Organometallic2007,26, 5239-5245

5239

Osmium and Ruthenium Complexes Containing an N-Heterocyclic
Carbene Ligand Derived from Benzoh]quinoline
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Benzoh]quinoline Hbq) undergoes 1,2-hydrogen shift from the carbon at the 2-position to the nitrogen
in the presence of the complexes MHL(PP1), (M = Os (1), Ru (1a)). The coordination of the undressed
carbon atom of the resulting NH tautométNbq) to the metal center of the osmium and ruthenium
complexes gives rise to the formation of the osmium-elongated dihydrogen specieskaS{HNbq]} -
(17%-H2)(PPr), (2; H—H = 1.22 A) and to the five-coordinate ruthenium derivative RGGIC-[HNbq[]} -
(PPr)2 (3), respectively. Under a hydrogen atmosphere, compisxn equilibrium with the dihydrogen
RUCk{ k-C-[HNbq]} (7%-H2)(PPr3); (4; H—H = 0.91 A). The X-ray structure df and the'H NMR spectra
of 2—4 suggest that a hydrogen bond involving the NH group of the heterocycle and a chloride ligand
plays an important role in the stabilization of these complexes. B@hd4 undergo deprotonation to
afford species containing the usual metalated béwga[noline group bq). Treatment of2 with Et;N
gives OsC«2-N,C-[bq]} (7%H.)(PPrs), (5, H—H = 1.29 A), whereas the reaction dfwith the amine
leads to Rudlk?N,C-[bq]} (72-H2)(PPrs), (6; H—H = 1.01 A). Complexe$ and 6, which have been
characterized by X-ray diffraction analysis, can be directly obtained by reaction of the corresponding
dihydride-dichloro starting materials with benhftjuinoline in the presence of .

Introduction

Benzoh]quinoline Hbq) is a tricyclic planar nitrogen
heterocycle, which formsl,C-cyclometalated transition metal

Transition metal elements have the remarkable ability to complexe&with extreme ease due to the great stalfildf/the
modify the chemical properties of organic molecules. Thus, we five-membered heterometallaring resulting from th&-cH

have recently shown that complexes MCb(PPr), (M = Os,
Ru) promote the tautomerization of quinoline and 8-meth-
ylquinoline to NH tautomers, which lie about 44 keabl!
above the usual €H tautomers. These species are stabilized
by coordination of the carbon atom at the 2-position of the
heterocycle to the metal center and by means of -al€+N

interaction between the NH-hydrogen atom and a chloride of

bond rupture (eq 1). Once the formation of the metallaring has
taken place, the metalated ligarimt)f can undergo coordination
to other metals to afford dinuclear derivativ@d he coordina-

(6) (@) Moore, E. J.; Pretzer, W. R.; O'Connell, T. J.; Harris, J.; LaBounty,
L.; Chou, L.; Grimmer, S. SJ. Am. Chem. Socl992 114, 5888. (b)
Chatani, N.; Fukuyama, T.; Kakiuchi, F.; Murai,5.Am. Chem. S04996
118 493. (c) Colby, D. A.; Bergman, R. G.; Ellman, J. A.Am. Chem.

the metal fragment. At the same time, Carmona, Poveda andSoc.2006 128, 5604. (d) Wiedemann, S. H.; Lewis, J. C.; Ellman, J. A_;

co-workers3 reported the stabilization of related NH tautomers
of a-pyridines by coordination to iridium. A few months later
Whittlesey and co-worketslescribed ruthenium isomers result-
ing from the N- or C-bond tautomers of isopropyl-4,5-di-
methylimidazole, in agreement with the possibility that C-bound
imidazoles could have some role in metalloprotein chemfstry.

This type of tautomerization is important not only in

biological processes, where the energetically less stable tautome

Bergman, R. GJ. Am. Chem. So006 128 2452. (e) Kunz, DAngew.
Chem., Int. Ed2007, 46, 3405.

(7) Lewis, J. C.; Bergman, R. G.; Ellman, J. A.Am. Chem. So2007,
129 5332.

(8) (a) Hartwell, G. E.; Lawrence, R. V.; Smas, M.Chem. Commun.
197Q 912. (b) Bruce, M. I.; Goodall, B. L.; Gordon, F.; Stone, A.
Organomet. Chen1973 60, 343. (c) Nonoyama, MBull. Chem. Soc. Japan
1974 47, 767. (d) Nonoyama, MJ. Organomet. Chen1975 92, 89. (e)
Dehand, J.; Pfeffer, MCoord. Chem. Re 1976 18, 327. (f) Hiraki, K.;

bayashi, Y.; Oki, YBull. Chem. Soc. Jpri979 52, 1372. (g) Patrick, J.
.; White, A. H.; Bruce, M. |.; Beatson, M. J.; Black, D. St. C.; Deacon,

is often an active intermediate that dictates the mechanism andg. B.; Thomas, N. CJ. Chem. Soc., Dalton Trank983 2121. (h) Crabtree,

the formed product,but also in catalytic reactions involving
C—C bond formatiorf. Thus, Bergman, Ellman, and co-workers
have proposed that tl&N-1,2-H rearrangement is the key step
for the Rh(l)-catalyzedrtho-alkylation of pyridines and quino-
lines.
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(9) It has been shown that the five-membered metallacycle of aromatic-

metalated species exhibits a certain degree of aromaticity. See: (a) Crispini,

A.; Ghedini, M. J. Chem. Soc., Dalton Trand997, 75. (b) Aiello, |;
Crispini, A.; Ghedini, M.; La Deda, M.; Barigelletti, Fnorg. Chim. Acta
200Q 308 121.
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tion chemistry of benzdiquinoline also includes a few N-

monodentate compounidsand some arene species such as

Cr(Hbq)(CO}, reported by E. O. Fischer and co-worke&ris
1968.

=z ) = |
N N
O +M — M+ H* (1)
"
Hbq M(bq)

We have now studied the reactions of complexes;Riix{P-
Prs)2 (M = Os, Ru) with benzdflquinoline and have observed
that this organic molecule, in addition to metalation, undergoes
tautomerization to afford a NH tautometilbq) similar to those
reported for quinoline, 8-methylquinoline, andpyridines (eq
2).

(2)

Hbq

HNbgq

This paper reports, as a part of our work on the chemistry of

the M—C (M = Os, Ru) bond3? the stabilization of théINbq

tautomer by coordination to osmium and ruthenium and its QsH,Cl,(P'Prs),

transformation into the usual cyclometalated group.

