z 489 [M+H]".

Budc 2

tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-o0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]metyl} piperidin-1-carboxylat

Theo quy trinh twong tw véi vi du 17, tir toan bd luwong hop chit cia buéc 1
néu trén, thu dugc hop chét dugc néu & ph?m dé muc nay (dinh luong).
'"H NMR (400 MHz, CD;0D) & 1,11-1,23 (m, 2H), 1,45 (s, 9H), 1,74-1,97 (m, 5H),
2,02-2,11 (m, 1H), 2,15-2,23 (m, 1H), 2,66-2,88 (m, 2H), 3,06 (d, J = 11,2 Hz, 1H),
3,09-3,16 (m, 1H), 3,67-3,76 (m, 3H), 3,82 (br d, J = 6,8 Hz, 1H), 4,07 (br d, J = 13,6
Hz, 2H); MS m/z 399 [M+H]".

Budce 3

(2S,5R)-7-0x0-N-(piperidin-4-ylmetoxy)-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong tw véi vi du 17, tir toan bo luong hop chét cta budc 2
néu trén, thu dugc 504mg tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-
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(sulfooxy)-1,6-diazabixyclo[3.2.1]oct-2-yl]carbonyl } amino)oxyJmetyl } piperidin-1-
carboxylat (hiéu suit 95%).

'H NMR (400 MHz, CDCl;) & 1,01 (t, J = 7,2 Hz, 12H), 1,17-1,82 (m, 21H), 1,43 (s,
9H), 1,82-1,95 (m, 2H), 2,12-2,22 (m, 1H), 2,31-2,40 (m, 1H), 2,63-2,78 (m, 2H), 2,84
(d, J=12,0 Hz, 1H), 3,16-3,38 (m, 9H), 3,70-3,86 (m, 2H), 3,91 (br d, J = 7,6 Hz, 1H),
4,00-4,19 (m, 2H), 4,34 (br s, 1H), 9,15 (br s, 1H); MS m/z 477 [M-BusN]J".

Toan bd luong mudi tetrabutylamoni néu trén dugc loai bé nhoém bao vé bang
axit trifloaxetic, va sau do tinh ché bang sic ky cot silicagel octadexyl dé thu dugc
103mg hop chit dugc néu & phin d& muc nay (3 bude, hiéu sut 37%).

'H NMR (400 MHz, D,0) § 1,30-1,46 (m, 2H), 1,68-2,11 (m, 7H), 2,85-2,95 (m, 2H),
3,03 (d, T = 12,0 Hz, 1H), 3,19 (br d, J = 12,0 Hz, 1H), 3,34 (br d, J = 12,0 Hz, 2H),
3,73 (d, J = 6,0 Hz, 2H), 3,93 (d, J = 7,2 Hz, 1H), 4,06-4,14 (m, 1H); MS m/z 377 [M-
H]"

Vidu 86

Natri (2S,5R)-N-[2-(1H-imidazol-1-yl)etoxy]-7-oxo0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budc 1

(2S,5R)-6-benzyloxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-0xo0-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tw v6i vi du 45, tr axit carboxylic (6b, 552mg,
2,00mmol) cia vi du 9 hodc 16 va O-(2-(1H-imidazol-1-yl)etyDhydroxylamin (386mg,
duoc didu ché theo cac quy trinh twong tu v6i vi du tham khao 7 va vi du tham khao
13), thu dugc 770mg hop chét dwgc néu & phan dé muc nay (dinh lugng).
'H NMR (400 MHz, CD;0D) & 1,70-1,71 (m, 1H), 1,81-1,96 (m, 2H), 2,09-2,14 (m,
1H), 2,90-2,93 (br d, J = 11,6 Hz, 1H), 3,14 (m, 1H), 3,80-3,85 (m, 2H), 4,12 (m, 1H),
4,22-4,35 (m,2H), 4,85-4,96 (dd, J = 11,2 Hz, 2H), 7,05 (s, 1H), 7,22-7,41 (m, 6H),
8,05 (s,1H); MS m/z 386 [M+H]".

Budc 2

(2S,5R)-6-hydroxy-N-[2-(1H-imidazol-1-yl)etoxy]-7-0x0-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty voi vi du 17, tir toan bd luong hop chét cua bude 1
néu trén, thu dugc hop chét dugc néu & phén dé muc nay (dinh lugng). MS m/z 296
[M+H]".

Budc 3
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Natri (2S,5R)-N-[2-(1H-imidazol-1-yl)etoxy]-7-ox0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong ty véi vi du 18, tir toan bd luong hop chét cua budc 2
néu trén, pyridin (2S,5R)-N-[2-(1H-imidazol-1-yl)etoxy]-7-ox0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bang dung dich nudc
natri bicarbonat bio hoa, va sau do tinh ché bing séc ky cot silicagel octadexyl dé thu
duge hop chit duge néu & phan d& muc nay 63,6mg (hi¢u suit 8,00%).
'H NMR (400 MHz, D,0) § 1,66-1,85 (m, 2H), 1,97-2,09 (m, 2H), 2,94-2,97 (d, ] =
12,0 Hz, 1H), 3,14-3,17 (d, J = 11,6 Hz, 1H), 3,87-3,89 (d, J = 7,2 Hz, 1H), 4,07 (s,
1H), 4,13-4,15 (m, 2H),4,23-4,26 (m, 2H), 7,00 (s, 1H), 7,19 (s, 1H), 7,86 (s, 1H); MS
m/z 376 [M-Na+2H]".
Vi du 87

Natri (28S,5R)-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budce 1

(28,5R)-6-benzyloxy-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong tw voi vi du 27, tir axit carboxylic (6b, 690mg,
2,50mmol) ctia vi du 9 hodc 16 va O-(2-(1H-pyrol-1-yl)etyl)hydroxylamin (450,5mg,
duoc didu ché theo cac quy trinh twong ty v6i vi du tham khao 7 va vi du tham khao
15), thu dugc 506mg hop chit dugc néu & phén dé muc nay (hiéu suét 52,6%).
'"H NMR (400 MHz, CDCl;) & 1,60-1,65 (m, 1H), 1,87-2,03 (m, 2H), 2,26-2,31 (m,
1H), 2,66-2,69 (d, J = 11,6 Hz, 1H), 2,93-2,96 (br d, J = 11,6 Hz, 1H), 3,29 (br s, 1H),
3,88-3,90 (d, ] = 7,6 Hz, 1H), 4,09-4,23 (m, 4H), 4,87-4,90 (d, J = 11,6 Hz, 1H), 5,02-
5,05 (d, J = 11,6 Hz, 1H), 6,17 (s, 2H), 6,71 (s, 2H), 7,33-7,43 (m, 5H); MS m/z 385
[M+H]".
Budc 2
(28,5R)-6-hydroxy-7-oxo0-N-[2-(1H-pyrol-1-yl)etoxy]-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty véi vi du 17, tir toan bo luong hop chét cua vi du 17,
thu dugc hop chit duoc néu & phén d& muc nay (dinh lugng). MS m/z 295 [M+H]".

Budce 3

Natri (2S,5R)-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit
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Theo quy trinh tuong tu v6i vi du 22, tir toan bo Iugng hop chét cia budc 2
néu trén, pyridin  (2S,5R)-7-0x0-N-[2-(1H-pyrol-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dwgc, va trung hoa bang dung dich nudc
natri bicarbonat bo hoa, va sau d6 tinh ché bang sic ky cot silicagel octadexyl dé thu
dwoc 153mg hop chit dugc néu & phén dé muc nay (hiéu suét 29,4%).

'H NMR (400 MHz, D,0) & 1,64-1,83 (m, 2H), 1,91-2,08 (m, 2H), 2,91-2,94 (d, J =
12,0 Hz, 1H), 3,13-3,16 (br d, J = 12,0 Hz, 1H), 3,87-3,89 (d, J = 11,6 Hz, 1H), 4,05-
4,09 (m, 5H), 6,17 (s, 2H), 6,74 (s, 2H); MS m/z 375 [M-Na+2H]".

Vidu 88

Dinatri 1-{2-[({[(2S,5R)-7-0x0-6-(sulfonatoxy)-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJetyl}-1H-Imidazol-2-sulfonat

Phan doan thu dugc tir tinh ché bing sic ky cot silicagel octadexyl & vi du 86,
Budce 3 da thu duge 71,6mg hop chit dugc néu & phan dé muc nay (hiéu sudt 7,16%).
'H NMR (400 MHz, D,0) & 1,66-1,73 (m, 1H), 1,76-1,86 (m, 1H), 1,92-2,08 (m, 2H),
2,96-2,99 (d, T = 12,0 Hz, 1H), 3,17-3,20 (d, ] = 12,4 Hz, 1H), 3,92-3,94 (d, T = 8,0 Hz,
1H), 4,07-4,08 (d, J = 3,2 Hz, 1H), 4,22-4,24 (m, 2H), 4,41-4,44 (m, 2H),7,53 (s,1H),
7,61 (s, 1H); MS m/z 456 [M-2Na+3H]".

Vi du &9

Natri (2S,5R)-N- [2-(dimetylamino)-2-oxoetoxy]-7-0xo-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budc 1

(28,5R)-6-benzyloxy-N-[2-(dimetylamino)-2-oxoetoxy]-7-0xo- 1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 45, tlr axit carboxylic (6b, 428mg,
1,55mmol) cta vi du 9 hodc 16 va 2-(aminooxy)-N,N-dimetylaxetamit (244mg, Huhu
Technology), thu dugc 269,2mg hop chit dugc néu & phin dé muc nay (hiéu sut
46%).

'H NMR (400 MHz, CDCl;) & 1,50-1,70 (m, 1H), 1,87-2,10 (m, 2H), 2,24-2,37 (m,
1H), 2,78 (d, J = 12,0 Hz, 1H), 2,91 (s, 3H), 2,97 (s, 3H), 3,03 (br d, J = 12,0 Hz, 1H),
3,26-3,32 (m, 1H), 3,90-3,96 (m, 1H), 4,50-4,67 (m, 2H), 4,90 (d, J = 11,4 Hz, 1H),
5,04 (d, J = 11,4 Hz, 1H), 7,35-7,45 (m, 5H), 10,04 (br s, 1H); MS m/z 377 [M+H]".

Budc 2

(28,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-6-hydroxy-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

-142-



23597

Theo quy trinh twong tw v6i vi du 17, tir toan bo lugng hop chét ciia bude 1
néu trén, thu duge hop chit dugc néu & phan d& muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,73-1,84 (m, 1H), 1,85-1,99 (m, 1H), 2,02-2,12 (m,
1H), 2,16-2,26 (m, 1H), 2,95 (s, 3H), 3,02-3,15 (m, 2H), 3,05 (s, 3H), 3,67-3,73 (m,
1H), 3,85 (br d, J = 7,2 Hz, 1H), 4,57-4,68 (m, 2H); MS m/z 287 [M+H]".

Budc 3

Natri (28,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-7-o0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong ty véi vi du 18, tir toan by luong hop chét cua budc 2
néu trén, pyridin (2S,5R)-N-[2-(dimetylamino)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bang dung dich nuéc
natri bicarbonat bio hoa, va sau do tinh ché bang sic ky cot silicagel octadexyl dé thu
dwoc 180,0mg hop chit dugc néu & phén dé muc nay (2 budc, hiéu suit 65%).

'H NMR (500 MHz, D,0) & 1,72-1,85 (m, 2H), 1,89-2,20 (m, 2H), 2,86 (s, 3H), 2,99
(s, 3H), 3,11 (br d, J = 11,8 Hz, 1H), 3,28 (br d, J = 11,8 Hz, 1H), 3,76-3,81 (m, 1H),
4,08-4,12 (m, 1H), 4,49 (s, 2H); MS m/z 367 [M-Na+2H]".

Vidu 90

(2S,5R)-7-0x0-N-[2-0x0-2-(piperazin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budce 1

tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-oxo-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]axetyl} piperazin-1-carboxylat

Theo quy trinh twong tw v6i vi du 27, tir axit carboxylic (6b, 552mg,
2,00mmol) ctia vi du 9 hodc 16 va tert-butyl 4-(2-(aminooxy)axetyl)piperazin-1-
carboxylat (686,2mg, dugc didu ché theo cac quy trinh tuong ty véi vi du tham khao
14 va vi du tham khao 15), thu dugc 499,8mg hop chét dugc néu & phan dé muc nay
(hiéu suit 48,3%).

'H NMR (400 MHz, CDCl;) & 1,43 (s, 9H), 1,67 (m, 1H), 1,90-2,04 (m, 2H), 2,26-
2,31 (m, 1H), 2,75-2,78 (d, J = 11,6 Hz, 1H), 3,01-3,04 (d, J = 11,6 Hz, 1H), 3,33 (m,
3H), 3,45 (m, 4H), 3,58 (m, 2H), 3,92-3,94 (d, J = 11,2 Hz, 1H), 4,53-4,56 (d, ] = 14,4
Hz, 1H), 4,60-4,63 (d, ] = 14,4 Hz, 1H), 4,88-4,92 (d, J = 11,6 Hz, 1H), 5,02-5,07 (d, J
= 11,6 Hz, 1H), 7,26-7,43 (m, 5H); MS m/z 518 [M+H]".

Budc 2

-143-



23597

tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-oxo0-1 ,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJaxetyl}piperazin-1-carboxylat

Theo quy trinh tuong tu véi vi du 17, tir toan bd luong hop chit cua bude 1
néu trén, thu duoc hop chit duoc néu & phﬁn d& muc nay (dinh lugng). MS m/z 428
[M+H]".

Budc 3

(28S,5R)-7-0x0-N-[2-0x0-2-(piperazin-1 -yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong ty voi vi du 17, tir toan bd luong hop chét ctia bude 2
néu trén, thu dugc tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy] axetyl}piperazin-1-carboxylat (dinh
lugng).

'H NMR (400 MHz, CDCl5) & 1,00 (m, 12H), 1,40 (m, 8H), 1,43 (s, 9H), 1,62 (m, 8H),
1,84-1,94 (m, 1H), 2,08 (m, 1H), 2,16-2,20 (m, 1H), 2,29-2,34 (m, 1H), 2,81-2,84 (d, J
= 12,0 Hz, 1H), 3,35-3,37 (m, 3H), 3,45 (m, 4H), 3,54 (m, 2H), 3,89-3,92 (d,J=12,4
Hz, 1H),4,09-4,14 (m, 8H), 4,31 (br s, 1H), 4,51-4,59 (d, J = 14,4 Hz, 1H), 4,61-4,65
(d, ] = 14,4 Hz, 1H); MS m/z 508 [M-Bu,N+HJ".

Toan bd luong mubi tetrabutylamoni néu trén duoc loai bé nhém bao vé b%mg
axit trifloaxetic va tinh ché bing sic ky cot silicagel octadexyl dé thu duoc 149,8mg
hop chét duge néu & phn d& muc nay (hiéu suét 38,1%).

'H NMR (400 MHz, D,0) § 1,17-1,89 (m, 2H), 1,96-2,12 (m, 2H), 3,05-3,08 (d, J =
12,4 Hz, 1H), 3,19-3,26 (dt, J = 5,2, 16,8 Hz, 4H), 3,22 (m, 1H), 3,68-3,75 (dt,J = 5,2,
16,8 Hz, 4H), 3,94-3,96 (d, J = 5,6 Hz, 1H), 4,11-4,12 (br s, 1H), 4,61-4,68 (m, 2H);
MS m/z 408 [M+H]".

