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Methods for  the synthesis  of N-hetary lpyr id in ium pe rch lo ra t e s  are  examined.  The basici ty 
constants of a number  of the indicated compounds were  measured .  It is shown that 2,4,6- 
t r ime thy l -  and 2 ,4 ,6- t r iphenylpyr id inium cations lower the e lec t ron  density in N-he ta ry l -  
pyridinium sal ts .  N - A w l  der iva t ives  of 1-(2-benzimidazolyla lkyl) -2 ,4 ,6- t r iphenylpyr id ini -  
um pe rch lo ra t e s  were  obtained. The corresponding yl ids  were  obtained f r o m  1- (5- te t ra-  
zolyI)-  and 1- (2-benzimidazolyl) -2 ,4 ,6- t r iphenylpyr idinium perch lo ra te s .  

We recent ly  descr ibed  the syntheses  of N-hetary lpyr id in ium perch lo ra te s  by react ions  of pyry l ium salts  
with he te rocyc l ic  amines [1-3] and the i r  azomethines  [4]. In addition to them, a number  of the indicated salts  
were  obtained by reac t ion  of  pyry l ium perch lo ra te s  with aliphatic and a romat ic  diamines:  
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N- (2-Benzimidazolylalkyl)pyridinium pe rch lo ra t e s  are  also obtained f ro m  2-aminoalkylbenzimidazoles  
[2]. The synthesis  of the la t te r  is difficult, since the cycl iza t ion  of o-phenylenediamine with amino acids, in 
which the acidi t ies  are  reduced significantly under  the influence of the amino group, does not p roceed  com- 
pletely and requ i res  a long t ime (30-100 h) [5]. It might have been expected that blocking of the amino groups 
in the amino acids with pyry l ium sal ts  would el iminate this difficulty. The react ion of 2 ,4 ,6- t r imethylpy-  
ry l ium pe rch lo ra t e  0II) with amino acids has been descr ibed  [6, 7]. We have shown that, in cont ras t  to pe r -  
chlorate  III, 2 ,4 ,6- t r iphenylpyry l ium perch lo ra te  (IV), does not r eac t  with s - a m i n o  acids. Pe rch lo ra t e  V is 
fo rmed  quantitatively only in the case of refluxing with a fourfold excess  of glycine, probably as a resu l t  of de- 
carboxylat ion of the glycine and react ion of sal t  IV with the l iberated methylamine:  
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The reac t ion  of pe r ch lo ra t e  IV with f i-alanine and y - a m i n o b u t y r i c  acid leads to the cor responding  pyr id i -  
n iumcarboxyl ic  acids (VI). The reac t ions  a r e  c a r r i e d  out in alcohol,  acet ic  acid, o r  d imethy l f0 rmamide  (DMF), 
but the y ie ld  in the case  of DMF is lower  because  of s imul taneous  c leavage of VI to give 2 ,4 ,6 - t r ipheny lpyr i -  
dine. fl- (N-Collidinia)propionic and 7 -  (N-collidinia}butyric acid p e r c h l o r a t e s  r e a c t  with o-phenylenediamine  
in 5.5 N HCI a f t e r  17-20 h::to give VII. 
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The products  a r e  obtained in 43-48% yie lds ,  and, with al lowance fo r  the pe rch lo r i c  acid deficit,  the yie lds  
a re  c lose  to quanti tat ive.  However ,  we w e r e  unable to r a i s e  them by introduction of an additional calculated 
amount  of pe r ch lo r i c  acid, s ince its p r e s e n c e  p romoted  res inf f ica t ion  of the reac t ion  mixture .  The s ame  r e -  
act ion p roceeds  at 150~ in 4 h in polyphosphor ic  acid (PPA), and monoperch lo ra te  sa l ts  VII a re  f o rme d  in 
~60% yie lds .  N-Col l id in iaacet ic  and c~-(N-coll idinia)propionic acid sa l t s  do not undergo cycl izat ion under the 
indicated conditions. 

Acids VI do not undergo reac t ion  with o-phenylenediamine  in 5.5 N HC1; however ,  Vib undergoes cyc l iza -  
t ion at 150~ a f t e r  4 h in PPa ,  and the cor responding  pe rch lo ra t e  VHIf is fo rmed  in 57% yield,  whereas  Via 
does not undergo reac t ion  under these  conditions. 

