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THE RZACTIVITY 03 N-SUSSTITUTD Pl"ID1NIUI.I SALTS 

Kanda S l iwa  

I n s t i t u t e  of Chemistry, Pedagogical  ' J n i r e r s i t y ,  Czgstochowa, 

Poland 

Abs t rac t  - React ions  of N-substi tuted pyriclinium s a l t s ,  a long wi th  some 

d a t a  concerning t h e i r  p r o p e r t i e s  end a p p l i c a t i o n s  =e described. 

I. IXTRO3'JCTIOIU' 

The theme of t h e  p r e s e n t  ?aper,  a con t inua t ion  af our former one, dea l ing  wi th  

1 .  syntheses  of 3 - s u b s t i t u t e d  pyridinium s a l t s  1 s  t h e i r  r e a c t i v i t y .  React ions  of 
J 

pyridinium s a l t s  w i l l  be presented according t o  fol lowing t o p i c s  : 

- n u c l e o p h i l i c  displacement 

- c y c l i z a t i o n  

- o x i d a t i o n  

- r e d u c t i o n  

- r e a c t i o n s  proceeding on t h e  i" -subst i tuent  

- r e n c t i o n s  proceeding on t h e  r i n g  s u b s t i t u e n t  

Some l i t e r a t u r e  d a t a  concerning syntheses ,  physicochemicol pro:>erties and al:pli- 

c a t i o n s  of these  conpounds >:ill be a l s o  given. 

-- 
11. F.EA2'717iTY OZ PTRI?lINIiTM SALTS 

A .  NUCIECPAILIC DIS2LA2EI3NT I'CACTICNS 

There a r e  lmown cumerous r e a c t i o n s  of nucleophi l ic  displacement performed on 

10 
pyr idinium  salt^^-^, t h e  f o l l o v i n g  one can serve a s  an  e l a p l e .  



Unspmetrica.1 d i z r y l m i n e s  can be ?re;xred by tine hydro lys i s  of 1 t o  gyridinimn 

beta ine  2, whose t reatment  wi th  t h i o n y l  c h l o r i d e ,  followed by condensation wi th  

an a n i l i n e  g i v e s  r i s e  t o  t h e  amide ;i wbich i n  t h e  r e a c t i o n  w i t h  sodium hydr ide  

11 
t r a n s f e r s  in t ramolecu la r ly  t h e  I -aryl  g roup . to  t h e  n i t r o g e n  of t h e  amide. 

1 ' -~ . 2. A r -  
NaOH aq 

25Oc,24h 
Ph @ COOEt I 

Conversion of 2-aninopyridines i n t o  2-gyridones involves  the  i n t r a n o l e c u l a r  

12 
displacement of heteroarylamines i n  b a s i c  medim. 

R' 

R= Ph, 4- i teCA 

Rip (Ph 
y= H, 4-Xe, 5-l?e, 6-Xe 
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Study of t h e  nechaqism and k i n e t i c s  of nucleophi l ic  displacement r e a c t i o n s  of 

pyridiniums is t h e  t o p i c  of nmerous  papers  ; as nuc leoph i les  were used p i p e r i d i -  

13-" pyr id ine l  7v13 l i , i l - d i x e t h y l t h i o u r e ~  morpholine18 and n i t r o a l k a n e  ne, 

anions. 19,20 

S a l t s  of t h e  type 4 a r e  u s e f u l  f o r  in t roduc t ion  of x a n t h y l  and th ioxan thy l  groups 

2  1  i n t o  a i d e s .  

S i n i l a r  r e a c t i o n s  were performed on quinol ine  analogues. 

Fyridinium salts imdergo disglacernent r e a c  Lions by sulphur  nuc leoph i les  aqd by 

22,23 2-nitropropane anion. 

RCii2SEt 
90-1 80°c, 1-4 h  

Dh 

K S C N  
R RCH -S-01 i n  ?MI1 2 

Z O O C ,  12 h 

R = Ph, 4-MeC6H4, 4-C1C Y 
6' 4  



Transfer of the  3 - subs t i tuen t  from 2<-alkyl and N-benzyl-2,4,6-tri?henylpyridinium 

cations proved t o  be a convenient nethod f o r  t h e  C-alkylat ion of n i t roa lkane  

anions, t h e r e  was shoxun hovever t h a t  the  fol lowing r e a c t i o n s  proceed under milder 

24 
conditions,  and n i t roa lkanes  a r e  formed i n  a h igh  y i e l d .  et BU <a 2 0  R-z 

\ R z = CH NO CHNeN02, CNe2N02 
2 2' 

R = %, %u, C H ~ P ~ ,  c5-C7 allcyl 

X = BF CF SO 
4' 3 3 

Among nuc leoph i l i c  displacement r e a c t i o n s  one ought t o  mention t h e  s y n t h e s i s  of 

25.26 
di-(4-pyridyl)selenides, c a r r i e d  out w i t h  t h e  use  of p y r i d i n y l  pyridinium s a l t s .  

