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The compound CpMoH(PMes)s, 1, is oxidized by Ag™ in acetonitrile to the 17-electron
complex [CpMoH(PMes)s]™, [1]*, which is indefinitely stable at low temperature. The
oxidation takes place without the observation of a silver adduct intermediate. Complex [1]*
has also been generated by ferrocenium oxidation or by anodic oxidation and characterized
by EPR spectroscopy. Complex [1]" slowly decomposes at room temperature by a second-
order rate law (v = Kaqisp[17]?), consistent with a disproportionation mechanism. In the
presence of unoxidized 1, on the other hand, the decomposition of [1]" is faster and proceeds
via a deprotonation mechanism (v = Kgeprot[1*][1]) with compound 1 acting as a catalyst.
The ratio of the two second-order rate constants is Kgeprot/Kaisp = 5.8(7)). Intermediates of
the disproportionation pathway, the solvent-stabilized double-oxidation products [CpMoH-
(S)(PMes)s]?" (S = THF, MeCN), have been isolated as stable salts with the PF¢~ and BF4~
counterions, respectively. The acetonitrile adduct has also been characterized by X-ray
crystallography. The complex [CpMoH(MeCN)(PMes)s]?" slowly transfers a proton to complex
1 to afford a 1:1 mixture of [CpMo(PMes)3(MeCN)]™ and [CpMo(PMe3)sH;]™ and is also slowly
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deprotonated by NEts.

Introduction

Transition metal hydrides pose an interesting ques-
tion in terms of their reaction with electrophiles. The
electrophilic reagent can attack the electron density at
either the hydride ligand or the metal directly (when
there are filled metal-based orbitals), in both cases
affording electrophilic addition products. In addition,
an electron-transfer process may occur (Scheme 1).

The protonation reaction, an extensively studied
process, affords either classical M(H), or nonclassical
M(H>) dihydrides by pathways a and b, respectively (see
Scheme 1).1713 The 3c-2e nonclassical product may be
unstable and may collapse to the dihydrido complex or
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reductively eliminate dihydrogen (see Scheme 1, paths
b.i and b.ii, respectively). The hydride abstraction
reaction by the trityl cation (ET = Ph3C™)1*~17 can also
be viewed as an example of a reaction following path
b.ii.
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Gold-based electrophiles, especially AuPPhs*, have
also been extensively investigated.’®19 These typically
afford 3c-2e M(u-H)Au moieties that can be seen as the
isolobal analogues of the nonclassical dihydrides.?° The
substitution of H™ for AuPhs* typically affords more
stable products. This has been the case for the particu-
lar complex CpMoH(CO),(PMes), one of the rare mono-
nuclear hydride complexes for which the comparative
reactivity with both the proton and the AuPPh3* reagent
has been investigated.?!

The silver ion has also been extensively investigated
as an electrophilic reagent toward transition metal
hydride complexes. The typical pathway is the attack
at the M—H electron density, to afford complexes
analogous to those obtained with the gold reagents (i.e.,
path b in Scheme 1).22733 However, silver also has
oxidizing properties, and a possible alternative reaction
pathway is electron transfer to afford metallic silver and
the 17-electron hydride complex. This transformation
can occur in principle with or without prior coordination
of the silver ion to the nucleophilic M—H bond (paths
b.iii and c in Scheme 1, corresponding to outer- and
inner-sphere electron-transfer pathways, respectively).
An example of an inner-sphere electron transfer via
formation of a M(u-H)Ag moiety has been shown re-
cently.34

The CpMoH(CO),(PMes)s—n series of complexes have
attracted our attention because there is a ca. 2 V
difference between the oxidation potentials of the two
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extreme members of the series (n = 3 and 0), thus
potentially influencing the reactivity of the Mo—H
functionality toward the Ag"™ reagent. This paper
presents the results of our investigations of the reactiv-
ity of complex CpMoH(PMes3)s, 1, with the silver ion.
The corresponding reactivity of the complex CpMoH-
(CO)2(PMes) and a comparison between the two systems
are presented in part 2.35 The studies reported here
also provided new findings of relevance to the decom-
position of 17-electron hydride complexes by the com-
petitive deprotonation and disproportionation mecha-
nisms.

Experimental Section

General Procedures. All operations were carried out
under an atmosphere of dinitrogen with standard Schlenk-
line techniques. Solvents were purified by conventional
methods and distilled under argon prior to use (THF and Et,O
from Na/benzophenone, heptane from Na, acetone from CaSO,,
CH.CI; from P4O19, and MeCN form CaH,). Deuterated
solvents (C¢Ds, CDsCN, THF-ds, and CDsCOCDs3) were de-
gassed by three freeze—pump—thaw cycles and then stored
over 4 A molecular sieves under dinitrogen. NMR spectra
were obtained with Bruker WP200 and AF400 spectrometers.
The peak positions are reported with positive shifts downfield
of TMS as calculated from the residual solvent peaks (*H) or
downfield of external 85% H3PO, (3'P). For each 3P NMR
spectrum, a sealed capillary containing HsPO4 was immersed
in the same NMR solvent used for the measurement, and this
was used as reference. EPR spectra were recorded on a
Brucker ER200 spectrometer upgraded to ESP 300, equipped
with a cylindrical ER/4103 TM 110 cavity and an X-band
microwave generator. Cyclic voltammograms were recorded
with an EG&G 362 potentiostat interfaced with MacLab
hardware/software; the electrochemical cell was a locally
modified Schlenk tube with a Pt counter electrode, a Pt
working electrode, and a Ag/AgCl reference electrode. All
potentials are reported vs the Cp,Fe*/Cp,Fe couple, which was
introduced in the cell at the end of each measurement. The
EPR spectroelectrochemistry studies were performed with a
home-built cell quite similar to one described in the litera-
ture,®® the difference being that the aqueous reference elec-
trode was replaced with a silver wire pseudoreference. Stop-
cocks and O-ring connections were added to allow all operations
to be carried out under an inert atmosphere. Measurements
were carried out on the Brucker ER200 spectrometer men-
tioned above, and the EPR species was generated from 0.1—
0.2 M solutions by application of a constant current of 1 mA
with an EG&EG 363 galvanostat. A control experiment of the
nitrobenzene radical anion, generated at room temperature,
yielded an EPR spectrum with greater resolution relative to
that obtained with the analogous cell described in the litera-
ture.®® Elemental (C, H, N) analyses were performed by MHW
laboratories (Phoenix, AZ) and the analytical service at the
LSEO at the Université de Bourgogne. Compound 1 was
prepared as previously published.?” Since this is very soluble
in saturated hydrocarbons and cannot be easily crystallized,
it was always prepared in situ in THF from equimolar amounts
of CpMoCI(PMes); and LiBHETts, followed by evaporation to
dryness, extraction into n-heptane, filtration, and evaporation
to dryness. In each case, the product purity was verified by
IH NMR spectroscopy. AgBF4, FcPFg, and Cp.Co were pur-
chased from Aldrich and used as received.
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Interaction of Ag*™ with Mo(l1) Hydrides. 1

