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ABSTRACT

The synthesis of C-substituted and N-substituted pyrrole is described by the reaction of phenacyl bromides, pentane-2,
4-dione and amine in aqueous medium using DABCO as a catalyst. The method is very convenient and applicable for
alkyl as well as aryl amines and phenacyl bromides. The procedure is amenable for the synthesis of new substituted
pyrroles. Moreover, aqueous medium makes the method more eco-friendly.
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1. Introduction

The pyrrole ring is found in porphyrin, bile pigment and
in bioactive natural products [1-3]. Pyrrole oligomers
also have applications as conducting material [4,5]. Due
to their diverse potential applications in biological and
pharmaceutical activities [6-9], there is a continuous in-
terest for the synthesis of pyrroles by simple methods,
though there are numerous methods [10,11] known. Three
components coupling of amines, aldehydes and nitroal-
kanes catalyzed by Sml, is reported lead to pyrroles in
fair yield [12]. Recently, a synthesis of pyrroles was ac-
complished by the multicomponent reaction of phenacyl
bromide, amine and pentane-2,4-dione in presence of -
cyclodextrin in H,O [13]. However, the reported method
has limitations to phenacyl bromide and aryl amines. In
addition, some of the procedures need longer reaction
times, catalyst and higher boiling solvents or chlorinated
solvent which eventually result in the generation of sub-
stantial amount of wastes. In view of this, there is need to
explore the systematic study of this approach to evolve a
general method using environmentally benign solvent.
Recently, more emphasis is given to formulate the re-
actions based on green chemistry principles [14]. Particu-
larly, to avoid the use of toxic and chlorinated hydrocar-
bon solvents because of direct concern with environmental
hazardous. The use of aqueous medium is an intriguing
step in organic reactions which was attracted the increas-
ing interest because of environmental and economical
issue [15]. In this context there is significant research
awareness to revisit the organic reactions in aqueous me-

"Corresponding author.

Copyright © 2012 SciRes.

dium because it is safest and abundantly available solvent.
Very recently, 1,4-diaza-bicyclo[2.2.2]octane (DABCO)
has emerged as a promoter for various organic reactions
[16-21]. It is an organic base acts as nucleophile, ex-
ceedingly soluble in water.

In continuation of our research [22-28] program to
develop environmentally friendly reactions, herein we
wish to report a simple, practical and general three com-
ponent reaction for the construction of pyrrole deriva-
tives by the reaction of substituted phenacyl bromide,
aryl/alkyl amines with pentane-2,4-dione in aqueous me-
dium in the presence of DABCO (Scheme 1).

2. Results and Discussions

The initial reaction of phenacyl bromide (1 mmol), phenyl
ethylamine (I mmol) and pentane-2,4-dione (1 mmol) in
water (5 ml) at room temperature gave low yield (20%)
of corresponding pyrrole even after stirring for extended
time (10 hr). Even after heating the reaction mixture at
60°C for 5 hr did not improve the yield. However, the
reaction was forced to completion by the addition of ca-
talytic amount of DABCO (10 mol%) and desired pyr-
role was isolated in high yield (84%).

After extensive screening of the mole ratio (5, 10, 15
mol%) of DABCO, we found that 10 mol% was suitable
for maximum conversion of product. The increase in the
mole ratio of DABCO did not improve the yield. Among
the solvents like, water, THF, DCM, methanol, water
appears to give the best result. This remarkable improve-
ment by the catalytic activity of DABCO provided an
incentive for further study of reactions with other amines.
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Scheme 1. Synthesis of pyrrole.

We have studied the reaction of various substituted ani-
lines and phenacyl bromides to demonstrate the general-

ity of method and the results are summarized in Figure 1.

Aromatic amine bearing electron donating substituents
like, methoxy (entries 9 and 10), hydroxy (entries 7, 8
and 25), smoothly reacted with phenacyl bromides to
furnish desired product in high yield. Similarly, halogen
substituted anilines (entries 11, 12, 15, 16, 18, 19, 20, 23
and 24) reacted analogously with phenacyl bromides and
resulted into expected pyrroles in good yield. In addition
to this, the reaction of benzylic amines with phenacyl ha-
lides underwent smoothly to give pyrroles under opti-
mized conditions [26]. For example, benzyl amine (entry
13) and phenyl ethylamine (entries 5 and 22) also reacted
analogously under standard condition to afford expected
product in high yield. Next we examined the aliphatic
amine having different length of alkyl chains. The reac-
tion of methylamine (entries 2 and 21) gave methyl sub-
stituted pyrroles in good yield. However, alkyl amines
with chain length C, to Cg (entries 3 and 4) gave moder-
ate yield of pyrrole. It was noted that the order of reacti-
vity of aliphatic amine decreases as the chain length in-
creases. Further, the application of this protocol was ex-
tended to substituted phenacyl bromides. 4-Bromophe-
nacyl bromide (entries 20 - 25) and 4-phenyl substituted
phenacyl bromide (entry 19) reacted with anilines afforded
high yield of expected product. The present method pro-
vided useful alternative over earlier slurry methods in
terms of reaction time and yield for the same transforma-
tion. In addition to this, the present method avoids the
use of metallic base or expensive reagents. The method is
clean and products were obtained in high yield. It is also
worthy to mention that the protocol provides access for
the synthesis of new functional pyrroles which are not
prepared earlier (entries 2 - 5, 7, 8, 11, 15, 16, 18 - 25)
(Figurel).

