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The complexes cis-TpPMo"'0,(0Ar) (Tp™ = hydrotris(3-isopropylpyrazol-1-yl)borate, “OAr = phenolate or
naphtholate derivative) are formed upon metathesis of Tp”MoO,Cl and HOAI/NEt; in dichloromethane. The orange,
diamagnetic dioxo-Mo(VI) complexes exhibit strong »(MoO,) IR bands at ca. 930 and 905 cm~*! and NMR spectra
indicative of C; symmetry. They undergo electrochemically reversible, one-electron reductions at potentials in the
range —0.714 to —0.855 V vs SCE (in MeCN) and react with PEt; to produce TpPMo'VO(OAr)(OPEt;). The green,
diamagnetic oxo-Mo(IV) complexes display a single »(MoO) IR band at ca. 950 cm~! and exhibit NMR spectra
indicative of C; symmetry. The crystal structures of eight dioxo-Mo(VI) complexes have been determined to assess
the degree of frontal (O-donor face) steric congestion at the Mo center, to identify complexes amenable to conversion
into monomeric oxosulfido-Mo(VI) derivatives. The complexes display distorted octahedral geometries, with a cis
arrangement of terminal oxo ligands, with d(Mo=0),, = 1.694 A and [J(M00,),, = 103.4°. Maximal frontal steric
congestion is observed in the 2-phenolate derivatives, and these are identified as precursors for strictly monomeric
(solid and solution state) oxosulfido-Mo(VI) counterparts.

Introduction reductasé ® Biomimetic OAT systems have been exten-
sively reviewed

Tris(pyrazolyl)borate ligand8 have played a significant
role in the development of models for molybdenum enzymes,

nd a catalytic system that combines OAT and coupled

lectron-proton transfer (CEPT) reactions has been devel-
oped’ Most work in this area has focused on complexes of
tthe hydrotris(3,5-dimethylpyrazol-1-yl)borate ligand (Tp*),
but complexes containing hydrotris(3-isopropylpyrazol-1-yl)-
borate (T{F") are now attracting attention. Dioxo-Mo(VI)

cis-Dioxo complexes dominate the chemistry of Mo(V1),

and their prevalence, ease of synthesis, and chemical
attributes have led to their exploitation as oxidation catalysts,
models for enzymes and surface oxides, sensors, and dru
targets for iron overload, thalassemia, and heart dysfunction
in diabeticst? Coordination numbers of 46 are known,
but six-coordinate, distorted octahedral species are mos
common; complexes of this type form with a wide range
of halide and pure or mixed C-, N-, O-, and S-donor
ligands!? The predilection of dioxo-Mo(VI) complexes for . . —
oxygen atom transfer (OAT) reactions makes them potential Sf’lfk'éf",\lse'v%e\'('ot'k' Eggg".e\t/"’(‘)'l '%gs in Biological Systems/arcel
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Precursors to [MoOS}" Complexes

complexes such as FMoO.X (X = OMe, phenolates,
S'Bu, SBu) and facets of their atom transfer chemistry have
been reportedt 2 The OAT and catalytic activity of
Tp*MoOX (Tp* = tris(pyrazolyl)borate derivative) com-
plexes are correlated with their MéMoV redox potentials;
these span a 700 mV range, in the order (X) ORSR™ <
OPh < SPh < halide < SCN.1113Reduction potentials
are also influenced by the pyrazolylborate ligand, with a
240 mV variation in the order Tpx TpP" < Tz* (Tz* =
hydrotris(3,5-dimethyl-1,2,4-triazol-1-yl)boraté)Additional
influences on the primary and secondary (e.g., compropor-
tionation, internal redox, dinucleation) reactions of
Tp*MoO2X complexes, especially the steric influence of the
coligand, X, have not been fully assessed.

Our interest in fine-tuning the electronic and steric
properties of TF'Mo complexes stems inter alia from a
desire to preparemonomeric oxosulfido-Mo(VI) com-
plexes as models for molybdenum hydroxylase¥. We
have shown that TEMoO.X complexes react with
tertiary phosphines to produce TMoOX(OPRy)*® and that
TpPMoO(OPh)(OPEJ) reacts with propylene sulfide to
produce the oxosulfido-Mo(VI) complex, FiMoOS(OPh})-®
The isolation of monomeric TPMoOS(OPh) was thwarted
by the crystallization of theu-disulfido-Mo(V) dimer,
[TPPMoO(OPh)k(u-S;). The isolation oftrictly monomeric
(solid and solution state) T{MoOS(OPh) derivatives would
be enhanced by (i) reducing the likelihood of #8 redox,
by operating at marginally more negative reduction potentials
than in the phenolate systéfhand (ii) preventing close
approach of the metal centers by increasing the frontal
steric congestion, i.e., at the®donor ligand face, opposite
the fac-Tp*" ligand, in the oxosulfido-Mo(VI) complex
(and by inference its dioxo-Mo(VI) and oxo-Mo(IV)
precursors).

