~1
[V

C-19-Functional Steroids.

AMaxrren E. Worrr axp Tisorny Jux Vol. 6

VI

Testosterone Derivatives®

AManrred E. Worrr axp Timorny Juy

Departwent of Pharwaeentical Cheastey, School of Phacawwy, Unifveesity of Calefuco g, Sun Feaneiseo 22, Califormi

Received Juwe 10, 119450

Svntheses of 178-hydroxy-3-oxoandrost-t-ene-19-nitrile; some 17w-methyl-19-substituted testosterone deriva-
tives, and 3,20-dioxopregn-4-ene-19-nitrile using Se-chloro-6a-hydroxysteroid intermediates are described.
Treatment of androstenediol diacetate with hypochilorous acid gave the corresponding chlorohvdrin derivative.
The nitrite ester derived from the foregoing ehlorohydrin gave, on photolysis, Se-chloro-19-oximine androstane-
38,68,178-triol 3,17-diacetate. By the action of zine in hot acetic acid on the last compound there was obtuained

the corresponding A® derivative, which, tlirough a series of reactions, gave the testosterone analog,
gesterone derivative was obtained in a similar manner.
ment of 38-hydroxy-17-oxoandrost-3-ene-19-nitrile with methylmagnesinm bromide,

The pro-

The 17a-methyl compounds were obtained viu treat-

A preliminary pharma-

cologienl examination of gome of these componunds is disaissed.

The 19-nor progestational and anabolic steroids
demonstrate the pharmacological benefits of removal
of the C-19 angular methyl group, but little is known of
the effects of modification of this moiety. The purpose
of the preseut work was to prepare compounds for
examination of the pharmacological consequences of the
replacement of the 19-methyl group by a nitrile fune-
tion i progesterone and testosterone.

The C-19 modified steroids described in this study
were prepared #Za the photolysis of 6g-nitrites.  Pre-
vious methods used for the elaboration of the requisite
Ga-hydroxy steroids {rom A’-steroids include the nitra-
tion of androst-5-cne-38,178-diol diacctate followed by
conversion to the ¢-ketone and reduction to the 63-
aleohol? A newer method involves oxidation of a
Se=bromo-68-hydroxy steroid to the 8-ketone, reductive
removal of the bromine with zine in acetic acid, and
catalytic reduction of the ketone to the 6s-aleohol.’?
Regeneration of the A% linkage of 19-oximino-68-hy-
droxy-steroids by dehydration methods has been de-
scribed® but conecomitant dehydration of the oxime
oceurs and only the nitwle is obtamed. In order to
avoid these multistep sequences as well as the com-
paratively drastie dehydration step, a simpler schemr
was sought.

The addition of hypochlorous acid to cholesteryl ace-
tate to afford the correspouding 68-hydroxy-da-chloro
derivative, and the reductive renioval of the elements
of hypochlorous acid to regenerate the double boud,
have been deseribed.” In the present work, nitrite
esters derived from 68-hydroxy-5e-chlorosteroids were
utilized in the nitrite photolysis reaction® and the Af
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lnkage was directly regenerated with zine acetic acid
to afford the 19-oximino-A*-steroid. This reaction
pattern is of geueral utility for the produetion of (*-19
sitbstituted  steroids from the readily available A
steroids, since the requisite 68-hydroxy group can be
mtroduecd and removed it only two steps.

After some orienting experiments in the cholestane
series, which are deseribed in the Ixperimental scetion,
treatment of androst-s-c1ie-33.178-diol diacetate with
caletum hypochlorite and acetic acid gave the ehloro-
hydrin 1 in 409 vield. By treatinent of I with nitrosy]
chloride in pyridine solution, the corresponding nitrite
ester was obtained i1 erystalline form, but this sul-
stanee was rather unstable and could not be reerystal-
hzed. Photolysis of the nitrite in toluene sohition.
using the diplienylamine -snlfuric acid test” to follow
the reaection, gave the 19-uitroso derivative, which, on
heating in 2-propanol, formed the oxime IIL in 1€
over-all vield.

The structures 111 and IV were examined to deter-
mine whether the oxime function in these compounds is
present as the syn, anli, or cevelized hydroxy anmino
forn.  Altbough the same question had been answered
i this Laboratory i the case of steroidal 23-hydroxy-
19-oximes by an n.oer. method. " this teehmnique could ot
be applind in the present case beeanse the manr, signals
arising from the hyvdroxyl groups in HI and IV were too
broad to be usceful.  The infrared speetra of 1 and 1V
i1 dilute bronoforun solution showed a free oxime hy-
droxy! group (sharp baud at 2.81 u) and an intramo-
lecularly hydrogen-honded  hydroxyl funetion (broad
band at 3.1-3.53 u. unaffeeted by further dihition of the
sohution). These conipounds are therefore sym-oxipies
in quasicvelie,  mtramolecularly  Livdrogen-bonded
furmn. similar to the ones i1 the previous case. Aeetyla-
ticn of the oxime T gave V, which o melting formed o
nitrile. This pyrolvtic cig elimination of the elements
of acetie acid is commpatible with a sy configuration. ™

Regeneration of the A inkage was sinoothly effected
by removal of the clements of hypochlorous acid from
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AcON._H OAc

OH OAc
I R = OAc IIT R = OAc \%
II R = CsHH IV R = Can
XX R = CH;CO XXI R = CH;CO
HON._H R
% NC R: NC COCH3;
AcO
R, R
VI R = OAc VIII R; = OAc, R; = OAc XXIII R = OAc
VII R = CiHy; IX R, =O0H, R, =O0OH XXIV R = OH
XXII R = CH;CO X R =0H R:=0
XI Riy=0, R;=0

OH
.-CHy R OH
R NC : R --CH
HO Ry 0
XII R=CN XIV R = CHOH XV R=0, Ri=0
XIII R = CHO XVl R = OH, R, = OH XVIIL R = CN
XVIL R; =0, R.=OH XIX R = CH,OH
XXV R =0 R,= CH;CO

I1T with zine in acetic acid at 90-95° for 30 min. to
afford VI. Higher temperatures resulted in partial
acetylation and subsequent dehydration of the 19-
oxime to give a mixture of products, This trans elimi-
nation of hypochlorous acid, taken together with the
previously discussed infrared data, constitutes convine-
ing evidence that no epimerization of the 68-hydroxy
group takes place during the photolysis, in contrast to
the reported!? photolytic epimerization of another
nitrite.

