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XXIII .*  PYRIDO[1,2-b] [1,2,4]TRIAZINIUM SALTS. 

SYNTHESIS AND SOME REACTIONS 
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The r eac t i on  of 1 ,2 -d iaminopyr id in ium sa l t s  with c~-dicarbonyl compounds or  c~-halogeno 
ketones  fo rms  pyr ido[1 ,2-b][1 ,2 ,4] t r iaz in ium sa l t s .  A methyl  group p r e s e n t  in posi t ion 2 
of one of these  sa l t s  con.denses with aldehydes,  giving s ty ry l  de r iva t ives  and r e a c t s  with 
o r t h o e s t e r s  to give cyan ines .  

The e l e c t r o n - a c c e p t i n g  influence of a pyr id in ium cat ion on an amino group p r e s e n t  in posi t ion 2 or  4 
of the r ing includes two effec ts :  the negative inductive e f fec t  of the qua te rna ry  ni t rogen a tom and a s t rong  
negat ive  conjugation effect ,  which leads  to a m a r k e d  fall in the nucleophil ici ty of these groups  in qua te rna ry  
2(4) -aminopyr id in ium s a l t s .  In c o n t r a s t  to this ,  it is main ly  the inductive ef fec t  of the pyr id in ium cation 
that  is t r a n s m i t t e d  to an N-amino  group,  as to other  subst i tuents  at tached to the he t e roa tom [1,2], as a con-  
sequence of which in N-aminopyr id in ium sa l t s  the amino group shows a g r e a t e r  nucleophil ici ty than in the 
2 (4) -aminopyr id ines  and, all  the m o r e ,  than in the i r  qua te rna ry  sa l t s  [3]. This explains  the r e l a t ive ly  high 
r eac t iv i ty  of the N-amino  groups  in 1 ,2-d iaminopyr id in ium sa l t s  in reac t ions  with ca rbonyl  co+mpounds 
that  we have obse rved  [3, 4]. The g r e a t e r  protonic act ivi ty  of the C - C H  3 group than of the - > N - C H  3 
group in the 1 ,2 -d imethy lpyr id in ium cation [5] is one of the c lo se s t  examples  of such an influence.  The 
lower ing of the ~ - e l e c t r o n  densi ty  in posi t ions  2 and 4 of the pyr id inium nucleus and, consequently,  a shift  
of the p - e l e c t r o n s  f r o m  NH 2 groups  p r e s e n t  in these  posi t ions s imul taneous ly  causes  a pronounced de-  
local izat ion of the posi t ive charge  of the he te roa tom,  which leads to a d e c r e a s e  in i ts  - I  e f fec t  and, as a 
r esu l t ,  to an even g r e a t e r  i nc rease  in the nuc leophi l ic i ty  of the N - N H  2 group as c o m p a r e d  with an C -  NH 2 
group:  

N lt2 ~: f ~ ' ~ N  H. HX 

NH2 ~,,,-N "~N t1~ 

X- 

However ,  such sa l t s  can a lso  r e a c t  at  the 2 -amino  group.  For  example ,  with carboxyl ic  acids or  acid 
hal ides  they f o r m  s ym - t r i a zo l o [1 ,5 - a ]py r i d ine s  [6, 7], which is apparent ly  connected with a reduct ion in the 
act ivat ion ene rgy  of the t rans i t ion  s ta te  on i n t r amo lecu l a r  cycl iza t ion.  

We have succeeded  in showing that  1 ,2-d iaminopyr id in ium sa l t s  which, under  var ious  condit ions,  
f o r m  Schiff ' s  ba se s  only through o n e  NH 2 group (in reac t ions  with a roma t i c  aldehydes [4]) read i ly  condense 
With 1,2-dioxo compounds,  fo rming  the b icycl ic  h e t e r o a r o m a t i c  pyr ido [1,2-b] [1,2,4]tr iazinium s y s t e m  (a 
b r i e f  communica t ion  on this has  been published p rev ious ly  [8]). 

O~=C--R' 

c,o; c,o~ 
I I I  a - e  

II a R=R'=CHa; b R=R'=H,e R=CII~, R'=H,d R=R'=C6Hs;e R=C6}Is, R'=H. 

* F o r  Communica t ion  XXII, see [1]. 
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The condensation of the salts  (I) with unsymmet r i ca l  dioxo compounds such as methyl -  and phenyl-  
glyoxals could be expected to give two i s o m e r s .  However,  the resul ts  of paper  and th in- layer  ch romatog-  
raphy have shown the presence  of only one i somer ,  to which, on the basis  of its P1VIR spect rum,  we have a s -  
signed the s t ruc ture  (Hc,d). In the PMR spec t rum of the sal t  (IIa) there are the signals of the four protons 
of the pyridine nucleus:  doublets of the H atoms in positions 6 and 9 at ~ 9.13 and 8.46 ppm (J = 8 Hz), 
t r ip le ts  of 7-H and 8-H in the 8.15 and 8.68 ppm region (J = 8 Hz), and also the singlets o f C H  3 groups at 
2.91 and 2.97 ppm. The second apparently cor responds  to the group in position 2, since it is located in the 
pa ra  position to the qua ternary  nitrogen atom and in the c~ position to a t e r t i a ry  heteroatom,  i.e., it is a t -  
tached to the carbon atom of the t r iazinium ring having the lowest ~ -e l ec t ron  density.  In the spec t rum of 
substance (IIc) one signal  of a CH 3 group is found in the 3.06 ppm region and the singlet of 3-H in the 7.24 
ppm region.  

