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The Crystal and Molecular Structure of Tetrakis-(V,/V-diethyldithiocarbamato)tin(IV)
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Department of Chemistry, University of Missouri, Columbia, Missouri 65201, U.S.A.

(Received 17 August 1970)

The crystal structure of tetrakis-(N,N-diethyldithiocarbamato)tin(IV) has been determined from three-
dimensional X-ray diffraction data. Unit-cell dimensions are a=15-64+0-02, b=15-75+0-02, c=13-91
+002 A, and f=112-5+0-2°. The density by flotation is 1-50 g.cm~3. Four molecules in the unit cell
give a calculated density of 1-492 g.cm=3. By visual estimation of film data, the intensities of 1341
independent reflections were obtained. The structure was solved by three-dimensional Patterson and
Fourier methods and refined by full-matrix least squares to a conventional R value of 10-2 %. Within
the limitations of the data, the space group is 12/a. The arrangement of sulfur atoms about the tin
atom is distorted octahedral with two bidentate and two monodentate ligands. The latter occupy cis
positions. Sulfur—sulfur distances and sulfur—tin-sulfur angles suggest some weak interactions between
sulfur atoms in different ligands. The Sn-S distances average 2:546 (7) A for bidentate ligands. One of
the sulfur atoms of the monodentate ligand is 2:504 (7) A from the tin.

Introduction

Recent X-ray studies of tin(IV) and organotin(IV)
compounds have revealed coordination numbers for
the tin of six, seven, and eight. For example, dimethyl-
tin bis-(8-hydroxyquinolinate) was found (Schlemper,
1967) to have tin in a six-coordinate distorted octa-
hedral geometry with cis methyl groups. In chlorotris-
(tropolonato)tin(IV) (Park, Collins & Hoard, 1970),
the tin is in a nearly perfect pentagonal bipyramidal
environment. In bis-(phthalocyaninato)tin(IV) (Ben-
nett, Broberg & Baenziger, 1967), the tin coordination
is approximately square antiprismatic. In Sn(NO,),
(Garner, Sutton & Wallwork, 1967) the tin coordination
number can be considered to be eight with a dode-
cahedral geometry.

Our current interest is in a series of N,N-diethyldi-
thiocarbamate (dtc) complexes of tin(IV). These com-
plexes were the subject of Mdssbauer and infrared
studies by Kazimir, Cefola & Erickson (1967). The
solid infrared spectrum of Sn(dtc), was compared with
that of U(dtc),, known to be eight-coordinate (Brown,
Holah & Rickard, 1970), and the presence of extra
bands interpreted as indicative of more than one type

of dtc environment in the tin complex. One possibil-

ity suggested was Sn(dtc)idtc, and the workers
were able to prepare Sn(dtc)3B(C¢H;)z; from a
CH;CN solution of Sn(dtc), by addition of B(C¢Hs)7.
They indicate that their findings would also be in
keeping with the presence of mono- and bidentate dtc
ligands in a neutral complex in the solid state. The
Maéssbauer spectra of Sn(dtc), and Sn(dtc)3B(C¢Hs)z
were identical as was expected if both contain six-
coordinate tin. A considerable difference in isomer
shift was expected for an eight-coordinate complex.

Our X-ray study of Sn(dtc), was undertaken to
clearly establish the nature of the coordination of the
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dithiocarbamate ligands as well as to extend our
studies of higher coordination geometries of tin(IV).

Experimental
Crystal preparation

Crystals of tetrakis-(N, N-diethyldithiocarbamato)-
tin(IV) were prepared by the following method. Solu-
tions of 0-75 g of SnCl,.5H,0 in 20 ml of absolute
ethanol and 3-8 g of sodium N,N-diethyldithiocarba-
mate trihydrate in 50 ml of absolute ethanol were
prepared and filtered. The tin tetrachloride solution
was then added dropwise with stirring to the solution
containing the ligand, which was present in an 8:1
molar excess. The bright red-orange crystals which
precipitated were filtered, air dried, and recrystallized
from dichloromethane. Single crystals suitable for
X-ray diffraction were recovered.