1 
R ,  R = H ,  Me, E t  

X = C 1 ,  Br 
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Acylated cyanohjjdrines 2 and b e t a i ~ e s  5 can  be o3tained lyr t h e  following 

27  procedures. 

c. 

C U 3  
c l9 

I 
0  

F 
l0 - R 4  C...." 

R = a l k y l ,  a r y l  
1 R = a r y 1  

' 0 3C 3 
6 - 

A convenient nethoQ of in t roducing ace tony l  and s i m i l a r  p o u p s  i n t o  quinone 

28 n u c l e i  u t i l i z e s  pyridinium salts. 

R = Me, CZt, Ph, 4-NO2C& 

Naphthoquinones r e a c t  in an analogous manner. The mechanism of t h e  above r e a c t i o n s  

is given. 

5. CYCLIZATIOI? REACTICIIS 

Numerous c y c l i z a t i o n  r e a c t i o n s  of pyridinium s a l t s  a r e  lcno%m, among which 1.3-dipo- 

lar cyc loadd i t ion  r e a c t i o n s  form a l a r g e  group and they w i l l  be presented a t  f i rs t .  

A s  e x m p l e s  of 1,3-dipolar cyc loadd i t ion  reac t ions  t h e  fol lowing ones ought t o  be  

mentioned. 



"m \ / r e f s  29,30 
i n  CBCl /acetone 

3 
8 1 o r  I,:eOCB CT' OMe 
€I c ( C I ~  2 * 2  cm 

re f .  31 

R~-C-C-R 1 
st li %: ref .  32 

i n  C6H6 

CS2i-R 
- 

ref lux .  4-6 h 
R-C 

II 
R' = C W I ~ I ~ ,  C O O E ~  o 

R = 4-ClC6K4, 2-naphtWJl 
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I n  the  study of 1 ,%and 1.6)-3emo[h] naphtbyridiniun 5 (ad 6)-phenacylides, t h e i r  

1,3-dipolar cycloaddi t ion reac t ions  were performed, using e t h y l  a c ry l a t e ,  acrylo- 

n i t r i l e  and DliAD as d i ~ o l a r o p h i l e s ~ ~ ,  f o r  instance 

& 3r' CB 2 =CY-COOEt NEt3 I '  

i n  3i.1~. OOC, 72 h 

~e o r  i n  benzene. ZOOC, 12 h ~ c o o z t  P ~ C  o 

CHTh 2@ 

S i n i l a r  1.3-dipolar cycloaddi t ion r eac t i ons  of N-ethoxycarbonylmethyl analogues 

of these compounds have been a l so  i nves t i ga t ed '  

Intramolecular  1.3-dipolar cycloaddi t ion react ions of pyridinium methylides give 

r i s e  t o  some pyrido-, azepino- and azocino[3,4,5-hilindolizines, f o r  instance 1 

can be obtained from 5 having non-activated acetylenic d ipo la rophi les  i n  t he  same 

36 molecule. 

The 1.3-dipolar cycloaddi t ion reac t ions  of pyridinium N-ylides have been a l s o  

37 performed i n  t h e  two-phase system. 

Double cyc loaad i t ion  r e a c t i o n  of pyridinium methylides t o  methylenecyclopropenes. 

38 
leading t o  cage compounds of the  new type has  been reported, 



The [ ? + a  cyc looad i t ion  r e a c t i o n  of pyridinium methylides wi th  e lec t ron-def ic ien t  

39 ole f ins  proceeds i n  t h e  fol lowing way. 

Z = COOl:e, C C C E t ,  4-33 C 5 ard o ther  
2 6 4  

There w a s  observed t h a t  only a n t i - y l i d e s  p a r t i c i p a t e  i n  t h i s  r e a c t i o n .  The 

stereochemistrf  of t h e  above processes  i s  discussed. 

