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Synthesis and Crystal Structure of [ (q6-C~H&H3)V(C0)2]2, a 
Compound with a Vanadium-Vanadium Triple Bond 
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Fredonia, New York 14063, and State University of New York at Buffalo, 
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Received September 1,  1992 

The synthesis and crystal structure of bis(toluene)tetracarbonyldivanadium, [ ($-C&CH3)V- 
(CO)2]z, are reported. This complex crystallizes as black plates in the monoclinic space group 
P21/c. Unit cell parameters are a = 8.302(6) A, b = 12.511(7) A, c = 8.387(4) A, 6 = 111.43(5)', 
V = 810.8(8) A3, and 2 = 2. The structure was refined by full-matrix least-squares methods 
to  R = 7.47% and R, = 4.68% for all 1426 independent data with 2&Mo Ka) = 4.5-50.0' (R 
= 3.57% and R, = 3.36% for those 850 data for which FO > 6.0a(F)). The structure consists 
of two (q6-C&CH3)V units which are linked by a direct metal-metal interaction and by four 
close-to-linear, asymmetrically bridging carbonyl ligands. The vanadium-vanadium distance 
of 2.388(2) A is consistent with a bond order of 3 between the metal atoms. There are two 
molecules per unit cell, located a t  the inversion centers a t  0, 0, 0 and 0, l / ~ ,  '/z. The (centroid 
of the arene)-V-V angle of 161' is similar to that of 159' observed in the isoelectronic species 
CPZC~Z(CO)~.  

Introduction 

The reactivity and nature of metal-metal bonds have 
been areas of intense interest.lI2 An important subgroup 
of the multiply bonded bimetallic compounds utilizes the 
ubiquitous cyclopentadienyP (Cp) ligand and related 
carbocyclic systems such as cyclohexadienyl and arene 
ligands. Representative compounds include CpzCrz(C0)4,4 
[(dmCh)(C0)2Mo1z5 (wheredmCh = q5-6,6-MezC6Hd,and 
(q6-C6H6)~Cr~(CO)3.6 Although a large number of unsat- 
urated bimetallic compounds has been reported, few have 
been produced from group 5 metals. Thus we decided to 
pursue crystallographic studies of bis(arene)tetracarbo- 
nyldivanadium complexes, species which are isoelectronic 
with CpzCrz(C0)r and are expected to contain a V-V triple 
bond. 

Calderazzo' has reported that vanadium hexacarbonyl 
reads with aromatic solvents to produce brown solids from 
which he isolated complexes of the type [(areneb 
V(C0)41f[V(C0)6]-. We later found that treatment with 
diethyl ether of the solids formed in the reaction of V(CO)6 
with benzene produced a brown, crystalline material for 
which microanalysis was in agreement with that expected 
for the empirical formula (C&)V(C0)2. On the basis of 
infrared spectra (semibridgingC0 at 1820 cm-l), lH NMR 
data, and comparison with the isoelectronic chromium 
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(4) Curtis, M. D.; Butler, W. M. J .  Organomet. Chem. 1978,155, 131. 
(5) DiMauro, P. T.; Wolczanski, P. T.; Parkanyi, L.; Petach, H. H. 

Organometallics 1990, 9, 1097. 
(6) Knoll, L.; Reiss, K.; Schafer, J.; Klufers, P. J .  Organomet. Chem. 

1980, 193, C40. 
(7) Calderazzo, F. Inorg. Chem. 1964, 3, 1209. 

complex, ( C ~ H ~ ) Z C ~ Z ( C O ) ~ ,  we assigned the following di- 
meric structure ( 1 ) 8  to this compound. 

0 0  
I I  

I I  
0 0  

1 

Preliminary X-ray data on poor quality, twinned crys- 
tals, indicated a very short vanadium-vanadium distance, 
but further information was not forthcoming.8 All sub- 
sequent attempts to grow good quality single crystals of 
( C ~ H ~ ) Z V ~ ( C O ) ~  have failed. We decided, therefore, to 
synthesize the toluene analogue in the hope that the 
lowered molecular symmetry would reduce the propensity 
toward twinning. 

