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Four-component coupling of amines, aldehydes, 1,3-dicarbonyl compounds, and nitromethane has been
achieved in gluconic acid aqueous solution (GAAS) to produce polysubstituted pyrroles in high yield.
Gluconic acid aqueous solution could be recycled and reused several times without significant loss of its
efficiency.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Among compounds containing nitrogen heterocyclic frame-
works, pyrrole is one of themost popular core units inmany natural
products, synthetic pharmaceuticals, and useful building blocks for
various biologically active molecules and functional materials.1

Highly functionalized pyrroles are subunits of considerable im-
portance in heme, chlorophyll, bile pigments, vitamin B12, and
marine source-derived pyrrole alkaloids. Lipitor, which contains
pyrrole as the core structural unit, is a widely prescribed HMG-CoA
reductase inhibitor used to lower low-density lipoprotein choles-
terol levels.2 It is the best-selling drug in past several years. As
a result, a large number of synthetic methods for the preparation of
diversely substituted pyrroles have been developed. The Hantzsch
procedure ,3 PaaleKnorr synthesis,4 and Clauson-Kaas reaction5

have been widely used as classic approaches but with some
drawbacks such as multistep synthetic operation, inaccessible
starting materials, limited scope, and functional group compati-
bility. Recently, a range of new approaches have been developed,
which involve rearrangement reaction,6 transition metal-mediated
cyclization,7 Trofimov reaction,8 reductive coupling,9 Sonogashira
coupling reaction,10 Barbier reaction,11 and annulations reactions.12

In spite of these outstanding efforts, it is still challenging to prepare
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polysubstituted pyrroles possessing diverse substituents directly
from readily available precursors in a single synthetic operation.

Multicomponent reactions (MCRs) are known to provide
structurally complex molecules in a single pot ensuring high atom
economy, good overall yields and high selectivity, minimizing
waste, labor, less time consuming, and avoidance of costly purifi-
cation processes.13 Actually, MCRs have been demonstrated to be
a straightforward approach for the synthesis of pyrroles, which
have been extensively reviewed.14 In this context, four-component
coupling reactions for the synthesis of highly substituted pyrroles
have received much attention. Kassaee et al. reported that highly
functionalized pyrrole derivatives can be synthesized via a four-
component reaction of two primary amines and diketene in the
presence of nitrostyrene.15 Kassaee and co-workers have developed
a convenient method for the synthesis of tetrasubstituted pyrroles
via four-component reaction of butane-2,3-dione, triphenylphos-
phine, dialkylacetylenedicarboxylate, and ammoniumacetate.16 A
new four-component domino reaction was also established to
provide multifunctionalized pyrrole derivatives. The reaction is
performed by mixing readily available staring materials, 1,3-
dicarbonyl compounds, amines, aldehydes, and nitroalkanes in
the presence of FeCl3,17 NiCl2,18 or I2.19 However, above approaches
show varying degrees of success as well as limitations, such as the
use of unrecyclable catalysts,17e19 low product yields for aromatic
amines,19 and potential contamination of the products,17,18 which
make these procedures less attractive to the pharmaceutical
industry.
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Table 1
Reaction of 4-methoxyaniline, 4-methoxybenzaldehyde, acetylacetone, and nitro-
methane in different conditionsa

Entry Catalyst Solvent Time
(h)

Yield
(%)

1 No No 12 Trace
2b H3BO3 No 12 Trace
3b Oxalic acid No 12 Trace
4b L-Proline No 12 Trace
5c Amberlyst 15 No 12 Trace
6c Montmorillonite K-10 No 12 Trace
7b p-Toluenesulfonic acid No 12 10
8b Camphor-10-sulfonic acid No 12 15
9b Sulfamic acid No 12 12
10b Phosphomolybdic acid No 12 40
11b Tungstophosphoric acid No 12 15
12b Silicotungstic acid No 12 17
13d No Glycerol 10 Trace
14d No PEG 400 10 Trace
15d No [bmin]BF4 12 Trace
16d No [bmin]PF4 12 Trace
17d No H2O 12 Trace
18e No Choline chloride-urea 12 Trace
19f No L-(þ)-Tartaric

acid-choline chloride
12 Trace

20d No Acetic acid 12 5
21d No CF3COOH 12 6
22 No GAAS (1 ml) 6 61
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With the increasing demand for environmentally friendly
methods, the application of bio-based materials as green and bio-
degradable reaction solvents for synthesis and catalysis has re-
ceived extensive attention. Although some bio-based chemicals,
such as glycerol,20 ethyl lactate,21 g-valerolactone,22 2-
methyltetrahydrofuran,23 (R)-(þ)-limonene-limonene,24 lactic
acid,25 and carbohydrates-based lowmeltingmixtures,26 have been
proposed as green solvents, the number of available bio-based
solvents is far from abundant at this stage. Recently, Gu et al. in-
troduced gluconic acid aqueous solution (50 wt %, GAAS) as a pro-
moting medium for organic transformations.27 Gluconic acid is
abundantly available in plants, fruits, and other foodstuffs such as
rice, meat, dairy products, wine, honey, and vinegar. It is a bio-
degradable, recyclable, nonvolatile, low price, largely available or-
ganic acid. In particular, the low toxicity of gluconic acid also allows
its use in the formulation of food, pharmaceutical, and hygienic
products. Thus, such media may constitute alternative solvent for
the development of sustainable chemistry.

The combination of multicomponent reactions and benign re-
action media has become a promising frontier field of research,
which enables simultaneous growth of both MCRs and green sol-
vents toward ideal organic synthesis.28 As part of an ongoing pro-
ject devoted toward the development of novel and environmental
benign synthetic methodologies,29 herein, we report for the first
time one-pot synthesis of polysubstituted pyrroles via four-
component condensation reaction of amines, aldehydes, 1,3-
dicarbonyl compounds, and nitromethane using gluconic acid
aqueous solution as an efficient and reusable promoting medium
(Scheme 1).
Scheme 1. Synthesis of functionalized pyrroles in gluconic acid aqueous solution.

23 No GAAS (3 ml) 6 75
24 No GAAS (4 ml) 6 82
25 No GAAS (5 ml) 5.5 90
26 No GAAS (6 ml) 5.5 90
27 No GAAS (8 ml) 5.5 90
28g No GAAS (5 ml) 5.5 88
29h No GAAS (5 ml) 5.5 91

a Reaction condition: 4-methoxyaniline (1 mmol), 4-methoxybenzaldehyde
(1 mmol), acetylacetone (1 mmol), nitromethane (1 ml), 100 �C.

b 10 mol %.
c 50 mg.
d 5 ml.
e Choline chlorideeurea (54.1:45.9) (5 g).
f

L-(þ)-Tartaric acidecholine chloride (50:50) (5 g).
g Gluconic acid aqueous solution was reused for the third time.
h The reaction was carried out in 10 mmol scale.
2. Results and discussion

As depicted in Table 1, the investigations were initiated with 4-
methoxyaniline, 4-methoxybenzaldehyde, acetylacetone, and ni-
tromethane as model substrates to find the optimal conditions. The
blank experiment revealed that only a trace amount of product was
detected under catalyst-free conditions (Table 1, entry 1). Addition
of some readily available acids, such as H3BO3, oxalic acid, L-proline,
Amberlyst 15, montmorillonite K-10, to the reaction system, did not
improve the performance of the reaction. A clear improvement of
the yield was observed when p-toluenesulfonic acid, camphor-10-
sulfonic acid, sulfamic acid, phosphomolybdic acid, tungstophos-
phoric acid, or silicotungstic acid was added, however, the yields
are still far from satisfactory. Our next attempts were focused on
the evaluation of the efficiency of various solvents under catalyst-
free conditions. Solvents screening studies revealed that solvents
such as glycerol, PEG 400, [bmin]BF4, [bmin]PF4, and H2O are not
suitable for this reaction. Similarly, deep eutectic solvents (DES),30

such as choline chloride-urea, L-(þ)-tartaric acid-choline chloride
were examined and displayed less efficiency (entries 18 and 19).
When the reaction was performed in acetic acid or trifluoroacetic
acid, the target product 5al was obtained in very low yield (entries
20 and 21). Pleasingly, when gluconic acid aqueous solution was
used as the solvent, the reaction yield can be significantly improved
(90%, entry 25). When the amount of gluconic acid aqueous solu-
tion was decreased to 1 ml, the product yield was decreased (61%,
entry 22), but addition of larger amount of gluconic acid aqueous
solution, no further improvement of the product yields was ob-
served (entries 26 and 27).

