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Ahstraet-Known N,N’-linked biheteroaryls are surveyed. New general synthetic methods are developed and 
applied for neutral species, for monocations and for dications. 

The present study represents the first systematic investig- 
ation of synthetic methods for N,N’-linked 
bi~etero~yls). Such compounds may be divided into 
three classes: (i) neutral species, in which an N-N bond 
links two pyrrole-like nitrogen atoms; (ii) monocations, in 
which N-N links a pyrrole-like with a pyridine-like N 
atom; and (iii) dications, in which N-N links two 
pyridine-like N atoms. 

Previous scattered work is mainly concerned with 
neutral species of type (if, ~icularly ~,l’-bipy~oyls (2) 
(Scheme I), which have been synthesised by the reaction 
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Scheme 1. 

of l&diketones (1) with hydrazine,‘” or with l- 
aminopyrroles,s” and by the oxidation of pyrroles (4)’ (a 
similar reaction is thought to give’ 9,9’-bicarbazolyls as 
intermediates), or by Wittig reaction from g9 The 
l,l’-bi(imidazoly1) (6) has been obtained by oxidation of 
2,4,Qriphenylimidazole,’ and the 1 ,l’-bi(quinolony1) (7) 
by treatment of the corresponding i-amin~uinolin~ne 
with Pb(OAc),.‘” Finally, l,l’- (9) and 1,2’-bis 
~~0~~1~1) (12) have been obtained” by the routes 
shown (Scheme 2); the former was quatemised to a 
monocation. 

N,N’-Linked biheteroaryls have considerable potential 
synthetic utility; we have therefore now developed 
general procedures for their preparation. 

Condensoz~n of N-amino~~erou~ls wirh 25 
diethox~e~ydrofuran. We find that neutraf N-amino- 
heterocycles condense in good yields with 25 
diethoxytetrahydrofurans to give l-(N-heteroaryl) pyr- 
roles. This reaction succeeds in the following series: 
I-aminopyrrole, Paminocarbazole, I-amino-Zpyridone, 

3-amino+quinazolone, and 4-amino-1,2,4-triazole. De- 
tails are recorded in Table I and some of the products 
illustrated in formulae 13-15 Compounds were character- 
ised by their NMR spectra flable 1). 

Reaction of I-aminopy~dinium perchlorate with 2,5- 
diethox~etrahy~ofuran gave only the bis-perchlorate 
(16s). as shown by NMR and analysis; attempts to cyciise 
16 failed. Presumably the reduced nucleophiicity of the 
N-NH* group in the cations prechrdes the ring-closures. 

Condensation of 4-amino-1,2,4+iazole with 1,4- 
dikerones and with a 4-pymne. Two further N,N’-linked 
t~azolyl-py~oles were prepared from reactions of 6 
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Scheme 2. 
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amino-1,2,4-triazole with diketones: the yield (of 15s) was 
poor from hexane-2Jdione, but that of 1Sb good from the 
34diethoxycarbonyl analogue. The 4-aminotriazole 
reacted with 2,6-dimethyl-t-pyrone to give the triazolyl- 
pyridone (17) in poor yield. Reaction of 4-aminotriazole 
with maleic anhydride gave the acylated product 18. 

Me I01 CL 
CH=CYco~H 
I 
co 
t 

N Mt NH 

(5 
N-N 

$a 
NHN 

I7 I8 

Condensation of N-arninoheteroaryls with pyrylium 
cations. N,N’-linked I-heteroarylpyridinium cations are 
formed by reaction of N-aminoheteroaryls with 2,4,6- 
trimethyl- (Table 2) and 2,46_triphenyl-pyrylium cations 
(Table 3). The yields are generally good and the reaction 
succeeds in the I-aminopyrrole (cj. 19), 9-aminocarbazole, 
I-aminopyridone (cj. Xt), 3-amino+quinazolone, 4- 
aminotriazole (cf. 21) and I-aminobenzimidazole series. 

