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Abstract

The synthesis of new 3-halogeno nido derivatives of o-carborane, [3-X-7-R-7,8-nido-C,BoH o]~ (X =Br, I; R =H, CH;, C¢Hs) is
described, through deboronation of the compounds 3-X-1-R-1,2-closo-C,BoH o, previously synthesised in our laboratory. These
nido products have been fully characterised using 'H-, 'B- and '>*C-NMR spectroscopies, MALDI-TOF and, for [3-1-7,8-nido-
C,BoH; ]~ by an X-ray crystallographic study. The influences of the halogen moiety on both the B(3) resonance and that of the
bridge proton are discussed. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recently, the chemistry of boron-halogenated carbor-
anes has received considerable attention, as evidenced
by many relevant publications [1]. Previously, we have
reported the synthesis of a series of 3-iodo and 3-bromo
closo-o-carboranes and demonstrated that they could be
excellent starting compounds for the preparation of new
carborane-derivatives following substitution reactions
[2]. More recently, the reactivity of 3-I-o-carborane
towards Mg, Cu, Cu in the presence of PPh;,
[Ni(PPh;)3], or [Pd(PPhs),] has also been studied in
our group to establish the suitability of B-iodine
substituted carboranes as sources of new derivatives
[3]. In spite of the fact that halogenated nido carboranes
have potential relevance to important topics such as
radioiodine carry and as boron neutron capture therapy
(BNCT) reagents [4]; relatively few iodinated and
brominated nido carboranes are known. The iodination
of [7,8-nido-C,BgH 5]~ was first reported by
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Hawthorne et al. in 1965, [5] an electrophilic substitu-
tion at the 9-position of the open face of the nido
precursor. The synthesis of 9,11 disubstituted [7,8-nido-
C,BoH;,]~ was later described either by electrophilic
halogenation with iodine [6,7] and bromine [7] or
through the reaction of the anion with N-halosuccini-
mide (iodo and bromo) [8]. The synthesis of the 5-iodo-
derivative, has also been described, [9,7] and, recently,
some nido carborane species have been radioiodinated
for labelling studies [10].

In this work, we describe the synthesis of new 3-
halogeno nido derivatives of o-carborane, [3-X-7-R-7,8-
I’ll'dO-CngHlo]i (XZBI', I, RZH, CH3, C6H5),
through the deboronation of the appropriate 3-X-1-R-
1,2-closo-C,B1oH g, compounds previously synthesised
in our laboratory [2].

2. Results and discussion

Since the best method of obtaining halocarboranes is
by electrophilic halogenation with iodine or bromine of
the boron atom vertices, the most common halogenated
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nido carboranes are those substituted at the 9 and 11
positions, the sites of highest electron density as a result
of their position in the open pentagonal face of the nido
cluster [5]. Consequently, producing iodo and bromo
derivatives substituted in other positions of the nido
cluster is relatively difficult, due to the unsusceptibility
of these sites to electrophilic attack. As far as we are
aware, bromination of a nido carborane is only known
at the 9 and 11 positions. For iodocarboranes the nido
anion enantiomers 5-I-nido-7,8-dicarbaundecaborate
and 6-I-nido-7,8-dicarbaundecaborate have been addi-
tionally been obtained, through the deboronation of 9-1-
o-carborane with KOH [7] or tetrabutylammonium
fluoride hydrate, TBAFH [9]. In this paper we describe
the deboronation with EtO™ in EtOH of a series of
closo derivatives of o-carborane 3-X-1-R-closo-1,2-
C,B1gH 9 (X =Br, I, R =H, CH;, C¢Hs) iodinated or
brominated at the 3-position, i.e. that connected both
cluster carbon atoms. As it is well established, the
deboronation of an icosahedral closo-o-carborane clus-
ter always takes place at the 3 or 6 positions, equivalent
in the case of non-B-substitution. However, the equiva-
lence is removed in our case, because B(3) is haloge-
nated. Therefore, one of the aims of this work was to
establish which deboronation path, cither the elimina-
tion of the B(3)—X vertex (X =1, Br) or the removal of
the B(6)—H vertex (Scheme 1), would be followed.
Hawthorne et al. established that the partial degrada-
tion of 3-R-closo-compounds (R =Et, Ph) [11] by
nucleophilic attack with ethanolic hydroxide ion at
reflux temperature took place at the non-substituted
boron atom, due to the steric demand of the R group,
thus affording partially degraded products in which the
organic substituent remains attached to boron(3).
Hawthorne later reported [12] that B—OR carborane
derivatives can also undergo degradation under basic
conditions with retention of the substituent, but that, for
substituted carboranes such as 3-(CH,(CH,),OH)-1,2-
closo-C,BoH 1, the B(3) vertex was removed. In general
it has been shown that the deboronation of 3-substituted

