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Abstract: Reaction of [Cp*TaCly]
(Cp*=n’-CsMe;) with a sixfold excess
of LiBH,thf followed by BH;thf in
toluene at 100°C led to the isolation of  and is

hydrogen-rich metallaboranes  [(Cp*M),B,Hg]
[(Cp*Ta),B,H,)] (1), [(Cp*Ta),BsHy]
(2), [(Cp*Ta),BsH,(C:H.CHs)]  (3),
and [(Cp*TaCl),BsH;;] (4) in modest
yield. Compounds 1-3 are air- and
moisture-sensitive but 4 is reasonably
stable in air. Their structures are pre-
dicted by the electron-counting rules to
be a bicapped tetrahedron (1), bicap-
ped trigonal bipyramids (2, 3), and a

compounds
tantalum

Introduction

Metallaborane chemistry is an interesting and diverse area
of cluster chemistry that is closely allied to both polyhedral
metal compounds and boron hydrides.'® Although it con-
tinues to be a topic of intense research, development in this
area has been slow,!*>*1% partly due to the lack of conven-
ient high-yield synthetic methods. Synthetic methods for the
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nido structure based on a closo dodeca-
hedron (4). Yellow tantalaborane 1 has
a nido geometry with C,, symmetry
isostructural with
M=Cr
whereas 2 and 3 are C;,-symmetric and
isostructural with [(Cp*M),BsHy] M=
Cr, Mo, W) and [(Cp*ReH),B;Cl;].
The most remarkable feature of 4 is  mass
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the presence of a hydride ligand bridg-
ing the ditantalum center to form a
symmetrical tantalaborane cluster with
a long Ta—Ta bond (3.22 A). Cluster 4
is a rare example of electronically un-
saturated metallaborane containing
four TaHB bonds. All these new metal-
laboranes have been characterized by
spectrometry, 'H, "B, and
BCNMR spectroscopy, and elemental
analysis, and the structural types were
unequivocally established by crystallo-
graphic analysis of 1-4.

and Re);

generation of transition-metal cluster compounds have his-
torically been based around conditions that favor more
stable products.’ The development of metallaborane
chemistry has followed a similar pathway, and new species
are often isolated under conditions that favor the thermody-
namic product, either through thermolysis or by simple
metathesis reactions between a preformed polyborane anion
and transition-metal halides.* 12!

Fehlner et al. have studied reactions between cyclopenta-
dienyl transition-metal halides [Cp*MCI,] (Cp* =n’-CsMes)
and monoborane reagents BHjthf, LiBH,thf, and
BHCl,-SMe,,which often afford metallaboranes (M= Cr,"
Mo, W,*! Re ! Ry, Co," Rh,[™ and Ir.”") in modest
to high yield under mild conditions. However, a different sit-
uation arises in the case of early transition-metal complexes
[Cp*MCL,], (M =V, Nb, or Ta), which are generally more re-
active towards monoborane reagents. Despite the availabili-
ty of well-developed routes to metallaboranes of Group 6-9
metals, to our knowledge examples of -characterized
Group 5 metallaboranes are very rare.”!! Tantalaboranes
[(Cp*Ta),(B,Hg),]* and [(Cp*Ta)Cl,B,Hg]* were synthe-
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sized by using the same approach as described above, that
is, the reaction between LiBH,thf or BHj;thf and
[Cp*TaCly]. As tantalaboranes are rare, and structurally
characterized examples even more so, we reinvestigated the
tantalum system by using more vigorous heating and an
excess of BH;thf. Here we present the results of reactions
between [Cp*TaCl,] and LiBH,thf and BH;thf to afford
tantalaboranes 1-4 in modest yield, all of which were char-
acterized by spectroscopic methods and X-ray diffraction.

Results and Discussion

Synthesis of [(Cp*Ta),BH,], [(Cp*Ta),BsHy,],
[(Cp*Ta),B:H;y(CH,CH3)], and [(Cp*TaCl),B:Hy]: As
shown in Scheme 1, reaction of [Cp*TaCl,] with a sixfold
excess of LiBH, thf followed by BH;-thf in toluene at 100°C
results a mixture of [(Cp*Ta),B,Hj] (1), [(Cp*Ta),BsH;]
(2), [(Cp*Ta),BsH;((CcH,CH3)] (3), and [(Cp*TaCl),BsH]
(4), which were separated by TLC.

