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A novel, convenient, and efficient approach to the synthesis of penta-substituted pyrroles has been re-
ported based on the multicomponent reaction. Solvent-free condition for the formation of enaminones
from primary amines and alkyl acetoacetates and it’s reaction with fumaryl chloride lead to the for-
mation of pyrroles that have halide, CH2CO2H, ester functional groups, and two alkyl substitutions.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Five-membered, nitrogen-containing heterocycles, such as pyr-
roles, indoles, and carbazoles, are important building blocks in an
extensive number of biologically active compounds.1 Among them,
pyrroles are heterocycles of great importance because of their
presence in numerous natural products like heme, chlorophyll, vi-
tamin B12, and various cytochrome enzymes.2 Some of the recently
isolated pyrrole containing marine natural products have been
found to exhibit considerable cytotoxicity and function as multi-
drug resistant (MDR) reversal agents.3 Many of these biologically
active compounds have emerged as chemotherapeutic agents. In
addition, polysubstituted pyrroles are molecular frameworks having
immense importance in material science.4 They have been also
employed as antioxidants,5a antibacterial,5b,c ionotropic,5d,e anti-
tumor,5f anti-inflammatory,5g,h and antifungal agents,5i P38 kina-
se,6a prolyl-4-hydroxylase,6b poly (ADP-ribose) polymerase
inhibitors,6c estrogen receptor b selective ligands,6d AT1-selective
angiotensin II receptor antagonists,6e and minor groove recognition
elements.6f,g Moreover, they are a highly versatile class of inter-
mediates in the synthesis of natural products as well as in hetero-
cyclic chemistry.7

Consequently, a large number of methods have been developed
for their synthesis, which include: Knorr,8 Paal–Knorr,9 Hantzsch
syntheses,10 1,3-dipolar cycloaddition reactions,11 reductive cou-
pling,12 and aza-Wittig reactions.13 These methodologies typically
require the preparation of the precursors prior to cyclization, which
can complicate both the synthesis and the structural modification
of the substituted pyrroles. This has stimulated significant interest
in the design of new synthetic routes to pyrroles, including several
izad@yahoo.com (A. Alizadeh).
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efficient multicomponent reactions14–17 and metal-catalyzed
routes.18

In spite of many reported methods for the synthesis of pyrroles,
it is still challenging to prepare polysubstituted pyrroles with var-
ious substituents directly from readily available building blocks.
Continuing our efforts in the development of multicomponent re-
action for the synthesis of various heterocycles,19 in this paper, we
describe the realization of a one-pot, multicomponent, and solvent-
free assembly of highly substituted pyrroles utilizing primary
amines, alkyl acetoacetate, and fumaryl chloride.
2. Results and discussion

Our research group reported the synthesis of series of hetero-
cycles using the reaction of enamines or enaminones with various
electrophiles.20 Following on from this research, we become in-
terested in the application of fumaryl chloride in multicomponent
reaction for first time (which display electrophilic property at the
two site of its structure) to synthesize highly functionalized pyr-
roles. Our strategy to reach this goal is outlined in Scheme 1. The
reaction between primary amines 1, alkyl acetoacetate 2, and
fumaryl chloride under solvent-free conditions at room tempera-
ture (the amine and alkyl acetoacetate are mixed first and then
fumaryl chloride is added) leads to the formation of penta-
substituted pyrroles 3 in 70–85% yields (Scheme 1).

The data obtained from elemental analysis, IR, 1H and 13C NMR,
and mass spectra confirmed all of the proposed products. The mass
spectrum of 3a displayed a molecular ion peak at m/z 287 and more
important, an ion peak at m/z 242 indicated that CO2 has been lost
and thus the presence of CO2H group on the structure was con-
firmed. The most important absorption band in IR spectrum is due
to the OH stretching frequency of acid group, which appeared as
broad band between 2751 and 3384 cm�1. Absorption bands at
1730 and 1698 cm�1 are due to the two carbonyl groups. The 1H
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NMR spectrum of 3a exhibited three sharp singlet signals recog-
nized as arising from methyl of pyrrole ring, CH2, and OMe groups
(dH¼2.49, 3.72, and 3.82 ppm, respectively). One multiplet from
2.06 to 2.10 ppm and two doublet signals at 0.92 and 3.70 ppm
(3JHH¼5.2 and 7.2 Hz) are due to the iBu group. The 1H decoupled
13C NMR spectrum of 3a showed 12 distinct signals in agreement
with the proposed structure that characteristic carbons of pyrrole
ring resonance at 110.6, 112.5, 116.1, and 135.6 ppm. Partial as-
signment of these resonances for 3 derivatives is given in Section 4.2.

