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A N T I N E O P L A S T I C  H Y D R A Z I N O  ACIDS. 

TABLE I 
RiCHCOOH 

I 
RJJh"R3 

Yield, 
R3 % 

CHI 16.5" 
CH3 19.5" 
H 31.0b 
H 50.Ob 
H 40. 0' 
(CH3)aCH GI .oh 
(CHa)eCH 76 .0" 
H 21 .5b  
H 27.0b 
CsHsCHn 38 .Sa 
CsHsCHa 28.1" 
C6HsCHy 40.4d 
H 3 3 .  5' 
H 3 i . 0 "  
CsHjc~Hd 2 . 0  
HOCiHi 13.6" 

12.4" 
HOGHI 1 4 . i a  
HOC3H6 16.2O 

M.p. 
dec., OC. 

132-134 
123-126 
131-143 
131-132 
146-147 
203-204 
21 2-2 13 
197-198 
191-193 
146-147 
159-1 GO 
211-213 
149-150 
116-1 48 
184-1 86 
133-131 
185-187 
166-168 
168-169 

221 

r Nitrogen- 
% calcd. % found 

23.71 23.81 
17.49 17.85 
21.20 20,92 
17.49 l i . 2 8  
16.08 16.02 
19 .20 19.20 
17.49 17.51 
10.20 18.96 
17.49 17.76 
15.55 l 5 , 5 7  
l 4 , 1 3  14.70 
13.46 13 ,  SO 
1-5.55 15.44 
12.60 12.60" 
1'2.60 12,10 
17.27 17.03 
17.27 1 i . Z '  
13.90 15 . i3  
l L 9 0  15.99 

a Crystallized from 2-propanol. b Crystallized from absolute ethanol. c Crystallized from aqueous ethanol. Crystallized from 
water, 8 p-Nitrobenxal derivative, m.p. 124-126". Anal. Calcd. for C19H21x304: K, 11.80. Found: E, 11.67. J ~~(2-Hiydroxy- 
ethy1hydrazino)isobutyric acid. 

similarly to methylhydrazine and undergo with a-halo 
acids substitutions a t  the alkyl-bearing nitrogen. We 
found this to be the case with unbranched alkylhydra- 
zines. Ethyl- and butylhydrazine reacted with a- 
bromopropionic and a-bromobutyric acids to give the 
corresponding a-(1-alkylhydrazino) acids (111-T). 
The structures of these compounds mere deduced by 
the reductive cleavage of the S-Tc' bond with hydrogen 
in the presence of a large excess of Raney nickel in 
water, which yielded ammonia and the corresponding 
alkylamino acids. 

However, the reaction of isopropylhydrazine with 
a-bromobutyric acid led to substitution a t  the unsub- 
stituted amino nitrogen, though in small yield (8.3%), 
presumably owing to  steric  effect^.^ This compound 
(VII), whose structure has been deduced by reductive 
cleavage with Raney nickel, as well as some of its 
homologs, were also prepared in good yields by hydro- 
genation of the isopropylidene a-hydrazino acids (VI, 
VII) or esters in the presence of platinum oxide catalyst. 

In order to obtain the a-(1-isopropylhydrazino) acids 
(VIII, IX), the reduction of the corresponding K- 
nitroso amino acids was studied. Isopropylamino acids 
known in the literature were obtained readily and in 
excellent yields by a method similar to that  used by us 
in the preparation of hydrazino acids, namely by the 
treatment of a-halo acids with a large excess of iso- 
propylamine, and passing the reaction mixture through 
a strong cation-exchange resin. The K-nitroso deriva- 
tives were prepared in good yields by treating the acid- 
ified isopropyIamino acids with sodium nitrite (Table 
111). 

Attempts to use the usual reduction methods on the 
nitroso derivatives led in most cases to practicalIy 
complete cleavage of the IS-S bond.4 We found that  

(3) H. C. Brown and Y. R. Eldred, J .  Am. Chem. Soc., 71, 445 (1949). 
(4) H. Zimmer, L. F. Audrieth, M. Zimmer, and  R. A. Ho.n-e, zbtd. ,  77, 790 

(1955): I,. A. Carpino, A. A. Santielli, and  R. W. Murray, ibid. ,  84, 2728 
( 1960). 

cadmium in acid media could reduce the nitroso de- 
rivatives XXVII and XXVIII with little cleavage of the 
K-Y bond, whereas XXVI was completely cleaved. 
A partial reduction of XXVI was possible by using 
granulated zinc. 

