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SUMMARY

This  T hes i s  r e p o r t s  a t t e m p t s  t o  p r e p a r e  t h i e n o p y r i d i n e  ana logues  

o f  s imple  q u i n o l i n e  a l k a l o i d s ,  and a s tu d y  o f  a s p e c t s  o f  t h e  c h e m is t r y  

o f  v a r i o u s  t h i e n o f 3 , 2 - b 7  and 73, 4 - b 7p y r i d i n e  d e r i v a t i v e s  t h a t  were 

o b t a i n e d  as  a r e s u l t .

In t h e  f i r s t  approach  t h e  i n t e n t i o n  was to  p r e p a r e  6 - m e t h y l t h i e n o -  

/■ 2 ,3 -b ;p y r id in -4 (7 H )o n e ,  from 2 -a m ino th iophen ,  by a method d e s c r ib e d  

in  t h e  l i t e r a t u r e ,  w i th  a view to  e l a b o r a t i n g  t h e  6 -methyl  group .  

N i t r a t i o n  o f  t h io p h e n  under  a v a r i e t y  o f  c o n d i t i o n s  always gave m i x tu r e s  

o f  t h e  2- and 3 -n i t ro -c o m p o u n d s  and v a r io u s  t e c h n iq u e s  were examined 

in  a t t e m p t s  to  o b t a i n  m a t e r i a l  e n r i c h e d  in  t h e  2 - i s o m e r .  R educ t ion ,  and 

r e a c t i o n  o f  t h e  am in o th iophen  wi th  e th y l  a c e t o a c e t a t e  gave N - ( 2 - t h i e n y l ) -  

3 -k e to -b u ta n a m id e  and n o t  t h e  p ro d u c t  p r e v i o u s l y  r e p o r t e d .  C y c l i s a t i o n  

th e n  l e d  to  4 - m e t h y l t h i e n o / ' 2 , 3 - b 7 p y r i d i n - 6 ( 7 H ) o n e .

Approaches t o  i s o m e r - f r e e  am ino th iophens  were n ex t  i n v e s t i g a t e d .

Both t h e  Beckmann r e a r r a n g e m e n t  o f  2 - a c e t y l t h i o p h e n  oxime and th e  

n i t r a t i o n / r e d u c t i o n  o f  t h i o p h e n - 2- c a r b o x y l i c  a c i d  and e th y l  th i o p h e n -

2- c a r b o x y l a t e  f a i l e d  t o  produce a c c e p t a b l e  y i e l d s  o f  pure  am ino th iophens .  

N i t r a t i o n  o f  t h i o p h e n - 3 - c a r b o x y l i c  a c i d  and i t s  e th y l  e s t e r  d id  p ro v id e  

i s o m e r - f r e e  n i t r o  d e r i v a t i v e s ,  which ,  on r e d u c t i o n  and subsequen t  

r e a c t i o n s  a l s o  gave t h i e n o p y r i d i n e s  i s o m e r ic  with  t h o s e  r e q u i r e d .

Next,  t h e  p o s s i b i l i t y  o f  p r e p a r i n g  t h i e n o p y r i d i n e s  by vapour  phase 

t e c h n i q u e s  ( t h a t  a r e  s u c c e s s f u l  f o r  t h e  s y n t h e s i s  o f  th io p h e n  and 

b e n z o th io p h e n s )  was e x p l o r e d .  Although r e a c t i o n  o f  2 -v in y l  p y r i d i n e  

w i th  ca rbon  d i s u l p h i d e  d id  produce  t h i e n o p y r i d i n e s ,  t h e  y i e l d s  were 

t o o  low to  make t h e  r o u t e  s y n t h e t i c a l l y  u s e f u l .

( i i )
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F i n a l l y ,  t h e  a p p l i c a t i o n  o f  3 -am in o - 2 - a c y l th io p h e n s  t o  t h e  

s y n t h e s i s  o f  t h i e n o p y r i d i n e s  was e x p l o re d .  S yn theses  o f  t h e  Camps and 

F r i e d l a n d e r  ty p e s  were u n s u c c e s s f u l .  Although th e  3 -am ino th iophen  

d e r i v a t i v e s  f a i l e d  to  form a d d u c t s  w i th  methyl t e t r o l a t e ,  t h e  2 - 

methoxycarbonyl compound p ro v id ed  e x c e l l e n t  y i e l d s  o f  t h e  Michael 

ad d u c t  on r e a c t i o n  w i th  d imethyl  a c e t y l e n e  d ic a rboxy l  a t e .  The adduc t  

c o u ld  be c y c l i s e d  e i t h e r  to  a t h i e n o / ' 3 , 2 - b j  o r  a t h i e n o / ‘3 , 4 - b j  p y r i d i n e ,  

a c c o rd in g  t o  t h e  c o n d i t i o n s  employed.  The c h e m is t r y  o f  t h e  t h i e n o 

p y r i d i n e s  o b t a i n e d  from t h i s  i n t e r m e d i a t e  was e x p l o re d ,  and ana logues  

o f  t h e  a l k a l o i d s  e c h i n o p s i n e  and e c h i n o r i n e  were p r e p a r e d .  S i m i l a r  

ad d u c t s  were formed by a d d i t i o n  o f  t h e  3 -am inoth iophen  to  e thoxy-  

me thy lene  m a lo n a te ,  and t h e s e ,  t o o ,  were c y c l i s e d  t o  t h i e n o f 3 , 2 - b ; ~  

o r  / " S ^ - b j p y r i d i n e s .
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SUMMARY

' This Thesis  r e p o r t s  a t t e m p t s  to  p repare  th ienopyr ic i ine  analogues 

o f  s imple q u in o l in e  a l k a l o i d s ,  and a s tudy o f  a s p e c t s  o f  the  chem is t ry  

o f  var ious  t h i e n o f S ^ - b ;  and / S ^ - b ; p y r i d i n e  d e r i v a t i v e s  t h a t  were 

ob ta ined  as a r e s u l t .

In the  f i r s t  approach th e  i n t e n t i o n  was to  p repa re  6 -m e th y l th ie n o -  

/■2,3~bjpyridin-4(7H)one,  from 2-ami noth iophen,  by a method d e s c r ib e d  

in  t h e  l i t e r a t u r e ,  with a view to  e l a b o r a t i n g  the  6-methyl group.  

N i t r a t i o n  o f  th iophen under a v a r i e t y  o f  c o n d i t i o n s  always gave m ix tu res  

o f  t h e  2- and 3-ni tro-compounds and var ious  te chn iques  were examined 

in  a t tem p ts  to  o b ta in  m a te r ia l  en r ic h ed  in the  2 - i somer .  Reduc tion,  and 

r e a c t i o n  o f  the  anrinothiophen with ethyl  a c e t o a c e t a t e  gave N - ( 2 - t h i e n y l ) 

3-ke to -butanam ide and not  the  product  p rev io u s ly  r e p o r t e d .  C y c l i s a t i o n  

then  led  to 4 -m ethy l th ieno / '2 ,3 -b jpy ' r id in -6 (7H )one .

Approaches to  i s o m e r - f r e e  aminothiophens were next  i n v e s t i g a t e d .  

Both th e  Beckmann rearrangement o f  2 - a c e ty l th io p h e n  oxime and the  

n i t r a t i o n / r e d u c t i o n  o f  t h i o p h e n - 2- c a r b o x y l ic  a c id  and e thyl  th iophen -

2-c a r b o x y l a t e  f a i l e d  to  produce acc e p ta b l e  y i e l d s  o f  pure aminothiophens 

N i t r a t i o n  o f  th io p h e n -3 -c a rb o x y l i c  ac id  and i t s  e thy l  e s t e r  did  prov ide  

i s o m e r - f r e e  n i t r o  d e r i v a t i v e s ,  which, on r e d u c t io n  and subsequent  

r e a c t i o n s  a l s o  gave t h i e n o p y r id i n e s  isomeric  with those  r e q u i r e d .

Next,  th e  p o s s i b i l i t y  o f  p repar ing  t h i e n o p y r id i n e s  by vapour phase 

t echn iques  ( t h a t  a r e  s u c c e s s fu l  f o r  th e  s y n th e s i s  o f  th iophen  and 

benzoth iophens)  was exp lo re d .  Although r e a c t i o n  o f  2-v iny l  p y r id in e  

with carbon disti l phide did  produce th i e n o p y r i d i n e s ,  the  y i e l d s  were 

too  low to  make the  ro u t e  s y n t h e t i c a l l y  u s e f u l .



F i n a l l y ,  t h e  a p p l i c a t i o n  o f  3-amin o -2 -a c y l th iophens  to the  

s y n th e s i s  o f  t h i e n o p y r id i n e s  was exp lored .  Syntheses  o f  the  Camps and 

F r i e d l a n d e r  types  were u n s u c c e s s fu l .  Although the  3-aminothiophen 

d e r i v a t i v e s  f a i l e d  to form adduct s  with methyl t e t r o l a t e ,  the  2- 

methoxycarbonyl compound provided e x c e l l e n t  y i e l d s  o f  th e  Michael 

adduc t  on r e a c t i o n  with dimethyl ac e ty le n e  d icarboxyl a t e .  The adduct  

could  be c y c l i s e d  e i t h e r  to a th ien o / ’3 ,2 -b ;  o r  a t h i e n o / ‘3 ,4 -b ;  p y r i d i n e ,  

according to  the  c o n d i t i o n s  employed. The chem is t ry  o f  the  t h i e n o 

p y r id in e s  ob ta in ed  from t h i s  i n t e r m e d i a t e  was exp lo red ,  and analogues  

o f  th e  a l k a l o i d s  ech inops ine  and ec h in o r in e  were p repa red .  S i m i l a r  

adducts  were formed by a d d i t i o n  o f  the  3-aminothiophen to ethoxy- 

methylene ma lonate ,  and t h e s e ,  to o ,  were c y c l i s e d  to  t h i e n o / ' 3 , 2 - b ; -  

o r  / " S ^ - b j p y r i d i n e s .

( i l i )
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1*1 In t r o d u c t io n

Since the  work desc r ibe d  in t h i s  t h e s i s  had as i t s  main aim the 

s y n th e s i s  o f  th iophen  analogues o f  q u in o l in e  a l k a l o i d s  ( in  which a 

benzene r in g  i s  r ep laced  by a th iophen r ing )  i t  seems a p p r o p r i a t e  to 

d i s cu s s  the  fo l lowing  t o p i c s  as background m a t e r i a l .

F i r s t l y ,  the  p r o p e r t i e s  o f  th iophen  and benzene a re  compared, 

and the  j u s t i f i c a t i o n  o f  r e p la c in g  one r ing  by the  o t h e r  in compounds 

o f  p o t e n t i a l  pharmacological  i n t e r e s t  i s  d i s c u s s e d .  Secondly ,  an 

o u t l i n e  o f  the occur rence  and s t r u c t u r a l  v a r i e t y  o f  the  q u in o l in e  

a l k a l o i d s  i s  g iven.

F u r th e r ,  the  work has involved  the  s y n th e s i s  and a s tudy  o f  some 

t h i e n o / b j p y r i d i n e s .  A b r i e f  review o f  t h i s  a rea  o f  chem is t ry  i s  

t h e r e f o r e  a l s o  included..

1.2 A comparison o f  the s t r u c t u r a l , physical  and chemical p r o p e r t i e s  
o f  th iophen and benzene

The s i m i l a r i t i e s  in  phys ica l  and chemical p r o p e r t i e s  o f  th iophen 

and benzene have long been recogn i sed .  I t  t h e r e f o r e  fol lows t h a t  the  

th iophen  analogues o f  b i o l o g i c a l l y  a c t i v e  compounds c o n ta in in g  benzene 

r i n g s  should have been prepared  and examined f o r  pharmacological

The molecu la r  dimensions o f  th iophen and benzene a re  very s i m i l a r ,  

i l l u s t r a t e d  in  the  s c a l e  drawing below:

a c t i v i t y .

1 -3( i )  Molecular  dimensions

H

H (
,1'39A

'1-09 A n
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The physica l  c o n s t a n t s  f o r  the two compounds t a b u l a t e d  below a l so  

revea l  a broad s i m i l a r i t y ,  a l though  the  d e n s i t i e s  and f r e e z i n g  p o in t s  

o f  the  two subs tances  a re  s i g n i f i c a n t l y  d i f f e r e n t .

Phys ica l c o n s t a  n t s

P roper ty

b o i l i n g  p o in t  (760 mm), °C 

f r e e z in g  p o i n t ,  °C 

d j ° ,  g cm 
Dn(

Dn

~o

20

Benzene

80 .1’

5.5
0.8790

1.5011

0.650

26.185

Thiophen

84.1
- 3 8 .3

1.0644

1.5287

0.662

24.365molecu la r  r e f r a c t i o n  (20 )

In terms o f  the  resonance  th e o ry ,  th iophen i s  b e s t  r e p re s e n t e d  as 

a resonance hybr id  o f  the  f i v e  p r in c i p a l  canonica l  s t r u c t u r e s ,  ( a - e ) ,  

in  which the  su lphur  atom c o n t r i b u t e s  a lone p a i r  o f  e l e c t r o n s  to the 

aromatic  s e x t e t .

s o
s <
©

I t  i s  a l s o  p o s s i b l e  t h a t  the  s u lphu r  d - o r b i t a l s  p a r t i c i p a t e  in  the 

bonding;  hence,  canonica l  s t r u c t u r e s  such as ( f - h )  might  a l s o  be con

s i d e r e d ,  a l though  a t  p r e s e n t  the  qu es t io n  o f  d - o r b i t a l  p a r t i c i p a t i o n  

i s  unreso lved .
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The simple m olecu la r  o r b i t a l  r e p r e s e n t a t i o n s  o f  th iophen  and 

benzene aga in  reveal  s i m i l a r i t i e s  and d i f f e r e n c e s .  In both systems 

th e r e  i s  a p la n a r ,  a bond framework o f  sp2 h y b r id i s e d  atoms and a 

d e l o c a l i s e d  67r e l e c t r o n  system; however, in th iophen the  su lphur  3p 

o r b i t a l  i s  involved in the  c o n s t r u c t i o n  o f  the w-bonding m olecu la r  

o r b i t a l s ,  whereas in benzene only  2p o r b i t a l s  c o n t r i b u t e .

Chemical behaviour

Both th iophen and benzene r e a c t  with e l e c t r o p h i l e s  in s u b s t i t u t i o n  

r e a c t i o n s .  In the  case  o f  th iophen ,  c o n s id e r a t i o n  o f  the  d e l o c a l i z a t 

ion en e rg ie s  o f  the  Wheland in t e rm e d ia te s  f o r  the  two p o s s i b l e  p o s i t i o n s

o f  s u b s t i t u t i o n  he lps  to  e x p la in  why the r e a c t io n  takes  p lace  predom-
4 5i n a n t l y  a t  the  2- p o s i t i o n .  5

2- s u b s t i t u t i o n :

3 - s u b s t i t u t i o n :

C y • •

As would be expec ted from i t s  ir exc e ss iv e  n a t u r e ,  th iophen  i s  c o n s id e r 

ab ly  more r e a c t i v e  towards e l e c t r o p h i l e s  than i s  benzene;  i t  can be 

brominated ,  a c y l a t e d ,  fo rmyla ted  and ch lo rom ethy la ted  under c o n d i t io n s

3



which f a i l  to  g ive a r e a c t i o n  with benzene.  This i s  i l l u s t r a t e d  by 

the  f a c t  t h a t  t y p i c a l  F r i e d e l - C r a f t s  a c y l a t i o n s  o f  th iophen  can be 

c a r r i e d  out  in benzene as s o lv e n t .

In g e n e r a l ,  s u b s t i t u e n t s  a t t a c h e d  to  the  th iophen  r ing  show 

unexceptiona l  behav iour ;  however,  hydroxy and amino groups prove to  be 

ex c e p t io n s .  Unlike t h e i r  benzene c o u n t e r p a r t s ,  hydroxythiophens  are  

i n a c c e s s i b l e  and u n s ta b l e  compounds, v/hich e x i s t  p redominantly  in the 

keto form. The nmr spectrum of  2-hydroxyth iophen ,  f o r  example,  

i n d i c a t e d  the dominance o f  5 /"H;- th iophen-2-one . Both 2- and 3-amino

th iophen a re  very u n s ta b l e  as f r e e  b a s e s ,  al though acyl  d e r i v a t i v e s  

and s a l t s  a re  s t a b l e .

1.3 B io log ica l  a c t i v i t y  o f  th iophen

The genera l  conc lus ion  to  be drawn from the s t u d i e s  made o f  s imple 

thiophen  d e r i v a t i v e s  i s  t h a t  th e se  compounds e x e r t  s i m i l a r ,  bu t  l e s s  

pronounced pharmacological  a c t i v i t y  compared with t h e i r  benzene 

analogues .  In some c a s e s ,  however,  r e l a t e d  compounds have d i f f e r e n t  

e f f e c t s ;  f o r  example,  th i en y l  ke tones  a re  c o n v u l s a n t s ,  whereas t h e i r  

benzene c o u n t e r p a r t s  a re  h y p n o t i c s .

Thiophen e x e r t s  a t o x i c  a c t i o n  on the  nervous system, and causes
o

h i s t o l o g i c a l  damage o f  the  ce rebe l lum ,  as does benzene;  i t  produces 

con v u l s io n s ,  muscular  weakness,  f a l l  in blood p r e s s u r e ,  and death when
g

adm in is te red  to exper imenta l  an im als .  Thiophen has found use t h e r a 

p e u t i c a l l y  as a b a c t e r i o s t a t ,  i n s e c t i c i d e  and a n t h e lm i n t i c  and as an 

i n g r e d i e n t  of  o in tments  used f o r  t r e a tm e n t  o f  sk in  i n f e c t i o n s . ^

Many thiophen  compounds have been t e s t e d  f o r  b i o l o g i c a l  a c t i v i t y ;  

as t h i s  number i s  p a r t i c u l a r l y  l a r g e ,  the  fo l lowing  d i s c u s s io n  con

s i d e r s  on ly  those th iophen  compounds t h a t  a re  analogues  o f  a benzene 

c o u n t e r p a r t ,  with a comparison o f  t h e i r  r e l a t i v e  pharmacological  

a c t i v i t y .

4



113- 2~Thienylethyl  amine showed pronounced c e n t r a l  nervous s t im u 

l a t i n g  p r o p e r t i e s ,  o f  comparable a c t i v i t y  to  i t s  benzene c o u n t e r p a r t ,

bu t  possess ing  a c o n s id e ra b ly  lower th r e s h o l d  dose.  Thiophen compounds
12s t r u c t u r a l l y  r e l a t e d  to  chloramphenicol  ( 1) have been prepared ;

however, the  a n t i b a c t e r i a l  a c t i v i t y  o f  the se  was much lower than t h a t
13o f  the  n a tu ra l  a n t i b i o t i c .

N 0/ > C  
v i z z /  n

C H - C H - C H - O H  
OH N H C O C H C l .

( 1)

The thiophen analogues  (2) o f  3 ,3 -d i p h e n y la l ly l a m in e s  were found to

have a n t i h i s t a m i n i c  and loc a l  a n a e s t h e t i c  p r o p e r t i e s , ^  as well as
15pronounced a n a l g e s i c  a c t i v i t y .  However, they a l s o  possess  the  same 

d isadvan tages  as the  benzenoid d e r i v a t i v e  in t h a t  they  a re  a d d i c t i v e . 16

■Cf=CH” CHR
N R , R 2

( 2 )

The thiophen analogues  o f  methadone and isomethadone have been
17prepared  and have been shown to  be a c t i v e  a n a l g e s i c s .  The

p re p a ra t io n  o f  the  th iophen  analogue o f  2 , 2- b i s - ( p ~ c h l o r o p h e n y l ) - l  , 1 , 1-
18t r i c h l o r o e t h a n e  (D.D.T.) was r e p o r te d  by P r i l l  e t  a l , who d i scovered

t h a t  2 , 2- b i s - ( 2- t h i e n y l ) - l , 1 , 1- t r i c h l o r o e t h a n e  was i n a c t i v e  a g a i n s t  

the  ho u s e f ly .  However, 2 , 2 - b i s - ( 2 - c h l o r o - 5 ~ t h i e n y l ) 1 , 1 , 1 - t r i c h l o r o 

e thane  (3) has been r e p o r t e d  to  be e f f e c t i v e  a g a i n s t  c o c k r o a c h e s . ^



Considering the l a rg e  number, s t r u c t u r a l  d i v e r s i t y  and pharma

c o lo g ica l  a c t i v i t y  o f  the  a l k a l o i d s  i t  i s  r a t h e r  s u r p r i s i n g  t h a t  so 

few thiophen analogues  have been recorded .  The i n s t a b i l i t y  o f  

hydroxythiophens  and the i n a c c e s s i b i l i t y  o f  methoxythiophens may be 

p a r t i a l l y  r e s p o n s ib le  f o r  t h i s ,  s in c e  the  benzene r in g s  in the  m a jo r i t y  

o f  the s im ple r  a l k a l o i d s  c a r ry  the se  s u b s t i t u e n t s .

A tropine  (4) and cocaine (5) a re  obvious e x c e p t io n s ,  and the

s y n th e s i s  o f  the 2- t h i e n y l  analogues o f  t e s e  subs tances  was r e p o r te d  by
20S te in k o p f  and h i s  co-workers .

(4)

Y
N-CH-L

C 0 2 CH3 

0 C O-Q5 H5 (5)

These analogues were shown to  possess  approximate ly  the  same

pharmacological  a c t i v i t y  as the n a t u r a l  su b s t a n c e s .
21Barker ,  Huddleston and Byron have prepared  the  2 - th i e n y l  

analogues o f  ephedrine  ( 6) and ^ -ephed r ine  ( 7 ) .  I t  was found t h a t  the 

ephedr ine  analogues had about  o n e - t h i r d  the a c t i v i t y  o f  ephedr ine  in 

i t s  e f f e c t  on the  s p in a l  c a t ,  bu t  the  ^ -ephed r ine  analogue was i n a c t 

iv e .  The syn theses  o f  the  3 - th i e n y l  analogue o f  ephedr ine  and a

number o f  r e l a t e d  ha logena ted  subs tances  have a l s o  been r e p o r t e d . 22

H-

H-

C5 H5

C H3

-OH

■NCH3

( 6 )

HO

H

1

: h3

H

NCH3

(?)

ch2oh

OCO-CH-CgHs



po
Hertz and Tsai r e p o r t  a t tem p ts  to  p repare  t h i e n y l  analogues of  

papaverine ( 8 ) .  The compound (9) ob ta ined  by the se  workers i s  no t  a 

t r u e  papaver ine  analogue s in c e  i t  l acks  two methoxy groups (which 

should be s i t e d  on the vacan t  p o s i t i o n s  of  the th iophen  r i n g ) .

c h 3o

CH, 0

3 (8 )

OCB

(9)

In an a t tem p t  to  p repa re  a me thoxyth ienopyr id ine  analogue ,  Lawson 

ob ta ined  the  d ih y d ro th ie n o p y r id in e  ( 10) shown below:-

OCH3

ch2 ~ o c k 3

C H , 0

( 10)

24

25Kametani and h i s  co-workers  have . .c a r r ied  out  a g r e a t  deal  o f  work on 

the  s y n th e s i s  o f  subs tances  r e l a t e d  to  papaver ine ;  among the  many com

pounds desc r ibe d  are  a number of  6 ,7 -d ioxygena ted  i s o q u i n o l i n e s  ( f o r  

example compounds 11 and 12) bea r ing  a th iophen s u b s t i t u e n t  in the  

1- p o s i t i o n .

7



o:

( 11)

C H 3O

C ^ O - ^ A ^

( 1 2 )

8



] . 4  The Quinol ine a l k a l o i d s

In t ro d u c t io n

The a l k a l o i d s  have been o f  g r e a t  importance to  man f o r  c e n t u r i e s ,  

long be fo re  they were recogn ised  as a chemical c l a s s .  T he i r  i n f lu e n c e  

on f o l k l o r e ,  medicine and p r i m i t i v e  c u l t u r e s  a re  immeasurable. The 

s c i e n t i f i c  s tudy  o f  a l k a l o i d s  may be s a id  to  have begun with the  

i s o l a t i o n  o f  morphine by S e r t u r n e r  in 1804.

The term " a lk a l o id "  u s u a l l y  a p p l i e s  to  b a s i c  n i t r o g e n - c o n ta in in g  

compounds o f  p l a n t  o r i g i n .  Usually  (bu t  not  always) the  n i t rogen  

atom i s  in c o rp o ra te d  i n t o  the s t r u c t u r e  as p a r t  o f  a h e t e r o c y c l i c  

r i n g ,  and the compounds m a n i f e s t  s i g n i f i c a n t  pharmacological  a c t i v i t y .

I t  has been e s t im a te d  t h a t  a l k a l o i d s  a re  found in only 10-15% 

o f  a l l  v a s c u l a r  p l a n t s ;  g e n e r a l l y  a given genus o r  r e l a t e d  genera 

y i e l d  the  same o r  s t r u c t u r a l l y  r e l a t e d  a l k a l o i d s .  The fu n c t io n  o f  

a l k a l o i d s  in p l a n t s  remains a s u b j e c t  f o r  s p e c u l a t i o n .  Many a u t h o r i t i e s  

regard  them as by-p roduc ts  o f  p l a n t  metabolism, w h i l s t  o th e r s  regard  

them as r e s e r v o i r s  f o r  p r o t e i n  s y n th e s i s  o r  as p r o t e c t i v e  m a t e r i a l s ,  

d i scourag ing  animal o r  i n s e c t  a t t a c k .

A lka lo ids  a re  commonly c l a s s i f i e d  e i t h e r  accord ing  to  the  p l a n t  

genera in which they o ccu r ,  or  on the  b a s i s  o f  s i m i l a r i t i e s  in mole

c u l a r  s t r u c t u r e .  The l a t t e r  c l a s s i f i c a t i o n  i s  based on the  s k e l e t a l  

f e a t u r e s  which members o f  a group possess  in  common (eg.  the i s o q u i n o l 

ine a l k a l o i d s ) .

A lka lo ids  posse ss ing  the q u in o l in e  nucleus (13) c o n s t i t u t e  one o f  

the  s m a l l e s t  groups .  Several  s imple d e r i v a t i v e s  o f  q u in o l in e  a re  found 

in the  fami ly  Rutaceae,  as well  as in  the Compositae (genus Echinops).  

Quinoline i t s e l f  has been r e p o r te d  to  occur in Peganium harm aia ,
or

t o g e th e r  with 2-m e th y lq u in o l in e .

9



(13)

In the  fo l lowing  d i s c u s s io n  a genera l  review o f  q u in o l in e  a l k a l o i d s  i s  

g iven;  Echinopsine and E c h i n o r in e s o f  which th i e n o p y r id i n e  analogues 

have been prepared  in the p r e s e n t  work ( s e c t i o n  IV) a re  d i scu ssed  in 

g r e a t e r  d e t a i l .

The q u in o l in e  a l k a l o i d s  can be conven ien t ly  d iv ided  in t o  t h r e e

broad s t r u c t u r a l  ty p e s :

( i )  s imple s u b s t i t u t e d  q u in o l in e s
( i i )  s imple s u b s t i t u t e d  q u i n o l in -4 -ones  

( i i i )  s imple s u b s t i t u t e d  q u i n o l i n - 2-ones .

10



1.5 ( i ) Simple s u b s t i t u t e d  q u in o l in e s

The occurrence  o f  q u in o l in e  and 2-methyl q u in o l in e  has a l r e a d y

been mentioned.  From Echinops r i t r o  some simple d ihyd ro q u in o l in e
27d e r i v a t i v e s  (eg.  14) have been i s o l a t e d .  The r a t h e r  more complex 

a l k a l o i d  j a p o n in e ,  from o r ix a  j a p o n ic a , was shown to  have the 

s t r u c t u r e  (15) by chemical s t u d i e s  and by spec t ro sco p y ,  p a r t i c u l a r l y  

by comparison o f  i t s  s p e c t r a  with those  o f  s y n t h e t i c  2- and 3-phenyl -

q u i n o l i n e s . 28

OH
C ^ ’V ^ V - O C .0C H 3

CH- 'U
O f t

(14) (15)

From the  bark o f  G aiipea  o f f i c i n a l i s  the a l k a l o i d s  cuspa r ine  (15)
29and g a l i p i n e  (17) have been i s o l a t e d .  Both a re  t e r t i a r y  bases  and 

g ive  m e th iod ides ,  which on t r e a tm e n t  with a l k a l i  g ive  i s o c u s p a r in e  (18) 

and i s o g a l i p i n e  ( 1 9 ) ,  r e s p e c t i v e l y .

OCB QCB

07)

OCH-

OCH:

(18) (19)



Oxidat ion o f  g a l i p i n e  with  potassium permanganate gave v e r a t i c  ac id
?9and 4 -m ethoxyquino l ine~2-carboxyl ic  ac id .  * The two a l k a l o i d s  (16)

30and (17) were s y n th e s i s e d  by Spath and E b e r s t a l l e r ,  by condensa t ion  

o f  4-methoxy-2-m eth y lq u in o l in e  ( 20) with piperonal  o r  v e r a t r a ld e h y d e ,  

r e s p e c t i v e l y ,  in the presence  o f  z inc  c h l o r i d e ,  fo l lowed  by c a t a l y t i c  

hydrogenat ion

0CH3

N

RCHO

CH-

( 20 )

h , / r

c h 3

N<^CH=CHR

The c l o s e l y  r e l a t e d  a l k a l o i d  cuspa re ine  (21) was a l s o  i s o l a t e d  from 

the  same sou rce .  I t  was s y n th e s i s e d  by Stanek,  by a s i m i l a r  procedure 

t o  t h a t  de sc r ib e d  above,  from q u in a ld in e  methiodide and v e ra t r a ld eh y d e ,

C H 2CH2

och3

OCH-
( 2 1 )

Echinor ine  (a 1-m ethy l -4 -m ethoxy-qu ino! in i  urn s a l t )  (22) has been

32 33i s o l a t e d  from e ch in ops  com m unta tis , from Echinops r i t r o  l v and from
.c 34

Echinops s p h a e r o c e p h a lu s .

.33The s t r u c t u r e  o f  e c h i n o r in e  was confirmed by Schroder  by com

pa r i son  o f  i t s  s p e c t r a l  da ta  with those  of  a s y n t h e t i c  sample.

OCH3



The b i o s y n t h e s i s  o f  t h i s  a l k a l o i d  i s  sugges ted  to  fo l low  the  pathway

34from a n t h r a n i l i c  a c i d ,  shown below:

c q H
-v- C H ;C q ,H — >

C C H jC C N C o A

OH

0 = 0

■> ( 2 2 )

This i s  supported  by the  i n c r e a s e  in  ec h in o r in e  c o n te n t  when Echinops  

sc h aeroceph a iu s  was fed  e x t r a  t ryp tophan  ( p r e c u r s o r  to a n t h r a n i l i c
or OC

a c i d ) ,  and by i n c o rp o r a t i o n  o f  1UC l a b e l l e d  a n t h r a n i l i c  a c id .

This pathway i s  in genera l  agreement with the  accep ted  b i o s y n t h e t i c
07 OO

ro u te  to  q u in o l in e  a l k a l o i d s .  5

The syn theses  o f  ech in o r in e  analogues o f  the  type shown below

39(23) have been r e p o r t e d .  g p

a
- s  tyhere R = CH2CH2OH or CH2CgH5

r
ch3 (23)

No a p p re c i a b l e  pharamcological  a c t i v i t y  was found f o r  th e s e  subs tances

13



1 . 6  ( i ) Simple s u b s t i t u t e d  Quinolin -4-ones

The s im p le s t  a l k a l o i d  in t h i s  group i s  E c h inops ine ( l -m e thy lqu ino l in~

4-one) (24 ) ,  f i r s t  i s o l a t e d  by G e r s h o f f ^  in 1900.

This a l k a l o i d  has been i s o l a t e d  from a number o f  s p e c ie s  of  Echinops,  

eg. Echinops s c h a e r o c e p h a l /u s ^  from Echinops c o m m u n t a t i s from 

Echinops r i t r o  L^  and from Echinops r i t r o  r u t h e n i c u s I t s  S t r u c t u r e  

was determined by S p a t h ^  in 1922, who s y n th e s i s e d  the  compound by 

hea t in g  a mixtu re o f  4 -hyd roxyqu ino l ine ,  iodomethane and sodium 

methoxide in methanol in  a s ea led  tube a t  100° .

0

ChU ^

OH

CH50Na 
C H pH

Several  o t h e r  syn theses  o f  ech inops ine  have been r e p o r t e d ;  two

involve  n u c l e o p h i l i c  d isp lacem en ts  from the  4 - s u b s t i t u t e d - l - m e t h y l -
32 20 45quino l in ium s a l t s  (25(a)  f e c h i n o r in e j  and 25(b) ) .

25(a)  X = 0CH3 , Y = I 

25(b) X = N3 , Y = CH3SO4



The r e a c t i o n  o f  (25(a)  ( e c h in o r in e )  ) i s  noteworthy ( see  s e c t i o n  IV). 

A m u l t i - s t e p  s y n t h e s i s  from q u in o l in e  i t s e l f  was c a r r i e d  out  by Kondo
A C

w h i l s t  Strandtmann prepared  the cqmpound by the i n t e r e s t i n g  rou te  

o u t l i n e d  below - in which condensa t ion  o f  o-amino~w(methylsulphonyl) 

acetophenone (26) with formaldehyde by r e f lu x i n g  in to lu en e  in  the  

p resence  o f  a c a t a l y t i c  amount o f  p i p e r i d i n e  gave e c h i n o p s i n e : -

- C O C H ,  © f  ,
3 CH,SCH

n h c h 3 ^

ft f t
c r ,s  cH j

( 2$)

N H C R

  --------------

c h 3

Echinopsine forms f a i n t l y  ye l low c r y s t a l s  which s e p a r a t e  from 

w a te r  as a hy d ra te ;  i t  i s  s p a r in g l y  so lu b le  in  e t h e r ,  bu t  r e a d i l y  

s o lu b le  in  chloroform and e t h a n o l .  I t  i s  o p t i c a l l y  i n a c t i v e  and g ives  

an in t e n s e  blood red c o lou r  with  f e r r i c  c h l o r i d e  s o l u t i o n .

Echinops ine shows f a i r l y  t y p i c a l  q u in o l in -4 -o n e  behav iour .  Due 

to  the  i n t e r a c t i o n  between th e  carbonyl group and the  n i t r o g e n  atom 

i t  i s  a very  weak base ;  e l e c t r o l y t i c  r e d u c t io n  a t  a l e ad  ca thode g ives  

1 , 2 , 3 , 4 - t e t r a h y d r o - l - m e t h y l q u i n o l i n e  ( 2 7 ) , ^  n i t r a t i o n  y i e l d s  the

3 - n i t r o  d e r i v a t i v e , ^  and t r e a tm e n t  with phosphorus p e n t a c h lo r i d e  a t  

150° r e s u l t s  in dem ethy la t ion .

15



c h 3

n i t r a t i o n

ch3

e l e c t r o l y t i c  r educ t ion

Nf/ ^

V
CHj

The complete b io s y n t h e s i s  o f  the  a l k a l o i d  has not  y e t  been 

e l u c i d a t e d .  However, a d d i t i o n  o f  probable  p r e c u r s o r s ,  i e .  t r y p to p h a n ,  

ph e n y la la n in e ,  and a n t h r a n i l i c  a c i d ^ ’^  to  s e e d l i n g s  o f  Echinops  

ero cep h a iu s  c u l t i v a t e d  in s t e r i l e  media led  to an in c re a s e  in  the  

ech inops ine  c o n te n t  in the  grown p l a n t s  when compared with o th e r s  not  

so t r e a t e d .

The pharmacology o f  ech inops ine  has been the  s u b j e c t  o f  much

i n t e r e s t  in E as te rn  Europe.  An u l t r a - v i o l e t  s p e c t r o s c o p i c  method of
50a n a l y s i s ,  a p p l i c a b l e  to t a b l e t s ,  has been r e p o r t e d ,  and a method f o r

the  q u a n t i t a t i v e  d e te rm in a t io n  o f  the  a l k a l o i d  in globe t h i s t l e  f r u i t s

(by t i t r a t i o n  o f  the  e x t r a c t s  with 0.1 M p e r c h l o r i c  ac id  in a c e t i c
51ac id  s o l u t i o n )  i s  a v a i l a b l e .  The o ra l  LD^q in  mice and r a t s  were

52found to  be 460 mg/kg and 290 mg/kg r e s p e c t i v e l y . The main e f f e c t
53o f  the a l k a l o i d  on the  c e n t r a l  nervous system i s  d e p r e s s a n t ,  and in

high doses i t  induces n a r c o s i s ;  a t  low dosage in r a t s  i t  causes
54decreased  b r a in  n o r - a d r e n a l in e  l e v e l s .  I t  has n e g l i g i b l e  a n t i -

cc
c h o l i n e s t e r a s e  a c t i v i t y .  A combination o f  ech inops ine  and amphet

amine induced convuls ions  when i n j e c t e d  i n t r a v e n o u s ly  in to  mice.