Results and Discussion

1. Stabilization of an NH Tautomer of Benzoh]quinoline.
In spite of the marked tendency shown by behjmjinoline

to afford cyclometalated compounds in its reactions with
transition metal complexes, treatment of this heterocycle with

OsH,Cly(PPr); (1) in toluene at 95C produces its tautomer-

ization as result of a 1,2-hydrogen shift between the carbon at
the 2-position and the nitrogen. The resulting novel organic
fragment is stabilized by coordination to the metal center. In

addition, the coordination gives rise to the transformation o
the OsH-dihydride unit of the starting complex into an
elongated dihydrogen, in agreement with the trend showh by
to afford species with a nonclassicHl interaction when a
Lewis base is coordinatéd.The formed complex Osgll«-C-

(10) (a) Djukic, J.-P.; Maisse, A.; Pfeffer, M. Organomet. Cheni998
567, 65. (b) Fornis, J.; Ibdiez, S.; Martn, A.; Sanz, M.; Berenguer, J. R.;
Lalinde, E.; Torroba, JOrganometallics2006 25, 4331.

(11) (a) Deeming, A. J.; Rothwell, I. P.; Hursthouse, M. B.; New,JL.
Chem. Soc., Dalton Tran&978 1490. (b) Deeming, A. J.; Rothwell, I. P.
J. Chem. Soc., Dalton Tran$978 1497. (c) Albinati, A.; Pregosin, P. S;
Wombacher, Flnorg. Chem199Q 29, 1812. (d) Casas, J. M.; Falvello, L.
R.; Fornies, J.; Martn, A.; Welch, A. J.Inorg. Chem 1996 35, 6009. (e)
Sidorov, A. A.; Aleksandrov, G. G.; Pakhmutova, E. V.; Chernyad'ev, A.
Y.; Eremenko, I. L.; Moissev, I. IRuss. Chem. Bull., Int. EQ005 54,
588.

(12) Fischer, E. O.; Goodwin, H. A.; Kreiter, C. G.; Simmons, H. D.,
Jr.; Sonogashira, K.; Wild, S. B.. Organomet. Chenl968 14, 359.

(13) (a) Esteruelas, M. A.; lgez, A. M. InRecent Adances in Hydride

Chemistry Peruzzini, M., Poli, R., Ed.; Elsevier: Amsterdam, 2001; Chapter

7, pp 189-248. (b) Esteruelas, M. A.; Oro, L. AAdv. Organomet. Chem.
2001, 47, 1. (c) Esteruelas, M. A,; ljmez, A. M. Organometallics2005
24, 3584. (d) Esteruelas, M. A,; lpez, A. M.; Olivan, M. Coord. Chem.
Rev. 2007, 251, 795.
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Figure 1. Molecular diagram of compleX. Selected bond lengths
(A) and angles (deg): Os#C(1) = 2.055(11), Os(B-CI(1) =
2.508(3), Os(1)yCl(2) = 2.488(3), Os(LyP(1) = 2.406(3), Os-
(1)—P(2)= 2.400(3), C(1)N(1) = 1.362(14), C(5r-N(1) = 1.363-
(13), C(1)-C(2)= 1.437(14), C(2yC(3)=1.367(15), C(3yC(4)
= 1.413(16), C(4yC(5) = 1.373(15), CI(1)*HN = 2.24(11);
P(1)-0Os(1)-P(2)= 167.70(11), Cl(1)Os(1)-CI(2) = 83.85(10),
C(1)-0Os(1)-ClI(1) = 87.1(3), C(1)-0Os(1)-Cl(2) = 170.9(3),
P(1)-0s(1)}-C(1) = 93.3(3), P(2)-0s(1)-C(1) = 92.8(3).

[HNbq]} (17%-H,)(PPrs), (2) is isolated as an orange solid in 70%
yield, according to eq 3.

N P'Pr,
A O CI/,,' \\\\CI H
Os5—N a (3)
1 Toluoene H2 N O
e PiPry
2

Complex2 has been characterized by elemental analysis, IR,
andH, 13C{1H}, and3P{IH} NMR spectroscopy and by an
X-ray crystallographic study. The structure has two chemically
equivalent but crystallographically independent molecules in the
asymmetric unit. A drawing of one of them is shown in Figure
1. The study proves the stabilization of thiNbqg tautomer,
¢ Which coordinates to the metal center through the carbon atom
at the 2-position (C(1)).

The coordination geometry around the osmium atom can be
rationalized as a distorted octahedron with the two phosphorus
atoms of the triisopropylphosphine groups occupying mutually
trans positions (P(1)}Os—P(2): 167.70(1T) moleculea and
169.28(109 moleculeb). The metal sphere is completed by the
chloride ligands mutuallgis disposed (Cl(1)}Os—ClI(2): 83.5-
(10)° moleculea and 82.94(10) moleculeb), the tautomerized
benzop]quinoline grouptrans disposed to CI(2) (C(:)Os—
CI(2): 170.9(3) moleculea and 169.1(3) moleculeb), and
the elongated dihydrogen liganichns disposed to CI(1).

The 0Os-C(1) bond lengths of 2.055(11) A (molecudpand
2.030(10) A (moleculd) compare well with the OsC distance
in the related 8-methylquinoline derivative (2.005(6) And
with the Os-NHC (NHC = N-heterocyclic carbene) separations
in cations [(5-p-cymene)OsCHCHPh)(IPN]" (2.090(3) A),

(14) (a) Esteruelas, M. A.; Oro, L. A.; Ruiz, Nhorg. Chem1993 32,
3793. (b) Esteruelas, M. A.; Lahoz, F. J.; Oro, L. A& E.; Ruiz, N.
Inorg. Chem1994 33, 787. (c) Esteruelas, M. A.; Oro, L. hem. Re.
1998 98, 577.



Os and Ru Complexes Containing an NHC Ligand

[(175-p-cymene)OsCI(IPN] (2.078(2) A)15 [(Os(=CHPh)(CH-
CN)4(IPN]* (2.069(6) A), [(OsHCK=CPh)(IPr)(FPr3)] * (2.108-
(20 A)® and [OsC{«x3-C,N,0-[=CHC(O)pyC(CH)O]}
(CHsCN)(IPN]* (2.074(5) A} (IPr = 1,3-bis(2,6-diisopropyl-
phenyl)imidazolylidene). The similarity between thitNbq
tautomer and the NHC ligantfsis also revealed by th&C-
{H} NMR spectra. In agreement with the chemical shifts
reported for the above-mentioned compouhtfs?’ the 13C-
{H} NMR spectrum of2 shows the OsC(1) resonance at
187.9 ppm. It appears as a triplet with & coupling constant
of 7 Hz.

