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THE CRYSTAL STRUCTURE OF TRIMETHYLTIN ISOTHIOCYANATE

R. A. FORDER anp G. M. SHELDRICK
University Chemical Laboratory, Lensfieid Road, Cambridge (Great Britain)
(Received, Spetember 4th, 1969) :

SUMMARY

The crystal structure of Me;SnNCS has been determined by single crystal
X-ray diffraction. The crystals are orthorhombic, Pbca, a=13.20(1), b=10.28(1),
c=12.01(1) A, Z=8. The molecules are arranged in infinite zig-zag =S-Sn—-N=C=
S-Sn— chains, linear except at sulphur. The principal bond lengths and angles are:
Sn—N, 2.15(6); N-C, 1.15(7); C-S, 1.64(7); S—Sn, 3.13(2); Sn—C(H) (mean), 2.13(3);
angle N-Sn—C(H;) (mean), 95(2)° and angle C-S-Sn, 97(2)°.

INTRODUCTION

The crystal structure! of trimethyltin cyanide consists of infinite linear
-Sn—C—-N-Sn~ chains with planar Me,;Sn and disordered cyanide groups; however
trimethylgermanium cyanide was found? to be monomeric in the crystal. Mossbauer
studies? of trialkyltin isothiocyanates suggest that the trialkyltin groups are planar,
with five-coordinated tin; the IR spectra of the crystals* are consistent with a R;Sn—
N=C=S rather than a R;Sn—-S—-C=N structure, with a significant non-bonded S—Sn
interaction and a chain structure bent at nitrogen. It is interesting that the ratio
of the intensities of the IR bands assigned to the symmetric and asymmetric SnCj;
stretching modes of trimethyltin isothiocyanate is much smaller in the crystal than
in solution, consistent with a wider N-Sn—C angle and hence monomeric structure
in solution*. On the other hand the IR spectra of organolead selenocyanates suggest
that the lead atom is bonded to selenium rather than nitrogen®. In view of the am-
biguities in the interpretation of the spectroscopic data, and also for comparison with
the structure of silyl isothiocyanateS, where linearity at nitrogen provides evidence
of involvement of the silicon 3d orbitals in the bonding, we have determined the
crystal structure of trimethyltin isothiocyanate*.

EXPERIMENTAL
Needle shaped crystals were obtained by recrystallisation from benzene;

these were sealed into Lindemann glass capillary tubes. Intensities were determined
visually from equi-inclination Weissenberg photographs taken with a crystal mounted

* For a preliminary report see ref. 7.
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about the Z(needle) axis and Ni-filtered Cu-K, radiation (layers hkO—hké inclusive).
We were not successful in obtaining good Weissenberg photographs for a crystal
mounted about another axis. Lorentz, polarisation and absorption corrections were
applied, the latter being calculated exactly for a cylinder with ut=1.6, where u is
the linear absorption coefficient and ¢ the diameter of the cylinder. Unit-cell dimen-
sions were obtained from powder photographs, taken with a Guinier focussing
camera and silicon internal calibrant (a=5.4306 A), and indexed using the approx-
imate unit-cell constants and intensity data from the Weissenberg photographs. The
estimated standard deviations in the unit-cell dimensions were multiplied by a factor
of two to allow for possible systematic errors.

Crystal data

C,HyNSSn, M =221.9, orthorhombic, a=13.20(1)*, b=10.28 (1), c=12.01(1),
U=1629.4, d_=1.82 for Z=28. This value of Z was consistent with the interpretation
of the Patterson function. Systematic absences: Okl, k+#2n; hOl, 15 2n; hk0O, h+#2n.
These determine the space group uniquely as Pbca. The asymmetric unit consists
of one formula unit; all atoms occupy the eight-fold general positions of the set
i-(x:yrz; %‘*‘x,%—}’, —Zz; ‘xf%'{_y’%—Z; %——X, _y’%'*_z)'

