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The reaction of Cp′2TaH3 (Cp′ ) C5H4C(CH3)3) with [MPPh3][PF6] yields the bimetallic complexes [Cp′2TaH3-
MPPh3][PF6] (M ) Au (1),M ) Cu (2)). The detailed NMR study of1 and 2 showed the structure with two
bridging hydride ligands. The mutual orientation of the Cp′ rings has been determined by NOE experiments. The
variable-temperature NMR data showed an intramolecular exchange between two outer hydride ligands. The
exchange is faster in1 (∆Gq(210 K) ) 9.3 kcal/mol) than in2 (∆Hq ) 8.6 ( 0.2 kcal/mol,∆Sq ) - 5.0 ( 0.4
eu, ∆Gq (210 K) ) 9.6 ( 0.2 kcal/mol). In contrast, complex2 undergoes the faster intermolecular PPh3/PPh3
exchange. It has been demonstrated thatT1min, T1, T1sel and T1bis measurements are a powerful instrument for
quantitative localization of the hydride ligands in solutions of bimetallic complexes. The determined hydride-
hydride and metal-hydride distances reproduce well the structural tendencies in the related niobium trihydride
[{Nb(C5H3RR′)2H3}2Au][PF6] (R ) R′ ) Si(CH3)3) established by the X-ray method. Tantalum-gold complex
1 showed weak exchange couplings.

Introduction

Transition metal hydride complexes represent one of the most
important classes of inorganic compounds due to their reactivity
and importance in catalysis.1 Among the hydride complexes,
bimetallic polyhydrides are of special interest1b because of the
presence of terminal and bridging hydride ligands binding to
different metal centers.

Since the discovery of (η2-H2) complexes,2 the NMR spin-
lattice (T1) relaxation has attracted the significant attention of
inorganic chemists as a reliable instrument for structural
characterizations of transition metal hydrides in solution. The
theoretical analysis and practical examples3 revealed thatT1min

measurements of classicalmononucleartransition metal hydrides
provide determination of the M-H and H‚‚‚H distances in good
agreement with the neutron diffraction method. In the present
work, we demonstrate how the M-H and H‚‚‚H distances can
be deduced from measurements of nonselective (T1), selective
(T1sel), and biselective (T1bis) relaxation times of the hydride
ligands inbimetallic hydride complexes. We report here the
preparation of new mixed tantalum-gold and tantalum-copper
trihydrides of the formula [Cp′2TaH3MPPh3][PF6] (M ) Au (1),
Cu (2); Cp′ ) C5H4C(CH3)3) with two bridging hydride ligands.
The structures of these compounds were established from
relaxation measurements and by an analysis of the proton-

proton and phosphorus-proton coupling constants in the low-
temperature NMR spectra. In addition, NOE experiments were
carried out to support the suggested structures. Tantalum-gold
complex1 showed weak exchange couplings.

Experimental Section

The NMR studies were carried out in NMR tubes sealed under a
dry Ar atmosphere. NMR data were collected with Bruker WP 200
SY and AMX 400 spectrometers. The conventional inversion-recovery
method (180°-τ-90°) was used to determineT1. T1sel relaxation times
were measured by applying a selective 180° pulse provided by the
decoupler systems. The duration and the power of the selective pulses
were regulated to excite only one of the hydride resonances.T1bis

relaxation times were determined by applying selective 180° pulses
exciting two resonance lines. The calculation of the relaxation times
was made using the nonlinear three-parameter fitting routine of the
spectrometers. In each relaxation experiment, the waiting period was
5 times larger than the expected relaxation time and 16-18 variable
delays were employed. The durations of the pulses were controlled at
every temperature. The errors inT1 determinations were lower than
5% (this was checked with different samples). The rate constants for
the hydride/hydride exchange in complex2 (from 190 to 280 K the
rate constant takes the values between 37.3 and 6.17× 104 s-1) were
calculated from the variable-temperature1H NMR spectra using the
program DNMR-5.

