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A new dihydrogen hydride complex of ruthenivm of the type feans-[(dppm)Rul = Ha)(PPhOS [ BE,] (1) (dppm =
PhaPCHEPPHG) his been prepared by protonating the precursor dihydnde complex cis-[(dppmiRu(H ) (PPh). | using
HBFLEGO, The formulation of (1) as o dihydrogen complex has been based upon the variable temperature 1
messiements (7 0min) = 1224 ms at 273 K, CICD,CDLCL, 400 MHz) and the observation ol a substaniial H=D coupling
constnt (AILD) = 32 [z, 243 K. CICD.CDLCL for the corresponding 11D isotopomer trans-[(dppnnRutl1in ™
HIPPh)s [[BEL The 1) and the H-D coupling constant measurements have been carvied out in the temperature range 243
— 283 K. The dibydrogen and the hydnde heands of (1) show dynamic behavior and undergo rapid H-atom site exchimge w
33 K. AL 273 K (1) shows a statie structure, The dynamics of (1) involving a trihydride intermediate has been studied by
variable temperature NMR spectroscopy, The barrier to site exchange ol the H-atom between the dibydrogen with the
hydride (AG) has been determined to be 144 keal/mol at 303 K. Compound (1) has been found 1o be stable up to 343 K n
solution and no loss ol the 1 ligand has been observed at that temperatures in addition. the compound is stable in solution

Al rooim temperature fora period of two diys,

IPC Code: Int CICOTE 15/00

Introduction

Ever since the report of the first transiion metal
n-H: complexes', the question of polyhydride
complexes exhibiting [Muxional processes involving o
dihydrogen ligand has been extensively studied”, In
addition.  the dynamic  processes in  complexes
containing a dihydrogen and o hydnde ligand have
also attracted  enormous attention due primarily 1o
their serving as prototypical  examples of  the
polyhydride cluss of compounds. Depending upon the
orientations ol the dihydrogen and the hydride ligands
with respect to one another in an octahedral complex,
two  possibilities arise, dihydrogen and the hydride
ligands n: (u) cis conformutions and (b) trany
conformations. There have been quite a lew reports
on the studies of the dynamic processes for situation
(a)" as well as case (h)', The rrans dihydrogen hydride
complexes  usually exhibit high barriers  for the
dihydrogen-hydride site exchange, whereas the ¢is
compounds, relatively smaller barriers’. Maseras e
al.” carried out theoretical studies 1o determine the
relative stabilities ol the six- and seven-coordinate
isomers ol [MHsL]" (M = Fe, Ru, Os; L = mono-
dentate phosphine ligands) species. Berke and co-

workers" followed up Museras™ theoretical work with
certain experiments on the structural diversity and
dynamics of [MHL;]" type complexes. Prior to these
reports, Morris and co-workers’ investigated hesides
other studies, dynamics of complexes ol the type
[(dppe)sMH(M-H,)]" and determined the AG™ for
such derivatives. Morris proposed that the H-utom
exchange in these derivatives involves significant
movement of the ditertiaryphosphine P atoms thal
would contribute to the high barriers o the site
exchange (Scheme 1).

We have been interested in  preparing  ciy
dihydrogen hydride complexes in order 1o study the
dynamic processes ol H-atom site exchange in such
derivatives. Gusev et al™" compiled the dynamics
data for the known [MH Ly]" complexes (M = Fe. Ru.
Os) with respect to the type of L ligand. viz.
monodentate, bidentate, tridentate + monodentate, or
tetradentate. In addition to these, others have reported
systems such as [MHPALX)]" (P = monodentate
phosphorus ligands, LX = bidentate. monoanionic
ligund){"' and  [MH;Po«(LL)]T (P = monodentate
phosphorus ligands, LL = bipyridyl)". Notably
missing from these listings is a ciase where Ly is a
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combination ol a bidentute and  two  mondentate
ligands, all consisting of phosphorus donors. In order
to examine the effect of having two monodentate

