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METHODS FOR THE SYNTHESIS OF 4-PYRAZOLYL- AND 4-
PYRIDYL-5-0XO-1,4,5,7-TETRAHYDROFURO[3,4-b]PYRIDINES

A. Sausin’sh, B. Chekavichus, and G. Duburs

The most suitable method for the synthesis of 4-pyrazolyl- or 4-pyridyl-5-oxo-1,4,5, 7-tetrahydrofurof3,4-
bjpyridines uses 4-chloro- or 4-acetoxyacetoacetic esters in various versions of the Hantsch synthesis with
closure of a lactone ring during the reaction. Some of the intermediate products (2-chloromethyl- and 2-
acetoxymethyl-1,4-dihydropyridines) were isolated. Cyclization with the formation of lactones does not occur
in N-substituted 1,4-dihydropyridines.

It is known that 4-aryl-5-ox0-1,4,5,7-tetrahydrofuro[3,4-b]pyridines (VIa) promote the transport of calcium ions across
cell membranes and exhibit cardiotonic activity [1-3]. Only isolated examples of their 4-heteryl analogs have been synthesized
[4]. .
The aim of the present work was to study the possibilities of synthesizing 4-heteryl- and, more specifically, 4-pyrazolyl-
and 4-pyridyl-5-oxo-1,4,5,7-tetrahydrofuro[3,4-b]pyridines (VI). Earlier we studied the synthesis and properties of 4-pyrazolyl-
3,5-dialkoxycarbonyl-1,4-dihydropyridines [5].

The methods involving the cyclization of 2,6-dimethyl-3,5-dialkoxycarbonyl-1,4-dihydropyridines (IVa) to the lactones
(VIa) by means of the perbromide of pyridinium bromide [6] or N-bromosuccinimide (NBS) [7] are well known.

The action of N-bromosuccinimide on the dihydropyridine (IVd) gave the furopyridine (Vid). However, certain other
4-pyrazolyl (IVb, f) and 4-pyrrolyl derivatives of 1,4-dihydropyridine give difficultly separable mixtures of products with N-
bromosuccinimide. As a result this method is not entirely suitable for the synthesis of 4-heterylfuropyridines (VI). It was also
not possible to realize the cyclization of dihydroindenopyridine (VIIIa) to the corresponding lactone with N-bromosuccinimide.

In the synthesis of compound (VIII) from 2-(pyrazolylmethylene)indane-1,3-dione (VII) and 3-aminocrotonic ester the
expected dihydro compound (VIiIa) was only isolated in a small amount; the oxidized forms (IXa, b) were mainly formed, since
the ylidene derivative (VII) can probably act as an oxidizing agent on the dihydropyridine during the reaction; such action has
been demonstrated for 2-benzylidene-1,3-indanedione [8].

The method employing 4-chloro- or 4-acetoxyacetoacetic esters (I1I) in various versions of the Hantsch synthesis has
been widely used in the synthesis of lactones (VIa). The obtained 2-chloromethyl- or 2-acetoxymethyl-1,4-dihydropyridines
(Va) close the lactone ring after prolonged boiling or treatment with alkali {9, 10].

The two-component reaction between 2-(pyrazolylmethylene)-4-chloroacetoacetic ester (II) (a mixture of the E and Z
isomers) and 3-aminocrotonic ester (I) with prolonged boiling leads not only to the Hantsch synthesis of dihydropyridine but
also to closure of the lactone ring with the formation of the tetrahydrofuro[3,4-b]pyridine (VIc). The lactone (V1) is not formed
in the three-component reaction between the aldehyde, 4-chloroacetoacetic ester (1lla), and 3-aminocrotonic ester at room
temperature; the intermediate 2-chloromethyl-1,4-dihydropyridine (Vb) was isolated. By using 4-acetoxyacetoacetic ester (I1Ib)
in this reaction with boiling in ethanol it was possible to isolate 2-acetoxymethyl-1,4-dihydropyridine (Vi), which undergoes
cyclization to the lactone (VIi) under the influence of potassium hydroxide. It is more convenient to conduct the reaction
without isolating the 2-acetoxy derivative (V); the tetrahydrofuropyridines (VIb, e, g, h, j) were obtained by addmg a solution
of potassium hydroxide to the reaction mixture.
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Unlike the N-unsubstituted analogs the 3-arylaminocrotonic ester (X) gives I-aryl-2-chloromethyl-1,4-dihydropyridine
(XI) with the ester (II). The product is a stable substance and does not undergo cyclization to the lactone either after heating
in solution for many hours or in the molten state. This agrees with our previously discovered reactivity of 2-bromomethyi-1,4-
dihydropyridines {7], due to their steric strain. Stuart—Briegleb models show that rotation of the CH,Br group (and also the
CH,ClI group) is impossible in 1-substituted 1,4-dihydropyridines. As a result the approach of the reaction centers for closure
of the lactone ring is unlikely. The restricted rotation of the CH,Cl group in compound (XI) is demonstrated in the PMR
spectra by signals for the ethylene group at position 6 at 4.06 and 4.97 ppm in the form of an AB quartet.

