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(54) QUY TRINH PIEU CHE HOP CHAT TREPROSTINIL VA DAN XUAT CUA

HOP CHAT NAY

(57) Sang ché dé xuat phuong phap duoc cai thién dé€ diéu ché treprostinil va dan

xudt cia né. Khac vé6i cac phuong phdp da biét, phuong phap nay su dung phan

ting phan gidi bing enzym c6 thé bién ddi dé dang hgp chat trung gian then chét

dé diéu ché hop chat nay. Su cai thién dang ké khac cua phuong phép néu trén so

v6i cac phuong phdp di biét 1a phan tng chuyén vi Claisen chon loc ving tién

chat 5-alyloxy-benzaldehyt, qua trung gian phan tir th€ bromo & vi tri 2.
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Linh vie ky thuit dwoc dé cip

Séng ché dé cdp dén quy trinh duoc rit ngin va thuan tién hon dé didu ché
treprostinil cling nhu cic hop chat trung gian méi hiru ich ding trong quy trinh nay.
Déu hiéu k¥ thuat quan trong ctia quy trinh dwoc d& xuét bao gdm phan tmg chuyén vi
chon loc vung Claisen tién chét alyloxy benzaldehyt; bao vé nhém rugu trong mach
nhdnh mang alkyn bang tert-butyl-dimetylsilyl (TBDMS) trong phan tng déng vong
ndi phan tir khong chon loc 1ap thé Pauson-Khand; va phan tng phén giai dong luc
bang enzym va sau d6 tach bing sic ky hai hop chit trung gian khong d6i quang &
bude cubi. Quy trinh theo sang ché tao ra benzinden prostaxyclin treprostinil c6 do

tinh khiét vé mat ddng phan khéng dbi quang 16n hon 99%.
Tinh trang k§ thuit cia sang ché

Treprostinil 13 hop chit tdng hop twong tu prostaxyclin (PGI2), duoc chi dinh
dé didu tri bénh ting huyét 4p dong mach phdi (pulmonary arterial hypertension:
PAH). Co ché tic dung dugc 1y chinh ctia treprostinil 14 1am gidn hé dong mach phdi

va toan than va trc ché su két tu ti€u cau.

US6700025 mb ta quy trinh tdng hop chon loc 14p thé dan xuét prostaxyclin, cu
thé 1a treprostinil. Tuy nhién, quy trinh ndy va cac quy trinh da biét khac dé cap dén
nhiéu bude tdng hop va tinh ché bing sic ky. Muc dich cia sang ché 1a d& xuit quy
trinh ¢6 nhiéu vu didm hon bao gdm it budce phan tng hon va viée tinh ché bing séc
ky cling nhu phan giai chon loc cao chdt ddng phén khéng dbi quang dbi véi cac hop
chit trung gian then chét bang phwong phép enzym lam cho quy trinh nay thich hop

hon dé thuc hién trén quy mo 16n.
Ban chit ky thuit cia sang ché

Muc dich ctia sang ché nham dé xuét hop chét c6 cong thirc ¢ cong thire I hoic
cong thire II duéi dy cling nhu quy trinh didu ché ching véi d6 chon loc cao va bao

gdm it budc phan g hon.

Sang ché dé xuét hop chét c6 cong thuc I hodc cong thire II sau day:
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_PG,
X g %
G
Y X
OPG;
|
trong do:
XlaBrvayYlaH;

PG, duoc chon tir nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH2COOH, -CH2COORy, va -CH2CH20OPGo; va

PG; la tert-butyl-dimetylsilyl (TBDMS), tetrahydropyran (THP),
SiR1R2R3; hodc -CH20Rx, trong d6 Ri, R, va Rz ddc 1dp duge chon tir nhom
bao gdm metyl, isopropyl, #-butyl, va phenyl;

R? 1a hydro, hydroxy, -ORx, -OCOORx, -OSO2Rx, Cl, Br, F, I, -SRx, hodc
-SO2Rx;

R« 1a Cy4alkyl hodc aryl.

Sang ché con dé cdp dén quy trinh didu ché hop chit c6 cong thirc (1), bao gdm

buéc sau:
_PG,
X g ?
Z
Z CO,(CO),
Y N co
(O . . .
PG, Dioxan, anh sang N I

Ngoai ra, sang ché cling dé cap dén quy trinh didu ché hop chét treprostinil (18)

va bao gdm céac bude sau:
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&
a) cho hop chét 10 10 phan tmg véi hop chét 5 ° khi c6 mat

phirc chat isopropylmagie clorua lithi clorua dé tao thanh hop chét 11:

Br OH OTBDMS

b) cho hop chét 11 phan img déng vong Pauson-Khand khi ¢6 mit cacbon monoxit,

coban cacbonyl va dnh sang & 4p sudt khi quyén dé tao thanh hop chét 12:

OTBDMS

¢) cho hop chit 12 phan ung v6i anhydrit axetic va 4-dimetylaminopyridin (DMAP)

OTBDMS
Br OAc
-
o H
12a

dé tao thanh hop chét 12a ;
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d) cho hop chét 12a phan tmg v6i paladi trén xuc tac cacbon (Pd-C) khi c6 mit khi
OTBDMS

Cop-

OH

. . 12b
hydro va bazo d¢ tao thanh hgp chat 12b sau do phan Ung

OTBDMS

HH :
o
; H

OH

hydro héa dé thu dugc hop chit 13a

OTBDMS

va hop chét 13b:

13b

b

e) khir cac hop chat 13a va 13b khi ¢6 mit natri borohydrua, natri hydroxit va etanol

OTBDMS

o p 14 p
d& tao thanh hop chit 14a : va hop chit 14b

OTBDMS

H

OO
OH H

14b
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f) cho cac hop chit 14a va 14b phan tng véi cloaxetonitril trong moi trudng axeton

OTBDMS
Hy
‘ OH
ooncnf:'
khi c6 mit kali cacbonat dé tao thanh hop chét 15b 15b va hop chét
OTBDMS
HH
+OH
ocH,eN?
15a 15a ;

g) cho cac hop chét 15a va 15b tiép xtc v6i enzym lipaza khi c6 mit vinyl axetat dé

HH :

OH

OCHZCI\F ocHeN’

tao thanh hop chét 16a 16a va hop chét 16b 160

h) chuyén héa hop chit 16a khi c6 mit dung dich nuéc chira kali hydroxit trong moi
QTBDOMS

HH., /Y‘\/'\/\
OH
e
H
17

e}

)

truong metanol dé tao thanh hop chit 17 oo .

b

1) khir bdo v¢ hop chét 17 khi ¢4 mit axetonitril va dung dich nudc axit flohydric dé

thu dugc Treprostinil (18)

Ngoai ra, séng ché con dé cap dén hop chét trung gian méi duoe chon tir nhém

bao gém:
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OH
4a 5
OTBDMS
Br  OH OTBDMS Br OH
z D
o H

M5 ta chi tiét sang ché

Theo mot phuong 4n, sang ché d& cép dén quy trinh chuyén héa, qua sy chuyén

vi Claisen, hop chét c6 cong thiac V:
X 0
H
Y v
O\/\
thanh hop chét c6 cong thire VI sau:
X 0

H

y AN Vi
OH

trong d6 X va 'Y ddc lap 1a Br, I, Cl, F, hodc H; t5t hon la, X1aBrvaYlaH.

