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FORMATION OF FURO- AND DIFURO-I,4-DIHYDROPYRIDINES IN THE 

BROMINATION OF 2,6-DIMETHYL -3,5-DIMETHOXYCARBONYL-4-(o-NITRO- 

PHENYL)-I,A-DIHYDROPYRIDINE 

I. P. Skrastin'sh, V. V. Kastron, G. Ya. Dubur, 
I. B. Mazheika, and V. P. Kadysh 

UDC 547.728'828.04: 
542.944'953:543.422 

Furo- and difuro-l,4-dihydropyridines were obtained by bromination of 2,6-di- 
methyl-3,5-dimethoxycarbonyl-4-(o-nitrophenyl)-l,4-dihydropyridine with mild 
brominating agents (pyridinium bromide perbromide, N-bromosuccinimide, and 
dioxane dibromide). 

Relatively little study has been devoted to the bromination of 1,4-dihydropyridines. 
The 2,6-methyl groups are brominated in the action of bromine on 4,4-disubstituted 1,4-di- 
hydropyridines [i, 2], while 4-aryl-l,4-dihyropyridines are oxidized in this case and form 
unidentified substances [3-5]. It has been shown [6] that the action of a mild brominating 
reagent -pyridinium bromide perbromide -on 4-aryl-l,4-dihydropyridines does not lead to 
oxidation, and Young isolated lactones of the III type. 

We have studied the action of pyridinium bromide perbromide, as well as dioxane dibrom- 
ide and N-bromosuccinimide, on 2,6-dimethyl- 3,5-dimethoxycar bonyl-4 - ( o-nitrophenyl ) - I, 4- d i - 
hydropyridine (I) (also known as nifedipine and fenigidin). 

Bromination of the methyl group evidently occurs initially in the action of pyridinium 
bromide perbromide (Py+H.Br3-) on I in an equimolar ratio in solution in chloroform. The 

Scheme 1 

C6H4NOZ- 0 [- C6H.N02- 0 -] C~)H.NO;~- 0 CSH4N02_ 0 

f , '  
[Y P'H" B~3 /" Br- CH3 ~ N ~ [  + R' CH3"2q'N'9~ c(D Br2' N [~) L C H ~ - I ~ H ~ B 4 r  j t ~  0 OCCH.~ 

) 2  I II III Br --~'-~-~ 

C6H4N02-O CslI4NOz-O C~H4N02-O 

]{NO 3 . 

II 
V VI VII 

~' =COOCH 3 

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga 226006. 
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1227-1232, September, 
1987. Original article submitted May 16, 1986. 

0009-3122/87/2309-0981512.50 �9 1988 Plenum Publishing Corporation 981 



T
A
B
L
E
 

1 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
l
l
l
-
V
l
l
 

OO
 

tO
 

C
om

- 
IT

m
p 

' 
~:

 
po

un
d 

11
I 

25
9-

-2
62

 
(2

61
--

26
3 

[6
1 

IV
 

18
1-

-1
83

 

V
 

28
9-

-2
91

 

V
I 

23
8-

-2
41

 

V
II

 
17

1-
-1

74
 

~'
cS

ys
te

m
s 

fo
r 

T
L
C
:
 

X
m

a 
x 

(lo
g 

r 

(4
,4

), 
22

7 
), 

34
7 

(3
,9

) 

(4
,4

),
 

23
6 

), 
36

9 
(3

,6
) 

(4
.3

). 
21

8 
). 

32
4 

(3
,7

) 

) 
(4

,6
), 

27
8 

(4
,5

),
 

27
2 

) 

[R
 sp

ec
tr

um
, 

cm
 -1

 
PM

R
 s

pe
ct

ru
m

, 
pp

m
 

12
30

. 
31

70
. 

30
80

J 
i53

07
35

' 
17

00
. 

16
75

,J 

11
60

. 
31

20
. 

17
08

. 
16

92
. 

