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Abstract - Syntheses, physicochemical and b io log ica l  p m p e r t i e e  

of B-substi tuted pyridinium salts, as well  a s  t h e i r  appl icat ions  

a r e  deecribed. 

I. INTBOIFJCTION 

The present paper, a cont inuat ion of our  research ooncerning cycloaddi t ion react ions  

of benso[h]naphthyridinesl-7 deals  wi th  N-substituted pyridinium salts and t h e i r  ana- 

loguee; N - a m i n o p y r i d i n i ~ ,  precursors of N-iminoylides, used i n  cycloaddition reac- 

8-1 3 t i o n s  a r e  not  described here  . 
Pyridinium salts, i n t e r e s t i n g  f o r  t h e i r  r eac t iv i ty ,  b io log ica l  p roper t i e s  and appuoa- 

u o n s ,  compounds o f  g r e a t  importance. 

Among reac t ions  of pyridinium salts one ought t o  mention t h e i r  nucleophi l ic  subst i tu-  

t i o n  with  mines ;  numerous publ icat ions  deal wi th  k i n e t i c  measurements and meohanism 

e luc ida t ion  of these  reac t ions ,  along with  t h e  study of pyr id ine  r ing-subst i tuents '  

influence on its e f fec t iveness  a s  t h e  leaving, group14-16. Pyridinium salts are  syn- 

thons of pyridinium N-methylides used i n  d ipo la r  cycloaddi t ion  reaction^'^-^^. A s  t h e  

mater ia l  concerning t h e  r e a c t i v i t y  of pyridinium s a l t s  i s  very large20-35, this topic 

is  not  included here. 

I n  t h e  present work t h e  syntheees of pyridinium s a l t s  and t h e i r  physicochemical pro- 

pe r t i e s ,  along with  t h e i r  app l ica t ions  a r e  presented. 



11. SYNTHESLS 

Synthetic approaches f o r  pyridinium salts, described i n  recen t  publ iaat ions  aan be 

divided in to :  

A. Quaternieation reac t ions  of pyridines wi th  organic hal ides ,  and r e l a t e d  react ions .  

B. Reactions of pyrylium salts with  primary amines. 

C. Other synthesea. 

A. QUATHUIIZBTIC4 REACTIONS OF PYRIDINLS WITH ORGANIC HALIDES, AND RELATED REACTIONS 

N-Vinylpyridinium salts, i n t e r e s t i n g  as polymer colnponents can be obtained by two 

3 6 , 3 1  
procedures. 

ref lux 

I n  the  study of vinylpyridinium salts, t h e i r  de r iva t ives  1 have been prepared i n  t h e  

reac t ion  proceeding via an addition-elimination mechanism 38: 

So fa r ,  few N-t-akylpyridinium salts a re  known; examples of them a r e  2, obtained 

39 from pyridine and corresponding a lky l  bromide in t h e  presence of s i l v e r  perchlorate  . 
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By quaternization of appropriately subsuhted pyridines, 2 and 4 have been synthe- 

The following reaction leads to pyridinium salt 2, which was reduced to give so far 
41 unknown 1.2-dihydropyridine 6 . 

Quaternization reactions of pyridinium-2-aldoxine with bromomethylated aromatics 

rield pyrldinium salts I a d  8 which undergo Friedel - Crafts cyclization to amnia 



Pyridinium s a l t s  2 containing &-LLxylopyranose and d-D-glucopyranoee systems were 

44 obtained and t h e i r  hydrolysis  mechanism has been discussed . 
R 

OAc 

Q 
~~k~* OAc I& 

R=H; D-xylo - R-CH OAc; D-gluco 
2 

45 The following quaternizat ion reac t ion  of 4-benzoylpyridine was perfomed . 
0 

$ Ph 

Similar  r eac t ion  ca r r i ed  out wi th  isoquinol ine  l eads  t o  Q, which undergoee cycl iea-  

t i o n  with  ammonium ace ta te  i n  the  presence of Fe(111) ch lor ide  t o  give b io log ica l ly  

46 a c t i v e  11 . 
R-CH-C-ILr 

A00Nllq 
F e C l g  

CH-R 

R = H, M e  0 1  
Br c=o 

1 0  Ar= Ph, s u b s t i t u t e d  Ph - Ar - 11 

Quaternizat ion of (E)-4ydroxystilbazoles wi th  halccarboxylic ac ids  r e s u l t s  i n  (E)-N- 

carboryalkylated hydroxystilbazolivm 

1 G O H  0 H~ 
R- CB - C 

I I 
COOH R x0 

I 
COOH 
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An a t t en t i on  has been paid t o  quaternieat ion of nicotine. I n  the f o l l o d n g  reaction 

of  nioot ine only t he  pyridine N atom undergoes quaternization. 48.49 

S a l t s  quaternieed a t  the pyrrolidine N'atom are  accessible by dealkylat icn Of N $  

d~a lky ln ico t in ium comp0'Jnds. 

