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TOM TAT

Pit van dé: 16-Dehydropregnenolone acetate (16-
DPA) la mét hop chat trung gian c6 vai tro quan trong
trong quy trinh san xuat nhiéu loai thudc steroid ban
t6ng hop nhu hormon sinh duc, corticosteroid, cht trc
ché 5a-reductase va mot s6 nhom steroid c6 hoat tinh
sinh hoc khac. Do céu trac phirc tap, kho tong hop
hoa hoc nén 16-DPA chu yéu dugc san xuét tir cac
sapogenin steroid co6 trong dugc li¢u nhu diosgenin,
solasodine... Muc tiéu: Tong hop dugc 16-DPA tir
diosgenin 1am nguyén liéu cho quy trinh diéu ché cac
thuéc nhém steroid. Phwong phap: 16-DPA duoc
tong hop tir diosgenin thong qua 2 giai doan: i) acetyl
hoa diosgenin trong anhydrid acetic dé tao diosgenin
acetat (DA), sau do la acetyl héa m¢ vong voi AICL/
H,BO, dé thu duoc pseudodiosgenin diacetate
(PDA); ii) Oxy hoa PDA bang KMnO , tao dioson r0i
thity phan trong acid acetic dé thu duogc 16-DPA. Cau
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trac cua cac chat duoc khang dinh bang cac phuong
phap pho: IR, MS, H-NMR va 3C-NMR. Két qua:
Giai doan dau, PDA d3d duoc tong hop thanh cong
& 140°C, ap suat khi quyén, dat hiéu suat 45% dudi
dang bot tinh thé mau tréng, R, 0,52 (n-hexan : ethyl
acetat, 4 : 1), t° 98,0 - 100,0°C. Giai doan hai, hi¢u
suit tao 16-DPA dat 92,3%, du6i dang tinh thé mau
trdng 6 t° 172,0 - 173,0°C ma khong can tinh ché
bang phuong phép sic ky cot. Cau trac san pham c6
két qua phd *H-NMR va C-NMR hoan toan khép
v6i cac dir liéu nghién ciru trén thé gisi da cong bd
trude d6. Két luan: 16-DPA da dugc tong hop thanh
cong tir diosgenin v6i hiéu suit tong dat 41,5%. Quy
trinh cho thay trién vong mé rong quy mé quy trinh
v6i tiém nang ung dung trong tong hop thude steroid.
Tw khoa: Diosgenin; Diosone; Steroids; 16-DPA;
Pseudodiosgenin diacetate
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ABSTRACT

Background: 16-Dehydropregnenolone  acetate
(16-DPA) is a typical intermediate compound in the
production of many semisynthetic steroid drugs such as
sex hormones, corticosteroids, Sa-reductase inhibitors,
andseveral otherbiologically active steroid groups. Dueto
its complex structure and difficulty in chemical synthesis,
16-DPA is mainly produced from steroid sapogenins
found in medicinal herbs such as diosgenin, solasodine...
Objectives: Synthesize 16-DPA from diosgenin as raw
material to prepare steroid drugs. Methods: 16-DPA
was synthesized from diosgenin through 2 stages: i)
acetylation of diosgenin in acetic anhydride to form
intermediate diosgenin acetate (DA), then ring-opening
acetylation by adding aluminum chloride and boric
acid to obtain pseudodiosgenin diacetate (PDA); ii)
Oxidation of PDA by potassium permanganate to create
diosone, followed by hydrolysis in acetic acid to obtain
16-DPA. Structure of intermediate derivatives and final
16-DPA was confirmed by spectroscopic techniques:
mass spectrometry (MS), infrared (IR), and nuclear
magnetic resonance (*H- and *C-NMR). Results: In the
initial stage, PDA was successfully synthesized without
requiring pressure at 140°C in 90 minutes in 45% yield
as a white crystalline powder, R; 0.52 (n-hexane/ethyl
acetate, 4/1), mp. 98.0 - 100.0°C. In the second stage,
16-DPA was obtained in 92.3% yield without the need
for column chromatography, final product as a white
crystal, R.0.60 (n-hexane/ethyl acetate, 1/1), mp. 172.0
- 173.0°C. The *H-NMR and "*C-NMR spectra perfectly
match the previously published data. Conclusions: 16-
DPA was successfully synthesized from diosgenin with
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a total yield of 41.5%. The structures of intermediate
an final product 16-DPA were proven by spectroscopic
analysis. The synthesis procedure shows promise for
scaling-ups the process with the potential to apply in the
synthesis of steroid drugs.