X-ray data

Tetrakis-(NV,N-diethyldithiocarbamato)tin(IV) crys-
tallizes in the monoclinic crystal system with four
molecules in a unit cell of dimensions: a=15-64 +0-02,
b=1575+002,c=13-91+0-02A,and f =112-5+0-2°.
A crude flotation measurement of the density in aque-
ous KI solution gave a value of 1:50+0-01 g.cm™3. A
calculated density of 1:492+0-005 g.cm~3 was ob-
tained assuming four molecules per unit cell. The
systematic extinctions were for Akl, h+k+/ odd, and
for hOl, h odd, indicating that the space group is either
Ia or I2/a.

A crystal approximately 0-4 x 0-4 x 0-4 mm mounted
along the crystallographic ¢ axis was chosen for inten-
sity measurements. Using a zirconium filter and brass
interleaving sheets, multiple film Mo Kx Weissenberg
photographs were taken of the hk0-hk12 zones. Mul-
tiple exposures were taken of the kOl hll, h2I, Okl,
1kl, and 2kl zones by the precession method. The rela-
tive intensities were estimated by visual comparison
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with a series of timed exposures of a selected reflection.
There were 1341 independent reflections of measurable
intensity. The usual Lorentz and polarization correc-
tions were made. Absorption corrections were not
made (=64 cm™!). The maximum effect of absorp-
tion (International Tables for X-ray Crystallography,
1958) for a given Weissenberg layer was estimated to
be less than 10%. The data were placed on a common
scale using a modification of the method of Rollett &
Sparks (1960).

Determination of the structure

The calculations described above and below were
made on the IBM 7040 computer of the Computer
Research Center of the University of Missouri. The
programs used in this work were A. Zalkin’s FORDAP
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program, W. R. Busing and H. A. Levy’s ORFLS
least-squares and O RFFE error function programs, and
data handling programs of W. C. Hamilton and J. A.
Ibers.

A three-dimensional Patterson synthesis was pre-
pared. The positions of the tin atom and of three sul-
fur atoms were located, assuming space group /2/a.

In structure factorcalculations, SCF scattering factors
(International Tables for X-ray Crystallography, 1962)
for neutral carbon, nitrogen, and sulfur and Thomas—
Fermi-Dirac values for neutral tin including /" and /"
dispersion factors were used. The effects of anomalous
dispersion were included in F, (Ibers & Hamilton, 1964)

A three-dimensional Fourier synthesis with the
phases from the calculated structure factors based on
the tin and three sulfur atoms and the magnitudes from

Table 1. Observed and calculated structure factors for tetrakis-(N,N-diethyldithiocarbamato)tin(1V)
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the observed structure factors was then prepared.
From this synthesis it was possible to obtain approxi-
mate positions for the other sulfur atom and the
nitrogen and carbon atoms in keeping with the ex-
pected ligand geometry. Full-matrix least-squares re-
finement of the atom positions and isotropic tempera-
ture factors was carried out assuming the space group
12/a. This refinement with all 17 atoms converged
with R*=>|F2—k*F%|/>F2=0225 and r=Cw(F:—
k2F2?/SwF¥Y2=0-353 where. w=1/c%. In the final
refinement -the weighting scheme (Lalancette, Cefola,
Hamilton & La Placa, 1967) was chosen to make
|F2—F?|/o nearly independent of F2, This resulted in

o=—0-0513 (kF,)*+1-20(kF,)*

for
(kE,)?<150; o= —0-00496(kF,)* +0-54(kF,)*
for ' ‘
15-0<(KF,)*50-0; 0= —0-00029(k F,)* +0-295(k F,)*
for
500 < (kF,)*<420-0;
and
0 =0-000494(k F,)* — 0-05(k F,)*

STRUCTURE OF TETRAKIS-(N,N-DIETHYLDITHIOCARBAMATO)TIN(IV)

for
(kF,)* > 4200
where
k=0-103.

