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dry tetrahydrofuran was allowed to reflux 4 hr, Upon evap-
oration of the solvent and crystallization of the residue from
ethanol there was obtained 9.4 g. (459;) 1-phenyldihydrou-
racil, m.p. and mixed m.p. 184~186°.
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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. A number of such compounds have been in-
vestigated by Kermack and Matheson* 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 glyeyl, alanyl, and cysteyl resi-
dues. Since the thiol group of glutathione is fune-
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 synthesis® was effected by condensation of
N-p-tosyl-y-L-glutamyl azide with S-benzyl-pr-
homocysteinylglycine ethyl ester followed by sapon-
ification and then simultaneous debenzylation and
detosylation with sodium in liquid ammonia. The
required N-p-tosyl-y-L-glutamyl azide was pre-
pared from N-p-tosyl-y-L-glutamyl hydrazide,® the
latter being prepared from v-glutamic acid by a
known sequence of reactions’ and S-benzylhomo-
cysteinylglycine ethyl ester was prepared by de-
carbobenzoxylation of N-carbobenzoxymethionyl-
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glycine ethyl ester with ethanolic hydrogen chlo-
ride® or with acetic acid—hydrogen bromide.?

In view of the faet that the synthetic route gave
rise to a mixture? of «- and y-tripeptides, rearrange-
ment of a y-glutamyl derivative to an a-glutamyl
derivative must have occurred during the course of
the synthesis. As a rule, rearrangements!®—!2 of ~-
glutamyl and B-aspartyl peptides to the correspond-
ing a-peptides occur under conditions which permit
nucleophilic attack by the peptide nitrogen atom on
the carbonyl carbon atom of the a-carboxyl fune-
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
oceurring via peptide nitrogen attack with expulsion
of an oxide or hydroxide ion. Since the N-p-tosyl-
v-L-glutamyl hydrazide is free®!? 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.'* A similar re-
arrangement has been definitely shown to occur'®
when N-carbobenzyloxy-vy-L-glutamyl hydrazide is
used via the azide, for v-peptide synthesis.

The tripeptide mixture has no inhibitory effect
on the growth of Sarcoma 180 in the mouse.!® The
y-peptide* is an inhibitor of the glyoxalase reaction.?
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EXPERIMENTAL

N-carbobenzoxy-pi-methionylglycine ethyl ester. To a solu-
tion of 5.66 grams (0.02 mole) of N-carbobenzoxy-pi-
methionine? and 2.04 grams (0.02 mole) of triethylamine
in 50 ml. of 1:1 chloroform, toluene, cooled to 0°, 2.41 grams
(0.02 mole) of isovaleryl chloride was added. After 2 hr.
standing at 0°, a cold solution of 2.79 grams (0.02 mole)
of ethyl glycinate hydrochloride and 2.04 grams (0.02 mole)
of triethylamine in 50 ml. of chloroform was added to the
reaction mixture. The reaction mixture was allowed to
stand in the cold overnight and then washed with water,
3% sodium bicarbonate and again with water. It was then
dried with sodium sulfate and after removal of the drying
agent by filtering, petroleum ether was added to turbidity.
On cooling, 4.42 grams (609%) of N-carbobenzoxy-pi-
methionylglycine ethyl ester, m.p. 75-77°, 1it.18 72-74°, was
obtained.

N-p-tosyl-y-L-glutamyl hydrazide. A solution of 1 g.
(0.0036 mole) of N-p-tosyl-2-pyrrolidone-5-carboxylic acid®
and 1 g. of 859 hydrazine hydrate in 15 ml. of absolute
aleohol was refluxed for 1 hr. After cooling to 0°, the hydra-
zinium salt, m.p. 135-136°, of N-p-tosyl-y-L-glutamyl
hydrazide separated out as a heavy oil which on being
seratched erystallized.

Anal. Caled. for CuH,0:N58: N, 20.08. Found: N, 20.03.

The free hydrazide was obtained by dissolving the above
hydrazinium salt in 5 ml. of water and acidifying to pH 3
with 4N sulfuric acid. Upon acidification the hydrazide crys-
tallizes from solution and on recrystallization from ethanol-
water melts at 203-205°, lit.® 207°.

N-p-Tosyl-v-L-glutamyl azide. A solution of the azide in
chloroform was prepared for immediate use. To a suspen-
sion of 6.3 grams (0.02 mole) of N-p-tosyl-y-L-glutamyl
hydrazide in 100 ml. of cold water, 10 ml. of concentrated
hydrochloric acid and 100 ml. of chloroform were added.
After cooling the reaction mixture to 0° in an ice salt bath,
a cold solution of 2.28 grams (0.03 mole) of sodium nitrite in
20 ml. of water was added with stirring. Stirring was con-
tinued for 6 min. after which time the chloroform layer was
separated. The aqueous layer was shaken with 20 ml. of cold
chloroform and the combined chloroform extracts were
washed with 20 ml. of cold water and after drying over an-
hydrous sodium sulfate the chloroform solution of azide was
ready for use.

