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Organometallic Chemistry 
Cleavage of the carbon--carbon bond in m-glycols 

under the action of bismuth(v) derivatives 
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Di(terr-butylperoxy)triphenylbismuth and the triphenylbismuth--tert-butyl hydroperoxide 
system react with 2,3-dimethylbutane-2,3-diol, benzopinaeol, butane-2,3-dio[, and ethane- 
i,2-diol with the cleavage of the C--C bond of ct-glycol to form carbonyl compounds. Both 
heterotytic (through formation of cyclic triphenylbismuth glycolate) and homolytic clea'cage 
occur. 
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compounds. 

It is well known that bismuth(v) derivatives are effi- 
cient oxidants of  organic compounds,  in particular, of 
hydroxy l -con ta in ing  derivatives.  Thus,  monohydr ic  
a lcohols  are readi ly  oxidized by t r iphenylb ismuth  
diacylates to give the corresponding carbonyl compounds 
in high yields, t Unlike monohydric  alcohols, glycols 
undergo phenylation at one hydroxyl group under the 
action of  t r iphenylbismuth diacetate, z It has been estab- 
lished that under  more severe condit ions,  tertiary glycols 
are oxidized by tripher~ylbismuth diacetate with the cleav- 
age of  the C - - C  bond. Thus, a solution of pinacol in 
toluene or acetonitri le 3 at 80--100 ~ gave acetone in a 
yietd of up to 83%. Previously, 4,5 tr iphenylbismuth car- 
bonate, t r iphenylbismuth dichloride, and the triphenyl- 
b ismuth--bromosuccin imide  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, 5 oxidation 
proceeds through formation of an intermediate cyclic 
derivative, namely,  t r iphenytbismuth glycolate, whose 

decomposit ion is accompanied by reduct ion of tr iphenyl- 
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-d imethylbutane-  
2,3-diol (1), benzopinacol (2), butane-2 ,3-diol  (3), and 
e thane- l ,2 -d io l  (4)) by the tdphenylb ismuth  (5)-- tert-  
butyl hydroperoxide (6) system. Oxidat ion of  compound 
1 by system 5--6  at molar  ratios o f  the components  in 
the range from 1 : I to 1 : 12 was studied in most 
detail (Table I). 

Among the reaction products, acetone is the only 
carbonyl 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 Ph3Bi at 
the ratio of 1 : 8. The high concentrat ion of compound 5 
in the reaction mixture and the large amount of hydro- 
peroxide 6 consumed in the react ion are indicative that 
the process is a cyclic one in the course of which corn- 
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Table I. Products of the reaction of pinacot with the Ph3Bi-- 
ButOOH system (moles per mole of Ph3Bi) 

Product Concentration of the products 

1:1 I : 2  t : 3  1:4 1 5  1:6 1:8 1:12 

Me,CO 
ButbH 
Phil 
Ph3Bi 
ButOOH 0.10 

Bi-contain- 
hag 0.12 
residue* 54.71 

1.17 2 .84 3.68 4.28 4.90 5.28 6.86 5.82 
0.90 1.54 2.20 2.48 3.17 2.63 4.13 3.20 
0.23 0.04 0.06 0.13 0.17 0.23 032 0.18 
0.67 0 .85 0.80 0.78 0.67 0.59 0.44 0.38 

0.27 0,27 0.36 0.72 1.30 2.78 4.44 

0.23 ~ 0.38 _0_d_Q ~ ~ 0,07 
53.70 51.72 50.10 53.97 52.86 65.95 73.15 

*B (g/gph3Bi)/'(,% Bi). 

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

Ph38i § ButOOH ~ Ph38i(OH)(OBu t) (I) 

5 6 

The adduct obtained reacts with c~-glycols to form 
unstable tr iphenylbismnth glycolate: 

HO - C ~  ...OH + I 
PhaBi" OBu~ H O - C ~  -H20~ 

. .o-c~ 
Ph3Bi. ~ I I + ButOH (2) 

O - C - .  

