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R E A C T I O N  OF  M E T H Y L - S U B S T I T U T E D  P Y R Y L [ U M  

S A L T S  W I T H  T E R T I A R Y  A M I N E S  

~ .  A .  Z v e z d i n a ,  M.  P .  Z h d a n o v a ,  
V .  A.  B r e n ' ,  a n d  G.  N. D o r o f e e n k o  

UDC 547.81 

2 ,4 ,6-Tr imethylpyry l ium perch lo ra te  reac t s  with he terocycl ic  compounds containing apyr id ine  
ni t rogen atom and having basic i t ies  higher  than 9 pK a units (in acetoni tr i le)  through a step in- 
volving the format ion of a methylenepyran.  4-Methyl-2 ,6-diphenyl-  and 2-methyl-4 ,6-diphenyl-  
pyry l ium pe rch lo ra t e s  react  with benzimidazole  to give 1,2~ethanediylideuebispyrans.  Methyl- 
substituted pyry l ium salts  reac t  with 2,6-diphenylpyryl ium and flavylium perch lo ra te s  in the 
p r e se nc e  of benzimidazole to give methylidynecyantnes and with acetic anhydride to give t r i -  
methyl idyuecyanines .  

We have observed that t r ie thy lamine  and many he terocycl ic  compounds (Table 1) containing a t e r t i a r y  
(pyridine) ni t rogen atom split  out of a molecule  of pe rch lo r tc  acid f rom 2 ,4 ,6- t r imethylpyryl ium perch lo ra te  
{I) to give 2 ,6-d imethyl -4-methylenepyran  (II), which, as previously  shown in [1], is subsequently converted to 
hexamer III: 

r ~  B "=-" --~tts CHs , CHs/~-~- CH s CH 3 

I I I  H I  

It follows f rom Table 1 that a dec rease  in the basic i ty  of the amine leads to a dec rease  in the yield of 
hexamer  III, and bases  with pK a values below 9 do not split  out pe rch lo r i c  acid f rom salt  L The basici ty con- 
stant of methylenepyran  II evidently should range f rom 8 to 9 pK a units, and weaker  bases  the re fo re  cannot 
remove  a pro ton  f rom the conjugate acid I. 

It is known [4, 5] that 4-methylf lavyl ium pe rch lo ra t e  (IV), under the influence of pyridine,  is conver ted 
to methylene base V, which reac t s  with the start~.ng salt  to give 1,2-ethanediylidenebis (4-H-flavene) (VI), p rob-  
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TABLE 1. Yields of Hexamer III as a Function of the Basics of the Amine 

pK a in acetonitr i le  Yield of crude hexamer  
Ter t i a ry  amine (25 • 0.1~ III, 

Triethylarnine 
4, 5 ,6 ,7-Tetrahydrobenzimidazole  
2-Methylimidazole 
Imidazole 
Benzimidazole 
3-M ethylnaphth[ 1, 2-d] imidaz ole 
Pyridine 
Phenanthr[9,10-d] imidaz ole 
Quinotine 
3-Methylpyrazole 
l>yrazole 
BenzotMazole 

18.462 
16.213 
16.09 
14.993 
13.253 
12.83 
12.332 
12.313 
11.93 
10.29 
9.213 
7.843 

Quantitative 
The same 

91 
87 
81 
8O 
63 
37 

8 

ably via a radical  mechanism.  Since severa l  s t ruc tures  can be proposed for  hexamer  III, it seemed of in- 
t e r e s t  to study the react ion of benzimidazolewi thmonomethyl -subs t i tu ted  pyryl ium salts.  

It was found that 2 ,6-diphenyl-4-methylpyryl ium perch lora te  (VII) on refluxing with benzimidazole in 
ni tromethane fo rms  a ra ther  unstable red compound, to which one can assign s t ructure  VIII= 

C6H5 ~ C~l'ts 

C6H5"~ VIII ~XC~H5 

The PMR spectrum of VII I  contains a mult iplet at 6.60-7.20 ppm (24 H) and a singlet at 2.34 (2 H). The mo- 
lecular  weight of this compound corresponds to the value calculated for d imer VIII.  A s imi lar  but less-stable 
v iolet-colored dimer IX is formed from 2-methyl-4,6-diphenylpyryl ium perchlorate (X). 

