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Introduction

Ever since the discovery by Kubas and co-workers of the
first transition metal dihydrogen complex Bs),W(572-Hy)-
(CO),! a plethora of H complexes have been prepared and
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two reports were the first claims of substantial coupling of a
bound dihydrogen ligand with a phosphorus nucleus.

Heinekey and co-workefseinvestigated the NMR spectra
of these two complexes, and on the basis of their results, they
concluded that the dihydrogen was actually oxidatively added
and not “side-on” bound. There have been few other reports in
the literature of substantial coupling of a bound dihydrogen (H
or HD) ligand to phosphorus coligangs.

During the course of an investigation that we recently initiated
on the heterolytic activation of dihydrogen using certain
ruthenium complexes, we prepared and characterized dihydrogen
complexes wherein the ancillary ligands are exclusively phos-
phorus-based ones. The complexes that we prepared are of the
type trans-(dppe}Ru(;?*-H2)(L)][BF 4]. (dppe= PhCH,CH,-

PPh; L = phosphite or phosphine). The objective was to study
how sensitive the properties of the dihydrogen complexes would

characterized. A large number of different coligands have been P€ 0 the changes in the steric as well as the electronic properties

employed in such studiés!H NMR spectroscopy has proven
to be a valuable tool for the characterization of an intactH
bond in these derivativeésin general, the observation of rapid
relaxation of the Hligand (short spirrlattice relaxation time,
T,) and a large H-D coupling constant in the partially deuterated

complex has been considered conclusive evidence for a bound
dihydrogen ligand. Earlier, it has been shown both experimen-

tally and theoretically that the ability of dihydrogen to
coordinate in anj?-manner or to oxidatively add to a metal

of thetransphosphorus ligand. We have observed for the first
time a large coupling of about 50 Hz between a bound
dihydrogen and @&rans-phosphorus ligand.

Experimental Section

General Procedures.All the reactions were carried out under Ar

at room temperature using standard Schlenk and inert atmosphere
techniques unless otherwise specified. Solvents for the reaction that
involved the preparation of dihydrogen complex were thoroughly

center depends to a great extent on the electronic factors of thesaturated with either Ar or Hjust before use. ThéH and3P NMR

metal and the ancillary ligands.
A large number of dihydrogen complexes that have been

spectral data were obtained using AMX Bruker 400 MHz instrument.
Variable temperature protohh measurements were carried out at 400

prepared to date possess phosphorus coligands. It was earlieMHz in the temperature range 29803 K in CD:Cl, using the inversion

reported that coupling constants of bound With adjacent

phosphorus nuclei in the complex are generally much smaller

than those observed in comparable hydride compléxés.
Bianchini and co-workers reported cationic rhodium and

cobalt complexes [(PFRh(H.)]"™ and [(PR)Co(H)]™ (PR =
P(CH.CH,PPh)3) in refs 5 and 6, respectively. Both of these

recovery method (186-7—90° pulse sequence at each temperatéire).

3P NMR chemical shifts have been measured relative to 85RO

while F NMR spectra were recorded with respect to GFCI
Preparation of trans-[(dppe).Ru(5?-H2)(PF(OMe),)][BF 4] (2). A

5 mm NMR tube with a septum was charged with 25 mgrahs

[(dppe}Ru(H)(PF(OMe))][BF4]° (1) and was dissolved in CI, (0.7

mL). It was then subjected to three freezmump-thaw cycles, after

species have been formulated as complexes possessing intaGihich time argon gas was introduced. Upon addition of excess (ca. 20

H—H bonds based on the observation of relatively short-spin
lattice relaxation times[1 minima for the hydride ligands (170
ms for the rhodium complex (THHEs, 303 K, 80 MHz) and 19
ms for the cobalt complex (THHs, 203 K, 300 MHz)), and
H—D coupling constantsJ(H,D) = 18 and 28 Hz for the
rhodium and the cobalt complexes, respectively). In addition,
they also reported coupling constant@d,P) of 67 Hz for
rhodium and 2731 Hz for the cobalt derivative. In fact those

T Dedicated to our beloved colleague, Prof. S. S. Krishnamurthy on the
occasion of his 60th birthday.
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clear that all four dppe phosphorus atoms are equivalent and
that they are in a plane, whereas the phosphite and the
dihydrogen ligands occupy the fifth and the sixth coordination
sites, respectively, in an idealized octahedral geometry.

To establish that an intact +HH bond is present in the
complex, we carried out variable temperatliyganeasurements.
We obtained & (minimum) of 16.6 ms (400 MHz) at 268 K.
By fitting the equations that describe the dominant dipolar

relaxation mechanism to the variable temperaftiyelata as
b described earlie¥d we obtained a calculatety (minimum) of
b tpirobinbuiy 16.94 ms, an excellent agreement with the experimental value.

