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(54) HQOP CHAT 15-OXOSTEROIT VA QUY TRINH SAN XUAT HOP CHAT NAY

(57) Sang ché dé cap dén hop chit va quy trinh san xuat hop chit, trong d6 hop chat nay
c6 nhém oxo dugc dua cu thé vao vi tri 15 clia khung steroit va hiru dung lam chét trung
gian, v6i hiéu sudt cao ma khong can cac bude phuc tap. Hop chat duoc biéu dién bang
cong thire (2) duoc cho phan tmg v6i chat oxy héa (vi du, hop chit iot siéu hoa tri) va chét
dong oxy hoa (vi du, peroxit) dé san xuat hop chat 15-oxosteroit dugc biéu dién bang cong
thirc (1), hitu dung lam chét trung gian:
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trong d6 R, dén R; 1a gidng hodc khac nhau va mdi nhom biéu thi nguyén tir halogen,
nhém alkyl, nhém haloalkyl, nhom alkoxy, hodc nhém haloalkoxy, R4 biéu thi nguyén tir
hydro, nguyén to halogen, nhém alkyl, nhém alkoxy, nhom axyl, hoac nhom
alkoxycarbonyl, Rs biéu thi nguyén tir hydro, nhém alkyl, hoic nhom axyl, R biéu thi
nguyén tir hydro, nhém alkyl, nhém axyl, hoic nhém sulfonyl, X biéu thi nguyén tir oxy
(O) hoac nhom metylen (CH,).
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Linh vwc k§ thuit dwoc dé cap

Sang ché dé cap dén hop chit 15-oxosteroit hiru dung lam chét trung gian dé diéu
ché hop chit ¢6 nhom oxo dugc dua vao vi tri 15 cua khung steroit ctia n6 va co hoat tinh
duge 1y (vi du, hoat tinh khang androgen) va quy trinh san xudt hop chat 15-oxosteroit
nay.
Tinh trang ky thuit cia sang ché

Hop chét pregnan (hop chét steroit pregnan) c6 cac hoat tinh sinh ly hodc hoat tinh
duogc ly khac nhau dugce diéu ché béng cach dua cac nhém chirc hodc cac nhom co6 hoat
tinh khéc nhau vao khung steroit. Hop chét steroit co hoat tinh khang androgen dugc st
dung lam tac nhan dé diéu tri bénh tang sén tuyén tién liét lanh tinh (phi dai tuyén tién
liét) hodc cac bénh khac. Tuy nhién, can phai c6 cac budc phic tap dé dua nhém chie

chira oxy vao vi tri 15 cua khung steroit

Patent Nhat Ban s6 2591640 (tai liéu sang ché 1) va Chem. Pharm. Bull. 41(5)
870-875 (1993) (tai lidu phi sang ché 1) dé cap dén hop chét 2-oxapregnan c6 nhom
axetoxy dugc dua vao vi tri 15 cua khung steroit cia n6 va boc 10 17a-axetoxy-6-clo-2-
oxa-4,6-pregnadien-3,15,20-trion (hop chit 16 ctia biéu do 2 trong tai liéu phi sang ché
1). Cong thuc phén ng B cua ta1 1iéu sang ché 1 va biéu dd 2 cua tai lidu phi sang ché 1
bo 16 rang (a) 17-hydroxy-6-clo-2-oxa-4,6-pregnadien-3,20-dion (hop chét 8) dugc khir
nuée bang phospho oxyclorua dé tao ra 6-clo-2-oxa-4,6,16-pregnatrien-3,20-dion (hop
chat 9), (b) hop chét 16-dehydro duoc tao ra bi oxy hoa dé tao ra 6-clo-170-hydroxy-2-
oxa-4,6,15-pregnatrien-3,20-dion (hop chét 10), (c¢) hop chit 15-dehydro dugc tao ra
duoc dua vao phan tng cdng vGi N-bromoaxetamit (NBA), cho ra 15B-axetoxy-160-
bromo-6-clo-17a-hydroxy-2-oxa-4,6-pregnadien-3,20-dion  (hop chdt 12: hop chit
brom).

Dang tiée 14, cac quy trinh nay, trong d6 nhom axetoxy dugce dua vao vi tri 15 cua
khung steroit thong qua ba budc (budc loai nudc, bude oxy hoa, va bude cong hop), lam
giam dang ké hiéu sudt cia hop chit pregnan. Hon nita, vi phan Gng cong voéi N-
bromoaxetamit dua nguyén tir brom vao vi tri 16 ctia khung steroit, viéc loai bo nguyén

ta brom doi hoi phan Gng khtr brom ctia hop chét 12
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Cu thé, can nhiéu budc phic tap hon d& thu dugc hop chit 2-oxapregnan (hop chét
16) trong d6 nhém oxo dugce dua vao vi tri 15 ctia khung steroit cua no. Cu thé, cin phai
khtt brom ctia hop chat 12 dé tao ra hop chat 17-hydroxy (hop chét 13) (budc khtr brom),
dé axetyl hoa hop chit 17-hydroxy dé tao ra hop chat 15p,17-diaxetoxy (hop chét 14)
(budc axetyl hoa), dé thuy phan hop chit diaxetoxy dé tao ra hop chét15p-hydroxy (budc
thiy phén), va dé oxy hoa hop chat 15B-hydroxy thu duoc dé tao ra hop chat 15-oxo (hop
chit 3.15,20-trion cta hop chit 16) (budc oxi hoa). Do véy, hop chét 2-oxapregnan trong
d6 nhom oxo duoc dua vao vi tri 15 cda khung steroit khong thé duoc tao ra voi hidu sudt
cao bang phuong phap don gian.

Org. Lett. Vol. 13, No. 16 4308-4311 (2011) (tai li¢u phi sang ché 2) boc 16 phan
g oxy hoéa nhom metylen khong phan tng, ¢ xa va tach biét cua xycloalkyl hodc este
alkyl hodt amit nho st dung diaxetoxyiodobenzen (DIB) va t-butyl hydroperoxit (TBHP).
Tai liéu phi sang ché 2 boc 10 rang xyclopentyl axetat dugc oxy hoa dé tao ra 3-
oxoxyclopentyl axetat voi hiu suét 32% va xyclohexyl axetat dugc oxy hoa dé tao ra 3-
oxoxyclohexyl axetat va 4-oxoxyclohexyl axetat voi téng hidu suat 52%.