Do su chuyén vi Claisen c6 tinh chon loc vung, nén khong can tach cac chét
d6ng phan ving bang phuong phép sic ky hozc chung cét. Chat ddng phan ving mong

mudn c6 thé thu duoc bing cach tai két tinh.



19636

Theo phuong 4n khéc ctia sang ché, hop chét c6 cong thirc VII duoc didu ché &

dang hop chit trung gian:

v S
OPG,

trong d6 X va Y nhu duoc xéc dinh & trén; va trong d6 PG 1a nhém béao vé cho
nhém phenol nhu metyl, metoxymetyl, benzyloxymetyl, metoxyetoxymetyl, benzyl, 4-
metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl; -CH2C(O)-ORx, hodc -CH,CH>ORx.
Tt hon 14, PG 1a benzyl. Rx 1a Ci4 alkyl, hodc benzyl tiy y dugc thé.

Alkyl diing @ chi hydrocacbon bdo hoa mach thing khong phén nhanh hoic
mach nhanh. Vi du dai dién cu thé cho nhém cu thé nay la metyl; etyl; n-propyl;
isopropyl (1-metyletyl); n-butyl; 1-metylpropyl; isobutyl (2-metylpropyl); sec.-butyl
(1-metylpropyl) va tert.-butyl (1,1-dimetyletyl);

Theo phuong 4n khic ctia sang ché, hop chét trung gian ¢6 ciu trac VIII duéi
day thu dugc dudi dang chat phan tng trong phan tmg déng vong nodi phan tr khong
chon loc lap thé Pauson-Khand:

e Vil

trong do X, Y va PG nhu dugc x4c dinh & trén; va trong d6 PG2 la THP hoic
nhém bdo vé ruou silyl -SiR1R2R3, trong d6 Ri, Ro, R3 d6c 1dp duge chon tir metyl,
isopropyl, #-butyl, va phenyl, tt hon 1a R; va R, 1a metyl, va Rz 1a #-butyl, hodc Ry, Rz
va R3 14 isopropyl, tot nhat 1a Ry va Ry 1a metyl, va Rs 1a ¢-butyl.

Theo phuong 4n khéc, sang ché dé cdp dén quy trinh khir bang khi hydro va
chét xtc tac thich hop d6i véi hop chit c¢6 cong thirc IXa (hdn hop goém hai chét dong
phén 14p thé):
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IXb

thanh hdn hop céc hop chét ¢6 cong thirc X va XI dudi ddy (hdn hop gdm hai
chét ddng phan khéng d6i quang):

H
OPG, OPG,

trong d6 X, Y, PG va PGz nhu dugc xéc dinh & trén va trong d6 R? 1a H, OH,
-ORy, -O-PGy, Br, I, Cl, F, -OAc, -OPiv, hoac -OCORy, —OCOORy, -SRy hodc —
SO2Ry, va trong d6 Ry 1a C14 alkyl hodc aryl.

Aryl ding & chi vong cacbon mét, hai hodc ba vong véi it nhit mot vong
thom. Céc vi du dién hinh bao gdm phenyl, naphtyl, indanyl (2,3-dihydroindenyl),
1,2,3,4-tetra-hydronaphtyl va florenyl.

Theo phuong an khac, sang ché d& cdp dén phan (g phan giai bing enzym sir
dung lipaza thich hop va chét axyl hoa thich hop cho hdn hop bao gdm hop chét c6
cong thire XII va XIIT sau:
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Xl

Xl

trong dé PG, nhu duoc xéc dinh & trén; va W duoc chon tr H, —CH,CN,
—CH2COR*, -CH2CONR!R?, va -CH,COSR?; va trong d9:

R' va R? doc 18p dugc chon tir metyl, etyl, i-propyl, n-butyl, morphinyl,
piperidyl, va pyrolidinyl; va

R3 1 metyl, etyl, n-propyl, i-propyl, n-butyl, i-butyl, hozc phenyl; va

R* 14 —OCH3, —~OCH,CHs, —~OCH,CH,CHs, —~OCH(CHs),, —O(CH,)3CHs,
—OCH,CH(CH3),, hodic ~OCH,-Ph;

tao thanh hop chit hdn hop c¢6 cong thirc XIV va XV:

Xiv

trong d6 PGy, va W la nhu duwgc x4ac dinh & trén  va
R la nhém axyl nhu vi du, axetyl, etanoyl, propanoyl, benzoyl hodc pivaloyl.

Tét hon 13, PGz 12 TBDMS, R 14 axetyl, va W 1a —CH,-CN, -CH,COOH, hoic
-CH2COORK va trong d6 Rx 1a Ci4 alkyl hodc benzyl.

Tt hon 13, phan tmg chuyén hoéa néu trén dugc thuc hién bang cach axyl hoa
bang enzym v&i enzym lipaza thich hop nhu lipaza tir Aspergillus niger (Lipaza AP6),
lipaza tir Candida rugosa (CCL), lipaza tir tuy lon (PPL), lipaza Amano AK, va lipaza
Amano PS30 v6i sy c6 mét cua tdc nhan axyl héa thich hop trong dung méi thich hgp

nhu alkan hoic ete alkanyl c6 5 dén 8 nguyén tir cacbon.

-10-
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Tt nhit 13, lipaza dugc st dung cho phan mg chuyén hoéa néu trén 1a lipaza
Amano AK va lipaza Amano PS30. Tac nhan axyl hoa dugc wu tién 1a vinyl axetat va

dung moi dugc uu tién 14 hexan hodc heptan.

Tt hon 13, trong phan @mg chuyén hoéa néu trén, san pham d3 axyl héa dugc
tach ra khoi san pham chua axyl héa bing phwong phép thich hop nhu phuong phap
sic ky hodc két tinh, tao ra san phérn da axyl héa ¢ dang tinh khiét v& mit déng phén
khong ddi quang va ddng phan dbi anh.

Tinh khiét vé mat dong phén khong d8i quang nghia 1a phan ung axyl hoa bing
enzym sau khi tich san phdm da axyl héa ra khoi san phim chua axyl hoa tao ra chit
d6ng phan khéng dbi quang da axyl hoéa nhu dugc thé hién trong cong thirc néu trén c6
d6 tinh khiét >99%. D9 tinh khiét duoc xac dinh bing cach cho san phim chay qua c6t
sic ky 16ng hidu ning cao (HPLC) dugc nhdi pha tinh ¢6 kha nang tach cac chat ddng
phan d6i anh trong d6 >99% chit ddng phén khéng dbi quang néu trén di ra khoi cot &
dang hop chét tinh khiét vé mit ddng phan di anh va ddng phan khéng d6i quang
riéng 1&.

Séang ché cling dé cép dén phuong phép didu ché treprostinil theo so dd phan

mg sau (So d6 1 —3).