The s ta r t ing  compounds were  isola ted in all  ca ses  in a t t empts  to condense fl-alanine,  T -aminobu ty r i c  
acid, and f l -(N-col l idinia)propionic and 7- (N-co l l id in ia )bu tyr ic  acid pe r ch lo ra t e s  with 2 , 4 , 5 - t r i a m i n o - 6 - h y -  
droxypyr imid ine ,  5 ,6-d iaminourac i l ,  o-aminophenol ,  and o-aminothiophenol  in 5.5 N HC1 and PPA. In exper i -  
ments  with aminophenols  in PPA an i nc rea se  in the t e m p e r a t u r e  and the reac t ion  t ime  led to res in i f ica t ion  of 
the reac t ion  mix ture .  

Thus we were  unable to substant ia l ly  fac i l i t a te  the cycl izat ion of the amino acids by r e p l a c e m e n t  of the 
amino group by a pyr id in ium f ragment .  The re  is evidently an opt imal  e l ec t ron  density on the carbonyl  group 
below which the r eac t ion  p roceeds  sluggishly.  In addition, this method also makes  it poss ib le  to obtain pyry l i -  
um sa l t s  with benz imidazoly l  subst i tuents .  

The bas ic i ty  constants  (Table 1) were  m e a s u r e d  fo r  some of the N-he ta ry lpyr id in ium p e r c h l o r a t e s  (VIII 
and IX) desc r ibed  here  and prev ious ly  [2, 4]. 

Pyr id in ium groups Y and Z a re  powerful  e lec t ron  a c c e p t o r s . . T h e i r  effect  on the e lec t ron  density of the 
bas ic  ni t rogen a tom of the pyridine or  benzimidazole  r ing is probably  rea l i zed  via  an inductive mechan i sm 
(see [10]). It is mos t  apparent  in VIIIg- i ,  in which the reac t ion  center  is sepa ra ted  f rom the subst i tuent  by two 
bonds (pK a < 5). The bas ic i ty  is inc reased  s ev e ra l  o r d e r s  of magnitude when one or  s eve ra l  methylene groups 
a r e  introduced between the donor and accep tor  por t ions  of the molecules  (VIIIc-f). However,  the accep to r  effect  
of the pyr id in ium ring is pe rce ived  even in VIIIf (pK a 12.65). By way of compar i son ,  the pK a of benz imidazole  
is 13.25 [8]. 

The accep to r  e f f ec to f  a subst i tuent  on the reac t ion  center  through four  bonds is g r e a t e r  in VIIIb than in 
VIIIe. This may be a s soc ia t ed  with the inc reased  ability of the mult iple bonds to t r an smi t  the inductive effect  
as compared  with o rd ina ry  ~ bonds [11]. 

The effect  of an accep to r  subst i tuent  in pyr id ine  (the pK a of pyridine is 12.33 [9]) is also large;  it is 
g r e a t e r  in the 2 posit ion (IXa) than in the 4 posi t ion (IXb). Replacement  of the methyl  subst i tuents  by phenyl 
subst i tuents  in the ring of pyr id in ium pe rch lo ra t e  has only a sl ight effect  on the bas ic i t i e s  of the compounds 
(for example ,  in the case  of VIIIa,  b and V17Ic, d). 

The methylene group in VIIId does not undergo reac t ion  with benzaldehyde,  p-n i t rosodimethylan i l ine ,  
ethyl o r thoformate ,  and diazonium sal ts ,  evidently because  of s t e r i c  hindrance.  Acylation of the NH group of 
the benz imidazole  r ing is obse rved  when these  reac t ions  a re  c a r r i e d  out in acet ic  anhydride.  The C - N  bond 
at tached to the qua te rnary  ni t rogen a tom is c leaved in the acylat ion of VIIIe, and this leads to the fo rmat ion  
of 1 -ace ty l -2 -v iny lbenz imidazo l inm pe rch lo ra t e  and 2 ,4 ,6- t r iphenylpyr id ine:*  

* See display a f t e r  Table 1 at  top of next page.  
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TABLE 1. 

P e r c h l o r a t e  s 

Basici ty Constants of N-Hetarylpyridinium 

R'~N._ N C~II~ 

R" Coils 6H5 
R c,o: 

VIII 

IX 

Com- 
pound 

VIIla 
VlIIb 
VIIIc 
Vllld 
VIIIe 
VIIlf 

VIII i 
IXa 
IXb 

H 
H 
CH2Y* 
C H~Z ~" 
(CH2) uZ 
(CH~) 3Z 
Z~ 
Zt 
Z~ 
2.pyridine 
4-pyridine 

R' 

V$ 
zr 
H 
H 
H 
H 
H 
H 
H 

R" 

CH3 
CHa 
H 
H 
H 
H 
H 
C2H5 
C9H19 

pK a (25 ~ 0.1 ~ 
in acetonitrile 

10,79 
10,36 
8,76 
8,91 

llA7 
12,65 
<5 
<5 
<5 
<5 
~,92 

* Y = N- (2,4,6-trimethylpyridinia) perchlora te .  
t Z = N- (2,4,6-triphenylpyridinia) perchlora te .  