Unsymmetrical dimethylhydrazine, owing to the 
very strong electron donating properties of the methyl 
groups, gave with a-halo acids products substituted a t  
the methyl bearing nitrogen, zlix. ,  a-(1,l-dimethyl- 
hydrazinium) aliphatic acids or inner anhydrides of the 
betaine type. This was proved by subjecting the 
products to reductive cleavage n i th  Raney nickel 
whereupon ammonia and the corresponding dimethyl- 
amino acids mere obtained. The a-1,l-dimethylhy- 
drazinium derivatives of acetic, propionic, butyric, 
isobutyric, and isocaproic acids were prepared (Table 
11). Some of these quaternary hydrazinium com- 
pounds vere also obtained by direct exhaustive methyl- 
ation of a-hydrazino acids with dimethyl sulfate. 

Phenethylhydrazine and beiizylhydrazine were se- 
lected to test the effect of aralkyl groups on this type of 
reaction. Phenethylhydrazine, similar to unbranched 
aliphatic hydrazines, reacted with a-bromobutyric acid 
to give almost exclusively a-( 1-P-phenethy1hydrazino)- 
butyric acid (XIV). The a-2-analog was obtained only 
as a by-product in 2% yield. Benzylhydrazine, on the 
other hand, was found to lead to a-(2-benzylhydrazino)- 
acid in 30-40% yield (X-XII) ; this is contrary to the 
reaction of benzyl chloride with benzylhydrazine which 
gives unsymmetrical dibenzylhydrazine.5 The a-( 1- 
benzy1hydrazino)acetic acid (XIII) was obtained simi- 
larly to the 1-isopropyl analog by the reduction of the 
corresponding N-nitroso compound (XXVIII) . 

Unsymmetrical dibenzylhydrazine, unlike the cor- 
responding dimethyl compound, failed to react with 
a-bromobutyric acid. Even after refluxing 48 hr., the 
reactants were recovered unchanged. 

( 5 )  J. H. Biel, A. E. Drukker, T. F. Mitchell, E. P. Sprengeler, P. .4. 
Nuhfer, A. C. Conway, and A. Horita, ibid.,  81, 2805 (1959). 
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0 1 1  the basis of the pk' values of etliylamiiie and c,tli- 
aiiolamine it was anticipated that &hydroxyalkyl 
hydrazines ~ o u l d  lead to cy-( '-3-hydro.ivalkyl)liy~~ra- 
ziiio acids. This was found to lie tlie case' i n  the reac- 
tion of p-hydroxyethylhydi aziiie n it11 a-hromobutyric. 
isohutyric and valeric acids (ST~I-XIrIII ), as v-ell a* 
iii the reaction of l-liydra~iiio-~-propairol with a- 
hornobutyric acid (XIS). 'l'lit> striwtiiiw were alw 
proved 11y reductive cleavage n ith Iianey iiickel : 
iii tlie presence of ethariol, the  Y-ethyl ethaiiolaminc. 
aiid corrrspondiiig S-etliylaniii~o acids xere ohtained,6 
whereas hydrogellatioil with Itaney nickel iii water lcd 
to the corresponding a-amino acids. 

7'11~ prodtictb of ~-liydi~osyetliylhydraziiic n-itli 
cliloroacetic and a-hromopropioiiic acid 11 ere also 
prepared, but found to  I P  v t ~ y  iiiistahle a t  ruom tem- 
pcrature, arid their aiialyses sho~rcd dm-iatioiiq horn t l ic  
cdrulated values. 

.I11 compounds listed in Table I, with the exception 
of S I 1  and KIT, are freely iolublc i l l  water* giriiig 
practically neutral solutioiis. 111 pieseiice of air the) 
dec~oinpow slowly. The 1, I -disubstituted liydrazino 
acid.: decolorize iodiiie solutions readily arid form 
liydraxoiies whrn treated v it11 car1)onyl reagent>. 
'l'lic 1,2-suhstitut~d products do not form liydrazoncl\ 
aiid their reducing propertieh are coiisicierably IC'+ 
pronounced. The compouiidy listed i r i  Taliltx IT arc  
also freely solutile in water, are quite stahle, do iiot fo im 
hydrazones, arid fail to  decolorize iodine wlutioiis. 

