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The absorption spectra of a number of aurones and thioindogenides 
specially synthesized for this purpose have been measured. It has been 
shown that aurones are phototropie in solution. The side reaction of 
irreversible photochemical decomposition takes place more rapidly 
with the aurones than with the thioindogenides. The shifts caused by 
the introduction of substituents into the 4' position are dissimilar in 
the aurones and the analogous thioindogenides, which is explained by 
the greater basicity of the thionaphthene system as compared with the 
benzofuran system. 

The absorp t ion  spec t r a  of the au rones  (2 -benzy l -  
idenecoumaranones )  have been subjec ted  to a spec ia l  
inves t iga t ion  [2], and have been m e a s u r e d  r epea ted ly  
with the object  of c h a r a c t e r i z i n g  or ident i fy ing p a r -  
t i cu l a r  subs t ances  (for example  [3-5]) .  The re  i s ,  
however ,  no in fo rmat ion  in the l i t e r a t u r e  on the pho- 
totropy of so lu t ions  of aurones .  

O 
II 

| Z = O .  I I Z = S  

We have syn thes ized  s e v e r a l  au rones  (I) and s ev -  

e r a l  th ioindogenides  (1I) and have m e a s u r e d  the i r  ab-  
sorp t ion  spec t r a  before  and af ter  the act ion of light. 
Table  1 shows that in solut ion aurones  p o s s e s s  photo- 
t ropic  p r o p e r t i e s  s i m i l a r  to those of the th io indoge-  
n ides  and indogenides  [13,14],  for  which it  has been 

*For  par t  VIII, see [1]. 

shown [15] that the phototropy is  caused  by a photo- 
chemica l  c i s - t r a n s  i s o m e r i z a t i o n .  When a solut ion 
of 2 - ( 4 - d i m e t h y l a m i n o b e n  zyl idene)-3 (2 H)- ben zofur a-  
none p r e p a r e d  in the dark  is i r r a d i a t e d  with daylight ,  

Table  2 

~max(nm) of Subs tances  of the Gene ra l  
F o r m u l a  Rela t ive  to the Compounds in 

z R 

S H 
S CHa 
O CHa 
S NO2 

which X = H 
0 

I X 

I-N(CHa)2 I OCHa ] H 

34 4o -:TI2 31;42 2; 0;0 
67; 66 20' 17 0; 0 
50; 65 0; 0 

C ! NO2 

I 
1; 3] 10; 15 
0; 2 / 14 

- 1 ; I  7 
2; 2 10;9 

*All the Xmax figures were determined for so- 
lutions in benzene; since the long-wave absorp- 
tion band of the majority of substances has two 
maxima (see figure), data for both maxima are 
given. 

the i n t e n s i t i e s  of the m a x i m a  at 412 and 437 nm de-  
c r e a s e  (figure).  At the same t ime a new wel l -de f ined  
m a x i m u m  appear s  at 462 n m ,  which c o r r e sponds  to 
the second s t e r e o i s o m e r i c  form of the subs tance .  
When a solut ion i r r a d i a t e d  with daylight  for  30 rain 

Table  1 

Photot ropic  P r o p e r t i e s  of Solutions of Aurones  and Thioindogenides  
(I and II) in n -Hexane  

Spectrum of a solution Spectrum of an 
irradiated solu- Isobestic point 

prepared in the dark tlon* 
z x Mp, * C ~ - -  

~,Imax . nlTl eImax. 10-' ~1~I~' emax" 10-' 

S 
0 
S 
0 
S 
0 
S 
0 
S 
0 
S 
0 

N (CHz) 2 
N(CHz)2 

OCHa 
OCHa 

CI 
2~-C1 
21-CI 
NO2 
NO2 

1976 
t90 
1566 
1547 
1478 
120Lg-lt 
176.56 
176 
178 
130 
2626 
208~2 

464, 438 
437, 412 
438, 420 
393, 372 
434, 424 
376, 363 
437, 425 
379, 366 
438, 426 
377, 363 
447, 435 
383, --  

5.0; 3.4 
4.8; 3.8 
2.09; 1.5 
3.3; 2.6 
1.18; 1.13 
1.6; 1.2 
1.24; 1.17 
2.03; 1.58 
0.92; 0.96 
1.66; 1.4 

