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Attack takes place at both primary and secondary epoxy carbons of styrene oxide and butadiene monoxide on reaction

with ester carbanions, providing evidence for the conjugative effect in these systems.

Styrene oxide 1 and butadiene monoxide (3,4-epoxybut-1-
ene) 2 have been used extensively in the investigation of
the in¯uence of conjugative e�ects on the direction of ring
opening of epoxides by nucleophiles1,2 but the results have
been confused by structural misassignments and failure to
identify some signi®cant products. Early workers,3,4 who did
not have available the bene®ts of modern analytical
methods, claimed that diethyl sodiomalonate 3 attacks 1
exclusively at the terminal carbon to give eventually the
4-phenyl lactone 10h via the sequence shown (Scheme 1).
This ®nding was widely quoted1,5±7 but later shown to be
incorrect, evidence being obtained that both 10h and 11h
are formed in signi®cant amounts,8±11 though one worker12

obtained only 11h via the isolated acid 9g.

Reaction of 3 with the vinyl epoxide 2 was claimed also
to take place exclusively at the primary epoxide carbon
atom to give 10i3,4 and this assertion has also received wide
acceptance;1,6,7 similarly the reaction of sodiocyanoacetate
with styrene oxide 113 and with butadiene monoxide 213 was

claimed to proceed by attack on the terminal carbon to give
the products 10h and 10i respectively. In these cases the
reactions do not appear to have been studied thoroughly
since: there is one report11 in which styrene oxide 1 has
been shown to give both 3- and 4-phenyl lactones on
reaction with cyanoacetate 5, though there is some con-
fusion regarding the melting points given in this report (see
below).
The position of attack on epoxides such as 1 and 2 by

nucleophiles like 3, 4 and 5 has been thought to be deter-
mined by a balance between the conjugative e�ect exerted
by the phenyl or vinyl group, which should facilitate attack
at the neighbouring secondary carbon atom to give the ion
7, and steric hindrance, which will predispose attack at the
primary carbon to give ion 6. As can be seen from Table 1,
the experimental observations prior to this paper have pro-
duced a confusing picture. The degree of steric hindrance in
the attacking carbanion falls in the order: 3> 4w5, whilst
that of the epoxide is 1> 2. At ®rst sight, the results for
4 and 5 are anomalous since these should produce much
larger proportions of the isomers 7. However, reference to
the original literature shows that the identi®cation of 6c and
6f is doubtful. Identi®cation of 6e is almost certainly wrong,
the product isolated having been assigned13 the structure 8e
on the basis of its hydrolysis to 8g and comparison with a
supposedly authentic sample of 8g,4 the source of which is
doubtful.9 Comparison of melting points of the acids 8g10

and 9g9±12 given in the literature suggests that the product
said to be 8e is almost certainly 9e, derived from the ion 7e.
Since we required a pure sample of lactone 10i for

another purpose, we attempted its preparation using the
reaction conditions of Russell and VanderWerf.3 In fact,
this procedure gave us a 30:70 mixture of 10i and 11i
with an overall yield of 54%. The two isomers were cleanly
separated by preparative HPLC and were identi®ed by their
1H NMR spectra.14

In our hands reaction of ethyl cyanoacetate 5 with styrene
oxide 1 using established conditions13 gave a mixture of 8e
and 9e, separated by fractional crystallisation and identi®ed
by their 1H NMR spectra.15 Zuidema et al.13 claim to have
obtained the diastereoisomers of 8e, the melting points of
which correspond to those of 8e and 9e of the present
work.17 The melting point of the acid 8g given by Zuidema
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Scheme 1

Table 1 Ions 6a±f and 7a±f formed by attack of ester
carbanions 3±5 on epoxides 1 and 2 deduced from the literature

Ion(s) formed from

Ester carbanion Styrene oxide 1 Butadiene monoxide 2

Malonate 3 6a3,4 6b3,4

7a12 6b�7ba (30:70)
6a�7a8±11

Acetoacetate 4 6c16 6d�7d16

Cyanoacetate 5 6e13b 6f13

6e�7ea (46:54) 6f�7fa (32:68)

aThis paper. bAlmost certainly 7e, see text.
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et al.13 corresponds to that of 9g given elsewhere.9±12

Hashem and Shaban11 claim to have obtained 8e and
9e, but their melting points do not accord with those of
the present work or elsewhere.17 Furthermore, they appear
to have interchanged the melting points of 10h and 11h17

compared with their authentic sample.8

Similarly, reaction of 5 with butadiene monoxide 2, using
standard conditions,13 proceeds via 6f and 7f, the isolated
products being identi®ed as 8f and 9f by 1H NMR spec-
troscopy18 of the materials obtained after preparative
HPLC. Zuidema et al.13 claim to have obtained the diaster-
eoisomers of 8f which gave, on removal of the cyano group,
10i. Comparison of their IR data with those of the present
work suggests that Zuidema's samples of 8f and 10i are all
mixtures of the 3- and 4-vinyl lactones.
Both 8e and 9e would be expected to be a mixture of dia-

stereoisomers. Careful examination of the 1H NMR data19

for 8e, and comparison with published values for other sub-
stituted g-lactones, indicates that the major diastereoisomer
is cis-2-cyano-4-phenyl-g-butyrolactone 12, the ratio of 12 to
13 being 70:30 by HPLC. Isomers 12 and 13 were separated
by HPLC, but subsequent examination by HPLC and NMR
spectroscopy showed the samples to have reverted back to
the equilibrium mixture. In the case of 9e, the ratio of dia-
stereoisomers is 85:15 by HPLC, thought to be the 14 and
15 isomers respectively.

In both these cases (8e and 9e) the CHCN hydrogen
is labile as observed in D2O experiments using NMR
spectroscopy, and thus the ratios of diastereoisomers
probably represent their equilibrium mixtures.
Taking the results of the present work into account, there

is ®rm evidence for attack by malonate ion 3 at both
epoxide carbon atoms in 1 and 2. Similarly, cyanoacetate
ion 5 reacts at both epoxy sites of 1 and 2. In all the cases
studied here the major products have been the result
of attack on the more substituted carbon of the epoxide,
giving predominantly the 3-phenyl and 3-vinyl products.
Since simple alkyl mono-substituted epoxides undergo
nucleophilic attack under these conditions exclusively at
the primary carbon atom, this is evidence for the partici-
pation of the conjugative e�ect in the ring opening of these
epoxides.

Experimental

Reaction of butadiene monoxide with malonate was carried out
in the manner described in ref. 3; reactions of styrene oxide and
butadiene monoxide with cyanoacetate were carried out according
to ref. 13.
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