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Synthesis and Reactivity of a Ruthenium(lll) Bis(anilide) Dimer by
Oxidative Addition of an N,N’-Disubstituted Hydrazine
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The RU" bis(anilide) dimer [Cp*RuCl-NHPh)L (1) is formed upon reaction of (Cp*RuGlith
1,2-diphenylhydrazine in benzene. An X-ray crystal structure shows a centrosymrigtdanger with
a planar RpN; core. Reaction of (Cp*Rul{)with a mixture of PANHNHPh and ToINHNHTol gives
only the homodimerda and [Cp*RuCl{-NHTol)]. (Tol = p-tolyl). The lack of crossover indicates that
cleavage of the hydrazine-NN bond is an intramolecular process. In polar solvents such as acetonitrile,
the C; dimer 1a isomerizes to theC,, isomerlb, in which the anilido substituents are cis across the
RwN, core. Both isomers appear to be kinetic products of the synthesig¢pblisbmerizes tdlain the
benzene solvent. In the presencelaf 1,2-diphenylhydrazine disproportionates into azobenzene and
aniline, and labeling studies show that this occurs without participation of the anilido ligants of
Complexlashows slow exchange of the anilide ligands with toluidingNHol) by NMR spectroscopy
and is unreactive toward methanol, triethylphosphine, styrene, and phenylacetylene. The addition of silver
triflate and phenylacetylene tba leads to a new species, assigned as the acetylene coniflpXHu-

(u-NHPh} o(u-n%n?-PhG=CH)](OTf), (63).

Introduction

The development of new-€N bond forming reactions has

addition of an amine NH bond to an olefin gives a substituted
amine, without a change in the oxidation state of the substrate.
Oxidative amination, with a stoichiometric oxidant, can yield

attracted much attention. Most interest lies in the catalytic enamines, imine$por nitrogen heterocycle.

hydroamination and diamination of unsaturated hydrocarbons,

Diamination reactions of alkenes and alkynes are also

since these methods could provide efficient and atom-economicoyjdative processed. Early reports of vicinal diamination

routes to a variety of aminésThe hydroamination of alkynes,

reactions involve a stoichiometric transition-metal promoter,

allenes, and alkenes catalyzed by early-transition-metal systemssych as the palladium-promoted process described bva#-2

have been studied in detdilLate metals are also known to
catalyze intrat and intermoleculdrhydroamination reactions,
including rhodiun® iridium,® and ruthenium complexésThe

and the stoichiometric addition of tWwBuNH groups to alkenes
by osmium!3 among other? Recently, palladium-catalyzed
diamination reactions with sacrificial oxidants have been
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developed? A direct analogy to the hydroamination reaction
would be the direct addition of an-\N bond across a €C

Hao et al.

to Che’s [LRu(NHCMeCMeNH,),]2" complexesé The
Cp*Ru moiety has been shown to stabilize Ru(IV) speéles.

multiple bond. Such a process can be envisioned to occur by Cp*Ru complexes are also known to react with-C multiple

oxidative addition of a hydrazine to a metal center to make an
oxidizing amide complex, followed by addition of the amido
ligands to an alkene with a two-electron reduction of the metal
center. An interesting example is the recently reported Pd-
catalyzed diamination of dienes with @irt-butylaziridinone,
which may proceed through an oxidative addition pathi¥fay.

bonds?® including a Cp*RUl—bis(amido) dimer which inserts
diphenylacetylene into a RtN bond® and a Cp*RtY —bis-
(thiolate) dimer which oxidizes alkenes to vicinal dithioeth#rs.
This paper reports the formation of the new ruthenium{lIl)
bis(amido) complex [Cp*RuCl{-NHPh)} by oxidative addition
of 1,2-diphenylhydrazine to (Cp*R(Cl)4. The reactivity of this

Few studies have addressed the fundamental reactivity Ofcomplex toward hydrazines, amines, and terminal alkynes is

hydrazines with metal centet$,except as models for the
cleavage of N-N bonds by nitrogenase enzymég he reduc-
tive cleavage of hydrazines is accomplished by a number of
systems; and a few catalyze the disproportionation of hydrazine
into ammonia and dinitrogefd.Schrock and co-workers have
proposed oxidative addition of a hydrazine to be on the pathway
to imido formation in their molybdenum and tungsten systéths.

A recent publication reports the addition of 1,2-diphenylhydra-
zine to an iron(ll) monomer to yield a dimeric iron(lll) bis-

described.

Results

Ci-[Cp*RuCI( u-NHPh)]2 (1a). The reaction of (Cp*R{CI)4
with an excess of 1,2-diphenylhydrazine (PhNHNHPh) éhl&
forms the anilide-bridged ruthenium dim&-[Cp*Ru" Cl(u-
NHPh)L (1a eq 1). After 3 days at room temperature followed

(imido) complex in a multistep procedsTo our knowledge,
there have been no direct observations of a simple oxidative]
addition of a hydrazine NN bond.

The Cp*Ru system (Cp*= CsMes) is a promising candidate
for hydrazine oxidative addition, since related oxidative addi-
tions are known for disulfides, alkyl halidésallyl halides??

Cp*
Ph /
CgH Ru
'/, (Cp*RuCl); + PhNHNHPh —& %, \/
— ol \
Cp* 1a (1)

Si—H bonds?* and otherg® Oxidative addition of a hydrazine

to a RU' center would form a RY bis(amido) species, similar
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Figure 1. ORTEP drawing of [Cp*RuCl-NHPh)L (18) showing
50% probability ellipsoids.

Table 1. Selected Bond Distances (A) and Angles (deg) in 1a

Rul-Rul 2.7134(7) Ru%Cl1 2.4919(11)
Rul—N1 2.072(4) C1+N1 1.429(6)
Rul—N1' 2.085(4)
Rul—-N1-Rul 81.50(14) RutN1-C11 128.0(3)
N1-Rul-NZ1' 98.50(14) Rut-N1-C11 128.6(3)
Table 2. Crystallographic Data for 1a

formula GoHa2ClN2R W,

formula wt 727.72

space group P1

cryst syst triclinic

cryst color brown

cryst dimens (mm) 0.24 0.07x 0.07

a(h) 9.361(5)

b (A) 9.382(5)

c(A) 10.278(5)

o (deg) 63.061(5)

p (deg) 82.784(5)

y (deg) 68.665(5)

V (A3) 748.7(7)

z 1

Oeaica(Mg m‘3) 1.614

Ucalc (MM™1) 1.211

F(000) 370

no. of unique rfins 3554

no. of data used 3554

no. of params refined 180

R2 0.0537

R.P 0.1186

GOF 1.009
AR =3 ||IFo| = |Fcll/3|Fol. ® Ry = [XW(|Fo| — |Fel)?/3WIFo|?]"% w =

1/0%(Fo). ¢ GOF = [YW(|Fo| — |Fel)?(Nobservns—

Nparam3]

bonds235 and is significantly shorter than that found in the
divalent analogue [Cp*R{u-NHPh)L (2.945(4) A), which
lacks a Ru-Ru bond®3 The Ru-Ru distance irlais similar to
those in related thiolate- and selenolate-bridged Ru(lll) dimers
[Cp*Ru" Cl(u-ER)]z: d(Ru—Ru) = 2.8354(7)-2.847(1) A for

