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The binding/release kinetics (and thermodynamics) associatedChart 1

with nitric oxide are highly relevant to number of biological
systems. Although many studies have dealt with transition-metal
complexes, the question of the reversible, specific, and efficient
binding of NO by different types of organic compounds generally
remains open. We wish to show how suitable entry into this problem
is revealed by the study of charge-transfer complexes of the
nitrosonium acceptor (NQ with various aromatic donorg\(H )3
since the intermolecular [1:1] complexe&rH ,NO]J* are charac-
terized by complete electron delocalization arising from strong
donor/acceptor interactiorisThus, they are spontaneously formed
(barrierless) via either the binding of nitrosonium with aromatic
donors or the equivalent binding of nitric oxide with their cation
radicals owing to the coupled equilibria in eq 1,

K K
ArH + NO™==[ArH ,NO]" == ArH ™" + NO" (1)

where the overall equilibrium constantdst = K;K, and the Nernst
relationship defines the free-energy changeGer = F (E°ox —
E’red.®

We now find that the corresponding [2:1] complexes are formed

at high arene concentrations. Successful isolation and single-crystal g3

X-ray crystallography establish the novel sandwich structure
which is graphically depicted in Chart 1 together with the “open-
face” sandwich structurk of the [1:1] complex:

The unusual cofacial arrangementlinis quite reminiscent of
bis-arene complexes of the transition metals; and interring con-
nections of the arene ligands aslih optimize the chelate effect
for effective binding of nitric oxidé.Indeed, the addition of diarene
ligands @Ar, in Chart 2) to even dilute solutions of the nitrosonium
acceptor in dichloromethane immediately results in intense purple
colorations with spectral bands near 340 nm and in the-480-
nm region similar to those of monoarene complek@se linear
dependence of the band intensities on nitrosonium concentration
indicates that the set of coupled equilibria in eq 2 is greatly shifted
to the intermolecular complebtl .

K K
Ar,+NO"=[Ar,NO]' == Ar,” +NO' (2
The extinction coefficients of the UVvis bands evaluated from
the absorption intensities, and the equilibrium constanteter-
mined by the competition methddtogether withK, for the
dissociative equilibrium angr for the overall equilibrium, in eq
2 are listed in Table 1. It is important to note that béth and
K,~1 for di-arenes are generally 10arger than those for the
correspondingly substituted monoaref@es.

The linear plot in Figure 1 shows the direct relationship of the
free energy for complex formation with the oxidation potential of
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Table 1. UV—Vis Spectral Data and Equilibrium Constants?

diarene E%, A (e K1 (M~)e Ko (M) Ker

MEA 1.46 334(7.8) 510(1.5) 1810° 1.7x10° 2.1

ST1 1.35 345(4.6) 590(5.3) 1.810° 13x10°5 170
145 350(6.6) 535(4.5) 5010 6.5x10°6 3.3
1.55 360 (5.0) 460 (5.1)

ST4 1.47 345(4.0) 575(5.8) 5.L010° 3.0x 108 15

CAL 1.45 538(8.5) 2.06<1C® 1.6x 108 3.2

a|n dichloromethane at 22C.PWavelengthl in nm, extinction
coefficiente & 0.2 in 16 M~ cm™L, ¢ +30%.

1.5
E°,, (ArH or Ar,), V vs SCE

2 2.5 3

Figure 1. Dependence of free energy of complex formation on the oxidation
potential of various aromatic donors.

various arene donors. Most importantly, consideration of the three-
state equilibria in egs 1/2 indicates that those systems with weak
arene donorsH%y > 1.5 V) favor the diamagnetic reagentsrd

and NO"). By contrast, the relatively electron-rich donoEs <

1.5 V) favor the equlibrium shift to the paramagnetic spediesl ("

and NO), and the CT complex is only observed at low temperatures.
Complex formation is optimized at the isergonic point, and this is
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Figure 2. Molecular structure of the diarene complé&XT,NO]J* with all
hydrogens omitted for clarity.

Wavelength, nm

) ] o Figure 3. Spectral changes upon the addition of nitric oxide te@/@idant
theoretically confirmed by the LCAO-MO description of the CT  systems. [Dashed lines are before and solid lines are after NO addition.]

complex showing maximum electronic (donor/acceptor) coupling
when E%y(arene)~ E%{(NO") = 1.5 V vs SCE! Thus, the best is completely reversible simply by NO entrainment with a mild air
choice for nitrosonium/nitric oxide complexation based solely on stream or upon evacuation. We are presently also investigating a
electronicfactors lies with aromatic donors havitgox ~ 1.5 V, (tunable) electrochemical sensor based on the same basic principle.
and this requirement is satisfied by the diarenes (Table 1). Since
Figure 1 shows that the free-energy gain upon complex formation ~ Acknowledgment. We thank S. V. Lindeman for crystallo-
is much higher with diarenes than those with monoarenes of graphic assistance, R. Rathore for providing some of the diarene
comparableE®., value, it is clear thastructural factors must also donors, and the R. A. Welch Foundation and National Science
be evaluated. Foundation for financial support

X-ray structural analysis reveals that a single molecule of nitric
oxide penetrates deeply within the rather narrow cleft formed by ~ Supporting Information Available: Experimental details together
two cofacial aromatic moietiesAs a result, the diarene complexes ~ With the X-ray crystallographic data and ORTEP diagrams for the [2:1]
must be structurally akin to the [2:1] complexesHowever, Figure ~ complexes: [(toluengNO]"SbCt™ and [-xylene},NO]"SbCk~ and
1 shows that the free-energy gain in [2:1] complexes is substantially the diarene complexesST4NO*]SbCk™ and MEA,NO*]SbCl™
less than that from the corresponding diarene complexes, and this(PDF). This material is available free of charge via the Internet at http:/
supports the importance of the chelate effeas manifested both ~ Pubs.acs.org.
in the enthalpy gain from multibond formation as well as an entropy
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contents graphic) diagnostic of the diarene complexes (Figure 3).
The same color change is observed in the solid state with a mull
prepared as an intimate mixture GAL and PbQ. Exposure of

such a coated (pale gray) alumina plate to nitric oxide produces
the dramatic color change (see right table of contents graphic) which
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