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ric acid. Alternatively, but less coiiveniently on a 
large scale, Ia  was methylated with ethereal diazometh- 
ane. Reduction of Ib  with sodium borohydride in 
methanol solution gave the corresponding 30-alcohol IIa 
in 7.5% yield. This underwent a concerted hydrolysis 
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and elimination reaction upon treatment with hydro- 
chloric acid in acetone solution to afford in good yield 
the @unsaturated aldehyde 111,. By carrying out 
the transformations of Ia to IIIa without isolation of 
the intermediates I b  and IIa, the yield of IIIa from Ia 
was 72%. The urisaturated aldehyde is characterized 
by an absorption maximum in the ultraviolet a t  232 
mp ( t  13,800) and bands in the infrared a t  1663 (C=O) 
and 1645 cm.-' (C=C). 

In view of the interesting biological activities ex- 
hihitrd by IIIa (see sequel) a number of its C-17 esters 
wcre prcparcd, including tlic acetate, propioilate, cyclo- 
pcntylpropioiiatc, valerate, caproate aiid uiidcceiioatc 

IIIb-IIIg. Although the lower esters were formed 
readily by treatment of I I Ia  in pyridine at  room tem- 
perature with the corresponding acid anhydride, it was 
not possible to prepare either the caproate or the undec- 
enoate reproducibly in this manner, since it was found 
that a reaction took place between the unsaturated al- 
dehyde grouping and the higher acyl chlorides. How- 
ever, good yields of these esters were obtained when the 
formyl group was protected as its ketal T7 and then 
treated with the higher acid chloride in benzene or tet- 
rahydrofuran solution in the presence of pyridine.' 
hfild acid treatment then regenerated the formyl group, 
with preservation of the ester grouping. 

In  view of the effect of 17a-alkyl substituents, partic- 
ularly methyl, in eiihancing oral myotrophic and ail- 
drogenic activities8 in l'i~-hydroxy-l7oc-~iisubstituted 
androstaiies, the preparation of 1 i a-methyl-2-formyl- 
A2-aiidrostene-17/3-01 (IIIh) was uiidertakeii. 2-Hy- 
droxymethylene-17a-me thy1 a iid r o s t a ne-1 70-ol-3-one6 
(IC) was converted to the methyl ether Id. So- 
dium borohydride reduction then gave the corresponding 
X,&alcohol IIb,  which on acid treatment afforded the 
unsaturated aldehyde IIIh. 

An alternative route to 2-formyl-A2-androstenes uti- 
lized the products of condensation of a variety of 
amines with 2-hydr0xymethylene-3-ketones.~ N- 
Methylaniline in benzene readily converted the enol IC 
to the enamine IVa. Reduction of the keto group of 
IVa with sodium borohydride led to the 38-alcohol 
IVb, which upon acid treatment readily gave the un- 
saturated aldehyde IIIh.'O 

The marked progestational activity of 17a-ethynyl- 
aiidrostanes prompted the preparation of a member 
(IIIi) of this series. Treatment of the 2-formyl-A2-an- 
drostene-17@-01 cycloethyleneketal (Y) with chromium 
trioxide in pyridine gave the corresponding ketone. 
The latter gave 2-formyl-A2-17a-ethynylandrostene- 
17p-01 (IIIi) on reaction with ethynylmagnesium bro- 
mide, followed by acid hydrolysis of the ketal. 

Analogous compounds in the 19-nor series also were 
prepared. 19-Nordihydrotestosteronell in a mixture 
of methylene chloride and ether was condensed with 
ethyl formate in the presence of either sodium meth- 
oxide or sodium hydride to furnish the corresponding 
2-hydroxymethylene analog Ie. This readily formed 
the S-methylanilinomethylene derivative IVc, which 
afforded the corresponding 3p-alcohol IVd upon reduc- 
tion with sodium borohydride. Mild acid treatment 
of this @-hydroxy enamine IVd smoothly led to 2-form- 
yl-A2-19-norandrostene-17~-ol (IIIj), which displayed 
the expected spectral characteristics in the ultraviolet 
and infrared. 

The same reaction sequence converted 2- hydroxy- 
methylene - 17a - ethynyl - 19 - nordihydrotestosterone 
(If), via the Y-methylanilino derivative IVe and the 
corresponding 30-alcohol IVf, to 2-formyl-Az-17a-eth- 
ynyl-19-norandrostene-l7p-ol (IIIk). 

Sodium borohydride reduction of the 2-formyl-A'- 

(7) A .  Kuksis and J. IM. R. Reveridge. J .  Org. Chem.. 95, 1209 (1980). 
(8 )  F. .J .  Saunders and V. A. Drill, Endocrinology, 68, 567 (1956). 
(9) J. A. Zderic, 0. Halpern, H. Carpio, A. Ruiz. D. C .  Limon, L. Magafia, 

H. Jimenez. A. Bowers and H. .I. Ringold, Chem. Tnd. (London), 1625 
(1960). 

(10) This I)iocedurc was first carried u u t  by Dr. .I.  .\. Zrlrrio o f  tliesc 
Lahuratories. 

(11) A.  Dowers, 11. d .  Ilingulrl i ~ l d  IL I h r l u t ,  J. .iVk, C l i c , n .  J A ' ~ j ~ , ,  80, i ; I l . j  
(1938). 
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wmpounds IIIa, IIIb, 11111 aiid IIIj led to tlie corre- 
sponding 2-liydroxymethyl-A2-aiialogs YIa, T'Ib, T T c  
and TTd, respectively. Reoxidation of the allylic alco- 
hol 1% with 2,3-di~hloro-3,G-dicyanobeiizoq~iiiione~~ 
regenerated the a,p-unsaturated aldehyde IIIa in high 
yield. This established that the borohydride reduc- 
tion of IIIa had not appreciably affected the olefinic 
double bond. 

The unsaturated aldehyde IIIb was further charac- 
terized by oxidation with 8 N chromic acidla to afford 
the corresponding A2-2-carboxylic acid JTII. 

I t  is of interest to note that Wolff-Kishner reduction 
of 2-formyl-A2-androstene-17p-ol (IIIa), then acetyla- 
tion, led to the exocyclic methylene compound TIIIa as 
tlie major product, together w t h  a small amount of the 
2-methyl-A2-isomer which was isolated after chroma- 
tography. h similar reduction of 11111 led to J'IIIb as 
the only isolable product, probably due to the greater 
difficulty of separation of the> corresponding isomeric 
alrohols on alumina. 

