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Abstract

Pentaalkyl-6-bromo-2,3,4,5-tetracarba-nido-hexaboranes(6) (carb-Br 2) react with trimethyl-
stannyl- and triphenylstannyl-lithium to give the 6-stannyl subtituted carbaboranes carb-SnMe; 3a
and carb-SnPh; 3b. The reactivity of 3b towards various electrophiles was studied. It reacts with
tin tetrachloride and tin tetrabromide preferably by cleavage of the Sn-C bond, leading finally to
novel inorganic tin(IV) halides carb-SnCl; 6(Cl) or carb-SnBr; 6(Br). This is also true for the
reaction with boron tribromide. In this case, carb-SnBr; 6(Br) proved to be stable even in the
presence of an excess of BBrs; heating of this mixture at 60°C leads back to 2 and to SnBr». In the
reaction with bromine, it appears that both Sn-C and Sn-B bonds are attacked since the formation
of carb-SnPh,Br 4(Br), carb-SnPhBr, §(Br) and 2 can be detected by '"°Sn and ''B NMR. No
reaction of 3b with zirconium tetrachloride was observed, whereas titanium tetrachloride reacts
very slowly, aaain by cleavage of one of the Sn-C bonds. All products were characterized by 'H,
"B, ¢ and '"®Sn NMR spectroscopy.

1. Introduction

Although peralkylated 2,3,4,5-tetracarba-nido-hexaboranes(6) have been known since the
mid-sixties [1] as exceptionally stable compounds (in contrast with the parent derivative C4B;Hs
[2]), their chemistry has not been explored in great detail. Only recently, the synthesis of tetraalkyl-
1,6-dibromo- [3] and pentaalkyl-6-bromo-derivatives [4] was reported, together with the
corresponding B-H derivatives, and the basic structure of such alkylated carbaboranes determined
by an X-ray diffraction analysis of another pentamethy! derivative with the N-bonded Fe;(CO)¢-p-
SN fragment in 6-position [5]. Various polyhedral boranes are known in which triorganostannyl
groups are linked to boron either in bridging or in terminal position [6]. The synthetic potential of
simple stannylboranes {[7] is increasing since it was found that compounds such as Me;SnB(NEt,),
can be used in the palladium-catalyzed stannylboration of alkynes [8]. Therefore, we report in the
present work on the synthesis of pentaalkyl-6-triorganostannyl-2,3,4,5-tetracarba-nido-
hexaboranes(6) 3, together with the results of a first screening of the reactivity of 3 towards
various element halides.
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2. Results and discussion
2.1 Syntheses of 6-triorganotin substituted carbaboranes

The most convenient route to peralkylated 2,3,4,5-tetracarba-nido-hexaboranes(6) is shown in
Eq.(1), leading to a 2:1 mixture of isomers 1 + 1" [1]. These isomers have almost identical physical
and chemical properties, and therefore the mixture 1 + 1” was used as starting material.

Et Et
b -
6 Et:B . BEt; [Et:BH] Et_ ~Et +2 % ~Et 1)
> > 5 2 ' 2
Me Et -6 BEt3 Me Me Et Me
16 =
Et Et
1
carb-Et

Following again the literature procedure [4], 1 + 1° were converted selectively to 2 + 2° by

treatment with boron tribromide [Eq.(2)]. In the following the 6-substituted carboranyl moieties are
abbreviated as carb.

Bt Et
BBrs 8
carb-Et Leaees %L%Et + %I%E\t
1+1° -2 Et,BBr Et — ~-Me
Br
2 2
carb-Br

The reaction of the mixture 2 + 2" with Me;SnLi or Ph;SnLi [Eq.(3)] in THF afforded the
corresponding mixtures of carbaboranes 3 + 3° in moderate to good yields.
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2.2 Reactivity of 3b + 3°b towards electrophiles

The reactivity of Sn-C bonds towards electrophiles is well documented [9]. Exchange
reactions of tetraorganyltin compounds with tin tetrachloride or tin tetrabromide serve as prominent
examples.

