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The vinylidene complex Ogf-CsHs)ClI(=C=CHPh)(PPr) (1) reacts with MeMgCl to give the

I 1
osmaindene Oshjf-CsHs){ C(CHz)=CHCsH4} (PPr) (2), which isomerizes into thexoallyl compound
Os(7°-CsHs) (173-CH,CHCHPh)(PPr3) (3) in refluxing toluene. Treatment & with HBF,-OEt, leads to
theendod*allyl derivative [OsH{>-CsHs){ 73-CH,CHCHPH} (PP1)]BF, (4), which can be also obtained
by addition of HBR-OEt, to 2. Complex4 contains the terminal CHPh group of the alty$oiddisposed
to the phosphine. In dichloromethane at°4q) it isomerizes into aendacallyl isomer5 with the terminal
CHPh groupcisoid disposed to the hydride. Compléxalso reacts with EtMgCI. The reaction affords

[ 1

OsH@7°>-CsHs){ C(CH.CHz)=CHCsH4} (PPrs) (6), which in toluene at 70C is converted into thexo
allyl complex Osf®-CsHs){%%-CH(CH3)CHCHPH (PPr) (7). Treatment of7 with HBF4-OEt, leads to
an equilibrium mixture obxad*allyl derivatives of formula [OsHf>-CsHs){ 13-CH(CH3) CHCHPH} (P-
Pr)|BF,4 (8 and9). The addition of HBE-OE® to 6 gives anended*-allyl isomer,10, which is transformed
into the equilibrium mixture oB and9 after 7 days in dichloromethane at 4Q. Treatment ofl with

[ 1
PhMgCI gives rise to Oshyf-CsHs){ C(Phy=CHCsH,} (PPrs) (11), which reacts with HBE-OE®, in the
presence of acetonitrile to afford stilbene and the solvento complex{@sts)(CH:CN)(PPrs)]BF4
(12). The X-ray structures 08, 5, and8 are also reported.

Introduction theoretical points of view. Metal-73-allyl complexes can exist

) ) in different isomers, due to the relative orientations of the allyl
The design of metallic homogeneous systems that are jgands. Knowing the factors controlling the relative energy of

effective in the synthesis of functionalized organic molecules the jsomers should help to understand the regio- and stereo-

from basic hydrocarbon units is significant and of great intérest. chemistry of reactions mediated hyallyl complexesieesb-d

In this respect, developing systems that consecutively promote |, agreement with the tendency shown by sCsHs)CI(P-

carbor’rc?;bog bond formation and-€H bond activation is  py,), to release a phosphine ligahdnd as a part of our work
an urgent task.

Transition-metal allyl complexes are tools of utmost impor-
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tance, as they represent real catalysts or reaction intermediate%’lI

for a number of highly valuable processes including carbon
carbon and carbonheteroatom coupling reactiofAhus, they
have attracted much attention from both experiménsald
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on the chemistry of the osmiustarbon multiple bonds® we

The reactivity of the vinylidenemetal moieties is dominated

have previously proved that the treatment of this cyclopenta- by the electrophilicity and nucleophilicity of the,Gand G

dienyl derivative with phenylacetylene affords the vinylidene
complex Osf5-CsHs)Cl(=C=CHPh)(PPr), via the z-alkyne
intermediate Ogf°-CsHs)Cl(172-HC=CPh)(PPr3).°
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atoms, respectively. As a result, nucleophiles add to that@n,

and the stereoselective coupling of alkyl, aryl, alkenyl, or alkynyl
groups with the vinylidene should be expectédhe process
may be considered as a counterpart to the coupling of a
hydrocarbyl unit with a Fischer-type carbene moiety, of which
several examples are knowhlin this paper, we report the
coupling between the vinylidene ligand of @%
CsHs)CI(=C=CHPh)(PPr;) and methyl, ethyl, and phenyl
groups, and the transformation of the resulting organic fragments
into allyl ligands by means of HC(sp) bond activation
reactions.

Results and Discussion

1. Vinylidene—Methyl Coupling. Treatment at 55C of a
tetrahydrofuran solution of Og{-CsHs)Cl(=C=CHPh)(PPr)
(1) with 1.2 equiv of MeMgCl leads to the osmaindene

I 1

derivative OsHf>-CsHs){ C(CHs)=CHGC¢H4} (PPr3) (2). Its
formation can be rationalized according to Scheme 1. The
addition of MeMgCl tol could initially produce the nucleophilic
substitution of the chloride ligand by a methyl group, to give
a. The subsequent migratory insertion of the vinylidene into
the osmium-methyl bond should afford the unsaturated alkenyl
intermediateb, which could yield2 by ortho-CH bond activation
of the phenyl substituent at the carberarbon double bond.
The formation ofb may also occur by direct addition of the
C-donor nucleophile to theqGatom of the vinylidene, followed
by the elimination of chloride from the resulting species

Complex2 was isolated as a yellow solid in 67% vyield. In
agreement with the presence of a hydride ligaisgiddisposed
to the phosphine, at 20C, the'H NMR spectrum in benzene-
ds of this compound shows at14.56 ppm a doublet with a
H—P coupling constant of 47.2 Hz. In the low-field region of
the spectrum the most noticeable resonance is a singlet at 7.44
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2004 248 1693. (f) Katayama, H.; Ozawa, Eoord. Chem. Re 2004
248 1703.
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M. A.; GonZdez, A. |.; Lopez, A. M.; Orate, E.Organometallics2003
22, 414. (c) Esteruelas, M. A.; Goflez, A. |.; Lopez, A. M.; Orate, E.
Organometallics2004 23, 4858. (d) Werner, HOrganometallics2005
24, 1036.
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Table 2. NOE Experiments Performed on
Complexes 3-5 and 7-10

Figure 1. Molecular diagram of complex Ogt-CsHs)(15-
CH,CHCHPh)(PPr3) (3).

Table 1. Selected Bond Distances (A) and Angles (deg) for
Complex Osf®-CsHs)(53-CH,CHCHPh)(P'Pr3) (3)

Os-P 2.3170(7) 0sC(3) 2.213(2)
0s-C(6) 2.197(2) 0sC(4) 2.218(3)
0s-C(7) 2.115(2) 0sC(5) 2.216(3)
0s-C(8) 2.229(2) C(6YC(7) 1.427(3)
Os-C(1) 2.219(3) c(7¥C(8) 1.431(3)
0s—C(2) 2.229(2) C(8YC(9) 1.485(3)
Ma—Os—P 124.6 C(6Y-0s-C(7) 38.59(9)
Ma—0s—C(6) 134.2 C(6)-0s-C(8) 66.95(9)
Ma—0s—C(7) 123.9 C(7¥-0s-C(8) 38.35(9) 8 9
Ma—Os—C(8) 130.8 C(6Y-C(7)-C(8) 117.4(2)
P—0s—C(6) 86.30(7)  C(AC(®)-C(9)  120.1(2) Lo, 1B
P—0s-C(7) 111.21(7) A
P—0s—C(8) 95.79(6) 8.2 c|> Q}”"\
. . ) iy, 7S CHs
aM is the centroid of the C(})C(5) Cp ligand. PriP PH 3
H ‘Qf 4 .
62 “=H—

ppm, corresponding to the vinylic hydrogen of the alkenyl
moiety. In the®™®C{*H} NMR spectrum, the resonances due to 10
the atoms of the alkenyl carbemarbon double bond are

observed at 142.3 (. and 141.8 () ppm; the first of them tadienyl ligand occupying a face. The structure proves the

appears as a singlet, while the second one is a doublet with &ormation of the allyl ligand, which is coordinated by the C(6
C—P coupling constant of 16 Hz. The metalated carbon atom C(7), and C(8) cargongatorﬁs, in teoform with the é(?)—H( ),

of the phenyl group gives rise to a doublet at 156.4 ppm with unit pointi . . . .
. . I pointing to the cyclopentadienyl ring. This agrees well with
a C-P coupling constant of 4 Hz. THEP('H} NMR spectrum 0 oretical results showing that irf-¢h>-CsHs)ML(73-allyl)

contains a singlet at 18.5 ppm. These spectroscopic data agre%omplexes (L= CO, PR, N=CR, alkyl, H, halides) th@xo
well with those previously reported for the related compound structure form is rrllore ’stable t,han tiwao one. Theexo

(I)sH(775-C5H4SiPh;){CH=C(CH3)(|36H4}(F’Prg), which has been  Structural arrangement of the allyl ligand appears to avoid
characterized by X-ray diffraction analys. repulsive interactions bgtween one pair of d electrons and the
In refluxing toluene, comples2 isomerizes into the allyl 72 €lectrons of the allyl ligand and to favor the metal(d)fo-
derivative Os§°-CsHs)(73-CH,CHCHPh)(PPr3) (3). After 15 fallyl(n*)' back-bon.dmg interaction¥! The'phenyl substituent
h, the rearrangement is quantitative. Comp3ds the result of 1S Syndisposed with regard to C(7H, with a C(7)-C(8)~
a methy-CH bond activation in the alkenyl ligand afand ~ C(9) angle of 120.1(2) The allyl moiety coordinates in an
the subsequent migratory insertion of the resulting allene into @ymmetrical fashion, with the separation between the central
the osmium-hydride bond ofd (Scheme 1). carbon atom C(7) and the metal (2.115(2) A) b(_elng shorter than
the separation between the metal and the terminal carbon atoms
C(6) (2.197(2) A) and C(8) (2.229(2) A). The angles C{6)
Os—C(8) and C(6)-C(7)—C(8) are 66.95(9)and 117.4(2),
respectively. The carbercarbon distances within the allylic
moiety, 1.427(3) A for C(6}C(7) and 1.431(3) A for C(A
C(8), are in accordance with the values found in#3sgsHs)-
(73-CH,CHCHCH,Ph)(PPr3)11b and [OsH{>-CsH4SiPh){n3-
CH2C(Pth2} (PiPI’3)]BF4.12
In agreement with the structure shown in Figure 1, tHe
MR spectrum in benzends at room temperature shows four
resonances for the allylic protons at 1.02, 2.58, 2.99, and 4.55
ppm, which were assigned to C(6)&hti to C(7)H, C(8)H,
48%15?) Baya, M.; Esteruelas, M. A.; @te, E.Organometallic2001, 20, S-ﬁ)&sénotgycl(a)ylyéngwﬁ: Q(Qﬁér:gsl\rl)g(g“;e;(lgyegr?]ézfsti?l'z;lgf
(13) Jones, W. D.; Feher, F. Acc. Chem. Re<.989 22, 91. 2). The irradiation of the C(8)HPh resonance increases the Ph

Since2 and3 result from competitive €H bond activation
processes in the undetected alkenyl intermediiatiee formation
of 2 is in agreement with the kinetic preference of the
arene activation over the-H alkyl, while the formation of3
agrees well with the higher stability of a f-allyl) bond with
regard to a M-aryl bond?!3

Complex3 was isolated as a yellow solid in 83% yield. Figure
1 shows a view of its molecular geometry, whereas selected
bond distances and angles are listed in Table 1. The c:oordinationN
geometry around the osmium atom can be rationalized as being
derived from a highly distorted octahedron with the cyclopen-
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Table 3. SelectedH (green) and 13C{'H} (purple) NMR Chemical Shifts (4, ppm) and Coupling Constants (Hz) for
Complexes 3-5 and 7-10

Esteruelas et al.

