Communications to the Editor

2CuCly~ + 2NO + 2H* — N,O + 2CuCl; + H,O (5)

The oxidation of CO by Pd2* (reaction 2) which is first order?
with respect to CO, Pd?*, and CI~, is more rapid than the N,O
forming reactions 4 and 5. The reaction of NO with CuCly™
is relatively slow,* but the rate of this reaction is considerably
enhanced in the presence of Pd2*, A palladium(II)-copper(I)
chloride bridged species may be the reactive entity for reaction
with NO, analogous to the tin(II)-copper(I) species suggested
for the rapid copper(I) catalyzed reduction of NO with tin(IT).4
A UV-visible spectral study of the NO-CO-PdCl,-CuCl,
systems reveals the formation of a new band at 450 nm which
we attribute to such a palladium(IT)-copper(I)-NO species.
This absorption band which is also observed in an aqueous
solution containing PdCl,-CuCl-NO-HCl decays with con-
comittant growth in intensity of absorption due to copper(II)
at 800 nm. Palladium forms nitrosyl complexes such as
Pd(NO),Cl, and insoluble PANOCI, the latter which reacts
with HCI to give N,O, palladium(0) and palladium(II).
Under the present experimental conditions, the reaction of
PdCl, with NO leading to PANOCI and subsequent N,O
formation was found to be unimportant. The reaction of NO
with a mixture of 50.0 mg of palladium(0) in 2 M HCl gave
only a small yield of N,O (5%} after stirring for 72 h. The re-
sults thus far appear to be consistent with a suggestion that the
reactive entities for N,O production are chloride bridged
species containing palladium(IT)-copper(I) and palladi-
um(II)-palladium(0). The reduced rate of N,O formation at
high copper(II) concentration may be due to reduced palla-
dium(0) concentrations (reaction 3) or formation of a cop-
per(II)-NO complex® which, however, is unstable in aqueous
solutions. The decreased rate of NO consumption at high
copper(II) concentrations indicates that metal-NO complex
formation is not an important factor.

Preliminary infrared spectral studies of the aqueous
PdCl,-CuCl,-NO-CO systems have not provided useful re-
sults thus far. It would be appropriate at this stage to propose
that a significant intermediate in the N>O forming reaction
is likely to be a palladium hyponitrite species with a cis-bi-
dentate oxygen-bonded hyponitrite ligand such as reported for
the complex resulting from the reaction of NO with the plat-
inum(0) complex Pt(PPh;)3.7 Further studies are being pur-
sued to elucidate the mechanisms of reactions in the CO-
NO-PdCl,-CuCl, system and to seek even more efficient
systems for the CO-NO reaction.
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Nitroxide. 84.

Copper(I)-Bisnitroxide Complex as Evidence
for Strong Electron-Exchange Six-Spin System
Sir:

ML, type transition metal complexes in which L~ is a
paramagnetic ligand and M"* a metal ion can give information
on electronic interactions.! -8

If Mn+ is diamagnetic, this system is analogous to an or-
ganic polyradical.?19 If M”* is paramagnetic, in a doublet
state for instance, supplementary interactions are expected,
leading to different electron spin resonance (ESR) spectra.
ESR spectra of compounds containing several paramagnetic
centers can be interpreted according to Schlichter’s formal-
ism.%11-14 For a ML, system, the spin hamiltonian can be
represented by the six-spin diagram shown in Chart I, where
awm is the hyperfine interaction between the unpaired electron
spin and the metal nuclear spin Iv,'5 an is the hyperfine in-
teraction between the unpaired electron and one nuclear spin
In in the ligand,! gy and gy are the corresponding g factors,
and J and J’ are the exchange interactions.

If dipolar interactions are small enough, the ESR spectrum
in fluid isotropic solution of such a species will depend upon
the relative magnitude of the absolute value of J and J’ with
respect to the absolute value of the hyperfine interactions and
to Ag = |gm — gL | in appropriate units.

