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The UV absorption spectra in solutions in hexane and ethanol of chal-  
cone analogs containing, apart from 2-selenienyI, the following hetero- 
cyclic radicals--2-furyl, 2-thienyl, 2-pyrryl, 2 - a n d  3-pyridyl, and 
2-quinolyl--have been measured and discussed. Considerations on the 
electronic influence of the heterocycles have been put forward and the 
Hammett 's  parameters have been evaluated for some of the radicals. 

Cont inuing  a spec t ropho tome t r i c  study of c~,~-un- 
sa tu ra t ed  ketones of the se lenophene s e r i e s  [1], we 
have m e a s u r e d  the u l t r av io l e t  absorp t ion  spec t r a  i n  
hexane and ethanol solut ions  of chaieone analogs con-  
ta in ing other  he te rocye l i c  r ad ica l s  apar t  f rom 2 - s e -  
l en ieny l  ( table) .  The c h a r a c t e r i s t i c  absorp t ion  curves ,  
which may be used for ident i f ica t ion  purposes ,  a re  
given in F i g s .  1 and 2. 

As a ru le ,  a l l  the subs t ances  concerned  have, in 
the r eg ion  inves t iga ted ,  th ree  wel l -def ined  absorp t ion  
bands .  The abso rp t ion  m a x i m a  of the long-wave bands 
of a l l  the compounds  in e thanol ic  soIut ion a re  d i sp laced  
in the r ed  d i r ec t ion  by 3 -22  nm in all  ca ses  as com-  
pared  with Xma x in hexane solut ion.  Th i s  is a e o n s e -  
quence of the fo rma t ion  in the f i r s t  case  of more  or 
l e s s  s table  hydrogen  bonds and shows that the long-  
wave band is due to the o c c u r r e n c e  of Tr-Tr* e l ec t ron ic  
t r a n s i t i o n s  in the conjugated chain including the c a r -  
bonyl  group.  
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Fig .  1. UV spec t r a  of the ketones 
I, II, III, and V in hexane.  

In the s p e c t r u m  of a solut ion of the ketone I in hex-  
ane, the long-wave  band is sp l i t  and has two m a x i m a  
(Fig.  1): a n a r r o w  one typical  for  c~,f i -unsaturated ke-  
tches  (Xma x 336 rim) and the second with Xmax 349 nm;  
in e thanol ie  solut ion,  only one broad  m a x i m u m  is ob-  
s e rved .  As we have found, there  is  a s i m i l a r  pa t t e rn  
in the abso rp t ion  s p e c t r a  of 3 - ( 2 - f u r y l ) - l - 2 - t h i e n y l )  
p r o p e n - l - o n e  and of 1, 3 - b i s ( 2 - f u r y l ) p r o p e n - l - o n e  
(333 and 346 rim, and 331 and 346 nm,  r e spec t ive ly ) .  
It  is poss ib le  that the appea rance  of a second ma x i -  
m u m  in the 346-349  nm reg ion  is connected with the 
appea rance  of the v i b r a t i o n a l  s t r u c t u r e  c h a r a c t e r i s -  
t ic for  the fu r fu ry l idene  r ad i ca l .  

F o r  a s e r i e s  of ketches  con ta in ing  the 2 - s e l e n i e n y l -  
idene grouping  (III, VI -X) ,  the q u a s i - a u t o n o m i c  a b -  

sorption in the region 305-310 nm (Fig. 1, 2) that is 
characteristic for it and which has been mentioned pre- 
viously [i, 2] is observed. 
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Fig .  2. UV spe c t r a  of the ketones 
VI, VII, VIII, and XI in  hexane.  

On comparing the UV spectra of ehalcone (Xma x in 
ethanol 312 nm [3]) and its heteroeyelic analogs (I-II!, 
VI, VII), it can be seen that in the spectra of the lat- 
ter the long-wave bands are displaced bathochromieal- 
ly by 25-54 nm. This red shift is caused by the fact 
that five-membered heteroeyclie radicals--2-furyl, 
3-thienyl, and 2-selenienyl--exhibit an electron-do- 
nating effect [4] and, as is well  known [3, 5], the r e -  
p l acemen t  of phenyl in c~, f l -unsa tu ra t ed  ketones by a 
nucleophi l ie  r ad ica l  leads to a ba thochromic  effect 
which is m o r e  cons ide rab l e  where  this subs t i tu t ion  
takes place r emote  f rom the ca rbonyl  group.  

In o rde r  to make a quant i ta t ive  evaluat ion  of the 
e l ec t ron ic  inf luence of these he te rocyc l i c  r ad ica l s ,  we 
made use  of the c o r r e l a t i o n  re la t ionsh ip  [1] between 
the absorp t ion  Xma x and the H a m m e t t ' s  a cons tants  of 
the subs t i tuen ts :  

I I ) hc 
- ~ j - ~  2~S:.KT =~" 