Vidu91

Natri (2S,5R)-N- [2-(morpholin-4-yl)-2-oxoetoxy]-7-oxo-6-(sulfooxy)- 1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Buodc 1

(2S,5R)-6-benzyloxy-N-[2-(morpholin-4-yl)-2-ox0etoxy]-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v6i vi du 27, tir axit carboxylic (6b, 690mg,
2,50mmol) cua vi du 9 hodc 16 va 2-(aminooxy)-1-morpholinoetanon (64 1mg, dugc
didu ché theo céc quy trinh twong tw voi vi du tham khao 14 va vi du tham khdo 15),
thu dwoc 941,9mg hop chit dugc néu & phin d& myc nay (hiéu sudt 90,0%).
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'H NMR (400 MHz, CDCl;) & 1,61-1,66 (m, 1H), 1,91-2,04 (m, 2H), 2,21-2,31 (m,
1H), 2,77-2,79 (d, J = 11,6 Hz, 1H), 2,96-2,97 (d, ] = 4,4 Hz, 1H), 3,01-3,04 (br d, ] =
11,2 Hz, 1H), 3,29-3,38 (m, 4H), 3,57-3,70 (m 4H), 3,92-3,94 (d, ] = 7,2 Hz, 1H),
4,52-4,66 (dd, J = 11,6,14,4 Hz, 2H), 4,87-4,91 (d, J = 11,6 Hz, 1H), 5,02-5,05 (d, J =
11,6 Hz, 1H), 7,36-7,47 (m, 5H); MS m/z 419 [M+H]".

Budce 2
(2S,5R)-6-hydroxy-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-oxo-1,6-

diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu v6i vi du 17, tir toan b luwong hop chét cta bude 1
néu trén, thu dugc hop chét dugc néu & phi?m dé muc nay (dinh lugng). MS m/z 329
[M-+H]".
Budc 3

Natri (28,5R)-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-0xo0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tw véi vi du 22, tir toan bo lugng hop chét cua bude 2
néu trén, pyridin (2S,5R)-N-[2-(morpholin-4-yl)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bing dung dich nuéc
natri bicarbonat bdo hoa, va sau d6 tinh ché bing sic ky cét silicagel octadexyl dé thu
duoc 152mg hop chit dugc néu & phﬁn dé muc nay (hiéu suét 15,7%).

'H NMR (400 MHz, D,0) & 1,67-1,85 (m, 2H), 1,92-2,04 (m, 2H), 3,00-3,03 (d, J =
12,0 Hz, 1H), 3,15-3,18 (d, J = 12,0 Hz, 1H), 3,37-3,47 (m, 4H), 3,60-3,62 (m, 4H),
3,90-3,92 (d, J = 6,4 Hz, 1H), 4,6 (br s, 1H), 4,62-4,68 (m, 2H); MS m/z 409 [M-
Na+2H]".
Vi du 92

(2S,5R)-N-[2-(1,4-diazepan-1-yl)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit
Budce 1
tert-butyl 4-{[({[(2S,5R)-6-benzyloxy-7-o0xo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxyJaxetyl}-1,4-diazepin-1-carboxylat

Theo quy trinh twong tu véi vi du 27, tir axit carboxylic (6b, 690mg,
2,50mmol) cta vi du 9 hodc 16 va tert-butyl 4-(2-(aminooxy)axetyl)-1,4-diazepin-1-
carboxylat (1,298g) dugc mo ta & vi du tham khdo 15, thu dugc 517,6mg hop chét
duoc néu & phin d& muc nay (hidu suit 38,9%).
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"H NMR (400 MHz, CDCl;) & 1,44 (s, 9H), 1,58 (m, 1H), 1,83-1,96 (m, 3H), 2,27 (m,
1H), 2,75 (m, 1H), 2,99 (m, 1H), 3,30-3,80 (m, 9H), 3,90 (br s, 1H), 4,58 (m, 2H),
4,88 (m, 1H), 5,03 (m, 1H), 7,24-7,37 (m, 5H); MS m/z 532 [M+H]".

Buéc 2

tert-butyl 4-{[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]axetyl}-1,4-diazepin-1-carboxylat

Theo quy trinh twong ty véi vi du 17, tir toan bd luwong hop chét ciia budc 1
néu trén, thu dugc hop chit duogc néu & phén dé muc nay (dinh lugng). MS m/z 442
[M+H]".

Budc 3

(2S,5R)-N-[2-(1,4-diazepan-1-yl)-2-oxoetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuwong ty v&i vi du 17, tir toan bo luong hop chét cta budc 2
néu trén, thu dugc tetrabutylamoni tert-butyl 4-{[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl } amino)oxy]axetyl}-1,4-diazepin-1-carboxylat
(dinh lugng). MS m/z 520 [M-BuyN]'.

Mubi tetrabutylamoni néu trén (742,4mg, 0,973mmol) dugc loai bé nhém béo
vé bang axit trifloaxetic, va sau d6 tinh ché bing sic ky cot silicagel octadexyl dé thu
duoc 153,1mg hop chét dwoc néu & phén dé muc nay (higu sut 37,3%).

'H NMR (400 MHz, D,0) & 1,71-1,89 (m, 2H), 1,97-2,16 (m, 4H), 3,06-3,10 (d, J =
12,0 Hz, 1H), 3,19-3,22 (d, J = 12,4 Hz, 1H), 3,25-3,29 (m, 3H), 3,36-3,39 (m, 2H),
3,50-3,60 (m, 2H), 3,73-3,75 (m, 2H), 3,94-3,95 (d, J = 7,2 Hz, 1H), 4,11 (s, 1H),
4,62-4,69 (m, 2H); MS m/z 422 [M+H]".

Vidu 93

Natri (2S,5R)-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit
Budce 1

(2S,5R)-6-benzyloxy-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong tu véi vi du 27, tir axit carboxylic (6b, 550mg,
2,00mmol) cua vi du 9 hodc 16 va 1-(2-(aminooxy)etyl)pyrolidin-2-on (518,4mg), thu
dugc 699,5mg hop chit dugc néu & phén d& muc nay (hiéu suit 86,9%).

'H NMR (400 MHz, CDCl;) & 1,60-1,66 (m, 1H), 1,92-2,11 (m, 4H), 2,26-2,31 (m,
1H), 2,40-2,44 (m, 2H), 2,78-2,81 (br d, J = 12,0 Hz, 1H), 3,06-3,09 (d, J = 11,6 Hz,
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1H), 3,27 (br s, 1H), 3,33-3,38 (m, 1H), 3,44-3,54 (m, 2H), 3,68-3,74 (m, 1H), 3,9%4-
4,14 (m, 3H), 4,87-4,90 (d, J = 11,2 Hz, 1H), 5,02-5,04 (d, J = 11,2 Hz, 1H), 7,26-7,42
(m, 5H), 10,10 (br s, 1H); MS m/z 403 [M+H]".

Budc 2

(2S,5R)-6-hydroxy-7-ox0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong ty véi vi du 17, tir toan bd lugng hop chét cta buéce 1
néu trén, thu dugc hop chét dugc néu & phin d& myc nay (dinh lugng). MS m/z 313
[M+H]".

Budc 3

Natri (2S,5R)-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty voi vi du 22, tr toan bd luong hop chét cua buédc 2

néu trén, pyridin (2S,5R)-7-0x0-N-[2-(2-oxopyrolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bang dung dich nudc
natri bicarbonat bio hoa, va sau do tinh ché bing sic ky cot silicagel octadexyl dé thu
duoc 460,6mg hop chit dugc néu & phin dé muc nay (hiéu suat 64,2%).
"H NMR (400 MHz, D,0) & 1,67-1,73 (m, 1H), 1,79-1,87 (m, 1H), 1,90-2,06 (m, 4H),
2,30-2,34 (t, ] = 8,4 Hz, 1H), 3,01-3,08 (d, J = 12,4 Hz, 1H), 3,19-3,22 (d, ] = 12,0 Hz,
1H), 3,38-3,50 (m, 4H), 3,93-3,99 (m, 3H), 4,09 (br s, 1H); MS m/z 393 [M-Na+2H]".
Vi du 94

Natri (28,5R)-7-0x0-N-[2-(2-oxoimidazolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budc 1

(28,5R)-6-benzyloxy-7-0x0-N-[2-(2-oxoimidazolidin-1-yl)etoxy]-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty voi vi du 45, tir axit carboxylic (6b, 390mg,

1,41mmol) ctia vi du 9 hodc 16 va 1-(2-(aminooxy)etyl)imidazolidin-2-on (512mg,
duge didu ché theo cac quy trinh twong ty v6i vi du tham khao 7 va vi du tham khéo
15), thu dugc (347mg hop chét dugc néu & phan ¢& muc nay higu suit 61%).
'H NMR (400 MHz, CDCl3) § 1,50-1,68 (m, 1H), 1,91-2,06 (m, 2H), 2,24-2,35 (m,
1H), 2,80 (d, J = 12,0 Hz, 1H), 3,06 (br d, J = 12,0 Hz, 1H), 3,21-3,39 (m, 2H), 3,40-
3,68 (m, 5H), 3,92-4,06 (m, 3H), 4,32 (br s, 1H), 4,89 (d, J = 11,6 Hz, 1H), 5,04 (d, ] =
11,6 Hz, 1H), 7,33-7,44 (m, 5H), 10,10 (br s, 1H); MS m/z 404 [M+H]".
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Budc 2

(2S,5R)-6-hydroxy-7-0x0-N-[2-(2-oxoimidazolidin-1-yl)etoxy]-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuong tu véi vi du 17, toan bd lugng hop chét cia bude 1 néu
trén, thu dugc hop chit dugc néu & phén dé muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) § 1,74-1,84 (m, 1H), 1,87-2,13 (m, 2H), 2,16-2,27 (m,
1H), 3,04 (d, J = 11,6 Hz, 1H), 3,11-3,18 (m, 1H), 3,27-3,49 (m, 4H), 3,58-3,66 (m,
2H), 3,67-3,73 (m, 1H), 3,85 (br d, J] = 7,6 Hz, 1H), 3,92-4,05 (m, 2H); MS m/z 314
[M+H]".

Budc 3

Natri (2S,5R)-7-0x0-N-[2-(2-oxoimidazolidin-1-yl)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

B6 sung 2,6-lutidin (300ul)va phie chit luu huynh trioxit-pyridin (410mg)
vao dung dich chira toan b lugng hop chét ctia budc 2 néu trén trong metylen clorua
(8,6ml), sau d6 khudy tron & nhiét d trong phong qua dém. B6 sung metylen clorua
vao dung dich phan ng, sau d6 loc va cd dudi 4p sut giam. B6 sung dung dich nuéc
natri bicarbonat vao 486,7mg pyridin (2S,5R)-7-0x0-N-[2-(2-oxoimidazolidin-1-
yl)etoxy]-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit da thu dugc, sau do
]am kho lanh. Bing cach d6 thu duoc san phdm thé. San phdm thd thu duge dugc tinh
ché bang sic ky cot silicagel octadexyl dé thu duoc 36,8mg hop chit dugc néu & phan
d& muc nay (2 budc, hiéu sudt 10%).

'H NMR (400 MHz, D,0) & 1,59-2,08 (m, 4H), 3,02 (d, J = 12,6 Hz, 1H), 3,18 (br d, J

= 12,6 Hz, 1H), 3,27-3,49 (m, 4H), 3,59-3,67 (m, 2H), 3,90-3,98 (m, 3H), 4,05-4,10
(m, 1H); MS m/z 394 [M-Na+2H]".

Vi du 95

Natri (2S,5R)-N-(2-hydroxyetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Budce 1

(2S,5R)-6-benzyloxy-7-ox0-N-(2-triisopropylsilyloxyetoxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh tuwong ty voi vi du 45, tir axit carboxylic (6b, 553mg,
2,00mmol) cta vi du 9 hodc 16 va O-(2-((triisopropylsilyl)oxy)etyl)hydroxylamin
(630mg, dugc didu ché theo quy trinh tuong ty v6i vi du tham khao 15 tir hop chét cta
vi du tham khao 12), thu dugc 695,0mg hop chét dugc néu & phf?m dé muc ndy (hiéu
suit 71%).
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'H NMR (400 MHz, CDCl5) & 1,00-1,20 (m, 21H), 1,57-1,70 (m, 1H), 1,88-2,10 (m,
2H), 2,28-2,37 (m, 1H), 2,78 (d, J = 11,6 Hz, 1H), 2,98 (br d, J = 11,6 Hz, 1H), 3,31
(br s, 1H), 3,87-4,08 (m, 5H), 4,90 (d, J = 11,4 Hz, 1H), 5,05 (d, J = 11,4 Hz, 1H),
7,35-7,45 (m, 5H), 9,38 (br s, 1H); MS m/z 492 [M+H]".
Budc 2
(2S,5R)-6-hydroxy-7-0x0-N-(2-triisopropylsilyloxyetoxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Theo quy trinh twong ty v&i vi du 17, tir toan bd lwgng hop chét cta budc 1
néu trén, thu duge 530,7mg hop chét dugc néu & phin d& muc nay (higu suit 94%).
'H NMR (400 MHz, CD;0D) & 1,00-1,20 (m, 21H), 1,74-1,85 (m, 1H), 1,86-1,99 (m,
1H), 2,01-2,13 (m, 1H), 2,15-2,25 (m, 1H), 3,06 (d, J = 11,6 Hz, 1H), 3,12 (br d, J =
11,6 Hz, 1H), 3,69 (br s, 1H), 3,82 (br d, J = 7,2 Hz, 1H), 3,90-4,01 (m, 4H); MS m/z
402 [M+H]".

Budc 3

Natri (2S,5R)-N-(2-hydroxyetoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh trong tu véi vi du 59, tir toan bd luong hop chét ctia budc 2
néu trén, thu dugc tetrabutylamoni (2S,5R)-7-0x0-6-(sulfooxy)-N-(2-
triisopropylsilyloxyetoxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit (dinh lugng).

'H NMR (400 MHz, CDCl3) 8 0,87-1,19 (m, 33H), 1,36-1,98 (m, 18H), 2,13-2,23 (m,
1H), 2,31-2,42 (m, 1H) 2,85 (br d, J = 11,6 Hz, 1H), 3,21-3,38 (m, 9H), 3,83-4,17 (m,
5H), 4,35 (br s, 1H), 9,37 (br s, 1H); MS m/z 480 [M-BuyNJ".

Toan bd lugng mubi tetrabutylamoni néu trén dugc loai bé nhom bao vé béng
axit trifloaxetic, va sau do6 tinh ché bang sic ky cot silicagel octadexyl dé thu duogc
140,2mg hop chit dugc néu & phin d& muc nay (3 budc, hiéu sudt 29%).

'H NMR (400 MHz, D,0) & 1,65-1,88 (m, 2H), 1,91-2,08 (m, 2H), 3,04 (d, J = 12,0
Hz, 1H), 3,18 (br d, J = 12,0 Hz, 1H), 3,63-3,69 (m, 2H), 3,85-3,96 (m, 3H), 4,05-4,09
(m, 1H); MS m/z 324 [M-Na]".

Viduy 96

Natri (2S,5R)-N-(2-metoxyetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Budéce 1
(28,5R)-6-benzyloxy-N-(2-metoxyetoxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit

-149-



23597

Theo quy trinh twong tu vai vi du 45, tlr axit carboxylic (6b, 414mg,
1,50mmol) ctia vi du 9 hodc 16 va O-(2-metoxyetyl)hydroxylamin (190mg, Huhu
Technology), thu dugc 386,7mg hop chét dwgc néu & phin d& muc nay (hiéu suét
74%).

