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was stirred at room temperature and the oxide went into solution within 10 min. After 45 min, the result-
ing orange solution was cooled and triethylamine (40 ml) was added, giving colorless gelatinous precipitates.
The mixture was evaporated under vacuum to leave a gel. The residue was triturated with boiling 99%
aqueous ethanol (200 ml) and the mixture was allowed to stand at room temperature for 2 hr and then in a
refrigerator for 2 hr. The insoluble solid was filtered off, washed with 999, aqueous ethanol, and dried
over conc. H,SO, at room temperature and 18 mm Hg for 15 hr to give an anhydrous sample of IIT, mp
239—240° (decomp.), shown to be pure by means of PPC. Yield, 17.8 g (83%). Recrystallization from
999, aqueous ethanol and drying over P,O; at 110° and 3 mm Hg for 3 hr furnished an analytical sample
as colorless needles, mp 240—241° (decomp.) [lit.¥ mp 176-—178° (decomp.)]; [a]y —51.4° (¢=1.00, /=
0.5, H,0); UV AE24E01 nyy (g): 235 (40700), 264 (7800), 301 (2300); A%S (pH 1)1 258 (12100); A% (pH 7)1
233 (40800), 262 (8000), 296 (2100); Amo (pH 13)'» 232 (22500), 269 (8400), 310 (4100). Anal. Caled. for
CyH,,04N;: C, 48.29; H, 5.30; N, 21.66. Found: C, 48.29; H, 5.44; N, 21.86. Identity of this sample
with the one obtained by the earlier method® was established by mixed melting-point test, PPC, and ultra-
violet and IR spectra.

Replacement of the monohydrate (IV-H,0) by an anhydrous sample in this reaction could not increasc
the yield of III.
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During the course of numerous studies on phenothiazine radicals, it has been indicated
by electron spin resonance (ESR) method that neutral phenothiazinyl radical which is rather
unstable can be produced from phenothiazine by several methods.2~# However, any work
has not been published regarding the electronic absorption spectrum of these radicals. This
may be chiefly because, as seen in general, measuring and assigning the spectrum of such
unstable radical are seriously prevented from coexistence of various radical decay products.
In this note we shall report the electronic absorption spectra of non-substituted and 1-methyl-
substituted phenothiazinyl radicals which are generated in degassed dimethylsulfoxide-acetic
anhydride mixture. By referring to the ESR spectra in the same systems and by perform-
ing theoretical calculations on the electronic transition of the radicals, a brief comment will
be given to the assignment of the new absorption maxima in the electronic absorption spectra.

Experimental

1-Methylphenothiazine was prepared from thionation of the corresponding diarylamine by the method
described in the literature.® (mp 136°. Anal. Calcd. for CgH, NS: C, 73.20; H, 5.20; N, 6.57. TFound:
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C, 73.09; H, 5.21; N, 6.49.). The compounds used were purified by repeated sublimations under a high
vacuum (~10-¢mm). The solvent used for the radical formation was prepared by mixing equimolar
amounts of spectro-grade dimethylsulfoxide and acetic anhydride. The radical solutions were formed by
dissolving the weighted materials in degassed solvent. The radical solutions were filtered through a glas-
sfilter, and were directly led to a quartz ultraviolet (UV) cell (10 mm) or a ESR tube. The spectroscopic
measurements were done using a Hitachi IESP-2 spectrophotometer and a JES-3BS-X spectrometer.

The theoretical results were obtained with the semiempirical open-shell SCIF method® with limited CT.
Parametrizations are analogous to that reported in a previous paper,” and are denoted in Table I with the
theoretical results. The CI calculation was done including 24 singly cxcited configurations cemposed of
(i-»k)a, (i—k)g, and (i—-m) and (n—k).»

Tasre I.  Experimental and Theoretical Results of Electronic Spectra

without CI with CI
AE obs. (V) e T e
AL cale. (eV)  fcalc. Al cale (eV)  fcalc.

a) Phenothiazinyl radical

AV N ~2.02 2.31 0.09 1.59 0.11
Ll Il 2.6 2.72 0.52 1.90 0.01
NN 2.88 0.07 2.21 0.05
2.98 0.03 2.8 0.04
3.32 0.42 2.49 0.08
2.87 0.27

b) 1-Mecthylphenothiazinyl radical
N\ SN ~2.03 2.28 0.12 1.32 0.06
LI 2.68 2.72 0.45 1.34 0.05
NN 2.89 0.09 1.89 0.01
CHs 3.05 0.07 2.43 0.10
3.25 - 0.41 2.63 0.15
2.78 0.41

Parametrizations used in the present open-shell SCF calculation are taken as follows.
C N S Hg
The valence-state Ip and E, (eV): (I, 11.16 1412 23.59 10.256
Ea 0.03 1.78 10.54 0.93
The core-resonance integral (B:s) in eV: fc_c=—0.51 Po_c—1.84, fc-n=—0.53 Pc_y—2.02, Bo-s=—0.53
Poog—1.80, Bo-py=—4.111
Molecular geometry: The length of C-Hy bond=1.1A, and all the bond lengths of aromatic ring—1.595 A.
The two-center Coulomb integral was evaluated by the MNishimoto-Mataga formula.

