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(54) (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ETYLAMINO)-7-OX0-2-HEPTEN-1-YL]-
3,5-DIHYDROXYXYCLOPENTYL]-1-(2-PHENYLETYL)-2-PROPEN-1-YL
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(57) Sang ché dé& cap dén quy trinh diéu ché (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-

(etylamino)-7-oxo0-2-hepten-1-yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-

yl este cua axit 6-(nitrooxy)hexanoic, c6 cg)ng thue (I).

@

Theo sang ché, hop chét (I) co thé duoc didu ché mot cach hiéu qua voi do tinh khiét
cao bang cach két hop bimatoprost ¢ dang dugc bao vé bang boronat véi 6-
(nitrooxy)hexanoyl clorua va loai bé nhom bao vé boronat.

Hop chit trung gian 6-(nitrooxy)hexanoyl clorua duoc diéu ché bing phan tGng mé
vong cuia 2-caprolacton va sau do6 nitro hoa mudi kali cta axit 6-hydroxyhexanoic voi hdn
hop ciia HNO; va H,SO, trong diclometan.

Sang ché ciing dé& cap dén (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0x0-2-
hepten-1-yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-
(nitrooxy)hexanoic c¢6 do tinh khiét hoéa hoc trén 99% va chta lugng (S.E)-1-
((1R,2R,3S,5R)-2-((Z)-7-(etylamino)-7-oxohept-2-enyl)-3,5-dihydroxyxyclopentyl)-5-
phenylpent-1-en-3-yl 6-clohexanoat (hop chit (X)) tir 0,15% dén 0,26%.
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Linh vue ki thuit dwoc dé cap
Séng ché d& cap dén quy trinh duoc cai thién dé diéu ché (1S,2E)-3-
[(IR,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-ox0-2-hepten-1-yl]-3,5-
dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-
(nitrooxy)hexanoic ¢6 cong thirc (I) trén quy mo 16n.
Tinh trang k§ thuit ciia sang ché
(1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-

(nitrooxy)hexanoic c¢6 cong thirc (1)

@

12 chit twong tu prostaglandin di dugc chtimg minh c¢6 hiéu qua & dang tic nhan

lam giam IOP (Impagnatiello F, Toris CB, Batugo M, Prasanna G, Borghi V, Bastia E,
Ongini E, Krauss AHP; Invest Ophthalmol Vis Sci. 2015; 56:6558-64).

Quy trinh diéu ché hop chat co cong thuc (I) dugc bodc 10 trong tai ligu
WO 2009/136281.
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Tai liu WO 2009/136281 cu thé boc 16 qua trinh téng hop hop chét (I) va boc 10

chung vé quy trinh diéu ché cac 15-alkyl nitrat este ciia bimatoprost.

Tai liéu WO 2009/136281 boc 16 qua trinh téng hop hop chit c6 cong thire (I) (vi
du B-1) bang cach cho bimatoprost & dang dugc bao vé bang boronat (hgp chét c6 cong
thirc (I1)) phan tmg véi 6-bromohexanoyl clorua dé thu dugc 15-(6-bromohexanoyl) este
ctia bimatoprost & dang dugc bao vé bang boronat (hop chét c6 cong thirc (VIII)) ma
hop chit nay duoc bién ddi thanh dAn xuét nitrat béi bac nitrat trong axetonitril va dugc
loai b6 bao vé/tinh ché bang phuong phéap sic ky pha dao thu dwgc hop chét ¢6 cong
thire (I).

(I (VIII)

3

Nhirng bt 1oi chinh ctia quy trinh tong hop néu trén 1a viéc sir dung trong phan
g este hoa nhidu hon lwong ding mol ctia 6-bromohexanoyl clorua, hop chét nay biéu
hién canh béo ciu truc giy dot bién tiém tang va & budc sau cling, viéc st dung bac
nitrat sinh ra mot luong 16n cac mubi bac trong nudce thai. Bat 1oi chinh khéc ctia quy
trinh nay 1a sy hinh thanh céc tap chét va san phdm phu nhu 15-(6-bromohexanoyl) este
ctia bimatoprost (hop chat (IX)) va 15-(6-clohexanoyl) este cia bimatoprost (hop chét
(X)) ma cac hop chit nay khé c6 thé loai bé ngay ca sau nhiéu 1an tinh ché, vi chiing c6
do phan cuc tuong tu trong phuong phép sdc ky, tinh wa béo va/hodc do hoa tan twong

tur nhu ciia hop chét ().
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Ix) X)

b

Theo quy trinh dugc bdc 19 trong tai licu WO 2009/136281, hop chat 15-(6-
bromohexanoyl) este ciia bimatoprost (hop chét (IX)) 12 mot tap chat xuét phét tir phan
ung khong hoan toan cuia hgp chét (VIII) véi bac nitrat, sau khi loai bé su bao vé boronat.
Hop chét 15-(6-clohexanoyl) este clia bimatoprost (hop chét (X)) 14 san phdm phu duoc
tao ra boi phan tng trao doi halogen giita nguyén tit brom cuia 15-(6-bromohexanoyl)
este cua bimatoprost ¢ dang duoc bao vé bang boronat (hgp chat (VIII)) va anion clo
cua 4-dimetylaminopyridin hydroclorua dugc tao ra trong buéc este hoa. Hop chat 15-
(6-clohexanoyl) este clia bimatoprost & dang dugc bao vé bing boronat (VIIIa) (hinh vé&
3 - So dd 3) khong phan ung vé6i bac nitrat va sau khi loai bé nhém béo vé, tao ra hop

chét (X).

WO 2009/136281 ciing boc 10 quy trinh khac dé diéu ché cac dan xut 15-
axylalkynitrat bimatoprost (cac vi du N-1 va O-1). Quy trinh téng hop bao gébm budc
cho bimatoprost ¢ dang dugc bao vé bang boronat (hgp chit c6 cong thirc (I1)) phan tng
v6i clorua axit nitrat-alkyl carboxylic véi sy c¢6 miat cia 4-dimetylaminopyridin
(DMAP) duogc d trén nhwa (PS-DMAP), tiép theo bang cach loai bé nhém béo vé
boronat va tinh ché sir dung phwong phap sic ky silicagel.

Quy trinh néu trén tranh dugc viéc st dung 6-bromohexanoyl clorua va viéc loai
b6 cac mudi bac ra khoi san phdm cudi cung. Tuy nhién, phwong phap nay gip bat loi
chinh khac, d6 1a viéc str dung 4-dimetylaminopyridin dugc d& trén nhya khién cho quy
trinh nay khong thich hop trén quy moé thwong mai va ton kém. Ngoai ra, clorua axit
nitrat-alkyl carboxylic duge bd sung trong hai buéc lién tiép va voi lwong du cao ddi

v6i hop chét c6 cong thire (1), qua thuc clorua axit alkyl carboxylic dugc b sung véi
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luong tir khoang 2 dén 4 duong luong.

