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Summary: The reaction between Mo(C-t-Bu)dme)Cl,
(dme = 1,2-dimethoxyethane) and Me;SiNHAr (Ar =
2,6-diisopropylphenyl) yields Mo{(C-t-Bu)NHAr}dme)Cl, (1),
which upon treatment with a catalytic amount of NEt; is
transformed into Mo(CH-t-Bu)(NAr)dme)Cl, (2) virtually
quantitatively. Complexes of the type Mo(CH-t-Bu)-
(NAr)}OR), (OR = OCMe(CF;),, OCMe,(CF;), or OCMej;)
have been prepared. Mo(CH-t-BuNAr)[OCMe(CF,),], is
an active metathesis catalyst (but less active than the
tungsten analogue) while Mo(CH-t-Bu)NAr{OCMe,), does
not react with ordinary olefins. Addition of Me;SiCH=—CH,
to Mo(CH-t-Bu)(NAr)[OCMe(CF,),], to yield Mo-
(CHSiMe,)(NAr)[OCMe(CF,),], is taken as evidence that
molybdacyclobutane complexes lose an olefin more
readily than analogous tungstacyclobutane complexes.

Molybdenum, tungsten, and rhenium are the three
metals that are most active by far in classical catalyst
systems for the metathesis of olefins.! Of these, tung-
sten-based homogeneous catalyst systems have been the
most studied and used, since they appear to have some of
the highest activities. But high activity has its costs,
among them short catalyst lifetimes (probably), high re-
activity toward functional groups, and lack of control over
ring-opening polymerization of cyclic olefins. Since we
have observed that molybdenum? acetylene metathesis
catalysts of the type Mo(CR)(OR’); are much less active
than analogous tungsten catalysts,® we felt compelled to
explore the possibility of preparing molybdenum analogues
of the recently described tungsten complexes of the type
W(CHR)(NAr)[OCMe(CF;),], (Ar = 2,6-diisopropyl-
phenyl).* Here we report the synthesis and some reactions
of molybdenum complexes of this type.

The approach we took to the synthesis of the molyb-
denum complexes was identical with that used to prepare
the tungsten complexes. Fortunately the two crucial re-
actions (eq 1 and 2) proceed smoothly in high yield.? All
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Table 1. Selected 'H and *C NMR Data for Molybdenum
Alkylidene Complexes®

compd 6(H,) 8(C,) Jen, Hz
Mo(CbH-t-Bu)(NAr)(dme)- 12.91 (9.97) 312.2 (283.8) 115
CL" (2)
[Mo(CH-t-Bu)(NAr)Cl,],>  14.10 326.2 124

(3)

Mo(CH-t-Bu)(NAr)[OCMe- 12.06 (8.87) 288.2 (253.9) 117
(CFy),), (4a)

Mo(CH-¢-Bu)(NAr)[OCMe,- 11.61 (8.41) 276.8 (244.9) 118
(CFy)]; (4b)

Mo(CH-¢-Bu)(NAr)-
(OCMey), (4c)

Mo(CHSiMey) (NAr)[OCMe- 13.86 (9.97) 289.8 (242.8) 113
(CFy)5), (4d)

Mo(CHEt)(NAr)[OCMe-
(CFy),]s* (5)

@Values for the corresponding tungsten complexes®” are shown
in parentheses. All spectra were obtained in CgDg unless otherwise
noted. ®Solvent = CD,Cl,. ¢Observed in situ.

11.23 (8.05) 265.8 (236.5) 117

12.44 (9.22)

evidence suggests that in both 1 and 2 the chloride ligands
are mutually trans and the carbon atom cis to the nitrogen
atom. In the 'H NMR spectrum of 2 a signal for the
neopentylidene a proton is observed at 12.91 ppm. How-
ever, another signal can be observed at 14.10 ppm in
samples of 2 that have been recrystallized from pentane.
A less soluble, dme-free species can be crystallized selec-
tively from solution. Upon addition of dme to it in solution
the spectrum of 2 is regenerated. We propose that the
dme-free species is a dimer (3, x = 2) containing two
bridging chloride ligands, although it could easily be a
polymer. A species analogous to 3 was not observed in the
tungsten system probably because dme is more firmly
bound in the tungsten analogue of 2.

