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Continued interes.t"2

in the scope and mechanism of the recently disco-
vered addition of Grignard reagents to non-activated carbon-carbon multiple
bonds3 prompts this preliminary report of a kinetic study of the addition of
allyl magnesium bromide to the double bond of cinnamyl alcohol. We have
found that the reaction is strongly catalysed by magnesium bromide, which

is in accord with the "intermolecular” mechanism previously suggested4 for

additions of this type.

Allyl Grignard and cinnamyl alcohol ] in ether lead quantitatively (99% by
Ge), via 2 and 2,5 te the addition product 3.6 The reaction is considerably

Faster than with allyl alcohol;4 the kinetic runs were conveniently done at
25° and were followed by gas chromatography.7
031»15 03H5
Ph C H MgBT Ph Hy0 Ph
NNCH0Y 3 > CH, ——» CH.,OH
2 /2 2
Mg—0O
l, Y =H 3 4
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The initial concentrations of "active allyl" groups [CBHS-] (determined
by titration with iodine)8 and of bromide {Br~ ] (determined by titration
with silver nitrate) in ethereal solutions of allyl Grignard reagent were
adjusted by adding either diallyl magnesium in ether or magnesium bromide in
ether. The initial concentration of "active allyl" [C HS'] was always at
least 0.10M, i.e., at least ten times greater than that of the alkoxide 2
(0.01M).

When excess diallyl magnesium was present ([CjHS-] > [Br~]), the reaction
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was very slow and showved mixed-order kinetics.9 When, however, excess bro-~
mide was present ([Br ] > [CBHS—])' the reaction was found to be cleanly
Ffirst order:

k= (1/t)n(z + 1)

r being the ratio g/l, determined by GC.7 As shown in Figs. 1A and 1B, the
experimental first order rate.constant k varied considerably with the initial
concentrations of [{C,H."] and [Br~). Whereas it increased almost linearly by
a factor of about 15 as [Br~] was increased from 0,18M to O,58M, [CBHS-]
being kept constant at 0.17M (Fig. 1A), it went through a maximum and then
decreased as [Csﬁs-] was increased from 0.10M to 0.32M, [Br ] being kept
constant at 0.334M (Fig. 1B).

If the Schlenk equilibrium constant K for the allyl Grignard reagent is

~ X
(vsl{s)a}@ + mBrzT'ZCBHSMgBr

10y,

large (and this appears to be a reasocnable assumption then the above data

(Figs. 1A and 1B) fit the following rate equation:
-a(A)/dt = k[A) = ks(AJ[C;H MgBr]{MaBT,) = ky.Z.(A)

where [A] is the concentration of the alkoxide 2 and Z = [CSHSMgBr][MgBra].
This is shown in Fig. 1C, in which k is plotted against Z, calculated assu-
ming a value of 100 for the Schlenk equilibrium constant X; most of the ex-
perimental points from both Fig. 1A and Fig. 1B now fit the same straight
1ine.11 The two points that are below the line are from the two runs in
which one of the reagent concentrations was very high ([C Hs') ~ 0.3M or
[Br~] ~ 0.6M); these deviations are therefore probably due to association
of the various species present in the solution. The slope of the straight
line in Fig. 1C gives the third-order rate constant k; = k/Z2 = 9.7 x 10>
12.m0172.sec™!, and the curves in Figs. 1A and 1B vere calculated using this

value of 55 and X = 100.

These results therefore strongly suggest that the transition state for the
rate-determining step in this addition reaction contains at least one molecule
of alkoxide 2, one molecule of allyl magnesium bromide, and one molecule of
magnesium bromide (and, of course, a good deal of ether), A plausible mecha-
nism is the Ffollowing (ether omitted):

12
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Figure 1.- Variation of the experimental first-order rate cons-
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tant kX for the reaction between cinnamyl alcohol (initial

concentration 0,01M) and excess allyl magnesium bromide in

ether at 25°, as a function of [Br~] (Fig. 1A), [CBHS-]
(Fig. 1B), and 2 = [05H5MgBr][MgBr2] (calculated assuming
K = 100) (Fig. 1C). The slope of the straight line in
Fig. 1C is ky; = 9.7 x 1071%.mo172, sec™!;
Figs. 1A and 1B represent the calculated values of k (see

text).
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A concerted addition of this kind, involving simultaneous intramolecular
electrophilic assistance by the magnesium bound to the oxygen, and intermole-
cular nucleophilic attack by allyl magnesium bromide, is consistent not only
vith the kinetic data, but also with the stereochemical course of the reac—
tion in allylic and propargylic systems: preferential formation of the ery-
thro isomer from a-methallyl alcohol,4 and trans addition to the triple bond
of 2-butyn—1—ol.2'13
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