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Abstract

Both salts contain approximately octahedral
[NbClg]™ anions with Nb—Cl bond lengths ranging
from 2.326 (2) to 2.378 (2) A. The 1-methylimidazole
salt (I) contains the proton-bridged 1-methylimi-
dazole/1-methylimidazolium cation, whereas the
fully N-protonated 2-methylimidazolium ion is
present in the 2-methylimidazole compound (II).
Cohesion in the crystals is achieved by dipolar inter-
actions between Cl atoms of [NbClg] ™ and imidazole
C—H groups for (I) and (II), as well as N—H---Cl
hydrogen bonds for (II).

Comment

The reactions of NbCls with N-heterocycles are
currently being investigated in this laboratory. Two
reaction pathways have been identified with pyridine
(McCarley, Hughes, Boatman & Torp, 1963) and
7-azaindole (Poitras & Beauchamp, 1992), namely
the formation of NbY adducts NbCls(L) and the
reduction to Nb'Y with concomitant ligand oxida-
tion. The two title compounds, (I) [(1-Melm),H]-
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[NbCle] and (II) [2-MeImH][NbClg], were among the
products isolated from the reactions with 1-me-
thylimidazole (1-Melm) and 2-methylimidazole (2-
Melm). An X-ray investigation was undertaken in
order to explain their different stoichiometries
despite very similar chemical properties.

—H S
CHS/ = H—N7 N Cl ‘ ca
T
H H Cl
[(1-Melm),H]™ [2-MelmH] ™ [NbCle] ™

These compounds were present in the filtrates
from reactions of NbCls (~1 g) with the imidazole
ligand in a 2:7 ratio in ~50 ml of benzene (I) or
toluene (II). The reactions were run under a dry
argon atmosphere in a Schlenk system, from NbCls
(Aldrich, stored in glove box) and 1-Melm (Aldrich,
dried over molecular sieves) or 2-Melm (Aldrich,
sublimed). Solvents were dried by distillation over
Na. Red crystals of the 1-Melm compound (I)
appeared after two weeks in the benzene filtrate.
Brown crystals of the 2-Melm compound (II) were
isolated after two months from the toluene filtrate.
Both compounds are extremely moisture sensitive.

The single [NbClg]™ anion in (I) occupies the
inversion center at the cell origin. In (II), the eight
anions are distributed over equipoints 4(e) [Nb(1),
twofold axis] and 4(c) [Nb(2), inversion center].
These three independent [NbClg]~ anions have a
nearly octahedral geometry. The octahedron is very
regular for the two types of anions sitting on
inversion centers: the cis CI—Nb—Cl angles are in
the region of 90.0 (5)°, whereas the trans angles are
180° by symmetry. The anion lying on a twofold axis
[Nb(1) of (II)] is slightly more distorted, with cis
angles ranging from 87.80 (6) to 91.98 (6)° and trans
angles of 177.55(6) and 177.46 (6)°. The Nb—Cl
distances, ranging from 2.326(2) to 2378 (2) A
(mean 2.349 A), compare well with literature values
(Hubert-Pfalzgraf, Postel & Riess, 1987; von
Diibgen, Miiller, Weller & Dehnicke, 1980; Preiss,
1971; Preiss & Reich, 1971; Shibaeva &
Lobkovskaya, 1985).