The planar heterocycle lies in the plane determined by the
metal and the chloride ligands with the NH-hydrogen toward
CI(1). The separation between them, 2.24(11) A in moleaule
and 2.14(10) A in molecul®, is shorter than the sum of the
van der Waals radii of hydrogen and chloride (rvdw -)L.20
A, rvdw (CI) = 1.75 A)1° suggesting that there is an intramo-
lecular Ct-*H—N hydrogen bond between these atdthahich

Organometallics, Vol. 26, No. 21, 82@1

12.2 Hz. According to eq & this value allows us to calculate

a separation between the hydrogen atoms of 1.22 A, which
agrees well with that obtained for slow spinning by means
of the Tymin) value. The H-H distance in2 is similar to those
calculated for the related osmium complexes Q€4
Hy)(Hpz)(PPr), (127 A)!4°  OsCh(?-H,)(NH=CPh)
(PPr3)2 (1.24 A) 25 [Os(c?>-O,CCH)(%-Ho){ P(OMe)} (P Prs))-

BF4 (1.30 A)26 OsX{ NH=C(Ph)GHa} (7>H2)(PPrs), (X = ClI,
Br, I; 1.31 A) 27 [Os{ CsH4C(O)CHs} (12-Hz) (H20)(PPrs)2]BF 4

. 1 .
(1.35 A)2t and [Og CeF4C(O)CHb} (17%-H2)(H20)(PPr3)2]BF 4
(1.30 Ap8 and lies in the middle of the reported range (.0
1.5 A) for elongated dihydrogen derivativés.
d(y_y) = —0.01670,,_p) + 1.42 4)

The 31P{1H} NMR spectrum of2 is consistent with the

contributes to the stabilization of the tautomer, as has beenstructure shown in Figure 1. As expected for two equivalent

previously shown for quinoline and 8-methylquinolih@he

phosphine ligands, a singlet at 2.1 ppm is observed.

hydrogen bond is a consequence of the electrostatic interaction Ruthenium also promotes the tautomerization of beljzo[

between the electronegative halogen and the acidic NH-
hydroger?® The Ct--H—N hydrogen bond is also supported
by the IR spectrum in KBr, which shows the NH stretching
frequency at 3104 cnt in accordance with the values reported
for the related quinoline (3106 cr) and 8-methylquinoline
(3130 cm) derivativest and by thelH NMR spectrum in
dichloromethaneab, where the NH resonance is observed at
unusually low field?2 15.46 ppm.

The 'H NMR spectrum also supports the presence of an
elongated dihydrogen ligand in the complex. At room temper-
ature, this ligand displays a triplet at10.12 ppm with a H-P
coupling constant of 10.8 Hz. A variable-temperature 400 MHz
T1 study of the resonance givesTgminy value of 37+ 1 ms,
which corresponds to a hydrogehydrogen distance of 0.98
A (fast spinning) or 1.24 A (slow spinningy. The partially
deuterated ligand;?>-HD has a H-D coupling constant of

(15) Castarlenas, R.; Esteruelas, M. ATaB E.Organometallic2005
24, 4343.

(16) Castarlenas, R.; Esteruelas, M. ATaBn E.Organometallic007,
26, 2129.

(17) Castarlenas, R.; Esteruelas, M. ATaBn E.Organometallic007,
26, 3082.

(18) Os-NHC complexes are extremely rare. See: Arnold, P. L
Pearson, SCoord. Chem. Re 2007, 251, 596.

(19) Barrio, P.; Esteruelas, M. A.; LIédpA.; Orate, E.; Toms, J.
Organometallic2004 23, 3008.

(20) (a) Castarlenas, R.; Esteruelas, M. A%a@n E.Organometallics
200Q 19, 5454. (b) Castarlenas, R.; Esteruelas, M. A.; Gutie-Puebla,
E.; Ofate, E.OrganometallicR001, 20, 1545. (c) Esteruelas, M. A.; LIédp
A.; Olivan, M.; Orate. E.; Tajada, M. A.; Ujaque, @rganometallic2003
22, 3753. (d) Buil, M. L.; Esteruelas, M. A.; Goni, E.; OlimaM.; Ohate,
E. Organometallic2006 25, 3076.

(21) (a) Stevens, R. C.; Bau, R.; Milstein, D.; Blum, O.; Koetzle, T. F.
J. Chem. Soc., Dalton Tran99Q 1429. (b) Buil, M. L.; Esteruelas, M.
A.; Onate, E.; Ruiz, NOrganometallics1998 17, 3346. (c) Crochet, P.;
Esteruelas, M. A.; Gutieez-Puebla, EOrganometallics1998 17, 3141.
(d) Gusev, D. G.; Lough, A. J.; Morris, R. H. Am. Chem. Sod.998
120 13138. (e) Crabtree, R. H. Organomet. Chen1998 557, 111. (f)
Esteruelas, M. A.; Olia, M.; Ofate, E.; Ruiz, N.; Tajada, M. A.
Organometallics1999 18, 2953. (g) Lee, D.-H.; Kwon, H. J.; Patel, B. P;
Liable-Sands, L. M.; Rheingold, A. L.; Crabtree, R. Brganometallics
1999 18, 1615. (h) Esteruelas, M. A.; Gutiez-Puebla, E.; Lpez, A. M.;
Ohate, E.; Tolosa, J. I0Organometallics200Q 19, 275. (i) Barrio, P.;
Esteruelas, M. A.; Oate, E.Organometallic2002 21, 2491.

(22) Esteruelas, M. A.; Lahoz, F. J.; pez, A. M.; Orate, E.; Oro, L.
A.; Ruiz, N.; Sola, E.; Tolosa, J. Inorg. Chem.1996 35, 7811.

(23) (a) Earl, K. A;; Jia, G.; Maltby, P. A.; Morris, R. H. Am. Chem.
Soc.1991 113 3027. (b) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.;
Halpern, JJ. Am. Chem. S0d.991, 113 4173. (c) Jessop, P. G.; Morris,
R. H. Coord. Chem. Re 1992 121, 155.

quinoline. However, it should be taken into account that
ruthenium is a pooret-back-bonder than osmium because the
osmium valence orbitals have better overlap with the ligand
orbitals. Thus, the Ryé-H,) bond is weaker than the Og¢

H,) oned® and as a consequence of this weakness, the dihy-
drogen ligand is lost during the reaction of RuHb(PPrs), (1a)

with benzop]quinoline. Treatment under reflux of toluene
solutions of the metal compound with 2.0 equiv of the
heterocycle leads to the five-coordinate complex RUGC-
[HNbqg]} (PPrs); (3), which is isolated as a green solid in 70%
yield, according to Scheme 1. Under hydrogen atmosphere, this
species is in equilibrium with the dihydrogen derivative RuCl
{1-C-[HNbQq]} (7*-H2)(PPr3)2 (4).

