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Ethyl 3-pyrrolecarboxylates and their corresponding acids are brominated with copper(Il) bromide. The

reaction afforded at 0°, with high-yield nuclear monobromination.
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The outstanding biological activity of many halopyr-

Introduction. roles [2], particularly of some halogenated pyrrol-3-carbox-
Recently, we have described the bromination of some 3- ylic acids [3], prompted us to continue our study in this
acetylpyrroles with copper(Il) bromide [1]. As a result of area. In the present work the experiments with copper(Il)
such a study, it was found that the only products obtained, bromide have been extended to some ethyl 3-pyrrolecar-
with very high yields, were the 4-bromo-3-acetylpyrroles. boxylates and to their corresponding acids (Table 1).
Table 1
COOR,
~ ' I R
¢~ N 1
R
Compound Molecular Analyses R Ry Ry Solvent  Yield Mp IR
Formula Calcd./Found % [a] % °C) v(em'))
™M*) C H N
I C2HNO; 7162 551 696 H CH; H A >95  190-191 3340 (NH)
(201) 71.80 555 1.02 2600 (COOH)
1680 (CO)
i} Ci3H3NO, 7254 609 651  CHs CH; H B >95 217218 2620 (COOH)
(215) 7275 6.15 648 1700 (CO)
I CigHisNO, 7796 545 505 CgHs  CHj H A >95 231232 2600 (COOH)
277) 7820 554 521 1670 (CO)
v Ci4HsNO, 7334 659 611 H CH; C,Hs A 60 115-116 3300 (NH)
(229) 7352 670 6.02 1600 (CO)
\% CisH;7NO, 7405 7.04 576  CHs CHj C,Hs A 60 8889  1700(CO)
(243) 74.08 696 5.87
V1 CyoH19NO, 78.66 627 459 CgHs CH; CyHs A 65 93-94 1690 (CO)
(305) 7850 620 471
VIl Ci7H;3NO,  77.55 498 S32  H CeHs H A >95 207208  3420-3460 (NH)
(263) 7780 506 525 2600 (COOH)
1680-1655 (CO)
Vi CigHisNO, 7796 545 S05S  CHs CeHs H B >95 213214 2620 (COOH)
277 7790 538 520 1600 (CO)
IX CyH(sNO, 8139 505 413 CgHs CgHs H c 95 278279 2600 (COOH)
(339 81.25 508 421 1680 (CO)
X CioH;7NO, 7833 588 481 H C¢Hs  C,Hs A 70 160-161 3300 (NH)
(291) 7860 599 470 1670 (CO)
X1 CyH1gNO, 7866 627 459 CHy  CgHs  CoHs 70 il 1700 (CO)
(305) 78.81 6.39 4.65
XII CysHaNO, 8172 576 381 CgHs CgHs  CpHs C 60  130-131 1700 (CO)
(367) 8190 589 4.02

[a] A = ethanol, B = acetonitrile, C = acetic acid.



1278

Compound

XIII

X1v

XV

XVI
XVII
XVIII

XIX

XX

XXI
XXII
XXIII

XXI1V

Molecular
Formula
™)
C12HpoBINO,
279)

Cl 3H1 ZB rN02
(293)

Cl 8H 14B l’NOz
(355)

C14H14BINO,
(307)

C15HBINO,
(321)

C20H1 gBrNOz
(383)

C 1 7H1 zB l‘NOz
(341)

Cl SHI 4B l’NOz
(355)

Cy3H6BINO,
417)

CyoH;6BINO,
(369)

C20H1 gBrNOZ
(383)

C25H20B I’N02
(445)

[a] A = ethanol, C = acetonitrile.

Compound

XXv

XXVI
XXVII
XXVIII

XXIX

Molecular

Formula
™

Cl ngBl‘zN
(313)

Cl 2H1 1 Ber
327

C1 6H1 1 Bl’zN
375)

Cl 7H 13 Bl’zN
(389)

C22H1 SBI’2N
(451)

[a] A = ethanol, B = acetonitrile.
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Analyses
Calcd./Found %

C H N
51.45 359 5.00
51.62 370 519
53.08 4.11 476
5325 421 492
60.69 396 392
6052 3838 413
5456 458 454
5442 444 470
5591 500 435
56.12 517 420
62.51 472 364
62.70 480 3.51
59.66 353 4.09
50.81 364 395
60.69 396 393
6072 384 402
66.04 385 335
66.25 4.00 3.50
61.63 436 378
61.80 442 370
6251 472 364
62.40 466 3.60
6727 452 314
67.40 4.60 3.28

