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Abs t rac t  - Reduction o f  N-[2-(3-thieny1)Jethyl  th iazol id ine-2,4-diones ( 2  and 

3bl  w i t h  di isobutylaluminum hydr ide  fo l lowed by t reatment of the  reduct ion  products - 

w i t h  formic ac id  a t  6 0 Y  f o r  14 h y i e l d e d  the corresponding thieno[3,4-clpyr id ines 

( 5 ~  and s), respec t i ve l y .  I n  a s i m i l a r  way, th ieno[3,4-clpyr id ines (&-%) and 

thieno[3,4-clazepines (z, and 3) were obtained from the corresponding N-subst i -  

t u t e d  hydroxyoxazolidinone, hydroxyimidazol~dinones and hydroxythiazol id inones. 

The [ c l f used  systems o f  th ienopyr id ines ,  i s o s t e r i c  compounds of i soqu ino l ines ,  have been o f  i n t e r -  

I 
e s t  t o  medicinal  chemists because of t h e i r  p o t e n t i a l  pharmacological a c t i v i t i e s  and considerable 

1 number o f  t h e i r  d e r i v a t i v e s  have been prepared . Although thieno[2,3-cl-  (la) and thieno[3,2-c]- 

pyr id ines  (&) a re  e a s i l y  obtained by the s i m i l a r  methodology t o  the  i soqu ino l i ne  synthesis1 " such 

as B isch ler -Nap iera lsk i  r eac t i on ,  Pictet-Spengler reaction, Pictet-Gams reac t i on  and Pomerantz- 

3 
F r i t s c h  react ion ,  the  i 3 ,4 -c l se r i es  (&) a re  d i f f i c u l t  to preoare by those methods . We i n v e s t i -  

gated a f a c i l e  synthes is  o f  th ieno[3,4-clpyr id ines (5) and thieno[3,4-clazepines (9) by n -cyc l i za -  

t i o n  o f  N-acyliminium i o n   intermediate^?'^. The r e s u l t s  o f  our  s tud ies  a re  descr ibed i n  t h i s  paper. 

1 a - l b  - l c  - 

The precursors f o r  the N-acyliminium ions were prepared as fo l lows.  Condensation o f  2 - (3- th ieny1) -  
6 e thy l  a lcoho ls  (5 and d) w i t h  th iazol id ine-2,4-dione by the  Mitsunobu reac t i on  using d i i sop ropy l  

azodicarboxylate provided the corresponding N-subst i tuted th iazo l id ine-2 ,4-d iones ( 2  and 3), 

respec t i ve l y .  I n  a s i m i l a r  way, N-subst i tu ted 5,5-dimethyloxazolidine-2,4-dione (&) and 5 ,547 -  

methylhydantoins (z and 2 )  were obtained from 5.5-dimethyloxazolidine-2.4-dione and 5,5-dimethyl- 

hydantoin. These N-subst i tu ted products ( * -2)  were reduced w i t h  di isobutylaluminum hydr ide  t o  

g i ve  the  corresponding 4-hydroxy de r i va t i ves  (&-%), which were used f o r  the fo l lowing CyCliZa- 

t i o n  r e a c t i o n  w i t h o u t  p u r i f i c a t i o n  (see Scheme 1 ) .  



7 
Cyc l iza t ion  o f  & and 9 w i t h  formic ac id  a t  60•‹C f o r  14 h a f f o rded  the thieno[3,4-clpyr id ines 

(3 and B), respect ive ly .  I n  a s i m i l a r  way, %was a l s o  t r ea ted  w i t h  formic ac id  t o  g i v e  the  

desired c y c l i z a t i o n  product (z). I n  t h e  c y c l i z a t i o n  reac t i on  of fi and &, the enol formates (g 

and g) were obtained8, respec t i ve l y .  

Scheme 1 -- 

This method was ex tens i ve l y  app l ied  t o  a synthes is  of thienoC3.4-clazepine de r i va t i ves  (91. The 

N-subst i tuted hydroxy th iazo l id inones (9 and 8b) and hydroxyimidazol id inones (& and 'g) were pre- 

pared from 3 and &accord ing t o  the  method descr ibed f o r  4 from 2 as o u t l i n e d  i n  the  Scheme 2. 

