BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

cmreesmonmeroe oY NEHARINAN
CUC SO HUU TRi TUE
1-0031860
(517 CUTD 211/76; AGIP 35/00; COTD (13) B
498/04; A61K 31/45; CO7C 309/04
(21) 1-2015-04679 (22) 09/06/2014

(86) PCT/US2014/041594 09/06/2014 (87) WO 2014/200937 18/12/2014

(30) 61/833,196 10/06/2013 US

(45) 25/05/2022 410 (43) 27/06/2016 339A

(73) AMGEN INC. (US)
One Amgen Center Drive, Thousand Oaks, CA 91320-1799, United States of
America

(72) BIO, Matthew (US); CAILLE, Sebastien (US); COCHRAN, Brian (US); FANG,
Yuanqing (CN); FOX, Brian, M. (US); LUCAS, Brian, S. (US); MCGEE, Lawrence,
R. (US); VOUNATSOS, Filisaty (AU); WIEDEMANN, Sean (US); WORTMAN,
Sarah (US).

(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) HOP CHAT AXIT 2-((3R,5R,6S)-5-(3-CLOPHENYL)-6-(4-CLOPHENYL)-1-((S)-
1-(ISOPROPYLSULFONYL)-3-METYLBUTAN-2-YL)-3-METYL-2-
OXOPIPERIPIN-3-YL)AXETIC O DANG TINH THE, VA DUQC PHAM CHUA
HQP CHAT NAY

(57) Sang ché dé xuét axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-

(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic ¢ dang tinh the,

cac chat trung gian va dugc pham chira cac hop chét ndy. Sang ché ciing dé xuat quy trinh

tao ra hop chat nay cling nhu cac chat trung gian va quy trinh tao ra cic chét trung gian
nay.
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Linh vue k§ thuit dwoc dé cap

Sang ché dé xuét quy trinh tao ra axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-
clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-
yl)axetic (trong ban mo ta nay duoc goi la “Hop chét A”) ciing nhu céc chit trung gian
va quy trinh tao ra céac chét trung gian nay. Sang ché con d& xuit hop chat nay & dang

tinh thé va cac chit trung gian.
Tinh trang ky thuit cia sang ché

p53 1a chat ngan chin khéi u va yéu t6 phién ma ma dap tGng ap luc d6i voi té
bao bang cach hoat hoa qua trinh phién ma cta nhidu gen lién quan dén viéc nging chu
trinh té bao, 1am chét té bao theo chuong trinh, 130 hoa, va stra chita ADN. Khong
gibng nhu cac té bao binh thuong, ma hiém khi ¢6 1y do dé hoat hoéa p53, cac té bao
ctia khdi u chiu ap luc thuong xuyén d6i véi té bao do nhiéu loai chin thuong khéc
nhau ké ca hién tuong giam oxy huyét va su hoat héa gen gy bénh ung thu 1am chét
so bo té bao theo chuong trinh. Do d6, ¢6 uu diém chon loc cao ddi véi viée lam bét
hoat chu trinh p53 trong cac khdi u, va da c6 d@é xuét ring viéc loai bo chirc ning p53
¢6 thé 14 cén thiét d khéi u c6 thé séng sét. Nham tng ho quan diém nay, ba nhém
nghién ctu da st dung mo hinh chudt d ching minh rang su khong c6 mit cua chirc
ning p53 1a yéu cu can dé duy tri cac khdi u da dugc hinh thanh. Khi cac nha nghién
ctru phuc hdi chirc nang p53 cho cac khdi u c6 p53 da duoc lam bt hoat, thi cac khéi u

nay thoéi trién.

pS53 bi bit hoat do dot bién va/hodc hao hut & 50% u ran va 10% u 1éng. Céc
thanh vién then chdt khac ctia chu trinh p53 cling bi thay ddi v& mat di truyén hodc vé
mat ngoai di truyén & bénh ung thu. MDM2, 1a protein gdy bénh ung thu, {rc ché chirc
nidng cua p53, va n6 dugc hoat hoa bang cach khuéch dai gen theo t}’f» 1€ da dugc thong

béo 1a cao dén 10%. Két qua 1a, MDM2 bi tc ché boi chit ngan chan khdi u khéc,
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pl4ARF. Pa c6 goi y rang céc thay dbi tiép theo dbi véi p53 ¢o thé chiu trach nhiém
v& viée 1am bt hoat it nhat mot phan chu trinh p53 & cac khéi u c6 p53WT (p33 kicu
dai). Dé ting ho quan diém nay, mot sé khéi u c6 p53W" dudng nhu thé hién kha ning
lam chét té bao theo chwong trinh giam, mac di kha ning cua chung trong viéc trdi qua
hién tugng nging chu trinh té bao khong thay doi. Mot chién luoc didu tri ung thu bao
gdm viéc str dung cic phan tt nhé ma lién két MDM2 va trung hoa twong tac cla
MDM2 véi p53. MDM2 tc ché hoat tinh cta p53 theo ba co ché: 1) hoat dong nhu
ligaza ctia E3 ubiquitin dé thuc déy su thoai bién ctia p53; 2) lién két voi va phong bé
mién hoat hoa phién ma p53; va 3) két xult p53 tir nhan vao té bao chét. Ca ba co ché
ndy s& bi phong bé bang cich trung hoa twong tic MDM2-p53. Cu thé, cach thirc didu
tri ndy c6 thé dugc 4p dung cho cac khdi u c6 p53WVT, va cac nghién ctru véi cac chat trc
ché MDM2 phan tir nho da lam giam mot cach hira hen mtrc do phat trién cia khdiu ca
in vitro va in vivo. Hon nira, & cdc bénh nhén co khi u c6 pS3 bi bét hoat, viéc lam on
dinh p53 kiéu dai & cdc m binh thuong bing cach e ché MDM2 ¢6 thé cho phép bio

vé mot cach chon loc cac md binh thuong khoéi chét doc dbi véi qua trinh gian phan.

Séang ché dé xut hop chit c6 kha ning tc ché tuong tac gitta p53 va MDM2 va
hoat hoéa cac gen tac dong xudi dong p53. Nhu vay, hop chét theo sang ché sé& 13 hitu
ich trong viéc diéu tri ung thw, bénh nhiém khuén, bénh nhiém virut, bénh loét va bénh
viém. Cu thé, hop chit theo sang ché 13 hitu dung trong viéc didu tri cac u rin nhu: cac
khéi u & nguc, ruodt Kkét, phéi va tuyén tién liét; va cac u 1ong nhu u bach huyét va bénh
bach cdu. Thuat ngtt MDM2 dugc dung trong ban md td nay c6 nghia 1a protein
MDM?2 ctia ngudi va p53 c6 nghia 1a protein p53 cua nguoi. Céan phai luu y rang

MDM?2 ciia ngudi con co thé duoc goi la HDM2 hodc hMDM2.

Axit 2-((3R,5R,68)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsul-
fonyl)-3-metylbutan-2-y1)-3-metyl-2-oxopiperidin-3-yl)axetic c6 cdng thic hoa hoc

sau.



dugce boc 10 trong cong bd don PCT sé WO 2011/153,509 (theo Vi du 362). Hop chit
nay, la chat ac ché MDM2, hién dang duoc khao sat trong thir nghiém 1am sang 4]

ngudi nham dé diéu tri cac bénh ung thu khac nhau.
Ban chit k¥ thuit ciia sing ché

Muc dich cia séng ché 1a d& xuét quy trinh tao ra hop chét nay ciing nhu cac
chét trung gian va quy trinh tao ra cac chét trung gian. Sang ché con dé xut hop chét

nay ¢ dang tinh thé va cac chét trung gian.
Theo phuong 4n 1, sang ché d& xuét hop chét c6 cong thirc

ch CH3
O:S¢O

H3CYZ O QH3
N~ > ~CO.H

H3C

Cl

& dang tinh thé.

Theo phuong an 2, sang ché d& xuét hop chit c6 cong thirc
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: Cl & dang tinh thé khan.

Theo phuong 4n 3, sang ché @& xuét hop chit c6 cong thirc

H;C CHg

& dang tinh thé khan dic trung béi mau nhidu xa bot tia X ¢6 cac dinh & goc nhidu xa 2

teta khoang 11,6 d9, 12,4 do, 18,6 d9, 19,0 d9, 21,6 do va 23,6 do.
Theo phuong &n 4, sang ché d& xuét hop chét ¢ cong thirc

H3C CH3
Otsco

H3C\rz i QH3
Hod N CO,H
: Cl

& dang tinh thé khan theo diém 3 yéu cau bao ho ¢ mau nhiéu xa tia X vé co ban nhu

Cl

duoc thé hién trén Hinh 1.

Theo phuong an 5, sang ché d& xuét cac dugc pham chtra: hop chét c6 cong

thirc
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¢ dang tinh thé theo phuong 4an bat ky trong sd cac phuong an 1 dén 4; va ta duoc

duoc dung.

Theo phuong an 6, sang ché dé xuét cac phuong phép diéu tri bénh ung thu
bang quang, bénh ung thu v, bénh ung thu rudt, benh ung thu tryc trang, bénh ung thu
than, bénh ung thu gan, bénh ung thu phéi té bao nhd, bénh ung thu phéi t& bao khong
nho, bénh ung thu thuc quan, bénh ung thu tii mat, bénh ung thu budng trimg, bénh
ung thu tuy, bénh ung thu da day, bénh ung thu cd tir cung, bénh ung thu tuyén giap,
bénh ung thu tuyén tién liét, bénh ung thu bidu md & té bao biu md c6 vay, u hic td,
bénh bach ciu té bao lympho cép tinh, bénh bach cdu sinh tiy xuwong man tinh, bénh
bach cu lympho bao cép tinh, u bach huyét té bao B, u bach huyét té bao T, u bach
huyét Hodgkin, u bach huyét khéng thudc dang Hodgkin, u bach huyét té bao 1ong toc,
u bach huyét Burkett, bénh bach cAu sinh tay xuwong cip tinh, bénh bach ciu sinh tay
xuwong man tinh, bénh ung thu mang trong da con, bénh ung thu dau va cd, u nguyén
bao dém, sacdm xuong, hodc sacdm co van, cac phuong phip nay bao gdm viéc cho

bénh nhéan ¢ nhu cdu diéu trj ding dugc pham chira hop chét c6 cong thirc

HaC._CHa
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& dang tinh thé theo phuong 4n bat ky trong sb cac phwong én 1 dén 4 voi lugng hitu

hiéu dé diéu tri bénh.

Theo phuong 4n 7, sang ché d& xuét hop chét c6 cong thirc

Theo phuong 4n 10, sang ché dé xuét hop chét c6 cong thic
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& dang tinh thé, dic trung boi miu nhiu xa bot tia X ¢6 cac dinh & goc nhiéu xa 2 teta

khoang 8,7 d9, 18,5 d9, 22,6 do va 26,6 do.

Theo phuong &n 11, sang ché d& xuét hop chit c6 cong thirc

& dang tinh thé, theo diém 10 c6 mAu nhidu xa tia X vé co ban nhu duge thé hién trén

Hinh 3.
Theo phuong 4n 12, sang ché @& xuét hop chat

o)
| CH;

Ca+2 ‘O——S- < 2 H20

N )

Theo phuong &n 13, sang ché dé xuét quy trinh tao ra hgp chét c6 cong thirc
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quy trinh nay bao gbm cac bude:
cho hop chét ¢6 cong thire

HO

phan ing véi hop chét co cong thic

SO4H

‘ ‘ trong cac diéu kién loai nudc de tao ra hop chat c6 cong thirc

Theo phuong 4n 14, sang ché @ xuét quy trinh theo phuong 4n 13, trong d6 cac

diéu kién loai nudc 1a chung cat dong soi voi toluen.

Theo phuong &n 15, sang ché @& xuét quy trinh tao ra hop chét ¢6 cong thirc
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cho hop chit ¢ cong thirc

SO3Na
OO dé tao ra hop chét c6 cong thirc
ﬁ
HsC ﬁ—o-
trong d6 X 12 CF3SO5 hodc hop chét c6 cong thuc 0

Theo phuong 4n 16, sdng ché d& xuét quy trinh tao ra hop chét c6 cong thirc

2 quy trinh nay bao gdm budc:

-10-



phan tng véi toluen d8 tao ra hop chit

& O

Theo phuong an 17, sang ché d& xuét quy trinh tao ra hop chét c6 cong thirc

c6 cong thirc

, quy trinh nay bao gbm bude:

cho hop chét c6 cong thirc

HO

¥

Oy
CHs

dé tao ra hop chét c6 cong thic  ©

Theo phuong 4n 18, sang ché d& xuit quy trinh tao ra hop chét c6 cong thirc

-0-

Oo=m
O=w

-11-
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22 phan tng v&i hop chat c6 cong thire

2 H,0

dé tao ra hop chét c6 cong thirc

i “Cl, ma bi oxy héa thanh hop chét c6 cong thic

etanolat

, ma dugc chuyén hoa tiép thanh hop chét c6 cong thirc

-12-
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khan

Theo phuong an 19, sang ché @ xuét quy trinh theo phuong an 18, trong do6

budce oxy hoa dugce thuc hién bang cach s dung ozon.

Theo phuong an 20, sang ché @& xuét quy trinh theo phuong an 18, trong do6

budc oxy hoa duge thyc hién bang cach st dung ozon, tiép theo 1a oxy héa Pinnick.

Theo phuong 4n 21, sang ché d& xuit quy trinh theo phuong 4n 18, trong d6

budc chuyén héa hop chét c6 cong thic

M‘e Me

T

thanh hop chét c6 cong thirc

l_chan

duogc thuc hién bang cach st dung metanol va nude.

-13-
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Theo phuong 4n 22, sang ché d& xuit quy trinh theo phuong 4n 18, trong d6
budc oxy hoa dugce thuc hién bang cach st dung ozon, tiép theo 1a oxy héa Pinnick, va

bude chuyén hoéa hop chét ¢6 cong thirc

Me Me

\r

0,8

I\/Ie?/z 0 Me
N~ > ~CO.H

Me

etanolat

thanh hop chét c6 cong thirc

khan

duoc thuc hién bang céach st dung metanol va

nudc.
Theo phuong 4n 23, sang ché d& xuét quy trinh tao ra hgp chét ¢6 cong thitc

H3C CH3

3,

, quy trinh nay bao gdm budc cho hop chét c6 cong thirc

-14-
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Me Me
© }sozH
12 phan tmg v6i hop chat c6 cong thirc Me dé tao

Me Me

ra hop chit c6 cong thic

Q.

oxy hoéa hop chét ¢6 cong thirc d8 tao ra hop chét co6 cong thic

Me Me

ma dugc chuyén hoa tiép thanh hop chét c6 cong thirc

-15-
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Theo phuong an 24, sang ché d& xuét quy trinh theo phuong 4n 23, trong d6 hop

chit c6 cong thirc

e @C, < ©M> Me>_SOZH

12 va hop chét c6 cong thic Mé dugc cho phan

ung vaGi su ¢6 mat clia bazo.

Theo phuong an 25, sang ché d& xuit quy trinh theo phuong 4n 24, trong d6
bazo 1a natri tert-butoxit.

Theo phuong &n 26, sang ché d& xuit quy trinh theo phuong 4n 23, trong dé
buéc oxy hoa dugce thyc hién bang cach st dung RuCls va NalOa.

Theo phuong &n 27, sang ché d& xuit quy trinh theo phuong 4n 23, trong d6
bude chuyén héa hop chét c6 cong thirc

Me Me

\(

0,5

N~ > ~CO.H

Me

etanolat

thanh hop chit c6 cong thitc

khan

duoc thuc hién b%mg cach sir dung metanol va

nudc.

-16-
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Theo phuong 4n 28, sang ché d& xuit quy trinh theo phuong 4n 23, trong d6 hop

chét ¢6 cong thirc

AT |
QG < ©M6> e}SOZH

12 va hop chét c6 cong thirc M€ dugc cho phan

cl
ng vai sy c6 mét cua bazo;

budc oxy héa dugc thuc hién béng cach sir dung RuCls va NalOg; va
budc chuyén hoa hop chit c6 cong thic

Me Me

T

0,8

N~ > ~CO.H

Me

etanolat
Cl

thanh hop chét c6 cong thirc

khan

dugc thuc hién bang cach st dung metanol va nude.

Theo phuong én 29, sang ché d@ xuét hop chét c6 cong thirc

-17-
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3,

Theo phuong 4n 30, sang ché dé xut hop chét c6 cong thic

etanolat.

H3C CHS
Otszo

3,

Theo phuong &n 31, sang ché dé xut hop chét ¢6 cong thirc

etanolat & dang tinh thé.

H3C CH3
Otsco

a,

& dang tinh thé, dic trung bai mau nhiéu xa bot tia X ¢6 céac dinh & géc nhiéu xa 2 teta

khoang 10,5 d9, 18,2 d9, 20,3 do, 21 d¢, 21,9 do va 24,2 do.

etanolat

Theo phuong an 32,‘se’mg ché d& xuét hop chét c6 cong thie

-18-
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3,

& dang tinh thé theo phuong 4n 31 c6 mAu nhidu xa tia X vé co ban nhu duoc thé hién

trén Hinh 6.

etanolat

Theo phuong 4n 33, sang ché d& xuét hop chét c6 cong thic

Me\rMe
0,8
Me\/fz i M _ +H
v N 7 CO, NJ

Theo phuong 4n 34, sang ché dé xuét hop chét c6 cong thirc

Me Me

& dang tinh thé.

Theo phuong &n 35, sang ché d& xuét hop chét co6 cong thire

-19-
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¢ dang tinh thé, dic trung bai mau nhiéu xa bdt tia X ¢6 cac dinh & goc nhiéu xa 2 teta

khoang 11,5 do, 14,3 d9, 15,8 d9, 17,7 49, 19,5 do va 20,7 do.

Theo phuong 4n 36, sang ché dé xuét hop chit c6 cong thirc

¢ dang tinh thé theo phuong an 35 ¢6 mau nhiéu xa tia X vé co ban nhu duoc thé hién

trén Hinh 12.
Theo phuong 4n 37, sang ché d& xuit quy trinh tao ra hop chét c6 cong thirc

HaC._ CH3
O=g=0

: Cl , quy trinh nay bao gbm budc cho hgp chét c6 cong thic

-20-
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3,

c6 cong thirc

phén Gng v6i tac nhan oxy hoa va DABCO dé tao ra hop chét

Me Me

T

va cho hop chét c6 cong thiic

phan Ging véi axit dé tao ra hop chét c6 cong thirc

Me Me

-21-
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Theo phuong an 38, sang ché dé xuét quy trinh theo phuong 4n 37, trong do tac

nhén oxy hda 1a ozon va axit 1a axit clohydric.

MO ta vén tit cac hinh vé

Hinh 1. MAu XRPD ctia hop chit A & dang tinh thé khan
Hinh 2. MAu XRPD ctia hop cht A & dang vo dinh hinh

Hinh 3. MAu XRPD cua (3S, 5, 6R, 8S)-8-alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-iso-
propyl-8-metyl-2,3,5,6,7,8-hexahydrooxazolo[3,2-a|pyridin-4-ium naphtalen-1-

sulfonat, hemi-toluen solvat ¢ dang tinh thé

Hinh 4. MAu XRPD cua hop chit A & dang tinh thé 1

Hinh 5. M4u XRPD cua hop Vch?it A & dang tinh thé 2

Hinh 6. MAu XRPD cua hop chit A etanolat (etanol solvat)
Hinh 7. MAu XRPD cua hop chit A propanol solvat

Hinh 8. Pudng cong DSC cua hop chit A & dang tinh thé khan
Hinh 9. Duong cong DSC cua hop chit A & dang vo dinh hinh

Hinh 10. Puong cong DSC cua (3S,5S,6R,85)-8-alyl-6-(3-clophenyl)-5-(4-clophenyl)-
3 -isopropyl-'8-mety1-2, 3,3,6,7,8-hexahydrooxazolo[3,2-a]pyridin-4-ium naphtalen-1-

sulfonat, hemi-toluen solvat ¢ dang tinh thé

Hinh 11. Dudng cong DSC cta hop chét A etanolat

Hinh 12. MAu XRPD cua hop chit A & dang mudi DABCO

Hinh 13. Pudng cong DSC ctia hop chit A & dang mudi DABCO.
M5 ta chi tiét sang ché

Sang ché d& xuét quy trinh tao ra axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clo-
phenyl)-1-((S)-1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3 -metyl-2-oxopiperidin-3-yl)-

-2
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axetic (trong ban md ta nay dugc goi 1a “Hop chit A”) ciling nhu céc chét trung gian va
quy trinh tao ra cac chét trung gian ndy. Séng ché con @& xuit hop chit ndy & dang tinh

thé va c4c chét trung gian.

Thuét ngit "chra" dugc ding trong ban mo ta nay c6 nghia két thuc mé, bao

gdm thanh phan da duge chi ra nhung khong loai trir cac thanh phan khéc.

Thuat ngt "lugng hitu hi¢u dé diéu tri bénh" dugc dung trong ban mo ta nay co
nghia 1a lwong cia hop chit hodc hdn hop gdm cac hop chét c6 tac dung diéu tri bénh
ma 1am gidm, 1am thuyén giam hoégc loai bo mot hoac nhiéu triéu ching bénh hogc tinh
trang bénh ly cu thé, hodc ngin ngira hodc tri hodn sy bit dAu ctia mot trong s6 nhiéu

triéu ching bénh hodc tinh trang bénh ly cu thé.

Céc thuat ngit "bénh nhan" va “ddi twgng” c6 thé duge ding thay thé nhau va c6
nghia 1a dong vét, nhu cho, meo, bo, ngya, clru va ngudi. Cac bénh nhén cy thé 1a cac

dong vét c6 vii. Thuét ngit bénh nhan bao gom cé giong duc va giong cai.

Thuét ngit "dugc dung" duge dung trong ban md ta nay c6 nghia 1a hop chét
duoc dé cép, nhu hop chét theo sang ché, hoidc mubi cua hop chét nay, hodc ché phém
chtra hop chét nay, hodc t4 duge cu thé, 1a thich hop dé cho bénh nhan dung.

Cac thuat nglr "diéu tri bénh", "diéu tri" hodc "viéc diéu tri" va cac thuét ngit
tuong tu bao gdm viéc diéu tri mang tinh phong ngtra (vi du, phong bénh) va diéu tri

1am thuyén giam bénh.

Thuat ngit “ta dugc” c6 nghia la chét phu gia, chét mang, chét pha lodng, ta
duogc dugc dung bat ky, hodc thanh phﬁn khac, ngoai thanh phﬁn duoc chét (active
pharmaceutical ingredient - API), ma thuong dugc dua vao 8 bao ch_é Vél/hoaé dé cho

bénh nhan dung.

Hop chit theo sang ché c6 thé dugc cho bénh nhan dung véi lugng hitu hi€u dé
didu tri bénh. Hop chit nay c6 thé dugc dung riéng r& hodc lam mot phin cta duge
pham hozc ché phdm dugc dung. Ngoai ra, hop chit nay ho#c cac dugc pham c6 thé

dugc dung toan b mdt lan, vi du, bang cach tiém liéu cao, nhidu lan, nhu theo dot
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dung vién nén, hodc phin phéi hau nhu déu trong mot khoang thoi gian, vi du, bang
cach ap dung céch cach phan phéi qua da. Ciing can phai luu y rang lidu dung ciia hop

chét nay c6 thé dugc thay dbi sau mot khoang thoi gian.

Hop chét theo sang ché, hoic mudi dugc dung ctia nd, con co thé dugc dung két
hop v6i mot hodc nhidu dugc chit/tac nhan bd sung c6 duge tinh. Cén phai luu ¥ rang
cac duge chit/cac tac nhan bd sung c¢6 duge tinh co thé 1 cac phan th hoa hoc nhéd
thong thuong hodc co thé 13 cac dai phan tir nhu céc protein, cac khang thé, cac khang

thé peptit, ADN, ARN hodc cac phén cia cac dai phan tir nay.

Néu bénh nhén s& nhan hodc dang nhin nhiéu duoc chét, thi cac hop chét nay co
thé dugc dung dong thoi, hodc 1an luot. Vi du, trong trudng hop vién nén, cac hoat chat
¢6 thé duge tim thiy trong mdt vién nén hodc trong cac vién nén riéng ré, ma co thé
duge ding mot 1an hodc 1dn luot theo trinh tu bt ky. Ngoai ra, cAn phai nhén thiy ring
cac dugc phém c6 thé & cac dang khac nhau. Vi dy, mdt hodc nhiéu hop chét c6 thé
dugc phan phéi thong qua vién nén, trong khi hop chit khac duge ding bang céach tiém
hodc qua duong miéng & dang siro. T4t c& cac dang két hop, céc phuong phap phén

phéi va trinh tu dung déu duoc du dinh theo sang ché.

Thuat ngft "bénh ung thu" c6 nghia la tinh trang sinh Iy & cdc dong vat co vi ma
dugc dic trung bdi hién tuong sinh trudéng t& bao mat kiém soat. Cac nhém bénh ung

thu chinh bao gdm bénh ung thu biéu m, u bach huyét, sacom, va u nguyén bao.

Hop chét theo sang ché c6 thé duge dung dé didu tri bénh ung thu. Cac phuwong
phép diéu tri bénh ung thu bao gbm viéc cho bénh nhan c6 nhu cdu diéu tri ding hop

chét nay, hodc muoi duoc dung cia né, véi lwgng hitu hidu dé diéu tri bénh.

Hop chit theo sing ché c6 thé dugce ding dé didu tri cac khdi u. Cac phuong
phéap didu tri khéi u bao gém viéc cho bénh nhén c6 nhu cAu diéu tri dung hop chét

ndy, hodc mudi duge dung clia nd, v6i lugng hiru hiéu dé diéu tri bénh.