Keywords: Diosgenin; Diosone; Steroids; 16-DPA;
Pseudodiosgenin diacetate

PAT VAN PE

Hinh 1. So' do tong hop cdc hoat chdt nhém steroid théng qua trung gian
16-DPA tr cdac hop chat thién nhién
16-dehydropregnenolon acetat (16-DPA) 1a mot hop
chat trung gian dong vai trd quan trong cac quy trinh
tong hop hoat chat trong nhom steroid nhu: prenison,
prenisolon [1]; cac chat trc ché enzym Sa-reductase
[2,3,4]; hormon progesteron; va cac nhém steroid co
hoat tinh sinh hoc khac [5]. Cac phan tir thudc nay
¢6 céu trac hoa hoc phirc tap nén gap nhiéu kho khin
khi tong hop hoa hoc toan phan. Do vay cic phuong
phap ban tong hop tir nguyén liéu 1a hop chit thién
nhién 13 giai phap wu tién duoc lya chon. Cho dén
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nay, 16-DPA c6 thé dugc tong hop theo nhiéu con
duong khac nhau tir nguyén liéu 1a cac hop chét thién
nhién nhu: solasodin [6], solanidin [7]... va cho hiéu
sudt cao nhat 1a diosgenin [8-10], tir d6 tong hop ra
céc hoat chat nhém steroid mong mudn (Hinh 1).
Viéc ban tong hop cac thudc steroid tir cac ngudn
duoc liéu c6 san qua trung gian 16-DPA 1a budc phat
trién bén vitng, quy trinh san xuat than thién véi moi
truong, dong thoi mang lai hiéu qua kinh té cao [10].
Tai Viét Nam, cac nghién clru vé téng hop vé cac
nhom thude steroid, tong hop 16-DPA tir cic nguyén
liéu co nguén géc duoc tir dugc liéu con it. Vi vay,
chung t6i tién hanh nghién ctru nay voi muc tiéu:
“Téng hop dwoc 16-dehydropregnenolon acetat tir
diosgenin lam nguyén liéu cho quy trinh diéu ché cdc
thuéc nhém steroid” ...

PHUONG PHAP NGHIEN CUU

Str dung cac phan ing co ban trong hoa hoc hiru co
nhu qué trinh acyl héa, oxy hoa va thity phan dé tong
hop cac chét du kién. Quy trinh tong hop gém 02 giai
doan nhu sau:

Hinh 2. Quy trinh tong hop 16-dehydropregnenolon acetat (16-DPA)
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- Acetyl hoa diosgenin v&i anhydrid acetic tao trung
gian diosgenin acetat (DA), sau d6 thém nhom
clorid (khan) va acid boric dé tao pseudodiosgenin
diacetat (PDA).

- Oxy hoa pseudodiosgenin diacetat tao dioson,
r0i thity phan trong acid acetic bang thu duoc
dehydropregnenolon (16-DPA).

Céc phan tng duoc theo ddi bang phuong phéap sic
ky 16p mong (SKLM), thuc hién trén ban mong
silicagel 60 F254 v&i cac hé dung moi khai trién thich
hop (n-hexan : ethylacetat (4 : 1) - h¢ A; n-hexan :
ethylacetat (1 : 1) - hé B), hién vét bang thudc thu
H,SO, 10% / ethanol. Danh gia so bd do tinh khiét
ctia san pham bang phuong phap SKLM va do nhiét
d6 nong chay trén may do EZ-Melt. CAu trac cta cac
hop chit trung gian va san pham cubi xac dinh bang
cac phuong phap phd duoc do tai Vién Hoéa Hoc -
Vién Han 1am Khoa hoc va Cong nghé Viét Nam: Pho
khéi luong (MS - dugc ghi trén may 920-MS TQ-
FT, Agilent Technologies); pho hong ngoai (IR - ghi
trén may Perkin Elmer); ph6 cong hudng tir hat nhan
proton (*H-NMR) va carbon-13 ("*C-NMR) ghi trén
méy Bruker 500 MHz Ascend véi chit chudn noi 1a
tetramethylsilan (TMS).

