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" Melting prdnts wene deterimined o« Fisher-Julims Dlosek
wad are enrrectedd. Haotathns wene nbtained i ehlorniram
nnless otherwise noted. The analvtical datie were reposted by
Dirs TLT. Dillon cand his stafi ot € DL Searle & Coo 2 Pyridine.
" Methanl,

A solntion of 1T g of
2.5 ml of avetic wr

Acvlation of the 33-Hydroxy Steroids.——
33-hivdroxy sterid, 5 ml of pyridiute, and
propivnie anlydride was wlowed tistand at for L day. Tl
sotation was then slowly dilited at 0° with water,  The crystal-
line precipitate which appeared wus enllected by filtration
dvieal 7o recso. The vields of ¢rnde prodiet ranged between 835
and DN Al analvtienl smnple was prepared by cevstallization
of e enude product from ether and Skellysolve B oor acetone
ainl Skellyvsolve 13,

6-Dehydro-17-ethynyltestosterone 17-Acetate.-—A solution nf
200 mir. of G-clehyvdro-17-etlornyltestnsterone, 5wl of pyridine,
wed Yool of aeetie anhydride was refluxed for 2 hr., cooled to 0,
diinted slowly with water, and then extracted with ether.  The
eeher silntinn was washed siccessviely with dilute hydrocehloeiv
weidd, water wnd agueons sodinm Liearbrnate and then dried over
sadiimm sulfate aud distilled o dryness o roeso. The residue
npoll erystallization from ether and Skellvsolve B3 vielded 150 mg.
(o2 nf the produet which melted ot 145-146°, AT 282.5 n.

€ 26,3001, [a) B0 - 56 (CHCL).
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Synthesis of Some Steroidal [3,2-d]- and [17,16-
d]-2’,6’- Diaminopyrimidines

Lseasy 1o Savrru, Daxiin M. Tenier, axo Ticionore Forw,
Jeesoneek and Develapmest Dicivien, Weetls Lakaradaqivs, Ine., Raduni o,
Ferciced Neavownhor L3 2002

T view of recent phannacentical interest in steroids
bearing heterocyeles fused to the A- or D-ring of the
steroid nnelens, we wished to synthesize steroids fnsed
in the 2.3- und 16,17-positionz to the pyrimidine ring
systen. The tetrnhydroguinazoline svinthesis of Appel-
quest,” 7 emnleving n faslon reaction bhetween evatio-
wisidine wnd an appropriate evelie ketone, formed the
basisfor our studies. Since the in('epti(m of thiswark sev-
eral reports of different types of A-ring steroidal pyrinn-

T AT Appelagrase, 17080 Paremy 20517824 (Angnst 8, 1950y,

20 11 Muodest, 8 Chintterjee, sI. Wangur, aml D), 81, Bran, Abstracts
1d Papaees L87¢h Amerivan Chemieal Soriety Naotinaa) Meering, Chansland,
Oz, April 5-14, 1969, 1 4N 1L T Aladest, 11, IKaneanr, and 5. Clat-
erier, Abstraens of 17.\1|‘rs. 141st Anwrisan Chemical Speinty Natianal
Meeting, Washinston, D. (., darch 20-29, 1952 oo T. Minlest.
8. Chatteriee, and H. Ix.m‘_ru‘, SOy Chem,, 27, _‘OS (1')7 IR

4y 1 DeCraw, Ta Goodootn, By Weiasieia, and B, 1. Saker, +%id., 27,
aTH (1hGy,
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idines prepared by other methodst have appeared.
Reaction of w sevies of 4 5e-dihydro-3-ketosteroids
with (\,.‘.uw‘ll:midin(: vave the anticinated steroido-
n AR S
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The reaciion gisn took plaes with 17-kcetones: 1hns

S-hvdrosy-t S50 10 -estmtrieno- 117
Tu-di-2'0 —'i}.lil‘li‘ilt)})\'l‘iiili'liA (Vo) rond estrore methyl
ether VI gave its respectivr pyrinidine Vb Par-
tial reac ‘L.u voeaired with dehydoizoandrosterone, bt
the produet wns 1ot sokited wod charmetoized,  Reae-
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ila.R=H
ITb. R=CH,
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tion with testosicrone gave s waior prodiet formunlsted
as the pyrimidine V1

