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One-pot reduction-triggered heterocyclizations of nitrobenzene derivatives with 1,4-diketones were
investigated. In the presence of indium/AcOH in toluene at 80 �C, reaction of nitrobenzenes with 2,5-
hexadione produced moderate to excellent yields (40e98%) of the corresponding pyrroles within
1.5e24 h depending on the substituents of the starting materials. Similarly, the reaction of nitrobenzenes
with 1-phenyl-1,4-pantanedione in the presence of indium/AcOH in toluene at reflux afforded the cor-
responding pyrroles within 0.5e24 h with 60e98% yields.

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

The pyrrole heterocyclic unit is a key structural moiety in vari-
ous natural products and synthetic medicinal agents. Pyrroles and
their derivatives represent one of the most pharmaceutically im-
portant class of N-heterocyclic compounds because of their re-
markable anti-bacterial, anti-viral, anti-inflammatory, anti-
tumoral, and antioxidant activities.1 Moreover, polypyrroles have
been applied as conducting polymers,2 and pyrrolic macrocycles as
anion receptors, such as calix[4]pyrroles.3

Because of the wide-ranging applications of pyrroles, many syn-
thetic chemists have focused on developing more efficient synthesis
methods. Since the initial success of the PaaleKnorr condensation of
1,4-dicarbonyls with ammonia or primary amines,4 the use of 1,4-
dicarbonyls has become one of the most versatile and widely ap-
plied methods among the many strategies that have been de-
veloped.5 Besides the PaaleKnorr type condensation reaction,
various synthetic methods have been developed to synthesize pyr-
roles, including Hantzsch synthesis,6 tandem reaction,7 rearrange-
ment of o-vinyl oximes,8 [3þ2] cycloaddition of 1,3-dipolar reagents
with alkynes,9 hydroamination of diynes,10 and olefin cross-me-
tathesis,11 to mention but a few.12 Nevertheless, none of these
methods involve one-pot reductive condensation reactions starting
from nitroarenes and 1,4-dicarbonyls, which could potentially result
in the efficient production of pyrroles if the reaction timing of the
reduction and condensation reactions is suitably controlled.
il addresses: bhkim@kw.ac.kr,
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We have performed extensive studies to develop new and effi-
cient one-pot reductive organic transformations,13 including vari-
ous indium-mediated reductive heterocyclizations, via the
reductive cyclization reaction of nitroarenes to nitrogen-containing
heterocycles, such as 2,1-benzisoxazoles,13a benzimidazoles,13e

quinolines,13f indazoles,13g,h indoles,13i,j and oxazoles.13k We were
confident that the same concept could be applied to the synthesis
of pyrroles from nitroarenes and 1,4-dicarbonyls, as the reaction
path should be similar to the heterocyclization reactions discussed
above. If successful, reduction of nitroarenes followed by the
PaaleKnorr type condensation reaction could occur in a single step,
allowing efficient synthetic transformation. Herein we report the
development of a one-pot synthesis method involving indium
reduction-triggered intermolecular heterocyclization to create
pyrroles starting from nitroarenes with 1,4-dicarbonyls, and we
discuss mechanistic considerations in detail.

2. Results and discussion

In an effort to determine the appropriate reaction system, we
carriedout primarycontrol experimentsusingnitrobenzene and2,5-
hexadione as representativemodel substrates.We initially examined
various reaction conditions to determine thebest reaction conditions
using indium and acid additives in various solvent systems (Table 1).
Reactions of nitrobenzene and 2,5-hexadione in the presence of in-
dium/acetic acid in various solvents, such as methanol, ethyl acetate
(EA), tetrahydrofuran (THF), acrylonitrile, benzene, and toluenewere
examined to determine the best medium. Use of a protic solvent,
such as methanol or water was not very successful with regard to
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Table 1
Indium-mediated reductive heterocyclization of nitrobenzene (1 mmol) with 2,5-
hexadione under different reaction conditions

In, AcOH
N

NO2

1 2a

O

O
Solvent/Temp

+

3

Entry Molar equiv Solvent (mL)/Temp (�C) Time (h) Yielda (%) 3

1 2a In AcOH InCl3

1 1 1 3 10 d EA(5)/reflux 5 86
2 1 1 4 10 d EA(5)/reflux 5 88
3 1 1 5 10 d EA(5)/reflux 5 82
4 1 2 4 10 d EA(5)/reflux 5 79
5 1 1 4 10 d THF(5)/reflux 24 59
6 1 1 4 10 d THF/H2O(3:3)/70 8 84
7 1 1 4 10 d MeOH(5)/reflux 2 70
8 1 1 5 d 1 MeOH(5)/reflux 4 25b

9 1 2 5 d 2 MeOH(5)/reflux 4 27b

10 1 1 4 10 d CH3CN(5)/80 5 88
11 1 1 4 10 d Benzene(5)/reflux 0.5 89
12 1 1 4 10 d Toluene(5)/80 4 90
13 1 1 4 10 d Toluene(5)/reflux 0.5 86
14 1 1 4 d 1 Toluene(5)/80 24 db

15 1 1 3 10 d Toluene(5)/80 4 88
16 1 1 5 10 d Toluene(5)/80 4 86

a Isolated yield.
b Starting materials were remained.
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Fig. 1. Heterocyclization reaction to produce 2,5-dimethyl-1-phenyl-1H-pyrrole (3)
using nitrobenzene and 2,5-hexadione at 50 �C as monitored by GC and GCeMS.
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yield or reaction time; in contrast, use of aprotic nonpolar solvents,
such as ethyl acetate, acrylonitrile, benzene, or toluene was more
promising in terms of a high yield of the desired product, pyrroles.
Interestingly, trial experiments of heterocyclization of nitrobenzene
and2,5-hexadione in thepresenceof indiumand indium(III) chloride
Lewis acid worked poorly (entries 8, 9) or did not work at all (entry
14). Acetic acid worked fairly well and therefore we used acetic acid
as an acid additive for our reactions. After more control experiments
to determine the optimal molar ratios of substrates, indium, and
acetic acid, we found that the most optimized reaction conditions
were nitrobenzene (1 equiv)/2,5-hexadione (1 equiv)/indium
(4 equiv)/AcOH (10 equiv) in toluene at 80 �C (entry 12).

To elucidate the reaction path clearly, we used GC and GCeMS
analysis to monitor intermediates that formed during hetero-
cyclization to create 2,5-dimethyl-1-phenyl-1H-pyrrole (3) using
nitrobenzene and 2,5-hexadione performed at 50 �C, a lower re-
action temperature than the optimized reaction condition. By de-
creasing the reaction temperature, we were able to slow down the
reaction, which made it possible for us to effectively monitor the
formation of intermediates and changes in their distribution. Data
obtained from the control experiments are shown in Fig. 1. At this
lower reaction temperature, the concentration of nitrobenzene
substrate was reduced by 50% within 10 min, while only 28% of
another substrate, 2,5-hexadione, disappeared. At that time, 22% of
aniline and 16% of the desired pyrrole product were obtained. The
reaction time required for 50% consumption of 2,5-hexadione was
about 25 min, which is relatively slower than the reaction time
required for the transformation of nitrobenzene to aniline. There-
fore, the concentration of the aniline in the reaction batch was
increased for 20e30 min and then gradually decreased thereafter.
In the meantime, possible intermediates of 5-(phenylimino)hexan-
2-one (A) or 5-(phenylamino)hex-4-en-2-one (B) were observed as
traces on GCeMS analysis. Even though both of these compounds
are possible intermediates, we presume intermediate A to be
a more convincing intermediate than intermediate B, because B
needs to be isomerized to the thermodynamically disfavored Z-
form for the formation of the cyclic pyrrole product. A plausible
mechanism based on our control experiments, kinetic studies, and
our previous work is proposed in Scheme 1.
P

Initially, nitrobenzene is reduced to aniline by indium/AcOH via
single electron transfers (SETs) and proton transfers (PTs). The in
situ-formed aniline couples with 2,5-hexadione to form the imine
intermediate (A). As soon as the imine is formed, an AcOH-assisted
intramolecular cyclization reaction may occur by attack of the im-
ine nucleophile toward the adjacent protonated-keto electrophile
to form the five-membered ring intermediate (C). Deprotonation of
the a-proton of the iminium ion in intermediate (C) followed by
aromatization caused by dehydration produces the desired pyrrole
product. Similar result was obtained when aniline, an intermediate
of our reaction, and 2,5-hexadione were reacted in the presence of
AcOH in toluenewithout indium at 80 �C, which strongly supported
our proposed reaction path of aniline to pyrrole in Scheme 1.

Using the optimized reaction conditions with indium (4 equiv)/
AcOH (10 equiv) in toluene at 80 �C, heterocyclizations of variously
substituted nitrobenzenes with 2,5-hexadione were examined to
verify our one-pot synthesis method. In most cases, hetero-
cyclization for pyrrole ring formation was successful with an ex-
cellent yield. Most reactions ofm- or p-alkylnitrobenzenes orm- or
p-alkoxynitrobenzenes with 2,5-hexadione were completed within
2.5e4 h and produced excellent yields (90e98%) of the corre-
sponding pyrroles (Table 2, entries 4e6, 8, 9). Reaction time of



Table 2
Indium-acetic acid-mediated reductive heterocyclization of nitroarenes (1 mmol) with 2,5-hexadione (1 equiv) in the presence of indium (4 equiv) and acetic acid (10 equiv) in
toluene (5 mL) at 80 �C

In, AcOH
NO2

Toluene, 80 C
+

O

O

NR1

R1

Entry Substrate Time (h) Product Yielda (%)

1
NO2

4 N (3) 90

2 NO2 4 N (4) 92

3 NO2 4 N (5) 93

4
NO2

3 N (6) 97

5
NO2

2.5 N (7) 98

6

NO2
5

N
(8) 92

7
NO2

8 N
(9) 93

8
NO2

O
1.5 N

O

(10) 95

9
NO2O

4 NO (11) 95

10 NO2
O

6 N
O

(12) 94

11
NO2

F
2 N

F

(13)
91

12
NO2

Cl
6 N

Cl

(14) 94

13
NO2

Br
8 N

Br

(15) 97b
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Table 2 (continued )

Entry Substrate Time (h) Product Yielda (%)

14
NO2

I
9 N

I

(16) 90b

15
NO2F

10 NF (17) 87

16 NO2
F

13 N
F

(18) 86

17
NO2

NC
24 N

NC

(19) 40e

18
NO2NC

24 NNC (20) 84

19 NO2
CN

24
N

CN
(21)

42c,e

48c,d,e

20

NO2
N 24

N
N (22) 80

21

NO2
6

N
(23) 96

a Isolated yield.
b A dehalogenated product was observed.
c Byproducts were observed.
d Reflux condition.
e Starting materials were remained.
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sterically more hindered ortho-propyl-substituted nitrobenzene
(entry 7) with 2,5-hexadione was delayed compared to those of
ortho-methyl- or ortho-ethyl-substituted nitrobenzenes (entries 2
and 3); however, excellent yields of the desired pyrrole derivatives
were produced. When reflux condition was applied, it was com-
pleted within 1 h with an excellent yield (93%).

