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A reaction of pyridinium perfluorophenacylide generated
from pyridinium salt 1 with 1,1-dicyanoethylene derivatives 2
produced unusual products 3, which have an ylide structure with
a cyano group at the C2 and a cis-acrylonitrile moiety at the o-
position of the perfluorophenyl group. A plausible mechanism
involving intramolecular aromatic nucleophilic substitution
and 1,3-migration of the cyano group is proposed for this
reaction.

It has been reported that the reaction of a pyridinium ylide1

with an electron-deficient olefin produces indolidine2 or cyclo-
propane3 derivatives depending on the properties of the olefin
and the pyridinium nucleus. When benzylidenemalononitrile
is employed as an electrophile, cyclopropane is predominantly
produced,3 whereas, the reaction with acrylonitrile gives
indolidine derivatives (Scheme 1).2

We recently reported the first example of the enantioselec-
tive cyclopropanation of electron-deficient olefins with chiral
pyridinium ylide derivatives.4 In addition, we found that when
the phenacyl group was replaced with the perfluorophenacyl
group, the ylide became significantly stable and could be
isolated.5

In this letter, we describe that the reaction of the stable
pyridinium perfluorophenacylide 4 generated from 1with 1,1-di-
cyanoethylene derivatives 2 provided no expected cyclopro-
panes, but gave unexpected products 3.

The reaction of benzylidenemalononitrile (2a) and pyridini-
um salt 1 in the presence of Et3N afforded an unusual product
3a6 (Table 1). The structure of 3a was determined by X-ray
crystallographic analysis (Figure 1).7 It is remarkable that this
product has a cyano group at the C2 and an acrylonitrile moiety
at the o-position of the aromatic ring with Z configuration. Both
substituents could originate from the benzylidenemalononitrile
(2a). The planar geometry of C1 and C2, and the much shorter
1.391 Å C1–C2 bond length and the much longer 1.239 Å
C=O bond length than the corresponding general case8 strongly
suggest the ylide structure of 3.

The reaction required about 24 h at rt for completion; a

shorter reaction time resulted in a significantly lower yield with
recovery of the ylide 4, and no reaction proceeded at �40 �C
(Entries 2 and 3). The highest yield was obtained when two
equiv of the alkene was used at rt (Entry 5). The nucleophilic ad-
dition to 2b also gave a similar result (Entry 7). For the reactions
using alkyl-substituted olefins, 2c and 2d, similar products were
obtained despite the lower yields (Entries 8 and 9). All products
are obtained as a single stereoisomer about the olefinic moiety.

Scheme 2 outlines a plausible pathway for the formation of
product 3. The nucleophilic addition of the ylide 4 to the alkene
2a produces the intermediary betaine A. While a betaine with a
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Scheme 1. Two general reaction modes of a pyridinium ylide
with electron-deficient olefins.

Table 1. Reaction of alkene 2 with a pyridinium ylide generat-
ed from 1

Entry Alkene (equiv) Temp/�C Time/h Yield of 3/%a

1 2a(1) rt 24 53
2 2a(1) rt 3.5 15
3 2a(1) �40 24 n.r.
4 2a(2) rt 16 70
5 2a(2) rt 24 79
6 2a(3) rt 18 67
7 2b(2) rt 24 68
8 2c(2) rt 24 7b

9 2d(2) rt 24 25b

aIsolated yield. bThe rest is a complex mixture.

Figure 1. X-ray structure of 3a.
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phenyl group (R = H) preferentially attacks the C2 to produce
cyclopropane 5 as reported in the literature,3 betaine A possess-
ing a perfluorophenyl group (R = F) undergoes an intramolecu-
lar aromatic nucleophilic substitution to give the intermediary
bicyclic product B. The deprotonation of the C2-proton would
produce the second ylide C. The anion-mediated cyano group
migration through a four-membered intermediate affords betaine
D. The Grob-type fragmentation9 of D results in the product
ylide 3a, the Z configuration of which would be a result of the
fragmentation controlled by the overlap between the �� orbital
of the C2–C3 bond and the sp3 orbital of the carbanion. The driv-
ing force of this rearrangement would be the formation of ylide
3a stabilized with a cyano group at C2.10 A similar 1,3-cyano
migration has been reported for the radical-mediated reactions
via the four-membered iminyl radical intermediate.11

When methyl acrylate was used as an electrophile, the 1,3-
dipolar addition proceeded to give the tetrahydroindolidine
and indolidine derivatives in 11 and 35% yields, respectively
(Scheme 3). The structure of the indolidine 6 was confirmed
by X-ray structural analysis.12 It should be noted that no product
related to 3 was obtained in this reaction.

In summary, we found a new type of reaction with pyridini-

um ylide. The reaction of pyridinium perfluorophenacylide
with 1,1-dicyanoethylene derivatives gave unusual adducts 3
via intramolecular aromatic nucleophilic substitution and 1,3-
migration of a cyano group.
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Scheme 2. Plausible reaction pathway for the formation of 3.
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Scheme 3. Reaction of 1 with methyl acrylate in the presence
of Et3N.
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