Formation of CoMoH(PMes)s*, [1]T. (a) Electrochemi-
cal Oxidation of 1 in THF. An aliquot of a THF solution (5
mL) of compound 1 (0.6 mmol) was introduced in the spectro-
electrochemical cell containing BusNPFs and the probe was
cooled to —70 °C, followed by anodic oxidation at a constant
currentof 1 mA for 5s. EPR: g = 2.018 (dq with Mo satellites,
aq¢ = 13.3 G; aqg = 29.3 G; amo = 27 G). The signal intensity
remains constant at low temperature, whereas the line
broadens and then slowly disappears upon warming to room
temperature.

(b) Reaction of 1 with Ag" in THF. Solid AgBF, (68 mg;
0.35 mmol) was added to a THF solution of 1 (0.35 mmol) at
—78 °C, resulting in the immediate formation of a dark brown
precipitate. An aliquot of this reaction mixture was trans-
ferred and tested for EPR activity at —78 °C. The resulting
EPR is identical to that obtained in the spectrochemical cell
(see previous section) and assigned to [1]". Upon warming to
room temperature, the signal broadens and slowly disappears.
A number of diamagnetic products appeared in the NMR
spectrum after the solution was allowed to warm to room
temperature. The nature of these decomposition products was
not further investigated.

(c) Reaction of 1 with Cp.Fe* in THF. Preparation of
[CpMoH(PMes)s(THF)](PFg)2, 2. A blue suspension of Cp,-
FePFs (52 mg, 0.16 mmol) was prepared in THF (3 mL) and
cooled to —80 °C in a cryostat. A yellow THF solution (5 mL)
of 1 (0.17 mmol) was cooled to —80 °C and added dropwise to
the ferrocenium suspension. The green mixture slowly bleached
the blue color of the ferrocenium and induced the precipitation
of a clear solid. After the suspension was let stir overnight in
the cryostat, the light orange supernatant was filtered off. An
aliquot showed weak EPR activity in the form of overlapping
unassigned multiplets. Compound 2 was recovered through
filtration as a light pink solid, washed with Et,O (3 x 3 mL),
and dried under vacuum (27 mg, 45% vyield relative to
ferrocenium). Anal. Calcd for CisH41F12M0OPs: C, 28.74; H,
5.49. Found: C, 28.07; H, 5.19. The solid is only slightly
soluble in THF and acetonitrile and is not soluble in benzene
and toluene.

Reduction of 2 to 1. The solid obtained by the procedure
described in the previous section (15 mg; 20 umol) was added
to a solution of Cp,Co (ca. 10 mg; 50 umol) in C¢Ds (0.4 mL),
inducing the solubilization of the solid. The resulting solution
was EPR silent and showed the resonances of THF and
compound 1 in the correct relative intensities for a 1:1 molar
ratio in the 'H NMR spectrum.

EPR Monitoring of the Decomposition of [1]* in THF.
An 80 umol sample of 1 was suspended in THF (4 mL). FcPFg
(26 mg, 79 umol) was added to the solution, and immediate
bleaching of the oxidant ensued. An aliquot of the orange
solution was transferred to an EPR tube, and EPR spectra
were recorded over time. The relative concentration of [1]"
was monitored by double integration of each spectrum (see
Results).

EPR Monitoring of the Decomposition of [1]" in the
Presence of 1 in THF. A 162 umol sample of 1 was
suspended in THF (4 mL). FcPFg (24 mg; 72 umol) was added
to the solution, and immediate bleaching of the oxidant ensued.
An aliquot of the orange solution was transferred in an EPR
tube, and EPR spectra were recorded over time and double-
integrated (see Results).

Attempt at the EPR Monitoring of the Decomposition
of [1]" in MeCN. Compound 1 (0.12 mmol) was dissolved in
MeCN (5mL). FcPFg (39 mg; 0.12 mmol) was added, and
discoloration of the oxidant blue color ensued. An aliquot of
the solution was transferred in an EPR tube. The first EPR
spectrum, taken 7 min after the addition of the oxidant, did
not show any activity. The short lifetime of [1]* in MeCN
prevented the Kinetic analysis of its decomposition by EPR.

Reaction of 1 with 1 equiv of Fct in MeCN: Formation
of [CpMo(PMe3)3(MeCN)]" and [CpMo(PMes)s(H)]". A
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stock solution of 1 was prepared in CD3;CN (3 mL; 0.131 M),
and its concentration was checked through integration against
an interal standard of ferrocene. A 605 uL aliquot (79 umol)
was added to FcPFg (26 mg; 79 umol). Immediate dissolution
of the oxidant ensued to give an orange solution. The first
acceptable NMR spectrum was obtained after 10 min from the
addition. Earlier spectra were affected by poor shimming due
to the presence of paramagnetic species in solution. The
solution contained, in addition to ferrocene (*H NMR resonance
at 0 4.14), a 1:1 mixture of two molybdenum species: [CpMo-
(PMe3)s(MeCN)I™ [*"H NMR (6): 4.79 (s, 5H, Cp), 1.5 (vb, PMe3).
31P NMR (6): 1 (vb, wyz = 100 Hz, 1P), —1 (vb, wy, = 160 Hz,
2P)] and [CpMo(PMes)3(H)2]™ [*H NMR (8): 4.81 (m, J = 1.2
Hz, 5H, Cp), 1.47 (d, Jp = 8.4 Hz, 27H, PMej3), —4.0 (vb, 1H,
Mo—H). 3P NMR (9): 8 (vb, wi, = 200 Hz)]. Both complexes
were independently synthesized (vide infra).

