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Montmorillonite K-10: An efficient and reusable catalyst for the one-pot multi
component microwave synthesis of diethyl 1-(4-aryl)-4-phenyl-1H-pyrrole-2,3-
dicarboxylates
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ABSTRACT

An efficient and green one-pot multi component microwave synthesis of diethyl 1-(4-aryl)-4-phenyl-1H-pyrrole-2,3-
dicarboxylates has been accomplished under solvent-free conditions from the reaction of benzaldehyde, diethyl
acetylenedicarboxylate and nitroalkane with various amines. The merit of the methodology is that the interlamellar
structure of the montmorillonite K-10 favoured the reaction in synthesizing the tetra substituted pyrroles with the
environmentally benign reaction conditions by offering good product yields.

Keywords: Montmorillonite K-10, Green synthesis, Microwaveratiation, Multi component reaction,
Tetrasubstituted pyrroles.

INTRODUCTION

Pyrroles constitute an important class of hetericyompounds with wide array of applications bathbiological
systems and natural products like enzymes, coergyamel alkaloids [1]. Thus, many synthetic routegewe
developed for them like multicomponent, tandem tieas and cyclo additions [2]. In recent some leeneous
catalysts and metal-catalyzed coupling reactionsevedso developed for the accomplishment of Polsstuted
pyrroles from multi-component reactions [3, 4].

In view of the involvement adisadvantages like unsatisfactory yields, harshti@a conditions and long reaction
times in the multi component reactions, the urgdedfelopment of new and efficient methodology aathlyst has
been received the attention of organic chemistgaechers. As part of our research, we have deselspme green
methodologies involving the features like solvaeegfreactions, new and effective catalysts andotiseicrowave
irradiation and sonication energies [5-8].

In such hierarchy, we have investigated the efficieatalyst for the synthesis of diethyl 1-(4-adphenyl-1H-
pyrrole-2,3-dicarboxylates and reporting herewithortmorillonite K-10 as an effective clay catalyst.
Mmontmorillonite K-10 clays are composed of twaicsil tetrahedral sheets (negatively charged) witdetral
alumina octahedral sheet (cationic species) inrasih like structure and facilitates the susteeant multi-
component reactions for forming the target prod{gts

So herein, we report a facile solvent-free oneqpeat synthesis of diethyl 1-(4-aryl)-4-phenyl-1Hymje-2,3-
dicarboxylatesvia four-component reaction of benzaldehyde, dietlegtyenedicarboxylate and nitroalkane with
various amines in the presence of catalytic amotiMontmorillonite K-10 (30mg) under microwave idiation at
100 °C.
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MATERIALSAND METHODS

2.1. General

All reagents were obtained from Sigma-Aldrich anthAAesar and were used directly without furtherifization.

The progress of the reactions was monitored byl#yiar chromatography (TLC) on 2%n silica plates using 7:3
n-hexane and ethyl acetate mixture as an eluentsp&tra were recorded on Bruker Alpha-EcoATR-FTIR
interferometer with single reflection sampling milequipped with ZnSe crystal. The and**C NMR spectra of
compounds were recorded on Bruker instrument at\Bi@ for *H NMR, 125 MHz for**C NMR in DMSO#ds with

TMS reference and their chemical shifts were reggbih o scale. Mass spectra were recorded on a Jeol SX 102
DA/600 mass spectrometer and elemental analysipemisrmed on a Thermo Finnigan Instrument.

2.2. Chemistry

2.2.1. Synthesis of Diethyl 4-phenyl-1-(o-tolyl)-1H-pyrrole-2,3-dicarboxylate 5a: A mixture of o-toluidine (la, 1
mmol), benzaldehyde(1 mmol), diethyl acetylenedicarboxyla { mmol), nitromethanet(1mL), and K-10 (30
mg) was taken in an open vessel in CATA-4R Scieritificrowave oven and irradiated at 100 °C (140aVambient
pressure in solvent-free condition for 2 min. Thaations were followed by thin layer chromatograghlyC) using
hexane/ethyl acetate as an eluent. After compladifothe reaction, the mixture was washed with etigdtate and
filtered to recover the catalyst. The filtrate wasporated and the crude product was recrystalfized ethanol to
afford pure diethyl 4-phenyl-1a{tolyl)-1H-pyrrole-2,3-dicarboxylatebf) in 92% yield.

