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The dinuclear dicationic vinylidene complékRu]=C=C(Ph)CHC(CH,CN)=C=[Ru]}?" (73, [Ru]
= Cp(PEgt);Ru) is prepared from the reaction of IGEN with {[Ru]=C=C(Ph)CHC=C|[Ru]}* (6a).
Deprotonation of7a by n-BuNOH is followed by a cyclization process yielding the stable comBlax
containing a five-membered carbocyclic ring ligand, which is fully characterized by 2D-NMR analysis
and a single-crystal X-ray diffraction analysis. Similarly deprotonatiofi[Bu]=C=C(Ph)CHC(CH,-
COOEtF=C=[Ru]}?" (8a) gave the stable produdtla containing a bridging ligand also with a similar
five-membered carbocyclic ring. The cyclization process is affected by an ancillary ligand on the Ru
metal center. Thus the analogous dinuclear comBlexwith a bistriphenylphosphine ligand on one
metal, which is prepared in a similar manner fr¢fRu]J=C=C(Ph)CHC(CH,CN)=C=[Ru']}?* (7b,
[Ru] = Cp(PPh);Ru), is unstable, undergoing isomerization to give the dinuclear coriplexcontaining
a cyclopropenyl ligand.

unsaturated carbon-rich ligands such as acetylide, vinylidene,
and allenylidene have focused more or less on the electron-
transfer phenomena mediated by a conjugated bridging litfand.
A collection of linkers such as conjugated carboxyldfes,
polyaromatics! polyynes!3-15 polyenes® or polypyridyl com-
plexed” have been used for prospective applications such as
molecular wires® dyes!® unusual magnet® or nonlinear
opticaP! properties, and quantum cell autom&sVe previously
reported the synthesis of a number of mononuclear ruthenium
cyclopropenyl complex@% by a deprotonation reaction of

f readily accessible ruthenium vinylidene complexes containing

Introduction

The stabilization of vinylideneupon coordination to a metal
cente? is now a common feature experienced with many
transition metals, and chemical properties of metal vinylidene
complexesare valuable for novel organic transformations. For
example formation of a metal vinylidene intermedtdtas been
used to promote various carbeoarbon bond forming reactions
by the addition of a nucleophilic carbon center to the electro-
philic vinylidene o-carbon atom. Vinylidene complexes of
various metals also function as strategic intermedidtasthe
catalytic conversion of alkynes such as cycloaromatization o
conjugated enediynésthe dimerization of terminal alkynés, oA N N Crom o989 56

iti i i a ntonova, A. B.; loganson, A. uss. em. 3
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a —CHzR group bound to gof the vinylidene ligand. In a  an unsaturated five-carbon bridge. Herein we report the synthesis
slightly different vinylidene system containing a penda@Ph- of dinuclear vinylidene complexes of ruthenium and osmium
CH,CH=CH, group bound to gof the vinylidene ligand, the  and their novel deprotonation reactions.
ruthenium vinylidene complex displays novel intramolecular
metathesis reactivity between the twe=C double bonds? Results and Discussion
Encouraged by the rich chemistry of ruthenium vinylidene . . . o
complexes, we set to explore the chemical reactivity of dinuclear _ Synthesis of Dinuclear Ruthenium Vinylidene Complexes.
bisvinylidene complexes. Since relatively few dinuclear com- The reported preparation of ruthenium acetylide compféxes
plexes with an odd-numbered carbon bridge have been ob-iS modified to obtain [M}-C=C—Ph @a, [M] = Cp(PEg)-Ru;
tained?5-2we therefore started with dinuclear complexes with 3¢ [M] = Cp(PPh);0s) in high yield. Treatment of [M}ClI
(1a, [M] = Cp(PE$),Ru) with phenylacetylene in the presence

P ] - of KPFs in methanol affordeg [M]=C=C(H)Ph PFs (2a, [M]
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0.; Alfonso, M.; Schmalle, H. W.; Berke, KLhem—Eur. J.2003 9, 6192. as a triplet atd 345.92 with2Jcp = 14.7 Hz. The terminal
(f) Kheradmandan, S.; Venkatesan, K.; Blacque, O.; Schmalle, H. W.; Berke, alkynyl group of4a further reacted with [Ru}Cl to give the

H. Chem=—Eur. J.2004 10, 4872. (g) Rigaut, S.; Touchard, D.; Dixneuf, savimyli ; :
P. H.Coord. Chem. Re 2004 1586. (h) Ren. TOrganometallics2005 bisvinylidene complea, which upon deprotonation gave the
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(16) Liu, S. H.; Hu, Q. Y.; Xue, P.; Wen, T. B.; Williams, I. D.; Jia, G. PR (63, [Ru] = Cp(PEg)-Ru) in the presence of base. Complex
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(17) (a) Ziessel, R.; Hissler, M.; El-ghaoury, A.; Harriman, @oord. d th tal tvlide f ts. Similarl _
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Scheme 1

Br
\-c=cH ® o

[M|—C=C—Ph —————  » [M]=C=C

3 /
4

For 3 and 4 H
a: [M] = Cp(PEts),Ru
- IM] = Cp(PPh;),0
c: [M] = Cp(PPh3),0s l M-CI
® Ph S
[M]=C=C/ base [M]=C—C>
-
Vi [M]=C=C_
] 5 H )

6 N Figure 1. ORTEP plot of complexb drawn at the 30% probability
| COzEt level. Phenyl groups on the phosphine ligands on Ru(2) have been
=N omitted for clarity except the C(ipso) atoms.

Ph
® Ph [M]@=C=C/ Table 1. Selected Bond Lengths [A] and Angles [deg] for
[M]=C=C> ® > Complex 6b

M]=C=C lM'1=C=C> Ru(1-C(1) 1.834(5) Ru(3}C(5) 2.030(5)
Y 006G C(1)-C(2) 1.315(6) C(2¥C(3) 1.535(7)
NC C(3)-C(4) 1.463(7) C(4)C(5) 1.201(6)

7 8 Ru(1}-C(1)-C(2)  166.3(4) Ru(}C(5)-C(4) 174.5(4)

— C(1)-C(2)-C@E)  119.1(4) C(2YC(3)-C(4)  112.2(4)

2 M= [M] = Cp(PEt)sRu C(3)-C(4)-C(5) 177.2(5)
b: [M] = Cp(PEts),Ru, [M] = Cp(PPhs),Ru
¢: [M] = Cp(PPh;),0s, [M'] = Cp(PPhg),Ru 6b suitable for X-ray diffraction were grown by slow diffusion
of diethyl ether into a saturated dichloromethane solution. An
ORTEP view of the molecular structure@tf is shown in Figure

1, with selected bond distances and angles given in Table 1.

Particularly for the piano-stool-type cationic ruthenium complex
— + Wi i i i i . . . f
CpLRu=C=CRR™ with two identical phosphine ligands, two X-ray diffraction studies reveal that the dinuclear compix

coupled doublet resonances in the low-temperattfeNMR has vinylidene and acetylide ligands bridged by a methylene
spectrum show lsuch an isomerism. The fact that_at room group. The Ru(1-C(1) and C(1)-C(2) bond lengths of 1.834-
temperature .thé P NMR spectrum _015a shows ‘?‘" §|nglet (5) and 1.315(6) A, respectively, are comparable with the-Ru
resonances indicates that the rotation of the-Raylidene ;n jijene distances found in other ruthenium compleé®ehe
group remains fast. Temperature-dependent spectra demonstratﬁu(z)_C(S) and C(41-C(5) bond lengths are 2.030(5) and
that only at low temperature is the fluxional process due to the 1.201(6) A, respectively, and are similar to the distances
rotation of the Ru vinylidene group hampered, thus showing jpcarved in’ other ruthenilljm acetylide comple3Ehe C(3)-
diastereomers. Therefore, at room temperature the thgee C C(4)-C(5) bond angle measures 177.2(Bnd confirms the
resonances as vv_eII as thRee singlet resongnces_could pO.SSibly presence of the acetylide ligand on Ru(2). The remaining bond
be due to the existence of two conformational isomers in a 1:1 jonaihs and angles are normal and lie within the expected range.
ratio. No such isomer was observed fb. For dinuclear Alkylations of the two dinuclear complex&a and6b each

bisvinylidene complexes with no hydrogen op (Complexes Wi ; .
. ! X th ICH,CN in CHyCl, at room temperature in the presence
7 and8 described below), neither do we see the existence of KPFs afforded bisvinylidene complexe§M]=C=C(Ph)-

isomers. Thus the existence of isomers seems to require bot _ P — M —
the presence of triethylphosphine ligands on the nearby meta:gkgb)ggkgg’\l[)wc :[Ncl:g)}(LPEF;)]ZZRga'[M[!\]A]: CLh?P]Ph)zlguF;
and the hydrogen atom orp ©f the vinylidene ligand. Since a respectivély ’both as pink powders’ THE NMR spectrum (’)f
facile tautomeric interconversion between the vinylidene and 7adisplays fwo singlet resonanceséa:BG 39 and 35.47. In the
the-bound alkynyl form is expected for the vinylidene ligand 13C NMR spectrum of7a, typical downfiéld triplet résohances
with a hydrogen atom, our observation of two species in the of C, are observed ai 339.45 and 338.97, both witlep =

