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Summary

Dicarbadodecaborate(14) dianions interact with aryl magnesium halides and
aryl lithiums forming B-aryldianions of dicarbadodecaborate(14), the oxidation
of which with CuCl; yields 8-, 4-, 8- and 9-aryl-o-carboranes. Molecular struc-
tures of 1,2-dimethyl-9-aryl-o-carborane and 4-(p-tolyl)-o-carborane were deter-
mined. On the basis of the ionization constants of B-(p- and m-carboxyphenyl)-
o-carboranes and of '°F chemical shifts in the NMR spectra of B-(p- and m-fluoro-
phenyl)-o-carboranes, it is established that 4-0- and 9-o-carboranyl groups are
electron-releasing substituents.

Introduction

The high stability of carborane derivatives containing a B—C bond is in sharp
contrast to derivatives of three-coordinated boron [2—5]. The chemical behavior
of carboranes with functional groups bonded to boron is similar to that of sub-
stituted polyhedral ions B,,H,,?’” and B,,H,,>” [6]. A considerable number of
methods for preparing boron-substituted carboranes have been developed. How-
ever, aryl-substituted carboranes may be synthesized only by the method pro-
posed by Hawthorne and Wegner [7,8] that involves completion of the 1,2-di-
carbollide ion with boron dihalides. The method was subsequently extended to
the preparation of 2-aryl-m-carboranes [9].

Results and discussion
Synthesis- of B-aryl-o-carboranes
Dicarbadodecaborate(14) dianions, easily formed on addition of two elec-

trons to carboranes 10} exhibit a reactivity that differentiales them from neu-
tral carboranes. They readily react with ammonia forming B-aminated dianions

* Prehminary communication, see Ref. 1.
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_ The general features of these reachons have been described previously [18]. The
: :Ieacth'l of dmarbadodecaborate(14) dianions with AngX or ArLi is nonselec-
tive and oxidation rendere a mixture of B-arylcarboranes with the aryl group at
“different- p051t10ns on the o-carborane nucleus: 3-, 4-, 8--and 9-aryl-o-carboranes.
' On the basis of the dependence. of the time of retention in a chromatographic
column on the dipole moment in a series of isomeric carboranes [19] it may be as
assumed: t.hat B—aryl-o—carboranes will be ordered according to the retention time
as follows: 3- < 4- < 8- < 9-substituted o-carboranes. X-ray structural analysis
_of one of the'i isomeric 1, 2-dlmethyl .B-phenyl-o-carboranes and of B-(p-tolyl)o-
& carborane unequlvoca]ly confirmed this assumption and enabled as51gnment of
‘the isomers under the: -given. chromatographlc conditions. -
“The reactxou of d1carbadodecaborate(14) dianions with arylmagnesmm halides
: and arylhf:h;ums is'nonselective. Thus, interaction of equimolar quantities of -
",dxca:rbadodecaborate(lz;)dlamon and: of phenyllithium yields 20—25% of mono-
'(B-aryl)-o-carboranes, up to 30% of o-carborane and up-to 80% of di- and -
tn-(B-aryl)-o-carboranes An increase in the molar ratio dlcarbadodecaborate(ld)
anion: organometa]llc compound 1:4. does not significantly increase the yield
"of mono-(B-aryl)-o-carboranes since this leads to hlgher ylelds of polyarylated
‘carboranes.

- In the mass spectra of- the B-phenyl-substu:uted product.s pea.ks correspondmg
‘'to di-, tri-, tetra- and penta-substituted o-carboranes are observed with m/e 296,
37 2,448 and: 524 respectlvely. ‘The relative content of isomeric:B-aryl-o-carbor-

anes for alsl molar. ratio: dlcarbadodecahorate(14) dlamon. organometa]hc C
fcompound is given in. ‘Tabled. =
- "After oxidation, identical composmons of B—phenyl-o-carboranes are obtamed
, v»hen mte:ractmg dlcarbadodecaborate(14) dlamons, prepared from m- and c-car-




11

' TABLE1

THE RELATIVE CONTENT OF B-ARYL-0o-CARBORANES FORMED BY OXIDATION OF THE
. PRODUCTS OF DICARBADODECABORATE(14) DIANION INTERACTION WITH ORGANOMETALLIC
) COMPOUNDS (1:1 MOLAR RATIO)

