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The condensation of iminoether 7, derived from pyroglutamic acid (4), with active methylene reagents
such as Meldrum’s acid or methyl cyanoacetate, lead to B-enaminoesters 2. Solid-liquid phase transfer N-
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alkylation of these compounds is described.

J. Heterocyclic Chem., 29, 1285 (1992).

B-Enaminoesters 1 and 2, derived respectively from lac-
tams 3 and pyroglutamic acid (4) are precursors of prod-
ucts such as alkaloids [1-5], carbapenams [6,7], semicorrins
[8], or pyrroles [9]. Some of these compounds exhibit bac-
tericidal [10}, herbicidal [11] and psychotropic [12] proper-
ties. These observations and our interest in pyroglutamic
acid chemistry, prompted us to develop a versatile and
easy method for the preparation of B-enaminoesters 2
derived from pyrogiutamic acid (4); interestingly, related
acids 2j have recently been described in a context of
penams synthesis [13].
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It is already known that, in the pyroglutamic acid series,
Eschenmoser’s method can be used for the synthesis of 8-
enaminoesters 2 [14]. In that way, the sulfide contraction
of thiolactams 6 gives alkylidenepyrrolidines 2 [6,15-18]
(Scheme 1), however, this method requires the synthesis of
thiolactams 6 {6,16,19-21].
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Another general method for the synthesis of 8-enamino-
esters in the condensation of ethyliminoethers with active
methylene reagents [14,22-26]. In that way, some com-
pounds 2 have been prepared from iminoethers 7a-b [8,27]
(Scheme 2), but the synthesis of these iminoethers requires
the preparation of triethyloxonium fluoborate [28] and the
use of expensive reagents and of great amounts of solvents

[28-30].
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During the course of our study, Nagasaka [7] reported
the O-methylation of methyl pyroglutamate (5a), at room
temperature, with a slightly deficient amount of dimethyl
sulfate, and in the absence of solvent; in this method, the
iminoether salt 8a was neutralized by using an aqueous
solution of potassium carbonate (Scheme 3).
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These conditions were chosen by the authors because
iminoether 9a is a heat sensitive compound, whose Chap-
man’s transposition [21-33] leads to methyl N-methylpyro-
glutamate (14) [27] (Scheme 4).
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This transposition was caused by a N-methylation of the
nucleophilic iminoether, catalyzed by traces of alkylating
reagent [34]. Indeed, we have checked that the reaction of
iminoether 9a with a catalytic amount of dimethylsulfate
yields 67% of methyl N-methylpyroglutamate (14). We
have also found that iminoether salt 8a is a stable com-
pound, and that the O-methylation reation of methyl pyro-
glutamate (5a) can be achieved at 60° (12 hours) with a
slight excess of dimethyl sulfate, giving a near quantita-
tive yield of iminoether salt 8a. Iminoether 9a is not a very
basic compound and, by addition of triethylamine to the
crude mixture, iminoether salt 8a is neutralized, while the
excess of dimethylsulfate is destroyed. An ether extraction
then yielded 74% of pyroglutamic iminoether 9a. In the
same way, iminoether 9b can be prepared from ethyl pyro-
glutamate (Sb).

The complete and instantaneous destruction of dimeth-
yl sulfate by triethylamine avoids the catalytic transposi-
tion of iminoether 9a and the formation of methyl N-meth-
ylpyroglutamate (14); however, after a few weeks at 6°,
precipitation of a small amount of dimer 16 was observed
(this dimer 16 can also be obtained by reacting methyl
pyroglutamate (5a) and phosphorus oxychloride [35a]). It
is interesting to note that the O-methylation of lactam 3 (n
= 1) with dimethyl sulfate afforded the expected imino-
ether 13a as well as the dimer 17 [35b].
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We have studied the condensation of these iminoethers
7a, 9a-b with acyclic active methylene reagents, without
solvent (Scheme 5). The reaction did not occur at room
temperature, but S-enaminoesters 2a-f can be obtained in
average yield by heating the mixture at 85°, without cata-
lyst [36], or with triethylamine [37] or nickel acetylaceto-
nate [38] as a catalyst (see Table 1).