ligunds and o bidentate ligand (all consisting of

phosphorus donors) on the structure and dynamics,
we have attempted to prepare one such derivative, cis-
Iulppm)l{u(l--l][l]:-Hg}(PI‘II;_I;l[BI-}l by  protonating
the precursor dihydride complex, Cis-
I(_dppm}RLIH;{PPI)_:}:!“ using HMBFLELO. However,
upon protonation, only the mur.\‘-[(dppm)Rn(H)(T]I-
Ho)(PPha)o[[BE] complex was realized. There are
severul examples o complexes exhibiting the trans
stercochemistry  for the  hydride and  dihydrogen
ligands in the family ol compounds of the type
[MH:L,]" (M = Ru: L. = monodentate ligand or two
bidentute ligands) that are relevant to the current
work”. In this paper, we report our investigations on
the dynamic  behaviour of  the  dihydrogen  and
the hydride ligands in rrans-[(dppm)Ra(H)(m*-Ha)
(PPhs): [ BF,.

Materials and Methods

General Procedure

All reactions were carried out under purified and
dried N> atmosphere except the ones involving the
dihydrogen u_:m‘)lcx al room temperature using
standard Schlenk™ and inert atmosphere techniques
unless  otherwise stated. Reactions  involving  the
dihydrogen complexes were performed under H,
atmosphiere and the solvents used for the preparation
of  the dihydrogen complexes were thoroughly
saturated with Hs just before use.

The NMR speetra were obtained using an Avance
Bruker 400 MHz spectrometer. The shift ol the
residual protons ol the deuterated solvent was used as
an internal reference. Variable-temperature proton 7
measurements were carried out at 400 MHz using the
inversion  recovery method'. The *'PI'H}] NMR
spectra - were relutive 1o 35%  HPO,
(aqueous  solution) as anexternal  standard.
Bis(diphenylphosphino)methane™ and  ¢is-{(dppm)
RuHa(PPhy). " were prepared by literuture methods.

recorded

Preparation ol trans-[(dppm) Ru(I (M -H,) (PPL ) || BE, (1)

To o suspension ol eis=[(dppm)Rull:0PPhy)a| (15
mg, 0.014 mmol) m EGO (I mL) was added 54%
HBELEGO (3 pl, 0.022 mmol). Immediate reaction
was evident and the product precipitated out. The
product was washed with EGO few times to remove
the excess acid and dried under a stream of Hy gas.
For NMR characterization, the dihydrogen complex
wus dissolved o CD:Cly, which wus previously
freeze-pump-thaw degassed and saturated with Hy and
transferred to a 5 mm NMR tube flushed with Hs gus.,
'H NMR (CDACly, 303 K): 8 =6.41 (brs. [H, Ru-FH).
—1.71 (br s, 2H, n-Ha); 4.16 (m, 2H, PCIHLP); 6.60-
8.80 (m, SOH, PPhs, PPhy). "P{'"H) NMR (CD-Cl.,
303 K): & 4.2 (d, 2P, PhaPCHLPPhy, J(PP ) = 186
Hz); 48.2 (d, 2P, PPh;). The dihydrogen hydride
complex (1) was prepared similarly in CICD,CD.CI
solvent for variable temperature NMR experiments.
'H NMR (CICD:CD:CI, 303 K): § -6 37 (hr s, IH.
Ru-H); =1.59 (br s, 2H, n=H); 4.27 (m, 2H, PCH.P);
6.60-8.40 (m, SOH, PPy, PPhy). “'PI'H) NMR
(CICD,CDLCL, 303 K): § 3.4 (d, 2P, PhoPCH.PPh..
J(PPwe) = 188 Hz); 47.3 (d, 2P, PPh;).

Observation of the H-D Isotopomer of frans-[ (dppm)Ru(1l)
(M™Ha) (PP, || B

The H-D isotopomer was obtained by purging
HD gas (generated from D20 and Nall) at o steady
rute  through a CICD,CD-CI  solution of the
dihydrogen complex for c¢a. 3 min. The HD
isotopomer formed was observed by 'H NMR
spectroscopy.

