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The oxidation of o-phenanthroline with potassium permanganate gives 2 ,2 ' -d ipyr idy l -5 ,5 ' -  
dicarboxylic acid (I). The corresponding es te rs  of I were obtained by ester if icat ion with 
methanol, ethanol, propyl alcohol, isopropyl alcohol, butyl alcohol, and benzyl alcohol. 

A number of authors [1-3] have descr ibed dicarboxylic acids of 2 ,3 ' -  and 3 ,3 ' -d ipyr idyls ,  which a re  
obtained by oxidation of p- and m-phenanthrolines,  in the synthesis of 2 ,3 ' -  and 3 ,3 ' -d ipyr idyls ,  Smith [4] 
attempted to obtain o-phenanthroline and, by oxidation of it, 2 ,2 ' -d ipyr idyl -5 ,5 ' -d icarboxyl ic  acid (I), but 
the experiments did not give the desired resul ts ,  and I was not identified, 

2 ,2 ' -Dipyridyl  and its derivatives are  attracting the attention of r e s e a r c h e r s  as physiologically 
active substances [5,6]. We have accomplished the synthesis of I and a number of its es te rs ,  which are  of 
Interes t  as potential physiologically active compounds. Compound I was obtained by oxidation of o-phenan- 
throl ine with aqueous potassium permanganate in alkaline media. 
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A study of the IR spect ra  enables one to adequately judge the s t ruc ture  of acid I. The absence of two 
carbonyl  bands in the spec t ra  of most  oxalates is explained by the fact that these compounds usually have 
trans s t ruc tures ,  and the symmet r ica l  stretching vibration of the C = O  group therefore  should not appear 
in the IR spect rum.  There  should be two bands in the spec t rum in the case  of the cis forms,  and this is 
actually observed.  Two absorption bands of the C = O  group were detected at 1710 and 1725 cm -~ for I. In 
addition, the splitting of the carbonyl group for I is again caused by the field effect, which appears when two 
carbonyl oxygen atoms are  close enough to one another [7]. This speaks in favor of the cis form of I. If 
acid I existed in the t rans  form,  one could not exclude the possibil i ty of the formation of an inner salt  
through the imino and carboxyl  groups, and the free OH groups of the carboxyl  grouping would not be ob- 
served in the spec t ra .  In our case,  the stretching vibrations of OH groups appear as a broad band at 2550- 
3000 cm -1 with a major  peak at about 2900 cm -1 and a side peak at 2580 cm - l .  There  is a s t rong band at 
910 cm -1, which vanishes upon complete esterif icat ion of I, in the region of the deformation vibrations of 
the OH group. Bands charac te r i s t ic  for an in t ramolecular  hydrogen bond at 1650-1670 cm -1 are  absent, 

The doublet cha rac te r  in the band of the carbonyl  group does not vanish in the spec t ra  of dies ters  II, 
and three peaks are  observed at 1670, 1708, and 1720 cm -l, i,e., the II molecule is not converted to the 
t rans  configuration charac te r i s t i c  for 2 ,2 ' -d ipyr idyl  [8]. A band at 1270 cm -1, which is charac te r i s t i c  for 
the C - C  bond between the pyridine rings in I [9], is observed for both acid I and diesters  II. 

*See [10] for communicat ion XI. 
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TABLE I. 

Comp. 

IIa 

III 

IV 
V 

VI 

VII 
VIII 

Esters of 2,2'-Dipyridyl-5,5'-dicarboxylic Acid 
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Ct la Ct ta 

CzHs C2Hs 
CaHr CaHz 

i-CaHz i-C.H7 

C4H9 C4~9 '~" 
C6HsCHa C6I{5CH2 

Reaction conditions . MP,~ 
(crystal~z. 

fime,h temp., ~ solvent) 

2 

5 

d 
16 

40 
24 

40--45 137 
(toluene) 

90---I00 150 
(alcohol) 

90--100 8i (water) 
110~115 37--39 

(alcohol) 
110--115 . 158 

twater) 
125--130 
1 6 0 - - I  70 118 

(alcohol- 
water) 

Rt* 

O,O27 

0,62 

0,63 
0,64 

0,61 

0,65 
0,59 

Comp. 

IIa 
III 
IV 
V 

VI 
VII 

VIII 

Empirical formula 

C15HI4N204 
C~4HI.~z04 
C16Ht6N204 
CIaH2oN204 
CI~H2oN204 
C2oH24N204 
C26H2oN204 

C I[ N [ C 

62,8 4,9 9,7 62,9 
61,7 4,3 10,2 61,7 
63,9 5,2 9,2 64,0 
65,8 6,0 8,3 65,8 
65,7 6,0 8,4 65,8 
67,4 7,1 7,9 67,4 
73,5 4,6 6,7 73,6 

