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Various 5-substi tuted 2-(2-tosylaminophenyl)benzoxazoles were synthesized.  The presence 
of in t ramolecular  hydrogen bonding, the strength of which depends on the nature of the sub-  
stituent, was shown by means of the IR spec t ra  of the investigated ser ies  of compounds. A 
corre la t ion  between VNH and the Taft substituent constants was found. The investigated 
benzoxazoles have f luorescence in the yel low-green region of the spectrum; an anomalously 
large Stokes shift is charac te r i s t i c  for them. The position of the f luorescence spec t rum de-  
pends on the strength of the hydrogen bond: when it becomes weaker ,  the spec t rum is shifted 
bathochromical ly .  

An anomalously large Stokes shift is charac te r i s t i c  for many fluorescing compounds that have an 
in t ramolecular  hydrogen bond; since this charac te r i s t i c  is peculiar  to substituted 2-tosylaminobenzylldene- 
anilines and 2-tosylaminobenzylidenebenzylamines [1], we synthesized a number of benzoxazoles that con-  
tain a tosylamino group and investigated the optical proper t ies  of this sys tem.  
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In using the method in [2] for the synthesis of I, a method which is recommended for the preparat ion 
of 2-(2-hydroxyphenyt)benzoxazoles and consists  of the reaction of the appropriate aldehydes with o -  
aminophenol in ni trobenzene,  we obtained only azomethines.  Bromination at the methyl group of the tesyl 
group occurs  when these azomethines are treated with N-bromosuccinimide via the method in [3]. Oxida- 
tion of the azomethines with benzoyl peroxide under the conditions of the method in [3] led to res in i f ica-  
tion of the reaction products .  Sat isfactory results  were obtained in the oxidation of the azomethines with 
po tass ium permanganate  in acetone.  When this procedure was used,  in a number of cases  the 2- (2- tosy l -  
aminophenyl)benzoxazoles were  isolated in the fo rm of their potassium salts, and the ease of salt  formation 
increased in the o rde r  OCH~< H< INO2; i.e., it increases  as the e lee t ron-acceptor  proper t ies  of the sub- 
stituent, which increases  the lability of the hydrogen of the tosylamino group, increase .  This synthetic 
method proved to be applicable for  all of the compounds of the ser ies  under considerat ion except Ia and 
Ib. These two compounds (as well as Ic and Ie) were obtained by dehydration [4] of the cor responding tosy l -  
amino -2 '  -hydroxybenzanil ides.  

The presence  of and the strength of the in t ramolecular  hydrogen bond in compounds that contain a 
tosylamino group in the ortho position of the phenyl ring (Ic-h) were determined f rom the shift in the band 
of the s t re tching vibrations of the NH group relative to v free Narrow vfree bands centered at 3393 and 

NH " NH 
3386 cm -1, respect ively ,  are charac te r i s t ic  for 2-phenylbenzoxazoles that contain a tosylamino group in 
the p and m positions (Ia and ib)~ Absorption is absent in the IR spec t rum of Ic in this region,  but a broad 
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TABLE 1. UNH and Amax Va lues  of  the L o n g - W a v e  A b s o r p t i o n  
Band and F l u o r e s c e n c e  Band of  5--Subst i tuted 2 - ( 2 - T o s y l a m i n o -  
p h e n y l ) b e n z o x a z o l e s  

Compound R 

Ii~ OC}I3 
CII3 

I.e Ci 
If  Br 
Ic H 
lh NOz 

y N ~ E  ' p__..~ - 1 

3116 
3i13 
3112 
3110 
3109 
3097 

Long wave 
Xmax, nm 

338 
326 
330 
330 
319 
324" 
335 S 

Fluoresc~nce 
)-max, nm 

544 
525 
525 
522 
5O8 

E 

3 6 0 0 0  

E 
28000 28000 
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Fig .  1 

Fig~ 1o A b s o r p t i o n  s p e c t r a  in d i c h l o r o e t h a n e :  
4) 2 - p h e n y l b e n z o x a z o l e .  