So 6 1: Piéu ché 2-alyl-3-benzyloxy-6-bromo-benzaldehyt (5).

-11-
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H Br, H alyl bromua
—_—

1 2
Claisen, A

Br 0 Br

H Benzyl bromua (i\ /\/(?/\L
-

4a 4b

So db 2: Bidu ché (S)-tert-butyl-(1 -but-3-ynyl-hexyloxy)-dimetyl-silan (10)

OH OTBDMS

O nBuMgCl
C[\A —g’CI\/k/\/\ TOMSCL C'\)\/\/\
imidazol
8
6 7 —=—TMs
n-BulLi
OTBDMS OTBDMS
KOH,
-~ /
— MeOH 7
Z TMS
10 9

-12-
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(81) rumsoadai], 9Yo NI 1€ 9P OS
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Theo phuong 4n khéc, sang ché d& cép dén cac hop chét trung gian cong thirc I,

cong thirc II, cong thire IIb, cong thirc IIIb, hodc cong thirc IVb:

Ilb lllb

OH

OPG;
IVb

trong do:
X va'Y doc 1ap dugce chon tir nhém bao gém H, F, Cl, Br, [, va benzyl; va

PG dugc chon tir nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH2COOH, -CH2COORy, va -CH2CH20PG2; va

PGy la THP, SiR1R2R3; hoac -CH20Ry; va

Ri, Ry, va R3 ddc 14p duge chon tir nhém bao gdm metyl, isopropyl, #-butyl, va
phenyl

-15-
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R? 14 hydro, hydroxy, -ORx, -OCOORx, -OSO2Rx, Cl, Br, F, I, -SRx, hodc -SO2Ry;
Rx1a Ci4alkyl hodc aryl; va
trong d6 it nhat mot nhém X hozc Y khong 14 H.

Theo phuong 4n khac, sang ché dé cip dén céc hop chit c6 cong thic I, cong
thire 11, cong thic IIb, cong thie IIIb, hodc cong thirc IVb nhu dugec moé ta & trén,
trong do:

X va'yY doc lap duogc chon tir H, Br hodc CI; va it nhét mot X hodc Y khong la

Theo phuong 4n khic, sang ché dé cap dén cac hop chét c¢6 cong thirc I, cong
thire 11, cong thiac IIb, cong thie IIb, hodc cong thic IVb nhu dugec mod ta & trén,

trong do:
X 12 Br hodic CL; va Y 1a H, t6t hon 12 X 12 Br.

Theo phuong 4n khac, sang ché d& cap dén hop chit c¢6 cong thirc I, cong thirc
II, cong thie IIb, cong thie I1Ib, hodc cdng thirc IVb nhu duge mé td & trén, trong do
PG> 12 THP hodc TBDMS, tét hon 12 PG, 1a TBDMS.

Phuong 4n khéc sang ché dé cép dén hop chét trung gian hop chét c6 cong thirc
I, cong thtc I1, cong thic IIb, cong thire I1Ib, hodc cdng thire Ivb:

Ilb lllb

-16-
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PG,

OH

OPG;
IVb

trong do:

X va 'Y doc lap dugc chon tir nhéom bao gém H, F, CL, Br, I, va benzyl; va
PGi dugc chon tir nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH>COOH, -CH2COORy, va -CH2CH20PGg; va

PGz 1a TBMDS, va

R® 14 hydro, hydroxy, -ORy, -OCOORy, -OSORx, Cl Br, F, I, -SRy, hoic
-SO2Rx;

Rx 14 Ci4alkyl hodc aryl; va
trong d6 it nhit mot X hodc Y khong 1a H.

Theo phuong 4n khéc, séng ché dé cap dén hop chét c6 cong thirc I hodc cong
thuae IT:

X g O,PG2
Z
Y X
OPG,
|
trong do:

-17-
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X va'Y doc lap dugce chon tir nhém bao gém H, F, Cl, Br, 1, va benzyl; va

PG; dugc chon tir nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl,
-CH2COOH, -CH2COORy, va -CH2CH20PGg; va,

PG; la THP, SiRjR2R3; hoac -CH20Rk; va

Ri, Ry, va R dbc 1ap duoc chon tir nhém bao gém metyl, isopropyl, ¢-butyl, va
phenyl
R? 14 hydro, hydroxy, -ORx, -OCOORy, -OSO2Rx, Cl, Br, F, I, -SRy, hodc -SO2Ry;

Rxla Ci4alkyl hodc aryl; va,
trong do it nhat mét X hodc Y khéng 1a H.

Theo phuong 4n khéc, sang ché dé cap dén quy trinh diéu ché hop chét ¢6 cong
thire (I1), bao gdm bude:

PG,
X R o
7
Z CO,(CO),
Y N CcO
O
~ H ra 7 O
PG; | Dioxan, anh sang “PG, I
trong dé:

X, Y, R? PG va PG; la nhu duoc xac dinh & trén.

Theo phuong an khéc, sang ché dé cap dén quy trinh nhu dwoc mé ta & trén,
trong d6 PGz la TBDMS.

Theo phuong an khéc, sang ché dé cdp dén quy trinh nhu duoc mé ta & trén,

trong do R? 1a hydroxy.

Theo phuong an khéc, sang ché dé cdp dén quy trinh nhu duoc mé ta & trén,

trong d6 X 1a Br, Y 1a hydro, PG 1a benzyl, PG 1a TBDMS; va R? 1a hydroxy.

Theo phuong 4n khac, sing ché d& cap dén quy trinh diéu ché hop chét c¢6 cong

thire IV, bao gbém céc budc:

-18-
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a) hydro hoéa va khir hop chit c¢6 cong thic II tao hop chit raxemic co cong thue
111,
b) cho hop chit raxemic c6 cong thire III tip xtc voi enzym lipaza AK véi su

c6 mit clia dung moi; va

¢) thu dugc hop chat IV tinh khiét quang hoc;

lLipaza AK

o-FG2

H
- OH

OH
v
trong do:

PG; la THP hodc TBDMS, tét hon 1a PG, 1a TBDMS.

Theo phuong 4n khéc, séng ché dé cép dén quy trinh nhu duoc mé ta & trén,
trong d6 dung mdi dwgc chon tir nhém bao gbdm vinyl axetat, (cic) hexan, (cac)
heptan, va clorofom.

Theo phuong 4n khéc, sing ché d& cép dén quy trinh nhu duoc md ta & trén,
trong d6 viéc hydro héa duge thuc hién & d6 pH tir 8 dén 12, 6t hon 14 & d6 pH tir 9
dén 10.

