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Reerystallization fram n-propyl alcohal did nat change the de-
calpasition range.

Anal. Caled. for CeHoNO: ) 7700 H, 4447 N, A,
Found: C, 77.36; H, 4.a1; N, 5.80.

2-Nitrosofluoranthen-3-ol. —I'luoranthen-s-0f (2.0 g.) v ab-
salute ethunol (50 ml.) at 0° was treated with concentrated hy-
drachloric aeid (1 l) and n-butyl uitrite (0.5 g} in ethanal
(35 ml.). The mixture was stirred at 1° far 1 hr. aud heated at
100° for 1.5 hr.  The resulting brawn precipitate after fractioual
crystallization from absolite ethanol and snccessive crystal-
lizations from absolute ethanol and fraw bhenzeune gave vellow-
orange needles melting at 216° dec.; vield 0.133 ¢.

Anal. Caled. for C HyNO,: €, 77.72: H, 3.647: N, .67,
Found: C, 78.29; H,3.83; N, a.ll.

2-Amino-1,2,3,10b-tetrahydrofiuoranthen-3-one Hydro-

chloride (III).—2-Oximino-1,2,3,10b-tetrahvdroflioranthen-3-one
(3.0 g.) was hydragenated at 3.16 kg.fem.? in absalute ethanol
(10 ml.y eantaining 3 woles of HCL aud 109 Pd-C (0.3 g.) {or
1.5 hr. The resulting mixture was filtered aud the amine hy-
drachlaride was dissalved 111 hot water degassed previonsly with
nitrogen.  Cooling gave vellow crystals which after two further
recrystullizations fropt hat water gave swall white platelets
melting at 121° dec.; vield 0.85 ¢g.

Anal. Caled. for CsHNO-HCL: ¢, 70.71: H, a.1u; N,
531 Faund: C, 70.24; H, 5.31; N, 2.a9.
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The synthesis and biological evaluation of pteridino-
steroids, a new series of polyeyelic compounds, was
undertaken i1 our laboratories in the hope that sueh
compounds may combine the antifolic activity of 2,4-
diaminopteridines with lipid solubility and with the
favorable cellular transport properties of steroid mole-
cules. The first conpound representing this series, a
[4,3-g]-fused pteridinosteroid. was described recently
and was shown to satisfv, qualitatively at least, the
above expectations.?

It was hoped that, if the fusion of the pteridine nu-
cleus with respect to the A and B rings is linear, some of
the hormonal activities of the steroid may be main-
tained, modified, or accentuated. (FExamples for such
effects have beeu seen iu soiie other steroidally fused

11} 1a) ‘This investigation was supported by PHS Researeb Grant Na.
'A-06695 and (‘A-03603, froncthe National Cancer Institate. (h) A prelim-
inary report of this work was presented hefore the Division of Medicina)
Chemisiry, 144th Nationa) Meetinye of the American (‘hentical Society, New
York, N. Y., Sept., 1083, Abstrocets, o280 (e3 To whiona ngnivies staoald
be directed.

2y 1. J. Bordos, 4.1
Nleeavds, 2, 105 (1963).
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lieteroeyeles.®)  1Yor this reason, the syuthesis of a [2.14-
¢ ]-fused pteridinosteroid was undertaken.

The starting material for this syuthiesis, 178-hydroxy-
2a-bromoe-de-androstan-3-oune (Iaj, was prepared by
direet browination of 178-hydroxy-je-atndrostan-3-ouc
(Hea-dihydrotestosterone) in glacial acetic acid.®  In-
fraved spectrun showed a shift of the carbony! streteh-
ing band from 4.9 to 5.8 g, indicating cquatorial halogen
(2a-Br).* This compound was acetylated and was
carefully purified® in the foru of the acetate (Ihj.

