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SYNTHESIS AND PROPERTIES OF 6-METHYL-4-
(m-NITROPHENYL)-3-CYANOPYRIDIN-2(1H)-ONES,
THE CORRESPONDING PYRIDINE-2(1H)-THIONES,
AND THEIR HYDROGENATED ANALOGS

A. A. Krauze, H.-1. Ensch, and G. Ya. Dubur UDC 547.823

The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanoacetamide (cyanothioacetamide) in the
presence of bases was used to obtain 5-pyridyl-substituted 6-methyl-4-(m-nitrophenyl)-3-cyanopyridin-2(1H)-
ones, the corresponding  pyridine-2(1H)-thiones, and their  hydrogenated  analogs. 2-
Carbamoylmethylthiopyridine was isolated in the alkylation of 5-(4'-pyridyl)pyridine-2(1H)-thione with
iodoacetamide under mild conditions, while 2-carbamoylthio-5-(N-carbamoylmethyl-4'-pyridyl)pyridine iodide
was isolated under more severe conditions.

3,4'-Dipyridyls are of interest as cardiotonic agents. Among them have been discovered the preparations amirinone
and milrinone — 5-(4'-pyridyl)-substituted pyridin-2(1H)-ones, which have a positive inotropic effect on the heart while
simultaneously displaying a vasodilating effect [1-6]. 3,4-Dihydropyridin-2(1H)-ones also increase the force of contraction of
the papillary muscles [7].

Cardiotonic properties have recently also been discovered for 5-(4'-pyridyl)-substituted pyridine-2(1H)-thiones [8].

In continuing our research on partially hydrogenated pyridin-2(1H)-ones and pyridine-2(1H)-thiones [9, 10] we
synthesized 5-(4'-pyridyl)-substituted di- and tetrahydropyridin-2(1H)-ones and dihydropyridine-2(1H)-thiones and accomplished
their oxidation and alkylation.

Of the possible methods for the synthesis of these compounds [7, 10-13] we selected the method of unsymmetrical
three-carbon condensation [10, 13]. The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanoacetamide in the
presence of strong bases at high temperatures proceeds with the formation of a complex mixture of products. 3-Cyanopyridin-
2(1H)-one (IV), 6-hydroxy-3-cyano-3,4,5,6-tetrahydropyridin-2(1H)-one (II), and 3-carbamoyl-3,4-dihydropyridin-2(1H)-one
(I1Ib) were obtained in low yields when the reaction was carried out at room temperature using an equimolar amount of
piperidine as the condensing agent with subsequent treatment of the reaction mixture with excess acetic acid and neutralization
with ammonium hydroxide. The corresponding 3-cyano-3,4-dihydropyridin-2(1H)-one (Illa) was isolated by brief heating of
6-hydroxy derivative II with HCI in ethanol.

The progress of this reaction can be represented in the following way: the initially formed d-keto amide I undergoes
subsequent intramolecular cyclization with the participation of both the amido and cyano groups, which leads to a mixture of
hydrogenated 3-cyano- and 3-carbamoyl-substituted pyridin-2-ones Il and ITIb. As compared with 3-carbamoyl-substituted IIIb,
hydrogenated 3-cyanopyridin-2-ones II and Illa are distinguished by greater instability; this is explained by their more facile
oxidizability in the anionic form [15] and makes it possible to isolate pyridin-2-(1H)-one IV immediately from the reaction
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TABLE 1. Characteristics of the Synthesized 1I-IV, VII, and IX-XIII

Con- | mp, °c | Bmpirical UV spee- IR spectrum, v, om~ Yield,

pound crmula tnn“,f,” WA o | e | N NH.OH |
11| 140 ... 142] C;3H,6N,O, 262 t 1678, 1712 | 2256 | 3080, 3274, 2