[(Cp*Ta),BH;,] (1): Compound 1 was characterized spec-
troscopically and by X-ray structure determination. The
mass spectrometric data suggested a molecular formula of
CyHyTa,B,. In the absence of crystallographic data, the mo-
lecular formula of 1 and its spectroscopic properties best fit
the structure shown in Scheme 1. By analogy with Cr and
Re compounds, 1 can be considered as a 42-electron, elec-
tronically unsaturated dimetal compound with B, ligands
bridging in a perpendicular fashion. The "B NMR data (two

-
R

Cl

Cl
Cl

i) [LiBHg4], toluene
-78 °Cto RT

ii) [BHy-thf], 24h, 100 °C

Ta =TaCp*
Q@=BH

Scheme 1. Synthesis of 1-4.
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resonances in 1:1 ratio) suggests a structure, if static, of
higher symmetry. Consistent with this observation, 1 shows
one kind of Cp* signal and two signals for six TaHB protons.
Selective decoupling experiment showed that four of the six
TaHB protons bridge the open four-membered face, while
the other two are located on the boron atoms of the tetrahe-
dral Ta,B, core.

The spectroscopic data are consistent with the solid-state
structure (Figure 1). Compound 1 is a dimetallatetrahedron

Figure 1. Molecular structure and labeling scheme for [(Cp*Ta),B,H;]
(1). Selected bond lengths [A] and angles [°]: Tal—Ta2 2.8909(4), Tal-B1
2.437(15), Tal-B2 2.441(14), Tal-B3 2.452(6), Tal-B4 2.33(2), B1-B2
1.70(2), B2-B3 1.93(3), B3—B4 1.71(3), Ta2—B1 2.378(13), Ta2—-B2
2.382(15), Ta2—B3 2.290(10), Ta2—B4 2.34(2); B2-Tal-B3 46.4(6), B1-Tal-
B3 81.0(5), B4-Tal-B1 103.3(5), B4-Ta2-B1 104.7(5), B3-Ta2-B4 43.2(6),
C6-Tal-B1 147.1(4).

capped on each Ta,B face by a
BH; group such that extra four
hydrogen atoms reside on the
butterfly-shaped face generated
by the Ta,B, tetrahedron. On
the basis of the capping princi-
pleP®?  the skeletal electron
count is determined by the cen-
tral polyhedron (i.e., Ta,B, tet-
rahedron) and amounts to five
skeletal electron pairs (SEP),
two electrons less than required
al for the bicapped tetrahedron.
Thus, 1 does not obey the elec-
tron-counting rules®?! for the
observed geometry.

The existence of compound 1
permits structural comparison
with Cr and Re analogues with-
out perturbations caused by ad-
ditional metal fragments or li-
gands. The important geometri-
cal differences among the bi-
capped tetrahedral cores of
[(Cp*M),B.Hs,,] (M=Cr, Re:
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n=0; M=Ta: n=2) are shown in Figure 2 and Table 1. As
the qualitative cluster shapes of [(Cp*Ta),B,H,(],
[(Cp*Cr),B,Hg], and [(Cp*ReH,),B,H,] are the same, differ-

167° N

\//\@

Figure 2. Geometric and chemical-shift differences between the cluster
cores of [(Cp*M),B,Hg,,] (M =Cr, Re: n=0; M=Ta: n=2). Cp* ligands
omitted for clarity.

Table 1. Selected structural parameters and 'H and "B NMR chemical shifts of 1, [(Cp*Cr),B,H;], and

[(Cp*ReH,),B,H,].

_—H S8,
Ne=7

drogen atom. Furthermore, '"H and “C NMR spectra imply
two equivalent Cp* ligands. Consistent with empirical obser-
vations,” the signal of one pair (B2 and B4 in Figure 3) is
found at low field, whereas those of the other (B1 and BS5)
lie within the range typical of boranes.