Céc ddi tuong duoc xac dinh dudi ddy duoc xem 14 céc phuong an cua sang

ché:

1. Hop chit ¢ cong thic I, cong thirc II, cong thirc IIb, cong thirc IIIb,
hodc cong thuc IVb:

-19-
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o-PG2
o)
opg, N
lib llib
_PG
0 2
OH
H
OPG;
IVb

trong do:

X va Y doc lap dugc chon tir nhém bao gém H, F, Cl, Br, I, va benzyl; va

PG; dugc chon tr nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,

metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH,COOH, -CH2COORy, va -CH,CH20PG2; va

PG la TBDMS; va

R? 1a hydro, hydroxy, -ORx, -OCOORy, -OSO2Rx, Cl, Br, F, I, -SRy, hodc

-SO2Rx;

Rxla Cisalkyl hoac aryl; va

-20-
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trong d6 it nhat mot X hodc Y khéng 1a H.
2. Hop chét theo muc 1, trong do:

X va'Y doc lap dugc chon tir H, Br hodc Cl; va it nhat mot X hodc Y khong la

3. Hop chit theo muc 2, trong dé:
X la Br hodc Cl; va
Y laH.

4. Hop chit theo muc bit ky trong sé cic muc tr 1 dén 3, trong dé
X la Br.

5. Hop chét c6 cong thire I hodc cong thire II:

_ o-PG2
Z
Y X
OPG;
I
trong do:

X va 'Y doc lap duoc chon tir nhém bao gém H, F, Cl, Br, I, va benzyl; va
PG; dugc chon tr nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH,COOH, -CH2COORy, va -CH2CH20PGz; va

PGz 1a THP, SiR1R2R3; hodc -CH20Ry; va

Ri, Ro, va R3 ddc 1ap dugce chon tir nhéom bao gém metyl, isopropyl, #-butyl, va
phenyl
R? 1a hydro, hydroxy, -ORx, -OCOORy, -OSO2Rx, Cl, Br, F, I, -SRy, hodc -SO2Rx;

Rxl1a Cy4alkyl hodc aryl; va
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trong d6 it nhat mot X hodc Y khéng 1a H.

6. Quy trinh diéu ché hop chit c6 cong thire (II), bao gdm bude sau:

PG
R o

=

Z CO,(CO),

N co

—_—

PG | Dioxan, anh sang
trong dé:

X, Y, R?, PG va PG, 13 nhu duoc xé4c dinh trong diém 1.
7. Quy trinh theo muc 6, trong dé:
PG; 1a TBDMS.
8. Quy trinh theo muc 6 hoac 7, trong do:
R? la hydroxy.
9. Quy trinh theo muc 6, trong do;

X la Br, va

Y la hydro, va

PG 14 benzyl, va

PGz 1a TBDMS; va

R? 1a hydroxy.

10.  Quy trinh diéu ché hop chét c6 cong thirc IV, bao gdm céc bude sau:
a) hydro hoa va khir hop chét c6 cong thirc II tao ra hop chit raxemic c6 cong

thire III;

b) cho hop chit raxemic ¢ cong thie III tiép xtc véi lipaza AK véi su cb mit

cua dung mdi; va

¢) thu dugc hop chét IV tinh khiét quang hoc;
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l Lipaza AK
Q,PG2

H <

«OH

H
OH
v
trong do:
PG, 1a THP hodc TBDMS.

11.  Quy trinh theo muc 10, trong d6 dung mdi duoc chon tir nhém bao gdm

vinyl axetat, (cac) hexan, (cac) heptan, va clorofom.

12.  Quy trinh theo muc 10 hodc 11, trong d6 phan Umg hydro héa duoc thuc
hién & d6 pH tir 8 dén 12, t&t hon & d6 pH tir 9 dén 10.

13.  Quy trinh diu ché treprostinil (18) bao gdm céc bude sau:

-23-



19636
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14.  Hop chét trung gian duoc chon tir nhém bao gdm:

Br O
H
Br O A
o)
; OTBDMS QTBDMS
~ cl =
7
o ™S
4a 5 8 9
B OH OTBDMS
HF
X
o
11" 12"
QTBDMS OTBDMS
Br OAc OTBDMS
L D
: 0
H
o} OH
12a 12b 13a
OTBDMS OTBDMS OTBDMS

14a ]l\ll 15a 16a

OTBDMS OTBDMS

16b
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Sang ché con dugc minh hoa bang cac vi du sau, nhung khong chi giéi han &

céc vi du nay theo cach bt ky
Vi du thwe hién sang ché

Diéu ché axit (1R,2R,3aS,9a8)-[[2,3,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-
hydroxyoctyl]-1H-benz[f]inden-5-yl]oxy]axetic (treprostinil, 18)

Vi du 1: Diéu ché bromobenzaldehyt 2

0 Br O
o P2 H
OH OH
1 2

Hop chlt 2 duoc didu ché nhu duoc md ta trong tai lidu: Bioorganic &
Medicinal Chemistry Letters, 20(3), 1169-1172; 2010 ho#c theo tai liu: Journal of
Organic Chemistry, 67(26), 9248-9256; 2002.

Vi du 2: Diéu ché ete alyl 3

Br O Br O
©)LH Alyl bromua ©/\LH
OH o=

2 3

Thém 6-bromo-meta hydroxyl benzaldehyt (2, 250g, 1,23mol) trong dimetyl
formamit (1250ml) vao binh day tron 3 cd, khd, dung tich 51 ¢6 lip bd ngung tu, 16 do
nhiét do, va canh khudy. Thém kali cacbonat khan (538g, 3,81mol) vao dung dich thu
duoc trong didu kién khudy. Thém tir tlr alyl bromua vao hdn hop phan tmg va hdn
hop phén tng dugc duy tri trong didu kién khudy cho dén phan tmg hoan thanh (dugc
theo doi bang sic ky 16p mong (thin layer chromatography: TLC) trong hexan: diclo-
metan: etyl axetat : 7:4:0,5). Sau khi hoan thanh phan tng, diclometan va nuéc dugc
thém vao va khudy dung dich thu duoc va thue hién tach 16p. Xir Iy 16p hitu co bang
dung dich NaOH 10% va viéc tach 16p duge 1dp lai. Lop hitu co thu duoc duoc chung
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cAt dudi &p suat giam, thu duoc 6-bromo-3-alyloxy benzaldehyt & dang khéi chét long

mau nau nhat; thu dugc 290g (98%), do tinh khiét theo HPLC>95%.

1HNMR (CDCI3): 4,55- 4,65 (s, 2H), 5,15 - 5,40 (m, 2H), 6,00-6,10 (m, 1H),
7,0 - 7,10 (dd, 1H), 7,18 - 7,24 (d, 1H), 7,52-7,56 (d, 1H), 10,1 (s, 1H, CHO)

Vi du 3: Phan tng chuyén vi Claisen thanh Alyl-Benzaldehyt 4a va 4b

(WO0176693)
Br O Br O
Claisen, A
H H
o8 O
0= OH
3 . 4a

Br O
H
= 4b
OH

Thém ete alyl (3, 600g, 2,48mol) trong o-diclobenzn (181) vao hé thdng binh
thiy tinh dung tich 501. Gia nhiét tir tir dung dich thu dugc dén nhiét d6 tdi da 1a
155°C trong bé dau va dé & nhiét d6 nay trong 40 gid. Lam ngudi khdi phan tng va
chiét bang dung dich NaOH 10%. Pua 16p hitu co chira o-diclobenzen trd lai hé thong
binh thuy tinh va l3p lai qué trinh gia nhiét hai 1in. X ly 16p nuée bang dung dich
HCI va chiét vao diclometan. Chung c4t mé6t phin 16p diclometan va thém hexan vao
binh. D& yén dung dich nay trong khoang thdi gian tir 1-2 ngiy trong diéu kién lam
ngudi va sau d6 loc bang cach sit dung phéu Bucchner va rira banh loc bang hexan
lanh, thu dugc 6-bromo-3-hydroxy-2-alyl benzaldehyt & dang bot mau ndu sim dén
hoi den; tdng hidu sut 160g (27%), d6 tinh khiét theo HPLC>93%.