(32) Ferrence, G. M.; Fanwich, P. E.; Kubiak, C. P.; Haines,_R. J.
1997 16, 1453-1459. Kuncheria, J.: Mirza, H. A.: Jenkins,
H. A,; Vittal, J. J.; Puddephatt, R. n$99§
285-290. Gao, Y.; Jennings, M. C.; Puddephatt, S s
2001 20, 3500-3509.
(33) Blake, R. E.; Heyn, R. H.; Tilley, T. [pahdaagean! 992 11, 709—
710.
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E=S, 2.898(1)2.9258(7) A for E= Se; R= Me, Et, Ph3435
The Ru-N distances inla (2.072(4), 2.085(4) A) are also
shorter than those in [Cp*Hu-NHPh)L (2.101(8), 2.117(7)
A). The anilido phenyl rings inla are oriented nearly
perpendicular to the RN, plane, with the torsional angle Rul
N1—-C11—-C16 = 68.9(6}. The rings are on opposite sides of
the RyN; plane (anti), with the ipso carbons (C11) angled
35.04 out of the plane. In contrast, the thiolate-bridged dimers
most often haveC,, structures with syn thiolate substituefts.
The amide hydrogens (H1, Hin lawere located in the Fourier
difference map.

The!H NMR spectrum ofla shows a single Cp* resonance,
a single NH resonance, and five inequivalent aryl resonances.
Similarly, the3C NMR spectrum shows one kind of Cp* and
six unique aryl resonances. The equivalence of the two Cp*
ligands and the two anilide ligands is consistent with @e
symmetry seen in the crystal structure. The spectra indicate that
lais diamagnetic, again supporting the presence of afRu
bond. The resonance at 11.0 was assigned asH\by its
disappearance in th#H NMR spectrum ofla-d; made from
(Cp*RuCl) and PhANDNDPh. This assignment was confirmed
by ?H NMR analysis. The ESI-MS ofa shows a parent ion
(m/z 693.3) and isotope distribution characteristic of dimeric
la Thus, the spectroscopy shows thathas the same structure
in solution as observed in the solid state.

TheH and3C{*H} NMR spectra show that rotation of the
anilide phenyl rings is slow on the NMR time scale at room
temperature. The aryl resonances do not broaden upon heating
to 353 K. However, 2D EXSY experimerdtsshow exchange
cross-peaks between the two ortho resonandes.§2, 7.33)
and give a rate constant for rotation about the,hN—Cphenyl
bond of 1.04 0.2 s at 298 K AG*p9g = 17 + 2 kcal mol?).

An Eyring plot over a limited temperature range € 285—
320 K) givesAH* = 10 & 1 kcal mol! andAS" = —23 +

3 cal molr? K~1 (see the Supporting Information). The barrier
for this rotation is larger than the barriers to phenyl rotation in
related TpRUL,(NHPh) monomers:AG* = 12.8 kcal mot?

at 0°C for L = PMe;, AG* < 9.5 kcal/mol at—20°C for L =
P(OMe}.38 In the monomers, hindered rotation is in part due
to donation from the N lone pair into the phenybystem?® In

the case ofla, however, the barrier results from steric factors,
since no nitrogen lone pair is available for donation into the
phenyl ring.

To evaluate the scope of the hydrazine cleavage reaction,
(Cp*RU'Cl)4 was reacted with several other hydrazines. 1,2-
Di-p-tolylhydrazine (ToINHNHTol) rapidly reacts with
(Cp*RuCl), forming the toluidide dimer [Cp*RuGl-NHTol)]»

(2). Analogous tola, the 'H NMR spectrum of2 shows one
Cp*, one NH, one tolyl methyl, and four aryl resonances. The
electron-deficient phenyl(trifluoroacetyl)hydrazine (PhNHNH-
COCR) reacts more slowly with (Cp*RuCj) and cleavage of
the hydrazine N-N bond is not observed. Instead, [Cp*R&{
PhNHNHCOCR)]CI is formed by simpler® coordination of
the arene ring, a very common reaction of (Cp*Ru@G)?°
Dimethyl hydrazine-1,2-dicarboxylate (MeONHNHCO,Me),

(34) Nishibayashi, Y.; Imajima, H.; Onodera, G.; Inada, Y.; Hidai, M.;
Uemura, S 2004 23, 5100-5103.
(35) Nishibayashi, Y.; Imajima, H.; Onodera, G.; Hidai, M.; Uemura,
52004 23 26—-30.
(36) Nishibayashi, Y.; Onodera, G;
2003 22 873-876.
(37) Perrin, C. L.; Dwyer, Toufitaigg 1990 90, 935-967.
(38) Conner, D.; Jayaprakash, K. N.; Gunnoe, T. B.; Boyle, RoRxg,
Chem.2002 41, 3042-3049.
(39) Arene coordination has been observed'HyNMR and ESI-MS
and in some cases by X-ray crystallography.
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Figure 2. 'H NMR spectra of one sample of [Cp*Ru@NHPh)L in CsDg (®) and with a GMes internal sta;dard(): (a) the initialCy,

isomer1lb; (b) theC; isomerla after isomerization.

which has no arene to coordinate, reacts so slowly with
(Cp*RuCl), in CgDg solution that coordination of the benzene 1b are distinct from those afa but show the same pattern: a

solvent leads to precipitation of ([Cp*RugDg)]CI) within 1
day. In CQClz, MeO,CNHNHCO,Me converts (Cp*RuClto

In CDsCN, CsDg, or CD,Cl,, the 'H NMR resonances for

single Cp*, a single NH, and five inequivalent aryl resonances
(Figure 2). As withla, the 3C{*H} NMR spectrum oflb in

a new Cp*-containing ruthenium species over the course of 5 CDsCN shows six unique aryl resonances consistent with
days. This species has not yet been characterized but does naéquivalent, nonrotating phenyl rings. The ESI-MS analysis of

appear to be [Cp*Ru(MesNH)Cl],, the bis(amido) product

analogous tdla. The electron-rich, terminal 1,2-dimethylhy-

drazine reacts rapidly with (Cp*RuGlto give new Cp*-
containing products that are not analogouda@nd?2 and are

