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Sununary: The AlCl;-catalysed chlorination and deuteration reactions of 7-Me;N-nido-7-
CBioH,; are presented. When 7-MeyN-nido-7-CByoH, 2 is treated with anhydrous HCl in the
presence of AICl; electrophile induced nucleophilic chlorination occurs to yield 7-MesN-9-Cl-
nido-7-CBypH), as the major product, with a minor component of the disubstituted species, 7-
MesN-6,9-Cly-nido-7-CBioHe. When DCl in the presence of AICH is used, deuterium substitution
occurs in addition to chlorination and with the formation of 7-Me¢;N-9-Cj-1,4,5.6,10-Ds-nido-7-
CBioHio. A similar dichlorinated by-product, 7-MesN-6,9-Cly-1,4,5,10-Dy-nido-7-CB,Hs is also
obtained. The structures of all isolatcd compounds were unambiguously determined via elemental
analyses, IR, mass spectroscopy, 'H, ''B and 2-D ''B-''B NMR spectra.

Introduction

The monocarbon carborane, 7-Me;N-nido-
7-CBigHia (), (Fig. 1) has been reported earlier
[1]. Boron substituted derivatives of I have been
described previously [2,3]. Direct chlorination with
Cl;, or N-chlorosuccinimide vielded 7-Me;N-4(6)-
Clnido-7-CB\gHy, and nido-[4(6)-Cl-7-CB;oHy»|
[2]. Similarly, bromination with the aid of AlICl;
catalyst .gave nido-[4,6-Br,-7-CB,gH,;]” and 7-
Me-3N-4,6-Cl;-nido-7-CBgH,¢ [3]. Furthermore,
compound 7-Me;N-8,11-Ds-nido-7-CB;oH;0 |3},
was prepared from the deuterated decaborane, 6,9-
D,-BigH;2 [4]. Although the positions of substi-
tution were not unambiguously determined by ''B
NMR spectroscopy.

This paper reports the chlorination and
entertain reactions of I with hydrogen chloride and
denteration chloride respectively, in the presence of
AlCl; as a catalyst. Their structures were
established  unambiguously  through  1wo-
dimensional ''B-''"B NMR spectroscopy.

Results and Discussion

Preparation

The AICl,-catalysed substitution reactions of
I with gascous HCI in CS; at ambient temperature
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Fig. 1. Structure and numbering system of 7-Me;N-
nido-7-CB;gH,5(1)

gave rise to 7-Me;N-9-Cl-nido-7-CB, H,; (Fig. 2a)
as the major product, with a minor component of
the disubstituted species, 7-Me-3N-6,9-Cly-nido-7-
CBioH), (Fig. 2b). When DCI in the presence of
AICl; was used, deuterium substitution occurred in
addition to chlorination and with the formation of
7-Me;N-9-Cl-1,4,5,6,10,Ds-nido-7-CB;Hs  (Ifla)
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Table-1: Signal assignments in the 'H-NMR spectra’ of chlorinated and deuterated derivatives of 7-Me;N-
ﬂid0-7-CB|oH|2(I)

Compound C(T)NMes, B()H B@23)H B(8,11}H B(9,10)H B(I)H B(4,6)H B(89)and
B(10,11)uH
F-Mey,N-nido-7-CBygHyz (1) 3.12(9) 2.50(1) 2.35(2) 225(2) 128(2) L13(1) 0.4(2) -3.54(2)
7-Me;N-9-Cl-nido-7-CB;oHy (11a) 114(9) 293(1) 237(1) 262(1) 161{(1) L14(1) 0.72(1} -1.54(1)
2.21(1) 2.19(1) 0.48(1) -3.08(1)
7-Me;N-6,9-Cly-nido-7-CB;oHy o{11b) 3.14(9) 24%(1) 227(1) 242(2) 1.44(1)  L10(1) 0.50(1) -1.96(1)
1.94(1) -3.52(1)
7-Me;N-9-Cl-1,4-5,6,10-Dy-nido-7-CB,oHy(Illa)  3.14(9) - 237(1) 262(1) - . . -1.54{1)
221(1) 21%(1) - . - -3.08(1)
7-Me3N-6,9-Cl;-1,4,5,10-Dy-nido-7-CByoH (IlIb)  3.14(9) - 2271} 2422) - - - -1.96¢1)
1.94(1) . - -352(1)

*By, assignments based on 2-D and boron decoupled "H-("' B) spectra, all signals are singlets, relative intensitites in parentheses.

