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Abgtract - Syntheses, physicochemical and bilological properties
of N-gubstituted pyridinium salts, as well as their applications

are described.

I, INTROINUCTION

The present paper, & continuation of our research concerning cycloaddition reactions

1-7

of benzolh]lnaphthyridines deals with Ne-substituted pyridinium salts and their ana-

iogues; Ne~aminopyridiniums, precursors of N-iminoylides, used in c¢ycloaddition reac-

tions are not described here> '3,

Pyridinium salts, interesting for their reactivity, blolegical properties and applice~

ticns, are compounds of great importance.

Among reactions of pyridinium salts one ought to mention their nucleophilic substitu-
tion with amines; numerous publications deal with kinetic measurements and mechanism

elucidation of these reactions, along with the study of pyridine ring-aubstituents’

14-16

influence on its effectiveneps as the leaving group + Pyridinium salts are syn-

thons of pyridinium N-methylides used in dipolar cycloaddition reactions17-19

20-35

+ As the
material concerning the reactivity of pyridinium salts is very large s this topie
is not included here.

In the present work the syntheses of pyridinium salts and their physicochemical pro-

perties, along with their applications are presented.
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II. SYNTHESES

Synthetic approaches for pyridinium galts, described in recent publications can be

divided into:

As Quaternization reactions of pyridines with organic halides, and related reactions.
B, Reactions of pyrylium saltse with primary amines.

C. Other synthesea.

A, QUATERNIZATION REACTIONS OF PYRIDINES WITH ORGANIC HALIDES, AND RELATED REACTIONS

N-Vinylpyridinium salts, interesting as polymer components can be cbtained by two

6
procedures? i37
Br01120}120H R 1. S(J(}l2
o
N I Bx@ 2.NaQH
R in MeCN =y R
P refiux
(ll‘HchaOH =
) — : — (]
¥ H,,CH,Br Sg oo
BrCH,CH, — NaOH I\ Br
=
in DtOH N ‘ B =
reflux {:
H,CH, Br

R = H, Me, Ph, NMe,

In the study of vinylpyridinium salts, their derivatives ] have been prepared in the

reaction proceeding via an addition~-elimination mechanismSB:

R
BrCH=CH ﬂﬁo
/ o = 03
N —
1 B

2
O
R = H, Me

S0 far, few N-twalkylpyridinium salts are known; examples of them are 2, obtained

from pyridine and corresponding alkyl bromide in ihe presence of silver perchlorate
RBr
F Agc1o, Z
| > ®

2

XN :l.:)1c'l‘c"laliTO2 Cl()h

t 2
R= Bw, Me,CFh, l-adamantyl

2
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By quaternization of appropriately substituted pyridines, }. and 4 have been synthe-

ﬂzﬁm. OMe
'
|
N oMa ©
e ~
Me - | I@
3 AN
The following reaction leads to pyridinijum salt 5, which was reduced to give so far
unknown 1,2-dihydropyridine § 41.
1.Me 50 Ph
Fh ihad- Rl "
Ac Ac Ac Ac
Ao A~ 2.mcio, # NaBl
| —_— > | c19,0 — | H
~ 100%, 6 b Me ~ X Mo in EtOH Me M
Me N Me ® ?J ©
Me

Ma

o

3

Quaternization reactions of pyridinium-2-aldoxime with bromomethylated arcmaticsg

yield pyridinium salts T and 8 which undergo Friedel - Crafts cyclization to azonia

compounds A 43 = H=NCH
(en,) S |N OMe
BrC : : ~ CHZBr [ BrCHz OMe
n=1=-8 lﬁ TMF in DMF 1
20°C, 1 week 40°c, 18n
’ and 65°C. 1h OMe
NOH NOH
OMe
- 0 H(j " ()
N 3 |
® ® N
z @ 8
o 92%
—NEL OH HBr 105°c
2 reflux, 1 b cooling to 5°C| HBr
in 5 min
-H,NoH OMe
7 x {en, ), S | N OMe
|
N A =X # 7 =
@® )
= .
<}
28r é Br®
45%
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Pyridinium salts J containing o -D=xylopyranose and ot-D-glucepyranocse systems were

obtained and theilr hydrolysis mechanism has been discussed44.

R
O
=
N e . @
= ' Br AcO o
N DAe N AcQ Br@
i OAc

9 R=H; D-xylo
= R=CH20Ac; D=gluco

The following quaternization reaction of 4=-benzoylpyridine was performed45.
&0
Fh
=
0 Me =CH - ¢ H | O
~Fh 1l 2N
Br o \
& > Me~-CH - oK
~ | in dioxane, 90°C, 2h 0
N

99,5%

Similar reaction carried out with isoquinoline leads to {0, which undergoes cycliza-

tion with ammonium mcetate in the presence of Fe(?Iﬂ chloride to give bioclogically

active 1_146 .

