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One product of the reaction between TaCls and tri-n-butyltin hydride is a green compound of formula SnTa,Cl;s. The structure
of this compound has several surprising features: (1) discrete face-sharing bioctahedral Ta,Clg units that show a distortion from
Ds, symmetry; (2) Sn atoms in square antiprismatic coordination; (3) formation of crystals in the rare chiral space group P6,22
(or P6522). From the structure and the fact that the compound is diamagnetic, its constituents are deduced to be Sn** and [Ta,Cly]
ions. The distortion of the [Ta,Cl,)" ion is attributed to packing forces. The mean Sn—Cl distance is 2.918 [13] A. The [Ta,Cly]”

ion has Ta-Cl, = 2.33 [2]

of a = 15144 (4) A, c = 26,930 (5) A, V¥ = 5348 (1) A%, and Z = 6.

Introduction

For some years in this laboratory, we have been investigating
the non-organometallic chemistry of niobium and tantalum in their
lower valence states, particularly IL,! I11,2and IV.> Entry into
this chemistry has normally been by reduction of the pentahalides
where the usual reducing agents have been Na/Hg or magnesium.
More recently we have begun to explore other reducing agents,
one of which is tri-n-butyltin hydride. We report here one example
of its use where an entirely unexpected product, which incorporates
the tin, was obtained. An additional feature of interest in this
unexpected product, SnTa,Cl;g, is that the tin atom, which we
believe to be Sn'l, is coordinated in an unprecedented manner.

Experimental Section

All operations were conducted in an atmosphere of argon as the com-
pound is extremely sensitive to both oxygen and water. TaCls was
purchased from Aesar Chemicals, and tri-n-butyltin hydride, Bu;SnH,
from Strem Chemicals. The magnetic susceptibility was measured on
a Johnson Matthey magnetic susceptibility balance.

Preparation of SnTa,Cl;3. To a slurry of TaClg (3.0 g, 8.37 mmol)
in 50 mL of toluene, cooled to =78 °C, was added, dropwise, Bu;SnH
(2.25 mL, 8.37 mmol). During the addition, a very slight color change
was observed. After several hours of stirring at =78 °C, the cooling bath
was removed, the mixture was allowed to come to room temperature, and
stirring was continued for 15 h. At this time, the flask contained a
green-brown precipitate and dark green supernatant liquid. The pre-
cipitate, which was produced with a final yield of 0.55 g, partially dis-
solved in THF, forming trinuclear TayClo(THF),. This compound, ac-
companied with other related structures, will be discussed in future
publications. The solution was, on the other hand, filtered through 2.0
cm of Celite into a Schlenk tube and layered with 20 mL of hexane. As
interdiffusion proceeded, a green, microcrystalline product was deposited
on the walls of the tube. Yield: 0.32 g; 11%.

Often a light brown powder, as yet uncharacterized, coprecipitated
with the product. We have not found any solvent for the green product
with which it does not react, and thus it can be freed from the brown solid
only by physical separation. The crystals used for structure determina-
tion were obtained from a reaction carried out in benzene rather than
toluene. In addition, we kept the reaction vessel as still as possible while
the crystals formed.

X-ray Crystallography. A crystal was mounted in an inert atmosphere
on the tip of a quartz fiber with epoxy glue and transferred in dry ni-
trogen to a CAD-4 diffractometer where it was protected by a constant
stream of cold nitrogen (ca. -80 °C). All intensity data were corrected
for polarization and Lorentz effects. Empirical absorption corrections
were applied based upon y-scans of six reflections at x near 90°. Pho-
tographs showed hexagonal (trigonal) symmetry of the lattice. A sum-
mary of information pertinent to the characterization of the crystal,
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(average), Ta—Cl, = 2.47 [1] A (average), and Ta-Ta = 2.812 (3) A. The unit cell has dimensions

Table 1. Crystal Data for Sn[Ta,Clg],7C4Hg

compound

formula

fw

space group

a,

b, A

¢ A

a, deg

B, deg

v, deg

v, A3

Z

dcalc’ g/cm’

u(Mo Ka), cm™

radiation (monochromated
in incident beam)

