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The phenyl complexes MPhCI(COJf#s), (M = Ru (3), Os @)) have been prepared by reaction of
MHCI(CO)(PPr),; (M = Ru (1), Os @)) with HgPh. In solution the phenyl ligand of these compounds
rotates around the MPh bond. The activation parameters for the procesAbfe= 13.0+ 0.6 kcatmol !
andAS = 1.5+ 1.3 catmol *-K™* for 3 and AH* = 11.7 4+ 0.5 kcatmol™* andAS = —5.4 + 1.2
calmol1-K 1 for 4. The addition of benzophenone imine to dichloromethane solutiosaofl4 and
the related styryl complexes{NE)-CH=CHPR CI(CO)(PPr), (M = Ru (7), Os @)) leads to equilibrium
mixtures between the starting compounds and the six-coordinate derivatives MPECI@E(CO)(PPR),

(M = Ru (6): AH®° = —8.6+ 0.4 kcatmol™, AS> = —42.5+ 1.6 catmol *:K™1; M = Os §): AH°
= —9.1 4+ 0.8 kcatmol™, AS = —31.0 £ 2.6 catmol™*-K™%) and M (E)-CH=CHPR CI(NH=

CPh)(CO)(PPrs), (M = Ru (9): AH°
= Os (10): AH°

—9.5+ 0.3 kcatmol™}, AS* = —39.4+ 1.1 catmol™*-K™; M
8.8+ 0.8 kcatmol™1, AS’ = —27.3+ 2.6 catmol3-K~4). In toluene under reflux

complexes3, 4, 7, and 8 react with benzophenone imine and 2-vinylpyridine to afford the metalated

1 1
derivatives M CsH4C(Ph)=NH}CI(CO)PPR), (M = Ru (11), Os (2)) and M(NGH4-0-CH=CH)C}
(CO)(PPr)2 (M = Ru (13), Os (14)), releasing benzene and styrene. Compléxd, and13 have been
characterized by X-ray diffraction analysis. The structur® shows a CGl-H—N hydrogen bond (2.47
A) between the NH hydrogen atom of the imine and the chloride ligand.

Introduction

A ligand substitution reaction is that in which one Lewis base
displaces another from a Lewis acid. The replacement of one
two-electron donor ligand by another is a fundamental process
in the chemistry of the transition metals. In comparison with
these substitutions, the Lewis base displacement reaction

between one-electron C-donor ligands (eq 1) remain an under-

represented area within coordination chemistry.

LM-R+R—-X—LM-R +R—X Q)
These M-C metathesis reactions do not involve a change in

the oxidation state of the metal center and have been observe

between alkyl complexes of early transition metals and alkanes.

S

compounds without rings. In accordance with this, among the
various strategies to stabilize transition metedrbon bonds,

the chelation-assistance strategy is considered to be one of the

most promising ways$.

As a part of our work on the ability of ruthenium and osmium
hydride complexes to act as templates in carboerbon and
carbon-heteroatom coupling reactiohsye have been exploring
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Labinger, J. A.; Bercaw, J. El. Am. Chem. So200Q 122 10846. (d)
Tellers, D. M.; Bergman, R. GJ. Am. Chem. SoQ00Q 122 954. (e)

ada, K.; Pamplin, C. B.; Legzdins, .Am. Chem. So@002 124, 9680.
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R. J. Am. Chem. So@003 125, 7035. (g) Lam, W. H.; Jia, G.; Lin, Z.;

Exchanges between alkyl groups and arene substrates by latéau, C. P.; Eisenstein, @hem. Eur. J2003 9, 2775. (h) Pittard, K. A ;

metals have also been reporfed.
The stability of a complex in which two or more donor atoms

Lee, J. P.; Cundari, T. R.; Gunnoe, T. B.; Petersen, Driganometallics
2004 23, 5514. (i) Lersch, M.; Tilset, MChem. Re. 2005 105, 2471. (j)
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are part of the same ligand often appears much greater than if2005 690, 605. (k) Bhalla, G.; Liu, X. Y.; Oxgaard, J.; Goddard, W. A.,

the same atoms were in separate ligands. Thus, complexe{

containing chelate rings are usually more stable than similar

I; Periana, R. A.J. Am. Chem. So2005 127, 11372. (l) Liang, L.-C.;
in, J.-M.; Lee, W.-Y.Chem. Commur2005 2462.

(4) (&) Jun, C.-H.; Hong, J.-B.; Kim, Y.-H.; Chung, K.-¥ngew. Chem.,
Int. Ed. 200Q 39, 3440. (b) Jun, C.-H.; Moon, C. W.; Hong, J.-B.; Lim,
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the ability of benzophenone imifearomatic ando,3-unsat-
urated aldehydes and ketorfé$and CH=Epy (E= CH, N)
substrate’-8to afford cyclometalated derivatives, by means of
C(sp)—H bond activation reactions with osmium polyhydride
compounds. We now show the ability of benzophenone imine
and 2-vinylpyridine to exchange with phenyl and styryl groups
coordinated to ruthenium and osmium.

This paper reports (i) the preparation and characterization of
the phenyl complexes MPhCI(COJf), (M = Ru, Os),
including the determination of the rotational barrier for the
phenyl group, (i) the thermodynamic parameters of the
coordination equilibria of benzophenone imine and 2-vinyl-
pyridine to the unsaturated compounds MRCI(C 5, (M
= Ru, Os; R= Ph, CH=CHPh), and (ii) the M-C bond

metathesis reactions between the above-mentioned unsaturated

compounds and the nitrogenated substrates.

Results and Discussion

1. Preparation and Characterization of MPhCI(CO)-
(PPr3), (M = Ru, Os). These compounds have been synthe-
sized starting from the well-known complexes MHCI(CO)-
(PPr)2 (M =Ru (1), Os @)),° by following Roper’s protocot?
Refluxing 1 and2 with 1.5 equiv of HgPhin toluene for 24 h
gives MPhCI(CO)(fPr), (M = Ru (3), Os @)), which are
isolated as red solids in high yield (81%),(72% @)) according

to eq 2.
H )
| wPPr3 wP'Pr3
OC—M=—cC| + HgPh, OC—M=—CI + PhH + Hg (2)
iPr3P iPI”:;P

M = Ru (1), Os (2) M = Ru (3), Os (4)

The spectroscopic data & and 4 agree well with those
previously reported for other ruthenium (I1)- and osmium (l1)-
aryl derivatives'®11 Furthermore, they are consistent with a
structure like that of RUPhCI(CO)@u.Me),, which on the basis
of an X-ray diffraction study has been described as a square-
based pyramidal geometry, with the phenyl gré@msdisposed

(6) (a) Barea, G.; Esteruelas, M. A,; LlesldA.; Lopez, A. M.; Orate,
E.; Tolosa, J. I0rganometallicsl998 17, 4065. (b) Barea, G.; Esteruelas,
M. A.; Lledbs, A.; Lopez, A. M.; Orate, E.; Tolosa, J. llnorg. Chem.
1998 37, 5033. (c) Esteruelas, M. A.; LIédpA.; Olivan, M.; Onmate, E.;
Tajada, M. A.; Ujague, GOrganometallic2003 22, 3753.

(7) (a) Barrio, P.; Castarlenas, R.; Esteruelas, M. A.; Lsedo; Maseras,
F.; Orate, E.; Toma, J.Organometallics2001, 20, 442. (b) Barrio, P.;
Castarlenas, R.; Esteruelas, M. A.7d@®&, E.Organometallics2001, 20,
2635. (c) Barrio, P.; Esteruelas, M. A.;"@e, E.Organometallics2004
23, 1340. (d) Eguillor, B.; Esteruelas, M. A.; Olima M.; Onrate, E.
Organometallic004 23, 6015. (e) Eguillor, B.; Esteruelas, M. A.; Olina
M.; Onate, E.Organometallics2005 24, 1428. (f) Esteruelas, M. A;
Hernandez, Y. A.; Lpez, A. M.; Olivan, M.; Ofate, E.Organometallics
2005 24, 5989.

(8) Barrio, P.; Esteruelas, M. A.; ate, E.Organometallic2004 23,
3627.

