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Anal. Culed. for CuHgO8:: ) 68.52; H, 8.62; S, 15.24.
Ponnd: € 68.21; H, 8.72; 8, 14.92.
2-Methyl-A2-androsten-173-ol (11Ib) from the Dithioketal
(XIb).—To 750 ml. of liquid amnmouin 6.5 g. of metallic sodiim
was added with 5 g. «f 2-methyl-at-androsten-3-ethylene-dithio-
ketul-173-acetate (XIb) in solution in 350 ml. of tetrahydrofuran.
Thereafter the excess of sodium was discharged by the addition
of ethanol.  Ammonia was evaporated overnight and the organic
solvents were evaporated mder redneed pressure.  The organic
mixture then was dissolved in chloroforn, washed with water, and
dried over sodinm sulfate.  Filtraticn and solvent evaporation
vielded an oil which was chromatographed through activated,
nentral alumina.  The fractions obtained with benzene were com-
bined and 620 mg. of ITTh was obtained, identieal by mixture m.p.
and iufrared spectrum with a smnple prepared as described above.
2-Methyl-A'-androsten-178-0l-17-acetate (XIc).-—A sohition
ol 6 g. of 2-methyl-A'-androsten-3-ethyvlene dithioketal-178-nce-
tate in 1000 ml of acetone was refluxed with stirring for 48 hr.
with 75 g. of Runey nickel, whieh was previousty deactivated by
several decantations from 600 ml ol neetone.  After filtration and
evaporiution of the solvent, the gimmuy mixture was filtered
thirongh neutral, netivated alumina.  The fractions obtained hy
chution with hexane were combined to Iurnish 2.2 g of Nle which
was reerystallized front heptane.  An analvtieal somple had map.
G0-101°; [l +84°: poex 1733 (5) and 1247 e, 7V s ).
baal, Caled, for CwoHyO.: €, T0.095; I, 1037; 0, 1.6,
Fonnd: G, 79.80; H, 10.15; 0, 9.44.
4a-Bromo-2«-methylandrostane-33,173-diol-17 g-acetate
(XIIb),~--A sohition «f 3.74 g, of 4e-bromo-2a-methylandrostan-
3-one-178-0l neetnte’ in 150 ml. of telrahyvdrofuran was mixed
with agohition of 4. of sodiinn borohydride in 30 k. of methanol
and teft overnight at room temperature.  The soliution was poured
ito water, extracted with ethyl acetate and the organie laver
then was washed with water until pentral, dried with sodinnt
sulfate, nud evaporated to o erystullive mass.  Four recryvetatliza-
tions from methanol vielded 2.20 2. of NTHh, nip. 213-215°:
laeiio—47°,
Anal. Caled. for CoutHpBro,: C, 61.80; H, 8.25; O, 11.21;
Br, 18.70. Found: C, 61.62; H, 832 0, 10.60: Br, 19.33.
2=-Methyl-A3-androsten-173-0! {XIIla',-—"The hromohydrin

Vol. 6

N (118 g0 in 10 mb of acetic acid was refluxed Tor 5 hr.
with 4.0 g. of powdered zine. The zine was filtered off, mud
washed with hot ethanol (100 mb ;. The ccaubined ethanad and
neetic acid solutions were poured futo water, extracted with
cthyl ncetate, and the extract was washed with aqueous sodinum
hicnrbonate and then with water until neutral.  The ethyl ace-
tate solution was evaporated to dryness, the residue dissolved in
ethanol (50 ml.) containing potassium hydroxide (2 g.) and lef
at room temperature overnight.  Working up by pouring int.
water, extracting into ethyl acetate, washing with water until
nentral, and evaporating, chromatographing on 30 g. of aluming
cactivity 1) and eluting with benzene vielded X1, 430 my
after fonr recrvstallizations from hexiune, m.p. LE-147% o).
120 v 3020 (8, 3030 (w), 1638 (w) and 608§ enr. ! sy,

duad. Caled. for CooHgpO: €, 83.27; H, 111X 0, 4.5,
Foard: C,83.71; H, 11.10; 0, 5,44,

2«a-Methyl-A%androsten-175-o0l Acetate (XIIIbj. - Acctic
avhydride-pyridine gneetyvlation of 2e-methyvl-A3-androsten-173-
ol (XTI at roony temjrerature avernight led to the correspond-
ing acctrte NHIb which was reervstallized several (hies from
acetone, map, 1DO-152% [l =101°%0 v 1732 ¢85, 1650 (ws,
1250 78) and 702 e 'ish.
el Caled, T CaaHpOr O 7005
79.50; H, 10.55.

20,17 «-Dimethylandrostan-173-ol (X1V),-—A mixture of 10 g.
of 2¢,17a-dimethyvlondrostan-3-one-178-ol (Idy and 20 mlb. of
hvdrazine hydrate in 500 ml. of ethylene glycol was maintained
nnder reflax during 3 hr.  Potassium hydroxide (10.0 g.) was
added and the internal temperature raised to 190° by distillation
suid held there for 5 hr. under reflux.  On addition of 500 ml. of
water u precipitate formed which was extracted into ethyl
neetate and washed to neuntrality with water,  Evaporation of
the dried extracts left a residue which was chromatographed
over 400 g, of ahnninn, FElation with benzene—ether (4:1) af-
forded 381 g of NIV, mp. 119-122° Recrystallization from
methanol-witer vielded prisms, nnp. 127-129°; [o], =12
Py 3480 L PO

rad. Caled, Tor ColyOr €
CLo82.08; H, 18

L, 10870 Fomd: ¢

<283 H, 11920 Foamd:
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2-Formyl-A’-androstenes and Related Compounds.

Ring A Modified Hormone Analogs.

Part III.!
A New Class of Potent Anabolic

Agents®
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A Bowens
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The preparation of a series of 2-formyl, 2-hydroxymethyl, 2-carboxy and 2-acetyl-A%-androstenes as well ns the

4a-chloro, 4e-methy!l and Af-analogs of 2-formyl-A2-androstene-178-ol is described.
androstene-178-ol afforded 3-acetyl-A?-androstene-173-ol.

Direct acylation of A2-
A number of these compounds possess high mnyo-

trophic activity with a favorable myotrophic-androgenic ratio.

As a continuation of our studies of compounds with
variable electrou density patteris around ring A® and
particularly those possessiiig a A-double bond,'? it
appeared that a moiety which warranted atteition was
the 2-formyl-A?-system.

As long ago ax 19041, 2-formyl-A%cholestenc® was

1) Steecvls, CCVIEand Pact 1L AL DL Ceoss, o AL dwards, J. CL Ocv,
B. Berkiz, L. Cervantes, M. (. Cualzoda and AL Bowers, J. Med. Chew., 6,
1 (146as).

@) For g preliodnaey aeeoont of @ piore of this woek s/, 1 Cl (e, O 1Tl
rern and A, Bowers, 161d., 5, 104 (10G2).

