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THE REACTIVITY OF N-SUBSTITUTED PYRIDINIUM SALTS

Wanda Sliwa
Institute of Chemistry, Pedagogical University, Czestochowa,

Poland

Abstract — Reactions of N-substituted pyridiniuvm salts, along with some

data concerning their properties and spplications are described.

I. IATRODUCTION
The theme of the present paper, a continuation of our former one, dealing with
1
syntheses of N-substituted pyridinium salts is their resctivity. Reactions of
[Pl

pyridinium salts will be presented zccording to following topics :

nucleophilic displacement

cyclization

opxidation

- reduction

- reactions proceeding on the Fesubstituent

reactions proceeding on the ring substituent
Some literature data concerning syntheses, physicochemical properties and appli-

cations of these compounds will be zlso given.

II. REASYIVITY OF PYRIDINIUM SALTS
A. NUCLECPHILIC DISPLACEIFENT PBACTICNS
There azre known numerous reactions of nucleophilic displacement performed on

2-9

.. 1
pyridinivm salts , the folloving one cen serve as an exXsmple.
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Unsymmetrical disrylamines can e nrepared by the nydrolysis of 1 %o pyridinium

betaine 2, whose treatment with thionyl chloride, followed by condensation with

an aniline gives rise to the amide 3 which in the reaction with sodium hydride

11

transfers intramelecularly the 1-aryl group. to the nitrogen of the amide.

Ph Ph 1e SOClz/pyTidine
1
/ T NaOE ag = ’ 2. Ar NHE,
BF
S 4 25%,24n Xy reflux
m fo coOEt Ph '@ coo®
e AT
1 2
aT= P,4-MeC.H,, 4-C1C(H, ax's Ph,4-eC H,, 4-MeOCH,,
4-PHC i,
Ph
YiaK =
in toluene . l 0 - |
reflux, 12 h | . N & -
' Ph g h coc®ra®
N
VRN
3 Ar AT

Conversion of 2-aminopyridines into 2-pyridones invelves the intramolecular

displacement of heterocarylamines in basic medium,

. -
]
OH
Z 08t o R o#°

COOE+

T

R= PR, 4-1-’[&C6ff4
r'= "Bu ,Pn
1= K, 4-Me, S-Me, 6-He

NaOH
————
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Study of the mechanism and kinetics of nucleophilic displacement reactions of

pyridiniums is the topic of numercus papers ; a8 nucleophiles were used piperidi-
13-18 17,18

ne, pyridine, IT,II-d.imethyl’chiou:c'ea;l 7 morpholine18 and nitroalkane

anions. 19,20

Salts of the tﬁe 4 are useful for introduction of xanthyl and thioxanthyl groups

2
into amicles.1

—C
/0 Fh
Ph— C"“-’.-'LE WH H
€10 2

in pyridine O ,
100%, 0.5 1 z

Similar reactions were performed on quinoline analogues.

Z=0,8

Pyridinium salts underzo displacement »eactions by sulphur nucleophiles and by

2-nitropropane am‘_onz.z’23

EtS¥a

En RCH, ST

90-180%C, 1-4 h
| 1®
Sy
Ph ' stie
THa KSON
R in MeCN RCH,,-5-CHi

20°, 12 h

R = Ph, 4-MeC.F,, 4-C1C.H,
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PhSH, agq XOH
— "Bu-5 ~Ph

70%C, 1.5 1
100
Me
~
CH-NO,/ NaH Me
Me" "
c 2 "Bu~g-K0,,
in DMSD e
o]
70°C, 2n ,
! 54%

Transfer of the N-substituent from X~alkyl and W-benzyl-2,4,6-trinhenyloyridinium
cations proved to be a convenient method for the C-alkylation of nitroalkane
anions, there was shown however that the folleowing reactions proceed under milder

conditions, and nitroalkanes are formed in a high yield?d’

Ze
R=Z
Z = CH2N02, CHMeNOZ, C:I-‘IeZ'NO2
R = "Pr, "Bu, CH,Ph, Cg-C, aliy}
= CF,S0
X = BEy OF450;
Among nucleophilic displacement reactions one ought to mention the synthesis of

di-(4-pyridy'1)selenides, carried out with the use of pyridinyl pyridinium sal'tsgs'zs