IR spectra were recorded as Nujol mulls between KBr or CaF2 plates
using a Specord M82 spectrometer. Compound1: 1708 (w), 1685 (w)
(ν(Ta-H)); 838 (s, br) (ν(PF6

-)); 1610 (m), 1583 (m) (ν(Ar)); 749 (s),
696 (s) cm-1 (F(CH)Ar). Compound2: 1701 (vw), 1665 (vw) (ν(Ta-
H)); 840 (s, br) (ν(PF6

-)); 1559 (m), 1584 (m) (ν(Ar)); 743 (s), 696
(s) cm-1 (F(CH)Ar).

Elemental analyses of1 and 2 were performed on an EA 1108
CHNS-O FISONS Instrument.

Preparation of [Cp′2TaH3MPPh3] [PF6]. All manipulations were
performed under an argon atmosphere by standard techniques. Solvents
were dried and degassed by using conventional procedures. The
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following compounds were prepared as described in the literature:
(C5H4But)2TaH3,4a CuPPh3Cl,4b and AuPPh3Cl.4c

[(C5H4But)2TaH3Cu(PPh3)][PF6]. A THF solution of [CuPPh3][PF6]
(0.40 mmol) prepared in situ from [CuPPh3Cl]4 (300 mg, 0.10 mmol)
and TlPF6 (150 mg, 0.40 mmol) (the TlCl precipitate was eliminated
by filtration) was added to a THF solution (30 mL) of (C5H4But)2TaH3

(0.40 mmol) at 0°C. The reaction mixture was stirred for 15 min to
yield a colorless solution with a precipitate. The precipitate was filtered
off, and the solvent was removed under vacuum. The solid was washed
with pentane and crystallized from acetone (74% yield). Anal. Calcd
for C36H44F6CuP2Ta: C, 48.2; H, 5.0. Found: C, 49.1; H, 4.8.

[(C5H4But)2TaH3Au(PPh3)][PF6] was similarly prepared with
[AuPPh3][PF6] (82% yield). Anal. Calcd for C36H44F6AuP2Ta: C, 42.0;
H, 4.3. Found: C, 41.3; H, 4.2.

Results and Discussion

Bimetallic complexes1 and2 are prepared from the trihydride
Cp′2TaH3 according to the high-yield reaction of eq 1 where M

) Au (1) and Cu (2). The complexes are characterized by correct
elemental analyses, and their structures are assigned spectro-
scopically (see the IR data in the Experimental Section and
below) since it was not possible to grow crystals suitable for
an X-ray analysis.

The room-temperature31P{1H} NMR spectrum of an acetone-
d6 solution of1 shows two resonances at 54.8 (PPh3) and-140.9
([PF6], J(P-F) ) 700 Hz) ppm. The hydride region of the1H
NMR spectrum of this solution exhibits an1H-31P coupled AX2

pattern with the parameters in Table 1. TheJ(H-P) coupling
constants disappear in the1H{31P} experiments. Lowering the
temperature leads to a splitting of the HX peak of intensity 2 (δ
) 0.131 ppm) into two new lines of intensity 1 at 0.493 and
-0. 437 ppm withJ(H-P) < 5 and 36.7 Hz, respectively
(Figure 1). The HA ligand now shows a resonance at-0.984
ppm withJ(H-P)) 63.8 Hz. According to the data of Pignolet
and co-workers,5a the significantJ(H-P) values, observed for
two hydride lines at low temperatures, correspond to a structure
with two bridging hydride ligands (Scheme 1). Very similar
structures with two bridging hydrides were recently established
for the bimetallic Nb complexes [{Nb(C5H3RR′)2H3}2M] with
M ) Cu, Ag, and Au5b and for [{Ru(C5H5)H3(PCy3)}2M] (M

) Cu, Ag, and Au),5c where the phosphorus ligand is bound to
the Ru atom. It is interesting that the low-temperature1H NMR
spectra of the complex [{Ru(C5H5)H3(PCy3)}2Cu] showed a
coupling to31P only for the terminal hydride ligand (25 Hz).
The absence of the resolvedJ(H-P) constants for the bridging
hydrides was explained by the authors in terms of a lengthening
of the corresponding Ru-H distances.5c The same approach can
be used for complex1, where the phosphorus group is bound
to the Au atom. Actually here theJ(H-P) couplings are
observed only for the bridging hydrides. TheseJ(H-P) values
indicate that Au is bound relatively strongly to the central
hydride ligand and more weakly to the second bridging hydride.