Our attention was then turned to the possibility of recycling
gluconic acid aqueous solution since the recovery and reuse of the
medium are highly preferable for a greener process. After com-
pletion of the reaction, the reaction mixture was cooled to room
temperature and extracted with ethyl acetate. The recovered glu-
conic acid aqueous solution was then subjected to the next run in
the model reaction. After three recycles, gluconic acid aqueous
solution still showed a high activity and gave the corresponding
product in high yield (Table 1, entry 28). Furthermore, the present
this four-component reaction was easily practicable in a larger
scale. The model reaction was carried out in 10 mmol scale. As
expected, the desired product was obtained in 91% yield after pu-
rification (entry 29), which is comparable to the yield obtained in
small-scale reaction (1 mmol, entry 25). In this process, gluconic
acid aqueous solution plays a dual role as the solvent and catalyst.

With the identification of the optimal reaction conditions as
shown for entry 25 in Table 1, we investigate the scope and limi-
tation of this multicomponent protocol and the typical results are
complied in Table 2. We first examined the reaction of aniline,
acetylacetone and nitromethane with a diverse array of aldehydes.



Table 2
Synthesis of functionalized pyrroles 5 in gluconic acid aqueous solution

Entry Amine Aldehyde R3 Product Time (h) Yield (%)a Mp (�C)

1 PhNH2 PhCHO Me 5a 7.0 87
2 PhNH2 4-CH3C6H4CHO Me 5b 8.0 80 106e107 (105e10717)
3 PhNH2 4-OCH3C6H4CHO Me 5c 13.0 78 Oil
4 PhNH2 4-SCH3C6H4CHO Me 5d 6.0 72 Oil
5 PhNH2 2-FC6H4CHO Me 5e 5.0 91 127e128
6 PhNH2 2-ClC6H4CHO Me 5f 4.5 89 125e126
7 PhNH2 3-ClC6H4CHO Me 5g 5.0 88 Oil
8 PhNH2 4-ClC6H4CHO Me 5h 4.5 86 105e106
9 PhNH2 4-BrC6H4CHO Me 5i 4.5 87 90e92
10 PhNH2 3-NO2C6H4CHO Me 5j 10.0 81 Oil
11 PhNH2 4-NO2C6H4CHO Me 5k 9.0 83 Oil
12 PhNH2 3-CF3C6H4CHO Me 5l 7.0 80 Oil
13 PhNH2 4-CF3C6H4CHO Me 5m 6.5 85 Oil
14 PhNH2 Furan-2-carbaldehyde Me 5n 7.5 63 91e92
15 PhNH2 Thiophene-2-carbaldehyde Me 5o 6.0 70 105e106
16 PhNH2 1-Naphthaldehyde Me 5p 10.0 80 114e115
17 4-OCH3C6H4NH2 PhCHO Me 5q 5.0 90 91e92 (90e9117)
18 4-OEtC6H4NH2 PhCHO Me 5r 3.0 93 89e90
19 3-CH3C6H4NH2 PhCHO Me 5s 4.0 92 126e128
20 4-CH3C6H4NH2 PhCHO Me 5t 4.5 89 109e111
21 3,4-Me2C6H3NH2 PhCHO Me 5u 5.0 92 Oil
22 4-CMe3C6H4NH2 PhCHO Me 5v 5.0 91 148e149
23 3-FC6H4NH2 PhCHO Me 5w 7.0 89 79e80
24 4-FC6H4NH2 PhCHO Me 5x 7.5 90 130e131
25 4-ClC6H4NH2 PhCHO Me 5y 8.5 86 127e128
26 4-BrC6H4NH2 PhCHO Me 5z 12.0 85 141e143
27 4-NO2C6H4NH2 PhCHO Me 5aa 48.0 48 171e172
28 4-CF3C6H4NH2 PhCHO Me 5ab 18.0 80 146e147
29 Naphthalen-1-amine PhCHO Me 5ac 12.0 67 143e144
30 9H-Fluoren-2-amine PhCHO Me 5ad 5.5 89 147e149
31 H2C]CHCH2NH2 PhCHO Me 5ae 3.0 85b Oil
32 PhCH2NH2 PhCHO Me 5af 3.0 82b 87e88
33 (S)-1-Phenylethanamine PhCHO Me 5ag 3.0 80b 129e131
34 PhNH2 PhCHO OMe 5ah 5.5 91 Oil
35 PhNH2 PhCHO OEt 5ai 5.0 92 Oil
36 PhNH2 PhCHO OCH2CH2OMe 5aj 6.0 82 Oil
37 PhNH2 PhCHO OCH2CH]CH2 5ak 6.0 85 Oil
38 4-OCH3C6H4NH2 4-OCH3C6H4CHO Me 5al 5.5 90 136e137 (133e13517)
39 4-OCH3C6H4NH2 Thiophene-2-carbaldehyde Me 5am 7.0 71 Oil

a Isolated yield.
b 0.15 ml GAAS was used.
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In general, benzaldehydes bearing electron-donating and electron-
withdrawing groups, such as alkyl, methoxy, methylthio, fluoro,
chloro, halo, nitro, and trifluoromethyl groups, underwent smooth
conversion to furnish the corresponding pyrroles in high to excel-
lent yields. The electronic effect of the substitutions has little in-
fluence on the reaction times and the yields of the products.
Heteroaryl substrates, such as 2-furaldehyde and 2-
thiophenealdehyde, were also efficiently transformed, affording
the potentially bio-important pyrroles in good yields (Table 2, en-
tries 14 and 15). When the aromatic ring was replaced by a hin-
dered naphthyl group, the desired product 5p was obtained in 80%
yield (Table 2, entry 16). Unfortunately, the aliphatic aldehydes
such as cyclohexanecarbaldehyde, and a,b-unsaturated aldehyde,
such as cinnamaldehyde, are not appropriate starting materials
under these reaction conditions, as the reactions produced a mix-
ture of products along with unreacted starting materials.

With regard to amines, most of the reactions proceeded
smoothly under the optimal conditions. As indicated in Table 2, it
could be concluded that anilines bearing electron-donating groups
required shorter time than electron-withdrawing groups and gave
higher yields. Especially, the challenging substrate 4-nitroaniline
containing a strongly electron-withdrawing functionality worked
effectively in the present system to deliver the product 5aa in 48%
yield (entry 27). This indicated that 4-nitroaniline can be a sub-
strate under this catalytic system in spite of the lower yield. The
same methodology was further extended with 1-naphthalenamine
and the desired product 5ac was isolated in 67% yield (entry 29).
We were pleased to find that under the stated conditions, 9H-flu-
oren-2-amine successfully reacted with benzaldehyde, acetylace-
tone, and nitromethane, furnishing 5ad in 89% yield (entry 30). On
the other hand, aliphatic and benzylic amines reacted slowly as
compared to aryl amines and gave low yields of the products under
the above optimized conditions. Further assessment of the reaction
conditions indicated that 0.15 ml of GAAS was optimal for these
amines and the corresponding products could be obtained in high
yields (entries 31e33).

Theseencouraging results promptedus to expand the scopeof this
reaction with respect to 1,3-dicarbonyl compounds. Various b-
ketoesters, such as methyl acetoacetate, ethyl acetoacetate, 2-
methoxyethyl acetoacetate, and allyl acetoacetate were surveyed for
this reaction. In general, the present method is also equally effective
with b-ketoesters, producing the desired products in high yields
(Table 2, entries 34e37). These successful results clearly indicate that
this procedure is extendable to a wide variety of substrates.

Intrigued by the outcome of this study, we further explored the
potential of this green process for the synthesis of dipyrrole de-
rivative. Treatment of aniline (2 mmol), acetylacetone (2 mmol),
and nitromethane (2 ml) with 1,4-phthalaldehyde (1 mmol) in
gluconic acid aqueous solution (5 ml) was performed to generate
corresponding dipyrrole 6 in 80% yield (Scheme 2).

The structures of the prepared products were identified from
their IR, 1H NMR, 13C NMR spectra, MS, and elemental analysis. The
structure of compound 5y (CCDC 912403) was also established by
single-crystal X-ray crystallographic analysis (Fig. 1).