' R
5] KSeH
1 4
R / R in EtOH N \ Se / \N
o]
' o 70°C — —
~ X
R R

R, R' = H, Me, Et

¥ =0C1, Br
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Acylated cyanohydrines 5 and vetaines € can be obtained by the following

procedures%T
R’ ) 5
- | KCH NN
- ) ]" ..
2, in H,0, 25°C -
5 o1® 2 é R/ H
cua
J 2
o
=
=0 , ]
~g? KON / MaHS0, N
R -
in H,0, 25°C ‘®
R .- -3
R = alkyl, aryl e
1 1e
R' = aryl u03
&

—

A convenient method of intreducing acetonyl and similar groups into quinone

nuclel wbtilizes pyridinium salts? 8

Me Me 0 a
— | Me Me Me Me
1 © + —_—
Me
(’31:[ -C-R He Me 0 CE, -C-R
2 i Q 2 g
0

R = Me, CEt, Ph, 4-NOC.H,

Naphthoquinones react in an analogous manner, The mechanism of the ahove reactions

is glven.

B, CYCLIZATICON REACTICIS

Numerous eyclization reactions of pyridinium salits are known, among whichk 1,3=-dipo-

1lar cycloaddition reactions form a large group and they will be presented at first.

As examples of 1,3-dipolar cycloaddition reactions the following ones ought to de

mentioned,
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Xy ] in CHClE/acetone T
® | MeOCH _CH_OM
4 C(CH}Z or el Hz 5,0t
R =X, Me, Fa, PhCO
o | F,0=CX e
—;“——
Ry R, Y
@7
© CE-C00 “Bu
o r'-c=c-r’
=z Et N -
o
éHgE‘R in CsHs
0 reflux, 4-6 h
2! - coome, COORt
R = 4'0106Hﬁ’ 2-naphthyl

] =
/’% H=C=-Ph

i
0

o]

Me
)s:
G

Me
A

Me
Me
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In the study of 1,5+and 1,6-benzo[h]nephthyridinivm 5(ard 6jphenacylides, their
1,3-dipolar cycloaddition reactions were performed, using ethyl acrylate, acrylo-
nitrile and DNMAD as dipola:rophiles34, for instance

CH,=CH-C0CZt

Bre NEt4

.- in DIIF, C°C, 72 h
o

~ ’ )
® ?Hg'?{'E’h or in “enzsane, <

= Nour
e CHZ—?H-COOJ.. ]
5T NEt;

in DiF, 0%, 12 h
or in benzene, ZOOC, 12 h

CHz'ﬁ'Ph
o} 28%
Similar f,3-dipolaxr cycloaddition reactions of N-ethoxycarbonylmethyl analcgues

of these compounds have bheen alse :i_nvesti.gatet'l.35

Intramolecular 1,3-dipolar eycloaddition reactions of pyridinium methylides give
rise to some pyrido-, azepino~ and azZocino {_-3,4,5-115.] indolizines, for instance 7

can be obtained from 8 having non-activated acetylenic dipolarophiles in the same

molec::ule?6
Ny OB (cn,} c=ci > e
e
| 7 He Al H?.)n
o _
-
et (c}, e 123 e
=3 i

The 1,3-dipolar cycloaddition reactions of pyridinium N-ylides have been also
performed in the two-phase syatem3,7
Double cycloaddition reaction of pyridinium methylides to methylenecyelopropenes,

leading to cage compounds of the new type has been repc:.rtecl?B
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The {3+2] cycloaddition reaction of pyridinium methylides with electron-deficient

olefins proceeds in the following way.3 9

\-'r
@'l’

o 2 = e, Th, 4=ife I

Z = COOl'e, COOEE, 4-10,C.H and otrer
There was observed +that only anti-ylides participate in this reaction. The
stereochemistry of the above processes is discussed.
In the study of pyridinium salts also their e¢yclization reactions which do not
proceed by 1,3-dipolar cycloaddition mechanism have been studied.For instance, 9
was treated with cyclopentadienones to yield bicycloderivatives j the reaction

0
invelves the nucleophiliec addition and subsequent pyridine eliminationf'