Reaction time delay was also observed when nitrobenzenes
were substituted with a halogen, regardless of the position of the
halo-substituent, with excellent yields maintained (entries 11e16).
Moreover, reactions of some cyano-substituted nitrobenzeneswith
2,5-hexadione proceeded very slowly (entries 17e19). In the case
of o-cyanonitrobenzene or p-cyanonitrobenzene with 2,5-
hexadione, poor yields of the corresponding pyrroles were ob-
tained, even after 24 h of reaction, possibly because the cyano
substituent had a conjugative effect on the 2-nitrobenzene ring,
i.e., reaction of resonance-stabilized cyano group-substituted ni-
trobenzenes was to a large extent retarded compared to those of
alkyl- or methoxy-substituted nitrobenzene substrates. However,
reductive transformation from cyanonitrobenzenes to cyanoani-
lines was fast and none of the starting nitroarene remained after
1 h. In the case of the 1-cyano-4-nitrobenzene/2,5-hexadione re-
action, the reaction mixture contained w36% 4-cyanoaniline and
w16% pyrrole product with w48% 2,5-hexadione substrate
remaining after 1 h. In addition, a trace amount of imine or en-
amine (analogues of A or B) was detected on GCeMS analysis.
Therefore, we believe that the imine formation step and/or cycli-
zation step are/is responsible for retardation of the reaction, as in
both these steps, the nucleophilic nitrogen lone pair of aniline and/
or imine intermediate is stabilized, which could slow down imine
formation and/or cyclization.

To extend the methodology to other 1,4-diketone derivatives,
heterocyclizations of variously substituted nitrobenzenes with 1-
phenyl-1,4-pantanedione were examined under the optimized re-
action conditions that we used for heterocyclization of variously
substituted nitrobenzenes with 2,5-hexadione. Unfortunately, het-
erocyclization of nitrobenzene with 1-phenyl-1,4-pantanedione
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with indium (4 equiv)/AcOH (10 equiv) in toluene at 80 �C was not
successful, with a long reaction time and poor yield firstly (Table 3,
entry 1). However, we found that the long reaction time could be
decreased and the yield increased by changing the reaction tem-
perature from80 �C to reflux in several control experiments (entry4).
Table 3
Indium-mediated reductive heterocyclization of nitrobenzene (0.5 mmol) with 1-phenyl-1,4-pantanedione under different reaction conditions

In, AcOH
N

Ph

NO2

1 24

O

O
Toluene/Temp

+

25

Entry Molar equiv Solvent (mL)/
Temp (�C)

Time (h) Yielda (%) 25

1 24 In AcOH

1 1 1 4 10 Toluene(2.5)/80 8 43b

2 1 1 4 10 Toluene(2.5)/80 24 30b

3 1 1.5 4 10 Toluene(2.5)/reflux 2 76
4 1 1 4 10 Toluene(2.5)/reflux 1 85

a Isolated yield.
b Starting materials were remained.
Heterocyclizations of variously substituted nitrobenzenes with
1-phenyl-1,4-pantanedione were examined to extend our method
usingmodified optimum conditions; results are shown in Table 4. A
similar trend was observed for these cyclization reactions and the
reactions of nitrobenzenes with 2,5-hexadione. In most cases, ex-
cellent yields were obtained within 1e4 h; reactions of most alkyl-
or methoxy-substituted nitrobenzenes were completed within 2 h
except for 1-nitro-2-propylbenzene, while halobenzenes showed
delayed reaction times of 2e4 h. For o- or p-cyano-substituted ni-
trobenzenes, reactions slowed down more drastically and it took
24 h, even under toluene reflux conditions, to obtain a reduced
yield of the corresponding pyrrole products, especially for 1-cyano-
4-nitrobenzene (75%, entry 17) and 1-cyano-2-nitrobenzene (60%,
entry 19), similar to the 2,5-hexadione cases.

3. Conclusions

In conclusion, we developed a simple and efficient method for
the one-pot reduction-triggered heterocyclization of nitroben-
zenes and 1,4-diketones to produce pyrroles. In the presence of
indium/AcOH in toluene at 80 �C, nitrobenzenes and 2,5-
hexadione produced the corresponding pyrrole with moderate to
excellent yields. Similarly, the reaction of nitrobenzenes with 1-
phenyl-1,4-pantanedione in the presence of indium/AcOH in tol-
uene at reflux afforded the corresponding pyrrole with an excel-
lent yield (60e98%). The presence of a cyano group on
nitrobenzene at the para or ortho positions strongly delayed re-
actions for up to 24 h in both cases, presumably because of res-
onance contribution of the cyano group to the imine formation
step and/or cyclization step.

4. Experimental section

4.1. General considerations

Most chemical reagents were purchased from SigmaeAldrich
Co. (St. Louis, Missouri, USA) and were used without further puri-
fication. Solvents were purchased and dried using standard
methods. 1H and 13C NMR spectra were recorded at 400 and
100 MHz, respectively (JEOL, Tokyo, Japan). Chemical shifts are
reported in parts per million relative to the residual solvent as an
internal standard. GCeMS spectra were recorded on an Agilent
6890N GC connected to an Agilent 5975 mass selective detector
(HewlettePackard Co., Palo Alto, California, USA). Infrared (IR)
spectra were recorded using an MB104 FTIR (ABB Bomem, Inc.,
Zurich, Switzerland). The elemental analysis data were obtained by
the Thermo Scientific Flash 2000 (Thermo Fisher Scientific, USA).
Melting points were determined on an electrothermal apparatus
andwere uncorrected. All themajor products were isolated by flash
column chromatography on silica gel (230e400 mesh ATSM, pur-
chased from Merck & Co., Inc. (Whitehouse Station, New Jersey,
USA)) using a mixed solvent eluent (ethyl acetate/hexane).
4.2. General procedure for the indium-mediated reductive
reaction of nitrobenzenes with 2,5-hexadione or 1-phenyl-
1,4-pantanedione to obtain pyrroles

Nitrobenzene derivative (1.0 mmol) was added to a mixture of
indium powder (460 mg, 4.0 mmol), and acetic acid (0.572 mL,
10 mmol) in toluene (2 mL), followed by the addition of 2,5-
hexadione or 1-phenyl-1,4-pentanedione (1.0 mmol) in toluene
(3 mL). The reaction mixture was stirred at 80 �C for 2,5-hexadione
(or reflux for 1-phenyl-1,4-pentadione) under a nitrogen atmo-
sphere. After the reactionwas completed, the reaction mixture was
diluted with ethyl acetate (30 mL), filtered through Celite, poured
into 10% NaHCO3 (30 mL), and then extracted with ethyl acetate
(30 mL�3). The combined organic extracts were dried over MgSO4,
filtered, and concentrated. The residue was eluted with hexane for
most derivatives or ethyl acetate/hexane (v/v¼5:95) for benzoni-
trile derivatives through a neutral silica gel column to give the
corresponding pyrroles. The structures of the pyrroles were char-
acterized by 1H NMR, 13C NMR, FTIR, and GCeMS, and were mostly
known compounds. If it is an unknown compound, elemental
analysis data were reported additionally.

4.2.1. 2,5-Dimethyl-1-phenyl-1H-pyrrole (3).12e,14a,b Yield 90%. Pale
brown solid, mp 49e50 �C (lit.14a mp 50.1e50.3 �C). TLC (20% ethyl
acetate/hexane) Rf 0.58; 1H NMR (400 MHz, CDCl3) d 7.47e7.44 (m,
2H), 7.40e7.38 (m,1H), 7.21 (dd, 2H, J¼8.2, 1.3 Hz), 5.90 (s, 2H), 2.03
(s, 6H); 13C NMR (100MHz, CDCl3) d 138.9, 128.9,128.8, 128.2, 127.6,
105.6, 12.9; IR (KBr) 3055, 2972,1596,1496,1402 cm�1; GCeMSm/z
(rel intensity) 171 (Mþ, 100), 154 (13), 77 (15), 51 (8).