Danh muc tai liéu vién dan

Tai liéu sang ché

Tai lidu sang ché 1: patent Nhat Ban s6 2591640 (Yéu cau bao hg, cong thic phin
tng B, va vidu 3)

Tai liéu phi sang ché

Tai lidu phi sang ché 1: Chem. Pharm. Bull. 41(5) 870-875 (1993) (Bicu d6 2)

Tai liéu phi séang ché 2: Org. Lett. Vol. 13, No. 16 4308-4311 (2011) (Bang 2)
Ban chit ky thuit cia sdng ché

Vén dé k¥ thuat

Do d6, muc dich ctua sang ché 1a dé xuat hop chit c6 nhom oxo duoc dua cu thé
vao vi tri 15 ctia khung steroit cia n6 va quy trinh san xuét hop chét nay mot cach hiéu
quéa ma khong c6 cac budce phuc tap.

Mot muc dich khéac ctua sang ché 1a dé xuét hop chit ¢c6 nhom oxo & vi tri 15 cta

khung steroit cia n6, va quy trinh san xuat hop chat nay véi hiéu suat cao bang mot hodc
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chi mdt bude (hodc phan g trong mot binh).

Muc dich khac nira ciia sang ché 1a dé xudt hop chat steroit hitu dung dé diéu ché
hop chét ¢6 hoat tinh duge 1y cao (vi du, hoat tinh khéang androgen), va quy trinh san Xudt
hop chét steroit nay.

Giéi phap cho vén e

Céc tac gia sang ché da thuc hién cdc nghién ctru chuyén siu vé viée cai bién
khung steroit nham dat duoc cac muc dich néu trén va cudi cung phat hién ra rang hop
chét ¢6 nhom thé (nhu nhom hydroxy) tai vi tri 7 cua khung steroit cua no duoc oxi hoa
cu thé tai vi tri 15 ctia khung steroit dé dua nhom oxo vao va viéc s dung hop chit c6
nhom oxo dugce dua vao vi tri 15 cua khung steroit nhu vdy lam chét trung gian cho phép
dé dang diéu ché hop chit ¢6 hoat tinh duogc 1y cao (vi du, hoat tinh khédng androgen).

Sang ché duoc hoan thanh dua trén cac phat hién néu trén.

Cu thé, sang ché dé xudt hop chét 15-oxosteroit dugc biéu dién bang cong thire (1)
sau. Ngdu nhién, cic vi tri twong (mg cua khung steroit trong cong thirc (1) dudi day

dugc biéu thi bang so vi tri.

Cong thuce hoa hoc 1

Trong cong thtrc, R dén R; 1a giéng hodc khac nhau va mdi nhom biéu thi nguyén
tr halogen, nhom alkyl, nhom haloalkyl, nhém alkoxy, hodc nhom haloalkoxy, R, biéu
thi nguyén t&r hydro, nguyén t& halogen, nhém alkyl, nhom alkoxy, nhom axyl, hodac
nhom alkoxycarbonyl, Rs biéu thi nguyén tir hydro, nhom alkyl, hodc nhom axyl, Re biéu
thi nguyén tir hydro, nhém alkyl, nhém axyl, hogc nhém sulfonyl, va X biéu thi nguyén

tir oxy (O) hodc nhom metylen (CH,).

R, ¢6 thé 12 nguyén ti halogen, R, dén R, 1a gidng hodc khac nhau va co thé 1a
nhom alkyl hodc nhom haloalkyl, Ry va Rs co thé 12 nhom axyl giéng hodc khac nhau, Rg

¢6 thé 1a nguyén tr hydro, nhém axyl, hodc nhém sulfonyl, va X co thé 1a nguyén tir oxy
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(O).
Hop chit 15-oxosteroit dugc biéu diln bang cong thirc (1) trén ddy co thé 1a chat
tri€t quang hodc chét quang hoat (hogc chét ddng phan quang hoc) duoc biéu dién, vi du,

bang cong thirc (1a) sau day:

Cong thtrc hoa hoc 2

trong d6 R, dén R va X c6 nghia tuong tu nhu dugc dinh nghia ¢ trén.

Sang ché ciing dé xuit quy trinh san xuét hop chit 15-oxosteroit. Theo quy trinh
nay, hop chat dugc biéu dién bing cong thie (1) trén ¢6 thé dugc didu ché biang cach oxy
hoa hop chat duoc biéu dién bang cong thirc (2) sau dé dua nhom oxo vao vi tri 15 cua

khung steroit.

Cong thtrc hoa hoc 3

Ry (2 R4 (1

Trong cong thuc, R, dén R va X c6 nghia twong tw nhu duoc dinh nghia ¢ trén.

Vi du, hop chét 15-oxosteroit duoc biéu dién béng cdng thue (1) trén ¢co thé duoc
tao ra bang cach oxy héa hop chit dugc biéu dién bang cong thic (2) voi chét oxy hoa va

chét dong oxy hoa (tdc nhan ddng oxy hoa).

Trong quy trinh nay, chét quang hoat dugc biéu dién biang cong thirc (2a) c6 thé
duoc st dung lam hop chét duge biéu dién bing cong thie (2) dé dicu ché chét dong
phan quang hoc duoc biéu dién bang cong thirc (1a) trén trong khi duy tri céu hinh ctia

no.
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Cong thtrc hoa hoc 4

R, (2a) R1 (1a)

Trong cong thure, R, dén R va X ¢o nghia twong tu nhu duge dinh nghia & trén.