(03 . . ’

NME spet_ctra lc_ould Very Wt?\” ?e .?tt{'blited to t.h? presence of 14.6 Hz. The corresponding downfield triplet resonances,of C
conformational isomers via the facile tautomeric interconversion. ¢ "~ appear ab 342.91 with?Jep = 15.2 Hz and a 337.96

However, i the P-P couplings between phosphing ligands are with 2Jcp = 14.3 Hz. Alkylation of complex6a with ethyl
negligible, this could be due to the presence of d'aStereomers'iodoacetate in CbCl, in the presence of KRFgives the
The 31P{1H} NMR spectrum of 6a exhibits two singlet L 2 —

X . bisvinylidene complex{[M]=C=C(Ph)CHC(CH,COOEt}=
resonances at 36.03 and 48.99, with the latter one appearing C—[M]}[PF> (8a [M] = Cp(PES):Ru). In the IH NMR
in the region of the metal acetylide. In thC NMR spectrum spectrum oBa, two singlet resonances at3.75 and 3.43 and

g; fhaeo".'y lc.)gg (‘Jleownfleld tnploett) resondan_lt_:ﬁeélBSdO.tAA f(())rfg th one quartet resonance@#.25 are assigned to protons of three
the vinylidene group was observed. These data confirm the methylene groups. ThEP NMR spectrum oBa displays two
existence of both vinylidene and acetylide group$an
_ Addition of base including OH, F~, DBU, and MeLito6a ™ gy Wil A F.; Hulkes, A. G.; White, A. J. P.; Williams, D. J.
in acetone at room temperature caused no reaction, |nd|Cat|n90rganometallicSZOOQ 19, 371. (b) Bruce, M. L; Ellis, B. G.; Low, P. J.;
that the methylene group of compl®&a would not undergo Sk?zltg)n(, I)B.BW.: W’tl/litei, AE.”H.OBrgaGnogete(ljl!ics’ﬁ/IOOE 22, 31804. Velino. G

i i H H a) bruce, M. I.; IS, b. G.; Gauadio, M.; aplnte, ., Mellno, G.;
pleprotqnatlon reaction. Co_mplémls air-stable and decomposes Paul, F.; Skelton, B. W.; Smith, M. E.; Toupet, L.; White, A. Balton
in solution at 70°C. The solid-state structure 6b is determined Trans.2004 1601. (b) Bruce, M. I.; Hall, B. C.; Kelly, B. D.; Low, P. J.:

by an X-ray diffraction analysis. Single crystals of the complex Skelton, B. W.; White, A. HJ. Chem. Soc., Dalton Tran$999 3719.
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Figure 2. ORTEP plot of comple®adrawn at the 30% probability
level.

Scheme 2
@® Ph
Ph ’
® M=C=C
[M]=C=C base [M]\Q
® —_— _— H
M]=C=C Poe
> AN NC
NC M1] M1
7a,7b, 7c 9a, 9b 10b, 10c
® S ® Ph
M]=C=C Mj=C=C base [M]\Q
-— _—
eo— | M]=C=C eooc” ¢ @
A\t
07 M1 Et00C M1
12b 8a, 8b 11a

a:[M] = [M] = Cp(PEts),Ru
b: [M] = Cp(PEts),Ru, [M]= Cp(PPhs),Ru
¢: [M] = Cp(PPh,),0s, [M7] = Cp(PPh3),Ru

singlet resonances at 36.47 and 35.58. Comple8b is also
prepared from6b and ethyl iodoacetate.

Deprotonation Reactions of Dinuclear ComplexesTreat-
ment of complex7a with NaOMe or n-BYyNOH in acetone at
room temperature afforded the air-stable compf (see

Liu et al.

Table 2. Selected Bond Lengths [A] and Angles [deg] for

Complex 9a

Ru(1)-C(1) 2.112(6) Ru(dC(7) 1.854(6)
C(1)-C(2) 1.350(9) C(C(3) 1.523(9)
C(3)-C(4) 1.517(9) C(4}C(5) 1.542(8)
C4)-Cc(7) 1.280(8) C(1)}C(5) 1.557(9)
Ru(1-C(1)-C(2) 133.7(5) Ru(2}C(7)-C(4) 168.6(6)
C(1)-C(2)-C(3) 115.6(6) C(2rC(3)-C(4) 103.3(5)
C(3)-C(4)-C(5)  105.7(5) C(1yC(5)-C(4)  106.0(5)
C(2-C(1)-C(5)  105.7(5)

geometry for both Ru centers. The distances RuCl()1L) (2.112-
(6) A) and Ru(2y-C(7) (1.854(6) A) agree with that for a single
bond and a double bond, respectivélifhe angle Ru(2yC(7)—
C(4) of 168.6(6) involved in the vinylidene group is close to
the ideal value. With respect to the cyclic bonds, &(T)2)
(1.350(9) A) is clearly a double bond, while the CEI3(5)
distance amounts to 1.557(9) A, in agreement with its single-
bond character. The distance C{)(5), next to the Ru(1)
moiety, is slightly greater than the other three (G(€)3) 1.523-
9) A, C(38-C(4) 1.517(9) A, C(4¥C(5) 1.542(8) A) and
reflects the influence of the metal moiety.

We previously reported that the deprotonation reaction of the
mononuclear vinylidene complex Cp(PPRu=C=C(Ph)CH-
CN* gave a ruthenium complex containing an unsaturated three-
membered cyclopropenyl ligarfé® Interestingly, in the dinu-
clear bisvinylidene complex a different cyclization process
resulted in formation of a five-membered carbocyclic ring. For
comparison, the dinuclear complgk, with one metal contain-
ing two triphenylphosphine ligands, was reacted with n-Bu
NOH in acetone. Interestingly the reaction yielded the yellow
cyclopropenyl productOb; see Scheme 2. The reaction proceeds
via formation of a visible red intermediate during the reaction
period which could be obtained by replacing the base with
NaOMe. By treating the complexb with 5 equiv of NaOMe
in acetone for 30 min, a deep red solution showing the presence
of a mixture of 9b and 10b in a 10:1 ratio was obtained.
Complex10bis soluble in hexane or ether, but compRixis
hexane insoluble and is soluble in &E,. It is therefore easy
to separat®b from the mixture. Comple®b is air-stable and
displays a deep red color in solution but decomposes at about

Scheme 2) as a deep red powder. Deprotonation of the80 °C. Interestingly, in the absence of baSb,in acetone is
methylene protons near the CN group followed by a novel stable at room temperature, but in the presence of base,

cyclization leads to a €C bond formation at ¢of the remote
Ru vinylidene group. Comple®a, containing a stereogenic

formation of complexLObis observed. ProdudtOb could also
be obtained from the deprotonation reaction using NaOMe with

carbon center in the five-membered ring, is characterized by longer reaction time, i.e., when the color of the solution turns