1b shows anm/z value (693) and a fragmentation pattern
identical with that ofla. Whenlb is formed in CHCN, isolated,
and then converted back fa by heating in GDs, 'H NMR
spectra do not show any free @EN. This eliminates the

the subject of ongoing studies. Thus, it appears that the cleavageossibility that1b could contain bound CCN. The data

of the N—N bond to form the bis(amido) dimer is specific to

1,2-diarylhydrazines.
Co,-[Cp*RUCI( #u-NHPh)]2 (1b). Monitoring the reaction of
(Cp*RuCl), with excess PANHNHPh bYH NMR spectroscopy

indicate that complegb is an isomer ofLawith C,, symmetry

in which the Cp* ligands, the chloride ligands, and the anilido

substituents are all oriented cis with respect to theNkplane.
Disproportionation of 1,2-Disubstituted Hydrazines by

in C¢Dg shows that the ruthenium starting material is completely [Cp*RuClI( u-NHPh)]2. Monitoring the reaction of (Cp*RuC)
consumed within 3 min and at least three new Cp*-containing with excess PANHNHPh (4 equiv) shows that the remaining 2

species can be distinguisheda, 1b, and one or two reaction
intermediates. The reaction of Cp*RuCI(PLywith excess
PhNHNHPh shows the same set 8 NMR resonances,

equiv of PhANHNHPh are slowly but completely converted into
azobenzene (PHNNPh) and aniline (PhNE. Similarly, the
addition of 2 equiv of PhNHNHPh to isolateth results in

indicating formation ofla, 1b, and the same intermediate(s) as complete disproportionation (eq 3). The time required for

observed with (Cp*RuCl) After 70 min, the intermediate(s)
convert to 1la and 1b. After 5 h, 1b isomerizes tola

Isomerization is observed in the other direction when isolated

lais heated in CBCN at 343 K for 21 h, quantitatively forming
1b (by 'H NMR integration, eq 2). Complegb is stable in

Cp* Cp*
Ph / H /
R / 343K \ P __Ru H
PN NN
|+ R o\ Ph R o\
Ph Ph
Cp* ; cl "
a 1:1 mixture

favored in C4Dg favored in CD,Cl, favored in CD;CN

2)

CD3CN at 298 K and can be observed ¥y NMR spectroscopy
in CgDg at 298 K. Complexlb converts quantitatively back to
laupon heating in €Dg for 18 h at 343 K. Heating eitheta

or 1b in CD.Cl; at 343 K for a day results in a 1:1 mixture of

the two isomers. Isomerization &b to 1ain the initial reaction

2ArNHNHAT > ArN=NAr + 2ArNH, )
disproportionation varies from sample to sample, in some cases
requiring 1 month at 50C. In larger scale preparations b,
heating for 1 day at 50C is sufficient to ensure both the
conversion oflb to 1a and complete disproportionation of
PhNHNHPh. This is done to avoid coprecipitation of the
hydrazine withla upon addition of pentane. The catalytic
disproportionation of hydrazines has been seen in several other
systems, all containing sulfur-ligated metal centers: [Cp*RUSR]
(R =Pr, 2,6-MeCgH3),2°2a[MoH(SCsH,'Pr3)3(PMePh),2%° and
several RuMg cubane clusters ([Cp*Me{us-SuRuHx(PRy)]-
[PFe]; R = Ph, Cy)20c

To explore the disproportionation reaction, isolafedwas
added to solutions of gi-tolylhydrazine (3 equiv) in €De. This
reaction results in a similar complete hydrazine disproportion-
ation over 2 days to azotoluene (TeH#MTol) and toluidine
(ToINHy) in a 1:2 ratio. To our surprisdaremains unchanged
in this reaction, with no formation of either the toluamide dimer

mixture (eq 1) appears to be faster than isomerization of isolated2 or the mixed dimer [Cp3RWCly(«-NHPh)(-NHTol)] (3; see
1bin CgDs, perhaps indicating that interconversion is catalyzed below). PhNH, PhN=NTol, and PhN=NPh were also not

by a reaction intermediate in solution.

observed by!H NMR. Thus, the hydrazine is not being
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Scheme 1
Cl Cl Cl
PhNH-NHPh o / . / . /
ToINH-NHTol P\_—Ru Ph P\—Ru_ ™ P\—Ru Ph
(CP'RUC), —————=  HNT\ / \ N N7 AN HNTV 7 AN\
/ \E‘U//NH o \éiu//l:l Z \\Ru//’:lH
Ph / Cp Tol / Cp Tol / Cp
cl cl cl
1a (49%) 2 (42%) 3 (9%)