4.2.2. 1-(2-Ethylphenyl)-2,5-dimethyl-1H-pyrrole (4).14c Yield 92%.
Yellow liquid. TLC (20% ethyl acetate/hexane) Rf 0.69; 1H NMR
(400 MHz, CDCl3) d 7.38e7.37 (m, 2H), 7.30e7.24 (m, 1H), 7.13 (d,
1H, J¼7.6 Hz), 5.91 (s, 2H), 2.25 (q, 2H, J¼7.6 Hz), 1.92 (s, 6H), 1.09 (t,
3H, J¼7.6 Hz); 13C NMR (100MHz, CDCl3) d 142.7, 137.4, 129.0, 128.9,
128.52, 128.48, 126.5, 105.2, 23.3, 13.9, 12.6; IR (KBr) 3037, 2972,



Table 4
Heterocyclization of nitroarenes (0.5 mmol) with 1-phenyl-1,4-pantanedione (1 equiv) in the presence of indium (4 equiv) and acetic acid (10 equiv) in toluene (2.5 mL) at
reflux

In, AcOH
N

Ph

NO2
O

O
R1

R1Toluene/reflux
+

Entry Substrate Time (h) Product Yielda (%)

1
NO2

1.5 N

Ph

(25) 86

2 NO2 2 N

Ph

(26) 86

3 NO2 1 N

Ph

(27) 94

4
NO2

0.5 N

Ph

(28) 94

5
NO2

1

Ph

N (29) 93

6

NO2
2

N

Ph
(30) 85

7
NO2

3 N

Ph

(31)
97

8
NO2

O
1

PhO

N (32) 92

9
NO2O

1 N

Ph

O (33) 98

10 NO2
O

1 N

Ph

O
(34) 94

11
NO2

F
1 N

PhF

(35)
80

12
NO2

Cl
4 N

PhCl

(36) 83

13
NO2

Br
2 N

PhBr

(37) 81b

(continued on next page)
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Table 4 (continued )

Entry Substrate Time (h) Product Yielda (%)

14
NO2

I
3 N

PhI

(38) 84b

15
NO2F

2 N

Ph

F (39) 86

16 NO2
F

2 N

Ph

F
(40) 83

17
NO2

NC
24 N

PhNC

(41) 75c

18
NO2NC

24 N

Ph

NC (42) 85

19 NO2
CN

24 N

Ph

CN
(43) 60c,d

20

NO2
N 24

N
N

Ph
(44) 77

21

NO2
3

N Ph
(45) 90

a Isolated yield.
b A dehalogenated product was observed.
c Starting materials were remained.
d Byproducts were observed.
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2935, 1492, 1454, 1402 cm�1; GCeMS m/z (rel intensity) 199 (Mþ,
66), 184 (100), 168 (21), 154 (15), 77 (13), 51 (8).

4.2.3. 2,5-Dimethyl-1-o-tolyl-1H-pyrrole (5).5c Yield 93%. Brown
liquid. TLC (20% ethyl acetate/hexane) Rf 0.72; 1H NMR (400 MHz,
CDCl3) d 7.33e7.32 (m, 2H), 7.29e7.27 (m,1H), 7.16 (d, 1H, J¼7.3 Hz),
5.91 (s, 2H), 1.93 (s, 3H), 1.91 (s, 6H); 13C NMR (100 MHz, CDCl3)
d 138.1, 137.1, 130.6, 128.8, 128.3, 128.2, 126.6, 105.2, 17.0, 12.5; IR
(KBr) 3031, 2921, 1490, 1400 cm�1; GCeMS m/z (rel intensity) 185
(Mþ, 94), 170 (100), 154 (19), 91 (11), 51 (4).

4.2.4. 2,5-Dimethyl-1-m-tolyl-1H-pyrrole (6).5c Yield 97%. Brown
solid, mp 45e46 �C. TLC (20% ethyl acetate/hexane) Rf 0.61; 1H NMR
(400 MHz, CDCl3) d 7.33 (t, 1H, J¼8.0 Hz), 7.19 (d, 1H, J¼8.0 Hz), 7.01
(m, 2H), 5.89 (s, 2H), 2.39 (s, 3H), 2.02 (s, 6H); 13C NMR (100 MHz,
CDCl3) d 138.94,138.9,128.8,128.74,128.73,128.3,125.2,105.5, 21.3,
12.9; IR (KBr) 3099, 2974, 2920, 1602, 1519, 1401 cm�1; GCeMSm/z
(rel intensity) 184 (Mþ�1, 100), 170 (13), 154 (12), 129 (12), 91 (14),
65 (13), 51 (8).

4.2.5. 2,5-Dimethyl-1-p-tolyl-1H-pyrrole (7).5c Yield 98%. Pale
brown solid, mp 43e44 �C (lit.5j mp 45e46 �C). TLC (20% ethyl
acetate/hexane) Rf 0.76; 1H NMR (400 MHz, CDCl3) d 7.25 (d, 2H,
J¼8.0 Hz), 7.09 (d, 2H, J¼8.0 Hz), 5.89 (s, 2H), 2.41 (s, 3H), 2.02 (s,
6H); 13C NMR (100 MHz, CDCl3) d 137.4, 136.3, 129.6, 128.8, 127.9,
105.4, 21.1, 12.9; IR (KBr) 3107, 3034, 2985, 2921, 1516, 1406 cm�1;
GCeMS m/z (rel intensity) 184 (Mþ�1, 100), 170 (13), 154 (12), 129
(18), 91 (9), 65 (7), 51 (3).

4.2.6. 1-(4-Isopropylphenyl)-2,5-dimethyl-1H-pyrrole (8).14h Yield
92%. Orange solid, mp 58e60 �C. TLC (20% ethyl acetate/hexane) Rf
0.70; 1H NMR (400 MHz, CDCl3) d 7.28 (d, 2H, J¼8.0 Hz), 7.10 (d, 2H,
J¼8.0 Hz), 5.88 (s, 2H), 3.01e2.91 (m, 1H), 2.02 (s, 6H), 1.29 (d, 6H,
J¼7.1 Hz); 13C NMR (100 MHz, CDCl3) d 148.2, 136.5, 128.9, 127.9,
126.9, 105.3, 33.8, 23.9, 13.0; IR (KBr) 3107, 3039, 2960, 2931, 1500,
1406 cm�1; GCeMS m/z (rel intensity) 213 (Mþ, 100), 198 (18), 170
(21), 157 (10), 129 (9), 77 (6), 51 (3).

4.2.7. 2,5-Dimethyl-1-(2-propylphenyl)-1H-pyrrole (9). Yield 93%.
Brown liquid. TLC (20% ethyl acetate/hexane) Rf 0.73; 1H NMR
(400 MHz, CDCl3) d 7.37e7.36 (m, 2H), 7.29e7.27 (m, 1H), 7.13 (d,
1H, J¼7.6 Hz), 5.91 (s, 2H), 2.22 (t, 2H, J¼7.7 Hz), 1.93 (s, 6H),
1.53e1.49 (m, 2H), 0.85 (t, 3H, J¼7.4 Hz); 13C NMR (100MHz, CDCl3)
d 141.2, 137.7, 129.5, 129.1, 128.5, 128.3, 126.5, 105.2, 32.4, 22.7, 14.1,
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12.7; IR (KBr) 3101, 3066, 2970, 2935, 1494, 1454 cm�1; GCeMSm/z
(rel intensity) 213 (Mþ, 55),198 (100),182 (12),168 (23),154 (12), 91
(5), 77 (5), 51 (2); Anal. Calcd for C15H19N: C, 84.46; H, 8.98; N, 6.57.
Found: C, 84.45; H, 9.00; N, 6.44.

4.2.8. 1-(4-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (10).12e,14b

Yield 95%. Pale yellow solid, mp 55e57 �C (lit.14b mp 60e62 �C).
TLC (30% ethyl acetate/hexane) Rf 0.55; 1H NMR (400 MHz, CDCl3)
d 7.12 (d, 2H, J¼8.5 Hz), 6.96 (d, 2H, J¼8.5 Hz), 5.88 (s, 2H), 3.86 (s,
3H), 2.01 (s, 6H); 13C NMR (100 MHz, CDCl3) d 158.8, 131.7, 129.2,
128.9, 114.1, 105.2, 55.4, 12.9; IR (KBr) 3064, 2997, 2929, 1514, 1406,
1253 cm�1; GCeMS m/z (rel intensity) 201 (Mþ, 100), 186 (28), 170
(5), 154 (10), 145 (29), 117 (10), 77 (12), 51 (8).

4.2.9. 1-(3-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (11).14i Yield
95%. Brown liquid. TLC (20% ethyl acetate/hexane) Rf 0.58; 1H NMR
(400 MHz, CDCl3) d 7.35 (t, 1H, J¼8.0 Hz), 6.95e6.93 (m, 1H),
6.81e6.79 (m, 1H), 6.75 (t, 1H, J¼2.2 Hz), 5.89 (s, 2H), 3.82 (s, 3H),
2.05 (s, 6H); 13C NMR (100 MHz, CDCl3) d 160.0, 140.1, 129.6, 128.8,
120.5, 113.9, 113.5, 105.6, 55.4, 12.9; IR (KBr) 3070, 2937, 1601, 1491,
1250 cm�1; GCeMS m/z (rel intensity) 200 (Mþ�1, 100), 186 (13),
170 (5), 156 (7), 77 (5), 51 (3).

4.2.10. 1-(2-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (12).14i Yield
94%. White solid, mp 62e63 �C (lit.14i mp 65e66 �C). TLC (20% ethyl
acetate/hexane) Rf 0.57; 1H NMR (400 MHz, CDCl3) d 7.40e7.36 (m,
1H), 7.16 (dd, 1H, J¼7.9, 1.6 Hz), 7.03e7.01 (m, 2H), 5.91 (s, 2H), 3.77
(s, 3H), 1.97 (s, 6H); 13C NMR (100 MHz, CDCl3) d 155.9, 130.2, 129.3,
129.1, 127.6, 120.6, 111.9, 105.1, 55.6, 12.5; IR (KBr) 3097, 3070, 2966,
1599, 1502, 1275 cm�1; GCeMS m/z (rel intensity) 201 (Mþ, 100),
186 (68), 170 (36), 154 (9), 77 (8), 51 (6).

4.2.11. 1-(4-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (13).14j Yield
91%. Yellow solid, mp 51e52 �C. TLC (30% ethyl acetate/hexane) Rf
0.69; 1H NMR (400 MHz, CDCl3) d 7.20e7.11 (m, 4H), 5.89 (s, 2H),
2.01 (s, 6H); 13C NMR (100MHz, CDCl3) d 161.8 (d, J¼247.0 Hz),134.9
(d, J¼3.3 Hz), 129.8 (d, J¼8.7 Hz), 128.8, 115.9 (d, J¼22.3 Hz), 105.7,
12.9; IR (KBr) 3111, 3057, 2982, 2922, 1510, 1408 cm�1; GCeMS m/z
(rel intensity) 188 (Mþ�1,100),174 (12),147 (10),133 (8), 95 (13), 75
(8), 51 (3).