G Fyr a general disenssion of et conshlerarions which gpveen e
thinking in ds work see Part T of vivs seras: AL Bowers. A DL Cross, b3
Ialwards, 1L Carpio, M. C. Calzals el B Devast, 7bid., 6, 156 11065,

L1 AL Platther o) Lo ML favapedisky, Hote, Chine Acta, 24, 1150
[QRTARON

prepared by pyrolysis of tlie a-ketolactone derived
from 2-oxalyl cholestan-3¢-ol. The preferred method
for the introduction of the 2-formyl-A’-grouping is,
however, that used in the preparatiou of cyvelohexene al-
delivde from cyelohexanone,® and proceeds via the pre-
viously described® 2-hydroxymethylene-3-ketoues.
2-Hydroxymethylencandrostaue-178-ol-3-one®  (la)
was smoothly converted into its methyl ether Ib by
treatment at room temperature with methanol con-
taluing o catalvtic amount of hydrochloric or perchlo-

vOy I Reifect ainl 1L Selving, thid., 34, T8 11000,

vy 1101 Rivgold, 15 Baires, O TEdpericond L Neeveehen, J. e Chea
N, 81, 177 (102G sen alsn By Fovles ond 1110 B, Lowenthal, Petradedeon,
11, Py chsny
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ric acid. Alternatively, but less conveniently on a
large scale, Ia was methylated with ethereal diazometh-
aite. Reduction of Ib with sodium borohydride in
methanol solution gave the corresponding 38-alcohol ITa
in 759, yield. This underwent a concerted hydrolysis

I, N\ =Z =R = H, Y = CH, I, R = H
b X=Y=CH,R=%=H b R = CH,
e X=Z=HY=R=CH
4 X=Y=R=CHy,Z=H
. X=Y=Z=R=H
f X\ =Y=7=HR=C=CH
g R=X=HY=2%=CH,
h R=HN-=Y=1%=CH,
CHO
ITa, Y = CH, R = R’ =
b, Y = CH;, R = COCH;, R = H
¢, Y =CH;, R" = COC.H,, R = H
d, Y = CH; R’ =C()CH»CH(CH») R =
€, Y = CH3 R’ = C()(CHg)acHa, =H
f, Y = CHa, R’ = CO(CH,).CH;, R = H
£, Y = CHS, R’ = CO(CH})BCH = CH) R =H
h, Y =R = CH;, R’ =
i Y=CH3,R’=HR—C =CH
h Y=R' =R=H
kY =R’ =H, R = C=CH
CHO

H H
IVa, X ==0, Y =R = CH,
OH

bXx=7 ,Y=R=CH
H

e X==0, Y=R=H
O

4x =7 ,Y=R=H
'H

e, X ==0, Y =H R =C=CH
oH

;X=¢ Y=HR=C=CH
-

and elimination reaction upon treatment with hydro-
chloric acid in acetone solution to afford in good yield
the «,0-unsaturated aldehyde III.. By carrying out
the transformations of Ia to IIla without isolation of
the intermediates Ib and IIa, the yield of I1Ia from Ia
was 729,. The unsaturated aldehyde is characterized
by an absorption maximum in the ultraviolet at 232
mu (e 13,800) and bands in the infrared at 1663 (C=0)
and 1645 em. ! (C=C).

In view of the interesting biological activities ex-
hibited by 11Ia (see sequel) a number of its C-17 esters
were prepared, includiug the acetate, propionate, cyclo-
peutylpropionate, valerate, caproate and uundecenoate

STEROIDS.

Ccvil 167

IIIb-IIIg. Although the lower esters were formed
readily by treatment of IIla in pyridine at room tem-
perature with the corresponding acid anhydride, it was
1ot possible to prepare either the caproate or the undec-
enoate reproducibly in this mauner, 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 V aud theu
treated with the higher acid chloride in beiizene or tet-
rahydrofuran solution in the presence of pyridiue.”
Mild acid treatment then regenerated the formyl group,
with preservation of the ester grouping.

Iu view of the effect of 17a-alky! substituents, partic-
ularly methyl, in enhaucing oral myotrophic and au-
drogenic activities® in 178-hydroxy-17 a-unsubstituted
androstanes, the preparation of 17a-methyl-2-formyl-
A%-gndrostene-1758-ol (I1Th) was undertaken. 2-Hy-
droxyvmethylene-17 a-methyvlandrostane-1738-ol-3-oue®
(Ic) was couverted to the methyl ether Id. So-
dium borohydride reduction then gave the corresponding
38-alcohol IIb, which on acid treatment afforded thie
unsaturated aldehyde IITh.

An alternative route to 2-formyl-A2-androstenes uti-
lized the products of condensation of a variety of
amines with  2-hydroxymethylene-3-ketones.® N-
Methylaniline in benzene readily converted the enol I¢
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 aldehyvde I1Th,!°

The marked progestatioual activity of 17a-ethynyl-
androstanes prompted the preparation of a member
(IIIi) of this series. Treatment of the 2-formyl-A%-au-
drostene-178-0l cycloethyleneketal (V) with chromium
trioxide in pyridine gave the corresponding ketone.
The latter gave 2-formyl-A2-17«-ethynylandrostene-
17B8-0l (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-Nordihydrotestosterone!! 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 N-methylanilinomethylene derivative IVe, which
afforded the corresponding 38-alcohol IVd upon reduc-
tion with sodium borohydride. Mild acid treatment
of this 8-hydroxy enamine IVd smoothly led to 2-form-
yl-A?-19-norandrostene-178-ol (IIIj), which displayed
the expected spectral characteristics in the ultraviolet
and infrared.

The same reaction sequence converted 2-hydroxy-
methylene - 17« - ethynyl - 19 - nordihydrotestosterone
(If), via the N-methylanilino derivative IVe and the
corresponding 3B-alecohol IVf, to 2-formyl-A2-17 a-eth-
ynyl-19-norandrostene-178-ol (II1k).

Sodium borohydride reduction of the 2-formyl-A2-

(7) A. Kuksis and J. M. R. Beveridge, J. Org. Chem., 26, 1209 (1960).

(8) F..J.Saunders and V. A. Drill, Endocrinology, 68, 567 (1956).

(9) J. A. Zderic, O. Halpern, H. Carpio, A. Ruiz, D. C. Limon, L. Magaifia,
H. limenez, A. Bowers and H. J. Ringold, Chrem. Ind. (London), 1625
(1960).

(10) This procedure was first carried out by Dr. J. A, Zderic of thesc
Lahoratories.

(11) A. Bowers, 11, J. Ringold und 12, Deuot, J. Am, Chem. Soe,
(1958).

, 80, 115
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— OH OCOCH, OCOCH; OCOCH,
o 0 <H <H
~ .

CH HOCO CH;COOCH CHO
H H i
A% VII XI
OR’
<R
) Y
HOCH;
H OH
XIla, R=H. X:=r(:
Vi R =R’"=H, Y = Cll H
b, R = H, R = COCH,, Y = CIL h.R=H, X==0
¢, R=Y =CH; R" = H O
dR=R =Y=H e R=CHo. X =]
H
OR’ d. R=CHy, X ==0
R OCOCH, OR
HzC ‘l{
: HO,
H y : . :
VIlla, R = H, R’ = COCH (HeC0 H HC=C H
LR =CHy R = H Xl XIVa, R=H
’ N b, R = COCH;

compounds IIla, ITIb, IIIh aud IIIj led to the corre-
sponding 2-hydroxymethyl-A2-analogs VIa, VIb, VIc
and VId, respectively. Reoxidation of the allylic alco-
hol VIa with 2 3-dichloro-5 6-dicyanobenzoquiiione!?
regenerated the o,G-unsaturated aldehyde IIla in high
vield. This established that the borolivdride reduc-
tion of IIla had not appreciably affected the olefinic
double bond.

The unsaturated aldehyde IIIb was further charac-
terized by oxidation with 8 N cliromic acid!® to afford
the corresponding A*-2-carboxylic acid VII.

1t is of interest to note that Wolff—Kishuer reduction
of 2-formyl-A’-androstene-178-o0l (I1Ia), then acetyla-
tion, led to the exocyclic methylene compound VIIIa as
the major product, together with a small amount of the
2-methyl-A%isomer which was isolated after chroma-
tography. A similar reduction of IIIh led to VIIIb as
the only isolable product, probablyv due to the greater
difficulty of separation of the corresponding isomeric
aleohols o11 alumina.

To investigate the effects of methivl aud halogen sub-
stitution and further unsaturation v- to the 2-formyl-
A%-system, !4 the 4o-methyl, 4a-cliloro and A*analogs of
2-formyl-A%-androstene-178-0l  (I1la) were prepared.
4a-Methylandrostane-178-0l-3-one® readily condensed
with ethyl formate to afford the 2-hydroxymethylene
analog Ig which was hydrogenated to give 2«,4a-di-
methylandrostane-178-o0l-3-one.  Conversion of 2-hy-
droxymethylere-4a-methylandrostane-178-0l-3-one (Ig)
to its methyl ether Ih in the usual way, then reduction

(12) D. Burn, V. Petrow and G. O. Weston, Teirahedron Letters, No. 9,
14 (1960).