16
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In genera l  s u b s t i t u t i o n  o f  a methyl ,  methoxy, ethoxy o r  ch lo ro  

group a t  the  6- o r  8- p o s i t i o n  o f  2-methyl d e r i v a t i v e s  o f  ech inops ine
r *y

in c re a s e d  the  a c t i v i t y  and the  t o x i c i t y  o f  the compound,' eg. 

2 , 6-d im ethy lech inops ine  caused a n o n - s p e c i f i c  c e n t r a l  s t i m u l a t i o n ,  

fol lowed by dep re s s ion  with  m yo- re laxa t ion  in mice.  Phenyl-nor-
CO

ech inops ine  had some e s t r o g e n i c  e f f e c t s  in  mice,  and phenacy l -nor -

ech inops ine  had c e n t r a l  nervous system d ep re s san t  a c t i v i t y . ^
A s t r u c t u r a l l y  s i m i l a r  a l k a l o i d ,  Ech inops id ine  (28) was i s o l a t e d

60from Haplophylum per fora tum  and from Echinops s c h a e r o c e p h a l u s . 
fil

Sch roder ,  however, d i s p u te s  the  presence  o f  ech inops id ine  in t h e s e  

p l a n t s ,  h i s  work i n d i c a t i n g  t h a t  the  compound is  formed dur ing the 

i s o l a t i o n  procedure o r  dur ing s to r a g e  o f  the p l a n t  m a t e r i a l ,  by 

ammonolysis o f  e ch inops ine .

NH

The a c t i v i t y  o f  t h i s  compound has been i n v e s t i g a t e d ;  i t  blocked

autonomic g a n g l i a ,  and had a mi ld  hypote ns ive  a c t i o n  and decreased

neuromuscular  a c t i v i t y ,  and was a l s o  a weak in  v i t r o  i n h i b i t o r  o f  
59c h o l i n e s t e r a s e .

The 2 ,3 -d ih y d ro  d e r i v a t i v e  o f  ech in o p s id in e  was found to  be ten  

t imes more t o x i c  than ech inops ine  to  mice.  I t  was shown to  dec re ase  

a r t e r i a l  blood p r e s s u r e ,  induced bradyca rd ia  and blocked g a n g l io n ic
C.O

nerve impulse t r a n s m is s i o n .  2 -M ethy l -6 -e thoxy -ech inops id ine  had
5Qg r e a t e r  a n t i c h o l i n e s t e r a s e  a c t i v i t y  than e c h in o p s id in e  i t s e l f .

Several  a l k a l o i d s  which possess  the q u in o l in -4 -o n e  system c a r r y -  

ing a long-cha in  a lky l  s u b s t i t u e n t  a t  C-2 (29) a re  known.
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^ ^ N ^ ( C H 2 )n CH3

R (29)

These were f i r s t  found in fu n g i ,  bu t  in  r e c e n t  y e a r s  have been shown

to  be p r e s e n t  in h ig h e r  p l a n t s .  2 -U ndecylquinolin -4 -o n e  (29 ,  R = H,
63n = 10) has been i s o l a t e d  from P t e i e a  t r i f o i i a t a , and the r o o t s  o f  

Rutus g r a v e o ie u s  c o n ta in  a mix tu re  of  compounds o f  t h i s  type (29 ,  R = H, 

n = 10-13) .  E x t r a c t s  o f  the  leaves  and f r u i t s  o f  Evodia r u ta e c a r p a  

y i e ld e d  t h r e e  1-methyl s u b s t i t u t e d  compounds (29,  R = CH3 , n = 10, 12 

and 1 4 ) . 6^ A lka lo ids  o f  the  same genera l  form, but  c a r ry in g  r a t h e r  

more e l a b o r a t e  s id e  cha ins  a t  0 2  have been c h a r a c t e r i s e d .

Thus, a c u t i n e 65 (30,  Ri = H, R2 = (CH2) 3CH=CH-CH2CH3) i s  p r e s e n t  in
cc

Haplophyl lum a c u t i f o l i u m , and V e p r i s  anipody  has y i e l d e d  compounds,

so f a r  not  given  t r i v i a l  names, o f  genera l  formula (30) where Ri = H,

R2 = -(CH2) 9C0CH3, -(CH2) 8CH20H and (CH2) 2CH=CH-CH2-CH=CH-CH2CH3 .

In y e t  a no the r  group o f  a l k a l o i d s  of  genera l  formula (30) the
r 7

s u b s t i t u e n t  a t  0 2  i s  a rom a t ic .  For example,  in f o l i n u d i n e  (from

Hapiophy i ium  f o l i o s i u m ) R^'s  CH3 and R2 i s  4-hydroxy-3-methoxyphenyl.
fi7

Close ly  r e l a t e d  i s  ru tamine (30 ,  R3 = CH3 , R2 = 3 , 4-methylene-  

d ioxyphenyl) ,  found in both Ruta b r a c t e o s i s  and Ruta g r o v e o l e n s .
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1.6  ( i i ) Simple s u b s t i t u t e d  Quinolin -2 -ones

The g r e a t  m a jo r i t y  o f  a l k a l o i d s  based on the  q u i n o l in -2 -one

system have more complex s u b s t i t u t i o n  p a t t e r n s .  D e ta i led  reviews o f
7  q  7 4

t he  q u i n o l in -2 -one  a l k a l o i d s  a r e  a v a i l a b l e .  ’ The formulae o f  a 

small s e l e c t i o n  o f  t h e se  compounds a r e  p resen ted  in  the  fo l lowing  

c h a r t :
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Quin o l in -2 -o n e  a l k a l o ids

OH 

o c h 2c h c h  c h = c h c h 3 

q a f e O H

( 3 1 )

OCH

0C H 3 H

t o  ■ (32)

OCH3

J=0
ch3 c h 3

(33)

CHp CH

(34)

OCH

(35)
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68Buchar id ine (31) i s o l a t e d  from Hapiophyiium buchar icum» i s  one o f

the  s im pler  a l k a l o i d s  in  t h i s  group,  having a s u b s t i t u e n t  a t  C~4 on ly .

From Hapiophyiium s c i e r o x y l a , the  a l k a l o i d  hal fordamine (32) has been
69i s o l a t e d ;  i t s  s t r u c t u r e  was confirmed by s y n t h e s i s .  The a l k a l o i d  

*
f o l i j W i n e  (33) has been i s o l a t e d  from Hapiophyiium buchar icum ; t h e r e

i s  some ev idence  t h a t  t h i s  compound i s  ,a p l a n t  growth i n h i b i t o r .  A

l a rg e  number o f  N-methylquinolin -2 -one  d e r i v a t i v e s  o f  general  form (35)
71have been i s o l a t e d  from Ptelea trifoiiata. Typical  a re  p t e l e f o l i n e  

(35,  Rj = R3 * OCH3; R2 = H), i s o p t e l e f o l i n e  (35,  Rx = H, R2 = R3 = 

0CH3) and p t e l e f o l i d i n e  (35,  Rj = H, R2 , R3 = 0-CH2- 0 ) . E x t r a c t s  o f  

the  r o o t  bark o f  t h i s  p l a n t  gave an a l k a l o i d  as y e t  un-named with 

s t r u c t u r e  ( 3 4 ) . 7^
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1.7 Th i e n o p y r i d ines

In t r o d u c t io n

There a re  s i x  p o s s i b l e  t h i e n o p y r id i n e  systems,  a l l  o f  which have 

been p repared .  The b~fused s e r i e s  a re  analogous to  q u i n o l i n e ,  and the 

c*”fused to  i s o q u i n o l i n e .  In the  fo l lowing  d i s c u s s io n  only the  b - fu sed  

systems w i l l  be c o n s id e re d ,  t h a t  i s ,  the  t h i e n o / " 2 , 3 - b ; - s- ^ 3 , 2-by~ and 

- /■ 3 ,4 -b ;py r id ines .

i2 ,3 -b ;

[3A-b]

Thienopyr id ines  have rece ived  c o n s id e ra b le  a t t e n t i o n  over the  p a s t  

few y e a r s ,  f o r  two main rea sons .  F i r s t l y ,  the  c l o s e  resemblance 

( s t e r i c a l l y  and e l e c t r o n i c a l l y )  o f  th i en o p y rd in es  to  q u in o l in e s  and 

i s o q u in o l in e s  has rendered  them o f  co n s id e ra b le  pharmacological  i n t e r 

e s t .  Secondly,  t h e r e  i s  the  t h e o r e t i c a l  i n t e r e s t  in th e  behav iour  o f  

systems in which a i r -excess ive  and a Tr-defi c ien t  r in g  a re  fused 

t o g e t h e r .  The presence  in  t h i e n o p y r id i n e s  o f  a r ing  s u s c e p t i b l e  to  

e l e c t r o p h i l i c  s u b s t i t u t i o n  ( th iophen)  and one s u s c e p t i b l e  to  nucleo-  

p h i l i c  s u b s t i t u t i o n  (p y r id i n e )  makes s e l e c t i v e  chemical f u n c t i o n a l i s a t i o n  

o f  the  in d iv id u a l  r in g s  an i n t e r e s t i n g  p o s s i b i l i t y .
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Thienopyr id ine  chem is try  has p r e v io u s ly  been reviewed by
y r 76

S c h n e l l e r ,  and more r e c e n t l y ,  and in g r e a t e r  d e t a i l ,  by Barker .

The e a r l i e s t  r e p o r t  o f  a p r e p a r a t i o n  o f  a th i e n o p y r id i n e  was in 1913, 
77by S te in k o p f .  However, only s in c e  1960 has a s i g n i f i c a n t  number of

p u b l i c a t i o n s  on t h i e n o p y r id i n e s  appeared in the  l i t e r a t u r e .  Very

l i t t l e  work has so f a r  been r e p o r te d  on the t h i e n o / ’3 , 4 - b ; p y r i d i n e
78system; the  p a r e n t  subs tance  was prepared  in  1970, bu t  was found to

be much l e s s  s t a b l e  than the  o t h e r  isomers.

Unlike t h e i r  benzene c o u n t e r p a r t s ,  t h i e n o p y r id i n e s  do not  occur

widely in n a t u r e .  The b a s i c  component o f  a s h a le  o i l  o f  high s u lphu r

co n ten t  was found to  c o n ta in  c e r t a i n  methyl th ieno/"2 ,3 -b ;  and / '3 ,2-b;  
79p y r i d i n e s ,  bu t  no o t h e r  n a t u ra l  occurrence  o f  the  compounds has 

been r e p o r te d .



1.8 S yn thes is

S y n th e t i c  approaches to  t h i e n o p y r id i n e s  a re  c o nven ien t ly  con

s id e r e d  under two head ings ,  accord ing  to  which h e t e r o c y c l i c  r ing  i s  

c o n s t ru c t e d .  G ene ra l ly ,  syn theses  invo lv ing  fo rmat ion  of  the p y r id in e  

r ing  have been a d a p t a t i o n s  o f  c l a s s i c a l  q u in o l in e  s y n th e s e s .

Syntheses in vo lv ing  format ion  o f  the  py r id ine  r ing  
77S te inkopf  ap p l ied  the  Skraup r e a c t i o n  to  2-amino thiophen  to  

o b ta in  a low y i e l d  o f  t h i e n o / ^ ^ - b j p y r i d i n e .  Free 2-amino th iophen  i s  

an uns tab le  su b s tan ce ,  and i t  i s  usual to employ the  t i n  double s a l t  

( H5SNH3CI~) SnCl 1+ (36) ob ta ined  d i r e c t l y  by r ed u c t io n  o f  2 - n i t r o -
OQ

th iophen .  Russian workers r e p o r te d  t h a t  methyl vinyl  ketone r e a c t s  

with  (36) to  give 4 - m e t h y l t h i e n o / 2 , 3 - b ; p y r i d i n e  (37 ) .

S

(36)

©  e  
N H 3 CI S n C l 4 4 “ CH3C O C H — CH-2

CH.

(37)

81Klemm showed t h a t  the  3-aminothiophen t i n  double s a l t  r e a c t s  in 

a s i m i l a r  way, bu t  gave a mix tu re  o f  p ro d u c ts ,  t h a t  a r i s i n g  from the  

Michael adduc t  (38) predominat ing over  t h a t  from the  S c h i f f ' s  base 

(39 ) .
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© e
-NH3CI

SnCI4 - f - ch3 c o c h = c h 2

H v-

(39)

I / N . ■CH.

( 6 %)

Khan re p o r te d  the  p r e p a r a t io n  o f  t h i e n o f 2 , 3 - b j  and /"3,2-b; 

p y r id in e s  by the  a p p l i c a t i o n  o f  the  Gould-dacobs q u in o l in e  s y n th e s i s  

to  t h e se  systems.  Thus, condensa t ion  o f  2- and 3-aminothiophen t i n  

double s a l t s  with ethoxymethylene d e r i v a t i v e s  o f  a c t i v e  methylene 

compounds in p y r i d i n e ,  fo l lowed by c y c l i z a t i o n  o f  the  condensa t ion  

products  (40,  R = eg.  COOEt) by h e a t in g  them under r e f l u x  in dowtherm 

o r  diphenyl  e t h e r ,  gave va r io u s  4-hydroxyth ieno / ' 2 , 3- b 7p y r id in e s  (41) : -
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s

(36)

© o
N H 3 CI SnCL EtOCH=C;

p y r id i n e /5 0  /24 h

,R

R

NH C H = c (

Reac tions  o f  aminothiophens with 1y3 - dicarbonyl compounds
0 3

Klemm, Emerson and Holly  were the  f i r s t  to  apply  t h i s  approach 

to  the  th i e n o p y r id i n e  system. C y c l i z a t io n  o f  the  S c h i f f ' s  base (42) 

with  a v a r i e t y  o f  agen ts  gave good y i e l d s  o f  4 , 6-d im e th y l th ie n o

/■2,3-b; p y r id in e . 83,84

(36) - f -  CHX CHjC CH3 
0  0

(42)

S i m i l a r l y ,  the  p r e p a r a t io n  o f  4 , 5 , 6 - t r i m e t h y l  t h i e n o / ’2 ,3 -b j  

p y r id in e  (44) v ia  the  3 -m ethy lpen tan -2 ,  4 -d ione/2-amino  th iophen
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S c h i f f ' s  base (43) has a l so  been d e s c r ib e d . 81

(36) -j- CHXOCHCOCH.

P H 3

c T -̂ c h 3

N
I C H 3

H

(43)

<^ch3

(44)

81 88 86The procedure has been a p p l i e d ,  * * with  vary ing  degrees  of

s u cces s ,  to  the r e a c t i o n  o f  s evera l  1 ,3 -d ica rbony l  compounds with both 

2- and 3-aminoth iophens.  I t  seems, however, t h a t  wi th few ex ce p t io n s  

y i e l d s  a re  low, and t h i s ,  coupled with the i n a c c e s s i b i l i t y  o f  s imple 

aminothiophens ,  means t h a t  t h i s  i s  on ly  r a r e l y  a good rou te  to t h i e n o  

[2,3-b] o r  ^3 ,2 -b7 p y r id i n e s .

The a c e t a l s  and k e t a l s  o f  1 ,3 -d ica rbony l  compounds a re  a l s o  

e f f e c t i v e  in  t h i s  s y n t h e s i s ;  thus  Klemrn^ prepared  the  p a ren t  system 

by c o n d e n s a t i o n - c y c l i s a t i o n  o f  (36)- with m a lo n d ia l d e h y d e t e t r a e t h y l -  

a c e t a l  (45 ) .
(36) CH;l

N'

(46)

CH(OEt)

(45)

2 — 9

I t  has been sugges ted  t h a t  t h i s  r e a c t i o n  proceeds by i n i t i a l  h y d r o ly s i s  

of m a lo n d ia l d e h y d e t e t r a e t h y l a c e t a l  to  malondialdehyde,  which condenses 

with  the  amine s a l t  t o  form a 1:1 S c h i f f ' s  base (46 ) .  E l e c t r o p h i l i c  

s u b s t i t u t i o n  a t  C-3, fo l lowed  by dehydra t ion  then leads  to  the  t h i e n o 

p y r id i n e .
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S u r p r i s i n g l y ,  the  p resence  o f  a d e a c t i v a t i n g  group on the  th iophen
81r in g  does no t  p reven t  c y c l i s a t i o n .  Thus, Klemm showed t h a t  the 

mixtu re of  amines formed on n i t r a t i o n  and r e d u c t io n  o f  2- a c e t y l t h io p h e n  

led  to a mixtu re o f  2 - a c e t y l t h i e n o / _2 ,3 -b ;  (47,  10%) and / "3 ,2 -b ;pyr id ines  

(48,- 10%).

- c o c a

C H 30 C ^ s

NO,
i / S

NO-

-COCh^ H-

( i )  N02 NH2 
( i i )  CH2 /-CH(0Et)272 e t c

C H 3 0 C " V s

COCK^

An a l t e r n a t i v e  s y n th e s i s  o f  t h i e n o 7 3 , 2- b j p y r i d i n e  from 3 -a c e ty l t h io p h e n
87

v ia  the Schmidt r e a c t i o n  has been r e p o r te d .
• c o c a

( 1) h y d ro ly s i s

(11)  CH2 £O\ [ 0Et ) 2j 2 
ZnCh/EtOH

 r r NHC0CH3

• S '

88Abramenko found t h a t  3-aminoth iophen condensed with e thyl  aceto- 

a c e t a t e  (49 ) ,  in th e  presence  o f  g l a c i a l  a c e t i c  a c i d ,  to  g ive  5- 

m e thy l th ieno / '3 ,2 -b7pyr id in -7 (4H )one  (50) .

' NHo
- fC H  COCHj CQ-,C H3

H
C H

(50)
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LW

Numerous a t tem pts  by the p r e s e n t  a u th o r  to  emulate t h i s  r e a c t i o n  with 

2-aminothiophen were u n s u c c e s s fu l .

C y c l i s a t i o n s  involv ing  ortho-ami no-carbonyl th iophens  

This approach i s  summarised by the  e q u a t i o n s : -

NHo
COR, T-RCOCI^R.

N- ■R-.

rCOR 

s > N h T Rj C O C H ^

R.

N

The p r in c i p a l  d i f f i c u l t y  o r i g i n a l l y  la y  in the  p r e p a r a t i o n  o f  approp-
89r i a t e l y  s u b s t i t u t e d  th iophens  (51 and 52) ,  bu t  the  work o f  Gewald, 

in r e c e n t  y e a r s ,  has ,  to  a l a rg e  e x t e n t ,  removed t h i s  o b j e c t i o n  f o r  

2 -aminoth iophens . Thus, s u i t a b l e  th iophens  a re  r e a d i l y  s y n th e s i s e d  

d i r e c t l y  from the  a p p r o p r i a t e  aldehyde o r  ketone ,  e thyl  cyanoace ta te  

and s u lp h u r : -

R - f °
X H .  CN 5

r:

8-

R ;

•C02 Et

-NbL

For example,  using propionaldehyde ,  2-amino-3-e thoxycarbonyl-5-  

methyl th iophen  (53) i s  r e a d i l y  prepared:*

C H O
I

CHj CH2

C H j C q E t
B£L

CN ■*CH.

CQ,Et

"NH-
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90 91Blask iewicz '  and o t h e r  workers d e s c r ib e  the  p r e p a r a t io n  o f

compounds o f  the  type (54) by r e a c t i o n  o f  an a p p r o p r i a t e l y  s u b s t i t u t e d  

2~aminothiophen and with d ie thy le thoxym ethy lenem a!ona te .  The i n t e r 

mediate (54) was then c y c l i s e d  by h e a t in g  in  polyphosphate e s t e r  o r  in 

diphenyl  e t h e r ,  to give s u b s t i t u t e d  th ieno /"2 ,3 -b7pyr id in -4(7H )ones  o f  

type (55 ) .

R. C Q ^  

c ^NHj +  E t O C H = C (  COEt)

I
NHCH— C( C a E t )

CO; R3

U / |l
S i m i l a r l y ,  Kuwada r e p o r t e d  th e  c y c l i s a t i o n  o f  2 (2 ,2 -b i se th o x y c a rb o n y l  

vinyl  ami no)-5-bromo- th iophen--3-carboxylic  ac id  (5 6 ) ,  by h e a t in g  i t  in 

polyphospha te  e s t e r  to  g ive  the  th ienopy r idone  (57) in 80% y i e l d .

Br i S '

(56)

co2h

NHCH=C{ COEt)

P e r c h l o r i c  a c id  has been used to  e f f e c t  condensa t ions  o f  3-amino-2~
93benzoyl th iophens  (58) w ith  k e to n es .

F^p------- rr'N H .

Bis. S - 

(58)

COPh.
- j -  R 3 C 0  C

HC10,
R2
R

R-> N  v

s

Ph

3 0



9 4Bie re  and See len r e p o r te d  the p r e p a ra t io n  o f  the  Michael adduct  

(59) by r e a c t i o n  o f  2~amino-3-niethoxycarbony1thiophen and dim ethyl -  

a ce ty le n e  d i c a r b o x y la t e .  Treatment o f  (59) with potassium bu tox ide  in 

dimethyl  su lphoxide  gave the th ienopyr idone  (60) .

.  s  ,  

(59)

■CC^CI^

n h c = c h c o 2c h 3 
c q ^

C 0 ,C H „Z o

CC^CHj 

(60)

The p r e p a ra t i o n  o f  4 , 6~ b i s ( dimethyl  ami n o ) t h i e n o[2,3 - b ;p y r i d in e s  

(62) by hea t ing  2 -ace tam ido-3~th iophenca rboxy l ic  ac id  e thy l  e s t e r s  

(61) in r e f lu x i n g  hexam ethy lphosphor ic tr iamide  (HMPT) has been
i

r e p o r t e d .

R,.

95

R

C02Et

2 " S  
(61)

N H £C H ,R
0

HMPT

R.'

r2' •s ^  N 
(62)

fvl(CH3 ^

R

N ( C H ^

96Gronowitz d e s c r ib e s  the  a p p l i c a t i o n  of  the  F r i e d l a n d e r  s y n th e s i s  

to  3“aminO“2~formylthiophen (63) f o r  the  p r e p a ra t io n  o f  t h i e n o / 3 , 2 - b j  

p y r i d i n e s .  The F r i e d l a n d e r  s y n t h e s i s  involves  the  r e a c t i o n  ( i n  a l k a l i n e  

o r  a c i d i c  media) o f  an a rom at ic  o r tho  amino carbonyl compound and a 

carbonyl compound c o n ta in in g  an a c t i v e  methylene group a - t o  the  carbonyl 

f u n c t i o n .

Under c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s ,  r e a c t i o n s  with  f r e s h l y  

d i s t i l l e d  pyruvic a c i d ,  ace tone  and a c e ty la c e to n e  led  to ( 6 4 ) ,  (65)

31



and ( 66) r e s p e c t i v e l y .  Attempts to  r e a c t  ace ta ldehyde  with (63) in 

a l k a l i n e  e t h a n o l i c  s o l u t i o n  were unsuccessfu l

N H 2 CHjCOCH^COCKj >
CHO

(63)

c h 3 c o c o ,h

.■2N-

(64)

c h 3
COCK

 ̂ CH3COCH3

/ Nv\ C H

0 7 Q.Q
Shvedov e t  al  ’ c a r r i e d  ou t  V il sme ier  r e a c t i o n s  on var ious  

4 , 5 - d i s u b s t i t u t e d - 2 - a c e t y l t h i e n y l a m i n e s  (67) ;  c y c l i s a t i o n  of  the 

r e s u l t i n g  formyl compounds ( 68) with  a v a r i e t y  o f  compounds co n ta in in g  

a c t i v e  methylene groups led  to  thieno/"2s3 - b ; p y r i d i n e s : -

Ri "* - s -
(67)

MHCOR.
HCONICH^

™ C L

. RjCH^CN

R5

^  S 

( 68 )

RoR2-I

R | \ s  • A . N< ? L NH2

CHO
NHCORj

In a r e c e n t  p u b l i c a t i o n ,  Meth-Cohn®® d e s c r ib e s  a m o d i f i c a t io n  o f  

the  Vilsmeier-Haack r e a c t i o n ,  which,  when a p p l i e d  to  a ce ty l  am ino th iophens , 

l e ads  to  t h i e n o p y r i d i n e s . Thus, s t a r t i n g  with 3 - a c e ty l  aminothiophen,  

the  produc ts  shown below are  a v a i l a b l e .

[ NHCOCK
DMF

POCLo

Cl

R

R = CHO, 5%
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1«9 S yn thes is  invo lv ing  fo rmat ion  o f  the thiophen  r ing

C hich ibab in^00 r e p o r t e d  the  p r e p a r a t i o n  o f  3 -h y d ro x y th ien o[2,3-b;  

p y r id in e  (69) by the  ro u te  shown below:-

N Cl
OOCHjCN

NaOCK,
OH 
C0 2C ^

( i )  S a p o n i f i c a t i o n

( i i )  -C02

COjCHg

s c Hj COj CH,

1

When the  i n t e rm e d ia te  acetoxycompound (70) i s  i s o l a t e d  in  the  c y c l i s -

a t i o n  o f  c a r b o x y p y r i d y l t h i o a c e t i c  ac id  (71) with a c e t i c  anhydr ide ,
101t h e r e  i s  an improvement in the  y i e l d  o f  the t h i e n o p y r i d i n e .

D s c h , c o , h
ACz.0 

.. COi H 115%) >

H*0/ Nj.
( 50%)

84S i m i l a r l y ,  Abramenko prepared  3 -h y d ro x y -6 -m e t h y l th i e n o /^ ,3 -b ; p y r i d in e  

from 6-ca rboxy -6-m e t h y l -2- p y r i d y l t h i o a c e t i c  ac id .

Rela ted  syn these s  use c y a n o p y r i d y l t h i o a c e t i c  a c id s  o r  e s t e r s  

(72,  A = OH or  a l k y l ) ;  3-amin o -2 -e thoxycarbony l t h i e n o 72, 3- b j p y r i d i n e  

(73,  Z = OEt) , f o r  example,  has been ob ta ined  by th e  ro u te  d ep ic ted  

b e l o w . ^
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^ N .  Ĉl HSCKCOZ
No2G03 U n J s c h , c o z

(72)

NH2
c o z

(73)

Use o f  mercaptoacetamide in  t h i s  r e a c t i o n  leads  to  the  co rresponding  

amide103 (73,  Z = NH2 ) .

The s y n t h e s i s  has been extended to  the p r e p a r a t io n  o f  more complex 

t h i e n o [2,3 - b ;p y r i d i n e  d e r i v a t i v e s .  S u b s t i t u t e d  p y r i d i n - 2 - t h i o n e s  

(74,  R1 = CH3 , R2 = H; R2R2 = -(CH2 )i>~; R3 = CH3) r e a c t  with compounds 

o f  the type C1CH2X, where X i s  an e l e c t r o n  withdrawing group (X = 

C02E t ; ^ 035"*^ -C0CH3 , CN, N02"*03) t o  produce the a p p r o p r i a t e  t h i e n o 

p y r id i n e s  ( 7 5 ) : -

CN

H
(74)

The s u cces s fu l  use o f  a r a t h e r  e l a b o r a t e  chloro-compound in  a s y n th e s i s  

o f  t h i s  kind has been recorded  by T o rne t ta

C02Et

Cl

CH. N
H

CN
- s

cocqEt 
Ct— 9H

COCH3
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107Martin i  r e p o r t s  the  p r e p a r a t i o n  o f  2 , 6- d i s u b s t i t u t e d  th ien o  

/■2 ,3-b ;pyr id ines  (76) by r e a c t i o n  o f  c h l o r o a c e t i c  a c id  with a p p r o p r i a t e l y  

s u b s t i t u t e d  2- t h i o p y r i d i n e s s e g . : -

h3 s

C H 0 CI .CHCOH
SC H-

H OC C 
2

s  ^ c o 2 h

Thieno/~3,4-b ;pyrid ines

Very l i t t l e  work has been r e p o r te d  in t h i s  a r e a .  The p a re n t
78 109 n osystem has been prepared  by Klemm and co -workers ,  5 9 by the

fo l lowing  sequence : -

CH. 0 )  N -ch lo rosucc in -
'3 imide "  0 1 '2 I

<5>CH, hv/CCU
( i i )  HC1

N ■CH2C1



1 ] 1Spinner  and Yeoh have s y n th e s i s e d  a number o f  1 ,3 -d ih y d ro -  

d e r i v a t i v e s  o f  the  system (eg.  77, 78) ,  by a s i m i l a r  r o u te  to  t h a t  

shown above:

^ C H 2Cl N a_s

CH3O ^ n ^ h2ChLCl N
(77)

4 o c *h o

(78)

.99Meth-Cohn has p repared  th ienojr394 -b 7pyr id ines  o f  the  type shown 

below (78b) by m o d i f i c a t io n  o f  the  Vilsmeier-Haack r e a c t i o n ,  as d i s 

cussed p r e v i o u s l y : -

CH

NHAc DMF

3 ^ S  ^ CH. POCl

C H / '  \ \ c H ,3 ^  3 X 3 

(78b)

R = H, 52% y i e l d  
R = CHO, 39% "
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.10 High tempera tu re  c a t a l y t i c  methods f o r  the  p r e p a ra t io n  of  t h i e n o p y r id i n e s

112
An e a r l y  a t tem p t  by Harisch t o  p repare  t h i e n o p y r id i n e s  in  a 

s i n g l e - s t e p  process  from 4 - vinyl  p y r id in e s  and hydrogen su lph ide  in  the  

presence  o f  an iron-aluminium oxide c a t a l y s t  a t  600° f a i l e d .  Subsequ

e n t l y ,  however, t h i e n o / 2 , 3- b 7 and73, 2-b 7p y r id in es  were ob ta ined  in 

very low y i e l d s  by r e a c t i o n  o f  s u i t a b l y  s u b s t i t u t e d  p y r id in e s  wi th 

hydrogen s u l p h i d e J 13> ^ 4 ,1 1 5 ,1 1 6  .jn a t y p i c a l  c a s e ,  3 -v iny l

p y r id in e  (79) gave a mixtu re o f  th ieno72 ,3 -b7  and 73 ,2-C7p y r id in e s :~

C H ^ C H -
H^S

600 '
(5%)

S (0.9%)

S i m i l a r l y ,  2 -v iny l  p y r id i n e  provided  t h i e n o 73, 2- b 7p y r id i n e  by 

t h i s  p rocess .

Improvements in y i e l d  were ob ta ined  i f  the  vinyl  p y r id i n e  was

f i r s t  conver ted  in to  th e  co r responding  benzyl p y r id y l e th y l  su lp h id e
115(8 0 ) ,  fo l lowed by p y r o ly s i s  over  g l a s s  h e l i c e s .

600(80)

I t  seems l i k e l y  t h a t  a l l  th e se  high tem pera tu re  r e a c t i o n s  invo lve  

f r e e  r a d i c a l s .  In the  l a s t  one desc r ib e d  above,  f o r  example,  i t  i s  

proposed t h a t  homolysis  o f  the  su lphur-benzy l  bond g ives  C5HttNCH2CH2S*
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r a d i c a l s  which c y c l i s e  to  the  2 , 3 -d ih y d ro th ie n o / ‘3 , 2 - b ; p y r i d i n e .  

Dehydrogenation then y i e l d s  the  f u l l y  aromatic  system.

1.11 Physical  P r o p e r t i e s

0 )  , E lec t ron  d i s t r i b u t i o n

One o f  the major p o in t s  o f  i n t e r e s t  in t h i e n o p y r id i n e s  i s  the

presence  in them o f  a n -exce ss ive  and a i r - d e f i c i e n t  system. I t  i s  not

s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  e f f o r t s  have been made to  c a l c u l a t e  tt-

e l e c t r o n  d e n s i t i e s  and to  c o r r e l a t e  them with exper imenta l  o b s e r v a t i o n s ,  
117 1185 The fo l lowing  diagrams show some c a l c u l a t e  - ir-electron d e n s i t 

i e s  f o r  the  t h r e e  systems.

1.21

E f f o r t s  have a l s o  been made to  c a l c u l a t e  in d i c e s  o f  r e a c t i v i t y  o f
1 *| r  1 1 *7

n u c l e o p h i l i c ,  e l e c t r o p h i l i c  and r a d i c a l  s u b s t i t u t i o n  f o r  t h i e n o 

p y r id i n e s .  In g e n e r a l ,  the  r e s u l t s  ob ta ined  a re  in agreement with 

exper imenta l  o b s e r v a t i o n s .  E l e c t r o p h i l i c  s u b s t i t u t i o n  i s  expec ted  to  

occur  in th e  th iophen r in g  3-  to  the  su lphur atom when t h a t  p o s i t i o n  

i s  f r e e  and n u c l e o p h i l i c  s u b s t i t u t i o n  to  occur  in the  p y r id in e  r i n g ,  

with a s l i g h t  p r e fe ren c e  to  the  carbon atom y over t h a t  a to  the  

n i t ro g e n  atom, where such a choice  e x i s t s .  No s y s t e m a t i c  s tudy  of
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n u c l e o p h i l i c  s u b s t i t u t i o n  o r  f r e e  r a d i c a l  s u b s t i t u t i o n  in th i e n o p y r id i n e  

has been r e p o r te d .

L i t t l e  experimenta l  ev idence  i s  a v a i l a b l e  f o r  the  - / ‘3 ,4 -b ;  fused  

system, but  i t  seems probable  t h a t  they  would have a c o n s id e ra b le  

tendency to  undergo a d d i t i o n  r e a c t i o n s  a t  th e  1 , 3 - p o s i t i o n s ,  s i n c e  the 

p roduct  would have a normal r a t h e r  than a qu ino id  p y r id in e  r i n g : -

(2) Bond leng ths

The bond leng th s  o f  th e  sys tems,  e s t im a ted  by m o d i f i c a t io n  o f  

known (o r  c a l c u l a t e d )  bond le n g th s  in  r e l a t e d  molecu les a re  shown 

■below: ^ 7

A B

Bond l e n g th s  (A) o f  t h i e n o p y r id i n e s



1.12 Reac t ions

( 1) E l e c t r o p h i l i c  s u b s t i t u t i o n

A d e t a i l e d  s tudy o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  th ieno / '2 ,3 -b ;

p y r id in e s  has been r e p o r te d  by Alunni and Clementi The r e s u l t s

ob ta ined  enabled th e se  workers to  e v a lu a te  s tanda rd  r a t e  c o n s t a n t s  f o r

r e a c t i o n  o f  the  p ro tona ted  s p e c i e s ,  and confirmed t h a t  s u b s t i t u t i o n

occurred  p r e f e r e n t i a l l y  8- to  the  su lphur  atom. Deuterium exchange

s t u d i e s ' * ^  i n d i c a t e d  t h a t  f o r  t h i e n o / ^ s S - b ; p y r i d i n e  the  proton a t  C~3
120was rep laced  more r a p i d l y  than t h a t  a t  0 2 .  Bromination and 

121c h l o r i n a t i o n  o f  the  system in carbon t e t r a c h l o r i d e  s o l u t i o n  gave

2 , 3 ~ d i s u b s t i t u t e d  p ro d u c ts ,  w h i l s t  ha logena t ion  in  s u lp h u r i c  ac id -
121s i l v e r  s u lp h a t e  s o l u t i o n  gave e x c l u s i v e l y  the  3 - h a lo g e n o - d e r iv a t iv e  

(81) .

'A g S  On

X

(81) X = Cl,  Br

S i m i l a r l y ,  n i t r a t i o n  (with mixed ac id)  o f  the - / 2 , 3 - b . / -  and

-/■3,2-b;-  systems r e s u l t e d  in the  format ion o f  th e  3 - n i t r o  d e r i v a t i v e s .

