J. Am. Chem. S0d.996,118,89—99

89

Carbon-Carbon Coupling and CarbeiiHydrogen Activation
Reactions in Bis(triisopropylphosphine)osmium Compléxes

Miguel A. Esteruelas,* Fernando J. Lahoz, Enrique Orate, Luis A. Oro, and

Eduardo Sola

Contribution from the Departamento de Gnica Inorganica, Instituto de Ciencia de Materiales
de Aradgm, Universidad de Zaragoza, CSIC, 50009 Zaragoza, Spain

Receied July 5, 1998

Abstract: Reaction of the alkenyl complex OSEHCH=CHPh)(CO)(FPr3), (1) with phenyllithium gives OsH-

{ CeHs-2-(E-CH=CHPh} (CO)(PPr3); (2). The structure of2 (isomer 2a) has been determined by X-ray
diffraction: triclinic, P1, a = 9.230(1) A,b = 10.092(1) A,c = 18.525(2) A,a = 88.667(73, B = 87.172(73, y

= 71.110(69, V = 1630.6(3),Z = 2, R(F, Fo = 40(F,)) = 4.01,wR (F?, all reflections)= 9.94%. The geometry
around the osmium can be described as a distorted octahedron with the two triisopropylphosphine ligands occupying
two relativetrans positions. The remaining perpendicular plane is formed by the carbonyl and &é’' Z{yryl)-

phenyl ligands mutuallyrans disposed, the hydride ligand and one olefinic hydrogen of the-2-styryl)phenyl

ligand, which shows an agostic interaction with the osmium atom (distance 2.05(7) A). The solutbstmf
equilibria between the agostic isom@a)] and a nonagostic isome2lf). The thermodynamic magnitudes involved

in the equilibrium as well as the activation parameters for the conversion between the two isomers were determined
in tolueneds by 'H NMR spectroscopy. The values obtained waid® = —1.6 (#0.1) Kcal mol'l andAS® =

—9.6 (0.6) cal K’ mol~1 for the formation of the agostic

isomer, whereas the activation parameters for the breaking

of the agostic interaction werkH* = 7.6 (+0.2) Kcal mot! andAS' = —1.0 @&0.7) cal K’ mol~1. 2 reacts with
CO to give the octahedral complex OgEkHs-2-(E-CH=CHPh}(CO)(PPrs), (3). Reactions ofl with methyl-
lithium and CDLi give OsH CgHs-2-(E-CH=CHCHs)}(CO)(PPr), (4) and OsH CgHs-2-(E-CH=CHCD3)}-

(CO)(PPrs); (4-03), respectively. The spectra of these

complexes indicate that in solution they also show equi-

libria between agostic and nonagostic isomers. Reactior® with P(OMe) and CO afford OsHCgH4-2-(E-
CH=CHCHy)} (CO) P(OMe}} (PPr3)2 (5) and OsH CgH4-2-(E-CH=CHCHs)} (COX(PPr), (6), respectively, in which
the incoming ligands coordinateansto the hydride. 4 and4-d; isomerize in solution to give Oskff-CH,CHCHPh)-
(CO)(PPr3)2 (11) and OsD#3-CD,CHCHPh)(CO)(FPrs), (11-ds), respectively. Reaction df1 with CO leads to
OsH (@ -CH,CH=CHPh)(CO}PPrs), (12). The first order constantgs andkopsq, for the isomerization oft and
4-d3 to 11 and 11-d; were obtained in CDGJ giving activation parameters @H* = 20.8 1.7) Kcal mol! and
AS = —2.8 (£2.0) cal K1 mol~1 for the isomerization o# to 11 and a relatiorkopdkonsg, = 3.6 at 303 K.

Introduction

The design of homogeneous systems effective in the synthesi
of functionalized organic molecules from basic hydrocarbon
units is both challenging and industrially important. In this
respect, obtaining systems which consecutively promote carbon
carbon bond formation and-€H activation is significant and
of general interest.

The formation of carborcarbon bonds mediated by transi-
tion metal compounds has emerged in its own right over the

concentrated to develop homogeneous systems adequate to

Sactivate C-H bonds. Representative examples of these systems

include the complexes: Fetdimpe) (dmpe= 1,2-bis(dimeth-
ylphosphino)ethane), Os(;8-arene)(CO)* RhCI(CO)(PR).®
and Tp*Ir(GHg)2 (Tp* = HB(3,5-Mepz)),® and metallic
fragments generated “in situ” such as Cp*ML (MRh, Ir; L
= CO, PMe),” M(PMe&3); (M = Ru, 0s)® M{P(OMe}}--
(2) (a) Shilov, A. E Activation of Saturated Hydrocarbons by Transition

Metal ComplexesD. Riedel Publishing Co.: Dordrecht, The Netherlands,
1984. (b) Bergman, R. GSciencel984 223 902. (c) Halpern, Jnorg.

last few years as an important step in organic synthesis. TheseChim. Acta1985 100, 41. (d) Crabtree, R. HChem. Re. 1985 85, 245.

reactions can involve migratogys-ligand insertion, the coupling
of adjacent carbonmetal bonds, and the attack of a reagent to
an unsaturated organic ligand without metsdagent bond
formation?

The oxidative addition of €H bonds to transition metal

(e) Green, M. L.; O'Hare, DPure Appl. Chem1985 57, 1897. (f)
Activation and Functionalization of Alkanghlill, C. L., Ed.; John Wiley
and Sons: New York, 1989; Chapter IV, p 111. (g) Ryabov,Chem.
Rev. 1990 90, 403. (h) Chaloner, P. A.; Esteruelas, M. A.; Joo, F.; Oro, L.
A. Homogeneous Hydrogenatidfluwer Academic Publishers: Dordrecht,
The Netherlands, 1994; Chapter 3.

(3) (a) Baker, M. V.; Field, L. DJ. Am. Chem. S0d986 108 7433.

compounds also possess a considerable interest in connectiogy,) Baker, M. V.; Field, L. D J. Am. Chem. Sod 986 108 7436. (c)

with organic synthesis and cataly3isshere efforts have been
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Science Books: Mill Valley, CA, 1987. (e) Brown, J. M.; Cooley, N. A.
Chem. Re. 1988 88, 1031. (f) Brookhardt, M.; Volpe, A. F., Jr.; Yoon, J.
Comprehensie Organic Synthesidrost, B. M., Fleming, Y., Ed.; Pergamon
Press, 1991; Vol 4.
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L. D.; George, A. V.; Messerle, B. Al. Chem. Soc., Chem. Comm@891,
1339. (e) Whittlesey, M. K.; Mawby, R. J.; Osman, R.; Perutz, R. N.; Field,
L. D.; Wilkinson, M. P.; George, MJ. Am. Chem. Sod 993 115, 8627.

(4) (&) Werner, R.; Werner, HAngew. Chem., Int. Ed. Endl981 20,
793. (b) McCamley, A.; Perutz, R. N.; Stahl, S.; WernerAdgew. Chem.,
Int. Ed. Engl.1989 28, 1690.

(5) (a) Tanaka, MPure Appl. Chem199Q 62, 1147. (b) Sakakura, T.;
Sodeyama, T.; Sasaki, K.; Wada, K.; Tanaka,JMAm. Chem. S0d.99Q
112 7221, and references therein. (c) Maguire, J. A.; Goldman, A. S.
Am. Chem. S0d.991, 113 6706. (d) Rosini, G. P.; Boese, W. T.; Goldman,
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(PMes)2 (M = Ru, 0Os)? or IrCI(PRs),.1° Detailed mechanistic

studies have led to a relative understanding of the factors which

govern the process. Greater attention has been paid to the

kinetic and thermodynamic aspects of-8 activation, and in

particular there has been an increased effort to determine the

selectivity patterns and the origin of these selectiviiggg!msbef

However, in many cases the feasibility of the mechanistic studies cie)
is restricted by the reaction conditions, which frequently require
photochemical or thermal generation of the reactive metallic

fragment. cue)

Previously, we have reported the reactions of hydrido @
osmium compounds with terminal alkynes which allow the cin
preparation of specific organometallic complexes (vinyl, car- @/m
bene, hydride-carbyne, hydridevinylidene, and hydride col

dihydrogen-alkynyl), provided that the number of hydrido
ligands and the electronic properties of the starting materials
are appropriately selectédl. As a continuation of this work,
the reactivity of the above mentioned-organometallic com-
pounds with organic fragments is being studied, in the search _ )
for metal-mediated reactions of use in organic synthesis and F/9Ur® llh Molecular diagram of the complex O€HeH.-2-(E-
catalysis. In this paper we report the reactions of the five- CH=CHPR}HCO)(PPr)2 (23).

coordinate derivative Os@(CH=CHPh)(CO)(FPr3), (1) with
organolithium reagents. The results obtained show the occur-
rence under mild conditions of-&C coupling reactions followed

by C—H activation processes.

The osmium atom is coordinated in a somewhat distorted-
octahedral fashion with the two phosphine ligandstriens
position (P(1)>Os—P(2) = 163.10(6}). The perpendicular
coordination plane is formed by the atoms C(1) and H(8), by
Results and Discussion the carbonyl group disposéxhnsto C(1) (C(1»-0s—C(15)=
173.3(3Y) and the hydrido ligand dispos#dnsto H(8). The
bending of the phosphortsnetatl-phosphorus axis points to
the direction of the smallest ligand (hydride). The position of
this ligand was not determined by the X-ray analysis, but it
was included in the location estimated with the HYDEX
programi2 In contrast to the hydrido ligand, the agostic
: hydrogen H(8) was located in the difference Fourier maps and
by elementa] analysis, IR aﬁﬁi, Slp.{ *H}, and™*C{*H} NMR refined as an isotropic atom together with the rest of the non-
spectroscopies, and X-ray d|ffract|_on. hydrogen atoms of the structure, giving a-»48) distance of

Figure 1 shows the molecular diagram of the structurg of 2.05(7) A and a Os-H(8)~C(8) angle of 118(8) These

Sll_sct)):ne{Za_)r;hselectid bondk dtl)sltapcets andf ?rrsglets arte I'SI_edth'n distances and angles are similar to those found for other remote
avie 1. € most remarkablé Teature of this structure 1S the gostic interactions in structurally related compoutd$

presence of an agostic interaction between the metal atom anda The Os-C(1) bond distance of 2.136(7) A is in a
= . . : greement
one olefinic hydrogen (H(8)) of the Z{1'-styryl)phenyl ligand, : :
which islallso %on(?ed tE) t(htg)osmium ;.tom)éyc’)i% aro¥n£ic carbonWIth the values previously reported for ©€(aryl) bond lengths
tom (C(1)) y (mean 2.09(3) A¥ The C(2)-C(7) (1.486(9) A), C(73-C(8)
ato : (1.349(11) A), and C(8)C(9) bond lengths (1.458(9) A)

Reactions of 1 with Phenyllithium and Methyllithium.
Reaction of the five-coordinate alkenyl complex O$=GH=
CHPh)(CO)(FPrs) (1) with a diethyl ether solution of phenyl-
lithium at 60°C gives a yellow solution from which the complex
OsH{ CgH4-2-(E-CH=CHPh} (CO)(PPr3), (2) was isolated as
a yellow solid in 65% yield. Compoun# was characterized

c (6) BoutrEy‘,J %; G%trilerrez"sEci;gl\ggnfﬁi ’?.2;8N8ica3i0’ N. Cree P. J; compare well with the values found for the carbararbon
armona, . AM. em. S0 1 . H H

(7) (@) Janowicz, A. H.; Bergman, R. G. Am. Chem. S0d.982 104, double bond (1'3.27 A) and the qdjacen7t Carboarb(.)n S"?g'e
352. (b) Hoyano, J. K.; Graham, W. A. Gl; Am. Chem. S0d.982 104 bonds (1.472 A) in the fregans-stiloene'” The relative slight

3723. (c) Jones, W. D.; Feher, FJJAmM. Chem. S0d982 104, 4240. (d) elongation of the olefinic bond and shortening of the saturated
Hoyano, J. K.; McMaster, A. D.; Graham, W. A. G. Am. Chem. Soc.