.ill tlir compounds synthesized i l l  tliis :tiid in thrl 
pix>vious' report were screciied at the Sloaii ICettering 
Iiistitiite for Cancer Research. The  data7 oil the eval- 
iiatioii in tumor growth retardatioii have shown that 
m o y t  tinsubstituted a-hydraziiio alipliatic acids had a 
sliglit rioiireproduciblp activity ill Sarcoma 180 (S-180) 

tests. Tliiih, a-liydraziiioacetic acid had a + rating at 
a dose Icvel of C, n i g  kg. aiid death rate 0/'5 against 
5-180, as compared with a-hydrazinocaproic acid (=t . 

2 5j, a-hydraziriovaleric acid (+,  (io 
)), and U-hydraainodiethylacetic acid ( f , 

12.5 mg., kg., 0,s). Some of the methyl substituted 
liydrazino aliphatic acidb, such as cy-( l-methylhydra- 
zinoj 1)utyric acid (+  ~ 60 mg., kg., 0,'5), aiicl ~ ( 1 -  
iiietliylliydraziiio) isobutyric acid (f , 12; mg. kg., 
0 3 1, also showed a slight activity. .I11 the compounds 
tlcwribed il l  thib paper, with the  exception of C Y - ( ]  

~~rnzylliydraziiiojac~tic acid (XIII j  (k +, 250 mg. 'kg.. 
I 3) n-ere inactive. 

Khcii  te5ted against AIdeiiocarciiioma 755+ a-hydra- 
Yinoacetica acid had a + - rating a t  a dose level of G nig. - 
kg. aiid death rate 0 5 as compared witli a-(2-beiizyl- 
hpdraziiio) propioiiic acid (XI) (+ -, 250 mg. 'kg.. 
0 cj)q ~u-(%-l~eiizylI~ydraziiio) tiutyric acid (XII) ( f , 

250 m g . j k g . ,  0, 5 ) ,  and ethyl cr-(:'-isopropylhydrazirio)- 
acetate hydrochloride * , 500 mg., kg., 0, 5 ) .  

Fiiithw .;tiidy of i~~ la t cd  stri ictui~s and their testing 
i 4  i i i  p r o g r ~ > .  

Experimental8 
~~-(2-Methylhydrazino)propionic Acid (I).-A solution of 10.4 

g. (0.1 mole) of ol-livdrtL7,inopropionic. acxid in '75 nil. water was 
shaken for 15 min. with 11 g .  (0.1 1 mole) of henzaldehydt,. The 
resulting solid \vas filtered, washed nith 100 1111. of water, :tnd the 
\vet cake dissolved in 25 i d .  of hot  benzene. The a-ater 1:tyer was 
separated :ind the henzene layer yielded on cooling 15.15 g. (SO(+:;) 
of the benzylidene derivat,ive, pale yellow crystals, imp. 90-102' 
dec. It was dissolved in 50 ml. of thiophene-free benzene, 11.0 
g. (0.08'7 mole) of diniet,hyl sulfate was added and the solutioii 
refluxed for 5 hr. \V:iter was added and benzene and benzal- 
dehyde steam-distilled until a clear distillate was obt,ained. The 
residual liquor was tre:ated with 1.5 ml. of benzaldehyde, lpft 
overnight and filtered through ~1 filter aid. The filtrate was 
passed through n h o l i t e  .4 T9 column (alkaline form), the ef- 
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fluent evaporated to dryness, the residue washed with 15 ml. of 
ether and dissolved in 10 ml. of hot 2-propanol. The solution 
was kept in the refrigerator for 2 days, the crystals were filtered, 
washed with 7 ml. of 2-propanol and dried :it' 50", giving 1.5 g. 

e-( 1-Buty1hydrazino)propionic Acid (IV).-The compound was 
prepared essentially according to Method B described in the 
previous publication.' The structure was elucidated in the 
following manner: One gram of the pure substance was dissolved 
in 100 ml. water and hydrogenated a t  room temperature in 
presence of Girdler nickel catalyst G 49 B.l0 After 10 hr. shak- 
ing, when the absorption of hydrogen ceased, the catalyst was 
filtered off, the solution passed through an Amberlite I R C  501* 
column (arid form), and the effluent evaporated to dryness in 
vacuo. The residue was crystallized from 150 ml. of methanol 
and then from 25 ml. of 96% ethanol, giving 0.25 g. of N-butyl- 
s h i n e ,  m.p. (closed capillary) 290-295" dec. 