However, f o r  t h i e n o / '2 ,3 -b jp y r id in e -N -o x id e  (82) i t  was found t h a t  the

p y r id in e  r ing  was more r e a c t i v e  towards e l e c t r o p h i l e s  than  the  th iophen  
123r i n g ;  moreover,  the  o r i e n t a t i o n  in  n i t r a t i o n  o f  t h i s  molecule dep

ended on the  r e a g e n t ,  as  i l l u s t r a t e d  below:-

122

NO.

c o

U N O3->
b isq

(82)
0
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(2) Nuc l e o p h i 1i c  s u b s t i t u t i o n

Treatment o f  t h i e n o ^ ^ - b . / p y r i d i n e  with n-bu ty l  l i t h iu m  a t  25-30°,  

o r  with methyl l i t h iu m  a t  -25° y i e l d e d  the  co r responding  6-b u ty l  and 

6-methyl d e r i v a t i v e s  r e s p e c t i v e l y , 8  ̂ in  low y i e l d ;  s t a r t i n g  m a te r ia l  

was .a lso  recovered .  This  could well have a r i s e n  from h y d ro ly s i s  

(dur ing  the  work-up procedure)  o f  2 - l i t h i o t h i e n o / " 2 , 3 - b j p y r i d i n e  (83) 

formed in  a competing r e a c t i o n

©
u  4* C H 3 v

L I . .

r  11 I

N

At a lower tem pera tu re  ( -70°)  a d d i t i o n  to  th e  azomethine bond i s
83a p p a re n t ly  un im por tan t ,  s i n c e  Klemm ob ta ined  a good y i e l d  (66%) o f  

t h i e n o / ‘2 , 3 -b ; p y r i d i n e - 2 -a l d e h y d e  by fo rm y la t ion  o f  the  l i t h iu m  d e r i v 

a t i v e .  Lithium d e r i v a t i v e s  a re  a l s o  r e a d i l y  a v a i l a b l e  by ha logen-

124metal in t e rchange  a t  low tem pera tu re ,  

r e a c t i o n s  as i l l u s t r a t e d  below:-

and have been used in t y p i c a l
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>N -,Br
n-8uL j 

•70°

Li

COCH

RCOCl

VK

COR

N S

(3) Oxidat ion

In t h i e n o p y r id i n e s  the  p o s s i b i l i t y  e x i s t s  o f  o x id a t io n  a t

n i t r o g e n  ( t o  the  N-oxide) o r  a s u lphu r  ( t o  the  sulphone o r  su lphox ide ) ,
121P erac id s  s e l e c t i v e l y  o x id i s e  the  n i t r o g e n  atom in t h i e n o / ^ S - b ;  and

I  o r[3,2-b] p y r id i n e s .  P r e p a ra t io n  o f  sulphones  and su lphoxides  i s

l e s s  r e a d i l y  ach ieved .  The sulphones  o f  th ieno/ '2 ,3-b7  and [3,2-b]
p y r id in e  v/ere p repared  by r e a c t i o n  o f  the  pa ren t  h e t e r o c y c l e s  with

1 7F>
sodium h y p o c h lo r i t e  and d i l u t e  h y d ro c h lo r i c  a c id .  Trea tment o f

th i e n o £ 2 ,3 ~ b jp y r id in e  wi th iodobenzene d i c h l o r i d e ,  led  to  a low y i e l d
121o f  the  o x i d a t i o n - a d d i t i o n  p roduc t  (84) .

N

PhlCl^

-
(84)

— < c l  
" T H

H

Vigorous o x id a t io n  o f  a t h i e n o p y r id i n e  r e s u l t s  in the  d e s t r u c t i o n  o f  

the  thiophen r i n g .
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Reduct ion

In c o n t r a s t  to  q u in o l in e s  and i s o q u i n o l i n e s ,  t h i e n o p y r id i n e s  a re

a p p a re n t ly  r e s i s t a n t  to  r e d u c t io n  by t i n - h y d r o c h l o r i c  a c i d ,  s in c e  the

pa re n t  systems a re  o b t a in a b le  by r e d u c t iv e  d e -h a lo g en a t io n  o f  the

c h l o r o - d e r i v a t i v e s .  Qua ternary  s a l t s  a re  reduced to  N - a l k y l - 4 , 5 , 6 , 7 -
127 128 129te t r a h y d r o t h i e n o p y r i d i n e s  by sodium borohydr ide .  3 *

Hydroxy compounds

Few hydroxy th i e n o p y r id i n e s  have been d e s c r ib e d .  A major p o i n t

o f  i n t e r e s t  i s  the  e x t e n t  to  which the  compounds e x i s t  as the  hydroxy-

o r  k e to - t au tom er .  D e r iv a t iv e s  in  which the  hydroxy group i s  a t t a c h e d

to  the  p y r id in e  r ing  would be expected  to  resemble t h e i r  q u in o l in e

analogues ;  2- and 4-hydroxyqu ino l ines  e x i s t  almost  e x c l u s i v e l y  in  the

keto  form, whereas 3 -hydroxyquino l ine  i s  e x t e n s i v e l y  e n o l i z e d .  A

p a r a l l e l  t r e n d  has been observed in  the  t h i e n o p y r i d i n e s ;  t h u s ,

5 - m e t h y l th ie n o /^ ,2 -b jp y f id in -7 (4 H )o n e  (50) i s  fo rmula ted  as e x i s t i n g

in  the  keto form, whereas the  i n f r a - r e d  da ta  f o r  5-hydroxyt.hieno 
123/ 2 , 3 - b ; p y r i d i n e  im pl ie s  no c o n t r i b u t i o n  from the  keto tau tomer .  

Since hydroxythiophens  e x i s t  to  some e x t e n t  in  the  keto form, 

as i l l u s t r a t e d  below, the  genu ine ly  phenol ic  p r o p e r t i e s  o f  the  hydroxy

i •OH ■o

•OH
v

pO

groups on the  benzene r in g s  o f  the  i s o s t e r i c  systems might  no t  be 

reproduced in t h i e n o p y r i d i n e s .  However, no chemical o r  s p e c t r o s c o p i c  

ev idence f o r  the  keto form in  3 -h y d ro x y th ien o /3 ,2 -b . /p y r id in e  was 

f o u n d . ^

43
__



Amino th ieno  p y r id in e s

The amino d e r i v a t i v e s  known behave u n e x c e p t io n a l ly .  As i s  the

case with simple aminothiophens ,  compounds in  which a primary amino

group i s  a t t a c h e d  d i r e c t l y  to  the  th iophen r ing  a re  u n s tab le  as the  
119f r e e  base .  Klemm found t h a t  t r e a tm e n t  o f  3 - n i t r o t h i e n o [ 2 , 3 - b ;  

p y r id in e  with t i n - h y d r o c h l o r i c  ac id  gave the  d e s i r e d  3-amino d e r i v a t i v e ,  

b u t  i r o n - h y d r o c h l o r i c  ac id  gave only the  secondary  amine (35 ) .

NO. Fe „ 
h c T

N "

S n / H C l

N

NH
Ac^O

H

N
(85)

NHAc

M eta l -ac id  r e d u c t io n  o f  3 - ni t r o t h  ieno/ ’S ^ - b ;  p y r id i n e  fo l lowed  a 

d i f f e r e n t  p a t t e r n .  In t h i s  c a s e ,  t i n - h y d r o c h l o r i c  a c id  gave 3-ami no-

2 - c h lo ro th ie n o / '3 ,2 -b 7 p y r id in e  ( 86) .  The ace ty lamine  was produced 

d i r e c t l y  by r e a c t i o n  with i r o n - a c e t i c  ac id .

S n ~ H C l F e  -AcOH 
1 0 0 °

N H A c

( 8 6 )
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N i t ro  groups a t t a c h e d  to  the  p y r id in e  r ing  a re  reduced w i thou t

co m p l ica t io n .  Both 4- and 5 - n i t r o  th ien o / ‘2 33-b7pyr idine;-N-oxide gave

the  amines on t r e a tm e n t  with e i t h e r  t i n - h y d r o c h l o r i c  a c i d ,  o r  i r o n -

a c e t i c  a c i d ,  the  N-oxide group a l s o  being removed dur ing  the  r e a c t i o n  
123Klemm prepared  5 -am ino th ieno[2,3 - b ;p y r i d in e  from the 5~acetyl  com

pound, v ia  the  oxime, by Beckmann rear rangement and h y d r o l y s i s .  The 

5-amino d e r i v a t i v e  r e a d i l y  formed S c h i f f ' s  bases  with  a v a r i e t y  o f  

aldehydes ,  whereas the  4-amino d e r i v a t i v e  f a i l e d  to  r e a c t  with a l d e 

hydes under s i m i l a r  and more f o r c in g  c o n d i t i o n s .  The d i f f e r e n c e  in 

r e a c t i v i t y  was a s c r ib e d  to  the  decreased  n u c l e o p h i l i c i t y  o f  the  4-  

amino d e r i v a t i v e ,  owing to  i t s  p o s i t i o n  r e l a t i v e  to  the  r ing  n i t r o g e n



1.13 S i o l o g i c a l a c t i v i t y  and o th e r  uses

Recen t ly ,  c o n s id e r a b le  i n t e r e s t  has been shown in t h i e r i o 53-b7 

p y r id ine  d e r i v a t i v e s ,  bu t  no d e s c r i p t i o n  o f . a n y  use f o r  t h i e n o / 3 , 2 - b ;  

and /‘3 , 4 - b j p y r i d i n e s  has appeared in  the  l i t e r a t u r e  up to  the  p r e s e n t  

t ime .  Compounds o f  the  type (87) prepared  by the  genera l  r o u te

p re v io u s ly  desc r ibed  ( p a g e ’30) a re  the  s u b j e c t  o f  numerous r e c e n t

nnK1. nc 90 ,130 ,131 ,132 ,133 ,134 ,135 ,136  p u b l i c a t i o n s .

R r ^ s

o
n

R

c o 2r 3

(87)

Comparat ively simple s t r u c t u r e s  o f  t h i s  b a s i c  type (87,  where

R = H; Rj “  I ,  Me, OMe*, R3 = H; R2 = Et) have been found to  be a c t i v e
130 90a g a i n s t  S taphylococcus aurens  S25 and Pseudomonas aerugmosa,  and

132a r e  usefu l  as p l a n t  f u n g i c i d e s .  More e l a b o r a t e l y  s u b s t i t u t e d

v a r i a n t s  o f  s t r u c t u r e  (87) have been prepared  (eg .  Ri = a l k y l ,

R3 = R^RsNZRg, R^R5 = a l k y l ,  R6 = OH, C l , Z = a lky lene )  and have been 

shown to  possess  a n t i b a c t e r i a l  a c t i v i t y  a g a i n s t  Gram p o s i t i v e  and Gram
133 1 °7 139

nega t ive  b a c t e r i a .  The complex s t r u c t u r e s  ( 88) ,  (89) ° and (90) 

have been p a ten ted  and a re  claimed to  be e f f e c t i v e  b a c t e r i o c i d e s : ~

Rz  ( 88)
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CONHCHCONH

H*N O C  

NH:
- ft

Compounds o f  the  type (91) have been used as azo dyes to  dye 
1 *18

p o l y e s t e r  f i b r e .

(91)

Of pharmacological  i n t e r e s t  a r e  compounds o f  the  type (92) s i n e

th e se  a re  i s o s t e r e s  o f  the  4- d i a l k y l  ami noalkyl  ami noqu ino l ine  a n t i -

m a la r i a l  drugs .  They a re  r e p o r t e d  to  have high a c t i v i t y  a g a i n s t
125Plasmodium gal l inaceum in the  s a l i v a r y  g lands  o f  the  mosquito.

fjJH(CHj)nNR

N
(92)

I
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S ec t ion  I

Scheme 1 shows the  f i r s t  r e a c t i o n  plan ev isaged  f o r  the p r e p a ra 

t i o n  o f  th i e n o p y r id i n e  analogues  o f  q u in o l in e  a l k a l o i d s  such as 

g a l i p i n e  (17) .

Scheme 1

s > N H 2 CH3 C0 CH£a>R
H

R C H C U

CH:

8

^C H -C H R

H

r B

CHZCH,R

The s y n th e s i s  o f  q u in o l in e s  by c y c l i s a t i o n  o f  the  condensa t ion  

p roduc ts  o f  a n i l i n e s  and e -k e to  e s t e r s  i s  well known. The condensa t ion  

may take  tv/o a l t e r n a t i v e  co u r s e s ;  a t  low te m pera tu res  the  enamine (93) 

i s  produced,  c y c l i s a t i o n  then producing the  4 -qu ino lone  (94) ( th e  

Conrad-Limpach S y n t h e s i s ) ,  w h i l s t  a t  h ig h e r  t em pera tu res  the  amide 

(95) i s  formed and t h i s ,  in  t u r n ,  l e ads  to  the  2-qu ino lone  (96) ( t h e  

Knorr S y n th e s i s ) .
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N = C - C H 5

(93)
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H

. > 100°

r ^ i

NHCOCH2POCH3
(95)

n *̂=*o
H

(95) ,

$I

I

I

(94)



The proposed r e a c t i o n  sequence seemed reasonab le  in  view o f  the
oo

f a c t  t h a t  Abramenko h a d . r e p o r t e d  t h a t  3-aminothiophen and e thyl  

a c e t o a c e t a t e ,  when b o i l e d  t o g e t h e r  under r e f l u x  in g l a c i a l  a c e t i c  ac id  

y i e ld e d  5 -m e t h y l th ie n o f3 ,2 -b ;p y r id in -7 (4 H )o n e  (50 ) .

0  (50)

The p r e p a r a t io n  o f  the  r e q u i r e d  aminothiophen p re sen te d  c o n s i d e r 

ab le  d i f f i c u l t i e s .  N i t r a t i o n  o f  th iophen  with mixed a c id  fo l lowing  

the  procedure o f  B a b a s i n i a n ^  gave a mixtu re of  2 - n i t r o t h i o p h e n  con

t a i n i n g  up to  40% o f  the  3 - n i t r o  isomer.  S im i la r  r e s u l t s  were ob ta ined  

when the  n i t r a t i o n  was c a r r i e d  out  in g l a c i a l  a c e t i c  a c i d .  The isomers 

were r e a d i l y  s e p a ra t e d  by p r e p a r a t i v e  s c a l e  gas l i q u i d  chromatography,  

b u t  t h i s  was c l e a r l y  no t  p r a c t i c a b l e  f o r  l a rg e  s c a l e  work. Repeated 

r e c r y s t a l l i s a t i o n  o f  the  crude r e a c t i o n  mixtu re from l i g h t  pe tro leum 

r e s u l t e d  in a p roduc t  en r iched  in  the  2- i s o m e r , ^  bu t  did  not  provide

i s o m e r - f r e e  m a t e r i a l .  Reduction with t i n  and c o n c e n t r a te d  h y d ro ch lo r i c

142a c i d ,  accord ing  to  the  method o f  S te in k o p f ,  gave the  2-aminothiophen 

t i n  double s a l t ,  with some o f  the  corresponding  3- isomer  as im p u r i ty ,  

in  good y i e l d .  B a s i f i c a t i o n  o f  the  t i n  double s a l t  in a n i t r o g e n  atmo

sphere  r e s u l t e d  in very  poor r e t u r n s  o f  the  2-aminoth iophen ;  a c o n s i d e r 

ab le  p r a c t i c a l  problem, which may account  f o r  the  low y i e l d ,  was the 

d i f f i c u l t y  encountered  in s e p a r a t i n g  the  o rgan ic  e x t r a c t s  from the  

t h i c k  emulsions formed by th e  p r e c i p i t a t e d  t i n  s a l t s .
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Follov/ing th e  procedure de sc r ib e d  by Abramenko, the  2-aminothiophen 

and e thy l  a c e t o a c e t a t e  were b o i l e d  t o g e th e r  in g l a c i a l  a c e t i c  ac id  

s o l u t i o n .  However, only  polymeric m a te r ia l  was ob ta ined  and none o f  

the  d e s i r e d  6-m e th y l th ien o / '2 ,3 “b jpyr id in -4 (7H )one  (97) could be 

i s o l a t e d .  Changing the  s o lv e n t  from a c e t i c  ac id  to  to luene  c o n s i d e r 

ab ly  reduced the  amount o f  polymeric m a te r ia l  produced,  and gave a 

ye l low compound, N - (2 - th ieny l ) -3 -ke to~ bu tanam ide  (98) i som er ic  with 

the  d e s i r e d  in t e r m e d i a t e .  This  was r e a d i l y  c y c l i s e d ,  with  c o n ce n t ra te d  

s u lp h u r i c  a c id  to  4-m e thy l th ieno / '2 , 3-b 7pyridin--6 (lH)onG (99) .

PhCH:

s  ^

(98)

N H C  0 CH ^ CO CH :
H

^  s

(99)

H

C H;

(97)

N
H

0

This r e s u l t  i s  what one would have expec ted ,  and i t  must be s t a t e d  

t h a t  the  course o f  the  r e a c t i o n  desc r ib e d  by Abramenko i s  d ec ided ly  

unusua l .  When 2~aminothiophen and methyl a c e t o a c e t a t e  were mixed 

t o g e t h e r  and s e t  a s id e  a t  room te m p era tu re ,  in the  da rk ,  and under a 

n i t r o g e n  atmosphere f o r  seve ra l  days ,  again only po lymeric m a te r i a l  

was produced.  This  was probab ly  due to  the  i n s t a b i l i t y  o f  the  2- 

aminothiophen.



Because the  y i e l d  o f  aminothiophen ob ta ined  by the  rou te  des 

c r ib e d  above was so poor an a l t e r n a t i v e  p r e p a ra t i o n  (by the scheme 

o u t l i n e d  below) was a t tempted  

Scheme 2:

CO CM: II C^CH5 
NOH

N H C 0CH5 n h 7h c i

Treatment o f  2 - a c e ty l t h io p h e n  with  hydroxyl amine gave methyl- 2 - th i e n y l  
170ketoxime in  high y i e l d .  U n fo r tu n a te ly ,  the  Beckmann rearrangement

o f  the  oxime (us ing  phosphorous p e n t a c h lo r i d e ,  as d e s c r ib e d  in the  
143l i t e r a t u r e  ) gave c o n s i s t e n t l y  poor y i e l d s .  The d e s i r e d  2 - a c e t y l -  

aminothiophen was r e a d i l y  p repa red ,  however, in  co n s id e ra b ly  improved 

y i e l d  over t h a t  p r e v io u s l y  r e p o r t e d , ^  by the  r e d u c t iv e  a c e t y l a t i o n  

o f  2- n i t r o t h i o p h e n  with reduced i ron  powder, g l a c i a l  a c e t i c  a c id  and 

a c e t i c  anhydr ide .  Trea tment o f  the  crude ace ty l  ami no compound with 

con ce n t ra te d  h y d ro c h lo r i c  a c id  f a i l e d  t o  g ive th e  r e q u i r e d  amine 

hyd ro ch lo r id e .  I t  was found t h a t  the  2 - a c e ty l  ami no compound could be 

p u r i f i e d  very s a t i s f a c t o r i l y  by vacuum s u b l im a t io n ,  bu t  even very pure 

amide gave a polymeric m a te r i a l  on a t tempted  a c id  h y d r o l y s i s .

A problem a l r e a d y  mentioned i s  t h a t  n i t r a t i o n  o f  th iophen  g ives  

a mixtu re o f  isomers.  I t  was decided  to  a t tem p t  to  p repare  isomer 

f r e e - n i t r o t h i o p h e n s  to  d i s c o v e r  i f  the  u n s a t i s f a c t o r y  r e s u l t s  d e s 

c r ibe d  above could be improved by use o f  pure m a t e r i a l s .  In the  f i r s t

approach t h i o p h e n - 2-c a r b o x y l i c  a c id  was n i t r a t e d  wi th fuming n i t r i c
14R

a c i d ,  accord ing  to  the  procedure o f  Rinkes.  U n f o r t u n a t e l y , the  

s e p a r a t i o n  o f  the 4- and 5 - n i t r o t h i o p h e n - 2 - c a r b o x y l i c  ac id s  produced



proved to  be very d i f f i c u l t .  No rea l  success  was exper ienced  with
145f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  the f r e e  ac ids  o r  t h e i r  barium s a l t s ,  

o r  with column chromatography.  S im i la r  lack  of  success  was observed 

with  the  mixed n i t r o  e s t e r s ,  ob ta ined  by n i t r a t i o n  of  e thy l  th iophen-

2- c a rb o x y l a t e  with e i t h e r  mixed ac id  o r  fuming n i t r i c  a c id  in  a c e t i c  

a c id .

Another l i n e  o f  a t t a c k  was then  pursued,  i l l u s t r a t e d  in scheme 3 : -

CH5 C0,H

s

CO,Et

NO'

'COzEt
HzN

• c Q a

Scheme 3

This had two probable  advan tages .  F i r s t l y ,  th e  n i t r a t i o n  o f  th iophen-
1463 -c a rb o x y la te s  g ives  the  5 - n i t r o  d e r i v a t i v e s  e x c l u s i v e l y .  Secondly,  

the  amine f i n a l l y  produced c a r r i e s  an e l e c t r o n  withdrawing s u b s t i t u e n t ,  

and would thus  be expec ted  to  be reasonab ly  s t a b l e .  Hydro lys is  and 

d eca rb o x y la t io n  a t  some a p p r o p r i a t e  s tage  in  the  a l k a l o i d  analogue 

s y n th e s i s  would then  lead  to  compounds o f  the  d e s i r e d  type .

T h iophen-3 -ca rboxy l ic  a c id  was prepared  by th e  o x id a t io n  o f  3- 

methylth iophen with aqueous sodium dichromate s o l u t i o n  by h e a t in g  a t  

180° in  an au to c la v e  f o r  s i x  hours .  Treatment of  the  a c id  with 

t h i o n y l c h l o r i d e  gave the  ac id  c h l o r i d e ,  which,  when r e f lu x e d  with 

e thanol  gave e t h y l - th i o p h e n - 3 - c a r b o x y la t e  in  high y i e l d .  N i t r a t i o n  of  

t h i s  e s t e r ,  us ing mixed a c i d ,  gave e t h y l - 5 - n i t r o t h i o p h e n - 3 - c a r b o x y l a t e  

e x c l u s i v e l y .  N i t r a t i o n  o f  t h i o p h e n -3 -c a rb o x y l i c  a c i d  i t s e l f  with 

mixed ac id  a l s o  le d  e x c l u s i v e l y  to  the  5 - n i t r o  d e r i v a t i v e .
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Two d i f f e r e n t  methods f o r  the  r educ t ion  o f  5 - n i t r o t h i o p h e n - 3 -  

c a rb o x y l i c  ac id  o r  i t s  e thy l  e s t e r  to  the  corresponding  amine were 

i n v e s t i g a t e d .  Stannous c h l o r i d e  and concen t ra ted  h y d ro c h lo r i c  ac id  

gave the  amine in low y i e l d s ,  bu t  the  second method (g r a n u la t e d  z inc  

and e thanol  s a t u r a t e d  with hydrogen c h l o r i d e  g a s ) ^  gave a y i e l d  

which,  al though not  high (46%), was acc ep tab le  in view o f  the  a v a i l 

a b i l i t y  o f  the  s t a r t i n g  m a t e r i a l .

As was the case with th e  u n s u b s t i t u t e d  amine, t r e a tm e n t  with 

e thy l  a c e t o a c e t a t e  in  a c e t i c  a c i d ,  a t  r e f l u x  o r  a t  room te m p e ra tu re ,  

led only to  polymeric p ro d u c t s .  S im i la r  r e s u l t s  to  those  d e s c r ib e d  

p r e v io u s ly  were noted when the  two r e a c t a n t s  were hea ted  t o g e th e r  in  

b o i l i n g  to lu e n e ;  the  N - (4 -e th o x y c a rb o n y l -2 - th ie n y l ) -3 -k e to -b u ta n a m id e  

(100) t h a t  was formed y i e ld e d  3 - e th o x y c a r b o n y l - 4 ~ m e t h y l th i e n o /^ ^ - b j  

pyr id in -6(7H)one  (101) on c y c l i s a t i o n  with c o n ce n t ra te d  s u lp h u r i c  ac id

Et O p
Et 02C

NH;
+  C H p O C H p q B

( 100)

NHCOCH£OCH3

~  0

H

( 101 )

The s p e c t r o s c o p i c  and a n a l y t i c a l  da ta  f o r  the  new compounds d e s c r ib e d

were in good agreement with those  expec ted .

Treatment o f  5-amino -3 -e thoxycarbony l- th io p h en  with m a lond ia lde -

h y d e t e t r a e t h y l a c e t a l , fo l lowing  the  general  procedure desc r ib e d  f o r
81the  p r e p a ra t io n  o f  th e  p a r e n t  t h i e n o p y r i d i n e ,  gave 3-ethoxycarbonyl-  

t h i e n o f 2 , 3 - b jp y r i d i n e  in good y i e l d  ( 102) .
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j l NHi-CH2iCH(OEt]2];,

Et 0?O

Since the  genera l  approach d i scussed  above was no t  p ro g re s s in g  

towards the  p r e p a r a t i o n  o f  the  d e s i r e d  th i e n o p y r id i n e  d e r i v a t i v e s ,  

a l t e r n a t i v e  ro u te s  invo lv ing  vapour phase techn iques  f o r  the  s y n th es i  

o f  t h i e n o p y r id i n e s  were i n v e s t i g a t e d :  the se  a re  d e s c r ib e d  in the  nex t  

s e c t i o n .



S ec t ion  II

Attempted p r e p a r a t i o n  o f  t h i e n o p y r id i n e s  b.y vapour phase r e a c t i o n s

A widely used i n d u s t r i a l  p r e p a r a t i o n  o f  th iophens  invo lves  the

vapour phase r ing  c l o s u re  o f  bu tane ,  pen tane ,  i sopen tane  or  t h e i r

u n s a tu r a t e d  c o u n t e r p a r t s  with a su lphur  source such as hydrogen.
148s u lp h id e .  More r e c e n t l y ,  Webster  and coworkers have shown t h a t  

carbon d i s u lp h id e  w i l l  r e a c t  with  a wide v a r i e t y  o f  s t a r t i n g  m a t e r i a l s  

in  the  vapour phase a t  t e m pera tu res  g r e a t e r  than 350°, in the  presence  

o f  s u i t a b l e  c a t a l y s t s  ( f o r  example,  chromiuni-aluminium oxide promoted 

with potassium carbona te  ; G r i d l e r  G41 c a t a l y s t ; )  to  form th iophens .

The y i e l d s  a r e  f r e q u e n t l y  g r e a t l y  in  excess o f  those  ob ta ined  with 

o t h e r  su lphur  sou rces .  For example,  n-butanol  and carbon d i s u lp h i d e  

r e a c t  t o g e th e r  over G41 c a t a l y s t  a t  500° to  g ive  a 48% y i e l d  o f  

t h io p h e n r r

C S a CH2

C H3 CHaOH

CH2—  CK c h 2 - c h 2

CHj  CH2 SH



In s i m i l a r  r e a c t i o n s  carbon d i s u lp h i d e  has been a p p l i e d  to  the  s y n th e s i s

o f  benzo- th iophens .  In a t y p i c a l  case 2-methyl benzyl alcohol  and
149carbon d i s u lp h id e  y i e l d  dihydrobenzo/’cy thiophen.

In the  p a s t ,  seve ra l  a t t em p ts  have been made to  p repare  t h i e n o 

p y r id in e s  by vapour phase r e a c t i o n s  o f  a lky l  and v inyl  p y r id in e s  wi th 

hydrogen su lph ide  ( s ee  c h a p te r  1, p -37) g e n e r a l ly  adap t ing  the  method
n crj

o f  Moore and G reen s fe ld e r  f o r  benzoth iophens ,  bu t  the  r e s u l t s  have 

always been poor.  There have been no r e p o r t s  of  the  use o f  carbon 

d i s u lp h i d e  in vapour phase c a t a l y t i c  r e a c t io n s  with  a lky l  o r  vinyl  

p y r id i n e s ;  an i n v e s t i g a t i o n  o f  t h i s  p o t e n t i a l  th i e n o p y r id i n e  s y n th e s i s  

was t h e r e f o r e  under taken .

Apparatus

The r e a c t o r  used f o r  t h i s  work was made from a 32" le ng th  o f  1" 

d iam ete r  s t a i n l e s s  s t e e l  tube and was hea ted  e l e c t r i c a l l y  by an 

ex t e rn a l  pyrobar su rrounding  th e  r e a c t o r .  Both th e  r e a c t o r  and h e a t e r  

were surrounded with f i b r e  lagg ing  and an o u t e r  aluminium shea th .  

Temperature con t ro l  was e f f e c t e d  e l e c t r o n i c a l l y  by an E ther  c o n t r o l l e r  

type  1298B using  two e x t e rn a l  and one i n t e r n a l  thermocouple .  The crude 

r e a c t i o n  p roducts  were condensed by a double su r faced  condenser and 

c o l l e c t e d  in  a r e c e i v e r ,  cooled by s o l i d  carbon d io x id e -a c e to n e .  The 

e s s e n t i a l  f e a t u r e s  o f  the  r e a c t o r  a re  shown in  the  accompanying 

diagram.
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Diagram of  vapour phase r e a c t o r :

Reac tants

I

thermocouples

s t a i n l e s s  s t e e l  tube

p r e h e a t e r  o f  alumina 

e x te rn a l  pyrobar

f i b r e  lagging
o u t e r  aluminium sheath 
 ̂ c a t a l y s t s  bed

c a t a l y s t s  bed suppor t  (Alumina)

-s teel  wool plug

crude r e a c t i o n  products

I n i t i a l l y ,  a s o l u t i o n  o f  2 -v iny l  p y r id in e  and carbon d i s u lp h i d e  

was pumped in to  the  r e a c t o r  packed with a c t i v a t e d  alumina a t  a temper

a t u r e  o f  500-520° in the  hope o f  ach iev ing  the  fo l lowing  r e a c t i o n

CS *

CH-CH-

s

The r e s u l t i n g  mixtu re  con ta ined  only a small p r o p o r t i o n  o f  th i e n o  

13 , 2 - b j p y r i d i n e ,  Also i d e n t i f i e d  in th e  r e s id u e  were 2-methyl-  and

2-e thy l  p y r id in e  t o g e t h e r  with unreac ted  s t a r t i n g  m a t e r i a l .  S i m i l a r l y ,



r e a c t i o n  over G41 c a t a l y s t  a t  500° r e s u l t e d  in a low y i e l d  o f  th i e n o  

f3 ,2 - b 7 p y r i d in e .

For r e f e r e n c e  s p e c t r a  f o r  t h i s  work* 4 ,6 -d im e th y l th i e n o / ’2,3-b7
OQ Ol

p y r id in e  and th ieno / '2 ,3~b7pyr id ine  were prepared  by the  methods 

d esc r ib e d  by Klemni.

In the  nex t  s e r i e s  o f  experiments  th e  r e a c t i o n  between 4 - v i n y l -  

p y r id in e  and carbon d i s u lp h i d e  a t  500° over alumina v/as i n v e s t i g a t e d .  

In a l l  cases  l e s s  than 1% th ieno /"2 ,3 -c7pyr id ine  was d e t e c te d  in the  

crude condensa te ;  much unreac ted  s t a r t i n g  m a t e r i a l ,  and 4-methyl  and

4 - e t h y l p y r i d i n e s  were a l s o  p r e s e n t .  At a lower t em pera tu re  (300°) 

over  G41 c a t a l y s t ,  and over  alumina no s i g n i f i c a n t  convers ions  were 

observed .

In the  nex t  s e t  o f  exper iments  5 - e t h y l - 2- m e th y l -p y r id in e  was 

employed as f e e d s to c k .  I t  was hoped t h a t  the  presence  o f  an e l e c t r o n  

donat ing  group might  f a c i l i t a t e  the  r ing  c l o s u re  r e a c t i o n ;  f u r t h e r ,  

the  probable p roduc t ,  5 -m ethy l th ieno / '3 ,2 -b7pyr id ine  would have been 

a usefu l  s t a r t i n g  m a te r i a l  f o r  e l a b o r a t i o n  i n t o  a l k a l o i d  a n a l o g u e s :-

Once ag a in ,  however, no s i g n i f i c a n t  format ion  o f  t h e  t h i e n o p y r id i n e  

took p lace .

The lack  o f  success  in  the  r e a c t i o n s  using carbon d i s u lp h i d e  as 

a su lphur  sou rce ,  d e s c r ib e d  above,  p a r a l l e l  the  poor r e s u l t s  r e p o r te d  

f o r  the  r e a c t i o n s  o f  v in y l p y r i d i n e s  with hydrogen s u lp h id e .  I t  

appears  t h a t  a s i n g l e - s t e p  process  from a s u i t a b l y  s u b s t i t u t e d  p y r id in e  

and a su lphur  source  i s  no t  a v i a b l e  p r e p a r a t i v e  ro u te  to  t h i e n o 

p y r i d i n e s ,  in c o n t r a s t  to  the  s u cces s fu l  syn theses  o f  th iophens  and
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benzoth iophens by analogous p ro ces s e s .

In view o f  the  lack  o f  success  in the r e a c t i o n s  de sc r ib e d  above ,  

an o th e r  approach was c o n s id e re d ,  in  which the  s u b s t r a t e  f o r  vapour 

phase c y c l i s a t i o n  a l r e a d y  con ta ined  the  necessary  su lphu r  atom. The 

sequence o u t l i n e d  in scheme 5 was p roposed:-

(CHpHaC0)2 0 

N l^q) 300°
A l A

0
■COEt

SH

\ N ^ Et

VAPOUR PHASE CYCLISATION 
     $

Scheme 5

The convers ion  o f  2 -p ro p io n y l fu ra n  in t o  2 -e th y l -3 -h y d ro x y p y r id in e  i s
151an e s t a b l i s h e d  p ro c e s s ,  bu t  the  s c a l e  and convenience o f  the  

l i t e r a t u r e  method a r e  l i m i t e d  by the  f a c t  t h a t  th e  r e a c t i o n  i s  c a r r i e d  

o u t  in a s e a le d  tube .  I t  was hoped t h a t  the  same r e s u l t  could be 

achieved  in the  vapour phase r e a c t o r ,  s ince  t h i s  te chn ique  i s  very 

s u i t a b l e  f o r  the  p roduc t ion  o f  l a rg e  q u a n t i t i e s  o f  m a t e r i a l .  In the  

e v e n t ,  the  y i e l d s  o f  hydroxypyrid ine  were very low (a l though  some 

product  was formed);  s i n c e  the  main a t t r a c t i o n  o f  the  proposed rou te  

was th e  p o s s i b i l i t y  o f  l a r g e - s c a l e  working,  the  p r o j e c t  was abandoned.



S ec t ion  I I I

Scheme 6 i l l u s t r a t e s  a no the r  approach to  the  s y n th e s i s  o f  a 

t h i e n o p y r id i n e  t h a t  was i n v e s t i g a t e d ;  i t  a l so  involved  format ion  o f  

the  th iophen r i n g .  Since 2-amino-6- e t h y l p y r id in e  was commercial ly 

a v a i l a b l e ,  i t  was used as the  s t a r t i n g  m a te r ia l  to  i n v e s t i g a t e  the  

v i a b i l i t y  o f  the  r e a c t i o n  sequence.

Scheme 6

E t ^ N. NH* a-
H

Et-
c ic h 2c o c h ? ^

SH
N E t - <  i^ S C H a C O C H a

(103)

Et- ' N S 

(104)

■CH3

152Following the procedure d e s c r ib e d  by Adnams and S ch recke r ,  the  

amino compound was r e a d i l y  conver ted  by n i t r o u s  ac id  i n t o  the  c o r r e s 

ponding pyr idone ,  which then r e a c t e d  smoothly with phosphorous pen ta -
153su lph ide  to  g ive 5 - e t h y l p y r i d i n - 2 - t h i o l  in good y i e l d .  Reaction o f  

the  sodium t h i o l a t e  with c h lo ro a c e to n e ,  gave 5 - ( 6 - e t h y l - 2 - p y r i d y l ) 

mercap toacetone  (103) w i thou t  com pl ica t ion .  Several  methods were
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at tempted  to  induce r in g  c lo s u r e  o f  compound (103) .  These inc luded  

hea t ing  i t  with po lyphosphor ic  ac id  a t  150-160°,  with  po lyphor ic  a c i d -  

phosphorJus pentoxide a t  180°, with phosphor/us pentoxide  in b o i l i n g* * f

chloroform o r  xy le ne ,  and with  phosphoryl c h l o r i d e  in p y r id i n e .  In no 

case was t h e re  any ev idence o f  any change.

However, when 5 - ( 6-e th y l -2 -p y r id y l . ) -m e rc a p to a c e to n e  was d i s s o lv e d  

in  concen t ra ted  s u lp h u r ic  ac id  and the  s o l u t i o n  was hea ted  on the  

s team bath ,  the  d e s i r e d  c y c l i s a t i o n  did  occur t o  g ive  a low y i e l d  o f  

7 -e thy l -3 -m ethy l  th i e n o / '2 ,3 -b ;  pyr i  d ine  (104) ,  c h a r a c t e r i s e d  as i t s  

p i c r a t e .