We report here the synthesis and characterization of new
dioxo-Mo(VI) complexes, THMoO,(OAr) (OAr = pheno-
late or naphtholate derivative), and their oxo(phosphine
oxide)-Mo(IV) derivatives, TEMoO(OAr)(OPE$). Elec-
trochemical and crystallographic studies, undertaken to
identify likely precursors for strictynonomericxosulfido-
Mo(VI) complexes, are also reported. The phenolate and
naphtholate coligands included in this study and the number-
ing scheme for the dioxo-Mo(VI) complexes are given in
Chart 1. The outcomes of reactions aimed at producing
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aNumbers refer to the correspondingMploO,(OAr) complex.

(12

oxosulfido-Mo(VI) derivatives, alluded to herein, are de-
scribed in other publicatior's.

Experimental Section

Materials and Methods. All reactions were performed under
an atmosphere of dinitrogen using standard Schlenk techniques and
dried, deoxygenated solvents. Samples ofPMwO,Cl were
prepared by a modification of the literature methéthe starting
materials being dried in vacuo at 3Q for 6 h immediately prior
to use. Phenols were obtained from commercial sources and were
used as received, with the exception of 3-phenylphenol, which was
twice recrystallized from boiling hexane to reduce the level of
4-phenylphenol contamination. Triethylphosphine was sourced from
Fluka Chemical Co and was used as received. The compkies
and8 were prepared according to literature methbds.

Infrared spectra were recorded on a Biorad FTS 165 FTIR
spectrophotometer as pressed KBr disks. Proton NMR spectra were
obtained using a Varian FT UnityPlus 400 MHz spectrometer. The
spectra of TF'MoO,(OAr) complexes were recorded in CRCI
and referenced to residual CHC(0 7.26), while those of
TpPMoO(OAr)(OPES) were recorded in §Dgs and referenced to
TMS (6 0.00); samples of the latter were prepared under anaerobic
conditions by employing sealed tubes. Mass spectra were recorded
on a Bruker BioApex 47e FTMS fitted with an Analytica electro-
spray source operating with capillary voltages between 30 and
120 V,; samples of TPMoO,(OAr) and TpPMoO(OAr)(OPEL)
were run in CHCIl, and MeCN, respectively. Electrochemical
measurements were performed using a Cypress Electrochemical
System Il configured wit a 3 mmglassy-carbon working electrode,

a platinum auxiliary electrode, and a reference electrode consisting
of an Ag/AgNG; (0.01 M in MeCN) electrode incorporated into a
salt bridge containing supporting electrolyte (to minimize*tAg
leakage). Sample solutions were prepared in acetonitrile/0.2-M N
BusBF, (or in the case ofl, dichloromethane/0.2 M MBu,PF;).
Potentials were referenced against internal ferrocene (Fc) and are

(18) (a) Doonan, C. J. Ph.D. Dissertation, University of Melbourne,
Parkville, Australia, 2004. (b) Doonan, C. J.; Nielsen, D. J.; Smith, P.
D.; White, J. M.; George, G. N.; Harris, H.; Young, C. G. Manuscript
in preparation.
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Table 2. Crystallographic Data (Monoclinic Units Cells)