The 13C{H}, H, and3P{IH} NMR spectra of3 are in
agreement with those of the related 8-methylquinoline complex,
which has been characterized by X-ray diffraction analysis. In
the 13C{1H} NMR spectrum, the resonance corresponding to
the coordinated carbon atom of the heterocycle is observed at
214.3 ppm, shifted 26.4 ppm to lower field with regard to the
osmium compound. It appears as a triplet with-aRCcoupling
constant of 11 Hz. In thtH NMR spectrum the most noticeable
signal is that corresponding to the NH-hydrogen atom, which,
in accordance with a &kH—N interaction, is observed at 13.84
ppm. The Ci--H—N hydrogen bond is also supported by the
IR spectrum, which shows th€N—H) band at 3204 cmt. A
singlet at 36.2 ppm in théP{1H} NMR spectrum is also
characteristic of this compound.

The dihydrogen character of the Ruthit in 4 is supported
by thelH NMR spectrum of this compound in dichloromethane-

(24) Maltby, P. A.; Schlaf, M.; Steinbeck, M.; Lough, A. J.; Morris, R.
H.; Klooster, W. T.; Koetzle, T. F.; Srivastava, R. &.Am. Chem. Soc.
1996 118 5396.

(25) Barea, G.; Esteruelas, M. A,; LIesloA.; Lopez, A. M.; Tolosa, J.

I. Inorg. Chem.1998 37, 5033.

(26) Esteruelas, M. A.; GaieiYebra, C.; Oliva, M.; Orate, E.; Tajada,
M. A. Organometallic2002 21, 1311.

(27) Barea, G.; Esteruelas, M. A.; LlesloA.; Lopez, A. M.; Orate, E.;
Tolosa, J. I.Organometallics1998 17, 4065.

(28) Barrio, P.; Esteruelas, M. A.; @te, E.Organometallic2003 22,
2472,

(29) (a) Kubas, G. Metal Dihydrogen and-Bond ComplexeKluwer
Academic/Plenium Publishers: New York, 2001. (b) Heinekey, D. M.;
Lledgs, A.; Lluch, J. M.Chem. Soc. Re 2004 33, 175.

(30) (a) Bautista, M. T.; Cappellani, E. P.; Drouin, S. D.; Morris, R. H.;
Schweitzer, C. T.; Sella, A.; Zubkowski, J. Am. Chem. S0d.99], 113
4876. (b) Bohanna, C.; Esteruelas, M. A.iiBez, A. V.; Lgpez, A. M,;
Martinez, M.-P.Organometallics1997, 16, 4464.
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Scheme 1
N ‘ P'Prs
_ X ‘ WCl H
RUH2C|2(PIPr3)2 e RU N
1a Toluene C|/‘ N Q‘
reflux i
PPF3
-H, 3
e,
P'Prs
H2/’/1, ‘ ‘\\\CI
‘RU~—N
o | L5
PiPr3
4

dz, which shows the dihydrogen resonance-a2.60 ppm as a
triplet with a H-P coupling constant of 7.8 Hz. In this case, a
Tyminy value of 20+ 1 ms in the 300 MHz scale and a+D

coupling of 31.2 Hz were found. These values are consistent

with a H—H separation of about 0.91 A. THéP{1H} NMR
spectrum contains a singlet at 31.5 ppm.

2. Formation of Os(ll)- and Ru(ll)-Metalacycle Com-
pounds.In the presence of triethylamine the dihydride-dichloro
complexesl and la react with benzdf]quinoline to afford

Esteruelas et al.

Figure 2. Molecular diagram of compleX. Selected bond lengths
(A) and angles (deg): Os(#)C(7) = 2.073(5), Os(1)Cl(1) =
2.4944(13), Os(E)N(1) = 2.188(5), Os(1}P(1) = 2.3856(14),
Os(1)-P(2) = 2.3721(14), N(1)C(1) = 1.352(7), C(1}yC(2) =
1.394(8), C(2)-C(3) = 1.365(8), C(3)-C(4) = 1.398(7), C(4y
C(5) = 1.422(8), C(5-N(1) = 1.370(6), C(7yC(6) = 1.420(7),
C(7)-C(8) = 1.411(7), C(8)-C(9) = 1.398(7), C(9)-C(10) =
1.373(8), C(10y-C(11)= 1.402(7), C(11)}C(6) = 1.410(7); P(1y
Os(1)-P(2)= 164.11(5), CI(1)-Os(1)-N(1) = 86.76(12), N(1)}
Os(1)-C(7) = 77.44(19), CI(1)}Os(1)-C(7) = 164.18(15).

spectrum in dichloromethard-at room temperature, the most
noticeable resonance is that corresponding to the elongated

cyclometalated species, which can also be obtained by depro'dihydrogen ligand, which appears-a7.93 ppm as a triplet with

tonation of2 and4.

Treatment for 12 h of the osmium compl@&uwith 4 equiv
of triethylamine, in toluene at 93C, leads to the elongated
dihydrogen complex OsC42-N,C-[bq[]} (72-H,)(PPr). (5) con-
taining a G%metalated benzh[quinoline group, which is
isolated as an orange solid in 60% vyield, according to eq 5.

PPry
Et;N CI,,,“
Os

Toluene H2/ ‘
95°C

- [Ets;NHICI

P'Prs

O
P
P/Prs
2

P’Pl"g

Complex5 has been characterized by elemental analysis, IR
IH, 13C{1H}, and3P{'H} NMR spectroscopy, and an X-ray
crystallographic study. Figure 2 shows a view of its molecular
geometry.