Ph Ph
1 S 3
R R R R
~ Bre ©
Z_¢0
I 2
\1;@ 3 -
CHz-E-Ph
g R = Me, Et, Ph
Rl or?.rd.g
1.3
R ,R =H H i = He
RS- m ;R ard e

The following reaction leading to substituted indelizine systems 10 has been

investigatedd.'1
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1. BtONa / B40H
2. EtO-CH:-C[CN)2

== l <@ 3. ZCHzBr R
N
oy
2 CHER S K / OCsz
1® oN
CH_COCEt
2 Z = Ph, PrCso

cy

R =3, Me, Et, Ph

B
1]

€1, Br

Indolizinone derivatives can be obtained in one-pot synthesis by way of a double
Michzel addition to 3-unsubstituted 2{3H)-indolizinones generated in situ from
pyridinium salts. For instance, the intermediate 11 which formed from 12 by

alkali treatment reacted with acrylonitrile and ethyl acrylate to afford 1:2

adducts _ﬂ_ﬂ'z

R
AN, 4O
@X _base _ ZNF or=cmR' AN A
U
y CERR A © 0

L
CchOGEt 1
R'= CM, CCOEt RT

12 a1 12
R = H, Me, Bt, Ph
X =Ci, Br
Methoxycarbonylmethylpyridinium chloride can be converted by treatment with alkyl

amines inte 14, which with chalcore 15 undergoes Michael addition and subsectuent

ring t:losluredi3

Ph-0-CH=CEAT

= R
] CJ_e R‘m’2 Z 5 01
X — 1 EshA )
h W
[® N
CH,_COCMe |®
2 CH -ﬁ-N’I{R
.2
Ty ° i
R=M
e, B%, “Bu, CH,Ph 14 t
AraPh, 4-C1C.H , 4-tieCH,
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Reaction of 16 with agueous alkali, proceeding via open ring intermediate,
44

provides a synthetic method of indolcquinolizine derivatives 17.

&
i |
S
Me ~f COOMe
OAc
= 17
Spiroindoiizines 18 have been obiained in the following way.45
CH2=CH—g-Me n
= o)
| =° EtONa ZY g
x ox 2 §—te
qu® Hyi in EtOHE N
CHZCOOR1 ~Me
0K
18
R = Me, Bt, Ph, 4-C1CH,
R! = alxyl
X .= halo

Investigating N-ylides there was found that the first of the following reactions
proceeds by the ring closure resulting in 19, while the second one gives rise to

stable N-allylides gg546

SHe
=
| st i SMe
S
Me &l
0 x.C DMP
CHZCOODt X, 03, in
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SHe

N

G}

éOO}L‘
Me

In the study of quaternary salts of nicotinamides 22 thers was performed their

cyclization under the influence of bases giving rise to cyclopeptides 23 or 24,

according to the kind of substituents in 22.

. 3
CO-N=CH-
N &102 CONHR
l R*
/

R = CH,Ph, CH,-CH.Cl (0,9

2 275
r' =1, He
2 L
R® = ¥, Me, "Pr, CHPh
R% = E, Me
i =201, 3r

2M KCH

207C
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3
R 0
= \N H
N _= R2
N1
0 3%
el
R
z
SO A
o yE—2f
\ NE
YH o
G/CO_L%
7 R
11
24
for R1 = R3 = H




1-Vinyl ard 1-propenyl-2,4,6 —triphenylpyridinium salts treated with alkali un-

dergo a rearrangement to cage compounds of the type 25 48

Ph
= | G [
=
Ph If@ Eh Th
CH=CHR
25
R = H, Me

Investigating N-allylpyridinium salis there was found, that 26 was treated with
concentrated alkali in ethanolic solution to give 27, while the reaction with

dilute alkali yielded the 6:4 mixture of Z and E propenyl isomers 28 and &2%9

conc. NaQl
in EtCE
20°c, 19 h

™

P 21
TR 1119 Pn

CHZ-CH=CH2
dil. KHaOH o pZ
+
25 in EtCH - MeOH . I \N |
N

20°C, 24 n Ph

o

H By
e
28 29
AN ~ y)
T8
6 H 4
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In the papers concerning qpaternary salts, the other cyclization reactions of

s asos 50-52 . ; -
pyridinium salts , 7 as well as cyclization reactions of pyrimidiniunm ?3

54 55=57

phthalazinium and guinoxalinium salts are also descrihed.