The course of the exchange reaction of 3b + 3°b with tin tetrachloride (Scheme 1) is evident
from the sequence of "Ssn NMR spectra in Figure 1. The first reaction products are carb-SnPh,Cl
4(Cl) and carb-SnPhCl, 5§(Cl), together with PhSnCls, Ph,SnCl, and a trace of PhaSnCl (Fig. 1a).
This indicates that the Sn-C bonds are more reactive than the Sn-B bond. Only in the presence of
an excess of SnCl,, the equilibrium is finally shifted towards carb-SnCl; 6(Cl) (Fig. 1d) wich may
be formed also by cleavage of the Sn-B bond. However, considering the product distribution in the
beginning of the reaction, it is more likely that the cleavage of the third Sn-C bond takes place
much more slowly than the cleavage of the first and second Sn-C bond, and may still be faster
than the cleavage of the Sn-B bond. The reaction with an excess of SnBrs (Scheme 1) leads to
carb-SnPhBr; 5(Br), even after heating for 12 h at 80°C.

carb—SnPh,Cl 4 carb—SnPh,Br 4(Br)
+ carb:SnPhBrz 5(Br)
PhTiCly carb:Br 2+2°
%‘ZrCI.g

‘\mcu /:Brz
IIEt IIEt
B B
Me . “Me Et . “Me

I I
SnPh; SnPhs

Vi 3b 3'b
+Snf}, carb—SnPhg \1BBry
carb—SnPh,Cl 4(Cl) carb—SnPh,Br 4(Br
~SrPh, l+s,,3r4 ~STPh,Br 4B1)
carb—SnPhCl, 5(Cl) carb—SnPhBr, 5(Br)
+ +
carb—SnCl; 6(Cl) carb—SnPh,Br 4(Br) carb—SnBrs  6(Br)
+
—SnPh B
1 +8nCly carb—SnPhBr, 5(Br) l +BBrs
1+San4
carb—SnCh 6(Cl) carb—Br + [Br3SnBBr;]
2+2°
carb—SnPhBr, 5(Br) l

BBr3 + SnBr;

Scheme 1. Exchange reactions of carb-SnPh; 3b + 3°b with element halides (The tin halides
Ph3SnX, Ph,SnX,, PhSnX; have been omitted for clarity).
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Figure 1. The exchange reaction of 3b + 3'b with SnCl, monitored by 112 MHz '"*Sn NMR [see
text for (a) - (b)].
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Similarly, 3b + 3°b react with BBr; preferably by cleavage of the Sn-C bond (Scheme 1) to
give carb-SnBr; 6(Br) which is stable at room temperature, even in the presence of an excess of
BBr;. Heating of such a mixture at 60°C for 6 hours leads to the formation of carb-Br 2 + 2" and
SnBrs.

The reaction of 3b + 3°b with bromine gives carb-SnPh,Br 4(Br), carb-SnPhBr, 5(Br) and
carb-Br 2 + 27, indicating cleavage of the Sn-C as well as of the Sn-B bond.

No reaction was observed between 3b + 3’b and ZrCl,, whereas TiCl, reacts slowly to give
carb-SnPh,Cl 4(C!) and PhTiCl;

2.3 NMR spectroscopic results

The consistent data set of 'H, ''B, °*C and '°Sn NMR data (see Table 1) supports the
proposed structure of the 6-stannyl-carbaboranes.

The 2,3,4,5-tetracarba-nido-hexaborane(6) structure itself follows unambiguously from the
typical 5''B data for the apical (5 -43.3 to -43.7) and the basal boron atom (5 11.3 to 13.7). The
substituent pattern can be deduced from the 5'3C values of the substituents, and most data could
be assigned based on the results of 2D 'H/'H COSY and 2D *C/'H HETCOR experiments. The
marked broadening of the '°C resonances of boron-bonded carbon atoms (see Figure 2) is an
additional criterion for the assignment. The '"°Sn nuclear shielding in 3a (5''°Sn -117.1) or 3b
(3'"°sn -137.8) is significantly increased when compared with Ph-SnMe; (5''°Sn -28.6) or Ph,Sn
(3'"°Sn -128.1). In contrast, the presence of Cl or Br at the tin atom reduces the ''°Sn nuclear
shielding much more than in comparable phenyltin halides [e.g., 5''°Sn +44.0 (6(Cl)) and 5''°Sn
-63.0 (PhSnCly), or 5'"°Sn -96.1 (6(Br)) and 5'"°Sn -224.6 (PhSnBr3)]. If one fits the '*°Sn values
to pairwise additive parameters [12], strong deshielding interactions carb/Cl or carb/Br must be
assumed, whereas carb/Me or carb/Ph interactions contribute to increased "®Sn nuclear shielding.