Structure solution and refinement

A three-dimensional Patterson synthesis was interpreted to give a self-consist-
ent set of coordinates for the tin atoms. The remaining atoms were located from
difference electron density syntheses, but no attempt was made to locate the hydrogen
atoms. The structure was refined by full-matrix least-squares, initially with isotropic
temperature factors for all the atoms; the weighting scheme adopted on the basis
of an analysis of variance was w=1/(| F,]-0.00181 F2). In the final stages of refinement
a total or 46 parameters were varied simultaneously, including the inter-layer scale
factors, anisotropic temperature factors for the tin and sulphur atoms only, and the.
Zachariasen secondary extinction coefficient®. Complex neutral-atom scattering
factors were employed for all atoms®-'°. The final value of R=(Ew*(F,— F.)/Ew*-F,)
was 0.118 for a total of 344 unique non-zero reflections; the corresponding unweighted
“R index” was 0.112. A final difference Fourier revealed no pronounced features.
Observed and calculated structure factors are shown in Table 1, and the results from
the final full-matrix least-squares cycle are given in Tables 2 and 3. These results
together with the full covariance matrix and the estimated standard deviations in
the unit cell dimensions were used to calculate the bond lengths and angles given in
Table 4 and Fig. 1. The shortest “non-bonded™ distances are listed in Table 5. Fig. 2
shows the structure in projection down the X axis.

DISCUSSION

The structure consists of zig-zag chains along the Z axis, all the atoms except
those of the methyl groups lying approximately in planes perpendicular to the X axis.
As shown in Fig. 1, the S—Sn—N-C-S skeleton is linear within experimental error,

* Throughout this paper estimated standard deviations (in parentheses) are given in units of the least
significant digit of the quantity to which they refer.
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TABLE 2

ATOM COORDINATES AND ISOTROPIC VIBRATIONAL AMPLITUDES (AZx 1000) WITH ESTIMATED STANDARD
DEVIATIONS

Atom x/a y/b z/c U

N 0.1667(31)  03236(48)  0.2914(55) 68(16)
C 0.1646(39) 0.4052(64) 0.3567(52) 92(19)
C(1) 0.0923(37) 0.0404(46) 0.2586(48) 72(16)
Cc(2) 0.0695(35)  0.3032(51)  0.0514(43) 83(18)

c@3) 0.3202(46)  0.1780(63)  0.1258(55)  122(25)

TABLE 3

ATOM COORDINATES AND ANISOTROPIC VIBRATIONAL AMPLITUDES (A2 x 1000) WITH ESTIMATED STANDARD
DEVIATIONS™? :

Atom  x/a y/b z/c Un Uz, Uss Uzs Uis Uz
Sn 0.1595(2) 0.873(4) 0.1553(4) 68(2) 53(3) 150(30)  3(3) 2(3) 2(2)
s 0.1572(16) 0.5120(17) 04575(21) 148(16) 64(10) 238(46) —24(13) —14(19) —11(11)

“ The anisotropic temperature factor takes the form: exp [ —2n%(U, ;- h*-a*> + U5 k? - b** 4 U3 P c*? +
2Us3k-1-b*-c* 42Uyl h-c*-a*+2U; h-k-a*- b*)]. ® The Zachariasen secondary extinction coefficient
refined to the value 8.2(1.7) x 10~ 7.

