mp 260-261°C. UV spectrum, Apay (log €): 495 nm (3.69). IR spectrum: 3415, 3295, 1640,
and 1620 Cm-l (NH:, %). Found, L N 10.6. ngHngsOg- Calculated, Z: N 11.0.
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SYNTHESIS OF 3fAMINO—6—METHYL—5—ETHOXYCARBONYL—4,7—
DIHYDROTHIENO[ 2, 3-b]PYRIDINE DERIVATIVES

A. A, Krauze, E. E. Liepin'sh, UDC 547.735'825'826'828.
Yu. E. Pelcher, and G. Ya. Dubur 07:543.422

The alkylation of piperidinium salts of substituted 1,4-dihydropyridine-2-
thiols with chloroacetonitrile or iodoacetamide gave 2-cyanomethylthio- and
2-carbamoylmethylthio-substituted 6-methyl-4-aryl(pyridyl)-5-ethoxycarbonyl-
3-cyano-1,4-dihydropyridines, which undergo intramolecular cyclization in
basic media to give 3-amino-6-methyl-4-aryl{pyridyl)-5-ethoxycarbonyl-2-
cyano (carbamoyl)-4,7-dihydrothienc[2,3-blpyridines.

3-Aminothieno [2,3-b]pyridines areof theoretical interest, since their molecules simultaneous-
ly contain m-surplus thiophene and n-deficient pyridine rings [l]. These compounds have
recently become widely used as synthones for the synthesis of complex condensed heterocyclic
systems [2-6] and as biologically active compounds [7].

For the first time we have shown that 3-cyano-3,4-dihydropyridine-2(1H)-thiones are
readily alkylated by alkyl halides to give 2-alkylthio-3-cyano-1,4-dihydropyridines [8]1.
2~Alkylthio-3-cyano-1,4~dihydropyridines that contain an active methylene group in the 2-
alkylthio substituent readily form a thiene ring in basic media te give 3-amino-4,7-dihydro-
thieno[2,3-b]pyridines — a new class of partially hydrogenated nitrogen- and sulfur-contain-
ing heterocycles [9, 10].

The goal of the present research was to synthesize 3~amino-6-methyl-4~aryl (pyridyl}~5-
ethoxycarbonyl=-2-cyano (carbamoyl)-4,7-dihydrothieno[2,3~b]pyridines and to investigate their
properties.

2-Cyanomethylthio- and 2-carbamoylmethylthio-substituted é-methyl-4-aryl(pyridyl)-5-
ethoxycarbonyl-3-cyano-1,4-dihydropyridines II are obtained in high yields by brief heating
of piperidine salts of substituted 1,4-dihydropyridine-2-thiels I [11] in absolute ethanol
with chloroactonitrile or iodoacetamide.

It is more convenient to obtain 2-carbamoylmethylthio derivatives II witheut isolatien
of piperidinium salts I, i.e., it is more convenient to carry out the reaction of benzyli-
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dene-acetoacetic ester, cyanothioacetamide, piperidine, and iodoacetamide in a single flask.
In the first case the overall yield of dihydropyridine IIb based on the starting cyanothio-
acetamide is 637%, as compared with 75% in the second case.
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Under the influence of bases (NaOH, KOH) with brief heating, 2-cyanomethylthio- and
2~carbamoylmethylthio-substituted 3-cyano-1,4-dihydropyridines II undergo cyclization to
3-amino-6-methyl-4-aryl (pyridyl)-5-ethoxycarbonyl-2-cyano (carbamoyl)~4, 7~ dihydrothienc 2, 3-b]-
pyridines III in high yields. These compounds can also be obtained directly from substituted
3~cyano-3,4-dihydropyridine-2 (1H)-thiones VI by alkylation by heating in excess amounts of
strong bases [9, 12]. Let us note that 2-ethylthio-3-cyano-1,4-dihydropyridine does not
undergo cyclization under these conditions [8].

Attempts to form a thiazole ring and obtain hydrogenated thiazole[l,2-blpyridine VII
by the action of hydrochloric acid in acetic acid on 2-carbamoylmethylthio-1,4~-dihydropyri-
dine II did not give positive results; IIb undergoes dehydration to give Z-cyanomethylthio-
1,4~dihydropyridine IIa (Table 1).