R-CH~C=Ax l =
u AcONH
i y Br 0O | RN Feo1 N o
P PN \g_j?iar

A J

® CH-R
R = H, Me Br C=0
1
Axrs= Ph, substituted Ph 10 Ax 1

Quaternization of (E)-hydroxystilbazoles with halocarboxylic acide results in (£)-n-

carboxyalkylated hydroxystilbazolium halidea47:

c
Q c R- CH
|
h S,

i
W

() X COOH H
HR
|
COOH

R = H, Me

X =1cCl, Br
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An attention has been paid to quaternization of nicotine. In the following reaction

of nicotine only the pyridine N atom undergoes quen:erniz.sn;ion.'!‘B’LFg

= zZX —
\N Me \N XG)
'3

Z = alkyl, CH,COOEt
X =Br, I

4 i
Salte quaternized at the pyrrolidine ¥ atom are accessible by dealkylation of W,N-
dialkylnicetinium compounds,

For instance, the reaction of ]2 with ethyl iodide gives rise to 13, which i3 dealky-
lated by treatment with triphenylphosphine to the desired N'-alkylated product5°.

Ph P
I Me’N $e &oowr
re.t‘lux
@
CH B
13 87,1%
99,1%

Quaternization of 3,3 -oxybispyridine, obtained in one-step procedure by treatment

of 3-bromopyridine with 3-hydroxypyridine,yields 3_1_51
RI
ret‘lu.x,
R = Me,

Reaction of pyridine with tetrachlorocyclopropene (TCC) offers a new, rather unex-

pected approach to indolizines, When pyridine was treated with TCC in methylene

chloride, two products, 15 and 16, were ;‘ormedsz.
Ci €1 o '
~ A S .
G e+ UdD
> inCH CJ.
N °c T Vs —_ [ L —
a 2006 c1 10
15 16
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The mechanism of this reaction involves a sequential addition of pyridine to TCC to
form tris pyridinium cyclopropyl anion 17, undergoing electrocyclic ring opening
leading to pyridinium N-allylide 18; the subseguent eleatrocyclic ring closure of

18 yields indolizines 15 and 36.

Py Py
7 TCC
| — e — [
= 201 ©
Py 2c1 ©
cL a
A7 18
A3 + 16

However, pyridipes with electron-withdrawing groups, as well as azaaromatlcs with

electron-deficient nitrogen atoms do not form indolizines, instead of only the cor-

52
responding quaternary salts could be obtained” .
o
A cCH
P CHO TCC |
| —> S «©
- A
a Cl
Sy e = | =
_—>
v o L
N [»3
c1®
c1 Ccl
Similar reaction leading to indolizine system was carried out on 4—(dimethylamino)-
pyridine53.
The sgquaric acid derivatives can be synthesized in the following procedure54.
Cc1
a
R c1 / 4] b
7 | ____._0_..._% Q o
N

R = Me, CN, NMe,, CONH,
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Analogous reactions were performed using dimethylpyridines or guinoline and isoquino-
noline as starting materials.

Quaternization reactions are used for isolation of lgequinoline, contained in tar ba-
se. For example, isogquinelinium salts 19 were prepared by treatment of tar base
containing isoquinoline, quinoline, 2-methylquinoline etc. with appropriate alkyl
salts at 100 ~ 200% 27,

R
| xe
N
E: C1_20 alkyl
19 A= halag, sulfate, arylsulfonate

Among pyridinium salis one ought to mention 20 obtained by gquaternizetion of 4-phe-
nylpyrimidine. Compounds 20 are precursors of ylides, undergoing cycloaddition re~-

actione, e. g with DMAIPG.

COOEL
|
Ph CHBr P Fh
I
. Z P
Ay COOES
| —_— —_— |
s ) Sy, S Sy
N I Br f e
: ~CX
E£00C ”CH\\'coomt Etooc Coont
32 DMAD
in MeCN
™
Me00C |
N )
Me00C " ~(OOLt
57

Similar quaternization reactions were performed on substituted quinazolines” s
A speclal interest deserve 4,4-bipyridinium salts (viologens) having in view their
electrochromism and development of a new electronic display technology. Viclogens
are investigated in the field of synthetic organic metalss8, ag well as electron

mediators for solar energy conversion system559-61; compounde of this itype sre used
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also as herbicides, en example is paraquat§2

Me —®/ A 2 —Me 2016

Many publicatlione deal with the syntheses of viologen derivatives,

N,§' -Disubstituted salis were prepared in the following proceduree.

ClCH COOH

N/ \ / \“ R”Br
' R= i, Me, It ‘
\ . / 3

PhCH

R = =
2019 21 b. R = Me; R'= PhCH?
c. R = Me; R = —M966H4032
ref.63 ref.64

An example of the synthesis of diquaternary salt bearing different N—substituents
is the reaction of 4,4-bipyridine with methyl chloroacetate, giving rise to 22,
The subsequent treatument of 22 with chlorcacetic acid ylelds 23, which hydrolyzed

to 2427,
7 3 C1CH,CO0Me Y
¥ / N . > H_cooMe
— — n DMF - CgH. — — 2
80-90°c, 6 h 22 c1®
94%
C1CH,COOH
in nﬁF -~-EtOH
70-80°C, 7 h
7 ON_ /N 7 N\ 4/ N
- —CH,_COOH = CH,COO0Me
Me —N . . o 50_95 Me™ .
S
:ch.e 2c1
24 23
90% B6%

Cémpounds containing two 4,4 -bipyridiniun moieties linked via ortho- or meta-xyle-

ne bridges can be easily prepared in the following way (ror owxylene bridged sys-
tam)66=
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P

_ . in H20

hBr®

Studying viologen derivatives, two quaternisation reactions of 26 were examinedsT:

H2NCH20H2‘Br D_@ m
N in Pr(JH

reflux reflux

Me

68% M
@ e
1 & -fem,) 4-00C
= =
Z = . ] X |
N N

In investigations of quaternization reactions, almo those of polycyclic szaaromatics

were performed, e. g. 2168 and ggsg have been obtained in this way.

