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The ready availability of P-bromopropionyl 
isocyanate2v3 (I) has made a study of its chemistry 
desirable, since its structure indicated that i t  
might have considerable utility in the synthesis of 
heterocyclic compounds. This is the first of a group 
of studies designed to explore the chemistry of I. 

The reaction of I with several aromatic primary 
amines led to N-6-bromopropionyl-”-aryl ureas 
(11) in good yield. The I1 proved to be somewhat 
more difficult, to dehydrohalogenate than had been 
anticipated. TreAment with triethylamine or 
2,6-lutidine in refluxing chloroform or refluxing 
with excess triethylamine gave only st,arting ma- 
terial. Treatment with triethylamine (or silver 
oxide) in refluxing dimethylformamide led to the 
desired N-acrylyl-N’-aryl ureas (111) in good yield. 
The I11 are the key intermediates in the dihydroura- 
cil synthesis of Gabel and B i n k l e ~ , ~  and the present 
work thus offers a route to 1-aryldihydrouracils 
using their cyclization reaction. The present route 
to TI1 is a considerable improvement in both time 
and convenience over the original methods in- 
volving the synthesis of acryly isocyanate from 
the chloride and silver cyanate. N-Bromosuccin- 

series, but i t  might indicate another profitable 
entry into the dihydoruracils. 

The I11 and 1-aryldihydrouracils were identi- 
fied by comparison of melting points and infrared 
spectra with samples prepared according to Gabel 
and Binkley. 

EXPERIMENTAL‘ 

Melting points were measured on a Fischer-Johns block 
and were not corrected. 

8-Bromopropionyl isocyanate (I). .4 mixture of 10.0 g. of 
N-bromosuccinimide (0.0562 mole), 5 ml. allyl chloride, and 
100 ml. dry chloroform was heated to reflux and approxi- 
mately 0.2 g. benzoyl perovide was added. The refluxing was 
continued about 2 hr. until no test was obtained with starch- 
iodide solution. 

N-p-Bromopropionyl-”-aryl ureas (11). The clear solu- 
tion of the above isocyanate was allowed to cool protected 
with a drying tube, and a solution of 0.0562 mole of the ap- 
propriate amine in chloroform or ether was added slowly 
with swirling. After the vigorous reaction subsided, the flask 
was allowed to cool and then placed in an ice bath. The sus- 
pension was filtered, and the precipitate was washed with 
chloroform or acetone. The material was then crystallized 
from methanol, 95% ethanol, or chloroform. The following 
compounds were prepared: N-&bromopropionyl-N’-phenyl 
urea (70%), colorless needles, m.p. 183-184’, analysis pre- 
viously reported3; N-p-bromopropionyl-N’-a-naphthyl urea 
(75%), colorless hairlike crystals, m.p. 215-217’ (Anal. 
Calcd. for C14H13N201Br: C, 47.2; H, 4.38; N, 9.43. Found, 
C, 47.4; H, 4.2; N, 9.0); N-p-bromopropionyl-N’-p-ethoxy- 
phenyl urea (60%), short colorless needles very soluble in 
mentioned solvents, m.p. 169-170’ (Anal. Calcd. for 
CIZNI~W~O~: C, 45.7; H, 4.8; N, 8.9. Found, C, 46.0; H, 
5.1 ; N, 9.0); N-p-bromopropionyl-N‘-p-chlorophenyl urea 
(70%), colorless needles, m.p. 210-211’ (Anal. Calcd. for 
CloHtoNzOEBrCI: C, 39.4; H, 3.3; N, 9.2. Found: C, 39.9, 
H. 3.6: N. 9.6.) 

imide is a stable compound which is easily rear- ~ k-Acr&Li’-aryl ureas (111). A solution of 1.0 g. of the 
ranged to the desired brornoisocyanate as needed, 8-bromopropionyl aryl urea was refluxed with 3-5 ml. of 
and the 11 Can be formed in the Same flask in triethyl amine in 20 ml. of dimethylformamide for 30 min. 

The mixture was poured into water, and the white precipi- the rearrangement was effected. tate was filtered and recrystallized from 95% ethanol, 
The 11 could be converted to 1-aryldihydrouracils chloroform, or dioxane. Thus prepared were N-acvlyl-N’- 

by refluxing with silver carbonate in propionic acid phenyl urea (SO%), m.p. and mixed m.p. 146-148’; 12’- 

for 48 hr. The yields lvere lo\ver, however, and the acrylyl-”-p-ethoxyphenyl mea (50%-very soluble in 
mentioned solvents), m.p. and mixed m.p. 122-124’; A;- 

prepared by the Gabel-Binkley cyclization. Treat- 202-204O; and N-acrylyl-N’-or-naphthyl urea (75%), m,p. 
ment of N-P-bromopropionyl-N’-p-ethoxyphenyl and mixed m.p. 174-175’. 
urea with silver oxide, silver sulfate, or silver Alternatively, 1.0 gram of the bromo compound was re- 
nitrate in DhIF or propionic acid gave only a blue fluxed with 0.5 g. silver oxide in 25 ml. of DMF for 30 min. 