2-Alkylthio-3-cyano-1,4~dihydropyridines II were oxidized with sodium nitrite in acetic
acid to the corresponding 2-cyanomethylthio- and 2-carbamoylmethylthio-substituted 3-cyano-
pyridines IV. The previously undescribed 3-amino-6-methyl-4-phenyl-5-ethoxycarbonyl-2-
cyano (carbamoyl)thieno[2,3~-b]pyridines V (Va, b, respectively) were obtained by cyclization
of IV under the influence of NaOH.

Fto0C _ . Cr
HCl, AcOH HCY RN
N3 - — Hb e I
' -1,0 : AcOH . !
cH, TN T
Lo
o~

The structures of II-V were proved by spectroscopy. Two absorption bands of stretching
vibrations of a cyano group (vcy) are observed in the IR spectrum of 2-cyancmethylthio-3-
cyano-1,4-dihydropyridine IIa: a band of a conjugated cyano group in the 3 position of the
dihydropyridine ring at 2202 cm~' and a band of an unconjugated cyano group of a 2-cyano-
methylthio substituent at 2254 cm~'. The IR spectra of 2-carbamoylmethylthio-3-cyano-1,4-
dihydropyridines I1Ib-d contain characteristic vgy and amide vpg absorption bands at 2192-
2195 em™* and 1671-1676 cm™*, respectively. In the case of the corresponding oxidized prod-
ucts IV the absorption bands of a conjugated cyano group are shifted to the higher-frequency
side to 2218-2223 cm*.

The characterisitc long-wave absorption of a 1,4~dihydropyridine system at 358 nm is
observed in the UV spectra of II.
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TABLE 1. Characteristics of the Synthesized II-IV

Com-~ < Found, % Empirical Calculated, % $‘
pound | TP Ry |———1—7—{ formula 2
‘ ¢ H| N ’s ci H| N 13 -
1Ia 152—154 | 0,46 | 63,4149 [12719,1 CisH;7N;0.S 63.7]5.0(124[941 7
Ib 164196 | 0.26 1607155 (12.2] 8.8 CisHsN30:S 60,51 5.4 111,819,014 91
e ] 134—1R6 | 0,24 §28 461135174 CisHsN4O-S 537145 1139{8.0| 84
11d | 196—198 | 0.12 26‘5 §,0 15,2 8,8 C,7HsN,04S 57.0y5.1 [156]{89 ] 78
Ila | 201—203 | 0,60 [63.1]150 {126]96 CisH, - N30.S 63,7150 124194 83
IHib{ 216—218 | 0,18 |59.8]52 11,8} 86 CysHoN, 058 60,5154 [11,.8]9,0 | 80
e | 222224 | 0.16 |583,214.7 [135]78 CisHisN,0s58 53,7145 1139{8,0 | 84
Il!d 218—9220 | 0,i0 |57.415,0{15319.2 CisH,sN4OsS 57,00 5,1 1156|891} 72
Iva | 108—110 | 074 |63.5] 4,6 {128/9.3 CisHizN30,3 64,1145 1125]95 | 70
Ivb | 156—158 | 0,27 {61.7148111,319,7 CisHisN:0,S 60.8]4.8 {11,890 82
val 146—148 | 0,76 { 65,1146 1125|197 CisH5N;0:8 WM.1145 1125195 | 65
Vbl 217—210 | 0,29 {60,5]4,7 |11.7] 89 C,:H7N:05S8 608143 111,8[6,0 1] 66
TABLE 2. IR and UV Spectra of II-V
. -1
Cor- IR spectrum,” v, cm UV spectrum,
ound
P c=0 c=N NH OF NH, Amax- O
I1a 1690 2202, 2254 | 3315 228, 260 sh., 358
1b 1676, 1700 | 2195 3160, 3328 236, 286 $2, 358
lie 1671, 1686 | 2192 gMO, 3208, 3318, 3342, 230, 270, 358
430 -
11d 1677, 1702 | 2195 3120, 3345, 3420 230, 264, 360
Illa 1660 2180 3225, 3335, 3330 235, 370
{IIb 1635, 1650 — 3180, 3225, 3280, 3470 242 sh., 288, 373
Ili¢ 1642, 1672 — 3150, 3328, 3360, 3458 222, 252, 282 sh., 368
11id 1624, 1658 — 3140, 3310, 3380, 3440 291 sh ., 252, 297, 376
Iva 1733 2223, 2258 — 218, 266, 312
IVvb 1690, 1723 | 2218 3175, 3220 sh., 3306 222 sh, 273, 318 sh,
va 1731 2194 3222, 3338, 3428 235, 283, 360
Vb 1662, 1714 —_— glgS, 3275, 3332, 3414, 234 sh,, 290, 368
460