For instance, the  react ion of Q with ethyl  iodide gives r i s e  t o  11, which i s  dealky- 

ktcd by treatment w i t h  triphenylphosphine to t h e  desired N'-alkylated 

Quaternisat ion of 3,3 -oxybispyridine, obtained i n  one-step procedure 

51 of 3-bromopyridine with 3-hydro~ypyridine,yields 14 : 

RI 

R n Me, Et - 

by treatment 

Reaction of pyridine with t e t r a ch lo ro~c lop ropene  (TCC) o f fe rs  a new, r a t he r  unex- 

peoted approach t o  indolieinea. When pyridine was t reated with TCC i n  methylene 

chloride, two ~ r o d u c t s ,  a and fi ,vere 
C1 C 1  

52 formed . 



The mechanism of this reac t ion  involves a sequen t ia l  add i t ion  of p p i d i n e  t o  TCC t o  

form tris pyridinium cyclopropyl anion 3, undergoing e lea t rocyc l i c  r i n g  opening 

l ead lag  t o  pyridinium 8-a l ly l ide  18; the  subsequent e lea t rocyc l io  r i n g  c losure  of 

1 8  y i e l d s  indol iz lnes  2 and 16. - 

However, pyridines wi th  electron-withdrawing groups, a s  we l l  a s  azaaromatics wi th  

e lect ron-def ic ient  n i t rogen atoms do not form indol iz ines ,  ins tead of only t h e  cor-  

52 
responding quaternarg s a l t s  m u l d  be obtained . 

c1' ' C 1  
Similar r eac t ion  leading t o  indo l ie ine  system was car r i ed  out on 4-(dimethylamino)- 

54 
The squario ac id  de r iva t ives  can be synthesized i n  the  following procedure . 

R = Me, CN, We2, CONH2 
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Analogous react ions were performed using dimethylpyridinee o r  quinoline and isoquino- 

noline as  s ta r t ing  materials. 

Quaternization react ions a r e  used f o r  i so l a t i on  of isoquinoline, contained i n  t a r  ba- 

se. POT example, is0quinOUnium s a l t s  were prepared by treatment of tar base 

containing isoquinoline, quinoline. 2-methylquinoline eta. with appropriate a lkyl  

s a l t s  a t  100 - ZOOOC 55. 

x 0 mlh 1-20 =lkY1 

19 X= halo,  su l f a t e ,  a ry l su l fona t e  - 

Among pyridinium s a l t s  one ought to mention 20 obtained by quaternisat ion of 4-phe- 

nylpyrimidine. Compounds a r e  precursors of ylides,  undergoing cycloaddition re- 

actions, e. g. with D M A D ~ ~ .  

COOBt 
I 
c m r  

I 
COOEt 
A 0 do 

/ \ 
E t O O C  COOEt 

MeOOC 

MeOOC C O O B t  

s imi la r  quaternination react ions were performed on subst i tuted q u i n a ~ o l i n e s ~ ~ .  

A spec ia l  i n t e r e s t  deserve 4,bbipyridinium s a l t s  (viologens) having i n  view t h e i r  

electrochromism and development of a new electronic  display technology. Viologena 

a r e  invest igated i n  the  f i e l d  of synthet ic  organic metals58, as  well  as  e lectron 

mediators f o r  s o l a r  energy convenrion s y e t e m ~ * ~ - ~ ' ;  compounds of t h i s  type a r e  used 



62 a l so  a s  herbicides,  an example i s  paraquat. 

Many publications deal  with the syntheses of viologen derivatives.  

N,N'-Msubst i tuted s a l t s  were prepared i n  the  following procedures. 

R 

a. R = H; R': PhCH2  

2 C 1  
0 21 b. R . HB; n'= P ~ C H  - 

c. R = M e ;  R'= ~ - M & ~ H ~ C H ~  

ref.63 ref.64 
An example of the  synthesis  of diquaternary s a l t  bearing d i f f e r en t  N-subatitvents 

is the  reaot ion of 4.4-bimidine v i t h  methyl ahloroacetate. giving r i s e  t o  2. 

