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The preparation and structural characterization of tantalum complexes supported by 2,20-phenylphosphino-bis(4,6-di-
tert-butylphenolate) ([OPO]2-) are described. The reaction of Li2[OPO] with TaCl5, regardless of the molar ratio
employed, in diethyl ether at -35 �C led to high-yield isolation of yellow crystalline [OPO]2TaCl. Alkylation of
[OPO]2TaCl with MeMgBr or EtMgCl in diethyl ether at -35 �C generated the corresponding alkyl complexes
[OPO]2TaR (R = Me, Et). Thermolysis of [OPO]2TaEt in benzene led to quantitative formation of [OPO]2TaH, which
could also be prepared by treatment of [OPO]2TaCl with LiHBEt3 in diethyl ether at-35 �C. Hydrolysis of [OPO]2TaCl
or [OPO]2TaR (R = H, Me, Et) generated [OPO]2TaOH. The reaction of [OPO]2TaOH with Me3SiCl in diethyl ether at
room temperature afforded quantitatively [OPO]2TaCl. The solution structures of these complexes were all
characterized by multinuclear NMR spectroscopy. The solid-state structures of [OPO]2TaCl, [OPO]2TaH, and
[OPO]2TaOH were determined by X-ray crystallography. The spectroscopic and crystallographic data are all indicative
of the coordination of both phosphorus donors to tantalum in these 7-coordinate complexes. Interestingly, the structure
of [OPO]2TaH is markedly different from those of [OPO]2TaX (X = Cl, OH, Me, Et) on the basis of NMR and X-ray
studies. Density functional theory computations reveal that the hydride structure found by X-ray crystallography is
lower in energy by about 7 kcal/mol than that analogous to the established X-ray structures of [OPO]2TaCl and
[OPO]2TaOH.

Introduction

We are currently exploring the coordination chemistry of
main-group and transition metals involving o-phenylene-
derived hybrid chelating ligands 1 and 2 (Figure 1) that

contain both soft and hard donors.1-18 Ligands of these
types have shown to bind to both hard and soft metals as
anticipated from the standpoint of the hard and soft acids
and bases theory. It has been demonstrated that the rigidity
imposed by the o-phenylene backbone in these ligands is
beneficial in view of the inhibited propensity of donor atom
dissociation and the enhanced thermal stability of derived
metal complexes.3,5,9-11,18

Studies by Fryzuk and co-workers revealed that early
transition metal complexes of 3 and 4 are capable of dinitro-
gen activation.19-23 Of particular interest is the functionali-
zation of dinitrogen molecules by zirconium or tantalum
complexes.22-26 The phenolate ligands 2 and amido ligands 3
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are closely related given that both possess potentially iden-
tical hapticity, formal anionic charge, possible π-donor
characteristic, and o-arylene backbone, although the former
are anticipated to be somewhat less sterically hindered
because of the lack of substituents at the anionic donor
atoms.
Complexes of chelating (poly)phenolate ligands continue

to constitute an active area of exploratory research to
date.27-39 We recently reported the preparation and struc-
tural characterization of group 1, 4, and 14 metal complexes
of 2.13,14,17 For instance, the reaction of 2,20-phenylpho-
sphino-bis(4,6-di-tert-butylphenol) (H2[OPO]) with SnCl4
in the presence of NEt3 led to the isolation of {[OPO]
SnCl3}(HNEt3) instead of [OPO]SnCl2.

17 The selective for-
mation of the monoanionic {[OPO]MX3}

- derived from a
formally tetravalent metal appears to imply the synthetic
possibility of a neutral [OPO]MX3 from a formally pentava-
lentmetal. In this regard, we have set out to prepare tantalum
complexes of [OPO]- in an effort to assess this hypothesis and
to pursue our interests in dinitrogen chemistry. Though this
goal is yet to be achieved, we found that tantalum derivatives
of [OPO]- characterized thus far preferentially adopt a bis-
ligand formulation that is analogous to what was observed
for heavier group 4 metals. In this contribution, we describe
the preparation and structural characterization of [OPO]2-
TaX (X=Cl, H,Me, Et, OH). Interestingly, the structure of
[OPO]2TaH is markedly different from those of [OPO]2TaX
(X = Cl, Me, Et, OH) on the basis of NMR, X-ray, and
density functional theory (DFT) studies.

