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A compara t ive  invest igat ion of the ac id -base  p roper t i e s ,  the polarographic  behavior ,  and the 
spec t r a l  c h a r a c t e r i s t i c s  of oxochromeno-  and oxoth iochromenopyrazo les ,  oxodipyrazolopy-  
r ans ,  and the i r  e lec t ronic  analogs xanthone and thioxanthone, has been pe r fo rmed .  The dif- 
f e rence  in p rope r t i e s  is due to the e lec t ron-accep t ing  nature  of the condensed pyrazole  ring. 

Methods for  the synthes is  and some  p rope r t i e s  of the 9 -oxochromeno-  and 9-oxothiochromeno[3 ,2-d]-  
py razo l e s  and the 8 -d ipyrazo lopyrans ,  which we consider  to be e lec t ronic  analogs of xanthone and thio-  
xanthone, f o rma l ly  r ep resen t ing  a rou te  for  the subst i tut ion of condensed benzene r ings  by a roma t i c  py ra -  
zole r ings ,  have been desc r ibed  prev ious ly  [1, 2]. To de te rmine  the influence of such a change in the 
s t r u c t u r e  a compara t i ve  de te rmina t ion  of the ac id -base  p rope r t i e s  of xanthone (I), thioxanthone {VI), and 
the pyrazo le  analogs synthes ized (II-V, VII, VIII) has been pe r fo rmed ,  the i r  polarographic  reduct ion has 
been  c a r r i e d  out, and the i r  s p e c t r a l  c h a r a c t e r i s t i c s  have been used. The r e su l t s  obtained a r e  given in 
Table  1. 
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The bas i c i ty  of the oxochromenopyrazo les  was de te rmined  spec t ropho tomet r i ca l ly  in sulfur ic  acid~ 
solutions of var ious  concent ra t ions .  The p resence  of i sosbes t i cpo in t s  on the spec t r a l  curves  obtained shows 
the absence  of o ther  p r o c e s s e s  in the reac t ion  of the compounds studied with sulfur ic  acid. The l inear  de- 
pendence of H 0 on the logar i thm of the concentra t ion of the protonated and nonprotonated f o r m s  shows the 
appl icabi l i ty  of H a m m e t t ' s  acidi ty  sca le  to the de terminat ion  of the bas ic i t ies  of these  compounds.  

It is known that sa l t  fo rmat ion  in the case  of xanthone and thioxanthone takes place through the p ro-  
tonation of the oxygen of the carbonyl  group [3, 4]. The oxodipyrazolopyrans  (IV and V) do not protonate  
even in 95% sul fur ic  acid, and the oxochromenopyrazo les  (II and HI) and the oxoth iochromenopyrazoles  {VII 
and VIII) on protonat ion f o r m  cat ions the s p e c t r a  of which a r e  s i m i l a r  to the spec t r a  of the cations of xan-  
rhone and thioxanthone. This  pe rm i t s  us to cons ider  that  the protonat ion of the compounds studied a lso  
takes  place at  the carbonyl  group.  

I t  can be seen  f r o m  the f igures  in the table  that  the pK a values of the oxochromenopyrazo les  and the 
oxo th iochromenopyrazo les  a r e  2.5-3.0 units lower than those of xanthone and thioxanthone. This subs tan-  

* F o r  communica t ion  III, see  [8]. 
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TABLE 1. Physicochemical  Proper t ies  of Xanthone and Its 
Heterocycl ic  Analogs 
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tial reduction in basici ty is obviously the resu l t  of the great  e lect ron-accept ing effect of the condensed py- 
razo le  ring, decreasing the polarizabil i ty of the carbonyl group, as compared with the effect of a ben- 
zene ring. 

