
Steroids. CCV1.l Ring ;i Modified Hormone Analogs. Part 11. %Methylene 
Androstanes and 2-Methyl-A'. A' and A'-Androstenes' 

l'lie cliscoi~cry iii tlic aiidroatatie series that a C-;{ 
osygeii sitbstitiiciit \vas iiot an cssciitial prerecpisite of 
tiiological activity I-' Icd u:, to iiir-estigate "iioit-classi- 
cal" aiidrostaiie structures in  TI liicli the broader re- 
yiiircment of an elcctroii rich riiig .A was met hy tlw 
preseiicc of  carboii-carlioii douhle Iioridb. In partic- 
ular i t  \vas iioted that uusaturatioli at  C-2 and ('-3 
i l l ,  or A 3  olefiiis) wa:, compatiblc 11 itli a reasoiiahlc~ 
lc\-cl of biological activity.' 

[ti vie\$* of the beneficial effect on biological artivitj. 
of methyl substitutioii a t  C-2 in otlicr aiidrostmics, tlii. 
cll'f(,ct of iiitroduciiig a C-2 methyl group into a iei<ieh 
of ring h olefiiis was in tigated. Reduction of ?a- 
nwt hylandros taiic- 1 ip-ol-3-one propionate8 (Ia) Ivit 11 

sodium borohydride afforded the corrcspoiidiiig .J& 
alcoliol ( I la) ,  the tosylatc I lb  of which uiidern ('lit 
climiiiatioii iii boiling collidnir. to provide 2-methyl-1'- 
aiitlrosteric-lip-ol propioiiate (IIIa). Coiicomitaiit sol- 
volysis of the tosylatc by tracw of moisture in the rcac- 
tioii mixture led to  tlic i latioii of 2a-methylaiidro- 
staiic4a,17$-diol I ;-prop tiatt. (IIc), differeiit from 
tlic ;i$-i:,omer IIa, oxidizctl by 8 Ai chromic acid9 t o  tlic 
itartiiig ketoiie la,  aiid sapoiiified to  the knowii ?a- 
m(~tIi~l:tiidrostaiie-~~a,l7~-diol (I1d).lo This diol IId 
n i t l i  chromic acidg ga1-c. 2cr-metliylaiidrostaiie-1:, 17- 
chile.' .Ukaliiie hydrolysis or lithium alumiiium Iiy- 
driclr rcdiiction of 2-methyl-~?-aiidrostenc-l'id-o1 pro- 
pioilate (IIIa) yielded the alcohol (IIIb), \vIiicli \\ a. 
i~.itlizcd~ readily to  the derived ketotic 11.. Treatmctlt 
of t l i ~  latter T\ ith metliylmagiiesium bromide madc 
:I\ ailaI)l(> t l w  2,l'7a-clim~~tIiy1-~~-androst~iic-l'7~-o1 
(111~).  With ctliyiiylmagiit~rir~m hromide oiily a small 
ciiiaiitity of  the piire 17a-ctliy1iyl :iitalog IIId uas  01) -  

tained, 4iov iiig tlie expected iiifrared absorptioii h i t t i  
a t  3310 cm. -I for acetylciiic C-H. The Grigiiard ad- 
duct from tn (J  molecules of steroid ketone with oi io  

molecule of acetylciic'? alw proved isolablP, hiit i n  o t i l ~  
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trol (<loo) leads to  formation of appreciable quanti- 
ties of the ring A oxidative cleavage product, 2-methyl- 
2,3-secoandrost~ane-2,17-dione-3-carboxylic acid (V) . 
Throughout the series, the 2-methyl-A2 compounds 
were identified easily by a characteristic =C-H defor- 
mation absorption band in the infrared spectrum at 
ca. 795 cm.-'. Subsequently, during the preparation 
of t'he 2-methyl-A*-androstenes in sufficient quantity 
for extended biological evaluation, i t  became necessary 
to utilize 2a-methylandrostane-17p-ol-3-one acetate 
(Ib) as a stzirting material. I ts  transformation to the 
17p-alcohol I I Ib ,  via the 3p-alcohol IIe, the derived to- 
sylate IIf, and the elimination product I I Ie  followed the 
sequence outlined above. Again, 3a-alcohol I Ig  was a 
by-product from solvolysis of the crude tosylate IIf. 