KOH/EtOH

R=H, CH3, CgHs
X =Br, |

Scheme 1. Possible paths of the degradation process in B-derivatives.

ortho-carboranes, 3-R-1,2-closo-C,BoH;; in alcoholic
KOH solution gives either [3-R-7,8-nido-C,BoH (]~
(R =Ph, Et, NC, NHR) or [7,8-closo-C>,BoH 5]~ (R =
OH) or both possible nido anions when R = NH, [13].
Therefore, it is apparent that the outcome of nucleo-
philic attack is not just affected by steric considerations,
and that electronic effects should also be taken into
account. Fox et al. [9] calculated the Mulliken charges
for some halogenated closo carboranes and demon-
strated that the boron atom removed remains the one
bearing the highest positive charge, thus the preferred
site for nucleophilic attack.

In our case, B(3) is either substituted with iodine or
bromine. Both are electron-withdrawing atoms that can
deplete electron density on B(3) making this atom more
susceptible to nucleophilic attack; in contrast, they are
also bulky atoms, which could prevent B(3) removal by
steric effects, forcing attack at B(6) instead.

The closo halogenated compounds 3-X-1-R-1,2-closo-
C,BioH o (X =Br, I; R =H, Me, Ph) have been used as
starting materials. The deboronation of these com-
pounds with KOH-EtOH under reflux conditions for
3 h and subsequent precipitation with [HNMe;]Cl led to
the formation of [HNMe;][3-X-1-R-7,8-nido-C,BoH ]
(X =Br, I; R = H, Me, Ph; compounds I-VI) in good to
high yield (Scheme 1b). Therefore, it is clear that
nucleophilic attack takes place at the non-substituted
atom B(6) leaving B(3)—X intact. This can be interpreted
either in terms of the bulkiness of the substituent or the
1 back-donation power (the mesomeric (+M) effect) of
the halogen atoms. Given that the lone pairs of weakly
electronegative elements like iodine are reasonably basic
in terms of Lewis acid—base theory, they could interact
fairly efficiently with the tangential p-orbitals on B(3)
transferring electron density to this atom, [2] thus
causing B(6) to become the atom most susceptible to
nucleophilic attack.

Compounds I-VI represent the first examples of 3-
halogeno nido derivatives of o-carborane, and they can
be used as precursors to synthesise carborane-containing
macromolecules. I-VI have been fully characterised
using 'H-, "'B-, '3C-NMR spectroscopy, and, in the
case of [3-1-7,8-nido-C,BgH 1], MALDI-TOF and X-
ray diffraction. The MALDI-TOF spectrum (Fig. 1)
shows a peak with isotopic distribution at m/z = 260.39
corresponding to [IC,BgH;;]”. A peak at 127.05
corresponding to lost iodine is also observed.

