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Although transition-metal complexes possessing the terminal
Schrock-type alkylidene and alkylidyne functionalities are well-
known, related actinide complexes have remained eldsRexent
reports have shown that oxidatively induaedhydrogen abstraction

may be used to prepare early transition-metal alkylidene complexes.
The propensity of uranium to exist in the hexavalent oxidation state

coupled with the known oxophilicity of tetravalent uranium

suggested to us that uranium(VI) alkylidene complexes of the type,

(CsMes),U(=0)(=CHR), might be synthesized using oxidatively
induceda-hydrogen abstraction chemistry between uranium(IV)
bis(alkyl) complexes such as {@es),U(CH,R), and an appropriate
oxygen atom transfer agent.

PyridineN-oxide is a prototypical oxygen atom transfer reagent

E-mail: kiplinger@lanl.gov

Figure 1. Molecular structures of complexéb (left) and2b (right), with
thermal ellipsoids at the 25% probability level.

that has been routinely used in the synthesis of high-valent the two complexes is readily attributable to the smaller ionic radius

transition-metdt® and actinidéoxo complexes. However, addition
of 1 equiv of pyridine N-oxide to a toluene solution of the
uranium(1V) bis(alkyl) complexes @es),UR; (R = CH;, CH,Phy
unexpectedly results in activation of arf $yybridized C-H bond,
with loss of alkane and formation of the novel cyclometalated
pyridine N-oxide complexes (Mes),U(R)[17%-(0O,C)-ONGH,] (R

= CHs; (1a), CH,Ph (1b)) in greater than 70% yield (eq 1).
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To the best of our knowledge, this is a new mode of reactivity
for pyridine N-oxide 8 Importantly, this C-H activation chemistry
also takes place with the analogous thorium bis(alkyl) derivatives
(CsMes),ThR, (R = CHz, CH,Ph} to give the complexes (®es),-
Th(R)[#?>-(0,C)-ONGH,4] (R = CHs; (2a), CH,Ph @b)). This
observation obviates the need for involvement of an uranium(VI)
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of U(IV) versus Th(IV)® For complex1b, the benzyl ligand
interacts with the metal center in ag fashion and the pyridine
N-oxide is bound to the U(IV) metal center in a#(0O,C) fashion
with the oxygen atom coordinated to the metal in the center of the
metallocene wedge. The U@D(1) bond length of 2.361(9) A is
shorter than other reported uranitioxygen dative interaction@.®
The O(1)-N(1) (1.377(13) A) bond distance is comparable to the
1.330(9) A reported for free pyridins-oxidel® The U(1)-C(1)
(2.561(13) A) and U(B-C(6) (2.505(14) A) bond lengths fall within
the range typically observed for an uranigaikyl bond?b-c

Two reasonable mechanisms for these transformations are
illustrated in Scheme 1. In mechanigim prior coordination of the
N-oxide oxygen atom to the actinide metal center, leading,to
followed by direct activation of the §fC—H bond on the pyridine
N-oxide forms the cyclometalated product, sk@s),An(R)[12
(O,C)-ONGHy,]. MechanismB also begins witiN-oxide coordina-
tion, giving 3, but is followed by formation of an actinide alkylidene
complex @) by a-abstraction and loss of alkane. Subsequent 1,2-
addition of the shC—H bond across the alkylidene moiety yields
the observed cyclometalated product.

To distinguish between these two possible mechanisms, deute-

intermediate along the pathway to the cyclometalated complexesrium labeling studies were performed. The reaction gM&s),U-

1a,b.

The 'H NMR spectra of the diamagnetic &° Th(IV) com-
plexes 2ab revealed clean formation of one isomer of the
corresponding cyclometalated productgsN@s),Th(R)[;%-(O,C)-
ONGsH,4], with four diagnostic downfield resonances attributed to
the pyridine ring. The uranium derivativég,b exhibited relatively
sharp, paramagnetically shifted resonances typical dfUgfV)
species.