Sang ché con md ta viée st dung hop chit theo sang ché dé bao ché dugc phdm

dung dé diéu tri tinh trang bénh ly nhu bénh ung thu.
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Bénh ung thu ma c6 thé dugc didu tri bang cac hop chét theo sang ché bao gom,
nhung khong gidi han &, bénh ung thu biéu md nhu bénh ung thu bang quang, v, rudt
Két, truc trang, than, gan, phdi (bénh ung thu phéi té bao nho, va bénh ung thu phoi té
bao khong nho), thuc quan, tii mat, budng tring, tuy, da day, b tir cung, tuyén giép,
tuyén tién liét, va da (ké ca bénh ung thu biéu mo & té bao biéu md co vay); u sinh
huyét thudc dong bach huyét (k& ca bénh bach cau, bénh bach cdu té bao IYmpho cép
tinh, bénh bach cau sinh tiy xwong mén tinh, bénh bach cAu lympho bao cép tinh, u
bach huyét té bao B, u bach huyét té bao T, u bach huyét Hodgkin, u bach huyét khong
thudc dang Hodgkin, u bach huyét t& bao long téc va u bach huyét Burkett); u sinh
huyét thudc dong tiy (ké ca bénh bach cAu sinh tiy xuong cap tinh va bénh bach cau
sinh tiy xwong man tinh, hdi ching loan san tiy va bénh bach cau tién tuy bao); cac
loai u ¢6 ngudn gbc trung mo (k& ca sacom s¢i va sacOm co van, va cac loai sacom
khéac, vi du, md mém va xuong); cic loai u ctia hé than kinh trung wong va hé than kinh
ngoai bién (ké ca u té bao hinh sao, u nguyén bao than kinh, u than kinh dém va u bao
SOl than kinh); va céc u khac (ké ¢ u héc tb, u tinh hoan, u biéu mé quai, sacom
xuong, bénh da sung hoa sic tb, u gai simg, bénh ung thu nang tuyén gidp va sacom
Kaposi). Cac bénh ung thu khic ma co thé duoc didu tri bang hop chét theo sang ché
bao gdbm bénh ung thu mang trong da con, bénh ung thu d4u va ¢b, u nguyén bao dém,

bénh cb chudng 4c tinh, va céc bénh ung thu sinh huyét.

Céc bénh ung thu cu thé ma 6 thé duge ditu tri bing hop chit theo séng ché
bao gébm sacdHm md mém, bénh ung thu xwong nhu sacém xuong, cic khéi u & vi,
bénh ung thu bang quang, h(f)‘i ching Li-Fraumeni, cac khéi u ndo, sacdm co van, bénh
ung thu biéu mé vé thuong than, bénh ung thu két trang, bénh ung thu phoi khong phai
té bao nho, va bénh bach ciu sin sinh tly xuong cAp tinh (acute myéleogenous

leukemia - AML).

Theo mdt phuong &n cu thé cta sang ché lién quan dén viéc diéu tri cac bénh
ung thu, bénh ung thu dugc x4c dinh 1a p53 kiéu dai (p53%"). Theo phuong 4n cu thé
khac, bénh ung thu dugc x4c dinh 1a p53Wva dot bién CDKN2A. Theo khia canh

khac, sang ché dé xuat viéc chan doan dé xac dinh bénh nhén nao can phai dung hop
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chét theo sang ché. Vi du, miu té bao ung thu clia bénh nhén ¢6 thé duoc 14y va phan
tich dé xac dinh tinh trang ciia t& bao ung thu lién quan dén p53 va/hoic CDKN2A.
Theo mot khia canh, bénh nhan mic bénh ung thu thudc dang p53WV" s& dugc chon dé
diéu tri hon so véi cac bénh nhan méc bénh ung thu ma bi dot bién lién quan dén p53.
Theo khia canh khac, bénh nhan mac bénh ung thu ma thudc ca dang p53%V" va co
protein CDNK2A dot bién dugc chon trudc cac bénh nhan khong 6 cac dac tinh nay.
Viéc 14y té bao ung thu dé phan tich 13 da biét dbi v6i ngudi co hiéu biét trung binh
trong linh vire k¥ thuat nay. Thuét ngit “p53™" ¢ nghia 1a protein dugc ghi mé boi
trinh tw ADN hé gen s6 NC_000017 phién ban 9 (7512445..7531642) (do GenBank
cung cép); protein dugc ghi ma boi trinh tw ADN bd trg s6 NM_000546 (do GenBank
cung ce‘ip); hodc protein ¢ trinh tu GenBank 36 NP_000537.3. Thuat ngtt “thé dot bién
CDNK2A” ¢6 nghia 1a protein CDNK2A khong & kidu dai. Thuat ngit “CDKN2A kiéu
dai” c6 nghia 13 protein dugc ghi md béi trinh tw ADN hé gen sd 9:21957751-
21984490 (Ensembl ID); protein dugc ghi ma béi trinh ty ADN bd trg s6 NM_000077
(GenBank) hoic NM_ 058195 9GenBank) hodc; hodc protein c6 trinh ty GenBank s6
NP 000068 hodac NP_478102.

Theo khia canh khéc, sang ché mo ta viéc st dung hop chit theo sang ché két
hop véi mot hodc nhidu duoc chat ma 1a chét Ge ché protein trong chu trinh phosphati-
dylinositol 3-kinaza (PI3K). Viéc két hop céc hop chét theo séng ché cliing v6i cac chét
trc ché protein trong chu trinh PI3K da thé hién tac dung hiép déng trong céc thu
nghiém vé su sinh truéng té bao ung thu, ké ca hién tuong lam chét té bao theo chuong
trinh va diét t& bao & mic cao hon. Céc vi du vé protein trong chu trinh PI3K bao gbm
PI3K, mTOR va PKB (con dugc goi 1a Akt). Protein PI3K tdn tai & vai dang déng chuc
ning bao gém a, B, 8, hogc y. Dy dihh rang chét &rc ché PI3K ma c6 thé dugc sir dung
két hop véi hop chét theo sang ché ¢6 thé c6 tinh chon loc dbi véi mét hodc nhiéu dang
ddng chirc niang. Thuat ngit ¢6 tinh chon loc c6 nghia la cac hop chit trc ché mdt hodc
nhiéu dang ddng chirc ning hon cac dang ddng chirc ning khac. Muc d@ chon loc 1a
khai niém da biét ddi v6i ngudi 6 hidu biét trung binh trong linh vye k¥ thuat nay va
c6 thé dugc do theo hoat tinh da biét trong cac thir nghiém in-vitro hodc cac tht

nghiém trén co s¢ t€ bao. Mirc do chon loc duge uu tién bao gom muc dd chon loc
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manh hon 2 Iin, tét hon 1a 10 1dn, hogc tét hon nita 12 100 1an déi véi mot hodc nhiéu
dang ddng chirc ning manh hon so véi cac dang ddng chirc ning khac. Theo mot khia
canh, cac chét trc ché PI3K ma c6 thé dugc st dung két hop véi cac hop chét theo sang
ché 1a chit &c ché chon loc PI3K a. Theo khia canh khéc, hop chit nay 1a chét uc ché
chon loc PI3K 5.

Céac vi du vé chét tc ché PI3K ma c6 thé dugc st dung két hop v6i mot hodc
nhidu hop chét theo sang ché bao gdm cac hop chét da duoc boc 10 trong cac tai liéu
sau: cong b don PCT s W02010/151791; cong bd don PCT sé W02010/151737;
cong bé don PCT sé W02010/151735; cong bd don PCT s6 WO2010151740; cong bd
don PCT s6 WO2008/118455; cong bé don PCT sé W02008/118454; cong bd don
PCT sb W02008/118468; cong bb don yéu ciu cAp patent M§ sé US20100331293;
cdng bd don yéu cu cép patent My s6 US20100331306; cong bd don yéu cau cép
patent MF s& US20090023761; coéng bd don yéu cdu clp patent My sd
U820090030002 cong bb don yéu cau cip patent My sb U820090137581 cong bd
d(m yéu cau cap patent My s6 US2009/0054405; cong bb don yeu clu cip patent My
s6 U.S. 2009/0163489; cong bd don yéu cau chp patent My s6 US 2010/0273764; cong
bb don yéu cdu cap patent My sé U.S. 2011/0092504; hodc cong bd don PCT sd
W02010/108074.

Céc hop chdt ma trc ché ca PI3K va mTOR (céc chét te ché kép) 1a da biét.
Theo phuong én khac, sang ché d& xudt viéc st dung céc chét tc ché kép PI3K va

mTOR dé str dung két hop véi hop chat theo sang ché.

mTOR 14 protein sinh ra trong chu trinh PI3K. Theo khia canh khac, sang ché @&
xuét viée st dung chét trc ché mTOR két hop véi hop chét theo sang ché. Céc chét wc
ché mTOR ma c6 thé duge st dung két hgp véi hop chit theo sang ché bao gdém cac
hop chat da dugc bdc 1 cic tai liéu sau: cdng bd don PCT s6 W02010/132598 hoic
cong bd don PCT s6 W02010/096314.

PKB (Akt) ciing 1a protein sinh ra trong chu trinh PI3K. Theo khia canh khéc,
séng ché d& xuét viéc st dung chat Grc ché mTOR két hop v6i hop chét theo sang ché.
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Céc chét trc ché PKB ma c6 thé dugc sir dung két hop véi hop chét theo sang ché bao
gbm cac hop chit di duge boc 1§ céc tai lidu sau: patent My s6 7,354,944; patent My
sb 7,700,636; patent M sb 7,919,514; patent My s6 7,514,566; cong bd don yéu cau
chp patent My sb US 2009/0270445 Al; patent My s6 7,919,504; patent M§ s0
7.897,619; hogc cong bd don PCT s6 WO 2010/083246 Al.

Céac cach két hop theo sang ché con ¢6 thé duge st dung cung véi viée xa tri,
diéu tri bing hormon, phiu thuit va liéu phap mién dich, ma nguoi ¢6 hiéu biét trung

binh trong linh vuc k¥ thuat nay da biét.

Vi theo mot khia canh sang ché du tinh viéc diéu tri bénh/tinh trang bénh ly
bang cach két hop cac dugc chit ma c6 thé duoc dung riéng ré, sang ché con dé xuat
viée két hop cac duoc pham riéng r& & dang kit. Kit nay bao gbm hai dugc phim riéng
1&: hop chét theo séng ché, va dugc chat thi hai. Kit nay 1a mot vét chta dé chura cac
duoc phém riéng r& nhu binh dugc phan chia hodc goi b'flng 14 kim loai dugc phan chia.
Céc vi du khac v& vat chira bao gdm bom tiém, hop va tui. Thong thuong, kit ¢6 huéng
din stt dung cac thanh phan riéng ré. Dang kit 1a dac bi¢t c¢6 loi khi cac thanh phan
riéng r& dugc vu tién dung & cac dang liéu khac nhau (vi du, qua dudong miéng va ngoai
duong tiéu hoa), dung voi khoang cach thoi gian khic nhau gilta cac liéu, hodc khi thﬁy

thuéc ké don hogc bac s§ tha y mubn chudn do ting thanh phan ctia hdn hop nay.

Mot vi du v& kit nay duoc goi 1a géi vi thube. G6i vi thude da dugc biét dén
trong nganh coéng nghiép bao gobi va dugc st dung rong rdi cho viéc bao go0i cac dang
duge phdm lidu don vi (vién nén, vién nang, va dang tuong tu). GOi vi thudc thuong
duoc ciu thanh béi thm vt liéu twong dbi cing pht bang 14 vat liéu, tot hon 1a vat liéu
déo trong subt. Trong qué trinh bao goi, cac chd 16m du(jc tao ra trén tim 14 vat liéu
déo nay. Cac chd 16m nay c6 kich thudc va hinh dang cia vién nén hodc vién nang can
duge bao goi. Tiép theo, vién nén hodc vién nang dugc dit vao trong chd 16m nay va
tAm vat liéu tuong dbi cimg duge dan kin vao 14 vat liéu déo trén bé mit cta 14 ndy ma
ngugc vdi hudng tao cac chd 1om. Két qua 13, vién nén hodc vién nang duoc bao kin
trong chd ‘lﬁm gitra 14 vat li¢u déo va tAm nay. T6t hon, néu tém nay co dtf) cing sao

cho vién nén hoic vién nang c6 thé duge lay ra khoi goi vi thudc bang céch tac dung
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luc bing tay 1én chd 16m nho d6 tao ra dugce 16 hong trén tam cing ¢ c¢hd vét 16m. Sau

d6, vién nén hoic vién nang c6 thé dugc lay ra qua 10 hong do.

C6 thé mubn tao ra chi tiét hd trg nh¢ trén kit nay, vi dy, & dang con sb bén canh
vién nén hodc vién nang, theo d6 con sb ndy tuong Gng v6i ngay theo lich trinh ma
vién nén hodc vién nang da dugc chird do can dugc dung. Vi du khéc v& chi tiét hd tro
nhé nay 1a lich in 1én bia, vi dy, nhu sau "Tuan tha nhat, Tha hai, Tha ba,. . . v.v. . . .
Tuén th hai, Tht hai, Thit ba, . . . " v.v.. Cac phuong 4n khac cho chi tiét hd trg nhé
s& dé& dang duoc nhén ra. "Liéu hing ngay" c6 thé 12 mot vién nén hodc mot vién nang
hoi#c vai vién tron hodc vai vién nang dé dugc ding vao ngay nhit dinh. Ngoai ra, liéu
hing ngay cta hgp chit theo sang ché c6 thé 1a mot vién nén hodc mot vién nang, trong
khi lidu hing ngay ctia hop chét thir hai c6 thé 13 vai vién nén hogc vai vién nang va
ngugc lai. Chi tiét hd tro nhé cin thé hién didu nay va hd trg trong viéc dung dung cac

hoat chit.

Theo khia canh cu thé khac, sang ché dé xuit bo phén dong dugc thiét ké dé
phén phéi lidu hing ngay vao thoi diém theo trinh ty myc dich su duﬁg dy kién cia
ching. Tét hon, néu bd phan dong nay co lép chi tiét hd trg nhd, dé tao didu kién thuan
loi hon nita cho viéc tuén thit lich trinh. Vi du v chi tit hd tro nhé nay 1a bd dém co
ma bidu thi s6 luong lidu hing ngay da dugce phan phéi. Vi du khéc v& chi tiét hd trg
nhé nay 1a bd nhc’y vi chip hoat dong béng pin lién hop v6i bd doc tinh thé 16ng, hoac
tin hiéu nhic bang 4m thanh ma, vi du, doc ra ngay da dung lidu héng ngay cudi cling

va/hodc nhéc ngay can ding lidu tiép theo.

Ho’pvchét theo sang ché va cac dugc chét khéc, néu mudn, ¢6-thé dugce cho bénh
nhan ding qua dudng miéng, qua dudng tryc trang, ngoai duong tiéu hoa, (vi dy, qua
duong tinh mach, tiém bép, hodc dudi da) trong bé ndo, trong &m dao, trong khoang
mang bpng, trong bang quang, tai chd (Vi duy, cac loai bdt, dau bdi hoic thudc nho
giot), hodc & dang dat trong ma hodc xit mﬁi. TAt cé‘céc phucmg phap mé duoc nguoi
c6 hiéu biét trung binh trong linh vuc k§ thuat nay ap dung dé dtlng dugce chat déu

duoc du dinh theo sang ché.
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Céac duge pham thich hop dé tiém ngoai duodng tiéu hoa co thé bao gdm dung
dich, thé phén tan, huyén phi hogc nhii twong v tring chira nudc hogc khong chira
nuée chip nhan duge v& mit sinh ly, va bot vo tring dé hoan nguyén thanh dung dich
hodc thé phan tan vo tring dé tiém truyén. Céac vi du v& céc chit mang, céc chit pha
lodng, cac dung moi, hodc cac chit din chra nuéc hoic khdong chira nude thich hop
bao gdm nuéc, etanol, polyol (propylen glycol, polyetylen glycol, glyxerol, va cac chat
twong tw), hdn hop thich hop cua ching, dAu thue vét (nhu dau 6 liu) va céc este hitu
co ding dé tiém dugc nhu etyl oleat. D9 long thich hop c6 thé duoc duy tri, vi du, bang
cach st dung 16p bao nhu lexitin, bang cach duy tri ¢& hat theo yéu ciu trong trudng

hop thé phan tan, va b%mg cach st dung céc chét hoat dong bé miit.

Cac duoc phém nay con co thé chira céc ta dugc nhu chit bao quan, chét thdm
w6t, chit nhii hoa, va tac nhan phén tan. Nhiém tap vi sinh ¢6 thé duoc ngin ngira bing
cach bd sung tac nhan diét vi ‘khuén va téc nhan dlet nim khac nhau vao, vi du,
paraben clobutanol, phenol axit sorblc va céc chét turong tu. Cung co the mudn dua
cac chét ding truong, vi du, dudng, natri clorua, va cac chét tlrong tu vao duoc phim
nay. Tac dung hép thu kéo dai cia cac duoc phim tiém truyén c6 thé dat dugc bang

cach st dung cAc tac nhan tri hodn sy hap thy, vi du, nhdm monostearat va gelatin.

Céc dang lidu rén dé dung qua duong miéng bao gbdm vién nang, vién nén, bot,
va hat. O céc dang lidu rén nay, hoat chét duoc tron 14n véi it nhit mot ta duge (hodc
chit mang) tro thong thuong nhu natri xitrat hodc dicanxi phosphat hodc (a) chét don
khéng gidn nd hodc chit don gidn nd, vi dy, tinh bot, lactoza, sucroza, manitol, va axit
silixic; (b) chit két dinh, vi du, carboxymetylxenluloza, alginat, gelatin,
polyvinylpyrolidon, sucroza, va acaxia; (c) chét tim ué't, vi du, glyxerbl; (d)‘ chét gay
13, vi du, aga-aga, canxi cacbonat, khoai tdy hodc tinh bot sdn, axit alginic, céc phtrc
silicat nhét dmh va natri cacbonat (a) chit 1am chdm qua trinh hoa tan, vi du paraﬁn
(f) cac chat thuc day su hap thy, vi du, cac hop chit amoni bac bén; (g) chc tac nhan
thAm u6t, vi du, rugu xetylic va glyxerol monostearat; (h) céc chét hip phu, vi dy, cao
lanh va bentonit; va (i) cac chat lam tron, vi du, talc, canxi stearat, magle stearat,

polyetylen glycol rén, natri lauryl sulfat hoac hdn hop cua chung Trong truong hop

-30-



31860

vién nang, va vién nén, cac dang li€u con c6 thé chira chat dém. Cdc thanh phén ran
thudc loai tuong tu ciing ¢6 thé dugc dung 1am chat don trong vién nang gelatin nhoi
crng va mém bang cach st dung céc ta duge nhu lactoza hodc dudng sira, cling nhu

polyetylen glycol c¢6 phan tir luong cao, va cac chét tuong tu.

Cac dang liéu rdn nhu vién nén, vién bao dudng, vién nang, vién tron, va hat c6
thé dugc bao ché véi 16p bao va 16p vo, nhu 16p bao tan trong rudt va cac dang da biét
trong linh vuc k¥ thuat nay. Chung con c6 thé chira cac chét can quang, va cling c6 the
thudc loai dugc phdm ma gidi phéng hoat chit hodc hop chit & phin nhit dinh ctia
duong da day-rudt theo cach cham. Cac vi du v& thanh phan dua vao ma c6 thé duoc six
dung la céac chét polyme va céc loai sap. Hoat chét ciing c6 thé & dang bao vi nang, néu

thich hop, v6i mot hodc nhiéu ta dugce néu trén.

Céc dang lidu 1ong dé ding qua duong miéng bao gbm nhii twong, dung dich,
huyén phu, siro, va cdn ngot dugc dung. Ngoai cac hoat chét, dang liéu 1éng c6 thé
chtta chét pha lodng tro thudng duge dung trong linh vuc k¥ thuat nay, nhu nude hodc
cac dung moi khac, tic nhan hoa tan va chit nhii hoa, vi du, ruou etylic, rugu
isopropylic, etyl cacbonat, etyl axetat, rugu benzylic, benzyl benzoat, propylen glycol,
1,3-butylen glycol, dimetylformamit, dau, cu thé 13, dau hat bong, dAu lac, dau mam
ngo, dau 6 liu, dau thiu diu, va dau hat ving, glyxerol, rugu tetrahydrofurfurylic,
polyetylen glycol va este cua axit béo cua sorbi‘tan, hodc hdn hop gém céc chit nay, va

cac chét tuong tu.

Bén canh cac chét pha lodng tro nhu vay, dugc pham nay con c6 thé chira céc ta
duoc, nhu tic nhan thdm u6t, tdc nhan nhii hoa va tac nhén tao huyén phu, chét tao
ngot, chét diéu vi, va chit tao mui thom. Ngoai hoat chét, céac huyén phu c6 thé chua
céc tac nhén tao huyén phu, vi dy, ruO'u isostearylic da duoc etoxyl hoa, pblyoxyetylen
sorbitol va sorbitan este, xenluloza vi tinh thé, nhém metahydroxit, bentonit, aga-aga,

va tragacan, hodc hdn hgp gdom céc chat ndy, va cic chat tuong tu.

Tét hon, néu cac duge phém dung qua dudng truc trang 1a vién dat, ma c6 thé

dugc bao ché béng cach tron cac hop chat theo sang ché véi céc td duge hodc cac chat

-31-



31860

mang khong kich tng thich hgp nhu bo cacao, polyetylen glycol hodc sap ding cho
vién d3t, ma 13 rén & nhiét do binh thuong trong phong, nhung lai la 16ng & nhiét do co

thé, va do d6, tan chay trong truc trang hodc khoang 4m dao va gii phong hoat chét.

Céc dang lidu dung khu trd hop chét theo sang ché bao gém dau bbi, bot, thudce
it va thubc x6ng. Hoat chét hodc cac hop chit duoc tron 14n trong diéu kién vO trung
v6i chét mang chép nhan dugc v& mit sinh ly, va chét bao quan bét ky, dung dich dém,
hodc chét ddy ma c6 thé 1 can thiét. Cac dugc phdm ding trong nhan khoa, dau boi

vao mét, bot, va dung dich ciing duge du dinh ndm trong pham vi ctia sang ché.

Hop chit theo séng ché c6 thé dugc cho bénh nhan dung & lidu lwong nim trong
khoang tr 0,1mg dén 3.000mg hang ngay. Pbi v6i ngudi 16n binh thuong cb thé trong
khoang 70kg, lidu luong ndm trong khoang tir 0,01mg dén 100mg cho mdi kilogam thé
trong thuong la du. Liéu lugng cu thé va khoang lidu lwong ma c6 thé dugc st dung
phu thudc vao nhiéu yéu td, ké ca céac yéu cAu cta bénh nhan, mic d6 nang cua bénh
hoic tinh trang bénh ly dang dugc diéu tri, va dugc tinh cta hop chét dang duogc dung.
Viéc xac dinh khoang liéu lugng va lidu lwong t6i wu d6i v6i bénh nhan cu thé thudce vé

k¥ nang cia nguoi co hiéu biét trung binh trong linh vuc k¥ thuét nay.

Hop chét theo sang ché ¢6 thé dugc dung & dang mudi duoc dung, este, amit
hoac tién duoc chit. Thuat ngit "mudi" duoc diung d8 chi cac mubi vo co va cac mudi
hitu co cta cac hop chit theo sang ché. Cac mudi nay c6 thé duogc didu ché tai chd &
budc tach cudi ciing va tinh ché hop chét, hoic bang cach cho hop chét tinh khiét &
dang bazo hodc dang axit ty do ctia n6 phan Ung riéng v4i bazo hodc axit vo co hodc
hitu co thich hgp va tach mudi tao ra dugc theo cach do. Cac mudi dai dién bao gém
cac mudi hydrobromua, hydroclorua, sulfat, bisulfat, nitrat, axetat, oxalat,b palmitat,
stearat, laurat, borat, benzoat, lactat, phosphat, tosylat, xifrat, maleat, fumarat, sucxinat,
tartrat, naphtylat, mesylat, glucoheptonat, lactobionat, va Iaurylsulphonat, va cac muéi
tuong tu. Cac mudi nay c6 thé bao gdm céc cation trén co s& cac kim loai kiém va cac
kim loai kiém thd, nhu natri, lithi, kali, canxi, magie, va cac kim loai tuong ty, cling
nhu amoni khong ddc, amoni bac bdn, va cac cation amin bao g@)ln, nhung khong gidi

han &, amoni, tetrametylamoni, tetraetylamoni, metylamin, dimetylamin, trimetylamin,
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trietylamin, etylamin, va cdc amoni twong tu. Vi dy, xem tai lidu: S. M. Berge, et al,,

"Pharmaceutical Salts", J Pharm Sci, 66: 1-19 (1977).

Céc vi du vé cac este duge dung cua hop chét theo sang ché bao gdm céc Ci-Cs
alkyl este. Céc este chép nhan dugc con bao gdm cac Cs-C7 xycloalkyl este, cling nhu
cac arylalkyl este nhu benzyl. Cac C1-Cs alkyl este thudng dugc st dung. Céc este cla
cac hop chét theo sing ché c6 thé duge diéu ché theo cac phuong phép da biét trong

linh vuc k¥ thuat nay.

Céac vi du vé cac amit dugce dung cia hop chét theo sang ché bao gdbm cac amit
thu duoc tir amoniac, cac C1-Cs alkyl amin bac mdt, va cac C1-Cs dialky! amin bac hai.
Trong trudong hgp cac amin bac hai, amin con ¢o thé & dang nhém heteroxycloalkyl c6
5 hodc 6 canh chua it nhét mot nguyén t nito. Céc amit thu duge tir amoniac, cac Ci-
C3 alkyl amin bac mot va cac Ci-Ca dialkyl amin béc hai thudng dugc st dung. Céac
amit ctia hop chét theo sang ché c6 thé duogc didu ché theo cac phuong phap da biét ddi

v6i ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuét nay.