4.2.12. 1-(4-Chlorophenyl)-2,5-dimethyl-1H-pyrrole (14).5j Yield
94%. Brown solid, mp 56e57 �C (lit.5j mp 62e63 �C). TLC (30% ethyl
acetate/hexane) Rf 0.65; 1H NMR (400 MHz, CDCl3) d 7.42 (d, 2H,
J¼8.5 Hz), 7.14 (d, 2H, J¼8.5 Hz), 5.89 (s, 2H), 2.02 (s, 6H); 13C NMR
(100 MHz, CDCl3) d 137.5, 133.5, 129.5, 129.3, 128.7, 106.0, 12.9; IR
(KBr) 3089, 3055, 2978, 2922, 1460, 1402 cm�1; GCeMS m/z (rel
intensity) 204 (Mþ�1, 100), 190 (10), 169 (18), 154 (22), 111 (10), 83
(10), 75 (11), 51 (5).

4.2.13. 1-(4-Bromophenyl)-2,5-dimethyl-1H-pyrrole (15).5c,14b Yield
97%. Pale yellow solid, mp 74e75 �C (lit.14b mp 74e75 �C). TLC (30%
ethyl acetate/hexane) Rf 0.68; 1H NMR (400 MHz, CDCl3) d 7.58 (d,
2H, J¼8.6 Hz), 7.09 (d, 2H, J¼8.6 Hz), 5.89 (s, 2H), 2.02 (s, 6H); 13C
NMR (100MHz, CDCl3) d 137.9, 132.3, 129.8, 128.6, 121.5, 106.0, 12.9;
IR (KBr) 3080, 3033, 2983, 2935,1521,1483,1402 cm�1; GCeMSm/z
(rel intensity) 251 (Mþþ2,100), 249 (Mþ, 100), 234 (6), 169 (28), 154
(50), 129 (28), 84 (13), 50 (7).

4.2.14. 1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole (16).14b Yield
90%. Yellow solid, mp 67e68 �C (lit.14b mp 62e64 �C). TLC (30%
ethyl acetate/hexane) Rf 0.69; 1H NMR (400 MHz, CDCl3) d 7.78 (d,
2H, J¼8.5 Hz), 6.95 (d, 2H, J¼8.5 Hz), 5.89 (s, 2H), 2.02 (s, 6H); 13C
NMR (100 MHz, CDCl3) d 138.7, 138.3, 130.1, 128.6, 106.1, 92.9,
12.9; IR (KBr) 3074, 3028, 2978, 2933, 1479, 1390 cm�1; GCeMS
m/z (rel intensity) 297 (Mþ, 100), 169 (19), 154 (20), 129 (8), 76 (8),
50 (4).

4.2.15. 1-(3-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (17).14j Yield
87%. Orange solid, mp 62e63 �C. TLC (20% ethyl acetate/hexane) Rf
0.73; 1H NMR (400 MHz, CDCl3) d 7.45e7.39 (m, 1H), 7.12e7.10 (m,
1H), 7.01 (d, 1H, J¼7.8 Hz), 6.95 (dt, 1H, J¼9.0, 1.8 Hz), 5.90 (s, 2H),
2.04 (s, 6H); 13C NMR (100 MHz, CDCl3) d 162.7 (d, J¼247.9 Hz),
140.5 (d, J¼9.5 Hz), 130.1 (d, J¼9.1 Hz), 128.7, 124.1 (d, J¼3.3 Hz),
115.7 (d, J¼21.9 Hz), 114.8 (d, J¼20.7 Hz), 106.1, 12.9; IR (KBr) 3055,
2976, 2921,1604,1407 cm�1; GCeMSm/z (rel intensity) 188 (Mþ�1,
100), 174 (12), 95 (11), 75 (8), 51 (3).

4.2.16. 1-(2-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (18).14j Yield
86%. Pale orange liquid. TLC (20% ethyl acetate/hexane) Rf 0.67; 1H
NMR (400 MHz, CDCl3) d 7.35e7.27 (m, 4H), 5.93 (s, 2H), 2.01 (s,
6H); 13C NMR (100MHz, CDCl3) d 158.4 (d, J¼250.8 Hz), 130.6, 129.7
(d, J¼7.4 Hz), 129.1, 126.6 (d, J¼13.2 Hz), 124.4 (d, J¼3.3 Hz), 116.6 (d,
J¼20.3 Hz), 106.0, 12.4; IR (KBr) 3105, 3072, 2918, 1503, 1400 cm�1;
GCeMS m/z (rel intensity) 188 (Mþ�1, 100), 174 (13), 95 (7), 75 (6),
51 (3).

4.2.17. 4-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (19).5c Yield
40%. White solid, mp 91e92 �C. TLC (20% ethyl acetate/hexane) Rf
0.52; 1H NMR (400 MHz, CDCl3) d 7.70 (d, 2H, J¼8.8 Hz), 7.26 (d, 2H,
J¼8.8 Hz), 5.86 (s, 2H), 1.97 (s, 6H); 13C NMR (100 MHz, CDCl3)
d 143.0, 133.1, 128.9, 128.5, 118.2, 111.4, 107.1, 13.0; IR (KBr) 3061,
2978, 2920, 2228,1606,1506,1402 cm�1; GCeMSm/z (rel intensity)
195 (Mþ�1, 100), 181 (13), 118 (8), 102 (11), 75 (5).

4.2.18. 3-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (20).14d Yield
84%.White solid, mp 90e91 �C (lit.14d mp 92e94 �C). TLC (20% ethyl
acetate/hexane) Rf 0.50; 1H NMR (400 MHz, CDCl3) d 7.70 (d, 1H,
J¼7.3 Hz), 7.60 (t, 1H, J¼7.3 Hz), 7.52e7.47 (m, 2H), 5.93 (s, 2H), 2.03
(s, 6H); 13C NMR (100 MHz, CDCl3) d 139.9, 132.8, 131.6, 131.2, 130.1,
128.5, 117.8, 113.4, 106.8, 12.9; IR (KBr) 3101, 3051, 2978, 2916, 2229,
1583, 1520, 1407 cm�1; GCeMSm/z (rel intensity) 195 (Mþ�1, 100),
181 (12), 102 (8), 75 (4), 51 (3).

4.2.19. 2-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (21).14k Yield
42%. Yellow solid, mp 75e76 �C (lit.14k mp 83e85 �C). TLC (20% ethyl
acetate/hexane) Rf 0.55; 1H NMR (400 MHz, CDCl3) d 7.81e7.78 (m,
1H), 7.72 (td, 1H, J¼7.8, 1.7 Hz), 7.54 (td, 1H, J¼7.8, 1.2 Hz), 7.37e7.35
(m,1H), 5.96 (s, 2H), 2.02 (s, 6H); 13C NMR (100MHz, CDCl3) d 142.1,
133.6, 133.5, 130.1, 128.8, 128.6, 115.9, 113.6, 107.0, 12.6; IR (KBr)
3103, 3068, 2916, 2228,1595,1493 cm�1; GCeMSm/z (rel intensity)
195 (Mþ�1, 100), 181 (28), 102 (10), 75 (4), 51 (4).

4.2.20. 8-(2,5-Dimethyl-1H-pyrrol-1-yl)quinoline (22).14l Yield 80%.
Orange solid, mp 120e121 �C. TLC (20% ethyl acetate/hexane) Rf
0.22; 1H NMR (400 MHz, CDCl3) d 8.97e8.96 (m, 1H), 8.23 (dd, 1H,
J¼8.3, 2.0 Hz), 7.93e7.90 (m, 1H), 7.64e7.63 (m, 2H), 7.43 (dd, 1H,
J¼8.3, 2.0 Hz), 6.02 (s, 2H), 1.92 (s, 6H); 13C NMR (100 MHz, CDCl3)
d 151.4, 145.4, 136.8, 135.9, 129.8, 129.7, 129.1, 128.4, 125.9, 121.6,
105.5, 12.8; IR (KBr) 3091, 3068, 2975, 1595, 1497, 1400 cm�1;
GCeMS m/z (rel intensity) 222 (Mþ, 100), 207 (84), 180 (9), 155 (6),
129 (33), 103 (11), 77 (6), 51 (4).

4.2.21. 2,5-Dimethyl-1-(naphthalen-4-yl)-1H-pyrrole (23).14b Yield
96%. Pale yellow solid, mp 109e110 �C (lit.14b mp 120e122 �C). TLC
(20% ethyl acetate/hexane) Rf 0.60; 1H NMR (400MHz, CDCl3) d 7.92
(d, 2H, J¼8.0 Hz), 7.57e7.49 (m, 2H), 7.44e7.42 (m, 2H), 7.13 (d, 1H,
J¼8.3 Hz), 6.01 (s, 2H), 1.89 (s, 6H); 13C NMR (100 MHz, CDCl3)
d 135.7, 134.2, 131.9, 129.8, 128.5, 128.0, 127.2, 126.5, 126.2, 125.4,
123.3, 105.4, 12.5; IR (KBr) 3101, 3062, 2980, 2929,1594,1409 cm�1;
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GCeMSm/z (rel intensity) 221 (Mþ, 100), 204 (32), 180 (3), 165 (11),
127 (16), 102 (9), 77 (5), 51 (3).

