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Experimental Section®

2-Amino-4.7n-butylamino-5-( p-chlorephenylazo )pyrimidine-6-
isothiouronium Chloride (II).—A mixture of 10.2 g {0.03 mole)
of T, 2.44 g (0.03 mole) of thiourea and 150 ml of -buty] aleohol
was refluxed with stivring for 1 hr.  After cooling to room tem-
perature, 100 mi of acetone was added 1o the mixture which was
then cooled to 5°. The =eparated, vellow needles were washed
with acetone and dried to give 9.75 g (78.2¢, ) of the analytically
pure product; mp 203-204° A5 025 g e 20,300), 261
(17,400, 306 (38,100

Anal. Caled for Cpll,CLNS: O, 43837 H, 4.86: CL17.07;
N, 26.98: 8, 7.72. Found: €, 43.61: H, 4.90; Cl, 16.95: N,
27.14: 8, T.81.

2-Amino-4-.-butylamine-5-( p-chlorophenylazo )-6-methoxy-
pyrimidine (III).~~-A freshly prepared solution of sodium meth-
oxide, from .81 g (0.035 mole) of sodium and 60 ml of dr\' meth-
anol, was added w nh stirring to a suspension of 10.2 g (0.03 mole)
of Tin 250 ml of dry melhanul, and the reaction mixture was
refluxed undex a CaCly tube for 3 hr. Water (1 ml) was added,
and the methanol was distilled mml crvstallization began; the
mixture was cooled gradually to 0°. The =eparated, vellow
needles were washed with eold methanol and dried to give 9.9 g
(08, ) of the dexired product, mp 117-118° A =sample wus
recrystallized from methanol; mp TIS®; AZO55 mu (e 13,500,
304 (5120), 388 (32,400).

Anal. Caled for CHyyCINGO: € I, 1

25,00, Found: (4 53.77; H, 5.600 ClL 1700 N, 25,00,
2-Amino-4-n-buty ]ammo =5-( p- chloropheny azo)- 6 -pyrimi-
dinethiol (IV). A. From LA suspenzion of 20.3 g (0.06 mole)
of I, 14 g (~0.15 mole) of Nall8 4 aq. (Fisher) in 11 )b ml of
dry ethanol was refluxed under CaCly with vigorous stirring for
12 hr.  Another charge of NutS was then added, and the reaction
was continued for an additional 12 hr. The orange solid was
separated from the hot reaction mixture by filtration, washed
with six 100-ml portions of water followed by three 100-ml por-
tions of ethanol and three 100-ml portions of ether, and dried
10 give 0.8 g (4%.5%,) of analytically pure product: mp 212-213°;
AL 226 mu (e 20,1003, 261 (K710, 306 (24,900, 427 (18,1007,

Anal. Caled for Cull;CINGS: ) 40,910 H, 50000 CL 10052
N, 24.96: S, 0.5t Found: ¢, 50060 110 5.19: Cl 10.46;
N, 25.04; 8, 0.53,

B. From II.--A suspension of the thiowronium salt (1) in
excess 2.\ NaOH was vigorously stirred for 15 min ai room tem-
perature until a clear solution wax obtained.  On neutralization
with HCL TV precipitated in quantitative yield.

2-Amino-4-n-butylamino-5-( p-chlorophenylazo )-6-pyrimidinol
(IX). - To a suspension of 10,9 g (0.06 mole) of VIIL* 60 g of
anhydrous sodium acetate, and 300 ml of 50¢, aqueous acetic
aeid at 1-3° wax added dropwize over 5 min, a solution of p-
¢hlorophenyldiazonium chloride (from 5.3 g (0.065 mole) of p-
chloroaniline, 4.5 g (0,063 mole) of NaNOy, 15 ml of water, und
120 ml of 2.V HCH.  The mixture was <tirred for 1 hrat 2-3°,
and af room temperature for 13 hr

Lonaat T 5780 O 10SY:

The precipitated, vellow
product was washed with water, dried, and recry=tallized from a
mixture of dimethylformamide and ethanol to give 15.1 g (787
of vellow needles, mp 273-274°, X AN D43 (e 1.2,.)1{) ), 251
(12,300, 258 sh (9960), 384 (21,100

Anal. Caled for CulpCINGO: ), 52.41; H, 5.66; N, 26.12
CL o104, Found: €, 52.61; H, 5.80; N, 26.1%; Cl, 11.11.

