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APSTRACX

S yn thes i s  of  P o l y s u b s t i t u t e d  F a t t y  Acids v i a  Thlophene In t .eraeAlft tes

At QledfrUl ,

This t h e s i s  i s  an i n v e s t i g a t i o n  i n t o  the  p o s s i b i l i t y  of p r e p a r in g  
p o l y s u b s t i t u t e d  f a t t y  a c i d s  -  s e c o -a c i d s  -  v i a  Raney n icke l
d e s u lp h u r i s a t io n  of p o l y s u b s t i t u t e d  th lophene  in te rm ed ia te s .

A v a r i e t y  of hydroxythiophene c a rb o x y la te s  were prepared.  A number 
of the se  were O-methylated, s a p o n i f i e d  and e i t h e r  deca rboxy la ted  or 
conver ted to  ac id  c h lo r id e s .  Two examples were O -g lycos ida ted .

Acetoxy -  and ary loxy -  d e r i v a t i v e s  of s e v e ra l  hydroxythiophene  
c a rb o x y la te s  were prepared  and s u b je c t e d  to  F r i e s  rearrangement.  The 
r e a c t i o n  f a i l e d  in the  m a jo r i t y  of cases,  with c leavage  of th e  e s t e r  
o ccu r r ing  wi thout  subsequent  rearrangement .  F ive e s t e r s  were
s u c c e s s f u l ly  F r i e s  rea r range d  t o  g iv e  t h i e n y l  and d i t h i e n y l  ke tones .

A number of p o l y s u b s t i t u t e d  t h i e n y l  and d i t h i e n y l  ke tones  were
prepared  us ing F r i e d e l - C r a f t s  a c y la t i o n ,

Raney n ic k e l  d e s u l p h u r i s a t i o n  of t h i e n y l  and d i t h i e n y l  ke tones  gave
seco ac ids ,  with only moderate success .  The p roducts  ob ta ined  were 
found to  be impure in  the  m a jo r i ty  of cases.  However, one model seco 
ac id  was prepared.

A study of the  s t e r e o s e l e c t i v i t y  of  the  Raney n ic k e l  d e s u l p h u r i s a t io n  
process  with r e s p e c t  to  hydroxy groups a t t a c h e d  d i r e c t l y  to  a 
th iophene r in g  proved inc onc lus ive .

An i n v e s t i g a t i o n  in t o  th e  Raney n i c k e l  d e s u lp h u r i s a t i o n  of th iophenes  
c on ta in ing  o p t i c a l l y  a c t i v e  s id e - c h a i n s  demonstrated t h a t  no 
racem isa t ion  of c h i r a l  c e n t r e s  occurs.

< i  i  >



ABBREVIATIONS

TBS -  t - b u t y l d l m e t h y l s i l y l
9-BBN - 9 -b o rab ic y c lo  [3 .3 .  1] A o f \ a o e

CuOTf -  copper C11) t r i f l o o  Comethane su lphona te
Bn -  benzyl

Tr -  t r ipheny lm e thy l
Bu* -  t e r t i a r y b u t y l
Me -  methyl
Et -  eVV\Oj\
MeOH -  methanol
Ph - phenyl
Th - th i e n y l
Ac -  a c e ty l
EtOAc -  e thy l  a c e t a t e
t-BuOK - p o ta s s iu m - t -b u to x id e

Ar - Aryl

NMR - nuc lea r  magnetic resonance  spec troscopy
5 -  s - s i n g l e t  -  q - q u a r t e b

- d-double t  - m -m ult ip le t
- t - t r i p l e t

- J - co u p l in g  cons tan t  (Hz)

IR -  i n f r a - r e d  spec troscopy
- V -  Vmax (cm-1)
- b -  broad

p , s . i .  -  pounds per  square  inch

( i i i )
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INSTRUMENTATION

The fo l low ing  in fo rm at ion  a p p l i e s  to  a l l  exper imenta l  s e c t i o n s :

Melt ing  p o i n t s  were determined us ing  open c a p i l l a r y  tubes  in  an 

e l e c t r i c a l l y  hea ted  Gallenkamp melt ing  poin t  a p p a ra tu s  and a re  uncorrec ted .

M ic roana lys i s  and mass spec t roscopy  were c a r r i e d  out by the  a n a l y s i s  

s e c t i o n s  of Shell  Research L t d . , S i t t ingbourne .

1 H nmr s p e c t r a  were recorded  on a H i tach i  Perk in-Elmer  R-24B 60 MHz

spec t rom e te r  with t e t r a m e t h y l s i l a n e  as i n t e r n a l  s tan d a rd  in  the  s o lv e n t s  

in d i c a te d .

I n f r a - r e d  s p e c t r a  were recorded  on a Perkin-Elmer 157 G G ra t ing  I n f r a - r e d  

spec t ropho tom eter .

S3C nmr s p e c t r a  were recorded  on a JEOL 5NM-C-60Q 60 MHz spec t rom ete r  with 

t e t r a m e t h y l s i l a n e  as i n t e r n a l  s tandard  in  d e u t e r a t e d  chloroform.

Column chromatography was c a r r i e d  out us ing  s i l i c a  ge l ,  60-120 mesh.

Aluminium, t i n  and t i t a n i u m  c h l o r i d e s  were a l l  anhydrous.



INTRODUCTION

1* The Macrolide A n tib io t ic s .

1* !• Introduction.

The macrolide a n t i b i o t i c s  a r e  of  g r e a t  i n t e r e s t  due t o  t h e i r  

a n t i b a c t e r i a l  a c t i v i t y ,  e s p e c i a l l y  a g a in s t  g ram -p o s i t iv e  b a c t e r i a  

( inc lud ing  anaerobes) ,  g ram-negative  cocci ,  and mycoplasmas.

The f i r s t  macrolide a n t i b i o t i c  t o  be i s o l a t e d  was ob ta ined  from a 

s t r a i n  of s treptomyces,  by Brockraann and Henkel in 19501. They named 

i t  pikromycin due to  i t s  b i t t e r  t a s t e .  Soon a f te rw ards  strep tomyces  

organisms y ie lded  s e v e ra l  o th e r  a n t i b i o t i c s  which appeared t o  be 

chemica lly  and a n t i m i c r o b i a l l y  r e l a t e d  to  pikromycin. Chemical

c h a r a c t e r i z a t i o n  of th e s e  a n t i b i o t i c s  led t o  the d i s c l o s u r e  of the  

s t r u c t u r e s  of methymycin 2, erythromycin  A3 and B* and carbomycin A 

(magnamycin) 6_e, a l l  showing a common f e a t u r e  -  a macrocyclic  

l a c tone .  Woodward B proposed the  term "macrolide" t o  d e s c r ib e  t h i s  

c l a s s  of compounds.

The macrolide a n t i b i o t i c s  a re  c l a s s i f i e d  accord ing  to  th e  s i z e  of the  

macrocyclic  r i n g  as e i t h e r  12-, 14- or 16- membered macrolides,

Thei r  o v e ra l l  c o n s t i t u t i o n a l  s t r u c t u r e s  inc lude  a w ealth  of 

s te reochemica l  f e a t u r e s ,  invo lv ing  numerous asymmetric c e n t r e s  and 

conformationa l  p o s s i b i l i t i e s  among lac tone  r in g s  co n ta in in g  an a r r a y



o f s u b s t i t u e n t s .  The s t r u c t u r e s  (1 (a> and 1 <b>> i l l u s t r a t e  t h i s

point:  -

0

OH

F i g u r e  1 ( a )  R = OH; e y t h r o n o l » d e  R
( b )  R = H;  e y t h r o n o l i d e  B

I t  should be po in ted  out t h a t  th e  macrolide a n t i b i o t i c s  a re  g ly c o s id e s  

and th a t  the  sugar moiety i s  e s s e n t i a l  fo r  a n t i b i o t i c  a c t i v i t y .  This  

means the  s y n th e s i s  of a macro lide  a n t i b i o t i c  i s  not  complete withou t

g ly c o s id a t io n .  For example, th e  macrolides  Cl (a) and 1 <b>> must

both have the  sugars  D-desosamine and L -c lad inose  in  th e  C-5 and C-3

p o s i t i o n s  r e s p e c t i v e l y  (2 (a) and 2 (b>> in o rder t o  be c l a s s e d  as

macrolide a n t i b i o t i c s : -

0

OMe

F i g u r e  2 ( a )  R = OH; e r y t h r o m y c i n  ft 
( b )  R = H;  e r y t h r o m y c i n  B

3.



A t o t a l  of s i x t e e n  s uga r s  have been i d e n t i f i e d  with  th e  macrolide  

a n t i b i o t i c s :  f i v e  of t h e s e  a re  amino, and e leven  a re  n e u t r a l  sugars .

The m a jo r i ty  of macro lide  a n t i b i o t i c s  con ta in  a t  l e a s t  one sugar 

moiety and g ly c o s i d a t i o n  i s  s t i l l  a major s y n t h e t i c  problem. By 1984 

9 only four  macrol ide a n t i b i o t i c s ,  methymycin 10, e rythromycin A11, 

carbomycin B12, and t y l o s i n  13 had been syn th es i s ed ,  with moderate 

success.

1*2. The Total gynt.hs_s.l§ gS th e  Aglycones o f  the M acrolide

A n tib io tic s .