1H, 31p 13C, 2D-NMR, and MS spectra. THel NMR spectrum
of 9a exhibits a set of two doublet resonances)at.42 and
4.21 with2Jyy = 17.4 Hz corresponding to tigemmethylene

bright yellow. Extraction with ether gaviOb in good yield as
a yellow powder.
The H NMR spectrum of comple®b shows two doublet

groups. The proton resonance of the methyne group of the five-resonances at 4.54 and 4.09 wititJyy = 18.0 Hz for the

membered ring appears as a singlet peak &t08. The3P
NMR spectrum 0fa, containing a stereogenic carbon center,
displays two sets of two doublet resonance$ 39.73 and 37.88
(3Jpp = 32.6 Hz) and 29.77 and 29.38J¢p = 45.9 Hz). The
13C NMR spectrum displays one typical downfield triplet
resonance ai 339.81 with?Jcp = 15.0 Hz for G.. Furthermore,
2D NMR data of9areveal the presence of the five-membered
carbocyclic ring. In théH,'3C-HMBC spectrum o®a, cross-
peaks between théH resonance of CH ad 5.08 and!3C
resonances of other four carbocyclic carbon atomst9.34,
144.31, 121.38, and 46.26 indicated long-rangeHCcorrela-
tion, inferring formation of the five-membered ring. Unequivocal
characterization of9a was performed by X-ray structure

methylene group. The proton of the methyne group exists as a
singlet peak at 5.05. The3’P NMR spectrum oBb contains

four doublet resonances &t39.73 and 37.88pp = 32.6 Hz)

and ¢ 29.77 and 29.36%0pp = 45.9 Hz). In the3C NMR
spectrum oBb the triplet peak ad 341.46 fJcp= 11.8 Hz) is
attributed to the typical & of the vinylidene ligand. On the
basis of these spectroscopic data the structuéb &f analogous

to 9a. The spectroscopic data @Db, including H, 31P, 13C,
2D-NMR, and MS, are consistent with the structure shown in
Scheme 2. For example in tAel NMR spectrum of10b, also
containing a stereogenic carbon center in the three-memberd
ring, two doublet resonances &t3.53 and 3.46 witRJyy =

16.5 Hz are assigned to the methylene group. The stereogenic

analysis. Figure 2 shows an ORTEP representation of thecarbon center is close to the metal center with the bistriph-
molecule. Selected bond distances and angles are listed in Tablenylphosphine ligands; therefore tHe NMR spectrum displays
2. The structure can be described as three-legged piano stooh singlet peak ab 35.78 as well as resonances showing an AB
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pattern at 51.07 and 50.68 witRJpp = 39.8 Hz assignable to
two PEg ligands and two PRHigands, respectively. It is not
possible to converBa to the corresponding cyclopropenyl
complex. An electronic effect may play a role in the selectivity
of C—C bond formation.

Deprotonation of8a was similarly carried out in acetone.
From 8a complex1lawas observed in 76% NMR yield. Our
attempts to isolatdlain pure form were unsuccessful. Even
though pure complegtlawas not obtained, NMR characteriza-
tion indicated that an analogous five-membered carbocyclic ring
appears in the bridging ligand. In the 2D HMBC spectrum of
11a a long-range €H correlation was observed between the
proton resonance of CH &t 4.94 and the four cyclic carbon
resonances at 152.80, 144.33, 123.56, and 47.60, indicating
formation of the same five-membered ring as tha®inThe

9a. Attempts to converilaeither to a cyclopropenyl or furyl
complex led to decomposition. Interestingly, ®is, with two
triphenylphosphine ligands, the deprotonation usingNgaH
gave complexi2b in quantitative NMR yield. We could not

observe any intermediate during this transformation and, again,

failed to isolate compleXd2b in pure form. However, in the
31P NMR spectrum of the reaction mixture, the very clean
pattern with two singlet resonancesja49.45 and 36.49 clearly
reveals formation of the furyl complex in quantitative yield.
The 3P resonance ai 49.45 is in the same region as that of
other Ru furyl complexes with a triphenylphosphine lig&#f.

On the basis of the reactivity afa, 7b, 8a, and8b it could
be concluded that the phosphine ligand may play a key role in
determining the regiochemistry of the cyclization. With a more
electron-donating ability, the triethylphosphine ligand could
direct the C-C bond formation to take place at, Gf the remote
vinylidene ligand. For compleXb, with a triphenylphosphine
ligand, the less ring-strained energy of the five-membered
carbocycle could stabilize the kinetic produ®b, which
eventually transforms to the thermodynamic prodi@b. A
series of osmiumruthenium vinylidene complexet, 5c, 6c¢,

Organometallics, Vol. 26, No. 14, 28435

Concluding Remark

In summary, dinuclear ruthenium and osmium vinylidene
complexes containing bistriethylphosphine or bistriphenylphos-
phine ligands were synthesized. The deprotonation reaction of

the dinuclear bisvinylidene compl&awas followed by a novel

cyclization reaction with carbencarbon bond formation be-

tween the deprotonated carbon andaCthe remote vinylidene

ligand, giving the dinuclear compleda with a bridging ligand
containing a five-membered carbocyclic ring. The deprotonation
of 7b proceeds via a similar pathway, yielding the parallel
complex9b. However, comple®b, with bistriphenylphosphine
ligands, is unstable in the presence of base, generafibgvith

a cyclopropenyl ring. Electronic effects of various phosphine
ligands can possibly control the regiochemistry of € bond

. . formation following deprotonation reactions, leading to various
same long-range coupling pattern was also observed in that of

products. Deprotonation of dinuclear complexes with a triph-
enylphosphine ligand favor formation of a cyclopropenyl product
as a thermodynamic product.

Experimental Section

General ProceduresThe manipulations were performed under
an atmosphere of dry nitrogen using vacuum-line and standard
Schlenk techniques. Solvents were dried by standard methods and
distilled under nitrogen before use. All reagents were obtained from
commercial suppliers and used without further purification. Com-
pounds [RU]CI L&, [Ru] = Cp(PEg);Ru), [RU]CI (1b, [RU] =
Cp(PPh);Ru), [Os]CI (Lc, [Os] = Cp(PPh).0s), and [Os]&CPh
were prepared by following the meth8@lseported in the literature.
Infrared spectra were recorded on a Nicolet-MAGNA-550 spec-
trometer. The C, H, and N analyses were carried out with a Perkin-
Elmer 2400 microanalyzer. Mass spectra (FAB) were recorded using
a JEOL SX-102A spectrometer; 3-nitrobenzyl alcohol (NBA) was
used as the matrix. NMR spectra were recorded on a Bruker AC-
300 instrument (at 300 MHZK), 121.5 MHz §'P), or 75.4 MHz
(*3C) using SiMeg or 85% HPO, as standard) or on a Bruker
Avance 500 FT-NMR spectrometer.

Synthesis of{ [Ru]=C=C(H)Ph} PF¢ (2a). To a Schlenk flask

and7c all with triphenylphosphine ligands were prepared. The charged withla (0.42 g, 0.96 mmol) and KRF0.88 g, 4.80 mmol)

deprotonation ofc cleanly and directly gave the cyclopropenyl was added methanol (20 mL) under nitrogen. The resulting solution
complex10¢ see Scheme 2. The reaction did not give the was stirred at room temperature, and phenylacetylene (1.05 mL,
intermediate with the five-membered-ring bridging ligand. In  9.60 mmol) was added. The clear solution was stirred for 1.5 h,
this system the regiochemistry of the cyclization could be readily and the color changed from orange to red. After the solvent was

discriminated by'*C NMR data. Resonances of,®f the
vinylidene ligands for Ru and Os ifc appear distinctively at

removed under vacuum, 30 mL of GEl, was added. The solution
was filtered through Celite, and the volume of the solution was

0 341.51 and 302.24, respectively. The downfield resonance atfeduced to 5 mL under vacuum. Then 60 mL of diethyl ether was

0 307.23 for10c indicates the presence of an Os vinylidene
moiety, revealing the site of cyclization at, Gf the vinylidene
ligand on Ru.

In order to check the feasibility for the formation of a
cyclopropenyl and furyl complex in mononuclear system
containing triethylphosphine ligands, complexes RGF
C(Ph)CHR' (13, R= CN; 14, R= CO,Me; [Ru] = Cp(PEt),-

Ru) are prepared from the reactions 3# with two organic
halides, ICHCN and BrCHCO,;Me, respectively, in the pres-
ence of KPk. Spectroscopic data df3 and 14 including H,
31P{1H}, and3C{!H} NMR spectra clearly reveal the presence
of the vinylidene moiety. Complexe43 and 14 undergo
deprotonation reaction by BNOH, yielding the cyclopropenyl
complex15and the furyl compleX6, respectively; see Scheme
3. The mononuclear system thus displays normal cyclization.
The dinuclear bisvinylidene complex containing bistriethylphos-
phine ligands therefore exhibits distinctive reactivity from that
of the mononuclear system. A multinuclear system could
possibly display even more rich chemistry.

added to cause precipitation of a pink powder. After filtration, the
precipitate was washed with 10 mL of diethyl ether twice and then
dried under vacuum to giv@a (0.45 g, 72% yield)!H NMR
(CDCly): 7.35-6.90 (m, 5H, Ph), 5.54 (s, 5H, Cp), 5.33 (s, 1H,
CsH), 2.05-1.85 (m, 6H, CH), 1.85-1.65 (m, 6H, CH), 1.09-
1.00 (m, 18H, CH). 13C NMR CDCk: 351.78 (t,2Jcp = 15.3 Hz,
C.), 128.97-125.94 (Ph), 116.84 (§, 90.64 (Cp).3P NMR
(CDCly): 36.92 (s, PE). MS FABm/z. 505.1 (M — PF), 403.1
(M* — PRy — C=C(H)Ph). Anal. Calcd for gHg4;FsPsRu: C,
46.23; H, 6.36. Found: C, 46.62; H, 6.15.

