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Steroids. CC1X.l Ring A Modified Hormone Analogs. Part \'. 
2-iUethplene-3-oxygenated Androstanes 

~--S-I'iperidinonieth~~le1ie-IT~-1neth~landr1istarie-IT~-1i1-~1-1i1ie ( Ib) is c~onverteti hy sodiuni hirohydride iii 
iiiethanol solution to 2-niethylene-1 icu-meth~laridrost; ine-~~~,17~-di1~1 11:i ). Extension of t,his react.ion to other 
:irninomrthg.leneketone~ in the androstane and S4-androstenc series showed i hat t,he products are dependent on 
the nature of the aniino substituent. The rhararteriziition of the reduction prcidurts and their mechanism of 
formation itre discussed. 

Our interest in "noii-classical" steroidal compoiuids 
\vas greatly stimulated by the recent observations from 
these laboratories that a group of simple A2-androstenes 
exhibited useful hiological properties.?" h In our sub- 
soqiieiit iiiiwt'igations, a series of ring ,Z modified an- 
cirostairc derivatives w r c  prepared which coiitaiiied the 
2-mt~thylcnc, %-methyl-A?, Zforrnyl-A? aiid 2-halo- 
mtithy1-A2 moieties.' 8 TYc now wish t,o report thc 
results of studies leading to the preparation of 2-meth- 
ylciic-:3-oxygeiiated androstariw. 

Recciitly de Stevens and Halamandaris4 descrihed 
t lw rcduction of 2-S-pSrrolidiiiomethyleiieaiidrostailc- 
I i&ol-X-oiir (Ia) to t,hc corresponding dihydro com- 
pound, 2a-N-pyrrolidinome t,hylaiidrostane- 1 ip-ol-3-oii(~ 
( IIIa), ivith lithium aluminum hydride. Prior to this 
puhlicatioii we had observed that the reduction of vari- 
ous 2-aminomctl~yleiie-:~-ketosteroids with sodium horo- 
liytiride afforded a completely different' t'ype of prod- 
uct .  I'urt'hermore, n-e have fouiid that tlie course of 
t hr.  hroliydridc rediictioii process is depeiident on thc 
iiaturc of the aminc. 

Trc.atmeiit of 2-?;-piperidiiiomc.tIiyleiie-l icu-mcthyl- 
aiidrostane-1 i@-ol-B-oiic (11))" n-it'll ail excess of sodium 
horoliydridc i i i  methanol solutioii led to a nitrogen-fret. 
prodiict TIa which gavc analytical results iiidicating t.hc 
formula C'zlH:3402 aud which readily afforded a monoacc- 
tatc I111 after treatment with acetic anhydride aiid py- 
ridine at, room temperature.. The infrared spectra of 
I ia  and IIb exhibited absorption bands at 8115 and lti(jO 
cam. - - I .  indicating t>lie genesis of an cxocyclic methylenr 
grouping6 by the reduction process. C)n the ha 
this information the borohydride reductioii produc 
assigiid t>hc structure 2-methylene-lia-methylandro- 
stan(4p,lip-diol (Ira). 

Additional chemical proof for the %-methylene formu- 
lation of IIa was obtained. Since secondary allylic 
alcohols are rcarrangd easily to the correspoiidiiig 
saturated ketones with a palladium ratalyst, or mineral 
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a d , '  thcx 2-metliyleiie- 1 icu-metl iylar idro~tai i~-B~,~i~-  
diol IIIa) was txpected to yield %a,17a-dimetliyldili~- 
drotehtostr~roiic (IIIb)s when allowed to react ttiidt~r 
thehe coiiditioiih. Treatment of the 2-exomethyleiic~- 
3 , l  i-dlol IIa with .;yc palladized charcoal i l l  hoiling 
metliaiiol affordcd ai l  o i l  which exhibited a maximum at 
241 mp in the iiltraviolet and diqlayed bands a t  1680 
and 1 i I . i  cm 111 the iiifrared. Paper cliromato- 
graphic examiliation of this product showed it to he a 
mixture of two compouiids. The faster moving rom- 
poiiciit \\.ab identical in  polarity with thc e.ipec.tcti 
2a,l Tu-dimctliyldihydrotrstosteroiie (IIIb),* while thc 
hccond component moved at the same rate as 2.17a-di- 
nictli~-l-~~-aiidrosteiic-l7~-ol-~3-onc Ai mixture 
of 11111 and 11. ~vould account for the observed spectral 
propc.rtich of tlir rearrangement product. .Uumina 
cliromatograpliy afforded 20r, 17a-dimethyldihydrotcs- 
tostr.roiw ( I I Ib)  jitleIitihed by comparison with aii 