The macro lide  a n t i b i o t i c s ,  with t h e i r  m u l t ip l e  asymmetric c e n t r e s  and 

complex a r ray  of  f u n c t i o n a l  groups p resen t  a c h a l len g e  th a t  has  been 

the  focus of i n t e n s e  s y n t h e t i c  i n t e r e s t .  Two fundamental  problems 

have been i d e n t i f i e d  in  a s s o c i a t i o n  with macrolide s y n th e s i s .  One of 

these ,  the  c o n s t r u c t i o n  of a medium or l a r g e - s i z e  lac tone ,  was solved 

in the  f i r s t  t o t a l  s y n t h e s i s  of methymycin in  1975 10, 1A and l a t e r  of 

pyrenophorin 1B, v e rm icu l ine  and nonac t in  17, 1G, These l a c to n e s  

were c o n s t ru c t e d  from t h e i r  co r responding  seco ac ids .  Th is  was 

achieved d e s p i t e  the  view'  which p r e v a i l e d  a t  t h e  t ime (based on 

e a r l i e r  work by S t o l l  19> which in d i c a t e d  t h a t  such i n t r a m o l e c u la r  

c y c l l s a t i o n s  were not favoured.  With t h e  e s t ab l i s h m en t  of th e

v i a b i l i t y  of th e  "seco  ac id"  approach,  a v a r i e t y  of  methods f o r  t h i s  

m a c ro la c to n i s a t i o n  a r e  now a v a i l a b l e  1A, ao . An approach which i s  

now o f t e n  employed, C o rey ' s  "double a c t i v a t i o n  method" ,^2-invol ves 

prolonged r e f l u x i n g  of a d i l u t e  s o l u t i o n  of  the  t h i o l  e s t e r  <3> i n  a 

h ig h -b o i l in g ,  i n e r t  so lv en t  to  complete l a c t o n i s a t i o n  (4-6),  as  shown

4.



below in  scheme 1, where format ion of the  d o u b ly -a c t iv a t e d

in t e rm e d i a te  (4) l e a d s  t o  a c o l l a p s e  t o  th e  t e t r a h e d r a l  ca rbonyl 

adduct (5) from which th e  l a c to n e  (6) i s  formed by e l i m i n a t i o n : -

(3 )
N S

I
HQ— CHj

+
•N <H>

( C H , > . - t
- I
0 — CHt

0
^ — <CH2 ) n. ,  

0  CHt

( 6 )

Cl
H

Scheme 1

<5)

H

0— CH

I t  has s in ce  been d iscovered  by Gerlach 23 th a t  s i l v e r  p e r c h l o r a t e  

cons ide rab ly  a c c e l e r a t e s  t h i s  r e a c t io n ,  enab l ing  complet ion w i th in  an 

hour a t  room tempera ture .

The second fundamental problem a s s o c i a t e d  with  m acro l ide  s y n th e s i s ,  

the  i n t r o d u c t i o n  of c h i r a l  c e n t r e s  i n t o  a s t r a i g h t - c h a i n  a l i p h a t i c  

ac id  s t i l l  has no s a t i s f a c t o r y  s o lu t io n .  The s y n t h e t i c  methodology 

needed to  overcome t h i s  problem has developed p r im a r i l y  along four  

genera l  pathways which w i l l  now be d iscussed .



!•3- Ring-Cleavage Methods.

Here, the  c l e a r l y  de f ined  c l s / t r a n s  r e l a t i o n s h i p  of s u b s t i t u e n t s  on a 

c y c l i c  system i s  employed as a means of  g e n e ra t in g  a c y c l i c  systems 

with th e  r e q u i r e d  s t e r e o c h e m is t ry  v i e  r ing -c leavage .  An e x c e l l e n t  

example of t h i s  method of  macro l ide  s y n t h e s i s  i s  seen in  G r i e c o ' s  

s y n th e s i s  of the  seco ac id  (7), which upon l a c t o n i s a t i o n  g ives  

methylonide (8),  as  shown in  equa t ion  1 : -

TBSO
(?)

COjH

(8)
'OH

Equat ion 1



The Grieco seco a c id  s y n t h e s i s  i s  based upon the  coupl ing  of the  

recemic,  n u c l e o p h i l i c  C - l  >C-7 fragment (10>, as in  equa t ion  2: -

(9 )

steps

OTBS

( 1 0 )

♦ ( ? )

Equat i on 2

Fragment (9) was p repared  from th e  cyclohexenone in  12 s t e p s  v ia  the  

rou te  shown in scheme 2 : -

Scheme 2



Fragment (10) was p repared  from (11), ob ta ined  from norbornodiene,  

us ing th e  fol lowing,  m u l t i - s t a g e  s y n t h e t i c  rou te  (scheme 3 ) : -

s e v e r a l
 1>
steps

MeO,C

steps
0

( 1 1 )

steps

steps

TBSO TBSO

7 s t e p s

( 10)

Scheme 3

Coupling of the  two f ragments  (9> and (10), fol lowed by a f u r t h e r  four 

s teps ,  gave a 1: 1 mixture of racemic (7) and an unwanted diastereomer.  

In a l l  the  s y n th e s i s  comprises of a t o t a l  of 32 major s t e p s  s t a r t i n g  

from norbornadiene and g iv e s  an o v e ra l l  y i e ld  of 0.07% from (11).



4. The Sugar Approach,

This method of macrolide  s y n t h e s i s  u t i l i z e s  the  b u i l t - i n  

s t e r e o c h e m is t ry  of monosaccharides such as  g lucose,  t r a n s f e r r i n g  i t  

i n t o  t h a t  of segments of macro l ides  through a p p r o p r i a t e  chemical  

ope ra t ions .  Thus, r e a d i l y  a v a i l a b l e  monosaccharides  se rv e  as a

" c h i r a l  pool" of a v a i l a b l e  s t a r t i n g  m a te r i a l s .  This  method,

o r i g i n a l l y  proposed by Mil jkovic  , was used in  th e  e l e g a n t  s y n t h e s i s  

of an e r y t h r o n o l id e  A seco  a c id  d e r i v a t i v e  by Hanessian and co-workers 

^  r e p o r te d  in  1978. This  s y n t h e s i s  i s  based upon the  coupl ing  of

the  ca rb o h y d ra te -d e r iv e d  C - l  >C-7 and C-8---- >C-13 fragments,  (12)

and (13) r e s p e c t iv e l y ,  g iv in g  (14) ( the s t e r e o c e n t r e s  at  C-6 and C-8 

are undef ined) .  Equation 3 shows t h i s  c o u p l in g : -

( 1 2 )

MeO

OBn OMe
OBn

( 1 3 )

CHO

Me 0

OBnOBn OMe

OMe

< 1 H )

E qua t ion  3

These two e n a n t i o m e r i c a l l y - c o r r e c t  fragments were prepared  from a 

common precurso r ,  (15) (which has the  c o r r e c t  s t e r e o c h e m is t ry )

9.



obta ined  from manipu la t ion  of D-glucose us ing  the  conformationa l  b ia s  

of the  pyranose r in g  system. The s t e r e o c o n t r o l l e d  s y n th e s i s  of C ' ^ )  

was accomplished in  f i v e  s t a g e s  from D-glucose,  in v o lv in g  a t o t a l  of 

fou r tee n  r e a c t io n s .  These syntheses '  a re  summarised in  scheme

Ph
steps

Me

Ph Ph

OTr

MeO

(1 5 )

OTr0

MeO

Scheme H

10.



(15) i s  then conver ted  in  f i v e  f u r t h e r  s t a g e s  to  th e  C-9-----> 0 1 3

segment (13) as in  scheme 5 : -

<15)
steps

OTr

MeO

steps

MeO
stepsMeO MeO

steps

CHO
(13 )

OBn OMe
OBn

Scheme 5

The o the r  fragment,  (12), was sy n th es i sed  in  four s t a g e s  from <15), 

us ing  a t o t a l  of s i x  s t e p s  as fol lows in scheme 6 : -

MeO 

2<15)

MeO OTr

MeO

<12> «-

CHO

steps

MeO

Scheme 6 

i i .



Z1
The two f r a c t i o n s  were combined v ia  a Horner-Emmons r e a c t i o n  to  

give (14). I n t r o d u c t i o n  of th e  C-6 and C-8 methyl bea r ing  c h i r e l -  

c e n t r e s  was then c a r r i e d  out without  s i g n i f i c a n t  s t e r e o c o n t r o l ,  and 

the  mix ture  of d ia s t e reo m e rs  produced was conver ted  i n t o  t h e  seco a c id  

d e r i v a t i v e  (16) as  in equa t ion  4. The t o t a l  s y n t h e s i s  of t h i s  seco 

ac id  us ing  t h i s  r o u te  c o n s i s t e d  of 3 1 - s t e p s  from D-glucose and gave an 

o v e r a l l  y i e l d  of 2%.

C1H) 

7 
steps

MeO

OBnOBn OMe OMe
( 16 )

Equati on H

2 ^
1*5. Acyclic  Method

Here, c h i r a l  cha in  segments of a macrolide a r e  s t e r e o s e l e c t i v e l y  

c o n s t ru c t e d  from a c y c l i c  p recu r so r s .  The advantage of  t h i s  approach 

i s  t h a t  r e p e t i t i o n  of such a s y n t h e t i c  opera t ion ,  i f  executed  with 

high d i a s t e r e o s e l e c t i o n  (and e n a n t i o s e l e c t i o n )  a t  each ope ra t ion ,  

would s im p l i fy  the  s y n t h e t i c  des ign fo r ,  and minimise the  number of 

s t e p s  to, a seco acid.  Problems a s s o c i a t e d  with t h i s  a c y c l i c

s t e r e o s e l e c t i o n  have been in v e s t i g a t e d  in t e n s e l y  in  recen t  years.
2<A

Masarnune s y n th e s i s e d  6 -deoxyery th rono l ide  B (17) us ing  a s e r i e s

12.



of four  syn- type  a ldo l  condensa t ions  to  b u i ld  up th e  O l  > 0 1 3

carbon s k e le to n  with th e  s i m u l t a n e o u s  c o n t ro l  of  e igh t  new c h i r a l  

c e n t r e s  ( i . e .  two new c h i r a l  c e n t r e s  s e t  up fo r  each a ld o l  s t e p ) .  

This s y n t h e s i s  was the  f i r s t  t o  use only a c y c l i c  s t e r e o c o n t r o l  by the  

a ldo l  r e a c t i o n  (using  c h i r a l  e n o l a t e s ) ,  t o  c o n s t r u c t  a complete 

macrolide seco acid.