The coordination geometry around the osmium atom can be
rationalized as derived from a distorted octahedron with the
phosphorus atoms of the triisopropylphosphine ligands occupy-

ing trans positions (P(1)}Os—P(2) = 164.11(5)). The per-

pendicular plane is formed by the atoms N(1) and C(7) of the

metalated heterocycle, which acts with a bite angle NQ3—
C(7) of 77.44(19), the chloridetrans disposed to C(7) (Cl-
(1)—0Os—C(7) = 164.18(15)) and the elongated dihydrogen
ligandtranslocated to N(1). The five-membered ring formed
by the metalated benzgfuinoline group and the osmium atom
is almost planar. The @ bond length of 2.188(5) A and the
Os—C(7) distance of 2.073(5) A are as expected for-Gsand
Os—C(sp) single bondg%

The 1H, 13C{1H}, and3!P{H} NMR spectra of5 are in
agreement with the structure shown in Figure 2. In*tHé&NMR

a H—P coupling constant of 11.7 Hz. Fymin) value of 38+ 1

ms, in the 300 MHz scale, and-+D coupling constant of 7.7

Hz were found for this resonance. These values are consistent
with a separation between the hydrogen atoms of the elongated
dihydrogen ligand of 1.29 A. In th&C{'H} NMR spectrum,

the resonance due to the metalated carbon atom of the
heterocycle is observed at 165.8 ppm, shifted 22.1 ppm to higher
field with regard to that oR. It appears as a triplet with a-€P
coupling constant of 6 Hz. THBP{'H} NMR spectrum contains

a singlet at 4.3 ppm.

Treatment of toluene solutions of compléxvith 4.0 equiv

of EtN, under the same conditions as those previously
mentioned for the formation 06, leads to the ruthenium
dihydrogen derivative Ru@k2-N,C-[bq]} (72-H2)(PPr), (6),
' containing aN,C!%-metalated heterocycle, which is isolated as
an orange solid in 50% yield, according to eq 6.

PPrs
Ru<—N - 6)
c” ‘ |\ Q‘ Toluene H
; 95°C
P'PI"3
4 - [EtsNH]CI

Complex6, like 2 and5, has been characterized by elemental
analysis, IRIH, 13C{1H}, and®P{*H} NMR spectroscopy, and
an X-ray crystallographic study. A view of its molecular
geometry is shown in Figure 3.

The coordination geometry around the ruthenium atom can
be rationalized as a distorted octehedron with the phosphorus
atoms of the triisopropylphosphine ligands occupying mutually
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ci22) Y

Figure 3. Molecular diagram of comple&. Selected bond lengths
(A) and angles (deg): RuC(10)= 2.047(3), Ru-Cl = 2.5135-
(9), Ru—N(1) = 2.144(2), Ru-P(1) = 2.3877(9), Ru-P(2) =
2.4034(9), N(1)C(1) = 1.338(4), C(1y-C(2) = 1.401(4), C(2y
C(3) = 1.371(4), C(3)-C(4) = 1.409(4), C(4yC(5) = 1.417(4);
P(1-Ru—P(2)= 165.57(3), CFRu—N(1) = 89.10(7), N(1) Ru—
C(10) = 79.54(11), C+Ru—C(10) = 168.64(9).

transpositions (P(1)}Ru—P(2)= 165.57(3}). The metal sphere

Organometallics, Vol. 26, No. 21, 82@3

Benzop]quinoline undergoes a 1,2-hydrogen shift, from the
carbon atom at the 2-position to the nitrogen, promoted by
complexes MHCI,(PPr), (M = Os, Ru). The formed tautomer
is stabilized by coordination of the undressed carbon atom to
the metal centers and by means of an intramolecularkC+N
hydrogen bond between the resulting NH-hydrogen atom and
one of the chloride ligands. The coordination of the heterocycle
produces the transformation of the Mlidnits of the starting
compounds into elongated dihydrogen Os or dihydrogen Ru
ligands. Thus, osmium and ruthenium-dihydrogen complexes,
containing an unprecendented N-heterocyclic carbene [f§and
derived from benzdilquinoline, have been isolated and char-
acterized, including by X-ray diffraction analysis. The conver-
sion of the heterocyclic carbene into the usual cyclometalated
group takes place only when the tautomer-metal species are
deprotonated with triethylamine or when the reactions between
MHCl,(PPrs), (M = Os, Ru) and the heterocycle are carried
out in the presence of this amine.

In conclusion, these results along with those recently reported
by Carmona’s groupand by ud indicate that, in the presence
of some transition metal complexes, the 1,2-hydrogen shift from
the carbon at the 2-position to the nitrogen is energetically
accessible for a very wide range of N-heterocycles. Since the
coordination of the undressed carbon atom to the metal center
produces the stabilization of the unfavored tautomer, one should

is completed by the metalated group, which in this case acts€xpect a rapid growth of the number of transition metal

with a bite angle N(1}Ru—C(10) of 79.54(11), the chloride
ligandtransdisposed to C(10) (GtRu—C(10) = 168.64(9}),
and the coordinated hydrogen molectiensdisposed to N(1).
The Ru-C(10) bond length of 2.047(3) A and the RN(1)

distance of 2.144(2) A are consistent with the related parameters

of 5 and agree well with the RuC and Ru-N distances found

in the hydride-dihydrogen species Rut3-N,C-[bq]} (172-Hy)(P-
Prs)2 (2.104(3) and 2.155 A, respectively), which has been
obtained by reaction of Rulf2-H,)2(PPrs), with benzofy-
quinoline3!

ThelH, 13C{1H}, and3'P{*H} NMR spectra o6 agree well
with those of5 and with the structure shown in Figure 3. In the
IH NMR spectrum in dichloromethard-at room temperature,
the dihydrogen ligand displays a triplet @9.00 ppm with a
H—P coupling constant of 8.0 Hz. A variable-temperature 400
MHz study of this resonance givesTamin value of 14+ 1
ms, whereas the partially deuterated ligajieHD has a H-D

complexes containing this novel type of N-heterocycle carbene
ligand in the near future.

Experimental Section

General Information. All manipulations were performed with
rigorous exclusion of air at an argon/vacuum manifold using
standard Schlenk-tube techniques or in a drybox (MB-Unilab).
Solvents were dried by the usual procedures and distilled under
argon prior to use. BenzoJquinoline (Aldrich) was used without
further purification. The starting materials MEl,(PPr), (M =
Os (1),%3 Ru (1a))3* were prepared in accord with methods reported
in the literature.

OsD,.Cly(PPr), (85—-90% deuterated based on fieNMR) was
prepared by addition of Cf®D (0.5 mL) to CBCl, (1.0 mL)
solutions ofl (100 mg, 170 mmol). The mixture was stirred at rt
for 2 h, and the solvent was removed in vacuo to give a yellow
solid, which was characterized B and?H NMR spectroscopy

coupling constant of 24.8 Hz. These values are consistent withas the 8590% dideuterated derivative, and was used without
a separation between the hydrogen atoms of 1.01 A, which is further purification2H NMR (46.97 MHz, CDCl,, 293 K): —16.58

about 0.3 A shorter than that & This suggests a weaker
metak-hydrogen bond ir6 than in5, in agreement with the
poorer metat-dihydrogenr-back-bonder in ruthenium than in
osmium. In the®*C{*H} NMR spectrum the resonance due to

(t, Jp-p = 5.2 Hz, OS_Dz)

NMR spectra were recorded on either a Varian Gemini 2000, a
Bruker ARX 300, a Bruker Avance 300 MHz, or a Bruker Avance
400 MHz instrument. Chemical shifts (expressed in parts per

the metalated carbon atom of the heterocycle appears at 183.8nillion) are referenced to residual solvent peaks, (*C{*H}) or

ppm, as a triplet with a €P coupling constant of 9 Hz. The
SIP{1H} NMR spectrum shows a singlet at 34.6 ppm.