"1 BF,
CIJ 3.13 ;JHa- e =c. 0
i et S Ha 54.8 . ‘n"os .87 [s
PPryp" /9 oL* [Ph PP “HU 13 doarin=56
Jp=381H Hg 73.8 Jup=34.8 dH Uph . gs Jup=5.6
o Hn Jup=3.8 4.00 Hyp Hmia=9.2
,=1.0 4 3'3_.'__ :.i..j JHP=45
4 5
“ ] BF,
ST o w28 o
| j mo | Hm 5.51
Os 57.4 UI;I'I . e Os 69.9 CH
iProP H,C 32.4 Jep=5 'PrsP / Ph 380
2607 Haosy H 553 Hases
"'fil'_G‘Ha' ‘-I"HP=1_2-_4I: Jup=32.7 H’f Jup=15.0
dp=ta2 T dw=21
7 8
~ 18R, )
@;Hm oo | 489 3H: y . 6.1 W27
08 69.3 Ph _ e 08 Hy L1425
PP [ HCf 425 PP [ a1 ) Mo
H o518 Ha-j;'-""zf'ms H PhVies
Jp=336 B =93 Jup=40.5 Hm 21,
JhgHa=2.1 JHp=3|‘J HP_ :J 5
9 Jnacn3=6.0 10
(11.4%) and FPr; (14.7%) resonances, while the saturation of Scheme 2
themesoC(7)H proton enhances the intensity of the C(G)h < @T BF4
(6.5%) and Ph (20%) signals. A NOE effect between C(7)H | XBF, ]
and the cyclopentadienyl resonance is not observed. In this g p— Os \//CNPh iprsp\\v\vv-'/osvph
context, it should be noted thekocomplexes of this type can 3 X
be identified by a NOE effect between thsti protons and the X=H (4), D (4-d)
phosphine, but not by a NOE between the cyclopentadienyl and
the mesoproton. The different coupling constants in these \A
resonances have been deduced by means dH§iéP} NMR
spectrum and selective homonuclear irradiation intthédMR BF, BF,
spectrum and are collected in Table 3. In #€{'H} NMR ‘@T @T
spectrum the most noticeable resonances are a singlet at 50.4 . Os~__ — — 0s._~_Ph
ppm and two doublets at 34.9 and 10.8 ppm withRCcoupling PrsP x/ th// PraP x/
constants of 5 and 7 Hz. On the basis of the-13C HMQC 5 e

spectrum, these resonances were assigned to the C(7), C(8), and

C(6) atoms of the allyl ligand, respectively. TH®{*H} NMR
spectrum shows a singlet at 20.9 ppm.

Treatment of3 in diethyl ether at °C with 1.0 equiv of
HBF,4-OEL leads to the #allyl derivative [OsH{>-CsHs){ 3-
CH,CHCHPH} (PPr3)]BF4 (4) as a result of the protonation of
3. The addition of the proton of the acid to the metal center is
accompanied by a change in the coordination form of the allyl
ligand, fromexoto endo(Scheme 2). The latter is the preferred
structural form in &M(#5-CsRs)Lo(573-allyl) complexes (L=
C0)2d and it has been found in OfCsMes)Xo(53-allyl) (X
= Br, Me, H) Ru(®-CsHs)X(173-allyl) (X = ClI, Br),** Ru-
(775-C5H5)C|2(7]3-C4H4OM8),4a RU(?]S-CsMes)(CHQC|)C|(7]3-
C3H5),4C RU(HS-CsHs)(R)BI’(773-C3H5) (R = CHg, CHQSiMeg ,15

(14) Nagashima, H.; Mukai, K.; Shiota, Y.; Yamaguchi, K.; Ara, K.-I.;
Fukahori, T.; Suzuki, H.; Akita, M.; Moro-oka, Y.; Itoh, KOrganometallics
199Q 9, 799.

(15) Itoh, K.; Fukahori, T.J. Organomet. Chenl1988 349, 227.

X =H (5), D (5-dy)

and [Rug5-CsMes)(amidinate)§3-C3Hs)] *.16 When L = CO,
both the exo and endo structural forms have comparable
stability 4017

The exo—endointerconversion may proceed by rotation of
the planars-allyl moiety about the osmiumallyl axis or
alternatively by an® — 5* — 52 pathway in which am*-allyl
intermediate is involved. Density functional theory studies on
d*-Mo(#5-CsHs)(CO(3-CsHs) and  ¢-M(17°-CsHs)(CO) (73
CsHs) (M = Fe, Ru) complexes show that for thé@bmpound

(16) Kondo, H.; Yamaguchi, Y.; Nagashima, Bhem. Commur200Q
1075.

(17) (a) Faller, 3. W.; Incorvia, M. Jnorg. Chem.1968 7, 840. (b)
Faller, J. W.; Chen, C.-C.; Mattina, M. J.; Jakubowski,JA Organomet.
Chem.1973 52, 361. (c) McCleverty, J. A.; Murray, A. Jransition Met.
Chem 1979 4, 273. (d) Benyunes, S. A.; Binelli, A.; Green, M.; Grimshire,
M. J.J. Chem. Sacl991, 895. (e) Liao, M.-F.; Lee, G.-H.; Peng, S.-M;
Liu, R.-S. Organometallics1994 13, 4973. (f) van Staveren. D. R
Weyhernililer, T.; Metzler-Nolte, N.Organometallic200Q 19, 3730.
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Table 4. Selected Bond Distances (A) and Angles (deg) for
Complex [OsH(®5%-CsHs){53-CH,CHCHPh} (P'Pr3)|BF,4 (5)

\\V Os—P 2.3753(10) 0sC(3) 2.242(4)

0s—C(6) 2.188(4) 0sC(4) 2.218(4)

0s—C(7) 2.180(4) 0sC(5) 2.238(4)

0s-C(8) 2.260(5) C(6YC(7) 1.431(7)

0s-C(1) 2.255(4) C(7rC(8) 1.365(6)

0s-C(2) 2.254(4) C(8Y¥C(9) 1.505(6)

Ma—0s—H(1A) 116.2 C(6)-0s—C(7) 38.25(18)

Ma—Os—P 121.8 C(6¥-0s—C(8) 64.66(17)

Ma—0s—C(6) 121.9 C(7¥0s-C(8) 35.75(16)

Ma—0s—C(7) 140.9 C(6)-C(7)-C(8) 116.6(5)

M2—0s—C(8) 112.3 C(7¥C(8)-C(9)  125.7(5)

P—Os—H(1A) 76.5(16) C(6)-Os—H(1A) 119.7(16)

Figure 2. Molecular diagram for the cation of [OshftCsHs)- P—0Os-C(6) 86.17(13) C(7rOs—H(1A) 85.3(16)

{n3-CH,CHCHPH} (PPr;)|BF4 (5). P—0Os—-C(7) 93.85(14) C(8y0s—H(1A) 80.2(16)
P—Os—C(8) 125.89(13)

the rotation of the allyl ligand around the metalllyl axis
(n® — n® — n® pathway) is intrinsically more favored than the
n® — nt — 53 pathway. However, thgS-transition states for
the Fe and Ru complexes are inaccessible andythe ' —

aM represents the midpoint of the Cp ring.

as a four-legged piano-stool geometry, where the allyl ligand
occupies twccisoid positions with a C(6)Os—C(8) angle of

»3 pathway is more favorable. The reason for this appears to 64.66(17). The most noticeable features of the structure are
be that one pair of the six metal d electrons has to occupy a dthe cisoid disposition of the substituted C(8) atom with regard

orbital having significant M-CsHs antibonding character in the
transition structur&® According to these results, in our osmium
system, the mechanism of te&o—endointerconversion could

to the hydride ligand, thendocoordination of the allyl, and
thesyndisposition of the phenyl group with regard to tineso
carbon atom (C(AC(8)—C(9) = 125.7(5)). The G skeleton

depend on when the interconversion process takes place, beforeoordinates in an asymmetric fashion. The separation between
the addition of the proton to the metal center or after the the central carbon atom, C(7), and the metal (2.180(4) A) is
protonation. In the first case, which involves the coexistence in shorter than the separation between the metal and the terminal
equilibrium of 3 with no detectable concentrations of @ado carbon atoms C(6) (2.188(4) A) and C(8) (2.260(5) A). The
isomer, they® — nt — 53 pathway appears to be a more carbor-carbon distances within the allylic skeleton are 1.431-

reasonable proposal than the rotation of #hallyl around the
osmium-allyl axis. However, in the second case an inverse
relationship should be expected.

Complex4 was isolated as a yellow solid in 82% vyield. In

agreement with the presence of a hydride ligand in the complex,

theH NMR spectrum in dichlorometharg-at —20 °C shows
at—15.12 ppm a doublet with a-HP coupling constant of 38.1
Hz. The resonance due to the CHPh-allyl protor (K Table

3) appears as a doublet at 5.11 ppm. The value of theHH,
coupling constant of 10.8 Hz supports theti disposition of
this proton with regard to | The resonance corresponding to

(7) A for C(6)—C(7) and 1.365(6) A for C(AC(8). The angle
C(6)—C(7)—C(8) is 116.6(5).