The s y n th e s i s  of the  s e c o -a c id  d e r i v a t i v e  (18), the  p recu r s o r  t o  (17), 

i s  based on th e  a ldo l  coupl ing  of the  e n a n t io m e r i c a l ly  c o r r e c t

C - l  >C-10 and C - l l  > 0 1 3  fragments,  (19) and (20), r e s p e c t i v e l y  -

see equa t ion  5 : -

0

(1 7 )  6 -d eo x se M th ro n o l id e  B

0

steps <20)

13.



(1 8 )

« COCHCl

Fragment (20) was s y n th e s i s e d  from the  a p p r o p r i a t e  P r e lo g - D je r a s s i  

l a c t o n i c  a c i d ’ , C21), which was prepared  by r e a c t i o n  of th e  S-boron

e n o l a t e  (22) and pure aldehyde (23). Th is  s t a g e  i s  shown in

equa t ion  6 : -

OTBS

MeOf C CHO

(2 3 )

HO

( 2 1 )

Eq.uat  i on 6

14.



The same boron e n o la te  (22) was then  condensed wi th th e  aldehyde (24) 

de r ived  from t h e  l a c t o n i c  a c id  <21 > -  equa t ion  7, t o  g ive  th e  ac id

(25) with th e  c o r r e c t  s t e r e o c h e m is t ry  at  C-2---- >C-3, with  937.

s t e r e o s e l e c t i v i t y .  This  was then  conver ted,  v ia  seven f u r t h e r  s teps ,  

to  fragment (20), as in  equa t ion  8 : -

< 2 0 steps
H

(2 4 )

Eq.ua t  i on ?

0

(2 2 )  + (24) -t>

HO

?
steps

(2 5 )

( 20)

Equati on 8

Fragment (19), c o n ta in in g  th e  C-12---- >C13 asymmetric carbons,  was

prepared  with 99% s t e r e o s e l e c t i v i t y  by th e  e n a n t i o s e l e c t i v e  a ldo l  

a d d i t i o n  of R -eno la te  (26) t o  propanal ,  fol lowed by a s e r i e s  of s ix  

s teps .  The f i n a l ,  and roost remarkable,  a ld o l  condensa t ion  was the  

a d d i t i o n  of th e  l i t h iu m  2 - e n o la t e  of ketone (20) t o  aldehyde (19),

15.



which gave the  edduct  s te reo i so m er  (27) with c o n t ro l  of the  C-10----->C-

11 c h i r a l  c e n t r e s  in 94% s t e r e o s e l e c t i v i t y  as in  scheme 7 : -

L9-BBN]

QTBS

^ C H O

I

?
steps 

❖ 

(19 )  

<20)

V

0

(2?)

Scheme ?

This was then conver ted  i n t o  th e  s e c o -a c id  d e r i v a t i v e  (18), by

red u c t io n  of th e  C-9 ketone,  fol lowed by p r o t e c t i o n  and d e s i l y l a t i o n ,  

M ac ro la c ton i sa t ion  of (18) by th e  Masamune a c t i v a t e d  t h i o e s t e r  method 

, us ing  CuOTf, fo l lowed by o x id a t io n  a t  C-9, gave 6-

deoxyery thronolod ide  B (17). This  s y n th e s i s  invo lved  a t o t a l  of 27 

s t e p s  from s t a r t i n g  m a te r i a l s ,  g iv in g  the  macrol ide in  4.5% o v e r a l l  

y ie ld .



!•6. Macrocyclic  Approach.

In t h i s  approach,  new asymmetric c e n t r e s  a r e  s t e r e o s e l e c t l v e l y  

in t roduced  i n t o  an i n t a c t  macrolide,  or o th e r  l a r g e  r i n g  u s ing  th e  

conformationa l  b ia s  of th e  l a r g e  r ing .  An i l l u s t r a t i o n  of the

p o t e n t i a l  of t h i s  method as a means of macrocycl ic  s t e r e o c o n t r o l  in
3

macrolide  work i s  th e  S t i l l  and Novak s y n t h e s i s  of racemic 3-

deoxyrosaronol ide ,  ( 2 8 ) : -

0

«

5
H
3

3 - d e o x s r o s a r a n o l ide (2 8 )



In th iB  s y n th e s i s  the  simple macrocycle (29> was prepared  us ing  the
21

Horner-Emmons procedure from (30) and <31 > -  scheme 8: ~

<EtO)t P

Horner-Emnons

+

Scheme 8

18.



The s y n t h e s i s  of (28) makes use of th e  s t e r e o c e n t r e s  a t  C-14 and C—15, 

p resen t  in the  simple macrocycle (29), t o  c o n t ro l  t h e  c o n f i g u r a t i o n s

d ep ro to n a t io n  of (29) g iv ing  an e n o la te  a t  C-8, which, f o l low ing  

m e thy la t ion  and d e p ro te c t i o n ,  gave (32) with b e t t e r  than  95% 

s t e r e o s e l e c t i v i t y .  Regio- and s t e r e o s e l e c t i v e  i n t r o d u c t i o n  of a C-6 

s id e - c h a in  was c a r r i e d  out by a l k y l a t i o n  of th e  k i n e t i c a l l y - g e n e r a t e d  

l i t h i u m - e n o l a t e  of (32) to  g ive  (33) with 95% r e g l o s e l e c t i v i t y  and 85% 

s t e r e o s e l e c t i v i t y .  Compound (33) was then  conver ted  (v ia  hydroxy 

m ethy la t ion  of the  C-4 l i t h i u m  e n o l a t e  fo l lowd by e l im i n a t io n ) ,  i n t o  

the methylene ke tone (34). These s t a g e s  a r e  summarised in  scheme 9 : -

of the  s i x  new c h i r a l  c e n t r e s  spanning



The 4-methyl d e r i v a t i v e  (35) was then prepared  by con juga te  a d d i t i o n  

of th iophenol  fol lowed by Raney n ic k e l  d e s u lp h u r i s a t io n ,  with  g r e a t e r

red u c t io n  of th e  der ived  mixed-anhydride then  gave th e  r e q u i r e d  C-5 

a lcohol  <36) with 63% s t e r e o s e l e c t i v i t y .  Oxidat ion a t  C-9, fol lowed

by epox ida t ion  a t  C-12---- >C-13, then  gave <37) with  93% s e l e c t i v i t y ,

which on s e l e c t i v e  o x id a t io n  of th e  primary hydroxyl group gave 3- 

deoxyrosa rano l ide  <28) in  a t o t a l  of 16 s t e p s  g iv in g  an o v e r a l l  y i e l d  

of 0.9%. These r e a c t i o n s  a re  a l l  summarised in  scheme 10:-

than 95% s t e r e o s e l e c t i v i t y .  E s te r  h y d ro ly s i s  and borohydride

0

<3 '  ^  C0,Bu*

3
steps

OH

<3?) <36) 

Scheme 10



1. 7. Summary of the Methods Employed In Macrolide Synthesis.

I t  can be seen t h a t ,  with th e  excep t ion  of the  macrocycl ic  method, an 

e s s e n t i a l  p a r t  of th e  s y n t h e s i s  of th e  aglycones of macrolide  

a n t i b i o t i c s  i s  t h e  c o n s t r u c t i o n  of long-che in  hydroxy a c id s  i . e .  seco 

ac ids .  However, t h e  e f f e c t i v e n e s s  of  th e s e  s t an d a rd  seco ac id

approaches t o  macrolide  s y n t h e s i s  i s  dependant upon having a seco ac id  

d e r i v a t i v e  which can adopt a low-energy conformation,  resembl ing  the  

p r e f e r r e d  d ia m o n d - l a t t i c e  of th e  macro lide  r ing ,  in  o rde r  to  

f a c i l i t a t e  e f f i c i e n t  l a c t o n i s a t i o n  11, ^4- As shown p rev ious ly ,

s ev e ra l  genera l  approaches  have been developed fo r  the  

s t e r e o c o n t r o l l e d  s y n th e s i s  of the  unique c h i r a l  sequences found in  the  

macrolide a n t i b i o t i c s .  These have a l l  been app l ied  to  th e  s y n th e s i s  

of I n d iv id u a l  macrol ide s t r u c t u r e s .  Several  new purpose des igned 

r e a g e n t s  and r e a c t i o n s  fo r  the c o n t ro l  of a c y c l i c  s t e r e o c h e m is t ry  have 

been developed fo r  t h i s  purpose; the  a ldo l  condensa t ion  r e a c t i o n s  of 

boron e n o l a t e s  a re  an e x c e l l e n t  example of t h i s .  An up to  da te  

review in  t h i s  area  has been pub l i shed  by Hoffman

I t  should be po in ted  out t h a t  a l l  the  s y n t h e t i c  p rocedures  u t i l i z e d  in  

the  p r e p a r a t i o n  of t h e s e  compounds are  m u l t i - s t e p ,  and a l though  the  

i n d i v id u a l  s t e p s  may be e f f i c i e n t ,  o v e r a l l  y i e l d s  a re  n e c e s s a r i l y  very 

low. As i t  i s  p o s s i b l e  t h a t  s impler  v e r s io n s  of t h e  macrocyc lic  

aglycones,  i .  e. those  l a c k in g  some s u b s t i t u e n t s ,  may a l s o  show 

b i o l o g i c a l  a c t i v i t y ,  th e  work p re sen te d  i n  t h i s  t h e s i s  i n t e n d s  to  

exp lo re  a novel  r o u t e  f o r  th e  s y n th e s i s  of s impler  seco ac ids ,  with 

some of the  s t e r e o c h e m is t ry  secured  and which may f a c i l i t a t e  the
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s y n t h e s i s  of l a r g e r  q u a n t i t i e s  of seco ac id  products .  The method 

explored  invo lves  p r e p a r a t i o n  and Raney n ic k e l  d e s u lp h u r i s a t  ion  of 

p o l y s u b t i t u t e d  th iophene  r ings .  I f  t h i s  were to  be s u c c e s s fu l ,  the  

simpler  macrocycles so formed might then be f u r t h e r  e l a b o ra te d ,  as  in  

the  case  of th e  macrocyclic  approach to  macrolide s y n th e s i s .  The 

remainder of t h e  i n t r o d u c t i o n  w i l l  th us  provide an examinat ion i n t o
4

the  f e a s i b i l i t y  of t h i s  sugges ted  method.