A reasonab le  ex p la n a t io n  f o r  the  low y i e l d  o f  th i e n o p y r id i n e  i s
154 155t h a t  a competing r e a c t i o n  i s  t a k in g  p la ce ,  Bradsher and Lohr * 

showed t h a t  pyr idyl  su lp h id e s  o f  genera l  type (105) having a carbonyl 

f u n c t io n  be ta  to  the  su lphur  atom a re  c y c l i s e d  in c o n c e n t r a te d  s u lp h u r i c  

a c id  to  a f f o r d  good y i e l d s  o f  t h i a z o l o / ' 3 ,2 - a ; - p y r i d i n i u m  s a l t s  ( 1 0 6 ) : -

R,

(105)

s V
gH-R,.
go
R3

R,

R.

V.

,N
© 

( 106)

R ,

R 3
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S ec t ion  IV

Owing to  the  d i f f i c u l t i e s  p r e v io u s ly  d i scu ssed  in  the  p r e p a r a t i o n  

o f  amino th iophens  by i n i t i a l  n i t r a t i o n  of  th iophen fol lowed by reduc 

t i o n  o f  the  n i t r o  compounds, a l t e r n a t i v e  s y n t h e t i c  r o u te s  to  amino 

th iophens  invo lv ing  the  d i r e c t  s y n th e s i s  o f  the  compounds from s u i t a b l e  

p re c u r s o r s  were pursued.

I n i t i a l l y ,  2-amino -3 -e thoxycarbony l -5 -m ethy l th iophen  (107) was

prepared  (from e thy l  c y a n o a c e ta te ,  su lphur  and prbpionaldehyde)
156according to  the  procedure  o f  Gewald, to  i n v e s t i g a t e  f u r t h e r  the  

r e a c t i o n  o f  e thy l  a c e t o a c e t a t e  and amino th iophens .  The compound (107) 

and the  e s t e r  were hea ted  t o g e t h e r  in b o i l i n g  to lu e n e ;  N-(3~ethoxy~ 

ca rb o n y l -5 ~ m eth y l -2 - th ien y l ) -3 -k e to b u tan a m id e  (108) was i s o l a t e d  as 

the  only produc t  from the  r e a c t i o n : -

CH S
(107)

CHs

C'O jEt 
NH, +  CHsCOCHaCOjEt

sy

s ; 
(108)

C Q £ t

n h c o c h 2c o c h 5

An a t tem p t  to  c y c l i s e  (.108) with sodium hydr ide  in dimethyl formamide

s o l u t i o n  r e s u l t e d  in the  fo rmat ion  o f  a dark polymeric subs tance  from

which no i d e n t i f i a b l e  p roduc t  was ob ta ined .

At t h i s  t ime a new and convenient  s y n th e s i s  o f  2 - s u b s t i t u t e d
1573-amino th iophens  was developed in th e s e  l a b o r a t o r i e s ,  and i t  was 

decided  t h a t  f u r t h e r  work should, proceed with t h e se  compounds, s in c e  

they a re  p o t e n t i a l  s t a r t i n g  m a t e r i a l s  f o r  the  o the rw ise  r a t h e r  

i n a c c e s s i b l e  th ie n o / '3 ,2 -b j  and - / 3 ,4 - b 7  p y r id in e  systems.
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Syn thes i s  o f  3-amino- and 3 -h y d ro x y -2 ~ s u b s t i tu ted  th iophens  by

the  base induced condensa t ions  o f  methyl t h i o g l y c o l a t e  wi th 2 ,3 -

d ih a l o g e n o p r o p i o n i t r i t e  and 2 ,3 -d ih a lo g e n o p ro p io n a te  e s t e r s ,
158r e s p e c t i v e l y ,  had p r e v io u s ly  been pub l i shed  by Fiesselmann.  The 

157new'method developed here r e p l a c e s  the  2 , 3 - d i h a l o g e n o p r o p i o n i t r i l e  

with  2- c h l o r o a c r y l o n i t r i l e ,  a cheap,  commercially a v a i l a b l e  m a t e r i a l .

The new approach i s  i l l u s t r a t e d  by the  use o f  compounds (109) and 

( 110) ,  which led to  good y i e l d s  o f  the  thiophen  d e r v i a t i v e s  ( 111) and 

( 112) r e s p e c t i v e l y .

<?1
CHf C -C N  +  HSCH,CO,R 109, R = CH3 z A A 110, R = Et

ROH /NaOR

111, r  = ch3
112, R = Et

The r e a c t i o n  sequence lead ing  to  the  th iophen r in g  i s  though t  to

involve  Michael a d d i t i o n  o f  the  t h i o g l y c o l a t e  anion to  t h e  2 - c h lo ro -
c

a c r y l o n i t r i l e ,  fo l lowed by a c y c l i s a t i o n  o f  the  Thorpe o r  Diejcmann 

type and e l im i n a t io n  o f  hydrogen c h l o r i d e : -

NH^

CQ>R



NaOR ©
H S C H jC Q jR  > SCKpOjR

9 ' ^  . . .  Ci
C H jC -C -N

S CH^COjR S -C H 2-C 0 R

tL.
Ql /a -  C H r  c  H -  O N

•co2r

c bF-S :N

C03R

- n a

■+H®

fN H  

S • '"C 02 R

n h 2

COjR
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] 75By a s i m i l a r  r o u te  * us ing mercap toacetone and 2 - c h lo r o a c r y lo -
1 7fi

n i t r i l e ,  3 -am in o -2 -ace ty l th io p h en  (113) was a l s o  p repared  in a good 

y i e l d : -

Cl
C H =  6 ~C N + H SCHjC 0 C H*

S " 

(113)

n h 2

COCHj

3-Amino-2-methoxycarbonyl th iophen  (111) and 3-amino-2 -e thoxycarbony l -  

th iophen  (112) were s t a b l e  ye l low c r y s t a l l i n e  compounds, whereas 3- 

am ino-2-ace ty l  th iophen  (113) was an o i l .  A lka l ine  h y d ro ly s i s  o f

3-amino-2-methoxycarbonyl th iophen  gave 3 -a m in o - th iophen -2 -ca rboxy l ic  

ac id  as a w h i t e ,  low m e l t ing  s o l i d .  I t  was found t h a t  t h i s  subs tance  

was c o n s id e ra b ly  l e s s  s t a b l e  than the  corresponding  e s t e r s  and had a 

s h e l f  l i f e  o f  only  a few days be fo re  d i s c o l o u r a t i o n  and decomposit ion  

occurred .

Severa l  a l t e r n a t i v e  approaches  to  t h i e n o p y r id i n e s  from 3-amino-2- 

ace ty l  o r  2-methoxycarbonyl th iophen  were exp lo red .  In the  f i r s t  

approach,  r e a c t i o n s  analogous  to  those  used in  the  Camps syn theses  of  

hydroxyquinol ines  were examined. The syn theses  o f  hydroxyquino l ines  

from o r thoacy l  ami nophenyl ketones was developed by C am psJ 5 9 6 0  

whose name i s  g e n e r a l l y  a s s o c i a t e d  with  the  r e a c t i o n :

_  CH3

NHCOCHjR

(114)

N '^ C H ^ R

(115)
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Aqueous a l c o h o l i c  sodium hydroxide i s  the  p r e f e r r e d  condensing

agen t  and u s u a l l y  a mixtu re  o f  p roduc ts  i s  ob ta ined .  The r a t i o  o f
1

(114) to  (115) i s  dependant  on th e  na tu re  o f  the group R, but  with 

formyl and oxa lylaminoacetophenones  only p roducts  co r responding  to  

(116) a re  o b t a i n e d . ^

NHCOR

Owing to the  prev ious  i n a c c e s s i b i l i t y  o f  3-amin o - 2 - a c e t y l th io p h en ,  no 

r e p o r t  o f  the  a p p l i c a t i o n  o f  a Camps type s y n th e s i s  to  t h i e n o p y r id i n e  

has appeared in  the  l i t e r a t u r e .  Scheme 7 i l l u s t r a t e s  the  proposed 

r e a c t i o n  scheme f o r  th e  p r e p a r a t i o n  o f  5 - s u b s t i t u t e d - t h i e n o / ' 3 , 2 “b; 

p y r id in e s  by a p p l i c a t i o n  o f  the  Camps syn theses  o f  h y d ro x y q u in o l in e s : 

Scheme 7

NH2

C0CHs iiS 

(117)

NHCOR

C0CH5

R

0

3-F ormylamino-2-ace ty l th iophsn  (117,  R = H) was r e a d i l y  p repared  by 

hea t ing  th e  amine in  formic a c i d -  s i m i l a r l y  3 -a c e ty l  amin o - 2 - a c e t y l -

th iophen  (117,  R = CH3) was ob ta ined  by t r e a tm e n t  o f  t h e  amine wi th
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a c e t i c  anhydr ide in g l a c i a l  a c e t i c  a c id .  3~Ethyloxaloamino-2- 

a c e ty l t h io p h e n  (117,  R = C00C2H5) was ob ta ined  by b o i l i n g  the  amino 

compound and d ie th y l  o x a l a t e  t o g e th e r  in  the presence  o f  g l a c i a l  

a c e t i c  a c id .

. Attempts to c y c l i s e  the  compounds (117,  R = H, CK3) was aqueous 

a l c o h o l i c  sodium hydroxide  were u n f o r tu n a t e ly  u n s u c c e s s fu l .  In both 

cases  h y d ro ly s i s  to  the  amino compound (113) o c c u r re d ;  t h e r e  was no 

ev idence o f  c y c l i s a t i o n  when 3 -e th y lo x a lo y lam in o ~ 2 -ac e ty l th io p h en  was 

t r e a t e d  in  a s i m i l a r  manner,  h y d ro ly s i s  to  the  a c id  (118) o c cu r red ,  

bu t  ag a in ,  t h i s  did  no t  c y c l i s e  to  the  d e s i r e d  th ien o p y r id o n e .

NHCOCQjEt

C0CH5

NHCOCCyH 

C0CH3

(118)

In o rde r  to  f a m i l i a r i s e  h im se l f  with a s u cces s fu l  r e a c t i o n  o f  

t h i s  type the  a u tho r  t r e a t e d  2- a c e ty l  aminoacetophenone with sodium 

hydroxide in  aqueous methanol ;  th e  expec ted p roduct  2-methy lqu ino l in -  

4(lH)one was ob ta ined  in good y i e l d  (71%), as p r e v io u s l y  desc r ibe d  

in  the  l i t e r a t u r e . ^

V ^ ^ i C O C H * OH
NHCOCH5  Hl°

NHCOCH3  , ,m-VHovu

COCH3 H*°
- T j N H2 

JJ COC H-



An a t tem p t  to  c y c l i s e  3 - a c e ty l  ami n o - 2 -a c e ty l th io p h e n  wi th sodium 

hydr ide  in dimethylformamide s o l u t i o n  was l ik ew is e  u n s u c c e s s f u l ;  in 

t h i s  case the  s t a r t i n g  m a te r i a l  was recovered  unchanged.  The f a i l u r e  

o f  the  r ing  c l o s u r e  was shown to  be almost  c e r t a i n l y  due to  the  f a c i l e  

fo rmat ion  o f  the  anion a r i s i n g  by d e p ro to n a t io n  o f  the  amide n i t r o g e n ,  

render ing  the  group r e s i s t a n t  to  n u c l e o p h i l i c  a t t a c k .  When the  amide 

( i n  dimethylformamide) was t r e a t e d  with sodium hydr ide  fol lowed  by 

iodomethane the  i s o l a t e d  product  (119) was t h a t  a r i s i n g  by m e th y la t io n  

a t  both carbon and n i t r o g e n :

N HCOCH3  NqH
COCH I n -c o c h 3

COCH^

s
(119)

c h 3
“N-COCH3

■ c o c K c h y j

F i n a l l y ,  an a t t em p t  to c y c l i s e  3 - a c e t y l a m in o -2 -a c e ty l th io p h en ,  by
179t r e a tm e n t  with methanol ic  ammonia, was a l s o  made b u t  t h i s  too 

f a i l e d  to  b r ing  about  th e  d e s i r e d  r e a c t i o n .
1 r  o

The F r i e d l a n d e r  s y n th e s i s  has p r e v io u s ly  been used s u c c e s s f u l l y  
96by Gronowi.tz f o r  the  p r e p a r a t i o n s  o f  t h i e n o p y r i d i n e s . The F r i e d l a n d e r  

s y n th e s i s  o f  q u in o l in e s  i s  t y p i f i e d  by the  fo l low ing  e q u a t i o n : -

qh3

(̂ ?\ r C0CH5 CH3 ______

NH2  0 = 0  Ph
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An a t tem p t  to  induce the  analogous r e a c t i o n  between 3-amino-2~ 

a c e ty l th io p h e n  and ace tophenone under the  usual c o n d i t i o n s  ( i e .  by 

b o i l i n g  the  r e a c t a n t s  t o g e t h e r  under r e f l u x  in benzene in the  presence  

o f  a c a t a l y t i c  q u a n t i t y  o f  a l k a l i ) ,  f a i l e d  to  ach ieve  the  d e s i r e d  

r e s u l t .

The lack  o f  success  in  a t t em p t s  to  adap t  the  Camps and F r i e d l a n d e r  

syn theses  to  th e  d e s i r e d  th i e n o p y r id i n e s  prompted the  a u th o r  to  

exp lo re  a d i f f e r e n t  approach,  summarised in Scheme 8 .

Scheme 8 :

NHo
2  +  C H £ s C C 0 £ H 3

C Q jC H ^ 5

CH;
NHC=CHC02CH3  

co 2 ch3
( 121)

I
H
N

8

CH5 

COjCHj 

020 )

I t  was then expected t h a t  h y d ro ly s i s  o f  (120) fo l lowed by decarboxy-  

a t i o n  would lead  t o  a s u i t a b l e  p r e c u r s o r  f o r  the  q u in o l in e  a l k a l o i d  

ana logues .

Methyl t e t r o l a t e  was p repared  from e thyl  a c e t o a c e t a t e  accord ing
1 fiTto  the  method o f  McKillop.  However, the  amino compound and methy l- 

t e t r o l a t e  could no t  be induced to  r e a c t  when b o i l e d  t o g e t h e r  under 

r e f l u x  f o r  extended pe r iods  in methanol ,  in t o l u e n e ,  in  xy lene  o r  in 

g l a c i a l  a c e t i c  a c i d .  Even when b o i l e d  t o g e t h e r  ne a t  f o r  t h r e e  days 

th e  two compounds f a i l e d  to  undergo the  d e s i r e d  Michael a d d i t i o n .  In 

an a t tem p t  to  p repa re  a more r e a c t i v e  spec ie s  from the  amine i t  was
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t r e a t e d  with sodium hydride  in  dimethylformamide in the  presence  of  

methyl t e t r o l a t e .  A r e a c t i o n  did  then  occur ,  producing the  condens

a t i o n  product  (122) r a t h e r  than the  d e s i r e d  Michael adduc t  (121):

cS 
( 111)

NH^
J cq2ch3

NaH
o  

1  NH

c o m

( i n )

CH3C=CCOiCH3
( 121)

'NHCO.

S 0_,CH3 HR I]
( 1 2 2 )

I t  seemed t h a t  the  f a i l u r e  o f  the  Michael a d d i t i o n  o f  the  amine (111) 

might  be due to  the  low n u c l e o p h i l i c i t y  o f  the  amino group;  acc o rd 

in g ly  i t  was conver ted  i n t o  N-alkyl d e r i v a t i v e s ,  which might  be 

expected  to  be more powerful n u c l e o p h i l e s .  In the  f i r s t  i n s t a n c e ,

3 -e th y l  amino-2-methoxycarbonylth iophen (123) was p repared  from the

amino compound by t r e a tm e n t  with  sodium borohydride in g l a c i a l  a c e t i c
1 ca

a c i d ,  fo l lowing  the  procedure o f  Gribble  and Lord:

d NH- AcOH
S '  

( 111)

co,ch3  nqbh. > I s  ^
(123)

N H E t

¥COXH3

I fi RSecondly,  an a t tem pt  was made to  apply  the  method o f  Crochet  to  the  

p r e p a r a t i o n  o f  the  N-methyl analogue.  This  invo lves  r e a c t i o n  o f  the
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pr imary amine with t r i e t h y l  o r tho fo rm a te  to  give the  im id a te ,  which i s  

then reduced wi th sodium borohydr ide to  the  cor responding  N-methyl 

compound. With 3-amino-2-methoxycarbonylth iophen ,  however, the  

in t e rm e d i a te  (124) was no t  formed,  the  r e a c t i o n  produc t  was i d e n t i f i e d  

as 3 - ( 2 -m e thoxycarbony l -3 -am ino- th ieny l )methyleneamino-2-methoxy- 

ca rbonyl th iophen  (1 2 5 ) : -

HC(OEt),
( 111)

TN^CH-OEt 
J co,ch3

(124)

NH-CHmN.

s . c o , c h 5

(125)

3-Methyl amino-2-methoxycarbonyl th iophen  (127) was e v e n t u a l l y  p repared  

by the  r e a c t i o n  o f  th e  pr imary amine wi th succ in imide  and aqueous 

formaldehyde,  t o  give the  in t e r m e d i a t e  3-N-succinimidomethyleneamino- 

2-methoxycarbonyl th iophen (125 ) ,  fo l lowed by r ed u c t io n  wi th sodium 

borohydride in d im e th y l su lp h o x id e : -

( n i )

S '
(126)

NHCH^N 

c o c h 5 0

n h c h 3  

C0£H3

1 Ftfi
This procedure  was r e c e n t l y  de sc r ib e d  by Kadin.
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U n fo r tu n a te ly ,  repea ted  a t t em p ts  to  r e a c t  the  methyl ami no (127) 

and e thy l  ami no (123) compounds wi th methyl t e t r o l a t e  in a wide range 

o f  s o lv e n t s  and under va r ious  co n d i t io n s  f a i l e d  to  give the  d e s i r e d  

r e a c t i o n .  In a l l  cases  only unchanged s t a r t i n g  m a t e r i a l s  were 

r ecovered .

For b io l o g i c a l  t e s t i n g  s ev e ra l  d e r i v a t i v e s  o f  both 3-amino-2- 

methoxycarbonyl and - 2- ethj roxy-carbonylth iophen  were p repa red ;  t h e se  

inc luded  the  a c e t y l - ,  t h e  formyl-  and the  3 - p - to lu e n e s u lp h o n y ! - 

d e r i v a t i v e s .

An a l t e r n a t i v e  approach to  t h i e n o p y r id i n e  s y n th e s e s ,  invo lv ing  

the  3-amino-2-methoxycarbonyl th iophen-d imethy l  a c e ty l e n e d ic a r b o x y l a t e  

adduc t  (128) was then examined,  as  i l l u s t r a t e d  in Scheme 9.

Scheme 9

th iophens)  o f  the  p r e p a r a t i o n  and c y c l i s a t i o n  o f  th ieny lam ine-d im ethy l  

a c e ty l e n e d ic a r b o x y l a t e  adduc ts .  I n i t i a l l y  the  Michael adduct  (128)' 

was ob ta ined  by hea t ing  the  s t a r t i n g  m a t e r i a l s  t o g e t h e r  in b o i l i n g  

t o l u e n e ,  bu t  y i e l d s  were low and column chromatography was necessa ry

I |1NHa 
s  JJcOjCHj + '

C Hj OjCCs C COjCHs

0  (129)

G A  1 7
There have been two r e c e n t  r e p o r t s  5 (both invo lv ing  2-ami no-

73



to  s e p a r a t e  the  adduc t  from the  numerous by -p roduc ts .  L a te r  i t  was

found t h a t  high y i e l d s  o f  s u b s t a n t i a l l y  pure (128) were ob ta ined  i f

the  r e a c t i o n  was c a r r i e d  out  a t  room tempera tu re  and in  g l a c i a l  a c e t i c

ac id  as s o lv e n t .  Cons iderab le  ev idence has accumulated t h a t  such

adducts  have the  fumara te c o n f ig u r a t i o n  and the  above example

appears  to be no e x ce p t io n ;  in p a r t i c u l a r  the  nmr s igna l  o f  th e  lone

a lk e n ic  proton o f  (128) ( a t  x 4.55) l i e s  in. the  reg ion  c h a r a c t e r i s t i c

o f  the  vinyl  resonance  o f  such a ry l  amino-fumarates .  The Michael

ad duc t ,  in dimethylformamide,  was r a p i d l y  and e f f i c i e n t l y  c y c l i s e d  on

t r e a tm e n t  with sodium hydride  to  g ive 5 , 6-b isme thoxycarbony l th ieno

^ 3 ,2 -b ;py r id in -7 (4H )one  (129) .  The proposed mechanism f o r  the se  

94c y c l i s a t i o n s  i s  shown below:-

CCLCHj H 

NH; C = C '  

CO jCHj

'CGpH;
B

e

CO,CH3  H

OjC h 3

C 0aC H 3

C 0 j,C H j

S H COCHj
CrOCH 3

e<>

^-^COaCHs 
C Q2CH 3  

^ ' H
0 “

a

H

NCO^CH;

'6

C O p H j  

CO2CH3 

OH



The chem is t ry  of  the  th ienopy r idone  (129) has much in common with  

t h a t  o f  the  comparable 4 -qu ino lones .  Thus, r e a c t i o n  o f  (129) with 

phosphoryl c h l o r i d e  gave 7-choro-5 ,6 -b ismethoxycarbony1th ieno /\3 ,2 -b7  

p y r id in e  (130) ;  t r e a tm e n t  o f  the  l a t t e r  wi th sodium methoxide in methanol 

gave the  co r responding  7-methox} compound (131) .  S i m i l a r l y ,  prolonged 

hea t ing  o f  the  ch lo ro  compound (130) with  a n i l i n e  y i e l d e d  the  7-(N~ 

phenyl ami no) compound ( 1 3 2 ) : -

(129)

1C
N COjCHj

COaCHs
»CH3

(131)

N C0,CH3
COaCH,

NHPh
(132)



Although n i t r a t i o n  o f  (129) (w ith  mixed ac id)  led  to  the  3 - n i t r o  
180d e r i v a t i v e ,  an a t t e m p t  to  bromiriate (129) with bromine in g l a c i a l  

a c e t i c  ac id  s o l u t i o n  a t  room tem pera tu re  f a i l e d  to  g ive  the  co r respond

ing 3-bromo compound.

* A lka l ine  h y d ro ly s i s  o f  the  d i e s t e r  (129) gave th ieno /"3 ,2 -b ;pyr id in -  

7 (4 H )o n e -5 ,6 -d ic a rb o x y l ic  a c id  (133) .  which,  when hea ted  to  above i t s  

melt ing  p o in t  was r e a d i l y  deca rboxy la te d ;  from the  r e s id u e  th ien o  

/■3,2-b ;pyr idin-7(4H)one (134) was o b ta i n e d : -

(129) IT
H

-TY  N "ICOjH 

C O iH

b
(133)

■>

H
N

0

(134)

Once (134) was a v a i l a b l e ,  i t  was c l e a r  t h a t  th i e n o £ 3 ,2 -b 7 p y r id in e  

analogues o f  the  q u in o l in e  a l k a l o i d s  ech inopsine  ( 22) and ech in o r in e  

(24) could r e a d i l y  be p repa red ,  by the  r e a c t i o n s  o u t l in e d  in Scheme 10.



Scheme 10

(134)
/ N . N,

Cl

~>

O C H 3

(135) (136)

(137) (138)

Thus, t r e a tm e n t  o f  (134) with phosphoryl c h l o r i d e  gave 7- c h lo r o t h i e n o  

/■3,4-b;pyrid ine (135) ,  which,  when r e a c te d  with  sodium methoxide in 

methanol s o l u t i o n  gave th e  co r responding  7-methoxy compound (136) .

An e t h e r e a l  s o l u t i o n  o f  (136) was t r e a t e d  wi th iodomethane,  y i e l d i n g ,

4 -m ethy1-7-m ethoxyth ieno /3 ,2 -b ;pyr id in iun i  iod ide  (137) .  This  compound 

i s  th e  t h i e n o f 3 ,2 ~ b ip y r i d in e  analogue!  of  the  a l k a l o i d  e c h in o r in e  (24 ) .  

By a r e a c t i o n  analogous to  t h a t  r e p o r te d  f o r  the  convers ion  of  

e ch in o r in e  in to  ech inops ine  ( see  c h a p te r  one,  page 14) ,  (137) on 

t re a tm e n t  with aqueous a l k a l i  gave 4-methy1th ieno / '3 , 2“b7p y r i d i n - 7--one, 

the  t h i e n o / '3 ,2 " b ; p y r id in e  analogue o f  ech inops ine  (22 ) .  This  f a c i l e  

r e a c t i o n  invo lves  n u c l e o p h i l i c  a t t a c k  on the  a c t i v a t e d  th i enopyr id in ium  

sys tem:-
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OCH3 OH

s

ch5 
N

0

94In a r e c e n t  p u b l i c a t i o n  by B ie re  and See len ,  i t  v/as r e p o r te d  

t h a t  t r ea tm e n t  o f  5 , 6-b i s m e th o x y c a rb o n y l th ie n o /2 , 3- b 7p y r i d i n - 4 ( 7H)one 

(60) wi th a l k a l i  under c o n t r o l l e d  c o n d i t io n s  r e s u l t e d  in  the p r e f e r e n 

t i a l  hy d ro ly s i s  o f  the  e s t e r  group on the  carbon atom a to  the  n i t r o g e n  

atom. To i n v e s t i g a t e  the  p o s s i b i l i t y  o f  o b ta in in g  a thieno/ '3  92-b7 

p y r id in e  with a funct iona l  group a v a i l a b l e  a t  C-6 on ly ,  the  procedure o f  

B ie re  and See len was a p p l i e d  to  compound (129) (Scheme 1 1 ) : -  

Scheme 11

H

(139)

HH

(140)

H( f ° H
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Treatment o f  (129) with aqueous a l k a l i  under th e  c o n d i t io n s  d e s 

c r ib e d  by B ie re  and See len r e s u l t e d  in the s e l e c t i v e  h y d ro ly s i s  to  g ive 

e x c l u s i v e l y  6-m e th o x y ca rb o n y l th ien o y 3 ,2 -b ;p y r id in -7 (4 H )o n e -5 -c a rb o x y l ic  

a c id  (139) .  Thermal de c a rb o x y la t i o n  o f  (139) then led  to  6-methoxy- 

carbonyl th ien o / ’3 ,2 -b ;p y r id in -7 (4 H )o n e  (140) .  The s t r u c t u r e  o f  (139) 

was deduced by analogy with the  work o f  Bie re  and S ee len ;  in p a r t i c u l a r  

th e  nmr s igna l  f o r  the  methyl e s t e r  group ( in  dimethyl su lphoxide)  a t  

t 6.24  i s  a t  the  same p o s i t i o n  as t h a t  r ep o r te d  f o r  5-methoxycarbonyl-  

t h i e n o / '2 ,3 -b 7 p y r id in -4 (7 H )o n e -6 -c a rb o x y l i c  a c id .  S i m i l a r l y ,  the  

s t r u c t u r e  o f  the e s t e r  (140) was confirmed s ince  the  pro ton  on the  

p y r id in e  r in g  o f  the  d e c a rb o x y la t io n  product  gave a s igna l  a t  t 1 .15 ,
1 gg

in the  reg ion  (x 1 .07 -1 .42)  r e p o r t e d  f o r  comparable 4 -q u in o lo n e -3 -  

c a rb o x y l ic  ac id s  and e s t e r s ;  the  i someric  4 -q u in o lo n e -2 -c a rb o x y l i c  

a c id s  and e s t e r s  g ive a b s o rp t io n s  a t  co n s id e ra b ly  h ighe r  f i e l d s  (eg .

T 3 . 0 8 - 3 . 2 8 ) . 170

I s o l a t i o n  o f  the  pure e s t e r  (140) from the  de c a rb o x y la t i o n  p roduc t  

was r a t h e r  d i f f i c u l t ,  so ,  on some occas ions  the  crude  d e c a rb o x y la t io n  

product  was s a p o n i f i e d  and t h e  a c id  (141) was o b ta in ed .

I t  was envisaged  a t  t h i s  s tag e  t h a t  p r e p a r a t io n  o f  the  isomer ic  

h a l f  e s t e r  (142) ,  fo l lowed by thermal deca rb o x y la t io n  would be a con

v e n i e n t  r o u te  to  the  p r e p a r a t i o n  o f  a t h i e n o / '3 ,2 -b jp y r id in -7 (4 H )o n e  

with  a s u b s t i t u e n t  a t t a c h e d  to  C-5 (143) .  This would be a s u i t a b l e  

s t a r t i n g  m a te r i a l  f o r  the  p r e p a r a t io n  o f  q u in o l in e  a l k a l o i d  analogues 

o f  the  type p r e v io u s ly  i l l u s t r a t e d  in ch ap te r  two, which c a r ry  a 

s u b s t i t u e n t  a- to  the  n i t r o g e n  atom. The r e a c t i o n  sequence shown in 

scheme 12 was now i n v e s t i g a t e d  as a ro u te  to  the  d e s i r e d  compound 

(1 4 3 ) : -
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Scheme 12:

I
H

N

H

l l ^ H

CO^H

0

(133) (144)

1?
s.

0
/

:|

C O jC  H 3

0

(143)

C Oj,C h 3

C O a H
(142)

H
N

S - ' ■ ^ / ' C O a C H j  

0

(140)

%
s

%

1
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Treatment o f  the  d i a c i d  (133) with  a c e t i c  anhydr ide  gave th ieno  

/■3,2-b ;pyr id in”7 (4 H )o n e -5 ,6 -d ic a rb o x y i ic  anhydr ide  (144) in e x c e l l e n t  

y i e l d .  T h i s ,  when b o i l e d  with methanol gave e x c l u s i v e l y  the  h a l f  

e s t e r ,  5~methoxycarbonyl th i e n o / ’3 ,2 -b ;py r id in~ 7 (4H )one -6“Carboxyl ic  

a c id  (142) .  S u r p r i s i n g l y , thermal deca rboxy la t ion  o f  (142) did  not  

g ive  the  expected  p roduc t  (143) bu t  y i e ld e d  in s t e a d  a p roduc t  shown 

c o n c lu s iv e ly  to be the  isomer ic  6-methox.ycarbonylthieno/ '3,2-b;  

pyr id in-7(4H)one  (140) .  The m a te r i a l  had i d e n t i c a l  nmr and i r  s p e c t r a ,  

and i t s  mixed m e l t ing  p o in t  showed no dep re s s ion  with  the  subs tance  

prepared  by the  ro u te  o f  B ie re  and Seelen .  A p o s s i b l e  mechanism 

f o r  t h i s  i s o m e r i s a t i o n  i s  shown below:-
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C - Q C H s

C — O H

5 > P C H s

/J

C O jH

CQjCH3

H

c o 2c h



The s t r u c t u r e  o f  (140) ,  th e  common deca rb o x y la t io n  p roduc t ,  was f u r t h e r  

confirmed beyond reasonab le  doubt  by an unambiguous s y n th e s i s  by the  

rou te  shown in scheme 13 : -  

Scheme 13

NHa

S ^  COaH
-c E tOCH- ClCO^Et^

NHCH= c(cqEt)a 
CO H

(145)

- S 
(146)

NHCH- C(COjEtlj

C q E t

(147)

C0aCH3

0

(148)
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By the r e a c t i o n  o f  3-amin o th io p h en -2 -ca rb o x y l ic  a c id  with  d ie th y l

ethoxymethylenema!onate in b o i l i n g  t o l u e n e ,  3- (2 ,2 - -b ise thoxycarbonyl~

v in y la m in o ) - th io p h e n -2 -c a rb o x y l i c  ac id  (145) was o b ta in e d .  This

compound was found to  be very  r e a d i l y  deca rboxy la ted  [to give e thy l
82a -e t h o x y c a rb o n y l -3 - (N -3 - th ie n y l )a m in o  a c r y l a t e  (146)7 when hea ted .  

Treatment o f  (145) with  po lyphosphor ic  ac id  e s t e r  brought  about  

c y c l i s a t i o n  t o  g ive 6 -e th oxycarbony l th ieno / '3 ,2 -b7pyr id in -7 (4H )one  

(147) .  T r a n s e s t e r i f i c a t i o n  o f  (147) by prolonged h ea t in g  in b o i l i n g  

methanol ,  co n ta in in g  a c a t a l y t i c  q u a n t i t y  o f  p - to lu e n e s u lp h o n ic  a c i d ,  

gave unambiguously, 6-m ethoxycarbony l th ieno[3,2-b]pyr id in -7(4H)one  

(140) .

6-M ethoxycarbonyl-7-methoxyth ie no / '3 ,2 -b ;pyr id ine  (148) was p repared  

from (141) by i n i t i a l  r e a c t i o n  with  phosphorous p e n t a c h l o r i d e .  fo l lowed 

by b o i l i n g  under r e f l u x  in  methanol .

H

~7
C0^ c h 3
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S ec t ion  V

Following the  s u cces s fu l  c y c l i s a t i o n  of  the Michael adduct  (128) 

to  a f f o r d  the  th i e n o /" 3 ,2 -b jp y r id in e s  repo r te d  above,  i t  was decided to  

a t tem p t  to  induce r ing  c lo s u r e  on th e  vacant  p o s i t i o n  a t  C-4 on the  

th iophen  r i n g ,  to  p repare  a 3 , 5 - d i s u b s t i t u t e d  t h i e n o / ' 3 , 4 - b ; p y r i d i n e .

No r e p o r t  o f  t h i s  type o f  s y n th e s i s  o f  the se  i n a c c e s s i b l e  compounds 

has p r e v io u s ly  appeared in  the  l i t e r a t u r e : -

c h 3 

)z G H 3

• (149)

Repeated a t tem p ts  to  induce the  d e s i r e d  c y c l i s a t i o n  by prolonged h e a t 

ing o f  the  Michael adduct  in  b o i l i n g  te t r a h y d ro n a p h th a le n e  and in 

diphenyl  e t h e r  f a i l e d ;  in a l l  cases  only  polymeric r e s id u e s  were 

o b ta in e d ,  from which no i d e n t i f i a b l e  produc t  was i s o l a t e d .  However, 

when (128) was hea ted  in t r i e t h y l e n e g l y c o l  dimethyl e t h e r  ( t r i g ly m e )  

the  d e s i r e d  c y c l i s a t i o n  did  o ccu r ,  to  give 3 ,5 -b i sm e thoxycarbony l - 

t h i e n o / ’3 ,4 -b ;p y r id in -7 (4 H )o n e  (149) in e x c e l l e n t  y i e l d .  At t h i s  s tag e  

i t  was assumed t h a t  a p a r a l l e l  r e a c t i o n  sequence to  those  p r e v io u s ly  

d e sc r ibe d  f o r  the  th i e n o / ‘3 , 2 - b ; p y r i d i n e s , would lead  to  th e  th i e n o  

/■3,4-bipyrid ine  analogues o f  the  a l k a l o i d s  ech inops ine  and e c h i n o r in e .  

Scheme 14 below i l l u s t r a t e s  th e  proposed r e a c t i o n  sequence to  the  

d e s i r e d  compounds (153) and (154) .

