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2,4,6-Subst i tuted py ry l i um  sa l t s  add azomethines  to give pyr id in ium sa l t s  and a roma t i c  a lde-  
hydes.  The l a t t e r  can be condensed with the methyl groups of the pyr id in ium sa l t s .  Benzal -  
doxime,  benzalaz ine ,  benzalphenylhydrazine ,  urea ,  th iourea ,  and phenyl isothiocyanate r e -  
act  with 2 ,4 ,6 - t r iphenylpyry l ium pe rch lo ra t e  s i m i l a r l y  to give,  r e spec t ive ly ,  2 ,4 ,6- t r iphenyl -  
pyr idine N-oxide,  2 ,4 ,6- t r iphenylpyr id ine ,  or  N-subs t i tu ted  2 ,4 ,6- t r iphenylpyr id in ium p e r -  
chlorates. 

It was r ecen t ly  shown that th ionylamines  r e a c t  in an "yl id- l ike"  s t ruc tu re  with py ry l ium sal ts  via a 
dipolar  1,2-cycloaddit ion scheme  [1]. As we have a l r eady  r epo r t ed  [2], azomethines  of a roma t i c  amines  
(I), for which an "yl id- l ike"  s t r u c t u r e  is also poss ib le ,  r e a c t  s i m i l a r l y  with 2 ,4 ,6-subst i tu ted  py ry l i u m 
sa l t s .  In this case ,  1 -a ry lpy r id in ium sa l t s  (III) and a r o m a t i c  aldehydes a r e  fo rmed  f r o m  2 ,4 ,6- t r iphenyl -  
py ry l ium pe rch lo ra t e  (II): 

+ - + ~ + R C 6 H 4 C i l O  

c~o; | i \cuqu,r  | r' cn clo~ r' clo, 
R '  

" "  " I  ,o:J 
IV I I I  a -e~, V |  a - g  

I, III: a) R =H, R '  =phenyl;  b) R =H, R '  =p- to ly l ;  c) R =H, R '  =o- to ly l ;  d) R =H, R '  =p-an i sy l ;  e) R =H, R '  = 
p-ni t rophenyl .  V, Vh a) R =p-NO2, R '  =2-pyr idy l ;  b) R =p-NO2, R '  =4-pyr idy l ;  c) R =p-NO2, R '  =2 -benz i -  
midazolyl;  d) R =m-NO2, R'  = 1 -me thy l -2 -benz imidazo ly l ;  e) R =p-NO2, R '  = l - e thy l -2 -benz imidazo ly l ;  f) 
R =p-NO2, R '  = 1-nonyl -2-benzimidazoly l ;  g) R =NO2, R '  = 1 ,5 ,6 - t r ime thy t -2 -benz imidazo ly l .  

The r eac t ion  apparen t ly  p roceeds  by  nucleophil ic a t tach  of the azomethine at the a -pos i t i on  of the 
py ry l ium r ing  with subsequent  r ing  opening, 1,2-cycloaddit ion,  and, finally,  t h e r m a l  c leavage of f o u r - m e m -  
b e r e d  complex IV. The absence  of wa te r  in the r eac t ion  mixture  excludes the poss ib i l i ty  of hydro lys i s  of 
the azomethines  and, consequently,  the p r e sence  of an a roma t i c  amine.  The r eac t ion  p roceeds  quanti ta-  
t ive ly  when the components  a r e  ref luxed in absolute d imethy l fo rmamide  (DMF) for 1 h. In the case  of p e r -  
ch lora te  II and benzalani l ine ,  it was shown that the r eac t ion  in glacial  ace t ic  acid is 70% complete  a f te r  3 h, 
is 55% comple te  in absoiute n i t romethane  a f te r  the s a m e  t ime,  and does not occur  at all  in absolute ethanol. 
Inasmuch as the r eac t ion  goes to complet ion much more  rap i4 ly  in absolute DMF, all of the r eac t ions  were  
studied p r i m a r i l y  in this solvent .  

We have also extended the r eac t ion  to azomethines  of h e t e r o a r o m a t t c  amines  (V). 

2 -Methy l -4 ,6 -d ipheny lpyry l ium pe rch lo ra t e  (VII) r e a c t s  via this s a m e  scheme ,  but the aldehyde 
fo rmed  in the r eac t ion  condenses  at the methyl group to give s ty ry l  de r iva t ives  VIII: 
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C6H 5 

C~H s H;) + RC6H4CH-- N--R' 

CIO~" 

~ 6H5 

VII  VIII a-d 

VlIh a) R =H, R'  =phenyl; b) R =H, R' =p-tolyl ;  c) R =p-NO2, R '  = l -e thy l -2 -benz imidazo ly l ;  d) R =p-NO2, 
R ' = 1,5,6-tr  i methyl-  2 -benz i mi dazolyl. 