CﬂacﬂzCOOH

= Ry B
]
l}' N \/é\n IO

Me 27 J:[ Me

o)

R = Me, Et 28
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Exemples of 1,5- and 1,6~ benzo]h]naphthyridinium salts are 29 and 30 70.

= CHaﬁ-Ph, CHZCOOE’G
0
In these reactions the N1 atoms in both isomeric compounds do not underge quaterni-

zation, this fact being due to steric hindrance.

Algo the vioclogen analogues }_1_64 and 271 were prepared by quaternization reactions.

21

Among reactions related to simple gquaternization, the following ones will be descri-

bed.
Pyridine - bromine complex treated with methyl methacrylate yields 33 and l{,while

with acrylonitrile 35 and 36 are fomed72.

&
P = z | ©

| Bro [ B& I B Br
2 L S \N
N& Br E N
1o I | O |
CH,-G-COOMe BrCH,~C~COOMe CH,CH~CN BrCH,,~CH-CN
Me Me
33 34 33 36
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Pyridinium iocdide 37 could be synthesized in the Ortoleva - King reaction of 2-ace-

tyl~6nbrom0pyridine73.

G

3 ol Q on.

= Br N C/ 2~ J—
g az 1Q

Viologen di-ylides 38 have been prepared by catalytic cleavage of phenyliodonium

compounds of 1,3-diketones in the presencé of 4,4 ~dipyridyl, using cupric acetyl-

acetonate as a catalyst74.

in benzene,
reflux, 2 h

Treatment of pyridine with thionyl chloride gives 39, which in the substitution rea-

ction with IMF yields 4-dimethylaminopyridine, an efficient acetylation catalystTS.

_0
H-C~
Z N Me N.M62
\ l N{\
=
7 | S0C1, 2c10 Me ]
- ks-50%c = 180-190°¢C Ny
-
1
H
33
50%

K-Cetylpyridinium chloride can be aynthesized reacting cetyl alcohol with thionyl
chloride in pyridine76.
The reaction of benzyl alcohols with toluenesulfonyl chloride carried out in pyridi-

7
ne gave, instead of the expected tosylates, N-benzylpyridinium aalts7 :
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——H—> @— CHy o\ o
Me S
R N 0
\ CH OH + + Fei'l
2 ux, 4 h M
— P o
80201 X | o I
1;1 HEL0,, 1}‘
—
cH, © CH,

&
ci ao,
R= 4-MeO, 4-Br, 4-NOG, and other
2 R R

8
Another example of the synthesis of pyridinium salts ip as Iollows? :
_ - CH,CO0Me
o1, Be =
/ =0 F CIL,C00Me f
| c1 | 1@ 2 \N&)
= X C >
N in gHzclz N in CH,CL, !::o 1@
-20"c, 40 min ! -20%C, 4 p |
CL,C\\O o
... i Meo-b-_-CH

2

Perfiucroalkylpyridiniur salts of the type 40

dure79.

can be gbtained in the following prmce-

CH,_,=CH-CH=CH,

~
| 4 Ph)CFSSOSé | &
Sy in cH,C1, i % CF4504
¢ H,~CH=CH~CH,R
Rz perfluorocalkyl 40
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An example of pyridine ring opening of 2,7-diszabisphenylene is its reaction with
thiophosgene and barium carbonate in a two-phase water-dichloromethane systemﬁo The
initially formed quaternary salt 41 undergoes a nucleophilic attack of hydroxide ion
to give 42, isomerizing to 43.

The reaction is interesting, because mucleophilic attack of hydroxide ion on diaza-

8
bigphenylenes usually opens the cyclobutane ring to form pyridyl-pyridones 1.

CcsclL = s
| R = | Cuzcl ' i Cl@
n
e I 2bLa Ny
% Baco,, H,0 g\csm
0°c u
lon@
CHO
= = = ~~CHO
| o A T——— [
N - %, -NCS N, = %~ NCS
43 uz
60%

. 8
Aldehydes treated with acyl chlorides in pyridine yield pyridinium salts 44 2.

1 20 2 =0 z |
+ R -C + R -C —
o - 20°C - 6
H c1 ' c1
=
0
) - 0O
c
R's alkyl, aryl ~ 5
R
2
Rz aryl Iy
75=-90%
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B. REACTIONS OF PYRYLIUM SALTS WITH PRIMARY AMINES
Pyrylium salts are very important synthona of pyridiniums and a considerable number

of these compounds has been obitained on this route.