'H NMR (400 MHz, CDCl3) § 1,57-1,72 (m, 1H), 1,88-2,10 (m, 2H), 2,29-2,37 (m,
1H), 2,78 (d, J = 11,8 Hz, 1H), 2,99 (br d, J = 11,8 Hz, 1H), 3,30 (br s, 1H), 3,39 (s,
3H), 3,63 (t, J = 4,4 Hz, 2H), 3,95 (br d, J = 7,6 Hz, 1H), 4,01-4,15 (m, 2H), 4,90 (d, J
= 11,4 Hz, 1H), 5,05 (d, ] = 11,4 Hz, 1H), 7,35-7,45 (m, 5H), 9,32 (br s, 1H); MS m/z
350 [M+H]".
Buéc 2
(28,5R)-6-hydroxy-N-(2-metoxyetoxy)-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty v6i vi du 17, tir toan bd lugng hop chét ciia buéde 1
néu trén, thu dugc 272,4mg hop chit dugc néu & phin d& muc nay (higu sudt 95%).
'"H NMR (400 MHz, CD;0D) & 1,74-1,85 (m, 1H), 1,86-1,98 (m, 1H), 2,02-2,12 (m,
1H), 2,16-2,25 (m, 1H), 3,08 (d, J = 11,6 Hz, 1H), 3,12 (br d, J = 11,6 Hz, 1H), 3,37 (s,
3H), 3,61-3,65 (m, 2H), 3,67-3,72 (m, 1H), 3,82 (br d, J = 8,4 Hz, 1H), 3,99-4,03 (m,
2H); MS m/z 260 [M+H]".

Budc 3

Natri (2S,5R)-N-(2-metoxyetoxy)-7-0xo0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty v6i vi du 18, tir toan bd lugng hop chét cua budc 2
néu trén, pyridin (28,5R)-N-(2-metoxyetoxy)-7-oxo-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit thu dugc, va trung hoa bang dung dich nude
natri bicarbonat bdo hoa, va sau do tinh ché bing sic ky cdt silicagel octadexyl dé thu
duoc 247,4mg hop chit duoc néu & phan d& muc nay (2 budce, hiéu sult 62%).

'H NMR (500 MHz, D,0) & 1,69-1,78 (m, 1H), 1,78-1,88 (m, 1H), 1,93-2,01 (m, 1H),
2,01-2,09 (m, 1H), 3,06 (d, ] = 12,3 Hz, 1H), 3,20 (br d, J = 12,3 Hz, 1H), 3,28 (s, 3H),
3,57-3,62 (m, 2H), 3,94 (br d, J = 6,5 Hz, 1H), 3,94-3,99 (m, 2H), 4,08-4,13 (m, 1H);
MS m/z 340 [M-Na+2H]".

Vidu 97

Natri (28,5R)-N-[2-(metylsulfonyl)etoxy]-7-o0xo-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

Budce 1
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(2S,5R)-6-benzyloxy-N-[2-(metylsulfonyl)etoxy]-7-oxo0-1,6-diazabixyclo[3.2.1]octan-
2-carboxamit

Theo quy trinh twong tu véi vi du 45, tir axit carboxylic (6b, 414mg,
1,50mmol) cua vi du 9 hodc 16 va O-(2-(metylsulfonyl)etyl)hydroxylamin (279mg,
Huhu Technology), thu dugce 293mg hop chit duge néu & phéan d& muc nay (hiéu suét
49%).

'H NMR (400 MHz, CDCl) & 1,44-1,70 (m, 1H), 1,90-2,10 (m, 2H), 2,24-2,36 (m,
1H), 2,74 (d, ] = 12,0 Hz, 1H), 3,04 (br d, J = 12,0 Hz, 1H), 3,12 (s, 3H), 3,31-3,39 (m,
3H), 3,96 (br d, J = 7,6 Hz, 1H), 4,38 (br t, ] = 5,4 Hz, 2H), 4,91 (d, J = 11,4 Hz, 1H),
5,05 (d, J = 11,4 Hz, 1H), 7,36-7,45 (m, SH), 9,31 (br s, 1H); MS m/z 398 [M-+H]".

Budc 2

(2S,5R)-6-hydroxy-N-[2-(metylsulfonyl)etoxy]-7-oxo-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit

Theo quy trinh twong ty véi vi du 17, tir toan bd lugng hop chét cta bude 1
néu trén, thu dugc hop chét dugc néu & phén d& muc nay (dinh lugng).

'H NMR (400 MHz, CD;0D) & 1,77-1,86 (m, 1H), 1,87-1,99 (m, 1H), 2,03-2,13 (m,
1H), 2,17-2,26 (m, 1H), 3,04 (d, ] = 12,0 Hz, 1H), 3,07-3,18 (m, 4H), 3,46 (t, ] = 5,6
Hz, 2H), 3,68-3,74 (m, 1H), 3,86 (br d, ] = 6,4 Hz, 1H), 4,30 (t, ] = 5,6 Hz, 2H); MS
m/z 308 [M+H]".

Budce 3

Natri (2S,5R)-N-[2-(metylsulfonyl)etoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit

B6 sung 2,6-lutidin (257ul) va phirc chét lvu huynh trioxit-pyridin (352mg)
vao dung dich chira tdng lwong hop chit ctia bude 2 néu trén trong metylen clorua
(7,4ml), sau d6 khudy trén & nhiét d trong phong qua dém. Pyridin (2S,5R)-N-[2-
(metylsulfonyl)etoxy]-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-carboxamit
thu dugc duge trung hoa biang cach bd sung dung dich nude natri bicarbonat bao hoa.
Dung mo6i hitu co duge loc ra dudi ap sudt giam, sau d6 lam kho lanh, bing cach d6
thu dugc san phdm tho. San phim thé thu duge dugc tinh ché bing sic ky cot silicagel
octadexyl dé thu duoc 51,1mg hogp chit dugc néu & phi‘m d& muc nay (2 budc, hi€u
sudt 17%).

'H NMR (400 MHz, D,0) & 1,65-1,86 (m, 2H), 1,90-2,06 (m, 2H), 3,00-3,10 (m, 1H),
3,05 (s, 3H), 3,06 (d, J = 12,0 Hz, 1H), 3,15 (br d, J = 12,0 Hz, 1H), 3,49 (brt, ] = 5,6
Hz, 2H), 3,86-3,93 (m, 1H), 4,05-4,09 (m, 1H), 4,22 (br t, J = 5,6 Hz, 1H); MS m/z
388 [M-Na+2H]".
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Vidu 98
Axit (2S,5R)-5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylic (IV-a2)

; 5
= Dm0
ra N N-OBn Tra N n-OBn

H : H

Dung dich chtra (2S,5R)-tert-butyl 5-(benzyloxyamino)-1-(2,2,2-
trifloaxetyl)piperidin-2-carboxylat (1,50g, 3,73mmol) trong metylen clorua (5,0ml)
duoc 1am lanh bing nudc d4, va bd sung axit trifloaxetic (5,0ml), va phén (mg & cung
nhiét do trong 30 phut va sau d6 & nhiét do trong phong trong 2 gid. Hon hgp phan
ung dugce cd dudi ap sudt giam, sau d6 nuéc va dung dich nudc natri bicarbonat 6,5%
duoc bd sung vao phan cin. Sau khi pH dugc diéu chinh dén ca. pH = 8, 16p nuéc
duoc rira bang etyl axetat. Bd sung dung dich nuéc kali hydro sulfat 5% vao 16p nude
nay. Sau khi pH dugc diu chinh dén ca. pH = 5,6, 16p nuéc duge chiét bang etyl
axetat. Sau d6 16p hitu co duogc rira bing nuéc mudi bdo hoa, loai nudc trén magie
sulfat khan, va dung moi dugc loc ra dudi 4p suét giam dé thu duoc 0,913g hop chét
duoc néu & phan d& muc nay (hiéu suét 71%).

'H NMR (400 MHz, CDCl;) & dugc quan sat dudi dang hdn hop cia hai chit dong
phan quay (khoang 6:4). 1,68-1,76 (m, 2H), 2,05-2,08 (m, 2H), 3,14 (d, J = 14,4 Hz,
0,4H), 3,27 (m, 1H), 3,48 (m, 0,6H), 4,15 (m, 1H), 4,58-4,75 (m, 3H), 5,20 (m, 1H),
4,30-4,38 (m, 5H); MS m/z 347 [M+H]".

Vidy 99

Axit (2S,5R)-5-((benzyloxy)amino)- 1-(tert-butoxycarbonyl)piperidin-2-carboxylic
(IV-a3)

o) o)
/“’: /”""
HO™ HO O\
HN N-OBN _N §-OBN

2HCI Boc H

Dihydroclorua cta axit (2S,5R)-5-(benzyloxyamino)piperidin-2-carboxylic
(2,00g, 6,19mmol) dugc mo ta & vi du 11 dugce bd sung vao 1,4-dioxan (10ml) va nuéc
(15ml), sau d6 bd sung dung dich nuéc natri hydroxit SM (3,7ml), va khudy trong khi
lam lanh bing nudc da. Tiép theo bd sung kali carbonat (854mg) va di-tert-
butoxycarbonyl dicarbonat (1,69g) vao hén hop, va nhiét do duge ning lén dén nhiét
do trong phong, sau d6 khudy qua dém. Dung dich thu dugc dugce cd, va dung dich
nuéc duge didu chinh dén d6 pH = 3,3 bing axit xitric- monohydrat, va sau d6 chiét
bing etyl axetat (20ml) hai 1dn, va rira bang nude mudi bao hoa, 1am kho bang natri
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sulfat khan, va loc. C6 dung méi dudi ap suét giam. Phan cin thu dugc duge cho chay
sic ky cot silicagel (etyl axetat) dé thu duoc 1,879g hop chét dugc néu & phan dé muc
nay (hiéu suét 87%).

'H NMR (400 MHz, CDCLy) § 1,46 (s, 9H), 1,50-1,72 (m, 2H), 1,98-2,10 (m, 2H),
3,12-3,19 (m, 2H), 4,13-4,20 (m,1H), 4,76 (d, J = 11,5 Hz, 1H), 4,70 (d, ] = 11,5 Hz,
1H), 4,85-4,92 (m, 1H), 7,26-7,35 (m, SH); MS m/z 351 [M+H]".

Vidu 100

Tbng hop lién tuc axit (2S,5R)-5-((benzyloxy)amino)-1-(tert-
butoxycarbonyl)piperidin-2-carboxylic (IV-a3)

o]

| i i
t-BUxo)u._O\ Ho)(l"O\ Ho)«,,_o\
TFA- N u,OBn TEA N ”,OBH HN N’OBn

H
j)
"o pQ\ OB
n
v N/ .
Boc’ N

Dung dich chta  (2S,5R)-tert-butyl  5-(benzyloxyamino)-1-(2,2,2-
trifloaxetyl)piperidin-2-carboxylat (66,8g, 166,0mmol) dugc md td & vi du 3 trong
metylen clorua (135ml) duoc lam lanh bing nudc d4, va bd sung axit trifloaxetic
(135ml) vao d6, sau d6 cho phan tmg & cung nhi¢t do trong 30 phut, va sau d6 ¢ nhiét
d6 trong phong trong 2 gid, va sau d6 hdn hop phan Umg dugce cd dudi ap sult giam.
Phén cin dugc hoa tan trong etyl axetat (500ml), va duoc rira bing mononatri xitrat
25% (200ml) va nudc mudi bao hoa (200ml), va 1am kho bang magie sulfat khan, va
sau d6 dung moi dugc loc ra dudi ap sudt giam. Phan cin dugc hoa tan trong 1,4-
dioxan (133ml), va bd sung natri hydroxit SM (133ml) vao d6 trong khi lam lanh bang
nuée d4, sau d6 khudy trong 1 gio, va sau d6 hdn hgp duge cd dudi ap sudt giam. Sau
khi 16p nuée duge rira bing ete (200ml), d6 pH duge didu chinh dén do pH = 10 bang
cach bd sung axit clohydric SM (55ml), va bd sung kali carbonat (23g) va di-tert-butyl
dicarbonat (44g) vao do, sau do khudy qua dém. Dung mdi hitu co ctia hdn hgp dugc
¢d dudi ap sudt giam, va hdn hop duoc ¢ dugc ria bang ete (200ml). L6p nude duge
diéu chinh dén do pH = 3.9 bing axit xitric, va chiét bang etyl axetat (500ml, 250ml).
Lop hitu co dugce rira bing nudc mudi bdo hoa (250ml), va lam kho bang natri sulfat
khan. C6 dung méi du6i &p sudt giam dé thu dugc 48,02g hop chét dugc néu & phan dé
muc nay (hiéu suét 83%). Dit liéu theo dung cy thyc nghiém phu hop véi dit liéu cua
vi du 99.

Vidu 101
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Axit (2S,5R)-5-((benzyloxy)amino)-1-(2-trimetylsilyletoxycarbonyl)piperidin-2-
carboxylic (IV-a4)

O o]

, A,
G B

HN .0OBn Teoc” N N,OBn

2HC| N N

B6 sung 1,4-dioxan (10ml), nuéc (15ml) va natri hydroxit SM (6ml) vao
dihydroclorua cta axit (2S,5R)-5-(benzyloxyamino)piperidin-2-carboxylic (3,23g,
10mmol) dugc md td & vi du 11, va khudy trong khi 1am lanh bing nudc da. BS sung
thém kali carbonat (1,38g), N-(trimetylsilyletyloxycarbonyloxy)sucxinimit (2,85g) vao
hdn hop, va nhiét dd dugc ning dén nhiét do trong phong, sau d6 khudy qua dém. Hon
hop dugce diéu chinh dén do pH = 4 bang axit xitric* monohydrat, va chiét bang etyl
axetat (50ml) hai lan. L6p hitu co duoc ria bing nudc va nudc mubi bio hoa va duge
cd dudi 4p sudt giam. Phin cin dugc cho chay qua sic ky cot silicagel (etyl
axetat/hexan = 1:1 — 1:0) dé thu dugc 3,41 g hop chit duoc néu & phe‘in d& muc nay
(hiéu suét 86%).

'H NMR (400 MHz, CDCL3) & 0,01 (s, 9H), 0,97 (t, ] = 8,3 Hz, 2H), 1,59-1,68 (m, 2H),
1,97-2,02 (m, 2H), 3,00-3,25 (m, 2H), 4,08-4,19 (m, 3H), 4,65 (d, J = 11,3 Hz, 1H),
4,71 (d,J = 11,3 Hz, 1H), 4,72-4,89 (m, 1H), 7,23-7,32 (m, 5H); MS m/z 395 [M+H]".

Vidy 102

(2S,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-(2,2,2-
trifloaxetyl)piperidin-2-carboxamit (IV-b2-boc-059)

o 0
/u": /\._/O\ )I’: .
HO O\ BocHN N O\
_— H,OEsn - | e \-OB"

H

Axit (28,5R)-5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylic
(0,879g, 2,54mmol) dugc md ta & vi du 98 va tert-butyl 2-(aminooxy)etylcarbamat
(0,559g) cta vi du tham khéo 9 dugc hoa tan trong N,N-dimetylformamit (11ml), va
bd sung 1-hydroxybenzotriazol - monohydrat (0,489g) vao do6, sau d6 lam lanh bing
nude da. Bd sung N-etyl-N’-(3-dimetylaminopropyl)carbodiimit hydroclorua (0,613g)
vao d6, va nhiét dd duoc ning dén dén nhiét do trong phong, sau d6 cho phén Gng
trong 3 gid. Nude duoc bd sung vao hdn hgp phéan ung, va chiét bang etyl axetat. Sau
d6 16p hitu co dugc rira 1an lugt bang dung dich nude axit xitric 10%, nudc, dung dich
nudc natri bicarbonat 6,5% va nuéc mudi bdo hoa, va sau d6 dung mdi duoc loc ra
dudi ap sudt giam. Phéan cin dau thu duogc dugc tinh ché bang sic ky cdt silicagel (n-
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hexan/etyl axetat = 1/2) dé thu dugc 1,07g hop chit dugc néu & phan d& muc nay (hiéu
suit 84%).

