348 Russian Chemicai Bulletin, Vol. 49, No. 2, February. 2000

Synthesis of substituted 4-hydroxy-1H-thieno[2,3-5;4,5-b 1dipyridin-2-ones

L. A. Rodinovskaya™ and A. M. Shestopalov
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Substituted 4-hydroxy-1 A-thieno[2.3-4;4.5-4"|dipyridin-2-ones were prepared by the re-
actions of 3-cyanopyridine-2(1 A)-thiones with alkvl 4-chloroacetoacetates and by intramo-
lecular cyclization of atkvl 4-(2-pvridvithio)acetoacetates or alkyl 3-(3-aminothieno{2,3-
blpyridin-2-yl)-3-oxopropionates under the action of bases.

Key words: 4-hvdroxy-1 H-thieno[2,3-6:4,5-5" )dipyridin-2-ones. 3-cyanopyridine-2(1 H/)-
thiones. alkyl 4-chloroacetoacetates, alkyl 4-(2-pyridvithiojacetoacetates, alkyl 3-(3-
aminothieno(2.3-b]pvridin-2-y})-3-oxopropionates.

Substituted 1 H-thieno|2,3-5:4.5-b ldipyridines are
difficultty accessible compounds. Only two approaches
to the synthesis of these compounds are known.!=4 The
first approach involves the closure of the pyridine ring
as a result of the reactions of substituted 3-aminothienof2,3-
blpyridines with malonaldehyde acetal } dimethviform-
amide diethy] acetal.? or malonenitrile.3 The second
approach to the synthesis of substituted thienol2.3-
b:4.5-4" Jdipyridines involves the coupling of 2-arvl-3-
bromo-1,1-dicvanopropene with 3-cyanopyridine-2(1 H)-
thiones occurring as consecutive reactions (nucleophilic
substitution, the Thorpe—Ziegler reaction, and the
Guareschi—Thorpe reaction) 34

In the present work, we report the synthesis of
substituted 4-hydroxy- 1 H-thieno[2.3-5:4,5-5"ldipyridin-
2-ones. These compounds were prepared in high yields
in one stage without isolation of intermediates by the
reactions of substituted 3-cyanopyridine-2(1 H)-thiones
{la—c¢") with alkyl 4-chioroacetoacetates (2a,b) (Scheme
I, method A). High yields of the final reaction products
were achieved by introducing the reagents into the
reaction mixture in a strictly specified order, the tem-
perature conditions being controlled. Initially, an
equimolar amount of KOH or EtONa was added to a
suspension of the corresponding pyridine-2(1 H)-thione
1 it ethanol at 20 °C and then alkyl 4-chloroacetoacetate
2 was added. After 0.5 h, a twofold excess of a base in
ethanol was added to the reaction mixture and the
mixture was brought to boiling, refluxed, and acidified
with hydrochloric acid to produce compounds 3a—c’.
According to the second procedure (method B), com-
pounds 3 were prepared by cyclization of alkyl 4-(3-
cvano-2-pyridvithio)acetoacetates (4 or 5) under the
action of a base (KOH, EtONa, or triethvlamine).

We succeeded in preparing difficuitly accessible
thienopyridines 6f,g.,j under milder conditions, viz.. by

treating esters 4f,g,j with tricthyvlamine. These com-
pounds, in turn, underwent cyclization to the corre-
sponding thienodipyridines 3f,g.j under the action of
KOH or EtONa (method C).

Compounds 4 and 5, which are intermediates in the
synthesis of compounds 3, are readily prepared by
the reactions of pyridine-2(1 H)-thiones 1 with alkyl
4-chloroacetoacetates in DMF in the presence of an
equimolar amount of KOH. Since the yields of com-
pounds 3 are virtually independent of the procedure
used for their preparation or of the nature of the alkyl
chloroacetoacetate (Table 1), it can be noted that method
A is the simplest and most convenient procedure.