At the same time it is possible to obtain the N-substituted derivatives by the N-alkylation of 1,4,5,7-tetrahydrofuro[3,4-
blpyridines [11]. We realized this in the case of the N-benzylation of the lactone (XII).

Experiments conducted in the Laboratory of Pharmacology at the Latvian Institute of Organic Synthesis showed that
4-pyrazolyl- and 4-pyridylfuropyridines (VI) only have a slight effect on the cardiovascular system.

EXPERIMENTAL

The PMR spectra were recorded on a Bruker WH-90 instrument at 90 MHz in DMSO-dg sotution with TMS as internal
standard. The IR spectra were obtained on a Perkin-Elmer 580B spectrometer for suspensions in Nujol. The UV spectra were
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obtained on a Carl Zeiss/Jena Specord M-40 spectrophotometer in ethanol. The mass spectrum was recorded on an AEI MS-50
instrument.
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The reactions and the individuality of the synthesized compounds were monitored on Silufol UV-254 plates in the 9:7:1
chloroform —hexane —acetone and 20:1 benzene —ethyl acetate solvent systems.

The elemental analyses of the obtained compounds for C, H, N, and ClI correspond to the calculated data.

The characteristics of compounds (II, 1V-IX, XI, X1II) are summarized in Tables 1 and 2.

Methyl 2-[(1',3’-Diphenyl-4' -pyrazolyl)methylene]-4-chloroacetoacetate (II). A solution of 1.24 g (5 mmole) of 1,3-
diphenyl-4-formylpyrazole, 1.5 g (5 mmole) of methyl 4-chloroacetoacetate, 0.06 ml of piperidine, and 0.04 ml of acetic acid
in 50 ml of benzene was boiled for 4 h using a Dean—Stark tube. The product was evaporated under vacuum, rubbed with
methanol, and crystallized from methanol.

3,5-Dialkoxycarbonyl-2,6-dimethyl-4-(3'-phenyl-4'-pyrazolyl)-1,4-dihydropyridines (IVb, f). A solution of 0.01
mole of 3-phenyl-4-formylpyrazole, 0.02 mole of acetoacetic ester, and 3 ml of 25% aqueous ammonia in 10 ml of ethanol
was boiled for 7 h.

A. Compound (IVb). After cooling the precipitate was separated and crystallized from ethanol.

B. Compound (IVf). Part of the compound separated after cooling. The other part was obtained after evaporation of
the filtrate under vacuum and treatment of the residue with ethyl acetate. The product was crystallized from a 1:1 mixture of
ethanol and water. .

3,5-Dimethoxycarbonyl-2-methyl-4-(3'-phenyl-4'-pyrazolyl)-6-chloromethyl-1,4-dihydropyridine (Vb). A solution
of 0.86 g (5 mmole) of 3-phenyl-4-formylpyrazole, 0.75 g (5 mmole) of methyl 4-chloroacetoacetate, and 0.58 g (5 mmole)
of methyl 3-aminocrotonate in 10 mi of isopropanol was stirred at room temperature for 20 h. The substance was isolated by
the addition of 1 ml of water and crystallized from methanol.