The subsequent treatment of  22 w i t h  ohloroaceuc acid yields  3. which hydrolyzed 

C1CH2COOMe 

i n  DMF - C6H6 1 1 2 ~ ~ ~ ~ e  

80-90'~. 6 h - 22 ,lo 

ampounds oontatning two 4.4' -bipyridinium moietlea l inked v i a  ortho- o r  meta-xylc- 

ne bridges c m  be e a s i l y  prepared i n  the  following m y  (for 0-xylene bridged sya- 

: 
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Studying violown derivatives, two quaternisation reactions of 26 were examina6'r 

M e  

Me Me 

68% hje Me 
65s 

I 0 Br@ 

Z n 

In investigations of quaternization reactions, alao those of polycyclic azaaromatics 

were performed, e. g. ab8 and zb9 have been obtained in this way. 



70 Examples of 1,5- and 1,s- bum0 p ] n a p h t h g r i d i n i  salts a r e  3 and 2 . 

0 

I n  these reactions- ~1 atoms i n  both isomeric cwpounds do n o t  undergo quaterni- 

zat ion,  this f a c t  being due t o  steric hindr-*. 

Also the viologen analogues 1164 and z7' were prepared by quaternizat ion raactions. 

Among react ions re la ted  t o  simple quaternization, the following ones w i l l  be descri-  

bed. 

Pyridine - bromine complex t rea ted  with methyl methacrylate y i e ld s  11 and 2 , w h i l e  

72 with ac ry lon i t r i l e  2 and a r e  formed . 
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Pyridinium iodide could be synthesized i n  the  Ortoleva - King react ion of 2-ace- 

73 tyl-6-bromopyridine . 

Viologen di-ylides have been prepared by ca t a ly t i c  cleavage of phenyliodonium 

compounds of 1.3-diketones i n  the  presencd of 4,4'-dipyridyl, using cupric  acetyl- 

74 acetonate as a ca ta lys t  . 

32% 

Treatment of pyridine with thionyl  chlor ide gives iq, which i n  the  subs t i tu t ion  rea- 

75 
c t ion  with I%F y i e ld s  4-dimethyldnopyridine, an e f f i c i en t  ace ty la t ion  ca t a ly s t  . 

19 
5m 

N-Cetylpyridinium chlor ide &&I be synthesized reac t ing  ce ty l  alcohol with thionyl 

76 chlor ide i n  pyridine . 
The react ion of benzyl alcohols with toluenesulfonyl chlor ide car r ied  out i n  pyridi- 

ne gave, instead of the  expected tosylatea, N-benzylpyridinium s a l t s  77: 



78. Another example of the synthesis  of pyridinium salts i e  a s  fa l lows . 
/ 

CH2COOMe 

c=o 
'CI12COOMe 

in CH2C1 in CH2C12  > 
-20°c, 40 min 

I 
0 

Perfluoroalkylpyridinium salts of the type g can be obtained i n  the following proce- 

79 dure . 
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An example of pyridine r ing  opening of 2,7-d.ia5abisphenylene is i t s  react ion with 

thiophosgene and barium carbonate i n  a two-phase water-dichlcromethane systemto The 

i n i t i a l l y  formed quaternary salt 41 undergoes a nucleophilic a t t ack  of hydroxide ion 

t o  give g, isomerizing t o  41. 

The react ion is in te res t ing ,  because nucleophilic a t t ack  of hydroxide ion on diaza- 

81 
bisphenylenes usual ly  opens the  cyclobutane r ing  t o  form pyridyl-pyridones . 

CHO 

82 
Aldehydes t rea ted  with acyl chlorides i n  pyridine y ie ld  pyridinium s a l t 8  44 . 



B. R E A C T I O N S  OF P Y R Y L N M  S A L T S  WITH PRIMARY AMINES 

Pyrylium s a l t s  a r e  vary important synthons of pyridiniums and a oonsiderable number 

of these compounds haw been obtained on tbis route. 

Heaction of a pyrylium ion with an m i n e  i n i t i a l l y  forms a 2.4'- pyran, whose ring 

e i ~ m t ~ e o u s l y  opma t o  give divinylogous amide a; however, i n  the case of stcri- 

c a l l y  crowded pyryliuma, the 2H-pyraos could be detccted by I3c NMR spectroscopy. 