Tai liéu WO 2009/136281 ciing boc 16 quy trinh khac (vi du Q1) dé diéu ché cac
dan xuit 15-axylalkynitrat bimatoprost. Theo quy trinh nay, cac hop chét thu duoc bang
cach este hoa bimatoprost & dang duge bao vé bang boronat (II) v6i lwong du nitrat-

alkyl-(p-nitrophenyl)-cacboxylat v4i su c6 mat cua 4-dimetylaminopyridin.

Viéc loai bo nitrat-alkyl-(p-nitrophenyl)-cacboxylat khong phan tmg va san phim
phu p-nitrophenol, dugc tao ra voi cac luong ding mol voi hop chit c6 cong thire (I), sir

dung cac phuong phap sic ky 14 cac bét lgi chinh clia quy trinh nay.

Tai lieu WO 2016/155906 boc 16 cac din xuét 15-nitrooxy cuia fluprostenol va
tai liéu nay thong bao vé quy trinh tong hop 15-nitrooxy-hexyl este ctia fluprostenol
isopropyl este. Hop chit duoc diéu ché bang cach cho fluprostenol isopropyl este &
dang duoc bao vé bang boronat phan ting v6i (4-nitrophenyl)-6-nitrooxyhexanoat véi

su c6 mit cua lugng du 4-dimetylaminopyridin.

Nhu dugc théng bdo o trén, viéc loai b nitrat-alkyl-(p-nitrophenyl)-cacboxylat
khong phan tmg va nhét 13, viéc loai bé san phdm phu p-nitrophenol bang phuong phap
sic ky 14 nhitng bat 1oi chinh cia quy trinh nay.

Trong vai nam vira qua, nhiéu co quan quan ly khic nhau da nhin manh vio cac
yéu cu vé do tinh khiét va viéc nhan dang cac tap chét trong cac thanh phan dugc hoat
tinh (Active Pharmaceutical Ingredient - API). Hién nay, tap chét bat ky duoc coi 1a chat
hitu co, ngoai dugce chét thudc, ma co6 thé anh hudéng dén hiéu qué va dd an toan cia cac
san phém duoc. Do do, viéc nhan dang mdi mot tap chét va viéc lugng hoa céc tap chét,
nhét 14 cac tap chit mang canh béo cau tric vé tinh gdy d6t bién, di trd thanh nhitng yéu
ciu quy dinh bét budc. Ngoai ra, vi cac san phém duoc dy dinh dé st dung & dang duogc
phém, pham vi céac chét phan ng, dung moi, chit xuc tac, v.v. dugc chép nhan trong
cong nghiép ma ching c6 thé duge st dung trong quy trinh tdng hop thanh phan hoat
tinh dugc gidi han & cac chat c6 kha ning dugc chép nhén trong cong nghiép dugc pham.

Hop chét c6 cong thire (I) 1a dau va viéc tinh ché hop chét nay véi cac luong 16n
1a kho khan vi n6 khong thé duoc két tinh, do d6, su c6 mit cua cac tap chét 14 van dé

nghiém trong trong viéc san xuat trén quy mo lén. Vi cac nguodn tap chat chinh la cac
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hop chét trung gian va san pham phu cua quy trinh tdng hop, do tinh khiét ctia cac hop
chét trung gian va viéc kiém soat cac diéu kién phan ting 1a cac yéu cdu quan trong dé

thu duogc san phdm cubi cling c¢6 do tinh khiét dugc dung.

Céc quy trinh diéu ché hop chét c6 cong thirc (I) truée ddy c6 mot s6 bt loi; vi
du, viéc sir dung bromohexanoyl clorua va cac diéu kién phan tmg dan t6i sy hinh thanh
san pham phu 15-(6-clohexanoyl) este cuia bimatoprost (hop chét (X)) ma san phidm phu
nay c6 canh béo chu truc giy dot bién tiém tang; viéc sit dung bac nitrat trong diéu ché
hop chét trung gian clorua axit nitrat-alkyl carboxylic hoac dé nitro hoa 15-(6-
bromohexanoyl) este ciia bimatoprost & dang duoc bao vé bang boronat (hop chét (VIII))
dan t6i viéc quan 1y mot luong 16n nudce thai bac nitrat, ngoai ra, ham lugng kim loai
trong cac thanh phan dugc hoat tinh can phai théa man céc tiéu chudn chép nhan dic

thu.

Do d6, nhu ciu cin tao ra duge hop chét c6 cong thirc (1)) v6i do tinh khiét cao

va v6i ndng sudt cao.
Ban chat ky thuit ciia sang ché

D3 phat hién ra rang, hop chét co6 cong thirc (I) c6 thé dugc diéu ché voi dd tinh
khiét cao bang cach sir dung hop chét trung gian 6-(nitrooxy)hexanoyl clorua duoc didu
ché hiéu qua bang phan ttng m& vong cua caprolacton, tiép theo bang phan tng nitro
hoa.

Séang ché dé cap dén quy trinh san xuét trén quy mo 16n tao ra hop chét c6 cong
thirc (I) ¢6 do tinh khiét héa hoc cao va cu thé 13, voi ham lugng 15-(6-clohexanoyl)
este cua tap chét bimatoprost thip hon mirc an toan.

MG ta chi tiét sang ché

Muc dich ctia sang ché 1a dé cap dén quy trinh didu ché (1S,2E)-3-
[(IR,2R,3S,5R)-2-[(27)-7-(etylamino)-7-ox0-2-hepten-1-yl]-3,5-
dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-

(nitrooxy)hexanoic, c6 cong thire (I):



@

quy trinh nay gom céc budc sau:

a) cho hop chit c6 cong thire (I1):

0]
() J/\/\/U\H/\

P

D

phan ung véi 6-(nitrooxy)hexanoyl clorua cé cong thirc (IV):

Cl
WONOZ

O
(IV)

voi s ¢6 mit cua 4-dimetylaminopyridin ¢ dang tu do, @& thu dugc hop chét c6

cong thire (I1I):
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(TIT)

b) loai bé nhém bao vé boronat ciia hop chét c6 cong thirc (111) dé thu dugc hop

chét c6 cong thire (I).

4-Dimetylaminopyridin (DMAP) & dang tu do nghia 1a DMAP khong duoc lién
két v6i nhya.

Buéc a) tét hon duge thuc hién trong dung méi hitu co phan cuc khong proton,
t6t hon duogc chon tir metyltertbutyl ete, N,N-dimetylformamit hodc diclometan. Dung
moi hitu co t6t nhét 12 metyltertbutyl ete.

