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Reaction of triphenylantimony and triphenylbismuth 
with tert-butyl peracetate 
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Triphenylantimony and triphenylbismuth diacetates, Ph3M(OAc)2 (M = Sb, Bi), were 
obtained in 50--94 % yields by the reaction of triphenylantimony and triphenylbismuth with 
tert-butyl peracetate in the presence of acetic acid or acetic anhydride (molar ratio 1 : 1 : 1) 
in toIuene, ten-Butyl peracetate oxidizes Ph3M into alkoxides, Ph3M(OAc)OBu t, which at 
the instant of formation are acylated with acetic acid or acetic anhydride to give the 
corresponding derivatives, Ph3M(OAc)2. 
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At present, organic derivatives of antimony and bis- 
muth,  particularly tr iphenylbismuth diacetate 
Ph3Bi(OAc)2, find wide use in organic synthesis as 
reagents for selective oxidation of alcohols and glycols, 
phenylation of phenols, enols, and amines, o-C-phenyla- 
tion of phenols, 1,2 and for obtaining polyfunctional or- 
ganic products)  Considerable interest is drawn to or- 
ganometallic compound (OMC)--peroxide systems, e.g., 
ButOOH--Ph3M (M = Sb, Bi), which find use both in 
organometallic syntheses of a number of hydroxy, siloxy, 
alkoxy, acyloxy, and peroxy derivatives of the type 
Ph3MXY 1,4-6 and in organic syntheses of carbonyl com- 
pounds. 7,8 All of the above reactions are redox processes 
and involve one or several valent transitions of antimony 
or bismuth, M nI ~ M v. 

The purpose of the present work was to develop a 
method for synthesizing Ph3Bi(OAc) 2 (1) and 
Ph3Sb(OAc)2 (2) using a peroxy ester as an oxidant, to 
estimate the stability of asymmetric antimony and bis- 
muth alkoxyacetates ,of the type Ph3M(OAc)OBu t, and 
to determine the possible ways for their transformation 
into products I and 2. 

R e s u l t s  and D i s c u s s i o n  

The yields of the products of the reaction of 
triphenylantimony with tert-butyl peracetate are pre- 
sented in Table 1. tert-Butanol was found in an insignifi- 
cant amount (14 %). However, its yield increased to 
72 % in the presence of moist THF. In addition, we 
isolated triphenylantimony diacetate (43 %), which was 
identified by the melting point and by the IR spectrum, 
and antimony(v) hydroxides insoluble in organic sol- 
vents. These data show that the first reaction step in- 
volves oxidative addition of ten-butyl peracetate to 
triphenylantimony according to Eq. (1). Compound 2 is 
formed by disproportionation of antimony(v) alkoxy- 
acetate (Eq. (2)). 

PhzSb + ButOOAc ~ [Ph3Sb(OAc)OBut ] (1) 

2 [PhaSb(OAc)OBut ] ~ PhaSb(OAc)2 + [Ph3Sb(OBut)2 ] (2) 

Table 1. Yields (%) of products of reaction of Ph3M (M = Sb, 
Bi) with ButOOAc (1 : 1) without additives and in the presence 
of AeOH (1 : 1 : 1)orAcOAc (1 : 1 : 1)intolueneat70 ~ 

Product M = Sb M = Bi 
without AcOH AcOAc without AcOH AcOAc 
additives additives 

ButOH 14 96 23 31 74 16 
Preliminary studies showed that the reactions of the ButOAc 0 0 65 24 0 72 

peroxy ester with Ph3M (M = Sb, Bi) in toluene at Bu tOPh 0 0 0 39 0.4 4.0 
70 ~ cease almost completely (98--100 %) in 35 h. In Phil 3.0 2.0 2.0 8.0 37 8.0 

PhOAc 0 0 0 0 2.0 35 the absence of triphenylantimony, the peroxy ester un- 
dergoes only a slight decomposition under these condi- After hydrolysis 
tions (4.4 %) to give tert-butanol, ten-butyl acetate, and ButOH 72 0 9.0 6.0 0 0 
dibenzyl in 2.5 %, 1.9 %, and 1.8 % yields, respec- Ph3M(OAc) 2 43 94 94 32 69 59 
tively. Ph3M 7.0 6.0 4.0 36 15 22 
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Dialkoxytriphenytantimony is likely to undergo hy- 
drolysis to give the corresponding dihydroxy derivatives 
of antimony(v) and ten-butanol (Eq. (3)). 

