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Abstract: The first examples of stable, mononuclear 17-electron carbonyl complexes of Mo(lll) have been synthesized,
isolated, and characterized by IR and EPR spectroscopy. Oxidation of Cp*MoCI(CQ)(ReE, = —0.48 V

vs Fc/F¢), Cp*MoCI(CO)(dppe) 2; Ey; = —0.44 V), and CpMoCI(CO)(dppeB( E1» = —0.25 V) with Fc'PFRs~

yields [1]PFs, [2]PFs, and B]PFs, respectively. The IR stretching vibration of the 17-electron oxidation products
are 136-153 cn1?! blue-shifted with respect to the corresponding stretching vibrations of the parent Mo(ll) compounds.
The room temperature EPR spectra show observable coupling to the Mo and P nuclei and indicetgeometry

for 1t and acis geometry for2t and3*. The four-legged piano stool geometry 2f with the phosphines atoms

in relativecis positions has been confirmed by a single-crystal X-ray analysis. The X-ray da]Rés[THF are

the following: monoclinic,P2:/n, a = 13.7394(14) Ab = 20.421(2) A,c = 14.857(2) A, = 99.119(83, V =
4115.8(8) B, Z = 4, Dy = 1.469 gcm3, A(Mo Ka) = 0.71073 A,u (Mo Ka) = 0.562 mmL, R(F) = 4.59%,

R(WF?) = 10.77% for 4299 data witF, > 40(F,). The thermal stability of the cations decreases with increasing
carbonyl stretching frequencies in the order > 2t > 3*. The decarbonylated product of thermolysis3df,
[CpMoCIF(dppe)(MeCN)iPFs~, [4]PFs, which is believed to arise via a 15-electron [CpMoCl(dppéjtermediate,

has been isolated and characterizedhy?!P, and'%F NMR spectroscopies as well as a single-crystal X-ray analysis.
The structure offt shows a distorted pseudooctahedral geometry with the Cp ring and the F atom occupying the
two axial coordination sites and the two phosphine atoms of the dppe occupyirgsteguatorial sites. The data

for [4]PFs*MeCN are as follows: monoclinid?2y/n, a = 13.160(2) A,b = 10.942(2) A,c = 25.010(3) A8 =
95.225(109, V = 3586.4(9) B, Z = 4, D, = 1.557 gcm 3, (Mo Ka) = 0.71073 A R(F) = 4.11%,RWF?) =
11.81% for 5964 data witk, > 40(F,). The nucleophilic addition of Clto 1, 2%, or 3" is followed by redox
processes to afford mixtures of the parent Mo(ll) carbonyl compléxesand Mo(1V) or Mo(V) products, depending

on the nature of the ligands. The mechanism of these reactions has been elucidated through parallel chemical and
electrochemical studies.

Introduction (CO), complexe’® fully decarbonylate at the mild Gi€l,
reflux.® In addition, a greater kinetic lability is expected for
the metal-CO bond in odd-electron systerh3.We report here

the synthesis, isolation, and characterization of the first examples
of stablemononuclear, 17-electron Mo(lll) carbonyl derivatives.

Organometallic radicals, especially those characterized by a
17-electron configuration, are receiving a great deal of attention
in view of their involvement as intermediates in a variety of
fupdamental processé?é. Stable.17-electr0n compounds' CON- Stable CO derivatives of Mo(lll) were previously limited to
taining carbon monoxide as a ligand are generally confined to dinuclear, metatmetal bonded, diamagnetic compounds, e.g
the low oxidation states. For complexes of molybdenum, very bszMoz(/;-SRk(CO)gL]H R o Mo, Phr L= GO, MeCl\’l, .g.

few such species have been isolated to date and these all contaifi 11-13 ) 14 )
the metal in the oxidation stat¢1, e.g. [Mo(CO}L—L),]* SE/IZ():(LI;I-)éQCHz)[(((::%I\)Q%% SMel(CO)]™,* and [CpMoz(u

(L—L = dmpe, dppe};* [Mo(CO)(CNxylyl)2(PELPhy]* 3
[Mo(CO),L(t-Bu-DAB)]*™ (L = MeCN, MeNCt-BuNC; DAB Experimental Section

- 1,4-.d|aza-l,3-butad|enéﬂ'p*Mo(CQ)3 [Tp*. - hydrldptr|§- General Data. All operations were carried out under an atmosphere
(3,5-dimethylpyrazolyl)borate]. Upon increasing the oxidation ¢ 4r40n with standard Schlenk-line techniques. Solvents were purified
state, it is expected that the met&O bond weakens. For  py conventional methods and distilled under argon prior to use. FT-

instance, although the CpMoX(COX = halogen) complexes (8) Haines, R. J.; Nyholm, R. S.; Stiddard, M. H. B.Chem. Soc. (A)
are thermally stable toward CO loss, the corresponding Cp- 1964 1066 1606-1607. R T

MoXs- (9) Green, M. L. H.; Lindsell, W. EJ. Chem. Soc. (A)967, 686—687.
(10) Gordon, J. C.; Lee, V. T.; Poli, Rnorg. Chem.1993 32, 4460~
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IR spectra were recorded on a Perkin-Elmer 1800 spectrophotometer Synthesis of Cp*MoCl(dppe)(CO) (2). Cp*MoCl, (0.260 g, 0.778
with a liquid IR cell equipped with KBr plates. NMR spectra were mmol) was added to a THF solution (25 mL) of dppe (0.310, 0.778
recorded on Bruker WP200, AF200, and AM400 spectrometers; the mmol), containing Na/Hg (0.060 g, 2.60 mmal T g ofHg). Stirring
peak positions are reported with positive shifts downfield of TMS as for approximately 5 min gave a light brown colored solution with a

calculated from the residual solvent peaks)( downfield of external brown precipitate. The argon atmosphere was replaced with CO and
85% HPO, (°'P), or downfield of external TFAY®F). For each®'P the solution was allowed to stir overnight, during which time the
and F-NMR spectrum a sealed capillary containingPi®, or TFA solution became clear and dark orange in color. The THF was removed

was immersed in the same NMR solvent used for the measurementunder reduced pressure, the residue was extracted with toluene (10 mL),
and this was used as the reference. Samples for EPR spectra werand the resulting solution was then filtered through Celite. The Celite
placed in 3-mm glass tubes and were recorded on a Bruker ER200was rinsed with toluene (% 2 mL) and the rinsings added to the
spectrometer upgraded to ESP 300 equipped with an X-band microwaveoriginal toluene extract. The toluene solution was concentrated to ca.
generator, using DPPHy(= 2.004) as an external calibrant. Cyclic 2 mL and heptane (20 mL) was added, precipitating an orange solid.
voltammograms were recorded with an EG&G 362 potentiostat The mixture was placed at80 °C for 1 h, after which time the solid
connected to a Macintosh computer through MacLab hardware/software.was filtered, washed with heptane 25 mL), and dried under vacuum.
The electrochemical cell used consisted of a modified Schlenk tube Yield: 0.318 g, 60%. Anal. Calcd (found) for GH3sCIMoOP:: C,

with a Pt counter electrode sealed through uranium glass/Pyrex glass64.12 (63.91); H, 5.67 (5.59). IR (THF): 1835 cin 'H-NMR
seals. The cell was fitted with a Ag/AgCl reference electrode and a Pt (C¢Ds): 6 7.77 (m, 4 HPh,PCHCH,PPh,), 7.61 (m, 20 HPh,PCH,-

disk working electrode. All half-wave potentials were measured and CH,PPhy), 1.55 (br, 4H, PEPCH,CH,PPh), 1.41 (s, 15H, Mes). 31P-

are reported with respect to the ferrocene/ferricenium couple. The {H}-NMR (C¢Dg): 6 90.2 (d,Jpp = 38 Hz, 1 P), 64.5 (dJrp = 38
ferrocene was added to the solution at the end of each measurement aklz, 1 P).

