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A number of 2,3-epithioandrostane derivatives were prepared in the hope of obtaining compounds which

possessed high anabolic and minimal androgenic activity.

A comparison of the biological activity of these

episulfide derivatives with the corresponding epoxides is discussed. The chemical pathway to these substances

is described in detail.

A recent report? from the Shionogi laboratories
concerning steroidal episulfides has prompted us to
describe some of our work in this area. In previous
publications? * we recorded attempts made at preparing
compounds possessing high anabolic and low androgenic
activity, Because of the interesting activity of com-
pounds of the androstane series possessing a 2,3 double
bond,*® we felt it of interest to prepare some 2 3-
epoxides and episulfides and compare their parenteral
and oral anabolic and androgenic activities.

The preparation of steroidal epoxides (Table I)
proceeds in good yields either by peracid treatment of
an olefin’® or via base treatment of the corresponding
halohydrins.#® Specifically, the 2,3a-epoxides 1T were
prepared by treating the olefins I with either perbenzoic
or m-chloroperbenzoic acid, On the other hand, the
2,3B-epoxides VII were derived from the bromohydrins
VI upon treatment with base, In most cases, these
epoxides were used as intermediates in the preparation
of the episulfides as indicated below,

Earlier attempts in these laboratories to prepare the
episulfides by direct exchange of the epoxide oxygen
with sulfur as reported by Van Tamelen for cyclohexene
oxide®® were unsuccessful affording only unchanged
epoxide, However, in 1962, Lightner and Djerassil!
reported on the conversion of 2,3a-epoxy-da-cholestane
to the 2,38-episulfide in very low yield by the direct
displacement procedure. A more feasible approach
to the 2,3-epithio-5a-cholestanes was reported in 1962
by Takeda and Komeno who treated the corresponding
epoxide with thiocyanic acid!? to obtain the thiocyano
alcohol which was converted to the episulfide with
alcoholic potassium hydroxide.!®

In our studies, the reaction scheme outlined in Chart
I proved to be the most convenient route to the a- and
B-episulfides in the androstane series. Briefly, the
2,3a-epoxides II were treated with an ether solution of
thioeyanic acid prepared in situ'? to give good yields of

(1} To whom inqniries should be addressed.

(2) K. Takeda, T. Komeno, J. Kawanami, S. Ishihara, H. Kadokawa,
H. Tokura, and H. Itani, Tetrahedron, 2, 329 (1965).

(3) R. E. Counsell, P. D. Klimstra, and F. B. Colton, J. Org. Chem., 27,
248 (1962).

(4) P. D. Klimstra and R. E. Counsell, J. Med. Chem., 8, 48 (1965).

(5) R. E. Counsell, G. Adelstein, P. D. Klimstra, and B. Smith, submitted
for publication.

(6) R. E, Counsell and P. D. Klimstra, U. S. Patent 3,203,966 (1965);
J. A. Edwards and A. Bowers, Chem. Ind. (London), 1625 (1960).

(7) J. Iriarte, J. Org. Chem., 20, 543 (1955).

(8) J. Fajkos and F. Sorm, Collection Czech. Chem. Commun., 24, 3115
(1959).

(9) J. Fried and T. Sabo, J. Am. Chem. Soc., 79, 1130 (1957).

(10) E. E. Van Tamelen, 1bid,, T8, 3444 (1951).

(11) (a) D. A, Lightner and C. Djerassi, Chem. Ind. (London), 1236
(1962); (b) Tetrahedron, 21, 583 (1965).

(12) (a) K. Takeda and T. Komeno, Chem. Pharm. Bull. (Tokyo), 8, 468

(1960); (b) bid., 8, 672, 680 (1960).
(13) K. Takeda and T. Komeno, Chem. Ind. (London), 1793 (1962).
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the thioeyano alcohols IIT (Table I), Treatment of
III with methanolic potassium hydroxide at room
temperature for up to 2 hr afforded the 2,38-episulfides
IV (Table I) in good yield. The 2,38-epoxides VII were
treated similarly to give the 2,3e-episulfides IX.