The procedures developed by us were used for the
synthesis of difficultly accessible annelated heterocycles
3 and 6 as well as of their hydrogenated analogs 8 and 9
(Scheme 2).

Pyridothienonaphthyridines 3j,k were synthesized with
the use of 3-cyanonaphthyridine-2(1 #)-thiones 1jk.
Compounds 3j,k were prepared in one stuge according
to method A in quantitative vields.

The use of 1,4-dihydropyridine-2-thiolate 7 in the
synthesis of compounds 8 and 9 is of interest. Assuming
that the reaction of salt 7, which is poorly soluble in
ethanol, with compound 2a can proceed not only at the
S atom but also at the N atom, we performed initially
the cation exchange reaction by adding a 10% aqueous
solution of KOH to a suspension of compound 7 in
ethanol. which made it also possibie to completely bind
HCI that formed. Then, an equimolar amount of ester
23 was added to the resulting solution at 40 °C. Under
these conditions, we succeeded in preparing bicyclic
compound 8 in good yield. This compound appeared to
be rather stable and underwent cyclization to thienodi-
pyridine 9 upon boiling in ethanol in the presence of an
excess of KOH. Analogous stable substituted 3-amino-
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Scheme 1
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Table 1. 4-Hydroxy-1{ H-thieno[?2,3-5;4.5-b]dipyridin-2-ones (3}
Com- Yield Found (o, Molecular [R. v/iem™! TH NMR. 5
pound (%) Calcntated formuia NHCO OH C3)H  R! R- R>  NH(OH)
(method) C H N and others (s) (br.s)
3a 92(A) 5638 318 11L&l C;HiN-O\S 1624 3403 636  8.56d 7.49 261s
3689 3.47 12.06
3b 37(A) 5834 384 1109 CHHGN-O,S 1626 3408 621 2675 7.13s 290s 1130
99 (B) 5832 4.09 11.37
3¢ 92(A) 6775 5348 162 CyoH5N-O,S 16135, 3393br 597 8.69d 7.34 d 1.75 m,
99(B) 68.16 572 795 1646 200 m,
207 m
3d  95(A) 63902 324 927 CgH | gN>O0,S 1628 3410br 399 8.07d 751m* 8.19m,
92(By 6529 342 952 7.51 m*
3e  82(A) 3964 439 1038 Cy3H|oN-OS 1620 3405br  3.84 8425 240 s .26 1, 11.86
73(B) 3998 465 1076 289 q
3f - 88-(A) - 6048 267 -10.63 €3 HpN-O,S - 1622br-3295br - 393 8.62s .2.16¢,. 346 m
86 (B) 60435 390 10.85
: 63 (C)
3g 90(A) 6158 414 10.03 Ci4H{5N0.8 1634 br 3390br 5.81 8.42s 1.6 m, 2.87 . 11.72
74 (B) 61.75 444 1029 298t
87 (C)
3h 97 (A) 6261 467 952 CsH 4NyO,S 1620 br 3340 582 840s 1.66 m, 1.85 m. 11.60
99 (B) 6292 493 9.78 288 m, 3.06 m
i 72¢(A) 6371 312 9.04 CigH |¢N,O-S 1640 3540 5.81 B42s 1.3d m, 1.73 m, 11.80
99 (B) 6398 537 933 283t 3.04¢
3i  87(A) 38.23 437 1447 C4H3N30,S 1638 br 3410br 607 8335 253s.293s, 1197
79(B) 38352 456 1462 3185, 343 m

(to be continued)
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Table 1. (continued)