(128)

NHC(CQpi-y~CH(C OjCH  ̂

COjCHj
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Scheme 14

(149)-----------

Cl CH30 HPn - c h 5

(152) (153)

■>

(154)
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A lka l ine  h y d ro ly s i s  o f  the  d i e s t e r  (149) gave th ieno / '3 ,4 -b7pyr id in~  

7 (4 H )o n e -3 ,5 -d ic a rb o x y l ic  a c id  (150) wi thou t  d i f f i c u l t y .  Attempted 

thermal deca rb o x y la t io n  o f  t h i s  d i a c i d ,  by th e  procedure used 

s u c c e s s f u l l y  p r e v io u s ly  f o r  the  deca rb o x y la t io n  o f  th i e n o / '3 ,2 -b ;  

p y r id in - .7 (4H )one -5 ,6 -d ic a rboxy l i c  a c id  (133) f a i l e d  however,  y i e l d i n g  

an i n t r a c t a b l e  m a t e r i a l .  The probable  reason f o r  the  f a i l u r e  in t h i s  

i n s t a n c e  was the  very high m e l t ing  p o in t  o f  th e  d i a c i d  (150) .  An 

a l t e r n a t i v e  p r e p a r a t i o n  o f  (152) by the  rou te  i l l u s t r a t e d  in  Scheme 

15, shown below, was a t tem pted  in the  hope t h a t  the  methoxy compound 

(157) would melt  a t  a lower tem pera tu re  and thus  would be more 

r e a d i l y  the rm a l ly  deca rboxy la ted :~



Scheme 15

NH

CO,CH:

(149)

CO-.C H-

Cl

(155)

c h 3 o
/ /
(/ N

C p i C H j

(156)

(152)
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Reaction o f  (149) with  phosphoryl  c h l o r i d e  gave the  cor responding  7- 

ch lo ro  compound (155) ,  and t r e a tm e n t  o f  the  l a t t e r  with sodium 

methoxide in  methanol y i e l d e d  7~methoxy“3 ,5 -b i sm ethoxycarbony l th ieno  

; 3 , 4 - b ; p y r i d i n e  (156) .  An a l t e r n a t i v e  s y n th e s i s  o f  (156) was a l s o  

i n v e s t i g a t e d ;  i t  was found t h a t  r e a c t i o n  o f  the  pyridone (149) with 

diazomethane in d ichloromethane-methanol  s o l u t i o n  gave th e  7-methoxy 

compound d i r e c t l y .  A lka l ine  h y d ro ly s i s  o f  (156) then led  to  7-methoxy* 

t h i e n o ; 3 , 4 - b ;  p y r id in e - 3 ,5 - d i c a r b o x y l  i c  ac id  (157) .  U n fo r tu n a te ly ,  

thermal deca rb o x y la t io n  o f  (157) was no more success fu l  than t h a t  of  

the  co rresponding  pyridone  (150) .  Due to  lack  of  t ime ,  convent ional  

deca rb o x y la t io n  r e a c t i o n s  were not  pursued with compounds (150) and 

(157) ,  a l though p re l im in a ry  r e s u l t s  were encouraging.

A p o in t  o f  i n t e r e s t  concerning a l l  the compounds ob ta ined  in 

the  th ieno/"3 ,4 -b ;  p y r id in e  s e r i e s  i s  t h a t  they e x h i b i t  very s t rong  

green  f lu o re s c e n c e  in a l k a l i n e  s o l u t i o n .

Bromination o f  compounds (149) and (156) with bromine in  g l a c i a l  

a c e t i c  ac id  s o l u t i o n  gave 6 -b rom o-2 ,5 -b ism e thoxycarbony l th ieno ;3 ,4 -b ;  

pyr id in-7(4H)one  (153) and 6-bromo-7~methoxy-3,5-bismethoxycarbonyl-  

t h i e n o ; 3 , 4 - b ; p y r i d i n e  (159) r e s p e c t i v e l y : -

149, R = OH, *=0

■»
R

CCUCH;

158,  R = OH . - 0
156, R = 0CH3 159, R = 0CH3
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The l o c a t io n  o f  the  bromine a t  C-6 was confirmed by comparison o f  the  

nmr s p e c t r a  o f  the  above compounds with  those o f  2 , 6- d i s u b s t i t u t e d  

t h i e n o ^ , 4 - b ; p y r i d i n e  ( see  l a t e r ) .  The s i t e  of  e n t ry  o f  the  bromine 

in the se  r e a c t i o n s  i s  somewhat unexpected,  as e l e c t r o p h i l i c  s u b s t i t u t i o n  

in  t h i e n o p y r id i n e s  normal ly occurs  p r e f e r e n t i a l l y  on the  vacan t  carbon 

atoms o f  the  th iophen r in g  ( in  the  above case a t  C - l ) .  A reasonab le  

ex p la n a t io n  f o r  t h e  observed r e s u l t  i s  t h a t  one can a s c r i b e  high 

r e a c t i v i t y  a t  C-6 in the  p y r id in e  r in g s  o f  the  above compounds, as  

th e se  a re  o r tho  to  a phenol ic  hydroxyl and alkoxyl  f u n c t i o n .

The syn theses  o f  compounds o f  the  type (150) have been d esc r ibe d  

e a r l i e r  in t h i s  t h e s i s  (eg.  160, R = H (145))  in connec t ion  wi th th e  

unambiguous s y n th e s i s  o f  6-methoxycarbonylthieno/ '3,2- 'b7pyr id in-7(4H)~ 

one (140) .  A f u r t h e r  use o f  t h e se  i n t e rm e d ia te s  f o r  the  p r e p a r a t i o n  o f  

th ieno /"3 ,4 -b7pyr id ines  was now examined,  as i l l u s t r a t e d  in Scheme 16 

below:-  

Scheme 16

n rrlNMUi

iJ. S  ^ C O j R

■NHCHrrClCO^

161,  R = CH3 , Et

I n t e r e s t i n g l y ,  t r e a tm e n t  o f  (160,  R = CH3 , C2H5) with  polyphosphate 

e s t e r  r e s u l t e d  in c y c l i s a t i o n  to  g ive  6-ethoxycarbonyl-3-methoxy (o r  

e thoxy)-carbonyl  th i e n o / ‘3,4-b7pyridin~7(.4H) ones (161) .



Attempts to  s e l e c t i v e l y  hydro lyse  the e s t e r  group on the  th iophen  

r in g  o f  the  enamine 3 - / :2 ,2 -b ise thoxycarbonyl  v inylamino/-2-methoxy-  

ca rbonyl th iophen  (160,  R = CH ) ,  to  give (145) f a i l e d ;  only polymeric 

m a te r i a l  was ob ta ined .

' Compound (161) f a i l e d  to  undergo bromina tion  under i d e n t i c a l  

co n d i t i o n s  to  those  desc r ibe d  p r e v io u s ly  f o r  the  bromination  o f  (149) 

and (156); presumably,  the  f a i l u r e  was due to  the  f a c t  t h a t  the  vacan t  

p o s i t i o n  in th e  p y r id in e  r in g  i s  now meta to  the  phenol f u n c t i o n .

A lka l ine  h y d ro ly s i s  o f  the  d i e s t e r s  (161) gave th ie n o / '3 ,4 -b ;  

p y r id in -7 (4 H )o n e -3 ,6 ~ d ic a rb o x y l i c  ac id  ( 1 6 2 ) : -

U n fo r tu n a te ly ,  due to  lack  o f  t im e ,  f u r t h e r  development o f  t h e se  

compounds towards th e  p r e p a r a t i o n  o f  q u in o l in e  a l k a l o i d  analogues 

could not  be a t tem pted .

0 :

(161) (162)
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C h a p t e r  T h r e e

E X P E R I M E N T A L



GENERAL

I n f r a - r e d  s p e c t r a  were recorded  using  e i t h e r  a Perk in  Elmer 137 

NaCI, o r  a Perk in  Elmer 137G g r a t i n g  s pec t ropho tom ete r ,  both c a l i b r a t e d  

with  po ly s ty re ne  f i lm .

Proton magnetic resonance  s p e c t r a  were recorded  on a JEOL. JNM 

C-60 HL 60 MHz spec t ropho tom ete r  wi th t e t r a m e t h y l s i l a n e  as th e  i n t e r n a l  

s tanda rd  in  the  s o lv e n t s  i n d i c a t e d .

Melt ing p o in t s  were de termined  us ing open c a p i l l a r y  tubes  in an 

e l e c t r i c a l l y  hea ted  Gallenkamp melt ing  p o in t  appara tu s  and a re  

unco r rec ted .

Micro ana lyses  f o r  C, H, N were determined by the  M ic roana lys is  

U n i t ,  U n iv e r s i t y  o f  Nottingham; by Bu t te rw orths  M ic ro an a ly t i ca l  Consul

tancy  Limited ,  Tedding ton,  Middlesex;  or  by the  a n a l y t i c a l  s e c t i o n  o f  

Imperial  Chemical I n d u s t r i e s  Limited ,  A lder ley  Edge, M a c c l e s f i e ld .

Thin l a y e r  chromatography was c a r r i e d  out  us ing  p r e - s p r e a d . p l a t e s  

(5 x 20 cm; Polygram S IL /G U V ^  and Polygram ALOX N/UVg^ from Camlab, 

Cambridge).  Column chromatography was c a r r i e d  ou t  us ing Fison s i l i c a  

gel MFC (80-200 mesh) and Fison alumina (100-250 mesh).

E ther  o r  dich lo romethane s o l u t i o n s  ob ta ined  when compounds were 

e x t r a c t e d  from aqueous phases were d r i e d  over magnesium su lp h a te  and 

evapora ted  under reduced p r e s s u r e .

L ight  pet ro leum r e f e r s  to  th e  f r a c t i o n  b .p .  60-80°.
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2-N l t ro th iophen
140Attempts to  p repare  t h i s  compound by the  method o f  Babas in ian  

gave a mixtu re which was shown by NMR to  c o n s i s t  o f  the  2 ~ n i t ro  isomer 

co n ta in in g  up to  40% o f  th e  3 - n i t r o  compound. Repeated r e c r y s t a l l i s 

a t i o n  from l i g h t  pet ro leum gave a m a te r i a l  g r e a t l y  en r iched  in  the  

2- i som e r ,  bu t  isomer f r e e  2- n i t r o t h i o p h e n  could no t  be o b ta ined .

An a n a l y t i c a l l y  pure smaple o f  2- n i t r o t h i o p h e n  was ob ta ined  by 

s e p a r a t io n  o f  the  isomers by p r e p a r a t i v e  s c a l e  g a s - l i q u i d  chromato

graphy on a Pye Unicam s e r i e s  10 chromatograph (with  a 1 5 1 po lye thy lene  

glycol  a d i p a t e  column a t  a tem pera tu re  o f  206° and a column p re s s u re  

o f  3216 sq m o f  n i t r o g e n ) .

2-Aminothiophen t i n  double s a l t

This  compound was p repared  in 68% y i e l d  by th e  r e d u c t io n  of  n i t r o 

th iophen  with  t i n  and co n c e n t ra te d  h y d ro ch lo r i c  a c id  accord ing  to  the  

method o f  S t e i n k o p f . ^

2-Aminothiophen

This was p repared  (5-12% y i e l d )  from the  2-aminothiophen t i n  

double s a l t  by t r e a tm e n t  with  2M sodium hydroxide s o l u t i o n ,  under
oo

n i t r o g e n ,  fol lowed the  procedure  d e s c r ib e d  by Abramenko.

Th iophen-2 -ca rboxy l ic  ac id

This a c id  was p repared  in  good y i e l d  (>70%) by hypobromite ox id -
171

a t i o n  o f  2 - a c e t y l t h i o p h e n ,  accord ing  to  the  method o f  Hartough.  ' In 

the  l a t e r  s t a g e s  of  th e  work th e  ac id  was donated by Croda Limited .
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Attempted r e a c t i o n  o f  2-amlnothiophen with e thy l  a c e t o a c e t a t e

Ethyl a c e t o a c e t a t e  ( 0 .5  g) was added to  2-aminothiophen (0 .5  g) 

d i s s o lv e d  in  g l a c i a l  a c e t i c  a c id  (5 ml) under n i t r o g e n .  The s o l u t i o n  

was b o i l e d  under r e f l u x  f o r  1.5  h,  under n i t r o g e n .  Evapora t ion  o f  the  

s o l u t i o n  under reduced p re s s u re  gave a b lack  polymeric m a t e r i a l ,  from 

which, none o f  the  d e s i r e d  6- m e t h y l th ien o /2 ,3 -b ;p y r id in ~ 4 (7 H )o n e  (97) 

could be ob ta ined .

N -(2 -T h ieny l ) -3 -ke to -bu tanam ide  (98 )

2 -Aminothiophen t i n  double s a l t  (50 g) was p laced  in a 500 ml 

round bottom f l a s k ,  under n i t r o g e n .  Aqueous 10% sodium hydroxide 

s o l u t i o n  (100 ml) was added,  and the  r e s u l t i n g  s l u r r y  was e x t r a c t e d  

severa l  t imes with  to l u e n e .  The to lu en e  e x t r a c t s  were combined, d r i e d  

(MgSOJ,  f i l t e r e d  and e thy l  a c e t o a c e t a t e  (15 ml) was added to  the  

s o l u t i o n ,  which was then b o i l e d  under r e f l u x  f o r  4 h ,  under n i t r o g e n ,  

under a Dean and S ta rk  a p p a ra tu s .  The s o l u t i o n  was then  cooled in  th e  

r e f r i g e r a t o r  o v e r n ig h t ,  when the  product  c r y s t a l l i s e d  ou t .  I t  was 

f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from to luene  to  g ive N - ( 2 - t h i e n y l ) - 3 -  

ke to-butanamide (1 .2  g,  12%) mp. 134-6° as pa le  ye l low  need les .

(Found: C, 52 .4 ;  H, 5 .0 ;  N, 7 .3 .  C8H9N02S r e q u i r e s  C, 52 .5 ;  H, 4 . 9 ;

N, 7.6%.)

t (CDC13) :  3 .2  (m, 3x Ar-H) ,  6.38  ( s ,  -CH2-)

7 .7  ( s ,  C0CH3) .

C y c l i s a t i o n  o f  N - ( 2 - th ie n y l ) -3 -k e to -b u ta n a m id e

The keto-amide (0 .3  g) o b ta in ed  above was d i s s o lv e d  in co n c e n t ra te d  

s u lp h u r ic  ac id  (1 ml) and th e  r e s u l t i n g  s o l u t i o n  was kept  a t  room tem

p e r a t u r e  f o r  15 min. The s o l u t i o n  was then added dropwise to  i c e  (10 g) 

then the  mixtu re was r e p e a t e d ly  e x t r a c t e d  with  d ich loromethane .  Evap

o r a t i o n  o f  the  combined dich lo romethane e x t r a c t s  gave a white  r e s i d u e .
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C r y s t a l l i s a t i o n  from methanol gave 4-methy 1 - t h i e n o /~ 2 ,3 - b j p y r i d ln - 6- 

(IH)one (99) (0 .12  g,  44%) as a whi te  s o l i d ,  mp. 226-228°.  (Found:

C, 58 .0 ;  H, 3 .9 ;  N, 7 .9 .  C8H7N0S r e q u i r e s  C, 58 .1 ;  H, 4 . 2 ;  N, 8.4%.) 

x 7(CD3) 2S0; 1.90 (d ,  H-2, J = 6 Hz), 2.5 (d ,  H-3, J = 6 Hz)

3 .3  ( s ,  H-5),  7 .7  ( s ? Ar-CH3) .

M ethy l -2 - th ieny lke tox im e

To a s o l u t i o n  o f  hydroxyl amine hydroch lo r ide  (30 g) in w ate r  

(100 m l) ,  aqueous 10% sodium hydroxide (140 ml) and 2 - a c e ty l t h io p h e n  

(20 g) were added fol lowed  by s u f f i c i e n t  methanol to  g ive  a c l e a r  

s o l u t i o n ,  which was then b o i l e d  under r e f l u x  f o r  1 h. The cooled 

s o l u t i o n  was s e t  a s id e  f o r  seve ra l  hours when m e th y l -2- th i en y lk e to x im e  

c r y s t a l l i s e d  ou t .  The p roduc t  (21 g, 91%) mp. 81-83° ( l i t . ^ °  81-83°)  

was f i l t e r e d  o f f  and d r i e d  in a vacuum d e s i c c a t o r .

2-Acetyl  ami nothi  ophen
143Method A: By Beckmann re a r ra n g e m e n t , c f .  Williams

Methyl- 2 - th i eny lke tox im e  (20 g) was d i s s o lv e d  in  dry e t h e r  (200 ml) 

and the  s o l u t i o n  was cooled  to  0° C. Phosphorus p e n t a c h lo r i d e  (30 g) 

was added in  p o r t i o n s  (1 g) to  the  above,  such t h a t  th e  te m pera tu re  did  

no t  exceed 2° C. The r e s u l t i n g  mix tu re  was s t i r r e d  f o r  30 min,  then 

w ate r  (50 ml) was added,  d ropwise ,  with e x t e rn a l  c o o l in g ,  so t h a t  the  

tempera tu re  did  no t  exceed 20° C. 2M Sodium hydroxide s o l u t i o n  was 

then  added u n t i l  the  aqueous phase had pH 5. The e t h e r  l a y e r  was 

decanted o f f ,  and the  aqueous s o l u t i o n  was e x t r a c t e d  again  wi th e t h e r .  

The combined e t h e r  e x t r a c t s  were d r i e d  (MgS04 ) and e vapo ra ted .  The 

r e s id u e  thus  ob ta in ed  was c r y s t a l l i s e d  from benzene to  g ive  2- a c e t y l - 

ami nothi  ophen (2 .5  g ,  12%) mp. 153-154° ( l i t ^  153-154°).  

t(CDC13) 3 .3  (m, 3x Ar-H),  7.95 ( s ,  C0CH3) .
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144Method B: By r e d u c t iv e  a c e t y l a t i o n . c f .  Klemm e t  al

A s t i r r e d  mix ture o f  2~ n i t ro th io p h e n  ( c o n ta in in g  ca .  40% 3 - n i t r o  

isomer)  (24 g ) ,  reduced i ron  powder (45 g ) ,  g l a c i a l  a c e t i c  ac id  

(700 ml) and a c e t i c  anhydr ide (100 ml) was hea ted t o  80°.  The s o l u t i o n  

was main ta ined  a t  t h i s  te m pera tu re  f o r  24 h,  then cooled and poured 

in t o  ic e  co ld  w ate r  (2 1 ) .  The r e s u l t i n g  mix ture  was f i l t e r e d  and the  

f i l t r a t e  was evapora ted  under reduced p r e s s u re  to  o n e - t h i r d  i t s  

o r i g i n a l  volume, then e x t r a c t e d  r e p e a t e d ly  with  e t h e r .  The combined 

( e t h e r )  e x t r a c t s  were d r i e d  (MgSO^) and evapora ted .  The dark r e s id u e  

ob ta ined  was p u r i f i e d  by vacuum s u b l im a t io n ,  y i e l d i n g  ac e ty l  amino

th iophen  as white need les  (18 g ,  69%) mp. 154-155°.

Attempted h y d ro ly s i s  o f  2 - a c e ty l  aminothiophen

2-Acetyl  aminothiophen (2 g) v/as d i s s o lv e d  in c o n c e n t r a te d  hydro

c h l o r i c  ac id  (25 ml) and the  s o l u t i o n  was hea ted  on a steam bath  f o r  

1 h,  t r e a t e d  wi th d e c o l o u r i z i n g  carbon,  then evapora ted  under reduced 

p r e s s u re .  The product  was very da rk ,  and a p p a r e n t ly  po lym er ic ,  and 

none o f  the  d e s i r e d  2-aminothiophen hyd roch lo r ide  was ob ta ined .

N i t r a t i o n  o f  t h i o p h e n - 2 - c a r b o x y l ic  ac id

Attempts t o  p repare  5 - n i t r o t h i o p h e n - 2 - c a r b o x y l i c  a c id  by n i t r a t i o n

o f  the  ac id  with fuming n i t r i c  a c id  in  g l a c i a l  a c e t i c  ac id  accord ing
145t o  the  method o f  Rinkes,  gave a mixtu re  o f  t h e  4-  and 5 - n i t r o  isomers.  

Attempts to  s e p a r a t e  t h e se  by r ep ea ted  r e c r y s t a l l i s a t i o n  from va r io u s  

s o l v e n t s ,  by column chromatography o r  by the  p r e f e r e n t i a l  s o l u b i l i t i e s  

o f  t h e i r  barium s a l t s ,  a l l  f a i l e d  t o  give i s o m e r i c a l l y  pure 5 - n i t r o -  

th i o p h e n - 2- c a r b o x y l i c  a c i d .

S i m i l a r l y ,  n i t r a t i o n  with  mixed a c id s  r e s u l t e d  in mixed isomers.
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Ethyl t h i o p h e n -2 -c a rb o x y la te

This compound was p repared  ( in  60% y i e l d )  as a pa le  ye l low o i l ,  

from the  ac id  by r e a c t i o n  with  th iony l  c h l o r i d e ,  then t r e a tm e n t  o f  the  

r e s u l t i n g  ac id  c h l o r i d e  with  e t h a n o l ,  accord ing  to  the  method of  

H a r t o u g h t . ^

Ethyl 5 - n i t r o t h i o p h e n - 2 - c a r b o x y l a t e

The p r e p a r a t io n  o f  t h i s  compound was a t tempted  by n i t r a t i o n  o f  

e thy l  th i o p h e n -2-c a r b o x y l a t e  us ing  the  procedures  d e s c r ib e d  f o r  the  

n i t r a t i o n  o f  th i o p h e n -2 -c a rb o x y l i c  a c i d .  S i m i l a r l y ,  mixed isomers 

were o b ta in e d ,  a t t em p ts  to  s e p a r a t e  the se  to  give i s o m e r i c a l l y  pure 

e t h y l - 5 - n i t r o t h i o p h e n - 2 - c a r b o x y l a t e  were u n s u c c e s s fu l .

Th iophen-3 -carboxy l ic  ac id

A mixtu re o f  3-methyl th iophen  (1 .17  kg) and aqueous sodium 

dichromate  s o l u t i o n  (3 .57  kg in  9 1 water )  was p laced in an 18 1 

c a p a c i t y  au to c la v e .  The a u to c lav e  was sea led  and p r e s s u r e - t e s t e d  

with  n i t ro g e n  to  500 p s i .  The s o l u t i o n  was s t i r r e d  and hea ted  a t  180° 

f o r  6 h,  then al lowed to  cool o v e rn ig h t .  The crude  r e a c t i o n  mix tu re  

was f i l t e r e d ,  and th e  pH o f  the  f i l t r a t e  was a d j u s t e d  to  1 by the  

a d d i t i o n  o f  c o n ce n t ra te d  h y d ro c h lo r i c  a c i d ,  when th e  crude  th iophen -

3 - c a rb o x y l i c  ac id  p r e c i p i t a t e d  from s o l u t i o n .  The s o l i d  was f i l t e r e d  

o f f ,  washed r e p e a t e d ly  with  co ld  w ate r  and c r y s t a l l i s e d  from w ate r  to  

g ive  th i o p h e n -3 -c a rb o x y l i c  a c id  (520 g,  40%) as a w hite  s o l i d  mp. 

136-139° ( i i t 17?’181 137-139°).

Ethyl th io p h e n -3 -c a rb o x y la te

Thionyl c h l o r i d e  (200 ml) was added dropwise to  th io p h en -3 -  

ca rb o x y l i c  ac id  (60 g ) . A f t e r  the  i n i t i a l  vigorous  r e a c t i o n  had sub

s id e d ,  th e  s o l u t i o n  was b o i l e d  under r e f l u x  f o r  2 h. The excess  of
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th iony l  c h l o r i d e  was removed by d i s t i l l a t i o n *  and the  r e s id u e  was d i s 

t i l l e d  a t  atmospher ic  p r e s s u re  to  give the ac id  c h l o r i d e ,  bp. 208-210°.  

The ac id  c h l o r i d e  was d i s s o lv e d  in  ethanol  (500 rnl) and the  r e s u l t i n g  

s o l u t i o n  was b o i l e d  under r e f l u x  f o r  3 h. When co o l ,  w a te r  (500 ml)

was,added and the  aqueous s o l u t i o n  was r e p e a te d ly  e x t r a c t e d  with  e th e r .

The e t h e r  e x t r a c t s  were combined,  washed with  4M sodium hydroxide 

s o l u t i o n ,  w a te r ,  and s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  then d r i e d

(MgS04 ) ,  f i l t e r e d  and evapora ted .  The crude product  was d i s t i l l e d  a t
146atmospher ic  p r e s s u re  t o  y i e l d  e thy l  t h i o p h e n -3 -c a rb o x y la te  (31 g, 

81%) as a pa le  ye l low o i l ,  bp. 212-214°.  

t ( CDC13) 2.0  and 2.6 (m, 3x Ar-H)

5 .8  ( q ,  CH2CH3 , J = 5 Hz)

8 .8  ( t ,  CH2CH3, J  = 5 Hz)

1 /Ifi
5 -N i t ro t h io p h e n -3 -c a rb o x y l i c  ac id

Th iophen-3 -carboxy l i c  ac id  (6 .4  g) was added in  small p o r t i o n s  to 

an i c e  cold  mixtu re o f  c o n c e n t r a te d  s u lp h u r ic  ac id  (10 ml) and con

c e n t r a t e d  n i t r i c  a c id  (20 ml) .  The r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  

0° f o r  2 h ,  then poured onto ic e  cold  wate r  (200 ml) .  The s o l i d  

ob ta ined  was f i l t e r e d  o f f ;  c r y s t a l l i s a t i o n  from methanol gave 5 - n i t r o -  

t h i o p h e n -3 -c a rb o x y l i c  a c id  (4 .2  g ,  50%) as pa le  ye l low need les  mp. 

144-5° ( l i t 146 144-5°) .  

t(CDC13) :  1.2  and 1 .6  (both  s ,  Ar-H)

Ethyl 5 - n i t r o t h i o p h e n - 3 - c a r b o x y i a t e

Ethyl th io p h e n -3 -c a rb o x y la te  (100 g) was added c a r e f u l l y  in small 

p o r t i o n s  to  an ic e  cold mix ture  o f  co n ce n t r a te d  n i t r i c  (250 ml) and 

s u lp h u r i c  (150 ml) a c i d s .  The s o l u t i o n  was s t i r r e d  f o r  3 h a t  0° then 

poured c a r e f u l l y  onto i c e  cold v/ater (1 z). The crude  p roduc t  was 

i s o l a t e d  with e t h e r  and c r y s t a l l i s e d  from l i g h t  pet roleum to  provide



the  e s t e r  (78 g ,  56%) as pa le  ye l low  n e e d le s ,  mp. 41-43° ( l i t '*46 

44-46°) .

t(CDC13):  1.9 ( s ,  2x Ar-H),  5 .6  (q ,  CH2CH3, J = 6 Hz)

8 .7  ( t ,  CH2CH3s J -  6 Hz).

2-Ami no-4 -e thoxycarbony l th i  ophen 
Method A

To a s o l u t i o n  o f  s tannous  c h l o r i d e  (30 g) in  co n c e n t r a te d  hydro

c h l o r i c  a c id  (50 ml) the fo rego ing  e s t e r  (10 g) was added in  small 

p o r t i o n s .  The s o l u t i o n  was s t i r r e d  v ig o ro u s ly ,  when an exothermic 

r e a c t i o n  occurred  and th e  tem pera tu re  r a p i d l y  rose  to  80°. The mixtu re  

was then cooled in  an i c e  b a t h ,  and s t i r r e d  f o r  4 h. The pH o f  the  

s o l u t i o n  was a d ju s t e d  to  pH 10 by the. a d d i t i o n  o f  4M sodium hydroxide 

s o l u t i o n  and then r e p e a t e d ly  e x t r a c t e d  with e t h e r .  The combined e t h e r  

e x t r a c t s  were washed with b r i n e ,  d r i e d  (MgS04 ) then  evapora ted  to  

y i e l d  2-amino -4 -e thoxycarbony l th iophen  (1 .6  g,  19%) as  a pa le  orange 

o i l .

Method

A s o l u t i o n  o f  e thy l  5 - n i t r o th io p h e n ~ 3 - c a r b o x y l a t e  (5 g) in  e thanol

(50 ml) was cooled to  0° and s a t u r a t e d  with hydrogen c h l o r i d e  gas .  The

gas s tream was main ta ined  while  g ra n u la te d  z inc  (12 g) was added in 

small p o r t i o n s .  The mixtu re  was then  s t i r r e d  f o r  30 min,  poured in t o  

wate r  (200 ml) and made b a s i c  (pH 10) wi th 4M sodium hydroxide s o l u t i o n .  

The product  was i s o l a t e d  wi th e t h e r  as befo re  t o  g ive  an improved y i e l d  

(1 .9  g ,  46%) o f  the  crude  amino-compound, which was used w i thou t  f u r t h e r  

p u r i f i c a t i o n  in the  next  r e a c t i o n .



3 -E th o x y c a rb o n y l -4 -m e th y l t h i e n o f2 ,3 -b jp y r id i n -6 (7H) one (101)

Ethyl a c e t o a c e t a t e  (5 ml) was added to  a s o l u t i o n  o f  5-amino-2- 

e thoxycarbonylth iophen  (1 .9  g) in  to luene  (5 ml) and th e  whole was 

b o i l ed  under r e f l u x  under a Dean and S ta rk  appa ra tu s  f o r  4 h. The 

s o l u t i o n  was cooled in  the  r e f r i g e r a t o r  o v e rn ig h t ,  when c r y s t a l l i s a t i o n  

occur red .  The s o l i d  ob ta ined  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from 

to lu en e  to  give N - (4 -e th o x y c a rb o n y l -2 - th ie n y l ) -3 -k e to -b u ta n a m id e  (100) 

(0 .9  g ,  30%), mp. 155-156°.  ( found:  C, 51 .4 ;  H, 5 . 1 ;  N, 5 .3 .

Cn H130„NS r e q u i r e s  C, 51 .7 ;  H, 5 .1 ;  N, 5.4%.)

t ( CDC13) 1.90 and 2.10  ( s ,  2x Ar-H),  5 .6  (q ,  CH2CH3 , J = 6 Hz)

6.38  ( s ,  -C H j- ) ,  7 .7  ( s ,  C0CH3)

8 .75  ( t ,  CH2CH3 , 0 = 6 Hz)

The fo rego ing  amide (0 .6  g) was added to  c o n ce n t ra te d  s u lp h u r i c  ac id  

(1 m l) ,  the  s o l u t i o n  was kept  a t  room tempera tu re  f o r  10 min then 

poured in to  i c e - c o l d  wate r  (20 ml) and r e p e a t e d ly  e x t r a c t e d  wi th 

dich lo romethane .  The o rgan ic  s o l u t i o n s  were combined, d r i e d  (MgSO^) 

and evapora ted  to  f u r n i s h  a white  s o l i d .  C r y s t a l l i s a t i o n  from ethanol  

gave 3 - e th oxyc a rbony l -4 -m e thy l th i  eno[2, 3 -b ] pyr i  di n - 6 (7H) one (101) (0 .4  g,  

67%) as white  p l a t e l e t s ,  mp. 239-244°.  (Found: C, 55 .3 ;  H, 4 , 4 ;

N, 5 .4 .  Cn Hn N03S r e q u i r e s  C, 55 .6 ;  H, 4 . 6 ;  N, 5.9%.)

Tf(CD3) 2S07 1.85 ( s ,  H -2 ) , 1.60 (s',  H-5)

5.40  (q ,  CH2CH3) ,  7.1 ( s ,  ArCH3)

8.45  ( t ,  CH2CH3) .

3 -E t h o x y c a rb o n y l t h i e n o f2 ,3 -b ;p y r id in e  (102)

To a s o l u t i o n  o f  e thy l  5 - n i t r o t h i o p h e n - 3 - c a r b o y x l a t e  (20 g) in 

con c e n t ra te d  h y d ro ch lo r i c  a c id  (200 ml) ,  g r a n u la r  t i n . (25 g) was added 

in f i v e  gram p o r t i o n s ;  dur ing the  a d d i t i o n  the  s o l u t i o n  was s t i r r e d  

v igo rous ly  and main ta ined  a t  30° by coo l ing  in  an i c e - s a l t  ba th .

A f te r  the  a d d i t i o n  o f  the  t i n  was completed,  ethanol  (70 ml) and
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anhydrous z inc  c h l o r i d e  (6 g) were added and the r e s u l t i n g  mix tu re  was

hea ted to  85°. To the  ho t  s o l u t i o n ,  m a lon d ia ld e h y d e te t r a e th y l  a c e ta l

(17 g) in  e thanol  (20 ml) was added.  A f te r  1 h a t  85° the  mixtu re was 

coo led ,  poured in t o  w ate r  (100 ml) and n e u t r a l i s e d  with  aqueous ammonia 

(d ~ 0 .8 8 ) .  The r e s u l t i n g  s l u r r y  was f i l t e r e d ,  the  s o l i d  was washed 

r e p e a t e d ly  with d i l u t e  ammonia s o l u t i o n  and the  f i l t r a t e  and washings 

were combined and r e p e a t e d ly  e x t r a c t e d  with d ich lo romethane to  y i e l d  

3 -e thoxy c a rb o n y l th ien o /" 2 ,3 -b ;p y r id in e  (2.1 g ,  9%) as a pa le  ye l low 

o i l .

t ( C D C 1 3) 1.5 and 2 .8  (both  m, 4x Ar-H)

5 .8  (q ,  -CH2CH3 , J = 6 Hz)

8.65  ( t ,  -CH2CH3, J =« 6 Hz).



I n v e s t i g a t i o n  o f  the  vapour phase r e a c t i o n  between 2~viriy1pyridine

and carbon d i s u lp h id e

The vapour phase r e a c t o r  ( s ee  s e c t i o n  I I )  was packed with 

a c t i v a t e d  alumina (600 ml) and hea ted  to  a t em pera tu re  o f  500-520°.

A s o l u t i o n  o f  2 - vinyl  p y r id in e  (25 g) in carbon d i s u lp h i d e  (240 ml) was 

pumped in t o  the  r e a c t o r  a t  a r a t e  o f  60 ml /h.  A f te r  4 h the  product  

ob ta ined  was evapora ted  under reduced p re s su re  and the  r e s id u e  was 

d i s t i l l e d  under vacuum to give a c l e a r  yel low o i l  (bp.  80~120°/10 mm 

Hg). Tic i n v e s t i g a t i o n  o f  the produc t  ( a l u m i n a / e t h y l a c e t a t e )  showed 

i t  to  be a mixtu re  o f  seve ra l  components. With the  a id  o f  s tanda rd  

nmr s p e c t r a ,  the  presence  o f  2- v i n y l - ,  2-methyl-  and 2- e t h y l p y r i d i n e  

was demonstrated.

The d i s t i l l a t i o n  pot  r e s id u e  was chromatographed on alumina 

(100 g) with cyclohexane as e l u a n t .  The i n i t i a l  f r a c t i o n s  were com

bined and evapora ted  under reduced p re s s u re  to  give t r a c e s  o f  a c l e a r  

ye l low  o i l .  The nmr spectrum o f  t h i s  was c o n s i s t e n t  with  t h a t
1 7 0

r e p o r te d  f o r  t h i e n o / 3 , 2 ~ b ; p y r i d i n e .

t (CDC13) : 2 .38 ,  2 .49 ,  1 .36 ,  2 .8 8 ,  1.92 (Ar-H)

The e s t im a ted  y i e l d  o f  th i e n o p y r id i n e  ob ta ined  in  t h i s  run was 

l e s s  than 1%.

The above procedure was r ep ea ted  using a c t i v a t e d  alumina a t  350° 

and G41 c a t a l y s t  a t  500° and a t  350° wi th th e  same pumping r a t e  as 

b e fo re .  In no case  was a s i g n i f i c a n t  convers ion  o f  v in y l p y r i d i n e  i n t o  

t h i e n o p y r id i n e  observed.  The h ig h e s t  es t im a ted  y i e l d  was 4% (G41 

c a t a l y s t  a t  500°) .  No a t t e m p t  t o  i d e n t i f y  the  o t h e r  r e a c t i o n  products



I n v e s t i g a t i o n  o f  the  vapour phase r e a c t i o n  between 4-v iny l  p y r id in e

and carbon d i s u lp h id e

The r e a c t i o n  was c a r r i e d  o u t  under i d e n t i c a l  c o n d i t io n s  to  those  

desc r ibed  f o r  2 -v inyl  p y r id in e  over alumina a t  500°. The crude r e a c t i o n  

p roduc t  ( f r e e d  o f  carbon d i s u lp h i d e )  was d i s t i l l e d  under reduced p r e s 

su re  to  g ive a low b o i l i n g  (bp.  30-40°/2  mm Hg) and a high b o i l i n g  

f r a c t i o n  (bp.  100-130° /2 mm Hg). NMR a n a l y s i s  o f  the  lower b o i l i n g  

f r a c t i o n  i n d i c a t e d  the  p resence  o f  4 - v i n y l - ,  4 -methy l-  and 4 - e t h y l - 

p y r id in e .  The d i s t i l l a t e  from the  h ighe r  b o i l i n g  f r a c t i o n s  was 

chromatographed on alumina (100 g) with cyclohexane-benzene as e l u a n t ,  

t o  g ive  t h i e n o / ^ , 3 - c / p y r i d i n e  as a s e m i - s o l i d ,  in a y i e l d  of  l e s s  than 

1%. The p i c r a t e  was p repared  and had mp. 185-6° ( l i t ^  185-6°) .  The 

procedure was repea ted  us ing a c t i v a t e d  alumina a t  350°,  and G41 c a t a l 

y s t  a t  500°. In n e i t h e r  case was s i g n i f i c a n t  convers ion  i n t o  t h i e n o 

p y r id in e  observed.

4 , 6-Dimethyl t h i  eno/~2,3-b; pyr i  dine

This compound was prepared  in  42% y i e l d  from the  r e a c t i o n  o f

2-aminothiophen t i n  double s a l t  and ace ty l  ace tone  accord ing  to  the  

method o f  Klemm. 83 The p i c r a t e  had mp. 191-4° ( l i t 83 191-2°) .

