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Experimental Section*

2-Amino-4-n-butylamino-5-( p-chlorophenylazo )pyrimidine-6-
isothiouronium Chloride (II).-—A mixtire of 10.2 g (.03 mole)
of 1, 2.44 ¢ (0.03 mole) of thiourea and 150 ml of byl aleohol
wis reflnxed with stivring for 1 hr. After cooling 1o room tem-
peratnre, 100 ml ol acetone was added to the mixtre which wax
then cooled 10 5% The =<eparated, vellow needles were washed
with acetone and dried 1o give 9.75 g (TR.2¢, 1 of the analytieally
pire prodnct; mp 208-204%: N 005 e re 205005, 261
T 400, 306 (38,1000,

Anal. Caled fonr CrpllyCLNSD C, 3570 1, 4860 CL 1707
N, 26,08 X, 7720 Fond: C, 43610 11, £.90: Cl, 16.95: N,
97.14: 8, 781

2-Amino-4-n-butylamine-5-( p-chlorophenylazo )-6-methoxy-
pyrimidine (III).—A freshly prepared soltion of sodimn meth-
oxide, from .81 ¢ (0,035 mole) of sodinm and 60 ml of dry meth-
anol, was added with stiring 1o a suspension of 10.2 g (0,03 mole)
of Tin 250 ml of dry methanol, and the reaction mixtire was
refluxed nnder a CaCly tabe for 3 hr, Water (b il was added,
aud the methanol wasx distilled nntil ervetallization began;  the
mixtire was cooled gradnally 1o 0°, The =eparated, vellow
needles were washed with cold methanol and dried 1o give 9.4 ¢
TONC ) of the desired product, mp H7-TIR° A =ample wax
recrystullized from methanol; mp FIS®; N2 255 my (e 13,5004
Y4 1H120), 388 (332,400),

dnal, Coled Tor CuHpyCINGO: Coonsu: 1, 5.73: CL1osu: N,

25,010, Found: C, 53.57; 1, 5.00; €1, 10.70; N, 25,00.
2-Amino-4-n-buty lammo -5 p-chloropheny lazo)-6-pyrimi-
dinethiol (¥V). A. From L-—A suspension of 20.3 g (0.16 mole)
ol 1T, 14 g { ~0.15 mole) of Nallg + aq. Fishery in 1700 ml of
dry ethonol was refluxed nnder CoCle with vigorons <tirring {or
12 lne Another charge of Nalls was then added, and the renction
wias coptinned for an additional 12 fu. The orange solid was
=eparated rom the hot reaction mixture by filtration, washed
with six 0=l portions of water followed by three 100-ml por-
tions of c¢thanol and three 100l portions of ether, and dried
10 give 0.8 g (45.5¢,) of analvueally pnre produer: mp 212-21:3°;
AT 908 1 (e 20,1003, 261 (8THO 5 306 (24,000), 427 (18,1001,

dnal. Caled for CLICINGS: () 4900910 H 5000 O 1052
N, 2406 08, 951, Found: ¢0oa005: 1L 3010 CLoTodn;
N, 25095 8, 905,

B. From IL--A suspension ol the thionroninm =alt (1) in
exees= 2 A NaOll wax vigorously stirred for 1y min at romn tem-
peratinre nutil a clear olntion wax obtained. O nentralization
with HCL TV precipitated n gqnantitative vield.

2-Amino-4-n-butylaminoe-5-( p-chlorophenylazo)-6-pyrimidinol
(IXJoTo a suspension of 100G g (.06 mole) of VIII 60 g of
anhyvdrons sodimn acetate, and 300 ml of 50¢¢ aqneous acetic
acid ab 1-3° was added dropwise over 5 min, o solution of p-
chilorophenyldinzoninm chloride (from X3 g (0065 mole) of p-
chlarosniling, 4.5 g (0,065 mole) of NaNOy, 15 ml of water, :and
20 mlof 2 N 1ICH. The mixtmre was <trred For bohe ot 2-3°,
sand at room temperatre for B3 o The precipitated, vellow
pm(lll( 1 wos washed with water, dried, snd recrystallized from o
mixtre of dimethyiformamide and ethanol 1o give 131 g 1780
ol \(*llu\\ needles, mp 273-274°, Xi]f\'” D8 e fe 12,5000, -nl

12,300, 258 <h 109601 ), 384 (21,100 4,

Alnu/. Cualed Tor Crlh:;CINGO D ) 52,41 1L, N, 2610
ClL 1104, Found: €, 52.61; H, 5.80; 1\' "bl,\ (1 11.11.

