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strate, and therefore the organic halide and /or aldehyde can carry
functional groups, such as alcohol, that would have to be protected
in the presence of the acid chloride. Allyl chlorides are converted
to aldehydes without double-bond migration to the «,8-position.

In the conversion of 2-iodobenzyl alcohol to the corresponding
aldehyde, the acylpalladium complex (1), under the reaction
conditions, apparently undergoes a transmetalation reaction and
reductive elimination of the acylpalladium hydride much faster
than direct reductive elimination to the lactone.” A limiting side
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reaction in the conversion of halides to aldehydes appears to be
the direct reduction of the halide without carbon monoxide in-
sertion. This reduction proceeds only very slowly under the
standard reaction conditions in the absence of a palladium catalyst.
The slow addition of tributyltin hydride to the reaction mixture
under carbon monoxide is necessary in order to optimize the ratio
of aldehyde to reduced product, and the reduction also can be
suppressed somewhat by increasing the carbon monoxide pressure.
For example, the conversion of 4-bromoiodobenzene to 4-
bromobenzaldehyde by the slow addition of 1 equiv of tributyltin
hydride gives a 73% yield under 1 atm CO and an 88% yield under
3 atm. The reduction pathway becomes more serious with an aryl
halide that is a good electron acceptor (one-electron transfer)
and/or carries +o substituents. The yields of 4-nitrobenzaldehyde
and nitrobenzene from 4-nitroiodobenzene are 9% and 84%, re-
spectively, under 1 atm of carbon monoxide but 38% and 62%
under 3 atm.

Typically, reactions were run under a balloon of carbon mon-
oxide or in a pressure bottle (3 atm) with 1-5 mmol of the organic
halide in 2-5 mL of THF or toluene per mmol of halide and 3.5-4
mol % of tetrakis(triphenylphosphine)palladium(0). A 10-mL
solution of an equimolar amount of tributyltin hydride (plus a
10% excess) in the appropriate solvent was added via syringe pump
over a 2.5-4-h period while maintaining the reaction mixture at
50 °C. After the addition was completed, the tributyltin halide
was removed by conversion to the insoluble tributyltin fluoride.®
The aldehydes were purified by radial or flash column chroma-
tography.
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We have recently reported reactions between neopentylidyne
complexes and water to give oxo neopentylidene complexes of the
type W(O)(CHCMe;)(PR;),Cl,.!  We became interested in the
possibility of analogous reactions in the absence of potentially
problematical phosphine ligands and therefore began exploring
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the hydrolysis of simple tungsten(VI) neopentylidyne complexes.
We report here two examples of hydrolysis to give oxo neopentyl!
complexes that are stable to ~180 °C in air and to further
hydrolysis.

When a large excess of water is added to a concentrated solution
of W(CCMe;)(CH,CMe;);? in tetrahydrofuran white crystals
form in ~30 min and can be isolated in ~90% yield. Analytical,
NMR, and mass spectral data® suggest that this hydrocarbon-
soluble product has the empirical formula W,0;(CH,CMe;), (1).
Since its IR spectrum shows no peaks characteristic of terminal
oxo ligands in the region 1000-850 cm™ we thought that the three
oxo ligands were bridging, an unprecedented situation. However,
preliminary X-ray studies® show that 1 contains the more logical
linear O=W—Q—W=0 unit with a trigonal arrangement of
neopentyl ligands about each metal. The absence of a peak
ascribable to a W=0 stretching mode in the 1000-850-cm™
region has precedent® and will be discussed elsewhere.* If less
than 2.5 equiv of H,O are added to W(CCMe;)(CH,CMe,); the
yield of 1 is reduced and W(CCMe,)(CH,CMe,); remains; we
have not yet observed any intermediates.

W,0;(CH,CMe;), is remarkably stable in air and to aqueous
hydrolysis. After several weeks in air it becomes pale yellow, but
the IR and NMR spectra of the pale yellow material are identical
with those of the initial sample of white 1. Recrystallization of
the yellow material from pentane yields white crystals. W,0;-
(CH,CMe;)¢ can be recovered in high yield from THF after
treatment with excess aqueous HCI (pH ~4) or NaOH (pH ~10)
for 48 h, but it does not survive 1 N HCI or NaOH under the
same conditions. In the air it begins to decompose on a melting
point stage at ~180 °C.

