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Summary 

The conditions of the preparation of boron-thallated 1,2-, 1,7- and 1,12-dicarba- 
&so-dodecaboranes(12) (trivial names “0-, m- and p-carboranes”) have been studied. 
It was shown that maximum yields of the products are attained when o- and 
m-carboranes are treated consecutively with equimolecular amounts of mercuric 
oxide and then thallium(II1) trifluoroacetate or thallium(II1) acetate sesquihydrate. 
Pure trifluoroacetic acid should be used as the solvent. The presence of water in the 

reaction mixture and overheating of the reaction mixture lead to a decrease in the 
yield of boron-thallated carboranes and an increase in the content of oxidized 
carboranes. 

Introduction 

In 1978 we were successful in carrying out the direct thallation of o- and 
m-carboranes, which led to the preparation of boron-thallated carboranes: deriva- 
tives of carboranes with a B-Tl u-bond [l]. The thallation of carboranes was 
determined to be an electrophilic reaction [2] which takes place at position 9 of the 
carborane polyhedron. This was later confirmed by X-ray structure determination of 
(1,7-dimethyl-m-carboran-9-yl)thallium(~,~’-dipy~dyl)bis(trifluoroacetate), the first 
derivative of carborane with a boron-non-transition metal u-bond characterized by 
X-ray analysis [3]. The important preparative consequence of the synthesis of 
B-thallated carboranes was the possibility of using them to prepare different 
unknown carboranes substituted at the B(9) atom with B-F [4], B-SCN [5], B-Se, 
B-Te [6], and B-OCOCF, [7] bonds and bis-B(9), B’(9)-carboranyl [8]. Since 
B-thallated carboranes are so important, it was necessary to study the conditions of 
the carborane thallation reaction and to find convenient preparative methods of 
synthesizing B-thallated carboranes. 

* Dedicated to Professor Oleg Reutov on the occasion of his 65th birthday on 5 September 1985. 
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Results and discussion 

We found that the direct thallation of unsubstituted o- and m-carboranes with 
thallium(II1) trifluoroacetate in trifluoroacetic acid gives low yields (3-4%). In this 
reaction, satisfactory yields of thallated products were obtained only in the case of 
carborane activated by electron-donating substituents (see Table 1). Using B- 
mercurated carboranes as the initial compounds, we succeeded in obtaining B-thal- 
lated carboranes in good yields for all the carboranes studied: 

( RR’C,B,& I2 Hg 
TL COCOCF, ,, 

t-- 
RR’C,B,,H,TL(OCOCF, & (1) 

RR’C,B,oH,HgOCOCF, 
TNOCOCF3),j 

Cs COOH 

(R = R’ = H_o; R = R’ = H_ m; R = R’ = H-p; R = Me, R’ = H-o; R = Ph, R’ = H-o; 

R=R’=Me-o; R=R’=Me-m) 

However, the most convenient method of preparing B-thallated carboranes consists 
in the interaction of the initial carborane with mercuric oxide in trifluoroacetic acid, 
followed by treatment of the reaction mixture with thallium(II1) trifluoroacetate: 

(a) HgO, CFJOOH 

RR’GW-4, ’ RR’C,B,0H,Tl(OCOCF,)2 (2) 
(h) n(o’=cF, 17 

(R = R’ = H_o; R = R’ = H_ m; R = R’ = H-p; R = Me, R’ = H-o; 

R=Ph,R’=H-o;R=R’=Me-o;R=R’=Me-m) 

Actually, this “one-pot” reaction combines two processes: the mercuration of 
carboranes according to ref. 9, and the transfer of the carboranyl group from the 
mercury atom to the thallium atom, as presented in eq. 1. However, in contrast to 
reaction a in eq. 2, this procedure allows the stage ofisolation and purification of the 
intermediate B-mercurated carborane compound to be avoided without significant 
influence on the yields of the final products (see Table 1). B-Thallated carboranes 
prepared by procedure 2 precipitate from the reaction mixture and their purification 
is not practically required. 

The yields of B-thallated carborane products increase to a certain degree in the 
presence of a catalytic amount of HgO in the reaction mixture containing 
thallium(II1) trifluoroacetate, trifluoroacetic acid and carborane. For example, treat- 
ment of a-carborane with Tl(OCOCF,), in the presence of HgO (10 mol. %) leads to 

(o-carboran-9-yl)thallium bis(trifluoroacetate) in 18% yield instead of the 4% yield 
obtained in the case of direct thallation of o-carborane. 

However, it is better to use equimolecular amounts of HgO rather than catalytic 
amounts since the yields of B-thallated carboranes are then much higher. 