Results and Discussion

Though several synthetic strategies were attempted, the
desired complexes of the type [OPO]TaX3 (X=halide, alkyl)

have thus far been elusive. This result is somewhat surprising
in view of the successful preparation of methylene-bridged
biphenolate analogues such as [OCH2O]TaX3 ([OCH2O]2-=
2,20-methylenebis(6-tert-butyl-4-methylphenolate),X=Cl,40

NMe2,
40 Me;41 [OCH2O]2-=2,20-methylenebis(6-phenyl-

phenolate), X=Cl).42 The reaction ofLi2[OPO]13 with TaCl5,
regardless of the molar ratio employed, in a variety of
solvents produced [OPO]2TaCl as the only isolable product.
Prior to complete production of [OPO]2TaCl, an intermedi-
ate, presumably [OPO]TaCl3,

43 was observed by 31P{1H}
NMR spectroscopy at about 32 ppm.Attempts to isolate this
intermediate were not successful. Treatment H2[OPO] with
TaCl5 gave similar results. The reactions of Li2[OPO] with
TaMe3Cl2,

44 [OPO]2TaCl with TaCl5, or H2[OPO] with Ta
(CH2Ph)5,

45-47 however, led to intractable products that
could not be identified thus far.
Analytically pure [OPO]2TaCl is readily prepared quanti-

tatively from the reaction of Li2[OPO]13 with TaCl5 in a 2:1
ratio (Scheme 1). The room-temperature NMR data are all
consistent with C2v symmetry for this molecule. The 31P{1H}
NMR spectrum reveals a sharp singlet resonance at 37.0 ppm
for the phosphorus donors. The tert-butyl groups are ob-
served as one broad and one sharp singlet resonances at 1.68
and 1.07 ppm, respectively, in the 1HNMRspectrumat room
temperature. These signals sharpen significantly upon heat-
ing (in toluene-d8) to temperatures higher than 60 �C but
resolve to give four singlet resonances upon cooling to
-70 �C, indicating a rapid fluxional process occurs at
elevated temperatures, and the static structure is C2-sym-
metric. A similar phenomenon was also observed in the
NMR studies of 7-coordinate [OPO]2M(OH2) (M=Zr,
Hf).14 Given the non-dissociative characteristic of the phos-
phorus donors in Ti[OPO]2 and [OPO]2M(OH2) (M=Zr,
Hf),14 the fluxional process of [OPO]2TaCl is likely to
proceed by a turnstile rearrangement (Scheme 2) assuming
the phosphorus does not dissociate. The non-dissociative
mechanism is further supported by a negative entropy of
activation (see Supporting Information) derived from peak
separation analysis of the variable-temperature 1H NMR
data. Consistent with the relative size of Ta(V) versus M(IV)
(M=Zr,Hf), the fluxional rate is slower for [OPO]2TaCl than
for [OPO]2M(OH2) (Mz=Zr, Hf) because of intramolecular
steric congestion arisen from the corresponding ligands
involved.
Yellow crystals of [OPO]2TaCl suitable for X-ray diffrac-

tion analysis were grown from a concentrated toluene/THF
solution at-35 �C. Crystallographic details are summarized
inSupporting Information,Table S1.As depicted inFigure 2,
[OPO]2TaCl is a 7-coordinate species that contains two
facially bound [OPO]- ligands. In agreement with the

