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The e lec t ron ic  absorpt ion  s pec t r a  of chalcones have been r a t h e r  carefu l ly  studied. Szmant and Basso  
[1] es tabl ished the re la t ionship  between the posit ion of the absorpt ion m a x i m u m  of the long-wavelength band 
and the e lec t ron ic  nature  of the subst i tuents  introduced into one of the chalcone a r o m a t i c  r ings .  Recent ly ,  
we have shown [2] that  the shift  in Xmax for chalcones expressed  in wave numbers  which occurs  on account 
of e lec t ron-donat ing  subst i tuents  on the benzene r ing located away f rom the carbonyl  group is sa t i s fac to r i ly  
co r re l a t ed  by H a m m e t t  e - cons tan t s  of the subst i tuents .  We decided to study the e lec t ronic  spec t r a  of p a r a -  
dichalcones and find the influence of subst t tuents  of var ious  chemical  types  on these spec t r a  as well as  the 
effect of subst i tut ing the phenyl r ing by some mul t icyc l ic  a r o m a t i c  and he te rocyc l ic  groups as such data a r e  
lacking in the l i t e r a t u r e .  

To this end we m e a s u r e d  spec t r a  of i somer i c  pa ra -d icha lcones  in dioxane and chloroform*:  

R--CH=CH--CO-- . / , ~ / ~ - -  CO--CH=CH- R; 

R - - C O - - C H = C , ~ - - ~ > -  C.~CH --CO--R, 

in which R = phenyl (I, II), 4- to ly l  (III, IV), 4 -an isy l  (V, VI), 2 ,4-dimethoxyphenyl  (VII, VIII), 2 , 4 ,6 - t r i -  
methoxyphenyl  (IX, X), 4 -d imethylaminophenyl  (XI, XII), 4-chlorophenyl  (XIII, X-IV), 4 -bromophenyl  (XV, 
XVI), 4-ni t rophenyl  (XVII, Xu 4-p-b iphenyl  (XIX, XX), fi-naphthyl (XXI, XXI1), 9-anthryl  (XXIII, XXIV), 
2 - p y r r y l  (X~V, XXVI), 2 - fury l  (XXVII, XXVIII), 2-thienyl  (X~IX, XXX), and 2-se lenienyl  (XXXI, XXXII). 
The spec t r a l  data obtained a r e  p re sen ted  in Table  1. 

The p repa ra t ion  of diketones I-XXXII has been descr ibed  by us ea r l i e r  [3] except for  compounds VII, 
IX, XX, XXI, XXIII-XXV which were  obtained analogously  by crotonic  condensation of 1 ,4-diacetylbenzene 
or  te rephtha l ic  dialdehyde with the cor responding  carbonyl  compounds (Table 2). Recrys ta l l i za t ion  was 
p e r f o r m e d  f rom chlorobenzene (VII, IX, and XX), d ime thy l fo rmamide  (XXI, XXIII), or ace t ic  acid (XXIV, 
xxv) .  

The absorp t ion  s pec t r a  were  taken on an SF-4A spec t ropho tomete r  at  solution concentra t ions  f rom 2 
to 5 �9 10 .5 mole .  The solvents  we re  purif ied accord ing  to methods desc r ibed  in the l i t e r a tu r e  [4]. 

The luminescence  s pec t r a  w e r e  taken on the appara tus  consist ing of a monoeh roma to r ,  ISP-51 spec -  
t rograph ,  and FIEF-1 photoe lec t r ic  a t tachment .  Luminescence  was excited by UV radiat ion at 365 nm sep-  
a ra ted  f rom the s pec t rum  of a DRSh-500 m e r c u r y  quar tz  l amp by a UFS-3 light f i l ter .  Correc t ions  were  
introduced for  the spec t r a l  sens i t iv i ty  of the appara tus .  The re la t ive  quantum yield was de te rmined  a c c o r d -  
ing to Cherkasov  [5]. 

