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XVII.* SYNTHESIS AND PROPERTIES OF SOME PHENAZINE DERIVATIVES AND 
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Severa l  amides  of phenaz ine-2-carboxyl ie  acid and the i r  N-oxides  and N,N' -d ioxides  were  
synthes ized .  The compounds were  reduced polarographica l ly .  

Many phenazIne de r iva t ives  and the i r  N-oxides  a re  of in te res t  as physiological ly  act ive subs tances  
[2-4]. For  this reason ,  we synthesized the ethyl e s t e r  and s e v e r a l  amides  of phenaz ine-2-carboxyl ic  acid 
and their  N-oxides and N,N' -d ioxides :  

0 0 

N - COR ~ /COR ~' 

o 
R ~ O C 2 H  s ; NP~ 

The ethyl e s t e r  of phenaz ine-2-carboxyl ic  acid and i ts  10-N-oxide were  obtained by the method de-  
sc r ibed  for  the methyl  e s t e r  of this acid [5]. The synthesis  of the amides  of phenaz ine -2 -ca rboxy l i c  acid 
and the i r  10-N-oxides  was accompl ished  by react ion  of the acid chlor ide or  the 10-N-oxide  with the c o r r e -  
sponding amine in dry  ch lo ro fo rm in the p re sence  of t r i e thy lamine  or a second equivalent of the reac t ing  
amine via a method analogous to that  for  the prepara t ion  of amides  of p h e n a z i n e - l - c a r b o x y l i c  acid [6]. The 
N,N' -d ioxides  o f  all  of the synthes ized phenaz ine-2-carboxyl ic  acid der iva t ives  were  obtained by oxidation 
of the s ta r t ing  base  with 30% H202 in g lac ia l  acet ic  acid.  

One of the r e a s ons  for the biological  act ivi ty of phenazine de r iva t ives  is the p re sence  of a labile r e -  
dox s y s t e m  in the phenazine molecule  [2,7-9]. A study of the redox p rope r t i e s ,  pa r t i cu l a r ly  by means  of 
the polarographic  method,  the re fo re  seemed  of in te res t .  

A number  of studies have been devoted to the polarographic  reduction of phenazine and its de r iva t ives .  
5 ,10-Dihydrophenazines a re  fo rmed  in the cathode reduct ion of phenazine and its de r iva t ives  [10, 11]. The 
reduction of the N-oxides  and N,N' -d ioxides  proceeds  in two s teps ,  the f i r s t  of which co r r e sponds  to two-  
or  fou r -e l ec t ron  deoxidation, while the second co r re sponds  to two-e lec t ron  reduc t ion  of the phenazine s y s -  
t em to the dihydro base  [10-14]. 

We c a r r i e d  out the polarographic  reduct ion of the prev ious ly  synthes ized N-(1-phenaz iny lcarbonyl ) -  
and N-(2-phenaz inylearbonyl )g lyc ine ,  -va l ine ,  -pro l ine ,  and the i r  monoxides and N,N' -d ioxides  [1], of 
subs tances  synthes ized in this s tudy ,  and of known phenazine de r iva t ives  (as model  compounds) in o rder  to 
study the effect  of subst i tuents  on the reduet ive  capaci ty  of both the he te rocyc l ic  s y s t e m  and the N --* O bond. 

The polarographic  potentials  and l imit ing diffusion cu r ren t s  a re  p resen ted  in Table  1. 

* See [1] for  communicat ion XVI. 
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T A B L E  1 .  R e s u l t s  of  P o l a r o g r a p h i c  M e a s u r e m e n t s  

Substance 

Phenazine 
Phenazine N-oxide 
Phenazine N,N'-dioxide 
Phenazine - 2- carboxylic acid 
Phenazine-2-carboxylic acid 10-N-oxide 
Phenazine-2-carboxylic acid N,N'-dioxide 
E~y1 phenazine- 2" 6axboxylate 
~myl pnenazine-z-carDoxyiate 10-N- 

oxide 
E~yl Dhenazine- 2- earboxylate N,N'- 

dioxide 
Phenazine-2-carboxamide 
Phenazine- 2 - earboxamide 10-N-oxide 
Phenazine-2-earboxytic acid diethylamide 
Phenazine-2-carboxylic acid diethylamide 

10-N-oxide 
Phenazine-2-carboxylic acid diethylamide 

N,N'-dioxide 
Phenazine-2-carboxylie acid anilide 
Phenazine-2-earboxylic acid anilide 

10-N-oxide 
Phenazine-2-carboxylie acid anilide 

N,N '-dioxide 
Phenazine-2-earboxylic acid anisidide 
Phenazine-2-earbox3rlic acid anisidide 