Reaction of 1 with 2 equiv of Fc™ in MeCN: Formation
of [CpMo(PMe3)3(CDsCN)H]?t. FcPFs (52 mg; 157 umol)
was introduced in a NMR tube. A 602 uL aliquot of the CDs-
CN stock solution of 1 (see previous section, 79 umol) was
added. A complete discoloration ensued. After 20 min, the
NMR spectra revealed the nearly exclusive formation of
[CpMoH(PMes)s(CDsCN)J?+ and ferrocene. *H NMR of [CpMoH-
(PMes)3(CD3sCN)J>* (6): 5.31 (m, J = 1 Hz, 5H, Cp), 1.61 (d, Jp
= 9Hz, 18H, PMe3), 1.57 (d, Jp = 9Hz, 9H, PMey). 3P{1H}
NMR (CDsCN, 90): 3.6 (t, J = 26 Hz, 1P); 0.5 (d, J = 26 Hz,
2P). 3P{selec-'H} NMR (CD3CN, 6): 3.6 (td, Jp = 26 Hz, Iy
=10 Hz, 1P); 0.5 (dd, Jp = 26 Hz, J4 = 10 Hz, 2P).

Reaction of 1 with 1 equiv of Ag™ in MeCN: Synthesis
of [CpMo(PMe3)3(MeCN)H]?>"(BF;7)2, 3. Compound 1 (0.12
mmol) and AgBF4 (24 mg, 0.12 mmol) were mixed in CD3CN
(1.2 mL). The immediate reaction produced a black solid. The
NMR investigation of the orange supematant showed the
formation of [CpMo(PMe3)3(CD3CN)H]?* as the major product.
The black precipitate was removed from the mother solution
through filtration, and diethyl ether was then added to the
solution. Precipitation of an orange solid ensued, which was
recovered by filtration and vacuum drying. The solid was
washed with dichloromethane (2 x 2 mL), the red filtrates
were removed, and the yellow microcrystalline solid was dried
under vacuum (24 mg, 38% yield as 3-Et;0). An aliquot of
the solid exhibited the resonances of [CpMoH(PMe3)3(CDs-
CN)J?" and Et,0 in relative intensities as expected for a 1:1
molar ratio. Anal. Calcd for CooH43D3B,FsNMoOP3: C, 35.2;
H, 6.35; D, 0.88; N, 2.05. Found: C, 35.6; H, 6.92; N, 1.57.
Crystals of 3-MeCN suitable for an X-ray crystallographic
study were obtained from acetonitrile/ether solutions stored
at —20 °C for 2 days.

Reaction of 1 with 2 equiv of Ag® in CD3CN. Addition
of AgBF, (35 mg, 181 umol) to a solution of 1 (90 umol) in CDs-
CN (0.5 mL) generated [CpMoH(PMez)3(CDsCN)]?™ as the main
product. The *H NMR spectra were monitored over time (>2
days). No transformation to [CpMo(PMes)3(CDsCN)]* and
[CpMoH2(PMe3)s]™ was observed.

Reaction of 3 with NEts. Crystals of compound 3 (ca. 2.0
mg, 3.1 x 10~3 mmol) were dissolved in CD3CN (0.45 mL), and
their purity was checked through *H NMR. NEt; (2.0 uL, 3.2
x 1072 mmol) was added to the yellow solution. The reso-
nances of [CpMoH(PMe;);(CD3CN)]?* slowly disappeared (ti/
= 2 h), while those of [CpMo(PMe3)3(CD3sCN)]* increased. *H
NMR (9): 4.79 (s, 5H, Cp), 1.5 (vb, PMes). 3P NMR (8): 1 (vb,
w1, = 100 Hz, 1P), —1 (vb, w1, = 160 Hz, 2P). No resonances
attributable to other secondary products were detected by
NMR.

Reaction of 3 with 1. A yellow solution of 1 (50 umol) in
CDs;CN (0.8 mL) was split in two halves. To one of them
AgBF,; (10 mg; 51 umol) was added, forming [CpMoH-
(PMe3)3(CDsCN)J?T and Ag. Afer the precipitate settled, the
orange supernatant was added to the yellow original solution
and the reaction was monitored through *H NMR. The
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Table 1. Crystal Data and Structure Refinement for Compound 3-MeCN

empirical formula
fw

temp

wavelength

cryst syst

space group

unit cell dimens

volume, Z

density (calcd)

abs coeff

F(000)

6 range for data collection
limiting indices

no. of reflns collected, independent
max. and min. transmission
refinement method

no. of data, restraints, params
goodness-of-fit on F2

final R indices [I > 20(1)]

R indices (all data)

largest diff peak and hole

formation of [CpMo(PMes)s(CDsCN)]* and [CpMoH2(PMes)s]*™
was discernible within the first minutes of the addition, but
it was not complete until after more than 24 h.

Protonation of Compound 1. (a) In toluene. Synthe-
sis of mer-[CpMoH2(PMes)s]" [BF4]~, 4. This procedure is
a modification of that previously reported.®® To a solution of
1 (0.367 mmol) in toluene (10 mL) cooled to —60 °C was added
HBF. (54% in diethyl ether) (51 uL, 0.367 mmol) via microsy-
ringe, causing the formation of an off-white precipitate.
Stirring was continued for 10 min. Addition of heptane (5 mL)
caused the precipitation of the product, which was filtered,
washed with heptane (3 x 5 mL), and dried under vacuum to
yield 134 mg (76%) of [CpMoH2(PMejs)s][BF4]. The *H NMR
at room temperature corresponds to that previously reported.3®
Decoalescence of the hydride resonances is observed upon
cooling to 238 K. 'H NMR (6, CD3CN, 238 K): 4.81 (s, 5H,
Cp), 1.46 (d, Iup = 8.4 Hz, 27H, PMej3), —2.48 (virtual qd, Jup
=52.5 Hz, Jun = 8.4 Hz, 1H, Mo—Heg), —5.65 (virtual tt, Jup
= 46.4 Hz, Jyn = 8.4 Hz, 1H, Mo—Ha). 3P NMR: (9, CDs-
CN, 233 K): 10 (b, wiz = 50 Hz, 2P), 4 (b, w1, = 50 Hz, 1P).
Selective decoupling experiments (*H{selec-'H} and *H{selec-
31p}) allowed all the individual coupling constants to be
determined. A simulation of the experimental spectrum
proved satisfactory. Complex 4 is stable in acetonitrile: no
H, loss was observed over several months at room temperature
or for 18 h at 80 °C.

(b) In MeCN. To a solution of 1 (75 umol) in CD3CN was
added HBF; (54% in diethyl ether) (10 uL,72 mmol). Quan-
titative formation of 4 ensued. No transformation to [CpMo-
(PMe3)3(CDsCN)]*™ was observed over several days.

