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Summary

It has been found that a considerable degree of regiochemical control
may be achieved during addition of stable enolate nucleophiles to tricar-
bonyl(cyclohexadienyl)iron complexes of general structure I by changing the
enolate countercation. The results indicate an interplay between steric,
coulombic and frontier orbital controlling factors during the bond-forming
reaction.

Tricarbonyl{cyclohexadienyl)iron complexes of general structure I in our
hands are currently proving to show considerable promise as precursors for
the synthesis of steroids [1], trichothecenes [2], aspidosperma alkaloids [3]
and a range of spirocyclic compounds [4]. Since all of these synthetic endeav-
ours are dependent upon the addition of nucleophiles at the substituted C(1)
terminus of the dienyl ligand, to generate complexes of type II, which may be
converted to useful 4,4-disubstituted cyclohexenones [5], it is essential that
we begin to understand the factors which control the position of nucleophile
attack, so that we can obtain the maximum yield of II with minimum forma-
tion of complexes of type III, resulting from nucleophile addition to the C(5)
terminus. Whilst the dienyl complex Ia reacts regiospecifically in the desired
mode with a wide range of stabilised enolate nucleophiles [6], we have found
that mixtures of IT and III are produced when the 1-substituent is larger than
methyl [7]. Despite the availability of a considerable amount of kinetic infor-
mation about reactions of simple tricarbonylcyclohexadienyliron complexes
with nucleophiles [8], the factors controlling these reactions have not been de-
lineated. Since both 3C NMR data [9] and molecular orbital calculations [10]
indicate that for the parent complex IV, C(2) and C(4) have a greater positive
charge than C(1) and C(5), we might have expected that if nucleophile addi-
tion were under charge control, then reaction would occur at the former posi-
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tions. The fact that this particular complex reacts with nucleophiles entirely
at the dienyl termini appears to indicate that the reaction is most likely pre-
dominantly under frontier orbital control. Unfortunately, the exact nature of
the lowest unoccupied molecular orbital (LUMO) of the complex, probably
the most important orbital of all, is unknown [11]. With unsymmetrical com-
plexes of type I, we have felt for some time that the observed regioselectivity
is the result of a charge controlling effect superimposed on the frontier orbital
effect, which differentiates the two termini, and this is supported by 13C NMR
spectra |9]. :
We initially undertook the studies described in this paper In order to try
and obtain improved regiocontrol in the reactions of complexes I. Whilst there:
are a number of conceivable ways to achieve this, we chose to investigate how :
enolate nucleophiles could be modified to alter regioselectivity in their reac-
tions with complexes already at hand from previous synthetic studies [3,4].
Thus, complexes Ib, Ic and Id were treated with the lithium, sodium and
potassium enolates of dimethylmalonate, methyl acetoacetate and malono-
nitrile, under identical conditions. The ratios of the products II/III, readily ob
tained from the integrated 'H NMR spectra of the mixtures, are summarised
in Table 1. The results obtained are interesting and unexpected. It is imme-
diately apparent that there is a gradual increase in this ratio on changing from
lithium through sodium to potassium enolates of dimethyl malonate and
methyl acetoacetate, whilst the countercation has a negligible effect with
malononitrile enolates. It is well known [12] that the degree of association
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TABLE 1
DEPENDENCE OF REGIOISOMER RATIOS ON NUCLEOPHILE AND COUNTERACTION ¢
Dienyl complex Enolate Ratio b ot II/I11 Products

nucleophile with cation indicated

Lit mNat k'

Ib CH(CO,Me), 30 46 5.6 IIb + IlIb
Ie CH(CO,Me), 21 3.8 57 Ile + IfTe
Ic gH(COzMe)z-IS—C-G _— 5.6 - IIe + Ille
Id CH(CO,Me), 1.5 2.8 4.6 ITh + IITh
Id CH(CO,Me),-18-C-6 — 4.2 — ITh + IIh
Ie CH(CN), 43 51 48 g + Ilg
id ‘CH(CN), 33 33 3.3 14 + 15

b CH(COMe)CO,Me — 1.2 20 He + Mlc
d CH(COMe)CO,Me nr. 0.5 1.2 I + 1118

@ Reactions carried out in THF at 0°C. ? Determined by H NMR spectra of product mixtures.

between metal cation and oxyanions follows the order Lit > Na* > K™, so
our results indicate that a ‘““naked’ enolate has a greater preference for attack
at the dienyl terminus with higher positive charge than does the associated
enolate. This is supported by the observation that dimethyl sodiomalonate in
the presence of 18-crown-6 gives the same ratio of II/III as does dimethyl
potassiomalonate. The negligible effect and better regioselectivity with malono
nitrile derivatives is consistent with the inability of the linear nitrile groups to
chelate the metal cation.

