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Crystalline and have been obtained by an electrocrystallization process and areMoCl4(NCCH3)2 WCl4(NCCH3)2
shown to be isostructural. They crystallize in the monoclinic space group C2 with a \ 11.668(3), b \ 7.616(5),
c\ 5.901(2) b \ 103.04(3)¡ and a \ 11.679(2), b \ 7.631(3), c\ 5.896(2) b \ 103.11(2)¡, respectively. TheA� , A� ,
structure of the tungsten compound determined on a single crystal was reÐned to a Ðnal R(F2) value of 0.046

using 745 observed reÑections. The metal is in a distorted octahedral environment with 4 chlorine[R
w
(F2)\ 0.112]

atoms in the equatorial plane and 2 acetonitrile groups in axial positions. DFT optimization of the geometry was
done at the B3LYP/LANLD1Z/LANLD2Z/6È31G*/6È31G** and BPW91/LANLD1Z/LANLD2Z/6È31G*/
6È31G** levels of theory for singlet and triplet spin states for in cis and trans conformations, andWCl4(NCCH3)2
for (x \ 1 or 2) with an g2 coordination of acetonitrile. At the two levels, the energy minimumWCl4(NCCH3)x
corresponds to the trans structure with a triplet spin state. The electronic spectra were assigned and the vibrational,
13C and 1H NMR spectroscopies conÐrm that the previously reported cis and g2 structures are incorrect.

metal complexes with l\ tetrahydrofuran, pyri-MCl
n
L

y~ndine, . . . are often isolated as inter-C
n
H2n`1CN, (C

n
H2n`1)2S,

mediate products in the synthesis of advanced materials or in
a catalytic process, involving a metal chloride moiety dis-
solved in the corresponding organic solvent. They are also
useful precursors for numerous compounds in various applied
Ðelds.1h3 For instance, is an intermediate inZrCl4(CH3CN)2the synthesis of pure Ñuorozirconate glasses.4 Rhenium and
molybdenum species of this type have been used for homoge-
neous oleÐn and acetylene metathesis5 and in oxidative chlo-
rination of ketones and aldehydes,6 respectively.

Depending on the donor ability of the ligand L, MCl
x
L

ycomplexes exhibit a cis or trans molecular preference.7h9
These geometries induce some di†erences in their physical
properties and are strongly correlated to the nature and struc-
ture of any derived product. Thus, Fowles and later McCarley
and their co-workers have shown that, with L \ C

n
H2n`1CN

or the magnetic properties of compounds(C2H5)2S, WCl4L2depend on the nature of the ligand L.10 Using electrochemical
techniques, Du† and Heath have extensively investigated
ligand additivity in the series.11 In spite ofRuCl6~n

(CH3CN)
nthis research, crystallographic data remain scarce.4,12 Such

compounds are generally obtained as microcrystalline or

¤ Supplementary material available : calculated structures and energies
of various states. ReÐned positional and thermalWCl4(g1-NCCH3)parameters for For direct electronic access see http :/WCl4(CH3CN)2 .
/www.rsc.org/suppdata/nj/1999/165/, otherwise available from
BLDSC (No. SUP 57469, 2 pp.) or the RSC Library. See Instructions
for Authors, 1999, Issue 1 (http ://www.rsc.org/njc).
Non-SI units employed : 1 kcal B 4.18 kJ ; 1 eV B 1.6] 10~19 J ; 1
a.u.B 2.63] 106 J mol~1.

amorphous powders characterized essentially by vibrational
spectroscopy.10,13 Thus, on the basis of IR results,

was previously described by Schae†er-KingWCl4(CH3CN)2and McCarley as having a cis conformation. More recently, in
the course of the synthesis of molybdenum nitride, Kumta and
co-workers reported that a part of their transient

(x \ 1 or 2) was an g2 (side bound) acetoni-MoCl4(CH3CN)
xtrile complex.14

We have prepared crystalline compoundsMCl4(CH3CN)2(M \ Mo and W) by an electrocrystallization process and
have determined the crystal structure of TheWCl4(CH3CN)2 .
structure of is described in this paper for MoMCl4(CH3CN)2and W, in which two acetonitrile moieties are in trans posi-
tions. Other results from X-ray powder di†raction, infrared,
Raman, and NMR spectroscopies are also in favor of the trans
structure. Moreover, DFT calculations have allowed compari-
son with previously reported structures10b,14 and conÐrmed
the preference for the trans arrangement.