(13) K. Bowden, I. M. Heilbron, 15. R, 1. fones and B. C. L. Wecdon,
J. Cliem. Soe., 39 (1946).

(1'1) 'f. the enhancement of biological aetivity of certain A4-3-ketones
when a A-double bond or halogen atoms or 1nethyl groups are substituted
ut C-f, v- to the enone system: L. I. Fieser and M. llieser, *'Steroids,”
Reinhold Publishing Corp., New York, N. Y., 1959, Charter 17.8.

(13) fI.J. Ringold and E. Necoecliea, unpublished work. We thank Dr.

Ringold for details conecerning tlie preparation of this compound. For con-
stants. see ref. 2.

with sodium borolivdride and subscqueut {reatment
with acid furuished 4 a-metliyl-2-formyl-AZ-androstenic-
178-0l (Xa).

The preparation of the 4-halo analogs required a dif-
fereut approach since 4eo-halo-3-keto-5a-androstaies
are not readily available. T orcing acetylation of the
unsaturated aldehyvde IIla led to the dienol acetate IX
which displayed aun absorption maximum in the ultra-
violet at 248 mu (e 14,000) and which, on reduction
with sodium borohydride in methanol, gave 2-hivdroxy-
metliyl-A2-androstene-178-ol acetate (VIb).

Treatment of the dienol acetate IX with N-cliloro-
suceinimide in dioxan containiug perchloric acid af-
forded 4a-chloro-2-formyl-A2-androstene-178-ol acetate
(Xb). The equatorial (4a-) configuration was as-
signed to tlie chilorine atom i Xb when it was shown
that it was recovered unchanged after treatment with a
saturated solution of hydrogen chloride in ethyl acetate
for 5 hours at room temperature.

I a similar manner N-bromosuccinimide reacted with
the dienol acetate IX to afford the 4¢-bromo analog
Xe. Dehydrobromination of Xe with caleium carbo-
nate!® in dimethylformamide led to 2-formyl-A?4-au-
drostadiene-178-0l acetate (XI), showing a character-
istic ultraviolet maximum at 321 mgu (e 15,000).

In an attempt to make the 4a-fluoro analog Xd, the
dienol acetate IX was treated under a wide variety of
conditions with perchloryl fluoride,™ but in no in-
stance was a fluorine-containing product obtained.
The ouly recognizable product. formed in low vield,
was the 4a-chloro compound Xb. It is possible to
rationalize this result if it be assumed that the perehlo-

(16> R. Joly, J. Warnunt, ;. Nowwné and . Bertin, Bull. soc. chim.
Freance, 266G (1958).

(17) Cf. the preparation of 6-fluoro-at-3-ketones from the enol acetates of
Avd-ketones and perchloryl fluaride, B. M. Bloom, V. V. Bogert and R.
Vinsou Jr,, Chem. Ind. (London), 1317 (1959).
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ryl fluoride contains impurities which are capable of
chlorinating the enol acetate.!®

There were also prepared for biological evaluation
the homologs 2-acetyl-A%-androstene-178-0l (XIIb), 2-
acetyl-17 a-methyl-A%androstene-178-ol (XIId) and 3-
acetyl-A2-androstene-178-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-
dicyanobenzoquinone!! in dioxan solution to the 2-
acetyl-A2-compound XIIb. By a similar reaction se-
quence, the 17co-methyl enal IITh afforded the enone
X1Id via the allylic alecohols (XIIe).

Prior to this approach the direct acylation of A%an-
drostene-178-0] acetate® with acetic anhydride in the
presence of zinc chloride was investigated. A product
was obtained in low yield [Amax 234 mu (e 12,600)]
which was shown to be 3-acetyl-A?-androstene-173-ol
acetate (XIII). Its structure was proved conclusively
in the following manner: treatment of 5a-androstane-
178-01-3-one with ethynylmagnesium bromide gave the
3-ethvnylearbinol XIVa, characterized as its acetate
(XIVb). The diol XIVa underwent rearrangement!®
with formic acid to the 3-acetyl-A%-compound, isolated
as its 178-acetate (XIII)2 which proved to be identical
i1 every respect with the product obtained from the
acylation of A%-androstene-178-0l acetate.

Biological Activities.—The compounds were assayed
as outlined in Part I of this series® and some of the
results, which are of a preliminary nature, are sum-
marized in Table I. Substitution at C-2 by hydroxy-
methyvl 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-hydroxymethy! com-
pound. A more detailed report will appear elsewhere
by Dr. R. Dorfman and his colleagues.

TasLe I
ANDROGENIC AND ANABOLIC ACTIVITIES OF
2-FoRMYL- AND 2-HYDROXYMETHYLANDROSTENES
(Activity oF TesTosTERONE = 1.0)

Substitution in Andro- Ana-

Compound ring A Assay genic bolic
XI 2-CHO-A2* Injection 0.1 0.1
II1a 2-CHO- a2 Injection 0.2 1.0
Via 2-CH,OH-A"- Injection 0.2 2.2
Vie 2-CH,OH-A®- Oral 0.3 2.2

(17-CH;-178-OH)

Experimental?!

2-Methoxymethylene-5«-androstane-38,173-diol (IIa).—To 2-
methoxyinethylene-5«-androstane-178-ol-3-one  (Ia) (19.0 g.)
dissolved in methanol (400 ml.), sodium borohydride (7.0 g.)
in methanol (100 m!l.) was added dropwise during 15 min.,
with external cooling. Five min. after the completion of addition
of the borohydride, there remained in the solution no material
showing selective absorption in the ultraviolet. The solution
was filtered and poured slowly into a rapidly stirred 59, aqueous
salt solution (3 1.) at 0°. The white precipitate was filtered off,

(18) This result parallels the finding of 8. WNakanishi and E. V., Jansen,
J. Org. Chem., 27, 703 (1962), who treated the enol acetate of a 17-keto-
steroid with perchloryl fluoride in pyridine-acetone and obtained a clloro
compound. Chlorination of a phenol under similar reaction conditions was
observed by A. 8. Kende and P. MacGregor, J. Am. Chem. Soc., 88, 4197
(1961), and attributed to reduction of chlorate to hypochlorite by the
solvent, dimethylformamide.

(19) A. W. Johnson, "Acetylenic Compounds,’ I. E. Arnold, London,
Vol. I, 1946.
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washed with water until neutral, dried and recrystallized from
acetone; yield, 14.3 g. (759,); m.p. 155-157°. A portion of this,
recrystallized twice from acetone gave pure 2-methoxymethylene-
androstane-33,178-diol (I1a), m.p. 158-160°; [a]p —35° (CHCL);
ultraviolet, no selective absorption; infrared, OH, no carbony!
band.

Anal. Caled. for CaHy0;: C, 75.40; H, 10.25; O, 14.35.
Found: C, 75.52; H, 10.47; O, 14.64.

2-Formyl-A2-androstene-173-0l (IIIa).—To a suspension of
2-methoxymethyleneandrostane-33,173-diol (I1a) (4.0 g.) 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-A2-androstene-173-ol (I1la)
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., 66%,.

The pure aldehyde was obtained by twice recrystallizing from
ethyl acetate, and had m.p. 209-211°; [«]p +102° (CHCL);
Maax 282 My (e 13,000) and 309 mu (e 44); »5% 1663 (s), 1645
em. = (m).

Anal. Caled. for CoHyx0,.: C, 79.42; H, 10.00. Found: C,
79.13; H, 10.03.

2-Formyl-A2-androstene-173-0l Acetate (IIIb).—A solution of
2-formyl-A%androstene-173-ol (I1Ia) (4.0 g.) in pyridine (50
ml.) and acetic anhydride (20 ml.) was left overnight at room tem-
perature. Removal of the reagents by evaporation under vac-
uum, and three recrystallizations of the residual erystalline solid
from methanol, vielded the acetate IIIb (3.1 g., 66%); m.p. 161-
163°; [alp +84° (CHCL); Amax 232 mp (e 13,200) and 312 mu
(e43); »E57 1740, 1680 and 1650 em. L.