The steroids 1T and 'V absorh characteristically at
283-284 my (e H000-8000) and near 230 g (¢ 8000--
16.000) in ethanol. For the dihvdrotestosterone de-
rivitives T and 1Th the spectra were not materially
changed 1n slkaline ethanol;  however, i acidified
ethanol the 230 nw band was missing and the 284 my
band waz shifted to 273 mu. This behavior is very
siniiar o it of 2d-diandnopyrinidine” and 2.4
dinminoe-5,6.7,8-tet 15‘(11'0(111111:17'>1i:1<%.:* Other  4-
aminopyrintdine  derivatives  behave  sinnlardy, and
iy lose their fong wave length abzorption band (pres-
ent in veutral solition) on acidifieation, either hy a
snbstuntinl hvpsechronsde shift or by consolidation with
£h nheorption.®  The dinminopyrim-
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idine VI derived from testosterone absorbed at 300 my,
and this spectiuni was not altered by acid or base.

The infrared spectra of the diaminopyrimidines II,
III, V, and VI were dominated by three strong absorp-
tion bands i1 the 3 u region, at 2.87-2.90, 2.97-3.02,
and 3.14-3.17 u, typical of diaminopyrimidines in
general.?”? T'urther complex stroug absorption oe-
curred in the 6.15-6.69 p region, also cousidered typical
of diaminopyrimidines,©# 10

The diaminopyrimidines ITa and IIb are weak bases
with pK, values of 7.50 and 7.45, respectively. The
estrone derivatives Va and Vb, pK, 6.70 and 6.44,
respectively, are slightly stronger bases. Only one in-
flection could be determined in the titration cuives;
however, 24-diaminopyrimidine showed ouly one
pK, value (7.26).1!

The fusion reaction was conducted in a test tube
heated i an oil bath at 200-250°.  Air was displaced
by nitrogen. The melted steroid and cyanoguanidine
wele miscible in some cases, but two phases were fornied
with Sa-cholestan-3-one, estrone methyl ether (IVb).
and dehydroisoaudrosterone.  In these three cases
large amounts of unaltered steroid reactaunt were re-
covered and only relatively small amouuts of diamino-
pyrimidine were fornied. Generally agitation of the
niolten reaction niixture did not iniprove these cases.

The reaction product solidified on cooling and was
rentoved, ground, and washed with water to remove
melaniue which was also fornied in the reaction. The
steroidal products possessed at this stage the character-
istic ultraviolet and infrared absorption properties of
the purified materials, and despite coustant spectral
properties satisfactory elemental analyses could not be
obtained in certain cases. The preparations were
readily solvated and were electrostatic. Chromato-
graphic purity of each preparation was attained, as
evidenced by both thin-layer aud paper chromato-
graphic procedures.

The two dihydrotestosterone derivatives I1a and IIb
had a low order of androgeunic activity with 1o anabolic
activity.!> The estroune derivative Va had low order
(0.19, of estrone) estrogenic activity, but neither Va nor
Vb exhibited antilipemic effects.'?

In view of the variety of antimicrobial activities of
other 2 4-diaminopyrimidines, including folic acid-
folinic acid antagonisni,'* antimalarial activity 8 8e 1421

(9) L. N, Short and H. W, Thomnpson, J, Chem. Soc., 168 (1952).

(10) The two regions of complex absorption have also been reported for
some monoaminopyrimidines bearing the fused steroidal nucleus (see refer-
ences 5 and 6).

(11) A. Albert, R. Goldacre, and J. Phillips, J. Chem. Soc., 2240 (1948).

(12) Using the test of L. G, Hershberg, E. G. Shipley, and R, K, Meyer,
Proc. Soc. Exptl. Biol. Med., 83, 175 (1953). IIa was 3~109%. IIb was 0.69,
as potent as testosterone propionate (ventral prostate). Potency of Ila and
IIb (lerator ani) was less than 1.59, compared with testosterone propionate.