1 4 7 9
formula C28H4lBMONGO3 C28H3sBMON603 C28H4;|BMON603 C28H3sBMON603
fw 616.42 610.37 616.42 610.37
space group P2,/c P2i/n P2i/c Pn
a, 14.6176(12) 11.2017(8) 8.8614(13) 12.6654(10)
b, A 11.1221(10) 15.8302(12) 36.061(5) 7.6780(6)
c, A 19.5013(17) 16.8147(12) 10.1029(15) 15.3752(13)
B, deg 100.283(2) 100.139(1) 96.254(3) 99.593(2)
v, A3 3119.6(5) 2935.1(4) 3209.2(8) 1474.3(2)
z 4 4 4 2
Pcalcd (Q/CNP) 1.312 1.381 1.276 1.375
u(cm™) 4.58 4.86 4.45 4.84
R 0.0493 0.0468 0.0491 0.0398
WRP 0.0629 0.0981 0.0977 0.0779
ARy = Z||Fq| — |Fc|l/Z[Fol. PWR: = {[EW(Fo? — F2 )&= (W|Fo?()]} Y2
Table 3. Crystallographic Data (Orthorhombic Unit Cells)
2 3 8 1
formula GgH41BMONgO3 CogH37BMONgO3 C3oH49BMONgO3 Cgo_d‘|3gBC|MONeo3
fw 616.42 588.37 672.52 677.86
space group Pbca Pbca Pn2; Pbcn
a, 8.2162(6) 10.800(4) 16.929(4) 44.685(3)
b, A 19.5964(14) 17.992(6) 17.526(5) 9.5365(7)
c, A 38.418(3) 29.635(10) 12.051(3) 15.4123(11)
vV, A3 6185.6(8) 5759(3) 3575.6(16) 6567.8(8)
z 8 8 4 8
pealcd (g/CNP) 1.324 1.357 1.249 1.371
wu(cm1) 4.17 4.92 4.05 5.21
RiP 0.0651 0.0815 0.0379 0.0571
WR* 0.1458 0.1561 0.0972 0.1463
2 For dichloromethane hemisolvateR; = Z|[|Fo| — |Fel|/Z|Fo|. ¢ WR = {[EW(Fo? — F)Z(w|Fo?[)?} Y2
Table 4. Selected Bond Distances (A)
dist 1 2 3 4 7 8 9 10
Mo—0(2) 1.685(3) 1.695(4) 1.696(4) 1.692(2) 1.692(3) 1.694(2) 1.697(3) 1.698(3)
Mo—0O(3) 1.684(3) 1.700(3) 1.696(4) 1.692(2) 1.695(3) 1.697(2) 1.687(3) 1.702(3)
Mo—0O(1) 1.886(3) 1.866(4) 1.891(3) 1.931(2) 1.898(3) 1.909(2) 1.910(3) 1.905(3)
O(1)—Coar 1.356(5) 1.376(6) 1.351(6) 1.349(4) 1.361(6) 1.358(4) 1.373(6) 1.352(5)
Mo—N(11) 2.177(4) 2.202(4) 2.206(4) 2.201(2) 2.181(4) 2.205(3) 2.179(4) 2.180(3)
Mo—N(21) 2.320(4) 2.342(4) 2.325(4) 2.317(3) 2.328(4) 2.326(3) 2.317(4) 2.322(4)
Mo—N(31) 2.315(4) 2.339(4) 2.372(4) 2.351(3) 2.317(4) 2.346(3) 2.302(4) 2.311(3)
Table 5. Selected Angles (deg)
angle 1 2 3 4 7 8 9 10
0(2)-Mo—0(3) 103.76(14) 103.56(18) 103.73(19) 102.44(11) 103.92(16) 103.44(13) 103.13(15) 103.49(15)
O(2)-Mo—0(1) 101.22(15) 102.45(17) 100.72(17) 100.41(10) 101.37(15) 103.36(11) 99.91(15) 101.06(14)
O(3)-Mo—0(1) 100.83(14) 100.87(18) 103.27(18) 101.37(10) 102.09(16) 99.55(11) 101.36(15) 100.96(14)
N(21)-Mo—0(1) 87.24(13) 85.81(15) 84.84(15) 84.06(9) 86.62(14) 86.04(10) 84.75(14) 84.31(13)
N(31)-Mo—0(1) 85.98(14) 86.57(15) 86.87(15) 84.18(9) 86.03(14) 85.13(10) 85.33(14) 85.50(12)
N(11)-Mo—0(1) 161.39(14) 161.23(15) 159.86(16) 158.06(9) 160.75(15) 159.06(10) 159.70(14) 159.75(13)
N(11)-Mo—0(3) 90.38(15) 85.81(15) 84.84(15) 92.56(10) 89.75(16) 86.04(10) 91.76(16) 84.31(13)
N(11)-Mo—0(2) 90.31(14) 89.80(16) 90.15(19) 92.93(10) 90.22(14) 90.68(11) 91.98(15) 91.73(14)
N(21)—-Mo—N(31) 78.72(13) 78.65(15) 79.19(15) 79.68(9) 78.85(14) 81.22(10) 80.34(14) 79.67(12)
N(21)-Mo—N(11) 78.32(14) 79.08(14) 78.55(16) 79.26(9) 79.01(14) 76.93(9) 80.34(14) 80.00(13)
N(31)-Mo—N(11) 79.79(14) 79.65(14) 78.94(15) 78.91(9) 78.85(14) 80.35(11) 78.70(14) 79.19(12)
N(21)-Mo—0(3) 87.80(14) 88.22(16) 88.98(18) 89.03(10) 86.15(15) 88.04(12) 87.68(15) 87.44(14)
N(21)-Mo—0(2) 163.93(14) 163.85(16) 163.13(17) 166.48(10) 165.32(16) 163.50(10) 167.00(15) 166.50(14)
N(31)-Mo—0(3) 164.64(15) 164.45(16) 165.37(18) 166.91(10) 163.07(15) 167.99(11) 165.83(15) 164.98(14)
N(31)-Mo—0(2) 88.18(14) 87.92(16) 86.43(17) 88.03(10) 88.75(15) 86.04(11) 87.81(14) 88.35(13)
Mo—0O(1)—Coar 157.4(3) 161.5(3) 153.4(3) 131.5(2) 148.4(3) 144.01(19) 146.2(3) 150.6(3)
sterically demanding ligands such as 2,Geft-butylphe- Tp”'MoO,Cl + HOAr + NEt, — Tp"MoO,(OAr) +
nolate failed to react with TEMoO,Cl. The air-stable
NEtHCI (1)