; 5
40

 

;3
30

, 
32

10
, 

i7
30

, 
16

85
, 

[5
30

 

i7
80

. 
17

60
. 

i5
95

. 
15

24
 

17
70

, 
17

35
. 

15
70

. 
"i5

30
. 

2.
30

 
(3

t|.
 s

, 
2-

C
ii

~)
; 

31
30

 
(3

11
, 

s, 
O

C
Il

a)
; 

4,
76

 
(2

11
. 

s,
 

C
II

~)
; 

5.
52

 
0t

l.
 

s.
 

4-
1t

);
 7

,5
0 

(4
11

,m
. A

r-
-l

i)
; 

9.
74

 
(I

H
.s

, 
N

--
Ii)

 
30

66
.2

.5
5 

(3
H

.s
 .

 2
-C

tl3
); 

3.
61

 
16

51
. (

6H
. d

, 
O

C
tla

); 
5.

75
 (

11
1.

 
s 

4-
1l

); 
6.

33
 

(2
1-

1.
 %

. 
C

i1
2)

; 
7.

50
 

(4
11

. 
m

, 
A

r-
-l

i)
; 

8.
0 

(2
11

. m
,.;

 
}-

li-
-P

y)
; 

8.
46

 (
Ill

.r
e,

! 
pi

l-
-P

y)
; 

9.
63

 
(2

11
. d

, 
z-

tl-
-i

)y
);

 
10

.6
5 

(I
lL

 
s,

 
~H

) 
17

60
. 1

.9
3 

(2
tl.

 
$,

 
C

II~
); 

5.
5(

 
16

15
. (

IH
. 

s.
 

4-
11

); 
7.

70
 

(4
H

. 
re

, A
t-

-H
);

 
10

,7
0 

(l
lt,

 s
 

N
--

H
) 

16
30

, ~
,5

0 
(2

tl,
 s

, 
C

II~
); 

17
, 43

 
1 

' 
17

.8
0 

}(
4t

t,
 m

, 
A

r-
-H

) 
18

,37
 J

 
16

00
.]2

.7
7 

(3
1l

. 
s.

 2
-C

Ih
);

 
3.

51
 

J(
3H

. 
s.

 O
C

H
a)

; 
5.

30
 (

2H
 

~,
 O

t=
) 

; 
[7

,2
4 

I 
[7

,7
0 

~ 
(4

H
, 

rr
t 

A
r-

-H
) 

18
.3

0 
] 

Fo
un

d,
 %

 

i!
 

~m
pi

fi
ca

l 
br

m
ul

a 

C.
;1

11
4N

~(
). 

C2
21

 l~
Br
 Na
()
,;
 

[:~
:,1

 I,.
N~

(),
~ 

C
;rJ

 I~
N

20
,~

 

C
,J

 I
~N

2(
).

 

~1
) 

ch
lo

ro
fo

rm
-e

th
yl

 
ac

et
at

e-
h

ex
an

e 
(1

:1
:1

);
 

(2
) 

ac
et

ic
 

ac
id

. 

[:
al

c.
, 

%
 

I!
 

Y
ie

ld
, 

%
 

(m
et

ho
d)

 

8,
5 

47
 

(A
).

 
45

 
(u

), 
5,1

 
(c

) 

8.
3 

10
 (

A
) 

~.
!i 

65
 

[}
,0

 
70

 

~,
5 

68
 

(A
).

 
6I

 
{u

) 

F
A
B
L
E
 
2
.
 

M
a
s
s
 
S
p
e
c
t
r
a
 
o
f
 
I
I
I
-
V
I
I
*
 

C
o
m
-
 

po
un
d 

m
/z

 v
al

ue
s 

(r
el

at
iv

e 
in

te
ns

iti
es

, 
%

) 

II
1 

33
0 

(0
,6

) 
M

 +
', 

31
4 

(2
) 

lM
-o

l+
, 

31
3 

(3
) 

Ig
-O

ll
l 

+,
 2

97
 

(2
),

 2
82

 
(1

O
0)

. 
26

7 
(1

11
, 

26
6 

(3
1)

, 
25

,1
 (

2)
. 

