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Cyclizatlon of unsaturated Grignard reagents (or the reverse reactlon, ring cleavage of 

strained cyclx Grlgnard reagents) has been studled m a range of systems, 
1-12 

but the detalled 

mechanism has yet to be establlshed 
13 

We earlier reported that cycllzatlon of & 1s retarded ~a. 

clM&a _ +.$Mgcl+ $(Lgcl 
5 91 

lOOO-fold by either 

that cycllzatlon of 

a Rl 
=R2=H 

jj Rl = CH3, R2 = H 

c R1 
= H, R2 = CH3 (& = 6c) 

$ Rl = Ph, R2 = H 

a C-2 (lc) or a tranS C-l (lb) methyl substltuent 
4f 

It has since been reported 

z also 1s retarded slgnlflcantly by a methyl substltuent at C-2, 
12c 

by one 

(trans) or two methyl substltuents at C-l, 
12e 

or by a chloro substltuent at C-l 
3f 

However, early 

qualltatlve observations 
lc 

suggested that two phenyl substltuents at C-l greatly accelerated 

cycllzatlon 
14 

Therefore, It seemed an Important probe 

the effect of single phenyl substltuents at each end of 

Grlgnard reagents ld, 7b, !9c, and 2 were prepared 

615 

of mechanism to determlne with certainty 

the double bond 

from the corresponding halIdes cyc11za- 
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tion of z or 2 leads to the less stable 3 that is not detected directly, but whose formatlon is 

the rate-determining step of the z 2 2 rsomerization The reactions were followed by glpc (for _I$) 

or nmr (for 3, &, and &i) analysis of the hydrocarbon mrxtures obtained on hydrolysis (with D20 

for a, 9c, and 2) of reactron aliquots. The first-order rates observed at 100’ for ether solu- 

D D MgX 

a R = R’ = R” z H, X = Cl 

a R = Ph, R’ = R” = H, X = Cl 

c R” = Ph, R = R’ = H, X = Cl 

; il $ R = R’ = Ph, R” = H, X = Br D 

lo 11 

tions of 2 and & 
15 

were 29 x 10 
-6 

and 14 x 10 
-6 -1 

set , respectively. Since the rate 

4 6 x 10 
-2 -1 16 

set , phenyl substrtutlon at either carbon of the double bond leads to a 

reduction m rate. 
17,18 

The equilibrrum constant for the 222 lsomerization was s 

H 

of a is 

substantial 

1.39 l9 

The lesser stability of a is not surprising since deuterium ordinarily acts as an “electron- 

releasing” substituent. 

The observation that a phenyl group at C-l greatly decreased the rate of cyclization of & 

led us to reinvestigate the earlier conclusion that two phenyl substituents at C-l led to a rapid 

equilibration =2&l) that was complete by the time of first observation. After reaction of the 

bromide (corresponding to 7d) with magnesium at O’, rearrangement was substantial but not com- 

plete, the ratio $J 9cJ was c 58 42 21 Further rearrangement proceeded only slowly After two 

weeks at 100” a composition of 2. 45 55 was attained, 
21 

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 -1 

aec . 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) 

probably is due to a radical intermediate that intervenes during Grignard reagent preparation. 
22 
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By contrast, the phenyl substituent in _@ does not decrease the rate. The rates observed at 

100’ for tetrahydrofuran solutions are 27 x 10 
-8 -1 

set for _@ and4f 3.7 x lo-* set-’ for &. The 

differing effects of a C-l phenyl substituent in 1 and z suggest the interplay in the cyclizations 

of at least two effects of the phenyl substituent - moat probably a rate-increasing electronic 

effect and a rate-decreasrng steric effect. 
13 

Immediately following preparatron of the Grignard reagent, the ratio (5d 6d) of trans and -x - 

cis isomers (that arise from a rapid cyclrzation durrng Grignard reagent formatlon) was ~a. 0.28 - 

Withrn experrmental error, the subsequent cyclrzatron was completely e, the trans cis ratlo -- 

certainly exceeded 25. 
24 

The predominant formation of the trans isomer IS one piece of evidence 

not necessarily accomodated by the concerted pathway (Q, the requisrte bond formations and 

23 

cleavages being relatively synchronous) that has been used wrth consrderable success 3g to rational- 

ize the effects of structure on cyclrzations of unsaturated Grignard reagents. A large steric 

interaction (see l3, but the rnteractron is even more evident if models are examined) develops 

between the methyl group at the a-carbon and the internal carbon of the double bond along a con- 

certed (%-=) pathway leadlng to the trans Isomer Thus interaction can decrease only as the 

old C-Mg bond cleaves sufficiently to allow the methyl substrtuent to pivot Into the trans posr- 

tion that it will occupy in the product. The corresponding interaction along the pathway leading 

to the cis isomer involves the CY-H rather than the CX-CH3 and “111 be much smaller. - 
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