Com- Yield Found ., Molecular IR, v/em™! 'H NMR. 5
pound (%) Calculated formula NHCO OH COH R! R: R’ NH(OH)
method  C H N and others ($) (br.s)
3k 90(A) 3934 405 1388 CisH5N;O5S 1632br 3392br 603 891s 1.82 m, 2.23 m, 12.0¢
60.19 438 14.04 3.12m. 3.38 m
371 m
3 9@ 6072 364 1.2 CigH 14N-O,5, 1628 3412 581 7.394d, .23 m, 1.86 m, 11.48
92(B)y 6100 3938 7.9 7.48 1. 2601, 3.04¢
7.95d
3m 79(A) €142 418 10.03 C H;aN,0,8 1632 3418 6.30 2,15 m, 232 m, 2.88 5 [i.32
91 (B)y 61.75 4.44 10.29 298 m
3n 96(A) 6193 334 1327 CigH N3OS 1627 3392br  6.26  2.68s 737 s 8.10d, 11.80
62.12 338 13.58 8.94d
30 77(A 4772 212 904 CpH-FNLOSS 1642 3444 6.37 7.80s 311s 10.71
80 (B) 48.00 235 933
3p 69(A) 614 223 732 C7HoFiN,0O-S 1638 3420 6.39 8.335 767 m. 11.80
5635 230 773 8.28 m
3¢ 63(A) 4862 173 136 CysH7F3N;0,8; 1638 3404 br  6.38 8.26 5 7.24m, 11.70
64 (BY 4891 1.92 760 7.79 m,
8.13d
Ir 61 (A) 7104 363 137 CynH |4N,0,8 1622 3393br 587 7.52m, 7.87s 7.52m, 1152
72(B) 7133 3%l 7.36 7.69 m, 7.69 m,
8.21 m* §.21 m*
3s  TH(AY 6867 384 676 Cy3H (gN2OS 1628 3407 5.96 3885, 7.87s 7.53m. 1182
59(B) 6893 403  7.00 7.17 d, 8.24 m
7.68 d
3t 97(A) 3628 247 1.46 CigHpN20-S, 1626 3418 6.04 7211, 797 s 7.33w 1179
93(B) 3633 264 732 7.76d 7.89d
7.91d 8.02 d
3u 76(A)Y 6073 262 636 CogH 1 FNLO,8, 1628 3382 6.04 7401, 7.88 s 7.20n, 1175
69 (By 6090 28! 10 7731 771d
8§.01d
v 64(A) 3821 239 6.64 C5oH | CIN,0-5,1630 3374 6.07 6.61d. 787s 720t 11.67
93 (By 3846 270 682 7.224d 7.724d,
8.00 d
3w 63 (A) 6193 3 672 CyH4N,O58, 1630 3386 394 3945, 7.85s 7.21 m* 11.7%
89(B) 6205 347 689 717 4.* 7.74 d
7.64d 8.02 d
3x  7lA)y 6l74 318 654 CyH 4N, O5S, 1630 3390 5.88 3.70s, 7.39 s 720 m, 11.76
62.05 347 639 7.20 m* 7.75d
7.29d 8.01d
748 d
7631
3y 73(A) 5192 213 2138 CyHgNLO,S 1620 3405 573 8.685 7.29 brs 11.74
5116 234 21.69 {(NH).
1634,
2196
{(C=N)
3z 60(A) 3519 218 14.95 C7HgCINLO-S 1618 3986 593 7.56d. 734 brs 11.53
35.37 246 15.19 (NH), 7.67d
1636,
2196
(C=N)
32" 64 (A 3508 237 14.8 C7HoCINSO.S 1618 3400 596  743- 7.38 brs 1143
35.37 246 15.19 (NH), 770 m
1633,
2198
{(CzN)
3b° 69(A) 3268 215 16.22 CisHgN,O,S, 1620 3403 579 7.38u* 7.36 brs* 11.62
3293 237 16.46 (NH), 7.530d,
1636, 8.00 d¢
2196
(C=N)

(fo be continued)
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Table 1. (continued)

Com- Yield Molecular IR viem™ "H NMRL S
pound (%) o formula NHCO OH CinvpH R! R* R NH(OH)
method N and otiers {5} (brs}
3¢ b 202 el Ci:HNGO-S, ol e 373 7424 735 brs* 11.30
237 1640 (NH, 791 d,
1633, 5.03 5
2198
(C=N)
* The signal 1s overlapped with the signal for the protons of another fragment. * M p. 333.-333 °C. P M. 352333 °C.