Experimental Section 

All manipulations were performed using a KSE glovebox or 
standard Schlenk techniques. Diethyl ether, toluene, and hex- 
anes were distilled under nitrogen from Nafbenzophenone. 
[Na(diglyme)2l+[V(CO)61- was purchased from &rem Chemical 
Co. Infrared spectra were recorded on a Mattaon Polaris FT 
spectrophotometer using 0.5" path length NaCl solution cells. 
'H NMR spectra were recorded on a Varian VXR-400. V(CO)6 
was prepared from [Na(diglyme)z]+[V(CO)6]-, as described 
previo~sly.~ 
Synthesis of (C&k&H&V2(CO)a. In a glovebox, approxi- 

mately 1 g (4.5 mmol) of V(CO)6 was added to 50 mL of toluene. 
The resulting solution was stirred magnetically at room tem- 
perature. The reaction flask was wrapped in foil to exclude light 
and vented to allow escape of CO. After 3 days, a brown-green 
precipitate formed and only a trace of V(COI6 remained in 

(8) Atwood, J. D.; Janik, T. S.; Atwood, J. L.; Rogers, R. D. Synth. 

(9) Rubinson, K. A. J. Am. Chem. SOC. 1976,98, 5188. 
React. Inorg. Met.-Org. Chem. 1980.10, 397. 
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Table I. Experimental Data for the X-ray Diffraction Study 
on [ (v6-CdWH~)V(CO)~l~  

Crystal Data 
molecular formula C18H1604V2 
color; habit black plates 
cryst size (mm) 
cryst syst monoclinic 

unit cell dimens 

0.1 X 0.2 X 0.4 

space group P 2 l l C  

8.302(6) 
12.511(7) 

a (4 
8.387 (4) 

b (A) 
c (A) 
B (deg) 111.43(5) 

vol (A3) 810.8(8) 
Z 2 
fw 398.2 
density (calc) (Mg/m3) 1.63 1 
abs coeff (mm-I) 1.133 
F(000) 404 

Data Collection 
diffractometer used Siemens R3m/V 
radiation 
temp (K) 298 
monochromator highly oriented graphite crystal 

scan type- 20-8 
scan speed (deg/min) 
scan range ( w )  (deg) 
backgd measmt 

Mo Ka (A = 0.710 7 3  A) 

20 range (deg) 4.5-50.0 

constant; 2.76 in w 
0.60 plus Kcr separation 
stationary crystal and stationary 

counter at beginning and end 
of scan, each for 25.0% of total 
scan time 

index ranges 

no. of ind reflns 

-9 I h I 9 , O  I k I 1 4 , - 9  5 15 9 

1426 (Rlnt = 2.86%) 
no. of reflns collcd 2999 

no. of reflns (F > 6.0u(F)) 
abs Corr semiempirical 
min/max transm 0.7674/0.8253 

Solution and Refinement 

850 

system used 
solution direct methods 
refinement method full-matrix least squares 
quantity minimized Zw(Fo - FJ2  
extinction corr 

hydrogen atoms 
weighting scheme 

final R indices (obs data) (7%) 
R indices (6a data) (5%) 
goodness-of-fit 1.09 
largest and mean A/u 0.021,0.004 
data-to-parameter ratio 13.0:l 
largest diff peak (A-3) 0.73 

Siemens SHELXTL PLUS (VMS) 

x = 0.0006(3), where Fs = 
F[ 1 + 0.002~F?/sin(20)]-~/~ 

riding model, fixed isotropic U 
w-] = u2(F) + 0.0003Fz 

R = 7.47, R, = 4.68 
R = 3.57, R, = 3.36 

no. of params refined 110 

largest diff hole (A-3) -0.55 

Table II. Atomic Coordinates (X104) and Equivalent 
Isotropic Displacement Coefficients (A2 x 103) for 

[ ( ~ 6 - ~ ~ s ~ ~ d ~ ( ~ ~ ) z ~ z  
X Y z UIWP 

solution. Infrared spectra indicate no other soluble, CO- 
containing species. 

The solution was filtered using a fine glass frit. Treatment of 
the collected solids with diethyl ether resulted in visible gas 
evolution and the formation of an intensely colored, brown 
solution. Removal of the ether by rotary evaporation yielded a 
brown powder. Chromatography on a Florosil column using an 
80/20 mixture of ether/toluene as the eluent caused the reaction 
mixture to separate into brown and yellow bands. The yellow 
material has not yet been characterized. The brown band was 
collected, and the eluent was removed by rotary evaporation, 
producing black microcrystals (O.O9g, 10% ). The complex (C,3H5- 
CH&V&0)4 was recrystallized by slow vapor diffusion of 
hexanes into a toluene solution. The compound is extremely 
air-sensitive but otherwise appears stable. Well-formed black 
crystals appeared after approximately 3 weeks. IR (CH2C12, CO 
region): 1808 (vs) cm-'. 'H NMR (C~DG, 6): 5.03, m, 3H, ( m , p  