I n  the s tudy  of pyridinium s a l t s  a l s o  t h e i r  c y c l i z a t i o n  r e a c t i o n s  which do not  

proceed by I .3-dipolar cycloaddi t ion mechanism have been s tud ied .  For ins tance ,  2 

was t r e a t e d  wi th  cyclopentadienones t o  y i e l d  b i c y c l o d e r i v a t i v e s  ; t h e  r e a c t i o n  

40 
involves t h e  nuc leoph i l io  a d d i t i o n  and subsequent p y r i d i n e  e l iminat ion.  

H Rm :re R 0 
Ph- f,* 

'y@ y o  
3 t R 

CK,-f-RI 
0  VR 0 

9 - T( = ile, Et, I'h 

1 2 3  R = R  = R  = B  
1 3  2  R ,T( = H ; R = 1,le 
2 1 3  R = H ; R  = R  = N e  

The fol lowing r e a c t i o n  l ead ing  t o  s u b s t i t u t e d  i n d o l i z i n e  systems 10 h a s  been 

41 invest igated.  
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2 = 3 ,  Me, E t ,  Ph 

X = C 1 .  S r  

Indol iz inone d e r i v a t i v e s  can be  obtained in one-pot s y n t h e s i s  by way of a double 

Michael a d d i t i o n  t o  3-unsubsti tuted Zf5H)-indolizinones generated i n  s i t u  from 

pyridinium s a l t s .  For i n s t a n c e ,  t h e  i n t e m e d i a t e  11 which formed from 12 by 

a l l ca l l  t r ea tment  reac ted  with  a c r y l o n i t r i l e  and e t h y l  a c r y l a t e  t o  afford 1 :2 

C H  =CHR 1 
2 

1 
R = C M ,  CCOEt 

12 - 11 - 13 - 
R = H ,  Me, E t ,  Ph 

X = C 1 ,  Br 

Methaxycarbo~lmethylpyridinium ch lor ide  can be converted by t reatment  wi th  ale1 

amines i n t o  >, which w i t h  chalcone 2 undergoes Elichael a d d i t i o n  and s u b s e y e n t  

43 r i n g  c losure .  

%Me, E t ,  "Bu, 



Reaction of fi with aqrueous a l k a l i ,  proceeding v i a  open r i n g  i n t e r z e d i a t e ,  

provides a s y n t h e t i c  method of i n d o l a ~ u i n o l i z i n e  d e r i v a t i v e s  17. 44 

I Me-H 
0 Ac OHe 1 uZOOMe 

Spi ro indo l iz ines  18 have been obtained i n  t h e  fa l lowing  way. 45 

CH =CH+-Me 

Q xe 0 

E tONa 
CH Fi 

8--hie 

I@ 2 i n  EtOH 

CX Cool 1 
2 cf,ye - 18 OH 

R =Me, Z t ,  Ph, 4-C1C V 6' 4 
1 R = al!ql  

X .= h a l o  

I n v e s t i g a t i n g  N-ylides t h e r e  was fourml t h a t  t h e  first of t h e  fol lowing r e a c t i o n s  

proceeds by t h e  r i n g  c losure  r e s u l t i n g  i n s ,  whi le  t h e  second one g ives  r i s e  t o  

46 s t a b l e  N-allylides 29. 

21 - - EtOOC 
CH,COOCt X,CO, , i n  DMF 
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I n  the  study of quaternary s a l t s  of nicotinanides 2 the re  was performed t h e i r  

cyc l i z a t i on  under tine influence of bases giving r i s e  t o  cyclopeptides a o r  a, 
according t o  t he  kind of subs t i t uen t s  i n  z. 47 

22 - 

R = CH P h ,  CF2-C&C12 (0.0) 
2  

1 R = H, 1.le 

i 
2 R = 2 ,  He, CH2Ph 
? 



l-Vinyl and l-3ropenyl-2,4,6 -.tr;pher;yl?j-ridinian salts t r e a t e d  with a l k a l i  un- 

dergo a  rearrangement t o  cage conpounds of the  type 3 48 

Inves t iga t ing  N-allylpyridinium s a l t s  the re  wzs found, t h a t  26 was t r e a t &  with 

concentrated a l k a l i  i n  e t h a n o l i c  s o l u t i o n  t o  g ive  21, while t h e  r e a c t i o n  with  

49 
d i l u t e  a l k a l i  y ie lded  t h e  6:4 mixture of Z and E propenyl i soners  28 and a. 

conc. NaOII 

i n  EtCE 
?h 

AA 
Fh FJ 21 

CA -CH=Cil 
2  2  

26 - 

-\ i .  a + 
i n  EtCH - NeOH 

ZO'C, 24 h ?h ,8 -% Ph I@ Ph 
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I n  t h e  Tapers concerni?& c p t e r n a r y  s a l t s ,  the  o t h e r  c y c l i z a t i o n  r e a c t i o n s  of 

3 y r i d i n i u n  s a l t s  , a s  ?;ell a s  c y c l i z a t i o n  r e a c t i o n s  of p y r i n i d i n i u n  , 5 3 

phthalazinium 54 and ~ u i n o x a l i n i u m  s a l t s  55-57 a r e  also descr ibed.  

b o n g  r e a c t i o n s  of pyridinium y l i d e s  'which do not y i e l d  cyc l i zed  c roduc t s ,  the  

fo l lowing  ones x i 1 1  3 e  presented.  

