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We have recently described the first carborane halonium compounds, namely, phenyl-(9-
o-carboranyl)iodonium, phenyl-(9-m-carboranyl)iodonium [1], phenyl-(2-p-carboranyl)iodonium
[2], bis(9-m~carboranyl)bromonium, and phenyl-(9-m-carboranyl)bromonium salts [3]. In a
continuation of these studies, we report the synthesis of a number of new aryl-(9-m-carbor-
anyl)halonium compounds, in which the benzene ring contains a substituent in addition to the
carboranylhalonium group.

The previously reported oxidative condensation of 9-iodo-m-carborane with benzene [1]
may be extended to several substituted benzenes. Thus, for example, syntheses are reported
for 4-fluorophenyl-(9-m~carboranyl)iodonium (I) and 3-nitrophenyl-(9-m-carboranyl)iodonium
tetrafluoroborides (II):

[O], Ht, BF,~ + —
9~m—C2HgBmH91 + PhF 7 h > g-m-C2H2B10PIgICGH4F-p BF4

(I, 83%

_ + —

9-m-CyH,yByoH,I + PhNO, 2220 BT 9—m-CgH2B10H910(35H4N02-m BT,
(I1), 107

The reaction rate, yield of the desired product, and position of the substituents sup-
port our proposed mechanism for the oxidative condensation {11, which, as in aromatic com-
pounds [4], entails the formation of an iodoso derivative and electrophilic attack of the
protonated form of this intermediate on the aromatic ring:

!
9-m-Call;ByoHol “2% 9-m-CyHyBroHolO -5 9-m-CoH,ByoH,IOH > 9-m-CyH,BroH I A + H:0

Unfortunately, this method did not yield carboranyliodonium derivatives of arenes con-
taining electron-donor substituents since in situ oxidation of the iodocarborane to the iodo-
socarborane requires vigorous conditions, featuring a high concentration of a strong oxidiz-
ing agent in the presence of concentrated sulfuric acid, under which benzene derivatives with
electron-donor groups readily undergo extensive oxidation. Thus, such cases require the in-
troduction of an independently prepared iodosocarborane such as previously described 9-m-
carboranyliodoso-bis(trifluoroacetate) [1] into the reaction with the arene. Thus, in the
present work, high yields of mesityl-{9-m-carboranyl)iodonium (III) and 4-methoxyphenyl- (9~
m—-carboranyl)iodonium tetrafluoroborides (IV) were obtained:

+ —
_M 9—"1— CgH2B1(|H91c6H4OCH3‘P BF4
BF,~ (Iv), 84%

9-m—C2H2B10H91(02CCF3)2— -+ —
L3 5CHIGH g o H,BiHAICeHo(CHy)s-2,4,6 BF,

BF, (1), 849%

El

Despite the high yields of the desired products and the ease of carrying out the above-
mentioned reactions, they cannot be used to obtain aryl(carboranyl)iodonium salts with a
given position of the substituent in the aryl ligand since the site of entry of the halonium
group is entirely determined by the orienting effect of the substituent in the starting
arene. In such cases, use was found for the diazo synthesis of halonium salts [5, 6], which,
incidentally, has been the only method available for the preparation of diarylchloronium
compounds.

We first demonstrated the applicability of the diazo method for carboranes and thus
again i1llustrated the general nature of this reaction in the synthesis of phenyl-(9-m-car-
boranyl)chloronium tetrafluoroboride (V), which is the first chloronium salt with a carbor-
ane(12) fragment:
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TABLE 1. Aryl-(9-m-carboranyl)halonium Tetrafluoroborides

c De - ™ Tound % ) PMR spectrum (100
°om" lyield,% |cormp, | Calc. ' | Chemical MHz, ppm from TMS
pound T.C | - p | formula int, stand,, in acetone-