To investigate the effects of methyl aiid halogen sub- 
Ytitution and further unsaturatiori y- t o  the 2-formyl- 
A2-system, l-4 the 4a-metliy1, 40-chloro and A4-analogs of 
2-formyl-A2-androstene-17P-ol (I&) were prepared. 
Ia-Rlethyla1~drostane-l7p-ol-3-on~~~ readily condensed 
\I ith ethyl formate to afford thc 2-hydroxymethylene 
analog Ig which \vas hydrogcnatrd t o  give 20,4a-di- 
methylandrostane-17P-ol-X-oiie Conversion of 2-hy- 
Ilrox~methyleiie-4a-metl~ylandrostaiie-~~~-o~-~-one (Ig) 
to its methyl ether I h  in the usual way, then reductioii 

( 1 1 )  D. Burn, V I'etron iind ( I  0 JVeston, Teirahpdron Letters, I io  9 

( 1  3) I< Roaden,  I .\I. lieilbron. I' It 11 l o w s  and B C I, Wecdon, 

( I  1) C f  the enhanwmrnt  of biolr)yiral nr t i r l ty  of certain A'-?-hctonrs 
~ h r n  a A -double bond or halogen atoms o r  methyl groups are substituted 
a t  C C, y- to  the enone sqstein, L I .  Fieser and 11 riespi Steroids 
I l ~ i n h o l i l  I'uhlishing Corp , ~ P I I  I o r k ,  Y 1959 Chapter 17 8. 

Iiinaold for details conrcrninq the preparation of this compound 
stants see ref. t 
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with sodium borohydride ai id b~ibseqiwiit t rcutrnc~ii t 
with acid furnished 4a-metliyl-~-formyl-~~-a1idrostc1ic- 
17p-01 (Xa) . 

The preparation of the 4-halo analogs required a dif- 
ferent approach siiice la-Iialo-3-kcto-,i~-aiidrostanc~i 
are not readily available. l'orcing acetylation of tlic 
unsaturated aldehyde IIIa led to the diem1 acetate IX 
which displayed an absorption maximum in the ultra- 
violet a t  248 mp ( E  14,000) and which, on rediictioii 
n ith sodium borohydride in methanol, gave 2-hydroxy- 
methy1-~2-androstene-17p-ol acetate (\ ' Ib).  

Treatment of tlie dieiiol acetate IX with Y-cliloro- 
wccinimide in dioxaii containing percliloric acid af- 
forded 4a-chloro-2-formyl-A2-androstene-l 78-01 awtate 
(Xb). The equatorial ( 4 ~ )  configuration was as- 
signed to thc cliloriiic atom in Xb n-hen it was slioirii 
that it was recovered uncliaiiged after treatment T\ ith :i 
saturated solution of hydrogen cliloride in cthyl acetatc 
for 5 hours a t  room tcmperaturc 

In a similar manlier X-bromosuccinimide reacted I\ it11 
the dienol acc>tate IX to afford the 4T-bromo aiia!og 
Xc. Dehydrobromination of Xc n-it11 calcium carho- 
iiate16 in dimethylformamide led to 2-formyl- 4 - 1 1  I -  

drostadiene-I 'Tp-01 acetate (XI), rhowing a c~liaructf~r- 
istic ultraviolet maximum a t  321 mp ( E  15,000). 

In an attempt to  make the 4a-fluoro analog Xd. tlit~ 
dienol acetat>e I S  was treated under a wide variety of 
conditions with perchloryl but i i i  no i i i -  

stance n-as a Auorine-coiitaiiiiiig product obtained 
The oiily recognixahle product, formed in low yield. 
was the 4a-chloro comporind Xh. It is possihlc to 
rationalize this rcwlt if it hc awimed tliat the perclrlo- 

(11;)  R.  J u l y .  .I. \\'Varnnrit. t i ,  Z o i i i i i i i :  ani1 1). I k r t i r i ,  Rull. -9oc r h r m .  
i'i.a,Lcr, :?IO6 (19.58). 

(17)  Cf. the preparation uf  r i - f l uo ru -~~- . i - l i e ton~~s  froiii tile riiol :icptati,s of 
A"-:i-ketonen and perchlory1 fluoride. B. 11. Bluoiii, \r. V. IIoyert ani1 11. 
Pinson Jr.. Chem. Ind. (London), 1317 (1'339). 
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ryl fluoride contains impurities which are capable of 
chlorinating the enol acetate.18 

There were also prepared for biological evaluation 
the homologs 2-acetyl-A2-androstene-17@-ol (XIIb), 2- 
acetyl-17a-methyl-A2-androstene-17~-ol (XIId) and 3- 
acetyl-A2-androstene-17~-ol (XIII) . 

Methylmagnesium bromide reacted with the un- 
saturated aldehyde IIIa to afford a mixture of allylic 
alcohols XIIa which was oxidized with 2,3-dichloro-5,6- 
dicyanobenxoquinonel' in dioxan solution to the 2- 
acetyl-A*-compound XIIb. By a similar reaction se- 
quence, the l7a-methyl enal I I Ih  afforded the enone 
XIId via the allylic alcohols (XIIc). 

Prior to this approach the direct acylation of A2-an- 
drostene-17P-01 acetate3 with acetic anhydride in the 
presence of zinc chloride was investigated. A product 
was obtained in low yield [A,,, 234 mp ( 6  12,600)] 
11-hich was shown to be 3-acetyl-A2-androstene-17@-ol 
acetate (XIII) . Its  structure was proved conclusively 
in the following manner : treatment of 5 a-androstane- 
17P-ol-X-one with ethynylmagnesium bromide gave the 
3-ethynylcarbinol XIT'a, characterized as its acetate 
(XIT'b) . The diol X1F-a underwenr. rearrangementlg 
with formic acid to the 3-acetyl-A2-compound, isolated 
as its 17p-acetate (XIII)2O which proved to be identical 
in every respect with the product obtained from the 
acylation of A2-androstene-17/3-ol acetate. 

Biological Activities.-The compounds n ere assayed 
as outlined in Part I of this series3 and some of the 
results, which are of a preliminary nature, are sum- 
marized in Table I. Substitution a t  C-2 by hydroxy- 
methyl or formyl groups causes a marked reduction of 
androgenic activity with retention of a good anabolic 
effect. The ratio of anabolic to androgenic activity is 
particularly favorable with the 2-hydroxymethyl com- 
pound. A more detailed report will appear elsewhere 
by Dr. R. Dorfman and his colleagues. 

TABLE I 
A N D R O G E N I C  AND ANABOLIC ACTIV~TIES OF 

2-I'ORMYL- AND 2-HYDROXYMETHYLAiXDRoSTEiYES 

(ACTIVITY OF TESTOSTERONE = 1 .O) 
Substitution in Andro- Ana- 

Compound ring A Assay genic bolic 

X I  2-CHO-a2,4- Injection 0 . 1  0 . 1  
I I Ia  2-CHO-A2- Injection 0 .2  1.0 
VIa 2-CHzOH-A'- Injection 0 . 2  2.2 
F'Ic 2-CHzOH-A'- Oral 0 . 3  2 . 2  

( l i 'a-CH~-lip-OH) 

Experimental2 
2-Methoxymethylene-5~~-androstane-3p,17p-diol (IIa).-To 2- 

methoxy1nethylene-5~~~androstane-17p-ol-3-0ne (Ia) (19.0 g.) 
dissolved in methanol (400 ml.), sodium borohydride (7.0 g.) 
in methanol (100 ml.) was added dropwise during 15 min., 
with external cooling. Five min. after the completion of addition 
of the borohydride, there remained i n  the solution no material 
showing selective absorption in the ultraviolet. The solution 
was filtered and poured slowly into a rapidly stirred 5y0 aqueous 
salt solution ( 3  1.) a t  0".  The white precipitate was filtered off, 

(18) This result parallels the finding of S. Nakanishi and E.  V. .Janscn, 
1. O w .  Chem., 27, 703 (1962), who treated the enol acetate of a 17-keto- 
steroid with perchloryl fluoride in pyridine-acetone and obtained a chloro 
compound. Chlorination of a phenol under similar reaction conditions was 
observed b y  A. S. Kende and P. MacGregor. J .  Am. Chem. Sac.. 83, 4197 
(1961). and attr ibuted to  reduction of chlorate to hypochlorite b y  the  
solvent, dimethylformamide. 

