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Several derivatives of 2-methylene-Se-nndrostane were prepared in the hope of obtaining compaunds with

Ligh anabaolie and minimal sndrogenice activity.
are desceribed.

Recent publications from the Syutex laboratories'.®
concerning  2-methylene-3-oxygenated  androstanes
prompt ns to report some of onr efforts in this area.
I a previous publication,* we had noted that shifting
the double bond of testosterone aund 17a-methyl-
testosterone from the 4.5-position to the 1,2-position
enhanced anabolic and, to a lesser extent, androgenic
activity. Moreover, it was fonnd that methylation of
these isomeric produets at C-2 had little effect on their
relative potencies. As a consequence of these findings
it seemed of interest to determine the hiological effect
of shifting the double bond in the A ring to an exocyclic
position. As a result, several 2-methylene-3-oxy-
genated androstane derivatives were syuthesized and
evaluated biologically.
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In 1953, Dreiding and Hartman® reported that
reduction of 2-hydroxymethylenecyclohexanone with an
excess of lthium aluminum hydride (LAH) in boiling
ether gave a mixture of 2-methylenecyclohexanol,
1-hydroxymethyleyclohexene, and 2-hydroxymethyl-
cyclohexanol in a ratio of 5:2:1. More recently,
Knox and Velarde! treated 2-hydroxymethylene-17a-

(1) L. H. Knox and E. Velarde, J. Org. Chem., 2T, 3925 (1062).
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The synthesis and biolngieal praperties of these comprninds

methyl-5e-androstan-178-ol-3-one (Ib) with an execess
of LAH in ether at room temperatnre.  They obtained
2a - hydroxymethyl - 17« - methyl-5e-androstan-173-ol-
3-one in 459 yield along with 2-methylene-17a-
methyl-Se-androstane-38,178-diol  (Va) and  2a-hiy-
droxymethyl-17 a-methyl-Sa-androstane-33,1735-diol in
15 and 3.59; vield, respectively. In contrast with the
study by Dreiding and Hartman, 2-hydroxymethyl-
17a-methyvl-ja-androst-2-en-178-ol (V1) could not be
detected in their reduction mixture,

Inourstudies, the 2-hydroxymethylene derivatives (I}
were reduced with an excess of LAH in refluxing dioxane.
Treatment of Ia in this manner followed by acetylation
of the erude produnet and cohumn chromatography
afforded the 2-methylene diacetate (11h) and the triol
triacetate (1II) in yields of 62 and 1297, respectively.
To our snrprise, these products were accompanicd
by 2-formyl-Sa-androst-2-en-175-0l acetate (IV) in
3.7% wvield and not the expected 2-hydroxymethyl-
Sa-androst-2-en-178-ol diacetate.  Although 2-formyl-
Asteroids have been prepared by metal hydride redne-
tion of ethers of 2-hydroxymethylene-3-ketosteroids,?
the starting materials nsed in onv experiments were
prepared in sneh a way as to preelude the presence of
any 2-alkoxymethylene bnpurities.  dorcover, the
physical constants and spectral properties of In und
Ib were it agreement with those reported in literatnret
Thus, to onr knowledge, this is the first instance of
forming a 2-formyl-At-steroid by direct metal hyvdride
reduction of a 2-hydroxymethylene-3-ketostcroid.

In contrast with the produets obtained by the reduc-
tion of Ta, similar treatment of Ib furnished 2-methyl-
one-17 a-methyl-Se-androstane-38,178-diol J-acetate
(Vbh) ns the only readily isolable product.  TFnrther
elntion of the chromatographie column, however,
gave some noncrystalline material whieh upon saponi-
fication afforded Va along with a trace of lower melting

solid,  The nar. and ifrared spectra of this latter
produet  suggested  2-hydroxymethyl-17 e-niethyl-5e-