The k ine t ic  s tud ies  of pyridinium ion formation in  organic solvents  confirm the  fo l -  

lowing react ion m e c h a n i ~ m ~ ~ :  

Examples of pyridiniums obtained from pyrylium s a l t s  are: 

P 
hr = i ~ ,  eo, phca,, z = 'BU , oyoloallcyl c ~ - ~  

2,s-Ke2C6H4 ref .  85 
4-N02C6Hq 
1-mphthyl 
2-naphthyl 

ref. 84 
Cbmpounda 5 wra prepared using p y r y l i u  s a l t s ,  however the synthesis  of ring un- 

subs t i tu ted  pyridinium s a l t s  H w a a  accomplished v i a  Zincke - K h i g  proaedure, 

from ~ < 2 , 4 - d i n i t r o p h e n ~ ~ ~ i d i n i u m  chlolrides a s  s t a r t i n g  mater ia ls ,  having i n  view 

86,87 the  dangerous handling of pyrylium perchloratee . 
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88. The following N-allylpyridinium salts can be prepared from appropriate pyryliums . 

R = We, Ph 1 R = Ph, COOEt 

When 2,4,6-tripheqylpyrylium undergoen reaction with&-or -6-methylallylamine, corres- 

ponding @ and a are formed; the thermal rearrangement of these products was obser- 
89 ved . 

On the contrary, tricyclopyrylium gives with both methylallylamines 21 . 
CH2=CB-CE-NE2 

I 
Me 

or 
We-CE-CH-CH NE B F ~  @ 

50 - II 
CLiUe 

This observation can be explained by the fact that triphenylpyridine is a poorer lea- 

ving group than its tricyclic analogue and the spontaneous change of into = in- 
89 volves an intermediate leading to II by a process analogous to ion return . 



In  order t o  synthesize  pyridiniums N-substi tuted by heterocycl ic  system, pyrylium 

salts have been t r e a t e d  with  appropr ia te  primary heterocycl ic  amines; on t h i s  way 

the  following compounds were prepared 
W,gl  : 

~2 

R1,  R2, it3 = Me, Ph 

x 5 C104 , CF SO 3 3 
Ar = 2- th iazo ly l  

5-Me-3-isolaeolyl 
2-b-othiazolyl 
2-benlimidazolyl 
2-pyrtdyl and other 

Keaction of pyrylium s a l t s  with d-aminoacids gives  r i s e  t o  a lky l - subs t i tu ted  N-me- 

thylpyridiniumw v i a  the  spontaneous decarboxylation of i n i t i a l  products 24.9219' 

On the other  hand, analogous reac t ions  wi th  l y s i n e  and glycylglycine occur without 

decomposition, and the  formed 22 and ,f& can serve as models f o r  amino-residues i n  

92.93 
proteins  and polypeptides 
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94 On thia  way a l s o  the following cornwnmde have been syntheaieed . 

dn2ca2z 
2 R,B' ,R  i ne, ~h 

7, = NEt2. Ac, CF CO, 3 
4-neC6H4S02 m d  other 

Among pyridinium s a l t s  carboy-  o r  carboethyxy-ring substituted one o a t  t o  mu- 

t i o n  = ant z14*95-98. 

C OOH Ph 

Pyridinium B-phenoxide betaines have been formed i n  the react ion of pyrylium s a l t s  

and ambophenola, followed by deprotonation with bases 99.100 



I n  a s e r i e s  of papers, the influence of pyrylium ion s t ruc ture  on the r a t e  of pyridi- 

oium ion formation i e  studied. The aim of these invest igat ione is t o  develop a me- 

thod f o r  the se leo t ive  tramformation of primary amino group8 present i n  water-80- 

lub le  natural  prodn&s such ae polypeptides. 

A s  a model of na tura l  products containing primary amino groups, lysine,  reac t ing  with 

'33 i ts W -amino group is chosen . 
Reactions were performed i n  aqueous solut ions,  using the water-soluble Pyrylium ion  g, 

xhbalk ves aonverted in to  pyridiniume a by an addi t ion  of ac id ic  so lu t ions  of 60 t o  

m i n e  buffers. 

Kinetic r a t e  constants a r e  described f o r  react ions with l y s ine  and compared with those 

f o r  react ions with other  primary amines such aa n-butylamine, bemylamine o r  ani l ine.  

I n  contrast  t o  t k  

ran 62, 

above pri  
OM e 

.mary amines, sec-butylamlne reac t s  t o  give the ZH-py- 

The mechanism of these react ions,  performed i n  aqueous solut ion i s  shown a s  follows: 
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Pyrylium forms with hydroxide ion  as well  a s  with primary amines 2 ~ f  -pyrans and 

a, undergoing a spontaneous r i ng  opening t o  yield a pseudobase o r  a divinylogous 

amide Q, respectively. Cyclization of Q, formed a l so  i n  the  react ion of 5 with 

amine, leads t o  66. 