incorporated intdaand the anilide ligands dfado not appear an exchange process. Aniline and toluidine are present in the
to be involved in the disproportionation. reaction mixture from the disproportionation of the hydrazines
The lack of involvement of the anilide ligands raised the issue that is concurrent with formation ofa and 2. Independent
of the role oflain the disproportionation reaction. A set of experiments show thata is unreactive with toluidine (see
reactions at 5°C with 4.3 mM PhNHNHPh and different  below), and2 is unreactive with aniline under these room-
concentrations ofa (0.31, 1.04, 2.5, 5.2 mM) were monitored temperature conditions. Similarly, neither amine reacts with
by IH NMR spectroscopy. All the reactions showed first-order (Cp*RuCl).. Even though neither the starting material nor the
decay of the hydrazine with no apparent dependence on theproduct reacts with arylamines, the reaction of (Cp*Ru@i}h
concentration ofla (kobs= 0.0114 0.002 s%). When performed 5 equiv of PANHNHPh in the presence of 18 equiv of toluidine
in the presence of 2,6-dert-butyl-4-methylpyridine (2 equiv) in CgDg at room temperature does show incorporation of tolyl
or 9,10-dihydroanthracene (1 equiv), the disproportionation substituents. Complexéds, 2, and3 are observed after 25 h of
reaction proceeds without a reduction in rate. Similarly, the reaction, in a 1:1:0.7 ratio (byH NMR spectroscopy and
radical initiator AIBN (0.4 equiv) does not promote the confirmed by ESI-MS). This surprising result indicates that there
disproportionation of PANHNHPh in the absence or the presenceis an intermediate that exchanges with ArNAihis exchange
of 1a(0.2 equiv) at 75C over the course of 12 days. It appears process is likely the origin of the small amount®found in
that the disproportionation reaction does not involve an acid- the crossover experiment.
promoted or a radical-initiated mechanism. Althoutgnis a Reactivity of 1a. The anilide ligands irla do not exchange
necessary component in the disproportionation of PANHNHPh, with 8 equiv of toluidine (ToINH) in CsDg or CDsCN at room
its role is not yet understood. It is possible that an impurity in temperature or after 1 day at 8G by 'H NMR. After days at
lais responsible for this reactivity, although isolated crystals 80 °C, however, a small amount of the mixed din®is seen
of 1a have also been shown to be catalytically active. (1a:3 = 1:0.16). The analogous addition of aniline (10 equiv)
Crossover Experiment.To determine whether both anilide  to the bis(toluidide) compleR shows the presence of complexes
bridges oflaand1b arise from the same molecule of hydrazine, 1a, 2, and3, in a 1:0.14:0.46 ratio after 5 days at 80.
a crossover experiment was performed using diphenyl- and di-  Complexlais unreactive with alkenes and alkynes, such as
p-tolylhydrazines. (Cp*RuCl was added to an equimolar norbornene, styrene, PE€CPh and Ph&CH. Reactions were
mixture of the hydrazines, both in excess, isDe Monitoring run in GDg or CDsCN at room temperature with excess
by *H NMR spectroscopy at room temperature over 1 day substrate and were monitored By NMR. The reactions in
showed predominant formation of the symmetric compléd@s  CD3;CN showed only slow isomerization d& to 1b. Heating
(49%) and2 (42%), with smaller amounts of the asymmetric a mixture oflawith styrene (1.5 equiv), norbornene (12 equiv),
compound [Cp3RwClx(u-NHPh)@-NHTol)] (3; 9%) (Scheme  or phenylacetylene (20 equiv) in toluedgat 100°C for 3 days
1). Compoundsdla, 2, and3 were identified by their distinct  gave no reaction. Compleka is also unreactive with trieth-
Cp* resonances (see below); the aryl resonance8 toe the  yIphosphine (50 equiv) over 1 day at 8Q in either GDsg or
same as those fdra and2. ESI/MS confirms the formation of  in CD,CI, (by 'H NMR) and with 5 equiv of MeOH in D¢ at
la(m/z 693, [Cp%RWp(u-NHPhLCI*) and2 (mz 721, [Cp*- 100 °C for 3 days.
Rup(u-NHTOI),CI ") as the dominant species with small amounts  chjoride Abstraction from 1a and Reaction with Terminal
of 3 (m'z 707, [Cp%Rup(u-NHPh)@-NHToI)CI]*). Both H Alkynes. Silver triflate reacts rapidly witliain CsDg at room
NMR spectroscopy and GC-MS analyses of the organic productsiemperature to remove the chloride ligands and form the bis-
show both azobenzene and azotoluene, but the mixed=PhN (triflate) complex [Cp*Rug-NHPh)(OTHL (4). TheH NMR
NTol was not observed. spectrum of4 has a single Cp* resonance, a singled N
To confirm the identity and stability of the unsymmetric dimer  resonance, and five distinct aryl resonances, two of which are
3, (Cp*RuCl), was reacted in D¢ with @ mixture of the three  gverlapping. Thé3C{1H} NMR spectrum shows six different
symmetrical and unsymmetrical hydrazines: PhNHNHPh, ary| carbons, indicating that the aryl rings are not rotating. The
ToINHNHTol, and PhNHNHTol. The mixture of hydraZineS 19F NMR spectrum shows a single peak—a]Sl ppm in GDs,
was made by reduction of a mixture of nitrobenzene and \which indicates equivalent triflate anions covalently bonded to
nitrotoluene and shown by GC-MS artti NMR to have a  the rutheniunf® Addition of degassed water to a solutionbf
1:0.60:1.17 ratio of the PhPh, TO|TO|, and PhTol derivatives. in CGDG results in a shift of all resonances in thd NMR
Reaction with (Cp*RuCljgivesla, 2, and3in a 1:3.3:2.3ratio,  spectrum, and after a few hours, comptgrystallized out of
as determined by integration of the Cp* resonances ofithe  solution. A single-crystal X-ray diffraction study was problem-
NMR spectrum and confirmed by ESI-MS analysis. This atic, because of low crystal quality and disorder, but suggested
experiment not only serves as a control for the Crossover that5is the monoaquo comple®,-[Cp*Ru(u-NHPhLRUCp*-
experiment but also shows that the more electron rich tolylhy- (OH,)](OTf), (on the basis of this4 is assumed to also have
drazines are more reactive with (Cp*Rufl)
The origin of the small amount of the mixed dim@rhas (40) Jones, V. A.; Sriprang, S.; Thronton-Pett, M.; Kee, T.J.
been explored, specifically whether it could be derived from S 1998 567, 199-218.
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the cis structure)!H NMR spectra of the mother liqguor show

a single product with a single set of Cp* and anilido resonances,
indicating either that the material in solution is the diaquo
complex or that the unsymmetrical monoaquo seen in the crystal
is fluxional on the NMR time scale. THEF NMR resonance

for 5 indicates ionic triflate§ —79.2 in GDg; 6 —79.7 in CD-

Cly).

Addition of an excess of phenylacetylene (BHCH) to 4
(generated in situ fromia and 2 AgOTf) in GDg leads to
precipitation of a dark green solid, assigned as the acetylene
complex [ Cp*Ru(u-NHPh} »(u-n%1?-PhG=CH)](OTf), (6a)
(Scheme 2). The more easily isolatedsPBalt [ Cp*Ru(u-
NHPh} 2(u-n%n?-PhG=CH)](PFs)2 (6b) was prepared similarly
from 1a, AgPFs, and PhGCH in 51% yield. ESI-MS analyses
of both 6a and 6b show ions with one acetylene added to the
dimeric ruthenium unit, for instance [CgRW(NHPh),(PhCG=
CH)OTI]" from 6a (m/z 909). Isolating thisn/'z 909 ion in an
ion trap mass spectrometer and fragmenting it with helium atoms
proceeds with loss of HOTf ([CpRu(NPh)(NHPh)(Ph&
CH)]*: Mz 759) and Ph&CH ([Cp*:Ru(NPh)(NHPh)T: m/z
657).

TheH NMR spectra obaandéb in CD,Cl, are only slightly
different, indicating the same basic structure in solution (the
values given are foba unless otherwise indicated). Thel
NMR spectra show a single peak for two equivalent Cp* ligands
(30 H), which are also equivalent in th®C{H} NMR.
However, all of the other groups in the cation are inequivalent,
as there are two distinctil protons (4.4 and 6.8 ppm fd@a)
and eight aryl resonances in the ratio 1:1:3:3:2:1:2:2, as well
as a characteristic downfield singlei(CD.Cl,) 9.3). A 2D
COSY analysis indicates three distinct aryl rings, two of which
do not rotate on the NMR time scale, while the third does. The
more downfield of the nonrotating rings was assigned as the
phenyl of the acetylene, through the in situ synthesis of the
p-TolC=CH andp-'BuCsH,C=CH analogues. The assignment
of the NH resonances was confirmed by the synthes @iD).
from [Cp*RuClu-NDPh)} (1a-dp), AgOTf, and Ph&CH. The
downfield singlet was similarly shown to originate from the
acetylene by the addition of PE€CD to 1laand AgOTf to form
[{ Cp*Ru@-NHPh} 2(u-1%17?-PhG=CD)](OTf), (6-PhCCD).
Derivatives of6 with different counterions (from different silver

Hao et al.