The r e z c t i o n  of l-pheilyl-:-oxidopyri5i~.iiim i i i th DMJD i n s t e a d  of  t h e  e::pected 

58  &%rds 2 , which formed by t h e  ogening of the  p j r r id ine  r ing .  

Ph 
I 

N 

i n  MeCM 

30°c 

The r e a c t i o n  of nons tab i l i zed  ~ ~ y r i d i n i u m  ze thy l ide  2 w i t h  e l e c t r o n  d e f i c i e n t  

59 
olef  i n s  r e s u l t s  i n  t h e i r  hydromethylenation.. 



The progoset  mechar.isr., s h o m  on the  r e a c t i o n  wi th  E-subs t i tu ted  na le in ide ,  invol-  

lies a s  t!?e i n i t i d .  s t e p  t i e  3+2 cyc loadd i t ion  r e a c t i o n ,  g i v i n g  r i s e  t o  2,t:lis 

undergces t h e  rix o p e n i r s  t o  &ford t h e  z v i i t t e r i o n i c  in te rmedia te  35. T h e  text 

1,2-croton migrat ion,  followed by t h e  e l i m i n a t i o n  of pyridine,  y ie lded  z. 

I n  a  s i n i l a r  procedure wi th  s t a b i l i z e d  pyr idinium ? I - ~ a t h y l i d e s ,  o l e f i n s  undergo 

l e 
CHZ R = Me, Ph, 4-MeC 6' '.: 4 

Z = COOMe, T h C O ,  CN 
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Studj ing  p y r i l i r i u ~ o  M-:rlides, t he  r e a c t i o n  of ' with s ~ . o s t i t u t e d  cyclopro?enirnine, 

r e s u l t i ~ z  i n  i n t e r r d  s a l t s  , has  been perforxed. 6 2  

NT s 

Ph + h e t  ct' C N  

NC COOEt C OOB t 

38 - 
There 'was observed t h a t  i n  t he  presence o 

3 7 - 
a/ llet = py 
b/ he t  = 3.5-lut 

,5-lutidine, was f ormt 

y i e ld ,  thus confirning the pa r t i c i& ion  of a heterocycle-free intermediate je 

i n  the  r eac t i on  mechanism. 

C, OXIDAIIOil REACTIONS 

Oxidation of with a lka l i ne  so lu t i on  of potassium fe r r icyan ide  y i e l d s  a mixture 

of pyrroles  40 ad Q. The nechanism of t h e  above r eac t i on  involves t he  f o r m t i o n  

63.64 
of a common precursor  42. 



42 - ' 1 B 

4 1 - 
In  the case of however, such cont rac t ion  of heteroaromatic r i n g  does not take 

place, due t o  s t e r i c  and e l ec t ron i c  e f f e c t s  of t he  adjacent  benzene moiety, and 

We r eac t i on  r e s u l t s  i n  quinolone a. 65 

R = 9, I%e , Fin 

The mechanism involves t he  s p l i t t i n g  off  of 2-phenyl subs t i t uen t  from I ,2-dihydro- 

intermediate G. Oxidation of & and 47 gives  r i s e  t o  a, a1or.g with 1,2- and 

1,4-bemoquinones , unstable  i n  t 3e  a lka l i ne  ox ida t ion  medium. 
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OH 
CL 

I n  t h e  s imilar  
Et 47 - 

t h e  n i t r o g e n  a ton of the  1-snbst i tuent  z c t s  a s  a nu- 

c l e o p h i l i c  c e n t r e  of a, e n a b l k z  i t s  c y c l i e z t i o n  t o  s. >;hich m d e r  deprotonatior.  

g ives  r i s e  t o  z?_, 66 

?,h 

2 i e  (CN) Ph$3Ee Ph (CK) :Q . 
I h  - Ph - 6 '' r e f  5 Ein. - 

-pe (cN)? 
\ -A \ 

z 
22 715 

The o x i d a t i o n  of 52 wi th  pera:romolybdate o r  peroxotungstate cave C i s  am? t r a n s  

