
D. Holmes: STUDIES OF THIENO[b]PYRID INE DERIVATIVES

The work described in this thesis continues previous studies in these 
laboratories on the chem istry o f th ieno[3,2-b]pyrid ines and extends i t  to  new 
topics and the th ieno[2 ,3-b ]pyrid ine  system.

The overall aim of the p ro jec t was the synthesis o f th ienopyrid ine  analogues of 
quinoline alkaloids. W ith  this end in view  a study o f the chem is try  of these 
systems was undertaken in order to  be able to  plan the synthesis o f such 
analogues.

F irs tly  the preparation of th ieno[3,2-b]pyrid ines developed in these labora tories 
was applied to  the production o f the re la ted  [2,3-b] deriva tives  which were 
then converted in to  ch loro compounds. The methods successful fo r  the [3 ,2 -b ] 
fused compounds fa ile d  in th is case but w ith  o ther reagents the desired 
conversions were achieved.

A study of the nucleophilic  substitu tion  of ch loro compounds in both systems 
was then undertaken and some erroneous conclusions reported previously were 
co rrected . In a ll cases i t  was found tha t ch lorine atoms 2T -  to  the  pyrid ine 
n itrogen atom were read ily  displaced but those a  -  to  the n itrogen atom were 
much more resistant to displacem ent.

13The use of C n.m .r. spectroscopy in s truc tu re  de te rm ina tion  has been 
studied. The spectra of a large number o f compounds were recorded and the 
resonances assigned; this method was of p a rticu la r use in investiga ting  ke to— 
enol tau tom erism .

E le c trop h ilic  substitu tion  reactions on the parent systems have been reported in 
the lite ra tu re  but l i t t le  work has been carried  out on o ther deriva tives. The 
reactions of a number o f derivatives w ith  e lectroph iles were studied and some 
in te res ting  d iffe rences in both s ite  and degree o f reaction  were observed.

The use of isa to ic  anhydrides in the preparation of quinolines has been applied 
to  the synthesis o f some re la ted th ienopyrid ines. The novel thiophene
analogues of isa to ic  anhydrides were prepared and used to  produce analogues 
of several 2 -a ry l-4 -qu ino lone alkaloids.

Several routes to  th ienopyrid ine  analogues o f furoqu ino line  a lka lo ids were 
investigated. The preparation of angularly fused tr ic y c lic  systems was quite 
s tra ig h tfo rw a rd  but linear fusion was more d if f ic u lt  to  achieve.
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This w ork concerns studies on th ieno[b ]pyrid ines, which are isosteres of 

quinoline, from  tw o  aspects; studies o f the reactions o f novel compounds (and 

of known compounds where re levant) and preparation o f analogues of quinoline 

a lka lo ids in which the benzene ring  has been replaced by th iophcnc. This 

in troduc tion  thus consists o f tw o  parts. F irs tly  a rev iew  o f the synthesis, 

physical properties and reactions of th ieno[b ]pyrid ines (inc lud ing  the rare 

[3 ,4 -b ] system where appropria te , a lthough no work on th is system was ca rried  

out by the author) w ith  re ference to  some re levan t aspects o f quinoline 

chem is try . Secondly, a rev iew  of the synthesis and p roperties o f the quinoline 

a lka lo ids whose analogues were prepared.

1.1 THIENO[b]PYRIDINES

S ' '8 ' '  N 
1 7

[2 ,3 -b ] (1)

The six possible th ienopyrid ine  systems can be sp lit in to  tw o  groups, isosteres 

o f quinoline and of isoquinoline. The quinoline isosteres, subjects o f the 

present work, are shown above.

These ring  systems are o f in te res t from  tw o  main aspects; f ir s t ly  the 

th e o re tica l in te res t in having rt-excess ive  and T t-d e fic ien t rings fused toge the r, 

and secondly the analogy w ith  quinoline compounds exh ib itin g  b io log ica l 

a c t iv ity .  The parent compounds in a ll three ring  systems have been prepared 

although th ieno[3,4~b]pyrid ine (3) was found to  be less stable than the others* 

and has been l i t t le  studied.
2

A lthough the f ir s t  p repara tion  o f a th ieno [b ]pyrid ine  was reported  in 1913 ,

most o f the w ork on these systems has been carried  out since 1965. U n like

quinolines, these compounds do not occur w ide ly in nature  although ce rta in

th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines have been discovered in o ils ^ ’ ^. The early

work on th ieno[b ]pyrid ines was la rge ly  concerned w ith  the prepara tion  o f
5 6analogues of indigo dyes by Russian workers ’ . R ecently  a large number of 

publica tions have been devoted to  the sythesis o f analogues of n a lid ix ic  acid 

(4), a known bacte ric ide .

[3 ,2 -b ] (2) [3 ,4 -b ] (3)

1



Et

Thieno[b]pyrid ines have also been reported in a n tib a c te ria l agents o f the
7 8cephalosporin type and, in one case, in an titum our agents .

9 10Th ienopyrid ine chem is try  has been reviewed by Schneller and by Barker . 

Comparisons o f the chem istries o f th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines w ith  those 

of quinoline and benzo[b]thiophene have also been m a d e ^ .

1.1.1 Synthesis

I t  is convenient to  d iv ide  the methods of synthesis in to  tw o  groups, depending 

on whether the thiophene ring  or the pyrid ine  ring  is form ed.

1.1.1.1 Synthesis by Formation of the Pyridine Ring

G enerally these are adaptations o f syntheses of quinolines. The major 

d if f ic u lty  in th is approach is the in s ta b ility  o f am inothiophenes to  atm ospheric 

ox ida tion . A common procedure is to  use the t in  double salts (3) and (6) which 

are stable and can be fo rm ed by reducing the appropria te  n itro -com pound w ith  

t in  in hydroch lo ric  acid.

1 +
NH-

SnCL 2 -

T
/ N H 3

SnC 2 -

(5) (6)

a) The Skraup Synthesis

12The Skraup quinoline synthesis was adapted fo r the f ir s t  th ieno [b ]pyrid ine
2 13synthesis by S te inkopf ’ who prepared th ieno [2 ,3 -b ]pyrid ine  (1) from  the tin  

sa lt (5).

The proposed in term ediacy o f acro le in  in th is synthesis (form ed by in s itu  

dehydration of g lycero l) led to  the use of o ther a  , (5 -unsatura ted carbonyl 

compounds. This has been applied to  th ieno [2 ,3 -b ] and [3,2~b]pyridines using

2



m ethy l v iny l ketone and the tin  salts (5) and ( 6 ) ^ ’ ^ .  In each case the 

compound w ith  m ethy l X -  to  the n itrogen atom  (arising from  M ichael add ition) 

predom inated over tha t w ith  the m ethyl a -  to  the n itrogen atom  (aris ing from  

the S ch iff's  base). (Scheme 1)

(5)

Me

no +• oCx.
X S ^ I S T  ^ S ^ N ^ M e

N

*N:

Me (7)

N .  .M e

-tS»

(8)

Scheme 1

Compound (8) has also been prepared from  (5) and p a ra ld e h yd e ^ .

b) Reaction of aminothiophenes with 1,3-dicarbonyl compounds

This approach has been used in a ll th ree  systems. 4 ,6 -D im ethy lth ieno [2 ,3 -b ]- 

pyrid ine  was form ed fro m  pentan-2,4-dione and (5) ^ ’ * 7’ i8 . (Equation 1)

0 0

Q O

S N Me

Equation 1



19
The th ieno [3 ,2 -b ]pyrid ine  analogue was produced s im ila rly  from  (6) . In the

20
[3,4~b] series pentan-2,4-dione reacted w ith  a free  amine to  fo rm  (9) 

(Equation 2)

Me
M e C ^C  (9)

Equation 2

The use of o ther 1 ,3-d icarbonyl compounds has been of lim ite d  value, o ften  

only ta rs  being form ed. Successful preparations are shown in Scheme 2.

( 5 )  02NCH(CH0) 2 ^

j  n 02NCH(CH0)2 ^

Me S NH2 M e '^ S  (ref 22)

■N02

S '  ' ' N  (re f 21)

S C 0 2 M e

O Q

(5)
S N  ^ M e

(re f 15)

Scheme 2

Aceta ls and keta ls have also been used in this synthesis. Thus th ieno [3 ,2 -b ]-

pyrid ine (2) was prepared from  malondialdehyde te tra e th y la ce ta l (M TA) and
15 23e ithe r (6) or 3-am inothiophene hydrochloride . Th ieno[2,3-b ]pyrid ine  (1)

may be prepared s im i la r ly ^ ’ ^ .

The presence o f e lec tron -w ithd raw ing  groups does not hinder the rea tion , since 

K le m m ^  showed tha t the m ix tu re  o f amines form ed on n itra tio n  and reduction



o f 2 -acety lth iophene gave the corresponding thieno[2,3-bJ (10) and [3 ,2-b ] (11) 

pyrid ines w ith  M TA. (Scheme 3)

S COMe »  . . J O

On N

OofsT " S ^ '"COMe
f

S " ^ C O M e

O N

S '  ''C O M e
(10)

Scheme 3

, - O K

1 COMe
(11)

K le m m ^  also reacted (5) w ith  the d ie thy l aceta l o f 3 -ke tobutanal to  give 

m ain ly 3 -ace ty lth ieno [2 ,3 -b ]pyrid ine  (12) toge ther w ith  sm all amounts of U- and 

6 -m ethy lth ieno[2 ,3 -b ]pyrid ines. The mechanism shown in Scheme 4 was 

proposed.

S
(12)

HO

■H

Scheme 4



c) The Conrad-Limpach and Gould-Jacobs reactions

The Conrad-L im pach synthesis o f 4-quinolones involves the the rm a l cyc lisa tion  

of compounds o f type (13), derived from  a rom a tic  amines. (Equation 3)

R

(13)

R'

Equation 3 

183-Am inoth iophene was cla im ed to  react w ith  e thy l ace toace ta te  to  g ive the 

th ieno[3 ,2-b ]pyridone (14) which was converted in to  (8), described ea rlie r. 

(Scheme 5)

O Q

(6)
OEt

■ N v y M e

(14)
O

1.POCI3

2. S n-H C I

(8)

Scheme 5

,25D if f ic u lty  in repeating  th is w ork has been reported  . Under s im ila r 

conditions (15) gave (16), suggesting tha t the ester group, ra the r than the ke to  

group, of e thy l acetoace ta te  condensed w ith  the amino group. (Scheme 6)

E t02C

NH

(15)
Me

Scheme 6

6



A thieno[3,*f~b]pyrid ine (17) has been prepared from  d im e thy l ace ty lened ica rb -
20oxy la te  (DM AD ) and the amino ester (18) . (Scheme 7)

C 0 2M e

/ = \
M eO jC  N-H

V - S ' ^ C 0 2Me

A

'I

(17)
Scheme 7

26An e laborate  th ieno [2 ,3 -b ]pyrid ine  was synthesised by B lechert e t al , the 

DM AD adduct o f 2-am inothiophene was a lky la ted  w ith  an a lly l halide to  give 

(19) which, on heating, cyclised and underwent a hetero-Cope rearrangem ent to  

g ive (20). (Scheme 8)

 ^ N H 2
"j jT DMAD

C02Me

(18)

Me02C.

H

M e 0 2C.

COjMe NaH

C 02Me

s N C 0 2Me

(19)

(20)

Scheme 8

A va ria tion  o f the Conrad-L im pach synthesis is the Gould-Jacobs reaction . An 

a rom a tic  amine is condensed w ith  e thoxym ethylenem alonate and the resu lting  

v iny lam ine cyclised by heating. (Scheme 9)

7



R-
EtOCH =c(C 02Et)2

R-
S t ° 2 C\ ^ C 0 2Et

‘NH-
H

A

R

C02Et

Scheme 9

20This synthesis has been applied to  the production o f th ieno [3 ,4 -b ]pyrid ines 

(Equation 4)

PPE

Equation 4

Various th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines have been prepared in th is way,
27-30s ta rtin g  from  e ithe r the free  amine or the double salts ~ .

The use of o ther compounds in place o f e thoxym ethylenem alonate  gives rise to  

a va rie ty  o f substitu tions in the pyrid ine  ring  as shown in Table 1.

8



X Y R1 R2 Ref

CN C O ^E t OH CN 27

CN CN NH 2 CN 31

MeCO C 0 2Et OH COMe 27

MeCO MeCO Me 

Table 1

COMe 27

(2-Me or Ph)

27S im ila r preparations of th ieno[3 ,2-b ]pyrid ines have been reported

A m ino th iophenecarboxy lic  acids have been used to  prepare both the [2 ,3 -b ] 
2 5 28 32and [3 ,2 -b ] systems ’ ’ . On heating, decarboxylation  occurs g iv ing a

vacant s ite  fo r cyc lisa tion . (Equation 3)

OH
^ C ° 2H  A x  ^ C Q 2Et

S '^ -N H C H = c (C 0 2Et), ^  S N'2

Equation 5

d) From ortho-amino carbonylthiophenes

The Fried lander synthesis o f quinolines from  o-am ino aldehydes or ketones

has been recen tly  applied to  the production o f th ieno [2 ,3 -b ]pyrid ines from
332-am ino-3-benzoylth iophenes . Compound (21) is an exam ple o f the products 

prepared by th is rou te . (Equation 6)

Me,
O

A - Ph
+

*NH2
o

Ph

Me.

(21)

Equation 6

S im ila rly  various th ieno[3 ,2-b ]pyrid ines have been prepared by pe rch lo ric  acid
34

catalysed reaction  of 3-am ino~2-benzoylthiophenes w ith  ketones

A good yie ld  o f the th ieno [3 ,2 -b ]pyrid ine  was obtained when (22) was reacted
35w ith  d im e thy lfo rm am ide  d im e thy lace ta l (DM FDA) fo llow ed  by ace tic  a c id ' . 

(Equation 7)

9



NH
1.DMFDA

2 , AcOH MeSMeS COoEt
OH(22)

Equation 7

3-A m ino-2 -fo rm ylth iophene  has been used to  prepare the th ieno [3 ,2 -b ]-
36 24pyrid ines depicted in Scheme 10 ’

/ N x / N H 2

Scheme 10

37In an early paper Raich and H am ilton  described the condensation of

3 -fo rm y l-2 -n itro th iop h en e  w ith  acetophenone to  give an in te rm ed ia te  (23) 

which was reduced to  the amino-compound (24). On add ition  o f base this 

cyclised, g iv ing  the th ieno [2 ,3 -b ]pyrid ine  (25). (Scheme 11)

10



o

base

S ' ^ ' N ' ^ ' P h
(25)

Ph

S - ^ N H
(2 if)

Scheme 11

The m e thy lth io  compound (26) was prepared from  the benzo[b]thiophene (27)
38and l, l-b is (m e th y lth io )-2 -n itro e th y le n e  . (Equation 8)

Ph

(27)

OoN
(MeS),C=CHN02 2

MeS

Equation 8

(26)

Base catalysed cyc lisa tion  o f acetam idothiophenes (28) gave the th ieno [3 ,4 -b ]- 
39

pyrid ines (29) . (Equation 9)

R

M e" ' 'S  
(28)

•NV

O 
Me

NaOH
-s»-

Me

Me (29)

Equation 9

4 o 41
Shvedov et ai ’ ca rried  out the V ilsm eier reaction  on various 2-acyiam ino- 

thiophenes and cyclised the resu lting  aldehydes (30) w ith  substances 

conta in ing  a c tive  m ethylene groups to  give th ieno [2 ,3 -b ]pyrid ines (31). 

(Scheme 12)



R iLJt
H

-CHO

r \  = a lky l, cyc lo a lky l 

R^ = CN, acyl, C C ^E t e tc

R4 ^ C N

(30)

(31)

Scheme 12

42 43A s im ila r approach was used by Meth-Cohn et al_ ’ who applied the

V ilsm eier reac tion  to  acetam idothiophenes and produced a ll th ree  ring 

systems, the products obtained depending on the reaction  cond itions used.

2 -Acetam idoth iophenes gave th ieno[2 ,3-b ]pyrid ines (Scheme 13), w h ile  3 -aceta - 

m idothiophenes gave e ithe r th ieno [3 ,2 -b ] or [3 ,4-b ]pyrid ines depending on the 

thiophene ring substituents.

M e '

Me' N ^ C I

Scheme 13

The use o f o-am inothiophene ca rboxy lic  acid deriva tives has found wide 

app lica tion  in the synthesis o f th ieno[b ]pyrid ines. The adduct (32) was form ed 

by reaction  of e thy l 2 -am inoth iophene-3-carboxyla te  w ith  DM AD. This was 

then cyclised w ith  potassium t-b u to x id e  in t-bu tano l to  give the th ieno [2 ,3 -b ]- 

pyrid ine  (33) shown in Scheme 144^,

12



IT 'C02Et

NH-
DMAD

KOBu*

C02Et^O O 2 M 6 

N '^ ' v'-C 0 2M e

(32)

C 0 2 M e

S ^ N ^ C O j M e
l i  (33)

Scheme 14

Thieno[3,2-b]pyrid ines have been prepared s im ila rly , in th is  case cyc lisa tion
32was e ffe c te d  w ith  sodium hydride in d im e thy lfo rm am ide  (DM F) .

E thy l /?-am inocro tonate  condensed w ith  2-am inothiophenes w ith  loss of

ammonia to  give vinylam ines which were then cyclised w ith  base to  give
4 *5

th ieno [2 ,3 -b ]pyrid ines (34) . (Scheme 15)

.C02Et

Me, -CN
H2N Me

M e ^ s ^ N H

M e

Me

NaOEt

MH
Me

Me Me
(34)

Scheme 15

Various th ieno [3 ,2 -b ]pyrid ines (35) have been prepared by reaction  o f

3-am ino-2-all<oxycarbonylth iophenes w ith  ace tic  acid de riva tives  and
46cyc lisa tion  of the resu lting  amides (36) w ith  base as illu s tra te d  in Scheme 

16.
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•NH2

S ^  X 02R

X -  C 0 2E t, COMe, CN

X ^ C 0 2R (
n h c o c h 2x

s ^ c o 2r 1 (36)

OH (35)

Scheme 16

S im ila r ly  the th ione (37) was prepared from  the th ionoeste r (38) and 

m a lo n o n itr ile ^ '7. (Equation 10)

N C ^ . 

Me

NH
NC CN

NC'

OEt
M e ' ^ S  ' ' " ' ' ^ f ^ o N  

S
(38) (37)

Equation 10

Thieno[2,3-b]pyrid ines (eg (39)) have been prepared by s im ila r methods'^ 

(Equation 11)

H.C .CN
N C ^ C Q 2Et

h 3c x
n h 2

h 3c  s ^ ^ n h 2 H*C'

CN

(39)

N O 
H

Equation 11

The preparation o f 2 ,4-b is(dim ethylam ino)qu ino lines from  N -acy lan th ran ilic :
4 9esters and hexam ethylphosphoric tr ia m id e  (HMPT) has been applied to  the

production o f th ieno[2 ,3-b ]pyrid ines from  2-am inoth iophene-3-carboxy lic  acid 
50deriva tives . (Equation 12)
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NMe-
R- ^ C 0 2Et

HMPT

R ^ S ^ N H C O C H o R 2

R>

R' S N NMe2 

R, R 1 = H, Me

Equation 12

c) Miscellaneous

The tetracyanoth iophene (40) was condensed w ith  compounds conta in ing  ac tive
51m ethylene groups to  give th ieno[2 ,3-b ]pyrid ines (eg (41)) . (Equation 13)

NC. -CN
NC CN 

N C ^ ^ S ^ ^ C N  

(40)

Equation 13

N C - 

N C ^  " S

A trans fo rm a tion  o f th ieno[b]p iperazines in to  th ieno [2 ,3 -b ]pyrid ines (42) has
32re ce n tly  been reported  . (Equation 14)

O ■N

R

S "  ^ N  
H

O-

N R (42)

COoMe R = Me, H 

1
p .. , R = C H „C O „M e , MeEquation 14 2 2 J

The parent th ieno [3 ,2 -b ]pyrid ine  (2) has been prepared by a ring  closure in

which the a ttack ing  atom was n itrogen ra the r than carbon by pyrolysis o f the 
530 -m e thy lox im e(43 ) . (Equation 13)

650c

S 'A - ^ ^ N
(43)

•OMe

M

(2)

Equation 15 
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1.1.1.2 Synthesis by Formation of the Thiophene Ring

This approach has been less common than the construction  o f the pyrid ine  ring  

and has been m ain ly applied to  the synthesis o f th ieno[2 ,3-b ]pyrid ines

a) From pyridinecarboxyiic acid derivatives

54C hichibabin and Vorozhtov prepared 3-hydroxyth ieno [2 ,3 -b ]pyrid ine  (44) by

the rou te  depicted in Scheme 17. An e a rlie r c la im  th a t th is  compound had
55been obtained from  2 -p y rid y lth io a ce tic  acid was shown to  be in co rre c t.

^ > ^ C 0 2Me u  H S ^ C 0 2H 

I
’N CI

2 .C H 2N2

N

-OH
1 .S apon ifica tion  

^ 2 - C O 2
(44)

/ ^ \ / C 0 2Me

N CO 2m ©

base

-OH

s K  s  / ^ - Co 2Me

Scheme 17

The 6 -m ethy l analogue of (44) was synthesised from  the d i-ac id  (45) and ace tic  

anhydride fo llow ed  by hydrolysis o f the acetoxy compound (46) as shown in 

Scheme 1 8 ^ .

<^ \ ^ c o 2h

Me'' ^ N '^ S '^ C O o H  
(45)

A c 20

M e - ^ N ^ S
(46)

-OAc

OH

Me

Scheme 18
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* 57Thieno[3,2-b]pyrid ines may be produced s im ila rly  . The y ie ld  o f the hydroxy 

compound (47) is increased if  the acetoxy in te rm ed ia te  is iso lated. (Scheme 

19)

.OH

50% overa ll

Scheme 19

b) From other pyridin ~2 -th io l derivatives

2-A lky lth io -3~cyanopyrid ines conta in ing  an a c tive  m ethylene group a - t o  the

sulphur atom may be prepared by tw o  methods. In the f ir s t  the appropria te
58-613-cyanopyrid in -2 -th ione  is reacted w ith  an a lky l halide , and in the second

62a 2 -ha lo-3-cyanopyrid ine  and a th io l are combined . C yc lisa tion  w ith  base 

then leads to  th ieno [2 ,3 -b ]pyrid ine  de riva tives (48) as outlined  by Scheme 20.

R - - J -
Hal X

H

R-

R-
^ C N

N ^ s ^ X

base

Scheme 20
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Thieno[2,3-b]pyrid ines unsubstitu ted a t C-3 can be obtained by use o f 3 -fo rm y l,
“ 63

ra the r than 3-cyanopyrid ineth iones . (Equation 16)

H

CHO 

S

B r ^ x

N ^ S ^ " X  

X = C C ^E t, COPh e tc

Equation 16

In a re la ted  approach the 2-ch loro-3-cyanopyrid in ium  sa lt (49) was reacted
64w ith  m ethy l th iog lyco la te  to  g ive the N -m ethy lth ieno [2 ,3 -b ]pyrid ine  (30) .

(Equation 17)

NHMe

H->N Cl
Me c r
(49)

Me

NH

Me
(50)

Equation 17

R eaction of 3 -m e thy ipy rid in -2 -th io ne  w ith  n -b u ty llith iu m  gives the d ilith io  

de riva tive  (51); condensation w ith  benzophenone (g iv ing (52)) and cyc lisa tion  

w ith  sulphuric acid then leads to  the dihydro compound (53)6^ as shown in 

Scheme 21.

Ph
Ph

CH
n-BuLi Ph2CO OH

SLi

(51)

Ph
Ph

Scheme 21
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M ethy l 3 -m e thy lth ieno [2 ,3 -b ]pyrid ine -2 -ca rboxy la te  (5^f) was prepared by a
66photochem ica l ring  closure from  the ke to  ester (53) in m oderate y ie ld  . 

(Equation 18)

• GH
hv

h r  x o 2c h 3
(55)

N ^ s ^ c 0 2C H 3

(54)

Equation 18

c) High Temperature Cyclisation Methods

Klem m  and his co-w orkers have developed high tem pera tu re  c a ta ly t ic  

processes fo r the  preparation o f th ienopyrid ines. A lthough yie lds have 

genera lly been poor, in one case reported re ce n tly  the y ie ld  was s u ff ic ie n t fo r 

the process to  be syn th e tica lly  useful.

Th ieno[2,3-b ]pyrid ine  (1) and its  6-m e th y l de riva tive  were prepared by heating

the appropria te  3 -v iny lpyrid ine  w ith  hydrogen sulphide over an iron(ll)sulphide-
67alum ina ca ta lys t a t 630° (Equation 19). S im ila r results were obtained using

3-e thy lpyrid ines.

•N

H2S
63 0 °

+ N

N ^ S '  

(1)

Equation 19

Under these conditions 2 -v iny lpyrid ine  gave th ieno [3 ,2 -b ]pyrid ine  (2) in 1.6% 
68yie ld  . B e tte r resu lts were obtained i f  the v iny lpy rid ine  were f ir s t  condensed

w ith  benzyl m ercaptan to  give the benzyl pyridy le thy lsu lph ide . Pyrolysis of
69th is  m a te ria l then gave (2) as 28% o f the basic fra c tio n  .

A much im proved synthesis o f (2) from  2-e thyny lpyrid ine  was described 

re ce n tly '7^. (Scheme 22)
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600

(2 )

Scheme 22

cl) Miscellaneous

A low  yie ld  of the chloro-com pound (56) was obtained from  pyrid in -3 -y lp rop - 

io lic  acid and re flu x ing  th iony l ch lo ride^ K  (Equation 20)

/ > ^ / C - C C 0 2 H

N

n s o c i 2

2. EtOH N ^  S' 

(56)

• C l

'C 0 2Et

Equation 20

Thieno[3,^-b]pyrid ines have also been prepared by syntheses invo lv ing

construc tion  o f the thiophene ring. K lem m  and his co-w orkers prepared the
i 72 73parent (3) by the sequence shown in Scheme 23 ’ ’



f̂ Y ' C H B N -C h lo ro su cc in im id e
| ^ n - —  ...................      —  I

^ N ^ C H b S j A c h 2ci

1 .N a2S

2 * [ o ]
3 , AI2Ob

Scheme 23

7 kSpinner and Yeoh have synthesised a number o f 1,3-dihydro de riva tives  o f (3) 

from  s im ila r s ta rting  m ateria ls .

T ransfo rm ation  o f iso th iazo lopyrid ines in to  th ieno [2 ,3 -b ]pyrid ines has been 
58reported  . (Equation 21)

CH

NH

CH

Equation 21

Heating the d i- t-b u ty ip y r id in e  (57) w ith  sulphur tr io x id e  gave the sulphone

(5 8 )^ .  (Equation 22)

V
(57)

SO
B ur\ ^ . N Me

Me

°  °  (58)

Equation 22
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An in te res ting  recent synthesis in which both rings were form ed toge ther
7 6invo lved reaction  o f the tricyano-com pound (59) w ith  sulphur . (Scheme 24)

H .N ,

CN

CN 

CN

CN

CN
CN

(59)

CN

NH

Scheme 24

A nother p repara tion  in which both rings are form ed toge ther involves 

cyc lisa tio n  o f cyano-compounds (60), produced from  (61) and a v a rie ty  o f 

secondary amines77. (Scheme 25) In one case a substitu ted  thiophene was 

iso lated from  the reaction  m ix tu re .

N C ^ C N d  d  K|U) n c ^ c n  l d a  N C \’Nr'' r 1r 2n h  .

A  ■— r JMeS ^SM e MeS NR, R2 R2R,N^
(61) (60)

Scheme 25
1.1.2 Physical Properties

1.1.2.1 Electron Distribution

Since an im po rtan t consideration in the chem istry  o f th ieonpyrid ines is the 

th e o re tica l in te res t in the fusion o f a w -excessive thiophene ring  and a v  - 

d e fic ie n t pyrid ine  ring  i t  is not surpris ing tha t a ttem p ts  have been made to

ca lcu la te  e lec tron  densities and indices o f re a c tiv ity  fo r these systems. An

in te res ting  consideration is how the method o f ring  fusion a ffe c ts  the s ite  and

degree of various reactions (eg e le c tro p h ilic  and nuc leoph ilic  substitu tion ).

78Q uinoline has been the subject o f a number o f th e o re tica l studies . The
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figures given below are i r -e le c tro n  densities a t each ring  position obtained by
1 5 73 79Huckel m olecular o rb ita l (HMO) ca lcu la tions. Klemnri and co-w orkers ’ ’

have use a s im ila r approach to  ca lcu la te  e lec tron  densities fo r th ieno [b ]- 

pyrid ines. They also ca lcu la ted  superde loca lisab ility  values fo r e le c tro p h ilic  

and nucleoph ilic  substitu tion . The e lec tron  density values thus obtained fo r 

th ieno[b ]pyrid ines and fo r  quinoline are given in F igure 1.

0-99 0.93
1.00

0.98 N ^ 0 .9 0

1.21

1.09

0.94
- < ^ ^ ,1 .0 6

N 0.93
1.32 1.32

1.31 0.9 4
1.09 ^ s \ ^ ^ \ 1 . 0 6

1.2 2----------^ N ^ 0-92N
1.32

0.94

1.1 3 S
N ^ 0 .9 3

F igure 1. i t -E le c tro n  densities in quinoline and th ieno[b ]pyrid ines

These figures ind ica te  an increase in e lec tron  densities in the pyrid ine  ring  

w ith  respect to  quinoline. However, the re la tiv e  d is tr ib u tio n  (ie e lec tron  

de fic iency  a t positions a -  and X -  to  the n itrogen) is m aintained. This 

e le c tron  de fic iency suggests th a t nuc leoph ilic  substitu tion  w il l take place at 

positions a  -  and I f -  to  the n itrogen. This is in accordance w ith  the  known 

reactions of th ieno[b ]pyrid ines.

For th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines e le c tro p h ilic  subs titu tion  is p red ic ted  to  

occur a t C-3; again th is is in accordance w ith  the known chem istries  o f these 

systems. The chem istry  o f th ieno [3 ,4 -b ]pyrid ine  has been so l i t t le  studied th a t 

i t  is not possible to  compare th e o re tica l pred ictions w ith  known reactions.

80Helland and Skanke used other methods of ca lcu la tion  (P ariser-P arr-Pop le  

[PPP] and com plete  neg lect o f d if fe re n tia l overlap [CNDO ]) to  produce 

e lec tron  densities, fro n tie r  e lec tron  density (FED, fo r e le c tro p h ilic  substitu ­

tion ), f ro n tie r  o rb ita l density (FOD, fo r nucleoph ilic  substitu tion ) and fro n tie r  

rad ica l density (FRD, fo r rad ica l substitu tion). The p red ic tions fo r 

e le c tro p h ilic  subs titu tion  given by these ca lcu la tions agree w ith  those produced 

by the HMO method. However, nuc leoph ilic  substitu tion  fo r th ieno [2 ,3 -b ] and 

[3,2-bJpyridines is pred icted to  occur a t C-2 which is not in agreem ent w ith
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K lem m 's e lecton density figures (which p red ic t nucleoph ilic  su b titu tion  at 

positions a -  and IT -  to  the n itrogen atom ) nor w ith  the known chem is try  of 

these systems (see Section 1.1.3-2).

i . 1.2.2 Bond Lengths

Bond lengths in quino line have been determ ined by x-ray  crys ta llography ' 1

SOwhereas those fo r th ienopyrid ines have only been estim ated  by ca lcu la tions 

based on the values fo r known compounds. I t  appears th a t rep lacem ent o f the 

benzene ring  by a thiophene ring  has l i t t le  e ffe c t on the bond lengths in the 

pyrid ine  ring.

1 .U

u s j k ^

1.36 1.41

IAS N ^

1.36

S

138

\3»

F igure 2. Bond lengths (in X) fo r quinoline and th ieno[b ]pyrid ines

1.1.2.3 Base Strengths

The pKa values shown below fo r quinoline and th ieno[2 ,3-b ] and [3,2-bJpyridines
82were determ ined in w a te r a t .25°C

Compound

Thieno[2,3-b ]pyrid ine

Thieno[3,2-b ]pyrid ine

Quinoline

pKa

2.73

4.35

4.87

The d iffe rences were in te rp re ted  in term s of the inductive  e ffe c t o f the 

sulphur atom  reducing the e lec tron  density on the n itrogen. In the L2,3-b]

system the sulphur atom is much closer to  the n itrogen atom  than in the 

[3 ,2 -b ] system; thus th ieno [2 ,3 -b ]pyrid ine  is considerably less basic than 

quinoline, whereas th ieno [3 ,2 -b ]pyrid ine  is only s lig h tly  less so.
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1.1.2.4 Spectroscopic Properties

The UV spectra o f th ieno[b ]pyrid ines show considerable s im ila r it ie s  to  those of 

q u in o lin e s ^ ; the i.r . spectra  are apparently unrem arkable since no deta iled  

discussion of them has appeared.

1 13Both H and C n .m .r. spectra o f a g reat va rie ty  o f compounds in the series 

have been published. The H spectra are read ily  in te rp re ted  by considering 

the systems as a com bination o f thiophene and pyrid ine. A summary of the  

re levan t points is given by B a rk e r^ .

K lem m  has recorded mass spectroscopic data fo r a large number o f th ieno-
8 3pyrid ines, and explained the  fragm en ta tion  patterns

1.1.2.5 Other Physical Properties

84Dipole moments o f th ienopyrid ines have been measured and studies o f the
85 86behaviour o f th ienopyrid ines on gas-liquid  and th in - la ye r chrom atography 

have been made.

1.1.3 Reactions

1.1.3.1 Electrophilic Substitution

The fo llo w in g  observations on the e le c tro p h ilic  substitu tion  of quinoline have 

been made:

a) E lectroph iles w il l co -o rd ina te  w ith  the n itrogen a tom , rendering the 

pyrid ine  ring  s trong ly deactiva ted  to  e le c tro p h ilic  a tta ck . In p a rticu la r, in 

strong acid media the system w il l be protonated.

b) When substitu tion  occurs i t  does so in the benzene ring ; the re a c tiv ity  is 

less than tha t o f naphthalene but g reate r than tha t o f pyrid ine.

c) The general order o f re a c tiv ity  o f the ring  positions in. quinoline is:

0 5  Ophenyi) >C-8 =*C-6 >C-3 >C-7 » C - 2  >C-4

In th ieno[b ]pyrid ines the major am ount o f work on e le c tro p h ilic  subs titu tion  has 

been ca rried  out by K lem m  and co-w orkers, the three reactions most studied 

being deu te ria tion , n itra tio n  and halogenation.

D eu te ria tion  o f th ieno [2 ,3 -b ] and [3 ,2 -b ]pyrid ine  was ca rried  out in D-SO. a t
87 88100° and was fo llow ed  by n.m .r. ’ . In both systems it  was found th a t

deuterium  exchange occurred p re fe re n tia lly  a t the 3-position but on prolonged 

heating the 2-proton was also exchanged. The ra te  constants were ca lcu la ted  

and it  was found th a t a tta c k  took place on the protonated species; the 

re a c tiv ity  was considerably g reate r than tha t o f quinoline and s ig n ific a n tly  

g rea te r than th a t o f benzene. It was found th a t the [3,2-b]system  was 

somewhat less reac tive  than the [2 ,3 -b ] system, although in the fo rm e r case
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the C -3 : C-2 s e le c tiv ity  ra tio  was g reate r.

87The n itra tio n  o f th ieno [2 ,3 -b ]pyrid ine  has been studied k in e tic a lly  and

resu lts  s im ila r to  those obtained fo r deu te ria tion  have been found (notably 

a tta ck  a t C-3, on the protonated species).

79P repara tive  n itra tion s  have been ca rried  out on both (1) and (2) , on
895-e thy lth ieno [2 ,3 -b ]pyrid ine  , and on the more e labora te ly  substitu ted th ieno- 

32[3 ,2 -b ]pyrid ine  (62) . In a ll cases reaction  took place a t C-3 (eg Equation 23).

N \ ^ C 0 2M e

'v- S '/ V Y ' ^ C 0 2M e
(62) O

HNO:

H2SO(,

o 2n . ¥N \ ^ C 0 2M e

S ' ^ 1̂ - C 0 2M e
O

Equation 23

When the 3-position o f th ieno [2 ,3 -b ]pyrid ine  is blocked by halogen n itra tio n  by
90mixed acid occurs a t C-2

C erta in  th ieno [2 ,3 -b ]pyrid ines have recen tly  been depicted as undergoing 
91n itra tio n  a t C-2 . (Equation 24)

KNO

HoSOj

Et

O

^ A ^ C Q 2Et

0 2N S rjT 
Et

Equation 24

If  a c tiva tin g  substituents are present n itra tio n  can occur in the pyrid ine  ring.

Thus the N -oxide (63) can be n itra te d  a t C-4 or C-5 depending on the
92 93 94conditions used . S im ila r reactions have been reported fo r quinolines ’

In the di-oxygenated th ieno [3 ,2 -b ]pyrid ine  (64) the pyrid ine  ring  is h ighly
46a c tiva te d  and can be n itra te d  w ith  n it r ic  acid in ace tic  acid . These 

reactions are depicted in Scheme 26.
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tj) +

(63) ° “

n o 2

HNO

0 ~

(64) OH

HNO:

HOAc

1
■Nv O

OH

Scheme 26

Halogenation has proved more com plex than the reactions just described since
90 95oxida tion  and add ition  reactions can also occur ’ . B rom ination  o f

th ieno [2 ,3 -b ]pyrid ine  (1) w ith  an excess o f brom ine in carbon te tra ch lo rid e -

w a ter gave a low y ie ld  o f the 2,3-d ibrom o compound (6 5 )^ .  Under s im ila r

conditions ch lo rina tion  gave both 3-ch loro and 2 ,3 -d ich lo ro th ieno [2 ,3 -b ]- 
90pyrid ines . M oderate yie lds of the 3-halo deriva tives (66) were obtained by

tre a tin g  (1) w ith  e lem enta l halogen in warm  concentra ted sulphuric acid
90conta in ing  s ilve r sulphate . In an a tte m p t to  perfo rm  brom ination  on the

unprotonated species brom ine in ch lo ro fo rm  in the presence o f a b u ffe r was
90employed; in this Way im proved yields o f (66) (X=Br) were obtained . These 

halogenation reactions are shown in Scheme 27.



Br.

(65)

(66) (X = Br)

(66)C l, Br, I

Scheme 27

The in tro du c tio n  of iodine a t C-2 of a th ieno[2,3-b]pyridone using iodine-
96m ercury (11) aceta te  has re ce n tly  been described . (Equation 25)

Hg(OAc)

Et

O
J C ^ C 0 2 E t

r
Et

Equation 25

57Sheehan and L e itn e r obtained a lab ile  ye llow  iodo compound fro m  the 

hydroxy-com pound (67) and iodine m onochloride. The id e n tity  o f the product 

was not established but was probably the 2-iodo compound (68), the la b ility  o f 

the  iodine being explained by its  position a -  to  the carbonyl group in the ke to  

tau tom er. (Equation 26)
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Equation 26

R ecently  tw o th ieno[3,4~b]pyrid ines^° and a th ieno[3,2~b]pyrid ine^ 6 con ta in ing  

a c tiv a tin g  subtituen ts have been brom inated in the pyrid ine  ring  on tre a tm e n t 

w ith  brom ine in a ce tic  acid as shown in Scheme 28.

M e C ^C

OMe OMe

OH OH
Scheme 28

1.1.3.2 Nucleophilic Substitution

G enera lly a rom a tic  nuc leoph ilic  substitu tion  in quinolines • involves the

displacem ent o f a hydride or halide ion by a strong ly nuc leoph ilic  species. 

Only one example o f the fo rm e r has been reported in th ieno[b ]pyrid ines 

whereas displacem ents o f halogen atoms a  -  or K - to  the n itrogen atom  have

been reported in a ll th ree systems. D isplacem ent o f halogen from  less ac tive

positions has also been described.

15Klem m  e t al found th a t t h i e n o [ 2 , 3 - f c > ] p y r i d i n e  ( l) ,  on tre a tm e n t w ith  n- 

b u ty llith iu m  a t 25-33° fo llow ed  by m ild  oxidation, gave the 6-b u ty l d e riva tive  

(69 R = Bu) toge ther w ith  s ta rtin g  m a te ria l; m e th y llith iu m  gave a s im ila r resu lt. 

I t  was shown tha t fo rm a tio n  o f the 2 - lith io  compound (70) was a com peting  

process to  rep lacem ent o f H -6, and a t lower tem pera tures was the sole 

reaction . (Scheme 29)



( i )

RLi

RLi

3 0 ‘ " ^ N  ^ R  
(69) R = Bu 47% 

R = Me 11%

Scheme 29

D isplacem ent o f halogen from  positions a -  or -  to  the 

atom has been recorded fo r a va rie ty  o f th ieno[b]pyrid ines. 

a few  examples of th is  type of trans fo rm a tion .

B r - ^  S N ^ C I

PhS

B r ^ S ^ N

H -N

*N

Cl

M eO‘ •N

OMe

Scheme 30

pyrid ine  n itrogen 

Scheme 30 shows

(R ef. 97)
SPh

(R ef. 20) 

C 0 2Me

(R ef. 46)



Where suitable substituents exist cyc lisa tion  to  fo rm  tr ic y c lic  deriva tives is
98possible, as in the synthesis o f the pyrazole (71) . (Equation 27)

H N N N

NH

(71)

Equation 27

In the d ich lo ro -es te r (72) i t  was shown th a t the ch lorine  atom  If -  to  the

n itrogen was the most read ily  displaced, fo rm ing  angu larly  fused d ith ieno - 
99pyrid ines . In the corresponding compound w ith o u t the ester group (73) i t

was o rig in a lly  believed th a t the ch lo rine  atom a  - to  the n itrogen was the
.. 46more reac tive

C 0 2Et

(72) C l

However th is is in co rre c t and in (73) i t  is also the ch lorine  If - to  the n itrogen 

atom  which is the more re a c tive  (see the discussion section o f the present 

work).

The ch lo rine  atom  in the  N -oxide (74), form ed by reaction  o f the  n itro

compound (75) w ith  re flu x ing  ace ty l ch lo ride, was displaced, a lb e it s low ly, by a 
92number o f amines . (Scheme 31)

NO-

" S ' "
(75)

¥
o -

N H(CH2) n NR

Scheme 31

Under more fo rc ing  conditions d isplacem ent o f halogen from  less re a c tive  sites
90 21can be accomplished. Both 3-brom o and 5-brom oth ieno[2 ,3-b ]pyrid ines

fo rm  the corresponding n it r i le  w ith  copper(l)cyan ide in re flu x in g  DMF. Iodine
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70 96has been displaced from  C-2 o f th ieno [3 ,2 -b ] and [2 ,3-b ]pyrid ines using

coppqr(l)cyan ide  in N ,N -d im ethy lfo rm am ide  (DMF) and sodium m ethoxide-

copper(l l)ox ide  in m ethanol, respective ly .

1.1.3.3 Oxidation

Thienopyrid ines can be oxidised a t sulphur (g iving a sulphoxide or sulphone) or
92 100a t n itrogen (g iv ing an N -oxide). Thieno[2,3-b] and [3 ,2-b ]pyrid ines are

se lec tive ly  oxidised by per-acids to  g ive N-oxides which have been found to  be
92syn th e tica lly  useful, undergoing n itra tio n  (Section 1.1.3.1), the 

Reissert-Henze re a c t io n ^ *  and o ther tra n s fo rm a tio n s ^ ^ s im ila r to  those 

recorded fo r quinolines. (Scheme 32)

oO h 2o 2

o
tli 4-

AcOH

(2)
PhCOCI 

KCN

N \  X NoO

p o c i3

Ci

S N S N Cl

H

Scheme 32 

32



The prepara tion  o f S-oxides is less s tra ig h tfo rw a rd ; reaction  o f thieno[2,3~b]~
92pyrid ine  ( I )  w ith  ch lo rine  w a te r gave the 2,3-d ihydro compound (76) , and

w ith  sodium hypoch lo rite  and d ilu te  hydroch lo ric  acid the sulphone (77) was 
95form ed . (Scheme 33) The sulphone from  th ieno [3 ,2 -b ]pyrid ine  (2) was 

prepared s im ila rly .

S N 
(1)

Cl

Cl
(76)

NaOCI
\ h c i

c
A \  N

0/  t )  (77)

Scheme 33

The sulphone (77) acted as a dienophile in the D ie ls -A lde r reaction , fo rm ing  

adducts w ith  anthracene, w ith  furan and w ith  naphthacene. On heating (77) 

condensed w ith  its e lf in a D ie ls -A lde r fashion; sulphur d ioxide was then 

extruded from  the adduct to  give the quinoline (78) as illu s tra te d  by Scheme 

34.



o  o

(78)

1.1.3.4 Reduction Scheme 34

The only repo rt o f reduction  o f a th ieno [b ]pyrid ine  ring  system is the

production  o f e thy lpyrid ines from  4-m ethy l and 6 -m ethy lth ieno [2 ,3 -b ]pyrid ines
.92and Raney n ickel . The ring  systems are stable to  tin -h yd ro ch lo ric  ac id ""- and 

89 92
iro n -a ce tic  acid ’ since n itro  compounds have been reduced to  amines by

these reagents. Halogen substituents in e ithe r ring  are removed by zinc in

a ce tic  acid, w ell illu s tra te d  by the production of the parent [2 ,3 -b ] system (1)
97from  2-brom o-6-ch lo ro th ieno [2 ,3 -b ]pyrid ine  .

1.1.3.5 Lithio Compounds

As w ith  thieno its e lf th ie n o [2 ,3 -b ]^ ^  and [3 ,2 -b ]p y r id in e s ^  reac t w ith  n- 

b u ty llith iu m  to  give the 2- l i th io  deriva tives, which undergo ty p ic a l trans fo rm a ­

tions o f th is type of compound. For example reaction  w ith  DMF leads to  the 

aldehyde (79).

6 -C h lo ro -2 -lith io th ie n o [2 ,3 -b ]p y rid in e  was prepared from  the corresponding

2 -brom o-6-ch loro  compound by reaction  w ith  n -b u ty llith iu m . This too reacted
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97w ith  DMF to  fo rm  an aldehyde . (Scheme 35)

" ■ .»»V A.’'

S ^ N

n—BuLi

70
L i ^ s ^ N

B r ^  S 'Cl

n -B u L i

L i ^ S ^ N ' X I

DMF

DMF

O H C ^ S ^ - N

OHC S N Ci

Scheme 35

3 -L ith io th ieno [2 ,3 -b ]py rid ine  is prepared by halogen-m eta l exchange between
I rn

3-brom oth ieno [2 ,3 -b ]pyrid ine  and n -b u ty llith iu m  a t -70° . I t ,  too, undergoes

typ ica l re a c tio n s ;' fo r exam ple, reaction  w ith  benzophenone yie lds the carb ino l 

(80). (Scheme 36)

B ivTS ^ N

n BuLi L i

S N

P ^ C O

Ph
Ph^  ^HO tt n

S ^ N ; 
(80)

Scheme 36
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1.1.3.6 Reactions of Functional Groups

a) Hydroxy Compounds

A m ajor po in t o f in te res t in hydroxyth ienopyrid ines is the ex te n t to  which they 

e x is t in the keto or enol form s. Both 2- and 4-hydroxyquinolines ex is t in the 

ke to  fo rm  w h ils t 3-hydroxyqu ino line  exists solely in the enol fo rm .

S im ila r observations can be made fo r th ieno[b]pyrid ines. Thus (81)^*%  (8 2 )^ ,  
2 1 3 2(83) and (84) ex is t in the tau to m e ric  fo rm s shown below.

' S ' "

(81)

o

• N ^ O

'S  

(82) Cl

(84) O

L ike  the corresponding qu ino line the 5,7-dioxygenated th ieno [3 ,2 -b ]pyrid ine  (64)
46exists as the o -hydroxy- a -ke to  tau tom er . However, un like  its  th ieno-

[3 ,2 -b ]pyrid ine  coun te rpa rt (84), the 4-oxygenated th ieno [2 ,3 -b ]pyrid ine  (85)
27exists as the hydroxy tau tom er

(85)

A more deta iled  study of tau tom erism  in these systems w il l be made in the 

discussion section o f the present work.

