
C-0 Bond Activation Of Organic Substrates By Transition Metal Complexes 

Humberto Mui Literature Seminar December 10, 1991 

Many important industrial processes involve C-0 bond formation, including the syn­
thesis of acetone from propylene over a mixed Sn(h-Mo03 metal surface [1,2] and the oxida­
tion of ethylene to ethylene oxide over a Ag-based catalyst [3]. As opposed to the numerous 
C-0 bond making processes, there are relatively few reaction classes that have been incorpo­
rated into industrial processes which involve the breaking of a C-0 bond. One example is the 
Fischer-Tropsch process, which converts synthesis gas (CO/H2) to a broad spectrum of com­
pounds. These range from complex hydrocarbon mixtures to various kinds of oxygenates [4]. 

To gain a better understanding of the possible species which might be involved in C-0 
bond formation processes, many groups are currently studying the mechanism(s) of these re­
actions. In particular, olefin epoxidation via metal-oxo with macrocyclic ligands is under active 
investigation [5]. 

Kilty [6] and Santen [7] have independently studied the oxidation of ethylene over a Ag 
surface which has been prea.dsorbed with molecular oxygen. Both have postulated that the key 
to forming ethylene oxide selectively is in how the molecular oxygen is adsorbed onto the metal 
surface. However, neither addressed the issue of the possible intermediates or transition 
structures which could be involved in such a reaction. Four possible mechanisms are outlined 
in Scheme I. These include a direct oxygen abstraction in a concerted manner, fonnation of an 
oxametallacycle, involvement of a 1,4 biradical, or of a zwitterionic species [5,8]. 

From the principle of microscopic reversibility, these mechanisms are also relevant to 
metal mediated oxygen atom abstraction from epoxdies. Several groups have engaged in 
studying deoxygenation of epoxides by activating the C-0 bond with different transition metal 
complexes. In 1989, Bergman and co-workers postulated an alternate mechanism to those in 
Scheme I, involving initial C-H activation by the metal complex by inserting into the C-H 
bond of the epoxide. The metalated epoxide is then observed to undergo rearrangement to give 
the corresponding enolate species [9]. 

Moloy [10], Mayer [11], and Bercaw [8] have each independently investigated the 
mechanism of deoxygenation reactions. Mechanistic data presented by both Mayer and Bercaw 
groups have provided convincing evidence that their systems probably do not proceed through 
any long-lived intermediates such as oxametallacycles, but rather they involve concerted reac­
tions. These observations are in accord with Jorgensen's theoretical calculations [12]. 

C-0 bond activation in other oxygen-containing substrates have also been studied in 
recent years. These substrates include ketones [13-15], carbon dioxide [16-18], and esters 
[19-21]. 

The reaction of WCl2(PMePh2)4 with ketones is remarkable in several respects. First, 
relatively strong C-0 double bond (-150 kcal/mole) is simply cleaved to two divalent frag­
ments which remain coordianted to the same metal center. Second, this is formally a four elec­
tron oxidative addition reaction which occurs under mild conditions. Third, the reaction con­
trasts with typical reduction of ketones by metals, which leads to pinacolates and olefins via C­
C coupling. Finally, this process is loosely analogous to the reverse of an ozonolysis of an 
alkene. 
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Reactions of esters by Yamamoto [19-20] and Ito [21] have shown that the scission of 
the carboxylic ester bond is dependent on the nature of the ester. Two types of cleavage, a- or 
J3-cleavage relative to the carbonyl unit, are possible. 

In conclusion, the results and mechanistic insights presented here regarding the deoxy­
genation of oxygen-containing substrates should form the basis for a better understanding of 
the mechanism(s) for C-0 bond forming processes. 

Scheme I 

------[~1 ~ ]--
--[€:~]--

References 

1. Kirk, R.; Othmer, D., Encyclopedia of Chemical Technology -3rd edition, Wiley­
Interscience: New York, 1980, Vol. 1, pp 179-191. 

2. Gerhartz, W., Ullmann's Encyclopedia of lru:Wstrial Chemistry, VCH: Deerfield 
Beach, Florida, 1985, Vol. Al, pp 79-96. 

3. Kirk, R.; Othmer, D., Encyclopedia of Chemical Technology - 3rd edition, Wiley­
Interscience: New York, 1980, Vol. 9, pp 432-471. 

4. Masters, C., Homogeneous Transition-Metal Catalysis -- A Gentle An, Chapman and 
Hall: New York, 1981, pp 225-230. 

5. Jorgensen, K.; Schiott, B., "Metallaoxetanes as Intermediate in Oxygen Transfer 
Reaction -- Reality or Fiction," Chem. Rev., 1990, 90, 1483-1506. 

27 



6. Kilty, P.A.; Sachtler, W.M.H., "The Mechanism of the Selective Oxidation of Ethyl­
ene to Ethylene Oxide," Cat. Rev. - Sci. Eng., 1914, JO, 1-15. 