Condensation of Ib with 2.4.5.6-tetraaminopyr mi-
dine bisulfite (II) to form a pteridine ring svstenn,
would be expected to require oxidative conditions, sitee
thic direet (anacrobie) condensation produet would he
a nonaromatie dihydropteridine.  Therefore, the reac-
tion was tricd first in glacial acetie acid solation under
a variety of oxidative conditions, including prescuce af
iodine, passing air through the reaction mixture, ete.
All of these methods cansed the formation ol dark-
colored by-produets which made the purification of the
N%\”/N}{z
‘/j\\] L\ ! -NaHSO,
HeN7 "N” "NH;

II

la, R=H
Ih. R--COCH;,

OCOCH;
3C !

v

pteridinosteroid extremely difficult. Such by-products
might arise from the oxidation and subsequent seif-
condensation of the tetraaniinopyrimidine. This did
ot oceur when thie reaction was carried out with air
oxidation it pyridine and i tlie presence of dieyvelo-
liexylearbodiitide, but in this ecase the vield of the
produet was very low,

On the other hand, just as in the case of the elassical
folic acid syuthesis,

T

condensation with concouitant
oxidation to the pteridine occurred readily if the reac-
tants were siniply combined in an aqueous (aleoholic)
solution and allowed to react at roow temperature witlh
stirring for an extended period of tine. A series of
experilnents was carried out to establish the optimal
pH; it was found that condensation at pH 7.5-8.0

13) R. O. Chnton, A. I, Masan, I'. W, Stonner, 1. (. Newawno, R, €L
(Christiansen, R, L. Clarke, J. 11, Ackennan, D. I\, Page, J, W. Dexo, WL 13,
Dickinson. and C. C'arabateas, J. Am. Chem. Soc., 88, 1478 [14li1).

(4) A. Bntenandt, U, 8. Patent 2,311,638 (1943): Chem. Absir., 837, 11U8
(1943),

15) R. N..dlones, Do AL Ramsay, I, Herling, snd K. Daobriner, /o 1o Chon,
Soed, T4, 2828 110523,

(6) ‘The presence of trace amannts of hmpurities ecansed didienttios in tie
prification of the meridinesteroid.

C7) 0 WL Waller, B L, Hatebings, Jo 1L Mowst, Ko Lo Ntaksiod, L 1L
Pootbe, R. B, Anwier, J. Seich, V.o Snbhhioow, DL B Cosaliel, ML J0 Faloan-
Nl Mo B, Whaltagudst, 1. Kola B, H Northaey, DR Seeger, L1 Sickels,
aad LM, Rioith, Deo L . Cheni Soc,, T0, 2828 (1915%),
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Tasie I
RAT ANTIANDROGEN ASSAY
Seminal Ventral
Daily Levator vesicle, prostate, %
Compound dose, % v ani, ing. mg, mg. inhibition
Controls 8.8 1.8 9.0
Testosterone I s.c. 9.2 3.2 14.5
Testasterone 10 s.c. 11.3 7.0 24.3
111 100 s.c. 10.8 2.8 9.5
111 1% s.c. 9.8 2.5 8.3
111 100 s.c. | - -
Testosterone 1s.c 10.0 8.5 14.5
II1 P s.e]
Testosterone 1 s.c.y 10.5 3.3 18.7
111 100 p.o. 9.8 2.5 9.3
111 1 pa. 8.3 2.0 7.5
I 100 p.o. | 7.5 2.0 10.0 82
I'estosterone 180
11 1% p.o.) o o ‘ - .-
Testosterone 1 s.c. | 0.3 2.8 1.5 o
s 8.¢, = subcutaneous injeetion; p.o. = per os. * In mg.
gave the cleanest product. The condensation reaction TasLe II
was found to proceed for about 72 hr.; after this, no CHICK ANTIANDROGEN ASSAY
further increase of yield was observed. No. Comb %
Details of the purification procedure are given in the Daily of wt.,  inhibi-
. . . g Compound dose,® v chicks mg. tion
Experiniental part. The analytically pure pteridino- Controls 15 184
steroid is a yellow crystalline solid which is soluble in i
1 d ehlorofor h ! e Testosterone 1 14 50.1
alcohol and chloroform. It has the characteristic  pegiogterone 10 14 1.7
ultraviolet absorption spectrum  of ptEI‘l.(il}les (WO Testosterone enanthate 0.5 15 w45
maxinia, at 257 and 375 mu) and optieal activity due to 111 50 15 16.9
the steroid portion of the molecule. Its infrared spec- 111 500° 13 20.5
trum is ahinmost identical with that of the [4,3]-fused  III 0 15 23 3 53
-idi id2 i i i Testosterone 1 3 ’ o ‘
pteridinosteroid? except for some minor differences in estos i
the fingerprint region. . _ ’IJ‘Ht t ”0(1) % 14 38 0 38
Based on analogy with established reactions”8 the IIeIS osterone 5000 )
halogen is expected to react preferentially with the o0 14 47.6 48
- . T . Testosterone enanthate O.obf
more basic 5-amino group of the pyrimidine, while the

