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The condensation of l-chloro-, l-phenyl-, 3-chloro-, 3-cyano-, and 3,7-dimethoxy-substituted 
phenazinium salts with malonic and cyanoacetic esters, N-methylrhodanine, 2-methylbenzo- 
thiazolium and quinaldinium salts, aniline, and morpholine was studied. The absorption spec- 
tra of the synthesized dyes are described. 

Quate rna ry  phenazine sa l t s  display high reac t iv i ty  in reac t ions  with nucleophilic reagents  - amines ,  
ke tomethylene  compounds,  and qua te rna ry  sa l t s  of ni t rogen he te rocyc les  with act ive methyl  groups  [1-4]. 
The qua te rna ry  sa l t s  of phenazine and the products  of their  reac t ion  with amines  a r e  being widely used in 
h i s tochemiea l  invest igat ions as  ac t ive  accep to r s  under  conditions of oxygen s t a rva t ion  and, par t i cu la r ly ,  
in n i t r i te  poisoning [5]. 

The nueleophil ic subst i tut ion reac t ions  of qua te rnary  sa l t s  of unsubst i tuted phenazine have been d e -  
sc r ibed ,  bu t t he r e  is only l imi ted  informat ion regard ing  the reac t ions  of qua te rna ry  sa l t s  of phenazine de-  
r iva t ives .  

We have studied the nucleophilic subst i tut ion reac t ions  of phenazinium sa l t s  (I) containing subst i tu-  
e n t s -  a chlorine a tom in the 1 posi t ion (Ia) o r  in the 3 posi t ion (ib), a cyano group in the 3 posi t ion (ic), a 
phenyl  group in the 1 posi t ion (Id), and a methoxy group in the 3 and 7 posi t ions  (Ie). 
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The reac t ions  of sa l t s  Ia and Ib with nucleophilic reagen ts  gave products  containing chlorine; this 
p rovides  a poss ib i l i ty  fo r  a s suming  oxidative substi tut ion without the halogen exchange cha rac t e r i s t i c  for  
the unsubst i tuted sa l t s  [1]. The 1-ch lorophenaz in ium sal t  (Ia) apparen t ly  r e a c t s  at the 3 r a the r  than the 7 
posit ion, since the introduction of halogens into the a r o m a t i c  r ing usual ly  ac t iva tes  it with r e spec t  to nu- 
cleophil ic reac t ions .  Salts Ib and Ic can r e a c t  only at the 7 position. The reac t ions  of sa l t  Ie p roceed  with 
r ep l acemen t  of one methoxy group (Table 1). 

The condensat ion of sa l t s  I with N-methyl rhodanine  give merocyan ine  dyes  II (Z = 3 - m e t h y l - 5 - r h o d a n y l -  
idene) (Table 2). Very  deeply co lored  cyanine dyes a r e  obtained in the reac t ion  of sa l t s  I with the qua-  
t e r a a r y s a l t s  of 2-methylbenzoth iazole  and ~ i n a l d i n e  (Table 3). 

The oxidative aminat ion  of sa l t s  I, which we studied in the case  of r eac t ions  with aniline and morpho-  
line, g ives  reac t ion  products  of the I type, where  R 3 is an anilino or  morphol ino group (Table 4). 

In al l  of the desc r ibed  reac t ions ,  it can be a s s u m e d  that 3-eyanophenazin ium sa l t s  are  much more  
act ive  than the unsubst i tuted sal ts ,  as  is read i ly  judged f r o m  the yie lds  of the react ions .  Chloro-subs t i tu ted  
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T A B L E  1. l~ roduc t s  of the  C o n d e n s a t i o n  of II wi th  Q u a t e r n a r y  
P h e n a z i n e  S a l t s  (I, R = CH~) wi th  K e t o m e t h y l e n e  Compounds  

R~ 

H 

CI 

CN 

H 

CI 

CN 

R~ 

CI 

H =C(COOC2H5) 2 

CI 

H =C(CN)COOC~H5 

H 

Cl 
H =CHCOC6H5 
H 

mp, ~ 

170 
( Dec. ) 

158 
(,Dec. ) 

211 

Empirical Nfo~n d' % 
formula calc. 