Unexpectedly, l e s s  nucleophilic an i l i ne  reac t s  f a s t e r  than a l i pha t i c  m ines  with pyry- 

lium ions; the pyridinium s a l t  was formed rapidly and no divinylogous amide could be 

detected. This observation can be explained by the fac t ,  t h a t  t he  conjugation of the 

aromatic r ing  with the open chain should favour a higher concentration of the iminc- 

83 enol tautomer g, whlch rap id ly  undergoes electrocycUzaUon . 

I n  the study of these react ions,  a l so  other  water soluble pyrylium salts were used, 

leading t o  the following pysidinium betainealO': 



& / 

\ COOE 

Similar kinetic investigations were perfomed, using gelatin and chymotrypsin, pro- 

teins containing 30 and 14 residues of lysine, as well as aminoglycoeide antibio- 

102 
tics, kaneaycin and neomycin. 

By reaction of pyrylium salts with amines, bispyridinium compounds 68, and z, 
as well as trispyridinium 11 have been prepared. 

ref. I04 

R'=M~, ~h 
z=bond, ( C H ~  I ,CEP~, MI 
R=H, OM8 

2 8  
ref. 105 
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In the same procedure the following polycyclic pyridinium salts have been synthesized: 

I 
R R = Ph, 4 - U e C 6 H 4 ,  3J(eC6H4, 4-C1C6Hb end other 

ref. 106 
Ph 

refs. 107-103 

C F ~ S O ~ @  RI ~ h ,  P ~ C H * ,  c ~ - ~  alkyl 



C. OTHEB SYNTHESES 

b o n g  o the r  syn the t i c  approaches t o  pyridinium salts one ought t o  descr ibe  t h e  Zincke- 

- K&ig procedure, i. e. nuoleopbi l ic  displacement of i i-substi tuent i n  N- (2.4-dinitro- 

phenyl)pyridinium sa l t s .  On this way @ and ='I3  have been obtained. 

Similar  t o  t h e  above reac t ions  is the  following one: 

T h i s  procedure is uaen  

-2 , 

11, having in view the  f a c t  t h a t  t h e  conversion c 

s a l t a  i n t o  p y r i d i n i w  usua l ly  requires  the presence of 2,6-substi tuents,  what is  

here  not the  case  114,115 

For the  synthesis  of 2-alkylthio-substi tuted pyrydinium malts can serve the  S-alkyla- 

t i o n  of pyridine-2-thiones 
116-118 
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R = alkyl, Ph, PhCH2 - 19 
R1 ,R2= H,OH, halo, rUryl, hydro~yal~l and other 

n=1-6 
X I a pharmaceutiaally aooeptable anion 

xef.119 

Reaction of azaaromatics with 1,3-pmpanesultone affords in a simple pmcedura pyri- 

60 dinium zwltterionicCompounds, e. g. : 

60,120 
In a similar manner there were prepared 1Q - 12 

L o p  0o3& 

Treating l,4-dihydmpyridines with tetrafluoroboric acid one can easily obtain 

121 
1-acylpyridinium salts 2, useful acylating agents of carbonyl compounds . 



Very l i t t l e  b o r n  pyridinium y l ides  bearing two formyl s o u p s  a t  the  y l ide  carbon atom 

122 
were synthesized in the following way . 

1 . D E C P - P O C ~ ~ , ~ O ~ C ,  5 h 

2. EtOH, HC104 OH @ 
_j 

c d  C * ~ ~  /"? 
I CHO CHO 

B e 2  me2 

Beaction of I-cyanomethylpyridinium selts with isooyanates y i e ld s  pyridinium be- 

123 
t a i ne s  80 . 

Studying nonstabilized pyridinium methylides 3, t h e i r  precursors,  i.e. pyridinium 

t r i f l a t e s  g have been synthesieed.HeaUng 82 vlth cesium f luor ide  liberated 81. 
124.125 

trapped in  the cycloaddition reaa t ion  with D U D .  

R 
M e  Si-CH2MY 3 

CsF 

in CH2C12 

20°cv1 h A %sine, 

COOMe 
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Winoline and ieoquinoline reacted in a similar manner. 