Ph—CHO
(2)
EtOOC Ph
. K-10, Neat i
EtOOC—=——COOEt + OZN(;;)Hg, MW 100°C Et0OC .
®) R—NH; R
(1a-l) (5a-)
Entry R Entry R Entry R Entry R
5a  2(Me)Ph 5d  2(OMe)Ph 59  2,5-(Me)Ph 55 2,5-(OMe)Ph
5b  3(Me)Ph 5¢  3(OMe)Ph 5h 3,5-(Me)Ph 5k 3,5-(OMe)Ph
5¢  4(Me)Ph 5f  4(OMe)Ph 5i 3,4-(Me)Ph 51  3,4-(OMe)Ph

Scheme 1: K-10 catalyzed synthesisof tetra substituted pyrroles (5a-1)

The same reaction procedure was followed for tlmth®sis obb-1 (Scheme 1). All the compounds are collected as
yellow liquids and were characterized by spectnal elemental analyses.

2.2.2. Diethyl 4-phenyl-1-(o-tolyl)-1H-pyrrole-2,3-dicarboxylate 5a: Yield: 92%:; IR (ZnSe): 1734 (C=0) ¢ H
NMR (500 MHz, DMSO): 7.48-7.46 (m, 2H), 7.35-7.32 (m, 3H), 7.29-7.2Q 4H), 6.89 (s, 1H), 4.35-4.33 (m,
2H), 4.12-4.09 (m, 2H), 2.12 (s, 3H), 1.28 (t, 3H)07 (t, 3H) ppm;*C NMR (DMSO, 125 MHz):6 165.33,
158.59, 139.07, 134.97, 133.24, 130.55, 128.76,3828.27.67, 127.23, 126.71, 126.45, 125.16, 124123.12,
121.56, 61.30, 60.37, 17.46, 14.87, 13.66 ppm; LGMS& 377(M+). Anal. Calcd for £H,sNO, (%): C, 73.19; H,
6.14; N, 3.71; Found: C, 73.05; H, 6.06; N, 3.67.

2.2.3. Diethyl 4-phenyl-1-(mrtolyl)-1H-pyrrole-2,3-dicarboxylate 5b: Yield: 93.5%; IR (ZnSe): 1732 (C=0) ¢hn
'H NMR (500 MHz, DMSO): 7.45 (d, 2H), 7.31 (t, 2H).28 (t, 2H), 7.16 (d, 1H), 7.11 (t, 2H), 6.9118), 4.31-
4.27 (m, 2H), 4.17-4.11 (m, 2H), 2.29 (s, 3H), 1(833H), 1.14 (t, 3H) ppm**C NMR (DMSO, 125 MHz):
166.12, 159.94, 139.38, 138.71, 132.87, 128.94,12827.76, 127.12, 126.33, 125.91, 125.06, 123129.15,
121.68, 61.34, 61.44, 21.56, 13.75, 13.96 ppm; LGMS& 377(M+). Anal. Calcd for GH»aNO, (%): C, 73.19; H,
6.14; N, 3.71; Found: C, 73.09; H, 6.08; N, 3.68.

2.2.4. Diethyl 4-phenyl-1-(p-tolyl)-1H-pyrrole-2,3-dicarboxylate 5¢: Yield: 92.5%; IR (ZnSe): 1731 (C=0) ¢'H
NMR (500 MHz, DMSO): 7.45 (t, 2H), 7.26-7.15 (MH)B 7.11 (t, 4H), 6.54 (s, 1H), 4.29-4.25 (m, 24)09-4.05
(m, 2H), 2.35 (s, 3H), 1.19 (t, 3H), 1.16 (t, 3H)nw °C NMR (DMSO, 125 MHz):5 165.86, 158.67, 137.56,
135.43, 131.75, 128.42, 128.15, 127.34, 126.54,412925.21, 124.13, 123.26, 121.15, 59.94, 612046, 13.86,
13.54 ppm; LCMS m/z: 377(M+). Anal. Calcd fops,5NO, (%): C, 73.19; H, 6.14; N, 3.71; Found: C, 73.B2;
6.02; N, 3.66.
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2.2.5. Diethyl 1-(2-methoxyphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5d: Yield: 89%; IR (ZnSe): 1725 (C=0)
cm ™ 'H NMR (500 MHz, DMSO): 7.32 (d, 2H), 7.19-7.14 (8H), 7.08-7.03 (m, 2H), 6.87-6.83 (m, 2H), 6.73 (s
1H), 4.252-4.17 (m, 2H), 4.02-3.97 (m, 2H), 3.4438l), 1.09 (t, 3H), 1.04 (t, 3H) ppm’C NMR (DMSO, 125
MHz): § 165.22, 156.46, 153.22, 133.98, 128.44, 128.08,812 127.26, 126.75, 125.34, 124.21, 123.89, 121.3
120.49, 111.77, 60.98, 60.17, 54.62, 13.98, 13pth; L.CMS m/z: 393(M+). Anal. Calcd for,@4,NOs (%): C,
70.21; H, 5.89; N, 3.56; Found: C, 70.05; H, 5N63.49.