In agreement with the structure shown in Figure 2, tHe
NMR spectrum ob in dichloromethaneh at 20°C shows four
resonances for the allylic protons at 4.87 (CHPh), 4.0Q:(b1
and 3.13 and 2.93 (CH ppm. In the high-field region, the
hydride displays a doublet at15.31 ppm with a H-P coupling
constant of 34.8 Hz. In thé3C{1H} NMR spectrum, the
resonances corresponding to the allyl carbon atoms are observed
at 73.9 (C(7)), 54.2 (C(8)), and 19.7 (C(6)) ppm. The{H}
NMR spectrum contains a singlet at 14.0 ppm.

the latter is observed at 4.36 ppm, whereas those due to the Complexes4 and5 are diastereoisomers resulting from the

CH, protons appear at 3.13 and 3.45 ppm. €hdodisposition

of the allyl with regard to the cyclopentadienyl ligand was
inferred on the basis of NOE experiments (Table 2). The
saturation of the H resonance increases the intensity of the Ph
(13.1%), hydride (2.2%), and; (2.6%) signals, while a NOE
effect with the cyclopentadienyl resonance is not observed.

chirality of the osmium atom and the prochirality of the styryl
moiety of the allyl. The isomerization process involves the
decoordination of the styryl moiety from the metal centedof

to afford the n'-allyl intermediatee, and the subsequent
coordination of the osmium atom efto the other face of the
carbon-carbon double bond. The hydride ligand does not play

However, the saturation of the CHPh-allyl resonance and the any role in the transformation. The addition of DRBD; to a

CH, signal at 3.13 ppm increases the intensity of the Cp
resonance (8.2% and 7.7%, respectively). Inigf 'H} NMR
spectrum the carbon atoms of the<keleton of the allyl ligand
give rise to singlets at 73.8 {fes9, 54.8 (CHPh), and 18.9 (GiH
ppm. The3'P{*H} NMR spectrum shows a singlet at 17.7 ppm.
The cisoid disposition of the CHPh group of the allyl and
the phosphine is unfavorable with regard to that with the CHPh
group cisoid to the hydride, probably as a consequence of

dichloromethane solution oB affords [OsDg5-CsHs){#®-
CH,CHCHPH} (PPr3)|BF,4 (4-d;), which isomerizes into the
deuteride derivativés-d;. Deuterium at the allyl positions of
5-d, is not observed. The presence of deuterium at the metal
center of these compounds is strongly supported by fheir
NMR spectra, which show high-field resonances-d46.1 and
—15.3 ppm, respectively.

Complex4 can be also obtained fro® The addition at 0

the steric hindrance experienced between the phenyl group ancC of 1.0 equiv of HBR-OEt to a diethyl ether solution of the

the isopropyl substituents of the phosphine. Thus, complex
isomerizes into theendecallyl complex 5 (Scheme 2). In
dichloromethane at 4TC, the transformation is quantitative after
72 h.

Figure 2 shows a view of the molecular geometry Sof

latter produces the instantaneous precipitatiofiof82% yield.
The reaction oR with DBF4-OD; affords4a-d; (eq 1) with the
following deuterium distribution: 0.30 deuterium atom at the
hydride position, 0.15 deuterium atom at ththo position of
the phenyl group, and 0.55 deuterium atom at the terminal allyl

Selected bond distances and angles are listed in Table 4. TheCPh carbon atom. In dichloromethadg-complex 4a-d; is
distribution of ligands around the osmium atom can be describedtransformed intda-d; with the same deuterium distribution as
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Scheme 3
RH,C_ H H R
+ C”ZRH v 7 + | H
o)~ H — os—|| 5 —— [os— )>H
| D H H<__ P
H
D* | pathway 3a (R=H, CH,)
CH,R
2 CH,R . - CHs
[0s]7\_H _ [0s] D' [os]=¢”
, \ H \ .
H C—H
pathway /
O
b (R=H)
)
H -
+| D + D¢ _H +
Os]— D>—H —— [Os]_I - osh_c
H | D
H H H H
\ H H
ey
[Os] = Os(n5-CsHs)(P'Pr3) [OS]—> H
H

4a-dy, in agreement with an isomerization process viasjhe
allyl intermediate e (Scheme 2) and without the hydride
participation. The above-mentioned deuterium distribution is
strongly supported by théH and'H NMR spectra of4a-d;
and 5a-d;. The2H NMR spectra in dichloromethane contain
resonances at 7.4, 5.1, and5.1 @a-d;) and 7.4, 4.9, ane-15.1
(5a-d;) ppm in a 0.15:0.55:0.30 intensity ratio, whereas in the
IH NMR spectra in dichloromethard-the intensity ratio of
the resonances at 7.33, 5.11, anti5.12 @) and 7.26, 4.87,
and—15.31 6) ppm is 4.85:0.45:0.70.

< =
2=

T ~Me DBF, | X’z/—,: x'=0550

, 0s R Os.H X3+ ™)
PrP H PraP 1/ W X3=0.15D

H /'X
X'=0.30D
2 4a-d;

Esteruelas et al.

favor the reductive elimination of the oleft1°Thus, the G-H
bond activation of the methyl substituent of the olefin could
finally give 4a-d; containing a deuterium atom at amtho
position of the phenyl group.

The electrophilic addition of D to the alkenyl ligand ob
should yield a benzyl-methyl-carbene intermediate, containing
a deuterium atom at the C&mtom of the benzyl substituent.
This species could evolve bygahydrogen elimination reaction
on the methyl substituent into an unsaturated hydride-alkenyl
intermediate. Thus, the reductive elimination of olefin and the
subsequent €H or C—D bond activation of the benzyl
substituent of the olefin could giv&a-d; containing a deuterium
at the terminal-allyl CPh carbon atom or at the hydride position,
respectively.

2. Vinylidene—Ethyl Coupling. Similarly to the reaction of
1 with MeMgCl, the treatment at 55C of 1 with EtMgCI in

tetrahydrofuran leads to the osmaindene derivative @%sH(

C5H5){C(CI—|20H3)=CHICGH4}(PPr3) (6). In this case, the
metallacycle contains an ethyl substituent at thea©m of the
carbor-carbon double bond (eq 2). Its formation should involve
the same sequence of elemental steps as the formati@n of
with ethyl instead of methyl.

[ EtMgCl T Et
“MgCl, . ___0Os"\{
IPI'::‘,P / H

?
H
Cl H

@)

1 6

Complex6 was isolated as a yellow solid in 74% vyield. In
agreement with2, the hydride resonance in théd NMR
spectrum o6 appears at-14.44 ppm as a doublet with aHP
coupling constant of 47.4 Hz. In the low-field region, the vinylic
hydrogen of the alkenyl unit of the metallacycle gives rise to a
singlet at 7.51 ppm. In thé3C{IH} NMR spectrum, the
resonances due to the atoms of the alkenyl carlwambon
double bond are observed at 141.1,X@nd 138.6 (¢) ppm.
The first of them appears as a doublet with &F coupling
constant of 17 Hz, while the second one is a singlet. The
metalated carbon atom of the phenyl group gives rise to a
doublet at 162.8 ppm, with a-€P coupling constant of 4 Hz.
The31P{'H} NMR spectrum shows a singlet at 18.6 ppm.

In toluene at 70°C, complex6 isomerizes into the allyl
derivative Os§°>-CsHs){ 73-CH(CH3)CHCHPH} (PPr) (7), which

The results summarized in eq 1 can be rationalized accordingwas isolated after 72 h as a yellow solid in 82% yield, according

to Scheme 3. The presence of deuterium atdtibo position

to Scheme 4. Its formation can be rationalized as the formation

of the phenyl group appears to be a consequence of theof 3. A f-hydrogen elimination reaction on the ethyl substituent

protonation of the orthometalated carbon aton2d¢pathway

CH, group of the alkenyl ligand of an unsaturated £3<CsHs)-

3a), whereas the presence of deuterium at the hydride position{(E)-C(Et)=_CHPf}(|_:’Pr3) intermediate _shoul_d afford a hydride-
and at the terminal-allyl CPh carbon atom appears to be theallene species, which could giveby insertion of the allene

result of the protonation of the Gatom of the alkenyl ligand
of intermediateb (pathway 3b). In this context, it should be

into the osmiurm-hydride bond.
In the 'H NMR spectrum of7 in benzeneds at 20°C, the

noted that alkenyl ligands of electron-rich metals are nucleo- allylic resonances are observed at 4.54{&j, 2.51 (CHPh),

philic at the G atom and their reactions with electrophiles lead
to carbene complexgb!s

The electrophilic addition of Dto the orthometalated carbon
atom of2 should afford a hydride-alkenyl intermediate with a
deuterium atom at one of thertho positions of the phenyl

and 1.57 (CHMe) ppm. The value of theyksH coupling
constants of 7.2 Hz is in accordance with #ymdisposition of
the phenyl and methyl substituents with regard tp4g?a.11¢.20
This disposition seems to be sterically favored, being that

(19) (a) Bohanna, C.; Esteruelas, M. A.; Lahoz, F. Ja@nk.; Oro, L.

substituent of the alkenyl ligand. Its unsaturated character shouldA.; Sola, E.Organometallics1995 14, 4825. (b) Alb@iz, M. J.; Esteruelas,

(18) See for example: Bohanna, C.; Esteruelas, M. A.; Lahoz, F. J.;
Onate, E.; Oro, L. A.Organometallics1995 14, 4685, and references
therein.

M. A.; Lledos, A.; Maseras, F.; Gate, E.; Oro, L. A.; Sola, E.; Zeier, B.
J. Chem. Soc., Dalton Tran$997 181.

(20) See for example: (a) Clark, H. C.; Hampden-Smith, M. J.; Ruegger,
H. Organometallics1988 7, 2085. (b) Krivykh, V. V.; Gusev, O. V;
Petrovskii, P. V.; Rybinskaya, M. . Organomet. Chenml989 366, 129.
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Scheme 4
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generally observed in reported complexes structurally character-
ized by X-ray diffractior?! In agreement with the®l(15-CsHs)-

9

Table 5. Selected Bond Distances (A) and Angles (deg) for
Complex [OsH(#5-CsHs){53-CH(CH 3)CHCHPh} (P'Pr3)1BPh,
(8)

ML(#3-allyl) character of7, the allyl ligand is disposeelxowith

regard to the cyclopentadienyl ligand. The orientation was 82:2(2) 23%8)1) 8?%8‘51; g;g;gg;
inferred on the basis of a NOE experiment (Table 2). The  os-c(3) 2.079(11) C(BC2) 1.543(13)
saturation of the allylic CHPh resonance increases the intensity = Os—C(4) 2.284(11) C(5C(3) 1.394(13)
of the Ph (9.3%), CHMe (4.0%), andF®; (11.0%) resonances, Os-C(11) 2.279(10) C(3yC(4) 1.371(13)
while a NOE effect with the cyclopentadienyl signal is not 8::28%; gg%gg CAHCO) 1.516(13)
observed. In thé3C{*H} NMR spectrum, the most noticeable '
resonances are three doublets at 57.4, 32.4, and 26.0 ppm with M#-0s-H(01) 110.8 C(2y0s-C(3) 37.8(4)
C—P coupling constants of 2, 5, and 6 Hz, which were assigned, m::gzig(z) o gggig% gg-ggg
on the basis of thtH—13C HMQC spectrum, to the feso CPh, Ma—0s-C(3) 117.9 C(2}C(3-C(4)  120.3(11)
and CMe allylic carbon atoms, respectively. THR{H} NMR Ma—0s—C(4) 131.1 C(13C(2)-C(3) 120.5(10)
spectrum shows a singlet at 19.5 ppm. P—Os—H(01) 76.1 C(3)-C(4)—C(5) 124.0(11)
In a manner similar ta3, complex 7 reacts with HBE. i:g:gg; 1?331((3 g(é;gz::ggig 1(2)‘11'8
However, in this case, the oxidation of the metal center does p_os-c(a) 103.0(3) C(4)0s—H(01) 67.8

not produce theexo—endotransformation of the allyl ligand.
Treatment at 20C of a dichloromethane solution @fwith 1.0
equiv of HBFR-OE® leads to a 5:2 equilibrium mixture of the
exod*allyl derivatives8 and9 ([OsH (7°-CsHs){ 773-CH(CHs)-
CHCHPH} (PPr3)|BF4), according to Scheme 4.