Figure 1. Representative hybrid chelating ligands.
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solution structure determined by NMR studies, [OPO]2TaCl
isC2-symmetic in the solid state. The principal axis coincides
with the Ta-Cl bond. The geometry is best described as a
distorted pentagonal bipyramid with O(1) and O(3) atoms
being at the apical positions (O(1)-Ta(1)-O(3)=154.7(3)�).
The mean deviation of the equatorial pentagon is 0.2068 Å.
Nevertheless, the tantalum atom lies approximately on
the mean equatorial plane with negligible displacement of
0.0106 Å. TheTa-Pdistances of 2.714(3) Å and2.659(3) Å in
[OPO]2TaCl are slightly shorter than the M-P distances
in [OPO]2M(OH2) (2.795(2) Å and 2.757(2) Å for M=Zr;

2.723(5) Å and 2.695(4) Å forM=Hf),14 as anticipated from
the viewpoint of the relative sizes of these metals, but
comparable to those of tantalum phosphine complexes such
as [NPN]TaMe3 (2.7713(13) Å; [NPN]2-= [PhP(CH2Si-
Me2NPh)2]

2-),21,22 Ta(OC6H3
iPr2-2,6)2(Cl)2(H)(PMe2Ph)2

(2.647(1) Å),48 Ta(OC6H3
tBu2-2,6)2Cl(H)2(PMePh2) (2.655-

(1) Å),48 and [PNP]TaF4 (2.6556(11) and 2.6663(11) Å;
[PNP]-=[(2-iPr2P-4-MeC6H3)2N]-).49 The P(2)-Ta(1)-P-
(1) angle of 74.53(10)� is sharper than the corresponding
values found for [OPO]2Zr(OH2) (81.29(5)�) and [OPO]2Hf-
(OH2) (79.7(1)�).14
Alkylation of [OPO]2TaCl with MeMgBr or EtMgCl in

diethyl ether at-35 �Cgenerated [OPO]2TaR (R=Me,Et) in
high isolated yield (Scheme 1). Similar to [OPO]2TaCl, both
[OPO]2TaMe and [OPO]2TaEt display solution C2v symme-
try at room temperature on the NMR time scale but C2

symmetry at temperatures lower than-60 �Cas evidenced by
variable-temperature 1H NMR studies (in toluene-d8). As a
result, the solution structures of [OPO]2TaMe and [OPO]2-
TaEt are likely analogous to that of [OPO]2TaCl, so is the
proposed fluxional process. The 31P{1H} NMR spectra of
[OPO]2TaMe and [OPO]2TaEt exhibit a sharp singlet reso-
nance at 26.7 and 24.9 ppm, respectively, for the phosphorus
donors. The CR atom in [OPO]2TaMe and [OPO]2TaEt
appears as a triplet resonance at 64.2 ppm (2JCP=17 Hz)
and 74.6 ppm (2JCP=17 Hz), respectively, in the 13C{1H}
NMR spectra, consistent with coordination of both phos-
phorus donors to the tantalum center in these 7-coordinate
species.
The ethyl complex decomposes slowly upon prolonged

heating at 120 �C in benzene over a course of 30 days to give
[OPO]2TaH quantitatively (Scheme 1). The disappearance of
[OPO]2TaEt follows a first-order rate law (k=2� 10-6 s-1).

Scheme 1

Scheme 2

Figure 2. Molecular structure of [OPO]2TaCl with thermal ellipsoids
drawn at the 35% probability level. The methyl groups in [OPO]2- are
omitted for clarity.
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The hydride complex [OPO]2TaH can be alternatively pre-
pared by treatment of [OPO]2TaCl with LiHBEt3 in diethyl
ether at-35 �C. No reaction was found for [OPO]2TaHwith
ethylene or 1-hexene. Interestingly, the solution NMR data
of [OPO]2TaH at room temperature are consistent with C2