dg)
(1) 83 129 124,38 | 3.43 126.01 |CgHsByyIFs 4,21 s ‘2H, CHcarborane
21,26 | 3,35 |26.31 pucl.) 7,28—7.54 m (2H,
3,5-H), 8,16—8,42m (2H,
2,6-H)
(1Y) 10(43) 2 146 |2021 | 3,23 125D CsHy5B111F.NO, 13,455 (2H, CH carborane
20,06 | 3,16 | 2,98 nucl.) 7,72—7,96 m(H,
o-H). 8,28—8.76 m (2H,
4,6-H), 8,985 (H, 2-H)¢
(11T) 84 106 2842 | 493 | 2471 |01 Ha By IF, 3,385 (3H, 4-CH;), 3,658
27,75 | 466 | 2497 (6H, 2,6-CH.), 5,27 s (2H,
' CH carborane nucly,
.. 18,29 s (2H, arom. H)
«(1v) 84 136 | 2283 | 3.77 {2547 |CoHeBuIF.0 [390s (3H, OCHs;), 4,183
23,29 | 3.45 | 2563 (2H, CH carborane nucl.),
' ' 7,06-8,16 sym. m (4H,
d arom,H)
V) 7 164 127,69 | 479 CsHi6BCIF:, 14,27 (2H, 2H carborane
28,05 | 4,71 nucl.),7,78-8,22 m {5H,
arom.H)
) 5d 130 |26,68 | 4,25 {3238 |CsHysByCIFs 4,245 (21, CH carborane
26,65 | 4,19 | 32908 nucl.),7,7—-8,3 m(4H,
arom. )
{(VII) 5d 141 | 23611 364 CsHisByBrFs 14,22 s (2H, CH carborane
2373 | 373 nucl.),7,5-8,2 m(4H,
arom. H)
AVIIID) Sd 184 24,231 3.21 126,06 |CsH;sB,,1Fs 4,3 s (2H. CH carborane
21,26 | 3,35 {28,31 nucl.), 7,6-8,3 m (4H,
arom,H)
(I1X) 1,54 | 142 {26.80 | 414 |32.46 |CsH\sBy,CIFs 1428 s (2H, CH carborane
‘ 26,65 | 410 |32.08 nucl,),7,58-7,8 m‘2H,
3,5-H), 8,2—-8,38 m . 2H,
2.6-H)

3pelative to iodocarborane consumed.
bAnalysis for nitrogen.
CSpectrum taken in CF5CO.H.

The major pathway is the Schieman reaction as shown in our
previous work [7].

1) PiNCF,C00
s
2) HBF,

9-m-CyH,B1oH,Cl 9-m-CyH,B1oHoCIPh  BF,

(V), 74

3-Fluorophenyl~ (VI) and 4-fluorophenyli-{9-m-carboranyl)chloronium tetrafluoroborides
{TX) were obtained analogously:

9-m-CyH, B, H,Cl + ArN,X-2559.m-C,H,B,, H,ClAr BF,” (VI), (IX)
Ar = m-FCJH,, X = BF, (VI); Ar = p-FCH,, X = CF,C0, (IX)

Finally, the decomposition of aryldiazonium tetraflucroborides in the presence of iodo-

carboranes and bromocarboranes led to the corresponding iodonium and bromonium carborane
salts:

9-m-C,H,B;  H X —- m—FCi;H[liT2 BF, — 9—m—CQH.ZBwH9}+{CGI~14F—m BF,~
X = Br(VII), {VIID. (VIL), (VIID
The reactions of aryldiazonium salts with halocarboranes led to a mixture of trifluoro—
acetic acid and hexafluorobenzene. Upon using hexafluorobenzene as a cosolveni, halocarbor-
anes are completely dissolved upon heating and the reaction mixture becomes homogeneous, re-

sulting in much higher yields of the carboranylhalonium salts. The yields, PMR data, and
elemental analysis results are given in Table 1.

EXPERIMENTAL

The PMR spectra of the aryl-(9-m~carboranyl)halonium tetrafluorcborides were taken on
a Tesla BS~497 spectrometer. Samples of 9~chloro~ and 9-bromo-m~carboranes were obtained
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by heating bis(9-m-carboranyl)mercury (prepared according to Bregadze [8]) with the corre-
sponding halogen in dichloroethane at reflux. The yield of 9-chloro-m~carborane was 977%
after heating for 20 h, while the yield of 9-bromo-m-carborane was 947 after heating for
547%.