'H NMR (400 MHz, CDCl;) & dugc quan sat dudi dang hdn hop gdm hai chit ddng
phéan quay (khoang 7:3). 1,26 (m, 0,3H), 1,44 (s, 9H), 1,70 (m, 0,7H), 1,81-2,12 (m,
3H), 3,10 (br. d, J = 14,4 Hz, 0,3H), 3,30 (m, 3H), 3,54 (br. d, J = 12,4 Hz, 0,7H), 3,87
(m, 2H), 4,15 (d, J=13,2 Hz, 0,7H), 4,58-4,79 (m, 2,6H), 4,90 (m, 0,7H), 4,97 (m,
0,3H), 5,11 (m, 0,7H), 5,33 (m, 1H), 7,26-7,38 (m, SH), 9,75 (br. s, 0,7H), 10,48 (br. s,
0,3H); MS m/z 505 [M+H]".

Vidu 103

(2S,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-(benzyloxyamino)piperidin-2-
carboxamit (IV-c-boc-059)

0 o
| |
BocHN/\/O‘NJ ____.fa,cn:l-m/\/c‘u’l
?F N \-OBn HN H,oran
H

(28,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-(2,2,2-
trifloaxetyl)piperidin-2-carboxamit (1,07g, 2,06mmol) dugc hoa tan trong 1,4-dioxan
(4,2ml), bd sung nudc (1,1ml) vao do, va sau d6 lam lanh b%mg nude da. Bb sung dung
dich nudc natri hydroxit 1M (6,3ml) vao dd, va sau d6 phan rng & cung nhiét do trong
2,5 gidr. PO pH dugc diéu chinh dén ca. pH = 7 bing cach bd sung axit axetic vao hdn
hgp phan rng. Dung mdi hitu co dugc loc ra dudi ap suit giam. Dung dich nuéc thu
duogc duge chiét bang etyl axetat. Sau d6 16p hitu co dugc rira bing nudc mudi bio hoa,
va loai nu6c bang natri sulfat khan, va dung mdi dugc loc ra duéi 4p sudt giam. Phan
cin diu thu dugc dugce tinh ché bing sic ky cot silicagel (etyl axetat/metanol = 9/1) dé
thu duge 0,80g hop chit dugc néu ¢ phan d& muc nay (hidu suit 93%).

'H NMR (400 MHz, CDCls) § 1,36-1,44 (m, 10H), 1,74 (m, 1H), 1,95 (m, 1H), 2,10
(m, 1H), 2,68 (m, 1H), 3,14 (m, 1H), 3,33 (m, 2H), 3,42 (m, 1H), 3,50 (m, 1H), 3,88
(m, 2H), 4,66 (s, 2H), 5,49 (br. m, 1H), 7,29-7,37 (m, SH); MS m/z 409 [M+H]".

Vidu 104

(2S,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-[2-
(trimetylsilyl)etyloxycarbonyl]piperidin-2-carboxamit (IV-b4-059)

hi hi
HO™ _ BocHN" N7

N _OBn H N _OBn
Teoc ﬁ

Teoc” N
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B6 sung 1-hydroxybenzotriazol - monohydrat (264mg) vao axit (2S,5R)-5-
(benzyloxyamino)-1-((2-(trimetylsilyl)etoxy)carbonyl)piperidin-2-carboxylic (601mg,
1,52mmol) dugc md ta & vi du 101 va tert-butyl 2-(aminooxy)etylcarbamat (303mg,
1,72mmol) cta vi du tham khdo 9 dugc hoa tan trong N,N-dimetylformamit (5,8ml),
sau d6 lam lanh bing nuéc da. B sung N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
hydroclorua (330mg) vao dd, nhiét 4 dugc ning dén nhiét @6 trong phong, sau do6
phan tmg trong 5 gid. Nude duge bd sung vao hdn hop phan tng va chiét bang etyl
axetat. Sau khi 16p hitu co dwgc rira 1an luot bang dung dich nudc axit xitric 10%,
nude, dung dich nudce natri bicarbonat 6,5% va nudc mudi bdo hoa, 16p hitu co dugce
loai nudc trén magie sulfat khan, va sau d6 dung mdi duoc loc ra dudi ap sudt giam.
Phén can dau thu duge duge tinh ché b%lng sdc ky cot silicagel (n-hexan/etyl axetat =
1/2) @8 thu dugc 450mg hop chét duge néu & phin d& muyc nay (hiéu suét 54%).

'H NMR (400 MHz, CDCl;) 8 0,01 (s, 9H), 0,98 (m, 2H), 1,42 (s, 9H), 1,58 (m, 1H),
1,84-1,96 (m, 3H), 3,04 (m, 1H), 3,18 (br. s, 1H), 3,28 (m, 1H), 3,35 (m, 1H), 3,85 (m,
2H), 4,16-4,35 (m, 3H), 4,63-4,75 (m, 3H), 5,32-5,70 (br. m, 2H), 4,26-4,33 (m, 5H),
9,44 (br. s, 1H); MS m/z 553 [M+H]".

Vidu 105

Téng hop tir tert-butyl 2-((2S,5R)-5-(benzyloxyamino)piperidin-2-
carboxamitoxy)etylcarbamat (IV-c-boc-059): (IV-b4-boc-059)
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B6 sung dung dich flotetra-n-butylamoni tetrahydrofuran 1,0M (1,9ml) vao
(2S,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-[2-
(trimetylsilyl)etyloxycarbonyl]piperidin-2-carboxamit (417mg, 0,754mmol) dugc hoa
tan trong tetrahydrofuran (5,5ml), sau d6 phan tng & 50°C trong 24 gio. Hén hop phén
tng duoc pha lodng bing etyl axetat, va dugc ria lan luot bang dung dich nudc natri
bicarbonat 6,5%, nudc va nuédc mudi bdo hoa, sau thoi gian do, 16p hitu co dugc loai
nudc trén natri sulfat khan, va dung moéi duge loc ra dudi ap sudt giam. Phin cin dau
thu dwgc duge tinh ché bang sic ky cot silicagel (etyl axetat — etyl axetat/metanol =
9/1) dé thu dugc 250mg hop chét dugc néu & phin d& muc nay (hiéu suét 81%). Dit
liéu theo dung cu thuc nghiém phu hop véi dit liéu cua vi du 103.

Vidu 106
(2S,5R)-N-(2-benzyloxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-(tert-
butoxycarbonyl)piperidin-2-carboxamit (IV-c-Cbz-059)
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Axit (2S,5R)-5-((Benzyloxy)amino)-1-(tert-butoxycarbonyl)piperidin-2-

carboxylic (1,879g, 5,362mmol) duoc md td ¢ vi du 99 hodc 100, benzyl 2-
(aminooxy)etylcarbamat (1,41g, 6,707mmol) ctia vi du tham khdo 11 va I-
hydroxybenzotriazol - monohydrat (220mg) dugc hoa tan trong metylen clorua (20ml),
sau d6 khudy trong khi lam lanh bing nuéc da. BO sung N-etyl-N’-(3-
dimetylaminopropyl)carbodiimit hydroclorua (1,29g) vao do6, va nhiét do dugc ning
dén nhiét do trong phong, sau do khudy qua dém. Hon hop dugc pha lodng bing
metylen clorua (20ml), va dugc ria lan lugt bang nudc, dung dich nude axit xitric
10%, dung dich nudc natri bicarbonat bdo hoa, va nude mudi bdo hoa, va sau d6 1am
kho bing magie sulfat. C6 dung mdi dudi ap sudt giam dé thu dugc 2,91g hop chét
dugc néu & phé‘m d& muc nay (dinh luong).

'H NMR (400 MHz, CDCl3) & 1,46 (s, 9H), 1,50-1,93 (m, 4H), 3,40 (m, 2H), 3,89 (m,
2H), 4,15-4,21 (m, 1H), 4,61 (m, 1H), 4,69 (d,J = 11,6 Hz, 1H),4,76 (d,J = 11,6 Hz,
1H),5,11 (s, 2H), 5,86 (s, 1H), 7,27-7,36 (m, 5H), 9,28 (s, 1H); MS m/z 543 [M+H]".

Vidu 107

(2S,5R)-N-(2-benzyloxycarbonylaminoetoxy)-5-(benzyloxyamino)piperidin-2-
carboxamit (IV-c-Cbz-059)
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B6 sung trong khi 1am lanh bing nudc d4 dung dich axit clohydric-dioxan 4M
(10ml) vao (2S,5R)-N-(2-benzyloxycarbonylaminoetoxy)-5-(benzyloxyamino)-1-(tert-
butoxycarbonyl)piperidin-2-carboxamit (2,91g, 5,362mmol) dugc hoa tan trong 1,4-
dioxan (5ml). Sau khi khudy trong 2 gid, hén hop duge ¢b dudi ap sudt giam, dugc
hoa tan trong nude (30ml), va dugc rua bang ete. Lép nudc duge lam lanh bang nudc
da, va a6 pH duoc dat dén ca. pH 7 bang natri hydroxit SM va axit axetic, va sau do
chiét bang etyl axetat. Lép hitu co duge ria bing nuéc mudi bao hoa, va lam kho bang
natri sulfat khan, va sau d6 c6 dung moi dudi 4p sudt giam. Phén cin dugc cho chay
qua sic ky cot silicagel (clorofom — clorofom/metanol = 3:1) dé thu duoc 2,27g hop
chit duoc néu & ph?m dé muc nay (hiéu suét 95%).
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'H NMR (400 MHz, CDCl;) & 1,22-1,34 (m, 1H), 1,50-1,58 (m, 1H), 1,89-1,92 (m,
1H), 1,92-2,06 (m, 1H), 2,43-2,48 (m, 1H), 2,95 (m, 1H), 3,23-3,27 (m, 1H), 3,40-3,42
(m, 2H), 3,71-3,73 (m, 2H), 3,89-3,92 (m, 2H), 4,66 (s, 2H), 5,11 (s, 2H), 5,91 (s, 1H),
7,26-7,52 (m, 10H); MS m/z 443 [M+H]".

Viduy 108

Benzyl {2-[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl }carbamat (IIa-Cbz-059)

o)

f’ N/\/D‘r(l 2
CszN/\’O‘” CL .___»CbZH H Q
’ HN N,OBn | N,

H o OBn

Dung dich chira (28,5R)-N-(2-benzyloxycarbonylaminoetoxy)-5-
(benzyloxyamino)piperidin-2-carboxamit (642mg, 1,451mmol) trong axetonitril
(66ml) dugce lam lanh biang nudc d4, va bd sung trietylamin (709uL) va
clotrimetylsilan (203pL) vao do, sau do khudy trong 1 gio. B sung clorofomat
triclometyl (105uL) vao dung dich phéan tmg, sau d6 khudy & cuing nhiét do trong 20
phut. Sau do6 bd sung 4-(dimetylamino)pyridin (18mg) vao dung dich phan trng, nhiét
do duoc nang dén nhiét d6 trong phong, sau d6 khudy qua dém. Hdn hgp phan tmg
duoc c6 dudi ap suét giam, va phan cin thu duge dugc pha lodng bang etyl axetat, va
sau d6 dugc rira 1an luot bing nude, dung dich nudc axit xitric 5%, dung dich nude
natri bicarbonat 6,5% va nudc mudi bio hoa. Tiép theo, 16p hitu co dugc loai nude
trén magie sulfat khan, va dung moi dugc loc ra dudi ap sudt giam. Phin cin thu duoc
duoc tinh ché bang sic ky cot silicagel (n-hexan/etyl axetat = 1/3) dé thu duoc 407mg
hop chét duge néu & phin d& muc nay (hiéu sudt 60%).

'H NMR (400 MHz, CDCl3) & 1,59-1,65 (m, 1H), 1,91-2,02 (m, 2H), 2,26-2,31 (m,
1H), 2,71-2,74 (d, J = 11,6 Hz, 1H), 2,99-3,02 (br d, J = 11,2 Hz, 1H), 3,28 (s, 1H),
3,31-3,39 (m, 1H), 3,46-3,49 (m, 1H), 3,88-3,97 (m, 3H), 4,88-4,91 (d, J = 11,6 Hz,
1H), 5,03-5,06 (d, J = 11,6 Hz, 1H), 5,11 (s, 2H), 5,83 (br s, 1H), 7,27-7,43 (m, 10H),
9,36 (br s, 1H); MS m/z 469 [M+H]".

Vidu 109

(28,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-6-(benzyloxy)-7-oxo-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit (IIa-boc-059)
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Dung dich chira (2S,5R)-N-(2-tert-butoxycarbonylaminoetoxy)-5-
(benzyloxyamino)piperidin-2-carboxamit (368mg, 0,90 1mmol) dugc mé ta ¢ vi du
103 hogic 105 trong axetonitril (40,9ml) dugc lam lanh bing nude d4, va bd sung
trietylamin (440uL) va clotrimetylsilan (126pL) vao do, sau do khudy trong 1 gio. BS
sung triclometyl clorofomat (66,0uL) vao dung dich phan tng, sau d6 khudy & cing
nhiét do trong 30 phut, sau d6 bd sung 4-(dimetylamino)pyridin (10,2mg) vao dung
dich phan tng, va nhiét d¢ dugc nang dén nhiét do trong phong, sau d6 phan tmg trong
4 gi. Hon hop phan tng duge cd dudi ap sudt giam, va phan cin thu dugc duge pha
loang bang etyl axetat, va sau d6 dugc rira 1an lwot bing nuéce, dung dich nudc axit
xitric 5%, dung dich nudc natri bicarbonat 6,5% va nudc mudi bio hoa. Sau do, 16p
hitu co dugc loai nude trén magie sulfat khan, va dung méi dugc loc ra dudi ap suét
giam. Phén cin dau thu dugc dugc tinh ché bing séc ky cot silicagel (n-hexan/etyl
axetat = 2/3) d& thu duoc 202mg hop chit duge néu & phén dé muc nay dudi dang chét
ran khong mau (hiéu sut 52%). Dit liéu theo dung cu thuc nghiém phu hop véi dir
liéu cua vi du 59.

Vidu 110

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat (IIb-boc-0359)

o o)

| l,
BocHN/\/O‘H) (\] Boclrlr«r’\/c"”/l Q
| N

N
o N‘oesn o N‘OH

tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl}carbamat (43,4g, 100mmol) dugc hoa tan trong
tetrahydrofuran (475ml). Sau khi hoa tan, bd sung nudc (25ml), va dit dudi khi quyén
argon. B sung 10% Pd/C (8,68g, 50% wt), va khudy manh duéi khi quyén hydro
trong 3 gi¢. Piém cubi duge xac dinh bang TLC, va sau d6 chét xtc tac dugc loc qua
Celite. Dung mdi ctia chét loc dwgc c¢b dudi ap suit giam. Phén cin d3 c6 dugc nglmg
phan tmg thé va cd bang etyl axetat (100ml) hai 14n, va bing metylen clorua (100ml)
mdt 1an dé thu duge 34,5g hop chét dugc néu & phan d& muc nay (dinh lugng). Dit liéu
theo dung cu thuc nghiém pht hgp véi dit liéu cta vi du 59.
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Vidu 111

tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-ox0-1,6-diazabixyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]etyl } carbamat (ITb-boc-059): Tong hop tir (ITa-Cbz-059)

0 o
| |
CszN/\/O‘”/l ’/\:l - BocHN”.\/O‘ﬂ) 1/\:1

N N
}——N : }-——N\
o} "OBn 0 OH
Benzyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabixyclo[3.2.1]oct-2-

yl]carbonyl}amino)oxy]etyl }carbamat (468mg, 1,00mmol) dugc md ta & vi du 108 va
di-tert-butoxycarbonyldicarbonat (240mg) dugc hoa tan trong tetrahydrofuran (6,6ml),
va bd sung 10% Pd/C (93mg, do 4m 50%) vao do, sau d6 khudy manh duéi khi quyén
hydro trong 3 gid. Piém cubi duge xac dinh bing TLC, va sau d6 chét xuc tac dugce
loc qua Celite. Dung mdi cia chit loc dugc cd dudi ap suét giam dé thu duoc 403,7mg
hop chét dugc néu & phe‘in dé muc nay (dinh lugng). Dit liéu theo dung cu thyc nghiém
pht hgp véi dit 1i€u cta vi du 59.