Table-2: Signal assignments in the '"B NMR spectra’ of chlorinated and deuterated of 7-Me;N-nido-7-

CBH;x(I)

Compound B(5) B(2) B@3) B(g Bl B B0 BI) BA) B(6)
F-Me;N-nido-7-CByoH, 1) 26 81 81 123 123 -208 208 -246 314 314
7-Me;N-9-Cl-nido-7-CBjgHy {11a) 38 125 94 110 -135 94 -IBR8 264 285  3lé
7-MesN-6-9-Cly-nido-7-CBoHi(1Ib) 33 98 -ILS 143 -143 -115° 210 268 306 170

7-Me;N-9-C1-1,4,5,6,10-Ds-nido-7-CByoHg (Illa)  3.9* -125 94  -l1i0 -13.5 -9.4° -188° 264 288  .31¢°
7-Me;N-6,9-Ch-1.4,5,10-Dy-nido-7-CBioH (1flb) 33" 98  .11.% 143 -143 115" -21.0° 268 -306° -17.0°
"85 assignments based on 2-D spectra, ali signals in proton coupled spectra are doublets.

* singlets of the chlorine substituted BH group, underneath the doublets of the unsubstituted B(3)

¢ singlets of the second chlorine substituted BH group.

¥ singlets of the deuterium substituted BH group.

Structural characlerization by NMR.
Spectroscopy

The ''B, 'H, 'H-[''B] and 2-D "B-"'B NMR

b
H / \H data for I and its substituted derivatives are
“B/’ \\ BS presented in Tables 1-3. The assignments, which
W/

NM€3

are unambiguous for most of the compounds

10 examined, are based on considerations of the
B‘_'B 7 COSY coupling correlations together with bridge
\ / /\ A hydrogen locations. These were deduced from fine
% B~ structure (on line narrowing) or broadening of ''B
2
6 B\\\\

The ''B NMR signals of 1la (Table-2), show
nine doublets, although the resonance of relative
arca two at 8§ 94 ppm can be attributed to

B = B-H except for B(9) superposition of the chlorine-coordinated B(9) and

Fig. 2: Structure of 7-Me3N-9-Cl-nido-7-CBigHiy(11a)  the unsubstituted B(3). If these signals are
compared with the ''B NMR data of the parent

and a similar dichlorinated product, 7-Me;N-6,9-  carborane 1 [3,7], the highfield (fow frequency)
Cl-1.4,5,10-Dy-nido-7-CBoHs  (IIb). It was  resonance at & 20.8 ppm in 1 is shified downfied

observed that these reactions -did not proceed  (high frequency) on substitution, giving a singlet
without catalysis at any measurable rate, rather the  ynderneath the doublet at § 9.4 ppm.

proposed ¢lectrophile-induced nucleophilic
substitution (EINS) mechanism [5] resulted in such The B NMR signal assignment of Illa
chlorination of deuteration. shows five additional singlets at positions, B(l);

B

B
5 / 3 B resonances, or by decoupling specific boron
: : I o1l
7 f environments in the 'H-("'B) spectra [6].
|
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Table-3: Cross-peaks observed in the 2-D ''B-''"B NMR spectra of chlorinated and deuterated derivatives of 7
MG3N-nid0-7-CB10H12 (l)

Compound Cross peaks'
7-MesN-nido-7-CB;oHy2(I) B(5) [(9,10), B(1)™, B(4,6)"]
B(2,3)  [B(8,11)" B(1)"B(4.6)]-
B(8,11) [B(2.3)",B(3,10)", B(4,6)]
B#,10) [B(5), B(8,11)", B(4,6)")
B(1} [B(5)", B(2,3Y, B(4,6)]
. B(4,6)  [B(5", B(2,3)\B(8,11), B(9,10), B(1)]
7-MesN-9-Cl-nido-7-CByoH,; {1la) B(5) [B(9), B(10Y', B(Y, B(4)™, B(6)"]
B(33)  [B(5), B(3), B(2)", B(10Y, B(1)Y', B(4)"
B(8) [B(3,9)", B(4)"}
B(2) [B(3)", B(11)°, B(1)", B(6)"]
B(i1)  [B(2)°, BOOY, B(6)"]
B(10)  [B(5), B(9), B{11)", B(6)}
B(1) [B(5), B(3Y, B(2)’, B(4)" B(6)"]
B(4) [B(5)™, B(9,3)", B(&)". B(1)"]
) B(6) [B(5)™, B(2)™, B(11)", B(10Y", B(1)"|
7-Me;N-6-9-Cly-nido-7-CB,H,, (11b) B(5) [B(%Y, B(6)™, B(10)", B(1Y, B{1)', B(4)"™]
B(2) [B3)”, B(11)", B(6)™, B(1)}"}
B(3.9)  [B(3)', B(2)", B(8)", B(10)', B(4)']
B(8,11)  [B(2)", B(3,9)", B{6)", B(10)", B(10)’, B(4)"]
B(6) (B(S)™ B(2)™, BOLY", B(10Y, B(1)"]
B(10) {B(3)', B(9Y, B(11)", B(6)]
B(1) [B(5)', B(2)', B(3)', B(6)", B(4)"]
_ B(4) {B(S)™ B(9.3)", B(8)", B(1)*]
7-MesN-9-Cl-1,4,5,6,10-Ds-nido-7-CBi,Hs (Ilia) B(5) {BY', B(10Y', BA)", B(4)™ B(6)™
B(93)  [B(5), B(8)", B(2)", B(i0)', B(1), B(/)]
B(8) {B(3.9)", B(4)"]
B(2) {B(3)", B(11)", B(1)", B(6)"]
B(1)  {B(2)°, B{0), B(6)"|
B(10) IB(SY, B(9Y, B(11)°, B(6)]
B(1) [B(5)", B(3)", B(2)", B(4)", B(6)"]
B(4) {B(5)™, B(9.3)". B(8)", B(1)"]
B(6) {B(5)™, B(2)™, B(11)", B(10)", B(1)™]
7-Me3N-6,9-Cl;-1,4,5,10-Dy-nido-7-CBoHs (111b) B(5) [BE9Y, B(6)™, B(10)", B(1)", B{4)"]

