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The reaction of 2-(2-tosylaminophenyl)-4H-3,1-benzoxazine-4-one with alcohols in pyridine 
gives tosylanthraniloylanthranilic acid es te rs .  The synthesized compounds hminesce  in the 
crystalline state and in solutions at room temperature .  The anomalously high Stokesian shift 
character is t ic  for this ser ies  of compounds is due to intramoleeular hydrogen bonding with 
the participation of the tosylamino group. Interaction of polar solvents and irradiation with 
UV light lead to cleavage of the hydrogen bond, and as a consequence, to a decrease in the 
Stokesian shift. 

The li terature contains many indications of unsuccessful attempts to alcoholize the most reactive 
representatives of the 4H-3,1-benzoxazine-4-one class - its 2-methyl derivatives [1, 2]. We were able to 
realize the alcoholysis of 2-(2-tosylaminophenyl)-4H-3,1-benzoxazine-4-one in pyridine [3] to give high 
yields of tosylanthraniloylanthranilic acid es te rs .  The reaction proceeds readily with normal aliphatic 
alcohols and also with a l iphat ic-aromat ic  alcohols. However, the rate of alcoholysis decreases as the 
length of the alkyl chain of the alcohol increases.  Thus 91% aleoholysis occurs when 2-(2-tosylaminophenyl)- 
4H-3,1-benzoxazin-4-one is refluxed in pyridine-butanol  for 2 h, as compared with 76.7% alcoholysis in 
the ease of decanol; in o rder  to achieve complete reaction with methanol, it was necessary to reflux the 
mixture for 36 h. Alcohols with iso structures and phenol do not react with 2-(2-tosylaminophenyl)-4H- 
3,1-benzoxazine-4-one. 

It might be assumed that the catalytic effect of pyridine consists in the formation of an extremely 
active intermediate, which also reacts with the alcohol: 
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2-Phenyl-4H-3,1-benzoxazin-4-one does not react  with alcohols even in the presence of pyridine. 
The higher reactivity of the o-tosylamino-substituted compound becomes understandable if one compares 
the magnitude of the half-wave potentials for polarographic reduction of 2-phenyl- and 2-(2-tosylamino- 
phenyl)-4H-3,1-benzoxazin-4-ones. In the former  compound it is - 1 . 7  V, as compared with -1 .52 V in 
the latter [4]. The high electrophilicity of the tosylamino-substituted compound is also responsible for 
the ease of its reaction with pyridine and subsequent alcoholysls. 

At first glance, the fact presented in [5] that 2-phenyl-4H-3,1-benzoxazin-4-one reacts readily with 
phenol in the absence of pyridine seems to contradict the explanation proposed above. The apparent "con- 
tradiction" is actually due to the fact that the reaction proceeds completely differently in the absence of 
pyridine. Firs t  of all, the benzoxazinone is protonated by phenol. As a result,  the electrophilicity of the 
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TABLE 1. Tosylanthrani loylanthrani l ic  Acid E s t e r s  

C o m -  

p o u n d  

I 
II 

III 
IV 
V 

VI 
VH 

"VIII 
IX 
X 

I Crystal-  
mp,  ~ , l izat ion 

solvent 

CHs 164 
C2Hs 134 
CaH7 133 
C4H9 113 
CsHI7 100 
C9HI9 91 
CioH21 99 
CI6H33 I 87 
CH2CsHs , 162 
CH2CHeC6H5 i 142 

AcOH 
AcOH 
Phil 
Phil 
Phil 
Phil 
Phil 
PhH 
Phil 
Phil 

Empirical  
formula 

C~H2oN2OsS 
C~H~N2OsS 
C24H2~N2OsS 
C25HzoN2OsS 
C=gH34N2OsS 
CsoH36N~OsS 
C31H~sN~OsS 
Ca7HsoN2OsS 
C~sH24N2OsS 
C29H26N2OsS 

Found, ~o i Calc.,  ~o IYield. 
.% 

N C ] H N 
i 

6,81 62,3] 4,7 
6,4 63,0[ 5,1 
6,4 63,7[ 5,3 
6,2 64,4l 5,6 1 
5,3 66,61 6,6 
5,4 67,1] 6,8 
5,0 67,6 7,0 
4,8 69,41 8.1 
5,4 67,2 4,8 
5,6 67,7 5,1 

c H 

62,2 4,7 
62,8 5,0 
63,7 5,5 
64,4 5,7 
66,5 6,6 
67,2 6,8 
67,7 7,2 
69,4 7,8 
67,3 4,8 
6.7,7 5,1 

6,6 94 
6,4 82 
6,2 88 
6,0 88 
5,3 84 
5,2 74 
5,1 87 
4,5 99 
5,6 53 
5,4 89 
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Fig. 1. Dependence of  the l u m i n e s -  
cence  spec trum of  an a lcohol  solut ion 
of  tosy lanthrani loylanthrani l ic  acid 
e s t e r  on the wavelength of  the exci t ing  
light at 293 ~ K: 1) kex 313 nm; 2) kex 
365 nm. 

