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The Electronic Spectra of Nitrones and the Solvent
Effect on Them*'
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The spectroscopic behavior and the electro-
nic states of such heterocyclic N-oxides as
pyridine and quinoline N-oxides have been
reported by the present authors'~® and by
other workers.”> Nitrone, the general formula
of which can be expressed as I, may also be
considered to be a kind of conjugated tertiary
amine N-oxide. If the oxygen atom in I shows
considerable resonance interaction with the
rest of the molecule, a spectroscopic behavior
similar to that of heterocyclic N-oxides may
be expected for nitrones. For example, in

(D

*1 Presented at the International Symposium on Mo-
lecular Structure and Spectroscopy, Tokyo, September,
1962,

*2 Shionogi Research Laboratory, Shionogi & Co., Ltd,,
Fukushima-ku, Osaka. T. Kubota’s present address: De-
partment of Physics, The Univesity of Chicago, Chicago
37, 111, U.S. A.

*! QOsaka Gakugei University, Tennoji-ku, Osaka.

1) See T. Kubota, J. Spectroscopical Soc. Japan, 10, 83
(1962).

2) Y. Matsui and T. Kubota, J. Chem. Soc. Japan, Pure
Chem. Sec. (Nippon Kagaku Zasshi), 83, 985 (1962).

3) T. Kubota and M. Yamakawa, This Bulletin, 35, 555
(1962).

4) N. Hata and I. Tanaka, J. Chem. Phys., 36, 2072 (1962).

aldonitrones, where R; and R: in I are an
aryl group and a hydrogen atom respectivelys
the above-mentioned resonance structure may
be written as II-IV.

0
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(IIT) (IV)

Although a few reports on the electronic
spectra of nitrones have been published by
several workers,®~” a detailed spectroscopic
investigation from the above view-point has
not been made. For this paper, the electronic
spectra of a total of fifteen nitrones, all of
which contain a benzene ring as at least one

5) O. H. Wheeler and P. H. Gore, J. Am. Chem. Soc.,
78, 3363 (1956).

6) B.W.Langley, B. Lythgoe and N. V. Riggs, J. Chem.
Soc., 1951, 2309; 1952, 4191.

7) P. Brocklehurst, Tetrahedron, 18, 299 (1962).
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substituent of R,;, R; and R; in I, and such
related compounds as anils and oximes, have
been extensively examined in various solvents.
The results thus obtained will be compared
with the findings on spectroscopic behavior
obtained previously on heterocyclic N-oxides.
In addition, the configurations of the typical
nitrones were also assumed from the measure-
ment of the dipole moments and from their
reactivities.®

Experimental

Measurement.—The ultraviolet absorption spectra
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photometer, model EPS-2 at 23°C and at a slow
scanning speed, using matched quartz cells with a
lem. light path. The infrared spectra were
measured with a Perkin-Elmer 12-C recording
spectrometer provided with LiF optics and with a
Nippon-Bunko DS-201-B recording spectrometer
with NaCl optics. Special care was taken in the
region of the OH-stretching frequency. The dipole
moments were measured at 25°C in benzene or
dioxane. The dielectric constants of dilute solutions
were measured by the heterodyne beat method,
using a platinum cell.®> The experiments were
made for concentrations lower than 19, a good
linear relationship between the dielectric constants
and the weight fractions of a sample being obtain-

were measured with a Hitachi recording spectro-  ed within the range of experimental error. From
TaBLE I. THE ELEMENTARY ANALYSIS, MELTING POINTS, SYNTHETIC
METHODS, AND THE NUMBERING OF NITRONES
R o]
e
R: R;