an internal standard. No IR correction was applied during the Synthesis of [Cp*MoCl(dppe)(CO)]PFKs ([2]PFs). By a procedure
measurements. The elemental analyses were carried out by M-H-Wanalogous to that described above 10y, the interaction of 0.383 g
Laboratories, Phoenix, AZ, Galbraith Laboratories Inc., Knoxville, TN, (0.508 mmol) of2 with 0.180 g (0.515 mmol) of FPK~ yielded 320

and Desert Analytics Laboratory, Tucson, AZ. Cp*M@€l” and g (75% yield) of PJPFs. Anal. Calcd (found) for G/H3sCIFsMOOPs:

{CpMoCL} '8 were prepared as previously described. P{Addrich), C, 53.03 (52.6); H, 4.69 (4.90). IR (THF): 1971 cin EPR (THF):
dppe (Strem), and CO (Air Products) were used without any further g = 2.003 (dd with Mo satellitesgp; = 28.1 G;ap2; = 17.7 G;amo =
purification. 29.8 G).

Synthesis of Cp*MoCI(PMe&;)z(CO) (1). Cp*MoCl, (0.460 g, 1.23 Synthesis of CpMoCl(dppe)(CO) (3). CpMoChk(dppe) was pre-
mmol) was added to a THF solution (20 mL) of PM@®.255 mL, pared in situ fror{ CpoMoCh}, (0.544 g, 2.34 mmol) and dppe (0.932

2.46 mmol) containing Na/Hg (0.090 g, 3.91 mmol in 10 g of Hg) g, 2.34 mmol) in CHCl, (5 mL) as previously describéd,and
giving a purple colored solution, which was stirred at room temperature. recovered as a solid by reducing the volume to ca. 1 mL and
Over a period of 12 h the color changed from purple to red-brown to precipitation with heptane (10 mL). The solid was washed with heptane
yellow-brown. An aliquot was taken for an NMR irsQs to confirm (2 x 5 mL) and then suspended in THF (40 mL). The THF suspension
the identity of Cp*MoCI(PMe),'° and to verify the complete consump-  was transferred via cannula onto Na/Hg (0.058 g, 2.52 mmélg of

tion of the intermediate Cp*Mo@IPMe;), (see Results). The THF Hg) and the atmosphere of argon was replaced with CO. After stirring
solution was filtered through Celite and then evaporated to dryness overnight the solution was dark orange in color. The THF solution
under reduced pressure. The residue was dissolved in heptane (10 mLjvas concentrated to ca. 10 mL and an orange solid was precipitated
and the argon atmosphere was then replaced with CO, resulting in anby adding heptane (30 mL). The solid was washed with heptane (3
immediate color change to red-orange. The heptane solution was5 mL) and dried under vacuum. Yield: 0.867 g, 60%. The

concentrated to cd/, of the original volume and then placed-a80 spectroscopic properties of this material are identical to those previously
°C overnight. Orange crystals were isolated and dried under vacuum.reportec® IR (THF): 1853 cm!. H-NMR (CgDg): 6 7.88 (M, 4 H,
Yield: 0.160 g, 29%. MS (Cl, negative ions): 448 ([M]100%), PhPCH.CH,PPh,), 7.74 (m, 8HPhPCH.CH,PPh,), 7.63 (m, 8HPhy-
372 (IM]” — PMe;, 93%). IR (THF): 1782 cm’. H-NMR (C¢Dg): PCHCH,PPHh,), 4.50 (s, 5 H, Cp), 2.69 (br, PBRCH,CH,PPh), 1.77
0 1.66 (s, 15 H, GMes), 1.30 (vt,Jpy = 4 Hz, 18 H, PMg). 3'P{'H}- (br, PBPCH,CH,PPh). 3P{*H}-NMR (CDCls): 6 92.9 (d,Jpp= 38
NMR (CgDg): 0 18.5. Hz, 1 P), 68.0 (dJep = 37 Hz, 1 P).

Synthesis of [Cp*MoCIl(PMe;)(CO)]PFs ([1]PFs). CpFe'PR~ Synthesis of [CpMoCl(dppe)(CO)]PK ([3]PFs). By a procedure

(0.179 g, 0.512 mmol) was added to a stirring THF solution (10 mL) analogous to that described above fdjPFs, the interaction of
of 1(0.229 g, 0.512 mmol). Animmediate reaction occurred quenching 0.240 g (0.385 mmol) o8 with 0.143 g (0.409 mmol) of PPPRs~
the blue color of the Fc The THF was concentrated under reduced vyielded 207 g (70% yield) of JPF. Anal. Calcd (found) for
pressure to approximately 3 mL and the prodii@@F;~ was precipitated C31H2oCIFsMOOPs+(C7H16)025 C, 51.12 (51.21); H, 4.19 (4.26). The
with heptane (15 mL), filtered, washed with heptanex(3 mL), and presence of heptane was confirmed ¥¥NMR spectroscopy. IR
dried under vacuum. Yield: 0.207 g, 68%nal. Calcd (found) for (THF): 2002 cn!. EPR (THF): g = 2.002 (dd with Mo satellites;
C17H33CIFeMoOPs: C, 34.51 (33.27); H, 5.62 (5.68). Low C analyses ap; = 28.6 G;ap, = 16.6 G;aw, = 30.2 G).

(erratically in the range of 30.333.27% from different commercial General Procedure For Studying the Thermal Stability of the
laboratories, with differences greater than 0.5% even for duplicate Carbonyl Cations. Approximately 0.050 g ofT]PFs, [2]PFs, and BJ-
analyses on the same preparation) for this compound have beenPFR, was dissolved in THF (5 mL). The solutions were heated in an
repeatedly obtained on several different preparations, in spite of the oil bath thermostated at 58C. The concentrations of the carbonyl
homogeneity of the crystalline samples upon optical inspection and cations were then analyzed by monitoring the intensity obthgbands
the spectroscopic purity. We tentatively attribute this phenomenon to in the IR spectra of the solutions.

incomplete combustion during the analytical procedure. No EPR-active  Synthesis of [CpMoCIF(dppe)(MeCN)]PF ([4]PFs). A THF
impurity is observed in the EPR spectrum (see Results section) and nosolution (5 mL) of B]JPFs (0.164 g, 0.214 mmol) was heated foh at

diamagnetic impurity is observed in the NMR spectrumdiarHF), 55°C. The red precipitate that had formed was filtered off and dried
the latter showing only the solvent resonances. IR (THF): 1920.cm  under vacuum. Yield: 0.036 g, 44% based on [CpMoCIF(dppe)IPF
EPR (THF): g = 2.005 (t with Mo satellitesge = 23.0 G;awo = Anal. Calcd (found) for GiH2sCIF,MoPs: C, 49.06 (48.83); H, 3.85
26.3 G). (4.02). The red solid was dissolved in MeCN and crystals4R s
. T . : (0.030 g) were obtained by slow diffusion of a,Btlayer. *H-NMR