In the near  UV region,  chalcone in dioxane and ch loroform solutions has an absorpt ion band with m a x -  
ima at  305 and 310 nm, r e spec t ive ly .  I t  is poss ib le  to r e p r e s e n t  pa ra -d icha lcone  I or  II as a double chal -  
cone in which two identical  ch romophores  a r e  connected to each other  through the cent ra l  benzene ring. 

* The solvents  w e r e  se lec ted  taking into account  that one of these solvents f o rms  hydrogen bonds with the di -  
ketones studied and the other  does not. 
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T A B L E  1. S p e c t r a l  C h a r a c t e r i s t i c s  o f  D i c h a l e o n e s  

R --C6 H 4--CH=CH --CO--C.J ] 4:-CO--CH ~CH-- R--C~ H4--CO--C} [ =C H --C. [-I 4 --_C [-I=C [-1 --CO -- 
--C,H4--R ( p a r a - d i c h a l c o n e s )  -c,~h-R(para-isodichalcones) 

~,, rim, (e) L, l]m, (e) 
compound dioxane 

I 320 (38020) 

33J, (44670) 
Ill 275 (18620) 

352 (41690) 
V 278 (20420) 

369 (31620) 
VII 275 (2291 O) 

370 (3631 O) 
IX 278 (21380) 

427 (51290) 
XI 314 (16600) 

273 (20890) 

320 (3311O) 
XIII 272 (17780) 

235 (14790) 

317 (25120) 
XV 262 (23990) 

322 (41690) 
XVII 267 (30900) 

343 (3981 O) 
XIX 273 (30900) 

363 (22910) 
XXI 270 (30200) 

420 (14130) 
XXIII 255 (I 25000) 

XXV 390 (39810) 
273 (28840) 

XXVII 353 (43650) 
277 (18200) 

XXIX 353 (41690) 
280 (20890) 

363 (37150) 
XXXI 320 (19950) 

290 (20890) 

chloroform 

321 (37150) 

275 (20240) 

334 (33110) 
251 (23440) 

357 (37150) 
277 (25120) 

375 (37150) 
280 (22390) 

379 (31620) 
280 (22390) 

437 (47860) 
320 (14130) 
275 (21480) 

321 (31620) 
265 (24240) 

324 (30900) 
267 (24270) 

318 (29350) 
270 (3041 O) 

349 (34670) 
252 (36810) 

365 (19050) 
273 (31620) 

435 (14130) 
255 (125000) 

393 (25200) 
289 (19500) 

358 (43550) 
280 { 19860) 

360 (41590) 
281 (23320) 

370 (34040) 
285 (19590) 

compound 

II 

IV 

VI 

VIII 

X 

XII 

XIV 

XVI 

XVIII 

XX 

XXII 

XXIV 

XXVI 

XXVIII 

XXX 

XXXlI 

dioxane 

350 (47150) 
270 (12300) 
235 (14790) 

350 (47860) 
235 (17380) 

354 (47860) 
240 (18200) 

325(30200) 
270 (13800) 

336(40470) 
265(6310) 

394 (44670) 
310 (26300) 

355 (44670) 
285 (16220) 
235 (17780) 

345 (33110) 
290 (17380) 
235 (17380) 

362 (39810) 
270 (25120) 

357 (47860) 
232 (20890) 

347 (47860) 
250 (56230) 

385 (28180) 
365 (43650) 
255 (125000) 

362 (40710) 
243 (11220) 

360 (56220) 
237 (13180) 

360 (50120) 
238 (12880) 

362 (39810) 
305 (17380) 
218 (13800) 

chloroform 

355 (44670) 

275 (13490) 

357 (46770) 
295 (1622O) 

358 (57540) 

362 (45710) 
267 (12120) 

345 (32360) 

407 (35480) 

358 (43650) 

345 (30900) 
270 (18620) 

365 (2951"0) 
273 (21380) 

353 (36310) 
318 (32360) 

350 (41690) 

385 (42660) 
365 (3981) 
255 025000) 

367 (33880) 

364 (55480) 

365 (54950) 

367 (46;770) 

