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The Crystal Structure of Tetrakis-( NN-diethylditkiocarbamato)titanium( IV), an 
Eight-co-ordinated Titanium Compound 
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Suwntavy The crystal structure of tetrakis-(NN-diethyl- 
dithiocarbamato) titanium( IV) contains eight-co-ordinated 
(dodecahedral) titanium and the vanadium and zirconium 
analogues are isomorphous. 

The slightly longer Ti-S, than Ti-S, bonds is not unex- 
pected6 and may be explained in terms of a minimization of 
ligand repulsive energy from closed shell interactions and 
also the greater ability of the sulphur atoms in the B 

EIGHT-CO-ORDINATED complexes of titanium proved by 
X-ray structural analysis are rare.l Although tetrakis- 
(N-ethy Isalicylaldiminato) zirconium (IV) contains eight-co- 
ordinated zirconium, the titanium analogue prefers a 
distorted cis-octahedral structure with two bidentate and 
two unidentate ligands., Recent structural determina- 
tions have shown that the tetrakis-NN-diethyldithiocarba- 
mato-coinplexes Th(S,CNEt,) , and NEt, [Np(S,CNEt,),] 
are eight-co-~rdinated,~ but a complex containing a uni- 
dentate dithiocarbamate group is known, Ru(N0) (S2- 
CNEt,) 3,4 and the comparatively small size of the titanium 
atom left the structure of titanium dithiocarbamates open 
to doubt. Although i.r. and variable temperature n.m.r. 
spectra were consistent with an eigh t-co-ordinated tetra- 
chelated structure,5 they did not constitute a proof of the 
structure and in view of current interest in the configura- 
tions of 8-co-ordinated structures we have carried out a 
single-crystal X-ray structure determination of tetrakis- 
(Nhr-diethyldithiocarbamato) titanium( IV) , Ti(S,CNEt,)4 
which proves that i t  is a tetra-chelated complex. 

Red crystals from benzene-cyclohexane solution were 
found to be triclinic with a = 11.435, b = 18.408, c = 

3168A3, D, = 1-33, D ,  = 1 ~ 3 4 g c m - ~ .  Successful refine- 
ment of the structure proved the space group to be PT. 
The intensities of 3637 reflections greater than background 
(28 = 0-86") were recorded with a General Electric XRD6 
diffractometer using Cu-K, radiation (h = 1.5418A). No 
absorption corrections have been applied. The co- 
ordinates of titanium atoms were determined from 
sharpened and unsharpened Patterson syntheses and the 
lighter atoms (except hydrogen) from subsequent Fourier 
syntheses. Bloclc-diagonal least-squares refinement has 
reduced the R-factor to 0-106 (with anisotropic temperature 
factors for all atoms) and refinement is being continued. 
The co-ordination of the two titanium atoms in the asym- 
metric unit, viewed down the G axis, is shown in the Figure. 

The titanium co-ordination is a very good approximation 
to dodecahedral (maximum deviation from planarity of the 
two :nterlocking trapezoids for the two dodecahedra is 
O-l lA) .  Chelation is along the m dodecahedral edges, 
following the notation of Hoard and Silvertone (DZd isomer). 
The shape of the dodecahedra are specified by the para- 
meters6 (mean values) :-Ti-s, 2.606 & 0.003, Ti-S, 
2.522 & O-OOSk, 8, 35-13 5 0.06, 8, 77.53 f 0.07*,Ti-SA/ 
Ti-S, 1.03, a 2.999 & 0-004, b 3.642 & 0-003, g 3-297 
f 0.003, m 2-840 -f. 0-003A, (c)'. most favourable para- 
meters for the dodecahedron,6 M-A:M-B 1.03, 35.2, 

15*3€42A, cc = 96.39, /? = 91.62, = 95.08"; 2 = 4; U == 

8, 73*5O). 
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positions to act as n-donors with the titanium atom using 
its vacant d,, orbital.' The Ti-S bond lengths are not 
remarkably long (0.08 and 0.17A longer than the sum of the 
covalent radiis). It has been suggested3 that the highly 
distorted structures of Th(S,CNEt,), and NEt, pp(S,- 
CNEt,),] might be due to a maximization of inter-ligand 
S * * S distances (the 'bite,' M ,  is 2-7-2.9A whereas the 
other S - - - S distances are 3.60-4-10A). It might be 
expected therefore that the titanium complex would have 
an even more distorted structure and the relatively undis- 
torted structure found, with shorter S - - S inter-ligand 
contacts, indicates that there must be some other explana- 
tion for the distortion of the thorium and neptunium com- 
plexes. However, the dodecahedral structure of Ti(S,- 
CNEt,), is very similar to that of Ti(N03)4.9 



CHEMICAL COMMUNICATIONS, 1970 

The dithiocarbamate ligands are very nearly planar 
(except for the /%carbon atoms of the ethyl groups) and 
co-planar with the trapezoids of the dodecahedra. The 
short C-N bond length (1.34 f O * O l A )  indicates consider- 
able double bond character, as is normally found in dithio- 
carbamate complexes. 

The compounds V[S,CNEt,], and ZrfS,CNEt,], are 
isomorphous with Ti [S,CNEt,], (a single-crystal study of 
the zirconium complex has been carried out). The approxi- 
mately D,, symmetry of the vanadium complex is consistent 

with the e.s.r. parameters (gll = 1.956, g+ = 1.985 
for powder samples of a matrix of V(S,CNEt,), (7%) in 
Ti(S,CNEt,)4, indicating a dz,, ground state. The interest- 
ing case of vanadium dithiocarbamates1O will be discussed 
fully in a later publication. 
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