symmetry, which is notably different from that of chloride
and alkyl analogues. For instance, four sets of resonances are
observed for the tert-butyl groups in the 13C{1H} NMR
spectrum of [OPO]2TaH at room temperature. The solution
structure of [OPO]2TaH is thus likely dissimilar from those of
chloride and alkyl derivatives. The 1H NMR spectrum of
[OPO]2TaHexhibits a triplet resonance for the hydride ligand
at 19.19 ppm with 2JHP of 74.5 Hz.50 Similar downfield
chemical shifts22,25,48,51 and coupling constants48,51,52 were
also reported for other phosphine-coordinated tantalum
hydride complexes. The 31P{1H} NMR spectrum exhibits a
singlet resonance at 34.9 ppm for the phosphorus donors.
Yellow crystals of [OPO]2TaH suitable for X-ray diffrac-

tion analysis were grown from a concentrated diethyl ether
solution at-35 �C. Figure 3 illustrates the X-ray structure of
[OPO]2TaH. Though the hydride ligand was not located
experimentally, the P(2)-Ta(1)-P(1) angle of 132.48(7)� is
rather large, suggesting the presence of such ligand in

between the two phosphorus donors. In comparison, the
P-M-P angles of [OPO]2TaCl and the six-coordinate Ti
[OPO]2 are 74.53(10)� and 89.93(4)�,14 respectively. The
coordination geometry of [OPO]2TaH is thus best described
as a distorted pentagonal bipyramid with O(1) and O(3)
atoms being at the apical positions (O(1)-Ta(1)-O(3) =
163.8(2)�). The hydride ligand resides on the principal C2

axis. Notably, the tert-butyl groups ortho to equatorial O(2)
andO(4) atomsare rather close to eachother (Figure 3b).The
fact that [OPO]2TaX (X = Cl, Me, Et) prefers not to adopt
the same conformation as [OPO]2TaH is likely a consequence
of the larger steric demand of the X ligand, which would lead
instead to a wider P-Ta-P angle and thus a destabilizing
close contact between the tert-butyl groups ortho to the
equatorial oxygen atoms. The lack of symmetry planes in
the solution structure of [OPO]2TaH at room temperature is
ascribed to a similar destabilizing contact for the ortho tert-
butyl groups in the presumedC2v transition state, assuming a
turnstile mechanism also proceeds. The Ta-P distances of
2.579(2) Å and 2.588(2) Å in [OPO]2TaH are shorter than
those of [OPO]2TaCl.
Treatment of [OPO]2TaCl, [OPO]2TaH, or [OPO]2TaR

(R=Me, Et) with water gave [OPO]2TaOH as pale yellow
crystals. The reaction of [OPO]2TaOH with Me3SiCl af-
forded [OPO]2TaCl quantitatively (Scheme 3). A variable-
temperature 1H NMR study revealed solution C2v symmetry
for [OPO]2TaOH (toluene-d8) at room temperature butC2 at
temperatures lower than-70 �C, similar to what is found for
[OPO]2TaX (X = Cl, Me, Et) rather than [OPO]2TaH. The
solution structure of [OPO]2TaOH is thus analogous to those

Figure 3. (a)Molecular structure of [OPO]2TaHwith thermal ellipsoids drawnat the 35%probability level. Themethyl groups in [OPO]2- are omitted for
clarity. (b) A spacefill model viewed along the C2 axis, highlighting the spatial orientation of the tert-butyl groups ortho to O(2) and O(4) donors.

Scheme 3

(50) A computational study shows a distance of 2.538 Å between the
hydride ligand and both phosphorus atoms, which is too far (typical H-P
bond distances are ca. 1.4 Å) and thus unlikely for coupling through space.
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1980, 102, 6608–6609.
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123, 1602–1612.
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of [OPO]2TaX (X=Cl, Me, Et) instead of [OPO]2TaH. The
hydroxide ligand of [OPO]2TaOH shows a triplet resonance
in the 1H NMR spectrum at 8.45 ppm with 3JPH of 4 Hz,
consistent with the coordination of both phosphorus donors
in this 7-coordinate species. The phosphorus donors display a
singlet resonance at 25.4 ppm in the 31P{1H}NMRspectrum.
Pale yellow crystals of [OPO]2TaOH suitable for X-ray