All attempts to get single crystals of the BFsalt of the
thermodynamically favored isom& were unsuccessful. The
exchange of BF by BPh,~ allowed the crystallization of the
salt. Figure 3 shows a view of the molecular geometry of the

cation of 8. Selected bond distances and angles are listed in \Q‘
C

Table 5.

The distribution of ligands around the osmium atom can be
described as a four-legged piano-stool geometry, where the allyl
ligand occupies twaisoid positions (C(2)-Os—C(4) = 64.5-
(4)°), with the terminal CMe carbon atom (C(2)jsoiddisposed
to the phosphine and the terminal CPh carbon atom (€{g9)d
disposed to the hydride ligand. The structure provesete
coordination of the allyl ligand and thegyndisposition of both
substituents, the phenyl and methyl groups, with regard to the
mescacarbon atom C(3). The C(E)C(2)—C(3) and C(3)-C(4)—

C(5) angles are 120.5(10and 124.0(1L) respectively. As in

aM represents the midpoint of the Cp ring.

cin

Ci24)

@ C(23)

Figure 3. Molecular diagram of the cation [OskftCsHs){#5-
CH(CH3)CHCHPH (PPr)]* (8).

In the ™H NMR spectrum of8 in dichloromethanel, at 20
°C, the hydride resonance appears-48.30 ppm as a doublet

with a H—P coupling constant of 32.7 Hz, in agreement with

3 and5, the G skeleton coordinates in an asymmetrical fashion. the cisoid disposition of the hydride and phosphine ligafgis.

The separation between C(3) and the metal (2.079(11) A) is
about 0.2 A shorter than the separation between the metal and

C(4) (2.284(11) A) and C(2) (2.213(11) A). The carbararbon
distances within the £skeleton are 1.394(13) A for C(2)
C(3) and 1.371(13) A for C(3)C(4), whereas the C()C(3)—
C(4) angle is 120.3(11)

(21) See for example: (a) Tulip, T. H.; lbers, J. A.Am. Chem. Soc.
1979 101, 4201. (b) Murrall, N. W.; Welch, A. JJ. Organomet. Chem.
1986 301, 109. (c) Henly, T. J.; Wilson, S. R.; Shapley, J.IRorg. Chem.
1988 27, 2551. (d) Faller, J. W.; Lambert, C.; Mazzieri, M. R.Organomet.
Chem.199Q 383 161.

(22) See for example: (a) Wilczewski, J. Organomet. Chen1986
317, 307. (b) Rottink, M. K.; Angelici, R. JJ. Am. Chem. S0d.993 115,
7267. (c) Jia, G.; Ng, W. S.; Yao, J.; Lau, C.-P.; ChenQOrganometallics
1996 15, 5039. (d) Esteruelas, M. A.; Geez, A. V.; Lpez, A. M.; Oro,
L. A. Organometallics1996 15, 878. (e) Jia, G.; Lau, C.-B. Organomet.
Chem.1998 565, 37. (f) Baya, M.; Crochet, P.; Esteruelas, M. A} &,
E. Organometallics2001, 20, 240. (g) Baya, M.; Buil, M. L.; Esteruelas,
M. A.; Ofate, E.Organometallic2004 23, 1416. (h) Esteruelas, M. A;;
Lopez, A. M.; Orate, E.; Royo, EOrganometallics2004 23, 5633. (i)
Baya, M.; Esteruelas, M. A.; Gohlez, A. |.; Lopez, A. M.; Crate, E.
OrganometallicR005 24, 1225. (j) Esteruelas, M. A.; lgez, A. M.; Otate,
E.; Royo, E.Inorg. Chem.2005 44, 4094.
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The allylic resonances are observed at 5.53.(h 3.59 (CHPh),
and 2.63 (CHMe) ppm. As for, the value of the KHess—H
coupling constants is 7.5 Hz. Thasoid disposition of C(4)
and the hydride ligand is consistent with the results of the NOE
experiments carried out dh(Table 2). Thus, the saturation of

the hydride resonance produces an enhancement of 4.2% of the

intensity of the signal at 3.59 ppm, while a NOE effect with
the resonance at 2.63 ppm is not observed. IA3BE'H} NMR

Esteruelas et al.

T BF4
| Et DBF, I /H_\X 1= 0.65D
, Os"" R Os X' 3
IPF3P// \ H .Prapu / N CH3 ( )
\__X?=0.35D
6 10a-d;

in the CHDPh substituent of the olefin should be similarly

spectrum, the most noticeable resonances are three singlets gkasible. The presence of deuterium at CPh and its absence at

69.9, 53.3, and 38.0 ppm, which were assigned to C(3), C(4),

and C(2), respectively, on the basis of thé—3C HMQC
spectrum. ThéP{1H} NMR spectrum shows a singlet at 20.7
ppm.

In the *H NMR spectrum of9, the hydride resonance is
observed at-13.76 ppm as a double quartet by spin coupling

the hydride position suggests that thg &om of the alkenyl
unit of the osmaindene d& undergoes reversible protonation.
Thus, the addition of D and the subsequent dissociation of
H* should afford6-di, containing a deuterium atom af ©f

the alkenyl moiety of the metallacycle (Scheme 5), which could
evolve into the allyl derivative via a process similar to that

with the phosphorus atom of the phosphine (33.6 Hz) and the shown in pathway 3a. The presence of deuterium at the CPh

hydrogen atoms of the methyl substituent of the allyl ligand
(2.1 Hz). The latter was confirmed by'ei—'H COSY NMR

carbon atom o# is significantly higher than the presence at
the hydride position (0.55 versus 0.30). This suggests that, in

spectrum, which shows the cross signals between both reso-addition to pathways 3a and 3b of Scheme 3, theatom of

nances. The allylic resonances appear at 5.82.4H 3.70
(CHPh), and 3.38 (CHMe) ppm, with }dss—H coupling
constants of 9.3 Hz. In agreement with tbisoid disposition
of the terminal allylic CHMe group and the hydride ligand, the
saturation of the allylic signal at 3.38 ppm produces an
enhancement of the hydride resonance of 9.3%. IFABg'H}
NMR spectrum, the allylic carbon atoms give rise to singlets at
69.3 (Gnesd, 51.8 (CMe), and 42.5 (CPh) ppm. TR¥{1H}
NMR spectrum shows a singlet at 20.2 ppm.

In a manner similar t@, complex6 reacts with HBEOEt,.
The addition at @C of 1.0 equiv of the acid to a diethyl ether
solution of 6 gives rise to the precipitation of the*dllyl
derivative10 (Scheme 4), which is aendoisomer of8 and9.

Complex10was isolated as a white solid in 91% vyield. The
IH NMR spectrum in dichloromethard-at —20 °C shows the
hydride resonance at15.10 ppm, as a doublet with a-HP
coupling constant of 40.5 Hz. Spin coupling between the hydride
and the hydrogen atoms of the methyl substituent of the allyl is
not observed, in agreement with tiransoiddisposition of the
hydride ligand and the terminal CHMe group. The allylic
resonances are observed at 4.89 (CHPh), 4.21{and 3.97
(CHMe) ppm, with Hyess—H coupling constants of 9.5 Hz. In
accordance with thendocoordination of the allyl ligand, the

the alkenyl unit of2 also undergoes addition of 'Dand
subsequent dissociation oftH

Complex10 is structurally similar to5, which is the most
stable allyl species resulting from the vinyliderraethyl
coupling. However, although thendo structural form seems
to be preferred in half-sandwich*dllyl complexes and the
cisoid disposition of the hydride ligand and the terminal CHPh
group is favored with regard to thasoid disposition of the
phosphine and the CHPh group, compldkis less stable than
9 despite that the latter contains exc-allyl ligand and a CHPh
group cisoid disposed to the phosphine. Thus, in dichlo-
romethane at 20C, complext0isomerizes int® in quantitative
yield after 24 h. After 7 days in dichloromethadgat 40°C,
complex9 reaches equilibrium witlg.

The hydride ligand does not play any role in the isomerization
processes frori0to 9 and from9 to 8. In agreement with this,
we have observed that the isomerizationl6f-d; into 8a-d;
via 9a-d; does not produces any change in the deuterium
distribution of the allyl ligand. Like4 and5, complexe< and
8 are diastereoisomers resulting from the chirality of the osmium
atom and the prochirality of the GHCHR (R = CHs, Ph)
moieties of the allyl ligand. In a manner similar to the
isomerization fron% to 5, the transformation o into 8 should

saturation of the allyl resonances at 4.89 and 3.97 ppm produce<ccur by decoordinationlof the styryl moiety from ghe osmium
increases of 8.2% and 7.3%, respectively, of the cyclopentadi- 20m 0f9, to afford they*-allyl intermediate [OsH{>-CsHs)-

enyl resonance (Table 2). In tH&C{'H} NMR spectrum the
carbon atoms of the {3keleton of the allyl ligand give rise to

{#1-C(CHg)HCH=CHPR (PPr3)]*, and the subsequent coor-
dination of the metal center of this species to the other face of

singlets at 76.3 (Cmeso), 47.1 (CPh), and 42.5 (CMe) ppm. Thethe carbor-carbon double bond. This intermediate as well as

31P{1H} NMR spectrum shows a singlet at 13.4 ppm.

The reaction o6 with DBF4-OD, affords 10a-d; with 0.35
deuterium atom at thertho position of the phenyl group and
0.65 deuterium atom at the terminal allyl CPh carbon atom (eq
3). Deuterium at the hydride position is not observed. This
deuterium distribution is supported by tRE and 'H NMR
spectra ofl0a-d;. The2H NMR spectrum in dichloromethane

contains broad singlets at 7.4 and 4.9 ppm in a 0.35:0.65

intensity ratio, whereas in thtH NMR spectrum in dichlo-
romethaned, the intensity ratio of the resonances at 7.3 and
4.89 ppm is 4.6:0.3.

The presence of deuterium at the phenyl substituent of the

allyl ligand can be rationalized according to pathway 3a of

e (Scheme 2) should be favored with regard to those containing
any-CH(Ph)CH=CHR (R = H, CHj) allyl ligand due to the
smaller size of H or Cklwith regard to Ph.