[Ph3Sb(OBut)2 ] + 2 H20 i, Ph3Sb(OH)2 + 2 ButOH (3) 

It was found that triphenylbismuth reacts with tert- 
butyl peracetate in the same temperature range as 
triphenylantimony to give compound 1 in 32 % yield 
(see Table l). The reaction products, unlike those formed 
in the reaction with triphenylantimony, contain consider- 
able quantities of triphenylbismuth (36 %), ten-butyl 
acetate (24 %), and tert-butyl phenyt ether (39 %). The 
yield of tert-butanol after hydrolysis is as low as 6 %. 

In the first step of the reaction involving triphenyl- 
bismuth, as in the case of triphenylantimony, the peroxy 
ester oxidizes the starting OMC into bismuth(v) alkoxy- 
acetate (see Eq. (1)), which disproportionates according 
to Eq. (2). Mono- and dialkoxides of bismuth(v) are 
unstable 9,1~ and are reduced to give tert-butyl phenyl 
ether and bismuth(iii) derivatives, which undergo 
symmetrization to give triphenylbismuth (Eq. (4)). 

[Ph3Bi(XlOBut] ~" ButOPh + Ph2BiX (4) 

X = OAc, OBu t 

ten-Butyl acetate is formed through an alternative 
pathway of bismuth(v) alkoxyacetate decomposition ac- 
cording to Eq. (5). 

[Ph3Bi(OAc)OBut] ~, ButOAc + [Ph3BiO] (5) 

It is known 7J1 that PhaBiO decomposes according 
to a radical mechanism to give triphenylbismuth and 
bismuth(n0 oxides. It should be noted that Ph3PO, 
unlike Ph3BiO, is a thermodynamically stable com- 
pound; hence the reactions of Ph3P with peroxy esters 
gives exclusively Ph3PO and esters. 12 In order to con- 
firm the pathways of,transformation of unstable tert- 
butoxyacetates of triphenylantimony and -bismuth, we 
studied the reactions of compounds 1 and 2 with lithium 
tert-butoxide (molar ratio 1 : 1) in toluene in an evacu- 
ated tube. These reactions cease in 35 h at 70 ~ (Ta- 
ble 2). 

PhzM(OAc)2 + ButOLi - ~  [PhzM(OAc)OBut] + LiOAc (6) 

M = Sb, Bi 

The reaction of compound 2 followed by hydrolysis 
gave ten-butanol as the main product, while bismuth(v) 
alkoxides gave ten-butyl acetate (3 %) and tert-butyl 
phenyl ether (66 %) according to Eqs. (4) and (5). This 
was accompanied by partial thermal decomposition of 
compound 1 to give phenyl acetate (11%)13 according 
to Eq. (7). 

Ph3Bi(OAc)2 ~ PhOAc + Ph2BiOAc (7) 

Table 2. Yields (%) of products of reaction of 
Ph3M(OAc) 2 with ButOLi (1 : 1) in toluene at 70 ~ 

Product M =Sb M =Bi  

ButOPh 0 66 
ButOAc 0 3.0 
PhOAc 0 11 
ButOH 6.0 15 
Phil 0 1.0 

After hydrolysis 
ButOH 69 4.0 
Ph3M(OAc) 2 -- 17 
PhaM -- 37 

Based on the data that antimony(v) and bismuth(v) 
alkoxides are formed on treatment of tert-butyl peracetate 
with triphenylantimony and -bismuth, we studied the 
possibility of acylating the above alkoxides at the instant 
of their formation with acetic acid and acetic anhydride 
to obtain compounds 1 and 2. 