A previous synthesis of compound 2g has been de-
scribed by Nagasaka [7], following the general method of
Lhommet (benzene, triethylamine, 1 equivalent, reflux)
[39]. We have found that, contrasted with the acyclic ones,
cyclic active methylene compounds react very easily with
iminoether 9a. Thus, the reaction can be performed at
room temperature, without solvent or catalyst, and 3
enaminoesters, such as Meldrum’s derivative 2g, are ob-
tained in good yields; these conditions are quite general
and can be used with iminoethers 15a-¢ (Scheme 5, Table
1).

These operating conditions have been optimized in
order to obtain B-enaminoesters 2a-b and 2g on a large-
scale, without isolating intermediates 8a-b and 9a-b. At
the end of the reaction, addition of water to the crude mix-
ture allowed the precipitation of products in very good
overall yields (Scheme 6) [9].

It was also interesting to prepare the N-methyl deriva-
tives 10 of B-enaminoesters 2; classical preparations of
such compounds are the condensation of active methylene
reagents with activated forms of N-substituted lactams
such as lactam acetals 11[23,40), iminoether salts 12a [40],
thioiminoether salts 12b [41] or iminium chloride 12c [42).

It is not convenient to use pyroglutamic acid derivatives
12a-c mainly because this needs the preparation of thio-
pyroglutamic derivatives or the use of phosgene or of tri-
ethyloxonium fluoborate; indeed, the salt 13 cannot be
used, because an equilibrium between 13 and 14 was ob-
tained by reacting methyl N-methylpyroglutamate (14) [43]
with dimethyl sulfate (70% nmr yield of salt 13). The con-
densation of this crude mixture with methyl cyanoacetate
occurred, but the yield of 10d did never exceed 41%
(Scheme 7).
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Table 1

Preparation of B-Enaminoesters 1a-d and 2a-1

Compound Catalyst Temperature Reaction Yield Literature

No. (%) °C) Time (%) Yield (%)
1a 20 12 hours 76 66 [38]
1b 20 4 hours 81 57 [38]
le 20 24 hours 60 58 [38]
1d 20 15 minutes 60
2a 85 1.5hours 53
?b 85 1.5hours  75[a]
‘ 80 14 hours 90 [b]
2c 80 6 hours 70
2d 20 2 hours 0

EzN (5) 20 2 hours 0

EggN (5) 80 8 hours 65
2e EsN (18) 85 11 days 47

AcacNi (3) 85 11 days 38
21 E3N (100) 85 11 days 32
2g 20 12 hours 85 73[7]
2h 20 7 hours 100
2i 40 10 hours 52

[a] From iminoether 9a. [b] From iminoether 7a.

0805 Et;MeN* prepared in-situ) were vigorously stirred
by a polytron-type apparatus while adding dimethyl
sulfate (the temperature was carefully maintained at 40°)
(Scheme 8). In that way, the N-methyl B-enaminoesters
10a-e were obtained in 70-90% yield (Table 3).

The antitumor effects of these compounds were tested
in-vivo against P-388 leukemia in mice, according to a
typical NCI protocol [45]. These compounds have no ac-
tivity under the testing conditions.

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 Central Microanalytical Department of CNRS in Vernaison,
France.
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2-Methoxy-5-methoxycarbonyl-1-pyrroline (9a).

A mixture of dimethyl sulfate (330 ml, 3.5 moles) and methyl
pyroglutamate (3a) (400 g, 2.8 moles) was stirred at 60° for 12
hours. The resulting iminoether salt 8a was slowly dropped into
an ice cooled solution of triethylamine (500 ml, 3.6 moles) in
ether (400 ml). Iminoether 9a was extracted with ether (3 x 1250
ml). After addition of ether, the mixture was vigorously stirred
with a polytron-type apparatus and the organic layer was separat-
ed. Evaporation of the ether yields 74% of colourless iminoether
9a whose nmr spectrum is identical with the one of an authentic
sample [7].

Methyl 2-[2{(Methoxycarbonyl)-5-pyrrolidinylidene]cyanoacetate
2b).

From Iminoether 9a.

A mixture of iminoether 9a (157 g, 1 mole) and methyl cyano-
acetate (99 g, 1 mole) was stirred at 80° during 1.5 hours. The
solid, which precipitated after cooling and addition of water, was
filtered, washed with water and recrystallized from water, yield
75% (see Table 2).

From Iminoether 7a.

