
N I T R O - S U B S T I T U T E D  2 - P H E N Y L -  

A N D  2 -  ( 2 - T O S Y L A M I N O P H E N Y L ) - 4 H - 3 , 1 - B E N Z  O X A Z I N - 4 - O N E  

M. V .  L o s e v a ,  B.  M.  B o l o t i n ,  UDC 547.867.2:543.422 
G.  A.  B o g d a n o v a ,  a n d  B .  M. K r a s o v i t s k i i  

Ni t ro - subs t i tu ted  2-phenyl -  and 2 - (2 - tosy laminopheny l ) -4H-3 ,1 -benzoxaz in -4 -ones  were  
synthesized.  The UV, IR, and luminescence  spec t r a  were  studied. The posi t ion of t hen i t r o  
group affects  the s t rength of the i n t r amolecu l a r  hydrogen bond (IHB). The luminescence  
p r o p e r t i e s  of n i t ro - subs t i tu t ed  2 - (2 - tosy laminopheny l ) -4H-3 ,1 -benzoxaz in -4 -ones  a r e  a s -  
socia ted  with the s t rength  of the IHB. The luminescence  m a x i m u m  is shifted to the sho r t -  
wave region as  the IHB becomes  s t ronger .  

We have p rev ious ly  [1-3] synthes ized  ch loro- ,  b r o m o - ,  and methoxy-subs t i tu ted  2 - (2 - t o sy l amin o -  
pheny l ) -4H-3 ,1 -benzoxaz in -4 -ones .  A study of the IR spec t r a  of these  compounds demons t r a t ed  that the 
s t rength of the i n t r a m o l e e u l a r  hydrogen bond (IHB) depends to a cons iderable  degree  on the c h a r a c t e r  and 
posi t ion of the subst i tuents .  The IHB also affects  the [ t tminescence p rope r t i e s .  In a s e r i e s  of me thoxy-  
subst i tuted compounds,  the luminescence  m a x i m u m  is shifted to the shor t -wave  region as the IHB becomes  
s t ronger .  In o rde r  to fu r the r  study the effect  of subst i tuents  on the e lec t ron ic  spec t r a  of compounds of 
this  s e r i e s ,  we synthes ized  benzoxazinones (H-V) and naphthoxazinones (XI and XII) containing ni t ro groups  
in va r ious  posi t ions .  F o r  compar i son ,  we synthes ized  a number  of n i t ro - subs t i tu ted  2 -pheny l -4H-3 ,1 -  
benzoxaz in-4-ones  without IHB (VII-X). In the p r e sen t  paper ,  we p r e sen t  data on the IR and e lec t ronic  
s p e c t r a  of the compounds obtained. 
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R 
I-X, X|II,  XIV XI, XI| 

I-V R=NHTs; XII| R=3-NHTs;  XIV R ~ 4 - N H T s ;  II, VII, X! X~5~NO2; 

I |I ,  VIII, XII X=4~NO2; IV, IX Y=I-NO2;  V,X Y = f - N O  2 

IR Spectra .  The VNH f requenc ies  of n i t ro - subs t i tu ted  compounds a r e  p re sen ted  in Table  1. The 
s t rength  of the IHB depends on two fac to rs :  the labil i ty of the hydrogen of the tosy lamino  group and the 
bas ie i ty  of the he te rocyol ie  nitrogen.  Compound II has a s t ronge r  IHB than I, which is  a s soc i a t ed  with an 
i n c r e a s e  in the labil i ty of the hydrogen of the tosy lamino  group. Weakening of the IHB occurs  in IV be-  
cause  of the d e c r e a s e  in the bas ic i ty  of the he te rocye l ic  ni t rogen unde r  the influence of the negative in-  
ductive effect  of the ni t ro group. In addition, the ni t ro group, which is  in conjugation with the keto group 
of the he te ror ing ,  in tens i f ies  i t s  aecep to r  effect  as a resu l t  of which the e lec t ronic  densi ty  of the h e t e r o -  
r ing as awhole  and, consequently,  of the ni t rogen is  reduced.  The ni t ro  group in V i s  conjugated with the 
he te rocyc l ic  ni trogen,  which leads to a d e c r e a s e  in i t s  bas ic i ty .  In addition, the effect  of the keto group 
on the he te ro r ing  i n c r e a s e s  under  the influence of the inductive effect  of the ni t ro group. F o r  these  r e a -  
sons, the IHB in V is  m a rked l y  weakened. A s i m i l a r  effect  might  have been expected  for  HI. However ,  
even a slight s t rengthening of the IHB is  obse rved  for  III.  Th i s  is  explained by two effects  of the ni t ro  
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Fig. 2. Absorpt ion spec t r a  of I, VI, 
X m ,  and XIV. 
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Fig. 3. Absorpt ion s pec t r a  of I -V.  