Aimong reactions of pyridinium ylides which do net yield cyclized products, the
following ones will be presented.
The reaction of l-phenyl-3-cxidopyridinium with DMAD instead of the expected 30

afiords 21 , which formed by the orening of the pyridine ring?a

%h
N
Q
200Me
NP Y )
l HeCOC -C2C-C00Me COOMe
e 28
T@ in MeCH COOMe
N . CO00Me
. X

21

The reaction of nonstabilized pyridinium methylide 32 with electren delicient

. 59
olefins results in their hydromethylenation-.

Z-CH=CH~E

cH
07
~ - 208~ )
7 o - Z= COOMe, COOBu z
L
@ cF.50.©
Ny 33 X
@ ®
| (L"I-T ° 4—%
H_SiMe L -
2 3 L | 0 ' o CMZ
R
o 0
32 R= Ph, 4-MeC.H, by
23
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The proposed mechanism, shown on the resction with N-substituted malsinmide, invole
ves as the initiel step the 3+2 cycloaddition reactlon, giving rise to 34 this
undergees the ring opéning to afford the zwititerionic inftermediate 35. The nex

1,2-zroton migration, followed by the elimination of pyridine,yielded 33.

LN ~ ]
s} C %
Jg -
_3_2_ e ———
g e
1%}
& c | o
R
24 23
—— el i@ z
-
o
T
0 0 1t
f
R

In a similar procedure with stabilized@ pyridinium M-methylides, olefins undergo

hydroalicylidenation .02
Z
V
F l ¥
‘Né — 0 0
le o
CHZ R = Me, Ph, 4-NeC,H,

Z = COOMe, FhCO, CW
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Studying pyridinium W-ylides, the reaction of 36 with substifuted cyclopronenimine,

resultin
!
R B
r l
Sy -
, oA
l@
~B8 in HeCH
NC/ \COCEt -
26
R=R'=§

R=H, R =Me

s}
i
=
[
=]

-

|
jas}

+ het

. . - 62
in interral salts 37 , has been performed.

Ph
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-

kTs

net

CH

There was observed that in the presence of 3,5-lutidine, 37b was formed in 68 %

rield, thus confirming the participation of a heterocycle-free

in the reaction mechanism.

C. OXIDATION REACTIONMS

intermediate 38

Oxidation ef 39 with alkaline solution of potassium ferricyanide yields a mixture

of pyrroles 40 and 41. The mechanism of the above reaction lnvolves the formation

of a common Precursor _4&.63’64
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in the case of 43, however, such contraction of heterocaromatic ring dces noi take

place, due to steric and electronic effects of the adjacent benzene moiety, and

the reaction results in guinolone 44. 65

FPh g V3
R :e(uN)s
O e
Li@ Ph
ot
43 44

R = H, Me, Ph
The mechanism involves the splitting off of 2-phenyl substituent from 1,2-dihydro-
intermediate 45. Oxidation of 46 and 47 gives rise to 44, along with 1,2- ard

1,4=benzoquinones, unstable in the alkaline oxidation medium.
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Ch
i)
A E CH o )
P‘n _-ii "
" / ]
e g Et
oH 15
82— OH =
7 Nen c
Et
45 44 -
- i
BT 47 0

In the similar oxidation of 43, the nitrogen atom of the 1-substifuent acts as z nu=-
cleophilic centre of 49, enabling its cyclization To 30, which under deprotonation

gives rise to §_1_,66

=
N o © N CFe{aK) -© -
“4 [ o P [CN)BG 6
o Q N < e Ph
h GH n ) rh ——

=
rh N
] P P Fh reflux, % min, .
. x % x
48 4
Ph - h
o Ph = COPh Z \__cozh
-Fe|CW ¥
(ox)? ) _ S,
\ 7/ o
50
- Ti%
The oxidation of 52 with pesroxomolybdate or peroxotungstate gave cis and trans

. 67,68
Nioxides 53 and 54 in the ratio of 1:14 and 1:15, respectively . T

peroxomolybdate
or
peroxotungstate
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For the introduction of an imino group in Y-alkylpyridinium and quinolinium salts
inel or & positions, their low temperature oxidation with po%tassium permanganate
in liguid ammonia can be used. In the case of bullky HN-substituents, for example

