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Compd 

I I Ia  

d 
e 

IVa 
b 

C 

C 

~711a 
b 

VIIIa 
b 

IXb 
XIa 

b 
XIIac 

b 

Recrystn. media 

AIezCO-hexane 
MeOH-H20 
lLeOH-H20 
b 
MepCO-hexane 
MeOH-HZ0 
MeOH-Hp0 
hLeOH 
Me,CO 
hIeOH-H20 
Me2C0 
?\IeOH-HzO 
JIeOH-HZO 
RIeOH-Hz0 
RIeOH-HzO 
ALe&O-hexane 

Yield, '% 

89.2  
87. 7" 
64 .5  
85.1 
62.4 
70 
65.4 
52 
56 
48 
39 .2  
76.5 
83 
51.5 
36.4 
70.5 

TABLE I1 
A-RING ~IODIFIED ANDROSTANE DERIVATIVES 

[ U l z 6 D ,  
Formula nT+, oc. deg. 

140-143 +I16 ClsH3oOz 
128-130 + 109 C?OH3202 
61 5-64 + 195 CzzH3403 + 104.5 CziH3402 
179-181 + 138.5 CigHzsOz 
153-155 +96 C20HaoOz 
170-172 +113 C?1H3202 
167-169 + 184.5 CZ1H3iBr03 
154-156 +190 C20H31Br0~ 
87-90 +S CziH3003 
221-224 - 119 C20H3002 
139 5-140 +30 CzoH320 
130-132 - 79 5 C21H31Br03~0.5H20 
130 5-133 -141 CzoHBIBrOz 
182-184 $7.5 CZlH3003 
116-118 -4 .5  CZoH3002 

Yield based on crude material, suitable for further reactions. 
mp (log e 3.87). 

5a-androstane system. Epoxidation of the l-dehydro- 
3-keto steroids (I) with alkaline hydrogen peroxide 
according to Hoehn3 afforded the intermediate 1,2a- 
epoxy-3-keto steroids (11) in excellent yield. The 
crude epoxides were of sufficient purity for direct con- 
version to 1 a-hydroxy-5a-androst-2-ene derivatives 
(111) by heating with hydrazine hydrate in a hetero- 
geneous mixture. The a-configuration of the C-1 axial 
hydroxyl group mas previously established for this re- 
arrangement product by chemical means in the chole- 
stane series.4 An n.m.r. spectrum of 17a-methylda- 
androst-2-ene-1 a,l'ip-diol (IIIC)~ indicated the presence 
of a fairly narrow unresolved multiplet from 217-223 
c.p.s. which was assigned to the C-1 equatorial proton. 

Ia, R = H; RI = AC 
b, R = CH3; RI 
C, R = CzHj; RI = H 

H 

d, R = H; R1 = pyranyl 
e, R = R1 = H 

OH 

" H  

H 
IVa, R = H IIIa, R = R1 = RZ = H 

b , R  = CHI b, It = R1 = H; R, = pyranyl 
C, El = C2H6 C, R = CH3; RI = Rz = H 

d, R = CH3, R1 = Ac: Rz = H 
e,' R = CZH;; Ri = R2'= H 

(3) Tb-. hI. Hoehn, J .  O r y .  Chew. ,  23, 1929 (1958). 
(4) C .  Djerassi, D. H. Williams, and B. Berkoz, ibid., 27, 2205 (1962). 
(5) The 1957 IUPAC rules on steroid nomenclature a s  set forth in J .  A m .  

Chem. SOC., 82, 5577 (19601, have been followed. 
(6) The peak positions and relative intensities seem to fit an A-B-S 

system not unlike tha t  calculated for this type of allylic alcohol: R. H. 
Bible, "The Interpretation of NMR Spectra--An Empirical Approach," 
Plenum Press, New York N. Y., 1964. 

-Calod., 70- 
C H 

78.57 10.41 
78.89 10.59 
76.26 9.89 
79.19 10.76 
79.12 9.79 
79.42 10.00 
79.70 10.19 
61.31 7.60 
62.65 8 .15  
76.32 9.15 
79.42 10.00 
83.27 11.18 
60.00 7.44 
62.66 8.15 
76.32 9.15 
79.42 10.00 

--Found, %- 
C H 

78.35 10.42 
78.81 10.46 
75.95 9.77 
78.72 10.44 
79.36 9.62 
79.69 10.13 
79.41 10.14 
60.91 7.60 
62.96 8.09 
76.47 9 .21  
79.68 10.16 
82.96 10.87 
60.30 7.70 
62.17 8 .23  
76.02 9.34 
79.69 10.26 

5 Could not be recrystallized from a variety of solvents. A,,, 226 

A split peak a t  344 and 347 C.P.S. was assigned to the 
C-2 and C-3 protons on the double More re- 
cently, Djerassi, et aL14 applied the hydrazine rear- 
rangement to 1,2a-epoxy-5a-androstan-l7p-ol-3-one 
(IIa) and likewise obtained the 1 a-hydroxy-2-ene sys- 
tem. 