Compound (I) contains the l-methylimidazole/1-
methylimidazolium cation shown in Fig. 1. The two
nearly coplanar 1-Melm units are related by an
inversion center. The bridging H(3) proton, whose
position was deduced from a AF map, is disordered
over two sites slightly off the inversion center. Thus,
each of the imidazole units about the inversion
center actually corresponds to equal populations of
the neutral and monocationic forms. Attempts to
refine a non-disordered model in space group Pl
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failed. The imidazole ring is planar to within
0.011 (14) A and the H(3) atom lies in-this plane,
very close to the N(3)-N(3) vector [N(3)—
H(3)-*N(3)=174°]. Similar proton-bridged N-
heterocyclic pairs are known for pyridines
(Villarreal-Salinas & Schlemper, 1978; Bren¢i¢, Ceh
& Leban, 1986, 1987), benzimidazole (Quick &
Williams, 1976a) and unsubstituted imidazole (Quick
& Williams, 1976b). The N---N separations in these
compounds (2.71-2.79 A) are below the normal
range (2.88-3.38 A) proposed by Stout & Jensen
(1968) for N—H:-N hydrogen bonds. The still
shorter N--N distance found in (I) [2.645 (14) A] is
evidence for strong hydrogen bonding. Protonation
normally affects appreciably the geometry of the
imidazole ring, especially the angles near N(3): the
smaller size of the protonated N(3) ‘lone pair’
increases the C(2}—N(3)—C(4) angle, whereas the
adjacent angles at C(2) and C(4) undergo opposite
variations keeping the ring planar. This is well illus-
trated by the angles at C(2), N(3) and C(4) in
1-Melm [112.2 (3), 104.9 (3) and 110.1 (3)°, respec-
tively (Wang & Craven, 1979b)] and those in
1-MeImH™* [108.3(2), 109.4(2) and 106.7 (2)°,
respectively (Wang & Craven, 1979a)]. The inter-
mediate values observed here [109.2 (11), 107.0 (11)
and 109.9 (12)°, respectively] are consistent with
these two patterns being averaged by disorder.

Fig. 1. ORTEP (Johnson, 1965) drawing of the 1-methylimi-
dazolium/1-methylimidazole cation. The two units are related
by a crystallographic inversion center (*) and H(3) is disordered
over two sites about this center. Primed atoms correspond to
1—x, 2—y, 1 —z. Ellipsoids are drawn at 50%. probability level.
H atoms are shown as spheres of arbitrary size.

A packing diagram is shown in Fig. 2. [NbCl¢]~
anions sitting on the origin define a three-dimen-
sional framework in which channels parallel to the b
axis are filled by [(1-MeIm),H] " ions centered at (3,
0, 3). Since the hydrogen-bonding capabilities of the
1-methylimidazole units are satisfied within these
dimeric cations, all contacts between anions and
cations involve dipolar interactions, mainly between
C—H protons and Cl atoms. Table 2 shows that
almost all C—H bonds are involved in H---Cl con-
tacts shorter than the sum of the van der Waals radii
[3.1 A (Cotton & Wilkinson, 1987)].
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Fig. 2. Stereoview of the unit cell of [(1-Melm),H][NbClg]. The
origin is indicated by a black dot. The a (vertical) and ¢
(horizontal) axes are approximately in the plane of the diagram,
whereas b is pointing away from the reader. Only one of the
disordered pair of H(3) atoms is shown. The other H atoms are
omitted for clarity.

The 2-methylimidazolium salt (II) contains the
normal fully protonated cation. This ion has near
2mm symmetry with the twofold axis running
through C(2—CH; and the middle of the C(4)—
C(5) bond. The ring is planar to within 0.005 (6) A
and the methyl C(6) atom is displaced by only
0.007 (5) A from this plane. The distances and angles
(Table 3) are normal, although meaningful compari-
sons cannot be made because the crystallographic
data available on this cation (Zalkin, Perry, Tsao &
Zhang, 1983; Scheidt, Lee, Tamai & Hatano, 1983)
are of low accuracy. Comparisons with the unsubsti-
tuted imidazolium cation (Levasseur & Beauchamp,
1991) reveal that the C(2)-bonded methyl group has
only a minor effect on the bond lengths, but it
decreases the ring angle at C(2) by 3.0°, whereas the
adjacent angles at N(1) and N(3) increase by 1.2 and
2.3°, respectively. The structure of 2-MeIlm has not
been determined, but those of several N(3)-
coordinated metal complexes are known.* Since

* See deposition footnote.

