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TasLE I
N-(2-CHLOROETHYL)-DL-3-AMINOBUTYRIC AcID HYDROCHLORIDE
I{OOCCH‘_’?HCI‘I;{
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
v H OH 82 181% A CsH;3NO;3
VI CH; OH 95 0Oil .. C;H,sNO;Cl 7.09  17.90 6.80 16.70
VII CHs Cl 90 94 B C-H;;NO,Cly, 38.80 6.94 6.48 32.87 3817 7.55 6.56 32.56
VIII H Cl 06 Syrup CsH 13 NO:Cly 6.98  35.10 6.80  34.92
* A = dimethviforniamide, B = ethyl acetate—acetone (4:1) or acetonitrile. * Lit.% mp 181°,
TasLE II
N-(2-CHLOROETHYL)-DL-8-AMINOISOBUTYRIC AcID ITYDROCHLORIDE
}{OOCC‘HCI‘IiNHCI‘I:CI‘IQX
CIT;
Re-
Compd Yield, Mp, crystn Caleld, % Found, %
no. R X % °C solvent® Formula C H N ClI C H N Cl
IXe® H OH 46 158 A CsHi3NOs 48.97 8.84¢ 9.533 48.72 9.03  9.75
X CH; OH 90 62—64 B C7H1sNO;3Cl 42.53 8.10 7.09 17.90 4256 8.43 6.79 17.10
XI CH; Cl 92 131-132 C C:HiNO.Cl,  38.80 6.94 6.48 32.87 3857 7.37 6.44 32.81
XII H Cl 96 Syrup CsH1sNO:Cly 6.98 35.10 6.92 34,95

o 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 syuthesized for use in
the study of the relation of strueture to mutagenic activity.
Note of the componnds tested showed significant activity.

Experimental Section

N-(2-Hydroxyethyvl)amino acids were prepared using a slight
modification of the literature procedure.? Since the N-(2-
chloroethyvl)amino acids were syuthesized by essentially identical
experimental procedures, specific data will be given for ouly
one compound; data on the other analogs will be presented
Tables I and II. All melting points (10t corrected) were de-
termiiled in capillaries.

B-Methy! N-(2-Hydroxyethyl)-nL-aspartate (I).—A solution
of 9.8 g (0.1 mole) of maleic anhvdride 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 erystalline product was filtered,
triturated ouece inn hot acetone and once in methanol, and re-
crystallized 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
(II).—To 16 ml of cooled (—10°) mnethanol 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 mii, 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 8ml por-
tions of methauol-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 ml of ether, and dried
(high vacunm, P.O;) to yvield II (4.15 g, 869, mp 122°).

Anal. Caled for C;HsNO;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, ibid., 24, 1096 (1939); (c) A, Zilkha, E. S. Rachman, and
J. Rivlin, ib1d., 26, 376 (1961).

» The starting niaterial was methacrylic acid aud a reflux period 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 15-ml portions of CHCI;
and two 10-ml portions of methanol. The crystals were collected,
washed with ethyl acetate, and dried. Recrystallization from
ethyl acetate-acetonitrile atforded 111 (8.20 g, 909, mp 150°).

Anal. Caled for C:H,;NO.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
HCl was refluxed for 20 hr. At the end, it was evaporated to
dryness under reduced pressure, three times with water and two
with benzeie, to afford IV, a very hvgroscopic syrup which eould
not be characterized. The yield was essentially quantitative.
No suitable solvent for crystallization was found, and o erystal-
line derivative was obtained, using picric and picrolouic acids
and ammonium reineckate.
Anal. Caled for CH,)NOCl: N, 6.08; Cl, 30.87.
N, 5.95; Cl, 30.52.

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

(1) (a) R. B. Bradbury and D. E. White, J. Chem. Soc., 3447 (1951);
(b) J. D. Biggers and D. N. Curnow, Biochem. J., §8, 278 (1954).