1983 105 7190. (e) Janowicz, A. H.; Bergman, R. &.Am. Chem. Soc (10) (a) Werner, H.; Hon, A.; Dziallas, M.AAngew. Chem., Int. Ed. Engl.
1983 105, 3929. (f) Jones, W. D.; Feher, F.J. Am. Chem. Sod.985 1986 25, 1090. (b) Burk, M. J.; Crabtree, R. H. Am. Chem. S0d.987,
107, 620. (g) Stoutland, P. O.; Bergman, R. &.Am. Chem. Sod.988 109 8025. (c) Schulz, M.; Werner, HOrganometallics1992 11, 2790.
110, 5732. (h) Jones, W. D.; Feher, F.Acc. Chem. Red989 22, 91, (d) Cundari, T. RJ. Am. Chem. Sod 994 116, 340.

and references therein. (i) Jones, W. D.; Dong)LAm. Chem. So¢989 (11) (a) Werner, H.; Esteruelas, M. A.; Otto, Brganometallics1986

111, 8722. (j) Wasserman, E. P.; Moore, C. B.; Bergman, RS@ence 5, 2295. (b) Andriollo, A.; Esteruelas, M. A.; Meyer, U.; Oro, L. A,;
1992 255 315. (k) Chin, R. M.; Dong, L.; Duckett, S. B.; Partridge, M.  Sanchez-Delgado, R.; Sola, E.; Valero, C.; WernerJHAm. Chem. Soc.
G.; Jones, W. D.; Perutz, R..N. Am. Chem. Sod.993 115 7685. (I) 1989 11, 7431. (c) Esteruelas, M. A,; Lahoz, F. J.; Lopez, J. A,; Oro, L.
Bell, T. W.; Brough, S.-A.; Partridge, M. G.; Perutz, R. N.; Rooney, A. D.  A.; Schlinken, C.; Valero, C.; Werner, KDrganometallicsl992 11, 2034.
Organometallics1993 12, 2933. (m) Bengali, A. A.; Schultz, R. H.; Moore, (d) Espuelas, J.; Esteruelas, M. A.; Lahoz, F. J.; Oro, L. A.; Valero, C.
B.; Bergman, R. GJ. Am. Chem. Sod994 116 9585, and references Organometallics1993 12, 663. (e) Espuelas, J.; Esteruelas, M. A.; Lahoz,

therein. (n) Buchanan, J. M.; Stryker, J. M.; Bergman, RIGAm. Chem. F.J.; Ruiz, N.; Oro, L. AJ. Am. Chem. So0&993 115 4683. (f) Esteruelas,

Soc.1986 108 1537. M. A.; Oro, L. A.; Ruiz, N.Organometallicsl994 13, 1507. (g) Esteruelas,
(8) (a) Desrosiers, P. J.; Shinomoto, R. S.; Flood, TJCAm. Chem. M. A.; Lahoz, F. J.; Onte, E.; Oro, L. A.; Zeier, BOrganometallicsL994

So0c.1986 108 1346. (b) Desrosiers, P. J.; Shinomoto, R. S.; Flood, T. C. 13, 1662.

J. Am. Chem. S0d.986 108 7964. (c) Harper, T. G.; Shinomoto, R. S; (12) Orpen, A. GJ. Chem. Soc., Dalton Tran%98Q 2509.

Deming, M. A.; Flood, T. CJ. Am. Chem. S0d988 110, 7915. (d) Ermer, (13) (a) Brookhart, M.; Green, M. L. H.; Wong, L.-Prog. Inorg. Chem.

S. P.; Shinomoto, R. S.; Deming, M. A.; Flood, T. Organometallics 1988 36, 1. (b) Crabtree, R. H.; Hamilton, D. G\dv. Organomet. Chem
1989 8, 1337. (e) Shinomoto, R. S.; Desrosiers, P. J.; Harper, T. G.; Flood, 1988 28, 299. (c) Crabtree, R. HAngew. Chem. Int. Ed. Engl993 32,
T. C.J. Am. Chem. S0d.99Q 112 704. (f) Hartwig, J. F.; Andersen, R. 789.

A.; Bergman, R. GJ. Am. Chem. S0d.991, 113 6492. (14) Crabtree, R. H.; Holt, E.; Lavin, M.; Morehouse, S. Ikbrg. Chem
(9) (@) Werner, H.; Werner, Rl. Organomet. Chen1981, 209, C60. 1985 24, 1986.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for the Complex{@sH,-2-(E-CH=CHPh} (CO)(PPrs), (2a)

Os-P(1) 2.393(2) P(50s-P(2) 163.10(6) 0sC(1)-C(2) 118.1(4)
Os-P(2) 2.377(2) P(10s-C(1) 89.2(2) C(1¥C(2)-C(7) 119.4(6)
0s-C(1) 2.136(7) P(1)Os-C(15) 88.7(2) C(2)C(7)-C(8) 123.9(7)
Os-C(15) 1.871(8) P(2}Os—C(1) 90.3(2) C(7¥-C(8)-C(9) 126.2(7)
Os+-H(8) 2.05(7) P(2)-Os-C(15) 93.5(2) C(7¥C(8)—H(8) 126(4)
C(1)-C(2) 1.421(10) C(1yOs—C(15) 173.3(3) 0sC(15)-0(1) 176.7(6)
C(1)-C(6) 1.408(8) P(1}Os+-H(8) 113(2) Os+-H(8)—C(8) 118(6)
c(2)-C(3) 1.402(12) P(2}Os+-H(8) 84(2)

C(3)-C(4) 1.376(10) C(1yOs++H(8) 85(3)

C(4)-C(5) 1.388(14) C(15)Os++H(8) 90(2)

C(5)-C(6) 1.365(12)

c(2)-c(7) 1.486(9)

C(7)-C(8) 1.350(11)

C(8)-C(9) 1.458(9)

C(8)-H(8) 1.02(9)

C(15)-0(1) 1.166(10)

aEsd’s are given in parentheses.

tolueneds, between 177 and 303 K. At 177 K, the spectrum
l contains two broad hydrido resonances-8t5 and—18.6 ppm.
On raising the temperature they coalesce, and the resulting
‘ averaged signal finally sharpens to give a triplet, the chemical
J L shift of this triplet being temperature-dependent. This behavior
can be understood as the result of the equilibrium shown in eq
243K L J 1, which involves the cleavage of the agostic interaction present
223K A A in 2ato give the nonagostic isomeb. The higher field hydrido
A
— A

303 K ‘

293 K j

263 K

- resonance at18.6 ppm is assignable to the unsaturated species
203K 2b, in the view of thetrans disposition of the hydrido ligand

193K and the coordination vacancy.
183 K

2% 2

177 K ~ ) A PlPr, 9 Plpry @
5 0 2 a4 46 8 20 pom OC . Ols H H Kk > OC'"'""O,S H H
Figure 2. Hydrido region of thetH NMR spectrum of2 at different H—" l 6 k- H—" |

temperatures: experimental in toluethe-(left) and calculated ,
i PrP IPryp
(right).

2b 2a

C(2)—C(7) and C(8)-C(9) bonds reflect the greater electronic (M
delocalization of the coordinated ligand. The-@% Os-CO,
and G=0 distances are clearly in the expected range and deserve The equilibrium constant& (= ki/k-1) were measured in

no further comments. the range from 177 to 303 K (Table 2). The temperature
The spectroscopic data obtained for solutions2adire in dependence of the equilibrium (Figure 3) gives the valid$
agreement with the presence of theE24(-styryl)phenyl ligand. = —1.6 (0.1) Kcal mof! andAS = —9.6 @0.6) cal K?!

The3C{1H} NMR spectrum at room temperature shows a triplet mol=! for the formation of2a. The negative entropy incre-
at 177.3 ppmJcp = 10.6 Hz) assignable to the aromatic carbon ment is consistent with the less ordered characterRlnf
bonded to the osmium. The rest of carbon atoms of the which is always the mayor species in the temperature range
metalated phenyl ring give resonances at 155.dq,= 2.3 studied. The value ofAH° reveals the small stabilization
Hz, quaternary carbon), 142.9, 139.7, 129.8 (broad triplets with achieved by means of the agostic interaction. This small value
Jep < 1 Hz), and 126.5 (s) ppm. A singlet at 121.8 ppm and could be justified to be not only due to the weakness of the
a broad singlet at 106.2 ppm are assigned to the olefinic carbonsagostic bond but also to the destabilization due to steric repulsion
The31P{1H} spectrum contains a singlet at 22.7 ppm. THe between the phenyl ring and the bulky phosphinegan The
NMR spectrum of2 at room temperature shows a triplet at strength of this agostic interaction in comparison with other
—17.83 np = 21.0 Hz) for the hydrido ligand. The expected systems can be estimated using thgparameter defined by
resonances for the metalated and nonmetalated phenyl ringCrabtree et at* From the structural data &fa the resulting
protons are observed in the range-6776 ppm, together with  value ofryy is 0.82, which lies in the range oélatively strong
a doublet at 7.56J54 = 13.6 Hz) which corresponds to one of interactions.
the two hydrogens atoms of the olefinic bond. This spectrum Line shape analysis of the spectra of Figure 2 allow the
does not show any resonance attributable to the other olefiniccalculation of the rate constants for the agostic bond cleavage
proton, although théH COSY spectrum indicates that the signal (k-;) at different temperatures. The activation parameters
lies at 1.05 ppm, hidden by the phosphine methyl groups. The obtained from the Eyring analysis (Figure 4) axel* = 7.6
chemical shift of this resonance, at higher field than that (£0.2) Kcal mot!tandASf = —1.0 (£0.7) cal K- mol~L. The
expected for an olefinic proton, suggests that some agosticactivation entropy is nearly zero, as expected for an intramo-
interaction is also present in solution. lecular process. The activation enthalpy lies in the range of
The spectra of solutions a@ are temperature-dependent. other reported exchange processes in which agostic interactions
Figure 2 shows the hydrido region of thd NMR spectra in are breaking and reformirl§. No evidence has been found for

(16) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D. (17) Bouwstra, J. A.; Schouten, A.; Kroon,Alcta Crystallogr., Sect C
G.; Taylor, R.J. Chem. Soc., Dalton Tran$989 S1. 1984 40, 428.