K i p r i a n o v  and  M u s h k a l o  h a v e  d r a w n  a t t e n t i o n  to  t h e  f a c t  t h a t  a s e p a r a t i o n  of  two  a b s o r p t i o n  b a n d s  is  o b -  

s e r v e d  in t he  c a s e  t h a t  t h e r e  i s  i n t e r a c t i o n  o f  t he  two c h r o m o p h o r e s  a b s o r b i n g  s i m i l a r  q u a n t a .  I n d e e d ,  t he  
l o n g - w a v e l e n g t h  a b s o r p t i o n  m a x i m u m  of  d i c h a l c o n e  I is  r e d - s h i f t e d  by  11 to  15 a m ,  w h i l e  t h e  m a x i m u m  

of  [ s o d i c h a l c o n e  H is  r e d - s h i f t e d  by  45 n m ,  a n d ,  f u r t h e r m o r e ,  a s h o r t e r  w a v e l e n g t h  a b s o r p t i o n  band a t  

2 7 0 - 2 7 5  a m  is  o b s e r v e d  (F ig .  1). T h e  f a c t  t h a t  d i c h a l c o n e s  I and  II a b s o r b  a t  l o n g e r  w a v e l e n g t h s  than  d o e s  
c h a l c o n e  a l s o  s u p p o r t s  t he  o p i n i o n  e a r l i e r  p u t  f o r w a r d  by  us  t h a t  t he  c a r b o n y l  g ro t rp  d o e s  no t  a c t  a s  a c o m -  
p l e t e  i s o l a t o r  o f  c o n j u g a t i o n  in t he  c~ , /3 -unsa tu ra ted  k e t o n e s  [7]. 

I n t r o d u c t i o n  of  s u b s t i t u e n t s  of  v a r i o u s  c h e m i c a l  t y p e s  in to  t h e  b e n z e n e  r i n g  l o c a t e d  a t  t he  d i s t a l  e n d s  
o f  t h e  m o l e c u l e s  do no t  a f f e c t  t h e  l o n g - w a v e l e n g t h  band  m a x i m a  of  d i c h a l c o n e s  and  i s o d i c h a l c o n e s  e q u a l l y .  

T h u s ,  d o n o r  g r o u p s  ( m e t h y l ,  m e t h o x y )  in t he  c a s e  of  I,  III ,  and  V l e a d  to a s i g n i f i c a n t  r e d  s h i f t  w h i l e  in the  

c a s e  o f  i s o d i c h a l c o n e s  (II, IV,  and  VI) ,  t h e s e  d o n o r  s u b s t i t u e n t s  do not  h a v e  a s i g n i f i c a n t  e f f e c t  on t h e  s p e c -  
t r a l  d a t a .  T h e  d i m e t h y l a m i n o  g r o u p  in d i c h a l c o n e s  ( s e e  XI) l e a d s  to a r e d  sh i f t  of  1 0 7 - 1 1 6  n m  w h i l e  in t h e  

c a s e  o f  i s o d i c h a l c o n e s ,  t he  s h i f t  is o n l y  by  4 4 - 5 2  n m  (XII). A n a l o g o u s l y ,  t he  r e p l a c e m e n t  of  t he  p h e n y l  
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T A B L E  2. D t e h a l e o n e s  

Com-[ mp 
pound: 

