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Olefin metathesis can be initiated by a very large number of
molybdenum and tungsten complexes and numerous catalysts
havebeen reported.!~# Many factorsinfluence the activity of Mo
and W-containing metathesis catalysts, but in the absence of
differential steric effects, catalytic activity appears to correlate
best with the electron-withdrawing ability of the alkoxide
ligands.2# Inthecaseof Schrock’s well-known family of catalysts,
anappropriate balance between steric and electronic effects was
achieved by using strongly o-withdrawing hexafluoro-t-butoxide
ligands (i.e., [(CF3)(CH;3)CO};M(CHR)(NAr); M = Mo (1a)
or W (1b)).4

During recent studies of olefin polymerization by vanadium-
containing silsesquioxanes,’ we suggested that coordination of d°
metals to a silsesquioxane framework instead of conventional
alkoxide or siloxide ligands could produce more electrophilic metal
centers; the Si atoms of a silsesquioxane framework are approx-
imately as electron-withdrawing as CF; groupsé and most
silsesquioxanes coordinate to metals with acute M-O-Si bond
angles, which limits the extent of O(pr)-M(d~) bonding possible.
Since the activity of a Schrock-type olefin metathesis catalyst is
very sensitive to the nature of its alkoxide ligands, we decided to
prepare a silsesquioxane analog of 1a in order to evaluate the
electronic properties of silsesquioxane ligands and to test the utility
of silsesquioxanes as ancillary ligands for metathesis catalysts.
In this paper we report the synthesis of such a complex, as well
as the results from preliminary reactivity studies which suggest
that its activity for the metathesis of infernal olefins (e.g., cis-
2-octene) is comparable to 1a and 1b.
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The reaction of [(c-CsH;;)7Si;05(0SiMe;)(OH),] (2)7 with
TIOEt (2 equiv) affords [(c-CsH;1)7Si706(0SiMe;){OTI),] (3),3
which upon addition of [Mo(CHCMe,Ph)(NAr)(OSQO,CF3;),-
(dme)] (Ar = 2,6-diisopropylphenyl)# affords a quantitative
(by NMR) yield of a single molybdenum-containing silsesqui-
oxane.” There are four possible structures for this product, but
isomers 4a and 4b seem most likely!® on the basis of the 'H
chemical shift for the alkylidene CH, molecular models, and the
fact that 1a adopts a “syn” structures in the solid state.4

N 0 N
[ oK Mg o, i
4 o /‘° N ooy /OO'S(‘ AN /O—M°§'N oy
’ - A\ LY 3
[ o-si..0 cy—-Si" O/SI o
LS9 N
i o"\5|_°§ o™ O\ LO’\
cy [ 51~ OTMS sll L
Cy Cy
4a 4b

