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Abstract - N-Substituted pyridinium salts are presented in view of their
syntheses, reactivity and physicochemical proeperties, along with their

biological activities and applications.

I. INTRODUCTION

In a continuation of our reviews on pyridinium salts 1_5, connected with our re-

6-14 15-17

search concerning benzo[h]naphthyridinium salts and metal complexes

we present here syntheses, reactivity and physicochemical properties of N-substi-
tuted pyridinium salts, along with their bioleogical activities and applications.

These compounds deserve a considerable attention in view of their reactivi-

18-21
¥

t , as well as in the aspeet of their applications as model substances in

biochemical processes, and for their biological prapelz"tiesg2

As viologens, interesting for their usefullness in the conversion and storage of

23,24

solar energy, cover a large amount of publications this topic is not inclu-

ded here.

IT. SYNTHESES
Optically active 1 has been cbtained in gquaternization reaction; the chirality

of its carbamoyipyridinium moiety is due to the cut-of-plane orientation of the

carboxamide group by the twe adjacent methyl group325
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Stable 1~acylpyridinium salts 2 are formed in the following reacticns

C

&
R—C SbC1,
~ Y =
l 001 I sbCl, @
XN -507C, 1 h “N‘ 5
l
in CHCl3 c ,/C\ R
R=Me, Ph,p-ClC.H, 2
100%

In a similar way 3-5 have been synthesized.

= skC1, @
N SbC1l C Ivle

5

I@ SbCl6
R=Me, Pk, p-C1C H, R=Me,Ph
3 3 3

Another example of gquaternization is the reaction of nicotinaldehyde acetal %

" o’> o’>

with methyl iodide

" ’ o Mel = | o
B ——E il
"N in MeOH >
reflux, 12 h No o
Me

o

Quaternization of 3- and 4-substituted pyridines with 1-brome and 1-iodoada-
mantanes was carried out in the presence of a small amount of water; in the

absence of water the higher reaction temperature was needed, and the yield

- = 00

X=Br,I R=H, 3-Me,
4-Me, 3-CONEt
4~{4-pyridyl)

decreased

2,
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Pyrazinium icdides 7-9 have been synthesized by quaternization of appropriate

pyrazines 29,30 .
Me
E,NIMe = | £t = '
= ‘ 2 ™ = M
NZ > Me N e Ne "¢
| @ G \® ° I ®
R Me R
R:Me,Et,iPr R=Me ,Et
7 8 a
The same reaction carrisd oul on pyrazine-t-oxide and pyrazine-i,4-dioxide
31
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In the study of cation — exchange membranes, quaternization reactions leading to 10

and 11 have been performed 32.

o~ - - 2
= I > | ) S x> l > ‘ Br®
N N \ Gy pHp5Br / N Ne
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in  CH4NO, 10
reflux, 72 h
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dexaquaternary salts 12a,b derived from 4 4 -bipyridine have been synthesized

in the following manner. Treatment of 4,4 - bipyridine with 1,2-dibromoethane
yields 13 or 14 depending on conditions 33_35; here the latter procedure was

used.

Compound 14 reacted with 1,2-dibromoethane to give 15a (X = Br), while 15b (X = Br)
formed from 4,4~ bipyridine and 1,3-dibromopropane. The reaction of 15a,b (X = Br)
with 4,47 bipyridine afforded 16a (¥=Br) and 16b (X=0104) which were quaternized

by dimethyl sulfate to yield 12a,b . The bromides obtained were converted into the

perchlorates by treatment with lithium perehlorateBO

NQ—CS‘(CH,)ZPNQ—//—\\N egr ©
— — = \—/

Br(CHg)QBr
i/ \
TN\

reflux Br(CH,).Br
. 2°2
45 min

!
Vs \e in DMSC
N \\@_(CHE)ZBr room temp. Br(CHE)BBr
ANp— — 7 days
Br®

4

in DMSQ

room t ABr(CE,) Br
7 daysemp 2”2
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15a,b
(X= Br)
in DMSO 2
room temp. N \ / N

10 days for 16a

7 days for 16b

R o/ N\ 4 W\ D7 \
i/
16
a(X=Br) b(X=C10,)

room temp.
7 days Megsoa

®f V-] ®f Y /

©
b 6 €10,

On studying the reactivity of 1,5- and q,6-benzo[h] naphthyridines, their quater-

nization reactiens giving rise to allyl, bensyl and 2,4-dinitrophenyl salts 17

and 1B have been performed 10
N= |
2 | ~
=] =
N X
S /'®~\Q X
17
R X
a CH2=CH—CH2— I
b PhCH2 cl
Comd N ®
0 N

— 561 —




Pyridine or nicotinic acid derivatives, when treated with 5-chloro-, 5,5-dichlo-
ro— or 5,5-dibromobarbituric acids, give pyridinium ylides of barbituric acids
which submitted to catalytic hydrogenation over Pd or Pt to afford piperidyl-
barbituric acids 19 37.