With the tin and four sulfur atoms anisotropic,
refinement converged with R*=0-167 and r=0-250.
In all least-squares refinement the numerator of r
was minimized. The conventional agreement factor
R=3|F,—F,|/>F, was 0-102. The standard deviation
of an observation of unit weight was 0-85. In the final
cycle of refinement, the shifts in all parameters were
less than 20% of the corresponding standard devia-
tions. A difference Fourier synthesis using the final
model showed no peaks greater than 1 e.A~3 except
within 1 A of the tin position. Owing to this and the
goodness of fit with the assumed twofold molecular
symmetry, no attempt was made to refine the structure
in Ia. Such an attempt would not be fruitful because
of the limitations in the quality of the data. It must be
concluded that the space group symmetry is /2/a or
that the deviation from that symmetry is minor.

The observed and calculated structure factors (x 10)
are in Table 1. The final positional parameters and
temperature factors are in Table 2. '

Table 2. Positional parameter and temperature factors™®

Positional parameters ( x 103) and temperature parameters ( x 10)

x z B
Sn 0 2051 (2) It 33D
s(1) 18-0 (4) 98-6 (4) 120-7 (5) 44 (2)
S(2) 3300 4) 3279 (4) 200-2 (4) 42 (2)
NE)) 4825 (4) 1741 (4) 1270 (5) 47 (2)
S@4) 311-8 (5) 2556 (6) —265 (5) 64 (2)
N(1) 460 (1) 218 (1) —65(2) 59 (5)
N(2) 195 (1) - 71(Q) 159 (1) 37 (3)
C(1) 419 (2) 219 (2) 32 48 (5)
C(2) 135 (1) 110 (1) 118 (2) 39 (4)
C(3) 62 (2) 299 (2) —44 (2) 74 (7)
C4) 406 (2) 238 (2) —178 (3) 78 (8)
C(5) 170 (2) 13 (2) 68 (2) 44 (5)
C(6) 297 (2) 77 (2) 223 (2) 51 (5)
c( 77 (3) 395 (2) —-63.(3) 89 (9
C(8) 400 (2) 333 (2) —202 (3) 78 (8)
c(9) 175 (3) 58 (3) —-25(3) 92 (9)
C(10) 329 (2) -22) 289 (2) 70 (7)
Anisotropic temperature parameters (x 109§
Bu B2 B33 b1z B3 B2
Sn 321 40 (1) 48 (1) 0 24 (1) 0
S(1) 38 (3) 53 (¥ 72 (4) -4 (3) 20 (3) -16 (3)
S(2) 37.(3) 51 (3) 66 (4) 0(2) 22 (3) -17(3) -
S(3) 63 (4) 45 (3) 67 (4) 503) 33 (3) - 2(3)
S@) 61 (4) 84 (5) 87 (5) -34) 35(4) —-14 4
Root-mean-square components of thermal displacement along the principal ellipsoid axes ( x 103)
Axis 1 Axis 2 Axis 3
Sn 152 (3) 207 (3) 224 (3)
sSQ1) 196 (7) 218 (9) 284 (9)
S(2) 185 (8) 209 (8) 280 (8)
S(3) 208 (8) 241 (8) 264 (8)
S@) 236 (8) 264.(9) 332 (9)

* In this Table and other parts of the paper values in parentheses are standard deviations from the least-squares refinement.

T This value is not multiplied by 104.