Trong quy trinh nay, chét oxy hoa c6 thé gdm, vi du, hop chét iot siéu héa tri. Chét
ddng oxy hoa co thé gdm peroxit va/hodic axit peroxy. Trong phan (mg oxy hoa v6i chat
oxy hoa va chat dong oxy hoa, phan Gmg nay c6 thé duoc thuc hién voi sy cung ton tai
cta chit cung t6n tai nhu axit, bazo hodc mubi. Chét cung ton tai ¢6 thé cung ton tai tich
cuc voi chét oxy hoa va chét dong oxy hoa trong phan Ung, va chét cung ton tai co thé
duoc thém vao hé phan tng trude do, trude khi thém chét oxy hoa va chét dong oxy hoa
vao hé phan g hodc co thé dugc thém vao sau khi thém chat oxi hoa va chét dong oxi
héa vao hé phéan tmg. Cu thé hon, hop chat dugc biéu dién bang cong thirc (1) trén co thé
duoc didu ché bang cach cho hop chat duge biéu dién bang cong thirc (2) trén phan Gng
v6i hop chat iot siéu hoa tri va peroxit v6i su ¢6 mat cua axit manh trong dung moi (vi
du, dung mai tro hoac bat hoat voi phan ng), sau d6 thém cacbonat kim loai kiém vao hé
phén tng va tiép tuc phan ung.

Hi¢u qua c6 g1 cua sang ché

Theo sang ché, hop chit ¢6 nhom oxo duge dua cu thé vao vi trf 15 cta khung
steroit 1a c6 thé dugc san xuat mot cach don gidn va hi¢u qua thong qua chét trung gian
cu thé (hop chét (2)) ma khong c6 cac budc phirc tap. Cu thé, hop chét ¢6 nhom oxo & vi
tri 15 cua khung steroit dugc san véi hiéu suét cao béng mot hodc chi mdt bude (hodc
phén tng trong mot binh). Hon nita, viéc st dung hop chat ¢ nhom oxo duoc dua vao vi
tri 15 cua khung steroit lam chét trung gian cho phép san xuét don gian hop chét ¢ hoat
tinh duoc 1y cao (vi du, hoat tinh khéang androgen) voi s6 budc giam hodc nho.

Mo ta chi tiét sang ché
Hop chét 15-oxosteroit

Hop chét dugc biéu dién bing cong thirc (1) trén 1a hop chat méi va hiru dung dé
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san xuét hop chit c¢6 hoat tinh dugc 1y cao (vi du, hoat tinh khang androgen).

Trong cdng thtre (1) trén, nguyén tir halogen dugc biéu thi bang mdi nhom R dén
R, c6 thé bao gdbm nguyén t& flo, nguyén tir clo, nguyén t brom, va nguyén to iot.
Nguyén ti halogen thuc té ¢o thé 1a nguyén tir flo, nguyén tir clo, hodc nguyén tir brom,
dic biét Ia nguyén tu flo hodc nguyén tir clo.

Vi du vé nhém alkyl duoc bidu thi bing mdi nhom R, dén R 14, c6 thé dé cap dén
nhém C_palkyl mach thing hodc mach nhanh nhu nhom metyl, nhom etyl, nhom propyl,
nhém isopropyl, nhém butyl, nhém isobutyl, nhém s-butyl, nhém t-butyl, nhém pentyl,
nhom isopenty, nhom hexyl, hodc nhom octyl. Nhém alkyl thuong la nhom Calkyl
mach thing hodc mach nhanh, 5t hon 1a nhém C4alkyl mach théng hodc mach nhanh,

hodc tt hon nita 1a nhom C_zalkyl mach théng hoac mach nhanh.

Nhom alkoxy ducc biéu thi bang mdi nhom R, dén R, c6 thé bao gdm nhom
alkoxy tuong tng v6i nhom alkyl, vi du, nhom C,_jpalkoxy mach thang hodc mach nhanh
nhu nhém metoxy, nhém etoxy, nhom propoxy, nhém isopropoxy, nhom butoxy, hoac
nhom t-butoxy. Nhom alkoxy thuong la nhom C_galkoxy mach théng hodc mach nhanh,
tdt hon 1a nhom C,4alkoxy mach théng hodc mach nhanh, va t6t hon nita 1a nhom C 3

alkoxy mach thang hodc mach nhanh.

Vi du v& nguyén tir halogen trong nhém haloalkyl va nhom haloalkoxy dugc biéu
thi béng mdi nhom R, dén Rj 14, ¢o thé dé cap dén nguyén ti halogen duoc minh hoa
bang vi du trén. Nguyén t& halogen thuong la nguyén tir flo, nguyén tu clo, hodc nguyén
tir brom, dic biét 1a nguyén t& flo hodc nguyén tir clo. Vi du vé nhém haloalkyl c6 thé
bao g@)m nhom haloC,_jpalkyl mach théng hoic mach nhanh nhu nhém clometyl, nhom
triclometyl, nhém flometyl, nhém triflometyl, nhom 2.2 2-tricloetyl, nhom percloetyl,
nhom 2.,2,2-trifloetyl, nhém perfloctyl, hodc nhéom perfloisopropyl. Nhom haloalkyl
thuong 1a nhém haloC,_galkyl mach théng hoic mach nhanh nhu nhom triclometyl hodc

nhom triflometyl, t6t hon 1a nhom haloCy 4alkyl, va t&t hon nita 1a nhoém haloCy_jalkyl.

Vi du vé& nhom haloalkoxy dugc biéu thi b'fmg mdi nhom R, dén Rj 14, ¢6 thé dé
cap dén nhom haloalkoxy tuong Gmg v6i nhom haloalkyl, vi du, nhom haloC/_jpalkoxy
mach thdng hoic mach nhanh nhu nhom triclometoxy, nhom triflometoxy, nhom
percloetoxy, nhom perfloethoxy, hodc nhom perflopropoxy. Nhom haloalkoxy thuong la

nhom haloC,;_salkoxy mach théng hodc mach nhanh nhu nhom triclometoxy hodc nhom
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triflometoxy, t6t hon 12 nhom haloC 4alkoxy, va {6t hon nira 1a nhom haloC_salkoxy.