4-n-Butylamino-2,5-diamino-6-chloropyrimidine (V)—In «
2-1., three-necked, round-bottom flask fitted with a mechanical
stirrer, reflux condenser, and two 100-ml, pressure-eyualizing,
addition funnels, =et up in such 1 manner that a slow stream of
nitrogen could blanket the conteni= of the flask and the funnel,
was placed 40 g (0.61 g-utom) of zine (which had been activated
by the method of Buer and Buchnea?), 378 ml of wuter, and 278
ml of ethanol.  The rapidly <tirred mixture was then brought to
reflux under a slow stream of nitrogen, and a warm solution of
15.1 g (44 moley of Tin 80 ml of dimethyiformamide was added
dropwise at =uch rate that a finely divided suspension was
formed. TFollowing the addition of I, 37.8 ml of glacial acetic
acid wax added in @ similar manner over 0.5 hr.  After addition
of the acid, the mixture was <tirred with refluxing under nitrogen
for 1 hr, then filtered rapidly while hot. The filtered residue
(largely zinei was washed with three 30-ml portions of ethanol,

() Melting points are uncorrected, A alivuviolet spectra were deter-
mined with a Cary 15 spectrophotometer,
braith Laboratories, tne,, Knoxville 21, Ttnn

(70 10 Baer and DL Buehinen, J. Biol, Chen, 280, 447 (1HA8],

Flemental unaly=es arve by Gal-

the washings were added to the filtrate, and the combined <oln-
tion was cooled nnder nitrogen to 3-5° in an ice bath.  After
addition of 6 .V NaOH to the cold, red =olution to a pH of 10, u
mixture of 1 g of decolorizing charconl and 200 g of Celite was
added (stiveing:. After 10 min, the cold =nxpension was filtered
under nitrogen through a bed of Celite, the residue was washed
with three St-mit portions of ethanol, and the filirate and washing~
were combined.  The ved solution wax brought 1o pll 7 Ly 1he
addition of glicial acetic acid, concentrated /n sacuo to 400 ml,
and cooled ta 5% The dark ved, (}'\'s‘l alline solid wax filtered
and immediately <tirred with 150 ml of 2 V 1ICL After the vn-
dissolved materinl was removed by filtration, the filiate wis
hrought to pl 5 and again filtered.  To the light vellow solution
was added 6 N NaOH with stiring until an off-white <olid just
started Lo precipitate:  the mixture was cooled slowly 1o 5%
The fight tan crvetals were dried to give £.5 g (487 of the de-
sired product, mp 125-126° (lit.* mp 125-126°

4 -n-Butylammo 2,5-diamino-6-pyrimidinethiol (VIl).--"To =
gently boiling suspeoxion of 1.7 g {0,005 mole) of 1V in 100 ml of
water wias added with stirving 5.2 g (0.03 mole) of Naw=0; o
=mall portions during 3 min.  The resulting, light yellow =olution
was heated with <tiyring for an addidonal 20 min,  After treat-
ment with decolorizing charcoal, the hot filirate was cooled in an
ice bath: light, lemon vellow needles were \()1)@1‘1((%1 washed
with water, and dried to give 1.05 g (985 of analyvtically pure
product, mp 174-175°. The compound gradually (Lnkem-d
and became almiost black on <torage in o closed =ample tube,

the ahsetce of Hght: ALY 225 1y ce 12,0000, 305 (4570);
AYE 085 e 10,5000, 311 (24,2001,

Anal. Caled fo (JI,,N,,: L4503 L 7000 N, B28d:
=, 15080 Found: O 44080 T To0s: N, 32800 8, 15001

4-n-Butylamino-2,5-diamino-6-methoxypyrimidine (V1) wus
prepared from T by o method =imilar (o that deseribed for the
G-mercapto unalog (VI except that the reaction was carried out
in 50¢; aqueous ethanol.  After concentration (n racio and cool-
ing, the analvtically pure product separated in 6377 vield: mp
T12-113.5% 0 A0 286 1t (e 82501, 302 (6780).

