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Molybdenum monooxo compounds MoO(OAN,—Cl, (n = 0-2, Ar
= 2,6-Me,CgHs or 2,6-i-Pr,CsHs) have been synthesized starting
from the dioxo precursor MoO,Cl,. The complexes are character-
ized spectroscopically and by X-ray diffraction. The formation
mechanism likely involves phenol precoordination followed by
addition across the Mo=0 bond.

precursor WOC]with either aryl alcohol or its aniof1,2 but

the corresponding Mo precursor MoQQdk notoriously
difficult to handle? The molybdenum(VI) complex is pho-
tolabile and prone to disproportionation to chlorine and
Mo(V) products, and it must be freshly prepared before'tise.
Although there is an old report of MoOCH ArOH yielding

the corresponding oxo aryloxidésthis has never been
confirmed and was not reproducible by us. Hayano et al.

Group VI metal aryloxides and oxo aryloxides have reported the suqcessful formatioq of MoO(OAi)r several
become prominent because of their utility as precursors for Mon0- and multidentate aryloxy ligands by the low-temper-
metathesis and metathesis polymerization catalysis. Com-ature reaction of MoOGlwith the corresponding aryloxy
pounds of the formula M(OAg)..Cl, (M = W or Mo) and anions, but the yields are low and the charactenzay.on
the monooxo compounds WO(OA)Cl, have been shown minimal. They _have, however, also demonstrate_d the utlllty_
to act as catalyst precursors in either the presence or absencg' these materials as procatalysts for metathesis polymeri-
of main group cocatalysts such as alkylaluminum complexesZation?
or organotin hydrided? It is often suggested that the Our interest in molybdenum oxo aryloxides has centered
precursor undergoes substitution at chlorine sites to form theon dioxomolybdenum complexes that can model heteroge-
active metal carbene catalyst, and therefore, the fully Neous active sites in oxygen catalysis. We have reported the
aryloxylated derivatives tend to be less active than those with Synthesis of the first four-coordinate aryloxide MgOAr),,
one or more chlorine substituents. Both W and Mo com- 1, from commercially available MogZl,*> and more recently
pounds are used, but Ivin et al. has noted that the Mo the formation of the four-, five-, and six-coordinate analogues
analogues are usually more acth@onsidering the potential by manipulation of the steric environment of the aryloxy
utility of these compounds, it is surprising that complexes ligand:® The fifth and sixth coordination sites in the latter
MoO(OAr),_.Cl, have not yet appeared in the literature cases are filled by pyridine ligands. In the absence of pyridine
alongside their tungsten congeners. A report of some fully Of coordinating solvent, however, the reaction pathway is
substituted derivatives, however, has recently appéareti ~ quite different, leading immediately to monooxo aryloxides
has triggered this publication of our unexpectedly easy route
to both fully and partially substituted complexes. (5) Persson, C.; Oskarsson, A.; AnderssorP@yhedronl1992 11, 2039~

Monooxo complexes WO(OARCl, are reported to be 2044,
readily accessible by reaction of the commercially available (6) g‘g‘zkayama' Y.; lkushima, N.; Nakamura, @hem. Lett1997 861~
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at room temperature. Here, we describe reactions leading to
MoO(OAr),-Cl, for n=2, 1, and 0, as well as a proposed
mechanism for the process. In a later full article, we will
explore the generality of these reactions, as well as the
suitability of these compounds as catalyst precursors.
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Synthesis and Characterization 3.

The reaction of a suspension of Mg, with LiO-2,6-
CsHzR2 (R = Me, 'Pr) in ether (eq 1) at room temperature
immediately forms a dark blue solution characteristic f d
group VI monooxo aryloxide%'4 16 The extent of product
substitution is highly sensitive to ligand and stoichiometry.