3446
1l 195. .. 127) C;gH,uN,O; 270 1670,1716 | 2262 | 3080,3232 | 40
II1b/ 196 ... 128| C;sHsNLO, 270 1654, 1681, | — | 3142,3220, | 24
1704 3400
IV {340 ..342| CigHaN,O;4 258, 356 1680 2292 | 3092,3196 | 15
VII 168 ... 170] CysHysN50,8 9262, 322, — 2166 | 3264 75
dec. 370 sh
X d>320 CysH 2N, 0,8 252, 325, 422 — 2994 | 3182 60
ec
Xbi182 ... 184 CyH;;N;058 274,357 1691 2190 | 3156,3324, | 83
3432
X1a|203. .. 205! CyH sNsO,SX | 268, 360, — 2205, | 3124,3160 | 50
XHCI 406 sh 2959
XI|198. .. 200] CooH sNs05S x| 270, 354, 1667 2184 | 3272,3344 | 90
X HCI 106 sh’ sh
XII [112. .. 114] CyH;sN50,8 272,329 sh | 1684 2226 | 3170, 3300
XIH |160. .. 163] CoaloINsOsS | 263, 327 1662, 1678, | 2230 | 3170,3272. | b4
L 1790 R46A !

*Yield of compound XII 79% (method A) and 67% (method B).

TABLE 2. PMR Spectra of II-IV and VII-XIII in dg-DMSO

ggllnmd Chemical shifts, &, ppm (SsCc, J, Hz)

1 892 (1H, & NM); 83, 7,1 (811 m ,1NOCyl L 5-CoHN) L 6,98 (x 6-OH):
452 (1H.dy J=120, 3150 100 (UL ad, +-11); 362 (1L g, J 110 3-11);
1,16 {3H.s, 8- CH,)
[fa | 10,28 {”—I 8, \IH), 8 70 (8. m, 4-NOyCiHy, 5-CHLN): 508 (0,75 H, g,
J=1, . d, /=76, 3-ltrans); (€251, d,/=70.
. 4-f C .d, {=7.0.4-Teis: 1,80 (3H, s,6- ‘CH; i)
e N {TH. s, NHi: 853 ...7.0 (8H, m,»»\Oo(",,nI 5.C.HN), 746and7.16 (2H,
aina SQCO\mw $41 (1M 4 T=38. 4-H): 337 (1Hg, 1:8.8, 3-H: 1,87
) /ﬂYls’ GCTJ ) )
Wl 1314 (1 Hs. NH): 84 .. 7.1 {5 H.N): 2,10 (3H. s,6-CH;)
VII | 7.84 (1M, SsNID: 85...7.0 (811 4LN); 446 (1H, s. 4-H);
o 3.00and 60 (i0Hmand m, C;H N i i
VI | 7924 (1B, s,NI” 85,70 {8 m,4-N0s0, f! |(’H N): 452 (iH, 5, 4-H);
. ?‘00 (SH. s,s CHy)
1X 1444 (1H, $5NH L (RH. m 4 NOCH,, : 2924 (3H, s,6-CHy)
X 10,02 (lH s,.\IH; 8,4...79 {10H. m JLN. CONIH,); 4,88
(1H, Ss-H); 3.74 andag (znﬂdandd ; 180 (3 g 6(1713)
Xia | 1032 (lH s, 11TH): 8" 58I SHNY; F?Q (1H,8)
. 4-H); 456 and 4.30 (2H, dand d/——17 ,6-CHa)

X3 1086 (IH, S,NID: 87...75 (10H, CsHGN, CONHy); 5,12
(1H.s, 4-H): 3,76 and 3.6 {2i1, dand d 215 (31, §, CHa)
XiI 8.5, /l (0H. B, NGO, B-CoHLN, (21, 85 SCH.); 2.32

(E‘;H. s,0-CH;)
+
XHT | 89...7.1 (10H, My 4-NOyCeliy, 5 CiHN, CONIL): 326 (2H, S»> NCIl): 4,02
(2H. §.SCH,): 238 (3H, s, 6-CHy) '

mixture, in addition to the hydrogenated products, and hinders the isolation of the more soluble 3-cyano-3,4-dihydropyridin-

2(1H)-one Ia.