Possible mechanism for the formation of pyrrole is
shown in the Scheme 2. We presume that initially pen-
tane-2,4-dione 2 reacts with amine 3 to form the unsatu-
rated amino ketone 5 and tautomerised to form interme-
diate 6 [29,30]. DABCO reacts with phenacyl bromide 1
and forms quaternary salt 7 [31], which subsequently
react with intermediate 6 and form intermediate 8. Fur-
ther the internal cyclization and dehydration of interme-
diate 8 resulted into expected product 4 (Scheme 2).

Copyright © 2012 SciRes.

3. Experimental
3.1. Instruments and Characterization

All reactions were carried out without any special pre-
cautions in an atmosphere of air. Chemicals were pur-
chased from Fluka and S. D. Fine Chemicals. TLC: pre-
coated silica gel plates (60 F,s4, 0.2 mm layer; E. Merk
'H-NMR Spectra: Varian 200 or Bruker 300 spectrome-
ter; in CDCls; 8 in ppm, J in Hz. Mass spectra: VG Auto-
spec; in m/z.

3.2. General Procedure

A mixture of phenacyl bromide (1 mmol), acetyl acetone
(1 mmol), amine (1 mmol) and DABCO (5 mol%) was
stirred in 5 ml water at 60°C for the stipulated time (Fig-
ure 1). After completion of the reaction, as indicated by
TLC, the reaction mixture was diluted with water and
extracted with ethyl acetate (2 x 10 ml). The combined
organic layers were washed with brine solution and dried
over Na,SO,. The organic layer was concentrated under
vacuum and the resulting product was directly charged on
a silica gel (Merck, 60 - 120 mesh) column and eluted
with a mixture of ethyl acetate/n-hexane (1:9) to afford
the corresponding pure product. All the products were
characterized by IR, mass and NMR spectroscopy.

3.3. Spectral Data of New Compounds s Given
Below

1-(1,2-dimethyl-5-phenyl-1H-pyrrol-3-yl)ethanone (4b):
Yellow oil; '"H NMR (300 MHz, CDCl): & (ppm) 7.40 -
7.21 (m, 5H), 6.39 (s, 1H), 3.56 (s, 3H), 2.47 (s, 3H),
1.94 (s, 3H); MS (ESI): m/z = 214 [M + 1]"; IR (KBr):
2924, 1654, 1599, 1405, 1223 cm™".
1-(1-butyl-2-methyl-5-phenyl-1H-pyrrol-3-yl)ethan
one (4c): Yellow oil; 'H NMR (300 MHz, CDCL3): &
(ppm) 7.41 - 7.11 (m, 5H), 6.42 (s, 1H), 3.91 (t, ] = 7 Hz,
2H), 2.47 (s, 3H), 2.37 (s, 3H), 1.72 (m, 2H), 1.02 - 0.95
(m, 2H), 0.80 (t, J = 7 Hz, 3H); MS (ESI): m/z = 256 [M
+ 177 IR (KBr): 2940, 1665, 1605, 1490, 755 cm .
1-(2-methyl-1-octyl-5-phenyl-1H-pyrrol-3-yl)ethano
ne (4d): Yellow oil; '"H NMR (300 MHz, CDCly): &
(ppm) 7.53 - 7.21 (m, 5H), 6.65 (s, 1H), 3.77 (t, ] = 7 Hz,
2H), 2.47 (s, 3H), 2.38 (s, 3H), 1.79 - 1.67 (m, 4H), 1.02 -
0.95 (m, 8H), 0.80 (t, J = 7 Hz, 3H); MS (ESI): m/z =312
[M + 17" IR (KBr): 2944, 1695, 1450, 1600, 1223 cm .
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Entry Phenacyl bromide (1) Amines (3) Product (4) Time [h] b Yield [%)]
O O
Br
1. NH,OAC 4a NH 1 84
—
Ph
o)
2 CHaNH, 40 /‘%Nd 3 80
~
Ph
o}
3. CH3(CH,)aNH, ac /U\iéN%CszCHs 4 78
Ph
o)
4. CH3(CH,)7NH, 4d _ N7(CHy);CHs 4.2 74
Ph
o
5. o SN2 e /‘%N 1 85
—
Ph
NH, Q
6. 4f N@ 15 87
Ph
NH2 i HO,
OH
7. 49 N 1.1 90
Ph
o
8 HzN’QOH 4h NOOH 11 89
Ph
o
/ /
°. HzN’Q’O 4i N@o 1 91
Ph
o
/ , /
10. HoN o 4 N o 1 92
S
o) Ph o}
/
o /
11. HZN—@Br 4K /‘%N@Br 14 a8
-
Ph
o)
=
o Ph
NH,
13. Q\/ 4m N/\© 15 85
-
Ph
o)
14. HZNO’\—\ an /]\é’\l/@_\_\ 2.2 82
Ph
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Figure 1. Synthesis® of substituted pyrroles. ®Reaction condition: pantane-2,3-dione (1 mmol), amine (1 mmol), phenacyl bro-