Fig. 3. View of the unit cell of [2-MeImH][NbCls] down the b axis.
The Nb atoms lie in planes parallel to the bc face, at x =0 and 3
for Nb(1), and x =} and 3 for Nb(2).
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metal coordination usually affects the ligand geom-
etry to only a small extent, these data can be used to
evaluate the effect of protonation. The C(2—N(3)—
C(4) angle is found to be 4.7° greater in the proton-
ated ligand, whereas changes of ~4.4 and —2.1° are
noted for the angles at C(2) and C(4), respectively.
This is similar to the protonation pattern mentioned
above for 1-Melm.

A packing pattern of (II) is given in Fig. 3. Half of
the [NbClg]™ anions are located on twofold axes
[Nb(1)], whereas the other half occupy inversion
centers [Nb(2)]. Each 2-methylimidazolium cation
includes two N—H bonds acting as donors in
normal hydrogen bonds to Cl atoms (Table 3).
Cohesion in the crystals also involves dipolar con-
tacts of the C—H protons with Cl atoms lying closer
than the sum of the van der Waals radii [3.1 A

(Cotton & Wilkinson, 1987)].

Experimental

Compound (I)

Crystal data

[CsH13N4][NbClg] D, = 1.844 Mg m~?

M, = 470.84 Mo K& radiation

Triclinic A =0.71069 A

P1 Cell parameters from 25

a=7111@2)A reflections

b=28042(1) A 6 =10-12°

c=8.045(2) A p=1.626 mm™'

o = 78.65 (2)° T=200K

B =87.02 (2)° Approximately spherical

v = 70.04 (2)° 0.25 mm (radius)

V=4240 () A Red

Z=1 Crystal source: see Comment

Data collection

Enraf-Nonius CAD-4 Omax = 25°
diffractometer h=0-—38

w/[20 scans =-9-9

1716 measured reflections l=-9-9

1490 independent reflections
978 observed reflections

6 standard reflections
frequency: 60 min

[I>30(D)] intensity variation: 0.8%
Ry = 0.025
Refinement
Refinement on F w = 1/[0*(F)+0.0001F%]
Final R = 0.056 (A/0)max = 0.01
wR = 0.057 Background Ap =
S =2.69 +0.88 e A~?
978 reflections Residual Ap =

88 parameters

+|1.0-1.5| ¢ A=% near

H atoms fixed Nb and CI
Compound (II)

Crystal data

[C4H7N32][NbCle] Mo Ka radiation

M, = 388.74

A =0.71069 A

Monoclinic

C2/c
a=2143(1) A
b=6851(2) A
c=1765() A

B = 99.41 (2)°

V = 2555 (2) A®
Z=8

D, =2.02Mgm™3

Data collection

Enraf-Nonius CAD-4
diffractometer

w/[26 scans

4266 (hkl, h+k = 2n) mea-
sured reflections

2451 independent reflections

1695 observed reflections
[1>3a()]

Refinement

Refinement on F
Final R = 0.030
wR = 0.038
S=1.16

1695 reflections
120 parameters
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Cell parameters from 19
reflections

6 =17-10°
p=2.132 mm™!
T=200K

Approximately spherical
0.17 mm (radius)

Brown

Crystal source: see Comment

R = 0.022
Omax = 25°
h=0-—25
k=-8—28

[ =-21 21

5 standard reflections
frequency: 60 min
intensity variation: 0.7%

H atoms fixed

w = 1/[¢*(F)+0.0001F%]
(A/0)max = 0.01

Apmax = 039 e A3
Apmin = —039¢ A3

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?) for (1) and (1)

=1
Ueq = 3E,~ZjU,~jai‘a;ai.aj.