To circumvent the low-yield Grignard ethynylation 
of the ketone IT.' to the 17a-ethynyl analog IIId a 
second route was investigated. 2a-Methyl-17a-ethy- 
nylandrostane-17p-ol-3-one (IC) 13was reduced by sodium 
borohydride to  the 3p-alcohol I Ih  and the latter con- 
verted to  the 3p-tosylat'e IIi. Collidine elimination 
then afforded 2-methyl-1 7 a-ethynyl-A2-androstene-1 7p- 
01 (IIId). Again a 3a-alcohol IIj appeared by tosylate 
solvolysis during the elimination reaction. 

A Wittig reaction upon 2-ketones appeared an attrac- 
tive route to the isomeric 2-methylene androst'anes. 
Hydr~bora t ion '~  of 17a-met~hyl-A2-androstene-176-ol 
(VI)7 then alkaline hydrogen peroxide oxidation of the 
derived organoboron compound led to a mixture of the 
2a-alcohol VI1 and the 3a-alcohol T7111.15 Chromic 
acid oxidation9 of these isomeric alcohols then gave, 
respectively, 17 a-me t hylandrostane- 17p-01-2-one (IXa) 
and 17a-methylandrostane-17p-ol-3-0ne,~~ identical 
wit'h an authentic sample. In  the 17-desmethyl series 
the 2-ketone IXb was prepared by an alternative routeI7 
and then converted to the acetate IXc. Treatment of 
each of the 2-ketones IXa and IXc with the ylid pre- 
pared from triphenylmethylphosphonium bromidels af- 
forded, respectively , 2-me t hylene- I7 a-methylandro- 
stane 17p-01 (Xa) and 2-methyleneandrostane-17p-01 
(Xb). The latter mas acet'ylated immediately to  the 
corresponding acetate Xc. 

2-illethyl-A1-androstene-3-one-17P-ol acetatelo (XIa) 
was converted into the dithio-ketal XIb  by reaction 
with ethane dithiol in the presence of boron trifluoride 
et'herate. Desulfurization by means of deactivated 
Raney nickellg led to  2-methyl-A1-androstene-17~-ol 
acetate (XIc), while desulfurization through the agency 
of sodium in liquid ammonia provided 2-methyl-A2-an- 
drostene-17/3-01 acetate (IIIe) identical with a sample 
prepared by the tosylate elimination procedure des- 
cribed above. 

Sodium borohydride reduction of 4a-bromo-2a-meth- 
yl-androstane-3-one-17p-01 acetate (XIIa) furnished 

(13) J. 9. Zderic and H. Carpio of these laboratories (manuscript in prepa- 
ration) prepared this compound from 2a-methyldihydrotestosterone b y  suc- 
wmirely protecting the 3-ketone as a cycloethylene ketal, oxidation to  thc  
17-ketone, 17a-ethynylatioii by t-butoxide-acetylene treatment,  a d ,  fi- 
nally. hydrolytic cleavage of the ketal. We thank them for  t,he details of 
this work in advance of publication. 

(14) H.  C. Brown and B. C. Subba Rao, J .  Am. Chem. Soc.. 81, 6428 
(1959). 

(15) C/. F. Eondheimer and AI. Sussim. J .  Org. Chem., 26, 630 (1961). 
(16) C .  Ruaicka, P. hleister and  1'. Prelog, I l e l v .  ChLm. Acto, SO, 867 

(1'347). 
(17) P. G. Holton and  A. Borers ,  unpublished rtsults;  ref. 2, footnote 9. 
(18) G. Wittig a n d  U. Schollkopf, Chem. Ber. ,  87, 1318 (1954). 
(19) G.  B. Spero, A.  V. McIntosh and  R .  H. Lerin,  .J.dm. Chem. SOC., 70, 

1907 (1948). 
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the corresponding 36-alcohol XI Ib  from which was 
obtained by a zinc-acetic acid elimination 2a-methyl- 
A3-androstene-17p-ol (XIIIa) . Acetylation of the latter 
led to the derived 17p-acetate XIIIb.  