VII 205 

IX 262 

XX 286--287 

XXI 266 

XXIII 270--271 

XXIV 276 

XXV 218 

Appearance 

Bright yellow 
needles 

Light yellow plates 

w 

Orange plates 

n 

Golden plates 

Found, % 

C 73,30 
H 5,74 

C 69,20 
H 5,80 

C 88,0 
H 5,33 

C 87,3 
H 5,05 

C 89,1 
H 4,8 

C 89,08 
H 4,78 

~alculated, 
Formula ~a 

N 8 ,86 

C2~H2~,Oc 

C3oHaoOs 

%oH2~0~ 

Ca=,Hz,O2 

C~oH,,~O~ 

CaoH2~O2 

C2oHlsN_oO,_, 

C 73,35 
H 5,72 

C 69,48 
H 5,83 

C 88,30 
H 5,34 

C 87,65 
H 5,05 

C 89,19 
H 4,86 

C 89,19 
H 4.86 

N 8,86 

Yield, % 

68 

60 

80 

75 

75 

66 

72 

L9C 

45 

/ 

-\ 

~0 

~52a0 J00 

\ 
\ 

i' \ 
I 

I 

I 
I 
I 

I ,  
) , ,  rlrrl 

J./0,~cm -l 

i e i 

-de -~* -~e e 
Fig .  1 Figb 2 

F ig .  1. A b s o r p t i o n  c u r v e s  in d ioxane :  1) eha lcone ;  2) p a r a - d i c h a l -  
cone; 3) p a r a - i s o c h a l c o n e .  

F ig .  2. Dependence  of Xma x on H a m m e t t  ( r - p a r a m e t e r s  for  a s e r i e s  
of  p a r a - d i c h a l e o n e s  (r = 0.99, p = 19.9,  S = ~0.5) .  

g r o u p  by  e l e c t r o n - d o n a t i n g  h e t e r o c y c l i c  g r o u p s  such  a s  2 - p y r r y l ,  2 - f u r y l ,  2 - t h i e n y l ,  and 2 - s e l e n i e n y l  ( see  
~XV-XXXI-I) l e a d  to a r e d  sh i f t  wh i l e  the  r e d  sh i f t  for  d i c h a l c o n e s  is  much  g r e a t e r  than fo r  i s o d i c h a l c o n e s .  
The  b a t h o c h r o m i c  ef fec t  of t h e s e  h e t e r o c y c l i c  g r o u p s  i n c r e a s e s  in the  s e r i e s  fu ry l  < t h i e n y l  < s e l e n i e n y l  
< p y r r y l  and c o r r e s p o n d s  to the  ( r - p a r a m e t e r s  d e t e r m i n e d  e a r l i e r  by  us [8]. 

The  r e d  sh i f t  o b s e r v e d  fo r  the  s e r i e s  of  d i c h a l c o n e s  ( type I) unde r  the  in f luence  of  e l e c t r o n - d o n a t i n g  
s u b s t i t u e n t s  c o r r e l a t e s  w e l l  w i th  H a m m e t t  ( r - p a r a m e t e r s  a c c o r d i n g  to the equa t ion  

( .1  l i N c h  " ~9 
ZH )~ , 2.3RT 

(F ig .  2). 2 , 4 - D i m e t h o x y p h e n y l  and 2 , 4 , 6 - t r i m e t h o x y p h e n y l  g r o u p s  in i s o d i c h a l c o n e s  a s  in the  c a s e  of c h a l -  
cones  [9] c r e a t e  s t e r i c  h i n d r a n c e  and f o r c e  the  m o l e c u l e  out  of  c o p l a n a r i t y .  Th is  is  s een  f r o m  the f ac t  tha t  
the  c o r r e s p o n d i n g  po in t s  do not  l i e  on the  c o r r e l a t i o n  c u r v e  for  d i c h a l c o n e s  and in the  i s o d i c h a l c o n e  s e r i e s ,  
VI,  VIII ,  and X show a d r o p  in a b s o r p t i o n  i n t e n s i t y  and X is even b l u e - s h i f t e d .  

E l e c t r o n - a c c e p t o r  g r o u p s  (C1, Br ,  NO2) , on the o t h e r  hand,  do not  have  a s i g n i f i c a n t  e f fec t  on the  
l o n g - w a v e l e n g t h  a b s o r p t i o n  of d i c h a l c o n e s  wh i l e  fo r  i s o d i c h a l c o n e s ,  ch lo ro  and n i t r o  g r o u p s  l e a d  to a r e l a -  
t i v e l y  s m a l l  r e d  sh i f t  (5-10 rim). 
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TABLE 3. Diketone Luminescence  

X, nm [tQuantum 
Compound ~rystal- tin chlo- !yield ~oform (ch!oro- Compound 

line ~olution form) 