The oxime VI was readily dehydrated with acetic
anhydride to afford the nitrile VIII on a preparative
scale. Hydrolysis of VIII gave the diol IX' and
oxidation to the 3-oxo-A* system was then undertaken.
Although Oppenauer oxidation is often used for this
conversion, in the present case it was found that oxida-
tion of IX gave a resinous mixture which was difficult
to separate by chromatography. Oxidation with
chromic acid in acetone!* was more successful. Thus,
selective (5 min.) oxidation of IX with 8 N chromic acid
in acetone formed the hydroxyketone X, which was
later employed for the synthesis of the 17a-methyl
compound. Longer oxidation gave the A®-diketone XI,
which has no selective ultraviolet absorption. Al-
though isomerization of 3-oxo-A® steroids to the con-
jugated A* derivatives has been accomplished with
mineral acid, alkali,’*® and oxalic acid,'® only gummy
mixtures or starting material were obtained when these

(12) A. Nickon, J. R. Mahajan, and F. J. McGuire, J. Org. Ckem., 36,
3617 (1961).

(13) Alternate syntheses of [X and X have been recorded in ref. 2. Com-
pounds VIII and [X also have heen obtained by a different seqslence Involv-
ing tlie Barton reaction by R. Galdl and C. Pedrall, Gazz. chim. ital., 91,
1420 (1961).

(14) Cf. C. Djerassl, R. Engle, and A. Bowers, J. Org. Chem., 21, 1547
(1956).

(15) A. Butenandt and J. Schildt-Thomé, Ber., 69, 882 (1936).
(16) L. T, Fieser, J. Am. Chem. Soc., T8, 5421 (1933).

procedures were applied to XI, possiby owing to the
influence of the electronegative 19-nitrile function.
It was found, however, that simple chromatography
of XI on basic alumina produced XV; neutral alumina
gave lower yields of XV, whereas acid alumina was
ineffective. In agreement with findings on related
compounds,!? the presence of the 19-nitrile function in
XV causes a hypsochromic shift of 10 mu in the ultra-
violet spectrum (Apay 231 mu). Selective reduction of
androstenedione to testosterone with tri-i-butoxy lith-
ium aluminum hydride has been reported,®® but under
similar conditions XV did not give the expected XVII.
Instead, equal amounts of the A*diol XVI and what
appeared to be impure 38-hydroxy-17-oxoandrost-4-ene-
19-nitrile were isolated by chromatography. The
reversed reactivity of the keto groups at C-3 and C-17
may be due to the inductive or steric effect of the C-19
nitrile. Success was achieved in the preparation of
XVII by complete reduction of XV with tri-t-butoxy
lithium aluminum hydride to the allylic diol XVI,
followed by selective oxidation with manganese dioxide,

The progesterone derivatives XX"*-XXV were ob-
tained by similar methods.

The 17a-methyl compounds were obtained by treat-
ment of X with methylmagnesium bromide to furnish
X1I. Reduction of XII with lithium aluminum hy-
dride stopped at the imine stage? and gave XIII after
hydrolysis. Further reduction of XIII with sodium
borohydride gave the triol XIV. Oxidation of XII and
XIV gave, respectively, the methyl testosterone analogs
XVIII and XIX.

(17) E. P. Oliveto, L. Weber, M. M. Pechet, and E. B. Hershberg, 7bid.,
81, 2833 (1939).

(18) J. Fajkos, Collection Czech. Chem. Commun., 24, 2284 (1959).

(19) After our Inltlal disclosure of compound XX in ref. 3¢, Its preparation
was also recorded In ref. 8c.
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AsproGENIC-MYoTROVATC Assay

RBody wi. Veateal prostate Somnl vesiele Travatar wol Aetivity (my, teslos-

i, WL, . w., o, wi., vz, Telore jeoponate)
Cowypeaol o ral Moo = S.D. Mogr = 3.1, Mewo = =00, \rulropedic Alyoteuhin
Series |
Castrate control 34 o = 4.1 1.8 £ 2.1 2.7 £ 1.5
Testosterone propionate
0.3 myg./ritt 36 32.2 £ 12.3 175 %= 2.1 349 £ 2.0
INX 24 13.1 &= 1.4 117 = 0.6 250 = 3.2 1) 1)
AAY 31 3.1 &= 1.4 12,0 £ 0.5 250 & 2] 0 1)
XVII 306 4.2 = 3.7 151 = 1.9 308 =4 2.1 <0.1 t)
Neries 11
Castrate control 5l 12.1 £ 0.8 NS = 0.8 25.0 £ 6.7
Testosterone propionate
0.3 mg./rat 37 SN 3= 10.0 ST £ 6.7 ot & 5.0
" 37 16,6 = 1.1 12.6 £ 0.9 2003 £ 3.0 <01 1)
‘ 35 11.0 = 0.9 0.3 £ 1.2 210 £ 4.0 0 t)
NVIIT 33 174 £ 2.6 10.3 £ 0.8 U200 £ 2w 1) 0
XIIT + 206.7 £ 6.0 13.1 £ 2.3 342 4503 0.1 <01
NIV 34 IN.6 = 3.7 11.2 £ 1.1 3L £ 3.2 <0.1 1)
@ 38-Hydroxy-19-oximinoandrost-3-en-17-one.  See ref. 2. ¥ 19-Oxoandrost-d-ene-38,1738-diol.?
TapLe 1
ANTIANDROGENIC--ANTIMYOTROPHIC ASSAY
Veotral Newival Levitoy Activity,
Body mearn prostate vesicle B Y¢ whibition of resjouse
wt. zain, Wi, mg. Wt J0g. WIL, (ox. 1o TP at 10:1 dose level
Coompodad x.rat AMean + 8D, Mearo &= S.D. Mewow - X1 Androgenie Myoteopbic
Cagtrate 31 12.1 = 0.8 .8 &= 0.8 UH0 £ 6.7
TP 37 N8 £ 10.0 307 £+ 6.7 450 £ 5.0
XVII 37 3.5 £ 4.8 3.2 £ 1.4 404 £ 3.6 0 0
XVI 30 50.3 £ 12,0 4.0 £ 13.2 372 £ 5.3 0] 12
Vi 30 61.2 £ 5.7 3.6 £ 9.2 5.2 £ 5.8 0 4]
XIIT 30 64.8 £ 4.4 150 £ 6.3 1IS.0 £ 2.3 0 0
» 38 6.9 £ 6.5 1T £ 1.3 35 £ 5.0 0 t)
X111 34 6.2 £ 5.3 291 4+ 6.1 1.2 £+ 6.9 37 0

¢ 19-Oxoandrost-H-ene-"3,178-diol.  See ref. 2.