Anal. Caled for CuHENO: () 51110 T S N, S50
Found: ', 50.95; I, 7.99: N, 3305,

4-n-Butylamino-2,5-diamino-6-pyrimidinol (X) wux prepuared
from IN by essentivlly the same procedure ax the G-methoxy
analog (V1) except that 707 aqueous ethanol was emploved s
the solvent al o reaction temperature of 70-75%; vield 83.5, mp
2062087 dee. \\'hilv the =olid appeared to be indefinitely
<tuble, =olutions of the compound darkened in the presence of
air, expecinlly on warming, This eolor chunge could be reversed
by adding o small amount of NaagS0y or NallSOs to the dark
solution (=tirving:  To preparve an analytical sample, the com-
pound was stirved at room temperature with a small volume of
ethanol containing =ome Nal180;.  The saturated, aleoholie
solution was then rapidly filtered at room temperature wnder
nitrogen.  Upon cooling to =15, w vellow solid separated which
was dried at room tempersatare i oracuo; mp 2082107 dee:
AT 204 iy e ,M», 367 <h (180,

Anal. Caled for (WITEN,O: Co 48700 T 680 N, 33010
Formd: O 48560 H, 7490 N 3570
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Mutagenic effects on Drosophila are shown by many mono-
functional alkylating agents.! Fahmy and Fdhmy2 pmuted out
that mutagenicity with the mustards is influenced not only by

1 OWL L AL Ross, CBiologieal Abkyvinting Agents,” Butterworth and Co.
(Publishers) Ltd.. Lomlon, 1962, p 645,

2y () O. G Falimy wnd M. Lo Fabmy, . Genef., 54, 11 (193653 (by
Genet. Fe 1, 173 11960y (¢) Heredity, 16, 115 (1960); (d) Genetics, 48,
1111 (16615,
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TaBLe I
N-(2-CHLOROETHYL)-DL-3-AMINOBUTYRIC AcipD HYDROCHLORIDE
ROOCCHz(‘jHCHg
NHCH,CH:X
Re-
Compd Yield, Mp, erystn Caled, % Found, % —
no. R X A °C solvent® Formula C H N Cl C H N Cl

Y H OH 82 18It A CeHuNO,

VI CH, OH 95 Oi .. GHNOCI 7.00  17.90 6.80  16.70
VII CHj; Cl 90 94 B C:H;NO.CL,  38.80 6.94 6.48 32.87 38.17 7.55 6.56 32.56
VIIT H Cl 96 Syrup CeHi1sNO:Cly 6.98 35.10 6.80 34.92

* A = dimethylformamide, B = ethyl acetate—acetone (4:1) or acetonitrile.

P Lit.% mp 181°.

TasLg 1T

N-(2-CHLOROETHYL )-DL-3-AMINOISOBUTYRIC AcID ITYDROCHLORIDE
ROOCCHCH.NHCH,CH.X

CH;,
Re-
Compd Yield, Mp, erystn

no. R X % °C solvent® Formula
IX? H OH 46 158 A CeH1;NO;
X CH; OH 90 62—64 B C:H1sNO;Cl
XTI CH; Cl 92 131-132 C C:H;;:NO:Cl,
XII H Cl 96 Syrup CGH13N02012

« A = dimethylformamide, B = acetone, C = ethyl acetate.
00 min was necessary.

the reactivity of the alkylating groups but also by the molecular
configuration of the nonalkylating or ‘‘prosthetic” moiety.
Three amino acid nitrogen mustards were synthesized for use in
the study of the relation of structure to mutagenic activity.
None of the compounds tested showed significant activity.

Experimental Section

N-(2-Hydroxyethyl)amino acids were prepared using a slight
modification of the literature procedure.? Since the N-(2-
chloroethyl)amino acids were synthesized by essentially identical
experimental procedures, specific data will be given for only
one compound; data on the other analogs will be presented in
Tables T and II. All melting points (not corrected) were de-
termined in capillaries.

B-Methyl N-(2-Hydroxyethyl)-pL-aspartate (I).—A solution
of 9.8 g (0.1 mole) of maleic anhydride in 25 ml of absolute
methanol was heated at reflux for 30 min, and the excess meth-
anol was distilled in vacuo. The light vellow reaction mixture,
after cooling in ice, was treated dropwise (stirring) with 30 ml
of ice-cooled pyridine. Then, 6.1 g (0.1 mole) of ethanolamine
was added, and the solution was refluxed for 1 min. The solu-
tion was left to cool, and the crystalline product was filtered,
triturated once in hot acetone and once in methanol, and re-
crystallized from dimethylformamide giving 1 (8.75 g, 46,
mp 184°).