Scheme 2. Synthesis of dipyrrole 6.

Fig. 1. X-ray crystal structural of compound 5y.
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In accordance with reports from the literature,17e19 a plausible
mechanism for the current gluconic acid aqueous solution-promoted
tandem reactionwas proposed (Scheme3). Both intermediates (Z)-4-
((4-methoxyphenyl)amino)pent-3-en-2-one (A) from 4-methox
yaniline and acetylacetone and (E)-1-methoxy-4-(2-nitrovinyl)ben-
zene (B) from 4-methoxybenzaldehyde and nitromethane were
separated in the reactionprocess.These two intermediates reactedvia
Michael addition31 and followedbycyclizationwith theeliminationof
nitroxyl and H2O to provide the expected product 5al. Though imine
canbe reasonable formedby the reactionof4-methoxyanilinewith4-
methoxybenzaldehyde, it was unstable during the progress of the
reaction and was hydrolyzed back the corresponding amine and al-
dehyde. Additionally, intermediateBwas separately prepared from4-
methoxybenzaldehyde and nitromethane and when a three-
component coupling reaction of nitroolefin (intermediate B), 4-
methoxyaniline, and acetylacetone was performed under same re-
action conditions, the desired product 5al could also be obtained.

Scheme 3. Plausible mechanism for the synthesis of pyrrole derivatives.
3. Conclusion

In conclusion, gluconic acid aqueous solution has been dem-
onstrated for the first time, to be an effective promoting medium
for synthesis of highly functionalized pyrroles through one-pot,
four-component coupling reaction of amines, aldehydes, 1,3-
dicarbonyl compounds, and nitromethane. Mild reaction condi-
tions, wide substrate scope, excellent functional group tolerance,
short reaction time, high yield of products, metal-free as well as the
use of an inexpensive and environmentally benign solvent are the
key advantages of the present method. Further investigations on
the applications of bio-based solvents on other catalytically syn-
thetic reactions are under progress in our group.
4. Experimental

4.1. General information

All chemicals and solvents were commercially available and
used as received without further purification. Melting points were
measured on an X-4 digital melting point apparatus without cor-
rection. IR spectra were recorded in the range 4000e600 cm�1

either as neat for liquid or KBr pellets for solid samples using
a Bruker-TENSOR 27 spectrometer instrument. 1H NMR and 13C
NMR spectra were recorded on Bruker DRX-500 spectrometer at
500 MHz and 125MHz, respectively, using CDCl3 as the solvent and
TMS as an internal standard. Elemental analyses were determined
on a Vario EL III CHNOS elemental analyzer. Mass spectra were
performed on a ThermoFinnigan LCQ Advantage instrument with
an ESI source (4.5 KeV).

4.2. Typical procedure for one-pot synthesis of functionalized
pyrroles 5

The mixture of amine (1 mmol), aldehyde (1 mmol), 1,3-
dicarbonyl compound (1 mmol), and CH3NO2 (1 ml) in gluconic
acid aqueous solution (5 ml or 0.15 ml) was stirred at 100 �C in an
oil-bath. Progress of the reaction was monitored by thin-layer
chromatography. After completion of the reaction, the reaction
mixture was cooled to room temperature and extracted with ethyl
acetate. The obtained organic layer was dried over Na2SO4 and the
solvent was removed under reduced pressure. The residue was
adsorbed on silica gel and purified by flash chromatography using
the mixture of petroleum ether and ethyl acetate as the eluting
solvent to give the pure product.

4.3. Characterization data

4.3.1. 1-(2-Methyl-1,4-diphenyl-1H-pyrrol-3-yl)ethanone (5a).
White solid (239 mg, 87%); IR (KBr): 31, 117, 3057, 2920, 1643, 1498,
1406,1230, 759, 700 cm�1; 1H NMR (CDCl3, 500MHz) d 2.08 (s, 3H),
2.41 (s, 3H), 6.67 (s, 1H), 7.29e7.34 (m, 3H), 7.36e7.38 (m, 4H), 7.42
(t, J¼7.5 Hz,1H), 7.47e7.50 (m, 2H) ppm; 13C NMR (CDCl3, 125 MHz)
d 12.9, 31.1,120.6,122.6,126.2,126.3,126.8,128.1,128.3,129.3,129.3,
135.3, 136.0,138.7, 197.6 ppm; Anal. Calcd for C19H17NO: C, 82.88; H,
6.22; N, 5.09. Found: C, 82.60; H, 6.03; N, 4.91; ESI-MS: m/z¼276
(Mþ1)þ.

4.3.2. 1-(2-Methyl-1-phenyl-5-(p-tolyl)-1H-pyrrol-3-yl)ethanone
(5b). White solid (231 mg, 80%); IR (KBr): 3024, 2922, 1651, 1506,
1417, 1220, 825, 756, 702 cm�1; 1H NMR (CDCl3, 500 MHz) d 2.08 (s,
3H), 2.38 (s, 3H), 3.40 (s, 3H), 6.65 (s, 1H), 7.19 (d, J¼8.0 Hz, 2H), 7.27
(d, J¼8.0 Hz, 2H), 7.32e7.33 (m, 2H), 7.42 (t, J¼8.0 Hz, 1H), 7.49 (t,
J¼7.5 Hz, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 13.0, 21.2, 31.1,
120.5, 122.6, 126.2, 126.3, 128.1, 129.0, 129.2, 129.3, 133.0, 135.2,
136.5, 138.8, 197.8 ppm; Anal. Calcd for C20H19NO: C, 83.01; H, 6.62;
N, 4.84. Found: C, 82.92; H, 6.46; N, 5.02; ESI-MS:m/z¼290 (Mþ1)þ.

4.3.3. 1-(4-(4-Methoxyphenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5c). Yellow sticky liquid (238 mg, 78%); IR (neat): 2995,
2835, 1647, 1518, 1400, 1246, 835, 769, 698 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.07 (s, 3H), 2.40 (s, 3H), 3.84 (s, 3H), 6.63 (s, 1H), 6.93
(d, J¼8.0 Hz, 2H), 7.28e7.33 (m, 4H), 7.42 (t, J¼7.5 Hz, 1H), 7.49 (t,
J¼7.5 Hz, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.7, 30.8, 55.0,
113.5,120.2, 122.3,125.7, 126.0,127.8, 128.1,129.1,130.1, 134.9,138.5,
158.4, 197.4 ppm; Anal. Calcd for C20H19NO2: C, 78.66; H, 6.27; N,
4.59. Found: C, 78.85; H, 6.46; N, 4.40; ESI-MS: m/z¼306 (Mþ1)þ.

4.3.4. 1-(2-Methyl-5-(5-(methylthio)phenyl)-1-phenyl-1H-pyrrol-3-
yl)ethanone (5d). Brown sticky liquid (231 mg, 72%); IR (neat):
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2982, 2922, 1653, 1498, 1410, 1242, 827, 765, 698 cm�1; 1H NMR
(CDCl3, 500MHz) d 2.10 (s, 3H), 2.40 (s, 3H), 2.51 (s, 3H), 6.65 (s,1H),
7.28e7.33 (m, 6H), 7.42 (t, J¼7.5 Hz, 1H), 7.49 (t, J¼7.5 Hz, 2H) ppm;
13C NMR (CDCl3, 125 MHz) d 12.9, 15.8, 31.1, 120.6, 122.5, 125.7,
126.2, 126.4, 128.1, 129.3, 129.7, 132.8, 135.3, 136.9, 138.7, 197.5 ppm;
Anal. Calcd for C20H19NOS: C, 74.73; H, 5.96; N, 4.36. Found: C,
74.90; H, 6.13; N, 4.55; ESI-MS: m/z¼322 (Mþ1)þ.

