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(57) Sang ché dé cap dén hop chat thich hop dung cho dugc pham va dugc pham chira hop
chat nay, cu thé 1a dugc pham dé diéu tri chung tiéu dém, duoc thé hién bing cong thic (I)
hodc mudi cua no:

trong do, X, R!, R?, R3, R4 R>, R¢ 1a nhu dugc dinh nghia trong ban mo ta.

Céc tac gia sang ché cho rang, viéc trc ché hoat tinh ban dém cua leuxin aminopeptidaza
nhau thai (P-LAP), tirc la, aminopeptidaza phan giai AVP, s¢ duy tri va/hodc lam tang murc
noéng do AVP néi sinh dé ting cudng tac dung chdng bai tiét, qua trinh nay s& gop phan
lam giam sb lan di tiéu ban dém, va di tién hanh nghién cru mot cach rong rii cac hop
chét ma chung e ché P-LAP. Két qua, cac tac gia sang ché da phat hién ra rang cac dan
xuit axit (2R)-3-amino-2- -(pyridylmetyl hai vong)-2-hydroxy-propanoic c6 hoat tinh trc ché
P-LAP hiru hi¢u. Cac tac gia sang ché da danh gia tac dung chéng bai tlet ¢ chudt dugc
dung no nudc va da phat hién ra rang, cac hop chat nay lam tang muc noéng d6 AVP noi
sinh bang cach e ché P-LAP va do d6, 1am giam sy san xuit nudc tiéu. Do d6, sang che
dé cap dén cac hop chat duoc ky vong dé sir dung 1am dugce phdm nhim diéu tri ching tiéu
dém duya vao su trc ché P-LAP.
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Linh vuc ki thuat dwogc dé cap

Séang ché dé cap dén hop chét pyridin hai vong hozc mudi cta no, hitu dung lam
duge phim, nhét 12 duoc phdm dé diéu tri chimg tiéu dém, va dé cap dén dugc pham
chira hop chit néu trén lam hoat chét.
Tinh trang k§y thuit ciia sing ché

Chuing tiéu dém 1 triéu chimg & dudng tiéu dudi duge dinh nghia 14 "déi tugng
phan nan vi cir phai thirc ddy ban dém mot hogc nhiéu lan dé di tiéu" (Neurourol
Urodyn 2002; 21: 167-178). Chiing tiéu dém tang Ién theo tudi tac (J Urol 2010; 184:
440-446), va phan 16n bénh nhan bi mic ching tiéu dém déu 12 ngudi cao tudi. Ching
tiéu dém anh hudng dén chat lugng cude sdng (QOL) bdi vi n6 1am gian doan giic
ngu (Eur Urol 2010; 57: 488-498) va lam tang nguy co gy xuong. Cac nguyén nhin
cta chimg tidu dém 12 tiéu nhidu toan bo, tiéu nhiéu ban dém, dung tich bang quang
giam, va rdi loan gidc ngi, tuy nhién & nhidu bénh nhén, chimg tiéu dém duogc xem la
do nhiéu yéu t6 (Eur Urol 2012; 62: 877-890). Tiéu nhiéu ban dém dugc dinh nghia 1a
thé tich nuée tiéu ban dém vuot trén 33% cia thé tich nudc tiéu 24 gid va gap & khoang
80% sb bénh nhan bi chimg tiéu dém (J Urol 2011; 186: 1358-1363).

Arginin-vasopressin (sau day goi t4t 1a AVP) 1a mot hocmon chdng bai tiét,
hocmon nay dugc sinh tong hop va tiét ra & truc dudi doi - tuyén yén, va 1a mot peptit
bao gém 9 axit amin. Cac thu thé AVP dugc phan thanh 3 nhém phu: Vl1a, V1b, va
V2. Céc tac dung duoc Iy chinh da biét cia AVP & ngoai vi 1a 1am co mach thong qua
thu thé V1a, va chéng bai tiét thong qua thu thé V2. AVP tac dong Ién cac tiéu quan
than dé tang cuong su tai hap thu nuée & than, lam gidm thé tich nudc tiéu. Vi ly do
nay, su tiét AVP ban dém giam theo tudi tac duge cho 12 nguyén nhéan cia thé tich
nudc tiéu ban dém tang (J Int Med 1991; 229: 131-134, BJU Int 2004; 94: 571-575).

Su kich thich thu thé V2 duoc ky vong c6 thé cai thién ching tiéu dém.
Desmopressin (sau dy goi tat 1a dDAVP) 1a thudc chi vén thu thé V2 chon loc sir
dung dé diéu tri cho bénh nhan bi chimg tiéu dém, va dugc thong béo 1a 1am giam thé

tich nudc tiéu ban dém va s 1an di tiéu ban dém, dan dén 1am ting khoang thoi gian
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ctia gidc ngli yén tinh ban dau (J Urol 2013; 190: 958-964, va J Urol 2013; 190: 965-
972). Khong may, thube chi van thu thé V2 theo Iy thuyét gay ra su tich giit dich va
lam tang nguy co gidm natri huyét. P c6 thong bao rang, thudc cha van thu thé V2
can duoc st dung than trong va gidm sat mirc ndng d6 natri huyét thanh do6i v6i nguoi
cao tudi ma ho chiém phan 16n trong s6 bénh nhan bj chimg tiéu dém (Neurourol
Urodyn 2004; 23: 302-305).

Leuxin aminopeptidaza nhau thai (sau day goi tit 1a P-LAP) 1a mot enzym phan
huly L-leuxin-B-naphtylamit, oxytoxin, va AVP (Arch Biochem Biophys 1992; 292:
388-392), va duoc tach dong thanh aminopeptidaza béi tac gia Rogi va cong su vao
nidm 1996 (J Biol Chem 1996; 271: 56-61). Aminopeptidaza diéu hoa béi insulin (sau
day goi tit 1a IRAP) dugc tich dong boi tac gia Keller va cong sy tir cac dém md mao
tinh hoan chudt ¢6 mirc twong dong 87% véi P-LAP ctia ngudi. IRAP sau d6 duge dé
xuét 1am aminopeptidaza, men nay phan gidi AVP va dugc thong bao 1a chat twong
ddng & chudt cia P-LAP cta nguoi (J Biol Chem 1995; 270: 23612-23618, Am J
Physiol Endocrinol Metab 2007; 293: E1092-E1102). Thu thé angiotensin IV (AT4)
phén 1ap tir thugng than bd ciing duoc dé xuat 1am IRAP nhd két qua cla cac nghién
ctru vé sinh héa va duge 1y (J Biol Chem 2001; 276: 48623-48626).

Céc thir nghiém st dung chudt da loai bé P-LAP cho thiy rang, viéc str dung
AVP & chuot kiéu hoang dai va chudt da loai bé P-LAP dan dén lam giam nhiéu vé
thé tich nudce tiéu 24 gio & chudt da loai bé P-LAP, mic du khong quan sat thdy su
chénh l&ch dang k& v thé tich nudc tiéu 24 gio gitra chudt kiéu hoang dai va chudt da
loai bé P-LAP. Didu d6 goi ¥ t6i su lién quan c6 thé cua clia P-LAP trong viéc diéu
hoa thé tich nuéce tiéu thong qua viée phan hity AVP (Tai liéu phi sang ché 1).

Hop chat ¢ cong thire (A) dudi day duge thong bao 1a chét &rc ché IRAP hitu
dung 1am tac nhan diéu trj bénh sa st tri tué va bénh tiéu dudng, va tuong tu (cac Tai
liéu sang ché 1 va 2).

[Cong thirc hoa hoc 1]
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(A)
trong do, X 1a O, NR’ hodc S, va cac ky hi¢u khac nhu dugc xdc dinh trong céac Tai
liéu sang ché 1 va 2.

Céc chét tuong tu tripeptit cia ATy c6 chu tric vong 13 dén 14 canh thé hién
hoat tinh trc ché IRAP manh (Tai liéu phi sang ché 2).

Tuy nhién, chua c6 thubc chéng bai tiét hoac thudc diéu tri ndo dbi véi chung
tiéu dém dua trén co ché duoc trung gian boi P-LAP (hodc IRAP) da dugc thong bao.

Trong tinh hudng nhu véy, c¢6 nhu cdu can phai tim ra thudc chdng bai tiét an
toan ma thudc nay thich hop dé diéu tri ching tiéu dém.

[Danh muc tai liéu trich dan]
[Tai liéu sang ché]

[Tai lidu sang ché 1] Cong b quéc té s6 WO 2006/026832

[Tai liéu sang ché 2] Cong bd qudc té s6 WO 2009/065169
[Tai liéu phi sang ché]

[Tai liéu phi sang ché 1] Life Sciences 84 (2009) 668672

[Tai liéu phi sang ché 2] I Med Chem 2011; 54; 3779-3792
Ban chit k§ thuit ciia sang ché

Sang ché dé cap dén hop chat hiru dung 1am hoat chit ctia duge phim, nhat la
duoc phdm dé diéu tri chung tiéu dém.

Céc tac gia sang ché cho ring, trc ché hoat tinh ban dém cta P-LAP, tuc 1a,
aminopeptidaza phan giai AVP, s€ duy tri va/hodc lam tang mirc ndéng do AVP noi
sinh d8 tang cuong tac dung chdng bai tiét, qua trinh nay gop phan vao viéc lam gidm
s6 14n di tiéu ban dém, va da nghién ctru tich cuc cac hop chét &rc ché P-LAP (bao gdm

IRAP chudt, chét trong tu ciia P-LAP ngudi).
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Két qua, cac tac gia sang ché da phat hién ra ring, hop chét c6 cong thire (I)
dué6i dy c6 hoat tinh rc ché P-LAP manh. Céc tic gia sang ché da tién hanh danh gia
tac dung chbng bai tiét trén chudt dwgc ding no nudc va phat hién ra rang, hop chat
c6 cong thtee (1) 1am tang mirc ndng do AVP ndi sinh bang cach tc ché P-LAP va do
d6, 1am giam sy san xudt nudc tiéu. Dua trén c4c phat hién nay, cac tac gia sang ché
d3 hoan thanh sang ché nay.

Sang ché dé cap dén hop chét c6 cong thire (1) hodc mudi ciia né, va duge phim
chira hop chit c6 cong thirc (I) hodc mudi cia né va ta dugc:

[Cong thirc hoa hoc 2]

@)

trong d6, X 1a O hodc S;

duong chdm chim 1a lién két don hodc lién két doi;

R! 13 alkyl thdp tuy ¥ c6 tir mot dén bdn phan tir thé duoc chon tir nhém G,
xycloalkyl tiy y ¢6 tur mot dén nam phan tir thé duge chon tir nhém G2, hodc -alkylen
thip-(xycloalkyl tiry y ¢6 tir mot dén nam phan tir thé duoc chon tir nhém G2);

R? va R5 1a giéng nhau hodc khac nhau, va l1a H, alkyl thap hoic xycloalkyl;

R3 14 -alkylen thap-X3-alkyl thip, -alkylen thip-X>-alkylen thép-(xycloalkyl tuy
¥ ¢6 tir mot dén nam phan tir thé duge chon tir nhém G?), -alkylen thap-(xycloalkyl
thy v c6 tir mot dén nérﬁ phan tir thé duoc chon tir nhom G2), hodc -alkylen thap-X>-
(xycloalkyl tuy y c6 tir mot dén nam phan tir thé duoc chon tir nhom G?);

X3 12 O hodc S(O)n, trong d6 n bang 0, 1, hodc 2;

R* 1a OH, NH,, hogc -O-alkyl thap va R® 1a H; hoac R* va R® dugc lién két véi
nhau, cung vgi -C(=0)-C-O- ma ching gin vao, tao ra 2,2-di(alkyl thap)-4-oxo-1,3-
dioxolan-5,5-diyl;
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nhém G! gdm c6 halogen, OH, -O-alkyl thdp, -S-alkyl thip, va -O-
(halogenoalkyl thap); va

nhém G2 gdm c6 alkyl thip, halogen, halogenoalkyl thip, OH, -O-alkyl thap, -
S-alkyl thap, va -O-halogenoalkyl thip.

Nhu dugce sit dung & ddy, néu mot ky hiéu sir dung trong mot cong thire hoa hoc
cling dugc st dung trong cong thitc héa hoc khac, cic ky hi¢u gidng nhau c6 cling
dinh nghia, trir khi dugc quy dinh theo cach khac.

Sang ché ciing dé cap dén duoc phim chira hop chit c6 cong thirc (I) hodc mudi
ctia né. Duge pham chira tic nhan dé diu tri chimg tiéu dém. Sang ché cling dé cap
dén dugc phim dé didu tri chimg tiéu dém chtra hop chét c6 cong thire (I) hodc mubi
cua no va ta duoc.

Phan mo ta ciing boc 16 viéc sit dung hop chét c6 cong thic (I) hodc mudi cua
n6 trong san xuat dugc phim dé diéu tri chimg tiéu dém, st dung hop chit c6 cong
thtte (I) hodc mudi cia né dé diéu tri ching tiéu dém, hop chét c6 cong thire (I) hodc
mudi ctia n6 dé diéu tri ching tiéu dém, va phuong phap diéu tri chung tiéu dém bao
gbm budc sir dung cho d6i trong mot luong hidu qua cta hop chét c6 cong thirc (I)
hodc mubi cia né. Nhu dugc st dung & déy, "d6i twong" 13 ngudi ngudi hodc dong
vét khong phai nguoi can duoc diéu tri tri liéu, va theo mdt phuong 4n, dbi twong 1a
nguoi can duoc diéu tri tri liéu.

Hiéu qua ctia sang ché

Hop chét c6 cong thire (I) hodc mudi ctia n6 c¢6 hoat tinh trc ché chdng lai P-
LAP, tic 1a, enzym lam thoai bién AVP, va duy tri va/hodc lam ting mirc nodng do
AVP n6i sinh dé 1am giam sy san xuit nuwée tiéu. Hop chat nhu vay ky vong dugc st
dung lam tac nhan dé diéu tri ching tiéu dém, va cling ky vong dugc st dung lam tac
nhéan dé diéu tri su rdi loan tiéu tién khac bét ky hodc chiing da niéu lién quan dén mtrc
ndéng do AVP giam, nhu chimg dai rat, chimg sén tiéu, va chung tiéu dam ban dém.
MO ta chi tiét sang ché

Sang ché s& dugc mo ta chi tiét dudi day.
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A

Trong ban mo ta nay, "alkyl thip" 1 alkyl mach thing hoic mach nhéanh c6 tr
mot dén mudi nguyén tir cacbon (dudi ddy, duge viét tat 1a Ci.10); cu thé 1a, metyl,
etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 3-
etylpentyl, 4-etylhexyl, 4-etylheptyl, n-hexyl, isohexyl, isoheptyl, isooctyl, hexan-2-
yl, 4-metylpentan-2-yl, 2,2-dimetylpropyl, 3,3-dimetylpentyl hodc 3,3-dimetylbutyl.
Theo mot phuong 4n, "alkyl thp" 1a Ci.¢ alkyl mach thang hodc mach nhanh, theo
mot phuong an, 1a Ci.4 alkyl; theo mot phuong 4n, "alkyl thap" 12 metyl, etyl, n-propyl
ho#c isopropyl; theo mdt phuong an, 1a metyl hodc etyl.

"Alkyl thip” trong dinh nghia cua R! 1, theo mét phuong an, metyl, etyl,
propyl, n-butyl, isobutyl, n-pentyl, isopentyl, n-hexyl, isohexyl, 4-metylhexyl, n-
heptyl ho#c isoheptyl; theo mdt phwong 4n, etyl, n-butyl, n-pentyl hodc isopentyl.

"Alkyl thip" trong "-alkylen thp-X3-alkyl thap" trong dinh nghia cia R® 13,
theo mot phwong 4n, metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, n-pentyl, isopentyl, isohexyl, isoheptyl, isooctyl, 3-etylpentyl, 4-etylhexyl, 4-
etylheptyl, n-hexyl, hexan-2-yl, 4-metylpentan-2-yl, 2,2-dimetylpropyl, 3,3-
dimetylpentyl hodc 3,3-dimetylbutyl; theo mot phuong 4n, Ci4 alkyl. Theo mot
phuong 4n, 1a metyl, etyl, n-propyl, isopropyl hodc isobutyl. Theo mot phwong an, 1a
metyl hodc etyl.

“Alkylen thip" 1a Ci.10 alkylen mach théing hoac mach nhénh; cu thé 13, metylen,
etylen, trimetylen, tetrametylen, pentametylen, hexametylen, heptametylen,
octametylen, metylmetylen, propylen, 2-metyltrimetylen, etyletylen, 1,2-dimetyl-
etylen hodc 1,1,2,2-tetrametyl etylen. Theo mot phuong an, 1a Ci.6 alkylen; theo mot
phuong 4n, 1a Ci4 alkylen; theo mdt phuong an, la metylen, etylen, trimetylen,
tetrametylen hodc 2-metyltrimetylen; theo mot phuong an, 1a metylen, etylen hoac
trimetylen. "Alkylen thap" 13, theo mot phwong 4n, metylen hodc etylen; theo mot
phuong an, metylen.

"Halogen" 1a F, Cl, Br hoac I; va theo mét phuong an, CL

“Halogenoalkyl thip" 1a C1.10 alkyl mach thing hodc mach nhanh dugc thé boi

mot hodc nhiéu halogen. Theo mdt phurong an, halogenoalkyl thp 1a Ci.6 alkyl duoc
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thé boi 1 dén 5 halogen; theo mot phurong an la triflometyl, trifloetyl, triflopropyl, 2-
flo-2-metylpropyl, diflometyl, flometyl hodc clometyl; va theo mdt phuwong éan la
triflometyl.

“Xycloalkyl" 1a nhém vong Cs.12 hydrocacbon no tuy y dugc li€n két ngang va
tiy v tao ra vong spiro. "Cs.12 xycloalkyl”, cu thé 13, xyclopropyl, xyclobutyl, xyclo-
pentyl, xyclohexyl, xycloheptyl, xyclooctyl, bixyclo[2,2,1]heptyl, bixyclo[3,1,0]-
hexyl, bixyclo[3,1,1]heptyl, adamantyl, spiro[2,5]octyl, spiro[3,5]nonyl hoac
spiro[4,5]dexyl. Theo mot phuong an, 1a "Cs.10 xycloalkyl"; theo mot phwong én, 1a
"C3.g xycloalkyl"; theo mot phuong an, 12 "Cs.6 xycloalkyl." "Xycloalkyl” la, theo mot
phuong 4n, xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl hodc xycloheptyl; theo
mot phuong an, xyclopropyl, xyclobutyl hodc xyclopentyl; theo mdt phuong an,
xyclopropyl. Theo mt phuong én, 1a xyclopropyl hodc xyclobutyl.

Hop chét dugc thé hién bang cong thirc (I) bao gbm cac hop chét c6 mét trong
s6 4 loai nhan dugc thé hién bang cac cong thirc sau. Cong thic (I-1) 12 hop chét ¢o
nhan furo[3,2-c]pyridin, trong d6 X 1a O, duong chidm chim 12 lién két dbi; Cong thirc
(I-2) 12 hop chit c6 nhan dihydrofuro[3,2-c]pyridin, trong d6 X 1a O, dudng chdm
chim 1a lién két don; Cong thic (I-3) 12 hop chit c6 nhan thieno[3,2-c]pyridin, trong
d6 X 1a S, duong chdm chim 1a lién két doi; va Cong thirc (1-4) 13 hop chét ¢6 nhan
dihydrothieno[3,2-c]pyridin, trong d6 X 1a S, dudng chdm cham la lién két don. Theo
mot phuong an, hop chét duge thé hién bang cong thie (I) hodc mudi cua né 1a hop
chét c6 Cong thic (I-1), Cong thire (I-2) hodc Cong thire (I-3), hodc mudi ciia no6; theo

mdt phuong 4n, 12 hgp chat c6 Cong thirc (I-1) hodc mudi ctia né.
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[Cong thire hda hoc 3]

NH,

Thuét ngit " R* va R dugc lién két v6i nhau, ciing véi -C(=0)-C-O- ma chung
gin vao, tao ra 2,2-di(alkyl thip)-4-oxo-1,3-dioxolan-5,5-diyl" c6 nghia 12 hop chét
¢6 cong thire (I) bao gdm hop chét co6 cong thirc (I-A).

[Cong thirc hoa hoc 4]
Rp1 RPZ RL
X | «
RS/
o) H R2
%3
R

NH, I-A)

trong d6, R?! va R?? 1a gibng hodc khéc nhau, va 12 alkyl thap, theo mot phuong
4n, ca RP! va RP? cung 1a metyl.

Trong ban mo ta nay, thuat ngtr "tuy y co phan tir thé" c6 nghia 1a nhém xac
dinh cu thé khong duogc thé hodc c6 cac phﬁn tt thé; cu thé 13, thuat ngit "tuy y ¢6 1
dén 5 phén tir thé" c6 nghia 13, nhém xé4c dinh cu thé khong duoc thé hodc ¢6 1 dén 5
phn tr thé. Néu nhém xéc dinh cu thé c6 nhiéu phan tir thé, thi cac phan tir thé c6 the
gidng nhau hodc khac nhau.