Results and Discussion
Preparation and characterization of the dihydrogen-hydride
complex lrmr.s'-[(dpplu)Ru[l'l}(rf-ll;)(l’l’h,);][ll-l"d (1)

The dihydrogen hydride complex (1) was
prepared by protonating the precursor  dihydride
complex cis-[(dppm)RuH-(PPhy)2] vsing HBF.ELO
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(Fq. D). The product wias obtained s a eream-colored
solid. The complex (1) was found to be stuble in
halogenated solvents at room temperature for ca. 2
days before it decomposes into a species that we have
not heen able 1o identify''; it is however, stable for
much longer periods typically 1 week or more at low
temperatures (e =3 10 =10 "C).

The "H NMR spectrum of (1) at room temperature
in CD-Cly shows (wo lewtureless broad signals in the
hydride region at & =1.71 and =6.41 that integrate to 2
to | number of protons respectively indicating that the
downlicld signal could be assigned to the n7-Hs and
the upfield one to the hydride moiety. The broadness
ol both the hydride and the dihydrogen signals in the
room femperature spectrum suggests that a dynamic
process was apparent. The "'P{'H} NMR spectrum
cave only two doublets at 6 4.2 and 48.2 with a
JIP.P ) of 186 Hz indicating that the four P atoms
were in plane with the two PPhy rrany o the two
dppm phosphorus atoms,

THNMR 7 measurements

The variable-temperature spin-lattice relaxation
times (77) for the 1-H, and the hydride hydrogen
signals were deternuned  in the temperiature range
243-283 K in CICD-CDLCL solvent. The data are
summurized i Tuble 1. As is evident, the 7' data [or
the dihydrogen ligund shows a parabolic behaviour
with the 7;(min) (400 MHz) ol 12.4 ms at 263/273 K
whereas the 7 values for the hydride moiety
continually deerease [rom 243 o 283 K, thus the
hydride Toses s identity at the high temperature
limit'', indicating a fluxional process involving the
hydrde and  the dihydrogen  Tigands. The  H-H
distance has been caleulated from the 7, minimum”™
and found o be 1.03 and 0.82 A (or the slow and fast
rotation regimes. At temperatures greater than 263 K,
the 7 values are weighted averages for the rapidly
mtereonvertng tautomers involving the H-atom site

exchange (see later). However, [rom the line widths
of the Hs and the hydride signals in the "HONMR
spectra as a function of temperature, 1t is apparent that
the interconversion actually sets inat emperatures
greater than 273 K.
Variable temperature 'TENMR spectra ol (1) in the hydride
region

The temperature-dependent "M NMR spectra of
(1) in CICDLCDCL in the hydride region is shown m
Fig, 1. The temperature dependence ol the hydride
and the dihydrogen signals is due to an intramolecular
H-atom site exchange process (see discussion laterh.
AL 273 K and below 400 MHz, the hydride resonanee
is o well-resolved binomial quintet arising from the
H-P,,, couplings on the order of 17 Hz. The hydride
resonance broadens at temperatures greater than 273
K and goes into the base line at eq. 313 K. The broad

|
e Mﬁw 143K
—_— - 333

e - ¥
- N S, !
‘—"’/h\“—-‘-— 03K
JLJ-— ~— 283K

[\\ I

et N 4 . 78K
—_ e J \=— p33¥
A J-——— 2BE38
-——“/\“‘-—‘* —— 253K
™ Womea h— 243K

= -2 3 -4 =5 -6  ppm

Fig. | — Variable temperature 400 M1z 'TLNMR specirt ol the
hydride region ol prans-|dppmiRudl DO =T PP T BT
CICDACDLC



30 INDIAN I C

signal downtield to that of the hydride due to the
dihydrogen moiety remains broad in the temperature

range studied (243-313 K). The large line width of
this resonance is due (o the mpid dipolar IL]LI‘{.,IIEUII of

these nuclei leading to short 7' and 75 values'; the
unresolved Hs, P couplings are embedded in this
signul. The broadening of the H, signul below 273 K
is caused by the expected decrease in 75 of the nuclei.
The hydride and the dihydrogen signals undergo
broadening above 273 K and at 323 K, coalesce into
the base line. A broad resonance reappears at § -2.90
at 343 K indicating the fust exchange limit of the H-
atom between the dihydrogen and the hydiide ligands.