6-Acetoxymethyl-2-methyl-3-methoxycarbonyl-4-(3'-pyridyl)-5-ethoxycarbonyl-1,4-dihydropyridine (Vi). A solution
of 1.07 g (0.01 mole) of 3-pyridinecarbaldehyde, 1.15 g (0.01 mole) of methyl 3-aminocrotonate, and 1.88 g (0.01 mole) of
ethyl 4-acetoxyacetoacetate in 10 ml of ethanol was boiled for 23 h. Part of the compound separated after cooling, and part
was obtained after evaporation of the filtrate under vacuum and treatment of the remaining oil with ethyl acetate. The product
was crystallized from a 1:1 mixture of ethanol and water. ’

3-Alkoxycarbonyl-2-methyl-4-pyrazolyl(pyridyl)-1,4,5,7-tetrahydrofuro[3,4-b]pyridines (VI). Lactone (VIc). A
solution of 0.3 g (3 mmole) of methyl 3-aminocrotonate and 0.99 g (3 mmole) of methyl 2-[(1’,3'-diphenyl-4'-
pyrazolyl)methylene]-4-chloroacetoacetate (II) in 10 ml of methanol was boiled for 10 h. The precipitate was isolated after
cooling and crystallized from methanol.
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TABLE 2. Data from the PMR Spectra of Compounds (II, IV-IX, XI, XIID)

Com-~ s :
pound Chemical shifts, 8, ppm
u* 3.58 and 3.77 (3H, s. CH3), 4,73 and 4,86 (211, 5. CHy), 7.04...7,.68 (1111, m, arom.+
51D, 8,33 and 8.51 (IH, s, =CH)
1vb 2,22 (6H.s. 2,6-CH3), 3,15 (61, s, OCHa3), 5,04 (111, S, 4-ID), 7,18...7.80 (6H, m,
Cells + 5'-11), 8.80 (111, bs, NH of pyridine), 12,57 (1H, bs, NH of pyrazole)
vf 0,75 [6H, L, (CHz)3CH3l, 0,93...1,38 [8H, M, CH(CH):CH3), 2,18 (611, S,

2,6-CHz), 3.35...4,02 (411, m, OCHy), 5,09 (111, S, 4-1D), 7,18...7.84 (6, m,
Celds + 5'-1D), 8.77 (1H, bs. Nii of pyridine), 12,53 (111, bs, Nl cf pyrazole)
vb 2,17 (311, s, 2-CHy), 3,13 (311, s, OCIHia), 4,64 (211, s, C.H'z)‘ 5,04 (1H, s,4-H),
7.07...7.71 (611, M, CeHis + 5'-11), 9,13 (1H, s, NHof pyridine),12,55 (11, bs,
NH sextet,)

Vit 1,22 31, t, CHClIv, 2,15 (311, 8, CHaCO)y, 2,35 (311, s, 2-Cil3), 3,62 (311, s,
OCH3), 4,10 (2H, G, CH>CH3), 4,99 (114, 8, 4-11), 5,30 (2H, S, CH0), 6.80 (1H,
bs, NI, 7.12 (11, dd, 5 -1, 7,55 (111, dt, 4'-H), 8,35 (114, dd, 6-1D), 8,49
(111, d, 2-1h

vib 2,10 (3H. 5, 2-CI13), 2.99 (31, s, OCHa), 4,64 (211, s, CHyp), 4,69 (1H, S, 4-H),
7.18...7.68 (61, m, Celis + 5'-11), 9,51 (111, bs, Nilof pyridine),12.55 (111, bs.

S, N1I sextet )

Vvic 2.20 (3H, s, 2-CHi3), 3.08 (311, S, OCH3), 4,79 (211, 5, CH2), 4.82 (111, s, 4-1D),
7.11...7.88 (1011, m, Colis). 8,20 (1H, s, 5'-H), 9,64 (111, bs. NID
vid 0,66 (3H, t, CHaClHy), 2.17 (3H, 5, 2-CH3), 3,62 (2H, m, CH,CH3), 4,71 (2H, S,

CH; of lactone), 4,88 (111, S, 4-H), 7,11...7,91 (1011, m, CsH3), 8,17 (JH, s, §'-H),
9.62 (111, bs, NID '

Vie 0.52 (311, 4 CIHCH3, 0,99 (211, sextet, CH,CHj3), 2,21 (31, s, 2-CHg3),
3.42...3.89 (211, m, OCHCHp), 4,77 (2H, s, Cllzof lacmnp), 4,84 (111, S, 4-1D),
7.31...7.89 (611, M, Celis + 5 -11), 9,68 (11, bs ,Ntiof pyridine),12,71 (11, bs,