The fact that the reac t ion  does not occur  in ethanol excludes the possibi l i ty  of ca r ry ing  it out with 
perchlora te  VII without simultaneous condensation at the methyl group. 

The s t ruc ture  of VIIIa was confirmed by al ternative synthesis [3]. Intense absorption bands of the 
pyridinium r ing  (1620-1640 and 1555-1580 cm-l) ,  bands of the C104- anion (110 cm-1), and, for VIc, absorp-  
tion bands of a benzimidazole NIt group at 3200 cm - i  a re  present  in the IR spec t ra  of the pyridinium pe r -  
chlorates  obtained in this study. 

2 ,4 ,6 -Tr imethy lpyry l ium perchlora te  reac t s  with azomethines to give a mixture of substances that 
are  difficult to separate .  

We also subjected other compounds for which the "quasi-yl id" s t ructure  is possible to the react ion 
under consideration.  Benzaldehyde and 2,4,6-tr iphenylpyridine are  isolated f rom the react ion of percb lo-  
ra te  IT with benzaldoxime in DMF. It can be assumed that the initially formed 2,4,6-tr iphenylpyridine N-ox-  
ide, which is unstable [4], is deoxygenated. In fact when the react ion is ca r r i ed  out in glacial acetic acid 
(it is ~ 40% complete after  5 h), the N-oxide can be isolated. Up until now, only alkyl-subst i tnted pyryl ium 
salts could be converted to pyridine N-oxides [5-7]. However, in an attempt to obtain the N-oxide f rom 
perchlora te  1T arid hydroxylamine we isolated 3,5-diphenylisoxazole [8]. Thus, 2,4,6-tr iphenylpyridtne N- 
oxide can be obtained by means of this react ion also f rom perchlora te  II, which contains phenyl substituents.  

In termediate  IX in the reac t ion  of perchlora te  1T with benzalazine is apparently unstable. It decom- 
poses to give 2,4,6-tr iphenylpyridine and benzonitr i le:  

~ 6Hs 

C 6 H ("L~+ I ~ c  6 H s 

N=CHC6H 5 

I I  4+ (C.6H[,GH=N)2~ 

CsH~ �9 

+ C6HsC~N 
-HCIO4 C6H5/ \C6H 5 

cto~ 
IX 

This convers ion rep resen t s  an example of an aminonitxile r ea r r angemen t  [9] in which the excess ben- 
zalazine acts as the base. The react ion prac t ica l ly  does not occur  in glacial acetic acid. 

The reac t ion  of perehlora te  II with benzalphenylhy4vazine in DMF gives an easi ly  res inif ied substance 
that reddens on standing, does not contain chlorine,  and could not be purified. The react ion in glacial acetic 
acid goes to N 60% completion after  5 h to give N-ani l ino-2,4 ,6- t r iphenylpyr idinium perchlora te .  

The react ions  under considerat ion apparently proceed via the same mechanism as in the case of azo-  
methines,  but ill DMF go to completion in the presence  of a twofold excess of the "ylid-like~ compounds; the 
excess amount is probably n e c e s s a r y  to tie up the perehlor ic  acid. 

In the reac t ion  of perchlora te  II with urea and thiourea,  the resonance  s t ruc tures  of which can also 
be considered to be of the ylid type, 2,4,6-tr iphenylpyridine is formed:  

'~H 5 C6H3 

i?" + o + + ,  
CIO~ 

X - O Or S 

Addition at the C =S bond does not occur in the case of thiourea. The reac t ion  with phenyl isothiocya- 
ante also proceeds  pre fe rab ly  at the C =N group, and thiopyryl ium salts therefore  cannot be obtained via 
this path. 
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TABLE 1. A z o m e t h i n e s  of He t e rocyc l i c  A m i n e s  (V) 

Corn - 
pound 

Va 
Vb 
Vc 
Vd 
Ve 
Vf 

Vg 

rap, *C 
(from 
ethanol) 

143 ~6 
108 
253* 
178 
178 ~1 
118 
227 

Empirical formula 

C~H~N,O~ 
CI~HgN30~'H~O 
C~aH~oN~O: 
C:3H:zN~O~ 
C~H~4N40~ 
C23H28N402 
C~7H~6N40~ 

58,6 
58.7 
63,7 
64,2 
65,4 
70,4- 
66,3 

Found, % 

H 

_ I_Calcul ated, % 

I iN 

4,7 17,3 
4,8 16,9 
4,2 20,9 
4,7 20,4 
5,0 19,2 
7,6 14,6 
5,1 18,7 

C H 

58,8 4,5 
58,8 4,5 
63,2 3,8 
64,3 4,3 
65,3 4,8 
70,4 7,2 
66,2 5,2 

17,1 
17,1 
21,0 
20,0 
19,0 
14,3 
18,2 

r 

82 
75 
75 
70 
68 
78 
70 

* F r o m  xylene .  