2.1. The B(3)—X influence on the bridging proton

The bridging proton in [7,8-nido-C,BoH 5]~ deriva-
tives is relatively acidic and can be removed by the
addition of strong base. Comparing the chemical shift of
this bridging proton in unsubstituted [7,8-nido-
C,BoH 5], —2.90 ppm, with that in [3-X-7,8-nido-
C2B9H11]_ (X :I, 0=—-2.67 ppm; X= Br, 0= —2.68
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Fig. 1. MALDI-TOF of [HNMe;][3-1-7,8-C5BoH, ] (I).

ppm) we observe that, although the variation is small,
the presence of an halogen group on B(3) moves J to
lower field. The effect is similar for both iodine and
bromine. The same phenomenon is apparent for [3-X-7-
Me-7,8-nido-C,BgH 9]~ (X =1, Br) in which the BHB
resonance is found at the same position in both species,
in both cases at lower field than in to [7-Me-7,8-nido-
C,BoH (]~ . Moreover, this pattern also extends to the
Ceuster—Ph derivatives (see Table 1). It is also note-
worthy that, when a halogen group is substituted on
B(3), in most cases the bridge proton appears in the
"H{'"'B}-NMR spectrum as a multiplet instead of the
broad singlet usually observed in nido carboranes.

2.2. The B(3)—X substitution influence on the '’ B-NMR
spectrum

The presence of an iodine substituent on B(3) in [3-1-
7,8-nido-C>BoH 1]~ (dpi3) = —28.8), causes the reso-
nance to appear at higher field in comparison to the
unsubstituted anion [7,8-nido-C,BoH;5]™ (g3 = —
17.4). In contrast, a bromine substituted on B(3) shifts
the resonance to lower field; [3-Br-7,8-nido-C>BoH ]~
(dB3) = —14.2). The same effect was earlier observed in
the case of halogeno closo-carborane derivatives [2]. We
also note that the influence of a carbon substituent,
either methyl or phenyl, on the chemical shift of B(3) in
3-1 or 3-Br-nido-carborane is comparable in both cases,
causing a shift to low field of ca. 5 ppm in the iodo case
and ca. 3 ppm in the bromo case (dp3-1.c-me = —23.1,
Op3-r.c-ph = —23.6; Op3_Br.c-me = —11.1, dp3_Br.c-Ph =
—10.9) (see Table 2).

Table 1
Chemical shifts of bridge BHB protons in halogenated nido-carbor-
anes

Ccluster* H (Ppm)

Ccluster7 Me (Ppm)

Cc]uster7 Ph (ppm)

B3)-H —2.90 —2.71 —2.46
B(3)-1 —2.67 254 —2.31
B(3)-Br —2.68 —2.54 —2.31

Table 2
""B.NMR data of B(3) in [3-X-7-R-7,8-nido-C,BoH;o] = (X = Br, I;
R = H, CHj;, C¢Hs) compounds (I-VI)

Compound [3-X-R-7,8-nido-C,BoH 0] ~
X, R 8 (B(3)-X) (ppm) A (ppm)

[C2BoH 2] ™ - H —17.4 0

@M ILH —28.8 —11.4

(I Br, H —142 +32

(110) 1, Me —23.1 —5.7

Iv) I, Ph —23.6 —6.2

V) Br, Me —11.1 +6.3

(VD Br, Ph —10.9 +6.5

The '"'B{'H}-NMR spectrum of [3-I-7,8-nido-

C,BoH ]~ displays a 2:2:2:1:1:1 pattern (low field to
high field) in the range —9.3 to —35.8 ppm character-
istic of [7,8-nido-C,B9H ;5] species, [15] with the
resonances sufficiently separated enough to permit their
unambiguous assignment by means of
UB{'H}-"B{'H} COSY. The peak at —34.1 ppm is
easily assigned to B(10) since it appears as a doublet of
doublets in the ''"B-NMR spectrum due to coupling with
the H bridge as well as the exo-H. The peak at —35.8
ppm, at highest field, corresponds to B(1), the position
antipodal to the open face (Fig. 2). The spectrum also
exhibits a singlet at —28.8 ppm corresponding to B(3).
With the resonances due to B(1), B(3) and B(10) thus
established, analysis of the cross peak easily allowed the
assignment of the 2:2:2:1:1:1 pattern to B(9,11): B(5,6):
B(2,4): B(3): B(10): B(1), respectively (see Fig. 3).
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3 T 9 & LI
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Fig. 2. Comparison of ''B- and ''B{'H}-NMR spectra of [HNMes][3-
1-7,8-nido -C,BoH ] ().
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Table 3