(19) A. W. Johnson, "Acetylenic Compounds," I .  E. Arnold, London, 
Vol. I. 1946. 

washed with water until neutral, dried and recrystallized from 
acetone; yield, 14.3 g. (75%);  m.p. 155-157". A portion of this, 
recrystallized twice from acetone gave pure 2-methoxymethylene- 
androstane-3p,l7p-diol ( I Ia) ,  m.p. 158-160"; [ G ] D  -35" (CHCl,); 
ultraviolet, no selective absorption; infrared, OH, no carbonyl 
band. 

Anal. Calcd. for C21H3&3: C, 75.40; H, 10.25; 0, 14.35. 
Found: C,75.52; H, 10.47; 0,14.64. 
2-Formyl-A2-androstene-17p-ol (Ma).-To a suspension of 

2-methoxymethyleneandrostane-3p,l7p-diol (Ha)  (4.0 9.) in 
acetone (50 ml.) was added concd. hydrochloric acid (1 drop). 
On shaking, the steroid dissolved completely, and after five 
minutes crystallization of 2-formyl-A\-androstene-lip-01 (IIIa)  
began, and was complete within 30 min. The product was 
filtered off, washed with cold acetone and dried; m.p. 196-198"; 
yield, 2.4 g., 667,. 

The pure aldehyde was obtained by twice recrystallizing from 
ethyl acetate, and had m.p. 209-211'; [ C Y ] =  +102" (CHCI,); 
A,,,, 232 mp ( e  13,000) and 309 m p  ( e  44); v:!: 1663 (s), 1645 
cm.-'(m). 

Anal. Calcd. for C20H3002: C, 79.42; H,  10.00. Found: C, 
79.13; H, 10.03. 
2-Formyl-A2-androstene-17p-ol Acetate (IIIb).-A solution of 

2-formyl-A2-androstene-17p-ol ( I I Ia )  (4.0 9.) in pyridine (50 
ml.) and acetic anhydride (20 ml.) was left overnight a t  room tem- 
perature. Removal of the reagents by evaporation under vac- 
uum, and three recrystallizations of the residual crystalline solid 
from methanol, yielded the acetate I I Ib  (3.1 g., 66%); m.p. 161- 
163"; [a111 f84 '  (CHC13); A,,, 232 mp ( e  13,200) and 312 mp 
( e  43); vi:: 1740,1680 and 1650 cm.-'. 

Anal. Calcd. for C22H3203: C, i6.iO; H, 9.36; 0, 13.93. 
Found: C, '76.43; H,9.37; 0, 14.26. 

2-Formyl-AZ-androstene-17p-ol Propionate (IIIc).-Similar 
treatment of the alcohol I I Ia  (1.01 g.) with propionic anhydride 
and pyridine yielded the propionate I I Ic  which wae recrystallized 
twice from ethyl acetate-methanol to give 370 mg. (29%'): 
m.p. 140-144";   CY]^ +74" (CHCI,); A,,, 232 mp ( e  13,500) and 
310 mp ( e  44); v",: 1740,1676 and 1724 em.-'. 

Anal. Calcd. for C2&403: C, 77.05; H, 9.56. Found: C, 
'76.92; H, 9.50. 
2-Formyl-Az-androstene-17p-ol Cyclopentylpropionate (IIId). 

-A solution of 2-formyl-A2-androstene-17p-ol (5.0 g.) in pyridine 
(25 nil.) was left for 3 days at room temperature with cyclopentyl- 
propionic anhydride ( 5  ml.). The solution was poured into 
water, extracted with ethyl acetate, and the organic phase was 
washed first with dilute hydrochloric acid, then with dilute so- 
dium carbonate solution, and with water. Evaporation and 
chromatography on alumina gave the cyclopentylpropionate 
IIId, as needles from acetone, m.p. 138-141'; [ a ] n  +75" (CHCl,); 
A,,, 232 mp ( e  14,000) and 316 mp ( e  15). 

Anal. Calcd. for C28H4203: C, 172.82; H, 9.92; 0, 11.25. 
Found: C, 78.60, H, 9.i5; 0,11.22. 
2-Formyl-A2-androstene-17p-ol Valerate (IIIe).-A solution of 

2-formyl-A2-androstene-17p-ol (4.0 g., 13 mmoles) in benzene 
(160 ml.) was evaporated to 120 ml. to remove any traces of mois- 
ture. To the refluxing solution was added p-widine (1.60 ml., 
19.8 mmoles, 1.5 equiv.) and valeryl chloride (2.38 ml., 19.8 
mmoles, 1.5 equiv.) and reflux was continued for 45 min., during 
which time pyridine hydrochloride crystallized from solution. 
The solution was cooled and passed directly through a column of 
alumina (100 g., activity I). Elution with benzene yielded the 
valerate I I Id  as a non-crystalline wax (4.1 g., i9%),  melting in 
the range 110-130"; [ C Y ] "  +75O (CHCl,); A,,,232 mp ( e  12,600). 

Anal. Calcd. for C2SH3803: C, 77.67; H, 9.91. Found: C, 
77.30; H, 10.02. 
2-Formyl-A2-androstene-17p-ol-A1a'-undecenoate (IIIg).-(a) 

( 2 0 )  rlfter the completion of this work the preparation of XI11 by the 
same procedure (rearrangement of XIVa) was reported by M .  Dvolaitzky, 
H .  B. Kaean and I .  .Jacques. Bull. SOC. chim. P m n c e ,  598 (1961). 

(21) Melting points are uncorrected. Optical rotations were measured 
as 1 % solutions in the stated solvents a t  2 5 " .  Ultraviolet absorption spectra 
were measured in ethanol solution using a Beckman D K  2 spectrophotoni- 
eter. Infrared absorption spectra were determined using a Perkin-Elmer 
Model 21 spectrophotometer. equipped with sodium chloride optics. Thanks 
are expressed to  Dr. J. M a t t h e w  and his staff for these determinations. 
Microanalyses were performed by A.  Bernhardt. Miilheim (Ruhr),  W. Ger- 
many. Except where stated,  alumina was neutralized before use by stirring 
with ethyl acetate and reactivated by heating a t  120' for 72 hr. Grades of 
activity, where given, are thoRe of H. Brockmann and H. Schodder (Ber . ,  
74. 73 (1941)). 
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Anal. Calcd. for CI9H28O3: C, 74.96; H, 9.27; 0, 15.76. 
Pound: C,74.90; H,9.30; 0, 15.61. 