(16.570) of I, 111.p. 132-134". 

Anal. Cslcd. for C7H15N02: N, 9.66. Found: N, 9.75. 
a-(2-Isopropylhydrazino)butyric Acid (VII). A. From Iso- 

propylhydrazine.-A solution of 2.45 g. of isopropylhydrazine 
oxalate in 120 nil. of water was passed through an Amberlite 
IRA 410 column (alkaline form) and the first 400 ml. containing 
0.146 mole of isopropylhydrazine was collected. a-Bromobutyric 
acid (5.0 g., 0.03 mole) was added to the effluent and left to 
stand 4 days. The solution was worked up as usual, yielding 0.4 
g. (8.3%) of VII, m.p. 212-213" (%ye ethanol). 

A solution of 0.4 g. of S'II in 25 ml. of water was hydrogenated 
in the presenre of 1 g. of Raney nickel (W-2) to give 0.2 g. of 
a-aminobutyric acid m.p. 296-298" (95% ethanol). A mixture 
m.p. with an authentic sample showed no depression. 

Anal. Calcd. for CaHgNO2: N, 13.55. Found: XI 13.70. 
B. From a-Hydrazinobutyric Acid.-A solution of 2.35 g. 

(0.02 mole) of a-hydrazinobutyric acid in 100 ml. of water was 
treated with 1.5 ml. (0.02 mole) of acetone and 1.15 ml. (0.02 
mole) of glacial acetic acid and hydrogenated in presence of 0.1 g. 
of platinum oxide catalyst. When the absorption of hydrogen 
ceased, the catalyst was filtered and the solution passed through 
a Duolite C 20 column and worked up as usual. The substance 
was purified by crystallizing from aqueous ethanol, giving 2.5 g. 
(76Ye) of STIl, m.p. 212-213'. A mixt,ure m.p. with the product 
prepared by A showed no depression. 

Ethyl (2-1sopropylhydrazino)acetate Hydrochloride.-A solu- 
tion of 15.45 g. (0.1 mole) of ethyl hydrazinoacetate hydrochloride 
in 300 ml. water was treated with 6.0 g. (0.104 mole) of acetone 
and hydrogenated in the presence of 0.2 g. of platinum oxide 
catalyst a t  atmospheric pressure until the absorption ceased. 
The catalyst was filtered, the filtrat,e evaporated to dryness, and 
the residue crystallized from 20 ml. of absolute ethanol, giving 
9.8 g. (507,) of ethyl (2-isopropylhydrazino)acetate hydrochlo- 
ride, m.p. 99". The sample for analysis was recrystallized from 
%propanol. 

A n a l .  Calcd. for C7H17ClN202: N, 14.23. Found: N, 14.40. 
An attempt to hydrolyze the ester hydrochloride with Duolite 

C 20 (acid form) resin in order to recover the parent acid gave a 
yellowish crystalline product which decomposed very quickly in 
presence of air. 

a-Isopropylaminobutyric Acid.-To a mixture of 120 g. (2 
moles) of isopropylamine and the same weight of crushed ice was 
added in  one portion 57 g. (0.33 mole) of a-bromobutyric acid. 
After a few days the reaction mixture was distilled to dryness, 
redissolved in water, passed through a Duolite C 20 column and 
worked up as usual.I2 The residue was dissolved in 200 ml. of 
water, decolorized with charcoal and, owing to strong bumping, 
concentrated stepwise in vacuo almost to dryness, yielding 39.5 
g. (8170) of product, m.p. 280" (sublimation). 
N-Nitroso-a-isopropylaminobutyric Acid (XXVII).-To a solu- 

tion of 34.5 g. (0.25 mole) of isopropylaminobutyric acid in 100 
ml. of 10% hydrochloric acid and 220 g. of crushed ice was added 
dropwise a solution of 21 g. (approx. 0.3 mole) of sodium nitrite 
in 100 ml. of water. The reaction mixture was heated and kept 
for 1 hr. a t  70-80", filtered and cooled in the refrigerator over- 

(10) Product of Girdler Catalysts, Louisville Ky.: equally suitable is 
Raney nickel catalyst \T-2, prepared according to  R. Mozingo, "Organic 
Syntheses," Coll. Vol.  111, .John Wiley and Sons, Inc., h-ew York, X. Y., 
1B.55. p. 181. 