Experimental

and (Aldrich, 99.9] %) and tellurium (pure,MoCl5 WCl6Merck) were used without further puriÐcation. CH3CN
(Aldrich, 99%) was dried for several days over molecular
sieves (Merck, 4 Bis(acetonitrile)tetrachloro tungsten(IV)A� ).
and molybdenum(IV) were prepared by electrochemical
reduction of and in A tellurium anodeWCl6 MoCl5 CH3CN.
was used and the cell was operated at 300 lA cm~2 with a
platinum cathode. Crystals were handled in a glove box under
dry argon and inserted into thin-walled Lindemann glass cap-
illaries for X-ray di†raction experiments. These two complexes
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were also prepared by dissolution in acetonitrile of the corres-
ponding chlorides. was distilled under vacuum (1.33CH3CN
Pa) and solutions were stirred for two days. Acetonitrile was
removed under vacuum and andMoCl4(CH3CN)2were quantitatively obtained as driedWCl4(CH3CN)2powders.10,14

X-Ray powder di†raction patterns were obtained using
Cu-Ka radiation on an automated Philips PW 1965/30 goni-
ometer in the range 10 \ 2h \ 47¡ using a step size of 0.04¡
and a counting time of 30 s. Powders were held on an alu-
minium plate protected with a beryllium window (0.025 mm).
The lattice parameters of were calculatedMoCl4(CH3CN)2using the proÐle matching option of the FULLPROF
program with a pseudo-Voigt peak function.15 ReÐned
parameters also included a zero point correction, overall scale
factor, full width and asymmetry parameters. Common agree-
ment factors are deÐned as follows R

wp
\ [&

w
(Yobs[ Ycalc)2/&w

Yobs2]1@2, Rp
\ &(Yobs[ Ycalc)/&Yobs .IR spectroscopic characterization was carried out using a

FTIR Bomem DA8 spectrometer, the hygroscopic samples
being pressed between silicon plates [(111) cleavage, 1 mm
thickness]. Raman spectroscopic data were recorded at room
temperature on a Dilor Labram spectrometer using a HeNe
laser (632.817 nm, 20 mW) focussed using a BX40 microscope
(50x). Sampling was carried out under dry nitrogen into a
sealed 5 mm Pyrex tube.

NMR 13C and 1H spectra were recorded at room tem-
perature in with a Bruker DRX 400. ChemicalDMSO-d6shifts are related to TMS.

ESR spectra were recorded on a Bruker ER 200D spectro-
meter with the X band frequency, at room temperature and at
77 K. Samples were sealed in 5 mm diameter quartz tubes and
2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl was used as refer-
ence.

UV spectra were obtained at room temperature on an UV-
visible Cary-3E spectrometer in 2 mm quartz cells using

as solvent and reference.CH3CN

Electrochemical preparation of andWCl
4
(CH

3
CN)

2MoCl
4
(CH

3
CN)

2

The solution rapidly became dark-purple with the progressive
dissolution of in acetonitrile. After a few days of electro-WCl6lysis, dark-red crystals of appeared in abun-WCl4(CH3CN)2dance on the Pt electrode.

Reduction of occurred very quickly despite a lowMoCl5electrolysis current, and the resulting brown crystals of
were not suitable for a single crystal X-rayMoCl4(CH3CN)2investigation.

Crystallography

Crystal data. M \ 407.76, Z\ 2, mono-C4Cl4H6N2W,
clinic, space group C2, a \ 11.679(2), b \ 7.631(3), c\ 5.896(2)

b \ 103.11(2)¡, U \ 511.77 (by least-squares reÐnementA� , A� 3
of the angular positions of 25 reÑections automatically cen-
tered on the di†ractometer, k \ 0.7107 Z\ 2,A� ), Dcalc\Mg m~3, F(000)\ 372, dark-red plates, crystal dimen-2.646
sions : 0.15] 0.12] 0.02 mm.