2-Aminopyridinium dipitrometi+idee can be prepared in  a simple procedure, involving 

ring cleavage of the readily available imideeo [I ,  2-81 pyridines upon nitration. 

Bitration of a gives r i s e  t o  iwtead of the expected a. Analogaue reaction of 

86 leads t o  81, formed also by metwlation of 3. - 

The proposed mechanism involves mono- and 1-0-nitration of a followed by the cpe- 

126,127 ning of the five-membered ring of 9 and decarboxylation. 

H H H 
I 

ni t ln t ion  -, ni t ra t ion  

H 
H 

Reaction of 3-acetylpyridine with indole derivative 3 leads t o  the pyridinium sa l t  

along with its rearrangement product 2. 

Analogous reaction8 were periormed ueing J-methyl- and 3-ethylpyridines as start ing 

I 2 8  materials . 



Pyridine and quinoline reac t  smoothly w i thxan thy l  o r  thioxantPyl perchlorates t o  

give quaternary s a l t s ,  use fu l  f o r  the introduct ion of these heterocyclic groups 

N-Dodecylacridinium chloride, applicable a8 trim model, can be obtained by oxida- 

130 t i o n  of N-dodecylacridan . 

1 Temperature - variable  H N M E  spectra  of t he  following py r id in im  s a l t s  were in te r -  

131 preted i n  terms of r e s t r i c t ed  ro ta t ion  . 

Gim Ll.4 0 IR 0 

R R = Me,Et,Pr, %R H 

1 44 The conformational analysis  of 2 w a a  performed, using H NME spectra  . 
1 The study of H NMR spectra  of i n  aqueous solut ions of sur fac tan ts  affords in- 

formation on the  or ien ta t ion  of these molecules i n  the in te r face  region micelle/so- 

99 l u t i o n  . 
'H NME epectroscopy and FAB mass-spectrometry were used i n  the  determination of the  

66 s t r uc tu r e  of phanes a . 
The 'B, 13c and "F NME spec t ra  of and 41 have been diseuesed, along with the  

determination of h e t t  and T a f t  a values f o r  pyridinim,  2,4,6-trimethyl- and 

86 2,4,6-triphenylpyridinium subst i tuenta  . 
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I5N NMR spect- of [( l5  NO^)^] , obtained wi th  the  use  of 15~-enr iched n i t r i c  

126 
ac id  was described and c o n f o m t i o n  of such pyridinium y l i d e s  discussed. 

Studying f lavosemipinone model systems, the re  was performed reduct ion of 1-alkyl- 

pyrazinium iodides  i n  a c i d i c  medium, l ead ing  t o  4-hydro-1-alkylpyrat~inium rad ica l  

The e s r  and SlMIB spec t ra  of r a d i c a l  c a t i o n s  derived from 4,4'-dimethyl- and 

133 4,4'-diphenylbipyridinium ch lor ides  have been discussed. 

Among I3c NMB spectroscopy s t u d i e s  of pyridiniums one ought t o  mention those  of 

the following compounds 
101.134. 

" "2  
HOOC 

I n  t h e  investLgat ions  of electrochemical reduction of pyridinium s a l t s ,  the re  was 

found t h a t  2 form r-radicals ,  which a r e  s t a b l e  i n  DMF on t h e  time s c a l e  of c y c l i c  

voltammetry, while t h e  corresponding 1-benzyl and a l l y 1  d e r i v a t i v e s  undergo C - N 
135 bond cleavage a t  the  r a t e a  dependent on t h e  s i z e  of 2,6-substi tuents . 



Studying N-decylpyridiniwn compounds, complexes of 3-hydmxy-N-decylpyridinium 

136 chlor ide with ~ u ( 1 ) i o n s  were formed and invest igated by gotentlometric methods . 
The appl icat ion of pyridinium EI-phemxide betaines of the  type f o r  the  cha- 

100 r ac t e r i z a t i on  of solvent p o l a r i t i e s  is  diecussed. 

puantum y i e ld  measurements were performed f o r  the t rans  - c i s  photoisomerieation of 

137 the  following mas t i l bene  qua t e rnaq  salts. 

Structures  of a s e r i e s  of allryl-substituted N-methylpyridintum cat ions were cal- 

culated us ing  M I N I S  / 3 self-consistent-field procedures, and the e f fec t s  of a lkyl  

138 subs t i tuen ts  on aromatic r i ng  bond angles and bond lenghte have been diecueeed . 
Electronic  spec t ra  of YiOlOgen der ivat ives  x7' and 3gT4 have been described. 

