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ABSTRACT

Reaction of trans-[ReCI(N;)(dppe);] (dppe=PhyPCH,CH;PPhy) with NCR
(R=aryl) in toluene and under sunlight gives the corresponding cis-
[ReCI(NCR)(dppe);] compounds. The electrochemistry of these complexes in 0.2M
[BuyN][BF4J/THF is studied by cyclic voltammetry and controlled potential
electrolysis, at Pt electrodes, which indicate the occurrence of an electroinduced cis-
to-trans isomerization.

In pursuit of our studies on the coordination chemistry of small molecules,
particularly C-N and C-C unsaturated species, at dinitrogen-binding metal sites [1], we
have succeeded in preparing a series of cis and frans rhenium(I)-nitrile complexes
involving the {Re(dppe);}* metal centre.

Extended Hiickel MO calculations [2] indicate that for octahedral type
phosphine complexes, namely of group 6 transition metals with CO and N ligands, the
relative stability of the cis and frans isomer depends on the oxidation state of the
metal, with preference of the cis geometry for the 18-electron compounds,and the
trans geometry for the 17-electron species. However, for related 18-electron Re(I) and
Te(I) complexes, such as [MLL'(dppe),]™ or [MXL(dppe),] (M=Re [3] or Tc [4];
X=Cl or H; L,L'=CO, Ny, CNR, etc.), the trans geometry of the phosphine appears to
be favoured, though some exceptions have already been reported by us [5].

We have now succeeded in the synthesis of cis-[ReCI(INCR)(dppe);] by
reacting the parent frans-[ReCI(N;)(dppe);] with the apropriate nitrile in toluene and
under sunlight (eq.1). The #rans isomers can be prepared in the oxidized form by
chemical or electrochemical oxidation of the cis or derived hydride species, whereas
the neutral frams form is obtained by deprotonation or cathodic reduction of
methyleneamido or hydride complexes, respectively.

trans-[ReCl(N7)(dppe);] + NCR — cis-[ReCI(INCR)(dppe)p] + Ny 1)
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By cyclic voltammetry at a Pt disc electrode, the neutral cis and trans rhenium-
nitrile compounds [ReCI(INCR)(dppe),], in 0.2M [BugN][BF4]/THF, exhibit two
successive one-electron anodic processes (Fig., waves I and II in each case). Although
the second anodic wave (II) occurs at analogous potentials for both isomers, the first
one (I) exhibits an oxidation potential which is clearly dependent on the isomer
(Table). Indeed, the trams isomers are oxidised at a considerably lower potential than
the corresponding cis compounds, thus indicating that the HOMO of the latter is lower
in energy than the HOMO of the former, in agreement with the above mentioned [2]
MO theoretical studies.

Table: Half-wave oxidation potentials (V vs. s.c.e.) for cis- and trans-
[ReCI(INCR)(dppe),] (R=CgH40Me-4, CcHgMe-4, C¢H4F-4 or

= (B —

CeHyCl-4)
cis isomer trans isomer
Wave I I I I
-0.13 0.70 -0.34 0.66
Eq12% | | | |
-0.08 0.72 -0.25 0.71

Moreover, for the cis complex, and on the reverse scan, after the second
oxidation wave, a new electrode process is observed at a considerably lower potential
than that for the cis*/0 redox couple, being due to the correspondent trans*/0 process.

This redox wave of the #rans isomer is not observed by reversing the scan after
the first anodic wave of the cis compound, thus indicating that the frams species is
formed only upon the double oxidation of the cis, ie., according to the overall
conversion cis2*— trans2* ; the wave corresponding to the frans2*/* process
overlaps with that for the cis2*/* reduction (see the cyclic voltammogram depicted in
the Fig., run at a scan rate of 200 mV.s"1). The reverse electroinduced frams-to-cis
isomerization is not observed in the study of the frans complex alone.

Moreover, the intensity of the electrogenerated transt/0 reduction wave
decreases with a concomitant increase of the reversibility of the cisO wave, for
sufficiently faster and lower scan rates; in the former case, a decrease of the extent of
isomerization naturally occurs, whereas in the second situation (lower scan rates) a
trans* (or trans2*) conversion into cis* (or cis2*) appears to happen via bimolecular
processes involving reactions of oxidized trams with oxidized cis isomers, as
exemplified in the simplified Scheme.

(a)
L cis0+
02 E/Vvs. s.ce.
cistl0
transt/2+
trans0/+
(b)

-0.6 ' 02 ' \/0?8 T E/Vvs. sce.
trans?*1*

trans*/0

Fig. Cyclic voltammogram for complexes (a) cis- and (b) trans-[RcCl(NCR)(dppc)%]
(R=CgHgMe-4) in 0.2M [BugN][BF4)/THF at a Pt disc electrode. Scan rate of 200 mV.s~ .
T=25°C.
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Scheme

The bimolecular nature of these isomerization reactions can be interpreted by
postulating a nucleophilic attack of a chloride ligand of one molecule to the cationic
metal centre of another one, thus generating dinuclear intermediates such as the
following one, conceivably involved in the (ranst + cis?t) or (trans’* + cis*)
conversion to (cis2t + cist):

3+
RCN — Re(dppe)2
L 4

o] l
| el

s
Re (dppe)2

NCR

By using computer simulation methods, we are currently testing the above
mentioned proposed scheme, and investigating other associated reactions and their
kinetics.
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