HL ne 22 R-X,- 
1 
N” cto,- 

23 R=J~ 

O%c/ 

CO,A 

N-N 

Condensation of N-aminophthalimide with 2,4,6- 
trimethylpyrylium cation gave 22 or 23 if the reaction 
were run in methanol or ethanol, respectively, but the 
ring-closed product 24 in AcOH. Attempted recrystallisa- 
tion of 24 from hot ethanol gave 23. 

Preparation of an I-aminopyridinium compound via a 
dihydropyridine. N-Aminophthalimide yields the di- 
hydropyridine 26 by reaction withe keto-ester (25). 
Hydride ion loss to the N-aminopyridinium derivative 27 
was effected with triphenylmethyl perchlorate. 

Et.o$ 
EtOU 

Scheme 3. 

Attempted nucleophilic displacement at 
nitrogen. Attempts to prepare 30 by the reaction 28-30 
gave instead 29; nucleophilic attack occurred on carbon 
instead of nitrogen. This reaction took a similar course 
with both benzene and mesitylene-sulphonyl chlorides. 
The product 29 was identified by the IR and NMR spectra. 
2,4,5-Triphenylimidazole l-oxide did not undergo such a 
reaction. 

Scheme 4. 

Reactions with N-aminopyridinium perchlorate. 
Hexane-2Jdione with N-aminopyridinium perchlorate 
gave the I-(l’-pyrrolyl) pyridinium cation 31 together with 
some of the bisperchlorate (If%). Attempts to react N- 
aminopyridinium perchlorate with l,4-diphenylbutan-1,4- 
dione failed as the diketone underwent preferential 
self-condensation. 

Many attempts were made to react I-aminopyridinium 



T
ab

le
 I.

 4
-(

N
-h

et
er

oa
ry

l)
py

Ie
s 

S
ta

rt
in

g
 

N
-a

m
in

o 
co

m
pa

rn
d 

C
ry

st
a
l 

S
o
lv

en
t 

fo
r 

Y
ie

ld
 

F
c
u
N

t 
r 

F
O

lT
lU

ln
 

C
S
lC

. 
%

 
C

h
em

tc
al

 
sh

if
t 

F
o
rm

 
re

cr
y
m

. 
%

 
C

 
H

 
T

 
C

 
It

 
N

 
Q

T
ro

le
 

p
ro

ta
ln

 
l-

su
b
st

it
u
e
n

t 
p
ro

to
n

0
 

5
.2

 
(q

, 
4
. 

J
 

- 
- 

7
H

z)
 

I-
A

m
in

o
-3

.4
-d

ie
th

m
y
ca

rb
o
n

y
l-

 
5
6
-6

0
 

p
l%

9
lI

IS
 

E
tO

H
- 

1
2
 

6
2
.6

 
6
.6

 
6
. 

B
 

‘1
 
6
tt

2
0
N

2
0
4
 

8
3
.1

 
6
. 

6
 

9
. 
2
 

3
.1

5
 

3
.5

 
7
.6

 
(0

, 
6
) 

2
. 
S
-d

tm
et

h
y
lp

y
rr

o
le

 
H

2
0
 

6
. 

6
 (

1
, 

6
, 

J
 

=
 7

H
r)

 

B
-A

m
tn

o
-c

ar
ta

zd
e 

9
e9

2
 

n
ee

d
le

s 
E

t0
1
1
 -

 
H

2
0
 

6
0
 

6
1
.9

 
5
.4

 
1
1
.8

 
C

1
6
H

1
2
N

2
 

6
2
. 

7
 

5
. 
2
 

1
2
.1

 

; 

1
-A

m
in

o
-p

y
ri

d
-2

-a
 

1
1
2
-1

1
4
 

n
ee

d
le

s 
E

tO
H

 
6
1
 

6
7
.2

 
5
.3

 
1
6
.7

 
’ 

B
H

B
N

Z
o
 

6
7
. 
5
 

5
. 

