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Formation of Substituted Pyrroles via an Imine Condensation/
Aza-Claisen Rearrangement/Imine-Allene Cyclization Process by

MAOS

W. Stacy Bremner and Michael G. Organ*

Department of Chemistry, York UniVersity, 4700 Keele Street, Toronto, Ontario, Canada, M3J 1P3

ReceiVed September 24, 2007

A diverse collection of pyrroles has been prepared using a one-pot, domino aldehyde/amine condensation,
[3,3]-aza-Claisen rearrangement, imine-allene cyclization strategy. This protocol was accelerated by
microwave irradiation and provided very good levels of conversion after reacting for only 30 min.

Introduction

Among nitrogen-containing aromatic heterocycles, the
pyrrole ring is the most frequently observed in the structure
of natural products1 and synthetic materials.2 Importantly,
the pyrrole substructure is found in many biologically active
compounds,3 and their synthesis, reactivity, and biological
activity continue to be very actively studied.4 Some of the
more traditional methods for their preparation include the
Knorr,5 Pall-Knorr,6 and Hantzsch7 condensation reactions,
while more recent strategies include multicomponent reac-
tions8 and the use of transition metal-catalyzed processes.9

Widespread use of these methods is limited by the harsh
nature of some of the reaction conditions, by the production
of harmful waste streams, or both.

As part of our ongoing efforts in the development and
application of new synthetic methods and techniques for the
advancement of microwave-assisted organic chemistry
(MAOS), we were interested in the development of a general,
simple, and effective method for the preparation of the
pyrrole substructure that would lend itself to library prepara-
tion. The protocol we settled on involves the reaction of
various secondary propargylamines and aldehydes via a
tandem condensation/aza-Claisen rearrangement/cyclization
sequence that generates substituted pyrroles (Table 1). A
similar rearrangement mechanism has been proposed in
related systems for the synthesis of annulated[b]pyrroles.10

This reliable procedure can be performed quickly under
microwave conditions to generate a library of pyrroles with
various functionality and substitution patterns.

Results and Discussion

A solution of N-benzylpropargylamine (1a) and propi-
onaldehyde (2a) in DMF was treated with molecular sieves
and heated to 200 °C for 30 min in a Biotage Initiator
Microwave Synthesizer reactor (Scheme 1, Table 1, entry
1). Upon formation of the intermediate enynamine (see
structure 3), we propose that a [3,3]-pericyclic rearrangement

occurrs giving rise to the imino-allene intermediate (see
structure 4) that undergoes subsequent cylcization to give
1-benzyl-2,4-dimethylpyrrole 5a.

A variety of propargylamines bearing benzyl or aliphatic
substituents have proven to be equally effective in this
process with a diverse selection of aldehydes. The reaction
tolerates bulky aliphatic groups on nitrogen such as cyclo-
hexyl (entries 7 and 8) and isopropyl (entries 11 and 12), as
well as pharmaceutically relevant functionality such as
nitrogen and sulfur heterocycles in the acetylenic position
(entries 17, 19, and 20). Our substrate survey indicates that
the amine in 1 must be secondary; primary propargylamine
produces an imine species that would not react further.
However, if the N-unsubstituted pyrrole is desired, this can
be achieved easily by hydrogenation of the corresponding
N-benzyl derivative (e.g., 5a-5f).

Conclusions

In summary, an efficient reaction sequence for the produc-
tion of a diverse collection of pyrroles has been developed.
A wide variety of starting propargylamines can be prepared
readily by a number of different approaches including
substitution and reductive alkylation chemistry.11 For more
complex propargylamines, such as the case in entry 18 (1h),
a three-component reaction process can be envisioned that
would give rise to an even wider range of starting materials.12

Further, Sonogashira-type chemistry could be used to prepare
a number of derivatives functionalized at the acetylenic
position, such as 1g, 1h, and 1i.13 We are presently
considering the adaptation of this batch MAOS methodology
to a flowed format, such as microwave-assisted continuous-
flow organic synthesis (MACOS).14

