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Preliminary communication

ELECTRONIC STRUCTURES AND REACTIVITIES OF THE ISO-
ELECTRONIC SERIES 7-AM(CO),: AM =C,H,Cr, Cs HsMn, C; H, Fe,
C;H;Co, C; H, Ni.
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Summary

SCCC-MOQ results have been correlated with relative reactivities for a
range of metal tricarbonyls.

Most metal carbonyl complexes undergo carbonyl substitution by an
SN 1 dissociative process with a minority reacting by the SN 2 associative
process [1,2]. Although correlations between reactivity and metal—ligand
bond strength exist in a number of cases for the dissociative mechanism [1,2],
the variation of Sny1/Sn 2 character through a series of closely related metal
carbonyl complexes has not previously been discussed. To correlate both
reactivity and Sy 1/Sn 2 character with theoretical parameters SCcc-MO*
calculations [3] have been performed on the iscelectronic series 1-AM(CO),
(AM = CG H6 Cl', Cs Hs Mn, C4 H4 Fe, C3 Hs CO, Cz Hq Nl) (Table 1). Geo-
metries based on experimental structures [4] were used except for the
hypothetical nickel complex where the geometric data were assumed. The
coulomb integrals for the pr orbitals of the A moiety were altered to give
the best fit with experimental photoelectron levels, and with the ionization

.potential for allyl.

The 40 and n carbonyl populations are constant across the series. The
variations in the antibonding 50 and =* orbital populations imply a slightly
weaker o and stronger # C—O bond across the series. This trend is reflected
experimentally by an increase in the frequency of both the A, and E v(CO)
modes.

The decrease in M—C(O) overlap population and n* population in the
series C6 H6 Cr(CO); > Cs Hs Mn(CO); > C4 H4 Fe(CO);, > C3 Hs CO(C0)3
predicts an increase in SN 1 character across this series since both parameters
indicate a weakening of the metal—carbonyl bond. According to our previous

*SCCC-MO calculations = self-consistent charge and configuration molecular orbital calculations.
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arguments [5*] , increasing n* populations and metal charge (g(M)) suggest

a greater tendency for Sy 2 behaviour via attack at the metal atom in the

cases of Cs Hy Cr(CO); and C; H; Mn(CO); although this process must be
inhibited both by the requirement of a seven coordinate transition state for
first-row transition elements and by the increase in M—C(O) overlap population;
indeed the considerably lower values of the M—C(A) overlap populations
suggest that ligand substitution may occur by cleavage of the metal—ring

bond as observed, for example in the ligand exchange reactions of labelled
benzene and benzenetricarbonylchromium [6].
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® Different allyl functions were used n this reference.