Nhom axyl dugce biéu thi béng mdi Ry, Rs, va Rg ¢o thé bao gém, vi du, nhém
formyl; nhém Cy_ppalkyl-carbonyl mach th'fmg hoic mach nhanh nhu nhom axetyl, nhom
propionyl, nhom butyryl, nhom isobutyryl, nhom t-butyryl, nhém pentanoyl (nhom
valeryl), hodc nhom hexanoyl; nhom Cs.oxycloalkyl-carbonyl nhu  nhém
xyclohexylcarbonyl; nhém Cg_paryl-carbonyl co thé c6 nhom thé (nhu nhém Cy_alkyl,
nguyén to halogen, hoac nhom nitro ), chéng han, nhom benzoyl, nhom toluoyl, hodc
nhom naphtoyl; va nhém axyl di vong ¢ it nhit mot di nguyén tr dugce chon tir nguyén
tr oxy, nguyén tir luu huynh, va nguyén ttr nito (nhu nhém furoyl, nhom nicotinoyl, hodc
nhém isonicotinoyl). Nhém axyl thuong 1a nhom alkylcarbonyl, vi du, nhém C,alkyl-
carbonyl mach thang hodc mach nhanh, t&t hon 1a nhém C,_4alkyl-carbonyl, va t&t hon

nita 1a nhom C,_zalkyl-carbonyl.

Nhom alkoxycarbonyl duoc biéu thi bang Ry co thé bao gbém, vi du, nhom C,.
alkoxy-carbonyl mach thang hodc mach nhanh nhu nhom metoxycarbonyl, nhom
ctoxycarbonyl,  nhém  propoxycarbonyl,  nhom isopropoxycarbonyl, ~ nhom
butoxycarbonyl, nhém t-butoxycarbonyl, hodc nhém hexyloxycarbonyl. Nhém
alkoxycarbonyl thuong 1a nhom Cgalkoxy-carbonyl mach thiang hodc mach nhénh, t6t

hon 1a nhom C;_4alkoxy-carbonyl, va tdt hon nita 1a nhom C,_salkoxy-carbonyl.

Vi du vé nhom sulfonyl duoc biéu thi béng Rg, ¢b thé dé cap dén nhom C
alkansulfonyl nhu nhém metansulfonyl, nhém ctansulfonyl, hodc nhom t-butansulfonyl,
va nhom Cq_, arensulfonyl cé thé c6 nhom thé (nhu nhom C4alkyl, nguyén tir halogen,

hodc nhém nitro), chéng han, nhom benzensulfonyl hodc nhom toluensulfonyl.
X ¢6 thé 1a nguyén tir oxy (O) hogic nhém metylen (CH,).

Trong hop chét 15-oxosteroit duoc bidu dién bang cong thire (1) trén, R, thuc té c6

2

thé 1a nguyén tir halogen (ching han, nguyén t& flo hodc nguyén tir clo) va Ry va R; thue
té ¢6 thé la giéng hoac khac nhau va biéu thi nhém alkyl (vi du, nhom Cy4 alkyl mach
théng hodc mach nhanh) hodc nhom haloalkyl (vi dy, nhom Cy4 alkoxy mach théng hodc
mach nhanh). Hon nita, trong truong hop thuc té, Ry va Rs co thé 1a nhom axyl gidng
hoidc khéc, vi du, nhom alkylcarbonyl (vi du, nhom Cy4 alkyl-carbonyl mach théng hodc

mach nhanh), Rg ¢6 thé 1a nguyén t hydro hodc nhom axyl (vi du, nhom alkylcarbonyl

nhu nhom C,4 alkyl-carbonyl mach théng hodc mach nhanh), va X ¢é thé 1a nguyén tu
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oxy (O).

Hop chit 15-oxosteroit dugc biéu dién bang cong thic (1) ¢o thé 12 chat triét
quang hoac chat ddng phan quang hoc. Hop chét 15-oxosteroit wu tién bao gdm chit

quang hoat (chdt ddng phan quang hoc) dugc biéu dién bang cong thirc (1a) sau:

Cong thuc hoa hoc 5

trong do R, dén Ry va X c6 nghia twong tu nhu dugc dinh nghia ¢ trén.

Hop chét 15-oxosteroit duoc biéu dién bang cong thic (1) hodc (la) trén day co
thé c6 hoat tinh sinh 1y hodc hoat tinh dugc ly. Viée st dung hop chét 15-oxosteroit theo
sang ché lam chét trung gian dé san xudt hop chit c¢6 hoat tinh sinh ly hodc hoat tinh
dugc 1y mot cach don gidn voi hicu suét cao. Vi du, trong cong thirc (1) hodc (1a), nhom
-OR¢ ¢ vi tri 7 cua khung steroit ¢o thé duoc loai bo bang phuong phép thong thuong dé
diéu ché hop chat duoc biéu dién biang cong thic (3) hodc (3a) sau va duge md ta trong

tai liéu phi sang ché 1 (chang han hop chét 16):

Cong thtrc hoa hoc 6

trong do R, dén Rs va X c6 nghia twong tu nhu duge dinh nghia ¢ trén.

Cu thé, vi du, hop chit duoc biéu dién béng cong thtre (1) trén trong d6 nhom -
ORg 1a nhém hydroxyl co thé, vi du, dugc dua vao phan tng loai nude véi sy cd mat cua
tac nhan loai bd (nhu tionyl clorua, phospho oxyclorua, hodc Martin sulfuran) dé diu ché

hop chat duoc biéu dién bang cong thirc (3) hodc (3a).
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Hon nita, truong hop trong doé hop chit ¢c6 nhom alkoxy nhu nhom -ORg, nhom
alkoxy nay ¢6 thé duge bién d6i thanh nhom hydroxyl nho tac dong cta axit (vi du, axit
sulfuric, axit hydriodic, va axit bromhydric) va dugc dua vao phan ng loai nude gidng

nhu trén, do véy didu ché hop chét duoc biéu dién bang cong thirc (3) hodc (3a).

Truong hop trong d6 hop chit c6 nhom axyloxy (nhu nhom axetyloxy) hodc nhém
sulfonyloxy nhu nhém -ORg, nhom -ORg ¢o thé duogc loai bd (hodc duge gidi phong)
bang cach dua hop chét nay vao phan tmg loai bd v6i sy ¢6 mit ciia dung moi bazo hodc
bazo (vi du, hydroxit kim loai kiém, cacbonat kim loai kiém, va axetat kim loai kiém nhu
natri axetat hodc kali axetat).

