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Synthesis of substituted 4-hydroxy- 1H-thieno [2,3-b;4, 5-b '] dipyridin- 2- ones 
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Substituted 4-hydroxy-lH-thieno[2.3-b;4.5-b']dipyridin-2-ones were prepared bv the re- 
actions of 3-cyanopyridine-2( 1H)-thiones ,~ith alkyl 4-chloroacetoacetates and by intramo- 
lecular cyclization of atkyl 4-(2-pvridylthio)acetoacetates or alkyl 3-(3-aminothieno{2,3- 
b]pyridin-2-yl)-3-oxopropionates under the action of bases. 

Key words: 4-hydroxy-I H-thienol2,3-b,4,5-b" Idipyridin-2-ones. 3-cyanopyridine-2{ 1 t/)- 
thiones, alkyl 4-chloroacetoacetates. alkyl 4-(2-pyridylthio)acetoacetates, alkyl 3-t3- 
aminothie no[ 2.3-b]pyridin-2-yl)-3-oxopropionates. 

Substituted t H-thieno[2,3-b:4,5-b'ldipyridmes are 
difficultly accessible compot,nds. Only two approaches 
to the synthesis of these compounds are known. I-4 Tile 
first approach involves the closure of the pyridine ring 
as a result of the reactions of substituted 3-aminothieno[2,3- 
blpyridines with malonaldehyde acetal, 1 dimethylform- 
amide diethyl acetal. 2 or malononi t r i le )  The second 
approach to the synthesis of substituted thienol2.3- 
b;4,5-b'ldipyridines involves the coupling of 2-ap, i -3-  
bromo- 1, I -dicyanopropene with 3-cyanopyridine-2( I H)- 
thiones occurring as consecutive reactions (nt, cleophilic 
substitution, the Thorpe--Ziegler  reaction, and the 
Guareschi--Thorpe reaction). 3"4 

ht the present work, we report the synthesis of 
substituted 4-hydroxy- 1 H-thieuo[2.3-b;4,5-b'ldipyridin- 
2-ones. These compounds were prepared in high yields 
in one stage without isolation of intermediates by the 
reactions of substituted 3-eyanopyridine-2(1/-/)-thiones 
( la - - r  with alkyl 4-chloroacetoacetates (2a,b) (Scheme 
l, 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( I H)-thione 
I in ethanol at 20 :C and then alkyl 4-chloroacetoacetate 
2 was added. Alter 0.5 h, a twofold excess of a base m 
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- 
cyano-2-pyridytthio)acetoacetates (4 or 5) under the 
action of a base (KOH, EtONa, or triethylamine). 

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

treating esters 4f, g,j with tricthylamine. These com- 
pounds, ill turn, underwent cyclization to the corre- 
sponding thienodipyridines 3f, gd 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 react ions of pyridine-2(  1H)-thiones 1 with atkyl 
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 
I Scheme 2). 

Pyridothienonaphthyridines 3],k were synthesized with 
the use of 3-cyanonaphthyridine-2(IH3-thiones Ij,k. 
Compounds 3j,k were prepared in one stage according 
to method A in quantitative yields. 

Tile 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 possible to completely bind 
HCI that formed. Then, an equimolar amount  of ester 
2a was added to the resulting solution at 40 ~ 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 ! 
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v 4-CIC6H 4 H 2-Callas 
w 4-MeOC6H 4 H 2-C.H.,S 
x 2-MeOC6H a H 2-C:H~S 
y H CN NH 2 
z 4-C106H 1 CN NH 2 
a" 2-CIC6H 4 CN NH 2 
b" 2-C4H3S CN NH 2 
c '  3-C4H3S CN NH~ 

Table !. 4-Hydrow-I  H-fllieno[2,3-b;4,5-b]dipyridin-2-ones (3) 

Corn- Yield Found (%) Molecular 
pound (%) Calculated formula 

me t hod ) C H N 

IR. v/cm -I 
NHCO OH 

and others 
C13)H 

IH NMR, 6 
R~ R 2 

(s) 
R 3 NH(OH) 

(br.s) 

3a 921A) 5658 3 18 11.81 
56.89 3 . 4 7  12.06 

3b 87 (A) 5~3_4 3=84 1_I__0__9 
9q (B) 58.52 4.09 11.37 

3r 92 (A) 67.75 5.48 762 
99(B) 68.16 5.72 7.95 

34 95 (A) 65.02 3.24 9.27 
92 (g) 65.29 3 . 4 2  9.52 

3e 82 (A) 59.6_4 _4=L9_ /O.58 
751B) 5998 4.65 10.76 

3f 88.(A) 60.A3_ 3.6-7 tO63- 
86 (B) 60.45 3.90 10.85 
68 (C) 