Both these compounds (Ha and IIc) readi ly  condense with aromat ic  aldehydes forming s ty ry l  de r iva -  
t ives with s imi la r  UV spec t ra  (III, R '  = OH, Xma x 260,460 nm; loge  3.9, 4.4), while the sal t  (IIa) does 
not reac t  with a second molecule of aldehyde even under severe  conditions. The presence of the i somer ic  
substance could not be detected e i ther  chromatographica l ly  or  speet rophotometr ica l ly .  The methyl  group 
in position 2 of the sal t  (IIa) proved to be sufficiently active to r eac t  with o r thoes te r s  to form cyanine dyes.  

I .  ... 1 

clo: clo~ 
I I I  a-d IV 

lIIa R=R'=H;b R=tt, R'=OH;c R=CII3, R'=ll;d R=CHa, R'=i-C3HT;o R=CH3, 
R'=OH; f R=CII3, R'=2-OCHa. 

ThUS, it mus t  be considered that the formation of salts  of type (II) takes place as the p r i m a r y  at tack 
of the more  nucleophilic N - N H  2 group on the more  electrophil ic  and s te r ica l ly  access ible  center  of the 
methyl -  or  phenylglyoxal res idue - the formyl  group - with the subsequent condensation and dehydration 
of the result ing compound under the influence of the perchlor ic  acid. A t ,2-d iaminopyr id in ium salt  ap-  
parent ly  reac t s  with c~-halogeno ketones by a s imi la r  mechanism,  since we also obtained compound (IIe) 
with phenacyl b romide .  The same compound (IIe) was obtained by the react ion of (I) with i son i t rosoace to-  

~C..~C~(~ 

phenone. 

I f ~ N  H' HX 
I. I / c o c ~ l t ,  
~,~.,,.N,..N=C i i " 

Nil- 

.ao~" j 

1 
BrCIt~COC6H S 

, l i e  
ilCIO 4 

1,2-Diaminopyridinium salts  also condense readi ly  with some o-quinones;  for example,  with phen- 
anthrenequinone they form a pyrido [1,2-b]phe nanthro [9,10-e ] [1,2,4]triazinium salt .  

When the condensation of 1,2-diaminopyridinium iodide with biacetyl  was per formed in the presence  
of sulfuric or  hydrochlor ic  acid, the molecular  compounds with iodine (IIe,f) of the sulfate or iodide formed 
were  isolated.  Under the action of perchlor te  acid, these sal ts  were readi ly  converted into the perchlora te  
(IIa). The IR spec t ra  of these compounds, like the other salts  (II), lacked the charac te r i s t i c  absorption 
bands of amino and imino groups .  

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

The IR spec t ra  were taken on a UR-10 spec t rophotemeter  in tablets with potassium bromide,  and 
the UV spec t ra  on an SF-4 ins t rument  in ethanol.  The PMR spec t ra  were taken on a Bruker  H x 90 ins t ru-  
ment  in t r i f luoroacet ic  acid with TMS as internal  s tandard.  Unless stated otherwise,  chromatography was 
pe r fo rmed  in a thin l ayer  of alumina of activity grade II in the solvent sys tem i s o p r o p a n o l - c h l o r o f o r m  
(1 : 1), and the spots were  revealed with iodine vapor.  
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pyr ido[1 ,2-b]phenanthro  [9,10-e] [1,2,4]triazinium P e r c h l o r a t e .  A solution of 0.3 g (1.5 mmole)  of (I) 
in 20 m l  of ethanol  was t r e a t ed  with 0.3 g (1.5 mmole)  of phenanthrenequinone and 1 ml  of 70% pe reh lo r i c  
acid .  The mix tu re  was boiled for an hour,  and 0.5 g (90%) of orange c r y s t a l s  were  i so la ted  with mp 354~ 
[from d i m e t h y l f o r m a m i d e - i s o p r o p a n o l  (1:1)] ;  R f  0.67 (A1203). Found, %: C 59.9; H 3.6; C1 9.2; N 1 1 2 .  
ClsH12C1N304. Calculated,  %: C 59.7; H 3.1; C1 9.3; N 11.0. 

