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Selective Synthesis of 73-Hydroxyepiandrosterone
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Abstract The 7p-hydroxyepiandrosterone (4) is a kind of compound possessing strong anti-inflammatory properties. Using
dehydroisoandrosterone as starting material, 3f-acetoxy-7-oxodehydroisoandrosterone (3) was obtained by acetylation and
oxidization. In the presence of Ni**, compound 3 was selectively reduced to give compound 4, its 7-epimer, 7a-hydroxyepi-
androsterone (5) and byproduct 6. The condition of selective reduction was investigated further. The structures of all com-

pounds were characterized by IR, NMR and MS techniques.

Keywords dehydroisoandrosterone; 7f-epiandrosterone; 7a-epiandrosterone; selective reduction
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Reagents and conditions: (a) BEEREF, MEiE; ( B, (c) =444k, 3,5-dimethylpyrazole, CH,Cly, 4 h, —20 C; (d) Hz, 10% Pd/C, EtOAc, 1 h, r.t,;
(e) NaBHa, CeClz*7H,0, MeOH, 2 h, 0 C; (f) TsOH H,0, Me;CO, 12 h, rit. (g) K2COs, MeOH, 1.5 h, r.t.

B 1 7p- SRR 1) 5
Scheme 1 Synthesis of 74-hydroxyepiandrosterone

AT E AR MR e, &2id 3-F22k k4, M

Collin R EB 2L S 3. tb&W 3 7 NiT B 147
FEIZAE B RS BE R, SR G 20 3- i 3
2 H b= 1-F2HE R MR (4), FIR 2D &N Ta 2
A SRR 5 FEIF=Y) 7p-F0 3k - A R IR (6), Hr~
W) 7-$2 LR IERA R BEIC R = Fk 3] T 80.1%. 5
Ab, B FARR THEAF R NRE ST 7- 525 R IR
AR BRI A 22 B RN S AR R, SN % 2 4 Scheme 2
Fi7R.

1 ER5HR

7E Ricoo &Mk, MEERMENH KR 76-
P2 I MR ) A AL T B 7 DR, T ERAT T T % 2k
M TFIRE 0 SR 380 77 AN R 22 4 B L. TEALB 3 1)
RSB, AR T 7R & R AR B FARE I 24 T
MEAATIC IR, 158 T IR GF 0 2 %k B e IR 7=
Y, Horh 7-BREE K 5,6- XU AT O S5 R P A (7- 55 RE e
i) S5 A A A 7-FRFE A SR IR = 0 (7-F2 55 2 R MR ) 1)
ERIFIEEN 93 11, ERNEFEFRAER 17-
FRIEWOR TR =, TSR0 7-52 R =453 5 A
TB-Fl To-ZE M SRR, Horb 78-S M AR =1, s
FEEN 46.2%, To- TR B2 208 33.9%. 18-tk
BT 7-M R0 T (854 B 31 e B8, RILEAET o
BM) To-SRRERGE, FTUONEEY). HAMNES
8.5%ANA 2 T-HREHIE SR R4 6. Foik i i #2 T B
HIFLFELN Scheme 3 7.

AL B 3, T-BERIESE /S TR BRI, 17-1 Bkt
ST T IRIE, TCI IR R 5 M sp” Z41L#EH sp?
Fedb, MY ESH RN, 8T A, A
FITF BT, T TCIRRIEM sp” Z4025H sp® J4

PRI IR D, AR e InAa e, Bt b
NTCHR RIS L F eI BRI S 5 TR R, R 7-
PEELL 17- BRI, BN, & NPT R FHEAET,
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Reagents and Conditions: (a) Hthe, BAERHET, 48 h; (b) Collin’s i3l 36 h;
(c) BHAALH/ SALEL/ FEE, 15 min; (d) 13%RERST, FFEE, 0.5 h.

B2 74RO
Scheme 2  Selective synthesis of 74-hydroxyepiandrosterone
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Scheme 3 The formation mechanism of 7f-hydroxyepiandrosterone

H, #t— P IE R RA 5,6- X8, BRI 133 5,6-XUE#RBY
BRI 4 70 5.