Thuat ngft "tién duoc chit" c6 nghia 1a cac hop chét ma duogc chuyén héa in vivo
dé tao ra hop chit theo sing ché. Buéc chuyén héa nay c6 thé xay ra theo nhiéu co ché
khac nhau, nhu thong qua su thiy phan trong mau. Viéc st dung cac tién dugc chat da
dugc T. Higuchi va W. Stella ban luan dén trong tai liéu: "Prodrugs as Novel Delivery
Systems", Vol. 14 thuéc A.C.S. Symposium Series, va trong tai liéu Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, Ameri;:ém Pharmaéeﬁﬁcal Association

and Pergamon Press, 1987.

Pé minh hoa, vi hop chit theo sang ché chira nhém chtrc axit carboxylic, nén
tién duogc chét co thé chira este da dugc tao ra bang cach thay thé nguyén tir hydro cia
nhom axit carboxylic bing nhém nhu (Ci-Cs alkyl, (C2-Crz)alkanoyloxymetyl, 1-
(alkanoyloxy)etyl ¢6 4 dén 9 nguyén tir cacbon, 1-metyl-1-(alkanoyloxy)etyl c6 5 dén
10 nguyén tit cacbon, alkoxycarbonyloxymetyl ¢6 3 dén 6 nguyén tir cacbon, 1-(alkox-
ycarbonyloxy)etyl ¢6 4 dén 7 nguyén tir cacbon, l-metyi-1-(alkoxycarbonyloxy)ety1 co

5 dén 8 nguyén tir cacbon, N-(alkoxycarbonyl)aminometyl c6 3 dén 9 nguyén thr
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cacbon, 1-(N-(alkoxycarbonyl)aminometyl c6 4 dén 10 nguyén tir cacbon, 3-phtalidyl,
4-crotonolactonyl, gama-butyrolacton-4-yl,  di-N,N-(C;-Cz)alkylamino(C»-Cs)alkyl
(nhu B-dimetylaminoetyl), carbamoyl-(Ci-Cz)alkyl, N,N-di(C;-Cp)alkylcarbamoyl-(Ci-
Cy)alkyl va piperidino-, pyrolidino- hodc morpholino(Cz-3)alkyl.

Hop chét theo séng ché c6 thé chira tAm bat ddi xng hoaé tam khong dbi ximg,
va do d6 ton tai & cac dang chét ddng phan 1ap thé khéc nhau. Du tinh ring téf ca cac
dang ddng phan 13p thé cia hop chit nay ciing nhu hdn hgp cua chung, ké ca cac hSn
hop trlet quang, tao ra mot phén cla séng ché. Ngoai ra, sdng ché du dinh tat céc cac
chit ddng phan di hinh va cac chat ddng phan vi tri. Vi dy, néu hop chét chira lién két
doi, thi ca dang cis va dang trans (1an lugt dugc goi 1a Z va E), cling nhu hén hop, déu

dugc du tinh dén theo sang ché.

Hdn hop gdm cac chit ddng phan 1ap thé, nhu hdn hop cac chat ddng phan
khong dbi quang, c6 thé duoc tach thanh cac thanh phan héa hoc 1ap thé ciia chung dya
trén céc khac biét vé tinh chit hoa ly ciia chung theo cac phuwong phap da biét nhu sic
ky va/hodc két tinh phan doan. Céc chét ddng phén ddi anh ciing c6 thé dugc tach bang
cach chuyén héa hon hop gdm cac chét dong phan ddi anh thanh hdn hop gom cac chit
ddng phan khong dbi quang theo phan ung véi hop chét c6 hoat tinh quay quang thich
hop (vi du, ruou), tach cac chét ddng phan khong dbi quang va chuyén héa (vi dy, thiy
phan) ting chit ddng phan khong d6i quang thanh cac chét dong phéri dbi anh tinh
khiét twong tng. Ngoai ra, mot s6 hop chét co thé 1a cac chit déng phﬁn atrop (vi du,

biaryl dugc thé).

Hop chét theo séng ché c6 thé ton tai & dang khong duge solvat cling nhu céac
dang d3 dugc solvat hoa voi cac dung moi duge dung nhu nude (hydrat), etanol, va cac
dung moi tuong tu. Sang ché con bao gébm va du dinh ca dang da duoc solvat héa va

cac dang khong dugc solvat hoa nhu dugce boc 16 trong ban mo6 ta nay.

Hop chét theo sang ché con c6 thé tdn tai & cac dang hd bién khéc nhau. T4t ca
cac chit hd bién ctia hop chét theo sang ché dugc du dinh dén theo sang ché. Vi du, tit

ca céc dang hd bién cla goc tetrazol ciing nam trong pham vi ciia sang ché. Ngoai ra,
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tht ca cac dang keto-enol hodc cdc dang imin-enamin, chang han, cua céc hop chat

cling ndm trong pham vi ciia sang che.

Ngudi c6 hiéu biét trung binh trong linh vyc k§ thuat ndy s& nhan thdy rang tén
goi va cau triic clia céc hop chét néu trong ban mo ta nay c6 thé dya trén dang hd bién
cu thé cua hop chit. Mic du tén goi hoic cAu tric chi ¢6 thé dugc dung cho mot chét
hd bién cu thé, du dinh rang tat ca cac chét hd bién déu ndm trong pham vi cia sing

ché, trir khi c6 quy dinh 10 khac.

Ciing dy dinh ring séng ché bao gbm cac hop chét ma dugc tdng hop in vitro
bing cach ap dung cic k¥ thut phong thi nghiém, nhu céc k¥ thudt ma cac nha hoa
hoc tdng hop da biét; hodc duge tdng hop bang cach ap dung céc ky thuat in vivo, nhu
thong qua su chuyén hoéa, 1én men, tiéu héa, va cic k¥ thudt twong tu. Cling dy tinh
rang cac hop chét theo sang ché c6 thé duoc tong hop bang cach dp dung két hop céc

k¥ thuét in vitro va cac k¥ thuat in vivo.

Sang ché con bao gdm céc hop chét duoc danh diu bing dong vi, ma 1a gidng
v6i cac hop chét néu trong ban mo ta ndy, chi khac 1a mot hodc nhiéu nguyén tir duge
thé bang nguyén tir ¢6 nguyén tir lugng hodc s6 khéi lugng khic nguyén tir lvgng hodc
s6 khdi luong thuong duge tim thdy trong tu nhién. Céac vi du vé& ddng vi ma co thé
duoc dua vao céc hop chat theo sang ché bao gdm céc dong vi cua hydro, cacbon, nito,
oxy, phospho, flo va clo, nhu 2H, *H, "*C, *C, 15N 160, 170, 180, 31p, 3P, ¥S, BF, va
36Cl. Theo mot kh1a canh, sang ché d& xult cdc hop chat trong d6 mot hodc nhiéu
nguyén ti hydro dugc thé bang cac nguyén tt doteri (*H).

Hop chit theo sang ché ma chira cac dong vi néu trén va/hodc cic ddng vi khéc
cua cac nguyén tu khac déu nam trong pham vi cla sang ché. Mot sb hop chit duge
danh du bang dong vi theo sang ché, vi du, cac hop chat ma trong d6 ¢o su két hop
ctia cac ddng vi phong xa nhu 3H va "C, ¢6 thé dugc dung trong céc thir nghiém phéan
phéi thude va/hodc co chét & md. Cac ddng vi da dugce triti hoa, tirc 14 °H, va cacbon-
14, tuc 13 14C, duoc dac biét wu tién vi dé didu ché va phat hién. Ngoai ra, viéc thay thé

bang cac dong vi ndng hon nhu doteri, trc 1a 2H, c6 thé tao ra mot sé vu diém vé mat
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didu tri bénh nhd muc d6 dn dinh cao hon trong qua trinh chuyén héa, vi du, thoi gian
ban hiy in vivo dai hon hodc lidu lwong can thiét giam va, do do, c6 thé dugc wu tién
trong mét sb truong hop. Céc hop chét da duoc danh déu bang dong vi theo séng ché
no6i chung c6 thé duge didu ché bang cach thé chét phan tng da dugc danh ddu bing

ddng vi sdn c6 cho chét phén ng da duoc danh diu khong bang ddng vi.

Hop chét theo sdng ché c6 thé tdn tai & nhiéu trang thai rin khac nhau ké ca cac
trang thai tinh thé va trang thai vo dinh hinh. Céc trang thai tinh thé khac nhau, con
duogc goi cac dang da hinh, va trang thai vo dinh hinh cta cac hop chét theo sang ché,

duoc du dinh [am mot phﬁn cua sang ché nhu duge boc 16 trong ban md ta nay.

Trong qua trinh tdng hop hop chit theo sang ché, co thé muébn st dung cac
nhém roi chuyén nhdt dinh. Thuit nglt “nhém roi chuyén” (leaving group - “LG”)
thudng 13 cdc nhém ma dé bi thay thé béi 4i nhan. Cac nhém rdi chuyén nay 1a da biét
trong linh vyc k¥ thudt nay. Cac vi du vé nhém rodi chuyén bao gdm, nhung khong gi6i
han &, halogenua (vi du, I, Br, F, Cl), sulfonat (vi du, mesylat, tosylat), sulfua (vi du,
SCH3), N-hydroxsucxinimit, N-hydroxybenzotriazol, va cic nhém tuong ty. Cac vi du
vé 4i nhan bao gdm, nhung khong giéi han &, cac amin, cic thiol, cdc rugu, cac chét
phan tmg Grignard, cac loai anion (vi du, alkoxit, cdc amit, carbanion) va cac i nhan

tuong tu.

TAt ca cac tai liéu sang che, cong bd don yéu cau cap patent va cac cdng bod khac

dugc trich dan trong ban mo ta nay dugc dua vao ddy bang cach vién dan.
Vi du thwe hién sang che

Céc vi du thir nghiém cu thé dugc thé hién trong ban md ta nady minh hoa céc
phuong an cu thé cua sang ché. Cac vi du nay nhim 1am dai dién va khong nhim dé

gi6i han pham vi cta cac diém yéu cau bao ho theo cach bat ky.

Phd 'H-NMR thudng thu dugc trén hé quang phé ké Bruker Avance I1I 500 (do
Bruker, Billerica, MA cung cép) van hanh & tin sd 'H 1a 500,13MHz, c6 lép dau do

PABBI Bruker 5Smm v6i gradien truc z; hodc trén quang phd ké Bruker Avance II hodc
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Avance IIT 400 van hanh & tAn sé 'H 1a 400,23MHz, c6 lip dau do PABBO Bruker
S5mm v&i gradien truc z. Cic mau thudng dugce hoa tan trong 500ul dung dich DMSO-
ds hodc CD;0OD dé phan tich NMR. D9 dich chuyén héa hoc ctia 'H duoc abi chiéu véi
tin hiéu cua dung mdi con lai tr DMSO-ds ¢ 6 2,50 va CD30D 6 6 3,30.

Céc dinh c6 nghia dugc 1ap thanh bang va thuong bao gdm: sb proton, chi s6 da
bdi (s, vach don; d, vach ddi; dd, vach ddi ctia vach doi; t, vach ba; g, vach bon; m, da
vach; br s, vach don rdng) va héng sb lién hop tinh ther Hértz. Phé khéi ion hoa dién
tt (EI) thuong dugc ghi trén quang phd ké khéi 6140 Quadrupole LC/MS do Agilent
Technologies cung cip (Agilent Technologies, Englewood, CO). Két qua do phd khéi
duoc dua ra theo ty 1¢ gitta khéi lugng so vé6i dién tich, doi khi dugc tiép néi boi mirc
do6 du thira trong dbi cua timg ion (trong ngodc don). Nguyén liéu ban déu trong cac vi
du néu dudi day thuong 13 sin c6 tir cac ngudn thuong mai nhu Sigma-Aldrich, St.

Louis, MO, hoic theo c4c quy trinh da dugc boc 16 trong tai liéu chuyén nganh.

- Dit liéu nhiéu xa bot tia X (XRPD) thu dugc béng cach s dung thiét bi nhiéu xa
PANalytical X’Pert PRO (do PANalytical, Almelo, Ha Lan cung clp) c6 lip bd do
nhiéu dai thoi gian thuc (real time multiple strip - RTMS). Buc xa duoc su dung la
CuKoa(1,54A) va dlen thé va cudng do dong dién 1an luot duoc dat & mic 45KV va
40mA. Dit liéu dugc gom & nhiét do trong phong véi 2-teta nam trong khoang tir 5 do
dén 45 do va c& bude 0,0334 do. Cac miu duge chuén bi trén vat do mAu nén thip va

duogc dat 1én gia miu ma duqc»quay véi thoi gian quay 2 gidy.

Theo cach khac, dit liéu XRPD thu duogc bang cach st dung thiét bi nhiéu xa
PANalytical X Pert PRO (do PANalytical, Almelo, Ha Lan cung clp) cb lap bo do
RTMS. Bure xa da duoc st dung 1a CuKoay(1,54A) va dién thé va cudong do dong dién
14n luot dugc dit & mic 45kV va 40mA. Dit liéu duge gom ¢ nhi¢t dd trong phong voi
2-teta nam trong khoang tr 5 do dé'n.40 do va co bu'dC 0,0334 d6. Cac mau duge chuém
bi trén vat d& mau nén thip va dugc dit 1én gia mau ma dugc quay vai thoi gian Ciuay 2

gidy.
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Theo cach khac, dit liéu XRPD thu dugc béng cach st dung thiét bi nhiéu xa
PANalytical X’Pert PRO (do PANalytical, Almelo, Ha Lan cung cép) c6 lap bd do
RTMS. Birc xa duge st dung 13 CuKa(1,54A) va dién thé va cuong d¢ dong dién lan
luogt duge dit & mirc 45kV va 40mA. Dit liéu dugc gom & nhiét d§ trong phong Vo1 2-
teta ndm trong khoang tir 5 do dén 40 d6 va c¢& budc 0,0167 do. Cac mAu duge chuin
bi trén vat & mAu nén thip va duogc dat 1én gid miu ma dugc quay vdi thoi gian quay 2
giay.

Theo cach khac, dit lidu XRPD thu duoc bang cach sir dung thiét bi nhifu xa
PANalytical X Pert Pro (do PANalytical, Almelo, Ha Lan cung cép) c6 lap bd do
RTMS. Buc xa duoc st dung 1a CuKa(1,54A) va dién thé va cuong dd dong dién dugc
dit 1an lugt & 45kV va 40mA. Dit liéu dugc gom & nhiét do trong phong voi 2-teta nam
trong khoang tir 3 do dén 40 d6 va co bude 0,008 dd. Cac mau dugce chuén bi trén vat

d& mAu nén thap va duoc dit 1én gid mau véi thoi gian quay 2 gidy.

Theo céach khac, dit liéu XRPD thu dugc bang cach st dung hé nhiéu xa tia X
Bruker D8 Discover (do Bruker, Billerica, MA cung cép) dugc lip gia mau theo doi
xyz va b do dién tich GADDS. Buc xa di dugc st dung la CuKa(1,54A) va dién thé
va cuong do dong dién lan luogt duge dit & mitc 45kV va 40mA. Cac mAu ran trén dia
thity tinh phing dugc sip xép va mdi miu dugc quét dién tich 1mm? theo kiéu dém

nhép nhéy trong thoi gian 3 phut v6i 2-teta nam trong khoang tir 5 do dén 48 do.

Dit liéu phén tich do nhiét lugng quét vi sai (differential scanning calorimetry -
DSC) dugc gom bﬁng cach st dung kiéu DSC chuin (do DSC Q200, TA Instruments,
New Castle, DE cung cip). Téc d gia nhiét 10°C/phut dwoc 4p dung ¢ nhiét do nim
trong khoang tir 40°C dén 300°C. Phan tich duoc thuc hién trong nito va céc mau dugc

nap vao ndi nhdm chuén day kin. Indi dugc ding 1am chuén dinh c&.

Theo céach khéc, dit liéu DSC dugc gom bing cach str dung mau DSC da duoc
didu chinh nhiét d6 (DSC Q200, TA Instruments, New Castle, DE). Sau khi can bﬁng
mau & 20°C trong thoi gian ndm phut, tdc dd 1am néng 3°C/phht dugce ap dung véi

mirc didu bién +/- 0,75°C/phiit & nhiét do nim trong khoang tir 20°C dén 200°C. Phén
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Indi dugc dung lam chudn dinh c3.

Céc chit viét tat sau c6 thé duge sir dung trong ban mo ta nay.

~

+ve hodc pos. ion

A

Ac

ACN

Ac2O

aq

AcOH

Bn

Boc
"BSA

Bu

Bz

Calcd hodc Calc’d

Ca(OH)>

CH;0K

CH3;0ONa

Conc.

d

DABCO

DCE

DCM

DEA

Dess-Martin periodinan;
chat phan tng Dess-
Martin

DIEA hoédc DIPEA
DMAP

khoang

ion ¢6 dién tich duong
gia nhiét

axetyl

axetonitril

anhydrit axetic

nudc

axit axetic

benzyl
tert-butyloxycarbonyl
albumin huyét thanh bo
butyl

benzoyl

theo tinh toan

canxi hydroxit

kali metoxit

natri metoxit

da dugce co déc

ngay

1,4-diazabixyclo[2.2.2]octan

dicloetan
diclometan

dietylamin

1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3-(1H)-

on

diisopropyletylamin

4-dimetylaminopyridin

-30-



DME

DMF
DMSO
DPPA

dr hoic DR
DSC

DTT

DVB

EDC

ec hodc e.e.
eq

ESI hoac ES
Et

Et,O

Et:N
EtOAc
EtOH

g
h

HATU

HBTU

Hex

HOAt

HOBt

HPLC

IPAc hoac IPAC
IPA hodc iPrOH
iPr

chit phan tng Jones
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1,2-dimetoxyetan
N,N-dimetylformamit

dimetyl sulfoxit

diphenylphosphoryl azit

ty 1€ gifta cac chét ddng phan khong d6i quang
phén tich do nhiét lugng quét vi sai
dithiothreitol

divinylbenzen
N-etyl-N’-(3-dimetylaminopropyl)carbodiimit
du chit ddng phan déi anh

duong lugng

ion hoéa dién ti

etyl

dietyl ete

trietylamin

etyl axetat

rugu etylic

gam

gio
O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-
tetrametyluroni hexaflophosphat

O-benzotriazol-N,N,N’,N’-tetrametyl-uroni-hexaflo-
phosphat

hexan
hexametylphosphoramit
1-hydroxy-7-azabenzotriazol
hydroxybenzotriazol

sic ky 16ng cao ap

isopropyl axetat

rugu isopropylic

isopropyl

dung dich chtra crom(IV)oxit va axit sulfuric trong
nudc
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KHMDS
KOAc

LCMS, LC-MS hodc

LC/MS
LDA

LHMDS hoéc LiIHMDS

L-Selectrit®

M
mCPBA
mDSC

MeCN
Mel
MEK
MeOH
mg

min

mL

M

MS

MsCl
MTBE hodc MtBE
m/z
NaHMDS
NaOtBu
NBS
nBuLi
NMO
NMP
NMR

N-Selectrit®
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kali hexametyldisilazit

kali axetat
phép do phd khéi sic ky 16ng

lithi diisopropylamit
lithi hexametyldisilazit

lithi tri-sec-butylbohydrua (do Sigma-Aldrich, St.
Louis cung cap)

ndng do phén tir gam theo thé tich (mol L)
axit m-cloperoxybenzoic

phan tich do nhiét lugng quét vi sai da duge diéu bién
metyl

axetonitril

iodometan

metyl etyl keton

ruou metylic

miligam

phuat

mililit

mol

phd khéi

metansulfonyl clorua

metyl tert-butyl ete

ty 18 khdi luong so véi dién tich
natri hexametyldisilazit

natri tert-butoxit
N-bromosucxinimit

n-butyl lithi
N-metylmorpholin-N-oxit
1-metyl-2-pyrolidinon

cong huong tir hat nhin

natri tri-sec-butylbohydrua (do Sigma-Aldrich, St.
Louis cung cap)
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PBS nude mudi dém phosphat
PMB parametoxybenzyl

Ph phenyl

Pr propyl

ppm phén triéu

PTFE polytetrafloetylen

p-tol para-toluoyl

rac triét quang

RP-HPLC hodc RPHPLC sdc ky 1ong cao 4p dao pha
RT hodc rt hodc r.t. nhiét do trong phong

sat. hodc sat’d hodc satd  no (bdo hoa)

SFC sic ky 16ng siéu téi han
TBAF tetrabutylamoni florua
TBDMS tert-butyldimetylsilyl
TBDMS-CI tert-butyldimetylsilyl clorua
TBDPS tert-butyldiphenylsilyl
TEMPO (2,2,6,6-tetrametylpiperidin-1-yl)oxidanyl
tert hodc t bac ba

TFA axit trifloaxetic

TGA phan tich nhiét trong

THF tetrahydrofuran

TIPS triisopropylsilyl

TLC sic ky 16p méng

TMS trimetylsilyl hodc trimetylsilan
TPAP tetrapropylarhoni peruthenat
tr thoi gian luu

TRIS 2-amino-2-hydroxymetyl-propan-1,3-diol
TfOH axit trifloaxetic

TfO trifloaxetat

TH0 anhydrit axit trifloaxetic
TsOH hoac PTSA axit p-toluensulfonic

TsO" p-toluensulfonat
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Ts20 anhydrit axit p-toluensulfonic
tBuOH ruou tert-butylic

XRD nhiéu xa tia X

XRPD hoac PXRD nhiéu xa bot tia X

v/v thé tich so véi thé tich

Céc quy trinh dé tao ra cic chét trung gian nhét dinh va nguyén liéu ban dau

Phuong phap tao ra hop chét c6 cong thic

Cl va

Buéc A. 2-(3-clophenyl)-1-(4-clophenyl)etanon

Cl I

O

I Cl

Natri bis(trimetylsilyl)amit (dung dich 1M trong tetrahydrofuran, 117ml) dugc
bd sung tir tir vao dung dich chira axit 2-(3-clophenyl) axetic (10g, 58,6mmol) trong
tetrahydrofuran (58ml) & nhiét do -78°C trong thoi gian 1 gid. Sau khi khudy & nhiét
d6 -78°C trong thoi gian 40 phut, dung dich chtra metyl 4-clobenzoat (10g, 5 8,6mmol)
trong tetrahydrofuran (35ml) dugc bd sung vio trong thoi gian 10 phit. Hon hop phan
ung nay dugc khudy & nhiét d6 -78°C trong thoi gian 3 gid, sau dé dugce nang nhiét do
1én dén 25°C. Sau khoang thoi gian hai gio' ¢ nhiét do 25°C, hdn hgp phan ing nay
dugc dimg bing dung dich nuéc amoni clorua bdo hoa, va hau hét tetrahydrofuran

duoc loai bé trong didu kién 4p sudt giam. Can dugc chiét bang etyl axetat (2 x 100ml).



31860

Cac 16p hitu co két hop dugc rira bang dung dich natri clorua bio hoa, lam kho trén
natri sulfat, loc va dich loc dugce c6. San phém nay dugc két tinh ra khoi ete/pentan dé

tao ra hop chét néu & dé muc nay & dang rin mau tring.
Quy trinh thay thé

) Thionyl clorua (39,1kg, 329mol) dugc bd sung vao hdn hop gbdm clobenzen
(1701, 1684mol), axit 3-clophenylaxetic (50kg, 293mol), va dimetylformamit (0,71,
9mol) & nhiét d6 0°C trong thoi gian 30 phat. Hon ho*p nay du:oc nang nhiét d6 1én dén
15°C va dugc khuay trong thoi gian 6 gio. Hon hop nay dlIO‘C lam lanh dén nhiét do
0°C va nhom clorua (43kg, 322mol) dugc bd sung vao trong thoi gian 1,5 gio. Hon
hop nay dugc nang nhiét do 1én dén 20°C va duge khudy trong thoi gian 15 gio. Nudc
(2001) va etanol (2001) duoc bd sung vao hdn hgp nay va hdn hop hai pha nay dugc
khudy trong thoi gian 2 gid. Cac pha duoc tach va 16p hitu co dugc rira hai 14n bang
nuéc mudi tetranatri cia axit etylendiamin tetraaxetic (3% trong Iwgng, 2001), va mot
lan bang nudce (2001). 'Heptan (16001) dugc bd sung vao céc 16p hitu co trong thoi gian
15 phat. Huyén phi nay dugc khudy trong thoi gian 30 phut, 1am lanh dén nhiét do
-5°C, Va loc. Chét da loc dugc lam kho 0 nhiét do 40°C trong thO’l gian 20 glo 2- (3-
clophenyl)-1-(4- clophenyl)etanon dugc tach v6i hiéu suét 83 6% (67 4kg) '

'H NMR (500MHz, DMSO-ds, 8 ppm): 8,05 (m, 2H), 7,62 (m, 2H), 7,33 (m, 3H), 7,21
(br d, J= 17,3 Hz, 1H), 4,45 (s, 2H). MS (ESI) =265,1 [M + H]".
Budc B: Metyl 4-(3-clophenyl)-5-(4-clophenyl)-2-metyl-5-oxopentanoat

O O

O OMe
Cl O Me
cl

Metyl metacrylat (12,65ml, 119mmol) dugc bd sung vao dung dich chira 2-(3-c-
lophenyl)-1-(4-clophenyl)etanon (30g, 113mmol) trong tetrahydrofuran (283ml). Sau
do, kali tert-butoxit (1,27g, 11,3mmol) dugc bd sung vao va hdn hop phéan Gng nay
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dugc khudy & nhiét do trong phong trong thoi gian 2 ngdy. Dung mdi dugc loai bo
trong chin khong va thay thé bang 300ml etyl axetat. LGp hiru co dugc rira bang nudc
mubi (50ml), nude (3 x 50ml), va nude mudi (50ml). L6p hitu co duge lam khd trén
magie sulfat, loc va cd trong chan khong dé tao ra metyl 4-(3-clophenyl)-5-(4-
clophenyl)-2-metyl-5-oxopentanoat & dang hdn hop gdm cac chét ddng phan khong d6i
quang theo ty 1€ khoang 1:1.