From the NMR spectral peaks, the 75 values were
obtained and the rates of H-atom exchange (k) from
the dihydrogen (H,) to the hydride (H) site. The rate
constant data is summarized in Table 1. An Eyring
plot of In (A/T) vs /T was found to be lincar from
which the activation parameters for the dynamic
process were calculated to be AH = 19.6 keal/mol,

"= 17.2 cal/mol, and AG' (303 K) = 14.4 kcal/mol.
The small AS® value indicates that the process is
intramolecular. The AG® obtained for complex (1)
falls within the range observed for the H-atom site
exchange processes for certain dihydrogen-hydride
complexes of the type trans-[(diphosphine).RuH
(0-H.)]' as reported by Morris et al.™ The AG*
villues for similar processes in ¢is dihydrogen-hydride

Table | — T, (400 MHz, CICD,CD,Cl) values for the hydride
and the dihydrogen ligands and rates of H-atom exchange (k)
from the dihydrogen site to the hydride site in frans-[(dppm)

Ru(H)(m*-H.)(PPhy)s ][ BF,]

T.K 7, (ms). n°-H, T {ms), H ks
243 17.3 2886

253 13.9 137.5

263 12.4 67.7

273 12.4 375

283 15.2 245 22
293 110
303 305
313 577
333 4185
343 10291
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Ji
complexes are much smaller’ ™",

Variable temperature V' P{'H) NMR speetea ol (1)

In order to probe the reurrangements ol the
phosphorus ligands around the metal center, we
carried out the VT “'P{'H|] NMR study of (1) in |I1-.
temperature range 28’% 348 K in CICD,CD.CI. Fig,
shows the VT P{ H}] NMR spectra illustrating lhc
dynamics of the P atoms. The spin system is expected
to be AA'XX" at low temperatures, however, we
observed only two doublets in the "'P('H) NMR
spectra. At temperatures of 303 K anc higher. the
coupling constants average oul. Thus, there s
movement of the phosphorus nuclei from one sife o
the other. Even at 348 K, the dynamic process
involving rapid interchange of the axial and equatorial
P atoms (see discussion of the mechanism later) 18 not
fust enough to render the two resonances into two
singlets.

Preparation, properties, and variable temperature 'IENMR
study of the H-D) isotopomer

The H-D

isotopomer  trans-[(dppm)Ru(H)

|
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Fig. 2— Variable temperature 400 MHz “'P{'H) NMR spectia
of rrans-|(dppm)Ru(H)(m*-Ha)(PPhs)a](BE,| in C1CD.CDAC)
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(*-HD)(PPhs)]" was prepared by exposing the n™-H,
complex to HD gas. Various isotopomers differing in
the extent of deuterium incorporation are possible.
They are formed when the intramolecular H-atom
exchunge is slow. The first isotopomer formed upon
exchunge of H, with HD is rrany-[(dppm)Ru(H)
{T]:-HD)(PPh_nl_»r which can transform into trans-
[(dppm)Ru(DY(M*-H:)(PPhy)a ] further reaction with
more HD gas could result in HDs species.

The N-HD ligand  of  rrans-[(dppm)Ru(H)
{n:-H DY PPhy)s]" was observed in the 'H NMR
spectrum (Fig. 3) at 243 K by nullifying the residual
n°-H, w'n.il by un inversion recovery pulse
sequence i A signal with almost L:1:1 intensity
ratio was obtained for the HD isotopomer with a
JOH,D) of 32 Hz. The H=H distance (dyyy) calculated
from the inverse n,ldtiunship between dyyy and J(H,D)
of the HD isotopomer'™"” is 0.88 A. This value is
consistent with the H-H distance of 0.82 A obtained
from 7' measurements assuming rapid rotation of the
Hs ligand. In addition, each one of the three signals
shows an approximite quintet pattern due to the
coupling with the four cfs phosphorus atoms with a
J(H4,Pe) = 5-7 Hz. At temperatures higher than 273
K, the onset of site exchange process causes line
broadening and the H-D couplings are averaged out,
We were able 1o resolve the H-D coupling at 263 and
253 K and found to be 28 and 31 Hz respectively. At
temperatures higher than this, the resolution was poor
circumventing the measurement of J(H,D). At the