The reaction of triphenylantimony with the peroxy 
ester and acetic acid (at a molar ratio of 1 : 1 : 1) in 
toluene in an evacuated tube at 70 ~ for 35 h gave 
product 2 and ten-butanol in almost quantitative yields 
(94 % and 96 %, respectively, see Table 1). 

Ph3M + ButOOAc I, [Ph3M(OAc)OBut ] 

AcOH 
. . ~  i~ Ph3M(OAc) 2 + ButOH (8) 

[Ph3M(OAc)OBut] AcOAc= Ph3M(OAc) 2 + ButOAc (9) 

M = Sb, Bi 

The corresponding reaction with triphenylbismuth 
also occurs according to Eq. (8) but gave product 1 in a 
lower yield (69 %), since dephenylation of  triphenylbis- 
muth with acetic acid occurred in parallel (Eq. (10)). 
The yield of benzene was up to 37 %. 

Ph3Bi + AcOH ~" Phil + Ph2BiOAc (10) 

The reaction of triphenylantimony with ten-butyl 
peracetate and acetic anhydride under the above condi- 
tions (see Eq. (9)) gave compound 2 and ten-butyl 
acetate in 94 % and 65 % yields, respectively (see Ta- 
ble 1). The reaction of triphenylbismuth under similar 
conditions gave compound 1 in 59 % yield. The de- 
crease in the yield occurred due to thermal decomposi- 
tion of 1 according to Eq. (7), while the yield of phenyl 
acetate was 35 %. 

Previously, N the participation of tert-butyl peracetate 
in one-step syntheses of triphenylbismuth diacylates 
was reported. These syntheses involved tert-butylhydro- 
peroxide as the oxidant used in the presence of anhy- 
drides of carboxylic acids. In order to estimate the 
oxidative ability of the peroxy ester and hydroperoxide 
in the syntheses of compounds 1 and 2, we studied the 
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react ions of  Ph3M (M = Sb, Bi) with ButOOH and 
AcOAc (1 : 1 : 1 rat io) in e ther  at 50 ~ for 4 h. In  
the  case o f  t r iphenylb ismuth ,  the  main  products  in-  
c luded c o m p o u n d  1 (60 %), ter t-butanol  (76 %), and 
ten-buty l  pe race ta te  ( 2 1 % ) .  The react ion involving 
t r ipheny lan t imony  carr ied out  under  similar  condi t ions 
gave 2 in 59 % yield and t en-bu tano l  in 87 % yield,  
while tert-butyl  perace ta te  was virtually absent.  Based on 
these data,  we assume that  acet ic  anhydr ide  acylates 
te r t -bu ty lhydroperoxide  under  catalysis with b ismuth  
compounds .  This react ion gives a peroxy ester and acetic 
acid, which react  with t r iphenylb ismuth  according to 
Eq. (8) to give c o m p o u n d  1. On the other  hand,  tert- 
buty lhydroperoxide  can act as an oxidant ,  according to 
Eq. (11). 

Ph3M + ButOOH ~ [PhzM(OH)OBu t] 

J, PhaM(OAc)2 + ButOH 

AcOAc 

(11) 

M = Sb, Bi 

In the  case of  t r iphenylan t imony ,  the process occurs 
p redominan t ly  according to Eq. (11). 

When  evaluat ing the  react ions o f  PhaSb and Ph3Bi 
with ButOOAc in the  presence of  A c O H  and AcOAc and 
with ButOOH in the presence of  AcOAc (see Eqs. (8), 
(9), and (11)) as one-s tep  oxidative methods  for synthe-  
sizing compounds  1 and 2, it should be noted that  they 
are inferior  to the  me thod  o f  synthesis from Ph3M, 
ButOOH,  and A c O H  (cf Refs. 1 and 13), judging by 
the yields of  the  target  products ,  par t icular ly  that  of  
compound  1. This results from the lower reactivity of  
ButOOAc (in compar i son  with ButOOH) toward Ph3Sb 
and Ph3Bi and from the instabil i ty of  the in termedia te  
b ismuth atkoxide,  Ph3Bi(OAc)OBu t. 