autliciit i c  sampleX) in  %OY0 yield. -4s tlie second com- 
poiiciit 11 a i  not ohtaiiicd in a pure state by chromatog- 
rapliy. th(> followiiig rwct ioi i  sequence n-as employed 
for ith cliractcr ization. T h c ~  crude rearraiigemcnt prod- 
1 1 ~ 1  wts rcduccd n it11 Iitliium aluminum Iiydride t u  ;I 

mistrirc of diol-. n hicli I\ as t rcated ivithoiit purificatioir 
\I it 11 2 ,:Ldicli loro - .i , f i  - (11 c y a 11 o - 1 ,1- 11 e 11 z o (1 11 i n  o 11 c 
(TI. I1.Q.) iii tlioxaii at room temperaturr, (aoiiditionh 
hiiou I I  t o  h v l w t i i  (1 for 1 hi, oxidation of allylic alw- 
liolh In ('lironiatograpliic purification of the oxidatioii 
producat affordcd 2* 1 icu-dimct~iyI-A'-aiidrostciic-li-,d- 
oL~3-oiic~ (1 \-) ,  iclciitical i i i  all respects 11-it11 an autheii- 
t i c  samplc 1 w ~ ) i i d  more polar sii1)staiicr~ ohtaiiieti 
from the chromatogram pro\-rd to 1 ~ .  the c q m ~ t c t l  
?a,  I ia-dimctliylaiidrostai~~~-:ld, I '713-diol (IIIc) . 9  T I i ( 1  

A'-:tiidrostene I\ '  must originate from a competing oxi- 
taking place driring the palladium cat- 

alyzed rearrangement reaction, siiice 2a, 17a-dimethyl- 
diliydrotcstosterollr (IIIh) \vas recovered michanged 
\vlicii treatml i i i  ail aiialogous maiiiier. 

'I'hc abo1-e -criei of transformations unecluivocally 
c.+tahliihtd tho  2-rwmctliylrnc-3,17-diol strudurc I I a  
for thc product from tlic. Iwrohydride reductioii of 2-S- 
pipt~rit2ii iomrtlt~~l~~ii(~- 1 T~u-ni~tliyldiliydr~~ t e s  tos  t eroiic 
( I t ) )  f Ion ( i \ - ~ r  t li(. it(.rc.oc,lic.mistry of the :%-liydrosyI 
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group of IIa remained to be assigned. This is presumed 
to be p-orientated on the basis of mechanistic considera- 
ations and molecular rotation data. 

The first stage in the reduction of the aminomethyl- 
eneketone is 1,4-attack by hydride on A leading to the 
dihydroenolate B. Intermediate B then undergoes a 
reverse hIichael reaction (see arrows) to give the a- 
methyleneketone C, which is then reduced to the alco- 
hol D." The final stage of the reduction (C to D) is ex- 

H @R HC & '  \ 

o =  Rz fi f i  H 

IIa, R = H, Rt = CH3, Rz  = R3 = H I a , R = H , R l =  
b,R =H,  R i  = CH3, Rz= COCHa,Rg= H 0 c ,R=RI=Rz=Ra=H 