Cl,.41 This shift is consistent with hydrogen bonding between
the triflate anion and the acetylenic hydrodéfThe°F NMR

of 6a shows one triflate resonance &a79.5 ppm, consistent
with noncoordinating counteriorf8.

The 'H NMR spectra indicate dimeric molecules wi@y
symmetry, in which the mirror plane relates the two Cp*Ru
fragments and contains all of the other atoms. Three kinds of
structures are consistent with this data: a vinylidene complex,
a product from insertion of the alkyne into the RN bond, or
an alkyne complex. The nature of the acetylene un@anwvas
probed by preparing it with PBC='3CH. The3C{'H} NMR
spectrum of6a-13C, shows two acetylenic carbons (95.80 and
92.94 ppm) with a coupling constant &lcc = 52 Hz. The
similarity of the13C chemical shifts, only 3 ppm apart, argues
against a vinylidene complex or a structure in which R@H
has coupled with an anilide ligand. A vinylidene complex can
also be eliminated, due to the absence of the characteristic
carbon resonance between 300 and 400 ffpm.

2D HMQC and HMBC experiments are consistent with an
alkyne-coordinated species (see the Supporting Information).
The 2D HMQC spectrum dda-*3C;, confirms that the downfield
proton (9.3 ppm) is coupled to both acetylene carbéhs(=
235 Hz,2Jyc = 16 Hz). In addition, the HMBC experiment
shows coupling between the ortho protons of R@H and G,
showing that the acetylene proton and the acetylene phenyl ring
remain on adjacent carbons, again eliminating a vinylidene
species as a possible structure. Coupling of a=P@8 unit
with an anilide is unlikely, because the NH protons do not show
any coupling to'*C. Thus, the phenylacetylene is intact within
6a, and the G-C multiple bond has alkene character. In addition,
ESI/MS of6a and6b show fragmentation that involves loss of
the acetylene without loss of the anilide ligands, arguing against
the presence of a-€N bond.

All of the data support the assignment &fas an alkyne
complex. The coupling constantdJ{c = 52 Hz, yc =
235 Hz,2Jyc = 16 Hz) suggest @a-n%n2-bound alkyne iréa
because they are close to those observed fqu-then? complex
[(CO)sCo(u-%n2-HC=CH)Co(CO}], which has ec =
55.9 Hz, WJuc = 209.8 Hz, and?Jyc = 15.7 Hz* The
orientations of the substituents were determined by phase-
sensitive NOESY experiments (see the Supporting Information).
These show an NOE between the upfieldtd Nesonance
(4.4 ppm) and the ortho protons of the rotating phenyl ring,
and an NOE between the downfieldHNresonance (6.8 ppm)
and both ortho protons of the acetylene phenyl ring (Figure 3).
This indicates that the rotating phenyl ring and the acetylene
phenyl ring lie on opposite sides of the RRu bond. The data
taken together show thd&a and 6b are theu-n%n?-alkyne
complexes shown in Scheme 2.

Diphenylacetylene does not react withunder the same
conditions, perhaps due to unfavorable steric interactions. Steric
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Figure 3. Cationic fragment o6, [{ Cp*Ru(u-NHPh} »(u-n%n?-
PhG=CH)]?*, with key NOE interactions indicated by curved
arrows.

crowding in6 is suggested by hindered rotation of two of the
phenyl rings.

Discussion

Anilide Dimers. [Cp*RuCl(u-NHPh)L (1a and 1b) are
additions to the family of known Cp*Ru dimers. They are'Ru
analogues of the Ru-anilido dimer [Cp*RU(u-NHPh)L and
the more studied methoxide analogue [Cp*RuOMe)], that
have been reported by Tilley and co-worké&t4® Analogous
sulfide and selenide dimers [Cp*RU@ER)], have also been
described*-36 With these good bridging ligands, NHR and SR,
the dimers are diamagnetic with short'RuRU" distances
(2.71-2.94 AR), implying metat-metal bonds and 18-electron
configurations. The analogous chloride dimer [Cp*Rl(u-
Cl)]. is paramagnetic and crystallizes with two quite different
molecules in the unit cell, one with a Ri&Ru bond and one
without, d(RU"—Ru"") = 2.930(1), 3.752(1) A7 suggesting a
metal-metal interaction weaker than that foundlia.

[Cp*RU"Cl(u-X)], dimers have anti @) or syn C)
structures, depending on the distribution of the Cp* and ClI
groups about the central RX,, unit. [Cp*Ru" Cl(u-Cl)],, which
has the anti structur®,is reported to react with 1-phenyle-
thanethiol to yield a 1:1 mixture of the syn and anti isomers of
[Cp*RuCl(u-SCHPhMe)}, which do not interconverf Forma-
tion of these thiolate-bridged dimers by oxidative addition of
disulfides to (Cp*RuCl, however, yields onlgyn[Cp*RuClI-
(u-SR)L.34"36 The anilide dimers in this work also exist in both
Ci (1a) and Cy, (1b) forms, and slow isomerization between

the forms is observed. The isomers are close enough in energ)}O Cp

that the polarity of the solvent shifts the equilibrium position,
with the C; isomerla that has no dipole moment favored in
nonpolar solvents such as benzene and@théomerlb favored

Organometallics, Vol. 26, No. 14, 208303

Formally, the anilido dimerd could be formed by direct
addition of PANHNHPh to a diruthenium unit of the tetrameric
(Cp*RuCl),. The trinuclear Rl hydride (Cp*Ru}(uz-H)(us-

H), has similarly been reported to add the monosubstituted
hydrazine RNHNH (R = Me, Ph) to give the bis(imido)
complex (Cp*Ruj(uz-NR)(us-NH)(u2-H).*® However, direct
formation of1 from (Cp*RuCl), plus PhANHNHPh is ruled out
by the toluidine exchange experiments. TolNBlincorporated
into the product of PANHNHP#H- (Cp*RuCl),, forming [Cp*»-
RwClo(u-NHPh)(u-NHTol)2—] (2, 3), but it does not exchange
with either (Cp*RuCl) or la under these conditions. This
requires that there be an intermediate along the pathway with
sufficient lifetime to undergo anilide exchange. In additi@n,

is also formed from PhNHNHPh and monomeric Cp*RuClI-
(PCys), and the (Cp*RuCl), tetramer is known to be readily
cleaved into monomef:>° Thus, the reactions could also
proceed by oxidative addition of PhANHNHPh to a single metal
center to give a transient Ru(IV) bis(anilide) complex, which
could exchange with ToINHor be trapped by a source of
“Cp*RuCl”. Hydrazine oxidative addition to form a monomeric
bis(amido) metal complex has not yet, to our knowledge, been
reported. ToINH exchange could also occur in a dimeric
intermediate, similar to the reaction of [Cp*IRCI(x-Cl)], with

a thiol to give [Cp*RuCl{>-SR)L.%6 However, the analogous
addition of aniline to [Cp*RU Cl(u-Cl)]» does not formila or

1b. The crossover experiment showing that both anilide ligands
in 1 arise from the same hydrazine is consistent with either
mononuclear or binuclear oxidative addition mechanisms.
Similarly, either path could rationalize the formation of a
nonthermodynamic 1:1 ratio df; (1a) and C,, (1b) isomers
from PhNHNHPh plus (Cp*RuCl) which may simply reflect
the twisted hydrazine geometry.