HIT 7p-F Ta-SERMR S 22 ) A 4K, 23 B BN I
M, FEIX HLIRATTR T A R/ — 50 H e v AR R kAT 20
REBS IR 2% )t — 35 o0 IF . TER AL B SRR R 1)
VR SR, JATHTFT T AEAS [FIIR R I8 iR S N Y 1%
Bk, 45 RIE 1 P,
Fz1 AEY 3 LIS - AL JF i R PSRN EE R )
SRBEEE R (77 5)
Table 1 Chemical yields of compound 3 in reductive system of
NaBH,4-NiCl, at different temperature

S NI —20C 0°C 25°C  45°C
Tp-FAFE R IR (4) 17.0%  20.7%  28.3%  46.2%
To-F2FRMERA(S) 189% 19.8% 22.6% 33.9%

T1p-F2 I AR MR (6)  33.0%

R GRERY, WG RPRE TR, 78-FR 5 R IR
(DF1 To-FRERMERR (S) =238, 1 7p-FRIHERER
HERR (6)7= 2 ) B & FRAK. /2 i B S B IR 7,
5,6- XY IR SR (1) LRSI, 74, R 1 PR RAT
B, B AE R TFER To-F25E T A&, BET
JG Tp-FREE AR A BRI B AR BEE R N, B R A R
TR RE K Tp-BREAER. B4, BHis
PP A PR R A ST EAL BN RSB 22, & —IK
PEBENTN AL RN, W15 2] 5 — MR IR = P, AT
REAE 17-NL BRI (R Bl SR s S 10 7=, kA 1SR
SN AN 0%, 75 15 min PINSE. S34%,
BATERE T T EW S F AR R AT BB IE
(B RAR RN e T- LA 17-BREEE L JH 1 71, 1%
BRBEFEVEEE =), Ul B 4 8 4l B T iE AL B R (1 e
it BB T B, MR 7R 17- R A
BT IVER TR D #EAR B 58, TR S EE
FF A RIE AR HOE .

HARF=H) 7p-¥2 3 R HERH (4) ) NMR 3% A5 Ko
kiRl —5*. A 'H NMR & UE L, Ze
TEALZEAL RS 6 3.497 F1 3,617 kbay BIAFAE—A ddd 1%, &

22.6%  11.3% 8.5%
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143 BT C-7-H } C-3-H KI5 5, WiE &% Bux
KA 519 15.0 A1 15.6 Hz, Hubid BN EE LT
SN a- B0 E, BT o-H. M C-7-H AL T 3.498 3%
WA BAE, E— DX E—1 o8 B H 55,
HHZE R FHE Ta-FHIERER(S)H) "H NMR 3% B H X
b, (&Y 5 76 6 3.638 AAFAE—A ddd Ug, XTI T
C-3-aH Wtk A . SR, th &Y SAES 3.974 /b I T
—MEGFHHON 1.5 Hz A, XN %2 —
A et B H, MILASTFRIZ 4L A A 1 — 3 B
KA e H. WXPAMEAYIN PC NMR K5, 6
70.9 F174.8 J 71.0 F1 66.7 K4k 2407 R AR 1t B A71E 75
R, BN RNT 30 AL BRI, B AN, 1k
AW 4 F1 5 1E 0 221.4 F1221.2 &b B A48 9 &8 T Bt
WIES, WIWE N 170G RIER R, BH RAER
JR. HA, (B 6 A 4 [ TH NMR BEAHXT E,
hEW6 £ 6 5.355 b I — NEHIERIL =0 #, 456
BC NMR 7£ 5 143.7 F1 125.5 IAFAE I 2AAL RS 5 5, W
BAL AW 6 174E 5,6-XUE. LA 6 £ 'TH NMR 6 3.580
ISR S 3-aH 155, 0 3.975 4b d WL A # 2
7-aH {55, HT 5,6- AR, KA NG
411063497 B2y, G 6 71.3 F172.9 fL2EA0L
¥, ATLLHINZ A EY) 3-RER p-Fdk, T-ALER p-F
Xt