(2) E. W, Cheng, L. Yoder, C. D. Story anmil W, Burroughs, Ann. N, T.
Acad. Sci., 81, 652 (1951),
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ForMoNoxETIN AND Bracinawiy A Denrivayives

R, (H)
C
R’ 0
Mp. Recrysiy
Compd Re Ra R+ Method a(C solvi
I I I CQCH A HNC )2 A 134-111 Ay}
It 13 13 OCHA(C H Ny v, Bo102 5-104 PE
iy droehloride 188-- 100 A
I s 11 OCHLCHENIC: Hsy . A P
Hydroehloride 219221 A-E
v I OH OCH2CHsN(CH): A 119-120 PE
v 13 O OCHCHN(CuHs)e B 78-81 Pl
Hydrozen sulfave 18)-182 AYj
vl 13 (11 (ICH,CH.N ) A 81-81 PE
VI 13 OH OCH:CH:CHsN(CH: A 90-91 PE
VT Clle Ol OCH:CH:N(CHy)s A 115-117 P
IX CHe OH OCH.CH:N(CyHs:. A T1.5-72.4 PL
vifrneblaride 2:30--242 M-E
AN It H OCHCHBr B 174170 A
N1 I Ol OCHCHeBr B 163-1645 b
N I I OCH:CO0C:1H; C 42144 A
NI 1 I OCH.CCOOH D23-225 DA--M
NV s 1 OCH0C00C:H; « 111-113 B-PL
NV I OH  OCH.C00C:H, ¢ 1HO- 163 A
A = cthunol, B = benzene, I1 = ether, KA =

tsoflavones and estrogens (s1ich ax estradiol and diethylstilbest rol )3
ax well ax between ixoflavones and bioflavonoids have prompted 1<
ta synthexize a seriex of derivatives of two natural isoflavoues,
blochanin A (5,7-dihydroxy-4-methoxyisoflavone) and formono-
netin (7-hyvdroxy-4‘-methoxyisoflavone), different in estrogenic
poteney.2 The wew compoands are shown in TableT.

Experimental Section'

Biochanin A and formononetin were prepared by the Baker
methiod.”  The final step (decarboxylation of the corresponding
2-carboxylic acids) was accomplished, for both componnds,
by heating under nitrogen at 300° for 15 min and subliming the
cride products at 1079 num: vields, 88-00¢¢. 2-Methylbio-
chanin A and 2-methylformononetin were synthesized by known
nethods.®

7-Diethylaminoethoxy-5-hydroxy-4’'-methoxyisoflavone (V).
Method A.--Tou a stirred su=pension of 5.68 g (0.02 mole) of
biochanin A in 40 ml of anhvdrous methanol was added 0.02
mole of NaOClHl; (0.2 ml of 11.75% =olution in methanol).
After a few minntes, 60 nil of xylene was added and methanol
was distilled completely under rediiced pressure.  Diethylamino-
ethyl chloride (4 g, 0.02 mole) was added, and the mixture was
heated in an oil bath at 110° for 2 hr, then filtered and extracted
with 10¢; acetic actd.  The acid extract was filtered and rend-
cred  slightly  alkalive with NHLOI. The precipitate was
collected, dried, and recrystallized from petroleani ether (hp
S0-120°1 giving 6.7 g (8877) of V, wp 78-80°. The nltraviolei
specirun (Amnx 260 ni in ethanol and 4 ethanolic sodinm
deetate, 272 n in 470 ethanolie AICL-6H.0) was consistent
witli o free d-hydroxyl gronp.’  The infrared spectriun, similarly.
did not show absorption in 3500-3300-cm ™! region.® The
hyvdragen =ulfate, precipitated by adding concentrated Ha=O,
1o 11 acetone =olition of \"and recrystallized from methanol had
mp I80-182°.

Method B. T a =olution of 5.68 g (0.02 mole) of biochanin A
i 130 ml of anhydrons Cellosolve was added 0.02 mole of
NaOCH, (9.2 ml of 11.75¢ solution in methanol). The mixtire
wies distilled nuntil the boiling point of Cellosolve was reached.

03) CLoAL I Clemetson, L. Blair, and AL B, Brown, Ann. N. Y. dreud. Sor
93, 27U (1962).

1) Melting points were wtaken in capillaries anil are eprrected.