25
0 

(4
).

 2
38

 
(6

).
 

23
7 

(7
).

 
22

2 
(6

),
 2

09
 

(6
1.

 
26

8 
(6

).
 

i4
0 

(6
),

 
13

9 
(6

).
 

12
7 

(6
).

 
12

6 
(f

i)
.,4

4 
(2

2)
. 

H
ig

h 
re

so
lu

ti
on

 
ex

pt
l,

 3
14

,0
85

3;
 

Cm
lI~

4N
~O

,~
; 

ca
lc

. 
3|

4,
09

02
; 

A
=0

,0
()

49
; 

ex
pU

. 
29

7,
05

15
; 

C
js

Ih
N

20
,~

; 
29

7.
05

1 
I;

 A
s0

.0
00

4 
IV

" 
32

9 
(2

),
 3

13
 

(4
),

 2
98

 
(2

),
 2

96
 

(3
).

 2
85

 
(5

).
 2

82
 

(1
00

)o
 2

67
 

(1
8)

, 
26

6 
(1

8)
. 

25
4 

(9
),

 
25

1 
(8

),
 2

50
 

(7
),

 
23

8 
(1

"4
),

 2
37

 
(9

),
 

22
4 

(6
6)

, 
79

 
(9

3)
. 

78
 

(1
8)

, 
52

 
(5

9)
. 

51
 

{3
6)

. 
44

 
(7

3)
 

V
 

31
3 

(0
.6

) 
[g

--
lt

J 
+,

 2
67

 
(1

6)
, 

26
6 

{1
00

). 
26

5 
{7

). 
26

4 
(1

0)
. 

23
8 

{1
01

. 
23

5 
(7

),
 

20
9 

(8
).

 
H

ig
h 

re
so

lu
ti

on
; 

ex
pu

.2
67

.0
49

3;
 

m
C

H
'a

C
iis

N
O

,; 
ca

lc
. 

26
7,

04
85

; 
A

=0
,O

00
8;

ex
pt

L
 

26
6.

04
40

; 
C

,~
H

sN
O

,; 
r 

26
6,

04
52

; 
A

=0
,0

01
2;

 
ex

pd
o 

23
8~

 
C

~4
H

sN
O

a;
 e

xp
tl

.2
33

,0
50

4;
 

A
=

-0
,0

05
9 

V
l 

26
6 

(]
00

).
 2

38
 

(9
).

 2
09

 
(7

) 
V

II
 

29
7 

(I
).

 2
82

 
(1

00
).

 2
67

 
(7

),
 

26
6 

(5
).

 
25

0 
(6

).
 2

38
 

(5
).

 
22

2 
((

i)
. 

H
ig

h 
re

so
lu

ti
on

: 
ex

pt
l.

28
2,

07
69

; 
C~

81
-1

~2
NO

4; c
al

c.
28

2,
07

66
; 

A
s-

0,
00

03
 

:~
F

or
 

th
e 

m
/z

 
va

lu
es

 
be

lo
w

 
25

0 
th

e 
pe

ak
s 

w
it

h 
in

te
ns

it
ie

s 
> 

5%
 

Jf
 

th
e 

m
ax

im
um

 
pe

ak
 

ar
e 

pr
es

en
te

d.
 



hypothetical intermediate II readily undergoes ring opening to give lactone III, as in [6]. 
In addition, the bromine atom in the II molecule is replaced by pyridine to give salt IV, 
which can be isolated from the reaction mixture. The second methyl group of the 1,4-dihydro- 
pyridine could not be brominated by the above-metioned reagent. Only salt IV was isolated 
from the mixture when the reaction was carried out with a twofold excess of Py+H.Br3-. Re- 
peated treatment of both salt IV and lactone III with Py+H.Br~- leads to oxidation and the 
formation of VII. The latter was also obtained by treatment of dihydropyridines III and IV 
with 3 N nitric acid. 