CMop. 336337 °C M op 319-321 °C

Scheme 2
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4,7-dihyvdrothieno[2.3-bjpynidines were isolated in other
cascade reactions of salts of substituted 3-cyano-|,4-
dihydropyridine-2-thiolates with  N-cvanochoroacet-
amide® or 2-aryl-3-bromo- |, I -dicvanopropene 4

The suggested procedure was used for the synthesis
of pyndothienopvrimidine 12. This compound was pre-
pared according to two procedures (Scheme 3) from the
corresponding pyvrimidine-6( 1 H)-thione 10 and com-
pound 2a either directly or in a stepwise manner with
isolation of ethyl 4-(pyrimidin-3-vithio)acctoacetate (11)
followed by its cyclization.

In the conversions under study, analogous sequences
of the reactions were observed, iz, the nucleophitic
substitution, the closure of the five-membered nng. and

rnng. Although
NH,

then the closure of the six-membered
molecules of compounds 4,
5.-and M contain two nu-
cleophilic carbon atoms of the
CH.(S) and CH.(COOR)
groups. we did not observe
cvclization to the seven-
membered nng vielding com-
pounds 13.

Probabiy, the regioselectivity observed is associated
with different nucleophilicities of the CH, groups in
compounds 4. 5, and 11. Apparently, the CH,(S) group
is more nucleophilic thun the CH,(COOR) g-roup. The
'H NMR spectra of these compounds have two signals

COOEt

e}

13
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Scheme 3
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for the protons of the CH,(S) and CH,(COOR}) groups Experimental

-~

as singlets at & 4.18—4.48 and 3.28—3.86, respectively,
along with signals for the protons of the substituted
heterocyclic fragment and the ester group (Table 2).
The 'H NMR spectra of compounds 6 and 8 have
signals for the protons of the NH, and CH.COOEt
groups. ) )

Based on comparison of the 'H NMR spectra of
compounds 3. 9, and 12 with the spectra of substituted
pyridin-2(1 H)-ones, 38 it can be suggested that thieno[2.3-
b:4.5-5"1dipyridines exist as pyridin-2(1 f)-ones. The sig-
nal for the proton of the C(3)H group is shielded by the
C(2)=0 and C(4)—OH groups and is shifted upfield to
5 5.81—6.86. In the NMR spectrum of sodium 2-oxo-
7,8.9.10.11,12-hexahydrocyciooctafe”]-1 H-thteno|2,3-
b;4,5-b"1dipyridin-4-olate 3i. this signal is even more
shielded and is shifted to § 4.89. The signal for the proton
of the NH group is broadencd and is observed at &
10.71—12.01, which is characteristic of pyridin-2(1 H)-
ones.3 It was difficult to assign the signal for the proton
of the OH group due to deuterium exchange. association
with water, and poor solubility of compounds 3 in other
solvents used in NMR spectroscopy.

The structures of compounds 3, 4—6, 8. 9, (1,
and 12 are also confirmed by their IR spectra. The IR
spectra of compounds 4 and 5 have absorption bands
of the CN, C=0, and COOR groups (sec Table 2).
On going from compounds 4 and 5 to compounds 6
and 8, absorption bands of the NH, group appear in
the IR spectra. The absorption band of the C=0O
group is decreased due to comnjugation of the latter
with the C(2)=C(3) group of the thiophene fragment
(see Table 1). The IR spectra of compounds 3, 9, and
12 have absorption bands of the NH(CO) and OH
groups.

