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Acylation of l-nitrophenylpyrroles by acid anhydrides leads to 2-acylpyr- 
roles or their mixtures with 3-acylpyrroles, the formation of the latter 
being explained by acid isomerization of the 2-isomers. 

Use of acylhalides in the synthesis of 2-acylpyrroles in most cases gives poor results 
[i, 2]; the optimal yields being attained using acid anhydrides with a catalytic amount 
of orthophosphoric acid [2], and also benzoyl chloride in the presence of triethylamine 
[3]. 

We studied the action of l-(m-nitrophenyl)- and l-(p-nitrophenyl)pyrroles. Compounds 
containing acceptor substituents on the nitrogen atom are usually acylated under Friedel- 
Crafts conditions, however, we showed that a single method, heating the arylpyrrole with 
an excess of acid anhydride with catalysts by phosphoric acid, is suitable in our case. 
This usually forms a mixture of 2- and 3-acylpyrroles with prevalence of the 2-isomer and 
total yield of 8.0-90% (Table i). 

~_~COF 

The isomeric 2- and 3-acylpyrroles do not have different carbonyl group absorptions 
in the IR spectra, but they have differences in the C-C and C-N stretching regions: The 
2-isomers have strong absorption bands at 1470-1445, 1420-1410, and 910-860 cm -I, while 
the 3-isomers absorb at 1550-1540 and 1280-1260 cm -I. Besides this, for the 3-isomers 
weak bands at 930 and 825-800 cm -I are characteristic. A signal for the 2-H proton is 
always present at weak field (7.7-7.8 ppm) in the PMR spectra of the 3-isomers, and is 
absent for the 2-isomers (Table 2). As a rule, the 3-isomers are higher melting and have 
lower chromatographic mobility on silica gel. 

Electrophilic substitution in the pyrrole ring, including acylation, in general occurs 
at position 2 [i, 4]. The migration of acyl groups in 2-acylindoles with formation of the 
3-substituted indoles [5, 6] is known, and also rearrangement of 2-aroylpyrroles [7]. Re- 
cently we showed [8] that l-(p- and m-nitrophenyl)-2-formylpyrroles are completely isom- 
erized to the 3-isomers upon heating with acids. These data confirm the possible occur- 
rence of rearrangement under acylation reaction conditions. We heated 2-acylpyrroles in 
PPA or trifluoroacetic acid for additional confirmation of the possibility of such rear- 
rangement in a series of pyrrole ketones and obtained the 3-isomers with quantative yield 
(Table i). 

It was shown earlier [6] that prototropic isomerization of 2-acylindoles occurs due 
to initial protonation of the carbonyl oxygen and subsequent electrophilic attack by the 
acyl cation at the 3 position with hydride shift. Using the example of 2-formyl-l-(p- 
nitrophenyl)pyrrole we showed that in trifluoroacetic acid the protonation also occurs at 

*Deceased. 

Mo V. Lomonosov Moscow State University, Moscow 119899. Havana University, Cuba. 
Translated from Khimiya Geterots~klicheskikh Soedinenii, No. 3, pp. 324-327, March, 1989. 
Original article submitted June 28, 1987. 

268 0009-3122/89/2503-0268 $12.50 �9 1989 Plenum Publishing Corporation 



T
A
B
L
E
 

i~
 

D
a
t
a
 
f
o
r
 
A
c
y
l
p
y
r
r
o
l
e
s
 

NO
2 

E
m
p
i
r
i
c
a
l
 

po
si
- 

R 
s
 

ti
on
 

Re
ac

ti
on

 
co
nd
it
io
ns
* 

mp
, 

~ 
ti
me
, 
h 

t
e
m
p
e
r
a
@
 

I t
ur

e,
 o
 C 

p 
} C

tt
a 

m
 

IC
II

a 
p 

] C
2t

-t5
 

m
 

[ C
2H

5 
p 

[C
Fa

 
m

 
lC

F
a 

p 
[C

61
-I

5 
m

 
] C

6H
s 

C
I2

1t
jo

N
2O

a 
C

m
H

,o
N

=O
a 

C
~a

H
I2

N
20

3 
C

Ia
II

I2
N

2O
a 

C
I2

[tr
Fa

N
2O

a 
C

I2
H

TF
aN

=O
a 

C
ir

H
tz

N
=O

a 
C

tT
H

I=
N

2O
a 

;i 10
 1 ! 