For purposes of comparative biological assay we also 
required a 2a-methylandrostane bearing neither an 
oxygen substituent nor unsaturation in ring A. In 
consequence a Wolff-Kishner reduction of 2a,17a-di- 
methylaiidrostanc-~-oric-l7~-01~~ (Id) was carried out 
to afford 2a,17a-dimctli\.la1idr0btai1(~- I7p-01 (XIT'). 

Biological Activities.-The vompouiids \\ ere assayed 
as outlined in the previous paper,' and again the pre- 
liminary nature of the results (Table I) is emphasized. 
It can be seen that introduction of a methyl substituent 
:it C-2 into A2-androstciicn affords compounds of good 

(20) H J Ragold and G Rosenkrana, J Or0 Chem , 21, 1333 (19561, 
H J Ringold, F Batres, 0 Halpern and E Necocchea, J Am Chem Soc , 
81, 427 (1959) 



TABLE I 
IJRO 1) hSAB0LlC A%CTl~I'l.lES 0 1  

2 - ~ I ~ T H ~ L A S D R O S T E N E S  

(.kCTIVITY OF TEJTO 
Substitution 

Cunilmrtnd in Ring .I .issay Androgenic 

ITIb 2-11 Injection 0 . 3  
s 1) 2-CZ liijectioti 0 .1  
S:1 2-CH2- Oral 1 . o  
S I C  2-1Ze-s1 Injection 0 . 2  
S I I I I )  2-1le-13 tnjecticirt < O .  1 
IIII: 2-1le-s: 0r : r l  2 . 0  

Anabolic 

1 . 3  
0 . 2  
4 . 0 
0 . 5  

< O .  1 
1 0  0 

Experimental2' 

Reductions of 3-Ketones 
( i )  2~Methylandrostane-3p,l7p-diol 17p-propionate (ILa).-- 

To a solution of 83 g.  of 2a-methyl dihydrotestosterone propio- 
nates (Ia) in 500 ml. of dioxan was added slowly, rvith stirring, 
40 g. of sodium borohydride in 80 mi. of water and 500 ml. of 
diosan. After a flirther 3 hr. at  room temperature 5 1. of water 
x:is addecl, and tlilute hyrlrocliloric :u:id to neutrality. The 
1)rixIitrt was collected I)y fi1tr:ttioti aiid crystallized from acetone 
i t n d  from liesane alternately to fiirnish 66 g. of pure IIa,  m.1). 
162---163"; [a111 -12'; uUIRX 3450 (m), 1747 (s),  1725 (s j22 antl 
I195 e m - 1  ( 5 ) .  

Anal .  Calcd. for  Cy3€1&: C, 76.19; H, 10.57. Found 
C, 76.02; H, 10.60. 

( i i j  2~~Methylandrostane-38,178-diol 17b-acetate (He).-- 
2a-.~Iethyldihydrotestosterone (100 g.) was acetylated in the 
iiormwl manner and the resultant 17-acetate Ib, m.p. 152-163'. 
~ v i ~ s  retliiced imniedistely in 500 1111. of tliosan solution as de- 
srril)ed above for the propionate hornolog. Thereby n-as obtained 
110 g. of IIe, crystallized from hesane--methylene dichloride :ts 
I)risms, m.p. 185-187"; [Q]D -10"; vmnx 3470 (Ill), 1730(s) 

Anal. Calcd. for CzzH3603: C, 75.81; 13, 10.41; 0, 13.77. 
Ii'ound: C, 75.79; H, 10.11; 0, 13.90. 

( i i i j  17~~-Ethynyl-2a-methylandrostane-3P,175-diol (IIh).-- 
;i solution of 2.95 g. of 17ol-ethynyl-2~~-met,hyldihy~lrotestoster- 
011e13 in 150 ml. of dioxan was treated dropwise with a solution 
I I ~  2.5 g. of sodiurn borohydride in 20 nil. of water and 50 ml. of 
,liux:tri, :md the whole was ke:)t 4 hr. at room temperature. 
huccessive addition of 2 I .  of water and concd. hydrochloric acid, 
and filtration, afforded IIh (2.8 g.)  which crystallized as prisms 
from wetone-hexane, m.p. 208-20!1"; [ a ] ~  -52';  v,,,, 3480 
( I l l ) ,  and 3310 c111.-1 (m). 

~ l n r r l .  Calcd. for C~?H~JOZ:  ( 2 ,  79.93; 11, 10.37; 0,  9.6s. 

and 1265 cm.-' (s) .  