0
 

1
1
.5

 
3
. 

1
 

3
. 
6
 

1
.5

-2
.9

 
(I

n
, 

4
) 

t 

l-
A

m
in

o
-l

-m
e
th

y
l-

 

q
u
tn

o
l-

a-
al

e 

2
.6

 
((
1
. 

1
) 

0
 

1
5
7
-1

5
6
 

m
ic

ro
 

C
II

C
1
3
 

6
7
 

1
4
.1

 
5
.3

 
1
2
.4

 
C

1
4
L
A

1
2
N

2
0
 

1
6
.0

 
5
.4

 
1
2
.5

 
3
.1

 
3
.5

 
1
.7

-3
. 

6
 (

m
. 

4
) 

cl
-y

st
a1

.3
 

7
.2

 
(a

. 
3
) 

I E
 

3
-A

m
in

o
-l

-m
e
th

y
l-

 

q
u
in

ar
o
l-

4
-o

n
e 

1
.4

-2
.1

 
(m

. 
4
) 

a 

1
1
4
-1

1
6
 

m
ic

ro
 

E
tO

H
 

9
0
 

6
9
. 
6
 

5
.0

 
1
6
.5

 
C

1
3
H

ll
N

3
0
 

6
9
. 
3
 

4
.0

 
1
6
.6

 
3
.0

 
3
.4

 
1
.2

 
(0

. 
3
) 

c
ry

a
ta

L
¶

 

4
-A

m
in

o
-l

, 
2
.4

-t
ri

a
zo

le
 

1
3
5
-1

3
6
 

n
ee

d
le

s 
E

tO
H

 
- 

H
2
0
 

3
0
 

5
3
.6

 
4
.7

 
4
1
.1

 
’ 

g
H

S
N

4
 

5
3
.1

 
4
.5

 
4
1
.6

 
2
.9

 
3
.5

 
0
.6

 
(0

. 
2
) 



1552 A. R. KATRIR.KY and J. W. SUWINSKI 



Ta
bl

e 
3.

 
I-(

N
’-h

ct
cr

oa
ry

l)_
2,

4,
-M

ip
he

ny
l-p

yr
id

in
iu

m
pe

rc
hl

or
at

es
 

Pa
rf

nt
 

N
-a

m
,“

0 

co
m

po
un

d 

C
ry

st
al

 
Sl

~l
ve

nt
 

F
ou

nd
 

5,
 

(‘
at

,. 
‘1

.. 
C

hF
m

Ir
nt

 
Sh

ill
 

hl
et

hc
d 

hl
. 

p.
 

“C
 

fo
r 

Y
ie

ld
 

46
 

P
W

”,
U

l*
 

N
 

P
yr

lr
lin

iu
m

 
< 

th
fr

 
fo

rm
 

re
vr

ys
t. 

C
 

II
 

N
 

c 
II

 
9.

 S
-d

, 
II

 
pr

0t
G

lM
 

I-
A

m
in

o-
py

rt
d-

 

2-
om

 
H

 
23

5-
G

 

4-
A

m
in

o-
l, 

2.
4-

 
A

 
27

4~
&

 

tr
ia

Z
O

lC
 

4-
A

m
in

o-
l. 

2.
4-

 
A

 
19

5.
1F

 

tr
ta

zo
1~

 

J-
A

m
in

o-
Z

-m
et

hy
l 

l3
 

21
0.

21
2!

! 

pl
flt

lX
 

pr
,a

m
s 

pr
L

3m
s 

1:
ic

:1
 I 

7R
 

fi
t?

. 4
 

4 
5 

54
 

(‘
2R

l1
2,

C
IN

20
5 

ti
7 

1 
4 

2 
5.

 
R

 
1 

7 
(.

9,
2)

 

I~
:tc

)I
I 

65
 

62
. 

n 
4.