It was shown [lo] that the rate constants of the thallation of aromatic substrates 
with thallium(II1) acetate sesquihydrate (Tl(OCOCH,), . 1.5H,O) do not differ from 
these of the thallation of the same substrates with thallium(II1) trifluoroacetate in 
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trifluoroacetic acid. We found that thallation had taken place under treatment of 
dimethyl-o-carborane with thallium(II1) acetate sesquihydrate in trifluoroacetic acid, 
but the yield of thallated product was essentially lower than that of the same product 
when thallium(II1) trifluoroacetate in trifluoroacetic acid was used. In addition, 
considerable amounts of the product of carborane nucleus B-H bond oxidation, 
9-oxycarborane, and unreacted dimethyl-o-carborane were found in the reaction 
mixture: 

(CH, )~-‘3%8,o T’(°CoCH3’3~1.5H2Y (CH,),-o-C,B,,H,OH (20%) 
CFJOOH 

+ (CH,)~-0-C,B,,H,TI(OCOCF,), (8.5%;) 

However, Tl(OCOCH,), . lSH,O is a convenient thallating agent in the method of 
carborane thallation with equimolecular amounts of HgO. Sesquihydrate is even 
more convenient than trifluoroacetate in this method since it is readily prepared 
from Tl,O, and aqueous acetic acid. There is practically no difference in the yield of 
B-thallated carboranes when thallium(II1) acetate sesquihydrate is used instead of 
trifluoroacetate in this method: 

(a) HgO. CFJOOH 

R,~AoHKl %C,B,,H,T](OCOCF,), 
(b) TKOCOCH,),. 1.5H,O 

(R = H-o, H-m, Me-o, Me-m) 

An attempt to thallate m-cyclopentadienyl-r-(3)-1,2-dicarbollyl complexes of 
iron(II1) and cobalt(II1) resulted in oxidation of the B-H bond at position 8 of the 

dicarbollyl ligand [ll]. Unlike thallation of dicarbollyl ligands, the thallation of 
cfoso-carboranes results mainly in Tl-B bond formation. In our opinion, the 
oxidation of the B-H bond at position 9 of the carborane polyhedron is a side 
process. Thus, the reaction of 1,2-dimethyl-a-carborane with thallium(II1) trifluoro- 
acetate in trifluoroacetic acid for 12 h produces (1,2-dimethyl-o-carboran-9-yl)thal- 
lium bis(trifluoroacetate) as the main product (50%) *. The yield of 1,2-dimethyl-9- 
oxycarborane is only 7.4% in this reaction. 

The presence of 9-oxycarborane in the reaction mixture, obtained by treatment of 
1,2-dimethyl-o-carborane with thallium(II1) acetate sesquihydrate in trifluoroacetic 
acid, allows us to suggest that the reason for B-H bond oxidation is the presence of 
a trace amount of water in the reaction mixture. Indeed, treatment of 1,2-dimethyl- 
o-carborane with thallium(II1) trifluoroacetate in trifluoroacetic acid with water 

(10/l) resulted in inhibition of the thallation reaction and formation of oxidation 

products: boric acid and 1,2-dimethyl-9-oxy-o-carborane (40% yield). The presence 

of water probably increases the boiling point of the reaction mixture, which 

facilitates oxidation of the carborane nucleus B-H bond. 

Experimental 

I-Phenyl-o-carborane was purified by recrystallization from hexane. Other 
carboranes were purified by sublimation in vacuum. Trifluoroacetic acid was puri- 

* The use of excess thalIium(II1) trifluoroacetate and GLC controls enables us to obtain higher yields of 
B-thallated products, but this method is not convenient. B-Trifluoroacetoxycarborane was found to be 
present in the reaction mixture too [2]. 
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fied by shaking it with H,SO,, followed by distillation. Thallium(II1) acetate 
sesquihydrate was obtained according to ref. 10. 

Thallium(III) trifluoroacetate 
20 g of Tl,O, was dissolved in 100 ml of CFJOOH, then the solution was 

evaporated. The solid residue was recrystallized from CFJOOH. 

A common method of the direct thallation of carboranes 
Carborane (0.02 mol) was added to a solution of 10.8 g (0.02 mol) of Tl(OCOCF,), 

in 75 ml of CF,COOH. The reaction mixture was stirred at 70°C for 15 h. After 
cooling, the precipitate obtained was filtered, washed with ether, and recrystallized 
from CFJOOH. Yields and physical data of the B-thallated carboranes are listed in 
Table 1. 