Data collection and processing. Enraf-Nonius CAD-4 dif-
fractometer, x[ (2/3)h scan mode with a scan width of
1 ] 0.35 tan h, graphite monochromated MoKa radiation ;
1608 reÑections measured (2\ h \ 30¡, octants hkl and [hkl).
Absorption corrections were made (SHELX 76 numerical pro-
cedure,16a cm~1, transmission factors rangelMoKa

\ 128.64
from 0.835 to 0.533). We observed 797 unique averaged reÑec-
tions of which 746 with I[ 3r(I) were used in(Rint\ 0.023)
the reÐnement.

Structure analysis and reÐnement. The structure was solved
in the space group C2 with the direct methods provided by
SHELXS 86.16b The statistical tests indicated a strong prefer-
ence for a non-centrosymmetric structure. Full-matrix least-
squares reÐnements were carried out using SHELXL 9316c in
the C2 non-centrosymmetric space group. In spite of an
increase of the reÑection-to-parameter ratio from 14.8 to 23.3
(number of observed reÑections/number of parameters varied
in the reÐnement), standard deviations of the positional and
thermal parameters in C2/m are of the same order as in C2.
Futhermore, the reÐnement in the C2/m centrosymmetric
space group leads to R factors and residual electron densities
on the Ðnal Fourier di†erence map that are not as good as in
the C2 space group. Atomic positional and anisotropic
thermal parameters for non-hydrogen atoms were reÐned, and
calculated hydrogen positions were included. The weighting
scheme whereW \ 1.0/[p2(Fo) ] (0.074P)2], P\ (Fo2was applied to all reÑections leading to Ðnal agree-] 2F

c
2)/3,

ment factors R(F2) \ 0.046 and R
w
(F2) \ 0.112.

CCDC reference number 440/087.

Computational details

All calculations on the complex were doneWCl4(CH3CN)2with the GAUSSIAN94 set of programs.17 Tungsten was rep-
resented with the HayÈWadt relativistic e†ective core poten-
tial (ECP) for the 60 innermost electrons and its associated
double-f basis set.18 The chlorine atoms were also described
with Los Alamos ECPs and their associated double-f basis
set19 augmented by a polarization d function.20 A 6È31G(d,p)
basis set21 was used for the remaining atoms. Calculations
were performed within the framework of density functional
theory with two di†erent functionals. The exchange potential
was the one proposed by Becke22a or its modiÐcation includ-
ing partly the exact HartreeÈFock exchange.23a With BeckeÏs
exchange, we used the correlation potential of Perdew and
Wang22b (BPW91) while with the hybrid potential, we used
Lee, Yang and ParrÏs correlation potential23b (B3LYP).
Several isomers of the complex were opti-WCl4(CH3CN)2mized. For the trans and cis isomers both singlet and triplet
states were located. For the compounds WCl4(g2-CH3CN)

x(x \ 1, 2), we searched for local minima on the potential
energy surface at the two mentioned levels (B3LYP and
BPW91) and for the two spin states (S \ 0 and S \ 1). For
x \ 1, only the triplet state converged to a local minimum
with both functionals. For x \ 2, the triplet state could not be
optimized and we obtained the trans-g1 compound with both
functionals. The compound was optimizedWCl4(g2-CH3CN)2as a local minimum at the B3LYP level as a singlet state. To
complete this study, a Ðve-ligand complex, WCl4(g1-CH3CN),
was also calculated. The nature of the optimized structure was
assigned by numerical calculations of the vibrational fre-
quencies. Potential energy distributions (PED) of vibrational
modes were assigned with a home-modiÐed version of the
GAR2PED program.24 Magnetic shielding tensors were cal-
culated at the BPW91 level with the same basis sets as
described above. 13C and 1H NMR chemical shifts (TMS as
standard) were calculated with gauge invariant atomic orbitals
(GIAO)25 and continuous set of gauge transformation
(CSGT)26 methods.