The explanation of the differences in the stabil i t ies can be made on the basis of calculations of the elec- 
t ron density distr ibut ion in the methylene-pymn molecules. For some of the methylenepyrans e• by us 
these calculations were made by the Hiiekel method [6]. The resul ts  of quantum-mechanical  calculations by 
the P a r i s e r - P a r r - P o p l e  (PPP) method within the Dewar c-~r paramet r iza t ion  a re  presented below.* 

-- 0.0138 CH 2 

~0018 

CH 3 

~ -  0,0075 
-0.0146 ~ ~'~ 0.0091 

--0.029/.. 

-0.009~ CH~ 

- o . o o .  

000A;=:'011 II0:0 , 
~'%-"~ ~ o " ~  o o.c,s, o, o2~s "~ ooo~ '~176176 

v o o o 2 ' ~ . ~ o . o o "  
0.0006 

0,0004 

o,ooo6 S ~-o.ooo3 
o.oo. ~ ~ o.oo,o 

�9 0,0007 

0,0048 

xl - o.o1. ~ ~-o.oo4~ 

,r o.o'o , o.ooo,%jo.ooo -- 
0.0006 

0.0009 

Xll 0.0005 

*The authors thank B. Ya. Simkin and L. N. Talanova for per forming the calculations.  

1223 



It is evident f r o m  the m o l e c u l a r  d i ag rams  that the surplus  e lec t ron  densi ty in the methy lenepyran  mo le -  
cules is concentra ted  on the ca rbon  a tom of the methylene  group, thereby  ensur ing  its cons iderab le  act ivi ty .  
The higher  this e l ec t ron  density,  the lower  the s tabi l i ty  of the resul t ing  d i n e r  (IX). It is in teres t ing to note 
that  the calculated e lec t ron  density on the methylene  groups of II and XII a r e  p rac t i ca l ly  identical,  and this 
indicates the absence  of conjugation between the p y r a n  and phenyl r ings .  The s ame  can also be stated r e g a r d -  
ing methy lenepyrans  XI and XIII. 

The behavior  of methy l - subs t i tu ted  2-benzopyry l ium sa l t s  with n i t rogen he te rocyc les  differs  f rom the 
behavior  of sa l ts  I, IV, VII, and X. Thus 1 -m e thy l -3 , 6 , 7 - t r ime thoxy -2 -benzopy ry l i um pe rch lo ra t e  (XW) on 
refluxing with benz imidazole  is conver ted  to keto e s t e r  XV r a t h e r  than to a methylenepyran:  

C H 3 0 ~ t " ~  0 CIO~- C H 3 0 / ~ ' / " ' C O C  H3 

CH 3 

XIV " XV 

A complex  mix tu re  of the products  of opening of the pyryHum ring and products  of convers ion  of the 
methy lenepyran  is fo rmed  in the reac t ion  of 1 ,3 -d ime thy l -6 ,7 -d ime thoxy-2 -benzopyry l ium pe rch lo ra t e  (XVI)* 
with benzimidazole ,  as a t tes ted  to by the e l emen ta ry  analys is  (it is c l o s e r  to a methylenepyran)  and the IR 
spec t rum (it contains carbonyl  absorp t ion  at 1710 cm-1).  A compound to which one can as s ign  t r i m e r  s t r u c -  
tu re  XVII on the bas i s  of the resu l t s  of e l emen ta ry  analys is  and the IR spec t rum (carbonyl absollotion is ab- 
sent) can be isolated in low yield f r o m  the reac t ion  mix ture :  

C H 3 0 ~ C 1 t 3  

CH30 ~ / t ~ " ~ , / ~  ClO~ 
CH 3 

B �9 Complex mixture of products 

/ 

XVl / 

c. .o)~ '~,  6 c,o: 
o--{, 

c - c . - - (  \) - .c ,o ,  .~-c.~/ '+, 
C H a O . . ~  ~ ~ I \ --" 

XVll XVIII 

T r i m e r  X-VII is a l so  fo rmed  f r o m  p e r c h l o r a t e  XVIII, obta ined  by t r e a t m e n t  of a complex  m i x t u r e  of p r o d -  
ucts  of r e a c t i o n  of c o n c e n t r a t e d  HC10 4 in  ace t ic  anhydr ide .  It m u s t  be noted,  as one should have expected.  
tha t  in  the r e a c t i o n  of p e r c h l o r a t e  XVI with sod ium c a r b o n a t e  the p roduc t  is not a m e t h y l e n e p y r a n  but r a t h e r  
1 - ( 3 , 4 - d i m e t h o x y - 6 - p h e n y l a c e t y l ) - 2 - p r o p a n o n e ,  which is r e c y c l i z e d  to sa l t  XVI on t r e a t m e n t  with HC10 4 in  

ace t ic  anhyd r ide .  