An alternate procedure (Chart II) which can be
utilized for the preparation of the 2,3a-episulfides was
shown by the preparation of 2,3a-epithio-5a-androstan-
178-ol (IXb). When purified 2a-bromo-5a-androstane-
3,17-dione was treated with potassium thiocyanate in
acetone in a manner similar to that described previously
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Tasre 1
(o | 2002y, Caledd, o Frannd, )
Compd Recrystin media Yield, * Mp, *C deg {rormuli o " o i
2, 3-Epoxyvandrostane Derivatives
IIa MeOH 77 125-126¢ +104 CiaHasOy 7012 0.78 TROO4 09.99
b MeOH-H0 875 182— 1844 2500 CygH3znOu
d MeOH-Me.CO 46 204-205 +0.4 ClanHaOo TR.80 10,60 10,82
VIla MeOH-H,O a7.1 121-1254 — 132 ChablasOs To.12 9,79 [UNPHY
b MeOH-H,0) a8, 6 145--147¢ +-24 o) TRUOT 10,41 10,40
d MeOH 728 155161 +125 CaHaO: TRUNO 10,59 TS.20 10,30
Thioeyanoandrostane Derivatives
ITIn MeOH a7 [7TR=180 TN Cu JLay NOuS G912 hea| 69 .56 NG
b Me.CO-hexane e 1SH-184 =21 Cu Ly NOWS GN. T2 K04 BN .NT NUON
d Me,CO 62,5 206. 5210 B0 CHpaNOsS 6038 0,15 60,19 0,09
VITIa MeOH-H,0 T0.6 204-200 +85.5 CanHag NN 60,12 =41 69,13 N. 51
b Me.CO-hexnne 5.6 202-205 +23 CanHpy NOaS G8.72 N.04 68.57 0,23
d Me.CO-Tiexane 7.2 183185 +17.5 CatpNOS 69 .38 015 6. 64 R.R2
2, 3-Epithioaudrostane Derivatives
IVa Me,CO-HO K202 153154 +106.5H o HsON 7405 0.27 744 .41 9.30
b Me.CO-H.O GO .G 124--126, 20 08 7445 0. 87 7.0G 0,84
151153
o Me.CO-H.0 951 1471407 +17 Cla et )= 72.506 0.26 72.04 9,57
d Hexane 83.5 151153 +12.5H CugHz0= 74.05 10.07 74.73 10.07
[Xa MexCO-Hz0 82,4 L06-- 108" + 0N o HsON 74.95 9.27 T5.07 0. 1IN
b MeOH-H-0 97 128--130" +-27 o HayOS T4.46 0,80 7427 9.75
¢ MeCO 7D IH2-1557 +20 C 32008 72.36 0.26 72042 0,40
d MesCO-H.Q) 05 173-174 44 CyH R 74.05 1007 TH.27 10,11
* LiGs mp 125-126°, Jalb 4-108°, # Litd mp IN3-184°, [a]v +30.4° « Lict np 200-208°, {efp —5° ¢ Litd mp 121-122°, {«ip
+144°, e Litsmp 178-179° {a]p +50°. 7 Lit.2 mp 164-105°, Joln F20.4° v Tatt mp 1O7-108°, Tofn +107.0°0 & Lic2wap 127
128°) [a]b +25.4°. i Lit.2 mp 144~145°, [a]p +22°.
Cuanr II A similar sitnation  was reported by Takeda and
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for the cholestane series,!* the corresponding thio-
ecyanate Val* was obtained. Reduction of Va with
lithium tri-t-butoxyaluminum hydride afforded 2q-
thiocyano-5a-androstane-33,178-diol (XI). Treatment
of XI with methanolic potassium hydroxide at room
temperature gave IXb,

An attempt was made to prepare the 3-keto-28-
thiocyanoandrostanes by mild oxidation of the thio-
cyano aleohols IIT. Treatment of IIIa with chromic
acid reagent®® in acetone, however, gave the 2q-
thioeyano epimer (V) identical with that obtained
above. Apparently, because of the nonbonded 1,3-
diaxial interaction with the 19-methyl group, the axial
configuration of the 28-thiocyano substituent is un-
stable and immediately inverts to the equatorial form.