Quy trinh san xuét hop chét 15-oxosteroit

Hop chat 15-oxosteroit dugc biéu diln bing cong thirc (1) trén ¢ thé duoc diéu
ché bang cach oxy héa hop chét duoc biu dién bang cong thic (2) sau. Tham chi 1a
trong truong hop ma hop chét dugc bidu dién bang cong thie (2a) sau bi oxy hoa, chat
quang hoat duoc biéu dién bang cong thirc (1a) c6 thé dugc diéu ché trong khi duy tri chu

hinh (c4u hinh khong gian).

Cong thtic hda hoc 7

Ro
(2a)

ORg

R
Trong cong thuc, R; dén R va X ¢6 nghia twong tu nhu duoc dinh nghia & trén.
Hop chét duoc biéu dién bing cong thirc (2) hodc (2a) trén la chét da bict. Vi du,
hop chét trong d6 Rg 1a nhom hydroxyl va hop chét trong do Rg 1a nhom axetyl duge mod
t4 1a hop chét 11 va hop chét 13 trong bicu dd 2 cua tai ligu Chem. Pharm. Bull. 40(4),
935-941 (1992). Do viy, hop chat dugc biéu dién bing cong thire (2) hodc (2a) c6 thé
duoc didu ché theo phuong phdp mo ta trong tai liéu nay, hodc néu co thé, co thé 1a hop
chét c¢6 béan sin trén thi truong.
Phén (ng oxy hoa ¢6 thé dugc thyc hién nho st dung chét oxy héa va chat dong

oxy hoa.
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Vi du vé chét oxy hoa c6 thé bao gdm hop chét iot siéu héa tri (periodua htu co
hodc chit xuc tic), vi du, iodosobenzen diaxetat (hodc iodobenzen diaxetat),
[bis(trifloaxetoxy)iodo|benzen, (di-tert-butylcarbonyloxyiodo)benzen,
(hydroxytosyloxyiodo)benzen (thude thir Koser), (difloiodo)toluen, axit 2-iodoxybenzoic,
axit 2-iodoxybenzensulfonic, iodosylbenzen, va iodoxybenzen. Hon nira, chét oxy hoa co
thé 12 loai hoat dong hodc chét xuc tac duoc dé cép ¢ trén dugc tao ra t hop chét iot hitu
co trong hé phan tmg. Cac chét oxy hoa nay c6 thé duogc st dung riéng hodc ¢ dang két
hop. Chit oxy héa uu tién bao gd6m iodobenzen diaxetat, [bis(trifloaxctoxy)iodo]benzen,

hodc cac chit oxy hoa khac.

Luong chit oxy héa co thé 1a, vi du, khoang 0,1 dén 50 mol, tot hon la khoang 0.5
dén 25 mol (vi dy, khoang 1 dén 20 mol), va t8t hon nira 1a khoang 2 dén 10 mol (vi du,

khoang 3 dén & mol), so v6i 1 mol cua hop chét duoc biéu din bang cong thic (2).

Chét dong oxy hoa co thé bao gdém peroxit, vi du, hydro peroxit, tert-butyl
hydroperoxit (TBHP), di-tert-butyl peroxit, tert-amyl hydroperoxit, di-tert-amyl peroxit,
cumen hydroperoxit, dicumyl peroxit, tert-butyl cumyl peroxit, tert-butyl peroxypyvalat,
benzoyl peroxit, lauroyl peroxit, va etylbenzen hydroperoxit; axit peroxy, vi du, axit
peraxetic, axit tricloperaxetic, axit trifloperaxetic, axit perbenzoic, va axit p-
nitroperbenzoic; va Oxon, vi du, mubi kali cua axit persulfuric (peroxymonosulfat kali).
Céc chét dong oxy hoa nay c6 thé ciing dugc st dung riéng hodc ¢ dang két ho‘pb. Chat
ddng oxy hoa, thuc & duge sir dung ¢6 thé 1a peroxit hodc axit peroxy, vi du, peroxit nhu
tert-butyl hydroperoxit (IBHP).

Luong chat dong oxy héa c6 thé 13, vi du, khoang 0,1 dén 100 mol, (vi du, khoang
1 dén 50 mol), tét hon 1a khoang 1,5 dén 30 mol), va tt hon nita 1a khodng 5 dén 25 mol
(vi du, khoang 5 dén 15 mol), so voi 1 mol hop chét duoc biéu dién béng cong thtc (2).

Phan tng oxy hoa co thé duoc thuc hién véi su cung tdn tai cta chét cung ton tai
(vi du, axit, bazo va mubi). Phan tmg véi su ¢6 mit cla chét cing ton tai nhu vay co thé
cai thién hicu sudt clia hop chét dich.

Axit ¢6 thé 1a hop chét bét ky trong sb axit vo co, axit hitu co va axit Lewis. Vi du
vé axit vo co, c6 thé d& cdp dén axit khodng nhu axit clohydric, hydro clorua, axit
bromhydric, hydro bromua, axit sulfuric, axit sulfuro, axit sulfuric boc khoi, axit nitric,

axit nitric bdc khoi, axit nitro, axit phosphoric, axit boric, axit hydrofloboric, axit
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cacbonic hodc axit silixic.

Axit hitu co ¢6 thé bao gém hop chét axit carboxylic hitu co va hop chét axit
sulfonic. Vi du vé hop chit axit carboxylic hitu co, ¢6 thé dé cap dén axit alkancarboxylic
c6 thé ¢b nguyén t halogen, nhu axit formic, axit axetic, axit tricloaxetic, axit
trifloaxetic, axit propionic, axit butyric, axit valyic, axit caproic, hodc axit lauric; axit
hydroxycarboxylic nhu axit glycolic, axit lactic, axit malic, axit tartaric hodc axit xitric;
axit xycloalkancarboxylic nhu axit xyclohexancarboxylic; axit dicarboxylic hodc axit
polycarboxylic nhu axit oxalic, axit malonic, axit sucxinic, axit glutamic, axit adipic, axit
fumaric, axit maleic hodc axit aconitic; va axit arencarboxylic hodc axit polycarboxylic
nhu axit benzoic, axit phtalic, axit melitic hogc axit xinamic. Vi du vé hop chit axit
sulfonic ¢6 thé bao gdm axit alkansulfonic c6 thé ¢6 nguyén tir halogen, chdng han nhu
axit metansulfonic hodc axit triflometansulfonic; axit arensulfonic nhu axit
benzensulfonic hodc axit p-toluensulfonic; va axit xycloalkansulfonic ¢ thé 1a mot hop
chit vong ciu ndi, ching han nhu axit camphorsulfonic.