diffraction analysis were grown from a concentrated toluene
solution at-35 �C. Figure 4 illustrates the X-ray structure of
[OPO]2TaOH. Consistent with the solution NMR studies,
the solid-state structure of [OPO]2TaOH is similar to that of
[OPO]2TaCl rather than [OPO]2TaH. In particular, the P
(1)-Ta(1)-P(2) angle of 74.20(12)� and the Ta-P distances
of 2.703(4) Å and 2.718(4) Å in [OPO]2TaOHare comparable
to the corresponding values of [OPO]2TaCl instead of
[OPO]2TaH.
DFT computations were attempted to elucidate the struc-

tural preferences for [OPO]2TaCl, [OPO]2TaOH, and
[OPO]2TaH over two conformers as established by X-ray
crystallographic studies. The optimized geometrical para-
meters agree reasonably well with the experimental data
though theTa-Pdistances of [OPO]2TaCl and [OPO]2TaOH
found by DFT are somewhat overestimated (Supporting
Information, Table S2). The relative energies, enthalpies,
and Gibbs free energies are summarized in Supporting
Information, Table S3. Notably, conformer A is appreciably
lower in energy for [OPO]2TaOH than conformer B. A
similar conformational preference is also found for [OPO]2-
TaCl though the energy differences are not as substantial as
those of [OPO]2TaOH. In contrast, [OPO]2TaH preferen-
tially adopts conformer B that is lower in energy by about 7
kcal/mol than conformer A.We suggest that conformer B be
electronically more favorable for complexes of the type
[OPO]2TaX (X=H,Cl,Me, Et,OH) in viewof the argument
that Alcock’s secondary bonds53 (e.g., Ta-P bonds in this
study) are less stereochemically active than primary bonds
(e.g., Ta-O and Ta-X in this study) in dictating the primary
coordination geometry. A similar phenomenon was also
reported for Ta(OC6H3

tBu2-2,6)2(Cl)(H)2(PMePh2)
48 and

other main group54,55 and transition metal complexes.56,57

Incorporation of a sterically more demanding X ligand, for
example, Cl, Me, Et, or OH, however, increases the steric
congestion significantly (vide supra) and thus conformer A
becomes favorable.

Conclusions

In summary, we have prepared a series of tantalum
complexes of the tridentate biphenolate phosphine ligand
[OPO]2- and established the solution and solid-state struc-
tures of these molecules by means of multinuclear NMR
spectroscopy and X-ray crystallography. These compounds
preferentially adopt a bis-ligand conformation of the type
[OPO]2TaX due perhaps to the high electrophilicity of the
presumed [OPO]TaX3. The coordination geometry is best
described as a distorted pentagonal bipyramid for all isolated
derivatives. Of particular note is perhaps the divergent
preference for the coordination structure, which is a function
of the identity of the monoanionic X ligand. Specifically,
[OPO]2TaH adopts a structure that is notably different from
[OPO]2TaCl, [OPO]2TaOH, [OPO]2TaMe, and [OPO]2TaEt
on the basis of NMR, X-ray, and DFT studies.

Experimental Section

General Procedures. Unless otherwise specified, all experi-
ments were performed under nitrogen using standard Schlenk or
glovebox techniques. All solvents were reagent grade or better
and purified by standard methods. The NMR spectra were
recorded on Varian Unity or Bruker AV instruments. Chemical
shifts (δ) are listed as parts per million downfield from tetra-
methylsilane and coupling constants (J) in hertz. 1H NMR
spectra are referenced using the residual solvent peak at δ 7.16
for C6D6.

13C NMR spectra are referenced using the residual
solvent peak at δ 128.39 for C6D6. The assignment of the carbon
atoms is based on the DEPT 13CNMR spectroscopy. 31P NMR
spectra are referenced externally using 85% H3PO4 at δ 0.
Routine coupling constants are not listed. All NMR spectra
were recorded at room temperature in specified solvents unless
otherwise noted. Elemental analysis was performed on a Her-
aeus CHN-O Rapid analyzer.