The single-crystal X-ray diffraction structure of 2
(Figure 3) confirms the structural inferences made on the
basis of spectroscopic data. Superficially this geometry re-
sembles a hexagonal bipyramid with a single missing equa-
torial vertex but, given the electron count of six SEP, is
probably more accurately thought of as a bicapped trigonal
bipyramid. A similar structural interpretation has been sug-
gested for [(Cp*M),BsH,] (M= Cr,3*271 Mo, [130:14.27.28] yyll3l)
and [(Cp*ReH),B;Cl],””! and
in each case the trigonal-bipyra-
midal M,B;Hj; unit is capped by

Compound SEP dyv Avdyg Avdgyg dgp Dihedral

(Al [A] [A] [A]" angle [°]

(M,B, tetrahedron) (M-H-B)

IH NMR ipNMr  two BH; fragments over the
[ppm] [ppm] M,B faces. Such an interpreta-
tion implies the presence of a

[(Cp*Cr),B,Hj] 5 287 206 170 302 1476
[(Cp*ReH,),B,H,] 6 281 217 177 320 1634
[(Cp*Ta),B,H,] (1) 5 289 238 178 368 1677

Ta—Ta single bond, and the
bond length of 2.92 A is consis-
tent with this.* Comparing the

—3.90 34.3,126.5
—11.52 1.30, 68.7
—-7.23, -3.88" 0.3, 16.6

[a] Distance between capping boron atoms Bl and B4 (Figure 2) in the open face of bicapped tetrahedral
structure. [b] Two TaHB protons (H, and H, as shown in Figure 2) in Ta,B, tetrahedral core. [c] Two sets of
"B resonances (B1 and B4; B2 and B3) in the bicapped M,B, tetrahedron.

ences are sought in the magnitude of the structural parame-
ters and the locations of the hydrogen atoms. The Ta—Ta
and Re—Re distances of 2.89 and 2.81 A are in the range ob-
served for single bonds, whereas the Cr—Cr distance of
2.87 A in [(Cp*Cr),B,Hy] is longer than a normal single-
bond length.* On the other hand, the increased average
Ta—B distance (2.38 A) and dihedral angle (167°) of the hy-
drogen-bridged butterfly may reflect the larger metal radius
of Ta. Although the average B—B distance in 1 is similar,
that between the two capping boron atoms of 3.68 A is
much wider than those of its Cr and Re analogues. The ob-
served '"H and "B NMR chemical shift correlation of 1 with
Cr and Re analogues may be due to perturbation of the
electronic environment of the boron atoms by the metal. On
going from the lighter to the heavier metal atom, the 'H
(TaHB protons) and ''B NMR (both capping and M,B, tet-
rahedron boron atoms) resonances appear at low field
(Table 1).

[(Cp*Ta),B:Hy ] (2): Compound 2 was isolated by TLC in
modest yield. The NMR spectra imply a diamagnetic com-
pound. The mass spectrum of 2 is consistent with a formula
containing two Ta and five B atoms, and the parent-ion
mass corresponds to addition of a BH wunit to
[(Cp*Ta),B,H;] (1). This formulation of 2 rationalizes the
presence of three "B NMR resonances in 2:2:1 ratio. The
"B NMR data indicate the presence of two pairs of equiva-
lent boron atoms and a unique boron atom, all linked direct-
ly to single hydrogen atoms. In one pair (open face) each
boron atom is bonded to two bridging hydrogen atoms, and
in the other each boron atom is bonded to one bridging hy-
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structural ~ parameters  and
chemical shift of 2 are with

Figure 3. Molecular structure and labeling scheme for [(Cp*Ta),BsH;]
(2). Selected bond lengths[A] and angles[°]: Tal—Ta2 2.9261(4), Tal-B1
2.263(13), Tal-B3 2.268(11), Tal—B2 2.294(11), Tal—B4 2.333(11), Tal—
B5 2.435(12), Ta2—B2 2.348(11), Ta2—B1 2.452(12), Ta2—-B3 2.264(13),
Ta2—B4 2.291(11), Ta2—B5 2.314(13), B1-B2 1.838(18), B2-B3 1.751(19),
B3-B4 1.77(2), B4-B5 1.86(2); B1-Tal-B3 86.3(5), B1-Tal-B4 104.7(4),
B2-Tal-B4 84.4(5), B3-B2-B1 119.3(9), B1-B2-Tal 65.3(6).