Vidu 112

Tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl}carbamat (III-boc-059)

o]

O
! |
BocHN’A\”O‘N/l"" Bm‘:HN’/\/O‘N/l
H N - H N
! N )—N BU4N+

o] OH (o] ‘0S05

B& sung lién tyc 2,6-lutidin (32,8g) va phirc chat luu huynh trioxit -pyridin
(51,9¢) vao dung dich chira tert-butyl {2-[({[(2S,5R)-6-hydroxy-7-0xo0-1,6-
diazabixyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]etyl}carbamat  (34,5g, 100mmol)
trong metylen clorua (500ml), va khudy trong 24 gid. Phan tng hoan thanh bang
HPLC, dung dich phan tng dugc loc, va bd sung chét loc vao dung dich nudc natri
bicarbonat 8% (1L), va dwogc rira bing metylen clorua (500ml). B sung etyl axetat
(1L) vao 1ép nude, sau d6 bd sung tetrabutylamoni hydro sulfat (37,34g) trong khi chu
y dén sy sui bot, va khudy trong 30 phiit. Sau khi tch chét 16ng ciia hdn hop, 16p nude
duge chiét bing etyl axetat (500ml) hai 1dn. Cac 16p hitu co két hop duge lam kho
bing magie sulfat, va c6 dung mdi dudi ap sut giam dé thu dugc 53,9g hop chit duoc
néu & phén dé muc nay (hidu suét 81,1%). Dit liéu theo dung cu thwe nghiém phu hop
voi dit li€u cta vi du 59.
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Viduy 113

(2S,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit (I1I-059)

(o] O
|
BOCHN/\/O~ﬁ)L.,Q HQN/\/O‘u) ".Q
————e Y
N BusN* N
J—N SN

0 ‘0S05 o "OSOgH

Dung dich chira tetrabutylamoni tert-butyl {2-[({[(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabixyclo[3.2.1]oct-2-yl|carbonyl}amino)oxy]etyl} carbamat (68,9g, 104mmol)
trong dung dich metylen clorua (170ml) dugc lam lanh dén -20°C, va bd sung axit
trifloaxetic (170ml) & -15°C hodc thap hon trong 20 phiit, sau d6 khudy & 0°C trong 35
phut. B sung dietyl ete (510ml) vao dung dich phan tng, va sau d6 khudy & 0°C trong
40 phuat. Chét rén két tia duoc loc qua phéu Kiriyama, va dugc rira bang dietyl ete
(450ml), tiép theo 1am kho trong chén khéng dé thu dugc sin pham tho (39,5g). Chat
dém natri axetat 0,5M/axit axetic (400ml, d¢ pH 5,6) duogc bd sung vao do, va sau do
pH duge diéu chinh dén d6 pH 5,6 bang dung dich nudc natri hydroxit SM, va sau d6
duoc tinh ché bang sic ky cot silicagel octadexyl (nudc) dé thu duoc 24,8g hop chét
duoc néu & phan dé muc nay (hidu suit 74%).

Dir liéu theo dung cu thuc nghiém phu hop véi dit liéu cua vi du 59.
Vidu 114
Dihydroclorua cua (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat (4b);

Téng hop tir hop chét (2) thong qua hydroclorua cua axit (2S,5S)-5-hydroxypiperidin-
2-carboxylic (7)

Buée 1
Hydroclorua cua axit (2S,5S)-5-hydroxypiperidin-2-carboxylic (7)

B sung tlr tir (28S,5S)-tert-butyl 5-hydroxypiperidin-2-carboxylat (126,22g,
0,63 mol) dugc mé ta & vi du 1 vao axit clohydric SM (630ml) & nhiét d) trong phong,
sau d6 gia nhiét dén 65°C va khudy trong 2 gio. Tiép theo, dung dich phan ng dugc
lam lanh dén nhiét do trong phong va dung mdi phan ting dugc ¢b dudi 4p sudt giam.
Phdn cin dugc hoa tan trong nude (500ml), va bd sung than hoat tinh (6,5g), sau d6
khudy & nhiét d6 trong phong trong 30 phut. Than hoat tinh dugc loc qua Celite. Celite
duoc rira hai lan bé‘mg nudc (100ml) va chét loc dugc két hop, sau d6 c6 dudi ap suét
giam. Phan cin (150g) dugc lam lanh bing nudc d4, sau d6 nudi cdy va khudy. Bd
sung nho giot axeton (650ml) vao hdn hgp trong 30 phut, sau d6 khudy trong 30 phit.
Céc tinh thé ldng dugc loc ra theo dong argon, sau do rira bang axeton. Sau khi loai

-161-



23597

chét 16ng va 1am kho trong chan khong qua dém, 108,79g hop chét duoc néu & phan dé
muc nay thu duogc duéi dang tinh thé bot khong mau (hiéu suét 96%).

'H NMR (400 MHz, D,0) & 1,66-2,23 (m, 4H), 3,25 (d, J = 3,4 Hz, 1H), 3,38 (d, J =
3,4 Hz, 1H), 4,00 (dd, J = 11,7, 3,7 Hz, 1H), 4,22 (brs, 1H); MS m/z: 146 (M-
HCIH+H)".

Buéce 2
Mudi hydroclorua ciia (28,5S)-metyl 5-hydroxypiperidin-2-carboxylat (8)

B& sung hydro clorua 2M - metanol (230ml) vao mudi hydroclorua cua axit
(28,58)-5-hydroxypiperidin-2-carboxylic (26,46g, 0,146 mol), sau d6 gia nhiét & diéu
kién hdi luu. Sau 1,5 gid, dung dich phén img duoc cd, sau d6 thé va ¢ bing metanol
(200ml) ba 14n. Phan cin dugc 1am kho trong chén khong dé thu duge 28,55g hop chét
duogc néu & phé‘m d& muc nay dudi dang bt tinh thé khéng mau (dinh luong hiéu sut).

'H NMR (400 MHz, D,0) & 1,74-2,06 (m, 4H), 3,12 (dd, J = 2,0, 13,2 Hz, 1H), 3,25-
3,29 (m, 1H), 3,72 (s, 3H), 3,98 (dd, J = 3,8, 12,2 Hz, 1H), 4,09 (brs, 1H); MS m/z:
160 (M-HCI+H)".

Budce 3
(28,5S)-metyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat (9)

B6 sung trietylamin (91,0ml) trong khi 1am lanh bang nudc da vao huyén phu

chira (28,5S)-metyl 5-hydroxypiperidin-2-carboxylat hydroclorua (26,80g, 0,137 mol)
trong tetrahydrofuran dd loai nudc (440ml), sau do bd sung nhé giot trifloaxetic
anhydrit (39,5ml) & 10°C hoc thip hon trong 1 gio. Huyén pht phan tng dugc khudy
trong 70 phut trong khi nhiét d6 dugc nang din dén nhiét do trong phong. B6 sung
nu6e (80ml) vao dung dich phan tmg, sau d6 khudy & nhiét do trong phong trong 30
phut. Tiép theo, bd sung nuée (1000ml) vao d6 va chiét bang etyl axetat ba lan (500ml
+ 2 x 250ml). Lép hitu co duoc rira bing axit clohydric (300ml) 1M, dung dich nuéc
natri bicarbonat bdo hoa (200ml) va nudc mudi bdo hoa (2 x 150ml), lam khé bing
natri sulfat khan, loc, va sau d6 dugc co duédi ap suét gidm dé thu duoc 34,65g hop
chét duoc néu & phin d& muc nay dudi dang dau (hiéu sudt 99%).
"H NMR (400 MHz, CDCl;) 8 dwgc quan sat dudi dang hop chit ctia 2 chit dong phan
hinh hoc (7:3). 1,34-1,44 (m, 1H), 1,73-1,83 (m, 1H), 2,00-2,10 (m, 2H), 2,39-2,45 (m,
1H), 2,75 (t, ] = 11,5 Hz, 0,3H), 3,11 (dd, J = 5,7, 13,4 Hz, 0,7H), 3,79 (s, 2,1H), 3,81
(s, 0,9H), 4,00-4,06 (m, 0,7H), 4,58-4,67 (m, 0,3H), 4,62 (m, 0,3H), 5,20 (d, J= 5,9
Hz, 0,7H); MS m/z: 256 (M+H)".

Buéc 4

-162-



23597

Hydroclorua cta (2S,5R)-metyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (10)

Dung dich chira (2S,5S)-metyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (32,71g, 0,128 mol) trong axetonitril loai nuéc (250ml) dugc lam lanh dén
-30°C, sau d6 bd sung 2,6-lutidin (16,9ml) va bd sung nho giot triflometansulfonic
anhydrit (22,5ml) & -36 dén -30°C trong 15 phut. Sau khi khudy & -32°C trong 25
phit, bd sung nhé giot benzyloxyamin (32,25g) & -32°C hodc thip hon, sau d6 rira
bang axetonitril (10ml). Sau khi dung dich phan tng da dugc 1am néng dan lén dén
0°C, bd sung 2,6-lutidin (16,9ml) va khudy & 4°C trong 2 ngay. Dung dich phan ung
duge c6 dén 150ml, sau dé pha loing bang etyl axetat (750ml) va rta bang nudc
(750ml), dung dich nudce axit xitric 10% (3 x 750ml), dung dich nuéc natri bicarbonat
bdo hoa (375ml), va nudc mudi bdo hoa (400ml). M3i 16p nudc duge chiét lai bang
etyl axetat (400ml) va céc 16p hitu co két hop duogc 1am khd bang natri sulfat khan,
duoc loc, va sau d6 dugce cd dudi ap sudt giam dé thu dugc 46,93g phén cin. 38,24¢g
phén cin thu dugc duge 14y ra va pha lodng béng etyl axetat (120ml). O nhiét d6 trong
phong, bd sung hydro clorua 1M - etyl axetat 160ml (0,160 mol) dé két tinh, va bd
sung hexan (560ml). Sau khi khudy & 0°C trong 3 gio, céc tinh thé duoc loc, dugc rira
bang hexan (400ml), va sau d6 lam kho trong chén khong dé thu dugc 30,36g hop chét
duoc néu & phin d& muc nay dudi dang bot tinh thé (hidu suit 73%).

'H NMR (400 MHz, CD;0D) & dugc quan sat dudi dang 13 hdn hop gdm hai chét
ddng phan quay. 2,00-2,09 (m, 3H), 2,23-2,24 (m, 1H), 3,33- 3,42 (m, 0,5H), 3,74 (dd,
J=3,2, 15,6 Hz, 0,5H), 3,79 (s, 2H), 3,81 (s, 1H), 3,89 (brs, 1H), 4,29 (d, ] = 15,9 Hz,
0,5H), 4,81 (d, ] = 14,4Hz, 0,5H), 5,08-5,16 (m, 2,5H) ; MS m/z: 361 (M-HCI+H)".
Buéce 5

Dihydroclorua cta (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat (4b)

Bb sung hydro clorua 2M - metanol (40ml) vao mubi (2S,5R)-metyl 5-
(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat hydroclorua (1,951g,
4,92mmol), sau d6 dé hdi lru trong 3 ngay. Tiép theo, dung dich phan ung dugc cd
dén 14ml, va etyl axetat (40ml) duoc bd sung dé 1am lang tinh thé. Huyén phi duoc
khudy & nhiét d6 trong phong trong 1,5 gid, sau do dugc loc qua phéu Kiriyama, dugc
rira bing etyl axetat (80ml), va 1am kho trong chén khong @8 thu duoc 1,439g hop chat
duoc néu & phan d& muc nay duéi dang bot tinh thé (hiéu suét 87%). Dit lidu theo
dung cu thuc nghiém phu hgp véi dit liu cta vi du 12.

Vidu 115
Dihydroclorua cua (2S,5R)-5-(benzyloxyamino)piperidin-2-carboxylat (4b);
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Tbng hop tir axit (2S,58)-5-hydroxypiperidin-2-carboxylic c6 ban san trén thi truong
(7)

Budece 1

Hydroclorua cua (28S,5S)-metyl 5-hydroxypiperidin-2-carboxylat (8)

B6 sung axit (28,5S)-5-hydroxypiperidin-2-carboxylic (ham lugng 84%, khéi
luong tinh 912,22g, dugc rira bing hydro clorua 2M - metanol 3,1L) vao hydro clorua
2M - metanol (12,8L), sau d6 dé hdi luu trong 3 gid (nhiét do bén trong 63 - 67°C).
Sau khi dung dich phan tng dugc lam lanh, bd sung 1,4-dioxan (12,8L) va dung méi
duoc loc ra dudi 4p sudt giam. Bd sung etyl axetat (18,3L) va dung dich nudc kali
carbonat 44% (23,7L) da dugc lam lanh bang nuée d4 vao phén cin (4,1 kg), sau d6 1a
qué trinh trinh tach 16p cda 16p hitu co. Lép nude duge chiét thém bang etyl axetat (3
x 18,3L). Dung dich nuéc kali carbonat 50% (7,3L) dugc tach & mdi 16p nuée, céac 16p
hitu co duogc két hop, 1am kho bang kali carbonat khan (2,37 kg) va dugc loc, va dung
mdi duoc loc ra dudi ap sudt giam. Phén cin dugc hoa tan trong toluen (9,1L), va bd
sung than hoat tinh (9,2g), sau d6 khudy trong 30 phut va loc, va dung mdi dugc loc ra
dudi ép sut giam. Phan cin dugc thé bing etyl axetat (9,1L) va dugc ¢d dé thu duoc
1130g hop chét dugc néu & phén dé& muc nay dudi dang diu mau vang nhat (ham
lugng 78,9%, khéi luong tinh 891,57g, hi¢u suét 89%).

Budce 2
(28,5S)-metyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat (9)

Dung dich chira (28,5S)-metyl 5-hydroxypiperidin-2-carboxylat (ham luong
78,8%, khbi lugng tinh 459,48g) trong etyl axetat da loai nudc (7,4L) dugce lam lanh
dén -40°C va trietylamin (1300g) va sau do trifloaxetic anhydrit (1349g), dugc rua
bing etyl axetat dd loai nude (100ml) dugce bd sung timg giot vao & -40 dén -12°C
trong 30 phut. Nhiét 4§ duoc ning dén -2°C trong vong 15 phut sau khi bd sung nho
giot, sau do khudy trong 75 phut. Ngoai ra, bd sung nuéc (1277ml) vao hdn hop, sau
d6 khudy & 25 °C trong 1 gio. Hon hop dugce bd sung vao nuéde (8,4L) (duge rira bing
etyl axetat (4,5L), sau do chiét thém bing etyl axetat (2 x 9,8L). Céc 16p hitu co két
hop dugc rira lién tuc bing axit clohydric 1M (8,5L), dung dich nudc natri bicarbonat
bdo hoa (8,5L) va nudc mubi bdo hoa (8,5L), sau d6 1am kho bang natri sulfat khan
(1,8 kg) va loc. Sau khi dung méi cia 16p hitu co dugce loc ra dudi ap suét giam, bd
sung etyl axetat (3,6L) vao phin can, sau d6 13 qua trinh thé va c6. Phan can dugc lam
kho trong chan khong dé thu duge 793,4g hop chit dwoc néu & phan dé muc nay (ham
luong 81,5%, khéi lwong tinh 648,66g, higu suit 88%).