T h i e n o ^ ,  3-b ;  pyr i  dine

This compound was p repared  in  12% y i e l d  from th e  r e a c t i o n  o f

2-aminothiophen t i n  double s a l t  and m a lond ia ldehydeb isd im ethy lace ta l
81 oaccording to  the  method o f  Klemm. The p i c r a t e  had mp. 170-2

( l i t 81 170-2°) .
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Vapour phase r e a c t i o n  between 5 - e th y l -2 -m e t h y lp y r id i n e  and carbon

d i s u lp h id e

The vapour phase r e a c t o r  was packed with  G41 c a t a l y s t  (100 m l) ,  

and a p r e -h ea t ed  s e c t i o n  was packed with alumina (500 ml) ( see  page 5*3) 

and ,heated to  500°. A s o l u t i o n  o f  5- e t h y l - 2-m e thy lpy r id ine  (40 g) in 

carbon d i s u lp h i d e  (400 ml) was pumped i n t o  the  r e a c t o r  a t  a r a t e  o f  

50 ml /h.  A f t e r  4 h the  product  was c o l l e c t e d  and d i s t i l l e d  under 

reduced p re s s u re  ( a f t e r  removal o f  carbon d i s u l p h i d e ) ;  the  bulk o f  the  

m a te r ia l  had bp. 55-70°/10 mm Hg. By nmr a n a l y s i s  th e  d i s t i l l a t e  was 

shown to  c o n s i s t  o f  5 - e th y l - 2 - m e t h y l - ,  2 -m e th y l -5 -v in y l -  and 2 ,5 -  

dimethyl  pyri  d in e s .  The pot  r e s id u e  c o n s i s t e d  o f  a t a r  from which no 

pure subs tance  was o b ta ined .

2-P ro p io n y l fu r a n

This compound was p repared  from p rop ion ic  anhydr ide ,  fu ran  and 

o r tho  phosphor ic  ac id  in 46% y i e l d ,  fo l lowing  the  procedure desc r ib e d  

by Gruber . 151

Attempt to  p repare  3 -h y d ro x y -2 -e th y lp y r id in e  by the  vapour phase 

r e a c t i o n  o f  2-p ro p io n y l fu r a n  and ammonia

The vapour phase r e a c t o r  was packed with a c t i v a t e d  alumina 

(600 ml) and hea ted  t o  300°.  Ammonia gas was pumped in t o  the  r e a c t o r  

a t  a r a t e  o f  0.7 £/min and 2 -p ro p io n y l fu ra n  a t  a r a t e  o f  4 .5  g /h .

A f t e r  6 h the  p roduc t  from th e  r e a c t o r  was c o l l e c t e d  and d i s s o lv e d  in 

chloroform (100 ml) .  The ch loroform s o l u t i o n  was e x t r a c t e d  seve ra l  

t imes with aqueous 2M h y d ro c h lo r i c  a c i d ,  the  a c i d i c  s o l u t i o n  was 

n e u t r a l i s e d  with  co n c e n t ra te d  ammonia s o l u t i o n  (d = 0 . 88) ,  then  

r e p e a t e d ly  e x t r a c t e d  with  e t h e r .  The combined e t h e r  e x t r a c t s  were 

d r i e d  (MgS04 ) and evapo ra ted .  The r e s id u e  was c r y s t a l l i s e d  from l i g h t  

petro leum to  g ive  3 -h y d ro x y -2 -e th y lp y r id in e  ( u ,8  g ,  3%), mp. 131-2°
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( l i t 151 134-6°) .

t (CDC1 3) : 2 .45 ,  2 . 9 ,  3 .6  ( a l l  m, 3x Ar-H)

7.55 (q ,  CH2CH3 , J  = 7 .5  Hz)

8.9 ( t ,  CH2CH3, 0 = 7 .5  Hz).

6- E t h y l p y r i d i n - 2 ( lH)-one

A s o l u t i o n  o f  2-amino-6- e t h y l p y r id in e  (122 g) in  con c e n t ra te d  

s u lp h u r i c  ac id  (110 ml) and w ate r  (830 ml) was cooled in  an i c e - s a l t

ba th  to  0°.  A s o l u t i o n  o f  sodium n i t r i t e  (74 g) in w a te r  (140 ml) was

then  added dropwise a t  such a r a t e  t h a t  the  tem pera tu re  o f  the  r e s u l t 

ing s o l u t i o n  did  not  exceed 5°. A f t e r  the  a d d i t i o n  was completed,  the  

s o l u t i o n  was s t i r r e d  f o r  1 h, then hea ted  to  90° f o r  10 min,  coo led ,  

and n e u t r a l i s e d  by the  a d d i t i o n  o f  anhydrous potassium carbona te  

(205 g ) .  The aqueous s o l u t i o n  was then evapora ted  under reduced p r e s 

sure  and the r e s id u e  was r e p e a t e d ly  e x t r a c t e d  with b o i l i n g  benzene 

(6 x 100 ml) .  The combined benzene e x t r a c t s  were evapora ted  under 

reduced p re s s u re  to  o n e - t h i r d  o f  the  o r i g i n a l  volume, then  cooled in 

i c e  when ye l low c r y s t a l s  o f  6 - e t h y l p y r i d i n - 2 ( l H ) - o n e  were ob ta ined .

The product  (106 g,  86%) was f i l t e r e d  o f f  and d r i e d  in a vacuum d e s i c 

c a t o r .  I t  had mp. 96-98° ( l i t "*7^ 9 6 -8 ° ) .

t (CDC13) :  2.65 and 3.75 (m, 3x Ar-H)

7.35 (q ,  CH2CH3 , J = 6 Hz)

8.75  ( t ,  CH2CH3 , J = 6 Hz).

6- E t h y l p y r i d i n - 2- t h i o l

6 -E t h y lp y r id i n -2 ( l H ) -o n e  (50 g ) ,  f i n e l y  powdered, was p laced  in  a 

250 ml round bottom f l a s k .  Powdered phosphorous p en ta su lph ide  (100 g) 

was added,  and the  f l a s k  was shaken to  give a homogeneous m ix tu re ,

which was then hea ted g e n t l y  to  90-95°.  The mix tu re  melted  and the

tempera tu re  ro se  r a p i d l y  t o  210°. The dark-orange  r e s id u e  o b ta ined  on
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cool ing  was d i s s o lv e d  in  b o i l i n g  w ate r  (200 ml) and th e  cooled aqueous 

s o l u t i o n  was r e p e a t e d ly  e x t r a c t e d  with  chloroform. The combined 

chloroform e x t r a c t s  were d r i e d  (MgSOi*) and evapora ted  to  give 6- e t h y l -  

p y r i d i n - 2 - t h i o l  {46 g,  93%), mp. 124-6° ( l i t 153 125-6° ) .  

t(CDC13) :  2.65  and 3.4  (m, 3x Ar-H)

7 .2  ( q ,  CH2CH3, 0 = 6 Hz)

8 .8  ( t ,  CH2CH3 , 0 = 6  Hz).

S - ( 6-E t h y l - 2 - p y r id y l  )rnercaptoacetone (103)

A s o l u t i o n  o f  6 ~ e t h y l p y r i d i n - 2 - t h i o l  (8 g) in aqueous 20% sodium

hydroxide s o l u t i o n  (100 ml) was cooled in an i c e - s a l t  bath to  0°.

Chloroacetone (8 ml) was added dropwise with s t i r r i n g ,  a t  such a r a t e  

t h a t  t h e  t em pera tu re  d id  no t  exceed 5°.  A f t e r  the  a d d i t i o n  was com

p l e t e d ,  the s o l u t i o n  was s t i r r e d  a t  room tem pera tu re  f o r  3 h,  then 

e x t r a c t e d  wi th e t h e r  (4 x ) .  The e t h e r  e x t r a c t s  were combined, d r i e d  

(MgSOiJ and evapora ted  to  give a r e s i d u e ,  which was d i s t i l l e d  to  p ro 

vide S - (6 - e th y l - 2 - p y r i d y l ) m e r c a p to a c e to n e  (4 .2  g ,  38%) as a ye l low

o i l ,  bp. 103-5° /0 .3  mm Hg. 

t (CDC13) :  2.9 (m, 3x Ar-H),  6.1 ( s ,  S-CH2-)

7.35 (q ,  CH2CH3 , J = 6 Hz),  7 .8  ( s ,  C0CH3)

8.85 ( t ,  CH2CH3, J = 6 Hz).

Attempts to  c y c l i s e  S - ( 6 - e th y l - 2 - p y r i d y l ) m e r c a p to a c e to n e  to  7 -e thy l  - 

3 -m e thy l th i  eno[2, 3 - b ;p y r i  di ne (104)

A The above compound (1 g) was added to  po lyphosphor ic  ac id  (5 g) 

and the  s o l u t i o n  was hea ted  in an o i l  bath  to  150-60°.  A f te r  

6 h,  TLC and nmr i n v e s t i g a t i o n s  showed t h a t  no r e a c t i o n  had 

o c cu r red ,  and,  when the  r e a c t i o n  was worked up,  s t a r t i n g  m a te r i a l  

was recovered .
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B The above compound (1 g) was added to  phosphorous pen tox ide  (5 g) 

in ch loroform (30 ml) and the  r e s u l t i n g  s o l u t i o n  was b o i l e d  under 

r e f l u x  f o r  4 h. Tic and nmr i n v e s t i g a t i o n  showed t h a t  no r e a c t i o n  

had occurred .

C 'To  s t i r r e d  polyphosphoric  a c id  (4 g ) , phosphorous pen tox ide  (2 g) 

was added.  The above compound (1 g) was added t o  the  ' s u p e r '  

po lyphosphor ic  ac id  s o l u t i o n  and the  r e s u l t i n g  mixtu re  was hea ted  

in  an o i l  bath  a t  180° f o r  6 h. When coo led ,  th e  mixtu re was 

added in p o r t i o n s  to  cold  w a te r  (20 m l) ,  the  s o l u t i o n  was n e u t r a l 

i s e d  with 4M sodium hydroxide s o l u t i o n  and r e p e a t e d ly  e x t r a c t e d  

with chloroform. The chloroform s o l u t i o n  con ta ined  only the  

unreac ted  mercap toacetone  d e r i v a t i v e  ( 0 .8  g) .

D S i m i l a r l y ,  t r e a tm e n t  o f  S - ( 6 - e t h y l - 2 - p y r i d y l ) mercap toacetone  with 

b o i l i n g  phosphoryl  c h i o r i d e - p y r i d i n e  and with phosphorous p e n to x id e 

xylene both f a i l e d  to  induce the  d e s i r e d  c y c l i s a t i o n .

E . S - ( 6 ~ e t h y l -2 -p y r id y l )m e rc a p to a c e to n e  (2 .6  g) was d i s s o lv e d  in  

co n c e n t ra te d  s u lp h u r i c  a c id  (30 ml) and th e  s o l u t i o n  was s e t  

a s id e  a t  room tem pera tu re  f o r  48 h,  then hea ted  on a steam bath 

u n t i l  the  s t a r t i n g  m a te r i a l  was no longer  d e t e c t a b l e  by t i c .  The 

s o l u t i o n  was cooled and added dropwise to  i c e - c o l d  w ate r  (100 ml).  

The aqueous s o l u t i o n  was n e u t r a l i s e d  with 4M sodium hydroxide 

s o l u t i o n ,  then r e p e a t e d ly  e x t r a c t e d  with  d ich lo romethane .  The 

combined e x t r a c t s  were washed with  w a te r ,  with  b r i n e ,  then  d r i e d  

(MgSOiJ and evapora ted  t o  y i e l d  an o i l .  This  was d i s t i l l e d  in 

vacuo to  p rovide  7 - e t h y l - 3 - m e t h y l th i  enof2 ,3 -b j  pyr i  di ne (104)

( 0 .8  g ,  34%), bp. 100-102° /0 .4  mm Hg. 

t (CDC13) : 3.40  (m, 3x Ar-H)

7.66 (m, superimposed q and s ,  CH2CH3 ancj Ar-CH3)

8 .9  ( t ,  CH2CH3)
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The p i c r a t e  was p repared  in  e t h e r  and a f t e r  c r y s t a l l i s a t i o n  from 

ethanol  had mp. 137-8°.  (Found: C, 46 .8 ;  H, 3 .4 ;  N, 13 .2 .

CieHmNi+OyS r e q u i r e s  C, 47 .1 ;  H, 3 .3 ;  N> 13.8%.)

1572-Ami no-3-e thoxycarbony l-5 -m ethy l th iophen  (107)

A mixtu re  o f  e thy l  cyanoa ce ta te  (11 .6  g ) , f i n e l y  powdered su lphur  

( 6 .2  g) arid dimethylformamide (30 ml) was s t i r r e d  a t  room te m p era tu re ,  

and t r i e t h y l  amine (15 ml) was added dropwise.  The s o l u t i o n  was cooled 

t o  0° in  i c e - s a l t ,  and propiona ldehyde  (22 g) was added dropwise a t  

such a r a t e  t h a t  the  tem pera tu re  o f  the  s o l u t i o n  remained below 5°. 

A f t e r  the  a d d i t i o n  was complete th e  s o l u t i o n  was s t i r r e d  f o r  3 h a t  

room tem p era tu re ,  then poured i n t o  w ate r  (50 m l) ,  and e x t r a c t e d  

r e p e a te d ly  with  e t h e r .  The combined e x t r a c t s  were washed with  w a te r ,  

with  b r i n e ,  and d r i e d  (MgS0if) ,  then evapora ted  t o  g ive  a dark v iscous  

o i l .  This was d i s t i l l e d  under reduced p re s s u re  to  g ive  2-amino-3- 

e thoxycarbonylth iophen  as an o i l ,  bp. 108-110 ° / 0 .3 mm Hg, which s o l i d 

i f i e d  on c o o l in g .

C r y s t a l l i s a t i o n  from l i g h t  petro leum a f fo rd ed  th e  amino compound 

( 7 .0  g,  37%) with  mp. 45-47° ( l i t 157 45-46°) .  

t(CDC13) : 3 .5  ( s ,  Ar-H),  5.85  (q ,  CH2CH3, J = 7 Hz)

7.85 ( s ,  CH3) ,  8 .8  ( t ,  CH2CH3, J = 7 Hz).

React ion  o f  2-amin o-3 -e thoxycarbony l -5-methy l th iophen  with  methyl 

a c e t o a c e t a t e

A s o l u t i o n  o f  2-amino-3 -e thoxycarbony l-5 -m ethy l th iophen  (1 g) and 

methyl a c e t o a c e t a t e  (1 g) in  to luene  (5 ml) was b o i l e d  under r e f l u x  

f o r  24 h. The s o l u t i o n  was then  evapora ted  under reduced p r e s s u re  to  

g ive  an o i l ,  which was d i s s o lv e d  in e t h e r .  The e t h e r  s o l u t i o n  was 

t r e a t e d  with d e c o lo u r iz in g  carbon ,  f i l t e r e d  and coo led ,  when N-(3- 

e thoxyca rbony l -5 -m e thy l -2 - th ieny l ) -3 -ke tobu ta r . am ide  (108) (0 .6  g, 83%)



was ob ta ined  as ye l low n e e d l e s ,  mp. 76-78°.  The a n a l y t i c a l  sample was 

c r y s t a l l i s e d  from l i g h t  pet ro leum and had mp. 77-78°.  (Found: C, 53 .7 ;  

H, 4 . 8 ;  N, 5 .1 .  C12H13N04S r e q u i r e s  C, 54 .0 ;  H, 4 . 9 ;  N, 5.2%.)

* t ( CDC13) :  3 .5  ( s ,  Ar-H), 5.85 (q ,  CH^Cjfe, J = 7 Hz)

6 .35 ( s ,  CGCH2C0-) ,  7.5  ( s ,  C0CH3)

7.85 ( s ,  CH3) ,  8 .8  ( t ,  CH2CH3 , J = 7 Hz).

Attempted c y c l i s a t i o n  o f  N - (3 -e th o x y c a rb o n y l -5 -m e th y l -2 - th ie n y l ) - 3 - 

ketobutanamide

The ketoamide (1 g) was d i s s o lv e d  in  anhydrous dimethylformamide 

(5 ml) and sodium hydr ide  (80% d i s p e r s i o n  in o i l ,  0 .4  g) was added.

The r e s u l t i n g  s o l u t i o n  was hea ted  on a steam bath f o r  30 min, c o o led ,

d i l u t e d  with wate r  (20 ml) and e x t r a c t e d  with e t h e r  to  give a dark 

polymeric subs tance  (0 .6  g ) .  Repeated a t tem pts  to  o b t a in  an i d e n t i f i 

ab le  compound from the  r e s id u e  f a i l e d .

1583-Ami no-2-methoxycarbonylthiophen • (111)

Methyl t h i o g l y c o l a t e  (53 g) was added to  sodium methoxide (from 

26 g sodium) in  methanol (500 m l ) ,  then  2 - c h l o r o a c r y l o n i t r i l e  (44 g) 

in  methanol (50 ml) was added dropwise to  the s o l u t i o n ,  the  tem pera tu re  

bj&ng main ta ined  a t  25° by e x t e rn a l  coo l ing .  A f t e r  the  a d d i t i o n  was 

completed,  the  s o l u t i o n  was s t i r r e d  a t  room tem pera tu re  f o r  1 h,  then 

c o n c e n t r a te d ,  in vacuum, to  about  o n e - t h i r d  i t s  o r i g i n a l  volume, 

d i l u t e d  with  w ate r  (400 ml) and e x t r a c t e d  r e p e a t e d ly  t o  give 3-amino-

2-methoxycarbonylthiophen ( 111) ,  as a pa le  ye l low  o i l ,  which s o l i d i f i e d  

on s tand ing .  I t  was c r y s t a l l i s e d  from l i g h t  pet ro leum and formed 

ye l low  p l a t e l e t s  (53 g,  68%), mp. 63-64° ( l i t ^ 8 64-65°) .  (Found:

C, 4 5 .8 ;  H, 4 . 3 ;  N, 8 . 6 . C a lcu la ted  f o r  C6H7N02S: C, 4 5 .8 ;  H, 4 . 4 ;

N, 8.9%.)
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x ( CDC13):  2.46 (d .  H-5,  J = 6 Hz)

2.92  (d ,  H-4, 0 = 6 Hz)

6 .2  ( s ,  C00CH3) ,

vmax ( KBr) : 3800, 3960 cm' 1 ^NH2^ ’ 1680, 1710 cm_1 =

S i m i l a r l y ,  us ing the  procedure  desc r ibe d  above,  but  s t a r t i n g  from

ethy l  m erc ap toac e ta te  (24 g ) ,  3-amino-2 -e thoxycarbony l th iophen  (112)
158(21 .7  g ,  64%) was ob ta ined  as a pa le  ye l low o i l .  

t(CDC13):  2.85 (d ,  H-4, J = 6 Hz),  1.9 (d ,  H-5, 0 = 6  Hz)

5 .8  (q ,  C00CH2CH3) ,  8.76 ( t ,  C00CH2CH3) .

vmax: 3800, 3960 cm_1 ( NH2)> 1680, 1710 cn'" 1 =

3 - Ami n o -2 -a c e ty l th io p h e n  (113)
175Mercaptoacetone (18 g) was added in p o r t i o n s  to  an i c e - c o l d  

s o l u t i o n  o f  sodium methoxide (from 9 ,3  g sodium) in methanol (200 ml) .  

A s o l u t i o n  o f  2 - c h l o r o a c r y l o n i t r i l e  (17 .6  g) in  methanol (100 ml) was 

then added dropwise with  s t i r r i n g ,  a t  such a r a t e  t h a t  the  t em pera tu re  

did  no t  exceed 4° .  A f t e r  the  a d d i t i o n  was completed th e  s o l u t i o n  was 

s t i r r e d  a t  room tem pera tu re  f o r  2 h, then evapora ted  under reduced 

p r e s s u r e ,  to  approxim ate ly  o n e - t h i r d  o f  i t s  o r i g i n a l  volume, d i l u t e d  

with  wate r  (200 ml) and r e p e a t e d ly  e x t r a c t e d  wi th e t h e r .  The combined 

e t h e r  e x t r a c t s  were d r i e d  (MgSOj.) and evapora ted ,  to  g ive  a dark-brown 

o i l .  D i s t i l l a t i o n  a f fo rd ed  the  ami noketone (bp.  82 -84° /0 .33  mm Hg) 

which s o l i d i f i e d  on c o o l in g .  The s o l i d  was r e c r y s t a l l i s e d  from l i g h t  

pet roleum to  g ive  3-amin o - 2 - a c e t y l th iophen  (18 .2  g,  65%) mp. 82-83° 

( l i t 176 89 -90° ) .  (Found: C, 50 .3 ;  H, 5 .0 ;  N, 9 .8 .  C a lcu la ted  f o r  

C5H7ONS: C, 50 .0 ;  H, 4 . 9 ;  N. 9.9%.) 

t ( CDC13) :  2.82 (d ,  H-5, J = 6 Hz)

3 .5  (d ,  H-4,  0 = 6 Hz)

7.65  ( s ,  C0CH3)

vmax ( KBr): 345° ’ 3200 cm~1 ( NH2)» 1600 cm_1 (-C = °)
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1773-Amino th io p h en -2 -ca rb o x y l i c  ac id

A s o l u t i o n  o f  3-amino-2-methoxyc.arbonylth iophen (10 g) in 2M- 

sodium hydroxide s o l u t i o n  (100 ml) was bo i l ed  under r e f l u x  f o r  2 h,  

then  cooled and poured in to  w ate r  (200 ml) .  Careful  a c i d i f i c a t i o n  

w i th  c o n ce n t ra te d  h y d ro c h lo r i c  ac id  p r e c i p i t a t e d  the  crude a c i d .  The 

ac id  v/as e x t r a c t e d  i n t o  warm chlorofo rm ,  the  e x t r a c t s  were d r i e d  

(MgSOiJ and evapora ted  to  g ive a white  r e s id u e .  C r y s t a l l i s a t i o n  from 

e t h e r - a c e t o n e  s o l u t i o n  gave 3 -am ino th iophen-2 -ca rboxy l i c  a c id  (7 .6  g,
1 *7 7

84%) as white  c r y s t a l s ,  mp. 79-80° (with  e f f e r v e s c e n c e ) ,  ( l i t  mp.

80° with  decomposi t ion) .

t(CDC13) :  2.2  (d ,  H-5, 0 = 6 .Hz), 3 .0  (d ,  H-4, J = 6 Hz)

V (KBr): 3860, 3900 cm' 1 (NHZ) , 3100 cm" 1 (C00H).

3-Formylami n o - 2 - a c e t y l t h i  ophen (117,  R = H)

A s o l u t i o n  o f  3-amin o - 2 - a c e t y l thiophen (1 g) in  formic a c id  (10 ml) 

was b o i l ed  under r e f l u x  f o r  30 min. When cool ,  the  s o l u t i o n  was 

d i l u t e d  with w a te r  (30 ml) .  Prolonged coo l ing  o f  th e  s o l u t i o n  gave 

3-formylami n o - 2 - a c e t y l t h i  ophen (0 .7  g,  83%) as whi te  n e e d l e s ,  mp. 

114-116°. (Found: C, 4 9 .1 ;  H, 4 . 0 ;  N, 8 .2 .  C7H702NS r e q u i r e s  C, 4 9 .7 ;  

H, 4 . 1 ;  N, 8 .2 / , . )  

t{.CDC1 3) :  1.85 (d ,  H-5, 0 = 6 Hz)

2 .6  ( d ,  H-4,  J = 6 Hz)

7.55  ( s ,  0CH )

vmax ( KBr) ; 1510 and 1680 cm-1 ( c =°)> 3490 c m l  ( NH!

3-Acetyl  amin o - 2 - a c e t y l th io p h e n 1^  (117,  R = CH3)

A s o l u t i o n  o f  3 -am in o -2 -ace ty l th io p h en  (5 g) in  g l a c i a l  a c e t i c  

a c id  (8 ml) and a c e t i c  anhydr ide (8 ml) was hea ted  on a steam bath  f o r  

2 h. When cool the  s o l u t i o n  was poured in t o  i c e - c o l d  w ate r  (100 ml) .

The s o l i d  ob ta ined  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from w ater  to
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give  3 - ace ty lam ino~ 2-ace ty l th iophen  (5 .6  g,  86%), mp. 109-110° ( l i t ^  

112-13°) .  (Found: C, 52 .4 ;  H, 4 . 9 ;  N, 7 .6 .  C a lcu la ted  f o r  C8H9N02S:

C, 52 .5 ;  H, 4 . 9 ;  N, 7.6%.)

t (CDC13) :  1.85 (d ,  H-5,  0 = 6  Hz), 2.6 (d ,  (H-4,  0 = 6  Hz)

7.55 ( s ,  -0CH3) ,  7 .8  ( s ,  -0CH3)

vmax: 1610 and 1700 cm” 1 <C = °)

3-E thy loxa loy lam in o - 2 - a c e t y l th iophen (117,  R = C00C2H5)

3-Amin o - 2 - a c e t y l th iophen (1 .4  g ) ,  d i e th y l  o x a l a t e  ( 1 .7  g) and a 

c a t a l y t i c  amount o f  g l a c i a l  a c e t i c  ac id  were b o i l ed  t o g e t h e r  under 

r e f l u x  f o r  4 h. When c o o l ,  th e  s o l u t i o n  was d i l u t e d  wi th  d ich lo rometh-  

ane (30 m l ) ,  washed with  2M h y d ro ch lo r i c  a c i d ,  w a te r ,  s a t u r a t e d  sodium 

hydrogen ca rbona te  s o l u t i o n ,  w ate r  and f i n a l l y  with b r in e .  The 

s o l u t i o n  was d r i e d  (MgS04 ) and evapora ted  to  y i e l d  a dark o i l y  m a te r i a l  

This  was d i s s o lv e d  in ace to n e ,  the  s o l u t i o n  was t r e a t e d  with deco lo u r 

iz in g  c h a r c o a l ,  f i l t e r e d  and evapora ted ;  on t i t u r a t i o n  wi th l i g h t  

pet roleum the  o i l  s o l i d i f i e d .  C r y s t a l l i s a t i o n  from ether -methanol  

gave 3 -e thy loxa loy lami  n o - 2 - a c e t y l th i  ophen (117, R = C00C2H5) (0 .6  g ,  

24%) as whi te  b l a d e s ,  mp. 114-6°.  (Found: C, 4 9 .9 ;  H, 4 . 6 ;  N, 5 .8 .

CioH11NOt+S r e q u i r e s  C, 4 9 .9 ;  H, 4 . 6 ;  N, 5.8%.) 

t(CDC13):  1.90 (d ,  H-5, J = 5 Hz),  2.55 (d ,  H-4, J = 5 Hz)

5.66 (q ,  CH2CH3) ,  7.55 ( s ,  C0CH3)

8 .6  ( t ,  CH2CH3)

vmax ( KBr) : 1700’ 1640, 1570 cra" 1 ( c = °>

Attempted c y c l i s a t i o n  o f  3 -e th y lo x a lo y la m in o - 2 - a c e t y l th iophen

The above compound (1 g) and sodium hydroxide ( 0 .2  g) in  w ate r  

(30 m l) -e thano l  (7 ml) were b o i l e d  under r e f l u x  f o r  4 h. When c o o l ,  

t he  s o l u t i o n  was e x t r a c t e d  with  dichloromethane  to  g ive  a m a te r ia l  

( 0 .2  g) which,  on c r y s t a l l i s a t i o n  from l i g h t  pe t ro leum,  y i e l d e d  3-amino



2 -a c e ty l t h io p h e n  (nip. and mixed nip. 8 2 -4° ) .  The o r i g i n a l  aqueous 

s o l u t i o n  was a c i d i f i e d  with  2M h y d ro ch lo r i c  a c i d ,  th e  r e s u l t i n g  white  

p r e c i p i t a t e  was f i l t e r e d  o f f ,  d r i e d  and r e c r y s t a l l i s e d  from e t h a n o l ,  

when i t  had mp. 194-6°. The product  (0 .4  g) was shown to  be

3-oxa loy1an i ino-2-ace ty l th iophen  (118) .  (Found: C, 4 5 .1 ;  H, 3 . 2 ,

N, 6 .5 .  CqHANS r e q u i r e s  C, 4 5 .1 ;  H, 3 .3 ;  N, 6 . 6%.)

Tf(CD3) 2S07 : 2.05 (d ,  H-5,  J = 5 Hz), 2.55 (d ,  H-4, J = 5 Hz)

4.05  (broad  s ,  -NH), 7.55  ( s ,  C0CH3)

2-M ethy lqu ino l in -4 ( lH )one^

2-Acetyl aminoacetophenone (1 .9  g) and sodium hydroxide (0 .57  g) 

in  methanol (11 ml) and w ate r  (60 ml) were b o i l e d  t o g e t h e r  under 

r e f l u x  f o r  3 h. The s o l u t i o n  was s e t  a s id e  o v e r n ig h t ,  when c r y s t a l 

l i s a t i o n  occur red .  The p roduc t  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

from methanol to  g ive 2 -m ethy lqu ino l in -4 ( lH )one  (1 .2  g ,  71%), mp. 

225-7° ( l i t 160 225-6°) .

Attempted c y c l i s a t i o n  o f  3- formylamin o - 2 - a c e t y l thiophen

A s o l u t i o n  o f  3-formylamin o - 2 - a c e t y l th iophen  (0 .5  g) in 10% 

aqueous sodium hydroxide (10 ml) was b o i l ed  under r e f l u x  f o r  2 h 

(2 -3  ml methanol was added to  g ive a c l e a r  s o l u t i o n ) .  The s o l u t i o n  

was cooled and e x t r a c t e d  with  d ich lo romethane.  Thus,  an o i l  was 

o b ta in e d ,  which,  on coo l ing  and t i t u r a t i o n  wi th l i g h t  pe t ro leum,  

s o l i d i f i e d .  The s o l i d  ( 0 .2  g) was c r y s t a l l i s e d  from l i g h t  pet roleum 

and was i d e n t i f i e d  (mp., mixed mp. and nmr spectrum) as 3-amino-2- 

a c e ty l t h io p h e n .

When t r e a t e d  with  a l c o h o l i c  ammonia s o l u t i o n ,  in th e  manner d e s 

c r ib e d  f o r  the  3-ace'ttjiamino-compound (page 111) ,  3- formylamino-2-  

a c e ty l t h io p h e n  was unchanged.
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Attempted c y c l i s a t i o n s  o f  3 - a c e ty l a m in o - 2 - a c e t y l th iophen

Method fl159

A s o l u t i o n  o f  3 -a c e ty l  amin o - 2 - a c e t y l thiophen  (2 g) and sodium 

hydr ide  (0.51 g) in  methanol (11 ml) and wate r  (60 ml) was b o i l e d  

under r e f l u x  f o r  3 h. The s o l u t i o n  was l e f t  t o  s tand  a t  room temper

a t u r e  o v e rn ig h t .  The aqueous s o l u t i o n  was r e p e a t e d ly  e x t r a c t e d  with 

d ich lo romethane .  The combined e x t r a c t s  were d r i e d  (MgS04 ) and evapor

a ted  to  g ive  an o i l  which s o l i d i f i e d  on coo l ing .  C r y s t a l l i s a t i o n  from 

l i g h t  petroleum gave a s o l i d  (0 .9  g ) .  I t s  mp. ( 8 3 - 4 ° ) ,  mixed mp. and 

nmr spectrum showed i t  to  be 3 -amino-2~ace ty l th iophen .

Method B

A s o l u t i o n  o f  3 - a c e ty l  amino-2- a c e t y l th iophen  (1 g) in  d im ethy l -  

formamide (10 ml) was s t i r r e d  a t  room tem pera tu re  and sodium hydride 

(-80% d i s p e r s i o n  in o i l ,  0 .5  g) was added. The s o l u t i o n  was kept  a t  

room tempera tu re  f o r  30 min,  then hea ted  on a steam ba th  f o r  30 min.

When coo l ,  the s o l u t i o n  was poured i n t o  w a te r  (100 ml) .  The s o l i d  which

p r e c i p i t a t e d  was f i l t e r e d  o f f ,  and c r y s t a l l i s e d  from methanol to  g ive  

a m a te r i a l  ( 0 .8  g) mp. 109-110°,  shown (mixed mp.,  nmr spectrum) to  be 

-unreacted 3 -a c e ty l  amin o - 2 - a c e t y l th iophen.

The fo l lowing  exper iment was c a r r i e d  ou t  t o  demonst ra te  t h a t  the  

f a i l u r e  o f  the  r in g  c l o s u r e  r e a c t i o n  was not  due t o  non-fo rmat ion  o f  a 

s u i t a b l e  anion:

The ac e ty l  ami no compound [1 g) in  dimethylformamide (10 ml) was 

t r e a t e d  with sodium hydr ide  (80% d i s p e r s i o n  in  o i l ,  0 .5  g) as above,  

then iodomethane ( 4 . ml) was added.  The s o l u t i o n  was main ta ined  a t  room

te m pera tu re  f o r  30 min then  poured in t o  w ate r  and the  p roduc t  was

i s o l a t e d  with e t h e r  as an o i l .  This  was d i s t i l l e d  (bp.  112-14 ° / 0 .1 mm 

Hg); the  d i s t i l l a t e  s o l i d i f i e d  on c o o l in g ,  and was c r y s t a l l i s e d  from 

cyclohexane - l i g h t  pet ro leum to  provide  a s o l i d ,  mp. 66- 8° (0 .46  g,

42%) i d e n t i f i e d  as 3 -N -m ethy l -N -ace ty l -2 - (2 -m ethy1p rop iony l ) th iophen
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(119).  (Found: C, 58 .5 ;  H, 6 . 4 ;  N, 6 . 0 .  Cn H15N02S r e q u i r e s  C, 58 .6 ;  

H, 6 . 6 ; N, 6.2%.)

t ( CDC1 3 ) : 2.41 ( d ,  H-5,  0 = 6  Hz),  3.05 (d ,  H-4, 0 = 6 Hz)

6.81 ( s ,  -0CH3) ,  7.55  ( s ,  0-CH-)

8.15  ( s ,  -NCH3) ,  8.75  and 8.85  (both s ,  2 x CH3)

vmax <KBr>: 2790 cm_1 (N“CH35

Method C

A s o l u t i o n  o f  3- a c e t y l  ami no-2- a c e t y l t h io p h e n  (0 .5  g) in methanol 

(10 ml) was added dropwise to  a s t i r r e d  s o l u t i o n  o f  methanol s a t u r a t e d

with  ammonia gas.  The s o l u t i o n  was s t i r r e d  f o r  4 h a f t e r  the  a d d i t i o n ,

then  evapora ted  to  d ryness .  The r e s id u e  was c r y s t a l l i s e d  from methanol 

to  g ive a s o l i d  i d e n t i f i e d  (mp.,  mixed mp.,  nmr spectrum) as unchanged 

s t a r t i n g  m a t e r i a l .

The exper iment was r ep ea ted  in  a modif ied  form, the  s o l u t i o n  

being b o i l e d  under r e f l u x  f o r  4 h.  However, only unchanged s t a r t i n g  

m a te r ia l  was recovered .

Attempts to  r e a c t  3-amin o - 2 - a c e t y l th iophen with  acetophenone 

A 3-Amin o - 2 - a c e t y l th iophen  (1 g) and acetophenone (1 g) were d i s 

so lved  in  benzene (10 ml) ,  one drop o f  4M sodium hydroxide was 

added and th e  mix tu re  was b o i l e d  under r e f l u x  f o r  7 h. Tic  o f  

the  r e s u l t i n g  s o l u t i o n  in d i c a t e d  t h a t  no r e a c t i o n  had o ccu r red .

B 3-Amin o - 2 - a c e t y l th iophen  (1 g) and acetophenone (1 g) were b o i l e d  

t o g e t h e r  under r e f l u x  f o r  3 days .  Tic  o f  the  r e s u l t i n g  mixtu re  

showed th e  no s i g n i f i c a n t  r e a c t i o n  had taken  p la c e .
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Methyl t e t r o l a t e ^ 3

A s o l u t i o n  o f  e thy l  a c e t o a c e t a t e  (65 g) in  methanol (100 ml) was 

t r e a t e d  wi th hydraz ine  h yd ra te  (100 g) in  methanol (50 ml) .  The 

r e s u l t i n g  s o l u t i o n  was cooled in an i c e - b a t h ,  when 5 - m e t h y l - 2 - p y r a z o l in e -  

5 - one ( M g ,  80%), mp. 218-20° ( l i t 163 218-20°) ,  c r y s t a l l i s e d  o u t .  The 

produc t  (15 g) was d i s s o lv e d  in g l a c i a l  a c e t i c  a c id  (60 m l) ,  the  s o l u 

t i o n  was cooled and a s o l u t i o n  o f  bromine (32 g) in g l a c i a l  a c e t i c  

a c i d  (20 ml) was added,  dropwise.  A f t e r  the  a d d i t i o n  was comple ted,  

th e  s o l u t i o n  was s t i r r e d  a t  room tem pera tu re  f o r  1 h,  then poured in to  

w a te r  (500 ml) when 4 , 4 -d ib rom o-5 -m e thy l -2 -py ra zo l in -5 -o n e  (15 g ,  61%), 

mp. 130-132° ( l i t 163 130-131°) ,  was o b ta ined .