2 -H ydroxyth ieno[b ]pyrid ines are unknown and only a few  examples of 3-hydroxy

deriva tives  have been reported . Spectroscopic evidence ind icates tha t
573 -hydroxyth ieno [3 ,2 -b ]pyrid ine  (47) exists in the hydroxy fo rm  . This
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compound also reacts w ith  a v a rie ty  o f amines to  fo rm  3-am ino deriva tives  as
. • + ^ • c i _7104,105depicted in Scheme 37 1

HO
XNH

180'

Scheme 37

Since nuc leoph ilic  subs titu tion  is un like ly  in such a system i t  is possible th a t 

the products are form ed by add itio n -e lim in a tion  to  the ke to  fo rm . The 

invo lvem ent o f the ke to  fo rm  is also lik e ly  to  have been involved in the 

conversion o f the th ieno [2 ,3 -b ]pyrid ine  analogue (44) in to  the benzylidene 

d e riva tive  (86) ^ .  (Scheme 38)

HO.

(44)

O:

N

C , | j —
o

H

O

Cl-
(86)

Scheme 38
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b) Amino Compounds

Am ino compounds genera lly behave in a s im ila r manner to  analogous quino line 

and thiophene compounds. Thus compounds w ith  the am ino group a ttached to  

the thiophene nucleus are unstable as the free  base but stable as the N -acy l 

deriva tives.

N -A c e ty l deriva tives of 2 -am inoth ieno[2 ,3-b ] and [3 ,2-b ]pyrid ines were prepared

from  the corresponding 2 -ace ty l compounds by Beckmann rearrangem ent o f the 
79oximes .

The reduction  o f 3 -n itro th ieno[bJpyrid ines to  the amines does not always

proceed sm oothly. K lem m  e t al found th a t t in -h yd ro ch lo ric  acid tre a tm e n t o f

3 -n itro th ieno [2 ,3 -b ]pyrid ine  gave the required amine (87) in moderate y ie ld  but
79th a t iro n -a ce tic  acid gave the d im er (88) . Reduction w ith  iron in a m ix tu re

of ace tic  acid and ace tic  anhydride gave the N -ace ty l d e riva tive  (89) in good 
107

yie ld  . Scheme 39 shows these results and reductions o f 3 -n itro th ie n o - 

[3 ,2 -b ]pyrid ine  (90) under s im ila r conditions.

0 ,N . H->N-Sn/HCI n2
■■'■■■■■   .....

S N p

Fe/AcOH

S ^ N

HN
"•C

' 'N

(88)

AcN
-H

(87) 
Ac20  

AcOH

S ' ^  N
(89)

0 2N. ■N

(90)

Sn/HCI

Scheme 39
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3-A m inoth ieno [2 ,3 -b ]pyrid ines react as norm al a rom atic  amines. Thus, fo r 

exam ple, they can be d iazotised; the resu lting  diazonium salts couple w ith  

a rom a tic  a m in e s ^  , and are reduced by hypophosphorous a c id * ^ .

215-A m ino th ieno [2 ,3 -b ]pyrid ine  (91) was prepared by Beckmann rearrangem ent
92or by reduction  of the n itro  N -oxide (92) . The amino behaved as a typ ica l

21a rom a tic  am ine, fo rm ing  S ch iffs  bases and undergoing d iazo tisa tion  . The 

diazonium  salt behaved unexceptionally  in a number o f standard reactions, fo r 

exam ple giving the bromo-com pound (93) w ith  copper(I)brom ide. (Scheme 40)

1 1 <
(92) 0 ~  \ i . h2n o h  (l2)

i .h n o 2
2.CuBr

Scheme 40

9 9
4-A m ino th ieno [2 ,3 -b ]pyrid ine  was prepared s im ila rly  from  the N-oxide (73) .

The amino group in this compound was considerably less nuc leoph ilic  than tha t 

in (91), only fo rm in g  S ch iffs  bases w ith  d if f ic u lty .  The reduced bas ic ity  is 

presumably due to  in te ra c tio n  w ith  the ring  n itrogen as shown in Scheme 41.

F e /H O A c

N H2

S N

h 2+

N
Scheme 41 
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c) Reactions of other functional groups

G enera lly fun c tio na l groups behave as in other a rom a tic  systems. Thus ace ty l
15 21groups were reduced to  e th y l by the W olf-K ischner reaction  ’ and S ch iffs

21 92bases were reduced to  amines w ith  sodium borohydride ’ . Cyano groups 

underwent a number of typ ica l tra n s fo rm a tio n s*0 * ’ * * ° ,  fo r  exam ple, 

conversion of (94) in to  the amide (95). (Equation 28)

oOl NaOH

S ' ^ N ' ^ > C N  h 2°2
(94)

IS "  ' ' N ^ ' ^ ' NH2 
(95) O

Equation 28

O xidation  of the a ce ty l compound (12), fo llow ed  by m e thy la tion , gave the ester

(96)^*. (Equation 29)

1.KOCI
■ ■ ,       I— — w y f c i

2.MeOH/HCI

Equation 29

The re a c tiv ity  o f m ethy l groups in the 2- and 4-positions o f quinolines has

been observed in analogous th ieno[2 ,3-b ]pyrid ines. For exam ple, the d im e thy l
17compound (97) gave a dibenzylidene d e riva tive  (98) w ith  benzaldehyde . 

(Equation 30)

c h 3

(97)
'CH:

PhCHO

N

Equation 30

Russian workers produced analogues of indigo dyes by reac tion  o f such a c tive
5 6m ethy l groups w ith , fo r exam ple, tr ie th y l o rtho fo rm a te  ’ .

R eaction  o f the bromo compound (93) w ith  potassium amide at -70° gave a 

m ix tu re  of amines, presum ably v ia  an aryne in te rm e d ia te "^ . (Scheme 42)
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Scheme 42

Both th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines have been am inated a t n itrogen to  give 

products which on irra d ia tio n  underwent ring  expansion to  give 

diazepines^ fo r exam ple the prepara tion  o f (99), depicted in Scheme 43.

N

XONH'

X

Scheme 43

When fun c tio na l groups are c o rre c tly  o rien ta ted  cyc lisa tions to  give t r ic y c lic

systems are possible. For exam ple, many compounds conta in ing  adjacent ester
113 5and amino groups have been converted in to  the re la ted  fused pyrim id ines . 

The conversion o f (100) in to  (101) is a simple, but typ ica l example. (Equation 

31).
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N
(100)

'NH2 HCONH; 

■COjEt N

Equation 31



1.2 Q UINOLINE ALKALOIDS

I t  is not possible to  define sim ply what constitu tes an a lka lo id . In general 

they are n itrogen conta in ing  h e te rocyc lic  bases which occur na tu ra lly  in plants, 

a lthough some, fo r exam ple the e rgot a lkaloids, are produced by m ic ro ­

organisms and fung i. P a rticu la r a lka lo ids or types o f a lka lo ids are genera lly 

only found in a lim ite d  group of p lants and i t  is thus possible to  c lass ify  

a lka lo ids both by s tru c tu re  and by o rig in . Many a lka loids have been found to  

have some b io log ica l a c t iv ity ,  although very few  have passed the s tringen t 

course of tes tin g  and c lin ic a l tr ia ls  to  be accepted fo r  pharm aceutica l use.

A lka lo ids which conta in  the quinoline nucleus fa l l in to  tw o  general types; 

f i r s t ly  the Cinchona a lka lo ids o f which quinine (102) is a w e ll known exam ple. 

These are biosynthesised from  tryp tophan and are closely re la ted  to  the indole 

a lka lo ids w ith  which they o ften  occur.

Quinine (102)

The second class of quinoline a lka lo ids is those aris ing from  a n th ra n ilic  acid 

which are found in plants o f the Rutacea fa m ily .

This rev iew  w il l be sole ly concerned w ith  the second group, the o the r types 

being outside the scope of the present work.

Quinoline Alkaloids of the Rutacea Fam ily

The Rutacea fa m ily  o f p lants consists o f over one thousand ind iv idua l species 

which are abundant suppliers o f many alkaloids. Well over one hundred 

quinoline a lka lo ids have been iso lated from  rutaceous plants, and they can be 

subdivided in to  several groups.

These compounds are too numerous to  be discussed here ind iv id ua lly ; instead a 

few  represen ta tive  examples o f each class w ill be presented in te rm s of 

s tru c tu re , synthesis and biogenesis.
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These systems have been covered in many books and reviews, in p a rticu la r
116Sainsbury's rev iew  in Rodd and the Annual Reports published by the Royal

Society o f C h e m is try * * 7 to  which re ference should be made fo r the o rig in  and

iso la tion  o f these a lka lo ids. References to  the biosynthesis o f quinoline

a lka lo ids may also be found in these publications and also in works dealing
118119120sp e c ifica lly  w ith  biosynthesis o f na tu ra l products ’ ’

1.2.1 Simple Quinolines

Several sim ple quinolines, includ ing quinoline its e lf, have been iso la ted; fo r 

exam ple angostura bark yields, amongst others, quinoline, quinald ine,

4 -m ethoxy-2 -n -am ylqu ino line  (103), cusparine (104), ga lip ine (105) and graveo- 

lin ine  (106). (F igure 3)

R 

(103) R = - ( CH2)bg H3

(104) R =

OMe 

OMe

(106) R =

O
Figure 3: Simple Q uinoline A lka lo ids

Compounds o f type (103), ie 2 -a iky l-4 -m ethoxyqu ino lines may be synthesised
121v ia  4-quinolones as shown in Scheme 44.
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A rN H j +  M e(C H 2) r̂ Uvv̂ ' C° 2Et

OMe

^ ^ N ^ ( c H 2) nCH

Scheme 44

Both (104) and (105) have been prepared by condensation of the m ethyl group

of 4 -m e thoxy-2 -m e thy lqu ino line  w ith  the appropria te  araldehyde, fo llow ed  by
122reduction  o f the d ia ry le thy lene  produced

2-A ry lqu ino lines , fo r exam ple graveolin ine (106), may be prepared as outlined
123in Scheme 45 from  N-arylbenzam ides

45
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^r-P °2C\ X 0 2Et
1 . PCI,

H

1 . Saponification

2 .Decarboxylation

O J
1.PCI

2. MeO
'Me

(106)

Scheme 45

1.2.2. 2-Quinolones

Together w ith  simple quinolines many 2-  and 4-quinolones are also found in 

p lants of the fa m ily  Rutacea. I t  is possible to  d istingu ish between the tw o 

types by spectroscopy. In the u.v. spectrum  both show an intense band a t

X 239-258nm and a medium band a t max
2-quinolones show an e x tra  band a t x

X 322-331nm but only the max

max 263-298nm. Also, since

4-quinolones are the more basic, a s h ift in the absorption maximum occurs 
124 125

when acid is added 9 ; th is s h ift is not observed w ith  2-quinolones. The

position and in te n s ity  o f the carbonyl band in the i. r .  is also a useful
126 In 2-quinolones i t  occurs a t ^  1660-1650cm * whereas in

1
diagnostic too l

4-quinolones i t  is somewhat less intense and occurs a t 1630-1620cm

however on occasions th is method is unre liab le . Proton n .m .r. can also give
127useful in fo rm a tio n  is appropria te  cases

A lthough l-m e th y l-2 -q u in o lo n e  has been isolated, most o f the 2-quinolones 

have a substituent a t C-4 (usually methoxy).
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Substitu tion  a t C -3, usually by groups aris ing from  a prenyl un it, is also 

fre qu e n tly  observed as in the compounds illu s tra te d  in' F igure 4.

Me
MeO.

N ' X )

MeO H
H alfordam ine (107)

Me
Aten ine (108)

Me
Lunacrid ine  (109) O ric ine  (110)

Figure 4: 2-Quinolone A lka lo ids
♦

In the case of o ric ine  (110) the 3-prenyl un it has been m od ified  in to  a pyran 

ring. A common procedure fo r the preparation of these compounds involves 

the reaction  o f an aniline  w ith  a substitu ted  m alonic ester as the f i r s t  step.

Subsequent transfo rm a tions o f the general type shown in Scheme 46 give 2-
178 179

quinolones, fo r exam ple (107) and (109)

(EtO?c )2CHR1

Scheme 46 
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130A recent synthesis involves the use of isa to ic  anhydrides . (Scheme 47)'

LDA MeO N ^ O

MeO 

(110) Me

Scheme 47

1.2.3 4-Quinolones

Most 4-quinolones have been found to  be substitu ted as C-2 but unsubstitu ted

at C -3, a lthough there  are a few  exceptions. The s im plest 4-quinolone,
I ^ I

l-m e th y l-4 -q u in o lo n e  (111), has been cla im ed as an a lka lo id  (echinopsine) 

However, th is m a te ria l, toge the r w ith  the im ine echinopsidine ( 112) are

probably a rte fa c ts  o f the sa lt echinorine (113) aris ing on iso la tion  by
132 133

hydrolysis and ammonolysis respective ly

(H i)  Me (112) Me

OMe

(113)

Echinopsine (111) may be prepared by a lky la tion  of 4-hydroxyqu ino line  (which
134

exists m ain ly as the quinolone) or by heating 4-m ethoxyquino line  w ith
1 ^ S 1 *39

m ethy l iodide in a sealed tube or by hydrolysis o f (113) . (Scheme 48)

48



( I l l )

(113)

Scheme 48

This Scheme shows the re la tionsh ip  between N -m ethyl-4 -qu ino lones and 4- 

m ethoxyquinolines. Many com parable compounds occur toge the r in nature.

136B io log ica l a c t iv ity  has been reported fo r echinopsine . The synthesis o f the
3 2th ieno [3 ,2 -b ]pyrid ine  analogues of (111) and (113) has been described .

An o il, known as echinine, has been isolated and the d ihydro s tru c tu re  (114)
137has been proposed fo r i t

OMe

Me

Echinine (114)

The 2-unsubstitu ted a lka lo id  p ilokeanine has been shown spectroscopica lly  to
138have the s truc tu re  (115)

OH

Me

Pilokeanine (115)
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O ther na tu ra lly  occurring  4-quinolones are N -m ethy l coun terparts  o f 

4-m ethoxyquino lines (Section 1.2.1). The typ ica l examples evocarpine (I 16), 

graveoline (117) and japonine (118) are shown in F igure 5.

(116) R, =  R2 = H  

R3= -(C H 2) 7C H =C H (c H2) 3CH:

(117) R, =  R2 =  H
/T  \ \

R i  =

(118) R.| O M e ,R 3 PhFigure 5: 4-Quinolone A lka lo ids

These compounds may be prepared by adaptations of the routes used to  

prepare 4-m ethoxyquino lines (see Section 1.2.1). A . convenient synthesis of
I

(117) and (118) fro m  isa to ic  anhydrides has recen tly  been reported

1.2.4 Furoquinolines

Many a lka lo ids o f the fu ro [2 ,3-b ]qu ino line  type have been iso la ted, the s im plest 

being d ictam nine (119). O ther deriva tives o f th is type genera lly ca rry  ring  

substituents; typ ica l are skim m ianine ( 120), eve lle rine  ( 121) and platydesm ine 

(122). (F igure 6)

N ^  O
D ictam nine  (119)

Me

E velle rine  (121)

Me

MeO‘
MeO

Skim m ianine (120)

Me

OH
Platydesm ine ( 122)

F igure 6: Furo[2 ,3-b ]qu ino line  alkaloids
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Much study has been made of the synthesis and reactions of these compounds,
in p a rticu la r o f d ic tam nine . When heated w ith  m ethyl iodide, d ic tam nine

form s isod ictam nine (123)*^°, a compound which has also been isolated from

plants. On reduction  d ictam nine  form s d iffe re n t products depending on the 
141 142ca ta lys t used ’ . Scheme 49 shows these reactions of d ic tam nine.

Me

Me

O

AcOH

Scheme 49

Scheme 50 shows the f i r s t  synthesis o f d ic ta m n in e *^ .
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Ol
POCI

HCI

P d /C

MeO

OMe

(119)

Scheme 50

More recen tly  syntheses o f th is  type o f compound s ta rtin g  fro m  2 ,4 -d im ethoxy-
144 145quinolines and fro m  2 -a n ilino fu ran -3 -ca rboxy lic  acid de riva tives  have

been reported.

Furoquinolones also occur in nature; isod ictam nine (123) has already been

discussed and lunacrine  (124) (which has been prepared from  lunacrid ine 
146(109) ) is another typ ica l N -m ethy lfu roqu ino lone . (Equation 32)
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1.2.5 Pyranoquinolines

TsCI

CH

Lunacrine (124)

Equation 32

This class o f a lka lo id  is much less common than the furoqu ino lines. The 

sim plest s truc tu re  in the class th a t has been iso lated is the N-H  compound 

khap lo fo line  (125), but in general the pyranoquinolines conta in  the N -m e th y l-4 - 

quinolone un it and o fte n  have a hydroxy substituent a t the 3-position  o f the 

pyran ring  as, fo r exam ple, in isobalfourodine (126).

K hap lo fo line  (125)

i j r  " o  

h 3c o  c h 3
Isobalf ourodine (126)

Syntheses of th is type o f compound m ain ly  invo lve cyc lisa tion  o f a 3 -p reny l- 

q u in o iin -2-one as a key step as in, fo r example, the synthesis o f khap lo fo line  

(125), shown in Equation 3 3 ^ ^ .

HCI
E tO H aq

1.2.6 Acridones
Equation 33

Various acridones, includ ing the parent i-m e th y l-9 -a c rid o n e  have been iso lated. 

They are usually N -m ethy la ted  although some N-H compounds are known. 

O ther substituents are genera lly  hydroxy, methoxy and m ethylenedioxy 

although in some cases a pyran or furan  ring  is fused to  the system. A typ ica l
i t, o

example is evoxanth ine (127) which was synthesised as shown in Scheme 51 ,
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OMeOMe
.CO-

°>
•o

POCI

1. HCI
2. M e l

OMe

Me

E voxan th ine . (127)

Scheme 51

1.2.7 Biosynthesis

Q uinoline a lka lo ids from  plants o f the Rutacea fa m ily  are biosynthesised from  

a n th ra n ilic  acid; tryp tophan is not involved. The rem ain ing carbon atom s of 

the pyrid ine  ring  are usually provided by "ace ta te ", in some cases (fo r example 

2 -a lky l quinolines) extended in to  a long chain before inco rpora tion . A ry l 

groups in the C-2 substituen t (fo r example 2-arylquino lines) are provided by a 

phenylpropane-carboxylic acid un it. Furan or pyran rings arise fro m

7 . 7  -d im e th y la lly l pyrophosphate (derived from  m evalonic acid) and m ethyl 

groups (fo r m ethoxy or N -m ethy l subtituents) are provided by m ethionine. 

Scheme 52 shows the biosynthesis o f a ll types o f a lka lo ids described previously, 

subsequent m od ifica tions, fo r  example ring  hydroxy la tion , are not shown.

Reagents used in Scheme: 

a "A ce ta te " 

b M ethionine

c 7 ,7 -D im e th y la lly l pyrophosphate
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CHAPTER TWO 

PREPARATIO N OF THIENO[2,3-b]PYRIDINES



PREPARATIO N QF THIENO [2,3-b]PYRIDINES

2 .1 4,6-Di-oxygenated derivatives

The synthesis o f 4-hydroxy-2-quinolones from  an th ra n ilic  esters has been w e ll 

documented ’ - R eaction  of esters (128) w ith  ace tic  acid de riva tives

gives amides (129) w hich are cyclised by base to  quinolines (130). (Scheme 53)

R! r ^ i r ^ c° 2R r2o,C'^"X

(128)

R

Scheme 53

R ecently  this procedure has been used fo r the preparation o f th ieno [3 ,2 -b ]- 
151 99 46pyrid ines (35) ’ 9 . In th is case cyc lisa tion  was e ffe c te d  by e ithe r sodium

ethoxide in ethanol or sodium hydride in DMF.

f
N - ^ 0

S

(35) OH X = C 0 2Et, C 0 2Me, COMe, CN

This method was used to  prepare the th ieno[3 ,2-b ]pyrid ines used in the present 

w ork.

In order to  apply th is procedure to  the production o f th ieno [2 ,3 -b ]pyrid ines, the

2-am inoth iophene-3-carboxyla tes (131 a-d), required as s ta rtin g  m ateria ls , were
152 153prepared by the methods reported  by Gewald ’ . These amines were

boiled under re flu x  w ith  an excess of the appropria te  d ia lky l maionate g iv ing  

the required amides (132 a-d). In one case the bis-am ide (138), aris ing from  

condensation o f tw o  molecules o f am ine w ith  one of m aionate, was isolated 

(Scheme 54).
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Presumably in the o ther cases the corresponding bis-amides were form ed but in 

in s u ff ic ie n t quan tity  to  be isolated.

R " S
(131)

•C0?R

NH

(R302C)2CH:

a. R ' = Me, R 2 = H
b. R ' = E t, R 2= H
c. R ' = R 2 = Et
d. R ’ = E t, R 2 = Me

R

* c o 7r '

C0?R

(132) a. R ’ = R 3 = Me, R 2 = H
b. R ' = R 3 -  E t, R ' = H
c. R ’ = R2 = R 3 = E t
d R ' = R 3 = E t, R 2 = Me

if .C 02EI- Et-02C 
0  0

IH F)
(13S) (from  (131b)) 

Scheme 54

C yc lisa tion  o f these amides proved to  be more d if f ic u lt  than in the quinoline

or th ieno [3 ,2 -b ]pyrid ine  series. The in it ia l experim ents were conducted on the

t r i-e th y l compound (132c). Use o f sodium ethoxide in e thanol, successful in 
46the other series , fa ile d  in th is case and led to  com plex m ixtu res (the re la ted  

compound (132b) behaved s im ila r ly  w ith  this reagent). The reason fo r  this 

behaviour is unclear but i t  is possible th a t solvolysis o f the am ide (132c) to  the 

amine (131c) could occur; leading to  fu rth e r by-products. (Equation 34)

C02Et

+  (e fo 2c) 2c h 2 
n h 2

Further by-p roducts
Equation 34

46W ith sodium hydride in DMF (successful in the [3 ,2 -b ] series ) e ffervescence 

occurred, ind ica ting  the fo rm a tion  o f a sodium sa lt. However, s t ir r in g  a t room 

tem pera tu re  fo llow ed by aqueous workup led to  recovery o f s ta rtin g  m a te ria l 

and no cyclised product. A s im ila r resu lt was observed when potassium t -  

butoxide in t-bu tano l was employed; although a sa lt was form ed no cyc lisa tion  

occurred. Eventually a successful ring closure was achieved when (132c) was

58

C° 2q t  EtONa/EtOH

M A .  7 ’,



heated w ith  tw o  equivalents o f sodium hydride in te trah yd ro fu ra n  (THF) g iv ing 

(133b). This procedure was also successful w ith  (132b) and (132d) g iv ing  

th ieno[2 ,3-b ]pyrid ines (133a) and (133c), respective ly . These successful 

cyc lisa tions are shown in Equation 33. In te res ting ly  the b is-m ethy l ester 

(132a) did not cyc lise  under these conditions.

R R

(132) b. R = H (133) a. R = H
c. R = E t b. R = E t
d. R = Me c. R = Me

Equation 33

13The th ieno[2 ,3-b ]pyrid ines form ed in th is  manner were shown by C n.m .r, 

(see Chapter 4) and i.r . spectroscopy to  exist as the 4-hydroxy-2~pyridone 

tautom ers, as do the corresponding quinolines and th ieno[3 ,2-b ]pyrid ines. The 

i.r .  spectra show broad bands a t 1640cm * w ith  shoulders a t 1650cm” *, and the 

absence of absorption m axim a a t 1620-1610cm- *; in d ica ting  the 2-pyridone 

tau tom er. (2-Pyridones show absorption a t 1660-1640cm- *, whereas 

4-pyridones absorb at 1620-1610cm- *.)

When boiled under re flu x  w ith  aqueous a lka li these esters were saponified and, 

upon ac id ic  workup, the acids produced spontaneously decarboxylated to  give 

the 5-unsubstitu ted compounds (134a-c) which were shown by the methods just 

described to  ex is t as the 4-hydroxy-2-pyridone tau tom ers also. Compound 

(134a) was also prepared by therm olysis o f the t-b u ty l ester (135) (obtained 

from  t-b u ty l 2 -am inoth iophene-3-carboxyla te  and d ie thy l m aionate) in diphenyl 

e ther. Both (133a) and (134a) were N -m ethy la ted  by d im e thy l sulphate in 

aqueous sodium hydroxide g iv ing  (136) and (137) respective ly . These 

transfo rm a tions are illu s tra te d  in Scheme 55.
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NqOH aq

(136) (from  (133a))
A /  (giving 134a)

OH

(134) a.
= E t 
= Mec.

^  0 

Me
(137) (from  (134a))

Scheme 55

2.2 C hloro compounds

In order to  study nuc leoph ilic  substitu tion  in this system i t  was necessary to 

prepare ch loro compounds. In the [3 ,2 -b ] series reaction  of various 5 , 7 -  

dioxygenated compounds w ith  phosphoryl ch loride under re flu x  gave m ixtures 

of monochloro (139) and d ich loro  (140) compounds^6’ 99,151^ (sc |iem e 35)



POCl3 N - ^ 0

X = C 0 2E t, C 0 2Me, CN, H

Scheme 56

\

(1^ 0) q

However, under the same conditions w ith  th is reagent (133a) and (134a) gave 

no reaction ; (134a) was also una ffec ted  by th iony l ch lo ride . A lthough (134a) 

did re a c t w ith  phosphorus pentach loride  the product was a com plex m ix tu re  

having no single m ajor component.

The action  o f phenylphosphonic d ich lo ride  on (134a) led to  a modest y ie ld  o f 

4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine  (141) which was contam inated w ith  a sm all 

am ount of a second component, shown by its  spectroscopic p roperties and by 

chem ica l trans fo rm a tio n  (see Chapter 3) to  be (142). The same reagent w ith  

(133a) gave e th y l 4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te  (143), also in 

ra the r poor y ie ld ; in th is case the second (m inor) com ponent was the acid 

ch lo ride  (144). These ch lo rina tions are depicted in Scheme 57.

OH

PhPOCl

C0?Et

S
(133a) H

Cl

' S

(141)

N ^ r l l
+

" S
(143)

ClA/°*Et
/  T- 

N ^ C l

Cl

:i

" ''S  N 0
(142) H

COCl

'  S N Cl
(144)

Scheme 57
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The prepara tion  o f 6 -ch lo ro th ieno [2 ,3 -b ]pyrid ine  (145) has been reported in the 
97lite ra tu re  . M a te ria l required  fo r the present w ork was prepared by se lective  

m onodechlorination of (141) using z inc in ace tic  acid. A t re flu x  tem pera tu re  

th ieno [2 ,3 -b ]pyrid ine  (1) was the sole product whereas a t lower tem pera tures 

m ix tu res of (1) and (145) were form ed. A t 30° the y ie ld  o f (145) was 11%; th is 

figu re  rose to  32% when the reaction  was conducted a t room tem pera tu re . 

(Scheme 58)

Room tem p

Zn/HOAi

R eflux

N " ^ a

(145)

oO
( i )

'Scheme 58

2.3 Other Thieno[2,3-b]pyridines

The o ther th ieno[2 ,3-b ]pyrid ines used in th is work were m ain ly prepared by

methods described in the lite ra tu re . Thus reaction  of the t-b u ty l ester (146)

w ith  d ie th y l e thoxym ethylenem alonate  yie lded (147) which was hydrolysed to

the acid on tre a tm e n t w ith  fo rm ic  acid a t room tem pera ture . Ring closure to
96the th ieno [2 ,3 -b ]pyrid ine  (148) was e ffe c ted  by bo iling  in diphenyl e the r .

T rea tm en t of th is  m a te ria l w ith  phosphoryl ch loride under re flu x  a ffo rded  the 
27ch lo ro  ester (149) ; dech lo rina tion  o f the la t te r  by z inc in a ce tic  acid

produced the novel ester (150) which was then hydrolysed to  the novel acid 

(151).

Hydrolysis o f the hydroxy-este r (148) gave the acid which underwent

decarboxyla tion  in bo iling  diphenyl e ther to  y ie ld  4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  
27(85) . N -M e th y la tion  o f (85) gave the  novel th ienopyridone (152), which is an

analogue o f the quinoline a lka lo id  echinopsine (see Section 1.2.3). R eaction  o f
27(85) w ith  phosphoryl ch lo ride  yie lded 4-ch loroth ieno[2,3~b]pyrid ine (153) ,

converted in to  the m ethoxy compound (154) by tre a tm e n t w ith  sodium 

m ethoxide in methanol. The th ienopyridone (152) was also produced by 

reaction  of (154) w ith  d im e thy l sulphate fo llow ed by a lka line  hydrolysis. These
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preparations are shown in Scheme 59.

C° 2BU EtOCH=C(CQ2Et) 

'N H 7

NaOHaq

^  S 
(U 9 )

C02Et

(85)
(150)

P0C1NqOH aq

(151) (153)

OMe
2 ,0H aq  t

Scheme 59



CHAPTER THREE 

N U C LEO PH ILIC  SUBSTITUTION



N U C LEO PH ILIC  SUBSTITUTION

The author has studied the d isplacem ent o f choride ion Trorri positions « - and 

K - to  the n itrogen atom in both th ieno [2 ,3 -b ] and [3 ,2-b ]pyrid ines and in some 

quinolines. O f in te res t was w hether in the fo rm e r pair the change in mode o f 

ring  fusion would a ffe c t the p rinc ipa l site  o f substitu tion  and degree of 

re a c tiv ity . P a rtic u la r ly  a ttra c t iv e  was the poss ib ility  o f p reparation o f linear 

tr ic y c lic  compounds by the approaches shown in Scheme 60.

-OR

y c H 2a

ycH ?Q
s

r ^ y

Scheme 60

Assuming th a t the displacem ents ind icated are e ffe c tiv e  i t  should be possible 

to  prepare linear compounds (fo r example analogues o f fu roqu ino line  a lka lo ids) 

w hichever of the  tw o  ch lo rine  atoms is the more reac tive .

3.1 Th ieno[3,2-b]pyrid ines

It  has been reported th a t in the d ich loro  compound (73) the ch lo rine  atom  a  -
hC.

to  the n itrogen atom  is displaced p re fe re n tia lly  by a lkoxide whereas in the

d ich lo ro  ester (72) i t  is the ch lo rine  atom  X - to  the n itrogen  atom  which is
151 99displaced p re fe re n tia lly  by a lkoxide and by th iog lyco la te  anion (leading to

angularly fused d ith ienopyrid ines). In both cases the rem ain ing ch lo rine  atom

was very much deactiva ted  and was only replaced w ith  d if f ic u lty .



I t  is somewhat surpris ing th a t the add ition  o f the ester group should cause 

such a reversal in the re a c tiv it ie s  of the ch lorine  atoms and i t  was decided to 

re investiga te  these results to  see i f  the  reported  findings were co rre c t.

The d ith ienopyrid ines produced by reaction  o f (72) w ith  the anion o f m ethyl 

th iog lyco la te  had been re la ted  by reductive  dech lo rina tion  to  angular 

compounds prepared by an unambiguous route . Rather than repeat this w ork a 

study of the reactions of (72) w ith  o ther nucleophiles was undertaken, it  being 

considered th a t the change o f nucleophile would cause l i t t le  change in the 

pa tte rn  of re a c tiv ity .

R eaction  of (72) w ith  sodium ethoxide in ethanol and w ith  sodium hydroxide in

aqueous ethanol gave products whose structures were suggested to  be (155) and 
151(156) respective ly  . This w ork was repeated and the id e n tity  o f the products

was proved by unambiguous chem ical means. W ith  a s ligh t excess of sodium

ethoxide (72) yie lded the ch loroethoxy compound (155) w hich upon reductive

dech lo rina tion  by zinc in a ce tic  acid a ffo rded  (157), id e n tica l to  m a te ria l of
99unambiguous co n s titu tio n  prepared from  the chloro ester (158) . T rea tm en t

of (155) w ith  a large excess o f sodium ethoxide furn ished the d ie thoxy 

compound (159).

W ith one equiva lent o f aqueous sodium hydroxide (155) gave the acid (160) 

which was re la ted  to  the products o f reaction  o f (73) by decarboxy la tion  (see 

la te r). Reaction of (72) w ith  sulphur and n itrogen nucleophiles (e thaneth io l and 

d ie thy lam ine , respective ly ) gave products (161) and (162), also form ed by 

d isp lacem ent o f the chorine atom  V -  to  the n itrogen  atom . These 

transfo rm a tions are illu s tra te d  in Scheme 61.



x NaOH

S ^ y ^ ' ^ c o 2h 

(160) 0 ^
xs NaOEt

HOAc OEt

xN aO E t

(157) A OEt

NaOEt

(72) HO aq

(156) 0
(158)

Scheme 61

The reactions of (72) just described are consistent w ith  its  previously reported 

behaviour.
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The re a c tiv ity  o f 5 ,7 -d ich lo ro th ieno [3 ,2 -b ]pyrid ine  (73) tow ards nucleophiles

was then re investiga ted . W ith one equiva lent of sodium m ethoxide or ethoxide

in the appropria te  alcohol (73) gave 5 -ch loro-7-m ethoxy (163) and 5 -ch lo ro -7 -

e thoxyth ieno [3 ,2 -b ]pyrid ine  (164) respective ly , and not (as previously 
46\reported ) the isom eric 7-ch loro~5-a lkoxy compounds. The s tru c tu re  o f these

13products was evident by analysis o f th e ir C n .m .r. spectra  (see C hapter 4) 

and by the ir reductive  dech lo rina tion  to  7-a ll<oxyth ieno[3,2-b]pyrid ines (165) 

and (166), ide n tica l to  m a teria ls  prepared from  7-ch io ro th ieno [3 ,2 -b ]pyrid ine  

(167). A fu rth e r proof o f the s tru c tu re  o f (164) was given by decarboxyla tion  

of the acid (160) (see Scheme 61) which provided m a te ria l id e n tica l to  th a t 

fo rm ed  on reaction  o f (73) w ith  sodium ethoxide. (Scheme 62)

NqOR

(73)

(163) R = Me
(164) R = E t/  190 

(g iv in g  164)

(160)

(165) R = Me
(166) R = Et

Scheme 62

These transfo rm ations show conclusive ly tha t the previous conclusions on the 

re a c tiv ity  o f (73) w ith  alkoxides were wrong and in th is  case i t  is also the 

ch lo rine  atom ft" -  to  the n itrogen atom  which is the more reac tive .

5 ,7 -D ich lo ro th ieno [3 ,2 -b ]pyrid ine  (73) proved to  be ra the r unreactive  towards 

hydroxide ions. No reaction  occurred w ith  aqueous sodium hydroxide, and

sodium hydroxide in aqueous ethanol gave the ether (164) (s im ila r behaviour
78 *has been reported in quinolines ). I t  was found th a t heating (73) w ith  sodium
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hydroxide in aqueous d im e thy l sulphoxide gave 5 -ch lo ro -7 -hydroxyth ieno [3 ,2 -b ]-

pyrid ine  (168); the presence o f the hydroxy tau tom er was c le a rly  ind icated by 
13the i.r . and C n .m .r. spectra . This hydroxy compound was also fo rm ed by

decarboxyla tion  o f the acid (156) in bo iling  diphenyl e ther. The isom eric 7-

ch lo ro th ieno [3 ,2 -b ]pyrid ine-5 -one  (169), iso lated as a by-p roduct in the

prepara tion  of (73), was also prepared by therm al decarboxyla tion  o f the acid
151(170) o f proven s tru c tu re  . T rea tm en t o f (169) w ith  tr ie thy loxo n ium

te tra flu o ro b o ra te  gave the O -e thy l d e riva tive  (171), which was qu ite  d if fe re n t 
13from  (164). The C n .m .r. spectrum  of (171) was also consistent w ith  the 7- 

ch lo ro -5 -e thoxy s tru c tu re . (Scheme 63)

NaOH

(168) J

(156) 0

(73) NaOH
\ E t 0 H / H 20

■OEt-

(170) Cl (169) c l (171) Cl

Scheme 63

t 5 1I t  has been shown th a t rep lacem ent o f both ch lorine  atom s in (72) and 
46

( 7 3 r c is very d if f ic u lt ,  large excesses of reagent and long reac tion  tim es being 

necessary. To dete rm ine  w hether this behaviour was due to  in tr in s ic  lack o f 

re a c tiv ity  o f the second ch lorine  atom  or due to  d eac tiva tion  by the 

in troduced a lkoxy group the reac tion  o f 5 -ch loro th ieno [3 ,2 -b ]pyrid ine  (172) w ith  

sodium m ethoxide was studied. This ch loro compound was prepared by 

se lec tive  m onodechlorination o f (73) (as fo r the corresponding th ieno [2 ,3 -b ]- 

pyrid ine, see Section 2.2). Thus tre a tm e n t o f (73) w ith  z inc in a ce tic  acid 

gave a m ix tu re  o f (172) and th ieno [3 ,2 -b ]pyrid ine  (2); (2) was also prepared by
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reduc tive  dech lo rina tion  o f 7 -ch loro th ieno [3 ,2 -b ]pyrid ine  (167). 5 -C h lo ro th ieno- 

[3 ,2 -b ]pyrid ine  (172) a compound which has previously been reported  in the
if. 2

l ite ra tu re  ) y ie lded the m ethoxy d e riva tive  (173) only a fte r  prolonged 

reaction  w ith  a considerable excess o f sodium m ethoxide. Scheme 64 

illu s tra te s  these reactions.

N ^ / C l

(73) Cl

+
N ^ / C l

(172) 

' 4 0 x  NaOMe

OMe

(173)

Scheme 64

I t  would thus appear th a t the low re a c tiv ity  o f ch lorine  atom s a t C-5 in 

th ieno [3 ,2 -b ]pyrid ines is an in tr in s ic  p roperty  and is not due to  deac tiva tion  by 

the in tro du c tio n  o f an a lkoxy group a t C-7.

To exam ine whether the presence o f a s trong ly e le c tron -w ith d ra w in g  group a t 

C -6 would increase the re a c tiv ity  o f the ch lorine  atom  a t C-5 the behaviour o f

5 ,7 -d ich lo ro -6 -cyano th ieno [3 ,2 -b ]pyrid ine  (174) tow ards nucleophiles was 

exam ined. T rea tm en t w ith  one equiva lent o f sodium m ethoxide gave 5-ch lo ro - 

6 -cyano-7 -m ethoxyth ieno [3 ,2 -b ]pyrid ine  (175), the s tru c tu re  o f which was 

proved by vigorous hydrolysis to  the acid (156), id e n tica l to  previously prepared 

m a te ria l (see Scheme 61). W ith the anion of m ethyl th io g lyco la te  a d ith ieno - 

pyrid ine  was produced, presumably the angular compound (176). The ch lo rine  

atom  rem ain ing in (175) proved to  be less res is tan t to  d isp lacem ent than 

observed in the o ther ch loro  compounds discussed above, y ie ld ing  the 

d im ethoxy compound (177) upon reaction  w ith  tw o  equiva lents o f sodium 

m ethoxide in m ethanol; th is m a te ria l was also prepared d ire c t ly  from  (174) by 

tre a tm e n t w ith  an excess o f sodium m ethoxide. In an a tte m p t to  prepare the 

linear tr ic y c le  (178) the ch lorom ethoxy compound (175) was reacted w ith  the 

anion of m ethyl th iog lyco la te ; however the methoxy group was displaced and 

the product was in fa c t the angular d e riva tive  (176). These transfo rm a tions 

are depicted in Scheme 65.
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“ OH

(156) o

NH

(176)

Scheme 65

These results suggest th a t a lthough the cyano group does a c tiva te  ch lo rine  a t 

C -5 tow ards nuc leoph ilic  d isp lacem ent i t  also ac tiva tes  the substituen t a t C-7 

w ith  the resu lt th a t a poor leaving group (m ethoxide) is displaced from  C-7 in 

preference to  a good leaving group (chloride) from  C-5.

I t  was hoped th a t the e thoxy group in the e thoxy-ester (155) would be less 

ac tiva ted  towards nucleoph ilic  displacem ent and th a t substitu tion  would occur 

a t C-5 leading to  a linear tr ic y c le  (179). However, on bo iling  under re flu x  

w ith  the anion of m ethyl th iog lyco la te , no reaction  was observed. (Equation 

36). E v iden tly  in th is case ne ither the ch lorine  atom nor the ethoxy group is 

s u ff ic ie n tly  ac tiva ted  to  be displaced.
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-SC H 2C02Me S ■C02Me

OH

(155) OEt (179) OEt

Equation 36

In v iew  o f the lack o f success in fo rm ing  linear t r ic y c lic  compounds by nucleo­

p h ilic  substitu tion  reactions th is aspect o f the chem is try  o f th ieno [3 ,2 -b ]- 

pyrid ines as a route to  analogues o f fu roqu ino line  a lka lo ids was abandoned in 

favour o f a study o f o ther po ten tia l routes.

3.2 Th ieno[2,3-b]pyrid ines

The studies o f nuc leoph ilic  d isplacem ent in ch lo ro th ieno [3 ,2 -b ]pyrid ines just 

described show th a t ch lo rine  atoms - to  the n itrogen atom  are easily 

replaced by nucleophiles whereas those a  -  to  the n itrogen atom  are res is tan t 

to  d isplacem ent. .

A s im ila r study of th ieno [2 ,3 -b ]pyrid ines was undertaken to  dete rm ine  whether 

the d iffe re n t mode of ring  fusion would have any s ig n ifican t e ffe c t on the 

chem is try . Some aspects o f the chem istry  o f the [2 ,3 -b ] system, studied in the 

[3 ,2 -b ] series (ch ie fly  reactions o f cyano compounds), were not investiga ted 

since the appropria te  [2 ,3 -b ] compounds were not to  hand.

T rea tm en t o f the d ich loro  ester (143) w ith  one equiva lent o f sodium ethoxide

in ethanol gave a single m onochloroethoxy th ieno [2,3-b ]pyrid ine  (180) which on

reductive  dech lo rina tion  yie lded e thy l 4 -e thoxyth ieno [2 ,3 -b ]pyrid ine-5 -carboxy-

la te  (181), iden tica l to  m a te ria l prepared by an unambiguous route  from  a
27substance (149) o f known co ns titu tion  . Thus the e thoxydech lo rina tion  

product o f (143) is e thy l 6 -ch lo ro -4 -e thoxyth ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te , 

ie i t  is the ch lo rine  atom  Y -  to  the n itrogen atom which is the more reac tive . 

W ith the anion o f m ethyl th iog lyco la te  (143) gave a d ith ienopyrid ine  which, in 

v iew  o f the p re fe re n tia l d isplacem ent o f the C-4 ch lo rine  atom just 

established, was presum ably the angular de riva tive , ie (182). This was 

con firm ed  by reductive  dech lo rina tion  to  a substance of known s truc tu re  (183), 

also derived from  (149). When (143) was boiled under re flu x  w ith  three 

equivalents o f sodium ethoxide decom position occurred. However, pa rtia l 

conversion in to  e thy l 4 ,6 -d ie thoxyth ieno [2 ,3 -b ]pyrid ine~5-carboxy la te  (184) was 

achieved using a g reate r excess of reagent a t room tem pera ture  over 10 days. 

These reactions are presented in Scheme 66.
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( 181) (180)

NaOEt

(183)

Scheme 66

4 .6 -D ich lo ro th ieno [2 ,3 -b ]pyrid ine  (141) gave a single product upon reaction  w ith  

one equiva lent o f sodium m ethoxide; i t  was shown to  be 6 -ch lo ro -4 -m e thoxy- 

th ieno [2 ,3 -b ]pyrid ine  (183) by reductive  dech lorina tion  to  4 -m ethoxyth ieno- 

[2 ,3 -b ]pyrid ine  (134), iden tica l to  m a te ria l synthesised by an unequivocal rou te  

v ia  4 -ch lo ro th ieno [2 ,3 -b ]pyrid ine  (133). The re la ted  4 -e thoxy-6 -ch lo ro  

compound (186) was obtained in a s im ila r manner. A f te r  prolonged reaction  

w ith  a very considerable excess o f sodium m ethoxide (141) was converted in to

4 .6 -d im ethoxyth ieno [2 ,3 -b ]pyrid ine  (187). W ith sodium hydroxide in aqueous 

d im e thy l sulphoxide the ch lo rine  atom  a t C-4 in (141) was p re fe re n tia lly  

replaced, g iv ing 6 -ch lo ro -4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  (188), but in th is case 

a sm all qua n tity  o f the product aris ing fro m  the substitu tion  o f ch lo ride  from  

the less reac tive  s ite  [(142)] was also isolated. This m inor product was 

id e n tica l to  the by-p roduct produced in the ch lo rina tion  o f (134a). The 

id e n tity  o f th is m inor product was confirm ed by its  reaction  w ith  

tr ie thy loxo n ium  te tra flu o ro b o ra te , which converted i t  m ain ly in to  the N -e th y l 

de riva tive  (189), but also produced some O -e thyla ted  m a te ria l. The la t te r  was
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isom eric  w ith  6 -ch lo ro -4 -e thoxyth ieno [2 ,3 -b ]pyrid ine  ((186), o f proven 

co ns titu tion , see above) and must the re fo re  be the 4 -ch lo ro -6 -e thoxy compound 

(190), aris ing from  (142). These reactions are illu s tra ted  in Scheme 67.

OMe

xs NaOMe

Ohe
(187)

NaOH
d m s o / h 2oNaOR

Z n /H O A c

(188)
(185) R = Me
(186) R = Et

OEt
(154) (from  (185)) (190) (189) Ef

Scheme 67

As did the corresponding th ieno [3 ,2 -b ]pyrid ine , 6 -ch lo ro th ieno [2 ,3 -b ]pyrid ine

(145) proved to  be very res is tan t to  a tta ck  by methoxide. M ethoxydech lorina-

tion  was only achieved by using a large excess of sodium m ethoxide and a long

reaction  tim e . A lthough the product (191) could not be obtained a n a ly tica lly  
1 13pure its  H and C n .m .r. spectra were s u ffic ie n t to  co n firm  i t  as 6-m e thoxy- 

th ieno [2 ,3 -b ]pyrid ine  (191). (Equation 37)

NaOMe

S ^ N ^ C l
(145)

^  S Me
(191)

Equation 37
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The results just described show th a t the th ieno [2 ,3 -b ]pyrid ine  system behaves 

in  a s im ila r manner to  the analogous th ieno[3 ,2-b ]pyrid ines, ie the a lte rn a tiv e  

mode of ring  fusion has no s ig n ifican t e ffe c t upon the re la tiv e  re a c tiv it ie s  o f 

ch lo rine  atoms a t the a  -  and IT- positions in the pyrid ine  ring.

3.3 Comparative Studies Involving Quinolines

The nucleoph ilic  substitu tion  o f halogen in 2- and 4-haloquinolines has

fre qu e n tly  been re fe rre d  to  in the lite ra tu re . The m ethoxydech lo rina tion  of a

wide v a rie ty  o f 2- and 4-ch loroquinolines has been studied and the reaction

k ine tics  have been d e t e r m i n e d * ( t h e  use o f o ther nucleophiles, eg
156ethoxide  and p iperid ine , has also been described ). Thus, fo r exam ple, the

ra te  constants fo r the reactions o f 2 -  and 4-ch loroquinolines w ith  sodium

m ethoxide were found to  be a lm ost iden tica l. N uc leoph ilic  d isp lacem ent of

ch lo rine  from  2 ,4 -d ich loroqu ino iine  (192) has also been studied. W ith e thano iic

potassium hydroxide (192) gives the tw o  isom eric ch loroethoxyqu ino lines in
157alm ost equal amounts , but w ith  sodium methoxide in m ethanol 2 -ch lo ro -4 -

154 158m ethoxyquino line is the major product by a fa c to r a lm ost 2: 1. ’ The

exact proportion  o f the isom eric products depends to  some exten t on the 

reaction  conditions and tim es but i t  is c lear th a t both halogen atom s in 

2 ,4-d ich lo roqu ino line  (192) are o f the same order o f re a c tiv ity  towards 

nucleophiles under basic conditions.

