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TABLE I 
S-(~-CHLOROETHYL)-DL-~-AMINOBUTYRIC ACID HYDROCHLORIDE 

ROOCCH?CHCHB 
j 

KHCH?CH,X 
Re- 

Compd Yield, Mp,  crystn Calcd, % . -  
no. R s ‘L “ C  solvent“ Formula C H N CI C 
1- H OH 82 181b A4 C6H,,X03 
1-1 CHI OH 9.5 Oil . . C ~ H I ~ N O , C ~  7.09 17.90 
1-11 CHI C1 90 94 B CiH,i?;O&l? 38.80 6.94 6 . 4 s  3 2 . 8 7  3 8 . 1 7  
\.I11 IT C1 06 Syriip , . C ~ H I : ~ S O ~ C ~ ,  6.9s 35.10 

A = dimethylfoi,niamide, B = ethyl acetate-aretoiie (4: 1)  or acetonitrile. h Lit.”:‘ mp 181’. 

-Found, %--- 
H 

- - -  
I , a n  

?i 

6 80 
6 56 
6 ,  89 

C1 

16.70 
32,56 
34.02 

Compd 
no. R 9 

ISb  H OH 
S CH, OH 
S I  CH, c1 
S I 1  H C1 

Yield, 
% 
46 
90 
92 
96 

TABLE I1 
? ; - ( 2 - C ~ ~ I ~ ~ ~ R O E ‘ r s Y r , ) - D L - ~ - , ~ ~ ~ I N ~ I ~ ~ B ~ ~ ‘ ~ Y I ~ I C  -4CID TTYDR(l(’HI.oRIl>E 

~~OOCCHCT-IySHCl-I,CT?S 
I 

CITS 
Re- 

JIp, crystn Calcd, 70 . I- Found, %--- 
“C soIT-ent“ Formula c H N CI C H x CI 

1.3s A C6H13N03 48.97 8 . 8 4  9 . 5 3  
62-64 B C ~ H I ~ S O ~ C ~  42.53 8 . 1 0  7.09 17.90 42.56 S . 4 3  6.79 17.10 
131-132 C C;H1JO?Cl, 38.SO 6 .94  6 .48  32.87 38.57 7 .37  6 .44  32.81 
Syrup . . C~HI&O?C~? 6.98 35.10 6.92 34.95 

48.72 9.03 9 .73  

‘1 A = dimethylforrnamide, B = acetone, C = ethyl acetate. The btartiiig material was methnci,ylic acid mid a refliix period of 
!)O miti was iiecessrtry. 

the reactivity of the alkylating groiips biit also by the molecular 
configiiratioii of the nonalkylating or “prost,hetic” moiety. 
Three amino acid nitrogen miistards were synthesized for iise in 
the st,iidy of the relation of striictiire to miit,agenic activity. 
None of the conipoiinds tested showed significant activity. 

Experimental Section 

S-(P-Hydroxyet hy1)amino acids were prepared iising a slight 
modification of the literatiire proced~ire.~ Since the N-(2- 
ehloroet hy1)amiiio acids were synthesized by essentially identical 
experimental procediires, specific data will be given for only 
one conipoimd; data 011 the other analogs will be presented in  
Tables I and 11. All melting points iiiot corrected) were de- 
termined in capillaries. 

p-Methyl N-( 2-Hydroxyethyl)-~~-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 wax distilled in Liacuo. 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- 
t i c i n  was left to cool, and the crystalline product was filtered, 
triturated once i n  hot acetone and once in  methanol, and re- 

tallized from dimethylformamide giving I (8 .75  g, 4Br;, 
mp 184’). 

Anal. Calcd for C;H1,X05: C, 43.97; H, 6.80; N, 7.32. 
Foiind: C, 44.29; H, 6.87; h-, 7.25. 

Dimethyl N-(2-Hydroxyethyl)-o~-aspartate Hydrochloride 
(II).-To 16 ml of cooled ( - 10’) methanol n-as 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 a t  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 ml of ether, and dried 
(highvacurim, P20,) to yield I1 (4.15 g, 86yc, mp  122’). 

Anal.  Calcd for CsH16N05C1: C, 39.75: H, 6.62: N, 5.79; 
C1, 14.82. Found: C, 39.60; H, 6.87; N, 5.65; C1, 14.76. 

Dimethyl N-( Z-Chloroethyl)-DL-aspartate Hydrochloride (111). 
-To a stirred suspension of 8.45 g (0.035 mole) of I1 in 30 ml 

(3 )  (a) h. Zilkha and I. Rivlin, J .  O r g ,  Chem., 23, 94 (1958); (b) A .  Zilkha 
and l f .  I). Ilachi, ibid.. 24, 1096 (1959); (r) .I, Zilkha, E. S. Racliman, and 
J.  Rivlin. i h i d . ,  26, 376 (1961). 

of CHCly was added a solution of 8.3 g (0.07 mole) of thionyl 
chloride in 20 nil of CHC13. The mixture was stirred a t  room 
temperature for 10 min, then a t  reflux temperature for 40 miri, 
and evaporated in vacuo to an oil. The evaporation was re- 
peated after each of three additions of 15-ml portions of CHC13 
and two 10-ml portions of methanol. The were collected, 
TTashed with ethyl acetate, and dried. allization from 
ethyl acetate-acetonitrile afforded I11 (8.20 g, 90%, mp 150’). 

Anal. Calcd for C,H15NO:Cls: C, 36.92; H, 5.76; Kj 5.38; 
C1, 27.33. Found: C, 36.48; H, 6.02; 5, 5.29; C1, 27.16. 

N-(2-Chloroethyl)-~~-aspartic Acid Hydrochloride (IV).- 
A solution of 1 g (0.004 mole) of I11 in 10 ml of concentrated 
HC1 was refluxed for 20 hr. At the end, it was evaporated to 
dryness under reduced pressure, three times with water and two 
Kith benzene, to afford IV, a very hygroscopic 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, w i n g  picric and picroloriic acids 
and ammonium reheckate. 

.anal. Calcd for C6HllN04Clr: 5, 6.08; C1, 30.87. Foiind: 
S, 5.95; C1, 30.52. 
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Isoflavones and their glycosides are widely distribiited in 
plants. Some of them have been foimd responsible for disorders 
of the female reprodiictive system in rattle’ and in experimental 
stiidies have shown estrogenic activity.2 These findings and 
the  structural relationships which may be envisaged between 
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