T =% i B o TR D e e S e D ) i e
-1.4 =15 -1.6 ppm

Fig. 3-—_']-] NMR spectrum (hydride region) of trans-| (dppm)
Ru(H)(™HD)(PPh.),|[BF,] (400 MHz, 243 K) in CICD,CD:CI
with the residual signal due to n™-H, ligand nullified

fast-exchange limit the J(H,D) would be expected 1o
be small due to rapid intramolecular exchange of H/D
atoms in the HD: isotopomer. Morris suggested that
three nucler (H, D, D) need not retain bonds between
themselves in order give an averaged J(H,D)
value™. Small isotopic upfield shifts of 3-8 ppb were
noted in the HD isotopomers. 'Ilm upfield shift is
typical for dihydrogen complexes™
Mechanism ol the intramolecular H-atom exchange
Based on the VT 'H NMR spectroscopic studies.
we propose that the H-uwtom site exchange involves
the homolytic cleavage of the H-H hond to give a
(luxional trihydride intermediate, which allows for the
exchange of the H-atom. The barriers for the H-uwtom
site exchange for trans disposition of the hydride and
the dihydrogen ligands are usually higher compared
to the systems that have the hydride und the H,
ligands in cis conformations’, Thus, the proposed
mechanism shown in Scheme 2 is consistent with
high value of AG' of 14.4 kcal/mol. Significant
rearrangements  have o take place involving a
fluxional seven u}ordlnllc pentagonal  bipyramidal
structure; the VT 7'P NMR spectral datu is consistent
with a site exchange of the axial and the equatorial P
atoms as shown in the scheme. Another possible
mechanism involving the isomerization of the rrans
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dibydrogen  hydride  complex o the oy isomer
folowed by the exchange ol the H-atom could he
ruled out because no observable 1=, couplings
were seen in the 'HONMR  spectra at any

lemperature” Y,

Interaction of Hs with the metal center

I 15 interesting to note here that the chemical shift
ol the T signal in (1) is quite downlield (8 =171 in
CDCly; o =1.39 in CICD.CDLCL, In addition w0 our
complex, there are few other dihydrogen complexes
reported i the Titerature that show fur downlield

chemical  shifts of the -1 lgand™™",  The
appearance of the - at a significantly downlield

recion might suggest that the mteraction of Ha with
the metal is very weak and perhaps has properties
close to those of free Ha, On the contrary, we Tound
that despite heating the complex (1) to ca. 343 K, no
I loss wias observed. More work is needed to
understand this behaviour. Upon cooling the saumple
buck 10 room temperature,  the  independent

resonances  for the hydride and  the  dihydrogen
moieties reappeared.
Conclusion

A new dihydrogen  hydride  complex frans-

[(dppm)RuCH)(M*-Ha)(PPhy)s |[BE;] has been prepared
and characterized. This complex was found 1o be
dynamic: H-atom undergoes exchunge between the Hs
and the hydride ligands. The mechanism involves a
trihydride species with a AG™ of 14,4 keal/mol at 303
K for the dynamic process.