£9-
tertial dbutyl group, 4~iminoproducts are formed 9=

9 0
2 NH2 ~
- | o [ ki | W
) . i HN
I‘*Ee 25 e T
Me
75 - 80%
0 ¥I 0
P | NE, Kno, eru\mg
\He !
.| iy
® 605

Here will be algo mentioned the reaction of pyridinium methylides 535 with czone in

aprotic medium, involving their cleavage to vicinal triketones .72

2 I~ I
Sy S 0
l@ D3 (I@ R——C<
ce | R~ o =0
oat” €= 0 o7 l\o/o\o =% ] C/
& B0y
& R s - Q =0
L J N
22

R, R' = Ph, 4-C10,H,, 4-Me0C H,

D. REDUCTION REACTIONS

The following remctions are examples of reduction leading toi,4-dihydro derivatives.
The reaction of 1-ethoxycarbonylpyridinium chloride with RCu..BF3 provides a conw
venient route of introducing substituents into 4-position of pyridine starting

from pyridine itself. The formed 1,4-dihydrederivative undergoes

—198—
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-
the subsequent oxidation with oxygen to give 4=-substituted p;.':-i_dine.73 7
E R
BF §
RCu.BX_
= ] C1CGORt Z l o® E | _%_ 7
= \N . A rg}m i o
N & -787C [ N
COCET COOEt

R= "Bu, Ph, PROH,

The following reaction leading to 1-substituted 1,4-dihydropyridines

has been perforn.leri.?7-83
Li (tBuO)3A1H
= e CuBr
o = ]
i in 'lo‘m:
|® -23°C N

R = E%, Ph, CHZPh

Selective reduction of 3-carbomoylpyridinium salts mediated by low valent cobalt

complexes gave 1,4-dihydropyridines with high I‘egioselectivi‘cy?4
o™
o MT&-. i
k) I G
N, Me \lgf N He
2 @ \pr | NE,

1] b’

R !

R

R = Pr, Fh, CH2P}1 T= pyridine, piperidine

X = Cl1, Br

In order %o compare the mechanism of nonenzymic formation of 1,4-dihydropyridines

by amines with that of enzymic process, the following reduction was studied in the

investigation of MAD (5) “-ab (B} models.P %8
0 0
& - HOCH, CE,_ N,
l I\..z 2 2 s _ l I 2
e in MeCH / 1,0
A4 20%C, 20 h '
' CH,Ph
CH2Ph in the dark 2

905
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Other examples of reduction resactions leading to 1,4-dihydro derivaiives

2g-91
are reported. E

In numerous reactions 1,2- and 1,6-dihydropyridines are formed, for instance

pyridinium salts 36, which were substituted at 3-position with electron

withdrawing substituents, treated with alcohols under basic conditions to

(%)

in)
=

yield 6-alkoxy-1,5-dinydropyridines.

5°CH
P R tasic mediun
o |
1
R
56
R = CW, Pnco, CONHZ, SOEI\H‘Ie2 and other
2 = Me, 4-FGH, , CH3C H,01, (0,07

% = Me, Bt, Pr, Pr, 'Bu

The following reduction of 57 has been performed
R

NaBH'4

Ac Ac ¢

y o Naz O3

] C104 in ag E+4CH

S a 18

Me le Me 20°C, 20 min.
Me
5T

R = H, 4-Me, 4-Br , 2,3-(Ole),

R
=
"
N
2 |
RQ R1
g3
R
Y Ac
"
Me t Me

The hydrogenation of substituted pyridinium salss depends on the reaction

corditions, for instance, 1-methyl-4-carbamoylpyridinium iodide was treated

with scdium Borohydride in agueous sodium carbonate to give 38, while in

aqueous methanolic sodium hydroxide a significant amount of 59 is also fomed?4
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CONH
NaBH 2

aq Na200

\
L CONH

1@ . 2 CONE,
e NeBH 4 N N
MeCH / ag WaCH + |
§ N
|
Me e

I

28 32

Tetrahydropyridines have been obtained in following reactions.