I n  the inves t iga t ion  of equilibrium between 3, i t s  isomer %, and the ion ic  
139 

iam z, the ir spectroscopy has been applicated . 

The polarographic reduction of lq51 and of 9.5l4O w a s  studied, and i n  the  l a t t e r  

case solvent and subat i tuent  e f f ec t s  on t he  polarographic cha r ac t e r i s t i c s  have be- 

en discussed. 
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A spec ia l  a t t en t i on  deserve pyridinium - TCNQ salts; there  was observed a high con- 
la 

duct lv i ty  of (4&bipyrldini* ) (TCNQf: a l so  there  was found t h a t  the  complex 

salt [I, 2-bis-(~ -ethyl-4-pyridinium) ethaney(TCW Q ~ ~ 0 1 ,  i.9. ( ~ P I J  ~ P C N O J ~  ( H ~ Q  exhi- 
5 8 

bdts  the  low temperature metal l ic  properf lea. 

Having i n  view t h e i r  in te res t ing  conductivity properties,  the  c r y s t a l  s t ruc tures  of 
I.@ ze 

[I ,I '  -bis-( pcyanophsqyl)-4,4' -bipyridinim] ( T C N Q ) ~  and of [N-(n-butyl) -quinoli- 

(B e 
niua] ( ~ C N Q ) ~  were invest igated.  58,141 

Among c ry s t a l  s t m c t u r e  determinations one ought t o  mention a l so  those of 80 123 

and Of 92142. 

I 
c 0 

/ \ 
x3cooC coocx 3 

IV. BIOLOGICAL ACTIVITY 

Nuaemus pyridinium salts posses8 biological  a c t i v i t i e s ,  e. g. E, 2 and 

have an t ibac te r ia l ,  s n t i v i r a l  and f ~ n g i c i d a l  properties,  and jQ. a r e  used i n  t rea-  

t i n g  ekln disorders. 

R = C9-C19 alwl, CI3-C19 allrenyl, 

Ph and other  
X = ha l i de  



Rr A,Me 

R1= H, PhCO-NHCH2NBC0 

and o ther  

Z = O ,  s 
R r a l k y l ,  Ph, phenylalkyl,  

carbamoylalkyl 
X z inorganic  o r  oarboxylic 

ref.147 a c i d  anion 

Compounds 13', 541031148 and &Io4 show an t ibac te r ia l ,  fungicidal  o r  antiphage pro- 

per t ies ,  and 11''' has an anti.-etory ac t iv i ty .  

Bipyridinium salt a exhibi ts  herbicidal  a c t i v i t y  comparable with t ha t  of paraquat, 

although i ts t ox i c i t y  i s  mch lowerb5, and a were found t o  be reac t iva tors  of 

149 phosphorylated and phosphonylated acetylchol inesterases  . 

b o n g  quinolinium salts one ought t o  mention and showing bacter ic idal ,  fun- 

g ic ida l  and a n t i v i r a l  a o t i v i t i e s ,  as w e l l  ae =, possessing antileukemic proper- 

t ies.  
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70 Also benzo[h]naphthyridinium salts 3 and 2 possess an t ibac te r ia l  activities . 
Many pyridinium salts can be applicated a s  biological  model systems. I n  the  study 

of pyridinium salts s t ruc tu r a l l y  re la ted  t o  NAD@, there  was shown, that they can 

153 serve as enolate  t rans fe r r ing  agents . 
A s  a convenient  model N- d~decylacr idinium chloride'30 and 2' l 3  can be used. 

Studying biological redox systems, as well as oxidation reactions with  models 
much a t t en t i on  has been paid t o  the development of c a t a ly s t s  promoting multi-elec- 

t ron  t r an s f e r  reactions; as such multicenter organic redox sy s t em can serve bisni- 
154 cotinamides 106 and 2 . 

0 0 0 0 

Compound B is  ea s i l y  reduced with hydroxide ion t o  give intramolecular 6.6' -cou- 

pling product m, while does not  reac t  i n  this manner. T h i s  obsena t ion  i s  

due t o  the  fact ,  t h a t  i n  B the  pyridine r i ngs  have the  faae t o  face  geometry, 

l o 8  - 
I n  invest igat ione of the s e l ec t i ve  a l e l a t i o n  of nicot ine,  the appl icat ion of thls 

4 8  
react ion t o  the  synthesis  of a r t i f i c i a l  antigen of n ico t ine  is discussed . 
StuqVing the use of immobilized enzymes i n  organic synthesis,  1-aryl-3-carbamoyl- 

pyridinium chlorides were oxidized by rabbi t  l i v e r  aldehyde oxidase and bovlne milk 

xanthineoxidaee. 