Budce 3
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(2S,5R)-metyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-carboxylat
(10)

Dung dich chtra (2S,5S)-metyl 5-hydroxy-1-(2,2,2-trifloaxetyl)piperidin-
2-carboxylat (ham lugng 81,5%, khdi lugng tinh 556,23g) trong axetonitril loai
nu6e (4,0L) duge lam lanh dén -40°C, bd sung nho giot 2,6-lutidin (259,24g)
(dugc rira bang axetonitril (100ml), va anhydrit ctia axit triflometan sulfonic
(645,72g) & -43 dén -37°C trong 1 gio va 10 phut (duoc rira bang axetonitril
100ml). Sau khi dung dich phan tng dwoc khudy & -35°C trong 50 phut, bd sung
nho giot benzyloxyamin (550,27g) & -35 °C hodc thip hon, sau d6 rira bang
axetonitril (500ml). Sau khi dung dich phan Urng dugc lam néng dén 1én dén -5°C,
b sung 2,6-lutidin (259,24g), sau d6 khudy & 5°C trong 40 gi. Hon hop dugc cd
dén 1,8L, sau d6 pha lodng bang etyl axetat (12,4L) va rira bang nuéc (12,4L),
dung dich nude axit xitric 10% (4 x 8L + 4,7L), dung dich nuéc natri bicarbonat
bao hoa (6,3L) va nuéc mudi bao hoa (7,2L). Lép hitu co duge 1am khod bang natri
sulfat khan, sau d6 loc va sau d6 cd dudi 4p suét giam. Phan cin dugc lam kho
trong chan khong dé thu dugc 867,73g hop chét duoc néu & phdn dé& muc nay
(ham lwong 71,56%, hiéu suit 79%).

Budc 4

Hydroclorua cta (2S,5R)-metyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (10)

(2S,5R)-metyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (ham lugng 70,13%, khdi lwong tinh 673,20g) dugc pha lodng bing etyl
axetat (4,8L) va bd sung than hoat tinh (48g), sau d6 khudy trong 1 git. Hon hop duogc
loc, sau do6 rira bing etyl axetat (2L). Chét loc dugc pha lodng bang etyl axetat (4,7L),
va bd sung dung dich hydro clorua 1M - etyl axetat (2,7L) & nhiét do trong phong, sau
do khqu trong 15 phut. Sau do, bd sung hexan 28,61, sau d6 lam lanh dén 0°C. Sau
khi khudy va héa gia trong 3 gid, cic tinh thé duoc loc, dugce rira bing hexan/etyl
axetat = 4/1 (3L), va sau d6 lam kho trong chén khong dé thu duoc 724,0g hop chét
duge néu & phin @ muc nay (ham lugng 91,72%, hidu suit 90%).

Buéce 5
Dihydroclorua cta (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat (4b)

(2S,5R)-metyl 5-(benzyloxyamino)-1-(2,2,2-trifloaxetyl)piperidin-2-
carboxylat (ham lugng 92,01%, khéi lvong tinh 732,25g) dugc hoa tan trong dung
dich hydro clorua 2M - metanol (15L), sau d6 gia nhiét & diéu kién hdi luu trong
27 gid. Hon hop duge 1am lanh dén nhiét do trong phong va dugc ¢d dén 3L dudi
ap sut giam. B6 sung metanol (2,7L) vao hdn hop, sau d6 bd sung etyl axetat
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(16,3L), sau d6 khudy trong 1 gid. Céc tinh thé ling duogc loc, dugc rira bang etyl
axetat (3 x 1,1L), va lam kho trong chan khéng dé thu duge 572,0g hop chét dugc
néu & phan d& muc nay (ham lugng 98,06%, hiéu suit 92%). Dit liéu theo dung cu
thuc nghi€ém phu hgp véi dit lidu ctia vi du 12.

Vidu 116

Axit (2S,5R)-5-((benzyloxy)amino)-1-(tert-butoxycarbonyl)piperidin-2-carboxylic
(Iv-a3)

Dihydroclorua cta (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat
(4b) duwgc mb ta ¢ vi dy 12 (6,64g, 20mmol) dugce hoa tan trong nude (40ml) va 1,4-
dioxan (27ml), sau d6 1am lanh bang nuéc d4. Bd sung dung dich nuéc natri hydroxit
5M (13,2ml), sau d6 khudy trong 1 gio. B4 sung axit clohydric SM (1,2ml), kali
carbonat (2,76g), di-tert-butoxycarbonyl dicarbonat (4,8g) vao dung dich phan ung,
sau d6 nang nhiét do dén nhiét d6 trong phong va khudy qua dém. Dung dich nuéc thu
duoc bang cach cd dung dich phan tmg dugc rira bing ete, sau d6 didu chinh dén do
pH 3,3 bang axit xitric - monohydrat, chiét bing etyl axetat (50ml) hai 14n, rira bing
nuéc mudi bao hoa, 1am kho bang natri sulfat khan, loc va ¢d dung mdi dudi ap suét
giam. Bing cach d6, 6,87g hop chit dugc néu & phan d& muc nay thu duoc (dinh
lugng hi¢u suét). Dit liéu theo dung cu thuc nghiém pht hop véi dit liéu cta vi du 99.

Vidu 117
Diéu ché B-Lactamaza enzym

St dung Pseudomonas aeruginosa ATCCBAA-47 genome, plasmid pBR322,
Klebsiella pneumoniae ATCCBAA-1705, va P. aeruginosa MSC17696 1am mau, mdi
DNA mai héa peptit tin hiéu loai trir B-lactamaza, AmpC, TEM-1, KPC-2 hodc mién
OXA-2 dugc khuéch dai bang PCR. M3i trong sé san phdm PCR duogc két hop vao
vecto pET-28b(+)(Merck), dugc dua vao Escherichia coli BL21 (DE3) (Merck) va
trong khi cdm g bdi ImM isopropyl-p-D-(-)-thiogalactopyranosit (Nacalai Tesque),
duoc nudi cdy qua dém & 20°C d€ biéu hién AmpC, TEM-1, KPC-2, va OXA-2. Sau
khi t& bao vi khudn duoc thu gom, AmpC dugc tinh ché tir dich chiét té bao thu duoc
bang cach xtr 1y siéu am, sir dung CM Sepharose Fast Flow (GE Healthcare) va HiTrap
Heparin HP (GE Healthcare) & 4°C. TEM-1 duoc tinh ché bing HiTrap SPHP (GE
Healthcare), HiTrap Q (GE Healthcare) va Mono Q (GE Healthcare), va KPC-2 dugc
tinh ché bing HiTrap SPHP. OXA-2 dugc tinh ché bang HiTrap SPHP va HiTrap
Heparin HP.

Vidu 118

Hoat tinh trc ché B-lactamaza
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Pé danh gia hoat tinh G ché B-lactamaza, nitroxefin 100puM (ndng do cubi)
(Oxoid) dugc s dung lam co chit, va DMSO 2,5%, albumin 10pg/ml thu duge tir
huyét thanh bod (Sigma-Aldrich) va dém phosphat 50mM & d6 pH 7,0 duge st dung
lam dung dich phan tng. Phan chia cac hop chét thir nghiém vao méi 15 cia dia 96 10,
tazobactam (TAZ, LKT Laboratories), NXL104 (dugc diéu ché theo US 7,112,592, do
tinh khiét 99,5%, Meiji Seika Pharma Co., Ltd.) hosic MK-7655 (dugc diéu ché theo
W02009/091856, do tinh khiét 99,4%, Meiji Seika Pharma Co., Ltd.) va AmpC,
TEM-1, KPC-2 hodc OXA-2 (ndng do cubi 1an lugt 12 0,5 nM, 0,1 nM, 0,5 nM, hodc 2
nM), sau d6 nudi cdy & 30°C trong 10 phut. Nitroxefin dugc bd sung vao mbi 16 aé
duoc tron vao do, sau d6 nudi céy & 30°C trong 20 phut, va st dung Multiscan Ascent
(Thermo Fisher Scientific) dé do buéc séng 492nm, bang cich d6 danh gia hoat tinh
thiy phén nitroxefin cua B-Lactamaza, d8 x4c dinh hoat tinh trc ché enzym. Dé lam
mAu dbi ching, dung dich phan tng khong chira B-lactamaza dugc didu ché, va nong
d6 ctia hop chét thtr nghiém thé hién e ché 50% duge xac dinh la tri s6 IC50. Ve do
manh hoat tinh trc ché, cac murc thap hon 0,1uM, thap hon 1uM, thép hon 3uM, thap
hon 10uM, va 10uM hogc cao hon I4n lugt duge thé hién 1a A, B, C, D, va E. Céc keét
qué dugc thé hién & bang 5.

Lép A B-Lactamaza: KPC-2, TEM-1
Lép C P-Lactamaza: AmpC
LépD B-Lactamaza: OXA-2 (ESBL)
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Bang 5

Hoat tinh trc ché p-Lactamaza

Hop chit | AmpC | TEM-1 | KPC-2 | OXA-2

TAZ

NXL104

MK-7655

Vidu 18

Vidu 20

Vidu 25

Vidu 33

Vidu 55

Vidu 56

Vi du 57

Vidu 58

Vidu 59

Vi du 60

Vidu 6l

Vi du 62

Vi du 63

Vi du 64

Vi du 65

Vi du 66

Viduy 67

Vidu 68

Vidy 69

wwoooooooowow%oUUmUoww>

Vidu 70

Vidu71

Z
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Vidu 72
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Vidu73 NT

Vidu 74

Vidu 75

Vidu 76

Vidu 77

Vidu 78

Vidu79

Vi du 80

Viduy 81

Vi du 82

Vidu 83

Vi du 84

WwwwaowaoQwwma|w

Vi du 85

Vi du 86 NT

Vi du 87

Vi du 88

Vi du 89
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Vidu 90
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Vidu91
Viduy 92
Viduy 93
Vidu 94
Vidy 95
Vidu 96
Viduy 97
NT: khong dugce thir nghiém; A: <0,1 pM, B: <1 puM,
C: <3 uM, D: <10 uM, E: 210 upM

>\ > > > > > >

> > (> > | > > | >

> > ||| W >

B
B
B
B
C
C
B

Vidu 119
Tac dung hiép déng

Tac dung hiép dong cta hop chét thir nghiém véi chit B-lactam chbng vi
khudn dugc danh gia bang cach sir dung ching chu yéu biéu hién AmpC, P. aeruginosa
ATCCBAA-47CR dugc chon tir ATCCBAA-47 thong qua viéc tiép xuc tac nhan,
ching sinh KPC-2, K. pneumoniae ATCCBAA-1705, va ching sinh CTX-M-15
(ESBL) va OXA-1, E. coli MSC19503. Str dung piperaxilin (PIPC, Sigma-Aldrich)
lam chét B-lactam, ndng o trc ché tdi thidu (MIC) ctia PIPC dugc danh gi bang quy
trinh hoa tan dia thach aga theo Clinical va Laboratory Standards Institute (quy trinh
CLSI). Tt 13, dfa aga chira PIPC & mdi ndng do dwoc didu chinh ty sé chung 2 cua
cac ddy hoa tan trong aga Mueller-Hinton (MHA, Becton, Dickinson va Company) va
hop chét thir nghiém c6 1/4 hogc 1/8 ndng do PIPC tuong tmg dugc tao ra, va vi khudn
da nudi cdy qua dém trong mdi trudng canh thang Muller-Hinton duoc diéu chinh
cation (CAMHB, Becton, Dickinson va Company) duogc diéu chinh trong cung moi
truomg d& 6 10* CFU/Vét va duge cdy vao dia chira téc nhan. Dia chira tdc nhan nay
duoc nudi cdy qua dém & 35°C, va ndng do cht t6i thiu trong d6 khong quan sat thay
su phat trién cta vi khuén dugc xac dinh 1a MIC. Cé4c hoat tinh khang khuén cua riéng
PIPC d6i véi P. aeruginosa biéu hién lién tuc AmpC, K. pneumonia sinh KPC-2, va E.
coli sinh CTX-M-15 (ESBL) va OXA-1 dugc thé hién 1an lugt 1a 64 pg/ml, > 128
pg/ml, > 128 pg/ml, va cac hoat tinh trong d6 hoat tinh khang khudn ciia PIPC dugc
phuc hdi 1a nhé hon 1/16, nho hon 1/4, va nhé hon 1/1, va khong duge phuc hdi nhe
tac dung hi€p déng ctia cac hop chét thir nghiém dugc thé hién 14n lugt 13 A, B, C, va
D. Céc két qua duoc thé hién & bang 6.

Lop A B-Lactamaza: KPC-2, CTX-M-15 (ESBL)
Lop C B-Lactamaza: AmpC
Lép D B-Lactamaza: OXA-1
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Béang 6
Vi sinh vét P. aeruginosa | K. pneumoniae E. coli
, . : | ATCCBAA- ATCCBAA-
Chung vi khuan A7CR 1705 MSC19503
, CTX-M-15,
sinh errlzym AmpC(++) KPC-2 OXA-1

Hop chit HQ’P}SIhlfl (t:/ty ¢ Hoat tinh tdng cuong

TAZ 1/8 D D B
NXL104 1/8 B B A
Vidu 18 1/4 D C B
Vidu 20 1/4 C B A
Vidu 25 1/4 C B A
Viduy 33 NT NT NT NT
Vidu 55 NT NT NT NT
Vidu 56 1/8 C B A
Vidy 57 1/4 C B A
Vidu 58 1/8 C C A
Vidu 59 1/8 B B A
Vi dy 60 1/8 D C B
Viduy 61 1/8 B A A
Vidu 62 1/8 C B A
Viduy 63 1/8 C B A
Vi du 64 1/8 C A A
Vidu 65 1/8 C A A
Vi du 66 1/8 B B A
Vidu 67 1/8 B A A
Vidu 68 1/8 B B B
Vi du 69 1/8 B B A
Vidu 70 1/8 C B A
Vidu 71 1/8 D C B
Vidu 72 1/8 C B A
Viduy 73 1/8 C B A
Vidu 74 1/8 C B A
Vidu 75 1/8 B A A
Vidu 76 1/8 C A A
Vidu 77 1/8 B A A
Vidu 78 1/8 C A A
Vidu 79 1/8 B B A
Vi duy 80 1/8 C B A
Viduy 81 1/8 B B B
Vi du 82 1/8 B B A
Vidy 83 1/8 C B A
Vidu 84 1/8 B B A
Vi du 85 1/8 B B A
Vidu 86 1/8 C B A
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Vidu 87 1/8 C B A
Vidu 88 1/8 D B A
Vidu 89 1/8 C B A
Vi du 90 1/8 C B A
Vidu91 1/8 C B A
Vidu92 1/8 B B A
Vidu 93 1/8 C B A
Vidu 94 1/8 D C A
Vidu95 1/8 C B A
Vi du 96 1/8 C B A
Vidu 97 1/8 C B A