A mixture of iminoether 7a [44] (40 g, 0.234 mole) and methyl
cyanoacetate (34.75 g, 0.351 mole) was stirred at 80° for 14 hours.
After cooling, compound 2b was filtered and recrystallized from
water, yield 90%.

From Methyl Pyroglutamate (5a).

Iminoether salt 8a was prepared as usual. After neutralization
of this salt with triethylamine, methyl cyanoacetate (1 equivalent)
was added and the mixture was stirred at 80° for 1.5 hours. After
cooling and addition of water, compound 2b precipitated. The
solid was filtered, washed with water and dried, yield 82%.

Ethyl 2{2-(Methoxycarbonyl)-5-pyrrolidinylidene]cyanoacetate
(2¢).

A mixture of iminoether 7a [44] (40 g, 0.234 mole) and ethyl
cyanoacetate (39.7 g, 0.351 mole) was stirred at 80° for 6 hours.
After cooling, compound 2¢ was filtered and recrystallized from a
mixture ether/methylene chloride, yield 70%.

Methyl 2-[2-(Ethoxycarbonyl)-5-pyrrolidinylidene]cyanoacetate
2a.

Iminoether salt 8b was prepared as usual from ethyl pyrogluta-
mate (1214.8 g, 7.737 moles) and neutralized with triethylamine

Scheme 8
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Table 2

Physical Data of p-Enaminoesters 1d and 2a-i

[a] Best analysis obtainable.

No.

10a

10b
10¢
[44]

10d

10e

T[a] Yield
hours (%)
11 73
8.5 72
3.5 71
16 92
7 98

[a] T = Reaction time.