Hop chit c6 cong thire (I) c6 it nhét hai nguyén tir cacbon khong d6i xtmg. Mot
nguyén tir cacbon khong dbi xung gin vao -C(O)R* (vi tri 2) ¢6 cdu hinh (R), va
nguyén tir cacbon lién ké gin vao -NH, (vi tri 3) ¢6 thé c6 cAu hinh (R) hodc cu hinh
(S), va hop chét c6 cong thie (I) bao gdm chat dbng phan (R) hodc (S) & vi tri 3, va
hdn hop ctia chiing. Theo mdt phuong an, hop chét c6 cong thire (I) 1a hop chét c6

cong thire (I') hodc muoi cua no:
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[Cong thirc hoa hoc 5]

@)
trong do, (2R) chira rang, nguyén tir cacbon tai vi tri 2 ¢6 cAu hinh (R).

Hop chét c6 cong thirc (I) ¢6 thé c6 cac chét hd bién va chat dong phéan hinh
hoc, tuy thudc vao kiéu nhém phan tir thé. Hop chit c6 cong thirc (I) ciing bao gdm
c4c chét hd bién va chét ddng phan hinh hoc riéng biét, va hdn hgp cua ching.

Hop chét c6 cong thire (I) cling ¢6 thé ¢6 cac chit dong phan lap thé dua vao
nguyén tr cacbon khong d6i xung khac v6i cac nguyén tir mo ta & trén hodc gbe
sulfoxit, tuy thudc vao kiéu nhém phan tir thé. Hop chét c6 cong thire (I) ciing bao
gdm cac chit ddng phan 13p thé riéng biét va hon hop cta ching.

Sang ché ciing dé cap dén tién chét duoc dung cia hop chét c6 cong thirc (1).
Tién chét duoc dung 1a hop chit c6 mot nhom ma c6 thé duge chuyén dbi thanh nhém
amino, nhom hydroxyl hodc nhém cacboxyl 1a két qua ctia qua trinh dung moi phan
hodc trong cac diéu kién sinh ly. Vi du vé nhém tao ra tién chit duoc mo ta trong tai
liéu Prog. Med., 5, 2157-2161 (1985), "Iyakuhin no Kaihatsu (Pharmaceutical
Research and Development)" (Hirokawa-Shoten Ltd.), 1990, Vol. 7, "Bunshi Sekkei
(Drug Molecular Design)", pp. 163-198, hodc tai liéu "Prodrugs and targeted delivery"
(Wiley-VCH 2011) Methods and principles in medicinal chemistry, volume 47.

Mubi ciia hop chét c6 cong thire (1) 1a mubi duoc dung ctia hop chét c6 cong
thire (I). Hop chit c6 cong thire (I) ¢6 thé tao ra mudi cong axit hodc mubi voi kiém,
tiy thudc vao kiéu nhom phan tir thé. Vi du cu thé v& mudi bao gdbm mubi cong axit
vGi cac axit vo co nhu axit clohydric, axit bromhydric, axit hydroiodic, axit sulfuric,

axit nitric, va axit phosphoric; mudi cng axit vdi cac axit hitu co nhu axit formic, axit
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axetic, axit propionic, axit oxalic, axit malonic, axit suxinic, axit fumaric, maleic, axit
lactic, axit malic, axit mandelic, axit tartric, axit dibenzoyltartric, axit ditoluoyltartric,
axit xitric, axit metansulfonic, axit etansulfonic, axit benzensulfonic, axit p-
toluensulfonic, axit aspartic va axit glutamic; mudi v6i cac cation kim loai nhu natri,
kali, magie, canxi, va nhom; mubi véi cac kiém hitu co nhu metylamin, etylamin, va
etanolamin; mudi v&i cdc axit amin khac nhau va cac dAn xuét cta axit amin nhu
axetylleuxin, lysin, va ornithin; va cac mubi amoni.

Sang ché ciing dé cap dén cac dang hydrat, solvat, va dang da hinh két tinh cia
hqpchétcécéngthﬁcG)Varnuéicﬁané.Séngchécﬁngdéc@pdéncéohqpchétkhéc
nhau d4anh ddu bing chit déng vi phong xa hodc khong phong xa.

Mot s6 phwong an vé hop chét ¢6 cong thirc (1) dugc thé hién duéi day.

(1-1) Hop chit hozc mubi cta né, trong d6 X 1a O hodc S, va dudng chim chdm
1a lién két don hodc lién két doi.

(1-2) Hop chét hogc mudi ctia n6, trong d6 X 12 O, va dudng chim cham 1a lién
két don hodc lién két doi; hodc X 1a S, va dudng chim chdm 14 lién két doi.

(1-3) Hop chét hogc mudi ctia n6, trong d6 X 12 O, va duong chim cham 1a lién
két don hoc lién két doi.

(1-4) Hop chat hodc mubi cta né, trong d6 X 1a O, va duong chdm cham 1 lién
két doi.

(1-5) Hop chét hodc mudi cta no, trong d6 X 1a O, va dudng chdm chim 12 lién
két don.

(1-6) Hop chat hoic mubi cua no, trong d6 X 13 S, va duong chdm chim 14 lién
két doi.

(2-1) Hop chit hodc mubi ciia no, trong do R 1a alkyl thip tiy y 6 tir mot dén
bbn phén tir thé dugc chon tir nhém G, xycloalkyl ty y ¢ tir mot dén nam phan tir
thé duoc chon tir nhom G2, hodc -alkylen thap-(xycloalkyl tity ¥ ¢6 tir mot dén nam
phén tir thé duge chon tir nhém G?).

(2-2) Hop chit hodc mubi ciia no, trong do R 1a alkyl thip tiy y ¢6 tr mot dén
bbén phan tir thé dugc chon tr nhém bao gébm halogen, OH, va -O-alkyl thap;

-11-



36209

xycloalkyl ma tuy y dugc thé bang tir mot dén hai alkyl thip; hoac -alkylen thap-
(xycloalkyl ma tuy y dugce thé bang tir mot dén hai alkyl thap).

(2-3) Hop chét hodc mubi cua né, trong d6 R! 1a alkyl thp tiy y ¢6 tir mot dén
bbn phén tir thé duge chon tir nhém bao gbm halogen va OH; xycloalkyl; hodc -alkylen
thip-xycloalkyl.

(2-4) Hop chit hodc mubi ctia né, trong @6 R' 1a alkyl thép, xycloalkyl, hoic -
alkylen thap-xycloalkyl.

(2-5) Hop chét hodc mudi ctia né, trong d6 R! 1a alkyl thip hodc -alkylen thap-
xycloalkyl.

(2-6) Hop chét hodc mudi ctia no, trong d6 R! 1a n-butyl, isopentyl, xyclopentyl
hodc 2-xyclopropyletyl.

(2-7) Hop chét hoic mudi ciia né, trong dé R! 1a n-butyl hodc 2-xyclopropyletyl.

(2-8) Hop chét hoac mudi ctia né, trong d6 R! 1a n-butyl.

(2-9) Hop chét hoic mudi cua né, trong dé R! 1a 2-xyclopropyletyl.

(3-1) Hop chat hoac mudi ciia no, trong d6 R? 14 -alkylen thip-X>-alkyl thap, -
alkylen thap-X3-alkylen thap-(xycloalkyl tiy ¥ ¢6 tr mot dén nim phan tir thé duoc
chon tir nhém G?), -alkylen thap-(xycloalkyl tlly y c6 tir mot dén nam phan tir thé dugc
chon tir nhém G2), hodc -alkylen thap-X>3-(xycloalkyl tiy ¥ c6 tir mdt dén ndm phan
tir thé dwoc chon tir nhém G2); X3 1a O hoidc S(O)n, trong d6 n bang 0, 1 hoic 2.

(3-2) Hop chét hoic mudi cta n6 theo phuong 4n (3-1), trong d6 R* 12 -alkylen
thap-X>-alkyl thip, -alkylen thap-X3-alkylen thép-(xycloalkyl ma tiy y dugc thé bang
tir mot dén hai alkyl thap), -alkylen thip-(xycloalkyl ma tiy y dugc thé bang tir mot
dén hai alkyl thap), hodc -alkylen thip-X3-(xycloalkyl ma tiry y dugc thé bang tir mot
dén hai alkyl thap).

(3-3) Hop chét hodc mubi ciia no, trong d6 R? 14 -alkylen thip-S(O)s-alkyl thép,
~alkylen thap-O-alkylen thip-xycloalkyl, -alkylen thip-S-alkylen thap-xyclo-alkyl, -
alkylen thip-xycloalkyl, hodc -alkylen thap-S-xycloalkyl.
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(3-4) Hop chét hodc mudi cia no, trong do R? 1a -alkylen thip-S-alkyl thép, -
alkylen thip-O-alkylen thap-xycloalkyl, -alkylen thip-S-alkylen thp-xycloalkyl, -
alkylen thap-xycloalkyl, hoic -alkylen thap-S-xycloalkyl.

(3-5) Hop chat hoac mudi ctia no, trong d6 R 1a -alkylen thép-S-alky! thép,
hodc -alkylen thip-xycloalkyl.

(3-6) Hop chét hodc mudi ctia no, trong do R? 14 -alkylen thap-S-alkyl thép.

(3-7) Hop chét hozc mudi ctia no, trong d6 R® 14 -alkylen thap-xycloalkyl.

(3-8) Hop chit hodc mubi ctia né, trong d6 R® 1a metylthiometyl, etylthio-metyl,
n-propylthiometyl, isopropylthiometyl, isobutylthiometyl, xyclopropylmetyl-
thiometyl, xyclopropylmetyloxymetyl, 2-xyclopropyletyl, 3-xyclopropylpropyl, 2-
xyclobutyletyl hodc xyclobutylthiometyl.

(3-9) Hop chét hodc mudi clia n, trong d6 R 12 metylthiometyl, etylthiometyl
hodc 2-xyclopropyletyl.

(4-1) Hop chét hodc mudi ctia no, trong d6 R? va R® 1a gidng nhau hoic khéc
nhau, va 1 H, alkyl thap hoac xycloalkyl.

(4-2) Hop chét hodc mubi ciia no, trong d6 R? va R® 14 giéng nhau hodc khac
nhau, va 12 H hoic alkyl thap.

(4-3) Hop chit hodc mudi cia no, trong d6 R? 1a H hodc alkyl thap, va R 1a H.

(4-4) Hop chit hoac mudi cia né, trong d6 ca R? va R’ cung 1a H.

(4-5) Hop chat hodc mudi ciia né, trong d6 R? 1a alkyl thap, va R> 1a H.

(4-6) Hop chét hodc mudi clia n6, trong d6 R? 1a metyl, va R® 1a H.

(5-1) Hop chét hodc mudi ciia n6, trong d6 R* 1 OH, NH; hogc -O-alkyl thap
va R® 1a H; hodc R* va RS dugc lién két v6i nhau, cling véi -C(=0)-C-O- ma ching
gén vao, tao ra 2,2-di(alkyl thép)—4-oxo- 1,3-dioxolan-5,5-diyl.

(5-2) Hop chat hodc mudi cua no, trong d6 R* 1a OH, NH> hozc -O-alkyl thap
vaR®1a H.

(5-3) Hop chét hogc mudi cta no, trong d6 R* 12 OH hodc -O-alkyl thap va R®
la H.

(5-4) Hop chit hodc mudi cia né, trong d6 R* 1a OH va R® 1a H.
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(6) Hop chat hoic mubi cua no, theo sy két hop clia phuong an bét ky trong sb
cac phuong 4n tir (1-1) dén (1-6), phuong an bét ky trong s6 cdc phuong 4n tir (2-1)
dén (2-9), phuong 4n bét ky trong s6 cac phuong 4n tir (3-1) dén (3-9), phuong 4n bét
k¥ trong s6 cac phwrong an tir (4-1) dén (4-6), va phuong an bat ky trong sd cac phurong
an tir (5-1) dén (5-4). Dac biét, céc su két hop sau ciing dugc bao ham, nhung hop chat
hodc mudi cua nod khong bi gidi han béi su Kkét hop nay.

(6-1) Hop chét hozc mudi cia né, theo su két hop ciia cac phwong an (1-1), (2-
1), (3-1), (4-1), va (5-2).

(6-2) Hop chit hodc mubi ciia né, theo su két hop cia cac phuong an (1-2), (2-
1), (3-1), (4-1), va (5-2).

(6-3) Hop chét hoic mubi cta no, theo su két hop cia cac phuong an (1-4), (2-
1), (3-1), (4-1), va (5-2).

(6-4) Hop chét hoic mudi ctia no, theo su két hop cia cac phuong an (1-5), (2-
1), (3-1), (4-1), va (5-2).

(6-5) Hop chit hodc mubi ciia né, theo su két hop cia cac phuong an (1-6), (2-
1), (3-1), (4-1), va (5-2).

(6-6) Hop chét hoic mudi clia nd, theo su két hop cia cac phuong an (1-2), (2-
2), (3-2), (4-2), va (5-2).

(6-7) Hop chit hoic mudi ctia né, theo sy két hop cua cac phuong an (1-2), (2-
3), (3-3), (4-2), va (5-2).

(6-8) Hop chét hodc mudi cua no, theo su két hop ciia cac phurong 4n (1-2), (2-
4), (3-4), (4-3), va (5-4).

(6-9) Hop chit hodc mudi ctia né, theo su két hop cta cac phwong an (1-4), (2-
5), (3-5), (4-3), va (5-4).

(6-10) Hop chat hoic mudi cta nb, theo su két hop cua cac phwong an (1-4),
(2-6), (3-6), (4-5), va (5-4).

(6-11) Hop chét hoic mudi cta no, theo su két hop clia cic phuong an (1-4),
(2-7), (3-6), (4-4), va (5-4).
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(6-12) Hop chit hoic mudi cla no, theo su két hop ciia cac phuong én (1-4),
(2-7), (3-7), (4-4), va (5-4).

(6-13) Hop chét hosic mudi ctia né, theo sw két hop cua cac phuong 4n (1-2),
(2-8), (3-8), (4-3), va (5-4).

(6-14) Hop chat hoac mudi cla no, theo su két hop cia cac phuong an (1-2),
(2-9), (3-9), (4-3), va (5-4).

Theo mot phuong an, hgp chét c6 cong thirc (1) 1a hop chét c¢6 cong thire (I')
theo phuong an bat ky trong s6 cac phuong 4n (6) hodc tir (6-1) dén (6-14).

Theo mot phuong an, hop chét c6 cong thirc (I) hodc mubi cta n6 1a hop chat
duoc chon tir nhom bao gdm cac hop chit sau, hodc mudi clia né.

Axit (2R,3R)-3-Amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]-
metyl }-4-(etylsulfanyl)-2-hydroxybutanoic, axit (2R,3S)-3-amino-5-xyclopropyl-2-
{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl }-2-hydroxypentanoic, axit
(2R,3R)-3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2-
hydroxy-4-(metylsulfanyl)butanoic, va axit (2R,3R)-3-amino-2-[(2-butyl-7-metyl-
furo[3,2-c]pyridin-4-yl)metyl]-2-hydroxy-4-(metylsulfanyl)butanoic.

(Céc phuong phap diéu ché)

Hop chét ¢6 cong thirc (I) hodc mubi ciia n6 ¢ thé dugc didu ché sir dung cic
dac tinh dva trén cu tric co ban hoic kiéu phan tir thé va bang cach ap dung cac
phuong phap tbng hop da biét khac nhau. Trong qué trinh diéu ché, viéc thay thé nhom
chirc bing nhém bao vé thich hop (nhém ma c6 thé duge chuyén doi dé dang thanh
nhom chire) ¢ giai doan tir nguyén liéu khoi d4u t6i hop chit trung gian c6 thé 1a hiru
hiéu ty thudc vao kiéu ciia nhom chire trong cong nghé san xudt trong mot sd truong
hop. Nhém bao vé nhu vay co thé bao gém, vi du, cac nhom bao v¢ dugec mo ta trong
tai liu “Greene’s Protecive Groups in Organic Synthesis (4th edition, 2006)”, P. G.
M. Wuts and T. W. Greene, va mdt trong cac nhom nay co thé duoc lua chon va str
dung khi can thiét tiry thudc vio cac diéu kién phan tng. Theo phuong phap thudc loai
nay,hqpchﬁnnongrnuéncéthéﬂnlduqcbéngcédnduavéonhénlbéoxé,béngcéch

thuc hién phan tng va bang cach loai bé nhém bao vé khi can thiét.

-15-



36209

Duéi day, cac phuong phép didu ché dai dién ddi v6i hop chit c6 cong thire (1)
s& dugc mo ta. Mdi mot qui trinh san xuét cling c6 thé dugc thuc hién béng viéc tham
khao céc tai lieu tham khao kém theo trong phan mo ta nay. Ngoai ra, cac phuong
phap bao ché theo sang ché nay khong bi han ché & cac vi du thé hién dudi day.
(Quy trinh san xuét 1)
[Cong thirc hoa hoc 6]

N
(n) R \N

Trong cong thirc, PO 1a nhém bao vé ctia nhém hydroxyl, va PN 1a nhom bao vé
cua nhom amino.

Hop chit (I-B), trong d6 R* 1a OH trong Cong thirc (I) c6 thé duge diéu ché
bang cach m& vong va khir nhom bao vé hop chit (IT).

Trong phan g nay, hop chét (IT) va chét phan ting thity phan v6i lugng twong
dwong nhau, hodc v6i lugng du cia chung, duoc st dung, va hdn hop thong thuong
duge khudy trong thoi gian tir 0,1 gio dén 5 ngay trong dung moi ma dung mdi nay
tro v6i phan tng trong didu kién nhiét do tir nhiét do lam lanh dén nhiét do cap nhiét
bing hdi lwu. Vi du vé dung moi sit dung & day khong bi gidi han mot cach cu thé,
nhung bao gdm céc rwou nhu metanol, etanol va n-propanol; hydrocacbon halogen
hoéa nhu diclometan, 1,2-dicloetan va cloroform; 1,4-dioxan; N,N-dimetylformamit;
tetrahydrofuran va dung moi twong tu. Trong mot sd truromg hop, dung moéi hon hop
cia dung moi nhu vay va nude duge wu tién st dung trong phan tng. Vi du vé chét
phan g thiy phan st dung ¢ day khong bi gidi han mot cach cu thé, nhung bao gom
cac kiém nhu dung dich nuéc natri hydroxit va dung dich nudc kali hydroxit; va céac

axit nhu axit clohydric va axit trifloaxetic. Trong mot s& truong hop, tot hon 14 xi 1y
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hop chét (IT) bang kiém va sau do, bang axit, hogc xit 1y hop chét nay bing axit va sau
do, bang kiém.

Vi du v& P9, nhém bao vé ctia nhém hydroxyl, bao gdbm metoxymetyl,
benzyloxymetyl va nhom tuwong tu. Vi du vé PN, nh6ém bao vé cia nhém amino, bao
gbdm metoxymetyl, benzyloxymetyl va nhém tuwong tu.

(Quy trinh san xut 2)
[Cong thirc hoa hoc 7]

RP1 RP2 RL
5 X
x R I"
O
%3
R

NHy (- A)

Hop chét (I-C) ¢6 thé dugc diéu ché bang cach loai bo nhom bao vé clia hop
chat (III).

Trong phan Ung nay, hop chét (III) va chét phan tng loai bo bao vé véi lugng
tuong duong nhau, hoic véi lugng du cua chung, dugc s dung, va hdn hop thong
thuong duge khudy trong thoi gian tr 0,1 gio dén 5 ngay trong dung mdi ma dung moi
ndy tro voi phan (ng hodc véi sy c6 mit cia dung moi, trong diéu kién nhiét do tur
nhiét do 1am lanh dén nhiét do cAp nhiét bang hdi luu. Vi du vé dung moi sir dung &
day khong bi gidi han mot cach cu thé, nhung bao gdm céc rugu nhu metanol, etanol
va n-propanol; hydrocacbon halogen hoa nhu diclometan, 1,2-dicloetan va cloroform;

1,4-dioxan; N,N-dimetylformamit; tetrahydrofuran va dung moi tuong tu. Trong mot
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s6 truomg hop, dung méi hdn hop cua dung méi nhu vy va nude duge vu tién sir dung
trong phan ung. Vi du vé chét phan mg loai bé bao vé khong bi gidi han mot cach cu
thé, nhung bao gdm céc kiém nhu dung dich nuéc natri hydroxit va dung dich nuéc
kali hydroxit; va céc axit nhu axit clohydric va axit trifloaxetic. Trong mot sd trudng
hop, t6t hon 1a xit Iy hop chét (IIT) bang kiém va sau d6, bang axit, hogc xr 1y hop
chét nay bang axit va sau do, bang kiém.

Vi du vé PN, nhém bao vé clia nhém amino, bao gém tert-butoxycacbonyl,
benzyloxycacbonyl, metoxymetyl, benzyloxymetyl va nhom tuong tuy.

Hop chit (I-A) ciing ¢6 thé dugc diéu ché tir hop chét (IIT) trong cac diéu kién
phan tng lua chon. Vi du, hop chét (I-A) ¢6 thé dugc diéu ché bang cach sir dung tert-
butoxycacbonyl 1am nhém béo vé PN va xur ly bang axit clohydric, axit trifloaxetic va
axit twong tu, trong dung mdi nhu 1,4-dioxan hodc toluen.

(Quy trinh san xut khéc)

Hop chit c6 cong thire (1) didu ché bang cac quy trinh san Xuét twong tmg c6
thé duoc st dung 1am nguyén liéu khoi dau va duoc cho tién hanh phan tng bién doi
héa hoc thudng duge st dung béi ngudi c6 ky nang trong linh vuc, nhu este hoa va
amit héa, dé tao ra cac hop chit c6 cong thirc (I) khac.