The transformation 010 into 9 seems to occur via rotation
of the allyl ligand around the metakllyl axis, not only because
the ® — 2 — 2 pathway is intrinsically more favored than
the ® — pt — %% pathway in d compounds of this type, but
also because the formation of akintermediate should give a
less stable diastereomer with anti substituen®?

The relative stability o4 and5 and8—10 indicates that the
synsubstituents at thg3-allyl ligand play an important role in
determining the relative stability of trexoandendocoordina-

(23) (a) Faller, J. W.; Thomsen, M. E.; Mattina, M. d. Am. Chem.

Scheme 3. However, pathway 3b does not justify the presenceSoc 1971 93, 2642. (b) Faller, J. W.; Tully, M. TJ. Am. Chem. Soc

of the deuterium at the terminal allyl CPh carbon atom and at

1972 94, 2676. (c) Ward, Y. D.; Villanueva, L. A.; Allred, G. D.; Payne,
S. C.; Semones, M. A.; Liebeskind, L. Srganometallics1995 14, 4132.

the same time its absence in the hydride position, since from a(d) Villanueva, L. A.; Ward, Y. D.; Lachicotte, R.; Liebeskind, L. S.

statistical point of view, the €D and C-H bond activations

Organometallics1996 15, 4190.
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tion forms in half-sandwich ‘dr3-allyl complexes. Faller has
observed that thexo—endorelative stability is also dependent
on themeso-andanti-substitutiont’2b24Jia and co-workers have
reported that for Ru-allyl)CI(CO)(PRs), complexes, amnti
substituent at one of the terminal carbons destabilizesride
isomer, while asynsubstituent has a negligible efféét.

3. Vinylidene—Phenyl Coupling. Treatment at 55C of 1

—
with 1.2 equiv of PhMgCl in tetrahydrofuran leads to Ogk{(

1 .
CsHs){ C(Phy=CHGCsHa} (PPr3) (11), according to Scheme 6.
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prevents the transformation i into an allyl derivative. Thus,
the addition of HBE-OEL, to 11 gives rise toE-stilbene and
the metallic fragment [OgP-CsHs)(PPrs)]+, which is trapped
with acetonitrile to afford the solvento complex [@%(
C5H5)(CH3CN)2(PPr3)]BF4 (12 25

Complex12 is isolated as a yellow solid in 72% vyield. In
the 'H NMR spectrum, the most noticeable resonance is a
doublet at 2.62 ppm, with aHP coupling constant of 1.2 Hz,
corresponding to the methyl groups of the acetonitrile molecules.
In thel3C{*H} NMR spectrum, these ligands give rise to singlets
at 123.3 (C(sp)) and 4.0 (C@p ppm. Thes3P{IH} NMR
spectrum shows a singlet at 18.3 ppm.

Concluding Remarks

This study reveals that the metal fragment [£9sCsHs)(P-
Pry)] " is a useful template to promote the formation &f and
d*-allyl species, by initial carboncarbon coupling between a
vinylidene ligand and carbon nucleophiles, containing hydrogen
atoms at the donor atom, and subsequent CH bond activation.

Complex Osf®-CsHs)Cl(=C=CHPh)(PPr3) reacts with or-
ganomagnesium compounds, RMgCIl€RVie, Et, Ph), to give

[
initially hydride—osmaindene derivatives, OsfHCsHs){ C(R)=

alCﬁH4}(P‘Pr3), as a consequence of the addition of the
nucleophile to the gatom of the vinylidene followed bgrtho-

CH bond activation of the phenyl substituent at theafom.
When R is Me and Et, the hydrid@smaindene moiety
rearranges to afford®eexoallyl derivatives, Osf5-CsHs){ 7°-
CH(R)CHCHPH} (PPr) (R’ H, Me). The transformation
involves the reductive elimination of phenyl in the metallacycle
and a 1,2-hydrogen shift, through the metal center, from the
alkyl substituent to the £atom of the resulting unsaturated
alkenyl intermediate.

Complexes Og-CsHs){ 73-CH(R')CHCHPH} (PPr;) generate
hydride-d-allyl derivatives [OsH{®-CsHs){ 73-CH(R')CHCHPH} -
(PPr3)]BF,4 by protonation with HBE. The allyl ligands in these
compounds coordinate in boixoandendoforms. The relative
stability of the resulting isomers depends on tHesBbstituent
of the allyl ligand, which issyndisposed with regard to hdso
When R is H, the endo coordination is thermodynamically
favored. Thus, onlyendoderivatives have been isolated and

Its formation should involve the same sequence of elemental characterized. However, wheri B Me theexocoordination is

steps as the formation & and 6, with phenyl instead of an
alkyl group.

Complex11was isolated as a yellow solid in 64% yield. In
agreement with the presence of a hydride ligand in the
compound, its'TH NMR spectrum in benzends at 20 °C
contains a doublet at13.52 ppm with a H-P coupling constant
of 48.0 Hz. In the low-field region of the spectrum, the most

the most stable, and although endoisomer has been isolated
and characterized, it isomerizes into an equilibrium mixture of
exospecies.

In conclusion, half-sandwich osmiunallyl derivatives can
be systematically prepared by reaction of vinylidene complexes
with organomagnesium compounds containing hydrogen atoms
at the G atom of the organic fragment. The coordination form

noticeable resonance is a singlet at 7.88 ppm, corresponding tcof the allyl ligand depends on both the electronic structure of

the G-H hydrogen atom of the alkenyl unit of the metallacycle.
In the3C{*H} NMR spectrum, the resonances due to the alkeny!
carbon atoms appear at 144.45\@nd 142.5 (G) ppm. The

the metal center and the substituents of the aljyito Hmeso
While the & ion favors theexocoordination, the relative stability
of the exoand endoisomers in d&species is governed by the

first of them is observed as a singlet, whereas the second onesynsubstituents.

is a doublet with a €P coupling constant of 17 Hz. The
metalated carbon atom of the phenyl group gives rise to a
doublet at 156.6 ppm, with a-€P coupling constant of 5 Hz.
The 31P{IH} NMR spectrum shows a singlet at 17.7 ppm.

Experimental Section

General ProceduresAll reactions were carried out with rigorous

The absence of a hydrogen atom at the phenyl carbon atomexclusion of air using Schlenk-tube techniques. Solvents were dried

bonded to the gatom of the alkenyl unit of the metallacycle

by the usual procedures and distilled under argon prior to use. The

(24) (a) Faller, J. W.; Rosan, A. M. Am. Chem. Sod 976 98, 3388.
(b) Faller, 3. W.; Shvo, Y.; Murray, H. H.. Organomet. Cheni982 226,
251. (c) Faller, J. W.; Whitmore, B. @rganometallics1986 5, 752.

(25) A related indenyl derivative has been recently reported; see:
Esteruelas, M. A.; Lpez, A. M.; Orate, E.; Royo, EOrganometallic2005
24, 5780.
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starting material Og@-CsHs)Cl(=C=CHPh)(PPr;) was prepared (110 mg, 0.21 mmol) in 7 mL of diethyl ether at°C was treated
by the published method. with HBF4Et,O (28uL, 0.21 mmol). Immediately, a yellow solid
NMR spectra were recorded on either a Varian Gemini 2000, a appeared, which was separated by decantation, washed with diethyl
Bruker ARX 300, a Bruker Avance 300 MHz, or a Bruker Avance ether (2x 2 mL), and dried in vacuo. Yield: 98 mg (76%). (b)
400 MHz instrument. Chemical shifts (expressed in parts per The same procedure was followed starting fr8r(108 mg, 0.21
million) are referenced to residual solvent peaks, ¢3C{*H}) or mmol). Yield: 105 mg (82%). Anal. Calcd forggHssBF4OsP: C,
external HPO, (3'P{*H}). Coupling constants), are given in hertz. 44.52; H, 5.85. Found: C, 44.51; H, 5.38. IR (Nujol, th »-
Infrared spectra were run on a Perkin-Elmer 1730 spectrometer (OsH) 2135 (w),»(Ph) 1598 (m)»(BF4) 1079 (s).*H NMR (300
(Nujol mulls on polyethylene sheets). C, H, and N analysis were MHz, CD.Cl,, 253 K, plus COSY):6 7.40-7.25 (m, 5H, Ph),
carried out in a Perkin-Elmer 2400 CHNS/O analyzer. Mass spectra5.72 (s, 5H, GHs), 5.11 (d,J4—um = 10.8, 1H, GiPh), 4.36 (dddd,
analyses were performed with a VG Austospec instrument. In Jy—p = 3.8, Jy—na = 10.8,I4-1a = 7.9, In-ns = 5.5, 1H, Hnesd,
LSIMS* mode, ions were produced with the standard @sn at 3.45 (dd,Jy-nm = 5.5,3gem= 1.8, 1H, H), 3.13 (dd Jy-1m = 7.9,
ca. 30 kV, and 3-nitrobenzyl alcohol (NBA) was used in the matrix. Jgem= 1.8, 1H, Hg), 1.77 (m, 3H, PCH), 1.02 (ddy-p = 13.3,
For stilbene, GC-MS analysis was run on an Agilent 5973 mass Ju—n = 7.1, 9H, PCHEl3), 0.83 (dd,Jy—p = 154,34 = 7.1,
selective detector interfaced to an Agilent 6890 series gas chro-9H, PCHOH3), —15.12 (dJy—p = 38.1, 1H, Os-H). 31P{*H} NMR

matograph system. Sample was injected into a 36 850 um
HP-5MS 5% phenyl methyl siloxane column with a film thickness
of 0.25um (Agilent). The GC oven temperature was programmed
as follows: 35°C for 6 min, 35 to 28C°C at 25/min, 280 for 4
min. The carrier gas was helium at a flow rate of 1 mL/min.

I 1
Preparation of OsH(#°-CsHs){ C(CH3)=CHC¢H4} (PPr3) (2).
A red solution ofl (270 mg, 0.49 mmol) in 8 mL of tetrahydrofuran
was treated with methylmagnesium chloride (145 0.58 mmol,
3 M in tetrahydrofuran). The solution was allowed to react for 15
h at 55°C, and the solvent was removed. The product was extracte
from the resultant brown oil with toluene (7 mL), which was filtered

through Kieselguhr. The solution was concentrated to dryness, and

the addition of 2 mL of methanol caused the precipitation of a

yellow solid. The solid was separated by decantation, washed with

cold methanol (2x 1 mL), and dried in vacuo. Yield: 174 mg
(67%). Anal. Calcd for gH3sOsP: C, 51.85; H, 6.62. Found: C,
51.76; H, 6.82. IR (Nujol, cmb): »(OsH) 2133 (w)»(Ph) 1574
(m). *H NMR (400 MHz, GDs, 293 K): ¢ 7.59 and 7.51 (both d,
Jy-n = 7.6, each 1H, €H,), 7.44 (s, 1H=CH), 7.22 and 6.82
(both t, Iy = 7.6, each 1H, €H,), 4.67 (s, 5H, GHs), 3.02 (s,
3H, CH), 2.14 (m, 3H, PCH), 0.81 (ddy_p = 14.6,J4_n = 7.2,
9H, PCHM3), 0.63 (ddJy—p = 12.0,J4-n = 7.2, 9H, PCHCHy),
—14.56 (dJy_p=47.2, 1H, Os-H). 31P{1H} NMR (161.89 MHz,
CsDe, 293 K): 0 18.5 (s).23C{*H} NMR (100.56 MHz, GDg, 293
K, plus APT, plus HSQC, plus HMBC)5 164.2 (s, GsCsHa),
156.4 (d,Jc_p = 4, Gy in Os—CgHy), 143.1 (s, GHy), 142.3 (s,
=CH), 141.8 (d Jc-p = 16, Os-C(CHjy)), 123.2, 120.4, and 119.6
(all's, GHa), 82.7 (s, Cp), 42.7 (s, OsCHg)), 27.5 (d,Jc—p = 30,
PCH), 20.9 and 18.7 (both s, PCH3). MS (LSIMS'): m/z 533
(M™); 489 (M* — iPr).