= 5 H2/ Pd or Pt H
N R! = H,Me o ‘N s RIN_ _NR!
Xy =X,=C1 RNY R hd
4 “Xy=Br 0 0
R=H, COOEt, CONH, s

Ain example of the synthesis of gquaternary pyridinium salts, without quaterniza-
tion is the reaction of &, 3 —-unsaturated ketones with primary amines and com-
pounds with active hydrogen atoms; the used hexachloroethane serves for oxida-

. < . . . . PR . o 8
tion of dihydropyridine intermediates similar to tnose of the hantscn syuthesis 3

Rz Ct 3 EZ 2
o RH /R n 3 <] 3
AEF! CH, €Ly R CLO, LR
P t R + in xylene 3 s I 4 e 4
R ‘0 0~ RS reflux R I"\l® R R '?‘@ R
5-6 h
R o R ol
R=Ph, 13- naphthyil
R'=ph, *Bu Ri = H, Ph
2 .
R“=Ph, CgH,0HE-p B = Et,C.H,NO,-p
W
] @ (N i fh
Z @ CL / 02016 ~ CN 01049 N X CN
*NH vOH, e Anm, Az
0 g \ reflux,5-6 h ‘?’@ 2 I‘IJ@ NH,
R CL@ R
R=Ph, CgH,OMe-p ClO.,@
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Among the reactions involving formation of pyridinium ions, ncteworthy is a re-
duction carried out by means of dimeric dihydropyridines, for instance reduction

of trans-1,2-dibromocyclohexane by P2.

Me
Br /
+ o e S + 2
B:F in MeCN/PhMe L= Fle “Sng™Me
4 room temp, 24 h r'qe e

¥

In this reaction a simultaneous transfer of two electrons to the substrate, com-
bined with the dissociation of PE inte two pyridinium ions PG), takes place.
The reduction of heterocyclic cations Q ® (e.g. 1-ethylquinolinium or 1,2-dime-

thylquinolinium) leads to dimers Qg, along with #3 ions,

2@ e L 2 p @

Reactions performed in acetonitrile/toluene were followed by electrochemical and

kinetic methods 39.

In the research concerning the alkylating properties of trialkyl phosphates 40,

interesting in the aspect of the synthesis of oligonucleotides, there was inves-
tigated the transfer of the methyl group from oxygen to nitrogen atem resulting
in the isomerization to the corresponding zwitterionic produet 20; as an example

of phosphate ester dimethyl 2-pyridylmethylphosphate was chosen41.

4 7 Z 0
X O—P\—OMe T - - | O-P//-OO
Ome reflux, g h '}'Q \
Me OMe
20

— 563 —




III CHEMICAL REACTIVITY

Reactivity of substituted pyridinium salts will be presented with cyclization reac-
tions proceeding via cycleaddition or cyclocondensation mechanisms, followed

by their reduction, and finally other types of reactions.

1.CYCLIZATION REACTIONS

Among cycloadditions one ought to mention the reaction of substituted pyridine 21
with dichlorocarbene, formed by thermal decomposition of sgodium trichloercacetate

in chloroform in the presence of benzyltriethylammonium chloride (TEBA),giving

the ylide 22; this in the 1,3- dipolar c¢ycloaddition with dimethyl maleate or fuma-

rate yields the primary cycloadduct 23 which undergoes dehydrohalogenation and sub-

sequent oxidatien with 2,3- dichlore- 5,6 — dicyanoquinone %o give 24 42.
3 CC1,C00Na / TEBA 3 H R
R 3 £
3 Ecuccus RN Rz~ "

2 . — :—--—i-—
R*y N  in cHCL AN N 2inl N g -AC
3 R ceL, R
R 60°C, & h R @ poaa

21 E=C00Me 22 23
a R'=R°=p7-u 0
] R1=R2=H; R3=Me NC cl
¢ a'-R%- (CH=CH)5; R = Me
2 NC E
g? HH_E Ct Rl
- 0 = —
e, N_Y £ in C.H s, UN E
n
R ‘ 676 R ‘ s 28%
£ Klgy O 5 a7
c 5%