Polarographic  reduct ion was per formed in dimethylformamide.  Two one-e lec t ron waves were ob- 
served,  of which the f i rs t  was the most  charac te r i s t ic  (Table 1}. As can be seen, the half-wave potentials 
for all the compounds synthesized are  in a more  negative region than for xanthone and thioxanthone. Ap- 
parently,  the introduction of a pyrazole  ring makes the reduction of these compounds more  difficult, just 
as it makes the formation of a cation in their  protonation more  difficult, which confirms the conclusion on 
the nature of the influence of the pyrazole  ring drawn in the study of basicity.  3 -Methy l -9 -oxo- l -pheny l -  
chromeno[3,2-d]prazole  (ffl), which has a longer chain of conjugated bonds, undergoes reduction more  
readi ly  than 1 ,3-dimethyl -9-oxochromeno[3,2-d]pyrazole  (II). The values for the 1-methyl -  and 1-phenyl-  
substituted oxodipyrazolopyrans (IV and V) differ by the same magnitude (0.1 V), probably for the same 
reason.  

The sulfur-containing compounds have a more  positive value of El/2 than the oxygen analogs, and in 
the oxothiochromenopyrazoles  (VII and VIII) no influence of methyl and phenyl groups on the value of El/2 
is found. 

On passing f rom chromone to xanthone, the C = O  band in the IR spec t rum sca rce ly  changes its posi-  
tion [5]. In the oxochromenopyrazoles ,  a slight change in VCO is observed in compar ison with xanthone 
(• 5 cm-l) ,  but the intensity of the carbonyl absorption, measured  by Ramsay ' s  method, changes over  a 
fa i r ly  wide range (150-2000 l i ter  �9 mole -1 �9 era-2}. In the sulfur-containing compounds the values of the 
integral intensities of the carbonyt groups a re  lower than in the oxygen analogs and depend little on a sub- 
stituent on a nitrogen atom in the pyrazole  ring. 

The fusion of a chromone ring with a pyrazole  ring leads to a decrease  in the number of absorption 
bands in the electronic spec t ra  and to a shift of the maximum in the shor t -wave direct ion by 17-22 nm, and 
in the case of the thiochromone derivatives by 39-47 nm. In a considerat ion of the electronic spec t ra  of 
1 ,3-dimethyl -9-oxochromeno[3,2-d]pyrazole  (II) and its sulfur analog (VII) it can be seen that the rep lace-  
ment of the oxygen atom by sulfur leads to a bathochromic shift in this case  as well. 

Thus, the resul ts  obtained show a considerable e lec t ron-accept ing action of a condensed pyrazole 
ring. This conclusion is in good harmony with the resul ts  of previous work [6, 7]. 

E X P E R I M E N T A L  

The determination of the pKa values was per formed on a VSU 2 - P  spectrophotometer .  

A sample of 0.039 g of xanthone was dissolved in 100 ml of absolute ethanol, and 1 ml of this solution 
was diluted with sulfuric acid solution of known concentrat ion to 100 ml. The concentrat ion of the working 
solution was 2 �9 10 -5 M. At •max 332 nm, the optical density of the absorption of the solution of xanthone 
was plotted against H0, and the percentage of the ionized form CBH + or  log (CBH+/CB) against  the con- 
eentrat ion of sulfuric acid. The determinations were per formed s imi la r ly  for 3 -me thy l -9 -oxo- l -pheny l -  
chromeno[3,2-d]pyrazole  at X max 315 nm. 
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The p o l a r o g r a p h i c  r e d u c t i o n  was  p e r f o r m e d  on an L P - 6 0  e l e c t r o n i c  p o l a r o g r a p h  at a t e m p e r a t u r e  of 
20 �9 0.1~ The  p o l a r o g r a m s  w e r e  r e c o r d e d  in d i m e t h y l f o r m a m i d e  on a suppor t  of a 0.02 M so lu t ion  of 

t e t r a e t h y l a m m o n i u m  p e r c h l o r a t e .  The  cathode was a dropping m e r c u r y  e l ec t rode  with m = 4.41 m g / s e c  
and t = 2 sec  at  a height  of the m e r c u r y  c o l u m n  of 60 cm.  The anode was a s a t u r a t e d  c a l o m e l  e l ec t rode .  
The c o n c e n t r a t i o n  of the s u b s t a n c e  was 4.0 �9 10 -4 M. Befo re  the m e a s u r e m e n t s ,  a r g o n  was  pas sed  th rough  
the so lu t ion  for  20 m i n  to e l i m i n a t e  d i s so lve d  oxygen.  

The  IR s p e c t r a  w e r e  t aken  on an IKS-14 s p e c t r o p h o t o m e t e r  in c h l o r o f o r m .  
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