B(2) 1B, BOL), B6)™, B(1)")
[B(5)", B(2)", B(8)", B(10Y', B(4)’]
[B{2), B3,9Y", B(6)™, B(10)", B{(H)™
B(6) [B(S)™, B2)", B(11)", B(10)’, B(1)"]
{B(5), B(9)', B(11)°, B(6)]
B(1) {B(3)', B(2)', B(3)", B(6)", B(4)"]
B4 [B(5)". B(9.3)’, B(&)", B(1)"].
*atoms giving cross peaks with the observed atom (on diagonal) are listed in barackets with right superscripts indicate intensities of the off-
diagonal interactions (s-strong, m=medium, w-weak, 0-zero interaction). Observed atoms (off brackets) are listed upfield.

B(4). B(5); B(6) and B(10) after deuterium for those between the B(8)-B(9) and B(10)-B(11)

substitution, The most interesting feature is that
only the terminal positions were deuterated, the
other four terminal and bridge sites remained
protonated.

Similarly, ''B NMR spectra of IIb and IIIb
were also recorded whose signhal assignments are
given in Table-2.

Additional insight was given by 2-D-'"'B-''B
NMR measurements of I, IIa,b and Illab. In the
scheme, presented in Table-3, all adjacent borons
give rise to observed cross peaks expected in 2-D
spectra for the geometry depicted in Fig. 1 except

nuclei (four berons coupled to hydrogen bridges)
which are not observable. It is in close agreement
with the reported study [8] that in boron clusters no
correlation is observed between hydrogen bridged
boron nuclei since the electron density in the B-H-
B bond is negligible along the B-B vector [9].

Table-4 reflects the influence of the B(6)
and B(9) chlorine substitution on the "B NMR
chemical shifts in terms of A8, A8 and K; values.
Taking unsubstituted boron atoms of Ila, b and
Illab into account, A5 and K; values of the
dichlorinated species are greater than the
monochlorinated species.
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Table-4: !'B NMR chemical shift changes (A8,)" for chlorinated and denterated dervatives of 7-MesN-nido-7-

CBioHya(D)
Compound B(l) B(2) B(3) B4) B(3) B(6) B(B) B9 B0 B A% K
7-Me;N-9-Cl-nido-7-CB,oHy 1 (11a) -1.8 -44 -13 28 13 02 13 114 2.0 -1.2 -0.17 5.09
7-Me;3N-6-9-Cly-nido-7-CBy4H) «(TIb) 22 17 34 08 07 144 20 93 02 -2.0 -12.5 14692
7-MesN-9-Cl-1,4,5,6,10-Ds-nido-7-CB¢Hs (Illa) -1.8 -44 -13 28 13 .02 13 114 20 1.2 017 5.09
7-Me;sN-6,9-Cl;-1,4,5,10-Dy-nideo-7-CB,oHs(IIlb) -22 -17 -34 08 07 144 -20 93 02 20 -12.5 146.92
*3, (substituted 5, (parent compound) i=n
b mean shift for unsubstituted atoms defined as AS = /'n Z (n = number of unsubstituted atorms)
i=1
i=n
“variance of the shift from the mean value defined as K; = I/n-l T (A8 - ABY
i=n
lilMe3 ITIMe3
7 7
C C q
“B/' '\ 3 nB/, N
10 9{ //-—Cl Dt W\ 91 /1--Cl

\‘/\ /\‘1/

—_—

6 2 \5 / 3N
N/
B
|
B = B-H except for B(6) and B (9)

Fig. 3; Structure of 7-MeiN-6,9-Cl,-nido-7-
CBigH,0(ITb)

The relevant IR absorption frequencies of all
the substituted derivatives had B-H stretching
modes in the region 2530 cm™ and 2500 cm™. The
IR spectra of the deuterated derivatives showed, in
addition to the B-H stretching medes, strong bands
at 1900 cm™' which were assigned to the terminal
B-D stretching modes [10].