Simple spectra are obtained in two limiting cases. In the
weak exchange case, | /| and |J’| are both much smaller than
|am|, |an|,and | AgBH| (8 Bohr magneton, H applied mag-
netic induction); the spectrum is the superposition of the
spectra of the isolated species. In the strong exchange case, (|J|
and |J’| > |am|, |an|, and |AgBH|), one expects a signal
centered at g = (gm + 2g1)/3, composed of (2 v + 1)(4]n
+ 1) peaks, the splitting between lines being reduced to apm/3
and an/3.

A simple example is to be found in complexes of Cu?* (I,
= 3/) with ligands containing nitroxide free radicals (g =~
2.006, In = 1, an == 15 G). Although several examples of this
type are known,!-23-7 with g-value evidence for strong ex-
change,!7 to our knowledge no example has been reported
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Figure 1. ESR spectrum of a 2 X 1073 M solution in heptane: (a) of 2 at
20°C; (b) of 14t 20 °C: (c) of 2 at —60 °C.

of a hyperfine structure corresponding to a strong exchange
case. Such evidence is given in the ESR spectrum of com-
pounds 1and 2!7 (Chart II).

At20°C, a2 X 1073 M solution of 1in heptane (Figure 1b)
shows a four-line spectrum at gy = 2.126, acy = 65 G. At 20
°C, a 2.1073 M solution of 2 in heptane (Figure 1a) shows at
g = 2.047 four peaks assigned to the interaction of the electron
spin with one copper nucleus. The weighted average (gcy +
2g1)/3 = 2.046 is close to the experimental value. Similarly,
the 22-G splitting is close to acy/3 = 21.66 G. At —60 °C
(Figure 1¢), one of the four lines resolves to show four extra
lines separated by 5 G. They may be ascribed to four of the five
lines expected for two equivalent nitrogen atoms separated by
an/3 =5 G. The spectrum (Figure 1a) shows one additional
three-peak signal at higher field (g = 2.0065) with a splitting
of 15 G, the intensity of which increases with time. Such a
signal is typical of an isolated nitroxide and can be attributed
to either a reversible decomplexation or an irreversible de-
composition possibly by electron transfer. The fact that a red
powder deposits in the ESR tube upon standing seems to sup-
port the latter possibility, but does not exclude a reversible
reaction. Such complex may be useful in the study of both
phenomena.

To our knowledge, complex 2 is thus the first example of a
three-electron, three-nucleus system for which the strong ex-
change case has been characterized by both the g-factor value
and the hyperfine structure.?!
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Experimental Observation of the Effect of an
Oriented Positive Monopole on Carbon-13 Chemical
Shifts of a Naphthalene Derivative. Crown Ether
Conformational Changes and Their Effect on

an Attached Naphthalene System

Sir:

The variation of 13C chemical shifts of 2,3-naphtho-20-
crown-6 (1) were noted as increasing mole ratios of alkali

°>~C

metal, calcium, and barium salts were added. The data indicate
that the naphthalene carbon chemical shifts are generally in-
dependent of crown ring conformation changes, independent
of the polarizability of the perturbing cation, generally inde-
pendent of the anion present, but dependent on cation charge,
and correlated roughly with cation-induced charge density
changes as calculated semiempirically. These results relate to
theoretical treatments! of monopole effects on '3C NMR
chemical shifts, to conformational changes required as crown
ethers complex cations, and also to the effects of salts on flu-
orescence, phosphorescence, and radiationless decay of crown
1 as reported recently.?

Experimental determinations of the effects of a noncov-
alently bound monopole on !3C chemical shifts (or any other
property for that matter) are rare.? Figure 1 shows the '3C
chemical shifts of uncomplexed 2,3-naphtho-20-crown-6 (1)
in methanol-d4 and the effect of 1:1 complexation® of Nat, K¥,
Rb*, Cs*, Ca2*, and Ba2* salts on those shifts. Assignments
for the naphthalene carbons are based on ytterbium shift stu-
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