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The formation of organo substituted 1-cadrachnopentaborane(10) derivatives is shown to pr
ceed in high yieldsia in situgenerated 1,1,1-tris(diethylboryl)propar® from diethyl(propyn-1-yl)-

borane 1) by hydroboration with an excess of diethylborane (hydride bath). In the hydride

exchange reactions betwe2rand other geminal bis(diethylboryl)alkanes take place until the ca
borane skeleton is formed. If tris(diethylboryl)methane is used under the same conditions, the
sponding 1-carbarachnoepentaborane(10) derivativedsdl and 12 are formed in mixture with other
unknown boranes or carborané$ and°C NMR data are presented to allow for straightforwa
identification of the 1-carbarachnepentaboranes(10).

Key words: Carboranes; Boranes, propyn-1-yl, vinyl; Hydroboration; Exchange reactiofBH-Et
catalyzed; NMR'B, 3C.

In the neighbourhood of electron-deficient boron atoms, an increase in the conne
of the carbon atoms can be enforced, a situation typically encountered in carbot
Most synthetic routes to carboranes make use of reactions of polyhedral borane
alkynes. There are only few examples where simple organoboranes serve as s
material$3. However, these reactions have led to various organo substituted carbc
in high yields such as 1,5-dicarbsopentaboranes(5) (réf. or 2,3,4,5-tetracarba-:
nido-hexaboranes(6) (réj. which are difficult to obtain by other procedures. In tt
context we have recently reported on the first examples of 1-emdshncpenta-
boranes(10) (ref) according to Scheme 1; at the same time this type of carborane
also reported by two other grodgss

The cleavage of the Si=Cbond as shown in Scheme 1 implies the synchron
formation of dimethyl(propyn-1-yl)silane and diethyl(propyn-1-yl)borahenfhich, in the
presence of a large excess of8H* (ref.’) (hydride bat#), undergo fast hydroboratior

* The formula EfBH is used for simplicity: tetraethyldiborane(6) is usually obtained and used as a mi
with triethylborane and small amounts of other ethyldiboranes(6).
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to give 1-dimethylsilyl-1,1-bis(diethylboryl)propane and 1,1,1-tris(diethylboryl)p
pane ), followed by a number of EBH-catalyzed exchange reactions leading to
1-carbaarachnepentaborane(10) derivativ8sas a 45/55 mixture afyn/antiisomers.
This mechanistic propogalas supported later on by the finding that diethyl(propyn-1-
borane 1) itself can be transformed to the 1-cadvachneborane(10) derivativel
(ref®) when1 is added to the hydride bath as shown in Scheme 2.

MesSi(C=C-Me), + Et,BH

i

Et,B—C=C-Me + HMe,Si—C=C—Me
1
+2 Ety,BH l +2 EtpBH
BEt, _SiMeoH
Et—C-BEt, (EtB)oC
2
+3 Ety,BH
-4 BEt3

Et
‘l

EI\B/ \3/Et
H-

Et~{_ /Et
/
Et“gﬂc/S \H/ﬁ\\H

;

ScHeme 1 SiMeH  gyn/anti-3

In the present work, we want to present further evidence for fjiHEtatalyzed
condensation of polyborylated alkanes to 1-catschnopentaborane(10) derivative
using trimethyl(propyn-1-yl)silane or diethyl(vinyl)borane together with diethyl(p
pyn-1-yl)borane or tris(diethylboryl) methane as starting materials.

Et
‘1

2 Et,B—C=C-Me

. . C/EEZ +3 EtBH Et\/B/ \ 3k

— t—C-BEt, 1 —————> ~ Et

N \BEt22 -4 BEt3 Et\IiDE\:/ 4<H

2 EtBH 6
2 BEt,
anti-4

ScHEME 2
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EXPERIMENTAL

All experiments were carried out in an atmosphere of dry argon excluding oxygen and moi
1,2-Dimethoxyethane was dried over Na/K alloy, distilled and stored under argon. The follc
commercial compounds were used: triethylborane, boron trichloride, propyne, trimethylsilyl chl
tributylstannyl chloride, butyllithium in hexane (1.6 mot)} sodium tetrahydroborate. The followin
compounds were prepared according to literature procedures: diethylboron éhidiédaylborané’,
trimethyl(propyn-1-yl)silan¥, tributyl(propyn-1-yl)stannarié

For the characterization of the compounds and mixtures of compounds, the following NMR
trometers were used: Jeol FX 90Q, Bruker ARX 250, Bruker AX 300. The chemical &hifts
given in ppm, positive values indicate a shift to higher frequency (lower field) with respect t
reference. External references are: tetramethylsilédefC, 2°Si NMR), boron trifluoride etherate
(B NMR), tetramethylstannané'fsn NMR).

