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Bismuth(m) Acetate: A Cheap, Efficient, and Environmentally Acceptable Reagent for

‘Wet’ and ‘Dry’ Prevost Reactions

Eva M. Campi, Glen B. Deacon,* Gavin L. Edwards, Mark D. Fitzroy, Nunzio Giunta, W. Roy Jackson,* and

Robert Trainor

Department of Chemistry, Monash University, Clayton 3168, Victoria, Australia

cis- and trans-Diol derivatives can be prepared from alkenes by reaction with bismuth{i) acetate in ‘wet’ and ‘dry’

acetic acid respectively.

Bismuth(uir) acetate can be used in both the ‘wet’ and ‘dry’
Prevost!.2 reactions as shown in Scheme 1.

Bismuth(11) acetate was prepared either by literature
methods from bismuth(1i) nitrate3 or in situ from cheap and
readily available bismuth(1r) oxycarbonate, (BiO),CO;. It is
also commercially available. In a typical ‘dry’ reaction,
bismuth oxycarbonate (12.3 mmol) was heated under reflux
for 1 h with freshly dried acetic acid (40 cm?3) containing acetic
anhydride (ca. 17%). Cyclohexene (36.6 mmol) and iodine
(37.0 mmol) were added to the cooled solution and the
mixture was refluxed for 17.5 h. trans-1,2-Diacetoxycyclohex-
ane was obtained in good yield (80%, after distillation) and no
trace of the cis-diacetate could be detected by high-field 'H
n.m.r. spectroscopy (200 MHz).

A typical ‘wet’ reaction used similar quantities of reagents
except that Laboratory Reagent grade acetic acid (containing
ca. 0.6% w/w water) was used and sufficient water (2.5 cm3)
was added to the freshly prepared solution of bismuth(in)

Table 1. Yields of diacetates and todoacetates.

% Yield
trans-Diacetate cis-Diacetate
from from
Reactant ‘dry’ reaction ‘wet’ reaction* lodoacetate

Cyclohexene 80 93 84
1-Methyicyclohexene — 95b 84
3-Methylcyclohexene 67 89 91
4-Methylcyclohexene 62 86 91
4-t-Butylcyclohexene 66 70 86
o-Methylstyrene 91
(E)-1-Phenylpropene 70

2 After conversion of hydroxy acetate to diacetate using Ac,O/
pyridine. ® Yield of hydroxyacetate.

acetate in acetic anhydride—acetic acid to convert the remain-
ing acetic anhydride into acetic acid. The product was a
mixture of hydroxyacetate and diacetate and on acetylation
with acetic anhydride/pyridine gave cis-1,2-diacetoxycyclo-
hexane (93%) with no trace of the frans-isomer indicated by
H n.m.r. spectroscopy. A similar reaction of 1-methylcyclo-
hexene but under milder reaction conditions (90°C,
2.5 h) gave cis-2-acetoxy-1-methylcyclohexanol (95%) whose
stereochemistry was confirmed by reduction to the cis-diol
using LiAlH, (see Table 1).

Reactions of 3- and 4-methylcyclohexenes and of 4-t-
butylcyclohexene were also carried out under similar condi-
tions. Yields of cis-diacetates from ‘wet’ reactions were in the
range 70—90% and yields of trans-diacetates from ‘dry’
reactions were in the range 60—70%. In contrast to the
reactions of cyclohexene itself, the reactions of these substi-
tuted cyclohexenes gave ca. 5% of the cis-products in the ‘dry’
reactions and a similar amount of trans-products in the ‘wet’
reactions. The cis- and trans-products were mixtures of
stereoisomers except for the product of the ‘wet’ reaction of
3-methylcyclohexene which surprisingly gave only 3a-methyl-
2B-1la-diacetoxycyclohexane after acetylation, in contrast to
the silver or thallium promoted reaction of 3-t-butyl-
cyclohexene which gave a mixture of stereoisomers.*

4’
Y Ac
3@ + 2Bi(OAc), +31, AcOH o 3 + 2Bil,

“0Ac
‘wet’

Ac
3 O + 2Bi(0AC), +31+3H,0 AcOH,, 4 O:: 2B, + 3AcOH

Scheme 1


http://dx.doi.org/10.1039/c39890000407
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31989_0_7

Published on 01 January 1989. Downloaded by University of California- Santa Cruz on 31/10/2014 13:12:44.

408

In the ‘wet’ reactions it was important to keep the water
concentration around 0.6% w/w. Addition of further amounts
of water led to loss of stereospecificity in the reaction with
cyclohexene. Thus the cis: trans ratios for a reaction in 10%
aqueous acetic acid was 64:36 (73% yield) and 59:41 (80%
yield) for a reaction in 50% aqueous acetic acid. The effect of
water is thus similar to that on reactions with silver(1) and
mercury(1)S but different from thallium(1) where the reaction
remains cis-stereospecific even in 50% aqueous acetic acid.2 It
is possible that as the iodides of silver(r), mercury(u), and
bismuth(u1) are stronger Lewis acids than the iodide of
thallium(r),® they can catalyse the equilibration of one of the
intermediates leading to the cis- and trans-hydroxyacetates.
The product cis-1-hydroxy-2-acetoxycyclohexane was shown
not to equilibrate under the reaction conditions in the
presence of the metal iodides.

Bismuth(mr) acetate can thus be used to give cis- or
trans-diacetates (or diols) in good yields with very high
stereoselectivity. The reaction has advantages over the
analogous reactions using silver(1),!7 mercury(n),® thal-
lium(1),2 and copper(m)%-19 in that the bismuth residues are
non-toxic and bismuth oxycarbonate is inexpensive. As all
three acetoxy groups can be transferred, less metal is used
than in reactions involving silver(1), thallium(1), or mercury(1)
compounds. The bismuth based reactions also have advan-
tages over the more recently developed systems based on
IL/KIOs/KOACc,!! and TelVO,/LiBr/AcOH!2 which give only
the cis-addition products in single-stage reactions.

The intermediate iodoacetoxy-compounds can be isolated
from reactions using the bismuth(mi) acetate. Thus iodo-
acetates were prepared from cyclohexene, 1-methylcyclo-
hexene, a-methyistyrene, and (E)-1-phenylpropene when
bismuth(111) acetate (from bismuth oxycarbonate), iodine, and
alkene were allowed to react in dry acetic acid at ambient
temperature in a molar ratio of 1:3:3. The substituted
cyclohexenes gave mixtures of stereo- and regio-isomeric
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trans-cyclohexane-1,2-iodoacetates in good yields (see Table
1). Interestingly, reaction of 3-methylcyclohexene gave pre-
dominantly 3a-methyl-2@-iodo-1a-acetoxycyclohexane with
only ca. 10% of minor isomers. The yields from these
reactions are thus comparable with or better than those
obtained from the established methods*8 and the recently
reported methods based on I,/CuO-HBF,/AcOH? and I/
ALOy/KOACcH systems.
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