The H—H distances have been calculated from Thelata by

the method of Halpern and co-work&raind found to be 1.08
and 0.86 A for slow and fast rotation regimes, respectively.
Further evidence for the bound dihydrogen ligand was provided
by the H/D partial exchange experiments and the measurement
of the J(H,D). The#n2-HD ligand oftrans[(dppe}Ru(@;2-HD)-
(L)][BF 4]2 has been observed in thd NMR spectrum, which

is quite complex because of the coupling of the protonyfef

HD) with the phosphorus and in turn with the deuterium. The
spectrum was obtained without nullifying thyé-H, resonance,

7 adding to the complexity of the signal. Ti#H,D) has been
(72-H2)(PF(OMe))][BF 4] complex (400 MHz, 298 K) in CECl.. (b) .
1H{selective’'P, dppé spectrum (hydride region). (&H{ selective’'P, f_ound tp be 29 Hz. Thdo_uk_)letthat was Obtaln_ed for the?-Ho
PF(OMe)} spectrum (hydride region). ligand is now further split into a doublet of triplets because of

H-D coupling. Gusev et df brought out a correlation of the
H—H distances calculated frod{(H,D) and T; (minima) and
AG for the loss of H ligand from the metal center. The-HH
bond length that has been calculated in our complex from
b J(H,D)13 was found to be 0.95 A. This distance could be
interpreted as though it is consistent with the longer distance
calculated from thd; data or is a value between the distances
calculated using fast and slow spinning regimes of thégdnd.
Thus, this complex differs from several other earlier complexes
(of the general formula [(PPLM(H)(n2- H,)]*) studied by
Morris and co-workerg?14In those cases, the+HH distances
were found to be consistent only with the distances obtained
using the fast-spinning approximation of KD.86-0.90 A).

T T ; T T T T T T T Morris and Wittebo®® suggested that the +H distances
129 128 127 126 125 124 123 122 121  pem calculated fromJ(H,D) values that fall between the values
figufe 2. (a) *'P{*H} spectrum (PF(OMe)region shown only). (b))  obtained fromT; (min) slow and fast data indicate that either
'P spectrum showingH coupling (PF(OMej region shown only). torsional libration or fast hopping significantly influences the
relaxation process. There are several complexes reported in the
literature where such a situation has been obsefved.

—
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Figure 1. (a)H NMR spectrum (hydride region) ¢fans-[(dppe}Ru-

T T

.0 -5.5 ppm

PF(OMe), J(P,F)= 1158.2 Hz).2%F{'H} NMR (CD.Cl,, 298 K): 6
73.97 (d, 1F, F(OMe),), —29.67(br s, 8F, 2B,").

Observation of trans-[(dppe):Ru(>HD)(PF(OMe))][BF 4z (3). . To slhow that th@loubletc_)btalned for the_dlhydlrogen ligand
A CD,Cl, solution of trans[(dppeRu(72-H2)(PF(OMeY)][BF 4l (2) in the *H NMR spectrum is due to coupling with theans
in a5 mm NMRtube was purged with Dyas at a steady rate for ca.  Phosphorus, we recorded tHe NMR spectrum of the sample
10 min. The HD isotopomer formed was observed iy NMR in CD:Cly, selectively decoupling theis-phosphorus atoms

spectroscopy. The HD coupling constant was found to be 29 Hz. (dppe phosphorus atoms) using the globally optimized alternat-

ing phase rectangular pulses (GARP) decoupling sequence.
Results and Discussion

The protonation ofrans-[(dppe}Ru(H)(PF(OMe))][BF 4] (1) (10) Bauti§ta, M. T.; Earl, K. A.; Maltby, P. A.; Morris, R. H.; Schweitzer,
using excess HBFOE® in CD,Cl, results in the dihydrogen dC. T.; Sella, A.J. Am. Chem. Sod98§ 110, 7031. Temperature-
2 ependent correlation time, = 70,€¥¥RT. Parameters used for the
complextrans-[(dppepRu(y?*-Hz)(PF(OMe})][BF 42 (2) along calculatedT; value fortrans[(dppe}Ru(>Hz)(PF(OMeY)][BF ]2, 7o
with a small amount of the unreacted starting hydride complex. =1.78 x 107! s; E; = 2.41 kcal mot™.

The 'H NMR spectrum shows a broad doublet in the hydride (11) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.; Halpern]. Jam.

. . . Chem. Soc1991], 113 4173.
region ato —5.12 ppm (see Figure 1). The separation between (12) Gusev, D. G.; Kuhiman, R. L.; Renkema, K. B.; Eisenstein, O.;

the two peaks of this doublet corresponds to 50 Hz. We believe Caulton, K. G.Inorg. Chem.1996 35, 6775.
that the splitting of the broad signal of the dihydrogen ligand (13) (a) Maltby, P. A.; Schlaf, M.; Steinback, M.; Lough, A. J.; Morris, R.