Reaction of & pyrylium ion with an amine initially forms a 24 - pyran, whose ring

sponteneocusly opens to give divinylogous amide 45; however, in the case of steri-
cally crowded pyryliums, the 24 -pyrans could be detected by 130 NMR spectroscopy.

The kinmetic studies of pyridinium ion formation in orgenic solvents confirm the fol-

lowing reaction mechaniam83=

Axr Ar Ar Ar
= RNH, = e N
\ — l —> Lwmm —
e
Ar 0 Ar Ar © Ar Ar Ar Ar. =z
@ T
H ]
Examples of pyridiniums obtained from pyrylium saltis are:
Ph Ph
— ! ==
“ | BF, ©
Fh & Ar Ph \N 4
Ar =1pr, %Bu, PhCH,, 2 = *pr, ®Bu, oyoloalkyl c, ¢
2y 5-Me 06ty ref. 85
k-NOzcéﬂh
1~naphthyl
R-naphthyl
ref. 84

Compounds 46 were prepared using pyrylium salts, however the synthesis of ring un-
substituted pyridinium salts 47 was accomplished via Zincke - K¥nig procedure,

from N-(?.,4-d1nitropheny-])pyridinium chlorides as starting materials, having in view

the dangerous handling of pyrylium perchloratesas'av.

R
= o =
o Sr:
R l R b{
Ar a6 A A7
R = Me, Ph

Ar= Ph, 3-F CcHy, 4-F CcH,, 4=NH,C H,
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88

The following N-allylpyridinium salts ¢an be prepared from appropriate pyryliums  :

R
= | Q
BF
NN A 1 “
|
CH,~CH=CH,
R = Me, Ph r' =

Fh

]
BF,
A

i A
Pr N
&Hz-cnzcuz
Ph, COOEt

COOEt

= @
BF
- b
Fh

Hz =CH=CH >

When 2,4,6~triphenylpyrylium undergoee reaction with«-or T-methylallylamine, corres—

ponding 48 and 49 are formed; the thermal rearrangement of these products was obser-

vedag.

CH2=CH-(I:H-NH2

Me

Me-CH:CH—'Tllilal‘Tﬂ2

v

Fh
a
| 8]
_CH._ BF,,
Me CH L8
f
CH
2
100°c
ih
Fh
o o
9 o
ey
CH,-CH 49
n
CHMea

On the contrary, tricyclopyrylium 50 gives with both methylallylamines 51 .

CH =CH-CE-N32
|

Me

2

or
Me~-CH=CH~CH,NH

8 2

Fh
=

I

o
394(3
CH2
.
1
CHMe

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 52 into 31 in-

89

volves an intermediate 53 leading to 51 by a process analogous to ifon return ~,
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CH,=CH-CH~NH, [

-
Me N FPh
o S _—}
= - ch Br, &
/N H
Me CH

1t J

L CH?. L -
52 a3

In order to synthesize pyridiniums N-substituted by heterocyclic system, pyrylium

salte have been treated with appropriate primary heterocyclic amines; on this way

0,9
the following compounds were pneparedg 3 H
R2
y o R', R?, RI = Me, Fn
| X = C10, , CF3503
RY NG R3
i Ar = 2-thiazolyl
Ar S=Me-Juisoxazolyl
2=-banzothiazolyl
2«-benzimidazolyl

2=pyridyl and other

Reaction of pyrylium salts with & -aminoacids gives rise to alkyl-substituted N-me-

thylpyridiniums via the spontaneous decarboxylaetion of initial products 5&.92'93

Fn R-CHOOOH o
7 | N, 7 |
Ph Y 0§ “Ph ” ; PnNg
1
c:u)@ R=Me, Et, Pr,PnCH, R-CH~COOH CH, O
i y © e,

4
On the other hand, analogous reactions with lysine and glycylglycine occur without

decomposition, and the formed 55 and 56 can serve as models for amino-residues in

92,93
proteins and polypeptides .
Ph Ph
]
| ©
c10 2
N b PR N
| ) | ©
(cH, ~CH-COOH cnz-ﬁ-m-cuzcoo
NH,
55 56
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On this way also the following compounds have been synthaaized94.
1
R R
= | o = |
@ ASydg! C10y; R AN 2 €10, ©
| d
R
(cH,), cooR H,CH,Z

1.2
R,R' = Me,Et, Pn R,R',R? = Me, Ph

R? = H, Bt Z = NEt,, Ac, CF4CO,
n=1,2,3,5 4-MeC¢H, SO, and other
Among pyridinium salts carboxy- or carboethyxy-ring substituted one ocught to men-
tion 57 and 2§14.95—98.
C COB Fh
= =
l © l
= X e
Ph N Ph Fh N COOEL
1 Rt x&
R = Me, “Pr, Bu, Ph, PhCH, R=Ph, U-MeC.H,, 4~C1C.H,
X = C10,, BF, 4-MeOCH, , h=N0,C.H,
a-pyrigy&
f-Me-pyridyl
57 38
Pyridinium N~-phenoxide betaines 59 have been formed in the reaction of pyrylium salts
and amipophenols, followed by deprotonation with bases 99’100.
R R
NH2 NaOAc &
/ in EtOH I
————————
l + 1 reflux, 5 h R. \N R
N 1 R' =H,O
R R 2 ©
H 610,4
c1o,
r' r!
o aONa
in EtoH
R reflux
a: R = 4-C1C.H,, R'=Ph
5 67 T =
== 1._t
b: R = R'= “Bu-cH, l
R
r} r!
o2
29
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In a series of papers, the influence of pyrylium ion structure on the rate of pyridi-

piun ion formation is studied. The eim of these investigations is to develop & me-
thod for the selective transformation of primary amino groups present in water-so-
luble natural produets such as polypeptides.