(Téng hop nguyén liéu khéi dau 1)
[Cong thitc hoa hoc 8]
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Hop chét (2) c6 thé dugc diéu ché bang cach halogen héa nhém hydroxy cla
hop chét (1) bang cach sir dung thionyl clorua va cac chét tuong tw, va hop chét (3) ¢o
thé duoc didu ché bing cach iot héa cta hop chét (2) bang phan tmg Finkelstein.

[Tai liéu tham khao]
Chirality, 2011, 23(1), 24-33

Hop chét (IT) ¢6 thé dugc didu ché bang cach cho hop chét (3) phan tng véi
hop chét (5).

Trong phan ng nay, cac hop chét (3) va (5) véi lugng tuong duwong nhau, hodc
v6i lwong du clia chiing, dugc st dung, hdn hop thong thudng duoc khudy trong thoi
gian tur 0,1 gio dén 5 ngay trong dung moi ma dung mdi ndy tro v6i phan ung véi su
¢6 mit cia kiém trong diéu kién nhiét o ndm trong khoang tir nhiét do lam lanh dén
nhiét d9 trong phong, t6t hon trong diéu kién lam lanh. Vi du vé dung moi st dung &
day khong bi giéi han mot cach cu thé, nhung bao gém cac hydrocacbon thom nhu
benzen, toluen va xylen; cac ete nhu dietylete, tetrahydrofuran, 1,4-dioxan va
dimetoxyetan; hexan va hdn hgp cua chiung. Vi du v kiém bao gdm cac kiém hitu co
nhu lithi diisopropylamit trietylamin, diisopropyletylamin, lithi hexametyldisilazit,
kali hexametyldisilazit, 1,8-diazabixyclo[5.4.0]-undec-7-en, n-butyllithi va kali tert-
butoxit; va cac kiém vd co nhu natri cacbonat, kali cacbonat, xesi cacbonat va natri
hydrua.

[Tai li¢u tham khéo]
Journal of Organic Chemistry, 1990, 55(20), 5525-5528
Tetrahedron Letters, 2000, 41 (33), 6523-6526

Theo cach khac, hop chét (IT) ¢6 thé duoc diéu ché bang cach cho hop chat (4),
1a hop chét (1) duge brom héa bang PBr3, phan tmg véi hop chét (5). Trong phan tmg
nay, cac hop chat (5) duge xtt ly bang lithi diisopropylamit trong moi truong argon,
tiép theo, khudy hdn hop nay thuong tir 1 gio dén nam ngay, ¢ didu kién 1am mat dén
nhiét d6 trong phong, tot hon 1a & diéu kién lam mat, trong dung mo6i ma tro v4i phan

tmg nhu cac hydrocacbon thom nhu benzen, toluen va Xylen; ete nhu dietyl ete,
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tetrahydrofuran, 1,4-dioxan va 1,2-dimetoxyetan; hydrocacbon halogen héa nhu
diclometan, 1,2-dicloetan va clorofom.

[Tai liéu tham khao]

Molecules, 2004, 9(5), 365-372

Tetrahedron Asymmetry, 1991, 2(7), 705-720

(Toéng hop nguyén liéu khoi dau 2)

[Cong thirc hoa hoc 9]
1
R
5 \\X R2 RP2 1
Pt _P2 R Py R
OH  MeO_oOMe R R ~ "R x
3 P P2 o HO | )
R R R 0 X R
OH 3 N
(7) R \ (1) 0
”—PN © = PN O > R N
(6) T (8) N-P ()

H

Hop chét (8) ¢6 thé dugc diéu ché bang cach cho hop chat (6) phan tng véi hop
chét (7) v6i su c6 mit cuia pyridini p-toluensulfonat hodc axit p-toluensulfonic. Trong
phan ng nay, hon hop gbm cac hop chét (6) va (7) duoc khudy trong thoi gian tir mot
gi& dén nam ngay trong dung modi ma tro v6i phan Gmg v6i su 6 mat cta pyridini p-
toluensulfonat hoac axit p-toluensulfonic ¢ diéu kién lam mat dén dun nong, tdt hon
12 & nhiét do nam trong khoang tir 40 dén 120°C. Vi du vé dung mdi bao gbm cac
hydrocacbon thom nhu benzen, toluen va xylen; cc ete nhu dietylete, tetrahydrofuran,
1,4-dioxan va 1,2-dimetoxyetan; va hydrocacbon halogen héa nhu diclometan, 1,2-
dicloetan va cloroform.

Vi du vé& PN, nhém bao vé ciia nhém amino, bao gém tert-butoxycacbonyl,
benzyloxycacbonyl, metoxymetyl, benzyloxymetyl va nhom tuong tu.

Hop chét (II1) c6 thé dugc diéu ché bang cach cho hop chét (8) phan img voi
hop chét (1). Phan Gmg nay c6 thé dugc tién hanh bang cac phuong phap gidng nhu
dugc mo ta trong quy trinh tong hop ctia hop chat (II) from hop chét (1) bang cach sir
dung hop chit (5) dugc md ta trong Quy trinh tdng hop cac nguyén lidu khéi dau 1.
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Hop chét (IIT) ¢6 cAu hinh mong muén c6 thé dugce tao ra tir hop chat khéi dau
(6) trong do6 cacbon khong d6i xtmg gan vao -NHPN c6 ciu hinh riéng biét. Trong mot
s6 truomg hop, t6t hon 13 bd sung trimetylclosilan tai thoi diém phan mg ctia cac hop
chét (8) va (1), tuy thudc vao cAu hinh cta cacbon khong dbi xting gan vao -NHPN.
Khi mdt hdn hop trong d6 cAu hinh cta cacbon khéng dbi ximg gan vao -NHPN 1a R
va S duoc dung 1am hop chat ban dau, tot hon 13 két hop k¥ thuat tach quang thong
thuong.
(Téng hop cac nguyén liéu khéi dau khac)

Hop chét khéi dau mong mudn ¢6 thé dugc tao ra bang cach sit dung phuong
phap khéc bat ky da biét di voi ngudi co k§ nang trong linh vue. Vi du, c6 thé sit
dung cac phuong phap duoc thé hién trong so dd phan tmg dudi day.

[Cong thirc hoa hoc 10]

P° PO Po F)o Po
—
o 9 o " o " o o7 o
7 7 7 7 7
N N N N N
\_N \, \
P P PR o =
0 HO 0 HO o\
Me)r H Si(iPr)3
Me o
o /P 0

trong d6 mdi gbe R¢ va Rf tao thanh mot phan cua R3.
Hop chét c6 cong thire (I) dugc tach va tinh ché ¢ dang bazo tw do hodc mudi,
hydrat, solvat hoac cac dang da hinh két tinh cua ching. Mudi ctia hop chét c6 cong

thire (I) ciing c¢6 thé duoc tao ra bang phan tng tao mudi thong thuong.
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Viéc tach va tinh ché dugc thuc hién bang phwong thirc héa hoc chung nhu
chiét, két tinh phan doan va céc kiéu sic ky phan doan khéc nhau.

Céc chat d@)ng phén khéc nhau co thé dugc tao ra béng cach luya chon hop chét
khéi dau thich hop hodc co thé duoc tach dua vao su khic nhau vé céac dic tinh vat ly
héahocﬂongsécécchétdéngphﬁn.Vﬁdu,cécchétdéngphﬁnquanghoccéthédugc
didu ché bang k¥ thuat tich quang thong thuong cia cac san pham triét quang (vi du,
két tinh phan doan chuyén déi hop chét thanh cac mudi déng phan khong d6i quang
bang céc kiém hoic axit hoat quang, hodc phuong phéap sic ky str dung cot khong db6i
X&ngLhoaccﬁngcéthédugctaorat&céchgpchﬁtkhéidﬁlhoatquang

Tac dung dugc ly ctua hop chét c6 cong thic (1) duge khing dinh bang cac thir
nghiém mo ta dudi day. Liéu lugng ciia timg hop chét thir nghiém riéng biét mo ta &
day dugc chi dinh theo khéi luong twong Gng cua cac bazo ty do.

(1) Uc ché hoat tinh IRAP

Céc dém md mao tinh hoan chudt dugc lam df)ng nhit héa va dugc cho tién
hanh siéu ly tdm & tbc d6 100000 x g trong thoi gian 30 phit dé thu duoc céc tiéu thé
chira IRAP. Céc tiéu thé (v6i ham luong protein tong cong 55 ng/1d) duge tron két
hop véi dung mdi (dimetyl sulfoxit; sau ddy goi tat 1a DMSO (ndng do cudi: 0,1%))
hodic v6i mdi mot hop chét thir nghiém (ty 1& chung: 3; néng do t6i da: 10 uM). Sau
do, AVP duoc bd sung vao dung dich téi néng do cudi 25 uM, va dung dich tao ra
duoc cho phép phan tng trong thoi gian 1 gio ¢ nhiét do 37°C. Sau do, dung dich nude
axit trifloaxetic (sau day goi tat 1a TFA) duge bd sung vao dung dich (ndng do cudi:
1%) dé lam dirng phan tng enzym. Sau d6, AVP du dugc xac dinh bang phuong phép
phd khdi (MALDI-MS). Dya vao két qua, cac gid tri ICso (nM), tic 1, ndng do can
thiét dé (rc ché 50% su suy giam muc ndng do AVP & nhém dbi chung dung mdi, ctia
cac hop chét thir nghiém riéng biét dugce tinh toan bing phuong phap hdi quy phi tuyén
tinh md hinh Sigmoid-Emax dé danh gia su e ché hoat tinh IRAP.

Két qua dugc thé hién trong Bang 1, va chi ra rang, cac hop chét vi du tc ché
mot cach hiéu qua su thoai bién AVP béi IRAP, tic 13, chat dong dang & chudt cia P-
LAP nguoi.
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(2) Uc ché hoat tinh P-LAP nguoi (hP-LAP)

Cac té bao HEK293 dugc cho biéu hién tam thoi hP-LAP (J Biol Chem 1996;
271: 56-61) dugc diéu ché béng lipofection, déng nhét hoa, va sau d6, cho tién hanh
siéu ly tam véi tde do 100000 x g trong thoi gian 30 phut. C4c tiéu thé chira hP-LAP
duoc diéu ché bang cach d6. Cac tiéu thé (v6i ham luong protein tbng cong nam trong
khoang tir 0,5 dén 1,5 pg/13) duge tron két hop véi dung moi (DMSO; ndng do cudi:
0,1%) hodc v6i mdi mot hop chét thir nghiém (ty 16 chung: 3; ndng d6 toi da: 10uM).
Sau do, AVP dugc bd sung vao dung dich t&i néng d6 cubi 25 uM, va dung dich tao
ra dugc cho phép phéan tng trong thoi gian 1 gio ¢ nhiét do 37°C. Sau do6, dung dich
nude TFA dugc bd sung vao dung dich (ndéng do cudi: 1%) dé 1am dung phan tng
enzym. Sau d6, AVP du dugc xac dinh bing phuong phép phd khéi (MALDI-MS).
Dua vao két qua, cac gia tri ICso (nM), tirc 1a, néng do can thiét dé trc ché 50% su suy
giam mic nong do AVP & nhém d6i chimg dung moi, ciia cac hop chét thir nghiém
riéng bi¢t dugc tinh toan bang phuong phap hdi quy phi tuyén tinh md hinh Sigmoid-
Emax dé danh gia su trc ché hoat tinh hP-LAP. Két qua dugc thé hién trong Bang 1 va
chi ra ring, cc hop chat vi du trc ché mot cach hiéu qua sy thodi bién AVP boi hP-
LAP.

Trong cac bang 1 va 2 dudi day, cac chix sb & cot "Vi du" dé chi s vi du lién

quan dén cac hop chét thir nghiém twong ung.

Bang 1
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vi |IRAP hP-LAP ~TIrAP hP-LAP
dy |ICso@M) | ICso(nM) Vidu | 1c5nM) | ICs0(nM)
1 |27 3,3 14 10,80 3,9
2 1,1 2.4 15 |19 6,0
3 |26 21 16 0,56 6,9
4 [290 230 17 |43 14
5 |59 89 18 |26 7,9
6 |27 33 19 |94 200
7(1) | 58 35 20 [130 140
7Q2) | 8,4 7,0 21 16,6 7,0
8 |88 7,0 22 |36 27
9 |34 4,1 23 |46 4,9
10 |82 75 24 |74 16
11 [9,2 3,6 25 |72 4,4
12 [5,7 8,0 26 |2,1 3,1
13 | 1,6 4,3 27 3,7 4,2

(3) Thir nghiém chdng bai tiét & chuot duoc dung no nude (dung theo duong udng)

Céc hop chét thir nghiém riéng biét dugc hoa tan trong ta dugc long (chira 10%
N,N-dimetylformamit, 10% propylen glycol, va 80% nudc cat), va dung dich tao ra
duoc str dung cho chudt theo duong uéng. Khi hgp chét thir nghiém la bazo ty do, mot
duong luong mol axit clohydric dugc b sung dé hoa tan hop chét nay trong dung moi.
Chudt & nhom dbi chung sir dung t4 duge 16ng dugc st dung duy nhét bang ta dugc
long. Mot gio sau khi str dung, nudc cit v6i lugng 30ml/kg dugc sit dung cho chudt
theo duong udng. Mot gio sau khi nap nudc, thé tich nudc tiéu duoc do (thé tich nuée
tiéu du6i 0,3ml duoc coi 1a Oml) dé tinh toén ty 18 gitra thé tich nude tiéu (y 1€ bai tiét
nudc tiéu) so v4i lugng nude nap vao. Ty 1€ tc ché tiéu tién (%) & nhém sir dung hop
chét so v6i nhom ddi chung st dung ta duge 16ng dugc tinh toan theo biéu thirc sau
(mdi mdt nhém bao gdm 4 dén 5 chuot):

Ty 16 tre ché tiéu tidn (%) = {[(ty 1& bai tiét nudc tiéu & nhém ddi chimg sir dung
t4 dugc 16ng) - (¥ 1¢ bai tiét nude tidu & nhém st dung hop chit] / (ty 1€ bai tiét nude
tiéu & nhom ddi chung st dung ta duge léng)} x100

Bang 2 thé hién ty 18 tc ché tiéu tién (%) quan sat dugc khi mot s hop chét vi

du bao gdm trong cac hop chét c6 cong thirc (I) dugce st dung riéng biét voi luong 3
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mg/kg. Cac két qua nay chira rang cac hop chét vi du ¢6 tac dung chdng loi tiéu tuyét

VOI.
Bang 2
Vidu | Ty 16 tc ché (%) | Vidu | Ty 1€ e ché (%)
1 98 16 100
2 98 17 72
8 72 21 68
9 97 23 78
12 82 26 96
14 08 27 87

Két qua thé hién & trén cho thiy ring, hop chét c6 cong thire (I) e ché P-LAP
(IRAP), tirc 13, aminopeptidaza phan gii AVP, dé tic ché su thodi bién clia AVP ndi
sinh, qua trinh nay dan dén 1am giam san xuét nudc tiéu.

P biét ring mirc AVP huyét twong dugc didu hoa chat ché béi do thdm thau
huyét twong va viéc dua vao lugng nuéc du lam giam sy san xuét va bai tiét AVP dé
gdy ra su bai tiét. C4c tac gia sang ché da thu duoc két qua, tir thir nghiém chéng bai
tiét & cac con chudt duoc cap nudc lién tuc bang cach nap nudc bd sung bang cach sir
dung cac hop chét c6 tac dung chéng loi tiéu trén co s& tc ché P-LAP, cho thiy rang
trong truong hop hép thu nudc qua mic do viéc nap nude bd sung, phuc hdi duoce viée
lam giam thé tich nudc tidu (PCT/IP2015/065344). Da ¢6 dé xuét 1a viée giam mirc
ndéng dd AVP ndi sinh do viéc nap nudce b sung sé& lam gidm tac dung chéng bai tiét.
Do d6, hop chat dugc thé hién bang cong thirc (I) c6 tac dung chéng loi tiéu trén co
s& e ché P-LAP duoc mong doi 1a tAc nhén diéu tri chung tiéu dém véi it nguy co
thiéu natri huyét, tham chi trong truong hop hép thu nuéc qua muc, khong gidng chat
d6i khang thy thé V2 ma doi hoi phai tp trung vao viée thiéu natri huyét.

Duoc phém chtra mot hoac nhiéu hop chét co cong thuc (1) hoac mubi cia nd
1am hoat chat c6 thé dugc didu ché bang phuong phéap chung st dung ta dugc thudong

duoc sir dung trong linh vue, tuc 13, t4 dugc hoac chit mang ciia dugc phém.
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Duoc phdm nhu vy c6 thé dugc st dung & dang bit ky, nhu dung theo duong
uéng ddi v6i vién nén, vién tron, vién nang, dang hat, bot, hodc dang léng va str dung
theo duong ngoai tieu hoa bang cach tiém trong khdp, tinh mach, hodc trong co, dang
dan dat, dang long thadm qua da, tAm dan thdm qua da, dang 1éng qua niém mac, tAm
dan thAm qua niém mac hodc dang x0ng.

Ché phim rin dé dung theo duong ubng c6 thé & dang, vi du, vién nén, bot, va
dang hat. Ché pham ran nhu vy chira mot hodc nhiéu hoat chét két hop véi it nhét
mot ta dugc bét hoat. Ché phém c6 thé chira chit phu gia bét hoat, vi du, chit 1am tron,
chét phén huy, chit 1am 6n dinh, va chét 1am hoa tan, tudn theo cic k¥ thuét thong
thuong. Vién nén hodc vién tron ¢ thé duge boc bing dudng hoic mang bang nguyén
liéu hoa tan trong da day hodc rudt, néu can thiét.

Ché phdm léng dé dung theo duong uéng bao gbm nhii trong, dung dich, huyén
phu, xi-rd, va cdn ngot dugc dung va chira chét pha loang bét hoat thong thuong, vi
du, nuée tinh khiét hoac etanol. Ché pham 16ng c6 thé chira chat phu gia nhu chét lam
hoa tan, chat tao 4m, va chét tao huyén phu; chét tao ngot; chét tao huong vi; chét tao
huong; va chat bao quan, ngoai chat pha lodng bét hoat.

Ché pham tiém dé dung theo dudng ngoai tiéu hoéa chira dung moi, huyén phu,
hoic nhil twong vo trung dang nuée hoac khong ¢ dang nude. Vi du vé dung moi dang
nuge bao gdm nudc cét tiém va nude mudi sinh Iy. Vi du vé dung mdi khong & dang
nuée bao gdm cac ruou nhu etanol. Ché phim c6 thé chira thém chét tao tinh truong,
chét bao quén, chét tao 4m, chét nhii hoa, chét phan tan, chét dn dinh, hodc chét 1am
hoa tan. Cac thanh ph?m nay dugc vo trung béng cach loc qua dung cu loc gift vi khuén,
két hop chat diét khuin hodc chiéu xa chang han. C4c thanh phan nay ciing c6 thé
duogc phbi ché thanh ché pham rén vo khudn dé dugc hoa tan hodc tao huyén phu trong
dung moéi tiém vo khuan truée khi sir dung.

Néu hop chét c6 cong thirc (I) duwoc dung theo duong ubng, lidu luong hang
ngay thich hop la x4p xi tir 0,001 dén 100mg/kg, tét hon tir 0,1 dén 30mg/kg, tot hon
nira tir 0,1 dén 10 mg/kg, theo thé trong, va dugc dung hang ngay trong mot lidu don

hodc chia thanh tir 2 dén 4 1iéu riéng biét. Néu hop chat duge ding theo duong tinh
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mach, liéu luong thich hgp hang ngay xép xi tir 0,0001 dén 10mg/kg theo thé trong,
va dugc dung héng’ngéy trong mot lidu don hodc theo cac lidu riéng biét. Néu hop
chét dugc ding theo duong qua niém mac, lidu luong thich hop hang ngay Xap xi tir
0,001 dén 100mg/kg theo thé trong, va dugc dung hang ngay trong mot liéu don hoic
theo cac lidu riéng biét. Lidu lwong duge xac dinh mot cach thich hop tiy thude vao,
vi du, tridu chimg, tudi va gi6i tinh ctia tng bénh nhan. Néu hop chat c¢6 cong thire (1)
duge st dung dé phong ngira hoic didu tri chimg tiéu dém, n6 t6t hon c6 thé duoc
dung mdi ngay mot 1an sau bita an t6i hodc true khi di ngii chang han.

])uqcph&miheoséngchéch&arn@thoacrﬁﬁéthpchétcécﬁngthﬁc(l)hoac
mubi ciia n6 véi lugng ndm trong khoang tir 0,01 dén 100% theo khdi fugng, theo mot
phwong an nam trong khoéang tir 0,01 dén 50% theo khéi lwong, 1am hoat chat, trong
khi luong c6 thé thay déi tiy thudc vao duong ding, dang bao ché, vi tri dung va loai
ta dugc hoac chét phu gia.

