Photochromic Radical Compounds
Based on a Naphthopyran System
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Naphthopyran derivatives with aminoxyl substituents (4a,b) gave the corresponding open-formed isomers (5a,b) by irradiation, which could be
changed back to the starting closed-formed naphthopyrans by the treatment with SiO; as a catalyst. The tuning of intermolecular magnetic
interactions between the isomer couples was found to be possible in these reversible systems.

Aminoxyl radicals have been widely used as spin labeling
reagents as impressively exemplified in recent reports on
their usage for the elucidation of the helical structure of
several oligofn-phenyleme ethynylené)sr as the radical
probe for fluorescence imagiddgimultaneously, their usage
in the field of materials chemistry as the building blocks for

stable radicals, especially aminoxyl radicals, as spin sofrces.
As for the spin systems with photofunctionality, several
organic/organometallic systems have recently been developed
by some research groupso far, we have also proposed
our own spin systems with photofunctionality by using such
photochromic systems as norbornadiene/quadricyclane, spiro-

molecular based-magnetic materials has been well recognizegyran/merocyanine, anthracene/dimer, or styrylpyrylium/

in recent years.

In the course of our studies on the development of novel
organomagnetic materialswe have been interested in
preparing multifunctional spin systems with conductivity,
liquid crystalline properties, or photofunctionality by using
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dimer system§.

In this communication, we wish to report our further
approach to the access of new photochromic spin systems,
naphthopyran derivativesvith aminoxyl radical substituents.
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It was well anticipated that the dimethylamino groups on
the p-position of two phenyl rings would stabilize the

using DCC and DMAP to give the desired estéesor 4h.
A single crystal of the latter radical was obtained by the

resonance hybrids with a betaine structure in the open-formedrecrystallization from dichloromethanethanol solution, and

species (llaandllb).

NMe; MezN NMe,

The ethynyl alcohol derivative obtained by the ethynyl-
ation of Michler's keton® was heated in toluene with
equimolecular amounts of 2,6-dihydroxylnaphthalene in the
presence of a catalytic amount pfTsOH to furnish, after

its structure was confirmed by a preliminary X-ray analysis.
Irradiation of 4a with light of 365 nm wavelength in
carbon tetrachloride gradually gave a reddish precipitate,
which was found to be the desired compousal being
elucidated by the spectroscopic measurements together with
an elemental analysis (Scheme 2). Similarly, the open-formed
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Meyer—Schuster/Claisen-type rearrangement and the suc-

cessive cyclization process, the naphthopyran deriva&ive
with a hydroxyl group (Scheme 1).The naphthopyra
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was then condensed with 3-carboxy-PROXYL (2,2,5,5-
tetramethyl-1-pyrrolidinyloxy) or 4-carboxy-TEMPO (2,2,6,6-
tetramethyl-1-piperidinylinyloxy) in dichloromethane by
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compound5b was obtained by the irradiation @b in the
same solvent. The successful precipitation and isolation of
5aand5b in a nonpolar solvent is thought to be due to the
presence of polar structures in the open-formed species, but
their unstable nature has prevented further recrystallization
in polar solvents such as methanol.

After several unsuccessful attempts, it was found that the
open-formed species (5a,b) could be changed back to the
original naphthopyrangig,b) by the treatment with Sias
a solid-phase catalydin acetonitrile at ambient tempera-
ture. The recovergta and4b could be easily monitored by
the electronic spectral change to the original spectra, and
the yields of these forward and backward reactions are shown
in Scheme 2. Consequently, although the efficiency is not
so high, reversible systems could be constructed in principle
in this case.

To see the magnetic properties of the photochromic
couplesdabaand4b/sh, their magnetic susceptibilities were
measured by a SQUID susceptometer within the temperature
range of 2—300 K, and the data are summarized in Table 1.

Table 1. Magnetic Data of Photochromic Coupléa/5aand
4b/5b

compd magnetic interaction2  CP (emu K mol~1) 6° (K)
4a antiferromagnetic 0.31 (83) -0.65
5a antiferromagnetic 0.10 (27) -0.35
4b ferromagnetic 0.34 (91) 0.05
5 antiferromagnetic 0.08 (21) -0.20

aFitting for Curie—Weiss lawP Curie constant. Values in parentheses
denote the estimated spin concentratioWeiss temperature.
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Although antiferromagnetic interactions have been observedin principle, by choosing the outer stimuli of light and a
for both 4a and5a, an apparent difference is discerned for catalyst.

their Curie constants as well as Weiss temperatures. Although
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but larger difference has been found between the Curie
constants of the couplkéb/5b. Moreover, the signs of the

Weiss constants are different in this case. Thus, the tuning
of their Curie constants together with their Weiss tempera-
tures is apparently possible in these two reversible couples,

Supporting Information Available: Figure of the mo-
lecular structure obtained by X-ray analysis #b, in-
cluding a table summarizing the crystal data, and a figure
of its magnetic data, tables of FAB1RMS, and elemental
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