I4'ound: C, 80.01; H, 10.53; 0 ,  !).Ti. 

Tosylations 
( i j  2~~-Methylandrostane-3P,17p-diol3p-Tosylate-17p-propi- 

onate (IIb).-IIa (1.1 g.) and 1.1 g. of p-toluenesulfonyl chloride 
were added to  15 ml. of pyridine a t  room temperature and after 
24 hr. the whole was poured into ice-water. The 3p-tosylate- 
17p-propionate IIb was isolated in the usual way and crystallized 
from hexane-ethanol as prisms (1.25 g.'i, m.p. 148-149'; [aln 
-33";  Y , , ~ ; ~ ~  1745 (s), 1605 (m), 1193 arid 1180 cm.-' (broad antl 
complex) propionate and tosylate. 

Anal. Calcd. for C3QHa40jS: C, 69.74; H, 8.58; S, ti.20. 
Found: C, 69.93; H, 8.57; S, 6.27. 

( i i )  2~-Methylandrostane-3p,17P-diol 36-Tosylate-17p-ace- 
tate (110.-Similarly, 110 g. of 2~-metliylandrostane-3p,17p-diol 
17p-wetate was tosylated to afford 95 g. of IIf, which separated 

(21) Rotations are for solutions in chloroform, ultraviolet spectra ior 
ethanol solutions and infrared sgectra for  KBr  disks, except where othern ise 
stated. Microanalyses are by either hlid-Test Micro Laboratories, Indian- 
apolis 20, Indiana, or by Dr. A. Bernhanlt. Mulheim (Ruhr),  Germany. See 
also footnote 42 of preceding paper. 

(22) The ta-o peaks in the carbonyl region baconie one for a spectrurn i n  
cliloroforin solution. Duality of peaks in alkali halide disk sixctra is x ~ l l  
known.za 

( 2 3 )  CJ, A .  11. Cross, ".in Introduction to  Practical Ini tarc~i i  81,ectros- 
col~y." Butteraorths,  London, 1960, p. 21. 

froin hexane-methylene dichloride its prisnis, 11i.1). L35--13ti0; 
1 . 1 1 ~  - 3 2 " ;  ultraviolet, A,,,, 226 mp, log E .4. 

(s)  (acetate), and 1600, 1505, 1 nd 1242 
c in - l  i s )  (tosylate). 

. t t~aZ. Crtlcd. for CzsH&S: C, tib.53; II, ,S.25: ( i ,  i t i . i i7. 
Foiind: C, 69.26; H, 8.19; 0, 16.53. 

: i i i )  17a-Ethynyl-2cu-methylandrostane-3~-17~-did 3,1- 
Tosylate UIi ,.--By the s m e  experimental procwliire t~herc 1 ~ 2 s  
prepared :tniorphous IIi, ultraviolet A,,, 225 1 1 1 ~ ;  u , , , . , ~  M i 0  
( i t i ) ,  :1310 (ni), l(j00 (s), 1502 (m),  1185 ( s )  and 1173 mi.-' ( a i .  

'l'he p r d t i c t ,  ivvns used immediately for an elimination re:ictioit. 

Elimination Reactions 
( i j  2-Methyl-A2-androstene-17p-oI Propionate (IIIa;.- A 

solut8ion of 2a-meth~landrostane-3p,IT~-diol .?p-tosylate-I7$ 
I)ropionate (8.0 g. I in 70 ml. of collidine was heated under reflux 
during 3 hr., cooled, :md poured into ice-aqueous hydrochloric 
acid. Kstr:tction with ether and wishes of the extract,s with 
dilute h;vdrochloric acid, Iiicarbonate solution and water afforded 
5.9 g. of  2-inethyl-A2-:indrostene-lTP-ol propionate (1119) a s  
leaflets froin ethanol, I I I . ~ .  I If i .S-11S"; [al l )  +l(i": I ~ , , , ~ ~  

1737 (s) ,  1183 (sl, 3030 (w )  and 79s c ~ i i . - ~  (,SI. 
ilnal. Calctl. for C!?sH3402: <', SO.1S; H, 10. 