Materials. Compounds H2[OPO]58 and Li2[OPO]13 were
prepared according to the literature procedures. All other
chemicals were obtained from commercial vendors and used
as received.

X-ray Crystallography. Crystallographic data, selected bond
distances (Å) and angles (deg) for [OPO]2TaCl, [OPO]2TaH, and
[OPO]2TaOH are given in the Supporting Information. Data
were collected on a Bruker-Nonius Kappa CCD diffractometer
with graphite monochromated Mo KR radiation (λ=0.7107 Å).
Structures were solved by direct methods and refined by full
matrix least-squares procedures against F2 using WinGX crys-
tallographic software package or SHELXL-97.59 All full-weight
non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were placed in calculated positions. The crystals of
[OPO]2TaOH were of poor quality but sufficient to establish
the identity of this molecule. The structures of [OPO]2TaCl,
[OPO]2TaH, and [OPO]2TaOH contain disordered THF, dieth-
yl ether, and toluenemolecules, respectively. Attempts to obtain
a suitable disorder model failed. The SQUEEZE procedure of

Figure 4. Molecular structure of [OPO]2TaOH with thermal ellipsoids
drawn at the 35% probability level. The methyl groups in [OPO]2- are
omitted for clarity.
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Platon program60 was used to obtain a new set of F2 (hkl) values
without the contribution of solvent molecules, leading to the
presence of significant voids in these structures. The refinement
reduced R1 values of [OPO]2TaCl, [OPO]2TaH, and [OPO]2-
TaOH to 0.0873, 0.0719, and 0.1116, respectively.

DFT Computations. The three-parameter hybrid of exact
exchange and Becke’s exchange energy functional61 and Lee-
Yang-Parr’s gradient-corrected correlation energy func-
tional62 (B3LYP) were used. X-ray crystallographic data were
employed to initiate the optimizations of molecular geometries.
All optimized structures were verified to be genuine minima on
the potential energy surface via vibrational frequency analysis.
The 6-31G basis sets were used for C, H, O, Cl, P and the
LANL2DZ effective core potential plus basis functions for Ta.63

The Gaussian03 suite of programs was applied in this study.64

Synthesis of [OPO]2TaCl. Method 1. Solid H2[OPO] (297.9
mg, 0.58mmol) was dissolved in diethyl ether (6mL) and cooled
to-35 �C. To this was added n-BuLi (0.46mL, 2.5M in hexane,
Aldrich, 1.15 mmol, 2 equiv) dropwise. The reaction mixture
was stirred at room temperature for 1 h. The resultant solution
was cooled to-35 �C again and added dropwise to a pre-chilled
suspension of TaCl5 (103.0 mg, 0.29 mmol) in diethyl ether (120
mL) at -35 �C. The reaction mixture was stirred at room
temperature for 7 d and filtered through a pad of Celite.
Evaporation of the filtrate in vacuo to dryness afforded the
product as a yellow solid; yield 358.2 mg (99.7%). Yellow
crystals suitable for X-ray diffraction analysis were grown from
a concentrated toluene/THF solution at -35 �C; yield 201 mg
(56%).

Method 2. Trimethylsilyl chloride (30.2 mg, 0.28 mmol) was
added to a diethyl ether solution (10mL) of [OPO]2TaOH (342.6
mg, 0.28mmol) at room temperature. The reaction solution was
stirred at room temperature for 1 h and evaporated to dryness
under reduced pressure to afford the product as a yellow solid;
yield 332 mg (96%). 1H NMR (C6D6, 500 MHz) δ 7.47 (br s, 4,
Ar), 7.16 (br s, 4, Ar), 6.95 (m, 4, Ar), 6.83 (t, 2, Ar), 6.69 (t, 4,
Ar), 1.68 (br s, 36, CMe3), 1.07 (s, 36, CMe3).