195(3%621,M9u5r@g5%,c" Blum, L.; Liu, A. H.; Schrock, R. Rdrganometallics (-MeCN): 0 8.29 (m, 2H,PhPCHCH,PPh), 7.78 (m, 4H,Phy-

(17) Abugideiri, F.; Keogh, D. W.; Kraatz, H.-B.; Poli, R.; Pearson, W. PCHCH:PPh,), 7.48 (m, 14HPh,PCHCH,PPh,), 5.17 (t, 5H, 34 =
J. Organomet. Cheni995 488 29-38. 7.2 Hz, GHs), 3.25 (m, 4H, PWPCH,CH,PPh). 3P{'H}-NMR

(18) Linck, R. G.; Owens, B. E.; Poli, R.; Rheingold, A.Gazz. Chim.
Ital. 1991 121, 163-168. (20) Krueger, S. T.; Owens, B. E.; Poli, Rorg. Chem199Q 29, 2001~

(19) Abugideiri, F.; Keogh, D. W.; Poli, RJ. Chem. Soc., Chem. 2006.
Communl1994 2317-2318. (21) Staker, K.; Curtis, M. D.Inorg. Chem.1985 24, 3006-3010.
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(d3-MeCN): ¢ 55.5 (br, d, 1PJpr= 73 Hz), 45.6 (br, d, 1PJpr = 53 Table 1. Crystal Data for 2]PFs: THF and B]PFs:MeCN
Hz). 18F-NMR (-MeCN): 6 13.17 (dd, MoF Jrpr = 75 Hz, Jrpo =
2PFo THF 4PFsMeCN
61 Hz), 9.47 (d, PE Jrp = 706 Hz). _ [2PFs [4lPFsMeC
Synthesis of Cp*MoCh(dppe) [6]. Cp*MoCl, (0.382 g, 1.02 mmol) empirical formula  GiHsCIFsM0oO2P;  CasHasCIFMONPs

was added to a THF solution (20 mL) of dppe (0.406 g, 1.02 mmol) Igm;)m&m %g(g? ?gg(g?

containing Na(sand) (0.053 g, 2.31 mmol) and napthalene (0.020 g, wavelength, A 0.71073 0.71073
0.16 mmol) giving a brown colored solution, which was stirred at room crystal systém monoclinic monoclinic
temperature. Over a period of 12 h the color changed from brown to gpace group P2(1)h P2(1)h
red-brown. The THF was removed under reduced pressure and the ynit cell dimensions
residue extracted into GBI, (15 mL). The CHCI, solution was a A 13.7394(14) 13.160(2)
filtered and concentrated té; of its original volume. A brown solid b, A 20.421(2) 10.942(2)
was precipitated by adding heptane (15 mL). The solid was dried c, A 14.857(2) 25.010(3)
and isolated. Yield: 0.457g, 67%. The compound was recrystallized B, deg 99.119(8) 95.225(10)
by layering CHCI, solution with heptane.Anal. Calcd (found) for vol, A3 4115.8(8) 3586.4(9)
CaeH3eCl.MOP,: C, 61.73 (61.69); H, 5.61 (5.55). EPR (THR).= z 4 4
1.087 (t;aMo =28.9 G,ap = 27.2 G) denSIt/)I{ﬁ(;(:aICd)’ 1.469 1.557

General Procedure for the Reaction of Carbonyl Cations with absr,T;lgcoeﬁ, mmt 0.562 none
PPN'CI~. Approximately 0.040 g of []PFs, [2]PFs, and B]PFs was F(000) 1868 1704
dissolved in THF (5 mL). An excess (2 to 3 equiv) of PRI~ was independent reflcns  536Rf; = 0.0572] 6310 R, = 0.0368]
added to each of the solutions. An immediate color change was refinement method  full-matrix full-matrix
observed in all three solutions. The reactions were monitored by IR, least-squares of? least-squares oF?
EPR, and NMR spectroscopies. For the NMR measurements, an aliquot data/restraints/ 5366/0/495 6310/0/445
of the solution was transferred into a separate Schlenk tube and parameters
evaporated to dryness, and the residue was redissolved in the suitablegoodness-of-fit 1.057 1.098
deuterated solvent (see Results). i oln; di

X-ray Crystallography. (a) [2]PFeTHF. A reddish-orange crystal |n?| N Iga(lﬁ]es
with dimensions 0.58< 0.38 x 0.05 mm was placed and optically R 0.0459 0.0411
centered on the Enraf-Nonius CAD-4 diffractometer. The crystal cell Ry 0.1077 [4299 data] 0.1181 [5964 data]
parameters and orientation matrix were determined from 25 reflections largest diff peak 1.114 and-1.112 0.872 and-0.911
in the range 33.5< 26 < 39.2, and confirmed with axial photographs. and hole, A3

Three nearly orthogonal standard reflections were monitored at 1-h
intervals of X-ray exposure and showed insignificant variation in Table 2. Selected Bond Distances (A) and Angles (deg) for
intensity. Seveny-scan reflections were collected over the range 7.1 [2]pF, THF
< 6 < 13.7°; the absorption correction was applied with transmission
factors ranging from 0.2938 to 0.557%.The data were corrected for Mo(1)—C(1) 2.053(6) Mo(1)-P(2) 2.4902(13)
Lorentz and polarization factors. The space group was uniquely mg(i):gl(ll) 22%75%(&_)2)13 Mo(1)-CNT# 2.006(5)
determined by systematic absences from the data. Direct methods D-P@) : (13)
allowed the location of the heavy atoms, i.e., the Mo, Cl, P, and F C(1)-Mo(1)—CI(1) 78.89(14) Cl(1}Mo(1)—P(2) 127.67(5)
atoms, and fragments of the phenyl rings and carbonyl ligand. The C(1)-Mo(1)—-P(1) 133.13(14) CN3—Mo(1)—C(1) 109.9(2)
remaining non-hydrogen atoms were found from two subsequent C(1)—Mo(1)—P(2) 82.74(14) CNF—Mo(1)—Cl(1) 113.1(2)
difference-Fourier maps. Although the molecule of interest and the CI(1)—Mo(1)—P(1) 84.66(5) CN¥Mo(1)—-P(1) 116.9(2)
counterion (PE) were located and refined relatively well, the area of P(1)-Mo(1)-P(2)  73.38(4) CN¥Mo(1)-P(2) 119.2(2)
the unit cell involving the THF molecule was found to be a highly a _ ;
randomized “ball” of electron density. Many difference maps and trial CNT = center of gravity of atoms C(18)C(14).
orientations were tested and optimized with the final result consisting Table 3. Selected Bond Distances (&) and Angles (deg) for
in three different orientations, the sum of the occupancies being 1. [4]PFsMeCN
Hyd_r_ogen atoms attached to carbon atoms were placeo_l in cal_culated Mo(1)—F(1) 1.951(2) Mo(1)-P(1) 2.5313(10)
positions. All of the non-hydrogen atoms were refined anisotropically, Mo(1)—N(6) 2.182(3) Mo(1)-P(2) 2.5479(9)
except for the disordered THF molecule. The selected crystal data are Mo(1)—CI(1) 2.4984(10) Mo(1}CNT? 1.990(4)
reported in Table 1 and selected bond distances and angles are collected
in Table 2. F(1)—Mo(1)—N(6) 77.30(10) Cl(1)yMo(1)—P(2) 87.51(3)
(b) [4]PFs-MeCN. A reddish-orange crystal with dimensions 0.50 F(1)-Mo(1)-CI(1) ~ 80.41(6)  P()yMo(1)—P(2) 81.33(3)
x 0.50 x 0.45 mm was placed and optically centered on the Enraf- F(1)-Mo(1)-P(1) ~ 68.74(6) ~CNT-Mo(1)-F(1) 174.1(1)
Nonius CAD-4 diffractometer. The crystal cell parameters and F(L"Mo(1)-P(2) ~ 75.65(6) ~ CNT-Mo(1)~N(6) 102.3(1)
- . . . . . N(6)—Mo(1)—-Cl(1) 82.87(8) CNF—Mo(1)—Cl(1) 105.4(1)
orientation matrix were determined from 25 reflections in the range N(6)—Mo(1)—P(1) 93.77(8) CN¥Mo(1)-P(1) 105.5(1)

