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The binuclear pigments {{M(OEP)](u-C,) [M(OEP)]} (I) were
first prepared by Arnold et al.,! who recently announced an
improved synthesis of the original Ni, complex and its conversion
tothe free base, M; = H,4.2 Porphyrin dimers of various structures
are under close study through their relevance to the mechanism
of photosynthesis,? their potential applications in “molecular
electronics”,* and the intrinsic interest of such proximally paired
chromophores.® To achieve bridge-mediated communication
between porphyrin centers, Crossley*®and othersé have designed
coplanar dimers linked by fused aromatic rings. Alternatively,
one or more disubstituted aromatic rings may be used as rigid
spacers, but conjugation in such systems is obstructed by mutual
crowding between atoms of the bridge and those around the
porphyrin periphery.3%’ In contrast, the butadiyne bridge is
strictly linear yetsterically nondemanding and rotationally flexible
with respect to conjugation between the porphyrin =-systems.
Structure I therefore embodies a quite distinct and complementary
principle for porphyrin oligomerization. Furthermore, substituted
diacetylenes are important in their own right because of their
solid-state polymerization, electrical conductivity, and nonlinear
optical properties,? and the present derivatives I are exceptional
in bearing redox-active porphyrin termini.

To probe the degree of interporphyrin communication in I, we
have incorporated a range of metal icns of varying electroneg-
ativity: M, = (Niy), Pdy, Pt,, Co,, Cuy, Zny, Ni/Zn, and Ni/Co
(Table I)*10 and determined their stepwise electrode potentials
(a classical index of interaction in binuclear systems!!). We have
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I: Rasshown; II': R=-C;H;and M = Ni

also characterized the electrogenerated reduced species I*- and
I~ by their absorption spectral? (300-3200 nm).

In dichloromethane, the dimers show two closely-spaced
reversible reductions whose resolution improves upon cooling,
typified by the voltammetry of I, M, = Ni,, in Figure 1. The
dimer reductions are clearly porphyrin—centred (excepting M =
Co) but ca. 400 mV easier than reduction of the corresponding
monomeric [M(OEP)] complexes, due partly to the electronic
influence of the diyne substituent. Twocorresponding oxidations
are observed at 20 °C, although the electrode response becomes
complex at —40 °C through aggregation of the electrogenerated
cations. The overall HOMO-LUMO gap (estimated by AE =
E, - E.,) is 1.79 eV for the binuclear Ni, complex, i.e., AE has
contracted by only 0.22 V compared to the appropriate model
monomer {{M(OEP)](u-C4)[C¢H:]} (II).!3 Moreover, the sep-
aration of successive reductions in I, typically 60-100 mV,
contrasts with the ca. 300 mV observed in fused coplanar
diporphyrins.*»!4 Finally, the metal-dependent variation in
reduction potentials for M, = Ni, Pd, Pt, etc. (Table I) follows
the pattern for unperturbed [M(OEP)] complexes measured under
comparable conditions.!

The electronic absorption spectra of complex I, M, = Ni,, and
its radical anion I*- and dianion IZ- are shown in the Figure. The
reduced states were selectively characterized in situ using a
cryostatic optically transparent thin-layer electrogenerative
(OTTLE!?Y) cell. Verysimilar spectral progressions are seen for
the Ni,, Cuy, Pd,, Pt;, and Ni/Zn complexes. The reduction
products are indefinitely stable under these conditions, and I is
recovered completely when the potential is adjusted to -0.6 V.
The spectra of I*- contain a strong band near 11 000 cm-! (e ca.
6 X 10*M-1cm-!). Familiar porphyrin radical anions also absorb
in this general region though less intensely,!® and so does
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Table I. Selected Electrochemical and Spectroscopic Data (E° in V, vpgy in cm™!)8