Results and discussion
Crystal structure

The molecular structure contains discrete WCl4(CH3CN)2units with acetonitrile groups in the trans position (Fig. 1).
The tungsten atom is in a distorted octahedral environment as
shown by the distances and angles within the chlorine plane :
2 ] Cl(1) and 2 ] Cl(2) are respectively at 2.351(6) and
2.329(5) from W, with a relatively closed Cl(1)wWwCl(1)A�
angle of 89.0(3)¡ (Table 1). The nitrogen atoms of the acetoni-

166 New J. Chem., 1999, 165È171



Fig. 1 ORTEP diagram of Thermal ellipsoids areWCl4(CH3CN)2 .
scaled to the 30% probability level.

trile groups are tilted away from the axis
[NwWwN \ 179(2)¡] and the molecule is no longer linear
[NwC(1)wC(2)\ 170(3)¡].

The X-ray powder di†raction pattern of WCl4(CH3CN)2obtained by simple dissolution of the chloride is very close to
the pattern calculated using the crystal structure of the elec-
trochemically prepared tungsten compound. Comparison with

(prepared using both synthetic methods)MoCl4(CH3CN)2shows that this compound is isostructural with its tungsten
homologue (Fig. 2). Lattice parameters of MoCl4(CH3CN)2

Table 1 Distances and angles (¡) in(A� ) WCl4(CH3CN)2
WwCl(1) 2.351(6) C(1)wC(2) 1.49(1)
WwCl(2)i 2.329(5) C(2)wH(1) 1.08
WwN 2.084(8) C(2)wH(2) 1.08
NwC(1) 1.14(1) C(2)wH(3) 1.08

Cl(1)wWwCl(1)i 89.0(3) NwC(1)wC(2) 170(3)
Cl(1)wWwCl(2) 90.6(1) Cl(2)iwWwCl(2) 89.9(2)
NwWwNi 179(2) WwNwC(1) 175(2)
Cl(1)wWwNi 92.1(6) Cl(1)wWwN 88.9(6)
Cl(2)wWwNi 88.8(6) Cl(2)wWwN 90.2(6)

Symmetry code : i [x, y, [z.

Fig. 2 X-Ray powder di†raction patterns of withMCl4(CH3CN)2M \ W (a) by electrochemical synthesis (calculated pattern), (b) by
chemical route, and M\ Mo (c) by electrochemical synthesis, (d) by
chemical route.

were reÐned to a \ 11.668(3), b \ 7.616 (5), c\ 5.901 (2) A� ,
b \ 103.04 (3)¡ with andR

wp
\ 0.088 R

p
\ 0.104.

IR spectroscopy and calculations

The IR spectrum of our sample of (Fig. 3) isWCl4(CH3CN)2similar to that reported by Schae†er-King and McCarley for
this compound.10b These authors assigned the broad band at
about 320 cm~1 to mWwCl modes and on the basis of its
multiplicity, concluded that the compound has a cis conÐgu-
ration. For such adducts having a cis conÐguration,C2vdegenerate modes are split and 4 modes and are(2A1, B1, B2)expected. On the other hand, for the trans conÐguration with
a local environment around tungsten approximately onlyD4h ,one mode is infrared active. Here, as in the previouslyEureported spectrum, the band at 324 cm~1 is very broad and a
FTIR measurement at 77 K did not allow separation into its
components.

Furthermore, the crystallographic results presented above
show that the complex has the same molec-MoCl4(CH3CN)2ular structure as in which the r coordi-WCl4(CH3CN)2 ,
nation of acetonitrile ligands in a trans conformation has been
unambiguously demonstrated. Thus, the g2 coordination of

Fig. 3 IR and Raman spectra of Numbering is related to data in Table 3. Other assignments : 10 mCC; 11trans-WCl4(CH3CN)2 .
dCCH] dNCC; 12 dHCH; 13 mNC; 14 mCH.
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proposed by Kumta and co-workers14 forNCCH3 (x \ 1 or 2) seems doubtful in the solidMoCl4(CH3CN)
xstate. In fact, this description is based only on the assignment

of an IR band at 1680 cm~1 to a disturbed stretching mode of
the CN bond involved in an g2 coordination. Noteworthy is
the fact that these compounds are hygroscopic and the alter-
native assignment of this band, which progressively increase
with time, to dOH of undesirable water cannot be excluded
(no particular precautions taken in sample preparation). Since
the mOH domain was omitted in their spectrum it is difficult
to reach a Ðrm conclusion at this stage.