Hop chét c6 cong thire (I) ¢6 thé duge str dung két hop véi cac tac nhan diéu tri
hodc phong ngtra khac d6i v6i cac bénh ma hop chat c6 cong thire (I) duge cho 1a ¢6
lﬁéuquéQngchétcécéngthﬁc(D\@iécnh&ldéduocmidungkéthgpvéinécéthé
duge dung dong thoi, tudn tu hodc voi cac khoang gidn cach thoi gian mong mudn.
Chéphénldédﬁngdﬁngthbicéthéduqckéthqpvéihqpchétcécéngthﬁc(l)hoéc
duoc phéi ché thanh ché pham riéng biét.
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Vi du thwe hién sang ché

Saudﬁy,cécquytﬁnhsénxuéthopchétcécéngthﬁc(l)séduqcrnétéchiﬁét
hon véi viéc tham khao céc vi du. Sang ché khong bi han ché boi cac hop chét dugc
md ta trong phan vi du. Quy trinh san xuét cac hop chét khoi dau sé dugce trong phan
Vi du san xut. Quy trinh san xuat hop chét c6 cong thire (I) khong bi gidi han boi cac
quy trinh mo ta trong cac Vi du va Vi du diéu ché cu thé duéi day, nhung hop chét c6
cong thire (I) co thé duoc didu ché bang mét t6 hop cic quy trinh san xuét nhu vay
hodc theo phuong phap bét ky 13 hién nhién d6i voi ngudi c6 k¥ nang trong linh vyec.

Nhu dugce st dung & day, don vi "mol/L" vé néng do dugc viét tat 1a "M" cho
thuan tién. Vi du, "dung dich nuéc natri hydroxit 1M" dé chi 1mol/L dung dich nuéc
natri hydroxit.

Trong phan vi du, vi du san xuét va cac bang dudi ddy, nhitng chit viét tat dudi
day c6 thé dugc sir dung:

DMF: N,N-dimetylformamit; AcOEt: etyl axetat; AcOH: axit axetic; THEF:
tetrahydrofuran; MeCN: axetonitril; EtOH: etanol; MeOH: metanol; DOX: 1,4-
dioxan; TFA: axit trifluoroaxetic; EtsN: trietylamin; DIPEA: diisopropyletylamin;
Pd/C: paladi trén than; NaBHa: natri bohydrua; LDA: lithi diisopropylamit; ODS:
ocmdaqdﬁbd;PEx:Sévidus&nxuﬁ;Ex:Sévidu;PSyn:Sévidusénxu&,uong
d6 hop chit dugc diéu ché bang phuong phap twong tw; Syn: S6 vi du, trong d6 hop
chétduqcCﬁ&lchébéngphuongphéptuongtu;SU:céngth&ccéluﬁchéahoc;Boc
tert-butoxycacbonyl, TIPS: triisopropylsilyl, DATA: dir liéu héa ly, ESI+: gié tri m/z
trong phuong phap phé khéi (phwong phap ion hoa bang phun dién (ESI); biéu thi
[M-+H]" trir khi duoc quy dinh theo cach khac); ESI-: gia tri m/z trong phuong phap
phé khéi (phuong phéap ion hoa bing phun dién (ESI); biéu thi [M-H]" trir khi dugc
quy dinh theo céch khéc); APCI/ESI+: APCI/ESI-MS (phwong phép ion hoa héa hoc
tai ap suét khi quyén (atmospheric-pressure chemical ionization-APCI); APCI/ESI aé
chi phép do ddng thoi bang APCI va ESI; biéu thi [M+H]" trir khi dugc quy dinh theo
cach khac); va CI+: gia tri m/z trong phuwong phap pho khéi (phuong phap ion hoa hoa
hoc (CI); biéu thi [M+H]" trir khi dugc quy dinh theo cach khac). “HCI" trong cong
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thirc cAu tric chi ra ring, hop chat nay 1 monohydroclorua, va "2HCI" chi ra rang,
hop chit 14 dihydroclorua. Lién két doi biéu thi bang hai duong chéo trong cong thirc
hoa hoc chi ra réng, lién két doi tao ra chét déng phén E hodc chét déng phéan Z, hodc
hdn hop ctia chung.

Hop chét duge thé hién bang cong thirc (I) dugc mod ta trong phén Vi du duéi
day c6 it nhat hai nguyén tir cacbon khong dbi xtmg, va trong s6 chung, nguyén ti
cacbon (vi tri 2) ma nhém carboxy ga‘in vao ¢6 cau hinh (R). Ky hiéu "*" trong cong
thirc cAu tric hoa hoc chi ra ring, hop chét trong mg 12 chit ddng phan don c6 cau
hinh chi dinh. Ky hiéu "#1" chi ra ring, hop chét tvong tmg c6 céu hinh 1ap thé chi
dinh va 12 hdn hop cuia cac chat ddng phan 1an lugt c6 cdu hinh (R) va cau hinh (S), &
cacbon khong ddi xtmg véi cAu hinh 1ap thé khong dwgc chi dinh. Ky hiéu "#2" chi ra
rang, hop chét trong tng c6 cAu hinh chi dinh va 13 hdn hop cua céc chét déng phan
14n luot c6 cAu hinh (R) va cAu hinh (S), & gdc sulfoxit.

Trong ban mo ta nay, phin mém dinh danh nhu ACD/Name (nhan hiéu dang
ky, Advanced Chemistry Development, Inc.) co thé dugc sit dung dé dinh danh cac
hop chét trong mot s6 truong hop.

RINT-TTRII duge sir dung trong phép do nhiu xa bot tia X mo ta & day. Phép
do nhiu xa dugc thuc hién trong céc diéu kién sau: Gng phat tia X: Cu; dong qua 6ng:
300mA; dién thé 6ng: 50kV; do rong 14y mau: 0,020°; tbc do quét: 4°/phut, budc song:
1,54056 A; pham vi géc nhifu xa trong phép do (26): 2,5 to 40°. Trong nhiéu xa bot
tia X, khoang cach mang tinh thé va phd toan thé 1a quan trong dé nhan dang c4c tinh
thé theo quan diém vé cac dic trung cda dit liéu. Goc nhiéu xa va cuong do c6 thé thay
dbi chit it thy thudc vao hudng phat trién tinh thé, ¢ hat va diéu kién do va khong
cAn din giai mot cach chat ché. Nhu duogc st dung & day, goc nhidu xa (26) trong pho
nhidu xa bot tia X duge dién giai voi gi6i han sai s thuong c6 thé chap nhan dugc
trong phép do, vi du, gi¢i han sai sb 1a +0,2°.

Vidul

Hén hop gdm  (3R,4R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-

yl]metyl}-4-[(etylsulfanyl)metyl]-3-(metoxymetoxy)- 1-(metoxymetyl)azetidin-2-on
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(65 mg), DOX (0,75 ml) va axit clohydric 6M (1,5 ml) dugc khudy & 60°C trong thoi
gian 1,5 gid. Sau khi lam lanh hon hgp phan tng thu duoc bang chau nuéc d4, dung
dich nudc natri hydroxit 6M (1 ml) va DOX duoc bd sung vao d6 va hdn hop duge cd
trong diéu kién 4p sut giam. Phan can tao ra dugc tinh ché bang phuong phap sic ky
c6t ODS (MeCN/dung dich nudce axit formic 0,1%) dé tao ra axit (2R,3R)-3-amino-2-
{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl}-4-(etylsulfanyl)-2-
hydroxybutanoic (39 mg) dudi dang chét ran.
Vidu?2

TFA (25 ml) duoc b sung vao hon hop gbm tert-butyl [(1R)-1-[(4R)-4-{[2-(2-
xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl }-2,2-dimetyl-5-0x0-1,3-dioxolan-4-
y1]-2-(metylsulfanyl)etyl]carbamat (6 g) va CH2Cl, (50 ml) trong khi lam lanh bang
chiu nuge da, va khudy hdn hop ndy & nhiét d trong phong trong 1 gio. Hén hop
phan tng thu dugc dugc bd sung tir tir vao hdn hop gdbm MeOH (85 ml) va dung dich
nude natri hydroxit 6M (77 ml) trong khi lam lanh bang chau nuéc da, va tiép theo,
khudy hdn hop nay & 60°C trong thoi gian 1,5 gio. B6 sung than hoat tinh vao hén hop
phan tng thu duoc, khudy hdn hop nay & nhiét do trong phong trong 30 phit va tiép
theo, nguyén liéu khong hoa tan dugc loai bo bang cach loc. Sau khi lam mat dich loc
thu duoc bang chau nuéce d4, axit clohydric 6M duoc bd sung tir tir vao dé dé diéu
chinh d6 pH dén khoang 7, va tiép theo, khudy hén hop nay & ciing nhiét do nay trong
1 gid. Cac chit khong tan tao ra dugc gom bang cach loc va lam kho trong diéu kién
ap sudt giam. B6 sung hdn hop (45 ml) gém EtOH : nudce (3:1) vao chét ran thu dugc,
hdn hop nay duoc dun nong dén 80°C va khudy cho dén khi chét rédn dugc hoa tan, va
tiép theo, nudc (30 ml) duge bd sung vao d6. Dung dich tao ra dugc cho lam mat tur
tir xubng nhiét do trong phong va khudy qua dém. Chét rén két tia dugc gom bang
cach loc dé tao ra axit (2R,3R)-3-amino-2-{[2-(2-xyclopropyl-etyl)furo[3,2-c]pyridin-
4-ylJmetyl}-2-hydroxy-4-(metylsulfanyl)butanoic (2,43 g) dudi dang tinh thé. Tinh
thé tao ra c6 phd nhifu xa bot tia X ¢6 cac dinh tai goc 20 (°) 6.5, 8,6, 12,3, 14,1, 14,7,
17,4,17,9, 18,5, 19,1, 19,6, 20,7, 22,7 va 24,8.
Vidu3
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Dung dich nugc natri hydroxit 6M (2 ml) dugc bd sung vao hon hop gbdm
(3R,4R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-4-[ (isopropyl-
sulfanyl)metyl]-3-(metoxymetoxy)-1-(metoxymetyl)azetidin-2-on (71 mg), MeOH (2
ml) va THF (2 ml) va khuy h&n hop nay & 70°C trong thoi gian 5 gid. B6 sung dung
dich axit clohydric 6M (2ml) vao hdn hgp phéan ing thu dugc trong diéu kién lam lanh
bing chau nudc da, va hdn hop dugce o trong diéu kién ap suat giam. MeCN (1 ml)
va axit clohydric 1M (3 ml) dugc bd sung vao can thu dugc va hdn hop duge khudy &
nhiét do trong phong trong thdi gian 3 gio. Axit clohydric 6M (0,5 ml) duoc b6 sung
vao hdn hop phan g thu dugc, khudy hon hop nay & nhiét do trong phong trong 18
gidr va tiép theo, & 40°C trong thoi gian 2 gio. Lam mat hdn hop phéan tng thu dugc
xuéng nhiét do trong phong va nudc dugc bd sung vao do. Hoén hop thu dugc dugce cd
trong diéu kién ap sudt giam va phan cin tao ra dugc tinh ché bang phuong phap sic
ky c6t ODS (MeCN/dung dich nuéc axit formic 0,1%) dé tao ra axit (2R,3R)-3-amino-
2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]-metyl}-2-hydroxy-4-
(isopropylsulfanyl)butanoic (21 mg) duéi dang chét ran.

Vidu4

TFA (5 ml) dugc bd sung vio hén hop gom tert-butyl [(1R)-1-[(4R)-4-{[2-(2-
xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl}-2,2-dimetyl-5-oxo-1,3-dioxolan-4-
y1]-2-(metylsulfanyl)etyl]carbamat (1,1 g) va toluen (15 ml) ¢ nhiét do trong phong,
va khudy hon hop niy & cung nhiét dd nay qua dém. Co hon hop phan tng thu duge
trong diéu kién ap suat giam, dung dich nuéc natri hydro cacbonat bdo hoa dugc b6
sung vao phan cin va hon hop duge chiét bang AcOEt. Lam kho 16p hitu co thu duoc
trén magie sulfat khan va sau d6, c6 dung mdi trong diéu kién 4p suét giam. Phan cin
tao ra duoc tinh ché bang phuong phap sic ky cot silicagel (CHCl3/MeOH) dé tao ra
(5R)-5-[(1R)-1-amino-2-(metylsulfanyl)etyl]-5-{[2-(2-xyclopropyletyl)-furo[3,2-
c]pyridin-4-ylJmetyl}-2,2-dimetyl-1,3-dioxolan-4-on (777 mg) dudi dang san phim
dang dau.

Axit clohydric 1M (1 ml) dugc bd sung vao (5R)-5-[(1R)-1-amino-2-
(metylsulfanyl)etyl]-5-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl|metyl }-2,2-
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dimetyl-1,3-dioxolan-4-on thu dugc (65 mg) va tiép theo, chung cit dung moi trong
didu kién ap suét giam dé tao ra (SR)-5-[(1R)-1-amino-2-(metylsulfanyl)etyl]-5-{[2-
(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2,2-dimetyl-1,3-dioxolan-4-on
dihydroclorua (70 mg) dudi dang chét rin co bot.
Vidu5

Hén hop gdbm (5R)-5-[(1R)-1-amino-2-(metylsulfanyl)etyl]-5-{[2-(2-xyclo-
propyletyD)furo[3,2-c]pyridin-4-ylJmetyl}-2,2-dimetyl-1,3-dioxolan-4-on (95 mg),
MeOH (5 ml) va kali cacbonat (200 mg) duoc khudy & nhiét do trong phong trong 12
gio. AcOEt duoc bd sung vao hon hop phén g thu dugc, va nguyén liéu khong hoa
tan duogc loai bd béng cach loc. Dich loc thu dugc dugc c6 trong diéu kién ap suét
giam va cdn duogc tinh ché bang sic ky cot silicagel (CHCls/MeOH). B6 sung axit
clohydric 1M (1 ml) vao san pham thu duge va chung cit dung mdi trong diéu kién
ap sut giam dé tao ra (2R,3R)-3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-
4-yl]metyl}-2-hydroxy-4-(metylsulfanyl)metyl butanoat dihydroclorua (55 mg) dudi
dang chét ran c6 bot.
Vidu6

Hbn hop gdm (5R)-5-[(1R)-1-amino-2-(metylsulfanyl)etyl]-5-{[2-(2-xyclo-
propyletyl)furo[3,2-c]pyridin-4-yllmetyl}-2,2-dimetyl-1,3-dioxolan-4-on (98 mg),
~ MeOH (2 ml) va dung dich nudc amoniac 28% (2 ml) dugc khudy & 120°C trong thoi
gian 30 phut trong diéu kién buc xa vi séng. Nudc duge bd sung vao hdn hop phén
{mg thu duoc va hdn hop dugc chiét bang hdn hop gdm AcOEt va toluen vai ty 1¢ 1:1.
Lam khé 16p hitu co thu dugc trén magie sulfat khan va sau d6, c6 dung méi trong
didu kién dp suat giam. Cin thu dugc dugc tinh ché bang sic ky cot silicagel
(CHCI3/MeOH). Axit clohydric 1M (1 ml) dugc bd sung vao san pham thu dugc va
chung cét dung mdi trong diéu kién ap suit giam dé tao ra (2R,3R)-3-amino-2-{[2-(2-
xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2-hydroxy-4-(metylsulfanyl)-
butanamit dihydroclorua (20 mg) dudi dang chét ran c6 bot.

Vidu7
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Axit clohydric dac (5 ml) dugce bd sung vao tert-butyl [(1R)-1-[(4R)-4-{[2-(2-
xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl}-2,2-dimetyl-5-oxo-1,3-dioxolan-4-
yl]-2-metylsulfanyl)etyl]carbamat (400 mg), va khudy hdn hop nay & 80°C trong thoi
gian 3 ngay. Hon hop phén tng thu dugc duoc tinh ché bing phuong phap sac ky cot
ODS (MeCN/dung dich nudc axit formic 0,1%) dé tao ra, mot trong s6 hai loai hop
chdt thu duoc, (1) axit (2R,3R)-3-amino-2-hydroxy-2-{[2-(3-hydroxy-
pentyl)furo[3,2-c]pyridin-4-ylJmetyl}-4-(etylsulfanyl)butanoic (65 mg) dudi dang
chét rén c6 bot ctia hop chit phan cuc manh. Axit clohydric 1M (2 ml) dugc bd sung
vao san pham con lai thu dugc dudi dang hop chét it phan cuc va tiép theo, chung cét
dung méi trong diéu kién ap sut giam dé tao ra (2) dihydroclorua cua axit (2R,3R)-3-
amino-2-{[2-(3-clopentyl)furo[3,2-c]pyridin-4-ylJmetyl }-2-hydroxy-4-
(metylsulfanyl)butanoic (107 mg) dudi dang chét rin c6 bot.

Vidu 8

Dung dich nudc natri hydroxit 1M (0,83 ml) duoc bd sung vao hén hop g6m
tert-butyl  [(1R)-1-{(4R)-4-[(2-butylthieno[3,2-c]pyridin-4-yl)metyl]-2,2-dimetyl-5-
oxo-1,3-dioxolan-4-yl}-2-(metylsulfanyl)etyl]carbamat (83 mg), MeOH (0,83 ml) va
DOX (0,83 ml) va khudy hdn hop nay & 50°C trong théi gian 5 gio. Lam mat hon hop
phan tmg thu duogc xubng nhiét d6 trong phong va cd trong diéu kién &p suat giam.
Sau khi b6 sung DOX (0,83 ml) vao can thu dugc, axit clohydric (dung dich DOX 4M,
0,83 ml) duoc bd sung vao d6 trong khi 1am lanh bang chau nudc da. Khudy hdn hop
phan tmg thu dugc ¢ nhiét d trong phong trong thoi gian 1,5 gio va cd trong didu kién
4p suat giam. Phan cin tao ra dwogc tinh ché bang phwong phap sic ky cot ODS
(MeCN/dung dich nudce axit formic 0,1%) dé tao ra chét rdn. Chét ran thu dugc duge
tao huyén phu trong MeCN-MeOH (10:1) va cac chét khong tan tao ra dugc gom bing
cach loc. Gom chét rin, rira bing MeCN dé tao ra axit (2R,3R)-3-amino-2-[(2-
butylthieno[3,2-c]pyridin-4-yl)metyl]-2-hydroxy-4-(metylsulfanyl)-butanoic (27 mg)
dudi dang cht ran.

Vidu9
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TFA (0,635 ml) duoc bd sung vao hon hop gbm tert-butyl [(1R)-1-[(4R)-2,2-
dimetyl-4-{[(2-(3-metylbutyl)furo[3,2-c]pyridin-4-ylJmetyl}-5-0xo-1,3-dioxolan-4-
yl]-2-(metylsulfanyl)etyl]carbamat (140 mg) va CH2Cl: (1,4 ml), va khudy hén hop
nay & nhiét do trong phong trong 2 gio. Hon hop phén tng thu dugc duge bd sung tir
tir vao hdn hop gdm MeOH (2,1 ml) va dung dich nuéc natri hydroxit 6M (1,85 ml)
trong khi lam lanh bang chau nudc da, va tiép theo, khudy hdn hgp nay & 60°C trong
thoi gian 3 gio. B6 sung axit clohydric 6M (0,46 ml) vao hdn hop phan tng thu dugc
trong khi 1am lanh bang chau nuéc da, va khudy hdn hop nay & nhiét do trong phong
trong 10 phat. Dung dich tao ra dugc tinh ché bing phuong phap sac ky cot ODS
(MeCN/dung dich nudc axit formic 0,1%). Mot luong du cua axit clohydric 1M duogc
bd sung vao sin pham thu dugc va tiép theo, chung cat dung mdi trong diéu kién ap
sudt giam dé tao ra dihydroclorua cua axit (2R,3R)-3-amino-2-hydroxy-2-{[2-(3-
metylbutyl)furo[3,2-c]pyridin-4-ylJmetyl}-4-(metylsulfanyl)butanoic (100 mg) dudi
dang chét ran.

Vidu 10

Hén hop gdbm (3R,4R)-3-[(2,3-dietylfuro[3,2-c]pyridin-4-yl)metyl]-4-[(etyl-
sulfanyl)metyl]-3-(metoxymetoxy)-1-(metoxymetyl)azetidin-2-on (95 mg), DOX
(0,95 ml) va axit clohydric 6M (0,73 ml) dugc khudy & 60°C trong thoi gian 3 gio.
Dung dich nuéc natri hydroxit 1M dugc b sung vao hdn hgp phén tmg thu dugc trong
khi 1am lanh bang chiu nuéc da dé trung hoa hdn hop nay. Dung dich tao ra duoc tinh
ché biang phuong phap sic ky cot ODS (MeCN/dung dich nuée axit formic 0,1%).
Mot lwong du cua axit clohydric 1M duoc bd sung vao san pham thu duge va tiép
theo, chung cit dung méi trong diéu kién 4p suit giam dé tao ra dihydroclorua cua axit
(2R,3R)-3-amino-2-[(2,3-dietylfuro[3,2-c]pyridin-4-yl)metyl]-4-(etyl-sulfanyl)-2-
hydroxy butanoic (75 mg) dudi dang chét ran.