2 
11

.7
 

“2
s”

1 
!f

’N
40

4 
63

.2
 

4.
0 

1l
.R

 
1 

(i 
(S

.2
) 

rd
e2

C
C

. 
It

5 
56

 
4 

4.
6 

1 
:1

. 2
 

(‘
 2

01
1,

7(
‘I

N
4C

~4
 

= 
58

. 
2 

4.
1 

13
.6

 
1.

 
8 

(d
. 

I 
J 

11
12

) 
1.

 
i 

(d
, 

1 
1 

= 
1H

v.
) 

rr
ys

tn
,n

 
l<

,O
,, 

C
R

 
67

 
1 

4 
6 

6 
‘I

 
C

32
H

24
C

1N
30

5 
67

. 
n 

4.
3 

1.
4 

1.
4 

1 
n-

3.
7 

(I
II

. 
19

) 

0.
7 

(8
.2

) 
I. 

T
-2

.5
 

(m
. 

15
) 

0 
5 

(8
.2

) 
1.

 R
-2

.5
 

(I
n.

 
10

) 
7.

 2
 

(S
,3

) 

1.
 s

-2
.5

 
(“

I.
 

10
) 

7.
 

0 
(U

. 
3)

 
qu

tn
nz

ol
-l

-o
ne

 

a 
C

on
de

ns
at

io
n 

w
ith

 
2-

m
et

hy
l-

4.
 

(;
-d

lp
he

ny
l 

py
ry

liu
m

 
pc

rc
hl

or
at

e 
to

 
gw

e 
2-

m
et

hy
l-

4.
 

B
-d

ip
hr

ny
l 

l-
(1

’, 
2’

.4
’-

t,i
ar

ol
’-

4’
-y

l)
-p

~,
d,

“1
”~

 
pe

rc
hl

or
at

e.
 

k!
 W

ith
 

de
ro

m
po

sd
to

n.
 



T
ab

le
 4

. 
M

o
n

o
- 

an
d

 d
i-

ca
ti

o
n

 s
p

ec
ie

s 
o

b
ta

in
ed

 b
y 

m
ct

h
yl

at
io

n
 o

f 
p

ar
en

t 
N

,N
-l

in
ke

d
 

b
ih

et
er

o
ar

yl
s 

Ib
re

nt
 

co
m

po
un

d 

3.
4-

D
ic

th
ox

yc
ar

bo
n

yl
-2

.5
- 

d,
m

et
h

yl
-l

-,
l’.

2’
.4

’-t
ri

az
ol

- 

4’
-y

l)
-p

yr
r0

k 

2.
~.

6-
~r

,m
et

h
yl

-1
-(

1’
.2

’.4
’- 

tr
,s

ro
,-

,‘-
yl

)-
py

ld
m

m
um

 

pe
rc

hl
or

at
e 

2-
M

et
h

yl
-4

. 
6-

dl
ph

en
yl

-l
-(

1’
.2

’.4
’- 

(r
,n

*o
l-

,‘-
yl

)-
py

rl
dm

lu
m

 

pe
rc

tm
ra

tc
 

I-
(P

,m
o?

-I
’-y

l)
-p

yr
ld

- 

z-
on

e 

2.
 

B
-D

tm
et

h
yl

-l
-(

1’
, 

2’
.4

’- 

tr
,.r

o,
-l

’-y
l)

-p
yr

ro
l-

l-
on

e 

13
6-

13
6 

pr
,s

m
s 

F
X

O
H

 
43

.6
 

lo
6-

ln
sb

 
pl

at
es

 
Y

ec
S

 
41

. 
1 

2X
-2

2$
 

ne
ed

le
s 

h
lr

(‘S
- 

31
 

0 
E

t2
0 

4 
0 

5 
2 

4 
3 

1 
!I 

4.
1 

47
 

4 
3 

4 
0 

33
 

R
 

42
 

R
 

32
 

I?
 

47
.8

 

63
.0

 

43
.7

 

4s
 

5 

31
.5

 

3 
6 

5.
 