F i g .  2. A b s o r p t i o n  s p e c t r a  in d i c h l o r o e t h a n e :  
4) Ig; 5) Ih.  
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Fig .  2 

1) Ic;  2) Ia;  3 ) I b ;  

1) Ia;  2) Id; 3) If; 

d i f fuse  band c e n t e r e d  a t  3109 c m  -1,  which  does  no t  u n d e r g o  c ha nge s  when the c o n c e n t r a t i o n  of the so lu t ion  
i s  l o w e r e d  to 4 �9 10 -3 M, a p p e a r s .  Th is  l o w - f r e q u e n c y  sh i f t ,  the c o n s i d e r a b l e  wid th  of  the b a n d ,  and the 
a b s e n c e  of a c o n c e n t r a t i o n  d e p e n d e n c e  fo r  i t  a t t e s t  to the p r e s e n c e  in  the Ic m o l e c u l e  of  an i n t r a m o l e c u l a r  
h y d r o g e n  bond .  

F r o m  the da t a  p r e s e n t e d  in Table  1 it, i s  s e e n  tha t  the i n t r o d u c t i o n  o f  e l e c t r o n - d o n o r  s u b s t i t u e n t s  
into the p p o s i t i o n  r e l a t i v e  to the t o s y l a m i n o  g roup  c a u s e s  an i n c r e a s e  in UNH , i . e . ,  i t  w e a k e n s  the i n t r a '  
m o l e c u l a r  h y d r o g e n  bond of  the b e n z o x a z o l e s  u n d e r  c o n s i d e r a t i o n ;  an e l e c t r o n - a c c e p t o r  s u b s t i t u e n t  (a 
n i t r o  g roup) ,  on the o t h e r  hand,  i n c r e a s e s  the s t r e n g t h  of  the h y d r o g e n  bond.  A c o r r e l a t i o n  a n a l y s i s  [5] of  
the d e p e n d e n c e  o f  UNH on the e f f e c t  o f  the s u b s t i t u e n t  has  b e e n  m a d e .  A s a t i s f a c t o r y  c o r r e l a t i o n  c o e f f i -  
c i e n t  is  Observed  when the induc t ive  and r e s o n a n c e  e f f e c t s  of  the s u b s t i t u e n t s  a r e  t aken  into accoun t  s e p -  
a r a t e l y :  

VNI:! ----- Vo + Pi (3 i -F PcOc, 

w h e r e  VNH and u0 a r e  the f r e q u e n c i e s  in the s u b s t i t u t e d  and u n s u b s t i t u t e d  c o m p o u n d s ,  r i and ~ c  a r e  the 
Ta f t  s u b s t i t u e n t  c o n s t a n t s  [6], which  c h a r a c t e r i z e  the induc t ive  and r e s o n a n c e  e f f e c t s  of  the s u b s t i t u e n t s ,  
and Pi  and Pc a r e  the e f f i c i e n c i e s  of  t r a n s m i s s i o n  of  the c o r r e s p o n d i n g  s u b s t i t u e n t  e f f e c t s .  The c o r r e l a -  
t ion  equa t ion  has  the f o r m  

vxu=3107.9--6,909oi--26,42ac (r 0.9703; S 2.8cm "1 ). 

F r o m  a e o m p a r i s o n  of  th is  e q u a t i o n  wi th  the c o r r e l a t i o n  e q u a t i o n  ob ta ined  p r e v i o u s l y  fo r  5 - s u b s t i t u t e d  2 -  
to s y l a m i n o b e n z y l i d e  n e b e n z y l a m i n e  s [1], 

VNI~ =2911:7-- 22;848~ i --94,274Oc (r 0,9954; $2.77 cm "I ): 

i t  fo l lows tha t  the e f f e c t  of  d i r e c t  con juga t ion  in the b e n z o x a z o l e  s e r i e s  i s  s m a l l e r  than in  the 2 - t o s y l -  
a m i n o b e n z y l i d e n e b e n z y l a m i n e  s e r i e s  (the Pc/Pi v a l u e s  a r e  3.82 and 4.13, r e s p e c t i v e l y ) .  A c o m p a r i s o n  of  
/~ U NH b e t w e e n  m e t h o x y -  and n i t r o - s u b s t i t u t e d  compounds  in s y s t e m s  of  2 - ( 2 - t o s y l a m i n o p h e n y l ) b e n z o x a -  
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TABLE 2. E f fec t  of Subs t i t uen t s  on the 
P o s i t i o n  of the Maxima of the Long-  
Wave A b s o r p t i o n  Bands with R e s p e c t  to 
the Unsubs t i tu t ed  Compound (AXmax, 
nm) 

