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Organometallic Chemistry

Cleavage of the carbon—carbon bond in «-glycols
under the action of bismuth(v) derivatives

N. V. Dolganova, V. A. Dodonov,* T. L Zi‘nov’eva, and I, G. Prezhbog

N. 1. Lobachevsky Nizhnii Novgorod State University,
23 prosp. Gagarina, 603600 Nizhnii Novgorod, Russian Federation.
Fax: 007 (831 2) 65 8592

Di(terr-butylperoxy)triphenyibismuth and the triphenylbismuth—tert-butyl hydroperoxide
system react with 2,3-dimethylbutane-2,3-diol, benzopinacol, butane-2,3-diol, and cthane-
1,2-diol with the cleavage of the C—C bond of a-glycol to form carbonyl compounds. Both
heterolytic (through formation of cyclic triphenylbismuth glycolate) and homolytic cleavage

occur.
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It is well known that bismuth(v) derivatives are effi-
cient oxidants of organic compounds, in particular, of
hydroxyl-containing derivatives. Thus, monohydric
alcohols are readily oxidized by triphenylbismuth
diacylates to give the corresponding carbonyl compounds
in high yields.! Unlike monohydric alcohols, glycols
undergo phenylation at one hydroxyl group under the
action of triphenylbismuth diacetate.? It has been estab-
lished that under more severe conditions, tertiary glycols
are oxidized by triphenylbismuth diacetate with the cleav-
age of the C—C bond. Thus, a solution of pinacol in
toluene or acetonitrile? at 80—100 °C gave acetone in a
vield of up to 83%. Previously,%5 triphenylbismuth car-
bonate, triphenylbismuth dichloride, and the triphenyl-
bismuth-—~bromosuccinimide system have been used as
oxidants of a~glycols. In all cases, oxidation was carried
out in the presence of potassium carbonate. According
to one of the schemes suggested previously, oxidation
proceeds through formation of an intermediate cyclic
derivative, namely, triphenylbismuth glycolate, whose

decomposition is accompanied by reduction of triphenyl-
bismuth and cleavage of the C—C bond of a-glycol to
yield carbonyl compounds.

The aim of this work is to search for readily available
and efficient oxidizing systems based on bismuth(v). We
studied oxidation of a-glycols (2,3-dimethylbutane-
2,3-diol (1), benzopinacol (2), butane-2,3-diol (3), and
ethane-1,2-diol (4)) by the triphenylbismuth (3)-—terz-
butyl hydroperoxide (6) system. Oxidation of compound
1 by system 5—6 at molar ratios of the components in
the range from 1 : 1 to 1 : 12 was studied in most
detail (Table 1).

Among the reaction products, acetone is the only
carbony! compound. At all the ratios of the components
of the oxidizing system used, the yield of acetone was
high and amounted to 6.86 mole per mole of Ph;Bi at
the ratio of 1 : 8. The high concentration of compound 5
in the reaction mixture and the large amount of hydro-
peroxide 6 consumed in the reaction are indicative that
the process is a cyclic one in the course of which com-
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Table 1. Products of the reaction of pinacol with the Ph;Bi—
Bu*OGH system (moles per mole of Ph;Bi)

Product Concentration of the products

1:1 1:2 1:3 1:4 1:5 1:6

1:8 1:12

Me,CO 1.17 2.84 368 4.28 490 528 686 582
ButOH 090 1.54 220 248 317 263 413 3.20
PhH 0.23 0.04 006 0.13 017 023 032 0.18
Ph3Bi 0.67 ©0.85 080 078 0.67 059 044 038
Bu'OOH 0.10 027 027 036 072 1.30 278 444

Bi-contain-
ing 0.12 023 033 038 040 0.11 018 0.07
residue* 354.71 53.70 51.72 50.10 53.97 52.86 65.95 73.15

*B (3/gpny81)/(% Bi).

pound 3 is continuously regenerated. Based on the results
obtained, we suggested the following scheme of oxidation
of a-~glycols 1—4 by system 5—6. As was demonstrated
previously,® at the first stage compound 5 is oxidized by
hydroperoxide 6 to a bismuth(v) derivative:

PhyBi + Bu'OOH —» Ph,Bi(OH)(OBu!) (H
5 6

The adduct obtained reacts with a-glycols to form
unistable triphenylbismuth glyvcolate:

OH HO-CZ
Ph,Bi L + iy
o8yt HO-CZ 2
0-c<Z
—= phBil [ . + BuOH (2
-C(

Triphenylbismuth glycolate decomposes to the car-
bonyl derivative (2 mol), accompanied by regeneration
of 3:

o—-c
Pl [

~

—» PhBi+2 =C=0 3)
5

Based on the scheme suggested, the low yield
(1.24 mol) of benzophenone compared to other a-gly-
cols (Table 2) obtained in reaction (2) with the use of
system 5—6 is attributable to steric hindrances, which
prevent the formation of cyclic glycolate. This scheme
also agrees well with the published data.’

In addition to the reaction with a-glycols, the hy-
droxy-tert-butoxy derivative obtained (Eq. (1)) can react
with hydroperoxide 6 to form di(fert-butylperoxy)tri-
phenylbismuth 7:6

Ph,Bi(OH)(OBu!) + 2 Bu'OOH —»
—= Ph3Bi(O0Bu'Y), + Bu'OH + H,0 )
7

It is known that product 7 is an efficient oxidant of
various organic compounds, including hydrocarbons.”3

Table 2. Products of the reactions of «-glycols with
Ph3Bi(O0BuY),; and with the Ph3Bi—Bu'OOH systems (moles
per mole of the organobismuth derivative)

Concentration of the products

Product Ph;Bi{OOBu"), Ph;Bi—Bu'COH (1 : 3)
1 2 3 1 pA 3 4
>C=0 3.51 187 267 368 124 214 328
PhH 023 051 013 0% 006 037 0.13
Bu'OH 1.71 151 088 275 220 1.80 264
Ph;Bi 067 031 063 080 050 069 062
Bu'OCH 0.01 009 086 027 004 082 0.11
Bi-contain-
ing 012 0241 Q.05 031 033 034 0.16

7036 57.44 61.72 60.77 6465

r—

residue* 54.71 34.70

Nore: 1 is 2,3-dimethylbutane-2,3-diol; 2 is benzopinacol;
3 is butane-2,3-diol; and 4 is ethane-1,2-diol.
* B (8/8pnpi)/ (% Bi).

Therefore, it can be assumed that in addition to conver-
sion of a-glycols according to reactions (2) and (3),
their oxidation by peroxide 7 can also occur.

We studied oxidation of glycols 1—3 by diperoxide 7
(see Table 2). As can be seen from Table 2, in this case
a-glycols were also oxidized with cleavage of the C—C
bond to form carbonyl compounds in rather high yields.
A comparison of the compositions of the mixtures ob-
tained by oxidation of a-glycols 1 and 2 by system 5—6
and by diperoxide 7 demonstrated that in the case of the
reactions with diperoxide, the yield of benzene was
higher for compound 2 and the concentration of Ph;Bi
was lower for the both compounds. These reactions also
produced ferr-butyl alcohol in high yields. These resuits
suggest that oxidation of glycels by diperoxide 7 is a
radical reaction.

It is known that Ph;Bi(OOBu'), undergoes homoly-
sis at the Ph—Bi and O—O bonds even at room tem-
perature.? The phenyl and rert-butoxyl radicals thus
generated react with a-glycols, for example, with ter-
tiary glycol:

Ph,C~CPh, + Ph*(BU'O") —
1 1
HO OH
—» PhH(BUOH) + PR,C~CPh, ()
‘0 OH

The oxygen-centered radical formed decomposes into
benzophenone and a new carbon-centered radical:

Ph,C~CPh, — Ph,C=0 + Ph,C—OH
[ ]
‘0 OH &

The reaction of the carbon-centered radical with
initial peroxide 7 results in induced decomposition of 7
and conversion of the radical to the carbonyl derivative.

When peroxide 7 reacts with a-glycols that possess a
more reactive H atom than monohydric alcohols, per-
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oxide 7 can enter into the replacement of the terr-butyl-
peroxy group to form cyclic glycolate (A):

Ph,Bi(OOBWY), + =C—CT —*
| !
HO OH

L0—CZ ]
—s | PhBIl i J+28u’OOH 6
o ~
A

Triphenylbismuth glycolate decomposes to form
Ph;Bi and a carbonyl compound (see Eq. (3)).