those of Cr, Mo, W, and Re analogues (Table 2) reveals sev-
eral contrasting features. Not only is the M—M distance sig-
nificantly longer in 2, but the average M—B and B—B distan-
ces are also noticeably longer. Differences in Ta—B and B—
B distances can be accounted for by the larger size of the Ta
center and two extra bridging hydrogen atoms compared to
the case of Cr.P!l The distance between the two capping
boron atoms differ slightly with respect to the size of the
open face of the cluster, which is more open in the Ta
system. Although differences in 'H chemical shift of the

Chem. Eur. J. 2008, 14, 9058 —9064
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Table 2. Selected structural parameters and 'H and "B NMR chemical shifts of [(Cp*M),BsH,,,] (M=Cr, Mo, W; n=0; M=Ta: n=2).

Compound SEP dyim AV dy Av dp g dyp 'HNMR Angle [°] B NMR

[A] [A] [A] [A]*  [ppm] between Cp*  [ppm]*

(M-H-B)

[(Cp*Ta),B:H, ] (2) 6 22 232 1.80 321 —66and 38" 20 37,239, 44.7
[{Cp*Ta},BsH, L] 3) (L=CH,CH,) 6 200 232 1.80 319 nal 13 nald
[(Cp*Cr),BsH,) 6 2.62 2.15 1.67 3.08 —6.20 23 25.0,91.5, 86.2
[(Cp*Mo),BsH,] 6 280 224 172 32 699 31 629 (3B), 25.8
[(W’-CsH,MeMo),BsH,] 6 2.81 2.25 1.73 3.26 —7.01 30 61.6, 27.8, 59.7
[(Cp*W),BsH,) 6 2.81 2.23 1.71 3.16 —8.20 27 26.8, 46.9, 49.2
[(Cp*ReH),B;sCls] 6 2.76 2.20 1.74 2.85 -9.30 13 48.3, 88.3,28.111

[a] Nonbonding distance between the two capping boron atoms (B1 and BS5 in Figure 3). [b] Two equivalent TaHB protons (TalHB4 and Ta2HB2) in
Ta,B; trigonal bipyramid. [c] Three ''B resonances: capping (B1 and B5), apical (B2 and B4), and the unique equatorial boron atom (B3) in M,B; bicap-
ped trigonal-bipyramidal core. [d] na=not available. Identification of 3 is based solely on solid-state structure determination. [e] Accidental overlap of
the capping and equatorial 'B resonances. [f] All five terminal hydrogen atoms are substituted by chlorine atoms.

MHB potons in [(Cp*M),BsHy,,] M=Cr, Mo, W: n=0; Cp* planes by 10.9(6)° (C1-C5) and 9.7(6)° (C11-C15).

M=Ta: n=2) are not noticeable, there is a large difference Strong C—H---m interactions between the phenyl plane of
in "B chemical shift of three types of boron atoms in the the tolyl moiety and H8A of the methyl group (H8A_1-x
M,B; core on moving from first- to third-row transition 2.670(19) A, symmetry_1: 14+x, —1+y, z) form one-dimen-
metal. sional zigzag chains in the crystal lattice. The packing is fur-

ther stabilized through intermolecular van der Waals inter-
[{Cp*Ta},B;H,,(C;H,CH;)] (3): Identification of 3 is based actions among hydrogen atoms. All the boron atoms (B1-
solely on solid-state structure determination of a crystal se- B5) lie almost in an ideal plane, with a maximum deviation
lected from a mixture of 2 and 3. The molecular structure of of 0.022(9) A for B2, that perpendicularly bisects the Ta—Ta
3 (Figure 4) is similar to that of 2, that is, bicapped trigonal axis.

Several attempts to synthesize 3 by using the same ap-
proach as for 2, which involves BH;-thf and LiBH,thf as
boron sources and toluene as solvent, failed. Thus, informa-
tion on the origin of 3 must await additional detailed work,
including characterization of intermediate products.