5-R 

5- Substituted 2- 
tosylaminobenzal- 
benzylamines 

5- Substituted 2- 
( 2- tosylaminophe- 
nyl)benzoxazole~ 

CHa ] 11 
C~ ] 10 
Br 14 
OCII~ 22 

7 
II 
II 
19 

zoles  and 2 - t o s y l a m i n o b e n z y l i d e n e b e n z y l a m i n e s  (19 cm - t  for  
the f o r m e r  and 67 e m  - I  for  the la t ter)  ind ica tes  the w e a k e r  
e f fec t  of s u b s t i t u e n t s  in the benzoxazole  s e r i e s .  The obse rved  
fact  can be exp la ined  by the lower  s t r eng th  of the hydrogen  
bond in benzoxazo l e s  than in b e n z y l i d e n e b e n z y l a m i n e s ;  this is 
a t tes ted  to by the fact  that  ~VNH be tween  o and p i s o m e r s  in 
the f o r m e r  is 284 c m  -1 c o m p a r e d  with 487 c m  -1 in the la t te r~  
The d e c r e a s e  in the s t r eng th  of the i n t r a m o l e c u l a r  hydrogen  

bond of benzoxazo les  may be due to two fac to rs :  an i n c r e a s e  
in the d i s t ance  be tween  the n i t r o g e n  a toms  in  the -No . oH--N 
s y s t e m  be c a use  of the i nc lu s ion  of n i t rogen  - a p ro ton  a c e e p -  
tor  - in the f i v e - m e m b e r e d  r ing ,  and by a l e s s  favorable  o r i e n -  
t a t ion  of the axis of the o rb i t a l  of the h e t e r o r i n g - n i t r o g e n  e l e c -  
t r ons  with r e s p e c t  to the s o r b i t a l  of the hydrogen  a tom of 
the t o s y l a m i n o  group.  

Two in tense  bands  - the f i r s t ,  which  has a rough v i b r a t i o n a l  s t r u c t u r e ,  at  }'max 298 n m  (log e 4.322) 
and the second at  },max 319 n m  (log ~ 4.204) - can be i so la ted  in the a b s o r p t i o n  s p e c t r u m  of Ic at 270-360 
n m  (Fig.  1) o These  bands  can  be a s s igned  to t r a n s i t i o n s  loca l ized  on def ini te  c h r o m o p h o r e s ~  The a b s o r p -  

t ion  band a t  Xmax 298 n m  co inc ides  in  pos i t i on ,  s t r u c t u r e ,  and in t ens i t y  with the a b s o r p t i o n  band of 2-  
pheny lbenzoxazo l e s  and can  be a s s igned  to an e l e c t r o n i c  t r a n s i t i o n  loca l ized  on ch romophore  A, which is 
7r- isoelectronic  with r e s p e c t  to s t i lbene  [7]. 

The introduction of a tosylamino group into the 3 position of the phenyl ring (Ib) does not lead to substan- 
tial changes in the absorption spectrum of 2-phenylbenzoxazole. The certain bathochromic shift and the 

TABLE 3. T o s y l a m i n o - 2 ' - h y d r o x y b e n z a n i l i d e s  

I 
Position i Empirical 1 tY~ld, of tosyl- ! mp, ~ 
amino groupl formula s c s 

165--166 
184--185 
195--196 

C2oH,8N204S 
C2oh:sN204S 
C2oHi~N204S 

Found, % 
C i H N 

62.9 4,8 7,3 
63,0 4,8 7,3 

7,4 4,9 6:3,0 

8,4 62,8 
8,5 62,8 
8,5 62,8 

Calc., % 
H N 

4,7 7,3 
4,7 7,3 
4,7 7,3 

8,4 ] 79 
8,4 69 
8,4 56 

TABLE 4. 5 -Subs t i tu t ed  2 - T o s y l a m i n o b e n z y l i d e n e - o - a m i n o p h e n o l s  

H 
CHa 
C1 
Br 
OCHa 
NO2 

rap, ~ 

t42--I43 
149--150 
161--162 
150--151 
190--191 
213--214 

* Found : 
f Found : 

U "  /7-~ ~ 

1'i H I s  

Empirical formula 

CsoHIsN~O~S 
C2:H2oN~OaS 
C2cHlrCIN2OaS* 
C~oHI7B rN2OaS';" 
CmH2oN204S 
C2~H~TNaOsS 

Found, % Calc., @ i 
c 1,, , ,  c ;, r t,d. 