10 - N- oxide 
Phenazine-2-earboxylic acid anisidide 

N,N '-dioxide 
N- (2 - Phenazinylearbony D mor p.holine 
N-(2- Phenazinylcarbonyl) mori~holine 

t0-N-oxide 
N- (2- Phenazinylcarbonyl)morpholine 

N,N '-dioxide 
N-(2 - Phenazinylearbonyl)glycine elhyl 

eater 
N-(2-Phenazinylcarbonyl)glycine ethyl esmr 

N,N'-dioxide 
N- (2- Phenazinylcarbonyl)gtycine N,N'-dioxide 
N-(2-Phenazinylcarbonyllva~ne e ~ y l  ester 
N-(2-PhenazinymarDonyl)valine emyi ester 

N, N '-dioxide 
N- (2 - Phenazinylcarbonyl)valine N,N'-dioxide 
N- (2 - Phenazinylearbonyl)proline ethyl 

ester 
N-(2-Phenazinylcarbonyl)proline ethyl ester 

N, N '- dioxide 
N- (2- Phenazinylcarbonyl)proline N,N'-dioxide 
Phenazine- 1-earboxylic acid 
Phenazine-l-earboxylic acid 5-N-oxide 
N- (1- Phenazinylcarbonyl)proline ethyl 

e s ~  
N- (1- Phenazinylcarbonyl)proline 5- N-oxide 

Half-wave 
potentials, V 

Limiting diffmion 
curren~ mA 

1St wave ~nd wave ls twave 

-0,430 
--0,302 
--0,301 
--0,396 
--0,242 
-- 0276 
-0,360 

- 0,244 

-0,275 
-0,385 
-0,235 
-0,393 

-0,275 

- 0,320 
-0,364 

-0,218 

--0,278 
- 0,360 

-- 0,246 

--0,266 
--0,380 

-0,256 

-- 0,273 

--0,349 

--0,256 
--0,232 
-- 0,372 

-0,250 
-0,240 

- 0,389 

--0,247 
-0,243 
--0,315 
--0,130 

-0,405 
--0,224 

-0,453 
-0,450 

-0,414 
-0,426 

- 0,378 

-0,432, 

-0,379 

-0,432 

-0,474 

-0,360 

--0,438 

- 0,386 

-0,408 

--0,407 

--0,444 

--0,398 
-0,380 

--0,394 
-0,387 1,400 

1,425 

--0,388 0,725 
-0,385 0,550 

0,650 
--0,340 0,750 

1,350 
--0,406 0,650 

2nd wave 

0,600 
0,350 

0,400 
0,900 

0,975 

1,500 

l,O00 

! ,360 

1,520 

1,200 

1,560 

1,050 

0,804 

1,500 

1,600 

0,675 
0,550 
0,600 

0,625 

0,275 
0,275 

0,650 

0,650 

T A B L E  2.  D i f f u s i o n  C o e f f i c i e n t s  of  a N u m b e r  o f  B a s e s  o f  P h e n -  

a z i n e  D e r i v a t i v e s  

Compound ' 

Phenazine-l-carboxylic acid 
Phenazine- 2-carboxylic acid 
Ethyl phenazine-2- carboxylate 
Phenazine- 2 -carboxamide 
Phenazine-2-carboxylic acid diethylamide 
N- (2- Phena ziny lcarbonyl) morpho line 
Phenazine-2-ckrboxylic acid anilide 
Phenazine-2-carboxylic acid anisidide 
N-(2-Phenazinylcarbonyl)glycine ethyl esmr 
N- (2- Phenazin~lcarbonyl)valine e thyl  ester 
N-(2- Phenazin~rlcarbonyl)prolinc ettlyl esm~ 
N- (1- Phenazinylcarbonyl)proline ethyl ester 

Diffusion coef. 
D �9 10 "s, D �9 10 ~ 
cm2/see 

2,520 1,585 
2,735 1,650 
1,664 1,280 
3,020 1,738 
3,570 1,890 
2,955 1,720 
3,040 1,740 
2,330 1,525 
2,710 1,645 
2,970 1,724 
3,020 1,738 
2,710 1,645 
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T A B L E  3 

0 
/CONRR 

R R' 

H 
C2Hs H 
H C2Hs 
fl CsHs 

C~H4OCHa-p 
(CH2CH2)O 

mp, ~C 

280 
131 
236 
231 
204 

Empirical 
formula 

Ck~HgN30~ 
ClTl-117N30~, 
CigIttsNaO2 
C2~I-'laN3Os 
C~7HisN3Oa 

Found, % Calc., % ~ield, 
p 

6461 17,31 65,3 38 ,7,6 84 
68:91 5,9 14,3 69,1 5,8 14,2 t 50 
72,8 ] 4,5 13,5 72,4 4,1 13,3 I 86 
69,9 4,5 12,4 69,6 4,3 12,2 78 