Hop chét vi du thé hién trong cic bang md ta sau dugc tao ra theo cach tuong
tu nhu trong phuong phap dugc md ta trong vi du bét ky céac vi du néu trén. Céc bang
mo ta sau day thé hién cong thic cAu trac, dit liéu héa ly va phuong phap san xuét clia

cac hop chét vi du.
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Vi du san xut 1

Hoén hop gdbm (3R,4R)-4-[(49)-2,2-dimetyl-1,3-dioxolan-4-yl]-3-hydroxy-1-
(4-metoxyphenyl)azetidin-2-on (21,94 g), 1,2-dicloetan (300 ml), clo(metoxy)metan
(23,6 ml) va DIPEA (70 ml) dugc khudy ¢ 110°C trong thoi gian 12 gio. Nude duge
bd sung vio hdn hop phan tmg thu dugc va hdn hop nay dugc chiét bang CHCls. Lam
khé 16p hiru co thu duge trén magie sulfat khan va sau do, c6 16p hitu co trong didu
kién 4p suat giam. Rira chét rin thu dugc bang hdn hop gom diisopropyl ete va MeOH
dé tao ra (3R.,4S)-4-[(4S)-2,2-dimetyl-1,3-dioxolan-4-yl]-3-(metoxymetoxy)-1-(4-
metoxyphenyl)azetidin-2-on (12,30 g) dudi dang chét ran. Dich loc thu dugc dugc ¢o
va ciin duoc tinh ché bang sic ky cot silicagel (CHCl;/MeOH) dé tao ra cling hop chét
nay (12,75 g) dudi dang chét ran.
Vi du san xuét 2

Amoni xeri (IV) nitrat (6,3 g) duoc bd sung vao hdn hop cia (3R,4S)-4-(2-
xyclopropyletyl)-3-(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (1,24 2),
MeCN (30 ml) va nuéce (15 ml) trong diéu kién 1am lanh bing chau nudc da va hdn
hop dugc khudy trong thoi gian 30 phut. Nudce va dung dich nuéce natri hydro cacbonat
bao hoa duoc bd sung vao hdn hgp phan ung thu duge cung véi khudy va sau d6, dung
dich nudc natri hydro sulfit 2% dugc b sung vao d6. Loc hdn hop phén tmg thu duoc
qua dém Celite va phan dich loc dugc chiét bang CHCls. Rira 16p hiru co thu duge
bang dung dich nuwéc natri clorua bdo hoa, lam kho trén magie sulfat khan va sau do,
cb trong diéu kién 4p sudt giam. Phan cin tao ra dugc tinh ché bang phuong phap sic
ky cot silicagel (hexan/AcOEt) dé tao ra (3R,4S)-4-(2-xyclopropyletyl)-3-
(metoxymetoxy)azetidin-2-on (601 mg) la chét ran.
Vi du san xuét 3

Kali hexametyldisilazit (dung dich THF 1,0M, 1,5ml) duoc bd sung vao hdn
hop ctia (3R,4S)-4-[(4S)-2,2-dimetyl-1,3-dioxolan-4-yl]-3 -(metoxymetoxy)azetidin-
2-on (302mg), clo(metoxy)metan (0,15ml), tetra-n-butylamoni iodua (500mg) va THF
(9ml) trong didu kién 1am lanh bing chiu nu6c da, hdn hop dugc khudy trong thoi

gian 1 gio va sau do dugc khudy & nhiét do trong phong qua dém. Nudc duge b6 sung
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vio hdn hop phan tng thu dugc va hén hop duge chiét bang AcOEt. Lam kho 16p hiru
co thu duoc trén magie sulfat khan va co trong didu kién ap suét giam. Phan cin tao
ra dugc tinh ché bang phwong phap sic ky cot silicagel (hexan/AcOEt) dé tao ra
(3R.4S)-4-[(45)-2,2-dimetyl-1,3-dioxolan-4-yl]-3-(metoxymetoxy)-1-
(metoxymetyl)azetidin-2-on (247 mg) 1a san pham dang dau.
Vi du san xuét 4

Hén hop gdm (3R,48)-4-[(4S)-2,2-dimetyl-1,3-dioxolan-4-yl]-3-
(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (3,17 g), AcOH (50ml) va nudc
(13 ml) duoc khudy & nhiét do 50°C trong thoi gian 4 gio. Lam mat hdn hop phan g
thu dugc xudng nhiét do trong phong va sau do, cb trong diéu kién 4p suét giam. Phan
cin tao ra dugc tinh ché bing phuong phép sic ky cot silicagel (CHCL:/MeOH) dé tao
ra (3R,48)-4-[(1S)-1,2-dihydroxyetyl]-3-(metoxymetoxy)-1-(4-
metoxyphenyl)azetidin-2-on (2,57 g) 1a san pham dang dau.
Vi du san xuét 5

Natri periodat (2,3g) dugc bd sung vao hén hop cta (3R,4S)-4-[(1S)-1,2-
dihydroxyetyl]-3-(metoxymetoxy)- 1-(4-metoxyphenyl)azetidin-2-on (2,09 2),
CH,Cl (40ml) va dung dich nugc natri hydro cacbonat bdo hoa (1ml) va hén hop
dugc khudy ¢ nhiét do trong phong trong thoi gian 1 gio. Magie sulfat khan dugc b
sung vao hdn hgp phan tng thu dugc va hdn hop duogc khudy trong thoi gian 30 phit.
Loc hdn hop phan tmg thu dugc qua dém Celite va c6 trong diéu kién ap sut giam aé
tao ra (2R,3R)-3-(metoxymetoxy)-1-(4-metoxyphenyl)-4-oxoazetidin-2-cacbaldehyt
(1,80 g) 12 chat ran.
Vi du san xuét 6

NaBH; (1,2g) duoc bo sung vao hdn hgp cua (2R,3R)-3-(metoxymetoxy)-1-
(metoxymetyl)-4-oxoazetidin-2-cacbaldehyt (5,08 g) va THF (50ml) trong diéu kién
lam lanh bang chau nuéc da va hdn hop dugce khudy trong thoi gian 30 phut. Sau khi
b sung nudc (5ml) vao hdn hop phan tmg thu duoc, magie sulfat khan duge bd sung
vao d6 va hon hgp duge khudy & nhiét do trong phong trong thoi gian 30 phut. Loc

hdn hop phan tng thu dugc va sau do, phan dich loc duoc cd trong didu kién ap suét
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giam. Phan cin tao ra dugc tinh ché bing phuong phap sic ky cot silicagel
(CHCIs/MeOH) dé tao ra (3R,4S)-4-(hydroxymetyl)-3-(metoxymetoxy)-1-
(metoxymetyl)azetidin-2-on (4,43 g) 1a san pham dang dau.
Vi du san xuét 7

Hon hop cua (3R,4S)-4-(hydroxymetyl)-3-(metoxymetoxy)-1-
(metoxymetyl)azetidin-2-on (100mg), triisopropylclosilan (0,21ml), imidazol (140
mg) va DMF (2ml) duoc khudy & nhiét do trong phong qua dém. B6 sung hén hop
phan tmg thu dugc vao nudce va hon hop duge chiét bang AcOEt. Rita 16p hitu co thu
dugc bang dung dich nudc natri clorua bdo hoa, 1am kho trén magie sulfat khan va sau
do, cb trong diéu kién 4p sudt giam. Phan cin tao ra dugc tinh ché bang phuong phap
sic ky cot silicagel (hexan/AcOEt) dé tao ra (3R,4S)-3-(metoxymetoxy)-1-
(metoxymetyl)-4-{[(triisopropylsilyl)oxy]metyl}azetidin-2-on (137mg) 1a san pham
dang dau.
Vi du sén xuét 8

Dung dich chtra PBr3 (0,25 ml) trong THF (3 ml) duoc bb sung vao hdn hop
gbm [2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetanol (850 mg) va THF (24 ml)
trong diéu kién lam lanh bing chau nuéc da va hdn hop duge khudy & nhiét d6 trong
phong trong thoi gian 3 gio. Rot hdn hop phan tmg thu dugc vao dung dich nudc natri
hydro cacbonat bio hoa va CH2Cl, 1am lanh bing chau nuée d4, va khudy hon hop thu
duoc ¢ nhiét do trong phong trong 5 phut. Tach 16p hitu co ra va chiét 16p nuée bang
CH,Clo. Gom céc 16p hitu co va lam khé trén magie sulfat khan. Pha loang 16p hiru co
thu duoc bang toluen va co trong diéu kién 4p suat giam t6i khoang 5 ml. Hon hop thu
duoc lai dugce pha lodng bang toluen va cd trong diéu kién ap suat giam t6i khoang 5
ml (hdn hop A). Trong moi truong nito, LDA (1,09 M hexan - THF dung dich, 4,5
ml) duoc b6 sung tir tr vao dung dich chira (3R.4S)-3-(metoxymetoxy)-1-
(metoxymetyl)-4-{[(triisopropylsilyl)oxy]metyl}azetidin-2-on (1,2 g) trong THF (20
ml) & -78°C va hén hop nay duge khudy trong 30 phut. Hon hop A dugce bb sung nhé
giot vao hdn hop phan tmg thu dugc va tiép theo, khudy hdn hop nay ¢ ciing nhiét do

nay trong 1,5 gio. Dung dich nudc amoni clorua bao hoa dugc bd sung vao hon hop
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phan tng thu dugc, va sau do lam 4m hon hop t6i nhiét do trong phong va chiét hai
]an bang AcOEt. Lam kho 16p hitu co thu dugc trén magie sulfat khan va c6 trong diéu
kién 4p sudt giam. Cin thu dugc dugc tinh ché bang sic ky cot silicagel
(CHCI3/AcOEY) dé tao ra (3R.4S)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-
ylmetyl}-3-(metoxymetoxy)- 1-(metoxymetyl)-4-
{[(triisopropylsilyl)oxy]metyl }azetidin-2-on (1,6 g) dudi dang san pham dang dau.
Vi du san xuét 9

Trong mdi truong argon, hdn hop gdbm 5-[(xyclopropylmetyl) sulfonyl]-1-
phenyl-1H-tetrazol (3,32 g) va THF (60 ml) dugc lam lanh xubng -78°C, lithi
hexametyldisilazit (1,3 M THF dung dich, 11 ml) dugc bd sung vao d6 va hdn hop
nay duoc khudy trong 30 phut. Dung dich chira (2R,3R)-3-(metoxymetoxy)-1-(4-
metoxyphenyl)-4-oxoazetidin-2-cacbaldehyt (3,00 g) dugc bd sung vao hdn hop phén
g thu dugce va hdn hop duoc khudy & cing nhiét do trong thoi gian 30 phut. Lam
4m hdn hop phan tmg thu duoc t6i nhiét do trong phong. Dung dich nude amoni clorua
bao hoa dugc bd sung vao hdn hop va hdn hep dugc chiét bing AcOEt. Rira 16p hitu
co thu duge bang dung dich nudc natri clorua bdo hoa va lam kho trén magie sulfat
khan. Lép hitu co dugce ¢6 trong diéu kién 4p suét giam va cin thu dugc dugc tinh ché
bang sic ky cot silicagel (hexan/AcOEt) dé tao ra (3R)-4-(2-xyclopropylvinyl)-3-
(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (1,73 g) dudi dang chét ran.
Vi du sn xuat 10

PtO2 (61 mg) duoc bd sung vao dung dich chira (3R)-4-(2-xyclopropylvinyD)-
3-(metoxymetoxy)- 1-(4-metoxyphenyl)azetidin-2-on (831 mg) trong toluen (25 ml)
va khudy hdén hop nay & 0°C trong thoi gian 6 gio trong mdi truong hydro. Nguyén
liéu khong hoa tan dugc loai bod béng céach loc ra khéi hon hop phan tng thu duge va
sau do, phﬁn dich loc duogc co trong diéu kién ap sut giam. Phén cin tao ra duoc tinh
ché bang phuong phap sic ky cot silicagel (hexan/AcOEY) dé tao ra (3R,4S)-4-(2-
xyclopropyletyl)-3-(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (574mg) la
san pham dang dau.

Vi du sén xuét 11
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(1,5-xyclooctadien)(pyridin)(trixyclohexylphosphin) iridi (I) hexaflophosphat
(270mg) dugc bd sung vao hdn hop gdbm  (3R)-4-(2-xyclobutylvinyl)-3-
(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (1,06g) va CH2Clz (24ml) va hdn
hop nay dugce khudy o nhiét do trong phong qua dém trong mdi truong hydro. Co hdn
hop phan tmg thu duoc trong didu kién ap suat giam va phan cin tao ra dugc tinh ché
bang phuong phap sic ky cot silicagel (hexan/AcOFEt) dé tao ra (3R,4S)-4-(2-
xyclobutyletyl)-3-(metoxymetoxy)-1-(4-metoxyphenyl)azetidin-2-on (960mg) 1a san
phim dang dau.

Vi dy sin xuat 12

Hbn hop gom tert-butyl [(2R)-1-(metylsulfanyl)-3-oxopropan-2-yljcarbamat
(20 g), nudce (13 ml) va MeCN (54 ml) duoc bd sung nho giot vao dung dich chira
natri hydrogen sulfit (19 g) trong nuée (130ml) trong khi 1am lanh bang chau nude da,
va khudy hdn hop nay & nhiét d6 trong phong trong 13 gio. Bé sung Metyl-tert-butyl
ete trong khi khudy vao hdn hop phan ung, 16p hitu co va 16p nude duge tach riéng.
Neoai ra, 16p hitu co dugc chiét bang nude va 16p nude thu dugc duge két hop voi 16p
nuée thu dugce trude ddy. Bo sung AcOEt (100 ml) va kali xyanua (7,7 g) vao 16p nuée
gom duogc, va khudy hén hop nay & nhiét do trong phong trong 18 gid. Lép hitu co
duoc tach ra khoi hdn hop thu dugc va 16p nude duge chiét bang AcOEt. Gom cac 16p
hitu co, 1an lugt duge rira bang dung dich nuéc natri hydro cacbonat bao hoa va dung
dich nudc natri clorua bdo hoa va 1am kho trén natri sulfat khan. Chung cit dung moi
trong diéu kién ap suit giam dé tao ra tert-butyl [(2R)-1-xyano-1-hydroxy-3-
(metylsulfanyl)propan-2-yl]carbamat (17,2 g) dudi dang san pham dang dau.

Vi dy san xuat 13

Trong diéu kién 1am mat bang chau d4, axit clohydric dac (70 ml) duoc bd sung
tr  tr vao tert-butyl [(2R)-1-xyano-1-hydroxy-3-(metylsulfanyl)propan-2-
yl]carbamat(17,2 g), va khudy hon hop nay & 90°C trong thoi gian 2 gid. Quy trinh,
trong d6 hdn hop phan Umg thu dugc dugc cd trong diu kién ap sudt giam, toluen

duoc bd sung vao cin va chung cat dung moéi trong diéu kién 4p suat giam, dugc lap

-30-



36209

lai ndm 1an dé tao ra cin (18 g) chira hydroclorua cta axit (3R)-3-amino-2-hydroxy-
4-(metylsulfanyl)butanoic dudi dang san pham dang dau.
Vi du san xuét 14

2-(Tert-butoxycacbonyloxyimino)-2-phenylaxetonitril (42 g) dugc bd sung vao
hdn  hop gébm  hydroclorua cua  axit  (3R)-3-amino-2-hydroxy-4-
(metylsulfanyl)butanoic (18 g), THF (90 ml), nuéc (90 ml), 4-dimetylamino pyridin
(3,6 g) va EtsN (37 ml) ¢ nhiét d trong phong, va khudy hdn hop nay & nhiét do trong
phong trong 3 ngay. Hon hop phan mg thu dugc dugc co trong diéu kién 4p suat giam
dén khoang mot nira thé tich, metyl-tert-butyl ete va dung dich nuéc natri hydro
cacbonat bio hoa dugc bd sung vao dé va tach 16p nude ra. Lép nudc thu duge duoc
rira ba 1an bang metyl-tert-butyl ete, tiép theo, bd sung axit clohydric 1M vao d6 dé
didu chinh d6 pH dén khoang 2. Tiép theo, 16p nude da axit héa dugc chiét bon lan
bang AcOEt. Céc 16p hitu co tao ra duge két hop, dugc rira bang dung dich nuéc natri
clorua bdo hoa, 1am khé trén magie sulfat khan, va tiép theo, chung c4t dung moi trong
diu kién &p suat giam dé tao ra (3R)-3-[(tert-butoxycacbonyl)amino]-2-hydroxy-4-
(metylsulfanyl)butanoic axit (13,4 g) duéi dang san pham dang dau.
Vi dy san xuat 15

Hén hop gbébm axit (3R)-3-[(tert-butoxycacbonyl)amino]-2-hydroxy-4-
(metylsulfanyl)butanoic (16,2 g), 1,2-dicloetan (186 ml), 2,2-dimetoxypropan (82,2
ml) va pyridini p-toluensulfonat (770 mg) dugc khudy & 80°C trong thoi gian 15 gio.
Hén hop phan tng duge dé lam mat xubng nhiét do trong phong, sau d6 dung dich
nudc natri hydro cacbonat 2,5% (50 ml) dugc bd sung vao do6 va khudy, va tiép theo,
tach 16p hiru co. Lop nude duge chiét bang CHCl3, gom céc 16p hitu co thu duoc, va
tiép theo, rira bang dung dich nude natri clorua bao hoa. Lam kho 16p hiru co thu duoc
trén natri sulfat khan va co trong diéu kién ap suit giam. Can thu duge duge tinh ché
bang sic ky cot silicagel (hexan/AcOEt) dé tao ra tert-butyl [(1R)-1-(2,2-dimetyl-5-
oxo-1,3-dioxolan-4-yl)-2-(metylsulfanyl)etyl]carbamat (12,2 g) duéi dang san pham
dang dau.

Vi du san xuét 16
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Trong didu kién méi truong nito, hon hop gdm N-(tert-butoxycacbonyl)-L-serin
(20g) va DMF (480ml) dwgc bd sung NaH (60% phan tan trong dau khoang, 8,6g)
theo 5 phan trong khi duy tri nhiét 4o bén trong dudi 5°C trong diéu kién 1am lanh
bang chau nuée da va sau do, hdn hop duge khudy trong thoi gian 1 gior trong diéu
kién 1am lanh bang chau nuéc da. (2-Iodoetyl)xyclopropan (24g) duge bd sung vao
hdn hop phan tng thu dugc va hdn hop duge khudy ¢ nhiét do trong phong trong thoi
gian 14 gio. Sau khi lam lanh hdn hop phan tmg thu duge bang chau nudc da, nudc
va axit clohydric 1M duogc b sung dé diéu chinh d6 pH nim trong khoang tir 2 dén 3.
Chiét hén hop phan tng thu dugc ba 1an bing AcOEt va sau do, rira 16p hitu co bang
dung dich nuéc natri clorua bdo hoa. Lam kho 16p hitu co thu dugce trén natri sulfat
khan va cb trong didu kién 4p sudt giam. MeOH (140 ml) va CH2Clz (420 ml) dwoc
bd sung vao cén thu duoc va tiép theo, can dugc lam mat béng chau nudc da,
(diazometyl)(trimetyl)silan (dung dich hexan 2M, 62ml) dugc bd sung timg giot trong
diéu kién lam lanh bang chiu nudc da trong khi duy tri nhiét do bén trong dudi 6°C
va tiép theo, hén hop nay dugc khudy trong 10 phiit trong khi lam lanh bang chau nuéc
d4 va & nhiét do trong phong trong 1 gi¢. AcOH dugc bd sung vao hon hgp phan tng
thu duoc va tiép theo, co trong diéu kién ap suét giam. Phén cin tao ra duoc tinh ché
bang phuong phap sic ky cot silicagel (hexan/AcOEt) dé tao ra metyl N-(tert-
butoxycacbonyl)-O-(2-xyclopropyletyl)-L-serinat (6,51g) la san pham dang dau.
Vi dy san xuat 17

Trong méi truong nito, PBrs (0,58 ml) duoc bd sung nhé giot vao dung dich
chtra [2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metanol (1,33 g) trong THF (42
ml) & nhiét d6 trong phong. Hon hop phan tng duoc khudy & nhiét do trong phong
trong 1 gio va tiép theo, bd sung vao hon hop gdm dung dich nuéc natri hydro cacbonat
bdo hoa va CH,Cl, trong didu kién 1am mat bang chau nuéc da. Hon hop thu dugce
duoc khudy trong 30 phut, tiép theo, tach 16p hitu co, va 16p nude duge chiét bang
CH,Cla. Gom céc 16p hitu co thu dugc va rira bang dung dich nudc natri clorua bao
hoa, tiép theo, 1am kho trén magie sulfat khan, pha loang bang toluen va cd dén khoang

2 ml trong diéu kién ap suat giam (Hon hop A).
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Trong diéu kién moi truong nito, dung dich chira tert-butyl [(1R)-1-(2,2-
dimetyl-5-o0xo-1,3-dioxolan-4-yl]-2-(metylsulfanyl)etyl]carbamat (1,7 g) trong THF
(34 ml) dugc lam lanh bang chau nuéc d4 kho-axeton va LDA (dung dich hexan -
THF 1,09M, 12 ml) duoc bd sung timg giot vao do. Khu4y hdn hop phan tmg thu dugc
trong thoi gian 30 phut trong khi lam lanh bang chau nuéc da kho-axeton. Tiép theo,
hdn hop A duge bd sung timg giot va hdn hop duge khudy thém trong thoi gian 2 gio.
Dung dich nuéc amoni clorua bdo hoa duoc bd sung vao hén hop phan ung thu dugc,
va lam 4m hén hop t6i nhiét do trong phong. Hén hop thu duge duge chiét bang
CHCls, lam kho trén natri sulfat khan, va co trong diéu kién ap suét giam. Cén thu
dugc dugc tinh ché bang sic ky cot silicagel (hexan/AcOE) dé tao ra tert-butyl [(1R)-
1-[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2,2-dimetyl-5-oxo-
1,3-dioxolan-4-yl]-2-(metylsulfanyl)etyl]carbamat (923 mg) dudi dang san pham
dang dau.

