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Karlier papers (3) in this series have dealt with the
spectrophotometric properties of, and the action of bases
on, a variety of phthalimide derivatives. These studics
demonstrated that the imide portion of this structure
exerts a sufficient electron-withdrawing effect to activate
a 3-substituent to nucleophilic displacement (4). The
effects of 3- and 4-substituents on the alkoxide-catalyzed
(rabriel-Colman rearrangement of phthalimidoacetic esters
were also examined (3,4,5).

It was of interest to determine to what extent the
characteristics of the phthalimide grouping carried over to
the isoelectronic aza-analogs of phthalimide, quinolinimide
(la) and cinchomeronimide (l1a), and to their derivatives,
quinolinimidoacetic acid (Ib), cinchomeronimidoacetic
acid (Ilb), quinolinimide-1-oxide (IIl), and cinchomer-
onimide-1-oxide (1V). Of these compounds, only Ia and
lla have previously been described, although esters of Ib
and llb were long ago prepared by the Gabriel method.
These esters have been shown to give the Gabriel-Colman
rearrangement in the normal manner (6). This rearrange-
ment, however, has also been observed for nonaromatic
a-imidoesters (7), and is therefore not indicative of gen-
crally phthalimide-like properties. The preparations of Ib
and Ilb were accomplished by heating glycine with the
appropriate anhydride in N,N-dimethylformamide. The
azaphthalimide-1-oxides, Il and IV, were prepared by
oxidation of la and lla with peracetic acid. The ultra-
violet absorption spectra of these compounds were deter-
mined for solutions in 95% ethanol, distilled water, 0.1 M
hydrochloric acid, 2.0 M hydrochloric acid, and 0.1 M
sodium hydroxide. The characteristics of the absorption
spectra are presented in Table 1.

The spectral behavior of quinolinimide (la) and of
quinolinimidoacetic acid (Ib) is similar to that of phthal-
imide, whose absorption spectrum also shows a slight
weakening in the intensity of the long-wavelength band in
dilute (0.1 M) hydrochloric acid as compared with ethanol
(5)- The general similarity of the spectra of Ia and Ib,
together with the general similarity of behavior to that of
phthalimide, argue against zwitterion formation to any
significant degree in lb, and against any significant pro-
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tonation of the pyridine ring in these compounds, in 0.1
M hydrochloric acid. The increased molar absorptivities of
la and Ib in 2.0 M hydrochloric acid indicate, on the other
hand, that there is significant, but probably not complete,
protonation of the pyridine ring at this acid concentration.
This conclusion is based on observations by others (8) that
pyridinium ions have enhanced absorptivities in compari-
son with the free bases, but very similar absorption wave-
lengths.

Similar comparisons of the spectral behavior of 1la and
IIb in alcohol and in 0.1 M hydrochloric acid with each
other and with phthalimide likewise suggests an absence
of zwitterionization in IIb, but the appreciable increases
in the molar absorptivities in the acid solutions show
appreciable protonation. The protonation is further en-
hanced in 2 M hydrochloric acid. 1t may be concluded
that the 4-azaphthalimides are stronger bases than the
3-azaphthalimides. This conclusion is not surprising in
view of the observations made elsewhere (4) upon the
effects of imide moiety in activating a 3-substituent to
nucleophilic displacement. Both the suppression of basi-
city in the 3-azaphthalimides and the nucleophilic activa-
tion of 3-substituents indicate a very strong electron-
withdrawing effect upon the 3-position by the imide
grouping. This effect evidently does not extend to the 4-
position to a large degree.

The spectral behavior of the azaphthalimide-1-oxides
(III and IV) in alcoholic and aqueous solulion is generally
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more characteristic of the pyridine-1-oxide function than
of the cyclic imide function. A blue-shift with increasing
solvent polarity is observed for the two longest wavelength
bands in the spectra of III in ethanol and in water. This
effect is usual with pyridine-1-oxides (9), and identifies the
two bands as corresponding to the 280-nm and 330-nm
bands of pyridine-1-oxide. The spectrum of the aqueous
solution of 1V is less readily interpreted. We suggest that
the band appearing at 266-nm for this solution is an un-
resolved composite of the bands appearing at 257 and 311-
nm in alcohol. The latter band is the only one in the
speetra of this compound which shows the shifts with sol-
venl polarity characteristic of a l-oxide. An additional
band was also sometimes observed in the spectra of 1V as
a very poorly resolved inflection at about 330-nm.

Protonation of pyridine-1-oxide derivatives may result
in either red-shifts or blue-shifts, but nearly always pro-
duces a large decrease in absorptivity (10). None of these
effects are observed in the spectra of acidic solutions 111
and 1V, which therefore must not be significantly proto-
nated, even in 2 M hydrochloric acid.