1. 4-Fluorophenyl-(9-m-carboranyl)iodonium Tetrafluoroboride (I). A sample of finely
ground K,S,0s was added in portions with stirring to a mixture of 70 ml acetic anhydride,
130 ml concentrated sulfuric acid,* 5 g 9-iodo-m-carborane (prepared according to Zakharkin
[9]), and 30 ml fluorobenzene at —12°C. The reaction mixture was stirred for 1 h at 0-5°C
and then for 6 h at 20°C. The mixture was left overnight and then poured onto 500 g ice.
The aqueous solution of the iodonium salt was filtered and the nonsalt products were ex~
tracted by benzene and 40 ml 407 HBF, was added to the aqueous layer. The precipitated mix-
ture of (I) and KBH, was dried and (I) was extracted using nitromethane. After removal of
(1) and KBF,, the filtrate was extracted with 3:1 MeNO,—CHCl, until a probe of the aqueous
layer no longer gave a precipitate upon the addition of aqueous NaHgBr;. The combined or~
ganic extracts were evaporated in vacuum to 5-7 ml and (I) was precipitated by the addition
of ether. The product was purified by passage through alumina in CH.Cl, and reprecipitation
from acetone by the addition of ether. The yield was 6.97 g (837%).

2. 3-Nitrophenyl-(9-m-carboranyl)iodonium Tetrafluoroboride (II). TUnder the conditions
of experiment 1, 4.3 g 9-iodo-m-carborane, 30 ml nitrobenzene, and 12 g K;S.0s in a mixture
of 60 ml acetic anhydride and 110 ml conc. sulfuric acid upon stirring for 55 h at 20°C gave
(I1), which was purified by reprecipitation from nitromethane by the addition of ether. The
yield was 0.76 g (10%).

The benzene extract containing the nonsalt products (see experiment 1) was evaporated
in vacuum until the solvent was completely removed. The residue, which was a solution of 9-
iodo-m-carborane in nitrobenzene, was added dropwise with stirring to a solution of 228 g
SnCl,*2H,0 in 228 ml concentrated hydrochloric acid and stirred for 4 h at 70°C with moni-
toring by thin-layer chromatography. Iodocarborane was extracted by ether from the precipi-~
tate formed upon cooling (a mixture of 9-iodo-m-carborane and (PhNH3) 2SnCls). The ethereal
extracts were evaporated to dryness. The residue in benzene was filtered through silica
gel. The removal of benzene in vacuum gave 3.3 g (77% of the amount taken) 9-iodo-m-carbor-
ane, mp 110-112°C (from heptane—benzene [9]).

3. Mesityl-(9-m-carboranyl)iodonium Tetrafluoroboride (III). A sample of 1.65 ml con-
centrated sulfuric acid was added dropwise with stirring to a mixture of 2.9 g 9-m-carbor-
anyliodosobis(trifluoroacetate) (prepared according to our previous procedure [1]), 5.8 ml
mesitylene, 6.25 ml acetic anhydride, and 1.45 ml acetic acid cooled to 0°C. The mixture
was stirred at 20°C until the oxidizing agent was consumed as indicated by iodine—starch
paper and then poured into a cold dilute solution of HBF,. The precipitate of (III) was
filtered off, dried, and reprecipitated from acetone by ether. After removal of (III), the
filtrate was extracted by 3:1 MeNO,—CHCls and the organic extracts were evaporated in vacuum.
An additional amount of (III) was precipitated from the residue by the additionm of ether.
The overall yield of (III) after purification by passage through alumina in CH.Cl; was 2.35
g (84%).

4. 4-Methoxyphenyl-(9-m~carboranyl)iodonium Tetrafluoroboride (IV). The reaction mix-
ture obtained according to the conditions of experiment 3 from 2.8 g 9-m-carboranyliodoso~-
bis(trifluoroacetate), 0.72 ml anisole, 3.1 ml acetic anhydride, 35.8 ml acetic acid, and
0.3 ml concentrated sulfuric acid was poured onto 200 g ice, washed with benzene, treated
with 20 ml 40% HBF,, and extracted with 3:1 MeNO,—CHCls. The organic extracts were evapor-
ated in vacuum. The addition of ether precipitated (IV) which was purified by reprecipita-
tion from acetone by ether. The yield was 2.2 g (847%) .

