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Abstract

Readily available cyclic b-alkoxy-a,b-unsaturated tri¯uoromethylketones react with excess phenyl
magnesium bromide by initial 1,4-addition, followed by ring opening to give a variety of products. Both
the major products, unsaturated diols, and the minor products, as shown by X-ray di�raction studies, are
generated with high stereoselectivity, which is attributed to A1,3-strain. # 2000 Published by Elsevier
Science Ltd.
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A1,3-strain has been recognised1 as a major factor determining the stereochemical pathway of
reactions in both cyclic and acyclic systems. In epoxidations,2 hydroborations,3 dihydroxylations4

and in other4,5 addition reactions, A1,3-strain has been recognised as a dominant control.
However, the observed selectivity has also been attributed6 to stereoelectronic as well as simple
steric factors. In cyclic systems, A1,3-strain was ®rst proposed to account for the course of
additions7 to 2-substituted methylenecyclohexanes, the reactions of enamines8 and then the
alkylation and protonation of enolate anions of 1-acyl and 1-nitrocyclohexanes.1 However, the
general importance of A1,3-strain in elimination reactions has not been demonstrated. We
describe here examples of elimination reactions, where the stereochemical pathway is determined
by A1,3-strain. In the previous letter9 we have described the addition of organometallic reagents
to the ketone (1). Alkyl and aryl Grignard reagents undergo 1,4-addition but benzyl and allyl
Grignard reagents undergo 1,2-addition to the ketone (1) permitting a route to tri¯uoromethyl
aromatics to be established. We now report the di�erent course of addition of Grignard reagents
to the ketones (2) and (3), where ring opening a�ords products thus exposing a stereochemical
control of A1,3-strain.
Reaction of ketone (3) with phenyl magnesium bromide gave the two diols (4) and (5)10 in 35

and 57% yields, respectively. Similarly ketone (2) a�orded the same diols in comparable yields.
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The structure of the crystalline diol (4) was determined11 by single crystal X-ray di�raction
studies, but the structure of the non-crystalline major product (5) was established, in part
spectroscopically and by oxidation with Jones reagent of both diols (4) and (5), which gave the
same ketoalcohol (6). The generality of these additions was established by reaction of the ketone
(3) with 3-tolyl magnesium bromide to give the diols (7) and (8), in 41 and 43% yields, respectively,
and with 4-tolyl magnesium bromide to give the diols (9) and (10), in 30 and 35% yields, respectively.
The relationship of the pairs of diols was established in both cases by oxidations giving the
ketoalcohols (11) and (12).
The likely reaction path to the diols is shown in Scheme 1. An initial 1,4-addition gives possible

diastereoisomeric enolate anions, of which the enolate (13) is favoured. Formation of the enolate
(13) shows a preference for trans-addition with respect to the alkoxy group and the
stereochemistry about the enolate double bond re¯ects the large size12 of the tri¯uoromethyl
group. When reaction is conducted with 3 equivalents of 4-tolyl magnesium bromide at ^35�C,
the ketone (14) can be isolated in 76% yield. Comparison NMR data both from the literature13

and with a series of 1,4-adducts of ketone (1) permit the stereochemical detail in ketone (14) to be
de®ned. Reaction with an excess of a Grignard reagent a�ording the diols requires ring opening
of the enolate (13) to give the hemiacetal anion (15). By e�ecting reaction at 0�C it is possible to
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isolate the aldehyde (16 Ar=4-MeC6H4) in low yield (14%). Hence, the intermediacy of the anion
(15) is indicated. The subsequent evolution to the diol products requires a 1,2-addition to the
unsaturated ketone and the collapse of the hemiacetal to an aldehyde with the addition of a
further equivalent of Grignard reagent. Although the timing of these stages is not established, a
number of interesting points emerge from Scheme 1. The ®rst 1,4-addition follows the pattern
established in the accompanying paper9 of reaction of the ketone (1) with aryl Grignard reagents.
The 1,2-addition to the acyclic ketone typi®es14 the behaviour of aryl Grignard reagents with aryl
a,b-unsaturated ketones. The ®nal Grignard addition to a�ord the diols occurs, unsurprisingly,
with little selectivity. However, the striking feature of Scheme 1 is the high degree of selectivity,
which leads to a single series of geometrical isomers.
The step de®ning the ole®n stereochemistry is the ring opening of the enolate anion (13) to give

the unsaturated ketone (15). The possibility that the methoxy substituent has an in¯uence on the
course of the ring opening can be eliminated by the observation that in 10 examples of additions
of Grignard reagents to the ketone (1) minor products (17) are observed (see Scheme 1). The
structure of (17 R=4-MeC6H4) has been proven11 by X-ray analysis showing that the ring
opening follows the same stereochemical course observed in the ring opening of the enolate anion
(13). A factor other than the methoxy substituent must be controlling the pathway of the ring
opening. This factor is exposed by a further X-ray analysis11 of the acetate (18), obtained by
quenching the enolate anion (19) with acetyl chloride, which reveals two interesting stereo-
chemical features. First the large tri¯uoromethyl group12 is in the less congested position in the
acetate (18) and hence we assume in the enolates (13) and (19). The second interesting stereo-
chemical observation shows that the acetate (18) has the aryl substituent in the pseudo-axial
position (see Scheme 1). A ring opening of the enolates (13) and (19) having an axial substituent
will lead to the observed ole®n stereochemistry in the diol products, in the aldehydes (16) from
enolate (13) and in the alcohols (17) from enolate (19). The adoption by a substituent of a
pseudo-axial conformation in the acetate (18) must be attributed to A1,3-strain. This strain is
present both in the acetate (18), as shown by the X-ray analysis, and, we propose, in the enolates
(13) and (19), hence determining the stereochemistry of ring opening. In the case of the enolate
(13) the conformation adopted in the transition state of ring opening requires not only the aryl
substituent to be in the pseudo-axial position, but also requires the methoxy substituent to be
placed in a pseudo-equatorial position, counter to an anomeric e�ect.15 The observation of
stereoselective ring opening requiring this conformation is testimony to the very substantial e�ect
of A1,3-strain. The diols shown in Scheme 1 are obtained in over 90% yield without observation
of other geometrical isomers. The addition of alcohols to a,b-unsaturated esters16 is complex,
involving both steric and stereoelectronic factors. The outcome of the reverse process, alkoxide
elimination from the enolate anion of a b-alkoxy-a,b-unsaturated ketone can be seen from our
results to be determined in this instance by A1,3-strain. Although the ring opening of pyrans has
previously been observed,17 our results provide the ®rst evidence of a steric control of products
via A1,3-strain.
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