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Organoaluminum-mediated selective 1,2-rearrangement of
c,c-disubstituted c-amino a,b-unsaturated carbonyl

compounds leading to unsymmetrically substituted pyrroles
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Abstract—c,c-Dialkyl-c-amino-a,b-unsaturated carbonyl compounds were found to undergo selective skeletal rearrangement under
the influence of modified organoaluminum Lewis acid to give unsymmetrically substituted pyrroles through the rapid Paal–Knorr
type cyclization upon acidic hydrolysis. This new structural reorganization of amino carbonyl compounds triggered by the 1,2-alkyl
shift provides a unique entry to the synthesis of pyrroles, an important class of heterocycles with diverse biological activities.
� 2004 Elsevier Ltd. All rights reserved.
The reactions involving carbon-to-carbon migrations
have been regarded as an important yet useful synthetic
tool for the structural reconstruction of various organic
molecules.1 a-Amino ketones and aldehydes readily de-
rived from the corresponding a-amino acids are known
to undergo such rearrangement under thermal or acidic
conditions.2,3 However, concurrent intervention of sev-
eral reaction pathways seemed to devalue the synthetic
utility, and studies on directing the rearrangement have
remained elusive mainly due to the lack of suitable acti-
vators. As part of our recent research effort to establish
the selective skeletal rearrangement of a,a-disubstituted
a-amino aldehydes using organoaluminum Lewis acids,4

we considered it intriguing to expand our approach to
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Scheme 1.
the selective 1,2-alkyl shift in the c,c-disubstituted c-
amino-a,b-unsaturated carbonyl substrate 2. Herein we
wish to report the realization of this possibility by the
employment of modified organoaluminum Lewis acid
1, leading to the exclusive formation of unsymmetrically
substituted pyrroles via acidic treatment (Scheme 1).5

To evaluate the feasibility of the requisite 1,2-rearrange-
ment, we first attempted the reaction of N-(a-naphthyl-
methyl)-c,c-dibenzyl-c-amino enone 2a under the
influence of Me2AlCl as an activator. Treatment of 2a
with 1.1equiv of Me2AlCl in toluene at �78 �C for 5h
showed gradual consumption of the starting amino
enone. An additional stirring at room temperature for
–Knorr reaction; Pyrroles; 1,2-Rearrangement.
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Table 1. Screening of various Lewis acids for selective rearrangement–

cyclization of 2a to pyrrole 3aa

H
Nα-Np

Ph Ph

O

Me toluene

1 N HCl

N Me

α-Np

Ph

PhLewis acid

2a 3a

(1.1 equiv)

Entry Lewis acid Condition (�C, h) % Yieldb

1 Me2AlCl �78, 5; rt, 12 64

2 SnCl4 �78, 5; rt, 12 10

3 TiCl4 �78, 5; rt, 12 33

4 BF3ÆOEt2 �78, 5; rt, 12 8

5
Tf
N

AlMe
2

�78, 5 61

6
Tf
N

Al
3

�78, 5 58

7 1 �78, 0.5 98

8

O

O

AlMe �78, 5; rt, 12 12

a The reaction was carried out with 1.1equiv of Lewis acid in toluene

under the given reaction conditions.
b Isolated yield.
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12h and subsequent workup with 1N HCl resulted in
the production of pyrrole 3a in 64% isolated yield (Table
1, entry 1). This interesting result suggested that the
selective 1,2-migration of c-alkyl substituent toward
the b-carbon of the enone moiety indeed took place,
giving the corresponding aluminum enolate. Once the
Table 2. Organoaluminum-promoted selective 1,2-rearrangement–cyclization

H
NAr

O

R'
R R

1 (1.1 eq

2 (Ar = α-Np)

toluen

Entry R R0

1 CH2Ph Ph (2b)

2 CH2Ph H (2c)

3c CH2Ph Me (2d)

4 CH2CH@C(CH3)2 H (2e)

5 CH2CH@C(CH3)2 Me (2f)

6 CH2CH@CHPh Me (2g)

7 CH2CH@CHPh p-Cl–C6H4 (2h)

8

H
Nα-Np CHO

(2i)

a Unless otherwise specified, the reaction was carried out with 1.1equiv of 1
b Isolated yield.
cWith 2 (Ar = p-MeO–C6H4) as substrate.
ketone carbonyl was regenerated upon acidic workup,
subsequent Paal–Knorr type intramolecular cycliza-
tion–dehydration seemed to occur instantaneously to
afford 3a.6 Although other conventional Lewis acids
such as BF3ÆOEt2, SnCl4, and TiCl4 effected the rear-
rangement, chemical yields of 3a were uniformly low-
ered (entries 2–4). In contrast, however, aluminum
Lewis acids bearing a trifluoromethanesulfonylamino
ligand exhibited significantly higher reactivity (entries
5 and 6). Further, we found that the reaction of 2a
with 1, prepared from Me3Al and 2,2 0-bis(tri-
fluoromethanesulfonylamino)-1,1 0-biphenyl, at �78 �C
for 0.5h followed by the treatment with 1N HCl yielded
3a almost quantitatively (entry 7). It should be added
that the 2,2 0-biphenol-derived aluminum phenoxide
was ineffective for this rearrangement (entry 8).