3g 90(A) 61~58 4.14 10.03 
74 (B) 61.75 4.44 lO29 
87 (C) 

3h 97 (A) 62.61 4.67 9.~.2 
99 (B) 62.92 4.93 9.78 

3i 72(A) 63.71 5.12 9.04 
99 (B) 63.98 5 . 3 7  9.33 

3j 87 (A) 5~:2.2~ _4_~_7 L42447_ 
79(B) 5852 4.56 14.62 

CttHxN20?S 1624 3405 

Clf l l  ~0N_.O2S 1626 3408 

C20H2oN202S 1615. 3393 br 
1646 

C~6H toN202S 1628 3410 br 

Ci31-| 12N202S 1620 3405 br 

-Gr3HToN20:g t622 br- - 3295 br 

6.86 

6.21 

5.97 

5.99 

5.84 

5.93 

8.56 d 

2.67 s 

8.69 d 

8.07 d 

8.42 s 

8.62.s 

CI4Ht2N202S 1634br 3390br 5.81 8.42s 

CIsHI4N202S 1620 br 3340 5.82 8.40 s 

CI6H 16N202S 1640 3540 5.81 8.42 s 

Ci4H 13N302 S 1638 br 3410 br 6.07 8.538 

7.49 2.61 s 

7.13 s 2.90 s 11.30 

7.54 d 1.75 m, 
2.00 m, 
2.07 m 

7.51 m* 8.19 m, 
7.51 m* 

2.40 s 1.26 t, 
2.89 q 

.2,16t,  3 .46m 

11.86 

1.86 m, 2.87 t. 11.72 
2.98 t 

1.66 m, 1.85 m, 1t.60 
2.88 m, 3.06 m 
1.34 m, 1.73 m, 11.80 
2.88 t, 3.04 t 
2.53 s, 2.93 s, 11.97 
3.18 s, 3.43 m 

(to be continuetD 
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Table 1. (continued) 

Corn- Yield Found ,'~,i Molecular IR. vtcm -I  IH NMR: 8 
pound (%) Calculated fommla NHCO OH C(3)H R I R 2 R; NH(OH) 

method C H N and others (s) (br.s) 

3k 90 (A) 5_9__~ 4 4.05 13 88 
60 19 4 38 14.04 

31 90 (A) .6_0.7~ 3.64 7.52 
92 (B) 61.00 3.98 7.90 

3m 79 (At 6.!.42 4_A_8 10.03 
9I (B) 61.75 4.44 10.29 

3n 96 (A) 6!.9_93_ 3 34 13.22 
6,:.1, 3.58 13.58 
4,.,,2 ' ~  30 77 (A) a " " ,.~ 9.04 

80 (B) 48.00 2.35 9.33 
3p 69 !A) 56... 14 2_~_2d_, 2._52 

56.35 2.50 773 
39 63 (A) b 48.62 1.7___~ 7.36 

64 (B) 48.91 1.92 760 

3r 61 (A) c 71 ()4 3.63 7.37 
,,: (B) 71.33 3.8l 7.56 

3s 70 (A) 68 67 3.8,_~ 6.~6. 
59 (B) 6898 4.03 700 

31 97 (A) -56,28 2:47 7.06 
93 (B) 5653 2.64 7.32 

3u 76 (A) 60.73 2,62 6.86 
69 (g) 60.9l) 2.81 7.10 

3v 64 (AI 58.21 2~5.9_ 6.64 
93 I B), 58.46 .~.A)" " 6.82 

3w 68 (A) '~ 6 t ~ 3  3.25_ 
89 (B) 62.05 3,47 6 89 

3x 7 l (,A) 6!S_4 3.18 6.5_4. 
62.05 3.47 6.89 

3y 75 (A) _5_L22 LJa 21.38 
5 l . t6  2.34 21.69 

3z 60 (A) 55A9 Zt8 14.95 
55.37 2.46 15.19 

30" 64 (A) 5_5..08 2=.37_ 14.8- 
55.37 2.46 15.19 

3b" 69 (A) ~2.68 2.15 1_~.22 
52.93 2.37 t6.46 

CtsHa3N302S 1632br 3392br 6.03 

CIsHI4N2OsS 2 1628 3412 5.81 

CtaHI2N202S 1632 3418 6.30 

CI6H tlN3OsS 1627 3392 br 6.26 

CI2HTFN202S 1642 3444 6.37 

CI7HgF3N20?S 1638 3420 6.39 

CIsH7F3N202S 2 1638 3404 br 6.38 

C22H 14N2028 1622 3395 br 5.87 

C23 H 16N203S t628 3407 5.96 

ClsH ioN202S 3 1626 3418 6.04 

CsoH IIFN202S 2 1628 3382 6.04 

C2oH I tCIN202821630 3374 6.07 

C2t tt 14N203S 2 1630 3386 5.94 

C21HI4N203S 2 163(I 3390 5.88 

CIIH6N4OzS 1620 3405 5.73 
(NH), 
1634, 
' t 96  
(C-~N) 