Experimental

FPhysical measurements

IR spectra were recorded as mulls in nujol
between KBr plates on Perkin-Elmer 457 Grating
infrared spectrometer (vg, in cm™), the mass
spectra on A E.1. MS9 spectrometer and the NMR
spectra  were recorded on Bruker WH 360
spectrometer ('H, 360; "'B, 115.5 MHz) in CD;CN.
Chemical shifis are quoted as positive to high

Yk AX
IS5/
b B“‘\z“\\\_s.///}\’ B~D

G
/\B

Il
D
B = B-H except for B(1,4,5,6,9 & 10)
Fig. 4: Structure of 7-Me;N-9-Cl-1.4,5,6,0-Ds-nido-
7-CBsoHe(111a)

frequency of the reference standards SiMe, or
Et,0.BF;. Two-dimensional 'B-''B NMR spectra
were produced on samples via procedures described
elsewhere [5]. The TLC was performed by using
dichloromethane as mobile phase and the spots
were detected by iodine vapours.

D

Chemicals and syntheses

Carborane 1 was prepared by the previously
reported method {le]. Deuterium chloride was
prepared by adding dropwise D;O over PCls,
condensed at -78°C and then generated by slow
evaporation. Carbon disulphide was distilled prior
to use and other commercially available chemicals
were reagent grade and used as purchased except
where otherwise indicated. All syntheses and
standard isolation procedure were conducted in an
inert atmosphere or in vacuo.
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Fig. 5. Structure of 7-Me3N-6,9-Cl»-1,4,5,10-Dy-
nido-7-CB,¢Hg(I1Tb)

Preparation of 7-MesN-9-Cl-nido-7-CBofl); and
7-Me N-6,9-Clnido-7-CB 14y (1la,b)

Carborane I (0.5g, 2.6 mmole) and
anhydrous AlICl; (0.347g, 2.6 mmole) were placed
in a 250 cm’® vessel fitted with a greaseless
stopcock and was evacuated. Dry C8;, was
condensed in, and the mixture warmed to room
temperature to form a suspension. Gaseous HCI
(ca. 1.23g. 33.8 mmole) was condensed in, the
mixture warmed at 25°C and stirred for ca. 24
hours, The evolved gas and solvent were removed
in vacuo. TLC analysis on SiO, showed two
products; the major component (R 0.7) was
separated from the minor component (R; 0.58) by
column chromatography on SiQ; to yield 7-Me,N-
9-Cl-nido-7-CB,oH;; (Ila) (ca. 0.32g, 55%).
(Found: C, 22.0; H, 94; N, 6.2; Cl, 15.4%.
C.H;BoCIN requires: C, 21.3; H, 8.9; N. 6.2; Cl,
15.7%). The mass spectrum showed a group of ions
with a mass cut-off at m/e 227 corresponding to the
ion ["'Bio "*C, 'His "N, ¥Ch]* (loss of 2H from
the parent ion). The minor component was
characterised as 7-MesN-6,9-Cly-nido-7-CB,H;o
(IIb). The mass spectrum showed a cut-off at m/e
265, corresponding to the ion ['Byy '’C4'Hys’Dy
lle 37Cl2]+‘
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Preparation of 7-Me;N-9-Cl-1,4,5,6, 10-Ds-nido-7-
CBsHs and 7-MesN-6,9-Cly-1, 4,5,10-D-nido-7-
CBoHs (1llab)

A reaction was carried out under similar
conditions to that for Ila, b except that DC1 was
used. TLC gave components with similar Ry valucs
and vields. (Found: C, 21.4; H(D), 10.6; N, 6.0; Cl,
15.4%. C4H,5DsBoCIN requires; C, 20.8;, H(D),
10.9; N, 6.1; Cl, 15.4%). The mass spectrum
showed a cut-off at m/e 230 corresponding to the
ion {”B]D U'Cq |H15 2D3 14N1 37Cl]]-'- (IOSS of Dz
from the parent ion). The minor component (I1Ib)
was similar to that from the previous reaction, the
mass spectrum of which showed a cut—off at m/e
269, corresponding to ['Bie °Cs 'His Dy "N
37Cl .
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