5. Phenyl-(9-m-carboranyl)chloronium Tetrafluoroboride (V). A solution of 1.82 ml
aniline in 8 ml CF,CO.H was diazotized at 0°C by the addition of 1.84 g NaNO,. Then, 10.4 g
9-chloro-m-carborane and 35 ml hexafluorobenzene were added with stirring to the solution
of phenyldiazonium trifluoroacetate obtained and then 8.3 ml (CF3C0),0 was carefully added.
The reaction mixture was heated at reflux until the diazonium salt was completely decomposed,
as indicated by testing with B-naphthol. The solvents were removed in vacuum. A 2:3 mixture
of pentane and ether was added to the residue and the organic layer was repeatedly extracted

*The mixture should be prepared by the careful dropwise addition of concentrated sulfuric
acid to a sample of acetic anhydride cooled to 0°cC.
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with water. The aqueous extracts were treated with 20 ml 407 HBF, and extracted with 3:1
MeNO,—CHCl;. After removal of the solvents in vacuum, (V) was precipitated from the residue
by the addition of ether. The product was purified as in experiment 1. The yield was 0.5

g (7%).

6. 3~Fluorophenyl-(9-m~carboranyl)chloronium Tetrafluorcboride (VI). 4 solution of
4 g 3-fluorophenyldiazonium tetrafluoroboride in 15 ml CF,;CO0.H was added to a solution of
10.9 g 9-chloro-m-carborane in a mixture of 5 ml CF3CO,H and 35 ml C¢F¢ heated at reflux.
The reaction mixture was heated at reflux for 5 h until the complete decomposition of the
diazonium salt. The solvents were evaporated in vacuum. The solid residue was dissolved
in acetone and (VI) was precipitated by the addition of ether. The product was purified
as in experiment 1. The yield was 0.34 g (57).

7. 3-Fluorophenyl-(9-m-carboranyl)bromonium Tetrafluoroboride (VII). Under the con-
ditions of experiment 6, 8.4 g 9-bromo-m-carborane, 4 g 3-flucorophenyldiazonium tetrafluoro-~
boride, 20 ml CF3CO.H, and 30 ml CsF¢ upon heating at reflux for 5 h gave (VII), which was
purified as in experiment 4., The yield was 0.41 g{5%).

8. 3-Fluorophenyl-(9-m-carboranyl)iodonium Tetrafluoroboride (VIII), Under the condi-
tions of experiment 6, 11.2 g 9-iodo-m-carborane, 4.4 g 3-fluorophenyldiazonium tetraflucro-
boride, 25 ml CF3CO.H, and 30 ml C¢Fs upon heating at reflux for 1.5 h gave (VIII), which
was purified as in experiment 4., The yield was 0.74 g (8%).

9. 4~Fluorophenyl-(9-m-carboranyl)chleronium Tetrafluorcboride (IX). Under the condi-~
tions of experiment 5, 1.9 ml p-fluoroaniline diazotized by 1.84 g NaNO, in 20 ml CF3CQO.H
and 10.3 g 9-chloro-m~carborane in a mixture of 30 ml C¢Fs and 9 ml (CFsC0).0 upon heating at
reflux for 56 h gave (IX), which was purified as in experiment 1. The yield was 0.11 ¢
(1.5%) .

CONCLUSIONS

1. 3-Fluorophenyl-, 4-fluorophenyl-, and phenyl-(9-m-carboranyl)chloronium tetrafluoro-
borides were prepared. These are the first reported carborane chloronium salts.

2. A series of new aryl-(9-m-carboranyl)iodonium and aryl-(9-m-carboranyl)bromoniun
tetrafluoroborides were obtained with fluoro, nitro, methoxy, and methyl groups in the ben-
zene ring.
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