At high-temperature (70 °C), 'H, 13C, and 29Si NMR spectra
of the product are consistent with a time-averaged structure
resulting from rapid rotation about N-Arylimido, Arylimido-
CHMe;,, and perhaps Mo=C bonds.!! Upon cooling to -30 °C,
resonances for the isopropyl CHj; groups decoalesce into two sets
of CH; resonances, and the complex multi-line pattern observed
between 6.9 and 7.05 ppm for the three aromatic arylimido protons
appears to coalesce into a broad singlet.!? The multiplicities of
all other resonances in the 'H, 13C and 2°Si NMR spectra are
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(9) (a) A solution of [Mo(CHCMe,Ph)(NAr)(OSO,CF3):(dme)] (0.866
g, 1.09 mmol) in benzene (10 mL) was added dropwise over a period of 10
min to a solution of 3 in benzene (20 mL). After being stirred for 2 h at 25
°C, thesolution was filtered through alumina and the volatiles were evaporated
(25 °C, 0.01 Torr). Recrystallization from a minimum amount of ether at
-30 °C afforded orange microcrystals (1.37 g, 86%). The stoichiometry of
the product was unequivocally established by multinuclear NMR spectroscopy,®
but the exact structure cannot be assigned at this time.% Structures 4a and
4b are most likely.!® For the sake of discussion, the product will be referred
toonly as 4. (b) For 4: mp 122-158 °C dec; 'H NMR (500.1 MHz, CsDs,
22°C) 6 11.83 (s, 1H, MoCH), 7.39 (d, / = 8 Hz, 2H, 0-Ph), 7.24 (t, H =
8 Hz, 2H, m-Ph), 7.01 (t, J = 8 Hz, 1H, p-Ph), 7.02-6.92 (=7 lines, 3H,
arylimido), 3.86 (sept, J = 7 Hz, 2H, CHMe,), 2.1-1.0 (br m, 77H), 1.78
(s, 6H, CMe,Ph), 1.37 (d, J = 7 Hz, 6H, CHMe,), 0.24 (s, 9H, SiMe;); 13C
NMR (125.03 MHz, C¢Dg, 22 °C) §268.17 (MoCH), 154.27,149.94, 146 .42,
128.45, 128.37, 126.19, 126.09, 123.33 (aromatic), 54.56 (CMe,Ph), 31.47
(CMe,Ph), 29.37 (CHMey), 28.00, 27.82, 27.77, 27.61, 27.50, 27.43, 27.35,
27.22, 27.16 (CH,), 25.33, 24.93, 24.88, 24.36, 23.78 (1:2:2:1:1 for SiCH),
23.78 (v br s, CHMe,), 2.13 (s, SiMe;); 2Si NMR (99.35 MHz, C¢Ds, 22
°C) 6 10.01 (SiMe;), —61.78, —67.02, —67.77, —68.53, ~70.23 (2:1:1:1:2). At
70 °C, the 13C resonance for the isopropyl methyl groups (6 23.78 ) sharpens
to a singlet, and the 'H arylamido resonances at 6 7.02—6.92 collapse to a
broad singlet at § 7.00. At -30 °C, the broad 13C NMR resonance at § 23.78
resolves into two CH; resonances at § 24.54 and 23.02. Anal. Calcd for
Ce7H11sMoNO),Sis (Found): C, 55.60(56.17); H,8.01 (7.81). (c) Numerous
attemnpts toobtain crystals suitable for an X-ray crystal structure have produced
microcrystals which are too small for a single-crystal X-ray diffraction study.

(10) Theother twoisomers differ by formal 180° rotations about the Mo==C
bonds in 4a and 4b,

(11) Rotation about the Mo==C bond is only required to explain our NMR
data if both syn and anti rotamers are present in spectroscopically significant
amounts,* but there is no spectroscopic evidence (!H NMR, 70 to -50 °C)
for more than a single rotamer.

(12) It appears that one resonance (probably for the two meta protons)
has a small temperature-dependent chemical shift, which profoundly effects
the observed AB, pattern because Av ~ J.
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uneffected, and no new resonances appear at —30 °C. From
these observations, it appears that: (i) the product is a single
isomer (e.g., 4a or 4b); (ii) as in the case of 1a,* the arylimido
ligand is perpendicularly-bisected by the molecular plane of
symmetry in the ground state structure; and (iii) there is a
significant barrier to rotation about the N-Ar bond (AG* ~ 14
kcal/mole at 298 K).!3

In C¢Dg solution, the 'H and 13C NMR resonances for 4 are
unaffected by the addition of DME, diethyl ether, CH;CN, or
ethylacetate. Upon the addition of olefins, however, resonances
for 4 quickly disappear as olefin metathesis products are
produced.!4 In the case of 1-pentene or 2-pentene (20 equiv),
characteristic vinylic resonances attributable to C¢Hs(CHj3)z-
CCH==CHj, and C¢H;(CHj;),CCH=CH(CHj;) quickly appear
in the 'TH NMR spectrum and an equilibrium mixture of
metathesis products is obtained within a matter of minutes. New
alkylidene resonances can also be observed at ~ 6 12.3 in the 'H
NMR spectrum,!® and the solution remains catalytically active
for as long as these resonance are observable (at least 1.5 days
in an NMR tube at 25 °C).