Although we have not established the mechanism of our re-
action in an experimental manner, a possible explanation is pro-
posed in Scheme 2. On the basis of the established chemistry of
enaminone synthesis,21 it is reasonable to assume that enaminone
4 apparently results from the addition of primary amines 1 to the
alkyl acetoacetate 2. Continuing, in the presence of fumaryl chlo-
ride, intermediate 4 can attack two electrophile sites of fumaryl
chloride (COCl or conjugated double bond). Based on Motherwell
and co-worker’s report,22 enaminone 4 attacks the double bond to
produce intermediate 5. Because of kinetic facility, formation of
five-membered ring, 1H-pyrrol-2-ol 6, is observed. By loss of
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Scheme 2.
a molecule of H2O, pyrrole 7 is formed, which is converted to the
corresponding pyrrole derivatives 3 in 70–85% yield.

3. Conclusion

In summery, we reported an efficient method for the synthesis
of penta-substituted pyrroles. The advantages of our work are as
follows: (1) the reaction is performed under neutral and more
important is under solvent-free condition. (2) No catalyst is re-
quired for this reaction. (3) Five functional groups are on the
product, which is capable to convert to other functional groups. (4)
The simplicity of the present procedure makes it an interesting
alternative to the complex multistep approaches.

4. Experimental

4.1. General

Primary amines, alkyl acetoacetates, and fumaryl chloride were
obtained from Merck (Germany) and Fluka (Switzerland). Melting
points were measured on an Electrothermal 9100 apparatus. 1H and
13C NMR spectra were measured (CDCl3 solution) with a Bruker
DRX-AVANCE spectrometer at 500.1 and 125.7 MHz, respectively. IR
spectra were recorded on a Shimadzu IR-460 spectrometer. Chro-
matography columns were prepared from Merck silica gel 230–240
mesh.

4.2. General synthesis procedure (for example, 3a)

To a magnetically stirred 5 mL flat bottom flask containing iso-
butyl amine (0.07 g, 1 mmol) was added methyl acetoacetate
(0.11 g, 1 mmol). After 10 min, fumaryl chloride (0.15 g, 1 mmol)
was added to the reaction mixture and was allowed to stir for 10 h.
Purification of the crude product by column chromatography [silica
gel (Merck 230–240 mesh), n-hexane/EtOAc (10:1)] gave the title
compound 3a.

4.2.1. 2-[2-Chloro-1-isobutyl-4-(methoxycarbonyl)-5-methyl-1H-
pyrrol-3-yl]acetic acid (3a)

White powder, mp 80–82 �C, 0.2 g, yield: 70%. [Found: C, 54.31;
H, 6.34; N, 4.88. C13H18ClNO4 requires: C, 54.27; H, 6.31; N, 4.87%.]
Rf (20% EtOAc/n-hexane): 0.30; IR (KBr) (nmax, cm�1): 2525–3345
(OH), 1711 (CO2Me), 1698 (CO2H), 1514 and 1453 (Ar), 1230 (C–O);
dH (500.1 MHz, CDCl3) 0.92 (6H, d, J 5.2 Hz, NCH2CHMe2), 2.06–2.10
(1H, m, NCH2CHMe2), 2.49 (3H, s, C]CMe), 3.70 (2H, d, J 7.2 Hz,
NCH2CHMe2), 3.72 (2H, s, CH2CO2H), 3.82 (3H, s, OMe), 9.50–12.10
(1H, br, CO2H); dC (125.7 MHz, CDCl3) 12.4 (C]CMe), 19.6
(NCH2CHMe2), 29.3 (CH2CO2H), 32.1 (NCH2CHMe2), 51.2 (NCH2),
51.5 (OMe), 110.3 (Cipso–CH2CO2H), 112.6 (Cipso–CO2Me), 116.7 (Cipso–
Cl), 135.85 (Cipso–Me), 166.6 (CO2Me), 174.1 (CO2H); MS (EI, 70 eV):
m/z (%)¼289 (Mþ2, 15), 287 (Mþ, 48), 269 (9), 256 (11), 243 (100),
228 (34), 208 (77), 186 (39), 172 (35), 156 (49), 142 (13), 106 (14), 77
(17), 57 (49), 45 (21).

