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Abstract—The asymmetric synthesis of tertiary and quaternary stereocentres has been successfully achieved through Cu-catalyzed 1,6-
addition of dialkylzinc reagents to 5-(3-aryl-2-propenylidene) Meldrum’s acid derivatives in the presence of a phosphoramidite ligand.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The conjugate addition of carbon nucleophiles to a,b-
unsaturated carbonyls is a powerful carbon–carbon bond
forming process, and catalytic asymmetric versions have
become useful synthetic tools for the generation of tertiary1

and quaternary2,3 carbon stereocentres.

Despite a large body of literature on 1,4-conjugate
additions, analogous 1,6-addition methods are under-
developed.4 The presence of two electrophilic sites and
difficulties in controlling the regioselectivity have limited
investigations on this reaction. Thus, much work on 1,6-
additions has been conducted on enynones where the 1,6-
acceptor carbon is sp-hybridized while the 1,4-carbon
acceptor is sp2-hybridized. Another approach for the con-
trol of regioselectivity is to add a bulky substituent at the
1,4-carbon acceptor to bias the system towards 1,6-addi-
tion.5 More recently, a few reports have moved away from
traditional copper catalysis to other metals for high regio-
selectivities. Hayashi et al. have reported the 1,6-addition
of aryl boronic acids to a,b,c,d-unsaturated carbonyl com-
pounds in the presence of catalytic amounts of iridium
complexes.6 The iron-catalyzed 1,6-addition of Grignard
reagents to 2,4-dienoates and 2,4-dienamides has been
reported by Urabe et al.7 The reaction of aryl- and
alkenylboronic acids with 2,4-dienoate esters, catalyzed
by rhodium, has also been investigated.8 There have been
only two examples of asymmetric 1,6-addition reactions.
Hayashi et al. have reported the Rh-catalyzed asymmetric
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1,6-addition of aryltitanates to alkyne acceptors to afford
chiral allenes.9 The same group subsequently described
the Rh-catalyzed asymmetric 1,6-addition of aryl zinc
reagents to dienones.10

The addition of carbon nucleophiles in a 1,6-conjugate
fashion still remains a challenging topic of great synthetic
interest. Herein we report the first catalytic asymmetric
1,6-conjugate addition of dialkylzinc reagents to 5-(3-
aryl-2-propenylidene) Meldrum’s acid to afford tertiary
and quaternary stereogenic centres.
2. Results and discussion

The enantioselective formation of all-carbon benzylic
quaternary stereocentres via the 1,4-addition of dialkylzinc
reagents to 5-(1-arylethylidene) Meldrum’s acid was
recently reported by our laboratory.11 Over the course of
our studies, it was observed that the increased substitution
at the 2-position of the alkylidene inhibited conjugate
addition. As illustrated in Scheme 1, 5-(1-phenyl-2-methyl-
propylidene) Meldrum’s acid 1a was inert under our opti-
mal reaction conditions, and the starting material was
quantitatively recovered. This observation indicated that
the 1,4-conjugate addition pathway could be blocked
effectively, and was an incentive to explore 1,6-addition
to dienyl Meldrum’s acids.

Next, it remained to establish that 1,6-addition would pro-
ceed on 5-(3-aryl-2-propenylidene) Meldrum’s acid deriva-
tives. Along the lines of our previous report, the formation
of all-carbon benzylic quaternary stereocentres was initially
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Scheme 1. Initial results.
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attempted. Meldrum’s acid 1b was reacted with Et2Zn in
the presence of Cu(OTf)2 (5 mol %), and phosphoramidite
ligand 2 (10 mol %)12 to afford exclusively 1,6-adducts 3a
and 3b in a 4.8:1 ratio and an 81% combined isolated yield,
and in 65% enantiomeric excess (Scheme 2). The b,c-unsat-
urated compound 3a was the major component of the mix-
ture, and alkylidene Meldrum’s acid 3b the minor. It is
noteworthy that Z-olefin 3a was obtained as a single iso-
mer and the stereochemistry of the trisubstituted alkene
was determined by NOE experiments.
O O

O O

i-Pr

O O

O O

Ar

i-Pr

Ar R

1c-g

3c-j

O O

O O

i-Pr

Ar R

purification
on silica gel

R2Zn (2 equiv)
Cu(OTf)2 (5 mol %)

2 (10 mol %)
DME, -40 ˚C to rt, 24 h

Scheme 2. 1,6-Conjugate addition of dialkylzinc reagents to 5-(3-aryl-2-
propenylidene) Meldrum’s acids.

Table 1.

Entry Ar R ee (%) Yield (%)

1 Ph 1c Et 70 65 3c

2 4-MeOPh 1d Et 74 19 3d

3 4-ClPh 1e Et 84 26 3e

4 3-ClPh 1f Et 60 50 3f

5 2-ClPh 1g Et 84 29 3g

6 Ph 1c n-Bu 82 44 3h

7 Ph 1c i-Pr 75 56 3i

8 Ph 1c Me 83 19 3j
Our attention then turned to the formation of tertiary
stereocentres.13 When Meldrum’s acid 1c was reacted with
Et2Zn, 3c was isolated in a 70% ee and a 65% yield after
24 h (Table 1, entry 1).14 The b,c-unsaturated product
was formed initially as determined by the analysis of the
1H NMR of the crude product, but readily isomerized to
the corresponding alkylidene Meldrum’s acid upon purifi-
cation on silica gel. The alkene isomerization limited the
yield in some cases as the alkylidenes decomposed during
flash chromatography and upon standing. The effect of
substituting the aromatic moiety on the enantioselectivity
of the conjugate process was then investigated. The intro-
duction of an electron-donating group at the 4-position
furnished Meldrum’s acid 3d in a 74% ee, while electron
withdrawing group at the same position gave an 84% ee
(Table 1, entries 2 and 3). Furthermore, changing the ring
substitution showed that meta substitution decreased ee,
while there was no change between the ortho- and para-
positions (Table 1, entries 3–5).

Additionally, various dialkylzinc reagents reacted with 1c
resulting in good enantioselectivities (Table 1). Dibutylzinc
afforded the 1,6-adduct in an 82% ee, while sterically
demanding diisopropylzinc afforded the product in a 75%
ee. Dimethylzinc reagent also added smoothly to give the
1,6-product in a 83% ee.
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3. Conclusions

In conclusion, we have reported the first asymmetric syn-
thesis of benzylic tertiary and quaternary stereogenic cen-
tres via 1,6-conjugate addition of dialkylzinc reagents to
Meldrum’s acid acceptors in good yields and selectivities.
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