m o l e c u l e  i n c r e a s e s  sharply,  and this  a l so  p r o m o t e s  attack 
on it by phenol.  This  sort  of  protonation is  poss ib le  only in 
the case  of  2 - p h e n y l - 4 H - 3 , 1 - b e n z o x a z i n - 4 - o n e .  The p r e s -  
ence  o f  an in tramolecu lar  hydrogen bond in the t o s y l a m i n o  
derivat ive  m a k e s  it imposs ib le  to protonate it with phenol .  
It is  p r e c i s e l y  for  this  r eason  that 2 - p h e n y l - 4 H - 3 , 1 - b e n -  
z o x a z i n - 4 - o n e  react s  with phenol in the absence  of  pyridine,  
while its o - t o s y l a m i n o  derivat ive  does  not. 

E l e c t r o n i c  S p e c t r a  

The tosy lanthrani loylanthrani l ic  acid e s t e r s  absorb in 
a s h o r t e r - w a v e  region than benzoxaz inones .  It is  i n t e r e s t -  
ing that the character  of  the spectra  and the pos i t ion of  the 
m a x i m a  are pract ica l ly  independent of  the length of  the alkyl  
chain of  the a lcohol  res idue .  This  indicates  that the e s t e r  
grouping does  not enter  into the compos i t ion  of  the c h r o m o -  
phores  respons ib le  for the absorpt ion at 267 and 319 rim. 

As in the case  of  benzoxaz inones ,  a capacity for f l u o r e s c e n c e  is charac ter i s t i c  for tosy lanthran i loy l -  
anthranil ic  acid e s t e r s .  However ,  in contrast  to the former ,  they f luoresce  intense ly  not only in the c r y s t a l -  
l ine state but a l so  in solut ion at room tempera ture .  Like the absorpt ion spectrum,  the f l u o r e s c e n c e  spec t rum 
is independent of the length of the alkyl chain of  the a lcohol  res idue .  One's  attention is  directed to the 
anomalous ly  high Stokesian shift,  which, in analogy with benzoxaz inones  [6], can be explained by s trengthen-  
ing of the in tramolecu lar  hydrogen bond in the exci ted state .  

The format ion  of  two types  of  in tramolecu lar  hydrogen bonds is  pos s ib l e  in the  tosy lanthrani loy lanthra-  
nil ic acid e s t e r  molecu le :  those  with the participation of  the t o s y l a m i n o  group and the amide carbonyI 
group (form A) or  those  with the partic ipation of  the amide hydrogen and the e s t e r  carbonyl  group (from B}. 

o oR 

t 
Ts 

B A 

It s e e m e d  of  interest  to a scer ta in  which of  these  forms  is  actual ly rea l i zed  and how the f l u o r e s c e n c e  p r o -  
pert ies  depend on th is .  If the tosy lanthrani loylanthrani l ic  acid e s t e r s  did ex i s t  in form B, the f l u o r e s -  
cence  propert i e s  and, above all ,  the f luorescence  intensity should have been dependent on the length 
of  the alkyl chain,  as in the ease  of  2 - h y d r o x y - 4 - m e t h y l - 5 - c h l o r o a l k a n o p h e n o n e s  [7]. However ,  this  
is  not actual ly  observed~ For  compar i son ,  we synthes i zed  mode l  compounds in which only form A 
or  only form B can be rea l i zed .  (See s c h e m e  on the fo l lowing page.) 

It was  found that 2 - (N- tosy lanthran i loy lamino)benzy l  a lcohol ,  l ike tosy lanthrani loylanthrani l ic  a c i d .  
e s t e r s ,  has an anomalous ly  high Stokesian shift and f l u o r e s c e s  in the green region of  the spec trum.  2 - (2 -  
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Tosylaminophenyl)benzoxazole  and the overwhelming  ma jo r i t y  of compounds in which the tosy lamino  group 
pa r t i c ipa te s  in the fo rmat ion  of an in t r amolecu la r  hydrogen bond have the same p r o p e r t i e s .  At the same  
t ime,  methyl  benzoylanthrant la te ,  which does not contain a tosy lamino  group, differs  substant ia l ly  f rom 
them with r e spec t  to its f luorescence  p r o p e r t i e s .  

