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The recent development of ruthenium olefin metathesis catalysts Scheme 1
such asl and 2, which show high activity and functional group

tolerance, has expanded the scope of olefin metath&spite Q N -5 L Ru\c_;:@ -
these advances, ring closing of large rings requires high dilution Tu e o {‘:\/H J\S T e
and metathesis of highly substituted or electron-deficient olefins PCys o 0

still requires elevated temperatures and extended reaction times.
Thus, thermal stability of the catalysts plays a critical role in the precipitated from the solution as decomposition proceeded, and it
catalyst lifetime and turnover numbers, particularly for challenging was isolated a8 in 46% yield after 72 h. Formation of compl&x
substrates. is reproducible in benzene solution (Scheme 1).
As shown by X-ray crystallography (Figure B)js a dinuclear
{gNmNg} PO —62—wa—””§>— ruthenium compound with a bridging carbide between the ruthenium
1,

o. F'w\, S o Ruf»\*’“ ol <ok O puzcn centers and a hydride ligand on Ru2. Alg;binding of Ru2 to
NG ,',CVSC' poyC écyf' one of the mesityl rings in the N-heterocyclic carbene on Rul is
1 2 3 4 observed along with complete loss of phosphine ligands. The

) _ - hydride ligand has a chemical shift 6f—8.6 ppm in theH NMR
Since methylidene8 and 4 serve as critical and least stable  spectrum and was located on the electronic density map from
intermediates in most metathesis reactions initiatetl &yd2 such crystallographic data. The location of the hydride on Ru2 was
as ring-closing metathesis (RCM), cross metathesis (CM), and unambiguously confirmed by an NOE experiment, which shows

acyclic diene metathesis (ADMET) reactions, the understanding an NOE between the hydride ligand and a proton of tfie
of methylidene decomposition and stability is crucial for designing coordinated mesityl ring. The proton of the mesityl ring has a

a more stable catalyst systénPrevious studies from our group  characteristictH chemical shift ofd 5.6 ppm, which is shifted
showed tha# decomposes by a unimolecular pathway similaBto  upfield by thes$-binding of Ru2¢

and exhibits a longer half-life than compl&x(5 h 40 min vs 40
min) 34 Notably, the decomposition & and4 is not inhibited by
added phosphines, while the decomposition of benzylidérsexl
2 is slower and is suppressed by the addition of phosphines.
Despite the information obtained from kinetic studiést has
been difficult to understand the decomposition pathway of the
ruthenium olefin metathesis catalysts because there has been n
report of well-characterized decomposition products generated under
typical metathesis conditions. Fortuitously, during the synthesis of ©
2, we observed a decomposition prod&¢€ In complex5, the Ru
center has inserted into a-®& bond of one of the mesityl groups.
It has also been observed that complexesd2 decompose into
hydrido-carbonyl-chloride complex&sand7 upon treatment with
methanoP However, none of these complexes are formed from
typical metathesis reaction conditions that employ aprotic solvents
such as dichloromethane or benzene. Herein, we report the first
well-characterized decomposition products of the N-heterocyclic-
based ruthenium olefin metathesis cata|sh benzene. Figure 1. ORTEP drawing oB with thermal ellipsoids at 50% probability.

— - The carbide between the ruthenium centers has a distinéve
—=N N;§j>~ ooy, N NS chemical shift of 414.0 ppm, coupled with the hydrided = 10.4
“Ru oy Ol i h Hz); this falls within the range of 23+1446.3 ppm known for other
,107300 |LC;CO F|,C;CO u-carbide complexes.The single-carbon bridge between two

ruthenium centers is slightly bent with a Ru€22—Ru?2 angle of

160.3(2). The RutC22 distance i is 1.698(4) A and is slightly
When complexd was monitored at 55C in CsDg by 3P NMR longer than in other reportedcarbide ruthenium complexes such

spectroscopy, a new peak@B4.5 ppm was observed. This peak as in (PCy),(Cl);Ri=C—Pd(CI(SMe,) (1.662(2) Ay2 and

increased over time, while the peak corresponding to methylidene [(PP¥3)x(Cl)(CF:CO;)RU=CCH,Ph][BAr,] (1.660(4) A)® The Ru2-