The p r e s e n c e  in  the r e a c t i o n  m i x t u r e  of the  s t a r t i n g  p y r y l i u m  sa l t  with an ac t ive  me thy l  group made  it  
i m p o s s i b l e  to c a r r y  out the r e a c t i o n  of the m e t h y l e n e p y r a n s  with 2 , 6 - d i - t e r t - b u t y l p h e n o l .  phenyl  azide,  and 

*Only the methyl  group in the 1 posi t ion is act ive in this salt  [7]. 

TABLE 2. 

t o m -  mp, 
pound (from nitro- 

methane 

XXI 
XXIII 
XXV 

XXV I 
XXV ! ! 
XXIV 

XXVIII 

Pyry locyanines  

267--269~ 
306--308 D 
275--276 c 

284 d b 
249--251 
306--307 
234--236 

Empirical 
form ula 

C33H23CIOG 
C4rH33CIOr 
Ca3H23CIO~ 
C3sH25C IO~ 
C35H~sCIOe 
CssH29CIO6 
C38H29CIO6 

Found, % 

C H CI 

72,4 4,5 6,4 71,9 
75,5 4.8 5,2 75,8 
72,3 4,5 6.2 71,9 
72,7 4,6 6,0 72,9 
72,5 4,6 6,4 72,9 
7'3,6 5, l 5.7 74,0 
73,5 4,9 5,6 74,0 

Calculated, % 

C H CI 

4,2 6.4 
4,5 ~,8 
4,2 6.4 
4,4 6,1 
4,4 6,1 
4,7 5,7 
4,7 5,7 

b A C C O r d i n g  to [8], this compound has 280-281 ~ mp 
Recrystallized from glacial acetic acid. 

dACCOrding to this has 294-295 ~ ISl, compound mp 
According to [9], this compound has mp 310-311 ~ 

Yield. 
70 

25 
9 

37 
23 
28 
20 
14 
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maleic anhydride.  The react ions,  as usual, proceeded with the format ion of d imers .  The p r imary  reaet ionof 
methylenepyrans  was observed with ~/-unsubstituted pyryl ium salts.  One such react ion for flavylium 0q*)  
and X perchlora te  in pyridine was previously described in [8]. We studied the react ion of methylenepyrans 
XI[ and • with equimolar  amounts of 2,6-diphenylpyrylium (NX) arid XIY perchlora te .  This t ransformat ion 
evidently proceeds  via the following mechanism:  

CsH 3 

CaH s CH 3 

C105 

X 

-g . t lC lOt  

C6H 5 C6tt- \ f *, 
o , O ~i ~ f  'c"- 

c.a- O/~CU~ = H - / \  ~ - c c , c,o, ~x, /? 

C.H-. .C H_ C H 
/7 -- \/--\ z. .~ ,.. <\ 

s ,' --CH o _ X l X  6/+ \>---CH= 

q ' ,  c,o: c.0, 

XX! 

Some of the deeply colored monomethylidynecyanines isolated in this way have been previously  obtained 
by condensation of pyryl ium salts containing methyl groups with c~- and T-pyrones.  A dark-violet  product of 
react ion at two methyl groups (• was obtained with 2,4-dimethyl-6-phenylpyryl ium perehlora te  (x• 
We were unable to isolate products of react ion at three methyl groups in the ease of perchlora te  I. Moreover,  
we found that methylenepyrans XiI and XI[I are  aeylated by acetic anhydride, and the result ing acyl derivatives 
react  with the start ing salts to give t r imethylidynecyanines,  for example: 

CH 3 

C6HS 6H 5 - B- HClO~ 

CIO~ 

Vll 

C,H 2 CHCOCH 3 

C~H(" "O / "C~H~ C s H f  "-O,->~c~Hs 

xII 

C6 H 5>.~-~ . F - ~  C6Hs 

q > ~ C t l - - C = C H - - (  ~ + 'O 

C,Hs> ' '~ - /  /H~ C, O~_~-~ C 6 tts 
XXIV 

This react ion does not occur  in the absence of base.  

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

The pK a values were measured potentiometrically in acetonitrile at 25 • ~ The [R spectra of mineral- 

oii suspensions of the compounds were recorded with a UR-20 spectrometer. The PMR spectrum in CC14was 

recorded with a BS 487 C spectrometer (80 MHz) with hexamethyldisiloxane as the internal standard. The 
molecular weight was determined cryoseopieally in benzene. 

The reaction of perchlorate [ with bases was carried in ethanol by the method described in [I]. 

