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Synthesis of 1,2,3,4-tetrasubstituted pyrrole derivatives via
the palladium-catalyzed reaction of 1,3-diketones

with methyleneaziridines
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Abstract—The palladium-catalyzed reaction of 1,3-diketones 2 with methyleneaziridines 1 produced the corresponding 1,2,3,4-tetra-
substituted pyrroles 3 in good to high yields.
� 2007 Elsevier Ltd. All rights reserved.
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1,2,3,4-Tetrasubstituted pyrroles are often seen in the
molecular framework of biologically active compounds,
such as lamellarin O,1 lukianol A,2 and ningalin B,3 and
also have been proven to display antiviral,4 antibacte-
rial,5 and antiproliferative activity.6 Furthermore, these
compounds have been utilized as key synthetic inter-
mediates of serotonin antagonists,7 tumor necrosis
factor antagonists,8 cyclin-dependent kinase inhibitors,9

and cytosolic phospholipase A2 inhibitors.10 Due to
their characteristic properties, extensive investigations
have been made to develop preparative methods for
substituted pyrroles. In general, 1,2,3,4-tetrasubstituted
pyrroles have been prepared by Knorr reactions,11

Hantzsch pyrrole synthesis,12 or 1,3-dipole addition of
azomethine ylides with alkynes.13 These reactions, how-
ever, have drawbacks from the synthetic viewpoint, such
as the use of stoichiometric amounts of strong bases,
lower chemical yields, and formation of undesired
byproducts. Recently, transition metal catalyzed
reactions, such as intramolecular Heck reaction and
hydroamination have been utilized for the synthesis of
1,2,3,4-tetrasubstituted pyrroles.14 These reactions,
however, require highly functionalized starting materi-
als. Accordingly, although several excellent methods
have been recently reported,15 there is still a need to
develop a new route for synthesizing these compounds.
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Recently, methyleneaziridines of type 1 have been
focused on as new synthetic tools in organic synthesis.16

In general, the reaction of methyleneaziridines with
strong electrophiles and organometallics proceeds
through ring opening at the N–C3 bond (Fig. 1, A).17

Recently, methyleneaziridine derivatives have been uti-
lized as substrates in transition metal catalyzed reac-
tions. Alper’s group reported that palladium-catalyzed
carbonylation of methyleneaziridines proceeded through
N–C2 bond cleavage (B).18 We found that the hydrocar-
bonation reaction of the double bond of methyleneazir-
idines 1 with malononitriles proceeded smoothly in the
presence of palladium catalysts, giving the non-ring-
opened products (C).19 More recently, we revealed that
NC CN
cat. Pd