As & model of natural products containing primary amino groups, lysine, reacting with
its Weamino group is chosen83.

Reactions were performed in aqueous solutions, using the water-soluble pyrylium iom £Q,
whiok was aonverted into pyridiniume 61 by an addition of acidic solutions of 60 to
anine vuffers,

Kinetic rate constents are described for reactions with lysine and compared with those

for reactions with other primary amines such as n-butylamine, benzylamine or aniline,
OMe OMe

RNH

2
—
in H,0
25%, 15 n
H
R: * (CH,) ,CH(NH)COOH <  PnCH,
» “bBu d Fh

In contrast to the above primary amines, sec~butylamine reacts to give the 24-py-

oM
ran Ec e

The mechanism of these reactions, performed in agqueous solution is shown as follows:
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Ar Ar
©
OH =
Ar - AT
Ar Ar 0 b ol

65
=
N o o
-
Ar o r
Ar A Ar

r
RNH R = =
2 NHR
e O lme )
Ar 0~ TAr A V] Ax AT 1? Ar
D H® R

c4 b5 66

Pyrylium forms with hydroxide ion as well as with primary amines 24 —pyrans 63 and
64, undergoing a spontaneous ring opening to yield a pseudobase 65 or a divinylogous
amide 45, respectively. Oyclization of 45, formed also in the reaction of £5 with
emine, leads to 65,

Unexpectedly, less nucleophilic aniline reacts faster than aliphatic amines with pyry-
lium ions; the pyridinium salt was formed rapidly and no divinylogous amide could be
detected. This observation can be explained by the fact, that the conjugation of the

aromatic ring with the open chain should favour a higher concentration of the imino-

enol tautomer 67, which rapldly undergoes electrocyclizationa3

Ax Axr AT Ar
P S e —s | = — |
Ar o E Ar AT cH Ar A7 SNE ar

In the study of these reactions, also Other water soluble pyrylium salts were used,

*
leading to the following pyridinium betaines o ':
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R= "BR, PnCH,, (CH, ),-CH(NH,)COOH

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

teins containing 30 and 14 residues of lysine, as well as aminoglycoside antibio-
o
ties, kanamycin and neonwcinj 2

By reaction of pyrylium salte with amines, bispyridinium compounds 68, 69 and 70,

ag well ap trispyridinium 71 have been prepared,

Ph Ph
A Y
R 4 NACH,) — ¥ A R
— — e ref,103
h Ph 2C10,
68

R= 2-Me0C.H, , 2,:-(1460)2(2653, “'“‘3“06“4
R

R R,R',R%= Me, PR

Z= NH, Nn(cuz}zun

X= €10y, HO,5~CH,-CO
FeCl,, , B, ,A1C1
L‘_ ¥ ?
® 4 L
ref,104
i

R =Me, Ph

Z=bond, (CH, | ,» CHFh, NH

R=H, OMe
ref,.10%

ref o 05
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In the same procedure the following polycyclic pyridinium salts have been synthesized:

Ph
Z S
- | CF4504
Ph
R R = Ph, uquecéﬂu, 3=MeCH, , 4-0106114 and other
ref, 106
Ph
| X «© r' =%, m
n
ot R = "Bu, CH,CMe,, PhCH,
‘ ) X = €1, Bry C10;, BF), CF,S0, sto.
R
refs.107-109
cF3303@ Ra Ph, PhCH,, Cg_g alkyl

(L&
SN

refs.109,110

Q A ©
| CF.,S0 R=%Bu, Ph

Z = NH, S
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C. OTHER SYNTHESES

Among other synthetic approaches to pyridinium salts one cught to describe the Zincke-
- Konig procedure, i, e. nucleophilic displacement of N-gubstituent in N-(E,h-dinitro-

phenyl) pyridinium salts. On this way &ZSG and 2113 have been obtained,

o CH,NH, 0
= < = C‘Nﬂc H
NHC | H, | 12725
2 N
H_NH I
2
No, cmh@ > CH,
72
0
2 ®
Hp NH,

Similar to the above reactions is the following one:

Ph Ph
g © Tk 4 °©
% BFy, —_—> 3 BFy
Ph
NG Fh l\lf
he R

This procedure is useful, having in view the fact that the conversion of pyrylium
salte into pyridiniumes ususlly requires the presence of 2,6-substituents, what is

here not the caae114'115.