C, 80.10; H, 10.41. 
2a-Methylandrostane-3~~,17p-diol opionate iIIcj.---Iii :I 

s;e:i:trate experiment in 1vhic:li cru(lrt ti \vas subjecteti tu  thc, 
s:tnie t4imiiiatiori (-t,ii(Iitioris, chrom ihy of the  re:wtiilii 
Iirotluc,t over :diinii~~:i iCr:icle 111) :tiid elution xi th  lieiizcn(,-- 
hexane 1 : :i) :ifforded the 2-11ietl1~-l-~~-androsteiie-l7~-ol pro- 
1iionat.e. \\'it11 benzene ~iinethyl(~ne chloride ( 5 :  1 ) ttiere x: ts  
eluted IIc, in.1'. 16S--1703; [ ( Y ] I )  +-I2 ' :  v , , , ~ ~  8550 (ni) ,  l7:3,7 is)  
and 1205 cm. ( s  . 

. Inn / .  C:tlcd. for (izH3803: (2 ,  7fj.19; Ii ,  10.57; 0, 13.24. 
Fouiitl: C ,  76.08; H, 10.63; (0, 13.50. 

Oxidation of this 3a-hydroq- compound (500 nig. j in :icetme 
( 1 0  nil.) with Jones reagent9 a t  0" gave, after the usual work ul), 
2a-1uethyldihydrotestosterone propionate (310 mg.), ident,ical 
(infrared, m.p. and niisture 111.p.) with authentic material. 

I ii'i 2-Methyl-r12-androstan-17~-ol Acetate (IIIe).-I~runi 
9.5 g.  of the XB-tos~-littc-l7~-acet:zte TIf there ~ v n s  ol~t:tinctl 
siinil:xl>* 11 Ie. recr~vc~retl from :L soliitioii i i i  hexane :LS rotls (68 g.' , .  
ni.11. t:30-~~131°: !w] I )  +62'; u,,,,,, 1732 ( s i ,  1242 i s )  nnd 7!14 
c111.' I ? ; .  

9.95; €1, 10.:<7; 0, !l.GS. 

solated by cliroiiintopral,fi~ 
over alumina (Grade I11 ) and elution TT-ith benzene--ineth~lerif: 
chloride ( 5 :  I and 3 :  1 )> and crystallized from hex:tne-metliyleiie 
chloride as 8.5 g. of prisms of 2u-nieth~landrost:~ne-:~~,l78-diol 
17$-xcetate (IIg), m.p. 204-205'; [a10 fOo; P,,,,, 34W (s), 1735 
( s )  arid 1250 (sj. 

. Calcti. for CP2H8603: CI, 75.81; H, 10.41; ( 1 ,  13.77. 

i i )  17~-Ethynyl-2-methyl-Az-androsten-17~-ol (IIId'): 
C, 75 .72;  11, 10.25; 0, 13.79. 

Ihploying the same eyperimental method. 2.5 g.  of vriitle 170- 
c t i ~ ~ ~ i i ~ - l - 2 ~ - m e t l i ~ ~ : ~ i ~ ~ i r o s t , a r 1 e - 3 ~ , l 7 ~ - c l i o l  38-tosl-1at.e vihcii Itcl)t 
4 h r .  i n  hot collitline :zYordcd 0.7 g. of IIIi1, ivhich after rrysti~lli- 
n:ttioii from nietlimiol-n.ater or liemne, h:td m.p. 100-101 O : j c t j  i i  

&OD;  uIOah 3520 (ni), 3310 (v-j (sC-H), and 793 crn.-' is'). 
.4nal .  Calcd. for (&H,,O: C, R4.56; H, 10.32; 0, 5"Iz. 

Found: 
From chromatography of the reaction products over a1uinin:t 

(Grade 111) ;rnd elut,iun with benzene-methylene chloride ( 3 :  1 ' 
therc v,-as :ilw ril)t.:iined 0.27 g. of l7a-ethyny1-2~-niet11~-1~~1idr~1- 
stane-:3a,l 7@-tliol which separated from hexane as prisms, in .1~.  
171-.172O; [a]]) - 4 1  '; v , ~ , ~ ~  3580 (m)  and 3300 cm.-' (w). 