Axit Lewis ¢6 thé bao gém, vi du, scandi triflometansulfonat va sit
triflometansul fonat.

Cac axit nay co thé duogc su dung riéng hodc & dang két hop. Axit duge uu tién
bao gém axit manh, vi du, axit vd co nhu axit sulfuric, axit haloalkancarboxylic nhu axit
trifloaxetic va axit sulfonic. Thue t& st dung c6 thé 1a axit sulfuric.

Luogng axit (hoac chit xuc tac axit) khong bi giéi han cu thé & mot lugng ddc biét
v ¢6 thé 13, vi du, khoang 0,0001 dén 0,1 duong lugng, tt hon 1a khoang 0,0005 dén
0,05 duong luong, va tot hon nita 1a 0,001 dén 0,01 duong luong, so voi 1 mol hop chat
duoc biéu dién boi cong thie (2).

Bazo ¢6 thé bao gom bazo vo co va bazo hitu co. Vi du ve bazo vo co, ¢6 the de

o=}

cap dén cacbonat kim loai kiém hodc hydro cacbonat nhu natri cacbonat, kali cacbonat,
xesi cacbonat, lithi cacbonat, natri hydro cacbonat, hodc kali hydro cacbonat; alkoxit cua
kim loai kiém nhu t-butoxykali; hydroxit ctia kim loai kiém nhu natri hydroxit hodc kali
hydroxit; hydroxit cua kim loai kiém tho nhu canxi hydroxit hogc bari hydroxit; hydroxit
ctia kim loai da hda tri nhu nhdém hydroxit; va kim loai kiém duoc alkyl hoa nhu n-

butyllithi. Vi du v& bazo hitu co c¢6 thé bao gdbm amin bac ba nhu pyridin hodc

trietylamin. Céc bazo hodc mudi nay c¢6 th¢ ciing duogc st dung riéng hodc ¢ dang két
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hop. Bazo 1, cacbonat cua kim loai kicm, vi du, kali cacbonat, ¢ thé dugc su dung thuc

e
A

te.

Mudi (bao gém hop chét halogen vo co) ¢6 thé bao gém mudi vo co, mudi axit
hitu co va phire kim loai chuyén tiép (hodc mudi phtc). Vi du nhu mudi vo co, co thé dé
cap dén mubi axit vo co, vi du, hop chét halogen kim loai, vi du, hop chét halogen kim
loai kiém nhu natri clorua, kali clorua hoac kali bromua va hop chit halogen kim loai
kiém thd nhu canxi clorua; sulfat kim loai kiém nhu natri sulfat hodc kali sulfat, sulfat
kim loai kiém thd nhu magie sulfat, canxi sulfat hodc bari sulfat va sulfat kim loai da hoa
tri nhu nhom sulfat, déng sulfat, sat sulfat, niken sulfat hodc coban sulfat; nitrat kim loai
kiém nhu natri nitrat hodc kali nitrat, nitrat kim loai kiém thdé nhu magie nitrat hodc bari
nitrat va nitrat kim loai da hoa tri nhu niken nitrat. Vi du vé mubi axit hitu co, c6 thé dé
cap dén mudi axit carboxylic (vi du: axetat) nhu magie axetat hodc mangan axetan. Phuc
kim loai chuyén tiép (hodc mudi phirc) co thé bao gom phirc coban. Céc mubi nay co thé

la muoi trung tinh.

Lugng bazo hodc mubi ¢6 thé 1a, vi du, khoang 0,1 dén 15 mol, t6t hon 1a khoang
0,5 dén 10 mol, va t&t hon nita 1a khoang 1 dén 7 mol (vi du, khoang 2 dén 6 mol), so v§i
v6i 1 mol hop chit duge biéu diln bang cong thirc (2).

Chét cing ton tai ¢6 thé cung ton tai tich cuc véi chét oxy hoa va chét dong oxy
hoa trong phan tng, va thoi gian b sung chit cting ton tai vao h¢ phan tng khong bi gidi
han cu thé theo cach cu thé. Chat cung tdn tai ¢6 thé duoc thém vao hé phan tng trude
khi thém chit oxy hoa va chét dong oxy héa hodc c6 thé dugce thém vao sau khi thém chat

oxy hoa va chat dong oxy hoa.

Phéan Gng ¢ thé duoc thuc hién trong dung méi. Dung moi c6 thé bao gdm cac
dung mdi khac nhau (cu thé, dung mdi tro hodc bt hoat véi phéan tng), vi du, dung moi
nhém ete (vi du, hop chat chudi ete nhu dimetyl ete, dietyl cte, diisopropyl ete, metyl
tert-butyl ete, dimetoxyetan, hodc xyclopentyl metyl cte, va hop chét cte vong nhu
tetrahydrofuran hogc dioxan), dung mo6i nhom hydrocacbon [vi du, dung moi nhom
hydrocarbon thom (nhu benzen, toluen, Xxylen, hodc clobenzen) va dung moi nhoém
hydrocarbon béo (nhu pentan, hexan, heptan, hodc octan)], dung moi nhom amit (nhu
N,N-dimetylformamit, N,N-dimetylaxctamit, hodc N-metylpyrolidon), dung moi ruou (vi

du, alkanol nhu metanol, triclometanol, triflometanol, ctanol, trifloetanol, tricloetanol, n-