30
 

30
 

30
 

30
 

30
 

,3
0 50
 

50
 

11
9.

o.
12

0 
10

4.
o.

10
5 

8
9

..
.9

0
 

8
8

..
.9

0
 

11
6.

..
11

7 
9

0
..

.9
1

 
12

4.
..

12
6 

O
il

 

IR
 
sp

ec
tr

um
, 
cm

 -I
 

C
=

O
 

N
O

~ 
U

V
sp

ec
tr

um
, 
Im

ax
, 

nm
 
(
l
o
g
 e
) 

Yi
el
d,
 
% 3-
is
om
er
 

16
70

 
16

70
 

16
55

 
16

60
 

16
75

 
16

70
 

16
35

 
16

30
 

2-
Is

om
er

s 

15
30

, 
13

50
 I

 
20

4 
(4

,2
2)

, 
21

7 
(4

,0
8)

, 
28

0 
(4

,2
3)

 
15

35
, 

13
55

 
~ 

20
8 

(4
,0

9)
, 

26
4 

(4
,2

21
 

15
10

, 
13

30
[ 

21
8 

(4
,2

8)
, 

27
6 

(4
,5

3)
 

15
35

, 
13

30
[ 

21
4 

(4
,0

4)
, 

26
2 

(4
,2

2)
 

.1
52

0,
 

13
45

 J 
21

2 
(4

,2
8)

, 
27

8 
(4

,3
8)

 
15

35
, 

13
50

 I 
21

4 
(4

,0
9)

, 
27

1 
(4

,0
71

 
15

25
, 

13
45

 J
 

20
4 

(4
,4

5)
, 

21
7 

(4
,2

3)
, 

29
4 

(4
,3

2}
 

.1
52

0,
 

13
40

1 
20

4 
(4

,4
5)

, 
21

7 
(4

,3
8)

, 
25

1 
(4

,3
61

, 
30

0 
(4

,2
4)

 

82
 

73
 

49
 

46
 

90
 

93
 

~6
 

27
 

4 4 45
 

49
 

m
 P 

[ C
H

a 
m 

I C
H

a 
P 

1C
2t

[5
 

m 
I C

~H
s 

P 
I C

sH
s 

m
 

] C
s1

16
 

C
uI

18
N

20
3 

C
II

H
aN

2O
a 

C
i2

1t
lo

N
2O

a 
C

I2
H

Io
N

2O
a 

C
13

| II
2N

2O
a 

C
Ia

[I
I~

N
2O

a 
C

IT
H

I~
N

2O
a 

C
j~

I l
r:

N
~O

3 

4 

1(
(!)

) 

(]
) 

14
3.

..
14

4 
15

5.
.~

15
6 

2
0

6
..

,2
0

7
 

12
7~

 
21

2.
..

21
3 

12
0.

..
12

2 
19

0.
o.

19
2 

20
3.

..
20

5 

16
72

 
16

75
 

16
70

 
16

65
 

16
55

 
16

60
 

16
45

 
16

40
 

3-
Is
om
er
s 

15
15

, 
13

45
 

15
20

, 
13

60
 

15
30

, 
13

40
 

15
30

, 
13

65
 

15
25

, 
13

35
 

15
35

, 
13

45
 

15
25

, 
13

40
 

15
45

, 
13

60
 

21
3 

(4
,1

9)
, 

26
1 

(4
,0

9)
, 

31
3 

(4
,3

0)
 

23
0 

(4
,1

7)
, 

26
8 

(4
,3

5)
 

20
4 

(4
,4

2)
, 

21
3 

(4
,3

1)
, 

26
1 

(4
,1

8)
, 

31
7 

(4
,2

9)
 