9 Cyc l iza t ion  of & a n d  %was c a r r i e d  ou t  by  hea t i ng  w i t h  t r i f l u o r o a c e t i c  a c i d  a t  60•‹C f o r  14 h t o  

y i e l d  the corresponding thieno[3,4-clazepine de r i va t i ves  (3 and E), respec t i ve l y .  However, i n  the 

case of &, dimer iza t ion  product (10) was obta ined and format ion  of the des i red c y c l i z a t i o n  product 

(9c) was n o t  observed. I t  would be most p l a u s i b l e  t h a t  C-C bond formation f o r  d imer i za t i on  occurred 

a t  the 5-pos i t ion ,  s ince gave the normal c y c l i z a t i o n  product (g) by b lock ing  the 5-pos i t ion  

w i t h  methyl group. 
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Scheme 2 

EXPERIMENTAL 

1 Melting points are uncorrected. H NMR spectra were recorded on a Varian EM-390 instrument. Mass 

spectra were taken at an ionizing voltage of 70 eV on a Hitachi RMU-7L instrument. THF was dis- 

tilled from LiAlH4 before use. Toluene was dried over CaH2 under reflux and distilled before use. 

General Procedure for a Synthesis of 3 and 7 To a stirred,mixture of alcohol (2 or 6; 20 

mnol), thiazolidine-2,4-dione (2.57 g, 22 mmol), triphenylphosphine (5.76 g, 22 mmol) and THF (30 

ml) was added a solution of diisopropyl azodicarboxylate (4.48 g, 22 mmol) under ice-cool ing. 

After the stirring had been continued for 14 h at room temperature, the solvent was evaporated. 

The resulting residue was chromatographed on silica gel (30 g) by using benzene-hexane (]:I) as an 

eluent. The products were carefully collected by monitoring with t.1 .c. to give the corresponding 

N-substituted products (5, 2, 2, 2). 3, &, and 76 were obtained by the same way as above 

by using 5,5-dimethylhydantoin (2.82 g, 22 mmol) instead of thiazolidine-2,4-dione. For a synthesis 
1 

of &, 5,s-dimethyloxazolidine-2,4-dione (2.84 g, 22 mnol) was used. Yields, mp and H NMR (CDC13) 

spectral data of 3 and were listed in the Table 1. Mass spectral and analytical data were shown 

in the Table 2. 



Table 1. Yields,  mp and 'H NMR Spectral  Data of 3 and 7 

Compound Y ie ld  mp 'H NMR (CDCI~) 6 
( 1  ("C) 

3a 74 78-79 2.41 (3H, s), 2.76-2.93 (2H, m), 3.69-3.90 (2H, m), 3.90 (2H, s), 6.90 
( lH,  d, 5-6 HZ), 7.08 ( lH ,  d, J=6 Hz) 

3b 75 76-77 2.33 ( 3 ~ .  s), 2.40 (3H, s ) ,  2.67-2.89 (PH, m), 3.68-3.84 (2H, m), 3.78 
(2H, s), 6.56 ( lH,  s )  

3c 68 o i l  1.37 (6H, s ) ,  2.41 ( 3 ~ ,  s ) ,  2.37-3.03 (2H, m), 3.66-3.82 (2H, m), 6.87 
( lH, d, J=6 Hz), 7.08 ( lH ,  d, J=6 Hz) 

3d 70 o i l  1.33 (6H, s ) ,  2.42 (3H, s), 2.83-3.00 (2H, m), 3.64-3.81 (2H, m), 6.91 
( l H ,  d, J=6 Hz), 7.08 ( lH, d, 5.6 Hz) 

3e 72 87-88 1.37 (6H. 5). 2.34 (3H, s ) ,  2.38 (3H, s ) ,  2.40-2.57 (2H, m), 3.59-3.77 
(2H, m), 6.54 ( lH, s)  