2 LIRS
2.1 RFFEE

& BT R AN e B I R i all, TR
T VEIEAT AR T4 s 52 R A X4 B o B4
K& A, R R EAZIE; IR W KA Thermo
Scientific IS-10 {3221 #b 1% 4% ; "H NMR A1 °C NMR
I 58 K 48 [ Bruker AV-300 48 S A% G LIRAX.
22 ERRIESE
22,1 3-TBRRA K A EMBE(2)49 6K

AL 1.00 g BT EEHRS. A 5 mL At
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WE, BEFRAMEE N 1 mL BEERETF, IR THiHE 36 h /5
IR, I 30 mL 4R gk H e SR R 5 RN
WS, FH 20 mL 1 moleL ™' $hFRZE¥E 4 Wk, BRI
20 mL ZEWRK, VORIBRER SN, MRS AN A R
Ye— IR, TCKBREREN T-H. I IR e R BRya 77, 33
1.027g FEBMAIREE, 725K 92%. mp. 168~169 C;
IR (KBr) v: 3460, 3432, 2949, 2896, 2835, 2361, 1736,
1658, 1474, 1429, 1380, 1241, 1135, 1057, 1021, 972, 951,
898 cm .
222 3-TEBLAA-7-AREK A EAAE(3)E9E K

800 mg (2.42 mmol)fb. &4 2 B T IR, T
20 mL SR LSS AR, AR T g = AEALES
BT 60 mL & FHiH, VK RIZHINA 14 mL mEng,
PFE 10 min ERZBIAIAZEG LAY 2 1R Kb
WL R T B RS R AR IR B R, T BRI N />
HAERE, IR TR 48 h JF A& bR B i R B S
EFRY, FZ RPN SRR HER LR
BEAEHL 3 K, G IFCRRCERM, FIBABRIREMNIER 2
R IR OB, B2 LR LA ER L (AR N et
B, FRRMEAEERE 1IR, TEKER R T .
PRI LRV, BRI A GEE, RSB
TR ER) - V(A =1 : 3)1/5 B LMk 578 mg, 7
£ 69%. m.p. 179~180 ‘CCCHME!" 184~187 C); 'H
NMR (300 MHz, CDCl5) 6: 0.90 (s, 3H, 18-CHj), 1.25 (s,
3H, 19-CH3), 2.06 (s, 3H, 3-COCHj3), 2.64~2.57 (m, 1H,
C-16-H), 2.87 ~2.78 (m, 1H, C-8-H), 4.73 (m, 1H,
C-3-a-H), 5.76 (d, J=1.8 Hz, 1H, C-6-H); °C NMR (75
MHz, CDCLy) d: 13.7 (18-C), 17.4 (19-C), 20.5 (11-C),
21.2 (H;CCO), 24.2 (15-C), 27.3 (2-C), 30.7 (12-C), 35.6
(16-C), 36.0 (1-C), 37.8 (4-C), 38.4 (10-C), 44.3 (8-C),
45.7 (13-C), 47.8 (9-C), 50.0 (14-C), 71.9 (3-C), 126.5
(6-C), 164.8 (5-C), 170.3 (COCHs), 200.7 (7-C), 220.2
(17-C).
223 Ip-F I FAEEA(4)89 5 AR

120 mg (0.35 mmol), &4 3 BT 100 mL [ i
o IS KA S AL ER 118 mg (0.50 mmol), F 15 mL
P i L8 AR, R BB E T 45 C FHiHE 10 min
Ja s ML Y 42 mg (1.1 mmol), 15 min W N5E.
TEMNTR S AT FE i O A 2, WA KBS
VA, TLC BRERRE, JERE RV 285 12 M 1 mole
L' Fidh R, BRI SRR G 5 NG, 28 R,
IINIE & /R L, 430 P 2808 7K PR R A A v T
RSN BE— IR, BRI RO, BRE RO
fig, SRJEIAN 20 mL FEEK 1.5 mL 13%0) K,CO; ¥,
R ERZ) 1 h JEAEIE =, J8E 2 H 5 H i,
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IINIE & L8 SR fRAT [ ik, SR KB WAl
NaCl ¥R BE, JoKBRAN T, 2SR, BAEHE2
Fror B[R EhAH: VRER) © (AR =1 : 6]753 B
FEY) TB-FRFE R IR (4) 49 mg, 77 46.2%; Ta-FEFE Rl
fif(5) 36 mg, 7% 33.9%. FAMIF IR Ta-FEE A
FIERA(6) 9 mg, F=FK 8.5%. FALEWII R Z It
T