67,68 
NLoxides 2 and 2 i n  t h e  r a t i o  of ? : I 4  and 1 : I S ,  r e s p e c t i v e l y .  

peroxoaolybdate 
o r  

p e r o x o t u m s t a t e  
Me 
e \ 

p Bre C!T ?h 
2 CH2Ph CI! 2 Ph 



?or  t h e  in t roduc t ion  of an imino group i n  1: -a l l~~~lpyr idinium and quinolinium salts 

i n  "C o r  8 p o s i t i o n s ,  t h e i r  low temperature ox ida t ion  w i t h  potassium pernanganate 

i n l i q u i d  anmonia can be used. I n  t h e  case  of bullry N-substi tuents,  f o r  example 

69-71 t e r t i a l  b u t g l  group, 4-iminoproducts a r e  formed. 

Here w i l l  be a l s o  mentioned t h e  r e a c t i o n  of pyridinium methylides 2 w i t h  ozone i n  

72 a ~ r o t i c  medium, involving t h e i r  cleavage t o  v i c i n a l  t r i k e t o n e s  . 
7 7 

0 
a- CP 

\ 
- O2 1 a-c /- 

- $ % 

It1 = Ph, 4-C1C6X4, ~ - N ~ C C  6 H 4 

D. PXJUCTIOB REACTIONS 

The fo l lowing  r e a c t i o n s  a re  examples of r e d u c t i o n  l e a d i n g  t o l . 4 - i i h ~ d r o  de r iva t ives .  

The r e a c t i o n  of 1-ethoxycarbonylpyridiniun c h l o r i d e  wi th  RCu.BF provides a con- 
3 

venient r o u t e  of in t roducing subs t i%uents  i n t o  4-posi t ion of pyr id ine  s t a r t i n g  

from pyr id ine  i t s e l f .  The formed 1.4-dihydroderivative undergoes 
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t h e  subsequent ox ide t ion  w i t h  oxjEcn to  g ive  %-subs t i tu ted   tidi dine. 
73-75 

R= %u, Ph, PhC3 
2 

The fo:lowing r e a c t i o n  l e a d i n g  t o  1-subst i tu ted 1 , 4 - d i h y d r ~ p ~ r i d i n e s  

h a s  been performed. 77-e3 

R = z t ,  Ph, CA2Ph 

S e l e c t i v e  r e d u c t i o n  of 3-carbomoylpyridinium s a l t s  mediated by  low v a l e n t  coba l t  

84 
complexes gave 1,4-dihydroppridines with h i g h  r e g i o s e l e c t i v i t y .  

.E, 
0" p 

0 

d 0 
\ 13 ... 

n I 

li 
R = P r ,  Ph, CA Ph 

2  L= pyr idine , piper id ine  

X = C 1 ,  Br  

I n  o rder  t o  compare t h e  mechanism of nonenzymic format ion of 1 , 4 - d i h y d r o p ~ i d :  

by m i n e s  w i t h  t h a t  of enzymic process ,  t h e  following r e d u c t i o n  was s tud ied  i n  t h e  

i n v e s t i g a t i o n  of NAD (P) +-MU (P) models. 
85-88 ehT2 i n  RO #e@H CIT2CH2hX2 / H20 

I @ 2e0C, 20 h  I 
C H p  i n  t h e  da rk  CB2Ph 

9% 



Cther examples of r e d u c t i o n  r e a c t i o n s  l e s d i w  t o  1 , 4 4 i h y d r o  d e r i v a t i v e s  
39-91 

are repa r t ed  . 
nur.erous r e a c t i o n s  1.2- and 1,6-dihydroggridines a r e  forned,  f o r  ins tance 

p y r i d i n i m  s a l t s  56, which were s u b s t i t u t e d  at 3 -pos i t ion  wi th  electron 

with2rawing s u b s t i t u e n t s ,  t r e a t e d  wi th  a l c o h o l s  under b a s i c  c o n d i t i o n s  t o  

2i 
S' = CN, PhCO, CONR SC2NMe2 and o t h e r  

1 
2' 