5,3 
60.0 4,2 
54;1i 4,0 
63fi 5,1 
58.2 4,1 

I 7,6 65,6 5,0. 7.6 7& 
7.3 663 5.3 7.4 76 
6,9 59,9~ 4,3 i 72 60 
6,2 53,9 3,9 ': 6,3 79 
7,1 63,6 5,1 7,1 77 

lO, l 58,4 4,2 i[0,2 60 

C1 8~ Ca lcu la t ed :  C1 8 .99 .  
B r  17.9%. Ca lcu la ted :  B r  17.8~.  
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increase in the intensity of the absorption band that are in- 
duced by a 4-tosylamino group at the end of the conjugation 
chain of chromophore A are analogous to the effect  of the 
introduction into this position of an OCH 3 group [8]. The 
presence of a tosylamino group in the 2 posit ion of the phenyl 
ring leads to the development of a new absorption band C~max 
319 nm). A s imi la r  effect  is observed when a tosylamino 
group is introduced into the o position of benzaldehyde [9] 
and benzylidenebenzyiamine [1], so that, just  as in the ab- 
sorption spec t ra  of these compounds,  the long-wave band of 
2-(2-tesylaminophenyl)benzoxazoles can therefore be a s -  
signed to an e lect ronic  transit ion localized on chromophore 
B, which includes a s ix -membered  ring with an in t ramolecu-  
lar  hydrogen bond. Substituents of differing electronic  na-  
ture in the 5 position of the phenyl ring of Ic have very  little 
effect  on the position of the absorption band that corresponds  
to transi t ion to the "stilbene" chromophore (Fig. 2). How- 
ever ,  the long-wave absorption band is sensitive to the na-  
ture of the substituent.  E lec t ron-donor  substituents cause a 
bathochromic shift of this band, and the shift increases  in 
the o r d e r H < C H ~ <  C I < B r < O C H  3. Above, on the basis  of 
the IR spec t ra ,  it was shown that the sys t em of 2- tosylamino-  
benzylidenebenzylamines is a bet ter  conductor of the con-  
jugation effect  than the sys t em of 2-(2- tosylaminophenyl)-  
benzoxazoles o A compar ison  of the effect  of substituents in 
ser ies  of these compounds on the position of the maximum 
of the long-wave absorption band of chromophore B also 
leads to the same conclusion. In this case ,  it is seen that 
the substituent effect  in the ser ies  under discussion is iden- 
tical in direct ion but differs in magnitude (Table 2). In c o m -  
paring the frequencies of the s tretching vibrations of the NH 
group, which charac te r i ze  the strength of the hydrogen bond, 
and the shifts of the absorption bands of chromophore  B un-  
der  the influence of a substituent, it is seen that the weaker 
the hydrogen bond in the ground state the s t ronger  the shift 
of the long-wave band in the absorption spect rum.  The large 
bathochromic shift of the bands for compounds with a weaker  
hydrogen bond can be explained by the relat ively grea te r  
strengthening in them of this bond at the instant of absorp -  
tion. 