_ ( C H 2 1 2 _ N ~  C~Hs (CHaCO)20 ~ N H  + 
-CH3COOH ~['~'N'",~\C H = C H2 C6 H5-/~NT~Cs H5 

c0.s ~ cIo 7 co~. c'o; 
VII I  C 

Compound Vl l I f  undergoes acylation atthe NH group to give N-(1-acetyl-2-benzimidazolyl-3-prophy)- 
2,4,6- t r iphenylpyr idinium perchlora te  in 40% yield, 2 ,4,6- tr iphenylpyridine (30%), and 2-propenylbenzimida-  
zolium perchlora te  (31%). 

The synthesis  of N- te t razoly l -2 ,4 ,6- t r iphenylpyr id in ium perchlora te  (X) also yielded its ylid (XI), which 
is probably formed f rom X with splitting out of a molecule of perchlor ic  acid: 

._...~/C6 H5 N--NH --~*-~ csH5 N='.N 

N - - N  
ClO~" CsH5 C~H~ 

X XI 

We were also able to obtain ylid XII f rom VII!g by refluxing it in alcoholic alkali: 

C6H5 -NaCIO 4 ~ I ~ ' . , : > L ~ N ~  - 6 5 
H C6Hs/~--'u ClO~" -H20 

C 6 Hs 

VIII g XII 

Compound VIIId does not form an ylid. 

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

The pK a values were measured  by potent iometr ic  t i t rat ion in absolute acetonitr i le  at 25 • 0.1~ The IR 
spec t ra  of minera l  oil suspensions of the compounds were  recorded  with a UR-20 spec t rometer .  

1,6-Hexamethylenebis  {N,N'-2,4,6-triphenylpyridinium) Diperchlorate  (In). This compound was obtained 
by refluxing perchlora te  IV and hexamethylenediamine in a molar  rat io of 2 : i in absolute ethanol. The sub- 
stance that precipi tated when the mixture was cooled was removed by fi l tration to give a product with mp 286- 
287~ (from acetic acid with nitromethane) in 62% yield. Found: C 69.6; H 5.2; C1 7.7; N 3.2%. C52H46ClzNzOs. 
Calculated: C 69.6; H 5.2; C1 7.9; N 3.1%. 

1 ,6-Hexamethylenebis(N,N'- l ,3-dimethyl-6 ,7-dimethoxyisoquinol inium) Diperchlorate  (II). This com- 
pound, with mp 300-303~ (from acetic acid with nitromethane),  was obtained in 8% yield. Found: C 53.2; 
H6.4; C1 9.7; N 4.3%. C32H42C12N2012. Calculated: C 53.6; H 5.9; C1 9.9; N 3.9%. 
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p-Phenylenebis  (N,N,-2,4,6-tr iphenylpyridinium) Diperchlora te  (Ic). This compound was obtained by a 
s imi l a r  method, but DMF was used as the solvent. The product  was obtained in quantitative yield and had 
mp > 360~ (from nitromethane).  Found: C 69.8; H 4.8; CI 8.6; N 3.6%. C52H38C12N208. Calculated: C 70.2; 
H4.3; C1 8.0; N 3.2%. 

1 ,6-Hexamethylenebis  (N,N'-2,4-dimethyl-6-phenylpyridinium) Diperchlora te  (Ib). This compound was 
obtained by refluxing 2 mmole of 2 ,4-d imethyl -6-phenylpyry l ium perch lora te  and 1 mmole  of hexamethylene-  
diamine inglacia l  acet ic  acid for  15 min. The mixture  was cooled, and the salt  was prec ip i ta ted  by the addi- 
tion of e ther  and r ec rys t a l l i z ed  f rom acet ic  acid to give a product  with mp 253-254~ in 35% yield.  Found: 
C 59.1; H 6.0; C1 11.1; N 3.8%. C32H38C12N2Os. Calculated: C 59.2; H 5.9; CI 10.9; N 4.3%. 

3 - (2 ,4 ,6 -Tr iphenyl - l -pyr id in ia )prop ion ic  Acid Pe rch lo ra t e  (Via). A mixture  of pe rch lora te  IV snd fl- 
alanine in a mola r  ra t io  of 1 : 4  was ref luxed for  30 min in 85% aqueous ethanol, a f te r  which the solvent was 
removed  by evaporat ion,  and the dry  res idue  was t r ea ted  with hot acetone. The acetone solut ionwas cooled to 
give Via, with mp 169-172~ (from ethanol), in 83.5% yield.  Found: C 65.4; H 4.9; C1 7.4; N 2.6%. C2~H22C1NO ~. 
Calculated: C 65.1; H 4.6; CI 7.4; N 2.9%. IR spect rum:  1100 (C10~), 1570, 1605, 1630, 1730, and 1750 cm -1. 