Collection.of X-ray Diffraction Data for (CsHsCH3)2V2- 
(CO)d. A black crystal of approximate dimensions 0.1 X 0.3 X 
0.3 mm was sealed in a thin-walled capillary and aligned on a 
Siemens R3m/V diffractometer. The observed diffraction sym- 
metry (2/m; CZh) and systematic absences(h0l for 1 = 2n + 1 and 
OkO for k = 2n + 1) indicated the centrosymmetric space group 
R 1 / c  (Cih; No. 14).1° Two equivalent forms of data, 2999 
reflections in all, were collected and corrected for Lorentz and 
polarization effects. An, empirical absorption correction was 
applied. The data were merged to produce 1426 independent 
reflections (RInt = 2.86% for the averging of the two equivalent 
data forms). 

Solution and Refinement of the  Structure. All crystal- 
lographic calculations were carried out on a VAX 3100 workstation 
using the SHELXTL PLUS program package. The analytical 
scattering factors for neutral atoms were corrected for both the 
Af' and the iAf" components of anomalous dispersion. The 
vanadium atom was located by means of a Patterson synthesis; 
all other non-hydrogen atoms were located from difference- 
Fourier maps. Hydrogen atoms of the C6H5 moiety were placed 
in calculated positions with d(C-H) = 0.96 A.11 Hydrogen atoms 
of the methyl group were located on a difference-Fourier map 
and their positions were idealized. Positional and anisotropic 
thermal parameters of all non-hydrogen atoms were refined, 
leading to convergence = 0.021) with R = 7.47%, R,  = 
4.68%, and GOF = 1.09 for all 1426 reflections (R = 3.57% and 
R,  = 3.36% for those 850 data for which FO > 6.0u(F)). A final 
difference-Fourier synthesis showed no unusual features, having 
residual electron density only in the range -0.55 to +0.13 e/A3. 
Details of the data collection and refinement appear in Table I. 
Final atom coordinates appear in Table 11. 

C6H5); 4.42, d, 2H (JAB = 5.6 Hz) (o-C~H~);  1.56,~, 3H (CHsPh). 

Results and Discussion 

In contrast to its group 6 neighbors, vanadium has 
produced few examples of multiple bonds between metal 
atoms. Although there are several species which have 
multiple bond character (e.g. Cp~Vz(C0)5),~~ there are, to 
our knowledge, only two compounds in which a triple bond 
between vanadium atoms is suggested. In each case the 
compound contains ligands which bridge the vanadium- 
vanadium bond. Although the presence of bridging groups 
complicates the use of metal-metal distances as a measure 
of bond multiplicity,' a bond order of 3, based primarily 
on the very short metal-metal distance, has been assigned 
to [V(2,6-dimethoxyphenyl)~l2*THF, (d(V-V) = 2.200(2) 
A);13 a bond order of 3 is also assigned to (p-q5:q5- 

(10) International Tables for X-Ray Crystallography; Kynoch Press: 
Birmingham, England, 1965; Vol. 1, p 99. 

(11) Churchill, M. R. Inorg. Chem. 1973,12, 1213. 
(12) (a) Fischer, E. 0.; Schneider, R. J. J. Chem. Ber. 1970,103,3684. 

(b) Cotton, F. A.; Frenz, B. A.; Kruczynski, L. J. Am. Chem. SOC. 1977, 
95, 951. 

(13) Cotton, F. A.; Millar, M. J. J. Am. Chem. SOC. 1977, 99, 7886. 

V(1) 1182(1) 363(1) 
C(1) -506(6) 1522(4) 
O(1) -1376(4) 2258(3) 
C(2) -1543(5) -612(3) 

-1963(4) -823(3) 
1942(6) -1 (4) 

0 0 )  
C(11) 

2901(6) -632(3) 
3963(5) -164(4) 

C(1-2) 
C( 13) 
C(14) 4059(5) 940(3) 
C( 15) 2993(7) 1554(4) 
(716)  1928(7) 1090(5) 
~ ( 1 7 )  5300(8) 1434(6) 

a Equivalent isotropic U defined as 
orthogonalized Ui, tensor. 

cyclooctatetraene) bis(q5-cyc10pentadienyl)vanadium)l~ 
(d(V-V) = 2.44A). There have been theoreticaldiscussions 
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fJ C17a 

Figure 1. Atomic labeling for [(96-C6H~CH3)V(C0)21* 
(ORTEP2 diagram, 20% probability ellipsoids, with hydrogen 
atoms artificially reduced). 