Ty 16 mol cta hop chét c6 cong thirc (IT) trén 6-(nitrooxy)hexanoyl clorua c6
cong thue (IV) tot hon nim trong khoang tir 1: 1,4 dén 1: 1,6.

Ty 18 mol ctia hop chét c6 cong thire (IT) trén 4-dimetylaminopyridin t6t hon nam
trong khoang tir 1:2,0 dén 1: 2,4.

Phan tng cta budc a) dugce thuc hién ¢ nhiét do nam trong khoang tir 0°C dén
nhiét do trong phong.

Viéc loai bo nhém bao vé boronat (budc b) tot hon duoc thuc hién béng phan
g v&i metanol & nhiét do tir 17°C dén 24°C.

6-(Nitrooxy)hexanoyl clorua c6 cong thue (IV) t6t hon thu duoc bang quy trinh

gom cac budc sau:

i) cho hop chét 2-caprolacton c6 cong thirc (V):
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(V)

phan tmg vai bazo vo co duge chon tir KOH, NaOH va LiOH dé thu dugc mubi

cua axit 6-hydroxyhexanoic c6 cong thire (VI):

MO
WOH

0
(VD)
trong d6 M 1a K, Na hodc Li.

ii) nitro héa hop chét c6 cong thirc (VI) bang hdn hop ctia HNOs va H2S04 dé

thu dugce axit 6-(nitrooxy)hexanoic c6 cong thirc (VII)

HO
WONoz

(0]
(VID)

iii) bién déi axit 6-(nitrooxy)hexanoic c6 cong thirc (VII) bang chit phan tng clo

héa thanh 6-(nitrooxy)hexanoyl clorua cé cong thirc (IV).

6-(Nitrooxy)hexanoyl clorua c6 cong thirc (IV) thu dugc trong budc iii) ¢6 thé
dugc phan Ung truc tiép v6i hop chét c6 cong thire (IT) trong budc a) khong can tinh ché

thém.
Bazo v co st dung trong budc i) t6t hon 12 kali hydroxit.

Buéci) tot hon duoc thue hién trong dung méi duge chon tir metanol, etanol hoac

isopropanol, t6t nhat 1a metanol.
Céac bude ii) va iii) dugce thue hién trong diclometan.
Chét phan tmg clo héa sir dung trong buéc iii) 12 oxalyl clorua.

Hop chit c6 cong thire (IT) thu dugc bang cach cho bimatoprost phan ang véi axit

butylboronic. Phan tng tdt hon duoc thuc hién trong metyltertbutyl ete 1am dung moi.

Quy trinh vu tién d& diéu ché hop chét (I) dugc mé ta chi tiét hon trong cac so do
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1 va 2 (cac hinh v& 1 va 2), quy trinh nay gom:

bude 1) cho hop chét 2-caprolacton c6 cong thie (V) phan tmg véi kali hydroxit
trong metanol dé thu duoc mubi kali cta axit 6-hydroxyhexanoic (hgp chét c6 cong thirc

(VD) trong dé M la kali);

bude 2) cho mubi kali cia axit 6-hydroxyhexanoic phan tmg véi hdn hop ciia
HNOj; va H,SOq trong diclometan dé thu dugc axit 6-(nitrooxy)hexanoic (hop chét c6
cong thuc (VII));

budce 3) cho axit 6-(nitrooxy)hexanoic phan (g véi oxalyl clorua dé thu dugc 6-
(nitrooxy)hexanoyl clorua (hop chét c6 cong thirc (IV)) ma hop chét nay dugc sir dung
khong can tinh ché thém;

buée 4) cho bimatoprost phan ing véi axit butyl boronic (1,1 dén 1,8 duong
lugng) trong metyltertbutyl ete (MTBE) & nhiét do khoang 40°C, sau do loai bo nuéce
bing cach chung cAt ddng soi dé thu dugc bimatoprost boronat (hop chét ¢ cong thirc
an);

budce 5) cho bimatoprost boronat (hop chét c6 cong thirc (I1)) phan tng véi 6-
(nitrooxy)hexanoyl clorua (IV), (1,4 dén 1,6 duong luong) trong metyltertbutyl ete voi
su ¢6 mit cua 4-dimetylaminopyridin (2,0 dén 2.4 duong lugng) & nhiét do nam trong
khoang tir 0°C dén khoang nhiét d¢ trong phong, dé thu dugc hop chit c6 cong thirc
(I1D);

budc 6) cho hop chat c6 cong thirc (III) phan Umg v6i metanol ¢ nhiét do trong
phong dé loai bo nhém bao vé @8 thu duoc hop chét co cong thire (1) tho);

budc 7) tinh ché hop chét ¢6 cong thire (I) thd dé thu duge hop chat (I) c6 d6 tinh
khiét héa hoc trén 99%.

Quy trinh theo sing ché dic trung & chd, hop chit trung gian 6-
(nitrooxy)hexanoyl clorua (hop chét (IV)) dugc diéu ché v6i do tinh khiét hoa hoc cao
va hiéu suét cao bing phan tng mé vong cua 2-caprolacton.

Phuong thirc thuc nghiém cta cac bude cua quy trinh theo sang ché dugc mo ta

chi tiét du6i day. Tét ca cac bude dugce tién hanh trong moi truong nito.

-10-
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Hop chét 6-(Nitrooxy)hexanoyl clorua (IV) dugc diéu ché véi dd tinh khiét cao
va hiéu sudt cao khoi dau tir 2-caprolacton (hinh vé 1 - so d6 1); qué trinh tong hop gdm

cac budc sau:

budce 1) dung dich cia kali hydroxit (1 duwong luwong) trong metanol dugc bd sung
tirg giot vao dung dich cua 2-caprolacton (1 duong luong) trong metanol; hdn hop duoc
lam lanh & nhiét 46 nam trong khoang tir 5°C dén 20°C va dugc khudy trong khoang 5
gidr & nhiét d6 tir 15°C dén 20°C sau khi hoan thanh viéc bd sung; dung moi duge loai
b6 (nhiét do bing hodc thép hon 40°C), san phim tho dwoc tao huyén phu dic trong
metyltertbutyl ete, mubi kali ctiia axit 6-hydroxyhexanoic (VI)) dugc loc, ria bang
metyltertbutyl ete va lam kho. Mudi kali cta axit 6-hydroxyhexanoic (VI) thu duge véi
hidu sut 95% va do tinh khiét 98,5% (thwr nghiém phan tich "H-NMR va HCI);

bude 2) mudi kali cua axit 6-hydroxyhexanoic (VI) (1 duong lugng) dugc b
sung tirng phan vao hdn hop ciia HNO; (4,6 duwong lugng) va HaSOs (3,1 duong lugng)
trong diclometan dugc 1am lanh ¢ nhiét do tir 0°C dén 5°C trong mdi trudng nito trong
khoéang 30 phut trong khi duy tri nhi¢t d¢ & dudi 10°C; hdn hop tao thanh dugc khudy
trong khoang 2 dén 3 gid & nhiét do tir 0°C dén 10°C theo doi sy hoan thanh phan tmg
bing phan tich 'H-NMR; hdn hop duoc lam lanh & nhiét do tir 0°C dén 5°C va duogc bo
sung tirng giot bang dung dich nuéc natri clorua bdo hoa trong khoang 20 phiit. Hén hop
phan tmg dugc duy tri ¢ nhiét do dudi 10°C; 16p hitu co duge lam kho trén natri sulfat
khan, dung mdi dugc loai bo dé thu duoc axit 6-(nitrooxy)hexanoic (VII) voi hiéu suit