No. L Formula m. p. C, % H, % N, % Synthetic

R, R, Rs C Calcd. Obs. Caled. Obs. Caled. Obs. method
1 Ph H CH, 83.5~84.0 71.09 71.24 6.71 6.93 10.36 10.20 A
2**  Ph H CH;:-Ph 82 ~83 79.59 79.59 6.20 6.36 6.63 6.93 B
3  p-CH;-Ph H CH, 120.5 72.45 72.39 7.43  7.46 9.39 9.32 A
4*  p-Cl-Ph H CH; 135 56.65 56.60 4.75 4.76 8.26 8.09 A
5  p-NO--Ph H CH, 207~208 53.33 53.27 4.48 4.71 15.44 15.40 A
6 Ph H Ph 113~113.5 79.16 79.34 562 5.78 7.10 6.83 A
7 p-CH;0-Ph H Ph 117~118 73.99 74.22 5.77 5.99 6.16 6.20 A
8  p-NO:-Ph H Ph 182~-183 64.46 64.46 4.16 4.27 11.57 11.63 A
9% Ph H p-Cl-Ph 174 67.39 67.36 4.35 4.46 6.05 6.07 A
10 Ph H o-CH;-Ph 118~119.5 79.59 79.72 6.20 6.25 6.63 6.65 A
11 Ph H m-CH3;-Ph 93~94 79.59 79.62 6.20 6.42 6.63 6.54 A
12 Ph H p-CH;-Ph 123~124 79.59 79.71 6.20 6.20 6.63 6.56 A
13** CH, Ph CH; 118~119 72.45 72.17 7.43  7.47 9.39 9.56 A’
14 Ph Ph CH; 106.5~108.0 79.59 79.61 6.20 6.14 6.63 6.93 C
15 Ph Ph Ph 221~222 83.45 83.82 5.53 5.79 5.13 5.08 D

A: Ph-CHO+R-NH-OH — Ph-CH=N—-02.»
I

R

a) O. H. Wheeler and P. H. Gore, J. Am. Chem. Soc., 78, 3363 (1956).
b) O. L. Brady and F. P. Dunn, J. Chem. Soc., 1926, 2411.

A Phy Ph. _/CH;
/C=0 + CH3;-NH-OH — /C= < This method will be reported by Y. Mori.
CH;, CH; 0]
B: A. C. Cope and A. C. Haven, Jr., J. Am. Chem. Soc., 72, 4896 (1950).
C: Ph : Ph Ph
DC=N-OH + CHyl 5% 5C=N—0 + _ SC=Ny
Ph Ph CH, Ph OCHj,
(This nitrone was synthesized by methylating the benzophenonoxime with methyl iodide):
c.f. L. Alessandri, Arti della Reale Accademia dei Lincei 5, 23, II. 134 (1914).
D: Ph Cl : Ph (o]
>C< + Ph-NH-OH =25~ CoN{
Ph cl pyridine ~ pyy \Ph
This new method will be reported by Y. Mori.
* . The elementary analysis for chlorine Calcd. Obs.
4) 20.90 20.87
9) 15.30 15.36

**% . This configuration is not certain but is most probable.

8) The report on the chemical reactivities will be pub-
lished shortly in the Jounral of the Chemical Society of
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), by Mori

et al.
9) Y. Kurita and M. Kubo, J. Am. Chem. Soc., 79, 5460
(1957).
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TABLE II. THE ELEMENTARY ANALYSIS, MELTING POINTS, SYNTHETIC METHODS, AND
THE NUMBERING OF THE RELATED COMPOUNDS OF NITRONE

Ry

R2>C "\r,
No. Formula . p., °C C, % H, % N, % Synthetic

R, Re Rs Caled. Obs. Caled. Obs. Caled. Obs. method
16 C¢Hyy CH; OH 60 68.04 68.51 10.71 10.79 9.92 9.93 E
17 Ph H OH 35.5 E
18 Ph CH; OH 58 71.09 70.69 6.71 6.70 10.36 10.46 E
19 Ph Ph OH 144 79.16 79.21 5.62 5.76 7.10 7.12 E
20%# p-Cl-Ph H OH 110 54.04 54.01 3.89 4.05 9.00 8.82 E
21* H p-Cl-Ph OH 142 54.04 53.52 3.89 3.97 9.00 9.10 E
22 Ph H OCH; 101~102/ C
38 mmHg
23 Ph H OCH; 60~61 79.59 79.41 6.20 6.39 6.63 6.69 C
24 Ph H CH; 76~76.5/ F
18 mmHg

25 Ph Ph Ph 52 86.15 86.44 6.12 5.92 7.73  7.74 F
26 Ph Ph Ph 113~113.5 88.68 88.69 5.87 5.9 5.44 5.82 F

Ph Ph
E: >C=0 + NH;O0H — >C=N\
R R OH

(by the usual method)

Ph Ph
F: >C=0 + R-NH; — >C=N\ (by the usual method. c.f. G. Reddelien, Ber., 42,
Ph Ph R

(or H) (or H)

% . The elementary analysis for chlorine
20)
21)

the slope of this straight line, the molar polariza-
tion of the solute was calculated by a method
similar to that of Halverstadt-Kumlar.!®> The de-
formation polarization of nitrones was assumed to
be 1.05 times the molar refraction estimated as the
sum of the bond refractions.