92 J. Am. Chem. Soc., Vol. 118, No. 1, 1996 Esteruelas et al.

Table 2. Equilibrium Constants of Agostic Bond Formation and 0.0
Rates of Agostic Bond Cleavage for the Complex
OsH{ CgH4-2-(E-CH=CHPh} (CO)(PPr3) (2) in Toluenees 05 h
temp (K) K ko (s
177 0.742 1.1x 168 -1.0F
183 0.639 1.9 10° x
193 8.0x 10° T sl
203 1.8x 10* '
213 0.367 3. 10*
223 0.309 1. 10 20 F
243 0.227 6.0< 10°
253 0.199 - ) , , .
263 0.167 1.5¢ 10° 300 350 400 450 500 550 6,00
293 0.128
303 0.108 T (K1 103)

Figure 3. Arrhenius plot of the equilibrium constants for agostic s

. . bond formation in2.
the occurrence of hydrogen exchange between the hydrido li-

gand and the agostic proton in compl2x This agrees with 10

the behavior of the compounmder[(MesP)IrH{ Z-1-(2 -furyl)-
3,3-dimethyl-1-butyll], in which the hydride and the agostic 8
bond are also inransrelative positiong? Nevertheless, such T
an exchange has been observed in complexes containing both _
agostic C-H bonds and hydrido ligands iais relative posi- S
tions20 £
As expected from the lability of the agostic bond, the reaction T oat
of 2 with CO gives thecis-dicarbonyl complex OsfHCsHs-2-
(E-CH=CHPh} (CO)(PPr), (3), in which the incoming ligand 2 kb
coordinatedrans to the hydrido position, releasing the—El . . \ .
bond from the metal coordination sphere (eq 2). 350 400 4,50 5,00 5.50 6.00
1/T (K1 103)
PlPry @ Figure 4. Eyring plot of the rate constants for agostic-©d bond
l cleavage irn2.
OC ... H H co
e -
8 3
IP'SP 0:‘:"/' CL H] %7”3
2 | &=
P'P[a ] PryP )
S .
o 1= el | e
I co

tor,p JA’\W.T 5
3 j—‘

The spectroscopic data obtained for compBegupport the PP

n e Pt
N Yo Ml dusis

proposed octahedral structure. Ttierelative position of the 180 . 100 ppm
carbonyl ligands was inferred from the IR spectrum, which g0 5. ow field region of thel*C{*H} NMR spectrum oft (CDCls,
shows, together with 8 Os—H) band at 2032 crt, two strong 263 K), and proposed assignment.

v(CO) absorptions at 1966 and 1894 ©ma typical pattern

for mononucleacis-dicarbonyl complexes. THEC{H} NMR at 19.1 ppm found in théP{1H} NMR spectrum. TheH
spectrum also supports this proposal, showing two triplets at spectrum of3 shows the hydrido resonance-a6.09 ppm as a
190.4 ppm Jcp = 5.5 Hz) and at 185.2 ppmldp = 8.3 Hz) triplet Jup = 21.3 Hz). The olefinic protons of the E{L'-

attributable to the carbonyl ligands. This spectrum also contains styryl)phenyl ligand display two doublets at 8.37 and 6.97 ppm

the expected resonances for theE2i(-styryl)phenyl ligand. with a H—H coupling constant of 16.2 Hz, in agreement with
The two olefinic carbon atoms were assigned to singlets at 141.7their transrelative position at the carbercarbon double bond.
and 156.9 ppm, shifted about 35 ppm toward lower field with  Reaction ofl with CHsLi in hexane gives a yellow solution
regard to the olefinic carbons @& The CH groups of the  from which the complex OsfCH,-2-(E-CH=CHCHg)} (CO)(P-
phosphine ligands give a virtual triplet at 26.5 ppkh=€ 27.0 Pr3), (4) was isolated as a yellow solid in 89% vyield. The
Hz), which is characteristic of two equivalent phosphine ligands presence of a 26-1'-propenyl)phenyl ligand i is supported
in transrelative position. This is in agreement with the singlet by the 13C{H} and'H NMR spectra.

The13C{H} NMR spectrum of a CDGlsolution of4 (Figure

(18) Morse, P. M.; Spencer, M. O.; Wilson, S. R.; Girolami, G. S.

Organometallics1994 13, 1646, and references therein. 5) exhibits six different resonances for the aromatic carbon
(19) Selnau, H. E.; Merola, J. ®rganometallics1993 12, 3800. atoms of they!-carbon ligand: a triplet at 151.5 ppnlcé =
(20) (a) Ogasawara, M.; Saburi, Ndrganometallics1994 13, 1911. 10.4 Hz) due to the metalated carbon, triplets at 152.3, 137.7,

(b) Ogasawara, M.; Aoyagi, K.; Saburi, @rganometallics1993 12, 3393. - . .
(c) McLoughlin, M. A.; Flesher, R. J.; Kaska, W. C.; Mayer, H. A. 125.1, and 119.8 ppm with coupling constaisin the range

Organometallics1994 13, 3816. of 1to 2.5 Hz and a singlet at 123.8 ppm. The olefinic carbon



Bis(triisopropylphosphine)osmium Complexes J. Am. Chem. Soc., Vol. 118, No. 1,9896

-10.0 -12.0 -14.0

Figure 6. Hydrido and olefinic region of théH NMR spectra of4-ds

atoms appear as broad signals at 87.1 and 75.3 ppm, whereas PiPr,
the methyl group gives a singlet at 16.2 ppm. The virtual triplet | &’i
at 26.6 ppm N = 25.7 Hz) displayed by the CH groups of the OC .. o H; z Ha
phosphines indicates the equivalence and mutaak disposi- : l
tion of these ligands. This is confirmed by the singlet at 18.8
ppm found in the’?P{1H} NMR spectrum. At room temper- H,
ature, thelH NMR spectrum shows a triplet at13.33 ppm Hy
(Jup = 24.0 Hz) for the hydrido ligand. The aromatic region
consists of four different resonances at 7.54 (d), 7.05 (t), 6.97 ﬂ\ N 273K
(t), and 6.81 (d), whereas the olefinic protons appear as a —
multiplet at 2.67 ppm and a doublet at 5.8 = 10.8 Hz).
This largeJun coupling constant strongly supports the mutual “
trans disposition of the hydrogen atoms at the carboarbon 233K
double bond. The methyl substituent of the olefinic group gives
a doublet at 2.14 ppmlgy = 5.7 Hz).
Reaction of the alkenyl complek with CDsLi, under the i 108 K
same conditions as those employed for the synthedlsgifes AN ____J\,_____
the hydrido-complex OsfC,H4-2-(E-CH=CHCDs)}(CO)(P- ppm 50 o 20
Prs), (4-d3) as unique product, in 84% vyield. The presence of
a deuterate;d methyl groupllhd3 was inferrgd from it8H NMR at different temperatures in toluede-
spectrum in benzene which shows a singlet at 2.0 ppm as a
unique signal. In agreement with this, tHé NMR spectrum The spectroscopic data obtained for these complexes support
does not contain any resonance in the region 2.14 ppm, and thehe proposed octahedral structures. ¥#¢'H} NMR spectrum
multiplet at 2.67 ppm is simplified into a broad doublet with a 0f 5 consists of a triplet at 95.3 ppm and a doublet at 12.5 ppm
H—H coupling constant of about 10 Hz. (Jrp = 20.3 Hz), in agreement with a phosphite ligaid to
The unusual chemical shifts obtained for the carbons and two equivalent Pr; ligands. The proposettans disposition
protons of the 1-propenyl moiety suggest that the substituted of hydrido and phosphite ligands is supported by #e
phenyl ligands ot and4-ds are involved in agostic interactions ~ spectrum, which contains at8.34 ppm a doublet;p = 143.4
similar to that found ir2 (eq 3). In fact, théH NMR spectra ~ Hz) of triplets Oup = 29.1 Hz). In the low field region, the
of the complexes} and 4-0; are also temperature-dependent, spectrum exhibits the expected resonances for the phosphorus
as illustrated for-ds in Figure 6. On lowering the temperature  donor ligands and for the four aromatic protons, along with a
a remarkable shift of the hydrido resonance is observed, alongdoublet of quartets at 5.94 ppnisG = 6.6 and 15.6 Hz), a
with a significant broadening of the signal. Simultaneously, doublet at 8.06 ppmJ(y = 15.6 Hz), and a doublet at 1.98
the olefinic resonances also shift and broaden. (Jun = 6.6 Hz) assigned to the 1-propenyl fragment. The
striking difference in the olefinic proton chemical shifts with
regard to those observed in compkeindicates the nonagostic

l
TP"‘ \//CHJ e &’ nature of the 1-propenyl moiety in compl&x The 13C{1H}
OC i, 6 H H ——3 OCuu.. OS,/H H spectrum shows two apparent quartets at 188.5 @ep 9.5
H— é\ — H=" Hz) and 155.6 ppmJer = 12.0 Hz) corresponding to the
‘HJ hl carbonyl ligand and the metalated carbon atom of the phenyl
3 3

group respectively. The multiplicity and the values of coupling
4b 4a constants confirm theis disposition of these groups with respect
(3) to the three phosphorous donor ligands.
The mutualcis disposition of the carbonyl ligands & is
supported by thé3C{H} NMR spectrum which shows two

attained the conversion rate betwetmand4b is still fast in separate_resonances at 19#'3 PHep € 6.0 Hrz]) ;md 185'3.
the NMR time scale, and thus the observed hydrido resonancephIorn (‘]CFT_ |8'3 ';Z) a}nd pyt e IR spectrum, VI; Ic gontalni§;25
is a result of an average of the two signals. As found?fahe the terminal carbonyl region two very strong absorptions at

