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Abetrac-The Serini reaction of 161x-alkyl (or phenyl)-16,3,17pdihydroxysteroid monoacetates 5 and 
10 gave stereospecifically 16&substituted steroids 6 and 11 in good yields. ‘This rearrangement was 
shown to proceed through 1,2 hydride shift. It was found that under the same reaction conditions, 16~ - 
vinyl-16&17fi-dial 17-acetate SC rearran&d into Z-E-ethylidene compound 24 via 1.4 hydride shift. 

During hormonal studies on synthetic steroids, it 
was found’ that 17/3-hydroxy-16/3-substituted-estr- 
4-en-3-ones 1 and the corresponding androst4en- 
3-ones 2 showed antiandrogenic activity with very 
little estrogenic, progestational and androgenic 
effects. In the previous paper’ was reported an in- 
troduction of /3-substituents at position 16 of 
steroids by a kinetically controlled reaction. This 
paper describes the Serini reaction2’ of 16,17- 
dihydroxysteroid monoacetates which provides 
another highly stereospecific method for the intro- 
duction of /3-substituents at position 16 (or 17) of 
steroids. 

In estrane series, the starting compounds, 16a- 
substituted- 168,178 -dial 17-acetates 5, were pre- 
pared by Grignard reaction of 16-oxo-steroid 3 with 
alkyl (or phenyl) magnesium halides followed by 
acetylation of the resulting diols’ 4 with acetic 
anhydride in pyridine. Epoxidation of 16a-vinyl 
derivative SC with m-chloroperbenzoic acid in 
methylene chloride gave 16a -( l’,Y-epoxy)ethyl- 
16/3,17/3-diol 17-acetate 5h in 75% yield. 

The solution of 5 in dried toluene was refluxed on 
an oil bath (at 150’) with freshly activated zinct 
dust under N2 for 4-5 h. The zinc dust was re- 
moved by filtration and the solvent was evaporated 
under reduced pressure to give 16/3-substituted-3- 

tZinc dust was activated by washing with dil HCI and 
then successive washing with distilled water, ethanol and 
ether, followid by drying over P20, at 100”. 

methoxy-estra-1,3,5(lO>trien-17-ones 6. The sum- 
mary of some of our results is given in Table 1. 

In androstane series, treatment of 16-0x0- 
3&17/3-bistetrahydropyranyloxy derivative 7 with 
Grignard reagents yielded 16a-substituted- 
3/3,16/3.17/3-trio1 3,17-bistetrahydropyranyl ethers 
8. Mild acid treatment of 8 gave triols 9 which were 
acetylated with acetic anhydride-pyridine to afIord 
diacetates 10. Hydrogenation of 10~ over Raney-Ni 
in EtOH yielded 1Od. The Serini reaction of 10 gave 
3/3 - acetoxy - 168 - substituted - androst - 5 - en - 
17 - ones 11 in excellent yield. The results are sum- 
marized in Table 2. 

Under the Serini reaction conditions, 16a-ethyl- 
estr4en-3-one-l6j3,17/3-diol 17-acetate 13, which 
was prepared from 4b by Birch reduction followed 
by acid treatment to give 12 and then acetylation, 
was also rearranged into 16/3-ethyl-estr4ene-3.17- 
dione 14 in 94% yield without any interference of 
an a$-unsaturated ketonic system in ring A.’ 

In addition to above-mentioned examples, 17a- 
methyl-16&17/3-diol 16-acetate 16, which was ob- 
tained by Grignard reaction of 15” with methyl 
magnesium iodide, was refluxed with activated zinc 
dust in dried toluene to afford 17j3-methyl-3- 
methoxy-estra-1,3,5( lo)-trien- 16-one I7 in 96% 
yield. 

In order to obtain the mechanistic insight of the 
Serini reaction, it is worthy to investigate whether 
16,17-trans-diol monoacetates undergo the reac- 
tion. We parpared the acetates 20 and 22 as follows. 

R: Alkyl 
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4g was oxidized with pyridine-SO, complex in was acetylated to the corresponding 16a-phenyl- 
DMSO” to yield an a-ketol 18. On reduction with 16/3,17a-dial 17-acetate 20. On the other hand, 
LAH* in THF 18 gave trans diol 19 which in turn Grignard reaction of 21” with methyl magnesium 

iodide in ether-benzene gave 17a-methyl-16a, 178 - 

*Due to the steric effect of 16a-phenyl group, 17- diol l&acetate 22. Neither 20 nor 22 was affected to 
ketone was mainly reduced from less hindered P-side to the Serini reaction conditions. 
give the 17~ -hydroxy compound. These results support the suggestion of the pres- 
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Tabk 1. The Serini reaction of 17@acetoxy-16f3-hydroxy-l6a- 
substituted-3-methoxycstra-1,3,5(lO>trienes 

Diol monoacetate Reaction time Product Yield* 
R 01) (9% 

!!a”: Me 3.5 6a” 94 
sb: Et 4.0 6b 95 
Sd: CHXH=CHz 4.0 6d 92 
Se: CH(MejCH=CH2 4.0 6e 94 
52: (CH,kCH, 4.0 
5p: Cd% 4.5 

: 90 
93 

Sb:CH-CHz 4.0 6b 30t 

‘0’ 

%e yields given are based on recrystallized products from n-hexane- 
ether (I : I). 

*Attempted crystallization failed. 