4.2.22. 1-Phenyl-1,4-pentanedione (24).14f Yield 75%. White liquid.
TLC (20% ethyl acetate/hexane) Rf 0.40; 1H NMR (400 MHz, CDCl3)
d 7.98 (d, 2H, J¼7.1 Hz), 7.58e7.54 (m,1H), 7.46 (t, 2H, J¼7.6 Hz), 3.28
(t, 2H, J¼6.3 Hz), 2.89 (t, 2H, J¼6.3 Hz), 2.26 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 207.3, 198.5, 136.6, 133.1, 128.5, 127.9, 36.9, 32.4,
30.0; IR (KBr) 3422, 3061, 2914, 1702, 1686, 1597, 1448, 1358,
1211 cm�1; GCeMS m/z (rel intensity) 176 (Mþ, 5), 161 (21), 133
(12), 105 (100), 77 (43), 51 (12).

4.2.23. 2-Methyl-1,5-diphenyl-1H-pyrrole (25).14g Yield 86%. Pale
yellow solid, mp 71e72 �C. TLC (20% ethyl acetate/hexane) Rf 0.51;
1H NMR (400 MHz, CDCl3) d 7.34e7.30 (m, 3H), 7.16e7.10 (m, 5H),
7.06e7.05 (m, 2H), 6.35 (d, 1H, J¼3.4 Hz), 6.09 (d, 1H, J¼3.4 Hz), 2.13
(s, 3H); 13C NMR (100 MHz, CDCl3) d 139.4, 134.1, 133.5, 131.7, 128.9,
128.4, 127.9, 127.7, 127.3, 125.6, 108.6, 107.5, 13.3; IR (KBr) 3107,
3064, 2924, 1596, 1495, 1398 cm�1; GCeMS m/z (rel intensity) 233
(Mþ, 100), 217 (9), 191 (9), 115 (14), 77 (14), 51 (8).

4.2.24. 1-(2-Ethylphenyl)-2-methyl-5-phenyl-1H-pyrrole (26). Yield
86%. Yellow liquid. TLC (20% ethyl acetate/hexane) Rf 0.69; 1H NMR
(400 MHz, CDCl3) d 7.29e7.16 (m, 4H), 7.04e6.94 (m, 5H), 6.33 (d,
1H, J¼3.4 Hz), 6.03 (d, 1H, J¼3.4 Hz), 2.09e1.95 (m, 2H), 1.92 (s, 3H),
0.83 (t, 3H, J¼7.6 Hz); 13C NMR (100 MHz, CDCl3) d 142.3, 137.9,
134.1, 133.6, 131.6, 129.4, 129.0, 128.5, 127.9, 126.9, 126.3, 125.5,
107.9, 107.1, 23.3, 13.4, 12.9; IR (KBr) 3101, 3067, 2970, 2934, 1515,
1494, 1394 cm�1; GCeMS m/z (rel intensity) 261 (Mþ, 100), 246
(80), 230 (20), 184 (15), 115 (12), 77 (8); Anal. Calcd for C19H19N: C,
87.31; H, 7.33; N, 5.36. Found: C, 87.30; H, 7.51; N, 5.73.

4.2.25. 2-Methyl-5-phenyl-1-o-tolyl-1H-pyrrole (27).14m Yield 94%.
Yellow solid, mp 60e61 �C. TLC (20% ethyl acetate/hexane) Rf 0.67;
1H NMR (400 MHz, CDCl3) d 7.27e7.24 (m, 3H), 7.20e7.18 (m, 1H),
7.10e7.04 (m, 5H), 6.39 (d, 1H, J¼3.4 Hz), 6.10 (d, 1H, J¼3.4 Hz), 1.99
(s, 3H), 1.84 (s, 3H); 13C NMR (100 MHz, CDCl3) d 138.6, 136.9, 133.9,
133.6, 131.2, 130.8, 129.3, 128.3, 127.9, 126.9, 126.5, 125.6, 107.9,
107.2, 17.3, 12.8; IR (KBr) 3070, 3029, 2920, 1601, 1514, 1497,
1394 cm�1; GCeMS m/z (rel intensity) 247 (Mþ, 100), 232 (48), 170
(13), 115 (16), 91 (10), 65 (8).

4.2.26. 2-Methyl-5-phenyl-1-m-tolyl-1H-pyrrole (28). Yield 94%.
Yellow solid, mp 72e73 �C. TLC (20% ethyl acetate/hexane) Rf 0.72;
1H NMR (400 MHz, CDCl3) d 7.23e7.21 (m, 1H), 7.13e7.11 (m, 3H),
7.07e7.06 (m, 3H), 6.97e6.94 (m, 2H), 6.34 (d,1H, J¼3.4 Hz), 6.08 (d,
1H, J¼3.4 Hz), 2.31 (s, 3H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3)
d 139.3, 138.8, 134.1, 133.5, 131.7, 128.9, 128.6, 128.1, 127.9, 127.6,
125.51, 125.52, 108.5, 107.3, 21.3, 13.3; IR (KBr) 3095, 3036, 2920,
1603, 1516, 1491, 1395 cm�1; GCeMS m/z (rel intensity) 247 (Mþ,
100), 230 (9), 191 (8), 115 (11), 91 (7), 65 (5); Anal. Calcd for
C18H17N: C, 87.41; H, 6.93; N, 5.66. Found: C, 86.90; H, 7.02; N, 5.19.

4.2.27. 2-Methyl-5-phenyl-1-p-tolyl-1H-pyrrole (29).14m Yield 93%.
Pale yellow solid, mp 73e74 �C. TLC (20% ethyl acetate/hexane) Rf
0.73; 1H NMR (400 MHz, CDCl3) d 7.14e7.12 (m, 4H), 7.06e7.04 (m,
5H), 6.34 (d, 1H, J¼3.4 Hz), 6.07 (d, 1H, J¼3.4 Hz), 2.36 (s, 3H), 2.12
(s, 3H); 13C NMR (100 MHz, CDCl3) d 137.1, 136.7, 134.1, 133.6, 131.7,
129.5, 128.1, 127.9, 127.7, 125.5, 108.4, 107.3, 21.1, 13.3; IR (KBr) 3034,
2922, 1601, 1516, 1445, 1398 cm�1; GCeMS m/z (rel intensity) 247
(Mþ, 100), 191 (13), 129 (9), 115 (12), 91 (9), 65 (10).

4.2.28. 1-(4-Isopropylphenyl)-2-methyl-5-phenyl-1H-pyrrole
(30). Yield 85%. White solid, mp 78e79 �C. TLC (20% ethyl acetate/
hexane) Rf 0.68; 1H NMR (400 MHz, CDCl3) d 7.12 (d, 2H, J¼8.3 Hz),
7.05e7.04 (m, 2H), 6.99e6.97 (m, 5H), 6.27 (d,1H, J¼3.4 Hz), 6.00 (d,
1H, J¼3.4 Hz), 2.90e2.80 (m,1H), 2.06 (s, 3H), 1.18 (d, 6H, J¼6.8 Hz);
13C NMR (100 MHz, CDCl3) d 148.0, 136.9, 134.1, 133.6, 131.8, 128.1,
127.8, 127.7, 126.8, 125.5, 108.4, 107.2, 33.7, 23.9, 13.3; IR (KBr) 3036,
2961, 2926, 1512, 1456, 1396 cm�1; GCeMS m/z (rel intensity) 275
(Mþ, 100), 260 (15), 232 (10), 191 (10), 115 (9); Anal. Calcd for
C20H21N: C, 87.23; H, 7.69; N, 5.09. Found: C, 87.25; H, 7.83; N, 4.87.

4.2.29. 2-Methyl-5-phenyl-1-(2-propylphenyl)-1H-pyrrole
(31). Yield 97%. Orange liquid. TLC (20% ethyl acetate/hexane) Rf
0.81; 1H NMR (400 MHz, CDCl3) d 7.26e7.20 (m, 4H), 7.04e6.99 (m,
5H), 6.35 (d, 1H, J¼3.5 Hz), 6.05 (d, 1H, J¼3.5 Hz), 2.11e2.04 (m,1H),
1.96e1.91 (m, 4H),1.33e1.12 (m, 2H), 0.68 (t, 3H, J¼7.3 Hz); 13C NMR
(100 MHz, CDCl3) d 140.9, 138.1, 134.1, 133.6, 131.6, 129.7, 129.6,
128.3, 127.9, 126.9, 126.3, 125.5, 107.9, 107.1, 32.4, 22.1, 14.0, 12.9; IR
(KBr) 3070, 3033, 2960, 2933, 1602, 1514, 1491, 1394 cm�1; GCeMS
m/z (rel intensity) 275 (Mþ, 100), 260 (81), 230 (27), 198 (12), 129
(11), 115 (16), 91 (9), 77 (9), 51 (6); Anal. Calcd for C20H21N: C, 87.23;
H, 7.69; N, 5.09. Found: C, 86.74; H, 8.09; N, 4.89.

4.2.30. 1-(4-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole
(32).14n Yield 92%. White solid, mp 89e90 �C. TLC (20% ethyl ace-
tate/hexane) Rf 0.60; 1H NMR (400MHz, CDCl3) d 7.05e7.04 (m, 2H),
7.00e6.99 (m, 5H), 6.79 (d, 2H, J¼8.8 Hz), 6.26 (d, 1H, J¼3.4 Hz),
5.99 (d, 1H, J¼3.4 Hz), 3.73 (s, 3H), 2.04 (s, 3H); 13C NMR (100 MHz,
CDCl3) d 158.6, 134.2, 133.6, 132.2, 131.9, 129.4, 127.9, 127.7, 125.5,
114.1, 108.3, 107.1, 55.4, 13.2; IR (KBr) 3069, 3002, 2937, 2835, 1601,
1514, 1445, 1247 cm�1; GCeMS m/z (rel intensity) 263 (Mþ, 100),
248 (20), 207 (23), 115 (9), 77 (4).