Diethyl(propyn-1-yl)boranel|

Tributyl(propyn-1-yl)stannane (28.376 g, 86.22 mmol) was added dropwise over a period of 3
at —40°C to diethylboron chloride (9.023 g, 86.44 mmol). Then the solution was stirred for fu
20 min to reach room temperature, and 8.346 g (89.6%) of compdbwede condensed at 0.133 P
into a liquid nitrogen-cooled trapH NMR spectrum (250.1 MHz, 2%C, CDCL): 1.85 s, 3 H#C-CH,);
1.25 g, 4 H (BEI,CH,); 1.00 t, 6 H (BCHCH,). !B NMR spectrum (80.3 MHz, 25C, CDCL):
74.0.13C NMR spectrum (62.9 MHz, —36C, CDCL): 120.9 EC-CH,); 89.6 (BC=); 21.6 br
(BCH,CH,); 10.0 (BCHCHS,); 5.3 EC-CHy).

1-(Diethylboryl)-1-(trimethylsilyl)prop-1-ene5j

In an NMR tube, diethylborane (0.092 g, 1.22 mmol hydride) was added to a solution ¢
methyl(propyn-1-yl)silane (0.137 g, 1.22 mmol) in 0.5 ml of CPal-78°C. After warming up to
room temperature, the solution contained mainly 1-(diethylboryl)-1-(trimethylsilyl)prop-18ne
(>80% purity according t8'B NMR data).'H NMR spectrum (250.1 MHz, 25C, CDCk): 5.91 q,
1 H (=CH-); 1.85 d, 3 H, (=CH-8,); 1.16 q, 4 H (BEI,CH,); 0.91 t, 6 H (BCHCH,); 0.12's, 9 H
((CH3)5Si). 1B NMR spectrum (80.3 MHz, 28C, CDCk): 83.5.13C NMR spectrum (62.9 MHz,
-30 °C, CDCL): 153.5 br (€); 136.0 (€H-); 20.4 (=CHCHj); 20.6 br (BCH,CHy); 8.7
(BCH,CHy); 0.6 ((CH3)5Si). 2°Si NMR spectrum (17.9 MHz, 2%C, CDCk): —13.1.

Diethyl(vinyl)borane 7)

Dibutyl(divinyl)stannane (19.804 g, 69.00 mmol) was added dropwise to diethylboron chloride (7.:
68.8 mmol) over a period of 15 min at@. Then the solution was stirred for further 30 min at roc
temperature before 5.821 g (88.1%) of purevere condensed at 0.133 Pa into a liquid nitroge
cooled trap.!H NMR spectrum (250.1 MHz, 25C, CDCk): 6.64 dd, 6.11 dd, 6.02 dd, 3 |
(H,C=CH-); 1.31 q, 4 H (BEI,CH,); 1.03 t, 3 H (BCHCH,). !B NMR spectrum (80.3 MHz, 25
°C, CDCk): 77.5.13C NMR spectrum (62.9 MHz, —3TC, CDC}): 141.6 br (ECH=); 135.1 (€H,);
17.7 br (BCH,CHy); 8.6 (BCHCHy).

1,1-Bis(diethylboryl)ethanesj

Diethylborane (0.50 g, 6.3 mmol hydride) was added to diethyl(vinyl)bo@r(@.621 g, 5.23 mmol) at
—78 °C. The mixture was stirred for further 10 min at room temperature, and then all B-H
were converted into B—C bonds by saturating the solution with ethene for 2 h. Fractional distil
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under reduced pressure (b.p. 432031.6 kPa) gives 0.490 g (56.4%) of pe'H NMR spectrum
(250.1 MHz, 25°C, CDC}L): 2.32 g, 1 H (€l); 1.05 d, 3 H (CH-Bl3); 1.19 g, 8 H (BEI,CHy); 0.94 t,

12 H (BCHCH,). !B NMR spectrum (80.3 MHz, 2%C, CDCL): 85.6.13C NMR spectrum (75.5 MHz,
—30°C, CDCk): 39.9 br CH); 10.9 (CHCH3); 19.1 br (B2H,CHy); 8.5 (BCHCHy).

