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Summary

Three-dimensional X-ray crystal structure analysis shows that the organo-
telluronium salt, triphenyltelluronium cyanate-chloroform(1/2), exists as a te-
tramer in the solid state with both end-to-end and terminally bridging NCO
groups. The oligomer is predominantly ionic with tellurium—nitrogen and
tellurium—oxygen distances significantly shorter than respective van der Waals
distances. Refinement of the structure, based on 3817 reflections collected by
automatic diffractometry, converged to a conventional R factor of 4.9% and a
weighted R factor of 4.2%. Crystal data for Ph3;Te(NCO) - 5 CHCl; are as follows:
a=12.083(6)A, b =12.900(12)A,c=13.878(10)A,a = 95 83(7)°,3=103.47-
(7)°, v=98.87(6)°, V = 190143 (temperature = 23°C) and Z = 4.

Introduction

Organo—telluronium salts, R;TeX, have been known for nearly one hundred
years and are generally believed to be ionic and of a simple R;Te¢" X~ form
[1,2,3]. The only reported structure of a telluronium salt, however, is that of
[(CH;})3Te]"[CH,Tels]~ which shows four weak tellurium—iodine interactions
[4]. Recently we synthesized several pseudohalide compounds of the triphenyl-
telluronium cation, Ph;Té", and obtained infrared and Raman spectroscopic [5]
and crystallographic data [6,7], suggesting complex solid state structures for
these compounds. In view of the complexity and novelty of the situation, we
have determined the crystal and molecular structure of the triphenylielluronium

cyanate. .
(continued on p. 381)
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Experimei;tal

Ph,Te(NCO) was synthesized by mixing aqueous solutions of AgOCN and
(CeHs);TeCl, removing AgCl and evaporating the water [51- Crystals suitable
for a single-crystal X-ray study were grown in chloroform, some of which is
retained as solvent of crystallization. ' _

Ph;Te(NCO) - 3 CHCI; crystallizes in the triclinic system, space group Pl,
with a unit cell of dimensionsa=12.083(6)A,5=12.900(12)A,c=13.878(10)A,
« = 95.83(7)°, B = 103.47(7)°, v = 98.87(6)° and V =1901A42 (23°C) (Fig. 1).
Reductions using the algorisms of Balashov and Ursell [8] and of Delaunay [9]
revealed no hidden symmetry. The cell axes represent the three shortest nonco-
planar translations (Dirichlet triplet), and the Dirichlet and Delaunay reduced
cells are identical. The measured density of 1.60(4) g/cm? agrees with the cal-
culated value of 1.61 g/cm? for four formula units per unit cell.

A complete set of independent intensity data was collected by the § —2 0
scan techniques on a Syniex P1 automatic diffractometer using graphite mono-
chromatized Mo-K, radiation * and a crystal prism measuring 0.3 X 0.3 X 0.4
mm. Intensities and standard deviations of intensities were calculated using the
following formulas:

I=S(c — EB) and o() = [S*(c + R*B) + (pI)’]'?,

where S in the scan rate, ¢ is the total integrated peak count, R is the ratio of
scan time to background counting time, B is the total background count, and
p, here set equal to 0.07, a factor introduced to downweight intense reflections.
The intensities of 5157 reflections were measured; solution and refinement of
the structure were based on the 3817 reflections having F > 3 o(F). The inten-
sities were corrected for Lorentz and polarization effects but not for absorp-
tion. The calculated linear absorption coefficient (Mo-K,), i, is18.4 cm™".

The structure was solved by Patterson and Fourier techniques and was re-
fined by least-squares methods. The scattering factors were taken from the
compilation of Hanson, et al. [11]; those for Te and Cl were corrected for the
real and imaginary components of anomolous dispersion using the values of
Cromer [10]. The function minimized in the least-squares refinement was
2 w(iFopst — | Feaicl)® where w = 0.04 F/o?(F). Anisotropic thermal parameters
were used for all of the non-hydrogen atoms. The refinement converged to a

1
Fig. 1. Stereoscopic view of the unit cell contents of Ph3Te(NCO) - 3CHCI3.

* Data set collected by Molecular Structure Corp., College Station, Texas 77840.
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final R factor (Z[{Fopsl — [Featell/Z 1Fopsl) Of 4.9% and a weighted R factor

Zw (1Fopsl — Feaicl)? /S wiFyp4l2) of 4.2%. The goodness of fit, [Tw(Fops
—Fearc)?/(no. of reflections — no. of variables)]"?, equals 1.06. The hydrogen
atom contributions to the calculated structure factors were included as fixed
contributions in the final cycles of refinement. Hydrogen atoms were position-
ed 0.95A from the ring carbon atoms in the planes of the phenyl rings. Prior to
their inclusion, a difference Fourier map showed electron density in all of the
expected hydrogen atom positions. '

The final positional and anisotropic thermal parameters for the nonhydrogen
atoms are given in Table 1 *, - .