complexes were isolated in 480% yield following column

chromatography and recrystallization from dichloromethane
hexane. Correct microanalyses were obtained for all com-905 cnt?!, which were assigned to the{MoO,) and
vadM00O,) modes, respectively, of theis-dioxo-Mo(VI)

plexes (see Supporting Information).

Inorganic Chemistry,

Infrared spectra (Table 1) exhibited bands at ca. 930 and
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Table 6. Electrochemical Data for TPMoO,(OAr) (by Ascending
E1r2)

compd (Ar, no.) Ei2(V) AEpp(mV) Ipellpc
CesH4'Bu-2 (1)@ —1.045 236 0.84
CeH3Bup-3,5 B)° —0.855 65 0.99
CsHzMex-2,6 3) —0.849 66 1.01
CeHaBu-2 (2)° —0.844 7 0.93
CeH4'Bu-3 (7)° -0.814 75 0.96
CsHsBu-4 (12) —0.813 86 0.94
CsH4Ph-2 6) —0.809 71 0.97
CesH4'Bu-4 (12) —0.800 70 1.01
PH —0.780 72 1.02
CsH4Ph-4 (10) —0.751 74 0.95
CioH7-1 (4) —0.746 72 0.98
CioH7-2 (9) —0.735 68 0.99
CsH4Ph-3 6) —-0.714 82 0.96

aMeasured in dichloromethane at 100 m\A&rom ref 13.©From
ref 11.

moiety; the positions and intensities of these bands are
consistent with the literatufeBands characteristic of the Pp
(v(BH) 2590-2480 cntt, »(CN) 1507 cmt) and phenolate/
naphtholate €(CO) ca. 1570 cm', »(CCing 1260 cn?)
ligands were also evideft!3

NMR spectra (Table 1) were consistent with molecular
Cs symmetry. Thus, the methyl groups of Tave rise to
three doublets in thé 0.45-1.31 region with an integration
of 6:6:6, while the isopropyl and ring methine protons
produced septetd( 3.3—4.5) and doublet { 6.0—-7.7)

resonances, respectively, with characteristic 2:1 integrated

intensities. Interestingly, the phenolate 6-H resonancds of
(0 4.64) and2 (0 5.03%) were shielded by ca. 2 ppm relative

to those of the free ligand, as was one of the phenolate methyl

resonances a3 (1.64 ppm more shielded than its partner).

A reduced but noticeable shielding of 0.5 ppm has also been

reported for the 2-H proton &f relative to the free ligant?
These observations are consistent with the maintenance o
the solid-state structure in solution, the shielded proton being
positioned in the proximal cleft (ring shielding zones) of the
Tp*" ligand.