group that oppositely affect the strength of the IHB - a de- 

crease in the basieity 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 vNH of compounds with- 
out IHB (XI]] and XIV) and these with IHB (I-V) that the shift 

(AVNH) as a result of the formation of IHB does not exceed 
360 crn -i, which attests to a rather weak IHB. 

UV Spectra. The absorption spectrum of 2-phenyl-4H- 
3,l-benzoxazin-4-one (VI, Fig. i) consists of two bands - an 
intense band with a crude vibrational structure at 280-305 urn 
(c ,~20,000) and a long-wave band at 310-330 nm (a~ 13,750). 
It is seen from Fig. 1 that a nitro group that is not conjugated 
with the he te rocyc l ic  ni t rogen a tom (VII and IX) causes  only 
slight changes in the posi t ion and intensi ty  of the 280-305 nrn 
band. The second band in the spec t rum of VII is  c lose to the long-  
wave band of VI, while the second band l a the  spec t rum of IX un- 
de rgoes  a cons iderable  ba thochromic  shift (~ 20 ram) and de-  
c r ea se  in intensi ty ( ~ ~ 6000). Since the ni t ro  group in IX is  
conj ugated with the keto group of the he te ro r ing ,  the band at 310- 
330 am is  probably  as sociated with a t rans i t ion  local ized in the 
benzoxazinoae r ing.  The band at 280-305 nm in the spec t r a  of 
VIII and X, in which the ni t ro  group is  conjug ated with the he t -  
e rocyc l i cn i t rogen ,  undergoes  a pronounced ba thochromic  
shift  (~ 40-50 nrn) and is  m o r e  intense and over laps  the long- 
wave band. 

The introduction of a tosy lamino  group (I) into the ortho 
posi t ion of the 2-phenyl r ing causes  the development  of a new 
band at 330-350 nrn (~.~ 11,000). The two s h o r t e r - w a v e  bands 
of I coincide in posit ion with the absorpt ion  bands c h a r a c t e r -  
is t ic  for  the absorpt ion spec t rum of IV, but the i r  in tens i t ies  
a r e  reduced.  The development  of a new band in the absorpt ion 
spec t rum of I i s  a s soc ia ted  with the p r e s e n c e  of an IHB in it .  
In fact ,  compounds without IHB (VI, XIII, and IV) do not have 
such an absorpt ion band (Fig. 2).* 

On compar ing  the absorpt ion s p e c t r a  of IV with those of 
I and X]:[I, i t  i s  seen that the introduction of a tosy lamino  group 
does not affect  the posit ion of the absorpt ion  bands a t  280-325 
nrn. The tosy lamino  group in XI~  i s  not conjugated with the 
overa l l  ~ s y s t e m  of the molecule .  The coincidence of the in -  
t ens i t i es  of the absorpt ion bands of I and XIII  at 280-325 nrn 
t he re fo re  a t tes t s  to the absence  of conjugation of the t o sy l -  
amino group, and the absorp t ion  intensi ty  in this  region i s  a l -  
m o s t  doubled in the spec t r a  of XIV, where the re  is  no h in-  
drance  to conjugation. Since the effects  of o -  and p - s u b s t i t u -  
ents a r e  usual ly  c lose ,  the anomalous ly  low intensi ty  of the 
absorpt ion of I as compa red  with XIV can be explained by the 
s t e r i c  hindrance that  develops when a tosy lamino  group i s  i n -  
t roduced into the o-posi t ion of the 2-phenyl  ring. The p r e s -  
ence of s te r ic  hindrance,  which br ings  about the format ion  of 
a nonplanar  r ing  with an IHB, explains the re la t ive ly  smal l  
shift  (AUNH) for  I as compa red  with X]:II, which was ment ioned 
above. 