Synthesis of [Rul-C=CPh (3a). To a Schlenk flask charged
with 2a(0.45 g, 0.69 mmol) was added a solution of NaOMe (2.60
g, 4.81 mmol) in methanol (10 mL). The solution was stirred at
room temperature for 5 min, and the color changed from pink to
yellow. The solvent was removed under vacuum. The desired
product was extracted with 4 10 mL of diethyl ether and filtered

(30) (a) Tadeusz, W.; Maria, B.; Biernat, J.J-Organomet. Cheni981,
215 87. (b) Coto, A.; Tenorio, M. J.; Puerta, M. C.; Valerga, P.
Organometallics1998 17, 4392. (c) Bruce, M. I.; Wallis, R. CAust. J.
Chem 1979 32, 1471.
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Scheme 3
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[Ru] = Etg,P’;Ru base
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EtsP base
Ph R = CO;Me, Ph
Rul—% [Ru]—<L
R N
0 H
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through Celite. The solvent of the filtrate was removed under
vacuum to give8a (0.34 g, 98% yield)!H NMR (CDCl): 7.66—
7.03 (m, 5H, Ph), 4.74 (s, 5H, Cp), 1.99.90 (m, 6H, CH), 1.37—
1.29 (m, 6H, CH), 1.07-0.99 (m, 18H, CH). 13C NMR (CDCk):
134.68-122.87 (Ph), 118.61 (8)cp = 25.2 Hz, G), 110.89 (G),
80.78 (Cp).3'P NMR (CDCh): 40.24 (s, PE). MS FAB m/z:
504.1(M"), 403.1 (M — C=C(H)Ph). Anal. Calcd for gH4oP,-

Ru: C, 59.62; H, 8.01. Found: C, 59.61; H, 7.92.

Synthesis of {[Ru]=C=C(Ph)CH,C=CH}[PF¢] (4a). To a
Schlenk flask charged witBa (0.10 g, 0.19 mmol) and KRF
(0.20 g, 1.08 mmol) in CECl, (10 mL) was added BrCH{=CH
(0.2 mL, 2.23 mmol) under nitrogen. The clear solution was stirred
for 8 h atroom temperature, and the color changed from yellow to
red. Then the solution was filtered through Celite, and the volume
of the filtrate was reduced to 3 mL under vacuum. Diethyl ether
(50 mL) was added to cause precipitation of a pink powder. After
filtration, the precipitate was washed with diethyl ether (5 mL) twice
and dried under vacuum to give (0.12 g, 92% yield)!H NMR
(CDCly): 7.37-7.20 (m, 5H, Ph); 5.56 (s, 5H, Cp); 3.32
= 2.6 Hz, 2H, CH), 2.13 (t,“Jyy = 2.6 Hz, 1H,=CH), 1.93-
158 (m, 12H, CH), 1.04-0.92 (m, 18H, CH). 13C NMR
(CDCly): 345.93 (t,2Jcp = 14.7 Hz, G), 133.49-127.61 (Ph),
123.68 (@), 90.50 (Cp), 82.22 (HEC), 70.53 (HC=C), 17.10
(CHy). 3P NMR (CDCk): 36.96 (s, PE). MS FAB m/z 543.3
(M — PR), 514.2 (M" — C,Hs). Anal. Calcd for GgHasFsPsRuU:

C, 48.91; H, 6.30. Found: C, 49.05; H, 6.22.

Synthesis of {[Os]=C=C(Ph)CH,C=CH}[PF¢] (4c). To a
Schlenk flask charged with [Os¥CPh (0.50 g, 0.57 mmol) and
KPFs (0.11 g, 0.6 mmol) were added GEl, (20 mL) and
BrCH,C=CH (0.4 mL, 4.46 mmol) under nitrogen. The resulting
solution was stirred o8 h atroom temperature. Then the solvent
was removed in vacuo, and GEl; (2 x 5 mL) was used to extract
the product. After filtration, the volume of the filtrate was reduced
to ca. 5 mL. Then the filtrate was added to diethyl ether (60 mL)
to yield a pale red precipitate, which was filtered, washed with
diethyl ether, and recrystallized from GEl,/hexane to giveic
(0.60 g, 90%)*H NMR (CD3COCDsy): 7.48-7.06 (m, 35H, Ph),
5.70 (s, 5H, Cp), 3.24 (dJqn = 2.6 Hz, 2H, G,), 2.66 (t,*Inn
= 2.6 Hz, 1H, ). 3?P{*H} NMR (0, ds-acetone):—5.33 (s, PP¥).

MS FAB m/z. 1011.2 (M" — PFK). Anal. Calcd for GyHaaFePs-
Os: C, 58.64; H, 4.07. Found: C, 58.72; H, 4.35.

Synthesis of{ [Ru]=C=C(Ph)CH,CH=C=[Ru]} [PF¢]. (5a).

To a Schlenk flask charged witha (50 mg, 0.073 mmol), KPF
(0.11 g, 0.60 mmol), anda (32 mg, 0.073 mmol) was added
methanol (7 mL) under nitrogen. The solution was stirred at room
temperature for 19 h, and the pink precipitate was filtered off and
washed with methanol (2 mL) twice and ether (10 mL), then dried
under vacuum to givésa (72 mg, 80% vyield).!H NMR (CDs-
COCD;): 7.53-7.37 (m, 5H, Ph), 5.79 (s, 5H, Cp), 5.34, (s, 5H,
Cp), 4.46 (t,3Jyy = 8.1 Hz, 1H,=CH), 3.72 (d,3Jyy = 8.1 Hz,

Liu et al.

2H, CH,), 2.06-1.76 (m, 24H, CH), 1.10-0.94 (m, 36H, CH).
13C NMR (CDsCOCDs): 344.76 (t,2Jcp = 15.5 Hz, G), 344.44
(t, 2cp = 15.1 Hz, @), 343.06 (t,2Jcp = 15.1 Hz, ), 131.38-
128.04 (Ph), 127.44 (£, 110.48 (G), 90.93 (Cp), 90.83 (Cp), 20.68
(CHy). 3P NMR (CD;COCDs): 38.89, 38.87 (two s, half intensity,
PE%), 37.50 (s, PE). MS FAB m/z 1091.2 (M" + 1 — PR"),
945.3 (M + 1 — 2PFK7), 825.2 (M" + 1 — 2PR~ — PEg), 709.2
(M* — +1 — 2PR~ — 2PEg), 543.3 (M — CpRu(PEj),), 441.2
(M* — CpRu(PE$);=C=C(Ph)). Anal. Calcd for GH-gF1,Ps-
Rw: C, 43.76; H, 6.37. Found: C, 43.80; H, 6.50.