4-n,-Butylamin0-2,5-diamin0-6-chloropyr1mldme (V).s——ln Bl
2-1., three-necked, ronnd-bottam flask fitted with a mechanical
=tirrer, reflux condenser, snd two 100-ml, pressure-equalizing,
oddition hnmels, =et np i such @ monner that a slow streanm of
nitogen coulil blanket the contents of the flask and the funnel,
wis placed 40 g (0.61 g-atom) of zine (which had been activated
by the wethod of Baer and Buehneo® i) 378 ml of woter, wnid 278
ml ol ethonol. The mpidly =tivred mixture was then bronght o
reflnx imder a =low =tream ol nivrogen, and a warm solntion of
151 g anda mole) of Tin St of dimethyvlformamide was added
dropwixe ot snehl rate that a finely divided snspension was
lormed,  Following the addition of I, 37.8 ml of glacial acetic
acill wax added ina similar manuer over 1.5 hr. After addition
ol the neid, the mixinre was =tirred with refluxing nnder nitrogen
for 1 hr, then filtered mpidly while hot. The filtered residue
argels ziner wos washed with three 30-ml portious of ethanol,

Oic Melany poons wee pocorvecled. AL plocavinley speelry were deters
yomed wpde n Cory 13 speeyrophomommerer. Llememoal wondy=es are by Uol-
braitie Loyhoracories, Iye,, Knoxville 21, Tepy.

it 1L Buey ond DL Bipehpen, Jo Bids Chea, 2800 447 (10381,

the washing= were adiled 1o the Liluate, sud the combimasd <ohi-
tion was cooled nider nitrogen (o 3=3° in on ice hatli.  After
addition of 8 .V NaOIT o the cold, red <olniion 1o » pH ol i, o
mixtine of g ol dee olol'i/ing chareoal and 200 g af Celite was
added (<tirringi. After 10 min, the cobl snspension was filtered
nder nitrogen throngh o bed of Celite, 1he residne was washed
with three St-inl portions of ¢thanol, and the filirnte and washings
were combined. The red =olntion was brought ta pll 7 by ihe
addition of glacial acetic arid, concentrated 0 aevo 1o 4Ud i,
and ceoled o 5% The dark ved, ervsinlline solid wax fdicred
and immediately <tirred with 150 ml of 2 N IICL Alter the -
dissolved material wias removed by fluaton, the filoate wis
bronght to pH 5 and again filtered.  To the light yvellow =ohition
wis added 6N NaOH with stiveing unl au wlf-white <olid just
storted o precipitate:  the mixtare wax cooled <lowly 10 57
The light cur ervsials '\\'(‘1‘(‘ dried 1o give 4.5 g {48t ot the de-
sired produet, mp 125--126° (LGS mp 125-126°
4-u—Butylamino-2,5-d1ammo 6-pyrimidinethiol (VII).--"T'v
gently hoiling su=pension of 1.7 g {1,005 mole) of IV in 100 it of
water was added with <tiring 5.2 g (0.3 mmled of Nog=at) in
=il portons dinving 5min. - The resnlting, Light vellow <olntion
wis heated with <tirring far an sddidonal 20 min. - After tent-
went with decolorizing charconl, the hot filtrate was cooled in an
ice bath: light, lemon vellow needles were =eparatel, washed
with water, and diried 1o give 105 g 1983 of analvtieally pnre
produet, mp 174-175% The componnd  gradnally darkencd
and beenme almoxt black on <t 1;4(* in o closed =ample tibe,

in the ahsence of light; ALl M O05 mk (e 12,0000, 305 145701
AT 085 e 19,500, >ll 24,2000,
bnalo Caled for 0 ll] ,,,,, 4503 1, 7o N 2084

s Found: € 4.‘.)54 ll, TUND N, 32800 81500

4-7i-Butylamino-2,5-diamino-6-methoxypyrimidine (VI) wax
prepared from T by a method <imilar to that described for the
B-mercapto annlog VI except that the reaction was corried ont
m H0¢, agueons ethanol.  After concentration (n cqcno and cool-
g, the analvtieally pire prodinet separated in 6307 vield: wp
T12-110.5° 0 A2 986 g 1e S2500, 302 (6780,

Anad. Caled Toy COMNLO: € 5101 T S N, GGEs.
Found: ¢, 50.05; 11, 7.00: N, 358,

4-u-Butylaminoe-2,5-diamino-6-pyrimidinol iX) wos prepared
from IN by exeentinlly lhv e procedinre ax the G-methoxy
analog (V1) except that 7047 aguenms ethanol was employed as
the solvent at a reaction 1(\1111»(1‘:11111'(* of 70-75%; vield R3.5', mp
200208 ddee. While the =olid appeared 1o be indefinitely
<table, =olntions of the componnd darvkened i the presene of
air, especinlly on warming. This enlor change conld be reversed
by odding o <imall amonnt of NoaSa0 or Nallsty o the dark
=oluGon (=<tirring . To prepare an analytical sample, the com-
pound was stirred at room temperatnre with o smadl vohune of
ethanol coniaining =ome NallSU; The =atmated, aleoholic
solntion was then rapblly filtered at roomn temperamre nuder
nitrogen.  Upon cooling o =15, w0 vellow solid separated which
wis diried at room Ganperntirve 7 cecen; e 2U8-210° dec:
A D08 g e TG, 36T < (ISNU L

