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The p-nitrobenzyl esters and benzyl esters of L-glutamine and r-asparagine have been prepared. The use of the benzyl
esters in the synthesis of carboxyl-terminal glutamine and asparagine peptides is illustrated.

Normally, treatment of N-acylamino acid esters
with alkali yields the alecohol and a salt of the acyl
amino acid. However, the alkaline hydrolysis of
N-acylasparagine and N-acylglutamine methyl
esters under the conditions normally used in pep-
tide synthesis is complicated by imide formation,
isomerization due to hydrolysis of the imides, and
in the case of the glutamine derivatives by partial
racemization.? Therefore, the synthesis of peptides
with carboxyl-terminal glutamine or asparagine
groups requires methods in which these side reac-
tions are avoided. One way of accomplishing this
is to use methods that do not require a protected
amino acid. Thus, Hoffman, Thompson, and E. T.
Schwartz® prepared L-methionyl-L-glutamine by
coupling carbobenzoxy-L-methionine and gluta-
mine by the mixed anhydride method. Presumably
this technique would also be suitable for the
preparation of carboxyl-terminal asparagine pep-
tides. This approach is limited to those coupling
procedures which permit the use of unprotected
amino acids and peptides with the component
that has the activated carboxyl group. The avail-
ability of glutamine and asparagine derivatives
with carboxyl-masking groups that can be removed
innocuously, would greatly increase the number of
applicable coupling procedures, Recently, Anderson
and Callahan* prepared a number of £-butyl esters
of amino acids, including that of wr-glutamine.
The chief advantages of these esters lie in the ease
of decsterification by mild acid catalysts, and
in their stability as the free bases, In this paper we
wish to report the preparation of the benzyl and
p-nitrobenzy! esters of glutamine and asparagine.
The use of the benzyl esters in peptide syntheses is
also demonstrated.

Schwarz and Arakawa’ have described a pro-
cedure for the synthesis of amino acid p-nitro-
benzyl esters in which a carbobenzoxy amino acid
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reacted with p-nitrobenzy!l chloride in the presence
of triethylamine. Subsequent treatment with hy-
drobromic acid removes the carbobenzoxy group.
This method could be readily applied to the syn-
thesis of the glutamine and asparagine esters.
Since Schwarz and Arakawa have shown the
general utility of several amino acid p-nitrobenzyl
esters in peptide synthesis and have detected no
racemization during the formation of their esters,
the glutamine and asparagine p-nitrobenzyl esters
should prove to be equally useful.

We have also prepared the benzyl esters of glu-
tamine and asparagine by the use of diazotoluene.
Diazotoluene is easily prepared by the oxidation of
benzalhydrazone with yellow mercuric oxide®
and is a dark brownish red liquid which can be dis-
tilled at reduced pressure. Attempts to benzylate
glutamine and asparagine directly failed, possibly
due to alkylation of the ammonium group.” How-
ever, the carbobenzoxy and formyl derivatives
could be benzylated readily. The N-formyl group
was tested as a blocking agent because Sheehan and
Yang? have shown that its removal in acidic me-
dium can be effected selectively. However, all our
attempts to prepare glutamine and asparagine
benzyl esters by this path failed. Under the condi-
tions recommended by Shechan and Yang, dilute
hydrochloric acid in aqueous methanol, paper strip
chrematography indicated the presence of six or
more compounds from each ester. The spots obtained
from N-formy! glutamine benzyl ester are in order
of decreasing concentration: glutamine benzyl
ester, alpha-benzyl gamma methyl glutamate
(tentative), glutamine, gamma-methyl glutamate,
glutamic acid and dimethyl glutamate. From this it
is concluded that aleoholysis at the primary amide
group is a serious side reaction while transesterifica-
tion and hydrolysis are only of secondary sig-
nificance. Numerous attempts to bring about de-
formylation by varyving the solvents, reaction time,
and temperature failed to give satisfactory results.

The carbobenzoxy benzyl esters could be readily
converted to the corresponding benzyl esters by
the use of hydrogen bromide in acetic acid.®
The benzyl esters were noncrystalline, but the
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only contaminants detected by paper chromatog-
raphy were traces of glutamine or asparagine.
The use of these esters in peptide synthesis was
demonstrated in the preparation of glycyl-L-gluta-
mine and glycyl-L-asparagine. In neither case was
there any evidence for isomerization or racemiza-
tion. The carbobenzoxy benzyl esters of r-gluta-
mine and r-asparagine have been prepared pre-
viously!® by reaction of the carbobenzoxy anhy-
drides with benzyl alcohol, followed by conversion
to the amides via the acid chlorides.