*The ba thochromic  shift of the absorpt ion bands that is obse rved  when a p - to sy lamino  group is  introduced 
(XIV) is  s imi l a r  to the effect of a p -methoxy  group [4]. 
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T A B L E  1. IR S p e c t r a  and L u m i n e s c e n c e  S p e c t r a  of  I I - V  and 
X I - X I V  

Spectral 
characteristics 

I/I0 
VNH , crn -I 

T A B L E  2.  

Compound 
l [ I1 [ III ] IV I V [ XI ] XII I XlIl ] XIV 

535 520 564 -- 566 53.20,3 5 ~ , 6 -  
i00 38,6 58,2 [ 43,6 

3071 3063 3~9 3024 3091 3~5 X 

�9 ,NHTs 

0 2 N - - ~ C O X  

3~4 

~ubstit, 
~ent~ 

x ipn_ 

Z 

OH 

OH 

OH 

Ci 
CI 

CI 

CI 

2 4 

3 - -  

4 

2 

3 -- 

4 

Mp, "C (crys- 
taltization 
solvent) 

2i3--214 (35% 
(alcohol) 

167,5-- 168,5 
(dioxaoe) 

231,5--232,5 (10% 
CHaOH) 

162--163(benzene) 
140,5--141,5 (25% 
~ben zene-heptane) 
117,1~117,6 I 
(benzene) 
129--129,5 
benzene - heptane) 

T A B L E  3. 
/,:-% i N %  

�9 . ( ~ . c o ~  <; 

Empirical 
formula 

Found. ~]c 

C H 

C:4HmN206S 50 013 9 

Cz4H~sNO~S 576 50 

C:4HmNO4S 57,8 4,4 

C~4H.CINiQS [47,5 3,2 
CI4HuClN2OsS ]472 31 

CI4H~2CINOaS 54'2 3'9 

C~H~CINO~S 53,9 3,7 

Calc.. % 

N I S C [H N 

Yield, 

s % 

T 0,0  0,0 - -  ' i ' , i  73 
4846 11,2/57,7 4,5 4,8 94 

l~ 8,8 474!3,11 --1 9,o 54 
8,9 47,413117,9 9,0 88,3 

93 

3,9 4,5] 10,4 62 

%.~coo. 
B C 

~ ~ ~ Mp, ~C (crysl:allization 
=.~ solvent) ~ ~~  

I:I 252--253 (dioxane) 
250,1--251 (CHaCoOH) 

* 241,2(dec., alcohol) 
233--234 (dioxane) 

i 220 220,5 (50%alcohol) 229,5--230 (CH~COOH) 
268--268,5 (dioxane) 270,5--271 (CHaCOOH) 

Empirical I Found, % I Calc., % 
formula a H N S C H i N S 

: 

c,,,,,NoO,s 55/3,7 93 7,3 55,4!38 92170 
C2:HI~N;OTS 55,7 4,0104167 554 3,8 9,2 7:0!81:3 
C::H,TN~O,S [ 54,9[ 3,9 8,916,7 55,413,8 9.2, 7.0] 42 
C~,H.N30,S 55,013,7, 8,9i 6,91 55,4 3 8 9,2i 7.0170,9 
C2~H~sN20~S i 61 4 4,5' 6,717,9[ 61 5[ 4 4 6,8[ 7,8[ 50 
C21H~sN2OsS [61,1 4,1] 6,5 7,6 61,5 4,4] 6,8[ 7,81 41,4 
C2sHmNaO,S 59,0 3,4 8,3 6,2 59,4 3,8 8,3 6,3 673 
C25H,gNaOTS [59,l 13,6] 8,6 i 6,1 ]59,413,8] 8,316,3143,4 