There has been no com parable study o f the behaviour o f 2 ,4 -d ich lo roqu ino line-

3 -ca rboxy lic  esters. For th is  reason the author examined the reaction  o f e thy l

4 ,6 -d ich lo roqu ino line-3 -carboxy la te  (193) w ith  sodium ethoxide. I t  was found 

tha t, as in th ienopyrid ines, the ch lorine  atom IT-to the n itrogen atom  was 

much m ore susceptible to  nucleoph ilic  substitu tion  than th a t a  - to  it .  W ith 

one equ iva lent o f sodium ethoxide (193) gave a m ix tu re  o f e thy l 2 -ch lo ro -4 - 

e thoxy (194) and , 4~chloro -2 -e thoxyqu ino line-3 -carboxy la te  (195) in yie lds o f 

72% and 5% respective ly . The major product was id e n tifie d  by its  a lka line  

hydrolysis to  the acid (196) and thence by reductive  dech lo rina tion  via the 

hydrazino compound (197) (in the manner described by Grundon and co- 

w orkers ) to  the acid (198), iden tica l to  an authen tic  sample

Under ac id ic  conditions substituents a t C-2 of quinolines are hydrolysed more

read ily , and in appropria te  2 ,4 -d isubstitu ted  quinolines C-2 becomes the more

a c tive  position. Acid  hydrolysis o f (193), fo llow ed by sapon ifica tion  o f the 
149known ester (199) so obtained, gave the novel 4 -ch lo ro -2 -o xo -l,2 -d ih yd ro - 

qu ino line -3 -ca rboxy lic  acid (200) which was d iffe re n t from  the product (196) 

derived from  (194). The reactions just described are presented in Scheme 68.
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NHNH
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CuSO,NaOH aq

(198) |!|(200) |!|

Scheme 68

The preference fo r a tta ck  by ethoxide a t C-4 in (193) may a t least be p a rtly  

explained if  one assumes th a t the a b ility  of the ester group to  co n tribu te  to  

the de loca lisa tion  of the negative charge in the sigma com plex is an im p o rta n t 

fa c to r. R eaction a t C-4 perm its  consideration o f a canonical fo rm  (201) in 

which the ester group ca rries the negative charge and the benzene ring  is in 

its  norm al con figu ra tion . In the equiva lent fo rm  fo r a tta ck  a t C-2 (202) a 

quinoid s truc tu re  is required.

(201) OEt(202)

A s im ila r argum ent may be used to  a t least p a rtly  explain the lack of 

re a c tiv ity  o f ch lo rine  a -  to  the n itrogen atom in the. corresponding d ich lo ro - 

th ienopyrid ine  esters.
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However, in v iew  o f the  low re a c tiv ity  o f a -ch lo ro th ienopyrid ines ( I 45) and 

(172) v is-a -v is  the ir Y -ch io ro  counterparts (153) and (167) (the corresponding 

quinolines (203) and (204) are o f a lm ost equal re a c tiv ity )  i t  is apparent th a t 

the re  are also other reasons fo r the inertness o f the a  -ch lo rine  atom  in 

th ienopyrid ines.

In order to  make a d ire c t comparison between the th ree  systems the 

re a c tiv it ie s  o f Y -ch io ro  compounds (153), (167) and (204) tow ards sodium 

m ethoxide were investiga ted . From the sim ple consideration th a t the 

e le c tro n -rich  thiophene ring  in (153) and (167) would feed e lec tron  density in to  

the  pyrid ine  ring i t  was thought th a t the quinoline (204) would be the most 

re a c tive .

The three a lte rn a tive  pairs of (153), (167) and (204) were a llowed to  com pete 

fo r an insu ffic iency  of sodium m ethoxide in methanol; reac tion  m ixtures were 

analysed by both g .l.c . and n .m .r.*  A lthough these co m p e titive

experim ents were not ca rried  out under the most rigorous conditions, the 

resu lts give a clear ind ica tion  of the re la tive  re a c tiv it ie s  o f the th ree  ch ioro 

compounds. As expected 4-ch loroqu ino line  (204) proved to  be the most 

re a c tive ; however i t  was not g rea tly  more reac tive  than the th ienopyrid ines 

and appreciable amounts o f m ethoxy deriva tives were form ed fro m  both

4 -ch lo ro th ieno [2 ,3 -b ]pyrid ine  (153) and 7-ch loroth icno| 3,2-b Ipyrid ine (167) in 

com pe tition  w ith  (204). O f the tw o  th ienopyrid ines the [2 ,3 -b ] compound was 

found to  be the more reac tive . The overa ll order o f re a c tiv ity  is thus:

*  These co m p e titive  experim ents were perform ed w ith  Mr G B ryant, fin a l 
year undergraduate p ro jec t student 1983-84.

77



The re la tiv e  re a c tiv it ie s  o f the th ienopyrid ines may be explained by 

considering the canonical fo rm s (205) and (206) which are the most im po rtan t 

con tribu to rs  to  the tra n s itio n  sta te .

Cl OMe

S ' ^ H -
(205)

N

S

(206) C l OMe

For (205) i t  is possible to  postu la te  th a t the inductive  e ffe c t o f the sulphur

atom  w il l operate to  reduce the e lectron  density on the n itrogen atom  and

stab ilise  the s tru c tu re  whereas in (206) the sulphur atom  is fu r th e r away from

the n itrogen atom and thus a much weaker inductive  e ffe c t w ill be fe lt ,  so

s tab ilisa tion  w ill be less. A s im ila r argum ent has been proposed to  explain the
82re la tiv e  bas ic ities  of th ieno [2 ,3 -b ] (1) and [3,2-b]pyrid ines (2). Another 

fa c to r  which may have an e ffe c t is th a t in (167) some s te ric  hindrance by the 

sulphur atom  to  the approach of the m ethoxide ion may occur.

In v iew  of the ir much reduced re a c tiv ity  towards m ethoxide, i t  was fe lt  th a t a 

s im ila r investiga tion  o f the behaviour o f the a  -ch io ro th ienopyrid ines would be 

inappropria te  and in any case to  obta in  m eaningful comparisons a rigorous 

k in e tic  study on the lines o f those reported  fo r quinolines would be necessary.

The low re a c tiv ity  o f the a  -ch lo rine  atom in the th ienopyrid ines is most 

probably due to  mesomeric e lectron  release from  the sulphur atom  to  positions 

in the pyrid ine  ring  which would e ithe r hinder the approach o f a nucleophile  or 

destabilise the tra ns ition  s ta te  fo r the reaction . Considering the f ir s t  aspect 

gives the s tructu res shown in Scheme 69.
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Cl

(207)

Scheme 69

These s tructures (207) - (210) show th a t in a ll cases i t  is possible to  draw 

canonical fo rm s in which e lec tron  release from  the sulphur atom increases 

e lec tron  density a t the carbon atom bearing the ch lorine  a tom . For re la ted  

pairs ( (207) and (209), and (208) and (210) ) i t  is not possible to  id e n tify  any 

s ig n ifica n t d iffe rences in the structures th a t m ight account fo r the g rea tly  

d if fe re n t re a c tiv it ie s .

The canonical form s fo r the tra ns ition  states fo r reactions in a ll the systems 

(not including s tructu res invoking sulphur d -o rb ita ls) are presented in Scheme 

70.
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Scheme 70

I t  is possible to  draw 5 canonical fo rm s fo r the quinolines, 4 fo r  the th ieno- 

[2 ,3-b ]pyrid ines and 3 fo r the th ieno[3,2-b]pyrid ines. This may have some 

bearing on the re a c tiv ity  order o f the X  -ch io ro  compounds m entioned e a rlie r. 

Inspection of re la ted  pairs of a  - and Y -ch io ro  compounds fa ils  to  show 

s ig n ifica n t d iffe rences. In a ll cases fo r the -ch io ro  compounds i t  is possible 

to  draw tw o  canonical s truc tu res  w ith  the benzene/thiophene ring  in its norm al 

con figu ra tion  whereas fo r the a  -ch io ro  compounds the re  is only one such 

fo rm . However, the most im p o rta n t form s, ie those having the negative 

charge localised on the n itrogen atom , have the ring in the norm al (ie not 

quinoid) con figu ra tion . I t  must be noted th a t the same observations apply to  

the quinolines.

I t  can thus be seen th a t there  is no explanation in term s o f simple resonance 

theo ry  fo r  the nuc leoph ilic  substitu tion  behaviour o f these compounds. 

M olecular o rb ita l ca lcu la tions on the parent compounds suggest th a t the a - 

and Y - positions should be of the same order o f re a c tiv ity  tow ards 

nucleophiles. To date no s im ila r tre a tm e n t o f ch ioro compounds has appeared.
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13C N.M .R . STUDIES 

13The C n .m .r. spectra o f the compounds prepared in the present w ork (and of 

a number o f compounds previously synthesised in these labora to ries) have been 

recorded w ith  proton decoupling (fo r deta ils  see Experim enta l section). 

Analysis o f these spectra  has proved useful in de te rm in ing  positions o f substi­

tu tio n  and, in , appropria te  cases, the tau tom eric  form s adopted by the 

compounds. (A ll values o f 8 quoted are in ppm w ith  respect to  te tra m e th y l-  

silane).

4.1 Thieno[3,2-]pyridines

Some general rem arks concerning assignments can be made:

a) Carbon atoms ca rry in g  hydrogen atoms show large peaks due to  the 

N uclear Overhauser E ffe c t (NOE).

b) The C -2 and C-3 resonances occur a t approx im ate ly  130ppm and 124ppm., 

respective ly , and are not sh ifted  appreciably by pyrid ine  ring  substituents 

(except in cases of ke to -eno l tau tom erism  - see la te r).

c) Carbon atoms a t positions 8-  and 9- g ive very sm all signals in the regions 

120-135ppm and 140-160ppm, respective ly . In the spectra o f re la tiv e ly  

insoluble compoinds the signal fro m  C -8 is o ften  too small to  be observed.

d) The loca tion  of the signals due to  C-5, C -6 and C-7 vary s ig n ific a n tly  

w ith  substitu tion .

The resonances were assigned by adding (or subtracting) the increm ents given 

in Table 2 to  the chem ica l s h ift of the carbon atom concerned in thieno[3,2-b]~ 

pyrid ine  its e lf. The values given in Table 2 are those sh ifts  observed when the 

substituen t in question is in troduced in to  the comparable position  in quino line, 

pyrid ine  or benzene (depending on which data were availab le).
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Table 2

C hem ical S h ift Increm ents (ppm) used in Assignm ent o f 

Th ieno[3,2-b ]pyrid ine  NMR Spectra

Substituent Loca tion

C-5

S h ift produced a t C-5 -  C-9 

C -6 C-7 C -8 C-9

Ref

C l C-5 + 1.4 +0.3 +3.0 - 1.2 0 160a

O A lky l C-5 + 12.5 -14.0 + 2.3 -7.8 -4.0 161a

= 0  (4H) C-5 + 11.7 -4.7 + 4.4 -19.7 -15.4 161a

C 0 0H C-5 +2.1 + 1.5 0 + 5.1 0 162bC.
C O ^A lky l C-5 + 1.3 -0.5 -0.5 + 3.5 -0.5 162b

C 0 2A lk y l C-6 +2.9 + 6.1 + 1.4 + 1.4 -1.3 163C

CN C -6 +3.1 -13.3 +4.1 +0.2 + 3.1 160a

Cl C-7 -0.5 +0.1 + 6.4 -1.9 +0.8 163d

O A lk y l C-7 +0.1 -14.7 +28.5 -14.7 +0.1 161a

OH C-7 + 1.4 -12.7 +26.9 -12.7 + 1.4 162b

=0  (4H) C-7 - 10.8 - 8.6 +39.3 - 8.6 - 10.8 161a

N E t2 C-7 - 1.0 -14.7 + 19.9 -14.7 - 1.0 160e

S A lky l C-7 +0.4 - 1.8 + 10.2 - 1.8 +0.4 162b

Notes: a: sh ifts  derived fro m  those in the re la ted  pyrid ine.

b: sh ifts  derived fro m  those in the corresponding substitu ted  benzene,

c: sh ifts  derived fro m  those in n ico tinam ide,

d: sh ifts  derived from  those in the re la ted  quinoline,

e: sh ifts  derived fro m  those in 4 -am inopyrid ine .

In the great m a jo rity  o f cases the ca lcu la ted  and observed values fo r C-5 - 

C -9 d iffe re d  by less than 5ppm, and i t  was possible to  assign the resonances 

due to  the ring  carbon atom s w ith  confidence. The data are presented in 

Tables 3 - 5 .

84



>< >N

r\J

CL

CJV1
CJ

OOI
U

ini
u

VOi
u

in1
u

m
t

u

CNI
u

o tv. VO cn oo in *—H CN d- ■ch tv. —i cn in
VO d oo d in d oo 00 d v6 vo VO in d cj- ci-
in ITV in in in •n in in in in in in in in in inI r-H ■ 1 ■—i —< _< -H —i —i ■—H —i —i —i —i —i

o tv . •“HI OV in v o in —* VO oo tN vo O —< O0
d CN X CN X O u  ™U  CN

vo X —1 X X vo d dm m m m r n m CN c n CN CN CN CN —i
~-i «»—■! r—< •—i *—4 •—i ■—i .—i —i —i —i —t —< ■ t

CN o -H CN VO IN —i d - d - in ---1 d - — i o — i CN
O d CN OO CN .—i X d CN o v CN '  —< CN Ov in dc n m m r n c n m vO vo m rn VO VO VO c n VO vo— i — i — i •—H »—H —h •—i •—t •—H •**H .—i — i —< —H

d- CN cn d- CN '—4 o vo VO 00 vo •—I 00 CN
00 00 ♦—t 00 Ov d d d oo OO d d d~ OO■ ■< —i CN —i —H CN o o o •—1 o o o o

— < •—i — i —H ■—i ■■ 1 —1 —< »■ 1 T—H — 1 — 1

CNcn
- d

vo  v o
-d- d -

in ov cn d -

tN in
Ovoo OVoo

1 ■ < OV d- OV o oo in d- 00 —i in d^ o CN in IN
d vo oo IN OV ov o v OV CN OV d d Ov d CN — (
d- d- d- d- d- cn d- d- VO d- in in d- vo VO VO•H —i — 1 —1 —i *—i “H —-t — i .—i •—i ■—i —< —1

~1 tN CN tN d- —! m m — i VO tN 00 OO d- in
in d- in in d 00 in in d d d d d d d dCN CN CN CN CN —1 CN CN CN CN CN CN CN CN CN CN
•—1 ■—1 —1 •—i —-1 —1 • < —i •—i ■—i —i .—1 —< >—( •—<

CN CN in <n
X

m °0 OO tN IN av OO _ o o v tN
d d d •—i CN d OV Ov OV CN d d .—i d oo OOm m c n c n CN CN CN CN m m cn c n m (N CN•H — i •—i i—i ■—1 •H ^-i ■ 4 — i •—< <—i •—H

o < c i , a < a 1 a , a < C L a , ( i < c L < a ( c L C L , a < a1 CL(

V O c O O V C N V D C v l v O v O v O v O v O v O v D v O v O v D

4: 4: 4-1 -T- ^  -m—I S lu H 5  yj  I  h  S  m
X X X O X X O O X O O O O O O O

04
CN

o
X X U X X X X X X X X X X X  X X

•U ^  s  ^
'— 1 *— « ’— i ’— c »—h p j LL l — <(

x x x ^ u u x x o u u u u o o o u

K  N N in y) r i  r O c h o O - —Iv o t N i N v o v o r N c n v D v o v o t N
I ” 1 ' I —I —< ■—I —1 K  —( •—H —H i—I | | I

85

C
0

2E
t 

H 
99 

P 
13

4.
7 

12
4.

4 
14

7.
4 

12
1.

6 
13

5.
7 

13
1.

0 
15

6.
9

xo
n

tin
u

e
d

/



Ta
bl

e 
3 

(c
on

tin
ue

d)
ON

i
U

oo
I

U

r-s
i

U

CO O OO CN CO 00 NO hs — • 00 NO CO oo Cv. CTn OO
— 1 00 CCN CN .— 1 •CN UN oo ON d od NO d UN 1r \ od d
NO ccn ccn NO NO UN UN UN icn UN UN UN UN UN i r \ UN UN
•—H •—i — 4 i— i — ( ( r~H » *—H •—l *«—(

00 NO ON UN NO OO CO CO CO UN o CN
( j ro icn CO U X U d d »—H ( j d CO d ON d

CO CO CN CO CN CN CN CN CO — 4 — 1
*—H — i •— i —-4 —H r~H ~ 1 ■—i

ON NO 'CN NO oo UN CO o o UN ON OO CN ----1 CO o CN
NO d NO X d NO UN d NO ON NO CN d »—t UN UN
CN CO ON NO NO co CO NO NO UN NO UN CO MD NO NO NO
•—< —•4 i — 1 r—H •— 1 '" '< t .—1 — I •—H »• -H — i •—H —I —4

szCO

<u
sz
( J

-Q

NOI
(J

un
i

u

CO
I

U

CN
I

u

O •3- NO NO NO r—i CN o CN O
d d UN CN CO d d UN ON NO
CN CN CN •—i CN CN 1 >—i •—1

— i .—4 ' 1 ■ 1 —< »—H •—1

o O CO • c h CN NO OO ON NO
d ON d —- ( — ( UN UN NO NO NO
UN C j - -3- UN UN ■3- ct- - C h UN
*—H .— 4 — 4 — i •H

ON - a - o NO NO hs t ----1 CO
UN UN d UN UN d UN UN c}- UN
CN CN CN CN CN CN CN CN CN CN
— 4 •— i >—i ■— i .— i *..<

00

d

oco

o
.NO

a
+

h -.

d
CO ■—■4 
CO (CN

CN

d
CO
d

CN < h  

CO r<N

O'
+

ON
CN

ON
NO
UN

cj-
CN

O

CO

O'
+

O0 NO co UN CN o
ON ON d UN CO ON— 1 CN O O ON

' 1

ON O o CN o
NO UN d ON d

c i- NO UN UN NO
— < T" -f —4 .—1

ON O O s ON OO 00
d UN d d d d
CN CN CN CN CN CN

(-H

NO 00 O 00 OO CO
<— 1 CO ♦— d NO d
co CO co co co CO
— i »•—4 <~H{ *—H —(

O ' O '
+ +

cu (X O h CL, Cu

<D

Oi
c-N un ch

On n O C N nO nO O N N O N D nD nO N D n o n O nO nO nO nDOn ■1 ' CO 1  ̂ * ~4 On ' i i ' ( ■—t >-h »h ■—i .—i . , .—, ^

N

CN V

o  s 4->
UJ

<v a) CN
K— I” - t- ’ j,2  m uj tu | j

<U (L)

u j  S  So o o o o u u o o o o z & o o o o

co
co
<L>SI

H

>

rs i (S I 7 s I (S I 2  X  U J X  (X j LU  S  u j
CN CN CN CN CN CN CN CN CN CN CN CN CN CN CNo o o o o o o o o o o o o o o z z

( J ( J O O O ( J C J O O ( J O U ( J U O ( J ( J

X)
czzo
O -

Eo
u

4-Ho
<L> CL) ,0

•—i •—i •—( —i —h —i —< .—i S uj  —4 IS z
X X O X X U O O O O O O U O O U O

CtJ
oz

OO
UN

ON
u n CN

hs
UN
UN

O
NO

CN
NO

ON
ICN

ICNr-s t - '.r-s

u>
<U
■H
O
Z

86

So
l. 

= 
so

lv
en

t; 
P 

= 
C

D
C

13
, 

Q 
= 

(
C

D
^

S
O

 

No
 

si
gn

al
 

ob
se

rv
ed



><

o

00

to
<U
C
0
1

X
C h

I
C
T3
> ,
a ,i—i
X!

I
CN
r<"T1—i
Oc
<u

ia
H
H—Io
cd

u<v
CL

00

a ;

Oro

SZOO
I

cd
u

£
<L>

<J

(J

OO
I

CJ

i \
i

U

VO
i

O

oo
I

U

ro
i

o

CN
I

u

o
oo

a>
(X

>

X

cd
O

2 ;

ro
ch
d -

l \

uo UO 
<J- d -

uo
ct-

00 oo ct- hv.
id rd rd rd
CN CN CN CN

—t —M

ch CN ro ’--f
rd ■d cd cd
t-". IN vo lor—H •—i

ro  oo vo  r ^
CO OO uo
o  o  o

OO
o

ro VO• VO d -
id CN rd CN
ro d - C f c f-
<—i 'I —i

d- vo 00 vo
00 OO r d oo..< —1 —H
rH -H >—I «—i

ro oo
•—I UO ch iro
ro  ro  ro  ro

O'  O'  O'  O'
+ +  + +

Q-< d t CLi Cl,

UO cj- 
CN VO VO
ro  ’—* ’—i

CN
ro

X X X
CN CN CN

O O O 
X U  U U

CN
-  o

X X u  u

vo
uot i •”-( i

(/)
<uszI.t

sz
-H

"Oc13o
Cl

E
O
u
SH
O

o
Z

o
oo_̂CN
*~rO
Q
CJ
n

a

ro
»■ H
u
a
o

cu

o
00

~ocu>
<uin

SZ
O

"rd
c
00

o
Z

td jo u

o
Z

87



o

M

00

■o

CN
ro

SZ

J Zco
t

cdu
• —4
E
<dsz

U

Ov
I

oo
i

O

i n
t

U

vo
i

O

uoI
u

roi
CJ

CN
I

o

HH
<D

cc

N

>

X

rdo
2:

0 0 0 tN Ct •—1 uo uo tN
ro uo CN VO VO uo c t ro
c t c t c t c t c t c t c t c t
*—1 <—1 —-4 —1 <—1 •—I > ■" (

IN CN 
—t CN

CN

U U
ON ro  
O  CN

uo uo oo
O  
c t

CN OO CIO CO CN
c t CO VO VO VO

vo ro In

CJ

uo vo vo 
o
VO

c t c t 00 0 tN v o 00
uo CN 0 uo uo r o uo 0

f-h CN OV OV 00 Ov *—H

■---1 r o tN tN 0 0 CN uo
CN r o o v O 0 tN c t o v
VO v o UO VO VD v o vD u o

F-H ■ '4 ' t F—H

tN v o tN •—1 c t VD CN
IN tN IN IN tN v o
■— 1 ’— i »—1 *—H «—<
'—' • 1 ■! 1—1 ■—1 1---I f—H f-H

ro
' - H f N r o u o u o c t O v r O
r o r o r o r o r o r o C N r o

■ct uo 1/0
V O V O V O V D V D V O V O O V  
c t •— 1 —h —h ct- c t c t Ov

,—1 .—1 XJ 3C X  X  —1
U C J U  0 0 0 0 0

<D <D
x  s  2  a  £

CN CN CN (N CN
0 0 0 0 2 O

X O O O O O X O

<U (U
X X X X X X S S

ov o  
VO tN.

I/)
CD

S Z

H
co

1c

Oco
CN

Q
U

+
*D 
C 
D
O O
^  ot  (J o w 
u  c

X)
ro (D 

>

O
2

jQ
O

— i.
rd
C
bO

rd C 

rd Jo u

co
<D■H
O
2

8S



By noting the chem ical sh ifts  a t C-2 and C-3 in these compounds i t  was 

possible to  deduce the approxim ate  sh ifts  from  the values in thieno[3,2-bJ- 

pyrid ine . These sh ifts  are presented in Table 6. The most in te res ting  fea tu re  

is the co m p a ritive ly  large s h ift a t C-3 aris ing from  the conversion o f C-5 or 

C-7 in to  a carbonyl group. An a lkoxy group at these positions has a very 

sm all e ffe c t,  so th a t the appearance of the C-3 signal a t 117-188ppm is 

d iagnostic fo r  the  ke to  tau tom er. Another fea tu re  d iagnostic o f the 

conversion of C-7 in to  a carbonyl group is the appearance of the signal fo r 

C-7 a t 172-174ppm, a much higher figu re  than is observed fo r any o ther ring  

carbon atom .

Table 6

S hifts produced a t C-2 and C-3 by Substituents in 

the  P yrid ine  R ing o f Th ieno[3,2-b]pyrid ines

Substituent Loca tion S h ift produced a t 

C-2 C-3

C l C-5 - 0.2 - 0.8

O A lky l C-5 - 2.0 - 0.8

=0  (4H) C-5 +0.2 - 8.0

c o 2h C -6 + 5.0 -0.4

C 0 2A lk y l C -6 + 5.0 +0.3

CN ' C -6 + 5.4 +0.3

C l C-7 -1.5 +0.3

O A lky l C-7 +0.5 +0.5

OH C-7 +0.5 +0.5

= 0  (4H) C-7 -0.4 - 6.6

N E t2 C-7 - 0.2 +0.4

13There fo llow s a few  examples to  illu s tra te  the use o f C n .m .r. spectroscopy 

in s truc tu re  e luc ida tion  problems encountered in the present w ork.

4.1.1. D ifferentiation  between 5-chloro~7-alkoxy and 7-chloro-5-alkoxy

isomers

The product o f reaction  o f 5 ,7-d ich loro th ieno[3,2~b]pyrid ine (73) w ith  one 

equ iva lent o f sodium ethoxide could be e ithe r the 5-ch loro-7-e thoxy-(164) or 

7 -ch loro-5-e thoxy-(171) isom er. The s tru c tu re  has been shown by chem ica l 

means to be (164) and the isomer (171) has been synthesised independently (see
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Chapter 3). The resonances of the pyrid ine  ring  carbon atom s are presented 

below:

C-5 150.4

C-6 100.1

C-7 161.4

C -8 121.7

C-9 156.4

C-5 163.2

C -6 108.2

C-7 139.0

C-8 126.0

C-9 154.1

These values were then compared w ith  the pred icted values (using the values 

given in Table 2) and the d iffe rences between observed and pred ic ted  values 

may be ca lcu la ted .

P redicted  D iffe re nce  from  (164) D iffe re nce  from  (171)

C-5 148.6 1.8 9.6
C -6 104.0 3.9 4.2
C-7 161.7 0.3 1.5
C -8 117.1 4.6 8.9
C-9 156.1 0.3 2.0

T o ta l 10.9 26.2



Cl

P redicted D iffe re nce  from  (164) . D iffe re nce  fro m  (171)

C-5 159.1 2.3 4.1

C -6 104.5 4.4 3.7

C-7 138.9 11.5 0.1
C -8 123.3 1.6 2.7
C-9 152.8 3.6 1.3

T o ta l 23.4 11.8

A lthough the observed and pred ic ted  values do not agree precisely a much 

b e tte r f i t  is obtained fo r the co rre c t s truc tu res  than fo r th e ir  isomers.

4.1.2 Keto-enol tautomerism

The 7-ch loro-5-oxygena ted th ieno [3 ,2 -b ]pyrid ine  (169) could exist e ithe r in the 

ke to  (169a) or enol (169b) fo rm s shown below:

N - ^ 0

(169a) Cl
-one

N x ^ O H

(169b) Cl

The ca lcu la ted  resonances fo r these tw o  form s, and the observed values, are as 

shown on the fo llo w in g  page:
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Observed
(169)

C alcu la ted 
fo r (169a)

D if f .  from  
obs.

C a lcu la ted  
fo r (169b)

D if f .  from  
obs.

C-2 131.4 128.9 2.5 126.7 4.7

C-3 117.7 117.4 0.3 124.6 6.9

C-5 162.1 158.3 3.8 159.1 3.0

C -6 115.4 113.8 1.6 104.5 10.9

C-7 140.5 141.2 0.7 138.9 1.6
C -8 131.3 124.1 7.2 125.3 6.0
C-9 143.0 140.1 2.9 151.5 8.5

To ta l 19.0 T o ta l 41.6

A much b e tte r f i t  is obtained fo r the ke to  tau tom er, and th is  p reference is 

con firm ed  by the i.r . spectrum  of the compound which shows a broad band a t 

1650cm , due to  a carbonyl group.

A s im ila r tre a tm e n t o f the  isom eric 5 -ch lo ro -7-oxygenated th ieno [3 ,2 -b ]pyrid ine  

(168) is given below. In th is  case i t  is evident th a t the hydroxy tau tom er 

(168a) is the p re fe rred  fo rm .

■ N ^ C l

-Ol
(168a) OH

N -v C I

S Y  -one
(168b) 0

Observed
C alcu la ted 
fo r (168a)

D if f .  from  
obs.

C a lcu la ted  
fo r (168b)

D if f .  fn  
obs.

C-2 131.1 130.5 0.6 129.6 1.5

C-3 123.8 124.8 1.0 117.7 6.1
C-5 149.0 149.9 0.9 137.7 11.3
C -6 104.8 106.0 1.2 110.1 5.3
C-7 162.1 160.1 2.0 172.5 10.4
C -8 121.6 119.1 2.5 123.2 1.6
C-9 155.7 157.4 1.7 145.2 10.5

Tota l 9.9 T o ta l 46.5
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4.2 Th ieno[2,3-b lpyrid ines

13
The C n .m .r. spectra  o f the th ieno[2,3-b]pyrid ines prepared in this w ork were 

assigned by the means just described fo r thieno[3,2-b ']pyridines. The data are 

presented in Tables 7 and 8 and F igure 7.

Sr (C D C I3) C-2 123.8 
C-3 117.1 
C-4 174.7

C-5 113.7 
C -6 140.0

C -8 151.2 
C-9 130.1

13
F igure 7: C n .m .r. Spectrum o f 7 -M e thy lth ieno [2 ,3 -b ]pyrid in -4 -one
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As is the case fo r th ieno [3 ,2 -b ]pyrid ines these spectra give a good ind ica tion  of 

the tau to m e ric  fo rm  p re fe rred  under the conditions o f measurement. For 

exam ple, the resonances of 4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  (85) lie  very close to  

those of the 4-m ethoxy compound (154), and d if fe r  considerably from  those of 

7 -m e thy lth ieno [2 ,3 -b ]pyrid in -4 -one  (152).

The presence o f a 6-one group causes a s h ift in the resonance o f C-3, which 

lies in the region 115.8-116.3ppm in a ll but one of the th ieno [2 ,3 -b ]pyrid ines in 

Table 8, but occurs a t cons is ten tly  higher values (118.2-121.3ppm) in a ll the 

eno lic  6-oxygenated compounds lis ted  in Table 7.

4.3 Keto-enol tautomerism

13The use o f i. r .  and the C n .m .r. methods just discussed a llow  some 

com m ents to  be made concerning ke to-enol tau tom erism  in quinolines, 

th ieno [3 ,2 -b ] and [2,3-b ]pyrid ines.

a) a  -Pyridones

In a ll cases where there  is an oxygen fu n c tio n a lity  a  - to  the pyrid ine  n itrogen  

a tom , the  ke to  fo rm  is p re fe rred . This is observed in both th ienopyrid ine  

systems and in quinolines.

b) a  , -d ioxygenated pyrid ines

Again, the same tau to m e ric  fo rm  is p re fe rred  in a ll th ree  systems, namely 

the -hyd roxy- a  -pyridone  fo rm  illu s tra te d  above.
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c) If-hydroxypyridines / Y  -pyridones

ii—. iftVd, n-i.

In th is case the s itua tion  is somewhat more com plex, the tau to m e ric  fo rm  

p re fe rred  being dependent on the  system and on the substituents present.

In quinolines and th ieno [3 ,2 -b ]pyrid ines the  parent systems and most de riva tives  

ex is t in the pyridone fo rm ; the hydroxy fo rm  is however p re fe rred  when a 

s trong ly  e le c tron -w ith d ra w in g  substituen t (fo r example ch lo rine) is s itua ted  a - 

to the n itrogen atom .

Thus the fo llo w in g  fo rm s are p re fe rred :

¥

nC y 
(212) 0

if
(168)

N \ x C l

A ll th ieno [2 ,3 -b ]pyrid ines, including the parent 4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  

ex is t in the hydroxy fo rm , eg

(85)

The reasons fo r the d if fe re n t tau to m e ric  preferences may be explained by 

considering the equ ilib rium  shown in Equation 38. (A  more de ta iled  tre a tm e n t 

o f th is  approach is given in Reference 166)



Equation 38

The position o f the tau to m e ric  equ ilib rium  (2 1 3 )^ (2 1 .5 )  is determ ined by the 

re la tiv e  a c id ities  of the -O H  and -N H  protons in the conjugate acid (214); i f  

the -O H  proton is more ac id ic  than the NH proton then (213) w il l p redom inate 

and v ice versa. In most cases the OH proton is the more ac id ic  and thus the 

pyridone fo rm  (213) is p re fe rred . The hydroxy fo rm  is only p re fe rred  when the 

substituen t Y is capable o f exe rting  a strong enough e le c tron -w ith d ra w in g  

e ffe c t to  make the NH proton in (214) the more ac id ic . This is most lik e ly  to  

occur when Y is an e lec tronega tive  atom  a  - to  the n itrogen  atom .

This explains the change in tau to m e ric  pre ference between (212) and (168), 

caused by the - I  ch lo rine  atom  in (168). The preference fo r  the hydroxy fo rm  

in th ieno [2 ,3 -b ]pyrid ines [ fo r  exam ple (85) ] is explained by considering the 

sulphur atom of the thiophene ring  as a - I  substituent on the pyrid ine  ring  [In 

th ieno [3 ,2 -b ]pyrid ines the sulphur atom  is fu r th e r away from  the  n itrogen  atom 

and the inductive  e ffe c t is much less. A s im ila r argum ent has been used to  

explain the  low  bas ic ity  o f th ieno [2 ,3 -b ]pyrid ine  (1) w ith  respect to  

th ieno [3 ,2 -b ]pyrid ine  (2) . ^ ]
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ELECTRQ PHILIC  SUBSTITUTION

The e le c tro p h ilic  subs titu tion  o f the parent compounds, th ieno [2 ,3 -b ]pyrid ine  (1) 

and th ieno [3 ,2 -b ]pyrid ine  (2), has been studied in de ta il (see Section 1.1.3.1.)'. 

In both cases reaction  takes place a t C -3; i f  th is position is occupied then 

a tta ck  occurs a t C -2. R eaction  in the e le c tro n -rich  thiophene ring  is 

understandable, the preference fo r a tta ck  a t the /?-pos ition , ra the r than the 

oc -pos ition  as in thiophene its e lf ,  is explained by consideration o f the 

canonical form s (216) and (217) fo r a tta ck  on (1) a t C-2 and C -3 respective ly , 

in which the pos itive  charge is stab ilised by the sulphur atom .

(216) (217)

In (217) the pyrid ine  ring  has the norm al bond con figu ra tion  whereas in (216) a 

less favourable  quinoid s tru c tu re  is necessary.

There are few  reports  o f e le c tro p h ilic  substitu tion  o f o ther compounds in

e ithe r series. For the types o f compound examined in the present w ork

re levan t reports are those concerning 5 -e thoxycarbony i-7 -e thy lth ieno [2 ,3 -b ]-

pyrid in-4~one (218), which has been depicted as undergoing n itra tio n ^  * and 
96

iod ina tion  a t C-2.

Et
(218)

I t  was o f in te res t to  investiga te  the reactions o f compounds con ta in ing  

a c tiv a tin g  substituents in the  pyrid ine  ring  fo r tw o  reasons; f ir s t ly ,  as p o te n tia l 

routes to  quinoline a lka lo id  analogues, and secondly to. study the degree and 

position  of a c tiva tio n  by a given substituent. O f p a rticu la r in te res t was 

w hether a substituen t would have the same e ffe c t in the  [3 ,2 -b ] and [2 ,3 -b ]- 

fused systems.

Many e le c tro p h ilic  subs titu tion  reactions o f re la ted  quinolines have been 

reported . S ubstitu tion  o f ^-oxygenated quinolines can o fte n  be e ffe c te d  by

m ild  reagents, reaction  a lm ost inva riab ly  occurring  a t C-3 i f  th a t position  is
101



vacant. N itra t io n  of 4 -qu ino lone*^7 and of l-m e th y l-4 -q u in o lo n e * by n it r ic

acid alone gives the  3 -n itro  d e riva tive  in each case, and 4-quinolones are
169 170halogenated a t C-3 by su lphuryl ch lo ride  in ace tic  acid ’ , N -ch lo ro -

succ in im id e *7 *, sodium h yp o ch lo rite *77, brom ine in ace tic  a c id *^0,173^ |ocj jne
169m onochioride in a ce tic  acid and by iodine-potassium  iodide in aqueous

sodium h yd rox ide *77; l-a lky l-4 -qu in o lo ne s  are also brom inated* ^  and 
175iod inated a t C -3. 2 -M ethy l-4 -qu ino lone  read ily  undergoes the Mannich

re a c tio n *7^ ’ * 77 and hydroxym ethy la tion  w ith  form aldehyde (e ithe r a lo ne *78 or
179 180181in the  presence o f acid ) a t C-3 and the R iem er-T iem ann reaction  ’

180and coupling w ith  diazonium  salts also take place a t th is position in 

4-quinolones. Under conditions where the ^-oxygenated quino line is p rotonated 

the  pyrid ine  ring  is deactiva ted  to  e le c tro p h ilic  a tta ck , which takes place in 

the  benzene ring, m ain ly a t C -6, but to  some exten t a t C-8 also. This is w e ll
I f-J I oo

illu s tra te d  by the m ixed acid n itra tio n  of 4-quinolone ’ , N -subs titu ted -4 -
. . 182,183 . . 182quinolones * and 4-m ethoxyquinohne

That C -3, C-6 and C-8 are p re fe rred  positions o f e le c tro p h ilic  a tta ck  may be 

explained by the a b ility  o f the a c tiv a tin g  substituen t to  delocalise the 

incom ing positive  charge in these cases (canonical fo rm s (219), (220) and (221) 

fo r  ^-quinolones; (222), (223) and (224) fo r 4-hydroxyquinolines).

Such de loca lisa tion  is not possible fo r a tta ck  a t C-2, C-5 or C -7. The reason 

fo r the p re fe re n tia l a tta c k  a t C-3 over th a t a t C-6 and C -8 is probably th a t in 

the canonical form s fo r a tta ck  a t C-3 the benzene ring  is in the norm al 

co n fig u ra tion  whereas reaction  elsewhere requires quinoid form s.

4-H ydroxy-2-quino lones s im ila r ly  undergo e le c tro p h ilic  a tta ck  a t C-3 by weak
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e lectroph iles. Thus 3 -substitu ted  de riva tives  are produced by the Mannich
.. 184 , . . +. . ,185 , .+ . . . .  +. . . 186,187reac tion  , brom ine in a ce tic  acid and n it r ic  acid m a ce tic  acid.

4-H ydroxy-2 -qu ino lone  also fo rm s 3-acyl deriva tives by e ith e r F rie d e l-C ra fts
188 189 190acy la tion  ’ or R iem er-T iem ann fo rm y la tio n . Coupling w ith  diazonium

191 184 192salts and a lky la tio n  ’ (under basic conditions) a t C-3 has also been

reported . Under more vigorous conditions fu rth e r subs titu tion  occurs a t C-6;

thus n itra tio n  of 4-hydroxy-2-qu ino lone w ith  mixed acid leads to  the  3 ,6 -d in itro  
193de riva tive .

In these d ioxygenated systems the hydroxy group a c tiva te s  C-3 and the 

2-quinolone fun c tio n  can a c tiva te  a t C -3, C-6 and C -8; the  canonical form s 

depicted in F igure 8 dem onstra te  these points.

F igure 8

When the only a c tiv a tin g  substituent present is the 2-quinolone group the

s itu a tio n  is less sim ple. The preference fo r a tta ck  a t C-3 is less marked, and

in some cases reac tion  accurs p re fe re n tia lly  a t C-6. Reactions w ith  weak

e lec troph iles  (fo r exam ple diazo coupling, the Mannich, and R iem er-T iem ann

reactions) have not been described. N itra t io n  o f 2-quinolones by n it r ic  acid

alone gives the 6 -n itro  deriva tives , w h ils t warm mixed acid a ffo rds  the 3,6,8-
194t r in i t r o  compounds. The position of halogenation depends on the

substituents and the reagent used. A range o f 4 -m ethyl-2-qu ino lones was
195 I 96brom inated a t C-3 w h ils t 2-quinolone its e lf is brom inated a t C-6 . W ith

1 96ch lo rine  in a ce tic  acid 2-quinolone gives the 3 ,6 -d ich lo ro  d e riva tive  ,

whereas iodine m onochloride in the same solvent leads to  the 3-iodo 
197 „

compound. F rie d e l-C ra fts  acyla tions have been reported fo r a va rie ty  o f
198 199 200l-a lky l-2 -qu ino lones  ’ ’ ; m ix tu res  o f 3- and 6 -substitu ted  products were

form ed, the ra tio  depending on the reaction  conditions, a lthough ove ra ll yields
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were genera lly low . >

5.1 Thieno[3,2-b]pyrid ines

The 7-oxygenated th ieno [3 ,2 -b ]pyrid ine  (212), like  its  qu ino line coun te rpa rt, 

exists in the keto  fo rm . B rom ination  w ith  one equiva lent o f brom ine in warm 

a ce tic  acid gave the 6-brom o d e riva tive  (225); w ith  an excess o f brom ine in 

a ce tic  acid a t re flu x  tem pera tu re  fu r th e r reaction  took place, a lb e it s low ly, to  

y ie ld  the 3,6-d ibrom o compound (226). As in the corresponding quino line, (212) 

was a ttacked  in the  pyrid ine  ring  by n it r ic  acid a t 100° producing

6 -n itro th ieno [3 ,2 -b ]py rid in -7 -one  (227); n it r ic  acid in a ce tic  acid led to  the 

fo rm a tio n  of the n itra te  sa lt o f (212). M ixed acid tre a tm e n t of (212) a ffo rded  

the 3 ,6 -d in itro  d e r iva tive  (228) (this is in con trast to  the quinoline series, 

where th is reagent does not g ive subs titu tion  in the pyrid ine  ring). A slow 

M annich reaction  occurred when (212) was boiled under re flu x  in e thanol w ith  

fo rm a ldehyde-d ie thy lam ine , fo rm in g  (229).

The N -m ethy l compound (230) derived from  (212) was less re a c tive  than (212) 

tow ards e lectroph iles. In th is case the Mannich reac tion  fa ile d  and only 

m onobrom ination could be achieved. The la tte r  reaction , and n itra tio n  w ith  

n it r ic  acid a t 100°, both took place a t C -6, fu rn ish ing  (231) and (232) 

respec tive ly ; tre a tm e n t o f (212) w ith  m ixed acid led to  (233). In a ll th'e 

reactions just described (shown in Scheme 71) the position  o f a tta c k  was 

eviden t from  the^H  n .m .r. spectra.
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+  (225)

(212)

2.5 x Br2

S - ^ B r  
(226) 0

S '~ " Y ^ C H 2NEt2
(229) 0 (225) 0

Me2S04

KOHaq

s — y " ^ N 0 2

(228) q(231) 0

S ' ^ V ' >v N 0 2
(227) 0

^ S ' ^ N 1̂ N 0 2
(232) 5

s - \ / ^ n o 2
(233) (j

Scheme 71
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To sum up: the resu lts are s im ila r to  those observed in the  com parable

quinolines, ie reac tion  occurs p re fe re n tia lly  in the pyrid ine  ring  a t the position 

a  -  to  the oxygen atom , and only under more vigorous conditions does a tta ck  

take place in the  o the r ring. Since there  is no a c tiv a tin g  con jugative  

in te ra c tio n  between the pyrid ine  ring  substituents and positions C-2 and C-3 in 

the  thiophene ring, the s ite  o f a tta ck  in the thiophene ring  is the same as in 

th ieno[3,2~b]pyrid ine its e lf .  In fa c t the only in te ra c tio n  possible is 

d eac tiva tion  a t C -2, re in fo rc in g  the preference fo r reac tion  a t C-3, ie

¥
Rl

O'

The reduced re a c tiv ity  o f the  N -m ethy i compound (230) w ith  respect to  (212) 

is most probably due to  the absence of an ac id ic  proton in the fo rm e r. The 

M annich reaction  takes place under basic conditions and i t  is lik e ly  th a t the 

anion o f (212) is, the reac ting  species. An anion cannot read ily  be fo rm ed from  

(230) and the neu tra l compound is not s u ff ic ie n tly  a c tive  to  reac t w ith  the 

very weak e le c troph ile  concerned.

The fa c t tha t (212) and (230) g ive d in itro  compounds w ith  m ixed acid whereas

the quinoline analogues are only n itra te d  in the benzene ring  may be a resu lt

o f the  lower bas ic ity  o f the th ienopyrid ines w ith  the resu lt th a t a sm all

am ount o f the fre e  base is present in the reaction  m ix tu re  a llow ing  reac tion  in

the pyrid ine  ring . I t  has been argued th a t in the quinolines the system is

com p le te ly  p ro tonated under these conditions, p reventing reaction  in the 
182pyrid ine  ring.

The th ieno [3 ,2 -b ]pyrid ine  isostere (234) o f 4 -hydroxyqu ino lin-2-one is also 

h igh ly  reac tive  towards e lectroph iles. B rom ination  by brom ine in a ce tic  acid 

and n itra tio n  by n it r ic  acid in ace tic  acid have been reported to  give the 6- 

substitu ted  products [ (235) and (236) ]. Several o ther reactions o f (234)
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have now been investiga ted. W ith  an excess of brom ine in a ce tic  acid under

re flu x  only (235) was fo rm ed, and no d isubs titu tion  was observed; s im ila r ly  the

ester (237), in which C-6 is blocked, did not undergo b rom ination . The

Mannich reaction  o f (234) proceeded a t room tem pera tu re  a ffo rd in g  the amine

(238) w h ils t reaction  w ith  4 -d ie thy lam inobutan-2-one and m ethy l iodide in the
I 84presence o f potassium hydroxide (successful in the corresponding quino line  )

produced the t r ic y c lic  compound (239). R eaction  in the thiophene ring  only

occurred when mixed acid  was used as reagent. Thus (234) gave the

3 ,6 -d in itro  compound (240), and (237) yie lded the 3 -n itro  d e riva tive  (241) w ith

th is  reagent. However, e ffo r ts  to  induce (234) to  undergo F r ie d e l-C ra fts

a ce ty la tio n  a n c j R iem er-T iem ann fo rm y la t io n ^ ^  resu lted in

decom position, and a ttem p ts  to  bring about Fries rearrangem ent o f the ace ta te  
46

(242) were equally unsuccessful. The reactions just described are depicted in 

Scheme 72.
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(201)

C0,Et

COCH

Scheme 72

The a c tiva tio n  of C-6, and the a tta ck  a t C-3 ra the r than C-2 o f the thiophene 

ring , are exp licab le  by the  same reasoning as th a t given above fo r the 

o rie n ta tio n  o f substitu tion  in th ieno[3 ,2-b ]pyrid in -7-ones.
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F urthe r va ria tion  o f the groups in the pyrid ine  ring  o f th ieno [3 ,2 -b ]pyrid ines 

has revealed m ore about the e ffe c t o f substituents on the e le c tro p h ilic  

subs titu tion  of the system. In both 7 -ch lo ro th ieno [3 ,2 -b ]pyrid in -5 -one  (169) and

5,7 -d im ethoxyth ieno [3 ,2 -b ]pyrid ine  (243) the re a c tiv ity  o f the pyrid ine  ring  was 

below the leve l a t w hich the Mannich reaction  would occur. Both these 

compounds and 5 -ch lo ro -7 -hydroxyth ieno [3 ,2 -b ]pyrid ine  (168) were brom inated 

a t C-6 by brom ine in a ce tic  acid g iv ing (244), (245) and (246), respective ly  but 

ne ithe r 7-m ethoxy (165) not 5 ,7 -d ich lo ro th ieno [3 ,2 -b ]pyrid ine  (73) were a ffe c te d  

by th is  reagent. (Scheme 73)

N - ^ 0

B r 2
—-------------------— a—

N ^ C l£ 'C l

OH

(246)

Scheme 73

The foregoing reactions ind ica te  th a t e lec tron  donating substituents ar C-5 and 

C-7 in th ieno [3 ,2 -b ]pyrid ines only prom ote a tta ck  a t C -6. When a tta ck  does 

occur in the thiophene ring , i t  takes place at the same position as in th ieno- 

[3 ,2 -b ]pyrid ine  its e lf ,  ie a t C-3.

5.2 Thieno[2,3-b]pyridines

U nlike  its  th ieno [3 ,2 -b ]pyrid ine  and quinoline counterparts, the 4-oxygenated- 

th ieno [2 ,3 -b ]pyrid ine  (85) exists in the hydroxy fo rm ; it ,  also, reacts read ily  

w ith  e lectroph iles,- however. Upon tre a tm e n t o f (85) w ith  one equ iva len t o f 

brom ine in a ce tic  acid conta in ing  sodium aceta te  the 5-brom o compound (247)
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was rap id ly  fo rm ed (m ore qu ick ly  than its  [3 ,2 -b ]-coun te rpa rt). When the

sodium aceta te  was o m itted  reaction  ceased a fte r  ha lf o f the brom ine had

been added; presum ably the hydrogen brom ide form ed as a by-p roduct caused

p ro tona tion  of (85), h a lting  the reaction . D ie thy lam ine-fo rm a ldehyde  reacted

w ith  (85) on standing a t room tem pera tu re  to  a ffo rd  the Mannich base (248)

(in the [3 ,2 -b ] series th is  reaction  only proceeded a t re flu x  tem pera tu re ).