-dme
Mo(CH'Bu)(NAr)(dme)Cl, ———  [Mo(CH'Bu}(NAnCly], (3)
+ dme 3

Replacing the two chloride ligands in 2 with alkoxide
ligands yields the extremely soluble, presumably pseudo-
tetrahedral orange neopentylidene complexes shown in eq
4.5 H and 3C NMR data (Table I) are similar to those

H

C -Bu
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NAr
4a  OR = OCMe(CF;),
4b  OR = OCMe,(CFy)
4¢c  OR =0CMe,

Mo(CH'Bu)(NAn(dme)Cl, + 2LiOR  ———w

(5) (a) MeySiNHAr (0.69 g, 2.77 mmol), dissolved in ether (6.0 mL),
was added dropwise over 5 min to a blue solution of Mo(C-t-Bu)(dme)Cl,
(dme = dimethoxyethane) (1.00 g, 2.77 mmol) in ether (45 mL) while the
solution was stirred at 30 °C. The resulting orange-red solution was
allowed to warm to room temperature over 90 min. The volatile com-
ponents were removed in vacuo. The orange residue of crude 1 thus
obtained was pure enough for subsequent reactions. It can be recrys-
tallized from a minimum amount of ether at —40 °C to yield analytically
pure Mo(C-¢-Bu)(NHAr)(dme)Cl, (1) as yellow-orange needles (1.06 g,
76%) in three crops: partial 'H NMR (CD,Cl,) 5 12.49 (br s, 1, NHAr);
partial 1*C NMR (CD,Cl,) § 321.2 (CCMey); IR (Nujol) 3204 em™ (s, vpy).
Anal. Caled for MoCyHy;,0,CLN: C, 50.21; H, 7.42. Found: C. 49.88;
H, 7.35. (b) A sample of crude Mo(C-t-Bu)(NHAr)(dme)Cl; prepared
from 0.24 g (0.66 mmol) of Mo(C-t-Bu)(dme)Cl; as described above was
dissolved in ether (20 mL). While the solution was stirred at —-30 °C,
dimethoxyethane (70 mL, 0.67 mmol) and then NEt; (25 mL, 0.18 mmol)
were added. The solution was allowed to warm to ambient temperature
over the next twenty minutes. The volatile components were then re-
moved in vacuo, leaving an orange-red residue that was pure enough for
subsequent reactions. H and *C NMR spectra of this residue showed
it to be a mixture of 2 and the dme-free complex, [Mo(CH-¢t-Bu)(NAr)-
Cly], (3). 3 selectively crystallized out as an orange solid (0.15 g, 45%)
from a minimum amount of pentane at -40 °C. It was too unstable for
elemental analysis. We have not yet obtained crystalline 2 completely
free of 3.
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for the analogous tungsten species*’ (values in par-
entheses). The trend seems to be toward a smaller chem-
ical shift for H, and C, in the more electron-donating
alkoxide complexes and a larger chemical shift for H, and
C, in the molybdenum complexes relative to the tungsten
complexes. So far we have not found any clear cut cor-
relation between such relatively small changes in chemical
shifts and how such complexes react with olefins.
Addition of Me;SiCH=CH, to 4a yields Me;CCH==CH,
and Mo(CHSiMe,) (NAr)[OCMe(CF;),]; (4d) by 'H NMR.
4d can be isolated readily as orange crystals.® This result
differs significantly from that reported for the analogous
tungsten system where W[CH(SiMe;)CH(SiMez)CH,]-
(NAr)[OCMe(CF3),}, can be isolated and structurally
characterized.* Therefore we can conclude that in this
particular case the a,3-bis(trimethylsilyl)molybdacyclo-
butane complex loses olefin more readily than the tung-
stacyclobutane analog.® (The conclusion ultimately
should prove to be more general.) This finding parallels
that found for metallacyclobutadiene complexes of the type
M(C3Ety)(0-2,6-CHg-1-Pry)g; when M = W, the MC; ring
is stable toward loss of 3-hexyne®® while when M = Mo,

