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Spectroscopic constants of dibenzoylenepyrans, dibenzoylene-1, 4- 
dihydropyridine, and dibenzoylenepyridines are given. It is shown that 
the UV spectrum bands of dibenzoylenepyrans are slightly displaced 
when substituents a}e changed. Both in character and in band position 
the absorption curves for dibenzoylene-1, 4-dihydropyridines differ 
from those of the simpler 1, 4-dihydropyridines, and the maxima are 
displaced in a way depending on the substituents. On the other hand, 
the spectra of anyldibenzoylenepyridines are almost identical, and 
coincide with the spectrum of dibenzoylenepyridine. 
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Fig.  1. UV s p e c t r a  of de-  
r i va t i ve s  of d ibenzoylene-  
py rans :  1) phenyld ibenzoyl -  
cnepyran ;  2) p - b r o m o p h c n y l -  
d ibenzoy lenepyran ;  3) i so -  

propyldibenz  oylenepyran .  

In p rev ious  pape r s  we showed [1-4]  that  d i indandion-  
y lme thane  de r iva t ives  can undergo cye l i za t ion  to com-  
plex he te rocyc l i c  s y s t e m s :  d ibenzoy lenepyrans  (I) and 
d i b e n z o y l e n e - 1 , 4 - d i h y d r o p y r i d i n e s  (II), which l a t t e r  
a re  r e ad i l y  oxidized to d ibenzoy lenepyr id ines  (HI} [5, 
6]. Some of these  compounds have a l r eady  been  c h a r a c -  
t e r i z e d  by the i r  UV s p e c t r a  [4, 5, 7 -9 ] .  The UV spe c -  
t r a  of a s e r i e s  of h i ther to  un inves t iga ted  de r iva t i ve s  
a re  d e t e r m i n e d ,  to inves t iga te  the gene ra l  s p e c t r o s c o p -  
ic c h a r a c t e r  of compounds of that  group. 

D ibenzoy lenepyrans  have a c h a r a c t e r i s t i c  a b s o r p -  
t ion  curve  whose bands  a re  s l ight ly  d i sp laced  when the 
subs t i t uen t s  in  the py ran  r i ng  a re  changed.  The c h a r a c -  
t e r i s t i c  in t ense  abso rp t ion  of a lkyl ,  a ry l ,  and f u r y t d i -  
b e n z o y l e n e p y r a n s  l i e  in  a n a r r o w  r a n g e ,  ins ide  the l i m -  
i ts  243-255  nap, and i t  is  sp l i t  into two peaks ,  at 2 4 3 -  
245 and 250-255  m# (Fig. 1) [4, 7, 8]. The in tens i ty  

* F o r  P a r t  XXI see [6]. 

of the absorp t ion  spe c t r a  is g rea t ly  enhanced compared  
with those of di indandionyl  der iva t ives  [4, 7, 8], due to 
conjugat ion in  all  s y s t e m s ,  the oxygen atom on account  
of its two unpa i red  e l ec t rons  i n t e r ac t i ng  with both ehro-  
mophor ic  groups of the molecule .  A low in tens i ty  band 
at 300-320 m# is also c h a r a c t e r i s t i c ,  poss ib ly  due to 
abso rp t ion  by a ketone group in the chromophor ic  ~ ,  fl 
unsa tu ra t ed  ketone s y s t e m  [10]. The absorp t ion  curves  
of these  d ibenzoylenepyrans  a re  a lmos t  ident ica l  with 
one another ,  and differ  only with r e spe c t  to in t ens i t i e s .  
If the pyran  r i ng  subs t i tuen t  is m o r e  complex,  e .g .  , in  
phenan th rene ,  aeenaphthene,  the s p e c t r u m  is c h a r a c -  
t e r i z e d  by an in tense  band with no spl i t t ing  of the max i -  
mum.  In the case  of b i sd ime thoxybenzoy lenepyran ,  the 
long wave band  is shif ted ba thoehromica l ly  (Table 1). 
The spe c t r a  of the d ibenzoy lenepyrans  were  obse rved  
in  ch lo roform only (0. 001 M), because  of t he i r  low so l -  
ub i l i t i e s  in  o ther  solvents .  

o R H 0 
IJ \ /  Jl o R H 0 

II \ /  ~f 

I 
i l  R 1 

0 R 0 

!|1 

The l i t e r a t u r e  a l ready  conta ins  data for  the UV ab-  
so rp t ion  spe c t r a  of i ,  4 -d ihyd ropyr id ines ,  whose ab-  
so rp t ion  bands  a re  d isp laced  in  a way depending on the 
subs t i tuen t s .  If the cu rves  for  d i b e n z o y l e n e - l , 4 - d i h y -  

: d ropy r id ine s  a re  compared  with those of the s i m p l e r  
1 ,4  d ihydropyr id ines ,  a cons ide rab le  d i f fe rence  is 
Seen. The s t r u c t u r a l l y  s imple  1 , 4 - d i h y d r o p y r i d i n e s  

t 5 
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Fig. 2. UV spectra of dibenzoylenedihydzx)- 
pyridines (II) (0. 0001 M): 1) Dibenzoylene- 
d ihydropyr id ine ;  2) in  ethanol;  3) in  a lka l ine  

ethanol solut ion.  
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Table i 

