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ABSTRACT

Anti- SN2′ mode of allylation of the monoester of 4-cyclopentene-1,3-diol with aryl and alkenyl anions was achieved, for the first time, with the
MeOCH2CO2− group as a leaving group to which R-ZnBr and CuCl (as a catalyst) were best fitted. The aryl groups successfully installed were
Ph, o- and p-MeC6H4, o-MOMOC6H4, o-MeOC6H4, and p-F−C6H4, while cis and trans alkenyl groups were attached with retention of the olefinic
stereochemistries.

The title monoester1 is the complementary starting material
to the well-established cyclopentenones in organic synthesis.1

For installation of a side chain on it, allylic substitution is a
convenient reaction in regard to accessibility of various types
of reagents,2 though the regio- and stereochemistries should
be highly controlled. So far, this type of allylic substitution
has partially been successful with certain types of reagents.
In brief, the palladium-catalyzed allylation of monoacetate
1A with soft carbon nucleophiles proceeds efficiently atR
carbon with retention of configuration.3,4 On the other hand,

reactivity and the selectivity with hard carbon nucleophiles
are dependent on the type of reagents and the conditions.
The nickel-catalyzed reaction of1A with aryl and alkenyl
borates takes place regioselectively atR site with inversion
of configuration (SN2 type),5 while the palladium-catalyzed
reaction with alkyl and aryl Grignard reagents does atγ site
with retention (syn-SN2′ type)6 though the regioselectivity
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is moderate. As for copper-mediated reaction with alkyl
reagents, control at theR and γ sites with inversion (SN2
andanti-SN2′ type) has been successful by properly choosing
the ratio of alkyl-MgX/CuCN and the solvent among THF
and Et2O.7,8 Later, the SN2 type of the allylation was extended
to aryl Grignard reagents.9

In contrast, application of the alkyl reagent system (RMgX/
CuCN) developed for theanti-SN2′ allylation7 to the phenyl
reagent of several types produced a mixture of the regio-
isomers.10,11 The lowanti-SN2′ (high SN2) selectivity of the
aryl- and alkenyl reagents/CuX is also observed in the
literatures with other cyclopentenyl esters12 and epoxide.13

The highanti-SN2′ selectivity has been reported with alkyl-
metal/CuX reagents.14 Nevertheless, we continued investiga-
tion to realizeanti-SN2′ selective allylation,15 and eventually

discovered a reaction system consisting of methoxyacetate
1B (R ) CH2OMe), aryl- and alkenylzinc bromides (abbre-
viated assp2-RZnX), and a CuCl catalyst, for the first time
(eq 1).

In general,sp2-RZnX is the reagent used for the palladium-
and nickel-catalyzed cross-coupling with aryl and alkenyl
halides (known as the Negishi coupling),16 whereas the use
of sp2-RZnX in palladium-catalyzed allylation of cyclic and
acyclic allylic esters has been reported.17 As for the copper-
assisted allylation withsp2-RZnX, the low regioselectivity
and reactivity have been observed in the reaction with acyclic
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34:66 mixture. Knochel reagents derived from Ph2Zn (from PhLi and ZnBr2)
and CuCN‚2LiCl in 2:1 and 1:1 ratios in THF afforded a mixture of2a
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Table 1. CuX-Catalyzed Reaction of1A-D with PhZnXa

yields (%)b

entry substr. R reagentc CuX 2ad ester of 2a 3ad 4 anti-SN2′:SN2 convn (%)

1 1A Me PhZnBr‚LiBr‚n-BuBr CuCl 24 1 0 0 > 99:1 -e

2 1B CH2OMe PhZnBr‚LiBr‚n-BuBr CuCl 88 (75) 6 0 0 > 99:1 100
3 1C CH2Cl PhZnBr‚LiBr‚n-BuBr CuCl 24 26 0 9 > 99:1 97f

4 1D 2,6-Cl2C6H3 PhZnBr‚LiBr‚n-BuBr CuCl 23 0 3 0 88:12 94f

5 1B CH2OMe PhZnBr‚LiBr CuCl 86 7 0 3 > 99:1 100
6 1B CH2OMe PhZnBr‚LiBr‚n-BuI CuCl 93 4 0 0 > 99:1 100
7 1B CH2OMe PhZnBr‚LiBr‚n-BuBr CuBr 76 7 0 3 > 99:1 95
8 1B CH2OMe PhZnBr‚LiBr‚n-BuBr CuI 72 4 0 1 > 99:1 96
9 1B CH2OMe PhZnBr‚LiBr‚n-BuBr CuCN 9 13 0 5 > 99:1 91f

10 1B CH2OMe PhZnBr‚LiBr‚n-BuBr (CuOTf)2‚C6H6 44 14 0 3 > 99:1 86f

11 1B CH2OMe PhZnBr‚LiBr‚n-BuBr Cu(OAc)2 16 17 0 7 > 99:1 81f

12 1B CH2OMe PhZnCl‚LiCl‚n-BuBr CuCl 6 22 0 12 > 99:1 -e

13 1B CH2OMe PhZnI‚LiI‚n-BuBr CuCl 17 13 4 0 81:19 89f

a Reactions were carried out with “PhZnX” (3 equiv) in the presence of a copper catalyst (30 mol %) in THF/Et2O (2:1) at room temperature for 12 h.
b Determined by1H NMR spectroscopy with 1-bromonaphtalene as an internal standard.c PhZnX‚LiX‚n-BuX′ were prepared from PhX′, n-BuLi, and ZnX2,
whereas PhZnBr‚LiBr was derived from PhLi (purchased from a company) and ZnBr2. d Ar ) Ph. e Substrates1A and1B were recovered in 21 and 88%
yields in entries 1 and 12, respectively.f Unidentified products were also produced.
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substrates18 except for one cyclic case,19 whereas highanti-
SN2′ selectivity has been reported withalkyl-ZnX/CuX.2b,14b,19,20