C3/4 c3
c4
| I cs G2l
Hlio
o
v % H L*
w‘\fw v ¢WMA~*"’ M\"W"\" W I AAA

pom 120.0  117.5 115.0 112.5 110.0 107.5 105.0 102.5

Figure 2. 125.8 MHz *C {"H} NMR spectrum of carb-SnCls 6(Cl) showing the region for the
carbaborane °C resonances with '"/'"sn satellites (marked by asterisks) according to
3J("*°sn,C). Note the broad *C resonance signals for the boron-bonded carbon atoms
C(2/5).

The magnitude of the coupling constants 1'J('"'°Sn, "'B)I in 3 is similar to that observed for
simple stannylboranes [7] or polyhedral stannylboranes [6]. The magnitude of I'J(*'°Sn, "'B)I
increases with the number of halogen atoms attached to the tin atom, in particular in the series
with CI. This is an expected trend and fits into the concept of rehybridization [13] at the tin atom,
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induced by strongly electronegative ligands. The smaller values of 1'J(''°Sn, '*C)l in 3a + 3°a (256
Hz) and 3b + 3'b (392 Hz), when compared with data for Me,Sn (338 Hz) or Ph,Sn (531 Hz)
indicate that the carb substituent is more electropositive than a phenyl or an alkyl group. It is
difficult to observe small coupling constants "J(*'*Sn, *C) (n > 1). This is the result of broadening
of the'3C NMR signals for carbon atoms not directly adjacent to boron, owing to partially relaxed
scalar '*C-'"B coupling across two or three bonds. However, in the case of 3b the vicinal coupling
constant 3J("'°Sn, ¥C(3/4)) = 60 Hz is resolved. Much larger values PJ(''°*Sn, *C(3/4))I are
observed for 6(Br) and 6(Cl) (see Figure 2). For the latter compounds, other three-bond and also
four-bond ''°Sn-"3C coupling constants in the order of 10 to 22 Hz (see Table 1) are resolved. It is
remarkable that the magnitude of the vicinal '°Sn-'3C(3/4) coupling constants is so large in
comparison with 3J('*°Sn, '*C(2/5-CH; or -CH5)). Although, in general, the magnitude of four-bond
couplings is smaller than that of three-bond couplings, this is not found in 6(CI) and 6(Br).

3. Conclusions

Pentaalkyl-6-stannyl-2,3,4,5-tetracarba-nido-hexaboranes(6) (carb-SnR; 3) are readily
accessible by conventional organometallic procedures. The reactivity of 3b + 3'b towards
electrophiles showed that the Sn-C bonds are cleaved preferably except in the reaction with
bromine where a radical mechanism is conceivable. Although these reactions of compounds 3b+
3’b were not successful with respect to the formation of new element-boron bonds, the derivatives
carb-SnCl; 6(Cl) or carb-SnBr; 6(Br) are new types of inorganic tin(IV) halides, and their chemistry
may have a number of interesting aspects for future studies. .

4. Experimental

All reactions were carried out in an inert atmosphere of Ar or N,, observing necessary
precautions to exclude moisture and oxygen. A 2:1 mixture of the isomers 2,4-dimethyl-1,3,5-
triethyl- and 2,5-dimethyl-1,3,4-triethyl-2,3,4,5-tetracarba-nido-hexaboranes(6) [1] served as
starting materials. These were converted into carb-Br 2 + 2° [4]. The THF solutions of Me;SnLi [10]
and Ph3SnLi [11] were prepared following literature procedures. The reactions 4.3 to 4.7 were
carried out in NMR tubes.

'H, "B, *c and "'°Sn NMR spectra were recorded by using Bruker DRX 500, Bruker AC 300
and Bruker ARX 250 instruments equipped with multinuclear probe heads (samples ca. 10 - 20%
in CgDg at 25 £ 1°C in 5mm o0.d. tubes were measured if not mentioned otherwise). Chemical shifts
are given with respect to the chemical shift of the solvent (second external reference Me,Si) [5'H
7.15 (CeDsH); 7.24 (CHCIy), 5'°C 128.0 (C¢Ds); 77.0 (CDCl5)] and external Et,O-BF; [5''B 0 for
=("'B) = 32.083971 MHz], SnMe, [5''°Sn 0 for =(''°Sn) = 37.290665 MHz].

