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The synthesis of several steroidal 178-adamantoate esters is described. The adamimtolc ester of 19-nortes-

tosterone produces a profound and unique effect on anabolic potency as compared with other esters.

The long

duration of high myotropic activity with diminished androgenicity may be an indication that the ester is acting
in toto as opposed to prior hydrolysis to the parent compound. The action of this anabolic ester over a period of
several weeks after a single injection is confirmed by the radioactive sminoisobutyric acid (AIB) C¢ nptake data.

There is o continuing scarch for compounds that will
produce nitrogen retention.  Interest stems from the
challenge of separating the anabolic effect from other
hormonal activities.

The nonandrogenic activities of testosterone and its
derivatives in the sthnulation of appetite, in producing
weight gaing, and hparting a sense of well being are
well kuown.,  However, the androgenicity or ability
to stimulate the sex aceessory glands limits its practical
nse inmany clineal eases. Inorecent years modifien-
tion= of the androgenic steroids have produced potent
steroids  possessing  primarily  anabolic  action  with
diminished androgenic activity.  Tsterification of the
17 3-hiydroxyl group i these steroids generally inereases
and prolongs the anabolic action,

In a thorough study of various esters of testosterone,
Miescher, el al.,! found that while the lower acid esters,
acetate, propionate, and formate, were of shnilar
anabolic activity, the higher homologs, palmitic and
stearie, were of long duration but of decreased in-
tensity.  The inerease i duration of aetivity was not
aceounted for entirely by delayed absorption of the
drug but also by protection from metabolisin afforded
by the long chain.  Numerous esters of 19-nortestos-
terone, a potent anabolic agent, have been prepared
and evaluated. These data are well documented in
the excellent reviews by Junkman and Witzel? and also
Camerino and Sala.®  Newer ester derivatives include
the p-hexoxyhydrocimamnate! and the p-chlorophen-
oxyacetates However, no complete dissociation of
the androgenic effect has been observed to date.

The highly symmetrical cage-like adamantane mole-
cule suggests lipophilic character, steric hindrance, and
uuique stability of its esters to chemical hydrolysis.
Paper I of this series® reported the successful use of the
adamantane moiety in medicinal agents as an N-alkyl
substituent i1 the hypoglycemic N-arylsulfonyl-N’-
alkylurens.  The study of its effect in the ester portion
of anabolic steroids iz discussed in this report. The
adamantane moiety in the form of adamantane-1-
carboxylic acid (adamantoic acid) and its methyl and
dimethyl derivatives were emploved to produce esters
of various Cig and Cyg steroid 178-hydroxy compounds.
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Initially, the neids required for this study, adaman-
tune-1-, 3-methyladamantane-1-, and 3,5-dimethyl-
adamantane-1-carboxylic acids, were prepared from
1-bromoadamantane,”  1-bromo-3-methyladamantanc,
and  1-bromo-3,5-dimethyladamantane® by ihe estab-
lished formic—sulfuric acids procedure of Stetter, et al’
Later, for larger amounts of adamantoic acid, the direct
procedure of adamantane with ¢-butyl alcohol, sulfunc
acid, and formic acid deseribed by Koch and Haaf® was
used. 'The corresponding acid chlorides were prepared
by means of thionyl chloride!® or PCI* and were om-
ployed in situ without extensive purification.

The esters were prepared by the action of the ve-
spective acid chloride with the steroidal aleohol in
benzene solution in the presence of an equivalent
amount of pyridine by the method described by Kulsis
and  Beveridge!'  Other methods for esterification
utilizing adamantoic anhydride!® in pyridine or adaman-
toic acid- p-toluenesulfonic acid in henzene solution!
have also beeu used. 4-Chlovo-19-nortestosterone
178-adamantoate (IX) was obtained from 19-nortes-
tosterone adamantoate (VI) by epoxidation followed
by hydrogen chloride treatment of the 4, 5-oxide to
vield the desired 4-chloro derivative.

The arystalline esters were isolated from the reaction
mixture directly by recrystallization. In a few ecuses
chromatography was employed to isolate the produect.
The steroids used included {testosterone, dihydro-
testosterone, and  19-nortestosterone  derivatives.
Tisters of other sterold classes have alzso been prepared:
estrogen 17g8-adamantoates, adamantoates of 17a-
hydroxyprogestins, and cortical 21-adamantoates; these
will be reported subsequently.