Materials.—The solvents were purified by the
method recommended by Weissberger and Proskau-
er ;2 special care was taken to remove contami-
nating water from the organic solvents. The syn-
thetic method, microanalytical data, estimated con-
figurations and physical properties of the nitrones
and the related compounds are shown in Tables I
and II, together with the numbering of the samples.

Results and Discussion

On the Electronic Spectra of Nitrones.—Fig-
ures 1 and 2 give the absorption spectra of
nitrones and the related compounds in non-
polar solvents, while Table III lists the absorp-
tion maxima and the intensities of the com-
pounds measured in various solvents. As may
clearly be seen in Fig. 1, nitrones apparently
show a characteristic strong =-z* band in the

10) 1. F. Halverstadt and W. D. Kumler, ibid., 64, 2988
(1942).
11) A. Weissberger and E. P. Proskauer, * Organic Sol-
vents,” 2nd Edition, Interscience Pub., Inc., New York
(1955).

4759 (1909))

Calcd. Obs.
22.79 22.74
22.79 23.20

region of 280~370 mp as well as one or two
additional bands with a relatively low intensi-
ty in the region of 200~260 my, the positions
of which bands are dependent upon the kind
of substituent. The molecular extinction co-
efficient (¢) of the former is about 20000.
With regard to the examination of the charac-
ter of the spectra of nitrones, a comparison of
the spectra of the corresponding anils, oximes,
etc., with those of nitrones would seem to be
very important and interesting. Detailed
investigations of the electronic spectra of anil-
type compounds were carried out by Ebara,'®
by Brocklehurst,”” and by other workers,'#~15>
with results consistent with ours (see Fig. 2).

The spectra of compounds 17-24, which are
oxime or anil-type compounds with no ben-
zene ring on the N-atom, apparently consist
of a rather weak band with vibronic structures
at the longest wavelength region, a strong
band continuing from the above weak band,
and a strong band in the 200~230 myu region.
Each of these spectra is essentially similar to

12) N. Ebara, This Bulletin, 33, 534 (1960) ; 34, 1151 (1961).
13) C. Wiegand and E. Merkel, Ann., 550, 175 (1942).

14) H. Zollinger, ** Azo and Diazo Chemistry,” Inter-
science Pub., Inc., New York & London (1961), p. 316.

15) M. B. Robin and W. T. Simpson, J. Chem. Phys., 36,
580 (1962).



December,

ex 10—+

1963]

Electronic Spectra of Nitrones

20 7
T
2
x
w 10 Tus
15
13 14
0.0 L i i L L L i 1 i L
200 230 260 290 320 350 380 200_ 230 260 290 320 350 - 380 420
mype mpgt
Fig. 1.

ex 10-#

ex 104

0.0

The spectra of nitrones in n-heptane.
(The numbering of each curve is the same as that in Tables I and IIL.)

in 95%Ethanol

200

that of styrene. which is shown in Fig. 2 and the
electronic state of which has been analyzed theo-
retically and experimentally by workers.!*~19

16) J. F. Music and F. A. Matsen, J. Am. Chem. Soc.,

72, 5256 (1950).

17 W. W. Robertson, J. F. Music and F. A. Matsen,

Styrene
230

260 290 320

330 380 200 230 260 290 320 350

my
Fig. 2. Spectra of the related compounds of nitrone in n-heptane.

380 420
mye

(The numbering of each curve is the same as that in Tables I and IL)

ibid., 72, 5260 (1950).

On the basis of these investigations, these
absorption bands may reasonably be assigned
to the 'Ly, 'La, and 'B, bands, according to

18) H. C. Longuet-Higgins and J. N. Murrell, Proc. Phys.
Soc., 68, 601 (1955).