The variable-temperature1H NMR spectra of1 in Figure 1
demonstrate a fluxional process reflecting an intramolecular
exchange between two outer hydride ligands (HX and HY in
Scheme 1). When the exchange is frozen on the NMR time
scale, the signals of the Cp′ rings also split, transforming to the
lines at 5.526 and 5.434 ppm for Cp(HR) and 6.091 and 6.044
ppm for Cp(Hâ). The coalescence of resonances of the outer
hydride ligands is observed at 210 K. Note that the∆Gq value
of 9.3 kcal/mol determined under these conditions is very close
to that reported for [{Nb(C5H3RR′)2H3}2Au]5b despite the
presence of the donor PPh3 ligand in complex1.

Complex1 shows practically identical NMR parameters in
acetone-d6, CDCl3, and CD2Cl2. However, in DMSO (295 K),
the hydride ligands are observed as a broadenedsinglet at
-0.047 ppm and a very broadened doublet line at-0.934 ppm.
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Soc. A1969, 2559.
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Table 1. Room-Temperature1H NMR Data for Complexes1 and2
in Acetone-d6

proton δ,a ppm T1min, s (T, K)b J(H-P), Hz J(H-H), Hz

Complex1
HX 0.131 0.0962 (210) 21.0 2.8
HA -0.714 0.0754 (210) 62.2 2.8
CH3 1.335 0.111 (205)
Cp(HR) 5.369 0.398 (210) 2.2
Cp(Hâ) 5.881 0.506 (210) 2.2

Complex2
HX -2.490 0.0934 (200) 7.8
HA -3.629 0.0715 (200) 7.8
CH3 1.338 0.0954 (190-200)
Cp(HR) 5.198 0.300 (190-200) 2.2
Cp(Hâ) 5.696 0.399 (190-200) 2.2

a δ(Ph) ) 7.65 and 7.33 ppm for1 and 2, respectively.b At 200
MHz.

Cp′2TaH3 + [MPPh3][PF6]98
0 °C, THF

[Cp′2TaHX
2H

AMPPh3][PF6] (1)

Figure 1. Hydride region in the variable-temperature1H NMR spectra
of an acetone-d6 solution of tantalum-gold complex1 at 400 MHz.

Scheme 1
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Increasing the concentration of the solution or the temperature
led to full loss of theJ(H-P) splitting for the both hydride
signals. Hence anintermolecularPPh3/PPh3 exchange operates
on the NMR time scale in the more polar DMSO.

The room-temperature31P{1H} NMR spectrum of bimetallic
trihydride2 (acetone-d6) exhibits two lines at-4.3 (PPh3) and
-145.0 ([PF6], J(P-F) ) 700 Hz) ppm. However, visibleJ(H-
P) constants are absent in the1H NMR spectrum of2 and the
hydride ligands show a simple AX2 pattern: δ(HX) ) -2.490
ppm, δ(HA) ) - 3.629 ppm withJ(HX-HA) ) 7.6 Hz. It is
obvious that the intermolecular PPh3/PPh3 exchange in2 is
significantly faster than that in1. It is interesting that both
hydride lines of2 are remarkably broadened and this effect
increases with the temperature. We have found no saturation
transfers for the hydride resonances even at 310 K (which could
correspond to an exchange between HA and HX), and thus the
broadening effects can be explained in terms of scalar relaxation
of the second kind by coupling between1H and the quadrupolar
Cu nuclei.6