Table 111. Bond Lengths (A) for [(q6-C&CH,)V(CO)& 

V(l)-C(l) 1.954(5) V( l)*.*C( 1A) 2.660(5) 
V( 1)...C(2) 2.509(5) V( 1)-C(2A) 1.896(5) 
C( 1 )-O( 1) 1.141(6) C(2)-0(2) 1.174(7) 
V(l)-C(l l )  2.314(5) C(l1)-C(12) 1.370(8) 
V( 1)-C( 12) 2.268(4) C( 12)-C( 13) 1.41 3(7) 
V(  1)-C(13) 2.277(4) C(13)-C(14) 1.390(7) 
V( 1)-C( 14) 2.347(4) C(14)-C(15) 1.384(8) 
V( 1)-C( 15) 2.286(5) C(15)-C(16) 1.401 (9 )  
V( 1)-C( 16) 2.268(5) C(16)-C(ll) 1.379(8) 

C( 14)-C( 17) 1.514(9) 

V(1)-V(1A) 2.388(2) 

Table IV. Interatomic Angles (deg) for 
[(n6-CJI;H5CH~)V(C0),l* 

C( 1)-V( 1)-C(2) 79.4(2) V(l)-C(2)-0(2) 124.6(3) 
C( 1)-V( I)-V( 1A) 74.9( 1) 0(2)-C(2)-V(lA) 171.5(3) 
C( 1 )-V( 1 )-C( 2A) 45.5( 1 ) 
C(2)-V(l)-C(2A) 116.1(1) V(1)-C(1)-O(1) 173.6(4) 
V(lA)-V(l)-C(ZA) 70.6(1) V(l)-C(2)-V(lA) 63.9(1) 

85.1 (2) C( 2)-V( 1 )-V( 1 A) 

concerning the nature of the multiple bonds in these 
compounds and V-V multiple bonds in general.15-17 

Molecular Structureof [ (t16-c6H,cH3)v(co)~]~. The 
crystal structure consists of an ordered arrangement of 
discrete molecular units, which are separated by normal 
van der Waals' distances. There are no abnormally short 
intermolecular contacts. The molecular geometry and 
labeling scheme are shown in Figure 1. 

Interatomic distances and angles are listed in Tables 
I11 and IV, respectively. The crystallographic asymmetric 
unit consists of a (C&CH~)V(C~)Z unit which is bound 
to a neighboring unit by a metal-metal interaction whose 
midpoint is located at  the inversion centers of 0, 0, 0 or 
O ,~ /Z ,~ /Z .  Thus, eachmolecule consists of two halves which 
are crystallographically interrelated by a center of sym- 
metry. 

Each vanadium atom is involved in a V=V linkage, an 
(q6-C&CH3)+V sytem, two strong V-CO linkages, and 

two weaker V.-CO interactions. Each (C~H&H~)V(CO)Z 
unit contains a nearly planar $-toluene ligand for which 
the ring centroid (Xl) to vanadium vector forms an angle 
of 160.6' with the vanadium-vanadium bond. There are 
two close-to-linear, semibridging carbonyl ligands which 
are not equivalent. The two carbonyl ligands define an 
acute angle at  the metal center with C(l)-V(l)-C(BA) 
= 85.1(2)'). EachCOis bentawayfrom the tolueneligand 
(Xl-V(1)-C(1) = 119.5'; Xl-V(l)-C(2A) = 121.0') 
and over the metal-metal bond (V(lA)-V(l)-C(ZA) = 
70.6(1)'; V(1A)-V(1)-C(1) = 74.9(1)'). The geometry 
around each metal center may be considered as a five- 
legged piano stool or alternatively (considering a single 
connectivity to the toluene ligand) as a very distorted 
octahedron. 