I Anisotropic temperature factors are of the form exp [— (81142 + B22k2 + B3312 + 28120k + 2813h1 - 2B23K1)].
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Discussion

Nature of the structure

The molecular structure is shown in Figs. 1 and 2
with the atom numbering system given in Fig. 2. The
tin atom is six coordinate with distorted octahedral
geometry. Two of the dithiocarbamate ligands are
chelated while the other two are monodentate and
occupy cis positions in the octahedron. The only
other known structure (Domenicano, Vaciago, Zam-
bonelli, Loader & Venanzi, 1966) containing both
bidentate and monodentate dithiocarbamate ligands is
that of Ru(NO) (dtc), in which the monodentate ligand
is cis to the NO in a distorted octahedron. The largest
deviations from octahedral geometry are due to the ste-
ric requirements of the four membered chelate rings.
The twofold symmetry axis bisects the S(1)-Sn-S(1) and
S(3)-Sn-S(3) angles. The structure consists of discrete
monomeric molecules withno unusually shortintermole-
cular contacts. The intermolecular distances less than
4-0 A are included in Table 3.

Table 3. Intermolecular distances

S(1)-C(5) 3-57A S(4)—C(3) 3-89 A
S(3)—C(6) 3-62 S(3)-C(10) 3-89
S(1)—-C(9) 373 C(7)-C(10)  3-90
S(4)—C(9) 3.78 C(8)-C(9) 3-92
C(5)-C(8) 379 S(3)-C(6) 3-95
C(4)-C(10)  3-87 C(7)-C(10) 396

The sulfur-sulfur intramolecular contacts are inter-
esting in that those between ligands are all 3-62 A or
loager except S(3)-S(3) (326 A) and S(2)-S(4) (3-26 A).
A normal van der Waals contact would be 3-70
(Pauling, 1960). Since it is difficult to rationalize these
shorts contacts on the basic of steric requirements,
there may be a weak bonding interaction between
these sulfur atoms. This interaction is also manifested
in the S(3)-Sn-S(3) angle of 81-1°.

The root-mean-square components of thermal mo-
tion along the principal ellipsoid axes are given in
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Table 2. The orientation of the ellipsoids can be seen
in Fig. 1. The maximum vibrations of S(1), S(2), and
S(3) are essentially perpendicular to the Sn-S bond
directions and that of the tin is directed roughly toward
a triangular face of the octahedron. The thermal
motion of corresponding atoms is more pronounced in
the monodentate ligand than in the bidentate ligand.

Interatomic distances and angles

The interatomic distances and angles within the
molecule are given in Fig. 2. The Sn-S distances of the
chelated ligand Sn-S(1) of 2:557 (7) A and Sn-S(2)
of 2:534 (7) A are significantly longer than those of the
monodentate ligand where the Sn-S(3) distance is
2:504 (7) A. The longer distances to the chelated sulfur
atoms may be due to the geometric strain of the four
membered chelate ring. This is not, however, in keep-
ing with the structure of Ru(NO)dtcs, the only other
known structure containing both bidentate and mono-
dentate dithiocarbamate ligands. In that compound
the Ru-S distances average 2-402 A for the bidentate
ligands, and the Ru-S distance for the monodentate
ligand of 2-:398 A is nearly the same. The difference in
Sn—S(1) and Sn-S(2) distances is of marginal signifi-
cance. All of the Sn—S distances are somewhat longer
than the sum of the single bond covalent radii (Paul-
ing, 1960) (2-44 A) and also longer than that observed
(Sheldrick & Sheldrick, 1970) for (CH,);SnS(S)CN
(CH,), 2:47 (1) A. In that complex the dithiocarbamate
ligand is essentially monodentate to give basically a
four-coordinate tin atom.

The S-Sn-S bond angles deviate markedly from 90°
octahedral angles, ranging from 70-6° in the chelate
ring to 99-7° for the S(2)-Sn-S(3) angle between
ligands. The most surprising deviation is the S(3)-Sn-
S(3) angle of 81-1 (3)° between monodentate ligands
(see earlier discussion).