Since lactones of the III type are agonists of calcium ions and display positive iono- 
tropic activity [7, 8], to develop a more suitable method for their preparation we studied 
the bromination of I with dioxane dibromide and N-bromosuccinimide. 

A mixture of products, which we could not separate, was isolated in the bromination of 
I with dioxane dibromide in chloroform. Judging from TLC data, it may be assumed that lac- 
tone III, its oxidized form VII, and dilactone V are present in the mixture, i.e., bromina- 
tion of the second methyl group also is observed. Lactone III can be isolated when the reac- 
tion is carried out in the presence of pyridine; in addition, according to TLC data, �9 salt 
IV is formed, but it was not isolated in pure form. 

The best results were obtained in the case of bromination with N-bromosuccinimide (NBS). 
Refluxing with an equimolar afnount of NBS in chloroform gives lactone III in good yield. 
The previously unknown dilactone V was obtained when the reaction was carried out with a two- 
fold excess of NBS. 

In their general features, the character of the UV spectra of III-V is similar to that 
of the spectra of 4-aryl-l,4-dihydropyridines [9]. A significant hypsochromic shift of the 
long-wave maximum as compared with the shift of I (& 13 and 36 nm, respectively) is observed 
for lactones III and V. A long-wave absorption band is absent for oxidized products VI and 
VIII, but a maximum appears at -270 nm~ 

Stretching vibrations of the CO group of a lactone ring are observed in the IR spectra 
(Table i) at 1735-1760 cm -I (III and V), while the vCO band is significantly higher (1770- 
1780 cm -I) for the oxidized products. 

In the PMR spectrum (Table i) of salt IV the protons of the 3,5-ester methyl groups 
give two signals centered at 3.61 ppm (unequivalent because of the unsymmetrical character 
of the substituents in the 2 and 6 positions). It is interesting to note that for compounds 
with a 1,4-dihydropyridine structure (III and V) the signal of aromatic protons gives a mul- 
tiplet at 7.50-7.70 ppm, while for the oxidized lactones the signals of these protons give 
three multiplets at 7.24-7.43, 7.70-7.80, and 8.30-8.37 ppm. 

The mass spectrum of the m-nitro analog of VII, which was described in [I0], is charac- 
terized by a molecular-ion peak with an intensity of 18%, whichundergoes fragmentation with 
the detachment of an OCH 3 or OH radical and the subsequent formation of an [M-OH, -NO] + ion 
with m/z 281. 

A molecular-ion peak is absent in the mass spectra of iV-VII, and a low-intensity molec- 
ular-ion peak is present only in the spectrum of III (Table 2). 

The principal fragmentation process is detachment of a nitro group for pyridine com- 
pounds VII and VI, whereas for dihydropyridine compounds V and III the principal fragmenta- 
tion process is the simultaneous detachment of a nitro group and a molecule of hydrogen with 
the formation of a pyridine ring (Scheme 2, m/z 282 and 266). The ejection of a molecule 
of CO takes place after the detachment of a nitro group. 

The formation of ions with m/z 314, 297, and 208 also occurs simultaneously with these 
processes in the fragmentation of III. The formation of an [M - OCH3] + ion �9 observed for 
the corresponding pyridine compounds VII. 

In the mass spectrum of IV the greatest mass number m/z 329 is observed for the ion 
corresponding to the ejection of pyridine and CH~ molecules. The subsequent ejection of a 
molecule of HNO 2 ~eads to the formation of an ion with m/z 282, which undergoes fragmenta- 
tion, as shown in Scheme 2. In addition, an intense peak of an lion with m/z 79, viz., 
[CsHsN] +', and products of its fragmentation are present in the spectrum of IV. 
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Scheme 2. The Processes Denoted by an Asterisk Were Con- 
firmed by Scanning of the Metastable Ions. 
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It is known [ii] that nifedipine (I) is a photosensitive compound and that oxidation 
occurs particularly readily in solutions. Lactones III and V are also relatively unstable 
in dilute alcohol solutions (5.10 -s mole/liter). When they are allowed to stand in light, 
the long-wave maximum in the UV spectra vanishes, and a maximum of the oxidized form appears 
at -270 nm. After 6 days, lactone III undergoes 42% oxidation, as compared with 8% oxidation 
for dilactone V; fenigidin undergoes 81.2% oxidation after 2 h. The increase in the stabil- 
ity when lactone rings are introduced into the 1,4-dihydropyridine molecule is also confirmed 
by electrochemical oxidation. Compounds I, III, and V on a graphite disk in acetonitrile 
solutions give one Well-expressed electrooxidation wave, the half-wave potentials of which 
lie at 0.80-1.12 V (0.80, 0.99, and 1o12 V, respectively)~ 

