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Pyrrolidinones are privileged structures in pharmaceutical
development.[1] In particular, cis-4,5-disubstituted pyrrolidi-
nones containing aromatic and heteroaromatic groups were
identified as lead structures for inhibition of type II 17b-
hydroxysteroid dehydrogenase, which is implicated in the
treatment of osteoporosis.[1a] Likewise, cis-4,5-diarylated
pyrrolidinones have been reported to inhibit transcription
factor HOXA13,[1c] a regulator of mammalian development[2]

and of certain cancer types.[3]

While many synthetic approaches are available for the
synthesis of substituted pyrrolidinones,[4–10] only a few meth-
ods exist towards the cis-4,5-substitution pattern.[1a,6a,b, 7,10]

Moreover, multicomponent reactions, which are especially
powerful methods for creating molecular complexity and
diversity,[11] for the synthesis of pyrrolidinones are scarce in
general.[9a,d]

Donor–acceptor-substituted cyclopropanes have proven
to be of great utility in synthetic organic chemistry.[12] The
cyclopropanation of furans and pyrroles with ethyl diazoace-
tate provides a facile entry to this class of compounds in
diastereomerically and enantiomerically pure form.[13] Based
on the monocyclopropanated N-Boc-protected pyrrole 3
(Boc = tert-butoxycarbonyl), we report herein an efficient
Lewis acid catalyzed multicomponent assembly with readily
available furancarbaldehydes 1 and aromatic amines 2 to
afford synthetically challenging cis-4,5-disubstituted pyrroli-
dinones 4 in high yield with excellent stereoselectivity
(Scheme 1).

Among a number of Lewis acids that were screened,[14] we
found that Sc(OTf)3 (5 mol%) under microwave (MW)
irradiation is best suited for this process, which combines
a Povarov reaction,[15] donor–acceptor-induced cyclopropane
ring opening, a 1,4-furan ring migration, and quinoline
formation. For the majority of transformations investigated
(�)-3 was employed; nevertheless, employing enantiopure

(+)-3 (Table 1, entry 1) gives rise to 4a with no erosion of
stereochemistry. Both electron-withdrawing and -donating
substituents on aniline 2 are tolerated well, allowing the
generation of a variety of quinoline moieties in 4-position of
the pyrrolidinone (Table 1, entries 2–7, 9–11). Out of the two
regioisomers possible when 3-substituted anilines are
employed (entries 5 and 7), only the sterically less-hindered
quinoline placing that group in 7- rather than 5-position is
formed. When the sterically more crowded 5-position cannot
be avoided, the product yield significantly decreases as
demonstrated when 3,5-dimethyl aniline is used as substrate
(entry 6). Replacement of anilines with 1-napthylamine
resulted in the corresponding benzo[h]quinoline moiety
instead of a quinoline (entry 8). Also, phenyl substitution in
the 5-position of furans is tolerated well (entries 9–11). The
structural assignment of pyrrolidinones 4 (Table 1, entries 1
and 10) was confirmed unambiguously by single-crystal X-ray
analysis of 4a and 4j (see the Supporting Information).

A plausible mechanism for the synthesis of 4 (Scheme 2)
involves an initial Povarov reaction[15] of aldimine 5 onto
enamide 3 at its convex face to give rise to 6. Interestingly, the
bicyclic structure of 3 must also control the stereochemistry of
the carbon center the furan group is located, which is found
on the endo face of the bicyclo[4.3.0] ring system, being
opposite as found in Povarov reactions with simple 2,3-
dihydrofuran or 2,3-dihydro-1H-pyrroles.[15a] As a conse-
quence of this stereochemical outcome, the disfavored cis-
configured aldimine 5 rather than the trans isomer would have
to undergo if the reaction would proceed by a concerted
cycloaddition, making a stepwise sequence (Mannich reaction
followed by aromatic electrophilic substitution) more likely
as recently suggested by elegant mechanistic studies with
enecarbamates as dienophiles in the Povarov reaction.[15f,g]

Subsequent formation of iminium ion 7 by Sc(OTf)3-medi-
ated cyclopropane ring opening followed by furan migration

