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Unless they are overvhelmingly large, steric effects are often difficult to
disentangle from other factors which influence reactivity (angle and torsional
strain, polar effects, etc.).1 We report that the ratio of products (4b/3b),
formed in the reaction betwveen t-butylallyl magnesium bromide (lg-gp) and va-
rious ketones, is extremely sensitive to the steric environment of the carbo-
nyl group, and constitutes a useful measure of the effective ("kinetic") bulk
of the groups R in relatively unhindered ketones RZCO.
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As we have recently pointed out,2 the abundant experimental data now avai-
lable lead to the conclusion that allylic Grignard reagents react with carbo-
nyl compounds via a non-cyclic 5g2' rearrangement mechanism. In the case of
unsymmetrical reagents (latg), there are twvo possible isomeric 8g2° transi-

* and g*, leading to the isomeric carbinols 3 and 4. Using the
same Grignard reagent, any variation in the product ratio 4/3 on going from
one ketone R,CO to another is expected to reflect only the difference between
the effective bulks of the groups R: the bulkier R, the greater the steric

tion states, )
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strain in the transition state 1*. and hence the greater the ratio 3/} (see
scheme), All the other differences between the two ketones should have about
the same effect on the energies of the two transition states, and hence can-
cel; Ffor example, making R more electron~-withdrawing without changing its
bulk should favour both transition states to about the same extent, and the-
refore leave the ratio g/} essentially unchanged,

The only unsymmetrical allylic Grignard reagent whose structure and reac-
tions have been extensively studied is butenyl magnesium bromide. This rea-
gent consists mainly of the crotyl isomer lg,5 in mobile equilibrium with a
very small proportion of the a-methallyl isomer g§.4 The position of this
equilibrium is such that, with relatively unhindered carbonyl compounds (e.g.,
aldehydes,S acetone,6 diethyl ketone, cyclopentanone, 4-t-butylcyclohexanone),
the sole detectable products are the a-methallyl carbinols 3a (4a/3a < 0.01).
It is only with relatively hindered ketones that steric strain in the transi-
tion state lg* becomes large enough for crotyl carbinols 4a to be formed con-
currently; thus, with di-isopropyl ketone the product ratio 4a/3a (R = iPr)
is 0.5,7’8 and with di-t-butyl ketone the crotyl carbinol 4a (R = tBu) predo-
minates.7’9 Butenyl magnesium bromide therefore only gives experimentally ob-
servable variations in product ratios (4a/3a) vith a limited spectrum of keto-
nes having rather bulky R-groups.

This spectrum can, however, be shifted towards relatively unhindered keto-
nes by using t-butylallyl magnesium bromide (1p-gp)10 instead of butenyl ma-
gnesium bromide (ja-2a). Steric strain in the transition state lPt is in~
creased to such an extent that even acetone now leads predominantly to the
y-t-butylallyl carbinol 4b (R = Me),11 and di-isopropyl ketone affords 4b
(R = iPr) exclusively.'? The product ratios (4b/3b) obtained from various

ketones wvere as follows:13’14
H
(CD5),CO (cas)zco Et,C0  iPr,CO <:><o E>ao 0
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Two points warrant special comment:

(a) Deuterium isotope effect.- The decrease in product ratio on going
from acetone to hexadeutercacetone is in harmony with the vie\v15 that seconda-
ry deuterium isotope effects are steric ir origin, CD5 being less bulky than
The magnitude of the effect (1.107 % 0.021)16 emphasises the sensitivity
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of the product ratio to minute variations in the effective bulk of R.

(b) Cyclopentanone.- It is generally assumed that the relative reactivi-

ties of ring compounds are largely determined by the net variations in ring
17

strain (I-strain) accompanying the reaction. In five-membered rings, these
variations are thought to arise essentially from differences in torsional
strain between the ground state and the transition state. Such differences in
torsional strain are expected to have essentially the same effect (unfavoura-
ble) on both the isomeric transition states lp* and gp‘ [R2 = (CH2)4], and
hence to have no more than a negligible effect on the product ratio 4b/3b. It
was therefore surprising to find a product ratio (65) indicating considerable
steric strain in the transition state lp* involving cyclopentanone. The fact
that trans-2-hydrindanone 5, which is rigid, also gives a large product ratio
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(50) suggests that cyclopentanone reacts with nucleophiles via a transition
state §* having a "half-chair® conformation, and that the steric strain ari-
ses from a gauche interaction (shown) between the bulky reagent and a methy-
lene group. Although steric strain would be relieved in an "envelope" transi-
tion state such as z*, this would only be at the expense of increased torsio-
nal strain.

In conclusion, it is apparent that, in the reaction between the Grignard
reagent }Db-2b and ketones, quite subtle variations in the steric environment
of the carbonyl group give rise to perceptible, and sometimes startling, va-
riations in the product ratios ﬂg/ég. An application of this reaction as a
test for steric hindrance in the neighbourhood of the carbonyl group in 4-t-

butylcyclohexanone is discussed in the accompanying paper.18
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