The geometries of the chelated and the monodentate
ligands are considerably different, the most pronounced
difference being in the C-S distances. The C-S dis-
tances of 1:71 (2) and 1-75 (2) A for the chelated ligand

Fig. 1. Stereoscopic pair showing the geometry of the molecule and the thermal motion. The ellipsoids of the tin and sulfur
are plotted at the 20% probability level whereas those of the light isotropic atoms are plotted at a lower probability

level to minimize overlap.
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are probably not significantly different. However, the
C-S distances of 1:67(2) and 1-77(2) A for the monoden-
tateligand are significantly different. All of these distan-
ces are intermediate between the sum of the single bond
radii (Pauling, 1960) (1-81 A) and the sum of the
double bond radii (1-61 A). There is delocalized mul-
tiple bonding in the NCS, portion of the ligand. In
the chelated ligand, the delocalization is symmetrical
resulting in equivalent C-S distances with significant
multiple bonding. In the monodentate ligand the mul-
tiple bonding is more localized in the C(1)-S(4) bond.
This bond, involving the sulfur not coordinated to the
tin, is near to a double bond while the C(1)-S(3) bond
is essentially a single bond. The C(1)>N(1) and
C(2)-N(2) distances of 1-34 (3) and 1:31 (3) A respec-
tively are also indicative of the delocalized © bonding
since the sum of the single bond radii (Pauling, 1960)
is 1-47 A and sum of the double bond radii is 129 A.
The other C-N distances and the C-C distances are
in keeping with those expected for single bonds. The
bond angles in the ligand are not unusual and are in
keeping with near sp®> hybridization of the nitrogens
and C(1) and C(2). There is the usual contraction from
120° of the angles opposite the C(1)-N(1) and C(2)-N(2)
bonds indicative of the high multiple bond character
in these bonds.

The bond lengths observed for the chelated ligands
in Sn(dtc), are comparable with those observed for the
dodecahedral Th(dtc), complex (Brown, Holah &
Rickard, 1970), the octahedral Co(dtc); complex (Mer-
lino, 1968 ; Brennan & Bernal, 1969), the square planar
Ni(dtc), complex (Bonamico, Dessy, Mariani, Vaciago
& Zambonelli, 1968), and the tetrahedral Zn(S,CNMe,)
complex (Klug, 1966). The virtual lack of dependence
of the chelated ligand geometry on the nature of the
metal atom or on the geometry of the complex has
been noted earlier (Merlino, 1968). The distances in
the monodentate ligand compare favorably with the
ligand distances in As(dtc); (Colapietro, Domenicano,
Scaramuzza & Vaciago, 1968) where the ligands are
essentially monodentate. In that complex the C-S
distances for the essentially nonbonded sulfurs are
again approaching those expected for a double bond.
Similar behavior is observed (Sheldrick & Sheldrick,
1970) for the C-S distances in the essentially mono-
dentate S,CN(CH,), ligand in (CH;);SnS,CN(CH,),.

The chelated ligands in Sn(dtc), are planar except
for the terminal methyl groups. A weighted least-
squares plane through the six atom S,CNC, grouping
is described by the equation: 3-96x+12-48y —8-48z—
0-28=0. All six atoms are within 14 standard devia-
tions from the plane; the largest deviation being for
C(6) which is 0-033 +0-022 A from the plane. The tin
atom is 0-16 A out of this plane. The monodentate
ligands deviate considerably from planar with the
weighted least squares plane through the six atom
S,CNC, grouping being described by the equation:
4:22x+14-27y+2-74z—5-74=0. The S,CN portion is
planar with the maximum deviation from the above

STRUCTURE OF TETRAKIS-(N,N-DIETHYLDITHIOCARBAMATO)TIN(IV)

plane being 0-017+0-025 A for C(1). C(3) and C(4)
are on opposite sides of the plane and off the plane by
0-25+0-04 A. The deviation from octahedral tin co-
ordination is observed in attempts to put planes
through groups of sulfur atoms and the tin atom. For
example S(1) deviates 0-19+0-01 A from the plane
through S(1), S(2), S(3), and Sn which is described by
the equation: 494x+10-97y—0-972z4+0-22=0. There
is then no good plane described by four sulfur atoms
and the tin atom.