Sn [Tazclglz'C6H6
Ta‘CllgSnCGHe
1558.77

P62

15.144 (4)

15.144 (4)
26.930 (5)

90.0

90.0

120.0

5348.4

6

2,904

141.516

Mo Ka (A = 0.71073 A)

temp, °C -80

transm factors: max, min 0.9961, 0.6519
R 0.04711

R, 0.060 64

“R = TIF - |Fll/ZIFl. * R = [EW(F - |F>/ ZwIFS 1% w
= 1/d*(|Fy).

Table II. Atomic Positional and Equivalent Isotropic Displacement
Parameters and Their Estimated Standard Deviations for
Sn[Ta2C19]2-C6H6

atom x/a /b z/c B..* A?
Ta(l) 04716 (2) 1.1884 (2) 0.65690 (8) 2.60 (5)
Ta(2) 0.3628 (2) 0.9959 (2) 0.61146 (8) 2.26 (4)
Sn 0.301 0.6987 (2)  0.583 2.20 (8)
Cl(1) 0.5033 (8) 1.0425(8) 0.6734 (5) 24 (3)
Cl(2) 0.2665 (9) 0.8338(8) 0.6495 (4) 2.8 (3)
CI(3) 04279 (9) 09146 (9) 0.5583 (5) 3.1 (4)
Cl(4) 0.298 (1) 1.0523 (9)  0.6809 (5) 3.7 (4)
CI(5) 0245 (1) 1.002 (1) 0.5621 (6) 5.6 (5)
Ci(6) 0.4996 (9) 1.1464 (9) 0.5725 (5) 334)
Ci(7) 0411 (1) 1.287 (1) 0.6278 (7) 7.0 (5)
Cl(8) 0.648 (1) 1.3063 (9) 0.6522 (4) 3.5(4)
Cl(9) 0492 (1) 1.228 (1) 0.7416 (5) 4.6 (5)
C(1) 0.347 (8) 0.214 (7) 0.964 (3) 16 (4)*
C(2) 0.386(7) 0.150 (7) 0.957 (3) 14 (4)*
C(3) 0.364 (8) 0.291 (7) 0.908 (4) 17 (4)*

9Starred values denote atoms that were refined isotropically. The
equivalent isotropic displacement parameter, B,,, is calculated as
173[a%a*2B,, + b*b*2By, (cos c2c*?By,y + 2ab(cos v)a*b*B,, 2ac X
(cos B)a*c*B,; + 2bc(cos a)b*c*B,s).

collection of intensity data, and the refinement of the structure will be
found in Table I.

The positions of the Ta atoms and several of the Cl atoms were de-
termined from a Patterson map (SHELXS-86). A series of alternating
refinements and difference Fourier maps allowed the location of the
remaining Cl atoms and the Sn atom, as well as the atoms of an in-
terstitial benzene molecule.

The systematic absences, combined with our photographic determi-
nation that the Laue group is 6/mmm, show unambiguously that the

© 1990 American Chemical Society



2592 [Inorganic Chemistry, Vol. 29, No. 14, 1990

Table I1I. Selected Bond Distances (A) and Angles (deg) for
Sn[TaZClglz-CGHo"