1H NMR (ppm) IR (Nujol) em™1 Molecular Analysis (%) Caled./Found
Formula C H N ()
(CDClg): 1-1.11 (d, 6IT), 1.58 (s, 3H), 3290 (N-H), 1700 (C=0)  CyoH;7NO4 60.24 7.16 5.85 26.75[a]
1.80-2.48 (m, 3H), 3.20-4 (m, 4H) 1655 (C=0), 1575 (C=C), 60.03 6.62 5.83 26.80
1240 (C-0)
(CDCly): 1.30 (t, 3H), 1.9-2.6 (m, 2H), 3300 (N-H), 2200 (C=N), C;;Hj4N204 55.46 5.92 11,76 26.86
2.6-3.2 (m, 2H), 3.73 (s, 3H), 4.24 1750 {C=0), 1675 (C=0), 55.58 5.94 11.45 27.03
(9, 2H), 4.3-4.8 (m, 1H), 9.05 (s, 1H) 1590 (C=C), 1200 (C-0)
(CDCly): 2-2.6 (m, 2H), 2.7-3.2 (m, 2H), 3310 (N-H), 2210 (C=N), CyoH;pN»04 53.57 5.36 12.50 28.57
3.70 (s, 3H), 3.73 (s, 3H), 4.3-4.7 (m, 1H), 1750 (C=0), 1670 (C=0), 53.86 5.44 12.32 28.48
9 (s, 1H) 1580 (C=C), 1215 (C-0)
(CDCly): 1.31 (t, 3H, J = 7.2 Hz), 2-2.7 3400 (N-H), 2200 (C=N), C;1Hj4N04 55.46 5.92 11.76 26.86
(m, 2H), 2.8-3.2 (m, 2H), 3.78 (m, 2H), 1735 (C=0), 1655 (C=0), 55.47 5.88 11.77 26.89
3.78 (s, 3H), 4.23 (g, 2H, J = 7.2 Hz), 1585 (C=C), 1150 (C-0)
4.3-4.7 (m, 1H), 9.1 (s, 1H)
(CDCl): 2-2.6 (m, 2H), 2.7-3.15 (m, 2H), 3400 (N-H), 2200 (C=N), CoH;;N303 51.67 5.30 20.08 22.94
3.75 (s, 3H), 4.34.7 (m, 1H) 1730 (C=0), 1640 (C=0), 51.78 5.38 19.84 23.29
1570 (C=C)
(CDClg): 2-2.5 (m, 5H), 3-3.4 (m, 2H), 3200 (N-H), 1750 (C=0), C11H)5NOg 54.76 6.27 5.80 33.16
3.7 (s, 3H), 3.75 (s, 3H), 4.34.7 1690 (C=0), 1600 (C=C), 54.98 6.38 6.00 32.95
(m, 1H), 9 (s, 1H) 1560 (C=C), 1215 (C-0)
(CDCly): 2-2.25 (m, 8H), 2.8-3.3 (m, 2H), 3200 (N-H), 1750 (C-0), C;;H;5NO4 58.66 6.71 6.22 28.41
3.77 (s, 3H), 4.28-4.59 (m, 1H), 1640 (C=0), 1590 (C=C) 58.60 6.79 6.31 28.15
9.2 (s, 1H) 1530 (C=C), 1205 (C-0)
(CDClg): 1.7 (s, 6H), 2.2-2.7 (m, 2H), 3300 (N-H), 1745 (C=0), CjoH;5NO¢ 53.53 5.61 5.20 35.65
3.2-3.7 (m, 2H), 3.7 (s, 3H), 4.4-4.9 1720 (C=0), 1660 (C=C), 53.46 5.59 5.39 35.92
(t, 1H), 10.1 (s, 1H) 1210 (C-0)
(CDClg): 0.99-1.11 (s, 6H), 1.58 (s, 3H),
2-2.4 (m, 1H), 2.1-2.68 (m, 2H), 3.1-3.6
(m, 2H), 3.75 (s, 3H), 4.4-4.8 (m, 1H),
7.1-7.6 (m, 1H)
(DMSO dg): 1.8-2.6 (m, 2H), 2.95-3.45 3220 (N-H), 1760 (C=0), C;oH11N305; 47.43 4.32 16.59 31.59
(m, 2H), 3.65 (s, 3H), 4.354.6 (m, 1H), 1720 (C=0), 1670 (C=0), 47.18 4.32 16.54 3.9
10.26-11.1 (m, 3H) 1630 (NCO), 1540 (C=C)
Table 3
Physical Data of N-Alkyl B-Enaminoesters 10a-e
Mp°C IHNMR (CDCl3) (ppm) IR (Nujol) em-1 Molecular Analysis (%) Caled./Found
solvent Formula C H N 0
161 1.70 (s, 6H), 1.92-2.42 (m, 2H), 3.15 1700 (C=0), 1665 (C=0), C;;H;sNO, 58.66 6.71 6.22 28.41
EtOH (s, 3H), 3.42 (1, 2H, J = 8 Hz), 3.80 1570 (C=C), 1285 (C-0) 58.52 6.57 6.24 28.46
(t, 2H), J = 8 Hz)
160 1.71 (s, 6H), 2.1-2.7 (m, 2H), 3.13 1730 (C=0), 1705 (C=0), C;3H;7sNO¢ 55.12 6.05 4.94 33.88
EtOH (s, 3H), 3.25-3.65 (m, 2H), 3.83 1660 (C=0), 1560 (C=C) 55.16 6.03 4.91 33.80
(s, 3H), 4.3-4.6 (m, 1H)
207 1.66 (s, 6H), 2-2.5 (m, 2H), 2.97 1700 (C=0), 1660 (C=0), Cyj4HgyoN30s 56.75 6.80 9.45 26.99
EtOH  (m,3H), 3.03 (s, 3H), 3.2-3.65 1560 (C=C), 1280 (C=0) 56.90 6.90 9.37 26.90
(m, 2H), 4.64.95 (m, 1H)
104 1.8-2.6 (m, 2H), 2.7-3.6 (m, 2H), 2200 (C=N), 1740 (C=0), C;;H)4No,04 55.46 5.92 11.76 26.86
Hy0 3.41 (s, 3H), 3.73 (s, 3H), 3.80 1710 (C=0), 1570 (C=C), 55.33 6.08 11.95 26.82
(s, 3H), 4.14.5 (m, 1H) 1210 (C-0)
86 1.31 (t, 3H), 1.9-2.6 (m, 2H), 2.7-3.6 2200 (C=N), 1750 (C=0), C;oH;4N20, 57.13 6.39 11.10 25.37
EtOH  (m,2H), 3.42 (s, 3H), 3.73 (s, 3H), 1675 (C=0), 1590 (C=C), 56.91 6.54 11.08 25.53

4.25 (m, 1H), 4.25 (q, 2H)

1289

1200 (C-0)
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(1.345 £ 9.66 moles). Iminoether 9b was not separated from the
triethylammonium salt; 'H nmr: 1.29 (t, 3H, J = 7.2 Hz), 1.9-2.7
(m, 4H), 3.86 (s, 3H), 4.20 (q, 2H, ] = 7.2 Hz), 4.4 (m, 1H).