mide (1 mmol) and DABCO (10 mol%) in 5 ml water at 60°C; "Yield of isolated products.
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Scheme 2. Plausible mechanism.

1-(2-methyl-1-phenethyl-5-phenyl-1H-pyrrol-3-yl)
ethanone (4e): Yellow oil; '"H NMR (300 MHz, CDCl;):
& (ppm) 7.40 - 7.20 (m, 10H), 6.36 (s, 1H), 4.04 (t, ] =7
Hz, 2H), 3.00 (t, ] = 7 Hz, 2H), 2.38 (s, 3H), 2.26 (s, 3H);
MS (ESI): m/z = 304 [M + 1]"; IR (KBr): 3060, 3027,
1649, 1501, 1415 cm .

1-(1-(2-hydroxyphenyl)-2-methyl-5-phenyl-1H-pyrr
ol-3-yl)ethanone (4g): Yellow oil; '"H NMR (300 MHz,
CDCl;): & (ppm) 7.20 - 6.90 (m, 9H), 6.57 (s, 1H), 6.05
(s, 1H), 2.30 (s, 3H), 2.06 (s, 3H); MS (ESI): m/z = 314
[M+Na]’; IR (KBr): 3341, 2924, 1708, 1599, 1495 cm .

1-(1-(4-hydroxyphenyl)-2-methyl-5-phenyl-1H-pyrr
ol-3-yl)ethanone (4h): Yellow oil; '"H NMR (300 MHz,
CDCls): & (ppm) 9.86 (s, 1H), 7.51 - 7.12 (m, 9H), 6.57
(s, 1H), 2.27 (s, 3H), 2.06 (s, 3H); MS (ESI): m/z = 314
[M + Na]"; IR (KBr): 3331, 2994, 1665, 1519, 1220 cm .

Copyright © 2012 SciRes.

1-(1-(4-br omo-2-methylphenyl)-2-methyl-5-phenyl-
1H-pyrrol-3-yl)ethanone (4k): Yellow oil; '"H NMR (300
MHz, CDCl;): & (ppm) 7.49 - 7.13 (m, 8H), 6.63 (s, 1H),
2.45 (s, 3H), 2.42 (s, 3H), 2.35 (s, 3H); MS (ESI): m/z =
368 [M]"; IR (KBr): 3050, 3012, 1677, 1612, 1405, 1220,
753,697 cm™.

1-(1-(2-bromophenyl)-2-methyl-5-phenyl-1H-pyrrol
-3-yl)ethanone (40): Yellow oil; '"H NMR (300 MHz,
CDCls): & (ppm) 8.06 - 7.17 (m, 9H), 6.62 (s, 1H), 2.56
(s, 3H), 2.39 (s, 3H); MS (ESI): m/z =354 [M + 1]"; IR
(KBr): 3012, 1677, 1612, 1405, 1220, 753, 697 cm .

1-(1-(4-bromophenyl)-2-methyl-5-phenyl-1H-pyrrol
-3-yl)ethanone (4p): Yellow oil; '"H NMR (300 MHz,
CDCl;): 6 (ppm) 8.06 - 7.72 (m, 9H), 6.67 (s, 1H), 2.38
(s, 3H), 2.06 (s, 3H); MS (ESI): m/z =354 [M + 1]"; IR
(KBr): 2992, 1654, 1595, 1450, 1313, 790, 715 cm .
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1-(1-(3,4-dichlor ophenyl)-2-methyl-5-phenyl-1H-py
rrol-3-yl)ethanone (4r): Yellow oil; 'H NMR (300 MHz,
CDCl3): 6 (ppm) 7.45 - 7.13 (m, 8H), 6.64 (s, 1H), 2.45
(s, 3H), 2.43 (s, 3H); MS (ESI): m/z = 344 [M]"; IR
(KBr): 3029, 1715, 1545, 1415, 789, 720 cm .