Reactivity of 1a. Complexlais not very reactive, being inert
to alkenes and alkynes even upon heating. This is in contrast
to the analogous thiolate-bridged complexes which oxidize
alkenes to dithioether. Substitution of the bridging NHPh
ligands by NHTol occurs only upon heating to 740 for 1 day.
No reaction is observed with methanol, even though a methoxy-
bridged dimer such as “[Cp*RLCI(«-OMe)],” would seem to
be a reasonable produétTriethylphosphine does not react with
la at 50 °C, either to reduce it or to cleave the dimer into
monomeric complexes (which would be somewhat analogous
*RU'Cl(py)(PCy)).5! In general, the RiN, core appears
to be quite stable both thermodynamically and kinetically.
Opening of the RgN, ring is most likely involved in the
isomerization betweebaandlb and in the slow exchange with

in the more polar acetonitrile solvent. In dichloromethane, a 10INHz, but the opened form is not easily trapped by other

solvent of intermediate polarity, an equimolar mixture of the
two isomers is observed.

Formation of 1. The addition of PANHNHPh to (Cp*Rlu
Cl)4 to give 1 is a formal oxidative addition of the hydrazine

reagents.

The propensity of the amido ligand to form strong bridges
presents a challenge in the pursuit of a reactive bis(amido)
monomer that will accomplish diamination. Oxidative addition

N—N bond. The reaction appears to be faster with the more of a hydrazine requires an intermediate with an open coordina-

electron rich ToINHNHTol, while more electron-deficient
hydrazines such as PANHNHCOg£&nd MeQCNHNHCO;-

tion site, and such an unsaturated species could add to the bis-
(amido) desired product to form an amido-bridged compound.

Me are unreactive. This pattern is opposite to what would be Sterically bulky ligands could be used to prevent dimerization
expected from consideration of the hydrazine as an oxidant. It but are also likely to inhibit reactivity with substrates. Electron-
may be that initial hydrazine coordination is playing an deficient amide ligands could reduce the tendency to bridge and
important role.
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enhance reactivity with electrophiles such as alkenes, and thesentific) and deuterio (Cambridge Isotope) solvents were dried before

will be a focus of future studies.
Chloride Abstraction and Subsequent Reaction with
PhC=CH. Removal of the chloride ligands frofra with silver

use (pentane, THF, TH#s, C¢Hs using sodium/benzophenone;
CsDe, CD,Cl;, CH.CI, using CaH; CD;CN using Cak/P,0Os/
CaHp). CH3;OD was used as received. [Cp*RufgP8 (Cp*RuCl),>®

salts generates reactive dinuclear complexes. Use of AgOTfL1.2-dip-tolylhydrazine?® and phenyacetylend™" were prepared

gives a triflate-coordinated dimer, accordind¥ NMR spectra,
but the extent of anion coordination is not known for the PF
BF,;~, and CIQ™ derivatives. Addition of Ph&CH gives aCs

symmetric dimer in which the acetylene is perpendicular to the
Ru—Ru bond. This binding mode is uncommon for ruthenium
dimers, which tend to incorporate a terminal alkyne either as a

vinylidene ligand? or through insertion into the ReN bond,
such as in the [Cp*RUu2-NHPh)L systenm??53 The thiolate
dimers [Cp*RuCl-SR)} react with RGCH and 1 equiv of
Ag™ to give vinylidené* and allenyliden®55 complexes.
Complexla, however, remains unreactive toward PHCH in
the presence of 1 equiv of AgOTf. An%n2-bound acetylene
is found in the RU~carbonyl dimer [CpRU(CO)(u-n%n?*-HC=

CH)],%¢ and this binding mode is common for other transition

metals®’

Conclusion

The RU'—bis(amido) species [Cp*RUGI{NHPh)L (1) is

according to literature methods. Pentamethylcyclopentadiene (Strem)
and RuC}-3H,0 (Pressure Chemical) were used as receildd.

13C, and!®F NMR spectra were recorded on Bruker Avance 300
(*H) and 500 MHz tH, 13C, and'®F) spectrometers and referenced

to the residual solvent signdH and*3C) or an external C;£OOH

standard {78.5 ppm)é2 all coupling constants are reported in Hz.

Assignments of thé3C NMR resonances were made using 2D

HMQC and HMBC experiments. Mass spectra were recorded from
CH;CN solutions on a Bruker Esquire ion trap electrospray
ionization mass spectrometer. GC-MS analyses used a Hewlett-
Packard 5971A GC-MS with an Agilent DB-5MS column
(25 m x 200um i.d. x 0.33um phase thickness): 7@, 20°C/
min, 210 °C. Elemental analyses were performed by Atlantic
Microlab, Inc.

Ci-[Cp*RuClI( u-NHPh)], (1a). A mixture of 1,2-diphenylhy-
drazine (700 mg, 3.8 mmol) and (Cp*Rug(L.196 g, 1.1 mmol)

was stirred in 50 mL of gH; for 3 days at room temperature and
then heated to 50C for ~20 h. The volume was then reduced to

~25 mL, and pentane~20 mL) was added to precipitate out a
dark brown solid. The mixture was filtered and the solid washed

easily accessed from the oxidative addition of 1,2-diphenylhy- \1Nith pentane (2« 10 mL) to give 1.23 g ofla (1.69 mmol, 77%).
drazine to (Cp*RuCl. This complex shows solvent-dependent ‘H NMR (C¢Dg, 500 MHz): 6 11.01 (s, 2H, M), 8.62 (d,J =

interconversion between th@ (1a) andC,, (1b) isomers and

promotes the disproportionation of PANHNHPh into azobenzene P):

7.5, 2H,0), 7.33 (d,J = 6.5, 2H,0), 7.13 (2H,m), 7.01 (M, 4Hm,
1.19 (s, 30H, Cp*)13C{1H} NMR (CeDe): 6 130.62 (), 130.27

and aniline. Formation of these dimers involves oxidative (M- 128 0),126.220), 123.48 (), 122.62 0), 94.11 Cs(CH)s),

addition of the hydrazine NN bond, which is a rare process.

Complexlahas limited reactivity, in part because of the stability

of the Ru(u-NHPh), core. The strength of the bridging anilide
ligands inhibits the reactivity ofa with unsaturated hydrocar-

9.00 (G(CHgy)s). ESI/MS (CHCN): m/z 693 ([Cp*Ru(NHPh)-
CI]™). Anal. Calcd for G,H4.CloN,Rw: C, 52.81; H, 5.82; N, 3.85.
Found: C, 52.59; H, 5.89; N, 3.96.