Experimental Section

All microwave reactions were carried out in a sealed
microwave vial equipped with a magnetic stir bar and heated
in a Biotage Initiator Microwave Synthesizer programmed
to heat for the 30 min. All reagents and solvents were
purchased from commercial sources and were used without
further purification. All NMR spectra were recorded on a
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Bruker Avance 400 MHz spectrometer. 1H and 13C NMR
signals and were referenced to 7.26 ppm and 77.23 ppm for
the residual proton and carbon resonance signals of deuter-
ated chloroform solvent (CDCl3), respectively. Analogously,
the 1H and 13C NMR signals were referenced to 2.54 ppm
and 40.45 ppm for the residual proton and carbon resonance
signal of deuterated dimethyl sulfoxide solvent (DMSO-d6),
respectively. 13C J-MOD NMR spectra were collected
exclusively for the carbon data and have positive peaks (+)
for quaternary carbons or carbons with two attached protons
and negative peaks (-) for carbons with one or three attached
protons.

Isopropyl-(3-phenyl-prop-2-ynyl)-amine (1d). To a solu-
tion of propargyl alcohol (2 g, 35.68 mmol) and iodobenzene

(7.3 g, 35.68 mmol) in triethylamine (45 mL) was added
PdCl2(PPh3)2 (252 mg, 0.36 mmol) and CuI (135 mg, 0.71
mmol), and the reaction mixture was stirred at room
temperature for 16 h. The solution was then diluted with an
equal mixture of diethyl ether/water (50 mL), and the layers
were partitioned. The aqueous layer was extracted twice with
diethyl ether, and the combined organic layers were dried
over anhydrous MgSO4, filtered, and evaporated. The result-
ing crude material was purified by flash chromatography on
silica gel (30% diethyl ether in pentane) to afford 4.3 g of
pure 3-phenyl-prop-2-ynol.

To a suspension of 3-phenyl-prop-2-ynol (3.6 g, 27.24
mmol) and K2CO3 (4.52 g, 32.69 mmol) in dichloromethane
(20 mL) at 0 °C was added Me3N ·HCl (260 mg, 2.72 mmol),
and stirring was continued for 5 min. p-TsCl (6.23 g, 32.69
mmol) was added, along with an additional 20 mL of
dichloromethane, and the resulting mixture was stirred at 0
°C for 1 h. The reaction was then quenched with 40 mL of
water and was allowed to warm to room temperature. The
layers were separated, and the aqueous layer was extracted
three times with dichloromethane. The combined organic
layers were washed successively with water and brine, dried
over anhydrous MgSO4, filtered, and evaporated. The crude
material was crystallized from hexane with a minimal amount
of ethyl acetate to afford 4.3 g of pure toluene-4-sulfonic
acid 3-phenyl-prop-2-ynyl ester.

To a solution of the toluene-4-sulfonic acid 3-phenyl-prop-
2-ynyl ester (1.24 g, 4.33 mmol) in acetonitile (12 mL) was
added isopropylamine (640 mg, 10.83 mmol) at room
temperature. After it was heated to 60 °C for 18 h, the
reaction mixture was cooled to room temperature, and the
solvent was removed under reduced pressure. The residue

was then taken up in diethyl ether and washed twice with a
saturated solution of sodium bicarbonate. The combined
aqueous layers were then extracted twice with diethyl ether,
and the combined organic layers were dried over anhydrous
MgSO4, filtered, and evaporated to afford 815 mg of crude
product. Flash chromatography on silica gel (40% diethyl
ether in pentane) yielded 460 mg of clean isopropyl-(3-
phenyl-prop-2-ynyl)-amine (1d). 1H NMR (DMSO-d6): δ
7.37 (m, 5H), 3.55 (s, 2H), 2.95 (m, J ) 6 Hz, 1H), 1.96 (s,
1H), 0.99 (d, J ) 6 Hz, 6H). 13C NMR (DMSO-d6): δ 131.7
(-), 129.0 (-), 128.5 (-), 123.4 (+), 89.8 (+), 82.8 (+),
46.9 (-), 36.2 (-), 22.8 (-). HRMS Calcd for C12H15N:
m/z [M+] 173.1204. Found: 173.1198.