Vidu4: Diéu ché ete benzyl 5
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Br O Br O

Benzyl bromua
H — 5 H
X X

OH 0
4a g) 5

Thém m-hydroxyl benzaldehyt (4a, 100g, 0,41mol) trong metanol vao binh day
tron bdn cd, kho, dung tich 51 ¢6 lip bd ngung tu hdi luu, 18 do nhiét d6, va canh
khudy. Thém vao dung dich thu duogc benzyl clorua (175ml, 1,26mol). Sau d6, gia
nhiét tir tir dén hdi luu hdn hop nay va duy tri trong khi khudy trong 3-4 gio, cho dén
khi phan mg hoan thanh (dwoc theo ddi bing TLC trong hexan:diclometane:etyl
axetat : 7:4:0,5). Sau khi hoan thanh, thém nudc va diclometan vao. Sau khi chiét_hqp
chit vao 16p hitu co va sau khi rira n6 bang dung dich NaOH 10%, diclometan dugc
chung cit dudi 4p sudt giam. Thém hexan vio khéi ddu va dit nhiét d6 nim trong
khoang tir 0 dén 10°C. Sau khi khudy trong 203 gid, loc huyén phi thu dugc trong
phéu Bucchner va rira banh loc bing hexan tao ra 6-bromo-3-benzyloxy-2-alyl
benzaldehyt & dang bot mau tring dén tréng nho; hiéu sudt 110g (80%); d6 tinh khiét
theo HPLC>99%.

Vi du 5: Biéu ché rugu clo 7

O nBuMgCl o
C|\/ZA C'\/k/\/\

6 7

Vi du 6: Diéu ché ete fert-butyldimetylsilyl 8

Cl Cl

imidazol

7 8

Vi du 7: Diéu ché trimetylsilylalkyn 9
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OTBDMS — TMS OTBDMS

n-Buli G
T™S
8 9

Cl

Vi du 8: Piéu ché alkyn 10

OTBDMS KOH. OTBDMS

= MeOH <&
TMS

9 10
Vi du 9: Pidu ché ruou alkynylic 11

OTBDMS
Br O Br OH

QTBDMS PrMgCI-LiCI F
X

H

X
o 0]

10 é 5 5) 1

Thém timg giot phic chit isopropylmagie clorua lithi clorua, 1,3M trong THF
(58,1ml, 75,6mmol) qua phdu bd sung vao dung dich chira hop chat 10 (20,3g;
75,6mmol) tan trong 90ml THF khd trong mdi trudng khi nito trong 10 phut. Khudy
dung dich mau ndu nay ¢ nhiét d§ trong phong (RT) trong 15 phat. Thém vao dung
dich nay dung dich chtra hop chét 5 (12,5g; 37,8mmol) trong 120ml THF khs. Khudy
dung dich thu dugc trong 1 gio & RT. TLC (10% etyl axetat:hexan - phat hién bing
UV) chi ra rang nguyén liéu ban dau da hét. Dung dich phan tmg dugc lam lanh bing
dung dich nudc chira amoni clorua (200ml) va pha lodng bang 500ml dung dich ete
tert-butyl metyl (MTBE). T4ch céc 16p. Chiét 16p nuéc bang MTBE (2x500ml). Thu
gom 16p hitu co va lam kho bang natri sulfat khan. Loc dung mdi qua phéu thiy tinh
nung két. Co dich loc trong chan khong tao ra san phém tho & dang dau véi luong
24,1g. Tinh ché san pham thd trén cot silicagel Agela 330g bang céach sir dung hé sic
ky tu dong Isco rira giai bang 0 d&&n 10% etyl axetat:hexan, thu gom hop chét 11 véi
luong 16g (71%) 1a san phdm mong muén cing véi hop chét 10 duoc thu gom véi
luong 3,7g (18%). (NMR, MS)
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Vi du 10: Péng vong ndi phan tir khong chon loc 1ip thé Pauson-Khand
(Pauson-Khand Cyclization: PKC) thanh hop chét xyclopentenon 12

OTBDMS OTBDMS

Br
O‘b °
Déng voéng Pauson-Khand,

o) 11 Co02(Co)8 (1atm), anh sang E 12

Trong binh ddy tron dung tich 11 ¢6 thanh khudy tir, bd ngung tu hdi luu, mbi

ndi cira hit chan khong 3 van va bd didu chinh nhiét 6 bén ngoai, hop chét 11 (16,0 g
dioxan; 26,7mmol) dugc hoa tan trong 271ml dioxin & RT. Hé nay dugc ddt trong
chéan khéng trong 10 gidy tiép theo 1a 16p 4o cacbon monoxit. Quy trinh nay duoc lap
lai hai 14n nita. Coban cacbonyl (3,6g, 10,5mmol) duoc thém vao trong khi hé nay
duogc dit trong 16p 4o cacbon monoxit. HE nay lai dugce hut chan khong va nap cacbon
monoxit. Hon hop nay dwoc khudy trong khi ngudn anh sang tring (bong dén 300W)
hudng vao binh phan tng duy tri nhiét d6 phan ng nam trong khoang tir 35 dén 40°C.
Sau 48 gio, TLC (10% etyl axetat:hexan, phat hién bing UV) cho thdy nguyén liéu ban
dau d3 hét. Dich loc duoc cb trong chan khong tao ra san phém thé ¢ dang dau véi
luong 18,1g. Tinh ché san phim tho trén silic oxit sir dung cdt silic oxit SiliaFlash G
60 rira giai bing 5-60% etyl axetat:hexan dé thu gom hop chat 12 véi lugng 9,2g
(55%) 14 san phim mong mudn. (NMR, MS)

Vi du 11: Phén tach khir héa dong thdi cic nhém bromo, hydroxyl, va ete
benzyl va khir thanh xyclopentanon 13