(14) The nmr gpectrum of this substance indicated a quartet (Jax -+
Jus = 20 cps) at 262 cps indicative of an axial proton at C-2. This is con-
sistent with that reported by Takeda and Komenols for 2a-thiocyano-fia-
cholestan-3-one.

(15) K, Bowden, I. M. Hetlbron, E. R. H. Jones, and B. C, L. Weedon,
J. Chem. Soc., 39 (1946).

INomeno. 2

An Sx2 displacentent type reaction of 3a-bromo-17 a-
methyl-3e-androstan-178-o0l-2-one* with potassium thio-
evanate in acetone afforded the ketone X possessing
a 3B-equatorial thiocyanate group. The spatial con-
figuration of the thiocyanate was confirmed from the
nmr spectnin which indicated the presence of o C-3
axial proton at 2538 c¢ps (separation between outside
peaks of J.. + Jue = 18.5 ¢ps).1% On the other hand,
the treatanent of VIIId in acetone with chromie acid’
produced a wsubstance which was different from that
above. The presence of a peak in the nmr spectrum aut
236 cps (width at one-half the peak height J,, 4+ J..
= 7 ¢pg) was indicative of a C-3 equatorial proton. ot
The above nmr data are consistent for ketone X
possessing n 3a-axial thioeyanate group. In this case,
apparently, the Se-axial hydrogen does not play
significant role through 1,3-diaxial interaction to cause
spontaneous cpimerization of the fairly bulky 3e-
thiocyanate group. This sitnation is somewhat analo-
gous to resultg reported by Lightuner and Djerassi':
for the Sx2 displacement of the bromine in 3e-bronio-
Se-cholestan-2-one with potasgsium  ethylxanthate to
give the 38-xanthate cpimer.

It is interesting to note that while both the 2,3-
epoxides and 2,3-episulfides!? 13 are generally unstable
to lithium aluminum hydride, they are stable to the
reductive action of lithium tri-i-butoxyaluminuin
hydride. This has been demonstrated for 2,3-epoxides

(163 (a) We wisl to tlhank Dr. R. H, Iible of our taboratories for helpfil
discassions conceming tlie ninr spectrum of these compounds. (b) The
c¢hemical shift for Lhe ("-3 protons in these cases is similar to that observed
for a-lialo ketones in whiclh the signal for the epimer with an eqnatorial hy-
Jdrogen appears at a ligher field than that for the epimer containing an axial
bydrogen: N. 8. Bhacca and D. H. Williams, ‘*Applications of NMR Spe¢-
rroscopy in Organic Chemistry," Holden-Day, Inc., 8an Francisco, Calif.,
1064, 1 73,
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by Fajkos® and for the 2,3-episulfides by the conversion
of the ketone IIIb to the alcohol IVb,

The nmr data obtained for the epoxides (IT and VIII)
and episulfides (IV and IX) were in agreement with
that recently reported by Tori and co-workers? for
various 2,3-epoxides and episulfides in the cholestane
series.

Biological Results.—The androgenic and myotrophic
activities were determined by the method of Eisenberg
and Gordon®® as modified by Saunders and Drill, '
The compounds listed were given to 22-day-old cas-
trated male rats intramuscularly by injection or orally
by means of a stomach tube. The relative potencies
are given in terms of per cent activity of testosterone
propionate (intramuscular) or 17e-methyltestosterone
(oral) and were determined from the minimal levels at
which significant increases in ventral prostate and
seminal vesicle or levator ani museles weights were
obtained. Table II compares the androgenic and
anabolic activities for the compound evaluated in this
study.