*Suspensions in mineral oil.

In the PMR spectra of II the most characteristic signals are the signals from the 4-H
protons in the form of a singlet and from the SCH; protons in the form of an AB quartet;
this indicates nonequivalence of the CH, protons because of the presence of an asymmetric
center in the molecule at the C(.) atom.

The absorption band of a conjugated cyano group that is characteristic for II vanishes
in the IR spectra of 4,7-dihydrothieno(2,3-b]pyridines III. The vgg band is shifted 40-350
cm—? to the lower-frequency side, and a number of new bands of stretching vibrations of the
3-amino group appear at 3150-3470 cm™® (Table 2). The amide and ester vgo shift of III to
1624~1672 cm~' is explained by the formation of specific intermolecular hydrogen bonds. In
the IR spectrum of IIIb in dilute solution in dioxane, in which intermolecular hydrogen
bonds are not formed, the amide and ester vgqg values are 1650 and 1696 cm—!, respectively.
In the UV spectra of III the long-wave maximum is shifted bathochromically to 368-376 nm;
this indicates an increase in the conjugation of the molecule. The signals of SCH, groups
that are characteristic for II are absent in the PMR spectra of 4,7-dihydrothienopyridines
III, but signals of 3-NH, groups appear. In addition to this, signals of 4-H protoms,
which, as compared with II, are shifted 0.47-0.52 ppm to the weak-field side, are retained
in the spectra; this is explained by an increase in the conjugation of the molecule.

EXPERIMENTAL

The IR spectra of the compounds (in mineral oil and in dioxane) were recorded with a
Perkin-Elmer 580 B spectrometer. The UV spectra of solutions of the compounds in ethanol
were obtained with a Specord UV-Vis spectrophotometer., The PMR spectra of solutions in
de-DMSO were recorded with a WH-90/DC spectrometer (90 MHz) with tetramethylsilane (TMS) as
the internal standard. The course of the reactions and the individualities of the substances
were monitored by means of TLC on Silufol UV-254 plates with chloroform—acetone—hexane
(2:1:1) as the eluent.
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TABLE 3. PMR Spectra of II-V (in d¢-DMSO)

Com Chemicat shifts of the protons, &, ppm (muttiplicity)
pound®! Nu ! NH, H CH, +H [6-CH, CH CH,
{br.s) CONH: (brs)(hr 5 R d)'(d and (s) () (t and q)
1ia 9,62 — —_ 7.3—7,1 4,19and 4,12 452 | 227 | 3.9land 1,00
I1b 1040 | 7.88and7.58) — 7.3—T7,1 3.68and 3,53] 447 | 2.24 | 39land 1.00
He 10,42 | 7.87and7.56{ — 8,1—7.1 3.75and3,64{ 470 | 2.31 | 3.95and 1.09
I1d | 1044 | 7.87and7,56] — | S46and7.12] 3. Tland 360l 448 | 227 | 3.81and 1.00
I1ia 9,82 — 6.07 7,3—7.0 500 | 2,23 | 391and 1.08
HIb 9,70 6.47 6,27 7.3—7.1 _ 494 | 227 | 391 and [.07
ITle 9,89 6,52 6,40 82—74 — 522 | 231 | 397and L.16
1id | 9387 6.56 6,40 | 8,40and7.28 — 507 | 231 | 399and 1,13
na - — — 7.6—7.4 445 — 266 | 4,02and 0.87
Ivb — 768and7.24) — 76—7.3 4.04 — 200 | 3.20and 0.85
Va — —_ 5,46 77—74 —_ — 262 | 3,98and 0.86
vb — 7.57and 7,24 0,64 7.6—7.3 — — 260 | 396and 0,86

*Spimspin coﬁpling constants (8SCC), 2JSCH,: 16.8 (I1a),
14.4 (IIb, ¢), and 14.2 Hz (IId).