(2,2-Dimethoxy-ethyl)-prop-2-ynyl-amine (1f). Propargyl
bromide (80% in toluene, 3.7 g, 25.0 mmol) was added to a
reaction flask, followed by the dropwise addition of 2,2-

dimethoxy-ethylamine (16 mL, 150.0 mmol). The reaction
mixture was allowed to stir at room temperature for 18 h,
after which it was diluted with diethyl ether. After they were
washed with water and saturated NaHCO3, the combined
organic layers were dried over anhydrous MgSO4, filtered,
and evaporated under reduced pressure. The resulting crude
material was loaded directly onto a column and flashed on
silica gel (90% ethyl acetate in hexane) to afford 1.7 g (47%)
of the title compound as a yellow oil. 1H NMR (DMSO-d6):
δ 4.39 (t, J ) 5.6 Hz, 1H), 3.32 (s, 2H), 3.26 (s, 6H), 3.01
(s, 1H), 2.64 (d, J ) 5.6 Hz, 2H), 1.74 (br s, 1H). 13C NMR
(DMSO-d6): δ 103.8 (-), 83.3 (+), 73.9 (+), 53.4 (-), 49.5
(+), 37.8 (+). HRMS Calcd for C7H13NO2: m/z [M+]
143.0946. Found: 143.0989.

Benzyl-(1-ethyl-3-phenyl-prop-2-ynyl)-amine (1h). To
a microwave reaction vial equipped with a magnetic stir bar

was added benzylamine (557 mg, 5.2 mmol), propionalde-
hyde (232 mg, 4.0 mmol), phenylacetylene (654 mg, 6.4
mmol), and copper iodide (114 mg, 0.6 mmol). The reaction
vessel was then sealed, and the Biotage Initiator Microwave
Synthesizer programmed to heat at 110 °C for 10 min. The
resulting reaction mixture was loaded directly onto a column
and flashed on silica gel (15% ethyl acetate in hexane) to
afford 290 mg (29% yield) of the title compound as a yellow
oil. 1H NMR (DMSO-d6): δ 7.43–7.21 (m, 10H), 3.96 (d, J
) 13.0 Hz, 1H), 3.79 (d, J ) 13.0 Hz, 1H), 3.44 (m, 1H),
2.44 (s, 1H), 1.66 (m, J ) 7.0 Hz, 2H), 1.02 (t, J ) 7.0 Hz,
3H). 13C NMR (DMSO-d6): δ 141.0 (+), 131.8 (-), 129.0
(-), 128.5 (-), 127.0 (-), 123.5 (+), 92.1 (+), 83.8 (+),
51.3 (-), 51.1 (+), 29.0 (+), 11.0 (-). HRMS Calcd for
C18H19N: m/z [M+] 249.1517. Found: 249.1511.

Scheme 1
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Benzyl-(3-thiophen-2-yl-prop-2-ynyl)-amine (1i). To a
solution of benzyl-prop-2-ynyl-amine (500 mg, 3.44 mmol)

and 2-iodothiophene (796 mg, 3.79 mmol) in THF (15 mL)
was added Pd(PPH3)4 (21 mg, 0.03 mmol) and CuI (19 mg,
0.1 mmol). After the mixture was stirred for 5 min at room
temperature, triethylamine (0.6 mL, 4.3 mmol) was added,
and the reaction mixture heated to 70 °C for 5 h. After it
was cooled, the solution was diluted with diethyl ether; the
organic layer was washed successively with water and brine,
dried over anhydrous MgSO4, filtered, and evaporated under
reduced pressure. The resulting crude material was flashed
on silica gel (50% diethyl ether in pentane) to afford 480

mg (61%) of the title compound as a dark yellow oil. 1H
NMR (DMSO-d6): δ 7.56 (d, J ) 5.2 Hz, 1H), 7.36–7.22
(m, 6H), 7.07 (t, J ) 4.4 Hz, 1H), 3.79 (s, 2H), 3.55 (s,
2H), 2.65 (br s, 1H). 13C NMR (DMSO-d6): δ 140.5 (+),
132.3 (-), 128.6 (-), 128.5 (-), 128.2 (-), 127.9 (-), 127.1
(-), 122.9 (+), 93.4 (+), 76.6 (+), 52.0 (+), 38.1 (+).
HRMS Calcd for C14H13NS: m/z [M+] 226.0689. Found:
226.069.