Summary

As far as we are aware, tetrakis-(N,N-diethyldithio-
carbamato)tin(IV) is the first established example of a
complex, containing only dithiocarbamateligands, when
some of these ligands are chelating and some are
monodentate. This leads to a six-coordinate tin atom
in a distorted octahedron. There is good evidence
(Bonati, Minghetti & Cenini, 1968) that the complex
in polar organic solvents may be different than in the
solid state in that the electrical conductivity of the
solutions indicates a 1:1 electrolyte formulated as
Sn(dtc)$(dtc)~. Further evidence for Sn(dtc)i was
provided (Kazimir, 1969) by the isolation of Sn(dtc)?
B(CsHs)7 from solution. It is possible that an equilib-
rium exists between neutral Sn(dtc), molecules and
Sn(dtc)}(dtc)~ in these solutions.

The short intramolecular nonbonding sulfur con-
tacts (~3:2 A) between the coordinated sulfurs of the
monodentate ligands and between the noncoordinated
sulfur and a sulfur of the bidentate ligand are reminis-
cent of those observed (Eisenberg & Gray, 1967)
(~3-1 A) in transition metal dithiolates. Similar non-
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Fig. 2. Bond distances (A) and angles (°). The standard devia-
tions are Sn—S (+0-007 A), C-S (+0-02 A), C-N (+0-03-
0-04 A), C-C (+0-04-0-05 A), S-Sn-S (+0-2-0-3°), Sp-S-C
(+0-8°), and other angles (+1-2°). There is a twofold axis
nearly perpendicular to the Figure.
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bonding distances are observed in polysulfide ions and
in the sulfur rings of elemental sulfur. There is appar-
ently a weak interaction between these nonbonded
sulfurs.

A recent X-ray study (Colapietro, Vaciago, Bradley,
Hursthouse & Rendall, 1970) has shown that Ti(dtc),,
V(dtc),, and Zr(dtc), all have eight coordinate dodeca-
hedral structures in contrast to the six coordinate
Sn(dtc),.

We gratefully acknowledge the National Science
Foundation for the support of this work through the
1968 Summer NSF Undergraduate Research Partici-
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The Crystal and Molecular Structure of the 1:1 Hydrogen Bond Complex Between
a-D-Glucose and Urea

By R.L.SNYDER* AND R.D. ROSENSTEIN
Department of Crystallography, University of Pittsburgh, Pittsburgh, Pa. 15213, U.S.A.

(Received 1 June 1970)

The crystal structure of the 1:1 a-p-glucose-urea complex has been determined by the application of
the tangent formula. The space group is P2;2,2, with four molecules in a unit cell of dimensions
a=6913, b=9-152 and c¢= 16509 (all o=0-003) A. The a-D-glucose and urea molecules are associated
by a three-dimensional system of hydrogen bonds which involves all oxygen and nitrogen atoms. The
molecular parameters found for urea and glucose in the complex are the same as those for the pure
compounds, except for the conformation of the primary alcohol group of glucose.

Introduction

The possibility for donor-acceptor action enables the
carbohydrates to form a variety of complexes. In gen-
eral, these compounds fall into two categories; those
involving metals such as alkali and alkaline earth salts

* Present address: College of Ceramics, Alfred University,
Alfred, New York 14802, U. S. A.

AC27B-9

(Rendleman, 1966) and those involving simple organic
bases such as pyridine (Strain, 1934, 1937), urea
(Quehl, 1938) and various amides (Rendleman, Baker
& Hodge, 1967). There have been a number of crystal
structure investigations of complexes which fall into
the first category, e.g. sucrose. NaBr.2H,O (Beevers &
Cochran, 1947) and di-fructose. SrCl,.3H,0 (Eiland &
Pepinsky, 1950). Glucose—urea and glucitol-pyridine
(Kim, Jeffrey & Rosenstein, 1970) are the only ex-