Electrochemistry. The electrochemical properties of the
dioxo-Mo(VI) complexes in acetonitrile were investigated
by cyclic voltammetry, and results are summarized in Table
6. With the exception of, all complexes exhibited a single,
reversible, one-electron reduction in the potential range of
—0.714 t0—0.855 V; no other electrochemical processes
were observed. Consistent with diffusion-controlled redox
processes’ the Ey» values were independent of scan rates
and peak current ratios were close to unity in all cases. The
reduction potentials of the alkylphenolate derivatives were
more negative than that of FMoO,(OPh), in the range
previously associated with thiolate and alkoxide coligation;
i.e., the incorporation of alkyl substituents on the phenolate
stabilized the dioxo complexes relative to the corresponding
anions!>3 This is expected to confer redox stability on
accessible TPMoOS(OAr) derivatives, compared to
Tp'PMoOS(OPh). The reduction potentials®and10, and
the naphtholate complexes were slightly more positive than
that of Tp"MoO,(OPh) and the other phenolate derivatives.
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Complex1 was insoluble in acetonitrile; in dichloromethane
it exhibited a quasi-reversible reduction-ai.045 V. The
electrochemical results are indicative of reduction to stable
Mo(V) anions under the conditions of the experiments and
are consistent with previous studies of related trispyra-
zolylborate complexes:13

Crystal Structures. The structures of—4 and7—10were
determined by X-ray diffraction; ORTEP projections are
shown in Figures 16, with selected bond distances and
angles presented in Tables 4 and 5, respectively.

All the complexes exhibit six-coordinate, distorted octa-
hedral geometries, with coordination spheres comprised of
facial tridentate TfF" and mutually cis monodentate phenolate/
naphtholate and terminal oxo ligands. The 50 dis-
tances of 1.684(3)1.702(3) A and &Mo=0 angles of
102.44(11y103.92(16) are expected ofis-dioxo-Mo(VI)
species:** These parameters are close to the values observed
for TPPMoO,(OMe) (d(Mo=0) = 1.697(2) and 1.705(2)

A, O(0=Mo=0) = 103.78(8}), the only other structurally
characterized dioxo-Mo(VI) T complext The Mo—OAr

and O-C bond distances fall in the ranges 1.866{4)
1.931(2) and 1.349(4)1.376(6) A, respectively. There is
considerable variation in the observed M0—C angles, in

the range 131162, with complexes bearing sterically
demanding 2-phenolates displaying the largestH@-C
angles (i.e., greater than 130Crystal packing influences
are also likely to impact on the angle observed, but these
are difficult to assess. The MeN distances are as expected,
the two bonds trans to the oxo ligands being lengthened by
ca. 0.14 A compared to the third. The obtuse-Mo—0O
angles and acute NMo—N angles observed are character-

istic of TP*M0oO,X complexes and result from a displacement

Pf the Mo atom toward the £donor face and away from

the Ns-donor face'* As a result the trans ©Mo—N angles,
especially the Ar6-Mo—N(11) angles of ca. 160 deviate
considerably from the ideal octahedral angle of L&ad

the Mo atom sits slightly out of the equatorial plane defined
by O(2), O(3), N(21), and N(31), toward the O(1) donor
atom. The T{" isopropyl groups adopt conformations that
project the methine proton toward the pseudoaxis through
Mo and B.

The conformations of the phenolate/naphtholate coligands
appear to be largely determined by intramolecular interac-
tions, the bulky T{" isopropyl groups dictating the gross
conformations of the sterically bulky coligands. The dioxo
complexes fall into two broad categories depending on the
degree of frontal (@donor face) steric congestion from the
coligands: (i) derivatived—4, where there is significant
frontal steric congestion; (ii) complex&s-10, where coli-
gand substituents make a minimal contribution to frontal
steric congestion.

In complexesl and 2 (Figure 1) the steric bulk of the
2-butyl groups prevents them from being accommodated in
the proximal cleft of the T ligand; consequently, they
project forward of the MeTp" unit, shielding the oxo

(23) Christensen, P. A.; Hamnett, Alechniques and Mechanisms in
ElectrochemistryChapman and Hall: Oxford, U.K., 1994.
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(24) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem. Soc., Dalton Tran$989 S1—-S83.
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Figure 1. ORTEP projections ofl (left) and 2 (right) drawn at 40% probability levels with hydrogen atoms removed. A single conformation of the
disorderedsecbutyl group of2 is shown.

coligand binding site. A measure of the frontal steric
congestion in the dioxo-Mo(VI) complexes is provided by
the relative distance of the oxo and coligand atoms from the
TpP" C(15), C(25), C(35), or @6), plane and by the Mo
O:--HCoar separations. Fot, O(2) and O(3) lie 2.119(6)
and 2.140(6) A, respectively, out of the said plane. However,
thetert-butyl carbon atoms lie an average of 5.308 A out of
the same plane; i.e., they project forward of the oxo ligands
and provide steric protection to the Mg@nit. The Mc=
O---HC contact distances between the oxo aad-butyl
methyl groups inl are ca. 2.9 A, only marginally greater
than the distance between the oxo groups and isopropyl
methine hydrogens (ca. 2.5 A). Far O(2), O(3) and the
secbutyl carbon atoms lie 2.145(5), 2.157(5), and 5.52(1)
A, respectively, out of the ®) plane. In this case, the Mo
O-:-HC contact distances between the oxo aedbutyl
methyl groups are again ca. 2.9 A. Farthe O(2), O(3),
Figure 2. ORTEP projection o8 drawn at the 40% probability level with and 2-methyl carbon atoms lie 2.148(6), 2.181(6), and 2.209-
hydrogen atoms removed. (3) A out of the C(5) plane, the closest MeO::+HC contact
distances being ca. 2.5 A. The aforementioned shielding of