Ci-[Cp*RuCl( u-NDPh)], (1a-d;). A J. Young tube was charged
with a solution of PhANDNDPh (96%H, prepared from exchange

bons. Abstraction of the chloride ligands gives a more reactive i, MeOD: 13 mg, 7 mmol) in gDs. (Cp*RuCl) (2 mg

species that adds phenylacetylene to give a complex with%a

n?-PhG=CH ligand, an uncommon binding mode for a diru-
thenium compound. The disproportionation of hydrazine and

1.8 mmol) was added, and after 3 days at room temperatdre,
andH NMR show 94%7?H.
Co,-[Cp*RUCI( #-NHPh)], (1b). A J. Young NMR tube was

the propensity of the amido ligands to bridge may be some of charged withla (2 mg, 2.7 mmol) and CECN and the mixture
the challenges associated with the use of hydrazines in aminatiorheated to 70C for 21 h.!H NMR (CDsCN, 500 MHz): § 9.85 (s,

reactions.

Experimental Section

General Considerations. All manipulations were performed

2H, NH), 7.77 (dJ = 7, 2H,0), 7.37 (m, 4H,m), 7.25 (t, 2H,p),
6.54 (d,J = 6.5, 2H, 0), 1.16 (s, 30H, Cp*).13C{H} NMR
(CsDe): 6 158.36 {), 130.97 (n), 128.59 (n), 127.38 ¢), 126.72
(p), 123.03 6), 94.58 Cs(CH3)s), 8.40 (G(CHs)s) ppm. ESI/MS
(CH3CN): m/z693 ([Cp*Ru(NHPh)CI]*). Similar heating ofila

under N using standard high-vacuum-line or inert-atmosphere in CD.Cl, showed an equal mixture dfaand1b. 'H NMR of 1b
glovebox techniques, unless otherwise noted. Protio (Fisher Sci- (CD.Cl,, 500 MHz): 6 9.66 (s, 1H, NH), 7.74 (d, 1Hy), 7.38 (m,

(52) (a) Matsuzaka, H.; Takagi, Y.; Hidai, @s1994
13, 13-15. (b) Takagi, Y.; Matsuzaka, H.; Ishii, Y.; Hidai, NQIaa0g-
Ralallics1997 16, 4445-4452. (c) Puerta, M. C.; Valerga, €oord. Chem.
Rev. 1999 193-5, 977-1025. (d) Dragutan, V.; Dragutan gifiiiitade
Rey. 2004 48, 148—-153.

(53) Insertion into Re-N bonds: (a) Standfest-Hauser, C. M.; Mereiter,

K.; Schmid, R.; Kirchner, KDalton Trans.2003 2329-2334. (b) Busetto,
L.; Marchetti, F.; Zacchini, S.; Zanotti, \| i 2006 291,
2424-2439. (c) Sun, Y.; Chan, H.-S.; Xie, Sannsusstalia<’ 006 25,
3447-3453.

(54) Takagi, Y.; Matsuzaka, H.; Ishi, Y.; Hidai, \fisthaaeiaia< 997
16, 4445-4452.

(55) Nishibayashi, Y.; Waskiji, I.; Hidai, M 2000
122, 11019-11020.

(56) Colborn, R. E.;: Davies, D. L.; Dyke, A. F.; Knox, S. A. R.; Mead,
K. A.; Orpen, A. Gﬂnsgsa 1799-1805. Cooke,
M.; Davies, D. L.: Guerchais, J. E.: Knox. S. A. R.; Mead, K. A; Ralie
Woodward, P 1981, 862—864.

(57) (a) George, B. S. A.; McDonald, R.; Cowie, Fiiamimagini 996
74,2289-2303. (b) Zhang, Y.-H.; Lao, W.-J.; Liu, Y.-Q.; Yin, Y.-Q.; Wu,
J.-J.; Huanh, Z.-HPolyhedron2001 20, 1108-1113. (c) Chen, X.-N.;
Zhang, J.; Yin, Y.-Q.; Huang, X.-Yauanaaesteliecs1999 18, 3164
3169.

2H), 7.27 (m, 1H), 6.45 (d, 1Hp), 1.191 (s, 15H, Cp*).

[Cp*RuClI( u-NH-p-tol)]2 (2). A CeDs solution of dip-tolylhy-
drazine (1 mg, Sumol) and (Cp*RuCl) (2 mg, 1.8umol) was
allowed to react for 2 days in a J. Young NMR tube. The solvent
was removed under vacuum, and the remaining brown solids were
washed with pentane and dried to give a dark brown sHidiMR
(CsDs, 500 MHz): 6 11.09 (s, 1H, NH), 8.57 (d] = 8.5, 1H,0),
7.33(d,J=18, 1H,0), 6.98 (d,J = 8.5, 1H,m), 6.89 (d,J = 7.5,
1H, 0), 2.04 (s, 3Hp-methyl), 1.25 (s, 15H, Cp*). ESI/MS (CH
CN): m/z 721 ([Cp%Rwu(NHToI),CI]").

Reaction of (Cp*RuCl), with Diphenylhydrazine and Di-p-
tolylhydrazine. (Cp*RuCl), (2.5 mg, 2.3umol) was added to a

(58) Koelle, U.; Kossakowski, Jaaismmadain 1992 29, 225-227.

(59) Fagan, P. J.; Ward, M. D.; Calabrese, Jjinniismmmiiod 939
111, 1698-1719.

(60) Khurana, J. M.; Singh, < 99
1893-1895.

(61) Gronheid, R.; Zuilhof, H.; Hellings, M. G.; Cornelisse, J. Lodder,
G. 2003 68, 3205-3215.

(62) Walstrom, A.; Pink, M.; Tsvetkov, N. P.; Fan, H.; Ingleson, M;
Caulton, K. G jiuniismmmmin 005 127, 16780-16781.




A Ruthenium(lll) Bis(anilide) Dimer

C¢Ds solution of PhNHNHPh (1.5 mg, &mol) and dip-
tolylhydrazine (1.5 mg, Zmol) in a J. Young'H NMR tube. The
reaction was monitored byH NMR spectroscopy. After1 day

Organometallics, Vol. 26, No. 14, 208305

H, 4.18; N, 2.70). The presence of some residual AgCl in
recrystallizedb is indicated by solutions of this material becoming
cloudy with a gray-white solid overy time. Attempts to remove

the reaction mixture was dried and washed with pentane. The the residual AgCl by filtration through Celite have been unsuc-
washings were analyzed by GC-MS and separated with retentioncessful.

times of 18.2 min1fyz 182; PhN=NPh) and 21.9 minnyz 210;
ToIN=NTol). No PhN=NTol was observed.