In an attempt to explain the discrepancy between the cis
conformation proposed by McCarley and colleagues, the g2
coordination of proposed by Kumta and co-workersCH3CN
and our trans conÐguration, we have optimized these various
structures within the framework of density functional theory
(DFT). Although these energy values (Table 2) correspond to
isolated gaseous molecules at 0 K, we can discuss their relative
stabilities. In all cases (B3LYP or BPW91), (i) the trans con-
Ðguration is more stable in a triplet than in singlet spin state

kcal mol~1\ 0.9 eV[*EB3LYP\ (Esing [ Etrip)B3LYP \ 20.8
and kcal mol~1\ 0.8*EBPW91 \ (Esing [ Etrip)BPW91\ 18.3
eV], so in the following discussion, only the triplet state will
be considered ; (ii) the energetic di†erence between cis and
trans conformations (both in triplet state) is slight (*EB3LYP\

kcal mol~1\ 0.2 eV and kcal mol~1\ 0.34.6 *EBPW91\ 6.9
eV) and the crystallization of the trans conformation is
essentially driven by the crystal packing energy ; (iii) the g2
coordination of acetonitrile ligand in asWCl4(g2-CH3CN),
well as in is signiÐcantly lessWCl4(g2-CH3CN)2 ,
favorable M[(EWCl4(i2vCH3CN)] ECH3CN) [ E

trans
]B3LYP\ 54.3

kcal mol~1\ 2.4 eV and *EB3LYP\ (EWCl4(i2vCH3CN)2

kcal mol~1\ 1.5 eVN. Since there is a con-[ E
trans

\ 33.6
vergence to stable stationary points, these conformations can
be envisaged as transient states in solution even though they
are high in energy ; (iv) for the Ðve-ligand complex with ace-
tonitrile in an g1 coordination mode, the system WCl4(g1-

is globally more than 20 kcal mol~1 (0.9CH3CN)] CH3CN,
eV) higher in energy than corresponding trans or cis adducts
(see supplementary material).

Optimized trans geometries are close to that of the experi-
mental structure (Table 1). For the cis and g2 complexes, dis-
tances and angles are consistent with data previously
reported.27h30 The structural descriptions given by Scha†er-
King and McCarley as well as by Kumta and co-workers are
based on infrared data analysis and since selection rules give
contradictory results, calculated frequencies could help to
assign the vibrational spectra of the three adducts. The calcu-
lated frequencies and relative intensities (Table 3) are overall
in good agreement with those of the experimental spectra con-
Ðrming the consistency of our optimized structures. In the
mid-frequency range above 500 cm~1, there are no di†erences
between the spectra of trans- and com-cis-WCl4(CH3CN)2plexes. Owing to the low coupling of characteristic vibrations
of ligand with those of the octahedral core,CH3CN WCl4N2this frequency region does not allow distinction between the
trans or cis r-coordination mode of acetonitrile. Below 500
cm~1, di†erences in frequencies as well as in intensities are
more marked, especially around 320 cm~1.

For the experimental band at 324trans-WCl4(CH3CN)2 ,
cm~1, strong and broad, is essentially composed of two
mWwCl modes at about 319 cm~1 (Table 3, unscaled
BPW91). These modes can be assigned to a degenerate Eumode pseudo-octahedral symmetry around tungsten). A(D4h

Table 3 Experimental and unscaled calculated vibrational frequencies for Calculated vibrational frequencies fortrans-WCl4(CH3CN)2 . cis-
and are also givenWCl4(CH3CN)2 WCl4(g2-CH3CN)

trans-WCl4(CH3CN)2 (150È450 cm~1 range)
Expt.

B3LYPc BPW91c
IRa Ramanb Triplet Triplet PEDd

m1 È 186(40) 196(6.6) 188(0.0) 70% dNWCl] 30% dNCC
m2 233(w) È 226(0.1) 227(1.0) 60% dNWCl] 40% dNCC
m3 È 256(5) 268(9.1) 264(7.5) 100% mWN
m4 280(sh) È 275(0.0) 279(0.0) 100% mWCl
m5 È 294(15) 288(0.0) 293(0.0) 100% mWN
m6 324(vs) È 311(106.2) 318(107.5) 60% mWCl] 20% dNCC] 20% NC torsion