Table 2. The Serini reaction of 3/3.178-diacetoxy- 16B-hydroxy-16o- 
substituted-androst-5-enes 

Dial monoacetate Reaction time Product Yield* 
R (h) (?a 

ltk Me 3.0 110’ 92 
lob: Et 3.5 llb 93 
lk CHEH==CHz 4.0 112 91 
1Od: n-C,H, 4.0 1we 92 
lee: Cd-I, 4,5 lle 94 

*The yields Riven are based on recrystallized products from n- 
hexaneether (1: 1). 

ence of a cyclic orthoacetate intermediate’.’ in the tivated zinc dust in dried toluene, its 17/3-acetate SC 
Serini reaction. was rearranged into Z-16-ethylidene isomer 24, 

On a kinetically controlled vinyl-dehydration m.p. 117-l IF, in 94% yield, together with a small 
with HISO, in MeOH’, 16a-vinyl-16/3.17/?-dial 4c amount of 23 (< 5%). The assignment of configura- 
was converted into E-lGethylidene-3-methoxy- tion of 16ethylidene groups in 23 and 24 was made 
estra-1,3,5(10)-trien-17-one 23, m.p. 141-142”, in by comparison of their NMR spectra. In the NMR 
quantitative yield. In contrast, on refluxing with ac- spectra of 23 and 24, vinyl methyl protons appear at 

0 c f-l+ OH 
**,- _. 
‘LH, 

4+2- ‘I 

MeOu 
18 19: R = H 

20: R=Ac 

OAc 
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1.85 (J = 7Hz) and 2.14ppm (J = 7Hz), respec- 
tively, and vinyl proton at ca 606~ and 6.05 ppm (J = 
7 Hz), respectively. Downfield shift of vinyl methyl 
protons and upfield shift of vinyl proton of 24 rela- 
tive to those of 23 indicate that 16-ethylidene 
groups of 23 and 24 should have E- and Z- 
configuration, respectively. 

The highly stereospecilic formation of Z-16- 
ethylidene isomer 24 prompted us to study the 
mechanism of the formation. Oxidation of 4 with 
pyridine-SO3 complex in DMSO gave 25. On reduc- 
tion with NaBD, in MeOH followed by acetylation 
with acetic anhydride in pyridine, 25 afforded 26 
(98% isotope purityt). When treated with activated 
zinc dust in dried toluene, 26 gave 27 and 23 in a 
ratio of 3: 1. One of the products isolated 27 was 
partially (33%) deuterated at the vinyl methyl group 
and no deuteration in 23. 

*Overlapped with aromatic protons. 
tEstimated by NMR and mass spectra. 

On the other hand, 28 (98% isotope purity), ob- 
tained by hydrogenation of 26 over Pt02 in EtOH, 
was refluxed with activated zinc dust to afford 29 
(97% isotope purity). 

These results indicate that the reaction proceeds 
by a cyclic orthoacetate intermediate”’ 30, which 
was rearranged into 27 under 1.4 hydride shift (path 
a) and into 31 under 1.2 hydride shift’ (path b) 
which was further isomerized with loss of 
deuterium to 23. 

Furthermore, it was found that the addition of 
catalytic amount of acetic acid accelerated the rear- 
rangement. This suggests that the mechanism of the 
zinc-catalyzed reaction may be an ionic process.’ 

EXPERIMJSIWU 

All m.ps were uncorrected. UV spectra were measured 
in EtOH on a Hitachi EPS3T spectrophotometer. IR 
spectra were recorded with a Hitachi 215 spec- 
trophotometer. NMR spectra were determined on a Var- 
ian HA-100 spectrometer using CDCl, as a solvent (unless 

OH 
4~: R=( 

H 

SC: R=< 
OAc 

H 
25: R-O 

y: R = ,‘OAc %, 
D 

OAc 

u: R,=H: Rz=CH, 
24: R,=CH,: R,=H 
27: R, = CHID: R, = H 

0 

SCHEME 5. 
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otherwise stated); chemical shifts (8) are given in ppm re- 
lative to internal TMS. The mass spectra were determined 
on a Hitachi RMU-6D mass spectrometct equipped with a 
direct iniet,system. Silicagel GF, (E. Merck) was used 
for TLC analysis. The organic solns were dried over 
N&SO. and evaporated by rotary evaporator. 

Grignard ma&on of 3. Gencti procedure: To a sus- 
pension of Mg ribbon in anbyd ether (or THF) was added 
dropwise alkyl (or phenyl) halide and the mixture was stir- 
red at room temp for 3 h. To this stirred soln was added 
dropwise a aoln of 3 in anhyd ether (or THF). The mixture 
was stirred at room temp for 12 h. The excess reagent was 
decomposed by careful addition of sat NIXI aq and ex- 
tracted with ether. The extracts were washed with sat 
NaCl aq. dried, and c -ted to give a resinous ma- 
terial. Recrystallization from n-hexane-ether afforded 
pure 4. The following compounds were obtained. 

168,178 - Dlhydroxy - 16a - ethyl - 3 - methoxy - estm - 
1.3$(10) - triene 4b. Reaction of 3 (1Sg) with ethyl mag- 
nesium iodide gave 4b (14.8 g), m.p. 131-133”; IR (KJ3r) 
3450 cm-‘; NMR O-84 (3H. s, WCH,), 3.15 (lH, s, 17a- 
H), 3.73 (3H, s, OCH,). 6.5-7.2 (3H; m. Ar); Mass 330 
CM’). 312. (Found: C. 76.04: H. 8.89. Calc for C.,H,O.: C. 
iS.ii; H, 4.15%). . 

_. __ _ . 

16&178 - Dihydroxy - 16~ - vinyl - 3 - methoxy - estra - 
1,3,S(lO) - t&me C. Reaction of 3 (10 g) with vinyl mag- 
nesium bromide gave 4e (8.3 g). m.p. 105”; IR (KBr) 3400. 
1635. 91Ocm-‘; I?MR 092 (jH. S, WCH,), j.35 (lH, S, 

17~~H). 3.75 (3H. S. 0CH.L 49-5.3 (2H. m. =CH,). 
5&6ei(lH, m; vinyi H), 6-c-1.2 (3H. A. A); ‘Mass 328 
(W), 310. (Found: C. 76.81; H. 8.62. Calc for C2,Ha0,: C. 
76.79; H, 8.59%). 