~hus in the action on I of mild brominating agents N pyridinium bromide perbromide, 
N-bromosuccinimide, and dioxane dibromide - one observes bromination of the methyl group, 
probably with the formation of unstable compound II, which is stabilized via two competitive 
pathways: with the formation of a lactone ring and with replacement of the bromine atom by 
pyridine (when the reaction is carried out in the presence of pyridine). 

EXPERIMENTAL 

The mass spectra were recorded with an MS-50 spectrometer (KRATOS) at an ionizing-elec- 
tron energy of 70 eV and an ionization-chamber temperature of 3000C with the use of direct 
introduction of the samples into the source. The elementary composition was determined at 
a resolution of -50,000. The metastable transitions were determined in the first fieldless 
region by scanning of the accelerating voltage and combined scanning of the accelerating 
voltage and the voltage of the electrostatic analyzer~ Electrochemical oxidation was car- 
ried out with a Brucker apparatus on a rotating graphite disk electrode (S D = 0,47 cm 2) at 
a rotation rate of 2000 rpm. The potentials were measured relative to an Ag/AgNO 3 reference 
electrode (in acetonitrile). The concentration of the investigated compounds was 5.10 -4 
mole/liter. A solution (0.i mole/liter) of tetrabutylammonium perchlorate was used as the 
inert electrolyte. The IR spectra of suspensions of the compounds in Nujol were recorded 
with a Perkin-Elmer 580 B spectrometer. The UV spectra of solutions in ethanol (c 5.10 -5 
mole/liter) were recorded with a Specord UV-vis spectrophotometer. The PMR spectra of 
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solutions in CDCI 3 were obtained with a WH-90/DC spectrometer with tetramethylsilane as the 
internal standard. Monitoring of the course of the reaction and the individuality of the 
synthesized compounds was accomplished by means of TLC on Silufol UV-254 plates. 

�9 2-Methy~-3-meth~xycarb~ny~-5-~x~-4-(~-nitr~pheny~)-~5~7-tetrahydr~fur~[3~4-b]~yridine 
(III). A. A 6.23-g (1.8 mmole) sample of I was dissolved in 40 ml of anhydrous chloroform, 
and the solution was cooled to 0~ and treated with 2.37 g (3.0 manole) of pyridine and 6.72 
g (2.1 mmole) of pyridinium bromide perbromide. The mixture was stirred with cooling for 
30 min, after which it was refluxed for 90 min. It was then washed successively with 300 
ml of 2 N hydrochloric acid and twice (to 300-mi portions) of a saturated aqueous solution 
of NaCI and dried with anhydrous calcium chloride. Cooling to 0~ precipitated 3.3 g (55%) 
of lactone III, which was crystallized from acetone-hexane (I:i) to give 2.8 g (46.6%) of 
the product (see Table i). The chloroform was removed by distillation to dryness, and the 
residue was washed with ether and crystallized from methanol to give 0.9 g (10%) of N-[2- 
methy~-3~5-dimeth~xycarb~ny~4-(~-nitr~heny~)-~4-dihydr~pyridiny~-6-methy~]~yridinium bro- 
mide (IV) (see Table i). 