(9) (a) Esteruelas, M. A.; Werner, H. Organomet. Cheni.986 303
221. (b) Esteruelas, M. A.; Oro, L. AAdv. Organomet. Chen001, 47,
1

(10) Rickard, C. E. F.; Roper, W. R.; Taylor, G. E.; Waters, J. M.; Wright,
L. J.J. Organomet. Chen199Q 389, 375.

(11) See for example: (a) Huang, D.; Huffman, J. C.; Bollinger, J. C.;
Eisenstein, O.; Caulton, K. Gl. Am. Chem. Sod997 119 7398. (b)
Huang, D.; Streib, W. E.; Eisenstein, O.; Caulton, K./&hgew. Chem.,
Int. Ed. Engl.1997, 36, 2004. (c) Bosque, R.; Clot, E.; Fantacci, S.; Maseras,
F.; Eisenstein, O.; Perutz, R. N.; Renkema, K. B.; Caulton, KJ.GAm.
Chem. Soc1998 120, 12634. (d) Renkema, K. B. Werner-Zwanziger, U.;
Pagel, M. D.; Caulton, K. GJ. Mol. Catal. A: Chem2004 224, 125. (e)
Huang, D.; Renkema, K. B.; Caulton, K. Golyhedron200§ 25, 459.
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Figure 1. (Left) ortho phenyl resonances of RUPhCI(CORR),
(3) as a function of the temperature. (Right) Simulated spectra.

to the vacant sité? The ring plane is perpendicular to the
P—M—P direction. This disposition is strongly supported by
theH and3C{H} NMR spectra. At 223 K in dichloromethane-
d,, theH NMR spectra contain five phenyl resonances between
8.5 and 6.5 ppm, whereas in tR&C{1H} NMR spectra six
phenyl signals are observed between 160 and 115 ppm. In
agreement with the mutualtyansdisposition of the phosphine
ligands, the®P{IH} NMR spectra show singlets at 35.9)(
and 21.3 4) ppm.

In solution, the phenyl groups of both compounds rotate
around the M-Cjpso bond. At 313 K, the processes proceed at
rates sufficient to lead to singletho phenyl resonances in the
IH NMR spectra (Figure 1 shows tleetho phenyl resonances
of 3 as a function of the temperature). Lowering the sample
temperature produces a broadening of the resonances. Between
283 and 273 K, decoalescence occurs, and at temperatures lower
that 273 K twoortho-phenyl resonances are observed in the
spectra of both compounds.

Line-shape analysis of thertho-phenyl signals allows the
calculation of the rate constants for the rotational processes at
different temperatures. The activation parameters obtained from
the corresponding Eyring analysis aneH* 13.0 +£ 0.6
kcakmol~! andAS’ = 1.5+ 1.3 catmol~1-K~1 for 3 andAH*
=11.74 0.5 kcatmol~t andASf = —5.44 1.2 catmol~1-K~1
for 4. The values of entropy of activation, close to zero, are in
agreement with intramolecular processes, whereas the values
for the enthalpy of activation are about twice the value obtained
by DFT methods for the rotation of the phenyl group of the
model compound OsHPh(CO)(Bk (6.2 kcatmol™1).12 The
calculated barrier underestimates the real value, since the bulky
phosphine ligands must certainly increase it.

2. Formation of Six-Coordinate MRCI(NH=CPh,)(CO)-
(P'Pr3)2 (R = Ph, CH=CHPh; M = Ru, Os) ComplexesThe
addition of benzophenone imine to dichloromethane solutions
of 3 and4 gives rise to equilibrium mixtures of these compounds
and the six-coordinate derivatives MPhCI(K&Ph)(CO)-
(PPr), (M = Ru (5), Os 6)), according to eq 3.

(12) Huang, D.; Streib, W. E.; Bollinger, J. C.; Caulton, K. G.; Winter,
R. F.; Scheiring, TJ. Am. Chem. Sod.999 121, 8087.

(13) Renkema, K. B.; Bosque, R.; Streib, W. E.; Maseras, F.; Eisenstein,
O.; Caulton, K. GJ. Am. Chem. Sod.999 121, 10895.
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i /H PIPT3
B P Pr3 N ", ‘\\\CO
oCc—M—cCl + | — “M (
1PraP ph O ph o | pNSc-Ph
IPF3P |
Ph

M = Ru (3), Os (4) M = Ru (5), Os (6)

Complexes and6 have been characterized Hy, 13C{ H},

and 31P{1H} NMR spectroscopy (see Experimental Section). “©"

In accordance with the formation of the new species, at 203 K
in dichloromethanel, the'H NMR spectra of the equilibrium
mixtures show NH resonances at 11.6Ddnd 11.84 §) ppm,
shifted about 2 ppm toward lower field with regard to the free
ligand. Consistently, th&P{*H} NMR spectra contain singlets
at 19.5 6) and—12.0 6) ppm, which lie 16.4%) and 33.3 §)
ppm toward higher field with regard t® and 4, respectively.
Between 188 and 223 K, constants for the equilibria were
determined by integration of th&P{1H} resonances. Linear-
square analyses of In K versusTlgrovide values ofAH®
—8.6+ 0.4 kcatmol ! andAS’ = —42.54+ 1.6 catmol %K1
for 5andAH®° = —9.14 0.8 kcatmol™? andAS’ = —31.0+
2.6 catmol~1-K~1 for 6.

Similarly to 3 and 4, the styryl complexes K(E)-CH=
CHPHR CI(CO)(PPrs), (M = Ru (7), Os @)) coordinate benzo-
phenone imine to afford equilibrium mixtures with the six-
coordinate compounds {\E)-CH=CHPH CI(NH=CPh,)(CO)-
(PPr)2 (M = Ru (9), Os (10)), according to eq 4.

Ph
Ph i
P'Pr:
Z H 3
H\\\P'Pfa N/ m,, | wCOo
oC—M=—cl + I PN (4)
) ~
'PraP Ph” "Ph CI./l HoNSc-Ph
IPF3P |
Ph

M = Ru (7), Os (8) M = Ru (9), Os (10)

Crystallization of the mixture of and9 in toluene at 193 K
affords crystals of the latter suitable for an X-ray diffraction

study. Figure 2 shows the structure of this complex, whereas chemistry2

Buil et al.

Figure 2. Molecular diagram of the complex R(E)-CH=CHPH -
CI(NH=CPH)(CO)(PPr3); (9).

Table 1. Selected Bond Lengths (A) and Angles (deg) for the
Complex RY (E)-CH=CHPh} CI(NH=CPh,)(CO)(P'Pr3), (9)

Ru—P(1) 2.4422(8) RuP(2) 2.4392(8)
Ru—Cl 2.5159(8) Ru-N 2.182(2)
Ru—C(1) 2.050(3) Ru-C(40) 1.804(3)
N—C(9) 1.285(3) C(¥C(2) 1.329(4)
N—H(01) 0.82(3)
P(1-Ru—P(2) 175.34(3) GHRu-N 78.69(6)
Cl-Ru-C(1) 88.56(8) CFRU-C(40)  175.36(9)
N—Ru—C(1) 167.23(10)  N-Ru—C(40) 101.40(11)
C(1)-Ru—C(40) 91.37(12)

hydrogen atoms of the structure, giving aN(01) distance of
0.82(3) A. Interestingly, the separation between H(01) and the
chlorine ligand (2.47 A) is shorter than the sum of the van der
Waals radii of hydrogen and chloring,gw(H) = 1.20,rygw(Cl)
=1.80 A) 19 suggesting that there is an intramolecular &—N
hydrogen bond between these atoms. The hydrogen bond
approaches the imine to the chlorine atom. Thus, as a result of
this, the N-Ru—ClI angle (78.69(6) largely deviates from the
ideal value of 90. Of great importance in biological and organic
the hydrogen bonding is presently attracting

selected bond distances and angles are listed in Table 1. Thgnsiderable interest in the chemistry of transition méas:2!

geometry around the metal can be rationalized as a distorted
octahedron with the two phosphorus atoms of the phosphine

ligands occupying opposite positions (P{Bu—P(2) =
175.34(3Y). The perpendicular plane is formed by the imine
transdisposed to the styryl ligand (NRu—C(1) = 167.23(109)
and the chlorindrans disposed to the carbonyl group (€l
Ru—C(40) = 175.36(9)).

