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The absorpt ion  s pec t r a  of a num ber  of selenoindogenides spec ia l ly  synthesized for  this  end 
were  m e a s u r e d .  It is shown that  the selenoindogenides a r e  photochromic  in solution. The 
absorp t ion  m a x i m a  of isologous aurones ,  thioindogenides,  and selenoindogenides a r e  c o m -  
pared .  It is  shown that  the magnitude of the shift in the absorp t ion  m a x i m u m  d e c r e a s e s  in 
the h e t e r o a t o m  o r d e r  O > S > Se on introduction of e l ec t ron -donor  subst i tuents  into the 4 ' -  
posi t ion;  the opposi te  dependence is valid for  e l ec t ron-accep t ing  subst i tuents .  The r e g u l a r i -  
t ies  obtained a r e  explained by the d i f ference  in the donor p r o p e r t i e s  of the h e t e r o a t o m s  and 
the introduced subst i tuents .  It is  shown that Xma x of the selenoindogenides,  ca lcula ted  v ia  
an additive scheme ,  di f fer  f r o m  the exper imen ta l  va lues  by an ave rage  of 6.3 n m .  

The absorp t ion  spec t r a  of aurones  (I) and thioindogenides (II) were  p rev ious ly  examined in [2]. 
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Selenoindogenides 1TI have been synthesized in this  invest igat ion by the condensat ion of 5 -me thy l -  
benzo[b]selenophen-3-(2H)one with va r ious  a roma t i c  aldehydes.  The fo rmat ion  of the benzylidene d e r i v a -  
t ives  of 5-methylbenzo[b]selenophen-3~2tt)one p roceeds  smoothly  with yields of 55 to 92%~ The absorpt ion  
spec t r a  of ~ were  m e a s u r e d  before  and a f t e r  the act ion of l ight.  Table  1 indicates  that the se lenoindogen-  
ides in solution have photochromic  p r o p e r t i e s  analogous to aurones ,  thioindogenides,  and indogenides [3,4], 
fo r  which it ha s  been demons t r a t ed  [5] that the r e a s o n  for  the pho tochromy is  photochemical  c i s - t r a n s  
i somer i za t ion .  When a solution of 2 - (4-d imethylaminobenzyl ideno) -5-methylbenzo[b]se lenophen-3-one  
p r e p a r e d  in the, da rk  is i r r ad ia ted  with daylight, the intensi ty of the max ima  at 434 and 461 nm d e c r e a s e s  
(Fig. 1). At the s ame  t ime ,  a new, dist inct  m a x i m u m  appea r s  at 496 nm which co r r e sponds  to the second 
s t e r e o i s o m e r i c  f o r m  of the subs tance .  The spec t rum takes  on i ts  or iginal  f o r m  when a solution i r r ad ia t ed  
with daylight is  s tored  in the dark.  

It  is in te res t ing  to c o m p a r e  the absorpt ion  spec t r a  of the s i m i l a r l y  cons t ruc ted  aurones ,  thioindogen- 
ides,  and selenoindogenides.  Compound ] ] Iabsorbs  l ight at h igher  wavelengths  and l e s s  in tensely  than the 
cor responding  II.  An examinat ion  of the effect  of r ep l acemen t  of the hydrogen in the 4 '  posi t ion on Xma x 
indicated that  the sensi t iv i ty  to introduction of e lec t ron-donat ing  subst i tuents  d e c r e a s e s  in the he t e roa tom 
o r d e r  O > S > Se; the r e v e r s e  sequence is valid for  e l ec t ron-accep t ing  subst i tuents  (Table 2). The r e l a -  
t ionship between the donor p r o p e r t i e s  of the he t e roa tom and the subst i tuents  introduced apparen t ly  p lays  
some ro le  he re .  When this  d i f ference  is a m a x i m u m  (X = O, R = NMe2; X--  Se, R = NO2) , the A)t value is a 

* Fo r  Communica t ion  XII see [1]. 
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TABLE I. 

4-N (CHa) 

4-OCHs 
4-OH 
4-H 
4-CI 

4-NO~ 

2-NO~ 

3-NO~ 

Properties of the Selenoindogenides 

mp, * c Empirical 
formula 

198--198,5 

I58,5--169 
252,5 

161--161,5 
1~4,5-186 

263,5--264 

1'98,5--,199 

237--238 

Spectra in hexane 

C,sHlvNOSe Se 23,1123.51 
N .... a.~l 

C17Ht402Se Se 24,0 23,6 
C~aH1202Se Se 125,1/25,2] 
C~0HmOSe Se ]26.4]26,3J 
C~sHuC1OSe Se/23,7 23.6 

C1 / 10,6j 10,3 
C~HuNQSe Se / 23,0 23,2 

N 4.1 3.8 
C~HnNQSe S~ 23,0122,91 

Cl~HnNOaSe S~ 23,0[22,9l 
N . . . . . .  

before ix- laker ir- 
radiation* rad. * 

J 

r 

r ,6 

4159 :~ 

~40 

445 

3,87 496 1,I1 473,6 

1,53 472 1,09~61,2 

o Y1 442 452 
46810,58 *53,6 1,9~ 472 

--  488 ~_'474658,2 
443 

--  475 --  461 

isosbesfic 
point 

~0 

1,69 

0,8~ 

0,49 
0,59 

* T h e  m o s t  i n t e n s e  l o n g - w a v e  m a x i m u m  i s  p r e s e n t e d .  
t Only the new m a x i m u m  appear ing  during i r rad ia t ion  is  p resen ted .  
* Compounds sl ightly soluble in hexane.  