(b) With Sodium Hydride.-Sodium hydride (2.9 g.) was 
added slowly in portions to  a stirred solution of 19-norandro- 
stane-17P-ol-3-one (7.0 g.) in dry tetrahydrofuran (87.5 ml.) 
containing ethyl formate (9.5 ml., freshly distilled). The mixture 
was allowed to stand a t  room temperature overnight, after 
which it was diluted by the slow addition of water (200 ml.). The 
resulting turbid solution was extracted with ether (2 X 50 ml.) 
and then acidified with acetic acid. The white precipitate of 2- 
hydroxymethylene-19-norandrostane-17p-ol-3-one (Ie) was col- 
lected, washed with water and dried (4.80 g., 62%, m.p. 180-184'). 
Recrystallization from acetone-hexane gave a product (m.p. 190- 
192') identical with that obtained by method (a).  

2-N-Methylanilinomethylene-19-norandrostane-l7p-o~-3-one 
(Ne).--A solution of 2-hydroxymethylene-19-norandrostane- 
17p-01-3-one (Ie) (4.45 9.) in a mixture of benzene (50 ml.) and 
methanol (50 ml.) containing X-methplaniline (5.0 ml.) was 
heated overnight in an apparatus equipped with a water separator. 
The solvents were removed in vacuo and the residue was digested 
with hexane to give the enamine as a crystalline solid. The 
crude product was recrystallized from acetone to give 4.05 g. 
(70%) of 2-~-methylanilinomethylene-19-1iorandrostene-li~-ol- 
:{-one of m.p. 174-176"; [q]~,;,;262' (dioxan); A,,, 238 ( E  

5,000) and 344 mp ( e  19,500), Y,,, 3500 (s) (OH) 1660 (s) (a$- 
unsaturated C=O), 1615 (ni) (conj. C=C stretching, 752 (s) and 
6'30 cm.-I (s) (aromatic C-H out-of-plane deformation). 

Anal. Calcd. for C26H3jNO?: C, 79.35; H, 8.96; 0, 8.13; X, 
3.56. Found: C, 79.27; H,8.93; 0,8.30; N, 4.01. 

2-N-Methylanilinomethylene-19-norandrostane-3p,l7p-dio~ 
(IVd).--A solution of sodiiim borohydride (680 mg.) in water (8 
ml.) was added to a solution of 2-S-methylanilinomethylene-19- 
norandrostane-17@-ol-3-une (IVc) (675 nip.) in a niixt,ure of 
methanol (15 ml.) and diuxan (19 nil.). The mixture was stirred 
a t  room temperature for 8 hr. The precipitated diol \vas col- 
lected and washed with water (440 mg., m.p. 148-152'). Slow 
dilution of the mother liyiiors with water gave a further 220 mg. 
of material, m.p. 150-155O. The total yield m-as 660 mg. (975,;). 
Both crops of material displayed only a single maximum a t  272 
mp in the ultraviolet spectra, indicating that reduction was com- 
plete. Repeated recrystallizations from ethyl acetate raised the 
melting point t o  164-166", indicating that the crude product was 
a mixture, probably of alcohols epimeric a t  C-3. The pure iso- 
mer, isolated in 627, yield and presumably the 3p, lip-diol IVd, 
had m.p. 164-166"; [ a ] ~  +19" (dioxan); A,,, 272 mp ( E  12,000); 
YE:: 3450-3400 (s) (OH), 1680 (w) (unconj. C=C), 1615 (m) (aro- 
matic C=C, 752 (s) and 690 cm.-l (s) (aromatic C-H). 

Anal. Calcd. for C26H37KO2: C, 78.95; H,  9.43; 0, 8.09; 
S, 3.54. Found: C, 78.84; H, 9.58; 0, 8.04; N, 3.13. 
2-Formyl-A2-19-norandrostene-17p-ol (IIIj).--A solution of 

the enamine alcohol IVd (2.0s g.) in methanol (75 ml.) was 
treated with 3 drops of concd. hydrochloric acid and allowed 
to stand for 30 min. Water (200 ml.) was added slowly to the 
stirred solution to  precipitate the aldehyde as a white crystalline 
solid, which was collected, washed with water and dried (m.p. 
160-162'). After recrystallization from acetone-hexane there 
was obtained 1.24 g. (81%) of IIIi, m.p. 163-165"; [ W I D  +172" 
(dioxan); A,,, 232 mp ( E  13,500); Y::: 3670 (s) (OH), 
1690 (s) (a,(?-unsaturated C=O) and 1660 em.-' (m) (conj. 
C=C stretching). 

4nal. Calcd. for CIgH,,O?: C, 79.12; H, 9.78; 0, 11.10. 
Found: C, 79.20; H, 9.85; 0, 11.23. 

17a-Ethynyl-2-hydroxymethylene-19-norandrostane-l7p-o~-3- 
one (If).-To a stirred solution of 17a-ethynpl-19-norandrostane- 
lip-01-3 one (1.5 g.)  in a mixture of anhydrous tetrahydrofuran 
(14 ml.) and methylene dichloride (7.5 ml.) was added sodium 
methoxide (0.9 g.) and ethyl formate (1.5 ml., freshly distilled). 
The reaction mixture was stirred at) room temperature overnight, 
after 1vhic.h the precipitated sodium salt was collected, washed 
with methylene dichloride and dried in  z'acuo. The salt was dis- 
solved in water (150 nil.) and the solution was acidified with 
dilute hydrochloric acid to precipitate the hydroxymethylene 
derivative (If)  which was collected, washed well with wxt,er and 
dried. The crude product (1.27 g., 777~&) was :morphoiis h i t .  
srifficiently pure fur  sut)sequent transforinations. 
-4 twice crystallized sainple h:td m.p. 174-178" ( frotii :tcctoiie 

1ics:tne); [alll -4" (diositn); A,,;,, 280-282 111p ( E  9,000j; 
vi:',:' :MO (in) (hiitlccl OH), :WO (w) (--C=C--H), 1710 (w) 
(<:--O), 16-~2--160O C I I I . - '  (clie1:ttcd C=O). 

Anal. Calcd. for C21HY803: C, 76.79; H, 8.59; 0, 14,61. 
Found: C, 76.47; H, 8.61; 0, 14.88. 

17~-Ethynyl-2-N-methylanilinome thylene-19-norandrostane- 
17P-ol-3-one (We).-A solution of 17aY-ethynyl-2-hydroxj-- 
methglene-19-norandrostane-17p-ol-3-one (If) (880 mg.) in a 
mixture of benzene (13.2 ml.) and methanol (13.2 ml.) containing 
N-methylaniline (0.95 ml.) was heated overnight in an apparatus 
equipped with a water separator. The solvents were removed 
in ~ J U C U O  and the residual oil was taken up in hot acetone, treated 
with carbon, and diluted with hexane to  give the enamine (781 
mg., iOyc), 1n.p. 198-206". After recrystallization from acetone- 
hexane, IVe had m.p. 209-211"; [ a ] ~  -326" (dioxan); A,,, 
238-240 mp ( E  6,000) and 344 nip ( E  17,000); YE:: 3590 (in) 

(OH), 3270 (m)  (C=CH), 1640 (s) (a#-unsaturated C=O), 
1608 (w) (conj. C=C), 1530 (s) and 1500 em.-' (s) (aromatic 
C=C). 

