
P R E P A R A T I O N  OF 8 - ( 5 - O X O I N D E N O [ 3 , 2 - b ] -  

4 - P Y  R I D Y L ) -  1 - N A P H T H O I C  A C I D S  

A .  M. K a t s ,  G.  D. T i r z i t ,  
a n d  G. Y a .  D u b u r  

UDC 547.657 

The condensation of 1-(1,3-indanedion-2-ylidene)-2-aeenaphthenone with imines of 
/3-dicarbonyl compounds gave 2,5 '-dioxospiro{ 1 ,4 ' ,acenaphthene- l '  ,4 ' -dihydroindeno-  
[3,2-b]pyridines}. Oxidation of the pyridines with air  oxygen at room tempera ture  
without catalysts  brings about cleavage of the C - C  bond to give 8-(5-oxoindeno[3,2-b]- 
4-pyr  idyl)- 1-naphthoic acids. 

8-(10,12-Dioxodiindeno[3,2-b : 2 ' , 3 ' - e ] - l l - p y r i d y l ) - l - n a p h t h o y l  chloride (dibepin) [1] is an analytical 
reagent  for p r imary  amines [2, 3]. The mechanism of this color react ion consists  in revers ib le  i n t r a m o -  
lecular  cyelization of amides of 8-(10,12-dioxodiindeno[3,2-b : 2 ' , 3 ' - e ] - l l - p y r i d y l ) - l - n a p h t h o i c  acid [4]. 

To extend the investigations of this phenomenon and to obtain acid chlorides that are dibepin analogs, 
we synthesized 8-(5-oxoindeno[3,2-b]-4-pyr idyl) - l -naphthoic  acids (IIIa-d). Their  synthesis consists  of 
two steps. The condensation of 1-(1,3-indanedion-2-ylidene)-2-acenaphthenone (I) with imino derivatives 
of/3-dicarbonyl compounds gave 2,5' -dioxospiro [1,4 '-acenaphthene-1 ' ,4 ' -dihydro indeno]3,2-b [pyr idine s ] 
(IIa-e) [1]. These are  stable, dark- red ,  crysta l l ine  substances with high melting points. They are  cha r -  
acter ized by extremely low solubility in both water  and most  organic solvents. Several methods of oxi- 
dation were tested for the convers ion of II to naphthoic acids (III). The yields of III did not exceed 10%when 
the oxidation was per formed with 30% hydrogen peroxide in alkaline media by the method in [6]. The oxi- 
dation with sodium nitrate in glacial acetic acid by the method used for 1,4-dihydropyridine [7] gave higher 
yields (up to 50%) of III. However, the most  suitable method proved to be oxidation of II by means of air  
oxygen in alkaline media. In this case,  acids III are  formed in 66-80% yields.  The react ion proceeds read-  
ily at room tempera ture  and a tmospher ic  p ressu re  without catalysts  when air  is bubbled through the al-  
kaline solution of II for 24 h. 

To be certain that the cleavage of the C - C  bond occurs  under the influence of air  oxygen and not as 
a resul t  of alkaline hydrolysis  with subsequent oxidation of the result ing 8-(5-oxo-l~4-dihydroindeno[3,2- 
b]-4-pyridyl)naphthoic acids,  we studied the action of alcoholic alkali on II in the absence of oxygen (under 
argon). In this case,  only the s tar t ing mater ia ls  could be isolated f rom the react ion medium even after  3 
days. Thus, in alkaline media, a proton is apparently initially split out, and an anion with an elevated e lec-  
t ron density in the C - C  bond is formed.  
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I I l a - e  l l l a - d  

a R=CO2C2Hs; b R=COCH3: c R+R,=COCH2C(CHs)2cH2; d R=COC6Hs; e" R=CN; a, b.d.eR'=CH 3 
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TABLE i .  2,5'-Dioxospiro{ 1,4'-aeenaphthene- l ' ,4'-dihydroindeno- 
[3,2-b]pyridines} (IIa-e) 

'~ R R" 

a 

IIa CO=C=Hs CH3 

lib COCHa CHa 

Ilc COCH2C(CHa)2CH2 

lid COC6Hs ]CHa 

lie CN iCHa 

*In ethanol ,  10-~ M. 

