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Summary 

Gas-phase lsomerlzatlon of 3-aryl-o-carboranes under vacuum m a flow at 
550-600°C leads to the formation of equal amounts of Z- and 4-aryl-m-carboranes 
which are easily separated by column chromatography Determmatlon of 
lomzatlon constants of 4-(p- and m-carboxyphenyl)-m-carboranes and measure- 
ment of “F chemical shifts m NMR spectra of 4-(p- and m-fluorophenyl)-m-car- 
boranes have shown that the 4-m-carboranyl group as a substituent displays 
electron properties sumlar to those of a hydrogen atom 

____- 

lntroductlon 

At present, only a few members of a senes of B-arylcarboranes are known 
1,2-Dlcarbolhde [Z-7] and 1,7-dlcarbolhde [S] ions with arylboron dlhahde 
give 3-aryl-o- and 2-aryl-m-carboranes 3-, 4-, and m certain cases 9-aryl-o-car- 
boranes [9,11] were synthesized by the mteractlon of dlamons of dlcarbodode- 
cacarborates [14] with arylmagnesmm halide followed by the oxldatlon of 
B-aryl dlanlons The general method of preparation of 2- and 4-substituted 
m-carboranes by gas-thermal lsomerlzatlon of 3-substituted o-carboranes under 
vacuum m the flow was developed by us earlier [12,13] The present paper 
discusses lsomerlzatlon of 3-aryl-o-carboranes into B-aryl-m-carboranes 
basis of the method mentioned above 

Discussion 

on the 

B-Arylcarboranes constitute an mterestmg class of compounds which enable 
quantitative assessment of the electromc effects of carboranyl groups We found 
that 3-aryl-o-carboranes, when passed through a quartz tube at 550-6OO”C 

* Prehmmary commumcatlon see ref 1 
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under vacuum, easily lsomenze mto 2- and 4-substituted m-carboranes m approxl- 
mately equal amounts (eq 1) Total yield of B-aryl-m-carboranes 1s high The 

f-K--Cl-l 
‘\ / 

BroH9Ar-3 

550-600 “C 
_____t 

1 mmHg 
HCE&,H, (Ar-2) CH + HCBloH9 (Ar -4) CH (1) 

Ar = e, +F a ~CH3 ,eF ,ew3 

formation of 2-aryl-m-carboranes was proven by comparmg their properties 
with those of authentic samples obtamed earher [S], the structure of 4-aryl-m- 
carboranes was determined by X-ray analysis w The isomers were separated 
on slhca gel and alumma columns using hexane as elutmg solvent 

The method developed for the preparation of 4-aryl-m-carboranes made It 
possrble to evaluate quantltatlvely the electromc effects due to the 4-m-carboranyl 
group Data [12,13] on lomzatlon constants of 4-oxy-, ammo-, and carboxy-m- 
carboranes offer a means of only quahtatlve assessment of the electromc 
charactenstlcs of the 4-m-carboranyl group 

Oxldatlon of 4-(p- and m-tolyl)-m-carboranes with chrommm anhydnde m 
acetlc acid by the published procedure [4,5] yields 4-(p- and m-carboxyphenyl)- 
m-carboranes (eq. 2) 

HCB,oH9(C6H4CH3)CH ca HCBloH,(C6H,COOH)CH (2) 
II2SO4 

2o”c 

Iomzatlon constants of 4-(p- and m-carboxyphenyl)-m-carboranes m 75% 
ethanol were determmed and the Hammett constants oP and uT, for the 4-m- 
carboranyl group were calculated (Table 1) The Hammett constants for the 
2-m-carboranyl group known from the literature [S] are given for comparison 
It IS seen from Table 1 that the 4-m-carboranyl group, unlike the 2-m-carbola- 
nyl group which is an electron-acceptmg substltuent, possesses neither electron- 
donating nor electron-acceptmg propertles This phenomenon can be attributed 
to the dlstnbutlon of electron den&y over the m-carborane nucleus [4] Weak 
electron-acceptmg properties of the 2-m-carboranyl group are explamed by the 
presence of the partial posltlve charge (t-0 09) on the boron atom B(2), while a 
practical absence of the charge (+0 02) on B(4) atom explains the fact that the 
4-m-carboranyl group possesses neither electron-acceptmg nor electron-donatmg 
propertles The slmllanty of the constants oP and (T, allows us to conclude 
that the 4-m-carboranyl group will display an mductlve effect 

Taft’s method based on the measurement of “F chemical shifts m the 
NMR spectra of fluorophenylcarboranes, proved greatly mformatlve for the 
carborane series. This method has been applied successfully to the evaluation 
of electromc effects of l-o- [6,16], l-m- [6,16], l-p- [17], 3-o- [6,7], 4-o- 
[lO,ll], 9-o- [lO,ll], and 2-m- [S] carboranyl groups NMR spectra 1191 of 
4-(p- and m-fluorophenyl)-m-carboranes m a number of solvents were taken 

* Data on X-ray analysis of 4-aryl-m-carboranes will be .gr er. m a separate commumcatlon 
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TABLE 1 