However, (85) fa ile d  to  react in bo iling  a ce tic  acid w ith  e ith e r n it r ic  acid or

iodine. I t  is also o f in te re s t th a t 4 -m ethoxyth ieno [2 ,3 -b ]pyrid ine  resisted

a tta c k  by brom ine in a ce tic  acid under conditions more fo rc in g  than those

required  fo r the conversion o f (85) in  (247). W ith an excess o f brom ine in

bo iling  a ce tic  acid  conta in ing  sodium ace ta te  (85)= was converted in to  a

dibrom o compound; one o f the brom ine atom s was c le a rly  placed a t C-5 but

the position  of the second, which was located in the thiophene ring, could not

be deduced from  the *H  n.m .r. spectrum  o f the compound. I t  was f in a lly
201established to  be a t C-2 by an unambiguous synthesis from  the known ester 

(249) and acid (250). D ecarboxyla tion  o f the la t te r  a ffo rded

2 -b rom o-4-hydroxyth ieno [2 ,3 -b ]pyrid ine  (251) which, upon tre a tm e n t w ith  

brom ine in a ce tic  acid conta in ing  sodium ace ta te , furnished the 2 ,5-d ibrom o 

compound (252), id e n tica l in a ll respects to  the m a te ria l fo rm ed  by 

b rom ina tion  o f (85). These transfo rm ations are depicted in Scheme 74.

OH

^ > ^ - C H 2N Et2CH20 /E t2NH

(248)

5B r ^  s

252) J>

C02Et

B r / ' ^ S ' ^ N  0Haq B n ^ s ^ N
(250) (249)

Scheme 74
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T rea tm en t o f (85) w ith  n it r ic  acid alone a t 100° gave a m ix tu re  conta in ing

th ree  components, the major being 2 -n itro -4 -hyd roxy th ieno [2 ,3 -b ]pyrid ine  (253),

the second most abundant was the 2 ,5 -d in itro  compound (254) and a th ird ,

which was not iso la ted, was presumably the 5 -n itro  compound (255) (see la te r).

When mixed acid was used a m ix tu re  o f (253) and (254) was form ed but in th is

case the re la tiv e  amounts o f the products were reversed and the d in itro

compound (254) was the m ajor product. The position o f subs titu tion  in the

thiophene ring  seemed lik e ly  to  be. C-2 [by analogy' w ith  the b rom ina tion

product (252) ] but the poss ib ility  could not be discounted th a t the change in

o rie n ta tio n  on m onosubstitu tion (pyrid ine  ring  on b rom ination , thiophene ring

w ith  n it r ic  acid) m ight also be accompanied by a change in the p re fe rred  s ite
13of a tta c k  in the thiophene ring . The C n.m .r. spectrum  o f the major

product (253) was consistent w ith  i t  being the 2 -n itro  compound but an

unambiguous chem ica l proof was desired. The m a tte r was put beyond doubt by
79the  conversion o f the product in to  the known 2 -ace ty lam ino th ieno [2 ,3 -b j-

pyrid ine  (256). T rea tm en t o f the crude product o f reaction  o f (85) and n it r ic

acid w ith  phosphoryl ch lo ride  furn ished a m ix tu re  o f ch loro  compounds

(257)-(259) w hich was separated by flash-co lum n chrom atography. The iso la tion

of (259) ind ica ted  the presence o f 4 -hyd roxy-5 -n itro th ieno [2 ,3 -b ]pyrid ine  (255)

in the  n itra tio n  product. R eduction o f (257) w ith  iron in a ce tic  acid - ace tic

anhydride in the manner described by K le m m *0'7 a ffo rded  the 2 -acetam ido -4-

ch loro  compound (260). R eductive  dech lo rina tion  o f th is  m a te ria l by z inc in

a ce tic  acid proved to  be very slow (presumably e lec tron  release from  the

am ide n itrogen is the cause of th is  behaviour) but conversion in to  (256) was

f in a lly  achieved. The acetam ido compound had m e lting  po in t and i.r . and
79n.m .r. spectra ch a ra c te r is tic  o f the 2 -acety lam ino  compound (the p roperties

107of the  3 -acety lam ino  compound are qu ite  d iffe re n t). An a tte m p t to  bring 

about the trans fo rm a tion  of (257) in to  (256) in one step by reduction  w ith  z inc  

in a ce tic  acid -  acid anhydride resu lted in decom position. Scheme 75 

summarises these n itra tio n  reactions and subsequent trans fo rm a tions  o f the 

products.
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Scheme 75

7 -M e thy lth ieno [2 ,3 -b ]pyrid in -4 -one  (152) was subjected to  .the same set o f 

substitu tion  reactions as those just described fo r (85). O vera ll (152) proved to  

be less re a c tive  than (85); the M annich reac tion  fa iled  and b rom ination  was 

considerably slower. Use of an excess o f brom ine in hot a ce tic  acid conta in ing  

sodium aceta te  produced a dibrom o compound. This m a te ria l was id e n tica l to  

th a t produced on N -m e th y la tion  o f the 2 ,5 -d ib rom o-^-hydroxy compound (252) 

and thus was 2 ,5 -d ib rom o-7 -m e thy lth ieno [2 ,3 -b ]pyrid in -4 -one  (261). 

M onobrom ination of (152) proved to  be considerably slower than fo r (85) and 

the crude product was shown by t . l.c .  to  conta in  several components. A small 

amount o f s ta rtin g  m a te ria l was present, toge ther w ith  some dibrom o
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compound (261). The m ajor compound was iso lated by flash-co lum n chrom a­

tography and was shown to  be the product o f 5 -substitu tion , ie (262); the 

rem ain ing component, w hich was only present in sm all am ount, was not 

iso la ted but was te n ta tiv e ly  assigned the 2-bromo s tru c tu re  (263). N itra t io n  of 

(152) proceeded in a manner s im ila r to  (85); ie  m ixed acid a ffo rded  the 2,5- 

d in itro  compound (264) (a lbe it in ra the r poor yie ld ) w h ils t n it r ic  acid alone 

yie lded a m ix tu re  which consisted m ain ly  o f the 2 -n itro  d e r iva tive  (265). The 

la t te r  was also produced by N -m e thy la tion  of the 4 -h yd roxy -2 -n itro  compound 

(253). The reactions just described are presented in Scheme 76.

1 xBr

(262)(152) major (261)

B r - ^ s  l)K
(263) M e

OH

HNO
KOHaq 0B r ^  s

(252)

OH

(265) (253)

Scheme 76

It  is in te res ting  to  note th a t the change in mode o f r ing  fus ion from  [3 ,2 -b ] to  

[2 ,3 -b ] causes both an increase in the re a c tiv ity  o f the. thiophene ring  and a 
change in the p re fe rred  s ite  o f a ttack .
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The 4-hydroxy compound (85) is e ffe c t iv e ly  a phenol, w hich explains its  

increased re a c tiv ity  w ith  respect to  its  [3 ,2 -b ] analogue (212) (which exists in 

the ke to  fo rm ). I t  is probable th a t (85) is more ac id ic  than (212) (a lthough no 

measurements have been made) and the  increased like lihood  of anion fo rm a tion  

explains the increased re a c tiv ity  o f (85) in  the Mannich reaction  and the high 

ra te  o f m onobrom ination. In the N -m e thy l compound (152) the poss ib ility  o f 

anion fo rm a tio n  does not ex ist and so the re a c tiv ity  is lowered.

The reason fo r fu r th e r subs titu tion  a t C-2 is ev ident from  consideration of the 

canonica l form s (266) and (267). I t  can be seen th a t the  pyrid ine  ring  

substituents are able to  fa c i l i ta te  a tta c k  a t C -2; no such a c tiv a tio n  is possible 

fo r  a tta ck  a t C -3.

H

+ 0H

XT s ' S N

(266)

H'

0

7 " S

(267)
r
Me

The change in p re fe rred  s ite  o f m onon itra tion  (from  pyrid ine  ring  to  thiophene 

ring) in  moving from  the  [3 ,2 -b ] to  the [2 ,3 -b ] system is less easy to  expla in . 

The hydroxy compound (85) is protonated on n itrogen and the N -m ethy l 

compound (152) is p rotonated on oxygen, g iv ing  s im ila r conjugate acids [ (268) 

R = H,Me, re spec tive ly ] both o f which are able to  s tab ilise  a tta ck  a t C-2, as in 

(269).

OH

S ^ N ‘
(85)

^ S ^ | N |  

(152) Me

OH

(269) R
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A ra tiona le  fo r the n itra tio n  of these systems is given in Scheme 77. In the 

acid medium an equ ilib rium  exists in which a lm ost a ll the free  base (85) is 

p ro tonated, g iv ing  (270). The fre e  base undergoes rapid reac tion  a t C -5, g iv ing  

(255), which also is in equ ilib rium  w ith  its  conjugate acid (271). The 

protonated species undergo slow reac tion  a t C-2 ( it  is assumed th a t when 

protonated the  pyrid ine  ring  is not reactive ). Since protonated form s 

predom inate, the reaction  in the thiophene ring  w ill be s ig n ifica n t, but slow. 

F u rthe r reaction  o f both (253) and (255) then a ffo rds (254). The ra te  o f the 

o ve ra ll reaction  and the re la tiv e  amounts o f the products w il l depend on the 

position  of the e qu ilib r ia  and on the  rates o f each ind iv idua l process. In 

d if fe re n t reaction  conditions (fo r exam ple mixed acid or n it r ic  acid alone) the 

positions o f the e qu ilib r ia  and the rates o f the processes w ill be d if fe re n t and 

d if fe re n t amounts o f the  products w il l be form ed.

OH OH

Fast

NO

(255) (271) SlowFast
Slow

OH OH

NO

Fast
Slow

OH

Scheme 77
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The same argum ents w il l apply to  the n itra tio n  o f 7 -m e thy lth ie n o [2 ,3 -b ]p y rid in - 

4-one (132), and a s im ila r reaction  scheme could be envisaged.

For the th ieno [3 ,2 -b ]pyrid ine  system a s im ila r approach can be taken. In th is 

case the substituen t does not a c tiva te  the thiophene ring  a t C-2 and hence 

reac tion  in the thiophene ring  w il l be much slower, and w ill occur a t C-3. 

This explains the p re fe rred  s ite  fo r  m onon itra tion  being the pyrid ine  ring  in 

th ieno [3 ,2 -b ]pyrid ines and the thiophene ring  in th ieno[2 ,3-b ]pyrid ines.

4 -H ydroxyth ieno [2 ,3 -b ]pyrid in -6 -one  (134a) proved to  be less stable than its  

th ieno[3,2~b]pyrid ine coun te rpa rt. Thus n it r ic  acid in a ce tic  or su lphuric acids, 

and a va rie ty  o f F rie d e l-C ra fts  acy la tion  ca ta lysts  a ll caused decom position. 

The Mannich reaction  proceeded sm oothly in the pyrid ine  ring  but tre a tm e n t 

w ith  4 -d ie thy lam inobu tanone /m ethy l iodide in aqueous potassium hydroxide, 

successful in the quino line and th ieno [3 ,2 -b ]pyrid ine  cases, gave a com plex 

m ix tu re  w ith  (134a). A change in o rie n ta tio n  o f subs titu tion  from  the pyrid ine  

ring  to  the thiophene ring  was noted when (134a) was brom inated w ith  brom ine 

in a ce tic  acid. W ith  tw o  equivalents o f brom ine a d ibrom o d e riva tive  (273) 

was form ed read ily  w h ils t w ith  one equiva lent (274) was the somewhat im pure 

product. The i.r . spectrum  of (274) was id e n tica l to  th a t o f pure m a te ria l (see 

la te r) and mixed m.p. gave no depression. However, close inspection of the H 

n .m .r. spectrum  of (274) ind ica ted  the  presence o f sm all amounts o f im purities , 

te n ta tiv e ly  id e n tif ie d  as the the dibrom o compound (274) and the product o f 

pyrid ine  ring b rom ination  (275), a lthough these m inor components were not 

iso la ted. That substitu tion  had taken place a t C-2 was deduced from  the fa c t 

th a t in a compound w ith  the 2-position  blocked (134c) b rom ina tion  occurred in 

the  pyrid ine  ring  a ffo rd in g  (276). The ester (133a) was also read ily  

b rom inated, g iv ing  (277) w hich was hydrolysed and decarboxylated to  a product 

id e n tica l to  (274). F u rthe r evidence fo r substitu tion  a t C-2 was given by the 

fa c t th a t the 2 -m e thy l compound (133c) did not react w ith  brom ine in a ce tic  

acid, even a t re flu x  tem pera ture .

I t  has previously been noted th a t (134a) was decomposed by n it r ic  acid in 

a ce tic  acid. The re la ted  ester (133a) however, did give a n itra tio n  product 

under these conditions. By analogy w ith  the results discussed above the n itro  

group was presumed to  have entered a t C-2 although th is was not proved by 

chem ica l trans fo rm a tion . A tte m p ts  to  hydrolyse (278) under basic conditions 

fa ile d , h ighly coloured com plex m ix tu res being produced. In recogn ition  of the 

poss ib ility  th a t the change in the s ite  o f reaction  from  the pyrid ine  ring  under 

Mannich conditions to  the thiophene ring  upon b rom ination  m ight be due to  the 

reac tion  proceeding via the anion in the fo rm e r case, (134a) was trea ted  w ith  

pyrid in ium  hydrobrom ide perbrom ide, and w ith  brom ine under basic conditions,
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but in both cases the substrate was decomposed. The reactions just described 
are depicted in Scheme 78.

(13<fa)

CH?0
Et2NH

OHw
S N O

(272) H

OH

^ C H 2NEh2

C02Et

2x B r ;

B r ' ^ s  lj| 0
(273) H

+  (273)

(133a)
H

h n o 3
HOAc

1
OH

r ^ ^ - C
1 1i l d

(278) H

iurtc
(133c) H

CO,Eh

B r-

No Reaction

OHaq

Scheme 78
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In it ia l ly  some d if f ic u l ty  was experienced in establishing the  loca tion  of the 

brom ine atom in the thiophene ring  in (274). A tte m p ts  to  prepare an au then tic

2-brom o compound by a ring  closure of the malonamide (279) fa iled  a t the 

cyc lisa tion  stage; various bases e ithe r induced decom position or gave non- 

cyclised products. The re la ted  5 -n itro th iophene (280) behaved s im ila rly . 

Therm olysis of the t -b u ty l ester (135) gave modest yie lds o f the cyclised 

p roduct (134a) (see C hapter 2) and i t  was hoped th a t (281) would do the same. 

However, b rom ination  o f (135) was accompanied by loss o f the t-b u ty l group, 

fo rm in g  the acid (282). This acid was decomposed on heating  in diphenyl 

e the r, in e thy l polyphosphate and alone under vacuum. A co rre la tio n  was 

f in a lly  established between the m onobrom inated product of (134a) [ (274) ] and 

a compound in which the position o f the derived group was ce rta in  was 

established by the reaction  sequence ou tline  in Scheme 79. Conversion of the 

bromo compound (283) in to  its  lith io  de riva tive  fo llow ed  by tre a tm e n t w ith  

m e thy l iodide a ffo rded  m a te ria l (285) id e n tica l to  th a t derived from  an 

a u then tic  2 -m e thy i compound (134c).

R

c o 2r ?
0

s n -a -

A

CMCOCM R1 = B r r2= H

( 279) R1 =: B r R2 = Et

COCM R1 =: N 0 ? R2 =: Et

(135) R1 == H r2 =: Bu^

( 281) R1 == B r r2=: Bu^

PhPOCl

1.BuLi

2. Mel

PhPOCli

N Cl B P'' -- S " N
H

(284)

(134c) H
M e ^ S ^ N ^ C l

(285)
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Replacem ent o f the hydroxyl group in (134a) by ch lo rine  [ as in (142) ] had no 

g rea t e ffe c t on the p a tte rn  o f behaviour. M onobrom ination (by brom ine in 

a ce tic  acid a t room tem pera tu re ) occurred a t C-2 [ g iv ing  (284), id e n tica l to  

the by-p roduct fo rm ed in the ch lo rina tion  o f (274) (see Scheme 79) ]. The 

s e le c tiv ity  o f reaction  in (142) appeared more pronounced than in (134a), no 

o the r product being observed under these conditions. The d ib rom inated 

product (286) was form ed, however, when (284) was trea ted  w ith  brom ine in 

a ce tic  acid at re flu x . (Scheme 80)

Cl Cl

(142) H

B r^  S 0
I

n  H (284)

(286)

Scheme 80

The reactions just described may be explained in a manner s im ila r to  the other 

th ienopyrid ines discussed. Thus the 6-pyridone func tion  can a c tiv a te  positions 

C-2 and C -5 [ s truc tu res  (287) and (288) ] and the 4-hydroxy fun c tio n  can 

a c tiv a te  C-5 (289). I f  a d if fe re n t tau to m e ric  fo rm  is considered, a c tiv a tio n  by 

the  4-hydroxy group at C-2 can be postu lated (290).

OH

H

(287) H

OH

(289)

H (288)

+ 0H
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I t  has been observed th a t positions C-2 and C-5 in (134a) are o f the same 

order o f re a c tiv ity  tow ards brom ine, there  being a preference fo r reaction  a t 

C -2. When the  4-hydroxy group is replaced by ch io rine  [ as in (142) J the

strong a c tiva tin g  e ffe c t o f the hydroxy group a t C-5 is lost and the main

d ire c tive  in fluence is by the 6-pyridone func tion . Since (142) shows a marked 

preference fo r b rom ina tion  at C-2 i t  is c lear tha t th is group tends to  a c tiv a te  

C-2 more than C-5.

5.3 Summary

The work just described reveals th a t several e le c tro p h ilic  subs titu tion  reactions 

are possible in both th ieno [2 ,3 -b ] and [3,2-b ]pyrid ines but th a t the s ite  and 

degree of re a c tiv ity  of analogous compounds are not always the same. The

e ffe c t o f substituents in the six-m em bered ring  may be summarised by

re ference  to  F igure 9; a pyrid ine  ring  is regarded as an aza-substituen t.

X

X

Figure 9

Substituents, e ithe r +M or -M  a t positions X have no e ffe c t on the vacant 

sites in the thiophene ring. Substituents a t positions X in te ra c t w ith  C-2, +M 

substituents increasing the  re a c tiv ity , -M  substituents decreasing it .
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CHAPTER SIX

ANALOGUES OF ISATOIC ANHYDRIDES 

AND 2-A R Y L-4-Q U IN O LO N E  A LKALO ID S



ANALOGUES OF ISATOIC ANHYDRIDES AND 2-AR YL-4-QU1NQLONE 

A LKALO ID S

D eriva tives  o f isa to ic  anhydride (291) have found w ide use in organic 
202synthesis ; o f p a rticu la r relevance here is t h e ir . use in the p repara tion  of

. , „  . . . 130,139,203qumolone alka lo ids. 7

I
(291) H

A few  analogues o f (291) in  which the benzene ring has been replaced by 

p y r id in e ^ ^  fu ran ^^ '7, and th io p h e n e '^  have recen tly  been reported . I t  was 

hoped th a t the use of thiophene analogues of (291) in procedures described in 

the lite ra tu re  fo r  the p repara tion  of quinoline a lka lo ids would be a ttra c t iv e  

routes fo r the p repara tion  o f the desired th ienopyrid ines.

5 H -T h ie n o [3 ,2 -d ][l,3 ] (lH )oxaz in-5 ,7 (4H )-d ione  (294) has been prepared by

reac tion  of the sodium salt o f 3 -am inoth iophene-2-carboxy lic  acid (prepared in
(292)s itu  by hydrolysis o f m ethy l 3 -am inoth iophene-2-carboxyla te  hydroch lo ride  )

208w ith  gaseous phosgene. M a te ria l required fo r the present work was

prepared by a s im ila r procedure^. The ester (292) was hydrolysed by aqueous 

potassium hydroxide and the resu lting  a lka line  so lu tion  was buffe red  by the 

add ition  o f solid carbon d ioxide. A so lu tion of an excess o f phosgene in 

to luene was added w ith  vigorous s tirr in g , y ie ld ing  (294) w hich was co lle c ted  by 

f i l t r a t io n ,  washed w ith  w a te r and dried. This crude m a te ria l could be 

recrys ta llised  fro m  ethanol, e thy l aceta te  or ace tic  acid, the la t te r  being the 

so lvent o f choice. A lthough (294) is decomposed by hot w a te r, i t  appears to  

be stable to  w ater a t room tem pera tu re , and to  storage in a sealed con ta iner.

The analogous compound (295), derived from  m ethyl 2-am inothiophene-3~ 

ca rboxy la te  was prepared in a s im ila r manner; a lthough no_ sa tis fa c to ry  

re c rys ta llisa tio n  so lvent fo r  (295) could be found m a te ria l o f a na ly tica l p u r ity  

was produced by s lu rry ing  the crude product w ith  ethanol. (Scheme 81)
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(.292)

1. KOH aq
2 ,CO 

3.COCINH

\

'C02Mg

>n h 2

1. KOH aq

2 .C 02
3.C0C12

-*»•
0

N ^ O
H (295)

Scheme 8 i

N -A lk y l deriva tives  o f isa to ic  anhydrides have been prepared by fo rm a tio n  of

the anion (usually by sodium hydride) fo llow ed  by add ition  o f a su itab le  
209

a lky la tin g  agent , and th is  method was successfully applied to  the thiophene 

analogues (294) and (295). T rea tm en t o f both (294) and (295) w ith  sodium 

hydride in d im e thy lace tam ide  (DM A) furnished the respective  anions; add ition  

o f d im e thy l sulphate then yie lded the N -m ethy l deriva tives [(296) and (297)], 

respective ly . C h lo rom e thy l m ethyl e ther w ith  the anion o f (294) a ffo rded  the 

N -m ethoxym ethy l compound (298), however use o f th is  reagent w ith  the anion 

of (295) gave only high m e lting  po lym eric  m a te ria l, none of the desired (299) 

could be iso lated. The N -benzyl compound (300) was prepared from  (294) and 

benzyl brom ide; in th is case potassium carbonate was used as base. (Scheme 

82)
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X

CICH,0Me

(299) CH20Me

Scheme 82

The prepara tion  o f 2 -a ry l-4 -qu ino lone  alka lo ids from  N -m ethy l isa to ic
1 39anhydrides and acetophenones has re ce n tly  been reported. The synthesis of

l-m ethy l-2 -pheny l-4~qu ino lone  (301) ou tlined  in Scheme 83 is an exam ple o f 

such a preparation. A tta c k  o f the acetophenone enolate a t the carbonyl group 

a ttached to  the benzene ring  yie lded the o-am inoke tone  (302) which spon­

taneously cyclised to  the desired quinolone.
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I
(302) Me

Scheme 83

This procedure was applied to  the synthesis of th ieno [2 ,3 -b ]pyrid ines [fro m

(297)] and th ieno [3 ,2 -b ]pyrid ines [fro m  (296)] by reaction  w ith  the enolate o f

the  appropria te  acetophenone (generated from  the ketone and lith iu m  d iisopro-

pylam ide). Scheme 84 shows the various th ienopyrid ines fo rm ed in th is  way;

the yie lds in a ll cases were low , the [2 ,3 -b ] compounds being form ed in

p a rtic u la r ly  poor y ie ld . The presence o f the o-am inoketones in the crude

reac tion  m ixtures was evident by the ye llow  colours fo rm ed (typ ica l of such 
130

compounds ). C yc lisa tion  o f these products did not proceed spontaneously 

(as in the quinoline series) but was achieved by heating the crude products in 

to luene conta in ing  a c a ta ly t ic  amount o f p-to luenesulphonic acid (TsOH). 

When a  -m ethoxyacetophenone was used [ in  a ttem p ts  to  prepare (306) and 

(310)] this procedure was in e ffe c tiv e  and no cyclised products were form ed.
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0

0

S ^ N ^ O
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Scheme 84

Me
■ t ^ U /A r

0

(303) X= H A r = Ph OMe

(304) X— H A r=  - 4  >O M e

0(305) X = H A r=

(306) X= OMe A r = Ph 0

(309)  x =  H

(310) X = O M

,OMe

r  ~

These th ienopyrid ines are analogues o f the quinoline a lka lo ids 1-m e th y l-2- 

phenyl-4-quinolone (301), g raveoline (117), fo lim id in e  (311) and japonine (118), 

depicted in F igure 10. (See also Section 1.2.3)



The low yie lds observed in the p repara tion  of these th ienopyrid ines may be due

to  a ttach  by the anion a t the am ide carbonyl group instead o f the  carbonyl

group attached to  the thiophene ring. In both (296) and (297) e lec tron  release

from  the sulphur atom  is possible, increasing the e lec tron  density a t the

thenoyl carbon thus low ering  its  re a c tiv ity  towards nucleophiles. Indeed in the

furan  compound (312), where a s im ila r poss ib ility  exists, reaction  occurs sole ly
207a t the amide carbonyl group.

4- •

Me 

0

O'

51

— \ Y °

Me
4-

x
S ^ N ^ O

Me

(312)

If  reaction  were to  occur a t the amide carbonyl group an acid, fo r example 

(313), which could not cyc lise  to  a th ienopyrid ine  would be produced. Such an 

acid could decarboxyla te  and then undergo fu r th e r trans fo rm a tions  which may 

expla in  the presence of several un iden tified  products observed in the reaction  

m ixtu res. (Scheme 85)
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CHAPTER SEVEN 

ATTEMPTS TO PREPARE LIN EAR  FUROTHIENOPYR1DINES



ATTEMPTS TO PREPARE LIN EAR  FUROTHIENOPYRIDINES

The fin a l part o f the w ork was concerned w ith  a ttem p ts  to  prepare analogues

o f fu roqu ino iine  a lka lo ids. I t  was decided to  a tte m p t to  adapt syntheses of

furoqu ino lines th a t have been described in the lite ra tu re  to  the production of
210fu ro th ienopyrid ines. A recent repo rt describes the p repara tion  o f the 

d ihydro fu roqu ino line  (314) by reaction  o f N -m e th y lisa to ic  anhydride w ith  the 

lactone (315). Dehydrogenation o f (314) should be possible, g iv ing  the a lka lo id  

isod ictam nine (123).

0

(123) Me

(315)

0  

P(0Et)2

I t  was hoped th a t the prepara tion  o f th ienopyrid ine  analogues o f isod ictam nine 

could be achieved by applying this procedure to  the thiophene analogues of 

isa to ic  anhydride [(296) and (297)], described in Chapter Six. Also, by choice 

of a su itab le  p ro te c tin g  group, the app lica tion  o f th is  reaction  to  the 

p repara tion  o f analogues o f d ic tam nine  (119) in the manner ou tlined  in Scheme 

86 was considered.



J

R

H

OMe,f

N ^ 0

Scheme 86

OMe

N ^ - 0
(119)

However, when the thiophene compounds [(296) and (297)] were used, the

products were d if fe re n t fro m  those reported  fo r the quinoline (314). D ihydro-

furoth ienopyridones were produced; each was then dehydrogenated by bo iling

under re flu x  w ith  an excess of 2 ,3 -d ich io ro -5 ,6 -d icyano-l,4 -benzoqu inone (DDQ)
13in 1,4-dioxan. Inspection o f the C n.m .r. and i.r . spectra o f these

furo th ienopyrid ines suggested th a t they had the angular mode o f fusion ra the r

than the expected linear s tructures, ie were (316) - (319). The carbonyl peaks

in the i.r . spectra were located in the region 1630 - 1640cm "* which is more
126c h a ra c te ris tic  o f a 2-quinolone than a 4-quinolone (in 4-quinolones the 

carbonyl peak is genera lly found in the region 1620 -  1610cm" ^). The signals 

fo r the carbonyl carbon atom s in the n .m .r, spectra were found in the
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region 159 - 162ppm, which is again ch a ra c te ris tic  o f 2-quinolones ra the r than 
211

4-quinolones. In 4-quinolones the signal due to  the carbonyl carbon is found 

a t 175ppm, but in none of the present cases was a signal in th is  region 

observed. The syntheses o f these angular tr ic y c le s  are presented in Scheme 

87.

Me
Kj

s
(296)

T
0

0

0

0

^ 0  

• n A )
(297) f i |e

0

P(OEf)
Me
N - ^ 0

Me

(318)

0

P(0Et)

DOQ

Scheme 87

In v iew  of the unexpected nature o f resu lts i t  was decided to  investiga te  the
210linear fu roqu ino line  reported  in the lite ra tu re . In the author's  hands the 

reac tion  of N ~m ethylisa to ic anhydride w ith  (315) gave a com plex m ix tu re , and 

no fu roqu ino line  could be iso lated. However the carbonyl peak in the i.r. 

spectrum  reported  by the previous workers ( 1 6 6 0 c m s u g g e s ts  tha t the 

compound iso lated was, in fa c t, the angular tr ic y c le . The mechanism outlined 

in Scheme 88 was proposed fo r the fo rm a tio n  of the linear system.
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0

(EtO)jPO?-

( e ^ o ) 2p* 0

Scheme 88

E v iden tly  i t  is assumed th a t e lim ina tio n  o f the phosphorus group occurs v ia  a

4-m em bered tra n s itio n  s ta te  (as depicted in Equation 39). Such e lim ina tions 

are w e ll known in, fo r exam ple, the W itt ig  reaction .

Equation 39

The way in which angular compounds are form ed is not p a rtic u la r ly  obvious, a 

number o f mechanisms being possible. One poss ib ility  is a tta ck  o f the  anion a t 

the amide carbonyl group. However, th is is not lik e ly  under the reaction  

conditions since i t  would invo lve  e lim ina tio n  of carbon d ioxide from  a 

ca rboxy la te  group attached to  an a rom a tic  ring  [as  in (320)], ra the r than to  a 

n itrogen atom [a s  in (321)].



(321) 0  I  \ J(320)

( E f0 ) 2P=0

Given tha t the a tta ck  is most lik e ly  to  occur a t the a royl carbon atom , an 

a lte rn a tiv e  rou te  to  the angular system is isom erisation o f the linear 

compound, but again, a t the tem pera ture  used in th is reaction  (110 - 120°) th is 

is un like ly . An a lte rn a tiv e  mechanism which also involves in it ia l a tta ck  a t the 

a roy l carbonyl group is ou tlined  in Scheme 89. The f ir s t  in te rm ed ia te

(322) decarboxylates to  give (323); a tta ck  o f the n itrogen atom  a t the lactone 

carbonyl group then resu lts in ring  opening, leading to  (324). The la tte r  then 

cyclises to  (323), which loses the phosphorus group, v ia  a 4-m em bered 

tra n s itio n  s ta te , to  fo rm  the angular compound.

I^e Me

(322)

- c o ?

He V

(32 i f ) (323)

Me

(323)

Scheme 89
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A lthough the hoped-for linear fu ro th ienopyrid ines were not obtained fro m  the

thiophene isa to ic  anhydride analogues, a fu rth e r study o f the la tte r  and the

angular fu ro th ienopyrid ines derived from  them  was made. F irs tly  the use of

m e thoxym ethy l as a p ro te c tin g  group was investigated. ' I t  was found th a t from

(298) an angular fu ro th ienopyrid ine  (326) was again fo rm ed; th is  was

dehydrogenated by DDQ to  (327). D epro tection  proved to  be more d if f ic u l t
212than expected, the reagents previously described fo r the rem oval o f the 

m ethoxym ethy l group being in e ffe c tiv e ; even tua lly  i t  was found th a t bo iling  

(326) in  fo rm ic  acid resu lted in depro tection , a ffo rd in g  (328). However, th is  

reagent was in e ffe c tiv e  w ith  (327), the product being high m e lting , h ighly 

insoluble m a te ria l which was not id e n tifie d . T rea tm en t o f (328) w ith  DDQ, 

however, a ffo rded  the desired deprotected m a te ria l (329). (Scheme 90)

0

(298) 0 (326)

HC0?H DDQ

(328) (327)
00 Q

(329) 0

Scheme 90

N ext, a study of the reaction  o f the tr ic y c le s  w ith  ch lo rin a tin g  agents was 

undertaken. R eaction o f the -N H  compound (328) w ith  phosphoryl ch lo ride  was 

slow, but the tr ic h lo ro  compound (330) was even tua lly  fo rm ed; (330) was also 

form ed, more rap id ly , fro m  (328) and phenyl phosphonic d ich lo rid e . When the 

N -m e thy l compound (316) was heated w ith  phenyl phosphonic d ich lo ride  tw o 

products were form ed; one was the previously described (330), the o the r was 

the N -m ethylth ieno [3 ,2~b]pyrid ine-5-one  (331). Reaction of th is  ch lo rin a tin g
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w ith  the isom eric N -m ethyfuro th ieno [2 ,3~b]pyrid ine  (317) gave a s im ila r resu lt, 

the products being (332) and (333). When the N -m ethyxym ethy l d e riva tive  

(326) was boiled under re flu x  w ith  phosphoryl ch lo ride  a m ix tu re  was obtained. 

The major product was deprotected m a te ria l (328). Some tr ic h lo ro  compound 

(330) and a th ird  product, id e n tifie d  as the furan (334), were also iso lated. An 

a tte m p t to  dech lo rina te  (334) using z inc in ace tic  acid fa ile d , a com plex 

m ix tu re  being form ed. These reactions are presented in Scheme 91.

POCl

or PhPOCl?

X In
(330) Cl

PhPOCl:

(331) Cl

+  (330)

PhPO C l

S N Cl (332)

4*

(333) Me

Cl

PhPOCl
+  (328) 

+  (330)

Scheme 91
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The isolation of trichloro compounds [(330) and (332)] suggested th a t  it might

be possible to  prepare the desired linear fu ro th ienopyrid ines by the method
143described by Grundon and M cC orkinda ie  (presented in .Section  1.2.4, Scheme

50). The next step in th is scheme would involve acid hydrolysis o f (330) and

(332), y ie ld ing  (335) and (336), respective ly . However, when (330) and (332)
143were subjected to  the conditions described fo r  th is tra ns fo rm a tio n , no 

reaction  occurred.

(336) H

In v iew  of the lack o f success w ith  th is approach, o ther po ten tia l routes to 

linear fu ro th ienopyrid ines were investiga ted.

213
Russian workers have described the prepara tion  o f the d ihydro compound

(337) in the manner outlined  in Scheme 92.

r^ \ r C0?Et
I 4-

E t O ^ o

BF
(338)

COj Et

2. NqOBu

(337)

Scheme 92

This sequence was applied to  the aminothiophenes (293) and (131b). No 

reaction  o f the desired kind occurred between (293) and the oxonium sa lt (338); 

only the hexa fluorobora te  sa lt o f (293) was isolated. When e thy l 2-am ino- 

th iophene-3 -ca rboxy la te  (13 lb ) was used a brown ta r ry  m a te ria l was form ed 

fro m  which the desired (339) could not be isolated. (Scheme 93)
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V s  

(

Scheme 93

R eaction o f the  amines [(293) and (131b)] w ith  the phosphorylated lactone 

(315) was then investiga ted . Under the conditions successful fo r  the 

anhydrides [(296) and (297)] m ethyl 3 -am inoth iophene-2-carboxyla te  (293) gave 

a com plex m ix tu re .

E thy l 2 -am inoth iophene-3-carboxyla te  (131b), on the o ther hand, gave an o il 

having spectroscopic properties com patib le  w ith  the desired (340). A tte m p ts  

to  cyc iise  this m a te ria l using sodium ethoxide in ethanol or sodium hydride in 

te trah yd ro fu ra n  were unsuccessful, in both cases decom position occurred and 

none o f the cyclised product (341) could be isolated. (Scheme 94)

-C02Et

'N H 2
b)

BFt
O -^ O E t

* (C C02Efc■N
(339)

0
.HBFz*

'C0?Ef

S ^ N H 2
(131b)

o

p (o e O?

0 ^ 0
(315)

^ S *
(340) 

0

-C 0 2Et

N' 0

NaOEt/EtOH 

or N a H /T H F

(341) |-|

Scheme 94
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In the fin a l part o f the w ork the use o f the Claisen rearrangem ent as a route 

to  fu ro th ienopyrid ines was investiga ted. 7 -C h lo ro th ieno [3 ,2 -b ]pyrid ine  (167) 

reacted w ith  the sodium sa lt o f a lly l a lcohol to  y ie ld  the 7 -a lly lo xy  d e riva tive

(342). When (342) was heated alone a t 200° (successful fo r the corresponding
214.

quino line ) a m ix tu re  o f products was form ed, the major being id e n tifie d  as 

the 6 -a lly  1 compound (343). The tw o  m inor components were id e n tifie d  as the

4 -a lly l compound (344) and the 4 ,6 -b isa lly l de riva tive  (345). The iso la tion  of 

the la t te r  product suggests th a t the reaction  is not to ta lly  in tram o lecu la r and 

th a t some in te rm o lecu la r reaction  takes place. (Scheme 95)

(167) Cl

NaOCH2CH=CH

2 0 0 '

(342)

och2ch=ch2

¥
-N

^ S ^ n^ C H 2CH=CH2
(343) 0

+

(344) 0

CHjCH -  CH?

ch2ch= ch2 
to

s ^ ^ ch2ch=ch2
(345) 0

Scheme 95

A few  a ttem p ts  to  cyclise  the 6 -a lly l compound (343) were made. Standing

(343) in a so lution of hydrogen brom ide in ace tic  acid gave a m ix tu re  of 

several components, the major being unreacted s ta rting  m a te ria l; none of the 

desired furan (346) could iso lated. An a tte m p t to  perfo rm  an o x ida tive  ring  

closure by use of DDQ [g iv in g  (347)] resulted in decom position and a com plex 

m ix tu re  was produced. (Scheme 96)



H
ill HBr

^ v ^ ch2ch= ch2
(343) 0

AcOH
-x<

DDQ

(346) g
Me

Scheme 96

Due to  lack o f t im e  i t  was not possible to  continue these studies but it 

shown th a t the C laisen rearrangem ent is possible in th ienopyrid ines.
was

140



CHAPTER EIGHT 

EXPERIM ENTAL



EXPERIM ENTAL

I.r. spectra  were fo r KBr discs unless o therw ise sta ted and were recorded on a

Perkin  E lm er 157G spectrom eter. For n.m .r. spectra the in te rna l standard was 
i 3te tram e th y ls iia n e ; C spectra  were recorded (w ith  proton decoupling) on a 

JEOL FX60Q ins trum ent, and on a H ita ch i Perkin E lm er R-24B. M e lting  

points were uncorrected. E ther and d ich lorom ethane solutions were dried over 

MgSO^ and were evaporated under reduced pressure. The s ta tiona ry  phase fo r 

flash-co lum n chrom atography was M erck K ieselgel 60, 230-400 mesh. L ig h t 

pe tro leum , unless o therw ise stated, re fe rs  to  the fra c tio n  b.p. 40-60° and n it r ic  

acid to  the concentra ted acid o f density 1.42. The z inc used fo r reduc tive  

dech lorina tions was f i r s t  a c tiva ted  w ith  10% hydroch lo ric  acid, as described by 

V o g e l . T h e  n .m .r. spectra o f the compounds prepared in th is  work

(apart from  those discussed in more de ta il in Chapter 4) are presented in 

Tables 10-13 a t the end o f the E xperim enta l Section.

8.1 Work Described in Chapter Two

2-Methoxycarbonyl-N-(3-methoxycarbonyl-2-thienyl)acetamide (132a)-

M ethy l 2 -am inoth iophene-3-carboxy la te  (25g) and d im e thy l m alonate (100ml)

were boiled toge the r under re flu x  beneath an a ir condenser fo r  2h. The excess

of d im e thy l m alonate was removed under vacuum, and the residue (which

so lid ifie d  upon cooling) was recrys ta llised  tw ice  from  m ethyla ted sp ir its  to

provide the t i t le  am ide (27.9g, 68%), m.p. 113-5° (Found: C, 46.9; H, 4.4; N,

5.3. C 10H n NO5S requires C, 46.7; H, 4.3; N, 5.5%), <5 (C D C I3) 7.15 (1H, d,

3=6Hz, 5-H), 6.20 (1H, d, J=6Hz, 4-H), 3.89 (3H, s, C H 2CC>2Me), 3.81 (3H, s,

A rC O  Me), and 3.60 (2H, s, COCH^CO), v 3200, 1740, 1700, 1660, and z . z max
1550cm" .

2-Ethoxycarbonyl-N-(3-ethoxycarbonyl-2-thienyl)acetamide (132b) and the 

Bisamide (138) -

E thy l 2 -am inoth iophene-3-carboxy la te  (240g) and d ie th y l m alonate (1 1) were 

boiled toge the r under re flu x  beneath an a ir condenser fo r 2h. The excess o f 

d ie th y l m alonate was removed under vacuum, and the residue was repeated ly 

ex trac te d  w ith  bo iling  lig h t pe tro leum . A small qua n tity  o f insoluble m a te ria l 

was crys ta llised  fro m  D M F-m ethanol to  give N, N --b is -(3 -e thoxyca r bony 1-2- 

th ieny l)p ropan-1 ,3 -d iam ide  (138) (12.lg , 4%), m.p. 162-164° (Found: C, 49.6; H, 

4.4; N, 6.5. C 17H 18N2° 6S2 requires C, 49.8; H, 4.4; N, 6.8%), <5 ( [C D  ]2SO)

7.24 (2H, d, 3=6Hz, thiophene5-H), 7.05 (2H, d, J=6Hz, th iophene4-H), 4.37 (4H, 

q, J=7Hz, O CH2), 4.19 (2H, s, COCH^CO), and 1.39 (6H, t ,  3 = 7 Hz, C H 3), 

v 'rr. „ „  3140-3260, 1670, and 1540 cm Evaporation o f the combined l i CThtIIICA >->
petro leum  ex trac ts  gave the t i t le  amide (273g, 68%), pure enough fo r  use in 
the next stage. A po rtion  was crys ta llised  from  e th e r- lig h t petro leum  and had

142



m.p. 58-59° (Found: C, 50.5; H, 5.3; N, 4.4. C ^ H ^ N O ^ S  requires C, 50.5; H,

5.3; N, 4.9%), 8 ( C D C l ^  7.23 (1H, d, 3 -6Hz, 5-H), 6.74 (1H, d, 3=6Hz, 4-H),

4.1 1-4.56 (4H, m, 2xC H 2C H 3), 3.59 (2H, s, COCH CO), and 1.19-1.47 (6H, m,

2xC H 0C H -), y '  3210, 1720, 1680, and 1550 cm .2 — 3 ’ max ’ ’ ’

2-Ethoxycarbonyl-N-(3-ethoxycarbonyl-5-ethyl-2-thienyl)acetam ide (132c) -

This was prepared as described above fo r (132b), from  2 -am ino-3-

e thoxycarbony l-5 -e thy lth iophene  (50g) and d ie thy l m alonate (250ml). Cooling 

o f the lig h t petro leum  e x trac ts  in a dry ice /acetone bath a ffo rded  the pure 

amide (48g, 61%) as an o ff-w h ite  solid, m.p. 35-7° (Found: C, 53.7; H, 6.1; N,

4.3. C ^ H ^ N O ^ S  requires C, 53.7; H, 6.1; N, 4.5%), & ( C D C i J  6.81 (1H, s,

4-H), 4.23 (4H, m, 2xCC>2C H 2C H 3), 3.50 (2H, s, C O C F^C O ), 2.69 (2H, q,

3=7Hz, A rC H  CH ), and 1.31 (9H, m, 3xCH0C H j ,  v 3400, 1730, 1670, and j ^ z j  max
1560 cm .

2-Ethoxycarbonyi-N-(3-ethoxycarbonyl-5-m ethyl-2-thienyl)acetam ide (132d) -

This was obtained in the  manner described fo r (132b) fro m  2-am ino-

3 -e thoxycarbony i-5 -m ethy lth iophene  (lOOg) and d ie thy l m alonate (400m l). The

crude amide (128g, 79%) thus prepared had m.p. 40-44°C. The ana ly tica l

sample was p u rifie d  by flash-co lum n chrom atography, using e thy l ace ta te  (1

pa rt) -  lig h t petro leum  (9 parts) as e luent, and had m.p. 46-8° (Found: C, 52.3;

H, 5.8; N, 4.3. C ^ H ^ N O ^  requires C, 52.2; H, 5.7; N, 4.7%), 8 (CDC13)

6.96 (1H, q, 3=2Hz, H-4), 4.36 (4H, m, 2xCC>2C H 2C H 3), 3.55 (2H, s,

COCHLCO), 2.35 (3H, d, 3=2Hz, A r-M e), and 1.35 (6H, m, 2xC FLC FL), v—7. j -  ’ 2 - 3  ’ max
3280, 1740, 1680, 1570, and 1540 c m "1.

5-Ethoxycarbonyl-4-hydroxythieno[2,3-b]pyridin-6(7H)-one (133a) -

The amide (132b) (51 .lg , 0.179mol) in THF (200ml) was added to  a s tirred

suspension o f sodium hydride (8.6g, 0.358moi) in  THF (400m l) over a period of

15 m inutes. The m ix tu re  was then boiled under re flu x , w ith  s tirr in g , fo r 3

h, then cooled and trea ted  cautiously w ith  ethanol (10m l); s t ir r in g  was

continued fo r a fu r th e r 30 m inutes. Evaporation o f the so lvent le f t  a solid,

which was dissolved in w a te r; a c id if ic a tio n  (concentra ted hydroch lo ric  acid)

yie lded a p re c ip ita te . The washed (w ater) and dried  p re c ip ita te  was

crys ta llised  fro m  m ethyla ted  sp ir its  to  provide the t i t le  th ienoL2,3-b]pyrid in -

6(7H)-one (133a) (31.5g, 73%) as a w h ite  solid, m.p. 218-221° (Found: C, 50.1;

H, 3.7; N, 5.7. C ^H g N O ^S  requires C, 50.2; H, 3.8; N, 509%), 5 ( [C D ^ S O )

7.24 (2H, s, 2-H and 3-H), 4.35 (2H, q, 3=7Hz, CH ), and 1.31 (3H, t, 3 -7H z,
- 1C H ,), y  2500-3100 and 1640 cm . The yields in th is cyc lisa tio n  were j) max

variab le ; in three other runs 42, 48, and 64% were obtained.
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5-Ethoxycarbonyl-2-ethyl-4-hydroxy thieno[2,3-b]py rldin-6(7 H)-one (133b) -

This was prepared from  the amide (132c) (12.5g, 0.04mol) and sodium hydride

(1.9g, O.OSmol) in the manner just described fo r (133a). The crude p roduct was

recrys ta llised  from  e thy l aceta te  g iv ing  the th ieno[2,3~b]pyrid ine (133b) (3.6g,

31%) as its  hydrate having m.p. 196° (decomp.) (Found: C, 50.1; H, 5.3; N,

5.2. C 12H 13NO^S. H 20  requires C, 50.5; H, 5.3; N, 4.9%), <5 ( [C D ^ S O )

7.03 (1H, s, 3-H), 4.29 (2H,q, J=7Hz, CC>2C H 2C H 3), 2.82 (2H, q, J=7Hz,

A rC F L C H A  and 1.33 (6H, m, 2xCH0C H A  3000-2500, 1640 cm -1 .—2 3 ’ ’ ’ 2 —3 ’ max ’

5-Ethoxycarbonyl-4-hydroxy-2~methyithieno[2,3~b]pyridin-6(7H)-one (133c) -

This was obtained from  the amide (132d) (15.Og, 0.05mol) and sodium hydride

(2.4g, O .lm ol) as described fo r (132a). A f te r  re c rys ta llisa tio n  fro m  m ethy la ted

s p ir its  the th ieno [3 ,2 -b ]pyrid in -6 (7H )-one  (133c) (3.0g, 24%) had m.p. 218°

(decomp.) (Found: C, 52.5; H, 4.2; N, 5.0. C ^ H ^ N O ^ S  requires C, 52.2; H,

4.4; N, 5.5%), 8 ( [C D ^ S O )  6.87 (1H, q, J = 1.2Hz, 3-H), 4.30 (2H, q, 3=7Hz,

C 0 2C H 2C H 3), 2.38 (3H, d, 3 = 1.2Hz, A r-M e), and 1.28 (3H, t, 3=7Hz,

CO C H X H J ,  y  3000-2500, and 1650 c m "1, z z j  max

Attem pted cyclisation of 2-IVlethoxycarbonyl-N-(3-methoxycarbonyl-2-thienyl)- 

acetamide (132a) -

The b is -m e thy l ester (132a) (2.57g, O.Olmol) was trea ted  w ith  sodium hydride 

(0.48g, 0.02mol) in  the usual manner. However, a c id if ic a tio n  o f the aqueous 

so lu tion  gave a brown gum which was shown by t . l.c .  to  consist o f several 

components, none of whose R f corresponded to  th a t expected fo r the required  

th ieno [2 ,3 -b ]pyrid ine .