19) R. H. Dyck and D. S. McClure, J. Chem. Phys., 36,
2326 (1962).
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Platt’s notation and in the order given above,
as Figs. 2a-2d show. In the case of the ab-
sorption spectra of nitrones, we could not ex-
plicitly find the band corresponding to 'Ly,
but it may be hidden below the strongest -
x* band.?” Moreover, in the case of oximes
or anils, we could not obviously find the absorp-
tion band corresponding to those of nitrones
appearing in the 200~250mpg Tegion with
relatively low intensity and fine structures.
These facts clearly suggest that the difference
in electronic structures between nitrones and
anil-type compounds is fairly large, and that
the resonance structures, for example as shown
in II-IV, must be taken into consideration.
Recently, the abnormal electronic spectra of
such anils as benzylidene aniline have been
found by several authors”!?> and have been
discussed from the standpoint of steric hind-
rance by comparison with the spectra of stil-
bene or azobenzene. These authors concluded
that benzylidene aniline has no planar structure
and that two benzene rings are considerably
twisted with regard to each other. Spectral
curves similar to those obtained by previous
authors were also recorded by us for the ben-
zylidene aniline. As may be understood from
Figs. 1a, 1b, 1c and 1d, however, in the case
of N-phenyl benzaldoxime and its analogous
nitrones distinctly different spectra from those
of, for instance, the benzylidene aniline were
observed. These spectra are analogous to those
of nitrones with no benzene ring on the N-
atom in molecules and show, at the longest
wavelength region, the strongest =-z* band,
which depends on the nature of the substituent
introduced in the benzene ring, as may be
seen in Figs. 1a, 1b, and lc and Table L
This character is similar to that of the spectra
shown by normal nitrones, as has been men-

Fig. 3. Molecular model of N-methyl ben-
zaldoxime.

20) Detailed theoretical calculation results on this point
will be published in the next paper.

Tanekazu Kusora, Masumi YAMAKAwWA and Yutaka MoRI
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tioned before, where the steric hindrance may
be inferred to be small. This fact indicates
that the electronic structure of these nitrones
differs considerably from that of, for instance,
the benzylidene aniline and that these nitrones
may be closely represented by a planar structure,
although some steric hindrance may be infer-
red from the the molecular model shown in
Fig. 3.20

Steric Effect on the Electronic Spectra of
Nitrones.—It should be clearly noted in Fig.
1d that the intensity of the z-z* band of N-
methyl or N-phenyl benzophenonoxime is much
lower than that of N-phenyl benzaldoxime.
The same tendency can also be found in the
spectra of N-methyl acetophenonoxime, the
intensity of the =—x* band of which is much
lower than that of N-methyl benzaldoxime.

As an example, Fig. 4 shows the molecular
model of N-methyl benzophenonoxime drawn
by the aid of Pauling’s van der Waals radii.?®
From this figure it is evident that these ni-
trones have a considerable steric hindrance for
planar structure and that, as is often the case,

Fig. 4. Molecular model of N-methyl ben-
zophenonoxime.

such a steric hindrance is the main reason for
the decrease in the intensity of the character-
istic strong =-z* band of nitrones because
the resonance among such canonical struc-
tures as II-IV may be hindered by the steric
hindrance. The spectroscopic behavior of N-
methyl acetophenonoxime is of especial inter-
est. This compound can be obtained only by
the replacement of the side chain C-H group
of N-methyl benzaldoxime by a C-CH; group.

It is well known that the effect of methyl
substitution on the electronic spectra of con-
jugated systems is rather small. Nevertheless,
a serious difference was observed between the

21) L. Pauling, *“The MNature of the Chemical Bond,”
3rd Edition, Cornell University Press, New York (1956),
p. 260. C—H, 1.084 ; C—C (aromatic), 1.40; C=C (=Ph),
1.43; C—CH;, 1.52; C—N, 1.48; N—0O, 1.33; C=N 132
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spectra of N-methyl benzaldoxime and those
of N-methyl acetophenonoxime. Namely as
may be seen in Figs. la and 1d, the intensity
of the latter is very weak. It seems probable
that the steric effect is the main reason for
this, as may, for example, be seen in Fig. 5.
In this molecule the configuration of the
benzene part and the side chain part may
depart more from the coplanar structure than
from the structure of N-methyl benzaldoxime.??>

Fig. 5. Molecular model of N-methyl aceto-
phenonoxime on the assumption of the
““anti” form of phenyl group against N—
O bond.

The fact that compound 10 absorbs light at
a shorter wavelength than the =z-z* bands
of compounds 11 and 12 may also be explained
by considering the structure.

