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The study of 2"-aryl-2,2"-dibenzoxazolines (II), obtained together with 2-hydroxy-(2H)-1,4-
benzoxazines (I) by condensation of o-aminophenol with a series of phenylglyoxal derivatives,
emphasized that these compounds are an equilibrium mixture of dibenzoxazolines and related
tautomeric ketimine forms. This behaviour was widely investigated by ir, uv and pmr spectro-

scopy.
J. Heterocyclic Chem., 14,957 (1977)

It has been reported in the previous paper (2) that,
together with 3-aryl-2-hydroxy-(2H)-1 4-benzoxazines (I),
whose structure were widely determined, 2'-aryl-2,2'-di-
benzoxazolines (11) were formed by the condensation of
o-aminophenol and arylglyoxal. The present investigation

was undertaken in order to determine the properties and
the structures of II; in fact, from spectroscopic evidence,
these compounds appear to be an equilibrium mixture of
dibenzoxazoline (A) and related tautomeric ketimine forms
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The ir spectra (potassium bromide) show at 3400 em”
the characteristic » NH amino, the aromatic ring bands
and, at about 1040 em™ !, the C-O stretching band. In
carbon tetrachloride the above mentioned tautomeric
equilibrium is emphasized by the absorption bands of the
amino and hydroxy groups. The compounds Ila~d show,
in fact, at 3600 cm™! the v OH (very weak for lla) together
with the » NH at 3420 cm™" (See Figure 1). The ultra-
violet spectra of 2"aryl-2,2"dibenzoxazolines are closely
related to that of o-aminophenol itself, with a double
absorptivity of course, and not effected by the 2’ sub-
stitution (see also the identity between the spectra of Ila
and unsubstituted 2,2'-dibenzoxazoline (3), Figure 2);
however, in the absorption spectra of the compounds
lIb—>e¢ (solvent, methanol) a large shoulder arises at a wave-
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Figure 1: Infrared spectra of Tle:
tetrachloride.

- polassium bromide, - - carbon

length higher than the characteristic absorption maximum
(around 290 nm) (Figure 3). The B tautomeric structures
of [Tb—e, for the presence of a benzalaniline chromophore,
should explain the observed shoulders, at the same time
indicating that the 2'-aryl substituted benzoxazoline ring
undergoes the opening reaction.

It is known (4,5) that on addition of alkali, 2,2'-di-
benzoxazolines give the corresponding glyoxaldianils, char-
acterized by an absorption band in the visible region; no
bathochromic shift of the conjugation band was found for
Ila—e, so it seems reasonable to deduce that alsoinal-
kaline solution no opening occurs at the 2-unsubstituted
benzoxazoline ring.

Analysing the spectra of Ila~e in sodium hydroxide
0.05 N (methanol/water) in every case we found two
bands which may be attributed to the single isolated
chromophores benzoxazoline-benzalaniline (Figure 4).
Moreover, it was possible to calculate the approximative
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Figure 2: Ultruviolet spectrn of: - -
Solvent, methanol.
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Figure 4: Ultraviolet spectra of: a) [lz, b) e, ¢} 1ld. Solvent, Sodium hydroxide, 0.05 N (methanol/water).
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percentage of open chain compound in the equilibrium
mixture in methanol and in dimethylsulfoxide. The latter
solvent was chosen because a similar analysis was carried
out also by pmr spectroscopy which offers the possibility
of obtaining the absolute tautomeric values direct from
the integration of the signal intensities.

The pmr spectra of II always show two doublets J =
4.5 Hz) at 5.50 and 7.15 8, due to the coupling between
H2 and Hb (see the signature of hydrogen atoms in the
formulas reported in Table II). From the integration it
results that each doublet corresponds every time to one
proton, this clearly means that such a benzoxazoline sys-
tem does not tautomerize under these conditions. At 7.25
8 we can identify the singlet of the proton H®. The spec-
tra of the compounds Ila>d exhibit signals at about 8 &
(very weak for Ila) attributable to the ortho protons H of
the N=C-phenyl system, which is characteristic of the
tautomeric structure B. These signal intensities gave the
percentages of such structure in the equilibrium mixture:
these results, together with the data calculated by means
of uv spectroscopy are summarized in Table 1. For the

Table I

Calculated Percentages of Tautomeric Structure B of Compounds I1

Uv (a) Pmr (b)
Compound Methanol Dimethylsulfoxide Dimethylsulfoxide
la 0.0 0.0 0.0
Ib 429 21.0 23.0
e 22.5 209 25.0
IId 55.0 50.0 48.0
Ile 35.5 0.0 0.0

(a) Concentration, 6 x 10~% M; temperature, 20°. (b) Concen-
tration, 14 x 102 M; temperature, 38°.
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compounds 1Ib—d it is possible to find the signal of H®
whose chemical shift is similar to the H? one.

The A = B tautomerism is easier emphasized for the
compounds IIb and I1d considering the signals of the CH;
groups. In fact the spectrum of IIb shows at 2.24 and
2.35 & the singlets for the CH3 (A) and CH; (B) respec-
tively, and the spectrum of I1d the singlets of OCH; (A)
and OCH; (B) at 3.70 and 3.81 8. The integration of CHj
(A) versus CHj3 (B) gives, therefore, a further determina-
tion of tautomer ratios (Figure 5). Upon addition of
deuterium oxide the NH and OH signals are no longer
present while a singlet for the methine proton Ha appears.

It must be noted that, in the polar basic solvent di-
methylsulfoxide, the compound lle exists in 100% di-
benzoxazoline form (Table II).