= =
or = )
2
N N ref, 95

| |
{CH,), COOE+ (car,) coost
n=1-4
S Me
NaBH, B
! ref. 96

Me

R = H, CH

The synthesls of I:t‘en_prodi.l97 is presented as an example of reduction reactions

of pyridinium salts resulting in piperidine derivatives.

NaBH4
HO-@—@-CH-&Q—CHzPh NiCl,. 6 H.O HC@-?H-?H-Nf )-CH,Ph
e S\ in MgOH OH Me
3.2 5-10%, 1 h

Ifenpredil
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Pyridinium salts react with silyl enol ethers to give 1s4=dihydropyridines 60 ,

undergeing subsequent oxidation to 4-(2—oxoalk§'l)pyridmes .98 0
g’ oR3
= 2
/ \ R
. 2 Cle H }12
it |
|® 5
COOR r',2°= H, Me, Et
3 COOR Soom

R2= Me_ 51, %Bu e, 51

3

60

= .
= Bt, CH,CCL;

Analogous reaction was carried out on quinelines to afford mixtures of 1,2= and

1,4-dihydroquinolines,99 and in the case of isoguinoline the 2-oxcalkyl group

was introduced into 1-position 100’101

In a similar manner, using pyridinium, quinolinium or isoquinoliniuvm salts as

starting materials, the unsymmetrical azadiaryls €1 can be obtained .102

= o Z Sille,
2 CL n—<
¥

= H, Me coom;
=0,5 61

Q
3
&=
f34

< I =]

I |

1<Fhenoxycarbonylpyridinium salts add titanium enolates at the 4-position to give
1s4-dihydropyridines, which when heated with sulphur ard P4/C underge aromati-
zation resulting in 4-(2-0xoa1ky]}pyridines 62 ; this reaction proved to be a con-

venient synthetic method for these compounds. As the minor 1,2-dihydro derivative

83 decomposes under reaction conditions, the only product is 62 103,104
R 071 {0~
1. = ( )3
/TN, 0
H R R
1
7 -0 0 , R
@ 2. €108, /THF,-78°C s,Pa/c
X "
i
1 3 1 | n”
R,R'a &, Me, Et | R R
COOPh
63 (7]
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Studying the reactivity of pyridinium salts towards Grignard reagents, in the
reaction of 1-methoxycarbonmylpyridinium chloride with alkyl Grignard reagents
the mixture of 4,2- and 1,4-adducts was obtained, while in the similar reaction

- 0
with alkenyl or alkynyl Grignard Treagents only 1,2-addition took placeB1’1 5

H R
B .
¥ i I R = alkyl
SN | R 1;!
O 01©  RMgBr Co0Me COOMe
e
1?@ in THF
CO0Me X
H b
. R = alkenyl, alkynyl
| R
CO0Me

hddition of Grignard reagents to 1-phenoxycarbonyl salts of 3-halopyridines was
performed in the presence of a catalytic amount of cuprous iodide ‘o yield

1,4~adducts, undergoing subsequent arcmatization to SA-! 06,107

R
PR RMgC1 2 R .
of X
gme 5% Cul I | p=chloranil =
g |
o "prBu ) S
cocpp ~ R=Me,Et,"Pr, 3u goorn
64
X = Cl, Br

Treatment of £5 with Grignard reagents resulted in 66 and 67 which are

5
aromatized by heating with sulphur.08

1 1

H R R
= OCR COCR c COCR
O/Zle rRlygcr 2 | 7] 0R 5 = N\~ COR
1 & Ili x] R N N
CO0Fh CCOPh COQPh
R'=Me,Bu,Ph
55 66 57

R = Me, i?r, tBu
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There exists a deal of Reissert reactions of pyridinium salts, recently revie-
wed .109 The Ffollowing reaction, which proceeds via unstable Reissert intermediates
§_8_5provides a convenient method of direct introduction of ceyanc group into

110 . .
quinolines . ! Isocquinolines behave similarly, giving rise to t-cyanoiscqui-

nolines .,110
R = TsC1, KON R = =
ne” in CH2012/ 1,0 - o -~
25°%, 120 n ' ex
Ts
R = Hp OMe _6__§

The rate constants and equilibrivm constants of the cyanide ion addition to py-

ridinium salts have been r:uaasured:H‘I

E. REACTIONS PROCEEDING ON THE N-SUBSTITUENT
1-Vinylpyridinium salts, readily available from 1—(2-bromoethy))pyridinium bromide
by treatment with alkali, and isolated as perchlorates or tetrafluorchorates add