(b) In Wet MeCN. To a solution of 1 (80 umol) in CDsCN
(0.60 mL) was added H,0 (2 umol, 0.1 mmol). The *H NMR
resonances of 1 were not affected. Addition of HBF, (54% in
diethyl ether) (10 xL,72 mmol) resulted in its transformation
to 4 and did not shift the water peak resonance.

X-ray Crystallography for Compound 3:MeCN. A
yellow needle with approximate dimensions 0.50 x 0.10 x 0.10
mm was placed on the Enraf-Nonius CAD-4 diffractometer.
The cell parameters and crystal orientation matrix were
determined from 25 reflections in the range 10.0 < 6 < 16.2°
and further confirmed with axial photographs. Crystal pa-
rameters and selected collection and refinement parameters
are collected in Table 1. Intensity standards showed no
significant variation with time, and no decay correction was

(38) Brookhart, M.; Cox, K.; Cloke, F. G. N.; Green, J. C.; Green,
M. L. H.; Hare, P. M.; Bashkin, J.; Derome, A. E.; Grebenik, P. D. J.
Chem. Soc., Dalton Trans. 1985, 423—433.

C18H30B2FsMON2P3

645.98

153(2) K

0.71073 A

orthorhombic

Pnma

a=24.2632)A o=090°
b=1466322)A p=90°
c=7.9793(13)A y=90°
2838.8(6) A3, 4

1.511 Mg/m3

0.694 mm~1

1320

2.18—25.04°
—28<h<28,-17<k<17,-9<1<9
10283, 2624 [R(int) = 0.0997]
0.8282 and 0.7430

full-matrix least-squares on F2
2617, 41, 269

1.111

R1 = 0.0391, wR2 = 0.0692 [1889 data]
R1 = 0.0729, wR2 = 0.0809
0.462 and —0.596 e A3

applied. The data were corrected for Lorentz and polarization
factors and for absorption on the basis of the 1-scan method.*®
Systematic absences indicated the centrosymmetric space
group Pnma (no. 62) or the non-centrosymmetric space group
Pna2; (no. 33), intensity statistics clearly favoring the centric
case. The structure was determined by direct methods in
SHELXTL, with the successful location of the four heavy atoms
(Mo, 3P) and several carbon and nitrogen atoms. The remain-
ing non-hydrogen atoms were found from several additional
difference-Fourier maps. The Cp ring was found to be
disordered, and its refinement yielded two partial occupancy
fragments with relative occupancies of 0.57:0.43. One BF,
molecule was found to be fully occupied, while the second one
and the interstitial acetonitrile molecule were disordered in
symmetry-related positions. Hydrogen atoms were allowed to
ride on the parent carbon atom [d(C—H) = 0.950 A; Uy =
1.2Uparenyy for the Cp H atoms; d(C—H) = 0.980 A, Uy =
1.5Uparenty for the Me H atoms, initially determined with a
rotational difference-Fourier map about the central carbon
atom]. The hydride was located directly from a difference-
Fourier map and its parameters (xyzU) were all allowed to
refine freely. During the final stages of the full-matrix least-
squares refinement, all of the non-H atoms were refined
anisotropically. Several restraints were applied to force the
thermal parameters of the two sets of atoms comprising the
Cp ring to remain positive definite. The function minimized
was SW(F?2 — F¢?), where w = 1/[0%(F?) + (0.0331/P)? +
1.6302P] and P = (max(F.?,0) + 2F2)/3. An empirical correc-
tion for extinction was also attempted but found to produce a
negative value and was not applied. Selected bond distances
and angles are collected in Table 2.

Results and Discussion

(a) Electrochemical Oxidation of CoMoH(PMejs)s.
Compound 1 undergoes a reversible oxidation process
at E1», = —1.46 V vs the ferrocene standard in MeCN,
contrary to the corresponding irreversible oxidation
processes of complexes CpMoH(CO); and CpMoH(CO),L
(L = PMes, PPh3).1640 As expected, the oxidation
potential of 1 is shifted negatively with respect to the
potentials required to oxidize CpMoH(CO)>(PMes) (Epa

(39) North, A. C. T.; Phillips, D. C.; Mathews, F. S. Acta Crystallogr.,
Sect. A 1968, A24, 351—359.

(40) Quadrelli, E. A.; Kraatz, H.-B.; Poli, R. Inorg. Chem. 1996, 35,
5154-5162.
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Table 2. Selected Bond Distances (A) and Angles (deg) for Compound 3-MeCN

Mo(1)—CNT 1.980(11)

Mo(1)—CNT2 1.966(13)

Mo(1)—P(1) 2.476(2)
P(1)—Mo(1)—P(2) 90.28(3)
P(1)—Mo(1)—N(7) 143.36(13)
P(1)—Mo(1)—H(1A) 66(2)
P(2)—Mo(1)—N(7) 77.26(5)
P(2)—Mo(1)—H(1A) 70.7(3)
N(7)—Mo(1)—H(1A) 77(2)
CNT—Mo(1)—P(1) 106.6(8)

400G

Figure 1. EPR spectrum of the [CpMoH(PMej3);]* species
in THF (T = 193 K).

= +0.26 V)*0 and CpMoH(CO)3 (Ep. = +0.80 V).1¢ This
corresponds to a shift of ca. —0.54 V from the tricarbonyl
to the dicarbonyl derivative, and to an average of ca.
—0.86 V per CO/PMejs substitution from the dicarbonyl
to the tris(phosphine) derivative. A shift of —0.56 V was
correspondingly observed on going from CpWH(CO); to
CpWH(CO),(PMej3).16  Similar trends upon CO/PRj3
substitution have been observed before for other sys-
tems, for instance CpRuHLL' (L, L' = CO, tertiary
phosphine)*—44 and Cp* analogues* and a variety of
octahedral, d® dinitrogen, and #2-dihydrogen com-
plexes.46

The identity of the oxidation product of 1 as the
corresponding 17-electron cation [1]* has been verified
by EPR spectroscopy. Constant-current bulk oxidation
in THF at —70 °C in an EPR spectroelectrochemical cell
rapidly afforded the EPR spectrum shown in Figure 1.
The spectrum consists of a main doublet of quartets at
g = 2.014 because of coupling to the hydride nucleus
(an = 12.9 G) and the three phosphorus nuclei (ap =
28.6 G). The main signal is flanked by satellites due to
coupling to the | = 5/2 %Mo and %Mo nuclei (ap, = 27
G) in the corresponding isotopomers (total abundance
ca. 25%). Half-sandwich, 17-electron Mo(ll1) derivatives
are well-known to adopt a “four-legged piano stool”
geometry (see for instance the X-ray structures of

(41) Ryan, O. B.; Tilset, M.; Parker, V. D. Organometallics 1991,
10, 298—304.