Bond Distances

Ta(1)-Ta(2) 2812 (3) Ta(2)~-Cl(3)  2.26 (2)
Ta(1)-CI(1)  2.523 (14) Ta(2)-Cl(6)  2.422 (10)
Ta(1)-Ci(4)  2.479 (11) Sn-Cl(2) 2,952 (13)
Ta(1)~-Cl(6)  2.453 (13) Sn-CI(2y 2,952 (13)
Ta(1)-Cl(7T)  2.25(2) Sn~Cl(3) 2924 (12)
Ta(1)-CI(8)  2.355 (12) Sn-Ci(3y’ 2924 (11)
Ta(1)-Cl(9)  2.339 (14) Sn-Cl(8) 2.893 (11)
Ta(2)-CI(1) 2,511 (13) Sn-CI(8) 2.893 (11)
Ta(2)-Cl(2)  2.370 (10) Sn—-Cl(9) 2.902 (13)
Ta(2)-CI(3)  2.40(2) Sn-CI(9y’ 2.902 (12)
Ta(2)-Cl(4) 2.452 (15)
Bond Angles
CI(1)-Ta(1)-Cl(4) 79.2 (5) Cl(2)-Sn-Cl(3Y 77.7 (3)
CI(1)-Ta(1)-Cl(6) 78.6 (5) CI1(2)~-Sn-C1(8) 150.3 (3)
Cl(1)-Ta(1)-Cl(7) 164.0(5)  Cl(2)-Sn-CI(8Y 75.8 (4)
CI(N-Ta()-CI(8) 92.0(5)  CI(2-Sn-CK9)  142.1 (4)
CI(1)-Ta(1)-CI(9) 89.9(6)  Cl(2)-Sn-CI(9Y 111.4 (4)
CI(4)-Ta()-CI(6) 105.9 (4)  Cl(2Y-Sn-Cl(3)"  71.7(3)
CI(4)-Ta()-CI(7)  91.6 (5)  Cl(2)-Sn-Cl(3) 66.9 (3)
Cl(4)-Ta(1)-CK®8) 166.1 (5) C1(2)’'-Sn-CI(8) 75.8 (4)
Cl(4)-Ta(1)-Cl(9) 84.6(4) Cl(2)-Sn-CI(8)’  150.3 (3)
Cl(6)-Ta(1)-CI(7) 91.7 (6) C1(2)’-Sn-C1(9) 111.4 (4)
CI(6)-Ta(1)-Cl(8) 82.5(4)  CI(2Y-Sn-Cl(9)  142.1 (4)
Cl(6)-Ta(1)-CH9) 162.4 (6)  Cl(3)-Sn-CI(3) 132.7 (4)
CI(M-Ta(1)-CI(8) 99.3(5)  CI(3)-Sn-CI(8) 89.0 (4)
Cl(M)-Ta(1)-CI(9) 1023 (7)  CI(3)-Sn-CI(8Y 110.4 (4)
CI(8)-Ta(1)-CI1(9) 84.6 (4) C1(3)-Sn-C1(9) 148.8 (5)
Cl(1)-Ta(2)-CI(2) 90.0 (4) C1(3)-Sn-CI(9y 76.0 (5)
Cl(1)-Ta(2)-CI(3) 91.8 (5) C1(3)-8n-CI(8) 110.4 (4)
CI(1)-Ta(2)-Cl(4) 79.9 (5)  CI(3)~-Sn-Cl(8)  89.0 (4)
Cl(1)-Ta(2)-Ci(5) 162.4 (6)  CI(3y-Sn-CI(9) 76.0 (5)
Cl(1)-Ta(2)-Cl(6) 79.4 (4) C1(3)-Sn-CI(9)’ 148.8 (5)
Cl(2)-Ta(2)-Cl(4) 83.4 (4) CI(8)-Sn-CI(8) 131.2 (3)
CI(2)-Ta(2)-Ci(5) 102.0 (5)  Ci(8)-Sn—CI(9) 66.1 (4)
CI(2)-Ta(2)-Cl(6) 162.8 (6)  Cl(8)-Sn-Ci(9)’ 77.0 (4)
CI(3)-Ta(2)-Cl(4) 166.3 (5)  Cl(8)-Sn-CI(9) 77.0 (4)
CI(3)-Ta(2)-Ci(5) 101.8 (6) C1(8)-Sn-CI(9)’ 66.1 (4)
Cl(3)-Ta(2)-Cl(6) 81.2(5) Cl(9)-Sn-CI(9y 80.3 (6)
Cl(4)-Ta(2)-CI(5) 88.6(6) Ta(1)-Cl(1)-Ta(2) 67.9 (4)

Ci(4)-Ta(2)-Cl(6) 107.7 (4)  Ta(1)-Cl(4)-Ta(2) 69.5 (4)

CI(5)-Ta(2)-Cl(6) 91.5(5)  Ta(i)-Cl(6)-Ta(2) 70.4 (3)
Cl(2)-Sn—-Cl(2) ~ 81.9(4)  CI(2)-Ta(2)-CI(3) 85.6 (4)
Cl(2)-Sn-C1(3) 66.9 (4)

4Numbers in parentheses are estimated standard deviations in the
least significant digits.