V 520 - -  - - .  XXIII 

VII 515 490 0,22 XXVI 

IX 530 490 0,19 XXIX 

XI 610 593 1,0 XXX 

XX[ 530 - -  - -  

X, nm [Quantum 
crystal- in chlo- [yield 

roform [(chloro- 
l ine  ~olution [form) 

590 

497 

493 

520 

583 0,50 

Lengthening the conjugation chain by introduction of a second benzene ring (see XIX-XXI1) (biphenyl 
or  naphthyl systems)  in dichalcone I lead to a significant bathochromic effect corresponding to 23-28 nm 
and 43-44 nm. The same groups in isodichalcones have a slight bathochromic shift not exceeding 10 nm. 
Replacement  of the phenyl group by the 9-anthryl  group also has a g rea t e r  effect for dichalcones than for 
isodichalcones.  The absorption intensity dec reases  ra ther  sharply  indicating s ter ie  effects and a very  p ro -  
nounced vibrational  s t ruc ture  charac te r i s t i c  for naphthalene and anthracene spec t ra  [10] is observed in the 
spectra l  curves.  

The long-wavelength absorption in isodichalcones as in the case of ord inary  chalcones should be a s -  
signed to 7r-Tr* electronic t ransi t ions re la ted to charge t rans fe r  f rom the double bond orbital  to the ca r -  
bonyl 7r* orbital .  

The red  shift for  kma x observed in going f rom dioxane solutions to chloroform solutions is the r e -  
sult of hydrogen bond formation between the solvent and carbonyl groups increasing the polar i ty  of the 
la t ter  and thus lowering the energy for e lectronic  transi t ion.  The red  shift charac te r i s t i ca l ly  result ing 
f rom a change in solvent is g rea te r  for those ketones which contain donor moieties,  that is, which should 
form m o r e  stable hydrogen bonds. 

Diehalcones I and II under conditions of UV irradiat ion do not luminesee in the visible region of the 
spectrum.  On the other hand, 1 ,4-dis tyrylbenzene f luoresces  ra ther  well [11]. Thus, introduction of ea r -  
bonyl groups into 1 ,4-dis tyrylbenzene leads to a loss of ltm~inescence. However, there is no reason to a s -  
stm~e that this effect is re la ted to vibrational deactivation and apparently,  a r i ses  by the fact that singlet 
and tr iplet  n-~r* levels are  unsuitably placed relat ive to the ~-Tr* levels for l tuninescence [12] and by the 
s i n g l e t - t r i p l e t  in terconvers ion p roces se s  which occur .  

The introduction of s t rong electron-donat ing groups into para-dichalcones  (I) (VII, IX, and X1) or in- 
c rease  of the conjugation sys tem by rep lacement  of the phenyl group by an anthryl group (XVIII) leads to the 
more  rapid dec rease  of ~r-Tr* transi t ion energy than the dec rea se  in n-Tr* transit ion energy [13] and the 
corresponding compounds begin to luminesce (see Table 3). Thus, dichalcones VH, IX, and XI luminesce 
in both the solid state and in solution. We have a l ready noted that upon an increase  in the d o n o r - a c c e p t o r  
interaction in ~ , f i -unsa tura ted  ketones, luminescence quantum yields increase  [14]. Diehalcone XI lumin-  
esces  especial ly well while the quantum yield falls sharply for compounds VH and IX. Luminescence  in 
chloroform is charac te r i s t i ca l ly  s t ronger  and red-shi f ted  relat ive to dioxane solution (for example, for XI, 
Xma x = 563 nm) because chloroform forms hydrogen bonds with carbonyl groups,  thus increasing the po la r -  
ity of the carbonyl groups which leads to an increase  in d o n o r - a c c e p t o r  interactions.  Thus, in dioxane 
solution, only diketones XI and XXIII (kma x = 563 and 565, respectively) of the diketones studied shows s ig-  
nificant luminescence.  Some of the diketones studied luminesce only in the solid state (Table 3). 
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