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yield) was identified as V(CO),[P(OMe),], by its IR [toluene, 2007 (m),
1905 (sh), 1885 (s), 1865 (sh) cm™] and mass spectrum (m/e 411). On
standing overnight under nitrogen or under vacuum, the compound ac-
quires a drab green color and some V(CO);[P(OMe);]; (m/e 508) was
detected in the mass spectrum. An elemental analysis of the drab green
powder was obtained. Anal. Caled for V(CO),[P(OMe);],: C, 29.2;
H, 4.42; P, 15.07. Found: C, 25.7; H, 4.44; P, 15.85.
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Abstract: Vanadium hexacarbonyl readily disproportionates upon treatment with oxygen and nitrogen Lewis bases. The reaction
is first order with respect to Lewis base and V(CO)4. Nucleophilic attack on the metal center appears to be the rate-determining
step. Second-order rate constants in dichloromethane decrease in the series py > Et;N > MeCN > MeOH > acetone > THF
> 2,5-Me,THF > DME > MeNO, > Et,0, with a factor of 10 separating the first and last members of this group. Activation
parameters for disproportionation by THF are in accord with an associative mechanism: AH* = 14.2 £ 1.2 kcal/mol and
AS* = -21.5 £ 4.2 cal/mol-deg. The structure of the disproportionation product is also dependent on the nature of the Lewis
base. For Et,0, the bridging isocarbonyl complex [V(Et,0)4][O-C-V(CO);]; can be isolated from CH,Cl,~Et,O solution.
For stronger oxygen and nitrogen bases (B), [V(B)s] [V(CO)¢l, is the final product. In the case of B = pyridine, a bridging
isocarbonyl intermediate can be detected as a kinetic product of the disproportionation process. This intermediate reacts with
additional pyridine to afford [V(B)][V(CO)g],. The observation of an isocarbonyl-bridged intermediate suggests that electron
transfer may take place through an isocarbonyl ligand. Phosphine-substituted derivatives of V(CO)4 undergo disproportionation
much more slowly than V(CO)y, although the rate-limiting step also appears to be CO substitution by the Lewis base. For
example, disproportionation of V(CO)sP(n-Bu), induced by CH;CN is five orders of magnitude slower than that of V(CO).

Vanadium hexacarbonyl undergoes a disproportionation re-
action? when treated with hard Lewis bases, eq 1. Similar

3V(CO), + 6B — [V(B)g]** + 2[V(CO)]~ + 6CO (1)

base-induced disproportionation reactions have been observed for
the homoleptic carbonyls of manganese, iron, cobalt, and nickel.?
In addition, photochemical disproportionation of a number of metal
carbonyl complexes has been reported.* Presumably, these
disproportionation reactions involve both ligand substitution and
electron-transfer processes. As a complement to our study® of
the mechanism of ligand substitution of V(CO)¢, we have in-
vestigated the kinetics and mechanism of the Lewis base induced
disproportionation of this molecule. Despite the importance of
disproportionation processes in metal carbonyl chemistry, we are
aware of only three previous kinetic studies of this transformation.®
These all involved Co,(CO)s, and the complex behavior observed®
tended to hamper the study of the reaction mechanism. In a
broader context, the redox behavior of the 17e V(CO)¢ species

t Alfred P. Sloan Research Fellow 1983-1985. Address correspondence
to this author at the Chemistry Department, D-006, University of
California—San Diego, La Jolla, CA 92093.

Table I. Second-Order Rate Constants for the
Disproportionation of V(CO), by Nitrogen and Oxygen Lewis
Bases in CH,Cl,-Hexane Solution at 25 °C

isosbestic
base k,M™! s7! points, nm
py 1.22 397, 368
Et,N 0.765 422
MeCN 0.284 457
MeOH 2.29x 1072 430
acetone 1.93 X 1072 414
THF ¢ 4.35x 1073 423
2,5-Me, THF 1.06 X 1073 421
DME b 2.80 X 10°¢ ¢
MeNO, @ 1.05 X 10°¢ ¢
Et,0 9.63x 107° 428