'H NMR (400MHz, CDCls, & ppm): 7,87 (m, 2H), 7,38 (m, 2H), 7,27-7,14 (mot loat m,
4HD), 4,61 (m, TH), 3,69 (s, 1,5H), 3,60 (s, 1,5 H), 2,45 (m, 1H), 2,34 (m, 1H), 2,10
(ddd, J = 13,9, 9.4, 5,5 Hz, 0,5H), 1,96 (ddd, J = 13,7, 9,0, 4,3 Hz, 0,5H), 1,22 (d, J =
7.0 Hz, 1,5H), 1,16 (d, J="7,0, 1,5 H). MS (ESI) = 387,0 [M + 23] .

Bude C: (38, 5R,6R)-5-(3-clophenyl)-6-(4-clophenyl)-3-metyltetrahydro-2 H-pyran-2-
on va (3R, 5R,6R)-5-(3-clophenyl)-6-(4-clophenyl)-3-metyltetrahydro-2 H-pyran-2-on

A L

Metyl 4-(3-clophenyl)-5-(4-clophenyl)-2-metyl-5-oxopentanoat (40g,
104,0mmol) duoc hoa tan trong 200ml toluen khan va cd trong chan khong. Can dugc
dat trong chan khdng cao trong thoi gian 2 gio trude khi dung. Hop chit nay dugc chia
thanh cac mé 2 x 20g va duge xtr Iy nhu sau: metyl 4-(3-clophenyl)-5-(4-clophenyl)-2-
metyl-5-oxopentanoat (20g, 52,0mmol) trong 2-propanol khan (104ml) duoc xur ly
bang kali tert-butoxit (2,33g, 20,8mmol) trong binh hydro héa bang thity tinh dung
luong 250ml. RuCly(S-xylbinap)(S-DAIPEN) (0,191g, 0,156mmol, do Strem
Chemicals, Inc., Newburyport, MA cung clp) trong 3,8ml toluen duoc bd sung vao.
Sau thoi gian 1,5 gid, binh nay dugc tao ap sudt dén 50psi (344,7kPa) va dugc suc
hydro nam 1an va dé khudy & nhiét dd trong phong. Hon hop phéan tng nay dugc nap
lai hydro bd sung néu can. Sau thoi gian 3 ngay, céac hdn hop phan mg dugc két hop

va phan b gitta dung dich amoni clorua bdo hoa 50% va etyl axetat. Lop nude duge
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chiét bang etyl axetat. Cac pha hitu co két hop dugc rira bing nude mudi, 1am khd trén

magie sulfat, loc, va cd.

San phim tho (chi yéu 1a (4R,5R)-isopropy! 4-(3-clophenyl)-5-(4-clophenyl)-5-
hydroxy-2-metylpentanoat) dugc hoa tan trong tetrahydrofuran (450ml) va metanol
(150ml). Lithi hydroxit (1,4M, 149ml, 208mmol) duoc bd sung vao, va dung dich nay
duoc khudy & nhiét do trong phong trong thoi gian 24 gio. Hon hop nay duge cd trong
chan khong va cin dugce hoa tan lai trong etyl axetat. Dung dich nuéc axit clohydric
IN dugc bd sung vao va khudy cho dén khi 16p mrée ¢6 do pH khoang 1. Cac 16p dugc
tach va 16p hitu co dugc rua béng nude mudi, 1lam khd trén magie sulfat, loc va cd.
Chét nay duoc hoa tan trong 200ml toluen khan va xir 1y bang pyridini p-toluensulfonat
(PPTS, 0,784g, 3,12mmol). Hon hop phan tmg nay dugc ting nhi¢t do dé hdi liru trong
c4c didu kién Dean-Stark cho dén khi seco-axit dugc dung hét (khoang 2 gi®). Hon hop
phan ing nay dugc giam nhi¢t do dén nhiét dcf) trong phong va rua bﬁhg dung dich natri
bicacbonat bdo hoa (50ml) va nuéc mudi (50ml). Dung dich nay duoc lam kho trén
natri sulfat, loc va c6. Chit thd dugc tinh ché theo phuong phap sic ky cwc nhanh trén
silicagel (cot 120g; rira giai bang 100% diclometan). Cac hop chét néu ¢ dé muc nay
thu duge & dang rin mau trang véi ty 1€ chit ddng phan d6i 4nh 94:6 va hdn hop gbdm

cac chit ddng phan khong dbi quang metyl theo ty 1& 7:3.

'H NMR (400MHz, CDCls, & ppm): 7.22-6.98 (mot loat m, SH), 6,91 (dt, J = 7,4, 1,2
Hz, 0,3H), 6,81 (m, 2H), 6,73 (dt, J = 7.6, 1,4 Hz, 0,7H), 5,76 (d, J = 4,1 Hz, 0,3 H),
5,69 (d, J = 4,7 Hz, 0,7H), 3,67 (dt, J = 6,6, 4,3 Hz, 0,3H), 3,55 (td, J = 7,8, 4,7 Hz, 0,7
H), 2,96 (d cta cac vach nam, J = 13,5, 6,7 Hz, 0,7 H), 2,81 (m, 0,3 H), 2,56 (dt, J =
143, 8,0 Hz, 0,7 H), 2,32 (dt, J = 13,69, 7,0 Hz, 0,3 H), 2,06 (ddd, J= 13,7, 8,4, 4,1,
0,3 H), 1,85 (ddd, J = 14,1, 12,5, 7,4, 0,7 H), 1,42 (d, J=7,0 Hz, 0,9 H), 1,41 (d, J =
6,7 Hz, 2,1H). MS (ESI) = 357,0 [M + 23]". [op (22°C, néng do = 1,0, CHaCh) = -
31,9°; nhiét d6 nong chay nim trong khoang tlr 98°C dén 99°C.

Buéc D. (3S,5R,6R)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-3-metyltetrahydro-2H-

pyran-2-on
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W

o 1L
Cl

Dung dich chtra (38, 5R,6R)-5-(3-clophenyl)-6-(4-clophenyl)-3-
metyltetrahydro-2H-pyran-2-on ~ va  (3R,58,65)-5-(3-clophenyl)-6-(4-clophenyl)-3-
metyltetrahydro-2H-pyran-2-on (4,5g, 13,4mmol) va alyl bromua (3,48ml, 40,3mmol)
trong tetrahydrofuran (22ml) ¢ nhiét do -35°C (axetonitril/bé 1am lanh bing nuéc da
khé) duge xir Iy bang dung dich chta lithi bis(trimetylsilyl)amit trong tetrahydrofuran
(1,0M, 17,45ml, 17,45mmol). Hén hop phan tng nay dé 4m lén dén nhigt do -5°C
trong thoi gian 1 gio va sau d6 dugc ding bang dung dich amoni clorua bdo hoa 50%.
Hon hop phéan tng ndy dugc pha lodng bang 100ml etyl axetat va cac 16p dugce tach.
L6p hitu co duge rua béng nude mubi, 1am kho trén magie sulfat, loc va cb trong chan
khéng dé tao ra hop chét néu ¢ d& muc nay & dang rin mau tréng khi dé yén trong chan
khong. SFC khong d6i xtng (92% CO», 8% metanol (20mm amoniac), Sml/phut, cot
Phenomenex Lux-2 (do Phenomenex, Torrance, CA cung cip), 100 bar (10.000kPa),
40°C, phuong phéap 5 phuat) duoc dung d8 x4c dinh ring hop chét ndy c6 ty 1& chét
ddng phan ddi anh 96:4. (Chat ddng phéan ddi anh chinh: hop chat néu & dé muyc nay,
thoi gian luu = 2,45 phut, 96%; chit ddng phan dbi anh phu (cu tric khong dugc thé
hién, thoi gian luu = 2,12 phut, 4%). Hop chét néu & d& muc nay dugc két tinh lai bing
cach b sung heptan (4,7g da duogc tao huyén phti dic trong 40ml) vao ¢ nhiét do hoi
lwu va 1,5ml toluen duoc bd sung nhéd giot vao dé hoa tan. Dung dich nay dugc lam
lanh dén nhiét do 0°C. Chét rén mau tréng duoc loc va rira b%mg 20ml heptan lanh dé
tao ra bot mau tring. SFC khong dbi xang (92% CO», 8% metanol, cdt Phenomenex
Lux-2, theo cung phuong phap nhu néu trén) bidu thi ty 16 chét dong phan dbi anh
99.2:0.8. (chit ddng phan déi anh chinh, 2,45 phut, 99,2%; chit dong phan d6i anh
phu: 2,12 phut, 0,8%)
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'H NMR (400MHz, CDCls, & ppm): 7,24 (ddd, J = 8,0, 2,0, 1,2 Hz, 1H), 7,20-7,15
(mot loat m, 3H), 6,91 (t, J = 2,0 Hz, 1H), 6,78 (br d, J = 7,6 Hz, 1H), 6,60 (m, 2H),
5,84 (ddt, J= 17,6, 10,2, 7,4 Hz, 1H), 5,70 (d, J = 5,3 Hz, 1H), 5,21-5,13 (ndt loat m,
2H), 3,82 (dt, J= 11,7, 4,5 Hz, 1H), 2,62 (ABX Jas = 13,7 Hz, Jax = 7,6 Hz, 1H), 2,53
(ABX, Jas = 13,9 Hz, Jax = 7,2 Hz, 1H). 1,99 (dd, J= 14,1, 11,9 Hz, 1H), 1,92 (ddd, J
= 13,9, 3,9, 1,2 Hz, 1H). 3C NMR (CDCls;, 100MHz, & ppm): 175,9, 140,2, 134,5,
134,3, 134,0, 132,2, 129,8, 128,6, 128,0, 1279, 127.8, 126,4, 119,9, 83,9, 44,5, 42,4,
40,7, 31,8, 26,1. MS (ESI) = 3752 [M + HJ*. IR = 1730 em™. [o]p (24°C, nong dd =
1,0, CH2Clz) = -191°. Nhiét d0 nong chay nam trong khoang tir 111°C dén 114°C.

Quy trinh khéc dé tao ra (3S,5R,6R)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-3-
metyltetrahydro-2H-pyran-2-on

OMe

1
A g\
e

Buéc 1: Isopropyl 4-(3 —clophenyl)-5-(4-clopheny1)-2-mety1-5-0X0pentanoat

0O @)

O OiPr
M
Ty
cl

D‘unbg dich chita 2-(3-clophenyl)-1-(4-clophenyl)etanon (Budc A) (67,4kg,
255mol) trong THF (3251) dugc lam kho theo cach ddng s6i dé dat dugc ham lugng
nuée theo Karl Fisher 12 0,05% trong lwong. Metyl metacrylat (25,8kg, 257mol) duoc
bd sung vao dung dich nay va hdn hop nay dugce nang nhiét do 1én dén 45°C. Dung
dich chua kali tert-butoxit (20% trong luong trong THF, 14,3kg, 25mol) duge bd sung
vao trong thoi gian 30 phut va hdn hop nay dugc khudy trong thoi gian 6 gio. Hon hop

nay dugc giam nhiét do dén 10°C va dung dich nuée chira axit xitric monohydrat (20%
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trong lugng, 351) duoc bd sung vao trong khoang thoi gian ngén hon 5 pht. Isopropyl
axetat (4001) va dung dich nuéc cua natri clorua (20% trong lugng, 3001) dugc bd sung
vao. Hon hop nay duge khudy trong thoi gian 15 phut va cac pha dugc tich. Lép hiru
co dugc chung cit trong didu kién 4p suét giam d2 tao ra thé tich cua phan chung cht 1a
5601 trong khi ddng thoi bd sung isopropanol (3501) vao va tao ra dung dich chira
metyl 4-(3-clophenyl)-5—(4-clopheny1)-2-metyl-5-0x0pentandat trorig isopropénol
(54% trong luong, tdng khéi lwong dung dich 140kg). Dung dich ndy c6 lugng nudce la
0,01% trong luong theo Karl Fisher. Isopropanol (4201) va axit sulfuric (53kg, 53 Smol)
duoc bd sung thém vao dung dich nay. Hon hop nay duge lam 4m dé hdi luu va dugc
khudy trong thoi gian 12 gio, trong thoi gian d6 2001 dung mdi dugce chung cét va 2001
isopropanol méi dugc bd sung vao hdn hop nay. Hon hop nay duge gidm nhiét do dén
20°C va nuéc (1801) dugc bd sung vao trong thoi gian 30 phut. Isopropyl axetat (2701)
dugce bd sung vao va hdn hop nay duge khudy trong thoi gian 30 phat. Cac pha dugc
tach va pha nudc dugc chiét bang cach sir dung isopropyl axetat (1001). Cic pha hitu
co két hop duoc rira bang nude (2001) bdn 1an. Lép hitu co duge chung cét trong diéu
kién 4p sult giam d2 tao ra thé tich ctia phan chung cAt 135001 trong khi dong thoi bd
sung isopropanol (501) vao va tao ra dung dich chita isopropyl 4-(3-clophenyl)-5-(4-
clophenyl)-2-metyl-5-oxopentanoat trong isopropanol (60% trong lugng, tbng khoi
lwong dung dich 134kg). Dung dich nay c6 lugng nude 1a 0,02% trong luong theo Karl
Fisher. Cht néu & d& muc nay thu dugc véi tbng hiéu sut 81% & dang hén hop gébm

cac chit ddng phan khong d6i quang theo ty 1€ gin dung 14 1:1.

'H NMR (400MHz, CDCl;, § ppm): 7,70-7,80 (m, 2H), 7,22-7,28 (m, 2H), 7,00-7,18
(mét loat m, 4H), 4,78-4,96 (m, 1H), 4,42-4,50 (m, 1H), 2,02-2,30 (m, 2H), 1,80-1,95
(m, 1H), 0,99-1,19 (m, 15H).

Budéc 2. (3S,5R,6R)-3-A1y1-5—(3-clophenyl)-.6-(4—clopheny})-3—metyltetrahydro—2H—

pyran-2-on
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Isopropanol (9001) da dugc loai bo khi va kali fert-butoxit (13kg, 116mol) duge
bd sung vao dung dich da dugc loai bo khi chira isopropyl 4-(3-clophenyl)-5-(4-cloph-
enyl)-2-metyl-5-oxopentanoat trong isopropanol (60% trong lugng, tdng khdi luong
dung dich 252kg, 151kg nguyén liéu ban dau isopropyl este, 385mol). Dung dich da
duoc loai bé khi didu ché dugec mot cach riéng r& chira (S)-RUCY®-XyIBINAP (con
duoc goi 1a RuCI[(S)-diapena][(S)-xylbinap] (230g, 0,2mol, chét xtc tac, do Takasago
International Corporation, Rockleigh, NJ cung cép) trong isopropanol (251). Hon hop
nay duoc suc hydro bbn 14n & ap suét 5 bar (500kPa) va dugc khudy & nhiét do 20°C
trong thoi gian 5,5 giod. Vige gia ap bing hydro dugc dimg va hdn hop ndy duge loai bo
khi bang nito. Tetrahydrofuran (4601) dugc bd sung vao hdn hop nay. Dung dich chira
lithi hydroxit (24kg, 576mol) trong nudce (3051) duge bb sung vao hon hop phan ung
trong thoi gian 40 phut va hdn hop thu dugc dugc khudy & nhiét do 20°C trong thoi
gian 24 gid. Dung dich chua axit clohydric ddm dac (79,3kg, 11,4M, 740mol) trong
nude (6901) duoc bd sung vao hdn hgp nay trong thoi gian 2 gio. Toluen (5801) duge
bd sung vao, hdn hgp nay dugc khudy trong thoi gian 30 phut, va cac pha dugc tach.
Phan nuéc duge chiét bang cach st dung toluen (7001). Cac 16p hiru co két hop dugc
rira bing dung dich nuéc chta natri clorua (25% trong -lugng, 700kg). Lop hitu co
duoc chung cit & 4p suét khi quyén va & nhiét do 100°C d2 tao ra thé tich cua phan
chung cét 13 27001 trong khi ddng thoi bd sung toluen (8001) vao. Con it hon 0,05%
trong lugng isopropanol hodc nudce (theo Karl Fisher) trong hdn hop sau budge trao doi
dung mdi nay. Carbonyl diimidazol (59kg, 365mol) dugc bd sung vao dung dich toluen
trong thoi gian 2 gio va hdn hop nay duge khudy & nhiét d6 20°C trong thoi gian hai
gid niia. Han hop ndy dugc giam nhiét do dén 10°C va dung dich chira axit

orthophosphoric (72kg, 545mol) trong nudc (4001) duge bd sung vao trong thoi gian 1
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gid, trong khi duy tri nhiét d9 ctia hdn hop nay thap hon 20°C. Hon hop nay duoc
khudy trong thoi gian 30 phut, cdc pha dugc tach va 16p hiru co duge rira bang dung
dich nudc chira natri clorua (25% trong lugng, 484kg). Toluen (4001) dugc chung ct &
ap sult khi quyén va nhiét o 110°C. Sau khi 1am ngudi dung dich nay dén nhiét do
20°C, tetrahydrofuran (5001) duoc bd sung vao va ham luong nudce theo Karl Fisher do
dugce 1a 0,03% trong lugng. Dung dich chita san phdm nay dugc giam nhiét do dén
—10°C va dung dich alyl bromua (66,8kg, 552mol) trong tetrahydrofuran (501) duoc bd
sung vao. Dung dich chta lithi hexametyldisilazit trong-toluen (255kg, 26% trong
lwong, 492mol) dugc bd sung vao trong thoi gian 6 giy va hdn hop nay duge khudy &
nhiét dd —10°C trong thoi gian 1 gid. Hon hop ndy duoc nang nhiét do 1én dén 0°C va
dung dich nuéc chta axit orthophosphoric (40% trong lugng, 400mol) dugc bb sung
vao trong thcn gian 3 gio. Hon hop nay duge ning nh1et d6 1én dén 20°C. Nué6e (2001)
va diclometan (4001) dugc bd sung vao. Hbn hop nay dugc khudy trong thoi gian 15
phut va cac pha dugc tich. Dung dich nay dwgc chung cit & 4p suét khi quyén va &
nhiét 36 100°C dé tao ra thé tich cta phén chung cAt 1a 13501 va lugng toluen Cbn lai
trong hdn hop nay do duge 1a 9,8% trong lugng. Hon hop nay duge gidm nhiét do dén
70°C. DBiisopropyl ete (851), nuée (261), va ‘isopropanol (651) duorc:bé sung vao. Hén
hop nay duge giam nhiét 4o dén 35°C, duorc khudy trong thoi glan 9 gio, lam ngudi
dén nhiét do 30°C, va loc Chat da loc duoc ria ba lan banc heptan (801) Céc chét rén
dugc sdy & nhlet do 55°C trong thoi gian 48 gid dé tao ra 90,1kg (3S 5R,6R)-3-alyl-5-
(3- clophenyl) -6-(4-clophenyl)-3-metyltetrahydro-2 H-pyran-2-on  v&i tbng hiéu suét
63%. Séc ky long cao 4p khong d6i xung biéu thi ty 1& chét dong phan dbi anh 1a
99,95:0,05.

Buéc E. (S)-2-((2R,3R)-2-(3-clophenyl)-3-(4-clophenyl)-3-hydroxypropyl)-N-((S)-1-
hydroxy-3-metylbutan-2-yl)-2-metylpent-4-enamit .
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(3S,5R,6R)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-3-metyltetrahydro-2 /-
pyran-2-on (113g, 300,0mmol) dugc két hop véi (S)-2-amino-3-metyllbutan-1-ol (93g,
900,0mmol) va huyén phii ndy dugc dun néng & nhiét do 100°C trong thoi gian 5 gio.
Hon hop phan tng nay dugc giam nhiét do dén nhiét d6 trong phong, pha loang bang
etyl axetat (1000ml) va rira bang dung dich axit clohydric IN (2X), nuéc, va nudc
mubi. Lép hitu co duge lam kho trén magie sulfat va ¢d trong chén khong dé tao ra hop
chét néu & d& muc nay ¢ dang rin mau tring, duge st dung & bude tiép theo ma khong

can tinh ché thém.

Busc F. (35,55,6R,85)-8-alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-metyl-
2.3,5,6,7,8-hexahydrooxazolo[3,2-a]pyridin-4-ium triflometansulfonat

Anhydrit triflometansulfonic (57ml, 339mmol) dugc bd sung nho giot trong thoi
gian 60 phut qua phéu cép lidu vao dung dich chira (S)-2-((2R,3R)-2-(3-clophenyl)-3-
(4-clophenyl)-3-hydroxypropyl)-N-((S)-1-hydroxy-3 -metylbutan-2-yl)-2-metylpent-4-
enamit (73,7g, 154mmol) va 2,6-dimetylpyridin (78ml, 678mmol) trong diclometan
(700ml) & nhiét do -50°C. Hon hop phén mg nay dugc khudy & nhiét o -50°C trong
mot gid nita va cd trong chan khong dé tao ra hop chét néu & dé muc nay & dang rin

mau do, dugc st dung & bude tiép theo ma khong can tinh ché thém.
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Buée G. (3S,5R,6S)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- L -(isopropylthio)-
3-metylbutan-2-yl)-3-metylpiperidin-2-on

hé

A,

(3S,5S,6R,8S)-8-Alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-metyl-2,3,-

5,6,7,8-hexahydrooxazolo[3,2-a]pyridin-4-ium triflometansulfonat (736mg,
1,242mmol) duge can vao binh day hinh qua 1€ loai dung tich 50ml da duoc sy trong
16 va hoa tan trong 20ml toluen khan. Toluen dugc loai bd trong chan khong dé loai bd
vét nude trong chét rin. Quy trinh ndy dugc lap lai hai l4n, va cin thu duge duge 1am

khé trong chéan khong cao.

Dung dich chira natri isopropyl sulfua dugc didu ché bang cach bb sung kali 2-
metylpropan-2-olat (3,0ml, 3,00mmol, dung dich 1M trong tetrahydrofuran) vao dung
dich chtra propan-2-thiol (331mg, 4,35mmol) trong 8ml dimetylformamit ma da duogc
diéu ché trong nito va lam lanh dén nhiét 46 0°C. Dung dich sulfua dugc phép khudy &
nhiét do trong phong trong thoi gian ndm phat va lam lanh dén nhiét do 0°C.
(3S,5S,6R ,85)-8-alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-metyl-2,3,5,6,7,8-
hexahydrooxazolo[3 2-a]pyridin-4-ium triflometansulfonat kho (736mg, 1 242mm01)
dugc hoa tan trong dimetylformamit (tbng cong 8ml) va dugce chuyén (tong cong 3 An
chuyén) qua xi lanh vao dung dich sulfua trong thoi gian 5 phut. Sau thoi gian 5 phut,
bé nuée dé duoc loai bé va dung dich mau cam nhat dugc nﬁ.ﬁg nhiét do lén dén nhiét

d6 trong phong.

Sau khi khudy qua dém, hdn hop nay dugc phan bd giira etyl axetat va dung
dich amoni clorua bdo hoa. Pha nuéc dugc lam bdo hoa trong natri clorua va duoc

chiét nguoc ba lAn. Cac chét hitu co két hop dugc ria hai 14n bang dung dich natri
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bicacbonat bdo hoa, hai 14n béng nuéc mudi, 1am kho trén natri sulfat, loc, va co trong
chan khong dé tao ra cin ma dugc tinh ché bang cot sic ky trén silicagel (cot 80g,

gradien rtra giai 0% dén 50% etyl axetat trong hexan).

Phuong phép tao ra hop chét ¢ cong thic:

Budc A. (3S.,5R,6S)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-hydroxy-
3-metylbutan-2-yl)-3-metylpiperidin-2-on

Lithi hydroxit hydrat (64,6g, 1540mmol) dugc bd sung thanh ting phan, trong
khoang thoi gian 5 phut, vao dung dich chira (3S5,55,6R,8S)-8-alyl-6-(3-clophenyl)-5-
(4-clophenyl)-3-isopropyl-8-metyl-2,3,5,6,7,8-hexahydr00xazolo[3,2-a]pyridin-4-ium
triflometansulfonat (Budc F néu trén) dugc hoa tan trong tetrahydrofuran (500ml) va
nude (300ml). Hon hgp phén tmg nay duoc khudy & nhiét dé tfong phong trong thoi
gian 1 gir va cd trong chan khong. Can duge hoa tan trong etyl axetat (khoang 1,31) va
cac 16p dugce tach. Lép hitu co duge roa bang dung dich axit clohydric 1N (dd duoc
lam lanh béng nudc da, voi da axit clohydric dé thém proton va loai bd moi 2,6-

dimetylpyridin con s6t lai (300ml x 2)), nude va nude mubi. Dung moi dugc loai bo
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trong chan khong d8 tao ra can ma dugc tinh ché biang cot sdc ky trén silicagel (1500g
cot, gradien rira giai 0% dén 50% etyl axetat trong hexan. San pham nay con dugc két

tinh ra khoi xyclohexan.