7. Santen, R.A.; DeGroot, C.P.M., "The Mechanism of Ethylene Epoxidation," J. Cata/., 
1986, 98, 530-539. 

8. Whinnery, L.; Henling, L.; Bercaw, J., "Synthesis and Structure of Moderately Stable 
Metallaoxetanes: (115-C5Me5)2(CH3)TaOCHRCH2 (R = H, C6ff5). Investigations of 
Their Decomposition to Olefin and ('r15-C5Me5)2Ta(=O)CH3 And Evidence Revealing 
That They Are Not Intennediates in the Deoxygenation ofEpoxides by [(11SC5Mesh­
Ta(CH3)]," J. Am. Chem. Soc., 1991, 113, 7575-7582. 

9. Wu, J.; Bergman, R., "Conversion of Epoxides to Rh Enolates: Direct Evidence for a 
Mechanism Involving Initial C-H Activation," J. Am. Chem. Soc., 1989, 111, 7628-
7630. 

10. Moloy, K., "Oxygen Atom Transfer Reactions. Epoxide Deoxygenation by 
MoO(Et2dtc)2," Inorg. Chem., 1988, 27, 677-681. 

11. Atagi, L; Over, D.; McAlister, D.; Mayer, J., "On the Mechanism of Oxygen Atom or 
Nitrene Group Transfer in Reactions of Epoxides and Aziridines with Tungsten(m 
Compounds," J. Am. Chem. Soc., 1991, 113, 870-874. 

12. Schlott, B.; Jorgensen, K., "Studies of the Oxidative Addition of Some Substrates 
Containing Carbon-Heteroatom Bonds to Some Tungsten and Platinum Complexes," J. 
Chem. Soc., Dalton Trans., 1989, 2099-2107. 

13. Bryan, J.; Mayer, J., "Oxidative Addition of Cyclopentanone to WCl2(PMePh2)4 To 
Give a Tungsten(VI) Oxo-Alkylidene Complex," J. Am. Chem. Soc., 1987, 109, 
7213-7214. 

14. Su, F.; Bryan, J.; Mayer, J., "Tungsten Complexes With Strong Pi-donor and Pi­
acceptor Ligands: W(E)Ch(L)(PR3)2 (E = 0, NR, S, and L = CO, CNR, CH2=CHR 
and O=CHMe)," Polyhedron, 1989, 8, 1261-1277. 

15. Bryan, J.; Mayer, J., "Oxidative Addition of Carbon-Oxygen and Carbon-Nitrogen 
Double Bonds to WCl2(PMePh2)4. Synthesis of Tungsten Metallaox.irane and 
Tungsten Oxo- and Imido-Alkylidene Complexes," J. Am. Chem. Soc., 1990, 112, 
2298-2308. 

16. Bryan, J.; Geib, S.; Rheingold, A.; Mayer, J., "Oxidative Addition of Carbon Dioxide, 
Epoxides, and Related Molecules to WCl2(PMePh2)4 Yielding Tungsten(IV) Oxo, 
lmido, and Sulfido Complexes. Crystal and Molecular Structure of 
W(O)Cl2(CO)(PMePh2)2," J. Am. Chem. Soc., 1987, 109, 2826-2828. 

17. Ibers, J., "Reactivities of Carbon Disulphide, Carbon Dioxide, and Carbonyl Sulphide 
Towards Some Transition-Metal Systems," Chem. Soc. Rev., 1982, 11 , 57-73. 

18. Darensbourg, D.; Kudaroski, R., "The Activation of C(h by Metal Complexes," Adv. 
Orgmet. Chem. , 1983, 22, 129-168. 

19. Yamamoto, T.; Ishizu, J.; Kohara, T.; Komiya, S.; Yamamoto, A., "Oxidative 
Addition of Aryl Carboxylates to Ni(O) Complexes Involving Oeavage of the Acyl-0 
Bond," J. Am. Chem. Soc., 1980, 102, 3758-3764. 

28 



20. Yamamoto, T.; Akimoto, M.; Saito, O.; Yamamoto, A., "Interaction of Pd(O) 
Complexes With Allylic Acetates, Ally! Ethers, Ally! Phenyl Chalcogenides, Allylic 
Alcohols, and Allylamines. Oxidative Addition, Condensation, Disproportionation, 
and Pi-Complex Formation," Organometallics, 1986, 5, 1559-1567. 

21. Ito, T.; Matsubara, T.; Yamashita, Y., "Selective C-0 Bond Cleavage of Allylic Esters 
Using [Mo~(Ph2PCH2CH2PPh2)2] Under Light Irradiation to Give Hydrido 
Carboxylato Mo(II) Complexes," J. Chem. Soc., Dalton Trans., 1990, 2407-2412. 

22. Mayer, J., "Why Are There No Terminal Oxo Complexes of the Late Transition 
Metals? or The Importance of Metal-Ligand Pi-antibonding Interaction," Comments 
Inorg. Chem., 1988, 8, 125-135. 

29 


	1991-1992 29
	1991-1992 30
	1991-1992 31
	1991-1992 32