Reagents ! Total yield of B-monoaryl- Relative content of isomeric
: o-carboranes in relation to B-aryl-o-carboranes
the initial o-carborane (%)
3- C 4 8- +9.9
_ 2—
HC——CH 1 '
S + CgHgLi 15 25 51 24
BioHio
_ 2—
HC——CH |
+ CeHsMgBr 15 29 47 24
BioHio
2.—
HC—C——C—CH,
NS +  CgHsMgBr 23 13 36 51
BigHio .
2_
CH -l
+ p-CHyCgH MgBr 20 30 45 25
R BioHio |
HC CH W 2=
AN + m-CHyCgHMgBr 192 27 49 24
Byotho
He—cn 127
AN +  p-FCgHMgBr 5 33 42 25
BioHio
-2-
HCG CH )
\ / + m-FCgH,MgBr 5 26 47 27
Biotio | .

a On account of the close GLC retention times of 8- and 9-aryl-o-carboranes their total relative content is
given.

boranes, with phenylmagnesium bromide. This is explained by the identical
structure of the dianions [20].

Dicarbadodecaborate(14) dianions prepared from 3- and 4-aryl-o-carboranes
exhibit an interesting property. Similar to other o-carboranes [10], 3- and 4-aryl-
o-carboranes readily attract two electrons when interacting with naphthalene-
sodi_um in THF solution forming B-aryldicarbadodecaborate(14) dianions.

B-Aryl-o-carboranes with aryl groups in 3-, 4-, 8- and 9-positions are formed
on oxidation of these dianions with CuCl,. Oxidation of dianions prepared from
3--and from 4-aryl-o-carboranes renders a mixture of B-aryl-o-carboranes of the
same composition (Scheme 2). In this respect the behavior of dianions of B-aryl-

o-carboranes differs from the dianion prepared from 3-alkoxy-o-carborane oxida-
ticn which leads to the initial carborane [20].
Complexatlon of the dianion prepared from 3-aryl-o-carborane w1th transition



[HC——cH

L Nd, C10H37 )
' B,ngAr-4 THF, 20°C = - BioHgAr

. HG——CH "

o (Ar _— Ci-,H5 : P- ond m—C6H4CH3) ) i -
—;?metals (for mstance, Co3*) Ieads to metallocarboranes whlch are omdlzed with
»CuClz in THF to: B-aryl-o- m- and p-caxboranes (Scheme 3)- Omdatlon of dian-
< ions prepared from B-aryl-o- and 'm-carboranes and of their complexes w1t.h tran
51t10n metals wﬂl be dlscussed m our next commumcatmn. -

' SCHEME 3
c——CH o : I 1- )
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B1°H9Ar‘ : o .- . . .

i O HCB,ngArCH + m- HCB1°H9APCH <+ D= HCB.‘oH ArCH 4——-—'

’ Crystal structure of 1 2-dzmethyl-9 phenyl-o-carborane (1) and of 4-(p- tolyl )-0-
carborane (] II ) R
Interaction of the dianion’ prenared from 1 2-dm1ethy1-o-ca1‘borane with phen-
, ylmagnesm.m bromide, and subsequent oxidation, gives a mixture of 1,2-di-
methyl-B-phenyl-o-carboranes. The chromotogram of this mixture is given in
'Flg 1 ‘We carned out an X—ray analysxs of the compound I (number 4in Flg 1).

- . retentxoh txme VR — retenhon t«me
-Fig. 1- Chromatognm of a zmxtuxe of 1 2 d.unethyl B-phenyl-o-carbora.nes.