carbonyl group condenses with the imino-type 4- or
6-substituents (which are symnietrical); consequently,
of the two possible position isomers, IIT and IV, the
former represents the proposed structure of this com-
pound.

In microbiological experiments using the Lactobacillus
leichimannii system,® the new, linear polycyelic com-
pound (III) appears to be more active as an antifolic
agent than the [4,3-g]pteridinosteroid.? Half-maxi-
mal inhibition is obtained at 1-y/ml. concentration,
while approximately 5-y/imnl. concentration is required
for the [4,3-g pteridinosteroid.

Figure 1 shows the reversal of this inhibitory effect
by folinic acid. The inhibition appears within this
range to be of the competitive type with an inhibition
index of approximately 3000.

In animal experinients, IIT showed no androgenic
activity in the rat or chick, but it appears to be a some-
what wmore effective antiandrogen than the [4,3-g]-
pteridinosteroid.? The results of the rat assay are
shown in Table I. It is interesting to note that the
compound is inactive on parenteral administration but
shows substantial inhibition of testosterone if it is
given orally. In the chick assay (Table II), the inhi-
bition of testosterone stimulation of the chick comb
averaged 509.

(8) D. R. Seeger, D. B. Cosulich, J. M. Smith, Jr., and M. E. Hultquist,
J. Am. Chem. Soc., T1, 1753 (1949).

(9) T.J. Bardos, G. M. Levine, R. R. Herr, and H. L. Gordon, ibid., TT,
4279 (1955).

« Applied to comb locally.

b Single intramusecular injection;
in mg. ¢ Suspension.

Due to insufficient material, antitumor testing of I1I
was done only against Sarcoma 180 in mice, using intra-
peritoneal route of administration. The results were
inconclusive. However, the above mentioned depend-
ence of the antiandrogen activity of this compound on
the route of administration indicates the need for
additional testing in this tumor system.

Experimental

173-Hydroxy-2«-bromo-5«-androstan-3-one (Ia).—To a
solution of 178-hydroxytie-androstan-3-one (50 g.) in glacial
acetic acid (200 ml.) was added rapidly a solution of bromine in
glacial acetic acid (200 ml., 5.09, Br, in acetic acid v./v.). When
the bromine color disappeared, the solution was diluted with
water, and the precipitate was collected; recrystallization from
acetone-petroleum ether, followed by aqueous methanol, gave
Ia; m.p. 182-183° dec.; lit.* m.p. 180-181° dec.; yield, 42 g.
(66%).

173-Acetoxy-2a-bromo-5«-androstan-3-one (Ib).—One gram
of Ia was dissolved in pyridine (2 ml.) and cooled in ice, while
acetic anhydride (2 ml.) was added with stirring. After standing
at room temperature for 6 hr., the solution was poured in a thin
stream and under vigarous stirring into ice-cold water. The
sulids were filtered with suction and repeatedly washed with hot
water, then dried in an oven at 110° for 4 hr. (900 mg.). It was
dissolved in 5 ml. of benzene-petroleum ether (b.p. 30-60°) mix-
ture (1:1) and chromatographed over a column of Woelm neutral

