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FORMATION OF FURO- AND DIFURO-1,4-DIHYDROPYRIDINES IN THE
BROMINATION OF 2,6-DIMETHYL -3,5-DIMETHOXYCARBONYL~4-{0-NITRO-
PHENYL)~1,4~DIHYDROPYRIDINE

I. P. Skrastin'sh, V. V. Kastron, G. Ya. Dubur, UDC 547.728'828.04:
I. B. Mazheika, and V. P. Kadysh 542.944'953:543.422

. Furo- and difuro-1,4-dihydropyridines were obtained by bromination of 2,6-di-
methyl-3,5-dimethoxycarbonyl-4~-(o-nitrophenyl)-1,4-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 1,4-4di-
hydropyridines [1, 2], while 4-aryl-1,4-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-dimethoxycarbonyl-4-(o-nitrophenyl)-1,4-di-
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
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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:Br,”. 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-bromecsuccinimide.

A mixture of products, which we could not separate, was isclated 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, 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 amount 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-1,4-dihydropyridines [9]. A significant hypsochromic shift of the
long-wave maximum as compared with the shift of I (4 13 and 36 nm, respectively) is observed
for lactones IIT 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 5 lactone ring are observed in the IR spectra
(Table 1) at 1735-1760 cm™! (III and V), while the vgp band is significantly higher (1770-
1780 cm'l) for the oxidized products.

In the PMR spectrum (Table 1) 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- nltro analog of VII, which was described in [10], is charac-
terized by a molecular-ion peak with an intensity of 187, which undergoes fragmentation with
the detachment of an OCH3 or OH radical and the subsequent formation of an [M—OH, —NOJ™ 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 — OCH, 1+ 1on is observed for
the corresponding pyrldlne 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, leads to the formation of an ion with m/z 282, which undergoes fragmenta-
tion, as shown in Scheme 2. 1In addition, an intense peak of an iion with m/z 79, viz.,
[CsHN]*®, 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 Icns.
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It is known [11] 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°° 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 427 oxidation, as compared with 87 oxidation
for dilactone V; fenigidin undergoes 81.27 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 1.12 V, respectively).

Thus in the action on I of mild brominating agents — 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 spectfa were recorded with an MS-50 spectrometer (KRATOS) at an ionizing-elec-
tron energy of 70 eV and an ionization-chamber temperature of 300°C 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 (sD = 0.47 cm?) at
a rotation rate of 2000 rpm. The potentials were measured relative to an Ag/AgNO, reference
electrode (in acetonitrile). The concentration of the investigated compounds was 5-107“
mole/liter. A solution (0.1 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+107°
mole/liter) were recorded with a Specord UV-vis spectrophotometer. The PMR spectra of
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solutions in CDCl, 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 Silufel UV-254 plates.

. 2-Methyl-3-methoxycarbonvl-5-oxo-4-(o-nitrophenyl)-1,4,5,7-tetrahydrofuro[3,4-blpyridine
(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°C and treated with 2.37 g (3.0 mmole) 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-ml portions) of a saturated aqueous solution
of NaCl and dried with anhydrous calcium chloride. Cooling to 0°C precipitated 3.3 g (557)
of lactone III, which was crystallized from acetone—hexane (1:1) to give 2.8 g (46.6%) of
the product (see Table 1). ' 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-
methyl-3,5~dimethoxycarbonyl-4-(o-nitrophenyl)-1,4-dihydropyridinyl-6-methyl]lpyridinium bro-
mide (IV) (see Table 1).

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°C and treated with 3.16 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-ml portions) with a saturated aqueous solution of NaCl and dried with
anhydrous calcium chloride. The solvent was removed by distillation, and the residue was
washed with ethanol and crystallized from acetone—hexane (1:1) to give 3.0 g (457) of III.

C. A 3.46-g (1.0 mmole) sample of I was dissolved in 20 ml of chloroform, 1.78 g (1.0
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 (1:1) to give 1.8 g (54%7)
of III.

1,7-Dioxo-8-(o-nitrophenyl)-1,3,4,5,7,8-hexahydro(difuro)-[3,4,3',4"'-b,elpyridine (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 1.8 g (29%) of product
(see Table 1).

2-Methyl-3-methoxycarbonyl-5-oxo-4-(o-nitrophenyl)-5,7-dihydrofuro[3,4-blpyridine (VII).
A. A mixture of 0.45g(0.9 mmole) of salt IV and 1.58 ml of 3 N nitric acid was stirred at 66-
75°C 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 (687) of product (see Table 1).

B. A mixture of 0.33 g (1.0 mmole) of lactone III and 1.75 ml of 3 N nitric acid was
stirred at 60-75°C 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)-1,3,5,7-tetrahydro(difuro)-{3,4,3"',4'-b,elpyridine (VI).
A mixture of 0.31 g (1.0 mmole) 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 1).
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