ligands and metal center. In the phenolate ligand lies close 1€ 6-H (at C(2) in Figure 1) or 6-Cd-protons of1—3 is
to the pseudo-mirror plane (i.e., the plane containing Mo, consistent with the maintenance of these solid-state structures

B, and the N(11) pyrazole ring) of the complex, the planar in sc_)lution. Int(?res_tinglyér aIs_o displays _considerable frontal
arene ring making a small dihedral angle of 3with the steric congestion in the solid state, with the.C%E{) at(_)m
mirror plane. This is not the case with the arene ring  ocated only 2.8 A from the oxo groups, with the ligand
making a dihedral angle of ca. 20.Mith the pseudo-mirror ~ Ofiéntation facilitated by a much smaller M©—C angle
plane. The arene ring i8 (Figure 2) is also inclined to the ~ Of 131.5(2. Here, the C(4), C(5), and C(6) atoms of the
pseudo-mirror plane, the dihedral angle being 23che naphthalene ring protrude 6.014(6), 4.913(7), and 5.096(9)
phenolate methyl group projects into the proximaFPTgeft, A, respectively, from the ®6) plane, the oxo ligands being
and the other away from the cleft and toward thedonor ~ 2.213(3) and 2.209(3) A from the same plane. The same
face. The deviations of the coligands 2Znand 3 from the degree of frontal steric congestion in the oxosulfido-Mo-
pseudo-mirror plane are thought to arise from intermolecular (V1) analogues ofl—4 would prevent the close approach
(crystal packing) interactions, &d NMR data indicate that ~ necessary for dimerization. The corresponding oxo sulfido
the molecules adopEs symmetry in solution. The 1-naph- complexes ofl—3 are indeednonomeridn the solid staté®

tholate coligand o# (Figure 3) lies close to the pseudo- In complexes/—10the coligand is oriented back into the
mirror plane, the corresponding dihedral angle being.3.1 proximal Tp" cleft on the pseudo-mirror plane and the atoms
The large Me-O—C angles ¢155°) in complexesl—3 projecting toward the frontal plane lie relatively close to the

are consistent with considerable steric crowding at the C(n5) plane. Moreover, the smaller M®—C angles
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Figure 3. ORTEP projections of (left) and9 (right). Ellipsoids are drawn at the 40% and 30% probability levels, respectively, and hydrogen atoms have
been removed.

. _— - ) Figure 5. ORTEP projection 08 drawn at the 40% probability level with
Figure 4. ORTEP projection of drawn at the 30% probability level with hydrogen atoms removed.

hydrogen atoms removed.

pseudo-mirror plane, the applicable dihedral angle beint 3.0
(<150°) in 7—10 compared to those of—3 reflect the  |n 10 (Figure 6), the coligand biphenyl unit projects away
reduced steric demands adjacent to O(1) in the former group.from the oxo groups, with the phenolate ring close to the
Although variable, the nearest M®---HC separations are  pseudo-mirror plane and twisted slightly with respect to the
all greater than 4.4 A iii—10; the ca. 2.5 A contacts between  terminal phenyl ring. The Me&O---HC distances are 4.6 and
the oxo and isopropyl methine protons persist7 IfFigure 4.8 A. The observed shielding of the 2-H proton ofat
4), the 3tert-butyl group is oriented toward the Tpcleft, C(6) in Figure 4) suggests that the solid state structure is
directing the sterically undemanding 6-H toward the frontal retained in solution; however, NMR spectroscopy shows only
region; the Me=O---HC distance is 4.4 A. A similar  a single coligand methyl resonance ®rsuggesting that
orientation is adopted by the coligand8r(Figure 5), with this and the remaining complexes are fluxional in solution.
the 3tert-butyl group in the Tf" cleft and the Sert-butyl On account of their minimal frontal steric congestion, the
group projecting away from the oxo groups; the 6-H atom oxosulfido-Mo(VI) complexes derived fronT—12 were
is 4.4 and 4.9 A from the two oxo ligands. The planar arene expected to crystallize atimeric disulfido-Mo(V) species.
rings make dihedral angles of 19 and°26 the pseudo-  However, this was not always the case. Some derivatives,
mirror plane for7 and8, respectively; these displacements for example the oxosulfido analogue 6f convert into
from Cs symmetry are ascribed to crystal packing effects. molybdenyl complexes containing bidentate O,S-donor ligands
The 2-naphtholate ligand &f(Figure 3) projects away from  derived from the sulfido and coligand units. This trans-
the metal center with the closest F®---HC distances  formation would be facilitated by conformationally flexible
exceeding 4.7 A; the naphthalene unit lies very close to the coligandst® Moreover, the oxosulfido analogue aD is
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2-alkyl derivatives being the slowest to react. As described
in a forthcoming paper, the conversion of AgloO,(OPh)