Star t ing  f rom a value  of p for 3 - a r y l - l - ( 2 - s e l e n i e n y l )  
p r o p e n - l - o n e s  of 20.1 and Xma x of the long-wave ab-  
so rp t ion  bands of the ketones I - I I I ,  the following va l -  
ues of the G - p a r a m e t e r s  were  found: for  2 - fu ry l ,  
- 0 . 2 8 ;  for  2 - th ienyl ,  - 0 . 3 0 ;  and for  2 - se l en i eny l ,  
- 0 . 3 6 .  A somewhat  lower value of the a - c o n s t a n t  for 
2 - s e l e n i e n y l  ( -0 .33)  is obtained if the ca lcu la t ion  is 
c a r r i e d  out with the va lue  p = 22.4 found for the cha l -  
cones  [1] and the f r equency  of the long-wave abso rp -  
tion of l - p h e n y l - 3 - ( 2 - s e l e n i e n y l ) p r o p e n - l - o n e .  The 
va lues  of G obtained conf i rm the conc lus ion  drawn on 
the bas i s  of the m e a s u r e m e n t  of the e l ec t ron ic  s p e c t r a  
[4], dipole momen t s ,  and in f ra red  spe c t r a  of chal-  
cone analogs  that, in the s ta t ic  state,  the e l e c t r o n -  
donat ing p rope r t i e s  d e c r e a s e  in the sequence:  2 - s e -  
l en ieny l  > 2 - th ieny l  > 2 - fu ry l .  In addit ion to this,  it 
follows f rom data on the p ro ton -accep t ing  capaci ty  of 
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349/27500 336/31600 
290/shoulder 238/5500 

338/27500 287/9100 
240/3200 

346/24000 305/shoulder 
228/5200 

334/23400 
235/19500 

280/21900 

307/15200 

308/13200 

344/22000 
235/shoulder 

343/21000 

353/16600 310~houlder 
272/8000 247/9500 

in ethanol 

355/20000 292/14000 
252/19500 

350/15500 310/shouldel 
.275/shoulder 249/9500 

355/27000 295/shoulder 
241/5600 

357/22900 289/91 O0 
232/5600 

365/21500 31 O/shoulder 
237/6900 

406/24300 288/81 O0 

337/27500 282/91 O0 
232/5600 

363/21400 316'12900 
235/shoulder 

365/20000 314/11200 

364/25400 245/6350 

362/18600 310 'shoulder 
277/7100 240/shoulder 

360/18600 3lO/shoulder 
275/5600 240/shoulder 

366/20000 305/14000 
255/17O00 
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the chalcone analogs  [6] that the posi t ive  dynamic  ef-  
fect of the conjugat ion of these  he te rocyc l i c  r ad ica l s  
changes in a d i f fe rent  sequence:  2 - fu ry l  > 2 - s e l e n i -  
enyl  > 2- th ienyl .  

A 2 - p y r r y l  r ad i ca l  r emote  f rom the ca rbonyl  group, 
cons ide red  in a s tudy of ketones  conta in ing  the pyr ro te  
nuc leus  c a r r i e d  out in coopera t ion  with V. P. Iz-  
vekov, has a p a r t i c u l a r l y  la rge  ba thochromic  effect 
(see IV). This  is expla ined by the fact that in i ts  donor 
na tu re  p y r r y l  cons ide rab ly  exceeds the f i v e - m e m -  
bered  he te rocyc l i e  r ad ica l s  conta in ing he te roa toms  of 
group VI of D. I.  Mende l eev ' s  per iodic  s y s t e m  [7]. 
The r p a r a m e t e r s  ca lcu la ted  for 2 - p y r r y l  f rom the 
va lues  of the p cons tan t s  given above are ,  r e spec t ive ly ,  
- 0 . 6 6  and - 0 . 6 0 .  

Of the two ketones with a quinol ine r ad ica l  (V and 
XI), that in which the 2 -qu ino ly l  group is ad jacent  to 
the ea rbeny l  group has a deeper  co lora t ion .  Conse -  
quently,  in this case  the quinol ine  rad icaI  exhibi ts  an 
e l e c t r o n - a c c e p t i n g  inf luence,  which is in ag r ee me n t  
with in fo rmat ion  on the study of quinol ine analogs of 
the ehalcone [8]. The 2- and 3 - p y r r i d y l  r ad ica l s  (of. 
IX and X) also behave as negat ive  subs t i tuents ,  s ince  
when the phenyl in 1 - p h e n y t - 3 - ( 2 - s e l e n i e n y l ) - l - p r o -  
penone (Xma x in e thanol  325 nm [1]) is r ep laced  the 
abso rp t ion  shif ts  in the red  d i rec t ion .  

EXPERIMENTAL 

The synthesis of the hecerocyclic analogs of chalcone with the 
exception of X has been described in a previous paper [9]. 

1-(3-Pyrtdyl)-a-(2-selenienyl)propen-l-one (X). A solution of 
1 mt of diethylamine in 300 ml of water was added to a solution of 
equimolecular amounts (0.15 mole) of 2-selenophenealdehyde and 
3-acetylpyridine in 3 ml of pyridine. After a day, the precipitate that 
had deposited was filtered off and recrystallized from aqueous ethanol 

Yield 50%. Light yellow plates with mp 102-103" C. Found, %: 
Se 29.73, 29.80. Calculated for CI2HgNOSe. %: Se 30.11. 

The UV absorption spectra were measured in an SF-4 quartz spec- 
trophotometer at concentration of the substances of 2-4 �9 10 .5 M. 
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