To summarize, we developed regioselective proce-
dures for the svnthesis of functionally substituted
4-hydroxy- 1 H-thieno|[2,3-£;4.5- 5" |dipyridin-2-ones, in-
cluding those fused with tetrahydropyridine and quinuclidine.

The 'H NMR spectra were recorded on a Bruker AM-300
instrument (300 MHz) in DMSO—d6. The IR spectra were
obtained on a Perkin—Elmer 377 instrument in KBr pellets.
The characteristics of compounds 3a—c” are given in Tabic (.
The characteristics of esters 4 and 5a—w are listed in Table 2.

Alkyl 4-(3-cyano-2-pyridyithio)acetoacetate (4 and Sa—w). A
10% aqueous solution of KOH (3.6 mL) was added with stirring to
a suspension of 3-cyanopyridine-2(1 f)-thione (la—w) (0.01 moD)
in DMF. Then the corresponding ester 2a or 2b (0.01 mol) was
added and the reaction mixture was stirred at room temperatiure.
After 20—30 min, the mixture was diluted with water. The
precipitate that formed was separated and washed successively
with water, ethanol, and hexane (see Table 2).

4-Hydroxy- | H-thieno[2,3-b:4,5-5"]dipyridin-2-enes (3a—c").
Method 4. The corresponding pyridine-2(1 #)-thione (la—c’)
(0.01 mol) was added to a solution of KOH or EtONa (0.0t
mol) in EtOH (30 mL) and then ester 2 (0.01 mol) was added.
After 0.5 h, a solution of KOH or EtONa (0.02 mol) in EtOH
(20 mL) was added to the resulting suspension. The rcaction
mixture was refluxed for 3—3 min, cooled. and acidified with
concentrated HCL (3 mL). The precipitate that formed was
separated and washed successively with water, ethanol. and
hexanc and compounds 3a—¢’ were obtained (see Table 1).

Sodium 2-0x0-7.8.9,10,11,12-hexahydrocycloocta-1 H-
thicno(2.3-5:4.5-5"|dipyridin-4-olate 31 was prepared analo-
gously without acidification of the reaction mixture. The yield
was 62%, m.p. >360 °C. 'TH NMR. §: 1.32 (m, 4 H, CH,.
CH,); 1.20.(m, 4 H,.CH,, CH,); 2.83 (t, 2H. CH.); 3.00 (.2
H, CH,): 4.89 (s. 1 H, C(3)H); §.32 (5. | H, C{13)H). IR.
v/em™ "7 1615 br (NHCO), 3100—3580 w (OH).

Method B. The corresponding ester 4 or Sa—w (0.01 mol) was
added to a solution of KOH or EtONa {0.02 mob) in EtOH (40—30
ml) and the reaction mixture was refluxed for 3—5 min. Then the
reaction mixture was worked up analogously to method A.

Method C. The corresponding thienopyridine 6f,g,j (0.01
mol) was added to a solution of KOH or EtONa (0.0} mol) in
EtOH (40—30 mL) and the reaction mixture was refluxed for
3—5 mun. Then the reaction mixture was worked up analo-
gously to method A.