Synthesis of [Ru]=C=C(Ph)CH,CH=C=[Ru']}[PFg]2 (5b).
To a Schlenk flask charged wita (0.100 g, 0.146 mmol), KRf
(0.21 g, 1.14 mmol), andb (0.106 g, 0.146 mmol) was added
methanol (10 mL) under nitrogen. The solution was stirred at room
temperature for 24 h, and the orange-pink precipitate was filtered
off and washed with methanol (5 mL) twice, then dried under
vacuum to givebb (0.182 g, 82% yield)*H NMR (CDCl): 7.59-
6.86 (m, 35H, Ph); 5.51 (s, 5H, Cp); 4.75 (s, 5H, Cp), 4.54)(}y
= 8.1 Hz, 1H,=CH), 3.32 (d,%Jun = 8.1 Hz, 2H, CH), 1.83—
1.53 (m, 12H, CH), 0.96-0.85 (m, 18H, CH). 13C NMR CDClk:
350.15 (t,2)c—p = 13.2 Hz, @), 342.00 (t,2Jc—p = 13.1 Hz, @),
141.45-127.56 (Ph, @), 114.15 (G), 94.30 (Cp), 92.11 (Cp),
9.00-7.80 (CH). 3P NMR (CDCEk): 36.15 (s, PE), 42.99 (s,
PPh). MS FABm/z 13770 (M" + 1 — PR7), 1233.1 (M + 1
—2PR7),1114.1 (M + 1 — 2PR~ — PEg), 691.1 (M" — CpRu-
(PEg);~C=C(Ph)CHC(H)=C), 543.1 (M" — CpRu(PPh),). Anal.
Calcd for GoH7gF12PsRw: C, 54.40; H, 5.16. Found: C, 54.54;
H, 5.48.

Synthesis off [Os]=C=C(Ph)CH,CH=C=[Ru']}[PFg]. (5C).
To a Schlenk flask charged witfc (0.10 g, 0.09 mmol), KP§
(0.02 g, 0.10 mmol), andb (0.07 g, 0.10 mmol) was added
methanol (15 mL) under nitrogen. The solution was heated to reflux
for 4 h. After cooling, the solvent was removed in vacuo, ang-CH
Cl, (2 x 5 mL) was used to extract the product. The resulting
solution was filtered through Celite, concentrated to ca. 5 mL, and
added to diethyl ether (60 mL) to produce a purple precipitate,
which was filtered, washed with diethyl ether, and dried under
vacuum to givesc (0.14 g, 80% yield)*H NMR (CD;COCD):
7.79-7.04 (m, 65H, Ph), 5.67 (s, 5H, CpOs), 4.91 (s, 5H, CpRu),
4.70 (t,3)yy = 5.96 Hz, 1H, &), 3.24 (d,3J4y = 5.96 Hz, 2H,
CHy). 3C{*H} NMR CDsCOCD;: 345.96 (t,2Jcp = 14.5 Hz,
RUC,), 304.62 (t,2)cp = 9.7 Hz, OL,), 135.22-128.52 (m, Ph
and RiCp), 114.7 (0O€;p), 94.6 CpRu), 92.3 CpOs), 15.7 (Ely).
S1P{1H} NMR (CD3;COCDs): 42.16 (s, RuPPj);, —4.86 (s, Os-
PPh). MS FABm/z 1756.2 (M" + 1 — PR7), 1611.2 (M + 1
— 2PR), 1347.1 (M + 1 — 2PR — PPh), 1085 (M" + 1 — 2Pk
— 2PPh). Anal. Calcd for GzH7zgF1.PsRUOs: C, 58.76; H, 4.14.
Found: C, 59.02; H, 4.45.

Synthesis of{[Ru]=C=C(Ph)CH,C=C—[Ru]}PFs (6a). To
a Schlenk flask charged witsa (0.10 g, 0.081 mmol) and NaOMe
(0.05 g, 0.93 mmol) was added methanol (5 mL). The solution was
stirred at room temperature for 30 min, and the color changed from
pink to deep yellow. The solvent was removed under vacuum and
CH,Cl, (2 x 5 mL) was used to extract the product. The solution
was filtered through a sintered glass with Celite, then the volume
of the filtrate was reduced to 3 mL and diethyl ether (50 mL) was
added to cause precipitation of an orange powder. After filtration,
the precipitate was washed with diethyl ethe(3 mL) and dried
under vacuum to givéa (82 mg, 93% vyield).!H NMR (CDs-
COCD;): 7.48-7.18 (m, 5H, Ph), 5.79 (s, 5H, Cp), 4.61 (s, 5H,
Cp), 3.63 (s, 2H, Ch), 1.96-1.88 (m, 12H, CH), 1.50-1.30 (m,
12H, CH), 1.11-0.95 (m, 36H, CH). 3C NMR (CD;COCD;):
350.45 (t,2Jcp = 14.8 Hz, G), 132.57-126.87 (Ph), 119.17 (4,
110.29 (t,2Jcp = 11.8 Hz, G), 101.30 (@), 87.54 (Cp), 85.85
(Cp), 15.20 (CH)). 3P NMR (CD;COCDs): 38.88 (s, PE), 36.03
(s, PE§). MS FABm/z. 1091.3 (M" + 1), 945.3 (M + 1 — PF),
826.2 (M + 1 — PR — PESg), 709.2 (M" + 1 — PR — 2PEg),
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Table 3. Crystal Data and Structure Refinement Parameters for Complexes 6b and 9a

6b 9a
empirical formula GoH7oCloFsPsR U, Cy7H78FsNPsR U,
fw 1462.22 1128.09
temperature [K] 295(2) 295(2)
cryst syst monoclinic monoclinic
space group P2;/n P2;/c
a[A] 15.3762(2) 9.2924(2)
b[A] 13.8246(2) 21.0916(4)
c[A] 32.2115(5) 27.4615(4)
p [deg] 95.0360(4) 90.1850(10)
volume [A3], Z 6820.76(17), 4 5382.19(17), 4
ocacid[Mg m~3] 1.424 1.392
absorp coeff [mm?] 0.695 0.762
F(000) 3000 2336
cryst size [mrd] 0.25x 0.20x 0.15 0.15x 0.15x 0.10
26 [deg] 1.27-25.00 2.19-25.00
no. of reflns collected 37 452 29613
no. of indep reflns 11803 9259
R(int) 0.0391 0.0549
no. data/restraints/params 11803/0/742 9259/0/544
goodness-of-fit orfr2 1.100 1.089

final Rindices | >20(l)]
Rindices (all data)
largest diff peak/hole [e A3] 0.998/-0.668
543.3 (M" — CpRu(PEf),). Anal. Calcd for GsH77FsPsRu: C,
49.63; H, 7.13. Found: C, 49.51; H, 7.10.
Synthesis of{[Ru]=C=C(Ph)CH,C=C—[Ru']} PFs (6b). To
a Schlenk flask charged wisb (0.10 g, 0.066 mmol) and NaOMe
(0.05 g, 0.93 mmol) was added methanol (5 mL). The solution was
stirred at room temperature under nitrogen for 30 min, yielding a
yellow precipitate, which was filtered and washed with diethyl ether
and dried under vacuum to giveb (0.079 g, 87% yield). Single
crystals were grown by slow diffusion of diethyl ether into a
saturated ChCl, solution of6b. TH NMR (CD3COCDs): 7.56—
7.09 (m, Ph); 5.75 (s, 5H, Cp); 4.18 (s, 5H, Cp), 3.73 (s, 2H)CH
2.14-1.95 (m, 12H, CH), 1.15-1.03 (m, 18H, CH). 3C NMR
(CDsCOCD;s): 350.23 (t,2Jc—p = 15.5 Hz, G), 134.61-127.01
(Ph, G), 107.05 (@), 97.80 (t,2Jc—p = 24.0 Hz, G), 90.95 (Cp),
85.75 (Cp), 10.08 (Ch. 3P NMR (CD;COCD;): 48.99 (s, PP¥),
36.15 (s, PE). MS FABm/z. 1232.1 (M — PF), 1114.1 (MF —
PR — PEg), 970.1 (M" — PR — PPh), 850.9 (M — PR — PPh
— PEg), 729.0 (M — PR — CpRu(PE$),=C=C(Ph)), 543.1 (M
— CpRu(PPh),), 467.0 (M~ — CpRu(PPHK). — Ph). Anal. Calcd
for C69H77F6P5RUZ: C, 60.17; H, 5.63. Found: C, 60.05; H, 5.53.
{[Os]=C=C(Ph)CH,C=C—[Ru'l}[PF¢] (6c). To a Schlenk
flask charged withbe (0.10 g, 0.05 mmol) and NaOMe (0.01 g,
0.20 mmol) was added acetone (10 mL). The resulting solution