Pharmacological Methods®

Androgenic—Myotrophic assay.”'-—The test mate-
rials (total dose 3.0 mg./rat) in carboxymethyleellulosc
(CMCQ) suspension were given by subcutaneous injection,
once daily for 7 days, to groups of five castrate male
rats 21 days of age at the start of the test. Autopsy
was performed on the day following the lust day of
administration.

Antiandrogenic-Antimyotrophic Assay.’*—T1The pro-
cedure was the same as the preceding assay, except that
the test compound (total dose 3.0 mg., rat) and testos-
terone propionate (total dose 0.3 mg./rat) were ad-
ministered concomitantly to the same animal at sep-
arate sites.

Progestational Assay.’*—Thc test materials werc
given by subcutaneous injection for five days to groups
of two estrogen-primed immature female rabbits.
Autopsy was on the day following the last day of
administration. Histological preparations made from
sections of uterine tissue were examined microscopically
to determine the degree of progestational response.

120) Pliarcmeological tests wecee pecfoeswd st The Fndoerine Laboca-
tocies, Madisor, Wisconsiy.

2D 1. ¢ Herslibergee, 15 G
Bl Med., 83, 175 (Q1H39).

522y C/. L. O, Raadall and 1. T, Selitto, Evducednoloyy, 82, 985 5 1058).

(23) T. Miyake, *Methods i Herwove Researel* Vol 2, P 1 Dorfosa.
Iul., Avademic Peess, New York, N. Y., U682, 10, 135,

SEpley, wad R K. Meyvee, Peoe. Swes Erptl.

Statistical Analysis.—The siguificance of the dats
was established by the “t” test; the 959, confidence
level was used as the limit of significance.

Discussion

The data in Tables I, 11, and 111 are of particular
interest i1 cousidering the hypothesis of Ringold**
regarding the mode of adsorption of steroids on re-
ceptors:  “The interaction of androgens with a cellular
or enzymatic surface necessary to elicit a classical an-
drogenic response is on the a-face (back side) of the
androgen molecule, in contrast to progestational com-
pounds, in which interaction must be with the g-face
of the progestational agent in order for the steroid to
exhibit its basic biological effect.” Ringold has sug-
gested that the ideal test situation would be the con-
parison of testosterone and progesterone analogs having
bulky groups in the 108-position; activity of the tes-
tosterone analogs aud inactivity of the progesteronc
derivative would constitute strong evidence in favor
of the hypothesis.

The compounds described n the
well suited to test the Ringold theory.

present work are
Ioxamination of
21y 1. J. Ruagold, ic “Mechawspe ol Action of Storanl Horpowes,”

. AL Villee and L. .. Frgel, Id., Pecgauon Press, New Yook, N Y., 1051,
1100, 200-232.
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TapLe III
PROGESTATIONAL Assay
Mean Mean
body ovarian Mean
Compound, wt., wt., uterine Average
total dose/rabbit g./rabbit mg. Wt g, response
Progesterone (0.2 mg.) 282 29.8 0.88 0.8+

XXV (2.0 mg.) 331 62.8 0.93 0.0
Courtauld models (Fig. 1) shows that the nitrile at the
108-position of the steroid nucleus has a greater van der
Waals radius in the plane perpendicular to the plane of
the fused ring system than does a methyl group. On
the basis of steric factors alone, therefore, the activity
of testosterone-19-nitrile would be similar to that of
testosterone itself, if «-adsorption were operative.
Correspondingly, if B-adsorption is involved in the
mechanism of action of progesterone at the molecular
level, progesterone-19-nitrile should be less active than
progesterone itself. It is also true, however, that the
polarity of the nitrile group is quite different from that
of the methyl group, the magnitude of this difference
being strikingly demonstrated by the difference in the
ultraviolet absorption maxima of testosterone (A,..
240 my) and the corresponding 19-nitrile (A, 232 mu).
This introduction of a strongly electronegative group
in the vieinity of the 3-ketone, therefore, must also be
considered in assessing the activity of the steroidal
nitriles. However, since the introduction of 4-chloro?.2¢
and 6-fluoro? substituents into testosterone does not
abolish androgenic action, the inductive effects of the
nitrile function may be small in comparison to the
steric effect on the biological activity of androgen
analogs, although the 6-nitro testosterones exhibit
neither androgenic nor myotrophic action.?® Again,
the high progestational action of the 6-halogenated pro-
gesterones,?® in which the electronegative substituent
is also one carbon removed from the double bond,
allows a similar argument for the progestational agents.

The data in Tables I, II, and IIT indicate that none
of the C-19 substituted testosterone analogs possess
appreciable myotrophic or androgenic action. More-
over, progesterone-19-nitrile lacks progestational action.
It is notewocrthy, however, that XVI and XIIT exhibit
antimyotrophic and antiandrogenic action, respec-
tively. This antagonistic effect apparently occurs at
the tissue receptor sites, since the two compounds op-
pose the action of exogenous testosterone in castrate
rats.

In considering these data in connection with the ques-
tion of steroid-receptor interactign, it must first be
pointed out that the Ringold hypothesis has as a basic
premise that steroids which lack androgenic action do
not interact with the appropriate receptor. That this
is not necessarily the case is apparent from the nu-
merous substances (inter alia, anticholinergics and anti-
histaminies) which are known to function by interacting
with, and therefore blocking, the same tissue receptors
utilized by the corresponding protagonist compound.
It is quite reasonable, therefore, to hold that lack of

(25) H.J. RPingold, E. Batres, 0. Mancera, and G. Rosenkranz. J. Org.
Chem., 21, 1432 (1936).