Triphenylbismuth glycolate decomposes to the car- 
bonyl derivative (2 tool), accompanied by regeneration 
of 5: 

I0-C~ 
P h 3 B i . . . O _ ~  ~ Ph3E]i + 2 ~ C ~ O  (3) 

5 

Based on  the scheme suggested, the low yield 
(i .24 moo of benzophermne compared to other c~-gfy- 
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. 5 

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(tert-butylperoxy)tri- 
phenylbismuth 7:6 

Ph3Bi(OH)(OBu t) + 2 ButOOH 

Ph3Bi(OOBut)2 + ButOH + H20 (4) 
7 

It is known that product 7 is an efficient oxidant of 
various organic compounds, including hydrocarbons. 7'8 

Table 2. Products of the reactions of cc-glycols with 
Ph3Bi(OOBut)2 and with the Ph'3Bi--ButOOH systems (moles 
per mole of the organobismuth derivative) 

Concentration of the products 

Product Ph~Bi--Bu Ph;Bi(0OBut) 2 Ph3Bi--ButOOH (1 : 3) 

1 Z 3 1 Z 3 4 

>C=O 3.51 1.87 2.67 3.68 1.24 2.14 3.28 
Phil 0.23 0 .51  0_13 0.94 0 . 0 6  0.37 0.t3 
ButOH 1.71 1.51 0.98 2.75 2 . 2 0  1 . 8 0  2.64 
Ph3Bi 0.67 0.3l 0.63 0.80 0 . 5 0  0.69 0.62 
ButOOH 0 .01  0 . 0 9  0.86 0 . 2 7  0 . 0 4  0.82 0.1 l 

Bi-contain- 
ing 0.12 0.41 0.1.$. ~ 0 . 3 3  0.34 .0..16 
residue* 54.71 54.70 70.36 57.44 61.72 60.77 64.65 

,Note: 1 is 2,3-dimethylbutane-2,3-diol; 2 is 
3 is butane-2,3-diol; and 4 is ethane-l,2-diol. 
* B (g/gph3Bi)/(% Bi). 

benzopmacot; 

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 o,-ddized with cleavage of the C--C 
bond to form carbonyl compounds in rather high yietds. 
A comparison of the compositions of the mixtures ob- 
tained by oxidation of (x-glycols 1 and 2 by system 5--6 
and by dipero,'dde 7 demonstrated that in the case of the 
reactions with dipero:dde, the yield of benzene was 
higher for compound 2 and the concentration of Ph3Bi 
was lower for the both compounds. These reactions also 
produced tert-butyl alcohol in high yields. These results 
suggest that oxidation of glycols by diperoxide 7 is a 
radical reaction. 

It is known that Ph3Bi(OOBut)2 undergoes homoly- 
sis at the Ph--Bi and O- -O bonds even at room tem- 
perature. 9 The phenyl and tert-butoxyl radicals thus 
generated react with a-glycols, for example, with ter- 
tiary glycol: 

Ph.C-CPh.  + ph'(ButO ") 
~! l ' :  

HO OH 

PhH(ButOH) + Ph~O--CPh~ (5) 

"0 OH 

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

Ph~C--CPh~ ~ Ph2C--.=O + Ph2C--OH 
-o OH (6) 

The reaction of the carbon-centered radical with 
initial peroydde 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 rep lacement  of  the tert-butyl-  
peroxy group to form cyclic glycolate (A): 

Ph3Bi(OOBut)2 + ~ C ~ C ~  
I I 

HO OH 

Ph~Bi,,, 1 + 2 Bu~OOH (7) 
~ O - - C ~  

A 

Tr ipheny lb i smuth  g lyeola te  decomposes  to fo rm 
Ph3Bi and a carbonyl  c o m p o u n d  (see Eq.  (3)). 

This convers ion was observed in the reaction with 
2,3-butanediol ,  which  contains  the most  reactive H 
a tom as evidenced by the high concentra t ion  of  B u t O O H  
(up to 0.86 tool) in the react ion products  (see Table  2). 

Therefore,  it was established that (z-glycols are oxi-  
dized by the P h 3 B i - - B u t O O H  system as well as by 
peroxide  Ph3Bi(OOBut)2 with cleavage of  the  C - - C  
bond to form carbonyl  compounds .  W h e n  the Ph3Bi - -  
ButOOH system is used as the oxidizing agent ,  the  
react ion proceeds p redominan t ly  through format ion o f  
cyclic t r iphenylbismuth  glycolate.  Subsequent  d e c o m -  
posi t ion of  the  lat ter  affords carbonyl derivatives, and 
Ph3Bi is regenerated.  The  side react ion involves forma-  
t ion of  unstable peroxide  Ph3Bi(OOBut)2 as the  in ter-  
mediate.  Oxidat ion  o f  (x-glycols by the above -men t ioned  
peroxide can occur  both through homolyt ic  and he te ro-  
lyric pathways. 