0 

4 
0 

36
 

3.
 

0 

4.
0 

4.
2 

3.
6 

22
 

5 

13
 

3 

13
. 

9 

1”
. 

6 

1.
 5

 

10
. 

2 

12
.4

 

13
 

4 

5.
6 

(8
.3

) 

5.
6 

(S
. 

3)
 

5.
5 

(6
.3

) 

_.
 

5.
7 

(a
. 

3)
 

5.
0 

(S
.3

) 

5 
6 

(9
. 

3)
 

5.
 

7 
(8

. 
3)

 

5.
6 

(*
, 

3)
 

5 
R

 (
%

, 
3)

 

-0
.6

 
(8

.1
). 

0 
4 

(8
.1

) 
2.

1 
(8

.2
): 

7 
2 

(I
I.

 3
) 

7.
 

3 
(8

.6
) 

-0
.4

 
(a

. 
1,

: 
0.

5 
(8

.1
) 

1.
5 

(d
.1

.J
 

-4
k)

: 
1 

6 
(d

.1
.J

 
- 

Il
lr

) 
7.

0 
(8

,3
)-

l. 
7-

2.
4 

(t
n.

 
10

) 
- 

-0
.3

 
(,

.I)
: 

0.
7(

..1
) 

1.
5 

(9
.2

): 
I.

 
7-

2.
3 

(I
n.

 
15

) 

-0
 

I 
(9

.1
).

 
0 

6 
(8

.1
) 

2.
6 

(S
.2

) 
7.

5 
(S

. 
6)

 
(e

xt
. 

st
nn

da
rd

) 



N-oxides and related compounds-11 I555 

cation with pyrylium salts (both 2,4,6-trimethyl and 
2Abtriphenyl); under acidic or neutral conditions, 
starting materials were reisolated. Basic conditions 
(aqueous or anhydrous tertiary amine) gave mixtures of 
various compounds, but in no case was 1,1’-bipyridinium 
isolated. Reaction of i-~op~di~urn with bis(a- 
chlorobenzal)hydrazine gave I-benzamidopyridinium in- 
volving hydrolysis either before or after reaction. 

~~te~ff~ salt fo~ation by N,~-linked bihetero- 
a&. Representative neutral N,N’-linked biheteroaryls 
were converted into monocations, and mono-cationic 
N&‘-linked biheteroaryls were converted into biscations 
by methylation with FSOMe or MeIIAgClO+ Details are 
recorded in Table 4. Attempts to O-methyfate I- 
pyridiniumyl-2.pyridone failed. 

EXPERIMENTAL* 

N-Amino-keteronryls. 1 - Amino - 2,s - dimcthylpyrrole,” I . 
amino - 3,4 - diethoxyc~bonyI- 2,s - dimethylpy~ole,~~ 9 - amino - 
carbazole,” 1 - amino - 2 - pyrldone,” 3 - amino - 2 - methyl - 4= 
quinazolone,‘* 4 - amino - 4H - 1,2,4 - triazde” and 1 - amino- 
py~dinium perchlorate” were synthesized by known procedures. 
1 - Amino - 2 - quinolone,” 1 - amino - 4 - methyl - 2 - quinolone” 
and 1 - amino - ~nzimidazole’* were donated by 1. Lewis of this 
laboratory. 

- diethoxyt~rabyd~~ur~n. The N-amino compound @Ol mole), 

Pyrylium perchlorates. 2,4,6 - Trimetbylpyrylium perchlorate,M 

2.5 - diethoxvtetrahvdrofuran (1.6~. 0.01 mole) and AcOH 125 mlf 
were heated;nder ieflux for 30 rnin: Solvent was then evapbrated 

2 - methyl - 4,6 - diphenylpyrylium perchlorate” and 2,4,6 - 

at ~/~~. The residue was treated with water and the 

triphenylpyrylium perchlorate” were prepared as described. 

insoluble product was filtered off, dissolved in hot EtOH 
decolourised with charcoal and allowed to cool (Table It. 

