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Summary

1/1 complex formation between benzene-ds and [Cr(CO);(n%-arene)]
(arene = CgH; R (R = H, Me, OMe, Cl), C,oH;) has been observed by PMR
spectroscopy. The equilibrium constant in the case of arene = C,H, confirms
earlier chemical evidence that the [Cr(CO);] unit exerts an electron-with-
drawing effect upon aromatic rings which is approximately equal to that of the
nitro group.

There have been many reports of the formation of charge transfer complexes
between the compounds [Cr(CO);(n®-arene)] and electron acceptors, such as
tetracyanocethene and trinitrobenzene [1]. Until recently, it has been assumed
that the acceptor receives metal electron density through the coordinated arene
in the so-called ““face-to-face™ stacking arrangement. However, Kobayashi,
Kobayashi and Kaizu [2] have now shown that there is a direct interaction be-
tween the metal d-orbitals and the acceptor with the latter sited beneath the
base of the pyramid formed by the three carbonyl groups (see structure 1).

The [Cr(CO);] unit plays a role of overall electron-withdrawal from the
arene in [Cr(CO);(n%-arene)]. This characteristic has been exploited in reactions
of the coordinated arene with nucleophiles and, indeed, in such reactions the
[Cr(CO);] unit shows an electron withdrawing power similar in magnitude to
that of the nitro group [3].

In the light of these findings we have examined the possibility that
[Cr(CO);(n°-arene)] may be able to act as an electron acceptor in charge trans-
fer complex formation, the electron donor interacting directly with the arene
ring in this case. We have chosen to study arenes as electron donors (see struc-
ture 2) and have examined the interaction of benzene-ds and [Cr(CO);(n®-arene)]
(arene = C4Hy, C4H;CH;, C,H; OCH;, CsH;Cl and C,,H;) in CCl, by PMR

spectroscopy. We are, of course, aware that aromatic solvent induced shifts
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(ASIS) have been explained in terms of effects other than charge transfer com-
plex formation {4]. However, it is now accepted that a solvent cluster model
is probably most appropriate for weakly interacting systems, while strong
interaction is probably best described by charge transfer [5].

The chemical shift data for the above systems were, therefore, treated by
the standard method for 1/1 complex formation [6] and a typical plot of
AJ/[D], versus A (A is the measured chemical shift) is shown in Fig. 1. Values
of Ay and the equilibrium constant, K, are shown in Table 1. The accuracy of
the data preclude detailed discussion of substituent effects at this stage. How-
ever, it is notable that the value of the equilibrium constant in the case of
[Cr(CO);(n%-CsHe)] (0.126 + 0.009 M) is almost identical to that found in
this study for the nitrobenzene/benzene-dg system (K =0.13 £ 0.01 M~ ', A, =
—78 £ 7 Hz). We are thus able to confirm by spectroscopic means the previous
findings that the [Cr(CO);] unit has an electron withdrawing power upon
aromatic rings approximately equal in magnitude to that of the nitro group.
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Fig. 1. Plot of A/[D1, for [Cr(CO),(n-C,H,)] and C,Dy.



c22

TABLE 1

STABILITY CONSTANT DATA FOR COMPLEX FORMATION BETWEEN {[Cr (CO),(ns-arene)] AND
C,Dg

Arene KM™) A, (Hz)

Benzene 0.126 +0.009 —143 £10
Toluene 0.163 =£0.018 —118 *19
Anisole 0.164 £0.052 —113 *30
Chlorobenzene 0.146 £+0.012 —119* 9
Naphthalene 0.119 +0.012 12212

Furthermore, compounds of the type [Cr(CO);(n°-arene)] represent relatively
uncommon examples of molecules capable of displaying both electron donor
and electron acceptor properties in charge-transfer complex formation.
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