4.2.31. 1-(3-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole
(33).14n Yield 98%. Yellow solid, mp 77e78 �C. TLC (20% ethyl ace-
tate/hexane) Rf 0.64; 1H NMR (400 MHz, CDCl3) d 7.17 (t, 1H,
J¼8.0 Hz), 7.08e6.97 (m, 5H), 6.80e6.77 (m,1H), 6.68 (dt, 1H, J¼8.0,
1.5 Hz), 6.61 (t, 1H, J¼1.5 Hz), 6.27 (d, 1H, J¼3.4 Hz), 6.01 (d, 1H,
J¼3.4 Hz), 3.62 (s, 3H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3)
d 159.8, 140.4, 134.1, 133.5, 131.6, 129.5, 127.9, 127.6, 125.6, 120.8,
114.1, 113.2, 108.6, 107.4, 55.3, 13.3; IR (KBr) 3066, 2921, 2835, 1601,
1514, 1489, 1223 cm�1; GCeMS m/z (rel intensity) 263 (Mþ, 100),
218 (8), 115 (9), 77 (6).

4.2.32. 1-(2-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole
(34).14n Yield 94%. Yellow solid, mp 68e69 �C. TLC (20% ethyl ace-
tate/hexane) Rf 0.64; 1H NMR (400MHz, CDCl3) d 7.26e7.22 (m,1H),
7.03e7.00 (m, 6H), 6.86e6.83 (m, 2H), 6.28 (d, 1H, J¼3.4 Hz), 6.02
(d, 1H, J¼3.4 Hz), 3.59 (s, 3H), 1.98 (s, 3H); 13C NMR (100 MHz,
CDCl3) d 155.7, 134.5, 133.8, 132.0, 130.3, 129.2, 128.1, 127.8, 125.6,
120.6, 111.9, 107.94, 107.93, 106.9, 55.5, 12.6; IR (KBr) 3069, 2922,
1601, 1506, 1460, 1024 cm�1; GCeMS m/z (rel intensity) 263 (Mþ,
100), 248 (27), 232 (13), 217 (11), 115 (13), 77 (8), 51 (5).

4.2.33. 1-(4-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole
(35).14o Yield 80%. Yellow solid, mp 99e100 �C. TLC (20% ethyl ac-
etate/hexane) Rf 0.63; 1H NMR (400 MHz, CDCl3) d 7.07e7.02 (m,
4H), 6.98e6.96 (m, 5H), 6.26 (d,1H, J¼3.4 Hz), 6.01 (d,1H, J¼3.4 Hz),
2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) d 161.6 (d, J¼247.5 Hz),
135.4 (d, J¼2.9 Hz), 134.3, 133.3, 131.7, 129.9 (d, J¼8.7 Hz), 127.9 (d,
J¼21.1 Hz), 125.8, 116.0, 115.8, 108.7, 107.6, 13.2; IR (KBr) 3109, 3070,
2921, 1509, 1396, 1219 cm�1; GCeMS m/z (rel intensity) 251 (Mþ,
100), 235 (8), 209 (10), 115 (12), 95 (10), 75 (7).

4.2.34. 1-(4-Chlorophenyl)-2-methyl-5-phenyl-1H-pyrrole
(36).14p Yield 83%. Yellow solid, mp 102e103 �C (lit.14p mp
105e106 �C). TLC (20% ethyl acetate/hexane) Rf 0.70; 1H NMR
(400 MHz, CDCl3) d 7.34e7.31 (m, 2H), 7.18e7.14 (m, 2H), 7.12e7.03
(m, 5H), 6.34 (d, 1H, J¼3.4 Hz), 6.09 (d, 1H, J¼3.4 Hz), 2.13 (s, 3H);
13C NMR (100 MHz, CDCl3) d 137.9, 134.2, 133.2, 133.1, 131.5, 129.6,
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129.2, 128.1, 127.8, 125.9, 108.9, 107.9, 13.3; IR (KBr) 3068, 3030,
2924, 1516, 1496, 1396 cm�1; GCeMS m/z (rel intensity) 267 (Mþ,
100), 231 (18), 191 (23), 129 (10), 115 (13), 77 (10), 51 (5).

4.2.35. 1-(4-Bromophenyl)-2-methyl-5-phenyl-1H-pyrrole
(37).14p Yield 81%. Yellow solid, mp 119e120 �C (lit.14p mp
125e126 �C). TLC (20% ethyl acetate/hexane) Rf 0.60; 1H NMR
(400 MHz, CDCl3) d 7.40 (d, 2H, J¼8.5 Hz), 7.10e7.07 (m, 2H),
7.04e7.01 (m,1H), 6.97e6.94 (m, 4H), 6.26 (d,1H, J¼3.4 Hz), 6.02 (d,
1H, J¼3.4 Hz), 2.06 (s, 3H); 13C NMR (100MHz, CDCl3) d 138.4, 134.1,
133.1, 132.1, 131.5, 129.9, 128.1, 127.8, 125.9, 121.1, 109.0, 107.9, 13.3;
IR (KBr) 3059, 3034, 2972, 2920,1516, 1491, 1396 cm�1; GCeMSm/z
(rel intensity) 313 (Mþþ2, 100), 311 (Mþ, 100), 230 (29), 191 (23),
129 (10), 108 (17), 76 (8).

4.2 .36 . 1-(4-Iodophenyl)-2-methyl-5-phenyl-1H-pyrrole
(38).14p Yield 84%. Yellow solid, mp 128e129 �C (lit.14p mp
139e140 �C). TLC (20% ethyl acetate/hexane) Rf 0.65; 1H NMR
(400 MHz, CDCl3) d 7.60 (d, 2H, J¼8.5 Hz), 7.11e7.07 (m, 2H),
7.03e7.01 (m,1H), 6.98e6.96 (m, 2H), 6.81 (d, 2H, J¼8.5 Hz), 6.26 (d,
1H, J¼3.4 Hz), 6.01 (d, 1H, J¼3.4 Hz), 2.06 (s, 3H); 13C NMR
(100MHz, CDCl3) d 139.1, 138.1, 134.1, 133.1, 131.5, 130.2, 128.1, 127.8,
125.9, 109.1, 107.9, 92.5, 13.3; IR (KBr) 3067, 2972, 2922, 1508, 1497,
1319 cm�1; GCeMS m/z (rel intensity) 359 (Mþ, 100), 230 (15), 191
(10), 109 (8), 76 (6).

4.2.37. 1-(3-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole
(39). Yield 86%. White solid, mp 75e76 �C. TLC (20% ethyl acetate/
hexane) Rf 0.76; 1H NMR (400 MHz, CDCl3) d 7.23e7.18 (m, 2H),
7.04e6.98 (m, 5H), 6.87e6.80 (m, 2H), 6.27 (d, 1H, J¼3.4 Hz), 6.02
(d, 1H, J¼3.4 Hz), 2.07 (s, 3H); 13C NMR (100 MHz, CDCl3) d 162.6 (d,
J¼247.9 Hz), 140.9 (d, J¼9.5 Hz), 134.2, 133.2, 131.57, 130.0, 129.9,
128.0, 127.7, 125.9, 124.4 (d, J¼3.3 Hz), 115.9 (d, J¼22.3 Hz), 114.5 (d,
J¼21.1 Hz), 109.0, 107.9, 107.89, 13.3; IR (KBr) 3072, 3036, 2923,
1593, 1516, 1491, 1394 cm�1; GCeMS m/z (rel intensity) 251 (Mþ,
100), 235 (9), 209 (7), 115 (11), 95 (9), 75 (5); Anal. Calcd for
C17H14FN: C, 81.25; H, 5.62; N, 5.57. Found: C, 80.57; H, 5.97; N, 5.57.

4.2.38. 1-(2-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole
(40).14g Yield 83%. Yellow solid, mp 88e89 �C. TLC (20% ethyl ace-
tate/hexane) Rf 0.68; 1H NMR (400MHz, CDCl3) d 7.27e7.22 (m,1H),
7.10e7.00 (m, 8H), 6.29 (d, 1H, J¼3.4 Hz), 6.04 (d,1H, J¼3.4 Hz), 2.03
(s, 3H); 13C NMR (100 MHz, CDCl3) d 158.3 (d, J¼250.3 Hz), 134.7,
133.2, 132.1, 130.8, 129.6, 129.5, 128.0, 127.4 (d, J¼9.1 Hz), 127.3 (d,
J¼21.9 Hz), 125.9, 124.4 (d, J¼4.1 Hz), 116.5 (d, J¼20.3 Hz), 108.8,
107.7, 107.67,12.5; IR (KBr) 3101, 3065, 2922,1506,1456,1396 cm�1;
GCeMS m/z (rel intensity) 251 (Mþ, 100), 230 (7), 115 (11), 75 (9),
51 (5).

4.2.39. 4-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitrile
(41). Yield 75%.White solid, mp 113e114 �C. TLC (20% ethyl acetate/
hexane) Rf 0.54; 1H NMR (400 MHz, CDCl3) d 7.57 (d, 2H, J¼8.6 Hz),
7.16 (d, 2H, J¼8.6 Hz), 7.11e7.03 (m, 3H), 6.93e6.92 (m, 2H), 6.28 (d,
1H, J¼3.4 Hz), 6.05 (d, 1H, J¼3.4 Hz), 2.09 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 143.4, 134.2, 132.9, 132.8, 131.3, 129.0, 128.2,
127.9, 126.2, 118.2, 110.9, 109.9, 108.8, 13.4; IR (KBr) 3091, 3070,
2922, 2229, 1603, 1506, 1394 cm�1; GCeMS m/z (rel intensity) 258
(Mþ, 100), 242 (8), 115 (14), 102 (12), 51 (5); Anal. Calcd for
C18H14N2: C, 83.69; H, 5.46; N, 10.84. Found: C, 82.84; H, 5.25; N,
9.96.