Methyl cyanoacetate (683 ml, 7.74 moles) was dropped into
iminoether 9b in 1.5 hours at 85° and the resulting mixture was
stirred for an hour. After cooling and addition of water (1.4 ), the
solid was filtered, washed with water and recrystallized from a
mixture ether/methylene chloride, yield 53%.

General Procedure for the Preparation of 3-Enaminoesters 2d-f.

One equivalent of iminoether 9a, one equivalent of active
methylene compound and 3-100% of catalyst (triethylamine or
Nickel acetylacetonate) were stirred at 85°. The $-enaminoester
which precipitated after removing methanol and cooling was
filtered and recrystallized from ethanol. The yields and physical

data of B-enaminoesters 2d-f prepared in this way are reported in
Tables 1 and 2.

Isopropylidene{2-methoxycarbonyl-5-pyrrolidinylidene)malonate
(2g).
From Methyl Pyroglutamate (5a).

After neutralization of iminoether salt 8a (2 moles) with tri-
ethylamine (362 ml, 2.6 moles), Meldrum’s acid (288 g, 2 moles)
was added and the mixture was stirred at room temperature for
24 hours; the B-enaminoester was filtered and recrystallized from
water, yield 83% in white compound 2g whose physical data are
identical with those of an authentic sample [7].

From Iminoether 9a.

A mixture of isopropylidene malonate (410 g, 2.85 moles) and
iminoether 9a (447 g, 2.85 moles), was stirred at room tempera-
ture overnight. The solid was filtered and washed with ether,
yield 85%.

B-Enaminoesters la-c.

The above procedure was used for the preparation of f-en-
aminoesters la-c from iminoethers 15a-¢ and isopropylidene-
malonate. The yields are reported in Table 1 and physical data of
these compounds are identical with those of authentic samples

[38).
B-Enaminoesters 1d and 2h.

In a same way, iminoethers 9a and 15a reacted with 2-methyl-
2-isopropyl-1,3-dioxan-4,6-dione. The yields and the physical data
of these compounds are reported respectively in Table 1 and 2.

5-{2{Methoxycarbonyl)-5-pyrrolidinylideneJmalonylurea (2i).

A mixture of iminoether 9a (20 g, 0.13 mole) and barbituric
acid (13 g, 0.13 mole) in 50 ml of ether was stirred under reflux
for 10 hours. After cooling, the solid was filtered, washed with hot
dimethylformamide, yield 52%. Physical data are reported in
Table 2.

Methyl N-Methylpyroglutamate (14).

A solution of iminoether salt 8a (40 g, 0.15 mole) in 80 ml of
tetrahydrofuran was refluxed under nitrogen atmosphere. Trieth-
ylamine (20.7 ml, 0.15 mole) was dropped and then dimethyl
sulfate (1.4 ml, 0.015 mole) was added. The resulting mixture was
stirred at 80° for 4 hours. After cooling, water and toluene were
added; the organic layer was separated and dried with sodium
sulfate. After removing the solvent, methyl N-methylpyrogluta-
mate (14) was obtained, yield 67%, whose physical data are iden-
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tical with those of authentic sample [43].

Methyl 2{1-Methyl-2-(methoxycarbonyl)-5-pyrrolidinylidene]cy-
anoacetate (10d).

A mixture of S-enaminoester (2b) (620.5 g, 2.77 moles), triethyl-
amine (18.7 ml, 0.13 mole), potassium carbonate (483 g, 3.5
moles) and 1,2-dimethoxyethane (2.3 §) was stirred vigorously with
a polytron-type apparatus. Dimethyl sulfate (343 ml, 3.63 moles)
was slowly added at 40° and the stirring was carried on for 16
hours. The excess of dimethyl sulfate was neutralized with 18.7
ml of triethylamine. The solid was filtered and washed with 1,2-
dimethoxyethane (2 x 1.2 § with vigorous stirring. The solvent
was evaporated under vacuum, and the residual solid was washed
with water and dried. Ester 10d was obtained in 92% yield. The
yields and physical data of the S-enaminoesters 10a-e prepared
in the same way are reported in Table 3.
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