(26) D. N. Kirk, D. K. Patel. and V. Petrow, J. Chem. Soc., 1184 (1956).

(27) A. Bowers and H. 1. Plngold, Tetrahedron. 8, 14 (1958).

(28) A. Bowers, M. Sdnchez, and H. J. Ringold, J. Am. Chem. Soc., 81,
3702 11959).

(29) A. Bowers, L. C. Ibafiez, and H. J. Ringold, 7bid., 81, 5991 (1959).
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Fig. |.—Relative sizes of methyl and nitrile groups as taken from
Courtauld models.

androgenic action in a steroid only proves that the
substance does not initiate the series of biochemical
events which we call androgenic action, but that alone
it yields no information regarding receptor binding.
A second unstated premise underlying the a-absorption
theory is that all steroid analogs reach the appropriate
site of action. However, as Tomkins®® has already
remarked in this connection, it is difficult to say which
chemical alterations affect local activity and which,
for example, change localization and distribution.

The biological data are consistent with the hypothesis
that both androgenic and myotrophic responses, like the
progestational response, are initiated by the B-face
absorption of a steroid on a tissue receptor. The low
potency of the C-19 substituted steroids can thus be
rationalized in terms of steric interference with drug—
receptor fit, or with the inability of the modified com-
pound to initiate the normal response. This conclusion
is also in accord with the high androgenic and myo-
trophic potency of the 7«-methyltestosterone deriva-
tives®! in which the axial 7c-methyl group would pre-
sumably interfere with a~adsorption. The testosterone
antagonists described in this study may be considered
simply as blocking agents of the anticholinergic type.
This antagonistic effect is also évidence that at least
some of the C-19 modified compounds are reaching the
site of action and that the lack of activity cannot be
ascribed simply to changes in drug distribution.

In summary, although only tentative conclusions
can be drawn from these studies in intact animals,
the present data do not support the view that andro-
gens, as distinet from other steroids, function via ad-
sorption on the o-face.

Experimental??

5a-Chloroandrostane-38,68,173-triol  3,17-Diacetate (I).—A
mixture of 24.0 g. (0.064 mole) of androst-5-ene-38,178-diol
diacetate, 750 ml. of ether, 60.0 g. of calcium hypochlorite, and
1800 ml. of water was treated with 45 ml. of glacial acetic acid and
shaken vigorously for 30 min. After separation of the ether layer,

(30) G. M. Tomkins, 7bid., 85, 492 (1963).

(31) Cf.J. A. Campbell, 8. C, Lyster, G. W, Duncan, and J. C, Babeock,
Steroids, 1, 317 (1963), and references cited therein.

(32) Meltlng polnts were determined with a Thomas—Hoover apparatus
and are corrected. Infrared spectra were obtalned with a Beckman IR-5
Instrument. TUltravlolet spectra were obtalned with a Cary Model 11 In-
strument. Microanalyses «were performed by the Mlcroanalytical Depart-
ment, Unlverslty of Californla, Berkeley, California. Optical rotations
were obtalned In a 0.5 dm. tube with a Rudolph photoelectric polarimeter.
N.m.r. spectra were obtained at a field strength of 60 Mec./sec. on samples in
deuterjochloroform solution on & Varjan A-60 instrument using tetramethyl-
silane as Internal standard. Resonance positicns are reported in § (p.p.m.)
values where possible; unresolved humps are described in c.p.s. units (60
Me./sec.). [tls a pleasure to thank Mr. H. Rolewlez for large-scale prepa~
ration of Intermediates.
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the aqueous phase was extracted with 500 ml. of ether.  The
comlined ether extract was washed successively with 300 ml. of
577 sudiim bicarbonate solution and water and dried over sodinnm
sulfute.  Concentration of the solvent at 30° nuder rednced pres-
sure, and digestion of the produet with hot methanol gave, on
cooling, 11.0 g. (4047) of colorless erystals, m.p. 109-201°. Re-
crystallization from methanol furnished the analytical sample,
m.p. 200-201°; [a]®p —43° (¢ 1% in CHCL): AE™ 200, 5.75,
5.82) and 8.00 u.

Anal.  Caled. for CaHgClOg: C) 6459; H, 8.26; Cl, 830,

Found: C, 64.89; H, 8.24; Cl, 8.01.

5a-Chloro-syn-19-oximinoandrostane-33,63,173-triol  3,17-
Diacetate (IIL).—A solntion of 10.0 g. (0.234 mole) of I in 45 ml.
of pyridine wag treated with nitrosyl ¢hloride at 15-20° nntil a
heavy precipitate of pyridine hydrochloride appeared and the
solution became dark brown, The pyridine was removed by
evaporation under reduced pressure at 25°, and the residue was
rinsed with methanol into 300 ml. of ice water. The resulting
precipitate was collected by filtration, washed with wuter, tri-
turated with » small amonunt of cold methanol to remove colored
impurities, and dried under vacuuni at 25°.  There was obtained
10.0 g. (94G.) of the nitrite ester, m.p. 118-120°; A\EBr 5.75,
6.05, 8.04, and 13.10 g, which was too nnstable to allow recrys-
tallization.

TUnder an atmosphere of nitrogen, previously purified by pas-
sage through potassium pyrogallate solution, the foregoing nitrite,
in 200 ml. of toluene, was irradiated for 2.5 hr. at 0° by means of
an immersed 200-w. high pressure nercury arc equipped with o
borosilicate filter. The course of the reaection was followed by
periodic testing for unchanged nitrite ester.  The presence of the
nitrite ester was indicated by the appearanee of a blue color
upon the addition of a drop of the test solution (diphenylamine
in concentrated sulfuric acid)? to 2 drops of the reaction solution
and 1 drop of water. At the canclusion of the reaction, the
precipitated 19-nitroso compound was filtered and washed with
petroleum cther to afford 3.2 g. (52%) of Sa-chloro-19-nitroso-
androstane-38,68,178-triol 3,17-diacetate, 1s a colorless dimer,
m.p. 159-160°.