Figure 1. Partial view of the packing of the Ta,Cl, units, showing how
they create one of the approximately square antiprismatic cavities (six
per unit cell) in which the tin atoms reside.

space group must be P6,22 or its enantiomorph P6522. The structure
was refined to convergence in both, and for the particular crystal used
P6522 was found to give significantly lower R values (Hamilton T test)
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Figure 2. View of one tin_atom and its eight nearest neighbors, viewed
down what would be the 8 axis of an ideal square antiprism.
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Figure 3. orTEP'® drawing of the Ta,Cl, unit, showing the atom num-
bering scheme. Each atom is represented by its ellipsoid of thermal
displacement drawn at the 40% probability level.
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Figure 4. View of the central part of the Ta,Cly unit with the Ta-Ta axis
perpendicular to the plane of the drawing. The three angles are dihedral
angles between Ta(2)-Cl(n)-Ta(l) planes.

and a better quality of fit. The positional parameters and equivalent
isotropic displacement parameters are listed in Table 1.

Results and Discussion

The formation of the product described here, which incorporates
a tin ion surrounded by chlorine atoms of the [Ta,Clg]" ion, was
certainly not anticipated. However, this product is more interesting
than any we had envisioned. Its principal dimensions are presented
in Table I, and important aspects of its structure are shown in
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Figure 1-4. Given the composition, Sn[Ta,Clg],*CsHg, and the
fact that it is diamagnetic, we conclude that it contains Sn?* and
[Ta,Cly]~ ions with Ta-Ta single bonds.

The Ta-Ta distance of 2.812 (3) A is consistent with the
existence of such a bond and the angles in the central portion
provide some further support. The three Ta(1)-Cl,-Ta(2) angles
are in the range 67.9-70.4°, all smaller than expected in the
absence of an attractive interaction between the metal atoms.
However, because of the distortion of the Ta,Clg unit from Djy;
symmetry, the usual arguments® concerning the M—Cl,-M and
Cl,~-M-Cl, angles cannot be applied in the normal way. This
distortion, and possible reasons for it, will be discussed later.

The crystal structure is unusual in several respects. The
adoption of a very uncommon, inherently chiral space group by
a substance consisting of simple, nonchiral components is odd to
begin with. The packing of the [Ta,Cly]” ions is such that they
spiral around the 65 axes. This creates a series of interstices, each
on a 2 axis, with a shape closely approximating a square antiprism.
The tin ions reside in the centers of these interstices, on the 2 axes.
This stacking is depicted in Figure 1, and the coordination sphere
of the tin ion, viewed down the approximate 8 (S;) axis, is shown
in Figure 2.

It is clear from Figure 2 that the square antiprism is imperfect,
but this description is the best of the simple polyhderal designations
that one might propose. The two parallel square faces of the ideal
square antiprism are defined by CI(2), CI(3), CI1(9)’, and CI(8)’
for the upper one and CI(8), C1(9), CI(3)’, and CI(2)’ for the lower
one, as seen in Figure 2. These two sets of atoms are indeed
confined to each of two planes that are parallel to within very small
deviations. In addition, the Sn—Cl distances, which have a mean
value of 2.918 [9] A, lie within the range 2.893 (11)-2.952 (13)
A. The difference between the two extreme values is barely if
at all significant, being just above the 3¢ level, and none of the
individual values differs from the mean by an amount that is
significant at the 3¢ level.