TaprLe II
ANDROGENIC-MYOTROPHIC ACTIVITIES®
Intramusenlar Oral®
Andro- Andro-
genicb genic
(SV + Mpyotrophic (SV + Mpyotrophic
Compound vP).2 LA* M/A%  VP/2 LA M/A
Testosterone
propionate 100 100 1.0
Ib 1 I
I1b 0.49 0.80 1.6 I I
IVb 2.2 13 5.9 1 1
VIIb 1.3 6.7 5.2 I 1
IXb 42 308 7.3 25 100 4.0
17a~-Methyl-
testosterone 100 100 1.0
Id
11d 1.4 4.8 3.4 I I
Ivd 0.62 2.8 4.5 18 78 4.3
VIid 5.6 36 6.4 I I
IXd 27 154 5.7 91 1100 12,1

« Potencies are given in terms of per cent of the activity of
testosterone propionate and 17q-methyltestosterone. » 8V =
seminal vesicles, VP = ventral prostate; since there is no uni-
form standard reference for androgenic designation, the values of
one-half of the sum of the VP and SV have been used as the
criteria of androgenicity. ¢ LA = levator ani. ¢ Myotrophic to
androgenic ratios. ¢ The letter I designates inactivity.

Parenterally, the various epoxides (IIb, d and VIIb,
d) (Table II) showed very little or no anabolic or andro-
genic responses when compared to testosterone pro-
pionate. The most active of these substances was
VIId, the 2,38-epoxide, Similarly, these same com-
pounds (IIb, d and VIIb, d) demonstrated very low
oral activity when compared to 17 e-methyltestosterone,
failing to stimulate growth of the sex glands. These
results, however, should not be too surprising since
there are few if any reports of epoxy steroids possessing
appreciable endocrine-stimulating properties. 22!

Although one would expect the episulfides (IV and
IX) to possess biological properties similar to the

(17) K. Tori, T. Komeno, and T. Nakagawa, J. Org. Chem., 29, 1136
(1964).

(18) E. Eisenberg and G. S. Gordon, J. Pharmacol. Ezptl. Therap., 99, 38
(1950).

(19) F. J. Saunders and V. A, Drill, Proc. Soc. Ezptl. Biol. Med., 94, 646
(1957).

(20) R. E. Counsell and P, D. Klimstra, J. Med. Pharm. Chem., 8, 477
(1962).

(21) M. E. Wolff, W. Ho, and R. Kwok, ibid., T, 577 (1964).
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isosteric epoxides (II and VII), pronounced anabolic—
androgenic activity was found for some of the epi-
sulfide analogs (Table IT). For example, 2,3a-epithio-
17 e-methyl-5e-androstan-178-ol (IXd) was found to
have approximately equal androgenic and 11 times the
anabolic activity of methyltestosterone after oral
administration. Even IXb, lacking a 17e-methyl
group, showed interesting and significant oral activity.
In addition, the activity with respect to structure and
configuration appeared to be quite specific for the -
episulfide isomer since the 2,38-episulfides were much
less active.

The 2,3a-episulfides IXb and IXd also displayed
significant activity following parenteral administration.
For example, IXb was approximately three times as
potent as testosterone propionate anabolically with a
myotrophic/androgenic ratio of 7.3. Again, there is
an association of high anabolic activity with spatial
configuration since the 2,38-episulfide analogs IVb and
IVd had very little parenteral anabolic or androgenic
activity.

The myotrophic/androgenic ratios of many of the
epoxides and episulfides are also shown in Table II.
Many of the values may be misleading and possibly of
limited value because of the relatively low order of
activity of the compounds in both the anabolic and
androgenic categories. However, because of the higher
order of response observed for compounds IVd, IXb,
and IXd, the ratios listed are useful and meaningful,
For instance, the 2,3a-episulfide IXd, has one of the
best myotrophic/androgenic ratios of those reported
so far.22=%

It is impossible at this point to rationalize the high
activity of the 2 3ca-episulfide over the 2,33 isomers,
From a chemial standpoint, one could expect the forma-
tion of some of the 2-dehydro analogs from the de-
composition of the sulfur moiety.2®* However, the
178-hydroxy-2-dehydro analog (Ib) has no oral anabolic
activity while the corresponding 2,3a-episulfide does
produce a significant oral response. In addition, while
both the 2-dehydro and 2,3a-epithio-17 a-methyl ana-
logs (Id and IXd) have similar high anabolic activity,
the later substance is only about one-half to one-third
as androgenic. Similarly, one might expect the much
less active 2,38-epithio-17 e-methyl derivative (IVd) to
also be transformed into the 2-dehydro analog; how-
ever, one might speculate that metabolically this
apparently is not the case,

The intermediate thiocyano aleohols III and VIII
and the a-thiocyanoketo derivatives Va and Xd were
evaluated for anabolic and androgenic activity and
were found to be essentially inactive.