x y b4 Ueq
@
Nb(1) 0 1.0000 0 0.018
CI(1) 0.0626 (5) 0.9580 (4) 0.2905 (4) 0.029
Cl(2) —0.0608 (5) 0.7263 (4) 0.0407 (4) 0.033
CI(3) 0.3421 (5) 0.8500 (5) —0.0422 (4) 0.035
N(1) 0.6986 (14) 0.5693 (13) 0.4194 (12) 0.023
N(3) 0.5970 (15) 0.8275 (13) 0.4994 (13) 0.025
CQ) 0.5913 (19) 0.7467 (17) 0.3747 (16) 0.028
C4) 0.7067 (19) 0.6987 (18) 0.6276 (16) 0.027
C(5) 0.7696 (18) 0.5373 (16) 0.5810 (15) 0.023
C(6) 0.7271 (21) 0.4340 (17) 0.3131 (17) 0.037
n
Nb(1) 0 0.3378 (1) 0.2500 0.028
Nb(2) 0.2500 0.2500 0 0.020
CK(1) 0.0666 (1) 0.3302 (2) 0.1569 (1) 0.036
Cl(2) —0.0641 (1) 0.5737 (2) 0.1817(1) 0.036
CI(3) 0.0617 (1) 0.0877 (2) 0.3194 (1) 0.051
Cl(4) 0.1434 (1) 0.1780 (2) 0.0002 (1) 0.036
CI(S) 0.2802 (1) —0.0459 (2) 0.0647 (1) 0.029
Cl(6) 0.2547 (1) 0.4106 (2) 0.1183 (1) 0.041
N(1) 0.3688 (2) 0.2153 (6) 0.4371(2) 0.028
N@3) 0.4418 (2) 0.3341 (7) 0.3842 (3) 0.036
C(2) 0.3804 (2) 0.2993 (7) 0.3731 (3) 0.027
C(4) 0.4695 (3) 0.2704 (8) 0.4543 (3) 0.040
C(5) 0.4243 (2) 0.1959 (8) 0.4882 (3) 0.035
C(6) 0.3335 (3) 0.3461 (9) 0.3041 (3) 0.047

Table 2. Bond lengths (A), bond angles (°) and
hydrogen-bond geometry (A, °) for (I)

Nb(1)—CK1) 2339 (3)
Nb(1)»—Cl(2) 2.343 (3)
Nb(1)—CI(3) 2.358 (4)
N(1)—C(2) 1.353 (16)
N()—C(5) 1.363 (15)

C(2)—N(3) 1.307 (16)
N@G)—C(4) 1.363 (17)
C(4—C(5) 1.343 (18)
N1 )y—C(6) 1.467 (16)
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CI(1)—Nb(1)—CI(2) 90.5 (1) CR)—N(1)—C(6) 125.4 (1)
CI(1)—Nb(1)—CI(3) 90.1 (1) C(5—N(1)—C(6) 126.1 (1)
CI(1)—Nb(1)—CIQY 89.5 (1) N(1)—C(2)—N(3) 109.2 (11)
CI(1)—Nb(1)—CI(3) 89.9 (1) C(2)—NG)—C(4) 107.0 (11)
CIR)—Nb(1)—CI(3) 90.4 (1) NG)—C(@)—C(5) 109.9 (12)
CI(2)—Nb(1)—CI(3) 89.6 (1) C(4)—C(5)—N(1) 1053 (11)
CR—N(1)—C(5) 108.5 (10)

D_H...A D...A H...A D_H...A
NG)—H(3)-NQ) 2645 (14) 1.86 174
CQ)—HQ)CI(3) 3.688 (13) 2.82 161
C(4)—H(8)-CI(2) 3.866 (14) 299 164
C(S)—H(5)-CI(1)" 3.690 (12) 291 147
C(5)—H(5)-CI(2)" 3.628 (13) 2.89 142
C(6)—H(63)-Cl(2) 3.557 (14) 298 123
C(6)—H(61)-CI(1)" 3791 (14) 3.09 133

Symmetry code: (i) —x, 2—y, —z; (i) 1-x,2—y, 1 —z (ii)) 1 +x, y,
I+, (V) 1-x1-p1-z;(v) 1 +x,y,z;(v) 1 +x, —1+y, z.