(13) Estrogenic activity was measnred by moise uterine growth, ¢/, B. L.
Rubin, A. Dorfman, L. Black, and R. I. Dorfman, Endocrinology. 49, 429
(1951). The antilipemia test employed was one devised by Dr. R. A. Edgren
using intact adult male rats on a normnal diet, with test compound adminis-
tered over 9 days. Active compounds reduce the Liebermmann-Burchard
positive lipids of whole plasma extracts. Testicular atrophy was also noted
as a sign of ‘‘feminization."

(14) (a) G. 1. Hitchings, G. B, Elion, H. VanderWerff, and E, A, Fzlco,
J. Biol. Chem., 174, 765 (1948): (b) E. A, Faleco. G. H. Hitchings. P. B.
Russell, and H. VanderWerff, Nature. 164, 107 (1949): (¢) G. H. Hitchings,
G. B. Elion, E. A. Falco. P. B, Russell, M. B, Sherwood, and H. Vander-
Werff, J. Biol. Clem., 183, 1 (1950): (I) G. H. Hitchings, Trans. Roy. Soc.
Trop. Med. Hyg., 46, 467 (1932): (e) G. H. Hitchings, E. A. Falco, G. B.
Elion, 8. Singer, G. B. Waring, D. J. Hutchison, and J. H. Burchenal, Arch.
Biochem. Biophys.. 40, 479 (1952); (f) G. H. Hitchings, Congr. intern. bio-
chim.. Résumés communs., Ze Congr., Paris, 1952, p. 83; (g) E. J. Modest,
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anticocecidial activity,® antileukemic and antitumor
activity,’” antibacterial activity,’® ete., the diamino-
pyrimidines I1a, IIb, Va, and Vb were tested against a
variety of bacteria and fungi. Autibacterial activity
was found for all four against several Gram-positive
organisms, and particularly against Staphylococcus
aureus strains (Table I).

Tapie I
ANTIBACTERIAL ACTIVITIES OF STEROID [3,2-c]- AND
[17,16-d]-2",6'-D1AMINOPYRIMIDINES

Minimun inhibitory eoncentration, wg./ial.
(Agar serial dilutioni

Potas-
sium
Penzyl
Test oreanisin ITa I1b Va Vb Peniciliin
Staplylrcoccus aureus 209P 31.3 100 10 10 0.05
Staphylococcus aureus 53-180 250 100 10 10 >100
Staphulococcus aureus CHP 250 .. 10 10 100
Staphylococcus aureus Sn.ith 31.3 ..
Stapkylococcus aureus J 144 .. .. .. 10
Strepeococcus pyngenes Gromp
A 31.3
Dipiococcus pneumoniae 37 31.3
Sarcina lutea 31.3
Gaffhya tetragenn 21.3 . . .
Salmonella paratyphi 250 100 50 10 0.10
Brucella bronchiseptica 500 100 50 25 3.0
Neisseria catarrhalis 250 500 50 25
Lactobacillus caset 50 50 25 25 ..
Bacillus subtilis 6633 25 30 25 10 0.0235
Bacillus subtilis SR 250 1000 250 25 >100
Mycchacteitum sp. 25 . >1000 1000 >100
Pseudomonas aervginosa 1000 >1000 >1000 1000 >100
E'scherichia coli 6830 1060 1000 500 1000 10
Escherichia colt SR 1000 1000 500 1000 50

However, neither ITa nor Va protected mice challenged
intraperitoneally with a penicillin resistant strain of
S. aureus CHP.

Experimental!?

173-Hydroxy-5«-androstano-(3,2-d]-2',6'-diaminopyrimidine
(ITa).—4,5a-Dihydrotestosterone (1 g.) was mixed with 400 mg.
of eyanoguanidine and placed in an oil bath preheated to 230°.
The material melted in a few minutes and was heated at 230-
250° for 30 min., during which time bubbles evolved. The cooled
mass was powdered, washed with water, and dried, yielding
1.275 g., Amax 284 mpu (e 5000). The solids were dissolved in
ethanol, precipitated with water, and the product dried over
phosphorus pentoxide, yielding 990 mg. of material with Amax
284 mu (e 5160), which was redissolved in tetrahyvdrofuran and
reprecipitated with wnter. The white solids were extracted with
boiling benzene, and the filtered extracts evaporated under
vacuum. The pure product wasdried thoroughly over phosphrous
pentoxide under vacuum, m.p. 190°, and at 272-278° dec. (with
shrinking and coloration from 243°); An.x 284 mu (¢ 4830),

