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Summary

Alcohols can serve as solvent for the generation and addition of allylic zinc
halides to aldehydes and ketones. In the absence of a reactive carbony! com-
pound reactive allylic halides undergo coupling when treated with zinc and etha-
nol.

We wish to report that alcohols ** can serve as solvent for the generation and
addition of allylic zinc halides to aldehydes and ketones. The allylic zinc halides
have generally been prepared in ether or THF and show a reactivity comparable
with Grignard reagents. Thus slow addition (20—30 min) of allyl bromide (0.11
mol) to a stirred slurry of “‘activated’ zinc dust (0.11 g-atom) ***, an aldehyde
or ketone (0.1 mol) and 25 ml of 95% ethanol or t-butyl alcohol at a bath temper-
ature of 78—95° gave the products listed in Table 1 in yields comparable in some
instances with those obtained in aprotic solvents [ 3]. The reaction of zinc with
allyl bromide in t-butyl alcohol has an induction period of 10—60 min. A small
amount of allyl bromide is added to the reaction mixture and care is taken to
insure the reaction has started before adding more bromide. Failure to observe
this precaution may lead to an uncontrollable reaction when initiation does take
place. When 0.1 equivalent of zinc bromide is added at the outset the reaction
with allyl bromide is immediate and proceeds smoothly.

In the case of ketones the less acidic t-butyl alcohol seems to be preferable as
solvent. The yield of alcohol diminishes as the reactivity of the ketone decreases.
The yield from pinacolone in t-butyl alcohol is low (22%), but can be improved

* To whom correspondence should be adressed.
¢& For the reaction of organozinc compounds with alcohols see ref. 1. Aqueous alcohol is the solvent
of choice for converting 1,3-balides with zinc to cyclopropane derivatives [ 2].
*+=* Technical grade zinc dust in 100 g batches was activated by washing with 5% HC! aq. ethanol and
ether and then dried by heating at 80°C in a stream of nitrogen. The activated zinc dust was stored
under nitrogen.
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(37%) by employing two equivalents of allyl bromide and zinc. Isophorone,
onl

esters, nitriles, and orthoesters are too unreactive to compete with the solvent
for allylzinc bromide and only protonolysis to propene was observed.

TABLE 1
REACTION OF ALLYL BROMIDE AND ZINC WITH ALDEHYDES AND KETONES IN ALCOHOLS
AS SOLVENT

Reactant 7 Product Yield (7e) @
in 95°% in t-
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CH,CH; 9 6
i H
(CH3)3CCCH4 (CH3)3C?CH2CH=CH2
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<@ Based on praoduct isolated by distillation. The purity of each distillation fraction was checked by GLC. The
identity of products was determined by examination of IR and NMR spectra. b The major products are un-
identified higher boiling liquids. € Gas chromatographic analysis of distillation fractions. 4 6-t-Bu toxy-5-
methyl-1,4-heptadiene was also isolated. € 6-Ethoxy-4.6-dimethyl-1 4-heptadiene was also obtained. / The
major product (39%) was a mixture of 2.4-dimethyl-1,3.6-heptatriene and 2,4-dimethyl-2.4,.6-heptatriene.
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TABLE 2
REACTION OF ALLYLIC HALIDES WITH ZINC AND BENZALDEHYDE IN 95% ETHANOL

Halide Bath tem- Product Yield (%c)
preratur('
“C)
CH; =CHCH; Br 90 CeHsCHCH2CH=CH, 66
i
OH
er (4] 21
C6H5<l:H
HO
Br 90 C_H.CH o 18
N 6 5 l
HO
OH
CH;3CH :CHCHABr < 90 CeHsCHCHCH = CHa (827) 60
CHj3

OH
CeHsCHCHACH=CHCH3 (18%)

¢ For typical products derived from crotylzine bromide see ref. 4.

A variety of allylic bromides were successfully combined with zinc and ben-
zaldehyde in 95% ethanol to give the results illustrated in Table 2.

When the reaction of allylic halide with zinc in 95% ethanol was carried out
at 0°C in the absence of a carbony! compound, no reaction is observed with allyl
bromide after 8 hours whereas coupling is the major event observed for 3-bromo-
cyclohexene. In contrast, protonolysis predominated with allyl bromide to
afford propene at the reflux temperature * [6], whereas solvolysis and coupling
as well as protonolysis were observed with 3-bromocyclohexene. 3-Bromocyclo-
octene gave 80% of coupled product when treated with zinc and 95% ethanol at
ambient temperature.

CHy=CHCH,Br + Zn Eon CH,~=CHCH; + CHFCHCH,CH,CH=CH,
oc No reaction
Reflux (70%0) (trace)
r"l
(11%) (19%) (62%)
Refiux (47%) (31%) (16%)

* For the action of zinc on crotylbromide in aquecus ethanol sce ref. 5.
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To insure that allylzinc bromide is actually involved as an intermediate in
these reactions a sample was prepared in THF. A 20 mi portion of a 1.2 M THF
solution of allylzinc bromide was added to 0.02 mol of benzaldehyde in 12 ml
of 95% ethanol, while a similar portion of allylzinc bromide solution was added
to 0.02 mol of benzaldehyde in 12 ml of THF. The yield of 1-phenyl-3-buten-1-
ol was 60 and 809%, respectively.

Many attempts to generate and add isopropylzinc bromide to benzaldehyde in
ethanol as solvent failed and in every instance a high yield of propane was ob-
tained. This is not surprising in view of the extremely slow reaction that occurs
between isopropylzinc bromide and benzaldehyde *. At ambient temperature
in THF approximately 21 days are required to bring the reaction to completion,
whereas one day is needed at reflux. The major products are pheny! isopropyl
ketone and benzy! alcohol resulting from a redox reaction of benzaldehyde and
the zinc salt of phenylisopropylcarbinol (which is observed to build up and then
disappear as the reaction proceeds).
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* For reactions of alkylzinc derivatives with aldehydes and ketones see ref. 7.