[(Cp*TaCl),BsH,,] (4): Compound 4 was isolated in modest
yield and was characterized spectroscopically and by X-ray
diffraction. The mass spectrum shows a molecular-ion peak
at m/z 767 corroborating the composition of C,yH,,;Ta,B;Cl,,
and the "B NMR spectrum (temperature-independent down
to —55°C) exhibits four doublets in intensity ratio of 1:1:1:2,
consistent with a symmetric structure or a fluxional system.
Besides the BH protons (1:1:1:2), one TaHTa, one BHB,
and four TaHB protons are also observed. A 'H/"B
HETCOR experiment showed two of the four TaHB pro-
Figure 4. Molecular structure and labeling scheme for [{Cp*Ta},BsH,(- tons to be coupled exclusively to a pair of equivalent boron

(C¢H,CH;)] (3). Selected bond lengths [A] and angles [°]: Tal—Ta2 .
2.9099(12), Tal-B1 2.409(15), Tal-B3 2.325(11), Tal—B2 2.317(13), Tal—  21OMS and the other two to the unique boron atom (open

B4 2.345(9) Tal-B5 2.279(14), Ta2—B2 2.238(13), Ta2-B1 2.318(14), face). 4 o

Ta2-B3 2.278(13), Ta2—B4 2.393(9), Ta2—B5 2.406(14), B1-B2 1.821(19), The framework geometry of 4 (Figure 5), which is unex-
B2-B3 1.774(18), B3-B4 1.79(2), B4-B5 1.89(2); B3-Tal-B1 84.0(4), B2- pected for a tantalaborane, only became clear when the
Tal-Bl 45.3(5), B4-Tal-Bl 103.5(4), B3-B2-B1 123.5(10), Tal-B2-Ta2 solid state structure was determined. It is a nido structure

704(4). based on a closo dodecahedron. The average B—B distance

(1.76 A) is comparable with those in 1, 2, and others,?'**!
bipyramid, except that one of the terminal BH hydrogen but the average Ta—B (2.38 A) and Ta—Ta (3.22 A) distances
atoms has been replaced by a C;gH,Me group. As expected, are about 0.1 and 0.3 A longer. The Ta—Ta distance is too
the distances and angles are similar to those found in 2 long for a full Ta—Ta single bond (cf. [{TaCp*CLH],]"), but

(Table 2). it is too short to propose that there is no significant interac-

The ORTEP representation of 3 shows large librational tion at all between the two metal centers.” Another inter-
motion with Tal—Ta2 as a librational axis. The p-tolyl CH; esting feature is the presence of a bridging hydride ligand
group is disordered over two positions, each with 50 % occu- between the two Ta centers. Usually, a bridging hydride
pancy. The main phenyl plane of the tolyl is inclined to the ligand pulls the metal atoms together to form a three-
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Figure 5. Molecular structure and labeling scheme for [(Cp*TaCl),BsH;;]
(4). Selected bond lengths [A] and angles [°]: Tal—Ta2 3.2219(3), Tal-B2
2.258(7), Tal—B3 2.440(7), Tal-B1 2.413(7), Tal—B4 2.422(8), Ta2—B2
2.279(7), Ta2—B1 2.403(8), Ta2—B3 2.431(7), Ta2—B5 2.431(7), B1-B2
1.732(11), B2—B3 1.734(10), B3—B5 1.770(11), B3—B4 1.773(10), B4—B5
1.832(10); B2-Tal-B1 43.4(3), B(2)-Ta(1)-Ta(2) 45.02(18), B1-Tal-Ta2
47.89(18), B4-Tal-Ta2 73.38(18).

center, two-electron bond,* but this is in marked contrast
to [(Cp*TaCl),BsHy;], in which the M—M distance is too
large for a significant binding interaction (Ta—Ta 3.22 A).
All the non-Cp* hydrogen atoms were found during refine-
ment including four TaHB, one TaHTa, and one BHB.

