NITRO-SUBSTITUTED 2-PHENYL-
AND 2-(2-TOSYLAMINOPHENYL)-4H-3,1-BENZOXAZIN-4-0ONE

M. V. Loseva, B. M. Bolotin, UDC 547.867.2:543.422
G. A. Bogdanova, and B. M. Krasovitskii

Nitro-substituted 2-phenyl- and 2-(2-tosylaminophenyl)-4H-3,1~benzoxazin-4~ones were
synthesized. The UV, IR, and luminescence spectra were studied. The position of thenitro
group affects the strength of the intramolecular hydrogen bond (IHB). The luminescence
properties of nitro-substituted 2-(2-tosylaminophenyl)-4H-3,1-benzoxazin-4-ones are as-
sociated with the strength of the IHB. The luminescence maximum is shifted to the short-
wave region as the IHB becomes stronger.

We have previously [1-3] synthesized chloro-, bromo-, and methoxy-substituted 2-(2-tosylamino-
phenyl)-4H-3,1-benzoxazin-4-ones. A study of the IR spectra of these compounds demonstrated that the
strength of the intramolecular hydrogen bond (IHB) depends to a considerable degree on the character and
position of the substituents. The IHB also affects the luminescence properties. In a series of methoxy-
substituted compounds, the luminescence maximum is shifted to the short-wave region as the IHB becomes
stronger. In order to further study the effect of substituents on the electronic spectra of compounds of
this series, we synthesized benzoxazinones (II-V) and naphthoxazinones (XI and XII) containing nitro groups
in various positions. For comparison, we synthesized a number of nitro-substituted 2-phenyl-4H-3,1-
benzoxazin-4-ones without IHB (VII-X). In the present paper, we present data on the IR and electronic
spectra of the compounds obtained.
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IR Spectra. The YNH frequencies of nitro-substituted compounds are presented in Table 1. The
strength of the IHB depends on two factors: the lability of the hydrogen of the tosylamino group and the
basicity of the heterocyclic nitrogen. Compound II has a stronger IHB than I, which is associated with an
increase in the lability of the hydrogen of the tosylamino group. Weakening of the IHB occurs in IV be-
cause of the decrease in the basicity of the heterocyclic nitrogen under the influence of the negative in-
ductive effect of the nitro group. In addition, the nitro group, which is in conjugation with the keto group
of the heteroring, intensifies its acceptor effect as a result of which the electronic density of the hetero-
ring as awhole and, consequently, of the nitrogen is reduced. The nitro group in V is conjugated with the
heterocyclic nitrogen, which leads to a decrease in its basicity. In addition, the effect of the keto group
on the heteroring increases under the influence of the inductive effect of the nitro group. For these rea-
sons, the IHB in V is markedly weakened. A similar effect might have been expected for III. However,
even a slight strengthening of the THB is observed for IIl. This is explained by two effects of the nitro
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Fig. 1. Absorption spectra of VI-X.
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Fig. 3. Absorption spectra of I-V.

group that oppositely affect the strength of the IHB — a de-
crease in the basicity of the heterocyclic nitrogen and an in-
crease in the lability of the hydrogen of the tosylamino group.
It is apparent from a comparison of vy of compounds with-
out THB (XTI and XIV) and those with IHB (I-V) that the shift
(Aynp) as a result of the formation of IHB does not exceed
360 cm™!, which attests to a rather weak IHB.

