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There is currently great interest in the structure and reactivity 
of transition metal polyhydride complexes. Many polyhydrides 
are stereochemically nonrigid (fluxional) with very low barriers 
to rearrangements which render all the hydride ligands equivalent 
on the NMR time scale. Since the first report of a molecular 
hydrogen complex by Kubas and co-workers,1 the possibility that 
a fluxional polyhydride complex may also contain a dihydrogen 
ligand has been investigated by a number of workers, primarily 
using T\ measurements to detect short H-H contacts.2 In general, 
the most definitive solution-state indicator for the presence of a 
dihydrogen ligand is the observation of H-D coupling upon partial 
deuteration. A wide range of values for /HD have been reported, 
but most of the reported H-D complexes have H-D coupling 
constants of 15-35 Hz.3,4 Fluxional polyhydride complexes, LmM-
(H2)Hn (n > 1), suspected to contain a dihydrogen ligand should 
also display /HD couplings in the 1H NMR spectrum upon partial 
deuteration, albeit reduced in magnitude due to statistical 
averaging. There is also the possibility of large isotope effects 
on the 1H NMR chemical shifts due to isotopic perturbation of 
resonance (IPR).5 Surprisingly, retention of H-D coupling in 
the high-temperature limiting spectrum of metal polyhydrides 
has rarely been observed.6 IPR effects have never been conclu
sively observed in a polyhydride complex. 

Following our observation of large proton-proton exchange 
couplings in trihydride complexes of the type [(C5Hs)Ir(L)H3]-
BF4 (L = various PR3),7 Chaudret, Limbach, and co-workers 
have postulated the existence of a thermally accessible dihydro
gen/hydride tautomer to explain the observed large couplings in 
these and related polyhydride complexes.8 In order to explore 
the effect of an increase in the steric demand of the coligands 
which might be expected to stabilize a dihydrogen/hydride 
structure, we have investigated substitution of the cyclopentadienyl 
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moiety for the sterically more demanding hydridotris(pyrazolyl)-
borate ligand (Tp).' This communication addresses the synthesis 
and characterization OfTpIr(PMe3)Hj (1) and its reaction with 
HBF4-Et2O to yield [TpIr(PMe3)(H2)H]BF4 (2). Unusual 
temperature dependent IPR and IPC data is presented for 2-d\ 
and 2-dz which indicates that deuterium favors the terminal 
hydride site over the dihydrogen ligand in this complex. 

Complex 1 was prepared in a one-pot reaction from [(»!-C5-
Me5)Ir(PMe3)H3]SO3CF3.

10 Following the recent report by 
Pedersen and Tilset for the PPh3 analog,1' we find that dissolution 
of the trihydride complex in acetonitrile generates [(MeCN)3Ir-
(PMe3)H2]SO3CF3. Subsequent addition of NaTp affords 1 in 
55% yield as an air-stable colorless solid (eq I).12 

(1) MeCN 

[(C5Me5)Ir(PMe3)H3]SO3CF3 — (Tp)Ir(PMe3)H, 
(2) NaTp * 

(D 
Complex 2 can be generated by reaction of HBF4-Et2O with 

1 in CD2Cl2 at room temperature or can be isolated from Et2O 
at 0 0C (eq 2). Room temperature 1H and 13C NMR spectra of 

HB-^NQ^ HB-T-NO 
\ ^<.[ H HBF4-EW I ^ N j 1 1 I H (2) 

^ ^ £ l PMe3 < ^ J ] PMe3 

1 2 

2 exhibit appropriate resonances for the Tp and PMe3 ligands,13 

but only a single hydride resonance was observed in the 1H NMR 
spectrum at -10.4 ppm (27PH = 11 Hz).14 A quartet (27PH = 11 
Hz) at -42.7 ppm is observed in the 31P NMR spectrum when 
the methyl protons are decoupled. These observations are very 
similar to those that we have previously made for the cyclopen
tadienyl analog of 2 (which is a trihydride). In contrast, the T\ 
(min, 300 MHz) for the hydride resonance of 2 is found to be 
21 ms at 182 K, suggestive of a dihydrogen/hydride structure.15 

Deuteration of the hydride positions is observed over the course 
of several hours at room temperature upon exposure of solutions 
of 2 to an atmosphere of D2. The 1H NMR spectra of mixtures 
of 2,2-di, and 2-dz show large, temperature dependent downfield 
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Figure 1. High-field region of the 1H(31P) NMR spectrum (CD2Cl2,500 
MHz, 240 K) of a partially deuterated sample of [TpIr(PMe3)(H2)H]-
BF4 (2). Signals due to l-d\ and 1-di exhibit H-D coupling of 7.5 and 
8.8 Hz, respectively. 