N-p-Tosyl-~v-1~glutamyl-S-benzyl-pr-homocysteinylglycine
ethyl ester. To a cold chloroform solution of the azide from
0.02 mole of N-p-tosyl-v-r-glutamyl hydrazide, a cold solu-
tion of 9.4 grams (0.02 mole) of S-benzyl-pr-homocysteinyl-
glycine ethyl ester hydrobromide,’ 6.4 ml. of N,N-diethyl-
aniline and 2.78 ml. of triethylamine in 100 ml. of chloro-
form was added with stirring over a period of 30 min. The
reaction mixture was then stirred in the cold for 3 br. and
allowed to stand overnight at room temperature. The re-
sulting yellow solution was washed with 40 ml. of N hydro-
chloric acid, then with four 25-ml. portions of 0.5N hydro-
chloric acid and finally with three 25-ml. portions of dis-
tilled water. After drying over anhydrous magnesium sul-
fate, solvent was removed at reduced pressure to give 7.0
grams (599,) of the desired ester as a noncrystallizable oil.

(17) C. A. Dekker and J. S. Fruton, J. Biol. Chem., 173,
471 (1948).

(18) C. A. Dekker, S. Taylor, and J. S. Fruton, J. Biol.
Chem.. 180, 155 (1949).
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Anal. Caled. for CopHyN30sS,: Neut. equiv., 593; N,

7.09. Found: Neut. equiv., 589; N, 7.01.

N-p-Tosyl-v-1-glutamyl-S-benzyl-pi-homocysteinylglycine.
Seven g. of the corresponding ester was dissolved in 75 ml.
of dioxane and to this solution 37 ml. of N sodium hy-
droxide was added. Saponification was allowed to proceed
for 75 min. at room temperature and at the end of this
period an equivalent amount of N hydrochloric acid was
added. The reaction mixture was then concentrated in vacuo
and the residue was extracted several times with ethyl ace-
tate. The combined extracts were dried with anhydrous so-
dium sulfate and after removal of ethy! acetate in vacuo, 6.3
g. of N-p-tosyl-v-L-glutamyl-S-benzyl-pL-homocysteinyl-
glycine was obtained as an oil.

Anal. Caled. for CusHyN;Os8:: Neut. equiv., 282.5; C,
53.20; H, 5.50; N, 7.45. Found: Neut. equiv., 280.0; C,
52.96; H, 5.89; N, 7.50.

v-L-Qlutamyl-pr-homocysteinylglycine. A solution of 6.3
grams (0.011 mole) of N-p-tosyl-v-L-glutamyl-S-benzyl-
pi-homocysteinylglycine in 800 ml. of dry liguid ammonia
was treated with 1.7 grams of sodium, the sodium being
added portionwise and with vigorous stirring. After addi-
tion of the sodium, stirring was continued for 30 min. and
then 7.0 g. of ammonium chloride was added with con-
tinued stirring. The solvent was then allowed to evaporate
at room temperature and residual traces were removed with a
water aspirator. The residue was dissolved in 35 ml. of water
and after adjustment of pH to 7.0, the solution was ex-
tracted several times with ether. The aqueous solution
was then cooled to 0° and following adjustment of pH to 1.5
with 5N sulfuric acid, mercuric sulfate reagent!® was added
dropwise until precipitation of tripeptide was complete.
The mercury salt after washing with 20 ml. of cold, 0.5N
sulfuric acid and with three 25-ml. portions of cold
water, was decomposed by treating it in aqueous suspen-
gion with hydrogen sulfide for 8 hr. at room temperature.
After removal of mercuric sulfide by filtration, inorganic
sulfate was removed by treatment with barium hydroxide
and excess barium was removed with 0.1N sulfuric acid.
After filtering, the solution was lyophilized to yield 1.4 g.
of amorphous tripeptide.

Anal. Caled. for CyHisN3;O.8: N, 13.11; amino N, 4.29;
a-carboxyl CO,, 4.29. Found: N, 13.50; amino N, 4.18;
a-carboxyl COq, 2.09.

The amino acid composition of the tripeptide was con-
firmed by two dimensional chromatography? of an acid
hydrolyzate and by amino acid analysis. Chromatography
indicated the presence of glycine, homocysteine, and glu-
atmic acid. The amino acid ratio, glycine?!': homocysteine?223
glutamic acid,? was found to be 1.00:1.06:1.14,
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