As in the case of1, lowering the temperature of an acetone-
d6 solution of2 yields a splitting of the HX peak (δ ) -2.490
ppm) into two new lines withδ ) -0.887 and-4.351 ppm
(190 K, 200 MHz). The full analysis of the line shapes between
190 and 280 K provided calculation of kinetic parameters for
the exchange between two outer hydride ligands:∆Hq ) 8.6
( 0.2 kcal/mol,∆Sq ) -5.0 ( 0.4 eu, and∆Gq ) 9.6 ( 0.2
kcal/mol (210 K). In agreement with the intramolecular character
of the hydride exchange, the entropy is close to 0 eu. It is
remarkable that, even at 190 K, the hydrides in2 do not show
theJ(H-P) constants and thus the PPh3/PPh3 exchange remains
fast on the NMR time scale. However this process was frozen
in a weakly concentrated CD2Cl2 solution at 180 K (400 MHz).
Under these conditions, the1H NMR spectrum exhibited three
very broadened hydride lines at-1.058,-4.208, and-4.786
ppm, one of which (HA, -4.208 ppm) showed aJ(H-P)
splitting of ∼15 Hz. Note that increasing the temperature (283
K) leads to disappearance of this constant and observation of
an AX2 pattern withδ(HX) ) -2.680 ppm,δ(HA) ) -3.830
ppm, andJ(HX-HA) ) 7.0 Hz. Thus all the above spectral data
allow us to formulate for2 the hydride arrangement represented
in Scheme 1.

The variable-temperature1H NMR data demonstrate the
higher hydride fluxionality in the tantalum-gold compound.
The same tendency was found for [{Nb(C5H3RR′)2H3}2M] (M
) Cu, Au) and discussed in terms of a less extended electronic
cloud of ion Cu+ which is more acidic and therefore more
strongly bound to the hydrides.5b We believe that the faster
intermolecular PPh3/PPh3 exchange observed in2 supports well
this idea. It should be emphasized the exchanges between two
outer hydrides in1, 2, [{Nb(C5H3RR′)2H3}2M] (M ) Cu, Au),5b

and [{Ru(C5H5)H3(PCy3)}2M] (M ) Cu, Au)5c are characterized
by similar activation parameters which are always higher for
Cu. At the same time, the exchange between the central and
outer hydride ligands is strongly dependent on the nature of
the complexes. For example, in [{Ru(C5H5)H3(PCy3)}2M] (M
) Cu, Au), this exchange is fast on the NMR time scale already
at 280 K.5c In 1, 2, and [{Nb(C5H3RR′)2H3}2M],5b the exchange
remains very slow even at 310 K. These data support well the
idea that the exchange between two outer hydrides is a coinage-
metal transfer between the hydride sites.5c

The AX2 hydride spin system of tantalum-gold complex1
shows an interesting feature: theJ(HA-HX) value of 2.8 Hz

(295 K, acetone-d6) is significantly less than those for mono-
nuclear Ta trihydrides,5b their bimetallic derivatives Cp2TaH2-
(µH)M(CO)5 (M ) Cr, Mo, W) (J(H-H) ) 7.5-10.4 Hz),7

and Cu complex2 (7.8 Hz). This value slightly increases at
310 K (3.1 Hz). A similar unpronounced effect is also detected
in a CDCl3 solution of1: 2.5 and 3.6 Hz at 295 and 320 K,
respectively. However when the exchange between two outer
hydrides is frozen at 180 K (acetone-d6, 400 MHz) and the1H
NMR spectrum of1 contains three hydride lines (HA, HX, and
HY; for notation, see in Scheme 1), the HX resonance clearly
shows a triplet proton-proton splitting of 7.6 Hz (Figure 2).
This constant is close to 7.8 and 8.8 Hz observed for tantalum-
copper complex2 and [(C5H4Si(CH3)3]2TaH3,5b respectively,
and it can be attributed to a magnetic proton-proton coupling.
Then the room-temperatureJ(HX-HA) value of 2.8 Hz for1
can be explained by the presence of weak exchange HX-HA

couplings which are opposite in sign.8 Note that this conclusion
is in good agreement with the data obtained for [{Nb(C5H3-
RR′)2H3}2M]5b and [{Ru(C5H5)H3(PCy3)}2M],5c where ex-
change couplings increase from Cu+ to Au+.