Selected interatomic distances (A) and angles (°) for [HNMes][3-1-7,8-

nido -C2B9H1 1] (I)

Interatomic distances

I(1)-B(3)
B(1)-B(4)
B(1)- B(3)
B(1)-B(2)
B(1)- B(6)
B(1)- B(5)
B(2)-C(7)
B(2)- B(6)
B(2)-B(3)
B(2)-B(11)
B(3)-C(8)
B(3)-C(7)
B(3)-B(4)
B(4)-C(8)
B(4)-B(5)
B(4)-B(9)
B(5)-B(10)
B(5)-B(9)
B(5)-B(6)
B(6)-B(11)
B(6)- B(10)
C(7)-C(8)
C(7)-B(11)
C(8)-B(9)
B(9)-B(10)
B(9)-H(10A)
B(10)-B(11)
B(10)- H(10A)
C(21)-N(1)
C(22)-N(1)
C(23)-N(1)
N(1)-H(IN)

Interatomic angles
B(4)-B(1)-B(3)
B(3)-B(1)-B(2)
B(2)-B(1)-B(6)
B(4)-B(1)-B(5)
B(6)-B(1)-B(5)
C(7)-B(2)-B@3)
B(6)-B(2)-B(1)
B(3)-B(2)-B(1)
C(7)-B(2)-B(11)
B(6)-B(2)-B(11)
C(8)-B(3)-C(7)
C(7)-B(3)-B(2)
B(1)-B(3)-B(2)
C(8)-B(3)-B(4)
B(1)-B(3)-B(4)
C(®)-B(3)-1(1)
C(H-BB)-1(1)
B(1)-B(3)-1(1)
B(2)-B(3)-1(1)
B(4)-B(3)-I(1)
B(1)-B(4)-B(5)
C(8)-B(4)-B(3)
B(1)-B(4)-B(3)
C(8)-B(4)-B(9)
B(5)-B(4)-B(9)
B(4)-B(5)-B(9)
B(10)-B(5)-B(9)
B(4)-B(5)-B(1)

2.163(10)
1.744(13)
1.755(14)
1.772(14)
1.808(14)
1.817(14)
1.729(13)
1.730(14)
1.762(15)
1.776(14)
1.700(12)
1.707(13)
1.787(13)
1.721(11)
1.747(14)
1.792(13)
1.773(14)
1.782(14)
1.823(14)
1.744(13)
1.795(14)
1.555(13)
1.613(14)
1.636(14)
1.857(16)
1.37(10)
1.845(15)
1.17(10)
1.514(12)
1.481(12)
1.495(12)
0.88(9)

61.4(6)
59.9(6)
57.8(6)
58.7(5)
60.4(6)
58.5(5)
62.1(6)
59.6(6)
54.8(5)
59.7(6)
54.3(5)
59.8(6)
60.5(6)
59.1(5)
59.0(5)

123.1(6)

125.6(6)

124.9(6)

123.2(6)