Compounds Ia and lb, which do not contain an in t ra-  
molecular  hydrogen bond, have, like 2-phenylbenzoxazole,  
blue f luorescence (T ~ 10 -9 sec) in c rys ta l s  and f rozen solu-  
tions at 77~ (Xma x 403 and 408 nm), respect ively .  The 
presence  of chromophore B in Ic leads to considerable 
changes in the f luorescence  proper t ies :  an anomalously 
high Stokes shift (200 nm) appears ,  and the maximum of the 
f luorescence band is shifted to the green region of the spec-  
trum; the luminescence intensity increases  by a factor  of 
more than 30. The reason for this large Stokes shift may 
be a consequence of the consumption of energy in t ransfer  
of a proton during additional strengthening of the in t ramolec -  
ular hydrogen bond in the excited state.  When e l ec t ron-  
donor substituents are introduced into the p position r e l a -  
tive to the tosylamino group rid-g), the f luorescence band, 
just  like the long-wave absorption band, exper iences  a bath-  
ochromic  shift. In this case ,  the Stokes shift increases  
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somewhat  with an increase  in the e lec t ron-donor  proper t ies  of the substituent (Table 1). A nitro group 
(Ih) has a more complex effect  on the absorption spect rum:  the long-wave band is the resul t  of the super -  
imposition of the band of chromophore B and a band of the l --* a r  type, which is due to conjugation between 
the tosylamino and nitro groups,  and this makes it impossible to estimate the position of the band of ch ro -  
mophore B.  The nitro derivative does not luminesce in the crystal l ine state,  but phosphorescence (kmax 
475 and 516 nm) appears  in frozen solutions at  77~ The quenching of the f luorescence and the appearance 
of phosphorescence in Ih can be explained by intercombination conversion due to the presence of a nitro 
group [10]. 

EXPERIMENTAL 

The IR spectra of the benzoxazoles in tetraehloroethylene were recorded with a UR-10 spectrophotom- 

eter with an LiF prism at 2500-3600 cm -to The solution concentrations and the cuvette thickness were, 

respectively, 8 �9 10 -3 and 4 �9 10 -3 M and 1 cm. Saturated solutions were used in the case of la and lh. 
The UV spectra of dichloroethane solutions (c 2.5 �9 10 -3 M) were recorded with an SF-4A spectrometer at 

20~ The luminescence spectra of dichloroethane solutions were obtained with an ISP-51 apparatus at 

77~ (c 2~ o 10 -3 M); excitation was achieved with 313-nm light. The fluorescence lifetime was measured 

with a phase taut.meter by the method in [13] with dichloroethane solutions (2.5 o 10 -3 M) at 77~ 

Synthesis of 2-(Tosylaminophenyl)benzoxazoles. A 0.l-mole sample of the acid chloride of the appro- 
priate tosylaminobenzoic acid [II, 12] was added in several portions with stirring at 50 ~ to a solution of 
0.I mole of o-aminophenol in 250 ml of dioxane, after which the mixture was held at 60-65 ~ for 1.5 h. It 

was then cooled to room temperature and poured into 750 ml of ice water. The resulting oil was con- 

verted to a crystalline precipitate after 30 rain; this material was removed by filtration, washed with 200 

ml of hot water, and crystallized from methanol (Table 3)~ Analysis of the IR spectra of the compounds 

provided evidence that acylation proceeds at the amino group of o-aminophenol. The acylated o-amino- 

phenols were heated at 180-200 ~ for 30 rain, and the dark mass that formed on cooling was crystallized 

successively from methanol and benzene (Table 5) 

Synthesis of 2-(2-Tosylaminophenyl)benzoxazoles by Oxidation of the Sehiff Bases~ A mixture of 
equimolecular  amounts of the appropriate aldehydes [9] and o-aminophenol was re fluxed for 1 h in a suit-  
able solvent and crystal l ized f rom methanol (Table 4). A solution of 5 mmole of the appropriate 2- tosy l -  
aminobenzyl idene-o-aminophenol  in 30 ml of acetone was added in the course of 15-20 rain to a boiling 
solution of 8 g of KMnOt in 600 ml of acetone. At the end of the addition, the mixture was refluxed and 
s t i r red  for another 5 h, after  which it was cooled. The precipitated MnO 2 was removed by filtration and 
washed with severa l  port ions of 300 ml of boiling acetone. The wash solutions were added to the initial 
f i l t rate.  The acetone was then removed by vacuum distillation, and the residue was treated with 100 ml of 
boiling dilute (1 : 2) hydrochloric  acid. The mixture was cooled, and the precipitate was removed by fi l-  
t rat ion,  washed with water  until the wash liquid was neutral ,  and recrysta l l ized f rom a suitable solvent 
(Table 5). 

2-Phenylbenzoxazole was obtained by the method in [4]~ 
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