
Polypeptides from p-Phenylalanine Alus tardl 

Iiiteiise interest in p-phenylalaniiie mustardL ( p -  
m-colysiii,* I) in recciit yc'ars as ail aiiticaiicer drug has 
Ird to tlic prepai.ation aiid study of various aiialogs 
:uid dcrivativcs. i i i  a search for eiihaiiccd aiiticauccr 
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paper coiiceriis the preparation of a homopolymer of 
uL-p-phenylalanine mustard and of a copolymer with 
L-glutamic acid. JIodificatioii of a polyserine6 and, 
briefly, of a l b ~ i m i i i ~ ~  with substituents containing lateiit 
nitrogen mustard groups have been reported; beyond 
this, V, VI, arid VI1 are apparently the first polymers 
which coiitaiii nitrogen mustard moieties. 

Amino acid S-carboxyanhydrides are commoiily pre- 
pared and used as intermediates in the polymerizatioii 
of amino acids.'Z8 The S-carboxyanhydride (111) of 
p-phenylalanine mustard was obtained by the familiar 
method of treating the amino acid in dioxane suspeiisioii 
with The anhydride was precipitated 
as hydrochloride salt I1 of the weakly basic mustard 
nitrogen, and was converted to free base I11 with silver 
carbonate in a dichloromethaiie suspension. Either of 
two isomorphous forms of I11 could be obtained, de- 
pending on the method of isolation. The anhydride 
I11 was surprisingly stable, considering the lability of 
many S-carboxyaiihydrides. The substaiice could be 
stored without special precautions, and upon fusion it 
did not evolve carbon dioxide with the formation of a 
polymer. 

The polyiiierizatioii of I11 could be followed qualita- 
tively by the loss of characteristic anhydride bands aiid 
the appearance of peptide ( i . e . ,  amide) bands in the iii- 
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frared spectruiii. A polyiiier Tr (x = ca. 10) of low 
niolecular weight (2000-3000) was obtained from I11 ill 
(6) hl. Szekerke, N a t u r e .  199, 280 (1963). 
( 7 )  C. H. Ramford, A. Elliott, and W. E. Hanby, ' 'Synthetic I 'oly~w~)- 

(8 )  E. Katchalski and  .\I. dela, Adran.  Protein Chern., 13, 243 (1Y6X).  
(CJ) J. P. (ireenstein and  AI. \Vinitz. "Clietnistry of the .\mino .\cids," 

Vol. 2 ,  J o h n  \Vile>, and Sons, Inc., New Yurk. N. Y., 19[il, pg. 8(i7-868. 
(10) I<. 1Ieyns. JV. \Valter. and  13. I?. Clriitztnaclier, Ann., 609, 20Y 

(1YJ7). 

tides," .icademic Press, New York, S. Y. ,  1956, Chapters 2 and :3. 

SOY0 dioxane solutioii n-ith sodiuiii iiiethoxide as initia- 
t w  (anhydride : initiator, h : I = 200 : 1) ; presence of 
enough methanol to solubilize the methoxide was 
eswitial. Polpiers  T' (I = 50-100) of estimated 
iiiolecular weights in the range lO,OOO-:iO 000 were ob- 
taiiied froiii I11 in dichlororiiethane solut'ioii with tri- 
ethylaiiiiiie as initiator (A:I = 200: I ) ,  and also in 
chloroforiii solution n-it'liout added iiiitiator. The 
polyiiiers werc isolated by precipitatioii from solution 
with pctroleuin cther aiid were obtaiiied as aiiiorphous 
solids. 

A copolyiiier \'I was pimepared Dy treat'iiig equiiiiolar 
cluaiitities of 111 and ybeiizyl-L-glutaiiiate S-carboxy- 
anhydride (IT-) iii dioxane solutioii with iiiethaiiolic 
sodiuiii iiiethoxide (total A : I = 200 : 1). There was in- 
frared spectral evidence for the absence of the aiihy- 
drides I11 aiid IT'aiid for the preseiice of boththephenyl- 
alaiiiiie mustard and benzyl glutaniat'e coiiipoiients in 
1-1 ; eleiiieiital aiialysis indicated about twice as much 
of the mustard coiiipoiieiit was present, L e . ,  y : z = 2 : I . 
The niolecular weight of 1'1 was iiot deteriiiiiied be- 
cause of chloroform insolubility. l l  

The copolyiiier T'I was debenzylated t'o foriii the 
copolynier T'II containing free carboxyl groups, by 
treatment in dichloroacetic acid solution with anhydrous 
hydrogen broiiiidel? at' rooiii temperature for 1 hr. 
Coiiversioii of ester functions to free acid functions could 
be observed qualitatively in the infrared spectruni. 
The copolymer T'II was iiisoluble when treated with 0.1 
.If sodium hydroxide, but partial coiiversioii to sodiuiii 
carboxylate functional groups was observed in the in- 
frared. Eleniental aiialysis suggested the ratio y :t iii 
1-11 was about 6:;. The copolyiiiers T'I aiid 1-11 are 
110 doubt randoin block copolyniers. T'ariatioiis in the 
y:z ratio froiii T'I to T'II and ill different' experinients 
were attributed to loss of atypical, lower niolecular 
weight species upoii precipitatioii of \-I aiid T'II a t  the 
various steps involved. 

Preparation of the S-carhoxyaiihydride of ill-phenyl- 
alaiiiiie iiiustard2 was iiivestigated with the saiiie pro- 
cedures as with the para isomer. -%lthough infrared 
spectra showed that both the meta hydrochloride cor- 
responding to I1 aiid the free base corresponding to 111 
were formed, these ?liefa isoiiiers were inore sensitive to 
atiiiospheric moist'ure aiid could not be obtained in a 
&ate of aiialytical purity. Further reactions were not 
attempted with these isoiiiers. 

Biological Data.'3--The two polymers V (x = 10 and 
x = 50-100) and the copolymer VI1 were tested in rat's 
bearing Walker Ca 256 (subcutaneous) implanted 
tumors. Toxicities (LDlo, in mg./kg./day) mere ca. 
-17, ca. 41, and >50, respectively. The polyiner V 
(.r = 10) had a therapeutic index (LDlo : EDW) of <1; V 
(.r = 50-100) aiid T'II were inactive. 

The carboxy anhydride I11 was inactive when tested 
agaiiist Sarcoiiia 180 aiid Lymphoid Leukemia L-1210 

(11) .\ soluble copolymer could be obtained by reaction of I11 and IT 
in reagent chloroform solution without  added initiator; t h e  molecular 
weight then was in excess of 10,000. .is measured by changes in viscosity, 
the fairly rapid polymerization in chloroform solution was preceded by a 
long induction period. 

(12) C. J. Fox, IT. S. Patent 3,004,004 (1Iarch 2 6  1938); Chem. Ahstr . ,  66, 
:3fi:3Hy (1902) ;  r j .  11. dela and R. . i rnon.  m. Chem. Soc., 62, 2 6 2 5  (1960); 
1,:. R. Hloiit and RI.  Idelson. <hid., 78, 497 ( l u n f i ) ;  11. lien-Ishai and .I. I3er- 
ger .  J .  Ory.  C'hem., 17, l . i ( i4  (lY.jP).  

(13) The compounds were screened under the ausuices of the Cancer 
('lieinotlierapy National Service Center according to i ts  protocols, outlined 
in  Cancer C h e m o t h e r a p y  R e p t . ,  26, 1 (1962). 