androst-2-en-173-0l (V1) as the probable strnetnre’
The assignmient of this strineture was snbseqnently
confirmed by comparison of the infrared spectinm with
that of an anthentic sample of VI prepared according to
the procedure deseribed by Orr and co-workers.™
Thns, in this instance, any of the 2-formyl-A? prodnet
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which may have been initially formed was reduced fur-
ther to the 2-hydroxymethyl compound. As noted
previously, Knox and Velarde! were unable to detect
the formation of VI under their experimental conditions.
As suggested by these workers, the differences in solu-
bilities of the intermediary enolate salts and aluminum
hydride complexes in the solvents employed is prob-
ably the best explanation for these observed differ-
ences in product formation and yield.
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During the course of this investigation, the desired
2-methylene derivatives also were prepared by a less
ambiguous route. The appropriate 2a-dimethylamino-
methyl-3-ketosteroids (VII)38 were reduced with either
LAH or lithium tri-+-butoxyalumimum hydride to the
corresponding 33-ols (VIIIa, IXa). The assignment
of the g-configuration for the C-3 hydroxyl in these
compounds was based on the appearance of an un-
resolved multiplet from 185 to 220 c.p.s. in the n.m.r.
spectrum which is characteristic for C-3 axial protons.®
These aminoalcohols were converted to their acetates
(VIIIb, IXb) and oxidized with perbenzoic acid. The
resulting N-oxides were not isolated but immediately
pyrolyzed in refluxing #butyltoluene. This gave the
desired 2-methylene-36-acetoxy derivatives (IIb, Vb)
identical with the products described before. These
results confirm the 38-hydroxyl configuration for II
and V which had been assigned previously by Knox
and Velarde! on the basis of mechanistic considerations
and molecular rotation data.

Biological Activity. >—Edwards and co-workers? pre-
viously reported that 2-methylene-17a-methyltes-
tosterone possessed 159, the androgenic and 509, the
anakolic activity of 17a-methyltestosterone. This
reduction in biological activity produced by introduc-
tion of a 2-methylene group was even more dramatic
in our cases. Whereas the 33-hydroxy-5a-androst-1-
cne derivatives were extremely potent myotrophic
agents (Table I) the corresponding 2-methylene deriva-
tives (ITb and Vb) displayed weak anabolic and andro-
genic activity. The low order of activity displayed
by these 2-methylene derivatives has prompted interest
in their evaluation as potential inhibitors of tumor
growth. The results of these studies will be reported
elsewhere.

18) R. Mauli, H. J. Ringold, and C. Djerassi, J. Am. Chem. Soc., 82, 5494
(19060).

19) J. N. Rhoolery and M. T. Rogers, ibid., 80, 5121 (1858).

(10) We are grateful to Drs. F. J. Saunders, H. D. Lennon, and E. F.
Nutting of our Endocrinology Division for furnishing us with this informa-
tion.
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TasLe 1
ANABOLIC AND ANDROGENIC ACTIVITIES®

L. admin. Oral admin.

Myo-  Andro- Myo- Andro-
Compound tropbic genic trophic genic

Testosterone propion-

ate 100 100
5a-Androst-1-ene-38,-

178-diol diacetate? 40 50
1Ib <5 1
17a-Methyltestoster-

one 26 24 100 100
17a-Methyl-5a-

androst-1-ene-383,

178-diol 3-acetate? 200 100 300~-400 75-100
Va <5 <1
Vb 5 1 <5 <5

¢ The compounds were injected intramuscularly or given orally
to castrated male rats. The potencies are given in terms of
activity of testosterone propionate (i.m.) or 17a-methyltestos-
terone (oral) and were determined from the minimal levels at
which significant increases in seminal vesicle or levator ani
muscle weights were obtained.

Experimental !