69,5 46 5,1 69,6 5,3 14,2 14.3 

T A B L E  4 
O 

o 

R R' 

C2Hs C2Hs 
H C~Hs 
H C6H4OCHa-p 

(CH~CtID O 

mp, ~C 

139 
218 
202 
185 

Empirical 
formula 

Clv! 1~7N303 
C igH l~Na03 
C20f t~sN;~()4 
CI7HIsNaO4 

Found, % _ t a l c . ,  % -Yi~y ,  

c I n N c I n N 

iii 5,6 4,1 
4,1 
4,7 

I 
13,5 [ 65,6 5,5 
12,8 I 68,9 ] 3,9 
11,7 66,5 4,9 
12,9 62,8 4,6 

13.5 1 59 
12,7 ~ 66 
11,6 50 
12,9 60 

A s tudy  of the  d e p e n d e n c e  of the  m a g n i t u d e  of the  l i m i t i n g  c u r r e n t  on the  d e p o l a r i z e r  c o n c e n t r a t i o n  
and the  he igh t  of the  m e r c u r y  co lumn  m a d e  i t  p o s s i b l e  to e s t a b l i s h  tha t ,  wi th in  the  l i m i t s  of the  s e l e c t e d  
c o n c e n t r a t i o n s ,  the  p o l a r o g r a p h i c  w a v e s  fo r  t h e s e  c o m p o u n d s  have  d i f fus ion  c h a r a c t e r .  

As  shou ld  have  been  e x p e c t e d ,  a sh i f t  in t he  r e d u c t i o n  h a l f - w a v e  p o t e n t i a l s  to  p o s i t i v e  v a l u e s  u n d e r  
the in f luence  of  a c a r b o x y l  g r o u p  o c c u r s  on c o m p a r i s o n  of  the  r e d u c t i o n  p o t e n t i a l s  of  the  c o m p o u n d s  o b -  
t a i n e d  and the  r e d u c t i o n  p o t e n t i a l s  of p h e n a z i n e  and i t s  m o n o x i d e  and N , N ' - d i o x i d e .  A c a r b e t h o x y  g r o u p  i n -  
t e n s i f i e s  t h i s  e f f ec t  (Table 1). 

A sh i f t  in the  p o t e n t i a l s  to  f a v o r  p o s i t i v e  v a l u e s  r e l a t i v e  to the  r e d u c t i o n  p o t e n t i a l s  of the  compound  
wi th  a f r e e  c a r b o x y l  g r o u p  is  o b s e r v e d  dur ing  the  p o l a r o g r a p h i c  r e d u c t i o n  of a m i d e s  of p h e n a z i n e - 2 - c a r -  
boxy l i c  a c i d .  The  i n t roduc t i on  of e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  in to  the  a m i d e  g r o u p  l e a d s  to  the  s a m e  r e -  
s u l t .  

The  r e d u c t i o n  of  the  N --* O bond in the  m o n o x i d e  and N , N ' - d i o x i d e s  of phenaz ine  d e r i v a t i v e s  o c c u r s  
at  m o r e  p o s i t i v e  p o t e n t i a l s ,  wh ich  i s  in a g r e e m e n t  wi th  the  l i t e r a t u r e  d a t a  [10, 11].  

The  n u m b e r  of e l e c t r o n s  going into  the r e d u c t i o n  in s t a g e s  was  c a l c u l a t e d  for  the  b a s e s  of the  p h e n -  
a z i n e  d e r i v a t i v e s  by  m e a n s  of c o u l o m e t r i c  m e a s u r e m e n t s .  The  m e a s u r e m e n t s  i n d i c a t e d  tha t  the  p o l a r o -  
g r a p h i c  w a v e s  of t h e s e  compounds  c o r r e s p o n d  to t w o - e l e c t r o n  t r a n s i t i o n s .  P r o c e e d i n g  f r o m  the r e s u l t s  of 
c o u l o m e t r l c  m e a s u r e m e n t s ,  we u s e d  the  I I ' k o v i c h  equat ion  [15] to c a l c u l a t e  the  d i f fus ion  c o e f f i c i e n t  f o r  a 
n u m b e r  of u n o x i d i z e d  b a s e s  {Table 2). The  a v e r a g e  va lue  of the  d i f fus ion  c o e f f i c i e n t  fo r  the  phenaz ine  
d e r i v a t i v e  b a s e s  (2.730 c m 2 / s e c )  was  u s e d  to  c a l c u l a t e  the  n u m b e r  of e l e c t r o n s  p a r t i c i p a t i n g  in the p o l a r o -  
g r a p h i c  r e d u c t i o n  of the  N - o x i d e s  and N , N ' - d i o x i d e s  of the  s y n t h e s i z e d  compounds  as  s u b s t a n c e s  of s i m i l a r  
s t r u c t u r e .  It was  found tha t  the  r e d u c t i o n  of N - o x i d e s  of phenaz ine  d e r i v a t i v e s  p r o c e e d s  in two t w o - e l e c -  
t r o n  s t e p s ,  whi le  the  f i r s t  p o l a r o g r a p h i c  wave  fo r  the  s y n t h e s i z e d  N , N ' - d i o x i d e s  c o r r e s p o n d s  to f o u r - e l e c -  
t r on  r e d u c t i o n ,  which  is  in a g r e e m e n t  wi th  the  l i t e r a t u r e  da t a .  