The principal characteristics of the synthesized substances are given in Tables 1-3.

2-Cyanomethylthio-6-methyl-4-phenyl-5~ethoxycarbonyl-3~cyano-1,4-dihydropyridine (IIa).
A) A mixture of 3.85 g (10 mmole) of piperidinium salt Ia of 6-methyl-4-phenyl-5-ethoxy-
carbonyl-3-cyano-1,4-dihydropyridine-2(1H)-thiol [11] and 1.0 ml (15 mmole) of chlorcacetoni~
trile in 10 ml of absoclute ethanol was stirred at 30-40°C for 10 min, after which it was
filtered. The filtrate was cooled to 0°C, and the precipitate was removed by filtration and
washed with cold ethanol and water to give 2.60 g (76%) of Ila with mp 152-154°C (from
ethanol).

B) A mixture of 1.07 g (3 mmole) of 2-carbamoylmethylthio-6-methyl-4-phenyl-5-ethoxy-
carbonyl-3-cyano-1,4-dihydropyridine (IIb) and 0.5 ml of concentrated HCl in 10 ml of acetic
acid was hezated on a water bath for 10 min, after which it was cooled to 0°C, and the precip~
itate was removed by filtration and washed with ethanol to give 0.88 g (86%) of Ila.

2-Carbamoylemethylthio~6-methyl-4-phenyl-5-ethoxycarbonyl-3-cyvano~1,4-dihydropyridine
(ITb). A) A mixture of 3.85 g (10 mmole) of piperidinium salt Ia of 6-methyl-4-phenyl-5-
ethoxycarbonyl-3-cyano-1,4-dihydropyridine-2~thiol and 1.8 g (11 mmole) of iodoacetamide in
20 ml of absolute ethanol was stirred at 30-40°C for 10 min, after which it was cooled to
0°C, and the precipitate was removed by filtration and washed with ethanol and water to give
3.25 g (91%) of IIb with mp 194-196°C (from ethanol).

Compounds IIc, d. These compounds were similarly obtained.

B) A mixture of 4.16 g (20 mmole) of benzylideneacetoacetic ester, 2.0 g (20 mmole) of
eyanothioacetamide, 40 ml of absclute ethanol, and 2 ml of piperidine was stirred at room
temperature for 5 min, after which 3.6 g (21 mmole) of iodoacetamide was added, and the
mixture was stirred at 40-50°C for 15 min., It was then cooled to 0°C, and the precipitate
was removed by filtration and washed with cold ethanol to give 5.22 g (73%) of 1Ib.

3-Amino-6-methyl-4-phenyl-5-ethoxycarbonyl-2-cyano-4,7~dihydrothieno[2,3-b]lpyridine
(I1Ia). A 0.5 ml sample of 3 N NaOH solution was added to a mixture of 1.02 g (3 mhole) of
1,4~dihydropyridine IIa in 20 ml of ethanol, after which the mixture was heated to 50-60°C
for 5 min and filtered. The filtrate was cocled to 0°C, and the precip:itate was removed by
filtration and washed with ethanol. After 5 h, an additional amount of product, which was
washed with cold ethanol, was removed from the filtrate by filtration to give a total of
0.85 g (85%) of IITla with mp 201-203°C (from ethanol).

Compounds IITb-d. These compounds were similarly obtained.