The high degree of stability of these esters can he
shown by the fact that hot 109, KOH-MeOH solution
did not completely saponify the 19-nortestosteronc
adamantoatc ester (VI) in 2 hr. while the cyclohexyl-
carboxylate ester was ecasily hydrolyzed in 197 soln-
tions.

The assessiment of potency and duration of cffect
were established by the myotropic-androgenic assay
method of Hershberger, Shipley, and Meyer!®® in im-
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Tasre 1
DurATION OF MYOTROPIC-~ANDROGENIC RESPONSE TO ESTERS OF TESTOSTERONE (17
AND 2a-METHYLDIHYDROTESTOSTERONE (Me-DHT)
Dose, ~—35 (7) days-— ~——10 (14) days—— ————15 (18) days~- —— ———25 (28) days———
Cormnpd. mg.® sve LAY sV LA Y LA sV La

I adamantoate (I) 6.4 31.3 8.8 33.7 18.3 32.0 0.8 (29.0) (—0.2)
4-CI-T adamantoate (IT) 10.0 1.7 6.7 1.4 0.3 (=0.6) (—0.1) —0.5 —11.1
T adamantoate-3-Me (I11) 8.0 (12.8) (1.6) (38.4) (—3.0) (34.3) (—0.8)
Me-DHT propionate 10.0 30.3 21.2 35.3 38.6 (22.8) (21.1) 27 .4 44 .1
Me-DHT adamantoate

(IV) 13.0 5.4 0.9 18 .4 3.4 13.7 0.5 (3.5) (7.2)
Me-DHT adamantoate-

3-Me (V) 8.0 (2.8) (5.4) (0.7) (14 .4) (—2.1) (—13.0)

@ Single subcutaneous injection in 0.2 ml. of either 0.59; carboxymethyleellulose or sesame oil,

vesicles and levator ani over control; average of 5 aniwnals/group.

TaBLE

b Milligram increase of seminal

II

DUrATION OF MYOTROIMC-ANDROGENIC RESPONSE 10 LstERs 0F 19-NORTESPOSTERONE {(N'T)

Dose, ~—5(7) days— —11 (14) days— —18 (21) days—  —25 (28) days— ~ 48 days—
Cowpd. mg.% sVe LAb 3% LA SV LA Y LA sV LA
NT adamantoate (VI) 8.1 12.0 18.1 9.3 23.9 5.5 304 9.4 73.8 9.6 73.1
NT adamantoate-3-Me
(VIT) 8.4 2.5 14.6 6.3 17.7 5.4 15.1 3.5 1.3 1.6 12.5
NT adamantoate-3,5-Me,
(VIII) 8.7 3.8 7.3 4.9 3.4 1.5 6.1 1.3 —8.5 26 —1.4
4-CI-NT adamantoate (1X) 8.0 (—-0.8 (—8.9) (0.6) (—1.6) (4.6) (—0.3) -1.8 13.3

e Single snbcutaneous injection in approximately 0.2 ml. of sesame oil.

over control; average of 5 animals/group.

TaBLE
DurarioN oF MYOTROPIC-~ANDROGENIC

b Milligram inerease of seminal vesicles and levator ani

111
REspoNsE TO LoNG-AcTING ESTERS

Dose, —1 week— —2 weeks— —3 weeks— —4 weeks— —6 weeks— —8 weeks—

Compd. mg.?® svb LAb Sy LA sV LA SV LA sV LA SV LA
19-Nortestosterone
adamantoate (VI) 8.0 5.5 26.4 6.8 36.9 11.2 58.1 18.8 75.4 8.8 103.6 9.4 97.3
19-Nortestosterone
phenylpropionate (X) 7.5 100.8 39.9 137.9 65.1 82.6 69.8 3.6 3.7
19-Nortestosterone
n-decanoate (XI) 8.0 55.7 45.4 42.2 64.3 57.5 0%8.8 67.1 98.5 104.2 134.9 72.6 83.7
4-OH-19-nortestosterone
cyclopentylpropionate
(XID) 7.7 35.9 40.2 34.1 39.8 80.5 57.0 37.8 47.4

s Single subcutaneous injection in approxiinately 0.2 ml. of sesaine oil.