The imine is bound to the ruthenium atom in a bent fashion,
with a Ru—=N—C(9) angle of 149.2(2) The Ru-N bond length
of 2.182(2) A supports the single bond formulatidnThe
N—C(9) distance of 1.285(3) A is similar to those observed in
other imine transition metal complex&sazavinylidene com-
pounds'® organic azaallenium catioA$and 2-azaallenyl com-
plexes!8

At 100 K, the hydrogen atom bonded to the nitrogen of the
imine (H(01)) was located in the difference Fourier maps and
refined as an isotropic atom together with the rest of the non-

(14) (a) Bustelo, E.; Jifmez-Tenorio, M.; Puerta, M. C.; Valerga, P.
Chem. Soc., Dalton Transl999 2399. (b) Jimeez-Tenorio, M. A,;
Jimenez-Tenorio, M.; Puerta, M. C.; Valerga, Rorg. Chim. Acta2000Q
300-302 869.

(15) See for example: (a) Knight, D. A.; Dewey, M. A_; Stark, G. A;;
Bennett, B. K.; Arif, A. M.; Gladysz, J. AOrganometallics1993 12, 4523.
(b) Castarlenas, R.; Esteruelas, M. A.jd@® E.Organometallics200Q
19, 5454. (c) Castarlenas, R.; Esteruelas, M. A.; GrgiePuebla, E.; Cate,

E. Organometallics2001, 20, 1545. (d) Baya, M.; Esteruelas, M. A,
GonZaez, A. |.; Lopez, A. M.; Orate, E.Organometallic2005 24, 1225.

The styryl ligand shows drans disposition for the two
substituents, gHs and RuCI(CO)(NH=CPh)(PPr),, at the
C—C double bond. The RuC(1) distance (2.050(3) A) and

(16) See for example: (a) Esteruelas, M. A.; Lahoz, F. J.; @liva,;
Onate, E.; Oro, L. A.Organometallics1994 13, 3315. (b) Werner, H.;
Daniel, T.; Miler, M.; Mahr, N.J. Organomet. Cheni996 512 197. (c)
Brown, S. N.Inorg. Chem200Q 39, 378. (d) Castarlenas, R.; Esteruelas,
M. A.; Gutiérrez-Puebla, E.; Jean, Y.; LIésloA.; Martn, M.; Orate, E.;
Tomas, J.Organometallic200Q 19, 3100. (e) Castarlenas, R.; Esteruelas,
M. A.; Onate, E.Organometallics2001, 20, 3283.

(17) (a) Jochims, J. C.; Abu-El-Halawa, R.; Jibril, I.; Huttner,@em.
Ber. 1984 117, 1900. (b) Al-Talib, M.; Jochims, J. CChem. Ber1984
117, 3222. (c) Al-Talib, M.; Jibril, I.; Wuthwein, E.-U.; Jochims, J. C,;
Huttner, G.Chem. Ber1984 117, 3365. (d) Kupfer, R.; Widhwein, E.-
U.; Nagel, M.; Allmann, RChem. Ber1985 118 643. (e) Al-Talib; M.;
Jibril, I.; Huttner, G.; Jochims, J. CChem. Ber1985 118 1876. (f) Al-
Talib, M.; Jochims, J. C.; Zsolnai, L.; Huttner, Ghem Ber1985 118
1887. (g) Wuthwein, E.-U.; Kupfer, R.; Allmann, R.; Nagel, MChem.
Ber. 1985 118 3632. (h) Krestel, M.; Kupfer, R.; Allmann, R.; Vkthwein,
E.-U. Chem. Ber1987 120, 1271.

(18) (a) Seitz, F.; Fischer, H.; Riede JJOrganomet. Chen1985 287,
87. (b) Aumann, R.; Althaus, S.; Kger, S.; Betz, PChem. Ber 1989
122, 357. (c) Esteruelas, M. A.; Geez, A. V.; Lahoz, F. J.; Lpez, A. M.;
Ofate, E.; Oro, L. AOrganometallicsl 996 15, 3423. (d) Jimeez-Tenorio,
M.; Palacios, M. D.; Puerta, M. C.; Valerga, R.Organomet. Chen2004
689 2776.

(19) Barrio, P.; Esteruelas, M. A.; LIédpA.; Orate, E.; Toms, J.
Organometallics2004 23, 3008.

(20) Jeffrey, G. A.; Saenger, WHydrogen Bonding in Biological
Structures Springer: Berlin, 1991.
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the C(1)-C(2) bond length (1.329(4) A) support the alkenyl Scheme 1
formulation for the comple®? _H
At 193 K in dichloromethaneb, the H, 13C{H}, and N
31p{1H} NMR spectra of9 and 10 are consistent with the PP preCspn
structure shown in Figure 2. In agreement with the presence of =~ 0C—M—Cl
the coordinated imine ligand and with the spectré @nd 6, PraP - @ prp H
the 'H NMR spectra contain broad singlets at 11.2% &nd M =Ru (3), Os (4) roluene CI//,,3 ,\\‘\
11.46 (L0) ppm. These chemical shifts compare well with that P e C—Ph
I | 4
of the complex Osk{SnPhCI){ CsH.C(Phy=NH} (PPrs), (6 ph N iPryp
12.8f¢ and suggest that at 193 K the€H—N interaction is %‘\\\\PiPr;; o C~ph M = Ru (11), Os (12)
retained in dichloromethane. The gldnd CH; resonances of oc—M—ci ——
the styryl ligand are observed at 9.09) @nd 9.46 {0), and PraP -3
6.36 ©) and 6.38 {0) ppm, respectively. In accordance with M=Ru(7), Os (8) Ph

the trans disposition at the €C double bond, the HH
coupling constants are 16.9)@nd 13.8 {0) Hz. In thel3C{1H}
NMR spectra, the £and G resonances of the alkenyl ligand
appear at 160.59f and 143.1 10), and 136.8 9) and 135.2
(10) ppm, respectively. Th&P{1H} NMR spectra show singlets
at 21.1 @) and —10.2 @0) ppm, shifted 16.6 and 35.5 ppm,
;e(sap%%“g)ez'g' toward higher field with regard 7qo 37.7) and addition, it should be noted that, in contrastid, 9, and10,

e complexes3, 4, 7, and8 are 16-electron valence species. This

The thermodynamic parameters for the equilibria shown in nsatyrated character allows thetho-CH bond oxidative
eq 4 have also been determined in a manner similar to those,qgition of one of the phenyl groups of the imine. Thus, the

respectively. Since at 11IC, the toluene reflux temperature,
the amounts of ruthenium in six-coordinate form are less than
0.06% and those of osmium are less than 9%, it appears to be
reasonable to think that the formationf and12 takes place
from the five-coordinate compoun@s 4, 7, and8, according

to Scheme 1, without the participation 6f 6, 9, and 10. In

for the equilibria shown in eq 3, by Integration of thie{*H} subsequent reductive elimination of benzene or styrene, followed
NMR resonances. The values obtainedi® = —9.5+ 0.3 by the coordination of the iminic nitrogen atom to the metal
kcakmol™ andAS” = —39.4+ 1.1 catmol™-K™* for 9 and center, could afford the products of these unuswdiond
AH® = —88 + 0.8 kcatmol™* and AS’ = —27.3 + 2.6 metathesis processes. The driving force for the substitutions is
cakmol™*-K~* for 10, agree well with those obtained f6rand certainly the chelate nature of the resulting ligand from the
6. displacements.

