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The e lec t ronic  s t ruc tu re s  of benzo[a]phenazine and dibenzo [a,c]phenazine have been studied 
by the MO LCAO method. The react ions  of four qua te rnary  salts  with oxomethylene com-  
pounds and with qua te rnary  sal ts  of ni trogenous he terocycles  have been descr ibed.  The 
absorpt ion spec t ra  of the dyes obtained are  given. 

The condensation of qua te rnary  sal ts  of phenazine with qua te rnary  salts  of ni t rogen he te rocyc les  con- 
taining active methylene groups,  and also with oxomethylene compounds, leads to the format ion  of deeply-  
colored dyes of the cyanine or  merocyanine  type [1-3]. 

In the p resen t  work we have studied the analogous react ions  of salts  of benzo[a ]phenazine and dibenzo- 
[a ,c]phenazine. It appeared of in te res t  to de termine  the reac t iv i t ies  of these compounds with nucleophilic 
reagents ,  to es tabl ish  at what carbon atom of the he te rocyc le  this type of reac t ion  takes place,  and to study 
the e lec t ronic  spec t r a  of the dyes obtained. F o r  this purpose ,  a calculation of the molecules  of the bases  
phenazine (I), benzo[a]phenazine (II) and dibenzo[a, c]phenazine (HI) was pe r fo rmed  by the MO LCAO 
method in Huckel 's  approximation [4]. Fo r  the ni t rogen atom we adopted the S t re i twieser  p a r a m e t e r s :  the 
Coulomb integrals  of the ni t rogen atoms ~ N = a  +0.Sfl and the resonance  integrals  of the C - N b o n d s ,  flCN =ft .  

It can be seen  f rom molecu la r  d iagrams of compounds (ID and (HI) (Fig. 1) that the o rde r s  of the N - C  
bonds d i rec ted  towards the condensed rings B and C a re  far  higher  than for  the bonds with the benzene r ing 
A. This indicates that the i r  mult ipl ici ty is h igher  and that the ni t rogen atoms are  be t t e r  conjugated with the 
naphthalene and phenanthrene res idues  B and C than with the benzene ring A. Because of this the posi t ive 
charges  on a toms 9 and 10 in compounds (II) and 11 in compound (III) a re  sma l l e r  than the charges  
on atoms 2, 3, 7, or  8 in the unsubsti tuted phenazine (I). At the same t ime,  on atom 5 in the mole-  
cule of (I1) the posi t ive charge  is sharply  increased .  A s imi la r  pa t tern  will be observed  in the quat-  
e rna r y  salts  of these  compounds.  

It was shown prev ious ly  [5] that qua te rnary  sal ts  of benzo[a ]phenazine readi ly  take par t  in react ions  
with amines ,  forming 5-amino der ivat ives .  The condensation react ions  of the 7-methylbenzo[a ]phenazinium 
sal t  (IV) with qua te rnary  salts  of 2-methylbenzothiazole  (VI) and quinaldine (VID also take place at position 
5, as was shown by the identification of the compounds (VIII) and (IX) obtained with the analogous products  
of the condensation of the 5-chlorobenzo[a ]phenazinium sal t  (V) [6]. 

IV. V VI, VII VIII, IX 

"IV [~ ~ ,  A~=C~.;'L~; V RI=A=CI; VI I~=CH3, Y=$, X=CH3SO4~ VII R2=C2[15, %'=Ct~ "~ ~[I, 

,~=C[13(~i~ii.~SO3; V;II R2=CH 3, Y=S; IX ~2=C2H5, Y=CH=CH 
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Fig. 1. Molecular d iagrams of phenazine (D, benzo [a ]phenazine (II), and dibenzo [a,c ]- 
phenazine (HI). 

The yields of the dyes and the ease  of occur rence  of the react ion show the higher reac t iv i ty  of the salt  
(IV) than of the phenaztnium salt  not containing a fused-on ring [1]. However,  the react ion of (IV)with 

? C2H ~ 

[ 

CH 3 
X, Xl XII 

X X=COOC2Hs; X I X=CN 

with malonic and cyanoaeetic esters and with rhodanine takes place with difficulty, apparently because of the " 
increased steric hindrance, but the orientation remains the same in this ease; the condensation products 
isolated were identical with compounds (X-XII) obtained from the chlorine-substituted salt (V). 