LW Absorp t ion  Spec t ra  of D e r i v a t i v e s  of D e r i v a t i v e s  of Dibenzoyl-  
enepyrans  (I) 

Compound  ;-,,,,x, m/J (e. m ') 

Phcnyldibenzoylenepyran [3] 
p-Ch'lorophenyldibenzo ylenepyran [6] 
p-Bromophenyldibenzoylenep yran [6] 
p-Iodophenyldibenzoyleaepyran [7] 
5-I3romofuryldibenzoylenep yran [8] 
5-Iodofurylaibenzo ylenepyran [8] 
Isopropyldibenzo ylenepyran [4] 
AcenaphthenonespirodtSenzoyfenepyran [2] 
4-Nitrbphenan~hrenonespirodibenz@lenepyran [20] 
Acenaphthenonespirobis(dime~hoxybenzoylene)pyran [21] 
Phenanthrenonespirobis(dimethoxybenzoylene)pyran 

243(3.31), 251 (3.42), 310(0.?,()) 
244(6.40), 251 (6.50), 307(0.45} 
244 (6.60), 251 (6.84), 314(055) 
245(7.02), 252(7.22), 315(0.451 
244(5.94), 250(6.20), 318(0.441 
245(6.84), 251(7.00), 318(0,58) 
245(5.45), 255(5.50), 3!5(0,40) 

252(5.76), 318(0.96) 
248(8.80), 320(0,95) 
252(5.62), 345(1.44) 
255(8.20), 348(I.24) 

(IV, V, VI) a r e  c h a r a c t e r i z e d  by two in tense  bands in 
the u l t r a v i o l e t  r eg ion  of the s p e c t r u m ,  Iying in the in -  
t e r v a l s  210-260 and 330-380 m# and inf luenced by the 
subs t i tuents :  if IVb absorbs  at 210 and 330 m#,  the 
long wave band of IVa is shi f ted  to 350 m/~ [11], Va 
has two in tense  absorp t ion  m a x i m a  at 220 and 375 m# 
[12] while  the m a x i m a  of Vb and Vc l ie  at about 240 
and 350 m# [13, 14]. In i so la ted  c a s e s  compounds of 
s i m i l a r  s t r u c t u r e  show yet  a th i rd  m a x i m u m  at  about 
260-280 m# (Vd) [13, 15]. When the e thoxycarbonyl  
group at pos i t ions  3 and 5 is r e p l a c e d  by ace ty l ,  the 
long wave  band i s ,  fo r  example ,  shif ted to 380 rap. Ve 
absorbs  at 237 and 332 rap, whi le  the m a x i m a  for  VI 
a r e  at 257 and 382 m~ [15]. 

As unsubst i tu ted d ibenzoy lened ihydropyr id ine  [6] 
(II, R = R ~ = H) is  only s l ight ly  soluble  in o rgan ic  so l -  
ven t s ,  the UV s p e c t r u m  o b s e r v e d  is  that  of i ts  anion in 
a lka l ine  solut ion (Fig. 2) only. Phenyld ibenzoylenedihy-  
d ropyr id ine  (II, R = C6H5, R ~ = H) in ethanol  so lu t ions  
has  two in tense  absorp t ion  m a x i m a  at 228 and 262 m/~, 
and l ow - in t ens i t y  absorp t ion  d i s t r i bu t ed  at 307 and 
525 m# (Fig. 2). S i m i l a r  s p e c t r a  a r e  exhibi ted by its 
ha logen  d e r i v a t i v e s  (Fig.  3), and by n i t ropheny l -  and 
a lky ld ibenzoy lened ihydropyr id ines  (Table 2). When the 
hydrogen  at the n i t rogen  is subs t i tu ted  by the phenyl 
group,  the c h a r a c t e r i s t i c  m a x i m a  a re  p r e s e r v e d .  In 
c h l o r o f o r m  solut ion only a 260 mp band with enhanced 
in tens i ty  [5] appears  (Fig. 3). 

r \ / .  r 2 V u  
@__~OOC~Hs HsCo O O C ~ C O ' O  C2H5 

Ha ~ RI___~N,,~_..R ~ 
H i v  H V 

H N / C 6  H4"NO,2-~  

H 3 C O C - - - ] ' i " ~ C O C  H 3 

Ha C - - - ~ N . ~ - - C  H a 

H V |  

a R = H  a R I = R 2 = H  
b R - C H  3 b R I = R 2 = C H 3  

c R~=CHo; R2=C6H5 
d R~=CHa; R2=p-NO2'C6H4 
e RI=CH3;  Ra=o-NO2.C~H4 

In decahyd roac r id ined ione  s y s t e m s ,  w h e r e  the d i -  
hydropyr id ine  r ing  is  condensed  with two a l i eye l i e  6-  
m e m b e r e d  r i n g s ,  the o r d i n a r y  absorp t ion  bands of 1, 
4 - d i h y d r o p y r i d i n e s  a r e  c o n s e r v e d ,  s ince  conjugat ion  
of the s y s t e m  is not enhanced [16]. B e n z o y l e n e -  [16, 
17] -and d i b e n z o y l e n e - 1 , 4 - d i h y d r o p y r i d i n e s  (tI) [5 j 9] 
w h e r e  the d ihydropyr id ine  r ing  is condensed  with one 
or two 5-membered rings, exhibit spectra of quite a 
different kind, and this is connected with increased 
conjugation in the entire system. These compounds 
have intense absorption bands at 220-240 m# and 250- 
260 rn#, while in the longer wave region (above 300 m/~), 
there are only absorption bands of low intensity; the 