23.8< 26 < 36.¢° and confirmed with axial photographs. Six standard N(6)—Mo(1)—P(2) 152.43(8) CNT—Mo(1)—-P(2) 105.1(1)
reflections were monitored at 1-h intervals of X-ray exposure and c|(1)~Mo(1)-P(1) 148.90(3)

showed an insignificant variation of intensity. Fapiscan reflections -
were collected over the range %89 < 10.1°; the absorption correction #CNT = center of gravity of atoms C(£)C(5).
was not applied as the various reflections were not internally or
comparably consistent. The data were corrected for Lorentz and
polarization factors. The space group was uniquely determined by
systematic absences from the data. Direct methods allowed the IocationResul ts
of the Mo, CI, P, and F atoms, and fragments of the phenyl rings. The
remaining non-hydrogen atoms were found from three subsequent Synthesis and Cyclic Voltammetric Studies of 1, 2, and
difference-Fourier maps. A molecule of solvation, MeCN, was also 3. Compoundl has been synthesized by addition of CO to the
found in the asymmetric unit and refined well. Hydrogen atoms recently reported stable 16-electron Cp*MoCI(P)¥ (see eq
attached to carbon atoms were placed in calculated positions. All of 1). The formation ofL is fast and quantitative; work-up of the
the non-hydrogen atoms were refined anisotropically. The selected pr;)duct must be carried out immediately bécausﬂa i€ left

(22) North, A. C. T.: Phillips, D. C.: Mathews, F. 8cta Crystallogr., under a CQ atmosphere, a much s_lovx{er substitution of one of
Sect. A1968 A24, 351—-3509. the PMg ligands by CO occurs, as indicated by the growth of

crystal data are reported in Table 1 and selected bond distances and
angles are collected in Table 3.
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CO stretching vibrations in the IR spectrum at 1946 and 1851
cm1, these being tentatively assigned to compound Cp*MoCl-
(CO)p(PMes). Another problem of this synthesis is that the
reduction of Cp*MoCl/2PMe; with Na proceeds through the
previously described Cp*MoCl,(PMe), intermediate and the
last reduction step from Mo(lll) to Mo(ll) is rather slow, leaving
variable amounts of the less soluble Mo(lll) intermediate in the
final carbonylated solution, which then co-crystallizes with the
desired compound. The amount of Mo(lll) impurity can be
eliminated by utilizing a slight excess of Na and longer reaction
times; this procedure inevitably causes overreduction, lowering
the yield and introducing another impurity in the final solution,
namely Cp*MoH(PMe)s, but the latter species has a higher
solubility and does not hamper the isolation of pdre The
reported somewhat low yield dfin the Experimental Section
(29%) is due to this overreduction procedure and to the
subsequent short contact time with CO, required to obtain the

ultra-pure material required for the studies presented here. The
complex has been isolated also several times in higher yields,

i.e. greater than 75%, but a #@5% impurity of the Mo(lll)
complex Cp*MoCl(PMey), is always present in those cases.
Compound2 may also be synthesized by a procedure identical
to that described fot, proceeding through the CO addition to
the 16-electron, Cp*MoCl(dppe), which is synthesized from
Cp*MoCl4, Na/Hg, and dppe in the appropriate stoichiometric
amounts?* It was found, however, that the straight reduction
from Cp*MoCl, under an atmosphere of CO improved the yield

Fettinger et al.
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Figure 1. EPR spectra (X band) of]PFs, [2]PFs, and B]PFs (solvent
= THF, room temperature).

[2IPFq [3]PF¢

oxidation studies o8 have not been described. It was, however,
stated thaB™ is less stable than the iodide analogge.

Synthesis and Characterization of I, 2", and 3" by
Chemical Oxidation. The interaction of compounds 2, and
3 with 1 equiv of F¢ PR~ in THF at room temperature affords
stable solutions of the corresponding catiofis, 2%, and 3™
(see eq 4). The cations can be isolated ag PRlts without
decomposition by precipitation from THF with heptane, and
were characterized by chemical analysis and by IR and EPR
spectroscopies. The CO ligands offer a convenient marker for
the electron density on the metal center. The IR data for both
the neutral Mo(ll) complexes and the carbonyl cations show
standard textbook trends, related to the different donating
abilities of PMeg versus dppe and Cp* versus Cp. Upon
oxidation, blue shifts of 1381jj, 136 @), and 150 cm? (3) for

and is a more convienent one-step synthesis (eq 2). Compound’co &€ observed as expected, in agreement with the removal

3 has previously been synthesized by interaction of CpMoClI-
(CO) with dppe in refluxing toluené: We report here an
alternative preparation @ by reduction of CpMoGl(dppe),
which is quantitatively generated in situ frdf€pMoCh} , and
dppe in CHCI,,2° with 1 equiv of Na/Hg under an atmosphere
of CO (eq 3). The IR,’H, and 3!P-NMR spectroscopic
properties are fully consistent with 18-electron, diamagnetic,
Mo(Il) complexes for compounds, 2, and3.

Cp*MoCI(PMe;), + CO— Cp*MoCI(PMe,),(CO) (1)

Cp*MoCl, + dppe+ 3Na+ CO—
Cp*MoCl(dppe)(CO) (2)

3)

All three compound4, 2, and3 exhibit reversible oxidation
waves in the cyclic voltammogram at relatively low potentials,
Ei» = —0.48 V for 1 and —0.44 V for 2 vs the ferrocene
standard in THF. The reversible oxidation®i CH,Cl, had
already been reported by Gipsenal. at E;, = —0.25 V on
the same scal®:2® While it is clear that the carbonyl cations

CpMoCl(dppe)+ Na+ CO— CpMoCl(dppe)(CO)

are stable at least on the CV time scale, the question is whether

they are sufficiently stable to be isolated. Lau and Gipson
attempted bulk electrolysis of the iodide anologu8,dEpMol-
(dppe)(CO), in CHCI, at low temperatures and generated the
corresponding cation, but found a reversion back to the neutral
Mo(ll) parent complex upon warming the mixture to room
temperature. The oxidation 8fin an IR spectrochemical cell
has been reported to giv@&", characterized by a stretching
vibration at 2011 cm!, but bulk electrolysis or chemical

(23) Baker, R. T.; Calabrese, J. C.; Harlow, R. L.; Williams, I. D.
Organometallics1993 12, 830-841.