1 i i 1
lowering of the temperature might favor the agostic complex, and 1980 cm'. A singlet at 18.4 ppm in th#R{1H} spectrum

. : . confirms the equivalence of the phosphines. In addition, the
hence the hydrido resonance shifts to lower fields. Replacementhigh field signal of thetH NMR spectrum, a triplet at-6.23

of the CD; substituent by Cklhas no detectable effect in the _ i : -
s L ) ; . ppm @up = 21.7 Hz), is in agreement with a hydridgs
Egzglrc\)/r;dci;h:ngg_udlhl;;gzwe,a?;s ttt:]: sgﬁéli?a%hir;rlﬁaflerz?ﬁ: disposed to both tiisopropylphosphine ligands.
Similarly to 2 com3 lex4 reagts with Lewis bgses Euch as. The exclusive formation ofi-ds and thetrans position of
y ! P . the two substituentsthe metalated phenyl and the R gretet
P(OMe} and CO to give the corresponding adducts QSHH4- _ _
2-(E-CH=CHCH)} (COY P(OM PPr), (5) and OsH CoHa- the carbor-carbon double bond & (R = Ph),4 (R = CHy),
( )} (COXP(OMe}} (PPry), (5) and OsH CeHe and 4-d; (R = CDs) suggest that the reactions af with

2-(E-CH=CHCHq)}(COR(PPr)2 (6) (eq 4). phenyllithium and methyllithium follow the steps shown in
Scheme 1. The reactions could initially involve the replacement

In contrast to that found foB, at the lowest temperature

PiPr oH, T"’ H CH, of the CI~ anion by the R group to giv&-styrylosmium(ll)
OC . | H K_H L OC e & \_/ () species 1 8 al_wd 8-ds). Subsequent!y, the _carbenal_rbon
g 0s —_— — 4 reductive coupling should afford osmium(0) intermedia@s (
| | 10, and10-ds), containing a coordinated olefin ligand. Because
iprp Prsp the reductive carboncarbon coupling is a concerted process,
4 5, L = P(OMe)3 the stereochemistry at the carberarbon double bond is
6,L=CO retained, thus, the phenyl and the R groups are muttiahs
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Figure 7. Low field region of the!H COSY spectrum of.1in C¢De.

disposed. According to this proposal we have recently found

that the reactions of compleixand its ruthenium analogue with

vinylmagnesium bromide afford 1-phenylbutadieneosmium(0)

and -ruthenium(0) derivatives. The reactions proceed via bis- k ) '
£ at 1950 and 1885 cm, in agreement with &is arrangement

vinyl intermediates, which can be detected in the case o

ruthenium?! Finally the C-H activation of theortho-CH bond

of the phenyl group should lead to the reaction products.
Isomerization of 4. In solution, after ca. 20 min. at room

temperature, comple# transforms into the complex Oshf¢

CH,CHCHPh)(CO)(FPrs), (11) (eq 5), which can be isolated

in 85% vyield by precipitation in methanol.

PlPr IpryP
l 3 CH,§ 3
OC""-'.._ o H K’ H kobs oC LI o
H=" ls —% H— ls N (5)
Ipr,p lprp
4 1

The spectroscopic data &f,, an isomer of4, agree with the
presence of the 1-phenylallyl ligand coordinated in enode.
ThelH NMR spectrum shows at high field a doublet of doublets
(—11.52 ppmJyp = 31.5, 23.5 Hz), attributable to a hydrido
ligand disposedis to two chemically inequivalent phosphine
ligands. In the low field region the spectrum exhibits the

resonances due to the phosphine ligands and the phenyl group,H=" |
along with three multiplets at 5.32, 4.79, and.1.78 ppm, each

one corresponding to one proton. THEl NMR COSY

spectrum shows a fourth multiplet corresponding to the 1-phen-

ylallyl ligand buried under the phosphine methyl groups

Esteruelas et al.

The 31P{1H} spectrum ofl1 shows an AB pattern centered
at 21.9 ppm with a PP coupling constant of 208.9 Hz, which
requires arans disposition of the phosphine ligands. The
coordination of the 1-phenylallyl ligand is also suggested by
the13C{*H} spectrum, in which the allylic carbons signals con-
sist of a doublet of doublets at 16.3 ppdtg = 6.0, 3.2 Hz)
for the terminal CH, a doublet at 49.7 ppmiér = 1.0 Hz) for
the phenyl-substituted terminal carbon, and a singlet at 79.8
ppm for themeseCH. The carbonyl ligand gives a doublet of
doublets at 192.9 pprmidp = 10.8, 8.5 Hz) in agreement with
its cis location relative to the two phosphine ligands.

In the structure proposed fdi, shown in eq 5, the hydrido
ligand occupies one positiarisoid to the terminal CH group
of the allyl ligand. This postulation bares relation to the
structure of comple®2, which was prepared by reaction bt
with carbon monoxide (eq 6).

Ipr,p Ipr,p
ocC..._ I co OCu.._ o co
H— °|‘ //\@ — A ©)
Ipr,p IpryP

n 12

The IR spectrum ofl2 contains the absorption attributable
to thev(Os—H) vibration at 2015 cm! and twov(CO) bands

of the carbonyl groups. Th¥C{H} spectrum is consistent
with az! coordination of the phenylallyl ligand, showing a triplet
at—4.5 ppm (cp = 6.9 Hz) for theo. methylenic carbon atom
and singlets at 120.9 and 147.8 ppm for the carbon atorfis in
andy positions, respectively. In th# spectrum, the protons
in § andy positions give rise to a doublet of triplets at 7.10
ppm (un = 15.3 and 9.0 Hz) and a doublet at 6.14 ppha(

= 15.3 Hz), respectively. The largay constant confirms their
relative trans position at the double bond, in agreement with
the syn conformation proposed for thg3-allyl ligand of 11
Both a hydrogens appear as a sole doublet of triplets at 1.82
ppm @un = 9.0 Hz, Jyp = 8.2 Hz). The3P{!H} NMR
spectrum shows a singlet at 22.8 ppm.

The deuterated complekd; also isomerizes in solution to
give the complex OsDE-CD,CHCHPh)(CO)(FPr3), (11-d),
asisillustrated in eq 7. In this case the reaction requires several
hours for completion.

Plpr. Ipr,p
| 3 CD, 3
OCu.... - H  Kobs-ds OC o
o =2 |s° MY o)
Ipryp Ipr4p
4-ds 11-d3

resonances (Figure 7). The different coupling constants mixed The ?H NMR spectrum of11-d; shows a broad doublet of

up in these multiplets have been deduced by means dtthe
{3'P} spectrum and selective homonuclear irradiation intthe

doublets at-11.5 ppm, together with two broad signals centered
at 1.0 and 1.7 ppm, revealing that the compound is deuterated

spectrum and are reported in the Experimental Section. Theat the hydride and the methylenic allyl carbon. Consequently,

Jnn coupling constant between théd@h andmeseCH protons
(8.7 Hz) suggests ayn conformation for the 1-phenylallyl
ligand?2 This syn conformation seems to be sterically more

favored, being the only form observed in previously reported 36

(22) For examples, see: (a) Clark, H. C.; Hampden-Smith, M. J.;
Ruegger, HOrganometallics1988 7, 2085. (b) Krivykh, V. V.; Gusev,
O. V.; Petrovskii, P. V.; Rybinskaya, M. . Organomet. Chenml989
6, 109.
(23) (a) Tulip, T. H.; Ibers, J. AJ. Am. Chem. Sod.979 101, 4201.

complexes containing this ligand structurally characterized by (b) Murrall, N. W.; Welch, A. J.J. Organomet. Chen1986 301, 109. (c)

X-ray diffraction23

(21) Bohanna, C.; Esteruelas, M. A.; Lahoz, Flabn E.; Oro, L. A;;
Sola, E.Organometallics1995 14, 4825.

Cotton, F. A.; Luck, R. LActa Crystallogr., C (Cr.yst Struct. Commun.)
199Q 46, 138. (d) Faller, J. W.; Lambert, C.; Mazzieri, M. R.Organomet.
Chem.199Q 383 161. (e) Henly, T. J.; Wilson, S. R.; Shapley, JirRrg.
Chem 1988 27, 2551.
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Figure 8. Stacked spectra illustrating the isomerization of comglex
to 11in CDCl; at 303 K.

Table 3. Rates of Isomerization of Complekto 11 in CDCls

complex temp (K) Kobs(s71 10%)
4 308 25.9+ 0.9
303 15.2+ 0.5
301 12.3+ 0.4
295 5.9+ 0.2
290 2.9+ 0.1
4-ds 313 14.1+ 0.4
303 4.2+ 0.1
299 2.7+ 0.1
1.6
120 F
[ ]
25t
tlll
£ 30}
<
€
135 F .
14,0 .
145

320 325 330 335 340 345
1/T (K1 103)
Figure 9. Eyring plot of the first order rate constantgd) for the

isomerization of4 to 11 (white), and for the isomerization @f-d; to
11-d; (black) in CDCE.

these resonances are absent inlthespectrum ofl1-d;. The

J. Am. Chem. Soc., Vol. 118, No. 1,9896

consistent with an intramolecular process. Table 3 also includes
the values of the first order rate constégysq, obtained for the
isomerization of the deuterated complexss (eq 6). A primary
isotope effec® is evidenced by the valukpdkopsa, = 3.6 at
303 K. This indicates that the rate-determining step of the
isomerization reaction involves the cleavage of oreHbond
of the methyl group.

In the view of thetransrelative position at the €C bond of
the metalated phenyl ring and the methyl substituent, the methyl
group C-H activation step seems unlikely to occurdn Thus,
the isomerization reaction might involve an initial step consisting
of the reductive elimination of 1-phenylpropene frdno give
the unsaturated osmium(0) intermediat as shown in eq 8.
This intermediaté is consistent with the observation that no
H/D scrambling occurs between tbetho phenyl position and
the methyl group during the isomerization4tls. The second
and slow step of the reaction would consist in the-HC
activation of the methyl group of the 1-phenylpropend @to
give 11.%7

PlPr, Plpr,
| &, ka /
OCun, H H 5 OCin,... H
. Of — Os
H=" k2 / \]
W HC H
lprap PryP
4 10
Ipryp
k3 oc
— _,c|>s N (8)
pr,p

1

Despite of the fact that the €H activation of the methyl
group in10 (ks) is the slow step of the isomerization, no signal
corresponding td0 can be spectroscopically detected in the
course of the reaction. Moreover, the only signals observable
during the reaction are those corresponding tnd11. The
fact that10 does not accumulate in solution suggests that&C
activation process inlO to reform 4 (k) is faster than
conversion ofl0 to 11. This is also in agreement with the
formation of4 via the Scheme 1.