For the synthesis of 2~alkylthio-substituted pyrydinium salts can serve the S—-alkyla-

116=
tion of pyridine-2-thiones 16-118
Ph Ph
| SN PhCH, Br e
_—>
o
Ph N s Fh N SCH,Ph

[ I

cnz ?Hz Bre
R R

— 1534 —



HETEROCYCLES, Vol. 23, No. 6, 1985

x(en,), £ ]
2'n ‘% 01@
S P 7
NS ® (cH,) |

/

§=
| x \ ©
R

R = alkyl, Ph, PhCH, 3

R1,R%:z H,0H, halo, alkyl, hydroxyalkyl and other

n=1=6
X = a pharmaceutically acceptable anion
ref.119

Reaction of azaaromatice with 1,3-propanesultone affords in a simple procedure pyri-

dinium zwitterionic compounds , e. g.soz

0
(Tk’mz o Ay,
\N\ .

2
,—_H
in MeOH N S04 ©
20°C, 8h
63%
60,120
In a similar manner there were prepared J4 - 17 .

7N/ N _
&
¥

MeO i hs o 76
N@) SO3
i3
Treating 1,4-dihydropyridines 78 with tetrafluoroboric acid one can easily obtain
: 12
1-acylpyridinium salts 79, useful acylating agents of carbonyl compoundsg 1.
Fh H
CHaPh
HEBF), >
1| —_ 5 ; )
& {
R” o r-® %o
R= Me,lPr
8 il
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Very little known pyridinium ylides bearing two formyl groups at the ylide carbon atom

were synthesized in the following way122.

1. DMP-POCL 5, 80°c,5 h

4 2. EtOH, HC1O) 7 | on © - 1
| > K — N
> s " 0 .
' o Cy 2 C19;, c
CHa000 ﬁ{ (IJH ofio ano
N@e2 NMe,

Reaction of {-cyanomethylpyridinium selis with isocyanates yields pyridinium be-

taines §_O_123¢

EtN=C=S e |
7 Et,N R Sy
e I Cle in acetone - CN
| 20%, 3n j(
CH,CN
2 EtNH s®

80

Studying nonstabilized pyridinium methylides 81, their precursors, i.e. pyridinium
triflates 82 have been synthesized, Heating 82 with cesium fluoride liberated 81,

trapped in the cycloaddition reaction with pmap 1244125

R
R R
/ Me ;S4=CH, OTf P CaF &
‘ > | Core —> |
- .
2 in CH,C1 N N
° 22 J}H o
20°C,1 n zj:ﬂzsmue3 2
8 81
DMAD
=H, 2-Me, 4-CN, 3-CF,
CO0Ma
OTf = CF,50, 7
o
R COOMe
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Quinoline and iscquinoline reacted in a similar manner.

2-Aninopyridinium dinitromethylidea can be prepared in a simple procedure, involving
ring cleavage of the readily avallable imidago [1,2-a] pyridines upon nitration.
Nitration of 8% gives rise to 84 inetead of the expected §5. Analogoua reaction of

86 leads to §7, formed also by methylation of 84.

f
G T ey
(;16 H NG, 51%

Me & 2
| r
AN E HNO4/Hp80y 3
3] 7] i N
s N\)’ 2% S \'éﬂoz
@ @ ®
86 87 No,

The proposed mechanism involves mono- and lpso-nitration of 83 followed by the ope-

ning of the five-membered ring of 88 and deearboxylation1 26,127
H
| ( l
N X
/I = I N, OF nitration /i 0 nitration
— Bevoduinlachinba:§ —_— >
x &\):0 = NS X &‘&o
® g 2
H
|
N H,0
— ! co, > 8
T & a2
NO,
88 NO,

Reaction of 3-acetylpyridine with indcle derivative 89 leads to the pyridinium salt
80, along with ite resrrangement product 31.
Analogous reactions were performed using 3-methyl- and 3-ethylpyridines as starting

128
COOMe
Sut e
]lv O0M

materials M

UAO M‘.8“20‘1‘3 . — o .
50°C, 16 h - ,N®
vl ¥ L‘i
= -]
99
20 1:1 N
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Pyridine and guineline react smoothly with xanthyl or thicxanthyl perchlorates te
give quaternary msalts, useful for the introduction of these heteroccyclic groups

into amines129.

2
> (]
) ,
“ LT
Z =0,8
z

N-Dodecylacridinium chloride, applicable as HADKmedel, can be obtained by oxida-

tion of N-dodecylacridan'>®,

ITI., PHYSICOCHEMICAL FROPERTIES

Temperature - variable 1H NMR spectra of the following pyridinium salis were inter-

preted in terms of restricted rotation131.

Ph Ph
=~ | e = l BF ©
BE
4 = L
\ﬁv lpr ‘er F® e
R R = Me,Et,Pr, ipr R

The conformational anelysis of § was performed, using 1H NME spectra44.

The study of H NMR spectra of 59b in agueous solutions of surfactants affords in-
formation on the orientation of these molecules in the interface region micelle/so-
1ution99.

1H NMA spectroscopy and FABR mass-spectrometry were used in the determination of the

structure of phanes 3255.