122.1(6)
62.7(6)
57.9(5)
59.6(5)
55.5(5)
60.5(6)
61.0(6)
63.0(6)
58.5(5)
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B(10)- B(5)- B(6) 59.9(6)
B(1)-B(5)-B(6) 59.5(6)
B(2)-B(6)-B(11) 61.5(6)
B(11)-B(6)-B(10) 62.8(6)
B(2)- B(6)-B(1) 60.1(6)
B(10)-B(6)- B(5) 58.7(6)
B(1)-B(6)-B(5) 60.1(5)
C(8)-C(7)-B(11) 116.0(8)
C(8)-C(7)-B(3) 62.6(6)
B(11)-C(7)-B(2) 64.1(6)
B(3)- C(7)-B(2) 61.7(6)
C(7)-C(8)-B(9) 111.3(8)
C(7)-C(8)-B(3) 63.1(6)
B(9)-C(8)-B(4) 64.5(6)
B(3)-C(8)-B(4) 63.0(5)
C(8)-B(9)-B(4) 60.1(5)
B(5)-B(9)-B(4) 58.5(5)
C(8)-B(9)-B(10) 106.3(8)
B(5)-B(9)-B(10) 58.3(6)
B(5)- B(10)-B(6) 61.4(6)
B(6)-B(10)-B(11) 57.2(6)
B(5)-B(10)-B(9) 58.7(6)
B(11)-B(10)-B(9) 101.1(7)
C(7)-B(11)-B(2) 61.1(6)
B(6)-B(11)-B(2) 58.9(5)
C(7)-B(11)-B(10) 105.0(7)
B(6)-B(11)-B(10) 59.9(6)
C(22)-N(1)-C(23) 112.1(8)
C(22)-N(1)-C(21) 111.5(8)
C(23)-N(1)-C21) 111.1(7)
C(22)-N(1)-H(IN) 108(6)

C(23)-N(1)- H(IN) 108(6)

C(21)-N(1)- H(IN) 106(6)

2.3. Description of the structure of [HNMe;][3-1-7,8-
nido-CZBgH”] (I)

Only three crystal structures of iodinated nido com-
pOUHdS, [HNMG3][9,1 1-12-7,8-1’lid0 -C2B9H10] [6],
[HNMes][9-1-7,8-nido-C,BoH ;]  [6] and  Cs[7-(p-
CcH4NCS)-9-1-7,8-nido-C,BoH ]. [4] have been re-
ported. That of [HNMes]|[3-1-7,8-nido-C>BgH;;] (1),
reported here, is the first in which the iodine is not
attached to one of the symmetry equivalent positions 9
or 11.

The salt I crystallise as ion pairs (Fig. 4) with no close
inter-ion contacts. The anion has the anticipated nido
icosahedral geometry with the iodine substituent at
position 3. Table 3 lists selected interatomic distances
and angles. B(3)—1 is 2.163(10) A, wholly typical of
similar distances in the literature [14]. Molecular para-
meters within the nido cage are consistent with those in
the parent compound [7,8-nido-C,BoH 5] [15], with
C(7)-C(8) 1.555(13) A. The atom H(10A) appears to be
intermediate between endo on B10 and bridging between
B(10) and B(9), B(9)-H(10A) 1.37(10) A, B(10)~H(10A)
1.17(10) A. All other distances and angles, and those in
the cation, are quite normal.
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Fig. 3. "B{'H}-"'B{'H} COSY spectrum of [HNMes][3-I-7,8-nido-
CyBoH ] (D).

3. Experimental

3.1. Instrumentation

Elemental analyses were performed using a Carlo
Erba EA1108 microanalyser. IR spectra were recorded
from KBr pellets on a Shimadzu FTIR-8300 spectro-
photometer. 'H- and '"H{''B}-NMR (300.13 MHz),
BC{'H}-NMR (75.47 MHz) and '"'B-NMR (96.29
MHz) spectra were recorded with a Bruker ARX 300
instrument equipped with the appropriate decoupling
accessories. All NMR spectra were recorded from
CD;COCDj; solutions at 25 °C. Chemical shift values
for ""B-NMR spectra were referenced to external BF;-
OEt, and those for 'H-, 'H{''B}- and "*C{'H}-NMR
spectra were referenced to SiMey. Chemical shifts are
reported in units of parts per million downfield from
reference, and all coupling constants are in Hz. MS

Fig. 4. Perspective view of the ion pair [HNMes][3-1-7,8-nido-
CyBoH 1] (D).

spectra were recorded using a Bruker Biflex MALDI-
TOF mass spectrometer.

3.2. Materials

Unless otherwise noted, all manipulations were car-
ried out under a dinitrogen atmosphere using standard
vacuum line techniques. 3-I-o-carborane, [16] 3-1-1-Me-
o-carborane, [2] 3-I-1-Ph-o-carborane, [2] 3-Br-o-car-
borane, [17] 3-Br-1-Me-o-carborane, [2] 3-Br-1-Ph-o-
carborane, [2] were synthesised according to the biblio-
graphy. Ethanol, KOH and [HNMze;]Cl were purchased
from commercial sources and used as received.