A l ~ ~ u l .  Citlctl. for ('??Ha40?: C, 79.95; H, 10..'17; 0, Ci.(i'h 
Foiintl: 

2-Methyl-A2-androsten-17p-ol (IIIb).--iij 7'o 5 K .  o f  2'- 
ii~rth~l-~2-:inclrosten-l7P-ol propionate in 200 ml. of ethanol W I I . ~  
ntidetl 3 g. of potassium hydroxide and after 24 hr. a t  room terii- 
perature t,lie inistiire TWS poured int,o water. By filtration there 
\vas cdec ted  4.1 g. of IIIb which crystallized froin hexane as 
~irisrns, ri1.p. 108--10!1° and 1 19-120°; [ a ] ~  +78"; Y,,,,, -3350 

w) and 7!15 <:111:-1 is). 

C, S4.27; H, 10.44; 0, 5.04. 

(I, 7!].7(i; H, 10.40; 0, 10.05. 

r (2noHaoOY: C, K3.24; H, I 1  
1r. 11.16; o, 5 x 1 .  

ti;') Tledric+on of 2 g. of  the propionate (IIIaj in 20 nil. of 
:11111ydroiis c,t,lic'r I ~ V : I P  effected by 1 g. of  lithimn :tluminum liytlritl(~ 
during :3 l ir" :Lt. leftus ternperattire. Korli  up in the norm:il 
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manner, and ethyl acetate extraction yielded 1.7 g. of I I Ib  
identical with a sample prepared from the propionate ester by 
alkaline hydrolysis. 

The 17-acetate ester (68 9.) when reduced under the same condi- 
tions furnished 60 g. of the 178-alcohol IIIb. 

2~-Methylandrostane-3a,17p-diol (IId).-Alkaline hydrolysis 
of 500 mg. of 2~-methylandrostane-3a,17p-diol 17-propionate, 
under the same conditions as described above for saponification 
of the 178-propionate IIIa, led to 410 mg. of IId, m.p. 248-250'; 

Anal. Calcd. for C2oH3402: C, 78.38; H, 11.18. Found: 
C, 78.54; H, 11.28. 

Oxidation of this diol (200 mg.) in 10 ml. of acetone solution 
by Jones reagent9 a t  0" furnished 2a-methylandrostane-3,17- 
dione, 160 mg. of prisms after crystallization from hexane-acetone, 
m.p. 151-152"; [ a ] ~  +11l0; v,,, 1710 ( 6 )  and 1745 cm.-' (s). 
(lit.11m.p. 152-153'; [ a ] ~  $110'). 

2-Methyl-A~-androsten-17-one (IV).-A solution of 2-methyl- 
A2-androsten-17p-ol (2 g.) in 100 ml. of acetone was treated 
dropwise a t  0" with Jones reagent9 until an  excess was present. 
Chromatography of the oily product over alumina (Grade 111) 
and elution with hexane and hexane-benzene (1:5) gave 1.4 
g. of the ketone IV, prisms from hexane, m.p. 83-85'; [ a ] D  
+148"; vmax 1740 (s )  and 795 cm.-'(s). 

Anal. Calcd. for C20H300: C, 83.86; H, 10.56. Found: C, 
83.49; H, 10.43. 

In  a separate experiment, in which a faster rate of addition of 
Jones reagent probably caused the solution temperature to rise 
several degrees, chromatography of the products over alumina 
(Grade 111) afforded, besides the ketone IV, 2-methyl-2,3-seco- 
androstane-lJ17-dione 3-carboxylic acid (V) from benzene- 
methylene dichloride (2 : 1) eluates, crystallizing from hexane- 
acetone as prisms, m.p. 173-175'; [ a ] ~  +97', vma, 3600-3000 
(broad absorption of C02H hydroxyl), 1735 (s), 1714 (5) and 
1706 cm.-l(s). 

Anal. Calcd. for C20H3004: C, 71.82; H,  9.04; 0, 19.14. 
Found: 
2,17a-Dimethyl-A2-androsten-17~-ol (IIIc).-The 17-ketone 

IV (770 mg.) in 15 ml. of dry ether was kept under reflux during 
3 hr. with 25 ml. of 4 N ethereal methylmagnesium bromide. 
Work up in the normal way gave, after chromatography over 
alumina (Grade 111) an elution with benzene, 580 mg. of IIIc 
as prisms from hexane-ether, m.p. 112-114"; [ a ] ~  +36"; 
vmax 3480 (m)  and 795 cm.-l (s). 