The mutual orientation of the Cp′ rings in1 was determined
by room-temperature NOE experiments in acetone-d6. CH3

irradiation resulted in the positive NOE enhancement (f ) 0.1)
for one of the Cp′(H) lines with δ ) 5.369 ppm providing
correct spectral assignments in Table 1. In accordance with these
assignments, theT1min value of the Cp(HR) protons is remarkably
shorter (Table 1) due to dipole-dipole interactions with the CH3
groups. Very weak NOE effects were observed for both Cp′(H)
signals on HX irradiation. Nevertheless the enhancement was
more pronounced for the Cp(Hâ) resonance at 5.881 ppm. We
believe that these results correspond to a maximally populated
mutual arrangement of the Cp′ rings represented in structureI
where steric interactions between the trans-located bulky groups
are minimal.

(6) Abragam, A.The Principles of Nuclear Magnetism; Oxford University
Press; New York, 1971.

(7) Bakhmutov, V. I.; Vorontsov, E. V.; Boni, G.; Moise, C.Inorg. Chem.
1997, 36, 4055.

(8) Heinekey, D. M. J. Am. Chem. Soc.1991, 113, 6074.

Figure 2. HX resonance in the1H NMR spectrum of an acetone-d6

solution of1 at 180 K and 400 MHz.
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Quantitative characterizations of the hydride arrangements
in bimetallic complexes1 and2 can be carried out on the basis
of 1H T1 relaxation data. Actually, in this case, only dipole-
dipole proton-proton and proton-metal interactions dominate
the hydride spin-lattice relaxation.3,9

The total relaxation rate for the hydride ligands in1 is
described in terms of an isotropic model as follows:

In turn

and

whereγ, h, I, andω are well-known physical parameters and
τc ) τ0 exp(Ea/RT).3,6,9 When theT1 time in eq 3 or 4 reaches
a minimum, the corresponding internuclear distances are
calculated from eq 5 or 6 written in a convenient form (hereν
is the1H NMR resonance frequency in MHz):

It is obvious that correct separations of the relaxation
contributions in eqs 2 provide quantitative localization of the
hydride ligands in the TaH3 fragment. It should be emphasized
that influence of197Au is negligible because of the small values
of γAu and IAu (3/2). Finally, it should be noted that the above
equations are quite valid for isolated spins. In the case of AX2

or more complicated spin systems, strong interpretation of their
relaxation properties requires a Redfield density matrix treat-
ment.10 However, this more correct (and more difficult) method
is used for an opposite taskssuggestion of a model of molecular
motions in liquids on the basis of relaxation measurements and
known geometrical data.10 In addition, note that the simple
equations (2)-(6), even though not strictly correct, usually
proved internuclear distances in good agreement with structural
data.3c

As predicted by the relaxation theory, the temperatureT1

dependencies give “V-shaped” plots (Figure 3 shows one of
them) reaching minimum values at similar temperatures for all
the protons of1. One can think that effects connected with
anisotropic molecular motions10 of bimetallic complex1 are
not dramatic. In accordance with this conclusion, theT1min

values measured at 400 MHz (T1min(HX) ) 0.180 s,T1min(HA)
) 0.138 s at 220 K) are close to those expected on the basis of
the relaxation data collected at 200 MHz (Table 1). In addition,

the calculation of theT1 dependence in Figure 3 gives very
reasonableEa (2.6 kcal/mol) andτ0 (5.6× 10-13 s) values. Thus
the T1 data can be treated in terms of an isotropic model.

It follows from the relaxation experiments (Table 1) that the
T1min times of the hydride ligands in Ta/Au complex1 are
remarkably shorter than those in mononuclear complex [C5H4-
Si(CH3)3]2TaHX

2HA (0.102 and 0.157 s for HA and HX,
respectively, at 200 MHz5b) or binuclear complexes Cp2TaH2-
(µ-H)M(CO)5 (M ) Cr, Mo, W) containing one bridging
hydride.7 Hence, the TaH3 fragment undergoes remarkable
structural changes when two hydride ligands are bound to the
second metal center. At the same time, theT1min value for HX

in 1 is elongated with respect to 0.0696 s (200 MHz) measured
in cis-{Cp2TaH2[P(OMe)3]}, where the hydride ligands are
separated by only 1.67 Å.11

