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The essentially isotropic hyperfine interaction with Al must
also result from the direct overlap of its valence orbitals (3s and
3p) with the nonbonding semifilled orbital of the & carbon. The
sign of the Al coupling tensor elements must, therefore, be
positive.* The z axis along which the smallest Al coupling
constant is observed must hence be perpendicular to the mo-
lecular plane of the complex. The smallest coupling constant
to the « proton is observed also along the z axis. It follows that
the elements of the  proton coupling tensor are positive and
that the C=C,—H,, section of the complex is bent. Both EHT
and INDO molecular orbital calculations showed that the
complex would have the energy minimum in the transconfi-
guration (as shown above) at 8 = 30°.

We have also generated and observed the ESR spectra of
Ga-acetylene complexes. More detailed analyses of the spectra
presented here and those of other acetylene complexes will be
reported shortly.
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Superoxotetraphenylporphinatozinc(1—)
Sir:

Synthesis of dioxygen complexes of metalloporphyrins has
been the goal of several laboratories in recent years. Interest
in these complexes is motivated by the desire to understand the
coordination chemistry of dioxygen in complexes which re-
semble hemoproteins and enzymes. Recent successes have
included syntheses of Ti(OEP)(O;),! believed to contain
Ti(1V) and 0,27;2 Cr(TPP)(py)(0;), believed to contain
Cr(111) and O,~;3 Mn(TPP)(05), believed to contain Mn(IV)
and O,27;* Fe(TpivPP)(base)(0,), believed to contain Fe(I1I)
and O,7;% and Co(TPP)(base)(O,), believed to contain
Co(111) and O,~.% Except for the Ti complex, which is pre-
pared by reaction of benzoyl peroxide with Ti(OEP)(0O),? the
other metalloporphyrin dioxygen complexes are prepared by
oxidative addition of dioxygen to a lower oxidation state of the
metalloporphyrin, resulting in superoxo or peroxo complexes
as products.” Preparation of superoxo or peroxo complexes of
nonredox metals such as Zn2+ is not feasible by such a method.
Instead it is necessary to use the superoxide or peroxide anions
themselves as starting materials. Such a preparative route has
the advantage that it allows one to assess the properties of the
ligand from the point of view of a simple complexation reaction.
In this communication we report the first preparation of a
superoxo complex in which superoxide is used as a starting
material.

Zn(TPP) binds one (and only one) axial ligand,®-!3 which
may be either neutral or anionic. The bonding is believed to be
primarily electrostatic in character as might be expected for
a d'% metal ion.!0 It is therefore perhaps not surprising that
Zn(TPP) reacts with superoxide to form a superoxo complex.
Solutions of Zn(TPP) in benzene or toluene are red-pink.
Addition of KO; solubilized by means of dicyclohexyl-18-
crown-6'4 causes the solutions to become blue-green and the
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Figure 1. Visible spectra resulting from successive additions of O, to
ZnTPP (Amax 558 nm). Starting concentration of ZnTPPis4 X 1073 M.

Final concentration of O~ is 1 X 1073 M. Volume is held essentially
constant. Solvent is Me,SO.
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spectral changes can be monitored by means of visible spec-
troscopy.!® The resulting spectrum is very similar to that ob-
tained by reacting Zn(TPP) with [CH3(CH;);]4NOH,
KOC(CH3)3, or NaOCgHs.!3 Superoxide, as well as these
other ions, can be displaced by addition of an excess of pyri-
dine.!6 Addition of methanol, which is known to react with
superoxide (2CH3;0H + 20, = 0, + H,O, + 2CH3O_),17
results in the visible spectrum obtained for Zn(TPP) in
methanol-toluene mixtures (Scheme 1). These observations
indicate that the porphyrin is not irreversibly modified by su-
peroxide.

The reaction of O,~ with Zn(TPP) can also be observed in
Me,SO (Figure 1). Hydroxide also complexes with Zn(TPP)
in Me,SO, but other anions such as alkoxide, chloride, or
bromide which bind in toluene do not bind in Me,SO. Me,SO
forms a relatively stable complex with Zn(TPP) (we measure
Kequitip = 545 for Zn(TPP) + Me,SO = Zn(TPP)(Me,SO)
in benzene at 25 °C). Thus superoxide must have a high af-
finity for Zn(TPP), since it can successfully compete with
Me,SO even when Me,SO is solvent! Unfortunately we have
not been able to obtain reliable equilibrium constants because
of the moisture sensitivity of O~ or [Zn(TPP)(0,)]~ and
because the decomposition product (possibly [Zn(TPP)OH] ™)
has a visible spectrum similar to that of the superoxo com-
plex.