7a 76 53-54 1.76-2.01 (ZH, m), 2.37 ( 3 ~ ,  s), 2.50-2.67 (2H, m), 3.60,3.80 (2H, m), 
3.87 (ZH, s ) ,  6.87 ( IH ,  s, 5.6 Hz), 7.06 ( lH, d, 5-6 Hz) 

7b 73 o i l  1.74-2.04 (ZH, m), 2.27-2.58 (ZH, m), 2.27 (3H, s) ,  2.38 (3H, s ) ,  3.58- 
3.73 (ZH, m), 3.84 (2H, s l ,  6.51 ( lH ,  s) 

7c 70 77-78 1.42 (6H, s , 1.76-2.09 (2H, m), 2.37 (3H, s ) ,  2.49-2.67 (2H, m), 3.49- 
3.66 (2H, ml, 6.90 ( lH, d, 5-6 Hz), 7.07 ( lH,  d, 5-6 Hz) 

7d 70 86-87 1.39 (6H, s ) ,  1.70-2.04 (2H, m), 2.28 (3H, s ) ,  2.38 (3H, s ) ,  2.28-2.56 
(2H,'m), 3.47-3.62 (2H, m), 6.52 ( lH, s )  

Table 2. Mass Spectral  (M') and Ana l y t i ca l  Data of 3 and 7 

Compound Formula MS m/e Microana lys is  (Calcd.) 

(M+) ' C ( % I  H ( % )  N (%I 
3a C,,H,,NO,S, 241 49.92 (49.77) 4.64 (4.59) 5.71 (5.80) 

3b Cl,Hl3NO2S2 255 51.91 (51.74) 5.22 (5.13) 5.38 (5.49) 
3c C12H15N03S 253 

3d CI2Hl6N2O%S 252 

3e C13HilN202S 266 58.57 (58.62) 6.78 (6.81) 10.49 (10.52) 

7a C , , H I O N O ~ S ~  255 51.48 (51.74) 5.08 (5.13) 5.53 (5.49) 

7b C12H~$N02S2 269 

7c CI3HlBNzO>S 266 58.39 (58.62) 6.77 (6.81) 10.41 (10.52) 

7d C1bH~~N202S 280 59.90 (59.97) 7.21 (7.19) 10.11 (9.99) 

General Procedure fo r  a Synthesis o f  5, 9 and 10 To a s t i r r e d  s o l u t i o n  o f  : ( o r  L) (10 mnol) 

i n  toluene (40 ml )  was added di isobutylaluminum hydr ide  (2.41 g, 11.48 ml o f  25 % to luene so lu t i on ,  

17 mmol) a t  -78'C. A f te r  the s t i r r i n g  had been cont inued f o r  1 h a t  the  same temperature, the  mix- 

ture was decomposed w i t h  5 % H2S04 (50-60 ml )  and ex t rac ted w i t h  CHC13. The e x t r a c t  was washed 

with water, d r i ed  (Na2S04) and evaporated. The remaining res idue,  w i t hou t  p u r i f i c a t i o n ,  was t rea ted  

wi th  formic ac id  (20 ml)  a t  60•‹C f o r  14 h. For  a synthes is  of % a n d  10, t r i f l u o r o a c e t i c  a c i d  was 

used ins tead of formic ac id  a t  the same temperature. A f te r  the  react ion ,  the m ix tu re  was made bas ic  

w i th  28 % NH40H and ex t rac ted w i t h  CHC13. The e x t r a c t  was washed w i t h  water, d r i e d  (Na2S04) and 
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evaporated.  The rema in ing  r e s i d u e  was chromatographed on s i l i c a  g e l  (10  g) b y  u s i n g  benzene as an 

1 e l u e n t .  Removal of t h e  s o l v e n t  gave t h e  cor respond ing  c y c l i z a t i o n  p r o d u c t s .  Y i e l d s ,  mp and H NMR 

of 5, 9 and were l i s t e d  i n  t h e  Tab le  3 and mass spec t ra l  and a n a l y t i c a l  d a t a  were shown i n  t h e  

Tab le  4. 