(6) Mo(CH-t-Bu)(NAr)[OCMe(CF;),}.. A sample of crude Mo-
(CH-t-Bu)(NAr)(dme)Cl, prepared from 1.00 g (2.76 mmol) of Mo(C-¢-
Bu)(dme)Cl; as described above was dissolved in ether (60 mL). LiOC-
Me(CF;), (1.04 g, 5.53 mmol) was added as a solid over 5 min while the
solution was stirred at —30 °C. The solution lightened slightly from
red-orange to yellow-orange, and LiCl precipitated as the reaction mixture
was allowed to warm to room temperature the next 3 h. The volatile
components were removed in vacuo, and the residue was extracted with
pentane. The extracts were filtered through Celite and evaporated to
dryness in vacuo. The residue thus obtained was virtually pure by 'H
NMR. Analytically pure material suitable for catalytic studies recrys-
tallized from a minimum amount of pentane at 40 °C as a yellow-orange
solid (1.49 g, 77% from Mo(C-t-Bu)(dme)Cls, three crops). Anal. Caled
for MoCysH330,NF,: C, 42.69; H, 4.73. Found: C, 42.87; H, 4.55. Mo-
(CH-t-Bu)(NAr){OCMe,(CF;)],. A sample of crude Mo(CH-¢-Bu)-
(NAr)(dme)Cl, prepared from 0.55 g (1.52 mmol) of Mo(C-¢-Bu)(dme)Cl,
as described above was dissolved in ether (356 mL). LiOCMe,(CF;) (0.41
g, 3.04 mmol) was added as a solid over several minutes to the solution
at —30 °C while it was being stirred. The solution lightened slightly from
red-orange to yellow-orange, and LiCl precipitated as the reaction mixture
was allowed to warm to room temperature over the next 3 h. All volatile
components were then removed in vacuo, and the residue was extracted
with pentane. The extracts were filtered through Celite, and the filtrate
was evaporated to dryness in vacuo. This orange residue (0.88 g, 97%)
was virtually pure by NMR spectroscopy. Mo(CH-t-Bu)(NAr)(O-¢t-
Bu),. A sample of erude Mo(CH-t-Bu){NAr)(dme)Cl, prepared from 1.00
g (2.76 mmol) of Mo(C-t-Bu}{dme)Cl; as described above was dissolved
in ether (60 mL). LiOCMe; (0.67 g, 8.37 mmol) was added as a solid over
several minutes to the solution at -30 °C while it was being stirred. The
solution lightened slightly from red-orange to yellow-orange, and LiCl
precipitated as the reaction mixture was allowed to warm to room tem-
perature over the next 3 h. All volatile components were then removed
in vacuo, and the residue was extracted with pentane. The extracts were
filtered through Celite, and the filtrate was evaporated to dryness in
vacuo. The residue was recrystallized from a minimum amount of pen-
tane at —40 °C to yield an orange solid (0.94 g, 70%) in three crops. An
analysis sample was prepared by subliming the recrystallized solid at 60
°C and 0.1 um. Anal. Caled for MoCy:H,O,N: C, 61.59; H, 9.30. Found:
C, 61.84; H, 9.16.

(7) Schrock, R. R.; Feldman, J.; Grubbs, R. H,; Cannizzo, L. Macro-
molecules 1987, 20, 1169,

(8) Mo(CH-t-Bu){NAr)[OCMe(CF3),], (0.10 g, 0.14 mmol) was dis-
solved in pentane (20 mL). Vinyltrimethylsilane (62 uL, 0.43 mmol) was
added all at once to this yellow-orange solution at -30 °C. The solution
turned dark green upon warming to room temperature over a period of
2.5 h. Removing all volatile components in vacuo yielded a dark residue
that was recrystallized from a minimum amount of pentane at -40 °C to
give Mg(CHSiMea)(NAr)[OCMe(CF3)2]2 as a greenish yellow solid (0.080
g, 74%).