N d,R=COCH3,R1=H, Rz=COCH~,  
b, R = CH3, RI = 

c,R=CH3,Ri=OH R3=H 

d,R=CHa,R1= 
e,R=R1 =R2= H, 

R3=CsHs-N- CH3 
N 

e,R=CH3, R1=  
N 

f , R = H , R I =  0 
g,R = H, Ri = C ~ H S - N - C H ~  

R&R :& OH c& 

I 
H2C //I HC 

RI g 
Va, R =  0, RI =OH 

r) 
EJ 

N b ,R=O,Ri=  
IIIa, R =H,  R1 =0, Rz= 

b,R=CH,,Rl=O, Rz=H 
OH 

c ,R=t<  , R I = H  
OH 

c ,R=  CH,, R1 = f  , Rz = H 
"H H 

d ,R=H,  R1=0,RZ=H d ,R=O,  R j = H  

H&& 0 CH3 H3;& CH3 

IV VI 

pected to furnish a 0 oriented hydroxyl function,12 as i t  
has been established previously that the predominating 
isomer formed by the borohydride reduction of steroidal 
3-ketones in the 5a-series is the equatorial p-alcohol.13 
Support for t'his assumption is obtained by considering 
the change in molecular rotation ( A [ M ] D  -63') pro- 
duced on acetylation at C-3 of the reduction product 

(11) A similar mechanism has been proposed b y  A. S. Dreiding and J.  A. 
Hartman,  J .  Am.  Chem. Soc. .  76,  939 (l953), t o  account for t he  formation of 
2-methylenecyclohexanol b y  the lithium aluminum hydride reduction of 2- 
hydroxymethylenecyclohexanone. See also L. H. Xnox and E. Velarde, 
J .  Org. Chem., 27, 3923 (19621, for related studies in  t h e  steroid series. 

(12)  A slightly less polar substance, possibly the Ba-alcohol. was detected 
by thin plate chromatography of the crude diol. However a single crystal- 
lization completely removed the impurity. 

(13) For leading references see W. G. Dauben, E. J. Blanz, Jr., J. Jiu 
and R.  A. Jlicheli, J .  A m .  Chem. Soc. ,  78, 3752 (19513). 

0 N 

I 
n v - n 

-0 - 
H 

B 

H;a 
Fl 

A Hzca Hzca - H -  

HO 
H O H  

C D 

IIa (see Table I). This value is in agreement with the 
shift observed ( A [ M ] ,  -32') on acetylation a t  C-3 of 
17a-methylandrostane-3P,17p-diol (IIIc). By con- 
trast, acetylation of 3a-hydroxyandrostanes leads to 
positive values for the molecular rotation differences be- 
tween the acetate and the alcohol.14s15 

T.4BLE 1 
MOLECULAR ROTATION DIFFERENCES 

A [ JIID' 
Acetate- 

Compound [Jr]Do alcohol 

lia-RIethylandrostane-3fl, lip-diol - 33 
17a-Methj landrostane-3p, 17fl-diol 

2-Methylene-17a-methylandrostane- 

2-Methylene-1ia-methylandrostane- 

3-acetate - 65 - 32 

Sp,l'ip-diol (IIa) - 115 

Androstane-3p, lip-diol + 12 
Androstane-3@, lifl-diol 3, li-diacetate - 3s - 50 

(IIC) - 18 

3,li-diacetate ( I Id)  -TO - 52 

3p,lip-diol 3-acetate ( I Ib)  - 178 - 63 

2-Methyleneandrostane-38, lip-diol 

2-Methyleneandrostane-3p, 1 ip-diol 

The reduction of several ot'her aminomethyleneaii- 
drostanes then was investigated. Both the pyrrolidine 
Id and morpholine Ie derivatives'6",b of 2-hydroxymeth- 
ylene-l7a-methyldihydrotestosterone (IC) afforded the 
2-methylene-3,17-diol I Ia  with sodium borohydride in 
methanol. In the 17a-hydrogen series, 2-K-piperidino- 
methyleneandrost~ane-17~-01-3-one (If) I6b mas con- 
verted to 2-methyleneandrostaiie-3~,li~-diol (IIc) in 
t'he same manner. The structure proof for this sub- 
stance follows from its elementary analysis, infrared 
bands a t  895 and 1660 cm.-I (exocyclic methy1ene)'j 
and conversion to 2a-methyldihydrotestosterone (IIId) 
with hydrochloric acid in methan~l .~b<c The evidence 
supporting the 3P-hydroxyl configuration in IIc is again 
derived from a consideration of the reduction mecha- 
nism and molecular rotation data (see Table I). 