2- Reductive D esulphurisation  o f Thiophene with Ranev N ickel.

2.1.  Background.

In 1925 a novel  method for  the  p r e p a ra t io n  of n ic k e l  c a t a l y s t  was 

pa ten ted  by Murray Raney . A p u lv e r i s e d  s i l i c o n  a l lo y  was r e a c t e d  

with aqueous sodium hydroxide  t o  produce a pyrophor ic ,  brownish n ic k e l  

r e s id u e  with e x c e l l e n t  c a t a l y t i c  p r o p e r t i e s .  F u r th e r  i n v e s t i g a t i o n  

of o th e r  n ic k e l  a l l o y s  and a l k a l i - s o l u b l e  me ta ls  showed th a t  n i c k e l -  

aluminium a l lo y  could be r e a d i l y  prepared  and e a s i l y  pu lve r i sed .  

The c a t a l y s t  prepared  by t h i s  method i s  known as Raney n icke l .

*2$
Bougault,  C a t t e l a i n  apd Chabr ie r  demonstrated t h a t  organosulphur 

compounds could be desu lp h u r i sed  by Raney n ic k e l  and a l s o  provided 

p re l im in a ry  ev idence f o r  th e  d e s u l p h u r i s a t l o n  of  th iophenes  by 

d e s c r ib in g  th e  p r e p a r a t i o n  of t h i o p h e n e - f r e e  benzene and to lu e n e  

Soon a f t e r  t h i s  the  f i r s t  important  a p p l i c a t i o n  of th e  r e a c t i o n  was 

r e p o r te d  by du Vigneaud and co-workers in  t h e i r  e l u c i d a t i o n  of the
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s t r u c t u r e  of b io t i n .  The r e a c t i o n  has s in c e  found wide a p p l i c a t i o n  

in organic  s y n thes i s .

2. 2. The Raney N ickel D esulphurisation  o f Thiophene C arboxylic 

Acids.

Raney n ic k e l  d e s u lp h u r i s a t io n  of th iophenes  was f i r s t  used by B l icke  
VvV u.7.and Sheets  , in  t h e i r  p r e p a r a t io n  of a l i p h a t i c  and a ry l  a l i p h a t i c  

ca rboxy l ic  acids.  An important  development was made by Papa, Schwenk 

and Ginsberg when they  prepared  Raney n ic k e l  ' i n  s i t u '  by adding 

n icke l-a lumin ium a l lo y  to  a s o l u t i o n  of t h e  ca rboxy l ic  ac id  in  an 

excess of aqueous a l k a l i .  They used t h i s  method to  p repare  a s e r i e s  

of long-cha in  a l i p h a t i c  c a rboxy l ic  ac id s  from th e  a p p r o p r i a t e  

s u b s t i t u t e d  th iophene  ca rb o x y l ic  ac ids ,  examples of which are  shown in  

scheme 11: —

‘X.

NftOK
-O

C0*H

1

Scheme 11

This method was then f u r t h e r  developed by Hansen who used i t  as  a 

means of ex tending  the  c h a in - l e n g th  of a l i p h a t i c  ca rboxy l ic  ac ids.  

At approximate ly  the  same time,  papers  by Badger, Buu-Hoi, G o l 'd fa rb ,
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Wynberg and t h e i r  groups were publ ished,  in  which i t  was demonstrated

t h a t  Raney n ic k e l  d e s u lp h u r i s a t io n  of th iophenes  could be app l ied  to  a
H-5

wide v a r i e t y  of compounds. For example, Badger, Rodda and Sasse 

employed the  ro u te  i l l u s t r a t e d  in  scheme 12 to  make a branched-chain  

c a rb o x y l ic  a c i d : -

Me Me Me

COt H

Me

CQt H

Scheme 12

C0*H

These workers a l so  s y n th es i sed  s u b s t i t u t e d  a l i p h a t i c  d ic a rb o x y l ic  

a c id s  v ia  r e d u c t iv e  d e s u lp h u r i s a t io n  of  2, V  -  b i s  < 5 -c a rboxy -2 - th ieny l )  

propane j  . with y i e l d s  of  between 51-93% • ex 'aw^W 4

\<\ equa t ion  9: -

C
C0,H

Me Me

Equat ion 9
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Other groups who hove c o n t r i b u t e d  in  the  s y n th e s i s  of brenched-cha in ,

a l i p h a t i c  ca rboxy l ic  a c id s  inc lude  Spaeth and Germain , Wynberg and
u n  u.q S O - 54-

Logo the t i s  , McGhie et  a l  and Buu-Hoi e t  a l  The

s y n th e s i s  by Buu-Hoi et  a l b<̂  , of 11 -m ethy l ieu r ic  a c id  (scheme 13) i s

another  example of th e  ro u te  os a means of p rep a r in g  b ranched-chain

a l i p h a t i c  c a rboxy l ic  a c i d s  which may o the rw ise  be d i f f i c u l t  t o

obta in :  -

R t M i  a i c k t l

V

Scheme 13
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Since th e se  e a r l y  papers,  a g r e a t  dea l  of work has abeen c a r r i e d  out
*5 S -'£5$

in t h i s  f i e l d ,  G o l 'd f a rb  and h i s  co l leagues ,  who have pub l i shed

widely in  t h i s  area,  performed a number of d e s u l p h u r i s a t i o n s  of 2,2*- 

di th ieny lm e tha nes  and 2,2* and 2 ,3*- b i t h i e n y l  c a rb o x y l ic  a c id s  

(equa t ions  10 and 11), the reby  prov id ing  a method of cha in  e x t e n s io n  

of 9 and 8 carbon atoms r e s p e c t i v e l y : -

•S' " < C H j C 0 , H  t 1 e ( C H , ) M, C 0 , H

Equat ion  10

Equation 11

2. 3. S yn thes i s  of Oxo-. Hydroxy- and Alkoxycarboxylic Acids v ia  

Raney Nickel D esu lphu r i sa t ion .

The s u c c e s s fu l  s y n th e s i s  of a l i p h a t i c  ca rboxy l ic  ac id s  with a d d i t i o n a l  

oxygen-conta in ing  fu n c t io n s  from th iophene d e r i v a t i v e s  i s  p o s s ib le ,  

being l im i t e d  only by the  a v a i l a b i l i t y  of the  a p p r o p r i a t e l y
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s u b s t i t u t e d  th iophene  and the  cho ice  of r e a c t i o n  co n d i t io n s .  The 

fo l low ing  d i s c u s s io n  r e f e r s  t o  compounds with oxygen-func t ions  p resen t  

i n s i d e  cha ins  and t o  th iophenes  co n ta in in g  hydroxy* or a lkoxy-  groups 

a t t a c h e d  d i r e c t l y  t o  the  r ing .

Reductive d e s u l p h u r i s a t i o n  of th iophen ic  p r e c u r s o r s  c o n ta in in g  an 

hydroxy or alkoxy group in  th e  s i d e - c h a l n  proceeds smoothly, without  

adverse ly  a f f e c t i n g  the  s u b s t i t u e n t s ,  Gol *dfa rb  and Kirmalova , 

for  example, desc r ibed  the  s y n t h e s i s  of 12-hydroxydodecanoic acid,  

(39), in  94% y i e l d  by d e s u l p h u r i s a t i o n  of th e  2, 2 ' -d i th ieny lm ethane ,  

(38), as  in equa t ion  12 : -

Equation 12

* H0<CH,>u C0jH

( 3 * 1

M il le r ,  Haymaker and Gilman sugges ted  a scheme for  the  s y n th e s i s  of 

long-cha in  hydroxy ca rb o x y l ic  ac ids ,  (scheme 14). This  scheme

invo lves  the  s y n th e s i s  v ia  F r i e d e l - C r a f t s  a c y l a t l o n  (where R=n-alkyl 

fo r  C-2— > 0 1 7 )  fol lowed by Wol f f -K ishner  r e d u c t io n  of  n - a lk y l  

th iophenes  -  f i g u r e  (40). F u r th e r  F r i e d £ l - C r a f t s  a c y c l a t i o n  us ing 

the h a l f - e s t e r  ac id  c h l o r i d e s  (where n ranges  from 2 t o  8) shown, gave 

the  k e t o - e s t e r s  (41) which, fo l lowing  borohydride r ed u c t io n  t o  the  

h y d ro x y -e s te r s  (42), were then hydrolysed  fol lowed by Raney n ic k e l
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d e s u lp h u r i s a t i o n  t o  g ive  the  r e q u i r e d  hydroxy a c id s  (43) in  65-80% 

y ie ld .

' $ r

i . f t C O C U S b C l ,

II. -o RCH,

(4 0 )

p
RCH.

RCCH.^CHCCH,). COt H 

( K i )  OH

I • HO / H 2 0

m .