Pyridinium and isoguinolinium methylides generated from the corresponding gquaterna-
ry salts and triethylamine react with olefinic dipolarcphiles to give unstable

tetrahydroindolizines 25 which are treated in situ with nitrile oxides to yield, in

highly stereo- and regioselective fashions, stable isoxazole-fused cycloadducts 26 4
CH, =CHZ z z
= Bt N = TN® ’d ' PhCKO .
R f —_— R SR -
2 Gi\)le in CH,Cl, X N\@/Y 2 N o
X®  z-C00He,CN 22

R=H, 2-Me , 4-Me
Y=COPh,C00Me ,CN
X=Cl,8Br
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in the course of the reaction of pyridine with benzomnitrile oxide carried out in
nonpolar solvents, there was observed the formation of the zwitterion 27 which
further undergoes an eletroeyelic ring closure into 28;the latter reacts with

another molecule of berzonitrile coxide to give twe bisadduets 23 and gg”%

“~ | ehowo 2 Z N0
N in B‘tEO ~ _N N = N\i//
Y Ph
£h
27 28
+

In investigation of 1,5~ and 1,6-benzo[h]naphthyridines 1,3-dipolar cycloaddition
reactions of N-ylides (generated in situ from the corresponding guaternary bromi-

des by means of triethylamine) with DMAD, methyl acrylate, diethyl maleate, me-

thyl vinyi ketone and maleic anhydride have been performed 6’9‘12; the examples
are.;
0 NZ |
= Me N
—_—
N
\ z
Ac
Y K g
v )
tt@ N -pc
H
@~z 7
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N-Alkenylpyridinium salts can also be used as diencphiles, for instance ethylene
is converted into a very reactive dienophile by the presence of activating N-py-

ridinium group 45 .An example is the Diels-Alder cycloaddition of cyclopentadie-

~

ne with 31 , prepared from pyridine and 1,2-dibromoethane 40; this reaction car—

ried out at 25° C yields exclugively the endo adduct 32.

el
"2 3
z
| -
- BER in NeOH ( ] aeo
25°C, 24 h B 4
31 3z

— 566 —



HETEROCYCLES, Vol. 29, No. 3, 1989

Other dienophiles E)-33a,b

are available as a mixture with iscmeric (2)-33a.b
from pyridinium tetrafluoroborates 34a,b and methyl propiclate.
CooMe
=
H 7 coome P
I
RN Ry 2 N®
T | = -C00MNe [ M
T ——t iR +
>~ BF®  Tin Neod X BFE )
= “ reflux, 2.5h 4 X B&
34 (Z)-33a.b (E)-33a,b
a:R=H
b:H=Me

w reacts with cyclopentadiene at room temperature to give 35 as the sole
product, while at 145°C the 1:1 mixture of sterecisomeric 35 and 36 is formed.
So presumably at lower temperatures the more sterically hindered transition state
with the exo pyridinium greup is disfavoured. The suggestion that the sndo sele-
ctivity is dué to the steric bulk of the pyridinium salt is confirmed by the

similar reaction of (E)-33b,resulting in 37 and 38 in the ratio 9:1 45 .

@ CO0Me

(E)-33a l
in MeCN (100%) N
in MeOH (100%) i |
in KeOR/H,0(7:1)(98%) N~ BEP
25°C, 24 h a5
CO0Me
=
H COOMe N |
/ e
R /N@l @ / ® R
2 8F, in MeCN RyzN Co0mMe
145°C, 24n " | BFS
endo exo
{E}-33a (R=H) 35 11 36
(E}-33b (R=Me) 37 9:1 38
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The reactions of 39 (prepared from 34a and propynenitrile ) with cyclopentadiene
45

and c¢yclohexadiene are also endc stereoselective

03 LL/en

— - //N®
in MeOH ag I BF.®
0 .
S ON 25%¢, 24 kb
® 100%

T

N N
~ | =-CN - ! —
X~ BFRS  in MeOH:EtOH(1/1) "Xy BF,'G’

3ha 39
0
N@

in MeCN
145°¢, 36 n \ BR®

76%

In the study of bispyridylacetylenes, there was shown that their reactivity as
dienophiles was increased when they are gquaternized. These electron-withdrawing

substituents lower the LUMC level of the acetylene moiety.The fellowing Diels-Al-

der reaction leads to bispyridylnorbornadienes 4Qa-c; among them 40a,b undergo

47

photocyclization to guadricyclanes 41

catalytic
- = reduction
= B ——— el —
= =~ in MeCN
o Vo
Me Me reflux
~ ]
S
hv NG
40be —_— )
l Me
Y
|®
Me
41be
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Another example of cyclizaticn is the reaction of N-alkyl-1,4-diazinium ions with

bifunctional nucleophiles 48_50:

Ny HZ i Ny HZ

i = 1) = X
N® eY N Y

Y,Z=CH,N,0,S

R R° 80 x
e H CONT. T

42a 5
;I:. j} Et CO00Me (QQMe BF4
N
C

e —
€10,

benzo
&g pyr1d0[2,3—

In order to find the dependence of electrophilic preperties of 42 on their structu-
re, the polarographic reduction of a series of varicusly substituted species was
performed and their half-wave potentials EO were determined. It was observed that
eyclizations could occur for 42 with Eoz ~-0,5V.