CITHgCIN402S 1618 3986 5.93 
(NH),  
16o@ 
2196 
(C---N) 

CI 7|t9CIN4028 [618 3400 5.96 
(NH), 
1635, 
2198 
(C-:N) 

C~sHsN402S 2 1620 3403 5.79 
(NIt), 
1636, 
2196 
(C-=N) 

8.91 s 1.82 m, 2.23 m, 
3.12 m, 3.58 m. 
3.71 m 

7.39 d, 1.23 m, 1.86 m, 
7.48 t, 2.60 t, 3.04 t 
7.95 d 

2.15 m, 2.52 m, 2.88 s 
2.98 m 

2.68 s 7.37 s 8.10 d, 
8.94 d 

7.80s 3.11 s 

12.01 

11,48 

1i.52 

11.80 

10.71 

8.355 7.67 m. 11.80 
8.28 m 

8.26s 7.24 m, 11.70 
7.79 m, 
8.13 d 

7.52m, 7.875 7.52 m, 11.52 
7.69 m, 7.69 m, 
8.21 m* 8.21 m* 
3_885, 7.875 7.53 m. 11.82 
7.17 d, 8.24 m 
7.68 d 
7.21 t, 7,975 7.33 t. II.79 
7.76 d, 7.89 d, 
7.91 d 8.02 d 
7.40 t, 7.88 s 7.20 t, 11.75 
7.75 t 7 7t d, 

8,01 d 
6.6l d. 7.87 s 7.20 t, 11.67 
7.22 d 7.72 d, 

8.00 d 
3.945, 7.85s 7.21 m,* tl.78 
7.17 d,* 7.74 d, 
7.64 d 8.02 d 
3.70s, 7.895 7.20 m, 11.76 
7.20 m,* 7.75 d, 
7.29 d. 8.01 d 
7.48 d, 
7.63 t 
8.68 s 7.29 br.s 11.74 

7.56 d, 
7.67 d 

7.34br.s 1153 

7 .48-  
7.70 m 

7.38 br.s ii.45 

7.38 t,* 
7.50 d, 
8.00 d 

7.36 br.s* 11.62 

(to be continued) 
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Table I. (corllttrHt, ff) 

Corn- Yield Found (%) Molecular IR. ,,,cm -I IH N\ IR.  ,~ 
pound (%) ('.llcuiated fbrmllla NHCO r ('(3~1t R i R ? R-: NHIOHI 

method C H N and <~lhers es) (br.s) 

_ . ; 4 .  d . *  3c' 64(A)  5271 ~ 12 16 I~ C,<I-t.qN,OS, ti)lS 340~ q7~ " ~ 7 3 5 b r s "  II 5o 
52.9_" 2 37 1046 fNHi, 7'41 d. 

ItGS. 8.03 s 
219b 
tC::N} 

" The signal is overLlpped ~itll the signal for the pro{otis of anur.he~ lragmc~t " \-I p 333--335 ~C ~ M p 352-'~53 "C. 
' M p  356.--357 "C n M p 319--321 ~C 

Scheme 2 

H 
1 KOH/EIOH, 20 "C I 

M e  CN 2 2a Me N..,y/O H 

I OH 
l i  H 3 i  

H 
1 KOFI/EtOH 20 "C I 
3 "2 K C H  A 
4 Ht:l 

"i'r "S 
I 

H 3 k  OH 
lk  

EtOOC CN , ~OHE,OH. a0"C EtOOC NH 2 
ID  

M e A N  ~ S C ~  - " ~ "  O M e ""Q" N ";t"" S "Sk ' " l l " ~ '~  O E t 
I.-, I ~ E 

H71 H 2 N ~  ~ H 8 O O 

Me N "S Y 
t ! 