4 - (2 ,4 ,6 -Tr ipheny l - l -pyr id in ia )bu ty r ic  Acid Pe rch lo ra t e  (VIb). This compound, with mp 215~ (from 
aqueous ethanol), was obtained in 78% yield.  Found: C 65.6; H 5.2; C1 7.3; N 2.7%. C27H24CINO 6. Calculated: 
C 65.6; H 4.9; C1 7.2; N 2.8%. IR spect rum:  1105, 1570, 1630, 1715, 1750 cm -1. 

3- (N-Collidinia)propionic Acid Pe rch lo ra t e .  Equimolar  amounts of pe rch lora te  III and fl-alanine were  
ref luxed fo r  30 min in glacial  acet ic  acid, a f te r  which the mixture  was cooled and t rea ted  with e ther ,  and the 
l ibera ted  oil was washed with e ther ,  during which it solidified. The yield of 'product  with mp 166-168~ (from 
ethanol) (mp 150-152~ was 95%. Found: C 44.6; H 5.9; C1 11.8; N 4.9%. CliH16C1NO6. Calculated: C 45.0; 
H 5.5; CI 12.1; N 4.8%. IR spect rum:  1100, 1575, 1645, 1725 cm -1. 

4-(N-Coll idinia)butyric  Acid Pe rch lo ra t e .  This compound, with mp 65-67~ (from acetone with chloro-  
form),  was obtained in 63% yield.  Found: C 46.5; H 6.1; C1 11.5; N 4.2%. C12HlsC1NO6. Calculated: C 46.8; 
H 5.9; C1 11.5; N 4.6%. IR spect rum:  1100, 1582, 1650, 1725 cm -1. 

N- (2-Benzimidazolyl -3-propyl ) -2 ,4 ,6- t r iphenylpyr id in ium Pe rch lo ra t e  (VIIIf). A 1.24-g (2.5 mmole) 
sample of acid Vib and 0.27 g (2.5 mmole) of o-phenylenediamine were  heated in 6 g of PPA to 150~ for  4 h, 
a f te r  which the mixture  was cooled below 100~ and poured into a mixture  of ice and water .  The aqueous mix- 
ture  was made alkaline to pH 8 with ammonium hydroxide,  and the precipi ta te  was removed by f i l t ra t ion to 
give 0.81 g (57%) of a product  with mp 211-212~ (from acet ic  acid). Found: C 70.3; H 5.0; CI 6.2; N 7.0%. 
C33H28C1N304. Calculated: C 70.0; H 5.0; C1 6.3; N 7.4%. IR spect rum:  1100, 1575, 1605, 1630 cm -1. 

N-(2-Benzimidazolyl- f l -e thyl)col l id inium DiFerchiora te  (vIIa)~ This compound was obtained by refluxing 
N-col l idinia-f l -propionic  acid pe rch lo ra te  and o-phenylenediamine in a ra t io  of 1.5 : 1 in 5.5 N HC1 fo r  17-19 h. 
The mixture  was cooled, and the prec ip i ta te  was removed  by f i l t ra t ion to give a product  with mp 248-250~ 
(from water) in 43-48~ o yield.  Found: C 43.7; H 4.6; CI 15.4; N 9.1%. C17H21CI2N308. Calculated: C 43.8; 
H4.5; C1 15.2; N 9.0% 

N-(2-Benzimidazoly l -y-propyl )co l l id in ium Diperchlora te  (vIIb). This compound, with mp 224-227~ 
(dec., f rom ethanol), was s imi la r ly  obtained in 48% yield.  Found: C 45.2; H 5.2; C1 14.9; N 8.3%. CI8H23C12- 
N308. Calculated: C 45.0; H 4.8; C1 14.8; N 8.8%. 

1- (1-Acety lbenz imidazoly l -2-methyl ) -2 ,4 ,6- t r iphenylpyr id in ium Perch lo ra te .  A 0.52-g (1 mmole) 
sample of pe rch lo ra t e  VIIId was ref luxed for  30 min in 2 ml of acet ic  anhydride,  af ter  which the mixture  was 
cooled, and the resul t ing prec ip i ta te  was removed  by f i l t ra t ion to give 0.36 g (62%) of the perch lora te  with mp 
227-229~ (from acet ic  anhydride).  Found:  C 68.5; H 4.7; C1 6.0; N 7.0%. C33H26C1N3Os. Calculated: C 68.3; 
H 4.5; C 1 6.1; N 7.2%. IR spect rum:  1100, 1570, 1600, 1630, 1730 cm -1. 