General Procedure for the Synthesis of Substituted
Pyrroles. To a microwave vial equipped with a magnetic
stir bar was added the amine (1, 1 mmol), the aldehyde (2,
2 mmol), 4 Å molecular sieves (approximately 0.5 g), and
DMF (4 mL). The vial was sealed, and the Initiator
Synthesizer programmed to heat for 30 min at 200 °C. The
resulting reaction mixture was diluted with diethyl ether; the
organic layer was washed twice with water, dried over
anhydrous MgSO4, and filtered, and the solvent was evapo-
rated. The crude residue was purified by flash chromatog-
raphy on silica gel (1 to 2% diethyl ether in pentane) to afford
the desired pyrrole.

Table 1. MAOS Reaction of Various Propargylamines (1) and Aldehydes (2) to Produce Substituted Pyrroles

a Isolated yield after passing through a short plug of silica gel.
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1-Benzyl-2-methyl-4-phenyl-1H-pyrrole (5b). 1H NMR
(DMSO-d6): δ 7.47 (d, J ) 7.6 Hz, 2H), 7.36–7.24 (m, 6H),
7.09 (m, 3H), 6.24 (s, 1H), 5.10 (s, 2H), 2.11 (s, 3H). 13C

NMR (CDCl3): δ 139.1 (+), 136.3 (+), 129.8 (+), 129.0
(-), 128.9 (-), 127.6 (-), 127.0 (-), 125.2 (-), 124.5 (-),
122.6 (+), 118.5 (-), 105.4 (-), 50.1 (+), 12.2 (-). HRMS
Calcd for C18H17N: m/z [M+] 247.1361. Found: 247.1370.

1-Benzyl-4-isopropyl-2-methyl-1H-pyrrole (5c). 1H NMR
(CDCl3): δ 7.38 (t, J ) 7.2 Hz, 2H), 7.32 (d, J ) 7.2 Hz,

1H), 7.08 (d, J ) 7.2 Hz, 2H), 6.48 (s, 1H), 5.93 (s, 1H),
5.03 (s, 2H), 2.88 (qd, J ) 6.8 Hz, 1H), 2.20 (s, 3H), 1.28
(d, J ) 6.8 Hz, 6H). 13C NMR (CDCl3): δ 138.7 (+), 130.8
(+), 128.7 (-), 128.5 (+), 127.2 (-), 126.5 (-), 116.4 (-),
105.9 (-), 50.3 (+), 26.4 (-), 24.1 (-), 12.1 (-). HRMS
Calcd for C15H19N: m/z [M+] 213.1517. Found: 213.1514.

1-Benzyl-2-methyl-4-methylsulfanylmethyl-1H-pyr-
role (5d). 1H NMR (DMSO-d6): δ 7.32 (t, J ) 7.2 Hz, 2H),

7.24 (t, J ) 7.2 Hz, 1H), 7.01 (d, J ) 7.2 Hz, 2H), 6.65 (s,
1H), 5.76 (s, 1H), 5.01 (s, 2H), 3.47 (s, 2H), 2.04 (s, 3H),
1.96 (s, 3H). 13C NMR (CDCl3): δ 139.4 (+), 129.0 (-),
128.7 (+), 127.5 (-), 126.9 (-), 120.2 (-), 118.2 (+), 108.1
(-), 49.7 (+), 30.5 (+), 14.9 (-), 12.1 (-). HRMS Calcd
for C14H17NS: m/z [M+] 231.1082. Found: 231.1082.

1-Benzyl-2-methyl-4-(1-phenyl-ethyl)-1H-pyrrole (5e).
1H NMR (DMSO-d6): δ 7.32 (t, J ) 7.2 Hz, 2H), 7.28-7.24

(m,5H), 7.14 (t, J ) 6.4 Hz, 1H), 7.02 (d, J ) 7.2 Hz, 2H),
6.51 (s, 1H), 5.64 (s, 1H), 4.98 (s, 2H), 3.89 (q, J ) 6.8 Hz,
1H), 2.01 (s, 3H), 1.45 (d, J ) 6.8 Hz, 3H). 13C NMR
(CDCl3): δ 148.5 (+), 139.6 (+), 128.9 (-), 128.5 (-), 128.2
(+), 127.6 (-), 127.4 (-), 127.2 (+), 126.9 (-), 125.9 (-),
118.0 (-), 107.1 (-), 49.8 (+), 37.9 (-), 23.1 (-), 12.2
(-). Anal. Calcd for C20H21N: C, 87.23; H, 7.69; N, 5.09.
Found: C, 86.92; H, 8.04; N, 5.36.