4.3.5. 1-(4-(2-Fluorophenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5e). White solid (267 mg, 91%); IR (KBr): 3117, 3064,
2922, 1643, 1504, 1406, 1232, 1213, 759, 698 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.11 (s, 3H), 2.43 (s, 3H), 6.72 (s, 1H), 7.11e7.18 (m, 2H),
7.31e7.38 (m, 5H), 7.43 (t, J¼7.5 Hz, 1H), 7.32e7.33 (m, 2H), 7.42 (t,
J¼8.0 Hz, 2H), 7.49 (t, J¼7.5 Hz, 2H) ppm; 13C NMR (CDCl3, 125MHz)
d 13.0, 30.0, 115.6 (d, 2JCF¼22.2 Hz), 118.8, 121.5, 122.7, 123.8, 123.9,
124.1, 124.1, 126.2, 128.2, 128.8 (d, 3JCF¼8.0 Hz), 129.4, 131.6 (d,
4JCF¼3.2 Hz), 135.4, 138.6, 161.0 (d, 1JCF¼244.1 Hz), 197.8 ppm; Anal.
Calcd for C19H16FNO: C, 77.80; H, 5.50; N, 4.77. Found: C, 77.98; H,
5.32; N, 4.95; ESI-MS: m/z¼294 (Mþ1)þ.

4.3.6. 1-(4-(2-Chlorophenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5f). White solid (275 mg, 89%); IR (KBr): 3120, 3063,
2920, 1647, 1502, 1410, 1230, 1051, 758, 696 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.11 (s, 3H), 2.40 (s, 3H), 6.68 (s, 1H), 7.27e7.28 (m, 2H),
7.29e7.30 (m, 2H), 7.38e7.40 (m, 1H), 7.42 (t, J¼7.5 Hz, 1H),
7.45e7.50 (m, 3H) ppm; 13C NMR (CDCl3, 125 MHz) d 13.2, 30.0,
121.2, 122.5, 122.8, 126.2, 126.6, 128.1, 128.6, 129.3, 129.5, 132.0,
134.4, 135.4, 135.4, 138.6, 196.5 ppm; Anal. Calcd for C19H16ClNO: C,
73.66; H, 5.21; N, 4.52. Found: C, 73.85; H, 5.03; N, 4.70; ESI-MS:m/
z¼310 (Mþ1)þ.

4.3.7. 1-(4-(3-Chlorophenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5g). Colorless sticky liquid (272 mg, 88%); IR (neat):
3128, 3057, 2922, 1647, 1516, 1406, 1224, 1076, 802, 767, 696 cm�1;
1H NMR (CDCl3, 500 MHz) d 2.11 (s, 3H), 2.40 (s, 3H), 6.68 (s, 1H),
7.24e7.33 (m, 5H), 7.39 (s, 1H), 7.43 (t, J¼7.5 Hz, 1H), 7.49 (t,
J¼7.5 Hz, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.1, 120.9,
122.5, 124.8, 126.2, 126.8, 127.5, 128.3, 129.1, 129.5, 129.5, 134.1,
135.5, 137.9, 138.5, 197.1 ppm; Anal. Calcd for C19H16ClNO: C, 73.66;
H, 5.21; N, 4.52. Found: C, 73.83; H, 5.05; N, 4.71; ESI-MS: m/z¼310
(Mþ1)þ.

4.3.8. 1-(4-(4-Chlorophenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5h). White solid (266 mg, 86%); IR (KBr): 3117, 3047,
2922, 1647, 1500, 1410, 1087, 837, 767, 700 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.09 (s, 3H), 2.39 (s, 3H), 6.66 (s, 1H), 7.30e7.36 (m, 6H),
7.43 (t, J¼7.5 Hz, 1H), 7.49 (t, J¼7.5 Hz, 2H) ppm; 13C NMR (CDCl3,
125 MHz) d 12.9, 31.1, 120.7, 122.5, 125.0, 126.2, 128.2, 128.4, 129.5,
130.5, 132.7, 134.5, 135.5, 137.9, 138.6, 197.1 ppm; Anal. Calcd for
C19H16ClNO: C, 73.66; H, 5.21; N, 4.52. Found: C, 73.80; H, 5.01; N,
4.69; ESI-MS: m/z¼310 (Mþ1)þ.

4.3.9. 1-(4-(4-Bromophenyl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)
ethanone (5i). White solid (307 mg, 87%); IR (KBr): 3040, 2922,
1647, 1506, 1408, 1228, 835, 765, 700 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.10 (s, 3H), 2.39 (s, 3H), 6.66 (s, 1H), 7.25 (d, J¼7.5 Hz,
2H), 7.32 (d, J¼7.5 Hz, 2H), 7.43 (t, J¼7.5 Hz, 1H), 7.48e7.51 (m, 5H)
ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.2, 120.7, 120.8, 122.5,
125.0,126.2, 128.2, 129.5, 130.8, 131.5, 135.0, 135.5, 138.6, 197.1 ppm;
Anal. Calcd for C19H16BrNO: C, 64.42; H, 4.55; N, 3.95. Found: C,
64.60; H, 4.37; N, 4.13; ESI-MS: m/z¼355 (Mþ1)þ.

4.3.10. 1-(2-Methyl-4-(3-nitrophenyl)-1-phenyl-1H-pyrrol-3-yl)
ethanone (5j). Brown sticky liquid (259 mg, 81%); IR (neat): 3080,
2922, 1647, 1560, 1506, 1400, 1340, 1224, 869, 765, 698 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.15 (s, 3H), 2.42 (s, 3H), 6.76 (s, 1H),
7.33e7.35 (m, 2H), 7.46 (t, J¼7.5 Hz, 1H), 7.50e7.56 (m, 3H), 7.70 (d,
J¼8.0 Hz, 1H), 8.16 (d, J¼8.0 Hz, 1H), 8.27 (t, J¼6.0 Hz, 2H) ppm; 13C
NMR (CDCl3, 125 MHz) d 13.0, 31.2, 121.5, 121.6, 122.3, 123.6, 123.9,
126.3, 128.5, 129.0, 129.5, 135.4, 136.0, 137.8, 138.3, 148.2,
196.7 ppm; Anal. Calcd for C19H16N2O3: C, 71.24; H, 5.03; N, 8.74.
Found: C, 71.42; H, 4.85; N, 8.93; ESI-MS: m/z¼321 (Mþ1)þ.

4.3.11. 1-(2-Methyl-5-(5-nitrophenyl)-1-phenyl-1H-pyrrol-3-yl)
ethanone (5k). Brown sticky liquid (266 mg, 83%); IR (neat): 3132,
2922, 1653, 1541, 1516, 1419, 1340, 1224, 854, 752, 696 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.18 (s, 3H), 2.39 (s, 3H), 6.77 (s, 1H), 7.33
(d, J¼8.0 Hz, 2H), 7.46 (t, J¼7.5 Hz, 1H), 7.50e7.55 (m, 3H), 8.25 (d,
J¼8.0 Hz, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.2, 121.7,
122.5, 123.6, 125.1, 126.2, 128.6, 129.5, 129.5, 136.1, 138.3, 153.0,
156.5, 196.7 ppm; Anal. Calcd for C19H16N2O3: C, 71.24; H, 5.03; N,
8.74. Found: C, 71.40; H, 4.86; N, 8.95; ESI-MS: m/z¼321 (Mþ1)þ.

4.3.12. 1-(2-Methyl-1-phenyl-4-(3-(trifluoromethyl)phenyl)-1H-pyr-
rol-3-yl)ethanone (5l). Yellow sticky liquid (274 mg, 80%); IR (neat):
3126, 3076, 2924, 1654, 1519, 1408, 1325, 1224, 1122, 813, 767,
696 cm�1; 1H NMR (CDCl3, 500MHz) d 2.09 (s, 3H), 2.41 (s, 3H), 6.72
(s, 1H), 7.33 (d, J¼7.0 Hz, 2H), 7.45 (t, J¼7.5 Hz, 1H), 7.48e7.51 (m,
3H), 7.56 (d, J¼8.0 Hz, 2H), 7.66 (s, 1H) ppm; 13C NMR (CDCl3,
125 MHz) d 12.9, 31.1, 121.1, 122.4, 124.2 (q, 1JFC¼270.7 Hz), 123.4 (q,
3JFC¼4.0 Hz), 124.8, 125.8 (q, 3JFC¼4.0 Hz), 126.2, 128.3, 128.7, 129.4,
130.7 (q, 2JFC¼32.1 Hz), 132.6, 135.8, 136.8, 138.5, 196.8 ppm; Anal.
Calcd for C20H16F3NO: C, 69.96; H, 4.70; N, 4.08. Found: C, 70.15; H,
4.86; N, 3.90; ESI-MS: m/z¼344 (Mþ1)þ.