3 = Me, 4-FC6x4, C9-C K C 1  (o,o') 2 6 3  2 
2  

R = Me, E t ,  P r ,  ilr, t~~ 

93 
The fol lowing r e d u c t i o n  of 21 h a s  been performed. 

R 

NaBK4 

AC 

i n  aq EtOH \. 
Me 2 0 ' ~ .  20 min. Me I Ple 

Me Me 

57 - 
R = 9, 4-Me, 4-Br , 2.3-(0Ke)2 

The hydrogemt ion  of s u b s t i t u t e d  pyridinium s a l t s  depends on t h e  r e a c t i o n  

condi t ions ,  f o r  ins t ance ,  I-methyl-4-carbamoylpyridinium i od ide  w a s  t r e a t e d  

with sodium borohydride i n  aqueous sodium carbonate t o  g ive  E, wfiile i n  

94 aqueous methanolic sodium hydroxide a  s i g n i f i c a n t  amount of 2 is a l s o  formed. 
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Tetrahydropyridines have been obtained i n  following reac t ions .  

ref .  95 

N a n 4  % 
\ \ ref .  96 

Me Me 
/' / 

R 

R = H ,  OH 

The synthesis  of 1fenprodi lg7 is presented as  an e x w p l e  of reduc t ion  reac t ions  

of pyridinium s a l t s  r e s u l t i n g  i n  p iper id ine  der ivat ives .  



Pyridinium salts r e a c t  with s i l y l  en01 e t h e r s  t o  give 1.4-dihydropyridines 60 , 

undergoing subsequent oxidat ion t o  4-(2-0xoallc$l)pyridines. 98 
1 0 R -cR3 0.1~ Ie $i ' - ~ 2  (f,(~~ I I o r  o2 AgNO R$2 - 

C OOR 1 2  B 
\ 

R ,R = H, Ile, Z t  N 
t 

R ~ =  Ne S i, 3u  Xe S i COOR I 
3 2 

CGOR 
R = E t ,  CIT C C 1 -  

2 2 
60 - 

Analogous r eac t i on  was car r ied  out on ouinol ices  t o  a f ford  mixtures of 1,2- a d  

1,4-dihydroq~inolines,~~ and i n  t he  case of isoquinol ine t h e  2-oxoallrgl group 

100.101 was introduced i n t o  1-position . 
I n  a s imi la r  manner, us ing  pyridinium, quinolinium o r  isoquinolinium s a l t s  as 

s t a r t i n g  mater ia l s ,  t h e  u n s ~ i e a l  azadia ry l s  3 can be obtained. 102 

R 

3 

I@ 
COOEt R = H, Me 

I-Phenogcarbonglpyridinium s a l t s  add t i t an ium enolates  a t  t h e  4-position t o  give 

1.4-iihydropyridines. which v!hen heated with sulphur and Pd/C undergo aromati- 

za t ion  r e s u l t i n g  i n  4-(2-oxoallrg~yridines 2 ; t h i s  r e ac t i on  proved t o  be  a con- 

venient syn the t ic  method f o r  these  compounds. A s  t h e  minor 1.2-dihydro der iva t ive  

103,104 63 decomposes under r e ac t i on  condi t ions,  t he  only product i s  2 . - 
R-OTi (OX)? 

I '  /7 R 
H R 

0 

2- c ~ - c %  /m9-78Oc (ff: s ,pa, c R x ~ l  

R,R'- B, Me, E t  
I 
COOPh 1 R R1 

N 

COOPh 
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Studying t h e  r e a c t i v i t y  of ?y-ridinium s d t s  towards Grignard r e a g e n t s ,  i n  t h e  

r e a c t i o n  of I-methoxycarbonylpyridinium chlor ide  wi th  a l k y l  Grignard reagen t s  

t h e  mixture of 1.2- and 1,4-adducts was obtained, whi le  i n  t h e  s i m i l a r  r e a c t i o n  

81,105 with  a lkeny l  o r  a lkyny l  Grignard reagen t s  only 1.2-addition took p l a c e .  

K R 

I0 
COOMe 

COOMe 

R = a lkeny l ,  a l k y n y l  

COOMe 

Addi t ion of Grignard reagen t s  t o  1-phenoxycarbonyl s a l t s  of 3-halopyridines was 

performed i n  t h e  presence of a c a t a l y t i c  amount of cuprous iodide t o  y i e l d  

106,107 1.4-adducts, undergoing subsequent aromat izat ion t o  3. 

55  CuI p -ch lo ran i l  

cooph f l=~e .~ t .%.%u bOOPh 

Treatment of 6J with Crignard reagen t s  r e s u l t e d  i n  5 and a which a r e  

l o 8  
aromatized by h e a t i n g  with  sulphur. 