EXPERIMENTALI!

Carbobenzozy-L-glutamine p-nilrobenzyl ester. This com-
pound was prepared from 1.4 g. of carbobenzoxy-L-gluta-
mine!? by the method of Schwarz and Arakawa in 799, yield;
m.p. 135-136° after two recrystallizations from ethyl ace-
tate and ligroin.

Anal. Caled. for CooHyN:0:: C, 57.82; H, 5.10; N, 10.12.
Found: C, 58.02; H, 5.31; N, 10.43.

Carbobenzozy-L-asparagine p-nilrobenzyl ester. Since the
esterification reaction did not give satisfactory yields in
ethyl acetate, a better solvent was sought. A solution of
0.266 g. (1 mmole) of carbobenzoxy-L-asparagine,'® 0.258
g. (1.5 mmoles) of p-nitrobenzyl chloride and 0.21 ml. (1.5
mmoles) of triethylamine in & ml. of dimethylformamide
was heated at 76° for 5 hr. A precipitate appeared after 5
min. To the cooled mixture 20 ml. of water was added. The
precipitate was filtered off, washed with 20 ml. of ether and
dried in vacuum; vield 0.279 g., 70%, m.p. 158-165°, raised
to m.p. 164-166° after two reerystallizations from ethanol.

Anal. Caled. for CisHisN3O+: C, 56.85; H, 4.77; N, 10.47.
Found: C, 56.93; H, 4.88; N, 10.26.

L-Glutamine p-nitrobenzyl ester hydrobromide. Carbobenz-
oxy-L-glutamine p-nitrobenzyl ester, 0.726 g., was dissolved
in 2.5 ml, of 30% hydrobromic acid in glacial acetic acid.
After the mixture had been held at room temperature for 15
min, it was cooled to —70° and evaporated by freeze-drying.
The residue was washed with 50 ml. of ether and recrystal-
lized twice from methanol and ether, yield 0.491 g., 779,
m.p. 175°.

Anal. Caled. for C,H;(N;0;. HBr: C, 39.68; H, 4.72; N,
11.57. Found: C, 39.30; H, 4.74; N, 12.18.

L-Asparagine p-nitrobenzyl ester hydrobromide. This com-
pound was prepared by the same method as the glutamine
ester; yield 709, m.p. 170-171° after two recrystallizations
from methanol and ether.

Anal. Caled. for CyHN;O;. HBr: C, 37.83; H, 4.33; N,
12.03. Found: C, 38.23; H, 4.02; N, 12.00.

N-Formyl-L-glutamine benzyl ester. Diazotoluene was ob-
tained by the oxidation of benzalhydrazone with yellow
mercuric oxide.® Benzaldehyde, 20 g., was added dropwise,
with stirring, to 20 ml. of 959, hydrazine hydrate. After the
mixture had cooled to room temperature it was extracted
with two volumes of ether. The ethereal phase was dried
overnight with potassium hydroxide and the ether evapo-
rated. Distillation of the residue yielded benzalhydrazone
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as a colorless oil, b.p. 85° (2 mm.), which solidified on cool-
ing in an ice bath. The benzalhydrazone should be used soon
after preparation since it decomposes to benzalazine, yellow
crystals, m.p. 93°, in the presence of traces of water. To 9 g.
of benzalhydrazone suspended in 50 ml. of petroleum ether
(b.p. 30-60°) was added at once 15 g. of yellow mercuric
oxide. The mixture was shaken and the reaction rate moder-
ated by occasional submersion of the mixture in an ice bath.
After the reaction reached completion the mixture was
filtered. This filtrate may be used directly, or the solvent
evaporated and the residue dissolved in ether. The mixture
can also be distilled at reduced pressure if desired. There
appears to be no danger of explosions since the diazotoluene
could be heated safely in a boiling water bath. The major
advantage resulting from distillation is that the benzylated
product will be free of yellow ether soluble contaminants.

To 3 g. of N-formyl-L-glutamine!* in a minimum of
ethanol was added slowly an ethereal solution of freshly
prepared crude diazotoluene. The addition was continued
until the vigorous reaction subsided and the reddish brown
color of the diazotoluene persisted for 30 min. On decom-
position of the excess diazotoluene with acetic acid and evap-
oration of the solvents a crystalline product was obtained,
m.p. 118-134°, Two recrystallizations from ethanol and
ether yielded 2.9 g., 649 m.p. 133-135°.

Anal. Caled. for CuHuNzOﬂ C, 59.05; H, 6.10; N, 10.60.
Found: C, 58.99; H, 6.06; N, 10.61.