16&17fl- Dihydroxy - 16a - ally1 - 3 - mefhoxy - estra - 
1.3,5( 10) - triene 4d. Reaction of 3 (9.8 g) with ally1 mag- 
nesium bromide afforded 4d (9*8g). m.p. 132”; IR (KBr) 
3400, 3100, 1635. 910cm-‘; NMR O-85 (3H, s. 18-CH,). 
3.22 (lH, s, 17~H). 3.75 (3H. s, OCH,). 5.0-5.3 (2H, m, 
=CH,). 56-6.2 (1H. m. vinvl H). 6.5-7-2 13H. m. Ar): 
Mass 342 (M’), 301. .(F&nd:-C. n.32; H, 8:94..0& fd; 
CnH,O,: C, 77.15; H, 8.83%). 

16@,17@ - Dihydroxy - 16a - (1’ - methyl) ally1 - 3 - 
methoxy - estra - 1.3,5(10) - tn’ene 4e. Reaction of 3 (4g) 
with crotyl magnesium chloride” afforded 4e (3.6 g), m.p. 
ls129’; IR (KBr) 3400, 162Ocm-‘: NMR O-86 (3H. s. 
WCH,), 1.06, 1.08 (total 3H, each d, J = 7 Hz,‘ &I,); 
3.30 (1H. s. 17a-H). 3.72 (3H. s. OCH.). 49-5.2 QH. m. 
=CH1), &6.0 (l& m. ;in$ k, 6.G7.2 (3H, A, &)i 
Mass 356 (M’), 283. (Found: C, 77.61; H, 9.20. Calc for 
CmH&,: C. 77.49; H, 9.05%). 

160.178 - Dihydroxy - 16a - n - decyl - 3 - methoxy - 
eslra - 1,3,5(10) - triene 41. Reaction of 3 (6g) with ndecyl 
magnesium bromide gave 41 (5.3 g) as a colorless oil. IR 
(CHCI,) 3400 cm-‘; NMR 0.85 (3H. s. IWH,), O-88 (3H. t. 
J-6Hz. CH,), 3.16 (1H. s, 17~IQ, 3.72 (3H. s, OCH,), 
6.5-7.2 (3H, m, Ar); Mass 442 (M’). 424. 

16/3,l;~ - Dihybroxy - 16a. - .phenyl - 3 - methoxy - 
estra- lZJ(l0) - triene 4g. Reaction of 3 (15.5g) with 
phenyl magnesium bromide gave Q (15.38). m.p. 
161-162”; IR (KBr) 3400, 1605cm-‘; NMR 0.98 (3H, s, 
18-CH,), 3.12 (IH, s. 17a-H), 3.73 (3H. s. OCH,). 6-5-7.6 
(8H, m, Ar); Mass 378 (M’), 360. (Found: C. 79.29; H, 
842. Calc for CuHWO,: C. 79.33; H. 799%). 

Acetylation of 4. General procedure: A mixture of 4 in 
Ac.20 and dried pyridine was kept to 400 for 8 h, concen- 
trated, and added 5% NaHCO, aq. The mixture was ex- 
tracted with ether. The extracts were washed with sat 
NaCl aq, dried, and concentrated to give a resinous ma- 

terial. Recrystallization from n-hexane-ether gave pure 5. 
The following compounds were prepared. 

178 - Acetoxy - 168 - hydroxy - 16a - ethyl - 3 - 
methoxy - estra - 1,3,5(10) - triene 5b. M.p. 106”; IR (KBr) 
3450. 1730 cm-‘; NMR O-89 (3H, 1. J = 7 Hz, CH,), 0.94 
(3H. s. 18-CH,), 2.13 (3H, s. OAc), 3.73 (3H, s, OCH,), 
4.53 (1H. s. 17a-H). 6-5-7.4 (3H. m, Ar); Mass 372 (M’). 
312. (Found: C, 74.29; H. 8.55. Caic for cUSIO.: C, 
74.16; H. 8.66%). 

178 - Acetoxy - 168 - hydroxy - 16a - vinyl - 3 - 
methoxy - estra - 1,3,5(10) - rriene Se. M.p. 133-134”; IR 
(KBr) 3450, 1730. 1620 cm-‘; NMR 098 (3H, s. WCH,). 
2.10 (3H, s, OAc), 369 (3H. s, 0CI-L). 4.65 (lH, s, 17~I-0, 
46-5.3 (2H. m. =CH,). 5-7-6-l (IH. m. vinyl I+). 6.5-7-2 
(3H. m.‘Arj; Mass 3% (M’). 3i0. (Found:-C, 74.33; H, 
8.25. Calc for CuHWO.: C, 74.56; H. 8.16%). 

170 - Acetoxy - 160 - hydroxy - 16a - ally1 - 3 - 
methoxy - estra - 1,3,5(10) - triene Sd. M.p. 113-114”; IR 
(KBr) 3450, 1735. 162Ocm-‘; NMR 0.94 (3H. s, WCH,), 
2.11 (3H, s, OAc), 3.73 (3H, s, OCH,), 4.67 (lH, s, 17a-I-0, 
5.0-5-3 (2H. m, =CH,), 56-6.0 (lH, m, vinyl H), 6.5-7.2 
(3H, m, Ar); Mass 384 (M’), 343,324. (Found: C. 74.79; H, 
848. Calc for CJ&,O,: C, 7497; H, 8.3%). 

178 - Acetoxy - 168 - hydroxy - 16a - (1’ - methyl)allyl- 
3 - methoxy - estra - 1,3,5(10) - triene 5e. A colorless oil; 
IR (CHCI,) 3500, 1735, 1640 cm-‘; NMR 097, 0.98 (total 
3H, s, 18-CH,), 2.23 (3H, s, OAc). 3.71 (3H, s, OCH,), 4.66 
(lH, s, 17a-H), 5-O-5.2 (2H, m, ==CH*), 5.5-5-8 (lH, m. 
vinyl IQ, 6*>7-2 (3H, m, Ar); Mass 398 (M’). 356, 338. 