R = Me, %, $u 



There e x i s t s  a  d e a l  of R e i s s e r t  r e a c t i o n s  of p y i 6 i n i u m  salts, r e c e n t l y  r e v i e -  

wed Jog The fol lowing r e a c t i o n .  ~ i c h  Proceeds v i a  u n s t a b l e  R e i s s e r t  in te rmedia tes  

68 provides a convenient method of d i r e c t  in t roduc t ion  of cyano group i n t o  
-5 

quinol ines  .I ' Isoqu ino l ines  behave s i m i l a r l y  , giving r i s e  t o  1-cyanoisoqui- 

The r a t e  constants  and equi l ibr ium cons tan t s  of t h e  cyanide i o n  a d d i t i o n  t o  py- 

111 r idinium s a l t s  have been neasured. 

E. REACTIONS PROCXDIBG O N  T3E N-SWSTITUEST 

1  -Vinylpyr idinim salts, r e a d i l y  a v a i l a b l e  from ~-[Z-bromoethy$~yridinilu bronide 

by treatment wi th  a l k a l i ,  and i s o l a t e d  a s  pe rch lo ra tes  o r  t e t r a f l u o r o b o r a t e s  add 

N,S and C ~ .uc leonh i les  i n  Michael-type react ions .  112 

i n  .$COX / MeOH 
20 C. 14 h  
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Treatment of 3 wi th  aromat ic  aldeiyjdes y i e l d s  a l d o l  70, h i c h  re f luxed  i n  

chlorobemene t o  a f fo rd  crotonaldehyde 31 along wi th  isomeric  arjl propenyl 

113 ketone. 

?h  Fh 

I ArCRO aPh i n  ch10;obexene "F - C H = C - C ~  + CH3CH=CH;C=0 

Fh Oh -3 , @ " I \H 
A r  .4r 

C 9  
I 2  

c!~,=cII-cH-cs/~~ 
CH - 70 'kP 
Il 71 - 
CH A r  = Ph, 2-C1C694, 2-MeP6X4, 2410 C u 

2 2 6'4 

In t h e  s t u d y  of l-(2-propynyl)pyridinium salts, t h e  fo l lowing  r e a c t i o n  h a s  been 

Trea tnen t  of pyr idinium and i soquinol in ium s a l t s  wi th  sodium-bis(trimethylsilyl)a- 

mide allovis t o  in t roduce RCC- o r  ROCO- groups in  t h e  2 -pos i t ion  of t h e s e  

azaaromatics.  115 

R - C ~ '  , R'CBO 
'c1 

1 -8o0c, i n  THF II 
R,R =OEt,Ph, 1 -R CHO 

0 
4-MeC6K4 



T h e  nechvlism involves tke f o n a t i o r .  of y l i de  in te rned ia te  E .  

CX -C 
/O 

3 "0 

CX -C 
/ 0 3 \o 

Et,N 7. 2 0 
I+= 
ce 

i n e t h e r  NC / 
CX2-CO0 I I 

r e f .  117 

F. REACTIOIIS PROCEEDIIIG 03 T Y 3  R I N G  S U J S T I T m U  

Among r e a c t i o r s  of t he  r i n g  subs t i tuen t  of g'ridiniurn s a l t s  one ought t o  rrention 

the following ones. 
CHO 
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X = H, C1, B r ,  OMe, O X t  

R = Me, Et 

I n  t he  i nves t i ga t i on  of t?&e l a t t e r  reac t ion ,  the inf luence of subs t i t uen t s  i n  both 

subs t r a t e s  on the  r eac t i on  r a t e  has been discussed. 

The k ine t i c s  of t he  fo l l oa ing  demethoxylation hss been inveseigated ; f o r  t h i s  r e -  

121 
ac t i on  a s p e c i f i c  base - general  acid(S~-GA) nechaqisn i s  suggeste8.  

P: 

I piper id ine  Ph 16- ' Ph 
He o r  pyr ro l id ine  

Pyridine-2-thiones can be obtained from pyridinillm s a l t s  75 by t h e i r  hydrolysis  

122 
and subsequent t rea tnen t  with su lphur .  

RI  = Me, Et, Ph 



The k ine t i c s  of the  s u b s t i t u t i o n  reac t ions  of 2 - h a l o g e n o - N - a l ) r ~ l p ~ ~ i d i ~ . i u 3  sal ts  

with a l i p h a t i c  and aromatic m i n e s  has been invest igated.  
123,124 

4 =eat . teal  of other  reac t ions  of oyr id in iun  s a l t s  has beer. ?erforsed 125-131 . 

two following traxmfornations proceedirz  v i a  ring ogening of 1-(2,44ini t rophe-  

nyl) de r i va t i ve s  w i l l  be presented here. 