H OH 
9 

4,7-dihydrothicno[2,3-bJpyridmeswere isolated in other then tile closure of tile six-membered ring. Ahhough 
cascade reactions of salts of substituted 3-cyano-l,4- molecules ofcompounds 4, Ft' blHo 
dihyd-ropyridine-2-lhiotales wibh /V-cv'anocl~lofoacet- 5.-and 11 contahi two ilu- < COOEt 

" R 2 ~  
amide  5 or 2 - a r y i - 3 - b r o m o -  I I - d i c v a n o p r o p e n e .  4 cleophilic carbon aloms of the 

Tile sugggested procedure was used for the s)'lltllesis CH~.(S) and CH:(COOR) O 
of pyridothicuopyrinlidine 12. This compound was pre- groups, ~e did llot observe  R 3 
pared according to two procedures (Scheme 3) frorn the cyclization to the seven- 
corresponding pyrimidillc-6( I H)-thione l0 alld conl- membered rmg)ieldiilg corn- 13 
pOlilld 2a either directly or in ;i stepwise 111allller with pouildS 13. 
isolat ion of  ethyl  4 - (py r imid i l>4 -y l t h io ) acc toace i a l e  ( 1 I)  Probably, the regioselectivJty observed is associa ted 
followed by its cycl izadon.  ~.~.ith different nuc leoph i l i c i t i e s  of  the CH 2 g roups  in 

In the  convers ions  unde r  sttidy, ana logous  sequences  compounds  4.. 5, alld 1 [. Apparent ly ,  the CH2(S ) g roup  
of tile reac t ions  were observed ,  wZ., tile nuc leophi l i c  is more nuc leophi l ic  t han  the  CH4COOR) group.  Tile 
, ,ubsl i tut ion,  the closure of  the  f i v e - m e m b c r e d  iing. and  I H N M R spectra  of  these  c o m p o u n d s  have tv, o s ignals  
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Scheme 3 

SMe 
N ~  CN 

H 2 N , / "~N.~S 
I 
H 10 

1. KOH/EIOH, 20 "C 
2 23 
3. 2 K�9 _~ 
4. HCI i i  

SMe H 
~ 

OH 
12 

a l  KOH/DMF KOH/[:::.tOH. 

SMe / 
N - ~  CN 

0 0 
11 

for the protons of the CH3(S) and C H 2 ( C O O R )  groups 
as singlets at 3 4.18--4.48 and 3 .28--3 .86,  respectively, 
along with signals for the protons o f  the substituted 
heterocycl ic  fragment and the ester group (Table 2). 
The IH N M R  spectra of  cornpounds  6 and 8 have 
signals for the protons of  the NH~ and C H ~ C O O E t  
groups. 

Based on comparison of  the JH N M R  spectra of  
compounds  3. 9, and 12 with the spectra o f  substituted 
pyridin-2( l/-/)-ones, 3,6 it can be suggested that thieno[2,3- 
b:4,5-b'ldipyridines exist as pyridin-2( 1H)-oues.  The sig- 
nal for the proton of the C(3)H group is shielded by the 
C ( 2 ) = O  and C ( 4 ) - - O H  groups and is shif ted upheld to 

5.81--6.86. In the N M R  spect rum of  sodium 2-oxo - 
7,8,9, 10, 11 ,12-hexahydrocyc looc ta [e"  ]- 1 H- th ieno[  2,3- 
b;4,5-b ' ]dipyridin-4-olate  3i, this signal is even more 
shielded and is shifted to 6 4.89. The  signal for the proton 
of  the N H group is broadened and is observed at 
10.71-- 12.01, which is characterist ic o f  pyridin-2(l  H~- 
o n e s )  It was difficult to assign the signal for the proton 
of  the O H  group due to deuter ium exchange,  association 
with water,  and poor soh~bility of  c o m p o u n d s  3 in other  
solvents used in N MR spectroscopy. 

The  s t ructures  of  c o m p o u n d s  3, 4 - - 6 ,  8. 9, l l ,  
and 12 are also conf i rmed  by the i r  IR spec t ra .  The IR 
spectra o f  c o m p o u n d s  4 and 5 have abso rp t ion  bands 
of  the  C N ,  C = O ,  and C O O R  groups  (see Table  2). 
On go ing  f rom c o m p o m t d s  4 and 5 to c o m p o u n d s  6 
and 8, absorp t ion  bands o f  the  N H  2 g roup  appear  in 
the I R spectra .  The  absorp t ion  band o f  the C = O  
group is decreased  due to c o n j u g a t i o n  o f  the lat ter  
with the  C ( 2 ) = C ( 3 )  group o f  the  t h i o p h e n e  fragment  
(see Tab le  I). The  IR spect ra  o f  c o m p o u n d s  3, 9. and 
12 have absorpt ion  bands o f  the  N H ( C O )  and O H  
groups.  

To summar ize ,  we developed regioselective proce- 
dures  for  t h e  syn thes i s  o f  f u n c t i o n a l l y  s u b s t i t u t e d  
4-hydroxy-I  H-thieno[2,3-b;4,5-b'ldipyridin-2-ones, in- 
cluding those fused with tetrahydropyridine and quinuclidine. 