OTBDMS OTBDMS
HH s
Hy, Pd-C, KHCO;4 @i:b‘
0
OH 13
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Quy trinh A: Trong binh déay tron dung tich 21 ¢6 thanh khudy tir, hop chét 12
(10,0 g; 15,9mmol) duge hoa tan trong 802ml metanol két hop véi khudy trong moi
truong khi nito. Kali bicacbonat (4,7g; 47,8mmol, 3,0 duong luong) dugc thém vao
trong moi trudng khi nito. Théi nito qua dung dich trong 30 phut & loai khéng khi ra
khoi hdn hop nay. O thoi diém nay, Pd 10% trén cacbon (4,5g) dugc thém vao trong
mdi trudmg khi nito. Tiép tuc loai khi thém 15 phat. Sau d6, hdn hop phan g duoc
lam bdo hoa khi hydro trong 20 phut. Sau do, hé phan ing dugc dat trong mdi trudong
hydro bang céach st dung 6 binh cau chita hydro. Phan g dugc khudy qua dém. TLC
(30% etyl axetathexan, UV va thubc nhuém amoni xeri(IV) molybdat) cho thdy
nguyén lidu ban dau van con. Céc binh ciu lai dugc nap khi hydro va hdn hop phan
tmg duge khudy thém mot ngay nita. Sau tdng cong 48 gid, TLC cho thiy khong con
nguyén liéu ban dau. Kali bicacbonat (3,1g, 2,0 duong lugng) duoc thém vao hdn hop
phan tmg va khudy trong 10 phat (d6 pH=10). Trong khi cho khi nito di qua ph&u, hdn
hop phan tmng duoc loc qua gidy loc chit luong Whatman, tiép theo loc qua dém Celit
ngin dé loai bd chit xuc tac con lai bat ky. Sau d6, rira dém nay bang 150ml etyl
axetat. Dich loc dugc c6 trong chén khong tao ra phén cédn voi lugng 14g. Phﬁn_ cin
duoc cho vao 200ml etyl axetat va loc qua Celit 14n nita. Rira dém Celit bang 150ml
dung dich etyl axetat. Dich loc dugc c6 trong chan khong tao ra dang dau, nhét, véi
luong 7,1g 12 san phim tho. Hoa tan san phim thd trong 10ml hexan va nap vao cdt
silicagel Agela 120g sir dung hé sic ky tu dong Isco rira giai bang 0 dén 30% etyl
axetat:hexan d& thu hdi hop chit 13 voi luong 4g (57%) 1a san phdm mong mudn

(NMR, MS).

Quy trinh B: Trong binh d4y tron dung tich 31 (3 ¢d) ¢6 thanh khudy tir, hop
chit 12 (21,5g; 34,2mmol) duoc hoa tan trong 1,71 metanol két hop vai khuéy trong
moi truong khi nito. Kali bicacbonat (10,2g; 102,7 mmol, 3,0 duong lugng) duoc thém
vao trong moi trudng khi nito. Khi nito dugc thdi qua hdn hop phéan g trong 30 phit
dé loai khi. Sau 30 phut loai khi, Pd 10% trén cacbon (9,6g) dugc thém vao trong mdi
trudmg khi nito. Tiép tuc loai khi thém 15 phat. O thoi diém nay, khi hydro dwoc thoi
vao hdn hop phan tng trong 20 phit. 6 tii khi duoc ndi v6i binh phan ting va hé nay
duoc khudy qua dém trong méi trudng hydro. TLC (30% etyl axetat:hexan, phat hién
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bang UV va thubc nhudém amoni xeri(IV)molybdat) cho thiy nguyén lidu ban ddu vin
con. Cac tii khi lai duwoc nap khi hydro va hdn hop phan tng dwoc khudy thém mét
ngay nita. Sau 48 gid, TLC cho thdy mét sb nguyén liéu ban diu vin con. Cac thi khi
lai duoc nap va hdn hop phan tng duoc khudy thém mot ngay nita. Sau 72 git, TLC
cho théy khong con nguyén li¢u ban d4u. Kali bicacbonat (6,8g; 67,9mmol, 2,0 duong
lwgng) dugc thém vao hdn hop phan tng va hdn hop phan tng duoc khudy trong 10
phut. Trong diéu kién c6 16p nito, hdn hop phan tng dugc loc qua gidy loc Whatman,
tiép theo qua dém Celit dé loai bo chét xtc tac du bat ky. Dich loc dugc st dung trong

bude tiép theo.

Vi du 12: Khir chon loc 1ap thé natri bohydrua thanh xyclopentanol (14)

OTBDMS OTBDMS
HH s~~~ 1) NaOH 10%
N 2) NaBH,, EtOH

OH H 13

Quy trinh A (str dung hop chét tinh khiét tir phan ng hydro héa):

Mot phin hop chdt 13 (3g; 6,7mmol) trong 260ml metanol duoc xir Iy bing
1,4ml dung dich NaOH 10% & RT va khudy trong méi trudng khi nito. Sau 90 phut,
TLC, (20% etyl axetat: hexan, phat hién bing UV va thuéc nhudm méau amoni xeri
(IV)molybdat) chi ra vét & day da bién mét. Dung dich phan tng dugc lam lanh dén
nhiét d6 -10°C va thém natri bohydrua (255mg; 6,7mmol) vao. Sau 1 gio, TLC (30%
etyl axetat:hexan) cho thiy nguyén liéu ban ddu vin con. BS sung thém natri bohydrua
v6i lwong 255mg (6,7mmol) vao. Sau 2 gid & nhiét d6 -10°C, TLC cho thiy khéng con
nguyén liéu ban diu. Phan tmg dugc phép dé 4m dén nhiét d6 trong phong va khudy
qua dém. Hon hop phan tng dugc axit hoa dén d6 pH=6 bang axit axetic. Phan tmg
dugc pha lodng bing 100ml nuéc va cb trong chan khéng. Phin cin dugc pha lodng
bang etyl axetat (300ml), rira bang 25ml hdn hop 5% natri bicacbonat (1x100ml) va
nu6e mudi (1x100ml). Lép hitu co duoc 1am kho trén natri sulfat khan va loc qua phéu
thity tinh nung két. Dich loc duoc cb trong chin khong dé thu hdi san phdm thd véi
lwong 3g. Hoa tan san phim thé trong 15ml dung dich hexan va nap vao cot 40g silic

oxit Agela. Cot nay duoc dit trén hé sic ky tr dong Isco. San phim thd dugc rira giai
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bing 0 dén 15% etyl axetat:hexan trong 20 phit, 15 dén 20% etyl axetat:hexan trong 5
phut, 20 dén 25% etyl axetat:hexan trong 5 phut va cudi cliing 25 dén 40% etyl axetat,

thu duoc hop chat 14 véi luong 1,7g (57%) 1a san phim mong mubn.
Quy trinh B (str dung phan dich loc tir phan tmg hydro héa):