Recently, (sp2-R)2Zn was disclosed as theanti-SN2′ selective
reagent in allylation with acyclic esters.21

The present investigation was initiated with a finding that
reaction of allylic acetate1A (R ) Me) with PhZnBr‚LiBr‚
n-BuBr22 (3 equiv), prepared from PhBr,n-BuLi, and ZnBr2,
in the presence of 30 mol % of CuCl at room temperature
producedanti-SN2′ product2a (Ar ) Ph) with high regio-
selectivity of>99% by1H NMR analysis, but only in 24%
yield (Table 1, entry 1). Because the reaction proceeded
incompletely, other leaving groups (RCO2) with electron-
withdrawing moieties in R were examined (entries 2-4). The
best result was obtained with methoxyacetate1B to produce
2a in high yield (75% isolated yield) with>99% regiose-
lectivity (entry 2), whereas1C and1D afforded a mixture
of products including2a in low yields (entries 3 and 4). We
also examined reaction of1B with other “PhZnBr” prepared
in different ways (PhLi+ ZnBr2 and PhI+ n-BuLi + ZnBr2)
to expand reagent sources (entries 5 and 6 vs entry 2). A
similar result observed with PhZnBr‚LiBr22 (entry 5) indi-
cates no consumption of PhZnBr by perhaps conceivable
copper-catalyzed coupling withn-BuBr that was coproduced
with PhLi through the PhBr/n-BuLi exchange (entry 2). To
our surprise, evenn-BuI did not interfere the reaction nor
produce any byproduct (entry 6). Examination of the reagent
quantity revealed that 3 equiv is the minimum requirement
for the high efficiency. Next, catalytic activity of copper salts
other than CuCl and reactivity of reagents derived from ZnX2

(X ) Cl, I) were investigated. Among the copper salts used
(entries 7-11), CuBr and CuI showed slightly lower effi-
ciency in yield and in conversion. On the other hand, the
reagents derived with ZnX2 (X ) Cl, I) were inferior than
the ZnBr2-based reagent (entries 12 and 13 vs entries 2, 5,
and 6).

The procedure optimized above was applied to substi-
tuted phenyl zinc bromides to afford theanti-SN2′ products
2b-e efficiently (Table 2, entries 1-4). Sterically con-
gested reagents could be participants in the reaction (entries
2 and 3).

A zinc reagent6 prepared by ortho lithiation23 of meth-
oxymethyl phenyl ether (5) followed by transmetallation with
ZnBr2 also furnishedanti-SN2′ product 2h with >99:1
regioselectivity in 73% isolated yield (Scheme 1).

The present reaction was successfully extended to alkenyl
zinc reagents. As summarized in entries 5 and 6 of Table 2,
the zinc reagents prepared from the cis and trans iodides by
halogen-lithium exchange witht-BuLi followed by trans-
metallation with ZnBr2 produced theanti-SN2′ products2f
and2g in good yields without isomerization of the double
bond. Theanti-SN2′/SN2 selectivity was>99:1 by1H NMR
analysis. The alkenyl zinc reagent derived from stannane7
also furnishedanti-SN2′ product2i in 55% isolated yield with
>99% regioselectivity (Scheme 2). Compounds similar to
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Table 2. CuCl-Catalyzed Reaction of1B (R ) CH2OMe) with
Various Organozinc Bromidesa

a Reactions were carried out with organozinc bromides (4 equiv) derived
from chemicals indicated in “reagent sources” in the presence of CuCl (30
mol %) in THF/Et2O (2:1) at room temperature for 12 h.b Determined by
1H NMR spectroscopy with 1-bromonaphtalene as an internal standard.
c Isolated yields are shown in parentheses.d Methoxyacetate of2. e 1H NMR
spectra of3 for comparison, see refs 5 and 9.f 2e/ester) 10:1 by1H NMR
spectroscopy.

Scheme 1. Synthesis of2h
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2i were synthesized previously as prostaglandin intermediates
with low to moderate yields.24

Finally, we applied the above reaction system to an alkyl
reagent. As shown in eq 2,n-BuZnBr‚LiBr, selected as a
typical reagent ofalkyl zinc bromides, proceeded with high
regioselectivity to affordanti-SN2′ product8 in 82% yield.
No difference in regioselectivity and reactivity betweensp3-C
(alkyl) and sp2-C (aryl, alkenyl) reagents were thus estab-
lished.

In conclusion, we have presented a new reagent system
for delivering aryl, alkenyl, and alkyl groups in ananti-SN2′

manner with almost complete regioselectivity.25 Application
of the present method to the synthesis of biologically
important molecules is now in progress.
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Scheme 2. Synthesis of2i
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