General procedure for reaction of N - aminoheteroaryls with 2,5 

Application of this procedure to N-aminopyridinium per- 
chlorate gave exclusively N.N’ - bisovridin . 1 - Y/ - 1.4 - 
d~iminob~~ne bipe~h~or~te (1.68, 73kj as needles from EtOH 
m.p. 172173”dec. (Found: C, 38.2; H. 3.9; N, 12.5. 
C,,H,&12N,0, requires: C, 38~3; H, 3.7; N, 12.8%); PMR 
(60 MHz, CF$XXIH) t 1.0-2.0 (12) 697 (m,4). 

2,5 - Dimethyl - 1 - (1’,2’,4’ - t&z01 - 4’ - y!)- pyrrok 4 - Amino 
- 1,2,4 - triazole (3.4 g, 0.04 mole), hexane-2.5.dione (4x6 g, 
O-04 mole) and MeOH (50 ml) were heated under reflux for 10 hr. 
Solvent was evaporated over a water bath and the oily residue was 
treated with 5% HCI (25 ml). Insoluble solid was filtered off and 
discarded. After the filtrate &as set aside overnight, the crystalline 
precipitate was recrystallized from ethanol as needles (0.3 g. 7%) 
rn.0. 140-142”. (Found: C. 59.1: H. 6.1: N. 34.8. C.H,,N, reauires: 
C,-59*2; H, 6.2;N, 34.6%); PMR (60 MHz; CF,Ctiti) r O&s, 21, 
4.0 (s, 2), 8.0 (s, 6). 

3,4 - ~iefhoxycffrbony~ - 2,5 - d~metby/ - 1 - (1’2‘4 - triazof - 4’ - 
yl) - pyrrole. 4 - Amino - 1,2,4 - triazole (0.84 g. 0.01 molt), 3,4 - 
diethoxycarbonylhexane - 2.5 - dione (2.58g, O,Ol mole) and 
glacial AcOH (50 ml) were heated under reflux for 2 hr. Solvent 
was evaporated at W/20mm and the residue was treated with 
cold water (H) ml). The precipitated product (3.3 g) was collected; 
it recrystallized from EtOH as needles (2.6 g. 85%), m.p. 134-136”. 
(Found: C, 54.9; H, 5.9; N, 17.7. C,.HIIN,O, requires: C, 54.9; H, 

W.ps are uncorrected. They were taken on a Gallenkamp 
apparatus. 

f-9; N, 18.3%); PMR (60 MHz, CF,COOH) 7 0.4 (s, 2), 5.3 (q, 4, 
f = 7 Hz), 7.5 (s, 61, 8.4 (t,6, I = 7 Hz). 

2,6 - Dimethyl - 1 - (1’,2’,4’ - trkzol - 4 - yi) - pyrid - 4 + one. 4 - 
Amino - 1,2,4 - triazole (O@g, O-01 mole), 2,6 - dimethyl - 4 - 
pyrone (1~24 g, O-01 mole), water (5 ml) and K,CO, (0+25 g) were 
heated under reflux for 12 hr and cooled overnight. The separated 
trlarolylpyridone recrystallized from aqueous EtOH as needles 
(0.3 g, 16%), m.p. 310”. (Found: C, 56.9; H, 5.4; N, 29-S. C,HSoN,O 
requires: C, 56~8; H, 5.3; N, 29.5%); PMR (60 MHz, CF,COOH) 7 
0.4 (s, 21, 2-6 (s, 2). 7.5 (s, 6). 

Generai procedure for the reaction of N-aminobeferoa~~s with 
2,4,6 - trisubstitufed pyrylium perchiorates 

(A) The N-aminoheteroaryl (0.01 mole) and the pyrylium 
perchlorate (0.01 mole) were powdered and added to dry benzene 
(20-25 ml). The resultant suspension was stirred and heated under 
retlux for 5 hr. The hot mixture was filtered through a sintered 
glass funnel. The solid was collected, washed with diethyl ether, 
dried and recrystallized from EtOH, acetone or water (Tables 2 
and 3). 