7,5 and C nucleovhiles in Michael-type reacticns. 12

/
:: | 2 y®

i \.

in AcOH / MeCH |® R
20°c, 14 1 CE¥ 8
335
= =
Q 3,8 MaOH | x© PhSE / KOH =
Sy -10°c, 12h Ny 5 | x®
® l@ 50°C, 14 n \%
CH,CH BT Ca CH,CH,SPh
CH
2 55%
op—COCEY P
2> oot o e
EtONa i X
f
reflux, 16 h cE,cH, cH COOF Y
COCE+t
30%
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Tregtment of 69 with aromatic aldehydes yields aldol 70, wvhich refluxed in

chlorobenzene to afford crotonaldehyde 71 along with isomeric aryl propenyl

]xce‘l:orus.-.lll3
®h Fh
= =~
_ArCHO in chloro
Sy l - | orovenzens CHB-CI-I:C-(:?O + CH,CH=CHw_
Fh te  Fa o5 HE bp |y 3 /C=O
~ - |® oy Ar AT
T2 CH,=CH~CH-CH™
CH 2 70 Ax
; Ph, 2-C1C_H 2-MeC H N Z
CH, . 6lar ETMECGy, 200,
69

In the study of 1-(2-propynyl)pyridinium salts, the following reacticn has been

performed .1 4

n R .
s
L9/ ¢
| I e i
N

in MeCy 1®
E, 3N | 2 ¢1°
?“2 e
III R = NMeZ, 1-pyrrolidinyl CHZ

Treatment of pyridinium and isoquinolinium salts with sodium~bis(trimethylsilyl)a~

mide allows to intrcduce RCC- or ROCO-~ groups in the 2-pesition of these

azaaromatics .“5

RN
=0 1 Do
= RCZ ™ , B'CHO | 019 =
| ~e1 Nar1(s:..~1e3)2 I P /R
A : 7k ,J\ -80°c, in THF L
R,R =0Et,Ph, 0
4-MeC K, - 'cHo
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The mechanism invelves the formation of ylide intermediate 72 .

Cther examples of reamctions proceseding oxn the I-substituent are reported as folleows

= R 1
| B, N=¥H-C NI AN R
X 2 L2 f
R \N ref.116
® rea R
0H2-|C -£h CHE-?=N-NH-C-NH2
Ph S
R=H, Me
&' ==, PhCONHCH, ¥HCO
0
&
—C
RS BN =
S/ l
| 0 @ ref., 117
\ﬂ' EtzN =
CHZ_COOQ in ether ([3 CI
- ¢ cxX
=7, C1 X3 3

¥, REACTIOUS PRCCEEDING CY THE RING SUBSTITUZNT
imong reactions of the ring substituent of pyridinium salts one ought to mention

the following ones.

CHO
Me
N . CH=CH-©-_H-Ie2
X
x
Mie,, ref,118
I@ N/ xe
R |®
R
R = Me, Et, “Pr, "Bu, CH,Ph 1

X =cl, Br, I, C10,
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9
0
X e R
X o? 3 ref.119

o
]®
X
R = H, 10,
R1 = Me, Ph 78
X =1, 010,
Me X X
@}J:ca-bm-//_}( N
= = \=/
° <
i RN\ -oH=CH-tE
|® X = E, C1, Br, OMe, OBt ref,120
R
R = Me, Et

In the investigation of the latter reaction, the influence of substituents in both

substrates on the reaction rate has been discussed.

The kinetics of the following demethoxylation has been investigated ; for this re-

R . . . . 2
action a specific base - general acid (SB—GA) mechanism is suggested 121

CMe
MeC N CN)
| + N =
S H I
P NS Fh =~
! piperidine ® Fh
Me or pyrrolidine l

Me

Pyridine~Z-thiones can be obiained from pyridinium salts 75 by their hydrolysis

and subsequent treatment with sulphur .122

=
| BF e ¥aCH l
Ph r\OCEt in xylere -
140°¢ mo TS
R
ﬁ
R = H, 7h, 4-‘-TeCGH4

R! = Me, Bt, Ph
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The kinetlcs of the substitution reactions of 2-halogenc-¥N-alkylpyridinium salts
; s s . - ; : : 123,124

with aliphatic and aromatic amines has been investigated.