2-Ethoxycarbonyl-N-(3-t-butoxycarbonyl-2-thlenyl)acetam ide (135) -
thiophene

When t-b u ty l 2 -am ino^3-carboxyla te  and d ie th y l m alonate were boiled toge the r 

fo r 15 m inutes a m ix tu re  o f products was form ed, the t i t le  am ide being 

obta ined in low y ie ld . In a much im proved synthesis the thiophene am ino ester 

(30g) and d ie th y l m alonate (120ml) were dissolved in to luene (600ml) and the 

whole was boiled under re flu x  in a Dean and S ta rk  apparatus fo r  3h. 

P e riod ica lly  the d is t il la te  was removed and an equal volum e of fresh to luene 

added to  the reaction  m ix tu re . The excess o f d ie th y l m alonate and the 

to luene were removed in vacuo, and the solid residue was c rys ta llised  from  

e ther -  lig h t petro leum  (w ith  a f in a l ch illin g  in an ice - sa lt m ix tu re ) to  g ive 

the amide (135) (34g, 72%), m.p. 63-65°. The ana ly tica l sample had m.p. 

65-67° (from  lig h t petro leum ) (Found: C, 54.2; H, 6.3; N, 4.6. C ^ H ^ N = ^ S

requires C, 53.7; H, 6.1; N, 4.5%), 8 (CDC13) 7.21 (1H, d, J=6Hz, 5-H), 6.76

(1H, d, 3=6Hz, 4-H), 4.31 (2H, q, J=7Hz, O CH2C H 3), 3.63 (2H, s, C O C H 2CO),

1.59 (9H, s, C (C H 3)3), and 1.32 (3H, t, J=7Hz, O C H 2C H 3), v max 3200, 1730, 

1690, 1670, and 1550 cm ” 1.
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4-Hydroxythieno[2,3-b]pyridin-6(7H)-one (134a) -

a . From ethyl ester (133a) -  The ester (4-6.2g) was boiled under re flu x  fo r

2h w ith  an excess o f 2M-sodium hydroxide. The p re c ip ita te  obta ined on a c id ­

if ic a t io n  (concentra ted hyd roch lo ric  acid) o f the so lu tion was f i lte re d  o ff ,  

washed w ith  w a te r, and dried, to  g ive 4-hydroxy th ieno [2 ,3 -b ]pyrid in -6 (7H )-ohe  

(134a) (30.2g, 93%), m.p. 317-320°. The a na ly tica l sample (from  g la c ia l a ce tic  

acid) had m.p. 320-322° (Found: C, 49.8; H, 3.0; N, 8.1. C ^ N C ^ S  requires 

C, 50.3; H, 3.0; N, 8.4%), 8 ( C D C l^ C D ^ S O )  7.15 (1H, d, 3=6H z,2-H ), 7.02

(1H, d, 3=6Hz, 3-H), and 5.68 (1H, s, 5-H), y  2000-3500, 3370, 1690, 1610, j max
and 1560 cm .

b» From the t-buty l ester (135) -  The ester ( lg )  was added to  bo iling

d iphenyl e ther (10m l); a fte r  10 m inutes the so lution was cooled and d ilu ted  

w ith  lig h t petro leum  (10m l). The solid was f ilte re d  o f f  and re c rys ta llised  from  

g la c ia l ace tic  acid, when i t  had m.p. 322-325°, undepressed on adm ix tu re  w ith  

m a te ria l prepared from  (133a) (y ie ld  0.35g, 66%).

2-Ethyi-4-hydroxythieno[2,3-b]pyridin-6(7H)-one (134b) -

This was prepared from  the ester (133b) (1.34g, 0.005mol) in the manner

described fo r (134a). The th ieno [2 ,3 -b ]pyrid in -6 (7H )-one  (134b) (0 .7 lg , 71%)

was re c rys ta ilised  from  g lac ia l ace tic  acid to  give the a n a ly tica l sample having

m.p. >300° (Found: C, 55.2; H, 4.6; N,7.i. C ^ N C ^ S  requires C, 55.4; H,

4.6; N, 7.2%), <5 ( [C D ^ S O )  6.92 (1H, s, 3-H), 5.78 (1H, s, 5-H), 2.80 (2H, q,

3=7Hz, CJHLCHJ, 1.31 (3H, t, 3=7  Hz, C H .C H j,  y  3300-2100, and
^ » j  c  — j  max

1640-1550 cm -1 .

4-Hydroxy thieno~2-methylthieno[2,3-b]pyridin-6(7H)-one (134c) -

This was prepared by hydrolysis o f the  ester (133c) (11.3g, 0.045m ol), as 

previously described fo r (134a). The crude 4 -hydroxyth ieno [2 ,3 -b ]pyrid in -6 (7H )- 

one (134c) (7.8g, 96%), a fte r re c rys ta llisa tio n  from  g lac ia l ace tic  acid, had 

m.p. >300° (Found: C, 52.8; H, 3.8; N, 7.5. C ^ N C ^ S  requires C, 53.0; H,

3.9; N, 7.7%), 8 ( [C D ^ S O )  6.94 (1H, q, J= i.2 H z , 3-H), 5.80 (1H, s, 5-H), 2.44 

(3H, d, 3 = 1.2Hz, A r-M e), y*max 3200-2100, and 1650-1600 cm -1 .

5-Ethoxycarbonyl-4-hydroxy-7-methylthieno[2,3-b]pyridin-6(7H9-one (136) -

A m ix tu re  of hydroxy-oxo ester (133a) (2.39g, lOmol), d im e thy l sulphate ( i.4 g , 

11 m ol), anhydrous potassium carbonate (1.7g, 15mol), and butanone (40m l) was 

boiled under re flu x  fo r  5h. When cool the suspension was added to  w a te r; a 

sm all q ua n tity  o f p re c ip ita te  (0.15g), id e n tifie d  as s ta rtin g  m a te ria l, was 

f i lte re d  o ff  then the f i l t r a te  was neutra lised w ith  concentra ted  hydroch lo ric  

acid. E x trac tio n  w ith  d ich iorom ethane gave a s ticky  sem i-so lid , which was 

p u rified  by flash-co lum n chrom atography (e thyl aceta te) to  g ive the t i t le
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N -m ethy l th ieno[2 ,3-b ]pyridone (136) (0.9g, 36%), m.p. 105-108° (Found: C,

52.8; H, 4.4; N, 5.1. C ĵ H ĵ N O ^S  requires C, 52.2; H, 4.4; N, 5.5%),

S(CDC13) 7.25 (1H, d, J=6Hz, 2-H), 6.85 (1H, d, 3=6Hz, 3-H), 4.47 (2H, q,

J=7Hz, O C H j,  3.54 (3H, s, N -C H -), and 1.47 (3H, t ,  J=7Hz, O C A C H j ,z j  . z  — j  max
2300-2800, 1620-1700, 1590, and 1540 cm " .

4-Hydroxy-7-methylthienc^2,3-b3pyridin-6(7H)-one (137) -

4-H ydroxyth ieno[2 ,3-b ]pyrid in -6 (7H )-one  (134a) (0.7g) was dissolved in

4M-sodium hydroxide (6m l), d im e thy l sulphate (1.4m l) was added, and the

m ix tu re  was shaken fo r 15 m inutes. W ater (20ml) was added, the so lu tion  was.

a c id if ie d  (concentra ted hydroch lo ric  acid) and the p re c ip ita te  was f i lte re d  o ff ,

washed w ith  w a te r, and dried. The product was freed  from  several m inor

im p u ritie s  by flash-co lum n chrom atography (m ethy la ted  sp ir its  [ 1 p a r tj-d i-

ch lorom ethane [9  p a r ts ] )  to  give the t i t le  N -m ethy lth ieno [2 ,3 -b ]pyridone  (137)

(0.35g, 46%) as a solid, m.p. 250-252° (Found: C, 52.7; H, 3.9; N, 7.8.

C gH7NOS requires C, 53.0; H, 3.9; N, 7.7%), 8 ( C D C l^ C D ^ S O )  7.24 (1H, d,

J=6Hz, 2-H), 7.09 (1H, d, J=6Hz, 3-H), 5.72 (1H, s, 5-H), and 3.48 (3H, s,

N C H A  v  2200-3150, 1600, and 1510 c m "1.—3 max 7 7

Reaction of 4-Hydroxythieno[2,3-b]pyridin-6(7H)-one (134a) with Phenyl 

Phosphonic Dichloride -

The th ienopyrid ine  (15g) and the reagent (40ml) were heated toge the r a t 

160-170°C fo r lh , then the  so lu tion  was cooled and added to  w ater. A f te r  

n eu tra lisa tion  (sodium hydrogen carbonate) the whole was e x tra c te d  w ith  

d ich lorom ethane (3x), the dried e x tra c ts  were evaporated, and the resu lting  

sem i-so lid  was tre a te d  w ith  bo iling  lig h t petro leum  to  g ive  soluble and 

insoluble fra c tion s . The soluble m a te ria l was recovered from  the so lvent and 

was pu rified  by flash-co lum n chrom atography (e thy l aceta te  [ 1 p a rt ] - lig h t 

petro leum  [9  p a r ts ], then c rys ta llisa tio n  from  lig h t pe tro leum , to  g ive 4,6- 

d ich lo ro th ieno [2 ,3 -b ]pyrid ine  (141) (7.0g, 38%), m.p. 79-81° (Found: C, 41.1;

H, 1.4; N, 6.5. C ^H ^C ^N S  requires C, 41.2; h, 1.5; N, 6.9%), <5 (C D C l^) 7.47

(1H, d, 3=6Hz, 2-H), 7.26 (1H, d, J=6Hz, 3-H), and 7.24 (1H, s, 5-H), yt m st x
1560, and 1530 cm . The insoluble m a te ria l was c rys ta llise d  from  m ethy la ted

sp irits , g iv ing  4~chloro th ieno[2,3-b ]pyrid in -6(7H )-one (142) Q.2g, 7%), m.p.

245-247° (Found: C,45.6; H, 2.1; N, 7.6. C ^ C IN O S  requires C, 45.3; H, 2.2;

N. 7.6%), 8 (C D C l3-(C D 3)2SO) 7.27 (1H, d, J=6Hz, 2-H), 7.14 (1H, d, J=6Hz,

3-H), and 6.59 (1H, s, 5-H), v  2500-3150, 1650, and 1530 c m "1.max

Ethyl 4,6-Dichlorothieno[2,3-b]pyridine-5-carboxylate (143) -

A m ix tu re  o f the ester (133a) (10g) and phenyl phosphonic d ich lo ride  (20ml) 

was heated at 160-170° fo r lh . The cooled solution was added to  w a te r and 

s tirred  fo r 30 m inutes, then neutra lised w ith  sodium hydrogen carbonate.
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E x tra c tio n  w ith  d ich lorom ethane (3x) y ie lded an o il, shown by t . l.c .  to  be a

m ix tu re  o f tw o  m ajor and several m inor components. The product was

subjected to  flash-co lum n chrom atography, using e thy l aceta te  (1 pa rt) - lig h t

petro leum  (9 parts) as e luant. F irs t o f the m ajor components to  be e lu ted w as’

4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine -3 -ca rbony l ch loride  (144); i t  was p u rified  by a'

fu r th e r flash colum n tre a tm e n t (using e thy l ace ta te - lig h t petro leum  1:19),

a fte r  which the acid ch lo ride  (0.85g, 8%) had m.p. 92-94° (Found: C, 36.6; H,

0.9; N, 5.3. C ^ C ^ N O S  requires C, 36.0; H, 0.75; N, 5.25%), 8 (CDC13)

7.74 (1H, d, 3=6Hz, 2-H) and 7.45 (1H, d, 3=6Hz, 3-H), v* 1780, 1560, and i max
1510 cm ” . The second m ajor product, e thy l 4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid inc -

5 -ca rboxy la te  (14.3), was obtained from  the column as a w h ite  solid (2.4g, 20%),

m.p. 75-77° (Found: C, 43.4; H, 2.5; N, 4.7. C 10H7C12NC>2S requires C, 43.5;

H, 2.5; N, 5.1%), 8 (CDC13) 7.65 (1H, d, 3=6Hz, 2-H), 7.39 (1H, d, 3=6Hz,

3-H), 4.51 (2H, q, 3=7Hz, C H j ,  and 1.43 (3H, t, 3=7Hz, C H j ,  ^  1730,j —2 —3 v max
1570, and 1510 c m "1.

Reductive Dechlorination of 4,6-Dichlorothieno[2,3-b]pyridine

a .  The d ich loro-com pound ( lg ) , g lac ia l ace tic  acid (20m l), and z inc powder 

( lg )  were s tirred  toge the r a t room tem pera tu re  fo r 48h. The zinc was f ilte re d  

o ff  and washed w ith  g lac ia l ace tic  acid, the f i l t r a te  and washings were 

combined, made basic w ith  4M-sodium hydroxide, and the organic product was 

iso la ted by e x tra c tio n  in to  d ich lorom ethane. The product was p u rifie d  by 

flash-co lum n chrom atography (e thy l aceta te  [1  p a r t ]  - lig h t petro leum  [4  

p a r ts ], g iv ing 6 -ch lo ro th ieno [2 ,3 -b ]pyrid ine  (145) (0.27g, 32%) as a solid, m.p.

48-50°, unchanged by d is t illa t io n  (b.p. 100°/0.05mmHg), (K lem m  and
1 02 9 7

H a rtlin g  give 56.5-58.5°, and M eth-Cohn 57° as the m.p. o f th is

compound), 8 (CDC13) 7.98 (1H, d, 3=8Hz, 4-H), 7.51 (1H, d, 3=6Hz, 2-H), 7.28

(1H, d, 3=8Hz, 5-H), and 7.23 (1H, d, 3=6Hz, 3-H), \ r  1580, and 1550 cm ” *.max

b * The chloro-com pound (2.5g) was reacted w ith  z inc powder (2.5g) in g lac ia l 

a ce tic  acid (50ml) fo r  24h. a t room tem pera tu re , fo llow ed  by 3h. a t 30°C. The 

organic product was iso la ted  as just described to  g ive, a fte r  flash-co lum n 

chrom atography (e thy l ace ta te  [1  p a r t ]  - lig h t pe tro leum  [9  p a r ts ]) ,

6 -ch lo ro th ieno [2 ,3 -b ]pyrid ine  (0.23g, 11%), m.p. 46-49°, and thienol 2,3-b 1-

pyrid ine  (1.09g, 66%), b.p. 120°/4mmHg.

c . When the chloro-com pound (1.36g) was boiled under re flu x  fo r  lh . in 

g la c ia l ace tic  acid (30ml) w ith  a greater excess o f z inc (2.7g) the  sole product 

o f the reaction , iso lated as just described, was th ieno [2 ,3 -b ]pyrid ine  (0 .7 lg , 

79%).

Ethyl Thieno[2,3-b]pyridine-5-carboxylate (150) -

Chloro compound (149) (2g) was s tirred  in ace tic  acid (15m l) w ith  z inc powder
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(2g) fo r lh . a fte r the in it ia l exo therm ic  reaction  was com plete . The m ix tu re

was f ilte re d , the solids were washed w ith  ace tic  acid, combined f i l t r a te  and

washings were made basic w ith  2M-sodium hydroxide and the dech lorina ted

m a te ria l was iso lated by e x tra c tio n  in to  d ich lorom ethane. The solid product

was c rys ta llised  from  lig h t petro leum  to  g ive the ester (150) (0.72g, 42%), m.p.

57-59° (Found: C, 57.7; H, 4.4; N, 6.9. C jqH^NC^S requires C, 58.0; H, 4.4;

N, 6.8%), 5 (CDC13) 9.13 (1H, d, 3 = 1.5Hz, 4-H), 7.56 (1H, d, 3=6Hz, 2-H),

7.28 (1H, d,3=6Hz, 3-H), 4.41 (2H, q, 3=7Hz, O CH2), and 7.40 (3H, t, 3=7Hz,

O O H L C H j, y- 1710, 1590, and 1540cm "1. z max

Thieno[2,3-b]pyridine-5-carboxylic acid (151) -

The ester (150) (1.4g) was s tirre d  w ith  a so lu tion  of sodium hydroxide ( lg )  in 

w a ter (30ml) fo r  6h. The solid form ed upon a c id if ic a tio n  o f the resu lting  

so lu tion w ith  g lac ia l a ce tic  acid was co llec ted  by f i l t ra t io n ,  washed w ith  

w a te r, and dried g iv ing  the t i t le  acid (151) (0.83g, 93%). The ana ly tica l sample 

was re c rys ta llised  fro m  m ethy la ted  sp irits  and had m.p. 298° (decomp.) 

(Found: C, 53.7; H, 2.7 ; N, 7.7%), 8 ( [C D ^ S O )  9.00 (1H, d, 3=2Hz, 6-H),

8.76 (1H, d, 3=2Hz, 4-H), 7.97 (1H, d, 3=6Hz, 2-H), 7.57 (1H, d, 3=6Hz, 3-H), 

V- v 3000-2800, 2700-2300, 1820-1810, 1710, 1590, and 1550 c m '1.
IT la .X

7-Methylthieno[2,3-b]pyridin-4(7H)-one (152) -

a From  (8 5 ) -  4 -H ydroxyth ieno[2 ,3-b ]pyrid ine  (85) (3.02g, 20mmol) was

dissolved in a so lu tion of potassium hydroxide (1.12g, 20m mol) in w a te r (50ml), 

d im e thy l sulphate (2.52g, 20mmol) was added, and the m ix tu re  was s tirred . 

A f te r  lh . t . l.c .  ind icated th a t reaction  was incom plete . M ore potassium 

hydroxide (0.56g, lOm m ol) and d im e thy l sulphate (1.26g, lO m m ol) were added, 

and a fte r  one fu r th e r hour the s ta rtin g  m a te ria l had been consumed. The 

so lu tion  was saturated w ith  sodium ch lo ride  and e x trac te d  w ith  d ich lo ro ­

methane (lOx). From the combined e x trac ts  a solid was obta ined: i t  was 

crys ta llised  from  e thy l ace ta te  to  give 7 -m ethy lth ieno [2 ,3 -b ]pyrid in -4 (7H )-one  

(152) (2.62g, 79%), m.p. 126-128° (Found: C, 56.3; H, 4.5; N, 7.8%. C ^ N O S  

requires C, 56.3; H, 4.5; N, 8.2%), 8 (CDC13) 7.54 (1H, d, J=6Hz, 2-H), 7.39

(1H, d, 3=7.5Hz, 6-H), 7.02 (1H, d, 3=6Hz, 3-H), 6.24 (1H, d, 3=7.5Hz, 5-H), and

3.77 (3H, s, N C H ,), v ' 1610, 1550, and 1520 c m "1.—3 v max ’ ’

b From (154) - 4 -M ethoxyth ieno [2 ,3 -b ]pyrid ine  (154) (3.0g) was heated on the 

steam -bath  w ith  d im e thy l sulphate (10ml) fo r 3h; the cooled so lu tion  was 

t r itu ra te d  w ith  e ther to  g ive a hygroscopic sem i-solid. The m a te ria l was 

dissolved in a sm all volume o f w a ter, 4M-sodium hydroxide (20m l) was added, 

the so lution was heated b r ie f ly  then set aside a t room tem pera tu re  fo r 18h. 

E x tra c tio n  w ith  d ich lorom ethane (6x) gave a solid (2.1g, 70%), m.p. 115-118°, 

which, in c rys ta llisa tio n  from  e thy l aceta te , a ffo rded  the th ienopyridone (152)
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(1.8g, 60%), m.p. 126-128°, undepressed by the substance prepared from  (85).

4-Methoxythieno[2,3-b]pyridine (154) -

4-C h lo ro th ieno [2 ,3 -b ]pyrid ine  (153) (4.8g, m.p. 38-40°C, l i t . ^ 7 31-32°C) was

boiled under re flu x  w ith  sodium m ethoxide (from  1.3g sodium) in methanol

(80ml) fo r  30h. The cooled so lu tion  was d ilu ted  w ith  w a te r and the organic

product e x trac ted  in to  d ich lorom ethane. Flash-colum n chrom atography (e thy l

ace ta te  [1  p a r t ]  - lig h t petro leum  [4  p a r ts ] )  o f the e x trac te d  m a te ria l gave

the m ethoxy-com pound (4.0g, 85%) as an o il b.p. 88-89°/0.05m m Hg (Found: C,

57.6; H, 4.2; N, 8.1. C gH 7NOS requires C, 58.2; H, 4.2; N, 8.5%), 8 (CDC13)

8.37 (1H, d, 3=6Hz, 6-H), 7.31 (2H, s, 2-H and 3-H), 6.61 (1H, d, 3=6Hz, 5-H),

and 3.90 (3H, s, O C H -), yz ( f ilm ) 1580, and 1550 cm 1 —3 max ’

8.2 Work described in Chapter Three

N.B. In a ll the th ieno [3 ,2 -b ]pyrid ines described in th is section H-2 and H-3 

were doublets, 323=5.5Hz.

Ethyl 5-Chloro-7-ethoxythieno[3,2~b]pyridine-6-carboxylate (155) -

E thy l 5 ,7 -d ich lo ro th ieno [3 ,2 -b ]pyrid ine -6 -ca rboxy la te  (72) (4.95g, 17.9mmol) was

boiled under re flu x  w ith  sodium ethoxide (19.5mmol, from  0.45g sodium) in

ethanol (50ml) fo r  lh . When cool the m ix tu re  was added to  w a te r (500ml) and

the product was iso lated w ith  d ich lorom ethane (3x) to  g ive an o il which, on

tr itu ra t io n  w ith  lig h t pe tro leum , a ffo rded  the pure t i t le  ester (155) (3.7g, 72%),

m.p. 45-47° (unchanged on c rys ta llisa tio n  from  e thy l aceta te  - lig h t petro leum

[b .p . 6 0 -8 0 ° ])  (Found: C, 50.4; H, 4.3; N, 4.9. C ^ H ^ C IN C ^ S  requires C,

50.4; H, 4.2; N, 4.9%), 8 (CDC13) 7.80 (H-2), 7.44 (H-3), 4.5 (2 x q, C 0 2C H 2

and A rO C H  ), and 1.50 (2 x t, CO CH CH and A rO C H ~ C H j, v  ( f ilm ) ^ i z z d z j max
1730, 1570, and 1530 cm -1 .

Reductive Dechlorination o f E thyl 5-Chloro-7-ethoxythieno[3,2-b]pyrid ine-6- 

carboxylate -

The th ienopyrid ine  d e riva tive  (155) (1.5g), z inc powder (3g), and g lac ia l ace tic  

acid (30ml) were s tirre d  toge the r a t room tem pera tu re  fo r 24h. The z inc was 

f ilte re d  o ff  and washed w ith  a ce tic  acid, the combined solutions were made 

basic (4M-sodium hydroxide) and the libe ra ted  o il (1.27g) was iso lated w ith  

d ich lorom ethane. F lash-colum n chrom atography (E tO Ac [1  p a r t ]  -  lig h t 

petro leum  [9  p a r ts ]  gave unreacted (155) (0.71g) and an o il (0.29g). The la t te r  

had in fra -re d  and^H n .m .r spectra iden tica l w ith  those o f e thy l 7 -e thoxy- 

th ieno [3 ,2 -b ]pyrid ine -6 -ca rboxy la te  (157), prepared by an unambiguous route  

(see la te r).

Ethyl 7-Ethoxythieno[3,2-b]pyrid ine-6-carboxylate (157) -

Sodium (0.2g, 9m g-atom ) was dissolved in ethanol (20ml) and e thy l
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997-ch lo ro th ieno [3 ,2 -b ]pyrid ine -6 -ca rboxy la te  (158) (1.81g, 7.5m m ol) was added. 

The m ix tu re  was s tirred  a t room tem pera tu re  overn ight, added to  ice and 

w a ter and the product was isolated w ith  e ther. C rys ta llisa tio n  a t low 

tem pera tu re  of the  product from  lig h t petro leum  provided the e thoxye thy i 

ester (157) (0.86g, 46%), m.p. 34-36° (Found: C, 57.1; H, 5.2; N, 5.6.

C 12H 13N 0 3S reclu ires C ’ 57-35 H> 5 -2 ’’ N> 5 (CDC13) 9.03 (s, H-5), 7.83
(H-2), 7.55 (H-3), 4.47 (2 x q; A rO C H 2 + C 0 2C H 2), and 1.46 (2 x t;

A rO C H  C H , + C O ^C H .C H ,) y  ( f ilm ) 1720, 1580, and 1530 c m "1. z. j  z z  max

Ethyl 5,7-Diethoxythieno[3,2-b]pyridine-6-carboxylate (159) -

The d ich lo ro - ester (72) ( lg ,  3.5m m ol) was added to  a so lu tion  of sodium 

ethoxide  (37mmol, from  0.85g sodium) in ethanol (20ml). The whole was boiled 

under re flu x  fo r 2h, cooled, and added to  w a te r (500ml). The organic product
v

was iso la ted w ith  d ich lorom ethane and pu rified  by flash-co lum n 

chrom atography (e thy l aceta te  [1  p a r t ]  - lig h t petro leum  [9  p a r ts ] )  y ie ld ing  

the 5,7-d ie thoxy compound (159) (0.31g, 30%) as an o il. I t  was d is tille d , when 

it  had b.p. 150°/0.4mmHg (Kuge lrohr) (Found: C, 56.9; H, 5.8; N, 5.8.

C 1ZfH 17NO^S requires C, 56.95; H, 5.8; N, 4.75%), <5 (CDC13) 7.65 ( H-2), 7.32

(H-3), 4.43 (3 x q, 2 x A rC O H 2 and CC>2C H 2), and 1.40 (3 x t, 2 x

A rO C H 2C H 3 a n d -C C ^ C R ^ H ^ ,  v max ( f ilm ) 1725, 1580, and 1540 c m "1.

5-Chloro-4,7-dihydro-7-oxothieno[3,2-b]pyridin-6-carboxylic Acid (156) -

The e thy l ester (72) (4.9g, 17.8mmol) was boiled under re flu x  in a m ix tu re  o f 

m e thy la ted  sp irits  (50m l) and 4M-aqueous sodium hydroxide (50m l) fo r 3h. A 

fu r th e r portion  of 4M -a lka li (50m l) was added, and the whole was boiled fo r a 

fu r th e r 5h. The so lu tion was cooled and a c id ified  w ith  concentra ted  hydro­

ch lo ric  acid, the p re c ip ita te  was co llec ted , washed w ith  w a te r, and dried. 

A fte r  c rys ta llisa tio n  from  ethanol conta in ing  a l i t t le  2M -hyd roch lo ric  acid the 

t i t le  acid (2.9g, 71%) had m.p. 200-202° (decomp.). (Found: C, 41.8; H, 1.7; N,

6.4. C gH ^C lN Q 3S requires C, 41.8; H, 1.7; N, 6.1%), 8 [ (C D ^ S O  ] 8.30

(H-2), and 7.42 (H-3), v- 2000-3300, 1695, and 1600 c m "1.max

5-ChIoro~7-ethoxythieno[3,2-b]pyridine-6~carboxylic acid (160) -

The ester (155) (2g, 7mmol) was boiled under re flu x  w ith  a so lu tion  of sodium 

hydroxide (0.28g, 7m m ol) in w a te r (25ml) fo r 2h. The cooled so lu tion  was 

washed w ith  e ther, a c id ifie d  (concentra ted hydroch lo ric  acid) and the resu lting  

solid was co llec ted  and recrys ta llised  from  m ethylated sp ir its  g iv ing  the acid 

(0.9g, 49%), m.p. 193-4° (Found: C, 46.5; H, 3.2; N, 5.3. C ^H g C lN C ^S

requires C, 46.6; H, 3.1; N, 5.4%), 8 (C D C l,- [  C D , ] ,SO) 7.92 (H-2), 7.44
J J z

(H-3), 4.61 (2H, q, 3=7Hz, O C H 2C H ,), and 1.46 (3H, t, 3=7Hz, O C H 2C H 3),

y  2500, 1950, 1720, and 1550 cm . r max 1 ’ ’

150



Ethyl 5-Chloro-7-ethylthiothieno[3,2-b]pyridine-6-carboxylate (161) -

Sodium (0 .2 lg , 9m g-atom ) was dissolved in e thanol (50m l) and, a t 0°C, 

e thane th io l (0.85g, 13.5mmol) was added. The so lution was a llowed to  warm  to  

room tem pera tu re  then (72) (2.07g, 7.5m m ol) was added. A f te r  being s tirre d  a t 

room tem pera tu re  overn igh t, the m ix tu re  was heated a t 80° fo r 30 m inutes, 

cooled, and added to  w a te r. The resu lting  o il (1 .8g) was e x trac te d  w ith  e ther 

then subjected to  flash-co lum n chrom atography (E tO Ac [1  p a r t ]  - lig h t p e tro l­

eum [4  p a r ts ]) ,  whereupon 1.3g o f m a te ria l running as a single spot on t . l.c .  

was obtained. D is t il la t io n  (Kuge lrohr) yie lded e thy l- 5 -ch lo ro -7 -e th y lth io - 

th ieno [3 ,2 -b ]pyrid ine~6-carboxy la te  (161) (l.Og, 44%) as an o il, b.p. 180°/

0.3mm Hg (Found: C, 47.0; H, 3.7; N, 4.1. C [ 2 C \ N 0 2 S2 requires C, 47.7; 

H, 4.0; N, 4.6%), 5 (CDC13) 7.89 (H-2), 7.53 (H-3), 4.51 (q, OCH2, J=7Hz),

3.11 (q, SCH2, 3=7Hz), 1.45 (t, O C H 2C H 3, J=7Hz), and 1.25 (t, SCH2C H 3,

3=7Hz), v- ( f ilm ) 1735, 1550, 1520 c m "1.ma.x

Ethyl 5-Chloro-7-die thylaminothieno[3,2~b]pyridine-6-carboxylate (162) -

A m ix tu re  o f e thy l 5 ,7 -d ich lo ro th ieno [3 ,2 -b ]pyrid ine -6 -ca rboxy la te  (72) ( lg ,

3.6m m ol) and d ie thy lam ine  (20ml) was s tirred  overn igh t a t room tem pera tu re ,

then boiled under re flu x  fo r 3h. W ater (200ml) was added to  the  cooled

so lu tion , and the libe ra ted  o il was ex trac ted  in to  e ther, g iv ing  an o il (0.8g).

Thin layer chrom atography (C H 2C12) showed th a t tw o  components were

present. Separation was achieved by flash-co lum n chrom atography (C H 2C12),

the com ponent o f high Rp being (72) and than o f lower Rp the desired product.

D is t il la t io n  (Kuge lrohr) gave e thy l 5 -ch lo ro -7 -d ie thy lam ino th ieno [3 ,2 -b ]pyrid ine -

6 -ca rboxy la te  (162) as an o il, b.p. 140°/0.02mmHg (Found: C, 52.8; H, 5.2; N,

7.8. C ^ H 17C1N20 2S requires C, 53.8; H, 5.4; N, 9.0%), 8 (CDC13) 7.65 (H-2),

7.34 (H-3), 4.35 (q, O C H 2 J=7Hz), 3.34 (2 x q, 2 x N C H 2, 3=7Hz), 1.38 (t,

OCH CH , J=7Hz), and 1.05 (2 x t, 2 x N C H .C H -, 3 = 7 U z )  y  ( f ilm ) 1725, x j  . z i  max
1550, and 1525 cm " .

Reaction of 5,7-Dichlorothieno[3,2-b]pyridine with one equivalent' of sodium 

alkoxide -

R eaction  of d ich lo ro  compound (73) w ith  one equiva lent o f sodium m ethoxide 

or e thoxide in the appropria te  alcohol gave 5 -ch loro-7-m ethoxy~ (163) or

5 -ch lo ro -7 -e thoxyth ieno [3 ,2 -b ]pyrid ine  (164), respective ly , and not (as previously
46\ 13reported  ) the 5 -a lkoxy-7 -ch lo ro  compounds. The C n .m .r. data fo r (163)

and (164) are recorded in Table 3, and the values are compared w ith  p red icted

ones in C hapter 4; the *H  n.m .r spectra  were as previously recorded. The

m e lting  points of (163) and (164) prepared in the present w ork were taken on a
46hot stage apparatus, and were 101-103° and 71-73°, respective ly  ( l i t .  in 

ca p illa ry  tubes 97-98° and 63-65°).
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Reductive Dechlorination of 5-Chloro-7-methoxythieno[3,2-b3pyridine -

The t i t le  compound (163) (1.37g) was s tirre d  a t room tem pera tu re  overn igh t in 

g lac ia l ace tic  acid (20m l) w ith  z inc powder (2.8g), then boiled under re flu x  fo r 

2h. The cooled m ix tu re  was f ilte re d , the residue was washed w ith  a ce tic  acid 

and the combined f i l t r a te  and washings were made basic w ith  4M-aqueous 

sodium hydroxide. The libe ra ted  o il was iso lated w ith  e the r and d is tille d , to  

give 7 -m ethoxyth ieno [3 ,2 -b ]pyrid ine  (165) (0.89g, 78%), b.p. 135°/0.2m m Hg, 

5 (CDC13) 8.55 (d, H -5, 3=6Hz), 7.66 (H-2), 7.48 (H-3), 6.66 (d, H -6, 3=6Hz), 

and 3.99 (s, OCH^), V max ( f ilm ) 1580, 1550, and 1510 cm K  The substance 

was id e n tica l in a ll respects to  a sample prepared by an unambiguous rou te  

from  (167) (see la te r).

Reductive Dechlorination of 5-Chloro~7~ethoxythieno[3>2-b]pyridine -

Reduction o f (164) (1.46g) w ith  z inc powder (3.0g) in a ce tic  acid (20m l) by the 

method just described fo r  (163) gave, from  the e ther e x tra c t, a solid. This 

was crys ta llised  fro m  pentane to  y ie ld  7 -e thoxyth ieno [3 ,2 -b ]pyrid ine  (166) 

(0.95g, 78%), m.p. 50-52° (Found: C, 60.0; H, 5.0, N, 7.9. C ^ N O S  requires 

C, 60.3; H, 5.0; N, 7.8%), 8 (CDC13) 8.52 (d, H-5, J=6Hz), 7.66 (H-2), 7.48

(H-3), 6.62(d, H -6, 3=6Hz), 4.23 (q, O CH2, 3=7.5Hz), and 1.49 (t, O C H ^ H y

3 - 7 . 5 Hz), v max 1580, 1550, and 1510 cm This, too, was iden tica l to  

m a te ria l prepared from  (167) (see la te r).

Decarboxylation of 5-Chloro-7-ethoxythieno[3,2-bJpyridine-6-carboxylic acid 

(160) -

The acid (2g) was heated in an o il bath held a t 190° fo r 15 m inutes, by which 

tim e  e ffe rvescence had ceased. The sem i-solid  residue was taken in to  

d ich lorom ethane, washed w ith  sodium b icarbonate so lu tion , d ried, and 

evaporated. F lash-colum n chrom atography gave 5 -ch lo ro -7 -e thoxy th ieno [3 ,2 -b ]- 

pyrid ine  (164) (0.85g, 51%) m.p. 71-3°. This m a te ria l had in fra -re d  and *H 

n .m .r. spectra id e n tica l to  those of m a te ria l prepared from  5 ,7 -d ich lo rth ieno - 

[3 ,2 -b ]pyrid ine .

7-Alkoxythieno[3,2-b]pyridines (165) and (166) -

7-M ethoxyth ieno [3 ,2 -b ]pyrid ine  (165) was obtained from  (167) by the method 
32previously described . S im ila r ly  (167) (1.5g) and sodium ethoxide (from  0.4g 

sodium) in ethanol (30m l) gave (a fte r being boiled under re flu x  fo r 20h. and 

w ork-up  of re f ."^ )  7 -e thoxyth ieno[3 ,2-b ]pyrid ine  (166) (1.21 g, 76%), b.p.

120°/0.6mmHg, m.p. 50-52°. The 7 -m ethoxy- and -e thoxy de riva tives  prepared 

here were iden tica l in a ll respects to  the dech lo rina tion  products o f (163) and 

(164), respective ly .
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Reaction of 5,7-Dichlorothieno[3,2-b]pyridine with sodium hydroxide

i . In aqueous ethanol -  The d ich lo ro th ienopyrid ine  (2g) was boiled under 

re flu x  in a m ix tu re  o f 4M-aqueous sodium hydroxide (30m i) and m ethy la ted  

sp irits  (20ml) fo r  lOh. W ater (100m l) was added and the  product was ex trac ted  

in to  d ich lorom ethane. R ecrys ta llisa tio n  from  ligh t petro leum  gave a m a te ria l 

o f m.p. 6 0 -6 4 °  (2g), raised to  65-68° on adm ixture  w ith 5 -ch lo ro -7 -e th o xy - 

th ieno [3 ,2 -b ]pyrid ine  (164). Thin layer chrom atography and  ̂H n .m .r. 

spectroscopy con firm ed  th a t the m a te ria l was (164), conta in ing  a sm all 

p roportion  of (73).

i i  . In aqueous d im ethylsu lphoxide -  The d ich loro  compound (73) ( lg )  was 

boiled w ith  a m ix tu re  o f 4M-aqueous sodium hydroxide (20m l) and d im e th y l­

sulphoxide (20m l) fo r  10 m inutes. The cooled so lution was d ilu ted  w ith  w a te r 

(60ml), a c id ified  (concentra ted hydroch lo ric  acid) and ex trac ted ,, w ith  

d ich lorom ethane; the sm all amount o f o il obtained fro m  the la t te r  was 

discarded. The aqueous phase was saturated w ith  sodium ch lo ride  and cooled 

in ice. C rys ta llisa tio n  o f the resu lting  p re c ip ita te  from  methanol gave 5- 

ch lo ro -7 -hyd roxyth ieno [3 ,2 -b ]pyrid ine  (168) id e n tif ie d  v ia  its  in fra -re d  spectrum  

and by its  m ixed m.p. (212-214°) w ith  m a te ria l prepared by decarboxyla tion  of 

the acid (156) (see below).

Decarboxylation of 5-Chioro-4.7-dihydro-7~oxothieno[3,2-b]pyridine-6-carboxylic 

Acid -

The acid (156) (l.Og) was added in portions over 5 m inutes to  diphenyl e ther

(20m l) a t 210°, then the tem pera tu re  was held a t 210-220° fo r a fu r th e r 5

m inutes. When cool the e ther was decanted from  a sm all quan tity  o f dark

m a te ria l, then d ilu ted  w ith  lig h t petro leum  (50ml). The p re c ip ita te  was

f ilte re d  o ff ,  washed w ith  more lig h t petro leum , dried, and c rys ta llised  from

e thy l a c e ta te - lig h t petro leum  to  give 5 -ch lo ro -7 -hydroxyth ieno [3 ,2 -b ]pyrid ine

(168), m.p. 202-204°. The ana ly tica l sample (from  m ethanol) had m.p. 212

-214° (Found: C, 45.0; H, 2.2; N, 7.5. C ^ C IN O S  requires C, 45.3; H, 2.2;

N, 7.5%), 5 [(C D  ) S O ] 8.16 (H-2), 7.60 (H-3), and 6.80 (s, H-6), ^-2 ^ * max
2300-3100, 1600, and 1540 cm " .

Decarboxylation of 7-Chloro-4,5-dihydro-5-oxothieno[3,2-b]pyridine-6-carboxylic  

Acid -

The acid (170) (2.6g) was added in portions to  diphenyl e ther (100ml) a t 230°, 

the in te rna l tem pera tu re  was held a t 230-235° u n til e ffe rvescence was fin ished 

(15 minutes), then the m ix tu re  was cooled. I t  was d ilu ted  w ith  lig h t petro leum  

(300ml) and the solid was f ilte re d  o ff  and washed w ith  more lig h t petro leum . 

The crude product was digested w ith  bo iling  m ethanol, the insoluble solid was 

discarded and the m ethanol was evaporated to  give the th ienopyridone (1.5g,
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71%). A fte r  tw o  c rys ta llisa tio ns  from  m ethyla ted sp irits  the product, 7 -ch lo ro -
h(L

th ieno[3,2-b]pyrid in-5(4H)~one (169) had m.p. 252-254 ( l i t .  258-260°).

7-Chloro-5-ethoxythieno[3,2-b jpyridine (171) -

A so lu tion  o f 7-ch loroth ieno[3,2-b]pyrid in-5(4H )~one (169) ( lg )  in

d ich lorom ethane (20m l) was s tirred  w h ile  tr ie thy ioxon ium  te tra flu o ro b o ra te  in 

the same solvent (8ml of a 1M so lu tion ; 1.5 equivalents) was added. A fte r  lh . 

the so lu tion was washed w ith  sodium b icarbonate so lu tion , dried and

evaporated. The o il so produced was subjected to  flash-co lum n chrom a­

tography (E tO AC  [1  p a r t ]  -  lig h t petro leum  [4  p a r ts ] )  g iv ing  7-chloro-5~ 

e thoxyth ieno [3 ,2 -b ]pyrid ine  ((0.15g, 13%) as a solid, m.p. 59-62° (depressed to  

43-48° by (164) (Found: C, 50.3; H, 4.0; N, 6.6. C ^ C IN O S  requires C,

50.6; H, 3.75; N, 6.6%), 8 (CDC13) 7.61 (H-2), 7.30 (H-3), 6.73 (s, H -6), 4.38

(q, O C H  , 3=7.5Hz), and 1.39 (t, O C H „C H „, 3=7.5Hz), ^  1580, and 1540
Y 3 max

cm

Reductive Dechlorination of 5,7-Dichiorothieno[3,2-b]pyridine -

The d ich loro  compound (5g) was s tirred  overn igh t a t toom tem pera tu re  w ith

zinc powder (5g) in g lac ia l a ce tic  acid (50ml). The residue was f i lte re d  o ff

and washed w ith  ace tic  acid; the united acid solutions were made basic (4M-

sodium hydroxide) and the o il was isolated w ith  d ich lorom ethane. Thin layer

chrom atography ind icated th a t the product was a m ix tu re  o f tw o  substances;

flash-co lum n chrom atography (E tO AC [1  p a r t ]  - lig h t petro leum  [1 0  p a r ts ] )

e ffe c te d  separation. The m a te ria l o f higher Rp, a solid, was c rys ta llised  from

pentane to  give 5 -ch lo ro th ieno [3 ,2 -b ]pyrid ine  (172) (0.9g, 22%), m.p. 70-72° 
42

( l i t .  m.p. 63-64°) (Found: C, 49.2; H, 2.3; N, 8.0. C a lcu la ted  fo r

C ^ C I N S  C, 49.6; H, 2.4; N, 8.3%), 8 (CDC13) 8.01 (d, H-7, 3=8.4Hz), 7.72

(H-2), 7.39 (H-3), and 7.16 (d, H -6, 3=8.4Hz), y  1560 and 1535 cm *. The7 v max
m a te ria l of lower Rp was combined w ith  th a t obtained fro m  the zinc residues:

the residues were dissolved in 4M -hydroch lo ric  acid, the so lu tion  was basified

w ith  4M-sodium hydroxide and the o il was isolated w ith  d ich lorom ethane.

d is t illa t io n  of the combined oils a ffo rded  th ieno [3 ,2 -b ]pyrid ine  (2) (2.4g, 73%),

b.p. 120°/5mmHg ( l i t .53 129-131°/16m mHg and 107-107°/10m mHg) vc ( f ilm ) , °  °  max
1550 c m "1.

Reductive Dechlorination of 7-Chlorothieno[3,2-b]pyridine -

T rea tm en t o f (167) (2.4g) w ith  z inc powder (4.8g) in a ce tic  acid (50m l) fo r 5h 

a t room tem pera tu re , fo llow ed  by bas ifica tion  (4M-sodium hydroxide), 

iso la tion  w ith  e ther and d is tilla t io n  gave 1.52g (76%) of th ieno [3 ,2 -b ]pyrid ine .

5-Methoxythieno[3,2-b]pyridine (173) -

5-C h lo ro th ieno [3 ,2 -b ]pyrid ine  (0.9g) was boiled under re flu x  w ith  a so lu tion of
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sodium methoxide (10 equivalents, from  1.2g sodium) in m ethanol. A f te r  1 Oh. 

th in  layer chrom atography revealed th a t very l i t t le  reaction  had occurred. A 

fu r th e r portion  of sodium m ethoxide (40 equivalents, from  4.8g sodium) in 

m ethanol (60ml; to ta l volum e 100m l) was added, and the so lu tion was boiled 

under re flu x  fo r a fu rth e r 30h. The solvent was removed, w ater was added, 

and the crude product was isolated w ith  e ther. F lash-colum n chrom atography 

(E tO AC  [ 1 p a r t ]  - lig h t petro leum  [1 9  p a r ts ] )  gave an o il th a t ran as a single 

spot on th in  layer chrom atography (E tO A c /lig h t petro leum ). D is t il la tio n  gave

5-m ethoxyth ieno [3 ,2 -b ]pyrid ine  (173) (0.51g, 58%) as an o il, b.p. 110°/0.5mmHg 

(Found: C, 58.1; H, 4.3; N, 8.0. C ^ N O S  requires C, 58.2; H, 4.2; N, 8.5%),

8 (CDC13) 7.97 (d, H -7, 3=8.4Hz), 7.65 (H-2), 7.37 (H-3), 6.77 (d, H -6,

3=8.4Hz), and 3.97 (s, O C H A  v* ( f ilm ) 1580, and 1550 cm3 ’ max ’

5.7-Dichloro-6-cyanothieno[3,2-b]pyridine (174) -

466-C yano-7-hydroxyth ieno[3 ,2-b]pyrid in -5 (4H )-one  (12.8g) and phosphor yl 

ch lo ride  (75ml) were heated toge ther on the steam bath fo r 2h, then boiled 

gen tly  under re flu x  fo r  3h. The excess of reagent was removed by vacuum 

d is tilla t io n , and the residue was added to  ice and w ater. The solid obta ined by 

e x tra c tio n  w ith  d ich lorom ethane was trea ted  in a Soxhlet apparatus w ith  lig h t 

petro leum  (b.p. 80-100°) to  give soluble and insoluble fra c tion s . The insoluble 

m a te ria l was in tra c ta b le , but from  the lig h t petro leum  so lu tion  was obtained

5.7-d ich lo ro -6 -cyano th ieno [3 ,2 -b ]pyrid ine  (174) (9.2g, 61%). The a na ly tica l

sample (from  lig h t petro leum  [b .p . 8 0 -1 0 0 °]) had m.p. 186-188° (Found: C,

42.0; H, 1.4; N, 12.0. C ^ C l ^ S  requires C, 42.0; H, 0.9; N, 12.0%), 5

(CDCJL) 8.15 ((H-2), and 7.60 (H-3), v  2240, 1565, and 1510 cm -1 .3 max

5-Chloro-6-cyano-7~methoxythieno[3,2-b]pyridine (175) -

The d ic h lo ro n itr ile  (174) (2.48g, 10.8mmol) was boiled under re flu x  w ith  sodium

m ethoxide (10.9m m ol, from  0.25g sodium) in methanol (50m l) fo r 2.5h. The

m ix tu re  was a llowed to  stand at room tem pera ture  fo r 48h, then evaporated to

dryness. The residue was s tirred  w ith  acetone; c rys ta llisa tio n  o f the acetone-

soluble m a te ria l from  m ethanol gave ch lorom ethoxy compound (175) (i.55g ,

64%), m.p. 182-184° (Found: C, 48.2; H, 2.3; N, 12.0. C ^ C H ^ O S  requires

C, 48.1; H, 2.2; N, 12.4%), 8 (CDC13) 8.45 (H-2), 7.55 (H-3), and 4.50 (s,

O C H A  v  2220> 1565, and 1510 c m "1.3 ’ v max ’ ’

Hydrolysis of 5-Chloro-6-cyano-7-methoxythieno[3,2-b]pyridine -

The n itr ile  (175) was heated under re flu x  fo r 8h. w ith  4M-aqueous sodium 

hydroxide (20ml). When cool the solution was ac id ified  w ith  concentra ted  

hydroch lo ric  acid, the p re c ip ita te  was co llec ted  by f i l t ra t io n ,  washed w ith  

w a ter, and dried. Thus was obtained 5 -ch lo ro -4 ,7 -d ihydro-7 -oxo th ieno [3 ,2 -b ]- 

p y rid in e -6-ca rb o xy lic  acid (156) (0.22g, 73%), m.p. 202-204° (decomp.),
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undepressed on adm ixtu re  w ith  an au then tic  sample.