NT: khong duogc thir nghiém; A:<1/16, B:<1/4, C:<1, D:>1

Vidu 120

Téc dung hiép dong cua cac hop chét thir nghiém dugc téng hop & céc vi du
59, 61 va 69 c6 tac nhan B-lactam chéng vi khun dugc dénh gia bang cach sir dung
chung sinh KPC-2, K. pneumoniae ATCCBAA-1705, chung sinh CTX-M-15 (ESBL)
va OXA-1, E. coli MSC19503, va chung chu yéu biéu hién AmpC, P. aeruginosa
ATCCBAA-47CR. St dung ampixilin (ABPC, Sigma-Aldrich), amoxixilin (AMPC,
Sigma-Aldrich), piperaxilin (PIPC), xeftazidim (CAZ, Sigma-Aldrich), xefepim
(CFPM, United States Pharmacopeial Convention), xefotaxim (CTX, Sigma-Aldrich),
xeftriaxon (CTRX, Sigma-Aldrich), imipenem (IPM, United States Pharmacopeial
Convention), biapenem (BIPM, Meiji Seika Pharma Co., Ltd.), meropenem (MEPM,
United States Pharmacopeial Convention), doripenem (DRPM, Sequoia Research
Products), xefminox (CMNX, Meiji Seika Pharma), flomoxef (FMOX, SHIONOGI &
CO., Ltd.), aztreonam (AZT, United States Pharmacopeial Convention) duéi dang tac
nhan B-lactam, MIC ctia mdi B-lactam dugc do bing phuong phap vi hoa tan trong
canh thang theo quy trinh CLSI. Ttrc 1a, moi trudong chit léng chira 4pg/ml (ndng do
cudi) hop chét thir nghiém, TAZ, NXL104, hosic MK-7655, va chit B-lactam va hop
chit thir nghiém & mdi ndng do dugc diéu chinh theo ty 1& chung 2 ctia cac ddy hoa tan
trong CAMHB dugc tao ra, va vi khuén dwoc nudi cdy qua dém trong CAMHB duoc
didu chinh trong cing méi trudng dé co ndng do 10°CFU/ml va dugc cdy vao moi
truong long chira tac nhan. Moi trudng chit 1ong chira tic nhan dwgc nudi cdy qua
dém & 35°C, va ndng do tac nhan ti thidu trong d6 khong quan sat thdy sy phat trién
cta vi khudn duge xdc dinh 1a MIC. Céc két qua dugc thé hién & cdc bang tir 7 dén 9.
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Béang 7
, MIC hiép dong (pug/ml)
Vi sinh vat, Thudc o , , ,
ching vi khudn| khéng h‘ef‘g Vidu | Vida | Vidu 7wy o4 MK
(sinh enzym) | sinh | 59 | 61 69 7655
ABPC |>64 | 64 | >64 | >64 |[>64] >64 | >64
AMPC |>64 | 64 | 64 | 64 |>64| >64 64
PIPC | >64 | 4 4 4 |>64| 8 8
CAZ | 64 | 2 2 2 [32] 2 2
CFPM | 16 | 2 2 2 16| 2 2
P, ceruginosa CTX |>64| 16 16 16 |>64| 64 16
acicr [LCIRX |>64 | 16 16 8 |>64] 32 16
(AmpC) IPM 1 | 025 05 | 05 | 1] 025 | 0,25
BIPM | 05 | 025 | 0,25 | 025 |0,5] 0,25 | 0,25
MEPM | 1 | 0,5 | 0,5 1 | 1] 05 0,5
DRPM | I | 025 ] 05 | 05 | 1| 025 | 025
CMNX | >64 | >64 | >64 | >64 |>64| >64 | >64
FMOX |>64 | >64 | >64 | >64 [>64| >64 | >64
AZT |32 | 4 4 8 |32 8 4
Béang &
MIC hiép ddng (ng/ml)
Vi}finh Vé.lt’ Thube Rie Vid Vid Vid MK
ching vi \ ién idu idu idu -
khuén%sinh khng |70 TS gM | Tt | Teg [TAZINXLIOH o
sinh
enzym)
ABPC [>64 | <0,031 [ 0,031 |<0,031 |[>64| 16 64
AMPC | >64 | <0,031 | 0,031 [<0,031 [>64| 32 >64
PIPC |>64 | <0,031 | <0,031 [<0,031 |>64| 8 32
CAZ |>64]<0,031[<0,031 [<0,031 [>64| 0,5 2
CFPM | >64 | <0,031 | <0,031 |<0,031 |[>64| <0,031 | 0,25
| cTx [ >64 | <0,031 [ <0,031 [<0,031 [>64| 0,063 | 0,5
Kﬁ’;’é”l’g%?e CTRX | >64 | <0,031 | 0,031 [<0,031 |[>64| 0,063 | 0,5
(®pC.2) | IPM | 8 [<0.031[<0,031[<0,031] 4 | 0.125 | 0,063
BIPM | 16 |<0,031 [<0,031 [<0,031| 8 | 0,125 | 0,063
MEPM | 16 |<0,031 [<0,031 [<0,031| 4 |<0,031 |<0,031
DRPM| 8 [<0,031<0,031[<0,031] 4 |<0,031 |<0,031
CMNX| 16 |<0,031 | <0,031 |<0,031|16 | 0,25 2
FMOX | >64 | <0,031 | <0,031 [<0,031 |32 | 0,063 | 0,5
AZT |[>64 [<0,031 | <0,031 [<0,031 |>64| 0,063 | 0,5
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Bang 9
MIC hiép ddng (ug/ml)
Visinh vat, | s , , ,
k}fg:;l%sﬁh khéng [Riéng ré V;g“ Véfu Végu TAZ NXL104|MK-7655
enzym) sinh

ABPC| >64 |<0,031]<0.031] <0.031 | >64 | 4 64
AMPC| >64 |<0,031|<0,031| <0031 | >64 | 4 >64
PIPC | >64 |<0,031|<0.031| <0031 | >64 | 4 >64
CAZ | >64 |<0.031]|<0,031] <0,031 | 0,5 | 0,25 1

CFPM| >64 [<0,031|<0,031|<0,031 | 0,25 |<0,031| 0,125
E coli | CTX | >64 [<0,031[<0,031 | <0,031 | 0,25 |<0,031 1

MSC19503|CTRX| >64 |<0,031|<0,031 | <0,031 | 0,25 |<0,031 1

(CTX-M- | IPM | 025 |<0,031|<0,031 | <0,031 | 0,125 | 0,25 0,25
15, OXA-1)|BIPM | 0,25 |<0,031|<0,031 | <0,031 | 0,125 | 0,25 0,25
MEPM]| <0,031 [<0,031{<0,031| <0,031 |<0,031]|<0,031 | <0,031
DRPM| <0,031 |<0,031<0,031 | <0,031 |<0,031|<0,031 | <0,031
CMNX| 1 [<0,031]<0,031]| <0,031 | 1 0,125 0,5
FMOX| 0,25 [<0,031|<0,031 | <0,031 | 0,25 |<0,031| 0,125
AZT | >64 |<0,031|<0,031| <0,031 | 0,25 | 0,063 0,5

Vidy 121

Téc dung hiép ddng cta cac hop chit thir nghiém duoc tdng hop & cac vi du
59, 61, va 69 c6 chit B-lactam khang khudn dugc ddnh gia bang cach st dung 5 ching
tir mdi trong sb cac ching sinh KPC-2 hoic 3, K. pneumoniae, ching chu yéu biu
hién AmpC, P. aeruginosa, chiing chi yéu biéu hién AmpC, Enterobacteriaceae, ching
sinh B-lactamaza kim loai typ IMP, Enterobacteriaceae, ching sinh CTX-M-15
(ESBL), E. coli. Sir dung PIPC lam tic nhan B-lactam, MIC ctia tdc nhan B-lactam nay
duoc danh gia bing quy trinh pha lodng dia aga theo quy trinh CLSI. Tuc 13, dia aga
chira 4pug/ml (ndng d6 cudi) ctia hop chéit thir nghiém, TAZ, NXL104 hoic MK-7655
va tac nhan B-lactam va hop chét thir nghiém & mdi nong d6 duge didu chinh & ty 1&
chung 2 cua ddy pha lodng trong MHA dugc tao ra, va vi khudn dugc nudi cdy qua
dém trong CAMHB dugc diéu chinh & cling moi trudng @& c6 ndng @6 10* CFU/Vét va
duoc cdy vao dia chtra 4c nhan. Pia chira tac nhan nay dugc nudi cdy qua dém & 35°C,
va ndng do tac nhan t6i thidu trong d6 khong quan sat thdy su phat trién cta vi khuén
duoc xac dinh 1a MIC. Céc két qua nhu duoc thé hién & céc bang 1 dén 5.

Vidu 122
Panh gi4 hoat tinh khang vi khuin tubercle bacillus

Téc dung két hop ctia hop chét ciia vi du 59 vé6i tdc nhan B-lactam déi véi
tubercle bacillus dugc danh gia bang cach st dung cdc miu phan 14p 1am sang cia
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bénh lao khéng da thuéc (MDR-TB), bénh lao khéng thubc rong (XDR-TB), va bénh
lao nhay (H37Rv). St dung meropenem (MEPM), biapenem (BIPM), tebipenem
(TBPM, Meiji Seika Pharma), ampixilin (ABPC), amoxixilin (AMPC) lam t4c nhén (3-
lactam, MIC ctia mdi tac nhan B-lactam dugc danh gia bing phuong phép pha lodng
mdi trudng 1dng theo quy trinh BrothMIC MTB-I (Kyokuto Pharmaceutical Industrial
Co., Ltd.). Ttc 13, méi truong 16ng chira 4pg/ml (ndng d6 cubi) ctia hop chét cia vi du
59 va tac nhan p-lactam & mdi ndng d6 dugc didu chinh & ty 1& chung 2 ctia diy hoa
tan trong moi truong long Middlebrook 7H9 (Becton, Dichkinson va Company) chira
5% albumin huyét thanh b0, 2% Dextroza, 0,005% catalaza gan bo, va 0,05% Tween-
80 duogc tao ra, va huyén phu chua vi khuldn dugce diéu chinh dén ODgg = 0,16-0,2
duoc cly v6i do pha loang 200 lan. Huyén phu ndy duge 0 trong 7 ngay & 37°C trong
diéu kién duoc tao 4m, va ndng do tac nhan tdi thiéu ma trong d6 khong quan sét thdy
su phat trién cta vi khuln dugc xac dinh 1a MIC.

Két qua 13, hoat tinh khang khudn (pg/ml) ciia riéng tic nhan B-lactam a6i vei
MDR-TB, XDR-TB, va H37Rv duoc thé hién 13 16, 4, va 1 d6i véi MEPM, 16, 2, va 1
d6i voi BIPM, 4, 1, va 0,5 @6i v6i TBPM, 128, 32, va 16 dbi véi ABPC, va 128, 64, va
16 d6i v6i AMPC, va céc hoat tinh khang khudn khi sir dung két hop véi hop chét ctia
vi du 59 duogc thé hién 1a 8, 1, va 0,5 d6i véi MEPM, 4, 1, va 1 dbi véi BIPM, 2, 0,5,
va 0,25 d6i véi TBPM, 32, 16, va 2 dbi véi ABPC, va 64, 16, va 2 d6i véi AMPC.
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YEU CAU BAO HQ
1. Hop chét, ma 1a dan xuit diazabixyclooctan c6 cong thirc (I) hodc mubi duoc dung
hodc solvat cia né:

Ol
A. )’4,.
N

o}_N‘o'C

)

trong do6:

A 1la -N(R,)(Rp) hodc -OR, trong do6 mdi R,va Ry, ddc 14ap 1a Cy¢-alkyl hodc axyl; va
R, 1a C;¢-alkyl hodc heteroxyclyl;

A c6 thé duge thé bang 4 phan tir thé F,; duge chon tir Cg-alkyl, =0 va «(CHy),-R,,
trong d6:

nla0-3va

R, la heteroxyclyl; phenyl; heteroaryl, axyl, RqO2S-; Re(ReN-, R(RgNCO-, -OR.,
-OCOR, hodc nhom bao v€ dugc chon tir cac nhom bao vé kiéu trialkylsilyl va
carbamat, trong do

R4 1a Cy¢-alkyl hodc —OM, va

R., Ry m&i nhém doc 1ap 1a H hodc Cy.¢-alkyl,

vaF, co thé tiép tuc duoc thé;

B 1a -NH hodc —N(C, ¢-alkyl);

C 1a H, benzyl, hodc —SO3M, trong d6 M 1a H, cation v0 co hodc cation hitu co;

va tiép theo, R, va Ry, R, va B, va R, va R¢ c6 thé duoc lién két v6i nhau dé tao thanh
heteroxyclyl c6 it nhdt mot nguyén ti nito.

2. Hop chit theo diém 1, trong d6 trong cong thire (I):
A1a -OR; va C la benzyl (cong thuc (IIa)), hodc

A1a -OR, va C la H (cong thuc (IIb)), hodc

Ala -OR; va C 1a —=SO3M (cdng thire III).

3. Hop chét theo diém 1 hodc 2, 12 hop chét c6 cong thirc bt ky duéi day hodc mudi
dugce dung hodc solvat cua no:
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I

0 0 0
PZ\N/\/O\NJ/,,, Me\N/\/O\NJ//,, i-Pr\N/\/o\N/“/,,,
H HoN P? N P2 Hon
O)—N\O’Ps )__N\O’Ps )—N\O’Pg

@) o)
(11-059), (11-060), (1-109) (n-061) (11-064)

Me O

0] Me (0]
| 2 | 2 |
Me\NNO\N) ., P\N)\/O\N/l ., P\N/\/O\N) .,
Me H N H H N H H N
O)—N\O/P3 )—N\O/Ps )—N\O’PS

o] o]
(11-065) (11-066) (11-067)

g i ] S
PZ’N\/\/O\NJ""Q J\lﬂ\/oxu/l’n.q N "'//O\N)":,Q
P

N, }——N //L——N\
o o-P? g ‘o-P° o o-P°
(11-069) (11-075) 11-077)

o 0 PAy 0
N O\NJ'LI,, “\O\N/u“l' \j\/O\N/“’I,,
M Q (Nj g NCX " Q

O)_N\O’ p3 P2 )—_N\O’P:; O)—N\O’Ps

o)
(11-078) (11-081) (11-082)

trong do:

P? 14 t-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz) hodc H; va

P® 1a benzyl (Bn), H hodc SOsM (trong d6 M 1a H, Na, pyridini hogc tetrabutylamoni).

4. Hop chét theo diém 1 hoic 2, trong d6 hop chét nay duoc chon tir:

(28,5R)-N-(2-aminoetoxy)-7-0x0-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(28,5R)-N-[2-(metylamino)etoxy]-7 -0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-

carboxamit,

(2S,5R)-7-0x0-N- [2-(propan-2-ylamino)etoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,

(28,5R)-N-[2-(dimetylamino)etoxy] -7-0x0-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-

2-carboxamit,
(28,5R)-N-{[(2S)-2-aminopropyl]oxy} -7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,
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(2S,5R)-N-{[(2R)-2-aminopropyl]oxy}-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit, '

(28,5R)-N-(3-aminopropoxy)-7-oxo-6-(sulfooxy)-1,6-diazabixyclo[3.2.1]octan-2-
carboxamit,

(2S,5R)-N-[(2S)-azetidin-2-ylmetoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,

(28,5R)-7-0x0-N-[(2R)-pyrolidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,

(2S,5R)-7-0x0-N-[(2S)-piperidin-2-ylmetoxy]-6-(sulfooxy)-1,6-
diazabixyclo[3.2.1]octan-2-carboxamit,

(28,5R)-7-0x0-N-[(3S)-pyrolidin-3-yloxy]-6-(sulfooxy)-1 ,6-diazabixyclo[3.2.1]octan-
2-carboxamit,

(28,5R)-N-(azetidin-3-ylmetoxy)-7-oxo0-6-(sulfooxy)-1,6-diazabixyclo[3.2. 1]octan-2-
carboxamit,

hodc mudi duge dung hodc solvat duge dung cia no.