(42) Ryan, O. B.; Tilset, M. J. Am. Chem. Soc. 1991, 113, 9554—
9561.

(43) Ryan, O. B.; Smith, K.-T.; Tilset, M. J. Organomet. Chem. 1991,
421, 315—322.

(44) Smith, K.-T.; Remming, C.; Tilset, M. 3. Am. Chem. Soc. 1993,
115, 8681—8689.

(45) Jdia, G.; Lough, A. J.; Morris, R. H. Organometallics 1992, 11,
161—-171.

(46) Morris, R. H. Inorg. Chem. 1992, 31, 1471—-1478.

Mo(1)—P(2) 2.5108(11)

Mo(1)—N(7) 2.144(5)

Mo(1)—H(1A) 1.61(6)
CNT—Mo(1)—P(2) 110.27(9)
CNT—Mo(1)—N(7) 110.1(8)
CNT—Mo(1)—H(1A) 173(2)
CNT2—-Mo(1)—P(1) 106.9(8)
CNT2-Mo(1)—P(2) 110.23(10)
CNT2—Mo(1)—N(7) 109.7(8)
CNT2-Mo(1)—H(1A) 173(2)

[CpMOoCI(PMe3)3]™).3747 If this is also the geometry
adopted by [1]*, the phosphine ligands should give rise
to a doublet of triplets rather than a quartet. However,
hydride ligands are often highly mobile in the coordina-
tion sphere of transition metal complexes and isomer-
ization processes are generally even faster in radical
species;*® therefore the three phosphine ligands may be
rendered equivalent on the EPR time scale by a rapid
fluxional process. Alternatives accounting for the equiva-
lence of the phosphorus couplings are an accidental
degeneracy of the two hyperfine splittings or a static
structure with equivalent phosphine ligands, namely,
a pseudo-tbp structure with Cp and H in the axial
positions. However, all related tris(phosphine) Mo(l11)
complexes have significantly different phosphorus hy-
perfine splittings (for [CpMoCI(PMes)s]" ap@) = 26.0 G,
apw = 19.5 G;%7 for [CpMoCl(triphos)]* ap@ = 28.0 G,
ap = 14.5 G*9), and a pseudo-tbp structure has never
been observed for this class of half-sandwich Mo(lll)
complexes.?® Therefore, we consider it more likely that
fluxionality is the reason for the EPR equivalence of the
three phosphorus nuclei. The EPR spectrum of [1]"
becomes broader upon warming, and only a broad line
with no distinguishable hyperfine splittings is observed
at room temperature. The compound slowly decomposes
at room temperature in THF, as indicated by the
decrease of EPR intensity (tiz ~ 30 min), while it
appears to be indefinitely stable at —70 °C.

(b) Chemical Oxidation of CpMoH(PMej3); and
Characterization of Its Kinetic and Thermody-
namic Products. The 1:1 interaction of 1 with either
Ag™ or CpzFe™ in THF results in electron transfer, with
formation of elemental silver or ferrocene, respectively,
and the unstable radical complex [1]"; see eq 1, as
shown by EPR spectroscopy. The interaction is instan-
taneous, without the formation of an observable hy-
dride-bridged silver adduct.

CpMoH(PMe,); + X* — X + [CPMoH(PMe,),]" (1)
1 [

(X = Ag, Cp,Fe)

When reaction 1 is run in MeCN, the formation of [1]*
is not observed by EPR, presumably because of its fast
decomposition in this solvent. The final products of the
reaction are Ag or ferrocene, and a 1:1 mixture of

(47) Fettinger, J. C.; Kraatz, H.-B.; Poli, R.; Rheingold, A. L. Acta
Crystallogr., Sect. C. 1995, C51, 364—367.

(48) Organometallic Radical Processes; Trogler, W. C., Ed.; Elsevi-
er: Amsterdam, 1990; Vol. 22.

(49) Cole, A. A.; Mattamana, S. P.; Poli, R. Polyhedron 1996, 15,
2351—2361.

(50) Poli, R. J. Coord. Chem. B 1993, 29, 121—-173.

(51) Volz, H.; Lotsch, W. Tetrahedron Lett. 1969, 27, 2275—2278.
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complexes [CpMo(PMesz)3(MeCN)]* and [CpMo(PMe3)s-
H,]*; see eq 2.

2CpMoH(PMe,); + 2X* + MeCN —
1

[CpMo(PMe,),(MeCN)]" + [CpMo(PMe,),H,] " +
2X (2)
(X = Ag, CpZFe)

Complex [CpMo(PMes)3zH]™ has been previously re-
ported from the protonation reaction of CpMoH(PMes)s
and has been further investigated by us (see section e).
Complex [CpMo(PMe3z)z(MeCN)]™, on the other hand,
has not been previously described. It shows the two
expected 3P resonances in a 1:2 ratio and the correct
integration for the Cp and PMe; resonances in the 'H
NMR spectrum. The 'H NMR resonance of the MeCN
ligand could not be observed, most likely because of a
rapid exchange with the CD3CN solvent. In an effort
to independently synthesize this complex, we attempted
to abstract the hydride ligand from 1 with the trityl
cation. A similar reaction on the related CpMoH(CO),-
(PR3) (R = Me, Ph) cleanly afforded the expected [CpMo-
(CO)2(PR3)(MeCN)].1540 Conversely, this reaction yields
a mixture of [CpMo(PMesz)sH2] T, [CpMo(MeCN)(PMes)s] ™,
and [CpMo(PMes)sH(MeCN)]2*, even when carried out
at lower than ambient temperatures. This result is
consistent with the known reduction potentials of the
trityl cation (+ 0.08 V vs Fc/Fct %) and 1 (—1.46 V vs
Fc/Fc*, vide supra). This electron-transfer reaction also
leads to a number of unidentified byproducts, which
may result from side reactions such as attack of the
trityl radical at the cyclopentadienyl ligand.*® The other
expected end product is the trityl radical, in equilibrium
with its head-to-tail dimer, the latter being observed in
the 'H NMR spectrum. A spectroscopically pure solu-
tion of [CpMo(PMe3)3(MeCN)]* was eventually obtained
by deprotonation of isolated [CpMo(PMe3)sH(MeCN)]?*
(vide infra).