The quaternary salts of dibenzo[a, c]phenazine also react readily with nucleophiltc reagents [7], and 
it has been shown that condensation with amines takes place in position 11 [8]. On the basis of the results 
of calcv_lation and of experimental investigation, it may be assumed that with quaternary salts of 2-methyl- 
benzothiazole and quinaldine and with rhodanine the salt (XIII) forms reaction products with the structures 
(XVI), (XVH), and (XVII-I), 

N N - - - . ~  N,r 

I 
XIII--XV XVI, XVII XVIII, XIX CHS 

XIII RI=C6H 5, R2=H. A=NO3; XIV RI=C6Hs. R~=Br, A=NO3; XV RI=CH3, R2=H, A=CH3SO~; 

XVI R=CH B, Y=S; XVII R=C2H 5, u  XVIII RI=C6H5; XIX R=CH 3 
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TABLE 1. Produc ts  of the Condensation of Quaternary Salts of 
Benzo Derivatives of Phenazine with Oxomethylene Compounds 

C om-  

pound 

X 

Xl 

XX 7 

, XXF 

XXll 

XXIII 

XXIV 

XXIX 

rap, ~ (from Empirical 
acetic an- formula 
hydride) found 

Above .300 

211--213 

229--230 

Above 300 

250--251 

Above 300 

237--239 

218--220 

C24H2~N204 

C~HI7NsO2 

CssH26N204 

CaIH2,NaO2 

C33H24Br2N204 

C31HIgBr~302 

C26H,gN302 

C27H2,N303 

*Shoulder on the absorption curve. 

6,8 

11,6 

4,0 

6,5 

10,2 

9,7 

N.% 

calc. 

7,0 

11,8 

4,2 

6,7 

10,4 

9,6 

)~rnax, 

rim 

550* 
596 
650* 
556* 
594 
640* 
620* 
670 
740* 
634* 
690 
756* 

620* 
668 
736* 
640* 
696 
756* 
634* 
686 
748 
594* 
65O 
706 

Yield, 
log s o]0 �9 

3,98 44 
4,16 
4,08 
4,19 63 
4,32 
4,18 
4,37 75 
4,41 
4,19 
4,4 80 
4,57 
4,47 
4,33 75 
4,37 
4,14 
4,35 80 
4,50 
4,36 
4,21 38 
4,39 
4,31 
4,27 18 
4,4 
4,32 

r / ' ~  R E X 

XX-XXIV 

XX RI=C~H:, R~=H, X=COO%Hs; XXI RI=C6H~, 

R2=H,X=CN; XXll R~C6H s, R2=Br, X=COO%H5: 

XXIII RI=C6H5, R2=Br , X=CN; XXIV RI=CH3, R2=H,X=C N 

The condensation of the sal t  (XIII) with malonic and cyanoacetic es te r s  also probably takes place at 
position 11 with the formation of (XX) and (XXI). 

The introduction of bromine into position 6 does not change the direction of the react ion of the sal t  
(XIV) with malonic and cyanoacet ic  es te r s ,  which apparently leads to the condensation products  (XXII) and 
(xxIII). 

It must  be mentioned that the rep lacement  of a phenyl group by a methyl group [salt  (XV)] has a fun- 
damental influence on the reac t iv i ty  of a qua ternary  sal t  of dibenzo[a,  c]phenazine, substantially lowering 
the yields of the dyes (XIX)and(XXIV)in analogous react ions  (Tables 1 and 2). 

If there is a substituent in position 11 of the dibenzo[a,  c]phenazinium salt  such as the methoxy group 
[the sal t  (XXV)], the react ion can take place,  as Kiprianov et al. [9] have suggested,  without the displace-  
ment of the substituent, at the carbon atom in position 13. However, in the molecule of a quaternary  sal t  of 
dibenzo[a, c]phenazine there  is another electrophil ic  c e n t e r -  the carbon atom in position 6, and, judging 
f rom the resul ts  of calculation, it is more likely that in the react ions of the salt  (XXV) nucleoph[lic attack 
will be directed to posit ion 6. 

To conf i rm this point of view we studied the condensation react ions of the salts  (XXV) and (XXVI), the 
la t te r  containing a methyl group in position 13. The products  isolated f rom the two react ions ,  (XXVII) and 
(XXVIII), had a lmost  identical absorption spec t ra  but since in the molecule of the sal t  (XXVI) the possibi l i ty 
of attack at position 13 is excluded and condensation apparently takes place at the carbon atom in position 
6, it may be assumed that with rhodanine and cyanoacetic e s t e r  the salt  (XXV) forms compounds (XXVII) 
and (XXIX). 