Y i i l l i  t S - I U

Scheme 14

CH< CH # >. CO #E t  
OH 

(4 2 )

Other groups who have made s i g n i f i c a n t  c o n t r i b u t i o n s  in  th e  a rea  of

d e s u l p h u r i s a t io n  of th iophenes  c o n ta in in g  s i d e - c h a i n  hydroxy groups
4-3 4*4*

i n c lu d e  Papa, Schwenk and Ginsberg , Badger, Rodda and Sasse  ,
CO SI

S t e t t e r  and Rajh and Grey, McGhie and Ross

28.



p .a> #, 0 2
The p r e p a r a t i o n  of 5~methoxy-and 3-methoxy-va le r ic  a c id s  by ic&

and Gronowltz , was accomplished by Raney n ic k e l  d e s u l p h u r i s a t i o n  of 

5- and 3-methoxythiophene ca rb o x y l ic  a c id s  r e s p e c t i v e l y ,  as  in

equa t ion  13; ~

MeO
ittMx *um \

COt H
■C0SH

Equation 13
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The method of p r e p a r a t i o n  and the  q u a n t i ty  of the  c a t a l y s t  used has an 

in f lu e n c e  upon the  course  of  d e s u lp h u r i s a t io n .  Grey, McGhie and Ross 

s tu d ie d  the  f a c t o r s  a f f e c t i n g  format ion of a l i p h a t i c  hydroxy- and 

keto a c id s  dur ing  hydrogenolys i s  of v a r io u s  th iophene  ke to  ac ids .  In 

t h i s ,  as  in  an e a r l i e r  paper , they  demonstrated t h a t  ke to  a c id s  

such as (44) a re  ob ta ined  in  y i e l d s  vary ing  between 20-80% when 

d e s u l p h u r i s a t i o n s  a re  performed us ing  e i t h e r  Raney n ic k e l  or  Raney 

n ic k e l  formed ' i n  s i t u '  us ing the  Papa-Schwenk method. However, with 

n ic k e l  prepared  us ing th e  method of Brown , hydroxy ac id s  such as 

(45) a re  formed. An example of t h e se  a l t e r n a t i v e  p roduc ts  i s  shown 

in scheme 15: -

C0*H

C 0 * H

Scheme 15
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In t h e i r  own i n v e s t i g a t i o n s  i n t o  t h e  I n f lu e n c e  of th e  method of Raney

n ic k e l  p r e p a ra t i o n  and q u a n t i t y  of c a t a l y s t  employed, Badger, Rodda
h-6

and Sasse  found t h a t  p - ( 5 -  bromothenoyl)  p rop ion ic  ac id  (46) gave 

only low y i e l d s  of 4 -ke to  c a p r y l i c  ac id  due t o  the  fo rmat ion  of the  

d im e r i s a t i o n  product  (47), a s  in  equa t ion  34 :-

COt HBr

Equat ion 14

Papa, Schwenk and Ginsberg ob ta ined  30-hydroxymyr is t ic  ac id  by Raney 

n ic k e l  d e s u lp h u r i s a t io n  of 9 - (2- thenoyl ) - -pe la rgon ic  ac id  (48). When 

the  r e a c t i o n  was a p p l i e d  to  p - ( 2 - th e n o y l ) - p r o p i o n i c  ac id  (49) they 

d iscovered  t h a t  upon in c r e a s i n g  the  amount of Raney n ic k e l  t h e  s o le  

product  ob ta ined  was the  l a c to n e  (50), These r e a c t i o n s  a re  shown in  

eq u a t io n s  15 and 16 r e s p e c t i v e l y .

o <C0,H (48)

Equation 15

0

( 4 9 )

Equat ion 16

C0t H

(5 0 )
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The s y n t h e s i s  of more complex p r o d u c t s  in  t h e  form of b i c y c l i c  (51) 

end t r i c y c l i c  (52) p r o s t e n o i c  a c i d s  v ia  Raney n i c k e l  d e s u l p h u r i s a t i o n  

of t h e  t h i o p h e n e - c o n t a i n i n g  p r o s t a g l a n d i n  endoperox ide  ana logues  (53)
b &

and (54),  was u nde r ta ken  by Larock,  Leach and BJorge . The 

d e s u l p h u r i s a t i o n ,  performed under 60 p . s .  i .  of  hydrogen wi th  W7 Raney 

n i c k e l ,  p roceeded in  good y i e l d s .  This  work i s  summarised i n  scheme 

16: -

CO,Me ^

(5 1 )

40 Mi H

( 5 3 )

CO.Me H im
4 0 Mi N,

( 5 2 )

C0rMe

Scheme 16
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The s y n th e s i s  of more complex p roduc ts  in  th e  form of b i c y c l i c  (51)

and t r i c y c l i c  (52) p ro s ta n o ic  a c id s  v ia  Raney n ic k e l  d e s u l p h u r i s a t i o n

of the  t h i o p h e n e -c o n ta in in g  p ro s t a g l a n d in  endoperoxide analogues  (53)
€6

and (54), was under taken  by Larock, Leach and Bjorge . The 

d e s u lp h u r i s a t i o n ,  performed under 60 p . s . i .  of hydrogen with  W7 Raney 

n ic k e l ,  proceeded in  good y ie ld s .  This  work i s  summarised in  scheme 

16: -

CO,Me

OH
(51)

CO,Me

(5 3 )

(5 2 )

CO, Me

Scheme 16
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2. 4 Stereochemical Outcome of the Desulphuri sat Ion Process^,

That t h e  d e s u l p h u r i s a t i o n  p ro ces s  doe6 not  cause r a c e m is a t io n  of
6 n

c h i r a l  c e n t r e s  to  occur  was demonst ra ted  by Fredga and P e t t e r s o n  

They d e s u lp h u r i s e d  o p t i c a l l y  a c t i v e  a c i d s  such as (55) i n  o rd e r  

to  e l u c i d a t e  t h e  c o n f i g u r a t i o n s  of  th e  d e s u l p h u r i s a t i o n  p ro d u c t s  by 

c o r r e l a t i o n  wi th  the  a p p r o p r i a t e  o p t i c a l l y  a c t i v e  a l i p h a t i c  and 

a rom at ic  a c i d s  ( equa t ion  1 7 ) : -

(C H .), -CHCOjH   .......   Me <CHt ) , « 3 -CHC0,H
* I  o |

CHt C0,HCH, CQ,H

(5 5 )

E qu at ion  1?

Wynberg a l s o  dem ons t ra ted  t h a t  r a c e m is a t io n  does not  appear t o

occur in  h i s  s y n t h e s i s  of o p t i c a l l y  a c t i v e  hydrocarbons  c o n t a in in g  

asymmetric q u a t e rn a ry  carbon atoms (equa t ion  1 8 ) ; -

IUim
CO

E quat ion  18 (+>

C0,H
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2. 4 Stereochemical Outcome of the Desulphurisation Process.

That th e  d e s u l p h u r i s a t i o n  p rocess  does not  cause r a c e m is a t io n  of 

c h i r a l  c e n t r e s  to  occur was demons trated  by Fredga and P e t t e r s o n  

They d esu lphu r i sed  o p t i c a l l y  a c t i v e  a c id s  such as  (55) i n  o rder  

to  e l u c i d a t e  th e  c o n f i g u r a t i o n s  of  th e  d e s u l p h u r i s a t i o n  p ro d u c t s  by 

c o r r e l a t i o n  with  the  a p p r o p r i a t e  o p t i c a l l y  a c t i v e  a l i p h a t i c  and 

aromatic  a c id s  (equat ion  1 7 ) : -

•S'"^CCH,>,-CHCO,H t1e<CH,) . , , -CHC0,H

CH, C0,H CH,C0,H

(5 5 )

Equat ion  17

Wynberg a l s o  demonst rated  t h a t  r ace m is a t io n  does not  appear to  

occur in  h i s  s y n th e s i s  of o p t i c a l l y  a c t i v e  hydrocarbons c o n ta in in g  

asymmetric qua te rna ry  carbon atoms (equa t ion  18>: —

f t i e k t l

C0,H

( + )
Equation 18



7 0
Dann and Hauck ob ta ined  meso-3, 4 -d ip h e n y la d ip a te  C57) f rom

dimethyl -3 ,  4 -d ipheny l th iophene  - 2 , 5 - d ic a rb o x y l i c  a c i d ( S e ) ,  i n d i c a t i n g  

th a t  t h e r e  is ,  in  t h i s  case,  s t e r e o s p e c i f i c i t y  in the  d e s u l p h u r i s a t i o n  

process  with r e s p e c t  t o  s u b s t i t u e n t s  a t t a c h e d  d i r e c t l y  to  a th iophene  

r ing,  as  shown in  equa t ion  19:-

Ph
I t t M l  n i t M l

<56)

CH ,C O ,f t e  

CH,CO,Me

<5?>

Equali  on 19

Thus t h e re  a re  p rece d en ts  in th iophene d e s u lp h u r i s a t i o n  t o  sugges t  

th a t  c h i r a l i t y  i s  p rese rved  and th a t  r e d u c t io n s  can be c a r r i e d  out 

which y ie ld  only c e r t a i n  s te reochem ica l  f e a t u r e s .

3. S yn th esis  of P o lysu b stitu ed  P ith ien y lk eton es.

3. 1. In trodu ction .

There a re  two p r i n c i p a l  methods used in  t h i s  t h e s i s  fo r  p r e p a r in g  

s u b s t i t u t e d  d i t h i e n y l k e to n e s ,  namely the  F r i e d e l - C r a f t s  a c y l a t i o n
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process  and th e  F r i e s  rearrangement.  The genera l  background of 

th e s e  r e a c t i o n s  i s  d i scussed  in  t h i s  s ec t ion .

3 2. S yn th esis  using F r ied e l-C ro fts  A cyletlon .

The e s s e n t i a l  r e a c t i o n  i n  t h i s  p rocess  i s  between an a c y l a t i n g  agent  

(such as an ac id  c h l o r i d e )  and an aromat ic s u b s t r a t e ,  in  th e  p resence  

of a c a t a l y s t ,  t o  y i e l d  an aromatic ketone,  i . e . : -

C a ta ly s t
RCOX + A rH ------------------------------ > ArCOR, C a t . ,  + HX

Where X i s  u s u a l l y  a halogen

E q u a t i o n  2  0

3.3.  C ata lysts.

The r e a c t i o n  i s  very dependant upon the  cho ice of c a t a l y s t ,  th e  r a t i o  

of c a t a l y s t :  s u b s t r a t e  and the  choice  of so lven t .  M e ta l l i c  h a l id e s  

which have been used with acyl  h a l i d e s  inc lude  aluminium ( I I I )  

ch lo r ide ,  aluminium ( I I I )  bromide, i ron  ( I I I )  c h l o r i d e  and t i t a n i u m  

(IV) ch lo r ide .