Thus, in the case of unsubstituted 42 (Eo = -0.67 V) cyclizations do not take place,
vwhile 42a bearing an electron-releasing substituent ( Eo= -0.5V) undergoes cyeli-
zation albeit limited scope of nucleophiles. An example is the reaction of 422 with
43 and 44;with 43, instead of the expected eyclization only the addition leading

to 82 ococurs, whereas with 44 the cyclized product 46 is formed 48.

MeCO-CH,~C0Me COM°
i3 )H: ICH{COME
CH COMe
OMe
Q 45
N
HN j —
N ~
Me 0w NN
42a MeCO-—CH2—CD—NH@ Mo N N N
b N= ¢ i 0
- N
Me  COMe
4_6
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The reaction of quinoxalinium salt 47 with amidrazones gives rise to a new hetero-
cyclie system, 1,2,4-triazino [5,6—b] quinoxaline 51; to avoid formation of
tetrazines which is expected if 47 reacts with amidragzone, 47 is treated

primarily with diethylamine to yield 48 s,

1

N-NHR
nf
S NE 1
T@ %, R =H,COPh
Me R =H, Ph
47 48
Analogeous reactions occur with amidoximes 21 and thiobenzhydrazides 53.
N-OH
# i
R—C\N N O\N
: X
2 |
fl\l NAR
™
S < Ph ¢
g "
KN NS~ Ph
o I
—— h,l N"N
]
Me Ph
54,55

Among cyclocondensation reactions the following ones were reported

x‘\Ef;i][:Y RCOCH,Br \I:/\:I: Ncho3 A
=N Me Me in EtOH ag ~_N__/ R
R=Me, Ph
R

X,Y=H,Ac,CN

— 570 —




Me
A a
| MeCOCH ,Br
y D ——
N Me
X, ¥=E, N0,
R

NG 1.MeCOCH, Br

2. NaHCOB/EtOH ag

=~ :I[ 2
Me "y Ma -

R=H, Me
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Me
N Y
| R Me
- NaHCO = Ny
N Me -— 3 M
® : e
in Et0H ag L N
Me
0
4
- — R e —
/ Me <+ Me
% N Q.N"x M /
Me

Indoles 49 and 50 can be synthesized from pyridinium salt 51 and ketimine 352 .

The mechanism involves the primary formatiorn of indole 49 along with the elimi-

nation of methylammonium ion, which in a transamination with 52 yields ketimine 53.

The reaction of 51 with 53, analecgous to that with ketimine 52, gives rise to the

indole 50 20

Me M M Me
~ NO; e AN ® e Me
J; | +2 - Me +MENH3+\C/ *NOe+I9
Me -y ~~Me N Me N n 2
1@ © Y ! NHY
Me 50 49 Y
5 Y =cyclohexyl
Me Me
® ~c” @
l\"le.-l\!f'l3 + 52 ——-— f + YNH3
N\Me
53
Me
31 + 53 — N\ Me
Me N
1
50 Me
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The treatment of guinecline with ethyl bromoacetate leads to pyrrolediguinolinium
salt 55 besides the guaternized product 54 which is converted into 33 by reac—

ting with gquincline 5?. The proposed mechanism involves an eguilibrium between

54 and dihydro compound 56:

Br®

COOEt kCOOEt
54 56

-,

The reaction of 37 with 1-aminopyridinium mesitylenesulfonate 58 in ethanol in
the presence of triethylamine results in 59; the process occurs via the initial
displacement of a methylthio group of 57 with the amino group of 58, followed

by intramolecular eyclization and subseguent liberation of the pyridinium

moiety 55.
== RSN

Et.N ®
IS SV 3 X NFNI - COOEL

=N_ _COGEt S in EtOH \ j[

N e in

X 2, o Sne s

MeS” “SMe Z NG

Me >

2L 38 oMS--050,, Me l/

Mg

/’Q§j
AN
b M COOEY, /\N
J \ICOOEt

SMe N

S
</ \" s :
_ g} 5 5Me
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Hucleophilic substitution of iscquinclines and their quaternary salts usually
proceeds preferably in the position 1 and not 3, however the treatment of 60
with ammonium acetate in glacial acetic acid gave rise to 61 instead of the