The resul ts  obtained pe rmi t  a hypothesis of the g r ea t e r  eleetrophil ic activity of position 6 than of 
position 13 in the qua ternary  salt  (XXV). 
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T A B L E  2. P r o d u c t s  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  Sa l t s  of  Benzo 
D e r i v a t i v e s  o f  P h e n a z i n e  w i th  Q u a t e r n a r y  Sa l t s  of  N i t r o g e n  H e t e r o -  
c y c l e s  and with  N - M e t h y l r h o d a n i n e  

Com- 
pound 

VIII 

IX 

XII 

XVI 

XVII 

XVIII 

XIX 

XXVII 

XXVIII 

rap, *C (from 
acetic an- 
hydride) 

Above 300 

241 --242 

Above 300 

Above 300 
312 

Above 300 

243--244 
Above 300 

Above 300 

Empirical 
formula found 

8,3 

8,2 

10,8 

6,6 
6,6 

.8,3 

9,3 
8,9 

8,7 

N.% 

calc. 

C~6H2oC1NaO4S 

C2gH24CIN304 

C21HIsNaOS2 

C35H~4C'lN304S 
Ca~H28ClN30, 

C3oH,oN3OS2 

C~H,~NsOS~ 
C~oHI~N~O2S~ 

C~H2,N~O2S~ 

nm 

8,3 408 

8,2 

10,8 

6,8 
6,7 

8,4 

9,6 
8,9 

8,7 

644 
682 
420 
674 
708 
620* 
668 
730* 
750 
408 
5O0 
780 
700* 
764 
770 
680 
744 
682 
746 

i Yield, 
log 8 i% 

m 

4,351 
4,54 60 
4,56 
4,23 
4,64 57 
4,63 
3,96 
4,05 48 
3,85 
5,68 70 
5,15 
4,98 73 
5,49 
4,29 
4,42 49 

4,36 20 
4,02 
4,31 12 

4,1 l0 
4,29 

* Shou lde r  on t h e  a b s o r p t i o n  c u r v e .  

EH,~ SO 4 CH3 ~ J  

XXV, XXVI 

CHaO ~ ~ ~-N/- ~ CH~O'~ ~"~/ '~-N:  ~ ,~,-.. 
t I "1 " 1 I ~ l  ' f ~ : " 5  
c.~ ~ - - - s  c.~ ~ c ~ o  

E 
XXVII, XXVlll CHa XXIX 

XXV R=H; XXVI R=CH3; XXVII R=H; XXVIII R=CHs 

The r e a c t i o n  of the  s a l t s  (IV) and (XIH) w i th  m o r p h o l i n e  gave  the a m i n o - s u b s t i t u t e d  s a l t s  (XXX) and 
(x:c,a). 

c.,I _, Lv ~ /  I[~J~ ~o. c,o, Lv ~ 
XXX XXXI 

On c o m p a r i n g  the  a b s o r p t i o n  s p e c t r a  of  a p o l y m e t h i n e  dye wi thou t  a p h e n a z i n e  r i n g  (A) and the  q u a t e r -  
n a r y  s a l t  of  an a n i l i n e - s u b s t i t u t e d  phenaz tne  (B) wi th  the  s a m e  l e n g t h  of c h r o m o p h o r e  but  d i f f e r ing  f r o m  
the f o r m e r  compound  by  the  i s o l a t e d  s t r u c t u r a l  e l e m e n t ,  a f a i r l y  p r o n o u n c e d  b a t h o c h r o m i c  sh i f t  of  the  

H CH~ 

A ~,~,, 382,5rim B ~.... 550 nm 

a b s o r p t i o n  m a x i m u m  in the  l a t t e r  can  be s een .  A p p a r e n t l y ,  such  a deep  c o l o r a t i o n  of  the p h e n a z i n e  d e r t v a -  
f ives  is  c a u s e d  by  the f ac t  tha t  the i s o l a t e d  f r a g m e n t  p l a y s  the  r o l e  of  ~ e l e c t r o n e g a t i v e  s u b s t i t u e n t  a d d e d  
b y  two bonds  to the e v e n - n u m b e r e d  c a r b o n  a t o m s  of the  c h r o m o p h o r e  wh ich ,  a c c o r d i n g  to  the  D e w a r - K n o t t  
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rule [10, 11] should lead to a deepening of the color .  The e lec t ronegat iv i ty  of the f ragment  is due to con- 
jugation with the n i t rogen atom. 