The 'H and "B NMR spectra are consistent with the
solid-state X-ray structure of [(Cp*TaCl),BsH,,] (4), which
rationalizes the presence of four ''B resonances in the ratio
of 1:1:1:2. The signal of relative intensity 2:1 at =18.8 and
15 ppm can be assigned to the pair of equivalent boron
atoms and the unique boron atom, respectively. The other
two resonances of relative intensity 1:1 at 6=77.7 and
—10 ppm can be assigned to the unique four- and five-con-
nected boron atoms, respectively. The two pairs of equiva-
lent TaHB and one BHB hydrogen atoms can be placed as
shown in Scheme 1. The hydride ligands can be observed by
NMR or IR spectroscopy.”33 In the 'H NMR spectrum
of 4 a hydride resonance with an integrated area of unity
relative to each CsMes group is found at 6 =8.55 ppm. The
spectrum does not change on cooling or heating the sample.
Based on the "H NMR data of other tantalum hydrides,?*"
this chemical shift was assigned for the TaHTa bridging hy-
drogen atom. In the IR spectrum a medium-strength, broad
peak at 1556 cm™! can be assigned to a metal hydride mode.
Although the position of the peak is consistent with bridging
hydride ligands, the possibility that the hydride is terminally
bound cannot be excluded by this IR data alone.

The crystal structure of 4 (Figure 5) can be interpreted as
a nido cluster formally derived from an eight- or nine-vertex
deltahedron. The former case gives a nido cluster simply by
removing one five-connected vertex of a dodecahedron
(Figure 6). Alternatively, the observed geometry of 4 may
also be generated by 45° rotation of one of the square pyra-
midal faces of a tricapped trigonal prism around its C, axis
followed by removal of two vertices (Figure 7). The skeletal
electron count for such a molecule is eight pairs (if we take
[Cp*TaCl] as zero-electron), one pair short of the nine re-
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Figure 6. Generating the structure of 4 by removing one five-connected
vertex of a dodecahedron.
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Figure 7. Generating the structure of 4 by 45° rotation of one of the
square pyramidal faces of a tricapped trigonal prism around its C, axis
followed by removal of two vertices.

quired for a dodecahedral geometry. Cluster 4 is therefore
electronically unsaturated.

Conclusion

Although reactions of monocyclopentadienylmetal halides
[CpMX,] with nucleophiles have been extensively investi-
gated in general,™ reaction with electrophiles has received
comparatively less attention to date. A new synthetic route
to [(Cp*Ta),B,H, ] (n=4, m=10; n=5, m=11) clusters has
been developed by the reaction of [Cp*TaCl,] with the elec-
trophiles LiBH,-thf and BH;-thf. This route provided access
to metallaboranes of earlier transition metals and yielded a
variety of structural types, some of which have novel cage
geometries and other structural features. Our results for this
Ta system, as well as other related systems,* suggest that
the metal fragment provides an electron-rich site for electro-
philic attack and thus promotes addition of BH; to metalla-
borane clusters. Cluster 4 is a novel type of unsaturated di-
tantalaborane cluster, and its thermodynamic stability, to-
gether with its stability in air, makes it unique. The synthesis
and ongoing investigation of the chemistry of 2, with partic-
ular emphasis on the synthesis of higher tantalaboranes by
stepwise building-block approaches, as in the synthesis of
rhenaboranes™®! and ruthenaboranes,”” is an exciting devel-
opment in the little-investigated area of metallaborane
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chemistry of early transition metals and may allow the ra-
tional development of new materials.

Experimental Section

General procedures and instrumentation: All operations were conducted
under an Ar/N, atmosphere by standard Schlenk techniques. Solvents
were distilled prior to use under argon. [Cp*TaCly], BHsthf, and
LiBH,thf (Aldrich) were used as received. [Buy;N(B;3;H;)] as external ref-
erence for "B NMR spectroscopy was synthesized by the literature
method.”® TLC was performed on aluminum-supported silica gel TLC
plates (& 250 mm, Merck TLC Plates). NMR spectra were recorded on
400 and 500 MHz Bruker FT NMR spectrometers. Residual solvent pro-
tons were used as reference for '"H NMR (d([Dg]benzene)=7.15 ppm),
while a sealed tube containing [Bu/N(B;Hg)] in [Dg]benzene (0=
—30.07 ppm) was used as external reference for the "B NMR spectra. IR
spectra were recorded on a Nicolet 6700 FT spectrometer. Mass spectra
were obtained on a JEOL JIMS-AXS505HA mass spectrometer with per-
fluorokerosene as standard and a Jeol SX 102/Da-600 mass spectrometer
with argon/xenon (6 kV, 10 mA) as FAB gas.