Scheme 1. Stereoselective synthesis of cis-4,5-disubstituted pyrrolidi-
nones.
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via a spiroannulated intermediate[16] 8 leads to 9, which
undergoes rearomatization that requires an unusual C�N
bond cleavage to give rise to 10 that finally collapses to the
pyrrolidinone 4a upon N-Boc hydrolysis and lactamization.
Indeed, the Povarov products 6 (as shown for 6a, Scheme 3)
could be obtained by carrying out the reaction at ambient
temperature rather than at reflux conditions. Notable, both
endo and exo epimers with respect to the stereochemistry of
the furan substituent, which is readily separated on silica,
were isolated. Subjecting endo- and exo-6 a individually to
those conditions, endo-6a cleanly rearranged to the previ-
ously obtained pyrrolidinone 4a, while exo-6a yielded the
ring-opened polycyclic imine 11, indicating that the specific
conformational arrangement of the endo-6a is optimal for the
rearrangement to proceed. In the case of exo-6a, the bridge

H-atoms on the neighboring ring junction presumably block
the furan migration to the iminium center.

If other aromatic aldehydes but furans were employed,
stable polycyclic imines 13 were obtained as a diastereomeric
mixture in very good overall yields (Table 2), suggesting that
the furan moiety is unique for the observed migration. The
structure of 13 a (Table 2, entry 1) was unequivocally estab-
lished by single-crystal X-ray analysis (see the Supporting
Information).

Table 1: Sc(OTf)3-catalyzed multicomponent reactions of 1–3.[a]

Entry R1 in 1 R2 Product 4 t [h] Yield
[%][b]

1[c] H H 4a 6.0 82
2 H 4-F 4b 5.0 76
3 H 4-OMe 4c 5.5 75
4 H 4-NO2 4d 4.0 83

5 H 3-OMe 4e 5.5 65

6 H 3,5-Me2 4 f 6.0 38

7 H 3-F, 4-Me 4g 4.5 84

8 H 1-naphthyl 4h 5.5 77

9 Ph H 4 i 5.5 71

10 Ph 3,4-Me2 4 j 5.5 69

11 Ph 4-OMe 4k 5.5 74

[a] 1 (0.40 mmol), 2 (0.40 mmol), 3 (0.33 mmol), Sc(OTf)3 (5 mol%),
1.5 h room temperature, 3–4.5 h 125 8C. [b] Yield of isolated product.
[c] (+)-3 was employed, 4a was obtained in enantiomerically pure form.

Scheme 2. Mechanism for the synthesis of substituted pyrrolidinones
4.

Table 2: Synthesis of tricyclic imines 13.

Entry Ar 13[a,b] t
[h]

Yield
[%][c]

d.r.[d]

1 Ph 13a 3.5 64 2:1
2 4-ClC6H4 13b 3.0 69 2.5:1
3 4-MeC6H4 13c 3.0 61 2:1
4 4-MeOC6H4 13d 3.0 60 2:1
5 4-NO2C6H4 13e 2.5 65 2:1
6 1-naphthyl 13 f 2.0 70 2.6:1
7 2-thionyl 13g 1.0 53 1.5:1

[a] Major diastereomer, separated by column chromatography. [b] Ste-
reochemistry determined by analogy to Table 2, entry 1. [c] Yield of
isolated major diastereomer. [d] Determined by 1H NMR spectroscopy.
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This result opens up the opportunity for a four-component
reaction by introducing suitable external nucleophiles that
could add to the imine functionality in 13. Indeed, Sc(OTf)3

catalyzed multicomponent reactions between benzaldehyde
(12 a), aniline 2, enamide 3, and pyrrole (14) resulted in the

formation of addition product of imine 13 a and pyrrole (14)
in quantitative yield as a mixture of four diastereomers
(45:25:20:10), from which the major diastereomer 15 could be
isolated in pure form in 42% yield (Scheme 4).

In conclusion, we have developed an operationally simple,
catalytic three-component assembly based on readily avail-
able furancarbaldehydes, anilines, and the monocyclopropa-
nated adduct of N-Boc-pyrrole 3. A range of functionalized
cis-pyrrolidinones 4 was obtained this way in a stereoselective
manner with high yield, which are relevant structural
constituents in pharmacologically important molecules.
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