R;=0.0597 wR, = 0.1679
R;=0.0734wR, = 0.1879

Ry =0.0612wR, = 0.1544
R;=0.0980wR, = 0.1774
0.67440.583

to a solution of diethyl ether (50 mL), giving a pink precipitate.
After filtration, the precipitate was washed with diethyl ether and
dried under vacuum to givéa (0.050 g, 84% yield)*H NMR (CDs-
COCD;y): 7.59-7.54 (m, 5H, Ph), 5.91 (s, 5H, Cp), 5.39 (s, 5H,
Cp), 3.83 (s, 2H, Ch), 3.03 (s, 2H, CH), 2.02-1.91 (m, 24H,
CHy), 1.18-0.97 (m, 36H, CH). 3C NMR (CD;COCD;): 339.45
(t, 2cp = 14.6 Hz, @), 338.97 (t,2)cp = 14.6 Hz, ), 131.88-
128.21 (Ph), 124.04 (§, 119.77 (G), 114.20 (G=N), 25.18 CH»-
CN), 14.80 (CH). 3P NMR (CD;COCDy): 36.39 (s, PE), 35.47
(s, PE§). MS FAB m/z: 1129.3 (M — PR"), 866.2 (M" — PE}),
746.2 (M" — 2PEg), 610.3 (M" — 3PEg), 504.2 (M" — CpRu-
(PEg),=C=C(CH,CN)CH,). Anal. Calcd for G/H7oF12NPsRW,: C,
44.31; H, 6.25; N, 1.10. Found: C, 44.54; H, 6.48; N, 1.25.
Synthesis of 7b.To a Schlenk flask charged witb (0.05 g,
0.036 mmol), KPE(0.10 g, 0.54 mmol), and CGi&l, (5 mL) under
nitrogen was added IGEN (0.060 mL, 0.827 mmol) at room
temperature. The color of the solution changed from yellow to red
in 15 min. Then the solution was filtered through Celite, and the
volume of the filtrate was reduced to 3 mL under vacuum. The
mixture was slowly added to of a solution of diethyl ether (50 mL),
giving a precipitate. After filtration, the precipitate was washed with
diethyl ether and dried under vacuum to givie (0.046 g, 80%
yield). 'H NMR (CDsCOCD;): 7.78-7.04 (m, Ph); 5.91 (s, 5H,

was stirred at room temperature for 30 min, and the color changed Cp), 5.09 (s, 5H, Cp), 3.64 (s, 2H, GK3.47 (s, 2H, CH), 2.00-

from purple to deep yellow. The solvent was removed in vacuo,
and CHCl, (2 x 5 mL) was used to extract the product. The
resulting solution was filtered through Celite, concentrated to ca.
5 mL, and added to diethyl ether (60 mL) to produce a brown
precipitate, which was filtered, washed with diethyl ether, and dried
under vacuum to givésc (0.08 g, 88% vyield).!H NMR (CDs-
COCD;): 7.46-7.04 (m, 65H, Ph), 5.62 (s, 5H, CpOs), 4.26 (s,
5H, CpRu), 3.68 (s, 2H, B,). 13C NMR (CD;COCD;): 301.82 {(t,
2Jcp = 10.0 Hz, OK,), 139.14 (t,2Jcp = 21.2 Hz, R(L,), 117.97
(OCp), 107.21 (s, RGp), 91.59 CpRu), 84.74 CpOs), 17.27CH,).
31P{1H} NMR (CD3;COCDs): 48.76 (s, RuPPj), —4.05 (s, Os-
PPh). Anal. Calcd for GgH77FsPsRuOs: C, 63.65; H, 4.42.
Found: C, 63.70; H, 4.61.

Synthesis of 7a.To a Schlenk flask charged witda (0.05 g,
0.046 mmol) and KP§(0.11 g, 0.60 mmol) was added QEl,
(5 mL) under nitrogen. The resulting solution was stirred at room
temperature, and IG}€N (0.05 mL, 0.689 mmol) was added. After
stirring for 15 min, the color changed from yellow to red. Then
the solution was filtered through Celite, and volume of the filtrate
was reduced to 3 mL under vacuum. The mixture was slowly added

1.91 (m, 12H, CH), 1.07-0.95 (m, 18H, CH). 13C NMR (CDs-
COCDs): 342.91 (t,2Jcp = 15.2 Hz, @), 337.96 (t,2Jcp = 14.3
Hz, C,), 135.37-129.08 (Ph), 123.44 (§, 119.73 (G), 117.42
(C=N), 95.99 (Cp), 91.93 (Cp), 26.05 (GEN), 13.50 (CH). 31p
NMR (CDsCOCD;): 39.46 (s, PP)), 35.54 (s, PE). MS FAB
m/iz. 1272.4 (M"), 1010.5 (M — PPh), 892.5 (M" — PPk —
PE%), 504.4 (M™ — CpRu(PPk),=C=C(CH,CN)CH,). Anal. Calcd
for C71H7gNFPsRW,: C, 54.58; H, 5.10; N, 0.90. Found: C, 54.91;
H, 5.04; N, 1.02.

Synthesis of {[Os]=C=C(Ph)CH,C(CH,CN)=C=[Ru']}-
[PFe)2 (7c). To a Schlenk flask charged withc (0.090 g, 0.050
mmol), CHCl, (10 mL), and KPE(0.010 g, 0.06 mmol) was added
ICH,CN (0.02 mL, 0.276 mmol). The resulting solution was heated
to reflux for 8 h. The solvent was removed under vacuum, and
CH,Cl, was used to extract the product. Then the solution was
filtered through Celite, and the filtrate was concentrated to ca.
5 mL and added to a solution of diethyl ether (60 mL) to produce
a purple precipitate. The powder was filtered, washed with diethyl
ether, and recrystallized from G8lI,/hexane to giveé’c (0.080 g,
78% yield)."H NMR (CD;COCDs): 7.75-6.89 (m, 65H, Ph), 5.86
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(s, 5H, CpRu), 4.87 (s, 5H, CpOs), 3.66 (br s, 2H4.¥; 3.00 (s,
2H, CH,). 13C NMR (CDsCOCDs): 341.51 (t,2Jcp = 15.1 Hz,
RUC,), 302.24 (t2Jcp = 8.7 Hz, OL,), 135.43-126.96 (m, Ph),
123.7 (RCp), 120.3 (O€5), 118.3 CN), 95.9 CpRu), 93.5 CpOs),
22.8 CH.CN), 14.1 CH,). 3P{H} NMR (CD3COCDs): 39.51
(br s, RuPP¥); —6.33 (br s, OsPR) Anal. Calcd for GsH7zoF12-
NPsRuOs: C, 58.82; H, 4.11; N, 0.72. Found: C, 59.02; H, 4.25;
N, 0.81.

Synthesis of [Ru]=C=C(Ph)CH,C(CH,COOEt)=C=[Ru]}-
[PFe)2 (8a). To a Schlenk flask charged witka (0.10 g, 0.092
mmol) and KPF (0.10 g, 0.54 mmol) was added @&, (5 mL).

Liu et al.

then CHCI, (5 mL) was added and the solution was filtered through
Celite. The volume of the filtrate was reduced to 3 mL under
vacuum. A solution of diethyl ether (50 mL) was added to cause
precipitation of a purple-red powder. After filtration, the precipitate
was washed with diethyl ether and dried under vacuum to give
Single crystals were obtained by slow diffusion of diethyl ether
into a saturated C}€l, solution of 9b. I1H NMR (CDsCOCD;):
7.42-7.14 (m, Ph); 5.38 (s, 5H, Cp), 5.05 (s, 1H, CH), 4.82 (s,
5H, Cp), 4.54, 4.09 (two dtJuy = 18.1 Hz, 2H, CH)), 1.75-0.80
(m, 30H, PE$). 13C NMR (CD;COCDs): 341.46 (t,2)cp = 11.8
Hz, C,), 149.07 (t,%Jcp = 11.6 Hz, G), 143.22 (G), 129.33-

The resulting solution was stirred at room temperature, and ethyl 127.00 (Ph, &N), 125.60 CPh), 95.09 (Cp), 79.89 (Cp), 54.91
iodoacetate (0.13 mL, 1.09 mmol) was added. After 14 h, the color (CC=N), 47.08 (CH). 3'P NMR (CD;COCDs): 39.73, 37.88 (two
changed from yellow to red. Then the solution was filtered through d, 2Jpp = 32.6 Hz, PPk), 29.77, 29.36 (two d?Jpp = 45.9 Hz,

Celite, and volume of the filtrate was reduced to 3 mL under
vacuum. The mixture was slowly added to a solution of diethyl
ether (50 mL). After filtration, the precipitate was washed with
diethyl ether and dried under vacuum to gi8e (0.091 g, 75%
yield). IH NMR (CD;COCD;): 7.56-7.37 (m, 5H, Ph), 5.86 (s,
5H, Cp), 5.31 (s, 5H, Cp), 4.25 (§Jun = 6.9 Hz, 2H, OCH),
3.75 (s, 2H, CH)), 3.43 (s, 2H, CH), 2.00-1.75 (m, 24H, CH),
1.32 (t,3J4y = 6.9 Hz, 3H, CH), 1.21-0.85 (m, 36H, CH). 3P
NMR (CDsCOCDs): 36.47 (s, PE), 35.58 (s, PE). Anal. Calcd
for CygHgsF1.0.PsRW: C, 44.55; H, 6.41. Found: C, 44.76; H,
6.58.