The dimer (5.2 g.) was refluxed in 250 ml. of 2-propanol for 1 hr.
Evaporation of the solvent under reduced pressure gave 5.0 g. of
IIT, m.p. 190-195°. It was recrystallized from aquecus ethanol
to furnish 4.1 g. (41% over-all) of the product which had donble
melting points: 138-140°; 198-200°. The same saniple re-
crystallized froni acetone—hexane gave the analytical sample with
a single nLp. 201-203°; [a]®Dp —51° (¢ 147 in CHCL); Axir 2.95,
5.74, 583, and 8.00 g; ASY™ 2.81 (sharp), 3.1-3.3 u (broad):
nar. 0.73 (C-18 methyl), 2.02, 2.05 (acetate methyls), 4.04
(3a-H) 263-288 c.p.s. (17a-H), 300-340 c.p.s. (6a-H), 7.54
(C-19 H).

Anal. Caled. for CosHuCINOg: C, 60.5%; H, 7.51: Cl, 7.77;
N, 3.02. Found: C,60.44; H,7.62; Cl,7.99; N,3.21.

5a-Chloroe-syn-19-oximinocholestane-33,63-diol 3-Acetate
(IV).-—The nitrite ester derived from 15.0 g. of Sa-chlorocholes-
tane-38,68-diol 3-ncetate (II) was irradiated in o manner similar
to that described for the preparation of I1I.  The resulting 19-
nitroso compound wis heated nnder reflux in 2-propanol to give
5.2 g. (29 of the oxime IV, The analytical sample, recrystal-
lized from acetone—hexane, had m.p. 219-220°; Ja]®n —25° («
100 in CHCL): ABY 2000, 5.75, and 8.07 u; A 282 (sharp),
3.1-3.3 g (broad); nan.r. (from 2 popan. up) 2.00 (C-18 meth-
vl), 230247 (3a-H), 303-340 c.p.s. (6a-H), and 7.45 (19-H).

Anal. Caled. for CogHiCINOg: C, 68.20; H, 9.48; Cl, 6.95;

N,2.74. Found: C,68.3%; H,0.18; Cl, 7.19; N, 2.91.

19-Acetoxyimino-5«-chloroandrostane-33,63,175-triol Tri-
acetate (V).—A solution ol 0.2 g. of 111 in 3 ml. of pyridine and
2 ml. of acetic anhyvdride was kept at 27° for I8 hr. It was
poured into water to turnish 0.2 g. of precipitate which, on erys-
tallization from methanol, gave the analytical sample, nup.
158-159°; [a]}®n —45° (¢ 1 in CHCly).

Anal.  Caled. for CrHCINOg: €, 60.04; H) 7.09; N, 2.59.
Found: C,59.02; H,7.11: N,2.71.

The oil obtained by tusion of this compound exhibited A
4.50 (CN), .80, and 8.10 .

19-Oximinoandrost-5-ene-33,173-diol 3,17-Diacetate (VI).—To
a solution of 10.0 g. (0.219 mole) of I1Lin 100 ml. of glacial acetic
acid heated 1o 85°, there was added 20.0 g. of zine dust, and the
mixture wag stirred at 90-95° for 30 min.  The reaction mixture
was cooled, filtered, and the filtrate was ponred slowly with stir-
ring into L L of water.  After 2 hr. the product was filtered,
washed with water, and dried to fitrnish 7.9 g. ol crude material,
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whiech was recrysiallized Trom aqueons ethanel (o vield 6.9 g
(7870) uf eolorless erystals, m.p. 150--157°. I'nrther reery stalliza-
tion gave the analvtical sample, nup. 157100°: Jo]®H - 1317
Lo 190 i CHCLy; N2 2005, 575, and S0 g 207 2081 ishoyp
530 S5 naner. D76 (C-18 H), 200295 Geetare ethyls g,
333-351 e.ps 16-11), and 7.35 (19-11 4.

Anal. Caled. for CaHgNO, C
Found: (), 68.68; H, 7.07; N,3.11L

33-Hydroxy-19-oximinocholest-5-ene Acetate (VIIi.—-A soln-
tion of 1.5 ¢ ol TV v 30 ml. of acetie arid was heated to 95° with
3.0 g. of zine dost for 30 min.  The produet wasg isolated in a
manner ginilar to that deseribed for the preparation »I VI,
Recrystallization Iromn agueons ethanol gave the analyvtieal sample
nLp. 163-162°; Te|®h -=49° [ 167 in CHCL): M2F 3005, 5.70.
and 8.00 g manrs Orone 2 popan. np) 200 (C-18 methyly,
260-294 (3a-IT1, 830-347 cps. (6-1), 7.31 ((O-11), IS1-530
eapas (O

Anal. Caled. for CadlgNDy:
Fonnd: €, 76.30; 1, 10.45; N, 2.80,

33,173-Dihydroxyandrost-5-ene-19-nitrile Diacetate ( VIII:,
A solution of 6.8 g. (L0176 mole) of VIin 70 ml. of ncetie anhy-
dride wns reflixed Tor 2 hr. and poured futo 500 ml. of eold water.
After 1 hr., the predipitate was filtered and washed with water to
afford 6.4 g, (98¢¢) ol ernde produet, m.p. 157-160°.  Reerystal-
lization from 70 ethanol gave the amalytieal sample, wn.p.
162-163°; Je]®™n = 167° (e 19 in CHCLO: A2Y 400, 577, snd
N.ON p.

Auwal, Caled. Tor CudlaNOy: ()
FFomnd: ¢, 71.50; H, 7.95; N, 3.45.

33,173-Dihydroxyandrost-5-ene-19-nitrile (IX).—A solntion of
6.4 g. (0.0166 mole) of VIII and 24.0 g. of potassinm hydroxide
in 300 ml. of methanol and 30 ml. of water was kept at 27° {or
I8 I, and then eoncentrated to 100 ml. under reduced pressnre,
Tt was dilnted with 200 ml. of water, and the resnlting erystalline
precipitate wag filtered to give 4.9 g. (9871 ol the prodict, m.p.
205-207°.  Recrystallization trom acetonitrile gave the nnalyvtical
sample, m.p. 208-200°: [x]1%n —16° (- 147 in methanol); A0
2.93 and 4.50 .