86 dén 88% va do tinh khiét HPLC 97%;

bude 3) N,N-dimetylformamit va oxalyl clorua dugc b sung timg giot vao dung
dich cua axit 6-(nitrooxy)hexanoic (VII) trong diclometan, duy tri nhi¢t d0 cta dung
dich tir 0°C dén 5°C trong 1 gi®, sau d6 hdn hop dugce khudy & nhiét do tir 15°C dén
30°C trong 24 gid; dung mdi dugc lam bay hoi dé thu dugc 6-(nitrooxy)hexanoyl clorua

(IV) v6i hiéu suat 88 dén 97% ma hop chit nay duoc sir dung khong can tinh ché thém.

Quy trinh este hoa gitta bimatoprost va 6-(nitrooxy)hexanoyl clorua gdm céc

bude tong hop duge boc 16 dudi day:

budc 4) bimatoprost dugc bd sung vao metyltertbutyl ete, va dung dich tao ra

-11-
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duoc 1am lanh xubng khoang tir 15°C dén 18°C; ké tiép axit n-butyl boronic (1,11 dén
1,18 duong lugng) duoc bd sung theo mdt phan va hdn hop duge khudy trong khoang 1
dén 1,5 gid & 40°C. Sy hoan thanh phéan tng dugc giam sat bing phan tich 'H NMR;
hén hop phan tmg dugce 1am lanh xudng khoang 20°C dén 25°C, loc va lugng nudc tao
ra dugc loai bd bing cach chung cit ddng soi cia metyltertbutyl ete & nhiét do bang
hodc thép hon 40°C, cho téi khi Iwgng nuée con it hon hodc bé‘mg 0,25%, dé thu duoc

bimatoprost boronat (II) tho, hop chét nay duoc sir dung truc tiép trong budc tiép theo;

bude 5) bimatoprost boronat thd dugce bb sung vao metyltertbutyl ete va dung
dich tao ra duge lam lanh xudng khoang 0°C dén 5°C, 4-dimetylaminopyridin (khoang
2,1 dén 2.3 duong luong) dugc bd sung, 6-(nitrooxy)hexanoyl clorua (hop chéat (IV))
(1,5 duwong lugng) hoa tan trong metyltertbutyl ete dugc bd sung timg giot két hop duy
tri nhiét do ctia hdn hop nam trong khoang tir 0°C dén 5°C. Sau khi bd sung, hon hop
duge khudy & nhiét do nim trong khoang tir 0°C dén 5°C t6i 4 gio, sau d6 qua dém &
nhiét dd nim trong khoang tir 15°C dén 20°C; su hoan thanh phan ting dugc giam sat
bing phan tich HPLC; (1S,2E)-3-{(6R,7R)-3-butyl-7[(2Z)-7-(etylamino)-7-oxohept-2-
en-1-yl]-2,4-dioxa-3-borabixyclo[3.2.1]oct-6-yl} - 1-(2-phenyletyl)-prop-2-en-1-yl-6-
(nitrooxy) hexanoat (hop chat (IIT)) dugc tach phéan 1ap bang cac k¥ thudt xir ly tiéu

chuén (mét vi du vé k¥ thuat xit Iy dugc mo ta trong vi du 1);

buée 6) hop chat (IIT) duge hoa tan trong metanol va dung dich tao ra duoc khudy
trong khoang 18 gir & nhiét do tir 17°C dén 25°C; su bién ddi ctia hop chét (II) thanh
hop chat (I) dwoc gidm st bang '"H NMR. Trong trudng hop phan tmg ding lai, hdn
hop dugc 1am bay hoi va lai duge hoa tan trong metanol méi cho t6i khi bién d6i hoan
toan; sau d6, hon hop phan ung duge cd trong chin khong ¢ nhiét do dudi 40°C va hop
chét (T) thé dugce tach phan 1ap bing cac phwong phép xir Iy tiéu chuén;

budc 7) san pham (I) thd tao ra dugc tinh ché bing phuong phép sic ky cot st
dung cot silicagel va dung méi hon hop cta diclometan va metanol dé thu dwoc hop chét
(I) v6i hiéu suét toan phan trén 60% tir bimatoprost va d¢ tinh khiét trén 99%.

Quy trinh theo sang ché tao ra hop chét c6 cong thirc (I) v6i hiéu suit va do tinh
khiét cao trong khi giam dugc lugng céac san phim phu, nhat 1a luong (S,E)-1-
((1IR,2R,38,5R)-2-((Z)-7-(etylamino)-7-oxohept-2-enyl)-3,5-dihydroxyxyclopentyl)-5-
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phenylpent-1-en-3-yl 6-clohexanoat (hop chit (X)) ma hop chat nay c6 canh béo ciu

truc gdy dot bién tiém tang).

Céc loi thé néu trén khién cho quy trinh theo sang ché 12 quy trinh c6 chi phi hiéu

qua c6 thé dé dang chuyén sang quy mo cong nghiép.
Vi du thwe hién sang ché

Tét ca cac bude tong hop md ta dudi diy duoc tién hanh trong méi trudmg nito.
Vidul

Téng hop (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-oxo-2-hepten-1-y1]-3,5-
dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-

(nitrooxy)hexanoic (I) (mé 1)
Tbng hop 6-(nitrooxy)hexanoyl clorua (IV)
Budc 1: Tong hop mubi kali cia axit 6-hydroxyhexanoic (hop chat (VI))

Dung dich cua kali hydroxit (131,9 g, 0,98 duong luong) trong metanol (1250
ml, 5 thé tich) duoc didu ché trong diéu kién 1am lanh & nhiét do tir 15°C dén 20°C. Tién
hanh dua 250g 2-caprolacton (1 dwong lugng) va metanol (625 ml, 2,5 thé tich) vao
trong binh thét ¢b day tron 3 cb thé tich 3L. Hbn hop dugc khudy cho t6i khi hoa tan.
Dung dich metanol kali hydroxit dugc bd sung ¢ nhiét do tu 5°C dén 20°C trong 0,5
gid. Hon hop duoc khudy trong 4,5 gid & nhiét do tir 15°C dén 20°C. Hon hop phan tmg
duoc co trong chan khong (6 nhiét do bang hodc thdp hon 40°C) dé thu dugc mudi kali
cua axit 6-hydroxyhexanoic tho (489,55 g). San pham tho duge tai tao huyén phu dic
trong metyltertbutyl ete (1250 ml, 5 thé tich) trong 4 git & nhiét do tir 20°C dén 25°C,
loc trén thiét b loc ¢& 18 3, rira bang metyltertbutyl ete (2x250 ml, 2x1 thé tich) va lam
kho trong chan khong & (nhiét do bang hoic thip hon 40°C) dé thu dwoc mudi kali cia
axit 6-hydroxyhexanoic (353,04 g) v6i hiéu suit 95,7%. Diém néng chay 208°C. San
phdm duoc phén tich bang thir nghiém phan tich "TH-NMR va HCL.