Synthesis of [Ru]=C=C(Ph)CH,C(CH,COOEt)=C=[Ru']}-
[PFe)2 (8b). To a Schlenk flask charged witeb (0.10 g, 0.073
mmol) and KPFE (0.10 g, 0.54 mmol) in CkCl, (5 mL) was added
ethyl iodoacetate (0.14 mL, 1.18 mmol) at room temperature. After
20 h, the color changed from yellow to red. Then the solution was
filtered through Celite, and volume of the filtrate was reduced to 3
mL under vacuum. The mixture was slowly added to a solution of
diethyl ether (50 mL), giving a pink precipitate, which, after
filtration, was washed with diethyl ether and dried under vacuum
to give 8b (0.102 g, 87% yield)H NMR (CD;COCDs): 7.70—
7.09 (m, 35H, Ph), 5.86 (s, 5H, Cp), 4.99 (s, 5H, Cp), 4.19 (q,
3Jyy = 7.2 Hz, 2H, OCH), 3.77 (s, 2H, CH), 3.37 (s, 2H, CH),
1.95-1.87 (m, 12H, CH), 1.24 (t,2Jyy = 7.2 Hz, 3H, CH), 1.14-
0.94 (m, 18H, CH). 3P NMR (CD;COCDsy): 40.40 (s, PP}, 35.99
(s, PE%). Anal. Calcd for GgHgsF120.PsRuw: C, 54.48; H, 5.26.
Found: C, 54.59; H, 5.08.

Synthesis of 9a.A mixture of 7a (0.050 g, 0.039 mmol) and

PEg). MS FAB m/z 1271.2 (M" — PF), 1154.1 (M — PR —
PEg), 892.1 (M — PRk — PEg — PPh), 774.1 (M' — PR —
2PEg — PPhy), 403.1 (M" — CpRu(PPR);=C=C(CHCN)CHC-
(Ph)=C). Anal. Calcd for GiH7gFsNPsRw,: C, 60.21; H, 5.55; N,
0.99. Found: C, 60.42; H, 5.12; N, 1.09.

Synthesis of 10b.To a 5 mLacetone solution ofb (0.050 g,
0.032 mmol) at room temperature under nitrogen was addedyn-Bu
NOH (0.20 mL, 0.20 mmol). After 10 min, the solvent was removed
under vacuum and diethyl ether was used to extract the product.
Then the solution was filtered through a sintered glass with Celite,
and the solvent was removed under vacuum to @i 'H NMR
(CDsCOCDy): 7.08-6.97 (m, 35H, Ph); 4.76 (s, 5H, Cp), 4.16 (s,
5H, Cp), 3.53, 3.46 (two dJyy = 16.5 Hz, 2H, CH). 13C NMR
(CDsCOCDs): 140.37 (t2Jcp= 5.9 Hz, G,), 134.93-124.93 (Ph,
Cg), 108.53 (@), 93.74 (G=N), 85.68 (Cp), 85.66 (Cp}P NMR
(CD3sCOCDy): 51.07, 50.68 (two d?Jpp = 39.8 Hz, PP}), 35.78
(s, PE). MS FABm/z 1271.4 (M — PFK;), 1011.2 (M" — PFK
— PPh), 892.2 (M" — PR, — PE§ — PPh), 691.2 (M" — CpRu-
(PE%),=C=C(Ph)CHC(CHCN)=C), 403.2 (M" — CpRu(PPh),=
C=C(CHCN)CHC(Ph}=C). Anal. Calcd for G;H7gFsNPsRw,: C,
60.21; H, 5.55; N, 0.99. Found: C, 60.72; H, 5.65; N, 1.11.

Deprotonation of 7c. To a solution of7c (0.10 g, 0.05 mmol)
in 15 mL of acetone was added a solution of n,BOH (0.2 mL,

1 M in MeOH). The mixture was stirred for 30 min to yield the
light yellow microcrystalline powder, which was filtered, washed
with 2 x 3 mL of acetone and % 5 mL of diethyl ether, and
dried under vacuum to giv&Oc (0.075 g, 80% yield)!H NMR
(CDsCOCDg): 7.42-6.96 (m, 65H, Ph), 5.75 (s, 5H, CpOs), 4.54

NaOMe (0.030 g, 0.556 mmol) was dissolved in 10 mL of acetone (b, 1H, CH), 4.48 (s, 5H, CpRu), 3.02 (br, 1H, H3.00 (br, 1H,
at room temperature. The solution was stirred under nitrogen for CHy). *C{*H} NMR (CDs;COCDz): 307.23 (t,2Jcp = 9.3 Hz,
20 min, and the color changed from pink to deep yellow. After OsG,), 139.86 (t,2Jce = 5.8 Hz, RIC,), 135.41-126.94 (m, Ph
removal of the solvent in vacuo, GBI, was added to the residue, and RiCs), 124.8 (Osg), 95.9 (CN), 93.2 CpOs), 86.2 CpRu),
and the extract was filtered with Celite. The volume of the filtrate 20.3 CH); 15.5 CH,). 3'P{*H} NMR (CD;COCDs): 50.4, 48.4
was reduced to about 3 mL, and hexane (50 mL) was added to (two d, J,, = 35.2 Hz, RuPP¥), —3.9,—5.8 (two d,Jp,;= 19.5 Hz,
cause precipitation of deep brown solid, which was collected by OsPPh). Anal. Calcd for GsH7zgFsNPsRuOs: C, 63.61; H, 4.38;

filtration and washed with diethyl ether and hexane, affordiag
(0.035 g, 80% yield)*H NMR (CDsCOCD;): 7.40-7.20 (m 5H,
Ph), 5.71 (s, 5H, Cp), 5.08 (s, 1H, CH), 4.82 (s, 5H, Cp), 4.42,
4.21 (two d, 2y = 17.4 Hz, 2H, CH)), 1.97-0.74 (m, 60H, PE).
13C NMR (CD;COCDy): 339.81 (t,2Jcp = 15.0 Hz, G), 149.34

(t, 2cp = 14.2 Hz, G), 144.31 (@), 131.55-126.26 (Ph), 124.82
(CN), 121.38 CPh), 90.86 (Cp), 79.84 (Cp), 56.04 (CH), 46.26
(CHy). 3P NMR (CD;COCDs): 39.73, 37.88 (two d?Jpp = 32.6
Hz, PEt), 29.77, 29.36 (two d?Jpp = 45.9 Hz, PEf). MS FAB
m/z. 1129.3 (M + 1), 984.4 (M + 1 — PF), 866.3 (M" + 1 —
PR — PEY), 747.2 (M" + 1 — PR — 2PE$), 628.1 (M + 1 —
PR — 3PES), 582.3 (M — 3PE§ — 3CH;), 403.2 (M" — CpRu-
(PEg);=C=C(CH,CN)CH,C(Ph}=C). Anal. Calcd for G/HzgFs-
NPsRw: C, 50.04; H, 6.97; N, 1.24. Found: C, 50.25; H, 6.78; N,
1.48.

Synthesis of 9b.To a Schlenk flask charged wiffb (0.050 g,

N, 0.78. Found: C, 63.72; H, 4.71; N, 0.93.

Deprotonation of 8a. A mixture of 8a (0.050 g, 0.038 mmol)
and sodium methoxide (0.02 g, 0.37 mmol) was dissolved in
10 mL of acetone at room temperature. After 70 min, the solvent
was removed in vacuo, GBI, was added to the residue, and the
extract was filtered through Celite. The volume of the filtrate was
reduced to about 3 mL, and 50 mL of hexane was added to cause
precipitation of a pink-purple powder. The solid was collected by
filtration followed by washing with diethyl ether and hexane. The
solid was dried under vacuum to afford the proditaand other
unidentified side products (0.04 g) in an 8:1 ratio based on NMR
data. Attempts to further purify the desired product caused extensive
decomposition ofLlla Spectroscopic data were used to identify
11a 'H NMR (CD3;COCDs): 7.51-7.19 (m, 5H, Ph), 5.57 (s, 5H,
Cp), 4.94 (s, 1H, CH), 4.62 (s, 5H, Cp), 4.24 (m, 2H, LiH.17,

4.05 (m, 2H, OCH), 1.30 (m, 3H, CH), 2.13-0.70 (m, 60H, PE).