While the anabolic-androgenic potencies of the
epoxides IT and VII are not very pronounced, the results
aslisted in Table IT are of particular interest in consider-
ing the hypothesis of Wolff and co-workers?!% regarding
the mode of adsorption of the steroids on receptors:
“The tendency is for the asymmetrical sp? system to
afford a more active compound when hindrance is
greater on the a-face, than when hindrance is greater

(22) Most of the presently commercially available anabolic agents, and
the more potent ones reported in the literature, have ratios of 2-13.

(23) K. Junkman and G. Suchowsky, Arzneimittel-Forsch., 12, 214 (1962).

(24) F. A, Kincl and R. 1. Dorfman, Steroids, 1, 116 (1963).

(25) E. F. Nntting, R. E. Counsell, P. D. Klimstra, and I, Callkoun, sub-

mitted for publication.
(26) M. E. Wolff and T. Jen, J. Med. Chem., 6. 726 (1963).,
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on the 8-face.” This hypothesis is sct forth to ration-
alize the increased activity or lack of it of the « over the
corresponding G isomers of steroidal A-ring epoxy
androgens.  In our hands, similur isomerie epoxides
appear to have the reverse order of androgenie and
myotrophic activity when administered parenterally.
For example, the 238-cpoxides VIIb and VEHd were
several times more potent than the corresponding o
isomers ITh and ITd. This would tend to indicate that
the more active eposides have greater hindrance on
the g-rather than on the a-face of the tetracyelic sys-
tem.  These results are somewlud in le with e-fuce
(baek side) attack of the androgeirc molecule by cu-
zymatic surface as proposed by Ringold.*

The different results reported as well i the variety
of hypotheses expounded seent 1o further point np the
lack of uuderstauding of how and where these sub-
stances arc bound to reeeptor sites,

Experimental Section®

2,3a-Epoxy-17a-methyl-5«-androstan-173-0l (IId). General
Method —A solution of Id? (10 g) and perbenzoic acid® (1.1 .V
i benzene, 75 ml) in benzene (50 ml) was allowed to <tand for
20 min at room temperature and then in the refrigerntor for 16
hr.  The reaction mixtnre wax waslied repeatedly with 107
aqueons NasCOj solution followed by 11O until free of henzoie
acid and dried over anhydrons KyCOy containing Darco. Solvernt
removal left i solid residue which was recryvstallized from acetone-
hexane to give ITId (5.0 g), mp 198-200°. Further recry<talliza-
tionn from methanol-acetone gave mun analvtical sample, mp
204-205°.

Thiocyano Alcohols. General Method,—To potassium thio-
eyanate (40 g) in methanol (20 ml) containing a =mall amount of
ice, was added ether (150 ml). To thix mixtire was ndded 85¢¢
HyPO4 acid (60 g) in small portions with vigorous agitation,
The pink ether layer was sepuriated, washed with two [0-ml
portions of HyO, and dried briefly (Nn.2Q),). The ether portion
containing thioeyanie acid was combined with I1a (3.7 g) and
allowed to stand for 70 hr at room temperature. The reaction
mixture was washed with 109, nqueons NmyCO; and with H.O
until neutral and dried (Nu.S0,).  Solvent removal left an oil
which solidified. Recrystallization from wmethavol gnve T1n
(1.7 g), mp 178-18D°.

23-Thiocyano-5«-androstane-3«,173-diol (I1Ib), General
Method.—To a stirred solntion of ITIa (1.0 g) in tetrahydrafuran
(THTF) (20 ml) cooled in an ice bath and under nitrogen, was
added a chilled mixtnre of lithium tri<t-butoxyahiminum hydride
(2.5 g) it THF (20 mil). The solution was stirred for 0.75 hr and
poured in 107 AcOH and ice.  An oily =olid fornied which grad-
nally solidified. The precipitate was collected, waxhed with Hat),
and air dried. Recrystallization from acetone-hexane gnve ITTh
(0.75 g), mp 183-184°.