4.3.13. 1-(2-Methyl-1-phenyl-5-(5-(trifluoromethyl)phenyl)-1H-pyr-
rol-3-yl)ethanone (5m). Yellow sticky liquid (292 mg, 85%); IR
(neat): 3049, 2929, 1654, 1502, 1417, 1325, 1224, 1124, 848, 769,
698 cm�1; 1H NMR (CDCl3, 500MHz) d 2.12 (s, 3H), 2.40 (s, 3H), 6.71
(s, 1H), 7.33 (d, J¼8.0 Hz, 2H), 7.45 (t, J¼7.5 Hz, 1H), 7.48e7.51 (m,
5H), 7.63 (d, J¼8.0 Hz, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9,
31.2, 121.1, 122.5, 124.2 (q, 1JFC¼270.2 Hz), 124.8, 125.2 (q,
3JFC¼3.6 Hz),128.3,128.8 (q, 2JFC¼32.0 Hz), 129.3,129.4,135.7, 138.5,
139.8197.0 ppm; Anal. Calcd for C20H16F3NO: C, 69.96; H, 4.70; N,
4.08. Found: C, 70.13; H, 4.90; N, 3.91; ESI-MS: m/z¼344 (Mþ1)þ.

4.3.14. 1-(4-(Furan-2-yl)-2-methyl-1-phenyl-1H-pyrrol-3-yl)etha-
none (5n). White solid (167 mg, 63%); IR (KBr): 3120, 2982, 2926,
1647, 1498, 1410, 1240, 1049, 952, 769 cm�1; 1H NMR (CDCl3,
500MHz) d 2.22 (s, 3H), 2.40 (s, 3H), 6.43e6.45 (m, 2H), 6.85 (s, 1H),
7.30 (d, J¼7.5 Hz, 2H), 7.44 (t, J¼7.5 Hz, 1H), 7.47e7.50 (m, 3H) ppm;
13C NMR (CDCl3, 125 MHz) d 13.0, 29.9, 107.9, 111.1, 115.3, 121.7,
121.8, 126.3, 128.3, 129.4, 135.8, 138.5, 141.7, 148.8, 196.6 ppm; Anal.
Calcd for C17H15NO2: C, 76.96; H, 5.70; N, 5.28. Found: C, 77.15; H,
5.90; N, 5.45; ESI-MS: m/z¼266 (Mþ1)þ.

4.3.15. 1-(2-Methyl-1-phenyl-4-(thiophen-2-yl)-1H-pyrrol-3-yl)
ethanone (5o). Yellow solid (197 mg, 70%); IR (KBr): 3113, 3051,
2926, 1653, 1506, 1406, 1234, 831, 771, 702 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.18 (s, 3H), 2.40 (s, 3H), 6.76 (s, 1H), 7.02 (s, 1H),
7.05e7.06 (m, 1H), 7.28 (d, J¼5.0 Hz, 1H), 7.31 (d, J¼8.0 Hz, 2H), 7.43
(t, J¼7.0 Hz, 1H), 7.49 (t, J¼7.5 Hz, 2H), ppm; 13C NMR (CDCl3,
125 MHz) d 13.0, 30.6, 117.7, 122.0, 122.9, 125.0, 126.2, 127.0, 127.2,
128.3, 129.4, 135.6, 136.8, 138.4, 159.5, 197.0 ppm; Anal. Calcd for
C17H15NOS: C, 72.57; H, 5.37; N, 4.98. Found: C, 72.40; H, 5.56; N,
5.17; ESI-MS: m/z¼282 (Mþ1)þ.

4.3.16. 1-(2-Methyl-5-(naphthalen-1-yl)-1-phenyl-1H-pyrrol-3-yl)
ethanone (5p). White solid (260 mg, 80%); IR (KBr): 3111, 3034,
2914, 1653, 1504, 1398, 1238, 802, 767, 698 cm�1; 1H NMR (CDCl3,
500 MHz) d 1.71 (s, 3H), 2.54 (s, 3H), 6.74 (s, 1H), 7.39e7.52 (m, 9H),
7.86 (t, J¼5.0 Hz, 1H), 7.88 (d, J¼8.0 Hz, 1H), 7.95 (d, J¼8.0 Hz, 1H)
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ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.1, 118.8, 119.6, 120.7,
122.5, 124.1, 126.2, 126.8, 127.7, 128.3, 129.3, 130.0, 133.5, 135.5,
136.0,156.3,157.4,197.6 ppm; Anal. Calcd for C23H19NO: C, 84.89; H,
5.89; N, 4.30. Found: C, 85.06; H, 6.03; N, 4.18; ESI-MS: m/z¼326
(Mþ1)þ.

4.3.17. 1-(1-(4-Methoxyphenyl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5q). Yellow solid (275 mg, 90%); IR (KBr): 3109, 3009,
2835, 1653, 1508, 1386, 1222, 837, 773, 705 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.07 (s, 3H), 2.38 (s, 3H), 3.86 (s, 3H), 6.63 (s, 1H), 6.98
(d, J¼9.0 Hz, 2H), 7.24 (d, J¼9.0 Hz, 2H), 7.28e7.33 (m, 1H),
7.37e7.38 (m, 4H) ppm; 13C NMR (CDCl3, 125MHz) d 12.8, 31.1, 55.5,
114.4, 120.8, 122.2, 126.0, 126.7, 127.4, 128.2, 129.3, 131.6, 135.6,
136.1,159.2,197.6 ppm; Anal. Calcd for C20H19NO2: C, 78.66; H, 6.27;
N, 4.59. Found: C, 78.85; H, 6.44; N, 4.30; ESI-MS:m/z¼306 (Mþ1)þ.

4.3.18. 1-(1-(4-Ethoxyphenyl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5r). Yellow solid (297 mg, 93%); IR (KBr): 3117, 3038,
2924, 1649, 1506, 1408, 1249, 1228, 842, 767, 702 cm�1; 1H NMR
(CDCl3, 500 MHz) d 1.45 (t, J¼7.0 Hz, 3H), 2.07 (s, 3H), 2.37 (s, 3H),
4.08 (q, J¼7.0 Hz, 2H), 6.62 (s, 1H), 6.97 (d, J¼8.0 Hz, 2H), 7.22 (d,
J¼8.0 Hz, 2H), 7.28e7.38 (m, 5H) ppm; 13C NMR (CDCl3, 125 MHz)
d 12.7, 14.7, 31.0, 63.7, 114.8, 120.8, 122.1, 125.9, 126.6, 127.3, 128.2,
129.2, 131.3, 135.6, 136.0, 158.6, 197.5 ppm; Anal. Calcd for
C21H21NO2: C, 78.97; H, 6.63; N, 4.39. Found: C, 79.15; H, 6.81; N,
4.10; ESI-MS: m/z¼320 (Mþ1)þ.

4.3.19. 1-(2-Methyl-4-phenyl-1-(m-tolyl)-1H-pyrrol-3-yl)ethanone
(5s). White solid (266 mg, 92%); IR: 3105, 3072, 2924, 1647, 1500,
1394, 1238, 794, 702 cm�1; 1H NMR (CDCl3, 500MHz) d 2.07 (s, 3H),
2.40 (s, 3H), 2.41 (s, 3H), 6.65 (s, 1H), 7.11e7.15 (m, 2H), 7.22 (t,
J¼7.5 Hz, 1H), 7.29e7.37 (m, 6H) ppm; 13C NMR (CDCl3, 125 MHz)
d 12.9, 21.3, 31.1, 120.6, 122.5, 123.3, 126.2, 126.8, 126.8, 128.3, 128.9,
129.1, 129.3, 135.3, 136.1, 138.7, 139.4, 197.5 ppm; Anal. Calcd for
C20H19NO: C, 83.01; H, 6.62; N, 4.84. Found: C, 82.83; H, 6.80; N,
4.66; ESI-MS: m/z¼290 (Mþ1)þ.