Anal. Calcd. for C21Ha40: C, 83.38; H, 11.33. Found: C, 
83.19; H, 11.22. 

17cu-Ethynyl-2-methyl-A2-androsten-17~-ol (IIId).-Ethynyl- 
magnesium bromide was prepared in  situ from a stream of dry 
purified acetylene passed into 30 ml. of 4 W methylmagnesium 
bromide in tetrahydrofuran arid 2-methyl-A2-androsten-17-one 
(1.1 g.) i n  100 ml. of tetrahydrofuran vas  added. The whole 
was kept a t  reflux temperature (6 hr.) prior to decomposition 
of the excess of reagent with ice-water. Ethyl acetate extraction, 
and chromatography over alumina (Grade 111) afforded in the 
benzene eluates 100 mg. of IIId, crystallized from hexane, m.p. 
98-101", undepressed on admixture with a sample prepared by 
the alternate route (vzde supra). A second component (80 mg.) 
eluted from the column with ethyl acetate crystallized from hex- 
ane in prisms, m.p. 258-261'; vmax 3590 (m)  and 794 cm-l (s), 
but with no absorption for acetylenic hydrogen. 

2-Methyleneandrostan-17p-ol Acetate (Xc).-A stirred sus- 
pension of 4.1 g. of metliyltriphenylphosphonium bromide's 
in 150 ml. of dry ether was treated in a nitrogen atmosphere with 
25.4 ml. of 0.48 N ethereal n-butyllithium. After stirring for 15 
min. a solution of 1 g. of the acetate of androstan-17p-ol-2-one 
(IXb) in 200 ml. of dry ether n 35 introduced into the reaction 
during 20 min. The reaction was stirred for an additional 4 hr. 
and then was kept standing overnight. Tetrahydrofuran (600 
ml.) was added in several portions while the ether was removed by 
distillation. The reaction then was heated under reflux with 
stirring for 8 hr. Water was added and the product Xb, after 
isolation with methylene chloride, was acetylated overnight a t  
room temperature with 60 ml. of acetic anhydride-pyridine (1 2) .  
Water was added to the acetylation mixture and the product 
extracted with methylene chloride. The organic extracts were 
washed with cold 2.5% aqueous hydrochloric acid solution (vJv.), 
6% sodium bicarbonate solution and with water. Removal of 
the solvent afforded 2.7 g. of thick oil which was dissolved in 
hexane-benzene (9:  1) and adsorbed on 300 g. of alumina. The 
product was eluted with hexane-benzene (1 : 1) and crystallized 

[a]D $21' (lit.'om.p. 246-248'; [ a ] D  f22.2'). 

C, 72.11; H,8.96; 0, 19.02. 

from methanol to yield 0.4 g. of Xc, m.p. 139-142". The pure 
sample melted a t  141-143; [ a ] ~  -26'; vmax 3000 (w), 1650 (m), 
892 (8) cm.-l. 

Anal. Calcd. for C22H3402: C, 79.95; H, 10.37. Found: C, 
80.11; H, 10.47. 

17a-Methylandrostane-2a,l7,9-dioI (VII).-A solution of 6.5 
g. of 17a-methyl-A2-androsten-l7~-01 and 100 ml. of dry tetra- 
hydrofuran was treated with an excess of diborane gas generated 
in a separate vessel by the addition of sodium borohydride dis- 
solved in Diglyme to a mixture of boron trifluoride etherate and 
Diglyme. After being kept for 3 hr. the excess of diborane was 
destroyed by the cautious addition of water, the reaction was 
diluted with 200 ml. of tetrahydrofuran and then cooled in ice to 
5". An ice-cold solution of 6.3 g. of sodium hydroxide in 42 ml. 
of water was then added, with dropwise addition (during 15 min.) 
of 32 ml. of ice-cold 357, hydrogen peroxide. The reaction was 
stirred for 3 hr. without further cooling. Dilution of the reaction 
mixture with water and isolation with methylene chloride afforded 
7 g. of crystalline product which was dissolved in benzene-hexane 
(4: 1) and adsorbed on a column of 280 g of alumina. The less 
polar substance, eluted with mixtures of benzene-ether (4: 1, 3:  2, 
1 : 1) and with pure ether, was crystallized from acetone-hexane 
and yielded 2.4 g. of 17a-methylandrostane-3a,l7fi-diol (VIII), 
m.p. 184-187". A pure sample crystallized from the same solvent 
pair showed m.p. 187-189"; [ a ] D  -14"; reportedz4 m.p. 185'. 