AAH*=14.2 1.2 kcal/mol; AS¥=-21.5 £ 4.2 cal/mol-deg;
uncertainties represent three standard deviations. 2 Temperature =
21°C. ¢ Reaction monitored by FT-IR. 9 Reaction carried out
in neat MeNO,; temperature = 21 °C.

may provide a general model for the base-induced dispropor-
tionation of organometallic radicals. A portion of this work has

0002-7863/84/1506-0076301.50/0 © 1984 American Chemical Society
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Table Il Infrared Spectral Data for Vanadium Isocarbonyl Bridged Complexes [V(B),][O-CV(CO),], in CH,Cl,

vgo, cm™', terminal

base isocarbonyl
Et,O 2032 (w) 1965 (m) 1915 (sh) 1895 (vs) 1860 (sh) 1678 (s)
Et,0¢ 2038 (w) 1960 (m) 1897 (vs) 1684 (s)
Et,0b 2032 (w) 1960 (m) 1874 (vs) 1657 (s)
Et,0¢ 2038 (w) 1961 (m) 1942 (sh) 1878 (vs) 1686 (s)
THF 2039 (w) 1960 (m) 1889 (vs) 1860 (s) 1684 (s)
acetone 2030 (w) 1960 (m) 1888 (vs) 1860 (sh) 16 80 (m)
py 2037 (w) 1950 (m) 1890 (vs) 1857 (sh) 1680 (s)

@ Solution spectrum recorded in Et,O. ?Solution spectrum of 18% '*CO enriched complex in Et,O. ¢Solid-state spectrum recorded as a

Nujol mull.

been reported in preliminary form.”

Experimental Section

General experimental procedures and syntheses of starting materials
are detailed® in the preceding paper. THF, Et,0, 2,4-Me,THF, and
DME were dried with sodium benzophenone ketyl, py and Et;N with
BaO, acetone with molecular sieves, CH,Cl, and MeNO, with P,0;, and
methanol with Mg(OMe),. Infrared spectra were recorded on a Niclet
7199 FT-IR or a Perkin-Elmer 283 spectrometer in 0.1-mm CaF, cells.
Elemental analyses were performed by Galbraith Laboratories Inc.,
Knoxville, TN.

Kinetic Methods. The rate of disproportionation was determined by
monitoring changes in the visible spectra as a function of time. Reactions
were inititated by injecting a hexane solution (0.2 mL) of V(CO)q into
a thermostated quartz cell containing a CH,Cl; solution of the Lewis
base. Reactions were carried out under pseudo-first-order conditions with
respect to base. Isosbestic points were maintained throughout the course
of reaction (Table I). Pseudo-first-order rate constants were obtained
from the slope of a plot of In (4 — 4.} vs, time. Following the completion
of the kinetic run, the structure of the product was determined by FT-IR
spectroscopy. The reactions could also be monitored by FT-IR, and rate
constants obtained by either method were in good agreement. The rate
of disproportionation of V(CO);L was determined most accurately by
absorbance mode IR measurements.

Preparation of [V(Et,0),]JOCV(CO)sl,. Vanadium hexacarbonyl
(0.36 g) was stirred with 25 mL of Et,O for 1.5 h at room temperature.
The dark green solid which precipitates from the solution was collected
on a glass frit, washed (3 X 10 mL) with hexane, and dried under vac-
uum. The green powder (0.36 g) was obtained in 83% yield. Anal.
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Figure 1. FT-IR spectra of the disproportionation of 1.7 X 10° M
V(CO)¢ by 0.14 M py in CH,Cl,. (A) Spectra recorded from t = 0 to
t =70s. (B) Spectra recorded from t = 70s to t = 1230 5. The peak
marked with an asterisk is spurious (see Results section).

Caled for C3HygO46Vs: V, 19.5; C, 42.8; H, 5.14. Found: V, 19.8; C,
41.9; H, 5.21. A sample from an independent preparation also gave a
slightly low carbon analysis.