Buéc B. (3S,55,6R,8S5)-8-Alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-
metyl-2,3,5 ,6,7,8-hexahydr06xazolo[3,2-a]pyridin—4—ium 4-metylbenzensulfonat
o O
o
Cl

/

z

: N

r//,,///

Cl

(3S,5R,6S)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)- 1-((S)-1-hydroxy-3-metylb-
utan-2-yl)-3-metylpiperidin-2-on (49,77g, 98mmol) dugc chuyén sang binh loai dung
tich 1000ml chira axit 4-metylbenzensulfonic hydrat (19,27g, 101mmol) va thanh
khudy. Céac chit phan tng ndy dugc tao huyén phi trong toluen (230ml). Binh nay
dugc 1ap dng chit U Dean Stark va thiét bi ngung hdi luu, va hén hop da khudy dugc
dun néng & nhiét do hdi luu trong bé da duoc gia nhiét so bd. Sau thoi gian 1 gio, dung
mdi dugce loai bdo mot cach can thén trong chan khong va cin thu duoc lam kho tiép
trong chan khong cao. Hop chit néu & d& muc nay dugc dua sang budc tiép theo ma

khong cén tinh ché.

| Budce C. (35,5R,65)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropyl-
sulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on
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(35,58,6R,85)-8-Alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-metyl-2,3,-
5,6,7,8-hexahydrooxazolo[3,2-a]pyridin-4-ium  4-metylbenzensulfonat, kho, kali
cacbonat dang bot (26,9g, 195mmol) va propan-2-thiol (14ml, 150mmol) dugc bb sung
vao cung voi 200ml dimetyformamit méi dugc vAy nudc. Hon hop ndy dugc lam ting
nhiét do trong khi quyén argon & nhiét do 50°C. Sau khoang 21 gio, dung dich chira
axit meta-cloperbenzoic (68,2g, 77% tinh khiét theo trong lwong, trong 100ml dimetyl-
formamit) dugc chuyén sang ph&u nhé giot va dugce b6 sung nhanh vao hdn hgp phan
mg da khudy trong khi binh nay dugc nhung vao trong bé nude da. Sau 5 phut, dung
dich mau vang thu dugc dugc nang nhiét do 1én dén nhiét do trong phong. Sau 10 phit,
axit meta-cloperbenzoic (12g, 77% trong luong) dugc bd sung thém vao & dang ran va
hdn hop nay duoc khudy & nhiét do trong phong. Sau khi hoan thanh, hdn hop nay
dugc rét vao etyl axetat va rira bang dung dich natri hydroxit 1M (500ml) ma da duoc
rét vao nude dé. Pha nude duoc chiét ngugc lai ba lan va rira bang mot lugng bd sung
dung dich NaOH 1M (500ml, ciing dugc rot vao nude da). Lép nude duge raa mot lan
bang etyl axetat va céc chét hiru co dugc két hop. Natri thiosulfat (dung dich nude 1M,
250ml) dugc bd sung vio cac chit hitu co trong binh Erlenmeyer ¢& 16n, va hdn hop
nay dugc khudy trong hai muoi phtt. Lép hitu co duge rira lai bang natri thiosulfat
(dung dich nudc 1M, 250ml) va hdn hop nay duge dé yén qua ky nghi cubi tudn. Cac
chét hitu co duge ¢ dén khoang 500ml, sau do lan luot duge rira béng dung dich nuéc
axit xitric 10%, natri hydroxit 1M, va nuéc mudi. Céc chét hitu co duoc 1am kho trén
natri sulfat, loc, va cd dé tao ra san phém tho. Cin dugc tinh ché theo phuong phép séc
ky cdt cuc nhanh (cot 1,5kg silicagel, gradien rura giai 0% dén 50% etyl axetat trong

hexan) dé tao ra hgp chét néu & dé muc nay ¢ dang ran mau trang.
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Quy trinh tong hop hop chét A (Quy trinh tong hop A)

Axit 2-((3R,5R,6S5)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-met-

ylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic

Ruteni(Ill) clorua trihydrat (22mg, 0,084mmol) va natri periodat (1,12g,
5,24mmol) dugc bd sung vao hdn hop gdm (385,5R,65)-3-alyl-5-(3-clophenyl)-6-(4-clo-
phenyl)-1-((S)-1-(isopropylthio)-3-metylbutan-2-yl)-3-metylpiperidin-2-on  (390mg,
0,752mmol) trong axetonitril (4,0ml), cacbon tetraclorua (4,0ml), va nuGe (6,0ml).
Hon hop mau nau sdm thu duge dugce khudy manh & nhiét do mdi truong qua dém.
Hon hop nay dugc loc qua dém diatomit, rira bang etyl axetat. Dich loc dugce phan b
gitta dung dich HCI 2M va etyl axetat. Pha nude duge chiét nguoc lai hai 1an bang etyl
axetat, va cac chét hitu co két hop dugc rira béng nude mudi, 1lam kho trén natri sulfat,
loc, va cd trong chan khong thanh can ma dwgc tinh ché theo phuong phap sdc ky cuc
nhanh (cdt silicagel 40g, gradien ria giai 0% dén 15% isopropanol trong hexan). Céc
phén doan chira san phém mong mudn dugc két hop, dugc ct dung mdi, dugce hoa tan
lai trong lwong t6i thiéu ACN/nuée, lam dong lanh, va sdy khd & nhiét do thip dé tao

ra bot mau trang.

Tiép theo, hdn hop gdm (3S,5R,6S)-3-alyl-S-(3-clophenyl)-6-(4-clopheny1)-1-
((S)-1-(isopropylthio)-3-metylbutan-2-yl)-3-metylpiperidin-2-on (388mg, 0,748mmol),
ruteni(IIT) clorua trihydrat (19,56mg, 0,075mmol), va nafri periodat (1,15g, 5,38mmol)
trong axetonitril (4ml), cacbon tetraclorua (4,00ml), va nuéc (4,00ml) dugc khuéy
manh & nhiét do moi truong. Sau bén gio, h6n hop nay dugc loc qua dém diatomit, va
dich loc dugc phan bd giita etyl axetat va dung dich HCI 2M. Pha nudc d&c_rc chiét

nguoc lai hai lﬁn‘ bang etyl axetat, va céac chét hitu co két hop dugc rira b%mg nugc
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mudi, 1am kho trén natri sulfat, loc, va co trong chin khong thanh cidn. Cén ndy dugc
tinh ché theo phwong phép sic ky cuc nhanh (cdt silicagel 40g, gradien rira gidi 0% dén
15% isopropanol trong hexan). Céc phan doan chtra san phém dugc ¢d va két hop véi
chét rén thu dugc trong thir nghiém trude. Chét két hop dugc hoa tan trong lugng tbi
thidu axetonitril/nuéc, lam dong lanh, va sdy khd & nhiét do thip qua dém dé tao ra

chat rdan mau trang.

Miu XRPD thu duoc 12 phit hop v6i dang v6 dinh hinh (Hinh 2).

Quy trinh téng hop hop chit A (Quy trinh téng hop B)

Axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-met-
ylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic

Natri periodat (2,85g, 13,32mmol) va ruteni(Ill) clorua trihydrat (0,049g,
0,189mmol) duge bd sung vao hdn hop gbm (3S,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-cl-
ophenyl)-1-((S)- 1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpip eridin-2-on
(1,73g, 3,14mmol) trong axetonitril (18ml), cacbon tetraclorua (18ml), va nu6c (27ml).
Hon hop nay dugc khudy k§ & nhiét do trong phong trong thoi gian 25 gi¢. Hon hop
nay dugc pha lodng bang dung dich HCI 2M va loc qua dém diatomit va rira bang etyl
axetat. Lép hitu co duge tach, rira béng nudc mudi, 1am khé trén natri sulfat, loc, va cd
trong chan khong. Chét nay dugc tinh ché hai 14n theo phuong phép sdc ky cuc nhanh
(120g silicagel, gradien rta giai 0% dén 20% isopropanol trong hexan; cot 120g,
gradien rua gidi 0% dén 15% gradien isopropanol trong hexan). N6 dugc tinh ché thém
mét 1an nita theo phuong phap sdc ky cuc nhanh (220g silicagel; gradien rita giai 0%
dén 20% isopropanol trong hexan, 45 phut) bang cach 4p dung phuong phap ma trong
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d6 céc phan doan tinh khict nhat duge c6 va dé riéng va gom cac phén doan da tron va

dua dén budce séc ky.

Tiép do6, hdn hop gom (3S,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-
1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on  (4,1g, - 7,45mmol),
ruteni(II) clorua trihydrat (0,120g, 0,459mmol), va natri periodat (6,73g, 31,5mmol)
trong axetonitril (40ml), cacbon tetraclorua (40ml), va nuéc (60ml) dugce khuiy manh
& nhiét do moi trudng trong thoi gian 23 gio. Hdn hop phan tng nay dugc pha lodng
bang cach bd sung dung dich nudec HC1 2M vao va loc qua diatomit, rira bang lugng du
etyl axetat. Hau hét cac chét hiru co dugc loai bd trong chan khong. San phim tho dugc
chiét vao etyl axetat, rua b::ing nuéc mudi, lam kho trén natri sulfat, loc, va ¢d dén cin
ma duoc tinh ché hai 1an theo phuong phap sic ky cuc nhanh (cot silicagel 330g,
gradien rira gidi 0% dén 20% isopropanol trong hexan; cot silicagel 330g, gradien rira
giéi 0% dén 20% isopropanol trong hexan) dé tao ra bot mau tréng duc. Chét nay dugc
tinh ché theo phuong phap sic ky cuc nhanh ba 14n nira (cot silicagel 220g; gradien rira
giai 0% dén 20% isopropanol trong hexan, 45 phiit) bang cach 4p dung phuong phap,
trong d6 cac phan doan tinh khiét nhét dugc ¢b va dé riéng va gom céc phan doan da

tron va dua dén bude sac ky.

Céc phéan doan da dugc tron tir ca hai thir nghiém duoc két hop va tinh ché theo
phuong phép sdc ky cuc nhanh thém hai lan (cot silicagel 220g"; gradien rua giai 0%
dén 20% 1sopropanol trong hexan, 45 phut), va cac phén doan tinh khiét lai duoc dé
riéng. T4t ca cac phan doan tinh khiét dugc két hop, co trong chan khong, hoa tan trong

lugng tdi thiéu axetonitril/nude va sdy kho & nhiét do thap.

Mau XRPD la phu hgp véi dang vo dinh hinh (Hinh 2).

Quy trinh téng hop hop chét A (Quy trinh téng hop C)

Axit 2-((3R,5R,6S5)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1 -(isopropylsulfohyl)-3-met-
ylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic '

-5O-



(35,5R,65)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-
(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on (5,05g, 9,17mmol) duoc
can vao binh d4y tron loai dung tich 500ml c6 thanh khudy 16n va chtra 2,04g natri
periodat (2,04g). Hon hgp nay dugc pha lodng bing cacbon tetraclorua (52ml),
axetonitril, (52ml) va nudc (78ml). Binh ndy dugc nhing trong bé nudc ¢ nhiét do

trong phong va nhiét d6 bén trong duoc theo ddi bang cip nhiét ké dién tur.

Ruteni clorua hydrat (khoang 50mg) dugc bd sung vao thanh mot phan. Nhiét
dd bén trong tang dén 22°C, sau d6 nudc da duge bd sung vao bé G 1am ngudi hon
hop nay. Sau d6 3 phit, ruteni clorua hydrat (25mg) dugc bd sung thém vao. Sau khi
khudy trong thoi gian tdng cong ba muoi phut, ba phan natri periodat (2,08g, 2,07g va
2,08g) dugc bd sung tir tir vao cach khoang 15 phut. Nhiét 4 duge gilt thip hon 19°C,
va nude da duoc bd sung nhanh vao bé néu nhiét d bén trong bit dau ting. Hon hop
nay duoc khudy & nhiét do moi truong qua dém. Hoén hop nay dugce loc qua dém
diatomit va banh loc dugc rira k§ bang etyl axetat. Dich loc dugc co trong chén khong

va phén b gitta dung dich HC1 2M (100ml) va etyl axetat (200ml).

Hai vong sdc ky cot cuc nhanh (330g silicagel, sau d6 220g silicagel, gradien
rira giai 0% dén 20% isopropanol trong hexan) tao ra hop chét néu & d& muc nay. Phan
chét nay dugc sdy khd & nhiét do thip ra khoi axetonitril va nude. Cac phan doan kém
tinh khiét duoc tinh ché lai bang hai vong sdc ky cot cuc nhanh bd sung (cot silicagel
220g, sau do 1a cot sﬂlcagel 330g, gradien rua giai 0% dén 20% isopropanol trong
hexan). Cac phan doan tinh khiét nhét tir c4 hai lugt dugc két hop, co trong chan khong

va sdy kho & nhiét d thap ra khéi axetonitril va nuéc dé tao ra hop chit néu & d& muc

nay.
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Mau XRPD 1a phu hop v6i dang vo dinh hinh (hinh 2).

Ba quy trinh tbng hop néu trén déu tao ra hop chit A & dang vo dinh hinh.
Khong thu dugc dang tinh thé. Cac cb gng két tinh hop chét A vo dinh hinh da duoc
thuc hién theo quy trinh néu trén (Quy trinh tdng hop C) dugc tdng két trong Bang 1A

sau.

Bang 1A

Khéi lugng Thé tich Thanh phan Diéu kién Quan sat

cua hop chat | dungméi | dung moi

A (mg) (ml)

7,5 1,0 Nudc/etanol Huyén pht ddc & | V6 dinh hinh theo

: (90/10 the nhiét do trong phuong phap XRPD

tich)) phong sau 2 thang

8,0 1 L0 Nuéc/dimetyl | Huyén phi dic & | V6 dinh hinh theo
formamit nhiét do trong phuong phap XRPD
(90/106 (thé’ phong sau 2 thang

‘ tich)) | \. o

8,7 1,0 Heptan/tgluen Huyén phu dac & | VO dinh hinh theo
(98/2 (the nhiét do trong | phwong phap XRPD
tich)) phong sau 2 thang

8,7 1,0 Heptan/metyl Huyén phi ddc & | VO dinh hinh theo
-t-butylete nhiét do trong phuong phap XRPD
(98/2 (thé phong sau 2 thang
tich))

9,5 1,0 Xyclohexan/t Huyén phu ddc & | VO dinh hinh theo
oluen (98/2 nhiét do trong phuong phap XRPD
(thé tich)) phong sau 27 ngay

10,5 1,0 Xyclohexan/ Huyén phi ddc & | VO dinh hinh theo
metyl-t- nhiét do trong phuong phéap XRPD
butylete (98/2 | phong sau 27 ngay
(thé tich)) _

Hop chét & dang vo dinh hinh d& dugc tao ra theo quy trinh néu trén (Quy trinh
tong hop C) dugc s dung trong k¥ thuat sang loc da hinh hiéu ning cao (high-
~ throughput - HT). Nguyén li€u ban dau nay dugc quan sat th‘a?'ly la vO dinh hinb theo
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phuong phap XRPD. O dang thir nghiém sang loc, trong b 192 diéu kién da dugc thir
nghiém, chi 1 mau tinh thé dugc quan sat théy thé hién mot dang dugc thé hién trén
Hinh 5 (hop chit A & dang tinh thé 2). Dang x4c dinh dugc theo sang loc HTS 1a khong
phu hop véi hgp chit A & dang tinh thé khan.

Luong nap hop chét 1a khoang 8mg/16. Hop chit A & dang vo dinh hinh (Quy
trinh tbng hop C) dugce phan phéi vao timg 16 trén gié lo thuy tinh loai 96 156. Sau do,

cac mau ran trong cac lo duge chuyén sang dia nguon ket tinh loai 96 15.

DPéi voi mbi thiét Kké thu vién, cac dung mdi két tinh du:qc phénﬂ phéi vao dia
ngudn (960ul/19) (Bang 1 va Bang 2). Sau khi bd sung dung moi vao, dia ngudn duge
xtr Iy biang sidu 4m trong thoi gian 30 phut, sau d6 dugc dun néng ¢ nhiét do 5 5°C va
khudy trong thoi gian 30 phit va giit & nhiét do 25°C khong khudy trong thoi gian 30
phut. Duy tri & nhiét do 25°C, cac dung moi trong dia nguén dugc hat va loc vao dia
loc. Tié’p do6, dich loc dugc hit va duge phan phéi vao ba dia két tinh (1am bay hoi, 1am
két tia, 1am ngudi). Sau khi hoan thanh budc loc 96 13, dia nguén duoc tiép tuc khuéy
& nhiét do 25°C trong thoi gian 8 gio. Dia lam bay hoi (200ul dich loc/18) duoc dé mé
ra xung quanh trong thoi gian 24 gi¢. Dia 1am két tua da duoc bit kin (150ul dich loc/1d
dugc nap vao 150pl chét chéng hoa tan da dugc nap trudce; 13 nude hodc heptan (Bang
1)) dugc lam ngudi thing tir nhiét d6 25°C dén nhiét do 5°C trong thoi gian 8 gié va
dugc gitt & nhiét do 5°C trong thoi gian 8 gio. Pia lam ngudi da dugc bit kin (300ul
dich loc/18) duge bat diu & nhiét do 25°C, 1am ngudi dén nhiét do 5°Cvtr.ong thoi gian 8
gidy, va duge gitt & nhiét do 5°C trong thdi gian 8 giv nita. Khi két thic bude két tinh,
dfa 1am két tda va dia 1am ngudi duoc ly tim & nhiét do 5°C trong thoi gian 10 phit voi
van tdc 1500 vong/phit, va dich ndi trong ting 18 ctia ca hai dia dugc hut ra va dugc
gan bo. Trude khi 14y tung dia trong sd 4 dia ra dé gom céc mau tinh thé vao nén thiy

tinh loai 96 13 ctia no, gidy bic duoc st dung dé nhung Véobtl‘mg 15 nham dam bao kho.

Bang 1. Bang phan tan dung moi dbi véi viée sang loc dang HT. T4t ca cac hdn hop

dung moi déu 1a (thé tich/thé tich).
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7 8 9 10 11 12

Ch’ét Nudce Nudce Nudce Nuédce Heptan Heptan

chong

hoa

tan
DCE/hept | DCE/hept | Toluen/hept | MTBE/hept | THF/hepta | THF hepta
an (5/95) | an (10/90) | an (5/95) an (5/95) n (20/80) | n(40/60)
THF/hept | THF/hepta | Toluen/hept | MTBE DMF/hept | DMF/hept
an (5/95) |n(10/90 |an(10/90) | (10/90) an (20/80) | an (40/60)
IPAc/hept | IPAc/hept | Axit axetic | MEK/hepta | Axeton/he | Axeton/he
an (5/95) | an (10/90) n (5/95) ptan ptan

(20/80) (40/60)
IPA/hepta | IPA/hepta | Heptan MEK/hepta | Axetonitri | Axetonitri
n (5/95) n (10/90)e n (10/90) 1/heptan 1/heptan
(20/80) (40/60)
DCE/xycl | DCE/xycl | Toluen/xycl | MTBE/xycl | Etanol/xyc | Etanol/xyc
ohexan ohexan ohexan ohexan lohexan lohexan
(5/95) (10/90) (5/95) (5/95) (20/80) (40/60)
THF/xycl | THF/xycl | Toluen/xycl | MTBE/xycl | IPA/xyclo | IPA/xyclo
ohexan ohexan ohexan ohexan hexan hexan
(5/95) (10/90) 10/90) (10/90) (20/80) (40/60)
[PAc/xycl | IPAc/xycl | Axit axetic | MEK/xyclo | NMP/xycl NMP/Xycl
ohexan ohexan hexan ohexan ohexan
(5/95) (10/90) (5/95) (20/80) | (40/60)
IPA/xyclo | IPA/xyclo | xyclohexan | MEK/xyclo | nudce NaOH
hexan hexan hexan 0,01IM
(5/95) (10/90) (10/90) trong
nudc

Céc hinh anh ludng chiét quang duge gom d6i véi timg 16 trong bdn dia loai 96
16 bang cach soi kinh hién vi quang anh sang phan cuc chéo. Céc mau XRPD dugc
gom trén hé nhiéu xa tia X Bruker D8 Discover dugc lép gia mau theo ddi xyz va bd
phat hién ving cua hé nhiu xa phét hién ving chung (general area detector diffraction
system - GADDS). C4c mau sang loc trén dia thiy tinh phing dugc bd tri va quét dién
tich mau 1mm? theo cach dem nhdp nhay trong th(n gian 3 phut v6i 20 nim trong

khoang tur 5° dén 48° bing cach st dung birc xa CuKa (40kv, 40mA) thdng qua thlet bi
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tao anh sang don sdc than chi va ong chuan truc c6 16 kim c& 0,5mm. Ngoai cac dia
sang loc, nguyén liéu ban dau con dugce phén tich bang cach sit dung dung cy nay va ap

dung phuong phép nay.

Ngoai ra, cac thtr nghiém vé mic do két tinh HT bang cach sit dung cac bazo
lam chét phu gia dugc thuc hién. Lugng ty Iwgng cia CH3OK, CH3ONa, Tris va amoni
hydroxit dugc bd sung vao lam dung dich MeOH, Ca(OH),, lysin, 5ietanolamin, bve‘l di-
etylamin duogc bd sung lam dung dich nudc va dung mdi duge cho bay hoi duéi dong

nito théi trude khi phan tan dung moi.

D4i voi mbi thiét ké thu vién, cac duhg mdi 1am két tinh duge phan phdi vao dia
ngudn (960ul/15). Sau khi bd sung dung méi vao, dia ngudn dugc xir 1y bang siéu 4m
trong thoi gian 30 phut, sau d6 dugc dun nong ¢ nhigt do 55°C va khudy trong thoi
gian 30 phat va gitt ¢ nhiét do 25°C khong khudy trong thoi gian 30 phut. Duy tri ¢
nhiét o 25°C, cac dung moi trong dia nguén duoc hiat va loc vao dia lgc. Tiép do, dich
loc dugc hit va duge phan phéi vao ba dia két tinh (1am bay hoi, lam két tia, 1am
ngudi). Sau khi hoan thanh buéc loc 96 13, dia ngudn duge tiép tuc khudy ¢ nhigt do
25°C trong thoi gian 8 gid. Pia 1am bay hoi (200@1 dich loc/15) dugce dé rﬁc’r ra xung
quanh trong thoi gian 24 gid. Dia lam két tta da duge bit kin (150ul dich 100/16 duogc
nap vao 150ul chét chéng hoa tan di duge nap trude) duge lam ngudi théng tir nhiét do
25°C dén nhiét @6 5°C trong khoang thoi gian 8 gid va duoc gitt & nhiét do 5°C trong
thoi gian 8 gio. Dia 1am ngudi da dugc bit kin (300ul dich loc/18) dugc bat dau & nhiét
d6 25°C, duoc 1am ngudi khdi bac ba dén nhiét do 5°C trong khoang thoi gian 8 gio, va
duge gitt & nhiét do 5°C trong khoang thoi gian 8 gid nita. Khi két thic budce két tinh,
dia lam két tia va dia 1am ngudi duoc ly tam & nhiét do 5°C trong thoi gian 10 phit &
1500 vong/phut, va dich ndi trong timg 186 ciia ca hai dia duoc hut ra vi duoc gan.
Trudc khi 14y ting dia trong s6 4 diara d& gom cac miu tinh thé trén nén thay tinh loai

96 15 ctia no, gidy bac dugc st dung dé nhiing vao ting 16 nham dam béo kho.

Khoéng thtr nghiém nao trong sb cac thir nghiém nay tao ra mudi bét ky nao &

dang tinh thé. Bay (7) miu tao ra dang tinh thé phu hop véi mau XRPD trén Hinh 4
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(hop chit A & dang tinh thé 1). Tét ca cac mAu tinh thé quan sat dugc trong phan nay
ctia sang loc déu duoc xir 1y bing cach 1am bay hoi. Cac mau duge lam bay hoi ra khoi
IPA nhd CH30K, ra khéi MeCN nho Tris, ra khoi THF/H20 (90/10) nhd lysin, ra khoi
IPA nho lysin, ra khéi THF/nude (90/10) nho dietanolamin, ra Khoi MeCN nho
dietanolamin, va ra khoi toluen/MeOH (50/50) nh¢ dietanol amin tao ra cac mau tinh

thé ma 13 phu hop véi hop chit A & dang tinh thé 1 theo phuong phap XRPD.

Bang 2. Bang phéan phéi dung moi dbi véi viec sang loc dang HT. T4t ca cac hdn hop

dung mdi déu 13 (thé tich).

1 2 3 4 5 6
lon trai dAu\chét | Hepta | Heptan | Heptan | Hepta | Hepta | Heptan
chong hoa tan n n n
A | Amoniac THF THF/H, | IPA MeCN | IPA Toluen/MeO
o) / -1 H (50/50)
(90/10) | i
B | CH;0K THF |THF/H, |IPA MeCN | IPA | Toluen/MeO
(@) H (50/50) -
(90/10) A _
C | CH30Na THF THF/H, |IPA MeCN | IPA Toluen/MeO
(0] H (50/50)
(90/10)
D | Ca(OH): THF THF/H, | IPA MeCN | IPA Toluen/MeO
luong) (90/10)
E | Tris THF THF/H, | IPA MeCN | IPA Toluen/MeO
0] H (50/50)
(90/10)
F | Lysin THF | THF/H, |EtOH/H> | MeCN | IPA MeCH/H,O
0] @) : (90/10)
(90/10) (90/10)
G | Pienthanolamin | THF THF/H, | IPA MeCN | IPA Toluen/MeO
0] H (50/50)
(90/10)
H | Pietylamin THF THF/H, | IPA MeCN | IPA Toluen/MeO
_ 0 . ‘ H (50/50)
(90/10)
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Céc nghién ctu két tinh

Tht nghiém 1

Axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic (100mg) duqc' dat trong 6ng
nghiém thir nghiém loai 13mm, va 1ml dung dich chira 40% etanol trong nudc duoc b
sung vao ¢ nhiét d§ trong phong. Chét nay khong hoa tan, thim chi ca sau khi lam
noéng trong diéu kién hdi lwu. 2ml dung dich chita 40% etanol trong nudc dugc bb sung
thém vao, va chit nay van khong hoa tan hoan toan sau khi hdi lwu. Etanol duge bd
sung nho giot vao cho dén khi chét nay di vao dung dich. Dung dich nay duoc lam

ngudi tir tir. Chét nay tiét ra dau trude khi dat dén nhiét d6 trong phong.