isotope shifts for the hydride resonances attributed to 2-dt and 
2-rfj (see Figure 1). The isotope shifts, Ai = 5(H2D)-S(H3) and 
A2 = 5(HD2) - 5(H2D), vary from 228 and 122 ppb at 215 K to 
149 and 72 ppb at 281K, respectively. Over the same temperature 
range, / H D coupling varies from 6.87 to 7.63 Hz for 2-d\. In this 
temperature range /HD = 8.75 Hz for l-d2 and is essentially 
independent of temperature. These observations are rationalized 
by proposing a nonstatistical site preference for the deuterium 
isotope (eqs 3 and 4; Ir = TpIrPMe3). 
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The observed chemical shifts as well as the /HD coupling data 
can be analyzed quantitatively at various temperatures (eqs 5-9) 
to obtain the limiting chemical shifts of the dihydrogen ligand 
(5H]) and the terminal hydride (5H), /HD coupling for the 
dihydrogen ligand, and K\ and K2, the equilibrium constants for 
eqs 3 and 4. 

5 ( H 3 ) = (25H2 + « H ) / 3 (5) 

5(H2D) = (K1SH2 + 5H: + 5H)/(2 + K1) (6) 

5(HD2) = (2/ST2SH2 + 6H)/(2tf2 + 1) (7) 

/ (H 2D) - / „ „ / ( 2 + K1) (8) 

7(HD2) = (JHDK2)/(2K2 + 1) (9) 

This analysis indicates that /HD = 24.6 Hz, 5H2 = -8.4 ppm, and 
5H = -14.4 ppm. These values for the chemical shift and the 
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H-D coupling can most profitably be compared with the iridium 
benzoquinolinate (bq) complex [IrH(H2)(PPh3)2(bq)]+ in which 
Crabtree and Lavin reported similar low-temperature limiting 
chemical shifts and JHD = 29.5 Hz.16 

Of greater interest is the observation that both ATi and K2 are 
greater than unity (ca. 1.32 and 1.26, respectively, at 240 K17), 
indicating a tendency for deuterium to concentrate in the hydride 
site, rather than the dihydrogen ligand. Since the chemical shift 
of the dihydrogen ligand is downfield of the hydride signal, this 
leads to the significant downfield isotope shift upon deuteration.18 

Although we are not able to attempt a full analysis due to the 
lack of complete vibrational data for 2, since only a weak Ir-H 
stretch at 2199 cm-1 was observed, it is a valid approximation to 
assume that the H-H stretching mode in 2 will have a frequency 
of ca. 2600-2700 cnr1 and will be reduced by ca. 300 cnr1 upon 
deuteration. This approximation is based on data reported by 
Kubas for a tungsten dihydrogen complex.19 Thus the energy 
change upon deuterium substitution can be estimated to slightly 
favor the concentration of deuterium in the terminal site since 
deuteration will shift the terminal metal hydride stretching mode 
by 644 cm-1. 

It should be noted that there are several examples of cis 
dihydrogen/hydride complexes in the literature. Partial deu
teration has been generally employed to establish the presence 
of the H2 ligand, but large isotope effects such as those observed 
here have not been previously reported. A modest upfleld isotope 
shift has been reported by Field and co-workers in [Fe(P(CH2-
CH2CH2PMe2J3J(H2)H]BPh4. The fact that / H D ( H 2 D ) > / H D -
(HD2) in this iron complex is consistent with some concentration 
of deuterium in the dihydrogen ligand.60 

The observations reported here demonstrate that alteration of 
the ligand set from Cp (or Cp*) to Tp in this iridium complex 
alters the ground-state structure from a trihydride to a very 
dynamic dihydrogen/hydride.20 Partial deuteration and the 
observation of IPR allow the limiting chemical shifts SH2 and <5H 
to be determined. From this data and the observation of a single 
hydride resonance at 127 K, the activation energy for the hydride 
site exchange can be calculated as AG* < 5 kcal mol-1. The 
slight preference of deuterium for the terminal hydride site in 2 
has potentially important implications for the interpretation of 
any molecular property which is thought to represent a population-
weighted average of more than one rapidly equilibrating structure. 

We are continuing to explore the preparation and properties 
of complexes related to 2. 
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