Visible spectral results were confirmed by EPR studies at
77 K. Superoxide has a characteristically anisotropic EPR
spectrum!4!8 (Figure 2a, gy = 2.11, g | = 2.00). Addition of
Zn(TPP) to Me,SO solutions of superoxide results in a shift
of the gy peak to 2.07 (Figure 2b). In benzene-Me2SO mix-
tures (4:1 by volume), where Kcqujip for binding of O, is
higher, the spectrum of [Zn(TPP)(O,)]~ can be seen with very
little free superoxide apparent (Figure 2c). Addition of pyri-
dine to Me;SO or benzene-Me,SO solutions of [Zn(TPP)-
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Figure 2. EPR spectra at 77 K of (a) O~ in Me,SO: (b) O, plus ZnTPP
in Me;SO; (¢) O, plus ZnTPP in benzene-Me,SO (4:1).

{O7)] ~ causes disappearance of the g = 2.07 peak as would be
expected for displacement of coordinated O, (see Scheme 1).
The shift of gy to smaller values is expected when O, is
coordinated to a metal ion.!® For example, O,~ adsorbed on
MgO has gy = 2.077.19 EPR spectra of [¢7Zn(TPP)(0,)]~20
show a small but definite broadening (2-3 G) of the gy peak.
This is consistent with a highly ionic complex, i.e., little delo-
calization of the electron from O, to Zn?+.

Solid samples have been isolated from THF-hexane, which
have elemental analyses consistent with the formulation
K(dicyclohexyl-18-crown-6) ZnTPPQ,.2! These blue powders
are paramagnetic as evidenced by the fact that they have EPR
spectra (g = 2.00) at 77 K which disappear reversibly upon
warming to room temperature. Visible spectra of the dissolved
solid show partial dissociation to Zn(TPP) as would be ex-
pected, since superoxide complex is formed in an equilibrium
reaction. The instability of this material has hindered attempts
to obtain quantitative magnetic data and IR spectra. Efforts
are underway at this time to characterize these solids and to
grow crystals that will be suitable for x-ray structural stud-
ies.
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Tetrathiotetracenenickel
Bis(ethylene-1,2-dithiolene). A New One-Dimensional
Organic Conductor

Sir:

In the last few years the study of quasi-one-dimensional
(1-D) conductors has become an important area of activity in
current solid state physics research.! Presently, much of this
interest is focused on organic w-donor-acceptor (D-A) systems
with chain-like structures.? Despite the strong interest in such
“1-D organic conductors”, both the range and the absolute
number of experimental systems currently available for de-
tailed study are quite limited.

We now report the preparation and structural character-
ization of a new w-D-A compound which provides a unique
opportunity to study i-D electronic interactions in the presence
of an internal magnetic-subsystem. This compound has the
empirical formula, TTT; ;NiS;C4H,4, where TTT is tetra-
thiotetracene? and NiS4C4H, is nickel bis(ethylene-1,2-di-
thiolene).? It is the newest member of a class of #-D-A com-
pounds derived from the interaction of bisdithiolene metal
complexes with organic donor molecules’ and the first of this
class to exhibit a uniform, segregated stacking arrangement,
characteristic of a 1-D organic metal.

It is obtained as small black crystals by slow cooling of a
mixture of the two components in hot chlorobenzene solution.
Crystals measuring ca. 0.02 X 0.1 X 1.0 (mm) were used for
four-probe dc conductivity measurements, EPR, and structural
studies. Also, magnetic susceptibility measurements were made
on an unoriented collection of these crystals using the Faraday
method. The magnetic measurements show Curie~Weiss
paramagnetism with an antiferromagnetic Weiss constant of
~5 K, indicative of essentially localized unpaired electrons.
The magnitude of the Curie constant is that expected for one
g = 2,8 = Y% electron per TTT, ;NiS4C4H, formula unit. EPR
measurements show only one line (~50 G at ~4 K) whose
g-tensor is consistent with exchange-coupled NiS4CsH4™
units*3P in the two orientations suggested by the crystal
structure solution.

The crystal structure involves separate orthorhombic sub-
cells for the two molecules with arrt = 2anis,c,H, 2nd bt
= 2bnis,c4H,, but with ¢ dimensions, corresponding to the
needle axis of the crystal, in the ratio enjs,c u./cTTT = 2.40.
The consequence is that for a given volume there are 1.2 mol-
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