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Trimethylamine adducts of the type MXse2NMea 
(M = Ti, V and Cr; X = Cl and Br) are now well estab- 
lished and recognised as five co-ordinate truns-trigonal 
bipyramidal (Dab) species [l-3] . For CrClse2NMea 
in benzene solution, however, we have observed [4] 
a spontaneous decomposition occurs with release of 
amine and formation of the binuclear chromium(II1) 
complex Cr2Cl,(NMes)a. Following similar studies 
using the vanadium(II1) and titanium(I11) analogues 
it is now evident that the decomposition is common 
to the series. Details of the respective binuclear com- 
plexes MZC16(NMe3)a including kinetic data from 
controlled decomposition studies are herein presented 
and discussed. 

Experimental 

Details of spectral, magnetic and analytical 
measurements and general experimental conditions 
have been previously described [4] . 

Preparation of M2C16(NMe3)3 Complexes 
In a typical reaction benzene (- 50 cm3) was 

distilled into a 500 cm3 glass ampoule containing the 
appropriate bis-adduct MC13*2NMe3 (- 2 g). After 
degassing at 93 K the vessel was sealed in wcuo and 
allowed to stand at room temperature when the 
product slowly deposited from solution. After 
removal of the released trimethylamine (confirmed 
by its IR spectrum) and the benzene solution by care- 
ful decantation, the solid product remaining was 
washed with benzene and n-hexane and then pumped 
in vacua for several hours at room temperature before 
being sealed in glass tubes under nitrogen (Table I). 

Discussion 

The five co-ordinate metal complexes MC13*2NMe3 
(M = Ti, V and Cr) evidently break down in benzene 
solution to give binuclear species MzC16(NMe3)3 with 
release of trimethylamine. The rate of decomposition 
varies markedly within the series and follows an 
increasing order Cr & V s Ti. For the chromium 
species the onset of decomposition is merely a matter 

of minutes; in contrast the yellow-brown Ti2C16- 
(NMe3)3 only begins to separate out after a period of 
weeks and even after twelve months the product yield 
is low (- 1%). 

All three binuclear complexes are extremely air- 
moisture sensitive. The infrared spectra (4000-400) 

-’ contain bands characteristic of co-ordinated 
rrymethylamine [l(d)] and apart from a few minor 
frequency shifts are virtually indistinguishable. In 
the 400-200 cm-’ region the titanium and vanadium 
complexes show four and three strong bands respec- 
tively assigned asmetal-chlorine stretching vibrations. 
No immediate differentiation between v(MCI),~~ 
and v(MCl)bridge can be made (some mixing and in 
the latter, some contribution from bending modes 
and metal ligand v(MN) vibrations is almost certainly 
present), but as with analogous dimetallate species, 
e.g. (Et,N)3Ti2C19, v(TiC1),d,d 416, 379; 
u(TiCl)btidge 268, 230 cm-’ and [Et2NH2]3VZC19, 
~(VCl)tem?&lal 350, 3 13; V(VCl)bridge 290, 260 cm-‘, 
only those bands in the energy region above 300 
cm-’ are likely to be associated with v(MCl)terminal 
modes [5,6]. 

The spectral and magnetic data for CrZC1,(NMe3)3 
has been previously discussed [4] . 

The electronic spectrum of the vanadium complex 
is typical of octahedral vanadium(II1) with the first 
two ‘d-d transitions, 3Tzp(F) + 3T1s(F) and 3T1p +- 
3T1,(F), observed at 10,300 and 17,700 cm-’ respec- 
tively, the remainder being high intensity charge- 
transfer bands vanadium (d) +-chlorine (n). Similar 
values are observed for the VCli- and V,ClG- ions 
[6]. The magnetic moment at room temperature 
(2.55 BM) is significantly reduced from the normal 
value expected for magnetically dilute vanadium(II1) 
systems [7] and is strongly temperature dependent. 
This, and the marked deviations from Curie-Weiss 
behaviour gives evidence of some magnetic inter- 
action in the solid and is curiously reminiscent of the 
magnetic (and spectral) character of the dimetallate 
salt (Et2NH2)3VZC19 [6]. We have been unable to 
obtain reliable electronic and magnetic data for the 
titanium complex. 

X-ray data for Cs3CrzClg [8, 91 - which is iso- 
morphous [lo] with Cs3TizClg and CsaVzC19 - 
shows isolated dimetallate ions made up of two fused 
CrCl, octahedra sharing a common trigonal face. A 
similar type of confacial bioctabedral structure 
involving triple halogen bridging is proposed for the 
isoelectric M2C16(NMe3) series [ 1 l] . 

The kinetics of the decomposition of the 
chromium and vanadium bisadducts were investigated 
spectrophotometrically, using standard benzene solu- 
tions in sealed 1 cm silica cells thermostatted at 
295 K. The rates of disappearance of the five co- 
ordinate metal species in CrC13 -2NMe3 and VU3 * 
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([A] +o) values for e,: CrC1s*2NMe3[4E”(F) + 
4E’(F) e,(obs) 46.5, e_ (lit) [l(i)] 23; VCla. 
2NMea [3E’, 3A;(P) +- 3A;(F)] E, (obs) 26.5, E, 
(lit) [l(d)] 59. From comparisons with literature 
values it would appear that some decomposition had 
occurred when the original spectra were recorded 
with the precipitated VZC16(NMe3)3 markedly 
increasing the measured optical density in the 
vanadium case. From plots of log initial rate against 
fog concentration the reactions were found to be 
second order with respect to the adduct concentra- 
tion. Integrated second order rate plots (Fig. 1) give 
second order rate constants of 0.160 1 mol-r s-l for 
the CrC13*2NMe3 decomposition and 0.0166 1 mol-’ 

-r for the VC13*2NMe3 breakdown both at room 
semperature (29.5 “K). 

Comment 

From the relative d-orbital energy levels in l&and 
fields of D3h[d,z(a:) > d,, dXz_,,2(e’) > d, d&e”)] 
and Oh[dX2_yz, dZz(ep) > d,, d, ddtZg)] the stabil- 
ity of octahedral over trigonal-bipyramidal geometry, 
in terms of crystal field stabilisation energy, increases 
in the sequence Cr(d3) > V(d*) > Ti(d’). Any drive 
towards octahedral co-ordination will clearly be least 
favourable for titanium(II1). The mechanism by 
which this decomposition occurs is open to question, 
Few kinetic investigations relate to live co-ordinate 
centres and these have been concerned mainly with 
the late transition metals where the reaction behav- 
iour is not rigid. Dissociative [ 12-141 and associative 
[ 1.51 mechanisms have been observed and a situation 
where both occur simultaneously has been described 
[16] . For the early transition metals where four co- 
ordination under any circumstances is rare and where 
solvent participitation (metal + benzene) in a mecha- 
nistic sense is most unlikely [ 171 , a dissociative path- 
way would not intuitively be favoured. An associative 
mechanism involving the formation of an equilibrium 
dimer (halogen bridging) with subsequent loss of tri- 
methylamine and closure of octahedra seems 
plausible. It is well known for various five co- 
ordinate titanium(II1) [ 18, 191 , vanadium(II1) [l(d), 
20, 211 and chromium(II1) [20, 221 complexes to 
achieve octahedral co-ordination either by dimer 
formation (halogen bridging) or by solvation. All 
attempts to react the M2C16(NMe3)3 species with 
trimethylamine to form anew the parent five co- 
ordinate compounds have met with failure. 
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