Analyses
Calcd./Found %
C H

4194 2.88
41.72  2.80
43.80 337
44.02 350
50.96 294
50.84 2.88
5220 335
5245 346
5830 3.34
58.55 3.47

Table 2

¢ N

k
R Ry
H CHs
CH;  CHs
CgHs  CHj
H CHs
CH;  CH,
CeHs  CH,
H CeHs
CH;  CgHs
H CgHs
CHj CHs
CeHs

Table 3

-
R

N
4.44 H
470
426 CHj
412
37 H
3.94
3.58 CHj
352
3.0 CeHs
3.00

Br. COOR;
|| II
R,

CeHs

CeHs

Ry

CoHs
CyHs

CyHs

CyHs
CeHs

CeHs

CH;
CH;

CgHs
CeHs

CeHs

Solvent

[a]

A

Solvent

[a]

A

Yield
%

90

85

85

80

85

>95

>95

>95

>95

>95

>95

Yield
%

10

15

95

Mp
°C)

171-172

172-173
214-215
155-156
100-101
170-171

213-214

243-244
308-309
129-130
124-125

159

Mp
S
100-101
80-81
142-143
101-102

226-227
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IR
v (cm‘l)

3360 (NH)
2560 (COOH)
1650 (CO)
2600 (COOH)
1650 (CO)
2590 (COOH)
1670 (CO)
3310 (NH)
1680 (CO)
1700 (CO)

1710 (CO)

3300 (NH)
2580 (COOH)
1650 (CO)

2600 (COOH)
1660 (CO)
2580 (COOH)
1660 (CO)
3290 (NH)
1675 (CO)
1700 (CO)

1700 (CO)

IR
v (cm‘l)

3420 (NH)

3420 (NH)
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Table 4
1. NMR (8) Data of Compounds I-XII (deuteriochloroform as solvent) [a]
Compound
1 2.60 (3H, s, CH3), 6.83 (1H, d, J = 3 Hz, CH), 7.10-7.90 (SH, m, CgHs), 11.60 (1H, s broad, NH)
11 2.60 (3H, s, CHg), 3.50 (3H, s, N-CH3), 6.60 (1H, s, CH), 7.40 (5H, s broad, CgHs)
I 2.27 (3H, s, CH3), 6.70 (1H, s, CH), 6.90-7.60 (10H, m, 2 C¢Hs)
v 1.40 (3H, t, ] = 7.0 Hz, CH,CH3), 2.60 (3H, s, CH3), 4.27 (2H, q, J = 7.0 Hz, CH,), 6.80 (1H, d, J = 2.5 Hz, CH), 7.10-7.60
(5H, m, CgHs), 9.20 (1H, s broad, NH)
A\’ 1.33 (3H, t, ] = 7.0 Hz, CH,CH3), 2.60 (3H, s, CH3), 3.47 (3H, 5,, N-CH3y), 4.27 (2H, q, J = 7.0 Hz, CHy), 6.60 (1H, 5, CH), 7.46
(SH, s broad, CgHs)
Vi 1.37 3H, t, I = 7.0, CH,CH3), 2.40 (3H, 5, CH3), 4.33 (2H, q, J = 7.0 Hz, CHy), 6.80 (1H, s, CH), 6.90-7.50 (10H, m, 2 C¢Hs)
VII 6.97 (1H, d, ] = 3.2 Hz, CH), 7.10-7.85 (10H, m, 2 CgHs), 11.70 (1H, s, broad, NH)
VIII 3.30 (3H, s, CHy), 6.75 (1H, s, CH), 7.40 (10H, s broad, 2 C¢Hs)
IX 6.83 (1H, s, CH), 7.10 (15H, s broad, 3 CgHs)
X 1.20 (3H, t, J = 7.0 Hz, CH3), 4.07 (2H, q, ] = 7.0 Hz, CHy), 6.90 (1H, d, ] = 3.2 Hz, CH), 7.03-7.60 (10H, m, 2 CgHs), 9.20
(1H, s broad, NH)
XI 1.13 (3H,1,J = 7.0, CH,CH3), 3.33 (3H, 5, CH3), 4.10 (2H, q, ] = 7.0 Hz, CHy), 6.70 (1H, s, CH), 7.35 (10H, s, broad, CgHs)
XII 1.20 (3H, t, ] = 7.0 Hz, CH3), 4.17 2H, q, J = 7.0 Hz, CH3), 7.00 (1H, s, CH), 6.80-7.50 (15H, m, 3 C¢Hjs)

[a] Spectra recorded in deuteriodimethyl sulfoxide for I, III, VII and IX.