Ph A0
H>C=N\“ _CH,

Solvent Effect on the Electronic Spectra of
Nitrones and Their Related Compounds.—As
may clearly be seen in Table I, the blue shift
of the absorption bands of all nitrones is
caused by the increasing polarity of those
solvents which contain active hydrogen atoms
which can form hydrogen bonds. This pheno-
menon is analogous to that discovered general-
ly in heterocyclic N-oxides and may be consid-
ered to be due to the reason discussed in
detail in our previous papers.'®> It is conceiv-

22) The configuration shown in Fig. 5 is also supported
by the fact that mutval interaction like ®N-O-.-H:;C-
can be expected. The interaction of this type has often
been reported in the heterocyclic N-oxides, such as a-
picoline N-oxide.®+23-25)  Furthermore, this structure is
more reasonable from the stand-point of chemical reac-
tivities. 26!

23) N. Ikekawa and Y. Sato, Pharm. Bull. Japan, 2, 400
(1954).

24) T. Kubota, J. Pharm. Soc. Japan, 77, 785 (1957).

25) N. Hata, This Bulletin, 34, 1440 (1961).

26) Y. Mori. to be published.
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able that hydrogen bonding, such as } N—

O---H (solvent), plays an important role in
the blue shift phenomenon. In order to make
a more detailed study concerning the contri-
bution of the hydrogen-bonding effect, we made
an experiment on three component systems
(N-methyl benzaldoxime, methanol and n-
heptane). The change in the spectra of N-
methyl benzaldoxime upon the addition of
methanol is shown in Fig. 6. The behavior

1.0

0.0
220 250 300 350

my
Fig. 6. The UV spectra of N-methyl benzal-

doxime in n-heptane containing methanol.
Concentrations of methanol (mol./1.)
1:0.0000 2:0.1033 3:0.3099 4:0.5448
Concentration of N-methyl benzaldoxime :

4.217x10~* mol./l.
Temp. : 26.8°C Light path: 1.0cm.

of the spectra suggests that the equilibrium
shown in Eq. 1 may exist.??
N — O + HO-CH; 2 N—0O---HO-CH; n

This fact is also supported by the behavior of
the OH-stretching band of methanol when
nitrone is added, as is shown in Fig. 7. From
Eq. 1, the following equation is obtained :

_ [Cxo...n]
[Cxo—Cxo...u] [Ccuion—Cxo...nl

K
2

where Cxo, Ccun.on and Cxo...u are the con-
centrations of nitrone, methanol and the asso-
ciated compound respectively. Under the
experimental conditions shown in Fig. 6,
Ccuon »Cro...u. Then, Eq. 3 is easily obtain-
ed by appling the Lambert-Beeer law.

27) In this case, it was found that the fine structure at
about 293.4 mp disappeared rapidly upon the addition of a
small amount of methanol, and no fine isosbestic point
could be obtained. This shows some contribution from
effects other than the hydrogen bonding. Howevor, it is
clear that the shift due to the hydrogen-bonding effect is
the largest. This fact is also supported by the behavior
of the infrared spectra shown in Fig. 7.27a!
27a) See also footnote 3, and the following paper con-
cerning the investigation of infrared spectra: H. Shindo,
and B. Umezawa, Chem. Pharm. Bull., 10, 492 (1962).
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Fig. 7. The O-H stretching bands of methanol

in carbon tetrachloride containing N-methyl
benzaldoxime.
Concentration of N-methyl
(x10~#mol./1.)
1: 0.0000 2: 4.380 3: 9.510 4:
5:27.6 6:52.9 7:79.4
Concentration of methanol: 0.0102 mol./lL.
Temp. : 24.0°C Light path: 1.0cm.

benzaldoxime
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Fig. 8. The relationship between e and (e—

eno) /Censon for N-methyl benzaldoxime.

1 ENO—E

T K (CCH;OH) +eNo.n ®
where ¢ is an apparent molecular extinction
coefficient, and exo and exo...n are the molec-
ular extinction coefficients of nitrone and the
hydrogen-bonding compound respectively. The
relations of Eq. 3 at various wavelengths are
shown in Fig. 8 and Table IV. The averaged
value of K is 5.61./mol., while the degree of
blue shift caused by hydrogen bonding (1:1)
is about 642cm~!. In addition, the degree of
the red shift of the OH-stretching band result-
ing from this hydrogen bonding effect is about
238cm~'.  In the case of N-methyl acetophe-
nonoxime, its absorption bands shift largely
to blue upon the addition of a small quantity
of methanol, as is shown in Fig. 9, where no
good isosbestic point could be obtained. The
absorption bands of oximes and anils did not
show such a large blue shift with the increas-
ing polarity of solvents as was found for