Treatment of W(CCMe;)(CH,CMe;); with excess D,O yields
W,0;(CH,CMe,),(CD,CMe;),, as shown by 3C NMR. At 67.89
MHz the signal for CD,CMe; is found ca. 0.20 ppm upfield from
that for CH,CMe; in the proton-decoupled spectrum and their
ratio is 1:2, respectively. No quaternary carbon signal for
CHDCMe; could be found. The weak quintet signal (Jop = 18
Hz) for CD,CMe; is observed 1.36 ppm upfield of the large singlet
for CH,CMe;, and again no signal ascribable to CHDCMe;, could
be observed. Although we cannot be certain that one CD,CMe;
ligand is on each metal, that certainly seems most plausible. We
propose a mechanism for hydrolysis of W(CCMe;)(CH,CMe;);
in which the neopentylidyne ligand is doubly protonated and there
is no interconversion of neopentyl and neopentylidene ligands in
reaction intermediates. The simplest version is shown in Scheme
I

W,0,;(CH,CMe;); is not stable to HCI in dichloromethane.
Typically a mixture of 1 and the product, W(0O)(CH,CMe,);CL°
is obtained, since W(O)(CH,CMe,);Cl readily and quantitatively
reacts with water to reform 1. Pure W(O)(CH,CMe;),Cl can
be isolated if Me,;SiCl is present to remove the water (eq 1); it
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or LiOH 1.(1)

is stable to HCI in dichloromethane. It is also possible to convert
W(O)(CH,CMe;);Clinto 1 by reacting it with 1 equiv of LiOH
in THF. This provides some evidence that two molecules of
W (O)(OH)(CH,CMe;); condense to give 1 and 1 equiv of water.
Hydrolysis of W(CCMe;)(OCMe;);? in THF produces an
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CMe,), 32.90 (g, CMes); IR (Nujol) 760 (w), 680 em! (vs); FD Mass
Spectrum M + 1 ion at m/e 843. (M + I ions are not uncommon in FD mass
spectrometry; see: Beckey, H. D. “Principles of Field Ionization and Field
Desorption Mass Spectroscopy”; Pergamon Press: New York, 1977.)
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Scheme I. Proposed Mechanism of Hydrolysis of
W(CCMe,)(CH,CMe,),
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insoluble and as yet uncharacterized white powder. However, if
the water contains 1 equiv of NaOH, a colorless solution is ob-
tained. If tetraethylammonium hydroxide is used instead of
NaOH a granular white tetraethylammonium salt is formed, which
is soluble in both water and dichloromethane. IR, NMR, and
FD mass spectral data all suggest that this species is [NEt,]-
[WO;(CH,CMe;)] (2; eq 2).” This complex does not darken

W(CCMe;)(OCMe;); + NEt{,OH —
[NEt4][WO32(CH2CMe3)] )

051

at increased temperatures and has a melting point of 164 °C in
air. It is stable in water at pH 7, but appears to be more readily
hydrolyzed by aqueous acid or base than 1. The organic product
of hydrolysis of 2 by 1 N NaOH at 25 °C overnight was shown
to be neopentane (1.0 (£0.1) equiv in ether layer by GLC).

WzO;(CHzCMC;)s and [WO;(CH2CM33)]_ can be added to
the short list of d° complexes containing only oxo and alkyl ligands,
i.e., V(O)(CH,SiMe;);,} ReO,Me;,° ReO;Me,!? and alkyl mol-
ybdates such as [MoO;Me]" (observed in solution!!), Preliminary
results suggest that other tungsten(VI) alkylidyne complexes do
not hydrolyze in as controlled a fashion as neopentylidyne com-
plexes. For example, neither W(CEt)(CH,CMe,);!? nor W-
(CEt)(OCMe;);!* hydrolyzes smoothly to give compounds
analogous to 1 and 2, respectively. However, W(CPh)(OCMe;),!*
does appear to yield [Et,N][WO;(CH,Ph)].

The most surprising result is that 1 and 2 are so stable ther-
mally, as well as to hydrolysis. This is likely to be a general
property of such compounds since the V& and Re”!° complexes
-above are also reportedly stable to air and water, and [MoO;R]"
reportedly!! hydrolyzes relatively slowly at pH 7.

We are attempting to prepare 1 and 2 by more direct routes
that do not involve neopentylidyne precursors. Preparation of
analogous compounds containing other hydrocarbon ligands and
analogous compounds containing molybdenum has also been
undertaken. We are especially interested in reactions of the alkyl
ligand that are relevant to catalysis by molybdenum or tungsten
oxides.
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Although the electrophilic aromatic substitution represented
by Friedel—-Crafts reaction is undoubtedly one of the most versatile
synthetic procedures for construction of C-C bonds to aromatic
rings,! the nucleophilic counterpart has been developed only to
a lesser extent due to the lack of a suitable substrate for generating
electron-deficient arenes.* However, by choosing the appropriate
metal reagent and substrate, it could become possible to restructure
the reactivity profile of the arene from nucleophile to electrophile.
Disclosed herein is a new and efficient method for the nucleophilic

introduction of an alkyl group such as methyl or alkynyl on the

aromatic nuclei of arylhydroxylamine derivatives by organo-
aluminum reagents (eq 1). The produced aromatic amines

R R
@N«OSEM% A, ©\/NH \©\NH (1
Ph Cen l\Ph
1 2 3

bearing the alkynyl moiety should serve as a promising building
block for the elaboration of polyaromatics and fused heterocycles.®
The typical experimental procedure is exemplified by the alk-
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