TABLE 2. Shift in k max for  I - I I I *  on Introduct ion of Substituent R 
Into the 4 '  Pos i t ion  

N ( C H a h  

O 61 
S 30 
Se 2i 

OCH~ 

17 
4 
l 

A ~ L = ~ m a m R - - ) ~ m a x  I~ , rim 

H CI 

0 3 
0 3 
0 1,6 

NO2 

7 
13 
19 

*The spec t r a  were  m e a s u r e d  in n-hexane .  

TABLE 3. Compar i son  of the Calculated and Exper imen ta l ly  De t e r -  
mined Absorpt ion Maxima of Selenoindogenides 

NO2 
C1 
H 
OH 
OCHa 
N (CH~) 2 

%max' nm 

solvent 

Dichloroetham 
n-Hexane 
n-Hexane 

Ethanol 
Dichloroethan~ 
Dioxane 

(4-R-CsH4CH-)~ 

~2~ 
3 ~  
30~7 
3250 
3~56 
36~ 

5,5-di- | 
,~ethylselen~ 
]oindi~o . | 

574 
565 
565 
595 
574 
566 

cale. 

458 
446,5 

exptl. 

468 
441,6 

441 
475 

A~* 

-10 
4,9 

-3,5 
0 
8,5 

-11 

*A~ = l c a l  -- Aex p .  

m a x i m u m .  T h e  AX v a l u e  i s  a m i n i m u m  w h e n  t h e r e  i s  a m i n i m u m  d i f f e r e n c e  b e t w e e n  the  d o n o r  p r o p e r t i e s  
of  the  h e t e r o a t o m  a n d  the  i n t r o d u c e d  s u b s t i t u e n t  (X = O, R = NO2; X = Se,  R = NMe2). H o w e v e r ,  the  a v a i l a b l e  
d a t a  a r e  i n s u f f i c i e n t  to c o n s i d e r  t h i s  e x p l a n a t i o n  to  be  p r o v e d .  

The  2 - b e n z y l i d e n o -  5 - m e t h y l b e n z o  [b] s e l e n o p h e n -  3 - o n e  m o l e c u l e  c a n  be  s c h e m a t i c a l l y  r e p r e s e n t e d  a s  
a c o m b i n a t i o n  of h a l f  of  a s t i l b e n e  m o l e c u l e  a n d  h a l f  of  a 5 , 5 ' - d i m e t h y l s e l e n o i n d i g o  m o l e c u l e .  We  h a v e  c a l -  
c u l a t e d  the  a b s o r p t i o n  m a x i m a  of  III  b y  a n  a d d i t i v e  s c h e m e  s t a r t i n g  f r o m  the  l o n g - w a v e  a b s o r p t i o n  m a x i m a  

of  5 , 5 ' - d i m e t h y l s e l e n o i n d i g o  an d  4 , 4 ' - d i s u b s t i t u t e d  s t i l b e n e s  ( T a b l e  3). The  a v e r a g e  d e v i a t i o n  ( ~ ) i s  
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Fig. 1. Absorption spectra of 
2- (4-dimethylaminobenzylideno) - 
5-methylbenzo [b ] selenophen- 3- 
one in n-hexane: 1) solution p re -  
pared in the dark; 2) solution 1 
after  irradiation with daylight for 
5 rain; 3) solution 2 after 10-min 
irradiation. 

6.3 nm, which exceeds the experimental e r r o r  (* 1.0 nm) by a great 
deal. However, the comparison of the calculated and experimental 
results  should be considered to be satisfactory if one considers the 
large distance (240-270 nm) between ~max of symmetrical  com- 
pounds, the indubitable crudeness of the additive scheme, and the 
fact that solution of the analogous problem using quantum mechanics 
does not always lead to the best agreementwtththe experimental r e -  
sults. However, the major goal - to elucidate a system in the devia- 
tions from the additive scheme - could not be reached. This is pos- 
sibly due to the necessary  (because of insufficient experimental data 
on the spectra of stilbenes) use in Table 3 of various solvents. 

EXPERIMENTAL 

.2-Benzylideno-5-methylbenzo[b]selenophen-3-one. A mixture 
of 1.05 g (0.005 mole) of 5-methylbenzo[b]selenophen-3-(2H)one, 
0.795 g (0.0075 mole) of benzaldehyde, and 2.3 ml of water in 24 ml 
of acetic acid was heated to 60 ~ 1.4 ml of concentrated HC1 was 
added, and the mixture was refluxed for 2 h. The mixture was then 
cooled, fil tered, and the residue was washed with water to give 1.06 
g (92.4%) of product. 

The following compounds were similarly obtained (the percent 
yield is given in parentheses) : 2-(4-dimethylaminobenzylideno)-5- 
methylbenzo[b]selenophen-3-one (84.1); 2-(4-nitrobenzylideno)-5- 
methylbenzo[b]selenophen-3-one (55); 2-(4-chlorobenzylideno)-5- 

methylbenzo[b]selenophen-3-one (76.2); 2-(4-methoxybenzylideno)-5-methylbenzo[b]selenophen-3-one (73) ; 
2-(4-hydroxybenzylideno)-5-methylbenzo[b]selenophen-3-one (72.5) ; 2-(3-nltrobenzylideno)-5-methylbenzo- 
[b]selenophen-3-one (56.3) ; 2-(2-nitrobenzylideno)-5-methylbenzo[b]selenophen-3-one (67.4). 
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