The nature of the coordination sphere of the tin ion, as just
described, constitutes strong support for its assignment as a tin(II)
ion rather than tin(IV). According to Shannon and Prewitt radii,’
Sn-Cl distances of eight-coordinate tin would be 3.03 and 2.62
A for Sn?* and Sn**, respectively. Clearly, the observed distance,
2.92 A, is much more consistent with the Sn2* value. It must be
admitted however, that the estimates of the eight-coordinate radii
for tin are both very uncertain. We can find no data for Sn?*
in the literature; the value given by Shannon and Prewitt is derived
from unpublished data. For Sn** the only case of eight-coordi-
nation seems to be provided by Sn(NO,),, which has dodecahedral
coordination,’ and the high coordination number for such a small
ion may only be possible because the coordinated atoms are rather
small and are furthermore held together in close pairings within
the nitrate ions. Thus, the qualitative fact that the tin atom is
coordinated by eight chlorine atoms may, in itself, be taken as
a strong indication that it must be Sn'' and not Sn!V. The nearly
regular shape of :he coordination polyhedron about the Sn?* ion
shows that there is no stereochemically active lone pair. This,
together with the rather long Sn—Cl distances and high coordi-
nation number lead to the conclusion that the tin—chlorine in-
teractions are of a highly electrostatic nature. In contrast, when
Sn! is coordinated by six chlorine atoms, there usually is a ste-
reochemically active lone pair and the “octahedron” is severely
distorted so that there are three short bonds’® (ca. 2.5 A) and
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three very long ones (ca. 3.5 A).

The remaining structural aspect of this unusual compound that
must be examined in detail is the distortion of the [Ta,Clg]~ ion
from the ideal (D;;) face-sharing bioctahedral structure that might
have been anticipated for it. An overall view of the ion is shown
in Figure 3, while Figure 4 focuses on the most conspicuous aspect
of the distortion, namely, the marked deviation of the set of
bridging Cl atoms from 3-fold symmetry. We believe that this
distortion is primarily an indirect result of the packing of the
Ta,Cl, units about the tin atoms. We note in Table III that all
four of the angles C1(2)~Ta(2)-CI(5), C1(3)-Ta(2)-CI(5), Cl-
(8)-Ta(1)-CI(7), and CI(9)-Ta(1)~CI(7) are around 100°
whereas other acute C1-Ta—-Cl angles are in the range 78-92°.
This can be attributed to packing forces pushing CI(5) and CI(7)
toward the central plane defined by the three bridging atoms. This,
in turn pushes Cl(4) and CI(6) up toward CI(1).

The possibility that there might be a hydrogen atom also
bridging the Ta atoms, lying between Cl(4) and CI(6) and opposite
to CI(1), was carefully considered and rejected for the following
reasons. First, this would require that the tin atom be tin(IV)
in order to continue to be consistent with the diamagnetism of
the compound, and we have already explained why the assignment
of tin(II} is greatly preferred. Second, the insertion of a hydrogen
atom into the plane of the bridging atoms does not actually make
sense sterically. We have carried out calculations of H..Cl
contacts for an H atom placed along the.extension of a line running
from CI(1) through the center of the Ta-Ta bond. The range
of these positions was limited by Ta—H distances of 1.7-1.9 A,
Throughout this range, the H-Cl contacts to CI(4), CI(5), CI(6),
and C1(7) were far too close to be credible, namely, 2.6-2.8 A.
Third, a very careful examination of electron density difference
maps in this region revealed no evidence of any extra density.
Fourth, according to the work of Sattelberger et al.? on tantalum
compounds with u-H atoms, Ta-H stretching bands occur in the
infrared at around 1280 cm™, but a search of this region revealed
nothing.

It should be emphasized that this compound is extremely
sensitive to air and moisture and does not dissolve in most common
solvents except for those with which it appears to react. Thus,
many techniques that might help to substantiate the composition
of the [Ta,Clg]~ and Sn?* ions are not employable. With special
effort Mossbauer or ESCA spectroscopies might have been applied,
but it is not at all certain that they could unequivocally distinguish
between tin(II) and tin(IV) in view of the unprecedented envi-
ronment of the tin atom. The very considerable time and effort
required to obtain such results was not, therefore, considered to
be justified.
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