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We report here the synthesis, characterization, and catalytic Scheme 1

properties of highly active well-defined silica supported hetero-
geneous olefin metathesis catalysts, [(=SiO)Mo(E=NAr)-

(=CHCMeRY)(NRy)] (1). These catalysts are compatible with ethyl r N é:nre R P N C':Are R r N tB'Er
oleate and function without a cocatalyst. o Moo=/ ? ro Mo=/ ’ tBu_, Mo=/

In the past few years, we have shown that monosiloxy Mo-, W-, 2 9’ gom, ZRZN/ 9/ ;Oxw
and Re-based catalysts, of general formulES{O)M(=ER)- o )Si\ Qs o _ o '4Si\ /°>si
(=CHtBu)(CH.tBu)] are highly active olefin metathesis catalysts < O © AN o 2a-RLR'=MeorPh; 5 O AN Yo
(M = Re, ER= CtBuf” M = Mo, ER = NH;3° M = Mo or ol Lo P Pyl (dmen e ol
W11 ER = NAr), that often display reactivity and stability greater 1 RoN = PhoN ’ 3

than their homogeneous analogues, [(RGFEER)=CHtBu)] (RO
= Me(CR),CO* or (RO}, = POSS). Interestingly, complexes 1, ppy for which 26 C/Mo and 2 N/Mo are expected. Furthermore,
that are asymmetric at the metal center appear to provide optimum 1 the distinct signals ifH MAS solid-state NMR spectra and,

activit.y.lﬁ. Moreover, silica supported .syst.ems are less prone to more clearly, in constant time (CTH MAS NMR spectra (Figures
deactivatio”® as a consequence of being isolated on the surface, 1 and S2) are fully consistent with the proposed structurelaf
thereby eliminating bimolecular decomposition of alkylidefe's. Ph. These resonances are found at 1=@HCMe;Ph), 6.8 (Csp

However, in the metathesis of propene, traces of 1-butene are foundH) 5.7 (pyrrolyl-Csg-H), 3.2 (CHMe,), 1.8 (unreacted SiOH), 1.4
which might be ascribed to side reactions that involve the neopenty! (=bHCMe2Ph) and 0.7 ,(C-IN'Iez) ppm.' The resonance at 1.8 DFle

ligand. W‘? were attracted to the possibility of addling recently is assigned to residual silanols since it almost disappears when
reported bis(amido) complexes, [MaNAr)(=CHCMe&R)(NRy);] deuterated silica is employed (Figure S3).

. — H 1 — . — 9

(2, Ar = 2,64 Pr22C6H3, Rt = Me or Ph; NR = pyrrolyl for 2a* The3C CP MAS spectrum contains nine resolved peaks (Figure
and NP for 2b%) to partially dehydroxylated silica (SiOro0) S4a; Table S1), which can be assigned as follows{ G2(CHs)2},

to yield well-defined asymmetric systerhidiaving no alkyl ligand 28{=CHC(CHs);Ph+ CH(CHs)s}, 54 {=CHC(CHs),PH}, 122
pSreient, |nlcontrast B, [(SSIO)MoENAN(=CHIBU)(CH,tBU)] 153 {Ar}. However, the alkylidene carbon resonance was not
(Scheme 1). observable forla-Ph at natural abundance. Therefore the corre-

The reaction petween SiQroo) and2a-Ph (NR, = pyrrolyl, R* _sponding3C labeled neopentylidene complébg*-Me {[(=SiO)-
= Ph), was monitored by IR spectroscopy. The IR peak assoc'atedMo(ENAr)(=*CHCMe2R1)(NRz)] (R = Me), 99%13C labeled on

with the Slérfa_cf] s;:angljst 37?;(@;@‘??? as nt;avlvll_R be:jnds the a-carbon to Mo (Figures S4bS5; Table ST)) was prepared.
associated with the( ) and o ) of hydrocarbyl ligands This surface complex unambiguously displays a large isotropic

. Lo ’
a_tppleared n th? 309?2700 gnd 15061350 th region, respeli: signal at 285 ppm in th&C CP MAS NMR spectrum, consistent
tively (Supporting Information, Figure S1). The new IR peaks at with the presence of an alkylidene carbon @GHR!). This has

3088, 3065, and 3028 cth are affributed to the/(=C-H) of been confirmed in 2DH-13C dipolar HETCOR NMR spectr#;?3

ar.ylimido grf’”P' and that at 3610 cﬁ"!to residual OH interacting which show that the carbon at 285 ppm is correlated with a proton
with aromatic ligand$? Overall, the disappearance of the band at at 11.9 ppm (Figure S6)

3747 cnt during grgfting isin fs\greement with a chemical gr_afting Similarly, 2b-Ph (NR,=NPh, R = Ph) reacts with a silica
of 2&-Ph. When a mixture of Si@ (700 (298 mg, 0.26 mmol SIOH o, 700 g yield the corresponding monosiloxy compldxPh

per gram, 0.'077 mmol) ani’ia:Ph (44 ma, 0.082 mmol) in &6 according to mass balance analysis, IR, #idnd!3C solid-state
e NVR specoscpies (g SBIL: Tabl 52, 1 . and