In the light of these results we propose that nucleophile addition to unsym-
metrical dienyl complexes, whilst apparently under overall frontier orbital con-
trol, is subject to the following more subtle effects which influence the select-
ivity observed in the reaction: (a) steric demand of the substituents, (b) a
charge, or coulombic effect and, less obviously (c) a “‘secondary” orbital con-
trolling effect. The steric effect is self-explanatory, on comparing the reactiv-
ity of Ia, Ib etc., with the same nucleophile. It is evident (see above) that
p—= conjugation of the methoxy substituent in complexes I, involving the
bonding orbitals iy, and i, (Fig. 1). leads to a build-up of electron density at
C(5) compared to C(1). A nucleophile which is susceptible mainly to charge
(coulombic) interaction would then prefer to attack at C(1), as observed for
the non-associated enolates, which are expected to carry a full negative charge.
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Fig. 1. Bonding MO’s for tricarbonyl(2-methoxypentadicuyl)iron complexes. (See ref. 5 for explanation
of orbital diagrams.)
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When the negative charge is reduced by coordination to a metal cation (Li*) a
more subtle effect comes into play. The most plausible explanation is that on
coordination the nucleophile HOMO is lowered in energy [13], becoming
closer to the dienyl-Fe(CO); LUMO. Whilst the coulombic effect still dom-
inates in most cases, the increased addition at C(5) probably reflects the im-
portance of frontier orbital interaction {14]. In fact, the observed chemistry
leads us to suspect that the LUMO is composed of the dienyl ¢, in an anti-
bonding combination with iron hybrid orbitals, shown in Fig. 2. This combina-
tion for the methoxy-substituted complexes would have a larger coefficient at
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&

Fig. 2. Possible LUMO for tricarbonyl(2-methoxypentadienyl)iron complexes.

C(5) than at C(1), resulting in an orbital interaction which would favour
nucleophile addition at C(5). It will be necessary to await rigorous theoretical
investigation to confirm these proposals, but we anticipate that the experi-
mental facts will be of considerable aid for such studies.
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References

A.J. Pearson and G.C. Heywood, Tetrahedron Lett., 22 (1981) 1645; E. Mincione, A.J. Pearson,

P. Bovicelli, M. Chandler and G.C. Heywood, ibid., 22 (1981) 2929.

A.J. Pearson and C.W. Ong, J. Am. Chem. Soc., 103 (1981) 6686.

A.J. Pearson and D.C. Rees, Tetrahedron Lett., 21 (1980) 3937;: A.J. Pearson, ibid., 22 (1981) 4033.

A.J. Pearson, P. Ham and D.C. Rees, Tetrahedron Lett., 21 (1980) 4637: J. Chem. Soc. Perkin Trans.

1. in press; A.J. Pearson, ibid., (1979) 1255: (1980) 400.

Reviews: A.J. Pearson, Acc. Chem. Res., 13 (1980) 463; Trans. Met. Chem., 6 (1981) 67.

A.J. Pearson, J. Chem. Soc. Perkin Trans. 1 (1977) 2069: A.J. Pearson and P.R. Raithby, ibid.,

(1980) 395; A.J. Pearson, E. Mincione, M. Chandler and P.R. Raithby, ibid., (1980) 2774.

A.J. Pearson and M. Chandler, J. Chem. Soc. Perkin Trans., (1980) 2238.

A.J. Birch, D. Bogsanyi and L.F. Kelly, J. Organometal. Chem., 214 (1981) C39; L.A.P. Kane-

Maguire, J. Chem. Soc. A, (1971) 1602; L.A.P. Kane-Maguire and C.A. Mansfield, J. Chem. Soc.

Dalton Trans., (1976) 2187; 2192; M. Gower, G.R. John L.A.P. Kane-Maguire, T.I. Odiaka and

A. Salzer, ibid., (1979) 2003; G.R. John and L.A_P. Kane-Maguire, ibid., (1979) 1196; 873.

9 A.J. Rirch, P.W. Westerman and A.J. Pearson, Aust. J. Chem., 29 (1976) 1671.

10 D.W. Clack, M. Monshi and L.A.P. Kane-Maguire, J. Organometal. Chem., 107 (1976) C40.

11 R. Hoffman, personal communication.

12 J.E. Gordon, The Organic Chemistry of Electrolyte Solutions, John Wiley and Sons, New York,
1975; H.O. House, R.A. Auerbach, M. Gall and N.P. Peet, J. Org. Chem., 39 (1973) 514.

13 A. Loupy, J. Seyden-Penne and B. Tchoubar, Tetrahedron Lett., (1976) 1677; C. Minot and Nguyen
Trong Anh, ibid., (1975) 3905.

14 G. Klopman, J. Am. Chem. Soc., 90 (1968) 223.

W OO RN M