178 - Acetoxy - 168 - hydroxy - 16a - n - decyl - 3 - 
mcthoxy - estra - 1.3.5(10) - ttiene 51. A colorless oil; IR 
(CHCI,) 3450, 173Ocm-‘; NMR 0.88 (3H, 1, J = 6 Hz. 
CH,), 0.91 (3H. s. WCH,), 2.12 (3H. s, OAc). 3.71 (3H, s, 
OCH,). 4.65 (IH, s, 17a-I-I), 6.5-7-4 (3H, m, Ar); Mass 484 
(M+), 424. 

178 - Acetoxy - 168 - hydroxy - 16a - phenyl - 3 - 
mdwxy - estra - 1,3,5(10) - triune Sg. M.p. X-188”; IR 
(KBr) 3450. 1730. 1610cm-‘; NMR l-09 (3H, s, 18-CH,), 
2.07 (3H. s, OAc), 3.74 (3H, s, OCH,), 5.07 (1H. s, 17a-H), 
66-7.6 @Ii, m, Ar); Mass 420 (M’), 360. (Found: C, 77.19; 
H, 7.58. Calc for ChHIIO.: C, 77.11; H, 7.67%). 

178 - Acetoxy - 168 - hydroxy - 16a - (1’,2’ - 
epoxy)ethyl - 3 - methoxy - estra - 1.3,5(10) - triene Sh. A 
mixture. of SC (3 g) and m-chloroperbenzoic acid (3 g) in 
CHICll (5Oml) was allowed to stand at room temp for 
10 h. then added sat NaHCO, aq and extracted with ether. 
The extracts were washed with sat NaCl aq. dried, and 
evaporated, giving an oil. Recrystallization from n- 
hexanecther gave pure Sh (2.3 g), mp 86”; IR (KBr) 3400. 
1730 cm-‘; NMR 098 (3H, s, WCH,), 2.13 (3H, s, OAc), 
2.67 (2H. q, J = 4 Hz, 3 Hz, -C--CHz). 3.01 (lH, t, J = 

/O\ ‘0’ 
3 HZ, -CH----C), 3.73 (3H, s, OCH,), 4.70 (1H, s, 17a 
IX), 6-6-7.2 (3H. m, Ar); Mass 386 (M’), 370.3 10. (Found: 
C. 71.53; H, 7.89. Cak for CuH,OI: C, 7148; H, 7.82%). 

The Setini reaction of 5. General procedure: To a soln 
of S in dried toluene was added freshly activated zinc 
dust. The mixture was retluxed on an oil bath (at 15W) 
with s&ing under N1 for 4 h. The zinc dust was removed 
by Wration and the solid was washed with toluene 
thoroughly. The combined filtrates were evaporated under 
vacuum to give a resinous material. Recrystallization 
from n-bexane-etber afforded pure 6. The following com- 
pounds were obtained. 

16/J - Ethyl - 3 - methoxy - estra - 1,3,5(10) - trien - 17 - 
one 6b. M.p. 94’; IR (KBr) 1745cm-‘; NMR O-84 (3H. s, 
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l&CH,), 097 (3H, t, J = 7 Hz, CH,), 3.73 (3H. s, OCH,). 
66-7-2 (3H, m, Ar); Mass 312 (M’). 283. (Found: C, 80.71; 
H, 9.09. Calc for Cz,I&.Oz: C, 80.73; H, 9.03%). 

168 - AUyl - 3 - methoxy - cstra - 1,3,5(10) - t&n - 17 - 
one 6d. M.D. 98”: IR (KBr) 1740. 1635. 905cm-‘: NMR 
0.80 (3H. s.‘WCI$). 3k8 (jH, s, &H,), 4.8-5.2 (2H. m, 
==CH,), 5.5-5-9 (lH, m. vinyl H), 64-7.2 (3H. m, Ar); 
Mass 324 (M’). 283. (Found: C. 81.32; H, 8.79. Calc for 
C,HaO>: C, 8144; H, 8.70%). 

168 - (1’ - Methyl)allyl - 3 - methoxy - estra - 1,3.5(10) - 
trien - 17 - one 6e. Mu. 65-67”; IR (KBr) 1735.164Ocm-‘; 
NMR 0.78.0.80 (total-3H, s, SCH;), 0-k. l-13 (total 3H, 
d. J= 6Hz. CH.). 3.70 (3H. s. OCH,L 4.lk5.1 (2H. m. 
&Hz), 5k6*OWiiH, m,‘&yl’H), 6-67.2 (3H. A, k); 
Mass 338 (M’), 283. (Found: C, 8150: H, 8.99. Calc for 
Cz,H,,,Oz: C, 81.61; H, 8.93%). 

168 - n - Decyl - 3 - methoxy - estro - 1,3,5(10) - trim - 
17 - one 61. M.p. 9SlOO”; IR (KBr) 1735 cm-‘; NMR 0.86 
(3H, s, IWH,), O-98 (3H, t, J = 6 Hz, U-I,), 3.75 (3H, s, 
OCH,). 66-7-2 (3H, m. Ar); Mass 424 (M’). 409. (Found: 
C. 82.34; H. 1068. Calc for C,H.,02: C, 82.02, H, 
1044%). 

168 - Phenyl - 3 - methoxy - estra - 1,3,5(10)- trien - 17- 
one fig. Mp. 150-151”; IR (KBr) 1740, 1605cm-‘; NMR 
0.91 (3H, s, IWH,). 3.39 (lH, q. J = 10 Hz, 8 Hz, 16u-IQ, 
3.73 (3H, s, OCI-I,). 6.5-7-4 (8H. m, Ar); Mass 360 (M‘). 
(Found: C. 83.14; H, 7.80. Calc for CuHl.Oo: C, 83.29; H, 
7.83%). 