2. E t  31 
3 

80°c, I 5  min. 
llD 
m 

Among syn the t i c  agproaches t o  pyridiniun s a l t s  one ought t o  nent ion a  r a t h e r  un- 

cormon e x q l e  of qua te rn iza t ion  r eac t i on  with a  halogeno de r i va t i ve  bear ing halo- 

gen a t  t he  bridgehead posi t ion,  134 

?yr id in im y l i de  2 can be obtained on tivo follourimg rou t e s  135, and 21 is ?re- 

pared by t he  qua te rn iza t ion  r eac t i on  of pgridine.  
136 
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The foilowizIg i n v e s t i g a t i o n s  concerning ph;'sicochemical p r o p e r t i e s  of p y r i a i n i u 3  

s a l t s  have been repor ted.  

Ra tes  of d i s s o c i a t i o n  of t h e  C-N bond i n  78 have been obta ined by t h e  dynamic 

!.3( technique.  137 

Compound B w a s  reduced po la rograph ica l ly  by a one e l e c t r o n  t r a n s f e r  not  

138 involTing hjdrogen t o  a n  u n s t a b l e  r a d i c a l  ca t ion  . 

polarographic  0' r e d u c t i o n  

/ @ 

@ \ 
Me 

Me Me 

79 - 80 - 
1,4-Dimethylpyridinyl r a d i c a l  81 has been obtained by p 3 o t o l y s i s  of i t s  dimer 

w i t h  a :i l a s e r ,  as t h e  sodium amalgam reduc t ion  of 82 afforded t h e  r a d i c a l  un- 
2 

dergoing an immediate d imerizat ion.  Tine-resolved 3% s p e c t r a  of 81 are 

d i scussed  . 139 



me 
I 0 \ I' N&g fj A dimers 

N i n  IteCN .., 
I@ h v  o r  A 

Me 1 
Me 

1 jn 1 L O  , and 'H l i M 3  s gec t r z  o i  N-z lky lne t~ lqu ino l i num s e l t s  hzve Seen studieZ , 
and s t r uc tu r e s  of N-r ,e t : lyl~r idinP~m c a t i o r s  were ca lcu la ted  u t i l i z i n g  MIND013 

procedure . 141 

IF. spec t ra  of 9 and t he  O study of an op t i c a l l y  a c t i ve  detergent  3 1 d3 

have been reported. 

R ,  R '  = tsie, ~t 

Compounds and 741'' a s  wel l  a s  2 and show a n t i b a c t e r i a l  propert ies .  

& 1. & / 

'@'Me 'b 
Me 

85 - 86 - 
Reviewing appl ica t ions  of pyridinium s a l t s  one ought t o  mention t h e i r  use as con- 

densing agents ,  f o r  exanple,2-fluoro-l-methylpyridinium t o s y l a t e  is u t i l i z e d  i n  

t he  syn thes i s  of d-r ibonucleosides  45, and 2-chloro-l-methylppidjnium iodide in 

146 t h e  cons t ruc t ion  of P-lactam ske l e ton .  

N-Awl-4-diallcylaminopyriaFnum salts were found t o  be e f f ec t i ve  phase t r a n s f e r  

ca ta lys t s ,  up t o  100 times more s t a b l e  t han  tetrabutylammonium bromide . 147 
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The redox behaviour  of methylviologen r a d i c a l  cat ion w+' incorporated i n t o  a 

hydrophobic organic  phase by l i p o p h i l i c  anions was s tud ied .  IWC' incorporated 

w i t h  TFPB- ean e a s i l y  t r a n s f e r  t h e  e l e c t r o n  t o  an accep tor  at t n e  i n t e r f a c e  

between t h e  organic  and aqueous phases,  and is an e f f i c i e n t  c a t a l y t i c  e l e c t r o n  

mediator a c r o s s  a n  orgar.ic l i q u i d  aembrane . 148 

CF 

CF vcF3 
@ - ieqcF3 - 

cF3 a 3 CF 3 cF3 

TFP@ 

E l e c t r i c a l l y  conductive polymer f i l m s  doped with 1,24i[~-n-propylpyridinium-41- 

2 2 
ethane [TCNQ] 5. and 1 , 2 4 1  [IT-n-propylpyridiniumd e thy lene  [TCMQ] 5 have been 

obtained and t h e i r  use  d i s c u s s e d .  149,150 
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