Toluene Ligand. The toluene ligand is very nearly 
planar (the average deviation of carbon atoms from the 
least-squares plane formed by C(ll)-C(16) is 0.021 A); 
noteworthy, however, is that the greatest deviations occur 
at the ipso and para positions of the aromatic ring. C(11) 
lies 0.038 A from the least-squares plane and C(14) is 
displaced from the plane by 0.030 A; both atoms are 
displaced away from the vanadium atom. Atoms C(12), 
C(13), C(15), and C(16) are displaced from theleast-squares 
plane by distances ranging from 0.011 to 0.020 A toward 
the vanadium atom. This form of "boatlike" distortion 
has been previously observed, e.g., ($-toluene)Mo- 
(CH3)2LP (L = phosphine) (in which the arene carbons 
exhibit more pronounced deviations of 0.07 and 0.08 8, 
from the least-squares plane). The distortion is thought 
to have both an electronic and steric origin.lg 

The methyl group of the toluene ligand C(17) is displaced 
by 0.129 A from the arene ring (away from the vanadium 
atom). This corresponds to the C(14)-C(17) bond being 
bent by 4.9O from the plane of the arene ring. The 
hydrogen atoms of the toluene were not located from 
difference-Fourier maps but rather were placed in cal- 
culated positions. Presumably, they are bent slightly 
toward the vanadium if this structure is consistent with 
other similarly bonded  specie^.'^ The vanadium to 
centroid distance, V(1)-Xl, is 1.825 A. This distance is 
slightly shorter than the centroid-vanadium distance 
reported in the [(a6-C6H2Me4-1,2,4,5)v(co)~]+ cation (1.87 
A),20 a V(1) species. The distance is significantly longer 
than that of 1.66 A reported for ( V ~ - C ~ H ~ ) Z V , ' ~  consistent 
with trends seen when sandwich structures are compared 
to piano stool structures for other metals, e.g. Cr...centroid 
= 1.606(1) A in (.r16-C6H6)2Cr VS 1.73 A in ($-C&)zCr VS 
1.73 A in (?f%&)2Cr(C0)3 Or 1.72 8, in (s6-C&CH3)- 
Cr(C0)3.lg 

The C-C bond lengths within the toluene ring are not 
precisely equivalent. The bonds between the ortho and 
meta positions are significantly longer than the remaining 
four C-C bonds (C(12)-C(13) = 1.413(7) A and C(15)- 
C(16) = 1.401(9) A, versusvalues of 1.370(8) to 1.390(7) A, 
average 1.380A, for the remaining C-C bonds). The longer 
bonds are those which are eclipsed (or bisected) by carbonyl 
ligands when viewed down the metal-metal axis (see Figure 
2). The lengthening of arene carbon-carbon bonds which 
are eclipsed by carbonyls has been reported previo~sly.'~ 

(14) Eischenbroich, C.; Heck, J.; Massa, W.; Nun, E.; Schmidt, R. J .  

(15) Cotton, F. A.; Diebold, M. P.; Shim, I. Inorg. Chem. 1985, 24, 
Am. Chem. SOC. 1983,105, 2905. 

1510. 
(16) Andrews, M. P.; Ozin, G. A. J .  Phys. Chem. 1986, 90, 2852. 
(17) Weber, J.; Chermette, H.; Heck, J. Organometallics 1989,8,2544. 

(18) Atwood, J. L.; Hunter, W. E.; Rogers, R. D.; Carmona-Guzman, 

(19) Muetterties, E. L.; Bleeke, J. R.; Wucherer, E. J.; Albright, T. A. 

(20) Calderazzo, F.; Pampaloni, G.; Vitali, D.; Zanazzi, P. J .  Chem. 

E.; Wilkinson, G. J. J. Chem. SOC., Dalton Trans. 1979, 1519. 

Chem. Reo. 1982,82, 499. 

SOC., Dalton Trans. 1982, 1993. 
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Table V. Comparison of Metric Parameters for 
(+C&CH&V2(CO)4 with Tbose Of ISoele~tr~ni~  

Cp2Cr2(C0)4 and Related Complexes’ 
M-M cent-M-M M-C-O M-M-CO 

complex (A) (deg) (deg) (deg) 
($-CsHsCH3)2V2(C0)4 2.388 161 171, 173 71, 75 
Cp2Cr2(CO)4 2.200 159 171, 173 75,75 

2.230 165 171,168 72,72 
Cp*2Cr2(C0)4 2.216 159 171,175 73,79 
CpzMoz(C0)4 2.448 180 176 67 
(C6H6)zCr2(CO) 3 2.22 

