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Summary of Research Accomplished in 1993

DE-FG02-7ER13775.A008

In the past year our research on mechanisms of electron transfer processes between

organometallic complexes has continued to progress with emphasis on two electron

processes and on reactions of organometallic radicals. This summary will highlight our

research on: (1) halide transfer reactions, (2) alkyl and acyl transfer reactions and (3)

reactions of seventeen-electron organometallic complexes.

Halide-transfer reactions. Halide ligands are transferred, formally as X+, from a less

nucleophilic metal carbonyl anion to a more nucleophilic anion.

Re(CO)5" + Mn(CO)sBr ..--, Re(CO)sBr + Mn(CO)5"

bimetallic complexes

When a less nucleophilic anion is the reactant anion single-electron reactions produce

bimetallic complexes. The very small dependence of the rate on the nature of the halide

precludes attack at the halogen. A mechanism involving attack on a earbonyl in to the

halide is most consistent.

Reactions of the Group 6 metal complexes CpM(CO)3X, M = Cr, Mo, W with the

metal carbonyl anions, CpM(CO)3" were examined for comparison to previously reported

self-exchange reactions. The transfer of halide does not fit relative Marcus Theory,

consistent with a mechanistic difference for the cross reactions. This would also be

consistent with attack at a carbonyl. _ _ 1' r 1_
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Reactions of M(CO)5X', M - Cr, Mo, W, with metal carbonyl cations do not produce

halide transfer reactions.

Alkyl and acyl transfers. Reaction of Fe(CO)42" with CH3Mn(CO)5 or

CH3MoCp(CO)3 result in clean formation of MeFe(CO)4" and Mn(CO)5" or CpMo(CO)3".

Fe(CO)42" + CH3Mn(CO) 5 ---, CH3Fe(CO)4" + Mn(CO)5"

Similar reactions with CH3Re(CO)5 and CH3FeCP(CO)2 dc, not occur probably because of

ion-pairing interactions from Na + to the Fe(CO)42" reducing the nucleophilicity, The

reverse reaction

CH3Fe(CO)4" + CpFe(CO)2"

also does not occur.

Acyl groups, CH3C(O ), have also been transferred between metal centers, although

the reaction is not as clean, Using isotopically labeled CH313C(O ) provided clear evidence

that the acetyl was transferred intact.

CpFe(CO)2" + CH 3 C(O)Mn(CO)5 _ Mn(CO)5" + CH3FeCp(CO)(CO)

+ CP2Fe2(CO) 4

The products and labeling arc most consistent with a rate-determining electron transfer

prior to the acetyl transfer.

Transfer of H" and CH 3" have been effected by reaction of HFe(CO)4", HW(CO)5"

and CH3W(CO)5" with metal carbonyl cations

HFe(CO)4" + Mn(CO)6 + ----, HMn(CO)5 + Fe(CO)5

I
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CH3CN
CH3W(CO)5" + Mn(CO)6 + _ CH3C(O)Mn(CO)5 + W(CO)5(CH3CN)

The hydride reactions proceed through a formyl complex which was detected.

Organometallic radicals. Reactions of CpCr(CO)3- or Cp Cr(CO)3- (Cp =

r/5-C5Me5) with RMoCp(CO)3 (R = H, CI, Br, I) result in transfer of R to the chromium

in varying yields.
, lit

2 Cp Cr(CO)3- + 2HMoCp(CO)3 ---, HCrCp (CO)3 + CP2Mo2(CO)6

Cp Cr(CO)3. + BrMoCp(CO)3 -_ BrCrCp (CO)3 +
lit

Cp (CO)3CrMoCp(CO)3

The rates of these reactions have not yet been determined. Methyl could not be transferred

to the chromium radicals.

General considerations. At this point some conclusions on the transfer of hydrogen,

halogen and methyl as the cation, radical and anion can be made. For each group, transfer

as the cation is more facile. For hydrogen, transfer as the hydride is considerably slower,

but Ho transfers nearly as rapidly as H +. Methyl could be transferred as CH3 + or CH3",

but not as the radical. Halogens transfer readily as X +, more slowly as Xo and not at all as

X'.
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Publicatitms for DE-F602-7ER13775.A008 in 1993

1. W.S. Streijewske and J. D. Atwood, Electron and Br + Transfer Reactions between

Metal Carbonyl Anions and Metal Carbonyl Halides, Organometallics, in press.

2. P. Wang and Jim D. Atwood, Acetyl Transfer between Manganese and Iron

Complexes; Reaction of Mn(C(O)CH3)(CO)5 with CpFe(CO)2", J. Coord. Chem., in

press.

3. P. Wang and J. D, Atwood, Methyl Transfer Reactions to Tetracarbonylferrate(2-):

Rate and Mechanistic Studies, Organometallics, in press.

4. J.D. Atwood, M. S. Corraine-Pandolfino, Y. Zhen, W. S. Striejewske, C. K. Lai and

P. Wang, Electron Tran:.;fer Reactions of Metal Carbonyl Anions, "Ted Brown

Volume" of J. Coord. Chem., in press.

5. P. Wang, W. S. Striejewske, D. Cameron and J. D. Atwo<_d, Hydride and Methide

Transfer Reactions. Reactions of Fe(CO)4R', R = H, CH 3 and W(CO)5R', R = H,

CH 3, CI, Br, I, with Metal Carbonyl Catit3ns, manuscript in preparation.

6. R.J. Rosso and J. D. Atwood, Reactions of Organochrc_mium Radicals, Cp'Cr(CO)3o

(Cp' = r15-C5H5. _75-C5Me5 or rl5-C5Ph5 ), to be published.

7. W.S. Striejewske and J. D. Atwood, Cross Reactions between CpM(CO)3X and

CpM'(CO)3" (M = Cr, Mo, W), to be published.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, plt_luct, or
pr<x:ess disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial pr{xluct, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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