expected 62 59,

o S N
@ SN
Br

AcCONH

=N I 51
0//0\&‘ in AcGH

S,

60 e

N
R=Ph,pfcl-06H4,p—BI‘—06H1" N\Z,
2., HEDUCTION REACTIONS
The reduction of 1-benzylnicotinium bromide with sodium borohydride leads to

tetrahydronicotine £3,which upon catalytic reduction gives 1-benzylhexahydro-—

nicetine as a mixture of two diasterecmers 60.
H
- NaBH4 = H2/Ni $
[|H N - HoN , HON
I
NS Me _ N Me N Me
!\ BE) in HEO k k
Ph r Pk Ph
&3
80% 72% and 23%
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Other examples of reduction of guaternary pyridinium salts are

CEH&R CﬁHqR
NC CN
- | NaBH, Oy ON
Me A% I H ref .61
Ng M oo e Ay hrg
CLOg‘ 3
Me Me

& B
- (o]
H2/Pt02
o

——— ref.27

Tetraquaternary cations 64 can be reversibly reduced to diradical dications £5

by the uptake of two electrons 33.

]
/ \N\® 2e
R?NC\>—/_\ 7 Ner)a=N D= Wie =
— — — — -2e
_6‘&

R = Me, Et
n=2-=4

R-N : \/—\N@—(Cuz)n—@r\l, Ny —N—R

65
The results of the direct current polarocgraphy at the dropping mercury electrode

of 15ab (X:CIOQ), 16a{X=Br), 156b (X:CJOQ) and 12a,b are reported. In this process
carried out in agueous solutions with digquat dibromide 66 as the reference, the
dependence of reduction potential on pH was investigated 36.

Compound 66 is reduced by two distinct one electron reduction steps fo give

firstly the radical cation 67, and then the neutral species 58.
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ASAE IN ) 28 B\~
NoON= 5 =N N = N\ N\

ICIN / ® ~le ®\ ; -1e

*(

66 67

The polarographic reduction of 15 leads presumably to §9 and 70, while 12 gives

rise to 71 along with 72, and 15 forms triradical cation of type 71 (H for Me),

—1e® L ’1e9

SO W W
=

@ 7 N\® /
I S Wier 2 N Weteny), W N N-CH,
_ /o \—

= —  800°

e
® 7 o - —
=/~ _ - —
-1 ee1

L1é3
— =/ 95 \= —

Two diguaternary salts 15a,b and two hexaquaternary salts 12a,b as well as para-

J

quat 73, on treatment with zinc dust in aqueous solution give intense violet
colorations due toc the formation of the radical species §2 and 71.When the redu-
cing agent was remecved and the soluticns were shaken in alr the deep colorations
disappeared, suggesting that the one-electron transfer from 13 to 59 and the

36

three—electron transfer from 12 to 71 are reversible
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Benzyltin reagents add to N-acylpyridinium salts in a high regioselective

fashion to¢ give 4-benzyl-1,4-dihydropyridines 74 and 75, difficult te obtain

on other routes 62.

| @ N

CooRr”

{
2
COOR
&'=H,C1,Br,CN P@CHZSnMe3 g

2_
R==Me, CH,CC1

, in CH,C1,
R 0-20°C
g ; “ZQ

—
Ng  C°

CCCMe

CCONe

i)

&= ¢w,cuo

N-Carboalkeoxypyridinium salts 76 can serve for the synthesis of 2-substituted pyri-

dines by the additien of Grignard reagents, followed by oxidation of the formed

dihydropyridines with elemental sulphur at 200°¢ °2»8%

4’
> (), =~ L.
NNRT 200 NE SR
COO COCR
7%
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However having in view drastic conditions and relatively poor regioselectivity
of this procedure, the one pot synthesis with a high regicselectivity by star-
ting from pyridine N-coxide has proved to be more favorable.

Simple addition of isobutyl or ethyl chloroformate to pyridine N-oxide gives

rise to the unstable 77 {more stable in the case of R= 1By than R = Et) in a

form of a suspension which is then treated directly with a Grignard reagent 65.
0
i
Gl- X
2
3
| OR I Rﬂng 3
NZ in THF = & i H I i
in N in F
68 room temp. 1 ® o) —SOgC N R
R=Et, ‘Bu CCOOR
77 R1x aryl, alkenyl, alkynyl

Quaternary salts 78a,b derived from pyridooxazepincne undergo addition of Grignard

reagents to give 7% ag the major product; in this ccmpound the group H1 is orien-
ted anti to the hydrogen atom at the chiral center of the L-prolinol residue 05.