NI of pyrazole)

vig 2,10 (3H, S, 2-CHy), 4.03 (2H, m, OCII2), 4,66 (211, S, CH;of lactone), 4,73 (1H,
5, 4-H), 4,83 211, M, =CH3y), 5,30 (111,m,=CH), 7,16...7,69 (611, m, CgHs + 5'-H),
9.58 (1H, bs, NHiof pyrazole)12.57 (111, bs, NI sextet )

vih 0.70...1,30 (2711, m, (CH»3CHs), 2,14 (3H, s, 2-CH3, 3,30...3,77 (211, m,
OCIHI;CH;), 4,70 (21, s, Cllyof lactone) 4,78 (11, 8, 4-H), 7,21.:.7‘78 (611, m,
Colls + 5-1D), 9,58 (111, bs, NH of pyridine), 2,55 (1H, bs, NH of pyrazole)

Vii 2.27 (3H, s, 2-Cl1y, 3.41 (311, S, OCHY), 4,67 (1H, s, 4-1D, 4,79 (21, s, CH,
7.19 (111, dd, §'-11, 7,47 (1H, dt, 4'-1D, 8,22...8,38 (21, m, 2-H + 6'-H), 9,78

' (11, bs, NID

viJ 2,28 (311, 5, 2-CH3), 3,41 (311, S, OCH3), 4,67 (1H, s, 4-H), 4,78 (211, s, CH),

) 7.12 (21, dd, 3 -H + 51D, 8,38 (2H, dd, 2’-H + 6'-H), 9,83 (1H, s, NH)

Vv1J « HCI | 2,34 (314,58, 2-Cil3), 3,41(3H, s, OCH3), 4,82 (2H, s, CHy), 4,97 (1H, §, 4-H),
6,03 (1H, bs, N'ID, 7.82 (2H,d, 3-H + 5-H), 8,77 (2H, d, 2'-11+ 6'-H), 10,58
(111, d,NH)

v 7.42...8.06 (15H,m, arom. + 5 -11y, 9,95 (1H, 5. «CH)

Villa* 2,33 (3H, 5,2-CHa2), 3.3] (3H, 8, OCH3), 5,13 (1H, 5, 4-H), 6,31 (1H, bs, NH),
7.17...7,91 (1511, m, arom.+ §'-1D)

IXb 0,88 (311, t, CH2CH»), 2,60 (3H, s, 2-CHy), 4,00 (2H, q, CI1L,CHy), 7,13...8,17
(14H,m, arom), 8,57 (1H, s, §'-H)
XI* 1,13 3H, L, CHCHY), 1,44 (3H, t, CH2CH3), 2,06 (311, 8, 2-CH3), 3,26 (3H, s.

OCH3), 4.06 (SH, m, CH,CH3 + CHaCD), 4,97 (1H, d, CHCD, 5,44 (1H, s, 4-H),
6.84...7,93 (151, m, arom.+ 5 -H)

X111 2,28 (311, 5, 2-CH3), 3,42 (31, 5. OCH3), 4,73...5,00 (SH, M, 4-H+N—CH; + CH;
of lactone), 7.08...8,15 (9K, m, arom.)

*The spectrum was recorded in deuterochloroform.

Lactone (VId). A solution of 0.47 g (0.01 mole) of dihydropyridine (IVd) [5] and 0.18 g (0.01 mole) of N-
bromosuccinimide in 10 m! of chloroform was boiled for 1 h. The product was evaporated under vacuum, the oil was rubbed
with ethanol, and the product was crystallized from ethanol. )

Lactone (VIi). A 0.95-g sample of 6-acetoxymethyl-1,4-dihydropyridine (Vi) was dissolved in 5 ml of ethanol. A
solution of 0.15 g of potassium hydroxide in 2 ml of ethanol was added, and the mixture was boiled for 30 min. Part of the
substance separated after cooling, and part was precipitated by the addition of water. The product was crystallized from a 2:1
miixture of ethanol and water.