I formul a Found, )~.~.nm (Igs)* Empirical % 

2401BIB,8,0@,;343,3.30)~80 (3,85; 1C~THt~NO4 7B,4 4,6 314 
290 }IB, N80, 4180, (3 73 IC26HITNOa %1,5 4,3'3,5 

I ,3,56; 3,P-F) I 80,4 5,0 3,4 260 21~, 335, 480 (3,64;]C~gH21NO~ 
I 4,0; 3,4~i) 

2f>4 2q7, 629. ~715 (3,81;IC 3 HIgNOa 81,9 4,4 3,1 
t ~0< 3z~,) / / ' 

270 / 9t7 3r 4~ (3,73 :C=sHI4N20.~ 79,6 3,2 7,2 
/ 3,~1; 3 , m  ! I 

~:ic., ;. 

76,914,5 3,3 30 

80,814,2] 3,2150 

81,I]4,513,3120 

82,1 [4,2 13,3] 56 

802[ 3,71 7,5t 56 

TABLE 2. 
naphthoic Acids (IIIa-d) 

8-(10,12-Dioxodiindeno [3,2-b : 2 ' , 3 ' - e ] - l l -pyr idy l ) - l -  

Corn- I Mp, 
pound R R' *C 

Ilia CO2C2Hs CHa 208 
IIIb COCH3 ICHa 
IIIc COCH2C(CHa)zCH2 ~0~ 
llld COC6Hs ICHa 160 

Empirical 
formula 

C27HIgNOs 
C~6H~TNO4 
C~gH2,NO4 
CaHwNO4 

l 
Found, ~ Calc., q0 ~tYield. 

40 40 r41/43 32 80 
/ 

76,4 4,2 4,1 /76'6 / 4,2 3,4 6,7 
46 361 7 42 32 80 
4,3 2,9 7913 4,1 2,9 66 

Oxygen, acting as the oxidizing agent, attacks this bond and leads to its cleavage and the formation 
of the pyridine oxidation product (III). 

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

2 , 5 ' -  D i o x o - 2 ' - m e t h y l - 3 ' - a c e t y l s p i r o {  1 , 4 ' - a c e n a p h t h e n e - l ' , 4 ' - d i h y d r o i n d e n o  [3,2-b]pyridine} (IIb, Table  
1). A 3 g (0.03 mole) sample  of 2 - a m i n o - 3 - p e n t e n - 4 - o n e  [9] was  added to a solut ion of 1.5 g (0.05 mole) 
of 1 - (1 ,3 - i ndaned i on -2 -y l i de ne ) -2 - a c e na ph t henone  [8] in 130 ml of g lac ia l  ace t ic  acid at 100~ and the mix -  
t u re  was  heated for  3 h and cooled  to give a l i gh t -b rown  prec ip i t a te .  The p rec ip i t a t e  was  s e p a r a t e d  and 
c r y s t a l l i z e d  f r o m  g lac ia l  ace t ic  ac id  to give 1.9 g of IIb. The r e m a i n i n g  II w e r e  s i m i l a r l y  obtained (Table 1). 

8 - ( 2 - M e t h y l - 3 - c a r b e t h o x y - 5 - o x o i n d e n o [ 3 , 2 - b ] - 4 - p y r i d y l ) - l - n a p h t h o i c  Acid  (IIIa, Table  2). A 0.7 g 
(1.5 mmole)  s amp le  of I Ia  was  d i s so lved  in 100 ml of 0.3 M NaOH in methanol ,  and ca rbon  d iox ide - f r ee  a i r  
was  p a s s e d  th rough  the solut ion for  24 h. The solut ion was  di luted with 200 ml of wa te r  and acidif ied to 
pH 3 wi th  concen t r a t ed  HC1. The r e su l t i ng  yel low p rec ip i t a t e  was  s e p a r a t e d  and r e p r e e i p i t a t e d  f r o m  s a t -  
u ra t ed  NaHCO 3 solut ion.  F o r  f u r t he r  pur i f ica t ion ,  IIIa was  d i s so lved  in hot dioxane,  and an equal volume 
of w a t e r  was  added to the hot solut ion to give 0.5 g of l igh t -ye l low IKa. The r e m a i n i n g  III w e r e  s i m i l a r l y  
obtained (Table 2). 
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