4.1 Pentaalkyl-6-trimethylistannyl-2, 3,4, 5-tetracarba-nido-hexaboranes(6) 3a + 3°a

6-Bromo-pentaalkyl-2,3,4,5-tetracarba-nido-hexaboranes(6) 2 + 2° (2.2ml; 11 mmol) were
added to a cooled (-78°C) solution of Me3SnLi (11 mmol) in 50ml THF. After the reaction mixture
was warmed to room temperature and stirred for further 12 h, solid material was filtered off. The
solvent was removed in vacuo and the oily residue was distilled to give 3a + 3"a (b.p. 36.5°C/1 0*
Torr; 2.32g; 56%) as a colourless liquid. - 'H-NMR: 5'H ["J(*"*Sn,'H)] 0.08 br (g), 0.68 br (t) (15H,
B(1)-Et); 1.77 (s, 12H, C(2/2°/5)-Me); 1.95 to 2.07 and 2.14 to 2.28 (m), 1.11 (t), (10H, C(3/4)-E});
1.87 to 2.00 (m), 0.92 (t), (10H, C(3")-Et); 1.87 to 2.00 (m), 0.88 (t),(10H, C(5")-Et); 1.53 (s, 6H,
C(4")-Me); 0.41 and 0.40 (1 : 2), (s, 27H, SnMe;) [46 Hz]. ’
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4.2 Pentaalkyl-6-triphenylstannyl-2, 3,4, 5-tetracarba-nido-hexaboranes(6) 3b + 3'b

6-Bromo-pentaalkyl-2,3,4,5-tetracarba-nido-hexaboranes(6) 2 + 2° (1.7ml; 8.3 mmol) were
added to a solution of Ph3SnLi (8.3 mmol) in THF (25ml) at room temperature. The mixture was
stirred for 12 h at room temperature and then filtered. After removing the solvent, the mixture of
3b + 3'b (3.22g; 72%) was obtained as a yellowish wax. - 'H-NMR: 8'H ["J("*°Sn,'H)] 0.18 br(q),
0.65 br (t), (15H, B(1)-Et); 1.77 (s, 6H, C(2")-Me); 1.76 (s, 6H, C(2/5)-Me), 1.88 to 1.96 and 2.23 to
2.31 (m), 0.95 (t), (10H, C(3/4)-Et); 1.81 to 1.93 (m), 0.88 (t), (10H, C(3")-Et); 1.93 to 1.81 (m),
0.84 (t), (10H, C(5")-Et); 1.50 (s, 6H, C(4")-Me); 7.83 (m) [42 Hz] and 7.17 to 7.27 (m, 45H,
SnPhs).- EI-MS (70 eV): miz (%) = 537 (15) [M’], 459 (25) [M-Ph]", 382 (5) [M-2Ph]’, 264 (100) [M-
SnPh,]".

4.3 Pentaalkyl-6-chlorodiphenyistannyl- 4(Cl), 6-dichlorophenyistannyl- 5(Cl) and 6-trichloro-
stannyl-2, 3,4, 5-tetracarba-nido-hexaboranes(6) 6(Cl)

Tin tetrachloride (0.05ml; 0.394 mmol) was added to a solution of 3b + 3'b (0.211g; 0.394
mmol) in C¢De. After 10 minutes, ''°Sn NMR spectrum showed signals of carb-SnPh,CI 4(Cl) and
carb-SnPhCl, §(Cl) besides the carb-SnPh; 3b + 3’b and phenyltin chlorides. Shortly after the
addition of another 0.05ml (0.394 mmol) of SnCl, to the reaction mixture, the ''°Sn NMR signals of
carb-SnPhCl, §(Cl) as main product and weak signal of carb-SnPh,CI 4(Cl) were detected. After
adding a four fold excess of SnCl,, the formation of carb-SnCl; 6(Cl) became evident from its
"9Sn NMR signal, and after 12 h the carb-SnCl; 6(Cl) was the only stannyl carborane present. -
'H-NMR (6(CI)): 3'H 0.03 br (g), 0.62 br (t), (15H, B(1)-Et); 1.71 (s, 6H, C(2)-Me); 1.69 (s, 6H,
C(2/5)-Me); 1.89 to 1.98 and 2.14 to 2.23 (m), 1.04 (t), (10H, C(3/4)-Et); 1.71 to 1.93(m), 0.86 (t),,
(10H, C(3")-Et); 1.71 to 1.93 (m), 0.84 (t), (10H, C(5°)-Et); 1.50 (s, 6H, C(4)-Me).

