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STUDIES ON PYRROLIDINONES. AN IMPROVED SYNTHESIS OF 
PYROGLUTAMOYL CHLORIDE 

Benoit Rigoa*, Samira El Ghammartia, Philippe Gautreta, 
Daniel Couturierb 

Laboratoire Chimie Organique et Environnement 

a)Ecole des Hautes Etudes Industrielles, 
13 rue de Toul, 59046 Lille Caex, France 

b)Universit6 des Sciences et Technologies de Lille, 
59655 Villeneuve d'Ascq Caex, France 

Abstract: The reaction of trimethylsilylpyroglutamate 
with oxalyl chlorideat room temperatureeasily yields 
pyroglutamoyl chloride. This unstable compound, 
obtained with difficulty by other methods, is suitable 
for thepreparation of pyroglutamic estersandamides. 

As part of a continuing study of pyroglutamic acid 
derivatives', we were interested in finding an easy 
route to pyroglutamic acid chloride (4J. Such a 
synthesishas been needed for a long time. Indeed this 
thermally unstable compound (formation of diners2 1 is 
very difficult to obtain : since pyroglutamic acid is 
almost insoluble in most organic solvents, one has to 
use a large excess of halogenating reagent which, in 
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2598 RIG0 ET AL. 

the case of pyroglutamic derivatives, easily yields 
polyhalogenated pyrroles3. This explains why, even 
though they have been known for a long time' the few 
synthetic routes topyroglutamoyl chloride describedin 
literature (thionyl chloride neat' or in chloroform5, 
or phosphorus pentachloride in acetyl chloride6 1 have 
not been used very much, because they yield bad 
results, giving mainly black resins. Until now, the 
activation of pyroglutamic acid 1 has been realized by 
other methods (~arbodiimide~, activated esters of penta- 
chloropheno18 or N-hydroxys~ccinimide~, azide" , mixed 
anhydrides with ethyl chloroformate" or pivaloyl 
chloridela). 

In this paper, we describe an easy high yield 
synthesis of colorless pyroglutamoyl chloride, and we 
show that this activated form of pyroglutamic acid can 
be used to obtain esters and amides. 

We have already shown that acid 1 reacts with an 
excess of hexamethyldisilazane or trimethylsilyl 
chloride in triethylamine to give N, 0-bis 
trimethylsilyl pyroglutamic acid 213. We have now 
found that, by reacting optically active acid 1 with 
one equivalent of hexamethyldisilazane, a 100 % NMR 

yield of trimethylsilyl pyroglutamate 3 was obtained. 

When silyl ester 3 was treated with oxalyl chloride", 
aclean reaction occurred at roomtemperature andacid 
chloride 4 was rapidly obtained in 100% NMR yield, 
without racemisation, as a pale yellow product (Scheme 
1). It is also possible to use thionyl chloride to 
perform this reaction, but in this case, the acid 
chloride wasobtained with a darker,brownishcolor. 
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PYROGLUTAMOYL CHLORIDE 2599 

O N  a C0,H 

A 
1 

HMDS 1 eq. 
100 Yo nmr 

0 CO,SiMe, 
I 
H 
3 

Ref 12 
HMDS excess 

O N  
____) 

100 % nmr I 

a C02SiMe, 

SiMe, 
2 

cIco-cocI 
CH2C12 / RT 
____) 

- Me,SiCI I 0 100 % nmr H 
4 

Scheme 1 

By using this compound, the esters and amides cited in 
the table were formed in average to good yields 
(scheme 2 ) ;  for esterification purposes, it is not 
necessary to remove the trimethylchlorosilane formed, 
and the crude reaction mixture can be utilized ; in 
this way, methyl pyroglutamate @ was formed in 91% 
crude yield. 

It should be pointed out that self condensation of 
chloride 4 can be a limitation to its use, 
particularly in basic media : during the 
esterification of t-butanol in the presence of 
dimethylaniline15 (yield 20%), a side reaction 
occurred and 43% of 4 was transformed into dimer 916. 
In the same way, the condensation of chloride 4 with 
diethylamine yielded a mixture of amide & (53%) and 
compound 8 (17% from 4 )  (Scheme 3 ) .  
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o+( H 0 

6 

7 

5a Et Ph 
5b Et Et 
6a Me 
6b Et 
6c n-Bu 

6e CH2CH2CI 
6d t-Bu 

Scheme 2 
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PYROGLUTAMOYL CHLORIDE 2601 

.ac' I 0 

H 

+ HNEt2 

4 

0 

5b 53 % 

+ 

CH2C12 - 
< 0" C 12 h 

PNEt2 
dimethylaniline 

4 

OBU-t 

0% 0 
H 

6d 20% 
9 43% 

Scheme 3 

The patent literature6 describes the Friedel-Crafts 
reaction of chloride 4 with benzene in the presence of 
aluminum chloride, giving a 90% yield of ketone 2. In 
our hands, precipitation of a complex between catalyst 
and acid chloride occurred, and the best yield we were 
able to obtain was 21% (Scheme 2) ; with toluene, the 
yield of ketone was only 8%. It is to be noted that in 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 1

