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COse =+ Rullll)=cyt clIll} —= Ru(Il)-cyt {11} + CO,

ar ky (2)

COse + Rullll)—cyt c(III) <= RN —cyt c1I) + €O,

unmodified cyt ¢(III) (eq 1). After that, a slow increase in
absorbance occurs with time (Figure 2b). The absorbance vs. time
for this part of the trace fits first-order kinetics with a rate constant
k, = 82 £ 20571, This reaction corresponds to the intramolecular
electron-transfer reaction shown in eq 3. The rate constant k,

Ru(II)—cyt c(IIT) L Ru(IIT)-cyt c(IT) 3)

was found to be independent of dosage (at low dosage). At high
dosage the proportion of the signal due to the slow reaction de-
creases,!* as expected, if both the iron and ruthenium centers on
the same molecule are reduced. The intermolecular electron-
transfer reaction!! involving two different cytochrome molecules
is expected to be negligible at the concentrations used (ca. 2 X
107 M).

For a reducing agent such as CO,:, one would not expect sig-
nificant discrimination between the two electronic isomers Ru-
(ID—cyt c(I11) and Ru(IIT)—cyt c(II). However, we observed only
30-40% of the Ru(II)-cyt ¢(III) intermediate in this reduction.
We are currently using different alcohol radicals such as penta-
erythritol (C(CH,OH),) in an effort to increase the concentration
of the Ru(II)—cyt ¢(III) intermediate. Simic et al.!® have shown
that the pentaerythritol radical reduces cyt ¢ with a rate constant
<105 M~ 571, By use of different alcohols the amount of Ru-
(II)—cyt ¢(III) could be increased since such a bulky radical may
show selectivity toward the surface-bound [(NH;)sRul] moiety
over the less exposed heme group.

The results in this communication have extended our intra-
molecular electron-transfer measurements from model peptides??
to proteins. The distance between the His-33 moiety and the heme
can be estimated from the crystal structures'? of the oxidized and
reduced tuna cytochrome ¢ to be 12-16 A, depending on which
imidazole nitrogen the ruthenium is bound to and the conformation
of the His-33 side chain. This long-range electron transfer across
polypeptides, although in itself not biologically relevant, demon-
strates that given a driving force of ~0.1 eV, electron transfer
within proteins can take place rapidly at long distances.

We are currently attempting the synthesis of a variety of ru-
thenium—cytochrome ¢ derivatives with different substituted ru-
thenium complexes of the type [L(NH;),Ru™]" in order to ob-
serve intramolecular electrons transfer from the ruthenium to the
iron (heme), as well as from the iron (heme) to the ruthenium
in the protein. Experiments with such derivatives should help us
to understand the effect of driving force on the rate of intramo-
lecular electron transfer between a donor and acceptor held at
long distances. Other experiments of this nature with redox
reagents covalently bound to proteins at different distances will
help us to understand the dependence of rate of electron transfer
on distance for different intervening peptide residues.
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Nucleophilic attack to coordinated olefins! and oxidative ad-
dition to central metal® are known to occur readily in platinum(II)
complexes. We now show that an appropriate combination of these
two processes leads to the formation of a chelating /V-ethylene-
carbamoyl group from ethylene and cyanate ion.

We recently isolated a stable olefin complex of platinum(II),
[Pt(2-C,H,)Cl(tmen)]* (tmen = N,N,N’N’-tetramethyl-
ethylenediamine),? the reactivity of which toward nucleophiles
was greatly enhanced and resembled that of other cationic com-
plexes of platinum-group metals such as iron,* ruthenium, and
rhodium.’

The reaction of a suspension of [Pt(n*-C,H,)Cl(tmen)](ClO,),
in water at room temperature, with twice the stoichiometric
amount of sodium cyanate afforded a white precipitate in 40%
yield based on platinum, and neutralization of the resulting basic
solution produced a further 30% yield of product. This compound
dissolved in dichloromethane and could be isolated as colorless
needles upon cooling.

The elemental analysis [C,oH,;CIN,O;Pt (C, H, Cl, N})] and
'H NMR [(CD,Cl,, Si(CHj;),) § 2.99, 2.81, 2.79, and 2.75 (4
s, 4 X 3 H, CH;N); 5.60 (br, *Jpy = 66 Hz, HN)® and other
unresolved resonances in the range 2.2-3.7 (m, 8 H, CH,)] and
IR spectra [(KBr pellets, cm™) 3540 and 3410 (voy, water of
crystallization), 3270 and 1630 (vny and vo—o, carbamoyl group),’
2210 and 1330 (v, and vy, isocyanate group), 350 (vpcy)] were

in accord with the formula [Pt(CH,CH,NHC=0)CI(NCO)-
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Figure 1. Molecular structure of the complex [Pt(CH,CH,NHC=0)-
CI(NCO)(tmen)].

(tmen)]-H,0.

An X-ray crystallographic analysis of this complex definitively
established its structure (Figure 1) The octahedral coordination
around platinum’® involves a nitrogen atom from an isocyanate
ion, a chloride ion, two nitrogen atoms from a chelating tmen unit,
and two carbon atoms from a novel chelating N-ethylenecarbamoyl
group.

The arrangement of the equatorial ligands strictly resembles
that of the starting [Pt(n?-C,H,)Cl(tmen)]* complex.l® The
pentaatomic platinum-N-ethylenecarbamoyl ring is puckered with
Pt, C(10), C(9), N(4), and C(8) atoms deviating from the mean
plane passing through them by 0.001 (1), 0.18 (3),—0.28 (4), -0.02
(3), and 0.11 (4) A, respectively; the Pt atom and the C(8), N(4),
and O(2) atoms of the carbamoyl group are instead strictly co-
planar. The isocyanate ligand is quite regular but surprisingly
inclined with respect to the Pt—N(1) bond. Carbamoyl groups
have been shown to coordinate as C-bonded monodentate ligands,!!
or as C,0-bonded bidentate ligands in other complexes.!?

A plausible reaction sequence leading to the formation of this
compound is shown in Scheme I. Initially the ethylene of [Pt-
(n*-C,H,)Cl(tmen)]* undergoes nucleophilic attack by a cyanate
ion to form a N-ethyleneisocyanate ligand; this, in turn, adds
electrophilically to the metal, which behaves as a Lewis base in
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a reaction analogous to oxidative addition. This second step is
assisted by a second cyanate ion, which enters the coordination
sphere of platinum, and by a proton, abstracted from the solvent,
which neutralizes the negative charge on nitrogen. Protonation
of a coordinated isocyanate to give a carbamoyl complex has been
reported previously.!?

The cyanate ion is generally thought of as being a nucleophilic
reagent due to the high electron density localized on the terminal
nitrogen atom.!* However, the potential electrophilic character
of the central carbon, which has been recently recognized for the
isoelectronic and isostructural carbon dioxide molecule,'® has not
been established. In principle, this reagent should be able to give
“bifunctional reactions” with complexes containing an electron-rich
transition metal and an acidic center close together in the same
molecule. These conditions appear to be met by [Pt(»?-C,H,)-
Cl(tmen)]* and NCO~ which react to yield the formation of a
metallaazacyclopentane.

The net incorporation of a H(INCO) into a metal-olefin moiety
to form a carbamoyl complex represents a new, and hitherto
unexplored, route to this class of complexes, the importance of
which in synthetic and speculative chemistry is rapidly increasing.!6
In addition we feel that this reaction could have some relevance
to studies on the catalytic activity of platinum metals and the
activation of biphilic, donor—acceptor molecules including carbon
dioxide.!”
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