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Abstract: A general procedure for the Michael addition of pyrroles
with electron-deficient olefinsusing silicagel supported reagent un-
der microwave irradiation, has been developed. This new method is
fast, efficient, environmentally benign and solvent-free. A catalytic
amount of BiCl; isemployed for moderately bulk electron-deficient
olefins.
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The development of novel synthetic methods leading to
C-alkyl pyrroles has attracted much attention because C-
alkyl pyrroles are important building blocks for the syn-
thesis of biologically active compounds and natural prod-
ucts that contain pyrroles skeletons.! There already exist
several indirect routes affording C-alkyl pyrroles: (1)
Wolff—Kishner reduction of 2-formyl or 2-acetyl pyr-
roles;? (2) the isomerization of N-alkyl pyrroles by ther-
mal rearrangement at high temperature, resulting in the 2-
and 3-akyl pyrroles;® (3) preparation of 2- and 3-alkyl
pyrroles using pyrrolyl magnesium halides.* However,
these indirect methods share the drawbacks of multi-step
synthetic reactions and they tend to polymerize under
most reaction conditions. The direct C-akylation of
pyrroles by the Friedel—Crafts approach has been con-
sidered impractical because the acid catalysts employed
(Brensted and Lewis) induce polymerization and poly-
akylation.® Until recently, it has been reported that using
InCl;,® Cu(OTf),” and benzyl imidazolidinone:HX salts®
as catalysts, mono-alkylation of pyrrole with a,B-unsatur-
ated compounds can be achieved. Though severa such
direct methods are available for preparation of C-alkyl
pyrroles, it is desirable to develop new efficient methods.
To our best knowledge, solvent-free C-alkylation of pyr-
roles under microwave irradiation has not been reported.

Nowadays, the application of microwave (MW) irradia-
tion as an unconventional energy source for activation of
reactions, in general and on inorganic solid supports in
particular, has gained popularity over the usual homoge-
neous and heterogeneous reactions, since they can be per-
formed rapidly to give pure products in high yields under
solvent-free conditions with several eco-friendly advan-
tages in the context of green chemistry.®1° Asit is known
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that MW can promote a variety of chemica reactions
because of the selective absorption of microwave energy
by polar molecules,** we envisioned that the Michael ad-
dition of pyrroles to electron-deficient olefins might be
accelerated by microwave energy because of their polar
nature. In this paper, we wish to report a rapid and effi-
cient solvent-free microwave-assisted procedure for C-
alkyl pyrroles preparation using silica gel supported re-
agents. In some cases, 5% mol BiCl; was absorbed on
silica gel surface to catalyze this Michael addition reac-
tion (Scheme 1).
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Scheme 1

First, we carried out the reaction of pyrrole with methyl
vinyl ketone absorbed on silica gel under microwaveirra-
diation. We were pleased to find that the reaction proceed-
ed rapidly with high regioselectivity to afford the 2-alkyl
pyrrole in 90% yield. 2,5-Diakyl pyrrole as the side
product was obtained in 6% yield (Table 1, entry 1). The
reactions were clean and there was no formation of other
by-products such as dimers or trimers that are normally
observed under the influence of strong acids. Phenyl vinyl
ketone also reacted well to give corresponding 2-alkyl
pyrrole in 81% yield (entry 2). However, the more hin-
dered chalcone was treated with pyrrole under the same
condition, C-akylation of pyrrole did not proceed and
none of the corresponding 2-alkyl pyrrole was detected.
While using 5% mol BiCl; absorbed on silica gel surface
asLewisacid to catalyze the reaction, C-alkylation of pyr-
role with chalcone occurred leading to 2-alkyl pyrrolein
71% vyield (entry 3). In contrast with free pyrrole, the
reaction of 2-alkylpyrroles with a,3-unsaturated ketones
afforded C-akylation products in higher yields (entry 4,
82% vs. entry 3, 71%; entry 5, 91% vs. entry 2, 81%). 2-
Benzylidenemalononitrile and diethyl 2-benzylidenema-
lonate failed to react with free pyrrole catalyzed by BiCl,
under MW, while 2-alkylpyrrole instead of pyrrole was
used as the nucleophile, this Michael reaction proceeded
and corresponding C-akylpyrroles products were ob-
tained in excellent yields (entries 8, 9). The result indicat-
ed that 2-alkylpyrroles have much more reaction activity
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than pyrrole in the presence of 5% mol BiCl; under MW.
Furthermore, N-benzylpyrrole also reacted smoothly with
electron-deficient olefins with high regioselectivity and
attained corresponding 2-alkylpyrrolesin good yields (en-
tries 10-13). The addition of pyrroleto B-nitrostyrene pro-
duced the corresponding 2-alkylated pyrroles in 88-90%
yields (entries 14, 15). In comparison with 78% of product
obtained via InCl,-catalyzed reaction,® the solvent-free

microwave-assisted procedure is more efficient for the
Michael addition of pyrroleto B-nitrostyrene. Noticeably,
our reactions proceeded far more rapidly (1-4 min) than
the reactions involving direct alkylation of pyrroles that
have been reported (1-42 h).%2 Our reactions showed that
MW has particularly efficient promoting effect.

Tablel Michael Addition of Pyrroleswith Electron-Deficient Olefins Using Silica Gel Supported Reagents under MW?*?

