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much lower in the absence of O, (Figure 1), and '®O,-labeling
experiments confirmed that the oxygen atom in the formed
C4H;CHO was derived predominantly (>60%) from O, for three
of the oxidants employed, Also detected by gas chromatographic
analysis as a product of cis-stilbene treatment with activated
Fe:BLM was trans-stilbene. While formed only to a limited extent
in the presence of O,, trans-stilbene was the major product with
each oxidant under anaerobic conditions (Figure 1).

That benzaldehyde formation was favored under aerobic con-
ditions, while trans-stilbene was formed primarily under anaerobic
conditions, suggested that these two products might be derived
from a single intermediate that partitioned down one of two
pathways depending on the presence or absence of O,. One
candidate for this intermediate is the stilbene cation radical, which
could react with O, to form benzaldehyde via a dioxetane in-
termediate or, in the absence of O,, isomerize to the more stable
trans configuration and undergo reduction to trans-stilbene (Figure
2). It is of interest that photoexcited dyes catalyzed similar
chemistry from cis-stilbene, with the same O, dependence.” In
contrast, BLM-mediated stilbene epoxidation was O, independent
and occurred without loss of stereochemistry, The cis-epoxide
is apparently formed via a completely different reaction pathway,
which may more closely resemble the monooxygenase chemistry
of cytochrome P-450,%%%

Three additional experiments provide support for the scheme
outlined in Figure 2. First, the finding that the ratio of C;H;CHO
to cis-stilbene oxide formed under aerobic conditions was essen-
tially constant over the time course (5-30 s) of the H,O,-supported
reaction was consistent with the formation of both from either
a single “activated BLM” intermediate or from two different
metal-oxygen species which are kinetically indistinguishable on
this time scale. The second finding involved the oxidation of
p-nitro-cis-stilbene under aerobic conditions by Fe'.BLM + H,0,.
Consistent with the scheme outlined in Figure 2, the ratio of
(p-nitro)benzaldehyde/ (p-nitro)-cis-stilbene oxide formed was 0.95
for cis-stilbene and 0.27 for p-nitro-cis-stilbene, in parallel with
the redox potentials for the two olefins (+1.54 V for cis-stilbene:
+1.71 V for p-nitro-cis-stilbene).

While the foregoing results are consistent with the scheme in
Figure 2, they do not exclude the possible intermediacy of a
stilbene radical; this could form by initial H* abstraction in analogy
with BLM-mediated DNA oxidation.” Accordingly, the oxidation
of cis-stilbene was carried out in D,O/CD,OD to test this possible
mechanism. When activated in deuterated solvent with any of
the oxidants in Figure 1, Fe".BLM catalyzed the conversion of
cis-stilbene to trans-stilbene with no detectable (<1%) deuterium
incorporation. While this finding does not exclude a radical
intermediate,!® given the reactivity of the stilbene intermediate
toward O,, and the proposals that many cytochrome P-450-cat-
alyzed reactions proceed via initial electron abstraction,® the data
seem most consistent with the model outlined in Figure 2 and
constitute a third line of support.

The nature of the metal-oxo species responsible for the products
documented here is uncertain. The similarity in results with each
of the oxidants employed suggests, however, that the same in-
termediate or intermediates are being formed with each oxidant.
It is clearly of interest to determine whether the electron ab-
straction pathway suggested for cis-stilbene oxidation is applicable
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(10) It is possible that the stilbene radical intermediate might collapse with
H* abstraction from Fe.BLM. However, the observation that the stilbene
intermediate reacts with O, in solution, and not with the oxygen of the ac-
tivated Fe-BLM, suggests that it diffuses away from the BLM “active site”
before reacting with O,.

to the Fe-BLM-mediated oxidation of alkenes in vivo,!!
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An intense do — do* absorption system is the electronic
spectroscopic signature of a d’-d’ binuclear complex containing
a metal-metal single bond.>? Previous theoretical and experi-
mental work has indicated?S that the highest occupied ¢ orbital
may acquire appreciable axial-ligand character, and, at least in
the [Pt,(P,OsH,),X,]" (X = axial ligand) series *° the absorption
band positions depend so strongly on X that it has not been possible
to assign a do — do* energy to the Pt—Pt bond itself. We have
addressed this problem in the latter series by utilizing CH,;CN
as the axial ligand, because its very stable ¢(N) donor orbital
should not significantly contaminate the highest occupied do Pt-Pt
level. Thus the structure and the electronic spectrum of [Pt,-
(P,OsH,),(CH;CN),]? should serve as benchmarks in attempts
to elucidate axial ¢ interactions in binuclear platinum(III) com-
plexes.

Dropwise addition of H,0, (30%, 2 mL) to an acetonitrile
solution of [BuyN],[Pt,(P,OsH,),] (0.3 g in 50 mL) containing
excess PhSSPh (1 g) yielded a bright yellow solution. Upon
addition of diethyl ether, a yellow solid precipitated (> 70% yield).
Recrystallization of the crude yellow solid by slow diffusion of
diethyl ether into acetonitrile solution gave orange prismatic
[Bu,N1,[Pt,(P,OsH,),(CH,CN),] crystals together with some
starting material.
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Figure 1. Perspective view of [Pty(P,0sH;)(CH;CN),]*". For clarity,
only two bridging pyrophosphites are shown. The primed atoms are
related to the unprimed ones by the inversion center at the origin. The
thermal ellipsoids are drawn at the 35% probability level.