(24) Full details of the preparation of this compound, which has also
been crystallographically characterized, will be reported in a subsequent
contribution.

(25) Lau, Y. Y.; Gipson, S. LInorg. Chim. Actal989 157, 147-149.

(26) Lau, Y. Y.; Huckabee, W. W.; Gipson, S. lnorg. Chim. Acta
199Q 172, 41—44.

of electron density from the Mo center. The EPR data give
useful structural information (Figure 1). Compl&X shows a
binomial triplet indicating equivalent phosphines, whereas both
2™ and3" show a doublet of doublets, indicating the inequiva-
lence of the two phosphorus nuclei. Since all structurally
characterized CpMb complexes with four addtional mono-
dentate donors exhibit the ubiquitous 4-legged piano stool
structure?” for instance [(ring)MoCI(PMg3)]™ (ring = Cp,
Cp*),28 it is logical to propose that*, 2+, and3" also adopt
such a geometry. However, the two phosphorus donors are
located in relative trans positions iti*, whereas they are
necessarily cis for the two complexes with the chelating dppe
ligand. The proposed structure fat has been confirmed by

a single-crystal X-ray analysis (vide infra). The EPR parameters
for 1* show a larger P (23.0 G) and a smaller Mo (26.3 G)
hyperfine coupling constant with respect to Cp*MgEMe;),

(a3p = 15 G, auo = 36 G)2® Complexes2™ and 3" exhibit
spectral parameters similar to thoselof ay, = 29.8 and 30.2;
averageap = 22.9 and 22.6, respectively.

(ring)MoCIL,(CO) + Cp,Fe PR, —
[(ring)MoCIL(CO)]"PF,” + Cp,Fe (4)

(ring = Cp*, L, = (PMey),, dppe; ring= Cp, L, = dppe)

Thermal Stability of 1+, 2*, and 3*. In order to probe the
stability of 17, 2+, and3* , thermolysis in THF was performed
and monitored by IR spectroscopy. CompliEk shows the
greatest stability with less than 5% decomposition after 30 min
at 55°C, and complex2* is only slightly less stable with less
than 10% decomposition after 30 min under the same condi-
tions. The least stable by far was, which showed 75%
decomposition within 30 min at 58C. The decomposition of
3" produced the neutral parent moleculg,which accumu-

(27) Poli, R.J. Coord. Chem. B993 29, 121-173.
(28) Fettinger, J. C.; Kraatz, H.-B.; Poli, R.; Rheingold, A. Acta
Crystallogr., Sect. C1995 C51, 364—367.
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lated in solution, and a red precipitate, which was isolated, complex by this electron transfer process, this may reasonably
crystalized from a MeCN/ED layering, and identified as be expected to add Clto afford an 18-electron adduct
[CpMoCIF(dppe)(MeCN)IPRs™, [4]PFs. The NMR properties Cp*MoCl3(PMes),, and this product could further eliminate a
of 4" are fully consistent with an 18-electron Mo(lV) complex. PMe; ligand, generating the previously descriffateutral Mo-
The°F NMR showed two resonances in a 6:1 ratio, a doublet (IV) complex, Cp*MoCk(PMe;). This complex is paramagnetic
at 9.47 ppmJpr= 706 Hz) for the PFanion, and a doublet of ~ (S= 1) and is characterized by a bro#d-NMR resonance at
doublets at 13.17 ppnige= 75 Hz,Jpr = 61 Hz), assigned to ¢ 2.3 ppm (vio= 184 Hz). The parallel study of the interaction
the Mo-bound fluoride, split by the two inequivalent phosphorus between [Cp*MoCl(PMes);]™ and CI in stoichiometric amounts
nuclei. The!H NMR showed a triplet for the Cp resonance indeed produced the expected resonances of free; e o
corresponding to coupling to two similar phosphine ligands 1.31;3P: § —61) for Cp*MoCk(PMey).

which, in addition to théF data, would seem to indicate that With the final product being a complex of Mo(V), the
the two phosphorus donors occupy inequivalent equatorial siteselectrochemistry of Cp*MoG(PMe;) was investigated. This
while the F occupies the axial site in a pseudo-octahedral compound shows an irreversible oxidation wave with an
structure, the Cp ligand occupying the opposite axial site. This anodic peak potential &,,= +0.22 V, i.e., too high to engage
assumption has been confirmed by a single-crystal X-ray in an electron transfer process witf. We then considered
analysis (vide infra). In addition to being thermally unstable, that the addition of excess Clto afford an 18-electron

compound3™ is also light sensitive, decomposing 46 after [Cp*MoCl4(PMes)]~ species, or an equilibrium with small

an overnight exposure of a THF solution to fluorescent light. amount of the bis-PMgadduct, may render the metal more
Irradiation with a UV lamp caused a fastexX0 min) susceptible to oxidation, through the increase of electron density
decomposition to the same red precipitate obtained by the at the metal. However, an equilibrium with a bis-phosphine
thermal treatment. A possible route to compoudfPFs will adduct is discounted because the addition of free Pide

be proposed in the Discussion section. Cp*MoCl3(PMe;) causes no change either to the resonance of

Reaction of 1, 2*, and 3" with PPN*CI~. One of the the 16-electron Mo(lV) species or to the resonance of freesPMe
predicted characteristics of the 17-electron Mo(lll) carbonyl and does not produce new resonances attributable to a new
cationic complexes was the reactivity toward nucleophiles. The diamagnetic species. The interaction between Cp*MEMe;)
expected outcome of the reaction with-Glas the product of and excess Clwas therefore investigated next. The addition
CO substitution, to yield the known class of stable paramagnetic of excess PPNCI~ to the CV cell containing Cp*MoG(PMes)
(ring)MoClLL, compound®? These reactions, however, were did not change the cyclic voltammogram, except for a slight
complicated by electron transfer processes, which have beendecrease in the peak height for the oxidation of Cp*MeCI
fully rationalized as shown below with the aid of IR, NMR, (PMe;). This experiment indicates that, if an equilibrium with
and EPR monitoring and the parallel study of related chemical an 18-electron [Cp*MoG(PMes)]~ is involved (eq 6), its
and electrochemical processes. position must be shifted toward the left. The existence of such