The 1H, 130 and 19F NMR spectra of 46 and 47 have been diseussed, along with the

determination of Hammett and Taft o values for pyridinium, 2,4,6~trimethyl- and

2,4,6=triphenylpyridinium substituentsaso
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15N-enriched nitric

acid was described and conformation of such pyridinium ylides discussed!26

15N NME spectrum of [I1S NOz)a] ~84 , obtained with the use of

Studying flavosemiquinone model systems, there was performed reduction of 1-alkyl-

pyrazinium iodides in acidic medium, leading to 4-hydro-i«alkylpyrazinium radical

cations, which were identified by high resolution esr spectra!32
B H
I'p l!l® + ae ~1f 1
—_— .
| -— [/ | R /‘él R=Me,Et,Pr, PF
\N - 11&) = "
! N E
R &
The esr and ENDOR sprectira of radical cations derived from 4,4 -~dimethyl- and
4,4' ~diphenylbipyridinium chlorides have been discussed".33
Among 13C KM¥R spectroscopy studies of pyridiniums one ought to menticn those of

the following chpOunds101'134:

n Ac |

f@ N{)2
CII2Ph

R =H,Me,Et,Pr

R=H,Me,Et, Pr R:Me,'“au,Phcn2

In the iavestigations of electrochemical reduction of pyridinium salts, there was
found that 92 form 7-radicals, which are stable in DMF on the time scale of eyeclic

voltammetry, while the corresponding 1-benzyl and allyl derivatives undergo C - N

bond cleavage at the rates dependent on the size of 2,6—substituents135.

BFJS R = Me,Et,Ph
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Studying N-decylpyridinium compounds, complexes of 3=hydroxy-N-decylpyridinium

chioride with Cu{I)iona were formed and investigated by potentiometric methods'>°,

The application of pyridinium Ne-phenoxide betaines of the type 59b for the cha-

racterization of solvent polarities is discussed?oo

Quantum yield measurements were performed for the trans - cis photoisomerization of

the following azastilbene quaternary salts‘! 37

N/ B

- Ma
R = N02, CN I@

Structures of a series of alkyl-substituted N-methylpyridinium cations were cal-
culated using MINDO / 3 gelf~consistent-field procedures, and the effects of alkyl
substituents on aromatlc ring bond angles and bond lenghts have been discussed"sa.

Electronic spectra of viologen derivatives j_g'n and 274 have been described.

In the investigation of equilibrium between 93, its isomer 94, and the ionic

1
form 35, the ir spectroscopy has been applicated 59.

N
N/ N o
oy S

25

The polarographic reduction of 3151 and of 9§140

was studled, and in the latter
case solvent and subatituent effects on the polarographic characteristics have be-

en discuseed.

~_CN
|
¥
da X = H,F,Cl,Mo,0Me,CN,NO, and other
2
96
X
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A ppecial attention deserve pyridinium - TCNQ ealts; there was observed & high con-

‘ w e
ductivity of ( 4»‘3-bipyridiniun) (TCHQ 2

salt [1,2-bis-(1-etnyl-a,-pyridiniun)athan{[w (Tcanf(ﬂzo), i.e. (TEPA (Tcuoj4(520) exhi-

also there was found that the complex

8
bits the low temperature metallie properties?
Having in view their interesting conductivity properties, the crystal structures of
. . 2@ 25
[1,1' -b:l.s-( p-cyanophenyl)-#,a% -bipyridinium] ('I'CNQ) 4 and of [N-( n—butyl) =-gquinoli-

n:‘m.m]Q (TCHQ)G2 were investigated, 38,141

Among crystal structure determinations one ought to mention also those of §9123
ant of 97",
=
| X=F Cl1
ey
N
|
c®
ooC 7 coocx
X3C 3
a7

IV, BIOLOGICAL ACTIVITY
Numercus pyridinium salts possess hbiological activitles, e, g. 98, 93 and 100
have antibacterial, antiviral and fungicidal properties, and 101 are used in trea-

ting skin disorders.

1 2
R
p R R = Mo (CH,),
n = 3,7,9,11,13
‘ Cle 1 2 o
| rR',R"= H,Cl1, Br,Me
CﬂasR
98
refs. 143,144
o | O R = 09-019 alkyl, Cy4-C;q alkenyl,
- Ph and other
o o X = halide
% 7
CHz- C ~NH=-NH=C
~R
99
rof.145
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R
ﬁ o R= H,Me
1
R Ny I R'z H, PhCO-NHCH,NHCO

®

Hz-C-Ph and other
100 #
— NuNﬂpﬁ- , Tef.146
S
Z
T
& C\NH Z=0, 5
| 2 R = alkyl, Ph, phenylalkyl,
H,N \]F X@ carbamoylalkyl
101 R X = inorganic or ocarboxylic
— ref.147 acid anion
Compounds 13 8103’148 and & _2}04 show antibacterial, fungicidal or antiphage pro
119

perties, and 73 has an antisecratory activity.
Bipyridinium palt 2% exhibits herbicidal activity comparable with that of paraguat,
although its toxicity ie much 1ower65, and 102 were found to be reactivators of

phosphorylated and phosphonylated acatylchnlinesterases149.

HNCH CONH

Among quinolinium salts one ought to mention 103 and j04 showing bactericidal, fun-

gleidal and antiviral aetivities, as well as 105, possessing antileukemic proper-
ties,

T e " ~
= .
|
N® N, O = CH=C -

/
5

-
Cv =
(CH )M Llle w![e M
(=] (-]
.S
10 104 105
R= H,Me
n= 3,‘#,5,7,11
ref, 151 ref.152
ref,150
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Also benzo[h]naphthyridinium salts 29 and 30 pospess antibacterial activitiesTo.
Many pyridinium salis can be applicated as biological model systems. In the study

of pyridinium salte siructurally related to NAD(), there was shown, that they can
serve as enclate transferring agents153.