over control; average of 5 animals/group.

mature castrate male rats.
in Tables I-1II and Figure 1.
As seen in Table I, testosterone adamantoate (I)
shows a good myotropic response as measured by
levator ani muscle weight increases in 10~14 days while
the 3-methyladamantoate ester (III) does not. Fur-
thermore, the activity of I diminished rapidly by the
28th day. The anabolic activity of the 2a-methyl-
dihydrotestosterone esters (IV and V), however, is
greatly reduced. In the I19-nortestosterone series
included in Table II, 19-nortestosterone adamantoate
(VI) produced a highly significant levator ani response
at all time periods studied, while at each time the
seminal vesicle response was only minimal. The myo-
tropic response persists beyond the 48-day test period.
The 3-methyl- and 3,5-dimethyladamantoate esters
(VII and VIII), however, are much lower ir potency.
The effect of the unsubstituted adamantane esters
is superior to that of the 3-mono or 3,5-dimethyl
analogs both in regard to duration and intensity of
effect. Similar results were evidenced in the N’-
adamantyl-N-aryl-sulfonylureas® in which the un-
substituted adamantane moiety also produced the most

The data are reported

b Milligram increase of seminal vesicles and levator ani

active agent. I'rom these data, it appears that the
most appropriate steroid for esterification with adaman-
toic acid 18 19-nortestosterone. In order to compare
19-nortestosterone 178-adamantoate (VI)13p  with

0CO.
H,C

0] VI

several other long-acting esters, an anabolic study was
followed for a period of 8 weeks after a single sub-
cutaneous injection of the compounds described in
Table III. For 19-nortestosterone adamantoate, the
ratios of the levator ani to seminal vesicle responses
at each time period were significantly higher than
those of the other esters. The phenylpropionate ester
(X) appears to peak in myotropic activity at 4 weeks,
the decanoate ester (XI) in 6 weeks, and the cyclo-
pentylpropionate (XII) in 3 weeks. Furthermore,
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Fignre 2.—lLevator ani response to a single intranmsenlar admin-
istration of 19-nortestosterone 178-adamantoate.
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Iignre 3.-—Uptake of AIB-1-C1 into the levator ani at varions
times following a single subentaneons injection of steroid esters.

the androgenicity, as measured by the =eminal vesicle
weight inerenses, 1s extremely low for VI as compared
to the other esters, and the myotropie action of VI
persist= beyond 6 weeks.  This <harp disassociation is
Hlustrated i Tigure 1. Since this degree of separa-
tion of myotropic and androgenic activities is not seen
with 19-nortestosterone either by a single injection'
or by repeated daily injections,' this suggests that
this ester is not simply being hydrolyzed to the parent
19-nortestosterone. !

A dose response following n single ntramuscular
administration is shown in Fignre 2. With each of the

(14 G Overbeek and J. deVisser, dcta Lndorrinol., 24, 209 (1957).

(15) L. Barnes, R. Stafford, M. Gumld, l. Thole, and K. Olson, I)da-
seinology, 88, 77 (1951): R, Kraay, unpnblished data.
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three dosez, the peak Tevator am respouse is =cenr at
6 weeks, and significant elevation over controls per-
sist=at 8 weeks.

To deternme the period of thme that the adamantoate
ester was actively nfluencing the target tissues, the
nptake  of radionctive  aminoisobutyric  acid-1-C4
{AIB) by the levator ani was evaluated by a modifica-
tion (to be pnblished) of the NMetealf and Broich
method . Instrated in Figure 3 1x the plot of the
CH counts incorporated per milhgram of levator am
tissie of the treated and mntreated gronps rs. the
period of davs studied.  The AIB O nptake thns sub-
stantiates the myotropic acton of the adnmantoate
ester (VI and huirthermore indicates a long duration.

Experimental®

Adamantanecarboxylic Acids (Adamantoic Acids).. Adaman-
toie neid and 3-methyl- and 3,5-dimethyladamantoic acid were
prepared from the corresponding I-bromoadamantane derivatives
by the established formic-sulfuric acids procedure.® TFor lnrger
qaantities of adamantoie acid, the direct procednre of adamantane
with -butyl aleohol, H.SO,, and formic acid was used.?