This conversion was observed in the reaction with
2,3-butanediol, which contains the most reactive H
atom as evidenced by the high concentration of ButOOH
{up to 0.86 mol) in the reaction products (see Table 2).

Therefore, it was established that a-glycols are oxi-
dized by the Ph;Bi—Bu'‘OOH system as well as by
peroxide Ph;Bi(OOBu'); with cleavage of the C—C
bond to form carbonyl compounds. When the Ph;Bi—
Bu'OOH system is used as the oxidizing agent, the
reaction proceeds predominantly through formation of
cyclic triphenylbismuth glycolate. Subsequent decom-
position of the latter affords carbonyl derivatives, and
Ph;Bi is regenerated. The side reaction involves forma-
tion of unstable peroxide Ph;Bi(OOBut), as the inter-
mediate. Oxidation of a-glycols by the above-mentioned
peroxide can occur both through homolytic and hetero-
lytic pathways.

Experimental

Ail reactions were carried out in solutions of toluene at
10—15 °C over a period of 30—40 h. Chromatographic analy-
sis was carried out on a Tsvet-205 instrument with a flame
ionization detector. A 3x1200-mm column was used. 13%
Reoplex-400 on Chromaton N-AW-DMCS was used as the
stationary phase. The temperature was 80—170 °C; helium
was used as the carrier gas.

Reactious of 2,3-dimethylbutane-2,3-diol, butane-2,3-diol,
and ethane-1,2-diol with the Ph;Bi—Bu'OOH system. A mix-
ture of Ph3Bi (2.3 mmot) and ButOOH (7.5 mmol) was added
to a solution of one of the above-mention a-glycols (10 mmol)
with cooling with ice water. After completion of the reaction,
the solvent was recondensed in a receiver cooled with liquid
nitrogen. The condensate was analyzed iodometrically
{(ButOOH) and by GLC (benzene, Bu‘OH, and carbonyl com-
pounds). In addition, carbony! compounds were identified as
2,4-dinitrophenylhydrazones. In all cases, the derivatives ob-
tained had melting points close to the published data. Samples
mixed with certain hydrazones obtained gave no depression.

After the removal of the solvent and volatile products, the
nonvolatile residue was carefully washed with ether. PhyBi was
quantitatively determined in the filtrate. A product (m.p.

77 <C) was obtained. A sample mixed with pure Ph;Bi melted
without depression of the melting point. The ether-insoluble
solid residue was an amorphous brown powder that did not
melt when heated to 250 °C and was insoluble in commonly
used organic solvents (benzene, ether, acetone, carbon tetra-
chloride, erc.). The bismuth content of the product was no
more than 50%.

Products of the reaction of 2,3-dimethylbutane-2,3-diol
with the Ph;Bi—Bu'OOH system (the ratio of the components
was varied from 1 : [ to | : 12) were analyzed analogously.

Reactions of 2,3-dimethylbutane-2,3-diol and butane-2,3-
diol with Ph;Bi(OOBu’),. A solution of a-glycol (8 mmol) was
added with cooling to a solution of diperoxide? (5 mmol) in
toluene. The reaction mixture was kept for 30 h. Products
were isolated and identified analogously to the procedure
described above.

Reaction of benzopinacel with the PhyBi—Bu'OOH sys-
tem. PhyBi (2.5 mmol), Bu'OOH (7.5 mumol), and benzopina-
col (3.0 mmol) were mixed. After completion of the reaction,
the liquid products were recondensed under reduced pressure.
The condensate was analyzed for ButOOH, Bu!OH, and CzHj.
The nonvolatile residue was distilled with water vapor. The
condensate was extracted with CCl,, and benzophenone was
found in the solution. The solid residue was washed with ether.
Ph;Bi was found in the ethereal solution. The ether-insolubie
infusible amorphous brown powder contained up to 35%
bismuth.

Analysis of the product of the reaction of benzopinacol
with Ph;Bi(OOBut'); was carried out analogously.
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