The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanothioacetamide in the presence of piperidine
proceeds vigorously at room temperature to give piperidinium 3-cyano-5-(4’-pyridyl)-1,4-dihydropyridine-2-thiolate VIL ~As
1,4-dihydropyridine-2-thiolates are even more unstable with respect to oxidation [11];
however, they can be rapidly isolated from the action of the oxidizing agent in the form of insoluble salts VII. Intermediates
ture of betaine VIII and pyridine-2(1H)-thione IX is obtained in the case of brief heating
of thiolate VII in acetic acid. Further treatment of betaine VIII with acetic acid leads to thione IX. In contrast to 4-pyridyl-1,4-
dihydropyridine-2-thione betaines [12, 14], 5-pyridyl-1,4-dihydropyridine-2-thione betaines are compounds that are more

compared with the oxygen analogs,

V and VI cannot be isolated. A mix

inclined to undergo oxidation, which hinders their isolation from the reaction mixtures in pure form.
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CeH ‘NOZ—m C5H4N02-m CGH NOe-n

- -p R 4-P CN
4-Py CN 4-Py 4 N
H,C + | . |
HO N o H.C N o H,C N o
H 3 H 3 H
I Illa,b v
T (‘ZSH NO,-m
4-py_ CHO cw

C,H NO,-m

2 PASNS
4-Py N H3C o} NHZ 4-Py CN
CONH / X\s > lc O
= +
H.c” Yo 2 %=0 o H,e” o |57 ONC
. NH, H” H

H
VI
CSH‘NO[
CN
=
N S
H
VIII 1X III a R=CN,b R=CONH2

The alkylation of salt VII with iodoacetamide or chloroacetonitrile gave 2-alkylthio-3-cyano-5-(4'-pyridyl)-1,4-
dihydropyridines X or the corresponding hydrochlorides XI. The 2-cyanomethylthio derivative can be isolated only in the form
of salt XIa.

The corresponding salt XIb is formed in high yield by the action of HCl in ethanol on 1,4-dihydropyridine Xb.

The alkylation of thione IX with an equimolar amount of iodoacetamide by brief heating in ethanol gave 2-
carbamoylmethylthiopyridine XII. Compound XII is also formed by oxidation of dihydropyridine X with sodium nitrite.
Further alkylation of 5-(4'-pyridyl)pyridine XII with iodoacetamide by brief heating in DMF gave 2-carbamoylmethylthio-6-
methyl-4-(m-nitrophenyl)-5-(N-carbamoylmethyl-4'-pyridyl)pyridine iodide (XIID).

€4 MO, o Sy ¢ W HO -m
!o 2 ” 4 4
- ¢ - . CcN
xcu,r  *FY ‘ N HC1 A
YII o Bomnn i } e e e j&\ i i
P
1.0 "N TscH,.R g¢” w7 “ScHR
3 H 3 H 2
Xa,» Xia,s
CONH ! NaNG,
n=L -
2%
¥ Acod CH,CONH
R -
(!;SH4NO -m K W CH,N0,-m
ICH,CONH, CH _ICH,CORE, N N
X ! 1~
Et.OH DMF AN
? He” TR s
- CH,CONH, — CH,CONH,

X,XI a R=CK, b R=CONH
2

Characteristic absorptions of stretching vibrations of cyano groups at 2256-2262 cm™! for tetra- and dihydropyridin-
2(1H)-ones II and IITa and at 2222 cm—! for pyridin-2(1H)-one IV are observed in the IR spectra (Table 1) of variously
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hydrogenated pyridin-2-ones. In the case of 3-cyanodihydropyridine-2-thiolate VII voy is observed at 2166 cm—1 \hich

indicates clearly expressed conjugation of the cyano group with the anion.

As in the case of pyridin-2-one IV, wcy for thione IX and 2-alkylthiopyridines XII and XIII is found at 2224-2230
em™—1, while the »cy bands of dihydropyridines X and XI are observed at 2184-2205 cm™!, Compound XIa is also
characterized by absorption of the unconjugated cyano group of the 2-alkylthio substituent at 2252 cm™—1, The structures of
the synthesized compounds are also confirmed by characteristic absorption bands of C=0, NH, and NH, groups.

The long-wave maximum in the UV spectra (see Table 1) of variously hydrogenated pyridin-2-ones II, III, and IV and
pyridine-2-thiones VII and IX is shifted bathochromically with an increase in the conjugation of the molecule.