Fig 2_ Ch.tomatogram oia. m;xtuze of B—(p-tolyl)—o—eaxboranes :' N
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"1,2°DIMETHYL-9-PHENYL-o-CARBORANE. ATOM COORDINATES AND TEMPERATURE FACTORS S
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‘Atom X Y B;j
c3) 0.3800(12) - 8.1378(8) 0.8794(21) 5.1(4)
Cc(2) - 0.4609(12) 0.0948¢8) 0.8200(22) 4.9(4)
- B(3) 0.3639(13) 0.0629(9) 0.8548(25) 4.5(5)
B 0.2925(13) 0.1170(9) 0.7775(24) 4.8(5)
B: IO 0.3475(14) 0.1787(9) 0.7198(24) 4.4(5)
BS) . - 0.4534(13) 0.1649(9) 0.7618(25) 4.6(4)
“B(7) 0.4283(14) 0.0451(10) 0.6962(27) 4.9(5)
B(8) 0.3212(14) 0.0580(10) 0.6566(27) 4.9(5)
_B(9) 0.3089(12) 0.1296(8) 0.5736(24) 4.0(4)
"B(10) 0.4116(14) 0.1595(10) 0.5636(27) 5.0(5)
B(11) 0.4888(16) 0.1065(11) 0.6360(29) 6.6(6)
B(12) 0.3969(15) 0.0871(10) 0.5157(26) 5.5(5)
€(3) 0.3782(14) 0.1596(10) 1.0491(29) 6.6(5)
C(14) 0.5257(13) 0.0813(9) 0.9495(26) 5.9(5)
C(15) 0.2366(11) 0.1448(8) 0.4578(22) 3.9(4)
C(16) 0.1971(13) 0.2007(9) 0.4687(24) 6.3(5)
c@amn 0.1355(14) 0.2160(9) 0.3557(25) 6.0(5)
c(18) 0.1128(15) 0.1800(9) 0.2343(27) 6.1(5)
C(19) 0.1542(14) 0.1260(9) 0.2176(26) 6.9(5)
C(20) 0.2151(11) 0.1101(8) 0.3315(22) 4.5(4)

@ Errors of parameter determination are given in parentheses.

TABLE 3

BOND LENGTHS OF 1,2-DIMETHYL-9-PHENYL-0-CARBORANE, d (A) (ERRORS IN DETERMINING
THE LAST DIGIT ARE GIVEN IN PARENTHESES)

Bond d Bond d
c—cC B—B
1—2 1.70(3) 3—4 1.80(3)
S 1-13 1.51(3) 3—7 1.73(3)
2—14 - 1.53(3) 3—8 1.80(3)
15—16 1.43(3) 4—5 1.80(3)
16—17 1.41(3) 4—8 1.75(3)
1718 1.36(3) - 49 1.75(3)
1819 1.41(3) 5—6 1.74(3)
19—20 1.41(3) 5—9 1.77(3)
20—15 1.36(3) 5—10 1.72(3)
6—10 1.71(3)
Cc—B _ 6—11 1.72(3)
1—3 1.74(3) 7—8 1.76(3)
1—4 1.71(3) T—11 1.73(3)
1—5 - 1.70(3) 7—12 1.86(3)
1—6 1.70(3) 8—9 1.79(3)
‘2—3 1.73(3) 8—12 1.81(3)
2—6 1.71(3) 9—10 1.78(3)
27 1.62(3) 9—12 1.78(3)
2—-11 . 1.60(3) 10—11 1.77¢3)
.15—9 . 1.56 1012 1.72(3)
) 1112

1.76(3)
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Fig: 3.'Steré?g>éhebmi§tfy of 1.2-dimetli$v119-pheﬁylfo-carborane.