synl,2,3,4,5-Pentaethyl-2,5-[1-(trimethylsilyl)propane-1, 1-diyl]- 1-caakmechne pentaborane(106)

A solution of diethyl(propyn-1-yl)boranel) (0.318 g, 2.95 mmol) in 20 ml of triethylborane we
added dropwise to a solution of trimethyl(propyn-1-yl)silane (0.322 g, 2.96 mmol) in diethylbc
(1.840 g, 24.4 mmol hydride) over a period of 2 h. After stirring for further 2 h, all volatile mat
was removedn vacuo Fractional distillation under reduced pressure (b.p. 982000.003 Pa) gave
0.3105 g (33.1%)p (>80% purity from?!B NMR data).'H NMR spectrum (250.1 MHz, 25C,
CDCly): —2.03 br, 1 H (B(3H-B(4)); —1.35 br, 2 H (B(2H-B(3), B(4)H-B(5)); 1.51 g, 2 H
(C(1)CH,CHy); 1.05 t, 3 H (C(1)CHCHg); 1.40 g, 2 H (C(6)E,CHjz); 0.94 t, 3 H (C(6)CHCHy);
0.55 m, 0.60 m, 8 H (BG,CH,); 0.97 t, 0.90 t, 12 H (BC}LH,); 0.02 s, 9 H ((€l5)3Si). *3C NMR
spectrum (62.9 MHz, -30°C, CDCL): 25.2 (C(6LH,CHj); 15.8 (C(6)CHCH,); 16.5
(C(1)CH,CH,); 16.4 (C(1)CHCHy); 8.6 br, 8.0 br (BH,CHy); 13.3, 13.2 (BCHCHj); 1.2
((CH3)5Si). 2°Si NMR spectrum (17.9 MHz, 25C, CDCL): 4.6.

syn/antil,2,3,4,5-Pentaethyl-2,5-(ethane-1,1-diyl)-1-caabachnepentaborane (100}

A solution of diethyl(propyn-1-yl)boranel) (3.876 g, 35.89 mmol) in 30 ml of triethylborane we
added dropwise to a solution of diethyl(vinyl)boram@ (3.361 g, 35.01 mmol) in diethylboran
(18.871 g, 250.3 mmol hydride) over a period of 2 h. After stirring for further 2 h, all volatile
terial was removedh vacuo Fractional distillation under reduced pressure (b.p. 67€70.133 Pa)
gave 4.03 g (52.4%) of a mixture sfn/anti9 in aca 1/2 ratio {H NMR data).syn9: *H NMR
spectrum (250.1 MHz, 28C, CDCk): —1.45 br, 1 H (B(3H-B(4)); 0.10 br, 2 H (B(2H-B(3),
B(4)-H-B(5)); —0.68 m, 1 H (C(6M); 0.80 d, 3 H (C(6)-€5); 1.50 q, 2 H (C(1)&,CH,); 0.80 t,
5 H (C(1)CHCH3); 0.58 m, 0.52 m, 8 H (BE,CHg); 0.97 t, 0.92 t, 12 H (BC}CH3). 1°C NMR
spectrum (62.9 MHz, —38C, CDCk): 17.2 (C(1£H,CHz); 9.8 (C(1)CHCHa); 14.4 (C(6FEH5); 7.7 br,
2.6 br (BCH,CHy); 13.2, 12.2 (BCHCH,). anti-9: 'H NMR spectrum (250.1 MHz, 2%5C, CDCL):
—1.56 br, 1 H (B(3H-B(4)); 0.15 br, 2 H (B(2H-B(3), B(4)H-B(5)); -0.84 m, 1 H (C(6H); 0.73 d,
3 H (C(6)-tHy); 1.53 g, 2 H (C(1)8,CHg); 0.83 t, 3 H (C(1)CHCH3); 0.62 m, 0.50 m, 8 H
(BCH,CH,); 0.94 t, 0.88 t, 12 H (BC}CH5). 3C NMR spectrum (62.9 MHz, —3TC, CDCE): 17.7
C(1)CH,CH,); 14.1 (C(1)CHCHg); 18.3 (C(6CH3); 10.6 br, 2.0 br (BH,CHj); 13.3, 11.3
BCH,CH,).