5:
12

 1
8 

Ju
ne

 2
01

2 



Ta
bl

e.
 P

hy
si

ca
l P

ro
pe

rti
es

 an
d 

S
pe

ct
ra

l D
at

a 
of

 C
om

po
un

ds
 5,

6,
7 

P
re

pa
re

d 

C
om

po
un

d 
Y

ie
ld

 
bp

 ("
C

) /
 T

or
r o

r 
M

ol
ec

ul
ar

 
IR

 (n
uj

ol
) 

[a
lD

z0
 

w
 

m
 

0
 

w
 

'H
 N

M
R

 
("A

)" 
m

p 
("

C
) (

so
lv

en
t) 

Fo
rm

ul
ae

 or
 

v 
(c

m
-'>

 
(c

, s
ol

ve
nt

) 
6 

(C
DC

I,) 
Li

t. 
m

p 
("

C
) 

69
 

65
 

53
b 

86
 

81
 

59
 

20
c 

53
d 

21
 

21
 0

 I 
0.

3 
C1

,H
16

Nz
O

, 
17

00
-1

65
0 

21
6 

/ 0
.4

 
C

13
H

16
N

20
3 

17
00

-1
65

0 

20
5 

IO
.1

 
87

18
 

16
90

-1
 64

0 

14
4 

(A
cO

E
t) 

(2
32

.3
) 

98
 (A

cO
E

t) 
(2

32
.3

) 

87
 (A

cO
E

t/E
ih

er
) 

13
5 

10
.3

 
21

14
 

17
40

-1
 70

0 

1
6

0
/1

.5
 

52
14

 
17

40
-1

 70
0 

54
 (E

th
er

) 

15
0 

/ 0
.1

 
29

14
 

17
40

-1
 70

5 

O6
 (

C
6H

6)
 

1 1
01

4 
17

30
-1

 69
0 

+ 7
.2

 
(2

 1
 H,O

) 

- 2
0.

8 
(2

.9
 I 

H
20

) 
+ 

19
.1

 

+ 2
7 

(3
.5

 I 
C,H

,) 

(n
ea

t) 

+ 3
2 

(9
.6

 1
 c

&
) 

- 1
3.

1 

(2
 

'eH
6)

 

1.
11

 (1
, 3

H
),

 1
.6

-2
.7

 (m
, 4

H
), 

3.
75

 (
q,

 2
H

),
 

4.
1 

(m
, l

H
),

 6
.6

-7
.1

 (m
, l

H
)f

, 6
.9

-7
.7

 (m
, 5

H
) 

1.
11

 (t
, 3

H
),

 1
.6

-2
.7

 (m
, 4

H
), 

3.
75

 (
q,

 2
H

), 
4.

1 
(m

, l
H

),
 6

.6
-7

.1
 (m

. l
H

)',
 6

.9
-7

.7
 (m

, 5
H

) 
1.

3 
(t,

 6
H

),
 2

-3
 (m

, 4
H

), 
3.

4 
(q

,4
H

),
 4

.2
 

(m
, 1

 H
),

 6
.9

-7
.4

 (m
, 1

 H
)' 

1
9

0
/1

 
G

,H
ioN

O
,C

I 
17

40
-1

69
0 

94
 (C

CI
,) 

(1
91

.6
) 

17
5 

(M
eO

H
) 

C
llH

llN
02

 
16

80
 

(1
89

.2
) 

2-
2.

7 
(m

, 4
H

),
 3

.6
6 

(t,
 2

H
), 

3.
9-

4.
4 

(m
, l

H
),

 
4.

35
 (

q,
 2

H
), 

7.
3 

(m
, 1

 H
)' 

(C
D

C
I 

+ C
D,

O
D)

 
1.

8-
2.

8 
(m

, 4
H

), 
5-

5.
35

 
(m

, l
d

),
 7.

2-
7.

7 
(m

, 3
H

), 
7.

7-
8.

1 
(m

, 2
H

) 

a 
Y

ie
ld

 o
f p

ur
ifi

ed
 co

m
po

un
d.

 
D

im
er

 8
 w

as
 a

ls
o 

fo
rm

ed
 in

 1
7 

%
 fr

om
 4

. 
C

ru
de

 y
ie

ld
 ; 

di
m

er
 7

 w
as

 a
ls

o 
fo

rm
ed

 in
 4

3 
%

 fr
om

 4
. 

So
m

e 
de

co
m

po
si

to
n 

of
 p

ro
du

ct
 6
d 

oc
cu

re
d 

du
rin

g 
th

e 
di

st
ill

at
io

n s
te

p.
 