Usual methods employed to oxidize I11 with man- 
ganese dioxide failed. Similarly, the use of dicyano- 
dichlorobenzoquinone proved unsuccessful, a result also 
observed by Djerassi and co-workers14 indicating that 
this system is not typically allylic.8 On the other 
hand, oxidation of I11 with chromium trioxide in ace- 
toneg gave a good yield of the 2-dehydro-1-keto sys- 
tem (IV). 

Preparation of the 2-dehydro-1-keto isomer of testo- 
sterone (IVa) began with the preparation of the tetra- 
hydropyranyl ether of 17p-hydroxy-5a-androst-l-en-3- 
one (Id). Epoxidation followed by hydrazine hydrate 
rearrangement gave 5 a-androst-2-ene-1 a,  17P-diol 17- 
tetrahydropyranyl ether (IIIb). Chromic acid oxida- 
tion in acetoneg followed by acid hydrolysis of the pro- 
tecting ether group afforded 17P-hydroxy-5a-androst- 
2-en-1-one (IVa). In  our hands, the reaction of 1OOyo 
hydrazine hydrate with 1,2a-epoxy-5a-androstan-l7~- 
ol-3-one acetate (IIa) gave cleavage of the acetate to 
the diol I I Ia  making selective oxidation to IVa im- 
possible.'O Djerassi, et however, did obtain 5a- 
androst-2-ene-1 a, 17p-diol 17-acetate by using isopropyl 
alcohol as a solvent and heating the reaction only a t  
steam bath temperature. 

Reduction with lithium tri(t-butoxy)aluminum hy- 
dride or lithium aluminum hydride converted the ke- 
tone IVb into the C-1 axial alcohol IIIc in good yield. 
Chromatography of the crude product indicated an ab- 
sence of any of the C-1 equatorial hydroxyl isomer. 

(7)  JTe are grateful to  Dr. R. H. Bible of our laboratories for his inter- 
pretation of the n.m.r. data. 
(8) It may be possible that  the allylic character of the 2-dehydro-la- 

hydroxy system is distorted because of the proximity of the C-10 methyl 
group and the C-11 protons interfering with the proper approach of some 
reagents. 

(9) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 
J .  Chem. Soc., 39 (1946). 

(10) It was subsequently found that  the use of 95% hydrazine hydrate 
in place of 100% hydrazine hydrate caused minimal hydrolysis of the 17- 
acetate. 
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and XIIb, the 2-dehydro-1-keto and 2-dehydro-4-keto 
derivatives, respectively, were approximately equal to 
17a,methyltestosterone myotrophically, but were much 
less androgenic. Compound VIIIb, the 3-dehydro-2- 
keto derivative, was essentially devoid of oral activity. 
Similarly, the 17a-ethyl homolog (IVc) showed low 
parenteral and oral activity as was previously observed 
for the 17a-ethyl analog of Ib.lb 

Some of the intermediates also displayed sigiiificant 
physiological activity. For example, the 17a-methyl- 
1 a, 17p-diol (IIIb) was equal to 17a-methyltestosterone 
myotrophically and only 1/10 as androgenic. In  addi- 
tion, all of the compounds in Table I possessed some de- 
gree of antiestrogenic activity. Specifically, XIIa, 
XIIb, IIIc, and IVb were between 100 and 60070 the 
activity of progesterone in the mouse uterine growth 
assay. 2o Because of the relatively high antiestrogenic 
response of IIIc, studies are in progress to  evaluate it 
as an inhibitor of mammary fibroadenoma. 

Experimentalz1 
17p-Hydroxy-5~-androst-l-en-3-one Tetrahydropyranyl Ether 

(Id).-A solution of I e  (20 9.) and dihydropyran (24 nil.) in 
methylene chloride (160 ml.) containing p-toluenesulfonic acid 
monohydrate (10 mg.) was allowed to stand a t  room t,emperature 
for 72 hr. The solution was washed successively with water and 
5@6 NaHC03 solution, and dried over anhydrous K&03 con- 
taining Darco. Solvent removal in vacuo left an oil which was 
crystallized from methanol-water to give I d  (18.0 g., 69.67,), 
m.p. 94-96', A,,, 229.5 mp (log E 4.01). 