UV Spectra. The absorption spectrum of 2-phenyl-4H-
3,1-benzoxazin-4-one (VI, Fig. 1) consists of two bands — an
intense band with a crude vibrational structure at 280-305 nm
(€ ~20,000) and a long-wave band at 310~330 nm (g~ 13,750).
It is seen from Fig. 1 that a nitro group that is not conjugated
with the heterocyclic nitrogen atom (VII and IX) causes only
slight changes in the position and intensity of the 280~305 nm
band. The second band inthe spectrum of VIlis closetothe long-
wave band of VI, while the second band inthe spectrum of IX un-~
dergoes a considerable bathochromic shift (~ 20 mm)and de~
crease inintensity (€~ 6000). SincethenitrogroupinlIXis
conjugated with the keto group ofthe heteroring ,the band at 310~
330 nm isprobably associated with atransitionlocalizedinthe
benzoxazinone ring. The band at 280~305 nm in the spectra of
VIII and X, in which the nitrogroup is conjugated with the het-
erocyclicnitrogen, undergoes a pronounced bathochromic
shift (~40-50 nm) and is more intense and overlaps the long-
wave band.

The introduction of a tosylamino group (I) into the ortho
position of the 2-phenyl ring causes the development of a new
band at 330~350 nm (g~ 11,000). The two shorter-wave bands
of I coincide in position with the absorption bands character-
istic for the absorption spectrum of IV, but their intensities
are reduced. The development of a new band in the absorption
spectrum of I is associated with the presence of an IHB in it.
In fact, compounds without THB (VI, XIII, and IV) do not have
such an absorption band (Fig. 2).*

On comparing the absorption spectra of IV with those of
I and X111, it is seen that the introduction of a tosylamino group
does not affect the position of the absorption bands at 280-325
nm. The tosylamino group in XIII is not conjugated with the
overall 7 system of the molecule. The coincidence of the in-
tensities of the absorption bands of I and X1II at 280-325 nm
therefore attests to the absence of conjugation of the tosyl~
amino group, and the absorption intensity in this region is al-
most doubled in the spectra of X1V, where there is no hin-
drance to conjugation. Since the effects of o~ and p-substitu~
ents are usually close, the anomalously low intensity of the
absorption of I as compared with XIV can be explained by the
steric hindrance that develops when a tosylamino group is in-
troduced into the o-position of the 2-phenyl ring. The pres-
ence of steric hindrance, which brings about the formation of
a nonplanar ring with an IHB, explains the relatively small
shift (Avyy) for I as compared with XIII, which was mentioned
above.

*The bathochromic shift of the absorption bands that is observed when a p~tosylamino group is introduced
(XIV) is similar to the effect of a p-methoxy group [4].