Characteristic signals of C(3y—H, C(4—H, and C(5y—H protons are observed in the PMR spectra (see Table 2) of
3,4,5,6-tetrahydropyridin-2(1H)-one II, and vicinal signals of C(3)—H and C4—H protons are observed in the case of 3,4-
dihydropyridin-2(1H)-ones IIl. According to [9, 15], the 3J H3H, SPin-spin coupling constant (SSCC) of 3.8 Hz for 3-carbamoy!
derivative I1Ib indicates a trans form of the compound with pseudoaxially oriented 4-(m-nitrophenyl) and 3-carbamoyl groups.
Compound Illa is produced in the form of a mixture of two isomers in a ratio of 3:1. In accordance with [9, 15], the
predominant isomer, with 3y H3Hy = 7.0 Hz, was identified as the cis stereoisomer, in which the 4-(m-nitrophenyl) substituent
is primarily oriented axially, while the 3-cyano substituent is primarily oriented equatorially. The most characteristic signal
in the PMR spectra of 1,4-dihydropyridines VII, VIII, X, and XI is the signal of the C(4)—H proton in the form of a singlet,
while the signals of the protons of the SCH, groups in the form of an AB quartet are also characteristic in the case of X and
XI, which indicates nonequivalence of the CH, protons because of the presence of an asymmetric center at the C 4y atom in
the molecule.

EXPERIMENTAL

The IR spectra of suspensions of the compounds in mineral oil were recorded with a Perkin—Elmer 580B spectrometer.
The UV spectra of solutions in ethanol were obtained with a Specord UV-vis spectrophotometer. The PMR spectra of solutions
in dg-DMSO were obtained with a WH 90/DC spectrometer (90 MHz) with tetramethylsilane (TMS) as the internal standard.
The progress of the reactions and the individuality of the substances were monitored by TLC on Silufol UV-254 plates with
chloroform—ethanol—ammonia (15:8:1) as the eluent.

The results of elementary analysis of the synthesized compounds for C, H, N, and S were in agreement with the
calculated values.

6-Hydroxy-6-methyl-4-(m-nitrophenyl)-3-cyano-5-(4'-pyridyl)-3,4,5,6-tetrahydropyridin-2(1H)-one (ID), 6-Methyl-4-
(m-nitrophenyl)-3-carbamoyl-5-(4' -pyridyl)-3,4-dihydropyridine-2(1H)-one (Illb), and 6-Methyl-4-(m-nitrophenyl)-3-
cyano-5-(4’-pyridyD pyridin-2(1H)-one (IV). A mixture of 13.52 g (0.1 mole) of 4-pyridylacetone and 15.11 g (0.1 mole)
of m-nitrobenzaldehyde in 20 ml of absolute ethanol and 1 ml of piperidine was stirred for 6 h at room temperature, after which
a mixture of 8.41 g (0.1 mole) of cyanoacetamide in 20 ml of absolute ethanol and 9 ml of piperidine was added, and the
reaction mixture was stirred for another 1 h and then allowed to stand at room temperature. After 4 days, 15 ml of glacial
acetic acid was added, and the mixture was stirred for 4 h and then poured into 500 ml of water. The oily precipitate was
washed with 500 ml of water, and the product was refluxed briefly in 100 ml of 80% ethanol and filtered to give 3.03 g (9%)
of IV. Water (20 ml) was added to the filtrate, and 0.6 g (2%) of II separated after 4 h. Allowing the latter filtrate to stand
at room temperature for 14 days gave another 1.49 g (4%) of IV. The filtrates obtained after separation and washing of the
oily precipitate were combined and neutralized with ammonium hydroxide to give 10.3 g of a crude product, which was
refluxed in 120 ml of ethanol and then filtered hot to give 0.5 g (1%) of IV, after which 5.4 g (16%) of IlIb crystallized.
Concentration of the mother liquor gave an additional 2.82 g (8%) of IIIb.

6-Methyl-4-(m-nitrophenyl)-S-cyano-S-(4’-pyridyl)-3,4-dihydropyridin-Z(lH)-one (Illa). A 0.11-g (0.3 mmole)
sample of Il in 1 ml of 1 N HCl in ethanol was heated briefly on a water bath, after which it was cooled and then neutralized
after 5 h with 0.5 ml of 2 N KOH. The next day, 2 ml of water was added and the mixture was allowed to stand for 1h.
The precipitate was removed by filtration and washed with 5 ml of water to give 0.04 g (40%) of Hla.