B__~. A 6.92-g (2 mmole) sample of I was dissolved in 40 ml of anhydrous chloroform, and 
the solution was cooled to 0~ and treated with 3o16 g (4 mmole) of pyridine and 5.70 g (2.3 
mmole) of dioxane dibromide. The mixture was stirred with cooling for 60 min, after which 
it was refluxed for 90 min. It was then washed successively with 300 ml of 2 N hydrochloric 
acid and twice (to 300-mi portions) with a saturated aqueous solution of NaCI and dried with 
anhydrous calcium chloride. The solvent was removed by distillation, and the residue was 
washed with ethanol and crystallized from acetone-hexane (i:i) to give 3.0 g (45%) of III. 

C._~. A 3.46-g (i.0 mmole) sample of I was dissolved in 20 ml of chloroform, 1.78 g (i.0 
mmole) of N-bromosuccinimide was added, and the mixture was refluxed for 30 min. The pre- 
cipitate that formed when the mixture was cooled was removed by filtration to give 2.3 g 
(70%) of lactone III, which was crystallized from acetone-hexane (i:I) to give I~8 g (54%) 
of III. 

~7~Di~x~8~(~nitr~heny~)~3~4~5~7~8-hexahydr~(difur~)-[3~3~4~-bie]pyridine (V). 
A mixture of 6.92 g (2 mmole) of I and 7.12 g (4 mmole) of N-bromosuccinimide in 40 ml of 
chloroform was refluxed for 30 min. Cooling of the mixture precipitated 4.1 g (65%) of di- 
lactone V, which was crystallized from acetone-hexane (3:1) to give ]~ g (29%) of product 
(see Table i). 

2-Methy•-3-meth•xycarb•ny•-5-•x•-4-(•-nitr•pheny•)-5•7-dihydr•fur•[3,4-b]pyridine (VII). 
A_~. A mixture of 0.45 g(0.9 mmole) of salt IV and 1.58 ml of 3 N nitric acid was stirred at 66- 
75~ for 60 min, after which it was diluted with 50 ml of water and filtered. The solid 
material was crystallized from methanol to give 0.2 g (68%) of product (see Table i). 

B. A mixture of 0.33 g (I.0 mmole) of lactone III and 1.75 ml of 3 N nitric acid was 
stirred at 60-75~ for 30 min, after which it was diluted with 50 ml of water and filtered. 
The solid material was crystallized from methanol to give 0.2 g (61%) of product. 

1,7-Dioxo-8-(o-nitrophenyl)-l,3,5,7-tetrahydro(difuro)-[3,4,3',A'-b~e]pyridine (VI). 
A mixture of 0.31 g (1.0 m/hole) of dilactone V and 1.75 ml of 3 N nitric acid was stirred 
for 2 h, after which it was diluted with 50 ml of water and filtered. The solid material 
was crystallized from methanol to give 0.15 g (48%) of product (see Table i). 

LITERATURE CITED 

i. A. M. Kats, V. V. Kastron, and G. Ya. Dubur, Khim..Geterotsikl. Soedin., No. 4, 555 
(1977). 

2. V. V. Kastron, A. M. Kats, G. Ya. Dubur, and R. M. Zolotoyabko, Khim. Geterotsikl. Soe- 
din., No. ii, 1519 (1978). 

3. A. Hantzsch, Annalen, 215, 1 (1882). 
4. B. Benary, Berichte, 51, 567 (1918). 
5. O. Mumm and J. Diederichsen, Annalen, 538, 195 (1939). 
6. S. D. Young, Synthesis, No. 7, 617 (1984). 
7. S. Kokubeen and H. Reuter, Proc. Natl. Acad. Sci., 81, 4824 (1984). 
8. P. Erne, E. Bfirgisser, F. R. Bfihler, et al., BBRC, No. 3, 842 (1984). 
9. U. Eisher and J. Kutahn, Chem. Rev., 72, 24 (1972). 

i0. H. Meyer, D. Scherling, and W. Karl, Arzneim.-Forsch. Drug Res., 33, 1528 (1983). 
Ii. J. A. Berson and E. Brown, J. Am Chem. Soc., 77, 447 (1955). 

985 