(B) The N-aminohetero~yl (0.0105 mole) and the pyrylium 
perchlorate (O*Ol mole) were heated under reflux in abs EtOH 
(25-M ml) for 6-8 hr. Crystals separated from the cooled mixture 
and were collected. An additional amount of product could be 
obtained by dilution of the EtOH BItrate with diethyl ether. (Tables 
2 and 3). 

I - (T * Ethoxycarbonylbenzoylamino) - 2,4,6 - trimethyl- 
pyridinium perchlorafe. Condensation of N-aminophthalimide 
with 2.4.6 - t~methylDyrylium perchlorate as in procedure (Bt ___. 
gave prisms (3.18; 75%) (from‘EtOH, dec abov; 16t” without 

- 2,4,6 - trimethylp~~dinium perch/or& (2.5 g,.63%) as prisms 

meltinal. [Found: C. 51.9; H. 5.2~ N. 6.9. C,.HXIN& reauires: 
C, 52.a: ti, 5.1; N, &8%j; $MR’(& MHz, ?F,cGGtr) 7 i+?-2.2 

(from MeOH) dec above 220”. (Found: C. 51.1: H, 5.0: N. 6,9. 

(m, 4). 2.3 (s, 21, 5.6 (q, 2, I = 7 

C,,H,~CIN,O; requires: C, 51.2; ‘H, 4.8; N,7W$, PMR (60 MHz, 

Hz), 7-O (s, 6), 7.3 (s, 3h8.5 (t, 3, 
3 = 7 Hz). N-Aminophthalimide 

CF,COOH) 

and 2,4,6 - t~methyipyrylium salt 
in methanol similarly gave 1 - (2’ 

T 1‘9-2~5 

- methox~carbony~benzoy~umino) 

(m. 6) 6.1 (s. 3). 7.2 (s, 6), 7.5 (s. 9. 
N-Aminopht~limide and 2,4,6-t~methylpyrylium perchlorate 

in hot dacial acetic acid gave 2,4,6 - trimethyl - 1 - (3’ - 
phthQ~i~ido) - pyridbdum pekhiorate (1~35 g, 40%) m.p. 162-166” 
(crude). (Found: C, 50.7; H,4.3; N,?+S. C,~H,,ClN~O~requires: C, 
52.4; H, 4.1; N, 7.6%); PMR (60 MHz, CFXOOH) T 1.9-2.1 (m, 
4), 2.3 (s, t), 7.4 (s, 3), 7.5 (s, 6). 1 - 12’3 - ~imethy~py~~ - 1’ - 
y~)py~d~nium perchlorate. N-Aminopyridinium perchlorate 
(1.94 8, 0.01 mole), hexane - 2,5 - dione (1~148,0~01 mole), ethanol 
(50 ml) and H&SO, (0.8 mu were heated under reflux for 10 hr and 
cooled overnight at 200. The perchlorate separated; it crystallised 
from water as long yellow needles (O-5 g, 169/c), m.p. 224-226” dec. 
(Found: C, 48.3; H, 4.8; N, 10.5. CI,H,,CIN20, requires: C, 48.4: 
H.4~8; N, 10.3%); PMR (60 MHz, CF&OOH) z 1.0-1~7 (m, 5), 3.9 
(s, 2). 7.9 (5.6). Additional product (0.3 g) can be obtained by slow 
evaporation of the EtOH filtrate. The reaction mixture contains 
also a small amount of N,N’ - bispyridin - 1 - yl - 2,s - diimino - 
hexane biperchlorate as white needles from water m.p. 
l%-Wdec, (Found: C, 40.7; H, 4.4; N, 12-l. C,&,Cl~N.O, 
requires: C, 41.1; H, 403; N, l2W& PMR (60 MHz, CFXOOH) T 
l-2*0 (m, lo), 6.6-6.8 (m, 4), 7.7-8.0 (m, 6). 