Anal. Calcd. for C1gH2802: C, 79.12; H, 9.79. Found: 
C, 79.36; H, 9.62. 

1,2~-Epoxy-5~-androstan-l7p-ol-3-one Tetrahydropyranyl 
Ether (IId).-To a solution of I d  (5.0 g.) in methanol (85 ml.) 
cooled to 5' was added a solution of 30% hydrogen peroxide (5.7 
ml.) and 10% NaOH in methanol (1.5 ml.). The reaction was 
stirred for 20 min. a t  room temperature and poured into ice and 
water. The resulting mixture was extracted with chloroform- 
methanol (4:  1). The extract was washed with water and dried 
over anhydrous K2C03 containing Darco. The solvent was 
removed by distillation and the residue crystallized from meth- 
anol-water to give pure IId (4.5 g., 86.57,), m.p. 123-125", 
[ o ~ ] ? ~ D  +go". 

-4naZ. Calcd. for C23H3604: C, 74.19; H ,  9.34. Found: 
C, 74.45; H, 9.19. 
17p-Hydroxy-5~androst-2-en-l-one (IVa).-A heterogeneous 

mixture of I Id  (4.0 g.) and 1007, hydrazine hydrate (60 ml.) was 
heated a t  about 90" for 5 min. and then refluxed for 20 min. 
Cooling caused two layers to form. The upper layer was dis- 
carded and the residual semisolid dissolved in methanol (50 nil.) 
and was poured into cold water. The precipitate was collected, 
washed with water, and air-dried to give crude IIIb (3.5 g.), 
identified by its infrared spectrum. This crude product was 
suitable for the following reaction. 

A solution of crude I I Ib  (0.5 g.) in acetone (20 ml.) was 
treated with standard chromic acid solution9 dropwise until the 
color of the reagent persisted. The excess chromic acid was 
decomposed by adding a drop of isopropyl alcohol. The organic 
layer was decanted from its inorganic salts. To the acetone solu- 
tion ( 2 5  ml.) was added methanol (10 ml.) and p-toluenesulfonic 
acid monohydrate (0.5 g.). The solution was refluxed 15 min. 
and allowed to stand 64 hr. a t  room temperature. The reaction 
was poured into water and extracted with ether. The extract 
was washed with 5% NaHC03 solution and dried over anhydrous 

(20 )  E. F. Nutting and D. Calhoun, private communication. 
(21) Optical rotations, spectra, and analytical data  were furnished by 

Dr. R. T. Dillon, Mr. E. Zelinski, and Mr. J. Damascus of our Analytical 
department. The optical rotations and infrared spectra were obtained in 
chloroform and the ultraviolet spectra in methanol. The n.m.r. spectra 
were obtained with a Varian -4-60 spectrophotometer and are reported in 
C.P.S. downfield from tetramethylsilane which was used as an  internal stand- 
ard. Deuteriochloroform was used as the solvent unless otherwise specified. 
The melting points were obtained on a Fisher-Johns apparatus and are 
corrected. 

K&O, containing Darco. The solvent was removed in vacuo, 
the residue was dissolved in benzene, and the solution was 
adsorbed onto silica gel (65 g.). Elution with benzene-ethyl 
acetate (9:  1)  gave pure IVa (234 mg.), A,,, 224.5 mp (log 6 3.88). 

17a-Methyl-5a-androst-2-ene-la,l7p-diol (IIIc). General 
Method.-A heterogeneous mixture of IIb2* (8.0 9.) and 1 0 0 ~ ~  
hydrazine hydrate (120 nil.) was allowed to stand 0.5 hr. a t  room 
temperature. The mixture was heated a t  (30-100" for 15 min. 
and refluxed for the same period of time. The reaction was 
cooled resulting in separation into two layers. The supernatant 
liquid was poured into water and the precipitate was collected, 
washed with water, and air-dried (0.5 g.). The residual semi- 
solid was dissolved in methanol (50 ml.) and poured into ice and 
mater, and the precipitate was collected. The combined pre- 
cipitates were washed with 2:; aqueous HC1 solution, 5yo 
XaHCO3 solut,ion, and water. After air drying, the product 
weighed i.2 g. and was suitable for subsequent reactions. Re- 
crystallization from methanol-water afforded pure IIIc (3.7 g.). 