1-Benzyl-2-methyl-4-[1-(5-methyl-furan-2-yl)-ethyl]-
1H-pyrrole (5f). 1H NMR (DMSO-d6): δ 7.32 (t, J ) 7.6

Hz, 2H), 7.24 (t, J ) 7.6 Hz, 1H), 7.02 (d, J ) 7.6 Hz, 2H),
6.53 (s, 1H), 5.89 (s, 1H), 5.85 (s, 1H), 5.68 (s, 1H), 4.99
(s, 2H), 3.85 (q, J ) 7.2 Hz, 1H), 2.19 (s, 3H), 2.03 (s, 3H),
1.40 (d, J ) 7.2 Hz, 3H). 13C NMR (DMSO-d6): δ 158.8
(+), 149.6 (+), 139.5 (+), 128.9 (-), 128.0 (+), 127.5 (-),
127.0 (-), 125.0 (+), 118.0 (-), 106.7 (-), 106.4 (-), 104.7
(-), 49.8 (+), 31.5 (-), 21.0 (-), 13.8 (-), 12.2 (-). Anal.
Calcd for C19H21NO: C, 81.68; H, 7.58; N, 5.01. Found: C,
81.48; H, 7.82; N, 5.27.

1-Cyclohexyl-2-methyl-4-phenyl-1H-pyrrole (5g). 1H
NMR (DMSO-d6): δ 7.46 (d, J ) 7.6 Hz, 2H), 7.26 (t, J )

7.6 Hz, 2H), 7.19 (s, 1H), 7.06 (t, J ) 7.6 Hz, 1H), 6.12 (s,
1H), 3.81 (m, 1H), 2.20 (s, 3H), 1.89–1.20 (m, 10H). 13C
NMR (DMSO-d6): δ 136.6 (+), 128.9 (-), 128.8 (+), 124.9
(-), 124.4 (-), 122.3 (+), 113.9 (-), 104.3 (-), 54.7 (-),
34.2 (+), 25.9 (+), 25.5 (+), 12.3 (-). HRMS Calcd for
C17H21N: m/z [M+] 239.1674. Found: 239.1673.

1-Cyclohexyl-2-methyl-4-(1-phenyl-ethyl)-1H-pyrrole
(5h). 1H NMR (DMSO-d6): δ 7.22 (m, 4H), 7.12 (t, J ) 7.0

Hz, 1H), 6.46 (s, 1H), 5.24 (s, 1H), 3.84 (q, J ) 7.2 Hz,
1H), 3.69 (t, J ) 7.8 Hz, 1H), 2.10 (s, 3H), 1.80–1.16 (m,
13H). 13C NMR (DMSO-d6): δ 148.6 (+), 128.5 (-), 127.5
(-), 127.3 (+), 127.1 (+), 125.9 (-), 112.8 (-), 106.0 (-),
54.4 (-), 38.0 (-), 34.3 (+), 25.9 (+), 25.4 (+), 23.1 (-),
12.3 (-). HRMS Calcd for C19H25N: m/z [M+] 267.1980.
Found: 267.1987.

1-Butyl-2-methyl-4-methylsulfanylmethyl-1H-pyrrole (5i).
1H NMR (DMSO-d6): δ 6.52 (s, 1H), 5.67 (s, 1H), 3.71 (t,

J ) 7.2 Hz, 2H), 3.44 (s, 2H), 2.12 (s, 3H), 1.94 (s, 3H),
1.57 (qd, J ) 7.2 Hz, 2H), 1.25 (m, J ) 7.2 Hz, 2H), 0.88
(t, J ) 7.2 Hz, 3H). 13C NMR (DMSO-d6): δ 128.1 (+),
119.2 (-), 117.7 (+), 107.4 (-), 45.8 (+), 33.3 (+), 30.6
(+), 19.7 (+), 15.0 (-), 14.0 (-), 12.1 (-). HRMS Calcd
for C11H19NS: m/z [M+] 197.1234. Found: 197.1238.
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1-Butyl-2-methyl-4-phenyl-1H-pyrrole (5j). 1H NMR
(DMSO-d6): δ 7.44 (d, J ) 7.2 Hz, 2H), 7.26 (t, J ) 7.2