 Compound 1 (1;2-dimethyl-9-phenyl-o-carborane), m.p. 121°C, forms pris-
matic crystals. Lattice parameters were determined in a “Weissenberg’’ chamber
" and refined on a Hilger-Watts difractometer: a = 15.955(4), b = 22.885(6),
‘¢ =8.372(2) A ; space group Pbca; Do, = 1.11 g cm™ at X = 8. Intensities of 674
reflections with I > 2 o(I) were measured on the same diffractometer. The struc-
ture was solved by the direct method. All 20 B and C atoms were located in the
E series. The structure was refined by the isotropic least-square method to
- R.0.18. Atom coordinates are given in Table 2, bond lengths in Table 3 and the
stereochemistry of the molecule and atom numbers are shown in Fig. 3. The
length of the B—phenyl-carbon bond is 1.55 A.
' To éstablish the structure of B-(p-tolyl)-o-carboranes formed by oxidation of
‘the products of dicarbadodecaborate(14) dianion interaction with p-tolylmagne-
ium bromide, we carried out an X-ray analysis of compound II (Compound 2
in Fig.2). . = -
.~ Compound 1I, 4-(p-tolyl)-o-carborane: m.p. 90—91°C; e = 18.114 + 0.004;
b=6.777%0.002; c = 11.826 = 0.003 A; D.,; = 1.076 g cm™ at Z = 4; space
“group P 2,2,2,. 849 independent reflections with 7 > 8 0(7) were used for solu-
tion and refinement. ' I
The structure was solved by the direct method. The structure was refined by
the isotropic least-squares method to R 0.16. Location of carbon atoms in the
carborane nucleus is usually based on bond lengths as it is known that in o-car-
boranes the C—C bonds are the shortest (1.61—1.62 &), the B—B bonds are the
longest (1:76—1.81 A) and B—C bonds are 1.69—1.73 A. In the m-carborane
nucleus B—C bonds are also shorter than B—B bonds. In the structure of I we
_encountered an ambiguity: C; atom is reliably located as a carbon atom, whereas-
.both C; and B3 may be assigned to the second carbon atom - both have relatively
~ short bonds with G, (1.62 A) and the bond between them is also relatively short,
1.65 A. apparently, the carbon atom: (as frequently occurs in crystalline struc--
‘tures) is randomly distributed between the 1 and 3 positions. From the point of
view of chemistry both structires are identical, i.e. the problem of the stereo-
chemistry of the molecule is solved. Atom coordinates are given in Table 4, bond
“lengths in Table 5 and the stereochemistry and atom numbers in Fig. 4.
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TABLE4
4-(para-TOLYL)0o-CARBORANE. ATOMIC COORDINATES AND TEMPERATURE FACTORS ¢

Atom p.4 Y zZ Bj

C(1) 0.2916(9) —0.0190(28) 0.8133(15) 4.2(3)
C(2) 0.3463(8) 0.1164(25) 0.8896(3) 4.6(3)
B(3) 0.2658(9) 0.2027(26) 0.8555(14) 4.2(3)
B(4) 0.2452(9) 0.1166(27) 0.7197(13) 4.0(3)
B(5) 0.3213(10) —0.0261(30) 0.6735(16) 4.6(4)
B(6) 0.3885(10) —0.0288(30) 0.7923(15) 4.5(4)
B(7) 0.3401(12) 0.3544(37) 0.8590(18) 6.7(5)
B(8) 0.2752(11) 0.3694(33) 0.7438(16) 5.3(4)
B(9) 0.3137(10) . 0.2298(28) 0.6326(15) 4.5(3)
B(10) 0.4034(310) 0.1372(30) 0.6770(15) 4.6(3)
B(11) 0.4154(11) 0.2148(29) 0.8135(16) 4.8(4)
B(12) 0.3725(11) 0.3806(34) 0.7171(16) 5.6(4)
Cc(13) 0.1625(6) 0.0604(18) 0.6839(9) 3.4(2)
c(14) 0.1158(7) 0.1976(9) 0.6315(11) 4.1(2)
c(@15) 0.0448(7) 0.1504(21) 0.5979(10) 4.2(2)
C(16) 0.0191(7) —0.0324(19) 0.6157(11) 4.4(3)
ca7 0.0602(7) —0.1745(22) 0.6675(12) 5.1(3)
Cc(18) 0.1342(7D —0.1156(21) 0.7013(11) 4.5(3)
Cc(19) —0.0618(8) —0.0822(24) 0.5819(13) 6.1(3)

G Errors of parameter determination are given parentheses.