Results.

We have found that the compounds studied at 0° are
brominated, with high yields, exclusively at the cyclic car-
bon atom even with a large excess of copper(II) bromide
(Table 2).

Scheme 1
COOR, Br COOR,
]l || CuBr, || l
——
¢” N7 Ry CH;CN,0°C ¢ NTTR
R R
R =H, CH;, CeH;
R, = CH, CeHs
R, - H, CH;

The experiments carried out at 60° have shown that the
acids XIX, XX and XXI which have a phenyl group at
the 5-carbon atom were decarboxylated providing in quan-
titative yields the 3,4-dibromo derivatives. When at the
same position there is a methyl group, compounds XIII
and XIV, bromination is only a minor reaction and com-
plex mixtures were obtained (Table 3). The structure of
the products of the reaction were confirmed by elemental

analysis and spectroscopic data (ir, ms, nmr) (Table 4 and
Table 5).

Table 5
TH-NMR Data of Compounds XXV-XXIX 8 (ppm),
(deuteriochloroform)
Compound
XXV 2.25 (3H, s, CH3), 7.00-7.60 (SH, m, C4Hjs), 8.10 (1H,
s broad, NH)
XXVI 2.27 (3H, s, CH3), 3.38 (3H, s, N-CHj3), 7.20-7.50
(SH, m, CgHs)
XXVII 7.20-7.80 (m, C¢Hs), 8.35 (1H, s broad, NH)
XXVIII 3.33 (3H, 5, CHy), 7.43 (10H, s broad, 2 C¢Hs)
XXIX 7.25 (s, broad, CgHs)

EXPERIMENTAL

All melting points were determined on a Buchi-Tottoli micro
melting point apparatus and are uncorrected. The ir spectra were
recorded in nujol mull with a Perkin-Elmer Infrared 137 E spec-
trophotometer. The 'H nmr spectra were recorded on EM-360 A
Varian spectrometer in deuteriochloroform unless otherwise
noted, using TMS as the internal standard. Mass spectra were
recorded on a Jeol- JMS-01-SG-2 spectrometer operating with an
ionizing electron beam at 75 eV. Elemental analysis for C, H, N
were performed on a H.P 185 B CHN Analyzer.

General Procedure for the Halogenation with Copper(Il)
Bromide.

The pyrrolecarboxylic acid or ester (0.01 mole) was dissolved
into 100 ml of acetonitrile. To this solution, after cooling at 0°,
was added 0.03 mole of copper(l) bromide as a solid. The mix-
ture was held at 0° under magnetic stirring. After 4 hours the
reaction mixture was poured into about 500 ml of water and ex-
tracted three times with ether. The combined organic phases,
dried over sodium sulphate, were evaporated to dryness under
reduced pressure. The residue was recrystallized from the appro-
priate solvent.

General Procedure for the Brominative Decarboxylation of the 4-
Bromo-3-pyrrolecarboxylic Acids.

The monobrominated acid (0.01 mole) was dissolved in 100 ml
of acetonitrile and 0.03 mole of copper(II) bromide was added as
a solid. After standing for 24 hours under magnetic stirring at
room temperature, the mixture was poured into about 500 ml of
water and extracted three times with ether. The combined
organic phases were washed with 50 ml of 10% aqueous sodium
hydroxide, dried over sodium sulphate and evaporated to dryness
under reduced pressure. The resulting 3,4-dibromopyrroles were
recrystallized from the appropriate solvent.

General Procedure for the Preparation of Ethyl 3-Pyrrolecar-
boxylates.

The appropriate dione (0.1 mole) was dissolved in acetic acid
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and refluxed for 1 hour at 80° under a nitrogen atmosphere with
0.5 mole of the appropriate amine. After cooling to room temper-
ature, the reaction mixture was poured into ice-water, neutralized
with saturated aqueous sodium bicarbonate solution and ex-
tracted three times with ether. The combined organic phases
weére washed with water, dried over sodium sulphate and evapo-
rated to dryness under reduced pressure. The residue was recrys-
tallized from the appropriate solvent.

General Procedure for the Preparation of Pyrrole-3-carboxylic
Acids.

A mixture of 0.01 mole of the ester, ethanol (25 ml) and 20%
aqueous sodium hydroxide (25 ml) was stirred for 24 hours at
50°. The solution was brought to room temperature, poured into
500 ml of water and acidified using 10% aqueous sulfuric acid.
The separated solid was filtered, washed and dried under
vacuum. The acids obtained were used without any further
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purification for the halogenation reaction.
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