2 Q\‘—N/\ I:)“—N
N R gie J(/ ) f\ﬂ/
N | o y in THF N0 M Ra,l; NN h
R * R
78a, b 729
a  ReMe, X=I R’ =Ph, CH,=CH- o
b R=PhCH,, X=Br Me ,CHCH,,

The high regio- and stereoselectivity of this reaction may be due to coordination

between Grignard reagent and the amide oxygen atom, as shown in 80 .

R‘/ Mg S~

3. OTHER TYPES OF REACTIONS
In the study of quaternary salts, the addition of sulphur nucleophiles to multiple

bonds activated by an adjacent pyridinium moiety has been examined °7. There was
shown that 81 added thiophenol at the (-2 affording vinyl sulfide 82a, while in the

case of 83 under the same conditions the addition proceeded at the C-3 to give 84 .
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However, when benzyl mercaptan of thiophenol was used, under the same con-

ditions, 83 gave only the C-2 addition product 82b.

NMEz NME)
= | PhSE “ |
> in EtONa/EtOH ~
N 2]
ED CLO® reflux, 2h NG €10,
\.\,’: k“(s\Ph
Bﬂ 82a.
o B1%
PhSH
NMe‘,
a
ey
NG o8 1o EtONa/Bt0H
N 9 reflux, 2h
83
PhCH,,SH

cLo2
l
5
3
Ph
84_
32%
NMEz
e
X o2
Ng 4
k /S\CH Ph
] 2
82p
76%

Under analogous conditions, the treatment of 85 and 8¢ with thiophenol or with

benzyl mercaptan led exclusively tc C-2 addition products 87a,b.

Ph
&
RS
N
® 102
—
=
85 \\\\\\\“‘\\\\h PhSH or PhCH,SH
in EtONa/St0H e
Ph reflux, 2h
o
—
N c
® 02
=
85
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The observatioen that the C-3 addition took place only in the case between 82
and thiophenol can be explained by a competition between addition and base-ca-—
talyzed propargyl-allene rearrangement.

On heating in EtONa/EtOH, the vinyl sulfides 82a,b underwent partial isomeri-

zation 67.
NNEZ
EtQONa/Et0H
reflux -
82 ab
_— - . @
Ng  COLO¢
N
Sx\?
Me
H:Ph,PhCH2
68

In the study of bis pyridinium salts there was shown that 38 when treated

with thiophenol in EtONa/Et0H produced the vinyl pyridinium salt 89 .

NMe,
NMez -
EtON
= PhSH/EtONa - |
| - Na
=N in FtOH
/QN/ " reflux, 15 h - CLOq@
= NMe
2 CLo2
g8 89
61%

The reaction of 4-(dimethylamine) pyridine with its hydrochleride and epichloro-
hydrin gave rise to 90, which was readily converted by thionyl chloride inte
the chlerc derivative 91, and further to 1,3-disubstituted propene 92 o7 by

elimination of HCl with aqueous NaCH.

NME&' NMBZ a
el | o ‘
+ 0 —
N + N in EtOH
|® 2 reflux, 16 h
oo

—57% —




NMe

=
. ) 0)
Ne 2 Lo Ng 2 cg >

50C1, NaCH aq Ng 2009
e OH __"_____., CL
reflux,? h in EITH 3
@?\1/ ® 2 20°,24 h ® .2
1 N N
S > ~
90 g1 92
77% 80% 78%

Pyridinium N-ylides generated from guaternary salts 83 by treatment with triethyl-

amine convert 2-methyl-1,4-naphthoguinene into 3-(acylmethyl) derivatives 94; the-

se compounds by bromination and subsequent dehydrobromination undergo cyclization
59,70

to 95 , giving a variety of colours in acid media.

- Et3N.HBr

R:CMe3 Ph,

2- BrCgH,, 4-NO,CgH,

0 Br 3
0
99®
R
0
95
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In deprotonation reactions of pyrazinium ions 95 and 97, the activation by adjacent
alkyl substituents, and deactivation by more distant alkyl substituents has

been discussed in terms of polar effects, as well as of ring sirain and inter-alkyl

29’30'71’72; the influence of used bases such as carboxylate ion,

73

interactions

aniline and pyridine derivatives has been investigated, too

Me N
ENIME t ]\
.
~ N Me
'\.‘0 Me @
R 54

36 37
R=Me,Et, Pr R=Me ,Et

For instance:

—-BH

The radiation-induced methylation of guineclinium salts with methanol has been
performed. Hydroxymethyl radicals playing important role in this reaction can

be produced by the UV-irradiation of acetone in methanol74’75_

W 1 * 3 *
——— ——
CHBCOOCH3 (CHBCOCHB) (CHBCDCHB) —_—
CH40H .
S S— CHBC(OH)CHB + *CH,O0H

— b8l —




The methylation reaction proceeds as follows:

Me
~ \CH,0H 08,08, H
P i
we in MeOH
Me
MeS0.2
Me Me
™~ ¢ =
H,0H
—i— 2 e ———
Ng ~H _ z
» @Me H,0 ’}I(B Me
Me 502 Me Me50,2

Among a variety of recyclizations of quaternary salta76, an unprecedented

example is the synthesia of substituted benzimidazole 98, otherwise difficult
77

to obtain The pyridine-into-berzene ring transfeoermation proceeds via an

open—chain intermediate.