Concluding Remarks

This study has revealed that osmium and ruthenium com-

pounds containing a monodentaté-&ordinated benzbl-
quinoline can be isolated, in spite of the great stability of the
five-membered rings resulting from the reactions of this
heterocycle with the transition metal complexes.

(31) (a) Matthes, J.; Gndemann, S.; Toner, A.; Guari, Y.; Donnadieu,
B.; Spandl, J.; Sabo-Etienne, S.; Clot, E.; Limbach, H.-H.; Chaudret, B.
Organometallic2004 23, 1424. (b) Toner, A.; Matthes, J.; Grdemann,

S.; Limbach, H.-H.; Chaudet, B.; Clot, E.; Sabo-EtiennePNAS2007,
17, 6945.

external HPO, (3'P{1H}). Coupling constantsl, are given in hertz.
The dy—n were calculated on the basis of published metfotts
using both theTl;mi, and Jyp experimental values. Infrared spectra
were recorded on a Perkin-Elmer Spectrum One FT-IR spectrom-
eter. C, H, and N analyses were carried out in a Perkin-Elmer 2400
CHNS/O analyzer.

Preparation of OsCl{«-C-[HNbq])}(7-H2)(PPrs), (2). A
Young’s tap Schlenk flask was charged with behgliinoline (122

(32) (a) Bourissou, D.; Guerret, O.; Gabbai, F. P.; BertrandCem.
Rev. 200Q 100, 39. (b) Hermann, W. AAngew. Chem., Int. EQ002 41,
1290. (c) Scott, N. M.; Nolan, S. EEur. J. Inorg. Chem2005 1815.

(33) Aracama, M.; Esteruelas, M. A,; Lahoz, F. J.; Lopez, J. A.; Meyer,
U.; Oro, L. A.; Werner, HInorg. Chem.1991 30, 288.

(34) (a) Grunwald, C.; Gevert, O.; Wolf, J.; Gohlez-Herrero, P.;
Werner, H.Organometallics1996 15, 1960. (b) Oliva, M.; Clot, E.;
Eisenstein, O.; Caulton, K. Grganometallics1998 17, 3091.
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mg, 0.68 mmol),1 (200 mg, 0.34 mmol), and toluene (10 mL).
The mixture was heated at 9% for 48 h to afford an orange

Esteruelas et al.

121.1 (Gyso HNbQ), 25.4 (t,Jc—p = 9, CH-Pr), 19.8 and 19.5
(sCHa-Pr). 31P{H} NMR (121.42 MHz, CDCl,, 293 K): 31.5

suspension. The solvent was removed under reduced pressure, an). Timin) (MS, Rub, 300 MHz, CDQCl,, 218 K, —12.88): 20+

the residue was extracted with @El, (15 mL). The solution was
concentrated (to~4 mL). Addition of diethyl ether caused the
precipitation of an orange solid, which was dried in vacuo and
characterized a®. Yield: 180 mg (70%). Anal. Calcd for £Hss-
CI,NOsR: C, 48.81; H, 7.00; N, 1.84. Found: C, 48.76; H, 7.21;
N, 1.77.1H NMR (300 MHz, CDCly, 293 K): 15.46 (br, 1H, NH),
8.86 (m, 1H, HNbq), 7.97 (m, 1H, HNbq), 7.84 (m, 2H, HNbq),
7.75 (m, 2H, HNbq), 7.57 (m, 1H, HNbq), 7.48 (m, 1H, HNbq),
2.30 (m, 6H, Gi-1Pr), 1.22 (m, 36H, E©l3-Pr), —10.12 (t, 2H Jp—_n

= 10.8 Hz, OsH). ¥C{H} NMR (75.48 MHz, CDCl,, 293 K,
plus APT, HMQC and HMBC): 187.9 (fr-c = 7, Os-C), 148.9
(CH, HNbq), 137.6 (Gso HNbQ), 134.3 (Gso. HNbQ), 132.4 (s,
CH, HNbq), 129.0 (s, CH, HNbq), 128.9 (s, CH, HNbq), 128.2 (s,
CH, HNbqg), 125.1 (s, CH, HNbq), 124.7 (s, CH, HNbqg), 123.0
(Cipso HNbDQ), 121.4 (s, CH, HNbq), 121.0 (Sis6 HNbg), 25.7

(t, Jo—p = 12, CH-Pr), 19.7 and 19.2 ($H3-Pr). 31P{1H} NMR
(121.42 MHz, CBCl,, 293 K): 2.1 (s). IR (KBr, cm?): 3104
v(N—H), 2264 and 2229(0s—H,), 1624, 1602, 1567, and 1503
v(C=C). Tymin) (Ms, CBCl,, 400 MHz,—10.13, 228 K): 374 1

= dy-p calc=1.24 A,

Determination of the Jy—p Value for Complex 2. A Young’s
tap NMR tube was charged with benhfgjuinoline (30 mg, 0.17
mmol), OsDBCIx(PPr), (50 mg, 0.09 mmol), and toluene (0.75 mL).
The mixture was heated at 9& for 48 h. After that, the solvent
was removed in vacuo and GO, (0.5 mL) was added. ThiH-
{3P} NMR spectra of these solutions exhibit in the hydride region
the resonances due to a mixture of the [@5}d—D) and the [Os]-
(7>-H—H) 2 speciesJy_p (Hz) = 12.2= dy_y calc= 1.22 A.