Reaction of Perchlorate VII with Benzimidazole. This reaction was carried out with equimolar amounts 

of reagents for 15 rain in refluxing nitromethane. The solvent was then removed by vacuum distillation, and 
red VIII was extracted from the residue with ether (the yield of crude product was 57~)~ The ether was evap- 

orated, and the product was purified by chromatography with a column ftlled with A1203 (elution with benzene) 

to give VIII with mp 81-88 ~ in 20~0 yield. Found: C 87.8; H 5.670; M 460• C36H2602. Calculated: C 88.1; 
H 5.3~; M 49O. 

Reaction of Perchlorate XVI with Benzimidazole. This reaction was carried out in reflux[ha ethanol 

for 1 h. The hot mixture was filtered to give 10~ of XVII with nap 231 ~ . Found: C 72.3; H 6.3~. C~sH3sO 9. 

Calculated: C 72.0; H 5.9~. Ether was added to the filtrate to precipitate benzimldazoHum perchlorate, the 
ether solution was evaporated and extracted with benzene, and the benzene extract was worked up to give a 

colorless oil, which was found to be a complex mixture. This mixture was dissolved in acetic anhydride, and 
the solution was cooled and treated dropw[se with 70~/s HCIO 4. The mixture was then allowed to stand, during 

which yellow perchlorate XVIII, with mp 205-206 ~ (dec., from acetic acid), erystaIHzed. Found: C 62.9; H 5.5; 
CI 5.1~ 03sH39CIO~3. Calculated: C 63.2; H 5.3; 01 4.8~. IR spectrum, era-l: 1635, 1600, 1540, 1500, and 
1085. Compound XVI[ was formed when perchlorate XVII[ was refluxed in ethanol. 
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React ion of Methylenepyran  XII with P e r c h l o r a t e  XIX. An equimolar  amount of pe r ch lo ra t e  XIX was 
added to  a hot mix tu re  of equ imola r  amounts  of pe rch lo ra t e  VII and benzimidazole  in n i t romethane,  and the 
mix tu re  was refluxed for  1 h. It was then cooled, and the da rk-v io le t  p rec ip i t a te  of 4 - [ (2 ,6 -d iphenyl -4H-pyran-  
4-y l idene)methyl ] -2-phenylbenzopyry l ium pe rch lo ra t e  (XXV), with mp 275-276 ~ (from ai t romethane) ,  was r e -  
moved by f i l t ra t ion.  The yield was 379/0. 

React ion of Pe rch lo ra t e  XX with the Methylenepyran  Obtained f rom P e r c h l o r a t e  ~<XII. This reac t ion  
was c a r r i e d  out by the method p resen ted  above, except that the solvent was glacia l  acet ic  acid. The hot r e -  
act ion mix tu re  was f i l tered to give a shiny da rk-v io le t  p rec ip i ta te  of 2 ,4 -d i [ (2 ,6 -d iphenyl -4H-pyran-4-y l idene) -  
me thy l ] -6 -pheny lpyry l ium pe rch lo ra t e  (XXIII). A mix tu re  of red products  of r eac t ion  at one methyl  group p r e -  
cipi tated when the f i l t ra te  was cooled. 

A s i m i l a r  p rocedu re  was used to obtain pe r ch lo ra t e s  XXI, 4 - [ (2 ,6 -d iphenyl -4H-pyran-4-y l idene)methy l ] -  
2 ,6-diphenylpyryl ium pe rch lora te  (XXVI), and 4- [ (4, 6- d iphenyl- 2H-py ran-  2-yl  idene)methyl]-  2, 6- diphenyl- 
py ry l ium pe rch lo ra t e  (XXVII). Data on all the monomethyl idynecyanines  a re  p resen ted  in Table  2. 

React ion of Methylenepyran  XII with Acetic Anhydride.  A mix tu re  of 0.70 g (2.0 mmole)  of pe rch lo ra t e  
VII and 0.12 g (1.0 mmole)  of benzimidazole  was refluxed for  20 rain in 10 ml  of acetic anhydride,  and the r e -  
sulting g reen i sh -b lue  p rec ip i t a te  of t r imethyl idynecyanine  XXIV was removed  by f i l t rat ion.  

The reac t ion  of methy lenepyran  XIII with acet ic  anhydride proceeded s i m i l a r l y  to give 2-~ 1 - [2 -me thy l -  
3 - (4 ,6 -d ipheny l -2H-pyran -2 -y l idene ) - l -p ropeny l ]} -4 ,6 -d ipheny lpy ry l ium p e r c h l o r a t e  (XXVIII). Data on the 
t r imethyl idynecyantnes  obtained in this r e s e a r c h  a re  p resen ted  in Table  2. 
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