Hz, 2H), 7.09 (s, 1H), 7.06 (t, J ) 7.2 Hz, 1H), 6.14 (s,
1H), 3.80 (t, J ) 7.2 Hz, 2H), 2.19 (s, 3H), 1.64 (m, J ) 7.2
Hz, 2H), 1.30 (m, J ) 7.2 Hz, 2H), 0.91 (t, J ) 7.2 Hz,
3H). 13C NMR (DMSO-d6): δ 136.5 (+), 129.2 (+), 128.9
(-), 124.9 (-), 124.4 (-), 122.2 (+), 117.6 (-), 104.7 (-),
46.2 (+), 33.3 (+), 19.8 (+), 14.0 (-), 12.1 (-). HRMS:
Calcd for C15H19N: m/z [M+] 213.1517. Found: 213.1523.

1-Isopropyl-2-methyl-3,4-diphenyl-1H-pyrrole (5k). 1H
NMR (DMSO-d6): 7.29 (t, J ) 7.6 Hz, 2H), 7.25–7.02 (m,

9H), 4.36 (m, J ) 6.4 Hz, 1H), 2.17 (s, 3H), 1.42 (d, J )
6.4 Hz, 6H). 13C NMR (DMSO-d6): δ 137.0 (+), 136.7 (+),
130.7 (-), 128.4 (-), 128.3 (-), 127.6 (-), 126.2 (+), 125.7
(-), 125.1 (-), 122.1 (+), 119.4 (+), 114.7 (-), 47.2 (-),
23.7 (-), 10.5 (-). HRMS Calcd for C20H21N: m/z [M+]
275.1674. Found: 275.1672.

4-(1-Furan-2-yl-ethyl)-1,2-dimethyl-1H-pyrrole (5n). 1H
NMR (DMSO-d6): δ 6.37 (s, 1H), 5.88 (s, 1H), 5.84 (s, 1H),

5.61 (s, 1H), 3.81 (q, J ) 7.2 Hz, 1H), 3.44 (s, 3H), 2.19 (s,
3H), 2.09 (s, 3H), 1.38 (d, J ) 7.2 Hz, 3H). 13C NMR
(DMSO-d6): δ 158.9 (+), 149.6 (+), 128.1 (+), 124.5 (+),
118.0 (-), 106.3 (-), 105.9 (-), 104.5 (-), 33.4 (-), 31.5
(-), 21.1 (-), 13.8 (-), 12.1 (-). Anal. Calcd for C13H17NO:
C, 76.81; H, 8.43; N, 6.89. Found: C, 76.80; H, 8.77; N,
6.46.

1-(2,2-Dimethoxy-ethyl)-2-methyl-4-[1-(5-methyl-furan-
2-yl)-ethyl]-1H-pyrrole (5o). 1H NMR (DMSO-d6): δ 6.43

(s, 1H), 5.88 (s, 1H), 5.83 (s, 1H), 5.60 (s, 1H), 4.43 (t, J )
5.2 Hz, 1H), 3.83 (m, J ) 7.2 Hz, 1H), 3.79 (d, J ) 5.2 Hz,
2H), 3.24 (s, 6H), 2.18 (s, 3H), 2.12 (s, 3H), 1.37 (d, J )
7.2 Hz, 3H). 13C NMR (DMSO-d6): δ 158.8 (+), 149.5 (+),
128.3 (+), 124.7 (+), 118.0 (-), 106.2 (-), 104.6 (-), 104.2

(-), 54.6 (-), 48.5 (+), 40.6 (-), 31.4 (-), 21.0 (-), 13.7
(-), 12.2 (-). Anal. Calcd for C16H23NO3: C, 69.29; H, 8.36;
N, 5.05. Found: C, 69.61; H, 8.66; N, 5.35.

1-(2,2-Dimethoxy-ethyl)-2-methyl-4-methylsulfanylm-
ethyl-1H-pyrrole (5p). 1H NMR (DMSO-d6): δ 6.55 (s, 1H),

5.68 (s, 1H), 4.44 (t, J ) 5.2 Hz, 1H), 3.81 (d, J ) 5.2 Hz,
2H), 3.44 (s, 2H), 3.25 (s, 6H), 2.14 (s, 3H), 1.94 (s, 3H).
13C NMR (DMSO-d6): δ 128.9 (+), 120.2 (-), 118.0 (+),
107.5 (-), 104.2 (-), 54.7 (-), 48.5 (+), 30.5 (+), 14.9
(-), 12.2 (-). Anal. Calcd for C11H19NO2S: C, 57.61; H,
8.35; N, 6.11. Found: C, 57.49; H, 8.67; N, 6.23.