4.2.2. 2-[2-Chloro-4-(ethoxycarbonyl)-1-isobutyl-5-methyl-1H-
pyrrol-3-yl]acetic acid (3b)

White powder, mp 90–92 �C, 0.22 g, yield: 74%. [Found: C, 55.76;
H, 6.70; N, 4.65. C14H20ClNO4 requires: C, 55.72; H, 6.68; N, 4.64%.] Rf

(20% EtOAc/n-hexane): 0.16; IR (KBr) (nmax, cm�1): 2775–3165 (OH),
1725 (CO2Et), 1696 (CO2H), 1514 and 1453 (Ar), 1267 (C–O); dH

(500.1 MHz, CDCl3) 0.92 (6H, d, J 8.0 Hz, NCH2CHMe2), 1.35 (3H, t, J
5.0 Hz, OCH2Me), 2.04–2.10 (1H, m, NCH2CHMe2), 2.50 (3H, s,
C]CMe), 3.69 (2H, d, J 5.0 Hz, NCH2CHMe2), 3.73 (2H, s, CH2CO2H),
4.30 (2H, q, J 5.0 Hz, OCH2Me), 9.40–12.20 (1H, br, CO2H); dC

(125.7 MHz, CDCl3) 11.8 (OCH2Me),13.8 (C]CMe),19.3 (NCH2CHMe2),
28.8 (CH2CO2H), 31.6 (NCH2CHMe2), 50.9 (NCH2), 59.7 (OCH2Me),
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110.0 (Cipso–CH2CO2H), 12.0 (Cipso–CO2Me), 116.1 (Cipso–Cl), 135.3
(Cipso–Me), 165.5 (CO2Me), 174.5 (CO2H); MS (EI, 70 eV): m/z (%)¼303
(Mþ2, 19), 301 (Mþ, 53), 283 (4), 272 (4), 257 (80), 256 (98), 238 (7),
228 (59), 222 (40), 200 (15), 184 (20), 172 (90), 156 (26), 154 (32), 127
(10), 122 (8), 106 (11), 92 (11), 77 (19), 57 (86), 43 (31), 41 (100).

4.2.3. 2-[2-Chloro-4-(methoxycarbonyl)-5-methyl-1-propyl-1H-
pyrrol-3-yl]acetic acid (3c)

White powder, mp 115–116 �C; 0.22 g, yield: 82%. [Found: C,
52.68; H, 5.90; N, 5.12. C12H16ClNO4 requires: C, 52.66; H, 5.89; N,
5.12%.] Rf (20% EtOAc/n-hexane): 20; IR (KBr) (nmax, cm�1): 2940–
3315 (OH), 1689 (CO2Me), 1610 (CO2H), 1508 and 1446 (Ar), 1247
(C–O); dH (500.1 MHz, CDCl3) 0.96 (3H, t, J 7.4 Hz, NCH2CH2Me),
1.69–1.73 (2H, m, NCH2CH2Me), 2.53 (3H, s, C]CMe), 3.74 (2H, s,
CH2CO2H), 3.81 (3H, s, OMe), 3.86 (2H, t, J 7.5 Hz, NCH2CH2Me),
9.58–12.01 (1H, br, CO2H); dC (125.7 MHz, CDCl3) 11.0
(NCH2CH2Me), 11.9 (C]CMe), 23.4 (NCH2CH2Me), 31.8 (CH2CO2H),
45.9 (NCH2), 50.9 (OMe), 110.3 (Cipso–CH2CO2H), 112.5 (Cipso–
CO2Me), 116.1 (Cipso–Cl), 135.5 (Cipso–Me), 166.1 (CO2Me), 176.0
(CO2H); MS (EI, 70 eV): m/z (%)¼275 (Mþ2, 3), 273 (Mþ, 10), 229
(45), 228 (52), 194 (32), 172 (29), 156 (55), 92 (8), 65 (30), 41 (100).

