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tested' for antitumor activities in the KB cell culture*& 
and the Wallier 236 carcinosarcoma (subcutaneous)*" 
test s y ~ t e m s . ~  Attempts to  prepare the carboxylic acid 
of I11 by hydrolysis in hydrochloric acid were unsuccess- 
ful, but for comparison of activities S - ( p -  [bis(2-chloro- 
ethyl)amiiio]beiizyl)anilinc (IV), previously isolated as 
the hydrochloride salt,6a was also prepared by reduction 
of the corresponding Schiff base,6a and mas also evalu- 
ated in the same test systems. 
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Test Results.-The three nitrogen mustards, 11, 
111, and IV, are nontoxic and inactive in the KB cell 
culture tests, but all have small but definite activities 
in the Walker 256 system. The latter results are sum- 
marized in Table I and are compared with similar data 
for sarcolysin (I) and chlorambucil (V), two compounds 
with high activities in this test system. 

TABLE I 

CARCINOSARCOMA (SUBCUTANEOUS) TEST SYSTEM 
ANTITUMOR ACTIVITIES IX THE WALKER 256 

LDia,a T / C  O.O1,a  
Compound my./kg./day mg./kg./day T.I." 

Ih 6.5  0.45 14 
TI >loo 181 ca. 1 
IIIC >50 19 cu. 3 
I v >loo 181 ca. 1 
V b  15.5 1 . 6  10 

a LD,o, T/C 0.01, and T.I. are, respectively, maximum tolerated 
dose, minimum effective dose, and therapeutic index as defined 
in ref. 3, pp. 7, 9, and 11. As the 
oxalate salt. 

* Data from ref. 3, p. 63. 

The compar~tively small minimiim effective dose 
(T/C 0.01) for I11 suggests that the preparation of simi- 
lar substances with the benzyl nitrogen mustard group 
similarly attached to other amino acid ester or amino 
acid carriers inay afford alkylating agents of substan- 
tially higher antitumor activities. 

Experimentallo 

Ethyl N-( p -  [Bis( 2-chloroethyl)amino] benzylidene )-m-leucin- 
ate (II).-To a solution of 5.50 g. (0.0224 mole) of p-[bis(2-chloro- 

(7) Testing provided by the Cancer Chemotherapy National Service 
Center. 

( 8 )  (a) Cancer Chemotherapy Rept . .  2 5 ,  22 (1962); (b) ib id . ,  26, 11 (1962). 
(9) T w o  coinpounds similar to  I1  and 111. ethyl N-(p-[bis(2-chloroethy1)- 

aminoIbenay1idene)-L-tyrosinate and  ethyl N-(p-[bis(2-chloroethy1)aminol- 
benzyl)-L-tyrosinate are listed b y  R. P. Rratzel, R. B. Ross, T. H. Good- 
ridge, W. T. Huntress, AI .  T. Flather, and D. E. Johnson in Cancer Chemo- 
therapy Rept . .  2 6 ,  247, 248 (1963), respectively. Neither the  preparation nor 
the  anti tumor activity of either of these compounds appears to h a r e  been 
published. 

ethyl)amino] benzaldehyde,fib m.p. 87-88', in 85 ml. of absolute 
ethanol was added 8.51 g. (0.05% mole) of ethyl oL-leucinat,e, 
b.p. 85-89' (19 niin.). The niixture was allowed to stand over- 
night a t  room temperature. On partial evaporation of the solvent 
and chilling, there was obtained in three crops 5.09 g. of I1 (58%) 
as a white crystalline solid, m.p. 47-50°. Three recrystalliza- 
tions of this material from absolute ethanol, afforded an analytical 
sample, m.p. 46-47'. 

Anal. Calcd. for C19H28C12Ng02: C, 58.91: H, 7.29; C1, 
18.31. 

Ethyl N-(p- [Bis( 2-chloroethyl)amino] benzyl)-~~-leucinate 
(III), Oxalate Salt.-In 50 ml. of absolute ethanol 0.249 g. of 
Adams catalyst was reduced with hydrogen. To the catalyst 
was then added 5.00 g. (0.0129 mole) of ethyl K-(p-[bis(2-chloro- 
ethyl)amino] benzylidene)-~~-leucinate in 55 ml. of absolute eth- 
anol, and reduction with hydrogen continued. A4 1 mole equiv. of 
hydrogen was taken up in 15 min. with no additional consumption 
of hydrogen during another hour. After removal of the catalyst 
and complete removal of the solvent 5.64 g. of ethyl X-(p-[bis(2- 
chloroethyl)amino] benzyl)-~bleucinate was obtained as an oil 
which resisted all attempte at  crystallization. To 0.289 g. (0.743 
mmole) of this oil in 1 ml. of absolute ethanol was added 0.067 g. 
(0.53 mmole) of oxalic acid in 1 ml. of absolute ethanol. After 
warming the mixture briefly and then chilling, 0.169 g. of the 
oxalate salt of I11 (65%) was obt,ained as a white crystalline solid, 
m.p. 149-150'. Three recrystallizations of t,his material from 
absolute ethanol afforded an analytical sample, m.p. 147-148". 

-4nal. Calcd. for C1SH3,C1,1;20,.C?HZO4: C, 52.61; H, 6.73; 
C1, 14.79. 

N-(p- [Bis( 2-chIoroethyI)amino] benzy1)aniline (IV).-Using the 
procedure outlined for 111, 5.35 g. (0.0167 mole) of N-(p-[bis-(2- 
chloroethyl)amino] benzylidene)aniline,E m.p. 64-65', m s  re- 
duced in 160 ml. of absolute ethanol using 0.102 g. of Adams 
catalyst. After removal of the catalyst, evaporation of much of 
t'he solvent, and chilling, 4.76 g. of ITT (967,) was obt,ained as a 
white crystalline solid, m.p. 50-51 '. Three recrystallizations 
of this material from absolut,e ethanol afforded an analytical 
sample, m.p. 50-51". 

Anal .  Calcd. for C1iH&l2S2: C, 63.16; H, 6.24; C1, 21.94. 
Found: C, 62.66; H, 6.55; C1, 21.89. 

Found: C, 59.47; H, 7.31; C1, 18.71. 

Found: C, 52.71; H, 6.78; C1, 14.76. 

(10) All melting points were taken in capillary tubes and are corrected. 
Microanalyses Were done b y  Galbraith Laboratories, Inc., Knoxville, Tenn. 
A11 evaporations of solvent were done a t  reduced pressure under an  at-  
mosphere of nitrogen. 
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I n  the preceding paper of this series2 evidence was ob- 
tained which suggested that testosterone-19-nitrile 
has weak antiniyotrophic action at the peripheral level. 
Since desoxycorticosterone acetate (DOCA) antagonists 
would be of theoretical as well as practical interest, the 
preparation and testing of DOCh-19-nitrile (111) was 
undertaken. 

Treatment of I, previously prepared in this labora- 
t o r y , * ~ ~  with iodine and calcium oxide in tetrahydrofuran 

(1) From the Ph.D. thesis of W. Ho, University ot California, 1965 
This investigation was supported by a PHS research grant (AM-050l6) 
from the Xational Insti tute of Arthritis and Metabolic Diseases, United 
States Public Health Service. 

(2) M. E. Wolff and T. Jen,  J .  'Wed. Chem., 6 ,  7 2 6  (1963). 
( 3 )  T. Jen and 11. E. Wolff. ihid.. 5,  876 (19172). 