Buée 2: Toéng hop axit 6-(nitrooxy)hexanoic (VII)

Phén mg nay duoc tién hanh trén quy mo 100g dé kiém soat nhiét do phan tng

va giam thiéu thoi gian b6 sung hdn hop nitro hoa. Phan Gng duoc lap lai dé thu duoc
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luong axit 6-(nitrooxy)hexanoic can thiét.

HNO:; bbe khoi (4,6 duong luong) duoc bd sung vao H>SO4 dam déc (3,1 duong
lwong) ¢ nhiét do tir 0°C dén 5°C trong 14 phit, sau d6 CH>Cla (20 thé tich) duoc bd
sung & nhiét do tr 0°C dén 5°C trong 12 phiit. Mudi kali cta axit 6-hydroxyhexanoic
(101,29 g, 1 dwong lwong) dugc bd sung timg phan trong 28 phut & nhiét do dudi 10°C.
Hbn hop duoc khudy trong 2,2 gio & nhiét d tir 0°C dén 10°C va phan tmg duoc gidm
sat bﬁng TH-NMR cho théy su bién d6i 99,9%. Hon hop duogc lam lanh Xuéng nhiét d6
tir 0°C dén 5°C va dung dich nuéc natri clorua bdo hoa (286,71 g trong 910 mL, 10 thé
tich) dugc bd sung can than & nhiét do bing hodc thap hon 10°C trong 17 phut. Sau khi
loc cac chét khong hoa tan, 16p hitu co duge ling gan, 1am kho trén natri sulfat va cd
dic trong chan khong (& nhiét do bing hodc thip hon 40°C) dé thu dugc axit 6-
(nitrooxy)hexanoic véi hi€u suét 87,7% va do tinh khiét HPLC 97,0%.

Budc 3: Tong hop 6-(nitrooxy)hexanoyl clorua (IV)

Axit 6-(nitrooxy)hexanoic (230 g, | dwong lugng) duoc hoa tan trong diclometan
(150 mL, 5 thé tich). Dung dich tao ra dugc lgc trén soi thiy tinh, rira béng diclometan
(Ix50 mL, 0,65 thé tich) va phan tich bang Karl Fischer (ham lugng nude = 0,016%).
Phin dich loc duoc 1am lanh xubng nhiét do nim trong khoang tir 0°C dén 5°C trong
moi trudng nito. Sau d6, N,N-dimetylformamit (1,35 mL, 0,0059 thé tich) va oxalyl
clorua (108,5mL, 1 duong lugng) duogc bd sung ¢ nhi¢t do tr 0°C dén 5°C trong thoi
gian 34 phut. Hon hop phan ting dugc khudy & nhiét do tir 0°C dén 5°C trong thoi gian
3,5 gid va 14 gid & nhiét do tr 15°C dén 20°C. Viéc giam sat bang TLC cho thiy phan
g hoan toan. Mo6i truong dugc co trong chan khong (nhi€t do bang hodc thap hon
40°C) va duge cho ddng bay hoi véi diclometan (4xIL, 4x4,35 thé tich) dé thu dugc 6-
(nitrooxy)hexanoyl clorua (240,0 1 g) v6i hi¢u suit 97,7%.
Buéc 4: Didu ché (Z)-7-[(1S,5R,6R,7R)-3-butyl-6-[((E,3S)-3-hydroxy-5-phenyl-pent-
1-enyl]-2,4-dioxa-3-borabixyclo[3.2.1)octan-7-yl]-N-etyl-hept-5-enamit (II)

Metyltertbutyl ete (2800mL, 14 thé tich) duoc nap vao trong binh thot cb.
Bimatoprost (200 g, 1 duong luong) dugc bd sung va dung cu duoc ria bang

metyltertbutyl ete (200 mL, 1 thé tich). Axit butyl boronic (58,94 g, 1,13 duong lugng)
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duoc b sung vao huyén phu thu dugc theo mét phﬁn, dung cu duoc rua béng
metyltertbutyl ete (200 mL, 1 thé tich). Hon hop dugc gia nhiét t6i 40°C trong 1 gio.
Phan (g dugc giam sat bing 'H NMR cho t6i khi bién déi >97%.

Hén hop phan img dugc lam lanh xuéng nhiét do tir 20°C dén 25°C, lam sach
trén dung cu loc thuy tinh va roa bang metyltertbutyl ete (200 mL, 1 thé tich). Phan dich
loc dugc nap vao trong binh thot cb day tron ba cd thé tich 4L, dung cu dugc ria bang
metyltertbutyl ete (100 mL, 0,5 thé tich) va moi trudng duoc gia nhiét & nhiét do khoang
40°C trong chan khong dé chung cat ddng s6i. Viéc rira bang metyltertbutyl ete va chung
cht ddng sbi dugc tiép tuc cho t6i khi ham luwgng nuée cua (2)-7-[(1S,5R,6R,7R)-3-
butyl-6-[((E,3S)-3-hydroxy-5-phenyl-pent-1-enyl]-2,4-dioxa-3-
borabixyclo[3.2.1)octan-7-yl]-N-etyl-hept-5-enamit (hgp chét (II)) bang hodc thép hon
0,25%. Hop chét c6 cong the (IT) thu duge véi higu suét dinh lugng (281,22 g).