Anal, Caled. for CooHj;05: C, 76.70; H, 9.36; O, 13.93.
Found: C,76.43; H, 9.37; O, 14.26.

2-.Formyl-AZ-androstene-173-0l Propionate (IIIc).—Similar
treatment of the alecohol I1Ia (1.01 g.) with propionic anhydride
and pyridine yielded the propionate IIl¢ which was recrystallized
twice from ethyl acetate-methanol to give 370 mg. (299):
m.p. 140-144°; [a]p +74° (CHCL;); Amex 232 mu (e 13,500) and
310 mu (e 44); »52 1740, 1676 and 1724 cm. L

Anal. Caled. for Cu;H0;5: C, 77.05; H, 9.56. Found: C,
76.92; H, 9.50.

2-Formyl-AZ-androstene-173-0l Cyclopentylpropionate (IIId),
—A solution of 2-formyl-A%-androstene-178-ol (5.0 g.) in pyridine
(25 ml.) 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
II1d, as needles from acetone, m.p. 138-141°; [«]p +75° (CHCL);
Amax 232 My (€ 14,000) and 316 mu (¢ 15).

Anal. Caled. for CisHpO;: C, 72.82; H, 9.92; O, 11.25.
Found: C,78.60,H,9.75; 0O,11.22,

2-Formyl-A?-androstene-173-o0l Valerate (IIle).—A solution of
2-formyl- A% androstene-178-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 pyridine (1.60 ml.,
19.8 mmoles, 1.5 equiv.) and valery! 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 yvielded the
valerate IIId as a non-crystalline wax (4.1 g., 799), melting in
the range 110-130°; [a]p +75° (CHCL); Amax 232 mu (e 12,600).

Anal. Caled. for CesHyO;: C, 77.67; H, 9.91. Found: C,
77.30; H,10.02.

2-Formyl-A%-androstene-178-ol-A%’-undecencate (IIIg).—(a)

(20) After the completion of this work thie preparation of XIII by the
same procedure {rearrangement of XIVa) was reported by M. Dvolaitzky,
H. B. Kagan and 1. Jacques, Bull. soc. chim. France, 598 (1961).

{21) Melting points are uncorrected. Optical rotations were measured
as 1%, solutions in the stated solvents at 25°. Ultraviolet absorption spectra
were nieasured in ethanol solution using a Beckman DK 2 spectrophotorn-
eter. Infrared absorption spectra were determined using a Perkin-Elmer
Model 21 spectrophotometer, equipped with sodium chloride optics. Thanks
are expressed to Dr. J. Matthews 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 at 120° for 72 hr. Grades of
activity, where given, are those of H. Brockmann and H. Schodder (Ber.,
74, 73 (1941)).
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The A'-undecenonte was prepuared similarly using A'-undecen-
oyl chloride. The wax had [a]i, +64° (CHCLI; Newx 232 mp
(e11,700).

Anal. Caled. for CyHgO: C) 7943
Found: €, 79.20; H, 10.42; O, 10.05.

In some runs, this esterification method gave material of X,
between 222 and 232 my, and with lower extinetion coefficients.

{b: Preparation of the Undecenoate IIlg »iac the 2-Cyclo-
ethylene Ketal.—-A sohition of 2-formyl-A%-androstene-173-ol-2-
cveloethylene ketal (Vi (15 g., 43 mmuoles; in dry tetrahydrofuran
1200 mb) and pyridine (15 mb) was left at room temperatire
avernight with undecenoyl chloride (13.2 g., 65 mimnoles).  Work-
g up by addition of wnter and ethyl acetate, and washing the
arganie Ihyer gave, on evaporation, the nndecenouwte 17-ketal ag
an oil.  Treatnient of the ketnl with dihite nqueons methanolic
hydrochitoric neid for 10 hr. at room temiperature, extraction,
washing, evaporation to dryness and passage throngh o silien
cohinn in methylene chloride gave 2-formyl-a®androstene-173-
olundecenoate (I1lg) identical with that obtained by romte (e

2-Formyl-A%-androstene-173-0l Caproate (IIIf1.-2-Formyl-
Arandrostene-178-ol-2'-cthylene ketul (5.0 g.) was converted biv
method (b), as above, to I The wax (73] vield) had [ee )i
+69° (CHCL S N 232 (e 11,500,

Anal. Coled. for (LeHyOs: C, 77095, HL
Found: C, 78.34; H, 10.05; O, I1.H8.

2-Formyl-A%-androstene-173-o0l-2"-cycloethylene Ketal 1V,
A solution of 2-formyl-A%nndrostence-178-0l (11Ta) (3.0 g3 iy
benzene (300 mb) and ethylene glveol (51l wus stirred and re-
fluxed through a water separator until no more water was seen to
sepirate. Tohiene-p-sulfonic ncid (40 mng.) was added and the
stirring and reflux were continned until water ceased to sepurate
(0.5 hr. ;.

The solution was cooled, und excess of solid sodium bicarbonate
was added.  The solution was poured into water nnd the benzene
lnyer was separated and washed until neutral, dried with sodinn
sulfate, and evaporated to give o crystulline solid.  Recrystalli-
zation from hexnne containing a few drops of pyridine gave the
ketal (2.3 g0 nep. 130-151°; (e +65° (CHCL).

Adnal. Caled. for CwHy O (0 762G H, 9.840.
75.9:4; H, 9.80.

33,173-Dihydroxy-2-methoxymethylene-17 «-methylandro-
stane (IIb).-—A solntion of 2-methoxvinethylene-17a-methyl-
dihydrotestosterone (Id) (16.5 g.) in methanol (400 mlY wns
stirred while sodinm borohydride (9.0 g.) was udded dropwise
it methanol solution during 15 min.  The solution becaine warm
during the addition and was left a total of 30 min. Pouring
inta water, filtration, and recrystallization from acetone vielded
38,178-dihydroxy-2 - methoxyniethylene - 17« - methylandrostane
(Hb), mup. 142-144°; vield 12.3 g. (74%(). A sample recrystal-
lized four times Irom acetone had m.gr. 146--149°; [w]n — 337
(CHCHL).

bnal. Caled. for CapHyOyr C, TH.81; H,
Found: C,75.70; H, 10.50; O, 13.85.

2-Formyl-17a-methyl-A%-androstene-17g-ol  {IITh).~-To
stirred  suspension  of  38,178-dihydroxy-2-methoxymethyvlene-
17a-methylandrostane (IIb) (10.0 g.) in acetone (250 ml.} was
added coned. hydrochlorie acid (0.1 ml.).  The steroid dissolved
completely within 3 min.  After 10 min. water was added drop-
wise to the stirred solution until erystals of the aldehyde I1Th
began to form.  More water wis ndded (to a total of 530 ml. %,
the suspension was cooled in an ice bath, and the crystals were
filtered off; yield, 1.8 g. (41¢(). A portion recrystallized from
ncetone--water as plates with in.p. 148-150°; [a]y 4+70° (CHCL);
N 232 mp (e 13,000); 312 mpu (e 455, Rotatory dispersion in
methanol (o, 0.0485): [ali +23°%, {aliss +76°, [aln +631°,
feius e +60°, [alen +050°, [l +627°.  The rotatory disper-
sion curve s virtually unaltered on addition of o drop of hydro-
chlorie neid.

dwad. Caled. Tor CaylheO.: Q, 79.70; H,
Found: ¢, 79.30; H,10.36; O, 9.83.

17«-Methyl-2-N-methylanilinomethylene-3-androstan-173-
ol-3-one (IVa).—A solution of 2-hydroxymethylene-17a-nethyl-
Se=nndrostan-178-o0l-3-one® (40,0 g.) in wethunol (800 ml.:
containing  N-methvlaniline 140 ml, freshlv  distilledi was
heated nnder refhix (2 b oand then evaporinted to dryness.
The restchie was shirried with hexane (300 mlb) and absorbed on
nmwashed ol (300 g0 Pluting first, with hexane, then
hexnue henzene (1: 1) nnd finally beuzene rentoved N-methylani-
Hne. Suhseqnent eliution with ethyl acetate-benzene (1 1) gave,
after ervstatization from weetone: hexmne, 38.2 ¢ €719 ) of 170

H, 10.32; 0O, 1024

1007 O, 1108,

TFannd: €,

1041; O, 13.7%.