Experimental 

Tile IH NMR spectra were recorded on a Bruker AM-300 
instrument (300 MHz) in DMSO-d 6. The IR spectra were 
obtained on a Perkin--Elmer 577 instnm~ent in KBr pellets. 
The characteristics of  compounds 3a--c" are given in Table I. 
The characteristics of esters 4 and 5a--w are listed in Table 2. 

AI~I 4-(3-cyan~2-pyridylthio)aceto'acetate (4 and 5a--w). A 
I0% aqueous solution of KOH (5.6 mLj was added with stirring to 
a suspension of 3-cyanopyridine- 2( 1//)-tflione (la--w) (0.01 mob 
in DMF. Then the corresponding ester Za or 2h (0.01 tool) was 
added and the reaction mixture was stirred at room temperature. 
After 20--30 rain, the mLxture was diluted with water. The 
precipitate that fbrrned was separated and washed successively 
with water, ethanol, and h e i n e  (see Table 2). 

4-Hydroxy- IH-tlfieno[2,3-&4,5-b']dlpyridin-2-ones (3a--e ' ) .  
Methe~l A, The corresponding pyridine-2(IH)-thione ( l a - - e ' )  
(0.01 mob was added to a solution of KOH or EtONa (0,0l 
tool) in EtOH (30 mL) and then ester 2 (0,01 tool) was added. 
After 0.5 h. a sohltion of KOH or EtONa (0.02 rood in EtOH 
(20 mL) was added to the resulting suspension. The reaction 
mixture was reflttxed for 3--5 rain, cooled, and acidified with 
concentrated HCI (3 mL). The precipitate that formed was 
separated and washed successively with water, ethanol, and 
hexane and compounds 3a--c" were obtained (see Table l). 

Sodium 2-oxo-7,8,9,10, I I, 12-hexahydrocycloocta- 1 H- 
thieno[2.3-b:4,5-b'ldipyridin-4-olate 3i was prepared analo- 
gously without acidification of the reaction mixture. The yield 
was 62%, m,p. >360 ~ IH NMR, ;5:1.32 (m, 4 H, CH 2. 
CH~,);-1.20 (m~ 4 t4, _CH 2, CH2); 2.83 (t, 2. H., CH,); 3.00 (t, 2 
H, i:::H,); 489 (s, l H, C(3)H); 8.32 (s, l H. C(I3)H).  IR. 
v/cm-J7 1615 br (NHCO), 3100--3580 w (OH). 

Method B. The corresponding ester 4 or 5a--w (0.01 tool) was 
added to a solution of KOH or EtONa (0.02 mob in EtOH (40--50 
mL) and the reaction mixture was refluxed for 3--5 rain. Then the 
reaction mLxture was worked up analogously to method A. 

Methyl C. The corresponding thienopyridine 6f, g,j (0.01 
mol) was added to a solution of KOH or EtONa (0.01 tool) in 
EtOH (40--50 mL) and the reaction mixture was refluxed for 
3--5 rain. Then the reaction mixture was worked up analo- 
gously to method A. 

Thienopyridines (6f, g,j). Triethylamine (0.2 mL) was added 
to a suspension of the corresponding aIkyl 4-(2-pyridyl- 
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Table  2. Alkyl 4-(2-pyridyRhio ' )acetoacetates  (4 and 5) 

Corn-  Y" M.p. Fotmd ,%) Molecular  __[l_R:2v2'cm-t tH NMR.  6 
pound  (%)/"~ ('alcui:~ted formula  C =O C O O R  C=~N R i R e R ~ 

C H N 
R 4 S-CH 2 H~ 

(s) (s)- 

4a 73 9 7 -  4 9 8 6  4 8 2  Z.68 C~3H~aN2038 1722 1745 2218 8 .15d  7 .34d 
99 50 10 5.07 [0.06 

4b 93 t 0 3 -  57,24 5.I.9. ~3 !  CI41t t6N2038 1720 1746 2217  2A3 s 4.05 s 
104 57s  5.52 9.58 

4r 84 9 1 -  w _6:.25 6.7__.~3 C221-t26N20~S 1727 1745 2216 8.13 d 7.24 d 
92 66.31 6.58 7.03 

4d 82 9 3 -  63__0_9 -}._48 ,796 C~8Ltff, N?O3S 1724 1744 2215 8.27 d 7.88 d 
95 6Y51 4.74 8.23 

~ 1 6  7.96 2.268 4e 90 8 3 -  5845  5.64 885  C I s H t s N 2 O s S  1725 1740 "~" s 
84 58 80 5.92 9 14 

41" 84 9 0 -  +58.84 5 II 8_:.?_3 C~sH~6N20,.S 1726 1742 2218 8.008 
92 59.19 5.30 9.20 

48 82 9 4 -  b~_)0..8 5=53_ 8.6__[I C~6HjsN20?S 1723 1743 2218 7.90 s 
95 60 36 5.70 8.80 