Me Te
N N
-~ KOH
e % >

" Ny N in EtOH/H,O P N
e e I@ reflux, 2 h OH
Pk 98
95%

In order tc obtain 99, the thiocnes 100 were converted into the corresponding
78

quaternary salts and hydrolyzed next
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CN CN
Me
Me | o NH, Me,S0, P"::Z I/\,NH2
X N<pn X ZzN<pn
S SMe NeSO?
100
X=0,5
CN
Me NH
KOH e | \ :
XA Napy
Q
99

The kinetics of epoxidation of N-methyl-4-styrylpyridinium iodides 101 with alka-
line hydrogen peroxide in aqueous soclution has been investigated spectrophoto-—

metrically, and its mechanism was proposed 79.

/ \
CH=CH I\éﬂe
R — @
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In the search of organic semiconductors salts 102 and 103 were mixed and molded

at B tons/cm2 to give 104 80.

= ~
< .erone 4 R R —
NG o
Pr Bu
102 103
- . _ 5
e -
| l: |+ 2rene
T:!@ (@
Br Bu
1-x X
i x=0.15 ~0.90
- 104

The radical-aznion TCNG salts 105 have been obtained from appropriate gquineclinium

salts and the influence of substituent on their conductivity was discussed 81.

R
o
Ng
ME Oj
"0 % ]
103

n

R n m
H 0 1
H O 2
cl H 1 2
c1 0 2
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IV. PHYSICOCHEMICA! PROPERTIES
The structures of a series of N-methylpyridinium cations 106 were calculated by

82 A very good correla-

GEOMO RV, utilizing semiempirical MINDG/3 SCF procedures
tion was obtained between calculated energy of methylation and Brown’s experimental
heats of tetraflucroboronation for the same pyridines.

The electronic and luminescence spectra of 107 have been recorded and the results
interpreted in correlation values calculated by SCF PPP method 83.

For N-methylides 103 the electronic structures have been calculated by CNDO/2

procedure ; a linear correlation between charges of nitrogen atoms and binding

energies measured by ESCA method has been established 84.
Ph
i
R
- el
R? |
> >
N
e e I P '@
Me R M /,CHg
Wzt C00Me
106 107 108
R1,R2 =Me,Et.iPr, 1:Bu R=Me, Ph (::): pyridine, isoquinoline,

pyridazine, phthalazine,
cinnoline

Investigating benzo [h] naphthyridinium salts excitation energies and oscilla-

tor strength values for cation components of 17 abe and 18 abe , as well as of

109 __abc and 110 abec , have been calculated within limited CI-PPPE method, and

a very good agreement of experimental and calculated UV-VIS spectral data has

been obtained 6’10’11.
N7 ~
= l X
x° ] ye
/[“\\ N
4
199 110
R
a Me I

b CHECOOEt Br
¢ CHQCOPh Br
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In the study of solvent polarity in highly aqueous mixed solvents, the Dim-
roth-Reichard Ep {30) parameter has been used; its numerical value iz the tran-
sition energy of the longest wavelength absorption of 2,6-diphenyl-4-(2,4,6,tri-
phenyl-1-pyridinio)phenoxide 111 85_87.

Pyridinium perchlorate 112 was investigated by fluorescence and electrogenerated
chemiluminescence ; the observed long-wave absorption can be explained by formation

88

of an intramolecular electron donor-acceptor complex

Me
2
Me l|\|® Me
CH,
i
CH
Ph Ph ¢ ael
0@
(Me

OMe

111 112

Among spectroscopic studies of N-substituted quaternary salts the qjC NMR data
of N-acetylpyridinium chloride are reported 89.

Rates of dissociation of the C-N bond in substituted 1-{1,3-dithiolan-2-yl)pyri-
dinium perchlorates 113 have been determined by the dynamic1H NMR technique.
There was shown that the dissociation proceeds via the SN2 mechanism, the per-
chlorate ion acting as a nucleophile 90.