KET QUA
Tong hop pseudodiosgenin diacetat (PDA)

Hinh 3. So do phdn img tong hop PDA tir diosgenin
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Cdch tién hanh: Lan lugt thém 1,20 g diosgenin (2,90
mmol) va 15 mL Ac,0 vao binh cau 2 c6 dung tich
100 mL. Hon hop sau d6 duoc khudy, dun hoi luu &
140°C trong 1 gid. Theo dai tién d6 bang SKLM véi
hé n-hexan : ethyl acetat (4 : 1) dén khi diosgenin
phan tng hoan toan tao ra DA. Giai doan 2, tién hanh
giam nhiét d6 ctia hdn hop vé 40°C rdi thém lan luot
0,10 g (0,75 mmol) AICI, khan va 0,06 g (0,97 mmol)
H,BO, vao binh phan ung, duy tri trong 10 phut. Sau
do6 nang nhiét do phan tng 1én 140°C va dun hoi luu
trong 1,5 gio. Két thiic phan tng, lam ngudi roi do
hdn hop vao 100 mL nudc cat da, khudy manh. Chiét
hdn hop thu dugc voi dicloromethan (7,0 mL/lan, 3
lan), thu ldy pha hitu co. Lam khan pha hitu co bang
Na,SO, rdi cat thu hdi dung méi dén can. Chét rén thu
duoc hoa tan trong 5 mL methanol & 50°C, sau d6 dé
két tinh & 0 - 5°C. Loc, rira tinh thé bé“mg methanol,
roi séy kho ¢ 40 - 45°C, thu duogc 0,65 g cht ran két
tinh mau trang (c6 R, 0,52 - h¢ A; khoang néng chay
98,0 - 100,0°C; 45,0%).

Céu trac pho cta san pham PDA: IR (cm™): 2942
(C-H no), 1731 (C = O ester), 1691 (C = C), 1036
(C-O ester). MS-ESI*: [M+H]* = 4974 (C, H,O,,
498,4). 'H-NMR (600 MHz, CDCL,): 0,69 (3H, s,
H-18); 0,93-0,95 (3H, d, J = 7,20 Hz, H-27); 0, 0,93-
0,99 (1H, m, H-9); 0,97-1,04 (2H, m, H-1a, 14a);
1,04 (3H, s, H-19); 1,13-1,16 (1H, m, H-12a, H-14b);
1,25-1,31 (2H, m, H-15a, H-24a); 1,41-1,48 (2H, m,
H-2a, H-7a); 1,58 (3H, s, H- 21); 1,61-1,63 (2H, m,
H-8, H-25); 1,79-1,82 (2H, m, H-11); 1,82-1,88 (3H,
m, H-1b, H-2b, H-24b); 2,03-2,05 (6H, s, CH,COO);
2,03-2,05 (1H, m, H-7b); 2,05-2,18 (2H, m, H-23);
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2,05-2,18 (2H, m, H-12b, H-17); 2,29-2,35 (2H, m,
H-4a, H-15b); 2,48 (1H, d, J = 10,20 Hz, H-4b);
3,86-3,96 (2H, m, H-26); 4,6 (2H, m, H-3, H-16);
5,37-5,38 (1H, d, J = 5,40 Hz, H-6). ®C-NMR (150
MHz, CDCl,), ¢ (ppm): 36,97 (C-1); 27,72 (C-2),
78,83 (C-3); 38,07 (C-4); 151,41 (C-5); 139,67 (C-6);
34,09 (C-7); 30,75 (C-8); 49,96 (C-9); 36,67 (C-10);
20,94 (C-11); 39,45 (C-12); 43,22 (C-13); 54,92 (C-
14); 32,14 (C-15); 84,27 (C-16); 64,15 (C-17); 16,69
(C-18); 19,31 (C-19); 122,30 (C-20); 13,90 (C-21);
103,76 (C-22); 32,09 (C-23); 23,17 (C-24); 31,9 (C-
25); 69,13 (C-26); 11,62 (C-27); 21,40 (CH,-COO-);
171,18 va 170,46 (-OOC-CH,).