168 - (1’,2’ - Epoxy)ethyl - 3 - methoxy - estro - 
1,3,5(10) - trien - 17 - one 6h. A colorless oil; IR (CHCl,) 
1735 cm-‘; NMR 0.87 (3H, s. 18-CH,), 3.70 (3H, s, OCH,), 
64-7-2 (3H, m, Ar); Mass 326 (M’), 310. 

Grignard reaction of 7 was performed by the same pro- 
cedure as used in 4. The following materials were ob- 
tained. 

38.178 -Bistetrahy&opyranyloxy-16P_hydroxy-16a- 
ethyl - androst - 5 - ene 8b. Reaction of 7 (8.1 g) with ethyl 
magnesium iodide gave 8b (7g). m.p. 168-170’; IR (KBr) 
35OOcm-‘; NMR O-93 (3H, s, SCH,). 1.02 (3H, s, 19- 
CH,), 392 (lH, s, 17a-IQ, 5.34 (lH, t, J=3Hz, bH); 
Mass 502 (M’). (Found: C, 74.25; H, 10.11. Calc for 
C,,H,O,: C, 74.06; H, 10.03%). 

38,170 - Bistetrahydropyranyloxy - 168 - hydroxy - l6a 
- ally1 - androst - 5 - ene 8c. Reaction of 7 (10 g) with ally1 
magnesium bromide gave 8e (10 g), m.p. 168-170”; IR 
(KBr) 3500, 3100. 1635, 9OOcm-‘; NMR 0.93 (3H, s. 18- 
CH,), 1.02 (3H, s. WCH,). 392 (lH, s, 17a-I-0, 49-5.2 
(2H, m, =CH,). 5.33 (IH, t, J = 3 Hz. CH). 56-6-2 (IH, 
m, vinyl IS); Mass 514 (M’). (Found: C, 76.53; H, 9.80. 
Calc for C,,H,O,: C, 74.67; H. 9.7%). 

38.178 -Bistetrahydropyranyloxy-16B_hydroxy-16a- 
phenyl - androst - 5 - ene &. Reaction of 7 (3.5g) with 
phenyl magnesium bromide afforded 8e (3.6g). m.p. 
17S177”; IR (KBr) 3500, 16OOcm-‘; NMR 1.06 (6H. s, 
l&CH, and 19-CH,), 4.15 (1H. s, 17a-II), 5.34 (lH, 1, 
J = 3 Hz, 6-H); Mass 550 (M’). (Found: C, 76.47; H. 9.47. 
Calc for C,,H,O,: C, 76.32; H, 9.15%). 

Hydrolysis of 8. General procedure : To a stirred soln of 
8 in MeOH was added 0.2% HCI aq. After standing for 
30 min at 25” the mixture was added to 5% NaHCO, aq 
and extracted with AcOEt. The AcOEt extracts were 
washed with sat NaCl aq. dried, and concentrated, giving 
an amorphous product. Recrystallization from MeOH- 
ether gave 9. The following compounds were obtained. 
3&16/3,17/3 - Trihydroxy - 16a - ethyl - androst - 5 - ene 
9b. M.p. 226227”; IR (KBr) 3500 cm-‘; NMR (&-DMSO) 
0.75 (3H, s, l&CH,), 0.86 (3H, t. J = 6 Hz, CH,), 0.95 (3H, 

s, 19-CH,). 3.1-3-3 (2H, m, 3a-H and 17a-I-I), 5.26 (1H. 1. 
J = 3 Hz, CIQ; Mass 334 (M’), 316. (Found: C, 75.51; H. 
10.33. Calc for C,H,,O,: C, 75.40; H, 10.25%). 3&16& 
17fl-Trihydroxy-16a-allyl-androstJ-ene 9e. M.p. 
217-218”; IR (KBr) 3500, 1630, WOcm-‘; NMR (A- 
DMSO) 0.75 (3H, s, SCH,), O*% (3H, s, W-CH,), 3.1-3.3 
(2H, m, 3a-H and 17a-IS), 49-5-2 (2H, m, ==CI&). 5.28 
(lH, t, J = 3 Hz, 6-H). 56-6.2 (1H. m. vinyl IQ; Mass 346 
(M’), 328. (Found: C, 76.26; H, 9.90. Calc for C&H,,O,: C. 
76.26; H, 9.89%). 3&16@,17~-Trihydruxy-16a-phenyl- 
androst-5-ene !k. An amomhous rw>wder: IR (KBr) 3500, 
ItSOcm-‘; NMR (d-DMSO) Ok (3H. i, 18kH,j. 0.98 
s, IPCH,). 3-1-3-3 (2H, m. 3a-H and 17a-I-I), 5.28 (1H. t. 
J = 3 Hz, CH), 7-3-7.5 (5H, m, Ar); Mass 382 (M’), 364. 