Tab le  3.  Y i e l d s ,  mp and ' H  NMR S p e c t r a l  Data of 5, 9 and 10 

Compound Y i e l d  mp 'H NMR (CDC13) 6 
(%) ( T I  

5a 74 144-145 2.37 (3H, s ) ,  2.66-2.88 (2H, m), 3.10-3.33 (2H, m) ,  3.57-3.77 ( lH ,  m), 
4.30-4.52 ( l H ,  m), 4.91 ( l H ,  d,d, 5-7 and 9 Hz) ,  6.92 ( l H ,  s )  

5b 70 o i l  2.28 (3H, s) ,  2.37 (3H, s ) ,  2.59-2.87 (2H, m), 3.01-3.27 (2H, m), 3.60- 
3.80 ( IH ,  m), 4.33-4.53 ( l H ,  m), 4.90 ( lH ,  d,d, 5-6 and 10 Hz)  

5c 68 138-139 1.04 (3H, s ) ,  1.67 (3H, s ) ,  2.38 (3H, s ) ,  2.61-3.04 (3H, m), 4.09-4.31 
I I H ,  m), 4.70 (1H. s) .  6.80 [ lH, 8) 

5d 58 154-155 1.37 (3H, s ) ,  1.90 (3H, s ) ,  2.37 (3H, s ) ,  2.62-3.10 (3H, m), 4.24-4.44 
( lH ,  m), 4.58 ( l H ,  s ) ,  6 .90  ( IH ,  s )  

5e 55 112-113 1.05 (3H, s ) ,  1.93 (3H, s ) ,  2.27 (3H, s ) ,  2.38 (3H, s ) ,  2.54-2.68 (3H, 
m), 4.22-4.42 ( l H ,  m), 4.70 ( lH,  s )  

9a 63 120-122 1.67-1.93 (2H, m), 2.37 (3H, s ) ,  2.63-3.39 (3H, m), 3.47-3.57 (2H, m), 
4.17-4.91 ( lH ,  m l ,  4.95 ( lH ,  t, J-7 Hz), 7.00 ( lH ,  s )  

9b 60 194-195 1.86-2.11 (2H, m), 2.32 (3H, s ) ,  2.36 (3H, s ) ,  2.53-2.93 (3H, m), 3.19- 
3.31 (2H, m), 3.88-4.24 ( l H ,  m), 5.10 ( l H ,  d,d, 5-7 and 10  Hz) 

9d  55 238-239 0.99 (3H, s ) ,  1.47 (3H, s ) ,  2.30 (3H, s ) ,  2.34 (3H, s ) ,  2.56-2.72 (5H, 
m), 3.71-3.97 ( l H ,  m), 4.77 ( lH,  s )  

10 55 > 280 1.03 (6H, s ) ,  1 .32 16H, s ) ,  1.56-1.94 (4H, m), 2.27 (6H, s ) ,  2.38-2.59 
(6H, mi ,  3.23-3.58 (ZH, m), 6.54 (ZH, m) 

Tab le  4. Mass S p e c t r a l  (M') and A n a l y t i c a l  Data o f  5, 9 and 10  

Compound Formula MS mle  M i c r o a n a l y s i s  (Calcd.) 

(M+) C ( % I  H ( % )  N ( 5 )  
5a C~OH~INOS~ 225 53.25 (53 .30)  4.88 (4.92) 6.32 (6.22) 

5b CLLHI~NOSP 239 

5c Cl2Hl5NO2S 237 60.68 (60 .73)  6.31 (6.37) 5.98 (5.90) 

5d CISH,~N~O~S 264 59.00 (59.06) 7 (6.0 10.57 ( 1 0 . 6 ~ )  

5e ClrHleN,O,S 278 60.32 (60 .40)  6.56 (6.51)  9.99 (10.06) 

9a CIIHI~NOS, 239 55.25 (55.19) 5.44 (5 .47)  5.83 (5.85)  

9b ClzH,5NOS2 253 56.64 (56 .88)  5.90 (5.97)  5.61 (5 .53)  

9d C1kH2oN20S 264 63.67 (63.50) 7.64 (7 .63)  10.64 (10.60) 

10 C26Ha6N,0,S2 500 62.15 (62.36)  7.25 (7.25) 11,19 (11 .19)  
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