This compound was added in  p o r t i o n s  to  an i c e - c o l d  s o l u t i o n  o f  

sodium hydroxide (10 g) in  w a te r  (300 ml) .  A f t e r  the  a d d i t i o n  the  

s o l u t i o n  was s t i r r e d  f o r  3 h a t  room tem pera tu re ,  then a c i d i f i e d  wi th 

c o n c e n t r a te d  h y d ro c h lo r i c  a c id .  The aqueous s o l u t i o n  was r e p e a t e d ly  

e x t r a c t e d  with  e t h e r  to  give t e t r o l i c  a c i d ,  as a dark  co loured  o i l .

I t  was d r i e d  in a vacuum d e s i c c a t o r ,  over  c o n c e n t r a te d  s u l p h u r i c  ac id  

• f o r  8 days to  produce a s o l i d ,  which on c r y s t a l l i s a t i o n  from l i g h t  

pet roleum gave the  ac id  (3.1 g,  66%), mp. 72-73° ( l i t ^ 3 72-74°) .

The ac id  was d i s s o lv e d  in methanol (40 ml) and b o i l e d  under r e f l u x  

in  the  p resence  o f  c o n c e n t r a te d  s u l p h u r i c  a c i d  (1 ml) f o r  6 h. The 

s o l u t i o n  was d i l u t e d  with  w a te r  and e x t r a c t e d  r e p e a t e d l y  with  e t h e r  to  

y i e l d  methyl t e t r o l a t e  ( 2 .6  g ,  70%) as an o i l .  

t(CDC13) :  6 .2  ( s ,  C00CH3) ,  8 .05  ( s ,  CH3C-)

Attempts to  r e a c t  methyl t e t r o l a t e  with 3-amino-2-methoxycarbonyl- 

th iophen

The amino compound and methyl t e t r o l a t e  f a i l e d  to  r e a c t  when 

b o i l e d  t o g e t h e r  under r e f l u x  f o r  extended p e r io d s  in  methanol ;  in  

to l u e n e ;  in  xylene o r  in  g l a c i a l  a c e t i c  a c i d .  Even in  th e  absence o f



s o lv e n t  no r e a c t i o n  was observed a f t e r  3 days a t  100°.

The amino compound ( 0 .5  g) in dimethylformamide (10 ml) was t r e a 

t e d  with  sodium hydride  (80% d i s p e r s i o n  in o i l ,  0.1 g ) .  Methyl t e t r o 

l a t e  (0 .5  g) was added dropwise t o  the  s o l u t i o n ,  which was then  hea ted  

on a steam ba th  f o r  6 h,  then poured i n t o  w ate r  (20 ml ) .  The aqueous 

s o l u t i o n  was r e p e a t e d ly  e x t r a c t e d  with  e t h e r ;  the  combined e x t r a c t s  

were d r i e d  (MgSOiJ, cooled and t r e a t e d  with hydrogen c h l o r i d e  gas.

The white  p r e c i p i t a t e  was f i l t e r e d  o f f ,  and r e c r y s t a l l i s e d  from 

methanol .  Thus was ob ta ined  the  hyd roch lo r ide  o f  N -(3 -am ino -2 - thenoy l ) -

3-amino-2-methoxycarbonylth iophen  (122) (0 .3  g,  70%) as a white  s o l i d ,  

mp. 201-3° .  (Found: C, 51 .6 ;  H, 4 . 2 ;  N, 10.7 .  C11H1103N2 C1 r e q u i r e s

C, 51 .9 ;  H, 4 . 3 ;  N, 11.0%.)

t / ( C D 3 ) 2S 0 / :  1.7 (d ,  J = 5 Hz),  2 .18  (d ,  J = 5 Hz)

3.22  (d ,  J = 5 Hz), 2.45 (d ,  J = 5 Hz)

6.10  ( s ,  C00CH3) ,  7.25 (broad s ,  NH2 )

3-Ethyl  ami no-2-methoxycarbonylt h i  ophen (123)

To a s t i r r e d  s o l u t i o n  o f  3-amino-2-methoxycarbonylth iophen (1 g) 

i n  g l a c i a l  a c e t i c  a c id  (10 m l ) ,  sodium borohydr ide  ( 2 .4  g) was added,  

i n  small p o r t i o n s .  The tem pera tu re  was ma in ta ined  below 25° by 

e x t e rn a l  coo l ing  ( i c e - s a l t ) .  The s o l u t i o n  was s t i r r e d  f o r  4 .5  h a t  

room te mpera tu re  (by which time no s t a r t i n g  m a te r i a l  was d e t e c t e d  by 

t i c  / e t h y l a c e t a t e / a l u m i n a ; ,  th en  poured in t o  i c e - c o l d  v/ater  (50 ml) .

The aqueous s o l u t i o n  was r e p e a t e d ly  e x t r a c t e d  with e t h e r ;  the  combined 

e x t r a c t s  were d r i e d  (MgSO^) and evapora ted  to  y i e l d  3 -e th y l  amino-2- 

methoxycarbonyl th i  ophen (1 .0  g ,  83%) as a pa le  ye l low  o i l .  (Found:

C, 51 .6 ;  H, 5 .8 ;  N, 7 .4 .  C8Hn 02NS r e q u i r e s  C, 51 .8 ;  H, 5 .9 ;  N, 7.6%.) 

t(CDC13) :  2.65 (d ,  H-5, J = 6 Hz), 3.35 (d ,  H-4, J = 6 Hz)

6.21 ( s ,  C00CH3) ,  6.75 (q ,  NHCH2CH3)

8.85  ( t ,  NHCH2CH3) ,  4.10  (broad s ,  NH)

vmax 1720, 1680 cm" 1 (C = 0)
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Attempts to  p repare  3-methyl amino-2-methoxycarbon.ylth iophen  ( a f t e r  the
1

method o f  Crochet  )

A s t i r r e d  s o l u t i o n  o f  3-amino-2-methoxycarbonylth iophen ( 7 .8  g) in 

t r i e t h y l  o r thofo rm a te  (40 ml) was b o i l e d  under r e f l u x  f o r  5 h. The

excess  o f  the  r e a g e n t  was removed under reduced p r e s s u re  to  g ive  an o i l ,

which, when cooled and t i t u r a t e d  with  pet roleum e t h e r  (bp. 80 -100°) ,  

s o l i d i f i e d .  C r y s t a l ! i s a t i o n  o f  the  s o l i d  from methy la ted  s p i r i t s  gave 

a pa le  ye l low c r y s t a l l i n e  s o l i d  (4 .2  g) mp. 114-7°.  The a n a l y t i c a l  

sample (from methyla ted  s p i r i t s )  had mp. 120-1°.  This  subs tance  was 

i d e n t i f i e d  as 3-(2-methoxycarbonyl-3-amino t h i e n y l ) methyleneamino-2- 

methoxycarbonylthiophen (125).  (Found: C, 47 .9 ;  H, 3 , 7 ;  N, 8 . 5 .  

Ci3Hi2N204S2 r e q u i r e s  C, 4 8 .1 ;  H, 3 . 7 ;  N> 8.5%.) 

t ( C D C 1 3 ) :  1 . 7 ,  3.28  (both  d ) , 2 . 5  (m)

6,1 ( s ,  2 x C00CH3)

vmax ( KBr>: 1720> 1680 cn r l  <c = °)

3-Methyl ami no-2-methoxycarbonth iophen (127)

A s o l u t i o n  o f  3-amino-2-methoxycarbonylth iophen  ( 7 .8  g ) , 

succ in imide  (6 g) and 37% aqueous formaldehyde (5 ml) in  e thano l  (60 ml) 

was b o i l e d  under r e f l u x  f o r  4 h. Prolonged coo l ing  in i c e  gave a 

white c r y s t a l l i n e  subs tance .  This  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

from ethanol  to  g ive 3-ami nomethyl succi  nlmide-2-methoxycarbonylt h i  ophen 

(126) (12 .6  g,  94%) as white  c r y s t a l s ,  mp. 208-210°.  (Found: C, 4 8 .9 ;

H, 4 . 5 ;  N, 10.2.  C n H ^ N ^ S  r e q u i r e s  C, 4 9 ,2 ;  H, 4 .4 7 ;  N, 10.4%.) 

t(CDC13) :  2.46  (d ,  H-5,  J = 6 Hz),  2 .90 (d ,  H-4, J = 6 Hz)

6 .10 ( s ,  C00CH3) ,  7.25 ( s ,  2 x CH2)

4 .9  (d ,  NHCH2 , J = 9 Hz)

To a s t i r r e d  s o l u t i o n  o f  the  above product  (2 g) in d im e thy l - 

su lphoxide (5 m l ) ,  sodium borohydr ide (3 g) was added in. small p o r t i o n s  

over  a 5 min pe r io d .  When th e  exo thermic  r e a c t i o n , h a d  su b s id ed ,  t h e
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s o l u t i o n  was hea ted  on a steam bath  f o r  20 min, coo led ,  then  poured 

in t o  wate r  (20 ml) .  The product  was i s o l a t e d  with e t h e r  to  y i e l d

3-methyl ami no-2-methoxycarbonylth iophen (1 .0  g ,  83%) as a pa le  ye l low 

o i l .  (Found: C, 49 .1 ;  H, 5 .2 ;  N, 8 .1 .  C7H9N02S r e q u i r e s  C, 49 .1 ;

H, 5 .3 ;  N, 8.2%.)

t(CDC13) :  2.65 (d ,  H-5, J = 6 H z ) , 3.4 (d ,  H-4, 0 = 6  Hz)

6 .2  ( s ,  C00CH3) ,  7.05  ( s ,  -NCH3)

Repeated a t tem p ts  to  r e a c t  the  N-methyl and N-ethyl compounds 

with  methyl t e t r o l a t e  in a wide range o f  s o lv e n t s  and under var ious  

c o n d i t io n s  f a i l e d  to  g ive  th e  d e s i r e d  product .

In a l l  cases  only  unchanged s t a r t i n g  m a t e r i a l s  were recovered .

3-Formyl.ami no-2-methoxycarbonyl t h i  ophen

A s o l u t i o n  o f  3-amino-2-methoxycarbonyl th iophen (1 g) in  formic  

a c id  (10 ml) was b o i l ed  under r e f l u x  f o r  30 min. When co o l ,  the  

s o l u t i o n  was d i l u t e d  with  i c e - c o l d  w ate r  (20 ml) ;  prolonged coo l ing  in  

i c e - s a l t  gave 3-N-formylami no-2-methoxycarbonyl th i  ophen (0 .84  g, 85%) 

as a white  c r y s t a l l i n e  m a t e r i a l ,  mp. 89-90°.  (Found: C, 4 5 .3 ;  H, 3 .8 ;

N, 7 .4 .  C7H7N03S r e q u i r e s  C, 4 5 .5 ;  H, 3 . 8 ;  N, 7.6%.) 

t(CDC13) :  2.62  (d ,  H-5, J = 6 Hz)

3.35 (d ,  H-4, J = 6 Hz)

6 .20  ( s ,  C00GH3)

3 -A ce ty lam ino-2-e thoxycarbonylth iophen

A s o l u t i o n  o f  3-am ino-2-e thoxycarbonylth iophen  (1 .5  g) in  g l a c i a l  

a c e t i c  ac id  (2 ml) and a c e t i c  anhydr ide (2 ml) was hea ted  on a steam

bath f o r  1 h. The hot  s o l u t i o n  was poured in t o  w ate r  (20 m l ) ,  when

the  crude product  p r e c i p i t a t e d .  I t  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

from l i g h t  p e t ro l e u m -e th e r  to  give 3 - a c e t y l amino-2-e thoxycarbonylthiophen 

( 1 .7  g, 91%) as white  p l a t e l e t s ,  mp. 77-9°.  (Found: C, 50 .7 ;  H, 5 .0 ;
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N, 6 .3 .  C9HHO3NS r e q u i r e s  C, 50 .7 ;  H, 5 .16 ;  N, 6 . 6%.)

t(CDC13) ; 1.94 (d ,  H-5, J = 6 Hz),  2.64 (d ,  H-4, J  = 6 Hz)

5.74 (q ,  C00CH2CH3) ,  7.82  ( s ,  -C0CH3)

8.70 ( t ,  C00CH2CH3) |

3-Acetyl  amino-2-methoxycarbonylth iophen

A s o l u t i o n  o f  3-amino -2-methoxycarbonyl th iophen  (2 g) in g l a c i a l  

a c e t i c  ac id  (3 ml) and a c e t i c  anhydr ide (3 ml) was hea ted  on a steam 

bath f o r  1 h. The hot  s o l u t i o n  was poured i n t o  w a te r  (30 ml) and th e  

white  s o l i d  t h a t  s e p a ra t e d  was f i l t e r e d  o f f .  R e c r y s t a l l i s a t i o n  from 

methanol gave 3- a c e t y l  amino-2-methoxycarbonyl th iophen (2.1 g, 84%) as 

white  n e e d le s ,  mp. 102-3° ( l i t 178 100-101°).  

t(CDC13):  1.80 (d ,  H-5, J = 6 Hz),  2.48  (d ,  H-4, J = 6 Hz)

6.10  ( s ,  C00CH3) ,  7.84 ( s ,  NHCOCH3)

3-p- to luenesu lphonyla mi no-2-methoxycarbonyl th i  ophen

3-Amino-2-methoxycarbonylth iophen (1 .5  g) was added to a s o l u t i o n  

o f  p - to l u e n e s u lp h o n y lc h lo r id e  ( 2.1 g) in  p y r id in e  (10 ml) and the  

mix ture  was hea ted  on a steam bath  f o r  30 min. The cooled s o l u t i o n  

was poured in t o  an excess  o f  4M hydro ch lo r i c  a c i d ,  and the  p r e c i p i t a t e  

was f i l t e r e d  o f f ;  c r y s t a l l i s a t i o n  from methanol gave the  to sy l  

d e r i v a t i v e  (1 .8  g,  76%) as white  p l a t e l e t s ,  mp. 140-141°. (Found:

C, 50 .5 ;  H, 4 . 3 ;  N, 4 . 7 .  C13H130l+S2N r e q u i r e s  C, 50 .2 ;  H, 4 . 2 ;  N, 4.5%.)

E-Dimethyl 2-N-( 2 -m e th o x y ca rb o n y l -3 - th ien y l ) - b u t - 2 - e n d i oa te  (128)

A s o l u t i o n  o f  3-amino-2-methoxycarbonylth iophen  (30 g) and 

dimethyl  a c e ty le n ed ica rb o x y l  a t e  (30 g) in g l a c i a l  a c e t i c  ac id  (150 ml) 

was s e t  a s id e  a t  room tem pera tu re  f o r  5 days. The s o l u t i o n  was poured 

in t o  w ate r  (500 ml) and r e p e a t e d ly  e x t r a c t e d  wi th e t h e r .  The combined 

e x t r a c t s  were washed s u c c e s s iv e l y  wi th 4M h y d ro c h lo r i c  ac id  ( 3 x ) ,
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w ater  ( 3 x ) ,  s a t u r a t e d  sodium hydrogen carbona te  s o l u t i o n ,  w ate r  and 

b r i n e ,  d r i e d  (MgSOi*) and evapora ted  to  y i e l d  a ye l low  r e s id u e .  

C r y s t a l l i s a t i o n  from cyclohexane (400 ml) co n ta in in g  ace tone  (25 ml) 

gave the  Michael adduct  -  E-dimethyl  2 -N - (2 -m e thoxyca rbony l -3 - th ieny l ) -  

b u t - 2 - e n d i o a t e  (37 g,  65%) as ye l low b l a d e s ,  mp. 88-91° .  For a n a l y s i s  

a sample was c r y s t a l l i s e d  from cyclohexane and had mp. 93-4° .  (Found:

C, 4 8 .1 ;  H, 4 . 5 ;  N, 4 .4 .  C12H1306NS r e q u i r e s  C, 4 8 .2 ;  H, 4 . 3 ;  N, 4.7%.)

-r( CDC13) :  2.65 (d ,  H-5,  0 = 6 Hz)

3.55 (d ,  H-4, 0 = 6 Hz)

4 .55  ( s ,  =C-H)

6 .1 0 ,  6 .2 0 ,  6.25  ( a l l  s ,  3 x 0CH3) 

vmax ( KBr>: 1740» 1680» 1610> 1565 cm-1 ( c = °)

5 ,6 -B lsm ethoxycarbony1 th ieno /3 ,2 -b7pyr id in -7 (4H )-one  (129)

The fo rego ing  Michael adduct  (31 .5  g) was d i s s o lv e d  in  anhydrous 

dimethylformamide (180 ml) and sodium hydr ide (80% d i s p e r s i o n  in  o i l ,

4 .3  g) was added in  small p o r t i o n s .  A vigorous  exothermic r e a c t i o n  

o ccu r red ;  when th e  r e a c t i o n  had subs ided  and the  t em pera tu re  began to  

f a l l ,  the  s o l u t i o n  was hea ted  on a steam bath  f o r  30 min. The s o l u t i o n

was coo led ,  poured i n t o  w a te r  (400 ml) and e x t r a c t e d  with  e t h e r ;  the

e x t r a c t s  y i e ld e d  only  a very  small q u a n t i t y  o f  n e u t ra l  m a t e r i a l .

The aqueous s o l u t i o n  was f r e e d  o f  e t h e r  by warming on a steam 

b a t h ,  cooled and n e a r ly  s a t u r a t e d  with  sodium c h l o r i d e ,  then a c i d i f i e d  

with  c o n ce n t ra te d  h y d ro c h lo r i c  ac id  to  give a whi te  p r e c i p i t a t e .  This 

was f i l t e r e d  o f f ,  washed with w a te r  and c r y s t a l l i s e d  from ace tone  to  

g ive  5 , 6-b ism e thoxycarbony l th ieno / '3 , 2- b 7p y r i d i n - 7- ( 4H)-one (19 .3  g,

68%) as white  c r y s t a l s ,  mp. 168-73°.  The a n a l y t i c a l  sample was 

r e c r y s t a l l i s e d  from ace tone-methanol  and had mp. 176-8°.  (Found:

C, 4 9 .0 ;  H, 3 .2 ;  N, 4 . 9 .  CnH9N05S r e q u i r e s  C, 4 9 .4 ;  H, 3 . 4 ;  N, 5.2%.)
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t / (CD 3) 2S0j:  1.85 (d ,  H-2,  J = 6 Hz),  2.60 (d ,  H-3,  J = 6 Hz)

6 .8  ( s ,  -00CH3) ,  6.25  ( s ,  -OOCH3)

vmax ^KBr^ : 17405 1680 cm_1 =

7 -C h io ro -5 ,6-bi  sm ethoxycarbonyl th ieno[3, 2 - b ;p y r i d in e  (130)

A mixtu re  o f  5 ,6 -b i sm e thoxyc a rbony l th ieno / '3 ,2 -b ;py r id in -7 (4H )one  

(6 g) and phosphoryl  c h l o r i d e  (30 ml) was b o i l e d  under r e f l u x  f o r

4 .5  h. The excess o f  r e a g e n t  was removed by d i s t i l l a t i o n  under reduced 

p re s s u re  and the  r e s id u e  was t r e a t e d  with water  (100 ml) then s a t u r a t e d  

sodium hydrogen carbona te  s o l u t i o n  u n t i l  n e u t r a l .  The product  was 

i s o l a t e d  with e t h e r  and c r y s t a l l i s a t i o n  from l i g h t  pet roleum gave 

7 - c h l o r o - 5 , 6-b ism ethoxycarbony l th i  eno[3, 2-b] pyri  di ne (5 .5  g ,  86%) as 

w hite  n e e d le s ,  mp. 103-5°.  (Found: C, 46 .5 ;  H, 2 .7 ;  N, 4 . 6 .  CuHqCINO^S 

r e q u i r e s  C, 4 6 .2 ;  H, 2 . 8 ;  N, 4.9%.) 

t(CDC13) : 1.81 (d ,  H-2, J = 6 Hz)

2.1 (d ,  H-3, J = 6 Hz)

5.9 ( s ,  00CH3) 

vmax (KBr): 1720 cm' 1 (C = 0)

7-Methoxy-5,6-b i  smethoxycarbonyl thieno/~3, 2-b;  pyr i  di ne (131)

7 - C h l o r o - 5 , 6 - b i s m e t h o x y c a r b o n y l t h i e n o 2 - b ; p y r i d i n e  (1 g) was 

added in  small p o r t i o n s  to  a s t i r r e d  s o lu t i o n  o f  sodium methoxide (from 

0 .2  g sodium) in methanol (10 ml) .  A f t e r  the  a d d i t i o n  was complete ,  

the  s o l u t i o n  was b o i l e d  under r e f l u x  f o r  20 min, cooled  and poured i n t o  

w ate r  (50 ml) .  The p roduc t  was i s o l a t e d  with d ichloromethane to  y i e l d

7-methoxy-5, 6-b i  smethoxycarbonyl th i  eno[3, 2 -b ;p y r i  di ne ( 0 .8  g,  81%) as 

a s o l i d .  A sample f o r  a n a l y s i s  was c r y s t a l l i s e d  from a c e t o n e - l i g h t  

pe troleum and had mp. 163-4°.  (Found: C, 51 .6 ;  H, 4 . 0 ;  N, 5 .0 .

C12H11NO5S r e q u i r e s  C, 51 .2 ;  H, 3 .9 ;  N, 5.0%.)
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t ( CDC13) :  2.06 (d ,  H-2, 0 = 5 . 2  Hz) '

2.28  (d ,  H-3,  J = 5 .2  Hz)

5.67 ( s ,  OCH3)
J

5.96 and 5.99 (both  s ,  2 x COOCHg) 

vmax <l<Br): 1720 cm_1 (C = 0 ) ’

7-(N-phenylami no)- 5 , 6-b ism e thoxycarbony l th i  eno[3, 2 -b ;p y r i  dine (132)

A s o l u t i o n  o f  7-chl  o r o - 5 , 6-b i  smethoxycarbonyl th i e n o / ’3 , 2 -b ;  

p y r id in e  (1 g) and a n i l i n e  (1 g) in  to luene  (10 ml) was b o i l e d  under 

r e f l u x  f o r  30 h. The mix tu re  was cooled and d i l u t e d  with  e t h e r  (200 ml) ;  

the  e t h e r e a l  s o l u t i o n  was washed with w ate r  and 2M h y d ro ch lo r i c  a c i d ,  

d r i e d  (MgSOi*) and evapora ted  to  g ive un reac ted  chloro-compound (600 mg). 

B a s i f i c a t i o n  o f  the  a c id  washings y i e ld e d  an impure s o l i d ,  which, on 

c r y s t a l l i s a t i o n  from a c e t o n e - l i g h t  petro leum y i e ld e d  7-(N-phenylami no) -

5 ,6-bismethoxycarbonyl  t h i  eno/~3,2 - bj p y r id in e  (100 mg) as c o l o u r l e s s  

n e e d le s ,  mp. 173-5°.  (Found: C, 59 .8 ;  H, 4 .1 ;  N, 8 .0 .  C ^ H ^ N ^ S  

r e q u i r e s  C, 59 .6 ;  H, 4 . 1 ;  N, 8.2%.) 

t (CDC13) : -0 .05  (broad  s ,  N-H)

2 .5  (m, 7 x Ar-H)

6.01 and 6 .10  ( s ,  2 x 00CH3)

Attempt to  brominate 5 , 6-b i  smethoxycarbonyl t h i  eno/~3,2-b; pyr i  d i n - 

7(4H)one

To a s t i r r e d  s o l u t i o n  o f  5 ,6 -b i smethoxycarbonyth ieno / ‘3 ,2 -b ;  

pyr id in-7(4H)one  (0 .5  g) in g l a c i a l  a c e t i c  ac id  (5 m l ) ,  a s o l u t i o n  o f  

bromine (0 .6  g) in g l a c i a l  a c e t i c  ac id  (5 ml) was added dropwise.

A f t e r  the  a d d i t i o n  was complete ,  the  s o l u t i o n  was s t i r r e d  a t  room 

tempera tu re  f o r  1 h,  then poured in to  wate r  (20 ml) .  The s o l i d  ob ta ined  

was f i l t e r e d  o f f  and r e c r y s t a l  1i sed  from methanol ,  and was i d e n t i f i e d  

as unchanged s t a r t i n g  m a te r i a l  (mp.,  mixed mp. and nmr spec trum).
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Thieno/~3 , 2- b 7p y r i d i n - 7(4H)one-5 , 6~ d ica rboxy l ic  ac id  (133)

A s o l u t i o n  of  5 ,6-bismethoxyc .a rbonyl th ieno/‘3 ,2 -b7pyr id in -7 (4H )one  

(10 g) in  10% aqueous sodium hydroxide s o l u t i o n  (70 ml) was b o i l ed  

under r e f l u x  f o r  3 h. The s o l u t i o n  was coo led ,  d i l u t e d  with wate r  

(200 ml) and a c i d i f i e d  with 4M h y d ro ch lo r i c  a c i d ,  p r e c i p i t a t i n g  the  

crude  product .  This  was f i l t e r e d  o f f ,  washed r e p e a t e d ly  with  w ate r  

and r e c r y s t a l l i s e d  from a mixtu re  o f  methanol (500 ml) and 4M hydro

c h l o r i c  ac id  (20 ml) to  y i e l d  t h i  eno/~3,2-b ;  pyr i  diri-7(4H) o n e - 5 , 6~ 

d i c a rb o x y l i c  a c id  (6 .5  g,  83%) as a white s o l i d ,  mp. 268-70°.  Found:

C, 45 .3 ;  H, 5 .8 ;  N, 2 .2 .  C9H5N05S r e q u i r e s  C, 45 .2 ;  H, 5 .8 ;  N, 2.1%.) 

t / ( CD3) 2S0y: 1.60 (d ,  H-2, J = 6 Hz)

2.46 (d ,  H-3, J = 6 Hz)

Thi eno[3, 2-b] pyr i  di n -7 ( 4H) one (134)

Thieno/"3,2-b 7p y r i d i n - 7 (4H)one-5 , 6-d ica rboxy l  i c  ac id  (1 g) was 

i n t i m a t e l y  mixed with  powdered g l a s s  in  a b o i l i n g  tube and hea ted  in  

a Woods metal ba th  a t  280-90° f o r  10-12 min; a f t e r  which time the  

v igorous  e v o lu t io n  o f  carbon d iox ide  had ceased .  The coo led ,  dark 

r e s id u e  was d i s s o lv e d  in b o i l i n g  w ate r  (20 m l ) ,  th e  s o l u t i o n  was 

t r e a t e d  with d e c o lo u r iz in g  ca rbon ,  f i l t e r e d  and evapora ted  to  g ive  a 

white  r e s id u e .  C r y s t a l l i s a t i o n  o f  t h i s  from e thanol  gave th ieno/~3,2-b; 

pyr i  di n-7 (4H) one (0 .47  g,  61%) as white n eed le s ,  mp. 98-100°.  (Found_:

C, 55 .6 ;  H, 3 .2 ;  N, 9 . 2 .  C H NOS r e q u i r e s  C, 55 .6 ;  H, 3 . 3 ;  N, 9.2%.)

t (D20 ) : 1 .78 (d ,  H-2,  J = 5 .2  Hz)

2.55  (d ,  H-3,  0 = 5 .2  Hz)

1.60 (d ,  H-5, J = 7 .5  Hz)

3.05 (d ,  H-6 , J = 7.5 Hz)
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7 -C h lo ro th ie n o[3,2 - b ;p y r i d i n e  (135)

A s o l u t i o n  o f  t h i e n o [3, 2 -b ;py r id in -7 (4H )one  (1.1 g) in phosphoryl  

c h l o r i d e  (6 ml) was b o i l e d  under r e f l u x  f o r  4 .5  h. The s o l u t i o n  was 

evapora ted  under reduced p r e s s u r e ,  and the  r e s id u e  was t r e a t e d  with 

colcf water  (20 ml) then n e u t r a l i s e d  wi th s a t u r a t e d  sodium hydrogen,  

ca rbona te  s o l u t i o n .  The p roduc t  was i s o l a t e d  wi th e t h e r  and c r y s t a l l i s 

a t i o n  from l i g h t  pet roleum gave 7 -c h lo ro th ie n o / '3 ,2 -b ;  pyr i  d ine (0.51 g,  

41%) as c o l o u r l e s s  p r isms ,  mp. 45 -6°.  (Found: C, 4 8 .9 ;  H, 2 .6 ;  N, 7 .7 .  

C7H^NSC1 r e q u i r e s  C, 4 9 .4 ;  H, 2 .9 ;  N, 8.9%.) 

t(CDC13) : 2.13 (d ,  H-2, J -  5 .3  Hz)

2.40  (d ,  H-3, J = 5 .3  Hz)

1.35 (d ,  H-5, J = 5 .3  Hz)

2.7 (d ,  H-6 , J = 5 .3  Hz)

"^e methiodide formed ye l low  need les  from methanol and mp. 275-7°.

(Found: C, 30 .8 ;  H, 2 . 2 ;  N, 4 .8 .  C8H7NSC1I r e q u i r e s  C, 30 .9 ;  H, 2 .3 ;

N, 4.5%.)

7-Methoxythi eno/~3,2-b; pyr i  d ine  (136)

7-Chlo ro th ieno / '3 , 2- b 7p y r id in e  (1 .12  g) was d i s s o lv e d  in a s o l u t i o n  

o f  sodium methoxide (from 0 .2  g sodium) in methanol (15 m l ) ,  and th e  

mixtu re  was bo i l ed  under r e f l u x  f o r  6 h. The cooled s o l u t i o n  was

d i l u t e d  with w ate r  (30 ml) and r e p e a t e d ly  e x t r a c t e d  with  d ichloromethane

t o  give 7-methoxyth ieno/ '3 ,2 -b j  pyr i  dine (0 .74  g,  69%) as a pa le  ye l low 

o i l .

x(CDCl3) : 0 .9  (d ,  H-5, 0 = 6 Hz),  2.13 (d ,  H-2,  0 = 6 Hz)

2.40 (d ,  H-3, 0 = 6 Hz),  3.15  (d,  H-6 , 0 = 6  Hz)

5 .90 ( s ,  OCH3)

The pi c r a t e  had mp. 210-11° when r e c r y s t a l l i s e d  from methanol .  (Found:

C, 42 .6 ;  H, 2 .5 ;  N, 13.9 .  C ^ H ^ M a S  r e q u i r e s  C, 4 2 .6 ;  H, 2 . 5 ;  N, 14.2%
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4-M ethy l -7 -m ethoxyth ienof3 ,2 -b7pyr id in ium io d ide  (137)

A s o lu t i o n  o f  7-methoxyth ieno73, 2~b7p y r id in e  (2.1 g) in methanol 

(1 ml) was t r e a t e d  with a s o l u t i o n  o f  iodomethane (3 ml) in methanol 

(2 m l) ,  and s e t  a s id e  a t  room tem pera tu re  f o r  1 h. The c r y s t a l l i n e  

product  ob ta ined  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from methanol to  

give th e  methiodide (2 .6  g,  67%) as yel ]ow n eed le s ,  mp. 153-4°.

(Found: C, 35 .0 ;  H, 3 . 2 ;  N, 4 . 3 .  C9H10NOSI r e q u i r e s  C, 35 .3 ;  H, 3 .3 ;

N, 4.6%.)

Tf(CD3) 2S07: 0.62  (d ,  H-5,  0 = 7 H z ) , 1.02 (d ,  H-2, 0 = 6  Hz)

1.75 ( d ,  H-3,  0 = 6  Hz), 2.10 (d ,  H-6 , 0 = 7 Hz)

5.45 ( s ,  0CH3) ,  6.55  ( s ,  fi-CH3)

4-Methyl th i  eno/~3,2-b7 pyr i  d in -7 -one  (138)

A s o l u t i o n  o f  the  fo rego ing  methiodide (2 .0  g) in 4M-sodium 

hydroxide s o l u t i o n  (5 ml) was warmed on a steam bath  to  give a c l e a r  

s o l u t i o n ,  then s t i r r e d  a t  room tem pera tu re .  The whi te  s o l i d  which

p r e c i p i t a t e d  was f i l t e r e d  o f f ,  d i s s o lv e d  in warm ch lo ro fo rm ,  and the

s o l u t i o n  was d r i e d  (MgSOi*) and evapora ted .  The r e s id u e  was c r y s t a l l i s e d  

from a c e t o n e - e t h e r  to  give 4 - m e th y l th ie n o 73, 2-b7p y r i d in -7 -one  (0.91 g, 

84%) as white  n e e d le s ,  mp. 98-100°.  (Found: C, 58 .3 ;  H, 4 . 1 ;  N, 8 .3 .  

C8H7N0S r e q u i r e s  C, 58 .2 ;  H, 4 . 2 ;  N, 8.5%.) 

tCCDC13) :  2.28 (d ,  H-2, 0 = 6 H z ) , 2.55 (d ,  H-5, J = 7 Hz)

2 .90 (d ,  H-3, J  = 6 Hz),  3.81 (d ,  H-6 , J = 7 Hz)

6.15  ( s ,  N-CH3)

6-M ethoxycarbonylth ieno73, 2-b7 py r id in -7 (4 H )o n e -5 -c a rb o x y l i c  a c id  (139)

To a s t i r r e d  s o l u t i o n  o f  5 ,6-b ismethoxycarbonyTthieno73,2-b7  

pyr id in-7(4H)one  (6.1 g) in v/ater  (90 m l ) ,  sodium hydroxide (0 .95  g) 

was added,  in  one l o t ,  and the  s o l u t i o n  was main ta ined  a t  60° f o r  8 hr .  

A c i d i f i c a t i o n ,  with  con c e n t ra te d  h y d ro ch lo r i c  a c i d ,  o f  the  s o l u t i o n  

when cool gave a white  p r e c i p i t a t e ;  t h i s  was f i l t e r e d  o f f ,  washed



r e p e a t e d ly  with w ate r  then  r e c r y s t a l l i s e d  from m e th a n o l - d i lu t e  hydroch

l o r i c  a c id  t o  g ive 6-m e thoxycarbony l th ieno[3 , 2 -b jp y r id in -7 (4 H )o n e -5 - 

c a rb o x y l ic  ac id  ( 3 .8  g ,  665!) as  a white  s o l i d ,  mp. 163-6 . (Found:

C, 4 6 .9 ;  H, 2 . 6 ;  N, 4 . 8 .  Ci0H7N05S r e q u i r e s  C, 4 7 .7 ;  H, 2 .7 ;  N, 5.5%.) 

Tf(CD3) 2S 0 j :  1.90  (d ,  H-2, J = 6 Hz)

2.37 (d ,  H-3,  0 = 6 Hz)

6.24  ( s ,  C00CH3)

vmax (KBr): 1730> 1605 cm_1 {C = 0)

6-Methoxycarbonylthi  eno[3,  2-b j  pyr i  di n -7 ( 4H) one (140)

Method A

6-M e th o x y c a rb o n y l th i e n o /3 ,2 -b jp y r id in -7 (4 H )o n e -5 -c a rb o x y l i c  ac id  

(0 .5  g) was p laced in  a b o i l i n g  tube and heated in  a Woods metal ba th  

a t  230-40° u n t i l  e v o lu t io n  o f  carbon d iox ide  ceased .  The dark r e s id u e  

ob ta ined  was d i s s o lv e d  in  cold 2M sodium hydroxide s o l u t i o n  (25 m l) ;  

th e  s o l u t i o n  was t r e a t e d  with  d e c o lo u r iz in g  carbon,  f i l t e r e d  and 

a c i d i f i e d .  The product  was i s o l a t e d  with d ichloromethane  and r e c r y s t a l 

l i s e d  from methanol to  g ive  6-methoxycarbonylth i  eno[3, 2- b ; p y r i  di n- 

7(4H)one (0 .28  g,  68%) as a white  s o l i d ,  mp. 238-42°.  (Found: C, 51 .3 ;  

H, 3 . 2 ;  N, 6 . 6 . C9H7N03S r e q u i r e s  C, 51 .7 ;  H, 3 . 3 ;  N, 6.7%.) 

