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ABSTRACT

2,4-Disubstituted pyrroles were synthesized by an oxidative rearrangement of a furanyl carbamate followed by sequential reaction of the
resulting 5-methoxypyrrol-2(5H)-one with different alkyl lithiates. The final step of the procedure involves heating the ring opened 1-methoxy-
5-oxopentylcarbamate with a primary amine.

The biological activity of substituted pyrroles has made them
a focus of medicinal chemistry over the years.1 Pyrroles occur
in numerous pharmacologically active natural and unnatural
products.2 Additionally, functionalized pyrroles represent
building blocks of natural tetrapyrrole pigments, such as
porphorobilinogen or bilirubin, and of various other natural
products and their analogues.3 For more than a century, many
diverse methods have been developed to prepare pyrroles
with various ring substitution patterns,4 including the classical
Hantzsch, Knorr and Paal-Knorr procedures.5 We describe
here, the details of a new method for preparing 2,4-
disubstituted pyrroles starting from a furanyl carbamate (i.e.,
1) (Scheme 1). The advantage of this methodology is that
various substituents can be selectively introduced at the C2

and C4-positions using alkyl lithiates and aromatization can
be accomplished under nonaqueous conditions.

Some years ago, we reported a useful protocol for the
preparation of hydroxylated piperidine alkaloids6 by making
use of the aza-Achmatowicz oxidation.7 This earlier work
prompted us to explore the related oxidative rearrangement
of furanyl carbamate 1 into 5-methoxypyrrol-2(5H)-one (2).
5-Alkoxypyrrol-2(5H)-ones (4) exhibit a wide range of
interesting pharmacological properties,8 have been used as
key intermediates in the synthesis of various alkaloids,9 and
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are also suitable precursors for the preparation of unusual
γ-amino acids such as statine and its analogues.10 The
chemistry of this unique pyrrolidinone ring has been explored
by a number of research groups.11 Because of its multifunc-
tional core, this heterocyclic system can take part in several
stereoselective transformations such as conjugate addition,12

cycloadditions,13 acyliminium ion chemistry,14 and allylic
substitutions15 (Scheme 2).

Besides some specialized methodologies,16 the majority
of synthetic approaches used for the preparation of 5-alkoxy-
pyrrol-2(5H)-ones are based on the cyclization of R,�-
unsaturated keto amides,17 amination reactions of the cor-
responding γ-lactones,18 Grignard addition to maleimide
derivatives,19 and the photosensitized oxygenation of pyr-
roles,20 diazepines21 and 2-furyl carbamates.22

We now describe a four-step synthesis of 2,4-disubstituted
pyrroles (3) involving (i) an oxidative rearrangement of a

furanyl carbamate (1) to give 5-methoxypyrrol-2(5H)-one
(2), (ii) conjugate addition of a cuprate reagent to the C4

position of the heterocyclic ring, (iii) further reaction of the
resulting 2-methoxy-5-oxopyrrolidine 11 with an alkyl
lithium to furnish a ring-opened alkyl 1-methoxy-5-oxopen-
tylcarbamate 12 and (iv) cyclization with a primary amine
under microwave conditions to afford the pyrrole derivative.
The 5-methoxypyrrol-2(5H)-one required for this methodol-
ogy was readily prepared by the addition of I2 to a solution
of the furanyl carbamate 1 in aqueous acetone which
contained a 2 mol excess of NaHCO3. More than likely the
reaction proceeds Via intermediates 8 and 9 as indicated in
Scheme 3. The initially formed 2-hydroxy-5-oxo-2,5-dihy-

dro-1H-pyrrole 10 was smoothly converted into the corre-
sponding methoxy derivative 2 by treatment with methyl
iodide and silver (I) oxide in CH2Cl2 at 25 °C. The yield of
the resulting 5-methoxypyrrol-2(5H)-one from the furanyl
carbamate is quite good (ca 85%) and the final product is
easily isolated by column chromatography on silica gel.

The conjugate addition of various cuprates to the R,�-
unsaturated lactam system of 2 proceeded in 60-92% yield
with high stereoselectivity. The 1H NMR spectra of the crude
product only showed the presence of a single trans-addition
product in all cases. The assignment was based on the 1H
NMR vicinal coupling constant of H5. In a trans-lactam this
coupling is 0-1 Hz, whereas a cis-lactam has a coupling of
5-6 Hz.23 The products obtained from the cuprate additions
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were then used in the next step which consisted of treating
the 2-methoxy-3-alkyl substituted 5-oxopyrrolidinone 11 with
an alkyl lithium reagent to give the ring opened 1-methoxy-
5-oxopentylcarbamate 12. The results for the conjugate
addition-alkyl lithiation reaction of differently substituted
systems in THF at -78 °C are summarized in Table 1. From

the table it can be seen that the reaction is quite general: R2

) various alkyl, phenyl or 2-thienyl groups with yields
ranging from 65% to 94%.

The 2,4-disubstituted pyrrole (3) system was then prepared
by heating a mixture of the 1-methoxy-5-oxopentylcarbamate
12 and an appropriate primary amine in the presence of a
trace amount of p-TsOH in a microwave reactor at 150 °C
(Scheme 4). In all cases, the desired 2,4-disubstituted pyrrole

was obtained in good yield with no evidence of any products
arising from simple hydrolysis or alternatively, by furan
formation. On the other hand, heating an aqueous DMF
solution of 12a (R1 ) Ph; R2 ) n-C4H9) in a microwave
reactor afforded an almost quantitative yield of the NH-

pyrrole 3j. However, when 12a is heated in toluene in the
presence of a CSA/quinoline catalyst, only the Boc-pyrrole
3k was formed in 76% yield.

Interestingly, when the reaction was carried out in a one-
pot fashion using 5-oxopyrrolidinone 11c and vinyl lithium
followed by heating with benzyl amine, the only product
that could be isolated corresponded to N-benzyl-4-n-butyl-
2-methyl-1H-pyrrole (3f). This surprising result can be
explained by the series of reactions outlined in Scheme 5.

More than likely, the transient vinyl oxypentylcarbamate 13 that
is first formed reacts with excess benzyl amine to eventally give
enamine 14. Protonation of 14 to iminium ion 15 followed by
loss of PhCH2N ) CH2 under the reaction conditions furnishes
16 which is readily isomerized to pyrrole 3f.

In summary, we have discovered a new and efficient
approach to a variety of 2,4-disubstituted pyrroles based on
an oxidative rearrangement of a furanyl carbamate followed
by sequential reaction of the resulting 5-methoxypyrrol-
2(5H)-one with alkyl lithiates. The final step of the procedure
involves heating the ring opened 1-methoxy-5-oxopentyl-
carbamate with a primary amine. The overall process can
be carried out under mild conditions and complements
existing methods to prepare substituted pyrroles.
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Table 1. Conjugate Addition-Alkyl Lithiation Reaction of
5-Methoxypyrrol-2(5H)-one (2)

entry R1 yield of 11 R2 yield of 12

a t-Bu 80% allyl 72%
b Ph 75% CH3 70%
c n-C4H9 92% Ph 94%
d n-C4H9 - CH3 85%
e CH3 80% 2-thienyl 86%
f CH3 - n-C4H9 80%
g n-C6H13 60% C2H5 65%
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