According to the values oAH°® and AS’ calculated for the Complexesl1 and 12 are isolated as yellowl(l) and pink

equilibria shown in egs 3 and 4, the formation constant of the (12) solids in high yields (86-85%) and were characterized by

six-coordinate species at 2Q increases in the sequerg€l.4 MS, elemental analysis, IR, afd, 13C{1H}, and3lP{1H} NMR

x 107%) <9(2.8x 1073) < 6(0.96)< 10(3.8), i.e., Ru< Os spectroscopy. Compleb? was further characterized by an X-ray

and Ph< CH=CHPh. These results elegantly prove that the crystallographic study. A view of the molecular geometry of

transinfluence of phenyl is higher that that of styryl and that this compound in shown in Figure 3. Selected bond distances

the coordination power of osmium(ll) is stronger than that of and angles are listed in Table 2.

ruthenium(l). The coordination geometry around the osmium atom can be
3. Phenyl- and Styryl—Phenyl Exchangesln toluene under rationalized as derived from a distorted octahedron with the two

reflux, the equilibrium mixtures shown in eqs 3 and 4 evolve phosphorus atoms of the triisopropylphosphine ligands occupy-

1 i iti — =
into the orthometalated complexeg ®H4C(Ph=NH} CI(CO) ing trans positions (P(1}Os-P(2) 173.986(19). The

. _ X perpendicular plane is formed by the atoms C(1) and N of the
PPR)2 (M = Ru (11), Os (19)), releasing benzene and styrene, ., motajated benzophenone imine ligand, which acts with a

bite angle of 76.73(8) the chloringransdisposed to C(1) (Ct

(21) See for example: (a) Stevens, R. C.; Bau, R.; Milstein, D.; Blum,
0.; Koetzle, T. FJ. ChemSoc., Dalton Trans199Q 1429. (b) Lough; A.
J.; Park, S.; Ramachandran, R.; Morris, R.H.Am Chem. Soc1994
116, 8356. (c) Peris, E.; Lee, J. C., Jr.; Rambo, J. R.; Eisenstein, O.; Crabtree,
R. H.J. Am. Chem. S0d995 117, 3485. (d) Crabtree, R. H.; Eisenstein,
O.; Sini, G.; Peris, EJ. Organomet. Cheni998 567, 7. (e) Crabtree, R.
H. J. Organomet. Chenl998 557, 111. (f) Gusev, D. G.; Lough, A. J;;
Morris, R. H.J. Am. Chem. Socl998 120 13138. (g) Buil, M. L.;
Esteruelas, M. A.; Oate, E.; Ruiz NOrganometallicsl998 17, 3346. (h)
Esteruelas, M. A.; Olila, M.; Ofmate, E.; Ruiz, N.; Tajada, M. A.
Organometallics1999 18, 2953. (i) Lee, D.-H.; Kwon, H. J.; Patel, B. P.;
Liable-Sands, L. M.; Rheingold, A. L.; Crabtree, R. Brganometallics
1999 18, 1615. (j) Clot, E.; Eisenstein, O.; Crabtree, R.Ntw J. Chem
2001, 25, 66. (k) Barrio, P.; Esteruelas, M. A.;"@te, E.Organometallics
2002 21, 2491.
(22) See for example: (a) Esteruelas, M. A.; Liu, FZa@n E.; Sola,
E.; Zeier, B.Organometallics1997, 16, 2919. (b) Cannadine, J. C.; Hill,
A. F.; White, A. J. P.; Williams, D. J.; Wilton-Ely, J. D. E. Organo-
metallics1996 15, 5409. (c) Wilton-Ely, J. D. E. T.; Wang, M.; Honarkhah,
S. J.; Tocher, D. Alnorg. Chim. Acta2005 358, 3218. (d) Wilton-Ely, J.
D. E. T.; Pogorzelec, P. J.; Honarkhah, S. J.; Reid, D. H.; Tocher, D. A.
Organometallic2005 24, 2862. (e) Dewhurst, R. D.; Hill, A. F.; Smith,
M. K. Organometallics2005 24, 6295. (f) Wilton-Ely, J. D. E. T,
Honarkhah, S. J.; Wang, M.; Tocher, D. A.; Slawin, A. M.Qalton Trans. —
2005 1930. Figure 3. Molecular diagram of the complex QGsH,C-
(23) Werner, H.; Esteruelas, M. A.; Otto, i@rganometallics1986 5, — )
2295. (Ph)=NH}CI(CO)(PPr3); (12).




3080 Organometallics, Vol. 25, No. 12, 2006

Table 2. Selected Bond Lengths (A) and Angles (deg) for the
1 _
Complex O CgH4C(Ph)=NH}CI(CO)(P'Pr3), (12)

Os—P(1) 2.4144(6) OsP(2) 2.4215(6)
Os—Cl 2.5143(6) OsN 2.1041(18)
0s-C(1) 2.038(2) 0sC(32) 1.844(2)
N—C(7) 1.296(3) N-H(01) 0.75(2)

P(1-0s-P(2) 173.986(19)  ClOs-N 87.75(5)

Cl—-0s-C(1) 164.47(6) CHOs-C(32)  102.50(7)

N—Os—C(1) 76.73(8) N-Os-C(32)  169.75(8)

C(1)-0s-C(32) 93.02(9) OsN—C(7) 119.18(15)

Os—C(1)) = 164.47(6%) and the carbonyl groupanslocated
to the nitrogen atom (C(32)0Os—N =169.75(8}).

The five-membered ring formed by the metalated imine and
the osmium atom is almost planar. The-$ bond length of
2.1041(18) A and the OsC(1) distance of 2.038(2) A are
typical for Os—N and Os-C(aryl) single bonds, respectively,
and are in agreement with the values previously found for

the complexes I[OSME-C5H5){C6H4C(PI"I)=|I\]H}(PiPr3)]BF4
(2.078(18) and 2.080(19) A, and 2.10(2) and 2.137(19§‘A),

1 :
O CeH4C(Phy=NH} Cl(57?-H) (P Pr3), (2.097(3) and 2.069(4)
- 1 .
A),6a O CeH4C(Phy=NH}(C,Ph)(CO)(FPr), (2.106(7) and
1 .
2.089(7) A)25 [Os{ CsH4C(Phy=NH} (#75-CsHaMes)(PPrs)]-
PFs (2.083(4) and 2.072(4) A% OsH{(CsHs-p-Me)C(p-

tolyl)=NN=C(p-tolyl)} (CO}(PPh) (2.119(5) and 2.100(7)
A),27 fac-Og C,N-3-Me[2-(MeGHa)NCMes]CeHa} (2-MeCsHa)-

(CN-Bu); (2.193(24) and 2.077(20) A$, OsHy(SnPhCI)-
Rt _
{CeHsC(Phy=NH} (PPr3), (2.094(3) and 2.108(4) A), and

OsH{(SNPhOH) CeHaC(Phy=NH} (PPr), (2.102(5) and 2.114(5)
A).5c The N—-C(7) distance of 1.296(3) A is similar to that
observed in9 and agrees well with those found in other
orthometalated imine complexés.

The H, 13C{1H}, and3!P{H} NMR spectra ofl1 and 12
are consistent with the structure shown in Figure 3. Inlthe

Buil et al.
Scheme 2
N X
‘A[ wPPrs LO)/\
oc—M—c¢l —~—
Pryp” - @ orp
M = Ru (3), Os (4) r3| O
toluene  Clu,,, M“\\\\
 —
A oc” | >c=C~H
ph N Pryp
P =
H\\\\P'Pra @\ M = Ru (13), Os (14)
oc—M—c¢c —— |
'PF3P -
M = Ru (7), Os (8) Ph

derivatives. The larger steric requirement of 2-vinylpyridine with
regard to benzophenone imine prevents the coordination of the
nitrogen atom of the pyridine ring to the coordination vacancy
of the five-coordinate compounds. However, in toluene under
reflux these compounds react with 2-vinylpyridine to afford the

1
metalated complexes M(N€4-0-CH=CH)CI(CO)(PPrs), (M
= Ru (13), Os (4)) and benzene3(and4) or styrene T and
8), as result of phenyt and styryt-vinyl metathesis reactions
(Scheme 2). These processes can be rationalized in a manner
similar to the previously mentioned phenyl- and styryl-phenyl
exchanges; that is, the oxidative addition of one of the terminal
C(sp)—H bonds of the vinyl substituent of the pyridine to the
ruthenium and osmium centers 8f4, 7, and8, followed by
the reductive elimination of benzene or styrene and the
subsequent coordination of the pyridinic nitrogen atom to the
metal centers, should givE3 and 14.