Khio sat anh hwéng ciia chit xic tac dén hiéu suat
phan ung tao pseudodiosgenin diacetat

Khi tién hanh riéng r& cac xtic tac (khong két hop
voi AICL), sdc ky d0 c6 vét san pham nhat va/hodc
nhiéu san pham phu. Tuong tu khi chi ding AICI,
cho sic ky c6 vét DA va PDA dam tuong duong, giy
kho khan cho qua trinh tinh ché (khong két tinh duoc
PDA). Vi vy ¢ cac khao sat sau do, ching toi két
hop AICI, va céc xtc tac acid khac. Két qua thu dugc
khi st dung xtc tac acid manh nhu H,SO,, HCIO,,
p-TSA ngay lap ttrc thay xuat hién san pham phu, gay
kho khin cho qué trinh tach chiét va tinh ché. Véi
cac acid diu nhe hon nhu KHSO,, NH ,HSO,, H.BO,
dich phan {mg it san pham phu hon, qua trinh xur 1y
két tinh duogc san pham PDA. Trong d6 khi két hop
AICI, véi H,BO, cho hi¢u suat tt nhat dat 45%. Vi
vay, chung t6i lya chon tac nhan AICL/H,BO,/Ac,0
tién hanh thyc hién phan tmg acetyl hoa.
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Bang 1. Két qua khdo sdt anh hieong ciia chdt xiic tdc
dén hiéu suat phan vng tao PDA

Xic tac Khéi lugng  Higu ©
STT hodc chat Cam quan sian pham  sin pham  suat © (“:c)
bé tro (g) (%)
1 HBO, Chatrin mau vang nhat 0,51 35,1 98,0-99,6
o ajcl  Chat long sét mau vang, Sirolong, )
3 SKLM con vét DA vang nhat
AlCI,, L1, s Siro long,
3 »-TSA Chat 16ng sét mau vang ving - -
AlCI,, L,oL
4 KHSO, Chat ran mau vang 0,50 35,0 97,8-1004
AlCI,, L oL
5 NH,HSO, Chat ran mau vang 0,47 32,8 97,5-99,7
AlCI,, Vét san phém PDA dam,
2 H,BO, vét san pham phu nhat i SV O
7 AlCI,,
HCIO,
Chét long sét mau vang, ..
8 glgg SKLM con nguyén ligu Slr‘(])ég)ng, - -
27 74 DA, nhicu vét tap &
9 AICI,,
NH,CI

Khao sat anh

huéng cia ty 1¢ mol H3BO3 :

Diosgenin dén hi¢u suit tao PDA

Bang 2. Khao sat anh hwong cua ty I¢ mol H BO, : Diosgenin dén hiéu sudt tao PDA

Tylé¢ mol H.BO . . 2 Khoi lugn Hi¢u
STT y ].)iosgeli,’in 3 Cam quan san pham san phfin.l (g) suat .(%)
1 1:1 Chat ran mau vang 0,44 30,7
2 1:2 Két tinh mau tring nga vang 0,59 40,6
3 1:3 Két tinh mau tring 0,65 452
4 1:4 Chat long siro mau vang 0,72 -
90 Tap chi KHCN YD | Tép 4, s6 03 - 2025



Khi giam lugng acid boric so vo1 diosgenin (ttrc ty 1¢
mol ting dan) hiéu suat phan tng tang dan va két tinh
duoc san phém DPA. Hiéu suét cao nhat & ty 1€ 1:3
dat 45,2%. Tiép tuc ting 1én ty 1¢ 1:4, phan tng xay ra
khong hoan toan, nguyén liéu DA con du va tap chat
nén khong két tinh duoc DPA. Do dé chung t6i tién
hanh phan Umg véi ty 1€ 1:3.

Tong hop 16-dehydropregnenolon acetat (16-DPA)

Hinh 4. So @6 phan iing tong hop 16-dehydropregnenolon acetat tir DPA

Giai doan 1: Téng hop Dioson

Hoatan 0,50 gPDA (1,0 mmol) vao 5 mL dicloromethan
trong binh 3 ¢6 dung tich 50 mL, lam lanh xudng 0 -
5°C. Thém lan luot 5,0 mg (1%) xuc tac chuyén pha
TBATB (tetrabutylammonium tribromid) va 3 mL
H,0O vao binh phan tmg. Nho tir tir dung dich chira 0,32
g (2,0 mmol) KMnO, trong 4 mL H,0 vao hdn hop
phan tng trong vong 30 phut. Sau do duy tri phan ing
trong 1,5 gio va ludn kiém soat pH trong binh khoang
3 béng hé dém acid acetic/natri acetat. Chiét hon hop
phan tmg v6i dicloromethan (10 mL/lan, 3 lan). Pha
hitu co sau d6 dwoc 1am khan r6i cat thu hdi dung moéi
dudi ap suat giam dén thé tich khong d6i. Thu duoc
hon hop chira san phém cO dang siro dac, dinh, mau
vang nhat. Vét san pham dioson trén SKLM c6 gia tri
R,=0,58 (h¢ B). San pham nay dugc dem di tién phan
ung ¢ giai doan sau ma khong tinh ché.
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Giai doan 2: Tong hop 16-dehydropregnenolon
acetat (16-DPA)