In studying the f luorescence  p rope r t i e s  of  the synthes ized  e s t e r s ,  we noted that  the c h a r a c t e r  of  the 
spec t rum depends marked ly  on the solvent .  Thus,  while only one m a x i m u m  (kma x 520 nm) is obse rved  in 
toluene at 77~ another  m ax i m um  (kmax 418 rim) appea r s  in alcohol and d imethy l fo rmamide  (DMF). The 
ra t io  of  the intensi t ies  of the nblue n and "green  n f luorescence  m a x i m a  depends on the wavelength of  the 
exci t ing light {Fig. 1). This  indicates that  in this  case  we a re  dealing with an equi l ibr ium mix tu re  r a t h e r  

' than with an individual compound that  has two f luorescence  max ima .  The assumpt ion  of decomposi t ion  of 
the substance as it d i sso lves  in alcohol is excluded, for  the tosylanthrani loylanthrani l ie  acid e s t e r  is i so -  
lated unchanged when the alcohol solution is vacuum evapora ted ,  It mus t  be a s sumed  that we a re  dealing 
in this case  with an equi l ibr ium mix ture  of two fo rms ,  one of which has  g reen  f luorescence ,  the o the r  of  
which has blue f luorescence .  The nbluen form probably  co r r e sponds  to the case  in which the tosy lamino  
group does not par t ic ipa te  in the fo rmat ion  of an i n t r amolecu la r  hydrogen bond. It Is p r e c i s e l y  this  fact  
that  may  explain the exis tence  of the nblue n fo rm only in solutions in po la r  solvents .  

Ul t ravio le t - l ight  i r rad ia t ion  affects  the e s t e r s  in the s ame  way as a po la r  solvent.  In this  case ,  the 
exci tat ion energy  in a port ion of the molecu les  is expended in c leavage of the hydrogen bond, and one ob-  
s e rve s  buildup of the "blue" fo rm,  One of the above-ment ioned  model  c o m p o u n d s -  2- (N-tosylanthrani loyl~  
amino)benzyl  alcohol - behaves  in t~recisely the s ame  way. At the same  t ime ,  the spec t rum of methy l  benzo-  
ylanthrani la te  does not change e i the r  in the p r e sence  of po la r  solvents  o r  during UV i r rad ia t ion .  

A change in the absorpt ion s pec t r a  is obse rved  s imul taneous ly  with the change in the f luorescence  
spec t r a  of tosylanthrani loylanthrani l ic  acid e s t e r s .  The intensi ty of the long-wave band fal ls .  Absorpt ion 
at 350-420 nm appea r s  s imul taneous ly  (Fig. 2). The appearance  in the absorp t ion  spec t rum of the e s t e r  of 
a long-wave ntail" as a resu l t  of i r rad ia t ion  may  be a consequence of c leavage of the i n t r amolecu l a r  hydro-  
gen bond and m o r e  complete  par t ic ipa t ion  of the tosy lamino  group in conjugation. Thus both the hypso-  
chromic  shift  of the f luorescence  spec t rum and the ba thochromic  shift of  the absorpt ion  spec t rum at tes t  to 
disruption,  during i r rad ia t ion ,  of the hydrogen bond in which the tosy lamino  group par t ic ipa ted ,  

E X P E R I M E N T A L  

The absorpt ion spec t r a  of solutions in alcohol and toluene (5 �9 10-4-1 �9 10 -5 M) were  r eco rded  at room 
t e m p e r a t u r e  with a cuvette th ickness  of  I era. The f luorescence  s p e c t r a o f  the solutions were  r eco rded  with 
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Fig.  2. Reduced absorpt ion  and luminescence  s p e c t r a  
of  an alcohol  solution of tosy lanthrani loylanthrani l ie  
acid e s t e r  at 293" K: 1) p r i o r  to i r rad ia t ion  with UV 
light; 2) a f t e r  i r r ad ia t ion  with UV light. 
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a device a s s e m b l e d  f rom an MDI~-3 m o n o e h r o m a t o r  with a l inea r  d i spe r s ion  of 1.3 n m / m m .  The spec t r a  
were  r eco rded  at 77 and 293 ~ K and a re  p re sen ted  in this  pape r  with al lowance for  the quantum sens i t iv i ty  
of  the appara tus .  

Alcoholys is  of 2 - (2 -Tosy laminopheny l ) -4H-3 ,1 -benzoxaz in -4 -one .  A solution of 1 g (2.5 mmole)  of 
benzoxazinone and 0.01 mole  of the appropr ia t e  alcohol in 5 ml  of pyr id ine  was heated for  20 h with gentle 
ref luxing of the reac t ion  mix ture ,  a f t e r  which 1 m l  of  wa te r  was added to hydrolyze the unchanged benzox-  
azinone, and the mix tu re  was heated for  another  hour .  It  was then cooled to room t e m p e r a t u r e  and poured 
with s t i r r i ng  into 100 m l  of 5%aqueous sodium bicarbonate  solution. The prec ip i ta ted  e s t e r  was r emo v ed  
by f i l t rat ion,  washed with water ,  and c rys t a l l i zed  f rom a sui table solvent .  
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