3,s - ~~hoxycu~nyl - 1,4 - d~hyd~ - 2,4,6 - t~methy~ - I- (N’ - 
phthalimido) - pyridine. N-Aminophthalimide (1.62 g) diethyl 
ethylidenebisacetoacetate (2*86g), EtOH (5 ml) and 4,Saqueous 
hydrogen chlorate (6ml) were kept at 20” for 10 days. The 
precipitated dihydropyridlne (I.7 g) crystallised from EtOH as 
needles m.p. 149-WC. (Found: C, 63.8; H, 5.8; N, 6.9. 
CnH&Os requires: C, 64.0; H, 5.8; N, 6.8%); PMR (CF,COOH) 
T 1*7-2.0 (m, I), 5.6 (q, 4, I = 7 Hz), 7.8 (s, 6). 8.6 (t, 6,J = 7 Hz), 
6.1 (q, 1, 3 = 8 Hz), 8.7 (d, 3, 3 = 8 Hz). 

3,4 - Diethoxycarbonyl - 2,4,6 - trimethyl - 1. (N’ - phthalimido) 
- pyridini~m perehlorete. The dihydropyridine (0+412g), tri- 
phenylmethyl perchlomte (0.342 g, O&O1 mole) and acetonitrile 
(5 ml) were left for 12 hr. Diethyl ether was added to complete the 
precipi~tion: the product crystsllised from EtOH as plates, m.p. 
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148-150°C (Found: C, 51.2; H, 4.9; N, 5.4; CnH&IN,O,,, 
requires: C, 51.7; H, 4.5; N, 5.5%); PMR (CF,CoOH) , 1.7-2.0 
(m, I), 5.3 (9, 4, I = 7 Hz), 7.2 (s, 9), 8.5 (1, 6, J = 7 Hz). 

2 - Phtnyl - Hpyridinium - 1 - y/) - benzimidazoleperchlorate. 1 
- Hydroxy - 2 - phenylbenzimidazde (6.3 g), mcaitylene sulpltonyl- 
chloride (8 g) and pyridinc (20.0 9) were heated at 100°C for 1 hr. 
Excess pyridine was removed at 15mm/loo” and a saturated 
aqueous solution of sodium perchlorate (100 ml) was added. The 
mixture was heated to w”c and insolubles were filtered off and 
discarded. The lIltrate on cooling deposited the perch/orate (2.0 g), 
which after two crystallations from H,O formed needles (0.5 g), 
mp. 208-210”. (Found: C, 57.0; H, 2.0; N, 11.0. C,,H,.CIN,O. 
requires: C, 58.2; H, 3.8; N, 11.3%). 

General procedures for methylation of N,N-lied bi-heteroaryls 
(A) The N,N-linked bi-heteroaryl (0.01 mole) was treated with 

methyl fluorosulphonate (0~02-0% mole) at room temp (in solvent 
or without) for 3-4 days. The product crystal&d and was filtered 
off and washed with dichloromethane or dry diethyl ether. The 
crude fluorosulphonates were dissolved in the minimum of hot 
water and poured into 50% aqueous sodium perchlorate soln. 
Precipitated perchlorate was collected and recrystallised from 
water or acetonediethyl ether (Table 4). 

(B) The N,N-linked biheteroaryi (0.01 mole), silver perchlorate- 
acetonitrile complex (3.76g. 0.01 mole) and l&dichlorc&ane 
(20 ml) were stirred at 20”. Me1 (7.0 g -0.05 mole) was added 
dropwise and stirring was continued for 24 hr. The resultant 
mixture was t&red through sintered ass; solid on the funnel 
was washed with hot acetonitrik (20 ml) and the combined liltrate 
was diluted with dry dietbyl ether to precipitate the product, 
which was recrystallized from ethanol or water (Table 4). 
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