-13-



34081

propanol, 2-propanol, n-butanol, s-butanol, t-butanol, pentanol, hodc hexanol;
xycloalkanol nhu xyclopropanol, xyclobutanol, xyclopentanol, hodc xyclohexanol; diol
nhu etylen glycol, 1,3-propandiol, 1,4-butandiol, hodc 1,5-pentandiol; va rugu polyhydric
nhu glyxerin), dung moi nhom este (nhu metyl axetat, etyl axetat, hodc isopropyl axetat),
dung mdi nhom nitril (nhu axetonitril, propionitril, hodc benzonitril), dung moi nhom
nitroalkan (nitrometan, nitroetan), va dung mdi chtra nito bazo (amin bdc ba, vi du,
trialkylamin nhu trietylamin, va amin vong nhu pyridin hodc quinolin). Cac dung moi
nay c6 thé dugc str dung riéng hodc la dung moi hdn hop. Dung mdi duge uu tién ¢ thé
1a dung moi hén hop chira it nhét hai loai dung mai hitu co, vi du, dung moi hdn hop gdm

2,2,2-trifloetanol va clobenzen.

Phan tmg ¢6 thé duge thuc hién & nhiét do khoang -50°C dén 50°C (vi du, khoing
-30°C dén 0°C), va & khi quyén ¢ thé 13, vi du, khi quyén chira oxy (vi dy, trong khong
khi) hodc trong khi quyén tro. Hon nita, phan ang thuong cé thé duogc thuc hién trong khi
thém lién tuc hodc gian doan chét oxy hoa manh vao h¢ phéan tng

Phan rng véi su ¢d mét cua bazo hodc mudi cling co thé duoc thuc hién & nhiét do
khoang -50°C dén 50°C (vi du, khoang -30°C dén 0°C) nhu md ta & trén.

Sau khi hoan thanh phan Gng, hon hop phan ng ¢6 thé¢ duoc tach va tinh ché bing
phuong phép tach va tinh ché thong thuong, vi du, phuong phap nhu chiét bang dung
moi, trung hoa, co dac, rua, két tinh hodc két tinh lai, dé cho ra hop chit dich véi hiéu
suét cao.

Ngau nhién, tai li¢u phi sang ché 2 boc 16 phan (mg oxy hoa cua co chat nhu
axetyloxyxyclopentan v6i chit oxy hoa va chit dong oxy héa véi sy ¢6 mit cua axit. Tuy
nhién, trong tai liéu phi sang ché 2, hop chét dich chi thu dwge v6i hiéu sudt thap. Nguoe
lai, theo séang ché, su oxy hoa hop chit c6 nhom thé cu thé & vi tri 7 ctia khung steroit co
thé dwa mét cach chon loc hodc cu thé nhom oxo vao vi tri 15 cia khung steroit, trong khi
duy tri hoat tinh quang hoc cho chét quang hoat, va co thé san xuét hop chét dich véi tinh

chuyén doi va tinh chon loc cao.
Vi du thwe hién sang ché
Cac vi du sau nhim md t4 sang ché chi tiét hon va khong dugc hiéu la xac dinh

pham vi bao hd cua sang ché.
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Vidul

Cong thirc hda hoc 8

iy o
CH, C=0 CH, 20
"'”OAC -IIHOAC
—_—
0 “oH o oK
Cl o 2a) Cl (a1)

Hop chét (2a-1) trén duoc dua vao phan tmg oxy hoa dé tao ra hop chit (1a-1)

trén.

Cu thé, hdn hop cia 6B-clo-7a-hydroxy-3,20-dioxo-2-oxapregn-4-en-17-yl axetat
(hop chét (2a-1) trén, 90,0g), 2,2,2-trifloetanol (162mL), va clobenzen (2,520L) duoc lam
lanh dén -24 + 2°C, va iodobenzen diaxetat (409,2¢) va axit sulfuric (0,3mL) dugc thém
vao. Hon hop thu duge duoc bd sung nhé giot dung dich nudc tert-butyl hydroperoxit
(301mL) co néng do 70% ¢ cung nhiét do, va hon hop thu duge duge khuéy trong 40
phut trong khi duy tri nhi¢t d§ trén. Hon hop phan ng dugc thém kali cacbonat (131,8g)
trong khi duy tri nhiét do trén va hon hop thu duge duge khudy trong 44 gir & cung nhiét
do.

Hon hop phan Gng thu dugce duge dd vao dung dich duoc lam maét chira natri
pyrosulfit (90,0g) va natri clorua (540,0g) trong nudc (1,53 L) va ¢6 nhiét do 2°C, binh
phan Ung dugc rira bang etyl axetat (720mL), va hdn hop két hop duge khudy & nhiét do
trong phong. Hon hop thu dugce tach thanh 16p (hodc pha) trén va 16p (hodc pha) dudi, va
16p dudi duoce chiét lai bing ctyl axctat (360mL). Céc 16p trén dugc két hop, va céc 16p
trén két hop nay dugc rira bang dung dich chira natri dihydro phosphat (180,0g) va natri
clorua (270,0g) trong nude (1,8L) va c6 do pH 7,5 dugc didu chinh bing natri hydroxit
¢6 ndng do 30% trong lugng. Sau dé, 16p hiru co thu duge duge ria bang dung dich chira
natri clorua (225,0g) trong nudc (720mL) va 16p rira dugce ¢6 ddc ¢ nhi¢t do khong cao
hon 50°C dudi ap sudt giam dén khi lugng con lai giam xubng khoang 2,52L. Phan cb
dac duoc khuéy manh va heptan (5,4 L) dugc thém vao. Hon hop thu duge duge khuéy 4]
18°C qua dém. Tinh thé két tia dugc thu gom bang cich loc va dugc roa bang heptan

(315mL). Tinh thé tho thu duoc dugc hoa tan trong hdn hop axeton (378mL) va nudc
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(38mL), va nude (1,44L) duogc thém vao d6 kém khudy manh. Dich huyén phu thu duoc
duoc ¢d dic ¢ nhiét do khong cao hon 50°C dudi ap sut giam cho dén khi luong con lai
giam xudng con khodng 1,44L. Dich huyén phu dugc khudy trong 75 phut & 10°C va tinh
thé duoc thu gom béng céach loc va duogc rira béng nuée (270ml). Tinh thé thu duoc duoc
sdy kho ¢ 50°C trong 10 gid dé cho ra 6B-clo-7a-hydroxy-3,15,20-trioxo-2-oxapregn-4-
en-17-yl axetat (hop chét (1a-1) trén, 65.2g (hiéu sut 70,1%)). Hop chét dugc tinh ché
bang sic ky cot (dung moi rira gidi n-hexan : etyl axetat = 1: 1 dén 1: 2) dé thu duge mau
phan tich.