331(119.3) 319(107.5) H
100% mWCl

m7 354(sh) 356(60) 334(0.2) 332(0.0)
m8 È 403(10) 401(0.0) 387(0.0) 50% dNCC] 30% dWNC] 20% dNWCl

409(10) H
50% dNCC] 50% NC torsion

m9 426(m) È 425(1.7) 427(1.2)
432(m) 434(1.9) 40% dNWCl] 30% dNCC] 25% dWNC

cis-WCl4(CH3CN)2 (characteristic frequencies in the 300È350 cm~1 range)
B3LYP (triplet)c BPW91 (triplet)c

m1 312(74.8) 310(51.1)
m2 319(13.9) 316(7.9) 100% mWCl
m3 325(101.4) 321(88.7)
m4 353(48.3) 349(45.7)

n

o

p

WCl4(g2-CH3CN) (characteristic frequencies of WCl and g2-CH3CN)
B3LYPc BPW91c

m1 308(19.9) 319(58.0)
m2 326(74.3) 367(11.5) 90% mWCl] 5% dCWCl] 5% dNWCl
m4 384(68.0) 395(5.7)

n

o

p

m5 544(90.9) 558 (75.1) 40% mWN ] 10% mWC] 30% dNCC
] 10% dNWCl] 10% dCWCl

m6 1959(31.6) 1802(24.5) 90% mNC] 10% mCC

a Intensities are given as follows : sh, shoulder ; w, weak ; m, medium; s, strong ; vs, very strong. b Relative intensities are given as a percentage.
c Calculated IR intensity (arb. units) in parentheses follows wavenumber (cm~1). d Potential energy distributions (PED) are given as percentages.
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weak coupling of one of the components of the mode withEudNwCwC and CwC torsions causes the slight loss of degen-
eracy (less than 1 cm~1). The multiplicity and position of the
other bands are well reproduced by the calculations.

The experimental spectrum of showstrans-WCl4(CH3CN)2some marked di†erences with respect to the calculated spec-
trum of The 300È350 cm~1 range iscis-WCl4(CH3CN)2 .
described by 4 mWwCl bands [310, 316, 321, and 349 cm~1
with BPW91 and 312, 319, 325, and 353 cm~1 with B3LYP
(Table 3)], which nevertheless reasonably agrees with the
experimental spectrum of the trans complex in this domain.

An analysis based only on the 320 cm~1 broad band led to
an unsatisfactory description of the structure. Anyway, in this
case, vibrational spectroscopy does not allow a discrimination
to be made between the cis or trans coordination modes of the
two acetonitrile units.

For as well as forWCl4(g2-CH3CN) WCl4(g2-CH3CN)2,mWwCl bands are located in the 300È400 cm~1 range. Their
intensity distribution and multiplicity are close to those of cis

Among the remaining intense bands ofWCl4(CH3CN)2 .
two of them exclusively correspond to theWCl4(g2-CH3CN),

NC molecular fragment in interaction with the tungsten : a
band at 536 cm~1 (BPW91 scaled by 0.96) assigned to WwN
stretching (50%) and to dNwCwC (30%) (plus 10% for
mWwC), and at 1729 cm~1 (BPW91 scaled by 0.96), a band
80% composed of mNwC weakly coupled with mCwC (10%).
For the mNC band is calculated to be atWCl4(g2-CH3CN)2 ,
2032 cm~1 (B3LYP scaled by 0.96). Kunta and colleagues
assigned a band at 1680 cm~1 in the IR spectrum of a solu-
tion of in acetonitrile to a disturbed mNC vibration.MoCl5This band is, however, located in the same IR domain as the
dOH deformation mode of water, which can sometimes be
broad. The band at 536 cm~1, outside any OH vibration
domain, is better used to unambiguously characterize an g2
coordination of acetonitrile. A band at 1680 cm~1 is, in any
case, too low in frequency to be assigned to a stretching vibra-
tion of a perturbed NxC in g2 coordination. The calculated
value of this band at 1729 cm~1 is close to those previously
reported at 172527 and at 1750 cm~1 for parent complexes.28
Kunta and co-workers argued their assignment on the basis of
these same references. IR spectroscopy alone does not allow a
Ðrm conclusion to be reached, and 1H and 13C NMR in solu-
tion are known to give more reliable results for the determi-
nation of the coordination mode of an organic ligand such as
acetonitrile.