Anal. Caled. Tor CyllsNO.:
Foumd: C, 75.39; H,0.05; N, +.40.

33-Hydroxy-17-oxoandrost-5-ene-19-nitrile (X}.-~A solntimm of
0.7 ml. of 8 & chromic acid reagent was rapidly added to a sola-
tion of 0.25 g. (0.00083 mole) of IN in 50 ml. of acetone at 1315
under » nitrogen atmosphere.  Alter 5 min. the excegs oxidizing
agent was destroved with 2-propanol.  The green shidge was
removed by filtration.  After the addition ol 3 ml. of water, the
filtrate was partinlly evaporated under redneed pressure.  The
steroid precipitate was filtered and washed well with water 1o
altord 0.2 g. of & ernde mixture which was indicated by thin laver
chromatography (silica gel-ether) to contain mainly N, a gmall
portion of XTI, and o trace of the starting materinl.  Chromatog-
raphy on alkaline alimina gave 0.025 g. »f XV, mp. 182-184°
(4% methanol in ether), and 0.13 g. (527 ) of N (8¢ methanol in
ether), m.p. 189-193°. The last prodnet was reervstallized from
acetone -hexane to give the analvtieal sanmple, np. 193-1095°:
o]0 = 126° e 10, in CHCLG; A2 201, 4.5, a0d 5.75

Al Caled. for CyllaNO () 76.220 H, S42.
C,76.22; 14, 820,

3,17-Dioxoandrost-5-ene-19-nitrile [X1i-—A solntion of 6.t
ml. ol 8 N chiromie acid reagent was added to a solution of 2,0 g,
(0.00667 moler ol TN in 300 ml. of acetone at 15° under a ni-
trogen atmosphere: the mixture was maintaied at 10-15° Tor
20 min.  Ixeess oxidizing reagent was destroved by the addition
of 2-propanol, and the green preeipitate was removed by filtration.
The acetone filtrate was evaporated nunder redirced pressire alier
the addition of 20 ml. o water. The precipitated steroid was
filtered and washed with water to afford 1.6 g (80°() of the
crude AP diketone (X1}, m.p. 150-15%°, which contained 5¢, ol
the At isomer (XV) [calenlated from the ultraviolet absorption
at 231 my). It was recrystallized from acetone-hexuane to give

,O8clig T, S24 N, 3007

6.1 L, 10350 N, B4,

Lo M, N1 N, 363,

A7 1 003 N, 5,

Fonnd:

the analytical sample, np. 158-164°%0 Ja]*n =707 (177
CHCL): A2 450 and 5.80 g,
Anal. Caled. Tor (5 HuNO. OO T6.73; 1 7800 Fonnd:

C 7644 H, 7.80.
17«-Methylandrost-5-ene-33,173-diol-19-nitrile (XII;. -To a
solintion ol 4.0 . £0.0134 mole) of Xin 50 ml. of anhvdrous tetra-
hydroluran and 100 Hnl. ol anhydrons ether there wag slowls
added 100 ml. of an cthereal sohition of wethyhuagnesimn bro-
mide ¢33 sohiion, Arapahoe Chemienls, e, Bonlder, Colorados.
Alter refluxing for 1D hr., the reaction suisture was ponrsl iolo
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ice and was acidified with 20% hydrochloric acid to pH 1. It
was extracted with 3 portions of tetrahydrofuran—ether (2:10),
and the combined extract was washed with water until the wash-
ings were neutral. After drying over sodium sulfate the solvent
was evaporated to afford 3.9 g. of residue. Recrystallization
from acetone—hexane furnished 2.8 g. (679;) of XII as fine needles,

m.p. 211-215°. The analytical sample had m.p. 214-216°;
[e]®D —171° (¢ 17 in MeOH}; Aibr 2.83 (sharp), 3.06 (broad),
and 4.50 u.

Anal. Caled. for CyHeNO.: C, 76.15; H, 9.27. Found:
C, 76.37; H, 9.34.

17«-Methyl-19-0xoandrost-5-ene-33,17 3-diol (XIID).—A

stirred suspension of 1.35 g. (0.00428 niole) of XII and 0.8 g. of
powdered lithium aluniinuru hydride in 300 ml. of anhydrous
tetrahydrofuran was heated under reflux for 120 hr, The excess
hydride was decomposed with ethy! acetate under ice-bath cool-
ing. This mixture was acidified with 209 hydrochloric acid to
pH < 1, and was stirred for 8 hr. until a clear solution resulted (if
not, more acid is needed to acidify the solution). The mixture
was extracted with several portions of ether and the ether extract
was washed with water until the washings were neutral. After
drying over sodium sulfate, the solvent was evaporated under
reduced pressure to afford 0.8 g. (59%) of the crude product, m .p.
195-203°. The analytical sample, recrystallized from acetone-
hexane, had m.p. 202-207°; [«]?D —253°; AS2 3.02 (broad),
3.74 (weak), and 5.75 u (no CN band).

Anal. Caled. for CoHyOs: C, 75.43; H, 9.50. Found: C,
75.21; H, 9.28.

17«-Methylandrost-5-ene-33,178,19-triol (XIV),.—A solution
of 0.5 g. (0.00157 mole) of XIII and 0.5 g. of sodium borohydride
in 50 ml. of methano! was maintained at 25° for 2 hr. The mix-
ture was acidified with 59 hydrochloric acid and extracted with
ether. The ether extract was washed with water until neutral
and dried (sodium sulfate). Evaporation of the solvent afforded
0.45 g. (909,) of the crude product, m.p. 230-233°. Recrystal-
lization from acetone-hexane gave the analytical sample, m.p.
232-233°; [a]®D —61° (¢ 0.5% in MeOH); X2 3.00 4, no C=0
band.

Anal. Caled. for CaHsOs:
C, 74.70; H,10.14.