31P{1H} NMR
(C6D6, 202.31 MHz) δ 37.02. 13C{1H} NMR (C6D6, 125.70
MHz) δ 168.00 (m, C), 144.56 (t, JCP=2.77, C), 140.21 (t, JCP=
2.26, C), 133.87 (t, JCP= 22.59, CH), 129.96 (s, CH), 129.82 (m,
C), 128.90 (m, CH), 128.00 (s, CH), 128.62 (s, CH), 36.13 (s,
CMe3), 34.95 (s,CMe3), 31.96 (s, CMe3), 30.46 (s, CMe3). Anal.
Calcd for C68H90ClO4P2Ta: C, 65.33; H, 7.26. Found: C, 65.37;
H, 7.47

Synthesis of [OPO]2TaMe. Solid [OPO]2TaCl (99.9 mg, 0.08
mmol) was dissolved in diethyl ether (3 mL) and cooled to
-35 �C. To this was added MeMgBr (0.16 mL, 0.5 M in diethyl
ether, 0.08 mmol) dropwise. The reaction mixture was stirred at

room temperature for 2 h and filtered through a pad of Celite.
The filtrate was concentrated under reduced pressure until the
volume became about 2 mL. The concentrated solution was
cooled to -35 �C to afford the product as greenish yellow
crystals; yield 70 mg (71%). 1H NMR (C6D6, 500 MHz) δ
7.46 (s, 4, Ar), 7.16 (br s, 4, Ar), 6.95 (br s, 4, Ar), 6.85 (t, 2, J=7,
Ar), 6.72 (t, 4, J=7, Ar), 2.71 (s, 3, TaMe), 1.63 (s, 36, CMe3),
1.10 (s, 36, CMe3).

31P{1H} NMR (C6D6, 202.31MHz) δ 26.74.
13C{1H} NMR (C6D6, 125.70 MHz) δ 167.87 (m, C), 143.47 (s,
C), 139.12 (s, C), 133.46 (t, JCP=5.53, CH), 130.57 (m, C),
129.17 (s, CH), 128.67 (t, CH), 127.78 (s, CH), 126.44 (br s, CH),
123.64 (m, C), 64.23 (t, 2JCP = 17.47, TaMe), 35.87 (s, CMe3),
34.77 (s, CMe3), 31.87 (s, CMe3), 30.33 (s, CMe3). Anal. Calcd
for C69H93O4P2Ta: C, 67.39; H, 7.63. Found: C, 67.33; H, 7.72.

Synthesis of [OPO]2TaEt. Procedures are essentially the same
as those of [OPO]2TaMe by using EtMgCl to give a yellow
crystalline solid; yield 71%. 1H NMR (C6D6, 500 MHz) δ 7.46
(m, 4, Ar), 7.16 (br s, 4, Ar), 6.92 (dd, 4, Ar), 6.85 (t, 2, J=7.5,
Ar), 6.72 (t, 4, J=7.5, Ar), 3.29 (br s, 2, TaCH2CH3), 3.06 (t, 3,
3JHH= 7.5, TaCH2CH3), 1.63 (br s, 36, CMe3), 1.10 (s, 36,
CMe3).

31P{1H} NMR (C6D6, 202.31 MHz) δ 24.94. 13C{1H}
NMR (C6D6, 125.70MHz) δ 167.00 (m, C), 143.30 (s, C), 139.06
(s, C), 133.66 (t, JCP=5.53, CH), 130.57 (m, C), 129.10 (s, CH),
128.68 (s, CH), 128.58 (t, CH), 127.83 (s, CH), 124.00 (m, C),
74.60 (t, 2JCP=17.47, TaCH2CH3), 35.82 (s, CMe3), 34.73 (s,
CMe3), 31.87 (s, CMe3), 30.64 (s, CMe3), 16.35 (s, TaCH2CH3).
Anal. Calcd for (C70H95O4P2Ta)(toluene): C, 69.23; H, 7.78.
Found: C, 68.97; H, 7.62y.

Synthesis of [OPO]2TaH. Method 1. Procedures are essen-
tially the same as those of [OPO]2TaR (R=Me, Et) by using
LiHBEt3 to give yellow crystals; yield 76%.