To gain information supporting the plausible reaction
pathway of this new transformation, we conducted deu-
terium quenching with D2O in the rearrangement of 2a
mediated by Lewis acid 1, which led to the isolation
of 3a incorporating approximately 50% deuterium at
4-position of the pyrrole unit (Scheme 2). This result cer-
tainly indicates that the assembly of the pyrrole struc-
ture occurs at hydrolysis stage and hence implies in
situ formation of the zwitterionic intermediate of type
A after the initial 1,2-alkyl shift.

Other selected examples are summarized in Table 2. The
substrate 2b with phenyl ketone moiety also experienced
of 2 to unsymmetrically substituted pyrrole 3a

1 N HCl

NR R'

Ar

R

uiv)

3

e

Condition (�C, h) % Yieldb Prod.

0, 1; rt, 12 98 3b

�78, 0.25 99 3c

�78, 0.5; 0, 1 93 3d

�78, 1 97 3e

0, 3; rt, 20 82 3f

0, 3; rt, 20 81 3g

�78, 1; 0, 3 87 3h

�78, 1
N

α-Np
92

3i

in toluene under the given reaction conditions.
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clean rearrangement under the influence of 1 (entry 1).
The reaction of c-amino enal 2c was found to complete
within 15min at �78 �C, leading to the quantitative for-
mation of the corresponding pyrrole 3c (entry 2). Here,
the presence of a-naphthylmethyl substituent on nitro-
gen was not necessarily essential as evident from the
attempt with 2d having p-methoxybenzyl group (entry
3).4 The present system tolerated allylic c-substituents
in accommodation with both enal and enone moieties
(entries 4–7). Further, the rearrangement involving ring
expansion process appeared feasible to afford pyrrole
fused with a cyclohexane unit (3i) (entry 8).

Finally, the migratory aptitude of c-amino enone 4 pos-
sessing different alkyl substituents at c-position was
examined. When 4 was treated with 1 in toluene at
0 �C for 3h and at room temperature for an additional
12h, pyrrole 5 was obtained as the sole isolable product
in 81% yield after acidic treatment, indicating selective
transfer of the benzyl group (Scheme 3).7 This represents
an additional synthetic utility of the present transfor-
mation.

In summary, we have discovered a unique skeletal rear-
rangement of c,c-dialkyl-c-amino-a,b-unsaturated carb-
onyl compounds smoothly facilitated by modified
organoaluminum Lewis acid 1, which gives rise to
unsymmetrically substituted pyrroles through the rapid
Paal–Knorr type cyclization upon acidic hydrolysis.
This new method provides a unique entry to the synthe-
sis of pyrroles, an important class of heterocycles with
diverse biological activities. The mechanistic details are
being further investigated in our laboratory.

Typical experimental procedure is as follows (Table 1,
entry 7): to a solution of 2,2 0-bis(trifluoromethanesulfon-
ylamino)-1,1 0-biphenyl (98.6mg, 0.22mmol) in freshly
distilled toluene (2mL) was added a 1M hexane solution
of trimethylaluminum (220lL, 0.22mmol) at room tem-
perature under argon atmosphere, and the mixture was
heated at 110 �C for 30min with stirring. After being
cooled to �78 �C, 2a (84.0mg, 0.2mmol) in toluene
(1mL) was added and the stirring was maintained at
�78 �C for 30min. The resulting mixture was poured
into 1N HCl at 0 �C and the whole mixture was stirred
for 30min. Extractive workup was performed with ether
and the organic extracts were washed with brine and
dried over anhydrous Na2SO4. Evaporation of solvents
and purification of the residual oil by column chroma-
tography on silica gel (ether/hexane = 1:10 as eluant)
gave the corresponding pyrrole 3a (78.8mg, 0.196mmol,
98% yield) as colorless oil. 1H NMR (400MHz, CDCl3):
d 7.86–7.89 (1H, m, Ar-H), 7.78–7.81 (1H, m, Ar-H),
7.71 (1H, d, J = 8.3Hz, Ar-H), 7.49–7.53 (2H, m, Ar-
H), 7.08–7.32 (9H, m, Ar-H), 6.95 (2H, d, J = 7.5Hz,
Ar-H), 6.36 (1H, d, J = 7.5Hz, Ar-H), 5.87 (1H, s,
C@CH), 5.25 (2H, s, a-NpCH2N), 3.88 (2H, s, PhCH2),
3.80 (2H, s, PhCH2), 2.07 (3H, s, CH3);

13C NMR
(100MHz, CDCl3): d 142.7, 140.2, 134.1, 133.3, 130.0,
128.8, 128.6, 128.3, 128.2, 128.1, 128.0, 127.3, 126.7,
126.2, 125.9, 125.9, 125.7, 125.5, 122.5, 122.1, 119.4,
107.4, 44.7, 32.7, 30.4, 12.1; IR (neat) 3059, 3024,
2907, 1599, 1493, 1452, 1398, 1352, 1028, 792, 769,
731, 698cm�1. HRMS (ESI-TOF) calcd for C30H28N
([M+H]+): 402.2216, found: 402.2217.
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