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New methods for the synthesis of seven-membered ring com-
pounds are attractive in view of the fact that a large number of
these compounds have shown various interesting biological activi-
ties1,2 and that they are difficult to prepare by conventional
methods.3 Recently, the use ofo-iodobenzene derivatives and
alkynes for the synthesis of five- or six-membered ring carbo-
cycles4,5 or heterocycles6 catalyzed by palladium complexes has
attracted great attention. Despite the synthetic significance of seven-
membered ring lactones, only a few successful metal-catalyzed
reactions for the synthesis are known.7-10 Intramolecular cyclo-
carbonylations11 of 2-allylphenols8 catalyzed by Pd complexes and
allenyl alcohols9 catalyzed by a Ru complex were reported. For
the intermolecular version, only a single example via cyclization
of iodobenzyl alcohol, norbornene, and CO in the presence of
Pd/TlOAc system was shown by Grigg et al.10 In all reactions, CO
gas was used. Our interest in the nickel-catalyzed12-14 reactions
encouraged us to investigate an alternative mild approach for the
lactone synthesis via propiolate chemistry. Herein, we report a novel
highly regio- and stereoselective cyclization of iodobenzyl alcohol
with alkyl propiolates mediated by nickel complexes to afford
seven-membered lactones. This new ring-closure reaction provides
a convenient method to synthesize lactones in one pot from easily
available starting materials. In addition, the catalytic mechanism
for the cyclization is extremely interesting, requiring both nickel
and zinc halides as the catalysts and involving an unusualE/Z
isomerization of the carbon-carbon double bond prior to lactone
formation.

The reaction of 2-iodobenzyl alcohol (1a) and methyl 2-octynoate
(2a) in the presence of Ni(dppe)Br2 and zinc metal powder under
N2 in CH3CN at 80°C gave seven-membered lactone3a in 87%
yield (Scheme 1 and Table 1). The structure of3a was confirmed
by its 1H, 13C NMR, DEPT, and high-resolution mass data.

Similar to Ni(dppe)Br2, several nickel complexes including
Ni(PPh3)2Br2, Ni(bipy)Br2 Ni(dppm)Br2, Ni(dppp)Br2, Ni(dppf)-
Br2, and Ni(dppe)Cl2 showed substantial catalytic activity for the
cyclization of1a with 2a giving 3a in 65-85% yield. Among the
solvents examined, THF, toluene, DCM, and DMF afforded very
low product yields or gave no desired product. CH3CN appears to
be the best choice of the solvents used for this catalytic reaction.

The cyclization can be successfully extended to other substituted
propiolates. The results for the reaction of1a with various
alkylpropiolates are summarized in Table 1. Thus,1a reacted with
methyl 2-butynoate (2b) in the presence of Ni(dppe)Br2 and Zn at
80 °C to afford lactone3b in 65% yield. Similarly, reaction of1a
with propiolates2c-eafforded the corresponding seven-membered
lactones in fair-to-good yields (Table 1, entries 3-5). To further
explore the scope of the present catalytic reaction, iodobenzyl

alcohols with substituents at the aromatic ring or at the carbon where
the hydroxyl group is attached were employed for reaction with
propiolates (Scheme 1). Thus, 3-methyl-2-iodobenzyl alcohol15 (1b)
underwent cyclization with2a and 2b to give the corresponding
lactones3f and3g in 68 and 62% yields, respectively. The reaction
of 1cand1d with a tert-butyl and dioxole substituent, respectively,
on the aromatic ring with propiolates also proceeded smoothly in
the presence of the nickel catalyst to give the corresponding seven-
membered lactones3h-k in good yield. The cyclization involving
1d as a reactant is interesting providing a convenient method for
the synthesis of tricyclic products3i-k with five-, six- and seven-
membered fused rings. Finally, the present methodology can also
be applied to 2-iodobenzyl alcohols with a methyl group at the
R-carbon. The reaction of1e with propiolate2a-b afforded the
expected lactones3l-m in moderate yields (entries 12-13).

A possible catalytic cycle for the present nickel-catalyzed seven-
membered lactone formation is shown in Scheme 2. This mecha-
nism is proposed on the established nickel chemistry and the
foregoing results. Reduction of Ni(II) to Ni(0) by Zn metal17 likely
initiates the catalytic cycle. Oxidative addition of 2-iodobenzyl
alcohol to Ni(0) to generate organonickel (II) species4 is followed
by regioselective propiolate insertion to give intermediate5.18

Subsequent protonation of5 givesE-3-arylacrylate6. E/Z isomer-
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ization of the C-C double bond in6 and ring closure then occurs
to afford the final lactone product3.

An intriguing aspect of the mechanism is the formation of
reductive coupling product6 and its subsequentE/Z isomerization
and ring closure. The reductive coupling step gains strong support
from the isolation of product7 in 42% yield from the reaction of
1a with 2a at room-temperature catalyzed by Ni(dppe)Br2/Zn. No
other stereoisomer was observed from the reaction. TheE stereo-
chemistry of7 was carefully established by NOE experiments. This
result is in agreement with the stereochemistry for alkyne insertion
and then protonation.

The E/Z isomerization of6 and subsequent ring closure in the
proposed catalytic cycle is clearly evidenced by the readily
cyclization of compound7 in essentially quantitative yield in the
presence of ZnI2, ZnBr2, or Ni(dppe)Br2/Zn at 80°C. (Scheme 3).
No cyclization occurs if7 was heated alone at 80°C. It is
noteworthy thatE/Z isomerization of7 is necessary prior to
lactonization due to the unfavorable stereochemistry. The role of
zinc halide in the ring closure of7 is still unclear. A possible
function of zinc halide, which is generated during the catalytic

reaction, is to act as a Lewis acid assisting theE/Z isomerization
and facilitating the cyclization.

In conclusion, we have demonstrated for the first time a bimetal-
catalyzed regio- and stereoselective cyclization of 2-iodobenzyl
alcohols with alkyl propiolates. This catalytic reaction provides a
convenient and unique method for the synthesis of seven-membered
lactones. The catalytic reaction involves an unusualE/Z isomer-
ization of a carbon-carbon double bond prior to ring closure.
Extension of the methodology to the synthesis of six- and eight-
membered ring lactones is underway.
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Table 1. Nickel-Catalyzed Cyclization of 2-Iodobenzyl Alcohols
with Alkyl Propiolatesa

a Unless stated otherwise, all reactions were carried out using an iodo
alcohol (1.00 mmol), propiolate (1.50-2.00 mmol), Ni(dppe)Br2 (0.0500
mmol), and Zn (2.75 mmol) in CH3CN (3.0 mL) at 80°C under N2 for 16
h. b Isolated yields.c A small amount of cyclotrimerization product16 of
methyl-2-butynoate was found.

Scheme 3
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