17~-Methyl-5~-androst-2-ene-la,l7p-diol 1-Acetate (IIId).- 
A solution of I I Ic  (1.5 g.) in pyridine (22 nil.) and acetic anhy- 
dride (11 nil.) was allowed to stand overnight a t  about 40". 
The reaction was poured into water and extracted with ether. 
The extract was washed with water, 10yc HC1, and 5yo XaHCO3 
solution and dried over anhydrous K?C03 containing Darco. 
Solvent removal in vacuo left an oil which was crystallized from 
methanol-water to give IIId (1.1 g.). 

17p-Hydroxy-17~-methyl-5~-androst-2-en-l-one (IVb).-A 
solution of I I Ic  (10.0 g.) in acetone (250 ml.) was treated with 
standard chromic acid solutions dropwise until the color of the 
reagent persisted. The excess chromic acid was decomposed by 
adding a drop of isopropyl alcohol. The organic layer was de- 
canted from its inorganic salts and poured into ice and water. 
The precipitate was collected, washed with water, and air- 
dried. Recrystallization from methanol-water gave pure 11-b 
( i . 0  g.), A,,, 224.5 mp (log e 3.84). 

Reduction of 17p-Hydroxy-17a-methyl-5~-androst-2-en-l-one 
(IVb).-A solution of IVb (1.9 g.) in dry tetrahydrofuranz3(20 
ml.) under nitrogen was cooled in ice and treated with a previously 
cooled solut'ion of lithium tri( t-butoxy)aluminum hydrides4 
(6.0 g.)  in dry tetrahydrofuran (20 ml.). The reaction was 
stirred a t  ice bath temperature for 2 hr. and poured into an ice- 
cold solution of 57, aqueous acetic acid. The mixture was ex- 
tracted with ether, washed with a 5% S a H C 0 3  solution, and 
dried over anhydrous Xa2SO1 containing Darco. Solvent 
renioval in uacuo left an oil which was chromatographed over 
alumina (Woelms, neutral). Elut,ion with benzene-ethyl ace- 
tate (9:  1) gave 1.2 g. of lia-methy1-5ay-androst-2-ene-la,17~- 
diol (IIIc), identical with that prepared from the hydrazine 
hydrate treatment of IIb. Sone of the lp-hydroxy isomer of 
IIIc was observed.?; 

3a-Bromo-5a-androstane-2p,l7p-diol 17-Acetate (VIa).- 
To a cooled solution of Va (containing an undeterminable small 
amount of the A3.'-isomer) (10.0 g.)  in purified dioxane (200 ml.) 
was added dropwise a mixture of X-bromosuccinimide (7.0 g.), 
perchloric acid (3.8 g.), and water (80 ml.) during 10 min. The 
reaction was stirred for 4 hr. a t  room temperature. The solution 
was poured into ice and water (1.5 1.). The product was col- 
lected, washed with water, and air-dried. Recrystallization 
from acetone-hexane gave pure T'Ia (6.0 g.), m.p. 145-14io, 

dnal .  Calcd. for CL1Hs3Br03: C, 61.01; H, 8.05. Found: 
C, 61.30; H, 8.45. 

The mother liquors were chromatographed over silica gel. 
Elution with benzene-ethyl acetate (9:  1) gave additional VIa 
(1.4 g., 56.4yo total) folloB-ed by compound Xa (0.3 g.) which 
was recrystallized from methanol, m.p. 166-168", [a]  2 5 ~  - 4 . f ~ O . ~ ~  

5a-Androst-3-en-17p-01 Acetate (IXa). General Method.- 
A stirred solution of Xa (8.9 g.) in glacial acetic acid (300 ml.) 

[ a ] " D  +46.5". 

(22) R. E. Counsel1 and P. D. Klimstra, J .  Med. Pharm. Chem., 5, 477 
(1962). 

(23) Freshly distilled from methylmagnesium bromide. 
(24) Obtained from Metal Hydrides Inc. 
(25 )  Similarly, treatment of I V b  with lithium aluminum hydride gave 

only the la-hydroxy isomer 1110 upon chromatography. 
(26) The reaction of hypobromous acid with olefins proceeds via diaxial 

addition. Hence, n-ith the presence of both the Az,3-  and A%'-isomers in 
the starting material, a total of four products is theoretically possible. I n  
practice, four isomers have been isolated by careful chromatography two of 
which (the 2pbromo-3a-hydroxy- and the 4p-bromo-3a-hydroxy-) were 
present in only trace amounts and tentatively identified by infrared analysis. 