558



TABLE 1. IR Spectra and Luminescence Spectra of II-V and

XI-X1V
Spectral | Compound
characteristics ’ I ’ i | 11 I v ] \ [ X1 | X1 ( X1 f X1v
hanax, M 535 | 520 564 — 566 530 572 i — —
I/Io 100 386! 582 — 436| 32,3] 386] — —
vy, cm™1 3071 {3024 |3063 | 3089 |3091 — — I 3385 | 3394
TABLE 2.
NHTs
A
or-Zf
= NCOX
ubstit
entr | Mp, °C (crys- .. Found, % Calc., % :
x b= wallization fmplrlcal Zf]:eld-
HO0— solvent) ormula
Eig C|H|N|S ]| C|HIN|S
Z A
OH |2 |4 | 213—214(35% C14HoN206S 50,013,9 —| 9,6/50,0|13,6| —| 9,5/73
(alcohol)
OH |3 |- |167,5—1685 Ci1 H;3NO,S 57,615,0/4,6|11,2|57,714,5/4,8] 11,0| 94
(dioxane) A
OH | 4 |[—[231,5—2325 (10% C4H3NO,S 57,8 4,414,8/10,9] 57,7/ 4,5 4,8] 11,0} 42
CH;0H)
Cl 2|4 [162—163(benzene) CiHiCIN,OsS (47,513,221 —| 881474 3,11 —| 9,0]54
Cl|2{5 {140,5—141,5 (25% CiHCIN,OsS | 47,213,1| 7,91 8,9 47,413,117,9] 9,0]883
(benzene —heptane)
Cl |3 |~ |117,1--1178 C1H\,CINO;S 54,2 3,9, 4,71 10,5 54,3| 3,9, 4,5| 10,4} 93
(benzene)
Cl|4|—][129—1295 CuH,CINO;S  |53,913,7|4,2: 10,1' 54,31 3,9 4,5/ 10,4 62
benzene - heptane) l 1
TABLE 3. o
7 \.~NO A -NO,
R Nlicﬂ--w/__? ‘ N NHCO-@\ Oy NHCO 4 -
Lo = /[ =/ NNHTs /|| )\ =
R Acoon  NHTs X~ “cooH o ZNCO0H NHTS
A B C
L 2
'g ::",‘. 8| Mp, °C (crystallization | Empirical Found, % l Cale., % :.
|7 - 4
5|5 58 solvent) formula c ’}1 ‘ Nl s‘ c ln N|s| S
= | » FA i P
1 : | -
A 4 252—253 (dioxane) CyH7N20-S 55,41 37093 7,3)55,43,8 9,217,0 70,3
A 5 250,1—251 (CH3COOH) CyH2N3O;S 155,7,4,019,4 6,7 55,4/ 3,8/9,2 7,0:81,3
Al (4)*| 241,2(dec., alcohol) Cy1H7N20,8 | 54,91 3,9 8,9;6,7 55,4|3,8/9,2, 7,042
At (5)* ] 233--234 (dioxane) Co1H7N30,S | 55,0 3,7: 8,96,9|55,4{3,8 9,2{7,0{70,9
B 3 220—220,5 (50%aicohol) | CaiHisNyOsS | 61,4145 6,7! 7.8/61,6 4,4"6,8 7,850
B 4 229,5—230 (CH,COOH) Co1HsN30sS | 61,1 4,1{6,5 7,6{61,5 4,46,8/7,8 41,4
C 4 268268 5 (dioxane) CasHgN30-S | 59,0, 3,41 8,3 6,2|59,4 3,8/83 6,3, 67,3
C 5 270,5—271 (CH;COOH) CasHgN3O7S 59,1%3,6 8,6‘6,1 59,4'3,8 8,3|6,3|43,4

¥Nitro group only in the ring with a free COOH group.

The nitro group in the absorption spectra of II-V has the same effect on the position and intensity of
the short-wave bands as in VII-X. Like the short-wave bands, the longest-wave band which is character-
istic for compounds with IHB, undergoes a considerable bathochromic shift in compounds in which the nitro
group is conjugated with the heterocyclic nitrogen (Il and V). The long-wave band in the spectrum of II, in
which this sort of conjugation is absent, is shifted hypsochromically and is expressed only as a shoulder
on the adjacent band. A similar effect might have been expected in the absorption spectrum of IV. A com-
parison of the spectra of IX and IV makes it possible to conclude that the maximum at 354 nm observed for
IV can be considered to be the result of the superimposition of the longest-wave band and the bathochromi-
cally shifted shorter-wave band.

Luminescence Spectra. The maxima and relative intensities of the luminescence spectra of I-V, XI,
and XII are presented in Table 1. Nitro compounds without IHB (VII-X) do not fluoresce. Compounds with
IHB have rather intense luminescence, with the exception of IV, in which the nitro group is conjugated with
the heterocyclic keto group. Just as in methoxy-substituted compounds, the position of the luminescence
maximum of nitro compounds depends on the strength of the IHB. Strengthening of the THB entails a hyp-
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TABLE 4.