Mixture of TOINHNHTol, p-ToINHNHPh, and PANHNHPh.
This mixture was synthesized by following a modification of a
literature procedur® A solution of nitrobenzene (0.77 g,
6.3 mmol), nitrotoluene (2.765 g, 19.5 mmol), and aluminum
powder (1.4 g, 52 mmol) in methanol (14 mL) was treated with
KOH (8.3 g, 148 mmol). The mixture was stirred for 20 min, and
then aliquots of Al, KOH, and MeOH were added at 10 min
intervals until no azo compound was seen by TLC. The reaction

[Cp* 2Rux(u-NHPh),(u-n%1n?-PhC=CH)](OTf) , (6a). An excess
(3.6 mg, 14.0umol) of AQOTF was added to a solution G&
(2.3 mg, 3.2umol) and Ph&CH (19umol) in CsDg in a J. Young
NMR tube. The solution was decanted after the formation of dark
precipitates, which were then dried under vacuttthNMR (CD,-

Cl,, 500 MHz): 6 9.29 (s, 1H, Ph&CH), 8.20 (d,J = 6, 1H,
0-PhC=CH), 8.02 (d,J = 8, 1H,0-PhC=CH), 7.78 (t,J = 6, 1H,
m-PhC=CH), 7.63 (m, 3H), 7.47 (m, 3H), 7.32 (m, 2H), 7.26 (t,
J =5, 1H,mPhNH), 7.03 (d,J = 5, 2H, 0o-PhNH), 6.77 (s, 1H,
NH), 6.71 (d,J = 4, 1H,0-PhNH), 4.40 (s, 1H, M), 1.53 (s, 15H,

was gquenched, and the product was extracted according to literatureCp*). 13C NMR (CD,Cl,): 6 108.2 (Cp*), 95.8 Jcc = 52.5,

procedures and recrystallized from hexanes. TFhBIMR spectrum
of the hydrazine mixture showed a 1:0.7 ratio of Ph and Tol groups,

PH3C=13CH), 92.9 (cc = 52.5, Juc = 235, PR3C=13CH), 9.9
(Cp*). 19F NMR (CD,Cl): 6 —79.5 ((FsS0;). ESIMS (CHs-

but the unsymmetrical hydrazine could not be separately quantified CN): m/z 909 ([Cp*%Ru(NHPh)(PhCCH)OTf]).
because its resonances are coincident with those of the symmetric  [Cp* ;Rux(u-NHPh),(u-1%7?-PhC=CH)] (PFs). (6b). To a solu-

hydrazines. GC-MS analysis of the mixture (as an ether solution)

tion of 1a(74.6 mg, 102.6tmol) and AgPk (66 mg, 26Qumol) in

shows separate peaks for the corresponding azo compoundsCeHs (15 mL) was added an excess of phenylacetyleneu{40

allowing for the indirect detection of the mixed hydrazine. The ratio
from GC-MS, 1.68:1:1.97 PhPh, TolTol, and PhTol (azo derivative
retention times 18.7, 21.7, and 20.2 min, respectively), is in
agreement with the Ph to Tol ratio obtained from integration of
the TH NMR spectrum.

[Cp*Ru(u-NHPh)(OTf)] 2 (4) AQOTf (2.4 mg, 9umol) andla
(3.2 mg, 4.5umol) were dissolved in D¢ in a J. Young tube.
The solution turned dark brown with the precipitation of Agtl.
NMR (CgDg, 500 MHZz): 6 12.35 (s, 1H, M), 8.01 (d, 1H,0),
7.07 (m, 1H,m), 6.93 (m, 2H,0, p), 6.43 (d, 1H,m), 0.976 (s,
15H, Cp*). 13C{1H} NMR (Cg¢Dg): 6 156.12 (), 131.80, 130.186,
128.60, 126.23, 125.88, 121.864, 96.C2(CHs)s), 8.48 (G(CHa)s).

19 NMR (CgDg): ¢ —78.1.

[Cp*Ru(u-NHPh),;RuCp*(H ,0)](OTf), (5). AgOTf (50 mg,
0.349 mmol) and.a (40 mg, 0.110 mmol) were combined it
(20 mL) and stirred for 30 min before filtration of the AgCl solids.
Degassed, wet ¢Els (2 mL) was added to the resulting solution,
and the mixture was stirred for 20 h. The resulting dark solids were
filtered, washed with gHs (1 mL) and pentane (% 1 mL), and
dried to give 28 mg (0.058 mmol, 53%)H NMR (CsDg, 200
MHz): 6 11.77 (s, 1H, NH), 8.56 (d] = 7, 1H, 0), 7.06 (t,J =
7, 1H), 6.82 (tJ = 8, 1H), 6.66 (tJ = 8, 1H), 5.91 (dJ = 8, 1H,

0), 0.83 (s, 15H, Cp*)1%F NMR (CsDg): ¢ —79.2.2°F NMR (CD,-
Cly): 6 —79.1. The product was recrystalized from £Hp/pentane
at—78°C and analyzed. Anal. Found: C, 39.67; H, 4.27; N, 2.74.
These values are low fdr (calcd for GgHgsF12N4O13RWSAQCI:

C, 41.97; H, 4.56; N, 2.88) but are consistent with a 1:1 mixture
of 5 and4-AgCl (calcd for GsH43AgCIF1N4O13RWS,: C, 39.43;

363 umol). The dark green precipitate was isolated by filtration,
extracted with CHCI,, reprecipitated with pentane, washed with
pentane, and dried to giv&(60.3 mg, 52.4«mol, 51%).'H NMR
(CD.Cl,, 500 MHz): 6 8.45 (s, 1H, Ph&CH), 7.92 (d, 1H,
0-PhC=CH), 7.79 (t, 1H,m-PhC=CH), 7.70 (m, 2H), 7.63 (m,
2H), 7.53 (t, 2H,m-PhNH), 7.41 (t, 1H,p-PhNH), 7.37 (t, 1H,
p-PhNH), 7.31 (t, 1H,m-PhNH), 7.21 (d, 1H,0-PhNH), 6.91 (d,
2H, o-PhNH), 6.78 (d, 1H,0-PhNH), 6.00 (s, br, 1H, M), 4.70

(s, br, 1H, NH), 1.516 (s, 30H, Cp*). ESI/MS (C¥N): m/z 905
([Cp*2R(NHPh)L(PhCCH)PE] ™). Two independent samples were
analyzed. Anal. Found: C, 39.89; H, 3.83; N, 2.14. Found: C,
40.76; H, 4.24; N, 2.30; Cl, 0.55. These values are lovwsfofcalcd

for CaoHagF12NP.RW: C, 45.8; H, 4.61; N, 2.67) but are consistent
with 6b-AgCl (calcd for GoH4sAgCIFNP.RW: C, 40.30; H, 4.06;

N, 2.35; Cl, 2.97), except for the low CI. Dissolving these samples
in CgHs gave solutions that slowly deposited white solids, consistent
with AgCI as a contaminant.
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