4 (6 38.6 ppm) decreased. An orange-yellow crystalline solid C22 distance of 1.875(4) A is much shorter than the usuat®u
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single bonds in ruthenium complexes with carbide ligands that reaction is thus an important goal. There have been some reports
generally range from 2.00 to 2.09°/Auch as in [(MgCORW= on olefin isomerization with catalys?, although it is generally
C—Ru(COX(Cp)] (2.09(2) A)%d Although the allylidene alternative  highly selective for olefin metathesi$éWe believe that this process
[Ru=C=Ru] is possible on the basis of bond lengths, we assign is catalyzed by either a hydride decomposition species, observable
the Rut-C22 interaction as a triple bond and the Ru22 by 'H NMR spectroscopy, or by impurities remaining from catalyst
interaction as a single bond on the basis of the electron distribution synthesis, as reported by Snapper and co-wofkéké&e have found
on the ruthenium ators. that complex8 catalyzes isomerization under metathesis conditions
Characterization of the major phosphine byproduct witHRa (Scheme 3). This observation implies that decomposition of catalyst
chemical shift 0ofd 34.5 ppm was also attempted. Since com@@lex 2 via methylidene4 could be responsible for the undesirable
has one less carbon atom than expected, we speculated that thesomerization reaction during difficult olefin metathesis reactions.

phosphine byproduct might be methyltricyclohexylphosphonium  ¢.,0me 3

chloride, 9, or a phosphine ylide, Cj#PCy. Upon treatment of

the decomposition mixture with pentane, we isolated the phosphine
product along with some unidentified decomposed ruthenium
species. ThéH, °C, 3P NMR spectra and HRMS data of the
product match exactly those of an independently prepared sample
of the methyltricyclohexylphosphonium s&ttThe formation of9

from complex4 occurs even at room temperature. Light gray
crystals ofd were observed with yellow-orange crystalsdorom

a saturated benzene solution ofat room temperature after two
weeks under an Natmosphere.

On the basis of the significant formation@fwe propose that the
decomposition oft occurs mainly by attack of dissociated tricyclo-
hexylphosphine on the methylidene B (Scheme 2). This type
of phosphine attack on the carbene carbon atom of Ru-alkylidenes
was also reported by Hofmann and co-workérghe 12 electron
speciesl2 formed upon elimination of phosphine ylidé would bind
one of the mesityl rings df0. Through two chloride bridges between
two ruthenium centers and HCI abstractiontly terminal alkyli-
dyne complext3 could be formed with generation 8f Formation
of 8 can be explained by oxidative addition of the terminal
alkylidyne in 13 with migration of two chlorides. However, none

1.5 mol% 8

A
—_——
CDCly m
40°C,1d
76 %
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©/v/

In conclusion, the dinuclear ruthenium compi@and methyl-

tricyclohexylphosphonium chlorid® result from thermal decom-
position of olefin metathesis catalydt in benzene. We have
proposed that dissociated phosphine is involved in the decomposi-
tion of 4. In addition, we have shown th&thas catalytic olefin
isomerization activity, which can be responsible for competing
isomerization processes in certain olefin metathesis reactions.
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of these intermediates has been observed by NMR spectroscopy.

Scheme 2. Proposed Mechanism
= e )
cl, 1 3
F“‘fg"ﬁ e ClLRU=CH, * PCys
PCyz
10
P o N HC=PCy;
—SNNED— N NS SN N 1
T He -— —_— T CH, _4‘
ciRu—Cy “<l o Rus- i

—X N NS N NS —N NS—
T Mes H\,mcw,, <l
o Ru + CloRu=CH, —_— N e RU=CH
/ &L :
] N-\es H,C=PCy; HsC-PCy3
12 c-
9
—X N NS —N N
Mes RL‘,-.\\CU’J:CH — = Mes _T‘C‘
3 S IRu= > Ru—c=Ry
N\( ™| N4 [\
N c O o
Mes “Mes
13 8

Application of the steady-state approximationl®affords the
decomposition rate expression (eq 1), assuming the phosphine-
attacking step is rate determining. This expression is consistent with
the independence of phosphine concentration and the first-order
kinetic observation on the decomposition4¥4

kik,

rate of decompositiorr k;[10][PCy,] = k—+k2[
—1

4 @)

The formation of a hydridic species has important implications
for olefin metathesis processes. Olefin isomerization is one of the
side-reactions observed during olefin metath&sisvhile not
common, olefin isomerization can significantly alter the product
distribution in certain metathesis reactions. Suppressing this side
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