TABLE 5

BOND LENGTHS OF 4-(p-TOLYL)-0-CARBORANE, d (A) (ERRORS IN DETERMINING THE LAST
DIGIT ARE GIVEN IN PARENTHESES)

Bond d Bond d
c—C B—B
1—2 1.62(2) 3—4 1.75(2)
13—14 1.40(2) 3—7 1.69(3)
13—18 1.31(2) 3—8 1.75¢3)
14—15 1.38(2) 4—5 1.77(2)
15—16 1.34(2) 48 1.82(3)
16—17 1.37(2) 4—9 1.78(2)
16—19 1.53(2) 5—6 1.86(3)
17—18 1.43(2) 5—9 1.80(3)
5—10 1.86(3)
6—10 1.79¢3)
c-B 6—11 1.74(3)
1—3 1.65(2) 7—8 1.80(3)
1—4 1.67(2) T7—i1 - 1.74(3)
1—5 1.74(3) 7—12 1.79(3)
1—6 1.77(2) 8—9 1.76(3)
2—-3 1.62(2) 812 1.79(3)
26 1.70(2) 910 1.82(2)
2—7 1.66(3) 9—12 1.78(¢3)
2—11 1.68(2) 10—11 1.71(3)
13—4 1.60(2) 1012 1.80(3)

1i1—12 1.78(3)




Fig. 4. Stereochemistry of 4-(p-tolyl)}-o-carborane.

Structure parameters and bond lengths in the polyhedrons studied show that
introduction of aryl substituents to the baron atom of the o-carborane nucleus
practicaily does not change the geometry of the icosahedral backbone in relation
to the unsubstituted nucleus. Terminal B—aryl bond lengths are 1.60 A which
practically coincide with B—C lengths in denvatlves of three-coordinated boron
[23—25]

Electronic effects of 4-o0- and 9-o-carboranyl groups

The development of methods of B-aryl-o-carborane syntheses makes it possi-
ble to study the elecironic effects of 4-0- and J-o-carboranyl groups. On account
of the nonuniform distribution of electron density in the o-carborane nucleus,
electronic effects of carboranyl groups depend on the location of the substituent
in the nucleus [26,27]. A comprehensive investigation of the electronic effects
of 1-0- and 3-o-carboranyl groups established that they act as electron-acceptor
substituents [27—29]. A qualitative conclusion about the decrease of electronic
effects of B-o-carboranyl groups in the series 3- > 4- > 8- > 9- was drawn from
the values of ionization constants of B-hydroxy-o-carboranes [51.

‘In order to estimate quantitatively the electronic effects of 4-0- and 9-o-car-
boranyl groups we investigated the >F NMR spectra of 4-(p- and m-flucrophen-
yl)-o-carboranes and 9-(p- and m-fluorophenyl)-o-carboranes in several solvents
and calculated the inductive and resonance constants of these groups (o; and
0%) according to Taft’s method [30].

The obtained data are presented in Table 6. As can be seen, 4-0- and 9-o-car-
boranyl groups are electron-donating substituents, the mechanism being induc-
tive; the electron-releasing effect of the 9-o-carboranyl group is higher than that
of the 4-o-carboranyl group. The strong electron-donating effect of the former
confirms our previous assumption [27] made on the basis of the theoretlcally
calculated distribution of electron density in the o-carborane nucleus {31]. Qu-
antitative determination of the electronic effects of these groups also supports
the series proposed [32] for the change of electronic effects of carboranyl

.groups: 1-0- (o1 = 0.38) > 3-0- (0 = 0.11) > 4-0- (0y = —0. 04) > 9-0- (6; =—0.23).
The established electron-donor effects of 4-0- and 9o-carboranyl groups is the
first example of the existence of such effects in electron—deﬁclent neutral car-
boranes. - : : -
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TABLE 6 -

19F CHEMICAL SHIFTS IN B-FLUOROPHENYL-0o-CARBORANES (ppm) IN RELATION TO FLUORO—
BENZENE AND CALCULATED ¢ CONSTANTS FOR 4-0- AND 9-0-CARBORANYL GROUPS

" Solvent HG~——CH HC cH
BjgHgCeHsF-4 B1oHgCeHF -2
F F 0 F F 0
&p 5m 51 oR sy 5m ay on
CCly +0.09 +0.86 —0.04 +0.02 +2.93 +2.24 —0.23 —0.02
Dioxane +0.72 +1.02 —0.06 +0.01 ‘ +3.02 +2.22 —0.23 —0.03
THF +0.70 - +1.23 —0.09 +0.02 +3.25 +2.41 —0.26 —0.03
HMPT +1.22 +1.38 —0.11 +0.01 +3.17 +2.21 —0.23 —0.03

As in the case of the 3-o-carboranyl group [28], the electron-donor effect of
the 4-o-carboranyl group slightly increases with the proton-acceptor capacity of
the solvent in the series: carbon tetrachloride < dioxane < tetrahydrofuran
< HMPT.