Methyl 6-Amino-5-chiorodithieno[3,2-b:2,,3 ,-d]pyridine-7-carboxylate (176) -

i . From  5 ,7 -D ich lo ro -6 -cyano th ieno [3 ,2 -b ]pyrid ine  -

M ethy l th io g lyco la te  (0.54g, 5mmol) was added to  a so lu tion  o f sodium

m ethoxide (4.6m m ol, from  0.1 lg  sodium) in methanol (30m l). The n it r i le  (174)

(0.5g, 2.2 mmol) in hot m ethanol ( 10m l) was added, and the whole set aside a t

room tem pera tu re  overn ight. The p re c ip ita te  was f ilte re d  o ff ,  washed w ith  a

l i t t le  methanol, and recrys ta llised  fro m  g lac ia l ace tic  acid to  y ie ld  the t i t le

d ith ienopyrid ine  d e riva tive  (176) (0.6g, 90%), m.p. 236-8° (Found: C, 44.1; H,

2.3; N, 9.2. C ^ H ^ C I N O ^  requires C, 44.2; H, 2.35; N, 9.4%), <5 (C F 3CC>2H)

8.37 (H-2), 7.81 (H-3), and 4.14 (s, C C E C H j, 3500, 3370, 1690, 1610,i jl 5 max
and 1530 cm ” .

i i . From 5 -C h lo ro -6 -cyano-7 -m ethoxyth ieno [3 ,2 -b ]pyrid ine  -

T rea tm en t o f the m e tho xych lo ro n itr ile  (175) (0.57g, 5.7mm ol) w ith  the anion o f 

m ethyl th io g lyco la te  (from  the ester [0 .61g , 5 .7m m o l] and sodium m ethoxide 

[ 5.2m m ol ] in the manner described fo r  the preceding experim en t gave m ethyl 

6 -am ino -5~ch lo rod ith ieno [3 ,2 -b :2 ',3 '-d ]pyrid ine -7 -ca rboxy la te  (176) (0 .4 lg , 57%), 

m.p. and mixed m.p. w ith  the m a te ria l prepared from  (174) 236-238°.

6-Cyano-5,7-dimethoxythieno[3,2-b3pyridine (177) -

D ich lo ro  compound (174) (0.5g, 2.2m m ol) was boiled under re flu x  fo r 5h w ith

sodium m ethoxide (6.6m m ol, from  0.15g sodium) in m ethanol (50m l). The

solu tion was ch illed , the p re c ip ita te  was f ilte re d  o ff, washed w ith  methanol

and dried to  g ive 0.37g (77%) o f 6-cyano- 5,7-dim ethoxy th ieno [3 ,2 -b ]pyrid ine

(177), m.p. 177-178° (Found: C, 54.5; H, 3.4; N, 12.8. requires

C, 54.5; H, 3.6; N, 12.7%), 8 (CDC13) 7.75 (H-2), 7.28 (H-3), 4.40 (s, C -7,

OCH ), and 4.03 (s, C -5, O C H j,  y - , 2220, 1575, and 1535 cm -1 .3 max

ii From 5 -C h lo ro -6 -cyano-7 -m ethoxyth ieno [3 ,2 -b ]pyrid ine  -

R eaction  of the ch lorom ethoxy compound (175) (0.67g, 3mmol) w ith  sodium 

m ethoxide (6m m ol) in m ethanol (40ml) in the manner just described a ffo rded  

0.41g (62%) o f (177), m.p. 176-178°.

Attem pted reaction of Ethyl 5-Chloro-7-ethoxythieno[3,2-b]pyridine- -carboxy- 

late  (155) with ethyl thioglycolate -

E thy l th iog lyco ia te(1 .2g, lOmm ol) was dissolved in a so lu tion  o f sodium 

ethoxide  (lO m m ol, from  0.23g sodium) in ethanol (25ml) and e th y l 5 -ch lo ro -7 - 

e thoxy th ieno [3 ,2 -b ]pyrid ine -6 -ca rboxy la te  (1.4g, 5mmol) was added. A f te r  

s tir r in g  a t room tem pera tu re  overn igh t th in  layer chrom atography ind icated 

th a t no reaction  had occurred. The m ixtu re  was boiled under re flu x  fo r a 

further 6 hours, but again no reaction was observed.
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Ethyl 6-Chloro-4-ethoxythieno[2,3-b]pyridine-5-carboxylate (180) -

The d ich lo ro -es te r (143) (0.55g, 2mmol) was added to  a so lu tion  o f sodium

ethoxide (from  (0.046g, 2m g-atom , sodium) in ethanol (30m l), and the whole

was boiled under re flu x  fo r 1 hour. The cooled so lu tion  was added to  w ater

and the organic product was e x trac ted  in to  d ich lorom ethane. A f te r  flash -

column chrom atography (e thy l ace ta te  [1  p a r t ]  -  lig h t petro leum  [9  p a r ts ]) ,

and d is tilla t io n , e th y l 6 -ch lo ro -4 -e thoxy th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te  (180)

(0.33g, 58%) was., obtained as an o il b.p. 160°/0.05mmHg (Found: C, 50.3; H,

4.1; N, 5.1. C 12H 12C1N03S requires C, 50.4; H, 4.2; N, 4.9%), 8 (C D C ^ ),

7.42 (2H, s, 2-H and 3-H), 4.42 (4H, q, J=7Hz, 2xCH2), and 1.28-1.58 (6H, m,

2 x C H j,  v  ( f ilm ) 1730, 1570, and 1530 c m "1.—3 max 7 7

Ethyl 4-Ethoxythieno[2,3-b]pyridine-5-carboxylate (181) -

To a so lu tion o f sodium ethoxide (from  0.35g, 15m g-atom, sodium) in ethanol 

(20m l) was added e thy l 4 -ch lo ro th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te  (149) (1.2g, 

5mmol). The m ix tu re  was set aside a t room tem pera ture  fo r 2h then added to  

w a te r. The p re c ip ita te  was f ilte re d  o ff ,  washed w ith  w a te r, d ried, and 

c rys ta llised  from  lig h t petro leum  to  give e thy l 4 -e thoxy th ieno [2 ,3 -b ]pyrid ine -

5 -ca rboxy la te  (181) (0.7g, 56%), m.p. 70-72° (Found: C, 57.5; H, 5.1; N, 5.8.

C 12H 13N 0 3S reclu ires C > 5 7 A > H> 5-2> N> 5 -6% )> 5 (CDC13) 8.87 (1H, s, 6-H ) ,
7.41 (2H, s, 2-H and 3-H) 4.20-4.61 (4H, m, 2 x C H j,  y- *700, 1580, and ■ j  max
1530 cm .

Dechlorination of Ethyl 6-Chloro-4-ethoxythieno[2,3-b]pyridine-5-carboxylate -

The ch lo roe thoxy-es te r (180) ( lg )  was heated on the steam -bath  fo r 24h w ith  

z inc (2g) in  g lac ia l a ce tic  acid (20m l); m ore z inc (2g) was then added and 

heating was continued fo r a fu r th e r 24h. The m ix tu re  was f ilte re d , the residue 

was washed w ith  a ce tic  acid, and the combined f i l t r a te  and washings were 

made basic w ith  4M-sodium hydroxide. Thin layer chrom atography o f the 

d ich lorom ethane e x tra c t of the m ix tu re  revealed tha t reaction  was s t i l l  not 

com plete . The crude product (an o il) was subjected to  flash-co lum n chrom a­

tography (e thyl aceta te  [1  p a r t ]  - lig h t petroleum  [1 9  p a rts ])g a v e  f ir s t ly  a 

m ix tu re  (0 .5 lg ) o f the dech lorina ted m a te ria l and (180), then e thy l 4 -e thoxy- 

th ieno [2 ,3 -bJpyrid ine -5 -ca rboxy ia te , m.p. 70-72° alone and when m ixed w ith  the 

p roduct o f the preceding experim ent. The i.r. and 1H n .m .r. spectra  of the 

substances from  both sources were iden tica l.

Methyl 7-Chloro-6-hydroxydithieno[2,3-b:2>,3 l-d]pyridine-5-carboxylate (182) -

Sodium (0.276g, 12m g-atom ) was dissolved in m ethanol (60m l). M e thy l 

th io g lyco la te  (1.59g, 15mmol) was added fo llow ed, a fte r  5 m inutes, by a 

so lu tion of e thy l 4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te  (143) (1.65gm,
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6m m ol) in methanol (30m l). The whole was s tirred  a t toom tem pera tu re  fo r 

2h; the solid was f ilte re d  o ff,  washed w ith  m ethanol, and c rys ta llised  from  

g lac ia l ace tic  acid, fu rn ish ing  the t i t le  d ith ieno [2 ,3 -b :2 ',3 l-d ]pyrid ine  d e riva tive  

(1.57g, 87%), m.p. 225-227° (decomp.) (Found: C, 44.0; H, 1.8; N, i f . 2.

C H CINO S requires C, 44.1; H, 2.0; N, 4.7%), 8 ( [C D  ] 2SO) 8,15 1H ’ d’
3=6Hz, 2-H), 7.80 (1H, d, 3=6Hz, 3-H), and 3.98 (3H, s, C H .J, v  1660, and « j j max
1570 cm " .

Methyl 6-Hydroxydithieno[2>3-b:2t,3 l-d]pyridine-5-carboxylate (183) -

The anion o f m ethyl th io g lyco la te  was prepared as just described from  the

th io l ester (5.1 g, 50mmol) and sodium m ethoxide (from  0.92g, 40rng-atom ,

sodium) in m ethanol (50m l). To i t  was added e thy l 4-ch loroth ieno[2 ,3-b ]~

pyrid ine -5 -ca rboxy la te  (4.82g, 20mmol) in methanol (20m l). A f te r  3h a t room

tem pera tu re  the m ix tu re  was poured in to  w a te r, the p re c ip ita te  was co llec ted ,

washed w ith  w a te r, dried, and crys ta llised  from  g lac ia l a ce tic  acid to  g ive the

t i t le  t r ic y c lic  ester (183) (3.35g, 63%), m.p. 228-230° (decomp.) (Found: C,

49.5; H, 2.5; N, 5.2. C j ^ N O ^  requires C, 49.8; H, 2.6; N, 5.3%), 5

( [C D 3 ] 2SO) 9.11 (1H, s, 7-H), 8.14 (1H, d, 3=6Hz, 2-H), 7.79 (1H, d, J=6Hz,

3-H), and 3.91 (3H, s, C H J , ^  3280, 1680, 1580, and 1570 c m "1.—3 max 7 7 7

Dechlorination of Methyl 7-Chloro-6-hydroxydithieno[2,3-b;2l,3 l-d]pyridine-5~

carboxylate -

The chloro-com pound (182) (0.7g) was dissolved in g lac ia l a ce tic  acid (20ml), 

z inc powder ( i.4 g ) was added, and the whole was boiled under re flu x  fo r 4h. 

The solids were f ilte re d  o ff and washed w ith  ace tic  acid the combined f i l t r a te  

and washings were added to  w a te r and the so lution was e x trac te d  w ith  

d ich lorom ethane (3x). The e x trac ts  were washed free  o f acid w ith  sodium 

hydrogen carbonate so lu tion, then w ith  w a ter, dried, and evaporated. T r itu ra ­

tion  of the residue w ith  a m ix tu re  of d ich lorom ethane and lig h t petro leum  

gave a b u ff solid (0.35g) which, a fte r c rys ta llisa tio n  from  a ce tic  acid, had m.p. 

224-226°, undepressed by (183). The pure m a te ria l (0.21 g, 34%) had an i.r. 

spectrum  ide n tica l to  th a t o f (183).

Ethyl 4,6~Diethoxythieno[2,3-b]pyridine-5-carboxylate (184) -

When boiled under re flu x  w ith  a so lu tion o f sodium ethoxide in ethanol e thy l

4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine-5~carboxy la te  a ffo rded  a m a te ria l which 

rap id ly  blackened on exposure to  a ir. For th is  reason the d ich lo ro -es te r ( l . lg ,  

4m m ol) and sodium ethoxide (from  0.46g, 20m g-atom , sodium) were allowed to  

stand toge ther in ethanol (30m l) a t room tem pera tu re  fo r 10 days. Thin layer 

chrom atography revealed th a t the s ta rtin g  m a te ria l had been consumed and 

th a t a m ix tu re  o f (180) and a second component was present. Separation by 

flash-co lum n chrom atography (e thy l aceta te  [ 1 part ] - lig h t petro leum  [ 9
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p a r ts ] )  o f the  products (obtained by add ition  of the reaction  m ix tu re  to  w ater

and e x tra c tio n  in to  d ich lorom ethane) y ie lded the 6 -ch lo ro -4 -e thoxy ester (180)

(0.3g) and e th y l 4 ,6 -d ie thoxy th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy la te  (184) (0.29g,

25%), b.p. 150°/0.05mmHg (Found: C, 56.8; H, 5.9; N, 4.7. C ^ H ^ N C ^ S

requires C, 57.0; H, 5.8; N, 4.8%), 5 (CDC13) 7.28 (1H, d, 3=6Hz, 2-H), 7.12

(1H, d, 3=6Hz, 3-H), 4.20-4.68 (6H, m, 3xCH2), and 1.26-1.58 (9H, m, 3 xC H 3),

( f ilm ) 1730, 1590, and 1540 c m ' l  v max ’ J
6-Chloro-4-methoxythienoC2,3-b3pyridine (185) -

The dichioro-com pound (141) (2.04g, lOmm ol) was boiled under re flu x  fo r 6h

w ith  a so lu tion  of sodium m ethoxide (from  0.23g, lO m g-atom , sodium) in

m ethanol (25m l). The cooled so lu tion  was d ilu ted  w ith  w a te r and the organic

product was e x trac te d  in to  d ich lorom ethane. F lash-colum n chrom atography

(e thy l aceta te  [1  p a r t ]  -  lig h t petro leum  [9  p a r ts ] )  o f the  e x trac te d  m a te ria l

gave pure 6 -ch lo ro -4 -m e thoxyth ieno [2 ,3 -b ]pyrid ine  (185) (1.41 g, 71%) as a w h ite

solid, m.p. 78-80° (Found: C, 48.0; H, 3.0; N, 6.8. C gH 6ClNOS requires C,

48.1; H, 3.0; N, 7.0%), 5 (CDC13) 7.31 (2H, s, 2-H and 3-H), 6.71 (1H, s, 5-H),

and 3.98 (3H, s, O C H -), y - 1580, and 1550 cm K  —3 v  max

Dechlorination of 6-Chloro~4-methoxythieno[2,3-b]pyridine -

The chloro-com pound ( 1.2g) and z inc powder (2.4g) were boiled toge the r in

g lac ia l ace tic  acid (30m l) fo r  5h; reaction  was not com ple te , so a fu r th e r

q ua n tity  (2.4g) o f z inc was added and the m ix tu re  was re fluxed  fo r a fu r th e r

5h. The m ix tu re  was f ilte re d , the  solid was washed w ith  a ce tic  acid, the

washings and f i l t r a te  were combined, basified (4M-sodium hydroxide) and

e x trac te d  w ith  d ich lorom ethane. The e x tra c t y ie lded-an o il which was pu rified

by flash-co lum n chrom atography (e thy l aceta te  [ 1 part ] - lig h t petro leum  [ 4

p a r ts ] )  g iv ing  4 -m ethoxyth ieno [2 ,3 -b ]pyrid ine  (154) (0.72g, 73%) having
1 1 3 .id e n tica l H, C and i.r . spectra  to  those of the  au then tic  m a te ria l. 

6-Chloro-4-ethoxythieno[2,3-b]pyridine (186) -

R eaction  o f 4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine  (0.82g, 4m m ol) w ith  sodium

ethoxide (from  0 .115g, 5m g-atom , sodium) in  ethanol (30m l), and iso la tion  and

p u rif ic a tio n  o f the product in the manner just described fo r (185) gave 6-

ch lo ro -4 -e thoxy th ieno [2 ,3 -b ]pyrid ine  (186) (0.52g, 49%), m.p. 70-82° (Found:

C, 50.8; H, 3.8; N, 6.6. C 9HgClNOS requires C, 50.6; H, 3.7; N, 6.6%), <5

(C D C i3) 7.34 (2H, s, 2-H  and 3-H), 6.69 (1H, s, 5-H), 4.69 (2H, q, 3=7Hz,

O O H LC H A  and 1.50 (3H, t, 3=7Hz, O C H -C H j,  y* 1580, and 1550 c m '1.—2 3 7 2 —3 ’ v max ’

4,6-Dimethoxythieno[2,3-b]pyridine (187) -

Dich ioro-com pound (141) (1.02g, 4mmol) was boiled under re flu x  in methanol 

(30m l) fo r  12h w ith  sodium m ethoxide (from  0.92, 40m g-atom  sodium); t . l.c .
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then showed th a t very l i t t le  reaction  had taken place, so more m ethoxide

(from  3.68g, 160mg-atom sodium) in methanol (30ml) was added and reaction

was continued a t re flu x  fo r  a fu r th e r 12h. The so lution was cooled and added

to w a te r, the resu lting  p re c ip ita te  was f ilte re d  o ff ,  washed w ith  w a te r, d ried,

and crys ta llised  from  lig h t petro leum . Thus was obtained 4 ,6 -d im e thoxyth ieno -

[2 ,3 -b ]pyrid ine  (187) (0.56g, 57% ), m.p. 50-52° (Found: C, 55.0; H, 4.6; N, 6.6.

C 9H9N 0 2S requires C, 55.4; H, 4.6; N, 7 .2% ), 5 (CDC13) 7.28 (1H, d, J=6Hz,

2-H), 7.08 (1H, d, J=6Hz, 3-H), 6.12 (1H, s, 5-H), 3.98 (3H,s, O C H 3), and 3.89

(3H, s, OCHL), y~ 1590, and 1580 cm K  3 max

Reaction of 4,6-Dichlorothieno[2,3-b]pyridine with Sodium Hydroxide in 

Dim ethyl Suiphoxide-Water -

Thedich loro-com pound (141) ( lg )  was heated on the steam -bath fo r lh  w ith  a

m ix tu re  o f 4M-aqueous sodium hydroxide (20ml) and d im e thy l sulphoxide

(2i0ml). W ater (110ml) was added, the whole was a c id ifie d  (concentra ted

hydroch lo ric  acid) and e x trac te d  w ith  d ich lorom ethane (3x). From  the e x trac ts

was obtained an o il which, on tr itu ra t io n  w ith  w ater gave a solid . The la tte r

was dissolved in the m inim um  volum e o f acetone and applied to  a flash

chrom atography colum n; e lu tion  w ith  e ther (1 p a r t) - lig h t petro leum  (4 parts)

furnished tw o fra c tion s . That o f lower Rp (0.04g, 4%) had m.p. 234-238°, and

was id e n tifie d  ( i.r . spectrum , and m ixed m.p.) as 4 - ch lo ro th ieno [2 ,3 -b ]pyrid in -

6(7H)-one (142). The com ponent o f higher Rp was 6 -ch lo ro -4 -hyd roxy th ieno-

[2 ,3~b]pyridine (188) (0.44g, 46%), m.p. 231-233° (decomp.) (Found: C, 45.0; H,

2.2; N, 7.0. C ^ C iN O S  requires C, 45.3; H, 2.2; N, 7.5%), 5 ( C D C l^ C D ^ -

SO) 7.43 (2H, s, 2-H and 3-H), and 6.78 (1H, s, 5-H), 2300-3200, 1600,< max
1570, and 1540 c m .

Reaction of 4-Chiorothieno[2,3-b]pyridin-6(7H)-one with Triethyloxonium T etra - 
fluoroborate -

The t i t le  pyridone (1.06g, 5.7mmol) was s tirred  w ith  d ich lorom ethane (20ml) 

w h ile  tr ie thy loxon ium  te tra flu o ro b o ra te  (8m l of a 1M so lu tion  in d ich lo rom eth ­

ane) was added. A fte r  2h a t room tem pera tu re  the m ix tu re  was tre a te d  w ith  

a fu r th e r po rtion  (4m l) o f the reagent so lu tion; s t ir r in g  was continued fo r a 

fu rth e r 48h. Evaporation o f the washed (sodium hydrogen carbonate) and dried 

so lution yielded an o il, shown by t . l.c .  to  consist o f tw o  components. The 

m ix tu re  was separated by flash-co lum n chrom atography; e th y l aceta te  (1 p a rt)- 

lig h t petroleum  (4 parts) e lu ted the component o f higher Rp, which was 4- 

ch lo ro -6 -e thoxyth ieno [2 ,3 -b ]pyrid ine  (190) (0.07g, 6%), b.p. 120°/0.05m m Hg, 

m.p. 65-67° (Found: C, 50.8, H, 3.8; N, 6.2. C R O N O S  requires C, 50.6; H, 

3.8; N, 6.6%), 5 ( C D C l ^  7.30 (2H, s, 2-H and 3-H), 6.83 (1H, s, 5-H), 4.47
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(2H, q, 3 = 7 Hz, O C F C C H j, and 1.42 (3H, t, 3 = 7 Hz, O C H -C H j,  v ” 1580,^ ^ ^ m9.x
and 1550 cm - . E lu tion  o f the colum n w ith  e thy l ace ta te  gave the major

component, 4“ ch lo ro -7 -e thy lth ieno [2 ,3 -b ]pyrid ine -6 (7H )-one  (189) (0.59g, 48%),

m.p. 91-93° (from  lig h t petro leum ) (Found: C, 50.2; H, 3.7; N, 6.3.

C gHgClNOS requires C, 50.6; H, 3.8; N ,6.6%), b (CDC13) 7.21 (1H, d, 3=6Hz,

2-H), 7.00 (1H, d, 3=6Hz, 3-H), 6.59 (1H, s, 5-H), 4.16 (2H, q, 3=7Hz,

N C H9C H j ,  and 1.41 (3H, t, J=7Hz, N C H 0 C H j ,  y -  1640, and 1530 c m "1, z j  z — j  max

6 -Methoxy thieno[2,3-b]py ridine (191) -

6-C hloroth ieno[2,'3-b]pyrid ine (0.3g, 1.8mmol) was boiled under re flu x  w ith

sodium m ethoxide (from  1.6g, 72m g-atom  sodium) in  m ethanol (60m l) fo r  20h.

The product was iso lated in the manner described fo r the prepara tion  o f (185);

a fte r  the flash-co lum n chrom atography stage 6 -m ethoxyth ieno [2 ,3 -b ]pyrid ine

(191) (0.21g, 72%) was obtained as an o il, b.p. 100°/0.2mmHg, (Found: C,

55.6; H, 4.3; N, 8.3. C gH7NOS requires C, 58.2; H, 4.2; N, 8.5%), 5 (CDC13).

7.86 (1H, d, J=8Hz, 4-H), 7.22 (1H, d, 3=6Hz, 2-H), 7.09 (1H, d, 3=6Hz, 3-H),

6.71 (1H, d, 3=8Hz, 5-H), and 3.98 (3H, s, O C H j,  y -  ( f ilm ) 1590, and 1560I j  max
cm .

Ethyl 2,4-Dichloroquinoline-3-carboxylate (193) -

This compound was prepared by the method described by Grundon,
1U9 I 0.9

M cC orkindale  and Roger and had m.p. 101-103° ( l i t .  104°), ^ ( C D C l^ )

145.6 (C-2), 127.4 (C-3), 141.3 (C-4), 147.3 (C-9), 124.5 (C-10), 124.5, 128.6,

129.0, and 132.2 (C -5 -  C -8).

Reaction of (193) with Sodium Ethoxide in Ethanol -

Sodium (0.46g, 0.02g-atom ) was dissoved in ethanol and the so lu tion  was added

to  e th y l 2 ,4 -d ich lo roqu ino line-3 -carboxy la te  (5.4g, 0.02mol) in ethanol (100ml).

The m ix tu re  was set aside a t toom  tem pera ture  fo r 3 days, then added to

w a te r; the products were isolated by e x tra c tio n  in to  d ich lorom ethane. Flash-

colum n chrom atography o f the resu lting  o il, using e thy l ace ta te  (1 p a r t) - lig h t

petro leum  (19 parts) as e luant, a ffo rded  th ree  fra c tioh s . F irs t to  be e luted

was s lig h tly  im pure e thy l 4 -ch lo ro -2 -e thoxyqu ino line -3 -ca rboxy la te  (195) (0.28g,

5%), as an o il, b.p. 150°/0.05mmHg, (Found: C, 61.3; H, 5.4; N, 4.4.

C 14H 14C1N° 3  requires C, 60.1; H, 5.4; N, 4.4%), SH(CDC13 7.29-8.27 (4H, m,

5-H - 8H), 4.36-4.78 (4H, m, 2xOCH2C H j ,  and 1.30-1.55 (6H, m,

2xOCH2C H 3); 5c (CDC13) 157.8 (C-2), 122.3 (C-3), 140.5 (C-4), 146.5 (C-9),

124.5, 125.2, 127.6, and 131.1 (C-5 -  C-8) [n o  C-10 signal observed], y~• max
(f ilm ) 1740, 1610, 1600, and 1560 cm . This was fo llow ed  by a very sm all 

q ua n tity  o f unreacted (193), then by e thy l 2 -ch lo ro -4 -e thoxyqu ino line -3 -ca r- 

boxyla te  (194) (4.0g, 72%) as a solid, m.p. 55-57° (Found: C, 60.5; H, 5.2; N,
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4.9. C ^ H ^ C IN C ^  requires C, 60.1; H, 5.0; N, 5.0%), 8 H(CDC13) 7.30-8.19 

(4H, m, 5 -H -8-H ), 4.18-4.65 (4H, m, 2xOCH2C H 3), and 1.31-1.61 (6H, m, 

0 'C H 2C H 3); 5c (CDC13) 148.0 (C-2), 122.0 (C-3), 165.5 (C-4), 147.3 (C-9),

116.5 (C-10), 122.9, 126.9, 128.4, and 131.5 (C -5-C -8), v "  1730, 1610, and
I max

1570 c m "1.

2-Chloro-4(lH)-oxQquinoline-3-carboxylic Acid (196) -

The 2 -ch lo ro -4 -e thoxyqu ino iine  ester (194) (1.5g) was heated on the steam -bath

fo r 30 m inutes w ith  a m ix tu re  o f 4M-aqueous sodium hydroxide (30ml) and

m ethy la ted  sp ir its  (30ml). The ethanol was removed by d is t illa t io n  and the

rem ain ing aqueous so lu tion  was kept on the steam -bath fo r a fu r th e r lh . When

cool the solution was a c id ifie d  w ith  concentrated hyd roch lo ric  acid, the

p re c ip ita te  was f i lte re d  o ff ,  washed w ith  w a ter, and dried, to  g ive the t i t le

acid (0.95g, 79%), m.p. 192-194° (decomp.), raised to  193-194° a fte r
1 49

c rys ta llisa tio n  from  m ethanol ( l i t .  194-195°).

4-(lH)-Qxoquinoiine-3-carboxylic Acid (198) -

The forego ing chloro-com pound was converted in to  2 -hyd raz ino -4 (lH )-oxoqu in -

o lin e -3 -ca rbo xy lic  acid (197), m.p. 220-221° (decomp.) [ l i t . 1^9 224° (decom p.)]
I 49

and thence to  the t i t le  oxo-acid  (198), m.p. 262-264° (decomp.) [ l i t .
1 9264-266° (decom p.)] by methods described in the lite ra tu re  . The proton

n .m .r. and i.r . spectra  o f the product were iden tica l to  those of a sample o f

4 (lH )-o xoq u ino line -3 -ca rb oxy lic  acid, m.p. 264-266° (decomp.) prepared by an
159a lte rn a tive  method from  the lite ra tu re  and the re  was no depression of m.p.

when m ateria ls  from  the tw o  sources were m ixed.

4-Chloro-2(lH)-oxoquinoline-3-carboxylic Acid (200) -

E thy l 2 ,4-d ich io roqu ino line  3-carboxy la te  (4g) was heated on the  steam -bath

fo r 3h w ith  a m ix tu re  o f 6M-aqueous hydroch lo ric  acid (120ml) and dioxan

(100ml), then the cooled so lution was d ilu ted  w ith  w a te r. The p re c ip ita te d

solid was co lle c ted  by f i l t r a t io n ,  washed w ith  w a te r, and dried, to  provide

e thy l 4 -ch lo ro -3 -e thoxyca rbony lqu ino lin -2 (lH )-one  ( i.3 g , 35%), m.p. 200-203° 
149

( l i t .  202-203°C). The oxo-ester was saponified by heating  i t  on the steam - 

bath fo r  3h. w ith  2M-sodium hydroxide (30m l); a c id if ic a tio n  (concentra ted 

hydroch lo ric  acid) o f the ch illed  so lu tion yielded 4 -ch lo ro -2 (l H )-oxoquino line-

3 -ca rboxy lic  acid (200) (0.8g, 69%), m.p. 248-250°. The a n a ly tica l sample

(from  m ethy la ted  sp irits ) had m.p. 250-252° (decomp.) (Found: C, 53.7; H, 2.7;

N, 6.6. C 10H6C lN O 3 requires C, 53.7; H, 2.7; N, 6.3%), 8 (D 20-N aO D )

8.10-7.06 (m, 5 -H -8-H ), v* 3200-2500, 1740, 1630, 1590, and 1550 c m "1.r max 7 7 7 7
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Com petitive Methoxydechlorination Reactions of 4-Chloroquinoline, 4-Chloro-

thieno[2,3-b]pyridine, and 7-Chlorothieno[3,2-b]pyridine (w ith  G Bryant)

Equim oiar amounts o f pairs of the t i t le  compounds in m ethanol ( to ta l concen­

tra tio n  8% w /v ) were boiled under re flu x  w ith  one equ iva lent o f sodium

m ethoxide fo r 70h. The cooled so lu tion  was added to. w a te r and the  organic 

m a te ria l was e x trac te d  (4x) in to  d ich lorom ethane. The e x trac ts  were washed 

w ith  w a te r, dried, and evaporated. The product com position was exam ined by 

n .m .r. (using the in tegra ls  o f the methoxy protons to  assess the  re la tiv e  

proportions of the substitu tion  products), and by g .l.c . (15% Carbowax 20M on 

60-80 mesh Chromosorb W, 2m colum n, operated at 160°C). For the g .l.c . 

analysis the peaks due to  the m ethoxyla ted products were weighed, a llowance 

being made fo r the d if fe re n t response o f the de tec to r to  the  ind iv idua ls. The 

results are presented in Table 9, in which the fo llo w in g  symbols are employed:

A = 4-C h lo roqu ino line  D = 4 -M ethoxyquino line

B = 4 -C h lo ro th ieno [2 ,3 -b ]pyrid ine  E = 4 -M e thoxyth ieno [2 ,3 -b ]pyrid ine

C = 7 -C h lo ro th ieno [3 ,2 -b ]pyrid ine  F = 7 -M e thoxyth ieno [3 ,2 -b ]pyrid ine

Table 9

C o m p e titive  M ethoxydech lorina tions of 4-C hloroqu ino line  

and its1. Th ieno[2,3-b ]- and -[3 ,2 -b jpyrid ine  Analogues

C om peting

Pair

R a tio  o f M ethoxyla ted Products 

g .l.c . n .m .r.a

A + B D:E 1.9:1 1.5:1

A + C D:F 4.1:1 b

B + C E:F 1.5:1 1.25:1

Notes: a, run in C D C l^

b, OCH^ peaks co inciden t
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8.3 Work Described in Chapter Five

6-Bromothieno[3,2-b3pyridin-7(4H)-one (225) -

A so lu tion  of th ieno [3 ,2 -b ]pyrid in -7 (4H )-one  (212) (0.76g, 5mmol) in g la c ia l 

a ce tic  acid (20m l) a t 40°C was trea ted , over 10 m inutes, w ith  brom ine ( ig , 

6m m ol) in the same solvent (10ml). A f te r  a fu r th e r 10 m inutes the so lu tion 

was added to  w a te r, the p re c ip ita te  (0.85g, 74%) was f i lte re d  o ff ,  washed 

w ith  w a te r, d ried and crys ta llised  fro m  D M F-ethanol to  provide the t i t le  

bromocompound (0.46g), m.p. >300°C (Found: C, 36.2; H, 1.7; N, 3.7.

C ?H /fBrNOS requires C, 36.3; H, 1.7; N, 6.1%), v~max 3200, 3100-2300, 1610, 

1390, and 1570-1480 cm -1 , 8 [ ( C D ^ S O ]  8.35 (1H, s, 5-H), 7.94 (1H, d,

J=5.5Hz, 2-H), and 7.26 (1H, d, J=5.5Hz, 3-H).

3,6-Dibromothieno[3>2-b]pyridin-7(4H)-one (226) -

Thienopyridone (212) (0.76g, 5mmol) in  g lac ia l a ce tic  acid (20m l) was trea ted

under re flu x  w ith  a so lu tion  o f brom ine (2g, 12.5mmol) in  the same solvent

(10ml), over 10 m inutes. The m ix tu re  was boiled fo r a fu r th e r 10 m inutes,

then w a te r (30ml) was added. A f te r  3 days the p re c ip ita te  was co llec ted  by

f i l t ra t io n ,  washed w ith  w a te r, and dried. The product (0.87g) was shown by

t . l.c .  ( C ^ C ^ - E tO H jO t l)  to  consist o f a m ajor component o f h igher Rp, and a

m inor component. I t  was c rys ta llised  from  methanol to  y ie ld  3 ,6 -d ib rom o-

th ieno [3 ,2 -b ]pyrid in -7 (4H )-one  (226) (0.32g, 20%), decomp. >270°C (Found: C,

26.9; H, 1.0; N, 4.4. C H .B r.N O S  requires C, 27.2; H, 1.0; N, 4.5%), y'  j  max
2100-2500, 1580, and 1540 c m "1, 8 [ ( C D ^ S O ]  8.27 (1H, s, 5-H), and 8.22 (1H, 

s, 2-H). When th is reac tion  was ca rried  out in the presence of sodium aceta te  

the product, a fte r  2h under re flu x , was a m ix tu re  o f app rox im a te ly  equal 

amounts of the mono- (225) and dibromocompound (226).

6-Nitrothieno[3,2-b]pyridin-7(4H)-one (227) -

Compound (212) ( lg )  and n it r ic  acid (15m l) were heated toge the r on the steam - 

bath fo r 30 m inutes. The cooled so lu tion  was added to  ice w a te r, the p re c ip i­

ta te  (0.46g) was co llec ted , washed w ith  w a te r, dried, and c rys ta llised  from  

DMF, g iv ing  6 -n itro th ieno [3 ,2 -b ]pyrid in -7 (4H )-one  (227) (0.36g, 28%), m.p. 

>300°C (Found: C, 43.1; H, 1.9; N, 14.3. C ^ N ^ S  requires C, 42.9; H,

2.0; N, 14.3%), y  = v 3100-2300, 1600, and 1550 c m '1, 8 [(C D ,L S O ] 9.12 (1H, max j
s, 5-H), 8.20 (1H, d, J=5.5Hz, 2-H), and 7.41 (1H, d, 3=5.5Hz, 3-H).

N itra te  Salt of Thieno[3,2-b]pyridin-7(4H)-one -

The th ienopyridone (1.5g, lOm m ol) was boiled under re flu x  fo r  30 m inutes w ith  

a so lu tion  of n it r ic  acid (2m l) in g lac ia l ace tic  acid (20m l). On cooling  a solid 

(1.7g) c rys ta llised  out; i t  was recrys ta llised  from  the same solvent to  furn ish



■H

1
the t i t le  sa lt (1.4g, 65% ), m.p. 182°C (decomp.) (Found: C, 39.5; H, 2.7; N,

13.4. C ?H6N O^S requires C, 39.2; H, 2.8; N, 13.1%), y~max 3300-2100, 1620 

and 1510 cm , 6 [(C D 3)2SO] 8.63 (1H, d, 3=7.5Hz, 5-H), 8.46 (1H, d, 3=5.5Hz

2-H), 7.59 (1H, d, 3=5.5Hz, 3-H), and 7.05 (1H, d, 3=7.5Hz, 6-H).

3,6-Dinitrothieno[3,2-b]pyridin-7(4H)-one (228) -  g

A so lu tion  o f n it r ic  acid (6m l) in  concentrated su lphuric acid (15ml) was 

cooled, and to  i t  was added the th ienopyridone (212) ( lg ), in portions, over 15 |

m inutes, the tem pera tu re  being m aintained a t 0.5°C. The cooled so lu tion  was 

s tirre d  fo ra  fu r th e r 15 m inutes, then set aside fo r 3 days a t room tem pera tu re .

I t  was added to  w a te r, the solid was co llec ted  by f i l t ra t io n ,  washed w ith  w a te r 

and dried g iv ing  the t i t le  d in itrocom pound (228) (I.14g , 71%), m.p. >300°C 

a fte r  c rys ta llisa tio n  from  g lac ia l a ce tic  acid (Found: C, 34.9; H, 1.2; N, 17.3. 

C 7H 3N 30 5S requires C, 34.9; H, 1.2; N, 17.4%), v max 3300-2500, 1620, 1590, 

and 1550 c m "1, 8 [ ( C D ^ S O ]  9.40 (1H, s, 5-H), and 8.83(1H, s, 2-H).

6-Diethylaminomethylthieno[3,2-b]pyridin-(4H)-one (229) -

A m ix tu re  of (212) (1.51g, lOm m ol), aqueous form aldehyde (40%, 1ml, 13mmol), 

d ie thy lam ine  (1.6g, 22mmol), and ethanol (100ml) was boiled under re flu x  fo r 

6h; m ore form aldehyde so lu tion (0.5m l) and d ie thy lam ine  (0.8g) were added, 

and bo iling  was continued fo r a fu r th e r 4h. The so lu tion  was evaporated to  

dryness and the  residue was chrom atographed on a lum ina; e lu tion  w ith  

d ich lorom ethane-m ethano l (9:1) gave a s ticky  ye llow  solid (1 -1 g, 47%) which, on 

tr itu ra t io n  w ith  e ther a ffo rded  the t i t le  base (229), m.p. 127-129°C (Found: C,

60.8; H, 6.6; N, 11.6. C ^ H ^ N ^ O S  requires C, 61.0; H, 6.8; N, 11.9%), v*m 

3100-2300, 1600, and 1500 cm " , 8 (CDC13) 8.12 (1H, s, 5-H), 7.62 (1H, d,

3=5.5Hz, 2-H), 7.36 (1H, d, 3=5.5Hz, 3-H), 3.89 (2H, s, A rC H 2), 2.72 (4H, q,

3=7.5Hz, 2xCH[2C H 3), and 1.14 (6H, t ,  3=7.5Hz, 2xC H 3). A so lu tion  of the 

product ( lg )  in  ethanol (10m l) was trea ted  w ith  oxa lic  acid ( lg )  in the same 

so lvent. The p re c ip ita te  was f ilte re d  o ff, washed w ith  e thanol, and dried to  

give (229) oxalate  having m.p. 164-166°C (decomp.) (from  ethanol) (Found: C,

49.9; H, 5.4; N, 8.2. C ^2H ^ N 20S .C 2H 20 ^  requires C, 51.5; H, 5.5; N, 8.6%), .

V m ax 330° - 2500> l 7 2 0 > 1620> 1580> an^ 1540 c m "1, 8 [ ( C D ^ S O ]  8.22 (1H, s,
5-H), 8.05 (1H, d, 3=5.5Hz, 2-H), 7.37 (1H, d, 3=5.5Hz, 3-H), 4.19 (2H, s,

A rC H 2), 3.12 (4H,q, 3=7Hz, 2xCH2C H 3), and 1.28 (6H, t ,  3 = 7Hz, 2xC H 3).

6-Bromo-4-methylthieno[3,2-b]pyridin-7(4H)-one (231) -

The N -m ethy lth ieno [3 ,2 -b ]pyridone  (230) (0.66g, 4mmol) in g lac ia l a ce tic  acid 

(20ml) con ta in ing  sodium ace ta te  (0.33g, 4m m ol) was trea ted  a t room 

tem pera ture  w ith  a so lu tion  o f brom ine (0.64g, 4mmol) in g lac ia l a ce tic  acid 

(10m l). A fte r  30 m inutes the so lu tion was d ilu ted  w ith  w a ter, made basic (4M - 

sodium hydroxide), and extrac ted  w ith  d ich lorom ethane (x3). From the washed
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(w a te r) and dried .extracts was obtained a solid which, on c rys ta llisa tio n  from

ace tone -ligh t pe tro leum , gave the t i t le  bromocompound (0.66g, 68%), m.p.

187-89°C (Found: C, 39.0; H, 2.4; N, 5.7. C 0H .BrN O S requires C, 39.3; H,

2.5; N, 5.7%), y  1610, 1570, and 1510 cm -1 , 8 [ ( C D J 0S O -C D C 1J 8.18 max 7 7  7 3 2 3
(1H, s, 5-H), 7.84 (1H, d, 3=5.5Hz, 2-H), 7.29 ( (1H, d, 3=5.5Hz 3-H), and 3.93 

(3H, s, C H 3). The same product was obtained when the reac tion  was repeated 

w ith  a tw o -fo ld  excess of brom ine.

4-Methyi~6-nitrothieno[3,2-b]pyridin-7(4H)-one (232) -

R eaction o f compound (230) ( lg )  w ith  n it r ic  acid (20ml) on the steam -bath fo r 

2.5h, fo llow ed  by add ition  to  ice w a te r yielded a solid (0.7g) which, a fte r  being 

washed w ith  w a te r, and dried, was crys ta llised  from  g lac ia l ace tic  acid to  give

4 -m e thy l-6 -n itro th ieno [3 ,2 -b jpyrid in -7 (4H )-one  (232) (0.6g, 47%), m.p. 256-258°C

(Found: C, 45.9; H, 2.7; N, 12.8. C g H ^ N ^ S  requires C, 45.7; H, 2.9; N,

13.3%), y -  1630, 1620, 1590, and 1520 c m '1, f i ‘ [ ( C D j0SO] 9.12 (1H, s, max j  z
5-H), 8.15 (1H, d, 3=5.5Hz, 2-H), 7.48 (1H, d, 3=5.5Hz, 3-H), and 3.98 (3H, s,

c h 3).

4-Methyl-3,6-dinitrothieno[3,2-b]pyridin-7(4H)-one (233) -

T rea tm en t o f (230) 0.66g, 4m m ol) w ith  n it r ic  acid (6m l) in su lphuric acid 

(15m l) in the manner described fo r the d in itra tio n  o f (212) gave a solid (0.56g, 

55%), m.p. 250°C (decomp.). A f te r  c rys ta llisa tio n  from  g lac ia l a ce tic  acid the 

din itrocom pound (233) had m.p. 252-254°C (decomp.) (Found: C, 37.4; H, 1.8; 

N, 16.2. C gH N 30 5S requires C, 37.6; H, 2.0; N, 16.5%), v -max 1630, 1540,, 

and 1510 c m" ,  8 [ ( C D ^ S O ]  9.33 (1H, s, 2-H), 9.20 (1H, s, 5-H), and 4.00

(3H, s, C H 3).

6-Diethylamlnomethyl-7-hydroxythieno[3>2-b]pyridin-5(4H)-one (238) -

7-H ydroxyth ieno[3 ,2-b ]pyrid in -5 (4H )-one  (234) (1.67g, lOm m ol) in ethanol (50ml) 

was added to  a cold (-5°C ) m ix tu re  o f aqueous form aldehyde (40% w /v ; 1.0ml, 

13mmol), d ie thy lam ine  (1.6g, 22mmol), and ethanol (10m l). The whole was set 

aside a t -5°C  fo r 40h, the solvent was removed in vacuo g iv ing  the t i t le  base

(238) (2.1 g, 83%), m.p. >300°C (Found: C, 57.0; H, 6.4; N, 11.1.

C 12H i6 N2 ° 2 S recIuires C » 57*1? H> 6.3; N, 11.1%), \ ^ max 3100-2500, 1610, and
1570 cm "1 , 8 (D 20 -N aO D ) 7.58 (1H, d, 3=5.5Hz, 2-H), 7.03 ( 1H, d, 3=5.5Hz,

3-H), 3.82 (2H, s, A rC H 2), 2.74 (4H, q, 3=7Hz, 2xCH2C H 3), and 1.14 (6H, t ,  

3=7Hz, 2xC H 3).

3,4-Dihydro-2-hydroxy-2-methylthieno[3,2-b3-2H-pyrano[2>3-d]pyridin-5(6H)-one
(239) -

A so lu tion  of iodom ethane (2.85g, 20mmol) and 4-d im ethy lam inobutan-2-one  

(2.85g, 20mmol) in  ethanol (10m l) was added a t room tem pera tu re  over 30
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m inutes to  a m ix tu re  o f the th ieno[3 ,2-b ]pyridone (234) (1.67g, lO m m ol) and

potassium hydroxide ( l . lg ,  20mmol) in  ethanol (25ml). The whole was boiled

under re flu x  fo r 30 m inutes, then cooled, and d ilu ted  w ith  w a te r (30m l). A f te r

neu tra lisa tion  (concentra ted hydroch lo ric  acid) the m ix tu re  was fu r th e r d ilu ted

w ith  w ater (500ml) to  y ie ld  a solid (1.4g, 59%) which was f ilte re d  o ff ,  washed

w ith  w ater, and dried. Thus was obtained the t r ic y c lic  substance (239), m.p.

210-213°C (decomp.). The a na ly tica l sample (from  aqueous m ethanol) had m.p.

213-215°C (decomp.) (Found: C, 55.5; H, 4.7; N, 5.5. C ^ H ^ N O ^ S  requires

C, 55.7; H, 4 .6 ;•N, 5.9%), y -  3300-2500, 1630, and 1570 c m "1.In  t r if iu o ro -max
a ce tic  acid the pyran ring  in (239) is opened, and in th is so lvent the spectrum  

is th a t of 7 -hydroxy-6 -(2 -oxobu tan -4 -y l)th ieno [3 ,2 -b ]pyrid in -5 (4H)-one § ^  7.97 

(1H, d, 3=5.5Hz, 2-H), 7.35 (1H, d, 3=5.5Hz, 3-H), 3.09 ( 4H, br s, A r C H 2C H 2) 

and 2.30 (3H, br s, C O C H 3); 8 C  165.1 (CO), 162.3 (5-C), 159.8 (7-C), 142.1 

(9-C), 136.5 (2-C), 120.0 (6-C), 117.2 (3-C), 27.7 (C H 2CO and C O C H 3), and 

15.7 (A rC H 2).

7-Hydroxy-3,6-dinitrothieno[3,2-b]pyrid in-5(^H)-one (240) -

7-H ydroxyth ieno[3 ,2-b ]pyrid in -5 (4H )-one  (1.67g, lOm m ol) was added over 15 

m inutes to  a m ix tu re  o f n it r ic  (6m l) and concentrated su lphuric acid (15m l), a t 

0-5°C . The m ix tu re  was s tirre d  at room tem pera ture  overn igh t, then added to  

w a te r; the solid [1 .7g, 66%; m.p. 180°C (decom p.)] was f i lte re d  o ff ,  washed 

w ith  w a te r, dried, and crys ta llised  from  g lac ia l a ce tic  acid to  give the t i t le  

d in itrocom pound (240), m.p. 188°C (decomp.) (Found: C, 32.7; H, 1.1; N, 15.9. 

C ?H N30 6S requires C, 32.7; H, 1.2; N, 16.3%), v 'max 3310, 1680, and 1510 

c m ,  6 [(C D 3)2SO] 9.14 (s, 2-H).

6-Ethoxycarbonyl-7-hydroxy-3-nitrothieno[3,2-bjpyrid in-5(4H)-one (2frl) -

Ester (237) (1.5g) was reacted w ith  m ixed acid (n itr ic , 6m l; su lphuric, 15ml) in

the  manner just described. The crude product (1.44g, 81%) was c rys ta llise d

fro m  aqueous a ce tic  acid to  y ie ld  the t i t le  n itrocom pound (241), m.p. 205°C

(decomp.) (Found: C, 42.0; H, 2.8; N, 9.7. C j_0H8N2 ° 6 S reciuires ^ 2-2> H>
2.8; N, 9.9%), y -  3320, 3120, 1660, 1600, and 1560 c m "1, 6 (C F -C O -H ) max j
9.38 (1H, s, 2-H), 4.89 (2H, q, 3=7Hz, C H 2), and 1.61 (3H, t ,  3=7Hz, C H 3).