Anal. Calcd. for C?,H,jSOy: C, 80.54; H,  8.45; 0, 7.66; 
S, 3.35. Found: C, 80.33; H, 8.53; 0, i.56; S, 3.40. 

17~-Ethynyl-2-N-methylanilinomethylene-l9-norandrostane- 
3p,17p-diol (IVf).-A solution of sodiiim hrohydride (110 mg.) 
in water was added to a solution of 17a-ethj-nyl-2-N-methylani- 
linometh~-lene-lQ-norandrostane-l7p-ol-3-one (IVe) (106 mg.) 
in a mixture of methanol (2.3 ml.) and diosan (3.0 ml.). The 
mixture was stirred a t  room temperature overnight. The 
precipitate of diol was collected, ivashed with water and dried 
(52 mg., m.p. 119-131'). Slow dilution of the mother liquors 
with water gave a further 52 mg., m.p. 112-155". The total 
yield was 104 nig. (95%). The mixture of epimers could be con- 
verted directly to the aldehyde (IIIk) .  Fractional crystalliza- 
tion from acetone-hexane gave a single isomer, presumably the 
3p,17p-diol IVf of m.p. 158-160'; [ a ] D  -7' (dioxan); A,,, 
272 mp ( E  12,000); YE,": 3570 (m) (OH), 3270 (w) (-C=CH), 
1606 (9) and 1510 em.-' (s) (aromatic C=C). 

Anal. Calcd. for C?sHsi?;O?: C, 80.14; H, 8.88; 0, 7.62. 
Found: C, 79.56; H, 9.74; 0, 6.95. 

17~-Ethynyl-2-forrnyl-19-norandrost-2-en-l7~-01 (IIIk).-A 
solution of the enamine alcohol IVf (100 mg.) in methanol (2.3 
nil.) was treated with one drop of concd. hydrochloric arid and 
allowed to stand for 30 niin. Water (15 nil.) was slonly added 
and the white precipitate was collected, washed with R-ater and 
dried (62 mg., 83.5Yc), m.p. 146-150". A pure sample had m.p. 
157-159" (from ether-hexane); [ a ] D  +73" (dioxan); A,,,, 232 
mM ( E  14,000); v::: 3570 (m) (OH), 3280 (m)  (CE CH), 1680 
(s) (a$-unsaturated C=O) and 1650 cm.-' (w) (conj. C=C). 

Anal. Calcd. for C21H?,Oa: C, 80.72; H, 9.03; 0, 10.24. 
Found: C, 80.76; H, 9.21; 0, 10.44. 
2-Hydroxymethyl-A2-androstene-17p-ol (VIa).-To a slurry of 

2-formyl-i12-androstene-17p-ol ( I I Ia)  (5.0 9.) in methanol 
(50 ml.) was added sodium borohydride (5 g.) in methanol (30 
ml.). The aldehyde dissolved completely within 3 min. with 
mild generation of heat. The solution was left overnight a t  
room temperature, and worked up by pouring into water, extrac- 
tion into ethyl acetate, washing, drying and evaporation to give 
a crystalline mass. Chromatography on alumina (150 g. ,  
activity I )  and elution with ether yielded VIa, m.p. 190-191" 
(4.41 g., 88'3 yield) unchanged on further recrystallization from 
ethanol; [a!= +58" (CHCI,). 

Anal. Calcd. for C20H3202: C, 78.89; H, 10.59; 0, 10.51. 
Found: C, 78.73; H, 10.65; 0, 10.56. 

Reoxidation to the Unsaturated Aldehyde IIIa.-2-Hydroxy- 
methyl-A2-androstene-ITp-ol (1.05 g.) in dioxan (30 ml.) with 
2,3-dichloro-5,6-dicyanobenzoquinone (950 mg.) was left a t  
room temperature overnight. Pouring into methylene chloride, 
filtration through alumina, and crystallization from ethyl acetate 
gave the conjugated aldehyde I I I a  identical with authentic 
material. 

2-Hydroxymethyl-~z-androstene-17p-ol 17-Acetate (VIb).- 
'4 solution of 2-formyl-1ip-acetoxy-Az-androstene (IIIb)  (8.0 g.) 
in dioxan (100 ml.) was mixed with a solution of sodium boro- 
hydride (5.0 g.) in water (100 nil.) and dioxan (30 ml.) and stirred 
a t  rnom t,ernperature for 2.5 hr. Dilution with water, filtration, 
washing to neutrality, drying and recrystallization from aqueous 
methanol ?-ielded VIh (i .73 g., 96%); n1.p. 133-136"; [a] , )  
+46" (CH<:la); infrared hands of OH, OAc, no other carbonyl 
I,ilnd. 

t l ua l .  C d r d .  for (',2Ha40y: (', 7ti.26; H, 9.89; 0, 18.85. 
I'uund: C, 75.94; H, 9.94; 0, 14.11. 
2-Hydroxymethyl-17a-methyl-~z-androstene-17@-ol Wc'l.-A 

solutioti of  2 '-fort1r~l-l iol-~neth~~l-~~-a~idr~1ste11c-lT@-oI (11111) 
( 1 . 0  g . )  i t1 iiietlitinol (30 ni l . )  \vas left overnight at i-ouiii teiiipera- 



t,ure with sodium borohydride (1.0 g.). The solution was poured 
into water, and the precipitate 1%-as filtered off and washed until 
the filtrate was neutral. Chromatography of the product on 
:tluniina (30 g., activity I), and elution with ether gave YIc 
( 3 2 0  mg., :32yG yield). A portion of this, twice recryst,:tllized 
from acetone, had m.p. 167-169"; [ a ] ~  +26" (C€KlJ) ;  u1tr:t- 
violet no maximum in the region 215 to 330 nip. 

Anal. Calcd. for C21Ha402: C, 79.19; 11, 10.76. Found: 
C, 78.92; H, 10.75. 
2-Hydroxymethyl-19-nor-A2-androstene-17p-ol (VId'i.--.2 so- 

liition of sodium borohydride (400 mg.) in water (I5 nil.) wits 
:tdded to a solution of 2-forni~l-19-nor-A?-~zndrostene-1i~-oI 
(IIIj)  (400 m g . )  in methanol (5 ml.:.  After 1.5 hr.,  the rewtion 
rriivtiire was diluted s l ~ ~ \ - I y  with wLtter (15 1nl.j and the white 

dline 1)rodiic.t n-as collected, w:tshed with water. :tnd dried 
(402 mg., in.!). 172 -175"'l. Rerirystalli%:itiori f r o m  rii.etonr ~ 

hexane gave 302 nig. ( 9 0 L ; )  of YId, in.1). 185~-18Go: [ I Y ] ~ ,  +lo-&" 
(dioxnn); v i : :  3150 em.- '  (s)  (OH). 