Treatment of 1™ with excess Ci caused an immediate an equilibrium, however, is demonstrated by the NMR and
consumption of the molybdenum complex as shown by IR electrochemical experiments descibed below. The interaction
spectroscopy. However, the IR spectrum also showed thebetween Cp*MoGiPMe;) with PPN'CI~ showed that the
growth of an absorption corresponding to the of the neutral characteristic resonance of the Mo complex slightly shifted to
parent Mo(ll) materiall. H-NMR confirmed the identity of ca.o 1.9 (wmy = 224 Hz). New diamagnetic resonances were
1, but did not show any other NMR active product. The EPR not observable in théH- and 3IP-NMR spectra. This result
spectrum of the reaction mixture, however, revealed the forma- suggests that any 18-electron [Cp*MaEMe;)]~ species must
tion of a paramagnetic material which exhibits a doublet with be in rapid exchange with the 16-electron neutral complex on
Mo satellites ¢ = 1.984,ay, = 45 G,ap = 28 G). This material the NMR time scale. The same resonance .9 is also
was shown to be the 17-electron Mo(V) complex, Cp*MeCl  obtained from the interaction of the previously described
(PMe;) (5), by comparison with the EPR spectrum of a genuine [Cp*MoCl4]~ with PMes. In this latter experiment, no residual
sample prepared from Cp*Mogland PMeg, and with the peak due to [Cp*MoG]~ (reported at—13.3 ppm)! is
spectrum reported in the literatute. The nature of the observed observed. Therefore, of the two available equilibria relating
products demands the stoichiometry of eq 5. the 18-electron [Cp*MoG[PMe;)]~ complex with its possible

dissociation products (eqs 6 and 7), the first one allows both
3[Cp*MoCI(PMe,),(CO)" + 3 CI™ —
2Cp*MOC|(PM%)2(CO)+ Cp*MoCI4(PM%) + Cp*MOC|3(PM%) +ClI" = [Cp*MoCI4(PMe3)] (6)
CO+ PMe; (5) [Cp*MoCl,]™ + PMe, — [Cp*MoCl,(PMe)]~  (7)

The result of this reactivity originally appeared confusing, a
Mo(lll) complex leading to a Mo(V) and a Mo(ll) complex by
simply adding Cf. In order to elucidate the reaction path, a
number of control experiments were carried out. Since the
reaction obviously involved electron transfer steps, the electro-
chemical properties of the possible intermediates was considered
beginning with the expected Cp*MofPMes), product of CO
substitution by Ct. It was, as a matter of fact, already known
from previous investigations carried out in this laboratory that
Cp*MoCly(PMey); is a fairly good reducing ager{, = —0.84
V)22 and is therefore capable of reducibgto 1 (E;, = —0.48

species to be present at equilibrium, whereas the second one is
totally shifted to the right. Finally, an independent cyclic
voltammetric study ob showed an irreversible reduction with

a cathodic peak potentidt,c = —1.0 V, showing that the
primary reduction product, [Cp*Mo@IPMes)]~, immediately
tdecomposes. This decomposition leads to the formation of
Cp*MoCl3(PMe;) by CI~ dissociation, as clearly demonstrated
by the observation of an irreversible oxidation wave Wgf

= +0.22 V during the reverse scan, corresponding exactly to
the observed irreversible oxidation wave for Cp*Meg®Me;),

V), Following the formation of the [Cp*MoQ(PMQ)Z]Jr (30) Abugideiri, F.; Gordon, J. C.; Pali, R.; Owens-Waltermire, B. E.;
Rheingold, A. L.Organometallics1993 12, 1575-1582.
(29) Poli, R.; Owens, B. E.; Linck, R. Gnorg. Chem1992 31, 662— (31) Abugideiri, F.; Brewer, G. A.; Desai, J. U.; Gordon, J. C.; Poli, R.

667. Inorg. Chem.1994 33, 3745-3751.
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broadened again upon further cooling to 193 K. Given the result
of the CI™ addition to1" (vide suprg, a likely possibility for
the EPR active product seems to be [CpMs@dpe)], 7+. For
the 3*/CI~ system, the initial product of CO substitution by
Cl~, namely CpMoCl(dppe) €12 = —0.33 V)27 is able to
reduce3* to 3 (Eyz = —0.25 V), being in turn oxidized to the
Mo(1V) complex [CpMoCh(dppe)f~. Unlike the corresponding
- Cp*/dppe system, [CpMo@(dppe)l” can add another Clto
give the known neutral 18-electroi, as already reported in
the literaturél We have further confirmed this by generating
[CpMoCly(dppe)]r from CpMoCh(dppe) and CgePF, fol-
lowed by addition of PPNCI. IdenticalH and 3'P-NMR
resonances with those reportedor 7 were immediately
| ] produced. Next, a cyclic voltammetric investigation of com-
+ 0 pound? was carried out, which showed two reversible oxida-
. . " tions atE;, = —0.39 and—0.02 V. Since two different isomers,
Figure 2. Cyclic voltammogram of Cp*MoG[PMe). eg—eq and axeq, are present in slow equilibrium for this
see Figure 2. Thus, this cyclic voltammetric experiment ompoundk! it seems reasonable to assign each wave to the
confirms that equilibrium 6 must be shifted largely to the left ©Xidation of a different isomer. The one isomer showing a
and, in addition, it demonstrates the feasibility of the oxidation reversible wave at-0.39 V is a sufficiently strong reductant to
of [Cp*MoCla(PMes)]~ by 1*. In conclusion, electrochemical take3_+ to 3, becor_nlng oxdized t@* in the process, while the
and NMR studies give consistent results and both point to the Other isomer remains a neutral Mo(IV) species. As stated above,
oxidation of [Cp*MoCh(PMes)]~ by 1* to generate the observed  the P NMR of the final products of the Caddition showed
Mo(V) product. thg smglet resonance of the -egq isomer qf?. Thus, the
The reaction o2* with excess Cl also proceeds immediately ~ ©0Xidation wave aE;;, = —0.02 V can be assigned to the-eq
and quantitatively as shown by IR and EPR spectroscopies. The®d isomer, which remains unoxidized during the @tdition
IR spectrum of the reaction mixture revealed once again the Process, while the wave &, = —0.39 V is assigned to the
formation of the parent Mo(Il) materia2, whose identity was ax—eq isomer. This also implies that, given the reversibility
also confirmed byH- and3!P-NMR spectroscopies in CDgI of the oxidation process, complex” should also adopt a
In contrast to the reaction df" with CI- described above, no ~ PSeudo-octahedral eeq configuration. _ _
EPR active material was produced. Instead, a paramagnetically 1" order to confirm the identity of the EPR active material
shifted and broadened peak 8 ppm was observed in the @S 7', genuine samples were generated by two different
IH-NMR spectrum, indicating the formation of another para- Pathways. The first one involved the interaction of CpMoCl
magnetic, EPR-inactive material. Proceeding along similar lines With dppe in THF. There was an immediate reaction with the
of thought as illustrated above for the corresponding reaction Precipitation of a light brown colored solid. This solid is
of 1%, the electrochemistry of the expected product of CO |nsolublf_e in THF but dissolves in GEl,, suggesting the ionic
substitution, e.g6, was investigated, showing that the compound formulation [CpMoCi(dppe)J CI™ rather than the neutral adduct
is reversibly oxidized aEy», = —0.58 V. Similar to the Cp*/ ~ CPMoCl(dppe), and showed the same EPR signal as the product
PMe; system,6 has sufficient reducting power to take the Of the CI addition to3*. Compound7* was also prepared
starting material2*, to the parent Mo(ll) complex2, producing without formulation ambiguities by chemical oxidation#ivith

in turn the Mo(IV) complex [Cp*MoGk(dppe)], 6. A genuine CpFe"PFRs~ in THF . This product, unlike the corresponding
sample of6* was prepared by interacting with 1 equiv of CI~ salt, was soluble in THF, and again showed the same EPR