TABLE 2. P y r i d i n i u m  P e r c h l o r a t e s  (III, VI, and VIII) 

Corn - 
pound rap, *C* 

IIIa 
Illb 
Illc 
Illd 
IIIe 
Via 
Vlb 
Vie 
VId 
Vie: 
Vlf 

VIg 
Villa 
VIIIb! 
VIIlc 
VIlld 

265--26612 
24412 
25312 
241 ~2 
242 

230--231 
300--301 

255 
144--146 
140--142 
103--105 

3OO 
145--1503 
145--150 
168--170 
213--214 

Empirical formula l 

C29H22C1NO4 
CaoH24CINO4 
C3~H~4CINO4 
C~oHa4C1NO5 
C29H2~C1N2OG 
C2sH21CIN204 
C2sH21C1N204 
C3oH~C1N304 
C31H24C1N304"H~O 
C~H~6CIN304"H20 
C39H4oCIN304 
C3~H~sCINaO4 
C31Ha4CINO4 
C32H~6C1NO4 
C34H~7C1N406"H20 
C3~H29CIN406 

Found, % 

C H CI 

72,3 
72,6 
72,5 
69,9 
65,3 
59,7 
59,4 
59,0 
67,2 
67,8 
72,4 
70,2 
72,8 
73,0 
54,0 
65,6 

Catcul_a_t_ed, % 

N C H C1 

72,0 
72,3 
72,3 
70,1 
65,8 
69,4 
69,4 
68,8 
66,9 
67,4 
72,0 
70,0 
73,0 
73,4 
63,7 
66,0 

N .O 

80 
90 
80 
90 
82 
89 
83 
65 
70 
94 
47 
75 
88 
83 
49 
47 

* The fol lowing so lven t s  w e r e  used to r e c r y s t a l l i z e  the p r o d u c t s :  
g lac ia l  ace t i c  ac id  (IIIa-c ,  Via-b ,  VIg, and VIIId), e thanol  (IIId, e), 
bu tano l  (VIc), c h l o r o f o r m - e t h e r  (VId, e, VIIIa-c) ,  and methanol  (VID. 

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

The IR s p e c t r a  of m i n e r a l  oil s u s p e n s i o n s  of the compounds  were  r e c o r d e d  with a UR-20  s p e c t r o m -  
e te r .  

The azomethines were obtained by refluxing alcohol solutions of equimolecular amounts of the alde- 
hyde and amine for i-I0 h [I0] (Table I). 

Reaction of Percblorate II with Azomethines. A 2.5-mmole sample of percblorate II was refluxedwith 
3 mmole of azomethine in i0 ml of absolute DMF for 1 h. The addition of ether precipitated the solid re- 
action product. However, if the product separated out as an oil, it was crystallized by the addition of water 
(Table 2). The mother liquor formed a yellow-orange precipitate of benzaldehyde 2,4-dinitrophenylhydra- 
zone with mp 235-236 ~ 

The reaction of Vli with azomethine proceeds similarly, except that a hydrazone was not formed in 
the mother  l i quo r .  The s t y r y l  d e r i v a t i v e s  (Table 2) w e r e  pu r i f i ed  by  two to t h r e e  r e p r e c i p i t a t i o n s  f r o m c o l d  
so lven t s .  

Reac t i on  of P e r c h l o r a t e  II with Benza ldox ime .  A) A 0.51-g (125 mmole)  s a m p l e  of p e r c h l o r a t e  II was  
r e f l u x e d w i t h  0.3 g (2.5 mmole)  of b e n z a l d o x i m e  in 3 ml of a b s o l u t e  DMF for  2 h. The addi t ion  of abso lu te  
e the r  p r e c i p i t a t e d  the p e r c h l o r a t e  of the s t a r t i n g  b e n z a l d o x i m e ,  a f t e r  which the mother  l i quor  was evapo-  
r a t e d  by  hea t ing  in  vacuo (water a s p i r a t o r ) .  The addi t ion  of a few drops  of alcohol  c r y s t a l l i z e d  out 0.32 g 
(84%) of 2 , 4 , 6 - t r i p h e n y l p y r i d i n e  wi th  mp 137 ~ ( f rom alcohol)  [13]. 

