CYCLIZATIONS OF PHENYL SUBSTITUTED ALKENYL GRIGNARD REAGENTS
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Cyclization of unsaturated Grignard reagents (or the reverse reaction, ring cleavage of

strained cyclic Grignard reagents) has been studied in a range of systems,l-lz but the detailed

mechanism has yet to be established 13 We earlier reported that cyclization of la 1s retarded ca.
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1000-fold by either a C-2 (l¢) or a trams C-1 (1b) methyl substituent 4 It has since been reported

that cyclization of ] also 1s retarded significantly by a methyl substituent at C—2,12c by one

(trans) or two methyl substituents at C-l,12e or by a chloro substituent at C-1 3 However, early
qualitative observationslc suggested that two phenyl substituents at C-1 greatly accelerated
cyclization L Therefore, 1t seemed an important probe of mechanism to determine with certainty
the effect of single phenyl substituents at each end of the double bond

Grignard reagents 1d, 7b, 9c, and 7d were prepared from the corresponding halides Cycliza-
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tion of 7 or 9 leads to the less stable 8 that is not detected directly, but whose formation is
the rate-determining step of the 7 22 9 1somerization The reactions were followed by glpc (for 1d)

or nmr (for 7b, 9¢, and 7d) analysis of the hydrocarbon mixtures obtained on hydrolysis (with D,0

2

for 7b, 9c, and 7d) of reaction aliquots. The first-order rates observed at 100° for ether solu-
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tions of 7b and 2215 were 29 x 10-6 and 14 x 10"6 sec , respectively. Since the rate of 7a is

4 6 x 10_2 sec-1,16 phenyl substitution at either carbon of the double bond leads to a substantial

17,18 The equilibrium constant for the 7b @ 9b 1somerization was ¢a 1.39 19

reduction in rate.
The lesser stability of 7b 1is not surprising since deuterium ordinarily acts as an "electron-
releasing' substituent.

The observation that a phenyl group at C-1 greatly decreased the rate of cyclization of 7a
led us to reinvestigate the earlier conclusion that two phenyl substituents at C-1 led to a rapid
equilibration (7d @ 9d) that was complete by the time of first observation. After reaction of the
bromide (corresponding to 7d) with magnesium at 0°, rearrangement was substantial but not com-

plete, the ratio 7d 9d was ca 58 42 21 Further rearrangement proceeded only slowly After two

weeks at 100° a composition of ca. 45 55 was attained,z1 and equilibrium still had not been
achieved. Although precise rate and equilibrium constants could not be obtained, the rate con-
stant must be within a factor of 2 or 3 from 1 x 10-6 sec-l. Therefore, the diphenyl system
cyclizes even more slowly than the monophenyl systems The initial rapid rearrangement (observed,

although to lesser extents, in the preparations of the other Grignard reagents used in this study)

2
probably is due to a radical intermediate that intervenes during Grignard reagent preparation?
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By contrast, the phenyl substituent in ld does not decrease the rate. The rates observed at
100° for tetrahydrofuran solutions are 27 x 10-8 sec-1 for 1d and4f 3.7 x 10-8 sec-1 for la. The
differing effects of a C-1 phenyl substituent in 1 and 7 suggest the interplay in the cyclizations
of at least two effects of the phenyl substituent =— most probably a rate-increasing electronic

effect and a rate-decreasing steric effect.13

Immediately following preparation of the Grignard reagent, the ratio (54 6d) of trans and

23
cis isomers (that arise from a rapid cyclization during Grignard reagent formation) was ca. 0.28
Within experimental error, the subsequent cyclization was completely trans, the trans cis ratio

2
certainly exceeded 25. 4 The predominant formation of the trans isomer 1s one piece of evidence

not necessarily accomodated by the concerted pathway (12, the requisite bond formations and

/

MgX

cleavages being relatively synchronous) that has been used with considerable success3g to rational-~
ize the effects of structure on cyclizations of unsaturated Grignard reagents. A large steric
interaction (see 13, but the interaction is even more evident if models are examined) develops
between the methyl group at the (-carbon and the internal carbon of the double bond along a con-
certed (syn-syn) pathway leading to the trans isomer This interaction can decrease only as the
old C-Mg bond cleaves sufficiently to allow the methyl substituent to pivot into the trams posi-
tion that 1t will occupy in the product. The corresponding interaction along the pathway leading

to the cis isomer involves the (-H rather than the a-cu3 and will be much smaller,
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