Py

anti-2,3,4,5-Tetraethyl-2,5-(ethane-1,1-diyl)-1-cadrachnepentaborane(10)LQ)

A solution of tris(diethylboryl)methan&0 (1.801 g, 8.19 mmol) in 30 ml of triethylborane we
added dropwise to a solution of diethyl(vinyl)boran€0.787 g, 8.20 mmol) in diethylborane
(3.696 g, 49.02 mmol hydride) over a period of 4 h. After stirring for further 10 h all volatile
terial was removedh vacuo Fractional distillation under reduced pressure (b.p. 43€4@.133 Pa)
gave 0.35 g of a mixture witnti-11 as the main componenta(45%).*H NMR spectrum (250.1 MHz,
25 °C, CDCkL): —1.61 br, 1 H (B(3H-B(4)); 0.00 br, 2 H (B(2H-B(3), B(4)H-B(5)); -0.85 m, 1 H
(C(8)H); 0.71 d, 3 H (C(6)El5); 0.35 s, 1 HY(*3C,'H) = 177 Hz (C(1L)H); 0.91 m, 0.67 m, 8 H
(BCH,CH,); 0.95t, 0.85 t, 12 H (BC}CH,). 3C NMR spectrum (62.9 MHz, —3TC, CDCL): 18.0
(C(6)CHS,); 11.9 br, 2.5 br (BH,CHj); 13.2, 10.7 (BCHCH,).

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



1258 Wrackmeyer, Schanz:

syn2,3,4,5-Tetraethyl-2,5-[(diethylboryl)methylene]-1-cadrachnepentaborane(10)1Q)

In an NMR tube, diethylborane (0.173 g, 2.29 mmol hydride) was added to tris(diethylboryl)mét)an
(0.162 g, 0.737 mmol) in 0.4 ml of GDI,. After 60 min,ca 10% of tris(diethylboryl)methanel)
have reacted to giveyn12 without side products. However, the amount of side products incre:
rapidly with reaction time!3C NMR spectrum (62.9 MHz, —66C, CD,Cl,): 5.7 br, 3.0 br
(BCH,CHy); 13.7, n.o. (BCHCHj); 18.6 br (BCH,CHy),); 9.2 (B(CHCH,),).

RESULTS AND DISCUSSION

The electron count of the title compounds is in agreement widrachnotype struc-
ture derived from EH,; with a tetracoordinate bridging carbon atom C(6). Since
position of this bridging carbon atom is in the cluster area, C(6) could also be reg
as a cluster atom, and one would deal with derivatives of 1,6-dieagichhchexa-
borane(10), again with correct electron count. The concept of a simple predon
bridging function of C(6) is supported by calculated (see als8) mid experimental
NMR data of another 1-cartmachnepentaborane(10) derivative, in which artho-
phenylene moiety occupies the bridging postticgthese''B and3C(1) NMR data are
in very good agreement, given for the different substituent pattern, with the data
compounds3, 4, 6, and10-12(Table I). If carbon atom C(6) would be an essential
of the cluster, it would have considerable influence on the electronic structure, an
would expect that the replacement of C(6) by tinho-phenylene group should in
fluence significantly the respectiéB and3C(1) magnetic shielding, which is not th
case.

TaBLE |
1B (80.3 MHz, 25°C, CDCL) and **C (62.9 MHz, —30°C, CDCE) chemical shifts (ppm) of the
skeleton atoms and the bridging carbon atoms

Compound 0C(1) oB(2,5) 0B(3,4) 0C(6)
syn3 6.2 13.8° —12.7 -13.%
anti-3 10.3 14.9 -12.7 -6.8
synd4' 7.8 13.8 -12.1 17.7
anti-4 0.3 10.¢ -11.f 12.9
syn6 2.7 12.0 -11.0 -13.1
synl10 7.3 12.9 -12.0 -14.6
anti-10 8.3 12.9 -12.5 -8.9
anti-11 1.2 12.9 -135 -10.8
syni12 4.8 10.7 -13.8 n.o.

3_50°C; " 160.5 MHz;°-60°C, CD,Cl,;  CD,Cl,; ©75.5 MHz, —80°C, CD,Cl,. | Ref!?
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Reaction of Trimethyl(propyn-1-yl)silane witlpBH and Diethyl(propyn-1-yl)borane

If the proposed mechanism shown in Scheme 1 is correct, hydroboration c
methyl(propyn-1-yl)silane and diethyl(propyn-1-yl)borane withBEt in excess (hy-
dride bath) should lead to the 1l-carmachnepentaborane(10) derivativeés The
reaction proceeds in the expected way as shown in Scheme 3. In contrast to tl
vious findings for the=45/55 ratio of thesyn/antiisomers (Scheme 1), the isonsyn6
is formed in a large excess. The identity of the carboBaaaeadily evident by inspec
tion of the!'B and'3C NMR data (Table ).