The  ~ 4 v a l u e s  for  the  n e w l y  s y n t h e s i z e d  compounds  a r e  of i n t e r e s t  fo r  a d i s c u s s i o n  of a p o s s i b l e  
12 

c o r r e l a t i o n  vHth the  r e s u l t s  of b i o l o g i c a l  t e s t s .  
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EXPERIMENTAL 

Ethyl Phenazine-2-carboxylate 10-N-Oxide. A mixture of 4.5 g (16 mmole) of phenazinecarboxylic 
acid 10-N-oxide, 45 ml of anhydrous ethanol, and 2.25 ml of concentrated H2SO 4 was refluxed for 3 h. The 
alcohol was evaporated, the residue was treated with 5~c Na2CO 3 solution, and the precipitate was removed 
by filtration, dried, and crystallized from ethanol to give 2.5 g (55%) of yellow crystals with mp 170 ~ 
Found: C 67.7; H 4.7; N 10.4%. CIsHI2N203. Calculated: C 67.2; H 4.5; N 10.4%. 

Phenazine-2-carboxylic Acid Anilide. A 0.8-ml (8 mmole) sample of aniline and 0.83 g (8 mmole) of 
triethylamine were added to a solution of 2 g (8 mmole) of phenazine-2-carboxylic acid chloride in I00 ml 
of dry chloroform, and the solution was stirred at room temperature for 3 h. The chloroform was evap- 
orated, and the solid material was removed by filtration, dried, and crystallized from glacial acetic acid to 
give 1.7 g (85%) of yellow crystals with mp 223 ~ Found: C 76.2; H 4.1; N 13.8%. CIgHt3N30. Calculated: 
C 76.2; H 4.3; N 14.0%. 

Phenazine-2-carboxylic Acid Anisidide. A 1.08-g (8 mmole) sample of p-anisidine and 0.83-g (8 
mmole) of triethylamine were added to a solution of 2 g (8 mmole) of phenazine-2-carboxylic acid chloride 
in I00 ml of dry chloroform, and the solution was stirred at room temperature for 3 h. The chloroform 
was evaporated, and the residue was treated with water. The resulting precipitate was removed by filtra- 
tion, dried, and crystallized from ethanol to give 1.2 g (70%) of yellow crystals with mp 231 ~ . Found: C 
73.0; H 4.7; N 12.6%. C20HIsN303. Calculated: C 72.9; H 4.5; N 12.8%. 

N-(2-Phenazinylcarbonyl)morpholine was similarly obtained in 65% yield as yellow crystals with mp 
176 ~ (from acetone). Found: C 69.6; H 5.3; N 14.2%. CI~HIsN302. Calculated: C 69.5; H 5.1; N 14.3gc. 
This method was also used to prepare amides of phenazine-2-carboxylic acid 10-N-oxide (Table 3). 

Ethyl Phenazine-2-carboxylate 5,10-Dioxide. A total of I0 ml of 30~ H202 was added to a solution of 
1.5 g (5.3 mmole) of ethyl phenazine-2-carboxylate in 20 ml of glacial acetic acid, and the mixture was 
heated at 50 ~ for 20 h. The solution was then poured into cold water, and the resulting precipitate was re- 
moved by filtration, dried, and crystallized from ethanol to give 0.9 g (60~c) of red crystals with mp 153 ~ . 
Found. C 63.4; H 4.6; N 10.1%. C15HI2N204. Calculated: C 63.4; H 4.3; N 9.8~c. 

The remaining 5,10-dioxides of the phenazine derivatives were similarly obtained (Table 4). 

The reduction potentials were measured with LP-60 and ON-102 polarographs relative to a saturated 
calomel electrode. The polarographic reduction was performed in an alcohol-acetate buffer at pH 6.1 with 
a depolarizer concentration of 4 �9 10 -4 or 2 �9 I0 -4 M. 
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