Thienopyridines (6f,g.)). Triethylamine (0.2 mL) was added
to a suspension of the corresponding atkyl 4-(2-pyridyl-
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Table 2. Alky! 4-(2-pyridvithiolacetoaceintes (4 and 3)
Com- Y2 Mp. Found _ e, Molecular IR, v/em™! 'H NMR. 5
pound (%)/°C Calculated . formula C=0 COOR C=N R! R2 R3 R* S-CH, H,
C H N sy (s)
4a 73 97— 4986 482 968 C;3H4N,0,5 1722 1745 2218 81534 7.34d 251 s L7 422 392
99 3010 307 (0.06 4.1lq
4b 93 03— 3724 319 931 C,HpN,0sS 17200 1746 2217 243s 4055 2495 1261, 418 3.74
104 537.52 552 958 4.12q
dc 84 91— 6608 625 673 CaHyNy0:S 1727 1745 2206 8.13d  7.24d  1.73m, 1181, 433 3.28
92 6631 6358 7.03 188 m, 4.094q
207 m
4d 82 93~ 6309 448 796 CjgH;gN,O;S 1724 1744 2215 8.27d 7.38d T54m, .12 445 382
95 6331 474 8§13 §.10m 4074q
de 00 83— 3835 564 883 CH;gN,O;S 1725 1740 2216 7.96s 226 12008 121ef 430 357
84 3880 592 913 287q 4.1bq
4 84 90— 5884 Il 893 CisHN,0:S 1726 1742 2218 3.00s  2.089.288t 1201, 423 380
92 5519 530 9.20 296t 4.10q
43 82 94— 6008 353 8.61 ClHgN,OS 1723 1743 2218 7.90s [78m, 269t 1206, 420 380
95 6036 570 8380 2321t 4129
4h 50 96— al19 385 822 Ci4H,N,O5S 1720 1738 2219 795 P37 m 180 m. 1.19¢ 425 379
98 6142 606 843 274 1,296 410 g
di 8t 1056209 624 783 CigHpnN-O3S 1722 1748 2216 797 130 brs. 1.65m, 1191 425 3.79
107 6240 640 8.9 2741 2081t 4.10 q
4170 71— 3964 482 672 CyHagN,03S, 1724 1746 218 725t 169q.182q, 1201 425 3.84
72 5998 503 699 7.30 d, 254292t 4139
7.86 d
am 68  $4— 6013 531 861 CaHgN;0S 1720 1743 1118 208 m, 283q.  240s, [19n 422 379
87 6036 370 8.30 ' 297 g 410 g
40 87 98- 4819 349 774 C,H;5FN,0:8 1728 1751 2220 762 2635 122t 437 381
100 48.53 278 8.09 412q
4 84 114-4939 322 684 C H;3FN,0:8,1722 1744 2220 S.13s 7.291 1171, 448 432
e 4927 316 6.76 7.96d. 4104
8.23d
4t 85 131-3383 332 635 CyHgNy058; 1722 1742 2218 7256 7.89s 7330 LISt 443 3.74
132 5605 376 634 7844 795d° 440 ¢
7.954d.° 8.10d
4u 82 173—59.63 368 607 CsH|FN,0;8, 1722 1740 22i6 7421 782s 7251, LISt 443 386
174 5999 389 6.36 7.78 m 7.85d, 4.11q
8§09d
4v 87  138—3774 367 602 CypH;CIN.O3S,1720 1734 2215 7.65d, 7381 sb 724t 119t 445 3.84
139 3783 375 6.13 7.75d 7.85d. 4.llq
.09 d
4w 86 133-6LIR 457 608 CyHyoN,0.8, 1722 1738 2216 337sP 783s 7St 1171 445 337
44 61.04 443 6.19 7.164d, 788 d, 4.10q
7.72d 8.10d
5h 81 92— 3867 371 893 CsH;gN,O5S 1727 1746 2216 247s  T.10s 242s 1205, 4.24 377
93 3880 592 914 .24 s,
494 m
st 77 68— 6163 518 664 CyH.N,058 1723 {740 2217 75 169 m. 182 m, 1.20s, 424 330
70 6085 335 676 7.70 d, 2353312931 1.23 s
7854 4.96 m
5c 0 85 84— (948 493 634 CysHpaN-0S 1724 1742 2215 7.60m. T91s 754m, 113s. 449 383
86 6975 313 6.51 8§20 m 777 m 1.17s,
491 m
55 90 93— 6764 505 586 CagHpgN-0,S 1725 1745 2216 3875, 7865  7.54m. 1.12s. 445 380
9 6781 325 608 7.154d, S8 m  1.i8s.
7754 4.90 m
Su 71 I7T3- 6053 306 592 CyHgFN,038, 1726 1744 2215 745t 789s 725t 1USs. 445 3.84
174 60.78 421  6.16 7.80 d 7.86d, 1.19s,
8.10d 492m
S5v 83 159— 5842 388 5.72 CayH gCIN,O55,1725 1743 2206 7.68d. 7.88s 725t 1.15s, 444 384
162 3865 407 3593 7.75d 7.86d, 1.19s,
8.10d 492 m