All of the azaphthalimides and azaphthalimide-1-oxides
showed blue-shifts in basic solution. This behavior is
characteristic of the cyclic imide moiety, and is attributable
Lo saponification of the imide ring to form an amate ion
(5). The spectra of the basic solutions were indeed similar
Lo that of the phthalamate ion, which shows a single peak
at 269-nm (11).

Photolyses of 11l and 1V were carried out with wave-
lengths above 300-nm, in aqueous solution. The choice
of water as a solvent was dictated by the solubilities of
these compounds, and the concentration used, 3 x 10-3 M,
is close to the limit imposed by the solubility of I in
water.  The photolyses were followed by withdrawing
samples at convenient intervals and measuring their absorp-
lion spectra. In the cases of both 1-oxides, the absorption
spectra ultimately became identical with those of the
parent compounds, la and lla, indicating that deoxy-
genation was the major, and probably only, photolysis
reaction occurring. The photolysis of I1I was complete in
2.2 hours, and that of IV in 5.3 hours.

EXPERIMENTAL

Melting points were determined with an Electrothermal appara-
tus and are uncorrected. Ultraviolet absorption spectra were
determined with a Cary Model 15 recording spectrophotometer,
and infrared spectra with a Beckman IR-5 spectrophotometer.
Microanalyses were done by Midwest Microlab, Indianapolis, Ind.

Materials.
Commercially available pyridinedicarboxylic acids were con-
verted to their anhydrides and imides by published methods (12).

The 40% peracetic acid solution was purchased from the FMC
Corporation.
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Quinolinimidoacetic Acid (Ib).

A mixture of 6.0 g. quinolinic anhydride, 3.3 g. glycine, and
24 ml. N,N-dimethylformamide was maintained with stirring for
one hour at 80-100°. The mixture was then cooled to room temp-
erature and filtered. Evaporation of the filtrate under reduced
pressure gave 5.5 g. (66%) of material, which was triturated with
hot chloroform and recrystallized once from tetrahydrofuran and
once from acetone to give pure Ib, m.p. 240-244° with decom-
position.

Anal. Caled. for CoHgN,04: C, 52.43; H, 2.93; N, 13.59.
Found: C, 52.23; H, 3.09; N, 13.84.

Cinchomeronimidoacetic Acid (1Ib).

A mixture of 4.5 g. cinchomeronic anhydride, 2.5 g. glycine,
and 18 ml. N,N-dimethylformamide was stirred for one hour at
80-100°. The mixture was cooled to room temperature and fil-
tered. Concentration of the filtrate under reduced pressure gave
4.0 g. (64.5%). Several recrystallizations by solution in hot
N,N-dimethylformamide and addition of chloroform gave IIb, m.p.
243-245°.

Anal. Caled. for CoHgN,04: C, 52.43; H, 2.93; N, 13.59.
Found: C, 52.34; H, 3.18; N, 13.48.

Quinolinimide 1-Oxide (III).

A mixture of 4 g. of quinolinimide and 40 ml. of 40% per-
acetic acid was maintained at 50° with stirring until the mixture
became homogeneous. The mixture was then stirred at room temp-
erature for four days, then filtered. The precipitate was washed
with ice-water and dried, giving 2.16 g. (49%) of III, m.p. 271-
275°. One recrystallization from water gave a pale-yellow powder,
m.p. 278-279° with decomposition; ir (potassium bromide) 1230
em~! (N-oxide band).

Anal. Caled. for C4H4N,O3: C, 51.22; H, 2.46; N, 17.07.
Found: C, 50.94; H, 2.43; N, 17.19.

Cinchomeronimide 1-Oxide (IV).

A mixture of 2 g. of cinchomeronimide and 20 ml. of 40%
peracetic acid was stirred at room temperature until the solid had
completely dissolved, then at 35-40° for three hours. The pre-
cipitate was triturated with ice-water to give 0.9 g. (41%) of IV,
m.p. 318-319° dec.; ir (potassium bromide) 1235 ¢m ™! (N-oxide
band).

Anal. Caled. for C7H4N,03: C, 51.22; H, 2.46; N, 17.07.
Found: C, 50.98; H, 2.65; N, 17.12.

Photolyses of III and 1V,

Photolyses were carried out with a 100-watt Hanovia medium
pressure mercury immersion lamp with a Pyrex thimble. All
photolyses were done at ambient temperature, using 600 ml. of
3 x 1073 molar solutions of III or IV in distilled water.
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