G. E. Foley. and 8. Farber, Acta Unio Intern. Contra Cancrum, 16, 702
(1960).

(15) (a) L. G. Goodwin, Nature, 164, 1133 (1949); (b) E. A. Falco, P. B.
Russell, and G. H. Hitchings, J. Am. Chem. Soc., 78. 3753 (1951); (c) E. A.
Falco, L. G. Goodvin, G. H. Hitchings, I. M. Rollo. and P. B. Russell,
Brit. J. Pharm. Chemother., 6, 185 (1951): () 1. M. Rollo, Trans. Roy. Soc.
Trop. Med. Hyg., 46, 474 (1952): (e) L. G. Goodwin, 14id., 46, 485 (1952):
) G. R. Coatney, ihid., 46, 496 (1952).

(16) R. E. Lux, Antibiotics and Chemotherapy. 4, 971 (1954).

(173 ta) J. H. Burchenal, 8. K. Goetchius, C. C. Stock, and G. H. Hitch-
ings, Cancer Res. 12, 251 (1952): (b) D. A. Clarke, 8. M, Buckley, S. 8.
Sternberg, C. C. Stock, C. P. Rhoaids, and G. H. Hitchings, 7bid., 12, 253
(1952)7 (e) K. Sngiura, ibid.. 18, 431 (1953).

(181 E. F. Rogers, W. J. Leanza, and L. H. Sarett J. Org. Chem., 22,
1492 (1957).

(19) Melting points were taken on a Kofler block under a microscope and
are corrected. Infrared spectra were deterinined on pressed potassium bro-
mide disks using the Perkin-Elmer Model 21 instrument., Ultraviolet ab-
sorption spectra were determined on solutions in 95% ethanol. The pK
values were determined on 509 aqueous ethanol solutions using 0.1 N HCL
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2301 (e8340); Amin 256 mu (e 1520), 224 mpu (e 8240); Amow-1
273 mp (e 4520), Nyin 256 mu (e 3740); AEX 2.90 (shoulder),
3.01,3.17, 6.21,6.32,6.38,6.95, 9.50, 9.75, 12.20 4, etc.

Anal. Caled. for CaHpN,0O: C, 70.75; H, 9.05; N, 15.72.
Found: C,70.20, H,9.07; N, 13.41.

173-Hydroxy-17 a-methyl-5«-androstano-|(3,2-d|-2,6 -dia-

minopyrimidine (ITh).—Two grams of 17a-nethyvl-4,5a-dihydro-
testusterone and 1.0 g. of e¢yanoguanidine were mixed i a test
tithe and placed in an oil bath preheated ta 175°. Heating was
contimied, the niaterials melting at 187-200°. At 220° bubbles
evolved from the reawction melt, and heating was then continued
for 30 min. The cooled nielt (2.61 g.) was ground and ex-
tracted with benzene in a Soxhlet extractor for several days.
Six separate extracts were taken, which yielded on evaporation
the purified pyrimidine, 1.885 g., m.p. 247-250° dec. {shrinking
and coloration from 172°); Nyux 284 mp (e 5000-5300).  After
dissulving in ethanol, precipitation with water, drying, reextrac-
tion into benzene, evaporation, wnd thoraugl drying over plios-
pharus pentoxide the product melted at 170-175° and at 248
256° dee.: {alp +16° (19, LtOH); A 284 mu (e 5440), 230
mu (A9650, shoulder); Agin 254 nu (e 1970); AnoPEY 273 g
(€ 5330), Auin 257 mu (€ 4280); AEI 2.87 (shoulder), 3.00, 3.17,
345, 3.52 (shoulder), 6.19, 6.29, 6.39, 6.5, 9.19, 10.72, 12.69
My cte.

Anal. Caled, for CwHyN,O: C, 7131 H, 9.24; N, 15.12.
I'oand: €, 71.67; H,8.57; N, 13.57.