In  an accompanying paper3 the sodium borohydride 
reduction of 2-T\;-met~liylanilinomethyleneandrostane- 
17p-ol-3-one (Ig) is described. The product from this 
react'ion was shown to be the hydroxy enamine IIe 

(14) See L. F. Fieser and M. Fieser, "Steroids," Reinhold Publishing 
Corp., New York, N. Y., 1956, p. 179. 

(15) A 3a-hydroxyl formulation in  I I a  cannot be excluded with certainty 
on the basis of the above evidence since the effect of the 2-exomethylene 
grouping upon the rotatory contribution of the .?-alcohol and its acetate 
derivative is unknown. 

( I f )  (a)  R. 0. Clinton, A.  .J. Manson, F .  W. Stonner, R. L. Clarke, K. F. 
Jennings and P. E. Shaw. J. O r g .  Chem., 27, 1148 (1962); (hi  J. A. Zderic 
and H. Carpio. forthcoming gublication from these laboratories. 



formed by 1,2-addition of hydride to the aromatic amino- 
methyleneketone 1g.l' The striking differences oh- 
served in the reduction pathways of the alicyclic and 
tlie aromatic amino compounds with sodium horoliy- 
dride must be attributed to the nature of the amino sub- 
h tuents .  -1 satisfactory rationalization of these re- 
sults may be made on the basis of electronic and steric 
considerations. 

l h e  two extreme resoiiance forms of the alicyclic 
:zmiriomethyleneketoiies are represented by the ex- 
pre~sions 2a and 3a. Hydride attack oti 2a would he 
expected simply to reduce the %keto group to the ena- 

+ 
Ii=N R=N R= N R= N 

I H ( y ~ ; y p ~  H H H 

2 d 4 
Ho H 

:L -X=R = alicyclic amine 
1~ --h'-=R = 1-methylaniline 

miiie alcohol Ia. 1;or the reduction of 3a, hydride at- 
tack at C-3 is prevented by the stabilized eiiolate and 
consequently reduction would proceed by attack on the 
('=S+ linkage to produce Ia.18 Therefore a pre- 
dominance of the polarized form 3a is required for 1,I- 
reduction to occur. Since i t  has been shown experimen- 
tally that the alicyclic amino derivatives do undergo 
reduction by tho 1 ,l-process, an intermediate of the 
type :3a may be the controlling factor in this reaction. 

When the group K=-R represents an aromatic sub- 
ititucnt the concentration of the hybrid 3b would be 
considerably reduced due to the electron withdrawing 
properties of the phenyl group. Consequently 1,2 hy- 
dride attack oii 2b to yield Ib  would be the preferred 
pathnay, in  accord with the experimental results. 

O n  the basis of the available earidence the control of 
these horohydride reductions hy a steric effect cannot be 
excluded. Specifically thc smaller alicyclic amino 
groups might permit 1 ,I-reduction while the bulkier K- 
methylanilino substituent could inhibit this reaction. 

111 view of the potential utility of the products oh- 
taiiied from the reduction of 2-aminomethylene-%keto- 
siidrostanes, it was of considerable interest to study the 
reduction of analogous compounds containing a A4- 
double bond. I'or this purpose 2-S-piperidinomethyl- 
(~iic-IicY-methyltestosteroiie (T'b) was prepared in high 
yield by treating 2-hydroxymethyleiie-17a-methyltes- 
tostcronc (Va)* with ai1 excess of piperidine in boiling 
bc~nxene solution. Tlie initial rcdiiction experiments 
uitli 1% were carried out iii methanol solution at 0-10'. 
I-nder these conditions 1% failed to react to any ap- 
preciable extent, in contrast to the smooth reduction en- 
countered with the aiidrostanc derivatives. However 
treatment of T'b with sodium borohydride in aqucous 
tetrahydrofuran at  reflux temperature afforded a new 
c*ompouiid, n hicli no longer contained nitrogen. That 
thr expected transformation to a '-methylene steroid 
liacl indeed taken place nas  confirmed by the infrared 
spcctrum which cxliihited exocyclic methylene bands a t  

