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β-Functionalization of α,β-unsaturated carbonyl compounds
can be effected by a variety of methods, which generally
involve either the organometallic conjugate addition
procedures followed by enolate trapping and subsequent
oxidation1 or the dipole reversal process involving the
conversion of α,β-unsaturated carbonyl compounds into β-
acylvinyl anion equivalents. However, the former procedures
are sometimes inadequate and the requisite organocuprates
are difficult to obtain.2 In the case of enones, very efficient
and practical β-functionalization methods utilizing the
phosphoniosilylation process, one of the latter processes,
have been previously developed by Kozikowski, Kim and
Lee.3-5 Recently, we have reported that such procedure can
also be employed to α,β-unsaturated lactones and esters by
effecting β-alkylation, β-hydroxyalkylation, β-conjugate
addition of them, and β-sulfenylation (Scheme 1).6 As an
extension of these studies we became interested in investi-
gating the possibility of phosphoniosilylation-based β-
functionalizations of α,β-unsaturated imides, maleimdes.
Herein, we now wish to report facile preparation of

alylidenesuccinimides from maleimides via the phosphonio-
silylation process.

Since various β-functionalizations of enones, α,β-unsatu-
rated lactones and esters could be executed by utilizing the
phosphoniosilylation process,3-6 we envisaged that alkylation
of maleimides (2), might also be achieved. Thus, we examin-
ed the alkylation of maleimides. At the outset, scrutinizing
the whole process of β-alkylation of α,β-unsaturated
lactones and esters,6b the feasibility of phosphoniosilylation
and ylide formation was envisaged to be the key to success
in alkylation of maleimides. Therefore, the facility of
phosphoniosilylation and ylide formation was tested using
N-methyl maleimide (2a) as a model compound. The
phosphoniosilylation of N-methyl maleimide (2a) with
triphenylphosphine and t-butyldimethylsilyl triflate (TBSOTf)
proceeded rather favorably, and the resulting phosphonium
salt also underwent smooth deprotonation by lithium
diisopropylamide (LDA) to give the ylide (3a). With success
in these two steps, next, it was examined that the ylide (3a)
would participate in the Wittig reaction and the following
protodesilylation process in a desired sense. When the Wittig
reagent (3a) was reacted with benzaldehyde at -78 oC to r.t.
and then the mixture was treated with tetra-n-butyl-
ammonium fluoride (TBAF) in the same pot, N-methyl-3-
benzylidenesuccinimide (5a) was obtained as a major
product along with small amount of benzylated maleimide
(6a) in 43% yield. This result was rather unexpected in that
α-protonation was preferred in contrast to the preference of
γ-protonation observed in cases of enones, α,β-unsaturated
lactones and esters.3a,6b Regardless of this result, we next
tested the possibility of hydroxyalkylation of N-methyl
maleimide (2a) by employing β-hydroxyalkylation proce-
dure of α,β-unsaturated lactones and esters,6b in which
betaine intermediates were quenched by TMSOTf prior to
the formation of oxaphosphetanes during the Wittig reaction.
Thus, when the ylide (3a) was reacted with benzaldehyde
and TMSOTf at -78 oC for 0.5 h, and the mixture was then
treated with TBAF at -78 oC to rt, surprisingly, N-methyl-3-
benzylidenesuccinimide (5a) yielded as a major product
rather than the desired hydroxybenzylated N-methylmale-
imide (7a). The yield (68%) of N-methyl-3-benzylidene-
succinimide (5a) obtained in this way was much better (vide
supra and entry 1, Table 1). This result indicates that in the
Wittig reaction of ylide (3a) with benzaldehyde, for some
reason, TMSOTf plays as an activating agent to facilitate the
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attack of ylide (3a) on the carbonyl group rather than as a
trapping agent to quench the betaine intermediate. This
phenomenon was general in maleimide series. Therefore, the
latter four-step one pot procedure was employed to prepare
alkylidenesuccinimides from maleimides.

The results are shown in Table 1. This process works well
with most aromatic and aliphatic aldehydes in N-methyl-
maleimide series (2a) in which products were obtained in
moderate to good yields (51-85%, entries 1-6). Similarly,
with most aromatic and aliphatic aldehydes in N-phenyl-
maleimide series (2b), products were obtained in moderate
yields (46-56%, entries 8-11). However, with isobutyr-
aldehyde in both series, the yields which attend this
procedure were relatively low (entries 7, 12). The low yields
were assumed to be due to the bulky nature of isopropyl
group. 