These compounds are isolated as yell@®) @nd orangeX4)
solids in high yields (76 76%) and were characterized by MS,
elemental analysis, IR, antH, 13C{'H}, and3P{'H} NMR
spectroscopy. Compled@was further characterized by an X-ray
crystrallographic 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
4. Selected bond distances and angles for both molecules are
listed in Table 3.

NMR spectra, the most noticeable resonances are those corre- The coordination geometry around the osmium atom can be
sponding to the NH protons, which, as a consequence of theationalized as a distorted octahedron with the two phosphorus

absence of Ct-H—N hydrogen bonds, appear at 9.3d4) and
9.40 (12) ppm, shifted about 2 ppm toward higher field with
regard to5, 6, 9, and 10. In the 13C{*H} NMR spectra, the

resonances due to the metalated carbon atom of the imine are

observed at 191.9.0) and 193.812) ppm, as triplets with €P
coupling constants of 8.3 and 9.1 Hz, respectively. ¥RgH}
NMR spectra show singlets at 36.11f and 3.0 12) ppm.

4. Phenyl and Styryl—Vinyl Exchanges. In contrast to
benzophenone imine, the addition of 2-vinylpyridine to toluene-
ds or dichloromethane&b solutions of3, 4, 7, and8 does not
give rise to the formation of the corresponding six-coordinate

(24) Esteruelas, M. A.; Gutieez-Puebla, E.; Lpez, A. M.; Crate, E.;
Tolosa, J. 1.0Organometallics200Q 19, 275.

(25) Esteruelas, M. A.; Lahoz, F. J.] pez, A. M.; Orate, E.; Oro, L.
A. Organometallics1995 14, 2496.

(26) Werner, H.; Daniel, T.; Braun, T.; Maoberg, O.J. Organomet.
Chem 1994 480, 145.

(27) Gallop, M. A.; Rickard, C. E. F.; Roper, W. F.Organomet. Chem
199Q 395 333.

(28) Arnold, J.; Wilkinson, G.; Hussain, B.; Hursthouse, M@gano-
metallics1989 8, 1362.

(29) See for example: (a) Becalski, A. G.; Cullen, W. R.; Fryzuk, M.
D.; James, B. R.; Kang, G. J.; Rettig, S.Idorg. Chem.1991 30, 5002.
(b) Ezhova, M. B.; Patrick, B. O.; Sereviratne, K. N.; James, B. R.; Ford,
M. E.; Waller, F. J.; Ford, M. Elnorg. Chem 2005 44, 1482. (c) Ezhova,
M. B.; Patrick, B. O.; James, B. FOrganometallic2005 24, 3753.

atoms of the triisopropylphosphine ligands occupying mutually
transpositions (P(1)Ru(1)-P(2)= 172.95(6) moleculea and

c) Cis_

R
Figure 4. Molecular diagram of the complex Ru(N&s-o-
- 1 .

CH=CH)CI(CO)(PPr), (13).
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Table 3. Selected Bond Lengths (A) and Angles (deg) for the CI(NH=CP)(CO)(PPr3),, where the NH hydrogen atoms of
i the imines and the chlorine ligands are involved in-&G—N
Complex RY (E)-Ru(NCsH 4-0-CH=CH)CI(CO)(P'Pr 13
P U(E)-RU(NCsHq )CICOX J)2 (13) hydrogen bonds. The valuesAH® andAS’ for these equilibria

moleculea moleculeb prove that theransinfluence of phenyl is higher than that of
RU(1)-P(1) 2.4214(18) Ru(®P() 2.4183(19) styryl and that the coordination power of osmium(ll) is stronger
Ru(1)-P(2) 2.4315(17) Ru()P(4) 2.4232(18) than that of ruthenium(ll).
EU(i)—ﬁl(ll) g-iggoém) SU(Z-)EI(;) %-i%Zéﬂ) In toluene under reflux, these five-coordinate complexes react
Rﬂgl)t(:g?; 2'.009%7)) R‘dgzgcg?))g) 2'.003((7)) with benzophenone imine and 2-vinylpyridine to afford the
Ru(1)-C(8) 1.798(6) Ru(2yC(34) 1.827(7) Ut -
C6).C7) 1343(9) C(32,C(33) 1347(10) metalated derivatives M5H4¢(Ph)=NH}CI(CO)(PPr3)2 and
P(L-Ru(l-P(2) 172.956) P@3)Ru(@-P@)  175.27(7) M(NCsH4-0-CH=CH)CI(CO)(PPrs). (M = Ru, Os), as a
Cl(1)-Ru(1)-N(1) 90.89(14) CI(2}Ru(2-N(2)  89.99(15) consequence of novel phemphenyl, styryt-phenyl, phenyt
N(1)-Ru(1)}-C(7)  76.9(3) N(2>Ru(2-C(33)  78.1(3) vinyl, and styrykvinyl exchanges. Although the driving force
CNZI((:L].)):FI;TJ((]EI.?C(::((SQ) igg-gg; (N:I((Z% 'Et(éﬁ_%(é‘g) igg-g% for these displacements is undoubtedly the chelate character of
CI(1)-Ru(1)-C(8) 102:0(2) CI2yRu(2)-C(34) 101:0(3) the metalated nltrogen donor ligands, it should bg m'ent|one'd
C(7)-Ru(1-C(8) 90.4(3) C(33}Ru(2)-C(34) 91.0(3) that the thermodynamic parameters for the coordination equi-
Ru(1-C(7)-C(6)  118.2(6) Ru(2yC(33)-C(32) 116.8(5) libria of benzophenone imine to the five-coordinate starting
C(5)-C(6)-C(7)  116.8(7) C(31C(32)-C(33) 118.3(7) compounds and the fact that the latter complexes do not

coordinate 2-vinylpyridine suggest that six-coordinate species
175.27(7) moleculeb). The ruthenium sphere is completed by  of the type MRCIL(CO)(fPr), (L = NH=CPh, NCsH4-0-
the metalated group, which acts with bite angles of 76°9(3) CH=CH,) are not involved in the ligand exchanges. It seems
(a) and 78.1(3) (b), the chlorine ligandransdisposed to C(7)  that the carborcarbon replacements occur before the coordina-
(C(7)~Ru(1)-CI(1) = 167.5(2) (a) and 168.1(2) (b)), and tion of the nitrogen atoms.
the carbonyl grouprans disposed to N(1) (C(8)Ru(1)-N(1) In conclusion, using the chelation-assistance strategy, we have
= 166.8(3) (a) and 169.0(3) (b)) achieved novel C(YC(sp?) metathesis reactions on ruthenium
The Ru(1}-C(7) bond lengths of 2.009(7) &) and 2.003(7) and osmium.
A (b) are as expected for a R«C(sp) single bond and similar
to the rutheniumrstyryl distance in9. The C(7)-C(6) bond
lengths of 1.343(9) and 1.347(10) A also agree with the related
parameter ir® and with the average carbenarbon double bond All reactions were carried out under an argon atmosphere using
distances in vinyl groups (1.35(2) A}.In accordance with the  Schlenk tube techniques. Solvents were dried and purified by known
sp? hybridization at C(6) and C(7), the angles C{&)(6)—C(7) procedures and distilled under argon prior to use. Complexes MHCI-
and Ru(1)-C(7)—C(6) are 116.8(7)(a) and 118.3(7 (b), and (CO)(PPr3), (M = Ru (1), Os @) and M (E)-CH=CHPH CI-
118.2(6Y (a) and 116.8(5) (b), respectively. (CO)(PPr), (M = Ru (8), Os ©))%® were prepared as previously
The H, 13C{1H}, and3!P{1H} NMR spectra ofl3 and 14 described. Infrared spectra were recorded on a Perkin-Elmer
are consistent with the structure shown in Figure 4. In'the ~ Spectrum One spectrometer as solids (Nujol mdH), 3C{H},
NMR spectrum in benzengsthe MCH resonances of the vinyl and3P{1H} NMR spectra were recorded on either aVarlian Gemini
group appear at 9.81.8) and 10.63 {4) ppm as doublets with 2000, a Bruk_er AXR 300, and a Bruk_er Avance 400 instrument.
H—H coupling constants of about 8 Hz, whereas the HC-py ?he{nlcal shifts are referen;:ledlto resndual_solvent petksand
resonances are observed at 6.78) (and 7.01 {4) ppm. The *C{'H}) or external HP?“ (C*P{*H}). Coupling C‘)l”Stalmg and
13C{1H} NMR spectra agree well with those of other transition N (N = Jp— + oy for 'H; N = Jpc + Joc for "C{*H}) are
metal compounds containing a metalated 2-vinylpyridine ligand. given in hertz. C, H, and N analyses were measured on a Perkin-
. . . : .. Elmer 2400 CHNS/O analyzer.
In this context, it should be mentioned that the chemical shifts Preparation of RUPhCI(CO)(PPrs), (3). A solution of1 (250
of the MC signalsd, 200.4 (L3) and 184.8 14)) indicate a low 0p52 ) and HgRI277 m 3 6 8 mmol) in toluene (15
contribution of the carbene resonance form at the mefialy| mg, 0.52 mmol) and Hg g % in toluen