Preparation of RuCly{«-C-[HNbqg]}(P'Prs)> (3). A Schlenk
flask was charged with bengfuinoline (143 mg, 0.80 mmol),
1a (200 mg, 0.40 mmol), and toluene (10 mL). The mixture was
refluxed for 10 h, and the resulting dark solution was filtered
through Celite and concentrated (@t mL). Addition of diethyl
ether (15 mL) caused the precipitation of a green solid, which was
dried in vacuo and characterized&syield: 190 mg (70%). Anal.
Calced for GiHs:CLNRuP: C, 55.43, H, 7.65; N, 2.08. Found:
C, 55.21; H, 7.40; N, 2.15H NMR (300 MHz, CDB,Cl,, 293 K):
13.84 (br, 1H, NH), 8.60 (m, 1H, HNbqg), 8.38 (m, 1H, HNbq),
7.91 (m, 1H, HNbq), 7.70 (m, 2H, HNbq), 7.67 (m, 1H, HNbq),
7.53 (m, 1H, HNbq), 7.10 (m, 1H, HNbq), 3.04 (m, 6HHEPT),
1.25 (m, 18H, El3-'Pr), 1.16 (m, 18H, El3-Pr). 13C{1H} NMR
(75.48 MHz, CDBCl,, 293 K, plus APT, HMQC and HMBC): 214.3
(t, Jp-c =11, Ru-C), 141.8 (CH, HNbq), 136.6 {&, HNbq), 133.5
(Cipso HNbQ), 128.6 (s, CH, HNbq), 127.9 (s, CH, HNbq), 127.4
(s, CH, HNbq), 126.7 (fso, HNbQ), 124.9 (s, CH, HNbq), 123.9
(s, CH, HNbq), 123.5 (s, CH, HNbq), 121.5 (spds HNbq), 120.1
(s, CH, HNbq), 23.2 (tJc—p = 9, CH-Pr), 19.9 and 19.5 (GHs-
iPr).31P{ IH} NMR (121.42 MHz, GDs, 293 K): 36.2 (s). IR (KBr,
cm1): 3204v(N—H), 1627} 1593, and 155%(C=C).

Reaction of RUCK{ x-C-[HNbq]} (P'Pr3), (3) with H,. A CD,-

Cl; solution (0.5 mL) of3 (5 mg, 0.008 mmol) was prepared under
an atmosphere of Hn a Young's tap NMR tube. After 12 h the
NMR spectra of the solution showed a 4/6 mixture of comBex
and the dihydrogen species Ru{&C-[HNbq]} (172-H,) (PPr)2 (4).
Data for4: H NMR (300 MHz, CD,Cl,, 293 K): 15.36 (br, 1H,
NH), 8.90 (m,1H, HNbq), 8.01 (m, 1H, HNbq), 7.86 (m, 1H,
HNbg), 7.78 (m,1H, HNbq), 7.75 (m, 1H, HNbq), 7.65 (m, 1H,
HNbq), 7.62 (m, 1H, HNbq), 7.46 (m,1H, HNbq), 2.37 (m, 6H,
CHa, CH-"Pr), 1.25 (m, 36H, El3-'Pr), —12.60 (t,J = 7.8, 2H,
RuH,). 3C{*H} NMR (75.43 MHz, CDCl,, 263 K, plus APT):
not observed (Ru-C), 145.2 (s, CH, HNbq), 137.54£HNbq),
134.2 (Goso HNDbQ), 130.7 (s, CH, HNbq), 129.0 (s, HNbg, CH),
128.9 (s, CH, HNbq), 128.3 (s, CH, HNbq), 125.5 (s, CH, HNbq),
124.7 (s, CH, HNbq), 122.8 (§, HNbq), 121.2 (s, CH, HNbq),

1= dy_y calc=0.93 A.

Determination of the Jy—p Value for Complex 4. H—D was
bubbled through CRLCI, solutions (0.5 mL) containing thespecies.
The!H{3'P} NMR spectra of these solutions exhibit in the hydride
region the resonances due to a mixture of the [Ral{—D) and
g\\e [Ru]@7?-H—H) 4 speciesJyp (Hz) = 31.2— dy_u calc= 0.90

Preparation of OsCK «?-N,C-[bq]} (7-H2)(P'Pr3), (5). Method

A: A Young's tap Schlenk flask was charged with bergo[
quinoline (122 mg, 0.68 mmol}, (200 mg, 0.34 mmol), EN (0.19
mL, 1.36 mmol), and toluene (10 mL). The resulting mixture was
heated at 95C for 12 h. The red toluene solution was filtered
through Celite and concentrated under reduced pressua(tod
mL). Addition of diethyl ether (15 mL) caused the precipitation of
an orange solid, which was dried in vacuo and characteriz&d as
Yield: 187 mg (75%). Method B: A Young's tap Schlenk flask
was charged witl2 (100 mg, 0.13 mmol), BN (0.060 mL, 0.43
mmol), and toluene (10 mL). The mixture was heated at@%or
12 h. The toluene solution was filtered, the solvent was removed
under reduced pressure, and the residue was extracted with CH
Cl, (15 mL). The solution was concentrated {td mL). Addition
of diethyl ether caused the precipitation of an orange solid, which
was dried in vacuo and characterized5a%’ield: 57 mg (60%).
Anal. Calcd for GiH5,CINOsR: C, 51.26; H, 7.21; N, 1.93.
Found: C, 51.35; H, 7.30; N, 2.03H NMR (300 MHz, CDB,Cl,,
293 K): 10.58 (m, 1H, bq), 8.11 (m, 1H, bq), 8.00 (m, 1H, bq),
7.74 (m, 1H, bq), 7.60 (m, 1H, bq), 7.53 (m, 1H, bq), 7.34 (m, 1H,
bq), 7.17 (m, 1H, bqg), 2.17 (m, 3H,KGPr), 0.97 (m, 18H, G-
iPr), 0.60 (m, 18H, €3-'Pr) —7.93 (t, 2H,Jp_4 = 11.7 Hz, OsH).
13C{1H} NMR (75.48 MHz, CDCl,, 293 K, plus APT, HMQC
and HMBC): 165.8 (tJp-c = 6, Os-C), 155.8 ({0 bq), 150.2
(s, CH, bq), 140.8 (s, CH, bq), 138.8 (spd bq), 134.5 (s, CH,
bq), 134.1 (s, Gso bq), 129.6 (s, CH, bq), 129.1 (s, CH, bq), 126.3
(s, Gpso b0), 123.2 (s, CH, bq), 119.1 (s, CH, bq), 116.9 (s, CH,
bq), 24.7 (t,Jc-p = 12, CH-Pr), 19.1 and 18.7 ($CH3-Pr). 31P-
{IH} NMR (121.42 MHz, CQCly, 293 K): 4.3 (s). IR (KBr, crmi):

2293 and 2203(0s—Hy), 1621 and 155%(C=C). Tymin) (MS,
CD.Cl,, 300 MHz,—8.01, 208 K): 38+ 1= dy_y calc= 1.30 A.

