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ABSTRACT

Nickel(0) triethyl phosphite complex-promoted reaction of allylic acetates with thiols produced allylic sulfides with retention of configuration
without allylic rearrangement. A similar reaction of allylic acetates with alcohols and phenols also proceeded with retention of regio- and
stereochemistry.

Transition metal-catalyzed allylic substitution is one of the
most frequently employed transformations in organic syn-
thesis, and a variety of transition metal complexes have been
explored as catalysts for the regio- and stereoselective
reactions.1 The reactions catalyzed by these complexes are
generally classified into two categories: the branch selective
reaction,1a,2 in which a nucleophile attacks at the more
hindered side of the allylic system, and the linear selective
reaction, which involves nucleophilic attack at the less
substituted allylic terminus.3 Recently, the regiospecific
reactions have also been reported.4

The nickel-catalyzed regio- and stereoselective allylic
substitution with hard nucleophiles such as the Grignard
reagent have been reported.5 Nickel complexes, however,
have retained less attention in allylic substitution with soft
nucleophiles. Although Ni(dppb)2

6 and Ni[1,2-bis[N-methyl-
N-(diphenylphosphinoamino)ethane]]2

7-catalyzed reactions of

allylic alcohol derivatives with soft nucleophiles have been
investigated, these reactions end up with the formation of
regio- and stereoisomeric mixtures. Recently we reported the
transformation of alkenyl and aryl halides into sulfides
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catalyzed by the less expensive and air-stable Ni[P(OEt)3]4

1.8 Here we report the nickel complex1-catalyzed allylic
substitution with heteronucleophiles, which proceeds with
retention of regio- and stereochemistry.

Allylic sulfides are useful synthetic intermediates, and the
regioselective reactions of allylic alcohols and their deriva-
tives with thiols catalyzed by palladium9 and rhodium10 have
been reported. These facts prompted us to investigate the
practical transformation of allylic acetates2 into sulfides3
with thiols 4 in the presence of a catalytic amount of1
(Scheme 1).

After benzenethiol (4a, 1.2 equiv) was treated with sodium
hydride, the resulting thiolate was treated with (E)-3-phenyl-
prop-2-enyl acetate (2a) in the presence of1 (5 mol %) in

THF/DMF (2:1) at reflux to produce (E)-1-phenyl-3-(phe-
nylthio)propene (3a) in 96% yield (Table 1, entry 1). No
formation of the (Z)-isomer3c was observed. Likewise, the
reaction of (Z)-3-phenylprop-2-enyl acetate (2b) with 4a
resulted in the exclusive formation of the (Z)-allylic sulfide
3c without ZfE isomerization (entry 3). All the reactions
of primary allylic acetates with4aproceeded with complete
retention of regio- and stereochemistry to produce allylic
sulfides3 in high yields. The reactions with ethanethiol (4b)
and 2-methyl-2-propanethiol (4c) at 50°C revealed the same
selectivity.

When the secondary allylic acetate2f was subjected to
substitution with4b, the branched sulfide3k was obtained
regioselectively by performing the reaction in the dark in
the presence of 2,6-di-tert-butyl-p-cresol (BHT) to prevent
the photoisomerization of the product (Table 1, entry 11).11

In a similar fashion, the reaction of secondary allylic acetates
with different substitution patterns resulted in the direct
displacement of the acetoxy group with thiolates. Only when
the (E)-acetate2g was treated with4a was a mixture of the
regioisomers produced (80%, branch:linear) 92:8). The
formation of the linear isomer should be attributable to the
photoisomerization during workup. Indeed the branched
allylic sulfone5 was produced with littleEfZ isomerization
by the in situ oxidation of the initially formed sulfide with
MCPBA (entry 13). Some stereoisomerization was also
observed when the (Z)-secondary acetate2h was employed
(entry 14).

The present regio- and stereospecific allylic substitution
is expected to be extended to the preparation of various allylic
compounds. Indeed the allylic ethers6 were obtained in high
yields by the nickel(0)1-catalyzed reactions of primary and
secondary allylic acetates2 with alcohols and phenols7 in
the presence of sodium hydride as a base (Table 2). In the
reaction of the secondary allylic acetates2, only the branched
ethers6 were obtained regioselectively in all cases tested
without special care to prevent the isomerization.