5. Dugc pham chtra hgp chét theo diém bt ky trong s6 cac diém tir 1 dén 4 vatuy y
chéit mang dugc dung.

6. Dugc phim theo didm 5 con chira thubc khang sinh B-lactam va t6t hon 1a thube
khéang sinh p-lactam dugc chon tir ampixilin, amoxixilin, piperaxilin, ticarxilin,
flomoxef, xefotaxim, xeftriaxon, xeftazidim, xefepim, xeftarolin, xeftolozan,
imipenem, meropenem, biapenem, doripenem, ertapenem va aztreonam.

7. Quy trinh didu ché hop chét c6 cong thue (11I) dudi day:

|
Rc’o‘s)""
N

05 N ‘o’ SO3M

()

quy trinh nay bao gbm cac budc:

(iv) loai nhom benzyl Bn cua hop chét co cong thirc (I1a):
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i
Rc/O\B)'I,'
N
,// N\
0 OBn

(lia)

str dung chét xuc tic qué trinh hydro phén trong méi truong hydro dé tao ra hop chét
¢6 cong thure (I11b):

i
Rc’o‘B e
N
N,
0] OH

va

(v) sulfat héa nhom hydroxyl & vi tri thit 6 véi suw c6 mét cla bazo, va

(vi) néu cén, loai nhom bao vé c6 mit & mach nhanh -B-O-R.,

va ty y céc budce (i)-(iii) trude cac budc (iv)-(vi) néu trén:

(i) lién két hop chat c6 cong thirc (IV-a) v6i hop chét c6 cong thire R;OBH, bang céch

st dung este hoat tinh, amit hoat tinh hodc chét ngung tu loai nuéc dé tao ra hop chét
¢6 cong thire (IV-b):

OH

!

.N OBn

1 N e

P H
(V-a)

J
Rc’O‘B "v.g\
P1.N N,OBn

av-b)

(ii) loai nh6m bao vé P! dé tao ra hop chét c6 cong thire (IV-c):
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i
Rc.’o‘s’l Q |
. HN N,OBn

H
(IV-c)

(iif) silyl hoa hop chat ndy trong hé phan tmg va sau d6 dwa hop chat d6 dén phan tmg
tao ure ndi phén tir dé tao ra hop chit c6 cong thirc (Ila) néu trén,

trong d6 trong céc cong thirc & trén, R;, B va M 1a nhu duoc dinh nghia & diém 1, OBn
1a benzyloxy, va P! 13 nhém bao vé ma c6 thé dugc loai bo bang axit, bazo hodc chét ai
nhan.

8. Quy trinh theo diém 7, trong d6 hop chét dugc tao ra 1a hop chét c6 cong thire (I11-
059) dudi day:

O
|
HzN/\\/O~N/l “'Q
AN

o)— N‘d-SOSH

(11-059)
va quy trinh nay bao gbm céc budce (iv)-(vi):

(iv) loai nhoém benzyl Bn cta hop chét c6 cong thic (11a-059) trong do6 P? 12 Boc hoic
Cbz, va OBn l1a benzyloxy:

0]

N\
o OBn  (11a-059)

bang cach sir dyng paladi-cacbon trong mdi truong hydro va néu P? 12 Cbz, ddng thoi
t-butoxycarbonyl héa hop chéit nay véi sy c6 mit cia di-t-butoxydicarbonat, détaora
hop chét c6 cong thire (IIb-Boc-059):

o
Boc\N/\/Q N/lL

(lIb-Boc-059) 5
va
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(v) sulfat héa nhom hydroxyl & vi tri 6 bang phtrc chét lwu huynh trioxit-pyridin vé6i sy
¢6 mit cta pyridin, 2-pinolin hodc 2,6-lutidin, tao ra hop chét c6 cong thuc (III-Boc-
059), trong d6 M 1a H, Na, pyridini, hodc tetrabutylamoni:

0

Boc. /\/O\N/”n._
WO

/ N.o-50,M

o)

(-Boc-059) 5
va

(vi) loai bd nhom béo v€ Boc béng axit dugc chon tlr axit clohydric, axit sulfuric, axit
metansulfonic, axit trifloaxetic va axit tetrafloboric.

9. Quy trinh theo diém 8, trong do P? 1a Boc & hop chét c6 cong thirc (I1a-059) dugce su
dung trong budce (iv).

10. Quy trinh theo diém 7, trong d6 hop chit duoc tao ra 1a hop chét c6 cong thuc (1II-
059):

O
|
HzN/\/Osu/l ',
N 4
o) N.o-S0sH
(111-058)
va quy trinh nay bao gbm cac budc (i)-(vi) sau day:
(1) lién hop

hop chit ¢6 cong thuc (IV-a) trong d6 P! 1a trifloaxetyl (TFA) hodc 2-
trimetylsilyletoxycarbonyl (Teoc) v6i t-butyl 2-(aminooxy)etylcarbamat, hodc

hop chét c6 cong thirc (IV-a) trong do P! 13 t-butoxycarbonyl (Boc) véi benzyl
2-(aminooxy)etylcarbamat

tao ra hop chét ¢6 cong thire (IV-b2-059), (IV-b3-059) hodc (IV-b4-059):

-180-



23597

0
BOC\N/\/O\N)J"""O\
H H
B
TFK/N N’O n
H (IV-b2-059)
|
Cbz\N,/\\/,O\N/JmM(:::l\
H H
N OB
Boc” N
H (IV-b3-059)
0
Boos, ’/\\«/O\N/Jl ‘‘‘‘ f:::l\
H H
Teoc/N N/OBn
H (IV-b4-059)

(ii) loai nhom bao vé P' bang cach:
loai b TFA khéi cong thirc (IV-b2-059) bang cach xtt ly béng bazo,
loai b Boc khéi cong thirc (IV-b3-059) bang cach xir ly bing axit, hogdc
loai bé Teoc khdi cong thire (TV-b4-059) béng florua,
tao ra hop chét c6 cong thire (IV-c-059), trong d6 P? 1a Boc hoic Cbz,

0
Pz\N/\/O\N)L"-,,
H HouN OB
H (IV-c-059)

(iii) silyl hoéa hop chét thu duge c6 cong thirc (IV-c-059) trong hé phan tng, va sau do
cho hop chét ndy dén phén ung tao ure ndi phan tr dé tao ra hop chét co cong thuc
(I1a-059) trong do P? 12 Boc hodc Cbz:

O
P&N/A\V/O\N/AWA
AN
0 OBn (ITa-059)

(iv) tiép theo, loai b6 nhém benzyl Bn bang cach sur dung chét xtc tac qua trinh hydro
phan trong méi truong hydro va, néu P2 13 Cbz, ddng thoi t-butoxycarbonyl hoa hop
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chét nay véi su c6 mit cia di-t-butoxydicarbonat, dé tao ra hop chét co6 cong thirc (IIb-
Boc-059):
O

Boc\N /\\/O\N /um.,_

N\
O OH  (IIb-Boc-059) _,
; va
(v) sulfat héa nhom hydroxyl & vi tri 6, va
(vi) loai nhém béo v¢€ Boc bang cach xir Iy bang axit.

11. Quy trinh didu ché hop chét c6 cong thic (1a):

quy trinh nay bao gdm bude

(iii) silyl hoa hop chit c6 cong thic (IV-c)

N
H (IV-c)

trong hé phan tng, va sau d6 dua dén phan (g tao ure ndi phan ti,
va tlly v cac bude (i) va (ii) truée budc (iii) néu trén:
(i) lién hop hop chat c6 cong thirc (IV-a) v6i hop chét c6 cong thirc ROBH, sir dung

este hoat tinh, amit hoat tinh hodac chét ngung tu loai nuéc dé tao ra hop chét c6 cong
thic (IV-b):

OH (?
b /O i,
OV LSO
P(N N _OBn PVN N _OBn
H H
(IV-a) (IV-Db) va

(ii) loai nhém béo vé P! dé tao ra hop chét c6 cong thire (IV-¢) & trén,

-182-



23597

N
H (IV-c),

trong d6 trong cac cong thirc néu trén, R, va B 14 nhu duge xac dinh & diém 1, OBn 1a
benzyloxy, va P! 12 nhém bao vé ma c6 thé duge loai bo bang axit, bazo hodc chat &i
nhan.

12. Quy trinh theo diém 11, trong d6 hop chit dugc tao ra 1a hop chit c6 cong thuc
(I1a-059) trong do P? 1a Boc hodc Cbz, va OBn 12 benzyloxy:

o)

P2\ /\/O\ )‘Ill,“
N N
/ N\
O

OBn  (11a-059)
va trong d6 budc (iii) bao gbm ¢
(iii) silyl hoa hop chét c6 cong thirc (IV-c-059):

o)

PZ\N/\/O\N)‘L“-,'
H H o uN 08"

H (IV-c-059)
sir dung clotrialkylsilan trong h¢ phan tmg va sau d6 dem hop chét nay dén phan tmg
tao ure ndi phan t& s dyung phosgen hodc diphosgen.

13. Quy trinh theo diém 12, trong d6 hop chét dugc tao ra 1a hop chét c6 cong thire
(Ila-Boc-059) trong d6 OBn 1a benzyloxy:

BOC\N/\\/O\N)(!""-‘

H H HN

0 OBn (117a-Boc-059)

va trong d6 budc (iii) bao gbm:

(iii) silyl héa hop chét c6 cong thirc (IV-c-Boc-059):
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0
BOC\N/\/O\N)‘I“'."
H H HN ey

H (IV-c-Boc-059)

st dung clotrialkylsilan va trietylamin trong h¢ phan rng va sau d6 dem hop chét nay
dén phan tng tao ure ndi phén t& sit dung phosgen hodc diphosgen vai lugng xtc tac
cia 4-dimetylamiopyridin.

14. Quy trinh theo didm 11, trong d6 hop chit dugc tao ra 1a hop chét c6 cong thirc
(IIa-059) trong do P? 1a Boc hoic Cbz, va OBn 1 benzyloxy:

0
PZ\N/\/O\N)J"“-.
™~
o “oB

va trong d6 cac budce (i)-(iii) la:

n (ITa-059)

(i) dem di lién hop

hop chit c6 cong thirc (IV-a) trong do P! 1a trifloaxetyl (TFA) hodc 2-
trimetylsilyletoxycarbonyl (Teoc) sir dung két hop t-butyl 2-(aminooxy)etylcarbamat,
1-etyl-3-(3-dimetylaminopropyl)carbodiimit hydroclorua va 1-hydroxybenzo triazol,
hodc hop chat ¢6 cong thic (IV-a) trong do P! 1a t-butoxycarbonyl (Boc) két hop st
dung benzyl 2-(aminooxy)etylcarbamat, 1-etyl-3-(3-dimetylaminopropyl) carbodiimit
hydroclorua va 1-hydroxybenzo triazol,

8 tao ra hop chét c6 cong thirc (IV-b2-059), (IV-b3-059) hodc (IV-b4-059):
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Boos /\\/ONWJ ‘‘‘‘ i::l\
H H
A N8
H (IV-b2-059)
0
L
H HBoc/N OB
H (IV-b3-059)
i
BOC\N/\/O\N)““"‘Q
H H
N OB
Teoc” N~ 4
H (IV-b4-059)

(ii) loai nhom bao vé P' bang cach:

loai b6 TFA khoi cong thirc (IV-b2-059) bing cach xit Iy béng bazo dugc chon tir
LiOH, NaOH va KOH,

loai bd Boc khoi cong thirc (IV-b3-059) bing cach xit Iy béng axit dugc chon tir
axit clohydric, axit sulfuric, axit metansulfonic va axit trifloaxetic, hodc

loai bo Teoc khéi cong thic (IV-b4-059) sir dung tetrabutylamoni florua,
tao ra hop chét ¢ cong thirc (IV-c-059), trong d6 P? 1a Boc hoic Cbz,

0

PZ\N/\/O\N)""".
H Ho HN \-OB"

H (IV-c-059)

(iii) silyl hoa hop chét thu duoc c6 cong thirc (IV-c-059) str dung clotrialkylsilan trong
hé phan tng, va sau d6 dua hop chét nay dén phan ting tao ure ndi phan tir bang cach
st dung phosgen hodc diphosgen.

15. Quy trinh diéu ché (2S,5R)-metyl 5-(benzyloxyamino)piperidin-2-carboxylat va
hydroclorua cta nd, quy trinh nay bao gbém budc metyl este hoa axit (25,5S)-5-
hydroxypiperidin-2-carboxylic hogc hydroclorua cia no, trifloaxetyl hoa,
benzyloxyamin héa nhém hydroxyl & vi tri thit 5, va loai bo trifloaxetyl.

16. Hop chét c6 cong thire sau day:
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OH
"0
HN N,OBr'l
H
trong d6 OBn 1 benzyloxy.
17. Hop chét c6 cong thic sau day:
OH
O)I".
HN N,OBn
2HCI H
trong d6 OBn 1a benzyloxy.
18. Hop chét c6 cong thitc sau day:
OMe

O&’]”'.
HIO\N,OBn
H

trong 46 OMe 1a metoxy, va OBn la benzyloxy.

19. Hop chét c6 cong thic sau day:

OMe
O)”u
HQN,OBn
2HCI H

trong 46 OMe 1a metoxy, va OBn la benzyloxy.

20. Hop chét c6 cong thirc sau déy:

trong d6 TFA 14 trifloaxetyl, va OBn la benzyloxy.

21. Hop chét c6 cong thirc sau déy:
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Teoc” QWOBn

trong d6 Teoc 1a 2-trimetylsilyletoxycarbonyl, va OBn la benzyloxy.

22. Hop chét c6 cong thirc sau day:
o)

BOC\ﬁ/\/O\ﬁ/UI"'O\
TFA’N ﬁ,OBn

trong d6 TFA 1a trifloaxetyl, Boc 1a tert-butoxycarbonyl, va OBn 1a benzyloxy.
23. Hop chét co6 cong thirc sau day:
o
Cbz\N/\/O\N/um, ’/\)\
H N lr3,013n

trong d6 Cbz 14 benzyloxycarbonyl, Boc 14 tert-butoxycarbonyl, va OBn 12 benzyloxy.
24. Hop chét c6 cong thire sau day:

O
|
BOC\u/\/O\”/l I,_Q
Teoc’N E{’OBH

trong d6 Boc 1a tert-butoxycarbonyl, Teoc 1a 2-trimetylsilyletoxycarbonyl, va OBn la
benzyloxy.

25. Hop chét co6 cong thirc sau day:

0

BOC\N/\/O\N/u’I,‘
H H uN \-OBn

H

trong d6 Boc 1a tert-butoxycarbonyl, va OBn la benzyloxy.
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26. Hop chét c6 cong thirc sau day:

o

Coz. O .
H H HO\N,OBn

H

trong d6 Cbz l1a benzyloxycarbonyl, vd OBn la benzyloxy.
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[Fig. 1]
Hoat tinh khang khuén d6i véi 5 ching sinh KPC-2 hoic 3, K. pneumoniae.
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[Fig. 2]

Hoat tinh khang khuén dbi véi 5 ching biéu hién ciu trac AmpC, P. aeruginosa.
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[Fig. 3]

Hoat tinh khang khuén d6i voi 5 ching biéu hién cAu tric AmpC, Enterobacteriaceae.
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[Fig. 4]

Hoat tinh khang khuén d6i v&i 5 chiing sinh metallo-B-lactamaza loai IMP, Enterobacteriaceae.
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[Fig. 5]
Hoat tinh khang khuén d6i véi 5 chiing sinh CTX-M-15 (ESBL), E. coli.
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