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Abstract

Ammonia and primary amines (L=NH; and NH,Pr") react
with nido-5,6-C,BgH,, in dichloromethane at ambient tem-
perature to give the ligand derivatives exo-9-L-arachno-5,6-
C,B¢H,,, whereas tertiary amines (L =NEt, and NBu",) afford
the isomeric compounds exo-6-L-arachno-5,10-C,BzH,,; parent
anion [arachno-5,10-C,BgH 5]~ is prepared from the reaction
between exo-6-(NEt;)-arachno-5,10-C,;BgH,, and sodium metal
in thf.
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Our two groups have been interested for a long time
in ten-vertex dicarbaboranes [1] and in their metalated
analogues [2]. In the {C,Bg} class we have reported on
fundamental cluster types such as [nido-6,9-C,BgH,,]*

*Contribution No. 37 from the Re?-Leeds Anglo~Czech Poly-
hedral Collaboration (A.C.P.C.).
** Author to whom correspondence should be addressed.

[3], nido-5,6-C,BgH,, [4], arachno-6,9-C,BgH,, [5] and
some MC,B, [6]. In this area arachno-6,9-C,BgH,, and
its substituted derivatives [7] constitute the only pre-
viously reported ten-vertex arachno family of dicarba-
boranes, and, surprisingly, other arrangements of the
two carbons are unknown in this system. However, the
stability of the dicarbaplatinaborane [9,9-(PPh,),-5,6,9-
C,PtB,H;,] [8] suggested to us that arrangements of
the cluster carbon atoms other than {6,9-C,} would also
be feasible in non-metalated parent compounds, and
in accord with this we now report preliminary results
on the isolation of members of the new {5,6-C,} and
{5,10-C,} families of the ten-vertex arachno dicarba-
decaboranes (numbering as in structure I).

Structure L

Reactions between nido-5,6-C,BgH,, [4] (1) and an
equivalent amount of ammonia and n-propylamine in
dichloromethane (reaction scale 5 mmol) over a period
of 24 h at ambient temperature, followed by chro-
matographic purification on a silica gel column in
dichloromethane, give white solid compounds, identified
as the ligand derivatives exo-9-L-arachno-5,6-C,BgH,,
(structure 2, where L=NH, (2a), NH,Pr” (2b); path
i in Scheme 1) in yields 50 and 68%, respectively. By
contrast, under similar conditions tertiary amines such
as triethylamine and n-tributylamine give compounds
of the alternative {5,10-C,} constitution, viz. exo-6-L-
arachno-5,10-C,BgH,, (structure 3; where L = NEt, (3a)
and NBu”, (3b); path ii in Scheme 1; yields 32 and
58%, respectively).

Scheme 1.
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The parent (i.e. unsubstituted) [arachno-5,10-
C,BgH;;]~ anion (compound 3¢; structure 3; L=H7)
was obtained from the reaction of the NEt; compound
3a with sodium naphthalene in thf at room temperature
for 2.5 h: hydrolysis and precipitation of the aqueous
solution by [PPh,]Cl thence gave the [PPh,]™ salt in
31% yield. Anion 3¢ can also be obtained in 22% yield
from a similar reaction between the nido dicarbaborane
1 and sodium metal in thf, or, alternatively, from an
interesting desulfurization reaction between nido-7,8,10-
C,SBgH,, [9] and activated sodium metal under com-
parable conditions (yield 19%).

All these new compounds of types 2 and 3 were
identified by NMR spectroscopy* and mass spectrom-
etry**, with the general type being additionally con-
firmed by a single crystal X-ray diffraction study’ on
3a (Fig. 1). A diagnostic difference between the NMR
spectra of the {5,6-C,} species of type 2 and the {5,10-
GC,} species of type 3 lies in the presence of the two
typical CH,(6) exo and endo proton resonances at &
("H) c. 0.0 ppm (see ref. 5, for example) for compounds
of structurc 2, whereas an ''B NMR spectrum of a
compound of type 3 exhibits a triplet for the "'B(9)H,
resonance. This triplet is of relative intensity 2B for
the unsubstituted parent anion 3¢, in which it arises
from the degenerate ''B(6,9)H, resonance. Each of the
"H NMR spectra of all compounds of types 2 and 3