Trong binh d4y tron dung tich 51, dich loc phan tig chita hop chét 13 véi luong
3000ml (73,5mmol) duge xir Iy bang dung dich NaOH 10% véi lugng 160ml & RT va
khudy trong mdi truong khi nito. Sau 2 gid, TLC (20% etyl axetat:hexan, phat hién
bang UV va thube nhuém mau amoni xeri(IV)molybdat) cho thdy epime & day (vét)
bién méit. Dung dich phan ung duoc lam lanh dén nhiét do -10°C. Natri bohydrua
(3,1g; 84,2mmol) dugc thém timg phan vio. Sau 1giv, TLC (30% etyl axetat:hexan,
phat hién bang UV va thubc nhudém amoni xeri(IV)molybdat) cho thdy nguyén liéu
ban d4u van con. Thém tiép natri bohydrua vé&i luong 3,1g (84,2mmol) véo. Sau tdng
cdng 2 gid & nhiét d6 -10°C, TLC cho thiy khong con nguyén liéu ban dau. Phan tng
duoc phép dé 4m 1én dén RT va khudy qua dém. Hon hop phan img dugc axit hoa dén
d6 pH=6 bing axit axetic. Phan (mg dwoc pha lodng bing 200ml nudc va cd trong
chan khong. Phan can dugc pha lodng bang etyl axetat (1600ml), rira bang 25ml dung
dich natri bicacbonat 5% (1x500ml) va nuéc mudi (1x300ml). Lép hitu co duoe lam
khé trén natri sulfat khan va loc qua phéu thuy tinh nung két. Dich loc duoc cb trong
chén khong dé thu hdi san phdm thd vé&i luong 38,4g. San phim thd dugc hoa tan
trong 65ml hexan va nap vao cot SilicaFlash G60 770g va rira giai bing 5% etyl
axetat:hexan (1x1000ml), 10% etyl axetat:hexan (1x1000ml), 15% etyl axetat:hexan
(1x1000ml), 20% etyl axetat:hexan (1x1000ml), 25% etyl axetat:hexan (1x1000ml),
30% etyl axetat:hexan (1x1000ml), 35% etyl axetat:hexan (1x1000ml) va 40% etyl
axetat:hexan (1x500ml), thu dugc san phdm mong mudn 14 véi lugng 16,7g (hiéu suat

44%).

Vidu 13: Alkyl héa Phenol (15)

OTBDMS OTBDMS

CICH,CN, K,COs,
o IOH

axeton

OH 14
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Thém kali cacbonat (1,5g; 11,lmmol, 10,0 duong luong) vao dung dich chua
hop chat 14 (0,5g; 1,11mmol) trong axeton (45ml) trong khi cho dong khi argon qua
hén hop nay trong 5 phut. Cloaxetonitril (1,4ml; 22,3mmol, 20,0 duong luong) dugc
thém vao va hdn hop nay dwoc gia nhiét && hdi luu trong 5 gio. TLC (25% etyl
axetat:hexan) cho thdy phan tmg d4 hoan thanh. Hdn hop phan tng dugc lam ngudi
dén nhiét dd RT va loc qua dém Celit. Dich loc dugc ¢d trong chan khéng tao ra san
phim thé & dang déu vé6i lwong 1,8g. Du ndy dugc bio quan & nhiét d6 0°C qua dém.
San phdm thd dugc hoa tan trong 10ml hdn hop 20% etyl axetat:hexan va cho di qua
silicagel Siliaflash rira giai bang 20% etyl axetat:hexan (2x100ml). Dung mdi duoc ¢
trong chan khong dé thu hdi dau véi lugng 0,48g. Sau d6, rira d&&m silic oxit bang 50%
etyl axetat:hexan (3x100ml), TLC cho thdy san phdm mong mudn cé mit trong c hai
phén doan. Thu gom céac phan doan va tinh ché. San phim thd dugc hoa tan trong 8ml
hexan va nap vao cot silic oxit Agela 12g. San phim tho dugc rira giai bing tir 0 dén
30% etyl axetat:hexan trong 20 phut, thu dugc hop chét 15a véi lugng 0,35g (65%) 1a
san phdm mong mubn.

Vi du 14: Phén giai bing enzym lipaza AK thanh axetat tinh khiét vé mat dong
phan khong dbi quang (16a)

OTBDMS OTBDMS

][ 16a +
N

]l 15a +
Lipaza AK, vinyl axetat

OTBDMS OTBDMS

H>\/L\/\V/\\ HH
OH

CCD~
£

0]

0]

| ..

H
H
N 15b N 16b .

Mot phin hop chét 15 (18,6g; 38,2mmol) dugc hoa tan trong 400ml hexan kho
& RT. Vinyl axetat (50ml) va Lipaza AK “AMANO” (36g) dugc bd sung vao trong
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mdt phan. Hon hop nay duoc khudy trong 48 gid trong méi trudng khi nito. TLC (20%
etyl axetat:hexan) cho thdy ca hai vét déu c6 mit véi cuong d6 UV bing nhau. Piéu
ndy duoc xac nhin bang 1H-NMR. Hdn hop phan tng duge loc qua phéu thiy tinh
nung két va rira bang 250ml hexan:etyl axetat 1:1. Dich loc dwgc ¢b trong chan khong
dé thu hdi ddu véi luong khoang 21g. San phdm thé duoc hoa tan trong 50ml hexan va
nap vao cdt silic oxit Agela 330g. Cot nay dugce ddt trén hé sic ky tu dong Isco. San
phdm tho duoc rira giai bang 10-20% etyl axetat: hexan trong 20 phut @& thu hoi chét
dbng phan mong mudn 16a v&i lugng 8,7g (43%) cling nhu rugu d phén gidi 16b véi
luong 8,6g (43%).

Vi du 15: Didu ché axit phenoxy-axetic (17)

OTBDMS OTBDMS

nwéc KOH, MeOH
10AC

W 16a 0 17
|. N
N O~ "OH

Mdt phan hop chét 16a (15,8g; 29,9mmol) dugc hoa tan trong 748ml MeOH.

Thém tung phﬁn dung dich nuéc KOH 35% (262ml) vao hdn hop thu duge trong S
phut. Phan tmg duoc gia nhiét dé hdi luu. Sau 1 gis, TLC (30% etyl axetat:hexan) cho
thdy khong con nguyén lidu ban dau. Sau 4 gio, TLC (100% etyl axetat) cho thiy vét
hoat tinh UV ddm hon ban dau. Hon hop phan tng dugc lam ngudi dén nhiét do RT,
sau d6 dat trong bé da. Dung dich HCI 2M (600ml) dugc thém vao dé axit héa phan
tmg dén d6 pH=>5. Hdn hop phan ung dugc pha lodng bang etyl axetat v6i luong 1,61
va rira bang dung dich NaCl bio hoa (1,61). Lép hitu co duge lam kho trén natri sulfat
khan. Dung méi duge loc qua phéu thity tinh nung két. Dich loc duoc cb trong chin
khong dé thu hdi hop chit 17 voi luong 15,1g & dang dau nhét duge ding cho bude
tiép theo.