to TEPMoO(OPh)(OPE)) is first order in both complex and
phosphine, the second-order rate constant being 7.04(6)
102 M~%s™%; an associative mechanism is indicated by
measured activation paramet&SComplex3 failed to react
with available phosphines, presumably due to the steric bulk
of the phenolate coligand. The products were isolated as
microcrystalline solids by evaporation of the solvent and
trituration or sonication of the residue in hexane. With the
exception of TF™MoO(OGH4Bu-2)(OPE%), which decom-
posed within minutes, the complexes were moderately stable
(ca. I-2 days) in air in the solid state. The preparation and
properties of the oxo(phosphine oxide)-Mo(IV) complexes
derived from3, 7, and8 have been reported? their chemical

and spectroscopic properties parallel those described below
for the title complexes.

In wet, nondeoxygenated solvents,PTdoO(OAr)(OPEE)
rapidly decomposed to their FiMoO,(OAr) counterparts;
however, all species were soluble and stable in dry, deoxy-
genated, nonhalogenated solvents such as toluene, benzene,
and, to a lesser extent, hexane. NotablyPMpO(OGH.'-
Bu-2)(OPE}) exhibited markedly poorer solubility charac-
teristics than the other examples; this derivative also required
extended reaction times for complete reduction of the dioxo-
Mo(VI) precursor. Dissolution of the complexes in dichlo-
romethane produced paramagnetic"MoOCI(OAr) via
formal chlorine atom transfep:26

Microanalytical and mass spectrometric data were con-
sistent with the proposed formulations (see Supporting
Information). Infrared spectra exhibited a strong band at ca.
950 cn1?, which was assigned to thg Mo=0) vibration
Figure 7. Superposition of TB'M0O,(OCsHsBu-2) (phenolate colored  of the terminal oxo ligand. Bands in the 1660190 cnt?!
green) and TF'MoO(OGsH4*Bu-2)(OPE$) (phenolate colored yellow). region were assigned to the(P=0) vibration of the
dphosphine oxide ligand; as expected, ti{E=0) bands of
the ligands were 30100 cn1? lower in energy than the band
in free OPE$ (1166 cnt?).2” The presence of TP and

Figure 6. ORTEP projection ofLO drawn at the 40% probability level
with hydrogen atoms removed.

monomeric in the solid state, contrary to expections base
on the degree of frontal steric congestion in sdlid In this

case, quite different conformations are adopted by the : ) o .
coligand in the dioxo and oxosulfido complexés. phenolate ligands was confirmed by characteristic fingerprint

: . bands (vide supra).
In summary, the structural analysis of dioxo-Mo(VI) . N
complexes provides a valuable indication of the expected 'he*H NMR spectra of the chiral TBMoO(OAr)(OPES)

nuclearity of their oxosulfido-Mo(VI) analogues. Complexes COmplexes displayed resonance patterns consistentQyith
bearing 2-phenolate coligands with sustained steric conges-Symmetry. Notably, the isopropyl methyl and methine
tion at the frontal G-donor face form monomers upon Protons of TJ” give rise to six doublets (integrating at
conversion to their TPMoOS(OAr) analogues. Alterna- 3:3:3:3:3:3) and th_ree septets _(1:1.:1), respectlvely, with the
tively, oxosulfido derivatives containing sterically unde- PYrazole ring methine protons yielding six doublet resonances
manding or conformationally flexible coligands dimerize from o 5.8-7.8. The phosphine oxide ligand gives rise to
upon crystallization, unless subsequent reactions or alterna-cOMplex resonance patterns due to the presence of diastereo-
tive coligand conformations prevent this. topic methylene protons undef; symmetry. These in-
TpP"MoO(OAr)(OPEt 5) Complexes.Green TF'MoO- equivalent protons produce two doublet of doublet of quartet
(OAr)(OPES) were synthesized by reacting MMoO,(OAr) resonances resulting frofdpy, 2Jag, and 3JHH_ couplings;
with PE% in MeCN or benzene. The reaction times varied the methyl groups produce a doublet of triplet resonance
from several hours to several days, but in most cases