Thit nghiém 2

Axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic (100mg) dugc dat trong bng
nghiém thir nghiém loai 13mm va hoa tan trong 1ml etanol va lam téng nhiét 4o dé hoi
luu. Nude dugc bd sung nho giot vao cho dén khi van duc, ma tao ra khi bd sung, bién
mét trong vong vai gidy (tbng cong 1ml nuée duge bd sung vao). Dung dich nay dugc
lam ngudi tir te. NO tiét ra dAu trude khi dat dén nhiét do trong phong. Etanol (0,2ml)
dugc bd sung thém vao, va hdn hop nay dugce nang nhiét do lén dén hdi lwu. Chat nay
tiét ra dau khi dugc lam ngudi cham dén nhiét d6 trong phong. Etanol (0,2ml) dugc bd
sung thém vao, va hdn hgp ndy dugc dun néng & nhiét do hdi luu. Hon hop nay khong
tiét ra dau sau khi 1am giam nhiét 4o dén nhiét @6 trong phong, nhung khong tao ra tinh
thé. Sau 1,5 gid & nhiét do trong phong, dung dich nay dugc dit trong may lam dong

lanh, va chét nay tiét ra dau.

Th nghiém 3

Axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- 1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic (100mg, bot tring) dugc dat
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trong 6ng nghiém thir nghiém loai 13mm, va 1ml dung dich chra 60% etanol trong
nude duge bd sung vao & nhiét do trong phong. Bot ndy duoc hoa tan hoan toan hodc
duogc hda tan hau nhu hoan toan trude khi két tia ra & dang rin mau tréng. Chét ran
dugc gom bang cach loc trong chan khong. Phén tich cho thdy ring chat ran 13 tinh
khiét hon nguyén liéu ban dau. Axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-
((S)- 1-(isopropylsulfony1)-3 -metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic

(100mg, bot tring) dugc dit trong bng nghiém thir nghiém loai 13mm, va 1ml dung
dich 60% etanol trong nudc dugc bd sung vao. Hon hgp nay duoc khudy & nhiét do
trong ph(‘)ng trong qué trinh b sung vao va chét nay dugc hoa tan trong mot thoi gian
ngén trude khi két tia & dang rin mau tring. Hon hop nay dugc dun néng & nhiét do
~ hdi luu dé hoa tan chit nay va duoc lam ngudi tir tir dén nhiét do trong phong. Sau khi
khudy qua dém & nhiét do trong phong, khong tao ra tinh thé. Dung dich duoc gieo
mam b%mg chét rin diéu ché duoc trong thr nghiém trudc, va chét rin dugc tao ra ngay
1ap tic. Céc tinh thé nay dugc gom bang cach loc chian khong va rira bang dung dich
lanh chira 60% etanol trong nudc d8 tao ra tinh thé rin mau tring. Phan tich cho thay
su cai thién hon nita vé mitc do tinh khiét, va nhiu xa tia X thé hién chét nay & dang

tinh thé. XRPD 1a phi hop v6i hop chét A etanolat (hinh 6).

Thit nehiém 4

Axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- 1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic (100mg, bot tring) dugc dit
trong 6ng nghiém thir nghiém loai 13mm, va 0,75ml dung dich chtra 60% etanol trong
nude duge bd sung vao. Hon hop nay duge khudy & nhiét do trong phong trong qué
trinh bd sung, va sau vai phut, bot dugc thay thé bang tinh thé rin mau tring. Hon hop
nay dugc nang nhiét 4o 1én dé hdi luu, duge 1am ngudi tir tir dén nhiét do trong phong
khong khudy. Sau vai ngay, cac tinh thé 16n hinh thanh. Chung dugc gom bang cach
loc chan khong dé tao ra hop chét néu ¢ dé muc ndy & dang tinh thé hinh kim khong
mau. Thu dugc mdt cAu trac tinh thé tia X va phu hop véi hop chit A etanolat (hinh 6).

Quy trinh téng hop hop chét A etanolat
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Axit 2-((3R,5R,6S5)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-

3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic

(3S,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-
3-metylbutan-2-yl)-3-metylpiperidin-2-on (86,8g, 158mmol) dugc hoa tan trong
axetonitril (300ml) va etyl axetat (300ml) va chuyén sang binh Morton loai 3 ¢ dung
tich 21. Nué6c (450ml) dugc bd sung vao. Binh nay c6 1ap cip nhiét ké va thanh khudy
tir va sau d6 duge dim vao trong bé nuée. Ruteni(I1T) clorua hydrat (0,782g, 3,47mmol)
duge bd sung vao, tiép theo 1a natri p'eriddat (33,75g). Nhiét do tang tir 17°C dén 22°C.
Sau 35 phut, phan phan uéc thi hai cla natri periodat (33,75g) duoc bd sung vao va
nhiét do tang tr 21°C dén 25°C. Sau 38 phut, phan phan uéc thit ba cla natri periodat
(33,75g) dugc bd sung vao, va nhiét do tang tir 22°C dén 28°C trong thoi gian 12 phut.
Nudce dé duge bd sung vao bé nuée va sau khi hon hop nay da ngudi (khoang 8 phut)
thi phan phan udc tha ba cua natri periodat (35g) duge bd sung vao. Nhiét do tang tir
21°C d@én 25°C. Sau khi khudy & nhiét @6 trong phong qua dém, natri periodat (20g)
dugc bd sung vao, va 4 giv sau do, phén phan udc khac cta natri periodat (20g) dugc
bd sung vao. Sau mot gio, hdn hop nay duge khudy & nhiét do trong phong bang thanh
khudy treo. Sau d6, hdn hop phan ung nay dugc loc qua phéu Biichner va banh loc
duoc rira béng etyl axetat. Banh loc dugc lam kho qua dém trongthié‘t bi loc chan

khong.

Chéat nay duge bd sung vao pheu tach lorn cung VO’l nudc (11) va etyl axetat
(500ml). Nuéc mubi duge bd sung (50ml) vao. Sau 5 gio, cac pha dugc tach va l6p
hitu co dugc rira bang dung dich natr1 bisulfit 10%. Sau khi dé yen qua dém, céc pha

duoc tach va 16p hitu co dugc rira bang nude mudi (11). Sau 30 phut 16p hiru co dugc
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tach, 1am kho trén natri sulfat, loc va c6 trong chin khong. Chét tho duge tinh ché theo
phuong phap sdc ky cdt cure nhanh (cdt silicagel 1,5kg, gradien rira gidi 0% dén 50%

isopropanol trong hexan) dé tao ra hop chét néu & dé muc nay & dang bot mau trang.

Axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- i-(isopropylsulfonyl)-
3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic thu dugc dugc hoa tan trong
etanol va chuyén sang binh hinh qua I& loai dung tich 500ml. Dung mdi dugc loai bd
trong chan khong dé tao ra chit rin mau tring. Dung dich chtta 60% etanol trong nué6c
(360ml) dugc bd sung vao va hdn hop nay duoc ning nhiét do dén 90°C dé hoa tan
toan bd chét nay. Dung dich ndy dugc 1am ngudi tir tir va dugc gieo mam & nhiét dd
50°C, 45°C, va 40°C véi khoang Smg tinh thé san pham nhung chét nay hoa tan. Dung
dich nay duoc gieo mam & nhiét o 37°C v6i khoang 5mg tinh thé san phdm va chat
nay khong hoa tan. Chét nay dugc 1am ngudi tir tir dén nhlet do trong phong va dit
trong may lanh qua dém. Tinh thé dugc gom bing cach loc chan khong qua phéu
Biichner va rtra bang dung dich chtta 60% etanol lanh trong nuée (khoang 100ml).
Chét nay dugc 1am kho bing cach hat khong khi qua tang loc trong thoi gian 4 gifr dé
tao ra chat rin mau tring (80,6g). Chét nay duoc dit trong chin khong & nhiét do trong
phong trong hai ngay. Tiép theo, chit nay dugc dit trén thiét bi lam bay hoi kiéu quay
& nhiét dd 50°C & ap suét 15 Torr (2kPa) trong thoi gian 4 gio. Sau d6, n6 duoc dat
trong chan khong & nhiét do 50°C qua dém. Phén tich NMR cho thdy rang 6% trong

lugng etanol c6 mét trong mau do.

Mot phan nho ciia mau nay (100mg) dugc tao huyén phu dic trong nude (0,5ml)
qua dém. Chét rén dugc gom bang cach loc chan khong va rira bing nudc dé tao ra
cht rin mau tring. Phan tich NMR chi ra rang 2,9% trong lugng etanol cc’)’mat. Chét
ne‘ly dugc tao huyén phl‘l dic lai trong nude (0,5ml) qua dérh va gom bang cach loc
chan khong dé tao ra chét rin mau tring. Phan thh NMR chi ra ring 0,5% trong luong
etanol c6 mat. Nhleu xa tia X ch1 ra ring chit nay da tro thanh vo dinh hmh

~ Phan con lai cia chit nay dirgc dun néng & nhiét do 55°C trong chan khong qua
dém. Sau khi lam gidm nhiét do dén nhiét d6 trong phong, n6 dugc tao huyé_n phu déc

trong nude (250ml) va khudy theo cach co hoc. Céc phan phan uéc duge loai ra mot
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cach dinh ky va chét rin duoc do vé ham luong etanol. Sau 40 gio, nude (100ml) duoc
bd sung thém vao va chét nay dugc khudy & nhiét do trong phong thém 4,5 ngay nita.
Chét nay dugc gom bang cich loc chan khong dé tao ra chét rin dang hat mau tring ma
duge tao huyén phu lai trong nude (350ml) va duge khudy theo cach co hoc & nhiét do
trong phong trong khoang thoi gian 8 gio. Chét nay dugc gom bang cach loc chan
khéng qua phéu Biichner d2 tao ra chét rdn mau tring. Chat ran duoc 1am kho bang
cach hat khong khi thong qua tang loc trong thoi gian 6 gid va sau d6 né dugc phép dé
yén thong véi khong khi trong chup ddy qua dém dé tao ra chit rin mau tréng chua

3,5% trong lugng etanol.

Sang loc thu cong chét da hinh

Cac miu dugc chuédn bi theo quy trinh chung sau. Khoang 20mg hgp chit A
etanolat dugc can va bd sung vio 1o nhé. Dung mdi, 1ml, bd Sung vao lo nay. Cac miu
dugc phép tao huyen phu déc. Cac dung moi duge thi nghlem la nu:oc/etanol (theo ty
1& thé tich 80/20), nudc/etanol (theo ty le thé tich 70/30), nu’O'c/etanol (theo ty 16 thé
tich 60/40), nude/1-propanol (theo ty 1€ thé tich 90/10), nuéc/ l-propanol (theo ty 18 thé
tich 80/20), nudce/1-propanol (theo ty 1€ thé tich 70/30), nudc/axetonitril (theo ty 18 thé
tich 95/5), nudc/axetonitril (theo ty 1€ thé tich 90/10), nudc/axeton (theo ty 1€ thé tich
95/5), nudc/axeton (theo ty 1€ thé tich 90/10), heptan, heptan/1sopropyl axetat (theo ty
1& thé tich 99/1), xyclohexan, xyclohexan/isopropyl axetat (theo ty le thé tich 99/ 1).
Quan sat dugc ghi nhén khi bat dau thir nghiém va vao céac ngay thr 3, 7, 10, 13 va 19.
Cac mau dugc phan tich theo phuong phap XRPD vao cac ngay thtt 7 va 10, 13, hodc
19. Cac két qua duogc thé hién trong Bang 3. XRPD la phu hop v6i hop chét A etanolat
(hinh 6), Hop chét A propanol solvat (hinh 7), hop chit A & dang tinh thé khan (hinh 1)
hodc hop chét A & dang v6 dinh hinh (hinh 2).
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Béang 3

MAu sb Dung méi Tinh thé Dang
1 nuéc/etanol (theo ty 18 thé tich 80/20) C6 Etanolat
2 nuGe/etanol (theo ty 16 thé tich 70/30) Co Etanolat
3 nuéc/etanol (theo ty 18 thé tich 60/40) Co Etanolat
4 nudce/1-propanol (theo ty 1€ thé tich 90/10) | C6 Propanol solvat
5 nu6e/1-propanol (theo ty 1¢ thé tich 80/20) Co Propanol solvat
6 nuéce/1-propanol (theo ty 1€ thé tich 70/30) Co Propanol solvat
7 nudc/axetonitril (theo ty 18 thé tich 95/5) Co Tinh thé khan
8 nudc/axetonitril (theo ty 16 thé tich 90/10) C6 Tinh thé khan
9 nuéc/axeton (theo ty 18 thé tich 95/5) C6 Tinh thé khan
10 nuéc/axeton (theo ty 18 thé tich 90/10) Khéng | Vo dinh hinh
11 heptan Co Tinh thé khan
12 heptan/isopropyl axetat (theo ty 1€ thé tich 99/1) Co6 | Tinh thé khan
13 xyclohexan Co Tinh thé khan
14 xyclohexan/isopropyl axetat (theo ty 1€ thé tich Co Tinh thé khan

99/1)

Quy trinh tong hop hop chit A etanolat

Axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isepropylsulfonyl)-3-me-
tylbutan-2-y1)-3-metyl-2-oxopiperidin-3-yl)axetic '

Nhidu mé duoc xi 1y lién tiép nhau va két hop cho bude tinh ché cudi cing,

Mé 1:
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(3S,5R,65)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-
(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on (80,6g, 146mmol) duoc
hoa tan trong axetonitril (280ml) va etyl axetat (280ml) va chuyén sang binh Morton
loai 3 ¢b dung tich 21. Nuéc (418ml) duoc bd sung vao. Binh ndy c6 lép cip nhiét ké
va dugc nhing ngip vao trong bé nuée. Ruteni(1Il) clorua hydrat (0,726g, 3,22mmol)
duge bd sung vao, tiép theo 1a natri periodat (31,25g). Nhiét d6 tang tir 17°C dén 24°C,
va nuée da duoc bd sung vao bé nude dé kiém soat nhiét d9. Sau 15 phut, phéan phan
udce thi hai cia natri periodat (31,25g) dugce bb sung vao va nhiét do ting tir 18°C dén
20°C. Sau 15 phut, phin phan uéc thit ba ctia natri periodat (31,25g) duogc bd sung vao
va nhiét do tang tu 18°C dén 25,6°C. Nudc da duoc bd sung thém vao bé nudc nay.
Sau 10 phut, phan phan wéc thi tu cia natri periodat (31,25g) duoc bd sung vao. Sau
khi khudy trong hai gio, natri periodat (15g) dugc bd sung vao va sau 90 phut natri
periodat (6g) lai dugc bd sung vao: Sau mdt gio, phan léng duge gan vao phéu tach
16n. Chét rén dugc rira bang etyl axetat (1,51), bd sung vao phéu tach, va ria bang dung
dich natri bisulfit 10% (11). Lép hitu co dugc rua bang nudc mudi va cac pha dugce
phép tach qua dém. Chét liéu rén dugc tao huyén phii dic lai véi etyl axetat (300ml) va
loc. Dich loc duge rira bang dung dich natri bisulfit 10% va nuée mudi. Cac 16p hitu co
két hop duge dugc 1am kho trén natri sulfat, loc, va co. Chat thd dugc tinh ché theo
phuong phap sic ky cot cuc nhanh (cot silicagel 1,5kg, gradien rira gidi 0% dén 50%

isopropanol trong hexan) 8 tao ra hop chét néu & dé muc nay.
Mg 2:

(3S,5R,65)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- 1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metylpiperidin-2-on (90,4g, 162mmol) dugc hoa tan trong axet-
onitril (308ml) va etyl axetat (308ml) va chuyén sang binh Morton loai 3 cd dung tich
21. nuée (463ml) duoc bd sung vao. Binh nay c6 1ip cap nhiét ké va thanh khudy co.
Ruteni(III) clorua hydrat (0,803g, 3,56mmol) dugc bd sung vao va binh phan Gmg nay
duge nhung vao bé nudc mat. Natri periodat dugc bd sung vio thanh nhidu phén (phan

thtr nhat: 34,0g), va nhiét do duge theo ddi dé gitt hon hgp phan tng & nhiét do thap
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hon 25°C. Nudce da duoc bd sung mdt cach dinh ky vao bé nudc nay dé hd tro viec

kiém soat nhiét do.

Sau khi khudy trong thoi gian 12 phut, phén tha hai (39,7g) duoc bd sung vao,
sau 28 phit tiép theo 1a phin thir ba (36,62), va sau 13 phut 12 phan thir tw (35,6g). Hon
hop nay duoc khudy qua dém & nhiét d¢ trong phong, va phén thtr nim (15g) duge bd
sung vao, va sau 25 pht, phan th séu (16,5g) duge bd sung vio. Sau khoérig 15 phut,
hon hop phéan (g ndy dugce gan vao phéu chiét va chét rén con lai duoc rira bang etyl
axetat (2 x 11). Céc chét hitu co dwgc gom va dugc rira bang dung dich natri bisulfit
10% (11). Lép hitu co dugc ria bang nude mubi (11) va 1am kho trén natri sulfat, loc va
¢b. Chat thd duogc tinh ché theo phwong phap sic ky cot cuc nhanh (cdt silicagel 1,5kg,
gradien rtra giai 0% dén 20% isopropanol trong hexan) d& tao ra hop chét néu ¢ dé& muc

nay.
Mé 3:

(3S,5R,6S)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)- 1-(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metylpiperidin-2-on (131,8g, 239mmol) dugc hoa tan trong axe-
tonitril (402ml) va etyl axetat (402ml) va chuyén sang binh Morton loai 3 c¢d dung tich
21. Nuée (603ml) duge bd sung vao. Binh ndy co 1ip cap nhiét ké va thanh khudy co.
Ruteni(III) clorua hydrat (1,079g, 4,79mmol) dugc bd sung vao va binh phén (mg nay
duge nhung vao bé nude mat. Natri periodat duoc bd sung vao thanh nhiéu phén (phan
tht nhit: 59g), va nhiét do dugc theo doi dé giit nhiét do ciia hdn hop phan Gng nay
thép hon 25°C. Nuée dé duge bd sung mot cach dinh ky vao bé nude dé hd tro viée

ki€ém soat nhiét do.

Sau khi khudy trong thoi gian 45 phut, phan thir hai (50g) dugc bd sung vao, sau
30 phit tiép theo 1a phén thit ba (22g), sau 20 phut la phan tht tu (30g), va sau 20 phit
12 phan thtr nim (50g). Sau khi khudy trong hai gio, phén thir sdu (20g) duge bb sung
vao, sau 20 phit tiép theo 14 phan thir bay (10g) va sau 20 phﬁt 12 phan thr tam (10g).
Sau 15 phut, hon hop phan ung nay duge gan vao phéu chlet va chat rin con 1a1 duogc

rira bang etyl axetat (2 x 11). Cac chit hu:u co dugc gom va rtra bang dung d1ch natri
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bisulfit 10% (11). Lép hitu co dugc rira bang nudc mudi (11) va lam kho trén natri
sulfat, loc va co. Dé loai bo hat, chét ndy dugc hoa tan trong diclometan, loc va co.
Chét thd nay duge chia thanh hai phén va mdi phan duoc tinh ché theo phuong phép
sac ky cot cuc nhanh (cdt silicagel 1,5kg, gradien rira gidi 0% dén 20% isopropanol

trong hexan) dé tao ra hop chit néu & dé muc nay.
Mé 4.

(38,5R,6S)-3-Alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1 -(isopropylsulfonyl)
-3-metylbutan-2-yl)-3-metylpiperidin-2-on (87,3g, 159mmol) dugc hoa tan trong axet-
onitril (302ml) va etyl axetat (302ml) va chuyén sang binh Morton loai 3 cb dung tich
21. Nudc (453ml) duge bd sung vao. Binh nay ¢6 lip cdp nhiét ké va thanh khudy co.
Ruteni(III) clorua hydrat (0,786g, 3,49mmol) dugc bd sung vao va binh phan ng duoc
nhung vao bé nudc mat. Natri periodat dugc bd sung vao thanh nhiéu phan (phan tht
nhat: 34,5g), va nhiét do dugc theo doi dé gitt hdn hop phan tng ndy & nhit do thap
hon 25°C. Nuédc da duoc bd sung mot cach dinh ky vao bé nude dé hd tro viec kiém

soat nhiét do.

Sau khi khudy trong thoi gian 1 gio, phan thi hai (34,4g) dugc bd sung vio, sau
30 phut tiép theo 1a phan thir ba (34,5g), va sau 30 phut 14 phan thir tu (34,5g). Nhiét
do cao nhat 1a 27°C. Sau khi khudy trong thoi gian 3,5 gio, phan thi nam (20g) dugc
b sung vao, sau 1 gio tiép theo 14 phén thtt sdu (5g). Sau 15 phut, hdn hop phan Gng
nay dugc gan vao phéu chiét va chit rén con lai dugc ria bang etyl axetat (2 X 11) Céc
chét hitu co duoc gom va rira bing dung dich natri bisulfit 10% (11). L6p hitu co duoc
roa béng nude mudi (0,51) va. lam kho trén natri sulfat, loc va ¢6. Chét thd duoc tinh
ché theo phuong phap sdc ky cot cuc nhanh (Biotage SNAP cart, cot silicagel 1,5kg,
gradien rira gidi 0% dén 50% isopropanol tfong hexan) dé tao ra hop chét néu & dé muc
nay. Céc phan doan khong tinh khiét dugc tinh ché lai theo phuong phap séc ky cC)t. cuc
nhanh (cot silicagel 1,5kg, gradien rtra giai 0% dén 20% isopropanol trong hexan) dé

tao ra hop chat néu & d¢ muc nay.

Me 5:
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Céac phan doan khong tinh khiét tir cac mé 1 dén 4 duoc tinh ché lai bang cach
lap lai nhidu lan sic ky cot cuc nhanh (lugng silicagel thay dbi tir 330g dén 1,5kg,
gradien rra gidi 0% dén 20% isopropanol trong hexan) d8 tao ra hop chét néu ¢ dé muc

nay.
Tinh ché cudi cung:

Chét tir cac mé 1 dén 5 dugc két hop véi phan chét thu duge tir quy trinh tbng
hop khac, 18g. Axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropy-
Isulfonyl)-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic (400g) dugc hoa tan
trong etanol va c6 trong chan khong dé tao ra chat dang tinh thé rin mau tring. Dung
dich chira 60% etanol trong nude (1900ml) dugc bb sung vao va hdn hop nay duge
nang nhiét do dén 80°C trong khi quay trén thiét bi 1am bay hoi kiéu quay & &p suét khi
quyén. Sau khi chét nay dugc hoa tan, dung dich dugc lam ngudi tir tir trong khi khudy
co hoc binh nay. Sau 3 gid, nhiét dd dugc lam ngudi dén 50°C va chit nay duoc gieo
mam bang tinh thé axit 2-((3R,5R,65)-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopr-
opylsulfonyl)-3-metylbutan-2-yl)-3-metyl-2-oxopiperidin-3-yl)axetic. Chét rin nay
duoc hoa tan hoan toan. Sau 30 phut, dung dich nay dugc tao mam lai (45°C) va chét
nay bt dau két tinh tir tr. Sau khi hdn hgp nay dugc lam ngudi dén nhiét do trong
phong, n6 dugc dit trong mdy lanh qua dém. Céc tinh thé nay dugc gom bang cach loc
chan khong qua phéu Biichner. Banh loc duoc rira bang dung dich chita 60% etanol
trong nudc dd dugc lam lanh bing nudc d4 va lam kho trong chan khong trén phéu
Biichner nay dé tao ra chit rin mau tring. Phan tich NMR chi ra rang 7,8% trong
lwong etanol c6 mat (1 duong lwong mol). Nudc (da khir ion va loc (hé loc Milli-Q, do
EMD Millipore, Billerica, MA cung cép)) dugc bd sung vao chét rin va hdn hop nay
duge khudy co hoc & nhiét do trong phong qua dém. Céc phén phan uéc dugc loai ra
mot cach dinh ky dé theo ddi lugng etanol cia chit rin. Sau ba ngay, chét nay dugc loc
chén khong qua phéu Biichner, rira bang nude (da khit ion va lgc nhu néu trén) va lam
kho bang cach hiit chin khong qua banh loc trong thoi gian 3 gio. Banh loc dugc lam

kho trong khong khi trong thoi gian hai ngay trong phéu nay, sau d6, n6 dugc chuyén
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sang binh loai dung tich 21 & dang rin mau tring va 1am kho trong chan khong qua

dém. Phan tich NMR cho thdy ring 6,2% trong lugng etanol ¢ mit.
MAu XRPD 1a phi hop v6i hop chit A etanolat (hinh 6).

'H NMR (500MHz, DMSO-ds, & ppm): 12,43 (br s, 1H), 7,72 (br, 1H), 7,37 (br, 2H),
7,23 (t, J= 17,8 Hz, 1H), 7,17 (d, J= 8,1 Hz, 1H), 7,02 (t, J = 1,9, 1,9 Hz, 1H), 6,99 (br,
1H), 6,98 (dt, J= 7.7, 1.4, 1,4 Hz, 1H), 5,01 (d, J = 11,2 Hz, 1H), 3,84 (dd, J = 14,0,
10,1 Hz, 1H), 3,59 (ddd, J= 13,7, 11,3, 2,9 Hz, 1H), 3,39 (m, 1H), 3,18 (dd, J= 13,9,
1,3 Hz, 1H), 3,06 (ddd, J = 10,6, 8,1, 1,6 Hz, 1H), 2,95 (d, J = 13,7 Hz, 1H), 2,50 (d, J
= 13,8 Hz, 1H), 2,12 (t, J = 13,5 Hz, 1H), 2,10 (m, 1H), 2,03 (dd, J = 13,3, 3,0 Hz,
1H), 1,29 (d, J = 6,8 Hz, 3H), 1,29 (d, J = 6,8 Hz, 3H), 1,23 (s, 3H), 0,55 (d, J= 6,6
Hz, 3H), 0,37 (d, J= 6,9 Hz, 3H); MS (ESI) = 568,2 [M + H]".