Experimental 

IR spectra were recorded in the range of 3800--400 cm -I  
on a UR-20 spectrophotometer in an oil using NaC1 windows. 

GLC analyses of the products were carried out on a 
LKhM-80 chromatograph equipped with a thermal conductiv- 
ity detector using helium as the carrier gas. ten-Butyl peracetate 
in toluene and ether was analyzed using a column (1 m length) 
with 15 % dinonyl phthalate on Chromaton N-AW-HMDS at 
100 ~ tert-butanol in ether, toluene, and THF, on a 3 m 
column with the same packing at 80--100 ~ tert-butyl ac- 
etate and benzene in ether and toluene, on a 1 m column with 
15 % Apieson-L on Chromaton N-AW at 80 ~ diphenyl 
and dibenzyl in hexane, with a similar column and packing at 
230 ~ phenyl acetate and ten-butyl phenyl ether in ether and 
toluene, on a 1 m column with 15 % Reoplex-400 on 
Chromaton N-AW at 140 ~ acetic anhydride, tert-butyl 
acetate, and benzene in ether and toluene, on two successively 
combined columns: 3 m with 15 % Apieson-L on Chromaton 
N-AW and 2 m with Carbowax-6000 on Chromaton N-AW at 
100 ~ 

Reaction of triphenylbismuth with ten-butyl peracetate and 
acetic anhydride. A mixture of Ph3Bu 11 (1 mmol), 
ButOOAc 15 (1 mmol), and AcOAc (1 retool) in toluene 
(1 mL) was heated at 70 ~ for 35 h in an evacuated tube. 
The liquid fraction was condensed in a cooled trap (liquid 
nitrogen) and analyzed by GLC (see Table 1). THF (5 mL) 
containing water (I0 %) was added to the solid residue, the 
liquid fraction was condensed, and the amount of tert-butanol 
after hydrolysis was determined by GLC. Treatment of solid 
hydrolysis products with hexane (20 mL) gave Ph3Bi , m.p. 
72 ~ (cf Ref. 11: re.p: 76--78 ~ Treatment with chloro- 
form (20 mL) gave compound 1 (see Table 1), yield 
59 %, m.p. 181 ~ m.p. of a mixture with the pure com- 
pound 13 (with m.p. 182 ~ was 182 ~ Found (%): OAe, 16 
20.96. C22H21BiO 4. Calculated (%): OAc, 21.15. IR, v/era-l: 
3040 (C--H); 1580 (C=O); 1330 (C--O); 455 (C--Bi). 

Reaction of triphenylantimony with tert-butyl peracetate 
and acetic anhydride. The procedure for performing the reac- 
tion involving triphenylantimony 11 and analyzing the products 
is similar to that described for triphenylbismuth. Treatment of 
the solid products with hexane after hydrolysis gave Ph3Sb , 
and treatment with chloroform gave compound 2 (see Ta- 
ble 1), yield 94 %, m.p. 215 ~ (cf Ref. 11: m.p. 215 ~ 
Found (%): OAc, 16 21.78. C22H2104Sb. Calculated (%): OAc, 
25.05. IR, v/era-l: 3050 (C--H); 1615 (C=O); 1320 (C--O); 
465 (C--Sb). 

The reactions of triphenylantimony and triphenylbismuth 
with ten-butyl peracetate in toluene in the presence and in the 
absence of acetic acid (see Table 1) and with tert-butylhydro- 
peroxide and acetic anhydride in ether were carried out in a 
similar way. The reactions of compounds 1 and 2 with lithium 
tert-butoxide were carried out in an H-shaped tube; the com- 
ponents were mixed after evacuating and sealing the tube. 

This study was f inancial ly suppor ted  by the Russian 
Founda t ion  for Basic Research (Gran t  94-03-08846).  
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