26
7 

(4
,2

5)
 

21
0 

(4
,4

3)
, 

25
9 

(4
,2

9)
, 

31
6 

(4
,5

5)
 

24
2 

(4
,4

4)
, 

26
5 

(4
,5

9)
 

20
4 

(4
,2

8)
, 

31
5 

(4
,1

51
 

20
5 

(4
,4

4)
, 

24
4 

(4
,3

61
, 

27
6 

(4
,3

7)
 

55
 

58
 

93
"*

 
87

 
88

 
~9

0 
92

 
49

 

*
F
o
r
 
t
h
e
 
3
-
i
s
o
m
e
r
s
,
 

t
h
e
 
r
e
a
c
t
i
o
n
 

t
i
m
e
 
b
y
 
m
e
t
h
o
d
 
A 

i
s
 
g
i
v
e
n
,
 

*
*
Y
i
e
l
d
 
b
y
 
m
e
t
h
o
d
 
B
,
 
9
0
%
.
 

*
*
*
 
O
b
t
a
i
n
e
d
 
b
y
 
a
c
y
l
a
t
i
o
n
 

o
f
 
t
h
e
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 

p
y
r
r
o
l
e
.
 

t
h
a
t
 
f
o
r
 
m
e
t
h
o
d
 
B 

i
n
 
p
a
r
e
n
t
h
e
s
e
s
~
 

C
h 



TABLE 2. 
CDCI3) 

NO 2 
posi- 

_ tion 

m 

PHR Spectra of Acylindoles, ppm (in 

H 

H 

CHa 

CHa 

C2Hs 

C=Hs 

CFa 
CFa 
C6H~ 

C6Hs 

Isomer 

3 
2 
3 
2 
3 
2 
3 
2 

2(3)-H 

7,20 
7,25 
7.78 
7,22 
7,75 
7,15 
7,73 
7,14 
7,72 
7,14 

7,12 

7,96 

7,44 
7,43 
6,93 

7,68 

6,96 
7,91 

4-H 

6,49 
6,25 
6,89 
6,49 
6,88 
6,37 
6.84 
6.36 
6,82 
6,35 

6,35 

6,82 

6,52 
6,53 
6,48 

6,93 

6,37 
6,84 

5-H 

7,13 
7,07 
7.20 
7,13 
7,18 
6,96 
7,14 
6,96 
7,12 
6,96 

6,95 

7,13 

7,19 
7,18 

7,19 

7.13 
7,73 

R pro- 
tons 

9,62 
8,95 
~90 
9,61 
9,91 
2.46 
2,49 
2,45 
2,49 
1,14 
2,84 
1,15 
2,84 
1,21 
2,82 

17,64 
8,30 
7,58 
8,35 

7.5... 8,5 
7,5 ... 8,5 

*Spectrum in CF3COOH. 

the oxygen atom of the aldehyde group, which is evident both in the practically constant 
position of the pyrrole proton signals in the PMR spectrum while the general form of the 
spectrum changes and in the shift of the aldehyde proton signal to strong field (8.95 vs. 
9.62 ppm), analogous to what occurs in indoles [6]. 

Thus, it can be assumed that the prototropic isomerization mechanism of 2-acylpyrroles 
corresponds to that proposed for 2-acylindoles. A similar reaction scheme explains the 
dependence of the isomerization on the character of the acyl moiety which shows up first 
in the sources of acylation: 2-trifluoroacetylpyrroles do not undergo rearrangement under 
various conditions, since protonation at the carbonyl oxygen atom is hindered here, and 
only the 2-isomer is obtained upon acylation. On the other hand, isomerization of l-(m- 
nitrophenyl)-2-acetylpyrrole occurs readily even at room temperature: After 3 days signals 
of 3-acetylpyrrole appear in its PMR spectrum in trifluoroacetic acid, after a month the 
conversion reaches 45-50%, and after 3 months, it is complete. Nevertheless, we were able 
to separate the pure 2-isomer upon acetylation under mild conditions (15 min, 60-70~ 
while heating at 80-90~ for 1 h leads to isomerization. The benzoyl group not only gives 
a relatively stable cation upon protonation, but also a more stable intermediate state, 
so that upon benzoylation we observed practically simultaneous formation of 2- and 3-ben- 
zoylpyrroles, and the final reaction mixture contains predominantly the 3-isomer. 