The formation of the products of reaction 2 is in
agreement with the general reactivity observed for a
series of closely related systems.1644 It is worth noticing
that the solvent adduct is the only product of the
oxidation of the very similar CpMoH(CO),(PMes), the
reaction otherwise proceeding with the same stoichi-
ometry (1 equiv of oxidizing agent per Mo center) under
anhydrous conditions.*® This is so because the hypo-
thetical product of proton transfer, [CpMoH,(CO),-
(PMe3)]™, is unstable toward loss of H,. The substitu-
tion of the two carbonyl ligands with as many phosphine
ligands renders the dihydride product sufficiently elec-
tron-rich to prevent the expulsion of molecular hydro-
gen.

When the oxidation is carried out in the presence of
2 equiv of oxidant (either Fc™ or Ag™") in either THF or
MeCN, dicationic hydride complexes [CpMoH(PMe3)s-
(S)]%" (S = THF, MeCN) are obtained (see eq 3). These
complexes have been isolated as PFg~ salt for S = THF
(compound 2) and as BF,;~ salt for S = MeCN (compound
3). The complex [CpMoH(PMes)3(MeCN)]2" has also
been observed as a kinetic product during the oxidation
with only 1 equiv of oxidant. When the reaction mixture
was set for crystallization in the early stages of the

Fettinger et al.

oxidation, compound 3 was recovered as a the major
product in a 38% yield.

CpMoH(PMe,), + 2X* + S —
1

2X + [CpMoH(PMe,)5(S)I** (3)
(X = Ag, Cp,Fe; S = THF, MeCN)

Compound 2 is rather unstable in solution, preventing
a spectroscopic characterization and leading to an
analytically impure solid. Its isolation is permitted by
its sparing solubility under the synthetic conditions.
However, recovery of the precursor complex 1 by cobal-
tocene reduction of isolated 2 comes in strong support
of our proposed formulation. The scant solubility of the
dication and the variety of decomposition products have
discouraged us to investigate this decomposition process
in more detail. One of the various final products of
decomposition has been recognized as the oxo complex
[CpMoO(PMej3),]™, indicating that adventitious water
favorably competes with THF for coordination to the
Mo(lV) center of the dicationic hydrido complex. The
role of water as a ligand during the oxidation of
compound 1 under a variety of conditions will be the
subject of a separate contribution.52 A THF adduct
deriving from the oxidation of CpRe(PPhgz),H, in THF,
[CpRe(PPh3),(THF)H]", has been described.53

Compound 3 is much more stable than compound 2
and could be recrystallized from MeCN/Et,0, yielding
analytically pure crystals that were investigated by
NMR and X-ray crystallography. The inequivalent
phosphine ligands give rise to two resonances in a 2:1
ratio in both the 'H and the 3'P NMR spectrum, in
agreement with the crystallographically determined
structure (vide infra). While no resonance was observ-
able in the 'H NMR for the hydridic proton, its presence
was confirmed by selective decoupling 3P NMR experi-
ments. The hydride resonance could not be hidden
under the Cp* or PMe; resonances, because the latter
ones were saturated in the selective decoupling experi-
ment which reveals the P—hydride coupling. The
coupling constants between the hydride and the two
inequivalent sets of phosphorus nuclei are the same and
relatively small (10 Hz), consistent with the observed
cis arrangement. The geometry of the dication in the
structurally characterized 3-MeCN (see Figure 2) may
be described as a pseudooctahedron when considering
the Cp ligand as occupying a single coordination posi-
tion. This geometry is analogous to that established for
a number of other Cp-containing 18-electron complexes
of Mo(1V) and W(IV).54761 As may be expected from

(52) Fettinger, J. C.; Kraatz, H.-B.; Poli, R.; Quadrelli, E. A.
Submitted.

(53) Detty, M. R.; Jones, W. D. 3. Am. Chem. Soc. 1987, 109, 5666—
5673.

(54) Starker, K.; Curtis, M. D. Inorg. Chem. 1985, 24, 3006—3010.

(55) Owens, B. E.; Poli, R. Inorg. Chim. Acta 1991, 179, 229—237.

(56) Feng, Q.; Ferrer, M.; Green, M. L. H.; Mountford, P.; Mtetwa,
V. S. B. J. Chem. Soc., Dalton Trans. 1992, 1205—1215.

(57) Abugideiri, F.; Gordon, J. C.; Poli, R.; Owens-Waltermire, B.
E.; Rheingold, A. L. Organometallics 1993, 12, 1575—1582.

(58) Green, M. L. H.; Morise, X. M.; Hamilton, A. H.; Chernega, A.
N. J. Organomet. Chem. 1995, 488, 73—78.

(59) Willey, G. R.; Woodman, T. J.; Drew, M. G. B. J. Organomet.
Chem. 1996, 510, 213—217.

(60) Fettinger, J. C.; Keogh, D. W.; Poli, R. 3. Am. Chem. Soc. 1996,
118, 3617—3625.
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Ci3A

Cc11

Figure 2. View of the cation for [CpMoH(PMez)3(MeCN)J?*
with the numbering scheme used. Ellipsoids are drawn at
the 30% probability level.

trans-influence arguments, the Mo—P(2) bond is sig-
nificantly longer than the Mo—P(1) bond. No noticeable
trans-effect, on the other hand, is exerted by the hydride
ligand on the Cp ring, since the Mo—CNT distance of
1.97(1) or 1.98(1) A for the two orientations of the ring
in 3 is essentially indentical to the distance of 1.99(1)
A reported for complex [CpMoFCI(dppe)(MeCN)]*, where
the ring is located trans relative to the weakly trans-
directing fluoride ligand.5°