On all occasions, alkylidenesuccinimides (5) were obtain-
ed as major products along with small amounts of alkylated
maleimides (6). The ratios of 5 to 6 were >10 : 1. The
stereochemistry of alkylidenesuccinimides (5) was assigned
as shown in 5, based on comparisons of 1H NMR data of 5 to
those of authetic samples.7 The preferred formation of 5 to 6
seems to be attributed to kinetic favor of α-protonation over
γ-protonation in these cases. Thermodynamically, at least in
some cases, alkylated maleimides (6) are more stable than
alkylidenesuccinimides (5) as evidenced in successful
isomerization of alkylidenesuccinimides (5a and 5b) to
alkylated maleimides (6a and 6b) by treating DBU in
refluxing THF (or toluene). Thus, although the isomeri-
zation requires long reaction time (~7 days), one can also
achieve alkylation of maleimides through isomerization
following four-step one pot sequence of phophoniosilyl-
ation, phosphorane formation, Wittig reaction and proto-
desilylation.

The results illustrate the facility and applicability of the

present method. These overall conversions can be accom-
plished by four-step one pot procedure from maleimides
without any isolation of the intermediates. Especially, it is
noteworthy that in these cases TMSOTf plays as an
activating agent to facilitate the attack of ylides on the
carbonyl group rather than as a trapping agent to quench the
betaine intermediates in the Wittig reaction. 

In summary, we have shown that the phosphoniosilylation
of maleimides, in combination with the Wittig reaction,
provides a practical tool for the preparation of alkyl-
idenesuccinimides from maleimides. One can also achieve
alkylation of maleimdes by isomerization of alkylidene-
succinimides.

Scheme 2

Table 1. Preparation of Alkylidenesuccinimides from Maleimides

entry Imide Aldehyde Product Yield (%)

2

R2CHO

5

1 2a R2 = Ph 5a 68
2 2a R2 = p-CH3C6H4 5b 64
3 2a R2 = p-CH3OC6H4 5c 51
4 2a R2 = p-ClC6H4 5d 85
5 2a R2 = (CH2)7CH3 5e 79
6 2a R2 = (CH2)2CH3 5f 66
7 2a R2 = CH(CH3)2 5g 28
8 2b R2 = Ph  5h 54a

9 2b R2 = p-CH3OC6H4 5i 46a

10 2b R2 = (CH2)7CH3 5j 56
11 2b R2 = (CH2)2CH3 5k 55a

12 2b R2 = CH(CH3)2 5l 22a

asaturated ammonium chloride solution was used instead of TBAF.
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Experimental Section

The general procedure for alkylidenesuccinimides
from maleimides. To a solution of triphenylphosphine (146
mg, 0.55 mmol) and N-methylmaleimide (57.3 mg, 0.50
mmol) in tetrahydrofuran (2.0 mL) was added TBSOTf (126
µL, 0.55 mmol). After being stirred at room temperature for
1.5 h, the reaction mixture was cooled to -78 oC and LDA,
prepared from diisopropylamine (109 µL, 0.78 mmol) and n-
butyllithium (442 µL of 1.47 M solution in hexanes, 0.65
mmol) in THF, was added dropwise to give a dark brown-
colored solution. The mixture was stirred at -78 oC for 1 h
and benzaldehyde (66.1 µL, 0.65 mmol) was added prior to
the quick addition of TMSOTf (136 µL, 0.75 mmol). After
the reaction mixture was stirred for 0.5 h, TBAF (2.0 mL of
1 M solution in THF, 2.0 mmol) was added. After being
warmed to room temperature, the reaction mixture was
stirred for 1.5 h. The extractive work-up and flash column
chromatography gave N-methyl-3-benzylidenesuccinimide
(5a, entry 1) (68.1 mg, 68%). 1H NMR (500 MHz, CDCl3) δ
7.64 (s, 1H), 7.52-7.41 (m, 5H), 3.59 (s, 2H), 3.14 (s, 3H).
13C NMR (125 MHz, CDCl3) δ 174.1, 171.1, 134.3, 134.1,
130.2, 130.1, 129.1, 123.5, 34.1, 24.9. IR (KBr) 2945, 1706,
1655, 1434, 1378, 1281, 784 cm−1.

N-Methyl-3-(4-methylbenzylidene)succinimide (5b,
entry 2). 1H NMR (200 MHz, CDCl3) δ 7.62 (s, 1H), 7.41
(d, J = 7.81 Hz, 2H), 7.28 (d, J = 7.81 Hz, 2H), 3.58 (s, 2H),
3.15 (s, 3H), 2.42 (s, 3H). IR (KBr) 2950, 1706, 1655, 1440,
1383, 1281, 820, 743 (=CH) cm−1.

N-Methyl-3-(4-methoxylbenzylidene)succinimide (5c,
entry 3). 1H NMR (200 MHz, CDCl3) δ 7.60 (s, 1H), 7.48
(d, J = 8.30 Hz, 2H), 6.95 (d, J = 8.79 Hz, 2H), 3.88 (s, 3H),
3.57 (s, 2H), 3.14 (s, 3H). IR (KBr) 2935, 1706, 1655, 1434,
1388, 1281, 835, 748 cm−1.