Anal. Calcd. for Cl9H3,O~: C, i 7; 11, 10.42; 0, 11.02. 
Found: C, 78.55; H, 10.57; 0, 11. 
2-Carboxy-A2.androstene-17~-ol Acetate (VII).-A solution of 

2-formyl-A2-androstene-17p-ol acetate (1111)) (11.0 g.) in acet,orie 
(125 ml.) was treated at 0" during 3 hr. with a solution of chro- 
mium trioxide (8 .\) in dilute sulfuric acid (20 nil.). The produet 

louring the solution into water. Filtration, 
- s t aha t ion  froni acetone gave the pure acid 
) m.p. 367-268'; [ a ] ~  +G7" (CHCI,); A,,,,. 

.txcd. Calcd. for C22&04: C, i 3 . 3 0 ;  11, 8.95; (I, 17.7cj. 
Found: 

2-Methyleneandrostane-17@-01 Acetate (VIIIa).--A sollition of  
2-formyl-~2-androstene-lip-ol ( I I Ia )  (3.0 g.) in ethanol (15 nil.) 
with potassium hydroxide ( 2  g.) and anhydrous h!drazine ( 5  nil.) 
was heated to 130" for 23 hr. in n sealed tube. The product m-as 
poured into water and estracted wit,h ethyl acetate. The or- 
g:tnic layer was washed until neutral, dried, :tnd evaporated t o  
givct a crystalline solid. The total product was :icetyla.ted with 
ij>-ridine (15 ni l . )  and acetic anhydride (10 nil.) overnight at 
room teinperaturc>. I<;v:qioration under reduced pressure anti 
clircirii:itography of the product, on alnniinn yielded, in the first 
frwtions, 2-methyI-A~-androetene-1;B-ol acetate, m.p. 124-126O. 
'I'he infr:ircvl spectrum was identical with that of authentic nia- 
tc,ri;il.' Further elution gave it  wliich crystallized froin 
mettitino1 as neetiles (1.7 g., 3% 11.1). 14Obl42"; Ialn -:&io 
(CFICI:,); ultraviolet no ninsiiiii love 215 nip. 'The melting 
Iioint. did not go tion-n on  admixture with ni:tteri:il obtitind' 
1)y the \\iittig re:rction with 2-I<eto-:~ndrostaiic-l iB-CJl arid suhse- 
quent acetylation; t,he nieltirig points and infrared spectra of the 
two products were identical. 
2-Methylene-17~-methylandrostane-l7,9-ol (VIII$i.--;I so111- 

tion of 2-formyl-170/-meth~l-Az-androstene-l 7p-ol(lO.O g.) in etha- 
nol (70 ml.) with potassium hydroxide (8 g.) and anhydrous hydra- 
zine (10 nil.) in a senled tube w : ~  kept at 130" for 24 hr. The mis- 
t lire wits poured into water, acidified with oxalic acid and estractecl 
with ethyl :icet:ite. Evaporation of thc orgnnic layer t 
:mcl chromatograptiy on :diminn gave TTIIb (3.9 g., 

Iles froin niethnriol, ni.p. 156--158O; [ C ? ] I J  -24" 

C, 73.W.2; H, 8.68; 0, 17.20. 

3040, 1650 and 88!) jCL=CHlj. The melting point 
untfepressed on mixing with :I s:tniple of 2-methylene-lie- 

h~-1: tndr ost n ne- 1 70-ol obtained by the IVitt ig reaction wit 1 I 
t,lie 2-ketone. The infrared spectra of the two products were 
identical. 
2-Methoxymethylene-4~-methylandrostane-17~-oI-3-one (Ih). 

-A soliit,ion of 4~-1nethyl:t1~drostane-li~-ol-3-01ie'~ (2 g.) in 
Iienxene (120 mi.) \\-as stirred for 5 hr. with ethyl formate (8 mL~i 
m d  sodium hj-tlride 14 g., 50% miner:tl oil dispersion). The 
niisture W:LS poiired into water, :ind the nxtterial insoliihle in  
:x,'[iieoiis :ilkali WLS removed by n-:tsliing ir-ith ether. A 
t i( in of the qiieoiis :ilkaline solution, and extraction irit 
:rrctnte yielded, on evaporation, 2.4 g .  of material Ig wh 
dissolved directly in methanol (10 ml.) and treated with pe 
acid ( 3  drops, 72%).  2-XIethos~~eth~lene-4~u-methyIandri~- 
st:irlt,-lip-ol-:~-onc ( Ih )  (1.73 g.) ,  n1.p. 214--21A" separated frotii 
the scilriti~~n on ro~rling :tiid \\-:IS rer :illized from niet,h:tnol to 
l l l .~'. 218-218.6": [ N ] l l  i-45" (CHC 276 m p  ( c  12,000). 

. I  ? / < I ! .  C:ilcd. for  C:2zTf!4C)d: (', 76,2(i; ti, 0.80. Found: C j  
7(i,O 1; 1 1 ,  !1.64. 
2-Formyl-A~.4~-methylandrostene-l7i3-ol (Xai.--To a si is-  

lirnsion of 2-metho~ymeth~lene-.l-u-iliethyl:~ndr~ist:tne-l7~-o1-3- 
i ~ n e  (Ih) (1.54 g.i in inethanol (50 nil.) \vas added sodium boro- 

Ii>dridt~ i n  small quniitities u t i 1  :tli the s i  eroid h:~d dissolved. 
The solution then showed no selective ultraviolet nhsorlttion. 
Acidification with dilute hydrochloric acid followed 11). prwip-  

r : ~ r i t l  recrystallization frotii et,h!,l :icet>:ttv g:tw 
, 111.p. 106-200"; [~k],, -C1!Io (tliosaii I ;  A,,,;, 

. I  /cd. Ci~lctl. for C ~ I H ~ Z O Z :  C, 79.70; 1 1 ,  10.1!1. I;ouiitl: 

2cu,4a-Dimethylandrostane-l7~-ol-3-one.~--il soliiticin ill' 2- 
l~~dr1~vymethylene-4a-methylandrost:~ne-l7~-1~1-3-~~rie (Ig;  (2.0 
g .  in Cth:tnol (30 nil .? n x s  h\-drogenated in the presenre of \\.:tier 
(2.1 tiil..l :ind i . o r i c d .  hy~fror~hloric acid (0. I mi.) ivith pnlladiiiin 
on i~hriri.~ial (600 nig., 5qo ir-.,'\v.:i :it 2.1 kg.:cni.* for 24 hr .  
Fi1tr:ttitrn. diliitiiiii iritli Jr-ater, estracrtion and evapiirution g:ivr 
:in oil. Chromatography on aliiniin:i and rrystallization fr i i rn  

:1crti~iic.-hes:11ir gave L'ol,4a-dimethylnndrost~ane-l7~-ol-~~-on~~, 

233 nip i c  Il,5001. 

79.48; €1, 10.19. 

111.1). 1ii1--1S53: I N ] I J  + I O 0  (CHCI,). 

I ~ o l l n ~ l :  r, 79.23; H, 10.55; 0, 10.22. 