The high c a t a l y t i c  a c t i v i t y  of  aluminium ( I I I )  c h lo r id e ,  i . e .  i t s  high
“71 in*Lewis ac id  s t r e n g t h  -  can a l s o  b r ing  with  i t  c e r t a i n

d isadvantages .  The c a t a l y s t  cannot be used, f o r  example, with a 

number of h e t e r o c y c l i c  systems which i t  decomposes even in  th e  

presence  of moderat ing s o lv en t s .
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The use of aluminium ( I I I )  c h l o r i d e  can a l s o  g ive  r i s e  t o  s id e -

r e a c t i o n s  such as i n t r a -  or  in t e r - m o le c u la r  m ig ra t ion  of a lky l  groups 
7  5 —7 7 , removal of a l k y l  groups ( e s p e c i a l l y  t e r t i a r y )  p reced ing  or 

accompanying a c y l a t i o n  !%-'*»  , S p l i t t i n g  of  o r th o -a l k o x y l  groups,

both w i th in  th e  acyl  h a l i d e  - 8 7  and, more of ten ,  on t h e  s u b s t r a t e  

^  -  ^ a , a l s o  occurs.  These e f f e c t s ,  l a r g e l y  due t o  aluminium ( I I I )  

ch lo r id e ,  a re  minimised by use of a s o lv e n t  such as  n i t ro b e n z e n e  in  

which the  c a t a l y s t  i s  complexed. Tin (IV) c h lo r id e ,  f i r s t  employed 

by S tad n ik o f f  c*° , i s  e s p e c i a l l y  va luab le  for  h igh ly  r e a c t i v e  

s u b s t r a t e s  such as oxygen or  su lphur  h e t e ro c y c le s ,  which may be 

u n s ta b l e  in  the  presence  of  aluminium ( I I I )  ch lo r id e .  Dertoer °''v -  ^  

found t h a t  the  r e l a t i v e  a c t i v i t i e s  of h a l i d e  Lewis a c id  c a t a l y s t s  fo r  

the  a c y l a t i o n  of to luene  a r e  in  the  fo l lowing o r d e r : -

A1C13 >SbCl& >FeCl3 >TeCl* >SnCl* >TiCl„ >TeCl* >BiCl3 >ZnCl=!

In c e r t a i n  cases  mineral  a c id s  have been employed wi th marked success.  

Phosphoric ac id  has been shown to  be a very e f f e c t i v e  c a t a l y s t  fo r  use 

with anhydr ides,  e s p e c i a l l y  in  the  th iophene  s e r i e s  and

polyphosphoric  acid,  f i r s t  used fo r  c y c l i s a t i o n s ,  has found use in  

i n t e rm o le c u la r  a c y l a t i o n s .  Boron t r i f l u o r i d e  and i t s  complexes with 

e ther ,  methanol and a c e t i c  ac id  a re  pre-eminent  among n o n -m e ta l l i c  

h a l i d e s  capable of c a t a l y s i n g  a c y l a t i o n s 0̂ .
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Boron t r i f l u o r i d e  and phosphorus  p e n ta c h lo r id e  have a l s o  been used as 

a c y l a t i o n  c a t a l y s t s  -  ° n % In almost a l l  cases  th e  optimum amount 

of c a t a l y s t  employed i s  found t o  be up to,  or ju s t  over, the  

c a l c u l a t e d  s to i c h i o m e t r i c  amount.

3.3. Choice of Solvent .

A v a r i e t y  of s o lv e n t s  have been employed in  F r i e d e l - C r a f t s  aromatic  

ketone s y n th e s i s .  Nitrobenzene an d - carbon d i s u lp h i d e  a re  t h e  most 

commonly used s o lv e n t s  which at  th e  same time govern the  types  of

a c y l a t i o n  r e a c t io n s :  e s s e n t i a l l y  homogeneous, and e s s e n t i a l l y

heterogeneous  a c y l a t i o n s ,  r e s p e c t i v e l y .  Pola r  s o lv e n t s  such as

n i t robenzene  d i s s o lv e  (and s o lv a t e )  both aluminium ( I I I )  c h l o r i d e  and 

the  acyl  ch lo r ide-a lum in ium  c h l o r i d e  complex, and u s u a l l y  a l s o  the  

aluminium c h l o r i d e  complex of the  r e s u l t i n g  ketone ^  ^  . In  non

po la r  s o lv e n t s  such as carbon d i su lph ide ,  l i g h t  pet ro leum or carbon

t e t r a c h l o r i d e ,  n e i t h e r  aluminium ( I I I )  c h l o r i d e  nor i t s  complex with 

acyl  h a l i d e s  i s  a p p rec iab l  so lub le ;  the  r e a c t i o n  i s  l a r g e l y

heterogeneous  th roughout i t s  course.  I n te rm e d ia te  to  t h e se  a re

c h l o r i n a t e d  s o lv e n t s  such as dlchloroethao»€ or dichloromethane.  which 

do not a p p rec iab ly  d i s s o l v e  aluminium ( I I I )  c h l o r i d e  ^  but a re  

e x c e l l e n t  s o lv e n t s  fo r  th e  f i n a l  complex. The main in f lu e n c e  of the  

so lven t  in  a c y l a t i o n s  of benzenoid or h e t e r o c y c l i c  systems i s  on the  

y ie ld  of ke tone  obta ined .  There a re  a l s o  l e s s  s i g n i f i c a n t

d i f f e r e n c e s  between s o l v e n t s  with r e s p e c t  to  a c y l a t i o n  r a t e s  '00, \c\ 

and a l s o  in o r i e n t a t i o n  of s u b s t i t u t i o n
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3. 4. The Friedel-Crafts Acylation of Thiophenes.

Acyla t ion  of th iophene  l e a d s  almost e x c l u s i v e ly  to  m onosubs t l tu t ion .  

I t  can be e f f e c t e d  by a v a r i e t y  of c a t a l y s t s .  Anhydrous aluminium 

( I I I )  c h l o r i d e  and to  a l e s s e r  e x t e n t  t i n  (IV) c h l o r i d e  r e a c t  with 

th iophene  to  y i e l d  i n t r a c t a b l e  t a r s .  However, t h i s  u n d e s i r a b l e

r e s i n i f i c a t i o n  i s  l a r g e l y  avoided by adding th e  c a t a l y s t  g r a d u a l ly  t o  

a mix ture of the  th iophene  and th e  a c y l a t i n g  agent ,  when the  c a t a l y s t  

r e a c t s  p r e f e r e n t i a l l y  with  t h e  a c y l a t i n g  agent to  g ive  the  

e l e c t r o p h i l e .  In the  presence  of t i n  (IV) c h l o r i d e  or  t i t a n i u m  (IV) 

c h l o r i d e  benzene can be used as so lven t ,  s in c e  t h e se  in o rg an ic  

c h l o r i d e s  do not i n i t i a t e  r e a c t i o n  between benzene and the  ac id  

ch lo r ide .

I t  has been found th a t  a c y l a t i o n  of th iophene  with a c e t i c  anhydr ide or 

benzoyl c h l o r i d e  i s  promoted by c a t a l y t i c  amounts of io d in e  and 

hydr iod ic  ac id  or boron t r i f l u o r i d e  complexes ' ° 7 .  Thiophene, 3- 

methyl- ,  and 2 , 5 -d ic h lo ro th io p h e n e  r e a c t  with ac id  anhydr ides  or ac id  

c h lo r id e s ,  in  the  presence  of o r thophosphor ic  acid,  to  form acyl 

d e r i v a t i v e s  in  very good y i e l d s  '0*3. Thiophene can a l s o  be ac y l a te d  

with an a l i p h a t i c  or aromatic  ac id  and phosphorus  pentoxide

F r i e d e l - C r a f t s  a c y l a t i o n  can be s u c c e s s fu l  with d e a c t i v a t e d  th iophene  

r ings ,  al though y i e l d s  a re  o f t e n  poor. Ethyl  t h io p h e n e -2 -c a rb o x y la te  

g ives  the  5 - a c e ty l  d e r i v a t i v e  with  a c e t i c  anhydr ide and z inc  c h l o r i d e  

u<? j e s t e r s  of th io p h e n e -3 -c a rb o x y l i c  ac id  a re  a l s o  a cy la te d  at  C-5 

vu _ jn  a r e v e r s a l  of t h i s  approach, a th iophene  d ic a rb o x y l i c
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ac id  anhydride can be used as a monoacylat ing agent .  The r e a c t i o n s  

of t h i o p h e n e - 3 , 4 -d i c a r b o x y l i c  ac id  anhydr ide with  benzene-aluminium 

( I I I )  c h l o r i d e  " 3 ,  and with dimethyl cadmium " S  , (which gave 4-

benzoyl -  and 4 - a c e ty l  t h i o p h e n e -3 -c a rb o x y l i c  a c id s  i n  66% and 32% 

y i e l d s  r e s p e c t i v e l y ) ,  i l l u s t r a t e s  th e  p o s s i b i l i t i e s ,  as  i n  equa t ion  

2 1 : -

Thiophenecarboxylic ac id  c h l o r i d e s  der ived  from a l l  types  of a c id s  

behave q u i t e  normally as F r i e d e l - C r a f t s  a c y l a t i n g  agents .  Reac t ions  

have been c a r r i e d  out with a very l a r g e  number of benzene d e r i v a t i v e s ;  

biphenyl  end f lu o re n e  , 2- and 3-methoxy benzo (b) th iophenes  and a 

wide range of o the r  h e t e r o c y c l i c  systems have been s u b s t r a t e s  fo r  

t h e n o y la t io n .  Aluminium ( I I I )  c h l o r i d e  c a t a ly s e d  th e  b i s  a c y l a t i o n  

of 2 , 5 -d ich l -o ro th iophene  by t h i o p h e n e - 3 , 4 -d i c a r b o x y l i c  a c id  c h l o r i d e  

l e ad in g  t o  an e x c e l l e n t  y i e ld  of the  quinone " T  , shown in  f i g u r e

R l C 13

PhH

0

Equat ion  21

(58); -

c

Cl 0

<58)
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3 • 4. The Fries Rearrangement.

In t ro d u c t io n ;

The F r i e s  rear rangement i s  e s s e n t i a l l y  an in t r a m o l e c u la r  F r i e d e l -  

C r a f t s  r e a c t i o n  whereby an e s t e r  of a phenol r e a r r a n g e s  t o  g ive  a 

hydroxy-ketone,  u s u a l l y  in  th e  pre sence  of aluminium ( I I I )  c h lo r id e .  