Budc 5: Didu ché (18,2E)-3-{(6R,7R)-3-butyl-7[(2Z)-7-(etylamino)-7-oxohept-2-en-1-
yl]-2,4-dioxa-3-borabixyclo[3.2.1]oct-6-y1}-1-(2-phenyletyl)-prop-2-en-1-yl 6-
(nitrooxy) hexanoat (III)

Metyltertbutyl ete (3196 mL, 11,6 thé tich) dugc nap vao trong binh thét co day
tron ba cb thé tich 4L trong méi truong nito. (Z)-7-[(1S,5R,6R,7R)-3-Butyl-6-[((E.3S)-
3-hydroxy-5-phenyl-pent-1-enyl]-2,4-dioxa-3-borabixyclo[3.2.1)octan-7-yl]-N-etyl-
hept-5-enamit (hop chét (1)) (276,48 g thd, 1 duong luong) duoc bd sung, dung cu duoc
rira bang metyltertbutyl ete (398 mL, 1,44 thé tich). Dung dich tao ra dugc phén tich
bing Karl-Fischer (ham lugng nuéce = 0,072%) va duge 1am lanh xudng nhiét do tir 0°C
dén 5°C. 4-Dimetylaminopyridin (138,5 g, 2,27 duong lugng) duoc bd sung theo mot
phan. Dung dich 6-(nitrooxy)hexanoyl clorua (172,6 g, 1,5 duwong lugng) trong
metyltertbutyl ete (508 mL, 1,84 thé tich) duoc bd sung timg giot & nhiét do tir 0°C dén
5°C trong 1 gio. Phéu nho giot duoc rira bang metyltertbutyl ete (32 mL, 0,12 thé tich).
Sau khi khudy trong 24 pht & nhiét do tir 0°C dén 5°C, viéc giam sat bang HPLC cho
thay su bién ddi 97,8%. Hdn hop dugc khudy & nhiét do tir 15 dén 20°C trong 14,5 gio.
Viéc giam sat bang HPLC cho thdy su bién d6i 99,8%. Hon hop phan tmg dugc lam
lanh & nhiét d6 tir 0°C dén 5°C va nu6ce khir ion (1351 mL, 4,89 thé tich) dwgc bd sung
trong 20 phit & nhiét do t6i da 15°C.

-15-



40971

Hbn hop dugc khudy trong 5 phiit va dugce ling gan. Lép nudce duge phan tich,
sau d6 dugc loai bo. Dung dich nudc cia IN axit clohydric duogc didu ché bang cach
tron két hop nuée khir ion (493 mL, 1,78 thé tich) va 11,6 N axit clohydric (46.6 mL,
1,08 duong lugng). Ldp hitu co dugc rira bang dung dich axit clohydric. L&p nudc duge
phan tich, sau d6 dugc loai bd. Lép hitu co trude tién dugce rira bang nuéc khir ion
(1351mL, 4,88 vol), sau do béng dung dich natri clorua bdo hoa (3x1177 mL, 3x4,25
thé tich) dugc diéu ché truée d6 bing cach két hop nude khir ion (3530 mL, 12,8 thé
tich) va natri clorua (1175 g, 425% khéi lugng/khéi luong).

Céac 16p nude (d6 pH = 4 sau 14n rira cudi cuing) dugc phan tich va loai bd. Lép
hitu co duge lam kho trén natri sulfat (240 g, 86,8% khdi lrong/khdi lugng), rira bang
metyltertbutyl ete (481 mL, 1,74 thé tich) va cd dic trong chan khong dé thu duoc
(1S,2E)-3-{(6R,7R)-3-butyl-7[(2Z)-7-(etylamino)-7-oxohept-2-en-1-yl]-2,4-dioxa-3-
borabixyclo[3.2.1]oct-6-y1}-1-(2-phenyletyl)-prop-2-en-1-yl 6-(nitrooxy)hexanoat
(hop chét (I1I)) v6i hidu suat dinh luong (327 g).

Budc 6: Téng hop (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0xo0-2-hepten-1-
yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl ~este cla axit 6-
(nitrooxy)hexanoic (I) (hgp chit tho).

(1S,2E)-3-{(6R,7R)-3-butyl-7[(2Z)-7-(etylamino)-7-oxohept-2-en-1-yl]-2,4-
dioxa-3-borabixyclo[3.2.1]oct-6-y1}-1-(2-phenyletyl)-prop-2-en-1-yl 6-(nitrooxy)
hexanoat (hop chét (IIT)) (325,4 g tho, 1 dwong luong) dugc hoa tan trong metanol (2873
mL, 8,83 thé tich). Dung dich tao ra dugc nap vao trong binh thot co va dung cu duogc
rira bing metanol (918 mL, 2,82 thé tich). Hon hop dwgc khudy & nhiét do tir 17°C dén
24°C trong 2,40 gio, giam sat phan Ung bang 'H-NMR. Hon hop duge khudy trong 15
2idy nita & nhiét do tir 16°C dén 20°C. Khi viéc giam sat bang 'H-NMR cho thdy khong
¢c6 su thoat khi, metanol dugc loai bo trong chan khong & nhiét do tir 35°C dén 40°C.
Metanol (918 mL, 2,82 thé tich) dugc bd sung vao phén con lai va hdn hop dugc khqu
& nhiét do tir 20°C dén 25°C trong 4 gid. Viée giam sat bing 'H-NMR cho thiy sy bién
dbi 94,6%. Hon hop phan ting dugc ¢d trong chan khong ¢ nhiét do thap hon 40°C. Phin
con lai duoc hoa tan trong metyltertbutyl ete (3530 mL, 10,85 thé tich). Dung dich tao
ra dugc rira bang nude khir ion (1770 mL, 5,44 thé tich). Lép nuéc (pH=7) dugc loai
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bd. Dung dich cta natri clorua (1045 g, 321% khéi luong/khdi Iwgng) trong nude khir
ion (3134 mL, 9,63 thé tich) dwgc diéu ché. Lép hitu co dugc rira bang dung dich natri
clorua (2x1567 mL, 2x4,82 thé tich). Cac 16p nude dugce loai bé. Lop hitu co duge lam
khé trén natri sulfat (320 g, 98% khoi lwong/khébi lugng), rira bang metyltertbutyl ete
(640mL, 1,97 thé tich) va co dic trong chan khong & nhiét do thip hon 40°C dé thu dugce
hop chét tho (I) (292,77 g) v6i hiéu suét dinh luong.

Bud6ce 7: Tinh ché (18,2E)-3-[(1R,2R,38S,5R)-2-[(2Z)-7-(etylamino)-7-0xo0-2-hepten-1-
yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl ~ este cua axit 6-

(nitrooxy)hexanoic (I).

