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Abstract

Metallated epoxides (epoxysilanes, epoxynitriles, epoxystyrene) insert e�ciently into zirconacycles via a
1,2-metallate rearrangement to form intermediates which eliminate Cp2Zr(R)O^ to a�ord substituted
alkenes. # 2000 Elsevier Science Ltd. All rights reserved.
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The early transition metal induced intramolecular co-cyclisation of 1,n-dienes, -enynes, and
-diynes to give metallacyclopent-anes, -enes, and -dienes is a useful method for carbon±carbon
bond formation.1 To fully realise their potential as intermediates in organic synthesis methods for
elaboration of these metallacycles incorporating further organic fragments are needed. A variety
of methods have been developed including carbonylation,2 isocyanide insertion,3 and various
copper catalysed processes.4 A characteristic of organozirconocene complexes is that the metal
usually has a 16 electron con®guration. Donation of an electron pair to the metal forms a much
more nucleophilic 18 electron species. Based on this idea we have been investigating the insertion
of lithium carbenoids into zirconacycles.5,6 Best developed is the insertion of lithium chloro-
allylide to form an allylzirconocene complex which may be further elaborated with a variety of
electrophiles.5a,b We now report the insertion of lithiated epoxides into zirconacycles. Metallated
epoxides have an important place in organic chemistry as indicated by two recent reviews.7 They
may be used as nucleophiles, but more usually are implied intermediates in the formation of
carbenes. Generally a stabilising group is needed to allow formation by deprotonation,8 although
unstabilised systems may be generated by tin/lithium exchange.9 Reaction of lithiated a-silylep-
oxides with organoaluminiums to a�ord alkenylsilanes via a mechanism including intramolecular
nucleophilic ring opening followed by b-elimination has been reported (Eq. (1)).10 It is likely that
other reactions of metallated epoxides with organometallics which have been described as occurring
via insertion of carbenes into the carbon±metal bonds, actually occur via such 1,2-metallate
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rearrangements. It should be noted that a-metallation of epoxides greatly increases the electro-
philicity of the adjacent C±O bond so direct nucleophilic ring opening is also possible.11

�1�

Deprotonation of cis-1-trimethylsilyl-1,2-epoxyoctane with sBuLi/TMEDA in ether at
^100�C8b followed by addition of the zirconacycle 1 (formed from 4,4-dimethoxymethylhepta-
1,6-diene and dibutylzirconocene)2a,12 in THF a�orded after quenching with 2 M HCl aq. the
(Z)-alkenylsilane containing product 213 together with some of the double inserted product 3
(Table 1, entry 1). The total yield was increased by using 1.8 equiv. of the metallated epoxide 4
but surprisingly with no e�ect on the ratio of mono- to di-inserted products (entry 2). A reasonable
mechanism for the transformation is given in Scheme 1. The lack of e�ect of lithium carbenoid
excess on the ratio of 2 to 3 suggests that the second insertion must take place with the zircona-
cyclohexane 5, and that the acyclic alkylzirconium compound 6 is inert. We have previously
found that Cp2Zr(OR1)(R2) species are inert towards carbenoid insertions.14

Table 1
Insertion of lithiated cis-trimethylsilyl-1,2-epoxyoctane (4) into zirconacyclesa (R=C6H13)
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Warming dibutylzirconocene to room temperature under an ethylene atmosphere forms the
parent zirconacyclopentane 7.15 Addition of 7 to the lithiated epoxide 4 followed by aqueous
work-up gave the expected alkenylsilane 8 with a small amount of the di-inserted product 9 (entry
3). Work-up with iodine gave a good yield of the iodide 10 (entry 4) con®rming the presence of a
carbon±zirconium bond in the ®nal product 6 (Scheme 1). Co-cyclisation of 1,7-octadiene with
dibutylzirconocene (^78 to 20�C, then 20�C, 2 h) leads to predominantly the cis-fused zircona-
cycle 11. Subsequent heating for 2 h at 57�C isomerises the mixture to predominantly the trans-
fused zirconacycle.16 Both cis-11 and trans-11 insert the lithiated epoxide 4 to form the alkenyl-
silanes 12 and 13 after hydrolysis with no corresponding double insertion products (entries 5 and 6).
The bicyclic zirconacyclopentene 14 readily prepared from undec-1-en-6-yne and dibutylzirconocene2b

reacted with 4 to a�ord the alkenylsilane 1513 together with the (Z)-alkene product 16 (entry 7).
The formation of 16 is presumably due to eliminating Me3SiO

^ (together with Cp2Zr(R)O^ as
shown in Scheme 1) from the intermediate 17 giving the zirconacyclohexene 18 (Scheme 2). The
generation of 18was con®rmed by deuteration to give 19. We have previously found that carbenoid
insertion into (a-substituted-alkenyl)-zirconium bonds does not occur,14 so the lack of the double
insertion product was expected. Reaction of 4 with the zirconacyclopentene 20 prepared from the
parent zirconacyclopentane 7 and 4-octyne15 occurred as with 14 to a�ord a mixture of the
alkenylsilane 21 and the (Z)-alkene product 22 (entries 7 and 8). It was interesting that attempted
insertion of 4 into the zirconacycle 20 formed in the more usual way from zirconocene dichloride,
2 equivalents of ethylmagnesium chloride, and 4-octyne17 failed. A reasonable explanation is that
the lithiated epoxide underwent rapid transmetallation with magnesium chloride present in the
reaction mixture to a�ord an unreactive magnesium species.

Styrene oxide was readily deprotonated with tBuLi/TMEDA at ^90�C8a,c and reacted with the
saturated and unsaturated zirconacycles 1 and 14 to give the styrenes 23 and 24, respectively, in
reasonable yield provided that two equivalents of the rather unstable carbenoid was used (Scheme 3).

Scheme 1. Mechanism of formation of vinyl silanes

Scheme 2. Mechanism of formation of cis-alkene products (R=C6H13)
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Finally we examined the insertion of epoxides carrying the electron withdrawing cyano-group
at the a-position. These are readily deprotonated with LDA by using an in situ generation tech-
nique.8c However, in the absence of an electrophile the epoxynitriles underwent extremely rapid
self-condensation even at ^90�C (Eq. (2)). Addition of LDA to a mixture of the zirconacycles 1,
25 and the epoxynitriles 26, 27 in THF at ^90�C followed by warming to ^60�C and acidic work-up
gave the expected a,b-unsaturated nitriles 28, 29, 30 and 31 as shown in Table 2. The yield could
be increased by changing to a reverse addition method where the epoxide was added to a mixture
of the zirconacycle and LDA (entries 3 and 6). The reaction of the b-monosubstituted epoxynitrile
32 with the zirconacycle 1 gave the expected a,b-unsaturated nitrile 33 in excellent yield with good
selectivity for the (Z)-isomer (entry 7). The observed stereochemistry is not expected from the
mechanism shown in Scheme 1.18 To make use of the carbon±zirconium bond present in the

Scheme 3. Insertion of lithiated styrene oxide into zirconacycles

Table 2
Insertion of lithiated a,b-epoxynitriles into zirconacyclesa
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presumed intermediate organozirconium species 34 we treated the reaction mixture with copper
cyanide to a�ord the cyclohexane product 35 as >90% one diastereoisomer via intramolecular
conjugate addition of an organocopper species generated by Zr/Cu exchange (Eq. (3)).19

�2�

�3�
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