3.3. Trimethylammonium 3-iodo-7,8-dicarba-nido -
undecaborate (1)

A solution of 1.95 g (7.2 mmol) of 3-iodo-1,2-dicarba-
closo-dodecaborane and 2.0 g (36 mmol) of KOH in 60
ml of ethanol was heated under reflux for 3 h. The
alcohol was then distilled off and the residue was
dissolved in water (50 ml), neutralised and precipitated
with aqueous [HNMe;]Cl. After filtration, the solid was
washed with cold water (2 x 15 ml) and hexane (2 x 15
ml) yielding compound I as a white powder. Yield 2.0 g
(87%). Anal. Calc. for CsH,;BoNI: C, 18.81; H, 6.62; N,
4.38. Found: C, 19.53; H, 6.76; N, 4.21%. IR: v
[em~!]=3163 (N-H), 2518 (B—H). 'H{!'B}-NMR:
0=3.22 (s, 9H, HN(CH3)3), 3.00-0.00 (br m, 8H, B-
Hierminal), 1.95 (br s, 2H, Cguseer—H), —2.67 (br m, 1H,
B-Hpyigge). "C{'H}-NMR: 5 =48.0 (Copuster)s 45.2 (s,
HN(CHs3);). ""B-NMR: 6 = —9.3 (d, 'J(B,H) = 139, 2B,
B(9,11)), —15.5 (d, 'J(B,H) = 136, 2B, B(5,6)), —19.8
(d, 'J(B,H) = 153, 2B, B(2,4)), —28.8 (s, 1B, B(3)), —
34.1 (dd, 'J(B,Hierminat) = 138, 'J(B,Hpridge) = 55, 1B,
B(10)), —35.8 (d, 'J(B,H) = 154, 1B, B(1)).

3.4. Trimethylammonium 3-bromo-7,8-dicarba-nido -
undecaborate (II)

Similarly were reacted 1.60 g (7.2 mmol) of 3-bromo-
1,2-dicarba-closo-dodecaborane and 2.0 g (36 mmol) of
KOH in 60 ml of ethanol. Work-up gave compound II.
Yield 1.62 g (83%). Anal. Calc. for CsH,;BoNBr: C,
58.57; H, 4.13; N, 2.73. Found: C, 59.20; H, 4.12; N,
2.70%. IR: v [em ™ ']=3167 (N-H), 2514 (B-H).
"H{"'B}-NMR: 6 =3.21 (s, 9H, HN(CHjs);), 3.0-0.0
(bl‘ m, 8Ha Btherminal)s 1.95 (bI' S, 2H, Cclusteer)a -
2.68 (br m, 1H, B-~Hpigg) “C{'H}-NMR: 6 =47.0
(Cetuster), 45.2 (s, HN(CH;)5). "B-NMR: 6 = —10.0 (d,
'J(B,H)=137.6, 2B), —14.2 (s, 1B), —16.1 (d,
'J(B,H) = 137.6, 2B), —20.7 (s, 'J(B,H) =152.1, 2B),
—36.6 (d, 'J(B,H) = 137.2, 2B).
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Table 4
Details of structural study of [HNMes][3-1-7,8-nido-C,BoH;] (I)
Empirical formula CsH,1BoIN
Formula weight 319.42
Temperature (K) 160(2)
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P2,/c
Unit cell dimensions

a (A) 11.9951(16)

b (A) 12.640(3)

¢ (A) 9.6449(17)

B ©) 94.070(13)
Volume (A%) 1458.6(4)
Z 4
Deare (Mg m™?) 1.455
Absorption coefficient (mm ') 2.161
F(000) 624
Crystal size (mm?) 0.06 x 0.32 x 0.28
0 range for data collection (°)  2.34-25.00
Index ranges —4<h<l4, —1<k <15,