1015 O, 10.106.

Vol. G

methyl-2-N-methy anilinomethy lene-d e-undrostane-17g-ol-3-one
(IVa), mup. 196-198°; [aln —415° (pyridine); Aeas 238-240
mu (e 0,100% and 346 mu (e 29,5005 The nmlytienl saniple,
which was cryvstallized once from ether and 4 tintes from acetone
cther, had m.p. 198-190°;  [alp —407° (pryridine): N,.¢ 238
mp (ed,200) and 344346 mu (e 21,400).
bal. Caled. for CosHzoeNOs: €, 70.76; L 4.32: O, 7.04; N,
2320 Found: C,79.42; H,0.14; O, 7.99; N, 3.64.
17a-Methyl-2-N-methylanilinomethylene-5«-androstane-
38-173-diol (IVb).--To n solution of 17a-methyl-2-N-methyl-
anilinomethvlene-5a-undrostane-173-ol-3-one (500 mg.» in meth-
anol (20 mby was added sodinm borohyvdride (600 ing.) in water
12 mhby and the mixture was set aside at room temperature for
2.5 hr., aftter which it was poured into water (100 ml « and the
produet was extracted into ethyl acetate (3 X 50 mbi.  Evapo-
ration ol the dried extracts and crvstallization of the residue
frrin acetone gove 450 g of aderial, nep. 139-160° Re-
peited recerystatlization (rom acetone giave o single isomer, pre-

stunibly The 33.178-diol IVhL, nope 163-164°0 [elne —212.57
(CHCL); Amas 274 1 (e 14,5001,

el Colecds for CooHgNOS: € T8TR; L 1004, G, 777
N, 3400 Feaneds €, 7841; H, 10.00; O, 7.80; N, 3.02,

2-Formyl-17 «-methyl-A*-androstene-1738-0l (IIlhi,—A\ schi-
ticar of 17a-nethyl-2-N-methybinilinomethyleuce-o-audrostane-
38, 17s-diol (100 mg.> in methannt (2.5 mb i was (reated with
three drops o ccnred. hydrochlorie aedd. Alter 10 min., il
solution was ponred into water (20 wb) and the prodoet wis
collected, washed with water and dried (74 mg., wm.p. 140 144°:,
Reerystallization from acetone-hexane guve 2-formyl-17e-meth-
vi-Azundrostene-173-al, nep. 150-151°%; [aln +72° (CHCLy:
N 232 1mp (e 13,000), identical with that prepared from b,

When this sequence was repeated without isolation of 1Vh, the
over-all yield from IVa to HTh of nip, 150-151° was 93¢,

2-Formyl-Az-androstene-17-one-21’-cycloethylene Ketal.---2-
Formyl-AZandrostene-17g-ol-2-ethyvlene ketal (2.3 g.) in pyridine
(10 mly was enoled i ice, and a suspension of chrominm trioxide
pyridine complex ifrcan chrominm trioxide, 3 g.) was added.
The mixture was lef € at room temiperature For 16 hre Fther (500
mlb o was added, and the mixture was shaken to disperse the pre-
cipitate.  The granulur solid was Giltered off; the ether solirtion
was washed with water until nentral, and evaporated to leave a
crystalline resichie.  The 2'-ketal-17-ketone was recrystallized
from ethylscetate to mup. 179-181°%: {afie +120° (CHCL); At
203 mule3di

dnel. Coled. o CaHp Oy U 76.70:
Found: ¢, 7H.50; H,9.57; O, 13.82,

17 2=Ethynyl-2-formyl-A2-androstene-173-ol illlii. A sala-
tiou of 2-formyl-A%-androstene-17-one-2"-ethylene ketal (1.8 g.) in
dry tetrahydrofuran (10 mb) was ndded to a solution of ethynyl-
nagnesium bromide (Trom 2 g. o magnesium)?* nud the mixture
was left at room temperature overnight. The solition was
poured into water, extracted with ether, washed, dried and
evaporated (o an oil. Treatment of this with hyvdrochlorie seid
(0.3 mb) in neetme (10 inl), dilution with water and extraction,
gave (11, purified by chromatography and reerystallization
from benzene-acetoue, 1o urp. 178-180°; [aly +19° «C'HCL ¥
Noas 232 mp (e 13,0007,

Anal. Culed. for CepHy0.: €,
Found: (2, 80.01; H,9.06; O, 10.10.

2-Hydroxymethylene-19-norandrostane-173-ol-3-one (le}. (a;
By Sodium Methoxide Condensation.—To a stirred solution «f
19-norandrostane-178-0l-3-one’® (1.0 g.) in a mixture of methyl-
ene chloride (6.5 ml) and ether {2.0 ml.) was ndded sodiim
methaxide (0.6 g.1 and ethy! formate (1.0 ml.,, freshly distilled).
The reaction mixture wus stirred nt room temperatiure for 4 hr.,
after which the precipitated sodium salt was collected, wushed
well with methylene chloride and dried ir eacwo. The sult
was dissolved in wiater (100 ml) ond the solution wns acidified
with dilute hydrochlerice acid to precipitate the hydroxymethylene
derivative Ie which was collected, washed well with water and
dried @ ravan. The vield of erude product (mu.p. 172-180°) was
101 g (920 cand itowas sufficiently pire for subsequent transfor-
nitions,

A (wice recrvstallized sanple Ioud wep. 190 21927 (front ace-
(cae-hiexane); ol 4 179° (dioxan); News 281 mu (e 8,900);
v 355043450 (2 (handed OTD), 1705 Cw i (C O and 1635 em. !
o chelnted €0 on

H, .56 O,

IHRIEN

80.03; H, 0.26; O, 080,
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Anal. Caled. for CiyHsO;: C, 74.96; H, 9.27; O, 15.76.
Found: C, 74.90; H,9.30; 0O, 15.61.

(b) With Sedium Hydride.—Sodium hydride (2.9 g.) was
added slowly in portions to a stirred solution of 19-norandro-
stane-178-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 at 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-173-ol-3-one (Ie) was col-
lected, washed with water and dried (4.80 g., 629, 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-173-o0l-3-one
(IVe).—A solution of 2-hydroxymethylene-19-norandrostane-
178-0l-3-one (Ie) (4.45 g.) in a mixture of benzene (50 ml.) and
methanol (50 ml.) containing N-methylaniline (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.
(709%) of 2-N-methylanilinomethylene-19-norandrostene-173-ol-
3-one of m.p. 174-176°; [a]p —262° (dioxan); Am.x 238 (e
5,000) and 344 mu (e 19,500); »X 3500 (s) (OH) 1660 (s) (a,8-
unsaturated C=0), 1615 (m) (conj. C=C stretching, 752 (s) and
690 cm. ~! (s) (aromatic C-H out-of-plane deformation).

Anal. Caled. for C5sH3:NOo: C, 79.35; H, 8.96; O, 8.13; N,

3.56. Found: G, 79.27; H,8.93; 0,8.30; N, 4.01.

2-N-Methylanilinomethylene-19-norandrostane-33,173-diol
(IVd).—A solution of sodium borohydride (680 mg.) in water (8
ml.) was added to a solation of 2-N-methylanilinomethylene-19-
norandrostane-178-ol-3-one (IVe) (675 mg.) in a mixture of
inethano! (15 1nl.) and dioxan (19 ml.). The mixture was stirred
at room temperature for 8 hr. The precipitated diol was col-
lected and washed with water (440 mg., m.p. 148-152°). Slow
dihition of the mother liquors with water gave a further 220 mg.
of material, m.p. 150-155°. The total vield was 660 mg. (97%%).
Both crops of material displayed only a single maximum at 272
my in the ultraviolet spectra, indicating that reduction was com-
plete. Repeated recrystallizations from ethyl acetate raised the
melting point to 164-166°, indicating that the crude product was
a mixture, probably of alcohols epimeric at C-3. The pure iso-
mer, isolated in 629, vield and presumably the 33, 1738-diol IVd,
had m.p. 164-166°; [a]p +19° (dioxan); Amax 272 mu (e 12,000);
veor 3450-3400 (s) (OH), 1680 (w) (unconj. C=C), 1615 (m) (aro-
matic C=C, 752 (s) and 690 cm.~! (s8) (aromatic C-H).