(10) Melting points were taken in a Kofler miero hot stage and are cor-
rected. Microanalyses by Galbraith Laboratories, Inc¢., lKinoxville, Tenn.
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IFig. 1.-—Reversal of inhihitary action of pteridivosteroid (I11)
hy folinie acid au L. leichmannii: @@, 1L, 10 5/l A—A.
[11, 20 = /ml

alumina (activity grade II, 14 g.). The produet was eluted from
the coluin with beuzene (200 wl.) aud crvstallized as sharp
necdles from aqueous methanal, np. 176-178°; vield, 850 g,
(Ib). Tt gives one spat hy thin layer chramatography (adsarbent,
alinina: salvent, ether-alcohal, 9:1).

Anal. Caled. for CyHyBrOy: C, ti1.31; H, 7.54; Br, 19.4G.
Found: C, 61.13; H, 7.50; Br, 19.30.

178-Acetoxy-5«-androstano 2,3-¢|-2’,4’-diaminopteridine (I11I).
—A salntion of 1 g. of Ib in methanol (150 ml., 80%,, 62°) wus
kept well stirred while 244 6-tetraaiinopyrimidine bisulfite’?
(1) (3 g.) was added in small portious during the course of 2 hr.
The pH of this uuifarn: suspension (65.3) was adjusted ta 7.5-8.0
hy dropwise addition of 0.3 .V sadimu bydroxide with vigorans
stirring. A deep vellow salution resulted, aud the reaction was
allowed ta praceed for 72 hr. at raamn temwperature during which
tiure au ultraviolet ahsarption peak appeared in the 360-370 mu
region ad, at the end of this periad, the ratio of absorbancies a¢
260 s, 370 mu reached a canstant vahie hetween 3 and 5.

The salution was neutralized (pH ¢) with glacial acetie acid and
the dark red salids were filtered (to facilitate cancentration of the
salution ). The filtrate was evaparated to dryuess /n vacio; the
residite was mixed with the dark solids that had been calleeted hy
filtration and with same Celite, then extracted in a Soxhlet ap-
paratus with chlaroform for 4% hr., the salvent being replaced
freshly after every 12 hr. Thin Laver cliramatography of this
extraet on ahnning with elilorofarm-ethanal (0: 1) gave, an exain-
hation under nltravialet light, an ohlang fluarescent spat di-
cating that probably sonie deacetylation of the steraid had oc-
cirred during the condensation reaciion,  The cauthined chlom-
form extracts were evaporated ta dryvness aned then dried further
1 a vaenum oven at 110° for 12 hre. 0.8 ¢.1. The residue was dis-
solved in dry pyridine (10wl and caoled in an 1ee hath while
acetic anhivdride (3 ml) was added wich vigoraus stirring.  The
wixtire was allowed ta stand at roan tewperature for G hr. The
solids were calleeted at the puip, dried (0.6 g.j, and dissalved in a
mininnn volime of chloraform (13 ml). Mxamination by thin
Laver chromatagraphy, nsing ahuning with ehilorofarn-ethanol
(9: 11, showed anly ane well-defined spot.  The chitoroform gotu-
tion of the pteridinasteraid was adsorhed over a calim of Woelin
hasie ahinina (activity grade 111 30 ¢.i Blution of the cohnun
with benzene (200 wml) gave white salids (prabably steroid).
Fhition with eliloroforin (300 1l. ) gave tractions vielding a yellow
residiie which had an ultravialet absorhaney ratio at 260/470
muof appraximately 3.0, These fractions were combined and dis-
colved in chlaraform 20 ml) and addition of petroleumn ether
thop. H30-60°) (30 mht precipitated vellaw salids, m.p. 230-300°
qee, (200 mg. ).