(17) Ln[iublishrd rrsults frorii ttiiAse luboidtorles liax r shoun t h a t  the re- 
durtion of a numhpr of steroidal 2-C-niettiglanilinomethglene-3-ketonrr 
\\ i t l i  ~ ( ~ d i i i i i i  borohgdrIdc ala d g s  p r o r ~ r d s  h3 1,2-addltlon 

118) For euamplrs of the r ~ d u r t i o n  of quaiternary ainrnonium haws a i t i l  

b r ~ i 1 1 1 i n  horoliydrlde see B A i t h o p  and ,J B Patrich J 4m Crem.  SOC 75, 
4174 (1953) 
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1725 cm.-l corresponding to a saturated carbonyl 
group. This substance is presumed to be the dimerg 
derived from the initially formed 2-methylene-17a- 
niethylandrostane- 17p-01-3-one. 

Biological Data.-Androgen-anabolic assays were 
carried out as described previously.2b The introduction 
of the 2-methylene group into 17a-methyltestosterone 
did not enhance its anabolic or androgenic activity; 
the 2-niethylene-A4-3-ketorie Vd had 15% and 50%, re- 
spectively, of the androgenic and anabolic activity of 
17a-methyltestosterone. 

The authors are indebted to Prof. F. Sondheimer and 
Prof. G. Stork for helpful discussions and to Dr. A. D. 
Cross for the n.m.r. spectra and interpretation. 

ExperimentaP 
2-Methylene-17a-methylandrostane-3p,17p-diol (IIa).-An 

ice-cold solution of sodium borohydride (15.6 9.) in methanol 
(460 ml.) was added to a previously cooled solution of 15.6 g. 
of 2-N-piperidinomethy1ene-l7~-methyld~hydrotestosterone (Ib)5 
in 460 ml. of methanol and the reaction was left for 5 hr. Addi- 
tion of water (8 1.) precipitated 12 g. of product which after 
crystallization from acetone-hexane afforded 6.2 g. of the 2- 
methylene-3,17-diol IIa, m.p. 223-226", and a second crop of 2.7 
g., m.p. 224-226" (8.9 g. or 717,). The analytical sample 
was prepared from the same solvent pair and exhibited m.p. 
233-235"; [ a ] D  -36"; vmSx 1660 and 895 em.-'. 

Anal. Calcd. for C21H3402: C, 79.19; H, 10.76; 0, 10.05. 
Found: C, i9.50; H, 10.94; 0, 9.89. 

Acetylation of I Ia  with acetic anhydride and pyridine at  room 
temperature provided the acetate IIb, m.p. 125-127'; [ a ] D  

-49; vmax 1745, 1660, 1235 and 895 cm.-l. 
Anal. Calcd. for C23H360,: C, 76.62; H, 10.07; 0, 13.31. 

Found: C, 76.50; H, 10.39; 0, 13.22. 
Rearrangement of 2-Methylene-17a-methylandrostane- 

3p117p-diol (IIa) with 5% Palladium Carbon Catalyst.-A solu- 
tion of 0.5 g. of I Ia  in 50 ml. of methanol was boiled for 8 hr. with 
0.05 g. of 57, palladium-on-carbon catalyst. Removal of the 
catalyst and concentration afforded 0.43 g. of oil, A,,, 241 mp; 
v::2'3 1715 and 1680 cm.-I. A solution of this product in hexane- 
benzene (3:2) was adsorbed on a column of 20 g. of alumina and 
the product was eluted with increasing concentrations of benzene. 
The crystalline fractions without maximal absorption in the 
ultraviolet at 241 mp were combined and crystallized from ace- 
tone-hexane to yield 90 mg. of 2a,l7a-dimethyldihydrotesto- 
sterone (IIIb),  m.p. 154-156', identical in all respects with an 
authentic sample.8 
P,l7a-Dimethyl-A1-nndrostene-17p-ol-3-one (IV).-A solution 

