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There has been a great deal of activity in recent years in the organometallic chemistry of
transition metals in high oxidation states. The interest in these compounds stems from their
similarity to intermediates in catalytic reactions, including olefin polymerizations [1], olefin
metathesis [2], oxidation reaction [3], and ammoxidation of unsaturated organic molecules.
[4]. High oxidation state organometallic complexes can also model the reactive sites of certain
metalloenzymes [5]. Oxo, imido, and nitrido complexes of transition metals are of particular
interest due to their role in oxidation, ammoxidation, and nitrogen fixation reactions [6].

The reactions of some nitrido, imido, and oxo complexes have been studied. Reactions
were observed with carbon monoxide [7], olefins and acetylenes [8], acids and other electro-
philes [9]. Imido ligands have been reported to be more reactive or less reactive than oxo li-
gands in different oxo-imido metal complexes [10], however, oxo, imido and nitrido ligands
have not previously been directly compared, either in the same complex, or in isostructural
complexes.

Three five-coordinate alkyl complexes, [N-n-Bug][Os(N)(CH;S51Me3),], Os(NMe)-
(CH2SiMes)4 [11], and Os(O)CH;SeMes), [12] were prepared and characterized by IR,
NMR, and UV-visible spectroscopy, electrochemical techniques and by single crystal X-ray
diffraction. For [N-n-Buy][Os(N)(CH;SiMe3)4] and Os(NMe)(CH3S1Mes)4, isotopic labeling
studies were used to identify bands associated with the heteroatoms. The infrared band as-
signed to the imido ligand of Os(NCH3)R4, (R = Me, CH;SeMes;) was due not to an indepen-
dent nitrogen-carbon stretching vibration but instead a combination band of coupled osmium-
nitrogen and nitrogen-carbon vibrations. Proton and carbon NMR studies showed a significant
downfield shift for the a-carbon protons for the oxo and imido compounds as compared with
the nitrido compound. A fluxional process was observed in the low temperature proton NMR
of Os(NMe)(CH;SiMe3)4 and Os(O)(CH;SeMes)y. All have a square pyramidal structure in
the solid state, with the imido and oxo complexes showing a slight distortion towards trigonal
bipyramidal. The bond distances in the oxo and imido complexes are consistent with the
heteroatom acting as a four electron donor.

The nitrido complex, [N-n-Bug][Os(N)(CH,8iMes),], did not react with carbon
monoxide while both Os(NMe)(CH;SiMe3)4 and Os(O)(CH;SiMes)4 were reductively car-
bonylated under CO pressure to produce Os(CO)s, (Me3SiCH;)2CO, and éither MeNCO or
CO;. The methylimido complex is much more reactive than the oxo complex and the acyl
species: the addition of one and two equivalents of carbon monoxide produced Os(NMe)-
(C(O)CHzSeMe3)(CH;SiMes); and Os(NMe)(C(0O)CH;SiMes)2(CH,SiMes),, respectively.

An insertion product, Os(NME)(C(NCHMe3)CH,8iMe3)(CH;SiMes)s, was formed in
the reaction between Os(NME)(CH,SiMe3), and rert-butylisonitrile. The order of reactivity
towards electrophilic attack is [N-n-Buy][Os(N)(CH;SiMes)4] > Os(NMe)(CH;SiMes)4 >>
Os(0)(CH;SiMe3)4. The nitrido complex formed 1:1 adducts with Lewis acids, was alkylated
at nitrogen upon reaction with organic electrophiles, and reacted with mineral acids by cleavage
one or two of the metal-carbon bonds [13]. Electrophilic cleavage of one metal-carbon bond
occurred more slowly with the methylimido complex upon reaction with HBF4 or HCl. The
oxo complex is stable towards electrophiles. The rather dramatic difference in reaction chem-
istry between Os(NMe)R,4 and Os(O)R4 may be due to the possibility of isomerization of the li-
gand in the imido complex. This would greatly charge the reactivity of the complex towards
electrophiles and nucleophiles.



Modifications in the ligand environment surrounding the metal influences the chemical
behavior of the heteroatoms. The cyclopentadienyl osmium compounds, CpOs(N)-
(CH,SiMe3); and (n°-CsMes)Os(N)(CH;SiMes);, were made by the reaction of NaCp or
LiCsMes with [N-n-Bug][Os(N)Cly(CH;5iMes)2]. These compounds behave as Lewis bases.
The addition of AgBF4 to CpOs(N)(CH;SiMes); formed a dimeric compound, {[CpOs(u-
N)(CH;SiMes)2loAg)(BF4). A reversible reaction was observed with BF3.0QEt;. The
equilibriumn was detected by a downfield shift of the methylene proton resonances as more BF3
was added. At low temperature the reaction could be slowed down enough so that both species
could be observed on the NMR time scale. This behavior is in contrast to that seen in Os(N)-
(CH;SiMes)s-, where BF3 coordinates strongly enough so that a discrete complex can be
isolated [13]. A slow reaction is observed with methyl triflate resulting in the formation of the
cationic methylimide complex, [CpOs(NMe)(CHzSiMes)» J(OTT). Again this is in direct
contrast to the rapid reaction observed between Os(N)R4- and alkyl tiflates.