This is connected with formation of H bonds by the acidic CH groups of the
o-carporane nucleus. However, the range of variation (Aog;) when passing from
neutral CCl, to the strongly aprotonic HMPT is less for 4-o-carboranyl groups
(Ao = 0.07) than for the 3-o-carboranyl group [28]. This is due to the
fact that, unlike 3-substituted o-carboranes where the substituent is attached to
the boron atom that is adjacent to both CH bonds, in 4-substituted o-carborane
one CH bond is in ortho and the other in meta positions in relation to the substi-
tuent, and the effect of H-bond formation is less pronounced. In 9-(p- and m-flu-
orphenyl)-o-carboranes the H bond effect is practically absent, as in the case of
(1-(p- and m-fluorophenyl)-m-carboranes [28].

To additionally confirm the value of the electronic effect of the 4-o-carbor-
anyl group we synthesized p- and m-(4-o-carboranyl) benzoic acids, determined
their ionization constants in 75% ethanol and calculated Hammet constants
0, and o, for the 4-o-carboranyl group.

The close values of Hammet constants g, and o, for the 4-0-carborany! group
(Table 7) confirms the inductive mechanism of the effect of this group. Good
agreement is observed between reaction constants for the 4-o-carboranyl group
obtained by both methods (Tables 6 and 7).

TABLE 7

APPARENT IONIZATION CONSTANTS OF SUBSTITUTED RCgH4COOH BENZOIC ACIDS IN 75%
ETHANOL AND HAMMET CONSTANTS op AND o, OF R GROUPS.

Substituent R DX, Hammet constant
p-{4-ocarboranyl) 6.64 —0.05
m-{4-o-carboranyl) 6.61 —0.03
p-(3-c-carboranyl) [27] 6.26 0.19
m-(3-o-carboranyl) [27] . 6.25 0.19

H . 6.58 o]
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D~ a.nd m-(4-0-Carboranyl) benzoic acids were synthesized by oxidation of
-4-(p and m-tolyl)-o-carboranes with chromic anhydride in acetic acid [27]
(Scheme 4). From comparison of inductive constanis obtained in the present
SCHEME 4 '
HC

CH CrO5; , CH3COOH HC——CH

po—

B HeCeHaCHy  (CH3C0)20 » HaSO,, 20 € B0 HoCeH4COOH

work for 4-0- and 9-o-carboranyl groups and published data for 1-0- and 3-o-
carboranyl groups with values of effective charges on skeletal C and B atoms of
the o-carborane nucleus [33]:

C@1) B(3) B(4) B(9)
Charge 0.22 0.07 0.02 —0.17
o1 0.38 0.11 —0.04 —0.23

it may be concluded that the values of electronic effects of carboranyl groups
are mainly determined by the values of charges on the corresponding atoms of
the polyhedron.

Experimental

The purity of the starting materials and products was determined by GLC on
a “Tsvet-4’’ chromatograph at 230—250°C using columns (d = 4 mm, 1 = 2 m)
packed with Celite-245 treated with 15% silicon-301. Neutral alumina,
1100/160 -grade silica gel and plates with “Silufol” silica gel were employed for
column and thin layer chromatography.

Reaction of ArMgX or ArLi with decarbadodecaborate(14) dianion (equimolar
ratio of reagents) )

An ether solution of ArMgX or ArLi was added to dicarbadodecaborat=(14)
dianion in THF. A white precipitate was formed. The reaction mixture was
stirred for 1 h at 20°C, then cooled to 0° and an excess of dry CuCl, was added
in small portions while stirring. After 0.5 h the solvent was evaporated in vacuo
and benzene was added to the dry residue. The residue was then filtered and the
filtrate was twice washed with water and dried over CaCl,. After evaporating
benzene the residue was passed through an alumina column using a 1 : 3 benzene/
hexane mixture. Unreacted o-carborane and naphthalene were removed by subli-
mation (120°C/2 mmHg). Distillation and column chromatography on silica gel
yielded B-substituted o-carboranss.