Result

Tig. 1(a) indicates that new absorption maxima grow in the regions of 462 and 615 nm
as the radical formation proceeds in phenothiazine DMSO-Ac,0O solution. The longer wave-
length band has a ~645-nm shoulder. Similar changes in the electronic absorption spectrum
are also observed in the 1-methylphenothiazine system (Fig. 1(b)); The Am&x values of the new
absorption bands are 464 and 610 nm, respectively. The absorption spectrum in the region
of wavelengths shorter than ~400 nm had to be excluded from consideration on account of
the intense absorption of the parent molecules which would mask the changes in the spectrum.
The new absorption maxima characteristic of the two systems were reproduced precisely at
a number of the radical formations in which degassings were performed carefully using a high
vacuum line, and thus the new absorption maxima appear to be related to the process of the
radical formations. In fact, the solutions exhibiting the absorption maxima showed the

6) H.C. Longuet-Higgins and J.A. Pople, Proc. Phys. Soc. (I.ondon), A68, 591 (1955).

7) M. Kamiya, Bull. Chem. Soc. Japan, 45, 1589 (1972).

8) ¢m=half-occupied orbital; i=m-3, m-2, m-1 and k=m+1, m+2, m{3; The notation of (i-»k), and
(i—k)g was taken according to the paper of Ishitani and Nagakura (A. Ishitani and S. Nagakura, Theor.
Chim. Acta, 4, 236 (1966)).
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Fig. 1(a). Electronic Spectra Observed in Pheno-
thiazine + DMSO-Ac,0. conc. of phenothiazine ==
1.12 X 10-3m

The dotted absorption curve is that measured 15 hr
after air-contact

strong ESR spectra as will be mentioned later.
thiazinyl radical has already been reported by several literatures.2—%
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I'ig. 1(b). Electronic Spectra Observed inn 1-methyl-
phenothiazine-+ DMSO-AC,0. conc. of 1-methyl-
phenothiazine=5.13 X 10~*m

The dotted absorption curve is that measured 46 hr
after air-contact.

The ESR spectrum of non-substituted pheno-
The ESR spectrum

of 1-methyl-substituted phenothiazinyl radical has been treated here for the first time, and

the spectrum is shown in Tig. 2.

Though not completely resolved, the ESR spectrum could

be analyzed with a¥=7.0—7.2 gauss, a¥, =3.hH gauss, all =2.2—2.5 gauss and ally =0.7—0.9
y ) s

gauss.  These values of the hyperfine splitt

ing constants arc similar with the values for the

non-substituted radical which have been reported. 9
Fig. 3 indicates the decays of the absorbance of the new absorption maxima when the

solutions were exposed to air.

During the initial course of time, the decay rates of the two

absorption maxima in the phenothiazine system were in a same order, but the decay of the

$15-nm absorbance stopped much faster than that of the 462-nm absorbance.

which were exposed to air for 15 hr did
radical, but the absorbance of the 615
nm region retained a considerable value.
At this stage, the location of Ame* of the
longer wavelength band shifted to ~645
nm. In this region of wavelength, a
shoulder was observed at the initial
spectrum. Similar changes were found
when the solution of 1-methylphenothia-
zinyl radical was exposed to air. But
the decay rate of the new absorption
maxima was found to be remarkably
slower than that for the phenothiazine
system; The solution which was exposed
to air for 46 hr did not show the ESR
spectrum of the substituted radical,
but the electronic absorption spectrum
showed a considerable value of absorb-

The solutions
not show any ESR spectrum of phenothiazinyl

Fig. 2. ESR Spectrum of 1-Methylphenothiazinyl
Radical produced in DMSO+-Ac,O at Room Tem-
perature
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ance in the region of 640—645 nm.
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Fig. 3(a). Decay Curves of the New Absorp- Iig. 3(b). Decay Curves of the New Absorption
tion Maxima on Air-contact (Phcnothiazine Maxima on Air-contact (1-methylphenothia-
system) zine system)

These experimental results indicate that the longer wavelength band in the spectrum
unexposed to air contains the absorption which may be assigned to stable compounds produced
through the radical formation. Here, the literatures®® report that 1,10’- and 3,10’-dimers
of phenothiazine are readily produced via the phenothiazinyl radical. The solutions which
were exposed to air until any ESR spectrum of the radicals could not be detected were sub-
mitted to thin-layer chromatography using petroleum ether—ether (2:1) as developing solvent
according to the method of Tsujino.® The 1,10"- and 3,10’-dimers of phenothiazine were
identified by the spots with Rf=0.8—0.9 and 0.4—0.5, respectively, in accord with the results
by Tsujino. The 3,10’-dimer of 1-methylphenothiazine was also detected by the spot with Rf=
0.3—0.4, but the spot corresponding to the 1,10’-dimer could not be found. The spot with
Rf=0.0—0.2 which would be related to the polymers as radical decay products were also found
in the two systems. Thus, we may assign the 640—G45 nm absorption to these by-products.
And it is not so unreasonable to assume that the main component is the 3,10’-dimer, becausc
Tsujino reports the highest yield of the dimer from phenothiazine and because the absorption
curve in the region of 640—645 nm is similar at the two systems.

The theoretical data on the electronic transition suggest existence of weak transitions
below —2 eV which might be masked by the intense absorption of the by-products. This
trend is promoted by the CI calculation which exerts a great effect to the theoretical data.
Nevertheless, the theoretical data both with and without CI indicate that moderately intense
transition of the neutral radicals exists just in the region of the shorter wavelength bands
which grow on the radical formation.

The effects of photoirradiation to the radical solutions are now under investigation.
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