1-(5-(biphenyl-4-yl)-1-(3,4-dichlor ophenyl)-2-methy
I-1H-pyrrol-3-yl)ethanone (4s): Yellow oil; '"H NMR
(300 MHz, CDCl5): & (ppm) 7.53 - 7.15 (m, 12H), 6.70 (s,
1H), 2.48 (s, 3H), 2.45 (s, 3H); MS (ESI): m/z = 420
[M]"; IR (KBr): 2964, 1659, 1514, 770 cm™".

1-(5-(4-bromophenyl)-1-(3,4-dichlor ophenyl)-2-met
hyl-1H-pyrrol-3-yl)ethanone (4t): Yellow oil; '"H NMR
(300 MHz, CDCl5): & (ppm) 7.56 - 7.14 (m, 7TH), 6.65 (s,
1H), 2.45 (s, 3H), 2.42 (s, 3H); MS (ESI): m/z = 424 [M
+ 177 IR (KBr): 3112, 1689, 1495, 812,799, 712 cm .

1-(5-(4-bromophenyl)-1,2-dimethyl-1H-pyrrol-3-yl)
ethanone (4u): Yellow oil; '"H NMR (300 MHz, CDCls):
d (ppm) 7.53 - 7.13 (m, 4H), 6.44 (s, 1H), 2.38 (s, 3H),
2.32 (s, 3H), 2.30 (s, 3H); MS (ESI): m/z =293 [M + 1]%;
IR (KBr): 2924, 1654, 1595, 1405, 1223 cm .

1-(5-(4-bromophenyl)-2-methyl-1-phenethyl-1H-py
rrol-3-yl)ethanone (4v): Yellow oil; '"H NMR (300 MHz,
CDCl): 8 (ppm) 7.53 - 7.13 (m, 9H), 6.44 (s, 1H), 2.99 (4,
J=17Hz, 2H), 2.86 (t, ] = 7 Hz, 2H), 2.54 (s, 3H) 2.38 (s,
3H); MS (ESI): m/z = 382 [M]"; IR (KBr): 2920, 1654,
1595, 1415, 1203, 717 cm™".

1-(1-(4-br omo-2-methylphenyl)-5-(4-br omophenyl)-
2-methyl-1H-pyrrol-3-yl)ethanone (4w): Yellow oil; 'H
NMR (300 MHz, CDCl): & (ppm) 7.48 - 7.12 (m, 7H),
6.71 (s, 1H), 2.53 (s, 3H), 2.43 (s, 3H), 2.37 (s, 3H); MS
(ESI): m/z = 448 [M + 1]7; IR (KBr): 2924, 1695, 1551,
1400, 1223, 727 cm ™.

1-(5-(4-bromophenyl)-1-(4-fluor ophenyl)-2-methyl-
1H-pyrrol-3-yl)ethanone (4x): Yellow oil; 'H NMR (300
MHz, CDCl;): & (ppm) 7.43 - 7.11 (m, 8H), 6.78 (s, 1H),
2.52 (s, 3H), 2.37 (s, 3H); MS (ESI): m/z=373 [M + 1]’;
IR (KBr): 3029, 1716, 1455, 1239, 745, 723 cm .

1-(5-(4-bromophenyl)-1-(2-hydr oxyphenyl)-2-meth
yl-1H-pyrrol-3-yl)ethanone (4y): Yellow oil; 'H NMR
(300 MHz, CDCl3): 6 (ppm) 7.42 - 7.12 (m, 8H), 6.85 (s,
1H), 6.65 (s, 1H), 2.58 (s, 3H), 2.37 (s, 3H); MS (ESI):
m/z = 373 [M + 1]; IR (KBr): 3411, 3024, 1654, 1595,
1405, 789 cm .

4. Conclusion

In summary, we have demonstrated a simple, general
practical approach for the synthesis of substituted pyr-
roles. The method is applicable for a variety of alkyl, aryl
and benzylic amines as well as for substituted phenacyl
halides which can provide easy access to required sub-
stituted pyrroles. The method avoids the metal containing
toxic waste and thus makes the procedure more advan-
tage. Moreover, the use of aqueous medium makes the
procedure more eco-friendly.

Copyright © 2012 SciRes.
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