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Oxidation of Olefins with Benzenetellurinic Anhydride
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Olefins were found to be oxidized by use of benzenetellurinic
anhydride in acetic acid leading to vic-diacetates. Benzene-
tellurenic acid derivatives formed in situ are suggested as the
active species. This diacetoxylation proceeds in net syn fashion
probably via anti acetoxytellurenylation of the olefin followed by
displacement of the phenyltelluro group by an acetoxy group with

inversion.

It has already been reported that tellurones') and telluroxides?-4) have a
unique oxidizing ability toward some specific functional groups. On the other hand
little is known about the reactivity of tellurinic acids and their anhydrides.
Recently Barton has shown that arenetellurinic anhydrides are effective oxidizing
reagents for the selective oxidation of thiols and hydroquinones.s) Brill has also
demonstrated that polymer-bound tellurinic acid shows a remarkable catalytic acti-
vity for the epoxidation of olefins with hydrogen peroxide, in which some peroxy
intermediates are generated from hydrogen peroxide and in situ formed tellurinic
anhydride as the active oxidizing species.6) These reports prompted us to disclose
our study on the oxidation of olefins with benzenetellurinic anhydride.7)

Benzenetellurinic anhydridee) is sparingly soluble in usual organic solvents
except acetic acid, acetic anhydride and their congeners, so that the reaction was
performed using acetic acid as the solvent. When the acetic acid solution of
styrene and benzenetellurinic anhydride was refluxed for 24 h, the solution
gradually turned red indicating the formation of diphenyl ditelluride. Usual workup
gave corresponding vic-diacetate in 48% yield. In the presence of a catalytic
amount of sulfuric acid, the yield was improved to 82% (Eq. 1). The reaction was
slow at 100 °C, and did not proceed below 80 °C.
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It was confirmed that there exists an induction period (about 5 h), which was
shortened by the addition of a reducing reagent such as triphenylphosphine or
sulfurous acid. Additionally diphenyl ditelluride was found to have a remarkable
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effect for shortening the induction period. These results suggest that the active
species for the oxidation of the double bond is not benzenetellurinic anhydride
itself but some reduced product of it. The effect of two additives, sulfuric acid
and diphenyl ditelluride, is shown in Fig. 1, in which yield of vic-diacetate is
plotted at the different reaction periods. In the absence of diphenyl ditelluride,
S shape curve was obtained. This may indicate that the present reaction is subject

to self-catalysis.
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Fig. 1. Effect of additives in the reaction of styrene

with benzenetellurinic anhydride in refluxing acetic acid.g)

From these observations, the following reaction path can be postulated. At
first, benzenetellurinic anhydride is reduced to a benzenetellurenic acid
derivative l, 3, or 3' which is likely to be the active species (Eg. 2). In the
absence of reducing agent, the active species may be formed by oxidizing acetic
acid used as the solvent.'0) The latter process seems to be slow and may require

the high temperature. The induction period observed is ascribable to this stage.
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Then, l, 3, or 3 reacts with olefin in acetic acid togivea 2-acetoxyalkyl phenyl
telluride Q5)11'14) (Eg. 3). The acid catalyst may play an important role in this

stage.
+ =x .~
PhTeX — = [PhTe’] 2 o [PhT:e;S_] A, PhTeN,OAc (3)
-HX -H s

The final step of this reaction would be an acid catalyzed solvolysis of '4_, to give
vic-diacetate together with benzenetellurol (3),15'16) which would in turn reduce

benzenetellurinic anhydride to 1, or 2 resulting in the acceleration of the reaction.
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In Table 1 are summarized the results of diacetoxylation.17) Terminal olefins
gave satisfactory yields of the products. The reaction of internal olefins was slow
under the identical conditions. cis-2-Octene and cyclohexene gave corresponding cis

adduct as the major product.

Table 1. Diacetoxylation of Olefins

Olefin Product Yield/%
PhCH=CH PhCH—CH
2 T2 82
OAc OAc
ANNNF
/A\/“\/\T/\\OAC 71
OAc

OAc
/«\/\VQﬁ /A\/\v)\r/ 38
OAc
(erythro:threo = 71:29)

@ oo y

OAC
(cis:trans = 80:20)

In order to confirm the intermediacy of 2/ related tellurium compounds 6 and
l were synthesized19) and treated with sulfuric acid in refluxing acetic acid
(reactions 5 and 6). These results show that displacement of phenyltelluro group
with acetoxy group proceeds under these conditions. The reaction 6 indicates the
inversion of the configuration at the carbon having the phenyltelluro group.
Unexpected low yield of diacetate from 7 is probably due to reverse acetoxy-
tellurenylation to give cyclohexene. The fact that a small amount of trans
diacetate is formed from Z may suggest that elimination of phenyltelluro group
assisted by the adjacent acetoxy group in l competes with the direct displacement
of phenyltelluro group with acetate. Solvolysis of Z in the presence of
benzenetellurinic anhydride under similar conditions did not improve the yield of
diacetate. This result rules out a possibility that tellurium in the leaving group
should have a higher oxidation state like that in telluroxides or tellurones.

OH OAc
H,S0, (cat.) )ﬁ
Ph AcOH, reflux, 20 h ¥ Ph 523 (5)
TePh OAc
L3

HZSO4(Cat.)

O‘OAC — OAc 15%
.ipepp ACOH, reflux, 20 h Ohc (6)

1 (cis:trans = 82:18)
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