i i i i {6859 31 (25) Roberts, S. A.; Young, C. G.; Kipke, C. A,; Cleland, W. E., Jr,;
overnight r.eac.:t|ons provided Q.OOd. yields . %). P Yamanouchi, K.; Carducci, M. D.; Enemark, J.IHorg. Chem199Q
NMR monitoring of selected in situ reactions revealed 29, 3650-3656.
reaction rates inthe ord&>8>6> 11> 7 > 2 > 1. (26) Xiao, Z.; Bruck, M. A.; Enemark, J. H.; Young, C. G.; Wedd, A. G.

- . - J. Biol. Inorg. Chem1996 1, 415-423.
These broadly correlate with the steric protection afforded 27) Hooge, F. N.. Christen, P. Rec. Tra. Chim. Pay-Basl958 77,

the oxo ligands by the naphtholate/phenolate coligands, the —~ 911-922.
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due to3Jpy and 3Juy coupling. The crystal structure of able/isolable intermediates in OAT from Mo(VI) to P(1HH28
TpPPMoO(OGH4Bu-2)(OPE}) has been determinée The The structural survey indicates that the 2- and 2,6-phenolates
complex exhibits a six-coordinate, distorted octahedral and 1-naphtholate coligands adopt conformations producing
geometry, with Me=O, Mo—OAr, Mo—OP, and G=P bond significant frontal steric congestion. This is expected to
distances of 1.682(2), 2.036(2), 2.168(2), and 1.511(2) A, enhance strictnonomerizationin the corresponding oxo-
respectively, and obtuse -Mo—O (O=Mo—OP = sulfido-Mo(VI) complexes (as observed with 2-phenolates).
98.08(9y and O=Mo—OAr = 108.89(10)) and acute  Other derivatives provide less frontal steric congestion, and
N—Mo—N (average 82.) angles. Although the position of  their oxosulfido-Mo(VI) analogues are expected to crystallize
the phenolate coligand has shifted slightly with respect to as dimers providing subsequent reactions or coligand rear-
its position in2, a broadly analogous conformation, confer- rangements do not occur. Attempts to limit dimerization of
ring frontal steric protection to the metal center, oxosulfido complexes by fine-tuning redox potentials have
persists in this, the immediate precursor to monomeric Proved less successful; e.g., the oxosulfido-Mo(VI) complex
TPPMoOS(OGH,Bu-2) (Figure 7). The same is true of the derived from8 (with one of the most negative reduction
oxosulfido-Mo(VI) complex itself® This conservation of ~ Potentials in the series) crystallizes as a diAfer.
conformation confirms that structural analysis of dioxo-Mo-  Acknowledgment. We gratefully acknowledge the ex-
(VI) complexes is a valid method for estimating the steric perimental assistance of Mr. Craig Gourlay and the financial
congestion at the Mo face of their oxosulfido-Mo(VI)  support of the Australian Research Council and the donors
counterparts. of the Petroleum Research Fund (administered by the
American Chemical Society).

Conclusion Supporting Information Available: Full listings of analytical,

ass spectrometric, and IR data for all compounds and crystal-
graphic data in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.

This paper describes the synthesis, characterization, an(f‘
structural analysis of TEMoO,(OAr) complexes and their ©
subsequent reaction with REto yield TgPMoO(OAr)-
(OPE%). The dioxo-Mo(VIl) complexes complement the 1€050052V
limited number of T complexes in the literature, and the (28) (a) Nemykin, V. N.; Davis, S. R.; Mondal. S.; Rubie, N.: Kirk, M. L.

crystal structures add significantly to the structural data (Sbt;n?\logyi,kA.;\?asu,LPJ.kAmj Cgem. %ociooz ﬁ24, 756-757.
: : : emykin, V. N.; Laskin, J.; Basu, B. Am. Chem. SoQ004
available for complexes of this type. The oxo(phosphine 126 8604-8605. (c) Nemykin, V. N.: Basu, B. Chem. Soc., Dalton

oxide)-Mo(IV) complexes constitute rare examples of detect- Trans.2004 1928-1933.
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