4.2.4. 2-[2-Chloro-4-(ethoxycarbonyl)-5-methyl-1-propyl-1H-
pyrrol-3-yl]acetic acid (6d)

White powder, mp 123–124 �C, 0.24 g, yield: 85%. [Found: C,
54.29; H, 6.33; N, 4.88. C13H18ClNO4 requires: C, 54.27; H, 6.31; N,
4.87%.] Rf (20% EtOAc/n-hexane): 0.28; IR (KBr) (nmax, cm�1): 2845–
3435 (OH), 1711 (CO2Et), 1657 (CO2H), 1551 and 1453 (Ar), 1225 (C–
O); dH (500.1 MHz, CDCl3) 0.97 (3H, t, J 7.4 Hz, NCH2CH2Me), 1.36
(3H, t, J 7.1 Hz, OCH2Me), 1.69–1.735 (2H, m, NCH2CH2Me), 2.53 (3H,
s, C]CMe), 3.73 (2H, s, CH2CO2H), 3.87 (2H, t, J 7.5 Hz, NCH2CH2Me),
4.31 (2H, q, J 7.1 Hz, OCH2Me), 9.40–12.40 (1H, br, CO2H); dC

(125.7 MHz, CDCl3) 11.0 (NCH2CH2Me), 12.0 (OCH2Me), 14.3
(C]CMe), 23.4 (NCH2CH2Me), 32.4 (CH2CO2H), 45.9 (OCH2Me),
60.3 (NCH2CH2Me), 110.5 (Cipso–CH2CO2H), 112.6 (Cipso–CO2Me),
116.2 (Cipso–Cl), 135.5 (Cipso–Me), 166.4 (CO2Me), 174.0 (CO2H); MS
(EI, 70 eV): m/z (%)¼289 (Mþ2, 2), 287 (Mþ, 7), 277 (2), 243 (25),
214 (75), 198 (13), 172 (55), 149 (33), 81 (13), 65 (30), 43 (100).

4.2.5. 2-[1-Allyl-2-chloro-4-(methoxycarbonyl)-5-methyl-1H-
pyrrol-3-yl]acetic acid (3e)

White powder, mp 135–137 �C; 0.20 g, yield: 73%. [Found: C,
53.08; H, 5.21; N, 5.17. C12H14ClNO4 requires: C, 53.05; H, 5.19; N,
5.16%.] Rf (20% EtOAc/n-hexane): 0.14; IR (KBr) (nmax, cm�1): 2520–
3060 (OH), 1710 (CO2Me), 1697 (CO2H), 1515 and 1411 (Ar), 1276 (C–
O); dH (500.1 MHz, CDCl3) 2.48 (3H, s, C]CMe), 3.80 (3H, s, OMe),
3.82 (2H, s, CH2CO2H), 4.48–4.53 (2H, m, NCH2), 5.84–5.87 (2H, m,
C]CH2), 6.84–6.88 (1H, m, CH]CH2), 9.00–11.80 (1H, br, CO2H); dC

(125.7 MHz, CDCl3) 13.8 (C]CMe), 31.7 (CH2CO2H), 46.2 (NCH2),
50.9 (OMe), 109.3 (Cipso–CH2CO2H), 112.6 (Cipso–CO2Me), 116.2
(Cipso–Cl), 117.0 (CH]CH2), 131.7 (CH]CH2), 133.5 (Cipso–Me), 165.8
(CO2Me), 176.6 (CO2H); MS (EI, 70 eV): m/z (%)¼274 (Mþ2, 2), 272
(Mþ, 15), 230 (45), 228 (65), 91 (100), 65 (18).

4.2.6. 2-[1-Allyl-2-chloro-4-(ethoxycarbonyl)-5-methyl-1H-pyrrol-
3-yl]acetic acid (3f)

White powder, mp 140–142 �C, 0.21 g, yield: 75%. [Found: C,
54.64; H, 5.63; N, 4.89. C13H16ClNO4 requires: C, 54.65; H, 5.64; N,
4.90%.] Rf (20% EtOAc/n-hexane): 0.22; IR (KBr) (nmax, cm�1): 2901–
3460 (OH), 1700 (CO2Et), 1610 (CO2H), 1500–1399 (Ar), 1259 (C–O);
dH (500.1 MHz, CDCl3) 1.38 (3H, t, J 7.0 Hz, OCH2Me), 2.51 (3H, s,
C]CMe), 3.76 (2H, s, CH2CO2H), 4.33 (2H, q, J 7.0 Hz, OCH2Me),
4.51–4.56 (2H, m, NCH2), 4.81–5.87 (2H, m, C]CH2), 5.84–5.93 (1H,
m, CH]CH2), 9.37–12.18 (1H, br, CO2H); dC (125.7 MHz, CDCl3) 11.8
(OCH2Me), 14.3 (C]CMe), 32.2 (CH2CO2H), 46.3 (NCH2), 60.5
(OCH2Me), 110.02 (Cipso–CH2CO2H), 112.1 (Cipso–CO2Me), 112.6
(Cipso–Cl), 117.2 (CH]CH2), 131.6 (CH]CH2), 135.5 (Cipso–Me), 168.0
(CO2Et), 175.1 (CO2H); MS (EI, 70 eV): m/z (%)¼287 (Mþ2, 4), 285
(Mþ, 16), 279 (6), 256 (7), 243 (10), 241 (30), 224 (5), 212 (36), 196
(11), 192 (4), 178 (18), 167 (25), 149 (40), 132 (10), 113 (6), 99 (6), 85
(6), 71 (18), 57 (31), 43 (48), 41 (100).