Preparation of Os(@°-CsHs)(173-CH,CHCHPh)(P'Prs3) (3). A
yellow solution of2 (150 mg, 0.28 mmol) in 10 mL of toluene

(121.42 MHz, CDRCl,, 253 K): 6 17.7 (s).23C{H} NMR (75.42
MHz, CD,Cl,, 253 K, plus APT, plus HSQC)® 137.6 (S, Gpso

Ph), 128.7, 128.7, and 128.6 (all s, Ph), 85.3 (s, Cp), 73.8:{s9C
54.8 (s,CHPh), 28.1 (d,Jc-p = 29, PCH), 20.5 (s, PCEH3), 19.0
(d, Jc—p = 3, PCHCHj3), 18.9 (s, CH).

Preparation of [OsD(1°-CsHs){#3-CH,CHCHPh} (P'Pr3)]BF,
(4-dy). An NMR tube containing a yellow solution & (12 mg,
0.02 mmol) in 0.5 mL of dichlorometharg- was treated with
DBF4-OD; (6.1 uL, 0.02 mmol) at—20 °C. DBF,-OD, was

d prepared by adding @ (1 mL, 50 mmol) to a commercial solution
of HBF4+OE% (1 mL, 7.35 mmol). The NMR spectra at20 °C
showed the presence 4fd;. 'H NMR (300 MHz, CDB.Cl,, 253 K)
data were identical to those reported fbwith the exception of
the resonance at15.12, which was missingH NMR (61.5 MHz,
CH,Cly, 253 K): 6 —5.1 (d,Jpo—p = 6, OsD).

Preparation of 4a-d;. An NMR tube was charged witg (30
mg, 0.06 mmol) and 0.5 mL of dichloromethadg-the sample
was cooled to-20 °C, and DBR-OD, (15.4uL, 0.06 mmol) was
added!H NMR (300 MHz, CQyCl,, 253 K) data were identical to
those reported fod with the exception of the resonances at 7.33
(m, 4.85H, Ph), 5.11 (dly-nm = 10.8, 0.45H, EiPh), and—15.12
(d, J4—p = 38.1, 0.70H, OsH). 2H NMR (61.5 MHz, CHCl,,
253 K): 0 7.4 (br, 0.15Dp-Ph), 5.1 (br, 0.55D, CDPh);15.1 (d,
Jo-p = 6, 0.30D, OsD).

Isomerization of 4 into 5. A brown solution of4 (105 mg, 0.17
mmol) in 7 mL of dichloromethane was heated at°@for 72 h.
The resultant brown solution was concentrated to ca. 0.5 mL, and
diethyl ether (5 mL) was added. A yellow solid precipitated, which
was separated by decantation, washed witkh 2 mL of diethyl
ether, and dried in vacuo. Yield: 94 mg (89%). Anal. Calcd for
Co3H3eBF,OsP: C, 44.52; H, 5.85. Found: C, 44.73; H, 5.90. IR
(Nujol, cm™3): »(OsH) 2109 (w),»(Ph) 1599 (m),»(BF,;) 1083

was heated under reflux for 15 h. After that period of time, the (S).*H NMR (400 MHz, CD,Cl,, 293 K, plus COSY):6 7.34-
resultant solution was cooled to room temperature and the solvent?.18 (m, 5H, Ph), 5.67 (s, 5H,s85), 4.87 (dd.Ju-p = 2.2, Jy—rm
was removed. The addition of 2 mL of cold pentane caused the = 9.2, 1H, GHPh), 4.09 (ddddJ)s-p = 4.6, Jy—ta = 9.2, Ju-na =
appearance of a yellow solid, which was washed with pentane (2 8.8, Ju-ns = 5.6, 1H, Hnesd, 3.13 (ddd,J—p = 5.6, Jy—m = 5.6,

x 2 mL) and dried in vacuo. Yield: 124 mg (83%). Anal. Calcd
for CygH3sOsP: C, 51.85; H, 6.62. Found: C, 51.54; H, 6.66. IR
(Nujol, cm™1): »(Ph) 1594 (m)IH NMR (400 MHz, GDs, 293
K, plus COSY): ¢ 7.35-7.01 (m, 5H, Ph), 4.55 (ddddy—p =
2.2, 4-ns = 6.0, q—pa = 7.7, I4-ng = 7.8, 1H, Hnesc)y 4.32 (S,
5H, GHs), 2.99 (dd,Jy—nm = 6.0, Jgem= 1.8, 1H, H,,), 2.58 (dd,
Ju-p = 12.0,34-um = 7.8, 1H, GHPh), 1.84 (m, 3H, PCH), 1.02
(dd, Jy—p = 12.2,34—4 = 7.4, 10H, PCHEI; + H), 1.00 (dd,
Ju—p = 12.0,4—4 = 7.2, 9H, PCHG3). 31P{*H} NMR (161.89
MHz, CsDg, 293 K): 6 20.9 (s).13C{H} NMR (100.56 MHz, GDs,
293 K, plus APT, plus HMQC):d 151.3 (s, GsPh), 128.4, 125.5,
and 122.8 (all s, Ph), 73.0 (s, Cp), 50.4 (%8, 34.9 (d,Jc—p =
5, CHPh), 27.1 (d,Jc—p = 25, PCH), 20.8 and 20.1 (both s,
PCHCH3), 10.8 (dJc-p = 7, CHy). MS (LSIMS'): m/z533 (M").
Preparation of [OsH(5°-CsHs){ #3-CH,CHCHPh} (P'Pr3)]BF,
(4). Two different methods were used: (a) A yellow solution2of

Jgem= 2.0, 1H, Hyy), 2.93 (dd Jy—1m = 8.8,Jgem= 2.0, 1H, Hnr),
2.15 (m, 3H, PCH), 1.13 and 1.12 (both dg,.p = 14.2,J4-y =

7.0, each 9H, PCHE&3), —15.31 (d,J4—p = 34.8, 1H, Os-H). 31pP-
{H} NMR (161.89 MHz, CDCly, 293 K): 6 14.0 (s).13C{H}
NMR (100.56 MHz, CDRCl,, 293 K, plus APT, plus HSQC)»
140.8 (s, GsPh), 129.1, 128.2, and 127.1 (all s, Ph), 86.1 (s, Cp),
73.9 (S, Giesd, 54.2 (s,CHPh), 28.1 (dJc—p = 30, PCH), 19.7 (s,
CHz), 19.6 (S, PCH:H3), 19.6 (d, Je—p = 4, PC"CH3) MS
(LSIMS"): myz 534 (M").

Preparation of [OsD(#%-CsHs){#73-CH,CHCHPh} (P'Pr3)]BF,4
(5-d;). An NMR tube containing a brown solution ¢f-d; in
dichloromethanel, was heated at 4TC for 72 h. The NMR spectra
at room temperature show the presencg-df. 'H NMR (300 MHz,
CD,Cl,, 293 K) data were identical to those reported Sowith
the exception of the resonance-at5.31, which was missingH
NMR (61.5 MHz, CHCl,, 293 K): 6 —15.3 (d,Jp—p = 6, OsD).
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Preparation of 5a-d;. An NMR tube containing a brown solution
of 4a-d; in dichloromethanel, was heated at 40C for 72 h.'H
NMR (300 MHz, CDCl,, 293 K) data were identical to those
reported for5 with the exception of the resonances at 7.26 (m,
4.85H, Ph), 4.87 (d)4—num = 10.8, 0.45H, E€1Ph), and—15.31 (d,
Ju—p = 38.1, 0.70H, OsH). 2H NMR (61.5 MHz, CHCl,, 293
K): ¢ 7.4 (br, 0.15Dp-Ph), 4.9 (br, 0.55D, CDPh};15.1 (d,Jp-p
= 6, 0.30D, OsD).

I 1

Preparation of OsH(#5-CsHs){ C(CH,CH3)=CHCgH 4} (P'Pr3)
(6). The same procedure described 2avas followed starting from
1 (200 mg, 0.36 mmol) and ethylmagnesium chloride (21.70.43
mmol, 2 M in tetrahydrofuran). The product was isolated as a yellow
solid. Yield: 196 mg (74%). Anal. Calcd for,gHs/0sP: C, 52.72;
H, 6.82. Found: C, 52.93; H, 7.03. IR (Nujol, cA). »(OsH) 2097
(w), »(Ph) 1573 (m)*H NMR (300 MHz, GDg, 293 K): 6 7.61—
7.53 (m, 2H, GH,), 7.51 (s, 1H=CH), 7.24-6.84 (m, 2H, GH,),
4.68 (s, 5H, GHs), 3.30-3.17 (m, 1H, CH), 3.09-2.95 (m, 1H,
CHy), 2.15 (m, 3H, PCH), 1.48 (ddy-n = 7.5,J4—4 = 7.5, 3H,
—CH,CHj3), 0.80 (dd,Jy-p = 14.2,J4-n = 7.0, 9H, PCHGE3),
0.64 (ddJy—p=12.1,J4- = 7.0, 9H, PCHC13), —14.44 (d,I4-p
= 47.4, 1H, Os-H). 3'P{1H} NMR (121.42 MHz, GDs, 293 K):
0 18.6 (s).13C{H} NMR (75.42 MHz, GDs, 293 K, plus APT,
plus HSQC): 6 164.6 (s, GsCsHa), 162.8 (d,Jc-p = 4, G, in
0Os—CgHy), 143.1 (s, GH4), 141.1 (dJc—p = 17, Os-C(CH,CHy)),
138.6 (s=CH), 123.1, 120.7, and 119.6 (all s¢%), 82.5 (s, Cp),
47.9 (s,CHy), 27.2 (d,Jc—p = 30, PCH), 20.6 (s, PCEH3), 18.6
(d, Je—p = 3, PCHCHy), 15.7 (s, CHCH3). MS (LSIMS"): m/z
547 (MY).