51 AV, Baker, J. Chadderton, J. B3, Harborne, and \W. D. Ollis, J. Chkem.
Nace., 1852 (19531,

51 i) WL Daker and R. Rohinson, shid,, 2713 (1926); (L) V. N. Cnpuc
sand T R. Reshadri, J. Sei. Tud. Res. (Imlia), 16B, 116 (1157); Tl
bsee., B2, 909T (19°8).

5y R.M. Harowitz and L. Jurd, J. Ocg. Chem., 26, 2446 (19611,

iRc A Jaen-CGillarmod nonil AL Pigner, Hely. Chdvm, Arta, 46, 49 (1063).

ethyvl acelate, Pk = perrolenm

Vol 9
OCH,
R,
ey O ) H-- N voooher
Formula Cabed Found Caled Fonnd Caled Fonnd Caled Foand
CocllaN Oy T8 TIL26 0 5 24 651 113 1012
CalleNCy  TEBL 7161 6.8 G 82 5. 81 3.53

Cl: 859 N A8
CatlaNOy 72,11

2831 TUIN T .06 36T 373

CouHaNOs  HT.A4 68,04 5,968 6. 14 392 5 9l
CollsNCOy B8 91 680 13 6 57 6. .13 3.656 3.65

201 2,95 = 66H HoTh
CaHusNOg D S B

68.28 68.18 6.28 6.42 359 3.6
6950 681 47 6.85 6.0 352 3056

CisHisBrOs Br: 21.35

2180
CisHisBrOs 5025 56112 3 .86 .46 P 21043 2074
CuH 1505 6T .TU BT 45 512 5 12
CigFHhisOx 626 66.54  1.32 1.5l
Car HaoOx 68 47 68.343 Aa1.47 5,31
CuHis01 64,86 64 52 49D 4,97

ether thp 80-120°3, M = methanol.

thien 30 ml ol dibromoethane was added, and the mixtarve was
refluxed for 2 hr and evaporated to dryness under reduced pres-
sare, The residine was triturated with 5¢; NaOl, wuashed
thoroughly with water, dried, and recrystallized from beuzene
giving 5.5 g (707 of 7-bromcethoxy-3-hiydroxy-4’-methoxyiso-
flavone 1 XT), mp 163-165°. A wolution of 3.91 g of XT in 35 ml
of diethylaniine and 35 ml of dimethylforniamide was kept for 4
day= at roour temperatire, then evaporated to dryvuess under
redaced pressure. The rexidue, triturated with water, dried, and
recrystallized from petrolenm ether gave V, nip 78-80°, identical
with the produet obtained by method A.
Ethyl 4-Methoxy-7-isoflavonoxyacetate (XII). Method C.

To a stirred suspension of 1.02 inole of formononetin sodiumn salt
in xylene, prepared as in method A, was added 10.6 g (1.06 mole)

of ethyl bromoacetate. The mixture wax refluxed for 5 I,
filtered, and evaporated under reduced pressire. The residae
was triturated with petrolenm ether. Recrystallization from

ethylacetate or benzene vielded 5.9 g (837, ) of XIT, mp 142-144°,

4’-Methoxy-7-isoflavonoxyacetic Acid (XIII).--A mixture of
2 g of XII, 3¢ ml of acetone, 4 ml of water, and 3.25 ml of 2 N
NaOH was stirred for 2 I, Water was added and acetone was
evaporated under reduced pressure.  On acidification of the clear
solution with HCL 1.45 ¢ 1799, ) of NIII, mp 223-225°, was
precipitated.

Octamethylbiguanide Perchlorate
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Although large nninbers of bignanides have been synthesized
as potential antimalarial drugs! and as hypoglyeeniic agents,?
the nnmber of polysubstituted examples is lhmited. Tun this
paper, we describe the syuthesis of octamethylbignanide per-
chlorate (1), the most highly substituted biguanide yvet reported.

The reaction of tetramethylehloroformamidine chloride (21
aud 1,1,3,3-tetramethylgnauidine provided a hvgroscopice chloride

11 FoHC R Card el oL, Rose, J. Chen. Sopr., 729 (19461,
() R, L. shapiro, V. A, Parripo, and L. Freedman, J. 4 n. Chem, Noy,, 81,
3T28 110501,
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