’ .~ 2D NMR spectra oflb*-Me display the expected proton and carbon
surface (;omplexla-Ph (Scheme 1). The Mo elemental analy§|s signals for the carbene, observed at 11.4 and 288 ppm, respectively.
(2.28 wt %) corresponds to 0.24 mmol of Mo per gram of solids A small amount of the anti isomer is also observed in this case,

in agreement with the consumption of most surface silanols (ca. which proton and carbon signals appear at 12.9 and 302 ppm. The
92%), and it is also consistent with the formation of a monomeric maximum Mo loading in this case has been only 1 wt % (0.11

spegles. Mc;reloyﬂ:er(,) t5he.tmater|als contalfrt1 gn'vtlhe al;/ter.agﬂ; f25 mmol/g), which corresponds to the consumptior~ef0% of the
carbons and - -5 nitrogens per grafted Mo (obtained from surface silanols of Si© 700 (0.26 mmol/g). The remaining silanols

elemental analysis), which is consistent with the proposed structure _ interacting with the ligand dfb-Ph according to IR spectros-

t Massachusetts Institute of Technology. copy (Figure S7) and therefore are not accessible. Considering a
#ESCPE Lyon. calculated projected area of 2.1 #Anfor the [MoE&ENAr)-
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Figure 1. Proton NMR spectra ola-Ph recorded on a Bruker Avance

500-MHz spectrometer at a MAS frequency of 12.5 kHz: (a) single pulse

spectrum (8 scans); (b) CT spectrum=€ 4 ms, 64t; points of 16 scans
each) (# indicates residual silanét).

Table 1. Comparative Reactivity in Olefin Metathesis

propene?? ethyl oleate®®
catalyst TOF time TOF time
la-Ph 2.2 180 0.1% 30
2a-Ph 0.01 f
1b-Ph 4.¢ 20 0.1% 10
2b-Ph g g

a Experimental conditions: 0.017 mol % Mo, 26. ® TOF is the initial

turn over frequency measured after 5 min of reaction expressed in mol of
substrate converted per mol of Mo per second. Time is the time (in minutes)
to reach the equilibrium conversion (34% for propene and ca. 50% for EO).

¢ Experimental conditions: 0.5 M solution of EO in toluene, 1 mol % of

Mo. 4 The reaction stops after 30% conversion (thermodynamic conversion:
34%). ¢ In these cases, the conversion is already high after 5 min, and the

initial TOFs are probably greater than measurfdeactivation after 30%
conversion (4 h)9 Less than 0.1% conversion.

(=CHCMe&Ph)(NPh)] fragment, the maximum Mo loading should

have been 0.15 mmol/g (1.5 wt %), which shows that the silanols

of a SiGQy (70 are not evenly distributed on the surface of the sHlid.

When propene is contacted witte-Ph or 1b-Ph (0.017 mol
%), equilibrium is reached in 60 min fdb-Ph, while only 30%
conversion is achieved fdta-Ph (Table 1). The initial turnover
frequencies are 2.2&Ph) and>4 mol/mol Mo/s (Lb-Ph), so that
1b-Ph is slightly faster thanla-Ph and 3 [(=SiO)MoENAr)-
(=CHtBuU)(CHtBu)] (3—4 mol/mol Mo/s under similar reaction
conditions)'® Moreover, with catalyst, no 1-butene was observed
even after 24 h<0.01% if any) in contrast t8 (0.06%). We ascribe
this beneficial effect to absence of an alkyl group.

The self-metathesis of ethyl oleate (EO) was investigated as a
test substrate for functionalized olefins. Under identical conditions,

0.5 M solution of EO are equilibrated within 30 and 10 min with
1 mol % of 1aPh and 1b-Ph, respectively (Figure S12). In
comparison, equilibrium is reached in 60 min for {R).Mo-
(=NAr)(=CHCMePh)] under similar reaction conditions. Using
0.05 mol % of catalysfib-Ph, equilibrium is reached within 3 h,

while 1a-Ph deactivates faster so that only 20% of the EO has

been converted afte8 h (Figure S13). Finally, ring-closing

metathesis of diallylmalonate can be achieved with 1 mol % of

la-Ph and1b-Phin 2 h and 30 min, respectively.

In conclusion, we have shown that bisdiphenylamido and

dipyrrolyl Mo complexes serve as precurséfs to well-defined

supported catalysts for olefin metathesis that are asymmetric at the
metall626 We believe that the remaining amido ligand in the
supported catalyst is responsible for greater stability and selectivity
compared to catalysts prepared from dineopentyl precursors, as
evidenced by the absence of formation of 1-butene in the metathesis
of propene. The diphenylamido system appears to be the most
promising, although many possibilities remain. We will continue
to explore this new generation of well-defined active silica-
supported catalysts.
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