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Bismuth(iii) 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 31 68, Victoria, Australia 

cis- and trans-Diol derivatives can be prepared from alkenes by reaction with bismuth(iii) acetate in ’wet‘ and ’dry‘ 
acetic acid respectively. 

Bismuth(rr1) acetate can be used in both the ‘wet’ and ‘dry’ 
Prevost1.2 reactions as shown in Scheme 1. 

Bismuth( HI) acetate was prepared either by literature 
methods from bismuth(rI1) nitrate3 or in situ from cheap and 
readily available bismuth(I1r) oxycarbonate, (Bi0)2C03. 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 cm3) 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-l,2-Diacetoxycyclohex- 
ane was obtained in good yield (8O%, after distillation) and no 
trace of the cis-diacetate could be detected by high-field 1H 
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(Ir1) 

Table 1. Yields of diacetates and iodoacetates. 

% Yield 

trans-Diacetate 
from 

Reactant ‘dry’ reaction 
Cyclohexene 80 
1-Methylcyclohexene - 
3-Me thylcyclohexene 67 
4-Methylcyclo hexene 62 
4-t-Butylcyclohexene 66 
a-Methylstyrene 
(E)-1-Phenylpropene 

cis-Diacetate 
from 

‘wet’ reactiona 
93 
9 9  
89 
86 
70 

Iodoace t a t e 
84 
84 
91 
91 
86 
91 
70 

a 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 trans-isomer indicated by 
*H n.m.r. spectroscopy. A similar reaction of l-methylcyclo- 
hexene but under milder reaction conditions (90 “C, 
2.5 h) gave cis-2-acetoxy- 1-methylcyclohexanol (95 “/o ) whose 
stereochemistry was confirmed by reduction to the cis-diol 
using LiAlH4 (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 7&90% and yields of trans-diacetates from ‘dry’ 
reactions were in the range 6&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- 
2~-la-diacetoxycyclohexane after acetylation, in contrast to 
the silver or thallium promoted reaction of 3-t-butyl- 
cyclohexene which gave a mixture of stereoisomers.4 

, I  

3 6  + 2Bi(OAcI3 + 31, % 3 t 2Bi1, 

“OAc 

‘wet’ 
A 
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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(r1)5 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(rr), and 
bismuth(rrr) are stronger Lewis acids than the iodide of 
thallium(r),6 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(rI1) 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(r) ,I3’ mercury(~r) ,8 thal- 
lium(r),2 and copper(rr)g,10 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(I), thallium(r), or  mercury(I1) 
compounds. The bismuth based reactions also have advan- 
tages over the more recently developed systems based on 
I2/KIO3/KOAc,’l and TeIVO2/LiBr/AcOH12 which give only 
the cis-addition products in single-stage reactions. 

The intermediate iodoacetoxy-compounds can be isolated 
from reactions using the bismuth(Ir1) acetate. Thus iodo- 
acetates were prepared from cyclohexene, l-methylcyclo- 
hexene, a-methylstyrene, and (E)-1-phenylpropene when 
bismuth(rrr) 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 

trans-cyclohexane-l,2-iodoacetates in good yields (see Table 
1). Interestingly, reaction of 3-methylcyclohexene gave pre- 
dominantly 3a-methyl-2(3-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 methods4.8 and the recently 
reported methods based on 12/Cu0.HBF4/AcOH13 and 12/ 
A1203/KOAc14 systems. 

Received, 3rd November 1988; Corn. 8/04387F 

References 
1 C. Prevost, Cornpt. rend., Acad. Sci., 1933, 196, 1129. 
2 R. C. Cambie and P. S.  Rutledge, Org. Synth., 59, 169. 
3 Gmelins ‘Handbuch der Anorganische Chemie,’ Wismut und 

Radioaktive Isotopes, 19, 180. 
4 R. C. Cambie, D. M. Gash, P. S.  Rutledge, and P. D. Woodgate, 

J .  Chern. SOC., Perkin Trans. I ,  1977, 1157 and references therein. 
5 C. Georgoulis and J .  Valery, Bull. SOC. Chim. Fr., 1974, 178. 
6 L. G. Sillen and A. E. Martell, ‘Stability Constants of Metal-Ion 

Complexes,’ Special Publications nos, 17 and 25, The Chemical 
Society, London, 1970; A. E. Martell and R. M. Smith, ‘Critical 
Stability Constants,’ Plenum Press, New York, Vol. 3, 1977. 

7 R. B. Woodward and F. V. Brutcher, J .  A m .  Chern. SOC., 1958, 
80, 209. 

8 C. Georgoulis and J .  Valery, Bull. SOC. Chirn. Fr., 1975, 1431. 
9 C. Georgoulis and J .  Valery, Synthesis, 1978, 402. 

10 C. A. Horiuchi and J .  Y. Satoh, Bull. Chern. SOC. Jpn., 1987,60, 

11 L. Mangoni, M. Andinolfi, G. Barone, and M. Parrilli, Tetra- 

12 S.  Uemura, K. Ohe, S. Fukuzawa, S .  Patil, and N. Sugita, J .  

13 J .  Barluenga, M. A. Rodriguez, P. J.  Campos, and G. Asenio, 

14 T. Ando, J .  H. Clark, D. G. Cork, M. Fujita, and T. Kimura, 

426. 

hedron Lett., 1973, 4485. 

Organornet. Chern., 1986, 316, 67. 

J .  Chem. SOC. ,  Chern. Cornrnun., 1987, 1491. 

J .  Chern. SOC., Chern. Comrnun., 1987, 1301. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
89

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

nt
a 

C
ru

z 
on

 3
1/

10
/2

01
4 

13
:1

2:
44

. 
View Article Online

http://dx.doi.org/10.1039/c39890000407