The reactions shown in eq 8 may be considered as two
competitive C-H activation processes in a undetected osmium-
(0) complex. One of these processes, kinetically favored and

1P{*H} NMR spectrum also suggests the deuteration at the yeyersible at room temperature, consists of the activation of the

hydrido position, showing a small-+D coupling of 3.6 Hz.
The isomerization reactihdepicted in eq 5 was followed

ortho C—H bond of the phenyl ring to give the product of kinetic
control4. The other, which requires a larger activation enthalpy,

by *H NMR spectroscopy by measuring the disappearance of |eads to the isometl Because the®-allyl coordination is

the hydrido signal o#4 as a function of time. As shown in
Figure 8, the decrease 4f(with the corresponding increase of

expected to give a more stable complex than #fghenyl
coordination, complexL1 is the product of thermodynamic

11) in CDCls is an exponential function of time, in agreement control. This is in agreement with the proposal of Jones and
with a first order process. The values obtained for the first order pener, who have suggested that for competitive intramolecular
rate constankgpsin the temperature range studied are reported
in Table 3. The activation parameters of the reaction were (25) Connors, K._ A.Chemicall Kinetics, The Study of Reaction Rates in
obtained from the Eyring analysis shown in Figure 9, giving SOI(LZJ%?TJXs%?ug?géligﬁlsurh%)sgggl?es have been proposed as intermediates
values of AH* = 20.8 @1.7) Kcal mol? and AS" = —2.8 in some G-H activation reactions (refs 8 and 9c). In addition some stable

(£2.0) cal K1 mol~X. The near zero activation entropy is 16 electron osmium(0) complexes have been reported: (a) Werner, H.;
Flugel, R.; Windmlier, B.; Michenfelder, A.; Wolf, J.Organometallics

(24) An example of an isomerization reaction similar to thattod 11 1995 14, 61. (b) Werner, H.; Michenfelder, A.; Schulz, Mngew. Chem.,
has been previously reported. The complex CpfiyfHi2-CeHa-2-(CH,- Int. Ed. Engl 1991, 30, 596.
CH=CHj)}, which contains an isomeric ligand of the B-{'-propenyl)- (27) For examples on the activation of propene or substituted propenes

phenyl ligand of4, partially isomerizes on heating to the species Cp*dH( to give hydrido allyl complexes, see: (a) Heyn, R. H.; Caulton, KJG.
1-phenylallyl). See: McGhee, W. D.; Bergman, R.I5Am. Chem. Soc. Am. Chem. Sod 993 115 3354. (b) Zhuang, J.-M.; Sutton, @rgano-
1988 110, 4246. metallics1991, 10, 1516. (c) Reference 24.
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Scheme 1
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C—H activation reactions the selectivity is determined by the
thermodynamic stability of the reaction products rather than by
the strength of the €H bond to be activated

Products obtained from the oxidative addition of the olefinic
C—H bonds have not been observed during this work, in spite
of the fact that the activation of these bonds is an expected
process in intermediates suchSand10.3a0.791.10¢.28 The |ack
of products from these activations does not necessarily imply
that these processes are kinetically disfavored with regard to
the activations of thertho phenyl or methyl group €H bonds.
In fact, low activation barriers should be expected for all the
possible intramolecular €H activations in osmium(0) inter-
mediates likelO, in view of the mild isomerization conditions
and the values of activation enthalpies reported for this kind of
reactions’ Thus, the nonobservation of hydridwinyl com-
plexes could be a consequence of their lower thermodynamic
stability compared to the hydridegphenyl derivatived? This
was also suggested by previous studies showing that metal
phenyl bonds are stronger that metainyl ones?"™" In the
light of these considerations, the hydrigphenyl complexe®
and4 may be tentatively considered as products of thermody-
namic control among those-€H activations kinetically favored.
In this context, the additional stabilization given by the agostic
interaction found ir2 and4, albeit small, may have an influence
in directing the selectivity of the €H activation to theortho
C—H bonds.

Conclusion

This study has revealed that the five-coordinate complex
OsCIE-CH=CHPh)(CO)(FPrs) (1) is an useful starting mate-
rial to perform, in consecutive steps, carbaarbon bond
formation and G-H activation reactions.

Treatment of complexX with RLi (R = Ph, CH) leads to
new hydridoosmium(ll) derivatives, via osmium(0) intermedi-

(28) For examples on oxidative addition of alkenes to give hydrido vinyl
complexes, see: (a) Stoutland, P. O.; Bergman, RJGAm. Chem. Soc.
1985 107, 4581. (b) Silvestre, J.; Calhorda, M. J.; Hoffman, R.; Stoutland,
P. O.; Bergman, R. QOrganometallics1986 5, 1841. (c) Haddleton, D.
M.; Perutz, R. N.J. Chem. Soc., Chem. Comm®886 1734. (d) Bell, T.
W.; Haddleton, D. M.; McCamley, A.; Partridge, M. G.; Perutz, R. N,;
Willner, H J. Am. Chem. S0d99Q 112, 9212. (e) Bianchini, C.; Barbaro,
P.; Meli, A.; Peruzzini, M.; Vacca, A.; Vizza, FOrganometallics1993
12, 2505.

(29) Recent work on styrene derivatives of osmium indicates that the
products of activation of the phenyl ring are thermodynamically favored
with respect to the activation of the olefinic-E& bonds. Nevertheless, in
solution the products of both-€H activation processes are in equilibrium.
Albéniz, M. J.; Esteruelas, M. A.; LIEdD A.; Maseras, F.; Qate, E.; Oro,

L. A.; Sola, E.; Zeier, B. Submitted for publication.

Esteruelas et al.

Table 4. Atomic Coordinates x10% x1(° for Os Atom) and
Equivalent Isotropic Displacement Coefficients?(A 103, A2, x10*
for Os Atom) for the Compound

OsH{ CsH4-2-(E-CH=CHPh} (CO)(PPr), (2a)

Atom Xla Yb Zlc Ued?
H(1)° 9375 5703 7116

H(8)° 5456(94) 7882(79) 7639(41) 53(22)
Os 76029(3) 64831(2) 74446(1) 276(1)
P(1) 8197(2) 4519(2) 8256(1) 30(1)
P(2) 7710(2) 8036(2) 6474(1) 33(1)
O(1) 8829(8) 8009(6) 8533(3) 62(2)
Cc(1) 6482(7) 5441(6) 6784(3) 31(1)
C(2) 4908(8) 5627(7) 6946(3) 36(1)
C(3) 4073(9) 4964(8) 6559(4) 47(2)
C(4) 4753(11) 4121(8) 5982(4) 58(2)
C(5) 6294(10) 3902(8) 5812(4) 51(2)
C(6) 7107(9) 4522(7) 6205(3) 39(2)
C(7) 4089(8) 6571(7) 7544(3) 42(2)
C(8) 4633(7) 7501(7) 7854(3) 35(1)
C(9) 3877(8) 8455(7) 8438(3) 40(2)
C(10) 2492(10) 8461(9) 8772(4) 55(2)
C(11) 1801(11) 9386(9) 9316(5) 67(2)
C(12) 2475(12) 10334(9) 9554(4) 68(3)
C(13) 3832(12) 10352(8) 9221(5) 65(2)
C(14) 4524(9) 9419(8) 8677(4) 50(2)
C(15) 8391(8) 7427(7) 8100(3) 37(1)
C(16) 7131(9) 3241(7) 8204(4) 46(2)
C(17) 7908(12) 1730(8) 8425(5) 66(2)
C(18) 5566(11) 3762(10) 8614(6) 72(3)
C(19) 8231(9) 4974(7) 9231(3) 43(2)
C(20) 8743(12) 3718(9) 9746(4) 63(2)
C(21) 6802(11) 6081(9) 9507(4) 62(2)
C(22) 10203(9) 3339(8) 8093(4) 48(2)
C(23) 11397(10) 4055(11) 8235(5) 72(3)
C(24) 10474(11) 2755(9) 7317(4) 64(2)
C(25) 5874(9) 9300(8) 6152(4) 52(2)
C(26) 4842(10) 8541(11) 5892(6) 74(3)
C(27) 5044(13) 10399(10) 6725(6) 86(4)
C(28) 8579(9) 7088(7) 5626(3) 41(2)
C(29) 8360(13) 7934(9) 4909(4) 68(3)
C(30) 10277(10) 6256(10) 5686(4) 64(2)
C(31) 8823(10) 9226(7) 6683(4) 48(2)
C(32) 10411(10) 8520(10) 6928(5) 60(2)
C(33) 8840(15) 10320(10) 6098(5) 83(3)

a Equivalent isotropidJ defined as one-third of the trace of the
orthogonalizedUij tensor.” The coordinates of the hydride were
calculated by the HYDEX prograni.The agostic hydrogen H(8) was
refined as a free isotropic atom.

ates containing an olefinic ligand. This ligand is a result of
the reductive carboncarbon coupling between the styryl and
R groups. The metallic center of these osmium(0) intermediates
is capable of activating a-€H bond of one substituent of the
coordinated olefin to afford hydridoosmium(ll) derivatives. The
nature of the GH activation products can be rationalized on
the basis of the substituents present at the alkene ligand of the
osmium(0) intermediate and in the light of thermodynamic and
kinetic considerations. When the alkene ligand has a phenyl
substituent, the activation of amtho position of this phenyl
ring is kinetically favored. The products of these activations
show an agostic interaction between the osmium center and one
of the olefinic C-H bonds. When the alkene ligand has a
methyl substituent, the final product of the reaction is a
hydrido—allyl complex. This reaction requires larger activation
energy but gives a complex thermodynamically more stable.
In recent years our group has studied a series of catalytic
processes performed by phosphirasmium complexes. The
mechanistic studies carried out in catalytic reactions such as
hydrogenatiorf?110 hydrosililation3! or hydrogen transfer re-