2,3-Episulfides. General Method -~1'0 a wiurined solution of
IITa (5.0 g) in methanol (125 ml) was added a solution of KO
(2.5 g) in methanol (55 ml). The reaction was allowed to stand
for 1.75 hr at voom teniperature,  Water (250 mil) was added and
the solution cooled. The precipitate wox collected and air dried
ta give the produet (3.6 g), mp 146-148° Aponnady tiend sample
of IVa was prepared by rvecrystallizntion lrom acetowe: mp
153-1H4°.

23,35-Epithio-5«-androstan-178-ol (IVb),—To a stirred sohi-
tion of IVa (1.0 g) in THF (20 mD cooled in an iee bath, wis

(27) 1. J. Ringold in “*Mechonisine of Actiem of Steroid Horownes,”™ C. L
Vitlee and L. l.. Engel, 12d., Pergamon Press, New York. N. V., 1061, ¢
200~-232.

(28) Oplical rotutions, speecra, md anelyviical date were farnistied hy
Mr. E. Zietiuski and Mr. J. Damasers of (o pnalytical departivent andec
the sppervision of Dr. R. T. Dilton.  TlLé apieal rotations and infrared
speetrn were ohtained in ehlarofori ol nliraviotet speecra in nethanol,
Thie nmr spectra were ohtained witlh o Varian A-G0 spectrometer. The
melting points were ohtained gh o Fisber-loling apparatus and are coreeeosd.

{20) 1. 15, Connsell and P. 1), Kimstra, 17, S0 Falenc 2.203,8G6G (1965
Chem. Abstr., 83, 14943 (19657,

(30) m-Clhloroperlienzoie acid, peaitabde from the FAMC Curen coald b
snbstitoted here to alsa give goad vields of the epoxides
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added o mixture of lithium tri--butoxyalininnm hydride (2.5 ¢
in THIF (20 ml). Alter 1.5 hr the reaction was poured into an ive
ind 100 AcOT] =olution. The precipitute was collected, washed
with O, and war dried. Recrystallization [rom aceraue alforded
the produet TVD 0.7 g, mp 1241262, 151 1550,

23,33-Epithio-5«-androstan-173-01 Acetate (1Ve).  General
Method.- -A =olutinn of TVD (1,25 ¢) and aeetie andiydride (1 mils
in pyridive (2 iy was allowed to <tand at room temperature for
4l The reaction mixture was poared into ice and TLO) ind
the product was eollected, washed with HaO, and air dried.
Recry=ialliziction from acetone alforded [Ve (200 mg), mp 115
15070 Furdher reerystallization from e smne solvern system
atforded pure IVe, rap 147-140°,

2«-Thlocyano-5«-androstane-3,17-dione {Va), A. 17
Alecohol. A «rirred <oluton of ITIa (0.6 g) in acetone (6 ml) was
tredated with <tandard clromie acid sohdion dropwize nntil the
calor of the vengent persisted. The excess chromie acid was
destroyed with =apropyl aleoliol and the inorganie saltx were
removed by Blivation through dintomaeeons earth. The tiltrate
was dilnded with T and refrigernted. A ery=alline produet
wirs colleered, washed with 110, and air dried. Reeryvstallization
fromn methanol afforded Va (023 g0 mp 202-208° dee: Ta]®n
=457 vanr, 252257 2-T1i 69 1C-I8 wmethyl s and 555 eps
PC-10 ety

dneds CidedTar Ca e NOS: (6952
G4 I, 770

B, e Bromide, -A mixture ol 2a-bromo-ja-nndroseane-3,17-
dione (120 ¢ and potassinm thioevanate (8 g) and acetone 1400
mly wies relluxed with <tirving for 6.5 lir. - The reaction gradually
Leenme homogeaens aud toward the end of the reaction periad
KBr precipitated,  The =alt wax venwoved by filtration and the
filtrate was comcontrated by two-thirds. Water was added and
the produce whielr precipitated was collected mid waslied with
IO, The precipitate was dissolved in ethyl acetate-benzen
2000 and dried by azeotroping with the benzene.  Solvent
removal /e eaeno allorded a<olid (9.6 g) which wax recry=(allized
from ediyl neetie 10 give Vao (3.0 @), mp 212-214° dee, Thix
preparation was <hown by mixture melting point and indrarved
to be iderdienl with chat prepared by the above method.