2.2.6. Diethyl 1-(3-methoxyphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5e: Yield: 90%; IR (ZnSe): 1726 (C=0)
cm’; 'H NMR (500 MHz, DMSO): 7.45-7.41 (m, 2H), 7.35-7.8m, 2H), 7.29-7.22 (m, 2H), 6.76 (s, 1H), 6.72-
6.68 (M, 2H), 6.43 (t, 1H), 4.29-4.24 (m, 2H), 44.95 (m, 2H), 3.67 (s, 3H), 1.29 (t, 3H), 1.143H) ppm;**C
NMR (DMSO, 125 MHz):0 165.89, 156.65, 158. 54, 141.43, 133.56, 129.@8,.31, 127.69, 127.01, 125.36,
123.66, 123.14, 121.55, 118.12, 114.24, 112.087%160.85, 55.41, 14.14, 13.76 ppm; LCMS m/z: 38B-)(
Anal. Calcd for G3H,aNOs (%): C, 70.21; H, 5.89; N, 3.56; Found: C, 70.825.75; N, 3.49.

2.2.7. Diethyl 1-(4-methoxyphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5f: Yield: 90.5%; IR (ZnSe): 1728
(C=0) cm™; *H NMR (500 MHz, DMSO): 7.35-7.32 (m, 2H), 7.32 2H), 7.26-7.20 (m, 3H), 6.93-6.88 (m, 3H),
4.31-4.26 (m, 2H), 4.18-4.12 (m, 2H), 3.67 (s, 3HP4 (t, 3H), 1.14 (t, 3H) ppn°C NMR (DMSO, 125 MHz)5
165.28, 159.45, 158.36, 133.56, 132.16, 128.32,6827127.39, 126.55, 125.84, 124.27, 123.13, 12164814,
60.39, 55.30, 14.06, 13.56 ppm; LCMS m/z: 393 (MAnal. Calcd for GsH,3NOs (%): C, 70.21; H, 5.89; N, 3.56;
Found: C, 70.09; H, 5.77; N, 3.51.

2.2.8. Diethyl 1-(2,5-dimethylphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5g: Yield: 89%; IR (ZnSe): 1736
(C=0) cm™; 'H NMR (500 MHz, DMSO): 7.45 (d, 2H), 7.25 (t, 2H),18 (t, 1H), 7.04 (s, 2H), 6.76 (s, 1H), 6.12
(s, 1H), 4.28-4.22 (m, 2H), 4.04-3.99 (m, 2H), 2(843H), 1.97 (s, 3H), 1.18 (t, 3H), 1.02 (t, 3Phm; *°C NMR
(DMSO, 125 MHz):6 166.04, 159.31, 138.68, 135.78, 133.26, 132.16,343 130.04, 129.46, 128.32, 127.47,
126.98, 126.25, 125.24, 124.33, 123.64, 121.494650.55, 20.67, 16.44 ppm; LCMS m/z: 391(M+). A@alcd
for C,sHsNO, (%): C, 73.64; H, 6.44; N, 3.58; Found: C, 73.496.32; N, 3.52.

2.2.9. Diethyl 1-(3,5-dimethylphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5h: Yield: 91%; IR (ZnSe): 1734
(C=0) cm*; 'H NMR (500 MHz, DMSO): 7.42 (d, 2H), 7.25 (t, 2H),16 (t, 1H), 6.96 (s, 1H), 6.82 (d, 3H), 4.26-
4.20 (m, 2H), 4.13-4.07 (m, 2H), 2.21 (s, 6H), 1(163H), 1.15 (t, 3H) ppm**C NMR (DMSO, 125 MHz):
165.74, 160.07, 139.82, 138.37, 133.23, 129.85,4828127.63, 126.83, 125.31, 124.63, 123.51, 12166678,
60.34, 21.15, 13.76, 12.96 ppm; LCMS m/z: 391(MAnal. Calcd for G4HsNO, (%): C, 73.64; H, 6.44; N, 3.58;
Found: C, 73.52; H, 6.33; N, 3.54.