Lithium Aluminum Hydride Reduction of 2-Hydroxymethyl-
ene-3-ketoandrostanes. (a) Reduction of 2-Hydroxymethylene-
178-hydroxy-5«-androstan-3-one (Ia).—A solution of Ta (10 g.)
in dioxane!? (250 ml.) was added with stirring to a refluxing slurry
of lithium aluminum hydride (3.8 g.) in dioxane (250 ml.). The
mixture was refluxed for an additional 2 hr. and the excess hy-
dride decomposed by the sucessive addition of water (3.8 ml.)
in dioxane (50 ml.), 4 N sodium hydroxide solution (3.8 ml.),
and water (13.3 ml.). The inorganic salts were separated and
washed with isopropyl aleohol. The filtrate was concentrated
to dryness and the residue dissolved in pyridine (200 ml.) and
acetic anhydride (10 ml.). The solution was allowed to stand
at room temperature for 24 hr. and poured into cold water (1
1.). The water was decanted from the gummy precipitate and
the latter taken up in ether (400 ml.). The ether solution was
washed with water, dilute hydrochloric acid (1:3), and water.
The ether layver was dried over anhydrous sodium sulfate and the
solvent removed by distillation under reduced pressure. The
residual oil was dissolved in benzene (50 ml.) and adsorbed onto
cilica gel (1 kg.). Elution with benzene—ethyvl acetate (49:1)
afforded crude 2-methylene-5a-androstane-33,178-diol diacetate
(ITb, 7.6 g.). Recrystallization from methano!-water gave a
pure sample, m.p. 117.5-119°, [a]?*p —40°; lit.2 m.p. 116-118°,
[alp —18°.

Anal. Caled. for CuHgTy: C) 74.19; H, 9.34.
74.26; H, 9.30.

Elution with benzene-ethyl acetate (19:1) guve 2-formyl-5a-
androst-2-en-178-0l acetate (IV, 0.4 g.), m.p. 158.5-162.5°;
lit.5> m.p. 161-163°% e 12,750; wmax 341, 2.63, 5.78, 5.94,
6.07, and 7.94 x; n.m.r. 43, 48 (C-18 and C-19 methyls), 123 (ace-
toxy), 260-285 (C-17 proton), 395-412 (C-3 proton), and 564
c.p.s. (formyl proton). Further elution with benzene—ethyl
acetate (9:1) gave 2ea-hydroxymethyl-5a-androstane-38,173-
diol triacetate (III, 1.7 g.), m.p. 156.5-158°, [a]%®p —290.5°;
lit.! m.p. 162-163°, [alp — 23.5°.

Anal. Caled. for CssHyOg: C, 69.61; H, 8.99,
69.56; H, 8.97.

(b) Reduction of 2-Hydroxymethylene-178-hydroxy-17q-
methyl-5«-androstan-3-one (Ib).—Reduction of Ib (10 g.) with

Found: C,

Found: C,

(11) 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 unless otherwise speci-
fled. The n.m.r. spectra were obtained with a Varian A-60 spectrometer and
are reported in c.p.s. downfleld from tetramethylsilane which was used as
the internal standard. Deuteriochloroform was used as the solvent nnless
otherwise specified. The melting points were obtained on a Fisher-Jobns
apparatus and are corrected.

(12) Purified dioxane as obtained froin Plerce Clienical Company was
used in these experiments.
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lithimn aluminum hydride snd seetylation of the ernde prodnet
was carried out as deseribed in section i, The ncetylated produe
wns dissolved in benzene (125 mla and adsorhed onio silien gel
(1 kg ). Elution with ethyl aectate-benzene (1: 197 gave ernde
J-methylene-17 a-methyl-5e-nndrostane-33,178-diol 3-acetare
(Vh, 8.3 g.) which upon ervstallization from ncetone--heptane
wdTorded essentindly pure material (3.4 ), vp. 120L5-121.5%,
Reervstallization from methanol-water gave nn analvtienl ssanple,
. 126-127°, [l o —143°; lit2nnp. 125-127° lofn, —10°.