Entry Nucleophile Electrophile Product Catalyst Time(min)  Isolated yield (%)
1 O 0 - 1 90 (6)2
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H H pn o
c
4 i 0 i = BiCl, 2 82
P
N Ph o /\)Lph N N Ph
H o o ph H 0
d
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9 / o b o COOEt EtOOC a BiCl, 3 95
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Tablel Michael Addition of Pyrroleswith Electron-Deficient Olefins Using Silica Gel Supported Reagents under MW?? (continued)

Entry Nucleophile Electrophile Product Catalyst Time(min) Isolated yield (%)
12 o) - 1 85
7\ &
Q A~ N
CHoPh CH,Ph O
I
13 0 - 1 70
7\ /A
6 o N "
CH,Ph CH,Ph O
m
14 ﬂ Ph~ X NO; /R - 1 90
N N NO,
H " en
n
15 ﬂ p-MeO-Ph" X NO2 7\ - 1 88
p-MeO-Ph
o

a|solated yields of corresponding 2,5-dialkylpyrroles.

BiCl; has been used as a Lewis acid catalyst in many
chemical transformations,*® nevertheless, so far no exam-
ples were described that BiCl; was employed to promote
the Michael reaction of pyrroles with electron-deficient
olefins. Our experimental results indicated that BiCl; ex-
hibited a high catalytic activity and did not induce poly-
merization and polyalkylation under microwave.

In conclusion, we have developed a new fast and efficient
microwave-assisted method for the synthesis of C-alkyl-
pyrrolesusing silicagel as support reagent. The procedure
has the advantages of short reaction times, high regio-
selectivity, high yields, operational simplicity and sol-
vent-free conditions, which makes it a useful and
attractive process for the synthesis of alkylated pyrrole
derivatives.
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Typical Experimental Procedure.

Catalyst-free: To asolution of pyrrole (2 mmol) or N-benzyl
pyrrole (2 mmol) or 2-alkylpyrroles (1 mmol) in CH,Cl, (1
mL) was added el ectron-deficient olefin (1 mmol for pyrrole
and N-benzyl pyrrole, 1.2 mmol for 2-alkylpyrroles) and
silicagel (0.25 g). Then the mixture was mixed thoroughly
and dried under reduced pressure. The contents were taken
ina5 mL conical flask and was placed in amicrowave oven
(cooking type, Galanz WP 700P 21-6) and irradiated for 1—
4 min at 680 W. After completion of the reaction indicated
by TLC, the reaction mixture was allowed to cool, diluted
with CH,Cl, and passed through a short silicagel column
using CH,CI, as eluent. The solvent was evaporated under
reduced pressure and the residue was purified by column
chromatography to afford the corresponding 2-alkylpyrroles
or 2,5-dialkylpyrroles.

Spectral data for selected compound.
4-(1H-Pyrrol-2-yl)butan-2-one (a): yield 123 mg (90%).
IR (film): 3377, 1707 cm*. 'H NMR (500 MHz, CDCly):
8=2.17(s,3H),2.81(t,J=6.5Hz 2H),2.87(t,J = 6.5Hz,
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2H),5.90(s, 1H), 6.10(d, J = 3.0Hz, 1 H), 6.66 (d, J = 3.0
Hz, 1 H), 8.54 (br, 1 H). 3C NMR (125 MHz, CDCl): 5 =
21.2,30.0,44.0,105.1, 107.7,116.6, 131.4, 209.6. ESI-MS:
m/z (%) = 138 (100) [M + H*], 160 (48) [M + Na']. Anal.

Calcd for CgH,;NO: C, 70.04; H, 8.08; N, 10.21. Found: C,

70.02; H, 8.12; N, 10.07.

Using 5% mol BiCl; as catalyst: to asolution of BiCl, (0.05
mmol) in MeCN (1 mL) was added pyrrole (2 mmol) or N-

benzyl pyrrole (2 mmol) or 2-alkylpyrroles (1 mmol),

followed by electron-deficient olefins (1 mmol for pyrrole
and N-benzy! pyrrole, 1.2 mmol for 2-alkylpyrroles) and
silicagel (0.25 g). Then the mixture was mixed thoroughly
and dried under reduced pressure. For thefollowing work up

see typical experimental procedure (a).
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Spectral data for selected compound.
3-[5-(3-Oxo-3-phenylpropyl)-1H-pyrrol-2-yl]cyclo-
hexanone (f): yield 259 mg (88%). IR (film): 3373, 1708,
1677, 1595, 1579 cmrt. *H NMR (500 MHz, CDCly): § =
1.72-2.69 (m, 8 H), 3.01 (t, J = 6.0 Hz, 2 H), 3.04-3.11 (m,
1H),3.33(t,J=6.0Hz,2H),5.79(d,J=2.5Hz,1H),5.83
(d, J=25Hz, 1H), 7.44-8.04 (m, 5 H), 8.52 (br, 1 H). 13C
NMR (125 MHz, CDCly): 6 = 21.5, 24.8, 31.6, 37.4, 39.4,
41.2, 47.4,103.4, 105.2, 128.0, 128.6, 130.9, 133.4, 133.7,
136.6, 200.9, 210.9. ESI-MS: m/z (%) = 296 (100) [M + H*],
318 (95) [M + Na']. Anal. Calcd for C,gH,,NO,: C, 77.14;
H, 7.05; N, 4.67. Found: C, 77.26; H, 7.17; N, 4.74.
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