Melting points, 'H NMR spectra recorded in CCl,; and elemental analyses of
the obtained compounds are given in Table 8.

Reaction of the dianion prepared from o-carborane with phenylmagnesium
bromide (1 : 4 molar ratio)

The reaction was carried out as described above. Chromatography on an
alumina column using a 1 : 1 mixture ethersmethanol gave a mixture of B-di,
tri-, tetra- and penta-phenyl-o-carboranes (determined by mass spectrometry).



. To 50 ml of hqmd‘NH_,, atl-—40° 1 4" g (0 01 mol) of m-carborane in- 20 ml

of absolute ether followed by O. 46 g (0 02 g at.) of Na’ were added. The mixiure
~ was stirred for 10 mm, NH3 evaporated and the ether removed in vacuo. 20 ml

of THF followed by an ether solution of phenylmagnesmm bromide (prepared -
from AT g of C(,HsBr and 0 3g of Mg) were added to the dry residue. After:an -
hour the reactlon mlxtu.re was oxidized with CuCl,,. placed in a separating funnel,
the organic layer was washed with water, dilute HCI and then dried over CaCl,.
After sublimation of o-carborane the residue was chromatographed and analyzed
by GLC

Preparation of dianion from 3-(p-tolyl )-o-carborane and its oxidation with CuCl,
0.4 g (0.017 g-at.) of Na and 0.1 g of naphthalene were added, under argon,
to freshly distilled THF. After appearance of a green color, 1.1 g (0.005 mol) of

3-(p-tolyl)-o-carborane was added and the solution decolorized. The reaction
mixture was stirred until a green color appeared again and then for another two
hours. The excess of Na was removed and 2 g of dry CuCl,; was added. After stir-
ring for 0.5 h THF was removed in vacuo, benzene was added and the residue
filtered. The filtrate was washed with water and the organic phase dried over
CaCl,. Benzene was evaporated and naphthalene sublimated. The residue was
analyzed by GLC. The mixture contained 3- (p-tolyl)-o-carborane (40%), 4-(p-
tolyl)-o-carborane (48%), 8- and 9-(p-tolyl)-o-carboranes {12%). The ratio of
B-substituted o-carboranes did not change on storing the solution of dianion for
24 h.

Oxidation of the dmmon prepared from 4-(p-tolyl)-o-carborane camed out in
a similar manner yielded a mixture of the same compacsition.

Complexation of the dianion prepared from 3-(p-tolyl)-o-carborare with Co3*
and subsequent oxidation

0.2 g of anhydrous CoCl, was added to the dianion prepared from 0.5 g of
3-(p-tolyl)-o-carborane in THF and the mixture was stirred for 2 h at 20°C. 0.7 ¢
of CuCl; was then added and the reaction mixture was stirred another 2 h. GLC
estabhshed 2-(p-tolyl)-p-carborane and B-(p-tolyl)-o- and m-carboranes in the ob-

p-(4-o—Carboranyl) benzoic acid . _

To a solution of 1 g of 4-(p-tolyl)-o-carborane in 2 mixture of 60 ml of
CH,COOH, 15 ml of (CH;CO0).0 and 3 ml of conc. H,S0,, 6 g of CrO, were
gradually added at 20—25° whilst stirring. After 2 h the reaction mixture was
poured into 0.5 litre of cold water, the acid formed was filtered, washed with
water and dried over P,O;. Sublimation-in vacuo and recrystallization from an
ethanol—water mixture rendered 6.7 g (65%) of p- (4-o-carboranyl) benzoic acid,

m.p. 243—243.5°C. (Found: C, 40.87; H, 5.97; B, 4069. C,H,,B,,0; calcd C
4089 ‘H 6.10; B 40.90%.) v(CO) 1690, » (B—H) 2580, -2(C—H) 3075 cm

m-(4-o-Carboranyl) benzoic acid was obtained sxmxlarly, m.p. 252—253°C
(Found: C 41.14; H5: 9&, B .39. 81%.) v(CO) 1680, v[C—H) 2590, v(B—H )
3075 c
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