of 1 g. of the palladium-on-carbon rearrangement product 
(prepared by treating 1 g. of the 2-rnethylene-3,17-diol IIa with 
an equal weight of catalyst as described above) in 25 ml. of dry 
tetrahydrofuran was added dropwise to a boiling solution of 
lithium aluminum hydride (1 g.) in tetrahydrofuran (25 nil.). 
The reaction mixture was heated under reflux for 18 hr., cooled, 
and the excess hydride destroyed with acetone and saturated 
sodium sulfate solution. The precipitated solids were collected 
and the filtrate was concentrated to a small volume and treated 
with methylene chloride. This solution was dried over sodium 
sulfate and reconcentrated to yield 1 g. of crystalline solid. 

A solution of the reduction product in 30 ml. of dioxan was 
treated with a solution of 0.35 g. of 2,3-dichloro-5,6-dicyano- 
1,4-benzoquinone in 20 ml. of dioxan and the reaction mixture 
was left standing 4 days. Methylene chloride (500 ml.) wv&9 
added and the solution was filtered through a column of 40 g. 
of alumina. The column was washed with an additional 300 ml. 
of solvent and the combined eluates were concentrated to dryness 
zn vacuo. A benzene solution of the resulting oil (0.6 g.) was 
adsorbed on a column of 24 g. of alumina. Mixtures of ben- 
zene and benzeneether (4:  1) eluted 0.22 g. of oil and mixtures 
of benzene-ether (3:2, 2:3) eluted 0.15 g. of crystals. Acetone- 

(96) All melting points are uncorrected. Rotations were measured in  
chloroform, ultraviolet spectra in 95% ethanol and infrared spectra in  potas- 
sium bromide disks unless otherwise stated. The  infrared spectra were ob- 
tained with a Perkin-Elmer Model-91 spectrophotometer with a sodium 
chloride prism. Alumina was prepared &a described in ref. 2b, footnote 42. 

hexane crystallization of the latter fraction afforded 0.08 g. of 
2a,lia-dimethylandrostane-3p,lip-diol (IIIc), m.p. 132-134", 
identical in all respects with an authentic sa.mp1e.Q 

The less polar oil after rechromatography on alumina and 
crystallization (acetone-hexane) yielded 0.04 g. of crystals. 
m.p. 165-167", identical with a sample of 2,17a-dimethyl-41- 
androstene-17p-ol-3-one (IV). 9 

2-Methylene-l7a-methylandrostane-3p,17p-diol (IIa) from 
2-N-Pyrrolidinomethylene-l7,~-me t hyldi h ydr  o t e s  t o s  t e r o n e  
(Id),168 b-The reduction of 0.6 g. of the pgrrolidinomethylene 
compound Id in 18 ml. of methanol with a solution of 0.6 g. of 
sodium borohydride in 18 ml. of methanol as described previously 
gave 0.14 g. of the 2-methylene-3,17-diol IIa, m.p. 229-232". 

IIa from 2-N-morpholinomethylene-17a-methyldihydrotesto- 
sterone (Ie).1Gb-The redlietion of 0.75 g. of the morpholino- 
methylene compound Ie, dissolved in 22 ml. of methanol, with a 
solution of 0.75 g. of sodium borohydride in 22 ml. of methanol 
a t  5' during 5 hr., provided, after isolation with methylene chlo- 
ride and crystallization, 0.18 g. of the 2-methylene-3,17-dioI 
IIa, m.p. 22'7-230". 
2-Methyleneandrostane-3p,l7p-diol (IIc).-A solution of 0.4 

g. of 2-N-piperidinomethylenedihydrotestosterone (If) l U b  in meth- 
anol (12 ml.) was cooled in ice and treated with 0.4 g. of sodium 
borohydride dissolved in cold methanol (12 ml.). The reaction 
was stirred for 5 hr. a t  5", uhen diluted a i t h  250 ml. of nater 
and the product isolated with methylene chloride. Crystalliza- 
tion from acetone-hexane yielded 0.3 g. of solvated crybtals, 
m.p. 116-120", resolidifying and melting again at  174-179". 
Four more crystallizations from the same solvent mixture gave 
the analytical specimen 196-198"; [ a ] D  -6"; vmBX 1660 and 
895 em.-'. 