1H and 13C NMR spectroscopy

Experimental 1H and 13C spectra of our trans
in consist of single peaks at 2.07WCl4(CH3CN)2 DMSO-d6ppm and at 2.05 and 118.96 ppm, respectively. Our calcu-

lations with CSGT and GIAO methods of the 13C chemical
shifts are in good agreement, especially for the position of the
cyano carbon calculated to be at 119 and 114 ppm, respec-
tively. The chemical shift is very sensitive to the environment
of acetonitrile and is a reliable probe for the coordination
mode of this ligand. The calculated corresponding chemical
shift at 115È120 ppm for the trans complex increases to about
140 ppm for a cis complex and to 207 ppm for an g2 coordi-
nation. No NMR lines are observed above 120 ppm in our
experimental 13C spectrum, conÐrming that the trans confor-
mation of is retained even in solution.WCl4(CH3CN)2

ESR spectroscopy

At 298 and 77 K, ESR spectra of the molybdenum and tung-
sten complexes exhibit a single resonance without hyperÐne
structure (with *H \ 75 and 150 G, respectively). Spectra of
6.5] 10~2 (error 10%) paramagnetic sites MoV per molyb-
denum atom can be modeled with the usual values of g

A
\

and At 77 K, the spectrum of the tungsten1.940 g
M

\ 1.956.31
complex corresponds to 5] 10~3 sites per tungsten atom and
gives and These low values of g areg

A
\ 1.700 g

M
\ 1.778.

close to those previously reported for complexes10, forWX4L2silicate and phosphate WV glasses32 or oxotungstate(V) com-
plexes.33 At room temperature, this signal is shifted to higher
Ðeld with and These spectra are char-g

A
\ 2.207 g

M
\ 2.277.

acteristic of paramagnetic MoV and WV impurities in a quasi-
axial environment.

UV spectroscopy

In the spectrochemical series, chlorine and acetonitrile ligands
are close enough to consider that (M\ Mo,MCl4(CH3CN)2W) complexes display a pseudo-octahedral geometry.34 Spec-
tral analysis is therefore made using the TanabeÈSugano split-
ting diagram in pseudo-octahedral geometry. For a transition
metal d2 ion in such an environment, three dÈd transitions are
expected from the ground term: (I),3T1g 3T1g] 3T2g(II) and (III). The second transition3T1g ] 3A2g 3T1g ] 3T1g(II) is a two-electron transition and thus, is normally very
weak, depending on the Dq and B parameters, it can become
higher in energy than The spectrum of3T1g] 3T1g .shows two dÈd transitions, whereas theMoCl4(CH3CN)2more intense charge transfer (CT) ligand-to-metal transition
occurs below 250 nm (40 000 cm~1). The two low bands are
close in energy ; they can be assigned to transitions I (kmax \

nm, e\ 4700 L m~1 mol~1) and III nm,365 (kmax \ 312
e\ 3 4300 L m~1 mol~1) of a d2 ion.34 As for MoCl62~ion,35 its spectrum gives a high value of Dq/B. At low concen-
tration in solvent, the spectrum ofCH3CN WCl4(CH3CN)2can be unambiguously deconvoluted in three bands corre-
sponding respectively to nm,3T1g] 3T2g (kmax \ 315
e\ 14500 L m~1 mol~1), CT nm, e\ 85200 L(kmax\ 267
m~1 mol~1) and transitions nm,3T1g ] 3T1g (kmax \ 241
e\ 27250 L m~1 mol~1). Energetic inversion of dÈd tran-
sitions and CT often occurs for heavy metals in high oxidation
states.36 According to its Dq and B values, the 3T1g] 3A2gtransition should occur at 154 nm (65 000 cm~1), too high in
energy to be observed in this experiment.

Conclusion
(M \ Mo or W) display a trans conformationMCl4(CH3CN)2of the acetonitrile groups. DFT calculations demonstrate that

cis and trans conformations cannot in this case be distin-
guished using IR and Raman spectroscopies. 13C and 1H
NMR spectroscopies are more sensitive tools for the various
conformations. DFT calculations also show that an g2 coordi-
nation of acetonitrile in such compounds is unlikely, even in
solution.
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