Inanattempt to obtain quantitative rate data, catalyticamounts
of 4 were separately added to 4800 equiv of neat 1-octene and
9300 equiv of cis-2-octene at 25 °C.1¢ In the case of 1-octene,
more than 150 turnovers occurred within 20 seconds of mixing.
Asexpected, the rate of productive metathesis slowed as ethylene
accumulated,!” but the system clearly remains active for much
longer. Althoughanapparent equilibrium was established within
2 hwith 1-octene and 7-tetradecenesin an approximate 1:1 ratio,
total conversion of 1-octene to 7-tetradecenes could still be

(13) (a) AG* was estimated from the temperature (T, = 295 K) at which
coalescence of the isopropyl 13C resonances (v = 190 Hz) was first observed.13®
(b) Sandstrom, J. Dynamic NMR Spectroscopy; Academic Press: New York,
1982; pp 79 and 96.

(14) Inatypical NMR tube reaction, freshly distilled olefin (20 equiv) was
syringed into a 5-mm NMR tube containing a solution of 4 (10 mg, 6.9 umol)
in C¢Dg (0.4 mL). After the solution was mixed, a series of lH NMR spectra
were periodically recorded over 24 h, The progress of each metathesis reaction
was determined by monitoring characteristic 'lH NMR resonances for both
the starting olefins and the expected metathesis products.

(15) A poorly defined singlet (6 12.33) and an apparent triplet (5 12.254,
J = 6 Hz) are observed during active metathesis reactions of 1-pentene and
2-pentene, respectively.

(16) The course of each reaction was monitored by gas chromatography
using benzene from the stock solution as an integration standard. Control
experiments unequivocally established that the observed catalysis occurs in
the reaction mixture (and not in a hot syringe needle or the injector port of
the GC). In the case of octene, 0.500 mL of a stock solution of 4 in benzene
(7-14 mM) was added to 5-10 mL of olefin under an atmosphere of nitrogen
at 25 °C, In the case of methyl oleate, a solution of 4 (4.8 umol) in benzene
(1.00 mL) was added to a solution prepared by adding methyl oleate (1.93
mmol) to 0.350 mL of benzene.
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accomplished more than 4 h after the start of the reaction of
actively purging ethylene from the system with nitrogen,!” In
the case of cis-2-octene, the initiation of metathesis was somewhat
slower and only 100 turnovers were observed within the first 60
seconds of the reaction (presumably because 4 reacts more slowly
with internal olefins). However, the rate of metathesis quickly
accelerated, and complete equilibration of 9300 equivalents of
2-octene with 2-butenes and 6-dodecenes occurred within 10
minutes. As in the case of 1-octene, total conversion could be
quickly accomplished by purging butenes from the system with
nitrogen. It is not possible to extract meaningful rate constants
from this data, but it appears that the activity of 4 is comparable
to the activity of 1a and 1b,* as well as other high activity
metathesis catalysts which have been reported recently.?s

The ability of 4 to tolerate a variety of functional groups
suggested that it might be able to metathesize functionalized
olefins. Thisisindeed the case, but the susceptibility of 4 toward
hydrolysis requires that all functionalized olefins be rigorously
anhydrous. In the case of methyl oleate (400 equiv), complete
equilibration occurs within 2 h, and the system remains cata-
lytically active for at least 24 hours.!6

The surprisingly high activity of 4 presents a number of exciting
opportunities for the development of new metathesis catalysts.
One of the more intriguing possibilities is the use of chiral chelating
silsesquioxanes (e.g., 2 with Me;Si replaced by a chiral silane)
to effect stereospecific metathesis reactions, including ring-
opening metathesis polymerization. The results from our work
in this area, our attempts to prepare W-containing catalysts, and
our efforts to establish an unambiguous structure for 4, will be
reported in due course.
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(17) (a) Ethylene is quite soluble in benzene at 25 °C, and AG® 3 for the
metathesis of two terminal olefins to ethylene and an internal olefin is
unfavorable by approximately 1.2 kcal/mol.1”* Without active purging, the
accumulation of ethylene prevents the reaction from going to completion. (b)
Calculated at 298 K for the gas-phase metathesis of l-butene using
thermodynamicdata from: Karapet'yants, M. Kh. Thermodynamic Constants
of Inorganic and Organic Compounds; Humphrey Science Publishers: Ann
Arbor, London, 1970.