Vi du sén xuit 18

Trong diéu kién moi truong nito, phie 2,2,6,6-tetrametylpiperidinyl-magie
clorua-lithi clorua (dung dich THF-toluen 1M, 91ml) dugc bd sung tung giot ¢ nhiét
d6 -20°C trong thoi gian 2 gid vao hdn hop cliia metyl N-(tert-butoxycacbonyl)-O-(2-
xyclopropyletyl)-L-serinat (6,5g), dibromometan (8,0g) va THF (22ml) trong khi duy
tri nhiét do bén trong dudi -11°C va sau do, khudy & nhiét 6 -15°C trong thoi gian 2
gidr. R6t hdn hop phan tmg thu duge vao hdn hop gbém dung dich nuéc axit xitric 5%
va AcOEt (lam lanh bang chiu nuéc da - nudce) va sau do, khudy trong thoi gian 10
phut. Lép hitu co dugce tach va dugc rira bang dung dich nuéc axit xitric 5% ba lan va
tiép theo bang dung dich nuéc natri clorua bdo hoa. Lam kho 16p hitu co thu dugc trén
natri sulfat khan, va sau do, co trong diéu kién ap suét giam dé taora phén can (10,7g)
chira tert-butyl [(2S)-4,4-dibromo-1-(2-xyclopropyletoxy)-3-oxobutan-2-yl]cacbamat
1a san pham dang dau.

Vi du san xuét 19

Dung dich nudc natri hydroxit 2M (57ml) dugc bd sung ting giot trong didu

kién 1am lanh bang chau nuéc da vao hdn hep cua tert-butyl [(2S)-4,4-dibromo-1-(2-
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xyclopropyletoxy)-3-oxobutan-2-yl]cacbamat (9,6g) va toluen (76ml) trong thoi gian
15 phut va hdn hgp sau d6 dugce khudy & nhiét do trong phong trong thoi gian 2 gio.
Toluen va nuée duge bd sung vao hdn hgp phan ung thu duge va sau do, 16p hiru co
va 16p nudce dugce tach riéng. Lép hitu co duge chiét bang nude va 16p nudce thu duge
duge két hop véi 16p nude thu duge trude diy va tiép theo, AcOEt dugc bd sung vao
d6. Sau khi 1am lanh hdn hop thu dugc béng chiu nudc da, axit clohydric 2M dugc bd
sung dé diéu chinh dd pH cua 16p nude t6i khoang 1,5. Lép hiru co va 16p nude cia
hdn hop phan tng thu dugce duge tach riéng va 16p nuée dugce chiét 3 1an bang AcOFEt.
Cac 16p hitu co tao ra dugc két hop va lam khé trén natri sulfat khan. C6 16p hitu co
thu duoc trong didu kién 4p sudt giam dé tao ra axit (3S)-3-[(tert-
butoxycacbonyl)amino]-4-(2-xyclopropyletoxy)-2-hydroxybutanoic (4,53g) 1a san
phim dang dau.
Vi du san xuét 20

Natri metoxit (dung dich MeOH 28%, 0,2 ml) dugc bd sung vao hon hop gdm
2-etylhexyl 3-{[2-xyano-3-(hex-1-yn-1-yl)pyridin-4-ylJsulfanyl}propanoat (271 mg)
va MeOH (5,5 ml) ¢ nhiét d¢ trong phong, va khudy hén hop nay & 40°C trong thoi
gian 2 gio, tiép theo, natri metoxit (dung dich MeOH 28%, 0,14 ml) duoc bd sung vao
d6, va hdn hop nay duge khudy thém & cling nhiét d nay trong 1,5 gio. B6 sung axit
clohydric 3M (0,8 ml) vao hdn hgp phén tng thu duoc trong khi lam lanh bang chiu
nuéce d4, va khudy hon hop nay & nhiét do trong phong trong 2,5 gio. Co hdn hop phan
ung thu dugc trong diéu kién &p suét giam, dung dich nuée natri hydro cacbonat bao
hoa duoc bd sung vio phan cin va hén hop duoc chiét ba 1an bang AcOEt. Lam kho
16p hiru co thu dugc trén magie sulfat khan va co trong diéu kién 4p suat giam. Can
thu duogc duoc tinh ché bang sic ky cot silicagel (hexan/AcOEt) dé tao ra 2-
butylthieno[3,2-c]pyridin-4-metyl carboxylate (107 mg) dudi dang san phim dang
dau.
Vi du san xuét 21

Hbén hop gdm tert-butyl [(1R)-1-[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-
c]pyridin-4-yl]metyl}-2,2-dimetyl-5-oxo-1,3-dioxolan-4-yl]-2-
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(metylsulfanyl)etyl]carbamat (105 mg) va CH2Cl (2 ml) duoc lam mat bing chau
nuéc da, tiép theo, axit m-cloperbenzoic (ham lugng nude khoang 25%, 48 mg) duge
bb sung vao dé va khudy hdn hop ndy & cung nhiét 4o nay trong 1 gio. B6 sung dung
dich nuéc natri thiosulfat 10% vao hon hop phan tng thu dugc trong khi lam lanh
bang chau nuée d4 va hon hop nay dugce khudy trong 10 phut. Sau khi tach 16p nuée
va 16p hitu co, 16p hitu co dugc rira hai 14n bang dung dich nudc natri hydro cacbonat
bio hoa. Lam kho 16p hitu co thu duge trén magie sulfat khan va sau do, c6 trong didu
kién 4p sudt giam. Can thu dugc dugce tinh ché bing sic ky cot silicagel
(CHCl:/MeOH) dé tao ra tert-butyl [(1R)-1-[(4R)-4-{[2-(2-xyclopropyletyl)furo(3,2-
c]pyridin-4-yl]metyl}-2,2-dimetyl-5-oxo-1,3-dioxolan-4-yl]-2-
(metylsulfinyl)etyl]carbamat (85 mg) dudi dang chét rin co bot.
Vi dy sin xuat 22

Hon hop gdém tert-butyl [(1R)-1-[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-
c]pyridin-4-yl]metyl}-2,2-dimetyl-5-oxo-1,3-dioxolan-4-yl]-2-
(metylsulfanyl)etyl]carbamat (121 mg) va CH2Cl> (7 ml) dugc lam mat bang chau
nuéce da, tiép theo, axit m-cloperbenzoic (chira khoang 25% nuéce, 111 mg) duoc b
sung vao d6 va khudy hdn hop nay & nhiét do trong phong trong 1 gio. Hon hop phan
g thu dugc lai duge lam lanh béng chau nudc da, axit m-cloperbenzoic (ham luong
nuée khoing 25%, 11 mg) duoc bd sung vao do va hdn hop duge khudy o nhiét do
trong phong trong thoi gian 30 pht. B6 sung dung dich nuéc natri thiosulfat 10% vao
hdn hop phéan tng thu duge trong khi lam lanh bang chiu nuéc da va hdn hop nay
duogc khudy trong 10 phut. Sau khi tach 16p nude va 16p hitu co, 16p hitu co duoc rira
hai 14n bang dung dich nudc natri hydro cacbonat bao hoa. Lam khé 16p hiru co thu
duoc trén magie sulfat khan va sau do, ¢ trong didu kién 4p suat giam. Cin thu dugc
duge tinh ché bang sic ky cot silicagel (CHCI3/AcOEt) dé tao ra tert-butyl [(IR)-1-
[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2,2-dimetyl-5-0xo-
1,3-dioxolan-4-yl]-2-(metylsulfonyl)etyl]carbamat (83 mg) dudi dang chét ran c6 bot.

Vi du san xuét 23
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Sau khi lam mat hén hop gdm (3R.48)-3-{[2-(2-xyclopropyletyl)furo[3,2-
c]pyridin-4-ylJmetyl}-3-(metoxymetoxy)- 1-(metoxymetyl)-4-{[(triisopropylsilyl)-
oxy]metyl}azetidin-2-on (1,6 g) va THF (30 ml) bang chau nuéc da, tetra-n-
butylamoni florua (1 M THF dung dich, 3 ml) dugc bb sung vao d6 va khudy hén hop
nay & cing nhiét do nay trong 1 gid. Dung dich nréc amoni clorua béo hoa duge b
sung vao hén hop va hén hop duge chiét hai 14n bing AcOEt. Rira 16p hitu co thu
duge bang dung dich nuée natri clorua bao hoa, lam kho trén magie sulfat khan va sau
do, cb trong diéu kién ap suit giam. Cin thu dugc dugc tinh ché bang sic ky cot
silicagel (CHCI3/MeOH) dé tao ra (3R.4S)-3-{[2-(2-xyclopropyletyl)furo[3,2-
c]pyridin-4-yl]metyl}-4-(hydroxymetyl)-3-(metoxymetoxy)-1-
(metoxymetyl)azetidin-2-on (937 mg) dudi dang san pham dang dau.

Vi du san xuét 24

Metansulfonyl clorua (0,37 ml) dugc bd sung & nhiét d6 trong phong vao hdn
hop gdm (3R.495)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl|metyl } -4-
(hydroxymetyl)-3-(metoxymetoxy)-1-(metoxymetyl)azetidin-2-on (936 mg), pyridin
(0,75 ml) va CH2Cl2 (10 ml) va khudy hon hop nay & cing nhiét do nay trong 15 gio.
CHCl; duge bd sung vao hdn hop phan tng thu duge va lan lugt dwogc rira bang axit
clohydric 0,5M, dung dich nude natri hydro cacbonat bao hoa va dung dich nuéc natri
clorua bao hoa. Lam khd 16p hitu co thu duge trén magie sulfat khan va c6 trong diéu
kién ap suat giam. Can thu dugc duoc tinh ché bang séc ky cot silicagel (hexan/AcOE)
dé tao ra [(2S,3R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl}-3-
(metoxymetoxy)-1-(metoxymetyl)-4-oxoazetidin-2-yl]Jmetyl metansulfonat (1,11 g)
dudi dang san phdm dang dau.

Vi du san xuat 25

Hén hop gdm  [(2S.3R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-
yl]metyl}-3-(metoxymetoxy)- 1-(metoxymetyl)-4-oxoazetidin-2-ylJmetyl
metansulfonat (1,11 g), DMF (20 ml) va kali thioaxetat (400 mg) dugc khudy & 60°C
trong thoi gian 7 gio. Kali thioaxetat (53 mg) duoc b sung vao hon hop phan tng thu

duge & nhiét d6 trong phong va hdn hop nay dugc khudy thém & 60°C trong thoi gian
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12 gi¢. Sau khi bd sung AcOEt, hdn hop thu duge lan lugt dugc rira br:ing nudc, dung
dich nudc natri hydro cacbonat bdo hoa va dung dich nudc natri clorua bdo hoa, va
]am kho trén magie sulfat khan. Lép hitu co thu dugc dugc ¢ trong didu kién 4p sut
giam dé tao ra S-{[(2R,3R)-3-{ [2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yljmetyl } -
3-(metoxymetoxy)-1-(metoxymetyl)-4-oxoazetidin-2-ylJmetyl} thioaxetat (1,02 2)
dudi dang san pham dang dau.
Vi du san xuét 26

Trong mdi trudng nito, kali cacbonat (50 mg) dugc bd sung vao hdn hgp gdm
S-{[(2R,3R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl }-3-
(metoxymetoxy)-1-(metoxymetyl)-4-oxoazetidin-2-ylJmetyl} thioaxetat (80 mg),
iodoetan (0,03 ml), DMF (0,8 ml) va MeOH (0,8 ml), va khudy hdn hop nay & nhiét
do trong phong trong 16 gio. Sau khi bd sung AcOEt, hdn hop thu dugce lan lugt dugc
rira bing nudc, dung dich nudce natri hydro cacbonat bdo hoa va dung dich nuée natri
clorua bdo hoa, va 1am kho trén magie sulfat khan. Lép hiru co thu dugce dugce ¢ trong
diéu kién ap suét giam dé tao ra (3R,4R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c[pyridin-
4-ylJmetyl}-4-[(etylsulfanyl)metyl]-3-(metoxymetoxy)-1 -(metoxymetyl)azetidin-2-
on (67 mg) dudi dang san phim dang dau.
Vi du san xuét 27

Trong diéu kién moi truong nito, hdn hop gém trimetylsilylaxetylen (25 ml) va
THF (170 ml) dugc lam lanh xudng nhiét do -78°C va n-butyl lithi (dung dich hexan
1,6M, 115 ml) dugc bd sung nhé giot vao. Khudy hdn hgp phén tung thu dugc trong
thoi gian 15 phut trong didu kién 1am lanh bang chau nuéc da va sau do, lai duge lam
lanh xuéng nhiét do -78°C. Triamit axit N,N,N',N',N",N"-hexametylphosphoric (32
ml) dugc bd sung vao hdn hgp phéan tng thu duge, va hdn hop duoc khudy & cling
nhiét do trong thoi gian 30 phut va sau do, (2-bromoetyl)xyclopropan (27 g) dugc bd
sung nho giot vao d6 trong 5 phut va khudy hdn hop nay & cung nhiét do nay trong 30
phut. Lam 4m h&n hop thu dugc t6i nhiét do trong phong va khudy trong thoi gian 16
gi0. Nudce duge bd sung vao hon hgp phan ung thu duoc trong khi lam lanh bang chau

nude da va tach 16p hitu co. Rira 16p hitu co thu duge bang dung dich nuéc natri clorua
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bao hoa, 1am kho trén magie sulfat khan va tiép theo, cd trong diéu kién 4p suét giam
dé tao ra (4-xyclopropylbut-1-yn-1-yl)(trimetyl)silan (31,8 g) dudi dang san pham
dang dau.
Vi du san xuét 28

Trong moi trudng argon, tetra-n-butylamoni florua (dung dich THF 1 M, 8,8
ml) dugc bd sung vao hdn hop gébm 3-bromopyridin-4(1H)-on (500 mg), (4-
xyclopropylbut-1-yn-1-yl)(trimetyl)silan (1,44 g), EtsN (2,8 ml) va DMF (5 ml). Hon
hop thu dugc dugce chiéu xa bang song siéu am trong thoi gian 30 gidy, sau d6
bis(triphenylphosphin)paladi (II) diclorua (420mg) dugc bd sung vao d6 va hdn hgp
duoc khudy & nhiét do 110°C trong thoi gian 1 gid trong didu kién chiéu xa bang vi
séng. AcOEL va silicagel dugce bd sung vio hdn hgp phan tmg thu dugc va hon hop
dugc co trong diéu kién ap suat giam. Phén cin tao ra duoc tinh ché bang phuong phép
sdc ky cot silicagel (hexan/AcOEt) dé tao ra 2-(2-xyclopropyletyl)furo[3,2-c]pyridin
(302mg) 12 san pham dang dau.
Vi du san xuat 29

Trong moi trudng nito, axit m-cloperbenzoic (chira khoang 25% nude, 555 mg)
dugc bd sung trong khi lam lanh bang chau nuéc da vao hén hop goém 2-(2-
xyclopropyletyl)furo[3,2-c]pyridin (300 mg) va CHCls (6 ml). Sau khi khudy hon hop
phén mg thu dugc ¢ nhiét do trong phong trong thoi gian 8 gio, hdn hop duoc 1am
lanh bang chau nudc da va axit m-cloperbenzoic (ham lwong nuéc khoang 25%,
300mg) lai duoc bd sung vao d6. Hon hop phéan tng thu duoc dugc khudy thém &
nhiét do trong phong trong thoi gian 16 gid. Sau khi lam lanh hdn hop phéan tmg thu
duoc bang chau nuéce da, dung dich nude natri hydro cacbonat bdo hoa va dung dich
nuée natri sulfit 5% dugc bo sung vao do va hén hop thu duge duge chiét ba lan béng
CHCIs. Lam kho 16p hitu co thu dugce trén natri sulfat khan va sau do, c6 trong diéu
kién ap sut giam. Can thu dugc duoc tinh ché béng sdc ky cot silicagel
(CHCl:/MeOH) dé tao ra 2-(2-xyclopropyletyl)furo[3,2-c]pyridin 5-oxit (190 mg)
duéi dang san phim dang dau.

Vi du san xuét 30
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Trong méi truong nito, trimetylsilylxyanua (0,183 ml) dugc bd sung vao hdn
hop gbém 2-(2-xyclopropyletyl)furo[3,2-c]pyridin 5-oxit (190 mg), EtsN (0,33 ml) va
MeCN (4 ml) va khudy hdn hop nay & 85°C trong thoi gian 16 gio. Sau khi 1am mat
hdn hop phan tmg thu dugc xubng nhiét do trong phong, Et:N (0,65ml) va
trimetylsilylxyanua (0,35ml) dugc bd sung vao d6. Hon hgp phan ing duoc khudy lai
& 85°C trong thoi gian 3,5 gio, tiép theo, AcOEt dugc bb sung vao hon hgp phan tng
thu duoc, va hdn hgp nay dugce rira lan luot bang dung dich nuée natri hydro cacbonat
bdo hoa va dung dich nudc natri clorua bdo hoa. Lam kho 16p hitu co thu dugce trén
magie sulfat khan va c6 trong didu kién ap suét giam. Phan can tao ra duogc tinh ché
bing phuong phap sic ky cot silicagel (hexan/AcOEf) dé tao ra 2-(2-
xyclopropyletyl)furo[3,2-c]pyridin-4-carbonitril (148mg) la san pham dang dau.

Vi du san xuét 31

Natri metoxit (dung dich MeOH 28%, 0,14 ml) duoc bd sung vao hon hop gdm
2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-carbonitril (148 mg) va MeOH (1,5 ml)
trong didu kién 1am lanh bing chau nudc d4 va hdn hop duge khudy ¢ nhiét do trong
phong trong thoi gian 1,5 gio. B6 sung axit clohydric 3M (0,7 ml) vao hdn hop phén
tmg thu dugc trong khi lam lanh bang chau nuéc da, va khudy hdn hop nay & nhiét do
trong phong trong 18 gio. Nudc va MeOH dugc bd sung vao hdn hgp phan tmg thu
duoc, va hon hop nay duoc co trong didu kién 4ap suét giam. Dung dich nudc natri
hydro cacbonat bao hoa duoc bd sung vao can thu dugc va hdn hop duge chiét hai lan
bang AcOEt. Rira 16p hitu co thu dugc bang dung dich nuéc natri clorua bao hoa, lam
kho trén magie sulfat khan va 16p hitu co dugc co trong didu kién 4p suat giam. Trong
moi treong nito, vao hdn hop gbm cin thu dugc va MeOH (4 ml) dugc b6 sung NaBHy4
(80 mg) trong khi lam lanh bing chau nu6c d4, va hon hop nay duge dé cho am tur tir
dén nhiét do trong phong trong khi khudy trong 1 gid, va tiép theo, khudy trong 5 gio.
Hon hop phan tng thu dugc dugc lam mat lai béng chau nudc da, tiép theo, NaBH4
(80 mg) dugc bd sung vao do, va hdn hop nay duge dé cho Am tir tir dén nhiét do trong
phong trong khi khudy trong 1 gio, va tiép theo, khudy trong 15 gio. Axeton dugc b

sung vao hon hgp phan ung thu dugc ¢ nhiét do trong phong va tiép theo, hdn hop nay
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duogc cb trong diéu kién ap suit giam. Cho nuéc vao phén can thu dugc va hdn hop
duge chiét ba 1an bang AcOEt. Lam kho 16p hitu co thu duoc trén magie sulfat khan
va cb trong diéu kién ap suit giam. Cin thu dugc duge tinh ché bang sic ky cot
silicagel (rira giai bing hexan/AcOEt va tiép theo, bang CHCly/MeOH) dé tao ra [2-
(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetanol (123 mg) dudi dang san pham
dang dau.
Vi du san xuét 32

Trong mdi truong nito, N,N-dimetylcarbamoyl clorua (12,5 ml) duoc bd sung
vao hén hop gébm 4-clo-3-iodopyridin 1-oxit (21 g) va 1,2-dicloetan (230 ml), va
khudy hén hop nay & nhiét d trong phong trong 30 phut. Trimetylsilylxyanua (20,5
ml) duge bd sung vao hdn hop phéan ung thu dugc va khudy hén hop nay & 60°C trong
thoi gian 6 gio. Hon hop phan ung thu dugc duge dé cho ngudi xudng nhiét do trong
phong, tiép theo, dung dich nudc natri hydro cacbonat bao hoa (260 ml) dugc bd sung
vao d6 va hon hgp nay dugc khudy trong 30 phut. Hon hop phan tmg thu duoc duoc
chiét hai 1an bang AcOEt, 16p hitu co duoc rira bang dung dich nuéc natri clorua béo
hoa va 1am kho trén magie sulfat khan. Lép hitu co thu duge dugce ¢6 trong diéu kién
ap suat giam, can dugc ria bang hdn hop gdm hexan va isopropanol dé tao ra 4-clo-
3-iodopyridin-2-carbonitril (7,1 g) dudi dang chét ran.
Vi dy san xuat 33

