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Selective monohalogenation reaction of unsymmetrical
zirconacyclopentadienes was developed by selective protonation
and iodination reactions. Among the examined acids, acetic acid
and acetylacetone showed the best yield and selectivity to afford
the corresponding monoiododienes. For the zirconacyclopenta-
diene prepared from 3-hexyne and diphenylacetylene, the Et-
bearing carbon­zirconium bond was selectively protonated with
more than 90% selectivity.

Development of selective reaction of unsymmetrical metal-
lacycles which have two different metal­carbon bonds is
attractive and important.1 In particular, selective cleavage of
one of the two metal­carbon bonds is very attractive for organic
synthesis. Previously we have developed selective monohaloge-
nation reaction by NCS or NBS of unsymmetrical zircona-
cyclopentadienes2 which were conveniently prepared from two
different alkynes; one is alkyl-substituted alkyne and the other is
aryl-substituted alkyne as shown in eq 1.3 This selective reaction
could be applied for linear triene or tetraene formation from
three or four different alkynes.4 However, by this method
opposite monohalogenation product 3 could not be prepared. In
this paper we would like to report a novel procedure to provide
the opposite monohalogenation product 3 from the unsym-
metrical zirconacyclopentadienes.
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We found that when zirconacyclopentadiene 1a was treated
with 1 equiv of CH3CO2H, selective cleavage proceeded to give
4a as shown in eq 2. Its 1HNMR spectrum clearly showed a
triplet signal at 5.5 ppm assignable to the diene proton and a
singlet at 6.1 ppm assigned to Cp protons. Deuterolysis of 4a
with D2SO4 afforded monodeuterated product 5a in 77% NMR
yield, predominantly. Deuterium incorporations were 87% for
the phenyl-bearing carbon, and 7% for the ethyl-substituted one.

This selective protonation can be rationalized by the
different basicity of the two carbons attached to zirconium
atom, one with an alkyl group and the other with an aryl group.
The carbon attached to the alkyl group is more basic and
protonation occurs at the more basic carbon predominantly.
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In order to make this selective protonation useful, we
converted 4 into monoiodinated diene derivatives 3.5,6 Our
previous selective chlorination and bromination with NCS or
NBS of 1 afforded monohalogenation product 2 after hydrol-
ysis.3 Therefore, this selective protonation/halogenation pro-
vides 3 as products which are the isomers of 2.

Monoiodination was carried out by the selective protonation
with various proton sources followed by iodination with CuCl
giving 2a and 3a. The results are shown in Table 1.

Reactions with 1 equiv of alcohols or water afforded the
products in relatively low yields. This is due to weak acidity of
alcohols. High yields and high selectivity were achieved by
using acetic acid and acetylacetone. The yield of 2a was 74%
when 1a was treated with acetylacetone followed by iodination
in the presence of CuCl. High selectivity (8:92) was achieved in
this case. The reaction of 1a with acetic acid gave 3a in 80%
combined yield with the selectivity of 2a:3a = 9:91.

Table 2 summarized the results of the protonation/iodina-
tion sequence with acetylacetone or acetic acid at various

Table 1. Formation of monoiododienes 2a and 3a by selective
protonation/iodination of zirconacyclopentadiene 1a
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temperatures. Among them, the reaction with acetylacetone at
50 °C provided the highest yield and selectivity. The yield was
96% and the ratio of 2a and 3a was 5:95. In contrast, protonation
with acetic acid at ¹20 °C for 1 h gave the best result.

Table 3 shows the results of the protonation/iodination
of 1a with various carboxylic acids. The ratio of 2a and 3a
was around 10:90. When relatively stronger acids such as
C6F5COOH, CF3COOH, CCl3COOH, and HOOCCOOH
(Entries 6­9) were used, the yields were not high.

Zirconacyclopentadienes with other substituents were also
examined for the monoiodination.7 The results are shown in
Table 4. A series of monoiododienes having Bu and Bn groups
for alkyl groups (Entries 1 and 2), electron-donating or
-withdrawing aryl groups (Entries 3­5) and heterocycle
(Entry 6) were obtained in high yields with high selectivity.

When the monoiododiene 3 formed, the stereochemistry of
the C=C bonds was kept. However, column separation with silica
gel led to isomerization of stereochemistry of 3. Even though the
crude NMR spectra showed one set of peaks for 3, after
purification another set of peaks was also observed. Previously
we met the similar C=C isomerization of arylated iodobuta-
dienes.8 In that case, the isomerization occurred during the
iodination reaction of a Zr­C bond. In the present case, however,
it occurred during silica gel column purification. Actually, stirring
of monoiododiene 3 with silica gel in hexane under nitrogen did
not afford the isomerized product, while 10% of isomerization

was observed under air after 1 d. After several trials, we found that
the use of an eluent containing triethylamine was effective for
avoiding the isomerization during the column separation.

In summary, we realized another selective synthesis ofmono-
iodobutadienes in contrast to our previous report.3 The key step
was establishment of highly selective monoprotonation of un-
symmetrical zirconacyclopentadienes. Further functionalization
and conversion of thus obtained iododienes are now in progress.
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Table 4. Formation of monoiododienes with various substitu-
ents
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Yield of
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Ratio of

2:3

1 Bu Ph 74 9:91

2 Bn Ph 81 8:92

3 Et p-Tol 87 6:94

4 Et p-MeOC6H4 78 9:91

5 Et p-FC6H4 76 4:96

6 Et 3-thienyl 75 31:69

aNMR yield.

Table 2. Temperature effects on the selective protonation/
iodination of zirconacyclopentadiene 1a
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