Results and discussion

The structure of Ph;Te(NCO) - ; CHCI; is illustrated in Fig. 2 and consists of
discrete tetramers separated by van der Waals distances. The tetramers are built
up through interactions between the triphenyltelluronium cations and the end-
to-end and terminally bridging cyanate groups. Interatomic distances and angles
are given in Table 2.

The tetramer is composed of three fused eight-membered rings with the
central ring possessing a chair configuration with a dihedral angle of 132°. In

ok
d I
&)

1
Fig. 2. The Ph3Te(NCO) - 5CHCl3 tetramer. The standard deviations of the angles in the Figure are ap-
proximately the same as those for similar atoms in Table 2,

* The table of structure factors has been deposited as NAPS Document No. 02876 (24 pages). Order
from ASIS/NAPS, c¢/o Microfiche Publications, 440 Park Avenue South, New York, N.Y. 10016. A
copy may be secured by citing the document numbecr, remitting $6.00 for photocopies or £$3.00 for
microfiche. Advance payment is required. Make checks payvable to Mierofiche Publications.
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TABLE 2 ,
INTERATOMIC DISTANCES (A) AND ANGLES (DEG) ¢ -

Atoms Distances Atoms . Angles
Te(1)—-0(1) 3.028(9) N(2)—Te(1)—C(11) 75.8(3)
Te(1)—0(2) 2.891(9) N(2)—Te(1)—C(113) 84.9(3)
Te(1)—N(2) 3.005(9) N(2)—Te(1)—0(1) 107.5(2)
Te(1)—Te(2) 5.329(4) N(2)—Te(1)—0(2) 102.2(3)
Te(1)—Te(1) 5.441(5) C(17)—Te(1)—C(11) 92.8(3)
Te(1)—Te(2) 5.815(4) C(17)~—Te(1)—C(113) 96.6(3)
Te(1)—C(11) 2.130(10) C(17)—Te(1)—0(1) 83.8(3)
Te(1)—CQAT) 2.156(8) C(17)—Te(1)—0(2)’ 77.0(3)
Te(1)—C(113) 2.123(10) C(11)—Te(1)—C(113) 98.1(4)
Te(2)—N(1)’ 2.783(9) C(11)—Te(1)—0(2) 86.4(3)
Te(2)—N(2) 3.171(12) O(1)—Te(1)—C(i13) 77.0¢3)
Te(2)—C(21) 2.102(10) 0O(1)—Te(1)—0(2)’ 97.9(2)
Te(2)—C(27) 2.140(8) C(213)—Te(2)—C(21) 99.0(3)
Te{2)—C(213) 2.132(7) C(213)—Te(2)—C(27) 93.9(3)
o1)—Cc) 1.216(12) C(213)>—Te(2)—N(1)" 84.2(3)
C(1)—N(1) 1.148(13) C(213)—Te(2)—N(2) 86.4(3)
0(2)—C(2) 1.203(10) C(21)—Te(2)—C(27) 94.0(3)
T(2)—N(2) 1.017(10) C(27)—Te(2)—N(2) 86.5(3)
N(2)—Te(2)—N(1)’ 103.8(3)
C(21)—Te(2)—N(1)’ 76.0(3)

2 The atom labeling scheme and additional angles are given in Fig. 2.

the terminal rings, which are highly distorted from planarity, the cyanate groups
lie in a crisscross or scissor fashion relative to each other with the angle between
the two groups, as projected onto a common plane, being 48°. The cyanate
groups of the central ring nearly parallel to each other, and no atom deviates by
more than 0.02& from the least-squares plane of the six atoms (Table 3, plane 1).
Both five and six coordinate tellurium atoms are present. Tellurium 2 and
2' are in a distorted square pyramidal geometry, while tellurium 1 and 1’ are
in a distorted octahedral environment. The closest Te—Te approach (atoms 1
and 2) is 5.329(4)A. Tellurium 2 is 0.572A above the equatorial least-squares
plane (Table 3, plane 2) of the square pyramid towards carbon 213. No equa-
torial atom deviates by more than 0.05A from the least squares plane. The sixth

