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While methyl N-(4-nitrobenzyl)pyroglutamate can be obtained from methyl N-trimethylsilylpyro-
glutamate, the best way to obtain methyl N-(2-nitrobenzyl)pyroglutamate is to react 4-nitro benzyl bromide

with the iminoether derived from methyl pyroglutamate.

J. Heterocyclic Chem., 33, 1063 (1996).

Our continuing efforts on structural modifications of
5-pyrrolidinone-2-carboxylic acid (pyroglutamic acid) (1)
(1] have led us to the synthesis of a large number of aryl
substituted N-benzylpyroglutamic acids 2 [2]. We are now
interested in such an acid possessing a nitrogen-containing
function in the ortho position of the aromatic ring because
it could give ultimately the condensed heterocycle 3 [3]
(Scheme 1).
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We have already discussed that the classical method to
obtain N-arylmethylpyroglutamic derivatives (action of
benzyl chloride or bromide on the sodium salt of methyl
pyroglutamate) (Scheme 2) [2a] cannot be utilised with
4-nitrobenzyl bromide, because of the formation of
4,4'dinitrotransstilbene {2¢], and Merour showed that this
approach was unsuccessful with 2-nitrobenzyl bromide [3].
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We first attempted a Mannich reaction, such as
described by Shakhidoyatov who obtained lactams 4 and
5 by reacting N-hydroxymethylpyrrolidinone and
acetanilide in sulphuric acid (Scheme 3) [4]. In order to
obtain a less harsh media, we used triflic acid as a catalyst
instead of a large amount of sulphuric acid, and we tried
this reaction with methyl N-methoxymethylpyroglutamate
(6) [2¢,5) and N-acetyl-p-anisidine. At 90°, without sol-
vent, a mixture of compounds was obtained, from which
only the ester 7 was identified by comparison with the
product synthesised by reacting chloride 8 [2¢] with
N-trimethylsilyl-N-acetyl-p-anisidine [6] (Scheme 4).
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The condensation of a benzyl halide with methyl
N-trimethylsilylpyroglutamate while distilling the
trimethysilyl halide produced a possible route to obtain a
methyl N-arylmethylpyroglutamate. We already have used
this reaction in the case of the p-nitro derivative [2c], and
that has been generalised to other halide compounds
[2d,7] (Scheme 5).
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When this reaction was tried without solvent, with
2-nitrobenzyl bromide, a strong decomposition of the
halide was observed; when a slight amount of triflic acid
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was used as a catalyst, ester 9 was obtained in less than
20% yield (115°, 4 hours) and when toluene was used as a
solvent, only the degradation of the halide was observed.
We think that this thermal degradation of 2-nitrobenzyl
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bromide can be explained by the same mechanism as that
for 2-nitrobenzydryl bromide (10) [8] (Scheme 6).
Another way to obtain ester 9 was the condensation of a
benzyl halide with an iminoether (Fujii method) [9]; this
reaction has already been used in the pyroglutamic series
[10] and we have applied this method to the iminoether 11
[11]. A first test was realised at 50° without solvent and
methyl bromide gas evolution was observed, however, the
yield of compound 9 was only 53% (nmr, 8 hours) because
of the alkylation of iminoether 11 by methyl bromide, giv-
ing methyl N-methylpyroglutamate (12) [5]. This reaction
was then realised under a water aspirator, in order to obtain
better elimination of methyl bromide; in that way ester 9
was obtained in an 83% yield of crystallised product whose
saponification easily gives the acid 13 (Scheme 7).
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These reactions were performed with the non commer-
cial 2-nitrobenzyl bromide. This compound was first syn-
thesized by the action of N-bromosuccinimide on 2-nitro-
toluene in carbon tetrachloride [12], but the reaction was
erratic giving non reproducible yields (best yield 50%,
carbon tetrachloride 4 hours reflux). From the observa-
tions of Offermann and Végtle [13] on the influence of
benzene as a solvent for bromination of toluenes sub-
stitued by electron withdrawing groups, we performed
this bromination of 2-nitrotoluene in benzene, with
recrystallized N-bromosuccinimide. 2-Nitrobenzyl bro-
mide was then obtained in a reproducible 81% recrystal-
lized yield (benzene, 3 hours reflux).

EXPERIMENTAL

Melting points are uncorrected. The ir spectra were recorded
on a Perkin Elmer 700 spectrometer and the nmr spectra on a
Hitachi Perkin Elmer R-600 at 60 MHz, using tetramethylsilane
as an internal reference. Elemental analyses were performed by
the Service Central de Microanalyses of CNRS in Vernaison,
France. Melting points, ir spectra and elemental analyses were
not determined for moisture sensitive compounds. Pyroglutamic
acid was a gift of UCIB, Ivry-la-Bataille, France, which can pro-
vide this acid in bulk quantities.

2-Nitrobenzyl Bromide.