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

The  n i t ro  g roup  in the  a b s o r p t i o n  s p e c t r a  of I I -V  has  the s a m e  e f fec t  on the  pos i t ion  and i n t e n s i t y  of 
the s h o r t - w a v e  bands  as  in VI I -X.  Like  the  s h o r t - w a v e  bands ,  the  l o n g e s t - w a v e  band which i s  c h a r a c t e r -  
i s t i c  fo r  c o m p o u n d s  with IHB,  u n d e r g o e s  a c o n s i d e r a b l e  b a t h o c h r o m i c  shif t  in c o m p o u n d s  in which the n i t ro  
g roup  i s  con juga ted  with the h e t e r o c y c l i c  n i t rogen  (III and V). The  l o n g - w a v e  band in the  s p e c t r u m  of II,  in 
which th is  s o r t  of  conjuga t ion  i s  absen t ,  i s  sh i f ted  h y p s o c h r o m i c a l l y  and i s  e x p r e s s e d  only a s  a shou lde r  
on the ad j acen t  band.  A s i m i l a r  e f fec t  m igh t  have  been expec t ed  in the  a b s o r p t i o n  s p e c t r u m  of IV. A c o m -  
p a r i s o n  of the  s p e c t r a  of  IX and IV m a k e s  i t  p o s s i b l e  to conclude  tha t  the m a x i m u m  at  354 nm o b s e r v e d  fo r  
IV can  be c o n s i d e r e d  to  be the  r e s u l t  of  the s u p e r i m p o s i t i o n  of  the l o n g e s t - w a v e  band and the  b a t h o c h r o m i -  
ca l ly  sh i f ted  s h o r t e r - w a v e  band.  

L u m i n e s c e n c e  Spec t r a .  The  m a x i m a  and r e l a t i v e  i n t e n s i t i e s  of  the  l u m i n e s c e n c e  s p e c t r a  of  I -V ,  XI,  
and XII  a r e  p r e s e n t e d  in T a b l e  1. Ni t ro  compounds  without  IHB (VII-X) do not  f l u o r e s c e .  Compounds  with 
IHB have  r a t h e r  i n t ense  l u m i n e s c e n c e ,  with the excep t ion  of IV, in which the  n i t r o  g roup  i s  con juga ted  with 
the h e t e r o c y c l i c  ke to  group.  Ju s t  as  in m e t h o x y - s u b s t i t u t e d  compounds ,  the pos i t ion  of  the  l u m i n e s c e n c e  
m a x i m u m  of n i t r o  compounds  depends  on the  s t r eng th  of the IHB. S t rengthening  of the IHB en ta i l s  a h y p -  
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TABLE 4, 
O 
L~ 

I 
NttTs 

II--V, Xlll, XlV 

o 
~t 

NHTs 
Xl, Xll 

ISub~timent 
Cam-  ~pkition * 

I1 
Ill 
IV 
V 

XI 
XfI 

XIII 
XIV 

4 

4 

Mp, ~ 

247,5--248 
244--244;5 

239,5--239,8 
224,5--225,5 

287--287,5 
269,7--270 
214,3--214,6 

194--194,5 

Empirical 
formula 

Found, ~o 

C I H j N  S 

J 
C21HIsNaO6S ]57,6 3,6 9,8 7,4 
C21HIsN~O6S 57,613,31 9217,8 
CnHIsN306S 57,7 3,51 9,31 7,4 
C2LH15N306S 57,413,8] 9,7 7,0 
C2~HITNaO6S 61,4:3,418,5] 67 
C25t-117NaO6S 61,6 3,7! 8,4 6,8 
C21HI6N204S !64,114,1 7,2 8,2 