Hon hop thu duge trong budce 6) (hop chét (I) tho) duogc chia thanh 4 phén va
duge tinh ché nho sir dung cot silicagel (750 g x 4, 10,34 thé tich) va diclometan /
metanol 1am dung moi rira gidi voi gradient tir 100:0 dén 95:5 trén hé théng sic ky
Combiflash. Céc phin duoc giam st bing TLC va dugc phan tich bang HPLC (% dién
tich). Cac phan v6i HPLC (% dién tich) > 98% duoc két hop va duge ¢ trong chan
khong & nhiét do bing hodc thip hon 50°C dé thu duoc 188,83 g hop chat (I) ma hop
chét nay dwgc nap vao trong binh thot cb day tron ba co thé tich 4L va dugc hoa tan
trong etanol tuyét d6i (1510 mL, 8 thé tich), dung cu dugc ria bang etanol tuyét ddi
(378 mL, 2 thé tich). Than hoat tinh (19g, 10% khdi lugng) duge bd sung va hon hop
duoc khudy & nhiét do tir 20°C dén 25°C trong 0,5 gid. Than dugc loc va rira bang etanol
tuyét ddi (189 mL, 1 thé tich). Phan dich loc dugc co trong chan khong cong nghiép &
nhiét d6 tir 45°C dén 50°C trong 2 gid, sau d6 trong mdi trudong chén khong cao 6 nhiét
do tir 45°C dén 50°C trong 5 gid. Giam sat bang 'H NMR trong DMSO-d6 cho thay
khong con dung moi du.

(1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-ox0-2-hepten-1-yl]-3,5-
dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-
(nitrooxy)hexanoic (I) (174,4 g) thu dugc v6i hiéu suét toan phan 63% tir hop chét (I1).
D9 tinh khiét HPLC 12 99,47%.

Theo phuong thirc twong tu dugc mo ta trong vi du 1, hai mé khac (2 va 3) cia
hop chét c6 cong thirc (I) dugce didu ché, bang 1 dudi day thong bao vé do tinh khiét clia
hop chét ¢ cong thirc (1) ctia 3 mé va hiéu sudt toan phan tir hop chét (II).
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Bang 1
Mé Lugng ban Luong cudi | Do tinh Hiéu suat toan
diu ciahop | cung cuahgp khiét phén lién quan
chét (IT) chét (I) HPLC | dénhop chat (IT)

] 231,72 174,4 99,47 63%
(Vidu 1)
2 225,8 148 99,4 54,9%
3 321,28 236 99,7 61,5%

Vi du 2 (vi du so sanh)

Toéng hop (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0x0-2-hepten-1-
yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl ~ este cua axit 6-
(nitrooxy)hexanoic (I) theo quy trinh dugc boc 19 trong tai liéu WO 2009/136281 (hinh
V& 3 - So dd 3)

Budc A: Didu ché (2)-7-[(1S,5R,6R,7R)-3-butyl-6-[((E,3S)-3-hydroxy-5-phenyl-pent-
1-enyl]-2,4-dioxa-3-borabixyclo[3.2.1)octan-7-yl]-N-etyl-hept-5-enamit (II)

Axit butylboronic (1,129 duong lugng) dugc bd sung vao dung dich ctia
bimatoprost (1 g, 1 duwong lugng) trong diclometan (16 thé tich). Hon hgp duoc gia nhiét
t61 40°C trong 1 gio, giam sat su tién trién cia phan tmg bang 'H-NMR. Dung mdi dugc
loai bé trong diéu kién ap suét giam trong 2 gio. Diclometan (16 thé tich) duoc bo sung
va hén hop duoc gia nhiét toi 40°C trong mét gio nita. Dung moi duge loai bo trong
diéu kién 4p suét trong 40 phut. Diclometan (16 thé tich) dugc bd sung va hdn hop dugce
gia nhiét t6i 40°C trong 16 gid. Dung moi dugc cho bay hoi va san pham tho dugc 1am
khd trong chan khong cao ¢ nhiét d§ 40°C trong 3 gio, tao ra hop chit (I) v6i hiéu suat
dinh lugng ma duogc st dung trong budc tiép theo khong can bt ky su tinh ché thém

nao.
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MS: m/z = 438 [M+H]+

Buée B: Téng hop (S,E)-1-((1S,5R,6R,7S)-3-butyl-7-((Z)-7-(etylamino)-7-oxohept-2-
en-1-yl)-2,4-dioxa-3-borabixyclo[3.2.1]octan-6-yl)-5-phenylpent-1-en-3-yl ~ 6-bromo
hexanoat (VIII).

4-Dimetylaminopyridin (1,1 dwong lugng) va 6-bromohexanoyl clorua (1,15
duong luong) duoc b sung vao dung dich ctia hop chét (I1) (0,8 g, 1 duwong lugng) trong
diclometan (15,3 thé tich) dugc lam lanh xuéng nhiét o tr 0 dén 5°C. Hon hgp dugce
khudy trong 0,5 gid & nhiét do tir 0°C dén 5°C va 16 gidr & nhiét do tir 20°C dén 25°C.

4-Dimetylaminopyridin (0,25 dwong lugng) va 6-bromohexanoyl clorua (0,25
dwong Iuong) duoc bd sung va hdn hop dugce khudy trong 19 gid nita. Phan (mg dugc
giam st bang "H-NMR cho t6i khi bién ddi hoan toan. Hon hop duoc pha lodng bang
diclometan (15,3 thé tich) va dung dich hitu co duoc rira bing nuéc khir ion (6,25 thé
tich) va nudc mubi (6,25 thé tich). Pha hitu co dugc lam khd trén NaxSO4 va c6 dac
trong chan khong, dé thu dwoc hop chét (VIIT) duéi dang dau mau vang nhat, (dwgc tinh
toan 1a hiéu suit dinh luong) dugc st dung trong budc tiép theo khong can tinh ché

thém.

Bué6e C: Tong hop (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0xo0-2-hepten-1-
yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl ~ este cia axit 6-

(nitrooxy)hexanoic (I)

Bac nitrat (3,72 duong lugng) duogc bd sung vao dung dich cta hgp chét (VIII)
(0,8 g, 1 duong lugng) trong axetonitril (9,4 thé tich). Hon hop dugc khuy trong 18 gior
& nhiét do tir 20°C dén 25°C. Sy bién dbi dugc giam sat bang 'H-NMR trong DMSO.

Bac nitrat (0,5 duong luong) dugc bd sung va hdn hop duoc khudy trong 20 gio
nita cho t6i khi HPLC cho thiy su bién ddi 99,7%.

Hoén hop dugc loc trén dung cu loc Whatman. Phéan dich loc duoc ¢b trong diéu
kién chan khong. Phan con lai dugc hoa tan trong etyl axetat (30 thé tich). Pha hitu co
duogc rira bing nudc khir ion (5 thé tich) va nude mudi (5 thé tich). Sau khi lam kho trén
NazS0s4, 16p duge cd trong chin khong. Phan con lai duge tién hanh sic ky trén cot

silicagel véi diclometan / metanol theo ty 1€ 95:5 lam dung moi rira giai. Cac phan dugc

-19-



40971

giam sat bdi TLC va chi cac phan biéu thi mot diém duge két hop va co dic trong chén
khong & nhiét d bang hoic thip hon 40°C tao ra hop chat (I) v6i hiéu suét toan phan
86% cung vai 4,27% bimatoprost.