References

1. Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles and Applica-
tions of Organotransition Metal Chemistry, University Science Books: Mill Valley,
California, 1987, Chapter 11.

2 (a) lvin, K. J.; Stewart, C. D.; Green, M. L. H.; Mahtab, R. J. Chem. Soc., Chem.

Commun. 1978, 604.

(b) Soto, I.; Steigerward, M. L.; Grubbs, R. H. J. Am. Chem. Soc. 1982, 104,
4479.

(c)} Schrock, R. R.; Rocklage, S.; Wengrovius, J.; Rupprecht, G.; Fellman, J.
J. Mol. Catal. 1980, 8, 73.

(d) Wengrovius, J.; Schrock, R. R.; Churchill, R.; Misset, I. R.; Youngs, W. J.
J. Am. Chem. Soc. 1980, 102, 4515.

(e) . Kress, J. R. M.; Russel, M. I. M.; Wesolek, M. G.; Osborn, J. A. J. Chem.
Soc., Chem. Commun. 1980, 431.

(f) Meutterties, E. L.; Band, E. J. Am. Chem. Soc. 1980, 102, 6572.

(g) Waymouth, R. M.; Grubbs, R. H. Organometallics 1972, 7, 1631-1635.

3. (a) Sheldon, R. A.; Kochi, J. K. "Metal Catalyzed Oxidations of Organic Com-
pounds", Acadmic Press: New York, 1981.
(b) Mijs, W. J.; DeJonge, C. R. H. I, Eds. "Organic Syntheses by Oxidation with
Metal Compounds”, Plenum Press: New York, 1986.

4. (a) Chong, A. O.; Oshima, K.; Sharpless, K. B. J. Am. Chem. Soc. 1977, 99,
3420.
(b) Burrington, J. D.; Kartisek, C. T.; Grasselli, R. K. J. Caral. 1983, 81, 483.
(c) Groves, J. T.; Takahashi, T. J. Am. Chem. Soc. 1983, 105, 2073.

5. Ortiz de Montello, P. R., Ed. Cytochrome P-450: Structure, Mechanism, and Bio-
chemistry, Plenum Press: New York, 1986.

6. (a) Maatta, E. A.; Du, Y. J. Am. Chem. Soc. 1988, 110, 8249,
(b) Critchlow, S. C.; Lerchen, M. W.; Smith, R. C.; Doherty, N. M. J. Am. Chem.
Soc. 1988, 110, 8071.



10.

L1,
12.

13,

(@)
(b)
()

(a)

(b)
()

(d)
(e)
(a)
(b)
(c)

Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 31d ed., Wiley
Interscience: New York, 1972, p. 693.

Herrmann, W. A.; Kusthardt, U.; Schifer, A.; Herdtweck, E. Angew Chem.
Int. Ed. Eng. 1986, 25, 817.

Su, F.-M.; Cooper, C.; Geib, S. J.; Rheingold, A. J.; Mayer, J. M. J. Am.
Chem. Soc. 1986, 108, 3545.

Herrmann, W. A.; Kuchler, J.; Felixberger, J. K.; Herdtweck, E.; Wagner, W.
Angew. Chem. 1988, 100, 420.

Murdzek, J. S.; Schrock, R. R. Organometallics 1987, 6, 1373.

Wz;lgsh, P. ].; Hollander, F. J.; Bergman, R. G. J. Am. Chem. Soc. 1988, 110,
8729.

Carney, M. J.; Walsh, P. J.; Hollander, F. J.; Bergman, R. G. J. Am. Chem..
Soc. 1989, 111, 8751.

Gnffith, W. P.; McManus, N. T.; White, A. D. J. Chem. Soc., Dalton Trans.
1986, 1035.

Nugent, W. A.; Haymore, B. L. Coord. Chem. Rev. 1980, 31, 123.
Bishop, M. W_; Chatt, J.; Dilworth, J. R.; Hursthouse, M. B.; Motevalle, M.
J. Less-Common Metals 1977, 54, 487.

Chatt, J.; Dilworth, J. R. J. Indian Chem. Soc. 1977, 54, 13.

Nugent, W. A_; Mayer, J. M. Metal-Ligand Multiple Bonds, John Wiley & Sons:
New York, 1988.

Shapley, P. A.; Own, Z. Y.; Huffman, J. C. Organomezallics 1986, 5, 1269.

(a)

Alves, A. S.; Moore, D. S.; Andersen, R. A.; Wilkinson, G. Polyhedron 1982,
1, 83.

(b) Marshman R. W.; Bigham, W. S.; Wilson, S. R,; Shaplcy,P A. Organo-

metallics 1990 9 1341.

"Own, Z.-Y., Ph.D. Thesis, University of Illinois at Chicago, 1986.



	1990-1991 8
	1990-1991 9
	1990-1991 10