.i soliitiiin of 2-f~irn1~-l-~~-androstene-li~-o1 (IIIa) (14 g.'~ i t 1  

:rwtic :~iihydridc ''140  nil.'^, :tretyl rhloride (56 nil.) and ~)yridiii(~ 
(6.3  nil.‘^ 11 :I' l e i i r i s i d  under nitrogen for 2.5 hr. The reagcrits 
u w c  rernovrti in v:t('iiiini :tnd the re5itlue ivits rerryst:tllized friini 

iiqiieoiis niethnnol uin1:tiniiia a sni:tll :tmount of 1).1~idinr t 1 1  

give the dienol diacetnte I S  (13.2 g. j ,  111.1). 93-1 10". h s:tinl)lc 

. t ~ d .  C:llctl. for C2JIp402: c', 7!).19; 11, 10.7t;; 0, 10.05. 

2-Acetoxgmethylene-A3-androstene-17~-ol Acetate $Si. 

, 248 nip i t  13,000 i .  
-11m1. C:ilcti. for C24H,404: C, 74.37; 11, 6.87; C) ,  Iti.5t;. 

Found: C, i4.63; €1, 8.95; 0, 16.40. 
2-Hydroxymethyl-A~-androstene-l7/3-ol .4cetate (IYb I. - -'l'lir 

enol di:ieetate IS  (2.9 g.: in methanol (290 nil.) xr-its misctl \r . i t l i  
sc~diiim liorohytiride '4.3 g.'i in n-ater (43 ml.) at IO", :tnd left 
to  n.:zrrii tci riiotii icriiperntiire overnight. The solution \I :I:: 

:iridified Jvith :icetic. :wid. tiilrited ivith water and e\travted with 
ettiJ.1 w e t a t e .  'Thc i ~ r ~ : m i r  l : t \w  n . : t~  washed, dried mid ev:tI)<i- 
rated t o  dryiicss. :id t l i e  residiie T Y : L ~  filtered through :diiniiii:i i n  
Iienzene. Crystdlization from neetonehesane gave ITh ( I .-I5 
g.) ,  n i .p .  141--1-1:(" :iritl :I srcontl crop (670 mg.), m.p. 125-138". 
Ilecrystallization g:ivc m.p. 1U.5-144": [ a ] ~  f13" (CHClp). 

A n d .  Calcd. for  CZ:Hs4O3: C, 76.26; H, 9.89; 0, 13.8.5. 
Found:  C, i 5 .79 ;  J I ,  10.05; 0, 14.16. 

4~u-Chloro-2-formvl-A~-androstene-l7~-ol Acetate (Xb).-- 
2-~lcetoxyrnethylene-A~-~~ndrostene-lip-o1 acetate ( IX) ( 3  g.) in 
dioxan (40 ml,)  :it -+ 1 3 "  was mixed with aqueous perchloric :wid 
( 3  nil., 0.5 .Y) :tnil K-clilorosiiccinimide (1 g.) .  The reaction W:IP 
allowxi to 1,rocec~ii fur  2 lir., nfter which the solut,ion was clilutt~tl 
with \$-:iter rind c)\tr:ictrd with ctli!.l :icct:lte, and the extr:ict: m w  
ev:t.por:ited i (I tlrj-nc 1Lerryst:illize tion from n,cetone--lie 
1-ieltled Sb, 1ii .11.  ' 207': [ < l ! i )  -24' (CHCI,); A,,,,, 
hip (6 12,000i. 

69.77; 11, 8.24: Ci, !1.36; 

ichangcd in high yiold aftc-r 
t r m t  ment Tvith a q:itiv:iteti solution of hytlrogcn chloridc in et,hgI 

t c  for t5 hoiirs a t  room temperature. 
-Bromo-2-formyl-~~-androstene-l7~-ol Acetate (Sc'l. - .I 
on of 2-nceto~y1nethylcne-~~-~ndrostene-l7~-ol  :tcrt:it c 

(IN') i 1.0 g . )  in :icetone (.j0 ml.) containing one drop of pyridine 
\vas niised with sodium :tcet:tte (0.71 g.) in water (7.1 1111.) :tnd 
cooled i n  icr. .I sollition of n'-l~roirio~ceta~nide (0.57 g. 1 i n  
:icetic :di;-dride (.j.7 nil.) wis added, :ind the mixture w:ts 
stirrtitl i n  an ice-lxith for onr hour. I'ouring into water, extrac- 
t i o i i ,  :tiid crystnl1iz;itirm froin :icetonc-hexane yielded lllc -It- 
hrotiio unsatur:xtetl :tId li-:lcetatr SC (540 mg.) of 111.11. 

17+183' (dfxc.): [ r ~ l l ~  - CHCI,); A,,,,, 2.76 mp ( e  13,0003. 
. I  ,mi. Chlcd. fcir ,03J3r: Er, 18.80. Found: 13r, 

18.50. 
2-Formyl-A?~."-androstadiene-l7~3-ol Acetate iXIi.---'rhe 1)rotriii 

:rldeh>-de acetate Sr (4.50 mg..') IY:LS reflused for 1 hr. with (Ii-  
ineth!~lform:ziiiid~~ (9 nil .)  :tiid finely pondered calviiim c:trlion:itc 
(1.3.5 g.1 in n nitrogen atmosl)here. The suspension wvus piiiirtd 
inti1 iv:Lter. rx t r :u , td  ivith ethyl :icet:tte, n.:tshed first, with dilliic~ 
h~~tlriir~lilririi~ :wid, t l i r w  ~vi th  :tcliieolis sotliiiin I)irnrkion:tte, a1113 
fin:tlly Tvith w:tter. J~~v:a]itirntiiin, fi1tr:ttion throiigh : ~ I i ~ n i i n ~ i ,  
:ind cr;~st:Llliz:ition from :icctone-hcxane g:tve S I  (245 111g. ), 
111,p. 169-170" (sublimes); [ ~ Y ] I )  f129" (CHCI,); A,.L.lx :{2()..- 
322 n1p ( t  15,000). 

..I n c t l .  C:ilcd. for (&113003.0.5~7&o: 75.9 i ;  11, S.9,5; C?, 
15.08. Found: c, 76.18; 11, 8.72; 0, 15.10. 
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Reaction of the Enol Acetate IX with Perchloryl Fluoride.- 
Perchlorjl fluorde was passed in a slow stream into a solution 
of 2-acetoxymethylene-A3-androstene-17p-ol acetate (IX) (2.0 
g.) in dioxan (75 ml.) and water (25 ml.) for 5 hr. The solution 
was diluted with aqueous sodium chloride and the product was 
extracted into ethyl acetate, washed, dried and evaporated to 
dryness. Chromatography of the residue on alumina and crystal- 
lization from acetone-hexane gave 4a-chloro-2-formyl-A2- 
androstene-lip-ol acetate (Xb), m.p. 207-208"; [a]= - 15" 
(CHCI,); X,,, 213 mp ( e  12,000) identical with the product 
obtained by reaction of I X  with N-chlorosuccinimide. 