NMR: 'H-NMR (400 MHz, CDCl;)d: 0,83 (311, s), 1,48 (3H, s), 1,49-1,71 (4H,
m), 2,12-2,22 (1H, m), 2,14 (3M, s), 2,19 (3H, s), 2,46-2,56 (2H, m), 2,78 (1H. d, J = 11,2
Hz), 3,49 (1H, d, J = 20,0 Hz), 4,09, 4,22 2H, ABq, J = 10,8 Hz), 4,47 (1H, d, ] = 2.9
Hz), 5,04 (1H, brs), 6,01 (1H, s)

MASS: m/z 438 (M)
Vidu?2

Cong thuc hda hoc 9

Cl (3a-1)

Hop chét (la-1) trén dugce dua vao phan Gng loai nudce dé tao ra hop chit (3a-1)

trén.

Cu thé, hon hop 6B-clo-7a-hydroxy-3,15,20-trioxo-2-oxapregn-4-en-17-yl axetat
(hop chét (1a-1) trén, 9,35g) va diclometan (240mL) dugc lam mat bang nude d4 trong
mdi trudong argon va hon hop nay duge bd sung nho giot dung dich Martin sulfuran (bis
[o,0-bis (triflometyl) benzenmetanolato] diphenylsulfur) (20g) trong diclometan

(110mL). Khudy hdn hop thu duge ¢ nhiét do trong phong qua dém.

Hon hop phan tmg dugc cd ddc dudi ap suét giam. Phan ¢6 dic thu dugc dugc tinh
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ché bang sic ky cot (dung moi rira giai n-hexan: etyl axetat = 1: 1 dén 2:3) dé taora 170
axetoxy-6-clo-2-oxa-4,6-pregnadien-3,15, 20-trion (hgp chét (3a-1) trén, 5,8g (hi¢u suét
64,7%)).

Vi du so sanh

Theo biéu dd 2 va cac diéu kién ctia mdi bude phan tng duge mo ta trong tai ligu
phi sang ché 1, hop chét 12 duoc diu ché tir hop chat 8 1a nguyén liéu ban dau thong qua
hop chit 9 va hop chét 10. Higu suét 1a 7,8%. Hon nita, hop chdt 16 dugc diéu ché tir hop
chat 12 qua hop chét 13, hop cht 14 va hop chit 15a. Hi¢u sudt la 7,7%.
Kha ning rng dung trong cong nghi¢p

Hop chét 15-oxosteroit theo sang ché dugc biu difn bing cong thirc (1) c6 thé
san xudt hop chit c6 nhém oxo & vi tri 15 cta khung steroit bing cach loai bé nhom -
ORg. Vi vay, hop chat theo sang ché 1a hitu dung lam chét trung gian dé san xuat hop chat

¢6 hoat tinh duoc 1y cao (vi du, hoat tinh khang androgen).
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YEU CAU BAO HQ
1. Hop chét 15-oxosteroit dugc bitu dién bang cong thirc (1) sau:

Ry R4

trong d6 R, dén R; la gidng hodc khac nhau va mdi nhém biéu thi nguyén t&
halogen, nhém alkyl, nhom haloalkyl, nhom alkoxy, hodc nhom haloalkoxy, Ry biéu thi
nguyén tir hydro, nguyén t&r halogen, nhom alkyl, nhom alkoxy, nhém axyl, hodc nhém
alkoxycarbonyl, Rs bicu thi nguyén t& hydro, nhom alkyl, hodc nhom axyl, Re biéu thi
nguyén ttt hydro, nhom alkyl, nhom axyl, hodc nhém sulfonyl, va X biéu thi nguyén tir

oxy (O) hodc nhom metylen (CLH,).

2. Hop chit 15-oxosteroit theo diém 1, duoc biu dién bang cong thic (1a) sau:

trong d6 R; dén R va X ¢6 nghia twong tu nhu dugc dinh nghia trong diém 1.
3. Hop chit 15-oxosteroit theo diém 1 hodc 2, trong R, 1a nguyén tir halogen, R, va R 1a
gidng hodc khac nhau va la nhom alkyl hodc nhom haloalkyl, Ry va Rs la nhom axyl
gibng hodc khac nhau, Rg 12 nguyén t hydro, nhom axyl, hogc nhom sulfonyl, va X la
nguyén tr oxy.
4. Quy trinh san xuét hop chét 15-oxosteroit theo diém bat ky trong sd cac diém tir 1 dén

3, quy trinh nay bao 206m budc oxy héa hop chét duoc biéu dién bang cong thie (2) sau:
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Ry R4
ORs

ORs
Ry

trong do Ry dén R va X c¢6 nghia twong tu nhu duge dinh nghia trong diém 1 véi
chit oxy hoa va chét dong oxy hoa.
5. Quy trinh theo diém 4, trong d6 chit cung ton tai duoc thém vao qua trinh oxy hoa vdi
chit oxy hoa va chét dong oxy hoa.
6. Quy trinh theo diém 4 hodc 5, trong d6 chit oxy hoa bao gdm hop chét iot siéu hoa tri,
va chit ddng oxy hoa gém peroxit va/hodc axit peroxy.
7. Quy trinh theo diém bét ky trong s6 cac diém tur 4 dén 6, trong do hop chét duoc cho
phan tng v6i hop chit iot siéu hoa tri va peroxit v6i sy ¢ mit cia axit manh trong dung

moi, sau do thém cacbonat ctia kim loai kiém vao h¢ phan Gmg va phan tmg duoc tiép tuc.

-19-