(30) (a) Esteruelas, M. A.; Sola, E.; Oro, L. A.; Meyer, U.; Werner, H.
Angew. Chem., Int. Ed. Engl988 27, 1563. (c) Esteruelas, M. A.; Oro,
L. A.; Valero, C.Organometallics1992 11, 3362.
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Table 5. Crystal Data and Data Collection and Refinement for Preparation of OsH{ C¢H4-2-(E-CH=CHPh)} (CO)(P'Pr3)2 (2). A
OsH{ CeHa-2-(E-CH=CHPh} (CO)(PPrs), (23) solution of OsCIE-CH=CHPh)(CO)(FPr); (1) (150 mg, 0.23 mmol)
Crystal Data in 6 mL of toluene was treated with 0.3 mif @ 1 M solution of GHs-
formula GHs.00sB Li in diethyl ether, and the resulting solution was heated at@@or
mol wt 718.94 1 h. The resultant suspension was filtered through kieselgur, and the
color and habit yellow, irregular prism solvent was removed to yield a yellow residue. Treatment of this
crystal size, mm 0.2% 0.27x 0.12 residue with methanol gave a yellow solid, which was washed with
space group triclinicP1 (no. 2) methanol and dried in vacuo: yield 98.6 mg (65%); IR (Nujol mull,
a, A 9.230(1) cmY) 2197 (m,»(OsH)), 1904 (sy(CO)); *H NMR (CDCls, 293 K)
b, A 10.092(1) 6 —17.83 (t,dup = 21.0 Hz, 1H, Os-H), 0.97 (dvt, N 13.8 Hz,Ju
c A 18.525(2) = 6.8 Hz, 18H, PCH(€l)2), 1.09 (dvt, N= 13.8 Hz,Ju = 6.8 Hz,
o, deg 88.667(7) 18H, PCH(GHs),), 2.2 (M, 6H, PEI(CHa)y), 6.72 (vt,du = 7.2 Hz,
5' ggg gzﬂggg 1H), 6.80 (Vt,Jus = 7.2, 1H), 7.09 (A = 7.2 Hz, 1H), 7.15 (ths
UV A3 1630.6(3) = 7.6 Hz, 1H, Har), 7.29 (Vt,Jun = 7.6 Hz, 2H, Hheward, 7.51 (d,
7 > Jun = 7.2 Hz, 1H), 7.56 (dJun = 13.6 Hz, 1H,=CH), 7.61 (d,Jun
D(calcd), g cmt 1.464 = 7.6 Hz, 2H, "(Lrtho-Pf); 3:LP{]‘H} NMR (CDC|3, 293 K) 0 22.8 (S),
. . 13C{H} NMR (C¢Ds, 293 K) 0 19.5 (s, PCHCH3),), 19.9 (s, PCH-
diﬁractometerData Collection ang_gﬁzgeggmensp . (CHa),), 27.3 (vt, N= 22.8 Hz, FEH(CH),), 106.2 (br,=CH), 121.8
A(Mo Ka), A; technique 0.71073, bisecting geometry (5,=CH), 126.5 (s, CH), 127.0 (S, Ghikp), 127.2 (S, Chieary), 128.7
monochromator graphite oriented (S, CHortno-py), 129.8 (brt, CH), 139.7 (brt, CH), 141.0 (sp&ery, 142.9
4, mn- 4.034 (brt, CH), 155.4 (tJce = 2.3 Hz,C—CH=), 177.3 (tJcp = 10.6 Hz,
scan type 0/20 Os-C), 191.3 (tJcp = 8.8 Hz, CO). Anal. Calcd for &HssOP.Os:
20 range, deg X 20 <53 C, 55.14; H, 7.57. Found: C, 54.71, H, 8.26.
temp, K 298 Preparation of OsH{C¢H4-2-(E-CH=CHPh)}(CO),(P'Pr3), (3).
no. of data collected 7458 Carbon monoxide was bubbled through a suspension of{ Ogiti-
no. of unique data 6171 2-(E-CH=CHPh} (CO)(PPr3). (2) (100 mg, 0.14 mmol) in 5 mL of
no. of params refined 339 methanol. After a 10 min reaction a white solid was formed, which
R (Fo > 4.00(Fo)) 0.0401 was decanted, washed with methanol, and dried in vacuo: yield 88.0
VS{'* (all data) 106%9894 mg (84%): IR (Nujol mull, cm®) 2032 (s,»(OsH)), 1966, 1894 (s,

¥(CO)); 'H NMR (CeDs, 293 K) & —6.09 (t, Jup = 21.3 Hz, 1H, Os-
AR(F) = SIFe| — IFI/T]IFol. PWRF?) = [S{W(F? — FA%}/ H), 1.06 (dvt, N= 12.3 Hz,Jun = 6.3 Hz, 18H, PCH(Els),), 1.08

S{W(FAZ]%% wt = 0%(Fed) + (aP)? + bP, whereP = [max(Fc? 0) (dvt, N = 12.3 Hz,Jun = 6.3 Hz, 18H, PCH(El3),), 2.06 (m, 6H,
+ 2FA/3,a=0.0381 antb = 0. * S = [T {W(Fs? — FHB/(n—p)]°?, PCH(CHa),), 6.77 (td,dun = 7.8 Hz,Jun = 1.2 Hz, 1H), 6.97 (dJun
wheren is the number of number of data amdis the number of = 16.2 Hz, 1H=CH), 7.02 (vt,Juy = 7.8 Hz, 1H), 7.06 (tJus = 7.5
parameters. Hz, 1H, Harap, 7.28 (Vt,Jun = 7.6 HZ, 2H, Hhetapd, 7.71 (dd Ju =

. - . 7.8 Hz,Jun = 1.2 Hz 1H), 7.84 (dJun = 7.5 Hz, 2H, Hunory, 8.37
2
duction$? indicate that the catalytic cycles of these processes d, Jun = 16.2 Hz, 1H,—CH), 8.63 (d,Jus = 7.8 Hz, 1H):31P{1H}

involve osmium(ll) and osmium(lV) intermediates. The present pvRr (CeDs, 293 K) 0 19.1 (5):%C{*H} NMR (CeDg, 293 K) 6 19.3
work has shown that very reactive osmium(0) intermediates can(s, PCHCH3),), 20.0 (s, PCHCHs),), 26.5 (vt, N= 27.0 Hz, FCH-
also be generated under mild conditions, suggesting that the(CHs),), 123.5 (br, CH), 125.5 (br, CH), 126.0 (br, CH), 126.8 (s .6H
field of application of these osmium complexes can be extendeder), 126.9 (S, Cheta-rd, 128.9 (S, Chitho-p), 139.5 (S, Gsory, 141.7
to other catalytic processes involving carbararbon bond (s,=CH), 148.8 (brtC—~CH=), 152.6 (tJcp = 12.0 Hz, Os-C), 156.9

formation and G-H oxidative addition steps. (s,=CH), 185.2 (t,Jcp = 8.3 Hz, CO), 190.4 (tJcp = 5.5 Hz, CO).
Anal. Calcd for G4Hs40.P,0s: C, 54.68; H, 7.29. Found: C, 54.26
Experimental Section , H, 7.10.

. . Preparation of OsH{ C¢Hs-2-(E-CH=CHCH 3)} (CO)(P'Pr3), (4).
Physical Measurements. Infrared spectra were recorded as Nujol A solution of OSCIE-CH=CHPh)(CO)(FPr), (1) (100 mg, 0.15
mulls on polyethylene sheets using a Perkin-Elmer 883 or a Nicolet mmol) in 10 mL of hexane was treated with 0.1 mL of a 1_é M solu-

550 spectrometer. NMR spectra were recorded on a Varian UNITY tion of CHsLi in diethyl ether. The reaction mixture became yellow,
300 or on a Bruker ARX 300. The probe temperature of the NMR 54 ¢ooled to O'C and quickly filtered through kieselgur. The sol-
spectrometers was calibrated against a methanol stanédrahd**C- vent was removed at 6C to yield a yellow residue. Treatment of
{*H} chemical shifts were measureq relative to partia_lly deuterated this residue with cold methanol gave a yellow solid, which was
solvent pea_ks but are reported _relatlve to tetramethylsﬂéﬁﬁ.ll—!} washed with methanol and dried in vacuo: yield 86.4 mg (89%); IR
chemical shifts are reported relative tgR, (85%). 2H chemical shifts (Nujol mull, cmY) 2245 (m,»(OsH)), 1910 (s#(CO)); 'H NMR
were measured relative ta;0s (7.15 ppm) used as internal reference. (CeDs, 293 k)é -13.33 (t JHF: =240 |—'|z 1H Oé-H) 1.66 (dvt, &
Coupling constantd andN (N = J(HP) + J(HP” for H, andN = 12.9 Hz Juy = 6.9 Hz 18H PCH(G3)2)’ 111 (dvt,N= 129 Hz
J(CP) + J(CP) for *C) are given in Hertz. In general, spectra 3 “_ g'9'yi; 1g4 P(’ZH(GI;)z) 2.14 (d’JHH = 5.7 Hz, 3H CH)‘
assignment was achieved with the aidf COSY and'*C DEPT 2.20 (m, 6H ’P(H(éH3)2) 267 ’(m 1H &:H-CH=) 5.82 «d ’JHH —
experiments. C,H analysis were carried out in a Perkin-Elmer 2400 ;4 g Hz: 1H,7CH-CH=CI—’|), 6.81 (d,,JHH,: 7.2 Hz, iH), 6.97 (Vi

CHNS/O analyzer. _ _ _ , = 7.2 Hz, 1H), 7.05 (vtJ = 7.2 Hz, 1H), 7.54 (dJus = 7.2 Hz,
Synthesis. All reactions were carried out with exclusion of air by 1H): 3P{!H} NMR (CeDs, 293 K) & 18.8 (s); °C{H} NMR

using standard Schlenk techniques. Solvents were dried by known .«ne i 563'k): § 16.2 (s. CH). 19.6 (s. PCHTH.),). 20.2 (s. PCH-
procedures and distilled under argon prior to use. The complex OsCl- ECHs)S’ 26.7 ()vt N= 2(5_’7 ,:2 FCH((CH3)2) ?5.222& ='C|(_|)' 87.1

(E-CH=CHPh)(CO)(fPr;), (1) was prepared according with the (br,—CH), 119.9 (tJep = 1.0 Hz, CH), 123.9 (s, CH), 125.2 (lcp =

literature method: 2.0 Hz, CH), 142.9 (tJep = 1.5 Hz, CH), 155.4 (tJer = 2.5 Hz,
(31) Esteruelas, M. A.; Oro, L. A.; Valero, ©rganometallics1991, C—CH=), 177.3 (t,Jcr = 10.6 Hz, Os-C), 191.3 (tJcp = 8.3 Hz,

10, 462. CO). Anal. Calcd for GgHs,OP,0s: C, 51.20; H, 7.98. Found: C,
(32) (a) Esteruelas, M. A,; Sola, E.; Oro, L. A.; Werner, H; Meyer, U  50.79, H, 7.78.