Anal. Calcd. for C~0H3202: C, 78.89; H, 10.59; 0, 10.51. 
Found: C, 78.42; H, 10.62; 0, 10.97. 

Treatment of IIc with acetic anhydride-pyridine mixture 
at room temperature afforded the diacetate IId, m.p. 116-118"; 
[ a ] D  -18"; v$;J4 1740, 1660, 1240 and 897 em.-'. 

Anal. Calcd. for C24H36o4: C, i4.19; H, 19.34. Found: 
C, i4.48; H, 9.51. 
2-N-Piperidinomethylene-l7a-methyltestosterone (Vb).-2- 

Hydroxymethylene-l7~-methy-ltestosterone~ (10 9.) was dis- 
solved in benzene (260 ml.) and piperidine (10 ml.) and heated 
under reflux for 15 min. Removal of the benzene and filtration 
gave 9.5 g. of Vb. Recrystallization of this material from 
benzene-hexane yielded 9.2 g. of amino steroid, m.p. 217-220'. 
The melting point was unchanged after several additional 
crystallizations from the same solvent pair, [ a ] ~  -261'; A,,, 
250 and 275 mp, log c 4.19 and 4.13; vmax 1640 and 1535 em.-'. 

Anal. Calcd. for C2&&02: C, 78.54; H, 9.89; N, 3.52. 
Found: C, 78.95; H, 9.67: S. 3.49. 

Sodium Borohydride Reduction of 2-N-Piperidinomethylene- 
17a-methyltestosterone (Vb).-Sodium borohydride (51 9.) 
was added to a solution of 51 g. of 2-N-piperidinomethylene- 
17a-methyltestosterone (Vb) in 1 I. of tetrahydrofuran and 120 
ml. of water. The reaction mixture was boiled under reflux for 
10 hr. and then left standing at  room temperature for 18 hr. 
Addition of water precipitated 36.5 g. of a crystalline solid 
which was crystallized from acetone-hexane to yield 13.5 g. of 
product, m.p. 182-185"; Y,,, 1670 and 890 em.-'; and a second 
crop of 2.5 g., m.p. 173-176'. 
2-Methylene-17a-methyltestosterone (Vd).-A solution of 13 

g. of product from the preceding experiment in 1 1. of dioxan 
\vas treated with 10.4 g. of 2,3-dichloro-5,6-dicyano-1,4-benzo- 
quinone and left for 18 hr. The reaction mixture was diluted 
with 6 1. of methylene chloride and filtered through a column of 
780 g. of alumina. The column was washed with an additional 
5 1. of solvent and the combined eluates were concentrated to 
yield 11 g. of crystals. This product was dissolved in 250 ml. of 
hexane-benzene (1: 1) and chromatographed on a column of 440 g. 
of acetic acid-washed alumina. The chromatogram waa de- 
veloped with mixtures of hexane-benzene (2:3, 1:4 and 1:9). 
The fractions eluted with benzene and benzene-ether (9: 1, 4: 1) 
were combined (8 .5 g.) and crystallized from acetone-hexane to 
yield 3.8 g. of 2-methylene-17a-methyltestosterone (VId), 
m.p. 187-190'. A second crop of 1.1 g., m.p. 184-186", was ob- 
tained from the concentrated mother liquors. The analytical 
sample prepared from acetone-hexane exhibited m.p. 199-201 ; 
[ a ] ~  i-160"; pmax 1670, 1620 m d  
895 em.-'. 

Anal. Calcd. for C21H7002: C, 80.21; H, 9.62; 0, 10.18. 
Found: C, 80.17; H, 9.i3; 0, 10.03. 

A,,, 261 mp, log E 4.18; 