4.2.40. 3-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitrile
(42). Yield 85%. White solid, mp 105e106 �C. TLC (20% ethyl ace-
tate/hexane) Rf 0.46; 1H NMR (400 MHz, CDCl3) d 7.52 (d, 1H,
J¼7.8 Hz), 7.38 (t, 2H, J¼7.8 Hz), 7.28 (d, 1H, J¼8.0 Hz), 7.09e7.04 (m,
3H), 6.92 (d, 2H, J¼9.0 Hz), 6.27 (d, 1H, J¼3.4 Hz), 6.04 (d, 1H,
J¼3.4 Hz), 2.07 (s, 3H); 13C NMR (100 MHz, CDCl3) d 140.4, 134.3,
133.0, 132.7, 131.6, 131.3, 130.8, 129.9, 128.2, 127.9, 126.2, 117.8, 113.1,
109.6, 108.5, 13.3; IR (KBr) 3099, 3066, 2922, 2231, 1508, 1495,
1393 cm�1; GCeMS m/z (rel intensity) 258 (Mþ, 100), 183 (14), 128
(15), 115 (10), 102 (12), 77 (7), 51 (6); Anal. Calcd for C18H14N2: C,
83.69; H, 5.46; N, 10.84. Found: C, 83.48; H, 5.53; N, 10.65.

4.2.41. 2-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitri le
(43). Yield 60%. White solid, mp 98e99 �C. TLC (20% ethyl acetate/
hexane) Rf 0.40; 1H NMR (400 MHz, CDCl3) d 7.60 (dd, 1H, J¼7.6,
1.2 Hz), 7.52 (td, 1H, J¼7.8, 1.5 Hz), 7.38e7.35 (m, 1H), 7.22 (d, 1H,
J¼8.0 Hz), 7.09e6.97 (m, 5H), 6.31 (d, 1H, J¼3.4 Hz), 6.08 (d, 1H,
J¼3.4 Hz), 2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) d 142.4, 135.0,
133.4, 133.3, 132.8, 131.7, 130.4, 128.3, 128.1, 127.8, 126.1, 115.9, 113.5,
109.7, 108.7, 12.8; IR (KBr) 3070, 3034, 2922, 2229, 1516, 1456,
1394 cm�1; GCeMS m/z (rel intensity) 258 (Mþ, 100), 183 (14), 128
(15), 115 (10), 102 (12), 77 (7), 51 (6); Anal. Calcd for C18H14N2: C,
83.69; H, 5.46; N, 10.84. Found: C, 83.69; H, 5.57; N, 10.82.

4.2.42. 8-(-2-Methyl-5-phenyl-1H-pyrrol-1-yl)quinoline (44). Yield
77%. White solid, mp 111e112 �C. TLC (20% ethyl acetate/hexane) Rf
0.30; 1H NMR (400 MHz, CDCl3) d 8.90e8.89 (m, 1H), 8.11 (dd, 1H,
J¼8.3, 1.7 Hz), 7.75 (dd, 1H, J¼7.3, 2.2 Hz), 7.40e7.32 (m, 3H), 6.88 (s,
5H), 6.38 (d, 1H, J¼3.4 Hz), 6.13 (d, 1H, J¼3.4 Hz), 1.89 (s, 3H); 13C
NMR (100 MHz, CDCl3) d 151.4, 151.3, 151.27, 145.4, 137.2, 135.9,
135.4, 133.9, 133.2, 130.2, 128.9, 128.2, 127.7, 127.4, 125.9, 125.4,
121.6, 108.6, 107.3, 12.9; IR (KBr) 3055, 2976, 2920, 1599, 1516, 1499,
1402 cm�1; GCeMS m/z (rel intensity) 284 (Mþ, 100), 269 (15), 241
(8), 156 (11), 129 (17); Anal. Calcd for C20H16N2: C, 84.48; H, 5.67; N,
9.85. Found: C, 84.63; H, 5.84; N, 9.99.

4.2.43. 2-Methyl-1-(naphthalene-4-yl)-5-phenyl-1H-pyrrole
(45).14g Yield 90%. Green liquid, mp 108e109 �C. TLC (20% ethyl
acetate/hexane) Rf 0.70; 1H NMR (400 MHz, CDCl3) d 7.79 (t, 2H,
J¼6.6 Hz), 7.42e7.33 (m, 3H), 7.29e7.26 (m, 2H), 6.94e6.85 (m, 5H),
6.40 (d, 1H, J¼3.4 Hz), 6.11 (d, 1H, J¼3.4 Hz), 1.86 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 136.2, 135.3, 134.0, 133.5, 132.9, 131.9, 128.5,
128.1,127.8,127.2,127.1,126.9,126.4,125.6,125.3,123.4,108.3,107.2,
12.7; IR (KBr) 3057, 2922, 2854, 1599, 1508, 1408 cm�1; GCeMSm/z
(rel intensity) 283 (Mþ, 100), 241 (7), 165 (8), 127 (12).
Acknowledgements

This work was supported by Kwangwoon University in 2013.
References and notes

1. (a) Jacobi, P. A.; Coults, L. D.; Guo, J. S.; Leung, S. I. J. Org. Chem. 2000, 65,
205e213; (b) F€urstner, A. Angew. Chem. 2000, 39, 3013e3043; (c) F€urstner, A.;
szillat, H.; Gobor, B.; Mynott, R. J. Am. Chem. Soc. 1998, 120, 8305e8314; (d)
Boger, D. L.; Boyce, C. W.; Labrili, M. A.; Sehon, C. A.; Jin, Q. J. Am. Chem. Soc.
1999, 121, 54e62.

2. (a) Diaz, A. F.; Castillo, J. I.; Logan, J. A.; Lee, W. Y. J. Electroanal. Chem. 1981, 129,
115e132; (b) Kanazawa, K. K.; Diaz, A. F.; Geiss, R. H.; Gill, W. D.; Kwak, J. F.;
Logan, J. A.; Rabolt, J. F.; Street, G. B. J. Chem. Soc., Chem. Commun. 1979,
854e855.

3. (a) Seller, J. L.; Gale, P. A.; Cho, W. S. In Anion Receptor Chemistry; Monographs in
Supramolecular Chemistry; Stoddart, J. F., Ed.; RSC Publishing: Cambridge, U. K,
2006; (b) Beer, P. D.; Gale, P. A. Angew. Chem., Int. Ed. 2001, 40, 486e516; (c)
Gale, P. A. Coord. Chem. Rev. 2003, 240, 191e221; (d) Gale, P. A.; Quesada, R.
Coord. Chem. Rev. 2006, 250, 3219e3244; (e) Gale, P. A.; Garcia-Garrido, S. E.;
Garric, J. Chem. Soc. Rev. 2008, 37, 151e190; (f) Est�evez, V.; Villacampa, M.;
Men�endez, J. C. Chem. Soc. Rev. 2010, 39, 4402e4421; (g) Kim, S. K.; Gross, D. E.;
Cho, D.; Lynch, V.; Sessler, J. L. J. Org. Chem. 2011, 76, 1005e1012.

4. (a) Knorr, L. Ber. 1884, 17, 2863e2870; (b) Paal, C. Ber. 1884, 17, 2756e2767.
5. (a) Balme, G. Angew. Chem., Int. Ed. 2004, 43, 6238e6241; (b) Philippa, B. C.;

Matthew, O.; Duncan, L. B.; Peter, K.; Anastasios, P.; Miguel, P.; Steven, V. L.
Org. Biomol. Chem. 2012, 10, 5774e5779; (c) Aghapoor, K.; Ebadi-Nia, L.;
Mohsenzadeh, F.; Morad, M. M.; Balavar, Y.; Darabi, H. R. J. Organomet. Chem.
2012, 708, 25e30; (d) Darabi, H. R.; Poorheravi, M. R.; Aghapoor, K.; Mirzaee,
A.; Mohsenzadeh, F.; Asadollahnejad, N.; Taherzadeh, H.; Balavar, Y. Environ.

http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib1d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib2b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib3g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib4a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib4a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib4b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib4b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5d


H. Lee, B.H. Kim / Tetrahedron 69 (2013) 6698e67086708
Chem. Lett. 2012, 10, 5e12; (e) Benjamin, B.; Thompson, M.; John, M. Org. Lett.
2011, 13, 3289e3291; (f) Banik, B. K.; Banik, I.; Renteriaa, M.; Dasgupta, S. K.
Tetrahedron Lett. 2005, 46, 2643e2645; (g) Galangau, O.; Dumas-Verdes, C.;
Schmidt, E. Y.; Trofimov, B. A.; Clavier, G. Organometallics 2011, 30,
6476e6481; (h) Kim, S. H.; Lim, J. W.; Lim, C. H.; Kim, J. N. Bull. Korean Chem.
Soc. 2012, 33, 620e624; (i) Rahmatpour, A. Appl. Organomet. Chem. 2011, 25,
585e590; (j) Chen, J.; Yang, X.; Liu, M.; Wu, H.; Ding, J.; Su, W. Synth. Commun.
2009, 39, 4180e4198.

6. Est�evez, V.; Villacampa, M.; Men�endez, J. C. Chem. Commun. 2013, 591e593.
7. Qi, X.; Xu, X.; Park, C. Chem. Commun. 2012, 3996e3998.
8. (a) Wang, H.; Mueller, D. S.; Sachwani, R. M.; Kapadia, R.; Londino, H. N.;

Anderson, L. L. J. Org. Chem. 2011, 76, 3203e3221.
9. Marie, S. T. M.; Daniel, J. S.; Bruce, A. A. Org. Lett. 2010, 12, 4916e4919.

10. Ramanathan, B.; Keith, A. J.; Armstrong, D.; Odom, A. L. Org. Lett. 2004, 6,
2957e2960.

11. Timothy, J. D.; John, F. B.; Louis, K. M. C. Org. Biomol. Chem. 2012, 10, 1322e1328.
12. (a) Chen, F.; Shen, T.; Cui, Y.; Jiao, N. Org. Lett. 2012, 14, 4926e4929; (b) Kelly,

J. M.; Leeper, F. J. Tetrahedron Lett. 2012, 53, 819e821; (c) Ghabraie, E.; Bala-
laie, S.; Bararjanian, M.; Bijanzadeh, H. R.; Rominger, F. Tetrahedron 2011, 67,
5415e5420; (d) Rubin, M.; Ryabchuk, P. G. Chem. Heterocycl. Compd. 2012, 48,
126e138; (e) Pridmore, S. J.; Slatford, P. A.; Taylor, J. E.; Whittlesey, M. K.;
Williams, J. M. Tetrahedron 2009, 65, 8981e8986.