Preparation of [V(B)¢[V(CO)¢),. These complexes for B = acetone,
py, and CH3CN were prepared by a modification of the method of
Hieber and co-workers.!?¢ Solid V(CO), was added to a toluene solution
containing an excess of Lewis base, and the solid precipitate was collected
by filtration, washed with toluene, and dried under vacuum. Mull spectra
of these complexes exhibited a single broad CO stretch at 1850 ¢cm™
identical with that reported earlier.!**

Results

Kinetic Measurements. Vanadium hexacarbonyl undergoes
facile disproportionation according to eq | when treated with
nitrogen or oxygen Lewis bases in dichloromethane solution. A
table listing the pseudo-first-order rate constants as a function
of Lewis base concentration and temperature is available as
supplementary material. The rate of disproportionation is first
order with respect to both V(CO)4 and Lewis base. The sec-
ond-order rate constants for several bases are collected in Table
L

Nature of the Disproportionation Products. For tetrahydrofuran
(THF) and diethyl ether (Et,O), an isocarbonyl bridged complex
1 is observed when the reaction is monitored by FT-IR, Thus,
the reaction proceeds according to eq 2. Carbonyl stretching

B
3VCOlg + 4B —= (COgV—C——0***V+++0—C—V(CO)y + 6CO

B B

2)

frequencies of these complexes are listed in Table 1I. For B =
Et,0, complex 1 is stable in the presence of excess Et,O and can
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Figure 2. FT-IR spectra of the disproportionation of 4 X 10 M V(CO),
by 1.56 X 102 M MeCN in CH,Cl,. The final spectrum was recorded
at 1 = 1543 s.

be isolated from Et,O solution and further characterized by its
mull IR spectrum and elemental analysis. The strong low-fre-
quency carbonyl stretching band (ca. 1680 cm™) signals the
presence of a carbon- and oxygen-bonded carbonyl. The distorted
terminal CO-stretching region indicates ion-paired [V(CO),]™.
The similarity of the solid-state and solution spectra suggests that
the isocarbonyl-bridged structure occurs in both phases. Other
workers have reported!! similar IR spectra for this complex. In
the absence of excess Et,0, [V(Et,0),] [OCV(CO)s], is unstable
in CH,Cl, and is oxidized over the course of 0.5 h to V(CO),
which is the only metal carbonyl product detected by IR spec-
troscopy. Vanadium hexacarbonyl can be isolated in 13% yield
from the reaction mixture by vacuum sublimation. When complex
1, B = THF, is allowed to react with excess THF, V(THF)([V-
(CO)¢]; slowly precipitates from CH,Cl, solution. The formu-
lation of this product was confirmed by its mull IR spectrum which
showed only a broad featureless peak at 1850 cm™, which is
identical with that observed for [Et,N][V(CO)].

In the case of pyridine (py), an intermediate 2 can be detected
as a kinetic product of the disproportionation reaction which
subsequently reacts with additional pyridine to yield [V(py)s]-
[V(CO)¢l,. This behavior is illustrated in Figure 1. In the initial
stages of the reaction, the intermediate 2 (vco = 2053 (w), 1894
(s), 1695 (m) cm™) grows in as the peak due to V(CO), decreases
in intensity (Figure 1A). The absorbance at 1894 and 1695 cm™
increase in a constant ratio and are therefore assigned to the same
species (2). The peak marked with an asterisk does not change
in intensity over the course of the experiment until the IR cell
is refilled with a fresh sample of the reactant solution and the final
spectrum is recorded. This peak may arise from another iso-
carbonyl species in solution. The relatively high frequency (1740
cm™) of this peak suggests a weaker isocarbonyl interaction than
observed in [V(py)4] [O~C-V(CO);],. The buildup of 2 continues
until all the V(CO)g is consumed. Concurrently, the intermediate
reacts with additional py to afford non-ion-paired [V(CO)¢]™ as
the ultimate product of the reaction (Figure 1B).