5 3100 1 . mL) was heated at reflux for 24 h. After this time it was filtered
bonds?? The *!P{*H} NMR spectra show singlets at 32.83] through Celite and evaporated to dryness. The addition of methanol

and 0.8 {4) ppm. caused the formation of a brick red solid, which was washed with
methanol and dried in vacuo. Yield: 234 mg (81%). Anal. Calcd
Concluding Remarks for CosH47CIP,Ru: C, 53.42; H, 8.43. Found: C, 53.15; H, 8.69.
_ , _ IR (Nujol, cnr2): »(CO) 1906 (s)*H NMR (400 MHz, CD.Cl,,

In dichloromethane, the five-coordinate complexes MPhCI- 223 ky: § 7.76 (d,Jy_y = 7.6, 1H,0-Ph), 7.07 (dJu_n = 7.6,
(CO)(PPrs)2 and M (E)-CH=CHPR CI(CO)(PPr3), (M = Ru, 1H, 0-Ph), 6.63-6.56 (m, 3H, Ph), 2.57 (m, 6H, PCH), 1.13 (dvt,
Os) coordinate benzophenone imine to give equilibrium mixtures N = 13.5,Jy_y = 7.2, 18H, PCH(El3),), 0.98 (dvt,N = 13.8,
between the starting compounds and the six-coordinate deriva-J,_,; = 7.2, 18H, PCH(El),). 3P{'H} NMR (121.42 MHz,
tives MPhCI(NH=CPH)(CO)(PPrs), and M (E)-CH=CHPH} - CD.Cl,, 293 K): 6 35.9 (s).33C{*H} NMR (100.56 MHz, CRCl,,
223 K): 6 204.0 (t,Jp-c = 13.7, Ru-CO), 155.6 (t,Jp-c = 9.3,

(30) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Whatson, Cipso Ph), 140.5, 135.8, 126.0, 124.5, 119.7 (all s, Ph), 23.4Nvt,
D. G.; Taylor, R.J. Chem. Soc., Dalton Tran989 S1. = 15.5, FCH), 19.1, 18.7 (both s, PCEBHs),). MS (FAB"): m/z

(31) See for example: (a) Foot, R. J.; Heaton, BJ.TChem. Soc., Dalton 562 (M), 527 (M — Cl)

Trans. 1979 295. (b) Newkome, G. R.; Theriot, K. J.; Cheskin, B. K.; e : ! .
Evans, D. W.; Baker, G. ROrganometallics199Q 9, 1375. (c) Jia, G.; Preparation of OsPhCI(CO)(PPr3); (4). This complex was

Meek, D. W.; Gallucci, J. COrganometallics199Q 9, 2549. (d) Coalter, prepared as described f8rstarting from 200 mg (0.35 mmol) of
J. N, Ill; Streib, W. E.; Caulton, K. Ginorg. Chem.200Q 39, 3749. (e) 2 and HgPh (185 mg, 0.52 mmol). Yield (garnet solid): 163 mg

Y A N o 15 g g\ Labinger. J. A Bercaw, J. B (7206). Anal. Calcd for GHaCIPOs: C, 46.10; H, 2.27. Found:
(32) Ozerov, O. V.; Pink, M.; Watson, L. A.; Caulton, K. G. Am. C, 46.24; H, 7.39. IR (Nujol, cm): »(CO) 1894 (s).*H NMR

Chem. Soc2004 126, 2105. (400 MHz, CDQCl,, 223 K): ¢ 7.40 (d,Ju-n = 8.0, 1H,0-Ph),

Experimental Section
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6.91 (d,Jy-n = 8.0, 1H,0-Ph), 6.63-6.56 (m, 3H, Ph), 2.75 (m,
6H, PCH), 1.18 (dvtN = 12.9,J4—4 = 6.9, 18H, PCH(El3)y),
1.02 (dvt,N = 12.9,Jy_p = 6.6, 18H, PCH(El3),). 3'P{*H} NMR
(121.42 MHz, CRCly, 293 K): 6 20.4 (s).2*C{*H} NMR (100.56
MHz, CD.Cl,, 223 K): 6 183.0 (t,Jp-c = 8.7, Os-CO), 141.1,
135.4 (both s, Ph), 126.4 (@-c = 5.5, Gpso Ph), 125.8, 124.3,
119.8 (all s, Ph), 24.0 (viN = 24, RCH), 19.4, 18.9 (both s,
PCH(CHz3),). MS (FAB*Y): m/z 652 (M").

Spectroscopic Characterization of RuPhCI(CO)(NH=CPh,)-
(P'Prz), (5). In a 5 mm NMRtube 3 (20 mg, 0.036 mmol) and
benzophenone imine (6L, 0.036 mmol) were dissolved in 0.4
mL of dichloromethaneh, and the sample was cooled-a¥0 °C,
changing the color of the solution from brick-red to orands,
13C{1H}, and3P{*H} NMR spectra recorded at this temperature
showed a mixture o8 and5 in a ratio of 1:1.8. NMR data of
RUPhCI(CO)(NH=CPh)(PPr), (5): 'H NMR (400 MHz, CQ,Cl,,
203 K): 6 11.60 (br, 1H, NH), 7.66 (dJ4—n = 7.2, 1H,0-Ph),
7.58-6.75 (m, 14H, Ph), 2.27 (br, 6H, PCH), 1.30 (br, 18H, PCH-
(CH3)2), 0.80 (br, 18H, PCH(83),). 3'P{*H} NMR (161.9 MHz,
CD,Cly, 203 K): 6 19.5 (s).13C{*H} NMR (100.56 MHz, CRCl,,
203 K plus apt):6 206.2 (t,Jp-c = 13.0, Ru-CO), 177.2 (s, K=C),
158.7 (t,Jp-c = 10.0, Gyso Ph), 144.9, 142.1 (both s, RiPh),
139.2 and 137.3 (both s,ifs imine) 128.8, 128.0, 129.7, 127.7,
127.4, 126.6 (all s, Ph imine), 125.2, 123.6 (both s;-Rh), 24.8
(br, PCH), 19.8, 20.4 (both s, PCI@Hs5),).

Spectroscopic Characterization of OsPhCI(CO)(NH=CPh,)-
(P'Prz), (6). In a 5 mm NMRtube 4 (20 mg, 0.031 mmol) and
benzophenone imine (5/L, 0.036 mmol) were dissolved in 0.4
mL of dichloromethanel, and the sample was cooled-a50 °C,
changing the color of the solution from garnet to dark orafige.
13C{1H}, and3'P{*H} NMR spectra recorded at this temperature
showed the formation of the title compound. NMR data of OsPhClI-
(CO)(NH=CPh)(PPr3); (6): *H NMR (300 MHz, CDCl,, 223
K): 6 11.84 (br, 1H, NH), 8.44 (dJ4—n = 7.7, 1H,0-Ph, Os-
Ph), 7.80 (dJy—n = 7.7, 1H,0-Ph, Os-Ph), 7.73-6.64 (m, 13H,
Ph), 2.43 (br, 6H, PCH), 1.270.60 (m, 36H, PCH(B),). 3'P{'H}
NMR (121.4 MHz, CDCl,, 223 K): 6 —12.0 (s).23C{*H} NMR
(75.4 MHz, CQCl,, 223 K plus apt):6 182.5 (t,Jp-c = 9.0, Os-
CO), 175.1 (s, KC), 158.7 (tJp-c = 10.0, Gyso Ph), 145.3, 141.9
(both s, Gino Os—Ph), 139.3 (s, fesoimine), 136.1 (tJp-c = 7.9,
Cipso Os—Ph), 130.5, 128.7, 128.3, 128.2, 127.9, 127.7 (all s, Ph),
125.6, 124.5, 119.6 (s, ©%h), 25.2 (br, BH), 20.5, 20.3 (both
s, PCHCH3),).

