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Butenyl magnesium bromide &;, the prototype of unsymmetrical allylic Gri- 

gnard reagents, reacts with unhindered electrophilic substrates A-B, such as 

carbonyl compounds' and epoxides. 2p3 to afford branched products 4:. It is 
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generally assumed that these branched products are formed, with concomitant 

rearrangement, from the predominant, primary, isomer 3~ of the reagent (route 

a'), and not, as has sometimes been suggested, 4 via a direct displacement 

7’ 
/-c"I'=gg. 
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(.5*2; R = Me, RI = H) from the secondary isomer zk (route 2). We report com- 

petitive rate studies which show that this is indeed so, but which strongly 

suggest that, contrary to prevailing opinion, 5 this rearrangement (route a') 
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never involves a cyclic transition state (SE&*; R = Me, R" = H). 

If the reactionoccurred via direct SE2 displacements (routes 2 and &), the 

reactivity ratio between the two isomers 25 and 3; would have to be considera- 

ble (l~blk, 2r 600), since the ratio (&kI?Z?) of the two isomers in the butenyl 

Grigna?6d reagent is at least ~5,~ and the ratio of tkie products ($k/$$), in the 

case of unhindered substrates such as acetone and epoxycyclohexane, is at 

least 100 (the linear isomer 43 cannot be detected). This reactivity ratio 

cannot be measured directly, 

tereonverted,6b 

since the two isomers -2% and sp are rapidly in- 

We have therefore used allyl magnesium bromide J, and nu-di- 

methylally magnesium bromide 2 as models 6a for the primary ,2e and secondary 

,2: isomers of butezy1 magnesium bromide, respectively, and we have determined 

the relative reactivities of these three reagents, and of pxopyl magnesium 

bromide, towards two electrophilic substrates, acetone and epoxycyclohexane. 

The competitive reactivity ratios shown in the Table were obtained by 

Competitive reactivity ratios for various pairs of Grignard reagents 

versus epoxycyclohexane (dropwise addition) and acetone (vapour addition). 

Grignard_reagents epoxycyc&ohexane acetone 

allyl/propyl 820 700 

SutenylJalLyl 0.34 0.7 

ay-dimethylallyl/allyf 0.14 1 

~~-~imethy~a~~y~/b~ten~~ 0.39 4 

slowly adding the substrate to a large exc+s: \,f a:: -:quimolar mixtclre <IF a 

pair of Grignard reagents, and determining the pro&act ratio by gas chromato- 

graphy, the products being identified by their retentj.on times. Yith epoxy- 

CyClOheXa33e f which reacts relatively slowly, reproducible and internally con- 

sistent fO.t4/0,34 t 0.39) results could be obtained simply by adding an ethe- 

real. solution of the epoxide dropwise to a stirred mixture of two Zrignard re- 

agents. The rate OF reaction of acetone, h~Swever*, appears to be greater than 

the rate of mixing when dropwise addition is used,7 :. s.knce this tc::hniq~ Ieri 

to an allyl/propyl product ratio of only 7, whereas the all yl/pi~~p:r!. ;~r‘nc:i~r: 

ratio was 700 when acetone vapoun (- 1 ug/min), mixed with nitrogen (- 2 ml' 

min), was siuw1:7 admitted aSove the surface of a :;tTI’rt?c3 mixture 0-F the two 

Grignard reagents. Although this vapour addition technique over~~omes mixing 

Limitations, it Leads to product ratios (see Table) which are only repro*~ci- 

bZc to withi:l a facto? of about two, and whose internal consistency is Ear 

from perfect (t/0.7 p 4). Nevertl~eiess, it is quite clear that the secondary 
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reagent 1 does not react faster than the primary reagent 1 with either acetone 
or epoxycyclohexane. It follows that the secondary isomer ak of the butenyl 
reagent cannot conceivably be over 600 times more reactive than the primary 
isomer 22, and that the formation of branched products ftl;t from both acetone 

and epoxycyclohexane must therefose be occurring,with rearrangement, from the 

primary isomer 22 (route %I), and not via a direct displacement (sR2) from the 

secondary isomer _2; (route _tr). Furthermore, the fact that the reactivities of 

the three allylic Grignard reagents 1, 2 and 2 differ by less than an order of 

magnitude indicates that the two symmetrical reagents 1 and 2 must also be re- 

acting with rearrangement, and not via a direct SE2 displacement. 

Both acetone and epoxycyclohexane react about three orders of magnitude 

faster with ally1 magnesium bromide than with the corresponding primary alkyd 

Grignard reagent, propyl magnesium bromide (see Table); they both afford 

branched products 4: with butenyl magnesium bromide ; ana they both show the 

same "cis-preference?? in their reactions with ay-dimethyial.lyl magnesium bro- 

mide. 
8- 

This identity in behaviour leads inescapably to the conclusion that 

they both react with allylic Grignard reagents by an identical mechanism. And 

since the epoxide reaction cannot involve a cyclic S&f transition state, 3 the 

same must be try for acetone, and hence for carbonyl compounds in general. 9 

Unlike the SE2 and S&' mechanisms, a non-cyclic rearrangement mechanism 3,8 

(S$'; R = Me, R' = H) is entirely consistent with. all the facts outlined a- 

bove, and we suggest that the branched products 4; are generalLy formed from 

the primary isomer L?e (route a() by this mechanism. 

It has recently been suggested5F'0 that the straight-chain products &a* 

which are formed when steric overcrowding (involving R and A-3) is severe in 

the transition state leading to the branched products 253 (route a*), arise via 

a airect SE2 displacement from the primary isomer 3% (route a). Evidence that 

this is not so, and that these straight-chain products are also formed by an 

Ss2' rearrangement mechanism (route br), is provided by the preferential for- 

mation of the axial. straight-chain epimer 52 in the reaction between t-butyl- 

cyclohexanone and t_-butylallyl magnesium bromide (222, Me replaced by $Rxz)."~ 

The ratio of epimers (5a/6a = 1 _" L_ .2) is typical of an SE2* (R = Ii) process (with 

2 5 

ally.1 magnesium bromide, 5b/6b = l.O6),"b _I "L and quite difzerent from the ratio 
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obtained in an SE2 process (vith propyl magnesium bromide, 5c/6c = 0.35). llb __ _I 
Moreover, the vcis-preference v observed in the reactions of butenyl magnesium 

bromide vith hindered ketones 5,lO can be readily explained' if the products 

4% arise by an SE2* mechanism. 

Gne may ask vhy allylic Grignard reagents, and allylic organometallics in 

general,12 prefer to react via a non-cyclic SR2' transition state rather than 

via an aesthetically more satisfying cyclic S&' transition state. The answer 

to this question may have to do with conservation of orbital symmetry, since 

it has been suggested13 that a concerted electxophilic substitution occurring 

vith rearrangement must be an antarafacial process, This requirement can be 

met in an SR2' transition state, vhereas an S&l transition state necessarily 

implies a suprafacial process. 
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