4h 80 9 6 -  fkt__l�__ 5.85 _8_~2 CLTH2oN203S 1720 1738 22~9 7.958 
98 61 +42 6.0(% 8.43 

4i 81 105-62._0~_ 6.24 7.83 C:O-t22N2035 1722 1748 2216 7.97 s 
107 62.40 6.40 8.09 

41 70 71 - .5__9.64 .*.82 "~'~ t746 7.2~ t, 6 . , ,  C?0H2oN203S, " 1724 2218 - 
72 59.98 5.03 6.99 7.30 d, 

7.86 d 

2.5I s 1.171, 4.22 3.72 
4 1 2 q  

2.49 s 1.26 t, 4.18 3.74 
4 .12q  

t.73 m, 1.181, 4.33 3.28 
1.88 m. 4 . 0 9 q  
2.07 m 
7 . 5 4 m ,  1.121, 4.45 3.82 
8 . 1 0 m  4 0 7 q  
1.2l t, ~ 1.21~b 4.30 3,77 
2.87 q 4.10 q 

2.08 q. 2.88 t, 1.20 t, 4.23 3.8t) 
296  t 4.10 q 
1.78 m, 2.69 t, 1.201, 421  3.80 
2.82 t 4.12 q 
1.57 m, l 80 m, 1,19 t, 4.25 3.79 
274 t, 2 9 6  t 4 1Oq 
1.30 br.s, 165 m, 1.19t,  4+25 3.79 
2.74 t, 2.9t t 4.10 q 
1 .69q,  t . 8 2 q ,  1.211, 4.25 3.84 
2.54 t, 2.92 t 4. t3 q 

4m 68 8 4 -  6 f l J3  553 8.61 C~6HIsN:OsS 1720 1743 2218 
87 60 36 5.70 8.80 

. . . .  I, _.~ =,+0 40 87 9 8 -  48 19 3.49 7.74 C l a H I 3 F ~ N d ) : 8  1728 "7.v~ ",-,~ 
t00 48.55 3.78 &.09 

. ___ 3.+~ 6,84 CI ,HI3F3N+()~%I722 2220 4q 84 114-  ~9.39 "~" . . . .  1744 
116 49.27 3.16 6.76 

. . . . . . .  l~ -=  . _ I  t ,  41 85 1 3 1 - 5 5 8 3  3.52 6.35 C?0HtsN?O3S~ "~~ 1742 ~" ~I 7.25 7 .89s  
I32 5605  3.76 6.54 7+84d, 

7.95 d, h 
. . . . . . .  "P' 7.42 7.82 s 4u 82 173-- 5(9=_63 ~ 6.07 C22HI7FN203S ? 1722 1740 __k6 t. 

174 59.99 3.89 6.36 7.78 m 

4v 87 138-~7~_?'_24 3.67 6.()2 C22HtTCIN,O3STi720 1734 "~ 5 7.65 d, 7.81 s o 
139 5783  3.75 6.13 7 . 7 5 d  

4w 86 143-  61 I__~ 45._7_ (?~(18 Cz3H?oN204S ? 1722 1738 2216 3.37 s. b "783 s 
144 61.04 4.45 6.19 7 .16d ,  

7.72 d 
5b 81 9 2 -  <~q_6_7 5.71 8='233 CtsH~sN20- ,S  1727 1746 2216 2.47 s 7.10 s 

93 58.80 5.92 9.14 

2.08 m, 2.,35 q. 2 . 40s ,  I 19t ,  4.22 3.79 
2.97 q 4. I0 q 

7.628 2 . 0 3 s  1.221, 4.37 3.8l 
4 . 12q  

8 . t 3 8  7.29 t, 1.171, 4.48 4.32 
7.96 d, 4.10 q 
8.23 d 
7.33 t. Z.18t, 4.43 3.74 
7.95 d, b 4 . I0  q 
8 1 0 d  
7.251.  1.181, 4.44 3.86 
7.85 d, 4.11 q 
8 0 9  d 
7.241,  1.19t,  4.45 3.84 
7.85 d, b 4.11 q 
8.09 d 
7 .15 t ,  1.17 t. 4.45 3.37 t' 
7 . 8 8 d ,  4 .10q  
8 . 1 0 d  
2.42 s 1.20 s, 4.24 3.77 

1.24 s, 
4.94 m 

51 77 6 8 -  (_i063 5.1~ 6 6 4  C2LHa2N203S 1725 1740 2217 7 2 5 t ,  I (q  m. 1 . 8 2 m ,  1 2 0 s ,  4.24 3.80 
711 60.85 5.35 6.76 7 7 0  ct, 2 54 t. 2.93 ~ 1.23 s, 

7.85 d 
5r 85 8 4 -  69.4,q 4~9~ _6.34_ C251-122N203S 1724 1742 2215 "7.60 hi[ 7.9l s 

86 69.75 5.15 6.51 8.20 m 

58 90 9 3 -  f57._6.4 5~05 5..86 C26H2,+N204S 1725 1745 2216 3.87 s, 7.86 s 
95 6781 5.25 6 0 8  7 ~ 5 d ,  

/..,3 d 
; , 17  7,45 7.89 s 5u 71 1 7 3 - 6 0 5 ~  4.06 ~ C23t-1~9FN203821726 1744 "" " t. 