TB- 5 He R MERH (4)Y): mp. 241~242 C(CCHREY
241 C); '"H NMR (300 MHz, CDCLy) 6: 0.88 (s, 3H,
19-CH;), 091 (s, 3H, 18-CHj3), 2.31~222 (m, IH,
C-16-H), 2.51~2.41 (m, 1H, C-16-H), 3.50 (ddd, J=15.0,
10.2, 5.4 Hz, 1H, C-7-a-H), 3.62 (ddd, J=15.6, 10.8, 4.8
Hz, 1H, C-3-a-H); *C NMR (75 MHz, CDCl;) ¢: 12.5
(18-C), 14.1 (19-C), 20.7 (11-C), 24.9 (15-C), 31.4 (2-C),
31.5 (12-C), 35.1 (6-C), 36.0 (10-C), 36.8 (16-C), 37.6
(1-C), 38.8 (4-C), 42.1 (8-C), 42.9 (5-C), 48.3 (9-C), 51.0
(13-C), 52.5 (14-C), 70.9 (3-C), 74.8 (7-C), 221.4 (17-C);
IR (KBr) v: 3460, 2962, 2855, 2357, 1723, 1470, 1450,
1397, 1372, 1290, 126 2, 1237, 1184, 1090, 1029, 592
-1

To-$ Fa R HER (5): mp. 227~228 C(CkfE !

179.4~181.7 ‘C); '"H NMR (300 MHz, CDCl;) : 0.84 (s,
3H, 19-CH;), 0.86 (s, 3H, 18-CHj3), 2.19~2.10 (m, 1H,
C-16-H), 2.51~2.42 (m, 1H, C-16-H), 3.64 (J=15.6,
10.5, 4.8 Hz, 1H, C-3-a-H), 3.974 (d, J=1.5 Hz, 1H,
C-7-B-H); *C NMR (75 MHz, CDCl;) 6: 11.2 (18-C), 13.5
(19-C), 20.3 (11-C), 21.4 (15-C), 31.2 (2-C), 31.3 (12-C),
35.7 (6-C), 35.8 (10-C), 36.6 (16-C), 36.7 (1-C), 37.1
(4-C), 37.6 (8-C), 39.1 (5-C), 45.9 (9-C), 46.1 (13-C), 47.6
(14-C), 66.7 (7-C), 71.0 (3-C), 221.2 (17-C); IR (KBr) v:
3407, 2921, 2851, 2357, 2332, 1728, 1650, 1560, 1540,
1458, 1372, 1245, 1090, 1029, 976, 939 cm .

7p- ¥ F F A R MERA (6): mp. 207~208 C(3LHR
1 216.2~217.6 “C); '"H NMR (300 MHz, CDCl3) &:
0.92 (s, 3H, 18-CH3), 1.10 (s, 3H, 19-CHj), 2.41~2.22 (m,
3H, C-4-a-H and C-16-H), 2.50 (dd, J=18.6, 8.1 Hz, 1H,
C-4-f-H), 3.63~3.53 (m, 1H, C-3-a-H), 3.975 (d, J=8.1
Hz, 1H, C-7-a-H), 5.355 (s, 1H, C-5-H); °C NMR (75
MHz, CDCLy) d: 13.6 (18-C), 19.2 (19-C), 20.4 (11-C),
242 (15-C), 29.7 (12-C), 31.3 (2-C), 31.5 (16-C), 36.0
(10-C), 36.7 (1-C), 40.5 (8-C), 41.7 (4-C), 47.8 (13-C),
483 (14-C), 512 (9-C), 71.3 (3-C), 72.9 (7-C), 125.5
(6-C), 143.7 (5-C), 221.1 (17-C); IR (KBr) v: 3436, 2921,
2851, 1748, 1723, 1462 cm .

cm
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45 Bh#1 6l (Supporting Information) HAirb &4 'H
NMR Al *C NMR % &, X S48 a LA 2 AT ] 32k
(http://sioc-journal.cn/) .~ #X.
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