Determination of the J,_p Value for Complex 5. A Young'’s
tap NMR tube was charged with benkigjuinoline (30 mg, 0.17
mmol), OsDCly(PPr),, (50 mg, 0.09 mmol), BN (0.34 mmol),
and toluene (0.75 mL). The mixture was heated at@3%or 12 h.
After that, the solvent was removed in vacuo and,CBP (0.5 mL)
was added. Th#H{3P} NMR (300 MHz) spectra of these solutions
exhibit in the hydride region the resonances due to a mixture of
the [Os]g3-H—D) and the [Os}¢2-H—H) 5 speciesJy—p (Hz) =
7.7=dyn =129 A

Preparation of RUCI{«2-N,C-[bq]} (-H.)(P'Prs)2 (6). Method
A: A Young's tap Schlenk flask was charged with bergo[
quinoline (180 mg, 1.0 mmol}a (250 mg, 0.5 mmol), EN (0.28
mL, 2.0 mmol), and toluene (10 mL). The resulting mixture was
heated at 95C for 24 h. The dark solution was filtered through
Celite and concentrated under reduced pressure. Addition of diethyl
ether (10 mL) caused the precipitation of an orange solid, which
was dried in vacuo and characterizedéa¥ield: 200 mg (65%).
Method B: A Young'’s tap Schlenk flask was charged, under H
atmosphere, witt8 (100 mg, 0.15 mmol), EN (0.085 mL, 0.6
mmol), and toluene (10 mL). The resulting mixture was heated at
95 °C for 12 h. The dark solution was filtered through Celite and
concentrated under reduced pressure. Addition of diethyl ether (5
mL) caused the precipitation of an orange solid, which was dried
in vacuo and characterized @sYield: 47 mg (50%). Anal. Calcd
for C31Hs,CINRUR:: C, 58.43; H, 8.22; N, 2.20. Found: C, 58.31;
H, 8.15; N, 2.43'H NMR (300 MHz, CQCl, 293 K): 10.46 (m,



Os and Ru Complexes Containing an NHC Ligand

Table 1. Crystal Data and Data Collection and Refinement for 2, 5, and 6

Organometallics, Vol. 26, No. 21, 32@%

2 5 6
Crystal Data
formula Q1H53C|2NOSB C31H52C|NOSB C31H52C|NP2RU
molecular wt 762.78 726.33 637.20
color and habit orange yellow orange
needle plate irregular block

symmetry, space group monoclinkR2:/c triclinic, P1 triclinic, P1
a, A 8.8270(16) 10.2474(7) 10.288(3)
b, A 31.354(6) 10.5561(7) 10.544(3)
c, A 23.659(4) 15.5706(11) 15.572(4)
a, deg 93.0260(10) 93.132(5)
B, deg 95.603(4) 101.4360(10) 100.966(5)
y, deg 107.9250(10) 107.901(5)
v, A3 6517(2) 1559.00(18) 1566.6(7)
z 8 2 2
Deale g CNT3 1.555 1.547 1.351

Data Collection and Refinement
diffractometer Bruker Smart APEX
(Mo Ka), A 0.71073
monochromator graphite oriented
scan type  scans
u, mmt 4.197 4.298 0.708
260 range, deg 3,57 3,57 3,57
temp, K 100 100 100
no. of data collected 55 095 17 182 19524
no. of unique data 11 400 7348 13337

(Rnt=0.1593) Rint= 0.0497) Rt = 0.0522)

no. of params/restraints 710/24 345/2 343/2
Ri2 [F? > 20(F?)] 0.0736 0.0456 0.0422
WRSP [all data] 0.1355 0.0888 0.1027
S [all data] 1.119 1.053 1.019

aRy(F) = Y||Fol — |Fcll/3|Fol. PWR(F?) = {J[W(Fo?2 — FAAIT[W(FoA)F} Y2 Goof = S= {J[Fs?2 — FAF/(n — p)}¥2 wheren is the number of

reflections and is the number of refined parameters.

1H, bq), 8.18 (m, 1H, bq), 7.96 (m, 1H, bq), 7.74 (m, 1H, bq),

7.59 (m, 1H, bq), 7.54 (m, 1H, bq), 7.34 (m, 1H, bq), 7.24 (m, 1H,

bq), 2.01 (m, 6H, €I-'Pr), 0.93 (m, 18H, El3-Pr), 0.65 (m, 18H,
CHs-'Pr), —9.0 (t, 2H,Jp—_y = 8.0 Hz, RuH). 13C{1H} NMR (75.48
MHz, CD.Cl,, 293 K, plus APT, HMQC and HMBC): 183.8 (t,
Jr—c = 9, Ru-C), 155.8 (Gso bq), 152.3 (s, CH, bq), 141.7 (s,
CH, bq), 140.5 (s, feso bq), 134.1 (s, CH, bq), 133.7 (six6e ba),
129.2 (s, CH, bq), 128.0 (s, CH, bq), 126.3 ($s&b0), 123.1 (s,
CH, bq), 119.3 (s, CH, bq), 117.7 (s, CH, bq), 24.2J&., = 10,
CH-Pr), 19.1 and 19.0 (€Hz-'Pr). 3'P{1H} NMR (121.42 MHz,
CD,Cly, 293 K): 34.6 (s). IR (KBr, cm?Y): 2000 and 191%(Ru—
H), 1619 and 1557(C=C). Tymin) (MS, Rub, CD.Cl,, 400 MHz,
—9.04, 223 K): 144+ 1= dy_y calc= 1.05 A.

Determination of the Jy—p Value for Complex 6.CDsOD (0.10
mL) was added to CELI, solutions (0.5 mL) of th& species. After
24 h thelH{3'P} NMR spectra of these solutions exhibit in the
hydride region the resonances due to a mixture of the {24
D) and the [Os}f?*-H—H) 6 speciesJyp (Hz) = 24.8— dy—n =
1.01 A

Structural Analysis of Complexes 2, 5, and 6X-ray data were
collected for all complexes on a Bruker Smart APEX CCD

the Sadald8 program. The structures for all compounds were solved
by the Patterson method. Refinement, by full-matrix least-squares
on F2 with SHELXL97 3¢ was similar for all complexes, including
isotropic and subsequently anisotropic displacement parameters.
Hydride ligands were located but not all of them refined ap-
propriately. In these cases some restraints were applied to thermal
parameters and @4 bonds R and5). The rest of the hydrogen
atoms were observed or calculated and refined using a restricted
riding model or freely. All the highest electronic residuals were
observed in close proximity to the Os and Ru centers and make no
chemical sense (see Table 1).
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