Preparation of B-thallated carboranes using HgO 
(a) Carborane (0.05 mol) was added to a solution of 10.8 g (0.05 mol) of mercuric 

oxide in 150 ml of CFJOOH *. The reaction mixture was stirred at 20°C until a 
homogeneous solution was formed. Then 27.2 g (0.05 mol) of Tl(OCOCF,), was 
added and the reaction mixture was boiled for 5 h. After cooling, the precipitate was 
filtered. The filtrate was evaporated to half its volume and after cooling a new 
portion of precipitate was obtained. Both portions of precipitates were combined, 
washed with ether, and dried over KOH. 

(b) Carboranylthallium bis(trifluoroacetates) were obtained similarly using 
Tl(OCOCH,), . 1.5H,O instead of Tl(OCOCF,),. The reaction mixture was boiled 
for 10 h. Yields and physical data of the B-thallated carboranes are given in Table 1. 

Thallation of o-carborane in the presence of catalytic amounts of HgO 

To a solution of 10.8 g (0.02 mol) of Tl(OCOCF,), in 75 ml of CFJOOH was 
added 0.4 g (0.002 mol) of HgO and then 2.9 g (0.02 mol) of o-carborane and the 
reaction mixture was boiled, under stirring, for 15 h. After the mixture had been 
cooled, the precipitate was filtered, washed with ether, and dried over KOH. 2.1 g 
(18%) of (o-carboran-9-yl)thalliumbis(trifluoroacetate) was obtained. The filtrate 
was poured into water and extracted with ether. 2.0 g of unreacted o-carborane was 
isolated from the extract. 

Thallation of 1,2-dimethyl-o-carborane 
(a) To a solution of 4.7 g (0.01 mol) of Tl(OCOCH,), . 1.5H,O in 50 ml of 

CFJOOH was added 1.7 g (0.01 mol) of 1,2-dimethyl-o-carborane and the reaction 
mixture was stirred under boiling for 20 h. After the mixture had been cooled, the 
precipitate was filtered, washed with ether, and dried to give 0.5 g (8.5%) of 
(1,2-dimethyl-o-carboran-9-yl)thalliumbis(t~fluoroacetate). The filtrate was poured 
into water and extracted with ether. The ether extract was evaporated and the 
residue was recrystallized from a benzene/hexane mixture to give 0.38 g (20%) of 
1,2-dimethyl-9-oxy-o-carborane, m.p. 287-288’C. Found: C, 25.2; H, 8.3; B, 57.2. 
C,H,,B,,O calcd.: C, 25.5; H, 8.5; B, 57.4% 1.2 g of unreacted 1,2-dimethyl-o- 

* In the case. of p-carborane, it is necessary to boil the solution. 
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carborane was isolated from the benzene/hexane filtrate by column chromatog- 
raphy on silica gel. 

(b) To a solution of 10.8 g (0.02 mol) of Tl(OCOCF,), in 75 ml of CF,COOH was 
added 3.4 g (0.02 mol) of 1,2-dimethyl-o-carborane and the reaction mixture was 
boiled, under vigorous stirring, for 15 h. After the mixture had been cooled, the 
precipitate was filtered, washed with ether, and dried to give 6.1 g (50%) of 
(1,2-dimethyl-o-carboran-9-yl)thallium bis(trifluoroacetate). The filtrate was poured 
into water and extracted with ether. The ether extract was washed with Na,CO, and 
water, and then evaporated. The residue was recrystallized from benzene/hexane to 
give 0.28 g (7.4%) of 1,2-dimethyl-9-oxy-o-carborane, m.p. 287-288°C. 0.5 g of 
unreacted 1,2-dimethyl-o-carborane was isolated from the benzene/ hexane filtrate 
by column chromatography. 

Oxidation of 1,2-dimethyl-o-carborane 

1.7 g (0.01 mol) of 1,2-dimethyl-o-carborane was added to a solution of 5.5 g of 
Tl(OCOCF,), in aqueous trifluoroacetic acid (90 ml of CF,COOH and 10 ml of 
H,O). The reaction mixture was boiled under vigorous stirring for 20 h and 
evaporated to one third of its volume. The precipitate was filtered and washed with 
ether. The insoluble residue (0.2 g), was boric acid (m.p. 184°C). The filtrate was 

poured into water and extracted with ether. Both protions of ether solution were 
combined, washed with Na,CO, and water, and then evaporated. The residue was 
recrystallized from a benzene/hexane mixture to give 0.75 g (40%) of 1,2-dimethyl- 
9-oxy-o-carborane, m.p. 287-288°C. 0.65 g of unreacted 1,2-dimethyl-o-carborane 
was isolated from the benzene/hexane filtrate by column chromatography. 
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