Anal. Caled. for CsHyNO.: C, 78.95; H, 9.43; O, 8.09;
N, 3.54. Found: C,78.84; H, 9.58; O, 8.04; N, 3.13.

2-Formyl-A2-19-norandrostene-173-o! (IIIj).—A solution of
the enamine alcohol IVd (2.08 g.) in methanol (75 ml.) was
treated with 3 drops of coned. 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 I1Ij, m.p. 163-165°; [a]p +172°
(dioxan); Amax 232 mp (e 13,500); 5B 3670 (s) (OH),
1690 (s) (a,B-unsaturated C=0) and 1660 cm.~! (m) (conj.
C=C stretching).

Anal. Caled. for CiyH0.: C, 79.12; H, 9.78; 0O, 11.10.
Found: C, 79.20; H, 9.85; O, 11.23.

17-Ethynyl-2-hydroxymethylene-19-norandrostane-173-ol-3-
one (If).—To a stirred solution of 17a-ethynyl-19-norandrostane-
178-01-3 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 which the precipitated sodiumm salt was collected, washed
with inethylene dichloride and dried in vacuo. The salt was dis-
solved in water (150 ml.) and the solution wuas acidified with
dilute hydrochloric acid to precipitate the hydroxymethylene
derivative (If) which was collected, washed well with water and
dried. The erude product (1.27 g., 77%) was amorphous but
sufficiently pure for subsequent transformnatious.

A twice crystallized sample had m.p. 174-178° (fromn acetone
hexane);  [a]ln —4° (dioxan); Mpux 280-282 mp (e 9,000);
pii® 3360 (in) (bonded OH), 3270 (w) (—C=C—T), 1710 (w)
(C==0), 1642--1600 cin. ~! (chelated C=0).
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Anal. Caled. for CauHiOs: C, 7679, H, 8.59; O, 14,61.
Found: C, 76.47; H, 8.61; O, 14.88.

17 x-Ethynyl-2-N-methylanilinomethylene-19-norandrostane-
173-0l-3-one (IVe).—A solution of 17a-ethynyl-2-hydroxy-
methylene-19-norandrostane-178-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 vacuo and the residual oil was taken up in hot acetone, treated
with carbon, and diluted with hexane to give the enamine (781
mg., 70%), m.p. 198-206°.  After recrystallization from acetone-
hexane, IVe had m.p. 209-211°; [a]p —326° (dioxan); Amax
238-240 mu (e 6,000) and 344 mu (e 17,000); »<2 3590 (m)
(OH), 3270 (m) (C=CH), 1640 (s) (a,B-unsaturated C=0),
1608 (w) (conj. C=C), 1530 (s) and 1500 em. "! (8) (aromatic
Cc=C).

Anal. Caled. for CsHuNOs: C, 80.54; H, 8.45; O, 7.66;
N, 3.35. Found: C, 80.33; H, 8.53; O, 7.56; N, 3.40.

17«-Ethynyl-2-N-methylanilinomethylene-19-norandrostane-
33,173-diol (IVf).—A solution of sodium borohydride (110 mg.)
in water was added to a sohition of 17a-ethynyl-2-N-methylani-
linomethyvlene-19-norandrostane-178-ol-3-one  (IVe) (106 mg.)
in & mixture of methano! (2.3 ml.) and dioxan (3.0 ml.). The
mixture was stirred at room temperatiire overnight. The
precipitate of diol was collected, washed 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. 142-155°. The total
vield was 104 mg. (95%). The mixture of epimers could be con-
verted directly to the aldehvde (IITk). Fractional crystalliza-
tion from acetone-hexane gave a single isomer, presumably the
38,178-diol IVf of m.p. 158-160°; [alp —7° (dioxan); Amax
272 mu (e 12,000); vatr 3570 (m) (OH), 3270 (w) (—C=CH),
16086 (s) and 1510 cm. ™! (8) (aromatic C=C).

Anal. Caled. for CsHyiNO.: C, 80.14; H, 8.88; O, 7.62.
Found: C, 79.56; H, 9.74; O, 6.95.

17«-Ethynyl-2-formyl-19-norandrost-2-en-173-0! (IIIk).—A
sohition of the enamine alcohol IVf (100 mg.) in methanol (2.3
ml.) was treated with one drop of coned. hydrochlorie acid and
allowed to stand for 30 min. Water (15 ml.) was slowly added
and the white precipitate wus collected, washed with water and
dried (62 mg., 83.5%), m.p. 146-150°, A pure sample had m.p.
157-159° (from ether-hexane); [a]p +73° (dioxan); Anax 232
mu (e 14,000); »52 3570 (m) (OH), 3280 (m) (C= CH), 1680
(s) (a,B-unsaturated C=0) and 1650 ecm. ! (w) (conj. C=C).

Anal. Caled. for CuHyxO,: C, 80.72; H, 9.03; O, 10.24.
Found: C, 80.76; H, 9.21; O, 10.44.

2-Hydroxymethyl-A2-androstene-178-o0l (VIa),—To u shirry of
2-formyl-A2-androstene-178-ol (IIIa) (5.0 g.) 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 at
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., 889, vield) unchanged on further recrystallization from
ethanol; [alp +58° (CHCL).

Anal. Caled. for CyoH;3:0,: C, 78.89; H, 10.59; O, 10.51.
Found: C, 78.73; H, 10.65; O, 10.56.

Reoxidation to the Unsaturated Aldehyde IITa.—2-Hydroxy-
methyl-A%androstene-178-ol (1.05 g.) in dioxan (30 ml.) with
2,3-dichloro-5,6-dicyanobenzoquinone (950 mg.) was left at
room temperature overnight. Pouring into methylene chloride,
filtration through alumina, and crystallization from ethy! acetate
gave the conjugated aldehyde IIIa identical with authentic
material.

2-Hydroxymethyl-A2-androstene-173-0l 17-Acetate (VIb).—
A solution of 2-formyl-178-acetoxy-A2-androstene (II1Ib) (8.0 g.)
in dioxan (100 inl.) was mixed with a solution of sodium boro-
hydride (5.0 g.) in water (100 ml.) and dioxan (30 ml.) and stirred
at room temperature for 2.5 hr. Dilution with water, filtration,
washing to neutrality, drving and recrystallization from aqueous
methanol yielded VIb (7.73 g., 969%); nup. 133-136°; [aly
+46° (CHCL); infrared bands of OH, OAe, no other carbonyl
band.

Anal. Caled. for CuHO0.0 G, 76.26;
Found: C, 75.04; H, 9.94; O, 14.44.