23,33-Epoxy-5x-androstan-17-one (VIIa), General Method.

A solution of NueCOy (0,45 ¢) in HaO (10 ml) was added
Aowly widhe svirrtag 1o a0 mixaire of VIn® (2.0 gy o THIY
sUMby and 110 o mliover 10 min, The reaction was allowed 1o
stind for 41 hir at room temperatiae nud ponred intaice und 11O
The precipitace was collected, washied with 11O, and air dried.
Two recvyvsallizations from methanol gnve pure VIIa (1.1 gy,
mp 1201259 The wmixture melting point of this sample with
the Za,de-epoxy isomer wis X7-R8°,

23,353-Epoxy-5c-androstan-173-0l (VIIb)---To n stirred sohi-
tiom of VITa> (1.0 g) in methanol (20 ml) was added NaBI,
(1O g)in methanol (15 i) and H.O (1.7 ml). The solution wis
relfuxed with <tirring for 5 lir.  Afrer cooling, the reaction was
poired o iee ond FLO G300 il and stirred for 0.5 hr. The
preapitite was colleeted, washed with H.O, and air dried.
Recry=tallizations frone methinol - Tt gave VIIL (0,65 g), mp
T4 1477,

2,3-Epithio-5«-androstan-173-0l tIXb), A solution ol N1
1.6 ) nomethanol (25 ml) and KOH (0.8 ¢) in methianol (1o
) was allowed Co stand at room temperative for 2 he, Water
wax dded 1o the reaction misture followed by cooling in the
refrigerntor. The precipitnce was collected and recvystallized
from raethanol-FO to give IND (L g, vip 128-131°, This
preparittion was <hown by mixture melting point and infrared
1o heidencienl with that preparved by ring closure of VILIa.

17 «-Methyl-38-thiocyano-5«-androstan-173-0l-2-one (X).-

To a =olution of He-bromo-17a-methyl-Ha-nndrostan-17 g-ol-2-
e CLO @) it neetone (60 ) was added potasshim thioeyanate
(2.0 @) i aectone (40wl The venetion mixture wis refluxed
for 2 by, eonled, and tiltered (o rentove the snspended KBr.
The fdtrate wans poared tnto 11O and the precipitate was col-
leeted. Reervatallization trom acerone-ILO gave X (38-thio-
cvanate, 204 g omp 94-06°%: [o] 0 —42%; Ay 327 mp (e T2
nmr, 2485207 a1l 755 (01T methyl), 515 (C-18 methyly,
and 48 e (C-19 methyl

Anal, Caled for CuTlaNOSN: C 6076 11, R4,
C60a 11, 85t

I, 7.85 TFFannd: )

IFound:

inlt 10 10 KRlhwsos and R 12 Caansell, 17020 Patent 4,018 208 110G2;
ey, Alstel BT, 4T3 11462).
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17 a-Methyl-3-thiocyano-5«-androstan-178-ol-2-one (X),—A
solution of VIIId (1.0 g) in acetone (35 ml) was treated dropwise
with standard chromic acid solution.® The excess reagent was
destroved by a small amount of isopropyl alcohol. The inorganic
salts were removed by filteriug through diatomaceous earth and
the filtrate was concentrated (n wvacuo, the residue was diluted
with H;0, and a crystalline product was collected. Recrystalliza-
tion from methanol-H,0O afforded the 3a-thiocyanate X (0.7 g),
mp 151-153°. An additional recrystallization from methanol
gave anl analytical sample: mp 153-154°; [a]®p +137.5°%;
Amax 292 mp (e 60); nmr, 232.5-239.5 (38-H), 73 (C-17 methyl),
50.5 (C-18 methyl), 49 cps (C-19 methyl).