J. Mol. Ca.tal.1988 45, 1. (b) Esteruelas, M. A.; Sola, E.; Oro, L. A:; Preparation of OsH{ CeH4-2-(E-CH=CHCD3)} (CO)(PPra), (4-

Werner, H; Meyer, UJ. Mol. Catal.1989 53, 43. (c) Esteruelas, M. A.; . s )

Valero, C.; Oro, L. A.; Meyer, U.; Werner, Hnorg. Chem1991, 30, 1159. ds). A solution of OsCIE-CH=CHPh)(CO)(FPr3)2 (1) (100 mg, 0.15

(d) Esteruelas, M. A.; Garaj M. P.; Lez, A. M.; Oro, L. A.; Ruiz, N.; mmol) in 10 mL of hexane was treated with 0.3 mL of a 0.5 M solution

Schlinken, C.; Valero, C.; Werner, Hnorg. Chem.1992 31, 5580. of CDsLi in diethyl ether. After 5 min of reaction, the resulting
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suspension was filtered through kieselgur, and the solvent was removed(Nujol mull, cnt) 2120 (m,»(OsH)), 1875 (sy(CO)); *H NMR (CsDs,

to leave a yellow residue. Treatment of this residue with methanol
gave a yellow solid, which was washed with methanol and dried in
vacuo: yield 81.6 mg (84%); IR (Nujol mull, crd) 2245 (m,»(OsH)),
1910 (s,7(CO)); *H NMR (CgDg, 293 K) & —13.22 (t,Jup = 24.6 Hz,

1H, Os-H), 1.05 (dvt, N= 13.0 Hz,Jus = 7.0 Hz, 18H, PCH(El3),),
1.11 (dvt, N= 12.9 Hz,Jus = 6.9 Hz, 18H, PCH(El3);), 2.20 (m,
6H, PQH(CHs)y), 2.69 (d,Jun = 10.9 Hz, 1H, CRCH=), 5.80 (d,Jun

= 10.9 Hz, 1H, CBCH=CH), 6.81 (d,Jun = 7.4 Hz, 1H), 6.98 (vt,
Jun = 7.4 Hz, 1H), 7.04 (vtJuw = 7.4 Hz, 1H), 7.54 (dJuy = 7.4

Hz, 1H);31P{H} NMR (CeDs, 293 K) 9 18.6 (s);2H NMR (CsHe, 293

K) 60 2.0 (s, CR). Anal. Calcd for GgHsD3OP,0Os: C, 50.95; H,
7.97. Found: C, 50.47 , H, 8.43.

Preparation of OsH{ C¢H4-2-(E-CH=CHCH 3)} (CO){ (P(OMe)s} -
(PPr3)2 (5). A solution of OsCIE-CH=CHPh)(CO)(FPr), (1) (100
mg, 0.15 mmol) in 10 mL of hexane was treated with 0.1 mL of a 1.6
M solution of CHLi in diethyl ether. The reaction mixture became
yellow, was cooled to GC, and quickly filtered through kieselgur.
Addition of P(OMe} (18 uL, 0.15 mmol) gave a colorless solution
which was dried to leave a white residue. Treatment of this residue
with methanol gave a white solid, which was washed with methanol
and dried in vacuo: yield 70 mg (59%); IR (Nujol mull, cf) 2110
(m, »(OsH)), 1895 (s(CO)); tH NMR (C¢Ds, 293 K) 6 —8.34 (dt,
Jup = 143.4 Hz,Jyp = 24.1 Hz, 1H, Os-H), 1.18 (dvt, N 12.0 Hz,

Jun = 6.9 Hz, 18H, PCH(Gg)z), 1.24 (th, N=13.6 Hz,Ju4 = 7.0
Hz, 18H, PCH(®3)2), 1.98 (d,Jun = 6.3 Hz, 3H, CH), 2.35 (m, 6H,
PCH(CHs)2), 3.41 (d,Jup = 9.6 Hz, 9H, P(OCH)s), 5.94 (dq,Jun =
15.6 Hz,Juy = 6.6 Hz, 1H, CHCH=), 6.90 (vt,Juy = 7.5 Hz, 1H),
7.15 (vt,Jun = 7.5 Hz, 1H), 7.69 (dJun = 7.5 Hz, 1H), 8.06 (dJun
= 15.6 Hz, 1H, CHCH=CH), 8.55 (d,Jun = 7.5 Hz, 1H);3P{H}
NMR (CgDs, 293 K) 6 12.5 (d,Jpp = 19.4 Hz, FPr3), 95.3 (d,Jpp =
19.4 Hz, P(OMg)3); 3C{*H} NMR (CsDg, 293 K) 6 18.8 (s, CH),
20.5 (s, PCHCH3),), 27.0 (vtd, N= 25.3 Hz,Jcp = 2.8 Hz, FCH-
(CHs),), 53.3 (d,Jcp = 11.54 Hz, P(OCHh)3), 119.1 (s, CH), 122.74
(s, CH), 124.4 (dtJcp = 4.1 Hz,Jcp = 1.4 Hz, CH), 124.6 (brt, CH),
147.0 (dbrtJcp = 5.0 Hz, CH), 147.7 (dtJep = 2.3 Hz,Jcp = 1.3 Hz,
CH), 153.8 (dtJcp = 18.4 Hz,Jcp = 1.4 Hz,C—CH=), 155.6 (vq,Jcp
= 12.0 Hz, Os-C), 188.5 (vqlcp = 9.53 Hz, CO). Anal. Calcd for
C31He104P50s: C, 47.67; H, 7.87. Found: C, 48.29, H, 7.76.
Preparation of OsH{ C¢H-2-(E-CH=CHCH 3)} (CO)2(P'Pr3); (6).
A solution of OsCIE-CH=CHPh)(CO)(FPr). (1) (100 mg, 0.15 mmol)
in 10 mL of hexane was treated with 0.1 mL of a 1.6 M solution of
CHaLi in diethyl ether. The reaction mixture became yellow, was
cooled to 0°C, and quickly filtered through kieselgur. Carbon

monoxide was bubbled until the solution became colorless (ca. 10 min),

293 K) 6 —11.52 (dd Jup = 31.5 Hz,Jup = 23.5 Hz 1H, Os-H), 0.98
(dd, JHP =12.8 HZ,JHH =7.1 HZ, 9H, PCH(G|3)2), 0.99 (dd,JHp =
12.0 Hz,Juy = 6.7 Hz, 9H, PCH(El3),), 1.21 (dd,Jup = 12.7 Hz,dpn
= 6.0 Hz, 9H, PCH(®l3),), 1.23 (dd,dup = 12.7 Hz,Jun = 6.0 Hz,
9H, PCH(O"s)z), 1.78 (m,JHH = 6.6 Hz,Jyy = 2.0 Hz,Jyp = 2.0 Hz,
1H, allyl-CH; (syn), 2.01 (m, 3H, PEI(CHy),), 2.22 (m, 3H, PEI(CH)y),
4.79 (dd,Jup = 9.6 Hz,Juw = 8.7 Hz, 1H, allyl-GHPh), 5.32 (m Juy
=8.9 HZ,JHH =8.7 HZ,JHH =6.6 HZ,JHP =8.0 HZ, lH, aIIyI-CI—,heS(),
7.07 (t,Jwn = 7.5 Hz, 1H, Hara-p), 7.25 (Vt,Jun = 7.5 Hz, 2H, Hheta-
P, 7.82 (d,dun = 7.5 Hz, 2H, Runor); 31P{H} NMR (CsDs, 293 K)
AB systemoa = 20.5,0s = 23.3, A = 208.9 Hz;3C{H} NMR
(CeDs, 293 K) 6 16.3 (dd,Jcp = 6.0 Hz,Jcp = 3.2 Hz, allyl-CH),
20.1 (s, PCHCH3),), 20.2 (s, PCHCHS3)2), 20.6 (s, PCHCHs),), 20.7
(S, PCHCHg)z), 27.7 (dd,Jcp: 21.6 HZ,JCPZ 2.8 HZ, FCH(CHg)z),
28.4 (dd,Jcp = 23.2 Hz,Jcp = 3.5 Hz, FCH(CH3)2), 49.7 (S, aIIyI-
CHPh), 79.8 (dJcp = 1.0 Hz, allyl-CHhesg, 124.7 (S, CHara-pp, 128.2
(S, CHﬂeta.p}), 129.4 (S, C'dtho-Pl‘), 145.4 (S, G;aso-Pr), 192.9 (dd,.]cp =
10.8 Hz,Jcp= 8.8 Hz, CO). Anal. Calcd for §Hs,0P.0s: C, 51.20;
H, 7.98. Found: C, 51.89, H, 8.98.

Preparation of OsD(®3-CD,CHCHPh)(CO)(P'Prs), (11-ds). A
solution of OsCIE-CH=CHPh)(CO)(FPrs), (1) (100 mg, 0.15 mmol)
in 10 mL of hexane was treated with 0.3 mL of a 0.5 M solution of
CDsLi in diethyl ether, and the resulting suspension was stirred
during 2 h at 50°C. The obtained suspension was filtered through
kieselgur, and the solvent was removed to leave a yellow residue.
Treatment of this residue with methanol gave a white solid, which was
washed with methanol and dried in vacuo: yield 82 mg (82%); IR
(Nujol mull, cm1) 1875 (s,7(CO)); *H NMR (CgDg, 293 K) 6 0.99
(dd,JHp = 13.2 HZ,JHH =6.9 HZ, 9H, PCH((H:;)Q), 1.01 (dd,\]Hp =
13.2 Hz,Junw = 6.9 Hz, 9H, PCH(El3)2), 1.21 (ddJnp = 12.1 HZ,Iun
= 6.6 Hz, 9H, PCH(G|3)2), 1.23 (dd,JHp =12.1 Hz,Jyy = 6.6 Hz,
9H, PCH(QH3)2, 2.02 (m, 3H, PEI(CHs),), 2.22 (m, 3H, PEI(CHs)y),
4.79 (vt,dup = 8.7 Hz,Juy = 8.7 Hz, 1H, allyl-GHPh), 5.35 (vt,Juy
= 8.7 Hz,Jup = 8.7 Hz, 1H, allyl-Chhesd, 7.10 (t,Jun = 7.6 Hz, 1H,
Hpara-p), 7.30 (Vt,Jun = 7.6 Hz, 2H, Hhewar), 7.85 (d,Jun = 7.6 Hz,
2H, Hortho-py); 3*P{H} NMR (CgDs, 293 K) ABX system (X= 2H) Oa
= 20.5,0g = 23.3, Jg = 208.9 Hz, dx = Jx = 3.6 Hz;?H NMR
(CeHs, 293 K) 6 —11.5 (brdd, OsD), 1.0 (br, allyl-Cun)), 1.7 (br,
allyl-CDx(syn)-