0.032 mmol) and NaOMe (0.03 g, 0.39 mmol) was added acetone '3C NMR (CD;COCD;): 339.39 (t,2Jcp = 15.3 Hz, G), 175.94

(5 mL). After 30 min, the solvent was removed under vacuum,

(CO), 152.80 (t2)cp = 14.1 Hz, G,), 144.33 (G), 132.03-126.45
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(Ph), 123.56 CPh), 90.04 (Cp), 78.79 (Cp), 69.46 (CH), 60.63
(OCHy), 47.60 (CH), 14.50 (CH). 3P NMR (CD;COCD): 39.68,
37.42 (two d,2Jpp = 32.7 Hz, PE), 31.09, 28.92 (two d?Jpp =
47.9 Hz, PHY).

Deprotonation of 8b. Complex8b (50 mg, 0.031 mmol) in
0.5 mL of d¢-acetone was treated with n-BNOH (50 uL, 1 M
MeOH solution) at room temperature. The color of the solution
turned yellow immediately. Th&'P NMR spectrum of the crude
product indicated clean formation of the furyl complé®b.
Attempts to isolate the product resulted in complete decomposition
of the desired product. Compleb?b was characterized only by
31P NMR. Spectroscopic data fd2b: 3P NMR (CD;COCDsy):
49.45 (s, PP, 36.49 (s, PR).

Synthesis of [Ru]=C=C(Ph)CH,CN}[PF¢] (13). To a Schlenk
flask charged witt8a (0.100 g, 0.20 mmol) and KRF0.21 g, 1.08
mmol) in CHCI, (10 mL) was added ICKCN (0.1 mL, 1.38
mmol). After 30 min at room temperature, the solution was filtered
through Celite, and the volume of the filtrate was reduced to 3 mL
under vacuum. An aliquot of diethyl ether (50 mL) was added to
cause precipitation of a pink powder, which, after filtration, was
washed with diethyl ether and dried under vacuum to dige
(0.126 g, 92% yield)*H NMR (CD3;COCD;): 7.45-7.30 (m, 5H,
Ph); 5.95 (s, 5H, Cp); 3.87 (s, 2H, GK12.12-1.94 (m, 12H, CH),
1.12-1.01 (m, 18H, CH). 3C NMR (CD;COCD;): 341.54 (t2Jcp
= 14.6 Hz, ), 133.30-128.00 (Ph), 120.05 (£, 118.59 (CN),
91.10 (Cp), 16.49 (Ch). 3P NMR (CD;COCD;): 35.51 (s, PE).

MS FAB m/z 544.2 (M"), 427.1 (M" — PEg). Anal. Calcd for
CoHaFeNPsRuU: C, 47.09; H, 6.15; N, 2.03. Found: C, 47.24; H,
6.41; N, 2.25.

Deprotonation of 13. To a 5 mL acetone solution ofl3
(0.050 g, 0.073 mmol) at room temperature was addedsNBH
(0.5 mL, 0.42 mmol). After 1 min the solvent was removed under
vacuum and diethyl ether (5 mL) was added to extract the product.
Then the solution was filtered through a sintered glass with Celite
and the solvent was removed under vacuum to §iv€0.034 g,
87% yield).H NMR (CeDs): 7.90-7.30 (m, 5H, Ph); 4.94 (s, 5H,
Cp); 1.50 (s, 1H, CH), 1.620.60 (m, 30H, PE). 3P NMR
(CeDg): 42.16, 41.67 (dd?Jpp = 38.0 Hz, PEf). MS FAB m/z.
544.2 (M" + 1). Anal. Calcd for G;H7NP;Ru: C, 59.76; H, 7.62;

N, 2.58. Found: C, 59.90; H, 7.44; N, 2.62.

Synthesis of{[Ru]=C=C(Ph)CH,COOMe}[PF¢] (14). To a
Schlenk flask charged witBa (0.12 g, 0.239 mmol) and KRF
(0.20 g, 1.08 mmol) in CECl, (10 mL) was added methylbro-
moacetate (0.7 mL, 7.37 mmol). After 15 h at room temperature,
the solution was filtered through Celite, and the volume of the
filtrate was reduced to 3 mL under vacuum. An aliquot of diethyl
ether (50 mL) was added to cause precipitation of a pink powder,
which, after filtration, was washed with diethyl ether and dried under
vacuum to givel4 (0.11 g, 95% vyield)*H NMR (CD3;COCDsy):
7.70-7.15 (m, 5H, Ph); 5.88 (s, 5H, Cp); 3.65 (s, 3H, Of18.57
(s, 2H, CH), 2.89-2.01 (m, 12H, CH), 1.10-0.99 (m, 18H, CH).
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13C NMR (CDsCOCDs): 346.87 (t,2Jcp = 14.6 Hz, @), 172.83
(CO), 134.55-128.08 (Ph), 123.60 (£}, 91.75 (Cp), 52.40 (OC¥),
32.95 (CH). 3P NMR (CD;COCD;): 35.58 (s, PE). MS FAB
m'z. 577.2 (M%), 458.1 (M" — PEg), 401.0 (M" — PEg —
COOMe), 341.0 (M — 2PE%). Anal. Calcd for GgHasFsO-PsRu:
C, 46.60; H, 6.29. Found: C, 46.59; H, 6.24.

Synthesis of Furyl Complex 16 To a 5 mLacetone solution of
14(0.05 g, 0.08 mmol) at room temperature was added sNBuH
(0.5 mL, 0.43 mmol). After 5 min the solvent was removed under
vacuum and diethyl ether (5 mL) was added to extract the product.
The solution was filtered, and the filtrate was dried under vacuum
to give 16 (0.04 g, 90% yield)!H NMR (C¢Dg): 7.78-7.30 (m,
5H, Ph); 5.26 (s, 1H, CH), 4.47 (s, 5H, Cp); 3.52 (s, 3H, OMe),
1.86-0.80 (m, 30H, PE). 3P NMR (GD¢): 40.22 (s, PE). MS
FAB m/z. 577.2 (M" + 1), 459.2 (M" — PEg), 403.2 (M —
C=C(Ph)CHCOOMe). Anal. Calcd for ggH440,P,Ru: C, 58.42;

H, 7.70. Found: C, 58.30; H, 7.94.

Single-Crystal X-ray Diffraction Analysis of 6b and 9a.Single
crystals of6b suitable for an X-ray diffraction study were grown
as mentioned above. A single crystal of dimensions 2520 x
0.15 mn? was glued to a glass fiber and mounted on a SMART
CCD diffractometer. The diffraction data were collected using 3
kW sealed-tube Mo K radiation T = 295 K). Exposure time was
5 s per frame. SADABS8 (Siemens area detector absorption)
absorption corrections were applied, and decay was negligible. Data
were processed, and the structure was solved and refined by the
SHELXTLS32 program. The structure was solved using direct
methods and confirmed by Patterson methods refining on intensities
of all data to give R1= 0.0597 and wR2= 0.1679 for 11 803
unique observed reflections & 20(1)). Hydrogen atoms were
placed geometrically using the riding model with thermal parameters
set to 1.2 times that for the atoms to which the hydrogen is attached
and 1.5 times that for the methyl hydrogens. An X-ray diffraction
study of9awas carried out on a single crystal of dimensions 0.15
x 0.15x 0.10 mn3. The structure was similarly solved to give R1
= 0.0612 and wR2= 0.1554 for 9259 unique observed reflections
(I > 20(l)). Appropriate crystal data and structure refinement
parameters for complexd&b and9a are listed in Table 3.

Acknowledgment. This research is supported by the Na-
tional Science Council of Taiwan, Republic of China.

Supporting Information Available: Complete crystallographic
data for6b and9a (CIF). This material is available free of charge
via the Internet at http:/pubs.acs.org.

OM0606410

(31) The SADABS program is based on the method of Blessing; see:
Blessing, R. HActa Crystallogr., Sect. A995 51, 33.
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