(11) Manufactured by the  Permutit  Co., Ltd. ,  Permutit  House, Gunners- 
bury Xrrnue ,  London W. 4. 

(12) The Concentration of large volumes of eluates was very conveniently 
carried out in the cyclone evaporator of Rlesars. Quirkfit and Quartz T,t,d., 
H a r t  of Stonr,  Staffordshire, England. 

night. The crystals were filtered, washed with water, and dried 
in a vacuum desiccator, giving 34.0 g. of XXVII,  m.p. 112-114". 
On extracting the mother liquors with ether, a second crop of 
5.4 g. was obtained, giving a total yield of 90%. 

a-( 1-1sopropylhydrazino)butyric Acid (IX).-A solution of 28.0 
g. (0.16 iiiole) of SSVII  in 250 nil. of 5y0 hydrochloric acid was 
added to about 150 g. of granulated cadmium, the miuture heated 
in a boiling water bath, and stirred for 5 hr. The liquid was 
decanted from the cadmium granules and passed through a Duo- 
lite C 20 column and worked up as usual. The crude product was 
boiled up with 150 ml. of absolute ethanol (the greater part ,  
consisting of a-aminobutyric acid, remained undissolved), filtered 
and cooled, giving 6.4 g. (277,) of IS, m.p. 191-193" (ethanol). 

a-( 1-1sopropylhydrazino)propionic Acid (VIII).-To a suspen- 
sion containing 15.4 g. (0.096 mole) of XXVI and 25 g. of gran- 
ulated zinc was added during 2 hr. with stirring 29 ml. of glacial 
acetic acid a t  25-30'. The reaction mixture was then heated 
gradually to 80", cooled to room temperature, and the excess 
zinc filtered. The solution was passed through a Duolite C 20 
column and worked up as usual, but a pure product could not be 
obtained by repeated crystallization. A solution of the crude 
product in 100 ml. water was shaken with 4 ml. of benzaldehyde, 
left to stand overnight, and extracted with ether. The ethereal 
extract was heated with 20 ml. of 107, hydrochloric acid and 
steam distilled. The residual solution was filtered, passed 
through a Duolite C 20 column, and worked up as usual. The 
residue was dissolved in water, decolorized with charcoal, the 
solution evaporated to dryness, and the colorless solid crystal- 
lized twice from absolute ethanol, giving 2.2 E. (16%) of VIII, . -  I - .  . -  
m.p. 197-198" dec. 

(-1-Carboxypropy1)dimethylhydrazinium Hydroxide (XXII). A. 
From Dimethylhydrazine.-a-Rromol,utyric acid (16.7 g.,  0.1 
I I I I J ~ C )  \v:is utldetl t t ~  24 g. (0.4 ruulr) of unsyrnrnetrical dimethyl- 
hydrazine \\-it11 ritcrn:iI cooling anti the reaction rnisture left 
t t J  st:,nd ior 2 d:iys. The excess dimethylhydrazine \vas distilled 
1 1 r f .  thc residuc dissolved in 250 nil. of water. pasped through a 
Driolitc C "0 column, :ind ivorkrd up as usual, giving 12.7 g. oi a 
\\.hire product. whivh, nn  recrystallization Ernin 40 nil. uf 2- 
propancrl, yieldccl 5.0 g. ,,4$j' i - )  of 1x11, m.p. 156-1873. 

.\ sdutiiin t J f  0.8 g. of SI11 in 50 nil. of  water was hydrogenated 
in the presence ( J f  3 e. Rmey  nickel cat:ilyst, giving 0.4 g. c i f  

a-S,S-dinieth!.l:in?int,huryric. acid, m.p. 173-179' (96( ethanol) 
liit.13 m.p. i x 2 \ .  