Acetylation of 9 was performed by the same procedure 
as used in 5. The following compounds were obtained. 
38,176 - Diacetoxy - 160 - hydroxy - 16a - methyl - 
androst - 5 - ene lOa. M.p. 182-183”; IR (KBr) 3450, 
1735cm-‘; NMR 0.93 (3H, s, IWH,), 1.02 (3H, s, 1P 
CK), 1.33 (3H, s, 16a-CH,). 2.02 (3H, s. OAc), 2.16 (3H, 
s. OAc), 4.42 (lH, s, l7a-H), 4.U.6 (lH, m, 3a-H), 5.39 
(lH, t, J = 3 Hz, &IQ; Mass 404 (M’), 362,344. (Found: C, 
71.29; H. 8.76. Calc for CuH,Os: C, 71.25; H, 897%). 
36,178 - LXacetoxy - 16p - hydroxy - 16a - ethyl - andtvst 
- 5 - ene lob. M.p. 159’; IR (KBr) 3450, 1735 cm-‘; NMR 
0.88 (3H, t. J = 6 Hz, CH,), O-94 (3H, s, SCH,), 1.02 (3H, 
s. IPCH,). 2.01 (3H, s, OAc), 2.13 (3H, s, OAc), 448 (lH, 
s, 17a-I-l), 44-t-6 (lH, m, 3a-H), 5.38 (lH, t, J = 3 Hz, 6 
I-I); Mass 418 (M’). 376, 358. (Found: C, 71.80; H. 9.04. 
Calc for C=H,,O,: C, 71.74; H, 9.15%). 36.178 - 
Diacetoxy - 166 - hydroxy - 16a - ally1 - androst - 5 - ene 
1Oc. M.P. 162-163”; IR (KBr) 3500, 1735, 1630, 900cm-‘; 
NMR Or93 (3H, s, 18-CH,), 1.02 (3H, s. IPCH,), 2.02 (3H. 
s, OAc), 2.13 (3H, s, OAc), 4.50 (IH, s. 17a-I-l), 4-4-4.6 
(lH, m, 3a-Ii), 49-5.3 (2H, m, =CH,). 5-36 (lH, t, J= 
3 Hz, 6-H). 5.66.2 (1H. m, vinyl H); Mass 430 (M’), 388, 
370. (Found: C. 7264: H. 8.86. Calc for C&LO,: C, 
72.52; H, 8.90%). 

3&17/3 - Diacetoxy - 168 - hydroxy - 16a - n - propyl - 
androst - 5 - ene l&l. ltk (2.2g) in EtOH (40 ml) was 
hydrogenated over Raney-Ni catalyst (W-3,0*6 g) at room 
temp. After Hz absorption ceased, the catalyst was filtered 
off, and the solvent was evaporated to give crystals. RG 
crystallization from n-hexane-ether afforded pure l&I 
(2. I g), m.p. 170”; IR (KBr) 3450, 1735 cm-‘; NMR 0.93 
(3H, s, IWH,), 1.02 (3H, s, IPCH,), 2.01 (3H. s, OAc), 
2.14 (3H, s, OAc), 4.49 (1H. s, l’la-I-I). 44-&6 (lH, m, 
3a-H), 5.35 (IH, t, J = 3 Hz, bH); Mass 432 (M’). 390, 
372. (Found: C, 72.07; H, 9.55. Calc for C&O,: C, 
72.19; H. 9.32%). 

38,178 - Diacetoxy - 166 - hydroxy - 16~1 - phenyl - 
&rosi - 5 - ene l&. M.p. 15s”; IR-(KBr) 3450, 1735. 
1605cm-‘; NMR 1.07 (6H, s, 18-CH, and 19-CH,). 2.00 
(3H, s. OAc), 2.04 (3H, s. OAc), 4-64.6 (lH, m, 3a-II). 
5.01 (1H. s. 17a-H). 5.38 (1H. t. J = 3 Hz. 6-H). 7-2-7.6 
(SH, A, A): Mass 4k6 (M’);42i, 406. (Found: C,.74*70; H. 
8.33. Calc for C,HwO,: C, 74.65; H. 8.21%). 

The Serini reaction of 10 was performed by the same 
procedure as used in 6. The following compounds were 
obtained. 3&Acetoxy-16~-etkyl-androst-5-en-17-one 
llb. M.p. 135”; IR (KBr) 1740,1715 cm-‘; NMR 0.83 (3H, 
s. 18-CH,), O-90 (3H, 1, J = 6 Hz, CH,). 1.04 (3H. s. 19- 
CH,). 2.03 (3H. s. OAc), 4-64.7 (lH, m. 3a-IQ, 5.47 (lH, 
t, J = 3 Hz, 6-H); Mass 358 (M’). 298. (Found: C. 77.09; H, 
948. Calc for (L,H,.O,: C. 77.05: H. 9.56%). 

3/3 - Acetoxy - 168 - phehyl - and&t - 5 - en - 17 - one 
lle. M.p. W-170”; IR (KBr) 1740.1715.1605 cm-‘; NMR 
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0.91 (3H. s. 18-CHs). 1.07 (3H. s. WCH,), 2.03 (3H, s, 
OAE), 3.39 (lH, q. J = 10 Hz, 8 Hz, 16a-I@. 4-5-4.7 (1X 
m, 3a-H), 5-43 (lH, t, J = 3 Hz. dH), 7.28 (SH, s. Ar): 
Mass 406 (M’), 346. (Found: C. 79.80; H, 8.41. Calc for 
Cz,H,.OJ: C, 79.76; H, 8,43%). 

16B.l73-~vdroxv-l6a-~hyi-estr4en-3-o~ 12. A 
.~I 7 

soln of 4b (5 g> in &ml of 5: I THF-EtOH was added 
dropwise to a stirred soln of liquid NH, (200 ml). Li ribbon 
(4 g) in ca O-3 g portion was added to the mixture which 
was maintained at - W by appropriate dry ice-acetone 
cooling. After an additional 1 h, the NH, was evaporated 
in a slow stream of N, and then water (200 ml) was added. 
The mixture was extracted with ether. The extracts were 
washed with sat NaCl aq, dried, and concentrated to dry- 
ness to give an amorphous powder. To a stirred soin of 
this material in MeOH (3Oml) was added 6N HCl aq 
(15 ml). After 30 min water (30 ml) was added and the mix- 
ture was extracted with ether and worked up in the usual 
manner to give an oily product, 12 (4.6g); UV (EtOH) 
A -. nm cc) 240 (14.000): IR ICHCI,) 3400. 1690, ..- 
1610cm-‘; ‘SMR 0-G (jH, i, 18-C&), 3.12 (lH,-s, 17a- 
Ii), S-81 (IH,, s, 4-I-Q; Mass 318 (W). 