FctPRs—, which showed 4H-NMR spectrum in CDGlidentical signal as the product of tH&/CI~ reaction, finally confirming
to that of the Ct addition reaction product. AH-NMR the stoichiometry of eq 9. All of the results of the Glddition

experiment also showed thét does not interact with Cl to 17, 2, and3" are summarized in Scheme 1.
explaining the difference in final outcome between this system _

and thelt/CI~ system. Therefore, the reaction betwéérand (3+ 2n)[CpMoCl(dppe)(CO)] + (3 + 2n)CI™ —

Cl~ is described by eq 8. (2 + n)CpMoCl(dppe)(CO} n egeqCpMoCly(dppe)+

axet[CpMoCly(dppe)]” + (1 + n)CO (9)

2[Cp*MoCl(dppe)(CO) + CI” —

Cp*MoCl(dppe)(COX [Cp*MoCl,(dppe)]” + CO (8) X-ray Analyses. An ORTEP diagram of2*, the first
mononuclear Mo(lll) carbonyl complex to be crystallographi-
The reaction oB" with excess Ci proceeds similarly to that  cally characterized, is shown in Figure 3. The molecule exhibits
of 1* in that the final products are a Mo(V) and a Mo(ll) a typical four-legged piano-stool geometry with afbound
material. Once again, the reaction with-Glonsumes all of Cp* ring and the dppe ligand in the expectadconfiguration,
the 3™ and the IR confirms the production of the neutral parent the other two positions being occupied by a chloride and a
complex, 3. The H- and 3'P-NMR spectra of the reaction carbonyl ligand. The molecule is structurally similar to other
products in CD{ indicated two NMR active materials, one known isoelectronic CpMb complexes not containing a
being 3 and the other beingegedtCpMoCk(dppe), 7, by carbonyl ligand? The Mo—CO distance (2.053(6) A) is
comparison to literature characterizat@nHowever, the EPR comparable with known diamagnetic Mo(lll) dimers containing
spectrum of the reaction mixture in THF or @El, at room CO ligands, i.e. [CpMo(CQju-S+-Bu)]»(BFs) (average 2.016(16)
temperature shows a strong, slightly broadened singlet with Mo A),! [Cp,Mo(CO)(MeCN)(u-SPh)](BFJ). (average 2.01(4)
satellites § = 1.948,am, = 52 G). This spectrum slightly ~ A),12 and [(CpMoCO)(u-SMe)(SCH,)]OTf (average 2.068-
sharpened upon cooling to 213 K but not sufficiently to allow (12) A).25 The Mo—Cl distance (2.473(2) A) compares well
the phosphorus hyperfine splitting to be observed, and then it with those in other half-sandwich Mo(lll) complexes, e.g. 2.489-
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Scheme 1 &) cl4)

[RingMoCIL,(CO)]*

C(S)

-Co | +CI
RingMoClsz

[RingMoCIL,(CO)1*

RingMoCIL,(CO)

[RingMoClLo]* = | [Cp*MoCly(dppe)]*

(a) (6"

=V )
+CI Lor
L Figure 4. ORTEP view of the4" ion. Ellipsoids are drawn at the
40% probability level.

RingMoCl3L RingMoCl3L, = | CpMoClz(dppe)

®) © ™ An ORTEP view of4" is shown in Figure 4. The molecule
(RingMoCILy(CO)]* exhibits a pseudo-octahedral geometry whenyth€p ring is
—ar || +cr considered to occupy a single coordination position. The F atom
occupies thdrans positions with respect to the ring, whereas
RingMoCIL the ClI atom, the MeCN molecule, and the dppe ligand occupy
. . g 2(CO) . . . .
(RingMoCl4L] equatorial sites. All of the equatorial atoms are bent signifi-

o " . . N cantly away from the Cp ring, with values of the CNWMo—
(HineMociLa(CoN (RingMoClsLal = equatorial atom angles between 102&nd 105.8. This
¢ geometrical characteristic is also found for other 18-electron
CpMadY complexes, e.g. CpMogttppe)?* CoMoCL[P(OCH,)s-
CEt]x,%* and CpMECi(PM@PhkﬁO The average MeP bond
. Hps length (2.515(1) A) in the title complex corresponds well with
RingMoclal = the Mo—Peq distance (2.521(2) A) found in CpMogtippef*
as well as the average distance (2.554(1) A) found in
CpMoCk(PMePh)y.3° The Mo—Cl distance (2.4984(10) A) is
similar to that found for the average M€leq (2.527(1) A)
distance in CpMoG(PMe,Ph) and the average MeCl distance
(2.476(3) A) found for CpMoGldppe). Very few M& —F

RingMoCIL(CO)

(1) A (average) in Cp*MoG{PMes),,23 2.471(3) A (average)
in CoMoChL(PMey)2,32 and 2.427(9) A in [CpMoCI(PMg3] +.33
The two Mo—P distances ing]PFs differ by over 0.05 A, with

th‘? P trans t(.) the CO. Iiganq having the longer dista.nce, this complexes have been crystallographically characterized. The
being a possible manifestation of the stronger trans influence Mo—F distance in the title complex (1.951(2) A) is almost

of the CO ligand compared to the Cligand. The average identical with that found in [MoOF(RPCH=CHPPHh),]* (1.95-
Mo—P distance (2.523 A) is similar to the23average4VR) (1) A);3 which has the F trans to the oxo ligand. The

. ; o ; ,
distances (2.51 A) found n Cp*MogPMey)z, and slightly comparison seems reasonable due to the psuedo-octahedral
longer thar;(;[he Me P bonds in CpMoBx(dppe), which average  goometry of the two molecules as well as the presence of strong
2.460(4) A2 Another typical feature of the four-legged piano- trans-influencing ligands, Cp and O, in each of the compounds.

stool Mo(lll) molecules is the distinct “slip” of the ring with A g¢rong trans influence for the Cp ligand has also been observed
two of the C atoms distinctly closer than the other three, the i, other compounds, e.g. Cp*WREO).3

difference between the longest and the shortest-Rdond
being as much as 0.18 &. The structure of JJPFs shows a Discussion

similar phonemenon, the larges{Mo—C) being 0.13 A.
P ges( ) g While the electrochemical oxidation of compound Cp*MoCl-

(CO); is irreversible and occurs at the high potentiahad.55

V vs Fc/Fc, the isoelectronic complex Cp*MoCI(PMg is
oxidized reversibly at-1.32 \#7 (a stabilization of almost 2
V!) and the oxidation product, the 17-electron [Cp*MoCI-
(PMe&)3] ™, has been isolated and crystallographically character-
ized28 We therefore reasoned that the mixed-ligand system
Cp*MoCI(CO)(PMe),, 1, might undergo a reversible oxidation
and generate a sufficiently stable MG@O compound. The
results shown in this contribution show that our expectations
have been fulfilled. The first stable 17-electron paramagnetic

(32) Krueger, S. T.; Poli, R.; Rheingold, A. L.; Staley, D.lhorg. Chem.
1989 28, 4599-4607.