4.3.20. 1-(2-Methyl-4-phenyl-1-(p-tolyl)-1H-pyrrol-3-yl)ethanone
(5t). White solid (257 mg, 89%); IR (KBr): 3111, 3034, 2918, 1645,
1516, 1502, 1406, 1230, 821, 769, 704 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.07 (s, 3H), 2.39 (s, 3H), 2.42 (s, 3H), 6.64 (s, 1H), 7.21
(d, J¼8.5 Hz, 2H), 7.28 (d, J¼8.5 Hz, 2H), 7.31 (q, J¼5.0 Hz, 1H),
7.37e7.38 (m, 5H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 21.1,
31.1, 120.7, 122.5, 126.0, 126.1, 126.8, 128.3, 129.3, 129.9, 135.4, 136.1,
136.2, 138.1, 197.6 ppm; Anal. Calcd for C20H19NO: C, 83.01; H,
6.62; N, 4.84. Found: C, 82.80; H, 6.78; N, 4.65; ESI-MS: m/z¼290
(Mþ1)þ.

4.3.21. 1-(1-(3,4-Dimethylphenyl)-2-methyl-4-phenyl-1H-pyrrol-3-
yl)ethanone (5u). Yellow orange sticky liquid (279 mg, 92%); IR
(neat): 3120, 3053, 2920, 1643, 1506, 1417, 1240, 763, 696 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.07 (s, 3H), 2.31 (s, 6H), 2.39 (s, 3H), 6.63
(s, 1H), 7.05 (d, J¼8.0 Hz, 1H), 7.10 (s, 1H), 7.22 (d, J¼8.0 Hz, 1H), 7.30
(s, 1H), 7.35e7.37 (m, 5H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9,
19.4, 19.8, 31.1, 120.7, 122.3, 123.5, 126.1, 126.7, 127.2, 128.3, 129.4,
133.0, 135.5, 136.2, 136.4, 136.7, 197.4 ppm; Anal. Calcd for
C21H21NO: C, 83.13; H, 6.98; N, 4.62. Found: C, 82.95; H, 7.16; N,
4.80; ESI-MS: m/z¼304 (Mþ1)þ.

4.3.22. 1-(1-(5-(tert-Butyl)phenyl)-2-methyl-5-phenyl-1H-pyrrol-3-
yl)ethanone (5v). White solid (301 mg, 91%); IR (KBr): 2955, 1656,
1512, 1406, 1220, 842, 752, 700 cm�1; 1H NMR (CDCl3, 500 MHz)
d 1.37 (s, 9H), 2.07 (s, 3H), 2.51 (s, 3H), 6.65 (s, 1H), 7.25 (d, J¼8.5 Hz,
2 H), 7.28e7.33 (m, 1H), 7.37e7.38 (m, 4H), 7.59 (d, J¼8.5 Hz, 2 H)
ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.1, 31.3, 34.7, 120.7, 122.4,
125.7, 126.1, 126.2, 126.7, 128.2, 129.3, 135.4, 136.1, 136.1, 151.2,
197.6 ppm; Anal. Calcd for C23H25NO: C, 83.34; H, 7.60; N, 4.23.
Found: C, 83.05; H, 7.78; N, 4.06; ESI-MS: m/z¼332 (Mþ1)þ.

4.3.23. 1-(1-(3-Fluorophenyl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5w). White solid (261mg, 89%); IR (KBr): 3122, 2922,1645,
1506, 1404, 1253, 1190, 763, 696 cm�1; 1H NMR (CDCl3, 500 MHz)
d 2.06 (s, 3H), 2.42 (s, 3H), 6.67 (s,1H), 7.08 (d, J¼9.0 Hz,1H), 7.14e7.15
(m, 2H), 7.31e7.33 (m, 1H), 7.36e7.40 (m, 4H), 7.46 (q, J¼7.5 Hz, 1H)
ppm; 13C NMR (CDCl3, 125 MHz) d 12.8, 31.1, 113.8 (d, 2JCF¼23.3 Hz),
115.1, 115.2, 120.3, 121.9 (d, 4JCF¼3.1 Hz), 122.9, 126.6, 126.9, 128.3,
129.2, 130.5 (d, 3JCF¼9.0 Hz), 135.0, 135.7, 140.1, 140.2, 162.7 (d,
1JCF¼247.3Hz),197.6ppm;Anal.Calcd forC19H16FNO:C,77.80;H, 5.50;
N, 4.77. Found: C, 77.62; H, 5.68; N, 4.95; ESI-MS:m/z¼294 (Mþ1)þ.

4.3.24. 1-(1-(4-Fluorophenyl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5x). White solid (264mg, 90%); IR (KBr): 3080, 2922,1647,
1512, 1415, 1219, 842, 722 cm�1; 1H NMR (CDCl3, 500 MHz) d 2.06 (s,
3H), 2.38 (s, 3H), 6.62 (s, 1H), 7.16 (t, J¼8.0 Hz, 2H), 7.28e7.31 (m, 3H),
7.36e7.37 (m,4H)ppm; 13CNMR(CDCl3,125MHz)d12.7, 31.1,116.3 (d,
2JCF¼22.7 Hz), 120.6, 122.6, 126.4, 126.9, 128.0 (d, 3JCF¼8.3 Hz), 128.3,
129.3, 134.8 (d, 4JCF¼2.8 Hz), 135.3, 135.8, 162.0 (d, 1JCF¼247.1 Hz),
197.5ppm;Anal. Calcd forC19H16FNO:C, 77.80;H, 5.50;N, 4.77. Found:
C, 77.65; H, 5.32; N, 4.60; ESI-MS: m/z¼294 (Mþ1)þ.

4.3.25. 1-(1-(5-Chlorophenyl)-2-methyl-5-phenyl-1H-pyrrol-3-yl)
ethanone (5y). Yellowsolid (266mg, 86%); IR (KBr): 3111, 3080, 2922,
1647,1496,1410,1228, 840, 767, 704 cm�1; 1HNMR (CDCl3, 500MHz)
d2.06 (s, 3H), 2.39 (s, 3H), 6.64 (s,1H), 7.27 (d, J¼8.5Hz, 2H), 7.31e7.40
(m, 5H), 7.46 (d, J¼8.5 Hz, 2H) ppm; 13C NMR (CDCl3,125MHz) d 12.8,
31.1, 120.4, 122.8, 126.6, 126.9, 127.4, 128.3, 129.3, 129.6, 134.0, 135.1,
135.7, 137.2, 197.6 ppm; Anal. Calcd for C19H16ClNO: C, 73.66; H, 5.21;
N, 4.52. Found: C, 73.85; H, 5.40; N, 4.36; ESI-MS:m/z¼310 (Mþ1)þ.

4.3.26. 1-(1-(4-Bromophenyl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5z). White solid (318 mg, 90%); IR (KBr): 3109, 3078,
2920, 1647, 1506, 1491, 1408, 1228, 840, 767, 704 cm�1; 1H NMR
(CDCl3, 500 MHz) d 2.06 (s, 3H), 2.39 (s, 3H), 6.63 (s, 1H), 7.21 (d,
J¼8.0 Hz, 2H), 7.31e7.39 (m, 5H), 7.61 (d, J¼8.0 Hz, 2H) ppm; 13C
NMR (CDCl3, 125 MHz) d 12.8, 31.1, 120.3, 122.0, 122.9, 126.6, 126.9,
127.8, 128.3, 129.3, 132.6, 135.0, 135.7, 137.7, 197.5 ppm; Anal. Calcd
for C19H16BrNO: CC, 64.42; H, 4.55; N, 3.95. Found: C, 64.60; H, 4.73;
N, 4.12; ESI-MS: m/z¼355 (Mþ1)þ.

4.3.27. 1-(2-Methyl-1-(4-nitrophenyl)-4-phenyl-1H-pyrrol-3-yl)
ethanone (5aa). Yellow solid (154 mg, 48%); IR (KBr): 3119, 3086,
2924, 1643, 1595, 1508, 1402, 1342, 1232, 868, 763, 698 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.07 (s, 3H), 2.46 (s, 3H), 6.72 (s, 1H),
7.33e7.42 (m, 5H), 7.54 (d, J¼8.0 Hz, 2H), 8.39 (d, J¼8.0 Hz, 2H)
ppm; 13C NMR (CDCl3, 125 MHz) d 13.0, 31.1, 119.9, 124.0, 125.0,
126.5,127.2,127.5,128.4,129.2,134.6,135.2,144.0,146.8,197.6 ppm;
Anal. Calcd for C19H16N2O3: C, 71.24; H, 5.03; N, 8.74. Found: C,
71.06; H, 4.85; N, 8.93; ESI-MS: m/z¼321 (Mþ1)þ.