*NMR parameters for compounds of type 2 and 3 (CDCl,

solution at 294 K) {ordered as assignment, 8(*'B) (ppm)F0.5
[V(*B-'H) (Hz)F8 in square brackets], 8("H) (ppm)TF0.05}
(assignments by [!'B-''B]-COSY and "H-{''B(selective)} experi-
ments): 2a, BH(4), —3.3[128], +2.02; BH(2), —8.7 [174], +2.47;
BH(10), —14.9 [131], +1.88; BH(7), —16.2 [135], +2.21; BH(8),
—23.5[134/38], + 1.39; BH(9) (endo), —25.5 [133], —0.22; BH(1),
~37.0 [153], +0.85; BH(3), —49.5 [147], +0.07; CH(5), + 1.88;
CH(6) (exo), +0.61; CH(6) (endo), —0.45; uH(7,8), —3.54; 2b,
BH(4), —3.6 [125], +2.01; BH(2), —8.4 [159], +2.52; BH(10),
—15.8 [c. 131], +2.25; BH(7), —15.8 [c. 131], +1.86; BH(9),
—22.3[c.116], —0.35; BH(8), —24.0 [135], +1.39; BH(1), —36.9
[152], +0.90; BH(3), —49.5 [147], +0.11; CH(S), +1.90; CH(6)
(ex0), +0.61; CH(6) (endo), —0.49; uH(7,8), — 3.60; 3a, BH(8),
—4.1 [130], +2.83; BH(1), —5.5 [c. 118], +2.47, BH(2), —10.9,
[134], +2.17; BH(4), —12.8 [136], +2.04; BH(6) (endo), —16.8
[137), +0.24; BH(7), —22.9 [166], +2.22; BH(9), —32.9 (t) [116/
119], +0.52(ex0), —0.39(endo); BH(3), —56.0 [148], —0.36;
CH(5,10), +1.78; uH(7,8), —3.43; 3b BH(8), — 4.2, [158], +2.76;
BH(1), —5.3 [165], +2.44; BH(2), —10.8 [153], +2.14; BH(4),
—12.7 [149], +2.01; BH(6) (endo), +16.1 [140], +0.24; BH(7),
—22.9 [168], +2.20; BH(9), —32.8 (1) [125/125], +0.49(ex0),
—0.42(endo); BH(3), —56.0 [147], —0.39; CH(5,10), +1.78;
wH(7,8), +3.48; 3¢ BH(7,8), —7.6 [134], +2.17; BH(2,4), —9.4
[146], +1.94; BH(1), —23.4 [159], +1.98; BH(6,9), —33.5 (t)
[116/119], +0.26(ex0), —0.45(endo); BH(3), —55.3 [140], — 0.63;
CH(5,10), +2.35; pH(7,8), —3.44.
**Mass spectra for compounds of type 2 and 3 [70 eV (c.
1.12x107" 1), electron impact]: high-mass cut-off (found): 2a
m/z 141 (M*); 2b m/z 183 (M™*); 3a m/z 225 (M*); 3b m/z 309
M™).

Fig. 1. ORTEP drawing of exo-6-(NEts)-arachno-5,10-C,BgH;,
(3a). Selected bond distances (in A): C(5)-B(6) 1.623(3),
B(6)-B(7) 1.997(3), B(6)-N(6) 1.623(3), B(7)-B(8) 1.844(4),
B(8)-B(9) 1.959(4), B(9)-B(10) 1.648(4), C(5)-C(10).

also shows a high-field broad resonance attributable to
the pH(7,8) bridging proton.

We are currently working to extend this chemistry
to other Lewis bases, to the chemistry of individual
enantiomers via chiral HPLC separations [12], and to
the use of these compounds for new metalladicarba-
borane syntheses.

Supplementary material

All supplementary data including fractional atomic
coordinates, thermal parameters and complete lists of

TCrystal data for 3a: CgH,,BgN, M =223.79, orthorhombic, space
group Pra2; a=14.8766(6), b=13.5419(8), c¢=7.3505(8) A;
U=1480.8(2) A* Z=4; D,=1.004 gcm >, p.=0.335 mm ™', crystal
dimensions 0.69X0.22 X 0.17 mm. All measurements were carried
out at room temperature on a Stoe STADI4 diffractometer
operating in the /6 scan mode using Cu Ka radiation (A=1.54184
A). 5293 reflections were collected in the range 4.0 <26<130°,
2402 were unique and 2000 had F,> 4.00(F,). The structure was
solved by direct methods using SHELXS-86 [10] and refined by
full-matrix least-squares (based on F?) using SHELXL-93 [11]
which uses all data in refinement. All non-hydrogen atoms were
refined with anisotropic thermal parameters. All ethyl hydrogen
atoms were constrained to predicted positions (C-H=0.96 and
0.97 A for tertiary and secondary hydrogens, respectively) with
a fixed isotropic thermal parameter of n(U.,) of the parent carbon
atom, where n=1.5 and 1.2 for methyl and methylene groups
respectively. All cage associated atoms were freely refined with
isotropic thermal parameters. The polar axis direction could not
be unambiguously determined. The weighting scheme was
w=[c*(F,})+ (0.0809P)*+0.1184P] !, where P=(Fs>+2F2?)/3.
Final R values were R,?=0.1226 and R!'=0.0569,
where R =(L[w(F 2= 2F )/Z[wF, ])"? and R'=
Z(||Fo| = |F|/|F,]). The latter is given for comparison with re-
finements based on F and uses reflections with F,> 4.00(F,).



bond lengths and angles have been deposited at the
Cambridge Crystallographic Centre.
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