N-Methyl-3-(4-Chlorobenzylidene)succinimide (5d,
entry 4). 1H NMR (500 MHz, CDCl3) δ 7.56 (s, 1H), 7.43-
7.39 (s, 4H), 3.53 (s, 2H), 3.12 (s, 3H). 13C NMR (125 MHz,
CDCl3) δ 173.7, 170.9, 136.3, 132.9, 132.6, 131.2, 129.5,
124.1, 33.9, 25.0. IR (KBr) 2941, 1701, 1654, 1437, 1386,
1278, 1025, 706, 554 cm−1.

N-Methyl-3-nonylidenesuccinimide (5e, entry 5). 1H
NMR (200 MHz, CDCl3) δ 6.84 (t, J = 7.33 Hz, 1H), 3.22 (s,
2H), 3.08 (s, 3H), 2.19 (q, J = 7.33 Hz, 2H), 1.29 (s, 12H),
0.89 (t, J = 6.10 Hz, 3H). IR (KBr) 2935, 2925, 2853, 1706,
1660, 1440, 1388, 1281, 743 cm−1.

N-Methyl-3-butylidenesuccinimide (5f, entry 6). 1H
NMR (200 MHz, CDCl3) δ 6.85 (t, 1H), 3.23 (s, 2H), 3.09
(s, 3H), 2.20 (q, J = 7.33 Hz, 2H), 1.66-1.47 (m, 2H), 0.99 (t,
J = 7.33 Hz, 3H). IR (KBr) 2966, 2935, 2868, 1706, 1660,
1445, 1388, 1281, 743 cm−1.

N-Methyl-3-isobutylidenesuccinimide (5g, entry 7). 1H
NMR (200 MHz, CDCl3) δ 6.68 (d, J = 9.77 Hz, 1H), 3.24
(s, 2H), 3.07 (s, 3H), 2.54-2.43 (m, 1H), 1.10 (d, J = 6.84 Hz,
6H). IR (KBr) 2966, 2930, 2873, 1706, 1660, 1445, 1388,
1281, 738 cm−1.

N-Phenyl-3-benzylidenesuccinimide (5h, entry 8). 1H

NMR (200 MHz, CDCl3) δ 7.77 (s, 1H), 7.55-7.38 (m, 10H),
3.79 (s, 2H). IR (KBr) 3058, 2945, 1710, 1650, 1501, 1393,
1281, 743 cm−1.

N-Phenyl-3-(4-methoxybenzylidene)succinimide (5i,
entry 9). 1H NMR (200 MHz, CDCl3) δ 7.72 (s, 1H), 7.55-
7.45 (m, 5H), 7.40 (d, J = 6.35 Hz, 2H), 7.02 (d, J = 8.79 Hz,
2H), 3.90 (s, 3H), 3.76 (s, 2H). IR (KBr) 3058, 2966, 1706,
1655, 1511, 1388, 1265, 846, 702 cm−1.

N-Phenyl-3-nonylidenesuccinimide (5j, entry 10). 1H
NMR (200 MHz, CDCl3) δ 7.54-7.33 (m, 5H), 6.97 (t, J =
7.33 Hz, 1H), 3.41 (s, 2H), 2.26 (q, J = 7.33 Hz, 2H), 1.30 (s,
12H), 0.91 (t, J = 6.10 Hz, 3H). IR (KBr) 2966, 2930, 2853,
1711, 1665, 1516, 1388, 1250, 712 cm−1.

N-Phenyl-3-butylidenesuccinimide (5k, entry 11). 1H
NMR (200 MHz, CDCl3) δ 7.54-7.32 (m, 5H), 6.98 (t, J =
7.81 Hz, 1H), 3.42 (s, 2H), 2.26 (q, J = 7.33 Hz, 2H), 1.69-
1.51 (m, 2H), 1.02 (t, J = 7.33 Hz, 3H). IR (KBr) 2970,
2940, 1706, 1650, 1506, 1388, 1255, 746 cm−1.

N-Phenyl-3-isobutylidenesuccinimide (5l, entry 12). 1H
NMR (200 MHz, CDCl3) δ 7.42 (m, 5H), 6.81 (d, J = 6.84
Hz, 1H), 3.43 (s, 2H), 2.58-2.55 (m, 1H), 1.14 (d, J = 6.84
Hz, 6H). IR (KBr) 2966, 2930, 2863, 1711, 1650, 1511,
1388, 1250, 738 cm−1.

3-Benzyl-1-methyl-pyrrole-2,5-dione (6a). 1H NMR (500
MHz, CDCl3) δ 7.35-7.27 (m, 4H), 7.07 (d, 2H), 2.94 (s,
3H), 2.78 (s, 2H). 13C NMR (125 MHz, CDCl3) δ 173.9
(2C), 135.8, 130.1, 129.0, 128.9, 128.0, 126.2, 38.2, 24.5. IR
(KBr) 2927, 1702, 1690, 1438, 1388, 1285, 768 cm−1.
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