4 great deal of obther rezctions of pyridinium salts has been performed 125131 ;

two following transformations proceeding via ring opening of 1-(2,4~dinitrophe-

nyl} derivatives will be presented here.

= g N-NE-C</ o1
Ny~ ©1 2 gQ

_\
_e@

® .
- 50, NE, ¥9 ref.132
e I
2 Et N demg
in EtOH |
YO
2 a
SO, NH,
D cl
D~~~ 3]
c1® 1. Pmm
NEL S p : 2 DA,
D 2. Bt,Y | c1® ref.133
MO o T
2 g%, 15 min. D 1[¢® D
Th
NO,

ITI, SYNWTHESES, PROPERTIES AND APPLICATICONS COF PYRIDINIUM SALIS
Among synthetic approaches to pyridinium salts one ought to mention a rather un-

common example of guaternization reaction with a2 halogene derivative bearing halo-

gen at the bridgehead positionm134

0 £ po-

180%, 6 n

9T

Pyridinium ylide 78 can be obtained on fwo following routes 133, ana 17 is pre-

pared by the quaternization reaction of pyridine.bs
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© =]
CH
RN s o~ 7
AcCE /pyridi { Ty
L /oyridine N N in pyridine Ry 01
N0 in MeCH ; £ I
H reflux, 2«5 h kﬂ . reflux, 12 h
B 0
987"0 351“"
76

Br

N

The following investigations concerning physicochemical properties of pyridinium

salts have been reported.

Rates of dissociation of the C-N bond in 78 have been obtained by the dynamic

137
s Y
S 01049
o
78

NMR technique.

Compound 79 was reduced polarographically by a one electron transfer not

invelving hydrogen t¢ an unstable radical cation 80 1.38

4 A\ /4 N polarcgraphic
QSQ » 18 _ Teduction —/ / 5 / \

79 80
1,4-Dimethylpyridinyl radical 81 bhas been cbtained by photolysis of its dimex

with a ¥, laser, as the sodium amalgam reduction of 82 afforded the radical un-
dergoing an immedia%te dimerization. Time-resolved E3R spectra of 81 are

139

discussed »
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= [ © laHg A
S - dinmers
IEGB in leCHN By or A
Me
Me
& g

C and H WMR spectra of M-alkylmethylguinolinum salts have been studied ||

and structures of W-methylpyridinium cations were calculated utilizing MINDO/3

procedure .141

42 3

4
IR spectra of 83 ! and the CD study of an optically active detergent 84 14

have been reported.

® Me 4]

1
Z COOCHZCHZNRR = Mo

| [ 2 e

S 2 19 Br

II@ it e

II{1 nc| "

12725
83 -7}

R, R’ = Me, Et

Compounds _'12”8 and 14_119 as well as 85 and 5_3_6_144 show antibacterial properties.
L l N |
S ° N 9
® Me If@
Me
::1 8

Reviewing applications of pyridinium salts one ought to mention their use as con~

densing agents, for example,2-flucro-1-methylpyridinium tosylate is utilized in

M'S, and 2-chloro-1-methylpyridinium iocdide in

the construction of B-lactam skeleton .146

the synthesis of «-ribonmucleosides

NepAlkyl-4d=dialkylaminopyridinum salts were found to be effective phase transfer

catalysts, up to 100 times more stable than tetrabutylammoniun bromide .147
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The redox tenaviour of methylviologen radical cation MyTe incerporated into a
hydrophobic organic phase by lipophilic anions was siudied. vt incorporated
with TFTR" can easily itransfer the electron t¢ an acceptor at the interface

between the orgenic and agueous phases, and is an efficient catalytic electron

mediator agcross an organic liquid rembrane .148

MeN/ \ / \gb'[e %e

3 3
I&NZG;

TFPES
Electrically conductive polymer films doped with 1,2-di[N-n—propylpyridinium—tt]-

ethane [TCNQ] % and 1,z-di[N-n-propylpyridinium-zlzl ethylene [TCNQ] 2 have been

5
obtained and their use discussed .149'150
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