Experimental 

AI1 reactions were carried out in solutions of toluene at 
10--15 ~ over a period of 30--40 h. Chromatographic analy- 
sis was carried out on a Tsvet-205 instrument with a flame 
ionization detector. A 3xl200-mm column was used. 15% 
Reoplex-400 on Chromaton N-AW-DMCS was used as the 
stationary, phase. The temperature was 80--170 ~ helium 
was used as the carrier gas. 

Reactions of 2,3-dimethylbutane-2,3-diol, butane-2,3-diol, 
and ethane-l,2-diol with the Ph3Bi--ButOOH system. A mix- 
lure of Ph3Bi (2.5 mmot) and ButOOH (7.5 retool) was added 
to a solution of one of the above-mention el-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, ButOH, and carbonyl com- 
pounds). In addition, carbonyl 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 hydra,zones obtained gave no depression. 

After the removal of  the solvent and volatile products, the 
nonvolatile residue was carefully washed with ether. Ph3Bi was 
quantitatively determined in the filtrate. A product (m.p. 

77 ~ was obtained. A sample mixed with pure Ph3Bi 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 ~ and was insoluble in commonly 
used organic solvents (benzene, ether, acetone, carbon tetra- 
chloride, etc.). The bismuth content o f  the product was no 
more than 50%. 

Products of the reaction of 2,3-dimethylbutane-2,3-diol 
with the Ph3Bi--ButOOH system (the ratio of the components 
was varied from l : I to l : t2) were analyzed analogously. 

Reactions of 2,3-dimethylbutane-2,3-diol and butane-2,3- 
diol with Pb3Bi(OOBut)2. A solution of el-glycol (8 retool) was 
added with cooling to a solution of diperoxide 9 (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 benzopinacol with the Ph3Bi--ButOOH sys- 
tem. Ph3Bi (2.5 mmoi), ButOOH (7.5 rnmol), and benzopina- 
col (3.0 retool) were mixed. After completion of  the reaction, 
the liquid products were recondensed under reduced pressure. 
The condensate was analyzed for ButOOH, ButOH, and CrH 6. 
The nonvolatile residue was distilled with water vapor. The 
condensate was extracted with CC14, and benzophenone was 
found in the solution. The solid residue was washed with ether. 
Ph3Bi was found in the ethereal solution. The ether-insoluble 
infusible amorphous brown powder contained up to 55% 
bismuth. 

Analysis of the product of the reaction of benzopinacol 
with Ph3Bi(OOBut)2 was carried out analogously. 

References 

I .V .A.  Dodonov and A. V. Gushchin, 1~. Akad. Nauk, Ser. 
Khim., 1993, 2043 [Russ. Chem. Bull., 1993, 42, 1955 (Engl. 
Transl.)l. 

2. S. David and A. Thieffry, Tetrahedron Leg., 1981, 22, 5063. 
3. V. A. Dodonov, A. V. Gushchin, and T. G. Brilkina. 

~a. Obshch. Khim., 1985, 55, 73 [J. Gen. Chem. USSR, 
1985, 55 (Engl. Transl.)]. 

4. D. U. R. Barton and B. MotherweU, J. Chem. Sot., Chem. 
Commun., 1981, 23, 1232. 

5. D. U. R. Barton, J. P. Finer, and B. William, Tetrahedron, 
1986, 42, 5627. 

6. V. A. Dodonov and T. I. Zinov'eva,  Metatloorg. Khim., 
t992, 5, 1265 [Organomet. Chem. USSR, 1992, 5 (Engl. 
Transl.)]. 

7. V. A. Dodonov, T. I. Zinov "eva, and N. V. Dolganova, Izv. 
Akad. Nauk, Set. Khim., 1995, 783 [Russ. Chem. Bull., 1995, 
44, 764 (Engl. Transl.)}. 

8. V. A. Dodonov, N. V. Dolganova, and T. I. Zinov'eva, Tez. 
dokL VI Vseross. konf po metalloorganicheskoi khimii [Ab- 
stracts of Papers, All-Russian Conf. on Organometallic Chem- 
istry], Nizhnii Novgorod, 1995, 163 (in Russian). 

9. V. A. Dodonov, T. I. Zinov'eva, and N. N. Osadchaya, 
Zh. Obshch. Khim., 1988, 5g, 712 [2". Gen. Chem. USSR, 
1988, 58 (Engl. Transl.)l. 

Received Janua~ 30, 1997 