174 60.78 4.21 6.16 7 .80d  

5v 83 159-  5842  3.8_.8_ 5,72 C2311~9CIN203821725 1743 2216 7.68 O, 7.88 s 
162 58.65 4.07 5.95 7.75 d 

4.96 m 
7 . 5 4 m ,  1.13~i 4 .49  3.83 
7.77 m 1_17s. 

4.91 m 
7 . 5 4 m ,  1.12s,  4.45 3.80 
8.18 m 1.188. 

4.90 m 
7.25 t, 1.15s, 4.45 3.84 
7 .86d ,  1.19s, 
8.10 d 4.92 m 
7.25 t. 1.15s,  4.44 3.84 
7.86 d, 1.19 s. 
8 . 1 0 d  4 . 9 2 m  

a The  yield of  lhe  product,  b The  signal is overlapped with the  signal for lhe prolons  of another  f ragment .  
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thio)acetoacetate (4f, g,j) 10.01 tool) in EtOH (30--40 ink) and 
the reaction mixture was refhlxed for 10--20 rain. After cool- 
ing. the precipitate that formed was separated and washed with 
ethanol and hexane. 

Ethyl 3-(3-amino-6,7-dihydro-SH-eyclo~nta[e] thieno{2,3- 
b]pyridin-2-yl)-3-oxopropionate 161"). Tile yield was 2.6 g (87%), 
rap. 193--195 ~ Found (%): C. 58.72; H, 5.21; N. 9.03. 
C15HtdN_,O3S. Calculated 1%): C. 59.19: [t. 5.30: N, 9.20. ~H 
NMR, & 1.23 (t, 3 H. CH@ 2.17 (m, 2 H, C(6)142): 3.00 (m, 
4 H. C(5)H, ,CiT)H 2) 3,7"I (s, COCH~): 4.13 iq, 2 H. CH2~: 
8.00 (br.s, 2 H, N[-t~); 8.36 (s. I H, C(4-)tl), IR, v/era-I :  16t5 
(NHO, 1727 (C=O~ , 3179, 3273, 3380 (NI-t~L 

I~thyl 3-(3-amino-5,6,7,8-tetrahydrocyclohexa[elthieno- 
[2.3-b]pyridin-2-yl)-3-oxopropionate (6g). The yield was 2,7 g 
184%). m.p. 199--200 ~ Found (%): C, 60.08- H, 5_56; N, 
8.63. C 6HIsN~O3S. Calculated (781: C, 60.36: H, 5.70: N, 
8.80. H NMR_6:1.38 (t, 3 H. CH3). 1.89 ira, 4 H, C(6)H~, 
C(7)H,); 2.93 (m, 4 H. C(5)H?, C(8)H~); 3.67 is, 2 14. 
COCH-,): 4.18 (q, 2 H, CH~); 7.96 (br.s, 2"H, NH~); 8.25 (s, 
1 H. C-i4)H). IR, v/cm-l : -1620 iNH~), 1728 (C=-O), 3180, 
3270 sh, 3384 (NHO. 

Ethyl 3-(3-amino-6-methyl- 5.6,7,8-tetrahydrothieno[2.3- 
b]-1,6-naphthyridin-2-yl)-3-oxoprnpionate (dj). The yield was 
2.6g 178%1, m.p. 136--137 ' C  Found (%): C, 57.32: H. 5.60; 
N, 12.41. CI~,HIoN303S Calculated 1%):C, 57.64; H.5.74; N, 
12.60. IH NMR,  6:1 .27 (t, 3 H. CH3): 2.43 (s, 3 H, N--  
CH,); 2.08 (t. 2 H. C(7)H~): 3.09 (m, 4 H, C(5)H> C(8)HO, 
4.l:~ (q, 2 H, Ct t , ) :  7.94-(br.s, 2 H, NI-t~); 8.--.'0 (s, I H, 
C(4IH). IR, v / c m - l :  1618 (NH,), 1727 (C--O), 3180. 3262 sh, 
3382 (N H2). 