TABLE 3
1
LEAST-SQUARES PLANES IN (Ph3Te(NCO) - 3CHCI3)s e

Plane Atoms Equation

1 N(2). C(2). 0(2), N(1). C(1), O(1) 10.535x — 1.921y —11.039z + 1.212=0

2 C(21). C(27). N(1)'. N(2) 4.769x + 8.456y + 2.9822 — 7.568 =0

3 C(11)—C(16) —0.715x + 11.864y + 2.9492 — 5.709 = 0

4 C(17)—C(112) 5.022x — 5.860y + 8.6402 —1.891 =0

5 C(113)—C(118) 10.993x — 6.943y — 3.556z — 0.1966 = O

6 C(21)—C(26) —0.4016x — 6.022y + 12.183z — 0.6805 =0
7 C(27)—C(212) 3.144x + 10.796y + 1.108: —8.673=0

8 C(213)—C(218) 10.884x — 3.113y — 10.1452 + 4.425=0

@ Planes are defined in fractional triclinic coordinates (x,¥,z) and are calculated using unit weights for all
atoms. '
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site around tellurium 2 is unoccupied with the closest atom to the site being
C(13) at 3.88(10)A.

The Te—N and Te—O distances within the tetramer are longer than those
expected for a single covalent bond, 2.02 and 1.98A respectively, but are signi-
ficantly shorter than the respective van der Waals distances of 3.61 and 3.58A
[12]. The interactions between the telluronium cations and the cyanate groups,
which lead to a coordination number for tellurium higher than would be expect-
ed from the stoichiometry of the system, involve C—Te...X(X = N,O) arrange-
ments which deviate from linearity by approximately 8° (Fig. 2). This type of
interaction, called secondary bonding, is a well known occurrence in tellurium -
(IV)—halide, —oxygen and —sulfur compounds and has been reviewed by
Alcock [13]. To our best knowledge, Ph;Te(NCO) - ; CHCl; and Ph,;Te(NCS)
[7] provide the first structural examples involving secondary tellurium(IV) —ni-
trogen interactions.

The two crystallographically independent triphenyl telluronium cations are
similar to the (CsHs)3Te" and (CH3)3Te" cations in (CsH;s);Te(NCS) [7] and
B-(CH;),Tel, [4] respectively. The cations have a trigonal pyramidal shape, but
possess no symmetry due to the conformation adopted by the phenyl rings.
The mean Te—C distance is 2.130(22)A and is within the range of other report-
ed Te—C(aromatic) distances [14]. The mean C—Te—C angle is 95.7(8)° and is
similar to the C—Te—C angle (95(2)°) in (CH;),;T€". These angles are smaller
than those found in the corresponding selenium species: 100(1)° for (CsHs);Se"
in (C4Hs)3SeCl - 2H,0 [15] and 98.5(8)° for (CHj3);Se" in (CHs);Sel [16].

Bond distances and angles within the six crystallographically independent
phenyl rings appear normal. The mean value of the 36 independent phenyl
C—C distances and the C—C—C angles in 1.378(92)A and 120.0(4.5)° respecti-
vely. The rings are planar with no carbon atom deviating more than 0.010(8)A
from the least square plane of its respective phenyl ring. The least squares
planes of the six phenyl rings are given in Table 3, planes 3 to 8.

The cyanate groups are essentially ionic with interatomic distances similar
to those found in KNCO [17]. The N—C—O angles for groups 1 and 2 are
179.8(9)° and 174.7(1.2)° respectively. Identity of the oxygen and nitrogen
atoms of the cyanate was based on the difference in the calculated C—X (X
= N,O) distances with the C—N distance assumed shorter. Some difficulty, how-
ever, was encountered in refinement of the C2 atomic parameters and the dis-
tances involving this atom are probably less accurate than indicated by the
least-squares estimated standard deviations. Subsequent checks on the identity
of the atoms through difference Fourier calculations and least-squares refine-
ment involving the exchange of the oxygen and nitrogen scattering factors
confirmed the assignments. The two crystallographically independent NCO
groups are responsible for the doublet at 2148 and 2134 cm™' in the infrared
spectrum of Ph;Te(NCO) - ; CHCI; [5].

The two chloroform molecules are possibly hydrogen-bonded to the tetramer
with a C...N(1) contact of 3.287(16)A. Melting and decomposition of (CsHs)s-
Te(NCO) - 3 CHCl; occur at 140°C, where CHCI, is released, 78°C above its
normal boiling point [5]. The C—Cl distances and the C1—C—Cl angles in the
chloroform appear normal and have mean values of 1.727(24)A and 108.6(1.1)°
respectively.
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