Preparation of Ru{ (E)-CH=CHPh} CI(CO)(NH=CPh,)(PPr3),

(9). A deep red solution of (30 mg, 0.051 mmol), in 5 mL of
CH,Cl, at —80 °C, was treated with benzophenone imine (8.6

0.051 mmol) and was kept for 0.5 h at this temperature. The solventO 0 1834 (t .
of the resulting solution was removed under reduced pressure, until s—C), A (tdep=

the formation of orange crystals. The remaining solution was

decanted, and the crystals were dried in a vacuum. Yield: 23 mg

(59%). Anal. Calcd for GeHeoNCIORUR: C, 62.44; H, 7.86; N,
1.82. Found: C, 62.41; H, 7.72; N, 1.78. IR (Nujol, th »(N—
H) 3229 (m),»(C=0) 1904 (s)1H NMR (300 MHz, CDCl,, 193
K): 6 11.26 (br, 1H, NH), 9.01 (d, 1HJy_4 = 16.5, RuCH:),
7.64-6.86 (m, 15H, Ph), 6.36 (d, 1H4_4 = 16.5, CHPh), 2.42
(m, 6H, PQH), 1.01 (br, 36H, PCH(B),). 3*P{H} NMR (121.4
MHz, CD,Cly, 193 K): ¢ 21.1 (s).33C{*H} NMR (75.4 MHz,
CD,Clp, 193 K): 6 206.4 (t,Jc_p = 12.5, CO), 178.2 (s, ®C);
160.5 (s, Ru€&); 140.7, 139.1, and 136.4 (all s;)t Ph); 136.8

Buil et al.

H, 6.90; N, 1.59. IR (Nujol, cmb): v (N—H) 3206 (m),»(C=0)
1886 (s).'H NMR (300 MHz, CDQCl,, 193 K): ¢ 11.46 (br, 1H,
NH), 9.46 (d, 1H,J4_n = 13.8, OsCH), 7.63-6.36 (m, 15H,
Ph), 6.38 (d, 1H,J4_4 = 13.8, CHPh), 2.51 (br, 6H, PCH), 1.24
(br, 36H, PCH(®l3),). 3P{H} NMR (121.4 MHz, CQCl,, 193

K): 0 —10.2 (s).13C{'H} NMR (75.4 MHz, CQCl,, 193 K): 6
182.2 (br, CO), 174.7 (s,¥C), 143.1 (br, Os€), 141.6, 139.0,
and 135.5 (all s, (s, Ph), 135.2 (s=CH), 130.2, 129.9, 128.5,
127.9,127.6, 127.3,122.9, and 122.4 (all s, Ph), 24.9 (br m, PCH),
19.5 and 19.2 (both br s, PCHH3).

— 1
Preparation of Ru{ CeH4C(Ph)=NH}CI(CO)(P'Pr3), (11). This

complex can be prepared either starting ff®100 mg, 0.18 mmol)

and benzophenone imine (302, 0.18 mmol) or from7 (291

mg, 0.495 mmol) and benzophenone imine (§8.00.495 mmol)

in toluene (15 mL). In both cases, the mixtures were heated under

reflux conditions for 24 h. The resulting reddish-orange solutions

were filtered and then concentrated almost to dryness. The addition

of pentane caused the formation of a yellow solid. The solutions

were decanted, and the solid was washed with pentare3(EnL).

Yield: starting from3, 98 mg (82%); starting fron¥, 280 mg

(85%). Anal. Calcd for gHs,CIONP,Ru: C, 57.78; H, 7.88; N,

2.11. Found: C, 58.17; H, 8.20; N, 2.30. IR (Nujol, ch »(N—

H) 3325 (m),»(C=0) 1910 (s).'H NMR (300 MHz, GDs, 293

K): 69.56 (br, 1H, NH), 8.57 (dJ4-n = 7.8, 1H, Ph), 7.437.11

(m, 6H, Ph), 6.92 (t)4-4 = 7.8, 1H, Ph), 6.73 ()44 = 7.3, 1H,

Ph), 2.32 (m, 6H, PCH), 1.49 (dwy = 14.1,Jy_y = 7.2, 18H,

PCHCH3), 0.78 (dvt,N = 12.0, Jy-n = 6.9, 18H, PCHEl5).

S1P{*H} NMR (121.4 MHz, GDs, 293 K): 6 36.1 (s).*3C{H}

NMR (75.4 MHz, GDsg, 293 K): 0 211.7 (t,Jc-p = 14.4, CO),

191.9 (t,Jc—p = 8.3, Ru-C), 181.9 (t,Jc-p = 3.5, N=C), 145.0,

144.3,144.2,138.9, 138.7, 138.3, 132.5, 132.2, 130.6, 129.7, 129.2,

126.1, and 120.3 (all s, Ph andHs); 24.2 (vt,N = 19.2, PCH);

20.8 and 18.9 (both s, PCHH3). MS (FAB"): m/z 665 (M").

1
Preparation of Os{ CeH4C(Ph)=NH} CI(CO)(P'Pr3), (12). This
complex was prepared as described fdrstarting either fromd
(100 mg, 0.153 mmol) and benzophenone imine 26 0.153
mmol) or from8 (100 mg, 0.147 mmol) and benzophenone imine
(25 uL, 0.147 mmol). Yield (pink solid): starting from, 98 mg
(85%); starting from8, 89 mg (80%). Anal. Calcd for £Hs-
CIONOsR: C, 50.95; H, 6.95; N, 1.86. Found: C, 50.53; H, 7.07;
N, 1.62. IR (Nujol, cnt?): »(N—H) 3327 (m),»(C=0) 1893 (s).
IH NMR (300 MHz, GDs, 293 K): ¢ 9.40 (br, 1H, NH), 8.6%
6.69 (m, 9H, Ph), 2.41 (m, 6H, PCH), 1.45 (dMt= 13.9,J4—n =
7.1, 18H, PCHEl3), 0.81 (dvt,N = 12.1, J4_4 = 6.7, 18H,
PCHCH3). 31P{*H} NMR (121.4 MHz, GDs, 293 K): 6 3.0 (s).
13C{1H} NMR (75.4 MHz, GDg, 293 K): 6 193.8 (t,Jc—p = 9.1,
13.1, CO), 174.5 (s, &®C); 143.1, 138.2,
132.2,130.3, 130.2,129.2, 127.1, 126.8, 118.8 (all s, Ph grg) C
24.0 (vt,N = 23.5, PCH); 20.6 and 18.8 (both s, PCH. MS
(FAB*): m/z 755 (M" + H).

1
Preparation of Ru(NCsH4-0-CH=CH)CI(CO)(PiPr3), (13).

This complex can be prepared either starting f®(@00 mg, 0.18

mmol) and 2-vinylpyridine (2%L, 0.27 mmol) or from7 (100

mg, 0.150 mmol) and 2-vinylpyridine (24, 0.23 mmol) in toluene

(15 mL). In both cases, the mixtures were heated under reflux

conditions for 24 h. The resulting orange solution was filtered

through Celite and concentrated to dryness, getting an orange

residue. The addition of pentane (25 mL) led to an orange solution,

(s,=CH); 131.3, 130.9, 130.7, 129.2, 128.6, 128.5, 128.1, 127.3, which was filtered and concentrated to ca. 5 mL. Cooling of this
123.7, and 123.4 (all s, Ph), 24.9 (br m, PCH), 20.3 and 20.1 (both spjution overnight afforded yellow crystals. The pentane was

br s, PCH®y).