2-(l'-Hydroxyethyl: -A2-androstene-17p-o1 (XIIa .-A Foilition 
of 2-formyl-A2-androstene-1ip-ol ( I I Ia )  (5.0 g.) in benzene (400 
ml., thiophene-free) was evaporated to  300 ml. Methylmag- 
nesium bromide in ether (100 ml., 4 LV) then was added dropwise 
to the refluxing solution during 20 min. Reflux was continued 
a t  60-65' during 6 hr., after which the solution was cooled and 
ethyl acetate and dilute hydrochloric acid were added. The 
organic layer was washed until neutral, evaporated and recrystal- 
lized from ethyl acetate 4 times. The melting points after each 
successive crystallization rose by about 3", showing the product to 
be a mixture. Chromatography on alumina did not separate the 
1 '-isomeric alcohols XIIa. After four recrystallizations from 
ethyl acetate the product had m.p. 169-171"; [a]" +79" 

-InaZ. Calcd. for C?I&O?: C, i9.19; H, 10 i6 ;  0, 10.05. 
Found: C, i8.83; H, 10.31; 0, 10.29. 

2-A~etyl-~~-androstene-l7~-ol  (XIIb).-A solution of 2- 
hydroxymethyl-A2-androstene-1ip-ol (XIIa)  (1.0 g., 3.04 m- 
moles) in dioxan (30 ml.) was mixed with 2,3-dichloro-5,6- 
dicyanobenzoquinone (800 mg., 3.35 mmoles, 1.08 equiv.) in 
dioxan (20 ml.). After 3.5 hr. at room temperature] crystalliza- 
tion of the hydroquinone appeared to  be complete. The solu- 
tion was diluted with methylene chloride (200 m].) and filtered 
through alumina (60 g., activity 111) in methylene chloride to  
give XIIb, which was recrystallized 3 times from methanol to  
m.p. 213-215'; [ a ] D  +110" (CHCI,); A,,, 234 mp ( e  15,000) 
and 307 mp ( t  5 3 ) ;  v",: 1651 cni.-'. 

-4naZ. Calcd. for C21H3202: C, i9.70; H, 10.19; 0, 10.11. 
Found: C, i9.09; HI  10.20; 0, 9.97. 

2-Acetyl-17~~methyl-A~-androstene-l7p-ol (XIId).-A solu- 
tion of 2-formyl-lia-methyl-A2-androstene-17~-ol ( I I Ih)  (4.57 
9.) in benzene (500 ml.) wm evaporated to  300 ml. to  remove 
water. To the refluxing solution, methylmagnesium bromide 
solution (100 nil., 4 A' in ether) was added during 30 min. 
The solution was distilled until all ether had been removed, then 
reflux was continued for 18 hr., during which time a gel formed. 
The solution and gel were shaken with dilute hydrochloric acid 
( 4  AY) until all the material was in solution. The benzene layer 
was diluted with ethyl acetate, and washed with water until 
neutral. The solution was evaporated to  yield a light brown oil. 
Chromatography of the oil on silica and elution with 250/, ether 
in benzene increasing gradually to pure ether yielded an oil 
(2.38 g.) which showed no selective absorption in the ultra- 
violet. 

The oily diol (XIIc) (1.0 g., 3.1 mmoles) in dioxan (10 ml.) 

(CHCl3). 

was mixed with a solution of 2,3-dichloro-5,6-dicyanobenzoqui. 
none (800 mg., 3.50 mmoles, 1.13 equiv.) in dioxan (5  ml.). 
After 30 min. a t  room temperature] the hydroquinone started to 
crystallize from solution and after 3.5 hr. crystallization ap- 
peared to  be complete. The dioxan solution was diluted with 
methylene dichloride (100 ml.) and the solution was filtered 
through a column of alumina (60 g., activity I )  in methylene 
chloride. Evaporation of the eluate and two recrystallizations 
from ethanol yielded XIId (560 mg., 487, yield), n1.p. 191-193'; 
[ a ] D  +88" (CHCl3); A,,, 234 mp ( e  11,200) and 308 mp ( e  
55); vi:: 1653 cm.-l. 

Anal. Calcd. for C22H3402: C, 79.95; H, 10.3i; 0, 9.68. 
Found: C, i9.57; H, 10.19; 0, 10.19. 
3-Acetyl-A*-androstene-l7~-ol Acetate (XIII).-To Az-andro- 

stene-17p-01 acetate (2 g.) in acetic anhydride (6 ml.) u as added 
zinc chloride (2.5 g,), and the mixture was kept a t  48" during 20 
hr.  The solution was poured into water and extracted with 
ether. The ether was washed with aqueous potassium hydro ,ide, 
then with water until neutral, dried, and evaporated. Chroma- 
togra:Jhy on alumina yielded XI11 (120 mg.), m.9. 129-132". 
Recrystallization from acetone-hexane gave m.p. 135-13'7'; 
[a]" +82" (CHCl,); X,,, 234 mp ( e  12,500). 

-4nal. Calcd. for C23H1403: C, 77.05; II, 9 56; 0, 13.39. 
Found: C, i7.04; H, 9.46; 0, 13.95. 

3a-Ethynylandrostane-3p,l7p-diol (XIVa).-Acetylene n as 
passed into a stirred mixture of tetrahydrofuran (1 1.) and methyl- 
magnesium bromide (250 ml., 4 N in ether) for 3 hr. To the 
solution was added androstane-17p-ol-3-one (5.0 g , )  in tetrahy- 
drofuran (500 ml.) and the mixture refliiaed for 20 hr. The 
solution was poured into aqueous ammonium chloride and ex- 
tracted with ethyl acetate. The extract was washed, dried and 
evaporated to  give a residue which on chromatography yielded 
XIVa (2.i5 g.), m.p. 1i2-li6". Crystallization from acetone- 
hexane gave m.p. 196-19i"; [ a ] ~  +11" (CHC1,). 

Anal. Calcd. for CnH,,O2.C3H,O: C, i6.96; H, 10.23; 0, 
12.82. Found: C, '77.53; H, 10.24; 0, 12.41. 
3a-EthynyIandrostane-3pyl7p-diol 17-monoacetate (XIVb).- 

Acetylation of XIVa with acetic anhydride and pyridine at  90" for 
1 hr. yielded the 17-monoacetate XIVb, m.p. 209-210" from 
acetone-hexane; [ @ I D  +17" (CHCL). 

Anal. Calcd. for C23H~0,: C, 7 .05 ;  H, 9.56; 0, 13.39. 
Found: C, 7i.47; H, 9.30; 0, 13.i4. 

Rearrangement of 3~~-Ethynylandrostane-38,17p-diol.-3~- 
Ethynyl-5a-androstane-3B,17p-diol (680 mg.) was heated on the 
steam bath for 1.5 hr. a i t h  formic acid (35 ml., 90%). Pouring 
into water, extraction into ethyl acetate, \lashing and evaporation 
gave a residue (780 mg.) which mas hydrolyzed with methanolic 
potassium hydroxide (25 ml., 57,). The free 17-alcohol was 
extracted v i th  ethyl acetate and the solvent was evaporated to 
give a residire\vhichwas acetylatedwith acetic anhydride and pyri- 
dine overnight a t  room temperature. Pouring into water, ex- 
traction and chromatography on alumina gave 3-a~ety1-A~- 
androstene-lip-ol acetate (XI I I )  which was recrystallized from 
hexane-benzene to  m.p. 135-137"; [ a ] ~  $82" (CHCI3); A,,, 
234 mp ( t  13,000) identical with that prepared by C-acylation 
of IIIb. 


