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Michael addition–electrophilic quenching chemistry of
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Abstract—Michael addition–electrophilic quench reactions of N-alkyl maleimides are possible using dialkylzincs in combination
with a copper catalyst and a phosphoramidite ligand. Up to 55% ee has been achieved for one example (E = H) using a chiral ligand.
� 2007 Elsevier Ltd. All rights reserved.
Although catalytic asymmetric addition of organometal-
lics, such as Grignard reagents, organocopper species,
organozincs and boronic acid derivatives, to a,b-unsatu-
rated ketones is quite well established,1 this type of reac-
tion has not been extensively explored with other types
of carbonyl-containing Michael acceptors. Recently,
several groups have disclosed extensions of this chemis-
try to asymmetric Michael addition of unsaturated
esters, lactones, amides, lactams and related systems
with promising levels of selectivity.2

In connection with a proposed novel entry to erythrinan
alkaloid natural products, we became interested in the
asymmetric Michael addition reactions of maleimides,
including the possibility of achieving selective addi-
tion–electrophilic quench sequences, for example, con-
version of 1 into 3 via a metal enolate 2, Scheme 1.

Again this type of ‘vicinal dialkylation’ is well-known in
the realms of enone additions,3 but we have been unable
to locate a single example for maleimides—even to give
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Scheme 1. Addition of a generic organometallic to a maleimide followed by
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racemic products. Indeed, only recently has the area of
asymmetric addition to maleimides attracted significant
attention, the Hayashi group having described highly
selective addition of aryl groups by rhodium catalysed
reaction of aromatic boronic acids (ArB(OH)2), using
chiral dienes, bis-phosphines or hybrid alkene–phos-
phine ligands.4 This method, although effective, has to
date been carried out under aqueous conditions that
make the development of an addition–electrophilic
quench sequence like that shown in Scheme 1
problematic.

The lack of an existing solution to the problem outlined
in Scheme 1, combined with the fact that variously
substituted succinimide systems 3 are the component
parts of significant natural products prompted us to
explore this issue.5

Herein, we describe the use of a Feringa-type system,
composed of dialkylzinc reagent (R2Zn), Cu(OTf)2 and
a phosphoramidite ligand, to accomplish the type of
3

N
R'

OO

ER

OM

electrophile

electrophilic quench.

tric catalysis.

mailto:nigel.simpkins@nottingham.ac.uk


Table 1. Addition–quench reactions of maleimide 4
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toluene, electrophile, -78 oC

R2Zn (3 equiv), Cu(OTf)2 (3 mol%)

phosphoramidite 6 (6 mol%)
O

O
P N
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R Electrophile E Product/yield (%) Diast. ratio

Et MeCOMe C(OH)Me2 5a 86 —
Et PhCHO CH(OH)Ph 5b 99 60:40
Et i-BuCHO CH(OH)i-Pr 5c 96 80:20
Et MeCHO CH(OH)Me 5d 93 50:50
Et CyclohexylCHO CH(OH)cyclohexyl 5e 62 80:20
Et MeOC(O)CN CO2Me 5f 75 —
Et MeCOCl COMe 5g 92 —
Et PhCOCl COPh 5h 85 —
Et Ac2O COMe 5g 76 —
i-Pra PhCHO CH(OH)Ph 5i 88 60:40

a Reaction carried out at 0 �C.
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overall transformation shown in Scheme 1, including
preliminary enantioselective variants.

Initially, we attempted Michael addition of commer-
cially available Et2Zn to an N-substituted maleimide,
using a number of Cu(OTf)2–ligand combinations, and
observed mainly polymerisation and some evidence of
condensation products of the putative intermediate
metal enolate 2. Indeed, it is well established that dial-
kylzinc reagents are effective in forming polymers from
maleimides, with apparent asymmetric induction if chi-
ral additives are present.6

In their studies of dialkylzinc additions to unsaturated
lactones, Hoveyda and co-workers had experienced sim-
ilar difficulties and had solved them by including benz-
aldehyde as a suitable in situ electrophilic quench.2c

Pleasingly, this type of protocol also worked in the case
of N-benzyl maleimide 4, but with a wider range of alde-
hydes, and also typical acylating agents, Table 1.7

Aldol reactions proceeded in high yield to give products
as the expected trans-isomers with respect to the five-
membered imide ring, but as mixtures of diastereomers
at any newly formed off-template carbinol centre. In
the reactions involving acylation, the products were iso-
lated as mixtures of carbonyl and enol forms. Most of
our chemistry was conducted using Et2Zn but the more
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phosphoramidite 7 (6 mol%)

Scheme 2. Asymmetric addition to maleimide 4.
bulky iPr2Zn also participated in the reaction, albeit at
0 �C. Attempts to use Ph2Zn were not successful.

At this point the stage seemed set for us to develop an
asymmetric version of this reaction by using a chiral
phosphoramidite such as 7.8 Using this ligand in place
of 6 gave a number of products 5 as before—but no
asymmetric induction was observed. We also established
that, somewhat surprisingly, the reaction did not pro-
ceed at all when we used THF as the solvent—a finding
that seems to parallel similar observations by Hoveyda
in the lactone series.2c

After considerable experimentation, we discovered that
the addition of trimethylsilyl chloride to the reaction
mixture, in place of the aldehyde or acylating agent,
enabled conjugate addition of Et2Zn to occur in THF.
Furthermore, the use of phosphoramidate 7 enabled
the isolation of the Michael addition product 8 in good
yield and in moderate ee, Scheme 2.9

To our knowledge this is the first example of asymmetric
addition of an alkyl group (in contrast to the aryl addi-
tions cited above) to a maleimide. Somewhat disap-
pointingly, we were unable to fine-tune the selectivity
of the process by either (i) changing the maleimide N-
substituent to methyl, cyclohexyl, phenyl, 2-naphthyl-
methyl, or phenylethyl; (ii) changing the solvent to
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Scheme 3. Regioselective and stereoselective substitution of imide 8.
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various THF–toluene mixtures, or Et2O or CH2Cl2; (iii)
using alternative chiral ligands, including 9 and 10.8,2c
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Although the range of racemic adducts 5 available
directly from the reactions in toluene (Table 1) could not
be formed enantioselectively this way, it proved possible
to regenerate a lithium enolate from non-racemic 8 (55%
ee) and quench with electrophiles to give the same prod-
ucts by a two-step process, for example, 5a, Scheme 3.

We also used this procedure to acylate the lithium eno-
late from 8 with the enantiomerically pure valine derived
anhydride 11,10 thus providing adduct 12 as a diastereo-
isomeric mixture (ca. 3:1 ratio, major isomer shown)
that reflected the initial ee of 8 (55%). Crystallisation
of the major isomer from the mixture allowed the
Figure 1. X-ray crystal structure of major diastereomeric product 12.
Ellipsoids are drawn at 30% probability level.
assignment of absolute stereochemistry of 12, and thus
8 as shown, following an X-ray structure determination,
Figure 1.11

A second correlation was also possible by reduction of
8, using BH3–SMe2, to give the known compound,
(3S)-1-benzyl-3-ethylpyrrolidine, which supported the
assignment from the X-ray structure.12

In summary, we have described the first examples of
Michael addition–electrophilic quenching of maleimides,
using organozinc chemistry, and also the first example
of an asymmetric addition of an alkyl group. The chem-
istry shows promise for the construction of natural
product fragments (and their pharmaceutically impor-
tant counterparts), and should also provide access to
reduction products such as lactams and pyrrolidines.
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