The r e a c t i o n  was f i r s t  s tu d ie d  in  the  benzene s e r i e s  and was f i r s t  

observed in 1908 . A t y p i c a l  rearrangement of t h e  benzene s e r i e s

i s  shown in equat ion  2 2 ; -

0C0R

CR = a l k q l

COR

COR

Equation 22

c
In genera l ,  low te m pera tu res  C60 C or l e s s ) ,  favour

rearrangement  t o  the  p-isomer whereas h ighe r  t e m pera tu res  (above 160 

degrees)  favour the  o-isomer.  The rear rangement i s  a u se fu l

s y n t h e t i c  r o u te  to  ke tones  in  6 p i t e  of the  f a c t  t h a t  i t  in v o lv es  two 

s t e p s  - p r e p a r a t i o n  of t h e  e s t e r  and then the  rea r rangem en t -  as  

compared to  th e  s i n g l e  s t e p  F r i e d e l - C r a f t s  s y n th e s i s .  The y i e l d s  a re  

u s u a l ly  b e t t e r  and the  exper imenta l  procedure does not have t o  be 

modified g r e a t l y  to  be adapted to  a v a r i e t y  of e s t e r s .
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3.5. Choice of Catalyst.

MeO

The commonest c a t a l y s t  employed in  the  F r i e s  rearrangement  i s  

aluminium ( I I I )  c h l o r i d e  al though  o th e r  Lewis ac id s  such as  t i n  (IV) 

c h lo r id e ,  t i t a n i u m  (IV) c h l o r i d e  and z i rconium ( l  V ' J c h l o r i d e  have a l s o  

been used. An equimolar  r a t i o  of th e  c a t a l y s t :  e s t e r  s u b s t r a t e  i s  th e  

s tan d a rd  r e a c t i o n  procedure.  However, th e  n a t u re  of s u b s t i t u e n t s  may 

a f f e c t  the  q u a n t i t y  of c a t a l y s t  r equ i red .  In the  rearrangement of  

guaico l  a c e t a t e  ^  , two moles of aluminium ( I I I )  c h l o r i d e  a re

requ i red ,  and i t  has been sugges ted  t h a t  the  e x t r a  mole i s  n ecessa ry  

because a complex i s  formed with th e  methoxy group

The gua ico l  a c e t a t e  rear rangement ^  i s  of i n t e r e s t  because t h r e e  

p roduc ts  a re  obta ined ,  th e  usual  two and some a r i s i n g  from meta 

a t t ack .  The l e t t e r  i s  r a r e  in  F r i e s  rea rrangements .  Equation 23

shows an example of rear rangement of  t h i s  type: -

OHOCOMe OH

PUC I ,  H « O s ^ \ ^ - C O I 1 e  M40

2 eq

COMe 

26 3* 1 OX

Equati on 23
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The Friedel-Crafts reaction of guaicol and acetyl chloride furnishes
t he  same produc ts ,  making i t  ev iden t  t h a t  t h e  fo rmat ion  of the

m-product i s  r e l a t e d  t o  th e  o-methoxy group and not a p e c u l i a r i t y  of 

the  F r i e s  rearrangement .  I t  has  a l s o  been found t h a t  t h e  p ro p o r t i o n  

of p-hydroxyketone produced by phenyl c o p r y l a t e  in  t h e  p resence  of two 

moles of aluminium c h l o r i d e  i s  h ighe r  (63% para.* 30%) o r tho )  th an  th a t  

in exper imen ts  in  which only one mole of aluminium c h l o r i d e  i s  used 

(45% para: 33% or tho )  . I t  should be no ted t h a t  th e  i n c r e a s e  in  

y i e ld  of  the  pare  product  i s  a t  th e  expense of t h e  o r th o -p ro d u c t .  

The in f l u e n c e  of c a t a l y s t  c o n c e n t r a t i o n  upon product  d i s t r i b u t i o n  can 

a l so  be i l l u s t r a t e d  by r e s u l t s  ob ta ined  wi th aluminium ( I I I )  c h l o r i d e  

and phenyl a c e t a t e  . At the  molar r a t i o  of c a t a l y s t  t o  e s t e r

shown in  pa ren theses ,  th e  r a t i o s  of p a ra -  to  o r t h o -  y i e l d s  were 

2 .9 3 (0 .5 ) ,  2 .4 1 (1 .0 )  and 1 0 .1 (2 .0 ) ,  th e  second mole of c a t a l y s t

caus ing  a l a rg e  i n c r e a s e  i n  the  y i e l d  of p a ra -  product ,

3- 6. S tructure of the Acyl R adical.

The acyl  r a d i c a l  may be e i t h e r  a l i p h a t i c  or aromatic .  Fosenmund and 

Schnurr  s tu d ie d  th e  r e l a t i v e  r a t e s  a t  which F r i e s  rearrangement

t a k e s  p lace  with d i f f e r e n t  e s t e r s  of thymol. Thei r  r e s u l t s  a r e  

summarised below, t h e  acyl groups being a r ranged in  o rd e r  of 

d ec re as in g  r a t e  of r e a c t i o n : -

CnH*n C0(n-1 to  5) >PhCH2C0 >Ph(CH2) 2C0 >PhCH=CHC0 >PhC0
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An example of the  magnitude of t h e  d i f f e r e n c e s  in  r a t e  i s  t h a t  a f t e r  

f i v e  hours in n i t ro b e n z e n e  at  20 degrees  C the  rear rangement of thymol 

a c e t a t e  was 60% complete,  whereas t h a t  of thymol benzoa te  was only 4% 

complete.

3. 7. Structure o f the Phenoxy Group.

The s t r u c t u r e  of  the  phenoxy p o r t i o n  of t h e  e s t e r  i s  the  f a c t o r  of 

g r e a t e s t  importance in  de termin ing  whether th e  F r i e s  rearrangment w i l l  

take  p lace  or not and whether the  p roduc ts  w i l l  c o n s i s t  p r i n c i p a l l y  of 

the  o- or  p- hydroxyketone.  The presence  of a m e t a - d i r e c t i n g  group 

on the aromatic r in g  u su a l ly  i n t e r f e r e s  with th e  rearrangement .  For 

example, the  F r i e s  rear rangement does not occur i f  the  phenol ic  

r e s id u e  c a r r i e s  a n i t r o  or benzoyl group in  e i t h e r  an o r th o -  or pa ra -  

p o s i t io n ;  th e  p resence  of an a c e t y l  or carboxyl group in  th e  o r th o 

p o s i t i o n  h inde rs  the rear rangement and in the  p a r a - p o s i t i o n  p rev en t s  
\Z<5 — \Z-6

i t  I f  the  phenyl e s t e r s  co n ta in  a s i n g l e  a lky l  group in

the  phenolic r i n g  th e  p o s i t i o n  of t h i s  s u b s t i t u e n t  has a profound 

In f lu en c e  on the  n a tu re  of the  product .  This  i s  demonstrated  by the  

fac t  t h a t  e s t e r s  of o - c r e s o l  y i e l d  predominantly p-hydroxyketones,  

w h i l s t  the m-isomer y i e l d s  c h i e f l y  th e  o-product ,  and th e  p - d e r i v a t i v e  

g ives  e x c l u s i v e ly  th e  l a t t e r .



3. 8. Choice of Solvent.

The F r i e s  rearrangement can be c a r r i e d  out in  t h e  absence of s o lv e n t

but th e  tem pera tu re  a t  which th e  r e a c t i o n  proceeds  a t  a u se fu l  r a t e  i s
\zo  f 1*2.3

lowered by s o l v e n t s  such as n i t ro b e n z e n e  • A l a rg e  s o lv en t

e f f e c t  on t h e  product  d i s t r i b u t i o n  can be seen by comparing the

rear rangement of phenyl a c e t a t e  in  n i t ro b en zen e  and l i g h t
\ZG

pet ro leum " , as  in  scheme 17 : -

OH
corie

+

81*

ij

OCOMe

1 1g h t  p e t  1m
2 0 °  C

COMe 
8 *

P h N O
■{>

COMe

o n l s

Sc h e me  \ ?
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3-9.  F r ies  Rearrangement in  H eterocyclic  Phenols.

The F r i e s  rea rrangement has been observed in  many h e t e r o c y c l i c

systems,  For example, th e  rearrangement  proceeds normal ly in  e s t e r s
\ i l  — \ 3 o

of hydroxycoumarins as in  Equation 24.

Equat  ion 24
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\3 \
Chapman e t  a l  observed the  rearrangement in  the  benzo (bHhiophene

s e r i e s ,  7 -ace toxy-3-methy l  benzo(b) th iophene ,  on t rea tm en t  wi th 

aluminium ( I I I )  c h l o r i d e  in  dry benzene, gave 2 - a c e ty l -7 -h y d ro x y -3 -

methyl benzo(b) th iophene  i n  78% y ie ld .  This  r e s u l t  was i n  accord
V3"Z_

with an e a r l i e r  r e p o r t  in  which the  5-ace toxy-3-methy l  isomer was

rea r ranged  t o  g ive th e  2 - a c e t y l  isomer. These r e a c t i o n s  a re

summarised in  scheme 18 ; -

'Me FUCl

MeOCO

t1e O C O v ^ r \ _______

3 >

R l C l

S c h e m e  18

The rear rangement of  2 - a c e ty lo x y fu ra n s  and th iophenes  with boron 

t r i f l u o r i d e  e t h e r a t e ,  s t u d ie d  by Kraus and Roth i s  shown in

scheme 19; -

Me-

BF 3 E tjO r /COMe

J T X nrni

Me*

OCOfle OCOMe Me—

BF 3 . E t^O

O^^OCOMe MeCO
SrhAmA 19
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Banks i n v e s t i g a t e d  th e  F r i e s  rearrangement  of t e n  3-

alkanoyloxyth iophenes ,  u s ing  dichloromethane as so lven t  and aluminium 

( I I I )  c h l o r i d e  as c a t a l y s t ,  t o  g ive  3 -hydroxy-2-a lkanoyl  th iophenes  in 

good y ie ld s .  I t  was found th a t  t h e  s t r u c t u r e  of both  the  acyl  and 3- 

thiophenoxy m o ie t i e s  e x e r t  an in f l u e n c e  on th e  rearrangment.  For 

example, a c e ty l  e s t e r s  r e a r r a n g e  at  a f a s t e r  r a t e  than  p ropionyl  

e s t e r s .  The presence  of an e s t e r  or cyano group in  the  4 - p o s i t l o n

did not i n t e r f e r e  with rear rangement ,  whereas .an a c e ty l  group 

preven ted  i t ;  the  presence  of a second e s t e r  group in  the  th iophene  

r in g  a l s o  p reven ts  rearrangement,  th e  f i n a l  product  s imply being th a t  

of d e a c y la t io n  of the  hydroxy func t ion .