Céc quy trinh tong hop dé tao ra axit 2-((3R,5R,6S)-5-(3-clophenyl)-6-(4-clophenyl)-1-
((S)-1-(isopropylsulfonyl)-3-metylbutan-2-y1)-3-metyl-2-oxopiperidin-3-yl)axetic
(Hop chét A)

So d6 1-Quy trinh 1
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Hop chét A dang tinh thé khan Hop chét A etanolat

Diéu ché axit propan-2-sulfinic:

Tetrahydrofuran (201) dugc bd sung vio binh phén Gng va nhiét do ctia binh nay
duge giam dén nhigt 46 —50°C. Pioxit luu huynh (3,5kg, 54,6mol) dugc ngung ty trong
binh phan tGng nay & nhiét 4o —50°C. Isopropyl magie clorua (dung dich 2M trong
tetrahydrofuran, 211, 42mol) dugc bd sung vao dung dich nay. Hon hop phan Gng dugc
khudy trong thoi gian 30 phut & nhiét do —10°C va dung dich nudc axit clohydric 2,5N
(18,51, 46,2mol) duoc bd sung vao. Hon hop phan tng nay dugc nang nhigt do 1€n dén
20°C va t-butylmetyl ete (101) dugc bd sung vao. Cac pha dugc tach va pha nude duge
chiét hai 1dn bing t-butylmetyl ete (101). Cac chiét pham hitu co két hop duge rira bing
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dung dich nuéc natri clorua (12% trong luong, 20ml) va co trong didu kién ap suit

giam dé tao ra axit sulfinic mong mudn v6i hidu suat 82% (3,7kg).

Didu ché (3S,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfon-
yl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on:

Tetrahydrofuran (3,61) dugc bd sung vao dung dich chira axit propan-2-sulfinic
(912g, 8,4mol) trong toluen (7,51). Natri t-butoxit (dung dich 2M trong tetrahydrofuran,
3,61, 7,2mol) dugc bd sung vao trong khi duy tri nhiét do ctia hén hop nay thip hon
20°C. P9 pH ctia hdn hop nay do dugc 14 khoang 6. Hon hop ndy duoc chung cét trong
diu kién 4p suét khi quyén dé tao ra phan chung cit voi luong 6,6kg. (3S,5S,6R,8S)-8-
Alyl-6-(3-clophenyl)-5-(4-clophenyl)-3-isopropyl-8-metyl-2,3,5,6,7,8-hexahydro-
oxazolo[3,2-a]pyridin-4-ium naphtalen-1-sulfonat, hemi-toluen solvat (trong ban m6 ta
nay con dugc goi “mudi oxoimini, hemi-toluen solvat”) (3,62kg, 5,2mol) va toluen
(7,81) dugc bd sung vao, duy tri nhiét do ciia hdn hop nay thap hon 30°C. Hon hop nay
duge chung cét trong didu kién ap sut khi quyén dé tao ra phan chung cht vé6i luong
7,2kg trong khi dong thoi bd sungb dimetylaxetamit (10,91) vao. Hon hgp nay dugc
khudy & nhiét @0 khoang 120°C trong thoi gian 14 gid va lam ngudi dén nhiét do 25°C.
T-butylmetyl ete (9,11) va nudc (14,51) dugc b s.ung vao hdn hop nay va hon hop hai
pha nay dugc khudy cho dén khi khong nhin thdy chit ran nao nita. C4c pha dugc tach.
L6p hitu co dugce rira bing nuéc (7,31) va dung dich nudc natri bicacbonat bdo hoa
(7,11). L6p hitu co dugce loc va dugc chung cht trong diéu kién ap sudt giam dé tao ra
phéan chung cat v6i luong 15kg trong khi ddng thoi bd sung axetonitril (21,31) vao.
Nude (21) duge bd sung vao va dung dich nay dugc gieo mam bang (35,5R,6S)-3-alyl-
5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3 -metylbutan-2-yl)-3-
metylpiperidin-2-on (160g, 0,29mol) & 25°C (Chat mam da dugc didu ché theo cung
quy trinh trong thit nghiém trén quy md nhoé hon da dugc thuc hién trude do). Hon hop
nay dugc khudy & 25°C trong thoi gian 25 phit va lam ngudi dén nhiét do 20°C trong
khoang 45 phiat. Hon hop gdm axetonitril (3,01) va nude (7,01) duoc bd sung vao hon
hop phan Gng hay trong khoang thoi gian 1,5 gio. Hon hop thu dugc duge khuy trong

thoi gian 1 gio va loc. San pham nay dugc rira bang hdn hop gbm axetonitril (3,61) va
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nuge (2,41). San pham nay duge 1am khd trong nito dé tao ra (3S,5R,6S)-3-alyl-5-(3-
clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-
metylpiperidin-2-on (2,9kg) véi hi€u sut 86%.

Diéu ché hop chét A etanolat:

Ruteni clorua hydrat (20,5g, 0,09mol) dugc bd sung vao dung dich chua

3 S,5R,68)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-met-
ylbutan-2-yl)-3-metylpiperidin-2-on (2,4kg, 4,4mol) trong etyl axetat (8,41), axetonitril
(8,61), va nude (6,51). Natri periodat (5,0kg, 23,2mol) dugc bd sung vao thanh bbn 4
‘phén bang nhau trong thoi gian 1,5 gio, duy tri nhiét do cua hdn hop nay trong khoang
“tr 20°C dén 28°C. Hdn hop nay dugce khudy trong thoi gian 2,5 gid va loc qua 16p
diatomit (3,33kg). Béanh loc diatomit thu dugc dugc ria bang isopropyl axetat (10,41)
va nuée (31). Dich loc ndy dugc tach pha. Lép hitu co duge ria hai 1an bang dung dich
nudc natri clorua (25% trong lugng, 5,51), dugc rira hai lan bang dung dich nude natri
clorua va dung dich natri bisulfit (25% trong lugng natri clorua va 20% trong lugng
natri bisulfit, 7,81), va mot lan bing dung dich nuéc natri clorua (25% trong luong,
6,51). L6p hitu co duge chung c4t trong diéu kién ap suét giam trong khi dbng thoi bd
sung isopropyl axetat (12,41) vao. Mé nay dugc loc. Than (680g) duoc bd sung vao va
hdn hop nay dugc khudy trong thoi gian 13 gid. Hoén hop nay dugce loc qua 16p
diatomit (1,5kg) va banh loc diatomit dugc rira bang isopropyl axetat (81). Dung dich
nay dugc chung cAt trong diéu kién ap sudt giam dé tao ra phan chung cit véi luong
24,5kg trong khi ddng thoi bd sung etanol (161) vao. Heptan (8,51) duge bd sung vao va
dung dich nay duogc gieo mam bing Hop chit A etanolat (Chat mam d3 dugc didu ché
theo cung quy trinh trong tht nghiém trén quy md nhé hon da dugc thuc hién truge do)
(95g). Hon hop nay dugc khudy ¢ nhiét 6 20°C trong thoi gian 40 phut va dugc chung
ct trong diéu kién ap suét giam dé tao ra phén chung cAt v6i luong 10,9kg trong khi
ddng thoi bd sung heptan (8,81) vao. Hon hop nay duogc khudy trong thoi gian 12 gid
va loc. San phdm nay dugc rira bang hdn hop etanol (0,41) va heptan (1,61). San pham

nay dugc lam kho trong nito dé tao ra hop chit A etanolat (1,99kg)-véi higu suat 70%.

Diéu ché hop chét A ¢ dang tinh thé khan:
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Hop chét A etanolat (1,0kg, 1,62mol) dugc hoa tan trong metanol (8,51) va dung
dich thu duge duogc loc. Dung dich nay dugc nang nhiét do 1én dén 35°C va nude (2,5))
dugc bd sung vao. Dung dich nay dugc gieo mam bing Hop chit A dang tinh thé khan
(50g, 0,074mol) va lam ngudi dén nhiét do 20°C trong thdi gian 4 gis (Chat mim da
dugc didu ché theo ciing quy trinh trong thir nghiém trén quy mo nhé hon da dugc thuc
hién trudc do). Nude (21) duoc bd sung vao trong thai gian 30 phit. Hon hop nay duge
khudy trong thoi gian 30 phut va loc. San pham nay dugc lam kho trong nito dé tao ra

Hop chét A & dang tinh thé khan (0,86kg) v6i hiéu suat 93%.

'H NMR (400MHz, DMSO-ds) 8 12,37 (s, 1H), 7,36 (bs, 4H), 7,23 (t, 1H, J =179 Hz),
7,16 (ddd, 1H, J=17.9, 1,9, 1,0 Hz), 7,02 (t, 1H, J= 1,9 Hz), 6,98 (bd, 1H, J =79 Hz),
5,02 (d, 1H, J="7,9 Hz), 3,84 (dd, 1H, J= 13,4, 10,2 Hz), 3,58 (ddd, 1H, /= 13,5, 11,3,
3,0 Hz), 3,39 (spt, 1H, J = 6,8 Hz), 3,17 (bd, 1H, J = 13,4 Hz), 3,07 (bt, 1H, J = 8,6
Hz), 2,95 (d, 1H, J = 13,9 Hz), 2,51 (d, 1H, J = 13,9 Hz), 2,13 (bt, 1H, J = 13,5 Hz),
2,11 (spt, 1H, J= 6,8 Hz), 2,04 (dd, ylH, J= 13,5,3,0 Hz), 1,30 (2x d, 6H, J = 6,8_Hz);
1,24 (s, 3H), 0,56 (d, 3H, J = 6,8 Hz), 0,38 (d, 3H, J = 6,8 Hz); Khéi luong chinh xac
[C2sH36 CLNOsS]": theo tinh toan = 568,1691, dQ duoc M/Z [M+1] = 568,1686.'

Can phai luu y rang khi mam tinh thé dugc dung trong céc quy trinh néu trong
ban md ta nay, thi mam tinh thé c6 thé thu dugc theo cac quy trinh dugc bdc 19 trong
ban md ta nay, thuong la trén quy mo nho hon, dé thu duge mam tinh thé cho cac quy

trinh quy mo 16n hon.

So dd 2 - Quy trinh 2
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M
e>—MgCI
Me’

i) SO,/THF
ii) HCI
iii) Ca(OAC),/EtOH

(2x H,0)
i. O3
ii. NaClO,
Me.__Me
MeOH/H,O
Hop chit A dang tinh thé khan Hop chit A etanolat

Diéu ché canxi propan-2-sulfinat dihydrat:

Tetrahydrofuran (201) dugc bd sung vao binh phan tng va nhiét do cia binh nay
duge giam dén —50°C. Luu huynh dioxit (3,5kg, 54,6mol) dugc ngung tu trong binh
phan tmg & nhiét do —50°C. Isopropyl magie clorua (dung dich 2M trong
tetrahydrofuran, 211, 42mol) duoc bd sung vao dung dich nay. Hon hop phén tmg dugc
khudy trong thoi gian 30 phat & nhiét do —10°C va dung dich nudc axit clohydric 2,5N
(18,51, 46,2mol) dugc bd sung vao. Hon hop phan (g nay dugc nang nhiét do 1én dén
20°C va t-butylmetyl ete (101) dugc bd sung vao. Céc pha da dugc tach va pha nude
duge chiét hai 14n bang t-butylmetyl ete (101). Cac chiét phdm hiru co két hop duoc rira
bang dung dich nuéc natri clorua (12% trong lugng, 20ml) va cd trong diéu kién 4p

sudt giam dé tao ra axit propan-2-sulfinic mong mudn vé6i hiéu sudt 82% (3,7kg). Axit
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propan-2-sulfinic dugc hoa tan trong etanol (371) va dung dich chta canxi axetat
monohydrat (3,0kg, 17,1mol) trong nuédc (7,21) duge bb sung vao. Hdn hop thu dugc
duoc khudy trong thoi gian 1 gio va loc. San pham nay dugc ria bang hdn hop gébm
etanol (10,81) va nudc (1,11). San phdm nay dugc 1am kho trong nito dé tao ra canxi
propan-2-sulfinat dihydrat v6i hiéu sudt 86% (4,26kg). 'H NMR (400MHz, DMSO-d6)
53,37 (s, 4H), 1,88 (spt, 2H, J=7,0 Hz), 0,92 (d, 12H, J= 7,0 Hz). ' |

Piéu ché (3S,5R,6S)-3 -alyl-5 -(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfon-
yl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on:

Canxi propan-2-sulfinat dihydrat (2943616) (2,7kg, 9,36mol) va toluen (221)
dugce bd sung vao binh loai dung tich 60 lit. Hon hop phan tng nay dugc nang nhiét do
1én dén 110°C va duoc chung cét trong diéu kién &p suét giam dé tao ra phan chung cét
véi lugng 50kg trong khi ddng thoi bd sung toluen (431) vao. Hon hop phan ting nay
dugc giam nhiét do dén 40°C va (38,5S,6R,8S)-8-Alyl-6-(3-clophenyl)-5-(4-
clophenyl)—3-isopropyl-8-mety1—2,3,5,6,7,8-hexahydr00xazolo[3,2?a]pyridin44-i,um
naphtalen-1-sulfonat, hemi toluen solvat (3,6kg, 5,2mol) va toluen (9,01) dugc bd sung
vao. Hon hop phén g nay dugce ning nhiét d6 1én dén 110°C va dugce chung cit trong
didu kién ap suat khi quyén dé tao ra phan chung cit v6i luong 15,8kg trong khi dong
thoi bd sung dimetylaxetamit (10,91) vao. Hon hop nay dugc khudy & nhiét do khoang
120°C trong thoi gian 14 gio va lam ngudi dén nhiét do 40°C. T-butylmetyl ete (9,11)
va nudce (14,51) duge bd sung vao hdn hgp nay va hdn hop hai pha nay dugc khudy cho
dén khi khong nhin thdy chat rin nao nita. Cac pha dugc tach. Lép hitu co dugc rira hai
lan béng nude (2x7,31), mot 1an béng dung dich nudc natri bicacbonat bdo hoa (7,11),
va mdt 1An bang dung dich nuéc natri clorua (12% trong lwong, 7,11). Lép hiru co dugce
giam nhiét do dén 20°C, loc, va dugc chung cAt trong diéu kién ap suét gidm dé tao ra
phan chung cAt v6i lugng 15kg trong khi ddng thoi bd sung axetonitril (21,31) vao.
Nudce (21) duoc bd sung vao. Dung dich nay dugc gieo mam bing (3S,5R,6S)-3-alyl-5-
(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3 -metylbutan-2-yl)-3-
metylpiperidin-2-on (160g, O,29mol) & 25°C. Hon hop nay duge khudy & 25°C trong
thoi gian 25 phut va 1am ngudi dén nhiét do 20°C trong khoéang thoi gian 45 phut (Chét
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maAm d3 duoc didu ché theo ciing quy trinh trong thir nghiém trén quy md nho hon da
duoe thue hién truée d6). Hn hop gdm axetonitril (3,01) va nuée (7,01) duge b sung
vao hdn hop phan Gng trong thoi gian 1,5 gio. Hon hop thu duge duge khudy trong
thoi gian 1 gio va loc. San phim nay dugc rira bang hdn hop gbm axetonitril (3,61) va
nude (2,41). San phim nay dugc lam kho trong nito dé tao ra (3S,5R,6S)-3-alyl-5-(3-
clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-
metylpiperidin-2-on (2,8kg) v6i hiéu suét 83%. |

Didu ché hop chit A etanolat:

Dung dich chtra (3 S,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(is-
opropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on (1,6kg, 2,9mol) trong hdn
hop gdm nude (2,41) va axetonitril (21,61) duge thbi qua binh ozon ¢6 thung phan Gng
duoc khudy lién tuc (binh loai dung tich 11) véi tdc do dong 60ml/phut & 20°C (theo
cach khéc, budc oxy hoa bang ozon dugc thuc hién trong binh phan tng bang cach st
dung 6ng phun ozon). Hon hop phan Gng nay dugc bd sung vao dung dich chta natri
clorit (80% trong lugng, 1,0kg, 11,6mol) trong nude (5,61) trong thoi gian 6 gio (theo
cach khéc, dung dich nudc natri clorit duge bd sung vao hdn hgp phéan Gng). Hdn hop
phan Gng duoc khudy trong thoi gian 16 gid va dung dich chira natri bisulfit (1,2kg,
11,6mol) trong nudc (5,61) duge bd sung vao trong thoi gian 2 gio. Hon hop nay duoc
khudy trong thoi gian 1 gio va cac pha dugc tach. Isopropyl axetat (81) va nué6c (81)
.du(yc bd suhg vao céc 16p hitu co. Hon hop nay dugc khudy trong thoi gian 30 phut va
cac pha dugc tach. Lop hitu co dugc rira mot 14n bang dung dich nudc natri clorua (6%
trong luong, 81), ba 14n bang dung dich nudc natri phosphat 1M (d6 pH =6, 81), va mot
14n bing dung dich nudc natri clorua (6% trong lugng, 81). Lép hitu co duoc loc. Hon
hop nay dugc chung cit trong diéu kién &p sudt giam dé tao ra phan chung cht voi
lvong 35kg trong khi ddng thoi bd sung isopropyl axetat (321) vao. Hbn hop nay duoc
chung cét trong didu kién 4p suét giam dé tao ra phan chung cAt véi luong 36kg trong
khi ddng thoi bd sung etanol (321) vao. Heptan (9,61) duge bd sung vao va hdn hgp nay
duoc chung cét trong didu kién 4p suét giam dé tao ra phan chung cat véi lugng Skg.

Hén hop nay dugce gieo mam bing Hop chit A etanolat (80g, 0.13mol) (Chét mam da
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dugc didu ché theo cing quy trinh trong thi nghiém trén quy md nhé hon da dugc thyuc
hién trude d6). Heptan (6,41) dugc bd sung vao trong thoi gian 1 gid, hdn hop nay duge
khudy trong thoi gian 12 gio, 1am ngudi dén nhiét dd 15°C, va loc. San phim nay duoc
rira bang hdn hop gém etanol (90ml) va heptan (4,81). San phim niy duogc lam khd
trong nito dé tao ra Hop chit A etanolat (1,33kg) voi hidu suét 81%. '

Piéu _ché hop chit A dang tinh thé khan:

Hop chét A etanolat (1,0kg, 1,62mol) dugc hoa tan trong metanol (8,51) va dung
dich thu duogc duge loc. Dung dich nay dugce nang nhiét do 1én dén 35°C va nudce (2,51)
duoc bd sung vao. Dung dich nay dugc gieo mam bang Hop chit A dang tinh thé khan
(50g, 0,074mol) va 1am ngudi dén nhiét do 20°C trong thoi gian 4 gid (Chat mam da
duoc didu ché theo ciing quy trinh trong tht nghiém trén quy mo nhd hon da dugc thyc
hién trude d6). Nude (21) duoc bd sung vao trong thoi gian 30 phut. Hon hop nay duge
khudy trong thoi gian 30 phut va loc. San pham nay dugc 1am khé trong nito dé te_io ra

Hop chét A dang tinh thé khan (0,86kg) v6i hiéu sudt 93%.

IH NMR (400MHz, DMSO-ds) 5 12,37 (s, 1H), 7,36 (bs, 4H), 7,23 (t, 1H, J =
7.9 Hz), 7,16 (ddd, 1H, J=17,9, 1,9, 1,0 Hz), 7,02 (t, 1H, J = 1,9 Hz), 6,98 (bd, 1H, J =
7.9 Hz), 5,02 (d, 1H, J = 7,9 Hz), 3,84 (dd, 1H, J = 13,4, 10,2 Hz), 3,58 (ddd, 1H, J =
13,5, 11,3, 3,0 Hz), 3,39 (spt, 1H, J= 6,8 Hz), 3,17 (bd, 1H, J = 13,4 Hz), 3,07 (bt, 1H,
J=8,6 Hz), 2,95 (d, 1H, J = 13,9 Hz), 2,51 (d, 1H, J=13,9 Hz), 2,13 (bt, 1H, J= 13,5
Hz), 2,11 (spt, 1H, J = 6,8 Hz), 2,04 (dd, 1H, J = 13,5,3,0 Hz), 1,30 (2x d, 6H, J = 6,8
Hz), 1,24 (s, 3H), 0,56 (d, 3H, J = 6,8 Hz), 0,38 (d, 3H, J = 6,8”Hz); Khdi lugng chinh
xéc [CasHss CLNOsS]': theo tinh toan = 568,1691, do duge M/Z [M+1] = 568,1686.
M&u XRPD dai dién cho hop chit A dangvtin.h thé khan duoc thé hién trén Hinh 1.

Quy trinh khac d8 tao ra hop chit A dang tinh thé khan 13 tao ra mudi DABCO

thay cho etanolat nhu dugc thé hién trén So db 3.

So dd 3 — Quy trinh didu ché mubi DABCO
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Me. _Me Me.__Me

1.03/Axetonitril/Nudc 0,5

ii. NaClO»/NaHSOs3

iii. DABCO /IL +

iv. Heptan 3
p . LN

H +
Hop chit A dang mubi DABCO
i.IPAc/dung dich nwéc HCl/dung dich nuéc
natri phosphat
ii. Dung dich nudc NaCl
ii AcOH/nu6ce

Hop chét A dang tinh thé khan
Diéu ché hop chét A dang mudi DABCO:

Ozon dugc phan phdi vao dung dich da dugc khudy chuaa (3S,5R,6S)-3-alyl-5-
(3-clophenyl)-6-(4-clophenyl)-1-((S)-1 -(isopropylsulfonyl)-3 -metylbutan-2-yl)-3-met-
ylpiperidin-2-on (4,0kg, 7,27mol) trong hén hop gdm nudc (61) va axetonitril (541)
bing céach st dung éng thbi C22 Hastelloy dudi bé mit & nhiét d6 20°C trong thoi gian
mudi gio. Dung dich nuéc natri clorit (80% trong luong, 2,5kg, 29mol) trong nudce
(141) duoc bd sung vao trong thoi gian 1 gid, duy tri nhiét dd cta hdn hop nay thap hon
40°C. Hén hop phan tmg nay duoc khudy trong thdi gian 12 gid va dung dich chira
natri bisulfit (3,0kg, 29mol) trong nudc (141) duoc bb sung vao trong thoi gian 2 gio,
duy tri nhiét do cua hdn hop phan Gng nay thip hon 40°C. Hon hop nay dugc khudy
trong thoi gian 1 gio va céc pha dugce tach. Isopropyl axetat (IPAC) (201) va dung dich
nudce natri phosphat 1M d6 pH=6 (81) dugc bd sung vao céc 16p hitu co. Hon hop nay
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duoc khudy trong thdi gian 30 phiit va cac pha dugc tach. Lép hitu co dugc rira bing
dung dich nuGc natri phosphat 1M d¢ pH=6 (201) va bang dung dich nudc natri clorua
1M (201). Hon hop nay dugc chung cét trong didu kién 4p suét giam dé tao ra phin
chung cét véi lugng 75kg trong khi ddng thoi bd sung isopropyl axetat (801) vao.
Lugng nuéce cia dung dich nay theo Karl Fisher la du6i mot phan trim. Lép hitu co
dugce loc. Dung dich nay dugc chung ct tiép dén thé tich 161. Dung dich nay dugc
nang nhi¢t do 1én dén 55°C va 1,4-diazabixyclo[2.2.2]octan (DABCO, 424g, 3,65mol)
dugc bd sung vao. Mam 14 mudi (38,5R,68)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-
((S)-1-(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on 1,4-dia-
zabixyclo[2.2.2]octan (DABCO) (136g, 0,18mol) duge bd sung vao & dang huyén pho
dic trong isopropyl axetat va heptan (theo ty 1¢ 1/1, 800ml). Hon hop nay dugce khudy
& nhiét dd 55°C trong thoi gian 20 phut va lam ngudi dén nhiét d6 20°C trong thoi gian
2 gi¢. Heptan (16,81) duoc bd sung vio trong thoi gian 1 gid va hdn hop nay duge
khudy & nhiét do 20°C trong thoi gian 12 gio. San phadm nay dugc loc va banh loc duge
ria mtf)f lan béng hdn hop gbém isopropyl axetat va héptari'(theo ty 1€ 2/3, 211) va mot
14n bang hdn hop gbm isopropyl axetat va heptan (theo ty 1& 1/4, 211). San phém nay
duoc 1am kho trong nito dé tao ra Hop chéit A & dang mubi DABCO (4,64kg)’ v6i hi€u
sult 87% (100% phan tram dién tich sdc ky 1ong (liquid chromatography area peréent -
LCAP), 78,9% trong luong Hop chét A). Hop chit A & dang mudi DABCO nay la
solvat cua isopropyl axetat (IPAC) theo So dd 3. Hop chit A & dang mudi DABCO nay
13 diém kidm soét viéc thyc hién t6t hon qué trinh tinh ché ¢ 1am gia ting mic do tinh
khiét ctia duge chét (Hop chit A). No6i chung, d¢ tinh khiét clia cdc hdn hop phan tng
tho 1a d6 tinh khiét ndm trong khoang ttr 97 dén 99 phén tram dién tich sic ky long c6
thé duoc cai thién dén do tinh khiét 100 phdn tram dién tich sdc ky long (khong tap
chét nao & mutc cao hon 0,05 phan tram dién tich sic ky 16ng) bang cach ap dung viéc
két tinh mudi DABCO. Dé so sanh, viéc ting do tinh khiét ctia dwgc chét (Hop chit A)
bang cach st dung hop chit A etanolat 1am diém ddi chimg cho phép céc hdn hop phan
ung thd c6 do tinh khiét nim trong khoang tr 97 dén 99 phan trim dién tich sdc ky
long dugc cai thién dén do tinh khiét ndm trong khoang tir 99,5 dén 99,6 phan tram
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dién tich sic ky léng (va nhiéu tap chét c6 mit trong chit da dugc loc & mirc cao hon

0,05 phan trim dién tich sic ky 1ong).