HPLC (% dién tich) & pha dao cho thy ring, do tinh khiét cta hop chat (1) 1a
77% va ham luong cta 15-(6-clohexanoyl) este cia bimatoprost (hop chit (X)) 1a
8,34%.

Bang 2
Viduy Hop chit (I) D6 tinh Tap chit Hiéu sut
Hiéu suét toan khiét ctia tap chét
phin tir hop chit hop chat (T) (%)
I) (%) (%)
Me 1 63% 99,47 Hop chit (X) 0,16
1 Mé 2 54,9% 99,40 Hop chét (X) 0,24
Mé 3 61,5% 99,76 Hop chat (X) 0,15
2 86% 77 Hop chét (X) 8,34
bimatoprost 4,27

Bang 2 thong béo hiéu sudt & hop chét (I) va céc tap chét chinh duoc tao ra trong
qua trinh diéu ché no theo quy trinh theo sang ché (vi du 1) va phuong phap duge boc
10 trong tai liéu WO 2009/136281 (vi du 2).

Hop chit (X) 14 15-(6-clohexanoyl) este ctia bimatoprost ma c6 canh bao chu tric
v& tiém 4n gy dot bién.

Két qua cho thiy ring, quy trinh theo sang ché tao ra hop chét (I) c6 do tinh khiét
hoéa hoc trén 99% véi ham lugng hop chit (X) tir 0,15% dén 0,26%, quy trinh bdc 10
trudc ddy tao ra hop chét (I) co do tinh khiét hoa hoc 77% va ham lugng hop chat (X)
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14 8,34%, cu thé 14 cao hon 30 14n so v&i lugng hop chét (X) dugc tao ra trong quy trinh

theo sang ché.

Két qué chimg minh rﬁmg, quy trinh theo sang ché thé hién su cai thién so vé6i

phuong phap dugc md ta trong linh vurc k¥ thuét trude day.
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YEU CAU BAO HOQ

1. Quy trinh didu ché (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(etylamino)-7-0x0-2-
hepten-1-yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cia axit 6-

(nitrooxy)hexanoic c¢6 cong thirc (I):

quy trinh ndy gom céc budc sau:

a) cho hop chét co cong thirc (ID):

D

phan g vé&i 6-(nitrooxy)hexanoyl clorua c6 cong thirc (IV):

Cl
\[(\/\/\ONOZ

0
V)
v6i sur ¢6 mit cia 4-dimetylaminopyridin & dang tu do, dé thu duoc hop chét c6

cong thuce (I1I):
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(TIT)

b) loai bé nhém bao vé boronat ctia hop chét c6 cong thirc (III) dé thu duoc hop

chét c6 cong thire (I).

2. Quy trinh theo diém 1, trong d6 budc a) dugc thuc hién trong dung méi hitu co phan

cuc khong proton.

3. Quy trinh theo diém 2, trong d6 dung mdi hitu co phén cyc khéng proton dugc chon

tir metyltertbutyl ete, N,N-dimetylformamit hodc diclometan.

4. Quy trinh theo diém 3, trong d6 dung moéi hiru co phan cyc khong proton la

metyltertbutyl ete.

5. Quy trinh theo diém bt ky trong sb cac didm tir 1 dén 4, trong d6 trong budc a), ty 1€
mol ctia hop chit ¢ cong thire (II) trén 6-(nitrooxy)hexanoyl clorua c6 cong thirc (IV)
a tr 1:1,4 dén 1:1,6 va ty 1& mol ciia hop chit c6 cong thuc (II) trén 4-
dimetylaminopyridin 1a ttr 1:2,0 dén 1: 2,4.

6. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 5 trong dé budc a) dugc thuc
hién & nhiét do tir 0°C dén nhiét do trong phong.

7. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong doé
6-(nitrooxy)hexanoyl clorua c6 cong thic (IV) thu duogc bang quy trinh gdm céc budc

sau:

i) cho hop chét 2-caprolacton c¢6 cong thirc (V):

(2

0]

V)
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phan tmg v6i bazo v6 co duge chon tir KOH, NaOH va LiOH dé thu dugc mudi

cla axit 6-hydroxyhexanoic c6 cong thirc (VI):

MO

0
(VD
trong d6 M 1a K, Na hodc Li.

ii) nitro héa hop chit c6 cong thirc (VI) bing hén hop ciia HNO; va HaSO4 dé

thu duogc axit 6-(nitrooxy)hexanoic c6 cong thirc (VII)

HO
Y\/\/\ONoz

(0]
(VID)

iii) bién déi axit 6-(nitrooxy)hexanoic c6 cong thirc (VII) bang chit phan tmg clo

héa thanh 6-(nitrooxy)hexanoyl clorua c6 cong thire (IV).

8. Quy trinh theo diém 7, trong d6 6-(nitrooxy)hexanoyl clorua ¢ cong thirc (IV) thu

dugc trong budc iii) dugce st dung truc tiép trong budc a) khong can tinh ché thém.

9. Quy trinh theo diém 7 hoidc 8, trong d6 bazo vo co st dung trong budc i) 1a kali

hydroxit.

10. Quy trinh theo diém bét ky trong s6 cac diém tir 7 dén 9, trong d6 budc i) duge thyuc

hién trong dung moi duge chon tir metanol, etanol hodc isopropanol.
11. Quy trinh theo diém 10, trong d6 dung méi hitu co 12 metanol.

12. Quy trinh theo diém bét ky trong sd cac diém tir 7 dén 11, trong d6 buédc ii) duge

thuc hién trong diclometan.

13. Quy trinh theo diém bét k¥ trong sb cac diém tir 7 dén 12, trong d6 budc iii) dugc

thuc hién bang cach st dung oxalyl clorua lam chét phan ting clo héa.

14. Quy trinh theo diém bét k¥ trong sb cac diém tir 7 dén 13, trong d6 budc iii) duge
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thuc hién trong diclometan.

15. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 hop chét c6 cong
thire (II) thu dugc bang cach cho bimatoprost phan ng véi axit butylboronic.

16. Ché phim bao gdbm (1S,2E)-3-[(1R,2R,38,5R)-2-[(2Z)-7-(etylamino)-7-0xo-2-
hepten-1-yl]-3,5-dihydroxyxyclopentyl]-1-(2-phenyletyl)-2-propen-1-yl este cua axit 6-
(nitrooxy)hexanoic c6 do tinh khiét hoa hoc trén 99% va chira lugng (S,E)-1-
((1R,2R,3S,5R)-2-((Z)-7-(etylamino)-7-oxohept-2-enyl)-3,5-dihydroxyxyclopentyl)-5-
phenylpent-1-en-3-yl 6-clohexanoat (hop chét (X)) tir 0,15% dén 0,26%.
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