EXPERIMENTAL 

UV spectra were recorded on a Specord instrument, IR spectra on SP-1000 (Pye Unicam) 
and UR-20 instruments, and PMR spectra on a FX-90Q (Jeol) instrument. The reaction and 
purity of products obtained were monitored by TLC on Silufoi UV-254 plates using benzene 
and purification was done on columns with Merck-60 silica gel with benzene eluent. Ele- 
mental analyses for C and H corresponded to those calculated. 

Starting (p- and m-nitrophenyl)-2-formylpyrrole and p- and m-nitrophenylpyrroles were 
obtained by the method of [9]. Constants and yields of the synthesized acylpyrroles are 
given in Table 1 and 2. 

17(p- and m-Nitrophenyl)-2-acetylpyrroles. To a mixture of 5 mmole l-(p- or m-nitro- 
phenyl)pyrrole and 15 ml acetic anhydride with constant stirring were added 4-5 drops of 
orthophosphoric acid. Stirring was continued at room temperature for 2 h, then it was 
heated at 60-70~ for 15 min. It was cooled, diluted with cold water, and basicified with 
10% NaOH until neutral. The precipitate was filtered, washed a few times with water, dried, 
and recrystallized from alcohol. 

270 



l-(p- and m-Nitrophenyl)propionylpyrroles. The reaction was done by the previous 
method. After cooling the polycrystalline mass obtained, it was dissolved in chloroform, 
washed with water until neutral, and dried with caCI 2. The solvent was removed, and a mix- 
ture of the 2- and 3-isomers (see Table i) was obtained, which was separated chromatographi- 
cally on a column. 

l-(p- and m-Nitrophenyl)benzoylpyrroles. A mixture of 8 g (35 mmole) benzoic anhydride 
and 0.5 g (2~ mmole) nitrophenylpyrrole was carefully heated to 50~ until melted and 4-5 
drops of orthophosphoric acid were added to the transparent solution which was held at 50~ 
for 1 h. Then 30 ml water were added and it was heated at 50~ for 30 min. It was cooled, 
basicified with 20% NaOH to pH i0 and again heated at 50~ for 30 min. Ten ml water were 
added, it was cooled, and the aqueous layer decanted. The remaining polycrystalline mass 
was dissolved in chloroform, washed with water until neutral, and dried with CaCI 2. The 
solvent was evaporated and the residue was chromatographed on a column. 

l-(p- and m-Nitrophenyl)-2-trifluoroacetylpyrroles. A mixture of 0.5 g (2.'6 mmole) 
nitrophenylpyrrole and i0 ml trifluoroacetic anhydride were mixed at room temperature for 
I0 h and cold water was slowly added. The precipitate was filtered, washed a few times 
with water, dried, and recrystallized from alcohol. 

Prototropic Isomerization of 2-Acylpyrroles into the 3-Isomers. A. A mixture of 1 g 
(4.6 mmole) l-(p-nitrophenyl)-2-formylpyrrole and polyphosphoric acid, obtained from I0 g 
P2Os and 5 ml 85% orthophosphoric acid, was heated at 100~ for 4 h, after which it was 
poured into cold water. The precipitate which formed was thoroughly ground with water, 
filtered, and boiled a few times with alcohol. The extract obtained was evaporated and 
the residue was separated on a column. 

B. A mixture of 0.2 g (0.8 mmole) l-(m-nitrophenyl)-2-acetylpyrrole and i0 ml tri- 
fluoroacetic acid was heated at 100~ for 1 h, cooled, and poured into cold water. The 
precipitate which formed was thoroughly ground with water and filtered. 
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