S
at

is
fa

ct
o 

Th
es

e 
pe

a?
s 

di
sa

pp
ea

r u
po

n 
ad

di
tio

n 
of 

de
ut

er
iu

m
 o

xi
de

. 
m

ic
ro

an
al

ys
es

 ob
ta

in
ed

 fo
r n

ew
 c

om
po

un
ds

 : 
C

 k
 0

.1
0,

 H
 k
 0.

35
, N

 k
 0.

38
. E

xc
ep

tio
n 
: 6
e,
 H

 -0
.5

8.
 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 1

5:
12

 1
8 

Ju
ne

 2
01

2 



PYROGLUTAMOYL CHLORIDE 2603 

the N-substituted series, Friedel-Crafts reaction 
gives good yie1dsl7. 

In conclusion, we have developed an easy route for the 
preparation of pyroglutamoyl chloride. An application 
of this chloride to esters and amides synthesis was 
realized. 

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. Pyroglutamic acid was a gift of UCIB, Ivry- 
la-Bataille, France, which can provide this acid in 
bulk quantities. 

L-Trimethylsilyl Pyroglutamate (3) : 
A stirred dispersion of L-pyroglutamic acid (1; 129g, 
1 mol) and saccharin18 (1 g) in hexamethyldisilazane 
(81 g, 0.5 mol) was heatedunder reflux for 2.5 h. A 
minute amount of HMDS was thenevaporated. A100% yield 
was obtained (as checked by NMR) . 'H NMR : d = 0.27 (6, 
9H), 2.1-2.6 (m, 4H), 4.1-4.4 (In, lH), 7.41 ( 6 ,  1H). 

L-Pyroglutamoyl Chloride (9) : 
A stirred solution of silyl ester 3 ( 8 0 . 4  g, 0 . 4  moll 
in methylene dichloride (100 ml) was cooled at room 
temperature with a water bath, then oxalyl chloride 
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2604 RIG0 ET AL. 

(50.7 g, 0 . 4  mOl) was added (30 mn). After an 
additional 60 mn the mixture was refluxed for a few 
minutes (until the end of gas evolution). 
The solvent and trimethylsilyl chloride were 
evaporated, giving a yellow oil. 
'H NMR : d = 1 . 9 - 2 . 1  (m, 4H), 4 . 5 - 4 . 8  (m, l H ) ,  7 . 5 2  

(6, 1 H ) -  

L-N-Ethyl N-Phenyl Pyroglutamide (&I : 

A stirred mixture of acid chloride 4 (from 0 . 2  mol of 
pyroglutamic acid) in methylene dichloride (200  ml) 
was cooled ( - l O * / O . C ) .  N-ethyl aniline ( 4 9 . 7  g, 0 . 4 1  

mol) was then added slowly while maintaining the same 
temperature. The mixture was stirred for 12 h, washed 
with water, the aqueous layer was extracted with 
methylene dichloride and the organic phase was dried 
(Na2S04) and concentrated to give the amide after 
distillation. 

L-Methyl Pyroglutamate (a) : 
A stirred mixture of acid chloride 4 (from 0.2 mol of 
pyroglutamic acid) in methylene dichloride (100 z?) 
was cooled in an ice bath. MeOH (15  ml) was then added 
(15 mn) . The solution was refluxed for 5 min, 2 ml of 
water were added and the mixture was neutralized with 
solid K2CO3. The organic phase was dried and then 
evaporated to yield 91% of crude ester that can be 
purified by distillation. 

L-t-Butyl Pyroglutamate (a) : 
A solution of t-BuOH ( 1 5 , 6  g , 0 . 2 1  moll in 
dimethylaniline ( 2 6 , 7  g, 0.22 mol) was added (15 mn) 
to a mixture of acid chloride 4 (from 0.2 mol of 
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PYROGLUTAMOYL CHLORIDE 2605 

pyroglutamic acid) in methylene dichloride (150 ml) 
while keeping the temperature below 20'C ; the 
reaction mixture was then refluxed for 1 h. Filtration 
gives a solid that was washed with water then 
methylene dichloride, giving 9.5 g of dimer 9 .  
The organic phases were washed with dilute sulfuric 
acid, dilute K2CO3 solution, then dried giving 20% of 
crude t-butyl ester ( @ I .  

D, L-2-Benzoyl-5-pyrrolidinone (9)  : 
To an ice-cold stired mixture of D,L-chloride 4 (from 
0.2 mol of D,L-pyroglutamic acid) in benzene (120 ml) 
was added AlCl3 (30 g, 0.225 mol). After 10 min, the 
ice-bath was removed and the mixture was heated to 
reflux. After an additional 30 min, the cooled 
reaction medium was quenched by a mixture of 150 g of 
ice and 25 ml of concentrated HC1. The precipitate was 
filtered then added to the residue from evaporation of 
the organic phase ; the solids were washed with water, 
dried and recrystallized from MeOH (charcoal). 
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