Figure 1. The reaction of methyleneaziridines 1 with (A) strong
electrophiles and organometallics, (B) carbon monoxide, and (C)
malononitriles.
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the palladium-catalyzed reaction of methyleneaziridines
with carboxylic acids20 or methylketones,21 which had a
carbonyl group next to the O–H or C–H bond, pro-
ceeded through addition of the O–H or C–H bond to
the double bond of 1 followed by ring opening of the
aziridine moiety at the N–C2 bond; the reaction of car-
boxylic acids with 1 afford the corresponding a-amido-
ketones (Fig. 2, D), while that of methylketones gave
the corresponding 1,2,4-trisubstituted pyrroles (E).
Herein, we report that the reaction of methyleneaziri-
dines with 1,3-diketones 2 in the presence of palladium
catalysts afforded the corresponding 1,2,3,4-tetrasubsti-
tuted pyrroles 3 in good to high yields (Eq. 1).
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The results are summarized in Table 1. The reaction of
1-benzyl-2-methyleneaziridine 1a (0.3 mmol) and 2,4-
pentanedione 2a (0.75 mmol) in the presence of
25 mol % Pd(PPh3)4 in benzene proceeded at 120 �C in
three days to give 3-acetyl-1-benzyl-2,4-dimethylpyrrole
3a in 89% yield (entry 1). When 1 equiv of 2a was used,
the yield of 3a was only 23%. The reaction using other
solvents, such as THF, toluene, cyclohexane, and 1,4-
dioxane, instead of benzene, gave 3a in lower yields,
while the use of DMF, acetonitrile, or methanol totally
interrupted the reaction. The reaction of 1a with 2a in
the absence of a solvent (neat conditions reported previ-
ously)21 gave 3a in 30% yield. The reaction 1a with 2a in
the absence of the palladium catalyst did not proceed at
all. Other catalysts, such as Pd2(dba)3ÆCHCl3, Pd(OAc)2,
Pt(PPh3)4, RhCl(PPh3)3, and Ni(PPh3)4, did not pro-
mote the reaction of 1a with 2a. The reaction using
10 mol % of Pd(PPh3)4 afforded 3a in 72% yield. The
reaction of 1-[(4-methylphenyl)methyl]-2-methylene-
aziridine 1b and 1-[(4-ethylphenyl)methyl]-2-methylene-
aziridine 1c with 2a afforded 3b and 3c in yields of 90%
and 87%, respectively (entries 2 and 3). The reaction
of 1-hexyl-2-methyleneaziridine 1d with 2a proceeded
smoothly, producing the corresponding pyrrole 3d in
66% yield (entry 4). The reaction of 1a and 3,5-heptane-
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Figure 2. Palladium-catalyzed consecutive addition of pronucleo-
philes-ring opening reaction of methyleneaziridines 1 with (D)
carboxylic acids (X = O) and (E) ketones (X = CH2).
dione 2b gave 3e in 78% yield (entry 5). The 1,3-cyclo-
hexanediones 2c and 2d afforded the corresponding
tetrahydroindole derivatives 3f and 3g in moderate
yields (entries 6 and 7). A 6,7-cyclopentapyrrole deriva-
tive 3h was afforded by the reaction of 1,3-cyclopentane-
dione 2e with 1a (entry 8). The reaction of 1,3-
indandione 2f afforded 3i in 61% yield (entry 9).
Furthermore, the reaction of unsymmetrical 1,3-di-
ketones 2g or 2h with 1a gave a 1:1 mixture of 3j and
3j 0 or 3k and 3k 0 in moderate yields (Eq. 2). Other 1,3-
dicarbonyl compounds, such as 3-methyl-2,4-pentanedi-
one, 1,3-diphenylpropane-1,3-dione, ethyl acetoacetate,
and diethyl malonate, did not react with 1a under the
reaction conditions.
A plausible reaction mechanism is illustrated in Scheme
1. The oxidative insertion of Pd(0) into a carbon–hydro-
gen bond at the methylene moiety of 2 would lead to the
hydridoacetoacetatopalladium species 4. Hydropallada-
tion of the double bond of 1 with 4 would afford
intermediate 5. Reductive elimination would afford
intermediate 6 and Pd(0) species. Thermal ring expan-
sion would lead to zwitterionic intermediate 7 and
subsequent elimination of H2O would give product 3.

To determine the fate of the hydrogen from the methyl-
ene of the 1,3-diketones, we carried out the reaction of
4,4-dideuterio-3,5-heptanedione 2b-d2, in which the
deuterium content of the two hydrogen atoms at the
4-position was 64%, with 1a under the same reaction
conditions (Eq. 3). The deuterated product 3e-d, in
which the deuterium content of the methyl group at
the 4-position was 33%, was obtained in 74% yield. This
result clearly supports the hydropalladation mechanism
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Table 1. Palladium-catalyzed reaction of 1,3-diketones 2 with methyleneaziridines 1a

Entry 1 R1 2 3 Yieldb (%)

1 1a Bn Me Me

OO

2a

3a 89

2 1b p-MeC6H4CH2 2a 3b 90
3 1c p-EtC6H4CH2 2a 3c 87
4 1d n-Hex 2a 3d 66

5 1a Bn Et Et

OO

2b

3e 78

6 1a Bn O O

2c

3f 49

7 1a Bn
O O

2d

3g 52

8 1a Bn O O

2e

3h 63

9 1a Bn
OO

2f

3i 61

a The reaction of 1 (0.3 mmol) and 2 (0.75 mmol) was carried out in the presence of 25 mol % of Pd(PPh3)4 in 3 ml of benzene at 120 �C for 3 days.
b Isolated yield.
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Scheme 1. Plausible mechanism.
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illustrated in Scheme 1. The observed deuterium content
at the methyl group in 3e-d (33%) was higher than the
expected value (22%) from deuterium content (64%) in
2b-d2. This amplification of the deuterium content
implies that the hydropalladation of 1 to 5 is reversible.21

In conclusion, we have developed a simple and efficient
method for the synthesis of various 1,2,3,4-tetrasubsti-
tuted pyrrole derivatives using a palladium catalyst
without any undesired byproducts. The present reaction
represents a new methodology to synthesize these com-
pounds in an efficient and atom economic manner.

General procedure for the palladium-catalyzed reaction
of methyleneaziridines 1 with 1,3-diketones 2. To 1,3-
diketone 2 (0.75 mmol) and Pd(PPh3)4 (0.075 mmol) in
3 ml of benzene under an argon atmosphere in a pres-
sure vial was added methyleneaziridine 1 (0.3 mmol).
The reaction mixture was stirred at 120 �C for 3 days.
The reaction mixture was passed through a short silica
gel pad and purified by silica gel column chromatogra-
phy using hexane/ethyl acetate as eluent to obtain 3.
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