The structure and atom labeling scheme of the binuclear
platinum(III) anion are illustrated in Figure 1.7 The complex
consists of two face-to-face square-planar PtP, units linked by
four pyrophosphite groups,* with two axial CH;CN ligands trans
to the Pt-Pt bond. The observed Pt—Pt distance of 2.676 (1) A
is shorter than that in any of the structurally characterized
[Pt,(P,0H;),X,]* complexes.* Comparison of the structures
of [Pty(P,05H;)(CH;CN),]* and [Pty(P,05H,),(CH;)(1)]*
(d(Pt-Pt) = 2.782 (1) A)* reveals that the Pt—Pt bond can be
varied over 0.1 A by axial ligation. The mean Pt-P distance of
2.369 A and P-O-P angle of 125° are similar to those found for
[Pty(P,OsH;),Cly ]+ * and [Pt,(P,05H,),(SCN),]*.% The Pt-N
distance of 2.093 (10) A is shorter than that found in [Pt,-
(P,05H,)4(NO,),J* (2147 A)*¢ and [Pty(P,04H,),(Im),]*+ (2.13
A).# Interestingly, the coordinated CH;CN of [Pt,(P,OsH,)4-
(CH,CN),]* is not substitutionally labile, as the conversion of
[Pt;(P;O4H,)4(CH;CN),]* to [Pty(P;0H,),Cl,]* in 0.1 M HCI
takes more than 1 h.

The UV-vis spectrum of [Pt,(P,O0sH,),(CH;CN),]* in ace-
tonitrile (or water) solution exhibits an intense band centered at
211 nm (e 46 500) (Figure 2). Owing to the high ionization energy
of the lone-pair ¢(N) orbital of CH;CN, the highest-occupied o
level of the d’-d” complex should be the bonding combination of
5d.? Pt orbitals. Thus [Pt,(P,OsH,),(CH;CN),]* contains a
relatively localized Pt—Pt(de?) single bond, and the 211-nm band
is attributable to the fully allowed do¢ — de¢* transition.! The
relatively high energy of a (Pt—Pt)-localized do — do* excitation
clearly shows that the lowest o — de* systems in [Pt,-
(P,0sH,),X,]* species possess substantial X — Pt charge-transfer
character and accordingly should be designated as o(X) — do*
transitions. The observed dependence of the transition wavelength
on X(CI (282) < Br (305) < SCN (337) ~ I (338 nm))*
strengthens this interpretation. The intense band at ~215 nm

(7) Crystal data for [BuyN];[Pt;(P;OsH;)4(CH,CN).]: space group,
P2,/n,a=11.296(8) A, b=21.199 (5) A, c = 12.580 (5) .& 8 =9246(4)°,
z=2,f(000) = 1532, d,eq = 1.695 g em™, d, s = 1.691 gem™. A 0.24
X 0.20 X 0.16-mm crystal was used for data collection. Intensities (h, k, £/;
5288 unique data) were measured at 22 °C on a Nicolet R3m diffractometer
using the w—26 variable-scan 2.02-8.37 deg min™') technique in the bisecting
mode up to 26,,,, = 50°. Azimuthal scans of selected strong reflections over
a range of 28 values were used to define a pseudoellipsoid for the application
of absorption corrections (ur = 0.50, transmission factors 0.242-0.288). The
structure solution was accomplished by means of Patterson and Fourier
methods. The binuclear platinum(11I) anion occupies a centrosymmetric site
in the crystal lattice. All non-hydrogen atoms in the asymmetric unit were
varied anisotropically. For the organic cation, the hydrogen atoms were
generated geometrically (C-H fixed at 0.96 A) and included in structure
factor calculations with assigned isotropic thermal parameters; the methyl
hydrogen atoms were allowed to ride on their respective parent carbon atoms,
and the methyl groups were treated as rigid groups. Blocked cascade least-
squares refinement converged to Ry = 0.055, R; = 0.063, and S = 1.177,
where R = 3 ||Fy| - |F|l/ZIF). Rg = [Ew(lF,| - LFcl)z.-’ZWJFnlz]”z (w=
[*(F,) + 0.0012|F,P]™"), and S = [Ew|Fo| - F)*(n - p)]'/? (n = 3713,
number of observed data with |F | > 3o(|F,|), and p = 328, number of var-
iables).

(8) The weaker absorption bands at 380, 276, and 232 nm (sh) (Figure
2) are similar both in positions and intensities to features observed in the
spectra of other axially ligated d’-d” platinum* and rhodium?® species. The
lowest two bands in the spectrum of [Pty(P,0sH,),(CH,CN),]* are attrib-
utable to d= — do* transitions.?
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Figure 2. UV-vis absorption spectrum of [Pt;(P,0sH;),(CH,;CN),]* in

CH;CN at room temperature.

(X = Cl, Br, ) is logically the d¢ — do* transition in these
complexes.
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Chemical amplification takes place when a limited chemical
stimulus triggers an enhanced chemical response, as has been
reviewed.! Here we present a new concept for such amplification,
shown in Figure 1. The key feature is that the inactive S-peptide
and S-protein fragments of ribonuclease A2 (RNase) are immo-
bilized on separate chromatographic gels via a polycytidylic acid
(poly C) substrate leash. The addition of free RNase initiates
cleavage of this leash. When released S-peptide recombines with
the immobilized S-protein, active RNase S forms. The RNase
S in turn releases additional enzyme, giving a cascade of enzymatic
activity.

" Present address: Ciba-Geigy, Basel, Switzerland.
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