2 The vield of the product. ® The signal is overlapped with the signal for the protons of another fragment.
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thioyacetoacetate (4,241 (0.01 mol) in EtOH (30—40 mL) and
the reaction mixture was refluxed for 10—20 min. After cool-
ing. the precipitate that formed was separated and washed with
ethanol and hexane.

Ethyl 3-(3-amino-6,7-dihydro-3 H-cyclopenta[e]thieno{2,3-
b]pyridin-Z-yl)-3—oxopropionute (6f) The yield was 2.6 g (87%),
m.p. 193—195 °C. Found (%): C. 58.72; H. 3.21; N. 9.03.
CyH ((N.O,S. Caleulated ( c) C 59.19; H 5.30; \J 920, 'H
NMR & 1. 73 (t, 3 H. CH,): 2.17 (m. 2 H, C(6)H,); 3.00 (m,
4 H. C(5HH,. C(MHH,); 3.71 (5, COCH,): 4, 13 (g, 2 H. CH,).
$.00 (br.s, 2°H, NH) 836 (s. | H, C(HHH). IR, v/em—l: 1613
(NH.), 1727 (C=0). 3179, 3273, 3380 (NH,).

Ethyl 3-(3-amino-5.6,7.8-tetrahydrocy_clohexa[e]thieno-
[2.3-b]pyridin—2-yl)-3-oxopropionate (6g). The yield was 2.7 ¢
{84%), m.p. 199200 °C. Found (%) C, 60.08: H, 556, N,
8.63. C . H N, OS Calculated (%) C, 60.36: H, 3.70: N,
8.80. 'H NMR D138 (L3 H, CH,): 1.89 (m, 4H,C(6)H‘
C(TH.): 293 (m. 4 H. C(5)H,, C(b)H) 3.67 (s. 2 H.
COCH,): 4.18 (q, 2 H, CH ): 796(brs 2H, NH,): 825 (s,
1 H. C(4)H). IR, vjem~—1: 1620 (NH,), 1728 (C= =0), 3180,
3270 sh. 3384 (NH,).

Ethyl 3-(3-amine-6-methyl-3.6,7,8-tetrahydrothienc{2.3-
5}- 1,6-naphthyridin-2-yl)-3-oxepropionate (6j). The vicld was
2.6 ¢ {78%), m.p. 136—137 °C. Found (%): C, 57.32: H. 5.60;
N, 12.41. C, H (N;0,8. Caleudated (%): C, 5764 H.574; N,
12.60. ‘H\\AR 3 l”7(t 3 H. CH;): 2,43 (s. 3 H, N—
CH,); 2,68 (1. 2 H. C(7H,): 3.09 (m. 4'H‘ C(S)H). C(8)H,):
415 (q. 2 H, CH,); 7.94 (brs. 2 H, NH,); 820 (s. 1 H,
C(HH). IR, v/em—T: 1618 (NH,). 1727 (C=0). 3180, 3262 sh,
3382 (NH,). )