Tf(CD3) 2S0; :  1.15 ( s ,  H-5) ,  1.65  (d ,  H-2, J = 6 Hz)

2.43 (d ,  H-3, J = 6 Hz),  6.13 ( s ,  C02CH3)

vmax: and cm~  ̂ ( c =

Method B, v ia  t h i e n o f 3 , 2 - b j p y r id in - 7 ( 4 H ) o n e - 6 - c a r b o x y l i c  ac id  (141)

6-Methoxycarbonylthi  eno[3,2-b]pyri  di n-7(4H)o n e -5 -c a rb o x y l i c ac i  d 

(0 .5  g) was placed  in  a b o i l i n g  tube and hea ted  in a Woods metal bath 

a t  230-40°,  u n t i l  e v o l u t io n  o f  carbon d iox ide  ceased .  The dark r e s id u e  

ob ta ined  was d i s s o lv e d  in  2M sodium hydroxide s o l u t i o n  (10 ml) and

b o i l e d  under r e f l u x  f o r  1 h. The cooled s o l u t i o n  was poured in t o
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water (30 ml) and a c i d i f i e d  with  conce n t ra te d  h y d ro c h lo r i c  ac id  when 

th e  product  p r e c i p i t a t e d  ou t .  I t  was f i l t e r e d  o f f ,  washed with  w ate r  

and c r y s t a l l i s e d  from methanol and aqueous h y d ro ch lo r i c  ac id  to  g ive  

t h i  eno[3,2-b] p y r i  di n-7(4H) one-6-c a rb o x y l i  c aci  d (0.21 g ,  52%), mp. 

252-255° - with  e f f e r v e s c e n c e .  (Found: C, 49 .6 ;  H, 2 . 6 ;  N, 6 .9 .  

C8H5N03S r e q u i r e s  C, 4 9 .2 ;  H, 2 .6 ;  N, 7,2%.)
Tf(CD3) 2S0j: 1 .15  ( s ,  H-5 ) ,  1.65 (d ,  H-2, J = 6 Hz)

2 .43 (d ,  H-3)

A s o l u t i o n  o f  t h i e n o / 3 , 2 - b / p y r i d i n - 7 ( 4 H ) o n e - 6 - c a r b o x y l i c  ac id  

(2 g) in  t h i o n y l c h l o r i d e  (30 ml) was bo i l ed  under r e f l u x  f o r  5 h. The 

excess  o f  r eage n t  was removed by d i s t i l l a t i o n  in methanol (30 ml) and

b o i l e d  under r e f l u x  f o r  2h. The r e s u l t i n g  s o l u t i o n  was t r e a t e d  with

d e c o lo u r iz in g  ca rbon ,  f i l t e r e d  and evapora ted  to  g ive  a r e s id u e  which 

was c r y s t a l l i s e d  from methanol t o  give 6-m e thoxycarbony l th ieno f3 ,2 -b ;  

pyrid in -7(4H)one  (1 .4  g ,  68%) as a w hite  s o l i d , ,  mp. 238-42° ( i d e n t i c a l  

to  t h a t  ob ta ined  by method A).

Thi eno[3, 2 -b ;p y r i  di n-7(4H) o n e - 5 , 6-d ic a rb o x y l i  c anhydri  de (144)

A s o l u t i o n  o f  thieno/"3 , 2-b 7p y r i d i n - 7 (4H)one-5 , 6-d ica rboxy l  i c  ac id  

(17 g) in a c e t i c  anhydr ide (200 ml) was b o i l e d  under r e f l u x  f o r  4 h. 

The hot  s o l u t i o n  was f i l t e r e d ,  and the  f i l t r a t e  was cooled in an i c e -  

s a l t  b a th ,  when the  p roduc t  c r y s t a l l i s e d  ou t .  I t  was f i l t e r e d  o f f  and 

washed r e p e a t e d ly  with  e t h e r ,  then r e c r y s t a l l i s e d  from ace tone  to  g ive  

thieno/~3 , 2- b 7p y r i d i n - 7(4H)one-5 , 6- d i c a r b o x y l i c  anhydr ide (12 .8  g,  80%) 

as  white  n e e d le s ,  mp. 184-6°.  (Found: C, 48 .9 ;  H, 1 .4 ;  N, 5 .6 .  

C9H3N0i+S r e q u i r e s  C, 4 8 .9 ;  H, 1 .35 ;  N, 6.3%.)

Tf(CD3) 2S0j: 1 .37 (d ,  H-2, J = 6 Hz)

2.25  (d ,  H-3,  0 = 6  Hz)

vmax (KBr): I860,  1780 cm~  ̂ ( c y c l i c  anhydr ide ,  C=0)

128



5-Methoxycarbonylthi  eno[3,2-b]p y r i  di n-7(4H)o n e -6- c a r b o x y l i c aci  d (142)

A s o l u t i o n  o f  the  ac id  anhydr ide  (8 g) in  methanol (100 ml) was 

b o i l e d  under r e f l u x  f o r  3 h, then  evapora ted  under reduced p r e s s u re  to  

y i e l d  a white  r e s i d u e .  C r y s t a l l i s a t i o n  o f  t h i s  from methanol y i e l d e d

5-methoxycarbonylthi  eno[3, 2 - b ;p y r i  di n-7(4H)o n e -6- c a r b o x y l i c ac id  ( 7 .5  g,  

82%) as white  n e e d le s ,  mp. 225-7°.  (Found: C, 47 .3 ;  H, 2 .7 ;  N, 5 .5 .  

C10H7N05S r e q u i r e s  C, 4 7 .4 ;  H, 2 .8 ;  N, 5.5%.)

t / ( C D 3) 2S 0 ; :  1.28 (d ,  H-2, J  = 6 Hz)

2.20 (d ,  H-3, J = 6 Hz)

5.85 ( s ,  C00CH3)

v m a x  (KBr): 1750 and 1680 cnf^ ( e s t e r  and ac id  C=0, r e s p . )

Decarboxyla t ion  o f  t h i s  h a l f  e s t e r  (0 .5  g) by the  procedure d e s 

c r ib e d  f o r  i t s  isomer (139) gave 6-m ethoxyca rb o n y l th ien O jfS ^ -b jp y r id in -  

7(4H)one (140) (0.31 g,  75%), i d e n t i c a l  (C, H, N a n a l y s e s ,  mixed m p 's ,  

NMR and i r  s p e c t r a )  with th e  subs tance  (139) ob ta ined  p r e v io u s ly  by 

d eca rb o x y la t io n  o f  6 -m e thoxycarbonyl th ieno[392 -b ;p y r id in -7 (4 H )o n e -5 -  

c a rb o x y l ic  ac id .

3 - f2 ,2 -B ise thoxyca rbony lv iny la m ino7~ th iophen -2 -ca rboxy l i c  ac id  (145)

A s o l u t i o n  o f  3-amin o th io p h en -2 -ca rb o x y l i c  ac id  (8 g) and d ie th y l  

ethoxy methyl enema!onate (9 g) in  to lu e n e  (100 ml) was main ta ined  a t  

70° f o r  6 h. The s o l u t i o n  was evapora ted  under reduced p r e s s u r e  to  

g ive  a dark o i l ;  on coo l ing  and t i t u r a t i o n  with l i g h t  pe t ro leum ,  a 

s o l i d  was ob ta ined .  This  was d i s s o lv e d  in b o i l i n g  cyclohexane (100 m l ) ,  

t h e  s o l u t i o n  was t r e a t e d  with  d e c o l o u r i s in g  ca rbon ,  f i l t e r e d  and 

evapora ted  t o  h a l f  i t s  o r i g i n a l  volume. On coo l ing  3 - /~2 ,2 -b ise thoxy- 

carbonylvinylami no]- t h i o p h e n - 2 - ca rboxy l i  c ac i  d (7 .0  g,  41%) was ob ta ined  

as pa le  brown c r y s t a l s ,  mp. 98-101° .  The a n a l y t i c a l  sample* was 

r e c r y s t a l l i s e d  from cyc lohexane-ace tone  s o l u t i o n  as w hite  n e e d l e s ,  and
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had mp. 101-2°.  (Found: C, 4 7 .2 ;  H, 5 .2 ;  N, 4 . 1 .  C13H15N06S r e q u i r e s

C, 47 .1 ;  H, 5 .3 ;  N, 4.1%.)  

t (CDC13) : 1.70 (d ,  NHCH, 0 = 15 Hz)

2.55  (d ,  H-5, J = 6 Hz)

2.91 ( d ,  H-4, 0 = 6 Hz)

5.75 (2 superim. q ,  COOCĤ )

8.71 (2 superim. t ,  C00CH2CJH3)

vmax ( KBr) ; 3200 cm_1 ( C00H)

1760, 1680, 1610 cm" 1 (C=0)

* The a n a l y t i c a l  sample,  when d r i e d  under vacuum a t  60 , was found to  

s u f f e r  d eca rb o x y la t i o n ,  to  g ive  e thy l  e thoxycarbony l -3~(N-3- t h i e n y l ) 

am inoac ry la te  (146 ) ,  mp. 77-8° ( l i t ^  mp. 7 4 -5° ) .  (Found: C, 53 .2 ;

H, 5 .4 ;  N, 5 .0 .  C a lcu la ted  f o r  C12H15N04S: C, 53 .2 ;  H, 5 .6 ;  N, 5.2%.) 

t ( CDC13) :  1-40 (d ,  NHCH, J = 15 Hz)

2.65 (m, 3 x Ar-H)

5.62 (2 superim. q ,  C02CH2 )

8.61 (2 superim. t ,  C00CH2CH[3)



Unambiguous s y n th e s i s  o f  6 -m ethoxycarbony l th ieno f3 ,2~b ;py r id in -7 (4H )one

1 6-Ethoxycarbony l th i  eno[3,2-b]p y r i  di n-7(4H) one

A s t i r r e d  s o l u t i o n  o f  S-z^ jE-b ise thoxycarbonylv iny lam ino7~th iophen~2-  

ca rb o x y l i c  ac id  (2 g) in  po lyphosphate  e s t e r  (30 g) was hea ted a t  

120-130° f o r  30 min. The s o l u t i o n ,  when c o o l ,  was poured i n t o  w ate r  

(200 ml) and th e  product  i s o l a t e d  by repea ted  e x t r a c t i o n s  with  d i c h l o r o -  

methane.  The r e s id u e  ob ta ined  was c r y s t a l l i s e d  from e thanol  to  g ive

6-ethoxycarbonyl t h i  eno /~3,2-b; pyri  din-7(4H) one (0 .7  g ,  40%) as a white  

s o l i d ,  mp. 2 4 0 -4 4 ° . (Found: C, 53 .3 ;  H, 4 .0 ;  N, 6 . 3 .  Ci0H90 3NS 

r e q u i r e s  C, 53 .8 ;  H, 4 . 0 ;  N, 6.3%.) 

t 7(CD3) 2S0; :  1.55 ( s ,  H-r5)

2.10  (d ,  H-2, J = 6 Hz)

2.78  (d ,  H-3,  J = 6 Hz)

5.88  (q ,  0CH2CH3)

8 .8  ( t ,  0CH2CH3)

2 6-M ethoxycarbonyl th ienof3 , 2 - b jp y r id in -7 (4 H ) one (140)

A s o l u t i o n  o f  6-ethoxycarbonyl th i e n o /“3 ,2 -b /p y r id in -7 (4 H )o n e  (0 .9  g) in 

methanol (20 ml) was b o i l ed  under r e f l u x  f o r  5 h in  th e  p resence  o f  a 

c a t a l y t i c  q u a n t i t y  o f  p - to lu e n e s u lp h o n ic  a c id .  The s o l u t i o n  was cooled  

in  the  r e f r i g e r a t o r  o v e rn ig h t  to  g ive  6-methoxycarbonyl th ieno/‘3 ,2 -b j  

pyr id in-7(4H)one  (0.51 g ,  61%) as a whi te  s o l i d ,  mp. 238-41°. ( I d e n t i c a l  

nmr and mixed mp. with  th e  sample ob ta ined  e a r l i e r ,  page 127).

* P o lyph osph a te  e s t e r

The p o lyp h o sp h a te  e s t e r  was p r e p a re d  from p h o s p h o r o u ^ ^ e n to x id e  and 
d i e t h y l  e th e r  by th e  method o f  Pollmann and Schramm.
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6-Methoxycarbonyl "7-methoxythi  eno/~3, 2-b;  pyri  di ne (148)

Thieno / '3 ,2 -b ;pyr id in~7(4H)one-6-carboxyl i c  ac id  (1 .6  g) mixed 

with  phosphorous p e n t a c h lo r i d e  (3 g ) , was hea ted  in an o i l  bath a t  

170° f o r  30 min. When c o o l ,  th e  r e s u l t i n g  s o l i d  was d i s s o lv e d  in 

ch loroform (30 ml) and methanol (50 ml) and the  s o l u t i o n  was bo il ed-  

under r e f l u x  f o r  2 h. The cooled s o l u t i o n  was f i l t e r e d ,  poured in t o  

wate r  (100 ml) and r e p e a t e d ly  e x t r a c t e d  with d ich loromethane ,  to  g ive  

a r e s i d u e ,  which was c r y s t a l l i s e d  from methanol ,  a f f o r d in g

6-methoxycarbonyl-7-methoxythieno  j~3,2-b jpyr id ine (0 .6  g,  32%) as a 

white  s o l i d ,  mp. 223-5°.  The a n a l y t i c a l  sample was c r y s t a l l i s e d  from

methanol and had mp. 225-7°.  (Found: C, 53 .3 ;  H, 3 . 8 ;  N, 6 .0 .

C10H9N03S r e q u i r e s  C, 53 .8 ;  H, 4 . 0 ;  N, 6.3%.)
j

t ( CDC13) :  1.65 ( s ,  H-5),  2.25 ( d ,  H-2,  J = 6 Hz)

2.85 (d ,  H-3,  J = 6 Hz)

6.15  ( s ,  C00CH3) ,  6 .3  ( s ,  OCH3) 

v (KBr): 1610 and 1680 cm-1 (C=0)
H id  a

Thermal c y c l i s a t i o n  o f  E -d im e th y l -2 -N - (2 -m e th o x y ca rb o n y l -3 - th ien y l ) -  

b u t - 2- e n d io a te

Repeated a t tem p ts  to  induce a thermal c y c l i s a t i o n  o f  the  Michael 

adduct  by prolonged b o i l i n g  under r e f l u x  in t e t r a h y d ro n a p h th a le n e  and 

in  diphenyl e t h e r  f a i l e d  to  give the  d e s i r e d  r e a c t i o n .  In both c a s e s ,  

b lack  polymeric  r e s id u e s  were o b t a in e d ,  from which no i d e n t i f i a b l e  

subs tance  was i s o l a t e d .  E v e n tu a l ly ,  i t  was found t h a t  t r i g ly m e  was a 

s u i t a b l e  s o lv e n t  f o r  t h i s  thermal c y c l i s a t i o n .  A s o l u t i o n  o f  the  

Michael adduc t  (5 g) in t r i g ly m e  ( t r i e t h y l e n e g l y c o l  dimethyl  e t h e r )

(25 ml) was b o i l e d  under r e f l u x  f o r  1 h,  the  s o l u t i o n  was cooled in an 

i c e - s a l t  ba th ,  the  p roduc t  was f i l t e r e d  o f f  and washed with e t h e r .  On 

c r y s t a l l i s a t i o n  from methanol ( a f t e r  t r e a tm e n t  with  d e c o l o u r i s in g  

carbon) 3 , 5-bismethoxycarbonyl th ieno /~ 3 ,4 -b jpv r id in -7 (4H ) one (.149)



( 3 .2  g ,  72%) was ob ta in ed  as ye l low  n e e d le s ,  showing a b r i l l i a n t  green 

f lu o re s c e n c e  in s o l u t i o n ,  mp. 176-8° .  (Found: C, 4 9 .5 ;  H, 3 .4 ;  N, 5 .0 .  

C11H9NO5S r e q u i r e s  C, 4 9 .4 ;  H, 3 . 3 ;  N, 5.2%.)

Tf(CD3) 2S 0 ; :  1.48  ( s ,  H - l ) ,  3 .30 ( s ,  H-6 )

5 .98 ,  5.90 (both  s ,  C00CH3)

(KBr): 3340 cm-1 (NH)
iTiaX

1730, 1640 and 1685 cm" 1 (C=0)

Thi eno/~3,4-b; pyr i  di n-7 (4H)one-3 ,5 -d i  carboxyl i c  ac id  (150)

A s o l u t i o n  o f  3 ,5 -b i smethoxycarbonyl th ieno /"3 ,4 -b7pyr id in -7(4H )one  

(2 g) in 10% aqueous potassium hydroxide (35 ml) was b o i l e d  under 

r e f l u x  f o r  2 h. The s o l u t i o n  was coo led ,  then  poured in t o  wate r  

(100 ml) and a c i d i f i e d  wi th c o n ce n t ra te d  h y d ro ch lo r i c  a c i d ,  when the  

crude p roduct  p r e c i p i t a t e d  from s o l u t i o n .  I t  was f i l t e r e d  o f f ,  washed 

r e p e a t e d ly  with  v/ater and r e c r y s t a l l i s e d  from methanol (150 ml) con

t a i n i n g  2M-hydrochloric ac id  (120 ml) to  give t h i  eno /~3,4-b; pyr i  d in - 

7 (4 H )o n e -3 ,5 -d ic a rb o x y l ic  ac id  (1 .6  g,  83%) as ye l low p l a t e s ,  mp.

>300°. (Found: C, 4 5 .2 ;  H, 2 .0 ;  N, 5 .5 .  C9Hs N05S r e q u i r e s  C, 4 5 .2 ;

H, 2 .1 ;  N 5.8%.)

Tf(CD3) 2S 0 ; :  1.35 ( s ,  H - l ) ,  3.65  ( s ,  H-6 )

Attempted thermal d e c a rb o x y la t io n  o f  the  above d i a c i d  by the  

procedure de sc r ib e d  p r e v io u s ly  (page 124) r e s u l t e d  in  a polymeric 

m a t e r i a l ,  which was found to  be i n s o lu b l e  in a wide range  o f  s o l v e n t s .  

No i d e n t i f i a b l e  product  was ob ta in ed  from the  r e s id u e .
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7-Chloro~3 ,5-- bi smethoxycarbonyl t hi enof 3 ,4 -b ;  pyri  di ne (155)

A s o l u t i o n  o f  3 ,5 -b i sm e thoxycarbony l tb ieno / '3 ,4 -b7pyr id in -7 (4H )one  

(2 g) in f r e s h l y  d i s t i l l e d  phosphoryl  c h l o r i d e  (15 ml) was b o i l e d  under 

r e f l u x  f o r  6 h. The excess o f  r eag e n t  was removed by evapo ra t ion  under 

reduced p re s s u re  and the  r e s id u e  was added c a r e f u l l y  to  wate r  (100 ml) .  

The aqueous s o l u t i o n  was n e u t r a l i s e d  with s a t u r a t e d  sodium hydrogen 

carbona te  s o l u t i o n ,  then e x t r a c t e d  with  d ich lo romethane ,  to  y i e l d  a 

r e s i d u e ,  which,  on c r y s t a l ! i s a t i o n  from methanol ,  prov ided  7 - c h l o r o -

3 ,5 -b i  smethoxycarbonyl th  i eno /TM -b j  pyr i  dine (1.1 g,  52%) as ye l low 

n e e d l e s ,  mp. 180-4°.  (Found: C, 4 5 .7 ;  11, 2 .7 ;  N, 4 . 5 .  CU H8N0,,SC1 

r e q u i r e s  C, 4 6 .2 ;  H, 2 .8 ;  N, 4.9%.)

Tf(CD3) 2S0;:  1.25  ( s ,  H - l ) ,  2.15  ( s ,  H-6 )

6.05  and 6.15  (both s ,  C00CH3)

vmax ( KBr>: 1730 and 1685 cm_1 ( c=°)

7-Methoxy-3, 5-b isme thoxycarbonyl th i  eno f3 , 4 -b ; p y r i  di ne (156)

( i ) From 7 - c h l o r o - 3 , 5-bi  smethoxycarbonylth i  eno[3 , 4 - b ; p y r i  di ne 

The ch lo ro  compound (1 .3  g) was added to  a s o l u t i o n  o f  sodium methoxide 

(from 0 .2  g sodium) in methanol (10 ml) .  The s o l u t i o n  ms b o i l e d  

under r e f l u x  f o r  4 h, c oo led ,  and poured in t o  wate r  (40 ml) .  The 

product  was i s o l a t e d  wi th dich lo romethane  to  give a r e s i d u e ,  c r y s t a l l 

i s a t i o n  o f  which from methanol a f fo rd e d  7--methoxy-3, 5-bi  smethoxycarbonyl - 

t h i e n o f 3 , 4 - b j p y r i d i n e  (0 .76  g,  59%) as ye l low p l a t e s ,  mp. 196-8°.

(Found: C, 51 .0 ;  H, 3 . 7 ;  N, 4 . 7 .  C12Hn 05NS r e q u i r e s  C, 51 .2 ;  H, 3 .9 ;

N, 4.9%.)

t(CDC13) :  1.38 ( s ,  H - l ) ,  3.44  ( s ,  H-6 )

5.95  ( s ,  0CH3) ,  6.05  and 6.15  (both s ,  C00CH3)
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( i i ) From 3 , 5-bi  smethoxycarbonylth i  eno [ 3 , 4 -b j p y r i  di n-7(4H)one

To a s t i r r e d  i c e - c o l d  s o l u t i o n  of  th e  pyridone  (2 g) in  dich lo romethane  

(50 ml) and methanol (15 ml) a s o l u t i o n  o f  diazomethane* in e t h e r  was 

added dropwise.  When the  a d d i t i o n  was complete ,  the  s o l u t i o n  was 

s t i r r e d  a t  room tem pera tu re  f o r  2 h,  then evapora ted  under reduced 

p r e s s u r e .  C r y s t a l l i s a t i o n  o f  the  r e s id u e  from methanol a f fo rd ed

7-methoxy-3 ,5 -b ism ethoxycarbonylth ieno  3 ,4 -b  p y r id in e  ( 1 .8  g,  85%), 

mp. 196-8° ^ id e n t i c a l  to  t h a t  ob ta in ed  by procedure ( i ) 7 .

7 -M ethoxyth ieno /~3 ,4-b ;pyr id ine -3 ,5 -d icarboxyl  i c  a c id  (157)

A s o l u t i o n  o f  3 , 5-bi  smethoxycarbonyl-7-m ethoxyth ieno/ '3 ,2 -b ;  

p y r id in e  (1 g) in 10%) aqueous po tassium hydroxide s o l u t i o n  (10 ml) 

was bo i l ed  under r e f l u x  f o r  1 h,  then  cooled and poured in to  w ate r  

(50 ml) .  The aqueous s o l u t i o n  was a c i d i f i e d  with  co n c e n t r a te d  hydro

c h l o r i c  ac id  and the  crude  p roduc t  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

from m e th a n o l -d i lu t e  h y d ro c h lo r i c  a c id  s o l u t i o n  to  g ive  7-methoxy- 

th ien o /~ 3 ,4 -b ;p y r id in e -3 ,5 -d ic a rb o x y l  i c  ac id  ( 0 .8  g,  76%) as a ye l low  

s o l i d ,  mp. 208-10°.  (Found: C, 47 .3 ;  H, 2 . 6 ;  N, 4 . 6 .  C10H7N05S

r e q u i r e s  C, 4 7 .4 ;  H, 2 .8 ;  N, 5.5%.) 

x/(CD3) 2S0j:  1.45 ( s ,  H - l ) ,  3 .6  ( s ,  H-6 )

5.95 ( s ,  0CH3)

Attempted thermal de c a rb o x y la t i o n  o f  t h i s  d i a c id  by the  procedure  

p r e v io u s ly  used s u c c e s s f u l l y  f o r  th ieno / '3 , 2- b 7p y r i d i n - 7( 4H)one-5 , 6- 

d ic a r b o x y l i c  ac id  gave a b lack  polymeric r e s id u e  from which no 

i d e n t i f i a b l e  subs tance  was i s o l a t e d .

The d iazom ethane was prepar^d^ from n i tro so m eth y la m in e  (10 g) and 
sodium h y d ro x id e  s o l u t i o n .
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6-Bromo-3,5-bismethoxycarbony11 h j eno [ 3 , 4 -b jpy r id in -7 (4H )one  (158)

To a s t i r r e d  s o l u t i o n  o f  3 ,5-b i smethoxycarbonyl th ieno/"3 ,4-b7 

pyrid in -7(4H)one  (0 .5  g) in  g l a c i a l  a c e t i c  ac id  (5 ml) a t  room temper

a t u r e ,  a s o l u t i o n  o f  bromine (0 .4  g) in g l a c i a l  a c e t i c  ac id  (5 ml) was 

added dropwise.  A f t e r  th e  a d d i t i o n  was complete ,  th e  s o l u t i o n  was 

s t i r r e d  f o r  15 min, when a s o l i d  p r e c i p i t a t e d .  This  was f i l t e r e d  o f f ,  

washed with cold  w ate r  and r e c r y s t a l  1ised  from methanol to  give 6-bromo-

3 , 5-bi  smethoxycarbonyl t h i  eno [3, 4 -b j  pyr i  di n-7 ( 4-H) one (0 .46  g ,  66%) as 

ye l low n e e d le s ,  mp. 207-8°.  (Found: C, 37 .9 ;  H, 2 .1 ;  N, 3 .7 .

Cn H8N05SBr r e q u i r e s  C, 38 .1 ;  H, 2 . 3 ;  N, 4.0%.) 

t(CDC13) :  1.55 ( s ,  H-l)

5.95 and 6.1 (both  s ,  2 x C00CM3) 

v (KBr): 3340 cm' 1 (NH)
IIICaA

1610, 1670 and 1710 cm' 1 (C=0)

6-Bromo-7-methoxy-3,5-bi  smethoxycarbonylth i  eno[3, 4 - b j p y r i d i  ne (.159)

To a s t i r r e d  s o l u t i o n  o f  7-methoxy-3 ,5 -b ism ethoxycarbonylth ieno  

/■3,4“ b ; p y r i d in e  (0 .4  g) in  g l a c i a l  a c e t i c  a c id  (5 ml) a t  room tempera

t u r e ,  a s o l u t i o n  o f  bromine (0 .3  g) in g l a c i a l  a c e t i c  a c id  (2 ml) was 

added dropwise.  A f t e r  the  a d d i t i o n  was complete ,  the  s o l u t i o n  was 

s t i r r e d  f o r  15 min,  when the  p roduc t  p r e c i p i t a t e d .  I t  was f i l t e r e d  

o f f ,  washed wi th cold w ate r  and c r y s t a l l i s e d  from methanol t o  g ive

6-bromo-7-methoxy-3, 5-bi  smethoxycarbonylth i  e n o / 3 ,4 - b j  pyri  di ne (0 .4  g,  

78%) as ye l low n e e d le s ,  mp. 214-16°.  (Found: C, 4 0 .0 ;  H,' 2 .6 ;  N, 3 .7 .  

Ci2^ i o BrN05s r e q u i r e s  C, 40 .0 ;  H, 2 .8 ;  N, 3.9%.) 

t(CDC13) :  1.45 ( s ,  H - l ) ,  5.95  ( s ,  0CH3)

6.1 and 6.15  (both  s ,  C00CH3)

vmax ( KBr) : 1730> 1710 and 1620 cm_1 ( c=°)
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3 - [ 2 , 2 - b jse th o x y ca rb o n y lv in y 1 ami no] -2-methoxycarbonylth i  ophen (160,

R = ch3)

A s o l u t i o n  o f  3-amino-2-methoxycarbonylth iophen  (3 g) and d ie th y l  

ethoxymethylenemalonate (3 g) in to lu e n e  (10 ml) was b o i l e d  under 

r e f l u x  f o r  3 h. Evapora t ion  under reduced p r e s s u re  y i e ld e d  a ye l low  

re s id u e  which,  on c r y s t a l l i s a t i o n  from l i g h t  pe t ro leum-benzene ,  gave 

3 - [2, 2- bi se thoxycarbonylv i  nylami noj -2-methoxycarbonylth iophen  (4.1 g,  

68%) as ye l low n e e d le s ,  mp. 68-70°.  (Found: C, 5 1 .0 ;  H, 5 .3 ;  N, 4 . 1 .  

CihH17N06S r e q u i r e s  C, 51 .4 ;  H, 5 .2 ;  N, 4.3%.) 

t(CDC13) : 1.70 (d ,  NHCH, J = 15 Hz)

2.55  (d ,  H-5, J = 6 Hz)

2.91 ( s ,  H-4, J  = 6 Hz)

5.75 (2 superim. q ,  -C02CH2CH3)

6 .10  ( s ,  C00CH3)

8.71 (2 superim. t ,  C02CH2CH[3)

vraax ( KBr): 1685, 1610, 1760 cm" 1 (C=0)

3 - [2, 2-bi  se thoxycarbonylv i  nylami no]-2 -e th o x y c a rb o n y l th i  ophen (160,

R -  c2h5)

A s o l u t i o n  o f  3-amin o -2 -e thoxycarbony l th iophen  (3 g) and d i e th y l  

ethoxymethylenemalonate (3 g) in to lu e n e  (10 ml) was b o i l e d  under

r e f l u x  f o r  2 h. The s o l u t i o n  was evapora ted  under reduced p re s s u re  to

g ive  a ye l low o i l ;  t h i s ,  on coo l ing  and t i t u r a t i o n  with  l i g h t  p e t r o l 

eum, s o l i d i f i e d .  C r y s t a l l i s a t i o n  from benzene gave 3 - [2,2 -b i s e t h o x y 

carbonyl vinyl  am ino ; -2 -e thoxycarbony l th iophen  (4 .6 g ,  77%) as ye l low  

n e e d l e s ,  mp. 111-13°.  (Found: C, 52 .5 ;  H, 5 . 7 ;  N, 4 . 1 .  C15H19N06S

r e q u i r e s  C, 52 .8 ;  H, 5 .57 ;  N, 4.1%.) 

t (CDC13) : 1.70 (d ,  NHCH, J = 15 Hz)

2.50  (d ,  H-5, J = 6 Hz)

2.91 (d ,  H-4, J = 6 Hz)
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5.7  (3 superim. q ,  C00C]i2CH3)

8 .7  (3 superim, t ,  C00CH2CH3)

vmax ( KBr): 1760’ 1680, 1610 cm-1 (C=0)

Attempted s e l e c t i v e  h y d ro ly s i s  o f  3 72, 2-b i se thoxycarbony l  vinyl  amino ;L 

2-methoxycarbonylth iophen to  372, 2 ;b i se th o x y ca rb o n y lv in y l  amino7- th i o p h e n -

2-c a r b o x y l i c  ac id

A s t i r r e d  s o l u t i o n  o f  3/ '2 ,2-bisethoxycarbony1vinylam.ino7-2-methoxy- 

ca rbony l th iophen  (0 .4  g) and sodium hydroxide (0.1 g) in  w ate r  (4 ml) 

was hea ted  a t  60° f o r  2 h. The cooled s o lu t i o n  was a c i d i f i e d  with  2M- 

h yd ro ch lo r i c  acid* then r e p e a t e d l y  e x t r a c t e d  with d ich lo romethane .

From the  e x t r a c t s  a polymeric  subs tance  was ob ta ined  and a t tem p ts  to  

o b t a in  an i d e n t i f i a b l e  subs tance  from the  r e s id u e  f a i l e d .

6 -E thoxycarbonyl-3-methoxycarbonyl th ieno73 ,4 -b7pyr id in -7(4H)one  (161,

R = CH3)

A s t i r r e d  s o l u t i o n  o f  3- 72, 2-b-isethoxycarbonyl v inylamino7-2- 

methoxycarbonylthiophen (2 g) in po lyphosphate  e s t e r  (30 g) was hea ted  

f o r  30 min a t  120-130°. The cooled s o l u t i o n  was poured i n t o  w ate r  

(100 m l) ,  and r e p e a t e d ly  e x t r a c t e d  with dich lo romethane to  g ive  a ye l low  

r e s i d u e .  T h i s ,  on c r y s t a l l i s a t i o n  from methanol ,  gave 6- e th o x y c a rb o n y l -

3-met’noxycarbonylthieno/~3, 4- b 7p y r i d i n - 7 (4H)one (1 .4  g ,  81%) as ye l low  

n e e d l e s ,  mp. 210-14°.  (Found: C, 4 9 .1 ;  H, 3 . 9 ;  N, 5 . 4 .  C12Hu N05S 

r e q u i r e s  C, 51 .2 ;  H, 3 .9 ;  N, 5.0%.) 

t / (C D 3) 2S 0 ; :  1.05  ( s ,  H-l)

1.35  (d ,  H-5,  J = 6 .5  Hz)

5.95  ( s ,  C00CH3)

5 .65  (q ,  C00CH2CH3 , J  = 7 Hz)

8 .70  ( t ,  C00CH2CH3 , J = 7 Hz)

vmax (KBr): 3340 cm^  (NH)

1730, 1680 cm-1 (C=0)
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3 , 6-B i s e th o x y c a rb o n y l th ie n o[3, 4 - b J p y r i d i n - 7 (4H) one (161s R = C2H5) 

Following the  procedure  de sc r ib e d  above,  us ing S / ^ ^ - b i s e t h o x y -  

carbonyl vinyl  ami no -2 -e thoxycarbony l th iophen  (2 g ) , 3 , 6-b i s e t h o x y 

carbonyl th i  eno f3 ,4 -b ; p y r i  di n-7(4H)one (1 .06 g,  61%) was ob ta in ed  as 

ye l low n e e d le s ,  mp. 228-30°.  (Found: C, 52 .6 ;  H, 4 . 2 ;  N, 4 . 6 .  

C13H13O5NS r e q u i r e s  C, 52 .8 ;  H, 4 . 4 ;  N, 4.7%.) 

tF(CD3) 2S0;:  1.39 ( s ,  H-l)

1.64 (d ,  H-5, 0 = 6 .5  Hz)

5.75 (super im. q ,  2 x C00CH2CH3)

8.75 (super im. t ,  2 x C00CH2CHt3) 

vmax (KBr): 334° era-1 (NH)

1730, 1680 cm' 1 (C=0)

Attempted brominat ion o f  3 , 6- b i s e th o x y c a rb o n y l th ie n o /~ 3 ,4 -b ;p y r id in - 

7(4H)one

To a s o l u t i o n  o f  th e  pyridone  (0 .5  g) in  g l a c i a l  a c e t i c  a c id  (10 

m l) ,  a s o l u t i o n  a bromine (0 .5  g) was added dropwise.  The s o l u t i o n  was 

s t i r r e d  a t  room tem pera tu re  f o r  1 h ,  then poured in t o  w a te r .  The s o l i d  

was f i l t e r e d  o f f ,  washed with w ate r  and r e c r y s t a l l i s e d  from e t h a n o l ;  

i t  proved to  be unreac ted  s t a r t i n g  m a t e r i a l .

Th ienof3 ,4 -b ; p y r i d i n - 7 ( 4 H ) o n e - 3 , 6-d ica rboxy l  i c  ac id  (162)

A s o l u t i o n  o f  3 , 6 -b i s e th o x y c a rb o n y l th ie n o / '3 ,4 -b ;p y r id in -7 (4 H )o n e  

( 0 .5  g) in  10% aqueous po tass ium hydroxide (10 ml) was b o i l e d  under 

r e f l u x  f o r  1 h. The cooled s o l u t i o n  was poured i n t o  w ate r  (20 ml) and 

a c i d i f i e d  wi th co n c e n t ra te d  h y d ro c h lo r i c  a c i d ,  p r e c i p i t a t i n g  the  crude 

p roduc t .  The p r e c i p i t a t e  was f i l t e r e d  o f f  and c r y s t a l l i s e d  from 

methanol to  g ive  t h i e n o [394 -b jp y r i d in e - 7 ( 4 H ) o n e - 3 , 6- d i c a r b o x y l i c  ac id  

( 0 .3  g ,  76%) as a ye l low  s o l i d ,  mp. >300°. (Found: C, 4 5 .2 ;  H, 2 . 2 ,

N, 5 .3 .  C9H5N0S r e q u i r e s  C, 45 .2 ;  H, 2 .1 ;  N, 5.8%.)
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f(CD3) 2SOj: 1.35 ( s ,  H- l)

1.54 (d ,  H--5, 0 = 6 .5  Hz)

0 .5  (broad  d,  NHJ

(KBr): 3000 cm’ (v .  broad H-bonded OH) 
max v '
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