Preparation of OsH(#®*-CH,CH=CHPh)(CO),(P'Prs), (12). A
solution OsH{3-CH,CHCHPh)(CO)(FPrs), (11) (100 mg, 0.15 mmol)
in 10 mL of hexane was stirred under CO atmosph&e=(1 atm)
during 24 h at room temperature. The resulting suspension was
decanted, and the white solid was washed with hexane and dried in

and then the solvent was removed to leave a white residue. Treatmentvacuo: yield 76 mg (74%); IR (Nujol mull, cnd) 2015 (s,»(OsH)),

of this residue with methanol gave a white solid, which was washed
with methanol and dried in vacuo: yield 79 mg (76%); IR (Nujol mull,
cm1) 2010 (s,»(OsH)), 1965, 1890 (3;(CO)); *H NMR (CsDs, 293
K) 0 —6.23 (t,dup = 21.7 Hz, 1H, Os-H), 1.09 (dvt, N 13.0 Hz,Jun

= 7.1 Hz, 18H, PCH(E5)), 1.11 (dvt, N= 13.4 Hz,Juy = 7.2 Hz,
18H, PCH(QH3)2), 2.05 (dd,Jun = 6.7 Hz,Juy = 1.6 Hz, 3H, CH),
2.10 (m, 6H, PEI(CHa),), 5.91 (dq,duy = 15.5 Hz,Juy = 6.7 Hz,
1H, CHCH=), 6.80 (vtd,Juy = 7.6 Hz,Juy = 1.6 Hz, 1H), 7.07 (vt,
Jun = 7.6 Hz, 1H), 7.51 (ddJun = 7.6 Hz,Jun = 1.6 Hz, 1H), 7.59
(dg, un = 15.5 Hz,Juw = 1.6 Hz, 1H, CHCH=CH), 8.55 (d,Jun =
7.6 Hz, 1H);3*P{*H} NMR (C¢Ds, 293 K) & 18.4 (s);**C{'H} NMR
(CsDe, 293 K) 6 18.5 (s, CH), 19.4 (s, PCHCH3),), 20.0 (s, PCH-
(CHs)2), 26.6 (vt, N= 27.2 Hz, EH(CHz),), 123.1 (s, CH), 123.4 (t,
Jop = 1.4 Hz, CH), 124.9 (tJop = 1.4 Hz, CH), 126.0 (tJop = 1.4
Hz, CH), 144.4 (s, CH), 149.8 (§cp = 1.4 Hz, CH), 149.9 (tJcp =
6.9 Hz, Os-C), 156.1 (tJcp = 1.8 Hz, C—CH=), 185.3 (t,Jcr = 8.3
Hz, CO), 190.3 (tJcp = 6.0 Hz, CO). Anal. Calcd for &Hs,0,P2-
Os: C, 50.85; H, 7.65. Found: C, 50.91, H, 8.62.

Preparation of OsH(#3-CH,CHCHPh)(CO)(P'Pr3), (11). A solu-
tion of OsCIE-CH=CHPh)(CO)(FPr), (1) (100 mg, 0.15 mmol) in
10 mL of hexane was treated with 0.1 mL of a 1.6 M solution o:CH
Li in diethyl ether, and the resulting suspension was stirre@fb at

1950, 1885 (sp(C0O)); *H NMR (CgDs, 293 K) 0 —7.54 (t, Jup =
22.6 Hz, 1H, Os-H), 1.15 (dvt, N 13.5 Hz,Junw = 6.9 Hz, 18H,
PCH(QHs),), 1.16 (dvt, N= 13.5 Hz, Jus = 6.9 Hz, 18H, PCH-
(CHa)2), 1.82 (dt,Jun = 9.0 Hz,Jdup = 8.2 Hz, 2H, Os-CH), 2.25 (m,
6H, PCH(CHs),), 6.14 (d,Jus = 15.3 Hz, 1H, Os-ChCH=CH),
7.01 (t,dun = 7.5 Hz, 1H, Hara-rp, 7.10 (dt,Jun = 15.3 Hz,Juw = 9.0
Hz, 1H, Os-CHCH=), 7.25 (vt,Jun = 7.5 Hz, 2H, Hhetar), 7.53 (d,
Jun = 7.5 Hz, 2H, Huno-r; 3P{*H} NMR (CsDs, 293 K) 22.8 (s);
BC{*H} NMR (CgDs, 293 K) 6 —4.5 (t, Jep = 6.9 Hz, Os-CH),
19.1 (s, PCHCHa)2), 19.2 (s, PCHCHa),), 25.5 (vt, N= 13.3 Hz,
PCH(CHg),), 121.0 (s, Os-CbCH=), 125.1 (s, Chara-r), 125.4 (s,
CHme[a.pa, 128.8 (S, Cldnho.p}), 140.8 (S, @)so-Pr), 147.8 (S, Os-Chkt
CH=CH), 182.4 (t,Jcp = 8.2 Hz, CO), 190.6 (tJcp = 6.0 Hz, CO).
Anal. Calcd for GHs,0,P,0s: C, 50.85; H, 7.65. Found: C, 50.45,
H, 7.03.

X-ray Structure Analysis of OsH{ C¢Hs-2-(E-CH=CHPh)} (CO)-
(P'Pr3); (2a). Crystals suitable for X-ray diffraction were obtained from
a saturated solution ¢f in methanol at-20 °C. Atomic coordinates
and Ugq values are listed in Table 4. A summary of crystal data,
intensity collection procedure, and refinement is reported in Table 5.
A yellow prismatic crystal was glued on a glass fiber and mounted on
a Siemens P4 diffractometer. Cell constants were obtained from the

room temperature. The resultant suspension was filtered through least-squares fit of the setting angles of 37 reflections in the range 10

kieselgur, and the solvent was removed to leave a yellow residue.

Treatment of this residue with methanol gave a white solid, which was
washed with methanol and dried in vacuo: yield 84 mg (85%); IR

< 26 < 30. The 7458 recorded reflections were corrected for Lorentz
and polarization effects. Three orientation and intensity standards were
monitorized every 100 reflections; variation was less than 5%.
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Reflections were also corrected for absorption by an semiempiHtal (  observed and calculated spectra. Due to the broadness of the signals
scan) metho@ The structure was solved by Patterson (Os atom) and obtained at the lowest temperature reached, the individual coupling
conventional Fourier techniques. Refinement was carried out by full- constantslye for the two hydrides could not be evaluated; thus the
matrix least-squares with initial isotropic thermal parameters. Aniso- averaged value ofyp was used for both hydrides. The transverse
tropic thermal parameters were used in the last cycles of refinement relaxation timeT, used was common for the two signals and was
for all non-hydrogen atoms. Hydrogen atoms, except the hydride H(1) obtained from the line width of the exchange averaged resonance above
and the agostic hydrogen H(8), were observed or calculated(& the fast exchange limit. To avoid the influence of these mentioned
0.96 A) and included in the refinement riding on carbon atoms with a simplifications in the calculation of activation parameters, only data
common isotropic thermal parameter. The agostic hydrogen H(8) was for the spectra that exhibited significant line broadening were included.
located in the difference Fourier maps and refined as a free isotropic The activation parametersH* andAS were calculated by least-squares
atom. Although a reasonable peak was observed in the spatial zonegit of In(k_+/T) vs 1T (Eyring equation). Error analysis assumed a

assignable to the hydrido ligand, it does not support a proper refinement. 109, error in the rate constantdit K in thetemperature. Errors were
As alternative, an electrostatic potential energy calculation based on computed by published methofs.

the whole molecule with an ideal value for the-€44 bond distance
of 1.66 A2 was carried out, giving only one minimum. Atomic
scattering factors, corrected for anomalous dispersion for Os and P
were taken from ref 34. FinaR(F, F, > 4.00(F,)) and wR(F?, all
reflections) values were 0.0401 and 0.0994. All calculations were
performed by the use of the SHELXTL-PLESand SHELXL93¢
system of computer programs.

Kinetic Analysis. The equilibrium constant& = ky/k-; = [2a]/
[2b] were calculated by*H NMR spectroscopy in toluends. At
temperatures below the coalescence point the ratio was calculated b
integration of the hydrido signals correspondin@&mand?2b, and above
the coalescence temperature by measuring the chemical shift of themethods?
exchange averaged hydrido resonance. A least-squares fit of the values
of In K vs 1T gave the thermodynamic magnitudA$i® and AS’ Acknowledgment. We thank the D.G.I.C.Y.T. (Project PB
involved in this equilibrium. Error analysis assumed a 10% error in  92-0092, Programa de Promogi&General del Conocimiento)
the value of the equilibrium constant, whereas the error in temperature and E.U. (Project: Selective Processes and Catalysis Involving
was estimated at 1 K. Errors were computed by standard error gma|| Molecules) for financial support. E.O. thanks the

propagation formulas for least-squares fittitig. - . ,
The two parameterk andk; (or k-;) are sufficient to characterize Diputacin General de Arage(D.G.A.) for a grant.

and simulate the hydrido regions of the variable-temperatadMR . . . . .
spectra. Complete line shape analysis of the spectra was achieved using Supporting Information Available: Tables of anisotropic

the program DNMR6 (QCPE, Indiana University). The rate constants thermal parameters, atomic coordinates for hydrogen atoms,
(k-1) for various temperatures were obtained by visually matching experimental details of the X-ray study, bond distances and
angles, and interatomic distances f2a (20 pages). This

The isomerization of comple4 to 11 was followed quantitatively

by *H NMR spectroscopy in CDGI The decrease of the intensity of
"the hydrido signal of complexesand4-d; was measured automatically

at intervals in a Varian UNITY 300 spectrometer. The rate constants
and the errors were obtained by fitting the data to an exponential
decay function, using the routine programs of the spectrometer.
Activation parameterdH* and AS" were obtained by a least-squares
fit of the Eyring plot. Error analysis assumed a 4.3% error in the rate
)ponstant (the maximun value found in the experimental determinations)
and 1 K in thetemperature. Errors were computed by published
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