5-(1-Benzyl-2,4-dimethyl-1H-pyrrol-3-yl)-pyrimidine (5q).
1H NMR (DMSO-d6): δ 9.04 (s, 1H), 8.70 (s, 2H), 7.36 (t,

J ) 7.4 Hz, 2H) 7.27 (t, J ) 7.4 Hz, 1H), 7.14 (d, J ) 7.4
Hz, 2H), 6.74 (s, 1H), 5.10 (s, 2H), 2.12 (s, 3H), 2.02 (s,
3H). 13C NMR (DMSO-d6): δ 156.8 (-), 138.9 (+), 130.9
(+), 129.1 (-), 127.7 (-), 127.3 (-), 127.0 (+), 120.3 (-),
115.6 (+), 114.6 (+), 65.4 (+), 50.0 (+), 11.2 (-), 10.7
(-). HRMS Calcd for C17H17N3: m/z [M+] 263.1416. Found:
263.1422. Anal. Calcd for C17H17N3: C, 77.54; H, 6.51; N,
15.96. Found: C, 77.31; H, 6.30; N, 15.60.

1-Benzyl-4-methyl-3-phenyl-2-propyl-1H-pyrrole (5r).
1H NMR (DMSO-d6): δ 7.38–7.10 (m, 10H), 6.56 (s, 1H),

5.06 (s, 2H), 2.42 (t, J ) 7.6 Hz, 2H), 1.94 (s, 3H), 1.30 (m,
J ) 7.6 Hz, 2H), 0.71 (t, J ) 7.6 Hz, 3H). 13C NMR
(DMSO-d6): δ 139.6 (+), 137.3 (+), 129.9 (+), 129.8 (-),
129.0 (-), 128.7 (-), 128.5 (-), 128.4 (-), 127.5 (-), 127.0
(-), 126.7 (-), 125.7 (-), 122.2 (+), 119.4 (-), 115.4 (+),
49.8 (+), 26.7 (+), 24.0 (+), 14.3 (-), 11.4 (-). HRMS
Calcd for C21H23N: m/z [M+] 289.1830. Found: 289.1835.

1-Benzyl-2-methyl-4-methylsulfanylmethyl-3-thiophen-
2-yl-1H-pyrrole (5s). 1H NMR (DMSO-d6): δ 7.43–6.97 (m,
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8H), 6.84 (s, 1H), 5.12 (s, 2H), 3.57 (s, 2H), 2.15 (s, 3H),
1.98 (s, 3H). 13C NMR (DMSO-d6): δ 138.8 (+), 137.6 (+),
129.1 (-), 127.7 (-), 127.1 (-), 127.0 (+), 125.6 (-), 124.6
(-), 120.9 (-), 117.1 (+), 114.0 (+), 65.4 (+), 50.2 (+),
29.2 (+), 15.2 (-), 11.0 (-). Anal. Calcd for C18H19NS2:
C, 68.96; H, 6.11; N, 4.47. Found: C, 68.54; H, 6.17; N,
4.48.

1-Benzyl-2-methyl-3-thiophen-2-yl-1H-pyrrole (5t). 1H
NMR (DMSO-d6): δ 7.36–7.26 (m, 4H), 7.09 (d, J ) 7.6

Hz, 2H), 7.03 (t, J ) 4.4 Hz, 1H), 6.98 (d, J ) 3.2 Hz, 1H),
6.86 (d, J ) 2.8 Hz, 1H), 6.24 (d, J ) 2.8 Hz, 1H), 5.14 (s,
2H), 2.24 (s, 3H). 13C NMR (DMSO-d6): δ 140.2 (+), 138.9
(+), 129.1 (-), 127.9 (-), 127.7 (-), 127.0 (-), 125.1 (+),
122.6 (-), 122.1 (-), 121.8 (-), 115.4 (+), 107.3 (-), 50.2
(+), 11.2 (-). HRMS Calcd for C16H15NS: m/z [M+]
253.0916. Found: 253.0925.
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