Preparation of Os{ (E)-CH=CHPh} CI(CO)(NH=CPhy)(PPr3),
(10). This complex was prepared as described¥atarting from
30 mg (0.044 mmol) 09 and benzophenone imine (744, 0.044
mmol). Yield (orange crystals): 23 mg (61%). Anal. Calcd for
C4HsoNCIOOSR: C, 55.96; H, 7.04; N, 1.63. Found: C, 55.72;

decanted and the crystals were washed with pentane. Yield: starting
from 3, 77 mg (73%); starting fron7, 76 mg (75%). Anal. Calcd

for C6H4sCINOPRuU: C, 53.00; H, 8.21; N, 2.38. Found: C, 53.02;
H, 8.16; N, 2.15. IR (Nujol, cmb): »(C=0) 1923 (s),»(C=C)

1600 (m).*H NMR (300 MHz, GDs, 293 K): 6 9.90 (ddd,Jy—n
=6.0,Jy-n = 1.5,34-4 = 0.6, 1H, py), 9.81 (dJu-n = 8.0, 1H,
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Table 4. Crystal Data and Data Collecti
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on and Refinement for 9, 12, and 13

9

12 13

Crystal Data

formula QoHeoC|NOP2RU C32H52C|NOOSB C25H48C|NOP2RU'1/2C16H14'1/405H12
molecular wt 769.35 754.34 710.29
color and habit orange, irregular block red, irregular block yellow, prism
size, mm 0.14,0.10,0.06 0.30,0.18,0.12 0.46,0.10,0.10
symmetry, space group monoclink2(1)/c monoclinic,P2(1)h monoclinic,P2(1)
a, A 11.2101(16) 9.9565(19) 19.639(4)
b, 11.3142(16) 18.275(3) 9.7366(17)
c, A 30.803(4) 17.730(3) 20.438(4)
p, deg 93.101(3) 96.908(3) 110.208(3)
vV, A3 3901.2(10) 3202.7(10) 3667.6(11)
z 4 4 4
Dcalg, g CNT3 1.310 1.564 1.286
Data Collection and Refinement
diffractometer Bruker Smart APEX
A(Mo Ka), A 0.71073
monochromator graphite oriented
scan type  scans
u, mmt 0.583 4.190 0.614
26, range, deg 3,57 3,57 3,57
temp, K 100.0(2) 100.0(2) 100.0(2)
no. of data collected 46 533 37 259 45 835
no. of unique data 937R(;: = 0.0612) 7680Rin = 0.0290) 17 649Rn = 0.0541)
no. of params/restraints 436/2 358/0 663/12
Flack parameter 0.36(4)
Ri2 [F?2 > 20(F?)] 0.0369 0.0188 0.0579
WRS [all data] 0.0710 0.0399 0.1368
S [all data] 0.898 0.991 0.995

ARy(F) = J[IFol — IFcll/T|Fol. PWRs(F?) = {T[W(Fo? — FAA/T[W(FA?Z} Y2 Goof = S = {J[Fe? — FAZ/(n — p)}¥2 wheren is the number of

reflections andp is the number of refined parameters.

RU_CH), 6.97 (ddeHfH = 7.6,JH7H = 7-2!JH7H =1.5, 1H, py),
6.78 (dt,Jy—n = 8.1, -y = 1.3, 1H, Ru-CH=CH), 6.76 (dd,
Jh-q = 7.2,y = 0.6, 1H, py), 6.40 (ddeHfH =7.2,I4-H1 =
G.O,JHfH = 1.5, 1H, py), 2.22 (m, 6H, P‘@), 1.23 (th,JHfH =
7.2,N = 13.5, 18H, PCH(Els),), 1.01 (dvtJy_n = 6.9,N = 12.0,
18H, PCH(GH5),). **P{H} NMR (121.4 MHz, GDs, 293 K): 0
32.3 (s).2C{H} NMR (75.4 MHz, GDg, 293 K): & 209.0 (t,
Jop = 15.5, CO), 200.4 (tJe_p = 9.1, Ru-CH), 166.5 (s, N=
C—CH=CHRu), 152.8 (s, py), 135.8 (s, py), 128.7 (s, €6H),
119.2, 115.4 (both s, py), 24.8 (W, = 18, PCH), 20.5 and 19.7
(both s, PCHCH3),). MS (FABY): miz589 (M*), 554 (M" — CI).

1
Preparation of Os(NCsH4-0-CH=CH)CI(CO)(PPr3), (14).
This complex was prepared as describedlf®starting either from
4 (100 mg, 0.153 mmol) and 2-vinylpyridine (28., 0.23 mmol)
or from 8 (100 mg, 0.147 mmol) and 2-vinylpyridine (24., 0.22
mmol). Yield (orange solid): starting frod) 75 mg (72%); starting
from 8, 70 mg (70%). Anal. Calcd for £H4sCINOOSR: C, 46.04;
H, 7.16; N, 2.06. Found: C, 46.15; H, 6.95; N, 1.94. IR (Nujol,
cm1): »(C=0) 1910 (s)»(C=C) 1603 (m).*H NMR (300 MHz,
CeDs, 293 K): 6 10.63 (d,Jy—n = 8.2, 1H, Os-CH), 9.83 (br d,
Ju-n =5.1, 1H, py), 7.01 (dJy—n = 8.2, 1H, Os-CH=CH), 6.89
(ddd,JH_H = 7.5, JH—H = 0.9, 1H, py), 6.78 (ddeH—H = 7.5,
Jh-p = 1.2, 4y = 1.2, 1H, py), 6.34 (ddeHfH =754 =
51,J4-n = 1.2, 1H, py), 2.33 (m, 6H, H@), 1.21 (thy\]HfH =
7.2,N=13.5, 18H, PCH(El3),), 1.02 (dvt,Jy—n = 6.9,N=12.0,
18H, PCH(CH3),). 3P{*H} NMR (121.4 MHz, GDs, 293 K): 6
0.8 (s).13C{H} NMR (75.4 MHz, GDg, 293 K): ¢ 190.9 (t,Jc—p
= 10.8, CO), 184.8 (tJc—p = 5.8, Os-CH), 169.1 (s, R=C—
CH=CHOs), 152.1 (s, py), 135.9 (s, py), 126.2 (s,<€€H), 118.7,
114.4 (both s, py), 24.9 (viy = 24.0, PCH), 20.4 and 19.5 (both
s, PCHCH3),). MS (FABY): m/iz 679 (M"), 644 (M" — CI).
Structural Analysis of Complexes 9, 12, and 13X-ray data
were collected for all complexes on a Bruker Smart APEX CCD
diffractometer equipped with a normal focus, 2.4 kW sealed tube
source (Mo radiation} = 0.71073 A) operating at 50 kV and 30
mA. Data were collected over the complete sphere by a combination
of four sets. Each frame exposure time was 10 s coveringif.3

. Data were corrected for absorption by using a multiscan method
applied with the SADABS prograiff. The structures of all
compounds were solved by the Patterson method. Refinement, by
full-matrix least squares oR? with SHELXL97 34 was similar for

all complexes, including isotropic and subsequently anisotropic
displacement parameters. Fb8 the asymmetric unit shows two
independent, but chemically equivalent, molecules, a molecule of
1,4-diphenylbutadiene, and a half molecule of pentane in the unit
cell. The 1,4-diphenylbutadiene and the pentane molecule were
refined as isotropic with geometrical restraints. The PLATON
progran¥® suggests that the structure of compleXhas an 85%
probability of beingP2(1)/c. However, all our attempts to solve it
within this space group have been unsuccessful. The hydrogen
atoms were observed or calculated and refined freely or using a
restricted riding model. The hydrogen atoms of the imine groups
of complexes9 and 12 were observed in the difference Fourier
maps and refined as free isotropic atoms. All the highest electronic
residuals were observed in close proximity of the metal centers
and make no chemical sense. Crystal data and details of the data
collection and refinement are given in Table 4.
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