178 - Acetoxy - 168 - hydroxy - 16a - ethyl - estr - 4 - 
en - 3 - one 13. A mixture of 12 (5g) in AGO (7g) and 
pyridine (60 ml) was kept at room temp for 5 h, concen- 
trated and added 5% NaHC02 aq. The mixture was ex- 
tracted with ether and worked up to give 13 (5~). m.p. 
178-180”; UV (EtOH) A, nm (E) 240 (15,500); IR (KBr) 
1735, 1690, 1610 cm-‘; NMR O-87 (3H, t, J = 7 Hz, CH& 
098 (3H, s, l&CH,), 2.13 (3H, s. OAcf, 4.47 flH, s, 
17a-I-l), 5.81 (1H. s, 4-H): Mass 360 (M’), 300. (Found: C, 
73-47; H, 8-89. Calc for C22H320,: C, 73.30; H, 8.95%). 

16~-Ethyl-estr-~ene-3,17-dione 14. The Serini reac- 
tion of 13 (l-3 g) was performed by the same procedure as 
used in 6; 14 (1.02 g), m.p. 79-80”; UV (EtOH) A,.. nm (c) 
240 (14,000); IR (KBr) 1735, 1690, 1605cm-‘; NMR O-86 
f3H. s, 18-CH,), 5.81 (lH, s. 4-H); Mass 300 (M-1, 285. 
(Found: C, 79.93; H, 9.24. Calc for C,H,.OI: C, 79-95; H, 
9.3%). 

168 - Acetoxy - 17p - hydroxy - 17a - methyl - 3 - 
metltoxy - estra - 1,3.5(10) - triene I6. To a suspension of 
Mg ribbon (1.5 g) in anhyd ether was added dropwise 
methyl iodide (9.4 g) and stirred at room temp for 3 h. TO 
this soln was added dropwise a soln of I5 (3 g) in anhyd 
ether-benzene. me mixture was stirred at 5’ for 3 h and 
worked up in the usual manner to afford an oil. Recrystal- 
lization from n-hexaneether gave pure 16 (l-2 g), m.p. 
117”; IR (KBr) 3400, 1730cm-‘; NMR O-90 (3H, s, 18- 
CH,), 1.23 (3H. s, 17a-CH,), 2.07 (3H, s. OAc), 3.73 (3H. 
s, OCH,), 4.75 (lH, q. J = 8 Hz, 5Hz. 16a-H). 6.6-7.2 
(3H, m, Ar); Mass 358 (M’), 316. (Found: C, 73-80; H, 
8.37. Caic for CnH300.: C, 73.71; H, 8.44%). 

17&Methyl - 3 - methoxy - estra - 1.3.5(10) - trien - 16- 
one 17. The Serini reaction of 16 (5OOmg) was per- 
formed by the same procedure as used in 6: 17 (430 mg), 
m.p. 148-1500; IR (KBr) 1735cm-‘; NMR 0.73 (3H, s, 
l&CH,), 0-W (3H, d. J= 3 Hz, 17&CH,f, 3-76 (3H. s, 
OCH,), 6.5-7.2 (3H. m, Ar); Mass 298 (M-j. (Found: C, 
80.41: H. 866. Calc for C,H,O,: C. 80.49; H, 8.78%). 

168 - Xydroxy - 16~ - phenyf - 3.- methoxy - estra - 
1,3,5(10) - trien - 17 - one 1%. To a stirred soln of 4g (4.5 g) 
in DMSO (40 ml) at 10” was added pyridine-SO, complex 
(13 g) and E&N (5 ml). After stirrin for 10 min water was 
added, made acidic with 6N HCl aq, to separate the crude 
crystals. The solid was separated and recrystallization 
from n-hexane-ether gave pure 18 (4.1 g). m.p. 162-163”; 
IR (KBr) 3450, 1735, 16bScm-‘: NMR 1.16 (3H. s, 18- 

CH,), 3.21 (3H, s, OCH,), 66-7.3 (8H. m, Ar); Mass 376 
(M’), 348. (Found: C, 79.63; H, 7.45. Calc for C&H2.0J: C, 
79.75; H, 7.50%). 

16@,17a - LXhydroxy - 16a - phenyl - 3 - methoxy - 
estra - 1$,5(10) - triem 19. A soln of 18 (2.1 g) in anhyd 
ether (50 ml) was added dropwise to a soln of LAH (2.3 gf 
in anhyd ether (100 mI) under ice-bath cooling. The mix- 
ture was stimd at mm temp for 2 h. The excess reagent 
and the complex were decomposed by careful addition of 
H,O (4ml). The mixture was filtered and the solid was 
washed with AcOEt thoroughly. The combined filtrates 
were evaporated to give a residue. Recrystallization from 
n-hexane-ether afforded pure 19 (1.5 g), m.p. 12X-129’; IR 
(KBr) 3450, 1605cm-‘; tiMR l-19 (jH, S, WCH,), 3.62 
(1H. s. 17.9-H). 3.74 (3H. s. OCH,). 6.5-7.6 (8H. m. Ar): 
Mat& 578’(M‘j; 360. iFob& C, 79;31; H, 8*bl. Calc fo; 
C2,H,.,O,: C, 79.33; H, 7.99%). 

17~ - Acetoxy - 168 - hydmxy - 16~ - phenyl - 3 - 
methoxy - estra - 1,3$ - (10) - triene 20. Acetytation of 19 
(1.2 g) &as performed by the same procedure as used in 5: 
2tl 11.1 a>. a colorless oil: IR ICHCb) 3450. 1735, 
1605 cm-‘; NMR l-27 (3H, s; 18&,), l-45 (3H. s, OAc); 
3.77 (3H, s, OCH,). 4.93 (IH, s, 178-H). 66-7-4 (8H, m, 
Ar); Mass 420 (M’). 360. 