Adamantoyl Chlorides.~-The above carboxylie acids were con-
verted to their respective acid chlorides by means of SOCL.»
Adamantoyl chloride and its 3-methyl derivative have been
reported previonsly.

3,5-Dimethyladamantoy! chloride was similarly prepared using
SOCL.  Purification by distillation gave the acid chloride,
L.p. 60-70° (7 mn), mfrared band at 5.55 p, n%p 1.5017.

Anal.  Caled. for CoHClO: ©, 65.86: H, .44, Found:
¢, 6%.59: H, 8.44.

Steroid 173-Adamantoates.-—'The preparation of the 17 g-esters
essentially followed n published procedinre for steroid esters.”
Physical constants for these compounds sppear in Table IV, A
typical esterification is described for 10-nortestosterone 173-
acdamantoate (V15

To a solntion of 584 mg. (00014 maded of L9-nortescosterone
m 25 ml of anhydrons benzene wus added a solution of 332
mg. (0.0017 mole) af adamantoyl chloride in 10 ml. of anhydrous
benzene followed by 0.2 1l of dry pyridine.  After refluxing
for a period of 4 I, 1he mixtiwe was cooled and water und ether
were added. The organic Inyer was washed with water and
Na,C0Oy solution and then dried (NaR0.).  lGvaporntion of the
organie solvent yielded n ervstalline residune (320 mg.), m.p.
200-205°. Reerystallization from ether provided the analyvtical
smnple, m.p. 20:-206°, [ol®n +53.36°.

Tle ester was also prepared utilizing adamantoic anhydride in
pyridine sohition, as well as adamantoic aeid p-tolnenesnlfonie
acid in benzene solution, ™ bnt the yields were nnich lower.

4-Chloro-19-nortestosterone 173-Adamantoate (IX).--To 2.6t
¢ (0,006 mole) of 19-nortestosterone 178-adamantoate (VI
dissolved in 175 ml. of methanol while stirring at 0° were added
drapwise and simnltaneonsly solntions of 3.3 ml. of 4 " NaOH
and 1220 ml of 307 HeOs over a period of X min.  The solntion
was stirred for an ndditional 55 min. at 0°. To this was added
0.85 ml. of glacil acetie acid, and the solution was ponred mtc
700 mkb of salt solntio. The nixtnre was extracted with threc
100-ml, portions of ethyl acetate.  The organic solntion was
washed with salt solntion, dried (Na=OD), and then evaporated
to a white solid residne.  Inspection of the nltraviolet spectimm
mdicated the absence of the conjugnted ketonie systent.

To the above epoxide dissolved in 50 b of chloroform wus
added 7.1 g. €0.06 mder of pyridine hydrochloride, and rhe soln-

(15a) Neryr Aooeo N I'Roor.~--Shice tins paper was sulanitted  for
publication, J. van der Yies {Acta Eadoceinpl., 49, 271 (1965) | has presenterl
evidence that the phenylpropionate anl decanoate esters of lY-nortesto-
sterone are rapidly hydrolyzed in eire. e concludes the ultiinate snl-
stance affecting the levatnr ani muscle and seminal vesicles is 19-nortesto-
sterour, and the difference m response to the esters is dae to the riute ai
whiele the dmge hecomes avaidable frone tlae slepor.

7167 W Metealf and J. Broicd, Frpid, Biol. Med.
(1611

1174 AN melling points gre uneorected,  Tle micrognalyses were jeers
formml L Messrs, W, L, Nrown, (4. 3L Maciak, 1. L. Ihter, avd 1. L
Cline.