N-Bromosuccinimide (40 g, 0.225 mole) was added to a solu-
tion of 2-nitrotoluene (20 g, 0.146 mole), and the mixture was
heated just below the reflux temperature. Benzoyl peroxide
(0.5 g, 2.1 mmoles) was added and the flask was irradiated by a
20 watt halogen bulb and kept under reflux for one hour. Benzoyl
peroxide (0.5 g, 2.1 mmoles) was added and the mixture was
refluxed for two hours. After cooling, the mixture was filtered
and the solution was washed with a potassium carbonate solu-
tion, then with a sodium thiosulfate solution, dried and evapo-
rated giving a light coloured solid which was recrystallized from
toluene/petroleum ether at -35°, yield 81%, mp 36-37", identical
to the known compound, lit. mp, 45-8° [12]; IH nmr (deuterio-
chloroform): & ppm 4.82 (s, 2 H), 7.55-8.05 (m, 4H).

N-Trimethylsilyl-4-methoxyacetanilide.

Chlorotrimethylsilane (10 ml, 0.078 mole) was added to a
refluxing mixture of 4-methoxyacetanilide (10 g, 0.06 mole) in
triethylamine (37.8 g, 52 ml, 0.37 mole). After 3 hours at reflux,
the mixture was cooled, the triethylamine hydrochloride was fil-
tered (nitrogen) and the solution was evaporated, then distilled,
giving a 78% yield of silylated amide 9, bp 55° (0.02 mm Hg);
1H nmr (deuteriochloroform): 6 ppm 0.22 (s, 9 H), 1.75 (s, 3 H),
6.4-7.5 (m, 4 H).

Methyl N-[(Acetyl-4-methoxyphenylamino)methyl]pyrogluta-
mate (7).

A stirred mixture of methyl N-chloromethylpyroglutamate (8)
(145 g, 0.73 mole) and N-trimethylsilyl-4-methoxyacetanilide
(173.2 g, 0.73 mole) in chloroform (200 ml) was refluxed for 2
hours, then cooled at -40° for 48 hours. The precipitate (4-methoxy-
acetanilide) was filtered and the solution was evaporated, giving a
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66% yield of ester 7, mp 98° (methanol); ir (potassium bromide):
v eml 1750, 1700, 1660 (C=0);!H nmr (deuteriochloroform): &
ppm 1.82 (s, 3 H), 1.95-2.2 (m, 1 H), 2.2-2.6 (m, 3 H), 3.81 (s, 3 H),
4.45-455 (m, 1H),5.10(d,J=13.8 Hz, 1 H),5.21 (d, ] = 13.8 Hz,
1H), 6.90 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H).

Anal. Caled. for C;gH,N»O5: C, 59.99; H,6.29; N, 8.74; O,
24.97. Found: C, 60.21; H, 6.16; N, 8.70; O, 24.42.

Methyl N-Chloromethylpyroglutamate (8).

A mixture of methyl pyroglutamate (57.2 g, 0.40 mole),
formaldehyde (12 g, 0.40 mole) and chlorotrimethylsilane (152
ml, 130 g, 1.20 mole) in chloroform (300 ml) was refluxed for 2
hours, evaporated then stirred at 40° under vacuum (0.01 mm Hg)
for 24 hours, giving a quantitative yield of crude ester 8, identical
to the known compound [2c]; 'H nmr (deuteriochloroform): &
ppm 2.1-2.3 (m, 1H), 2.3-2.6 (m, 3H), 3.8 (s, 3H), 4.4-4.5 (m,
1H), 492 (d, J =10.6 Hz, 1H), 5.71 (d, J=10.6 Hz, 1 H).

Methyl N-(2-Nitrobenzyl)pyroglutamate (9).

A solution of 2-nitrobenzyl bromide (10 g, 0.047 mole) and
iminoether 11 (9 g, 0.057 mole) was heated at 50 under vacuum
(water pum) for 18 hours. After cooling, the mixture crystallized
and was ‘washed with ether, giving a 83% yield of ester 9, mp
74° (methanol), ir (potassium bromide): v cm-1 1735, 1665
(C=0), 1600 (C=C); 'H nmr (deuteriochloroform): & ppm
2.08-2,59 (m, 4 H), 3.70 (s, 3 H), 4.15 (m, 1 H), 454 (d, J =
16.8 Hz, 1 H), 5.12 (d, J = 16.8 Hz, 1 H), 7.29-8.02 (m, 4 H).

Anal. Caled. for Cy3H 4N,O5: C, 56.11; H, 5.07; N, 10.07; O,
28.75. Found: C, 56.30; H, 5.13; N, 9.85; O, 28.51.

N-(2-Nitrobenzyl)pyroglutamic Acid (13).

A mixture of ester 9 (6 g, 0.022 mole) in sodium hydroxide
(1 N, 50 ml) was heated at 85° for one hour. The solution was
washed with methylene chloride then acidified with concentred
hydrochloric acid. The solid was recrystallized from a
methanol/methylene chloride mixture, giving a 70% yield of
acid 13, mp 206° (methanol); ir (potassium bromide): v cml
1740, 1640 (C=0); 'H nmr (methanol-d,): 8 ppm 2-2.60 (m, 4
H), 393 (m, 1 H), 441 (d, J = 15.6 Hz, 1 H), 5.29 (d, ] =15.6
Hz, 1 H), 6.41 (s, 1 H), 7.30-8.10 (m, 4 H).

Anal. Caled. for Cj,H,N,05: C, 54.55; H, 4.58; N, 10.60; O,
30.27. Found: C, 54.66; H, 4.57; N, 10.28; O, 30.04.
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