496 
462 
465 
414 
452 
392 
455 
395 
455 
398 
460 
398 

1.2 
2.6 
0.79 
1.9 
0.76 
0.83 
0.73 
1,06 
0.4 
0.65 

L. ~ ~. 10-4 

475 2.2 
446 2.6 
448 0,9 
400 1.6 
445 0.72 
387 0,78 
450 0,73 
390 1.04 
459 0,4 
392 0.65 
465 
400 

*Only the new maximum appearing on irradiation is given: the intensity of the 

maxima present before irradiation fall markedly (see figure). 
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i s  s t o r e d  in the d a r k ,  the  s p e c t r u m  r e s u m e s  i t s  o r -  
ig ina l  fo rm.  With a longer  t ime  of i r r a d i a t i o n ,  how-  
e v e r ,  a s e c o n d a r y  pho tochemica l  decompos i t i o n  of 
the  subs t ance  accompany ing  the p h o t o i s o m e r i z a t i o n  
b e c o m e s  a p p r e c i a b l e .  The au rones  I d e c o m p o s e  m o r e  
r a p i d l y  than the th io indogen ides  II. The d i f f e r e n c e  i s  
p a r t i c u l a r l y  g r e a t  in the ca se  of the d i m e t h y l a m i n o  
d e r i v a t i v e s ,  o - C h l o r o  d e r i v a t i v e s  a r e  l e s s  s t a b l e  than 
p - c h l o r o  d e r i v a t i v e s ,  as  has  been  r e c o r d e d  p r e v i o u s l y  
fo r  the th io indogen ides  [ 16]. 
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UV s p e c t r a  of so lu t ions  of 2 - ( 4 ' - d i -  
m e t h y l a m i n o b e n z y l i d e n e ) - 5 - m e t h y l -  
3 (2H)-benzofuranone  in n -hexane :  
1) so lu t ion  p r e p a r e d  in the da rk ;  
2) so lu t ion  1 a f t e r  i r r a d i a t i o n  with  
day l igh t  for  5 min;  3) so lu t ion  2 
a f t e r  i r r a d i a t i o n  fo r  10 rain; 4) s o -  
lut ion 3 a f t e r  i r r a d i a t i o n  fo r  8 hr .  

It i s  known that  the uns t ab le  s t e r e . i s o m e r i c  f o r m  
of oxindigo [17] a b s o r b s  l ight  in the  s h o r t e r - w a v e  
r e g i o n  than the s t ab le  f o r m .  The s a m e  is  t r u e  fo r  
s t i l bene  and i t s  d e r i v a t i v e s  [18]. The a u r o n e s  (I), the 
m o l e c u l e s  of which m a y  be r e g a r d e d  s c h e m a t i c a l l y  
as  a combina t ion  of ha l f  the !molecu le  of 5,5'  - d i m e t h y l  
oxindigo and ha l f  the  m o l e c u l e  of s t i l bene  have  the  
oppos i t e  p r o p e r t i e s .  I t  can be seen  f r o m  Tab le  1 tha t  
the uns t ab le  s t e r e . i s o m e r i c  f o r m  p r o d u c e d  by the  
i r r a d i a t i o n  of so lu t ions  of the  a u r o n e s  a b s o r b s  l igh t  
in the r eg ion  of  longe r  w a v e s  than the i n i t i a l  s t a b l e  
fo rm.  This  m a y  ind ica t e  that  the s t e r i c  h i n d r a n c e  
a r i s i n g  in the  u n s t a b l e  i s o m e r  l e a d s  to the d e f o r m a t i o n  
of the " e s s e n t i a l "  double bond ,which  i s  a c c o m p a n i e d  
by a deepen ing  of the  c o l o r  [19]. 

It is  a l so  of  i n t e r e s t  to  c o m p a r e  the a b s o r p t i o n  
s p e c t r a  of t h io indogen ides  and au rones  of s i m i l a r  
s t r u c t u r e .  As  the  da ta  of Tab le  1 show, compounds  
of the  5 - m e t h y l - 3 - o x o - 2 , 3 - d i h y d r o t h i o n a p h t h e n e  s e r -  
i e s  a b s o r b  l ight  in the r e g i o n  of longe r  wave leng ths  
but l e s s  s t r o n g l y  than the c o r r e s p o n d i n g  5 - m e t h y l -  
c o u m a r a n o n e  d e r i v a t i v e s .  If one c o n s i d e r s  how the 