Pe rch lo ra t e  VIIIe was s imi la r ly  acylated to give 1-ace ty l -2-v inylbenzimidazol ium perch lora te ,  with mp 
286-287~ (from DMF), in 43% yield.  Found: C 45.8; H 4.2; C1 12.2%. CllHflCIN203. Calculated: C 46.1; 
H 3.9; C1 12.4%. IR spect rum:  1100, 1535, 1585, 1630, 1660 cm -1. Pe rch lo ra t e  VIllf was s imi lar ly  acylated. 
After the mixture  was cooled, it was t r ea ted  with e ther  to l ibera te  a viscous oil. A small  amount of acetone 
was added, and the insoluble mater ia l  was r emoved  by f i l t ra t ion to give 2-propenylbenzimidazol ium perch lo-  
ra te ,  with mp 201-202~ (from acet ic  acid), in31% yield.  Found: C 46.8; H 4.6; C1 13.2%. Ci0HllC1N204. Cal- 
culated: C 46.4; H 4.3; C1 13.7%. IR spect rum:  1115, 1560, 1580, 1615 cm -1. Trea tment  of the acetone solu- 
t ions with e ther  prec ip i ta ted  N- (1 -ace~ l -2 -benz imidazo ly l -3 -p ropy l ) -2 ,4 ,6" t r ipheny lpyr id in ium perchlora te ,  
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with mp 190-193~ (from methanol), in 40% yield. Found: C 68.7; H 5.1; C1 5.7%. C35H30C1N305. Ca~Icu!ated: 
C 69.1; H 5.0; C1 5.8%. IR spectrum: 1100, 1575, 1605, 1630, 1735 cm -i .  

1- (5-Tetrazolyl)-2,4,6-triphenylpyridinium Ylid (XI). A suspension of perchlorate X was refluxed briefly 
in water, after which it was worked up to give betaine XI, with mp 274-275~ (from ethanol), in 88% yield. 
Found: C 76.7; H 4.9; N 18.7%, C24HITN~. Calculated: C 76.8; H 4.6; N 18.7%. IR spectrum: 1560, 1620 cm -i .  

1- (2-Benzimidazolyl)-2,4,6-triphenylpyridinium Ylid (XII). A mixture of perchlorate VIIIg and an equiv- 
alent amount of methanol}c KOH was refluxed for 30 rain, after which it was cooled, and the KC104 was re -  
moved by filtration. The fi!trate was evaporated, and the dry residue was recrystal l ized successively from 
aqueous methanol and benzene to give the orange-red betaine, with mp 149-150~ in 96% yield. Found: C 82.1; 
H 5.7%. C30H21N3. H20. Calculated: C 81.6; H 5.3%. IR spectrum: 1563, 1605, 1630 cm -1. 
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R E A C T I O N  OF P E N T A C H L O R O P Y R I D I N E  W I T H  

S O D I O A C E T O A C E T I C  E S T E R  

S. D. M o s h c h i t s k i i ,  A. F .  P a v l e n k o ,  
a n d  G. A. Z a l e s s k i i  

UDC 547.822.5 

Ethyl te t rachloro-4-pyridylacetoacetates  and tetrachloro-2-pyridylacetoacetates were syn- 
thesized by reaction of pentachloropyridine with sodioacetoacetic es ter .  Hydrolysis of ethyl 
te trachloro-2-pyridylacetoacetate  gives 3,4,5,6-tetrachloro-2-pyridylacetic acid rather  than 
the corresponding acetone derivative, 

Continuing our study of the reactions of pentach!0ropyridine with carbanions [1, 6], we investigated the 
reaction of pentachloropyridine with sodioacetoacetic ester .  In ethanol this reaction leads to the formation of 
ethyl 2,3,5,6-tetrachloro-4-pyridyiacetoacetate (I) (60%) and 4-ethoxy-2,3,5,6-tetrachloropyridine 00%). Ac- 
cording to the results of gas- l iquid  chromatography (GLC), ethyl 3,4,5,6-tetrachloro-2-pyridylacetoacetate (II) 
(65%) is pr imari ly obtained in dioxane, along with es te r  I (20%). 

The observed differences are explained by increased dissociation of the sodioacetoacetic es te r  in alco- 
hol, owing to which the carbanion attacks the 4 position, which is most sensitive to nucleophiles. Alcohol 
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