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ABSTRACT

â-Iodo- r,â-unsaturated carbonyl compounds undergo a stereoselective iodine −copper exchange reaction with (Nphyl) 2CuLi, providing the
corresponding alkenyl cuprates with retention of the double bond configuration. No competitive addition/elimination was observed, and the
resulting cuprates were successfully functionalized with various electrophiles.

The preparation of functionalized organometallics is an
important synthetic task since these reagents are key
intermediates for the preparation of polyfunctional mol-
ecules.1 In recent years, it was found that the iodine-
magnesium exchange reaction is an excellent method for the
preparation of various aryl, heteroaryl, and alkenyl Grignard
reagents that bear ester, nitrile, amino, or nitro groups.2

However, more sensitive functionalities, such as ketones, are
usually not compatible with the presence of a C-Mg bond.
To overcome these problems, we have developed an iodine-

copper exchange reaction,3 which allows a practical prepara-
tion of functionalized aryl and heteroaryl copper reagents in
the presence of a keto group.4 Herein, we wish to report a
new application of this exchange reaction for performing a
stereoselective metalation ofR,â-unsaturated carbonyl com-
pounds of type1.5 The preparation ofâ-keto alkenylcopper
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derivatives is a challenging task sinceâ-substitutedR,â-
unsaturated carbonyl compounds usually react with organo-
metallics via an addition/elimination pathway.6

Thus, theâ-iodo-R,â-unsaturated ketones of type1 reacted
with (Nphyl)2CuLi (2) in THF at-100°C for 15 min lead-
ing to the functionalized alkenylcoppers3, which were
quenched with various electrophiles providing highly func-
tionalized enones of type4 in moderate to good yields
(Scheme 1).7 The reactions occurred stereoselectively
with retention of the double bond configuration (>99%).
The phenyl-substituted alkenyl cuprate3a reacted with
various aromatic and heteroaromatic acid chlorides lead-
ing to diketones4a-c in moderate to good yields (78-83%,
entries 1-3 of Table 1). The reaction of the cuprate3a
with 3-iodo-2-cyclohexenone provided the addition-elimi-
nation product4d in 71% yield (entry 4). In a similar way,
the bisalkyl-substituted alkenyl cuprate3b was readily
acylated with 2-thiophenecarbonyl chloride and 4-fluoro-
benzoyl chloride, giving the diketones4e,f in 75-78% yields
(entries 5 and 6). The carbocupration of ethyl propiolate
with 3b stereoselectively led to the dienone4g in 80% yield
(entry 7). Furthermore, the allylation of cuprate3b pro-
ceeds smoothly with ethyl(2-bromomethyl)acrylate, pro-
viding the polyfunctional compound4h in 90% yield (entry
8). Even a change of the substituent R1 in the â-iodo-
R,â-unsaturated ketones of type1 from phenyl in 1a or
alkyl group in 1b to the electron-donating trimethylsilyl
group in1c did not affect the exchange reaction rate. The
corresponding cuprate3c readily underwent acylation with
benzoyl chloride and 2-thiophenecarbonyl chloride, providing
the diketones4i and4j in 76-84% yields (entries 9 and 10).
However, acylation with ethyl oxalyl chloride led after an
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Scheme 1. Functionalization ofâ-Iodo-R,â-Unsaturated
Carbonyl Compounds via an Iodine-Copper Exchange

Table 1. Functionalization ofâ-Iodo-R,â-Unsaturated Carbonyl
Compounds via an Iodine-Copper Exchange

a Yield of analytically pure product.b Diastereomeric ratio) 8:1.
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intramolecular aldol reaction to the five-membered enone
4k in 72% yield in a 8:1 mixture of diastereoisomers (entry
11). Finally, the allylation of the cuprate3c with ethyl(2-
bromomethyl)acrylate furnished ketone4l in 89% yield (entry
12).

Thecis-configuration between the iodine and the carbonyl
group in theâ-iodo-unsaturated carbonyl derivatives of type
1 is crucial for the success of the exchange reaction, probably
due to a chelation effect.8 With the enonetrans-1a under
our standard reaction conditions, no iodine-copper exchange
was observed in the reaction with (Nphyl)2CuLi (2). The
only reaction observed here was an addition-elimination
(Scheme 2).

The iodine-copper exchange reaction provides function-
alized organocopper intermediates3 and gives after acylation
a simple access to diketones. These diketones are versatile
building blocks for the synthesis of pyridazines. The treat-
ment of the diketones4b, 4f, and4i with NH2NH2‚H2O in
refluxing EtOH for 15 min affords the pyridazines of type5
in excellent yields (Scheme 3).9

In conclusion, we have shown thatâ-iodo-R,â-unsaturated
carbonyl compounds undergo a stereoselective iodine-

copper exchange reaction under mild conditions and react
with various electrophiles in good yields with retention of
configuration. Further transformations of the products to
pyridazines are described. Further extension of this method
is currently underway in our laboratory.
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Scheme 2. Influence of the Double Bond Configuration of
Enone1 on the Reaction Outcome

Scheme 3. Synthesis of Pyridazines of Type5
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