MoO.Cl, + xLiOAr — MoO(OAr),_Cl, 1)

Xx=4,n=0, Ar = 2,6'Pr,CiHs, 2

x=2,n=1, Ar=2,6-Me,C¢H,, 3 Figure 2. ORTEP diagram of the disubstituted complex MoO(QSH),
4. Hydrogen atoms are not shown.

x=1,n=2, Ar=2,6-Me,CH,, 4
significantly distorted from ideal angles. The=Mo—

If these compounds are combined in a 1:4 ratio, the fully O(1,2,3) and &Mo—ClI angles are 101.6(2) 101.2(2},
substituted MoO(O-2,8Pr,C¢Hs)s can be obtained in 35%  110.2(2§, and 105.3(1) respectively. There is no coordi-
yield after repeated recrystallization (yield is quantitative by nated water trans to the oxo group, in contrast to Floriahi's
IH NMR spectroscopy). B{H and3C NMR spectroscopies,  and out® calixarene-ligated molybdenum(VI) oxo complexes.
the resonances of the aryl group are easily identified, and The Mo=0O bond length is 1.667(3) A; the MeOAr bonds
the Mo=O IR stretch of 954 cmt is characteristic of  are 1.893(3), 1.862(3), and 1.891(4) A; and the-M® bond
monooxomolybdenum(V1) complex&&he dark blue color  is 2.345(2) A. Few crystal structures of M®(OR), have
was initially surprising (UV/vis spectroscopy shows absor- been reported for comparison, but these distances are within
bances at 618, 315, and 278 nm), when compared to yellownormal ranges for other Mo(VI) oxo and aryloxide com-
or orange MoQOAr), or MoO(OR), (R = alkyl) complexes, plexes?1®
but it has been attributed to phenolate to molybdenum charge Finally, the disubstituted complex can be obtained by
transfer in the Mo(VI) monooxo phenolate [LMoO(OA) variation of the stoichiometry in eq 1 to produce MoO-
(NOs) [L~ = hydrotris(3,5-dimethyl-1-pyrazolylborate), OAr  (OAr).Cl,. In this case, however, a simpler and cleaner
= p-O—CsHy—OC;Hs).16 procedure is available, consisting of mixing the parent

The trisubstituted complex was obtained for the dimeth- alcohol ArOH with MoQCl, at room temperature, again in
ylphenoxy ligand. In this case, a similar reaction, but using ether (equation 2). The NMR yield is again quantitative, and
a 1:2 Mo/LiOAr ratio, yielded crystalline MoO(OAI, 3, the dark blue product can be crystallized in 49% vyield.
in 41% yield (also quantitative by NMR spectroscopy). The
spectroscopic data are quite similar to those of the tetrasub- MoO,Cl, + 2HOAr — MoO(OAr),Cl, 2)
Stl}rur:ed Complex. . . . Ar = 2,6-M62C6H3, 4

e crystal structure oB is shown in Figure 1. The
structure is intermediate between square pyramidal with an ¢ X-ray structure of4 is shown in Figure 2. The

apical molybdenum oxo group and trigonal bipyramidal with sy cture is similar to that of the trisubstituted compBex
0O(2) and O(3) in apical positions. The MofiP(1)-O(4)~  The Mo(1)-CI(1)—CI(2)—O(1) fragment is planar within
CI(1) fragment is planar within 0.022 A, but the Ardo— 0.016 A, but the ArG-Mo—OAr and C-Mo—Cl angles
OAr and ArO—Mo—Cl angles [156.1(F)and 144.4(1)] are
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Somogyi, A.; Basu, PJ. Am. Chem. So@002 124, 756-757. G., Ed.; Pergamon Press: New York, 1987; Vol. 3, pp 137420.
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[157.6(5) 144.65(19] are again distorted from ideal angles.
The G=Mo—Cl angles [106.7(4)and 108.6(4) are slightly
larger than the &Mo—OAr ones [101.0(5)and 101.3(6)].
The Mo=0 bond, 1.628(13) A, is slightly shortened from
averagé; possibly because of the small numbermflonat-
ing oxygen ligands in the basal “plane.” The MOAr
[1.838(10), 1.856(11) A] and MeCl [2.319(5), 2.325(5) A]
bond distances are again within normal ranyjes.