I n  these react ions two isomeric pyridones, and ~ were obtained, i n  the 

155 
first case being the  main product, and i n  the  second - the  minor 



Amination products of the  react ion of 111 with l i qu id  ammonib a r e  considered a s  in  

n t r o  models f o r  covalent d -adducts formed between 111 and aldehyde oxidase. 

The s i t e  of amination is dependent on the kind of N-substituent: N-allrylated pyri- 

dinium salts y i e ld  exclusively B, while t h e i r  N-aryl analogues give two 

isomeric 2 -adducts y& and 111156. 

v. APPLICATIONS 

Among appl icat ions of pyridinium salts, the  following ones w i l l  be described. 

Juaternary s a l t s  B, 2 and a a r e  highly fluoresoent cat ionic  indicators.  Their 

fluorescence i n t ens i t y  is prac t ica l ly  p H  -independent i n  the neu t ra l  pH-range, 

what can be of use i n  physiological s tud ies  f o r  f luorescmce measurements i n  i n t r a -  

120 and ex t race l lu la r  l i qu id s  . 
Pyridinium salts a, 32 and can be used as ind ica tors  i n  t he  fluorometric method 

of hal ided determination, this pmceas involving quenching of fluorescence of these 

ind ica tors  by halides 68, 157 

I n  the study of 8PeCtNscopic determination of gennaniun there  was observed t h a t  

the react ion of G ~ ( I v )  with 2,3,7-trihydroxgfluorones ca r r i ed  out i n  t he  presence 

158 of 1-cetylpyridinium chlor ide allows t o  increase the  s e n s i b i l i t y  of the  method . 
3-Hydr0xy-N-decylpyridinium chlor ide was found t o  be t he  i nh ib i t o r  of ac i4  corro- 

s ion  of metals'36 and a r e  used i n  zinc e lec t rop la t ing  baths t o  give a shiny 
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159 metal depoait . 

-76 al= corn, c o q .  coo ~3 

4 "2 
X,Y r C1, Br 

The evolution of hydrogen and oxygen by photosensitized decomposition of water i s  

of g rea t  i n t e r e s t  i n  the storage and conversion of so l a r  energy. Photoreduction of 

r a t e r  t o  hydrogen baa been performed using viologens as electron acceptors and co- 

l l o i d a l  platinum5'. Having i n  view, t h a t  the use of viologens is l imited t o  acidic  

and neu t ra l  solut ions,  f o r  the  fonuation of  hydrogen from basic s i l i c a  g e l  col loids ,  

59 w a s  used . 

The hydrogen generation i n  t he  photosensitieed reduction of r a t e r  with use of the  

model system consisting of mthylviologen, ~ u ( b p $  C 1  EDPA and platinum ca ta lys t  
3 2' 

61 w a s  studied, and the  c a t a l y t i c e l  a c t i v i t y  of platinum s o l s  has been discussed . 
I n  the  study of s torage and conversion of s o l a r  energy, f o r  e f f i c i en t  storage of 

the energy the  s t ab i l i z a t i on  of photoproducts i s  required; f o r  t h i s  purpose some 

i n t e r f ac i a l  eys tem,  such as  micelles or  charged c o l l o i d a l s i l i c a  g e l  p a r t i c l e s  can 

be used!' A s  viologena do not  change t h e i r  e l e c t r i c a l  propert ies  during the  ele- 

c t ron - t r an s f e r  process, and therefore t h e i r  use i n  i n t e r f a c i a l  sy s t em is l i m i -  

ted, the appl icat ion of z r i t t e r i o n i c  e l e c tmn  acceptors and donor8 waa examined. 

There were accomplished photoeensitized electron t rans fe r  react ions using 2 a8 
60 electron acceptor . 



I n  electrochemical invest igat ions ,  there  was found. t h a t  e l ec t rodes  0 0 a t d  by a Po- 

l y  (pyrrole) f i l m  containing the  viologen system ~ are  use fu l  i n  e l e c t r o c a t a l y s i s  
160 

of redox reac t ions  and i n  electrochromism . 

116 - 
w n g  new viologes  - based mater ia ls ,  210 was shorn t o  have i n t c r c a t i n g  elec- 

64 trochromic p roper t i e s ,  au i t ab le  f o r  e lec t ron ic  d i s p l a y  a ~ p u o a t i o n a  . 
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