3,17-Dioxoandrost-4-ene-19-nitrile (XV).—Crude XI (1.5
g.) was chromatographed on alkaline alumina whereupon it
isomerized to the A* diketone. From the 49, methanol in ether
fractions there was obtained 0.9 g. (609) of the product, m.p.
182-184°. Recrystallization from acetone-hexane gave the
analytical sample, m.p. 184-185°; [a]®D 4-251° (¢ 19, in CHCL);
ARBT 450, 5.75, 5.95, and 6.14 p; Napf 231 u (€ 16,000).

Anal. Caled. for CgHsNO.: C, 76.73; H, 7.80.
C, 76.94; H, 7.74.

38,173-Dihydroxyandrost-4-ene-19-nitrile (XVI).—A solution
of 0.7 g. (0.00235 niole) of XV and 2.5 g. (0.0091 mole) of LiAl-
(-BuQj;H in 50 ml. of tetrahydrofuran was maintained at 0°
for 45 min. After the addition of 100 ml. of 5% acetic acid, the
product was extracted with ether, and the ether extract was
washed with 5% sodium bicarbonate solution and water and
dried over sodium sulfate. Evaporation of the solvent gave
0.6 g. (8647) of colorless crystals, m.p. 247-249°. Recrystalliza-
tion from acetone—hexane gave the analytical sample, m.p. 248-

C, 74.96; H, 10.06. Found:

Found:

Caled. for CigHxNO2: C, 75.71;
C, 75.68; H, 9.15.
173-Hydroxy-3-oxoandrost-4-ene-19-nitrile (XVII).—A solu-
tion of 0.3 g. (0.001 mole) of XV in 50 ml. of tetrahydrofuran was
stirred with 1.5 g. of manganese dioxide at 25° for 10 hr. The
manganese dioxide was removed by filtration and washed with
acetone. The residue from evaporation of the filtrate was crys-
tallized from aqueous ethanol to furnish 0.25 g. (839,) of crystals,
ni.p. 186-180°, Further recrystallization gave the analytical
sample, m.p. 189-190°; [al®D +178° (¢ 1% in CHCls); Aher
3.06, 4.50, 5.97, and 6.14 p; N2o® 232 my (e 14,500).
Anal. Caled. for CigHyyNOy: C, 76.22; H, 8.42.
C, 75.05; H, 8.58.
17a-Methyl-173-hydroxy-3-oxoandrost-4-ene-19-nitrile
(XVIII).— A solution of 0.5 g. (0.00159 mole) of XII in 100 ml. of
acetone was treated with 0.75 ml. of 8 & chroniic acid reagent as
described in the preparation of 3,17-dioxoandrost-4-ene-19-
nitrile. The crnde material was chromatographed on alkaline
alumina to give 0.28 g. (5697) of XVIII, m.p. 192-193° (from
fractions of 297 methanol-ether). The analytical samiple, re-

H, 9.03. Found:

Found:
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crystallized from acetone-hexane, had m.p. 193-194°; [«]%D
+145° (c 19, in CHCly); Amm 2.95,4.50, 6.00, and 6.16 u; AEOH
232 my (€ 15,500).

Anal. Caled. for CpHxNO.: C, 76.64; H, 8.68. Found:
C, 76.43; H, 8.58.

3-0x0-17 -methylandrost-4-ene-173,19-diol (XIX).—A mix-
ture of 10 ml. of cyclohexanone and 15 ml. of toluene was heated
to boiling and 4 ml. of distillate was collected and discarded.
Then 0.35 g. (0.0011 mole) of XIV was quickly dissolved in the
hot anhydrous solution and 1.0 g. of powdered redistilled alu-
minum isopropoxide was added. The mniixture quickly was
brought to reflux and maintained there for 10 min. The mixed
solvent was removed in vacuo at 70-75°, and the residue wns
taken up in 200 ml. of chloroform which was washed with N
sulfuric acid (100 ml.) and water, and dried over sodium sulfate.
Evaporation of the chloroform left a sirupy residue containing
some cyclohexanone. The residue was chromatographed on
10.0 g. of neutral alumina; the following eluents were used:
four 5-ml. portions of ether; four 5-ml. portions of niethanol-
ether (19;); four 5-ml. portions of methanol-ether (29); four
5-ml. portions of methanol-ether (49): four 5-ml. portions of
methanol-ether (8%); four 5-ml. portions of methanol-ether
(619%); and four 5~ml. portions of methanol-ether (329,). There
was obtained (from fractions of 8%, methanol-ether) 0.15 g.
(43%) of XIX, m.p. 190-192°, and (from 169 methanol—ether)
a trace of the starting material (identified by m.m.p.). The
analytical sample of XIX, recrystallized from acetone-hexane,
had m.p. 195-196°; [«]®D +66° (¢ 0.5% in CHCl); AEEr 2,98,
6.02, and 6.15 (shoulder) g; Noof 243 mu (e 14,100).

Anal. Caled. for CyHgOs: C, 75.43; H, 9.50.
C, 75.64; H, 9.15.

5a-Chloro-33,63-dihydroxypregnan-20-one 3-Acetate (XX).—
This compound was obtained from 24.0 g. of pregnenolone ace-
tate by a procedure similar to that used for the preparation of I.
Crystallization of the crude product from aqueous ethanol gave
10.8 g. (399) of colorless crystals, m.p., 203-206°, Further
recrystallization gave the analytical sample, m.p. 206-207°
(inserted at 200°); [«]®D +26° (¢ 19, in CHCl); ASE 2,98
5.75,5.88, and 8.13 g; lit.'""m.p. 196-197°, [«] “*%p 25.5°.

Anal. Caled. for CyHsClOs: C, 67.20; H, 8.58.
C, 66.91; H, 8.54.

19-Oximino-5«-chloro-38,63-dihydroxypregnan-20-one
3-Acetate (XXI),—A solution of 7.0 g. (0.0159 mole) of the nitrite
derived from XX in 200 ml. of toluene was irradiated for 2.0 hr.
at 0°. The fine precipitate of the insoluble 19-nitroso com-
pound which formed during the photolysis was filtered and washed
with petroleum ether to afford 4.0 g. (57%,) of nitroso conmpound.
No exact melting point was observed owing to gradual isomeriza-
tion to the high melting oxime on heating.