Xeri axetat (30 g) duogc bd sung vao hdn hop gbém 4-clo-3-iodopyridin-2-
carbonitril (8,4 g) va DMF (170 ml), va khudy hdén hop nay & 100°C qua dém. Axit
clohydric 1M (191 ml) dugc bd sung vao hdn hop phéan tng thu duge trong khi lam
lanh bing chiu nudc da, va hdn hop nay duoc chiét hai 1an bang AcOEt. Rira 16p hitu
co thu duoc hai 14n bang dung dich nuéc natri clorua bdo hoa 5%, va lam kho trén
magie sulfat khan. Lép hitu co thu dugc duge cd trong diéu kién 4p sudt giam, tiép
theo lam ddng bay hoi v6i toluen ba 1an. B6 sung diisopropyl ete vao can thu duoc, va
cac chat khong tan thu duge dugc gom bang cach loc. Rira chét rén thu duoc bang hdn
hop goém diisopropyl ete va isopropanol dé tao ra 4-hydroxy-3-iodopyridin-2-

carbonitril (4,4 g) duéi dang chét rin.
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Vi dy san xuat 34
- 2-etylhexyl 3-sulfanylpropanoat (1,73 ml) dugc bd sung vao hdn hop gdm 4-
clo-3-iodopyridin-2-carbonitril (1,82 g), Et:N (1,92 ml) va DMF (18 ml) trong khi lam
lanh bang chau nudc da va tiép theo, khudy hon hop nay & nhiét do trong phong trong
18 gio. AcOEt va nuée dugc b sung vao hdn hop phéan tmg thu dugc va tach 16p hitu
co. Rira 16p hiru co thu duoc bang dung dich nudc natri clorua bdo hoa va lam kho
trén magie sulfat khan. Lép hitu co thu dugc dugc co trong diéu kién &p sut giam va
cin duge tinh ché bang sic ky cot silicagel (hexan/AcOEt) dé tao ra 2-etylhexyl 3-[(2-
xyano-3-iodopyridin-4-yl)sulfanyl]propanoat (254 mg) dudi dang san pham dang dau.
Vi du san xuét 35
Trong moi tredng nito, bis(triphenylphosphin)paladi (II) diclorua (79 mg) dugc
bd sung vao hdn hop gdbm 2-etylhexyl 3-[(2-xyano-3-iodopyridin-4-
yl)sulfanyl]propanoat (252 mg), 1-hexyn (0,128 ml), EtsN (0,394 ml) va MeCN (5
ml), va khudy hdn hop nay & 70°C trong thoi gian 3,5 gio. Hon hop phén tmg thu dugc
duoc dé cho ngudi xudng nhiét do trong phong va tiép theo, cd trong diéu kién 4p suat
giam. Can thu dugc dugc tinh ché bang sic ky cot silicagel (hexan/AcOEY) dé tao ra
2-etylhexyl  3-{[2-xyano-3-(hexa-1-yn-1-yl)pyridin-4-yl]sulfanyl}propanoat (178
mg) dudi dang san pham dang dau.
Vi du san xuét 36
Trong moi treong nito, NaBHa (102 mg) duoc b sung, trong khi lam lanh bang
chau nuée da, vao hdn hop gdm 2-butylthieno[3,2-c]pyridin-4-metyl carboxylate (112
mg) va MeOH (3,4 ml), va hdn hop nay dugc dé cho 4m tir tir dén nhiét do trong phong
trong khi khudy trong 1 gio, va tiép theo, khudy trong 12 gio. Axeton dugc bd sung
vao hdn hop phan tmg thu dugc ¢ nhiét do trong phong va tiép theo, hdn hop nay duge
cb trong diéu kién ap suit giam. Cho nuéc vao phan can thu dugc va hdn hgp duoc
chiét ba 1in bang AcOEt. Lam kho 16p hitu co thu dugc trén magie sulfat khan va co
trong diéu kién 4p suit giam. Cin thu dugc dugc tinh ché bang sic ky cot silicagel
(CHCls/MeOH) dé tao ra (2-butylthieno[3,2-c]pyridin-4-yl)metanol (95 mg) dudi

dang san pham dang dau.
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Vi du san xuét 37

Trong moi trudng nito, dung dich chira thionyl clorua (0,075 ml) trong CH2Cla
(0,6 ml) dugce bd sung vao hdn hop gdm (2-butylthieno[3,2-c]pyridin-4-yl)metanol
(113 mg) va CH>Cl> (1,2 ml) trong khi lam lanh bing chiu nudc d4. Hon hop phan
ung thu duge dugc khudy & nhiét d6 trong phong trong 1 gio. Hoén hop phan tmng thu
duoc dugc cb trong didu kién ap sudt giam dé tao ra 2-butyl-4-(clometyl)thieno[3,2-
c]pyridin hydroclorua (140 mg) dudi dang chét ran.

Vi du san xuét 38

TkongrnéiUubngnho,nauikth(225rng)duqcbésungvﬁoh@nhqu6n12-
butyl-4-(clometyl)thieno[3,2-c]pyridin hydroclorua (139 mg) va CH>Cl: (5,6 ml), va
khudy hén hop nay & nhiét d6 trong phong trong 30 phut. Dung dich nudce natri hydro
cacbonat bio hoa duge bd sung vao hdn hop phan ung thu duge, hdn hop nay duoc
khudy trong 5 phut, va tiép theo, chiét hai 14n bang CH,Cl,. Céc 16p hitu co tao ra
duoc 1am kho trén magie sulfat khan va dugc pha loang bang toluen. C6 hdn hop thu
dugce trong diéu kién ap suit giam t6i khoang 5 ml. Quy trinh, trong do6 toluen duoc
bd sung lai vao hdn hgp thu dugce va hdn hop nay duge o trong diéu kién 4p suét giam
dén khoang 3 ml, dwoc lap lai hai 1an (Hon hop A).

Trong moi truong nito, LDA (dung dich hexan 1,13M-THF, 1 ml) dugc bd sung
nho giot trong khi khudy & -78°C vao hon hop gbm tert-butyl [(1R)-1-(2,2-dimetyl-5-
ox0-1,3-dioxolan-4-yl)-2-(metylsulfanyl)etyl]carbamat (143 mg) va THF (2,8 ml).
Khu4y hdn hop phan ting thu dugc ¢ cung nhiét do trong thoi gian 30 phut va sau do,
hdn hop A dugc bd sung timg giot vao do. Sau khi khudy & cung nhiét do trong thoi
gian 1 gio, dung dich nu6c amoni clorua bao hoa duge bd sung vao d6 va lam 4m hon
hop t6i nhiét do trong phong. Chiét hdn hop thu dugc hai lan bang AcOEt va lam kho
16p hitu co trén magie sulfat khan. Lép hitu co thu duge dugc cb trong diéu kién ap
sudt giam va cin duoc tinh ché bang sac ky cot silicagel (hexan/AcOEt) dé tao ra tert-
butyl [(1R)-1-{(4R)-4-[(2-butylthieno[3,2-c]pyridin-4-yljmetyl]-2,2-dimetyl-5-oxo-
1,3—dioxolan-4-y1}-2-(metylsulfanyl)etyl]carbamat (170 mg) dudi dang san pham
dang dau.
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Vi du san xuét 39

Trong moi truong nito, Cul (93 mg) va bis(triphenylphosphin)paladi (II)
diclorua (58 mg) dugc bd sung vao hdén hop gdm 4-hydroxy-3-iodopyridin-2-
carbonitril (400 mg), etynylxyclopentan (0,205 ml), Et3;N (0,91 ml) va MeCN (8 ml),
va khudy hén hop nay & 70°C qua dém. Hoén hop phan tng thu dugc duge dé cho
ngudi xudng nhiét do trong phong va tiép theo, cd trong didu kién 4p suét giam. Can
thu dwoc dugc tinh ché bang sic ky cot silicagel (hexan/AcOEt) dé tao ra 2-
xyclopentylfuro[3,2-c]pyridin-4-carbonitril (270 mg) dudi dang san phim dang dau.
Vi du san xuit 40

Pd/C 10% (chtra khoang 50% nudc, 200 mg) dugc bd sung vao hdn hgp gém
tert-butyl  [(1R)-1-[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-
2,2-dimetyl-5-0xo0-1,3-dioxolan-4-yl]-2-(metylsulfanyl)etylJcarbamat (200  mg),
AcOH (2 mL) va EtOH (2 mL), va khudy hdn hop nay & nhiét do trong phong trong 5
ngay trong moi truong hydro véi ap suét 3,5 at. Xelit duoc bd sung vao hdn hgp phan
tmg thu dugc, va nguyén liéu khong hoa tan dugc loai bd bé'lng cach loc. Dich loc dugc
cb trong diéu kién ap suét giam va cin thu dugc dugc tinh ché bang sic ky cot silicagel
(hexan/AcOEt) dé tao ra tert-butyl [(1R)-1-[(4R)-4-{[2-(2-xyclopropyletyl)-2,3-
dihydrofuro[3,2-c]pyridin-4-yl]metyl}-2,2-dimethy-5-0xo-1,3-dioxolan-4-yl]-2-
(metylsulfanyl)etyl]carbamat (58 mg) dudi dang san pham dang dau.
Vi du san xuét 41

Trong méi truedng nito, bis(triphenylphosphin)paladi (II) diclorua (230 mg)
dugc bo sung vao hdn hgp gbm 4-hydroxy-3-iodopyridin- 2-carbonitril (800 mg), 3-
hexyn (1,12 ml), EtzN (1,82 ml) va DMF (16 ml), va khudy hdn hgp nay & 150°C trong
thoi gian 2 gio trong diéu kién buc xa vi séng. Nudc dugce bd sung vao hon hop phan
g thu duge va hdn hop duoc chiét bang AcOEt. Lép hitu co dugc cd trong diéu kién
ap suit giam va cin dugc tinh ché bang sic ky cot silicagel (hexan/AcOEt) dé tao ra
2,3-dietylfuro[3,2-c]pyridin-4-carbonitril (215 mg) dudi dang san phim dang dau.

Vi du san xuét 42
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Natri metoxit (dung dich MeOH 28%, 0,29 ml) duoc bd sung vio hon hop gbm
2,3-dietylfuro[3,2-c]pyridin-4-carbonitril (240 mg) va MeOH (3 ml) va khudy hdn hop
nay & 40°C qua dém. Natri metoxit (dung dich MeOH 28%, 0,29 ml) dugc b6 sung lai
vao hon hop phan ung thu dugc va khudy hon hop nay & 60°C trong thoi gian 3 gio.
Dung dich nuéc natri hydroxit 6M (3 ml) va EtOH (3 ml) dugc bd sung vao hdn hop
phan Gng thu duoc va khudy hon hop nay & 80°C qua dém. Axit clohydric 6M (3,5
ml) duoc bd sung vio hdn hop phan tng thu duoc trong khi lam lanh bang chau nuéec
d4 dé trung hoa hdn hop nay, nude duge bb sung vao d6, va hon hgp nay dugc chiét
hai 1an bang CHCls. L6p hitu co thu duge duge lam kho trén magie sulfat khan dé tao
ra axit 2,3-dietylfuro[3,2-c]pyridin-4-carboxylic (150 mg) dudi dang san phdm dang
dau.

Vi du san xuét 43

Trong mdi truong nito, isobutyl cloformat (0,1 ml) va N-metylmorpholin (0,09
ml) duge bd sung vao hdn hop gbm axit 2,3-dietylfuro[3,2-c]pyridin-4-carboxylic
(140 mg) va THF (1,5 ml) trong khi 1am lanh bang chau nuée da, va khudy hdn hop
nay ¢ cung nhiét do nay trong 30 phut. Cac chit khong tan duoc loai bo ra khoi hén
hop phan tng thu duoc bang cach loc, dich loc thu dugc dugce bd sung vao hdn hop
¢dm NaBH; (105 mg) va nude (1,5 ml) trong khi lam lanh bang chau nuéc da, va
khudy hdn hop nay & nhiét do trong phong trong 2 gio. Hon hop phan tng thu dugc
duoc lam mat bé“mg chau nude da, axeton (0,2 ml) duoc bd sung vao do, va hon hop
nay duoc chiét bing AcOEt. Rura 16p hitu co thu duoc bang dung dich nudc natri
clorua bdo hoa va 1am khd trén magie sulfat khan. Lép hitu co thu dugc dugce cd trong
didu kién 4p suit giam va can dugce tinh ché bang sic ky cot silicagel (hexan/AcOEt)
dé tao ra (2,3-dietylfuro[3,2-c]pyridin-4-yl)metanol (70 mg) duéi dang san phim dang
dau.

Vi du san xuét 44

Natri iodua (155 mg) duogc bd sung vao hdn hop gém 4-(clometyl)-2,3-

dietylfuro[3,2-c]pyridin hydroclorua (73 mg) va CH2Clz (1,4 ml), va khudy hén hop

nay ¢ nhiét do trong phong trong 1 gio. Dung dich nuéc natri hydro cacbonat bao hoa
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dugc bd sung vao hdn hop phan tmg thu duoc, hdn hop nay duoc khudy trong 5 phut,
va tiép theo, chiét bang toluen. Rira 16p hitu co thu dugce bang dung dich nudc natri
clorua bao hoa, 1am kho trén magie sulfat khan va 1am bay hoi trong didu kién ap sut
giam. Can thu dugce lam dong bay hoi hai 14n bang toluen va tiép theo, toluen (1 ml)
duoc b sung vao dé tao ra dung dich (Hon hop A).

Trong moi truong argon, LDA (dung dich hexan-THF 1,13 M, 0,3 ml) dugc bd
sung nhé giot & -78°C trong khi khudy vao hdn hop gom (3R,4R)-4-
[(etylsulfanyl)metyl]-3-(metoxymetoxy)-1-(metoxymetyl)azetidin-2-on (70 mg) va
THF (2,8 ml). Khudy hdn hgp phan tng thu dugc & cing nhiét do trong thoi gian 20
phut va sau dé, hdn hop A dugc bd sung timg giot vao do. Sau khi khudy hon hop
phan tng thu dugc & cung nhiét d6 nay trong 2 gio, AcOH (0,025 ml) dugc bd sung
vao d6 va hdn hop nay duge dé cho Am dén nhiét do trong phong. Nudc duge b6 sung
véo thu dugc hdn hop va hon hop nay dugc chiét bang CHCls. Rira 16p hitu co thu
dugc bang dung dich nudc natri clorua bdo hoa va 1am kho trén magie sulfat khan.
Lép hitu co thu duge duoce ¢ trong diéu kién 4p suét giam va cin dugc tinh ché bing
séc ky cot silicagel (hexan/AcOEt) dé tao ra (3R,4R)-3-[(2,3-dietylfuro[3,2-c]pyridin-
4-yl)metyl]-4-[(etylsulfanyl)metyl]-3-(metoxymetoxy)- 1-(metoxymetyl)azetidin-2-
on (95 mg) duédi dang san pham dang dau.

Vi du san xuét 45

Natri etanthiolat (505 mg) duoc bo sung trong khi 1am lanh bang chau nudc da
vao dung dich chta [(2S,3R)-3-(metoxymetoxy)-1-(metoxymetyl)-4-oxoazetidin-2-
yljmetyl metansulfonat (900 mg) trong DMF (9 ml) va khudy hon hop ndy & cung
nhiét d6 nay trong 1 gi¢. Sau khi bd sung AcOEt, hdn hop thu duge l4n lugt duoc rira
bing nude, dung dich nudc natri hydro cacbonat bdo hoa va dung dich nudce natri
clorua bo hoa, va lam kho trén magie sulfat khan. C6 16p hitu co thu dugc trong diéu
kién 4p suét giam va phan can dugce tinh ché bang phwong phap sac ky cot silicagel
(hexan/AcOEt) dé tao ra (3R,4R)-4-[(etylsulfanyl)metyl]-3-(metoxymetoxy)-1-
(metoxymetyl)azetidin-2-on (557 mg) 1a san phim dang dau.

Vi du san xuét 46
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Trong mdi trudng nito, ure hydro peroxit (2,46 g) va metyltrioxoreni (VII) (85,7
mg) dugc bd sung trong khi 1am lanh bing chau nude da vao hdn hop gbm 2-butyl-7-
metylfuro[3,2-c]pyridin (3,3 g) va CHCl; (40 ml). Sau khi khudy hdn hop phan tmg
thu duoc & nhiét d6 trong phong trong 30 phut, hén hop nay dugce 1am mat lai bang
chau nuéc da, ure hydro peroxit (2,47 g) va metyltrioxoreni (VII) (131 mg) dugc bd
sung vao dé. Sau khi khudy hdn hop phan ing thu dugc & nhiét do trong phong trong
1 gio, mangan dioxit (150 mg) dugc b sung vao d6, va hdn hop nay duoc khudy thém
trong 1,5 gio. Cac chét khéng tan dugc loai bod bang cach loc va ria bing CHCl:-
MeOH (98:2). Dung dich nudc natri sulfit 5% dugc bd sung vao dich loc thu dugc va

hén hop thu dugc duoc chiét ba 14n bang CHCI3-MeOH (98:2). L6p hiru co thu dugce
dugce 1am kho trén magie sulfat khan va c6 trong diéu kién ap suét giam dé tao ra 2-
butyl-7-metylfuro[3,2-c]pyridin 5-oxit (3,97 g) dudi dang chét rin.

Vi du san xuét 47

Trong moi trudng nito, kali cacbonat (50 mg) dugc bd sung vao hon hop gdm
S-{[(2R,3R)-3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]metyl}-3-
(metoxymetoxy)- 1-(metoxymetyl)-4-oxoazetidin-2-ylmetyl}thioaxetat (80 mg),
(bromometyl)xyclopropan (0,035 ml), natri iodua (52 mg), DMF (0,8 ml) va MeOH
(0,8 ml), va khudy hdn hop nay & nhiét do trong phong trong 4 gio. Sau khi bb sung
AcOEt, hon hop thu duge lan luot duoc rira bf?lng nude, dung dich nude natri hydro
cacbonat bdo hoa va dung dich nudc natri clorua bao hoa. Lép hitu co thu dugce dugc
lam kho trén magie sulfat khan va c0 trong didu kién 4p suét giam dé tao ra (3R, 4R)-
3-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl|metyl}-4-
{[(xyclopropylmetyl)sulfanylJmetyl}-3-(metoxymetoxy)-1 -(metoxymetyl)azetidin-
2-on (73 mg) dudi dang san phim dang dau.

Vi dy san xuat 48

Di-tert-butyl dicacbonat (60 ml) dugc b6 sung vao hdn hop gdm (3S)-3-amino-
2-hydroxy-4-(metylsulfanyl)butanoat hydroclorua (27,7 g), THF (139 ml), nu6e (139
ml) va EtsN (57,4 ml), va khudy hdn hop nay & nhiét d§ trong phong qua dém. N,N-

Dimetyletylenamin (7,5 ml) duoc b6 sung vao hon hgp phan ung thu duge va khudy
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hdn hop nay & nhiét do trong phong trong 2 gio. Dung dich nuéc natri hydrosulfat 1
M (371 ml) dwoc bd sung hdn hgp phén ing thu dugce, va 16p nurée va 16p hiru co dugce
tach ra. Lop nudce thu duoc duoc chiét ba 1an bang AcOEt. Céc 16p hitu co tao ra dugc
két hop, duoc ria bang dung dich nuéc natri clorua bdo hoa va lam kho trén natri
sulfat khan. Lép hitu co thu dugc duge ¢6 trong diéu kién 4p suét giam, AcOEt (416
ml) va dixyclohexylamin (27,3 ml) dugc bd sung vao can, va khudy hén hop nay &
nhiét do trong phong qua dém. Hon hop thu dugce duge cb trong diéu kién ap suat
giam, diisopropyl ete (416 ml) dugc bb sung vao cin, va khudy hon hop nay & nhiét
do trong phong trong 1 gio, khudy trong 2 gio trong khi 1am lanh bang chau nudc da,
va khudy ¢ nhiét do trong phong qua dém. Nguyén liéu khong hoa tan dugc loai bo
béng céch loc ra khoi hon hop thu duogc va sau do, phén dich loc duoc c6 trong diéu
kién ap suat giam. Diisopropyl ete (416 ml) dugc bd sung vao cin thu duoc, va khudy
hdn hop nay & nhiét do trong phong trong 3 ngay. Cac chét khéng tan tao ra dugc gom
bang cach loc va lam kho trong diéu kién 4ap suat giam. Diisopropyl ete (416 ml) lai
duoc bd sung vao chat ran thu duoc va hdn hop duge khudy & nhiét do trong phong
trong thoi gian 1 gio. Cac chét khong tan thu dugc duge gom bang cach loc dé tao ra
hén hop axit (3S)-3-[(tert-butoxycacbonyl)amino]-2-hydroxy-4-
(metylsulfanyl)butanoic - dixyclohexylamin (1:1) (30,2 g) du6i dang chat rén.
Vi du san xuat 49

Trong moi truong argon, 2,2-dimetoxypropan (83 ml) va axit p-toluensulfonic
monohydrat (14,1 g) dwgc bd sung vao hdn hop gom axit (3S)-3-[(tert-
butoxycacbonyl)amino]-2-hydroxy-4-(metylsulfanyl)butanoic - dixyclohexylamin
(1:1) (30,1 g) va AcOEt (301 ml), va khudy hdn hop nay & 70°C trong thoi gian 16
gid. Hon hgp phan ung thu duge dugc dé cho ngudi xudng nhiét do trong phong va
cac chét khong tan dugce loai bo béng cach loc. Dich loc thu dugc duge rira lan luot
béng dung dich nudc natri hydro cacbonat 2,5% mot lan, axit clohydric 0,5 M ba lan,
va dung dich nude natri hydro cacbonat 2,5% mot lan. Rira 16p hitu co thu duoc bﬁng
dung dich nuéc natri clorua bdo hoa va lam kho trén natri sulfat khan. Lép hitu co thu

duoc duoc co trong didu kién ap suit giam, AcOEt (90 ml), hexan (180 ml), silica gel
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(28 g) va than hoat tinh (2,8 g) dugc bd sung vao can, va khudy hén hop nay & nhiét
do trong phong trong 1 gio. Cac chét khong tan duoc loai bé ra khoi hon hop thu dugc
bé‘mg cach loc va dich loc thu dugc dugc co trong diéu kién ap suét giam dé tao ra tert-
butyl [(1S)-1-(2,2-dimetyl-5-0x0-1,3-dioxolan-4-yl)-2-(metylsulfanyl)etylJcarbamat
(12,7 g) duéi dang san pham dang dau.
Vi du san xuat 50

4-(clometyl)-2-(2-xyclopropyletyl)furo[3,2-c]pyridin hydroclorua (1,76 g) thu
duoc dudi dang chét rin tir [2-(2-xyclopropyletyl)furo[3,2-¢]pyridin-4-yl]metanol
(1,41 g) theo cach twong ty nhu trong phuong phap duge mo ta trong Vi du didu ché
37. Trong moi truong nito, natri iodua (810 g) dugc bd sung vao hdn hgp gbm 4-
(clometyl)-2-(2-xyclopropyletyl)furo[3,2-c]pyridin hydroclorua thu dugc (668 mg) va
CHCl» (7,5 ml), va khudy hdn hop ndy & nhiét do trong phong trong 1 gid. Dung dich
nudce natri hydro cacbonat bao hoa dugc b sung vao hdn hop phén tmg thu duoc, hdn
hop nay dugc khudy trong 5 pht, va tiép theo, chiét hai 1an bang toluen. Rira 16p hitu
co thu duoc béng dung dich nudc natri clorua bdo hoa, 1am kho trén natri sulfat khan
va sau do, co trong diéu kién 4p suit giam. Quy trinh, trong d6 toluen dugc bd sung
lai vao hdn hop thu duge va hén hop nay dugc co trong diéu kién ap suét giam, dugc
ap lai ba 1an dé tao ra thé tich cui cung khoang 5 ml dung dich toluen. (Hon hop A).