Table 3. Bond lengths (A), bond angles (°) and
hydrogen-bond geometry (A, °) for (1I)

Nb(1)—CK(1) 2.347(2) N(1)—C) 1.327 (6)
Nb(1)—CI(2) 2326 (2) N(1)—C(5) 1.377 (7)
Nb(1)—CI(3) 2378 (2) C(2—N(3) 1320 (6)
Nb2)—CI(4) 2338 2) NG)—C(4) 1354 (8)
Nb(2)—CI(5) 2365 (2) C(@)—C(5) 1322 (9
Nb(2)—CX(6) 2348 (2) C(2)—C(6) 1482 (7)
CI(1)—Nb(1)—CI(2) 91.56 (6) CI(4)—Nb2)—CI(5)" 89.50 (6)
CI(1)—Nb(1)—CI(3) 89.66 (6) CI(4)—Nb(2)—CI(6)" 90.15 (6)
CI(1)—Nb(1)—CI(1) 177.46 (6) CI(5)—Nb(2)—CI(6) 90.21 (6)
CI(1)—Nb(1)—CI(2) 90.18 (6) CI(5)—Nb(2)—CI(6)i 89.79 (6)
CI(1)}—Nb(1)—CI3y 88.51 (6) CQ)—N1)—C(5) 109.7 (4)
CI(2}—Nb(1)—CI(3) 177.55 (6) N(I)—C(2)—N() 105.8 (4)
CI(2—Nb(1)—CI(2y 91.98 (6) CQ—N@3)—C@) 1108 (5)
CI(2)—Nb(1)—CI(3) 90.12 (6) NG)—C(4)—C(5) 107.1 5)
CI(3}—Nb(1)—CI(3) 87.80 (6) C(4—C(5—N(1) 106.6 (5)
CI(4)—Nb(2)—CI(5) 90.50 (6) N(1)»—C(2)—C(6) 126.7 (4)
CI(4—Nb(2)—CI(6) 89.85 (6) NE)—C(2)—C(6) 127.5 (5)
D—HA4 DA H- A D—H-4
NG)—HE)~CI(1)* 3474 (5) 3.10 112
NG)—HQG)--CI(3)* 3.448 (5) 273 151
N(1)—H(1)~CK(5)* 3.380 (4) 2.59 171
N(I)—H(1)-Cl(6)" 3.387 (4) 3.05 108
C(4)—H(@)~-C1(ay" 3.699 (7) 2.82 166
C(5—H(5)~Cl(2)" 3.855 (6) 2.96 173
C(6)—H(61)CI(5) 3.700 (5) 2.99 124
C(6)—H(62)-CI2)" 3.810 (5) 282 151

Symmetry code: (i) —x,7, 3~z (i) - x i—y, —z (i) i-xi+yi-z
WVitx,1+y,5Mx, —y, 1+ i—x, —1+y,1-zM)i+x -y,
14z (i) $+x, —+y, 2

An approximately spherical crystal of (I) was quickly introduced
in a Lindemann capillary and transferred to the diffractometer,
where the temperature was decreased to 200 K by the cooling
system. The reduced cell was checked with long exposure axial
photographs along the three axes. No symmetry higher than tri-
clinic was consistent with the Niggli matrix. A crystal of (I) was
quickly mounted and the reduced cell was obtained and checked
at 200 K, as for (I). A C-centered monoclinic cell was indicated
by the Niggli matrix. The new cell was confirmed by axial pho-
tographs. Density could not be measured because of crystal in-
stability in all solvents. For (I) and (II), the data were corrected
for Lp effects. No absorption corrections were applied because
of nearly spherical shape and poor face definition of (I) and (II).
In (I), space groups P1 and P1 were consistent with the triclinic
Laue symmetry. The structure solved and refined normally in
space group P1. The Nb atom was found from a Patterson map
and all other non-H atoms were located from a AF map. These
atoms were refined anisotropically by full-matrix least squares.
H(2), H(4) and H(5) were fixed at idealized positions (C—H =
0.90 A, By, = 3.5 A%). H(3), located from the AF map, was
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found to be disordered over two positions about the crystallo-
graphic inversion center. For the methyl group, one H atom lo-
cated from the AF map provided a C(2)—N(1)—C(6)—H tor-
sion angle, from which idealized positions were calculated for
the three methyl H atoms. The H-atom coordinates {except those
of H(3)] were recalculated after each cycle. In (II), space groups
C2/c and Cc were consistent with the Laue symmetry and sys-
tematic absences (hkl, h + k odd; h0!, ! odd). The structure solved
and refined normally in the centrosymmetric space group C2/c.
Nb and Cl atoms were found by the Patterson method. The N
and C atoms were located from a AF map. The H atoms were
handled as for structure (I). All non-H atoms were refined
anisotropically by full-matrix least squares. The computer pro-
grams used are listed elsewhere (Authier-Martin & Beauchamp,
1977). In both cases, atomic scattering factors were taken from
Cromer & Liberman (1970) for non-H atoms and from Stew-
art, Davidson & Simpson (1965) for H atoms, with anomalous-
dispersion terms for Nb and Cl from Cromer (1965).