B) The r e a c t i o n  was  c a r r i e d  out in 3 ml of g l ac i a l  ace t i c  ac id  with the s a m e  amoun t  of r e a c t i o n  s u b -  
s t a n c e s  for  5 h. Cool ing p r e c i p i t a t e d  0.31 g of s t a r t i n g  p e r c h l o r a t e  II. The exces s  so lven t  was  r e m o v e d  by 
v a c u u m  d i s t i l l a t i o n  (water a sp i r a to r ) ,  and a few drops of alcohol  w e r e  added to the cold r e s i d u e  to give 0.07 
g (18%) of 2 , 4 , 6 - t r i p h e n y l p y r i d i n e  N-oxide  with mp 184 ~ ( f rom alcohol)  [4]. IR s p e c t r u m :  1250 c m  -1 (N- 
oxide).  
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The reaction of perchlorate II with benzalaz[ne was carried out as in method A, and the yield of 2,4,6- 
t r iphenylpyr[dine  was 82%. 

N-Ani l ino-2 ,4 ,6- t r iphenylpyr id in ium P e r c h l o r a t e .  A 0.51-g (1.25 mmole)  s ample  of pe rch lo ra t e  II 
was ref luxed with 0.49 g (2.5 mmole)  of benzalphenylhydrazine  in 5 ml of gtacia l  ace t ic  acid for 5 h. Cool-  
ing gave a b lack  res inous  p rec ip i t a t e ,  f r o m  which 0.21 g of nnchanged pe rch lo ra t e  II was isolated a f te r  
t r e a t m e n t  with e ther  and ch loroform.  The addition of e ther  to the ch lo ro fo rm solution p rec ip i t a ted  0.31 g 
(50%) of g reen  N-an i l ino-2 ,4 ,6 - t r iphenylpyr id in ium pe rch lo ra t e  with mp 175 ~ (from c h l o r o f o r m - e t h e r ) .  
Found: C 70.2; H 4.7; C1 7.0; N 5.7%. C29H23C1N2O4. Calculated:  C 69.9; H 4.7; C1 7.1; N 5.6%. 

React ion of P e r c h l o r a t e  II with Urea.  A 2.04-g (5 mmole)  sample  of pe rch lo ra t e  II was ref luxed with 
0.3 g (5 mmole)  of u rea  in 20 ml of absolute DMF for I h, a f te r  which the mixture  was cooled, diluted with 
wa te r ,  and ex t rac ted  with e ther  to give 1.44 g (93~) of 2 ,4 ,6- t r iphenylpyr id ine .  

P e r c h l o r a t e  II r e ac t ed  s i m i l a r l y  with th iourea ,  and the yield of 2 ,4 ,6- t r iphenylpyr id ine  was 90~. 

The reac t ion  of pe rch lo ra t e  II with phenyl isothiocyanate was c a r r i e d  out under the s ame  conditions 
but for 10 h. The mixture  was then cooled and diluted with e ther  to give 1.72 g (73%) of 1 ,2 ,4 ,6- te t raphenyl -  
pyr id in ium pe reh lo ra t e  with mp 265-266 ~ [2]. 

LITERATURE CITED 

i. N.S. Zefirov, G. N. Dorofeenko, and T. M. Pozdnyakova, Zh. Organ. Khim., 9, 387 (1973). 
2. G.N. Dorofeenko, I~. A. Zvezdina, and V. V. Derbenev, Zh. Organ. Kh[m., 9, 1079 (1973). 
3. R. Wizinger and K. Wagner, Helv. Chim. Acta, 34, 2290 (1951). 
4. J. Meisenheimer, Ber., 59, 1848 (1926). 
5. E. Schmitz, Ber., 91, 1488 (1958). 
6. A.T. Balaban and C. D. Nenitzescu, Ann., 74, 625 (1959). 
7. G.N. Dorofeenko, E. I. Sadekova, and V. M. Goncharova, Khim. Geterots[kl. Soedin., 1308 (1970). 
8. A.T. Balaban, Tetrahedron, 2_44, 5059 (1968). 
9. C. J. Overberger, J.-P. Anselme, and J. G. Lombard[no, Organic Compounds with Nitrogen-Nitrogen 

Bonds, Ronald Press (1966). 
i0. Yu. A. Zhdanov, I. A. Sadekov. A. D. Oarnovsk[i, and V. I. IViinkin, Inv. Vuzov, Ser. Khim., 8, 954 

(1965). 
ii. A.M. S[monov and A. F. Pzoharskii, 14him. Geterotsikl. Soedin., 203 (1965). 
12. W. Dilthey and H. D[erichs, J. prakt. Chem., 144, 1 (1936). 
13. G.N. Dorofeenko and S. V. Krivun, Zh. Obsheh. Kh[m., 34, 105 (1964). 

905 