Ca lc., 

I li 

4,9 
4,4 
5,3 
6,1 
6,1 
7,0 
4,7 

N 

9,8 
10,3 
9,3 
8,5 
8,5 
7,8 
6,6 

Yield, % 

67 
88 
84 
80 
86 
71 
68 

* The following solvent systems were used: CHCI 3 (NH3-saturated)- 
CGH6-CH3OH (35 : 5 : 1.5) for IIa, and CHCI3-C6H6-CHaOH (15 : 18 : 1.5) 
for III-VIII. 
$Bp 169-170 ~ (1 mm), n~ 1.5742, 

Depending  on the  r a t io  of I and the  a lcohol  used  in the r eac t i on ,  one can  obta in  m o n o -  (IIa) and d i -  
e s t e r s  (II). The  d i e s t e r s  have  the odor  of honey and a r e  i n so lub l e  in wa te r ,  qui te  so lub le  in  c h l o r o f o rm ,  
and l e s s  so lub le  in  a lcohol .  Acid  I is  not c h r o m a t o g r a p h e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) on ac t iv i ty  
II a l u m i n u m  oxide; m o n o e s t e r  IIa has a v e r y  low Rf  va lue  even  in  a s t r o n g l y  po la r  s y s t e m .  An i n c r e a s e  in 
the s i ze  of the a lkyl  r a d i c a l  l owers  the bas i c  p r o p e r t i e s  of II, and this  l eads  to an i n c r e a s e  in the R f  
(Table  1). 

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

The IR s p e c t r a  of KBr  pe l l e t s  and 10-3-10 .5 so lu t ions  in  t e t r a e h l o r o e t h y l e n e  w e r e  r e c o r d e d  with a 
UR-10 s p e c t r o p h o t o m e t e r .  

The  c o u r s e  of the r e a c t i o n s  and the pu r i t y  of the p roduc t s  w e r e  m o n i t o r e d  by TLC in  a loose  l aye r  
of ac t iv i ty  II A1203 (deve lopment  with iod ine  v a p o r s ) .  The s t a r t i n g  o - p h e n a n t h r o l i n e  was not add i t iona l ly  
pu r i f i ed .  

2 , 2 ' - D i p y r i d y l - 5 , 5 ' - d i c a r b o x y l i e  Acid  (I). P o t a s s i u m  hydrox ide  (20 g) and 50 g of KMnO4 w e r e  added 
to 25 g (about 0.14 mole)  of o - p h e n a n t h r o l i n e  d i s so l ve d  An 3 l i t e r s  of wa te r ,  and the m i x t u r e  was hea ted  on 
a b o i l i n g - w a t e r  bath un t i l  it b e c a m e  c o m p l e t e l y  c o l o r l e s s .  The p r e c i p i t a t e d  m a n g a n e s e  dioxide was r e -  
moved  by f i l t r a t i on ,  a f te r  which it  was  boi led  with wa te r  and aga in  r e m o v e d  by f i l t r a t i o n  (this ope r a t i on  was 
r e p e a t e d  10 t i m e s ) .  The so lu t ion  was  evapo ra t ed  to 0.5 l i t e r  and cooled,  and the p r e c i p i t a t e d  unchanged  o-  
p h e n a n t h r o l i n e  (3.2 g) was s e p a r a t e d .  The f i l t r a t e  was n e u t r a l i z e d  to pH 3.6 with 15% HC1 so lu t ion  and 
cooled,  and the r e s u l t i n g  c o l o r l e s s  p la tes  w e r e  r e e r y s t a l l i z e d  f r o m  wa te r  to give 28.71 g (84.41%) of a 
p roduc t  with mp 250-251 ~ Found,%: C 59.1; H 3.6; N l l . 3 .  C12HsN204. Calcu la ted ,%:  C 59.0; H 3,.5; N 11.5. 
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2 ,2 ' - (5 -Carboxy-5 ' -p ropoxyca rbony l )d ipy ry idy l  (IIa). A 200-g (about 2 mole) sample  of H2SO 4 (sp. 
g r .  1.84) was added to a suspension of 25 g (about 0.1 mole) of I and 300 ml (about 5 moles)  of propanol  at 
40-45 ~ with vigorous  s t i r r ing  until I had dissolved comple te ly  (2 h). Compound I Ia  was ex t rac ted  with 
ch lo ro fo rm and r ec ry s t a l l i z ed  f rom ethanol. 

2 ,2 ' - (5 ,5 ' -Dia lkoxycarbonyl )d ipyr idyls  (III-VIII) .  A total of 4 moles  of concent ra ted  H2SO 4 (concen- 
t r a t ed  HC1 for  VIII) was added to a mix tu re  of 25 g (about 1 mole) of I and 20 moles  of alcohol, and the 
mix tu re  was heated for  5-40 h. The excess  alcohol was r emoved  by disti l lation, 100 ml  of wa te r  was added 
to the res idue ,  and the mix tu re  was neut ra l ized  with sa tu ra ted  sodium carbonate  solution. The e s t e r s  were  
ex t rac ted  with ch loroform,  and the ex t rac t  was dr ied with sodium sulfate.  The solvent was r emoved  by 
disti l lation, and the res idue  was r e c r y s t a l l i z e d  or vacuum dist i l led.  
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