Acknowledgement

We are grateful to the Council of Scientific and
Industrial Rescarch, India for the financial support.
Acquisition of a 400 MHz NMR spectrometer was
supported by the  Department ol Science  and
Technology, India under the “FIST™ program. We
also  thank  Mr.  Chandrashekhar  and  Mr.  G.
Thirumanavelun for help with acquiring the NMR
spectral duta,

Relerences

| Fubuas G,
Wissermn 110 Am Clhem Soe,

Ryan R R, Swanson B 1, Verzamin R J &
106 (1984 451,

2 () Kubas G 3, Metal Diliydrogen and o-Bond Compleaes:
(Kluwer Academic: New York), 2000,

(hy Gusey 12 G, Kahlman R L Renkema KB Eisenstem U
& Caalton KOG Jrorg Chen, 35 (1996) (G775,

AL JANUARY 2003

Y

10

ta) Heinckey D M, Mellows H & Prawam 1, o Vi Chen
Soc, 122 (20000 GAYN-6499  and  orelerences  theren,
(hi Kranenburg M. Kamer PO 1, van Lecuwen W N M &
Clhawdret B, Chem Commm, (1997 37

Jessap PG & Morms R L Coord Chem Keve 121 (1992

155

L) Maseras I, Koga No& Morokuma Ko Orsanionnenallios,
13 (199d)  Js,

() Maseras T, Puan M, Lledos A& Bevea 57 e Cliews
Soits LI (1992) 2922,

(o) Maseras FL Duran ML LIedos A& Bertmin 12 A €l
S, 13 019U ) 2874,

(i) Gusev 12 G Habener Re Barger 1 Orvama 0 & Herke |
A Chene Soe. 11D (1997 3716,

thy Gusev 13 G & Berke L Cliem Ber, 129 (1990 143

te) Christ ML Sabo-Etienne 8. Chung G & Chaudret 130

Treory Clonn, 33 01004) 536,

(a) Earl K A, Jia G, Maltby PA & Morris R 1
Soc, LI3 (1991) 3027,

(h) Buutista M T, Cappellani I P Drouin 5 1, Moris R Il
Schwertzer C T Sella A & Zubkowski 1o Awe Chenr Soic
I3 (1991) 4876,

P A €l

Chaudeer 15, Commenges G & Poilblane B, 0 Clienr Sin
Dalton Trans. (1984) 1635,

(w) Osakada K. Ohshiro K &
Organcmetallios, 10 C1991) 404,

(hy Amendola P. Antoniut 8. Albertin G & Bordignon I

fnewrg Chem, 29 (1991 318,

(¢) Tsukahara T, Kawano 1L Ishin Y, Takahasha T, .|hu|l
M, Uchida Y & Akvtagawa S, Chem Letr. (1988) 2055,
(hy Saburi M, Aoyagi K, Takabashi T & Uchida Y, Cln
Letr, (19907 601,

(¢) Suburi M, Aoyagi K, Tokeucht 11,
Uchida Y, Chenp Letr, (1990) 991,

(1) Suburi M, Aoyagi K. Kodama T, Takahashn T, Uchida Y,
Kozawa K & Uchida T, Chem  Len, (1990) 1904,
() Mezzett AL Del Zotta A, Rigo P& Fametti B0 Chemn
See, Dalteid Trests, (1991) 1525,

thy Freld LoD, Hambley TW & You B C K, fwere Chent, ""‘
(1994) 2008,

(1) Quasawin M & Saburi M. Organonier Cliene, 4\’
{1994 7.

ta) Shriver D F & Drezdon M AL The Manipilation of Ao
Seusitive Comprnneds, 2 el (Wiley: New York). 1986,
(h) Herzog 8. Dehnert J & Luhder Keoin Teolmigue of
tnorgunie Chemisery Yol V1L edited by 11 B Juhnassen,
(Interscience: New York) 1969,

Nupimotg A

Tukahashi T &

Hamilton 1 G & Crabtreee RTL S A Ches Soc, O CT9ES)

4120,

Hewertson W & Watson TR, Chem Soe, (1962 ) 14900,
The decomposed product wis obtained anoa very simall
amount alter two days al room temperature. The solution
contained (1) still as the major component.

Desrosiers P J. G L, Lin 2, Richards R & Halpern 10 Am
Chem Soc, I3 (1YW 4173,

Yuo W, Faller I W & Crabtree R W, fnorg Chun Acna. 254
(1997) 71.



16

14
20)

SIVAKUMAR & JAGIRDAR: DYNAMIC PROCESSES OF TH-ATOM SITE EXCHANGE 33

(a) Oldham W L Jr, Hinkle A S & Heinckey 1) ML Am
Clenr Soe, 119 Il‘J‘J?} 1 H28.