No intermediates are detected when V(CO) is combined with
excess acetone, methanol (MeOH), triethylamine (Et;N), or
acetonitrile (MeCN), Figure 2. Isocarbonyl-bridged complexes
with B = acetone, py, or THF can be prepared in CH,Cl, solution
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Figure 3. FT-IR of [V(OEt,),][0-C-V(CO);], in Et,0 (lower trace).
Spectrum recorded in the presence of 0.38 M MeCN (upper trace). The
peak at 1900 cm™ (upper trace) arises from unsymmetrical solvation of
[V(CO)¢]" in the low dielectric strength medium.

by dissolution of the appropriate [V(B)¢][V(CO)s], complex, and
[V(B),][OCV(CO);], forms according to eq 3 (Table II). When

8 B
[VBIVICOlgl, == 2B + (COlgY—C—0¢+V/*++0—C—V(COg

B
(3)

excess py is added to a CH,Cl, solution of [V(py),][O-C-V-
(CO)s],, the frequency of the bridging isocarbonyl band shifts
to higher energy. When no residual py is present veg = 1664 cm™,
with 2 equiv of py veo = 1680 cm™, and in 0.14 M py veo = 1695
cm™. The non-ion-paired complex [V(B)¢][V(CO)¢], is stable
to loss of B in CH,Cl, only when B = MeCN. Treatment of the
bridging isocarbonyl species 1 (B = Et,0 or THF) with acetonitrile
or acetone rapidly cleaves the isocarbonyl linkage to yield free
[V(CO)¢l™, Figure 3. The peak at 1900 cm™ in the spectrum
of [V(CH;CN)¢] [V(CO)¢]; in Et,0 is indicative of unsymmetrical
solvation of [V(CO)s]™ in Et,O solution. Similarly the spectrum
of [Et,N][V(CO),] in CH,Cl, exhibits a shoulder at 1900 cm™,
Since the ion pairing observed in these complexes seemed to be
a consequence of the relatively low dielectric strength of CH,Cl,,
nitromethane (MeNOQO,) was investigated as an alternative polar,
noncoordinating solvent. However, V(CO) disproportionates in
MeNO, at a similar rate as in Et,O (Table I). Additionally, the
[V(B),][V(CO),], complexes are unstable in MeNQO, and undergo
partial oxidation to V(CO)s.

Disproportionation of V(CO):L. Monosubstituted vanadium
carbonyl derivatives V(CO);L (L = P(OMe);, P(n-Bu);, and
PPhs;) also undergo disproportionation when treated with Lewis
bases, eq 4. The rate of the reaction between V(CO)s;VP(n-Bu);

3V(CO)L + 6B — [V(B)]>* + 2[V(CO)sL]" + 5CO + L
4)

and THF depends directly on the THF concentration (Table III).
New low-frequency carbon monoxide stretches are also observed
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Table III. Rate Constants for the Disproportionation of
V(CO),L in CH,Cl, Solution at 25 °C

10%kgpsa. 10°k,,

L basc B, mol/L g7t Mt gT!
P(n-Bu), THI 6.00 1.60 2.67
10.30 2.82 2.74

11.80 3.20 2.71

P(r-Bu), Et,0 9.53 183  1.92
PP, Et,O0 8.38 2.53 3.02

in the reactions of V(CO):P(n-Bu); with Et,0 (vco = 1625 cm™)
or THF (vcq = 1634 cm™). In some cases, [V(CO),]™ is also
observed as a product of eq 2. Indeed, disproportionation of
V(CO)sP(OMe), by THF affords only [V(CO)¢]~. Reaction of
V(CO)sPPh, with Et,0 gives!! [V(CO)sPPh,], but reaction with
THF also yields some [V(CO)4]”~. The amount of [V(CO)]”
obtained is reduced when the reaction is carried out in the presence
of added PPh;. Similarly, V(CO)sP(n-Bu), and Et,O or THF
afford only [V(CO)sP(n-Bu);]", but reaction with MeCN produces
both phosphine-substituted and unsubstituted anions in the ratio
[V(CO)sP(n-Bu);1/([V(CO)¢] + [V(CO)sP(n-Bu);7]) = 0.3 as
determined by quantitative IR measurements of the amount of
[V(CO)¢] produced. When this reaction is carried out in the
presence of 10 equiv of P(n-Bu); per vanadium ([P(n-Bu);] = 0.4
M), the above ratio increases to 0.7.