The reaction with SnBrs was carried out in the analogous way. The substitution of the last
phenyl group didnt take place even after heating the reaction mixture 12 h to 80°C. 3''°Sn-58.2
(PhsSnBr); 5''°Sn -70.9 (Ph,SnBry); 5''°Sn -224.6 (PhSnBry), 5'°C137.8 [966] (Ph-C1130.0 [118] ),
(Ph-C2/6), 133.3 [78] (Ph-C3/5), 132.6 [25] (Ph-C4). - 'H-NMR (5(Br)): 8'H 0.13 br (g), 0.67 br (t),
(15H, B(1)-Et); 1.80 (s, 6H, C(2)-Me); 1.80 (s, 6H, C(2/5)-Me); 1.79 to 1.93 and 2.38 to 2.47 (m),
1.05 (), (10H, C(3/4)-Et); 1.75 to 1.90 (m), 0.83 (t), (10H, C(3")-Et); 1.75 to 1.90 (m), 0.80 (1),
(10H, C(5)-Et); 1.45 (s, 6H, C(4")-Me).

4.4 Reaction of pentaalkyl-6-(triphenyl)stannyl-2,3,4, 5-tetracarba-nido-hexaboranes(6) 3b + 3'b
with boron tribromide

Boron tribromide (0.05ml; 0.133g; 0.53 mmol) was added to a solution of 3b + 3°b in CgDg
(0.4ml). After 1 h at room temperature the ''B NMR signals showed the presence of Ph,BBr (5''B
66.2) and starting material. The ''°Sn NMR spectrum showed along with the signal for the starting
material signals for carb-SnPhs 3b + 3°b, Ph;SnBr (5''°Sn -58.2) and Ph,SnBr; (5''°Sn -70.9) in a
ratio 1:1, carb-SnPh,Br 4(Br) and carb-SnPhBr, 5(Br) and a small amount of carb-SnBr; 6(Br).
After the addition of an excess of BBr3 (0.17ml; 0.45g; 1.7 mmol) to the reaction mixture fast
substitution of all phenyl groups at the tin atom took place. This was indicated by a strong ''°Sn
NMR signal for carb-SnBr; 6(Br). The ''B NMR spectrum showed the signal of an excess of BBr.
After heating this solution for 6 h at 60°C, the ''B NMR signals indicated the formation of carb-Br 2
+ 2’ and a solid (SnBr,) was formed. - '"H-NMR (6(Br)): 8'H 0.05 br (q), 0.62 br (t), (15H, B(1)-Et);
1.72 (s, 6H, C(2°)-Me); 1.71 (s, 6H, C(2/5)-Me); 1.79 to 1.93 and 2.26 to 2.43 (m), 1.04 (t), (10H,
C(3/4)-Et); 1.73 to 1.83 (m), 0.79 (t), (10H, C(3")-Et); 1.73 to 1.83 (m), 0.77 (), (10H, C(5)-EY);
1.40 (s, 6H, C(4")-Me).
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4.5 Reaction of pentaalkyl-6-(triphenyl)stannyl-2, 3,4, 5-tetracarba-nido-hexaboranes(6) 3b + 3°b
with bromine

Bromine (0.02g; 0.10 mmol) was added to 0.113g (0.21 mmol) of 3b + 3'b in CsDg (0.4ml).
After 12 h at room temperature "'B NMR signals for carb-Br 2 + 2 indicated cleavage of the Sn-B
bond, and in the '"°Sn NMR spectrum signals for carb-SnPh,Br 4(Br), Ph,SnBr and Ph,SnBr, were
detected as a result of cleavage of the Sn-C bond.

4.6 Reaction of pentaalkyl-6-(triphenyl)stannyl-2,3,4, 5-tetracarba-nido-hexaboranes(6) 3b + 3°b
with zirconlum tetrachloride

An excess of ZrCl, was added to a solution of 3b + 3°b (0.100g; 0.18 mmol) in CeDg (0.4ml)
at room temperature. After 12 h at 70°C there was no reaction observed.

4.7.Reactlon of pentaalkyl-6-(triphenyl)stannyl-2, 3,4, 5-tetracarba-nido-hexaboranes(6) 3b + 3'b
with titanium tetrachloride

An excess of TiCl, was added to a solution of 3b + 3'b (0.104g; 0.19 mmol) in C¢Dg (0.4ml) at
room temperature. After 12 h at room temperature the "°sn NMR spectrum of the reaction
mixture indicated cleavage of the Sn-C bond, by the '"®Sn NMR signal of carb-SnPh,CI 4(Cl), in
addition to that of the starting material carb-SnPh3 3b + 3°b.
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