4.3.28. 1-(2-Methyl-4-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-pyr-
rol-3-yl)ethanone (5ab). Yellow solid (274mg, 80%); IR: 3080, 3030,
2931, 1647, 1508, 1404, 1323, 1230, 852, 771, 705 cm�1; 1H NMR
(CDCl3, 500 MHz) d 2.06 (s, 3H), 2.43 (s, 3H), 6.68 (s, 1H), 7.31e7.35
(m, 1H), 7.36e7.40 (m, 5H), 7.48 (d, J¼8.0 Hz, 2H), 7.77 (d, J¼8.0 Hz,
2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.1, 120.2, 123.3, 123.8
(q, 1JFC¼270.7 Hz), 126.4, 126.6 (q, 3JFC¼3.6 Hz), 127.0, 127.0, 128.4,
129.2, 128.8 (q, 2JFC¼33.0 Hz), 134.9, 135.6, 141.7, 197.5 ppm; Anal.
Calcd for C20H16F3NO: C, 69.96; H, 4.70; N, 4.08. Found: C, 70.15; H,
4.88; N, 3.91; ESI-MS: m/z¼344 (Mþ1)þ.

4.3.29. 1-(2-Methyl-1-(naphthalen-1-yl)-4-phenyl-1H-pyrrol-3-yl)
ethanone (5ac). White solid (218 mg, 67%); IR: 3109, 2920, 1647,
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1506, 1440, 1257, 1234, 1126, 950, 806, 777 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.15 (s, 3H), 2.22 (s, 3H), 6.71 (s, 1H), 7.32 (t, J¼7.5 Hz,
1H), 7.38e7.48 (m, 6H), 7.50e7.58 (m, 3H), 7.96 (t, J¼9.0 Hz, 2H)
ppm; 13C NMR (CDCl3, 125 MHz) d 12.4, 31.2, 121.7, 121.8, 122.9,
125.2, 125.3, 126.1, 126.8, 126.9, 127.6, 128.2, 128.3, 129.3, 129.4,
130.6,134.1,135.3,136.1,137.0,197.7 ppm; Anal. Calcd for C23H19NO:
C, 84.89; H, 5.89; N, 4.30. Found: C, 85.06; H, 6.08; N, 4.12; ESI-MS:
m/z¼326 (Mþ1)þ.

4.3.30. 1-(1-(9H-Fluoren-2-yl)-2-methyl-4-phenyl-1H-pyrrol-3-yl)
ethanone (5ad). White solid (323 mg, 89%); IR (KBr): 3055, 2916,
1651, 1512, 1404, 1238, 771, 732 cm�1; 1H NMR (CDCl3, 500 MHz)
d 2.09 (s, 3H), 2.44 (s, 3H), 3.97 (s, 2H), 6.72 (s, 1H), 7.30e7.43 (m,
8H), 7.50 (s, 1H), 7.58 (d, J¼7.5 Hz,1H), 7.82 (d, J¼7.5 Hz,1H), 7.86 (d,
J¼7.5 Hz, 1H) ppm; 13C NMR (CDCl3, 125 MHz) d 13.1, 31.2, 36.9,
120.2, 120.3, 120.8, 122.5, 123.0, 125.0, 125.2, 126.3, 126.8, 127.1,
127.3, 128.3, 129.4, 135.5, 136.1, 137.2, 140.5, 141.7, 143.4, 145.3,
197.6 ppm; Anal. Calcd for C26H21NO: C, 85.92; H, 5.82; N, 3.85.
Found: C, 86.10; H, 6.01; N, 4.03; ESI-MS: m/z¼364 (Mþ1)þ.

4.3.31. 1-(1-Allyl-2-methyl-4-phenyl-1H-pyrrol-3-yl)ethanone
(5ae). Yellow sticky liquid (203 mg, 85%); IR (neat): 3080, 2926,
1734, 1645, 1506, 1410, 1280, 1242, 756, 704 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.01 (s, 3H), 2.46 (s, 3H), 4.45 (d, J¼5.0 Hz, 2H), 5.04 (d,
J¼17.0 Hz, 1H), 5.23 (d, J¼10.0 Hz, 1H), 5.89e5.97 (m, 1H), 6.49 (s,
1H), 7.27e7.37 (m, 5H) ppm; 13C NMR (CDCl3, 125 MHz) d 11.3, 31.0,
48.9, 117.5, 119.6, 121.8, 125.7, 126.6, 128.2, 129.3, 132.9, 134.9, 136.4,
197.4 ppm; Anal. Calcd for C16H17NO: C, 80.30; H, 7.16; N, 5.85.
Found: C, 80.13; H, 6.98; N, 6.04; ESI-MS: m/z¼240 (Mþ1)þ.

4.3.32. 1-(1-Benzyl-2-methyl-4-phenyl-1H-pyrrol-3-yl)ethanone
(5af). White solid (237 mg, 82%); IR (KBr): 3080, 2931, 1645, 1508,
1415, 1354, 1276, 1180, 759, 705 cm�1; 1H NMR (CDCl3, 500 MHz)
d 2.03 (s, 3H), 2.43 (s, 3H), 5.06 (s, 2H), 6.54 (s, 1H), 7.09 (d, J¼7.5 Hz,
2H), 7.27e7.37 (m, 8H) ppm; 13C NMR (CDCl3, 125 MHz) d 11.6, 31.1,
50.3, 120.1, 122.1, 125.9, 126.7, 127.8, 128.2, 128.9, 129.4, 135.1, 136.3,
136.6, 197.4 ppm; Anal. Calcd for C20H19NO: C, 83.01; H, 6.62; N,
4.84. Found: C, 82.92; H, 6.80; N, 5.03; ESI-MS: m/z¼290 (Mþ1)þ.

4.3.33. (R)-1-(2-Methyl-5-phenyl-1-(1-phenylethyl)-1H-pyrrol-3-yl)
ethanone (5ag). White solid (242 mg, 80%); IR (KBr): 3136, 3028,
1643, 1508, 1402, 1220, 761, 702 cm�1; 1H NMR (CDCl3, 500 MHz)
d 1.82 (d, J¼7.1 Hz, 3H), 2.03 (s, 3H), 2.40 (s, 3H), 5.37 (q, J¼7.0 Hz,
1 H), 6.67 (s, 1H), 7.09 (d, J¼7.5 Hz, 2H), 7.28e7.35 (m, 7H) ppm; 13C
NMR (CDCl3, 75 MHz) d 11.5, 22.1, 31.1, 54.9, 116.6, 121.9, 125.6,
125.9,126.6, 127.6, 128.2,128.8, 129.3,135.0, 136.5,141.9, 197.9 ppm;
Anal. Calcd for C21H21NO: C, 83.13; H, 6.98; N, 4.62. Found: C, 82.94;
H, 7.15; N, 4.80; ESI-MS: m/z¼304 (Mþ1)þ.

4.3.34. Methyl 2-methyl-1,4-diphenyl-1H-pyrrole-3-carboxylate
(5ah). Yellow sticky liquid (265 mg, 91%); IR (neat): 3057, 2914,
1699, 1506, 1420, 1224, 750, 696 cm�1; 1H NMR (CDCl3, 500 MHz)
d 2.45 (s, 3H), 3.70 (s, 3H), 6.71 (s, 1H), 7.26e7.28 (m, 1H), 7.31e7.36
(m, 5H), 7.51e7.53 (m, 3H), 7.57e7.50 (m, 2H) ppm; 13C NMR (CDCl3,
125 MHz) d 12.8, 50.6, 111.4, 121.0, 126.3, 126.6, 127.7, 128.1, 129.1,
129.4, 135.5, 136.8, 138.9, 166.3 ppm; Anal. Calcd for C19H17NO2: C,
78.33; H, 5.88; N, 4.81. Found: C, 78.50; H, 6.06; N, 4.62; ESI-MS:m/
z¼292 (Mþ1)þ.