Tanekazu KuBoTA, Masumi YAMAKAWA and Yutaka MoRI
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Fig. 9. The UV spectra of N-methyl aceto-
phenonoxime in n-heptane containing metha-

340 360

nol.
Concentrations of methanol (mol./l.)
1: 0.0000 2: 0.02596 3:0.05192
4:0.07788 5: 0.10384

Concentration of N-methyl acetophenon-
oxime : 1.184 mg./100 ml.
Temp. : 30°C Light path: 1.0cm.

nitrones or heterocyclic N-oxides.” Generally,
the solvent effect on the spectra of these
compounds is very small These results
suggest that the blue shift is characteristic
of conjugated N-oxides; this phenomenon was
always observed in both heterocyclic N-oxides
and nitrones. It seems that hydrogen bonding,
such as N—O---H-O- (solvents), plays an im-
portant role in this phenomenon.?®

On the Configuration of Nitrones.—Whether
the conjugated system of nitrones is a syn or
an anti form is very important for the analy-
sis of these spectra, which has been described
before and which will be discussed in the
next paper more fully, and for the problem
of the steric hindrance, which was discussed
in the previous section. The configurations
of nitrones are inferred from the methods of
synthesis,?” their reactivities,’”> and the
measurement of the dipole moments which are

NO:; —
\<=>>C=N<O

Ph CH;,
6.60 D. U.

Ph o
— »C=N{
/ B \CH3
NOz/’<=‘>
1.09 D. U.

28) After we finished work on this paper, we learned of
the paper by Kinko Shinzawa, of the Tokyo Institute of
Technology, read at * The Symposium on Photochemistry ™
held by the Chemical Society of Japan, in Nagoya, October
17, 1962, in which she found that free nitrone (benzyl-
idene aniline N-oxide) and hydrogen-bonded nitrone clear-
ly show a different behavior in the quantum yield of the
photochemical reaction.

29) Y. Mori, to be published.
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TaBLE V. THE DIPOLE MOMENTS OF COMPOUNDS 1, 5, AND 8%

Compound a B Ps.., cc. MRp, cc. u, D. Solvent
1 10.02 0.21 290.24 39.89 3.49 Benzene
5 26.88 0.30 835.5 45.56 6.20 Dioxane
8 20.98 0.31 886.58 65.31 6.32 Dioxane
* .

In this Table, « and § denote the changes in the dielectric constant and in the density

of the solutions with the weight fraction of the solute respectively, and other

notations have their usual meaning.

shown in Table V. The dipole moments of
the following compounds were measured by
Taylar and Sutton.’®

The dipole moment of the compound in which
the nitrophenyl group is cis against the N-oxide
group is 6.60 D. U., but that for the trans

form is 1.09D.U, The measured dipole
7N
moments of NO; L/ (|3—I|\I—>O and
J— H3
No:-{ >—C=N—~O are 620 D.U. and 6.32
=" Hph

D. U. respectively. Therefore, it may reason-
ably be considered that these configurations
are the anti form, that is, that the nitrophenyl
group 1is cis to the N-oxide group. The
nitrone configurations shown in Table I have
been decided on the basis of the reasonable
assumption that the nitrones synthesized with
the same method have the same configuration.
This rule may be safely applied for compounds
of this type.

It seems that these configurations give a
reasonable explanation of the steric effect on
the spectra of nitrones and for the reactivity
of these compounds.?®?

Summary

The ultraviolet spectra of nitrones, the con-
figurations of which were assumed from their
dipole moments and chemical reactivities, and
their related compounds have been measured
in various solvents. The following results
have been obtained:

(1) Nitrones show a characteristic strong
x-n* band in the 280~370 my region as well

30) T.W. J. Taylar and L. E. Sutton, J. Chem. Soc.,
1933, 63; 1931, 2190.

as one or two additional bands with a relative-
ly low intensity in the 200~260 mpg region.
The molecular extinction coefficient (¢) of the
former is about 20000. The decrease in inten-
sity of the =-z* band is observed in the
spectra of the sterically-hindered compounds.

(2) These bands always show a blue shifs
with the increasing polarity of the solvent.
The general rule of solvent effect on hetero-
cyclic N-oxides applies also to nitrones, the
conjugated N-oxide band of which has the
same property as that of heterocyclic N-oxides.

(3) It has been confirmed by ultraviolet
and infrared spectra that the formation of a
hydrogen bond such as N—O:-H (solvent)
plays an important role in this blue shift
phenomenon.
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