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Reactions of allylic acetates and ethers with nucleophiles
catalyzed by palladium and other metals is a well-estab-
lished process.1-3 Additions to monosubstituted allylic
acetates are normally selective for the less substituted
terminus. However, additions to 1,3-disubstituted π-allyl-
metal complexes normally yield a mixture of regioisomers.
Partial solutions to this regiochemical issue include incor-
poration of large groups at one terminus of the allyl
moiety1,2,4 or the use of polarizing functional groups such
as carbonyl or other oxygenated functionality5-9 adjacent to
the π-allyl to promote addition distal to that group. Modi-
fication of ligands on the metal can also be used to enhance
the selectivity.10,11
We now report that a tertiary amine or thioether in the

homoallylic position directs nucleophilic substitution to the
terminus of the allylic moiety proximal to the heteroatom.
For example, reaction of thioether 1a with lithio diethyl
malonate in THF in the presence of palladium catalyst 5
(5%) at 75 °C for 5 h gave rise to 3a and 4a (10:1) in 87%
isolated yield.12 The regiochemical outcome of the substitu-

tion is particularly striking, especially in cases such as this
one where R ) H. Despite the increased steric interactions,
substitution occurs on the more substituted terminus of the
intermediate π-allyl palladium species, whereas in the
absence of the heteroatom directing group, substitution
takes place almost exclusively at the unsubstituted terminus
presumably due to steric bias. Additional examples, shown
in Table 1, illustrate the generality of the directing effect.
The selectivity is excellent in reactions of substrates bearing
either the methylthio or the dimethylamino groups.13 Reac-
tions of allylic acetates 2e and 1h, bearing oxygenated
functional groups two or three atoms away from the allylic
residue, respectively, yield products from reaction at the allyl
terminus distal to the heteroatom in accord with previous
reports.7-9 An increase in the length of the tether between
the heteroatom and the allylic moiety led to a change in
selectivity. Using the same reaction conditions, the major
product resulted from substitution at the terminus of the
allylic fragment distal to the heteroatom.14
The effect of the size and electronic nature of the alkyl

groups on the heteroatom was also studied (Table 2). An
increase in the size of the aliphatic group on the tertiary
amine had a detrimental effect regardless of whether the
allylic acetate was mono- or 1,3-disubstituted (Table 2,
entries 1 and 3). The opposite selectivity with the aromatic
amines 6b and 6d, which would not be expected to coordi-
nate efficiently to palladium, strongly suggests a different
role for the heteroatom compared to the substrates bearing
the dimethylamino group. Of the tertiary amines, the
dimethylamino group appears to provide the strongest
directing effect. In the thioether cases, the change in
selectivity as a function of the alkyl substituent was not so
dramatic. Even with the phenylthio ether 6f, influence from
the heteroatom was apparently still observed.
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Table 1

entry R n L 3a-h:4a-ha yieldb (%)

1 1a H 1 SMe 3a/4a 10:1 87
2 1b Me 1 SMe 3b/4b 7:1 90
3 1c H 1 NMe2 3c/4c 19:1 76
4 1d Me 1 NMe2 3d/4d 9:1 73
5 2e Me 1 OMe 3e/4e 1:10 85
6 1f H 2 SMe 3f/4f 1:3 88c
7 1g Me 2 NMe2 3g/4g 1:3 78
8 1h Me 2 OTBS 3h/4h 1:6 90
a Ratios determined by integration of 1H NMR spectral signals

(300 or 500 MHz). b Yields refer to isolated materials. c 10% of
dialkylation at the unsubstituted terminus of the allyl moiety was
observed.
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Additional substitution on the three carbons of the allylic
moiety led to variable results (eqs 1-3). Introduction of
methyl groups at both the central and terminal carbons of
the allyl moiety led to a decrease in selectivity, and, a 5:1
ratio of isomers was observed in which the major isomer still
resulted from substitution proximal to the heteroatom (eq
1). The power of the directing effect can be seen upon
disubstitution at the internal carbon of the allyl moiety (eq
2). While a 1.3:1 ratio of isomers was obtained, the major
isomer resulted from direction by the thioether to form a

quaternary center. Interestingly, disubstitution at the
terminus distal to the heteroatom (eq 3) yielded only the
product of addition to the allyl moiety proximal to the
thioether upon reaction with malonate anion in the presence
of complex 5. It is remarkable that, in the absence of the
thioether, the analogous allylic acetate (eq 4) did not undergo
nucleophilic substitution and the acetate was recovered
unchanged. This result strongly suggests that the heteroa-
tom provides an accelerating as well as a directing effect.

In addition, the heteroatom controls the stereochemistry
of allylation, leading to overall inversion of configuration.
This is illustrated by the conversion of 16, under standard
conditions,12 to a 3.5:1 ratio of 17 and 18 in 78% yield, both
of which are products on inversion of configuration. In
contrast, acetate 19, in which the amine should not partici-
pate through coordination to the metal, under the same
reaction conditions, gave amines 20 and 21 in a 7:1 ratio in
80% yield. As expected, the major product resulted from
overall retention of stereochemistry. For this case, there is
no directing effect from the tertiary amine. Finally, when
acetate 22 was treated with malonate in the presence of Pd-
(PPh3)4, only 23, the isomer resulting from regioselective
substitution with inversion at the allylic terminus proximal
to the heteroatom, was obtained.15

In summary, we have shown that regioselective additions
to allylic acetates, catalyzed by palladium, can be achieved
by incorporation of a thioether or tertiary amine into the
substrate. This demonstrates, for the first time, that
heteroatoms capable of coordinating to palladium can change
or even reverse the expected regiochemical and stereochem-
ical outcome. Reactions with malonate anion proceed with
high selectivity to provide the product substituted at the
terminus of the allyl moiety proximal to the heteroatom,
even if that position is more substituted. Work is in progress
to evaluate the scope of the reaction, and our results will be
reported in due course.
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(15) The stereochemistry of the cyclic allylated malonates was determined
by 1H NOE experiments at 500 MHz.

Table 2

entry R L 7a-f:8a-fa yieldb (%)

1 H 6a NnPr2 7a/8a 1:1.7 69c
2 H 6b NMe(Ph) 7b/8b 1:>15 77c
3 Me 6c NnPr2 7c/8c 1:1.5 85c,d
4 Me 6d NMe(Ph) 7d/8d 1:13 67
5 H 6e SiPr 7e/8e 7:1 63
6 H 6f SPh 7f/8f 4:1 72
a Ratios determined by integration of 1H NMR spectral signals

(300 or 500 MHz). b Yields refer to isolated materials. c Mixtures
of E/Z alkene isomers. d The reaction failed to proceed to comple-
tion under a variety of conditions.
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