Reaction Mechanism

We suggest that the aryl alcohol adds across the=Mo
double bond to form an unstable intermediate, MoO(OAr)-
(OH)Cl,, which immediately exchanges with further alcohol
to form the product MoO(OAEgCI,, 4 (eq 2). This compound
is stable in the presence of further phenol. The stoichiometric
side product is 1 equiv of water, which was not detected by
NMR spectroscopy. However, when the isolated material was
exposed to 0.05 equiv of water, its stability was unchanged.
No water was observed in the crystal lattice.

The addition of phenol across the M® double bond
can be viewed as a precoordination of phenol to the metal
center, followed by protonation of the terminal oxo group
on molybdenum. Although this reactivity is rarely seen in

MoO2*" complexes, attack of protons and other cationic 7| joar + H,O
groups on metal oxo groups is well-precedented for several

metal$® and for other molybdenum-containing moiettés’
Indeed, Kinn et al. recently proposed a similar precoordi-
nation followed by protonation of a Ma#' group bytert-
butylhydroperoxidé® We postulate a similar mechanism for
the formation of monooxo molybdenum(VI) calixarene
complexes formed from MogZl, and anionic calixarene
precursorg®

The requirement for precoordination of phenol is supported
by experimental observations. The attack of phenol on the
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ing solvents (e.g., acetonitrile, THF). When a weakly
coordinating solvent is removed in vacuo, though, a dark
blue solid is obtained that contains the monooxo aryloxide
as its major component. These conditions, however, are less
synthetically useful because of their lower yields.

The formation of MoO(OAr) from the reaction of
molybdenum dioxo dichloride and the lithium phenolate was
less readily interpreted. Indeed, the compounds MoO4{OR)
for R = alkyl have been reported to undergo ether loss to
form the dioxo diaryloxides, implying that the dioxo form
is more stable than the monooxo dfiene did find one
report, also authored by Turova et al., of the disproportion-
ation reaction of the dioxo complex W@@RY), to form a
mixture of uncharacterized insoluble oxoalkoxides and the
monooxo compound WO(ORJ® Similar reactivity might
be observed in our case; however, no excess LIOAr or other
soluble side products are observed'ByNMR spectroscopy.

The more likely possibility, in our opinion, is a water-
catalyzed reaction. Although we employ stringent techniques
(see experimental details in the Supporting Information) to
exclude water from our systems, the presenceatélytic
guantities of water cannot be ruled out. Reactiong 2ead
to the overall stoichiometry of eq 3.

— 2HOAr + Li,0 3

MoO,Cl, + 2HOAr — MoO(OAr).Cl, + H,O  (2)

MoO(OAr).Cl, + 2LiIOAr — MoO(OAr), + 2LiCl 4)
MoO,Cl, + 4LiOAr — MoO(OAr), + Li,O +

2LiCl (5)

Mixtures of complexe®2—4 are produced when LiOAr is
added directly to MOO(OAELI; in various ratios.
In conclusion, we have demonstrated the facile synthesis

oxo group in these molybdenum complexes can be contrastedy¢ o1y hdenum(VI) monooxo aryloxides from a convenient

with our previously reported molybdenum dioxo diaryloxide
(1), which cocrystallizes with 1 equiv of phenol. No evidence
of proton transfer is found in that systéiPresumably the

difference is due to the steric environment of the metal center.

In complex1, the steric bulk inhibits phenol coordination,
and the free phenol is not sufficiently acidic to protonate
the oxo group. Also consistent with a precoordination step,
the formation of monooxo complexes MoO(OAIls not
observed in the presence of pyridine (in which case the
pyridine-ligated dioxo aryloxide is isolat&or in coordinat-
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commercially available precursor, M@Cl,. These reactions
likely proceed through an unusual addition of precoordinated
phenol across a Mo(VI) terminal oxo group. Later publica-
tions will explore the generality of these reactions and the
use of the oxo aryloxide products in catalysis.
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