: . . H.; Klooster, W. T.; Koetzle, T. F.; Srivastava, R. £.Am. Chem.
could be due to coupling with thteans-phosphorus ligand. The Soc.1996 118 5396 and references therein. (b) King, W. A.: Luo,

3IP{1H} NMR spectrum gave a doublet of quintets centered at X.-L.: Scott, B. L. Kubas, G. J.: Zilm, K. WJ. Am. Chem. So¢996
125.29 ppm (see Figure 2) corresponding to the phosphite 14 }31& ‘6782M T lani E. P Drovin. S. b Morris. R H

H it autista, A appeliani, . i rouin, . o orris, . o
phoshorus in addition to the doublet at 48.56 ppm for the dppe Sehweitser, C. T.. Sella. A+ Zubkowski. 3. Am. Chem. Sod991
phosphorus. The separation between the two quinié¢isH)) 113 4876,

is equal to 1158.2 Hz. From tHéP NMR spectral data it is  (15) Morris, R. H.; Wittebort, RJ. Magn. Reson. Chem.997, 35, 243.
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Although the splitting pattern of the@oubletwas not lost, slight Conclusion
broadening of the signal took place with the coupling constant
remaining the same (50 Hz) (see Figure 1). Upon selective
decoupling of théransphosphite phosphorus nucleus, a singlet
was obtained whose line width at half-maximurwg,) is 33

Hz (see Figure 1). We have also examined®ReNMR spectral X ! . )

detéils. Thge prot())n-couple?dP NMR spectrum shows l:?roaden- dihydrogen ligand with thérans-phosphorus ligand oi(H,P)
ing of the resonances due to the phosphite phosphorus, and thé 50 Hz.

of the coupling of the dihydrogen with the phosphite phosphorus scientific and Industrial Research, India is gratefully acknowl-
(J(H,Pyrand = 50 Hz) that is already split by the dppe phosphorus edged. We thank the Sophisticated Instruments Facility, Indian

atoms {(P,P)= 43.2 Hz), resulting in overlapping of the signals. |nstitute of Science for the NMR spectra.
However, the signal due to the dppe phosphorus nuclei that

appears as a doublet in tR¥P{*H} NMR spectrum remains Supporting Information Available: The variable temperaturg
intact as a doublet although slight broadening takes place. Thisdata (observed and calculated) of the dihydrogen ligandrafs-

slight broadening could be a result of the coupling of the dppe [(dppf)zRU(ﬂz-Hz)(PF(OMe))][BH]z complex and the hydride region
hosphorus nuclei with the dihydrogen ligand that is perhaps °' the"H NMR spectrum ofrans{(dppe}Ru(y*-HD)(PFHOMe))][BF ],
Irl,ess '[F;mn 57 Hz to be distinctl)yobsgervat?le P P and the®'P{*H} and proton-coupledP NMR spectra (dppe phospho-
It has been found earlier that phosphi.tes exhibit larger rus) of the dihydrogen complex. This material is available free of charge

. - . . via the Internet at http://pubs.acs.org.
couplings to other nuclei than phosphines in metal compl&xes.
This has been attributed to an increased “s” character in the!C000419Q
bonding orbitals of phosphite complexes compared to those in
phosphines. The presence of the most electronegative F sub{16) (a) Berger, S.; Braun, S.; Kalinowski, H.-BIMR Spectroscopy of

: : : the Non-Metallic ElementdViley: Chichester, 1996; pp 89981
stituent on the phosphorus in our complex results in further and references therein. For comparative phospbiteand phos-

The shortT; value combined with d(H,D) of 29 Hz in the
n?-HD isotopomer of trans[(dppe}Ru(y?-Hz)(PF(OMe))]-
[BF4]2 complex establishes the-HH intact bond without any
ambiguity. We have observed significant coupling of the

enhancement of the “s” character of the bonding orbitals if it is phine-X couplings in transition metal complexes, see the following.
assumed that the coupling is dominated by the Fermi contact (b) George, T. A; Sttlelrner, C. Dnor%. Chem.197§ 15, %S)S. ()
16a Thi i ; Garrou, P. E.; Hartwell, G. BHnorg. Chem.1976 15, 646. Tau,
term1%2This accounts fo_r the larg#H,Prand Observed in t_hls K. D.. Meek D. W.Inorg. Chem 1979 18, 3574. (€) Guesmi. S.:
work compared to previously observe(H,P) for phosphine Taylor, N. J.; Dixneuf, P. H.; Carty, A. Drganometallics1986 5,

complexes. 1964.