The authors wish to thank M. Simard and F. Bélanger-
Gariépy for assistance in collecting the X-ray data. Finan-
cial support from the Natural Sciences and Engineering
Research Council of Canada is gratefully acknowledged.

Lists of structure factors, anisotropic thermal parameters, H-atom coor-
dinates and least-squares-planes data, as well as a comparison of dis-
tances and angles in various N(3)-bonded metal complexes, have been
deposited with the British Library Document Supply Centre as Supple-
mentary Publication No. SUP 55910 (24 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England. [CIF reference: CD1013]

References

Authier-Martin, M. & Beauchamp, A. L. (1977). Can. J. Chem.
55, 1213-1217.

Brenéig, J. V., Ceh, B. & Leban, 1. (1986). Z. Anorg. Allg. Chem.
538, 212-220.

Brentig, J. V., Ceh, B. & Leban, 1. (1987). Z. Anorg. Allg. Chem.
549, 233-239.

Cotton, F. A. & Wilkinson, G. (1987). Advanced Inorganic
Chemistry, Sth ed., p. 545. New York: John Wiley.

Cromer, D. T. (1965). Acta Cryst. 18, 17-23.

Cromer, D. T. & Liberman, D. (1970). J. Chem. Phys. 53,
1891-1898.

Diibgen, R. von, Miiller, U., Weller, F. & Dehnicke, K. (1980). Z.
Anorg. Allg. Chem. 471, 89-101.

Hubert-Pfalzgraf, L. G., Postel, M. & Riess, J. G. (1987).
Comprehensive Coordination Chemistry, Vol. 3, edited by G.
Wilkinson, R. D. Gillard & J. A. McCleverty, p. 594. Oxford:
Pergamon Press.

Johnson, C. K. (1965). ORTEP. Report ORNL-3174. Oak Ridge
National Laboratory, Tennessee, USA.

Levasseur, G. & Beauchamp, A. L. (1991). Acta Cryst. C47,
547-550.

McCarley, R. E., Hughes, B. G., Boatman, J. C. & Torp, B. A.
(1963). Adv. Chem. Ser. 37, 243-255.

Poitras, J. & Beauchamp, A. L. (1992). In preparation.

Preiss, H. Z. (1971). Z. Anorg. Allg. Chem. 380, 56-64.

Preiss, H. & Reich, P. (1971). Krist. Tech. 6, 375-380.

Quick, A. & Williams, D. J. (1976a). Can. J. Chem. 54, 2465-2469.

Quick, A. & Williams, D. J. (1976b). Can. J. Chem. 54, 2482-2487.

Scheidt, W. R., Lee, Y. J., Tamai, S. & Hatano, K. (1983). J. Am.
Chem. Soc. 105, 778-782.



REGULAR STRUCTURAL PAPERS

Shibaeva, R. P. & Lobkovskaya, R. M. (1985). Kristallografiya,
30, 693-697.