(33) Abugideiri, F.; Kelland, M. A.; Poli, R.; Rheingold, A. [Orga-
nometallics1992 11, 1303-1311.

(34) Poli, R.; Kelland, M. A.J. Organomet. Chenl99], 419 127—

136.
csa (35) Cotton, F. A.; Eglin, J. L.; Wiesinger, K. [horg. Chim. Actal992
195 11-23.
Figure 3. ORTEP view of the2" ion. Ellipsoids are drawn at the (36) Blackburn, H.; Kraatz, H.-B.; Poli, R.; Torralba, R. Polyhedron

40% probability level. 1995 14, 2225-2230.
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Mo(lll) carbonyl complexes have been synthesized, spectro-
scopically and structurally characterized, and their thermal
stability and reactivity toward Clhave been studied. Com-
plexeslt, 2%, and3" are easily prepared by chemical oxidation
of the neutral parent molecules with 1 equiv of tP&s™.
Thermal decomposition studies indicate that the stability of the
carbonyl cation is directly related to the strength of the-Mo
CO bond (i.e. the lower theco, the more stable the cation).
Since weak Me-CO bonds are expected for relatively high

Fettinger et al.

Scheme 2
[CpMoCl(dppe)(CO)]*

-COlA

[CpMoCl(dppe))*
PFy

oxidation state metals, it seems reasonable to suggest that the

electronic nature of the ancillary ligands helps stabilize these
cationic complexes. The stability increase on going fi&@m

to 2" could be attributed to both the greater donor power and
greater steric protection of the Cp* vs the Cp ligand.

One interesting aspect of the carbonyl cations is their
reactivity toward nucleophiles. All three carbonyl cations react
instantaneously with Cl but the nature of the end products
depends on the possibilities for the addition of more than one

CpMoCIF(dppe)

[RingMoCIL,(CO)I*

Cl~ as well as potential electron transfer processes. Scheme 1

shows that the pathways for the production of three different
types of complexesy( 6%, and7+) are related to each other.
As is shown, the first step always involves the attack of the
CI~ to the Mo center, replacing the CO ligand, and generating
a neutral Mo(lll) complex. A rapid electron transfer reaction
occurs, involving the starting carbonyl cation, producing a Mo-
(IV) cation (@) and a neutral Mo(ll) carbonyl complex. At this
point the2™ system stops due to the inability to add another
Cl~ by either forming a very crowded 18-electron trichloride
bis-phosphine complex or overcoming the chelate effect of the
dppe ligand. Thel™ system does not have the barrier of the
chelate effect to overcome and can easily displace a;Rétend

in exchange for an additional Gl producing the 16-electron
complex, Cp*MoC4(PMes) (b). The followup chemistry has

RingMoCIL,(CO)

[CpMoCIF(dppe)]*

of the opposite charges of complex and incoming nucleophile
provides a strong bias in favor of the associative mechanism. It
is, however, intriguing to consider the labilization of the CO
ligand to give a cationic 15-electron complex, [(ring)Mog]iL

This labilization could play an important role in the mechanism
of thermal decomposition, since no strong nucleophilic reagent
is present in that case. The formation of the same product by
either thermal or photochemical decomposition3df would
seem to point toward a CO dissociation mechanism, since
irradiation is known to promote CO dissociation proces8es.

been fully rationalized with the independent studies presented At the same time, the much faster rate of the” @ddition

in the Results section, and involves the ultimate formation of
compoundb. Inthe case 08", the smaller size of the Cp ligand
with respect to Cp* allows a Clion to bind @) and form the
18-electron CpMoGl(dppe) €). Cyclic voltammetric studies
on CpMoCk(dppe) showed tha¥t can be formed in the
presence of a fair oxidant, i.87. For the same reason invoked
to explain the stability of6™ in the 2t system, producf+
remains a salt and does not add @Le to the chelate effect of
the dppe ligand and steric constraints. Thus, for all three
systems, the products of ‘Chddition are the neutral parent
carbonyl complex and one of the higher oxidation state
complexes5, 6, or 7.

reaction with respect to the thermal decomposition process
indicates that the formenustfollow an associative pathway,
because if this were a dissociative one, its rate would be
regulated by the rate of CO dissociation and, consequently,
should not be faster than the thermal decomposition process.
To date, no stable CpMb 15-electron complex has been
isolated. Given the highly unsaturated nature of these hypo-
thetical 15-electron complexes, their reactivity and tendency to
reestablish a coordinately saturated system is expected to be
quite high. This is manifested, during the decarbonylation of
3%, by the F abstraction from P§F. Scheme 2 shows a
possible pathway to the production 4f. It is important to

The first step of Scheme 1 deserves further discussion. Thisremember that the neutral compl8xs also observed among
is a ligand exchange on a 17-electron organometallic complex, the reaction products. The first step involves the formation of
which is known to proceed in general by an associative the highly reactive 15-electron intermediate, which quickly
pathway? However, for Cp- and Cp*-containing Mo(lll)  reacts with a molecule of RF, producing a neutral Mo(lll)
organometallics, we have recently demonstrated the possiblecomplex, CoMoCIF(dppe). At this point, the system may enter
involvement of dissociative (e.g. 15-electron) intermediétes. the familiar electron transfer process seen in Scheme 1,
This occurs, however, in the phosphine exchange process orproducing [CpMoCIF(dppe}] as well as the neutral carbonyl
the neutral CpMoGL, complexes, i.e. a system in which the complex,3. This process is expected because the effect of the
incoming ligand is relatively bulky (a condition disfavoring an fluoride ligand in the coordination sphere should be that of
associative path), the outgoing ligand is not strongly bound, lowering the potential necessary for the oxidation of the 17-
and the unsaturated intermediate can be stablized-tgnor electron CpMoXY (dppe) (X,Y= halide). Although fluoride
ancillary ligands and by the spin reorganization energy (both complexes are currently not known and it is therefore not
the latter two conditions favoring a dissociative path). A spin possible to directly substantiate this hypothesis, it should be
quartet ground state for the 15-electron CpMgPH;) model observed that the oxidation of CpMefdppe) becomes more
compound has been recently calculat2ddowever, the halide  facile in the order I< Br < Cl, i.e. the lighter halide ligand
exchange on the same system was shown to be assoéfative. increases the tendency of the metal to be oxid#2efhis trend
For the process under consideration here, the coulombic effecthas been attributed to the better ability of the lighter halide to

(37) Cole, A. A,; Fettinger, J. C.; Keogh, D. W.; Poli, Rorg. Chim.
Acta 1995 240, 355-366.
(38) Cacelli, I.; Poli, R.; Rizzo, A. to be submitted for publication.

(39) Collman, J. P.; Hegedus, L. ®rinciples and Applications of
Organotransition Metal Chemistryniversity Science Books: Mill Valley,
CA, 1980.
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stabilize the higher oxidization state viadonation. After that further engage in redox processes with the unreacted Mo-
formation of [CpMoCIF(dppe)] via electron transfer, the  (lll) —carbonyl compounds to ultimately lead to a variety of
reaction ceases presumably because of the insolubility of thedifferent products, whose nature and mechanism of formation
complex in THF as well as the unavailability of additionat.X has been fully elucidated.

The insoluble red precipitate obtained from the thermal decom-
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