This was redissalved i benzene (20 ml) nud adsorbed aver a
colmmn of neutral Woeln ahunina (activity grade III, 27 g.).
The chloraoforni--ethanol (9:1, 230 mlb) eluate fraction shawed
charneteristic nbtraviolet  spectrn of - the  pteridinosteraid,

(11 M. I, Maltette, L. . Taytor, and € K. Cain, J. o Chem, Soe,
69, 1814 (10473,
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Cryvstollization from chloraform -petrolennn ether th.p. 30-607
mixture 12:3 v./vo gave vellow eryvstals, which did not meht he-
fow 230° tgradual decamposition: 1170 mg. 1. The componnd
gave o positive Liehermaun-Burchard reacticn.  Sodimn fusion
test For halogen and Zimnienmann calor reaction for A-keta granp
were negative: Jol®n 4a7° (o 1.0, CHCLY: MM 9537 i 1e
2A.0008 373 99001, lufrared spectrinn shows hands for NH.,
0, ¢ NCCH, CHy CH and €0 O €0 Nonae spectrnm
sheovs ahsorption fea the angular vierthyl gronps o for the acetyd
wrolp,

Apal. Caled. for CopHaaNyOs O 66,67 HL 760 N, IsGa.
Fond: €, 66.20; H, 7.44: N, 1x.40.

Microbiological Assay.--~The componud was dissolved in aleo-
hol and serial dilutions were made with water.  Inhibition and
reversal studies an L. leichnuennii 313 were candneted in the man-
ner described previously with other inhibitars.?

Animal Assay.—-The cowponnd was assaved for androgenie
activity hy o standard method. 2 Far antiandraogenie activity,
we followed the same procedure it gave the rats, in addition o
the test componnd, Ty of testasterone daily, suhentaneansly. 1o
the chick assay, the companmd was adunistered Joeally tn addi-
ton ta 1y nf testosterone daily on the comh.  The flunl assess-
nient of antiandragenicity was done hy the method af Darfinan's
where the comh is stimulated hy o single intrmmuscular injection
of 0.5 mg. of testosteromie enanthate and the antagonist is applied
daily to the comh.

Pl AL Segalolt and R4 Gabbard, Endocrinology, T, 049 11962
(13 “AMethods in Hormone Research,” Vol 11, R. {. Dorfian, LLlL.
Acuderdde Press, New York, N. Y., 1912, p. 313,

Ethyl N-Benzylleucinate Nitrogen Mustard'
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In the treatment of some animal tumors, the differ-
ences 1 the activities and toxicities of alkylating
agents?—¢ which accompany variations in structure and
configuration and the marked effectiveness of some
agents, such as sarcolysiu (I),* incorporating a nitrogen
mustard alkylating group attached to an amnino acid
carrier, arc well kirowu,  They snggest that the prep-
aration of related amino aeid nitrogen ustards may
afford active agents which may be of greater use in
cancer chemotherapy than those presently available and
inay also give additional insight into the exact mode of
action of alkylating agents.”

As a coutribution to the achievement of these goals
ethyl  N-(p-[bis(2-chloroethyl)amino Jbenzylidenc)-n1-
leucinate (II) was prepared by the condensation of
p-bis(2-chloroethyljauiino Jbenzaldehyde®*  and  ethyl
vi-leucinate.  Reduction of the Seniff base I with
hydrogen, using Adams catalyst, produced ethyl N-
(p-[bis(2-chloroethyDamino Jbenzyl)-pr-leucinate (I1T).
isolated as the oxalate salt. Both II and III were

(1) This work was snpported by an Institntional Caneer Grant, IN-25-C.
Ora Currier Memaonrial Grant for Cancer Research, from the American Cancer
Society to Vanderhilt University.

12) W. C, J. Ross, “Biological Atkylating Agents,” itterwortle and Co.
Ltd., Landon, 1962,

(3) H. L SGipper wnd Lo 1 Scbeaadt, Caxeer Chemothesapy Depr., 17,1
s 1012).

14) I R. White, Jhed., 6, 111 (19600,

19) H. F. Grawa, C. W, Mlosher, o B R, Baker, J. Am, Chaon, Sove., 81,
3103 (10930).

i) (a) W. C.J. Ross, G, P Warwick, and J. J. Roberts, J. Chrow, Sor.,
110 (104RT; (b TL L Witey andd G Erick, J. Ocg. Chen, 26, 593 (161D,
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