N-Formyl-L-asparagine. This compound was prepared by
Sheehan and Yang’s method® for the preparation of optically
active formyl derivatives. From 1.32 g. L-asparagine 1.14
g., 719 of product was obtained, m.p. 133-135°.

Anal. Caled. for C;HgN,0,: C, 37.52; H, 5.03; N, 17.50.
Found: C, 37.24; H, 5.18; N, 17.58.

N-Formyl-1-asparagine benzyl ester. An ethereal solution
of crude diazotoluene was added to 2 g. of N-formyl-L~
asparagine until a reddish color persisted in the mixture for
30 min. After the excess diazotoluene was decomposed with
acetic acid and the solvent evaporated the product was ob-
tained in the form of a gel. This was dissolved in 5 ml. of
ethanol and precipitated with ether. The precipitate was
washed twice with 75-ml. portions of ether, yielding 0.69
g-, 229, of crystalline ester, m.p. 83-85°.

Anal. Caled. for C1HuN:0O4: C, 57.58; H, 5.64; N, 11.20.
Found: C, 57.72; H, 5.63; N, 11.23.

Attempts to remove the formyl group from glutamine and
asparagine derivatives. In the initial experiments Sheehan
and Yang's procedure was used. To 0.16 g. of N-formyl-L-
glutamine benzyl ester in 1 ml. of methannl, 0.66 ml. of
1N methanolic hydrochlorie acid was added and the solu-
tion stored at room temperature. Periodic samples were re-
moved and chromatogramed on Whatman number 1 filter
paper with 1-butanol, acetic acid, and water (4:1:5) and
the amino acids detected with ninhydrin. At least six spots
were obtained, R, 0.17, 0.28, 0.40, 0.63, 0.71, and 0.78.
The largest spot, B, 0.63, was identified as glutamine benzyl
ester. This spot disappeared on hydrogenolysis and gluta-
mine, B, 0.17, was formed. The product obtained on hydro-
bromic acid treatment of carbobenzoxy-L-glutamine benzyl
ester had the same R, value. The second largest spot, R,
0.78, is tentatively identified as gamma-methyl alpka-benzyl
glutamate. The evidence for this assignment rests on the
fact that after hydrogenolysis this spot is no longer detected
and a new spot with the same R; value, 0.40, as gamma-
methyl glutamate appears. The third largest spot formed
during the deformylation was glutamine, R, 0.17. We also
detected small amounts of glutamic acid, R, 0.28, gamma-
methyl glutamate and dimethyl glutamate, R, 0.71.
On several occasions a very small salmon colored spot, R,
0.20, believed to be alpha-aminoglutarimide,!® was detected.
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Attempts to isolate pure glutamine benzyl ester hydrochlo-
ride from this reaction mixture have been unsuccessful.
The most serious side reaction appears to be alcoholysis on
the gamma carbon. Transesterification and hydrolysis at the
alpha carbon seem to be of secondary importance.

Comparable results were obtained with N-formylaspara-
gine benzyl ester where again at least six spots were detected
chromatographically. Numerous attempts to make the
deformylation reactions more selective by changes in the
solvents, acid concentrations, reaction temperature, and time
were unsuccessfuls. Other solvent systems that were tried
were water, t-butyl alcohol, aqueous tetrahydrofuran, aque-
ous acetic acid, aqueous acetonitrile, and aqueous trifluoro-
ethanol. In these solvents the reaction rate was drastically
reduced withont apparent increase in the selectivity.

Carbobenzozy-L-glutamine benzyl ester. To 500 mg. of carbo-
benzoxy-L-glutamine in 2 ml. of dimethylformamide a solu-
tion of crude diazotoluene in petroleum ether was added
until a reddish brown color persisted for 30 min. The excess
diazotoluene was decomposed with acetic acid and the
petroleum ether removed under reduced pressure. The re-
sulting solution was treated with 45 ml. of ether and 40 ml.
of water and the mixture stored overnight at 0°. Filtration,
washing of the precipitate with ether, and two recrystalliza-
tions from aqueous ethanol yielded 320 mg. of ester, 499,
m.p. 130-131°, reported!® m.p. 123°,

Anal, Caled. for C;H»N,O;: C, 64.85; H, 5.99; N, 7.57.
Found: C, 64.69; H, 6.07; N, 7.44.