TABLE 4

INTERATOMIC DISTANCES (A) AND BOND ANGLES (°)

Atoms Distance Atoms Angle
Sn—N 2.15(6) Sn—-N-C 173(5)
C-S 1.64(7) C(1)-Sn—-N 92(2)
Sn—C(2) 2.10(5) C(3)-Sn—N 96(3)
S’-Sn 3.13(2) C(2)-Sn—C(3) 119(2)
N-C 1.15(7) S-Sn-N 178(1)
Sn—-C(1) 2.15(5) N-C-S 175(6)
Sn—C(3) 2.15(6) C(2)-Sn—-N 96(2)

C(1)-Sn—C(2)  121(2)
C(3)-Sn—C(1)  118(2)
C'-S'-Sn 97(2)

the chains being bent at sulphur. The N—-Sn—C(H ;) angle of 95(2)" is smaller than the
tetrahedral angle expected for a monomer, possibly accounting for the observation
that the IR band assigned to the SnC; symmetric stretch is weaker in the solid than in
solution. The molecule should definitely be considered to be an isothiocyanate rather
than a thiocyanate, since the Sn—S distance is appreciably longer than the value
of 2.47 A found for the Sn—S “single” bond in Me;SnSC(S)NMe,'!, although it is
close to the values for the short “non-bonded” Sn-S distance in that compound. No
other precise Sn—N bond lengths are available for comparison, but the value obtained
for the trimethyltin isothiocyanate is close to that predicted from the sum of covalent
radii. The N-C and C—S distances are found to be 1.22 and 1.56 A in HN=C=S'2 and
1.16 and 1.68 A in MeS—-C=N"!3. Despite the large estimated standard deviations,

J. Organometal. Chem., 21 (1970) 115-122
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Fig. 1. The molecular dimensions of Me;SnNCS.

TABLE 5

SHORTEST NON-BONDED DISTANCES (A), ‘WITH TRANSFORMATIONS RELATING THE COORDINATES OF THE SECOND
ATOM TO THOSE OF THE CORRESPONDING ATOM IN THE SAME ASYMMETRIC UNIT AS THE FIRST ATOM

Atoms Non-bonded Transformations

distance
N-S 2.78 x y z
N-C(1) 3.10 x y z
Sn-S 3.13 X 05—y —-05+z
N-C(2) 3.16 x y z
N-C(3) 3.21 x y z
Sn—C 3.30 X y z
C-C(2) 341 x 0.5—y 0.5+z
S-C(3) 3.54 x 05—y 0.5+=
N-C(2) 3.62 x 05—y  05+z
S-C(2) 3.62 x 05—y 0.5+z
C(2)-C(3) 3.66 x y z
C(1)-C(2)  3.69 x y z
c()-c(3) 3.69 x y z
C-C(1) 3.69 0.5—x 0.5+y z
So~-C 3.7t x 0.5—y —0.5+z
s-C(1) 3.76 x 05—y  05+=z
S—C(3) 3.79 05-x l—y 0.5+z
C(1)-C(2) 3.88 x 05—y 0.5+4z
N-C(1) 3.90 —x 0.5+y 05—z
Cc-C(1) 392 —x 0.5+y 0.5~z

it is interesting that the “short™ N=C and “long™ C=S bond lengths in Me;SnNCS
are consistent with a structure intermediate between the valence bond extremes:

=S Sn—N=C=S8 Sn—N=C=
-+ - o+
—S-Sn—N=C-S-Sn-N=C-
and
S~ Sn* N=C-S§~ Sn* N=C-

J. Organometal. Chem., 21 (1970) 115-122
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In all three structures there are two or more “lone pairs” on the sulphur atom,
consistent with the C—S—Sn angle of 97(2)°. The second structure requires an sp
hybridised nitrogen atom with a linear Sn—N—C arrangement; the contribution of

Fig. 2. The crystal structure seen in projection along the X axis.

this valence bond extreme is presumably sufficient to make this rehybridisation of
the nitrogen atom energetically profitable. An appreciable contribution from this
structure is also consistent with the short Sn=S contact. The short Sn—N bond length
required by the second structure would be counterbalanced by the long Sn—N
distance required by the third. This bonding scheme is similar to that required to
account for the crystal structure of trimethyltin cyanide. The stereochemical inactivity
of the nitrogen lone pair is consistent with the above scheme, and does not imply
“p—d;” bonding from nitrogen to tin.
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