r e p l a c e m e n t  of the hyd rogen  in p o s i t i o n  4' a f fec t s  
the  pos i t i on  of ~max ,  i t  is  found that  the  a u rones  r e -  
spond c o n s i d e r a b l y  m o r e  s t r o n g l y  to the in t roduc t ion  
of e l e c t r o n - d o n a t i n g  subs t i t uen t s  [---OCH3, --N(CH3)2] 
and l e s s  s t r o n g l y  to the in t roduc t ion  of e l e c t r o n - a c -  
cep t ing  subs t i t ue n t s  (--NO2). Tab le  2 g ives  the  m a g -  
n i tudes  of the  sh i f t s  in ~max  of the  l ong -wave  a b s o r p -  
t ion band of the benzy l idene  d e r i v a t i v e s  of 3 - o x o - 2 ,  
3 - d i h y d r o t h i o n a p h t h e n e  [ 14], 5 - m e t h y l - 3 - o x o - 2 , 3 -  
d ihydro th ionaph thene ,  5 - m e t h y l c o u m a r a n o n e ,  and 
5 - n i t r o - 3 - o x o - 2 , 3 - d i h y d r o t h i o n a p h t h e n e  [20] on the 
i n t roduc t ion  of a subs t i t uen t  into pos i t i on  4 ' .  It can 
be seen  tha t  the f i gu re s  in co lumn 3 a r e  c l o s e r  to the  
f i g u r e s  in co lumn 4 than to the f i g u r e s  in co lumn 2, 
i. e . ,  the b e h a v i o r  of subs t a nc e s  of the 5 - m e t h y l c o u m a -  
r a n . h e  s e r i e s  i s  c l o s e r  to tha t  of d e r i v a t i v e s  of 5-  
n i t r o - 3 - o x o - 2 , 3 - d i h y d r o t h i o n a p h t h e n e  than to tha t  
of d e r i v a t i v e s  of 5 - m e t h y l - 3 - o x o - 2 , 3 - d i h y d r o t h i o -  
napthene.  Th i s  i s  a p p a r e n t l y  connec ted  wi th  the  l ower  
b a s i c i t y  of the benzofu ranone  nuc l eus  as  c o m p a r e d  
with  the  benzo th iophene  nuc leus .  The i n t roduc t ion  of 
a n i t r o  group l o w e r s  the  b a s i c i t y  of the  th ionaphthene  
n u c l e u s  and b r i n g s  i t s  c a p a c i t y  fo r  r e a c t i n g  with the 
subs t i t uen t  in the b e n z y l i d e n e  p a r t  of the  m o l e c u l e  
c l o s e r  to the c o r r e s p o n d i n g  p r o p e r t i e s  of 5 - m e t h y l -  
c o u m a r  a n , h e .  

EXPERIMENTAL 

2-(4'-Chlorobeazylklene)-5-rnethyl-3(2H)-benzofuranone. A mix- 
ture of 0.50 g (0.0034 mole) of 5-methyl-3(2H)-benzofuranone, 0.48 
g (0.0034 mole) of p-chlorobenzaldehyde, and 0.8 ml of water in 8 
ml of acetic acid was heated to 60 ~ C, 0.5 ml of concentrated HC1 
was added, and the mixture was kept at 80" C for 2 hr. Then it was 
cooled and filtered, and the precipitate was washed with cold petrol- 
lenm ether. This gave 0.68 g (73.1%), mp 178" C (from petroleum 
ether). Found, %: CI 18.29, 13.18. Calculated for Cz6HIICIO2, ~ 
C1 13.10. The following compounds were obtained similarly: 2-(9'- 
Chlorobenzylidene)-5-methyl-8(2H)-benzofuranone. Yield 64%, mp 
130 ~ C (from perzoleurn ether). Found, %: C1 13.18, 13.18. Calcu- 
lated for CIsHIICIO ~, %: C1 13.10.2-(4'-Dinlethylaminobelmylideae)- 
5-methyl-3(2H)-beaz~f~anone. Yield 63%, mp 190" C (from 50% 
aqueous acetic acid). Found, 9o: N 5.0, 5.05. Calculated for CmH~C%, 
"k: N 5.01. 2-(2'-Chlorobenzylidene)-5-methyl-8(2H)-benzothiophe- 
none. Yield 48%, mp 178" C (from hexane). Found, %: N 11.16, 
11.21. Calculated for C16H11CIO, %: N Ii.17. 
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