Solvated forms were also vbtained, & hydrate, m.p, 170-182°
and 252-260° dec.

Anal, Caled, for CoHpN,O-11/H0: €, 67.23;
N, 1426, Found: C, 67.08; H,8.70; N\, 14.63.

5a-Cholestano-{3,2-d]-2",6 '-diaminopyrimidine (III).-—A mix-
ture of 1.0 g. of 3a-cholestan-3-one and 0.25 g. of cyanoguanidine
was heated at 250° under nitrogen with vigorous stirring.  After
nelting, two phases were formed. After 15 min. an additional
0.25 g. of exancguanidine was ndded and heating was continued
for 15 min. The cooled reaction mixture (1.0 g.) was washed
with 100 ml. of hot water twice, vielding 0.91 g. of yellow solids,
nLp. 200-208° (softening fromr 100°); ALnet=5exide 998 ny
(e G730); AZY 3.05, 3.20, 5.85 (residual Sa-cholestanone), 6.17,
6.39, 6.97 u, ete. Thin-layer chromatography (5%% ethyl acetate
in hexane) using 259; autimony trichloride in chloroform for
detection indicated the single praduct (1, 0.48) together with
unaltered Se-chloestanone.  No o further purifieation was ut-
tempted on this preparation.

3-Hydroxy-1,3,5(10)-estratrleno-{17,16-d|-2",6 ‘-dlaminopyrim-
idine (Va).—Estrone (6 g.) and 4.0 g. of ¢yanoguanidine were
well mixed in a test tube, from which air wasexcluded by a stream
of nitrogen. The mixture was placed in a preheated oil bath
(260°). Within 3-5 min. the reactants melted. The molten
mass was stirred under nitrogen at 260° until bubbling ceased and
the mass hecame viscous (5-7 min.). The cooled, powdered mass
was slurry-washed with (70°) water twice, then dissolved in 400
ml. of warm (70°) water acidified to pH 1 with eoncentrated
hydrochlorie acid.  After filtration of insolubles the filtrate was
vooled and neutralized with concentrated ammonium hydroxide,
and the precipitated product filtered. Solution and precipita-
tion were repeated 3 more times, vielding a crude product weigh-
ing 3.9 g. The pyrinidine was extracted with boiling ethyl
acetate, nnd precipitated with petrolewm ether, affording 536 mg.
nf purified pyrimidine, m.p. 320-330° dee.: [a]p 4100° (1¢,
MeOH): ANoas 283 11 (e S87T0), 230 myu (e 15600, shoulder),
Naon 207 g Ce 21800 AR 2K7, 207, 6.26, 6.69, 6.85, 7.02
cte,

Anal. Caled. far CseHe N0 4HLO: C,
N, 16.37. TFound: C,70.11; H,7.24; N,16.50.

3-Methoxy-1,3,5(10)-estratrieno-{17,16-d]-2",6 -dilaminopyrim-
idine (Vb).—A salution of 1.00 g. of 3-hydroxy-1,3,5(10)-
estratrieno-|17,16-d]-2°,6 ~diaminupyrimidine, 10 g. of potassium
hydroxide, 25 ml. of water, and 25 ml. of methanol was held at
35° with stirring while 10 ml. of dimethyl sulfate was added vver
10 min.  Stirring was continued far 2 hr., at which time 50 ml.
of water was added.  After stirring for an additional 15 min.
the product (417 muz.; was filtered. Reerystallization from
boiling methanol yielded 316 mg. of product, with a second crop
of 45 mg. The pure produet melted 232-239° dec.: [alp +92°
(1'%, FtOH); Amux 283 Inp (e 8160), 230 mu (e 16,300, shoulder),
Mot 257 mp (e 2100); AE'" 202 °3.02, 3.14, 6.15, 6.33, 6.93 .,
ete.

Anal.
15.13.