Attem pted Fries rearrangement o f 7-Acetoxythieno[3,2-b]pyridin-5(frH)-one 
(2»2) -

The aceta te  (1.05g, 5m m ol) and a lum in ium  ch loride  (0.67g, 5mmol) were heated 

in n itrobenzene (10m l) on the steam -bath fo r 4h. The m ix tu re  was added to  

ice /4M  hydroch lo ric  acid and the whole d is tille d  u n til the n itrobenzene had 

been removed. However, e x tra c tio n  o f the resu lting  so lu tion  fa ile d  to  y ie ld  

any characte risab le  m a te ria l.
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6-Bromo-7-chlorothieno[3,2-b]pyridin-5(4H )-one (244) -

A bo iling  so lu tion  o f 7 -ch loro th ieno [3 ,2 -b ]pyrid in -5(4H )-one  (0.93g, 5mmol) in

g lac ia l a ce tic  acid  (50m l) was trea ted  over 15 m inutes, under re flu x , w ith  a

so lu tion  of brom ine (0.8g, 5mmol) in the same solvent (10m l). A fte r  a fu r th e r

15 m inutes a t the bo il the so lu tion was cooled and poured in to  w a te r. The

washed (H^O) and dried p re c ip ita te  ( l . lg ,  83%) was crys ta llised  from  D M F-m e-

thanoi to  provide 6 -b rom o-7-ch loro th ieno [3 ,2 -b ]pyrid in -5 (4H )-one  (0.98g), m.p.

290-292°C (decomp.) (Found: C, 31.5; H, 1.1; N, 5.1. C ^ B r C lN O S  requires

C, 31.8; H, 1.1; N, 5.3%), yt 3200-2300, and 1640 c m "1, #  ( C D j0SO-CD-max j  z
C l3 ] 7.88 (1H, d, 3=5.4Hz, 2-H), and 7.00 (1H, d, 3=5.4Hz, 3-H).

6 -B rom o-5 ,7 -d im e thoxyth ieno [3 ,2 -b ]pyrid ine  (245) -

Brom ine (0.4g, 2.5m m ol) in  g lac ia l ace tic  acid (10ml) was added to  a so lu tion  

o f 5 ,7 -d im ethoxyth ieno [3 ,2 -b ]pyrid ine  (0.49g, 2.5mm ol) in g lac ia l a ce tic  acid 

(10m l). The so lu tion was s tirre d  a t room tem pera tu re  fo r 48h, then added to  

sodium m etab isu lph ite  so lu tion . The organic m a te ria l was iso la ted by e x tra c t­

ion in to  d ich lorom ethane; i t  was an o il, and was shown by t . l.c .  (E tO A c -lig h t 

pe tro leum , 1:4) to  consist o f a m ix tu re  o f the s ta rtin g  m a te ria l and a product 

of h igher Rp. By use of the same solvent m ix tu re  the compounds were 

separated by flash-co lum n chrom atography, which gave unreacted (243) (0.21 g) 

and the  t i t le  brom odim ethoxycom pound (245) (0.15g, 22%), m.p. 79-81°C 

(Found: C, 39.7; H, 2.9; N, 5.0. C 9HgBrNC>2S requires C, 39.4; H, 2.9; N,

5.1%), y v  1560, and 1540 c m "1, 5 (C D C lJ  7.63 (1H, d, 3=5.5Hz, 2-H), 7.35 max 3
(1H, d, 3=5.5Hz, 3-H), 4.25 and 4.07 (6H, 2 x s, 2xC H 3).

6 -B ro ino -5 -ch lo ro -7 -hydroxyth ieno [3 ,2 -b ]pyrid ine  (246) -

Th ienopyrid ine d e riva tive  (168) (0.56g, 3mmol) in  g lac ia l a ce tic  acid (20ml) was

tre a te d  w ith  brom ine (0.48g, 3mmol) in the same so lvent (10ml) in the

presence o f sodium ace ta te  (0.25g, 3mmol), a t room tem pera tu re . The solid

present a fte r 10 m inutes was f i lte re d  o ff ,  washed w ith  w a te r, dried, and

crys ta llised  from  g lac ia l a ce tic  acid to  a ffo rd  the t i t le  bromocompound (0.7g,

88%), m.p. 297°C (decomp.) (Found: C, 31.4; H, 1.1; N, 5.1. C ^ C lB r N O S

requires C, 31.8; H, 1.1; N, 5.3%), v~ 3000-2300, and 1580-1500 c m "1, 8max
[(C D 3)2SO] 8.20 (1H, d, 3=5.5Hz, 2-H), and 7.46 (1H, d, 3=5.5Hz, 3-H).

5 -B rom o-4-hyd roxyth ieno [2 ,3 -b ]pyrid ine  (247) -

A so lu tion  o f brom ine (0.8g, 5mmol) in  g lac ia l ace tic  acid (10m l) was added to  

a so lu tion  of 4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  (0.76g, 5mmol) and sodium ace ta te  

(0.41g, 5mmol) in  the same solvent (20ml). The m ix tu re  was s tirre d  a t room 

tem pera tu re  overn igh t, the  solids were co llec ted  by f i l t ra t io n ,  washed w ith  

w a te r, and dried to  give 5 -b rom o-4-hydroxyth ieno [2 ,3 -b ]pyrid ine  (247) (0.82g,



71%), m.p. 273°C. The ana ly tica l sample (from  g lac ia l ace tic  acid) had m.p.

276-278°C (Found: C, 36.3; H, 1.8; N, 6.1. C ^ B r N O S  requires C, 36.5; H,

1.7; N, 6.1%), v "  3000-2300, 1590, and 1520 c m '1, 5 [(C D -L S O ] 8.41 (1H, max d z
s, 6-H), and 7.45 (2H, s, 2-H and 3-H).

5-D iethylam inom ethyl-4-hydroxythieno[2,3-b]pyrid ine (248) -

4-H ydroxyth ieno [2 ,3 -b ]pyrid ine  (1.51g, lOm m ol) was added to  a so lu tion  in

ethanol (50ml) of. aqueous form aldehyde (40%, 1ml, 13mmol) and d ie thy lam ine

(i.6 g , 22mol). A f te r  being kept 10 days a t room tem pera tu re  the so lu tion  was>

evaporated to  dryness a t room tem pera tu re  (the product was decomposed when

th is  evaporation was ca rried  out a t 60°C). The o il so obta ined was subjected

to  flash-co lum n chrom atography (C ^ C ^ -M e O H , 9:1) to  g ive 5 -d ie thy lam ino -

m e thy l-4 -hyd roxy th ieno [2 ,3 -b ]pyrid ine  (248) (1.8g, 76%), as a pale ye llow  o il,

V*™ov (film ) 3100-2500, 1610, and 1550 c m "1, 5 (C D C lJ  8.05 (1H, s, 6-H), max
7.38 (1H, d, J=6Hz, 2-H), 7.28 (1H, d, 3=6Hz, 3-H), 3.92 (2H, s, A rC H 2), 2.71

(4H, q, 3=7Hz, 2xCH2C H^), and 1.16 (6H, t ,  J=7Hz, 2xCH^). A so lu tion  o f the

product ( lg ) in  ethanol (10m l) was trea ted  w ith  oxa lic  acid ( lg )  in the same

solvent (10ml). The p re c ip ita te  was f ilte re d  o ff ,  washed w ith  e thano l, and

dried  a t room tem pera tu re  to  give (248)oxalate (1.4g), m.p. 150-152°C (Found:

C, 48.6; H, 5.2; N, 7.7. C 12H 16N2OS.1.5 requires C, 48.5; H, 5.1; N,

7.55%); v~ a 3200-2300, 1720, and 1610 c m '1, 5 [(C D -L S O ] 8.30 (1H, s, max j  z
6-H), 7.43 (2H, s, 2-H and 3-H), 4.21 (2H, s, ArChF,), 3.12 (4H, q, 3 -7H z, C H 2-

C H 3), and 1.28 (6H, t ,  3=7Hz, 2xCH3).

2,5-D ibrom o-4-hydroxythieno[2,3-b]pyrid ine (252) -

Brom ine (1.6g, lOm m ol) in  g lac ia l a ce tic  acid (10ml) was added to  a bo iling

so lu tion  of 4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  (0.76g, 5mmol) and sodium aceta te

(0.82g, lOmm ol) in  g lac ia l ace tic  acid (20ml). The whole was boiled under

re flu x  fo r 10 m inutes, then cooled and f ilte re d . The residue was washed w ith

w a ter, and dried, to  g ive the  t i t le  dibromocompound (1.3g, 84%); a po rtion  was

crys ta llised  from  g lac ia l a ce tic  acid, when i t  had m.p. >300°C (Found: C,

27.3; H, 1.0; N, 4.4. C 7H~Br7NOS requires C, 27.2; H, 1.0; N, 4.5%); v~i  j  /Li max
3100-2300, 1590, and 1520 c m "1, 8 [(C D  ) SO] 8.51 (1H, s, 6-H), and 7.71 (1H, 

s, 3-H).

2-Brom o-4-hydroxythieno[2,3-b]pyridine (251) -

2012-B rom o-4 -hyd roxy th ieno [2 ,3 -b ]pyrid ine -5 -ca rboxy lic  acid (2g) was added 

over 10 m inutes to  bo iling  diphenyl e ther (20m l), the  so lu tion  was boiled under 

re flu x  fo r a fu r th e r 10 m inutes, then cooled and d ilu ted  w ith  lig h t petro leum  

(50m l). The p re c ip ita te  was co lle c ted  by f i l t ra t io n ,  washed w ith  lig h t pe tro ­

leum , and dried, to  g ive 2 -b rom o-4-hydroxyth ieno [2 ,3 -b ]pyrid ine  (1.4g, 84%), 

m.p. 208-211°C. The a na ly tica l sample (from  m ethano l-w a ter) had m.p. 211-
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213°C (Found: C, 36.2; H, 1.6; N, 6.1. C ^ B r N O S  requires C, 36.5; H, 1.7;

N, 6.1%), ^  3100-2100, 8 [(C D -L S O ] 8.20 (1H, d, 3=5.5Hz, 6-H), 7.53 (1H,max j  z.
s, 3-H), and 6.71 (1H, d, 3=5.5Hz, 5-H).

Brom ination o f 2-Bromo-4-hydroxythieno[2,3-b]pyridine -

The foregoing bromocompound (0.46g, 2mmol) and sodium ace ta te  (0.17g, 

2m m ol) were dissolved in g lac ia l a ce tic  acid and a so lu tion o f brom ine (0.32g, 

2m m ol) in the same so lvent (5m l) was added, over 10 m inutes, a t room tem p­

e ra tu re . The so lu tion was s tirred  fo r a short tim e , then poured in to  w a te r; 

the washed and dried p re c ip ita te  o f 2 ,5 -d ib rom o-4-hydroxyth ieno[2,3~b]pyrid ine  

(0.5g, 81%) had m.p. 315°C (decomp.) and was ide n tica l to  the product obtained 

by d ib rom ina tion  o f (85).

Reaction o f 4-Hydroxythieno[2,3-b]pyridine w ith  N itr ic  Acid -

The hydroxycompound ( lg )  was heated w ith  n it r ic  acid (10m l) on the 

steam -bath fo r 10 m inutes. The cooled so lu tion was added to  ice -w a te r, the 

p re c ip ita te  was f i lte re d  o ff ,  washed w ith  w a te r, and dried to  g ive a solid (0.8g) 

which was shown by t . l.c .  (S i0 2 : C ^ C ^ -M e O H ,  9:1) to  be a m ix tu re  o f tw o  

compounds. The products were separated by column chrom atography ( S i : 

C ^ C ^ -M e O H ,  9:1). The m a te ria l o f lower Rp (0.14g) was id e n tica l w ith  

4 -hyd roxy -2 ,5 -d in itro th ieno [2 ,3 -b ]py rid ine  (254) (see below), and th a t o f higher 

Rp was 4 -hyd roxy-2 -n itro th ieno [2 ,3 -b ]pyrid ine  (253) (0.57g, 44%), m.p. 286°C 

(decomp.) (Found: C, 41.9; H, 2.4; N, 13.8. C 7H ^N 2C>3S .0 .25H 20  requires C, 

41.9; H, 2.3; N, 14.0%); y~ v 3200-2200, 1630, and 1560-1520 c m "1,
f i l a X

8 t(C D 3)2 SO] 8.26 (1H, d, J=5.5Hz, 6-H), 8.28 (1H, s, 3-H), and 6.68 (1H, d, 

J=5.5Hz, 5-H).

4-Hydroxy-2,5-din itroth ieno[2,3-b]pyrid ine (254) -

A so lu tion  o f n it r ic  acid (6m l) in  concentra ted su lphuric acid (15m l) was 

cooled, and to  i t  was added 4 -hydroxyth ieno [2 ,3 -b ]pyrid ine  ( lg ) , in portions, 

over 15 m inutes, the tem pera tu re  being m ainta ined a t 0-5°C . The cooled 

so lu tion  was s tirred  fo r a fu r th e r 15 m inutes, then set aside overn igh t a t room 

tem pera tu re . I t  was added to  w a te r, the solid [0.46g, 29%, m.p. ca 2906C 

(decom p.)] was co lle c ted  by f i l t ra t io n ,  washed w ith  w a te r, dried, and c ry s ta ll­

ised from  g la c ia l a ce tic  acid to  g ive the d in itrocom pound , m.p. 299°C 

(dedomp.) (Found: C, 34.4; H, 1.1; N, 16.9. C ^H ^b^O ^S  requires C, 34.8; H,

1.2; N, 17.4%); v 3200-2500, 1620, 1580, and 1540 c m "1, 8 [ ( C D j0SO]max j  £
9.15 (1H, s, 6-H), and 8.25 (1H, s, 3-H).

4-Chloro-2-nitro-(25>7), 4-Chloro-.5-nitro-(259), and 4-Chloro~2,5-d in itro-th ieno- 
[2,3-b]pyrid ine (258) -

4-H ydroxyth ieno [2 ,3 -b ]pyrid ine  (5g) was reacted w ith  n it r ic  acid (50m l) as
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described above, but on th is occasion the aqueous quench was neutra lised by 

the add ition  of sodium hydrogen carbonate. The pH was then adjusted to  4 by' 

the  add ition  o f a ce tic  acid; the solid was f ilte re d  o ff ,  washed w ith  w ater, 

dried, and c rys ta llised  fro m  g lac ia l a ce tic  acid to  g ive a m ix tu re  (3.6g) 

consisting o f one major and tw o  m inor components. • Three grams of the 

m ix tu re  was boiled under re flu x  fo r  3h w ith  phosphoryl ch lo ride  (60m l), the 

excess of reagent was removed in vacuo, and the residue was added to  w ater. 

The crude p roduct (2.5g), iso lated by e x tra c tio n  in to  d ich lorom ethane, was 

dissolved in THF (30ml), the so lu tion  was d ilu ted  w ith  lig h t petro leum  (200ml), 

and set aside in the re fr ig e ra to r fo r  12h. The solid (1.6g) was f i lte re d  o f f  and 

p u rifie d  by flash-co lum n chrom atography ( C H y y  to  give pure 4 -ch lo ro -2 - 

n itro th ie n o [2 ,3 -b ]p y rid in e  (257) (1.3g), m.p. 131-133°C (Found: C, 38.9; H, 1.1; 

N, 13.1. C 7H^C1N70 ?S requires C, 39.2; H, 1.4; N, 13.05%); v "  1570,
/  2  Y 1T13.X

1540, and 1510 c m "1, 8 (CDC13) 8.65 (1H, d, 3=5Hz, 6-H), 8.26 (1H, s, 3-H), 

and 7.47 (1H, d, 3=5Hz, 5-H). The o rig ina l f i l t r a te  and the d ich lorom ethane 

fra c tio n s  from  the  p u r if ic a tio n  of (257) were combined, evaporated to  dryness, 

and subjected to  flash-co lum n chrom atography ( C H y y .  The e a rlie r fra c tio n s  

conta ined (257) and the m inor com ponent o f higher R p ; these fra c tio n s  were 

evaporated to  dryness and the residue was crys ta llised  fro m  T H F -lig h t p e tro l­

eum as before to  give fu r th e r q ua n tity  (0.7g) o f (257). The la te r fra c tio n s  and 

the  m other liquor from  the c rys ta llisa tio n  just described were combined and 

evaporated to  dryness. Flash-colum n chrom atography ( C H y y  o f the re su lt­

ing solid led to  pure samples of the  m inor components. That w ith  the g reate r 

Rp ( ilO m g ) was 4 -ch lo ro -5 -n itro th ie no [2 ,3 -b ]py rid ine  (259), m.p. 111-113°C 

(Found: C, 39.3; H, 1.4; N, 13.1. C ^ H ^ C i^ C y  requires C, 39.2; H, 1.4; N,

13.05%); y r  1550, and 1510 cm -1 , <5 (CDC1,) 9.08 (1H, s, 6-H), 7.83 (1H, d,
r u d x  ^

3=6Hz, 2-H), and 7.58 (1H, d, 3=6Hz, 3-H). The product w ith  the lower R p 

(90mg) was 4 -ch lo ro -2 ,5 -d in itro th ie n o [2 ,3 -b ]p y rid in e  (258), m.p. 108-110°C, 

V m ax155° c m "1, 8 (CDCy 8.83 (1H, s, 6-H), and 8.33 ( 1H, s, 3-H). A sm all 

p roportion  o f pers is ten t im p u rity  led to  poor m ic roa n a ly tica l results fo r  (258).

2-Acetylam ino-4-chloroth ieno[2,3-b]pyrid ine (260) -

4-C h lo ro -2 -n itro th ie no [2 ,3 -b ]py rid ine  (0.5g), reduced iron ( lg ), g lac ia l a ce tic  

acid (20ml) and ace tic  anhydride (5m l) were heated toge the r a t 60-70°C fo r 

0.5h. The cooled m ix tu re  was added to  ice -w a te r, the solid was f i lte re d  o ff ,  

washed w ith  w ater, and c rys ta llised  from  aqueous ethanol to  provide 2 -a ce ty l- 

am ino-4-ch loroth ieno [2,3~b]pyrid ine  (0.38g, 72%), m.p. 244-246°C (decomp.)

(Found: C, 47.2; H, 2.9; N, 12.1. C ^ C H ^ O S  requires C, 47.7; H, 3.1; N,

12.4%); ^ max 3250-2800, 1710, 1590, 1560, and 1530 c m "1, 5 [ ( C D ^ S O ]  8.30 

(1H, 3=5Hz, 6-H), 7.43 (1H, d, 3=5Hz, 5-H), 6.80 (1H, s, 3-H), and 2.19 (3H, s,

c h 3).
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2-Acetylaminothierio[2,3-b]pyridine (256) -

The forego ing chlorocom pound (0.7g) was boiled under re flu x  w ith  zinc powder

(1.4g) in g lac ia l a ce tic  acid (50m l) fo r 4 days. The solids were f i lte re d  o ff ,

washed w ith  g lac ia l a ce tic  acid, then dissolved in 4M -hyd roch io ric  acid. Both

a c id ic  solutions were made basic w ith  4M-sodium hydroxide, and e x trac te d

w ith  d ich lorom ethane (x3); the combined e x trac ts  were dried  and evaporated.

Flash-colum n chrom atography (E tO Ac) o f the residue yie lded the t i t le  am ide,

m.p. 227-230°C ( l i t . '7'1 235-236°C; l i t . 1^  3 -ace ty lam ino th ieno [2 ,3 -b ]pyrid ine

156-157°C), v 3200-2800^ 1690, 1590, 1570, and 1550, 5 [ ( C D J 0SO -CDCl J  max ^ 6 ?  J z 3
8.43 (1H, dd, J 36=if.5H z)A6-H), 8.03 (1H, dd, J if5=8Hz, 3 ^ = 1 .5Hz, 4-H), 7.32

(1H, dd, 3, ,-=8Hz, 3 i-.:=4.5Hz, 5-H), 6.91 (1H, s, 3-H), and 2.19 (3H, s, C H j  
107 *

( l i t .  6-H , 8A 0 ;  4-H , 8.01; 5-H , 7.30; 3-H , 6.90; 3 ^ = 8 ^ ;  3 ^ = 1 .5Hz).

5-Brom o-7-m ethylthieno[2,3-b]pyridin-^(7H)-one (262) -

Brom ine (0.8g, 5mmol) in  g lac ia l ace tic  acid (20mi) was added to  a so lu tion  o f

7 -m ethy lth ieno [2 ,3 -b ]pyrid in -4 (7H )-one  (1.65g, lOmm ol) and sodium ace ta te  

(0.42g, 5mmol) in  a ce tic  acid (30m l) a t room tem pera tu re . N ext day the 

m ix tu re  was added to  w a te r, the whole was made basic w ith  4M-sodium hydro­

xide and the products were iso la ted by e x trac tio n  in to  d ich lorom ethane (x3). 

F lash-colum n chrom atography (C H 2C12 - MeOH, 9:1) gave a solid (I60m g ), 

la te r id e n tif ie d  as the dibrom ocompound (261), and 5 -b rom o-7 -m e thy lth ieno - 

[2 ,3 -b ]pyrid in -4(7H )-one  (252) (0.72g, 59%), m.p. 224-226°C (from  e th y l ace ta te ) 

(Found: C, 39.3; H, 2A ;  N, 5.7. C ^ B r N O S  requires C, 39.3; H, 2.5; N, 5.7%), 

v*max 1600, 1570, and 1510 c m "1, S [ ( C D ^ S O - C D C ^ ]  8.28 (1H, s, 6-H), 7 A O

(1H, d, 3=6Hz, 2-H), 1 .2 b  (1H, d ,3=6H z, 3-H), and 3.87 (3H, s, C H j .
3

2,5-D ibromo-7-methylth ieno[2,3-b]pyridin-4(7H)-one (261) -

A m ix tu re  of the th ienopyridone (152) (0.66g, 4mmol), brom ine (1.28g, 8mmol), 

sodium aceta te  (0.66g, 8m m ol), and g lac ia l ace tic  acid (30m l) was boiled under 

re flu x  fo r  15 m inutes. The cooled so lu tion  was added to  w a te r, the p re c ip ita te  

was f ilte re d  o ff ,  washed w ith  w a ter, and dried to  give the t i t le  d ibrom ocom p­

ound (261) ( l . lg ,  85%), m.p. 266-269°C. The ana ly tica l sample (from  m ethanol) 

had m.p. 268-270°C (Found: C, 29.9; H, 1.5; N, b .3. C gH 3B r2NOS requires

C, 29.7; H, 1.6; N, b .3% ), ^  1600, 1580, and 1520 c m "1, S (C F .C O ^H )max j  z
8.80 (1H, s, 6-H), 7.91 (1H, s, 3-H), and 4.41 (3H, s, C H 3).

7-M ethyl-2-nitrothieno[2,3-b]pyridin~4(7H)-one (265) -

Compound (152) ( lg )  and n it r ic  acid (20ml) were heated toge the r on the steam - 

bath fo r  1.5h, then the cooled so lu tion  was added to  ice -w a te r. The m ix tu re  

was neutra lised (2M-sodium hydroxide) and ex trac ted  w ith  d ich lorom ethane 

(x3); the combined e x trac ts  were dried and evaporated to  y ie ld  a solid which

was shown by t . l.c .  (S i0 2 * C ^ C ^ -M e O H ,  9:1) to  conta in  one m ajor, and
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several m inor components. The m ix tu re  was applied to  a colum n o f s ilica ;

e lu tion  f ir s t ly  w ith  e thy l ace ta te , then e thy l aceta te-m ethano l (19:1) removed

the m inor components. 7 -M e thy l-2 -n itro th ieno [2 ,3 -b ]pyrid in -4 (7H )-one  (265)

(0.57g, i+5%), m.p. 215-218°C was obtained by e lu tion  w ith  d ich lorom ethane-

m ethanol (9:1) (Found: C, 4 5 .6; H, 2.7; N, 13.3. C g H ^ C ^ S  requires C,

4 5 .7 ;  H, 2.9; N, 13.3%), v~ 1620, 1590, and 1520 c m "1, 5 [(C D .L S O ] 8.23max 5 z
(1H, s, 3-H), 7.98 (1H, d, 3 = 7 .5 Hz, 6-H), 6.27 (1H, d, 3 = 7 .5Hz, 5-H), and 3.85 

(3H, s, C H 3).

7-M ethyl-2 ,5-dinitroth ieno[2,3-bjpyrid in-4(7H)-one (2 64 ) -

Compound (152) ( lg ) was added, over 10 minutes, to  a cooled (0-5°C) s tirre d

so lu tion o f n it r ic  acid (6m l) in concentrated sulphuric acid (15m l). The

solu tion was set aside a t room tem pera tu re  overn igh t, then added to  w a te r;

the solid (0.56g) was co lle c ted  by f i l t ra t io n ,  washed w ith  w a te r, dried, and

crys ta llised  from  g lac ia l ace tic  acid to  y ie ld  the t i t le  d in itrocom pound (0.42g,

27% ), m.p. 289°C (decomp.) (Found: C, 38.0; H, 1.9; N, 16.3. C ^ b L C C S
o J 3 2

requires C, 37.6; H, 2.0; N, 16.5%), y~ 1640, 1530, and 1490 cm ,max
5 [(C D 3)2SO] 9.36 (1H, s, 6-H), 8.37 (1H, s, 3-H), and 3.98 (3H, s, C H 3). 

Conversion o f (252) in to  (261) -  •

2 ,5 -D ib rom o-4-hydroxyth ieno [2 ,3 -b ]pyrid ine  (252) (0.31 g, lm m o l) was dissolved 

in a so lu tion  o f potassium hydroxide (0.06g, lm m o l) in w a te r (5m l), d im e thy l 

sulphate (0.13g, lm m o l) was added and the whole was s tirre d  fo r lh . F u rthe r 

portions o f a lka li (0.06g) and d im e thy l sulphate (0.13g) were added, and the 

m ix tu re  was s tirred  fo r lh  more. The p re c ip ita te  was f i lte re d  o ff ,  washed 

w ith  w a te r, and dried, to  g ive the N -m ethy.lth ieno[2,3-b]pyridone (261) (0.3g, 

93%), m.p. and m ixed m.p. w ith  the  product o f d ib rom ina tion  o f (152) 

267-269°C .

Conversion o f (253) in to (265) -

4 -H yd roxy-2 -n itro th ieno [2 ,3 -b ]pyrid ine  (253) (0.59g, 3mmol), d im e thy l sulphate 

(0.4g, 3.3mmol), and potassium carbonate (0.62g, 4.5m m ol) were s tirre d  and 

heated under re flu x  in butanone (150m l) fo r  4h. The so lvent was removed by 

d is t illa t io n  and the residue added .to  w a te r and s tirre d  fo r  0.5h. E x trac tio n  

w ith  d ich lorom ethane (3x) and evaporation o f the dried e x trac ts  yie lded a 

sem i-so lid  which was p u rified  by colum n chrom atography (alum ina), e lu ting  

w ith  ch lo ro fo rm . Thus was obtained the N -m ethy lth ieno [2 ,3 -b ]pyridone  (265) 

(0.3g, 48%) having m.p. 205-210°C, undepressed by adm ixtu re  w ith  the product 

of n itra tio n  o f (152).

5-Diethylam inomethyl-4-hydroxythieno[2,3-b]pyridin-6(7H)-one (272) -

4-H ydroxyth ieno[2 ,3-b ]pyrid in -6 (7H )-one (0.83g, 5mmol) in ethanol (25m l) was 

added to  a cold (-5°C ) m ix tu re  o f aqueous form aldehyde (40% w /v ; 0.5m l,
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6.5m m ol), d ie thy lam ine  (0.8g, 11 m m ol), and ethanol (5m l). The whole was set

aside a t -5°C  fo r 40h, the solvent was removed in vacuo a t room tem pera tu re

and the base ( l . lg ,  92%) was c rys ta llised  from  ethanol, when it  had m.p.

>350°C (Found: C, 56.6; H, 6.5; N, 11.0. C 12H 16N2 ° 2 S recluires C > 5 7 A ’ H>
6.35; N, 11.1%), v- 3300-2100, 1600, 1480, 1450, and 1425 c m "1, 8 (D^O, max z
in te rna l standard M e3S iC H 2C H 2S 0 3Na) 7.23 (1H, d, 3=6.5Hz, 2-H), 6.92 (1H, d, 

3=6.5Hz, 3-H), 4.22 (2H, s, A rC H 2), 3.21 (4H, q, 3=7.7Hz, 2xC H 2C H 3), and

1.36 (6H, t, 3=7.7Hz, 2xC H 3).

Brom ination o f 4-Hydroxy thieno[2,3-bjpyridin-6(7H)-one w ith  one Equivalent o f 

Bromine -

Brom ine (0.72g, 4.5m m ol) in g lac ia l a ce tic  acid (20ml) was added, over 30 

m inutes, to  a bo iling  so lu tion  o f the  th ienopyrid ine  d e riva tive  (134a) (0.83g, 

5mmol) in  a ce tic  acid (80ml), under re flu x ; a fte r  a short tim e  the so lu tion  was 

cooled and added to  w a ter. The solid so obtained was f i lte re d  o ff ,  washed 

w ith  w ater, d ried, and c rys ta llised  fro m  aqueous DMF to  y ie ld  a product (0.6g), 

m.p. 235°C (decomp.), m ixed m.p. w ith  pure 2 -b rom o-4-hydroxyth ieno [2 ,3 -b ]- 

pyrid in-6(7H )-one [(274) see la te r ]  240°C (decomp.). The ^  n .m .r. spectrum  

of the  product ind ica ted  th a t sm all amounts o f the dibrom ocompound [(273), 

see be low ] and unreacted (134a) were present.

2,5-Dibromo4-hydroxythieno[2,3-bjpyridin-6(7H)-one (273) -

Thienopyridone (134a) (0.83g, 5mmol) in g lac ia l ace tic  acid (60m l) was reacted

as just described w ith  brom ine (1.6g, lOmm ol) in a ce tic  acid (10m l) to  g ive the

t i t le  dibromocompound (273) (0.9g, 56%), m.p. 230°C (decomp.) (from  aqueous

DMF) (Found: C, 25.8; H, 0.9; N, 4 .3 . C ^ B ^ N C ^ S .  requires C, 25.85; H,

0.9; N, 4.3%), y r  v 3000-2300, 1620, 1580, and 1560 c m "1, 8 [ (C D ,)0SO] 7.59 max j
(s, 3-H).

5-Brom o-4-hydroxy-2-m ethyith ieno[2>3-b]pyridin-6(7H)-one (276) -

A suspension of 4 -hydroxy-2 -m ethy lth ieno [2 ,3 -b ]pyrid in -6 (7H )-one  (143c) (0 .9 lg ,

5mmoi) in g lac ia l a ce tic  acid (20m l) was s tirred  a t room tem pera tu re  w h ile

brom ine (0.8g, 5mmol) in  the same solvent (10ml) was added over 5 m inutes.

The colourless m ix tu re  was added to  w ater, the solid was f ilte re d  o ff ,  washed

w ith  w a te r, and dried to  give 1.15g (88%)of the essentia lly  pure 5-b rom o-4-

hydroxyth ieno [2 ,3 -b ]pyrid in -6(7H )-one  (276). A f te r  c rys ta llisa tio n  fro m  g lac ia l

ace tic  acid the product (0.85g) had m.p. 238°C (decomp.) (Found: C, 36.7; H,

2.2; N, 5.4. C 9H .B rN O ^S  requires C, 36.9; H, 2.3; N, 5.4%), y* 3300-2500, o o . z max
1650, and 1510 c m '1, 8 [ ( C D ^ S O ]  7.03 (1H, q, 3 = 1.2Hz, 3-H), and 2.42 (3H, 

d, 3=1.2Hz, C H 3).
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2-Brom o-5-ethoxycarbonyl-4-hydroxythieno[2,y3-b]pyridin-6(7H)-one (277) -

T rea tm en t o f the ester (133a) (1.2g, 5mmol) in hot a ce tic  acid (30m l) w ith

brom ine (0.8g, 5mmol) in  a ce tic  acid ( 10m l), fo llow ed , a fte r  2h, by add ition  to

w a ter gave a p re c ip ita te  o f the t i t le  bromocompound 0-4g). A fte r

c rys ta llisa tio n  from  aqueous a ce tic  acid the substance (l.Og, 63%) had m.p.

234-236°C (decomp.) (Found: C, 37.9; H, 2.3; N, 4.2. C ^H g B rN O ^S  requires

C, 37.7; H, 2.3; N, 4.4%), y~ 3000-2300, 1660-1610, 1430, and 1230 c m '1,7 Y max 7 7 7 ’
8 [(C D 3)2SO] 7.46 (1H, s, 3-H), 4.36 (2H, q, 3=7Hz, C H 2), and 1.31 (3H, t, 

J=7Hz, C H 3).

2-Bromo-4-hydroxythieno[2,3-b]pyridin-6(7H)-one (274) -

The bromo ester (277) (2g) was saponified in the manner described e a rlie r fo r 

the prepara tion  o f (134a) fro m  (133a). The solid p roduct obtained on a c id if i­

ca tion  was c rys ta llised  fro m  aqueous DMF to  give the t i t le  b rom oth ieno[2 ,3- 

b]pyridone (0.92g, 59%), m.p. 248-250°C (decomp.) (Found: C, 34.5; H, 1.6; N,

5.8. C H BrNO^S requires C, 34.2; H, 1.6; N, 5.7%), y  3100-2500, 1660- / h- z | max
1610, 1560, and 1440 c m '1, <5 [ ( C D ^ S O ]  7.25 (1H, s, 3-H), and 5.81 (1H, s,

5-H); the la tte r  signal disappeared on the add ition  o f D20 .

5-Ethoxycarbonyl-4-hydroxy-2-nitrothieno[2,3-b]pyridin-6(7H)-one (278) -

Ester (133a) (1.2g, 5mmol) in  hot g lac ia l a ce tic  acid (30m l) was trea ted , in one 

lo t, w ith  n it r ic  acid (0.5m l, 8m m ol). The m ix tu re  was s tirre d  and heated fo r a 

fu r th e r 5 m inutes, then cooled; the p re c ip ita te  (1.2g) was f i lte re d  o ff ,  washed 

w ith  lig h t pe tro leum , then c rys ta llised  fro m  DM SO-ethanol to  a ffo rd  the  n it ro ­

compound (278) (0.9g, 63%), m.p. 245°C (decomp.) (Found: C, 42.5; H, 2.9; N, 

10.1. C 1QHgN20 6S requires C, 42.3; H, 2.8; N, 9.9%), y max 3000-2300, 1650, 

1580, and 1560 cm -1 , 8 (C F3CC>2H) 8.13 (1H, s, 3-H), 8.48 (2H, q, J=7Hz, 

C H 2), and 1.30 (3H, t, 3=7Hz, C H 3).

2-Ethoxycarbonyl-N-(5-broiTio-3-ethoxycarbonyl-2-thienyl)acetamide (279) -

Brom ine (8.7g, 54mmoi) in  g lac ia l a ce tic  acid (20m l) was added over 15 

m inutes a t room tem pera tu re  to  a s tirre d  so lu tion o f 2 -e thoxycarbony l-N -(3 - 

e thoxycarbony l-2 -th ieny l)ace tam ide  (15.5g, 54mmol) in g lac ia l a ce tic  acid 

(70ml). N ext day the m ix tu re  was added w a ter, the  solid was f i lte re d  o ff  and 

dissolved in d ich lorom ethane; the  so lu tion was washed w ith  sodium hydrogen 

carbonate so lu tion, then dried and concentra ted to  sm all volume. On the 

add ition  o f lig h t petro leum  a solid was obtained which, on c rys ta llisa tio n  fro m  

m ethy la ted  sp irits , gave the t i t le  bromocompound (7.2g, 37%), m.p. 105-107°C 

(Found: C, 37.5; H, 3.8; N, 3.8. C ^ H ^ B rN O ^ S  requires C, 39.6; H , 3.9; N,

3.8%), v- 319.0, 1720, 1690, 1670, and 1540 c m "1, 8 (C D C lJ  7.24 (1H, s,
IT laX  j
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A rH ), 4.38 (4H, m, 2xOCH2), 3.38 (2H, s, C O C H2CO), and 1.37 (6H, m, 2xC H 3)L

2-Ethoxycarbonyl-N-(3-ethoxycarbonyl-5-nitro-2-thienyl)acetam ide (280) -

2-E thoxycarbony l-N -(3 -e thoxycarbony l-2 -th ieny l)ace tam ide  (2.85g, lO m m ol) was 

dissolved in concentra ted sulphuric acid (20m l) and a m ix tu re  o f fum ing  n it r ic  

acid (0.43m l, 10.2mmol) and concentra ted sulphuric acid (2m l) was added to  

the cooled (0 -3°C) so lu tion  over 15 m inutes. A fte r  a fu r th e r 10 m inutes at 

0-5°C  the m ix tu re  was added to  ice w a te r, the solid was f i lte re d  o ff  and 

dissolved in d ich lorom ethane. A f te r  being washed successively w ith  w a te r, 

sodium hydrogen carbonate so lu tion, and w a ter the so lu tion  was evaporated; 

t r itu ra t io n  o f the residue w ith  e ther gave the nitrocom pound (2g, 61%). When 

c rys ta llised  from  ethanol i t  ( i.3 g ) had m.p. 126-128°C (Found: C, 43.4; H,

4.3; N, 8.5. C ^ H ^ N ^ S  requires C, 43.6; H, 4.2; N, 8.5), v max 3190, 1720, 

1690, and 1550 cm ’ 1, 8 (CDC13) 8.11 (1H, s, A rH ), 4.40 (4H, m, 2xOCH2), 3.66 

(2H, s, CO CH2CO), and 1.36 (6H, m, 2xC H 3).

2-Ethoxycarbonyl-N-(5-bromo-3-carboxy-2-thienyl)acetamide (282) -

2-E thoxycarbony l-N ~ (3 -t-bu ty loxycarbony l-2 -th ieny l)ace tam ide  (135) (15.5g,

50mmol) in  g lac ia l a ce tic  acid (100ml) was reacted a t room tem pera tu re  w ith

brom ine (8.0g, 50mmoi) in  the same so lvent (30ml). A f te r  lh  the so lu tion  was

added to  w a te r, the p re c ip ita te  was co llec ted  by f i l t ra t io n ,  washed w ith  lig h t

petro leum , and re c rys ta llised  from  ethanol to  give the t i t le  acetam ide (6g,

36%), m.p. 164-166°C (Found: C, 35.7; H, 2.9; N, 4.2. C ^ H ^ B rN O ^ S

requires C, 35.7; H, 3.0; N, 4.2%), y  3200, 3100-2700, 1730, 1670, and i max
1530 c m "1, 8 [(C D 3)2SO] 7.32 (1H, s, A rH ), 4.22 (2H, q, J=7Hz, O CH2), 3.85 

(2H, s, C O CH2CO), and 1.26 (3H, t ,  J=7Hz, C H 3).

4,6-Dichloro-2-fnethylthieno[2>3-b]pyridine (285) -

A m ix tu re  o f the hydroxyth ieno[2,3-b ]pyridone (134c) (2g) and phenylphosphonic 

d ich lo ride  (6m l) was heated a t 170-180°C fo r  lh , then cooled and poured in to  

w a ter. A f te r  being s tirre d  fo r  30 m inutes the whole was e x trac te d  w ith  

d ich lorom ethane (x3); rem ova l o f so lvent from  the combined, dried e x trac ts  

a ffo rded  a solid w hich was digested w ith  bo iling  lig h t pe tro leum . F lash-colum n 

chrom atography (E tO A c -lig h t petro leum , 1:9) o f the lig h t petro leum  soluble 

m a te ria l gave 4 ,6 -d ich lo ro -2 -m e thy lth ieno [2 ,3 -b ]pyrid ine  (0.5g, 21%), m.p.

74-76°C (from  lig h t petro leum ) (Found: C, 44.5; H, 2.3; N, 6.3. C cH qCENS
_ i

requires C, 44.0; H, 2.3; N, 6.4%), y -  1560 and 1510 cm " , 8 (C D C lJ  7.31max $
(1H, s, 5-H), 7.08 (1H, q, 3 = 1.2Hz, 3-H), and 2.62 (3H, d, J=1.2Hz, C H 3).

Reaction of 2-Bromo-4-hydroxythieno[2,3-bjpyridin-6(7H)-one (274) with Phenyl­

phosphonic Dichloride -

Compound (274) (6g) and the reagent (18ml) were heated toge the r a t 160™170°C
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fo r 45 m inutes; the m ix tu re  was cooled, added to  w ater, and the aqueous phase 

was ex trac ted  w ith  d ich lorom ethane (x3). The combined e x tra c ts  were washed 

w ith  sodium hydrogen carbonate solution, dried, and evaporated. The solid 

residue was digested w ith  a m ix tu re  o f e thy l ace ta te  (1 pa rt) and lig h t p e tro l­

eum (9 parts), to  give soluble and insoluble frac tions . The soluble m a te ria l 

was p u rified  by colum n chrom atography on a lum ina (E tO A c -lig h t pe tro leum , 

1:9), fo llow ed  by c rys ta llisa tio n  from  lig h t petro leum , to  g ive2-b rom o-4 ,6 -d i- 

ch lo ro th ieno [2 ,3 -b ]pyrid ine  (283) (2.2g, 32%), m.p. 101-103°C (Found: C, 29.7;

H, 0.8; N, 5.0. C 7H 0B rO LN S  requires C, 29.7;- H, 0.7; N, 5.0%), y  1560 • /  z z max
and 1540 cm -1 , 6 (C D C lJ  7.47 (1H, s, 3-H), and 7.37 (2H, s, 5-H). The

insoluble po rtion  was c rys ta llised  fro m  methanol, to  y ie ld  2 -b rom o-4 -ch lo ro - 

th ieno [2 ,3 -b ]pyrid in -6 (7H )-one  (284) (0.68g, 10%), m.p. 247-249°C (decomp.) 

(Found: C, 31.9; H, 1.2; N, 5.3. C ^ B r C lN O S  requires C, 31.8; H , i . l ;  N ,'

5.3%), y~max 3200-2500, 1650, 1590, and 1560 c m "1, 8 [ ( C D ^ S O ]  7.42 (1H, s,

3-H), and 6.78 (1H, s, 5-H).

Reaction of 2-Bromo-4>6~dichlorothieno[2,3-b]pyridine w ith n-Butyilithium -Iodo- 
me thane -

A so lu tion  o f (283) (0.85g, 3mmol) in e ther (20m l)-TH F (20m l) was s tirre d  a t 

-70°C  under n itrogen w h ile  a so lu tion  o f n -b u ty llith iu m  (1.55M in hexane; 2m i, 

3 .lm m o l) was added. A f te r  15 m inutes iodomethane (0.51g, 3.6m m ol) in THF 

(10m l) was added (over 5 m inutes), then the m ix tu re  was a llowed to  warm  to  

room tem pera tu re  (2h). W ater was added, the aqueous phase was sa tura ted 

w ith  sodium choride, and the organic products were iso lated by e x tra c tio n  in to  

e ther. In it ia l p u r if ic a tio n  was by flash-co lum n chrom atography (E tO A c -lig h t 

petro leum , 1:9), then the tw o  compounds th a t were e lu ted were separated by 

colum n chrom atography on alum ina ( lig h t pe tro leum -TH F, 49:1). The product 

o f higher R p (0.26g, 40%) was id e n tica l to  the 4 ,6 -d ich lo ro -2 -m e thy ith ieno [2 ,3 - 

b ]pyrid ine  (285) th a t had been prepared via (134c). The second substance 

(0.19g, 31%) was shown by m ixed m .p. to  be 4 ,6 -d ich lo ro th ieno [2 ,3 -b ]pyrid ine .

Bromination of 4-Chlorothieno[2,3-b]pyridin-6(7H)-one -

The t i t le  chlorocom pound (1.23g, 6.6m m ol) in g lac ia l a ce tic  acid (30m l) was 

trea ted  w ith  brom ine (1.06g, 6.6m m ol) in  the same so lvent (10m l) a t room 

tem pera tu re . A f te r  a short tim e  the p re c ip ita te  (1.4g, 80%) was co llec ted  by 

f i l t r a t io n  then recrys ta llised  fro m  g lac ia l a ce tic  acid to  give 2 -b rom o-4- 

ch io ro th ieno [2 ,3 -b ]pyrid in -6(7H )-one  (284) (1.2g), m.p. 247-249°C, ide n tica l in 

a ll respects w ith  the by-p roduct fro m  the ch lo rina tion  o f (274) (qv).

2,5-Dibromo-4-chlorothieno[2,3-b]pyridin-6(7H)-one (286) -

Brom oth ienopyridone (284) (1.2g, 4.5m m ol), brom ine (0.73g, 4.5m m ol) and 

g lac ia l ace tic  acid (30m l) were boiled together under re flu x  fo r 35 m inutes,
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then the m ixture ' was cooled. The p re c ip ita te  was f i lte re d  o ff ,  washed w ith

w a te r, and dried, p rovid ing  the t i t le  dibromocompound (286) (1.13g, 72% ), m.p.

290-293°C (decomp.). The a na ly tica l sample (from  g lac ia l a ce tic  acid) had

m.p. 294-296°C (decomp.) (Found: C, 24.3; H, 0.5; N, 4.0. C ^ B ^ C I N O S

requires C, 24.4; H, 0.6; N, 4.1%), y~ 3200-2500, 1650, and 1540 c m "1, 8max
[(C D 3)2SO] 7.44 (s, 3-H).

8.4 Work Described in Chapter Six 

5H-Thieno[3,2-d][l>3]oxazin-5,7(4H)-dione (292) -

M ethy l 3 -am inoth iophene-2-carboxy la te  (31.4g, 0.2m m ol) was boiled under

re flu x  in a so lu tion o f potassium hydroxide (21.4g, 0.4mol) fo r  lh . The cooled

solu tion was trea ted  w ith  solid carbon d ioxide u n til i t  had pH9. A so lu tion  o f

phosgene in toluene (20%, 119ml, 0.24mol) was added w ith  vigorous s t ir r in g  a t

15-20° over lh  and s tir r in g  continued fo r 0.5h. The p re c ip ita te  was co llec ted

by f i l t ra t io n ,  washed w ith  w ater then lig h t petro leum , and dried under vacuum

a t room tem pera tu re . R ecrys ta llisa tio n  from  g lac ia l a ce tic  acid a ffo rded  the

t i t le  thienooxazine d e riva tive  (23.4g, 69%) having m.p. 218°C (decomp.) ( l i t .

m.p. 220-221°C), (Found: C, 42.7; H, 1.8; N, 8.5. C a lcu la ted  fo r C .H -.N O -S
6 5 j

C, 42.6; H, 1.8; N, 8.3%), 8 [ ( C D ^ S O ]  8.28 (1H, d, 3=5.5Hz, 2-H), and 7.00

(1H, d, 3=5.5Hz, 3-H), y*max 3300-2800, 1800-1700, 1570, and 1530 c m "1.

6H-Thieno[2,3-dj[ 1,3]oxazin-4,6(7H)-dione (295) -

This was prepared in the manner described fo r (294) fro m  m ethyl 2 -am ino th io - 

phene-3-carboxyla te  (31.4g, 0.2mol). The crude m a te ria l (w hich was coloured 

brown) was p u rifie d  by s lu rry ing  w ith  ethanol (200m l) fo llow ed  by dry ing  a t 

room tem pera tu re  under vacuum. Thus was produced the  t i t le  oxazine de riva ­

t iv e  (19.9g, 59%) as an o ff-w h ite  solid having m.p. 215°C (decomp.) (Found: 

C, 42.5; H, 1.9; N, 8.2. C ^ H ^ C ^ S  requires C, 42.6; H, 1.8; N, 8.3%),

8 [(C D  ) SO] 7.24 (2H, s, 2-H and 3-H), y - 3300-2500, 1770, 1710, 1550, 
j  z • max

and 1530 cm .