Anal. Caled for C:HizNO;: C, 43.97;
Found: C, 44.29; H,6.87; N, 7.25.

Dimethyl N-(2-Hydroxyethyl)-pL-aspartate Hydrochloride
(II).—To 16 ml of cooled (—10°) methanol was added slowly with
stirring, 4.76 g (0.02 mole) of purified thionyl chloride, then
3.8 g (0.02 mole) of I. The solution was left at room tempera-
ture for 30 min, and the methanol was eliminated under reduced
pressure. The evaporation was repeated each time after the
addition of three 5-ml portions of methanol and two 8-ml por-
tions of methanol-carbon tetrachloride to afford 5 g of a hygro-
scopic product, which was dissolved in 10 ml of methanol (Norit),
filtered, and precipitated with 30 ml of dry ether. The white
product was filtered, washed with 10 m! of ether, and dried
(high vacuum, P»0;) to yield 1T (4.15 g, 869, mp 122°).

Anal. Caled for CsH(NO;Cl: C, 39.75; H, 6.62; N, 5.79;
Cl, 14.82. Found: C,39.60; H, 6.87; N, 5.65; Cl, 14.76.

Dimethyl N-(2-Chloroethyl)-pL-aspartate Hydrochloride (III).
—To a stirred suspension of 8.45 g (0.035 mole) of II in 30 ml

H, 6.80; N, 7.32.

(3) (a) A. Zilkha and I. Rivlin, J. Org. Chem., 28, 94 (1958); (b) A. Zilkha
and M. D. Bachi, 1bid., 24, 1096 (1959); (c) A. Zilkha, E. 8. Rachman, and
J. Rivlin, bid., 26, 376 (1961).

Caled, % Found, %
C H N Cl C H N Cl
48.97 8.8 9.53 48.72 9.03 9.75
42 .53 8.10  7.00 17.90 42.56 8.43 6.79 17.10
38.80 6.94 6.48 32.87 38.57 7.37 6.44 32.81
6.98 35.10 6.92 34.95

» The starting material was methaerylic acid and a reflux period of

of CHCl; was added a solution of 8.3 g (0.07 mole) of thionyl
chloride in 20 m! of CHCl;. The mixture was stirred at room
temperature for 10 min, then at reflux temperature for 40 min,
and evaporated in vacuo to an oil. The evaporation was re-
peated after each of three additions of 15-ml portions of CHCl;
and two 10-ml portions of methanol. The crystals were collected,
washed with ethyl acetate, and dried. Recrystallization from
ethyl acetate-acetonitrile atforded 11T (8.20 g, 90¢, mp 150°).

Anal. Caled for CsHisNO.Cl: C, 36.92; H, 5.76; N, 5.38;
Cl, 27.33. Found: C, 36.48; H, 6.02; N, 5.29; Cl, 27.16.

N-(2-Chloroethyl)-pL-aspartic Acid Hydrochloride (IV).—

A solution of 1 g (0.004 mole) of III in 10 ml of concentrated
HCI was refluxed for 20 hr. At the end, it was evaporated to
dryness under reduced pressure, three times with water and two
with benzene, to afford 1V, a very hygroscopic syrup which could
not be characterized. The vield was essentially quantitative.
No suitable solvent for crystallization was found, and no crystal-
line derivative was obtained, using picric and picrolonic acids
and ammonium reineckate.

Anal. Caled for CGHuNOLCL: N, 6.08; Cl, 30.87.
N, 5.95; Cl, 30.52.

Found:
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Isoflavones and their glycosides are widely distributed in
plants. Some of them have been found responsible for disorders
of the female reproductive system in cattle! and in experimental
studies have shown estrogeniec activity.? These findings and
the structural relationships which may be envisaged between

(1) (a) R. B. Bradbury and D. E. White, J. Chem. Soc., 3147 (1951);
(b) J. D. Biggers and D. N. Curnow, Biochem. .J., 58, 278 (1954).

(2) E. W, Cheng, L. Yoder, C. D. Story and W, Burroughs, Ann. N, T.
Acad. Sci., 61, 652 (1951),