3-Amino-6-methyl-4-phenyl-5-ethoxycarbonyl-2-carbamoyl-4,7~dihydrothieno[2,3-b]pyridine
(TI1Ib). A mixture of 1.2 g (4 mmole) of b6-methyl-4-phenyl-5-ethoxycarbenyl-3-cyano-3,4~di-
hydropyridine-2(1H)-thione (V) and 0.7 g (4.1 mmole) of iodoacetamide in 20 ml of ethanol
and 3 ml of 2 N KOH solution was refluxed on a water bath for 5 min, after which it was
filtered. The filtrate was cooled, and the precipitate was removed by filtration and washed
with ethanol and water to give 1.12 g (78%) of IIIb.
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2-Cyanomethylthio-6-methyl-4-phenyl-5-ethoxycarbonyl-3-cyanopyridine (IVa), A mixture
of 1.0 g (3 mmole) of 1l,4~dihydropyridine IIa in 10 ml of glacial acetic acid was heated
to 50-60°C, and 1.0 g (15 mmole} of sodium nitrite was added. The reaction mixture was
cooled and poured inte 20 ml of water, and the precipitate was removed by filtration to give
0.7 g (70%) of IVa with mp 108-110°C (from ethanol).

Compound IVb. This compound was similarly obtained.

3-Amino-6-methyl-4-phenyl-5-ethoxycarbonyl-2-cyanothieno[2,3-b]lpyridine (Va). Two drops
of 3N NaOH solution were added to a mixture of 0.34 g (1 mmole) of cyanopyridine IVa in 6 ml
of ethanol, and the mixture was heated on a water bath for 5 min. It was then cooled, and
the precipitate was removed by filtration to give 0.22 g (65%) of Va with mp 146-148°C {(from
ethanol).

Compound Vb. This compound was similarly obtained.

LITERATURE CITED

1. J. M. Barker, Advances in Heterocyclic Chemistry, A. R. Katritzky and A. J. Boulton
(eds.), Vol. 21, Academic Press, New York—London (1977), p. 66.

2, A. A. Krauze, Z. A. Bomika, A. M. Shestopalov, L. A, Rodinovskaya, Yu, E. Pelcher, G.
Ya. Dubur, Yu. A. Sharanin, and V. K. Promonenkov, Khim, Geterotsikl. Scedin., No. 3,
377 (1981).

3. R. Beugelman, M. Bois-Croussy, and B. Boudet, Tetrahedrom, 39, 4153 (1983).

4. F. Guerrera, M. A. Siracusa, B. Tornetta, P. Agozzino, and L, La Martina, J. Hetero-
cycl. Chem., 21, 587 (1984).

5. M. J. R. Encinas, C. Seoane, and J. L. Soto, Lieb. Ann. Chem., 213 (1984).

6. L. A. Rodinovskaya, Yu. A. Sharanin, V. P. Litvinov, A. M. Shestopalov, V. K. Promonen-
kov, V. K. Zolotarev, and V. Yu. Mortikov, Zh. Org. Khim., 21, 2439 (1985).

7. R. D. Youssefych, R, E. Brown, J. Wilson, U. Shah, H. Jones, B, Loev, A. Khandwala,
M. J. Leibowitz, and P. Sonnino Goldman, J. Med. Chem., 27, 1639 (1984).

8. A. A, Krauze, Yu. E£. Pelcher, Z. A. Kalme, and G. Ya. Dubur, Khim. Geterotsikl. Soedin.,
No. 8, 1140 (1984).

9. A. A. Krauze, The Books of Abstracts of the Third Conference of Young Scientists on
Organic and Bioorganic Chemistry, Bechyne, Czechoslovakia (1984), p. 83.

10. A. A. Krauze, Yu. E. Pelcher, £, E. Liepin'sh, and G. Ya. Dubur, in: Summaries of
Papers Presented at the Sixteenth Conference on the Chemistry and Technology of Organic
Sulfur Compounds and Sulfurous Petroleum Oils [in Russian], Riga (1984), p. 180,

11. A. A. Krauze, £. E. Liepin'sh, Yu. £. Pelcher, Z. A, Kalme, I, V. Dipan, and G. Ya,
Dubur, Khim. Geterotsikl. Soedin., No. &4, 95 (1985).

12. V. P, Litvinov, V. K. Promonenkov, Yu. A, Sharanin, A, M. Shestopalov, L. A. Rodinov-
skaya, V. Yu. Mortikov, and V. S. Bogdanov, Izv, Akad. Nauk SS8SR, Ser, Khim., No. 9,
2102 (1985).

106