APPARENT IONIZATION CONSTANTS OF SUBSTITUTED BENZOIC ACIDS (RC6H&OOH) IN 
75% ETHANOL AND HAMMETT s CONSTANTS Up AND Um FOR R GROUPS 

--_______- 

Substltuent R pKa Hammett s constant 
~___ -. - _ _ ____~ _ _ __ --__ ~.-- ___ ___ 

P (4-m-Carboranyll- 6 53 0 02 
m (4-m Carboranyl)- 6 66 4 02 
H 6 58 0 
p (2-m Carboranyp [S] 532 0 15 
m (2-m Carboranvl)_ [8J 6 34 0 14 

____I__------ - --_I_ _~ __- 

and mductive and resonance constants were calculated for the 4-m-carboranyl 
group (Table 2) The inductive constant of the 4-m-carboranyl group, like the 
Hammett constant, 1s close to zero 

As distmct from “F chemical shifts m NMR spectra of 4-fluorophenyl-o-car- 
boranes [lO,ll], clear shift-solvent dependence m 4-fluorophenyl-m-carboranes 
was not observed even though the m-carborane molecule is able to form hydrogen 
bonds wrth aprotic solvents [6,X3] This may be due to the fact that the hydrogen 
bond formation energy is lower for m-carboranes than for o-carboranes and, 
as a result, the influence of this bond on shielding the fluorme atom in the 
benzene rmg is msigmficant 

It is interesting to note that the electronic effect due to the 4-o-carboranyl 
group (op = -0 05, om = -0 03, o, = -0 04) is close to that of the 4-m-carboranyl 
group (the present paper) The 4 positions m the m-carborane (6,8, 11) and 
o-carborane molecules (5, 7, 11) are equatorial and, accordmg to calculated 
data [14], serve as a boundary between oppositely charged skeleton atoms of 
an icosahedron Positions 1,2 (C atoms), 3,6 (B atoms) m o-carborane and 
positions 1,7 (C atoms), 2,3 (B atoms) m m-carborane carry a partial positive 
charge, and carboranyl groups linked through these atoms display an electron- 
acceptmg effect Partial negative charges are concentrated on boron atoms m 
positions 8, 9, lo,12 of o-carborane and m positions 5, 9, 10, 12 of m-carbordne 
and therefore one should expect that carboranyl groups ~111 display an electron- 
donating effect The latter has been expenmentally confirmed by the mvestiga- 
tion of the electromc effect of the 9-o-carboranyl group [lo] 

TABLE 2 

CHEMICAL SHIFTS = OF lvF IvUCLEI IN THE NVR SPECTRlJhl OF 4-FLUORENYIrm C4RBORANE 

AND CALCULATED D CONSTANTS FOR THE 4-m CARBORANYL GROUP 
___-___ _________ ___ _ _ _ __ _ -_-____ 

Solvent 
F 

6P G 01 0% 
~________-______---.- - - _-_ _______~ --- 

cc14 0 15 0 90 -0 04 0 02 

Dloxane 0 55 0 90 -9 04 0 01 

THF 07 06 0 0 

Hexametapol 11 0 83 -0 03 -0 01 

--_____ _-_____ _ _ _ _____ _____ 
a ppm relatlre to fluorobenzene 
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Experimental 

The purity of mltlal compounds and products was controlled by gas-hqmd 
chromatography on a “Tsvet4” chromatograph at 230-25O”C, columns (2 m, 
I D 4 mm) bemg filled with cehte-425 treated with 15% s&cone-301 Column 
and thm-layer chromatography was performed on neutral alumma, 100-160 
pm slhca gel and on plates with fxed layer of “Sllufol” silica gel Measurements 
of pH were made on LPU-01 pH meter with a glass electrode A silver chloride 
electrode was used as a reference Titration and calculation followed the 
pubhshed procedure [ 191 Measurement of lgF chemical shifts m NMR spectra 
was conducted as m the hterature [ 6 ] 

General procedure for the gas phase thermal lsomerlzatlon of 3-aryl-o-carboranes 
rn vacuum 

3-Aryl-o-carborane was evaporated under 1 mmHg vacuum and the vapours 
passed through a quartz tube (d = 20 mm, I = 0 5 m) heated to 580-600°C A 
mixture of 2- and 4-aryl-m-carboranes was obtamed m 80-90’S yield The 
Isomers were separated by column chromatosaphy on slhca gel usmg hexane 
as the elutmg solvent 

Melting pomts, parameters of ‘H NMR spectra taken m Ccl, and results of 
elemental analysis of the compounds obtamed are presented m Table 3 

Oxrdatron of 4-tolyl-m-carborane 
To a solution of 1 g of 4-tolyl-m-carborane m a mixture of 60 ml of CH3COOH 

15 ml of (CH3C0)20 and 3 ml of concentrated H,S04 at 20-25°C was added 
gradually 6 g of CrO, with stnrmg After 2 h the reactlon mixture was poured 
mto 0 5 1 of cold water The precipitate formed was filtered off and dried over 
P,OS The acid was sublimated under vacuum and recrystallized from an 
ethanol water mixture to g-we a yield of 65% 

Melting pomts and results of elemental analysis of the acids obtamed are 
aven m Table 3 
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