Piperidinium 6-Methyl-4-(m—nitrophenyl)-3-cyan0-5-(4’-pyridyl)—l,4—dihydropyridine-z-thiolate (VII). A mix-
ture of 2.71 g (20 mmole) of 4-pyridylacetone and 3.02 g (20 mmole) of m-nitrobenzaldehyde in 10 ml of absolute ethanol and
0.5 ml of piperidine was stirred for 10 min at room temperature, after which a mixture of 2.0 g (20 mmole) of
cyanothioacetamide in 10 ml of absolute ethanol and 1.5 ml of piperidine was added, and the mixture was stirred for 1 h. The
precipitate was removed by filtration and washed with 20 m! of ethanol to give 6.51 g (75%) of VIL.
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6-Methyl-4-(m-nitrophenyl)-3-cyano-5-(4’-pyridyl)-1,4-dihydropyridine-2(1H)-thione Betaine (VII[) and 6-
Methyl-4-(m-nitrophenyl)-3-cyano-5-(4’-pyridyl)pyridine-2(1H)-thione (IX). A 8.71-g (20 mmole) sample of thiolate VII
was refluxed in 10 ml of glacial acetic acid for 5 min on a water bath, after which the mixture was filtered hot and treated with
20 ml of absolute ethanol. After 1 h, the first fraction was removed by filtration and washed with 20 ml of ethanol and 20
ml of water to give 6.1 g (84%) of a mixture of VIII and IX. After 24 h, the second fraction was removed by filtration to give
0.45 g (6%) of IX. A 3.5-g (10 mmole) sample of the mixture of VIII and IX was heated in 30 ml of glacial acetic acid for
30 min on a water bath and then allowed to stand for 2 days at room temperature. Ethanol (30 ml) was then added, and the
precipitate was removed by filtration after 1 h to give 2.1 g (60%) of IX.

2-Carbamoylmethylthio-6-methyl-4-(m-nitrophenyl)-3-cyano-5-(4'-pyridyl)-1,4-dihydropyridine (Xb). A mixture
of 4.36 g (10 mmole) of thiolate VII and 2.04 g (11 mmole) of iodoacetamide in 30 ml of absolute ethanol was heated briefly
on a water bath and then filtered. Water (10 ml) was then added, and the mixture was cooled to 0°C. After 24 h, the
precipitate was removed by filtration and washed with 20 m! of 50% ethanol to give 3.4 g (83%) of Xb.

2-Carbamoylmethylthio-6-methyl-4-(m-nitrophenyl)-3-cyano-5-(4’'-pyridyl)-1,4-dihydropyridine Hydrochloride
(XIb). A 0.82-g (2 mmole) sample of 1,4-dihydropyridine Xb was dissolved by heating in 11 ml of 0.2 N HCl in ethanol,
and the hot solution was filtered and cooled. The precipitate was separated and washed with 5 ml of ethanol to give 0.80 g
(90%) of XIb.

2-Cyanomethylthio-6-methyl-4-(m-nitrophenyl)-3-cyano-5-(4’-pyridyl)-1,4-dihydropyridine Hydrochloride
(XIa). A mixture of 4.26 g (10 mmole) of thiolate VII and 1 mi (15.8 mmole) of chloroacetonitrile in 20 ml of absolute
ethanol was heated briefly on a water bath, after which it was filtered, cooled to 0°C, and, after 1 h, treated with 10 ml of
I N HCl in ethanol. After 24 h, the precipitate was removed by filtration and washed with 10 ml of ethanol to give 2.12 g
(50%) of Xia.

2-Carbamoylmethylthio-6-methyl-4-(m-nitrophenyl)-5-(4'-pyridyDpyridine (XII}). A. A mixture of 3.48 g (10
mmole) of thione IX and 2.04 g (11 mmole) of iodoacetamide in 20 ml of absolute ethanol and 1.1 m! of piperidine was heated
briefly on a water bath, after which it was cooled, and the precipitate was removed by filtration and washed with 20 ml of
ethanol and 10 ml of water to give 3.2 g (79%) of XIL.