By acetylation with acetic anhydride and by methyla-
tion with methyl iodide of compound ITla we obtained
Il and IV. These compounds confirm that 2-unsubsti-

m v

tuted benzoxazoline undergoes no ring opening. The ir
spectrum of 111 shows two well separated bands at 1765
and 1670 cm™! attributable, respectively, to O-acetyl and
N-acetyl v CO modes; the absorption band at 3420 em”!
indicates the presence of NH group for IV. The uv spectra
of 111 and IV closely resemble the Ila one in alkaline
solution (Figure 6).

Hob

Figure 5: Proton magnetic resonance speetra of 11d. Salvent. DMSO,
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Figure 6: Ultraviolet spectra of:
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In the pmr spectrum (deuteriochloroform solution) of
111, together with the signals due to the aromatic protons,
the following signals were found: two singlets at 1.75 and
2.32 & for N-acetyl and O-acetyl, and at 8.20 & the mul-
tiplet due to the ortho protons of the phenyl ring. The
catalytic hydrogenation of III affords the dihydroderiva-
tive, one mole of hydrogen being absorbed on the C=N
bond; in this case, of course, the signal at 8.20 & dis-
appears. For the compound IV the structure is confirmed,
besides the signal at 3.60 & of the methoxy group, by the
coupling between the protons in positions 2 and 3.

The behaviour of 2'-phenyl-S,5'-dinitro-2,2'-dibenzoxa-
zoline V is very interesting, for which, according to the
pmr data, the uv spectrum reveals the sole tautomeric
dibenzoxazoline form. An irrefutable proof is given by
the comparison between the spectra of V and those of
p-nitro-o-aminopheno! and 5,5 -dinitro-2,2"-dibenzoxazo-
line, erroneously reported in literature (6) as an open
chain compound glyoxal-bis(2-hydroxy-5-nitroanil) (Figure
7). Even for 2"-p-nitrophenyl-5,5"-dinitro-2,2"-dibenzoxa-
zoline (VI), the tautomeric equilibrium is completely dis-
placed towards the dibenzoxazoline structure. In alkaline
solution, as expected, V and VI undergo, like compounds
II, opening reaction exclusively at the 2"-aryl substituted
benzoxazoline ring.
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Figure 7: Ultravivlet spectra of :
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henol, — — = — V,solvent, methanol, ..., .. 5.5 dinitro-2.2"dibenzo xazoline, solvent, ethanol.
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EXPERIMENTAL

Ir spectra were measured with a Perkin-Elmer model 417 spec-
trophotometer and pmr spectra on a Perkin-Elmer R 32 instrument
at probe temperature of 38°. The uv spectra were recorded on a
Cary model 14 spectrophotometer. Melting points are uncorrected.

Acetylation of Compound Ila to give III.

A solution of I1a (1 g.) in acetic anhydride (15 ml.) was boiled
for 20 minutes. Upon cooling, the oily product solidified on
standing overnight and was recrystallized from ethanol to give
white crystals, m.p. 193-194°; ir (potassium bromide): 1765,
1670, 1615, 1500, 1370, 1280, 1210, 760 cm~!; pmr (deuterio-
chloroform): 1.75 (s, 3H, NCOCH3), 2.32 (s, 3H, OCOCH3), 6.90
(m, 8H), 7.50 (m, 3H), 8.00 (s, 1H), 8.20 (m, 2H); uv (methanol):
238 (4.11), 248 (4.11), 288 (4.11), 340 (3.97).

Anal. Caled. for Co4H29N204: C, 71.99; H, 5.03; N, 7.00.
Found: C,72.07; H,5.11; N, 6.97.

Hydrogenation of III.

A solution of III was hydrogenated at atmospheric pressure
and room temperature using Adams catalyst. The reaction stopped
after two hours when a slight excess of hydrogen was absorbed.
The catalyst was filtered and the solvent removed under reduced

Vol. 14

pressure and the residue was recrystallized from ethanol, m.p. 151-
152°; ir (potassium bromide): 3280, 1770, 1615, 1500, 1370,
1290, 1200, 750 cm~!; pmr (deuteriochloroform + deuterium
oxide): 1.65 (s, 3H, NCOCH3), 2.22 (s, 3H, OCOCH3), 5.15 (d,
1H, J = 3 Hz), 6.33 (d, 1H, J = 3 Hz), 6.95 (m, 13H); uv
(methanol): 243 (3.85), 299 (3.63).

Anal, Caled. for Cy4H,,N204: C, 71.73; H, 5.51; N, 6.96.
Found: C,71.76; H, 5.56; N, 6.94.

Methylation of Compound Ila to Give IV.

A mixture of Ila (3.6 g.), potassium carbonate (1.8 g.) and
methyl iodide (3 ml.) in methanol (75 ml.) was boiled for 10
hours. After cooling the precipitate was filtered and washed with
cold methanol, yellow prisms from petroleum benzine (80-120°),

m.p. 110-112°; ir (potassium bromide): 3420, 1615, 1600, 1515,
1250, 755, 740 em™'; pmr (deuteriochloroform): 3.60 (s, 3H,
OCH3), 515 (d, 1H, J = 8 Hz, NH), 6.48 (d, 1H, J = 8 He,
methine), 7.15 (m, 11H), 7.98 (m, 2H); uv (methanol): 242
(4.39), 288 (4.23), 315 sh.

Anal. Caled. for C51HygN,O5: C, 76.35; H, 5.49; N, 8.48.
Found: C,76.51: H, 5.52; N, 8.54. Zeisel Caled. for OCH3: 9.2.
Found: 9.3.
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