Carbobenzoxy-L-asparagine benzyl ester. This compound
was prepared from 650 mg. of carbobenzoxy-L-asparagine by
the same procedure as that used for the glutamine derivative.
A gel was obtained which crystallized slowly at 50° from
ethyl acetate; vield 0.391 g., 45%, m.p. 128.5° reported!?
m.p. 132°,

Anal. Caled. for CisHyoNyOs; C, 64.03; H, 5.66; N, 7.86.
Found C, 64.03; H, 5.81; N, 7.81.

Carbobenzory-glycyl-L-glutamine benzyl ester. To 0.74 g.,
2 mmoles, of carbobenzoxy-i-glutamine benzyl ester was
added 3 ml. of 309 hvdrogen bromide in acetic acid. After
storage at room temperature for 15 min. the mixture was
cooled in a Dry Ice-acetone bath and freeze-dried. The resi-
due was washed with 30 ml. of ether and then dissolved in a
minimum of dimethylformamide and reprecipitated with
ether. The residue dissolved in ethanol was treated with 0.28
ml. of triethylamine and the mixture filtered. Evaporation
of the filtrate vielded an oil and a further quantity of tri-
ethylamine hydrobromide. This residue was treated with
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2 ml. of dimethylformamide, the mixture filtered, the pre-
cipitate washed with an additional 1 ml. of dimethylforma-
mide and the combined solution stored at 0° for coupling
with the azide.

An ethereal solution of carbobenzoxy-glycylazide was pre-
pared in the usual manner from 223 mg., 1 mmole, of carbo-
benzoxy-glycyl hydrazide. The azide was combined with
the benzyl ester and the solution stored overnight at 0°,
then 4 hr. at room temperature. The addition of water
caused precipitation of an oil which crystallized on storage
at 0°. The precipitate was collected, washed with dilute
hydrochloric acid, sodium bicarbonate and water, dried
in vacuo over phosphorus pentoxide; yield 0.28 g., 67%
based on the quantity of azide, m.p. 134-135°. Recrys-
tallization from aqueous ethanol yielded 0.20 g. of product,
m.p. unchanged,

Anal. Ca.lcd. for szstN;jOel C, 6180, H, 589, N, 9.83.
Found: C, 61.73; H, 5.87; N, 10.10.

Carbobenzozy-glycyl-1~asparagine benzyl ester. This com-
pound was prepared by the same procedure as the glutamine
analog in 589, yield, m.p. 135-136°.

Anal. Caled. for CmHzaNaOe: C, 61.00; H, 562, N, 10.19.
Found: C, 60.87; H, 5.64; N, 10.46.

Test for racemization and chromatographic purity of the
peptides. Hydrogenolysis of the carbobenzoxy-benzyl esters
in the presence of palladium black at room temperature and
atmospheric pressure yielded gycyl-L-glutamine, m.p. 202-
203° reported'® m.p. 199-200°, R, 0.055, 1-butanol, acetic
acid, water (4:1:5); and glycyl-L-asparagine, m.p. 214°,
reported!” m.p. 216°, R, 0.052 in 1-butanol, acetic acid and
water (4:1:5) and R, 0.32 in water saturated phenol. Each
peptide gave only one spot with ninhydrin. To check for
possible racemization the peptides were refluxed 2 hr, in 6N
hydrochloric acid and [a]% of the hydrolyzate compared
with [«]% for L-glutamic acid and L-aspartic acid containing
equivalent quantities of glycine and ammonium chloride.
The hydrolyzate from glycylglutamine gave [a]% +28.9°
(¢ 3.02, 6N hydrochloric acid); L-glutamic acid, [o] % +-28.9°.
The hydrolyzate from glycyl-v-asparagine gave [a]% +22.2°
(¢ 1.57, 6N hydrochloric acid); L-aspartic acid {a]% +22.4°,

Syracusk 10, N. Y.
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The syntheses of the tetrapeptide, r-leucyl-r-alanyl-L-valyl-L-glutamic acid, the tripeptide, L-leucyl-1.-alanyl-L-valine and
the dipeptides, L-leucyl-r-alanine and v-valyl-L-glutamic acid, are described. The p-nitrobenzyloxycarbonyl group was em-
ployed to protect the amino groups during peptide bond formation by either the azide, acid chloride, or acid anhydride

methods.

In connection with studies being performed in
this laboratory on the oxidative cleavage of pep-

(1)(a) This work was supported in part by grant A-608
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tide bonds'®2 some model compounds were needed.
It was desirable to obtain a series of peptides up to
a tetrapeptide sequence in which the constituent

(2) Present address: Union Carbide Research Institute,
32 Depot Plaza, White Plains, N. Y.
* (3) F. H. Carpenter and W. H. McGregor, Fed. Proc.,
19, 344 (1960).