13. (a) Kim, B. H.; Jin, Y.; Jun, Y. M.; Han, R.; Baik, W.; Lee, B. M. Tetrahedron Lett.
2000, 41, 2137e2140; (b) Kim, B. H.; Cheong, J. W.; Han, R.; Jun, Y. M.; Baik,
W.; Lee, B. M. Synth. Commun. 2001, 31, 3577e3586; (c) Kim, B. H.; Han, R.;
Piao, F.; Jun, Y. M.; Baik, W.; Lee, B. M. Tetrahedron Lett. 2003, 47, 77e79; (d)
Han, R.; Choi, S. H.; Son, K. I.; Jun, Y. M.; Lee, B. M. Synth. Commun. 2005, 35,
1725e1733; (e) Kim, B. H.; Han, R.; Kim, J. S.; Jun, Y. M.; Baik, W.; Lee, B. M.
Heterocycles 2004, 62, 41e54; (f) Han, R.; Chen, S.; Lee, S. J.; Qi, F.; Wu, X.;
Kim, B. H. Heterocycles 2006, 68, 1675e1684; (g) Han, R.; Son, K. I.; Ahn, G. H.;
Jun, Y. M.; Lee, B. M.; Park, Y.; Kim, B. H. Tetrahedron Lett. 2006, 47,
7295e7299; (h) Ahn, G. H.; Lee, J. J.; Jun, Y. M.; Lee, B. M.; Kim, B. H. Org.
Biomol. Chem. 2007, 5, 2472e2485; (i) Kim, J. S.; Han, J. H.; Lee, J. J.; Jun, Y. M.;
Lee, B. M.; Kim, B. H. Tetrahedron Lett. 2008, 49, 3733e3738; (j) Han, R.; Chen,
S.; Lee, S. J.; Qi, F.; Wu, X.; Kim, B. H. Heterocycles 2013, 87, 155e162; (k) Lee, J.
J.; Kim, J.; Jun, Y. M.; Lee, B. M.; Kim, B. H. Tetrahedron Lett. 2009, 65,
8821e8831.

14. (a) Chen, J.; Liu, M.; Yang, X.; Ding, J.; Wu, H. J. Braz. Chem. Soc. 2008, 19,
877e883; (b) Satyanarayana, V. S. V.; Sivakumar, A. Ultrason. Sonochem. 2011,
18, 917e922; (c) Faigl, F.; Feldhoffer, B. V.; Thurner, A. Synth. Commun. 2006, 36,
2841e2849; (d) He, X.; Zou, P.; Qiu, J.; Hou, L.; Jiang, S.; Liu, S.; Xie, L. Bioorg.
Med. Chem. 2011, 19, 6726e6734; (e) Surya, K. D. Catal. Lett. 2008, 124, 174e177;
(f) Ryzhkov, I. O.; Andreev, I. A.; Belov, G. M.; Kurkin, A. V.; Yurovskaya, M. A.
Chem. Heterocycl. Compd. 2011, 47, 182e193; (g) Biava, M.; Porretta, G. C.;
Deidda, D.; Pompei, R.; Tafic, A.; Manettic, F. Bioorg. Med. Chem. 2004, 12,
1453e1458; (h) Bishop, W. S. J. Am. Chem. Soc. 1945, 67, 2261e2262; (i) Gilles,
A.; Marguerite, D.; Claire, M.; Richard, R. Eur. J. Med. Chem. 1984, 19, 283e284;
(j) Stupnisek-Lisac, E.; Metikos-Hukovic, M.; Lencic, D.; Vorkapic-Furac, J.;
Berkovic, K. Corrosion 1992, 48, 924e930; (k) Jasna, V.; Mladen, M.; Thomas,
B.; Albrecht, M. J. Chem. Soc., Perkin Trans. 1989, 11, 1972e1999; (l) Hazlewood,
S. J.; Hughes, G. K.; Lions, F.; Baldick, K. J.; Cornforth, J. W.; Graves, J. N.;
Maunsell, J. J.; Wilkinson, T.; Birch, A. J.; Harradence, R. H. J. Proc. Roy. Soc. New
South Wales 1937, 71, 92e102; (m) Weike, S.; Jiuxi, C.; Huayue, W. Faming
Zhuanli Shenqing Gongkai Shuomingshu 2007, CN 1931839 A 20070321; (n)
Buu-Hoi, N. P.; Richard, R.; Cavier, R. J. Med. Pharm. Chem. 1959, 1, 319e325;
(o) Biava, M.; Porretta, G. C.; Deidda, D.; Pompei, R.; Tafi, A.; Manetti, F. Bioorg.
Med. Chem. 2003, 11, 515e520; (p) Pons, A. L.; Robba, M. F.; Marcy, R. H.;
Duval, D. J. C. Ger. Offen. 1970, DE 1938904 A 19700205.

http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib5j
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref1
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref1
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref1
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref1
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref2
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref2
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib8a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib8a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib8a
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref3
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref3
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref4
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref4
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref4
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref5
http://refhub.elsevier.com/S0040-4020(13)00881-8/sref5
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib12e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib13k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14a
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14b
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14c
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14d
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14e
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14f
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14g
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14h
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14i
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14j
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14k
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14l
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14l
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14l
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14l
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14l
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14m
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14m
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14n
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14n
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14n
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14o
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14o
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14o
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14p
http://refhub.elsevier.com/S0040-4020(13)00881-8/bib14p

	Indium-mediated one-pot pyrrole synthesis from nitrobenzenes and 1,4-diketones
	1 Introduction
	2 Results and discussion
	3 Conclusions
	4 Experimental section
	4.1 General considerations
	4.2 General procedure for the indium-mediated reductive reaction of nitrobenzenes with 2,5-hexadione or 1-phenyl-1,4-pantan ...
	4.2.1 2,5-Dimethyl-1-phenyl-1H-pyrrole (3)12e,14a,b
	4.2.2 1-(2-Ethylphenyl)-2,5-dimethyl-1H-pyrrole (4)14c
	4.2.3 2,5-Dimethyl-1-o-tolyl-1H-pyrrole (5)5c
	4.2.4 2,5-Dimethyl-1-m-tolyl-1H-pyrrole (6)5c
	4.2.5 2,5-Dimethyl-1-p-tolyl-1H-pyrrole (7)5c
	4.2.6 1-(4-Isopropylphenyl)-2,5-dimethyl-1H-pyrrole (8)14h
	4.2.7 2,5-Dimethyl-1-(2-propylphenyl)-1H-pyrrole (9)
	4.2.8 1-(4-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (10)12e,14b
	4.2.9 1-(3-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (11)14i
	4.2.10 1-(2-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole (12)14i
	4.2.11 1-(4-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (13)14j
	4.2.12 1-(4-Chlorophenyl)-2,5-dimethyl-1H-pyrrole (14)5j
	4.2.13 1-(4-Bromophenyl)-2,5-dimethyl-1H-pyrrole (15)5c,14b
	4.2.14 1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole (16)14b
	4.2.15 1-(3-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (17)14j
	4.2.16 1-(2-Fluorophenyl)-2,5-dimethyl-1H-pyrrole (18)14j
	4.2.17 4-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (19)5c
	4.2.18 3-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (20)14d
	4.2.19 2-(2,5-Dimethyl-1H-pyrrol-1-yl)benzonitrile (21)14k
	4.2.20 8-(2,5-Dimethyl-1H-pyrrol-1-yl)quinoline (22)14l
	4.2.21 2,5-Dimethyl-1-(naphthalen-4-yl)-1H-pyrrole (23)14b
	4.2.22 1-Phenyl-1,4-pentanedione (24)14f
	4.2.23 2-Methyl-1,5-diphenyl-1H-pyrrole (25)14g
	4.2.24 1-(2-Ethylphenyl)-2-methyl-5-phenyl-1H-pyrrole (26)
	4.2.25 2-Methyl-5-phenyl-1-o-tolyl-1H-pyrrole (27)14m
	4.2.26 2-Methyl-5-phenyl-1-m-tolyl-1H-pyrrole (28)
	4.2.27 2-Methyl-5-phenyl-1-p-tolyl-1H-pyrrole (29)14m
	4.2.28 1-(4-Isopropylphenyl)-2-methyl-5-phenyl-1H-pyrrole (30)
	4.2.29 2-Methyl-5-phenyl-1-(2-propylphenyl)-1H-pyrrole (31)
	4.2.30 1-(4-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole (32)14n
	4.2.31 1-(3-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole (33)14n
	4.2.32 1-(2-Methoxyphenyl)-2-methyl-5-phenyl-1H-pyrrole (34)14n
	4.2.33 1-(4-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole (35)14o
	4.2.34 1-(4-Chlorophenyl)-2-methyl-5-phenyl-1H-pyrrole (36)14p
	4.2.35 1-(4-Bromophenyl)-2-methyl-5-phenyl-1H-pyrrole (37)14p
	4.2.36 1-(4-Iodophenyl)-2-methyl-5-phenyl-1H-pyrrole (38)14p
	4.2.37 1-(3-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole (39)
	4.2.38 1-(2-Fluorophenyl)-2-methyl-5-phenyl-1H-pyrrole (40)14g
	4.2.39 4-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitrile (41)
	4.2.40 3-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitrile (42)
	4.2.41 2-(2-Methyl-5-phenyl-1H-pyrrol-1-yl)benzonitrile (43)
	4.2.42 8-(-2-Methyl-5-phenyl-1H-pyrrol-1-yl)quinoline (44)
	4.2.43 2-Methyl-1-(naphthalene-4-yl)-5-phenyl-1H-pyrrole (45)14g


	Acknowledgements
	References and notes