compound E® (ox;) E°(red;) E°(red;) AE(ox; —red)) Ymax/neutral? vmax/radical anion Vmax/dianjon
ILM;=H, +0.92 -0.89 -0.96 1.81 21 050 10 740, 4140 9430
Ni, +0.86 -0.93 -1.03 1.79 20 750, 16 240 11 460, 4600 10080
Pd, +0.90 -0.98 -1.04 1.88 21210,17 010 11 800, 4500 9660
Pt +0.92 -1.00 -1.07 1.92 21650, 17 290 12 210, 4500 9740
Cu, +0.81 -1.04 -1.07 1.85 20 840, 16 490 11 630, 4500 9820
Zn, +0.67 -1.3¢ -1.3¢ ca. 195 20 620, 16 3204 ca. 12 000 br 9470
Ni/Zn +0.68 -1.06 -1.33 1.74 20 710, 16 2904 11 600, 6100 9770
Co/Ni +0.96%¢ -0.75¢ -1.13 1.71¢ 20 860, 16 300 10 050/
Co, ca. 0.95¢¢ —0.74¢¢ —0.74¢ 1.65¢ 21 060, 16 490
IILM = Ni +0.97¢ -1.042 -1.54 2.012 22 880, 16 530 11 100

2 Conditions: spectra of neutral species, 293 % 2 K; spectroelectrochemistry and voltammetry, CH,Cl,, 0.5 M BusNPFg, 233 £ 2 K, Pt working
electrode, E° vs Ag/AgCl, Fc/Fc* couple at +0.55 V.  For L, this refers to first component of Soret band and, where metalated, to 0(0,0). ¢ Unresolved.
4 Low-frequency shoulder also present. ¢ Oxidation may be Coll/Colll, reduction is Coll/Col, / Refers to Col,Nil! radical, I*?~, # For NiOEP under

comparable conditions: E;, + 0.92, E} -1.32; AE 2.24 V.
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Flgure 1. Optical spectra of I, Mz = Niy, and its electrogenerated anions in CH,Cl; at —40 °C. I (—); I'*- (- - -) at —0.98 V; “ivct”, see text; * =
<10% of 12~ I~ (- - -) at =1.15 V. The inset shows the voltammetry of I, My = Nis, in CH,Cl; (vs Ag/AgCl): acV = alternating current mode (205

Hz), scan rate 20 mV s~!; CV = cyclic dc mode, scan rate 100 mV s-!,

monomeric II*- (¢ ca. 1.5 X 10* M1 cm!)., A further striking
feature of most of the I*- spectra is the near-IR absorption band
at ca. 4500 cm™! (e ca. 5 X 10* M-t cm™!), which we assign to
electronic promotion within the w-system of the intermediate-
valence diporphyrin. A similar band is seen for the H, I*- species.
The designated “ivct” band is absent for I~ and for monomeric
II*-. It moves to higher energy as required in the Ni/Zn
heterometalated radical anion.!” Apart from the cobalt-con-
taining derivatives which undergo reduction at the metal rather
than the macrocycle, only {{Zn(OEP)}(¢-C,) [Zn(OEP)]}*-, which
has the most negative E°®(red,), is optically distinctive (Table I).
Even so, {{Zn(OEP)](¢-C4)[Zn(OEP)]}?- returns to the general
pattern. For I*", the most prominent feature is an exceptionally

(17) Comparing Ni; with Ni/Zn, the gap between red; and red, increases
by 0.17 V (Table I) and the ivct band is blue-shifted by 1500 cm™! (0.175
¢V) and broadened (4vy;; 1000 — 2600 cm-!). A similar band is predicted
from AE® values for the Col/Nill radical anion to appear at ca. 8000 cm-l,
and indeed the 10 050-cm-! band for this species has a broad tail in such a
region.

intense band (e > 105 for the Ni, complex, and even more intense
for the Pd, and Pt analogues) near 10 000 cm!, which probably
corresponds to the nearby band in monomeric II*- (equivalent in
oxidation state to I-) and likewise to the comparable band in
semireduced I*-,

We conclude that the frontier orbitals of such diacetylene-
bridged diporphyrins show only weak interporphyrin bonding in
the ground state. However, strong cooperative effects are evident
in the optical spectra of the reduced species I*- and I?-, most
notably in the emergence of unprecedented, intense absorption
bands near 1000 nm, within the domain of the Nd/YAG laser.
Studies aimed at establishing the relationship between electronic
coupling and molecular conformationinIand inrelated oligomers
are continuing.
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