4.3.35. Ethyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-carboxylate
(5ai). Yellow sticky liquid (281 mg, 92%); IR (neat): 3055, 2980,
1695, 1597, 1519, 1384, 1224, 752 cm�1; 1H NMR (CDCl3, 500 MHz)
d 1.14 (t, J¼7.0 Hz, 3H), 2.45 (s, 3H), 4.18 (q, J¼7.0 Hz, 2H), 6.71 (s,
1H), 7.25e7.27 (m, 1H), 7.32e7.35 (m, 5H), 7.40e7.43 (m, 3H),
7.47e7.50 (m, 2H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.7, 14.1, 59.5,
111.8, 120.9, 126.3, 126.7, 127.6, 128.1, 129.3, 129.4, 135.6, 136.6,
139.0, 165.8 ppm; Anal. Calcd for C20H19NO2: C, 78.66; H, 6.27; N,
4.59. Found: C, 78.85; H, 6.08; N, 4.40; ESI-MS: m/z¼306 (Mþ1)þ.

4.3.36. 2-Methoxyethyl 2-methyl-1,4-diphenyl-1H-pyrrole-3-
carboxylate (5aj). Yellow sticky liquid (275 mg, 82%); IR (neat):
3055, 2928, 1695, 1519, 1420, 1222, 752, 698 cm�1; 1H NMR (CDCl3,
500 MHz) d 2.476 (s, 3H), 3.24 (s, 3H), 3.47 (t, J¼5.0 Hz, 2H), 4.27 (t,
J¼5.0 Hz, 2H), 6.70 (s, 1H), 7.26e7.28 (m, 1H), 7.31e7.35 (m, 5H),
7.40e7.45 (m, 3H), 7.47e7.50 (m, 2H)ppm; 13CNMR (CDCl3,125MHz)
d 12.8, 58.7, 62.6, 70.4, 111.4, 121.0, 126.8, 127.6, 128.1, 129.4, 135.6,
136.9, 138.9, 165.6 ppm; Anal. Calcd for C21H21NO3: C, 75.20; H, 6.31;
N, 4.18. Found: C, 75.38; H, 6.15; N, 3.99; ESI-MS:m/z¼336 (Mþ1)þ.

4.3.37. Allyl 2-methyl-1,4-diphenyl-1H-pyrrole-3-carboxylate
(5ak). Yellow sticky liquid (315 mg, 85%); IR (neat): 3057, 2929,
1942, 1697, 1521, 1408, 1276, 1222, 1136, 977, 752, 698 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.46 (s, 3H), 4.65 (d, J¼5.5 Hz, 2H),
5.07e5.10 (m, 2H), 5.78e5.86 (m, 1H), 6.71 (s, 1H), 7.25e7.27 (m,
1H), 7.31e7.35 (m, 5H), 7.41e7.45 (m, 3H), 7.47e7.50 (m, 2H) ppm;
13C NMR (CDCl3, 125 MHz) d 12.8, 64.4, 111.5, 117.4, 121.0, 126.3,
126.4, 126.8, 127.7, 128.2, 129.3, 129.4, 132.6, 135.6, 136.9, 138.9,
165.4 ppm; Anal. Calcd for C21H19NO2: C, 79.47; H, 6.03; N, 4.41.
Found: C, 79.65; H, 5.86; N, 4.60; ESI-MS: m/z¼318 (Mþ1)þ.

4.3.38. 1-(1,4-Bis(4-methoxyphenyl)-2-methyl-1H-pyrrol-3-yl)etha-
none (5al). Yellow solid (302 mg, 90%); mp 136e137 �C; IR (KBr):
3115, 2895, 1716, 1683, 1653, 1516, 1456, 1247, 1033, 831 cm�1; 1H
NMR (CDCl3, 500 MHz) d 2.07 (s, 3H), 2.37 (s, 3H), 3.84 (s, 3H), 3.86
(s, 3H), 6.58 (s, 1H), 6.92 (d, J¼8.5 Hz, 2H), 6.98 (d, J¼8.5 Hz, 2H),
7.23 (d, J¼8.5 Hz, 2H), 7.28 (d, J¼8.5 Hz, 2H) ppm; 13C NMR (CDCl3,
125 MHz) d 12.8, 31.0, 55.2, 55.5, 113.7, 114.4, 120.7, 122.2, 125.6,
127.4, 128.4, 130.4, 131.6, 135.5, 158.6, 159.2, 197.6 ppm; Anal. Calcd
for C21H21NO3: C, 75.20; H, 6.31; N, 4.18. Found: C, 75.39; H, 6.15; N,
3.99; ESI-MS: m/z¼336 (Mþ1)þ.

4.3.39. 1-(2-Methyl-1-phenyl-5-(thiophen-2-yl)-1H-pyrrol-3-yl)
ethanone (5am). Yellow sticky liquid (221mg, 71%); IR (neat): 3101,
2928, 1651, 1514, 1406, 1249, 1222, 839, 715 cm�1; 1H NMR (CDCl3,
500MHz) d 2.18 (s, 3H), 2.36 (s, 3H), 3.86 (s, 3H), 6.71 (s,1H), 7.00 (d,
J¼9.0 Hz, 2H), 7.03 (dd, J¼1.5 Hz, 3.5 Hz, 1H), 7.08 (dd, J¼3.5 Hz,
5.0 Hz, 1H), 7.25 (d, J¼9.0 Hz, 2H), 7.30 (dd, J¼1.5 Hz, 5.0 Hz, 1H)
ppm; 13C NMR (CDCl3,125MHz) d 12.9, 30.5, 35.7,114.5,117.5,122.2,
122.5, 124.9, 127.0, 127.2, 127.4, 131.2, 136.0, 136.9, 159.4, 196.9 ppm;
Anal. Calcd for C18H17NO2S: C, 69.43; H, 5.50; N, 4.50. Found: C,
69.60; H, 5.32; N, 4.68; ESI-MS: m/z¼312 (Mþ1)þ.

4.3.40. 1,10-(5,50-(1,5-Phenylene)bis(2-methyl-1-phenyl-1H-pyrrole-
5,3-diyl))diethanone (6). White solid (378 mg, 80%); mp
219e220 �C; IR (KBr): 3100, 2920, 1645, 1498, 1398, 1224, 852, 761,
700 cm�1; 1H NMR (CDCl3, 500 MHz) d 2.12 (s, 6H), 2.41 (s, 6H), 6.73
(s, 2H), 7.35 (d, J¼7.5 Hz, 4H), 7.40e7.44 (m, 6H), 7.50 (t, J¼7.5 Hz,
4H) ppm; 13C NMR (CDCl3, 125 MHz) d 12.9, 31.1, 122.7, 125.9, 126.2,
128.1, 129.2, 129.3, 134.5, 135.3, 138.7, 197.6 ppm; Anal. Calcd for
C32H28N2O2: C, 81.33; H, 5.97; N, 5.93. Found: C, 81.52; H, 6.15; N,
6.12; ESI-MS: m/z¼473 (Mþ1)þ.

4.3.41. (Z)-4-((4-Methoxyphenyl)amino)pent-3-en-2-one (interme
diate A). Yellow sticky liquid32; IR (neat): 3335, 2999, 2928, 2835,
1608, 1558, 1516, 1435, 1247, 1186, 1220 cm�1; 1H NMR (CDCl3,
500MHz) d 1.90 (s, 3H), 2.08 (s, 3H), 3.80 (s, 3H), 5.15 (s,1H), 6.86 (d,
J¼7.0 Hz, 2H), 7.03 (d, J¼7.0 Hz, 2H), 12.28 (s, 1H) ppm; 13C NMR
(CDCl3, 125 MHz) d 19.5, 28.9, 55.2, 96.7, 114.1, 126.4, 131.4, 157.6,
161.0, 195.5 ppm; ESI-MS: m/z¼206 (Mþ1)þ.

4.3.42. (E)-1-Methoxy-4-(2-nitrovinyl)benzene (intermediate B).
Yellow solid; mp 87e88 �C (lit.33 Mp 86e88 �C); IR (KBr): 2995,
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1768, 1604, 1496, 1247 cm�1; 1H NMR (CDCl3, 500 MHz) d 3.87 (s,
3H), 6.95 (d, J¼9.0 Hz, 2H), 7.50 (d, J¼9.0 Hz, 2H), 7.52 (d, J¼13.5 Hz,
1H), 7.98 (d, J¼13.5 Hz, 1H) ppm; 13C NMR (CDCl3, 125 MHz) d 55.5,
114.9, 122.5, 131.1, 135.0, 139.0, 162.9 ppm; ESI-MS: m/z¼180
(Mþ1)þ
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