The crude nitroso compound was refluxed in 300 ml. of 2-pro-
panol for 1 hr. The residue obtained from evaporation of the
solvent was recrystallized from acetonitrile to furnish 3.1 g.
(449%) of product, m.p. 223-226° (inserted at 220°). Further
recrystallization gave the analytical sample, m.p. 230-231°;
[e]®D +16° (¢ 19, in CHCly); Aibr 2.91, 5.86, and 8.09 4.

Anal. Caled. for CsHsCINOs: C, 62.77; H, 7.78; N, 3.18.
Found: C,62.83; H,7.91; N, 3.58,

33-Hydroxy-19-oximinopregn-5-ene-20-one 3-Acetate (XXII).
—A solution of 2.5 g. (0.00568 niole) of XXI in 50 ml. of glacial
acetic acid (preheated to 85°) was treated with 5.0 g. of zinc dust
in a manner similar to that described for the preparation of VI.
There was obtained 2.0 g. of crude product, m.p. 153-158°,
which was recrystallized fromi aqueous methanol to yield 1.7 g.
(78%) of XXII, m.p. 160-165° (inserted at 150°); [«]%®D —71°
(c 19 in CHCly); AEP:8.04, 5.78, and 5.90 .

Anal. Caled. for CyiHypNO,: C, 71.29; H, 8.38.
C, 71.19; H, 8.79.

Pregn-5-en-35-01-20-one-19-nitrile Acetate (XXIII)—A solu-
tion of 1.65 g. (0.00426 mole) of XXII in 30 nil. of acetic anhy-
dride was refluxed for 2 hr. and poured into 300 ml. of water.
The precipitate was filtered to afford 1.5 g. (929) of product,
m.p. 140-142°, Recrystallization from aqueous methanol gave
the analytical sample, m.p. 145-146°; [a]?%D —92° (¢ 19 in
CHCl3); AEZ4.50, 5.80, and 7.98 4.

Anal. Caled. for CsHsNO;: C, 74.76; H, 8.46.
C,74.61; H, 8.74.

Pregn-5-en-38-01-20-one-19-nitrile  (XXIV).—A solution of
1.3 g. (0.0398 mole) of XXIII and 4.5 g. of potassium hydroxide
in 80 ml. of methanol and 10 ml. of water was kept at 27° for 81
hr. The solvent was concentrated and ponred into water to

Found:

Found:

Found:

Found:
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afford .1 g. (90%¢) of the crude product, m.p.

m.p. 195-107°
and 5.96 .
Anal.  Caled. for CoHagNDa:
C, 77.09; H, 8.80.
Pregn-4-ene-3,20-dione-19-nitrile (XXV).—A golution ol 0.6
£, (0.00185 msle) of XXTV in 100 ml. of acetone was treated with
L8l of 8 & chromie avid reagent as deseribed for the prepara-

; [2]®p —84° (e 19 in methanol); A5 200, 4,50,

¢, 77.02; H, 893, Fonud:

190--194°.  Re-
crystallization from aqueous niethanol gave the analvtical sample,
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tion of XI.  There was obtained 0.55 g. (9DC5) of the ad dione,
m.p. 178-186°, which was cliromatographed on alkaline alumins,
{25 g.) to give DAD g (667 over-all vield) of NXV, m.p. 155
1558°, from the 200 methanol in ether fractions.  Receryvstalliza-
tion front acctone-hexane gave the analytical sample, mop. 16514
I52°: Jul¥n +244° (¢ 100 in CHCLY; NPT 450, 5.02, 507,
and 615 u; S0 232 1 (e 16,800).

duad, Caled. Tor CoHaNOw ) 77000 11, S35,
O, 63y oS0l

oo
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A nuniber of steroidal 17-gpirolactones bearing substitnents at positions 9 and 11 have been prepared.  The

syntheses and biological activities ure described.

Previous papers'™ in this series have reported the
svithesis of a variety of steroids which were prepared
in the search for aldosterone blocking activity. Oune
of the most interesting steroids was 3-(3,11-dioxo-9a-
fluoro-178-hydroxy-+-androsten-17 a-y1) propanoic  acid
lactone (1).)°  We were led thercfore to prepare other
steroidal 17-spirolactones bearing substituents at C-9

and C-11.
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All of the steroids reported herein were prepared
from spirolactouies previously reported' using, for the
most part, standard methods to obtaiu the expected
products.  Treatment of 3-[3-ox0-9¢,11a-0xido-176-
hydroxy-4-audrosten-17a-yl| propauoic acid lactoue
(4) in methylene chloride sohution with hydrochlorie

(1) fay ltaper VI L‘ N. Nysted and R. B. Dartoer, J. Ory. Chem., 27,

S17H (1062 : (b)) 19 AL Prowr, R 1w Mpjeo norl Lo A Cella, hid., 25, 40
[RUGION

acid gave the expected trans-diaxial 9e-hydroxy-113-
chloro derivative (2f).

When a chloroform solution of thiocyanie acid was
added to the 98,118-epoxide (11)?, fractional erystalliza-
tion tECth(IUQb produced two addmon products.  On
the basis of speetral evidence one was assigned as the
9a-thioeyano-118-hydroxy derivative (2f), and the
other was tentatively assigned as the H&-1sothiocyano-
93,113-cpoxide (12).

() O ()
10a, X =Br
b, X=F

l)ly /{\( N

ﬁ&fm@

12 18
2a 4
\ () Zf
F(‘l()g
OH () H a

N—chloro»

lb

succmlm(de

Additional unsaturation was produced in the 3-oxo-
4-ene-98,118-cpoxy  systent  with  23-dichloro-3,6-di-
evatiobenzoquinone in dioxane solution at reflux to give
the 3-oxo-4,6-diene (13), characterized by the absorp-
tion maximum at 280 mu 1u the ultraviolet.  This wax
somewhat nnexpeeted since treatment with this react-

19) K. Tokodi oml T. RKowewae, Chew. thaem. Bull, {Tokyw), 8, M8

1 1560).