Continued elution with methylene chloride and acetone af- 
forded 3 g. of VII. Crystallization from acetone gave 2.1 g. of 
VI1 with m.p. 225-228', raised to 231-232" after 3 additional 
crystallizations; [ a ] ~  -4'. 

Anal. Calcd. for C~0H3402: C, 78.38; H, 11.18. Found: C, 
78.44; H, 11.23. 
17a-Methyldihydrotestosterone.-An ice-cold solution of 0.3 

g. of VI11 in 20 ml. of acetone was treated with 0.5 ml. of 8 N 
chromium trioxide reagent.g After 5 min. the product was 
precipitated with water. Acetone crystallization furnished 
0.2 g. of 17a-methyldihydrotestosterone, m.p. 197-200" and 
identical in all respects with an authentic specimen. 

17cu-1Methylandrostan-17p-ol-2-one (IXa).-The oxidation of 
a solution of 1.7 g. of VI1 in 120 ml. of acetone and 20 ml. of 
dioxan a t  5" with 2.1 ml. of 8 N chromium trioxide reagent9 
produced, after crystallization from acetone, 1.4 g. of the 2- 
ketone IXa, m.p. 179-181'. The analytical sample prepared 
from acetone exhibited m.p. 180-181"; [O]D $19"; vmax 1710 
cm.-'; R. D. in methanol (c, 0.06): peak a t  [a]306 +1369; 
R.D. in methanol and HCl (c, 0.06): peak at I c Y ~ ~ o ~ ~  f1195". 

Anal. Calcd. for C20H320~:. C, 78.89; H, 10.g9. Found: C, 
78.53: H. 10.37. 

2-Methylene-17~methylandrostan-176-01 (Xa).-A solution 
of methylenetriphenylphosphorane was prepared i n  a nitrogen 
atmosphere by treating a stirred suspension of 3 8 g of methyltri- 
phenylphosphonium bromide18 with 19.5 ml. of 0.5 N ethereal 
n-butyllithium solution. To  this was added a solution of 0.8 g. 
of IXa in 140 ml. of dry ether and the reaction was carried out 
and proressed exactly as described in the preparation of Xc with 
omission of the acetylation step. The crude product (2.4 g.) 
was dissolved in benzene-hexane (1 : 1) and adsorbed on a column 
of 70 g. of alumina. Elution with increasing concentrations of 
benzene afforded crl-stalline material. Crystallization from 
ether yielded 0.6 g. of the 2-methylene compound Xa, m.p. 
149-152". The analytical specimen from ether showed m.p. 
150-153'; [ a ] ~  -44'; vmah 3300 (w) ,  1650 (ni) and 890 cni.-' 

Anal. Calcd. for C21H340: C, 83.38; H, 11.33. Found: C, 
83.21; H, 11.46. 

2-Methyl-A1-androsten-3-ethylene Dithioketal-17fi-acetate 
(XIb).-To an ire-cooled solution of 37 g. of 2-methyl-A'-andro- 
sten-3-one-17p-acetate (XIa) in 400 mi of glacial acetic acid, 
were added 45 ml. of ethane dithiol and 35 ml of boron trifluoride 
etherate complex, the mixture then being left a t  room tempera- 
ture during 1.5 hr. The precipitate which formed was collected, 
washed with water, aqueous ammonia, water again, dried, and 
filtered through neutral, activated alumina. The solids which 
were eluted by benzene-hexane (1 : 1) were combined and crys- 
tallized from chloroform-heptane t o  afford 31 g. of XIb, m.p. 
272-274", raised by several recrystallizations from the same sol- 
vent system to  m.p. 284-285'; [ a ] ~  -1.0"; vmax 1730 (9) and 
1250cm.-1(s). 

(8). 

(21) L. F. P'iescr and M. E'ieser, "Steroids," Reinliold Publishing Corp. 
Xew York, K.  Y., 1959, p. 519. 