Anad, Coled Toa CULNLO: OO dsTu 1 TN N, 550501
Formd: 0048000 1L 7490 N 3870

N-(2-Chloroethylj-prL-aspartic Acid and Some
Related Amino Acids
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Mutagenie effect= on Drosophila are shown by many mono-
functional alkylating ngents.! Fahmy and Fahmy? pointed ont
that mutagenicily with the mustards is inflnenced not only by

Sy OWL L AL Ross, C Bindosienl Alkylming Agenes,” Limderworth ond Cu
bbishers) Lid.. London, 1962, p 65,

20 50 O, Gl alony wndd ML L Falomy, S, Geoel., 540 116 Q1006 (L
Gonet, Ites., 1, 175 (19500 Yol Heredity, 16, 115 11060Y;  (lf Genetics, 48,
111019615,
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TasLeE I
N-(2-CHLOROETHYL)-DL-3- AMINOBUTYRIC AcID HYDROCHLORIDE
ROOCCHg(EHCHs
NHCH,CH,X
Re-
Compd Yield, Mp. erystn Caled, % Found, %
no. R X T °C solvent” Formula C H N C) C H N Cl
AY H OH 82 181% A CsH1;3NO;
VI CH; OH 95 il .. C:HisNO;sCl 7.09 17.90 6.80 16.70
VII CH; Cl 90 94 B C-H;;NO:.Cly 38.80 6.94 6.48 $82.87 3817 7.55 6.56 32.56
VI H Cl 06 Syrup CsH1sNO:Cly 6.98  35.10 6.80  34.02
* A = dimethylformamide, B = ethyl acetate—acetone (4:1) or acetonitrile. *» Lit.* mp 181°.
TasLE 11
N-(2-CHLOROETHYL )-DL-8-AMINOISOBUTYRIC AcId ITYDROCHILORIDE
ROOC(‘JHCHL\'HCHiCHgX
CIT;
Re-
Compd Yield, Mp, crystn Caled, % Fonnd, 7
no. R X % °C solvent® Formuyla C H N Cl C H N Cl
IXe H OH 46 158 A CsH);NO; 48.97 8.8 9.53 48.72  9.03  9.75
X CH; OH 90 62—64 B C:HeNO;Cl 42.53 810 7.09 17.90 42.56 843 6.79 17.10
XI CH; Cl 92 131-132 C C:His:NO.Cl: 38.80 6.94 6.48 32.87 38.57 7.37 6.44 32.81
XII H Cl 96 Syrup CsH ;3N O.Cly 6.98 35.10 6.92 34,95

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

the reactivity of the alkylating gronps but also by the molecular
configuration of the nonalkylating or ‘“prosthetic’’ moiety.
Three amino acid nitrogen mustards were synthesized for nse in
the studyv of the relation of strueture to mutagenic activity.
None of the componnds tested showed significant activity.

Experimental Section

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

B8-Methyl N-(2-Hydroxyethyl)-pL-aspartate (I).—A solution
of 9.8 g (0.1 mole) of malei¢c 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 yellow 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-
erystallized from dimethylformamide giving 1 (8.75 g, 469,
mp 184°).

Anal. Caled for C:H;3NO;: C, 43.97;
Found: C, 44.29; H, 6.87; N, 7.25.

Dimethyl N-(2-Hydroxyethyl)-pL-aspartate Hydrochloride
(I1).—To 16 ml of cooled (—10°) inethanol 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-
scopie produet, which was dissolved in 10 ml of methanol (Norit),
filtered, and precipitated with 30 ml of dry ether. The white
prodict was filtered, washed with 10 ml of ether, and dried
(high vacunm, P.O;) to yield IT (4.15 g, 867, mp 122°).

Anal. Caled for CsH\sNO;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)-pr-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, ibid., 24, 1096 (1959): (c¢) A. Zilkha, E. 8. Rachman, and
J. Rivlin, ibid., 26, 376 (1961).

» The starling material was methacrylic acid and a reflux peried of

of CHCl; was added a solution of 8.3 g (0.07 mole) of thionyl
chloride in 20 ml 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 13-ml portions of CHCl;
and two 10-ml portions of methanol. The c¢rystals were collected,
washed with ethyl acetate, and dried. Recrystallization from
ethyl acetate-acetonitrile atforded 111 (8.20 g, 90¢, mp 150°).

Anal. Caled for C:HisNO: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 IIT 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 IV, a very hygroscopie syrup which could
not be characterized. The yield 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 CsH NOLCly: 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 respousible for disorders
of the female reproductive system in cattle! and in experimental
studies have shown estrogenic activity.? These findings and
the stinctural relationships which may be envisaged between

(1) (a) R. B. Bradbury and D. E. White, J. Chem. Soc., 31447 (1951);
(b) J. D. Bigeers and D. N. Cyrnow, Biochem. J., 58, 278 (1954).

(2) E. W, Cleng, L. Yoder, C. D. Story and W, Byurronghs, Ann. N, T.
Acad. Sei., 61, 652 (1951),