Discussion

Kinetics of Disproportionation. Interaction of hard Lewis bases
and V(CO);, leads to facile disproportionation. The reaction obeys
the second-order rate law given in eq 5. The first-order depen-

—d[V(CO)e] /dr = k[V(CO)e][B] %)

dence of the rate on the Lewis base concentration suggests that
an associative reaction mechanism is operative. This is corrob-
orated by the dependence of the rate on the nature of the base
(Table I). Nitrogen bases generally react more rapidly than
oxygen bases. The rate of disproportionation increases with the
increasing basicity of the nucleophile. Steric factors are also
evident since 2,5-Me,THF?® reacts five times more slowly than
THF. The relatively small activation enthalpy (14.2 £ 1.2
kcal/mol) and large negative entropy of activation (-21.5 £ 4.2
cal/mol-deg) determined for B = THF are also in accord with
an associative reaction scheme. Indeed, the activation parameters
are strikingly similar to those observed® for phosphine substitution
in V(CO), which proceeds solely by a second-order pathway.
Thus, associative attack on vanadium by the Lewis base appears
to be the rate-determining step in the disproportionation process.

Structure of the Disproportionation Products. The nature of
the Lewis base is also critical in determining the structure of the
disproportionation product. In the case of weakly coordinating
bases such as Et,O or THF, an isocarbonyl-bridged complex (1)
is observed as the product (eq 2). For Et,O, the presence of the
bridging isocarbonyl is signalled by the strong, low-frequency (ca.
1680 cm™) carbonyl stretch in both solution and solid-state IR
spectra (Table IT). Additionally, the terminal CO stretches are
shifted to higher frequency and split because of the reduced
symmetry compared to free [V(CO)¢]~.° All of the IR bands
are shifted to lower frequency when 13CO-enriched V(CO); is used
to prepare [V(OEt,),][O-C-V(CO);s],. The FT-IR spectrum of
1, B = THF, is qualitatively similar to the Et,O adduct. This
complex slowly reacts with additional THF in CH,Cl, with
precipitation of [V(THF)4][V(CO)¢],. Recrystallization of the
latter complex from CH,Cl, results in the regeneration of com-
pound 1, B = THF, which Schneider and Weiss!® have charac-
terized by single-crystal X-ray diffraction. The structure shows
that the V(II) center is octahedrally coordinated by 4 THF
molecules and two trans bridging isocarbonyl ligands from [OC-

(8) Wax, M. J,; Bergman, R. G. J. Am. Chem. Soc. 1981, 103, 7028-7030.
On the basis of the inductive effect, 2,5-Me,THF would be expected to be
more basic than THF.

(9) Shriver, D. F. J. Organomet. Chem. 1975, 94, 259-271 and references
therein.

(10) Schneider, M.; Weiss, E. J. Organomet. Chem. 1976, 121, 365-371.
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V(CO);s]~. The V-O distances are shorter to the isocarbonyl
oxygen (2.08 A) than to the oxygen atom of THF (2.17 A).10
Similar bridging isocarbonyl moieties have been observed in the
structures of metal carbonyl anions with hard cations such as in
[Mg(py)s] [OCMo(CO),Cp],.!!  Ion pairing of this type is
commmon in solutions of metal carbonyl anions and alkali metal
cations.!? Of particular relevance is the recent observation'® of
ion pairing in several Na[V(CO);L] (L = phosphorus donor
ligand) complexes in THF solution. Similar isocarbonyl-bridged
compounds can be prepared for B = py or acetone by dissolution
of [VBg][V(CO)g], in CH,Cl, (eq 3). This transformation does
not occur for B = MeCN. Apparently, the ion-paired iso-
carbonyl-bridged structure is favored because of the relatively low
polarity of CH,Cl,. Thus, eq 3 is best represented as an equi-
librium with the Lewis base B and [OCV(CO)s7] competing for
the axial coordination sites of the [V(B),]?* unit. From these
observations the stability of the isocarbonyl-bridged species 1
relative to [V(B)s][V(CO)4], decreases in the series Et,O > THF
> acetone, py > CH;CN. The surprising donor ability of V(CO)s~
to the V(II) center no doubt reflects the importance of electrostatic
forces in the low-dielectric solvent.