It is in teres t ing  that the dyes der ived f ro m  benzo [a]phenazine absorb at sho r t e r  wavelengths than the 
analogous phenazine der ivat ives .  Fo r  example,  compounds (VIII, IX, X, XII, and XXX) have absorpt ion max- 
ima at 682 ,708 ,594 ,  668, and 510 rim, while the analogous phenazine der ivat ives  absorb at 744, 735,626,  
700, and 548 nm [1, 2, 9]. The observed  hyps0chromic  effect  in the benzo[a ]phenazine der ivat ive is probably 
connected with a weakening of the conjugation in the f ragment  [compound (XXX) ] since here  the benzene ring 
C is po lar ized  with g r e a t e r  difficulty than the ethylene bond in compound B, which leads to a fall in its e lee -  
t ronegat iv i ty  and to a lightening of the color  of the corresponding dyes. 

The dyes der ived  f r o m  dibenzo[a ,c]phenazine (XVI, XVII, XVIII, XX,andXXI) absorb  at longer  w a v e -  
lengths than the analogous dyes der ived f rom  phenazine [1, 2, 9]. The nature  of the N-subst i tuent  has ve ry  
l i t t le  influence on the absorpt ion spec t r a  of the dyes (XXI) and (XXIV). Only a ve ry  slight long-wave shift  of 
the absorpt ion maximum in (XXI) as compared  with (XXIV) is observed.  

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

The e lec t ronic  absorpt ion spec t ra  of the compounds were  taken on an SF-10 ins t rument  in ch lo roform 
and those of compounds (XXX) and (XXXI) in ethanol (c =0.2 �9 10 - 4 -  0.4" 10-4M). 

9-Phenyldibenzo[a,  c]phenazintum n i t ra te  (XIII) was obtained by the method of Ullman and C a s s i r e r  
[12]. 

3,6-Dibromo-9-phenyldibenzo[a, e]phenazinium Nitrate (XIV). A mixture of 0.3 g (0.001 mole) of 
3,6-dibromophenanthraquinone [13] and 0.18 g (0.001 mole) of o-aminodiphenylamine was heated in 5 ml of 
CH3COOH , 20 ml of water was added, and the solution was filtered from the quinone that had not taken part 
in the condensation. A few drops of nitric acid was added to the hot solution and it was cooled and the re- 
salting precipitate was filtered off. Yield quantitative, mp 258~ (chars, from ethanol). Found: Br 27.5%.. 
C26HIsBr2N303. Calculated: Br 27.7~. 

11-Methoxy-9,13-dimethyldibenzo [a ,e]phenazinium methosulfate (XXVI) was obtained by heating the 
base [14] with dimethyl sulfate in nitrobenzene. Yield 60%, mp 215~ (from ethanol). 

Condensation of Quaternary Salts with Oxomethylene Compounds. This was performed in absolute 
methanol in the presence of sodium methoxide [2] (Table 1). 

Condensation of Quaternary  Salts with N-Methylrhodanine and Quaternary  Salts of Nitrogen Hete rocy-  
c les .  This was pe r fo rmed  in ethanol o r  wa te r  with the addition of sodium acetate  (Table 2). 

7-Methyl-5-morphol inobenzo[a]phenaziniumIodide (X-XX). This was obtained f rom (IV) and morphel ine 
[2]. The isolated methosulfate was dissolved in hot wa te r  and, with s t i r r ing ,  a sa tura ted  solution of potas-  
s ium iodide was added and then the mixture  was cooled and the resul t ing prec ip i ta te  was f i l te red  off. Yield 
68%, mp 227~ (from ethanol). ~max  401 nm (log ~ 3.87), 510 nm (log ~ 4.25). Found: N 9.0%. C21H2~IN30. 
Calculated: N 9.2%. 

11- Morpholino-9-phenyldibenzo [ a ,  c ]phenazinium Pe rch lo ra t e  (XXXI). This was obtained in a s imi l a r  
manner  to (XXX) f rom (XIII) and morpholine.  The isolated methosalfate  was conver ted  into the pereh lora te  
by the addition of a sa tu ra ted  solution of sodium perch lo ra te .  Yield 50%, mp 278-279~ (from ethanol). 
~max 584 nm (log ~ 4.41). Found: N 7.8%. C30H24CIN305. Calculated: N 7.7%. 
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