(9) Schrock, R. R.; DePue, R. T.; Feldman, J.; Schaverien, C. J.; De-
wan, J. C.; Liu, A. H. submitted for publication.

(10) Recently we have found that W{CH(SiMe,)CH(SiMe;)CH,]-
(NAr)[OCMe(CFy),], is in equilibrium with W{CHSiMe,)(NAr)[OCMe-
(CF3),); in CeDg (K, ~ 5 X 1072 M at 40 °C).°

Communications

the MC; ring loses 3-hexyne completely at 25 °C in C¢D,
to giVe MO(CEt) (O'2,6'CsH3‘i'Pr2)3.2

Addition of 20 equiv of cis-3-hexene to 4a in CzD; gen-
erates Mo(CHEt)(NAr)[OCMe(CF),]; (5) in equilibrium
with 4a (1:1). Addition of 500 equiv of cis-2-pentene to
this mixture results in metathesis to give the expected
mixture of 2-pentenes, 2-butenes, and 3-hexenes, at a rate
that is of the order of 250 turnovers/min. This reaction
should be compared with that between cis-2-pentene and
W(CH-t-Bu){NAr)[OCMe(CF,),]; to vield metathesis
products at a rate of 10° turnovers/min (lower limit).*
Therefore in spite of the uncertainties that result from a
lack of knowledge of how much faster ethylidene and
propylidene complexes react with olefins than neo-
pentylidene complexes react with olefins, we can say that
the molybdenum metathesis catalysts are approximately
an order of magnitude less reactive than the tungsten
metathesis catalysts. Like W(CHEt)(NAr)[OCMe(CF,),],*
Mo(CHE?t)(NAr)[OCMe(CF5),], slowly decomposes over
a period of 1-2 days to as yet unknown products.

In contrast to the high activity of 4a, 4¢ does not react
with ordinary olefins. With time (1 day) a small amount
of isomerization and metathesis of cis-2-pentene is ob-
served, but 4c¢ also decomposes slightly during this time,
Therefore we cannot say for certain that 4¢ (or an ana-
logue) is responsible for metathesis-like activity over an
extended period of time. Like W(CH-t-Bu)(INAr)(O-t-
Bu),,” 4¢ will react with norbornene and other olefins to
produce living polymers. These results will be reported
separately. We expect the activity of 4b to be intermediate
between that of 4a and 4e¢, as has been found in the
tungsten system.”?

An important question is whether molybdenum com-
plexes will react in a Wittig-like fashion with carbonyl
groups, a type of reaction that seems to be fairly general
for the well-characterized tungsten complexes that have
been prepared so far.*!! We find that both 4a and 4c¢ react
very rapidly with benzaldehyde (1 equiv) to yieid trans-
PhCH=CH-¢-Bu and a single product in each case whose
'H and IR spectra are consistent with their being the ex-
pected products of the type Mo(O)(NAr)(OR),. We are
in the process of devising a set of reactions that would
provide a comparison of the rate of reaction of a given Mo
complex vs, that of the analogous W complex with a car-
bonyl! group.

To our knowledge the compounds reported here, along
with related species reported recently by Osborn,'? are the
first examples of high oxidation state molybdenum al-
kylidene complexes and their reaction with olefins is the
first example of olefin metathesis by a well-characterized
molybdenum alkylidene complex. Their preparation
clearly establishes the analogy between the high oxidation
state chemistry of molybdenum and that of tungsten. We
are in the process of exploring in detail the differences and
similarities between molybdenum and tungsten complexes
in metathetical and Wittig-like reactions.
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