N T
1=V, X1, X1V X1, X11 NHTs
Substituent
Com- position* Vo, Gt Empirical Found, % Calc., % ‘Yield,
pound | e | o, P, formula c ‘H‘ sl e lH | N s %
i
1 ‘ 1
il } 2 5 | 2475248 | CyuHN3OeS !57,6} 36]9,8/74 57,7‘3,5‘*9,6 73, 78
n | 2 4 244—2445 | CuH;gNaOsS (57,633 92/ 7.8/ 57,7355 961 7.3| 98
v } 2 | (7) | 2395—2308| CuHigNsOGS |57,7]35|9.37,4/57,7|35/9,6/7,3 82
V| 2 | (6) |2245-2955  CuHisN:OsS |574,38/97/70/577 3,5{ 96(7.3| 80
xil = | 5 2879875 | CosHuNsQsS | 61,4 34/ 85]67|61.6|3586/6.6| 85
XIL| — | 4 | 2607270 | CoHiN:OsS |616 37 8468 616 358666 98
XL | 8 | — | 2143—2146| CuHN,OS | 64,1141 72821643/ 4.1|7,1/82) 95
XIv| 4 | — 194—1045 | CaFlN:O/S 643 41|69 81643417182/ 98

* The position during substitution in the benzoxazine ring is indi-
cated in parentheses.

T Compounds IV and V were recrystallized from dichloroethane and
dioxane respectively, while the remaining compounds were recrys-
tallized from acetic anhydride.

sochromic shift of the maximum, while weakening of the IHB involves a bathochromic shift of the lumines-
cence maximum. An additional bathochromic shift is observed on annelation of the benzene ring (XI and
XII). In contrast to the methoxy-substituted compounds, the luminescence intensity in a series of nitro
compounds is practically independent of the strength of the THB.

EXPERIMENTAL

The synthesis of nitro~-substituted 2- (2-toxylaminophenyl)-4H- 3, 1~benzoxazin-4-ones, -(@2-tosyl-
aminophenyl)~-4H-naphth[2,3-d]-1,3-0xazin-4-ones, and 2-(3- or 4-tosylaminophenyl)-4H~3,1~benzoxazin~
4-ones was accomplished via the method presented in [3] for the preparation of halo-substituted deriva-
tives. The melting points, yields, and results of the analyses of the substances obtained are presented in
Tables 2 and 3. The acylation of 4-nitroanthranilic acid with N~tosylanthranyl chloride and the acylation
of anthranilic and 2,3-aminonaphthoic acid with 4-nitro-N-tosylanthranyl chloride were carried out in ab-
solute dioxane.

5-Nitro-N-tosylanthranilic Acid. A 5 ml sample of nitric acid (sp. gr. 1.5) was added with stirring
at 65-70° in the course of 1 h to 11.2 g (0.04 mole) of N~tosylanthranilic acid in 340 ml of glacial acetic
acid, and the mixture was stirred for 15 min and poured into 1.5 liter of water. The resulting precipitate
was crystallized twice from glacial acetic acid to give a product with mp 196-197°. Calculated: C 50.0;
H 3.6; N 8.3; S 9.5%. CHsNyOgS. Found: C 49.6; H 4.0; N 8.4; S 9.3%. The position of the nitro group
was proved by hydrolysis of the compound in concentrated sulfuric acid to the nitroanthranilic acid, which
was identical to a sample of 5-nitroanthranilic acid obtained by an independent method [5]. 5-Nitroan~
thranilic acid could not be tosylated.

Nitro-substituted 2-phenyl-4H-3,1-benzoxazin-4~ones were obtained by methods desecribed in the
literature: VI [6], VII [7], VIII [8], IX [9], and X [10].

The IR spectra were measured with a UR-10 spectrometer with an LiF prism at 2600-3600 cm~L
The compounds were investigated in the form of saturated solutions in tetrachloroethylene with a cuvette
thickness of 1 cm. The accuracy in the frequency measurements was + 10 cm™ . The UV spectra of di-
chloroethane solutions (¢ 1-10™ to 0.5+ 10™¢ M) were recorded at room temperature with an SF-4A spec-
trophotometer.

The luminescence spectra of 1-10~4 to0 0.5 - 10~* solutions in dichloroethane at 77°K were investi-
gated with an ISP-51 spectrograph with an FEP~1 adapter. Excitation was provided by a PRK-4 lamp (365
nm). An FEU-17 served as the radiation detector.

The authors thank Yu. 8. Ryabokobylko for measuring the absorption spectra in the IR region.
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