(c) Disproportionation Mechanism. Upon one-
electron oxidation of a metal hydride complex [M]—H,
the formation of a 1:1 mixture of the protonation product
{[M]H2}* and the solvato complex {[M](S)} ', as in eq
2, is frequently observed. There have been two estab-
lished mechanisms for this process, both involving the
decomposition of the primary oxidation product, the 17-
electron {[M]—H}** complex. These are the deprotona-
tion mechanism® and a less commonly observed dis-
proportionation**%2 mechanism (paths a and b in Scheme
2, respectively). This disproportionation pathway has
previously been proposed for the decomposition of
complexes [MH(dppe)2]© (M = Rh, Ir),52 [IrH(CO)-
(PPh3)s]*,%2 [CpReH{ P(p-XCsHa)a}2]" (X = H, Me, F,
OMe),5% and [CpRuUHL,]* (L = PPhz or L, = Ph,PCH,-
CH,CH,PPh?).44 The deprotonation mechanism in-
volves rate-determining proton transfer to the unoxi-
dized parent hydride complex, while the dispropor-
tionation mechanism involves rate-determining electron
transfer between two molecules of the primary oxidation
product. The disproportionation mechanism also in-
volves a proton transfer, but only after the electron
transfer generates a supposedly more acidic {[M](S)H} %"
species. For the deprotonation mechanism to occur, the
proton transfer from the 17-electron {[M]—H}** complex
to the neutral 18-electron precursor must be very rapid
and compete with the oxidation reaction itself. The
results of the reactions 1—3 show that the 17-electron
complex [1]" is not rapidly deprotonated by 1, allowing
the one-electron oxidation to proceed quantitatively.
Then complex [1]" may only decompose by dispropor-
tionation since there is no residual 1 left in solution.

(61) Abugideiri, F.; Fettinger, J. C.; Pleune, B.; Poli, R.; Bayse, C.
A.; Hall, M. B. Organometallics 1997, 16, 1179—1185.

(62) Pilloni, G.; Schiavon, G.; Zotti, G.; Zecchin, S. J. Organomet.
Chem. 1977, 134, 305—318.
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This proposition is in agreement with kinetic studies,
which are presented in the next section. The present
system has allowed, for the first time, the isolation and
characterization of the dicationic hydride intermediate
of the disproportionation process. Previously, the exist-
ence of this intermediate had only been inferred from
electrochemical studies.**

The dicationic hydride product is selectively obtained
if the oxidation is carried out in the presence of 2 rather
than 1 equiv of oxidizing agent. Coordination of the
solvent to the 17-electron primary oxidation product to
afford a more easily oxidizable 19-electron species
probably occurs as shown in Scheme 2.4 This is
indicated by the longer lifetime of the 17-electron species
[1]T in the weaker coordinating THF solvent (ty, = 30
min) relative to MeCN (complete-in less than 7 min). A
similar solvent effect has been noticed** for the decom-
position of [CpRUH(PMej3),]* by disproportionation.

The observation of the dication (and indeed its isola-
tion as 3), even when only 1 equiv of oxidant is used,
shows that the final proton-transfer step of the dispro-
portionation mechanism is slow. This has been inde-
pendently verified by mixing equivalent amounts of the
isolated complexes 1 and 3 (eq 4). The steric bulk of
the reagents probably hinders the proton transfer.
Deprotonation of the dication also occurs slowly upon
addition of triethylamine. This reaction affords a
spectroscopically pure solution of a single product,
corresponding to the complex that forms together with
the dihydride cation [CpMoH,(PMe3s)s]™ during the
decomposition reaction and confirms the assignment of
this product to the MeCN adduct [CpMo(PMes)s-
(MeCN)]* (eq 2). Under the reasonable assumption that
this reaction follows a second-order rate law, the
measured half-life under pseudo-first-order conditions
(see Experimental Section) yields an approximate rate
constant of 3 x 1073 s~ M~ for the proton transfer to
NEts. A qualitative comparison indicates that the
proton transfer to 1 is slower than to NEts.

[CpMoH(PMe,);(MeCN)]*" + B —
[CpMo(PMe,),(MeCN)]* + BH™ (4)
(B =1, NEt,)

(d) Kinetic Studies on the Decomposition of
Complex [1]T in THF. A kinetic handle on the
decomposition of [1]" was gained through the time
evolution of the EPR spectrum for the reaction carried
out in THF (Figure 3, curve a). The data fit well a
second-order decay equation (correlation coefficient R2
= 0.983), while the first-order (exponential) decay gives
a much poorer fit (R2 = 0.929). This is as expected for
the disproportionation mechanism (rate = Kaisprop[171%;
Kdisprop = 7.5(8) x 1073 s™* M™1). The isolation of 2 when
using 2 equiv of oxidant is consistent with this finding
and leads us to believe that the kinetic results obtained
in THF (rate law and mechanism) may be extrapolated
to MeCN, where the decomposition is too fast to be
followed by EPR spectrocopy. Complex [CpMo(PMej3)s-
(S)]T is unfortunately stable only when S = MeCN,
whereas the THF compound leads to further complex
decomposition.

The decay of the EPR signal was also studied in the
presence of residual neutral starting material 1, which
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Figure 3. Plot vs time of the EPR signal double integrals
for (a) [1]* (0.02 M) and (b) [1]* (0.02 M) + 1 (0.025 M).
The curves are the best fits to the data (see text).
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may act as a base according to Scheme 2 (path a). A
much faster decay was observed under these conditions
(see Figure 3, curve b), suggesting that a faster proton-
transfer decomposition mechanism is indeed taking
place under these conditions. As shown in Scheme 2,
the rate law should show a first-order dependence on
the radical species and a first-order dependence on the
neutral complex for the deprotonation mechanism. In
addition, we know that the deprotonated radical com-
plex, CpMo(PMesz)s, does not accumulate in solution
since the EPR monitoring only shows the decay of the
signal of [1]T. Thus, it is likely that CpMo(PMes); is
further oxidized (possibly after coordination of a solvent
molecule) by the residual [1]" according to eq 5.

CpMo(PMe,); + [1]" + S — [CpMo(PMe,)4(S)]" + 1
)

The comparison of path a in Scheme 2 and eq 5

Fettinger et al.

illustrates that compound 1 is consumed by the proton
transfer step but is later regenerated by the electron-
transfer step. Thus, compound 1 merely acts as a
catalyst of the decomposition of 11 by the deprotonation
mechanism. In other words, the concentration of 1
remains constant during the decomposition, and a clean
first-order decay is expected. On the other hand, the
data give a poor fit for both the first-(R2 = 0.955) and
the second-order (R2 = 0.953) decay equations. We then
reasoned that the decomposition of [1]*, under these
conditions, would be taking place by a combination of
the two independent mechanisms. The first-order decay
should become prevalent toward the end of the decom-
position, when the concentration of 17 is low, while the
decay at the very beginning should follow the dispro-
portionation pathway to a greater extent.53 The decay
should therefore follow the biphasic rate law in eq 6,
which provides the integrated rate law shown eq 7 in a
straightforward manner. In this equation, [1T]o is the
starting concentration of the radical complex, ko = Kaisp,
and ki = Kgeprot[1].

