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The role of the conformational changes of cytochrome ¢ that
occur during electron transfer with its in vivo reaction partners
has attracted attention for many years.!"!# These studies have
largely used stopped-flow methods coupled with various spec-
troscopic probes. We report here results from double potential
step electrochemical experiments that used circular dichroism
(CD) and magnetically induced (or enhanced) circular dichroism
(MCD) spectroscopy to monitor rates of conformational change
attendant to both reductive and oxidative electron-transfer re-
actions. Large overpotential double potential steps were used to
reduce and oxidize solution-resident cytochrome ¢ at a diffu-
sion-controlled rate.!> Under these conditions the rates of het-
erogeneous electron-transfer reactions are known and controlled.
During double potential step experiments the CD or MCD change
of cytochrome ¢ was recorded versus time, monitoring the Soret
band at 417 nm using indium oxide transparent electrodes in a
transmission optical arrangement.!* The CD and MCD signals
of cytochrome ¢ in the Soret region are sensitive to structural
differences between the oxidized and reduced forms.!¢ The results
presented here embody the rates of conformational change that
are induced by direct electron transfer reactions.

Figure l1a shows the CD change as function of time when 0.5-s
potential steps, from +0.60 to —0.25 V vs NHE and then back
to +0.60 V, were applied to the working electrode. The sample
in the electrochemical cell is ferricytochrome ¢ (the formal po-
tential of cytochrome c is approximately +0.26 V vs NHE!?). The
reactions occurring during the forward (+0.60 to —0.25 V) and
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Figure 1. Double potential step chronoelliptometry (DPS/CD) experi-
ments of cytochrome ¢. Results shown were signal averaged 1000 times,
wavelength 417 nm: (a) ferricytochrome ¢ 275 uM in pH 7 Tris/caco-
dylic acid buffer (u = 0.2); (b) ferrocytochrome ¢ 310 uM in pH 7
Tris/cacodylic acid buffer (u = 0.2).

reverse (—0.25 to +0.60 V) steps can be modelled by the simple
reaction sequences | and 2.

k k

Cyt(III) + e — Cyt(IT)* — Cyt(Il) (1)
k k

Cyt(Il) - e — Cyt(II1)* — Cyt(II) 2

The model assumes that both electron-transfer reactions occur
at a diffusion-controlled rate to produce intermediates Cyt(II)*
and Cyt(III)*, which then relax to the equilibrium conformation
of the reduced (eq 1) or oxidized (eq 2) cytochrome c.

A simulated CD response for conformational changes that occur
at a diffusion-controlled rate (i.c., at the same rate as electron
transfer) is shown by a smooth solid line in Figure la. During
the forward potential step (reduction) the simulated CD response
is not distinguishable from the experimental data, while during
the back potential step (oxidation) the experimental CD response
differs from the simulated CD response. The conformational
change being monitored by the CD during the back potential step
(oxidation) occurs after, and more slowly than, oxidative electron
transfer. The model described above was used to fit simulated
CD responses to experimental data (the solid line with dots in
Figure la was simulated) with k; = 50 s™ (simulated CD responses
for values of k, greater than 50 s™! are the same) and k, = 10
s~ producing the best fit. Concerns that this effect might be due
to an experimental artifact led to doing the same experiment on
solutions of ferrocytochrome ¢ (Figure 1b). The conformational
change monitored by CD on oxidation, now occurring during the
forward potential step, is again shown to occur at a rate slower
than the rate of electron transfer (identical simulation parameters
were used to fit data of Figure 1b; k;, = 50 s and k, = 10s71),
Voltammetry data, not shown here, also establish that these
samples contain only native, monomeric cytochrome ¢, under these
experimental conditions.

The conformation of native ferrocytochrome ¢ is more stable
than that of ferricytochrome ¢.!®* This is consistent with this
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Figure 2. Double potential step MCD (DPS/MCD) experiments of
cytochrome ¢. Results shown were signal averaged 100 times, wavelength
417 nm: (a) ferricytochrome ¢ 355 uM in pH 7 Tris/cacodylic acid
buffer (u = 0.2); (b) ferrocytochrome ¢ 250 M in pH 7 Tris/cacodylic
acid buffer (u = 0.2). Magnetic field: 15 kg.

finding that k, is less than k,, i.e., the rate of conformational
change following reduction is faster than the rate following ox-
idation.

MCD experiments were conducted as were the CD experiments
described above. Figure 2a shows the experimental and simulated
results with the bulk solution species being ferricytochrome c.
Figure 2b shows the analogous results for a sample of ferro-
cytochrome ¢. Again, when simulated responses (smooth solid
line with dots) were compared with experimental data, best fits
were found for the values k) = 50 s and k, = 20 s™1. The rate
constant for the Cyt(IIT)* — Cyt(III) conformational change is
found to be larger when monitored by MCD (k, = 20 s7!) versus
CD (k;, = 10 s7!). This is not surprising. The CD of the Soret
band reflects the changes in the chiral environment of the heme
moiety while the MCD is more sensitive to changes occurring in
the coordination sphere of the metal ion.'* Both CD and MCD
are sensitive to the conformational changes of cytochrome ¢ upon
reduction and oxidation. However, MCD is more sensitive than
CD to localized structural changes such as those that would be
associated with changes in the iron—sulfur bond occurring upon
electron transfer. Other conformational changes may then be
propagated through the protein from the immediate environment
about the heme following electron transfer. The differences in
the rates of conformational change as observed here by CD and
MCD are consistent with this view.

In conclusion, the experiments described here provide a means
of studying the kinetics of conformational change of heme proteins
during both reductive and oxidative electron-transfer reactions.
Detailed studies of binding effects and pH effects on the con-
formational changes of cytochrome ¢ during electron-transfer
reactions are being pursued.
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Zerovalent homoleptic trimethylphosphine complexes, M-
(PMe;),, have been isolated for several of the transition metals,
including Mo, Fe, Os, Co, Ni, Pd, and Pt.! Interest in these
complexes arises from the strong o-donor coupled with weak
w-acceptor properties of the trimethylphosphine ligand, a com-
bination that generates metal centers in which the valence electrons
are of high energy. Such metal complexes are often termed
“electron rich” and show great promise for activating normally
unreactive substances by oxidative addition, e.g. alkane C-H
bonds.!»2 A consequence of the high reactivity of the metal
centers in M(PMe;), complexes is the facile formation of cyclo-
metalated divalent derivatives accompanied by elimination of PMe;
(eq 1).}* For example, Mo(PMe;); has been shown to be in

/P'{“’
M(PMes)s === (MesP), oM—CH; + PMes (1)
H

equilibrium with low concentrations of the complex Mo-
(PMe;,)(n>-CH,PMe,)H and PMe; (eq 2).'2® However, the

/Pkﬁez
Mo(PMej)s -—= (M93P)4M0\—-CH2 + PMe; )]
H

analogous tungsten complex, W(PMe,)q, has so far remained
elusive. Attempts to prepare W(PMe,), by both the co-conden-
sation of tungsten atoms with PMe; and the reduction of WCl,
with alkali metal reducing agents with PMe;, as a reactive solvent
resulted in the isolation of the cyclometalated product W-
(PMe,),(72-CH,PMe,)H in each case.’< Here we report that
W(PMe,)¢ can indeed be isolated, and we describe the synthesis,
structure, and kinetics and thermodynamics of its conversion to
W(PMe,),(n*-CH,PMe,)H.

W(PMe,)q is isolated as a yellow crystalline solid in good yield
(>50%) by the reduction of WCl, with Na(K) alloy with PMe,
as a reactive solvent (eq 3),* using a similar procedure to that
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