'H NMR (400MHz, CDCls): 8 ppm 0,49 ( d, J = 6,8 Hz, 6H), 0,64 (d, J = 6,4 Hz, 6H),
1,23 (d, J = 6,0 Hz, 12H), 1,41 (s, 6H), 1,43 (d, J = 7,6 Hz, 12H), 2,02 (s, 6H), 2,05-
2,00 (m, 2H), 2,30-2,15 (m, 4H), 2,71 (d, J = 13,2, 2H), 2,84 (dd, J = 2.0, 13,6, 2H),
2,90 (d, J= 13,6 Hz, 2H), 2,96 (s, 12H), 3,11 (pent, J = 6,8 Hz, 2H), 3,67-3,22 (m, 2H),
3,55-3,48 (m, 2H), 4,07 (dd, J = 10,4, 13,2 Hz, 2H), 4,99 (sept, J= 6,4 Hz, 2H), 5,13 (d,
J =112 Hz, 2H), 7,10-6,98 (m, 8H), 7,35-7,10 (m, 8H), 13,2 (br, 2H). 3C NMR (101
MHz, CDCls) & ppm 15,3, 15,7, 20,3, 21,0, 21,4, 21,8, 25,6, 32,6, 39,6, 41,5, 44,5, 44,6,
44.8, 47,0, 54,8, 58,4, 67,6, 69,2, 76,7, 77,0, 77,4, 125,7, 126,9, 128,2, 128,5, 129,38,
133,9, 134,0, 137,5, 143,8, 170,7, 174,6, 176,3. Nhiét 6 nong chay 103°C.

Didu ché hop chit A dang tinh thé khan

Isopropyl axetat (41,41) va nudc (41,41) duogc bd sung vao mudi (38,5R,65)-3-
alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropyl sulfonyl)-3-metylbutan-2-yl)-
3-metylpiperidin-2-on 1,4-diazabixyclo[2.2.2]octan (DABCO) (8,28kg, 5,79mol).
Dung dich nuéce axit clohydric 4M (31, 12,1mol) dugc bd sung viao hdn hgp niy va hon
hop hai pha nay dugc khudy trong thoi gian 30 phut. Cac pha dugc tach va cac 16p hitu
co dugc rira hai 1an bang dung dich nudc natri phosphat 1M ¢é d6 pH=6 (251) va mot
14n bang dung dich nudc natri clorua (7% trong lwong, 331). Hon hop nay duge chung
ct trong didu kién 4p suit giam dé tao ra phin chung cét v6i lugng 56kg trong khi
ddng thoi bd sung isopropyl axetat (421) vao. Luong isopropyl axetat va lugng nudce
theo Karl Fisher do dwoc déu it hon mdt phén tram trong dung dich. Lép hitu co duogc
loc. Lép hitu co duge chung c4t trong diéu kién ap suét giam dé tao ra phén chung cét
voi lugng 20kg trong khi ddng thoi bd sung axit axetic (451) vao. Dung dich nay dugce
ning nhiét do 1én dén 60°C va nudc da khi ion (291) duge bd sung vao trong thoi gian
30 phut. Mam (3S,SR,6S)-3’-alyl-5-(3-clophenyl)-6-(4-clopheny1)-1-((S)-1-
(isopropylsulfonyl)-3-metylbutan-2-yl)-3-metylpiperidin-2-on (320g, 0,56mol) dugc
bd sung vao & dang huyén phu dic trong axit axetic va nudc da khir ion (theo ty 1€ 3/2,

11). Hén hop nay dugc khudy & nhiét d6 60°C trong thoi gian 3 gid, va lam ngudi dén

-87-



31860

nhiét @6 20°C trong thoi gian 6 gi10. Hdn hop nay duge khudy & nhiét do 20°C trong
thoi gian 12 gid. Nude da khir ion (7ml) duge bd sung vao trong thoi gian 1 gid va hdn
hop nay dugc khudy trong mot gio nita. San phim nay duoc loc va banh loc dugc rira
mdt 14n bing hdn hop gdm axit axetic va nude da khir ion (theo ty 18 1/1, 131) va ba lan
bang nudc di khit ion (3 x 651). San phdm nay dugc lam kho trong nito-dé tao ra
(38,5R,6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-(isopropylsulfonyl)-3-
metylbutan-2-yl)-3-metylpiperidin-2-on (6,3kg) v6i hiéu sudt 92% (100% LCAP,
100,3% trong lugng, 320ppm axit axetic, <100ppm nudc).

Quy trinh téng hop hop chit A dugc thé hién trén So dd A. Chét trung gian
quan trong trong quy trinh tong hop nay 1a hop chét (3S,5S,6R,8S)-8-Alyl-6-(3-clophe-
nyl)-S-(4-clophenyl)-3-isopropyl-8-metyl-2,3,5,6,7,8-hexahydrooxazolo[3,2—a]pyrid’in-
4-ium naphtalen-1-sulfonat (trong ban md ta nay cbn duoc goi 12 “mubi oxoimini”
hodc “mudi oxazolini”). Do cac kho khan trong viée . két tinh cac mubi TfO™ hoic TsO"
cia (3S,58,6R,8S)-8-alyl-6- (3 clophenyl) -5-(4- clophenyl) 3 1sopropyl 8-metyl-
2,3,5,6,7,8-hexahydrooxazolo[3,2-a]pyr1d1n-4-1um naphtalen-l-sulfonat, ching khong
dugc phan lap. Viéc két tinh 13 hitu dung vinod co thé dugc 4p dung dé loai bd cac tap
chét dd dugce tao ra trong quy trinh nay hodc tim thdy trong cac nguyén liéu ban dau.
Do vay, viéc thily phan thahh lactam & dang tinh thé, tiép theo 1a ta’i_i tao mudi oxoimini,

c¢6 thé duge ap dung.
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. xyclohexan ong phong
0P
HO

1) i-PrSH, KgCOg
DMF, 50 °C
R

\V;L i

TsO® <*=———

TsOH, PhCH3

hoi lvu xyclohexan

ol / 2)mCPBA 0°C : -
o O\m bot @\ c
Alyl Sulfon ; Cl ol
NalOy4, RuCls Lactam
tinh thé

CHZCN/EtOAC/H,0

QL

hop chét A etanolat

hop chit A dang vé dinh hinh

Sang ché boc 16 quy trinh tao ra mubi oxoimini naphtalensulfonat, va cu thé 1a

mubi oxoimini naphtalensulfonat, hemi toluen solvat, ma la tinh thé. Viéc st dung

mubi oxoimini naphtalensulfonat, hemi-toluen solvat la phuong phap t6t hon dé tao ra

Hop chit A (xem So dd B sau).
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)\SOZH Y A

0=9 RuCls NalOy,
NaOt-Bu o N EtOAc, CH3CN, H,0
- . [ CHN
PhMe, DMAc Q két tinh bing EtOH/heptan
cl

Cl

alyl sulfon

OH 1) EtOH/t4i két tinh bing

(o} N heptan
/ EtOH
QC' 2) MeOH - Hy0
cl
Hop chét A etanolat Hop chit A & dang tinh thé khan

mitc d tinh khiét 99,6%

Mu_éi oxoimini, hemi-toluen hydrat da dugc tao ra bang cach 1am néng (3S,5R.-
6S)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-1-((S)-1-hydroxy-3-metylbutan-2-yl)-3-m-
etylpiperidin-2-on va axit 1-naphtalen sulfonic trong toluen trong cac diéu kién loai
nude. Chét dang tinh thé nay duoc x4c dinh tinh chét 13 hemi-toluen solvat theo
phuong phép cong huong tir hat nhan (NMR), DSC, va XRPD. Hop chit dang tinh thé
nay 1a hop chét tu 4n dinh, ma do d6 1a thich hgp lam chét phan tmg dé tao ra Hop chét
A. Mbt cach dé tao ra mubi oxoimini 1a trao d6i ion bang cach sir dung 1-naphtalen-
sulfonat, tiép theo két tinh ra khéi toluen. Da phat hién ra rang cac uu diém clia viéc st
dung 1-naphtalen sulfonat so v6i céc ion trai dAu khac bao gdbm dong hoc két tinh
nhanh, tinh chét va kich thuéc tinh thé d& du doan, do hoa tan thap trong toluen & nhiét
dd trong phong (<10mg/ml), nhiét do néng chay cao (nam trong khoang tir 207°C dén
209°C), va diéu quan trong nhét 13, kha nang lam sach tap chét cao. TAt ca c4c tap chat
clia quy trinh nay, k& ca cac chét déng phan lap thé, dugc lam sach theo cach thong
thuong dén lugng it hon 0,5 phan trdm dién tich sic ky 16ng (LCAP) véi mot bude két
tinh. (xem So dd C sau)
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So dd C

A
toluen g
két tinh ;
e’
* ()
Dang I 1%
X= OTf, TsO" L Dung dich _ " oxazolini 1-napthylsulfonat

hemi-toluen solvat

Quy trinh tao ra mudi oxoimini nhu duge thé hién trén So dd D sau c6 thé duge
hoan thanh bing cach déng vong loai nude ddng thoi bang cach st dung THO trong
céc diéu kién dong lanh (cac diéu kién a) hoic bang cach st dung Ts>0 & nhiét do cao

(cac didu kién b).
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Sodo D
i : /g/\ " 7
S AAF OH -
Oij/\/ NH; ) N
t 1) 3 duong lugng

c4c didu kién a hodc
cac dieu kién b
-

san phim cdng valinol
dr 9:1 (hozc de 80%)

a: X =OTf

b: X=OTs
cac didu kién a: THO, 2,6-lutidin, -40°C dén -50°C
céc didu kién b: Ts,0, 2,6-lutidin, 40°C dén 50°C

er 9:1 (ho#c ee 80%)

o SO3
SO;Na
0 N
_— :

Q. (C7),

oxazolini 1-napsylat hemi-
toluen solvat
dr >99:1, ee >99%, 99,5 LCAP

Cac wu diém cua cac diéu kién a \12‘1 & chd phan Gmg nay ¢6 thé dugce thuc hién
chi & mot budc. Tuy nhién, cac diéu kién nay co thé c6 cac phan tng phu (nhu viéc
loai bé khong mong mudn din dén cac san pham phu kiéu stilben) va buéde xit Iy dong
lanh khong mong mubn. Cac didu kién sau (cac diéu kién b) 1a quy trinh timg bude, voi
bude da xac dinh duoc rd vé viée tao ra cac chét trung gian trong tién trinh thanh mudi
oxoimini naphtalensulfonat. Vi Ts2O la chat phén tmg yéu hon, mtrc d6 dong vong kép
khéng mong mudn giam déng ké va c6 thé dat duoc san lwgng cao hon (hiéu suét
>75% so v&i <60%). Ngoai ra, quy trinh ndy dugc mong mudn hon @ ting quy md

trong cac dicu kién lam nong.

Sodd E

2,2 duong lugng Ts:0
4 duong lugng lutidin
_—

DCM (6 thé tich)
20°C dén 55°C,

Cl 5
1 ngay

tosyl oxazolin oximini tosylat

hydroxy oxazolin
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Quy trinh chuyén héa timg budc san phim cong valinol (duoc ky hiéu l1a “amit” trén
So d6 E) thanh mudi oxoimini naphtalensulfonat trong cac didu kién Ts;0 dugc thé

hién trén So dd E.

Duéi day 1a mo ta v& quy trinh ma cho phép phan phéi nhiéu kilogam mudi
oxoimini. Budc thit nhét cia quy trinh nay 1a cho (3S,5R,6R)-3-alyl-5-(3-clophenyl)-6-
(4-clophenyl)-3-metyltetrahydro-2H-pyran-2-on phan ing v6i L-valinol & nhiét do cao.
D6 tinh khiét quang thép (80% lwong du chét ddng phan dbi anh) va do tinh khiét noi
chung (85%) cua lacton ban dAu 1 chip nhan dugc. Sén phim cong valinol dugc tao ra
& dang hon hop gdm cac chét ddng phan khong d6i quang, ma dugc dua vao cac budc

tdng hop tiép theo.

Véi su ¢6 mit cia 2,6-lutidin, phan Gmg cla san phim cong valinol (amit trén
So dd E) v6i anhydrit tosic hau nhu 13 tire thi & nhiét do ndm trong khoang tir 15°C dén
25°C, tao ra hydroxy oxazolin ¢ dang chét trung gian bén ving. V6i sy c6 mat cla
anhydrit tosic va 2,6-lutidin bd sung, tao ra chét trung gian thit hai tham gia phan ng
dé& quan sat, 1a tosyl oxazolin. Cudi clng, sau giai doan lam n6ng kéo dai d6i voi hdn
hop phan ng & nhiét do hoi luu ctia n6 (55°C trong 1 ngay), phan Gng nay ﬁép tuc dé

tao ra oxoimini tosylat.

Hon hop phéan tng nay duoc ding bang axit sulfuric va dugc ria nhiéu 14n biang
dung dich natri 1-naphtylsulfonat dé tao didu kién thuan lgi cho viée trao dbi ion trai
dAu. Sau budc chung cat, ma trong d6 dung mdi clia phin ung -dugc chuyén tir
diclometan thanh toluen, mubi oxoimini két tinh & dang hemi-toluen solvat kiéu hinh

que.

Tém lai, tinh thé mudi oxoimini 1a chét trung gian on dinh, d€ phan 14p ma 1a
lya chon tot dé lam sach céc tap chit nhu cac chét déng phan khong dbi quang va
stilben béng cach két tinh. La nguyén liéu dé tao ra hop chit A, mudi oxoimini, hemi-
toluen solvat c6 dic didm mong muén, ké ca kha ning tach véi do tinh khiét hoa hoc
va d6 tinh khiét v& mit dbng phan 1ap thé cao, céc tinh chat khdi phi hop véi cac ky

thuat bao ché chun, va tinh 6n dinh dé bao quan.
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SodbF

0

/© - NHy

- PR

A
Cl

ee 80%

5,07,

2

Cl

Piéu ché mudi oxoimini, hemi-toluen solvat:

Theo so d6 F, L-valinol (2,6kg, 25,2mol) duoc 1am nong chady & nhiét do 50°C
va (3S,5R,6R)-3-alyl-5-(3-clophenyl)-6-(4-clophenyl)-3-metyltetrahydro-2H-pyran-2-
on (3,6kg, 84,0% trong lugng, luong du chét déng phan dbi anh (ee) 80,8%, 7,9mol)
duoc bd sung vao. Hon hop nay dugce nang nhiét do 1én dén 110°C va duoc khuéy o
nhiét do do6 trong thoi gian 5 gid. Hon hop ndy dwgc giam nhiét do dén 20°C va
diclometan (17,91) duoc bd sung vao. Dung dich nudc axit clohydric 1IN (18,51) duoc
bd sung vao va hon hop hai pha ndy dugc khudy trong thoi gian 10 phut. Cac pha duoc
tach va 16p hitu co dugc rua bang dung dich nuéc natri clorua (20% trong luong, 71).
Lép hitu co dugc chung c4t trong diéu kién 4p suét khi quyén dé tao ra phan chung ct
vé6i lugng 13,7kg trong khi ddng thoi bd sung diclometan (3,31) vao. Lép hitu co duoc
bd sung vao trong thoi gian 10 phit vao dung dich chira p-toluen anhydrit sulfonic
(5,9kg, 18mol) trong diclometan (23,01). 2,6-Lutidin (3,56kg, 33,2mol) duoc bd sung
vao trong thoi gian 1 giod, duy tri nhiét d(f) cua hén hop nay thép'hon 25°C. Hén hop
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nay dugc khudy & nhiét do 20°C trong thoi gian 40 pht. Hon hop nay dugce chung cét
trong didu kién 4p suét khi quyén va & nhiét do 40°C dé tao ra phin chung cét véi
luong 13,0kg. Hon hop nay dugc bd sung vao dung dich nuéc axit sulfuric 2N (19,5kg)
trong thoi gian 15 phat, duy tri nhiét d@lthép hon 20°C. Hon horp né‘ty dugc khuéy‘ trong
thoi glan 15 phut va cac pha dugc tach. Lép hitu co duoc rua ha1 lin bang dung dich
nuéc natri l-naphtylsulfonat (10% trong lugng, 19 4kg) va mot lan bang dung d1ch
nuéc natri bicacbonat (5% trong lugng, 19,5kg). Dihydrat cta axit 1-naphtylsulfonic
(64g, 0,26mol) dugc bd sung vio. |

Pha hitu co duge chung cét trong diéu kién 4p suét giam va duy tri nhiét d
50°C d8 tao ra phan chung cét véi lwong 39,9kg trong khi ddng thoi bd sung toluen
(27,01) vao. Hon hop nay dugce gieo mam bang mudi oxoimini, hemi-toluen solvat (40g,
0,06mol) va dugc khudy trong thoi gian 20 phat (Chét mam da dugc diéu ché theo
clng quy trinh trong thtt nghiém trén quy md nhé hon dd dugc thuc hiénltrué'vc do).
Hbn hop nay duoc giam nhiét do dén 20°C va dugce khuéy trong thoi éian 20 gio. Hon
hop nay dugc loc. San phim & dang banh loc duge rira béng» toluen (7,91) va lam kho
trong nito dé tao ra mudi oxoimini, hemi—toluen sol_vat (3.7kg, 63,6% trong luong,

lugng du chat ddng phan dbi anh (ee) 99,7%, DR 99/1) véi hiéu suét 76%.

IH NMR (400MHz, DMSO-ds) d 8,03-8,00 (m, 1H), 7,93-7,90 (m, 3H), 7,56-7,42 (m,
6.5 1), 7.33 (s, 1H), 7,27-7,13 (m, 6H), 5,85 (m, 1H), 5,35 (m, 3H), 5,02 (m, 1H), 4,93
(t, 1H, J= 9,98 Hz), 4,3 (m, 1H), 4,09 (m, 1H), 2,79 (m, 2H), 2,39 (t, 1H, J= 13,3 Hz),
2,3 (s, 1,5 H), 2,01 (dd, 1H, J = 13,69, 3,13 Hz), 1,34 (s, 3D, 0,61 (d, 3H, J= 6.46 Hz),
0,53 (d, 3H, J = 6,85 Hz), 0,41 (m, 1H) |

Muoi oxoimini khan

Mubi oxoimini, hemi-toluen solvat (1g) du’orc hoa tan trong clorofom (10ml) va
dung dich nay dugc cd trong diéu kién 4p suat glam Clorofom (10ml) duge bd sung
vao cin thu duqc va dung dich nay duoc cd trong diéu kién ap suét gidm. Cubi cung,
clorofom (10ml) duogc bd sung vao cin thu duge va dung dich nay duqc cd trong diéu

kién &p suat giam.
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'H NMR (400MHz, CDCls) d 9,13 (d, 1H, J = 8,61 Hz), 8,35 (d, 1H, J = 7,24 Hz),
7,86 (t, 2H, J = 9,0 Hz), 7,57 (m, 1H), 7,48 (m, 2H), 7,28 (m, 5H), 7,0 (m, 3H), 6,11
(d, 1H, J= 11,15 Hz), 5,81 (m, 1H), 5,54 (m, 1H), 5,32 (m, 2H), 4,79 (m, 1H), 4,64 (dd,
1H, J=9,00, 4,89 Hz), 3,56 (m, 1H), 2,89 (t, 1H, J= 13,69 Hz), 2,65 (m, 2H), 1,97 (dd,
1H, J = 14,08, 3,33 Hz), 1,54 (s, 3H), 0,66 (s, 3H), 0,36 (m, 1H), 0,59 (s, 3H)
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YEU CAU BAO HOQ

1. Hop chét ¢6 cong thiic:

: Cl ¢ dang tinh thé khan duoc dic trung bdi mau nhiu xa bot tia
X ¢6 cac dinh & goc nhiéu xa 2 teta khoang 11,6 d9, 12,4 dg, 18,6 d6, 19,0 do, 21,6 do
va 23,6 do.
2. Hop chét theo diém 1, trong d6 hop chit nay duoc dic trung boi mau nhiéu xa tia X
tiéu biél_l duoc thé hién trén Fig. 1.
3. Hop chét theo diém 1, trong d6 hop chit ndy duoc dic trung boi mau nhilu xa tia X

duoc thé hién trén Fig. 1.

4. Hop chét theo didm 1, trong d6 mau nhiéu xa tia X thu dugc béng céach st dung birc

xa CuKao.
5. Hop chét theo diém 4, trong d6 mau nhiéu xa tia X thu duoc ¢ nhiét do trong phong.

6. Hop chét theo diém 1, trong d6 hop chét nay duge dic trung boi c6 nhiét 46 nong
chay khoang 160,75°C. » R

7. Hop chét theo didm 1, trong d6 hop chét nay dugc dic trung bdi dudng cong nhiét

luong quét vi sai tiéu biéu dugc thé hién trén Fig. 8.

8. Hop chit theo diém 1, trong d6 hop chit nay dugc dic trung boi dudng cong nhiét

lugng quét vi sai duge th8 hién trén Fig. 8.

9. Dugc phdm chira hop cht theo didm bt ky trong sd cac diém tir 1 dén 8 va ta duoc

duoc dung.
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10. Dugc phim theo diém 9, trong d6 dugc phim nay & dang lidu ran.

11. Duoc phém theo diém 10, trong d6 dang lidu ran 1a vién nang, vién nén, bot, hodc

hat.
12. Duogc phdm theo diém 11, trong d6 dang lidu rén 13 vién nén.

13. Dugc phim theo diém bat ky trong sb cac diém tr 10 dén 12, vtronvg do dang lidu

ran 1a dé dung qua dudng miéng.

14. Hop chét c6 cong thic:

H3C\(CH3
Otsco
HyC i CH;z

: Cl etanolat ¢ dang tinh thé duogc dic trung boi mau nhiéu xa bot
tia X c6 céac dinh & goc nhiéu xa 2 teta khoang 10,5 d9, 18,2 d9, 20,3 do, 21 dg, 21,9 do
va 24,2 dd.

15. Hop chét theo diém 14, trong d6 hop chat nay dugc dic trung boi mAu nhiéu xa tia

X tiéu biéu dugc thé hién trén Fig. 6.

16. Hop chét theo diém 14, trong d6 hop chit nay duoc dic trung bai mAu nhiéu xa
tia X dugc thé hién trén Fig. 6.

17. Hop chét theo didm 14, trong @6 mau nhiéu xa tia X thu duoc bang cach st dung

birc xa CuKo.

18. Hop chét theo diém 17, trong d6 mAu nhiéu xa tia X thu duge & nhiét do trong

phong.

19. Hop chét theo diém 14, trong @6 hop chit nay dugc dic trung boi co ﬁhiét do néng
chay khoang 89,65°C.
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20. Hop chét theo diém 14, trong &6 hop chét nay dugc dic trung boéi dudong cong

nhiét lwong quét vi sai tiéu bidu dugc thé hién trén Fig. 11.

21. Hop chét theo diém 14, trong d6 hop chat nay dugc dic trung bdi dudng cong

nhiét lugng quét vi sai duge thé hién trén Fig. 11.

22. Hop chét c6 cong thic:

Me\rMe

0,8
Me?’Z Q Me B @’:H
N CO, ’N7

Me

Cl

Cl . . o, ~ ~
2 & dang tinh thé duge dic trung bdi mau nhiéu
xa bot tia X c6 céc dinh & goc nhiéu xa 2 teta khoang 11,5 d9, 14,3 d9, 15,8 do, 17,7 d9,

19,5 @9 va 20,7 do.

23. Hop chét theo diém 22, trong d6 hop chét nay duoc dic trung boi mau nhiéu xa tia

X tiéu biéu duoc thé hién trén Fig. 12.

24. Hop chét theo diém 22, trong d6 hop chit nay dugc ddc trung boi mAu nhidu xa
tia X duoc thé hién trén Fig. 12.

25. Hop chét theo diém 22, trong d6 mau nhiéu xa tia X thu duoc bang cach st dung

bic xa CuKa.

26. Hop chéit theo diém 25, trong d6 mau nhidu xa tia X thu dugc & nhiét do trong

phong.

27. Hop chét theo diém 22, trong d6 hop chit héy duogc déc trung béi c6 nhiét do nong
chay khoang 96,16°C.

28. Hop chét theo diém 22, trong d6 hop chét nay dugc dic trung boi mau nhiéu xa tia

X tiéu biéu dugc thé hién trén Fig. 13.
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29. Hop chét theo diém 22, trong d6 hop chét ndy dugc dic trung béi duong cong

nhiét lwong quét vi sai duoc thé hién trén Fig. 13.

30. Hop chét ¢6 cong thirc:

H3C 'CH3

Cl & dang tinh thé 1 duoc dic trung boi mAu nhiéu xa bot tia X

dugc thé hién trén Fig. 4.
31. Hop chat c6 cong thirc:

HaC._CH3

Q.

duoc thé hién trén Fig. 5.

& dang tinh thé 2 duogc dic trung bdi miu nhiu xa bot tia X

32. Hop chit c6 cong thic:
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QL
Cl propanol solvat, & dang tinh thé dwgc dic trung bdi mau
nhiéu xa bt tia X chua it nhét ba dinh & goéc nhifu xa 2 teta dugc chon tir nhém bao

gém céc dinh & khoang 9,0 do, 10,3 40, 12,7 4o, 15,7 do, 17,9 dg, 20,1 do va 20,8 do.

33. Hop chét theo diém 32, trong d6 hop chét nay dugc dic trung béi mau nhiéu xa tia

X tiéu bidu dugc thé hién trén Fig. 7.

34. Hop chét theo diém 32, trong d6 hop chét nay duge dic trung baoi mAu nhiu xa
tia X dugc thé hién trén Fig. 7. “

35. Hop chét theo diém 32, trong d6 miu nhidu xa tia X thu dugc bang cach st dung

burc xa CuKa.

36. Hop chét theo diém 35, trong d6 miu nhi€u xa tia X thu dugc ¢ nhiét d6 trong
phong.
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