dral. Caleds for CaHaglyr G, 7680520 HL o7, Fonnd: 1,
TG.37; M, 184,

Iurther clution with the same solvent systein gave oils (0.8 g,
which resisted ervstallization.  Saponifiention of this material
with methanolie sadiunm hydroxide followed by addition of waier
gave a sulid from which two prodinets were obtained by fractional
ervstallization from acetone—wuter.  The higher melting product
wis identieal with 2-methylene-17w-methyl-5a-undrostanc-3s.-
173-diol (Vu) deseribed later. The lower melting material
(50 mg.), np. 160-162°, exhibited an nan.r. gpectrum suggestive
nf 2-hydroxyuethyl-17 e-methy o e-nndrost-2-en-178-0l (VI) [,
e, (CHaCOCD), 47, 32 (C-18 and C-140 methyls), 70 (C-17
methyl), 234 (2-hydroxymethyl), and 8243-345 c.p.s. (C-3 vinyl
protan)].  That this was the ense wos shown hy comparison of
the infrared spectrinn with that of an authentic sample of VI
(.p. 169=171°, fal®n +31.5°%) prepared aceording ta the pro-
cedure of Drr and ca-workers.™

2x-Dimethylaminomethyl-5«-androstane-33,173-diol (VIIla:.
—A solution of 2ae-dimethylnminomethyl-178-hydroxy-5e-nn-
drostan-3-one® ( VILi, 10.5 ¢g.) in tetrahydrofuran (100 ml.t was
added dropwise with stirring to a refluxing slurry of lithiun sln-
minum hydride (3.8 g.) in tetrnhydrofuran (100 ml.).  After
retluxing the reaetion mixture for 30 min., the excess hydride was
decomposed by the successive dropwise addition of water (8.8
wl.) in dioxane (10t mb], 12V sodium hydroxide solution (3.7
mlb), and water 1113.3 ml.).  The insaluble salts were removed hy
filtration of the hot reaction mixture.  The salts were washed
with dioxane and the filtrate concentrated to dryness ' vacio.
The residue was recrystallized from methanol-ethyl ncetate to
give VIIIn (7.5 g.), m.p. 202-208° Dne additional recrystallizn-
tion alforded an analytical sanple, mup. 217-210°, Tof*n +13.57
(McOT).

el Caled. for CoaHaNOL C) 75.04:
G, 750005 1, 1116,

2w-Dimethyiaminomethyl-5~androstane-33,173-d1ol  Diace-
tate (VIIIb).—A solution of VITE1 13.5 ¢.) in pyridine (35 wl}
and acetic anhydride (5l wos ollowed o stand ot room tem-
peratire Tor 18 hr. The reaction wes poured into ice and water
<75 ml.v and made basic Ly the additim of 2 4 N sodium hy-
droxide solution, The resulting precipitate was collected Dy
Kltration and washed with svaer oo give erude VIIID (3.9 e
map. 117-121°0 Reerystallization from pentane aliorded an
anolytienl saple, nep, 127-128.5°, [o] B —35.5°.

el Caled. for CosHpa Ny G721 H, Dang,
72,105 D80,
2-Dimethylaminomethyi-17«-methyl-5«4-androstane-33,-
[73-diol (IXai.~A solution of lithhiom-tri-Cbutoxynluminmn
hydride 145 w0 in tetrnhydroturan 1300 1l was added all )
nnee with stiveing to an ice-cold sohation of 2ee=dimethylanine-
methyvl-178-hvdroxy-17 e-methyl-fr-androstan-3-one? IVIIhi
(2110 g in tetrahydrofuran (3000wl The reaction mixtnre
was stirred for 20 min. and poured into ice-water (3.5 1) can-
taining acelic acid 1200 mbe The clear solntion was washed

H, 11.25. Fyamd:

Found: ¢,

D, I sty Val o

repealedly with eiher and made bosie with aguenus salusdeld
carbonate solution.  The agueous mixture was extracted wilh
chloroform and the combined extrcer washed winh water. The
extract wag dried over anhydraug poassing crlsmate contiiming
D anrd the solvent remved on vocieas The sodid vestdne was
reerystallized Troncavetome to give TN 173 @i s 250283005
Pl 00 2770 e A1 32 7C-I8 d C=10 merhvl e T2 00007
tacthyhy, 120 tdimerhylamnomerhyl s and 185 200 s, i
axial proton )t

hedo Caled. 1oe Cy NG
CoTa0N L 2

2iv=-Dimethylaminomethyl- 17 ~methyl-5.:=androstane-3.,-

173-diol 3-Acetate 1IXb i A nixtirre v INo 149 v i triethyvi-
amine (75wl and seetic anhydride (20 mly wies stiveed ar v
temperiaure Tor I8 hree The peartion gradualie b boonne-
genenus and wies ponred into deeswider £125 mlo o The sodnnion
wig mvde haste by the wildivion of 390 aqueons sedim bicar-
henate. Phe crnde product wie eollecral, washed with waer,
and recrystallized fram methanol-wicter toogive pure INT 232 w0
W 22002207 dec.s To 0 -7

oA L sy Foend:

dal. Cxled. Tor ColleNog: €, Tand: L, foan FPoaml:
C, 73N H, s,
2-Methylene-53u-androstane-353,173-diol  Diacetate 1l

T solution of VITHH (2.0 @5 i chloroforn 050 ml s was e o
solniiom of perbenzoie sodd in benzene 154 N 10 mly The
renetion vessel was surmnnded with an dee water bath durmg e
addition. The sedution was wlliwed to stand @0 room tewspera-
ture for 20 min. and then washed snecessively with fhree 50-nd.
portions ol 100 sedinm carhonate solnrion, 100 sodian foatide
sulmion (50 ko and twe S0l portions of 1) sodina e
sullnte salurisn. The ehloraforn Liver was deied over andivieas
sodinm sulfate and the solvenr removed by distillanion. The
resulting N-oxide wag refluxed i butyholnene (10 milo i
1.5 hre Ether i3y was added to the cooled reacrion mixiave
and the soluiim wished with 28 hydroehlorie actd and wider.
The solutimr was dried over anhydrong sodinm sulfate sl e
solvent renmioved sn coeno. Crystollization of the vesuliing
product fram methanal affvrded pure TEH (007 g0b idemieal winly
whinn deseribed previonsly.

2.Methylene-17 «-methyl-5.-androstane-33,173-diol ~ 3-Ace-
tate (Vb:-—lrrmation and pyrolysis of the N-oxide ol 1X (2.0
gboas deseribed for T gave o crade produet which cevstallized
from merhanot wiccer s pure Ve ¢ gt tdentieal with the
wiaterial abtained previongly,

2.Methylene-17 p-methyl-5c-androstane-33,173-diol i Va:i.
A solution oF VIe2.0 g0 and potassion hydreoxide (1.0 w0 o
wethmel 49 b and weor (1 sl was stiveed o vosan Tem-
perinnre for Fles Addition of wider 050wl give woquamitaiive
viehl o0 vendie Viengn, 22005-223°0 Two rerrvstallizaaions frone
cthanol gave needles ¢ 1.6 g4, A I PP R PR
Hv g, 2332357, Ll = 36,

dwat. Caled. {or CullagG. €
¢,y 1L lalr

Taqn 1, I"cand:

111,74,

P14 Ze - Dinethiyhondinonethiyvl - 1Tec- neihiy] - S~ amdrosiaoe - w153
2y tlue C-4 epaner of TXaL hias breen

il o 1715 (78 Ja]®e — 2, -
Tatead in o Lalweatoews alome with fXew as o mimes by-pormline € it -
Ivtic hilegzeontysis uf VIO 1Phe noneers speetrmn ol this siehsainens dis-

methylamineaeryly, and 237241 ¢opes. $38-protont.
el Calesl e Coplla NQo: 0 73,070 1, 1147,
1. 1105,
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