5H-4-M ethylthieno[3,2-d][l,3]oxazin-5,7-dione (296) -

Sodium hydride (2.64g, 0.11 mol) was suspended in d im e thy l acetam ide (DM A, 

40m l) under a n itrogen atm osphere and a so lu tion of (294) (16.9g, 0.1 mol) in 

DM A (100ml) was added a t 5-10°C over 15 minutes then s tirre d  fo r a fu r th e r 

0.5h. A so lu tion  o f d im e thy l sulphate (15 .lg , 0.12mol) was added a t 5-10°C 

over 0.5h and the m ix tu re  s tired  a t room tem pera ture  overn igh t. I t  was then 

added to  ice -w a te r and the p re c ip ita te d  solid was co llec ted , washed w ith  

w a te r, and dissolved in d ich lorom ethane. The residue obta ined on evapora tion  

of the dried so lution was re crys ta llised  from  e thy l aceta te  g iv ing  the t i t le  N - 

M e thy l compound (11.5g, 62%) as a w h ite  solid m.p. 188°C (decomp.) (Found:
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C, 46.2; H, 2.8; N, 7.9. C ^ N C ^ S  requires C, 45.9; H, 2.7; N, 7.6%), 6 [(C -

D 3)2SO] 8.25 (1H, d, 3=5.5Hz, 2-H), 7.26 (1H, d, 3=5.5Hz, 3-H), and 3.52 (3H,

s, N - C H j,  y - '1770, 1720, and 1570 cm -1 .’ —3 ’ Kmax ’ ’

6H-7-M ethylthieno[2,3-d3[l ,3]oxazin-4,6-dione (297) -

This was prepared fro m  (295) (16.9g, O .lm ol) in :the manner previously

described fo r (296). The (dark brown) crude product was pu rified  by f ir s t ly

s lu rry ing  w ith  e th y l ace ta te  then re c rys ta llisa tio n  from  e thy l ace ta te  g iv ing

the t i t le  N -m e thy l d e riva tive  (5.9g, 32%) as a w h ite  solid having m.p. 180°C

(decomp.) (Found:. C, 46.0; H, 2.7; N, 7.9. C^H^NO^S requires C, 45.9; H,

2.7; N, 7.7%), 5 [ ( C D ^ S O ]  7.22 (2H, s, 2-H and 3-H), and 3.42 (3H, s, N -

C H j ,  v~ „  1780, 1730, 1550, and 1510 c m "1.3 max

5H-4-M ethoxym ethylth ieno[3,2-d][i>3]oxazin-5,7-dione (298) -

Sodium hydride (5 .3g, 0.22mol) was suspended in DM A (50ml) under a n itrogen

atm osphere and a so lu tion  of (294) (33.8g, 0.2moi) in  DM A (250ml) was added

a t 5-10°C over 15 m inutes and s tir r in g  continued fo r a fu r th e r 0.5h. A

so lu tion  of ch lo rom e thy l m ethyl e the r (19.3g, 0.24mol) in  D M A (50ml) was

added a t 5-10°C over 15 m inutes and the whole s tirred  a t room tem pera tu re

under n itrogen overn igh t. The m ix tu re  was poured in to  ice -w a te r (21) and the

p re c ip ita te  co lle c ted , washed w ith  w a te r, and dissolved in d ich lorom ethane.

The residue obta ined upon evapora tion  o f the dried so lu tion  was re c rys ta llised

fro m  e thy l ace ta te  g iv ing  the N -m ethoxym ethy l compound (30.lg , 70%) having

m.p. 128-130°C (Found: C, 44.6; H, 3.1; N, 6.5. C ^ N C ^ S  requires C, 45.1;

H, 3.3; N, 6.6%), 5 (CDC13) 7.98 (1H, d, 3=5.5Hz, 2-H), 7.17 (1H, d, 3=5.5Hz,

3-H), 5.45 (2H, s, N -C H  O-), and 3.46 (3H, s, C R -O C H j,  y -  1770, 1720,
\ max

and 1560 cm " .

Attem pted preparation of 6H-7-M ethoxym ethylthieno[2,3-d][l,3]oxazin-4,6- 
dione (299) -

The prepara tion  o f th is  m a te ria l was a ttem p ted  in the manner described fo r 

(298) fro m  (295) (33.8g). However, the product obtained on adding the reaction  

m ix tu re  to  w a te r was m ostly  insoluble in d ich lorom ethane, the soluble m a te ria l 

recovered upon evaporation o f the  solvent was a b lack ta r . Since no product 

having the p roperties expected fo r the required m a te ria l could be iso la ted the 

reaction  was abandoned.

5H-4-Benzylthieno[3,2-d][l ,3]oxazin-5,7-dione (300) -

Benzyl brom ide (5.6g, 0.033m ol), (294) (5.1g, 0.03mol), and potassium carbonate 

(6.2g, 0.045mol) were s tirre d  in D M A (80ml) fo r 24h then the m ix tu re  was 

added to  w ater (11). The p re c ip ita te d  solid was co llec ted , washed w ith  w a ter, 

and dissolved in d ich lorom ethane. The residue obtained upon evapora tion  of
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the dried so lution was washed w ith  lig h t petro leum  then recrys ta llised  from

e th y l aceta te  a ffo rded  the  N -benzyl d e riva tive  (4.7g, 60%) m.p. 159-161°C

(Found: C, 60.5; H, 3.4; N, 5.5. C ^H ^N O ^S  requires C, 60.2; H, 3.5; N,

5.4%), 8 [(C D 3)2SO] 8.28 (1H, d, 3=5.5Hz, 2-H), 7.36 (5H, s, C H 2JPh), 7.25 (1H,

d, 3=5.5Hz, 3-H), and 5.24 (2H, s, C H 0Ph), v "  1770, 1720, and 1560 cm -1 .—z max

Preparation of thienopyridine analogues of 2-A ryl-l-m ethyi-4-quinolone alka­

loids (303) -  (310)

General Procedure -

To a so lu tion of d iisopropylam ine (2.02g, 0.02mol) in te trah yd ro fu ra n  (THF, 

50m l) under a n itrogen atm osphere was added n -b u ty llith iu m  (2.5M in hexane, 

8m l, 0.02mol) a t -30°C . A f te r  coo ling  to  -65°C  a so lu tion o f the  acetophenone 

(0.02mol) in THF (20ml) was added dropwise over 15 m inutes and the m ix tu re  

s tirre d  a t -65°C  fo r lh . Then a suspension o f the  oxazin-d ione [(296) or (297), 

0.01 m o l] in THF (50mol) was added over 10 m inutes and the m ix tu re  a llowed 

to  warm  to  0° and held a t th a t tem pera tu re  fo r  lh . The m ix tu re  was 

quenched w ith  sa tu ra ted  ammonium ch lo ride  so lu tion ( 11) and e x trac te d  w ith  

d ich lorom ethane (3x). The o il rem ain ing a fte r evaporation o f the combined, 

d ried, e x trac ts  was dissolved in toluene (50ml) and boiled under re flu x  w ith  p- 

to luene sulphonic acid (O .lg) fo r 0.5h. A f te r  rem oval o f the  so lvent the 

residue was subjected flash-co lum n chrom atography (e thy l a c e ta te [19 p a rts ] - 

m ethanol [1 p a r t])  g iv ing  the desired th ienopyridone. The a n a ly tica l samples 

were fu rth e r p u rified  by re c rys ta llisa tio n  from  e thy l ace ta te . In th is  manner 

the fo llo w in g  th ienopyridones were produced:

4-Methyl-5-phenylthieno[3,2-b]pyridin-7-one (303) -

From  (296) and acetophenone was produced the t i t le  th ienopyridone (303)

(0.74g, 31%) having m.p. 181-183°C (Found: C, 68.6; H, 4.6; N, 5.7. C ^ H ^

NOS.0.25H2O requires C, 68.4; H, 4.6; N, 5.7%), 8 (CDC13) 7.73 (1H, d,

3 = 5.5Hz, 2-H), 7.46 (5H, s, A r-P h), 7.19 (1H, d, 3=5.5Hz, 3-H), 6.29 ( lH ,s , 6-H ),

and 3.62 (3H, s, N -C H .J , 1610 cm K7 —3 7 r max

7-Methyl-6-phenylthieno[2,3-b]pyridin-4-one (307) -

From  (297) and acetophenone was produced the t i t le  th ieno [2 ,3 -b ]pyrid ine  (307) 

(0.31g, 13%), having m.p. 138-141°C (Found: C, 68.8; H, 4.7; N, 5.9.

C 14H 11NOS*0,25H2 °  re(3uires C > 68-/f5 H> ^*75 N, 5.9%), 5 (CDC13) 7.70 (1H, d, 
3=6Hz, 2-H), 7.45 (5H, m, A r-P h), 7.02 (1H, d, 3=6Hz, 3-H), 6.31 (1H, s, 5-H),

and 3.69 (3H, s, N - C H j,  v  1610cm "1.—3 v max

4-Methyl-5-(3,4-methylenedioxyphenyl)thieno[3,2-b]pyridin-7-one (305) -

From  (296) and 1> ,4^-m ethylenedioxyacetophenone was obta ined the t i t le
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m ethylenedioxyphenyl d e riva tive  (305) (0.85g, 30%) having m.p. 246-248°C 

(Found: C, 6 3 .1 ;.H , 3.8; N, 4.8. C ^ H ^ N O ^ S  requires C, 63.2; H, 3.9; N,

4.9%), <5 [(C D 3)2SO] 8.15 (1H, d, 3=5.5Hz, 2-H), 7.60 (1H, d, 3=5.5Hz, 3-H), 

7.20 (1H, s, lx A r-H ), 7.10 (2H, s, 2xA r-H ), 6.17 (2H, s, --OCH^O-), 6.01 (1H, s,

6-H ), and 3.66 (3H, s, N -C H -), v " 1600, 1590, and 1550 c m "1. y ’ ’ —3 ’ r max ’ ’

7-Methyl-6-(3,4-methylenedioxyphenyl)thieno[2,3-b]pyridin-4-one (309) -

/ 1 /From (297) and 3 ,4 -m ethylenedioxyacetophenone was obta ined the t i t le  3,4- 

m ethylenedioxyphenyl d e riva tive  (0.42g, 15%) having m.p. 175-177°C (Found: 

C, 63.5; H, 3.9; N, 4.9. C ^ H ^ C ^ S  requires C, 63.2; H, 3.9; N, 4.9%), 8 [(C -

D 3)2SO] 7,33 (2H ’ s’ 3“ H and 2~H)’ 7,13 (1H’ s’ ix A r "M ^ 7*02 <2H> s> 2xA r-H ),
6.11 (2H, s, -O C H  O-), 5.98 (1H, s, 5-H), and 3.55 (3H, s, N -C H J , y "

^ < 3 m a x
1610, 1550, and 1500 cm -1 .

5-(3,4-Dimethoxyphenyl)-4-rnethylthieno[3,2-b]pyridin-7-one (304) -

From  (296) and 2>f ,4 ; -d im ethoxyacetophenone was obta ined the t i t le

3,4-d im ethoxyphenyl d e riva tive  (304) (0 .8 ig , 28%) having m.p. 254-256°C

(Found: C, 64.2; H, 4.9; N, 4.8. C ^ H ^ N O ^ S  requires C, 63.8; H, 5.0; N,

4.7%), 8 (CDC13) 7.80 (1H, d, 3=5.5Hz, 2-H), 7.27 (1H, d, 3=5.5Hz, 3-H), 7.04

(3H, s, 3xA r-H ), 6.34 (1H, s, 6-H ), 3.98 (3H, s, IxO M e), 3.94 (3H, s, IxO M e),

and 3.70 (3H, s, N - C H j,  v  1600, 1560, 1530, and 1510 c m "1.—3 r max ’

6-(3,4-Dimethoxyphenyl)-7-methylthleno[2,3-b]pyridin-4-one (308) -

From (297) and 3 ^ 4  ^-dim ethoxyacetophenone was obta ined the t i t le  3 ,4 -d i­

m ethoxyphenyl d e riva tive  (308) (0.37g, 12%) having m.p. 202-204°C (Found: 

C, 63.6; H, 5.1; N, 5.0. C ^ H ^ N C ^ S  requires C, 63.8; H, 5.0; N, 4.7%), 

S [(C D 3)2SO] 7.44 (2H, s, 2-H  and 3-H), 7.17 (3H, s, 3xA r-H ), 6.10 (1H, s,

5-H), 3.89 (6H, s, 2xOMe), and 3.63 (3H, s, N - C H j,  y -  1600, 1560, and I 3 max
1510 cm .

Attem pted preparation of 6-M ethoxy-4-m ethyl-5-phenylthieno[3,2-b]pyridin-7- 

one (306) -

When (296) and 2-m ethoxyacetophenone were used in the  above general 

procedure none o f the required (306) could be isolated. Thin layer chrom a­

tography of the  reaction  m ix tu re  showed the absence o f s ta rtin g  m a te ria l 

(296) and the ye llow  co lour ind ica ted  the presence o f an o -am inoke tone . 

However, when subjected to  the cyc lisa tio n  conditions a ve ry  dark so lu tion  was 

obta ined which showed only the 2-m ethoxyacetophenone and dark baseline 

m a te ria l upon th in  layer chrom atography, no spot corresponding to  the required 

product (306) v/as observed.
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Attem pted preparation of 5-Methoxy-7-m ethyl-6-phenyrthieno[2,3-b]-

pyridin-4-one (310)

When (297) and 2-m ethoxyacetophenone were subjected to  the above general 

procedure a s im ila r resu lt to  th a t observed in the a ttem p ted  p repara tion  o f 

(306) was observed.

8.3 Work Described in Chapter Seven

6,7-Dihydro-4-m ethylfuro[2,3-d]thieno[3,2-b]pyridin-5-one (316) -

A so lu tion  o f a  -(0 ,0 -d ie thy lphosphono )- 7 -bu ty ro lac tone  (315) (2.22g, O.Olmol) 

in DM F (20ml) was added under n itrogen  to  a suspension of sodium hydride 

(0.24g, O.Olmol) in DM F (10ml) over 10 m inutes then s tirre d  a t 40°C fo r  a 

fu r th e r 10 m inutes. To the resu lting  so lu tion  was added a so lu tion  of 5H -4- 

m e thy lth ie n o [3 ,2 -d ][l,3 ]o xa z in -5 ,7 -d io ne  (296) (i.83g , O.Olmol) in DM F (10ml) 

and the whole was s tirre d  a t 110-120° fo r  lh . The DM F was d is tille d  o ff  

under vacuum and the residue added to  w a te r (100m l) and e x trac te d  w ith  d i­

ch lorom ethane (x3). Evaporation of the  dried so lu tion furnished a solid which 

upon re c rys ta llisa tio n  fro m  e thy l ace ta te  gave the t i t le  fu ro th ienopyrid ine  

(1.4g, 68%) having m.p. 248-250°C (decomp). (Found: C, 58.3; H, 4.3; N, 6.4. 

C 1qH9N 0 2S requires C, 58.0; H, 4.4; N, 6.8%), 5 (C D C l^) 7.57 (1H, d, 3=5.5Hz, 

2-H), 7.07 (1H, d, 3=5.5Hz, 3-H), 4.82 (2H, t ,  3=9Hz, -O C H 2C H 2), 3.59 (3H, s,

N -M e), and 3.24 (2H, t ,  J=9Hz, -O C H -C H J , v~ 1630, and 1530 cm -1 .z z max

5,6-Dihydro-8-m ethy I f  uro[2,3-d]thieno[2,3-b]pyridin-7-one (317) -

This was prepared as described in the previous experim en t from  the

th ienooxazine (297) (1.83g, O.Olmol) and the lactone (315) (2.22g, O.Olmol).

Thus was produced the t i t le  fu ro th ienopyrid ine  (317) (1.84g, 78%) having m.p.

201-203°C (from  e thy l aceta te) (Found: C, 58.1; H, 4.4; N, 6.9. C , „ H oN 0 o51U 7  z
requires C, 58.0; H, 4.4; N, 6.8%), 6 (CDC13) 7.14 (1H, d, 3=6Hz, 2-H), 6.96

(1H, d, 3=6Hz, 3-H), 4.78 (2H, t ,  J=9Hz, O C ^ C H j ,  3.64 (3H, s, N -M e), and

3.16 (2H, t, 3=9Hz, O C H9C H 9), v~ 1630, and 1550 cm/L c. max

4-Methylfuro[2,3-d]thieno[3,2-b]pyridin-5-one (318) -

The dihydro compound (316) ( i . 86g, 9m m ol) and DDQ (2.45g, 1 lm m o l) were 

re fluxed  in 1,4-dioxan (150m l) fo r i.5h . The so lu tion was evaporated to  

dryness and the residue dissolved in d ich lorom ethane, washed w ith  sodium b i­

carbonate so lu tion, dried and evaporated to  dryness. Colum n chrom atography 

(alum ina) o f the  residue (e lu ting  w ith  e th y l aceta te) a ffo rded  the t i t le  fu ro - 

[2 ,3 -d ]th ieno [3 ,2 -b ]pyrid ine  (318) (1.52g, 82%) having m.p. 227-229°C (Found: 

C, 58.9; H, 3.3; N, 6.9. C 1QH7N 0 2S requires C, 58.5; H, 3.4; N, 6.8%),
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8 [(C D 3)2SO] 8.08 (1H, d, 3 = 1.5Hz, 7-H), 8.07 (1H, d, 0 = 5Hz, 2-H), 7.57 (1H, d,

3=5Hz, 3-H), 7.18 (1H, d, 3 = 1.5Hz, 6-H ), and 3.77 (3H, s, N-M e), y  1640,, max
and 1550 cm .

8- Methylfuro[2,3-d]thieno[2,3-b]pyridin-7-one (319) -

This was prepared from  the d ihydro compound (317) (2.07g, O.Olmol) and DDQ

(2.72g, 0.012mol) as described in the previous experim ent. Thus was produced

the t i t le  fu ro [2 ,3 -d ]th ieno [2 ,3 -b ]pyrid ine  (319) (1.18g, 58%) having m.p. 184-

186°C (Found: C, 58.4; H, 3.4; N, 6.9. C i( )H7N 0 2S requires C, 58.5; H, 3.4;

N, 6.8%), 8 (CDC13) 7.57 (1H, d, 3 = 1.5Hz, 5-H), 7.40 (1H, d, 3=6Hz, 2-H), 7.10

(1H, d, 3=6Hz, 3-H), 7.09 (1H, d, 3=1.5Hz, 6-H ), and 3.75 (3H, s, N -M e), y -I —  max
1640, 1550, and 1520 cm .

4-Methoxymethyl-6,7-dihydrofuro[2,3-d3thieno[3>2-b]pyridin-3-one (326) -

This was prepared from  the N -m ethoxym ethyth ienooxazine  (298) (2.13g,

O.Olmol) and the lactone (315) (2.22g, O.Olmol) in the manner describedfrom  the

N -m e th y l compound (316). This gave the t i t le  N -m ethoxym ethy l compound

(326) ( l.84g , 78%) having m.p. 159-16 i°C  (from  e thy l a c e ta te /lig h t pe tro leum )

(Found: C, 55.5; H, 4.7; N, 5.9. C ^ H ^ C ^ S  requires C, 55.7; H, 4.6; N,

5.9%), 5 (CDC13) 7.54 (1H, d, 3=5.5Hz, 2-H), 7.20 (1H, d, 3=5.5Hz, 3-H), 5.62

(2H, s, C H 2OMe), 4.83 (2H, t ,  J=9Hz, O C H2C H 2), 3.38 (3H, s, C H 2OMe), and

(2H, t, 3=9Hz, O C H9C H 9), y - 1630, and 1540 cm ’ l
jl max

4-Methoxymethylfuro[2,3-d]thieno[3,2-b]pyridin-5-one (327) -

The d ihydro compound (326) (2.37g, O.Olmol) was dehydrogenated using DDQ

(2.72g, 0.012mol) in  the manner described fo r the  N -m e th y l compound. Thus

was produced the t i t le  fu ro [2 ,3 -d ]th ieno [3 ,2 -b ]pyrid ine  (327) (1.7g, 72%) having

m.p. 124-126°C (Found: C, 55.7; H, 3.4; N, 6.0. C ^ H g N C ^ S  requires C,

56.2; H, 3.8; N, 6.0%), 8 ( C D C i J  7.49 (1H, d, 3=5.5Hz, 2-H), 7.51 (1H, d,

J=2Hz, 7-H), 7.25 (1H, d, 3=5.5Hz, 3-H), 7.06 (1H, d, 3=2Hz, 6-H ), 5.71 (2H, s,

N C H 90 ), and 3.41 (3H, s, C H 9OMe), y  1670, and 1550 c m * .—2 7 ’ 2 ------ ’ v  max ’

6,7-Dihydrofuro[2,3-d}thieno[3,2-b]pyridin-5(4H)~one (328) -

The N -m ethoxym ethy l compound (326) (4.75g, 0.02mol) was boiled under re flu x

in 90% fo rm ic  acid (100m l) fo r 4h. The fo rm ic  acid was d is tille d  o ff  under

vacuum and the residue washed w ith  w a te r, dried, and re c rys ta llise d  fro m

aqueous a ce tic  acid g iv ing  the N -H  compound (328) (3.1g, 80%) having m.p.

299°C (decomp.) (Found: C, 55.7; H, 3.7; N, 7.2. C ^ N C ^ S  requires C,

56.0; H, 3.6; N,. 7.2%), 5 (DMSO) 8.06 (1H, d, J=5.5Hz, 2-H), 7.29 (1H, d,

J=5.5Hz, 3-H), 4.97 (2H, t, J=8Hz, O C H2C H 2), and 3.13 (2H, t ,  J=3Hz, OCH -

CHL), y  1650, and 1550 cm *. z max
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Furo[2,3~d]thieno[3,2-b]pyridin-5(4H)-one (329) -

This was prepared from  the d ihydro compound (328) (0.58g, 3mmol) and DDQ in

the usual manner. The crude product was pu rified  by colum n chrom atography

(alum ina) e lu ting  w ith  a m ix tu re  o f d ich lorom ethane (8 parts) and m ethanol (2

parts). Thus was obtained the t i t le  fu ro th ienopyrid ine  (329) (0.32g, 56%) having

m.p. 304°C (decomp.) (Found: C, 56.5' ,  H, 2.5; N, 7.2. C ^ N C ^ S  requires C,

56.6; H, 2.6; N, 7.3%), 8 (C F3CC>2H) 8.00 (1H, d, 3=5.5Hz, 2-H), 7.92 (1H, d,

3=2Hz, 7-H), 7.56 (1H, d, 3=5.5Hz, 3-H), and 7.37 (1H, d, 3=2Hz, 6 -H ), v-
I max

1670 cm .

Preparation of 5,7-Dichloro-6-(2-chloroethyl)thieno[3,2-b]pyridine (330) by 

reaction of 6>7-Dihydrofuro[2,3-d]thieno[3,2-b]pyridin-5(^H)-one (328) -

a With Phenylphosphonic dichloride -

The tr ic y c le  (328) (0.5g) and phenylphosphonic d ich loride  (2m l) were heated a t

160-170°C fo r lh . The reaction  m ix tu re  was cooled and added to  w a te r and

s tirre d  fo r 0.5h. E x tra c tio n  w ith  d ich lorom ethane (3x), washing the combined

e x trac ts  w ith  sodium b icarbonate  and evaporation o f the dried so lu tion gave an

o il. This was dissolved in bo iling  lig h t petro leum , tre a te d  w ith  charcoal,

f i lte re d  and cooled in ice -sa lt. Thus was obtained the th ieno [3 ,2 -b ]pyrid ine

(330) (0.47g, 72 % )  having m.p. 96-98°C (Found: C, 40.8; H, 2.1; N, 4.9.

C9H6C13NS requires C, 40.7; H, 2.3; N, 5.3%), 8 (CDC13) 7.79 (1H, d, 3 = 5.5Hz,

2-H), 7.50 (1H, d, 3=5.5Hz, 3-H), and 4.0-3.3 (4H, m, 2 x C H j,  v "  1570 and 
I z max

1520 cm .

b With Phosphoryl chloride -

The tr ic y c le  (328) (0.5g) was boiled under re flu x  in phosphoryl ch lo ride  (10ml) 

fo r  18h. The excess o f the reagent was d is tille d  under vacuum and the residue 

added to  ice -w a te r. E x tra c tio n  w ith  d ich lorom ethane, washing w ith  sodium 

b icarbonate so lu tion  and evaporation o f the dried e x tra c t a ffo rded  a solid 

w hich was shown by t . l .c .  to  be a m ix tu re  o f s ta rtin g  m a te ria l (m ain ly), and 

the tr ic h lo ro  compound (330).

Reaction of 4-Methyl-6,7-dihydrofuro[2,3-d]thieno[3,2-b]pyridin-5-one (316) with  

Phenylphosphonic dichloride

The tr ic y c le  (316) ( lg )  and phenylphosphonic d ich lo ride  (4m l) were heated a t 

160-170°C fo r  lh . The m ix tu re  was a llowed to  cool, poured in to  w a te r and 

s tirre d  fo r 0.5h. This was e x trac te d  w ith  d ich lorom ethane (3x) and the 

combined e x trac ts  washed w ith  sodium b icarbonate so lu tion , dried, and 

evaporated g iv ing  a solid . E x tra c tio n  w ith  bo iling  lig h t petro leum  a ffo rded  

soluble and insoluble fra c tion s . F lash-colum n chrom atography o f the soluble 

m a te r ia l furnished the  previously mentioned 5 ,7 -d ich lo ro -6~ (2 -ch lo roe thy l)-
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th ieno [3 ,2 -b ]pyrid ine  (330) (0.52g, 40%) ,  id e n tifie d  by its  i.r . spectrum  and by

mixed m.p. w ith  a u then tic  m a te ria l. The insoluble fra c tio n  was re c rys ta llised

from  e thy l aceta te , fu rn ish ing  7 -ch lo ro -6 -(2 -ch lo roe thy i)-4 -m e th y lth ie n o [3 ,2 -b ]-

pyrid in -5 -one  (331) (0.32g, 25%) ,  having m.p. 194-196°C (Found: C, 4 5 . 7 ;  H,

3 . 4 ;  N, 5.3.  C ^ H g C ^ N O S  requires C, 4 5 .8 ; H, 3 . 4 ;  N, 5 . 3 % ) ,  8 [ ( C D ^ S O /

CDC13 ] 7.91 (1H, d, 1 = 5 . 5Hz, 2-H), 7.36 (1H, d, 3=5.5Hz, 3-H), 3.80 ( 2H, t ,

J=8Hz, C H 2C1), 3 .7 4  (3H, s, N -M e), and 3.24 (2H, t, 3=8Hz, A r C I^ C H ^ ,

v " 1620 and 1540  cm max

Reaction of 6>7-Dihydro-8-m ethylfuro[2,3-d]thieno[2,3-b]pyridin-7-one (317) 

with Phenylphosphonic dichloride -

The tr ic y c le  (317) ( lg )  and phenylphosphonic d ich lo ride  (3m l) were heated a t

110-120°C fo r  lh . The cooled m ix tu re  was added to  w a te r, s tirre d  fo r  0.5h,

then ex trac ted  w ith  d ich lorom ethane (3x). The combined e x trac ts  were dried

and evaporated g iv ing  a solid. Column chrom atography (s ilica ) e lu tin g  w ith

d ich lorom ethane yie lded 4 ,6 -d ich lo ro -5 -(2 -ch lo roe thy l)th ieno [2 ,3 -b ]pyrid ine  (332)

(0.48g, 37%)  as a w h ite  solid having m.p. 7 4 - 7 6°C (from  lig h t petro leum )

(Found: C, 4 0 . 6 ;  H, 2 .2 ; N, 5 .2. C gH 6C l3NS requires C, 4 0 . 5 ;  H, 2 .2 ; N,

5.2% ), 6(CDC13) 7.62 (1H, d, 3=6Hz, 2-H), 7.41 (1H, d, 3=6Hz, 3-H), and

4.0-3.3 (4H, m, 2xC H 0), y  1570, and 1520 cm E lu tion  o f the  column—2 max
w ith  e th y l ace ta te  (1 pa rt) - d ich lorom ethane (1 pa rt) then furnished 4 -ch lo ro -

5 -(2 -ch lo roe thy l)-7 -m e thy lth ieno [2 ,3 -b ]pyrid in -6 -one  (333) (0.14g, 11%) having 

m.p. 172-174°C (from  e th y l aceta te) (Found: C, 45.7; H, 3 .3 ; N, 5.2.

C 10H9C12NOS reclu ires C > ^5 .8 ; H> 3 .4 ; N, 5.3%), 8 [ ( C D ^ S O j 7.44 (1H, d, 
3=6Hz, H -2), 7.30 (1H, d, 3=6Hz, H-3), 3.81 (2H, t, 1= 8Hz, C H 2C1), 3.16 (2H,

t, 3=8Hz, A rC H L), and 3.62 (3H, s, N -Me), y  1630 and 1540 cm ^ max
F urthe r e lu tio n .w ith  e th y l ace ta te  then gave 0.21g o f s ta rtin g  m a te ria l.

Reaction of 4-Methoxymethylfuro[2,3-d}thieno[3,2-b]pyridin-5-one (326) w ith  

Phosphoryl chloride -

The N -m ethoxym ethy l compound (326) ( lg )  was boiled under re flu x  w ith  phos­

phoryl ch lo ride  (10m l) fo r  6h. The excess reagent was removed by d is t il la t io n  

under vacuum and the residue added to  w a ter. This was e x trac te d  w ith  d i­

ch lorom ethane (3x) and the combined e x trac ts  washed w ith  sodium b icarbonate  

so lu tion , dried, and evaporated g iv ing  an o il. Thin layer chrom atography 

ind ica ted  th ree  components, the one having low est Rp was the depro tected  

m a te ria l (328). The tw o  components o f higher Rp were separated by fla sh - 

co lum n chrom atography (d ich lorom ethane). F irs t to  be e lu ted was the 

trich lo rocom pound (330) (0.13g) then was iso lated 5 -ch lo ro -6 ,7 -d ih yd ro fu ro - 

[2 ,3 -d ]th ieno ]3 ,2 -b ]pyrid ine  (334) (0.18g, 20%) having m.p. 154-156°C (Found:



C, ; H, ; N, . CgH^ClNOS requires C, ; H, ; N, %),

8 (CDC13) 7.72 ( iH ,  d, 3 = 5 . 5 Hz, H-2), 7.47 (1H, d, 3 = 5 . 5 U z ,  H-3), 4.89 (2H, t,

J=9Hz, C H 90), and 3.37 (2H, d, 3=9Hz, A r C H j ,  1610, 1330, and 1340t z z max
cm .

Attem pted dechlorination of 3-Chloro-6,7-dihydrofuro[2,3-d3thieno[3,2-b]- 

pyridine (334) -

The ch lo ro  compound (334) (0.3g) and z inc (0.3g) were s tirre d  in a ce tic  acid 

(20m l). A f te r  18h a t room tem pera tu re  l i t t le  reaction  had occurred. The 

m ix tu re  was then boiled under re flu x  fo r 2h. Thin layer chrom atography then 

ind ica ted  th a t the m ajor com ponent was s ta rtin g  m a te ria l toge the r w ith  sm all 

amounts of several o ther compounds.

Attem pted acidic hydrolysis of the trichloro compounds (330) and (332) -

When 0.3g samples o f the th ieno [2 ,3 -b ]- and -[3 ,2-b ]pyrid ines, [(330) and 332)], 

respective ly , were boiled under re flu x  in a m ix tu re  o f 1,4-dioxan (20ml) and 

6M hydroch lo ric  acid (20m l) fo r  3h th in  layer chrom atography ind ica ted  th a t in 

ne ithe r case had reac tion  occurred.

Ethyl 2-(Tetrahydrofuran-2-ylideneamino)thiophene-3-carboxylate (340) -

A so lu tion  o f a  -(0,0-d iethylphosphono)- y  -bu ty ro lac tone  (313) (6.66g, 0.03mol) 

in  DMF (60ml) was added under n itrogen  to  a suspension of sodium hydride 

(0.72g, 0.03mol) in  DM F (30m l) then s tirred  a t 40°C fo r a fu r th e r 10 m inutes. 

To the resu lting  so lu tion  was added a so lu tion  o f e th y l 2-am inoth iophene-3- 

ca rboxy la te  ■ (131b) (3.1g, 0.03mol) and the whole was s tirre d  a t 110-120°C fo r 

3h. The DMF was d is tille d  under vacuum and the residue added to  w a te r 

(200ml) and e x trac te d  w ith  d ich lorom ethane (3x). Evaporation o f the dried 

e x trac ts  y ie lded an o il which was p u rified  by flash-co lum n chrom atography 

(e thy l aceta te) and d is tille d  g iv ing  the t i t le  thiophene (340) (2.8g, 39%) having 

b.p. 122-124°C/0.03m m Hg (Found: C, ; H, ; N, . C ^ H ^ N O ^ S

requires C, ; H, ; N, %), 8 (CDC13) 7.34 (1H, d, J=6Hz, 2-H), 7.09 

( IH , d, 3=6Hz), 4.3-3.7 (4H, m, 2xOCH2), 2.9-2.0 (4H, m, N C H 2-C H 2), and 1.5-

1.1 (3H, m, O C H 2C H 3), v max

Attem pts to cyclise the imino compound (340) -

a Sodium Ethoxide in ethanol -

When the im ino  compound (340) (0.48g, 2mmol) was boiled under re flu x  w ith  a 

so lu tion  of sodium ethoxide (from  0.14g sodium, 6m g-atom ) in  ethanol ( 10m l) 

the so lu tion  rap id ly  became dark brown and th in  laye r chrom atography 

ind ica ted  a com plex m ix tu re .
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b Sodium hydride in TH F -

When the im ino compound (340) (0.48g, 2mmol) was boiled under re flu x  w ith  

sodium hydride (O .lg, 4m m ol) in  THF (20ml) fo r 4h, th in  layer chrom atography- 

ind ica ted  th a t the s ta rtin g  m a te ria l had been consumed. On exposure to  a ir 

the reaction  m ix tu re  rap id ly  darkened and no one com ponent could be iso la ted 

from  the resu lting  com plex m ix tu re .

7-Allyloxythieno[3>2-b]pyridine (342) -

Sodium (0.7g, 30m g-atom ) was dissolved in a lly  1 alcohol (30m l) and 7 -ch lo ro -

th ieno[3,2~b]pyrid ihe (167) (i.7 g , lOm m ol) added and boiled under re flu x  fo r

18h. The so lu tion  was poured in to  w a te r and ex trac ted  w ith  d ich lorom ethane

(3x). The combined e x trac ts  were dried and evaporated and the residue

d is tille d  g iv ing  7 -a lly loxy th ieno [3 ,2 -b ]py rid ine  (342) (1.4g, 74%) having b.p.

107-109°C/0.1m m Hg. 8 (CDC13) 8.53 ( IH , d, 3=5.5Hz, 5-H), 7.66 ( IH , d,

3=5.5Hz, 2-H), 7.49 ( IH , d, J=5.5Hz, 3-H), 6.66 ( IH , d, 3=5.5Hz, 6-H ), 6.50-5.20

(3H, m, CH=C H 9), and 4.65 (2H, m, O C H L C H = C H j, • y -  1570, and 1550 I ^ 2- z m 3. x
cm . The p ic ra te  was prepared fo r  analysis and had m.p. 175-177°C (from  

m ethanol) (Found: C, 45.6; H, 2.6; N, 13.2. c ^ H i 2N4° S S requires c , 45.7;

H, 2.9; N, 13.3%).

Claisen Rearrangement of 7-AUyloxythieno[3,2-b]pyridine -

The a lly l e ther (342) (4.8g) was heated a t 200°C fo r 2h. The resu lting  sem i­

solid which form ed on cooling  was p a rtition e d  between d ich lorom ethane and 

2M aqueous sodium hydroxide. The aqueous so lu tion  was a c id ifie d  w ith  

hyd roch lo ric  acid and the  resu lting  p re c ip ita te  washed w ith  w a te r and dried. 

R e crys ta llisa tion  fro m  e th y l ace ta te  a ffo rded  6 -a ily lth ie no [3 ,2 -b ]py rid in -7 (4 H )- 

one (343) (1.6g, 33%) having m.p. 188-190°C (decomp.) (Found: C, 63.1; H,

4.9; N, 7.4. C ^H g N O S  requires C, 62.8; H, 4.7; N, 7.3%), 8 ( C D C l^ C D ^ -

SO) 7.75 (IH , d, 3=6Hz, 2-H), 7.60 ( IH , s, 5-H), 7.18 ( IH , d, J=6Hz, 3-H),

6.40-4.90 (3H, m, C H = C H J , and 3.28 (2H, m, C H 9C H = C H j,  v~ 2950-2400,rTicix
1610, 1580, and 1510 cm . The d ich lorom ethane so lu tion  was dried  and

evaporated. The resu lting  o il was subjected to  flash-co lum n chrom atography

(e thy l aceta te  [9  p a rts ] - m ethanol [1 p a r t]) .  F irs t to  be e lu ted was 4 ,6-d i-

a lly  th ieno [3 ,2 -b ]pyrid in -7 -one  (345) (0.26g, 5%) (Found: C, ; H, ; N,

. C 13H 13NOS requires C, 67.5; H, 5.7; N, 6.1%), 8 (CDC13) 7.58 ( IH , d,

J=5.5Hz, 2-H), 7.25 ( IH , s, 5-H), 7.01 ( IH , d, 3=5.5Hz, 3-H), 6.3-5.6 (2H, m,

2xCH=CH2), 5.4-5.0 (4H, m, 2xCH=CH ), 4.70 (2H, m, N -C H 2), and 3.31 (2H,

m, A rC H A  v V  1610, and 1520 cm . N ext to  be e lu ted  was 4 -a ily lth ie n o - —2 max---------------------------------------------------------------------------------------- -1-------------
[3 ,2 -b ]pyrid in -7 -one  (344) (0.5g, 10%) having m.p. 90-92°C (Found: C, 62.7; H, 

4.6; N, 7.4. C ^H g N O S  requires C, 62.8; H, 4.7; N, 7.3%), 8 (CD C l-j) 7.66 ( IH ,
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d, 3 = 5 . 5 Hz, 2-H), 7 A 3  ( IH , d, 3 = 7 . 5 Hz, 5-H), 7.08 (IH , d, 3=5.5Hz, 3-H), 6.21

(IH , d, 3=7.5Hz, 6-H ), 6.11-5.69 ( IH , m, C H 2CH=C H2), 5 A 2 - 5 . 0 0  (2H, m,

CH CH=CH ), and 4.86-4.71 (2H, m, N C h L C H = C H j, y  1610, 1560, and z . z z z max
1510 c m .

Attem pted cyclisations of 6-Allylthieno[3,2-b]pyridin-7(4H)-one (343) 

a With HBr in acetic acid -

The a lly l compound (l.Og) was dissolved in a so lu tion o f HBr in a ce tic  acid

(33%, 20ml) and set aside a t room tem pera tu re  fo r 7days. Poured in to  w ater 

(100m l) and the m ix tu re  neutra lised w ith  sodium b icarbonate. The whole was 

then ex trac ted  w ith  d ich lorom ethane; t . l.c .  o f the e x tra c t showed several 

m inor components but m a in ly  unreacted s ta rting  m a te ria l.

b With DDQ in toluene -

The a lly l compound (343) (0.57g, 3m m ol) and DDQ (0.82g, 3.6m m ol) were 

heated a t 100°C in  to luene (80m l) fo r  4h. Some black ta r was p re c ip ita te d  but 

t . l.c .  o f the so lu tion ind ica ted  a com plex m ix tu re .
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Table 13
13C NMR Spectra of Furothienopyridones

(317)a 

(3 19)a

(316)b 

(31 S)b

(326)a

(327)a 

(329)b 

N otes

0

UL
I

Me

120.1 (C-2), 116.2 (C-3), 160.8 ( C - 4 ) ,  150 .4  (C - 5 ), 162.2 (C -6), c (C -8),

110.9 (C-9), 73.9 (x), and 27.3 ( V) .

119.5 (C-2), 117.1 (C -3), 154.5 (C-4), 113.0 (C -5), 159.0 (C -6), 146.4

(C -8), 111.4 (C -9), 142 .4  (x), and 108.5 ( V ) .

130.9 (C -2), 1 2 4 .6 (C-3), 145.4 (C -5), 115.6 (C -6), 162.6 (C -7), 114.9 

(C -8), 157.6 (C -9), 73.2 (x), and 28.4

127.6 (C-2), 117.8 (C-3), c (C-5), c (C-6), c (C-7), c (C-8), 141.1 
(C-9), 143.5 (x), and 108.0 ( v ) .

129.2 (C-2), 117.5 (C -3), 162.1 (C -5), 105.2 (C -6), 161.5 (C-7), 107.5

(C -8), 145.1 (C -9), 74.4 (x), and 27.5

126.9 (C -2), 118.0 (C -3), 159.7 (C-5), c (C -6), c (C -7), c (C -8), 143.0

(x), and 108.6 ( y  ).

127.8 (C-2), 117.5 (C-3), 158.9 (C-5), 112.9 (C -6), c (C-7), c (C -8),

114.1 (C -9), 143.6 (x), and 107.7 ( V ) .

a: run in C D C l^

b: run in  C D C l^ -C C D ^S O

c: No signal observed

d: Compound (328) was not s u ff ic ie n tly  soluble in these solvents fo r

a spectrum  to  be observed.
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Thienopyridinqs. Part 6.1 Synthesis and Nucleophiiic 
Substitution of Some Chlorothieno[2,3-b]pyridine 
Derivatives, and Comparisons with the Analogous 
Quinoline Compounds
JOHN M. BARKER,* PATRICK R. HUDDLESTON, and DAVID HOLMES 
Department of Physical Sciences, Trent Polytechnic, Clifton Lane, Nottingham NG11 8NS, 
U.K.
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1985, 214-215 
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A  number o f th ieno[2,3-b)pyrid ine derivatives, 
containing various substituents in the pyridine ring, have 
been synthesised; in 4,6-dichlorinated compounds the 
chlorine atom at C-4 is preferentially replaced by 
nucleophiles.

In  previous reports1,9 we have recorded that, in 
5 ,7-dichlorothieno[3,2-b]pyrid ine derivatives (both with 
and w ithout an ester group at C-6), the chlorine atom 
y- to the nitrogen (i.e. at C-7) is much more readily 
replaced than that a- to it  (at C-5). We now report 
that the same pattern o f behaviour is exhibited by the 
thieno[2,3-£>]pyridine analogues o f these compounds.

pyridines the chlorine atoms o f 2,4-dichloroquinoline are 
o f approximately equal reactivity towards ethoxide ions,2 
and, although the halogen at C-4 is preferentially 
displaced by methoxide, replacement at C-2 still takes 
place to a significant extent.3,4 We have examined the 
reaction o f ethyl 2,4-dichloroquinoline-3-carboxylate 
w ith one equivalent o f sodium ethoxide in ethanol. The 
products were ethyl 2-chloro-4-ethoxy- (72%) and ethyl 
4-chloro-2-ethoxy-quinoline-3-carboxylate (5%). We 
ascribe the greater reactivity o f the chlorine atom at C-4 
to the ab ility  o f the ester group in that case to delocalise 
the negative charge in the sigma complex w ithout dis­

co JEt

C0oEt

COgEtCOgEt
NaH-THFCH2 (C02E t ) 2

S NHCOCH„CO„Et
(11 )

(1 3  )

Me2S04 , K2C03

E t2C0
PhPOCl

COr.EtCÔ Et
5 x EtO -EtOH

HSCH2C02Me, ( 2 2 )

MeCf-MeOH1 x EtO -EtOH CO„Me
CO„Et

CO„Kt

Zn-AcOH Zn-AcOH

Zn-AcOH
CO„Me

CO„Et CO„Et
5 x EtO -EtOH HSCH2C02Me,

MeO -MeOH

( 1 7 ) ( 1 8 )

Scheme A
( 20)

The synthesis and some reactions o f the substances 
studied are presented in Schemes A  and B. The identities 
o f the various products were established, where 
necessary, by unambiguous preparations from  com­
pounds o f unarguable structure, and from spectroscopic 
data; carbon-13 n.m.r. spectra in particular provide 
firm  evidence of constitution in the series.

In contrast to the related a,y-dichlorinated th ieno[6 ]-

*To receive any correspondence.

ruption o f the benzene ring (structure X ); the compar­
able structure (Y ) fo r substitution at C-2 requires a 
quinoid arrangement.

Competitive experiments indicate that the order o f 
reactivity towards methoxide of chlorine atoms at y- 
positions in thieno[b]pyridines and their quinoline 
isotere is 4-chloroquinoline >  4-chlorothieno[2,3-b]- 
pyrjdine >  7-chlorothieno[3,2-b)pyridine. Chlorine 
atoms a- to the nitrogen in the two thienopyridines are 
(in  contrast to that in 2-chIoroquinoline) very resistant



OH

.C O oB u 

'S '  '  N11C0CH gCOgE t

PhgO, b o i l
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then H

(26 )
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(13  )

( 2 7 )

-QMSO

+ ( 2 7 )

( 3 7 )

P0C1.

to replacement by methoxide.
A  fu rther point o f difference between related 

compounds in the three groups concerns the tautomeric 
preferences in substances carrying an oxygen atom y to 
the pyrid ine ring nitrogen. In  both the quinoline and 
th ieno[3,2-£]pyrid ine series the preferred form  is the 
(NH)-quinolone, whereas the thieno[2,3-fr]pyrid ine 
counterpart exists as the hydroxy tautomer (33).

We thank D r. N. F. E lmore fo r helpful discussions, 
IC I Pharmaceuticals D ivision fo r technical assistance, 
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The i3C n.m.r. spectra o f more than forty thieno[3,2- 
6]pyridine derivatives have been recorded, and assign­
ments of the resonances made; the products of mono- 
nucleophilic substitution of some 5,7-dichlorothieno[3,2- 
ijpy rid ines  have been shown by 13C n.m.r. spectroscopy 
and by chemical correlations to be the 7-substituted 
5-chloro derivatives.

By making allowance for substituent effects, derived 
from the effect that the same substituent has upon the 
chemical shift of a comparable carbon atom in a refer­
ence system, it was possible to assign the resonances due 
to the pyridine ring carbon atoms in a number of 
thieno[3,2-6]pyridine compounds. It was also possible 
to deduce the shifts induced at the thiophene ring atoms 
(C-2 and C-3) by substituents in the pyridine ring. O f 
particular interest in this context is that the C-3 reso­
nance (which normally occurs in the range 124-126 
ppm) was observed at 116.5-118.5 in thieno[3,2-6J- 
pyridin-5(4/7)- and-7(4//)-ones, thus permitting a ready 
distinction to be made between keto and enol tautomers.

Some nucleophilic substitution reactions of alkyl 5,7- 
dichlorothieno[3,2-6Jpyridine-6-carboxylates ( la  and 
b) were examined, and in each case it was found that the 
chlorine atom at C-7 was replaced, the remaining

N . . C I

CO,R O C X
(3) Q; R =Me 0 )  a , R = Me

0
( 4 )

b ; R = Et 

[F rom  (2 a ) ,(2 b )J

RO*
ROH

c o 2r ■CN ■CM

OMe

(1 3 )( 12)

MeO"
MeOH

• N. Cl .OMe■N.

•CN

OMe•NH.

c o 2r

OEt

(2 8 b )  [F ro m  (2b )J b. R = Et

Scheme A

chlorine being very resistant to nucleophilic displace­
ment. Similarly the related 6-cyano compound (12) was 
attacked at C-7 by methoxide; further nucleophilic 
attack upon the product (13) involved loss of the 
methoxy group rather than the chlorine atom at C-5. The 
identities of the various products were established by I3C 
n.m.r. spectroscopy and by chemical correlations with the 
ester (28b) of known structure. Some of the reactions of 
the 6-substituted 5,7-dichloro compounds are shown in 
Scheme A .

The greater reactivity o f C-7 towards nucleophiles in 
these compounds caused us to question our earlier 
report10 that 5,7-dichlorothieno[3,2-6]pyridine (17) 
gave 5-alkoxy-7-chloro derivatives when treated with 
alkoxide. We have re-examined this earlier work (and 
extended it), and have found the original conclusion to 
have been erroneous. As is the case with ( la ) , ( lb ) ,  and 
(12), (17) undergoes preferential substitution at C-7. 
The orientation is clear from the 13C n.m.r. spectra of 
the products and from their relationship to a substance 
of known form (22).9 Scheme B gives an outline of this

H.0-DMS0

RQ-ROH

AcOH
CO .Et

OR

(21) a ; R =M e  

b, R = E t

(1 8 ) a ,  R = Me

b , R = E t

. hydrolysis 
i. - CO, ii.EtO"- EtOH 

(28b)

Scheme B

‘ To receive any correspondence.

part of the work, and illustrates direct chemical connec­
tion between the nucleophilic substitution products of 
(1) [(2a and b)] and of both (1) and (12) [(4 ) ] with 
those o f (17).

For comparison with (18b) and (21a) samples of 
7-chloro-5-ethoxy- (19) and 5-methoxy-thieno[3,2-£>]- 
pyridine (31) were prepared (Scheme C), via (10) and 
(30), respectively. I t  is of interest that the i.r. and i3C 
n.m.r. spectra of (10) indicate the keto tautomer, 
whereas the isomeric 5-chloro-7-oxygenated derivative 
(7) exists as the 7-ol.

We thank Dr. N. F. Elmore for helpful discussions, 
Mr. M. L. Wood for 13C n.m.r. spectra, and 1CI Pharma­
ceuticals Division for technical support. One of us (D .H .) 
acknowledges receipt of an S.E.R.C. Instant Award.
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