The kineties and thermodynamiecs of the dimerization of Acridine Orange 10-alkyl
derivatives 114 have been investigated by spectrophotometry and temperature - jump
method.1H NME data show that the planes of two component molecules in the dimer

are parallel 91.
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H H
5 l v,
W 57 NN O ’ M

" o2
R 4 R c”a
114
113 -

R=H, 4-Me, 4-Me0 R=UC_Hopi1 (n=1,2,3,5,8)

In the study of tunneling theories, the observed and calculated kinetic isotope
effects for hydride-transfer reactions of 115 and 118, analcgues of NAD+,have

been discussed. The results suggest, that the large-curvature tunneling needs to

be considered in hydrogentransfer reactions 92.

P

-,
N
| ®

R

15

R=Me,PhCH, Y=CN,CONH,

2

Describing physicochemical properties of pyridinium salts, there ought to be mentio-

ned here resonance Raman spectra of porphine 117 and of its metalated (Mn,Fe, Co,

93

Ni, Cu, Zn, Ag ) derivatives
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v. BIOLOGICAL ACTIVITY

Among investigations of diphosphopyridine dinuclectide models, reduction reactions

of chiral 118 and 119 with scdium dithionite leading to the corresponding

1,4~-dihydro derivatives have been performed 94.

Non water—-sensitive NADH models 120 and 121 have been submitted to the following

reactions: 95.
2 C
Ho _H
74 ~ NH, Na,5,0, /NaOH
w i 208
N
| ® 19 S N
Me [
Me
120
0 0
5 Na,$,0, /NaOH H
Q ‘ N NH, 2Y4 5 | I PﬂHz
/ e eeeeeerre—
NG e N\ N
Me Me
121

In investigations of surfactant molecules there has been shown that the binding
between heterocyelic caticns 122 and 123 with anionic sodium dodecyl sulfate can
serve as a model for similar attractions between cationic heterceyclic dyes

such as ethidium ion 124 and the strong electric field associated with the anio-

nic phosphate groups of DNA 90’9?.
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HN NH
=
vy O
NZ N7 = \>::N@
| ® ® =
w2 clog T ph e ClO
122 123 et
ethidium

Studies of DNA intercalating agents

have shown that 125 and 126 do not possess the-
se properties. This is due to their torsional angles

of 20°% (125)and 8° (128) bot-
ween twe pyridinium moieties in each molecule, while

127 where the torsional angle
is only 2% can intercalate with DNA 98.

@

A\
N

= — /N
@ \_/® ZBI'@ =N N=
_/® 2B®
125 126 127

As DNA intercalators can be also applied the redox systems of the type B4/65 33,38

or the crown ethers incorperating a substituted phenanthridinium ion 128 99.

0
e N NH A~ OH ; Me
P Cl@ SHeN N
ll\l@ e —
Me
129 130
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In the investigation of drug-DNA affinities, there was observed that 117 and its
metal derivatives can either bind to the phosphate backbone of DNA via electrosta-
tic interaction with the charged N-methylpyridinium groups or intercalate in a man-
ner similar to amino acridines. Compounds of this type have biolegical activity,
and some of them show antineoplastic properties 93.

Studying benzo [h] naphthyridines there was found that their N-substituted guaterna—

ry salts, for instance 17 and 18 , show antibacterial and antifungal activities 19,

VI. APPLICATIONS

Among pyridinium salts of some practical value one can mention 1-acylpyridiniums

2-5 possess acylating properties; the kinetics of acylation of p-nitreoaniline with

these compounds were examined by conductometry and UV spectroscopy method526.

An example of a new class of chiral detergents is 1; the formation of single micelles
from 1 was studied with the CD and UV spectroscopy, and the results were com-—

pared with its 1-methyl analogue, a nonmicelle-forming salt 25.

Photoreduction of keto carboxylic acid derivatives to hydroxy acid derivatives
performed with sodium thicsulphate, for instance of methyl benzoylformate to the
corresponding mandelate, may be catalyzed by photosensitising micelle incorpora-

ting 129 100. The redox systems of the type £4/85 33

101, 102,

are of interest as biele-

ctronic mediators they can also find application as components of ele-

36,103

ctrochromic memory display devices as well as of redox active membra-

104
nes .

Studying preperties of catien-exchange membranes, the electrodialysis in the pre-
sence of N-dcdecylpyridinium bromide, as well as its analogues 10 and 11 was per—

formed ; there was observed that during this preccess the pg: wag decreased and the

electric resistance strongly increased 32.

The ylide 130 can be used as an accelerator in the polymerization of styrene 105

and as a radical initiator for homopolymerization of wvinyl acetate, with methyl

acrylate or methyl methacrylate ﬁ06'107,

108

as well as for copolymerization of acry-

lonitrile with styrene
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