The variable-temperatureT1 experiments showed two distinct
values for the HX and HA hydrides in1, demonstrating the lack
of an HA/HX exchange between 180 and 295 K. Hence the
Ta-H bond lengths can be determined from measurements of
selective (T1sel), nonselective (T1), andT1min relaxation times:3

In eq, 7k ) (T1sel/T1 - 1)/(0.5- T1sel/3T1) and theT1 andT1sel

times are measured atωH
2τc

2 , 1.3a

TheT1sel/T1 experiments (some of them are presented in Table
2) were carried out for HX in acetone-d6 between 273 and 295
K and in DMSO at 320 K. The determinedT1sel/T1 ratios (eq 7)
were averaged and used for further calculations ofr(Ta-HX)(9) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.; Halpern, J.J. Am.

Chem. Soc.1991, 113, 4173.
(10) Grant, D. M.; Mayne, C. L.; Liu, F.; Xiang, T. X.Chem. ReV. 1991,

91, 1591 and references therein.
(11) Sabo-Etienne, S.; Chaudret, B.; Ulrich, S.; Limbach, H. H.; Moise,

C. J. Am. Chem. Soc.1995, 117, 11602.

1/T1(H
A) ) 1/T1(Ta‚‚‚HA) + 2/T1(H

A‚‚‚HX) +

1/T1(H
A-Cp) + 1/T1(H

A-CH3) + 1/T1(H
A-Ph) (2a)

1/T1(H
X) ) 1/T1(Ta‚‚‚HX) + 1/T1(H

A‚‚‚HX) +

1/T1(H
X-Cp) + 1/T1(H

X-CH3) + 1/T1(H
X-Ph) (2b)

1/T1(Ta‚‚‚H) ) 2γH
2γTa

2h2I(I + 1)/

15rTa‚‚‚H
6(3τc/(1 + ωH

2τc
2) + 6τc/(1 + (ωH + ωTa)

2τc
2) +

τc/(1 + (ωH - ωTa)
2τc

2)) (3)

1/T1(H‚‚‚H) ) 0.3γH
4h2/rH‚‚‚H

6(τc/(1 + ωH
2τc

2) +

4τc/(1 + 4ωH
2τc

2)) (4)

rH‚‚‚H (Å) ) 2.405(200T1min(H-H)/ν)1/6 (5)

rTa‚‚‚H (Å) ) 2.001(200T1min(Ta-H)/ν)1/6 (6)

Figure 3. Variable-temperatureT1 dependencies for the hydride ligands
in complex1 (acetone-d6): 0, HA at 200 MHz;3, HX at 400 MHz;+
HY at 400 MHz (for notation, see in Scheme 1). The solid line
corresponds to calculations.

Table 2. T1 Data Collected for HX of Complex1 in Acetone-d6 at
273 K and 200 MHz

parameter value, s parameter value, s

T1 0.280 (0.385)a T1bis(HX-CHR) 0.365
T1sel 0.380 (0.528)a T1bis(HX-HA) (0.442)a

T1bis(HX-CH3) 0.344 (0.488)a T1min (210 K) 0.0962
T1bis(HX-Ph) 0.383 T1min(HX-HA) (210 K) 0.185b

T1bis(HX-CHâ) 0.363 T1min(HX-Ta) (210 K) 0.292b

a At 295 K. b These values were calculated by averaging theT1sel/T1

ratios obtained in the relaxation experiments at different temperatures.

rTa‚‚‚H ) 3.736((1.4k + 4.47)T1min/ν)1/6 (7)
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(1.66( 0.03 Å). As mentioned above, the HA line for 1 shows
the largeJ(H-P) constant of 62 Hz that strongly complicates
T1sel measurements. The splitting disappears in DMSO at 320
K due to the fast intermolecular PPh3/PPh3 exchange, and this
circumstance was used in order to measure theT1 andT1seltimes
for HA. These experiments led to determination of the corre-
sponding Ta-HA bond length (1.75( 0.03 Å).