Hon hop chat 16ng chira dioson thu duge & trén duoc
hoa tan trong 10 mL acid acetic bang. Sau d6 dugc
dun hoi luu ¢ 140°C trong 4 gio. Két thuc phan tng
lam nguoi hdn hop vé nhiét dé phong, d6 vao nudc
da va chiét bang dung moi DCM. Pha DCM duoc rira
bang dung dich NaHCO, 5%, lam khan rdi cat thu hoi
DCM dén can. Chét ran con lai dugc hoa tan trong 4
mL MeOH néng va két tinh & 0 - 5°C. Loc, rira tinh
thé bang MeOH lanh roi siy kho. Thu dugc 0,33 g san
pham 16-DPA thu duoc dang tinh thé mau tring (H:
92,3%). San pham co gia tri R, = 0,60 (h¢ B) va nhiét
dod nong chay trong khoang 172,0 - 173,0°C.

Két qua pho ctia 16-DPA: IR (cm™): 2945 (C-H no),
1730 (C = O ester), 1662 (C = O ceton), 1584 (C =
C). MS-ESI': [M+H]* = 356,7 (C,,H,,0,, 356,5).
'H-NMR (600 MHz, CDCI3): ¢ 0,92 (3H, s, H-18);
1,03-1,05 (2H, m, H-9, H-14); 1,06 (3H, s, H-19);
1,1-1,2 (2H, m, H-1a, H-14); 1,35 (1H, m, H-12a);
1,43 (1H, m, H-9); 1,64 (1H, m, H-7a); 1,59 (1H, m,
H-2a); 1,57-1,60 (2H, m, H-11); 1,69 (1H, m, H-8);
1,86 (2H, m, H-1b, H-2b); 2,02 (1H, m, H-7b); 2,03
(3H, s, H,C-COO-); 2,04 (1H, m, H-15a); 2,26-2,28
(3H, s, H-21); 2,31 (1H, m, H-15b); 2,32-2,34 (2H,
m, H-4); 2,40-2,42 (1H, m, H-12b); 4,57-4,63 (1H,
m, H-3); 5,38-5,38 (1H, m, H-6); 6,69-6,71 (1H, m,
H-16). "C-NMR (150 MHz, CDCL,), ¢ (ppm): 36,90
(C-1); 27,76 (C-2); 73,90 (C-3); 38,17 (C-4); 140,31
(C-5); 122,00 (C-6); 31,57 (C-7); 30,20 (C-8); 56,40
(C-9); 36,82 (C-10); 20,66 (C-11); 34,65 (C-12);
46,12 (C-13); 50,44 (C-14); 32,27 (C-15); 144,36
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(C-16); 155,41 (C-17); 15,74 (C-18); 19,24 (C-19);
196,83 (C-20); 27,15 (C-21); 21,43 (CH,-COO-);
170,54 (-OOC-CH,).

BAN LUAN

Phan ng tong hop PDA tir diosgenin

Phan tng tong hop PDA tir diosgenin gdom 02 giai
doan 1a acetyl hoa nhom -OH rdi sau d6 acetyl hoa
két hop md vong dé tao san phdm. Phan Gng nay
trude day da dugc thuc hién voi anhydrid acetic trong
dung moéi xylen véi diéu kién nhiét do va ap suét cao
250°C/4-5 atm [9]. Pé giam diéu kién vé nhiét do va
ap sudt cua phan tmg, mot s6 bao cdo da st dung cac
acid Lewis nhu: H,BO,/anhydrid isobutyric ¢ 170°C;
acetyl clorid/xylen ¢ 138°C trong 6 gio [8]... Trong
d6 ndi bat nhat 1a phuong phap cua Baruah va cong
su khi tién hanh phan tng véi AICL/ Ac,0 ¢ 140°C
trong 3 gio, dat hiéu suét 95 - 98%.