C~HIgCIN204 

C2oH~gCI,N~O4 

C21Hl~NsO~ 

240 ) CIsHI4CINaO2 
Dec. 

261 CIsHI~CIN302 
Dec. ) 

257--259 C19HI4N402 

I above 300 

t 

C21ttlsCINeO 
C21HIsCIN20 
C22HIsNsO 

7,4 

72 

11,2 

12,5 

12,4 

17,1 

8,0 
8,3 

12,2 

H 
CI 
CN 

7,2 

7,2 

11,1 

12,4 

12,4 

17,0 

8,1 
8,1 

12,4 

Spectrum 

~'max, | g8  
nm 

426 
604 
560* 
596 
650* 
560* 
6O0 
650* 

412 
436 
594* 
640 
694* 
420 
586* 
628 
682* 
580* 
638 
680* 

636 
624 
626 

3,59 50 
4,31 
4,1 60 
4,16 
3,93 
4,16 70 
4,23 
4,25 

3.78 70 
3,78 
4,23 
4,4 
4,25 
3,79 68 
4,35 
4,49 
4,34 
4,08 80 
4,25 
4,17 

3,72 

3,94 1 70 

* S h o u l d e r  on  t h e  a b s o r p t i o n  c u r v e .  

T A B L E  2. P r o d u c t s  (II) of the C o n d e n s a t i o n  of Q u a t e r n a r y  
P h e n a z i n e  S a l t s  (I, R =  CH 3) wi th  N - M e t h y l r h o d a n i n e  

H 

CI 

CN 

Rt R~ 

CI 

H 

H 

~ C ~ S  

i 
CH a 

Imp ~ 
(de~.) 

Empirical 
formula 

s. Spectrum1 

found calc. ikmax'j l~e 
nm 

17,0 17,2 412 4,46 
688 4,34 
724 4,36 

17,1 17,2 410 4,3 
689 4,31 

19,5 19,6 408 4,45 
694 4,39 

i 714" 4,38 

225 

256 

267--268 

C17HI2CIN3OS~ 

C17HIzCIN3DS2 

Ct~HI~N4OS~ 

/ 
6o 

7O 

* S h o u l d e r  on the a b s o r p t i o n  c u r v e .  

p h e n a z i n i u m  s a l t s  have a p p r o x i m a t e l y  the s a m e  a c t i v i t y  a s  u n s u b s t i t u t e d  s a l t s .  The  i n t r o d u c t i o n  of e l e c t r o n -  
d o n o r  s u b s t i t u e n t s  into the  q u a t e r n a r y  phenaz ine  s a l t s  l o w e r s  t h e i r  r e a c t i v i t y  wi th  r e s p e c t  to n u c l e o p h i l i c  
r e a g e n t s ;  f o r  e x a m p l e ,  3 - ( N - m o r p h o l i n o ) p h e n a z i n i u m  s a l t  does  not u n d e r g o  c o n d e n s a t i o n  wi th  q u a t e r n a r y  
s a l t s  and  a m i n e s ,  whi le  the r e a c t i o n s  of 3 - m e t h o x y p h e n a z i n i t t m  s a l t s  wi th  a m i n e s  l e a d  to p r o d u c t s  of r e -  
p l a c e m e n t  of a me thoxy  g roup  by an a m i n o  g roup .  