E - 16 - Ethylidene - 3 - methoxy - estru - 1.3,5(10) - 
trien - 17 - o&U. To a stirred soln at 25” of 4c (6-S g) in 
MeOH (40 ml) was added dropwise (2 min) cone H,SO, 
(10 ml). ‘After~ standing for 3 dn at 25” the mixture was 
poured into sat NaHC4 aq (100 ml) and extracted with 
ether. The extracts were washed with sat NaCI aq, dried, 
and concentrated to dryness to yield 23. Recrystallization 
from n-hexane-ether gave pure 23 (6.3 g), m.p. 141-142”: 
UV (EtOH) A,. nm (e) 231 (13,500); IR (KBr) 1705, 
1630cm-‘; NMR O-92 (3H. s, l&CH,). 1.85 (3H. d, J = 
7 Hz, =CCH,), 3.78 (3H, s, OCH,), ca. 6-6 (lH, vinyl H), 
6-5-7.3 (3H, m, Ar); Mass 310 (M’), 295. (Found: C, 81.19; 
H, 8.49. Caic for C2,HXOf: C, 81.25; H, 844%). 

2 - 16 - Ethylidene - 3 - methoxy - esfru - 1,3,5(10) - 
trien - 17 - one 24. The Serini reaction of SC (3.1 g) was 
performed by the same procedure as used in 6; 24 (2.45 g), 
m.p. 117-1180; UV (E&H) A,, nm (r) 231 (13,500); IR 
(KBrj 1705. 1630cm“: NMR 0.90 (3H. s. l&CH,). 2-14 
i3H, b, J = 4 Hz, =CC.H,,, 3.69 (3H; s, OCH,), 6.05 (lH, 
q. J = 7 Hz, vinyl H), 6.5-7-2 (3H. m, Ar); Mass 310 (M’), 
295. (Found: C. 81-22: H. 8.31. Calc for C?,H,O,: C. 
81.25; H, 844%j. . 

168 - Hydroxy - 16a - vinyl - 3 - melhoxy - estra - 
1,3,5(10) - trien - 17 - one 25. Oxidation of 4~. Oxidation of 
4c (3.5g) with pyridine-SO, complex in DMSO was per- 
formed by the same procedure as used in 18; 25 (3.1 g), 
m.p. 109-l 10’; IR (KBr) 3400,1740,1605 cm-‘; NMR I.05 
(3H. s, 18-CH,), 3.72 (3H, s, OCH,). 5.1-5-4 (2H, m, 
=CH& 5.7-6.1 (1H. m, vinyl H), 66-7.2 (3H. m, Ar); 
Mass 326 CM‘). (Found: C. 77.31: H. 8.10. Calc for . , . 
C>,H>60,: C, 77.27; H, 8.03%). 

178 - Acetoxy - 17a - deuten, - 16fl - hydroxy - 16a - 
vinyl - 3 - methoxy - estm - 1.3.X10) - triene 26. To a 
stir& soln of 25 (1.2 g) in MeOH (15 ml) at 5” under N* 
was added a chilled soln of NaBD. (150 mn) in MeOH 
(3 ml). After 30 min at So the mix&& &as ad&d to water 
(3Oml) and extracted with ether. The extracts were 
washed with sat NaCl aq, dried, and concentrated to dry- 
ness. The residue was acetylated by the same procedure 
as used in 5; 26 (l-Og), m.p. 134”; IR (KBr) 3450, 1730, 
16ZOcm-‘; NMR no signal of 17a - H; Mass 317 (M’), 
329, 311. (Found: C, 74.43; H, 8.33. Calc for GH&O.: 
C, 74.35; H, 8.41%). 
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Z - 16 - (2’ - Monodeutero)ethylidene - 3 - methoxy - 
estra - 1,35(10) - trien - 17 - one 27. The Serini reaction of 
26 (540 mg) was performed by the same procedure as used 
in 24: An oily product was chromatographed on silicagel 
(20 g) with benzene-AcOEt (5 : 1). Evaporation of the frac- 
tions eluted with benzene-AcOEt (5: 1) yielded 27 
il25me). m.p. 116-118”; UV (EtOH) A, nm (c) 231 
(13.500); IR (KBr) 1705, 1630 cm-‘; NMR 0.90 (3H, s, 18- 
CH,), 2.14 (2H, br. d, J = 7 Hz, 4XH,D). 3.69 (3H, s, 
OCH,), 6-O-6.2 (lH, m. vinyl I-i), 6.5-7-2 (3H. m, Ar); 
Mass 311 (M’). 295. 

178 - Acetoxy - 17~ - deutero - 168 - hydroxy - 16~ - 
ethyl - 3 - methoxy - extra - 1,3,5(10) - hiene 28. A soln of 
26 iSlO mg) in EtOH (30 ml) was hydrogenated at 1 atm 
and 25” in the oresence of PtO, (60 mg). After completion 
of the hydrogenation, the catalyst was removed by liltra- 
tion and the filtrate was taken to dryness. The residue was 
recrvstallixed from n-hexane-ether to give 28 (502&, 
m.p: 106”; IR (KBr) 3450, 1730 cm-’ NMR no signal of 
17a-H; Mass 373 (M’), 331. (Found: C. 74.11; H, 8.79. 
Calc for C,H,,DO,: C, 73.95; H, 8~90%). 

168 - Ethyl - 16~ - deutero - 3 - methoxy - estra - 
1.3.5(10\ - tfien - 17 - one 29. The Serini reaction of 28 

..~I~,~ , 

(301 mg) was performed by the same procedure as used in 
6; 29 (285 mg), m.p. 93-94”; IR (KBr) 1745 cm-‘; Mass 313 
(Me), 284. (Found: C, 80.55; H, 9.37. Calc for C&,H&G~: 
C. 8046; H, 9.32%). 
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