—1</<l11

Reflections collected 3306

Independent reflections 2545 [Rine = 0.0709]
Completeness to ¢ = 25.00° 99.2%

Absorption correction Empirical

Max/min transmission 1.00, 0.7195

Refinement method Full-matrix least-squares on F>
Data/restraints/parameters 2545/10/182

Goodness-of-fit on F? 1.116

Final R indices [ > 20 ()] R, =0.0544, wR, = 0.1324
R indices (all data) R; =0.0853, wR, =0.1536
Largest difference peak, hole (e 1.630, —1.688

A3

3.5. Trimethylammonium 3-iodo-7-methyl-7,8-dicarba-
nido -undecaborate (III)

In the same manner were reacted 2.05 g (7.2 mmol) of
3-iodo-1-methyl-1,2-dicarba-closo-dodecaborane  and
2.0 g (36 mmol) of KOH in 60 ml of ethanol. Work-
up gave compound III. Yield 1.90 g (79%). Anal. Calc.
for C¢H,3BoNI: C, 21.61; H, 6.95; N, 4.20. Found: C,
21.71; H, 6.95; N, 4.19%. IR: v [em ~ '] =3155 (N-H),
2962-2860 (C,—H), 2523 (B—H). 'H{!'B}-NMR: 6 =
3.21 (s, 9H, HN(CH;)3), 3.0-0.0 (br m, 8H, B-
Hterminal)a 1.61 (br S, 2H, Cclusteer)a 1.50 (57 3Ha
CH;), —2.54 (br m, 1H, B-Hpag). ~C{'H}-NMR:
0 =521 (Cepuster)s 45.2 (s, HN(CH3)3), 25.1 (s, CHj3).
"B.NMR: § = —8.5 (d, 'J(B,H) =153, 1B), —10.3 (d,
1J(B,H) =153, 1B), —16.2 (d, 'J(B,H) =173, 2B), —
18.4 (d, 'J(B,H) =115, 1B), —19.1 (d, 'J(B,H) =115,
1B), —23.1 (s, 1B), —34.1 (d, 'J(B,H) =115, 2B).

3.6. Trimethylammonium 3-iodo-7-phenyl-7,8-dicarba-
nido -undecaborate (IV)

Similarly were reacted 2.5 g (7.2 mmol) of 3-iodo-1-
phenyl-1,2-dicarba-closo-dodecaborane and 2.0 g (36
mmol) of KOH in 60 ml of ethanol. After working-up

compound IV was obtained. Yield 2.0 g (70%). Anal.
Calc. for C;;H,sBoNI: C, 33.40; H, 6.37; N, 3.54.
Found: C, 33.84; H, 6.38; N, 3.55%. IR: v [em ™~ ']=
3100 (N—H), 2524 (B—H). 'H{!'B}-NMR: 6 =7.20—
6.90 (br m, SH, C-H,y), 3.21 (s, 9H, HN(CH,)s),
3.0-0.0 (br m, 8H, B—H erminat), 2-40 (br s, 2H, Cejuster—
H), —2.31 (br s, 1H, B-Hyigee). "C{'H}-NMR: 6 =
144.1, 127.5, 126.6, 124.9 (Cary), 47.1 (Copusier)s 45.5 (5,
HN(CH3);). '"B-NMR: 6= —6.2 (d, 'J(B,H) =138,
1B), —99 (d, 'J(BH)=138, 1B), —158 (d,
1J(B,H) =167, 1B), —17.05 (d, 'J(B,H) = 146, 1B), —
19.1 (d, 'J(B,H) =145, 2 B), —23.6 (s, 1B), —33.3 (d,
'J(B,H) = 143, 2B).