64,3 i 4,1 6,9 8,1 C21HI6N204S 

Calc.,% 

c ~ N 

Yield, 
% 

I I 
57,7 3,5i9,6 7,3' 78 
57,7 3,5{9,6 7,3 98 

7,3 82 57,7I 3,519,616:6 57,7 3,5, 9,< r 3 80 
61,6 3,5 8,6] 85 
61,6 35186 6,6812 98 64,3 4,117,1/82 95 
64,3 4,1 7,1 98 

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

Compounds IV and V were recrys ta l l i zed  f rom diehloroethane and 
dioxane respectively,  while the remaining compounds were r e c r y s -  
tal l ized f rom acetic anhydride. 

sochromic  shift of the maximum, while weakening of the IHB involves a bathochromic shift of the h tmines-  
cence maximum. An additional bathochromic shift is  observed on annelation of the benzene ring (XI and 
XII). In cont ras t  to the methoxy-subst i tuted compounds, the luminescence intensity in a se r ies  of nitro 
compounds is prac t ica l ly  independent of the strength of the IHB. 

EXPERIMENTAL 

The synthesis of nitro-substituted 2- (2-toxylaminophenyl)-4H- 3, l-benzoxazin-4-ones, - (2-tosyl- 
axninophenyl)-4H-naphth[2,3-d]-l,3-oxazin-4-ones, and 2- (3- or 4-tosylalainophenyl)-4H-3,l-benzoxazin- 
4-ones was accomplished via the method presented  in [3] for the preparat ion of halo-subst i tuted der iva-  
t ives.  The melt ing points, yields, and resul ts  of the analyses of the substances obtained a re  presented in 
Tables 2 and 3. The acylation of 4-ni t roanthrani l ic  acid with N-tosylanthranyl  chloride and  the acylation 
of anthranilic and 2,3-aminonaphthoic acid with 4-n i t ro-N- tosylan thranyl  chloride were ca r r i ed  out in ab-  
solute dioxane. 

5-Ni t ro-N-tosylanthrani l ic  Acid. A 5 ml sample of nitric acid (sp. gr. 1.5) was added with s t i r r ing  
at 65-70 ~ in the course  of 1 h to 11.2 g (0.04 mole) of N-tosylanthrani l ic  acid in 340 ml of glacial acetic 
acid, and the mixture was s t i r r ed  for 15 rain and poured into 1.5 l i ter  of water.  The result ing precipi tate  
was c rys ta l l ized  twice f rom glacial acetic acid to give a product with rap 196-197 ~ Calculated: C 50.0; 
H 3.6; N 8.3; S 9.5~0. CI4HI2N2OsS. 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 eoneentrated sulfuric acid to the ni troanthranil ic  acid, which 
was identical to a sample of 5-ni troanthraniHc acid obtained by an independent method [5]. 5-Ni t roan-  
thranil ic aeid could not be tosylated. 

Nitro-subst i tuted 2-phenyl-4H-3,1-benzoxazin-4-ones  were obtained by methods descr ibed in the 
l i te ra ture :  VI [6], VII [7], VIII [8], IX [9], and X [10]. 

The IR spec t ra  were m e a s u r e d  with a UR-10 spec t romete r  with an LiF p r i sm  at 2600-3600 cm -1. 
The compounds were investigated in the form of saturated solutions in te t rachloroethylene with a euvette 
thickness of 1 cm. The accuracy  in the frequency measurements  was * 10 cm -1. The UV spect ra  of di-  
chloroethane solutions (c 1 .10 -4 to 0.5 �9 10 -4 M) were recorded  at room tempera ture  with an SF-4A spec-  
t rophotometer .  

The luminescence spec t ra  of 1 .10  -4 to 0.5 �9 10 -4 solutions in diehloroethane at 77~ were invest i -  
gated with an ISP-51 spectrograph with an Yl~P-1 adapter.  Excitation was provided by a PRK-4 lamp (365 
nm). An FI~U-17 served  as the radiation detector.  

The authors thank Yu. S. Ryabokobylko for measur ing  the absorption spec t ra  in the IR region. 
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