As & convenlent NAIﬂBmodel N-dodecylacridininmch&oriﬁe13o and 1@113 can be used.

Studying biological redox systems, as well as oxidation reactions with NADC)models

mach attention has been paid to the development of catalysts promoting multi-elec-—

tron transfer reactions; as such multicenter organic redox systems can serve bisni-
cotinamides 106 and 107 '°4,

o 0
“ | Km{(ul{;) , NH NH(CHE)  NH )\(/g
g \N
' \CHZ Cﬂz /
7S ® AV o
N/ 106 2Br . 107 2c1

Compound 106 is easily reduced with hydroxide ion to give intramolecular 6,6'-cou-
pling product 108, while 107 does not react in this manner. This observation 1is

due to the fact, that in 106 the pyridine rings have the fage to face geometry,
enhancing the reduction.

OHNO

Hpgt \ \

In investigations of the selective alkylation of nicotine, the application of this
reaction 10 the synthesis of artificial antigen of nicotine is discuased48.
Studying the use of immobilized enzymes in organic synthesls, 1-aryl-3-carbamoyl-
pyridinium chlorides were oxidized by rabbit liver aldehyde oxidase and bovine milk

xanthineoxidase,

In these reactions two isomeric pyridones, 109 and 110 were obtained, 109 in the

15
first case being the main product, and in the second - the minor 2
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4]

'\NTI 0 (4] (4]
9 @2 ’1\‘“2 EIKNﬂz
@ a5 +

Eblez

X=H,Me, OMe, F, C1
X X

Amination products of the reaction of 111 with liquid ammonia are considered ms in
vitro models for covalent @ -adducts formed between 1it and aldehyde oxidase.

The site of aminastion is dependent on the kind of N-substituent: N-alkylated PYIim

dinium salte 11l1a yleld exclusively 112, while their N-aryl analogues 111b give two

isomeric & wadducts 112 end 11}156.

[¢] QO

| N 2
& iiq. NH = =
o =me g O
\N Cle H If N \H2

k R k

A a= Me, Et,Pr 1z A3

R:

b- Fh, h-Meo-CGH4

V. APPLICATIONS

Among applications of pyridinium salts, the following ones will be described.
Juaternary salte 5, 76 and 77 are highly fluorescent cationic indicators. Their
fluorescence intensity is practically PH ~independent in the neutral PH-range,
what can be of use in physiological studles for fluorescence measurements in intra-
and extracellular liquids1 20.

Pyridinium salts 27, 75 and 76 can be used as indicators in the fluoremetric method
of halides’ determination, this process involving gquenching of fluorescence of these
indicators by halidessa’ 157.

In the study of spectroscoplc determination of germanium there was observed that
the reaction of Ge(IV) with 2,3,7-trihydroxyfluorones carried out in the presence
of {=cetylpyridinium chloride allows to increase the sensibility of the method158.
3=Hydroxy-N-~decylpyridinium cihloyxide was found to be the inhibltor of acid corro-

136

glon of metals and 114 are uesed in zinc electroplating bathe to give a shiny
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metal deposit'”>,
R r!
7 R = H, ¢,_, alkyl
N R's coor, conm,, coo
| ey ’ o
cH, X,Y = Cl, Br
7
X
\
114

The evolution of hydrogen and oxygen by photosensitized decomposition of water is
of great interest in the storage and conversion of solar energy. Fhotoreduciion of
water {0 hydrogen has been performed ueing viologens as electiron acceptors and co-
lleidal platinum?g. Having in view, that the use of viologens is limited to acidic
and neutral solutions, for the formation of hydrogen from basic silica gel colloids,

115 was used59.

303@%
7N/ N\

— Lé_
sy

The hydrogen generation in the photosensitized reduction of water with use of the
model syestem consisting of methylviologen, Ru(bpy 50ly, EDTA and platinum catalyst
was studied, and the catalyticel activity of platinum sols has been diacusseds1.
In the study of storage and conversion of solar energy, for efficient storage of
the energy the stabilization of pkotoproducts is required; for this purpose some
interfacial systems, such as micelles or charged colloidal sllica gel particles can
be uaed?o Ag viologens do not change their electrical properties during the ele-
ctron - transfer proceas, and therefore their use in interfacial systems is limi-
ted, the application of zwitterionic eleciron acceptors and donors was examined.
There were accomplished photopensitized electron transfer reactions using 74 as

eleciron acceptorso.
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In electrochemical investigations, there was found, that electrodes coated by a po-

iy (pyrrole) film containing the viologen system j16 are useful in electrocatalysis

160

of redox reactions and in electrochromism .

= 7N N
Q*(Cﬂz )3 "‘W‘ 28m,®

116

Exam{ning new viologen -~ based materials, 21c was shown to have interesting elec-

64

trochromic properties, sultable for electronic display applications™ ',
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