Method 2. A benzene solution (0.6 mL) of [OPO]2TaEt (19.4
mg, 0.016mmol) was transferred to a Teflon-cappedNMR tube
and heated to 120 �C. The reaction was periodically monitored
by 31P{1H} NMR which indicated quantitative formation of
[OPO]2TaH in 30 d. 1H NMR (C6D6, 500 MHz) δ 19.19 (t, 1,
2JHP=74.5, Ta-H), 7.89 (dd, 4, Ar), 7.71 (d, 2, Ar), 7.65 (m, 2,
Ar), 7.40 (m, 2, Ar), 7.22 (d, 2, Ar), 7.07 (t, 4, Ar), 6.96 (t, 2, Ar),
1.96 (s, 18, CMe3), 1.26 (s, 18, CMe3), 1.09 (s, 36, CMe3).

31P
{1H}NMR (C6D6, 202.31MHz) δ 34.91. 13C{1H}NMR (C6D6,
125.70 MHz) δ 172.12 (m, C), 165.54 (m, C), 144.48 (t, JCP=
3.65, C), 143.35 (t, JCP=2.77, C), 140.71 (t, JCP=4.53, C), 139.06
(t, JCP=2.77, C), 134.50 (t, JCP = 5.53, CH), 131.31 (d, JCP=
55.06, C), 130.87 (s, CH), 129.86 (m, C), 129.15 (m, CH), 129.10
(m, CH), 128.98 (s, CH), 127.81 (s, CH), 127.06 (s, CH), 118.70
(m, C), 36.84 (s, CMe3), 35.63 (s, CMe3), 35.04 (s, CMe3), 35.01
(s, CMe3), 32.29 (s, CMe3), 32.11 (s, CMe3), 31.21 (s, CMe3),
30.37 (s, CMe3). Anal. Calcd for C68H91O4P2Ta: C, 67.18; H,
7.55. Found: C, 66.86; H, 7.37.

Synthesis of [OPO]2TaOH. Degassed deionized water (300
mg, 16.7 mmol, 415 equiv) was added to a THF solution (2 mL)
of [OPO]2TaEt (50 mg, 0.0402 mmol) at room temperature. The
reaction solution was stirred at room temperature for 4 d. The
31P{1H} NMR spectrum of a reaction aliquot at this moment
indicated the presence of a two-component mixture containing
[OPO]2TaOH and H2[OPO] in a ratio of about 4:1. All volatiles
were removed in vacuo. Toluene (2 mL) was added. The toluene
solution was filtered through a pad of Celite, concentrated
under reduced pressure, and cooled to -35 �C to afford the
product as pale yellow crystals suitable for X-ray diffraction
analysis; yield 21.3mg (43%). Reactions employing [OPO]2TaX
(X=Cl, Me, H) under similar conditions gave essentially the
same results as indicated by 31P{1H} NMR. 1H NMR (C6D6,
500 MHz) δ 8.45 (t, 1, 3JPH=4, OH), 7.45 (d, 4, J= 2, Ar), 7.16
(br s, 4, Ar), 7.00 (dd, 4, J=10.5 and 7.5, Ar), 6.85 (t, 2, J=7.5,
Ar), 6.73 (t, 4, J=7.5, Ar), 1.63 (br s, 36, CMe3), 1.09 (s, 36,
CMe3).

31P{1H} NMR (C6D6, 202.31 MHz) δ 25.38. 13C{1H}
NMR (C6D6, 125.70 MHz) δ 166.86 (m, C), 143.47 (t, JCP=
2.77, C), 139.11 (br s, C), 133.73 (t, JCP=5.41, CH), 129.57
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(s, CH), 128.90 (m, CH), 127.89 (s, CH), 123.86 (m, C), 35.82
(s, CMe3), 34.77 (s, CMe3), 31.88 (s, CMe3), 30.32 (s, CMe3).
Anal. Calcd for C68H91O5P2Ta: C, 66.31; H, 7.45. Found: C,
66.55; H, 7.65.
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