Preparation of Os(®5-CsHs){73-CH(CH3)CHCHPh}(PPr3)
(7). A yellow solution of 6 (147 mg, 0.27 mmol) in 10 mL of
toluene was stirred at 7TC for 72 h. The resultant solution was

concentrated to dryness, pentane was added (3 mL), and the produ
appeared as a yellow solid. The solid was washed with pentane (

x 2 mL) and dried in vacuo. Yield: 120 mg (82%). Anal. Calcd
for C,4H37;0sP: C, 52.72; H, 6.82. Found: C, 53.03; H, 6.95. IR
(Nujol, cm1): »(Ph) 1597 (m)!H NMR (400 MHz, GDs, 293

K, plus COSY): 6 7.32-7.04 (m, 5H, Ph), 4.54 (dddy-p = 2.8,
Jh-ta = Jn-na = 7.2, 1H, Hresd, 4.32 (s, 5H, GHs), 2.51 (dd,
Jn-p = 12.4,34_pym = 7.2, 1H, AHPh), 1.88 (m, 3H, PCH), 1.79
(d, Ju-n = 5.6, 3H, CHCHa), 1.57 (ddq,Jpr = 14.2, y-ym =
7.2, JH—HMe = 56, lH, CHCHg), 1.02 (dd,JH_p = 12-0,JH—H =
7.2, 9H, PCH®3), 1.00 (dd,Jy—p = 12.0, Jy-n = 7.5, 9H,
PCHOH3). 31P{'H} NMR (161.89 MHz, GDg, 293 K): 6 19.5 (s).
13C{'H} NMR (100.56 MHz, GDs, 293 K, plus APT, plus
HSQC): 6 151.4 (s, GsPh), 128.3, 125.5, and 122.7 (all s, Ph),
73.6 (s, Cp), 57.4 (dlc-p = 2, Ciesd» 32.4 (d,Jc—p = 5, CHPh),
27.3 (d,Jc-p = 25, PCH), 26.0 (dJc-p = 6, CHCHj), 24.8 (s,
CHCHg3), 20.6 and 20.3 (both s, P@HH3). MS (LSIMS'): m/z
547 (M").

Reaction of Osf®>CsHs){#3-CH(CH 3)CHCHPh} (P'Pra) (7)
with HBF 4 Formation of [OsH(#5-CsHs){ #3-CH(CH 3)CHCHPh} -
(PPr3)]BF,4 (8 and 9).An NMR tube containing an orange solution
of 7 (19 mg, 0.03 mmol) in 0.5 mL of dichloromethadgwas
treated with HBE-Et,O (5uL, 0.03 mmol). Immediately, the color
of the solution changed from orange to light brown and the NMR
spectra, after 7 days, showed the presen@&aofd9 in a 5:2 molar
ratio. Spectroscopic data f@8 H NMR (300 MHz, CQxCl,, 293
K, plus COSY): ¢ 7.38-7.28 (m, 5H, Ph), 5.51 (s, 6H,s8s5 +
Hmesd, 3.59 (dd,Ju—p = 2.1,Iy—nm = 7.5, 1H, GHPh), 2.63 (ddq,
Jpr = 15-0:\]H—Hm = 7-5,\]H—HMe = 60, 1H, CHCH3), 2.37 (m,
3H, PCH), 1.91 (dJy-n = 6.0, 3H, CH®3), 1.36 (dd,Jy-p =
13.8,JH7H = 72, gH, PCH(H3), 1.32 (dd,Jpr = 15-01JH7H =
7.0, 9H, PCHGEI3), — 13.30 (d,Jy-p = 32.7, 1H, Os-H). 31P{H}
NMR (121.42 MHz, CDCl,, 293 K): 6 20.7 (s).13C{*H} NMR
(75.42 MHz, CDCl,, 293 K, plus APT, plus HSQC)d 139.9 (s,
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22.3 (s, CHCHg), 19.7 and 19.7 (both s, P@iM3). MS
(LSIMS™): m/z 548 (M")

[ 1

Reaction of OsH@®>-CsHs){ C(CH,CH3)=CHC¢H} (P'Pr3) (6)
with HBF 4 Preparation of [OsH(#5-CsHs){#n3-CH(CH 3)-
CHCHPh} (P'Pr3)]BF, (10). A yellow solution of6 (140 mg, 0.26
mmol) in 7 mL of diethyl ether at 0C was treated with HBf
Et,O (35uL, 0.26 mmol). Immediately, a white solid appeared,
which was separated by decantation, washed with diethyl ether (2
x 2 mL), and dried in vacuo. Yield: 123 mg (91%). Anal. Calcd
for Co4H3BF,OsP: C, 45.43; H, 6.04. Found: C, 45.56; H, 6.12.
IR (Nujol, cm1): »(OsH) 2196 (w)y(Ph) 1598 (m)y(BF,) 1053
(s). IH NMR (300 MHz, CyCl,, 253 K, plus COSY):6 7.35—
7.28 (m, 5H, Ph), 5.71 (s, 5H,585), 4.89 (d,Jy—rm = 9.5, 1H,
CHPh), 4.21 (ddepr = 4~71JH7Ha = JHfHa' = 9.5, 1H, Hneg(),
3.97 (ddq,Jpr =2.7,34-Hm = 9.5, 4-nme = 6.1, 1H, CHCH3),
2.09 (d,J4—n = 6.1, 3H, CHM®3), 1.77 (m, 3H, PCH), 1.05 (dd,
Jpr = 13-31JH7H = 70, gH, PCH(Hg), 0.84 (dd,Jpr = 150,
Ju—n = 6.9, 9H, PCH®3), —15.10 (d,Jy—p = 40.5, 1H, Os-H).
S1P{1H} NMR (121.42 MHz, CRCly, 253 K): 6 13.4 (s).13C-
{H} NMR (75.42 MHz, CDCl,, 253 K, plus APT, plus HSQC):

0 137.8 (s, Gsh), 128.5, 128.5, and 128.0 (all s, Ph), 85.4 (s,
Cp), 76.3 (S, Gesd, 47.1 (s,CHPh), 42.5 (s,CHCH), 27.5 (d,
Jc—p = 29, PCH), 23.0 (s, CBH3), 20.1 (s, PCIEH3), 19.0 (d,
chp = 3, PC"CHQ,)

Preparation of 10a-d;. An NMR tube containing a yellow
solution of6 (21 mg, 0.04 mmol) in 0.5 mL of dichloromethane-
d; was treated with DBFOD, (10.3 L, 0.04 mmol) at—20 °C.
The NMR spectra at-20 °C show the presence df0ad;. 'H
NMR (300 MHz, CDBCl,, 253 K) data were identical to those
reported forl0 with the exception of the resonances at 7.31 (m,
4.65H, Ph) and 4.89 (dly-nm = 9.5, 0.35H, GiPh).2H NMR

61.5 MHz, CHCI,, 253 K): 6 7.4 (br, 0.35D, Ph) and 4.9 (br,

0.65D, CDPh).

Preparation of BPh, Salt of 10.A yellow solution of10 (235
mg, 0.37 mmol) in 8 mL of dichloromethane-aR0 °C was treated
with NaBPh (127 mg, 0.37 mmol). After 2 h, the solution was
filtered through Kieselguhr and concentrated to almost dryness. The
addition of 4 mL of diethyl ether caused the precipitation of a white
solid, which was separated by decantation and dried in vacuo.
Yield: 324 mg (89%). Thé'P{*H} and'H NMR (300 MHz, CD-

Cl,, 253 K) data were identical to those reported f@rwith the
exception of the appearance of the resonance atB.32 (m, 25H,
Ph).

Isomerization of 10 into 9 and 8.A brown solution of10 (123
mg, 0.19 mmol) in 7 mL of dichloromethane was stirred at room
temperature for 24 h. The solution was concentrated to ca. 0.5 mL
and cooled to 0C. Addition of diethyl ether (5 mL) caused the
precipitation of9 as a white solid. The product was separated by
decantation, washed with 2 2 mL of diethyl ether, and dried in
vacuo. Yield: 112 mg (91%). Anal. Calcd for£13BF,OsP: C,
45.43; H, 6.04. Found: C, 45.47; H, 5.94. IR (Nujol, ch v-
(OsH) 2197 (w)(Ph) 1598 (m)y(BF,) 1022 (s).*H NMR (300
MHz, CD.Cl,, 293 K, plus COSY):6 7.60-7.48 (m, 5H, Ph),
5.82 (dd,JHfHa = JH-Ha = 9.3, 1H, Hnesa, 5.62 (S, 5H, @45),

3.70 (dd,Jy—p = 12.3,I4—rm = 9.3, 1H, GHPh), 3.38 (ddgJn-p
= 3.0, Ju-1m = 9.3, Ji-nve = 6.0, 1H, GHCHy), 2.74 (m, 3H,
PCH), 2.40 (ddJy-n = 6.0, Ju—nnya = 2.1, 3H, CHCGH3), 1.49
(dd, \]pr = 13-01JH7H = 70, 9H, PCH(HQ,), 1.43 (dd,Jpr =
15.0,34-n = 7.2, 9H, PCH®3), —13.76 (dg,Ju—p = 33.6,J4-n
= 2.1, 1H, Os-H). 3'P{1H} NMR (121.42 MHz, CDQCl,, 293 K):
0 20.2 (s).13C{H} NMR (75.42 MHz, CDCl,, 293 K, plus APT,
plus HSQC): 6 140.1 (s, GsPh), 129.4, 127.4, and 126.4 (all s,
Ph), 85.8 (s, Cp), 69.3 (Sifesd, 51.8 (s,CHCHa), 42.5 (s,CHPh),
28.8 (d,Jc—p = 29, PCH), 22.6 (s, CBHg), 20.7 (s, PCITHy),

CipsdPh), 129.2, 127.6, and 126.4 (all s, Ph), 85.8 (s, Cp), 69.9 (s, 19.7 (d,Jo_p = 3, PCHCH3). MS (LSIMS'): miz 548 (M*). A

Crmesd, 55.3 (S,CHPh), 38.0 (SCHCHj), 28.2 (dJo_p = 30, PCH),

brown solution of9 (27 mg, 0.04 mmol) in 0.5 mL of dichlo-
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Table 6. Crystal Data and Data Collection and Refinement for 3, 5, and 8