In contrast, when V(CO), is treated with excess acetone,
MeCN, or MeOH, no isocarbonyl species are observed, and free
[V(CO)¢]™ appears in the solution FT-IR spectrum (Figure 2).
Similarly, reaction of [V(Et,0),][OCV(CO);], with MeCN or
acetone rapidly cleaves the isocarbonyl bridge to afford non-
ion-paired [V(CO)¢]", Figure 3.

Evidence for an Isocarbonyl-Bridged Kinetic Intermediate.
Sequential FT-IR spectra for the reaction between py and V(CO);
are recorded in Figure 1. The first series of spectra (Figure 1A)
show the decay of the peak arising from V(CO)4 and the ap-
pearance of an intermediate (2) with spectral characteristics
similar (but not identical) to the isocarbonyl-bridged complexes
discussed above. Alternative structures for 2 such as [V-
(py) ] [O-C-V(CO);] where n < 5 may also be envisioned. The
second series of spectra (Figure 1B) show the subsequent decay
of 2 to afford free [V(CO)¢]~. These observations suggest that
an isocarbonyl-bridged intermediate may be a kinetic product of
the disproportionation process.

Disproportionation of V(CO);L. The phosphine-substituted
derivatives of V(CO), undergo disproportionation at a much slower
rate than the parent molecule. This parallels the decrease in rate
of the second CO substitution step in V(CO);L compounds by
phosphines.* The kinetic data collected in Table III reveal that
the reaction is first order with respect to Lewis base. Two products
are observed for these reactions depending on the combination
of L and B employed. The phosphine-substituted anion [V(C-
O)sL] is the sole product when weakly coordinating bases (B =
THF or Et,0) are added to solutions of V(CO);P(n-Bu);. With
the more strongly coordinating MeCN, some [V(CO)¢]™ also
forms. The relative amount of [V(CO),]™ product can be reduced
by conducting the reaction in the presence of excess phosphine
ligand. Phosphine replacement by CO (liberated during the course
of disproportionation) may occur in V(CO);L since both phos-
phines and CO are substitution labile in the 17-electron vanadium
carbonyl complexes.* Alternatively, phosphine substitution by
COin [V(CO);sL]™ may occur. It was recently reported that ion
pairing of Na* to the CO trans to phosphine in [V(CO)L]"
promotes phosphine dissociation.!* The observation of IR bands
characteristic of ion pairing to a CO ligand during the dispro-
portionation reaction of V(CO)sL suggests that this is also a
reasonable pathway for phosphine replacement.

Mechanism of Disproportionation. A mechanism for the dis-
proportionation of V(CO)jg is outlined in eq 6-8. The initial and
rate-determining step for this reaction is bimolecular substitution

(11) Ulmer, S. W.; Skirstad, P. M.; Burlitch, J. M.; Hughes, R. E. J. Am.
Chem. Soc. 1973, 95, 4469-4471.

(12) (a) Edgell, W.; Chanjamsri, S. J. Am. Chem. Soc. 1980, 102,
147-155 and references therein. (b) Darensbourg, M. Y.; Jimenez, P.;
Sackett, J. R.; Hanckel, J. M.; Kump, R. L. J. Am. Chem. Soc. 1982, /104,
1521-1530.

(13) Darensbourg, M. Y.; Hanckel, J. M. Organomerallics 1982, 1, 82-87.
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V(COlg + B —= V(COJsB + CO (6)

V(COIsB + V(COlg == (CO)g¥ s+s0—C—V(CO)s + B (7)

V(COlg + (OC)sVere0—CTV(CO) —2

B B
(COIgVC——0r** Ve 0—CV(CO)s (8)