Bdng 3. So sanh diéu kién phan g véi phirong phdp ciia Baruah va cong sw

Cic diéu kién phan Gng ;)::fl(;l;gvl;hc?:l;il Két qua nghién ciru
Téac nhan Ac,0, AlCI, Ac,0, AICL, & H,BO,
Ty 1€ Diosmin : AICI, 1:0,5 1:0,26
Ty 1€ Diosmin : acid boric - 1:0,33
Nhiét do 140°C 140°C
Ap suat Ap suit thuong Ap suit thuong
Thoi gian phan ung 3 gio 2 gio
Hiéu suat 95 - 98% 40 - 45%
Dung mo6i Ac,0 Ac,0
Thiét bi Binh céu 3 ¢b Binh cau 3 ¢b
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Thuyec t€ khi ching t6i tién hanh chi véi AICL, theo quy
trinh cua tac gia Baruah va cong su [10], vét PDA va
DA trén SKLM dam tuong dwong va khong thay doi
du cho du AICL,, giy giam hi¢u suit va kho tinh ché
thu PDA. Do d6 chiing toi két hop AICI, v6i mot acid
khac dé 1am ting kha ning phan Gng mo vong, két
qua thu duge AICL, H,BO, / Ac,0 cho hi¢u suét cao
nhat (45%), phan tng khong str dung ap suét cao nhu
cac phuong phap khac dugc cong bd trude dé [9,11].
Khi két hop hai chit xtic tac ndy, lugng AlCI, str dung
giam xubng, thoi gian phan tng ngin hon, thuan loi
trong qua trinh tach va tinh ché thu san pham. Mt
khac H,BO, la xtc tac san co, it doc hai, than thién
véi moi truong va dé thao tac hon so voi AICI, khan
(dé hiit am gay phan hily, tao hoi HCI gay nguy hiém).
Phan ng tong hop 16-DPA

Trong phan tng nay, chiing t6i da thay thé tac nhan
oxy hoa CrO, [8] bang KMnO , 1a tac nhan oxy hoa
phd bién, an toan va xanh hon; phan tmg oxy hoa
dién ra ém diu, qua trinh tinh ché, xir 1y phan tng
don gian hon. Sau d6 tién hanh thuy phan trong acid
acetic bang va két tinh trong MeOH dé thu duogc 16-
DPA tinh khiét. Két qua phd cta san pham déu cho
cac tin hiéu twong dong véi tai lidu da cong bo [12].
CAu triic 16-DPA cang dugc khang dinh trong két qua
phd BC-NMR: Khac voi PDA, 16-DPA chi xuét hién
1 tin hi€u twong ung véi carbon trong CH,COO- 6 vi
tri 170,54 ppm. Déng thoi con c6 mot carbon co do
dich chuyén & vi tri 196,83 ppm la carbon trong nhém
churc ceton ¢ C-20, cung vdi cac nguyén tu carbon véi
do dich chuyén hoéa hoc cao khac nhu 140,31; 122,00;
144,36 va 155,41 tuong ting vdi C-anken.
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KET LUAN

Chung t6i dd tong hop va khiang dinh duoc cu trac
cua 16-DPA tir nguyén li¢u diosgenin véi 02 giai doan,
hiéu suat toan quy trinh dat 41,5%. Trong d6 da khao
sat va lua chon duoc diéu kién phan tng nhu sau:

- Giai doan acetyl hoa va m¢ vong thuc hi¢n voi tac
nhan AICIL,/H,BO,/Ac,O cho hi¢u suat dat 45%. Phan
tmg thuc hién d& dang & ap suit thuong, voi ty 16
diosgenin : AICl;: H,BO, giam con 1:0,26:0,33, thoi
gian phan tmg ngin (2 gio).

- St dung tac nhan oxi hoa than thién véi moi truong,
phé bién 1a KMnO A dé tong hop dioson, rdi tién hanh
phan tng thuy phan trong acid acetic bang dé thu
duoc 16-DPA, hiéu suit cua ca giai doan dat 92,8%.
Quy trinh cho thiy trién vong nang cip quy md tong
hop, tir d6 cung cAp 16-DPA 1am nguyén liéu trong
tong hop thude steroid.
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