24-Thiocyano-5«-androstane-38,178-diol (XI),—To an ice-cold
solution of Va (4.0 g) in THF (100 ml) was added a cold solution

PTERIDINECARBOXAMIDE DIURETICS. [ 697

of lithium tri-&~butoxyaluminum hydride (20 g) in THF (100 ml).
The reaction was stirred for 1 hr at about 5° and poured into an
ice-cold 5%, AcOH »olution. The produet was extracted with
ether and the extracts were washed with H,0, 59, NaHCO3, and
finally H,O agaiu before drying over anhydrous Na,80,;. Solvent
rentoval in vacuo left a white solid which was recrystallized from
acetone-liexaile to give the diol XI (3.6 g), mp 202-205°, [«]|*D
+23°.

Anal. Caled for CoHyNOSS: C, 68.72;
C, 68.57; H, 9.23.
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Reaction of
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The reaction of 4,6-diamino-3-nitrosopyrimidines with a number of N,N’-bis-substituted malonamides in the
preseuce of 1 equiv of sodium in ethanol afforded mixtures of 4-amino-7-substituted amino-N-substituted 6-

pteridinecarboxamides and 4-amino-7-hydroxy-N-substitiuted 6-pteridinecarboxamides.

The 7-substituted

aminopteridinecarboxamides were found to be effective oral diuretics in rats, whereas the 7-hydroxypteridine-

carboxamides were inactive at comparable dose levels.

The base-catalyzed reaction of 4,6-diamino-5-nitroso-
2-phenylpyrimidine (I) with cyanoacetamide yields
4,7-diamino-2-phenyl-6-pteridinecarboxamide (Ia) (see
Scheme I).* Variation of substituents on the 2 position
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of the pyrimidine, as well as substitution on the amide
nitrogen of the cyanoacetamide, permits the prepara-
tion of many biologically active substituted 6-pteridine-
carboxamides. These have been the subject of several
recent patents.? In each of these reactions, ring closure
to the pteridine results from the elimination of 1 equiv
of water between the nitroso group of the pyrimidine
and the active methylene group of the cyanoacetamide
and the concomitant addition of the amino group of
the pyrimidine to the nitrile group of the cyano-
acetamide,

The reaction of I with diethyl malonate in the pres-
ence of 1 equiv of sodium in ethanol affords ethyl 4-
amino-7-hydroxy-2-phenyl-6-pteridinecarboxylate (II).
In this reaction, ring closure occurs with elimination of
water and ethanol. Other examples of pteridine forma-
tion by reactions involving 4-amino-53-nitrosopyrimi-
dines have been described by Pachter and co-workers.?
A recent review has appeared on biologically active
pteridines derived from 4-amino-3-nitrosopyridines.®

In view of what has been reported concerning these
types of reactions an attempt was made to prepare
4-amino-7-hydroxy-2-phenyl-6-pteridinecarboxamide
(IIa) in a single step by the reaction of I with malon-
amide in the presence of an equivalent amount of
sodium ethoxide. It was expected that water and
ammonia would be eliminated in the reaction, thus

(1) A preliminary account of this work was presented before the Division
of Medicinal Chemistry, 150th National Meeting of the American Chemical
Society, Atlantic City, N. J., Sept 1965, Abstracts, p 16.

(2} To whom inquiries regarding this article should be sent.

(3) T. 8. Osdene and E, C. Taylor, U. 8. Patent 2,975,180 (1961).

(4) J. Weinstock, U. S. Patent 2,963,478 (1960); T. 8. Osdene and A. A.
Santilli, U. 8. Patents 3,138,595, 3,138,594, 3,138,592, and 3,122,547 (1964).

(5) I. J. Pachter and P. E. Nemetli, J. Org. Chem., 28, 1187 (1963);
I. J. Pachter, P, E. Nemeth, and A. J. Villani, ibid,, 28, 1197 (1963).

(6) T.S. Osdene in ''Pteridine Chemistry,'" W. Pfieiderer and E. C. Taylor,
Ed., The Macmillan Co., New York, N. Y., 1964, p 65.