B. A 2.76-g (40 mmole) sample of sodium nitrite was added to a mixture of 4.07 g (10 mmole) of 1,4-dihydropyridine
X in 10 ml of glacial acetic acid, and the mixture was heated until nitrogen dioxide evolution ceased. The mixture was then
cooled and treated with 10 ml of water, and the precipitate was removed by filtration, washed with 20 ml of 50% ethanol, and
recrystallized from ethanol to give 2.7 g (67%) of XII.

2-Carbamoylmethylthio-6-methyl-4-(m-nitrophenyl)-3-cyano-5-(N-carbamoylmethyli-4’-pyridyl)pyridine Iodide
(XI). A mixture of 2.03 g (5 mmole) of pyridine XII and 1.02 g (5.5 mmole) of iodoacetamide in 7 m! of DMF was heated
for 3 min on a water bath, after which it was filtered hot and treated with 10 ml of ethanol. The next day, 10 ml of ether was
added, and the precipitate was removed by filtration after 1 h to give 1.6 g (54%) of XIII.
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REDUCTION OF 2,3,4-SUBSTITUTED QUINOLINES
WITH SODIUM BOROHYDRIDE

B. A. Vigante, Ya. Ya. Ozols, and G. Ya. Dubur UDC 547.831.07

1,2-Dihydroquinolines were obtained by the reduction of 3-substituted 2-methyl-4-phenylquinolines with sodium
borohydride in aliphatic carboxylic acids; N-alkyl derivatives are also formed. The corresponding 1,4-
dihydroquinoline was obtained in the reaction of 2-methyl-3-nitroquinolinium perchlorate with sodium
borohydride.

Little study has been devoted to 1,4-dihydroquinolines (1,4-DHQ) [1-3], although they are close analogs of 1,4-
dihydropyridines, which are used in practice as coronary dilating agents and antioxidants. 2-Methyl-4-aryl-N-unsubstituted
1,4-DHQ are most interesting from this point of view. However, this group of compounds has not been adequately studied.
Only patent data [2] on the possibility of the synthesis of 2-methyl-4-phenyl-1,4-DHQ by the condensation of «-(2-
aminophenyl)benzyl alcohol with ethyl acetoacetate are available. A greater amount of study has been devoted to 2- and 4-
unsubstituted 1,4-DHQ obtained chietly by the reduction of 3-substituted quinolines {1, 4, 5] or by the hydrogenation of the
corresponding quinolinium salts [4, 6, 7].

It has been shown [1] that the controlling condition for obtaining 1,4-DHQ by the reduction of quinolines with sodium
borohydride in ethanol is the presence of electron-acceptor groups in the 3 position and the absence of substituents in the 2 and
4 positions. The reduction of 3-halo-substituted quinolines or quaternary N-methylquinolinium salts leads primarily to 1,2-DHQ
[1, 6]. 2-Substituted quinolines are reduced by lithium aluminum hydride or sodium borohydride to 1,2-DHQ {8]. No data
on the reduction of 2,4-disubstituted quinolines are available.

We have established that 2-methyl-4-phenyl-3-substituted quinolines Ia-h are not reduced by sodium borohydride even
in the case of prolonged refluxing in ethanol; this is in agreement with the proposed [1] mechanism for the reduction of the
quinoline ring.

Quinolines Ta-h (Table 1), which are substituted in the 2, 3, and 4 positions, are reduced at 20°C by sodium
borohydride in acetic acid to give 1,2-DHQ Ila-h. In addition to reduction of the ring, the hydrogen atom attached to the
nitrogen atom is replaced by an ethyl group (see the scheme).

Similarly, N-methyl-1,2-DHQ Illa-c were obtained in good yields by hydrogenation of quinolines Ia-c with sodium
borohydride in formic acid (see the experimental section, method A). It should be noted that formic acid is used in a fivefold
molar ratio with respect to Ia-h in ethanol, since reduction does not occur in it without a solvent. Quinolines Ia-c are also
satisfactorily reduced by sodium borohydride in propionic acid, but N-propyl-1,2-DHQ were not isolated because of their
instability. The structure of the latter is confirmed by the characteristic (for 1,2-DHQ) absorption maxima in the electronic
spectra of the reaction mixtures.

Institute of Organic Synthesis, Latvian Academy of Sciences, Riga 226006. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 12, pp. 1680-1686, December, 1991. Original article submitted December 12, 1990;
revision submitted April 1, 1991.
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