.-I ? ! ( I / .  c ' : t l d .  for C I j H I ~ S 0 ? :  S.  10.6. Found: S ,  10.3. 
B. From a-Hydrazinobutyric Acid.-Diinethyl sulfate (30.0 

g., 0.24 mole \vas uddeJ drop\vise. \vith slight cooling t o  a solritim 
( I f  5.9 g. i0.05 mil(,! of u-h~drnzinc,hut~ric acid and 14 g. of 
potmeium hydroxide in  25 ml of water, followed by a second 
portion of 14 g. i ~ f  put:issium hydroxide. The reacstiun mixture 
\v:is llrought to the boil, cooled, and filtered froin the separated 
put&rim su1f:ite. 'The filtrate w:is p:issed through a Duolite c' 
20 c.tdumn 2nd worked up ns usunl. The prtiduct wv8s crystallized 
from 14 nil. of 2-propanol giving 1.4 g. of SSII,  m.p. 185-167O. 
On addition of ether to the filtrste, a semnd crop of 1.8 g. was ob- 
tained, giving u tot:i1 yield of 397;. .I mixture m.p. with the 
product prepared by .\ showed no depression. 

0-(2-Benzylhydrazino)acetic Acid il).-Chloroacetic acid 
(9.4 g., 0.1 mole) \\;is added gradually tvith (violing and stirring 
t l ,  a mi\turt. of 65.0 g. .0.54 nitjle) of t)enzylhydrazine and 50 
ml. oi water. The mixture W N S  left to stand at room temperature 
flJr 7 days, diluted \vith 200 nil. of \yarer, and passed thrc~ugh an 
.\niberlite IIiC 50 column (acid form J. The effluent waa con- 
ctantrated to  500 ml., p:tesed through a Duolite C 20 column and 
worked up as usu:il. The residue was crystnllized from 30 nil. of 
2-propanol to give 7.0 g. (3$.r3r; I of S,  m.p. 144-146' dec. A 
second crystnllimtion from 2-propanol raised the m.p. to  146.5- 
147' der. 

a - ~  2-Benzy1hydrazino)butyric Acid (SII).-a-Bromobutyrir 
slid lti.7 g.. 0.1 niole) \vas added gradually with stirring to a 
iiiixturr oi 61 g. (0.5 riiclle) uf 1)enzylhydrazine and 50 nil. of water 
and alltnved to s t m d  a t  room tempewture for 1 day. The white 
prec5ipit:ite. 1vns filtered, wished \rith water until free from 
hromide ions, and dried at  .io". The crude product was crystal- 
lized from 160 nil. of water, yielding 4.4 g. \40.4$) of XII,  m.p. 
21 1-213' de(.. 

SII, on reductive rleavage with Raney nickel (K-2)  in ethanol 
as desl~ibed under ST'I , gave benzylamine hydrochloride ( m.p. 



and mixture m.p. with authentic sample, 257')  and or-ethylamino- 
butyric acid m.p. 248-250" dec. in good yields. 

n-[2- (  P-Hydroxyethyl)hydrazino] butyric Acid (XVI).----e- 
Broniobntyric acid (33.4 g., 0.2 mole) was added gr:ttluiilly ivith 
cooling to a solution of 60.8 g. (0.8 mole) of p-hydros>.ethyl- 
hydrazine, h.p. 100-105" ( 1  mm.) in 100 nd. I I ~  u x t c r ,  :ind t h r  
niisture alloived to stand a t  rooni tenipernture for 5 d 
solution was passed through a Duolite C 20 column and eluted as 
usual. The eluate was concentrated to  200 nil. and passed 
through an Amberlite I R C  50 column, the eiAuent evaporated to 
dryness in vacuo and the reFidue crystallized f rom 300 1n1. of 
%-propanol, giving 4.4 g. (13.6%) of XYI, m.p. 133-134" dec. 

Reductive Cleavage with Raney Nickel. In Ethanol.--.$ 
suspension of 1.9 g. of XF'I in 50 inl. of ethmol :tnd 10 g. of 
Raney nickel catalyst was refluxed for 5 hr. in it reaction flask 
equipped with an ethanolic HC1 trap. The catalyst \vas filtered: 
the alcoholic liquors distilled into the ethanolic HCI, and thr 
latter evaporated to  dryness. The product (0.8 g.) was crystal- 
lized from a mixture of ethanol-ether ( 1  : 1 ),  giving cthylaminci- 
ethanol hydrochloride, m.p. 225-230". 