(hy Jia Cic Drowin S D, Jessop PGy Lough A 1 & Morns R
o Organcmetallics, 12 11993) 906,

(¢) Bianchini €, Perez P ). Perruzini M.
Vaeca AL foore Chem, 30 (1991 279, .
() Bampos N & Field L D, fuorg Chem, 29 (1990) 587.
te) Binchim C, Perruzzim M & Zanobini F, J Oreanomet
Chemr, 384 (1988) C19-C22.

(1) Crabwree |KOHL Lavin M & Bonueviot L. J Ame Clem \m
HOS (1986) 4023,

Chinn M S, Heinckey D M, Payne N G & Solield € D,
Oreanometallics, 8 (1989) 1824,

() Hemekey DM & Luther T A, fnore Che,
4390,

(h) Maltby I” A, Schlul M, Stembeck M. Lough A T, Morris
R H, Klooster W T, Koetzle T F & Srivastava R C. . Am
Clem Soes LIS (1996) 5396,

te) King W A, Luo X-L. Scou B L, Kubas G J & Zilm K W
J A Chenr Soc, LIS (1996) 6782,

Ur'|||| l,’\] == U.”l(‘l?l.}“ 1.1 (“!]l + | .42,

Zanobim I &

35 (1990)

() Magumdar K K, Nanishankar 11'V & Jagirdar B R, Eur

Hworg Chene (20001) 1847,

(b) Luther T A & Heinekey D M, g Chem 37 H‘JUH}
127,

(€) Husegawa T F & Tuube L J Am Chem Soe, 116 (1994)
4352

() Moreno B, Subo-Eticnne S, Chaudret B, Rodriguez-
Fernundez A, Jalon F & Trofimenko S, J Am Chemn Soc, 116

(19Ud) 2635,

(e) Collman 1 P, Wagenkneeht P S, Hutchison J I, Lewis N
S, Lopez MAL Fuilard R, L'Her M, Bothner-By A A &
Mishra P K, J Am Chem Soe, 114 (1992) 36354,
() Crubtree R H & Habib AL fnorg Chem, 25 (1U86) 3698

JOLP, ) couplings are usually laree and observable i the
"I NMR spectra. See [or example:

(a) Muthew N, Jagirdar B R & Ranganathan A, fnovg Clion,
42 (2003) 187,

(h) Mauthew N, Jagirdar B R, Gopalan R S & Kulkami G U,
Oreanometallies, 19 (20000 4506.

fc) Berger 8, Bruun 5 &  Kulinowskr -0, NWR
Spectroscopy of  the Non=-Metallic Elements:  (Wiley,
Chichester, ULK), 1996: pp 8US-981 and relerences therein
(d) Guesmi S, Taylor N L Dixpeul” P H & Carty A L
Organomeradlivs, 3 (19860) 1964, i
(e) Tan K [ & Meck DWW, Inore Chem, 18 (1979) 3574,
(1) Garrou P E & Hartwell G E, foore Cliene, 15 (19767 646,
(2) George T A & Nll.lnt.r(_ D, n"uu.‘g Chem, 15 01976 105,

() Cameron T M, Ortiz ( (3, (lht\’ll’l_!__.] 1, Abhoud h A&
Boneellw ] M. 7 A Chene Soc, 124 (2002) 922: Mo-177-11, 6
1.539 (a stretched dihydrogen complex).

(h} Bakhmutov V1, Bertran J, Esteruelas M A, Lledos :\
Maseras F, Modrego 1, Oro L A & Sola E, Chem Eur A, 2
(1996) $15-825: Os-n™-H, & =1.8; this paper reports the
dynamics ol H-atom site exchange between the dihydrogen
and  hydride higands  through o cis-hydride  dihydrogen
intermediate,

(c) Gusev D M. Vymenits A B & Bukhmutov V1, lorg
Chem, 31 (1992) 1: Ru-n"1 8 -0.%.