General procedure for synthesis of [(Cp*Ta),B,H,, 1(n=4, m=10; n=5,
m=11), [(Cp*Ta),BsH,;((CiHMe)] and [(Cp*TaCl),B;Hy;]: In a flame-
dried Schlenk tube [Cp*TaCl,] (0.12 g, 0.26 mmol) was suspended in tolu-
ene (15mL) and cooled to —78°C, LiBH,thf (0.8 mL, 1.56 mmol) was
added by syringe, and the reaction mixture was warmed slowly over
30 min to room temperature and left stirring for an additional hour. The
solvent was evaporated under vacuum, the residue was extracted into
hexane, and filtration afforded an extremely air and moisture sensitive
deep blue intermediate. The filtrate was concentrated, and a toluene so-
lution (20 mL) of the intermediate was pyrolyzed in the presence of an
excess of BH5thf at 100°C for 24 h. The solvent was dried and the resi-
due was extracted into hexane and passed through Celite. After removal
of solvent, the residue was subjected to chromatographic workup on
silica-gel TLC plates. Elution with hexane/CH,Cl, (80/20) yielded three
bands. The first, red band was a mixture of [(Cp*Ta),BsH;,] (2) and
[(Cp*Ta),BsH,o(CsHMe)]  (3), the second, yellow band was
[(Cp*Ta),B;H;)] (1; 0.014g, 8%), and the third, red band was
[(Cp*TaCl),BsH,,] (4; 0.027 g, 14%). X-ray-quality crystals of 1-4 were
grown by slow diffusion of hexane at 2°C.

Spectroscopic data for [(Cp*Ta),BsH,,] (1): "BNMR (400 MHz,
[Dg]benzene, 22°C): 6=16.6 (s, 2B), 03ppm (s, 2B); 'HNMR
(400 MHz, [Dg]benzene, 22°C): 6=6.02 (partially collapsed quartet
(pcq); 2BH,), 4.37 (pcq; 2BH,), 2.11 (s, 30H; Cp*), —3.88 (br; 2TaHB),
—7.23 ppm (pcq, 4TaHB); *C NMR (500 MHz, [D;]benzene, 22°C): 6 =
110.8 (s; CsMes), 11.2 ppm (s; CH; in CsMes); IR (hexane): #=2455 cm™
(w, BH)); MS (FAB) P*(max): m/z (%): 684 (isotopic pattern for 2Ta
and 4B atoms); elemental analysis calcd (%) for C,'H,'B,"*Ta,: C
35.03, H 5.88; found: C 36.12, H 6.01.

Spectroscopic data for [(Cp*Ta),BsH;] (2): "BNMR (400 MHz,
[Dg¢]benzene, 22°C): 6=44.8 (s, 1B), 23.9 (s, 2B), 3.7ppm (s, 2B);
"H NMR (400 MHz, [Dg]benzene, 22°C): 6 =5.43 (pcq; 2BH,), 4.39 (pcq;
2BH,), 3.14 (pcq; 1BH,), 2.16 (s, 30H; Cp*), —3.93 (br; 2TaHB),
—6.65 ppm (pcq; 4TaHB); *C NMR (500 MHz, [D¢]benzene, 22°C): 6 =
110.8 (s; CsMes), 12.9 ppm (s; CH; in CsMes); IR (hexane): 7=2455 (w),
2496 cm™' (w, BH,); MS (FAB) P*(max): m/z(%): 696 (isotopic pattern
for 2Ta and 5B atoms); elemental analysis caled (%) for
2Cy'Hy "' Bs'™Ta,: C 34.44, H 5.92; found: C 35.77, H 6.22.