The mivture was filtered while hot and poured into water; 
the pink material was filtered and recrystallized as above 

lated. Usually a second crystallization was needed to obtain the 
In  an attempt to prepare an authentic sample of correct m.p. Yields in the order above were 50%, 30%, 70%, 

N-acrylyl-”-phenyl urea, acrylyl chloride was and 60%. The low yields are presumed to be due to crys- 
allowed to react with phenyl urea in tetrahydro- ta~~$$$&acils. A mixture of l,o gram of the 8- 

from the reaction mixture. The reaction was not 30 ml. propionic acid was refluxed for 48 hr. The mixture 

products were more to purify than those acrylyl-N’-p-chlorophenyl urea (SO%), m.p, and mixed m.p. 

from which no products have been 

furan. l-Phenyldihydrouraci1 was isolated directly bromopropionylaryl urea, 0.4 g. of silver carbonate, and 

studied further because of the emphasis of this 
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was filtkred, and the brown solution was evaporated under 
reduced pressure. The residue was recrystallized from 
dioxane or chloroform. The following dihydrouracils were 
prepared: 1-phenyl, m.p. 185-187” (25%); 1-p-chloro, m.p. 
223-225’ (20%); 1-p-ethoxyphenyl, m.p. 200-203” (18%); 
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l-Phenyldihydrouracil. A solution of 10.0 g. of phenylurea 
(0.11 mole) and 15 g. acrylyl chloride (8.11 mole) in 100 ml. 
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dry tetrahydrofuran w-as allowed to reflux 4 hr. Upon evap- 
oration of the solvent and crystallization of the residue from 
(Jthanol thrre as olitained 9.4 g. (45”;) 1-phmyldihvdrou- 
rxcil, n1.p. and mived m.p. 184-186” 

DIVISION OF PHYSICAL SCIENCES 
UNIVER5ITY OF CALIIY7RXI 4 
!.~I\’ER~IDE. ( ’4LIF  

Synthesis of Mixed a- and 
y-Glutamylhomocysteinylglycinesl 

Received July 1, 1958 

The participation of glutathione in cell growth 
and division and in various enzyme catalyzed reac- 
tions suggests that an investigation of glutathione 
homologs and analogs for inhibitory properties 
might be of interest and potential therapeutic 
value. h number of such compounds have been in- 
vestigated by Kermack and Matheson4 and were 
found to be inhibitors of the glyoxalase reaction. 
In  these compounds alteration of glutathione was 
limited to S-alkylation and replacement of the cys- 
teinyl residue with glycyl, alanyl, and cysteyl resi- 
dues. Since the thiol group of glutathione is func- 
tionally important, it appeared to be of interest to 
synthesize a thiol-containing homolog and in this 
paper the synthesis of y-glutamylhomocysteinylgly- 
cine accompanied by the a-tripeptide is reported. 

The synthesis5 was effected by condensation of 
S-p-tosyl-7-L-glutamyl azide with 8-benzyl-DL- 
homocysteinylglycine ethyl ester followed by sapon- 
ification and then simultaneous debenzylation and 
detosylation with sodium in liquid ammonia. The 
required 9-p-tosyl-y-L-glutamyl azide mas pre- 
pared from l~-p-tosyl-y-~-glutamyl hydrazide,6 the 
latter being prepared from L-glutamic acid by a 
known sequence of reactions7 and S-beiizylhomo- 
cysteinylglycine ethyl ester was prepared by de- 
carbobeiizoxylation of S-carbobenzoxymethionyl- 
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glycine ethyl ester with ethanolic hydrogen chlo- 
ride8 or with acetic acid-hydrogen b r ~ m i d e . ~  

In  view of the fact that the synthetic route gave 
rise to a mixtureg of a- and y-tripeptides, rearrange- 
ment of a y-glutamyl derivative to an a-glutarnyl 
derivative must have occurred during the course of 
the synthesis. -4s a rule, rearraiiffementsln-’~ of y- 
glutamyl and 0-aspartyl peptides to the correspond- 
ing a-peptides occur under conditions n-hich per i i t  
nucleophilic attack by the peptide nitrogen atom on 
the carbonyl carbon atom of the a-carboxyl func- 
tion, the a-carboxyl being suitably substituted, and 
expulsion of the substituent group. Usually these 
requirements are met by an alkaline reaction me- 
dium and an esterified a-carboxyl group. In  the 
present case, the a-carboxyl group is not substi- 
tuted and it is difficult to  visualize rearrangement 
occurring eiia peptide nitrogen attack with expulsion 
of an oxide or hydroxide ion. Since the S-p-tosyl- 
y-1;-glutamyl hydrazide is free6*I3 of a-hydrazide, 
rearrangement to  an a-derivative must have oc- 
curred during azide formation or subsequent reac- 
tion of azide with the amine moiety. l 4  A similar re- 
arrangement has been definitely shown t o  
when N-carbobenzyloxy-y-L-glutamyl hydrazide is 
used tlia the azide, for y-peptide synthesis. 

The tripeptide mixture ha\ no inhibitory effect 
on the growth of Sarcoma 180 in the mouse.16 The 
y-peptide4 is an inhibitor of the glyoxalase reaction.4 
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/cH< ,“H< 
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This is an  elaboration of the suggestion of Sachs and Brand 
(Ref. 15). The anhydride, of course, ~~-ould  yield a mixture 
of a- and ?-peptides. 

(15) H. Sachs and E. Brand, J .  Ana. Chem. Soc., 76, 1818 
(1954). 

(16) Courtesy of Drs. C. C. Stock and R. Rarclay, 
Sloan-Kettering Institute for Cancer Research. 