3.7. Trimethylammonium 3-bromo-7-methyl-7,8-dicarba-
nido -undecaborate (V)

In the same manner were reacted 1.71 g (7.2 mmol) of
3-bromo-1-methyl-1,2-dicarba-closo-dodecaborane and
2.0 g (36 mmol) of KOH in 60 ml of ethanol. Work-up
gave compound V. Yield 1.55 g (75%). Anal. Calc. for
CeH3BoNBr: C, 25.16; H, 8.09; N, 4.89. Found: C,
25.26; H, 8.06; N, 4.80%. IR: v [em '] =3165 (N-H),
29002749 (C,—H), 2524 (B-H). 'H{!'B}-NMR: 6 =
3.18 (s, 9H, HN(CHsj)3), 3.0-0.0 (br m, 8H, B-
Hterminal)a 1.97 (br S, 2H; Cclusteer)a 1.43 (Sa 3H,
CH;), —2.54 (br m, 1H, B-Hpygg) “C{'H}-NMR:
0=>52.1 (Cquster), 45.2 (s, HN(CH3)3), 25.4 (s, CHj;).
B.NMR: 6 = —8.6 (d, 'J(B,H) =135, 1B), —11.1 (d,
1J(B,H) = 146, 1B), —11.1 (s, I1B), —17.3 (d, 'J(B,H) =
145, 2B), —18.6 (d, 'J(B,H)=151, 1B), —20.2 (d,
'J(B,H) = 158, 1B), —35.85 (d, 'J(B,H) = 131, 2B).

3.8. Trimethylammonium 3-bromo-7-phenyl-7,8-dicarba-
nido-undecaborate (VI)

Similarly were reacted 2.15 g (7.2 mmol) of 3-bromo-
1-phenyl-1,2-dicarba-closo-dodecaborane and 2.0 g (36
mmol) of KOH in 60 ml of ethanol. After working-up
compound VI was obtained. Yield 1.50 g (69%). Anal.
Calc. for C;;H,5BoNBr: C, 37.9; H,7.2; N, 4.01. Found:
C, 38.0; H, 7.3; N, 4.09%. IR: v [ecm '] =3165 (N-H),
2527 (B—H). 'H{''B}-NMR: 6 = 7.20-6.90 (br m, 5H,
C-H,y1), 3.20 (s, 9H, HN(CH3)3), 3.0-0.0 (br m, 8H,
B_Hlerminal)’ 2.37 (br S, 2H> Ccluster_H)9 —2.31 (bl' S,
1H, B-Hpigee)- C{'H}-NMR: 0 = 143.4, 127.2, 126.8,
124.5 (Cary)s 47.2 (Causier)> 45.3 (s, HN(CH3)3). ''B-
NMR: 6 = —6.6 (d, 'J(B,H) = 140, 1B), —10.9 (d, 1B),
—10.9 (s, 1B), —17.1 (d, 'J(B,H) =139, 2B), —19.7 (d,
1J(B,H) =183, 1B), —19.9 (d, 'J(B,H)=180, 1 B), —
35.1 (d, 'J(B,H) = 135, 2B).

3.9. X-ray crystallographic study of 1

A single crystal was mounted on a glass fibre and
studied using a Bruker P4 diffractometer [18] operating
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with graphite-monochromated Mo-K, radiation (1=
0.71069 A) with cooling via an Oxford Cryostreams
device. Intensity data were collected using w scans. No
significant deviation of the intensities of standard
reflections periodically remeasured was detected. Data
were corrected for absorption effects by psi scans. The
structure was solved by direct methods and difference
Fourier methods and refined [19] by full-matrix least-
squares. Cage H atoms and the ammonium H atom
were located from a difference Fourier map. Exo-H
atoms on the cage were restrained to 1.10(2) A from
boron or 1.15(2) A from carbon, but the atoms H(10A)
and H(IN) were allowed free refinement. Methyl H
atoms were set in idealised positions. All H atom
displacement parameters were treated as riding on their
respective bound atom, with Uy set at 1.2 x Ug, 1.2 x
Uc  or 1.5 x Cpemyr- Table 4 lists relevant data.

cage

4. Supporting information available

Crystallographic data (excluding structure factors)
have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publications
CCDC no. 169772. Copies of the data can be obtained
free of charge on application to The Director, CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).
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