Lactones (VIb, e, g, h, j). A solution of 0.01 mole of the aldehyde, 0.01 mole of 3-aminocrotonic ester, and 0.01
mole of ethyl 4-acetoxyacetoacetate in 10 ml of ethanol was boiled for 20-25 h, and 0.56 g (0.01 mole) of potassium hydroxide
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in 2 ml of ethanol was then added. The mixture was boiled for a further 30 min. The 4-pyrazolylfuropyridines (VIb, e, g, h)
were isolated from the reaction mixture after cooling. Compounds (VIb, h) were crystallized from methanol, and compounds
(Vle, g) from ethanol. 4-Pyridylfuropyridine (VIj) was precipitated by the addition of water to the reaction mixture and was
crystallized from ethanol. The hydrochloride of the lactone (VIj) was obtained by the addition of a solution of hydrogen
chloride in dry ether to a solution of the base (V1)) in absolute ethanol, and the product was crystallized from ethanol.

2-[(1',3'-Diphenyl-4'-pyrazolyl)methylenelindane-1,3-dione (VII). A solution of 1.46 g (0.01 mole) of 1,3-
indanedione, 2.48 g (0.01 mole) of 1,3-diphenyl-4-formylpyrazole, 0.12 mi of piperidine, and 0.08 ml of acetic acid in 100
ml of benzene was boiled for 30 min using a Dean—Stark tube. The product was evaporated under vacuum, rubbed with 100
ml of ethanol, and crystallized from acetic acid.

4-(1',3'-Diphenyl-4’-pyrazolyl)-2-methyl-3-methoxycarbonyl-5-o0xo-1,4-dihydroindeno[1,2-b]pyridine (VIIIa). A
solution of 1.88 g (5 mmole) of 2-(pyrazolylmethylene)-1,3-indanedione (VII) and 0.57 g (5 mmole) of methyl 3-aminocrotonate
in a solution of 30 ml of DMFA and 10 ml of acetic acid was heated at 100°C for 1 h. The solution was cooled, and the red
crystals were filtered off. The product was a mixture of the dihydropyridine (VIIIa) and its oxidized form (IXa). The mixture
was chromatographed on 220 X 260-mm plates with a 2-3-mm unfixed layer of silica gel L100/160 p in the 20:1
benzene—ethyl acetate system, and the red band was collected. The product was eluted with acetone, the solvent was
evaporated under vacuum, and the residue was crystallized from methanol.

4-(1',3'-Diphenyl-4’ -pyrazolyl)-2-methyl-5-0x0-3-ethoxycarbonylindeno[1,2-b] pyridine (IXb). A solution of 1.88
g (5 mmole) of 2-(pyrazolylmethylene)-1,3-indanedione (VII) and 0.64 g (5 mmole) of ethyl 3-aminocrotonate in 30 ml of acetic
acid was boiled for 30 min. The solution was cooled, and the yellow crystals were filtered off. The product was crystallized
from a 4:1 mixture of acetic acid and ethanol.

4-(1',3'-Diphenyl-4'-pyrazolyl)-2-methyl-5-methoxycarbonyl-6-chloromethyl-3-ethoxycarbonyl-1-(4" -ethoxyphenyl)-
1,4-dihydropyridine (XI). A solution of 0.95 g (2.5 mmole) of methyl 2-[(1',3'-diphenyl-4’-pyrazolyl)methylene]-4-
chloroacetoacetate (II) and 0.64 g (2.5 mmole) of ethyl 3-(4’-ethoxyphenylamino)crotonate (X) was boiled in 10 ml of methanol
for 20 min. The precipitate separated after holding in the refrigerator (for several days). The product was crystallized from
methanol.

1-Benzyl-2-methyl-3-methoxycarbonyl-4-(3'-nitrophenyl)-5-oxo0-1,4,5,7-tetrahydrofuro[3,4-b]pyridine (XIIT). A
0.6-g sample (2 mmole) of the lactone (XII) was dissolved in 10 ml of anhydrous dimethoxyethane. At room temperature 0.15
g (6 mmole) of sodium hydride was added. After 30 min, 0.62 g (4 mmole) of benzylbromide was added. The mixture was
then boiled for 5 h and evaporated under vacuum. The oil was rubbed with water, and the product was crystallized from
methanol.
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