B B
+ 4C0

of carbon monoxide by the Lewis base B. Thus, the rate of
disproportionation depends on the same factors that influence
nucleophilic attack on V(CO)s. The slower rate of dispropor-
tionation of V(CO);sL compared to V(CO)¢ can be attributed to
slower CO substitution in these complexes. The hard Lewis base
B would be expected to be very labile!* in V(CO)sB by analogy
with their 18-electron analogues [V(CO);B]~ (B = dimethyl
sulfoxide!® or NH,!6) which readily dissociate B. A second CO
substitution before electron transfer seems unlikely since this would
be expected to be significantly slower than the first CO substitution
step (see preceding paper). In addition, disproportionation is not
significantly accelerated when the chelating ether DME is em-
ployed instead of Et,O. Formation of (CO);V-OCV(CO);
provides a pathway for inner-sphere electron transfer, It is, of
course, difficult to eliminate outer-sphere electron transfer as a
parallel or competing pathway. Although inner-sphere processes
are well known in electron-transfer reactions of Werner com-
plexes,!” we are aware of no organometallic examples implicating
CO in such a fashion. The strong field complex V(CO), with a
large 10Dq and stable t,, orbitals would be expected to be more
oxidizing than V(CO);B, which contains a weak field ligand such
as THF that cannot = bond effectively. Substitution of a x-ac-
ceptor CO ligand by THF will lead to a destabilization of one
of the t,, orbitals. This provides a driving force for eq 7 as well
as for the alternative outer-sphere electron-transfer pathway.
Similar ligand field effects are evident in electron-transfer reactions
of octahedral Werner complexes.!® We do not favor initial
outer-sphere electron transfer between two unsubstituted V(CO);
molecules; this is known!® to be a high-energy process. The
formation of an isocarbonyl species as a kinetic product of the
disproportionation reaction, when B = py, suggests that the iso-
carbonyl bridge forms prior to electron transfer, at least in this
instance. To achieve the second-electron-transfer step, another
V(CO)¢ apparently must form a second isocarbonyl bridge to a
labile V(I) center.”® The exact sequence of bridge formation and
CO substitution is not known; these are combined in eq 8.

(14) Brown, T. L. Ann. N.Y. Acad. Sci. U.S.A. 1980, 333, 80-89.

(15) Ihmels, K.; Rehder, P. J. Organomet. Chem. 1982, 232, 151-154.
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Academic: New York, 1970.

(18) Marzilli, L. G.; Salerno, J. G.; Epps, L. A. Inorg. Chem. 1972, 11,
2050-2053.

(19) Holland, G. F.; Manning, M. C,; Ellis, D. E.; Trogler, W. C. J. Am.
Chem. Soc. 1983, 105, 2308-2314.

(20) Electrochemically generated [V(CO)4}* is very unstable and decom-
poses with loss of CO within seconds at -78 °C. We suspect that electrostatic
interactions in the low dielectric solvent system hinder displacement of the
(OC)V(CO);s ligand relative to the neutral CO ligands from the V* center.
Bond, A. M.; Colton, R. Inorg. Chem. 1976, 15, 2036-2040.
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Electron transfer via a bridging isocarbonyl may prove to be
an important feature of redox reactions of metal carbonyls. In
this context, we note the disproportionation of photochemically
generated organo-transition-metal radicals® and the current interest
in isocarbonyl-bridged structures with regard to CO activation.?!

Conclusions

Associative carbon monoxide substitution occurs when V(CO),
is treated with either soft or hard Lewis bases and at rates that
are enhanced greatly when compared to electronically saturated
analogues. For soft Lewis bases such as phosphines, stable
phosphorus-substituted vanadium carbonyl derivatives are formed
as described in the preceding paper. In the case of hard oxygen
or nitrogen bases, B, kinetic evidence points to the transient
formation of V(CO)sB which undergoes further reaction to afford
disproportionation products. Two factors are important in the
further reactions of V(CO)sB, First, in contrast to phosphorus
donor ligands, B is expected to be very labile in V(CO);B, thus
enabling isocarbonyl bridge formation to occur. In addition,
destabilization of a ty, orbital by the weak-field base provides a
driving force for electron transfer to ultimately afford the stable
18-clectron vanadium hexacarbonyl anion and V(II). This
tendency to disproportionate in the presence of hard donor bases
can be contrasted with the behavior of the 18¢ M(CO), (M =
Cr, Mo, W) systems.?? The mechanistic study of V(CO); thus
illustrates two general reaction types available to 17e carbonyls,
ligand substitution or ligand substitution followed by rapid electron
transfer.
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