Trong moi truomg argon, LDA (dung dich hexan-THF 1,13 M, 1,45 ml) duogc
bd sung nho giot & -78°C trong khi khudy vao hén hgp gom tert-butyl [(18)-1-(2,2-
dimetyl-5-ox0-1,3-dioxolan-4-yl)-2-metylsulfanyl)etyl]carbamat (500 mg) va THF (5
ml). Sau khi khudy hdn hop phan tmg thu dugc ¢ ciing nhiét do nay trong 10 phut,
clotrimetylsilan (0,207 ml) dugc bb sung vao d6 va khudy hén hop nay & cung nhiét
d6 nay trong 30 phiit. Hon hop phén ting thu dugc duoc khudy trong 30 phut trong khi
lam lanh béng chau nudc da, tiép theo, LDA (dung dich hexan-THF 1,13 M, 1,74 ml)
duoc bd sung nhé giot vao dé trong khi khudy ¢ -78°C. Khudy hon hop phan tng thu
dugc & cung nhiét do trong thoi gian 30 phit va sau do, hdn hop A duoc bd sung ting
giot vao d6. Sau khi khudy hén hgp phan tng thu dugc & cung nhiét do nay trong 2
gid, AcOH (0,094 ml) dwoc bd sung vao d6 va khudy hdn hop nay & cing nhiét do
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nay trong 10 phut. Dung dich nuéc dimetylamin 9,5 M (0,34 ml) dugc bb sung vao
hdn hop phan tng thu dugc va hon hop nay duoc khudy trong 30 phut trong khi 1am
lanh bang chau nuéc da. Axit clohydric 1M duoc bd sung vao hdn hop phan tng thu
duoc dé trung hoa hdn hop nay, va hdn hop nay duge chiét hai lan bang AcOEt.

Rira 16p hitu co thu dugc bang dung dich nuéc natri clorua bdo hoa va lam kho
trén natri sulfat khan. Lop hitu co thu duge dugc ¢ trong diéu kién ap sudt giam va
can duoc tinh ché bing séc ky cot silicagel (hexan/AcOEt) dé tao ra tert-butyl [(1S)-
1-[(4R)-4-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl }-2,2-dimetyl-5-0xo0-
1,3-dioxolan-4-yl]-2-(metylsulfanyl)etyl]carbamat (230 mg) dudi dang san phim
dang dau.

Hop chit vi du san xuét thé hién trong cac bang md ta sau dugc tao ra theo cach
twong tu nhu trong phuong phap mo ta trong vi du san xuét bt ky néu trén. Cac bang
md ta sau thé hién cong thirc cau tric, dit liéu héa 1y va phuong phéap san xuit cia cac

hop chit trong vi du san Xuét.
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Bang 7

Vi | Téng | Dit liéu
du | hop

1 |- ESI+: 379,3

'H NMR (400 MHz, MeOH-ds) § ppm : 0,06 - 0,10 (2 H, m)
0,43 - 0,48 (2 H, m) 0,74 - 0,85 (1 H, m) 1,20 (3 H, t, /~7,4 Hz)
1,66 (2 H, td, =7.4, 7,4 Hz) 2,44 - 2,55 (3 H, m) 2,92 2 H, t,
J=7,4Hz) 3,11 (1 1, dd, J=11,3, 2,3 Hz) 3,22 (1 H, dd, /~14,7,
2,5 Hz) 3,45 (2 1, s) 6,74 (1 H, d, J=1,2 Hz) 7,38 (1 H, dd,
J=5.9, 0,8 Hz) 8,29 (1 H, d, J=5,9 Hz)

2 |- ESI+ : 3652

'H NMR (500 MHz, MeOH-ds) & ppm : 0,06 - 0,11 (2 H, m),
0.43 - 0,48 (2 H, m), 0,75 - 0,84 (1 H, m), 1,66 (2 H, td, J=7.2,
7.2 Hz), 2,03 (3 H, s), 2,54 (1 H, dd, J=14,4, 11,0 Hz), 2,89 -
2,94 (2 H, m), 3,09 - 3,19 (2 H, m), 3,45 2 H, s), 6,74 (1 H, d,
J=0,8 Hz), 7,38 (1 H, dd, J=5.7, 0,8 Hz), 8,29 (1 H, d, /=5,7 Hz)

3 |- ESI+: 393,2
4 |- ESI+ : 405,2
5 |- ESI+ : 379,2
6 |- ESI+ : 364,2
7(1) |- ESI+ : 383,1
72) | - ESI+: 401,1, 403,1
R ESI+ : 369,1
9 |- ESI+ : 367.2
10 |- ESI+ : 367.2
11 |1 ESI+: 419,1
12 |1 ESI+ : 405,1
13 |1 ESI+ : 393.2
14 |1 ESI+ : 3873
15 |1 ESI+: 387,3
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Béang 8

Vi | Tong | Dir liéu

du | hop

16 ESI+ : 373,2
'H NMR (400 MHz, MeOH-ds) : § ppm -0,02 - 0,03 (2 H, m),
0,06 - 0,11 (2 H, m), 0,35 - 0,41 (2 H, m), 0,43 - 0,49 (2 H, m),
0,55 - 0,66 (1 H, m), 0,74 - 0,85 (1 H, m), 1,15 - 1,25 (1 H, m),

1 1,39 (1 H, dddd, J=13,5, 11,2, 6,7, 4,7 Hz), 1,54 - 1,63 (1 H, m),

1,66 (2 H, td, J=7.1, 7,1 Hz), 2,01 (1 H, dddd, J=14,4,11,1,6,3,
3,2 Hz), 2,88 - 2,94 (2 H, m), 2,96 (1 H, dd, J=9.3, 3,1 Hz),
3,40, 3,43 (2 H, ABq, J=14,1 Hz) 6,73 (1 H, d, J=1,1 Hz), 7.37
(1H, dd, J=5,7, 1,0 Hz), 8,28 (1 H, d, J=5,7 Hz)

17 |2 APCI/ESI+ : 389,2

18 |2 ESI+ : 4034

19 |2 ESI+:397,1

20 |2 ESI+: 381,2

21 |2 ESI+ : 367,2

22 |2 ESI+ : 365,1

23 |3 ESI+: 419,3

24 |3 ESI+ : 407,2

25 |3 ESI+ : 4053

26 ESI+ : 367,2
'H NMR (400 MHz, MeOH-ds) & ppm : 0,98 (3 H, t, J=7.,3 Hz)

g 1,40 - 1,51 (2 H, m) 1,72 - 1,81 (2 H, m) 2,02 (3 H, s) 2,46 (3

H, s) 2,53 (1 H, dd, /=149, 11,6 Hz) 2,80 - 2,86 (2 H, m) 3,09
3,16 (2 H, m) 3,40 (2 H, 5) 6,69 - 6,71 (1 H, m) 8,11 (1 H, d,
J=0,7 Hz)

27 19 ESI+ : 365,2
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Bang 19
Vi du | Tong | Dit liéu
san hop san
xuit | xuit
1 - ESI+: 3382
2 - ESI+: 200,1
3 - ESI+: 2982 [M+Nal+
4 - ESI+: 298,2
5 - Cl+: 266,1
6 - ESI+:  206,1
7 - ESI+: 384,3 [M+Na]+
8 - ESI+: 561,3
9 - ESI+: 304,1
10 - ESI+: 306,2
11 - ESI+: 320,3
12 - ESI+: 269,0 [M+Nal+
13 - ESI+: 1659
14 - ESI+: 288,1 [M+Na]+
15 - ESI+: 328,1 [M+Na]+
16 - ESI+: 2881
17 - ESI+: 505,4
18 - ESI+: 450,0,451,9, 454,0 [M+Na]+
19 - ESI-: 302,1
20 - ESI+:  250,2
21 - ESI+: 521,2
22 - ESI+: 5373
23 - ESI+: 405,1
24 - ESI+: 483,1
25 - ESI+: 4632
26 - ESI+: 4493
27 - Cl+: 167,2
28 - ESI+: 188,1
29 - ESI+: 204,0
30 - ESI+: 213,1
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Bang 20
Vi du | Téng | Dir li¢u
san hop san
xuit | xuét
31 - ESI+: 218,1
32 - ESI+: 265,0,267,0
33 - ESI+: 247,0
34 - ESI+: 4473
35 - ESI+: 4014
36 - ESI+: 222.1
37 - ESI+: 240,1, 242,1
38 - ESI+: 509,2
39 - ESI+: 2131
40 - ESI+: 5073
41 - ESI+: 201,0
42 - ESI+: 220,1
43 - ESI+: 206,1
44 - ESI+: 4374
45 - ESI+: 272,1 [M+Na]+
46 - ESI+:  206,1
47 - ESI+: 4752
48 - ESI+: 288,1 [M+Na]+
49 - ESI+: 328,1 [M+Na]+
50 - ESI+: 5053
51 1 ESI+: 2581
52 1 ESI+: 2582
53 1 ESI+: 2442
54 2 ESI+: 23272
55 2 ESI+: 214,1
56 2 ESI+: 214,1
57 4 ESI+: 236,0
58 5 ESI+: 204,1
59 8 ESI+: 4574
60 8 ESI+: 4574
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Bang 21
Vidu | Téong | Dit ligu
san hop san
xuit | xuit
61 8 ESI+: 4433
62 9 ESI+: 3182
63 9 ESI+: 3182
64 10 ESI+: 320,2
65 12 ESI+: 269,1 [M+Na]+
66 13 ESI+: 166,0
67 15 ESI+: 330,1
68 15 ESI+: 366,2 [M+Na]+
69 16 ESI+: 296,2 [M+Na]+
70 17 ESI+: 5295
71 17 ESI+: 5433
72 18 ESI+: 436,0,438,0, 440,0 [M+Na]+
73 19 ESI+: 290,1
74 24 ESI+: 306,0 [M+Na]+
75 26 ESI+: 489,2
76 26 ESI+: 4772
77 26 ESI+: 463,2
78 26 ESI+: 463,2
79 29 ESI+: 255,9,257.9
80 30 ESI+: 215,0
81 31 ESI+: 218.1
82 31 ESI+: 220,2
83 31 ESI+: 220,2
84 37 APCI/ESI+ : 2381
85 37 ESI+: 236,1,238,1
86 37 ESI+: 238,1, 240,1
87 37 ESI+: 224.1,226,1
88 38 ESI+: 505.4
89 38 ESI+: 507.,5
90 38 ESI+: 5074
91 39 ESI+: 215,1
92 39 ESI+: 190,1
93 47 ESI+: 4892
94 47 ESI+: 475,2
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Kha ning tng dung trong cong nghiép

Hop chét c6 cong thirc (I) hodc mudi ctia né ¢6 hoat tinh trc ché chéng lai P-
LAP, tic 1a, enzym lam thodi bién AVP, va duy tri va/hodc 1am ting muc ndng do
AVP ndi sinh dé 1am giam su san xuét nude tiéu. Hop chat nhu vy ky vong dugc st
dung lam tac nhan dé diéu tri chung tiéu dém, va cling ky vong dugc st dung lam tac
nhan dé diéu tri su r6i loan tiéu tién khac bét ky hoac chirng da ni€u lién quan dén mirc

nong d6 AVP giam, nhu ching déi rat, chimg sén ticu, va chimg tiéu dam ban dém.
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YEU CAU BAO HO

1. Hop chét c6 cong thirc (I) hodc mubi ctia no:

@
trong do:

X 1a O hodc S;

duong chdm chim 12 lién két don hodc lién két doi;

R! 12 alkyl thdp thy ¥ c6 tir mot dén bon phan i thé duge chon tir nhom G',
xycloalkyl tuy y c6 tir mot dén nam phan tir thé dugc chon tr nhém G2, hoac -alkylen
thap-(xycloalkyl tlty ¥ ¢6 tlr mot dén nam phéan tir thé dugc chon tir nhém G?);

R2 va R’ 1a giéng nhau hodc khéc nhau, va 1a H, alkyl thip hogc xycloalkyl;

R3 1a -alkylen thip-X3-alkyl thp, -alkylen thap-X3-alkylen thap-(xycloalkyl tiry
¥ c6 tir mot dén nam phan tir thé dugc chon tir nhom G2), -alkylen thap-(xycloalkyl
tiy ¥ ¢6 tir mot dén nim phan ti thé duge chon tir nhém G?), hoac -alkylen thap-X3-
(xycloalkyl tuy y c6 tor mot dén ndm phan tir thé duge chon tr nhom G?);

X3 12 O hodc S(O)n, trong d6 n bang 0, 1, hodc 2;

R* 13 OH, NHa, hoiic -O-alkyl thap va R® 1a H; hodc R* va R® dugc lién két véi
nhau, cung véi -C(=0)-C-O- ma chung gin vao, tao ra 2,2-di(alkyl thap)-4-oxo-1,3-
dioxolan-5,5-diyl;

nhom G' gdm c6 halogen, OH, -O-alkyl thap, -S-alkyl thdp, va -O-
(halogenoalkyl thip); va

nhom G2 gbém c6 alkyl thap, halogen, halogenoalkyl thap, OH, -O-alkyl thap, -
S-alkyl thép, va -O-halogenoalkyl thap.
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2. Hop chét hodc mudi ctia né theo diém 1, trong d6 R* 1a OH, NHa, hodc -O-alkyl
thap va R 1a H.

3. Hop chat hoidc mudi ctia n6 theo diém 2, trong d6 X 1a O, va dudng chidm cham
12 lién két don hoc lién két doi; hodc X 1a S, va duong chim chim la lién két doi.

4. Hop chét hoic mudi cta no theo diém 3, trong do:

R! 14 alkyl thip tiy ¥ c6 tir mot dén bén phén tir thé duogc chon tir nhém bao
gbm halogen, OH, va -O-alkyl thap; xycloalkyl ma tuy y dugc thé bang tir mot dén hai
alkyl thép; hodc -alkylen thAp-(xycloalkyl ma tiy y dwoc thé bang tir mot dén hai alkyl
thép);

R3 1 -alkylen thip-X3-alkyl thip, -alkylen thp-X>-alkylen thap-(xycloalkyl ma
thy v duge thé bang tir mot dén hai alkyl thép), -alkylen thap-(xycloalkyl ma tiy y
duoc thé bing tir mot dén hai alkyl thap), hoic -alkylen thap-X3-(xycloalkyl ma tuy y
duge thé bang tir mot dén hai alkyl thép); and

R2 va R’ 13 gibng nhau hodc khéc nhau, va 1a H hogc alkyl thap.

5. Hop chat hodc mudi cia n6 theo diém 4, trong do:

R! 13 alkyl thdp tiy ¥ ¢6 tir mot dén bbn phan tir thé duoc chon tir nhom bao
gdm halogen va OH; xycloalkyl; hodc -alkylen thip-xycloalkyl; va

R3 14 -alkylen thap-S(O)a-alkyl thép, -alkylen thép-O-alkylen thap-xycloalkyl,
_alkylen thép-S-alkylen thép-xycloalkyl, -alkylen thip-xycloalkyl, hogc -alkylen thap-
S-xycloalkyl.

6. Hop chét hoac mudi ctia n6 theo diém 5, trong d6 R! 1a alkyl thap, xycloalkyl,
hodc -alkylen thip-xycloalkyl; R3 1a -alkylen thép-S-alkyl thép, -alkylen thap-O-
alkylen thép-xycloalkyl, -alkylen thép-S-alkylen thap-xycloalkyl, -alkylen thap-
xycloalkyl, hodc -alkylen thip-S-xycloalkyl; R? la H hogc alkyl thap; R® 1a H; va R*
la OH.

7. Hop chit hoic mudi ctia n6 theo diém 6, trong d6 X 1a O, va dudng chidm chim
14 lién két doi: R! 13 alkyl thép, hodc -alkylen thip-xycloalkyl; va R® 1a -alkylen thap-
S-alkyl thip, hoic -alkylen thap-xycloalkyl.
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8. Hop chit hoic mudi cia né theo diém 2, trong d6 X 1a O, va dudng chim chdm
12 lién két doi.
9. Hop chét hodc mubi ctia n6 theo diém 1, 13 hop chét duogc chon tir nhém bao
gf‘)m cac hop chét sau, hoic mubi cua ching:

axit (2R,3R)-3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl]-
metyl}-4-(etylsulfanyl)-2-hydroxybutanoic,

axit (2R,3S)-3-amino-5-xyclopropyl-2-{[2-(2-xyclopropyletyl)furo[3,2-c]-
pyridin-4-ylJmetyl}-2-hydroxypentanoic,

axit (2R,3R)-3-amino-2-{[2-(2-xyclopropyletyl)furo-[3,2-c]pyridin-4-yl]-
metyl}-2-hydroxy-4-(metylsulfanyl)butanoic, va

axit (2R,3R)-3-amino-2-[(2-butyl-7-metylfuro[3,2-c]pyridin-4-yl)metyl]-2-
hydroxy-4-(metylsulfanyl)butanoic.
10.  Duoc phém chira hop cht hodc mudi cua né theo diém 1.
11.  Duoc phém chira hop chit hodc mudi cua né theo diém 1 va ta dugc.
12.  Hop chit hodc mudi ctia né theo diém 9, trong d6 hop chét nay 1a axit (2R,3R)-
3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl} -4-(etylsulfanyl)-2-
hydroxybutanoic.
13.  Hop chét hodc mudi ctia n6 theo diém 9, trong d6 hop chit nay 1a axit (2R,3S)-
3-amino-5-xyclopropyl-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-yl Jmetyl }-2-
hydroxypentanoic.
14. Hop chit hodc mudi cta nod theo diém 9, trong d6 hop chét nay la axit (2R,3R)-
3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-ylJmetyl}-2-hydroxy-4-
(metylsulfanyl)butanoic.
15.  Hop chit hodc mudi ctia né theo diém 9, trong d6 hop chét nay 1a axit (2R,3R)-
3-amino-2-[(2-butyl-7-metylfuro[3,2-c]pyridin-4-yl)metyl]-2-hydroxy-4-
(metylsulfanyl)butanoic.
16. Duoc phém theo diém 10, trong d6 hop chét hoic mubi cta n6 1a hop chét hoic
mudi ctia n6 theo diém 9.

17. Duoc phém theo diém 11, trong do6 hop chét hoic mubi cta no 1a hop chit hoic
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mubi cia no theo diém 9.

18. Hop chét axit (2R,3R)-3-amino-2-{[2-(2-xyclopropyletyl)furo[3,2-c]pyridin-4-
yl]metyl}-2-hydroxy-4-(metylsulfanyl)butanoic.

19.  Hop chét theo diém 18, trong d6 hop chét nay & dang tinh thé c6 cac dinh tai
26c 20 (°) 6,5, 8,6,12,3,14,1,14,7,17,4, 17,9, 18,5, 19,1, 19,6, 20,7, 22,7 va 24,8 trén
pho nhiéu xa bot tia X st dung ddng & dang 6ng.
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