The condensat ion with ninhydrin took place  s imi l a r ly ,  forming a single substance  with the c o m p o s i -  
tion C13HsC1N~Os, mp 295-296~ [from d i m e t h y l f o r m a m i d e - i s o p r o p a n o l  (1:1)] ;  R f  0.68. The IR spe c t ru m 
has the bands of a carbonyl  group in the 1750 cm -1 region,  o f C  = C  and C = N  bonds at 1622 and 1658 cm -l ,  
of a r ing at 1590 cm - i ,  and of the C10~ anion at 1100 c m  - l .  Found, %: C 50.4; H 2.8; C1 10.5; N 12.0. 
C13HsC1N305. Calcula ted,  %: C 50.4; H 2.4; C1 10.6; N 12.6. Semica rbazone ,  mp 274-275~ (f rom water ) .  
Found, %: N 21.9. ClsHllC1NsO 5. Calculated,  %: N 21.5. On the bas i s  of the fact  that  in the sa l t  (I) i t  is 
apparen t ly  the more  active 1-amino  group that  r e ac t s  f i r s t ,  and in ninhydrin it is the ca rbonyl  group in 
posi t ion 2 [9], we ass igned  to the compound obtained the s t ruc tu re  of a d ihydropyr ido[1,2-b] indeno[1,2-e]-  
[1,2,4]tr iazinium p e r c h l o r a t e .  The s t ruc tu re  of this compound was not es tab l i shed  in m o r e  detai l .  

2-1)henylpyrido[1,2-b][1,2,4] t r iazinium Pe rch lo ra t e  (IIe). A. S imi la r ly ,  0.6 g (3 mmoles )  of (I) and 
0.5 g (3 mmoles )  of phenylglyoxal  hydra te  in the p r e sence  of pe rch lo r i c  acid gave 0.45 g (45~) of substance 
(He), mp 302~ (f rom g lac ia l  acet ic  acid); l~f 0.65. Found, ~ :  N 13.7. Cl~H10C1N~O4. Calculated,  ~:  N 
13.6. Substance (IIe) was also obtained with-a yield of 27~ by boiling (I) with i soni t rosoacetophenone in 
ethanol in the p r e s e n c e  of pe r ch lo r i c  acid.  The other  pyr ido[1,2-b][1 ,2 ,4] t r iaz inium sa l t s  (Table 1) were  
obtained s i m i l a r l y .  The ch roma tog raphy  of these  sa l t s  on type KSK s i l ica  gel with e t h a n o l - c h l o r o f o r m -  
acet ic  acid (1 : 1 : 2) as the s t a t iona ry  phase  showed the p r e sence  of a single spot  with Rf  0.34 �9 0.03. 

B. With cooling to 0 to -5~ and s t i r r ing ,  022  g (4 mmoles )  of po ta s s ium hydroxide was added to a 
solution of 0.84 g (4 mmoles )  of (I) in 15 ml  of methanol ,  the mix ture  was s t i r r e d  for  an hour,  the p r e -  
c ipi ta te  of po ta s s ium pe rch lo ra t e  that had deposi ted was f i l te red  off, and with cooling and s t i r r ing  a so lu-  
t ion of 0.79 g (4 mmoles )  of phenacyl  b romide  in 15 ml  of ethanol was added dropwise  to the f i l t r a te .  After  
2 h, 1.5 ml  of pe rch lo r i c  acid was added to the reac t ion  mix tu re  and the solvent  was dis t i l led off to give 
0 2 5  g (20%) of subs tance  (IIe), mp 302~ A mix ture  with a known sample  gave no depress ion  of the m e l t -  
ing point, and the i r  IR s p e c t r a  were  identical:  1616 cm -1 (VC= N), 1580 cm -i (v ring), 1100 c m  -1 (VC10~). 

2 - (p -Hydroxys ty ry l ) -3 -methy lpyr ido[1 ,2 -b ] [1 ,2 ,4 ] t r i az in ium P e r c h l o r a t e  (IIIe). To a solution of 0.3 
g (1.1 mmole)  of the sa l t  (IIa) in 5 ml  of ace ten i t r i l e  were  added 0.15 g (1.2 mmole)  of p -hydroxybenza lde -  
hyde and 1-2 drops  of 70% pe rcb lo r i c  acid.  The mix ture  was boiled on the wa te r  bath for  1 h. The red  
c r y s t a l s  that  had deposi ted were  f i l t e red  off to give 0.2 g (50%) of compound (IIIe), mp 266~ (f rom ace t e -  
n i t r i l e ) .  Found %: C 53.3; H 4.2; C1 10.1; N 11.7. CIgH14C1N305. Calcula ted,  ~ :  C 52.8; H 3.8; C1 9.7; N 
11.5. 

The other  s ty ry l  de r iva t ives  (III) (Table 2) were  obtained s i m i l a r l y .  

Bis (3 ,3-d imethylpyr ido  [1,2-b] [1,2,4]triazine) t r imeth inecyanine  1)e rch lo ra te  (IV). To a solution of 
0.5 g (2 mmoles )  of the sa l t  (IIa) in 15 ml  of g lac ia l  acet ic  acid was added 3 ml  of o r thofo rmic  e s t e r ,  and 
the mix ture  was boiled for  40 min .  B lue -green  c r y s t a l s  with mp 223-224~ (f rom ethanol) s epa ra t ed  out 
in an amount  of 0.35 g (42%). UV spec t rum:  )Lma x 305, 620 nm; log e 4.1, 4.4. Found, ~ :  C 52.8; H 4.6; 
C1 8.4; N 19.3. CigH17C1NsO 4. Calculated,  %: C 53.1; H 4.2; C1 8.2; N 19.5. 
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2. 

3. 
4. 

5. 
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