107, T4t

[trae, S,
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TasLe IV
——7, caledim——  — % found———
Compd. Steroid 178-Ester M.p., °C. Formula C H C H
I Testosterone 178-Adamantoate 217-220 CiaHe0; 79.95 9.39 79.73 9.44
II 4-Chlorotestosterone 178-Adamantoate 304-306 CisHy ClO; 74.27 8.51 74.31 8.59
III Testosterone 3-Methyl-178- 168-170 CaHuO; 80.13 9.55 79.55 9.96
adamantoate
4-Bromotestosterone 178-Adamantoate 222-224 CyHyBrO; 68.04 7.80 68.85 8.04
Al-Androsten-(5a )~ 173-Adamantoate 216-219 CsH 05 79.95 9.39 79.50 9.40
178-0l-3-one
18% 2a-Methyl-5a-andro- 178-Adamantoate 223-226 CauHuOs 79.78 9.94 79.84 9.85
stan~178-ol-3-one
\Y% 2a-Methyl-5a~andro- 3-Methyl-178- 209-211 CpHiO; 79.95 10.07 80.13 10.35
stan-178-0l-3-one adamantoate
VI 19-Nortestosterone 178-Adamantoate 203-206 CoeHyO3 79.77 9.23 79.65 9.30
VII 19-Nortestosterone 3-Methyl-178- 159-161 CaoHp0; 79.95 9.39 79.83 9.40
adamantoate
V11 19-Nortestosterone 3,5-Dimethyl-173- 132-134 CaHuOy 80.12 9.54 50.35 9.65
adamantoate
X 4-Chloro-19-nortes- 178-Adamantoate 265-267 CyyH;yCl0, 73.94 3.34 73.90 3.01

tosterone

tion was allowed to reflux for 18 hr. After cooling, 100 ml.
of chloroform and 50 ml. of water were added. The layers were
separated, and the organic layver was extracted snuccessively with
water, 19; aqueous HCI, and water, and then dried (Na,SO.).
Evaporation of the organic solvent yvielded a residue which upon
trituration with ether gave crystalline material (1.8 g.), m.p.
244-247°. Recrystallization from ether several times afforded
the analytical sample, m.p. 265~267° dec., [a]®D +66.35°.
Hydrolysis. A.—To 200 mg. of 19-nortestosterone 173-
cyclohexylearboxylate dissolved in 20 ml. of methanol was
added a solution of 0.2 g. of KOH in 0.5 ml. of water. After
being allowed to reflux for 2 hr., the solution was cooled and then
neutralized with glacial acetic acid. Water (20 ml.) was added,
and the solution was extracted with three 100-ml. portions of
ether. The combined ether solution was washed successively
with dilute Na.CO; solution and water, and was then dried
(Na2S0.). Evaporation of the solvent afforded 162 mg. of a
viscous residue which slowly crystallized. Thin layer chroma-
tography (silica gel; chloroform~ether, 1:1) indicated the
presence of 19-nortestosterone and the absence of 173-ester.

B.—When 200 mg. of 19-nortestosterone 178-adamantoate (VI)
was treated in the identical manner as above, there was recovered,
upon addition of the water, crystalline ester (190 mg.), m.p.
203-205°.

19-Nortestosterone 178-adamantoate (200 mg.) in 20 ml. of
methanol was treated with 2 g. of KOH in 1 ml. of water, and the
solntion was refluxed for 2 hr. Cooling, neutralization, and the
addition of 20 ml. of water precipitated 105 mg. of ester, m.p.
193-197°. The filtrate was evaporated to a smaller volume to
remove methanol, and the solution was then extracted with
ether. The organic sohition was washed with salt solution,
dried (Na.S0,), and evaporated to a viscous residue (100 mg.).
Thin layer chromatography showed that this residue consisted of
19-nortestosterone and some unhydrolyzed ester.

Acknowledgment.—The authors wish to express
their gratitude to Mr. E. Krumkalns for stimulating
discussions as well as for supplies of the adamantoic
acid chlorides.

Synthesis of a-(p-Aminophenyl)- and a-(p-Chlorophenyl)-g-aryl-
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Hydrogenation of a-(p-nitrophenyl)-g-arylacrylonitriles in the presence of palladium-charcoal in ethyl acetate

solution gives a-(p-aminophenyl)-g-arylpropionitriles.

The bearing of some of the results in this work upon

earlier reductive cyclization of o-nitrophenylacetonitriles is discussed. Two compounds, a-(p-aminophenyl)-5-
(3-pyridyl)propionitrile and the similarly prepared a-(p-chlorophenyl)-8-(3-pyridyl)propionitrile, affect adrenal

cortical steroid secretion.

The 1,1-diaryl- and 1,2-diarylethylenes and -ethanes,
notably stilbestrol and its relatives, have been of
interest in endocrinology for some time.! Recently
the field was given some new impetus by studies of
adrenocortically active, similar basic ketones, the
amphenones,?~” amphenone-related pyridyl ketones
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