3 5 8
Crystal Data
formula Cz3H3soSP Q3H365F4OSP QgHsgBOSPl/ZCHzClz
molecular wt 532.68 620.50 909.39
color and habit yellow, prism red, prism colorless, irregular block
size, mm 0.22,0.20,0.18 0.16,0.10,0.10 0.38,0.02,0.01
symmetry, space group tricliniel monoclinic,P2(1)h triclinic, P1
a, A 9.0672(14) 10.2094(13) 9.615(2)
b, A 10.3723(16) 12.8248(17) 13.811(3)
c, A 11.6987(18) 17.944(2) 17.423(4)
a, deg 99.221(2) 90.00 85.988(4)
B, deg 95.381(2) 96.363(2) 75.399(5)
y, deg 105.264(2) 90.00 78.292(5)
V, A3 1037.0(3) 2334.9(5) 2191.8(8)
z 2 4 2
D calc, g cnm® 1.706 1.765 1.378
Data Collection and Refinement

diffractometer Bruker Smart APEX
A(Mo Ko, A 0.71073
monochromator graphite oriented
scan type  scans
u, mmrt 6.229 5.569 3.038
26, range deg 3,57 4,57 4,57
temp, K 100.0(2) 100.0(2) 100.0(2)
no. of data collect 13 064 28678 25962
no. of unique data 496 R = 0.0193) 5787Rint = 0.0325) 10 249Rn = 0.1627)
no. of params/restraints 248/0 291/18 494/82
Ri2 [F?2 > 20(F?)] 0.0174 0.0271 0.0598
WR: [all data] 0.0421 0.0608 0.1464
S [all data] 1.110 0.974 0.664

aRy(F) = Y||Fol — IFcll/3|Fol. PWR(F?) = {3 [W(Fo? — FAA/3[W(FAF}Y2 ¢ Goodness of fit=S= {3[Fs? — FAA/(n — p)}¥2 wheren is the

number of reflections and is the number of refined parameters.

romethaned, was heated at 42C. After 7 days, the NMR spectra
showed the presence 8fand9 in a 5:2 molar ratio.

Preparation of 9a-d;. An NMR tube containing a brown solution
of 10ad; in 0.5 mL of dichloromethane, was kept at room
temperature for 24 htH NMR (300 MHz, CQyCl,, 293 K) data
were identical to those reported fOrwith the exception of the
resonances at 7.5 (m, 4.65H, Ph) and 3.7(dum = 10.8, 0.35H,
CHPh).2H NMR (61.5 MHz, CHCI,, 293 K): ¢ 7.5 (br, 0.35D,
o-Ph) and 3.7 (br, 0.65D, CDPh).

Preparation of BPh, Salt of 9. A yellow solution of 10-BPh,
(115 mg, 0.15 mmol) in 7 mL of dichloromethane was stirred at

I 1

Preparation of OsH(1®-CsHs){ C(Ph)=CHC¢H 4} (P'Pr3) (11).
The same procedure described fowas followed starting fronmi
(200 mg, 0.36 mmol) and phenylmagnesium chloride (2(1,70.43
mmol, 2 M in tetrahydrofuran). The product was isolated as a yellow
solid. Yield: 137 mg (64%). Anal. Calcd forsgHs;0sP: C, 56.54;
H, 6.27. Found: C, 56.22; H, 6.43. IR (Nujol, ct): v(OsH) 2189
(w), v(Ph) 1590 (m)*H NMR (400 MHz, GDs, 293 K): 6 7.92
(m, 2H, Ph), 7.88 (s, 1H+=CH), 7.62-6.86 (m, 7H, Ph), 4.65 (s,
5H, GHs), 2.15 (m, 3H, PCH), 0.79 (ddy-p = 14.8,J4—n = 7.0,
9H, PCHM3), 0.62 (dd,Jy—p = 12.2,J4—4 = 7.0, 9H, PCHGl3),
—13.52 (d,Ju—p = 48.0, 1H, Os-H). 31P{H} NMR (161.89 MHz,

room temperature for 24 h. Then, the solution was concentrated tngDe 293K): ¢ 17.7 (5)23C{*H} NMR (100.56 MHz, GDs, 293K

about dryness and diethyl ether (3 mL) was added. Immediately, a

lus APT, plus HSQC) 164.5 and 156.7 (both s,;&Ph), 156.6

white solid appeared, which was separated by decantation, washe d,Je_p =15, C, in Os—CeH,), 144.4 (S=CH), 143.0 (s, Ph), 142.5

with 2 mL of diethyl ether, and dried in vacuo. Yield: 101 mg
(88%). Thel'P{H} and'H NMR (300 MHz, CQyCl,, 293 K) data
were identical to those reported fOrwith the exception of the
appearance of the resonance at 7838 (m, 25H, Ph).

Formation of 8a-d;. An NMR tube containing a brown solution
of 9a-d; in 0.5 mL of dichloromethand, was heated at 40C.
After 7 days, the NMR spectra showed the presencgaal; and
9a-d; in a molar ratio 5:21H NMR (300 MHz, CB.Cl,, 293 K)
data were identical to those reported ®with the exception of
the resonances at 7.33 (m, 4.65H, Ph) and 3.594d;m = 9.5,
0.35H, GHPh).?H NMR (61.5 MHz, CHCl,, 293 K): ¢ 7.3 (br,
0.35D, Ph) and 3.6 (br, 0.65D, CDPh).

Formation of BPh, Salt of 8. A yellow solution of9-BPh, (123
mg, 0.16 mmol) in dichloromethane (7 mL) was heated at@0

(d, Jc—p = 17, OsC(Ph)), 128.4, 127.9, 125.2, 123.2, 122.3, and
120.6 (all s, Ph), 83.3 (s, Cp), 27.5 (@_p = 31, PCH), 21.1 (s,
PCHCH,), 18.8 (d,Jc_p = 3, PCHCH3). MS (LSIMSY): mvz 595
(M*); 435 (Mt — PPr).

I 1

Reaction of OsH@5-CsHs){ C(Phy=CHC¢H 4} (PPr3) (11) with
HBF,: Preparation of [Os(#5-CsHs)(CH3CN),(P'Pr3)|BF,4 (12).
An orange solution oftl (150 mg, 0.25 mmol) in 7 mL of
acetonitrile was treated with HBFELO (45uL, 0.33 mmol). The
color of the solution changed immediately from orange to brown.
After 30 min, the solvent was removed and the addition of diethyl
ether (2 mL) to the resultant brown oil caused the appearance of a
yellow solid. The solid was separated by decantation, washed with
diethyl ether (2x 2 mL), and dried in vacuo. GC-MS analysis of

for 7 days. Then, the solution was concentrated to about drynessmother liquors showed the presence of stilbene. Yield: 113 mg
and diethyl ether (4 mL) was added. Immediately, a white solid (77%). Anal. Calcd for GHs:BF:N,OsP: C, 36.99; H, 5.52; N,
appeared, which was separated by decantation, washed with 2 mL4.79. Found: C, 37.03; H, 5.53; N, 5.09. IR (Nujol, th v(CN)

of diethyl ether, and dried in vacuo. The NMR spectra showed the 2273 (m),»(BF,) 1025 (s).*H NMR (300 MHz, CQCl,, 293 K):

presence 08-BPh, and9-BPhy in a molar ratio 5:2. Thé'P{1H}
andH NMR (300 MHz, CDQCl,, 293 K) data were identical to
those reported foB with the exception of the appearance of the
resonance at 7.38.92 (m, 25H, Ph).

6 4.80 (s, 5H, GHs), 2.62 (d,Jy_p = 1.2, 6H, CHCN), 2.40 (m,
3H, PCH), 1.20 (ddJy_p = 13.5,J4_n = 7.2, 18H, PCHGEl5).
31p{1H} NMR (121.42 MHz, CDCl,, 293 K): ¢ 18.3 (s).13C-
{H} NMR (75.42 MHz, CDQCl,, 293 K): 6 123.3 (s, CHCN),
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71.4 (s, Cp), 27.0 (dJc—p = 26, PCH), 19.4 (s, PCEH3), 4.0 (s, of them supported a free refinement of these atoms and a restrained
CH3CN). MS (LSIMS"): m/z 457 (Mt — CHzCN). geometry was used in the last cycles of refinement. Hydrogen atoms
Structural Analysis of Complexes 3, 5, and 8Crystals suitable (except those corresponding to the allylic carbon atoms, which were
for the X-ray diffraction were obtained by cooling at@ a solution observed in the difference Fourier maps and refined as free isotropic
of 3 in pentane, by slow diffusion of diethyl ether into a atoms) were included in calculated positions and refined riding on
concentrated solution &in dichloromethane, and by slow diffusion  their respective carbon atoms with the thermal parameter related
of diethyl ether into a concentrated solution of a mixture of the to the bonded atoms. F6rthe BF, anion was observed disordered.
BPh,~ salts of 8 and 9 in dichloromethane. X-ray data were The anion was defined with four moieties, complementary oc-
collected for all complexes on a Bruker Smart APEX CCD cupancy factors, isotropic atoms, and restrained geometry. In the
diffractometer equipped with a normal focus, 2.4 kW sealed tube last cycles of refinemer showed an improper refinement of the
source (Mo radiationi = 0.71073 A) operating at 50 kV and 30  thermal parameters of some allyl, Cp, and dichloromethane atoms
mA. Data were collected over the complete sphere by a combinationprobably due to the small intensity of the measured reflections
of four sets. Each frame exposure time was 10 s (30 s8for  (mean (/o) = 2.1). However the poor thermal displacements could
covering 0.3 in w. Data were corrected for absorption by using a be improved by the use of SIMU and DELU restraints (or even

multiscan method applied with the SADABS progrémThe ISOR, or combinations thereof). DELU is used to equalize each
structures of all compounds were solved by the Patterson method.anisotropic vector parallel to the bond and SIMU was used to atoms
Refinement, by full-matrix least squares Bhwith SHELXL97 27 that are nonbonded but near in space. All the highest electronic

was similar for all complexes, including isotropic and subsequently residuals were observed in close proximity of the Os centers and
anisotropic displacement parameters. The high quality and extendednake no chemical sense. A summary of crystal data and data
range of diffraction data allowed location of the hydride ligands in collection and refinement details is reported in Table 6.

5 and8 in the difference Fourier maps. However, we observed short

experiments that usually show shorter-M distances than those  gpain (Proyect CTQ2005-00656) is acknowledged.
based on neutron diffraction, a radiation much more appropriate

for the precise localization of lighter elements. Unfortunately, none Supporting Information Available: Detailed X-ray crystal-

(26) Blessing, R. HActa Crystallogr 1995 A51, 33. SADABS Area- lographic data (bond distances, bond angles, and anisotropic
detector absorption correction; Bruker- AXS: Madison, WI, 1996. parameters) fo8, 5, and8 in CIF format. This material is available
(27) SHELXTL Package v. 6.1; Bruker-AXS: Madison, WI, 2000. free of charge via the Internet at http://pubs.acs.org.
Sheldrick, G. M.SHELXS86 and SHELXI-97; University of Gdtingen:
Gittingen, Germany, 1997. OM050907B