2-Hydroxymethyl-17 ¢-methyl-A%-androstene-178-ol {Vic).—A
solition  of  2-formyl-17e-methyl-A%-androstene-178-ol - (I1th)
(1.0 g.) in methanol (30 mil.) was left overnight at room tempera-

H, 0.80; O, 13.85.
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ture with sodiw borohydride (1.0 g.). The solution was poured
into water, and the precipitate was filtered off and washed until
the filtrate was neutral. Chromatography of the product on
ahnnina (30 g., activity I), and ehition with ether guve Vle
(320 mg., 329 yield). A portion of this, twice recrystallized
from acetone, had m.p. 167-169°; [a]p +26° (CHCL); ultra-
violet no maximum i the region 215 to 330 mu.
Anal. Caled. for CaHgO.: C, 79.19; H, 10.76.
C, 78.92; H, 10.75.
2-Hydroxymethyl-19-nor-A2-androstene-173-o0l (VId).—A so-
Intion of sodium borohydride (400 mg.) in water (15 ml.) was
added to a sohition of 2-formyl-19-nor-A%-androstene-173-ol
(TI1j) (400 ing.) in methanol (6 ml.}. After 1.5 hr., the renction
mixture was diluted slowly with water (15 ml) and the white
ervstalline product was collected, washed with water, and dried
(402 mg., .. 172-175°).  Recrystallization from acetone-
hexane gave 362 mg. (9097) of VId, wm.p. 185-186°; [«]p +104°
(dioxan); »57 3450 em. ! (s) (OH).
Anal. Caled. for Ci,H0,: C, 78.57;
Found: C, 78.55; H, 10.57; O, 11.22,
2-Carboxy-A2-androstene-173-ol Acetate (VII).—A solution of
2-formyl-A2-androstene-173-ol acetate (II1h) (11.0 g.) in acetone
(125 ml.) was treated at 0° during 3 hr. with u solution of chro-
mium trioxide (8 N) in dilute sulfuric neid (20 mlk). The product
precipitated on pouring the solution into water. Filtration,
drying, and reerystallization fromt acetone gave the pure acid
VI (6.8 g., 60%¢) m.p. 267-268°; [a]n +67° (CHCL): Nuux
218 mu (e 9,100).
Anal. Caled. for CopHyp04: C, 73.30;
Tound: C, 73.62; H, 8.68; O, 17.20.
2-Methyleneandrostane-173-o0l Acetate (VIIIa).—A sohition of
2-formyl-A2-uandrostene-178-ol (I1Ia2) (3.0 g.) in ethanol (15 ml.)
with potassium hydroxide (2 g.) and anhydrous hydrazine (5 ml.)
was heated to 130° for 23 hr. in a sealed tube. The prodict was
poured into water and extracted with ethyl ucetate. The or-
gunie luyer wus washed until neutral, dried, and evaporated to
give a crystalline solid. The total product was ncetylated with
pyridine {15 mlb) and acetic anhydride (10 ml.) overnight at
room tewmperature. Dvaporation under redieed pressure and
chromatography of the produet on ahimina yvielded, in the first
fractions, 2-methyl-A%androstene-175-ol ucetate, m.p. 124-126°.
T'he infrared speetrum was identical with that of authentic ma-
terinl.  Further ehition gave VIIIa which crystallized from
methanol as needles (1.7 g., 524}, nip. 140--142°; [a]p —34°
(CHCl); ultraviolet no maximum above 215 mu. "The melting
point did not go down on admixture with muaterinl obtained?
by the Wittig reaction with 2-keto-undrostane-173-ol and subse-
quent acetylation; the melting points and infrared spectra of the
two products were identical.
2-Methylene-17«-methylandrostane-173-0l (VIIIg).—A solu-
tion of 2-formyl-17a-methyl-A2-androstene-178-ol (10.0 g.)in etha-~
nol (70 ml.) with potassium hydroxide (8 g.) and anhydrous hydra-
zine (10 ml.) in a sealed tube was kept ut 130° for 24 hr.  The mix-
ture was poured into water, acidified with oxalie neid and extracted
with ethyl acetate. Evaporation of the organic layer to dryness
and chromatography on ahnnina gave VIIIb (3.9 g., 419%) as
needles from methanol, m.p. 156-158°; [«]n —24° (CHCLy);
vaer 3040, 1650 and 889 cm. ! ((“=CH,). The melting point
wis undepressed on mixing with a sample of 2-methylene-17a-
methylandrostane-178-ol obtained! by the Wittig reaction with
the 2-ketone. The infrared spectra of the two products were
identical.
2-Methoxymethylene-4«-methylandrostane-173-ol-3-one (Ih).
—A solution of 4a-methylandrostane-178-ol-3-one’® (2 g.) in
benzene (120 ml.} was stirred for 5 hr. with ethy! formate (8 ml.)
and sodium hydride (4 g., 509 mineral oil dispersion). The
mixture wus poured into water, and the muaterial insoluble in
nepteons alkali was removed by washing with ether.  Acidifica-
tion of the nqueous alkaline sohition, and extraction with ethyl
ncetate yielded, on evaporation, 2.4 g. of material Ig which was
dissolved directly in methanol (10 ml.) and treated with perchloric
acid (3 drops, 7297). 2-Methoxymethylene-4a-methylandro-
stine-178-ol-3-one (Th) (1.74 ¢.), m.p. 214-216° separated from
the sohition on cooling and was reervstallized from methanol to
nep. 218-218.5%; [aln +45° (CHCLI: Naav 276 mu (e 12,000).
bl Caled. for Caol Oy C, 76.2G; H, 9.89. Fomd: C,
76.04: 11, 0.64.
2-Formyl-A2.4¢-methylandrostene-173-0l (Xa).--To a sus-
pension of 2-methoxyvinethylene-4o-inethylandrostane-173-ol-3-
one (Ih) (1.54 g.) in inethanol (50 ml.) was added sodiwin boro-

Found:

1, 10.42; O, 11.02.

I, 8.495; O, 17.75.
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bvdride in small quantities until all the steroid hud dissolved.
The solution then showed no selective ultraviolet absorption.
Acidification with dilute hydrochloric acid followed by precipi-
tation in water and reecrystallization from ethyl acetute gave
N (800 mg.} nup. 196-200°; [«ln -+19° (dioxan; Ay
234 nip (e 11,500,

Jual. Caled. for CyHpO,: C, 79.70; H, 10.13.
C, 70.48; H, 10.19.

2w,4a-Dimethylandrostane-173-0l-3-one.—A sohition of 2-
hvdroxymethylene-4a-methylandrostane-178-ol-3-one  (Ig: (2.0
g.+ in ethanol {30 ml.} was hydrogenated in the presence of water
2,1 mLY and coned. hydrochloric acid ©0.1 nl.) with palladinm
on charcoal {600 mg., 5% w./w.) at 2.1 kg./em.? for 24 hr.
Filtration, dihition with water, extraction and evaporation gave
an oll.  Chramatography onr aluminn and crystallization from
acetone—hexane gave 2a,4e-dimethylandrostane-178-ol-3-one,
m.p. 181-185°; {alp +10° (CHCL).

Anal. Caled, for CoHs0.:r C, 79.19;
Found: G, 79.23; H, 10.55; 0O, 10.22.

2-Acetoxymethylene-Ad-androstene-173-0l Acetate (IX:. -

A solution of 2-formyl-A%-androstene-178-ol (IT1a) 114 g.% in
acetic anhyvdride {140 mlb.y, acetyl chloride (56 ml.} and pyridine
(6.3 ml.¥ was refluxed under nitrogen for 2.5 hr.  The reagents
were removed in vacmun and the residue was recrystallized from
aqueons methanol containing a small anount of paridine to
give the dienol diacetate IN (13.2 g.), m.p. 93-110°, A sumnple
was recrystallized to m.p. 113-116°; [a], +41° (CHCL);
Npav 248 mu (e 14,0007

Anal. Caled. for CuHyOs C, T4.57;
Found: C, 74.65; H, 8.95; O, 16.40.

2-Hydroxymethyl-A2-androstene-173-0l Acetate (IVbi.--The
enol dincetate IX (2.9 g.% in methanol (290 ml.) was mixed with
sodium borohvdride /4.3 g.) in water (43 k) at 10°, and lelt
to warm to room (emperature overnight. The solntion wos
acidified with acetic neid, dilnted with water and extracted with
ethyl ncetate.  The organie laver was wushed, dried and evapo-
rated to drypess. nnd the residne was filtered through alnmina in
benzene. Crystallization from necetone-hexane gave V1b (1.45
g.), . 141-143° and a second crop (670 mg.), mn.p. 125-138°,
Recrystallization guve m.p. 142.5-144°; {aly +43° (CHCL).

Anal. Caled. for C.Hu0,: C, 76.26; H, 0.89; O, 13.85.
Found: C, 75.79; . 10.05; O, 14.16.