The  m a j o r  a b s o r p t i o n  m a x i m a  of the c o m p o u n d s  tha t  we ob ta ined  and of s e v e r a l  dyes  d e s c r i b e d  in the 
l i t e r a t u r e  a r e  p r e s e n t e d  in T a b l e  5. D y e s  II, which  a r e  d e r i v a t i v e s  of c y a n o a c e t i c  and m a l o n i c  e s t e r s  and  
ace tophenone ,  a r e  b lue  wi th  a b s o r p t i o n  m a x i m a  at  596-620 nm. The  dyes  d e r i v e d  f r o m  c y a n o a c e t i c  e s t e r  
a b s o r b  m o r e  d e e p l y  than  the d e r i v a t i v e s  of  m a l o n i c  e s t e r .  

S u b s t i t u e n t s  (1-phenyl ,  1 - c h l o r o ,  3 - c h l o r o ,  3 - m e t h o x y ,  and  3 -cyano)  have l i t t l e  e f fec t  on the co lo r ,  
but  a c o n s i d e r a b l e  sh i f t  of the a b s o r p t i o n  band  to the  l o n g - w a v e  r e g i o n  i s  o b s e r v e d  fo r  3 = ( N - m o r p h o l i n o ) -  
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T A B L E  3. Products (II) of the Condensation of Quaternary Salts of 
Phenazine (I, R= CH3) with Quaternary Salts of Nitrogen Heterocycles 

H 

C1 

CN 

H 

CI 

CN 

R~ 

CI 

C6H~ 

CI 

H 

CIH~ 

6., ao, 

I Cl O~ C2H ~ 

mp, ] Empirical 
~ , formula 

I 

(,o2o?)1 

Above300, 

232 

225 

216 

199 
202 

C22HI7CI2N~O4S 14,3 

C2~HIvCI~N304S 14,6 

C2~H~TCIN404S 7,2 

C~8H~2C|N~O4S 6,5 

C L ~ '~- 

3,72 56 
4,32 
4,59 
4,57 
4,1 60 
3,96 
4,1 
4,04 
3,8i 72 
4,3 
4,53 
4,53 
4,0 58 
4,38 
4,66 
4,69 

C2sH21CI~N304 ,14,2 

C.~6H~rCtN4Q4 

14,4 i 462 626* 
686 
746 

14,4 402 
634* 
692 
750 

7,4 446 
624* 
686 

I 736 
6,7 466 

626* 
686 
736 

428 
700 
745 
420 
698 
760 
420 
694 
780 

6,6 / i 430 
704 
746 

247 

200 C3tH2sCIN304 6,3 

4,30 70 
4,6 
3,5 
4,33 65 
4,7 
3,1 
4,22 70 
4,45 i 
3,8 
4,0 56 
4,28 
4,25 

* S h o u l d e r  on the  a b s o r p t i o n  c u r v e .  

T A B L E  4. 

CH~ 
CH~ 

CH3 
CHs 

C2H5 
CH, 

CH, 

CH3 

CH~ 

C2Hs 

CN 
H 

OCH3 
H 

CI 

CN 

H 

OCH3" 

Aminated Quaternary Salts  of Phenazine  (I) 

R2 R~ 

NHC6Hs 
NHC6H~ 

NHC~H5 
NHC6Hs 

NHC6Hs 
N (CH2CH~) 20 

N (CH2CHz) ~O 

N (CHgZHz)20 

~mpirical 
mp, ~ Iformula 

240 
204--20~ 
(Dec. 

250 
259 

234 
263 
264 
215 

(Dec. 
210 
212 

267 

CI 
H 

H 
CaHs 

H 
CI 

H 

H 

C6Hs 

H 

N (CH2CHz)20 

N (CH2CH2) 20 213 

* S h o u l d e r  on t h e  a b s o r p t i o n  c u r v e .  