Vi du 16: Didu ché Treprostinil (18)
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OTBDMS

nudc HF, CH3CN

Treprostinil

Mot phan hop chét 17 (15,1g; 29,9mmol) duogc hoa tan trong axetonitril véi
luvong 300ml. Dung dich duoc 1am lanh dén nhiét 46 0°C. 48% HF vdi thé tich 73ml
dugc thém timg phan vao mot cach can than. Sau 5 phit, TLC (100% etyl axetat) cho
thay khong con nguyén liéu ban diu. Phan tmg duoc gitt qua dém & nhiét d6 -20°C.
Phan tng duoc phép dé 4m dén RT va két hop v6i khudy manh dugc pha lodng bang
nude cat véi luong 1,51, Chét két tia dwoc tao ra va tiép tuc khudy trong 5 phut. Chét
rin duoc dé ling va loc qua ph&u Buchner. Rira chit rin nay bing nudc cit voi luong
250ml. Chét rin duoc lam kh trong chan khong trong 30 phit. Dat chét ran nay trong
chan khong cao trong 5 gio & RT. Thu hdi chit rén véi luong 17,6g. Nguyén liéu nay
duge khudy trong dung dich hexan véi lugng 300ml trong 5 gid. Loc chét rin qua
phé&u Buchner va sy kho trong chin khong trong 15 phat. Cudi cling, dit nguyén liéu
nay trén may dong kho trong 48 gid dé loai bé dung méi & dang vét bat ky. Thu hdi
treprostinil (18) vai luong 10,5g (91%) 1a san phim mong mudn.

Hién nhién dbi v6i ngudi c6 hiéu biét trung binh trong linh vuc niy 14 céc cai
bién va bién dbi khac nhau c¢6 thé dwoc thuc hién dbi v&i quy trinh va hop chét trung
gian md&i theo sang ché. Do vay, sang ché duoc du dinh bao gém céc cai bién va bién
ddi nay, véi didu kién ching nim trong pham vi ctia yéu cdu bao hd kém theo va cic

tuong duong.
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Yéu cau bao ho

1. Hop chét co6 cong thirc I hogic cong thire 1T sau day:

X g O’PGZ
Z
Y X
OPG;
|
trong do:
X la Br va Y la H;

PG, dugc chon tir nhém bao gdm metyl, metoxymetyl, benzyloxymetyl,
metoxyetoxymetyl, benzyl, 4-metoxybenzyl, 2,6-diclobenzyl, 3,4-diclo-benzyl;
-CH,COOH, -CH,COORy, va -CH,CH,OPG; va
PG; la tert-butyl-dimetylsilyl (TBDMYS), tetrahydropyran (THP), SiR;R,R3; hodc
-CH,0R,, trong d6 R;, R,, va R;3 ddc 1ap dugc chon tir nhdém bao gém metyl,
isopropyl, ¢-butyl, va phenyl;
R? 14 hydro, hydroxy -OR,, -OCOOR,, -OSO,R,, CI, Br, F, I, -SR,, hoic -SO,R,;
R, 1a Cyalkyl hoac aryl.

2. Hop chét theo diém 1, trong do Ry va R, 1a metyl, va R; 1a #-butyl.

3. Hop chét theo diém 1, trong d6 Ry, R,, va R; 1a isopropyl.

4. Hop chit theo diém 1, trong d6 PG, la TBDMS.

5. Hop chét theo diém 1, trong d6 PG, la THP.

6. Hop chét theo diém 1, trong d6 PG 1a benzyl.

7. Hop chét theo diém 1, trong d6 R® 13 hydro.

8. Hop chét theo diém 1, trong d6 R* 1a hydroxy.

9. Hop chit theo diém 1, trong d6 hop chét nay c6 cong thirc I:
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10. Hop chét theo diém 9, trong d6 PG, 1a TBDMS.

11. Hop chét theo diém 9, trong d6 PG, 1a THP.

12. Hop chét theo diém 9, trong d6 PG 1a benzyl.

13. Hop chét theo diém 9, trong d6 R* 14 hydro.

14. Hop chét theo diém 9, trong d6 R® 13 hydroxy.

15. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thirc I1:

PG, I

16. Hop chét theo diém 15, trong d6 PG, 1a TBDMS.

17. Hop chét theo diém 15, trong d6 PG, 1a THP.

18. Hop chét theo diém 15, trong d6 R* 1a hydro.

19. Hop chét theo diém 15, trong d6 R* 1a hydroxy.

20. Quy trinh diéu ché hop chit c6 cong thirc (II), bao gdm budc sau:

PG,

X R® ?
gz
74 CO,(CO)q

% X CcO
O
. . . ; O.
PG, : Dioxan, anh sang PG, Il
trong do:

X, Y, R*, PG, va PG, nhu dugc dinh nghia trong diém 1.
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21. Quy trinh theo diém 20, trong d6 quy trinh nay didu ché hop chit treprostinil (18) va

bao gdm cac budc sau:

Br O
H
X
(0]
OTBDMS é
%\/‘\/\/\‘
a) cho hop chét 10 10 phan tmg véi hop ch&t 5 °  khi c6 mat

phtrc chét isopropylmagie clorua lithi clorua dé tao thanh hop chét 11:;

Br OH OTBDMS

&

o

b) cho hgp chat 11 phan img déng vong Pauson-Khand khi ¢é mét cacbon monoxit,

3

coban cacbonyl va anh séng & ap sudt khi quyén dé tao thanh hop chét 12:
OTBOMS

0

c.

¢) cho hop chét 12 phan tmg v6i anhydrit axetic va 4-dimetylaminopyridin (DMAP) dé

OTBDMS
Br OAc

CL o
H
(@]

. 12
tao thanh hop chat 12a °
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d) cho hop chét 12a phan tng véi paladi trén xuc tic cacbon (Pd-C) khi ¢6 mit khi hydro
OTBDMS '

12b

va bazo dé tao thanh hop chit 12b , sau d6 phan tng hydro hoa
OTBDMS
HH? 3
O
on M
2 . 13a . P
dé tao ra hop chat 13a va hop chat 13b
OTBDMS

13b

e) khir cac hop chét 13a va 13b khi c6 mit natri borohydrua, natri hydroxit va etanol dé
OTBDMS

OTBDMS

H

14a H

tao thanh hop chit 14a vahop chdt 14b " 14

f) cho céc hop chét 14a va 14b phan tmg véi cloaxetonitril trong méi trudng axeton khi

OTBDMS

HAs
[ H—on
OCHZCl\ﬁ
c6 mat kali cacbonat dé tao thanh hop chit 15b 15b va hop chét 15a

OTBDMS
HH

«OH

OCHzcr\f1
15a
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g) cho cac hop chit 15a va 15b tiép xtc v6i enzym lipaza khi c6 mat vinyl axetat dé tao

OTBDMS OTBDMS
HY HAs
) OCHZCI\F ) ocH,eN?
thanh hop chat 16a 162 va hop chét 16b 160 :

h) chuyén héa hop chit 16a khi c6 mit dung dich nuéc chira kali hydroxit trong méi

OTBDMS
H, AN
»-OH

]\ 17

trudng metanol dé tao thanh hop chit 17 o~ o

I s
=
Q

>

i) khir bio vé hop chat 17 khi c6 mit axetonitril va dung dich nudc chia axit flohydric

o)

;\ 18
O~ "OH

d thu dugc hop chét Treprostinil (18)
22. Hop chét trung gian dugc chon tir nhém bao gbm:

"Br O
H
Br O A
O
H
X
5

OH
4a
OTBDMS
Br  OH OTBDMS Br OH
soQanalve
o} A 0 H

0. 0.
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