2.2.10. Diethyl 1-(3,4-dimethylphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5i: Yield: 91.5%; IR (ZnSe): 1735
(C=0) cm™; *H NMR (500 MHz, DMSO): 7.39 (d, 2H), 7.26 (t, 2H),19-7.14 (m, 1H), 7.10-7.04 (m, 2H), 6.99
(d, 1H), 6.76 (s, 1H), 4.19-4.15 (m, 2H), 4.12-4(68 2H), 2.19 (s, 6H), 1.18 (t, 3H), 1.09 (t, 3pPhm;°C NMR
(DMSO, 125 MHz):6 166.22, 159.78, 137.19, 137.02, 136.71, 133.28,712 128.25, 127.62, 126.55, 125.43,
124.32, 123.17, 121.44, 61.01, 60.57, 19.54, 1912004, 13.54 ppm; LCMS m/z: 391(M+). Anal. Calaat f
CoaHasNO, (%): C, 73.64; H, 6.44; N, 3.58; Found: C, 73.H66.34; N, 3.53.

2.2.11. Diethyl 1-(2,5-dimethoxyphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5j: Yield: 89%; IR (ZnSe): 1726
(C=0) cm™; *H NMR (500 MHz, DMSO): 7.39 (d, 2H), 7.22 (t, 2H),16-7.12 (m, 1H), 7.07-7.02 (m, 2H), 6.95
(d, 1H), 6.72 (s, 1H), 4.26-4.23 (m, 2H), 4.13-4(67 2H), 2.16 (s, 6H), 1.21 (t, 3H), 1.13 (t, 3pPm; °C NMR
(DMSO, 125 MHz):6 167.01, 158.55, 136.32, 136.73, 135.44, 132.68,122 127.74, 127.13, 126.13, 125.37,
124.12, 123.79, 121.45, 61.08, 60.73, 19.74, 1913297, 13.66 ppm; LCMS m/z: 423(M+). Anal. Calaat f
C,4HosNOg (%): C, 68.07; H, 5.95; N, 3.31; Found: C, 67.M95.83; N, 3.19.

2.2.12. Diethyl 1-(3,5-dimethoxyphenyl)-4-phenyl-1H-pyrrole-2,3-dicarboxylate 5k: Yield: 89.5%; IR (ZnSe): 1727
(C=0) cm®; 'H NMR (500 MHz, DMSOQ): 7.42 (d, 2H), 7.31 (t, 2H), 7.26-7.21 (m, 1H), B8, 1H), 6.43 (s,
3H), 4.29-4.24 (m, 2H), 4.19-4.13 (m, 2H), 3.63B8l), 1.25 (t, 3H), 1.16 (t, 3H) ppm°C NMR (DMSO, 125
MHz): 6 165.77, 161.71, 158.91, 142.02, 134.16, 127.36,582 125.92, 125.21, 124.76, 123.45, 121.33, B)4.5
100.22, 60.87, 59.76, 55.38, 14.08, 13.86 ppm; LGMS 423(M+). Anal. Calcd for £H»sNOg (%): C, 68.07; H,
5.95; N, 3.31; Found: C, 67.81; H, 5.84; N, 3.22.

2.2.13. Diethyl 1-(3,4-dimethoxyphenyl)-4-phenyl -1H-pyrrole-2,3-dicarboxylate 5I: Yield: 923.5%; IR (ZnSe):
1728 (C=0) crt; *H NMR (500 MHz, DMSO)s 7.42 (d, 2H), 7.28 (t, 2H), 7.21 (t, 1H), 6.94 18]), 6.88-6.81
(m, 3H), 4.27-4.21 (m, 2H), 4.17-4.12 (m, 2H), 3(833H), 3.78 (s, 3H), 1.22 (t, 3H), 1.12 (t, 3tpm; **C NMR
(DMSO, 125 MHz)6 (ppm) 166.22, 158.78, 148.82, 147.53, 132.78, 3B1128.14, 127.44, 126.31, 125.55,
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124.42, 123.45, 121.55, 117.37, 110.64, 110.187%650.42, 55.65, 13.76, 13.43 ppm; LCMS m/z: 428(M\nal.
Calcd for G4H,sNOg (%): C, 68.07; H, 5.95; N, 3.31; Found: C, 67.855.83; N, 3.23.

RESULTSAND DISCUSSION
In establishing the reaction procedure we haventdke synthesis of diethyl 4-phenyl--4olyl)-1H-pyrrole-2,3-

dicarboxylate from benzaldehydetoluidine, dimethyl nitromethane and diethyl atetedicarboxylateScheme
2) as a model and optimized the catalyst conceatratnd temperature conditions.

oo

) EtOOC
o K-10, Neat
BOOC—=—CO0Et  +  ON-CH;  i=50:c™  Etooc N

(3) 4
NH, CHs
©/CH3

(5a)
(1a)
Scheme 2: K-10 Catalyzed synthesis of 5a

Initially, both conventional and microwave methadgler solvent-free conditions have been investijatel00°C.
Investigation of catalytic action of various compds like Fed, InCl;, GaCk, and CAN neither completed the
reaction nor scale up the higher yielthble 1, Entry 1-4). Then we have investigated the action of solidl ac
catalysts like STA, Fe@SiO,, PS-PTSA, Ink and BR.SiO, but the results are unproductiveaple 1, Entry 5-9).
Then the multicomponent reaction of these reactaotivated us to focus on catalysts with multighplécations. In
such analysis we have identified the Montmorilleriit-10 catalyst to obtain the desired product whih anticipated
yields by a systematic investigatiohaple 1, Entry 10-16).