A r ~ a l .  Calcd. for CaHl&lNO: K, 11.21; CI, 28.51. Found: 
S, 11.50; C1, 28.20. The Raney nickel catalyst was combined 
with the alcohol residue, boiled with 150 ml. of water, and filtered. 
The green solution was diluted witti A00 r n l .  l ; f  water :rnd passed 

tlirough an Amberlite IItC 50 column, the efnuent eva,porated to 
dryness :md the residue cryst:tllized from methanol, giving 0.4 
g. of  S-etti?-l:tniinobiityrii~ acid, n1.p. 24S-252' clev. (sub1iin:L- 
tiiin !. 

. I  nnl .  ( ' : r l ( ~ I .  ioi. ( '61115S( )2 :  N, tO.08. I:ound: N, 1O.W. 
I n  Water. - -  S\'I i 1 .(i g.) in 100 1111. ( i f  water W:LS hydrogrnnt~etl 

i i i  t h c ~  presenc.r i l l  ;i g. rif Raney nirkel cntttlyst at, atrriosphr~ric 
pwssiire. The fil(rat.e \vas neutdized 11-itti 8 ml. of lo(, Iiydro- 

to dryness, the residue dissolved in  50 
id passed through an Amberlite I l tC 50 

colunin. The efiiuent, wis passed through a Duolite C 20 column 
:rnd eluted with 400 nil. of I,';, :tmnionia. The eluate mas evitp- 
or:itcd to dryness :ind the residue crystallized from IO0 ml. of 
q i i eous  ethaxiol, giving 0.4 g. of ly-:briiixiobut,pric acid, III ,[J.  

298-300" dev. (sul,lixiiation). 
.\naZ. ( U d  for C4HsN02: X, 13.58. Found: S, 13.25. 
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Phosphorylated Alkylating Agents Related to DL-Phenylalanine' 

Life Sciences Reaetrrch, Stanford Reserrrcli Insfzfirte, . I f e n h  I'cri b .  ( 'trlifoi nz( i  

A group of alkylating agents has been prepared which use 3-(p-:~ininnphen~l)propionic acid antl 3-( n ~ -  and p-  
aniinophenyl)-oI,-alanine as the carrier moiety for a numher of phosphorylated antl thiophosphorylated ethylen- 
imines and bis(2-chloroetli~l)amines. llethods were devised for removing 1 he blo~king groups used in these 
syntheses so that the alkylating groups remained int:ic.t. Severd of the thiophosphorylntccl rthylenimines were 
active antitumor agents acrording to testing results \\-it11 \Tnllter 256 ~:ir(,iii[)s~r~iiiii:i. 

A number of phosphorylated alkylating agent's, 
among which are 2- [bis(2-chloroethyl)-amiiio]-211- 
1,3,2-0xazaphosphorinane 2-oxide2 (Cytoxan) (I), tris- 
(1-aziridiny1)phosphine oxide3 (TEPA) (II), and tris- 
(1-aziridinyl) phosphine sulfide4 (thio-TEPA) (111) I 

have been synthesized and used ~linically5~-" against 
cancer. It has been suggested5"ze that I and its analogs 
have latent activity until hydrolyzed by the phos- 
phamidases, present in high concentrations in tumor 
tissue, to  release the cytotoxic nitrogen mustard. 
A number of modifications of I, 11, and 111 have been 
synthesized with the phosphorylated alkylating groups 
attached to various carrier moieties in an attempt to 
obtain greater selectivity of antiturnor action. Because 
of the importance of nitrogen mustards of the phenyl- 
alkanoic acids (e.g., and of phenyl- 
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alanine ( e . g . .  sarcolysin),' i t  was considered of interest 
to use these aromatic moieties as carriers for the phos- 
phorylated alkylating groups. This article describes 
the preparat'ioii and antitumor evaluation of a numbcv 
of such compounds typified by IT', T', and VI. 

Kiiunyants, r'i al..R have prepared examples of these 
cornpounds based 011 phenylacetic acid and phenyl- 
alaniiie in which cert'aiii of the functional groups ryere 
left in t'lw ])locked state. SYe we1.e interested in pre- 
paring compounds which possessed the free carboxyl 
and free arniiio acid fiinctional groups. 
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