C ioHisClzN304 
CIgHIsCI2N304 

C2oHIsCIN404 
C2sH2oCIN304 

C~IH2oCI,N305 
CIzHIzCIz'NzO~ 

CzTHITCI~N30~ 

CIsHITCIN40~ 

C~H22CINsO5 

C19H22CINaO6 

552 l 4,27 10,2 10,0 548 4,3 9,9 10,0 

13,7 13,6 558 ]4,23 
9,0 9,1 434 {4,08 

552 I 4,28 
96 ' 9,8 : 548 I 4,34 

406 [ 3,61 10,3 10,1 / 
566 1 4,19 

13,7 520* / 4,04 
562 1 4,19 
606* / 4,07 

9,1 410 /3,08 
560 t 4,32 

9,8 404 t 3,7 
530* 4,64 
562 4,76 

�9 -o" 

.30 
50 

58 

48 
53 
40 

57 

60 

50 

57 

s u b s t i t u t e d  d y e s  [1]. T h i s  c a n  be  e x p l a i n e d  by  c o n j u g a t i o n  o f  the  e l e c t r o n - d o n o r  a m i n o  g r o u p  w i t h  the  e l e c -  
t r o n - a c c e p t o r  g r o u p  of  the  dye .  

k.9 c.3 
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TABLE 5. Absorption Maxima of Cyanine Dyes I and II (nm) 

Com- I'~ R,, R~ 
bound~ Z for II ~ 

lot Rs for I 

~COOC~H5 
II '~CxcoOC2H 5 

II - c / c N  
-- \COOC~1t s 

CH 3 

I I =c H - - t ~  

~ A  

CH~ CIO 4 

Ii = c H ~  

{ ~]o 4 C2I{ 5 

I --NHC~H~ 
I --N (CH2CH2)20 

R ~ H RI=H' t=1<2= R2=CI 

598' 604 

626' 640 

7003 724 

6882 ; 686 
744 i 746 

702 ~ 700 
735 745 

5484 552 
5481 i 566 

R,=H, R,=CI,  
R2=C6Hs i R2=H 

600 l 596 

6281 628 

7201 689 

684 692 
736 750 

700 698 
746 760 

552 548 I 
560 558 I 

RI =CN, 
R2=H 

6o0 

638 

694 

686 
736 

694 
780 

558 
562 

6041 620 I 

6281 640 t 

7103 

6952 
727 

7202 
775 

548 
562 

The analogous conjugation of the 7-methoxy group is much weaker, but a deepening of the color of dyes II 
is nevertheless noted. The electronegative 3-cyano group has little effect on the color of the dyes, except 
for amino-substituted dyes, in which it deepens the colors substantially. 

The cyanine dyes that are derivatives of benzothiazole and quinoline are green and usually have two 
long-wave absorption bands, which change only slightly as a function of the type of substituent. 

EX PER IME NTA L 

1-Chloro-5-methylphenazinium chloride and 3-chloro-5-methylphenazin ium chloride were obtained 
by the action of POC13 and PC15, respectively,  on the red and blue N-alkylphenazinones [6]. 3 -Cyano-5-  
methylphenazinium iodide was obtained f rom N-nlethylphenazinium methosulfate and NaCN via the method 
in [7]. The quaternary 1-phenylphenazinium salt was obtained by heating the base with dimethyl sulfate in 
nitrobenzene. 3,7-Dimethoxyphenaziniuln methosulfate was obtained f rom 7-methoxy-3-phenazinone by 
react ion with dimethyl sulfate. 

The condensation of the quaternary  salts of phenazine derivatives with ketomethylene compounds was  
ca r r i ed  out in absolute methanol with sodium methoxide [1]. The data on the react ion products are p re -  
sented in Table 1. 

The condensation of quaternary salts of phenazine derivat ives with N-methylrhodanine and quaternary  
salts  of ni trogen heterocycles  was ca r r i ed  out in alcohol or aqueous solutions containing sodium acetate 
[2, 3]. The data on the react ion products  are  p resen ted  in Tables 2 and 3. 

The condensation of the quaternary salts  of phenazine derivatives with amines was car r ied  out by a i r  
oxidation of a mixture of the amine and quaternary salt [4]. The data on the react ion products  are  presented 
in Table 4. 

1. 

2. 
3. 
4. 
5. 
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