—d[1")/dt = k,[17] + k,[17T? (6)
ky + ky[17] okt ko[17To|
n ] ) In [1+]0 ) = kit (7

Fitting of the data by eq 7 was carried out by imposing
ko to be identical with the rate constant obtained from
the fit of curve a. This yields curve b in Figure 3 for an
improved correlation coefficient R2 = 0.968. The value
obtained for ki is 1.00(7) s~%, which in turns gives Kgeprot
= kq/[1] = 4.4(3) x 1072571 ML, The ratio Kgeprot/Kdisp
= 5.8(7) means that, when the concentration of 1 is the
same as that of 17, the deprotonation pathway is ca.
5.8 times faster (in the THF solvent) than the dispro-
portionation pathway or, in other words, that 17 is ca.
5.8 times more likely to transfer a proton to 1 than to
oxidize another molecule of 1™ (in equilibrium with
[CpMoH(PMes)3(THF)]) in the THF solvent. In MeCN,
the disproportionation pathway should be accelerated
as predicted by the better coordinating power of the
solvent.** The rate of proton transfer from 1% to 1, on
the other hand, should be essentially solvent indepen-
dent. If anything, the deprotonation should become
slower in MeCN in view of the more favorable equilib-
rium of formation of the 19-electron solvent adduct,
which should in turn have a lower acidity because of
the higher metal electron density. In conclusion, the
decomposition of 11 takes place by disproportionation
in MeCN, whereas there is a competition between
deprotonation and disproportionation in THF, the former
being prevalent in the presence of 1. This appears to
be the first hydride system for which a competition
between the two decomposition mechanisms has been
guantitatively assessed.

The effect of the PMes substitution on the stability of
the 17-electron hydride radical species, [CpMoH(CO),-
(PMe3)s—n] ™, toward deprotonation is remarkable. This
increased stabilization should probably be attributed to
the steric crowding by the bulkier PMes ligand and not
to the decreased acidity of the hydride complex. In fact,

(63) Wilkins, R. G. Kinetics and Mechanism of Reactions of Transi-
tion Metal Complexes, 2nd ed.; VCH: New York, 1991.
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while the acidity of [CpMoH(CO),(PMes)s—n] " decreases
as n decreases, the basicity of the proton acceptor
CpMoH(CO)n(PMe3)s—n correspondingly increases, so
that the thermodynamic driving force for the proton
transfer should not be greatly affected by the CO/PMej;
substitution. A similar steric argument has previously
been advanced to explain the lack of proton-transfer
reactivity for the 17-electron [Cp*FeH(dppe)]™ com-
plex.54

It is also interesting to compare the rates of proton
transfer of the 17-electron complex [1]T and the 18-
electron complex [CpMoH(PMes)s(MeCN)]2" to 1. The
deprotonation of [1]7 (k = 5.5 x 1072 s71 M) is faster
than that of the dicationic hydride (k < 3 x 1073 s71
M~1), at odds with an expected greater thermodynamic
acidity for the dicationic product. We can tentatively
rationalize this phenomenon, once again, on steric
grounds. The increased steric crowding resulting from
the MeCN coordination may render the proton less
accessible and the deprotonation kinetically slower.

(e) Protonation of 1. While the addition of H™ to
compound CpMoH(CO),(PMe3) affords an unstable
[CpMo(H2)(CO)2(PMe3)]* complex, which immediately
expels Hy,% the protonation of the electron richer
complex 1 affords the stable dihydride complex [CpMoH.-
(PMe3)3]*.%8 This protonation reaction was previously
investigated in Et,0/H,0.38 We find the same result
in MeCN, confirming that the observed complex [CpMo-
(PMes)sH2]™ may be obtained in this solvent by proton
transfer following the oxidation of 1. The BF, salt
(compound 4) was isolated in high yields by protonation
with HBF, in toluene. The NMR characterization that
we have obtained for this complex completes that
previously reported3® and shows that the compound is
a classical dihydride with inequivalent hydride ligands
(decoalesced at 238 K in the 'H NMR). A pseudoocta-
hedral structure similar to that described for compound
3 with one pseudoaxial and one pseudoequatorial hy-
dride ligand is suggested by the NMR double-resonance
experiments (see supplemental figure). The proposed
arrangement is equivalent to that observed by X-ray
crystallography for the isoelectronic complex CpMoHjs-
(PMe,Ph),.61 A similar geometry has also been found
through heteronuclear double-resonance experiments
and an X-ray diffraction study for the isoelectronic
complex (CsHsMe)WH,(PMes)s2+.%5 It is rather remark-
able that the dihydride cation does not have any

(64) Hamon, P.; Toupet, L.; Hamon, J.-R.; Lapinte, C. Organome-
tallics 1992, 11, 1429-1431.
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tendency to evolve dihydrogen. No change in the NMR
spectrum was observed upon standing in CD3CN for
several months or upon heating. The difference in H;
evolution reactivity between [CpMoH2(CO)n(PMez)z—n]"
(n =1 and 3) is in line with theoretical studies®® on the
equilibrium between classical and nonclassical polyhy-
drides for cyclopentadienyl complexes.

Conclusions

We have shown in this contribution that complex 1
undergoes a one-electron oxidation when reacted with
Ag™ or Fc*, to afford a relatively stable 17-electron
hydride product, [1]*. Hydride complexes with a 17-
electron configuration are usually rather unstable.
Complex [1]" is, to the best of our knowledge, the first
such complex for Mo(l1l) that is sufficiently stable to
be characterized spectroscopically. A kinetic study of
its decomposition reaction by EPR spectroscopy shows
a solvent-assisted disproportionation pathway (faster in
MeCN relative to THF). The key intermediate of this
pathway, a dicationic hydrido Mo(IV) complex, has been
isolated and structurally characterized. The presence
of unoxidized 1, however, catalytically triggers a faster
decomposition (in THF) by a deprotonation pathway. It
was not possible to establish whether the silver oxida-
tion is direct (outer-sphere) or whether it takes place
via the formation of an intermediate Mo—(u-H)—Ag
adduct (inner-sphere mechanism), because no interme-
diate of this type could be observed. In the next
contribution,®® we shall compare the current findings
with those obtained for the oxidation of the related
CpMoH(CO),(PMe3) complex.
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