Ethyl 3-amino-2-ethoxyearhonylacetyl-6-methyl-4- (2- 
thienyl)-4,7-~lihydrothieno| 2.3- b]pyridin- 5-earhoxylate 187. 
Ester 2a (I,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 tool) in ethanol 
(30--40 mL). The reaction mixture was heated to 40 ~ The 
precipitate that formed was separated and washed with ethanol and 
hexane. The yield of ester 8 was 3.6 g |~6%), m.p, I t5--117 ~ 
Fotmd t%): C, 54.34: H, 5.34, N, 6.61. C20H22N!OsS ~. 
Ca[culated (%): C, 55.28: H, 5.10: N. 6.45. IH NMR, 6:I.l-6 
(t, 3 H, CH3): 1.20 (t. 3 H, CH3"k 2.31 (s, 3 H, C H ; ) :  3.48 (s, 
2 H. COCH~) 3.59 (t. 2 H, CHad): 4.12 (t, 2 H, CH,O),  5.47 
(s, I H, C(4)H): 6.85 (s, 2 H,- NH~); 6.93 (t, I H-, CH of 
thiophene): 723 (d. I H, CH of th[-ophene) 7.33 (m. 2 H, 
NFt. CI-[ ofthiophene)_ IR. v / cm- t :  I627, I638 (NH. NI-t2), 
1687. 1703, 1712 (C=O): 3128, 3245, 3326 (NH, NHO. 

Ethyl 4-hydroxy-7-methyl-2-oxo-9-(2-thienyl)-l,l,6,9- 
tetrahydrothieno[2,3- b;4,5-b']dipyridine-8-carboxylate (9). 
Compound 8 (4.2 g, 0.01 tool) was added to a solution of KOH 
t0.56 g, 0.01 mot) in ethanol (40 ink) and the reaction mixture 
was refluxed for 5 rain, cooled, and acidified wi tha  10% HCI 

solution t'10 mL). Tile precipitate that formed was separated 
and washed successively with water, ethanol, and hexane. The 
yield of compound 9 was 2.8 g (72%). m.p >300 ~ Found 
1%1: C, 56.02, H, 3.97; N, 7.02. ChsH,dN,O4S ~. Calculated 
(%): C, 55.65: H, 4.15: N, 7.21. IH' NMR'~ 8:[ .18 (t. 3 H, 
CH3); 2.35 (s. 3 H. CHO: 4.20 tq, 2 H, CH~); 5_48 is. 1 H, 
C(9)FtL 5.97 (s, 1 H, C())HI: 6,92 it.  l H, CI:t ofthiophene); 
7.24 (d. I H, Cbl of thiophene); 7.31 (d, t H, CH ofthiophenek 
7.44 (s. 1 H, N(6)H): 11.98 tbr.s, 1 H, N16"~1-|1. IR, v/era-I :  
1632, 1638 (NHCO)" 1643 (NH'~: 1682, 1708 (C=O): 3190. 
3226 (NHk 3470 (OH). 

Ethyl 4-(2-amino-5-cyano-6-methylthiopyrimidin-4-ylthio)- 
ace~.oacetate (11) was prepared analogously to compounds 4. 
The yield was 2.9 g (94%), m.p. 245--248 ~C. Found (%): C, 
46.95: H, 4.43; N. I8.5I. CI2H~N40~S 2. Calcufated 1%): C. 
46.44; H, 4.55: N, 18.05. IH NMR, 6:1.21 (t, 3 H. CH3); 2.52 
(s, 3 H. CH;); 3.80 (d, 2 H, CH-~S); 4.07--4.25 (m. 4 H, 
CH2CI-t 3, CH,O); 7.67 (br.s, 2 H, ~NH~). IR. v./cm-t: 1628. 
1639 (NH,): 1684, 1712 (C=O); 222_3 (CaNK 3142, 3278 
(NH~). 

2--.Mnino-8-hydroxy-4-methylt hiol~yrido[ Y,2":4,5 ] thieno- 
1~,3--d]pyrimidin-6(SH)-one (12) was prepared analogously to 

compounds 3 according to methods A and B in 64% and 71% 
yields, respectively. M.p. >300 ~ Found (%): C, 43.72: H, 
3.13: N, 1963. Ct0HsN.~O2S,. Calculated (%): C, 42.85; H, 
2.88: N, 19.99. rH NMR, ;5: -r -r .~.4, (s, 3 H, CH3); 6.75 (s. 1 I-I, 
C(7)H): 7.72 (s, 2 H, NH)); 11.20 (s, 1 H. NH): 11.68 (s, 1 H, 
O H )  IR, v/cm-t: 1627, ]645 (NH, NH,); 3185, 3245, 3468 
(NH. NI-I?, OH). 
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