Ethyl “3-amino-2-ethoxycarbonylacetyl-6-methyl-4-(2-
thieny!)-4,7-dihydrothieno[2.3- b}pyridin-5-carhoxylate (8).
Ester 2a (1.65 g, 0.01 mol) and KOH (0.56 g, 0.01 mol) were
added to a suspension of salt 7 (3.9 g, 0.01 mol) in ethanol
(30—40 mL). The reaction mixture was heated to 40 °C. The
precipitate that formed was separated and washed with ethanol and
hexane. The vield of ester 8 was 3.6 g (86%), m.p. 115—117 °C.
Found (%): C, 54.34; H. )34 N, 661 CyyH,,N,OS,.
Catculated (%): C. 55.28: H. 5.10; N. 6.43. 'H \JWR o l 16
(t.3H,CH: 120 (L 3 HL CH) 231 (.3 H, CH; ) 348 (s,
2H. COCH) 3.59(t. 2 H. CH. SO 412 (L 2 H, LH ,0):3.47
5. 1 H. C(HH); 6.85 (s, 2 H. NH,); 6.93 (1, | H, CH of
thiophene); 7.23 (d. t H, CH of thiophene): 7.33 (m. 2 H.
NH. CH of thiophene). IR, v/iem™!: 1627, 1638 (NH. NH:);
1687, 1703, 1712 (C=0): 3128, 3245, 3326 (NH. NH,).

Ethyl 4-hydroxy-7-methyl-2-0x0-9-(2-thienyl)-1,2,6,9-
tetrahydrothieno[2,3-5;4,5-b"Jdipyridine-8-carboxylate (9).
Compotind 8 (4.2 g, 0.01 mol) was added to a solution of KOH
(0.56 g. 0.01 mol) in ethanol (40 mi.) and the reaction mixture
was refluxed for S min, cooled, and actiditied with'a 0% HCl

sojution (10 mbL). The precipitate that formed was separated
and washed successively with water, ethanol. and hexane. The
vield of compound 9 was 2.8 g (72%). m.p. >300 °C. Found
(%) C, 56.02: H, 3.97; N, 7.02. C gH¢N>0,S,. Calculated
(%): C, 55.65: H. 2.15; N, 7.21. 'H \IWR o 118 (1. 3 H,
CH,); 2.35 (s 3 H. CH,): 420 (g, 2 H. CH,): 548 (s, 1 H,
C(Q)H) 397 (s. 1 H. C(3)H) 6.92 (t, | H. CH of thiophene);
7.24 {d, { H, CH of thiophene); 7.31 (d, | H. CH of thiophene);
7.44 (s. 1 H.N©®)H): 11.98 (brs, [ H. N(OH). IR, v/em™
1632, 1638 (NHCO): 1643 (NH); 1682, 1708 (C=0); 3190.
3226 (NH): 3470 (OH).

Ethyl 4-(2-amino-5-cyano-5-methylthiopyrimidin-4-yithio)-
acefoacetate (11) was prepared analogously to compounds 4.
The vield was 2.9 g (94%). m.p. 245248 *C. Found (%): C.
46.95. H. 4.43; N 1831 C,H Ny O 1S, Calcutated (%): C.
46.44; H, 455 N, 1R.05. ‘HN\«!& :1.21 (L3 HUCHy); 252
(s, 3 H. CH;); 3.80 (d, 2 H, CH-,S) 4.07-4.25 (m 4 H,
CH.CH,,. CH ,0); 7.67 (brs 2 H, NH,). IR viem™!: 1628,
1639 (T\H) 1684, 1712 (C= O), 2223 (C=N); 3142, 3278
(NH.,).

2-Amino-8-hydroxy-4-methylthiopyrido[3’,2:4,5]thieno-
Q,B—a'}pyrimidin—6(5H)-one (12) was prepared analogously to
compounds 3 according to methods A and B in 64% and 71%
yields. respeuively M. >300 °C. Found (%): C. 43.72: H.
3.13: N.19.63. C,H(N,O,S,. Calculated (%5): C. 42.85; H.
2.88: N, 19.99. 'H T\\IR 5:2.47 (s, 3 H, CH;): 6.75 (s. 1 L
C()HY: 772(s.2H, NH,): 11.20 (s, 1 H. \IH) 11.68 (s, 1 H.
OH). IR, v/cm”‘: 1627, ~l645 (NH, NH.); 3185, 3245, 3468
(NH. NH, OH). -
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