To clarify the stereochemical outcome for the nickel(0)
1-catalyzed allylic substitution, the optically active allylic
acetate (R)-2j12 was subjected to the substitution (Scheme
2). Thus, the (R)-allylic ether (R)-6n was formed by the
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commercially available (R)-oct-1-en-3-ol (ACROS) by acetylation with
Ac2O.

Scheme 1
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reaction with 4-methoxybenzyl alcohol (7h) as a single
regioisomer with perfect retention of configuration.13 Our
results demonstrate that Ni[P(OEt)3]4 is an excellent catalyst
that promotes allylic substitution with perfect retention of

regiochemistry, complete retention of configuration of the
asymmetric center, and excellent retention of configuration
of the double bond.

Evans and Nelson have demonstrated that a rhodium
complex-catalyzed alkylation of an enantiomerically enriched
(E)-secondary allylic carbonate proceeded in a regio-, stereo-,
and enantiospecific manner through the formation of anenyl

Table 1. Nickel(0)-Catalyzed Reaction of Allylic Acetates2
with Thiols 4a

a The reaction was carried out with 1.0 equiv of allylic acetate, 1.2 equiv
of thiol, 1.2 equiv of NaH, and 5 mol % of Ni[P(OEt)3]4. b Isolated yield.
No formation of the corresponding regioisomer was detected by NMR
analysis of the crude reaction mixture.c Carried out in THF/DMF at reflux
for 20 h. d Carried out in THF/DMF at 50°C for 20 h.e Carried out in the
presence of a trace amount of BHT.f Isolated after oxidation with MCPBA
(10 equiv) at room temperature for 1 h.

Table 2. Nickel(0)-Catalyzed Reaction of Allylic Acetates2
with Alcohols and Phenols7a

a The reaction was carried out in THF/DMF at 50°C for 20 h with 1.0
equiv of allylic acetates, 1.2 equiv of alcohol or phenol, 1.2 equiv of NaH,
and 5 mol % of Ni[P(OEt)3]4, unless otherwise noted.b Isolated yield. No
formation of the corresponding regioisomer was detected by NMR analysis
of the crude reaction mixture.c Carried out in DMF at 120°C for 2 h with
1.2 equiv of DBU as a base.

Org. Lett., Vol. 9, No. 22, 2007 4605



complex.4u The present nickel-catalyzed reaction might,
therefore, proceed via the similarenyl intermediate.

Recently, the highly regio- and stereospecific allylic
substitution catalyzed by transition metal complexes has been
reported. Iron(II) complex-catalyzed allylic amination4x and
alkylation4y of (E)-primary and secondary allylic carbonates
proceed with high regioselectivity (up to 98%), leading to
the completely selective formation of (E)-allylic compounds.
Partial racemization was, however, observed in the reactions
of optically active (E)-secondary allylic carbonates. Until
now the reaction with the corresponding (Z)-isomers has not
appeared. It has also been known that the alkylation of allylic

carbonates with sodium malonate catalyzed by [Rh(CO)2Cl]2

proceeds through the preferential attack at the carbon atom
bearing the leaving group irrespective of the structure of the
starting carbonates.4s Although almost complete regioselec-
tivity was observed in the alkylation of (Z)-primary allylic
carbonates, the reaction of the secondary (Z)-isomers has
not been investigated. The nickel catalyst1 is suitable for
the reaction of allylic acetates having a variety of substitution
patterns and gives the product with total retention of regio-
and stereochemistry even in the case of (Z)-secondary allylic
acetates.14

In conclusion, we have developed a practical method for
the highly regio- and stereospecific transformation of allylic
acetates into sulfides and ethers using the inexpensive and
air-stable nickel catalyst. Further study on the nickel(0)-
promoted substitutions of allylic compounds with various
nucleophiles is now in progress.

Supporting Information Available: Experimental pro-
cedures and characterization data of all products. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL702122D

(13) The absolute configuration of6n was assigned by comparison of
the optical rotation of the allylic alcohol obtained by the debenzylation of
6n (2,3-dichloro-5,6-dicyano-p-benzoquinone) with that of the starting allylic
alcohol. The enantiomeric excess was determined by GC analysis with a
Chiraldex B-DM column for2j and HPLC analysis with a CHIRALCEL
OD-H column for6n.
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phenylbut-3-en-2-yl carbonate has been reported. However, the complete
ZfE isomerization took place when the (Z)-pent-3-en-2-yl carbonate was
used; Kazmaier, U.; Zumpe, F. L.Angew. Chem.,Int. Ed.2000,39, 802-
804.
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