Single-crystal X-ray diffraction studies confirmed that arf sp
hybridized C-H bond had been activated to form the complexes
1b and 2b. The molecular structures db and2b are shown in
Figure 1 and reveal a typical bent-metallocene framework with the
activated pyridineN-oxide and alkyl ligand contained within the

metallocene wedge. The complexes are isostructural; any significant

deviation between the metaligand bond distances exhibited by
1338 = J. AM. CHEM. SOC. 2005, 127, 1338—1339

(CD,CgDs), with pyridine N-oxide exclusively yielded (§/es),U-
(CD,C¢Ds)[17%-(0,C)-ONGH,] and CHD,CsDs as determined by
integration usingH NMR spectroscopy. Similarly, the reaction of
(CsMes),Th(CHg), with pyridine N-oxide-ds afforded (GMes),Th-
(CHy)[%?-(0,C)-ONGD,4] and CHD as the sole methane isoto-
pomer (no CH detected). The deuterium labeling studies clearly
suggest that the same mechanism is operative for both the uranium
and thorium complexes and that the-B activation chemistry
proceeds by mechanisi, or direct cyclometalation. Mechanism
B is not operative since formation of an intermediate alkylidene
complex @) would be accompanied by the production of D5
and CH, respectively, for the uranium and thorium reactions
examined.

This chemistry is not limited to gghybridized C-H bonds. As
depicted in eq 2, reaction of 1 equiv of 2,6-lutidiNeoxide with

10.1021/ja0441530 CCC: $30.25 © 2005 American Chemical Society
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the Th(IV) bis(alkyl) complexes (§Mes),ThR, (R = CHs, CH,Ph)
for 3 h atambient temperature affords the cyclometalated complexes
5a,b in 70—80% yield.

S

b

Analysis of the crude reaction mixture By NMR spectroscopy
revealed formation of only one isomer for each of the cyclometa-
lated products5ab, which presented four resonances for the
activated lutidineN-oxide fragment along with a doublet of doublets
for the diastereotopic protons on the activated methyl group. In

HsC

0- Vi

R |
R

+ He NI CH, — T
U Toluene
= -RH

\ h
~—C—H
Py

R = CH, (5a), CH,Ph (5b)

(2)

N,

~ N
H

lutidine N-oxide in complexe$ab is coordinated to the Th(IV)
metal center in am?-(0O,C) fashion, with the methylene carbon
atom oriented and bound to the metal in the center of the
metallocene wedge, which is in contrast to the pyridiexide
derivativesl and2. For complex5a, the Th(1}-O(1) bond distance

of 2.424(3) A is shorter than expected for a dative interaction,
and the O(1)-N(1) (1.359(5) A) bond distance is slightly longer
than the 1.347(4) A reported for the pentachlorophenol adduct of
2,6-lutidine N-oxide12 Although Th(1)-C(28) (2.496(5) A) is
unexceptional, the Th(BC(27) (2.641(5) A) bond length is
considerably longer than those reported for other thortatkyl
complexes and may be a manifestation of steric crowding in these
molecules’ Similar metrical parameters are observed for complex
5b.

In summary, we have demonstrated that U(IV) and Th(lV)
bis(alkyl) complexes readily activate both?sgnd s@ hybridized
C—H bonds in pyridineN-oxides, providing rare examples of-Ei
activation chemistry mediated by actinide metal centesThis
is in contrast to the known oxygen atom transfer reactivity patterns
of pyridineN-oxides with oxophilic metal complexes and constitutes
a new mode of reactivity for pyridinBl-oxides.
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contrast, no reaction was observed between the analogous U(Iv)References
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Single-crystal X-ray diffraction studies confirmed that the methyl
C—H bond of the 2,6-lutidiné\-oxide in complexe$ab had been
activated. The molecular structureszb are presented in Figure
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thermal ellipsoids at the 25% probability level.
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