4-Chloro-2-formyl-A2-androstene-173-ol Acetate (Xb).-—

2-Acetoxymethylene-A*-androstene-173-ol acetate (IX) (2 g.) in
dioxan (40 ml.) at +13° was mixed with aqueous perchloric ueid
(3 ml., 0.5 V) und N-clilorosuccinimide (1 g.). The reaction wus
allowed to proceed for 2 hr., after which the solution was diluted
with water und extracted with ethyl nectute, and the extract was
evaporated to driness. Reerystallization from acetone-hexune
vielded Xb, m.p. 206-207°; [alh ~24° (CHCL); Muiac 21
mu (e 12,000).

Anad. Caled. for CoHaO,CE C,
Tound: C, 69.45; H, 837; Cl, 9.42.

This produet wuas recovercd unchanged in high vield after
trentment with a saturated solution of hydrogen chloride in ethyl
acetnte for 5 hours at room ternperature.

4:-Bromo-2-formyl-A?-androstene-173-0l  Acetate (Xcl, — A
solution of 2-acetoxyinethylene-A%-androstene-178-ol  ncetate
(IX}{1.0 g.) in neetone (50 ml.) containing one drop of pyridine
was mixed with sodium acetate (0.71 g.) in water (7.1 ml) and
cooled in ice. A solution of N-bromoacetamnide (0.57 g.) iu
ncetic unhydride (5.7 mb) was added, and the mixture was
stirred in an ice-bath for ome hour. Pouring into wuter, extrac-
(ior, and crvstallization from uacetone-hexane yielded the -
bromo unsaturated nldehyde 17-acetate Xe (540 mg.) of m.p.
179-183° (dec.); [ali —32° (CHCL); Anax 236 mp (e 13,000).

Adnal. Cualed. for  CwIa0:Br: Br, 18.80. Found: Br,
18.50.

2-Formyl-A>‘-androstadiene-173-ol Acetate (XI). --"The bromn
aldehyde acetate Ne (450 mu.) was refluxed for 1 hir. with di-
methvlformamide (9 ml.} and finely powdered calcinm earbonute
{1.35 g.) in a nitrogen atmosphere. The suspension was ponred
inta water, extracted with ethyl ncetate, washed first with dilute
hydrochlorie acid, then with agueous soditum biearhonate, nnd
finully with wuter. Evaporation, filtration through ahimina,
and ervstallization from neetone—hexane gave X1 (245 nu.),
m.p. 160-170° (sublimes); [aln +129° (CHCL); Nuws 320~
322 myu (e 15,000).

Anal. Caled. for Cpln05;0.5C;HO:  75.97;
15.08. IFound: (, 76.18; H, 8.72; O, 15.10.

Found:

H, 10.76; 0, 10.05.

H, 887; O, 16.56.

60.77; 1L 8.24; ClL 9.36;

[, 8.95; O,



March, 1963

Reaction of the Enol Acetate IX with Perchlory! Fluoride.—
Perchloryl fluorde was passed in a slow stream into a solution
of 2-acetoxymethylene-A%-androstene-178-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 ethy! acetate, washed, dried and evaporated to
dryness. Chromatography of the residue on alumina and crystal-
lization from acetone-hexane gave 4a-chloro2-formyl-A%-
androstene-178-ol acetate (Xb), m.p. 207-208°; [«]p —15°
(CHCL); Mmax 213 mu (e 12,000) identical with the product
obtained by reaction of IX with N-chlorosuccinimide.

2-(1’-Hydroxyethy!’-A2-androstene-173-o0l (XITa;.—A solution
of 2-formyl-a%-androstene-178-ol (IIla) (5.0 g.) in benzene (400
ml., thiophene-free) was evaporated to 300 ml. Methylmag-
nesium bromide in ether (100 ml.,, 4 N') then was added dropwise
to the refluxing solution during 20 min. Reflux was continued
at 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 s 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°; [«]p +79°

(CHCL).

Anal. Caled. for CyH30,: C, 79.19; H, 10.76; O, 10.05.
Found: C, 78.83; H, 10.31; O, 10.29.

2-Acetyl-A%-androstene-178-0!  (XIIb).—A solution of 2-
hydroxymethyl-A2-androstene-173-ol (X1IIa) (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 ml.) and filtered
through alumina (60 g., activity III) in methylene chloride to
give XIIb, which was recrystallized 3 times from methanol to
m.p. 213-215°; [alp +110° (CHCl;); Amax 234 mu (e 15,000)
and 307 mu (e 53); »52F 1651 cm. L,

Anal. Caled. for CiH;0.: C, 79.70; H, 10.19; O, 10.11.
Found: C, 79.09; H, 10.20; O, 9.97.

2-Acetyl-17¢-methyl-AZ-androstene-173-0l (XIId).—A sohi-
tion of 2-formyl-17a-methyl-A%androstene-178-ol (IITh) (4.57
g.) in benzene (500 ml.) was evaporated to 300 ml. to remove
water. To the refluxing solution, methylmagnesium bromide
solution (100 ml., 4 N 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 N) 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 259 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 (XIIe) (1.0 g., 3.1 mmoles) in dioxan (10 ml.)
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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. at 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 X1Id (560 mg., 489, yield), m.p. 191-193°;
[a]p +88° (CHCl3); Mmax 234 mu (e 11,200) and 308 mu (e
55); viBr 1653 em. L,

Anal. Caled. for CpHgO,: C, 79.95;
Found: C, 79.57; H, 10.19; O, 10.19.

3-Acetyl-A2-androstene-173-ol Acetate (XIII),—To A2-andro-
stene-178-ol acetate (2 g.) in acetic anhydride (6 ml.) was added
zine chloride (2.5 g.), and the mixture was kept at 48° during 20
hr. The solution was poured into water and extracted with
ether, The ether was washed with aqueous potassiam hydro<ide,
then with water until neutral, dried, and evaporated. Chroma-
tography on ahnnina yielded XIII (120 ing.), m.n. 129-132°,
Reecrystallization from acetone-hexane gave m.p. 135-137°;
[a]lp +82° (CHCL); Amax 234 mu (e 12,500).

Anal. Caled. for CuHuO;: C, 77.05; H, 9.56; O, 13.39.
Found: C, 77.04; H, 9.46; O, 13.95.

3a-Ethynylandrostane-33,173-diol (XIVa).—Acetylene was
passed into & stirred mixture of tetrahydrofaran (11.) and methyl-
muagnesium bromide (250 ml., 4 N in ether) for 3 hr. To the
sohition was added androstane-1738-ol-3-one (5.0 g.) in tetrahy-
drofuran (500 ml,) and the mixture refluxed 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 vielded
XIVa (2.75 g.), m.p. 172-176°. Crystallization from acetone—
hexane gave m.p. 196-197°; [a]p +11° (CHCL).

Anal. Caled. for CaH;0.-C;HsO: C, 76.96; H, 10.23; O,
12.82. Found: C, 77.53; H, 10.24; O, 12.41.

3a-Ethynylandrostane-33,173-diol 17-monoacetate (XIVb).—
Acetylation of XIVa with acetic anhydride and pyridine at 90° for
1 hr. yilelded the 17-monoacetate XIVb, m.p. 209-210° from
acetone-hexane; [a]p +17° (CHCL).

Anal. Caled. for CuH3O;: C, 77.05; H, 9.56; O, 13.39.
Found: C, 77.47; H, 9.30; O, 13.74.

Rearrangement of 3«-Ethynylandrostane-33,173-diol.—3a-
Ethynyl-5e-androstane-33,173-diol (680 mg.) was heated on the
steam bath for 1.5 hr. with formic acid (35 ml., 909,). Pouring
into water, extraction into ethyl acetate, washing and evaporation
gave a residue (780 mg.) which was hydrolyzed with methanolic
potassium hydroxide (25 ml., 59,). The free I7-alcohol was
extracted with ethyl acetate and the solvent was evaporated to
give a residue whichwas acetylated with acetic anhydride and pyri-
dine overnight at room temperature. Pouring into water, ex-
traction and chromatography on alumina gave 3-acetyl-A2-
androstene-178-ol acetate (XIII) which was recrystallized from
hexane-benzene to m.p. 135-137°; [a]p +82° (CHCL); Amax
234 mu (e 13,000) identical with that prepared by C-acylation
of IIIb.

H, 10.37; O, 9.68.