Stewart, R. F., Davidson, E. R. & Simpson, W. T. (1965). J.
Chem. Phys. 42, 3175-3187.

Stout, G. H. & Jensen, L. H. (1968). X-ray Structure Deter-
mination, p. 303. London: Macmillan.

Villarreal-Salinas, B. E. & Schlemper, E. O. (1978). J. Cryst. Mol.
Struct. 8, 217-237.

Wang, A. C. & Craven, B. M. (1979a). Acta Cryst. B35, 510-513.

Wang, A. & Craven, B. M. (1979b). J. Pharm. Sci. 68, 361-363.

Zalkin, A., Perry, D., Tsao, L. & Zhang, D. (1983). Acta Cryst.
C39, 1186-1188.

Acta Cryst. (1993). C49, 1307-1309

Structure of [As(C¢Hs),),-
[Sn{Se,C=C(CN),},]

DitMAR GRUB AND HANS-ULRICH HUMMEL

Institut fiir Anorganische Chemie der Universitdt
Erlangen-Nirnberg, Egerlandstrasse 1,
W-8520 Erlangen, Germany

(Received 29 June 1992; accepted 3 December 1992)

Abstract

In the complex anion [Sn{Se,C=C(CN),}s] in bis-
(tetraphenylarsonium) tris(2,2-diselenido-1,1-eth-
ylenedicarbonitrile-Se,Se")stannate(IV), the Sn atom
is at the center of a distorted octahedron formed of
six Se atoms of the chelate ligands with an average
Sn—Se bond length of 2.661 (3) A. The bis(selenium)
chelates show only small deviations from planarity
and the average Se—C distance is 1.88 (1) ;f

Comment

Up to now only a few tris(chelate) complexes with
unsaturated 1,1-diselenolato ligands have been struc-
turally characterized. For these transition-metal
complexes two different coordination geometries
have been found. Whereas the central ion, Ni'V in
[Ni{Se,CN(C,Hy),};]Br (Beurskens & Cras, 1971)
and [As(CeHs)4[Ni{Se;C—=C(CN),};] (Kaiser,
Dietzsch, Richter, Goli¢ & Siftar, 1980) has a dis-
torted octahedral arrangement, the complex
[Fe{Se,CN(CH,Ph),};]BF, has D; macrosymmetry
with a coordination polyhedron intermediate be-
tween the idealized trigonal prismatic and trigonal
antiprismatic geometries (Deplano, Trogu, Bigoli,
Leporati, Pellinghelli, Perry, Saxton & Wilson,
1983). Here we describe the X-ray crystal structure
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analysis of the main-group metal tris(chelate) com-
plex bis(tetraphenylarsonium) tris(2,2-diselenido-1, 1-
ethylenedicarbonitrile-Se,Se")stannate(IV).

The geometry of the anion (Fig. 1) is comparable
with [Ni{Se,C=C(CN),}s]*"; the six Se atoms define
an irregular octahedron and the average distance to
the central metal is 2.661 (3) A. The coordination
around the Sn'V is distorted octahedral. The average
projected twist angle of the two Se; triangles (Fig. 2)
of the SnSes polyhedron is 43.2°, intermediate
between the 60 and 0° expected for octahedral and
trigonal prismatic geometry, respectively.

&

e

Se12

;;Q i Se21

Se11 Sn ,—‘/@
€31 8

N34 C33 Se 31
@ 32

Fig. 2. SnSes core with the two Se; triangles.

The average Se—Sn—Se’ angle involving two
different chelate ligands is 160.4 (1)° (180° in the
perfect octahedron) while the intra-chelate angles
Se—Sn—Se are in the narrow range 73.7 (1)
74.0 (1)° and reflect the rigid chelate geometry with
Se—C—Se of about 116°.

The three selenolate ligands are nearly planar
(Amax = 0.3 A) and the system of bond lengths and
angles compares well with values expected for
covalent coordinated diselenolates (Dietzsch,
Franke, Hoyer, GruB8 & Hummel, 1991).
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