4.2.7. 2-[2-Chloro-1-isopropyl-4-(methoxycarbonyl)-5-methyl-1H-
pyrrol-3-yl]acetic acid (3g)

White powder, mp 100–102 �C, 0.21 g, yield 76%. [Found: C,
52.68; H, 5.89; N, 5.11. C12H16ClNO4 requires: C, 52.66; H, 5.89; N,
5.12%.] Rf (20% EtOAc/n-hexane): 0.32; IR (KBr) (nmax, cm�1): 2510–
3465 (OH), 1704 (CO2Me), 1685 (CO2H),1515 and 1410 (Ar), 1253 (C–
O); dH (500.1 MHz, CDCl3) 1.56 (6H, d, J 5.0 Hz, NCHMe2), 2.57 (3H, s,
C]CMe), 3.70 (2H, s, CH2CO2H), 3.80 (3H, s, OMe), 4.64–4.65 (1H,
m, NCHMe2), 9.09–11.89 (1H, br, CO2H); dC (125.7 MHz, CDCl3) 14.1
(C]CMe), 21.4 (NCHMe2), 29.7 (CH2CO2H), 48.7 (OMe), 51.2
(NCHMe2), 110.2 (Cipso–CH2CO2H), 113.1 (Cipso–CO2Me), 115.7 (Cipso–
Cl), 135.3 (Cipso–Me), 166.8 (CO2Me), 173.8 (CO2H); MS (EI, 70 eV):
m/z (%)¼275 (Mþ2, 20), 273 (60), 257 (14), 243 (12), 242 (11), 229
(75), 214 (24), 199 (13), 187(79), 172 (71), 155 (100), 153 (17), 127
(28), 116 (11), 98 (18), 92 (16), 81 (15), 65 (37), 45 (38).

4.2.8. 2-[2-Chloro-1-isopropyl-4-(ethoxycarbonyl)-1-isopropyl-5-
methyl-1H-pyrrol-3-yl]acetic acid (3h)

White powder, mp 143–145 �C, 0.23 g, yield: 80%. [Found: C,
54.30; H, 6.32; N, 4.85. C13H18ClNO4 requires: C, 54.27; H, 6.31; N,
4.87%.] Rf (20% EtOAc/n-hexane): 0.26; IR (KBr) (nmax, cm�1): 2505–
3385 (OH), 1732 (CO2Et), 1695 (CO2H), 1512 and 1439 (Ar), 1247 (C–
O); dH (500.1 MHz, CDCl3) 1.37 (3H, t, J 7.0 Hz, OCH2Me), 1.50 (6H, d,
J 7.0 Hz, NCHMe2), 2.62 (3H, s, C]CMe), 3.83 (2H, s, CH2CO2H), 4.31
(2H, q, J 7.1 Hz, OCH2Me), 4.42–4.47 (1H, m, NCHMe2), 9.12–12.14
(1H, br, CO2H); dC (125.7 MHz, CDCl3) 11.8 (OCH2Me), 14.4 (C]CMe),
22.0 (NCHMe2), 30.4 (CH2CO2H), 49.0 (NCHMe2), 59.7 (OCH2Me),
110.0 (Cipso–CH2CO2H), 112.9 (Cipso–CO2Me), 120.8 (Cipso–Cl), 135.4
(Cipso–Me), 164.4 (CO2Me), 174.4 (CO2H); MS (EI, 70 eV): m/z
(%)¼289 (Mþ2, 13),287 (Mþ, 32), 279 (9), 257 (6), 245 (7), 242 (84),
228 (5), 216 (10), 200 (50), 186 (5), 172 (52), 167 (35), 149 (90), 127
(17), 113 (17), 99 (9), 84(16), 71 (37), 57 (56), 43 (100), 41 (94).
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