band at about 300 m# is probably the R-band of carbon 

yl groups [i0, 17, 18], whereas in the visible part of 

the spectrum there is a wide absorptionband in the480- 

560 mp interval, causing the rerlcolor of the compound. 
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F ig .  3. U-V s p e c t r a  of hMogenophenyl -  
d ibenzoy lened ihydropyr id ine  s: (II) 
(0. 0001 M) 2 , 4 - d i e h l o r o p h e n y l d i b e n z o y l -  
ened ihydropyr id ine :  1) in e thanol ;  2) in 
a lka l ine  ethanol  solut ion;  3) in c h l o r o -  
f o r m ;  p -b romopheny ld ib  enzoylenedihy  - 
d ropyr id ine :  4) in a lka l ine  ethanol  so lu -  

t ion;  5) in c h l o r o f o r m .  

D ibenzoy lened ihydropyr id ines  a re  M~own to fo rm a 
s t rong ly  g r e e n i s h - b l u e  anion in a lkal ine  solut ion [4, 
19]. The absorp t ion  c u r v e s  of the anions in the n e a r  

u l t r a v i o l e t  r e s e m b l e  the plots  fo r  the c o r r e s p o n d i n g  
d i b e n z o y l e n e d i h y d r o p y r i d i n e s  in ethanol  solut ion save  
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that  the bands  a r e  d i s p l a c e d  b a t h o c h r o m i c a l l y ,  the  
m a x i m a  be ing  at  233 -244  and 287-289  rap. Th is  m a y  
ind ica te  that  in ethanoI so lu t ion  the s t r u c t u r e  of the 
d i b e n z o y l e n e d i h y d r o p y r i d i n e s  r e s e m b l e s  that  of the  
anion,  i . e . ,  the e l e c t r o n  dens i ty  i s  m o r e  o r  l e s s  un i -  
f o r m  in both c a s e s .  

The s p e c t r a  of the  anion of d i b e n z o y l e n e d i h y d r o p y r i -  
d ine  i t se l f  and of i t s  4 -pheny l  d e r i v a t i v e  exhib i t  ye t  a 
t h i r d  a b s o r p t i o n  band at  255 and 261 m# r e s p e c t i v e l y  
(Fig .  2). In the v i s i b l e  p a r t  of the s p e c t r u m  t h e r e  is  a 
wide a b s o r p t i o n  band in the i n t e r v a l  600-700  m p  (not 
shown in the  f i g u r e ) ,  c h a r a c t e r i s t i c  of the anion of d i -  
b e n z o y l e n e d i h y d r o p y r i d i n e .  

If the  pos i t ion  4 subs t i t uen t  in the d ibenzoy l e ne d ihy -  
d r o p y r i d i n e s  is  m o r e  c o m p l e x ,  e . g . ,  phenan th rene ,  
acenaphthene  [9], the  n e a r  LrV s p e c t r a  a r e  sh i f ted  hyp-  
s o c h r o m i c a l l y  (Table  2). B e c a u s e  d i b e n z o y l e n e d i h y d r o -  
p y r i d i n e s  with c o m p l e x  subs t i t uen t s  have v e r y  low s o l u -  
b i l i t i e s  in the usua l  o rgan i c  s o l v e n t s ,  c o m p a r i s o n  of 
t h e i r  s p e c t r a  is  d i f f icul t .  

A c o m p l e t e l y  d i f fe ren t  s p e c t r u m  p i c t u r e  is  shown 
by the ox ida t ion  p r o d u c t s  of d i b e n z o y l e n e d i h y d r o p y r i -  
d ine s ,  i. e . ,  d i b e n z o y l e n e p y r i d i n e s  (III) b e c a u s e  t h e i r  
c h r o m o p h o r i c  s y s t e m  has  changed.  The s p e c t r u m  o f  
d i b e n z o y l e n e p y r i d i n e  i t s e l f  is  c h a r a c t e r i z e d  by  two in-  
t ense  a b s o r p t i o n  bands  at  267-269  and 310 m~,  whi le  
at  381 m/~ t h e r e  is  a l o w - i n t e n s i t y  m a x i m u m  (Fig.  4). 
The s a m e  c h a r a c t e r  is  r e t a i n e d  in the  s p e c t r a  of phen-  
yl  [5] and h a l o g e n o p h e n y l d i b e n z o y l e n e p y r i d i n e s  (Table  
3). 

The UV s p e c t r a  w e r e  d e t e r m i n e d  with  an S F - 4  in-  
s t r u m e n t .  
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