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Summary

Nucleophilic substitution is correlated with the frontier electron density
parameter, the partial valence-inactive population (P5"™°) for two series of
polyene-M(CO); complexes, AM(CO); (A = CcHCr, CsHsMn, C;H, Fe, C;HsCo
and C,H;Ni) and [BFe(CO);1* (B = CsH;, C4H, and C,;H,). In both series
nucleophilic substitution by an S 2 process is shown as probably occurring
by initial attack at the metal atom.

One of the most important problems facing the theoretical chemist in the
field of organometallic chemistry is the correlation of structure and reactivity.

In the case of Sy1 dissociative carbony! substitution reactions proceeding
by very similar transition states, correlation between kinetic parameters and
the overlap population of the M—C{O) bond undergoing substitution would
be expected. In previous papers {1—3], we have shown that, using the
SCCCMO method, such correlations exist for the dissoeciative carbonyl sub-
stitution of M{(CO);X (M =Mn, Re; X=Cl, Brand I) [1], C;H;Co(CO); [2]
and for the trend in Sy 1 activity in the series AM(CC); (A = C,H,Cr,
CsHsMn, C,;H,Fe and C;HCo) [3]. However, discussion of the analogous
associative Sy 2 reaction is more difficult because of uncertainties in assigning
a structure to the transition state and, indeed, uncertainties regarding the
point of initial attack within a complex. In these calculations the standard
SCCCMO method was employed [4]. Table 1 gives the values of half the
partial valence-inactive populations (P5Y"©°) of atom A in the LUMO [5] for
the central metal atom (P;"™°), the carbonyl carbon atom (Pgga,©) and the
ring carbon atom (Pgap ©), respectively, in the two series (a) AM(CO); (A =
Ce¢H¢Cr, CsHsMn, C;H;Fe, CsHCo and C,H;Ni) and (b) [BFe(CO);1" (B =
CsHs, C¢H, and C;Hy). The PL"™© value may be used as a measure of frontier
electron density for nucleophilic reactions and, previded carbonyl substitution
is frontier controlled, it should serve as an indication of the relative
Sn 2 reactivity in a series of closely related molecules. Table 1 shows an
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,FRONTIER z-:Lz-:c'rRow DENSITY a> )valus o
‘. . o OMO T L,LOUMO’ 2 LUMO .
AM - .j-‘%’aj o ,PE'(O) , PC(H) ,
CAM(CO)3.. o T
"C,H NI - 0.096 _0.381' .- "0.010
C,H.,Co =~ 0196 . _0.267 = .~ 0.086
C,H,Fe. ~ '~ 0.235 0167 . 0.066
. CHMn - - 0352 ¢ 0136 - 0.096 ...
T C4HCr 0412 - - 0.045 - 0036 ..
[BFe(CO),]*
B -
C;H, . 0311 0.087  0.059 -
CH, 0.327 0.115 0.028
C,H, 0.336 0113077 T0.024

immediate dlﬁerence between the two senes.AIn the AM(CO);, case the values
of PLUMO show the trend: C(2) < C(3) < C(4) < C(5) < C(G), with the con-
verse trend for P§(py° such that for CsHsCr(CO)s, PL Me > > PgioyC whereas
for C3H500(C0)3, Pﬁ%o <Pg‘{,‘5‘° This difference in frontier electron”
density correlates with the large Sy1 reactivity of the cobalt compound com-
pared with the relative mact:mty of the chromium’ complex and with the fact
that when substitution of the latter does occur it involves direct attack by
the nucleophﬂe at the chromium atom and cleavage of the metal—arene bond
{61. In addition, the Pt‘ms‘ values suggest that loss of a carbonyl group is
most probable for the C(3) (and C(2)) cases. Furthermore, the BGIMO values
are lower than the PL"™© and 1%?33‘0 values, hence in no case is initial ring
attack predicted.

In contrast, the series [BFe(CO);]1* shows in all cases the sequence:
Prrewar, > PLUYO > PEENC, which suggests that nucleophilic substitution in this

C(0)
series is likely to.involve initial attack at the metal atom and to occur most

probably by an Sy 2 associative mechanism.

Synthetlc studies of nucIeophlhc substitution of polyene—M(CO)3 (fora
recent summary see ref. 7) have shown that substitution can occur at the ring
(polyene), at the metal. and at the carbonyl carbon atom but there have been
relatively few kinetic studies. and so detailed reaction mechanisms have
rarely been proven. However, in the case of [CpFe(CO)a] [8],and -
[CcH,Fe(CO),]1* [9] nucleophilic subst1tut10n follows second-order kinetics
presumably by an Sy 2 mechanism in agreement with the above theoretical
predlctlons. Second-order kinetics are also observed for the substitution of
[C,H,M(CO);1* (M =Cr, Mo, W) by P-n-Bu; [9] but were mterpreted in terms
of ring attack. However very recently stopped-flow Fourier transform NMR .
kinetic studies [10] of the substitution of [CHM(CO)s1" (M= Mo, W) by
iodide showed the rapid formation of an intermediate with a M—I bond fol-

lowed by iodide transfer to the polyene ring and formation of ring-adduct
intermediates- (largely exo in structure but with a small contnbutlon from the
endo) and ﬁnally of the stable C7H7M(CO)2I as product We have prevmusly
shown that nucleophlhc substltutlon of [C7I-15,Fe(CO)3]+ (e.g.. by N;7) proba-
bly proceeds through initial metal attack [11]. It is frequently assumed that
formatlon of an exo nng-substxtuted product (or adduct) precludes dl.rect E
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Vmetal"‘attaék as an intermediate step. However, both the above observations

and the calculations reported in this note suggest that, on the contrary,
nucleophilic substitution by an Sy 2 mechanism can occur for both the
"AM(CO); and [BFe(CO);1" series by initial attack at the metal centre, even
if the final product has an exo configuration.
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