Me3Si—C=C—-Me

l + Et;BH Et,B—C=C-Me
MesSi,  ,Me 1
c=Cc
AN +2 EtyBH
Et,B H l
5
l + Et,BH EtoB
Et,B—C—Et

(Et2B)2C
Et

2

+3 Et,BH
-4 BEtg

Et\B/ \\ 3/Et
Et\

/Et
S
67

SiMe3

ScHEME 3 syn-6

Reaction of Diethyl(vinyl)borane with #2H and Diethyl(propyn-1-yl)borane

The results obtained so far indicate that there is a general route to h@atiaspenta-
borane(10) derivatives, using geminal bis(diethylboryl)alkanes and diethyl(propyn-!
borane {) in the presence of an excess offt. This is demonstrated (Scheme 4) |
the example of diethyl(vinyl)boraner)( which reacts with EBH to give 1,1-
bis(diethylboryl)ethane8), and the addition of diethyl(propyn-1-yl)borang (o 8 in
the hydride bath leads to the 1-cadrachncepentaborane(10) derivativés(syn/anti
ca 1/2). Again, the carboranes are readily identified by th&rand'3C NMR data
(Table 1).
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Et,B—C=C-Me
1
Et;B~CH=CHj i +2 EtpBH
7
i + EtyBH EtoB
Et,B—C—Et
_BEt, Et,B

H3C—HC_
BEt,
8

syn/anti-9
ScHEME 4 4

Reaction of Diethyl(vinyl)borane with #8H and Tris(diethylboryl)methane

In contrast with 1,1,1-tris(diethylboryl)propang),( which is generatedn situy,
tris(diethylboryl)methanel(Q) is accessible as a pure prodcireatment of diethyl-
(vinyl)borane 8) with an excess of EBH and addition of tris(diethylboryl)methan
(10) leads to a mixture of numerous compounds which could not be separated by
tional distillation. However, the main componena @5%) of this mixture was identi-
fied as the 1-carbarachnepentaborane(10) derivativiel (Scheme 5) on the basis ¢
typical !B and'*C NMR data (Table I). The large magnitudetaf3C(1)'H) = 177 Hz
indicates unambiguously the apical position of this carbon atom. It appears th
formation of the isomerianti-11 is favoured.

Reaction of Tris(diethylboryl)methane withpBH

Since thein situ generated 1,1,1-tris(diethylboryl)propar® feacts with an excess o
Et,BH to give the 1-carbarachnepentaborane(10) derivativein almost quantitative
yield® (Scheme 2), it was of interest to study the behaviour of tris(diethylboryl)met
(10) under analogous reaction conditions (Scheme 6). This reaction proceeds in ¢
less straightforward way. A complex mixture of unknown boranes and carborar
formed. However, it proved possible to identify the 1-caatmchnepentaborand()
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derivative12 by some characteristic NMR dagd.*J(*3*C(1)'H) = 185 Hz, Table I) as
a minor productda 10%) in the reaction mixture.

Eto-B—CH=CH»
7
i + EtyBH

_BEty Et,B—C—H
H3C—HC_
BEto

ScHEME 5 H

i

C
2/ \3
Et,B
, Eté oy t3ELEH Et\/B/ /B\/EI;
2b—CL— > Et\ H- S
/ -4 BEts B BT\
Et,B ch\e/S\H/él\H

10 BEtz  syn-12
ScHEME 6

CONCLUSIONS

1-Carbaarachnepentaborane(10) derivatives are now readily available with e
groups as substituents in apical position and at the boron atoms. In the absence
apical ethyl group, only complex mixtures are observed, although it was possil
identify the 1-carbarachnoepentaboranes(10) as a major or minor product. The pre
results confirm the proposed mechanism, in which a large excessBi Btydride

batH) plays an important role. As a result of B-C/B-H exchange, th@)J&t and

(Et,B);C fragments are held together allowing for further intramolecular exchang
actions to take place, which lead to the 1-caatmshnepentaborane(10) skeletor
Clearly, these 1-carbarachnopentaborane(10) derivatives are of interest for furtl
transformations. Thermally induced elimination of, Kilanes or boran&$?>may lead
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to
in

other carbaboranes withclbbso or nido-structure, as has already been demonstre
the case of borane eliminatfol?.
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