H, 9.36;

T0.19; H, 7.95;

Caled. for C21H23:\A4O‘HQO: C, 6810, H, 7.68, X,
Found: C,68.08; H, 7.61: N, 14.63.
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Fusion of 1.0 g. of estrane metliyl ether with 330 mg. nf eyann-
guanidine st 240° gave two layers of melted reactants.  After
caoling the solids were extracted with hot water, and the dricd
residue was extracted with acidified water (pH 1. Owu nattral-
ization nf the neid extract 95 mg. of Vh wus precipitated, identi-
fled by thin-layer chromatography and infrared spectrs. The
acid ingoluble residue weighed 831 mg. and was identified s un-
altered estrone metliyvlether,

173-Hydroxy-4-androsteno-[3,2-d{-2",6 ‘-diaminopyrimidine
(VI).—A mixture of § g. of testosterone and 2 g. of eyvanoganni-
dine was hented nt 250° far 30 min. nnder nitrogen with vigarons
stirring.  The niixture nielted after abaut 3 min., but solidified
after nbout 20 min, of heating, After couling the red-bhrowy
solids were extracted twice witli 500 ml. partions of Lot water,
lenving 5.0 g. of residue, which wis then extracted twice with 500
ml. portions of builing benzene.  On coaling, the benzene extrac(s
depusited 1.54 g, of product.  Of this materixd, 200 mg. was dis-
solved i1 hot water acidified to pH 1 with hydrochlorie acid and
filtered liat.  ‘The filtrate was eooled tn 0° and wdjusted to pH @
with smmoniam hydroxide, precipitating 110 mg. of vellow salids,
nLp. 218-227%0 A, 238 mu (e 14,6007, 260 mu { e 9550, shoulders,

and 300 mg (e 50207 ST 087, 3,02, 3,15, (.15, 6.40, 6.05, 944
u, ete,
Anal. Caled, for CyHaNO-HaO: ¢, 67710 11, s.6G: N,

15.04. Found: C, 68,55, H, 8.63; N, 14.51.

The produet was free from eyvanoguanidine and melandne as
evidenced by paper chromatography using Turnbull bhie and
o-talidine  reagents. Thin-laver chromatagraply  indieated a
trieee of testosterone remaining.

Evaporation of the initial water extraets yielded a salid residne,
identified as melnmine by its infrared spectra.

Chromatography. —The liomogeneity of each pyrimidine was
exanined by thin-liyver elironitography using silien gel chrnma-
toplates bound  with rice starch.2  Freedom from stercidad
ketone starting muaterial wus established using a sulvent systent of
benzene-ethanal (3:21; detection of both steroidad ketone and
pyrimidine product wag accomplished with @ 107, silution of
phasphamalybdie aeid in ethanal.  Paper chramatogripby ra
Whatiman no, 1. paper with the solvent systent benzene-acetone
witer (2:1:21 was used to establish freednm Yrom melamine wanl
evanoguanidine.

Bath nielamine, evanoguanidine, and the diaminopyrimidines
were detected with Turnbull’s blue reagent2! and with @ modificd
o-tulidine rengent of Habernunn.?? The dried paper chromia-
togram was dipped in amixture of equal voluines of ethiain! nnd
acetone, blatted, ahid exposed to au atmogphere of chlorine (geni-
erated from 30 il of concentrated hydmechlorie acid, 20 ml. of
water, 100 ml. of 1€, potasshun perniangauate solution) in o glass
jar for 10 min.  The paper wus then imniersed in a freslily pre-
pared saliution of equal parts of 0.05 3 potassium indide solution
and nf asatursted salution of o-talidine in 297 acetic acid.  Mcl-
amine (Ry 0.0) and evanogusnidine ( £, 0.02) appear imnediately
as intense bhie sputs. The steroidal pyrimidines (except for
I and VI) appesr mare slowly as blue spots with nimch less
calor intensity, with mobility behavior: ITa, #, 0.05; 11h, 0.1
enhey Va, Be0.33; Vi, P 077 VI R 0.19.

The uitrogenims steraids and evanogiunnidine and melatine
alsa respended to the o-tulidine procedure of Barrollier, 2 where
tlie transient blue spots become permanently purple en teeat-
ment with 0,16 ammeoninm mnlyhdate in N acetie aeid.

Acknowledgment.—The authors are indebted to Drs.
G. Warren, 8. Rosenman, and J. Yurchenko for the
microbiological assays, to Dr. R. Edgren for the endo-
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