Spectroscopic data for [(Cp*TaCl),BsH;,] (4): '"'BNMR (400 MHz,
[Dg]benzene, 22°C): 6=77.7 (s, 1B), 18.8 (s, 2B), 15.1 (s, 1B), —10.0 ppm
(s, 1B); 'HNMR (400 MHz, [D¢]benzene, 22°C): 6=8.58 (s; 1TaHTa),
4.18 (pcq; 2BH,), 3.80 (pcq; 1BH,), 2.91 (pcq; 1BH,), 2.82 (pcq; 1BH,),
1.87 (s, 30H; Cp*), —0.06 (br; 1BHB), —2.38 (br; 2TaHB), —2.76 ppm
(br, 2TaHB); "CNMR (500 MHz, [Dg]benzene, 22°C): 6=116.8 (s;
CsMes), 14.4 (s; CH; in CsMes); IR (hexane): 7=2441 (w), 2490 cm™" (w,
BH,); MS (FAB) P*(max): m/z (%): 767 (isotopic pattern for 2Ta, 2Cl,
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and 5B atoms); elemental analysis calcd (%) for >C,'H,,''B5'7"Ta,” Cl,:
C 31.26, H 5.38; found: C 33.02, H 6.32.

X-ray structure determination: Diffraction data for 1, 2, and 4 were col-
lected and integrated by using an Oxford Diffraction XCALIBUR-S
CCD system equipped with graphite-monochromated Moy, radiation
(A=0.71073 A) at 150 K. Crystal data for 3 were collected and integrated
on a Bruker AXS KAPPA APEX2 CCD diffractometer with graphite-
monochromated Moy, (1=0.71073 A) radiation at 293 K. The structures
were solved by heavy-atom methods using SHELXS-97 or SIR92 (Altor-
nare et al., 1993) and refined using SHELXL-97 (G.M. Sheldrick, Univer-
sity of Gottingen).

[(Cp*Ta),BH,j] (1): CyHyB,Ta, monoclinic, C2, a=18.9197(3), b=
13.8180(3), ¢=9.5639(2) A, $=93.987(2)°, Z=4, Peyea=1.826 Mgm™,
final R indices [I>20(I)] R,=0.0481, wR,=0.1118, index ranges —27 <
h<28, —20<k <20, —14 <I<13, crystal size 0.23x0.21 x0.17 mm, reflec-
tions collected 17962, independent reflections 7260, (R(int)=0.0461),
GOF on F* 1.025.

[(Cp*Ta),BsHy;] (2): CyH,BsTa,, triclinic, PI, a=8.8827(4), b=
11.8488(5), ¢=12.0608(5) A, a=71.640(4), f=85.455(3), y =88.886(3)°,
Z=2, Peaca=1.929 Mgm, final R indices [I>20(I)] R,=0.0357, wR,=
0.0806, index ranges —10<h <10, —14<k <14, —14<I[<14, crystal size
0.25x%0.12 x0.05 mm, reflections collected 10305, independent reflections
4217, (R(int) =0.0227), GOF on F* 1.101.

[{Cp*Ta},BsH,o(C¢H,CH3)] (3): The intensity data were collected by w—¢
scan with frame width of 0.5°. Frame integration and data reduction were
performed with Brukker SAINT-plus (Version 7.06a) software. A multi-
scan absorption correction was applied to the data by using SADABS
(Bruker AXS, 1999) software. C,;H,BsTa,, triclinic, P1, a=8.6670(17),
b=10.059(2), ¢=17.793(4) A, a=81.82(3), f=81.81(3), y=7549(3)°,
Z=2, Peca=1.768 Mgm™>, final R indices [I>20(I)] R,=0.0459, wR,=
0.1111, index ranges —10<h <10, —11<k <11, —21<[<21, crystal size
0.05x0.05 x0.05 mm, reflections collected 26766, independent reflections
5169, (R(int) =0.0532), GOF on F* 1.142.

[(Cp*TaCl),BsH,;] (4): C,)H4BsCl,Ta,, monoclinic, P2,/n, a=8.07310(10),
b=15.1442(3), ¢=21.0979(4) A, B=98216(2)°, Z=4, Pea=
1.999 Mgm™, final R indices [I>20(I)] R,=0.0270, wR,=0.0633, index
ranges —9<h<9, —18<k<17, —16<I<25, crystal size 0.25x0.22x
0.18 mm’, reflections collected 14279, independent reflections 4491, (R-
(int) =0.0234), GOF on F* 1.048.

CCDC-680860 (1), CCDC-680861 (2), CCDC-680862 (3), and CCDC-
680863 (4) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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