Table: 1 Influence of the catalyst on the synthesis of 5a

ony___Conventional Microwave
EntryCatalyst (mol%)7 -y Yid o (%) Time (min) Yield® (%)

1 FeCl(5) 24 30 14 45

2 InCk(5) 18 35 14 55

3 GaCks) 25 30 17 52

4 CAN(S) 18 45 12 53

5 STAG) 14 75 9 85

6 FeCLSIO5) 20 60 15 74

7 PSPTSA(5) 12 60 8 78
8 InF; (5) 18 65 15 75

9 BRSO, 10 60 6 77
10 K-10 (10mg) 12 65 4 70
11 K-10 (20mg) 10 70 3 80
12 K10 (30mg) 8 85 > 92,90,88,85
13 K-10 (40mg) 8 82 2 92
14  K-10 (50mg) 10 77 4 89
15 K-10 (60mg) 12 71 5 87

3|solated yield; PCatalyst was reused four times.

It is well noticed that natural montmorillonite gahave surface acidity within the limits of nitacid and sulfuric
acid favours the carbocationic reactions. It isuéeginteresting factor that the prominent catipnssent in K-10
easily exchange the available acidic protons of dhganic compounds at the interlamellar surfacéy. [The
analysis of Montmorillonite K-10 catalyst the yislére up to 70-92% with varying the catalyst cobedion
(10mg-60mg). In ultimate we have recorded the optmtoncentration of the catalyst with high prodyietds and
reusability as 30mgT@ble 1, Entry 12). The excessive catalyst concentrations havedetiathe product yields
significantly (Table 1, Entry 13-15).

The extended studies for the identification of opin temperature, the reactions were performed dbus
temperatures ranging from 60°C to 100°C and we robsethe significant yield of compourih at 100°C itself
under conventional conditions for affording compd&a with 92% yield with in 2h Table 2, Entry 3). Further
enhancement of the reaction temperature had netrshay impact on the reaction time and yield.
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Table: 2 Effect of temperaturefor the synthesisof 5a

EntryTemp (°C)Time (min)Yield® (%)

1 60 240 25

2 80 180 60

3 100 120 92

4 120 120 92

5 140 120 92
¥ solated yield

The reusability of the Montmorillonite K-10 catalylsas been tested and identified as productiveufoto four
cycles with 30mg concentration with 92, 90, 88,%50f successive yields dfa (Tablel, Entry 12). So these
optimized conditions were followed for affordingetlynthesis of remaining compouritsl.

The mechanistic pathway of reaction plausibly atéil by the action of Montmorillonite K-10 by albsting the active
proton of the nitromethane, which in the sequenmdergo condensation reaction with benzaldehydef@mas nitro
substituted alkenes. In the next step the arylesmivik reacts with diethyl acetylenedicarboxylatesl aryl substituted
ethylene-1,2-dicarboxylate. In the next step tlrememolecules will undergo addition followed by tgation reactions
and forms the required diethyl 1-(4-aryl)-4-phebipyrrole-2,3-dicarboxylates as the desired prodiBiseme 3).

pmm s oe
{Montmorillonite K10, H b 9,
Ty B, c o
! — > )\@q pn MO T\ O HO.®_O
" " oNe R i
X 0) Ph H Ph >
H NO, 2 + R — H N=
@) COOEt (2) N h D)
/\/ . . H  (~iNH H
R—NH, | | “““ {Montmorillonite K10: ——» = EtO0C COOEt
1a-1
(1a-l) COOEL EtoOC COOEt

‘e
]
Ph— A \y-R i
— ~— i
Et0OC COOEt .
£
(5a-l) 1 E EtOOC

Scheme 3: Plausible M echanism for the synthesis of title compounds 5a-
CONCLUSION

In conclusion, we have identified montmorillonitellQ as an efficient catalyst for the one-pot madimponent
microwave synthesis of diethyl 1-(4-aryl)-4-phed-pyrrole-2,3-dicarboxylates with simple operatimgpgedures
with good yields.
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