Due to tantalum-hydride dipole-dipole interactions in eq
6, the obtained Ta-HX and Ta-HA distances provide 29% and
17% of the total relaxation rate: 1/T1min(HX) and 1/T1min(HA),
respectively. To determine other relaxation contributions in eq
2, we have carried out the measurements of biselectiveT1 times
for resonance pairsHX/CH3, HX/Ph, HX/Cp(H), andHX/HA

(Table 2). Actually, magnitudesF(HX) ) [1/T1bis(HX) -
1/T1sel(HX)]/[1/T1(HX) - 1/T1sel(HX)] reflect the fractional
contributionsto the total relaxation rate of proton HX via dipolar
interactions with the corresponding protons.12

The data in Table 2 show that, among different dipole-dipole
proton-proton interactions, only theHX-HA and HX-CH3

contributions play a remarkable role in the HX relaxation (here
T1sel> T1bis > T1; in the other cases,T1sel≈ T1bis). Determination
of the correspondingF(HX) values as contributions toT1min(HX)
and calculation ofT1min(Ta-HX) from r(Ta-HX), obtained by
the T1sel/T1 experiments, result in the contribution 1/T1min(HA‚
‚‚HX) reflecting the distance between HA and HX through eq 5.

The treatment of all the relaxation data gives the final
localization of the hydride ligands in1: r(Ta-HX) ) 1.66 (
0.03 Å,r(Ta-HA) ) 1.75( 0.03 Å, andr(HX‚‚‚HA) ) 1.82(
0.03 Å (structureI ). These distances seem to be slightly shorter
than those in the trihydride Cp2TaH3 determined by neutron
diffraction: r(Ta-H) ) 1.774(3) Å andr(H‚‚‚H) ) 1.851 Å.13

Nevertheless, they reproduce well the tendencies observed in
the high-quality X-ray structure of [{Nb(C5H3RR′)2H3}2Au]-
[PF6] (R ) R′ ) Si(CH3)3) with two bridging hydrides.5b Here
the corresponding Nb-HX, Nb-HA, and HX‚‚‚HA distances are
found as 1.77(10), 1.94(10), and 2.12(14) Å, respectively.

Finally, it should be emphasized that the exchange between
two outer hydrides in1 becomes slow below theT1min

temperature, and therefore it was not possible to measure a
relaxation difference for the bridging HX and terminal HY

ligands. It is probable that this exchange slightly distorts the
found Ta-H and H‚‚‚H distances.

The relaxation times of all the protons in1 and2 (acetone-
d6) pass through a minimum at similar temperatures (Table 1)
that corresponds well to similar inertia moments of these
molecules. TheT1min values of the hydride ligands in1 and2
are practically identical, reflecting similar hydride arrangements
in both compounds. Some decrease of theT1min values for the
hydride ligands in2 could be explained by the presence of63Cu
(I ) 3/2) and65Cu (I ) 3/2).

Conclusions
The detailed NMR study of tantalum-gold and tantalum-

copper trihydrides1 and2 has demonstrated howT1min, T1, T1sel

andT1bis measurements can be used for quantitative localization
of the hydride ligands in solutions of bimetallic complexes. The
determined hydride-hydride and metal-hydride distances
reproduce well the structural tendencies in the related niobium
trihydride [{Nb(C5H3RR′)2H3}2Au][PF6] (R ) R′ ) Si(CH3)3)
found by the X-ray method. The correct experimental estima-
tions have demonstrated Ta-H dipole-dipole interactions to
be important for the hydride relaxation in1 providing 29% and
17% of the relaxation rate for HX and HA, respectively.

In good agreement with the literature data, complexes1 and
2 contain two bridging Ta hydride ligands binding to the second
metal center. The variable-temperature NMR data showed the
fluxionality of both compounds. The intramolecular exchange
between two outer hydride ligands is faster in1 (∆Gq ) 9.3
kcal/mol; 210 K) than in2 (∆Hq ) 8.6 ( 0.2 kcal/mol,∆Sq )
- 5.0( 0.4 eu,∆Gq ) 9.6( 0.2 kcal/mol; 210K). In contrast,
complex 2 undergoes the faster intermolecular PPh3/PPh3
exchange.

The presented data can be considered as a development of
the T1 approaches for quantitative structural characterizations
of metal-hydride moieties in solution.
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