0 This compilation follows that by: Winter, M. J. Adv. Organomet. 
Chem., 1989,29, 101. 

bridging carbonyl ligand (C(2A)-0(2A)) is in a position 
eclipsing the methyl group of the toluene ligand. Each 
carbonyl ligand and its symmetry related carbonyl ligand 
necessarily generate a perfect plane. The two such planes 
are nearly perpendicular to each other, forming an angle 
of 89.6O. One of these planes bisects the two long arene 
C-C bonds (vide supra), while the other eclipses the ipso 
and para carbons of the toluene ligand. The eclipsing of 
electron-donating substituents on arenes by carbonyl 
ligands has been widely discussed in “piano stool” com- 
plexes and has been explained by the increased negative 
charge at  the ortho and para positions of the arene.Ig The 
explanations of the nonequivalence of the carbonyl ligands 
may be similar to those invoked for [(dmCh)(C0)2M012,~ 
a complex which contains both terminal and semibridging 
carbonyl ligands. C(2A)-0(2A) is essentially trans to the 
less strongly bound carbon atoms of the toluene ligand 
and so experiences greater u-bonding and ?r-back-bonding, 
causing a more pronounced bridge.22 Additionally, steric 
effects would favor a bridging mode since the ligand C(2A)- 
O(2A) eclipses the methyl group of the toluene ligand. 

Vanadium-Vanadium Bond. The V-V bond length 
is 2.388(2) A. This is considerably longer (0.188 A) than 
that observed for V2(DMP)2 (2.200(2) A; DMP = 2,6- 
dimeth~xyphenyl);’~ it is, however, shorter (0.051 A) than 
that reported for (pcc-COT)V2Cp2 (2.439(1) A; COT = 
cyclooctatetrene). Given the lower oxidation state of the 
vanadium atoms in [(l16-C6H5CH3)V(C0)212, alonger bond 
is expected; however, it has been noted that there is not 
a strict correlation between bond length and bond order.’ 
Coordination number, oxidation state, and the presence 
and nature of bridging ligands all dramatically influence 
metal-metal bond length. Overall, the structure of [($- 
C6H&H3)V(C0)2]2 is very similar to that of the isoelec- 
tronic species Cp&rz(CO)4. Table V compares some 
significant parameters in these and related molecules. We 
are pursuing studies of the reactivity of (CH&H5)2- 
V2(C0)4, which we expect to parallel that of CppCrp(C0)r. 

ma 

CllO 

Figure 2. [(116-CaH5CH3)V(C0)~l~ molecule viewed from a 
direction slightly offset from the V(lA)-V(l) bond and 
showing the relative orientationof the carbonyland q6-toluene 
ligands. 
A well-studied example is (C6H6)Cr(C0)3;21 this molecde 
has a staggered conformation in the crystalline state and 
the three eclipsed C-C bonds are significantly longer than 
the other three C-C bonds (1.423(1) A as compared to 
1.406(1) A). 

The vanadium-carbon bond lengths are not unusual 
and vary as expected given the elongated boat shape of 
the toluene. In increasing order they are as follows: V(1)- 
C(12) 
2.277(4), V(l)-C(15) = 2.286(5), V(l)-C(ll) = 2.314(5), 

2.268(4), V(1)-C(16) = 2.268(6), V(l)-C(13) 

and V(l)-C(14) = 2.347(5) A. 
Carbonyl Ligands. The carbonyl ligands are bent over 

the metal-metal bond, forming asymmetric bridges.22 The 
more strongly bridging exhibits a V(l)-C(2A)-0(2A) angle 

(2A) = 2.509(5) A. The C(2A)-0(2A) distance is 1.174(7) 
A. The remaining carbonyl is associated with the angle 
V(l)-C(l)-O(1) = 173.6(4) A and the distances V(l)-C(l) 
= 1.954(5) A and V(lA)-.C(l) = 2.660(5) A. The C(1)- 
0(1) distance is 1.141(6) A. Using Curtis’ “asymmetry 
parameter”, a! (where a! = (dz - d’); dp is the longer M-C 
distance, dl is the shorter; a! = 0 for a symmetric bridge), 
to describe the semibridging nature4 of the carbonyl ligands 
yields a(C(l)-O(l)) = 0.36 and a!(C(2A)-0(2A)) = 0.32. 
These values are similar to those found for CpzCr2(COh 
(0.2g4 and CppVp(CO)5 (0.24).z3 The origin of close-to- 
linear semibridging carbonyl ligands has been attributed 
to both steric and electronic i n f l u e n c e ~ . ~ t ~ * ~ ~ ~ ~ ~  It is 
noteworthy that in this structure the more strongly 

of 171.5(3)’ with V(l)-C(SA) = 1.896(5) A and V(lA)**.C- 
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