Since the  p u b l i c a t i o n  of t h i s  work in 1986 no f u r t h e r  work in  t h i s  

area has appeared in the  l i t e r a t u r e .

4.0.  The S y n th es i s  of  Hvdroxvthiophene Carboxyl ic  Acids and t h e i r  

D e r iva t ives .

4. 1. In t ro d u c t io n .

The s y n t h e s i s  of the  v a r io u s  hydroxythiophene ca rboxy l ic  a c id s  almost 

always i n c o rp o r a t e s  c y c l i s a t i o n  r e a c t io n s ,  u s u a l ly  u t i l i s i n g  an 

a p p ro p r i a t e  t h i o e s t e r .  A summary of  some of the  more genera l  methods 

employed fo r  the  s y n t h e s i s  of hydroxythiophene  c a rb o x y l ic  a c i d s  used 

in  t h i s  t h e s i s  i s  now given,  t h e s e  being amongst the  more r e a d i l y  

a c c e s s i b l e  compounds. However, i t  should be po in ted  out t h a t  o the r  

hydroxythiophene ca rboxy l ic  ac id s  a re  known.
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4. 2. S y n th es i s  of  3-Hydroxyth iophene-2-carboxylic  Acids.

These a re  r e a d i l y  s y n th e s i s e d  v i a  the  t h i o k e t a l s  (59), formed from

3-ke to  e s t e r s  and t h i o g l y c o l a t e s .  3 -H ydroxyth iophene-2-carboxyla tes  

(60) 1 •' a re  then  s y n th e s i s e d  by base induced c y l i s a t i o n ,  in

good y i e l d  as d ep ic ted  in  scheme 2 0 : -

R CH C0,R
,  I 

R CO HSCH.CO.R'
HCl R CH C0,R

, 1R C < SCH, C0,R X 

<59)

R 3 0 , c ^ ______ ^ 0 H  R* v . _______ ^0H

H  + u H
r ’ ^ S ' ^ c o . r 'r ' ^ s

( 6 1 ;  u h e r  e R * = H) (60 )

Scheme 20

When R2-H, 4 -hydroxy th iophene-3 -ca rboxy la te  (61) i s  formed as  an 

a l t e r n a t i v e  product ,  When R1 i s  e i t h e r  i sop ropy l  or  t - b u t y l  i t

i s  formed in  approxim ate ly  40% y ie ld ,  but i s  not a s i g n i f i c a n t  product  

in o the r  cases.



In a r e l a t e d  s y n th e s i s ,  Dieckmann c y c l i s a t i o n  of  th e  mixed k e t a l s
\TA I LfO

(62a) and (62b) \  y i e ld e d  5-methy l -3 -hydroxy th iophene-2 -

c a rb o x y la te  (63), as shown in equa t ion  25: —

X

tleCCH.CO.R1 n —i * *  * n  n

S C H ,C 0 * R *  M e ' ^ ' S ' ^ ' C O t R

( 6 2 ) ;  a ,  X = OH <63>
b ,  X = SEt 

Equat ion  25

Immediate p r e c y c l i s a t i o n  in t e r m e d i a t e s  of th e  type (64) a re  im plied  in  

the  p r e p a r a t i o n  of 3 -hydroxyth iophene-2~carboxyla tes  from

t h i o g l y c o l a t e s  and p r o p i o l i c  e s t e r s  <

^ C O . R ’
If  <64)

R ^ s c h . c o . r '

Such in t e r m e d i a t e s  a r e  r e a d i l y  s y n th e s i s e d  by t h e  combination  of a 

halogeno a c e t a t e  and an e n e t h i o l a t e ' ^ ^  -  W t ,  A mixtu re  of th e  c i s  

(80%) and th e  t r a n s  (20%) forms of (64), C R—H, R^=R2=Et] can be 

c y c l i s e d  normally with po tass ium hydroxide-methanol .  However, when 

the  p ro p o r t i o n s  of  s t e r e o i so m e r s  a re  reversed ,  the  r e a c t i o n  f a i l s  with
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t h i s  base, al though with  p o ta s s iu m - t -b u to x id e  c y c l i s a t i o n  t a k e s  an 

a l t e r n a t i v e  course  t o  g ive  e t h y l  4-hydroxy-2--methylthiophene-3-
\ i * r

ca rb o x y la te  (65), shown in  equa t ion  2 6 :—

<64)

20^ o i s 
QO'K t r a n s

t - B u O K HO C0*Et

Me ( 6 5 )

E q u a t i o n  26

Dehydrogenation of o x o te t r ah y d ro th io p h en eca rb o x y la te s  such as (66) and 

t h e i r  enol e t h e r s  and a c e t a t e s ,  a l l  p repared  v ia  Dieckmann 

c y c l i s a t i o n s ,  y i e l d s  hydroxy th iophene  ca rboxy l ic  ac id  d e r iv a t i v e s .

Fiesselman and P f e i f f e r  ob ta ined  (60) [Rl =Me, R2=H, R5=Et3 from

bromination of th e  oxo te t rahyd ro th iophene  fol lowed by 

dehydrobromination.  In a more r e ce n t  method, the  c y c l i c  ketone,  or 

one of i t s  enol  d e r i v a t i v e s ,  i s  r e a c t e d  with su lphu ry l  c h l o r i d e  in 

d ichloromethane  at  c P  C  f  g iv ing  e x c e l l e n t  r e s u l t s  w i th  (66)

[ R=H, R1 =Me3 and with th e  a c e t a t e  and mesyla te  of th e  same
vt+S

subs tance  ,
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The Fiesselmann s y n th e s i s ,  in  which an a, J3~dihalogeno e s t e r  , or a-or a-
' Lr'l

c h l o r o a c r y l a t e  i s  r e a c t e d  with an a lky l  t h i o g l y c o l a t e  in  the

presence  of base,  as  in  scheme 21, p rov ides  a s imple and a t t r a c t i v e  

ro u te  to  3-hydroxy th i o p h e n e -2 -c a rb o x y la te s  ( 6 7 ) : -

4 3 ,  Sy n th esis  of 4-Hydroxythiophene-3-C arboxvllc Acids.

The most commonly used method of p r e p a r a t io n  of t h e s e  a c id s  and t h e i r  

d e r i v a t i v e s  i s  through th e  a ro m a t iz a t io n  of 4 -o x o te t r ahyd ro th iophene -

enabled the  p r e p a ra t io n  of  numerous 4-hydroxy, -methoxy and -ace toxy
— v 5'2>

compounds in  t h i s  c l a s s  . The use of hydrogen perox ide has

a l so  been shown to  g ive  good y i e l d s  from s e v e ra l  e th y l  5 - a r y l - 4 -  

o x c te t rahyd ro th iophene  c a r b o x y l a t e s  , The s t a r t i n g

m a t e r i a l s  a re  made v ia  c y l i s a t i o n  as shown in  scheme 2 2 : -

Soheme 21

3

3-ca rboxy la te s .  The method has proved ex tremely  v e r s a t i l e  and

COt R

Scheme 22



Synt h e s is  o f 3-Hydroxythiophene-2. 5 -P icarb oxv llc  Acids.

Fiesselmann and h i s  co-workers  have shown th a t  some i n t e r e s t i n g  

v a r i a t i o n s  a re  p o s s i b l e  in  t h e  r e a c t i o n s  of a c e ty l e n e  d i c a r b o x y la t e s  and 

t h i o g ly c o l a t e s .

a re  obtained* — - *• — ^wwos^uui  njru* wa^uc mcunauvi y

■these give d i a l k y l  3-hydroxythiophene-2 ,  5 ~ d ic a rb o x y la te s  (69);

In t h e  p resence  of  p i p e r i d in e  t h e  t h i o k e t a l s  (68) 

On t r e a tm e n t  with potassium hydroxide-methanol

vigorous  h y d ro ly s i s  with  aqueous sodium hydroxide then  g iv e s  4-
\ £ 7

hydroxy th iophene-2 -carboxy l ic  ac id  (71) by way of t h e  d i a c i d  (70) *

Condensation of the  a c e t y l e n i c  e s t e r  and g ly c o la te ,  induced by sodium

ethoxide-benzene leads  d i r e c t l y  to  (69) but with  aqueous sodium
x &  ~  \

hydroxide the  h a l f  e s t e r  (72) i s  produced .  These r e a c t i o n s

are  summarised in  scheme 2 3 : -
R'0tC C=C C0,r'

+

h s c h 4c o ,r '
p i p e r i d i n e

Na O H
H 2 0

H O . C - ^ S

/ OH
r r T
^ c - ^ q0 | R*

N a O E t  
P h H

<?2>

KOHCH t  C 0 t R
“ MeOH

R ° * C ^  ^ ( S C H j C O j R 2)
<68>

R 0,C
. /O H

J T T C <69>

-OH -CO.

COjR'
HM NaOH  
r e f l u x

H0tCj o :
OH 
C0,H

<?Q>Scheme 23

Fiesselmann’ s s y n t h e s i s  of  th iophenes  from a p p ro p r i a t e  1 , 2 -d iha logeno 

compounds i s  a l s o  a p p l i c a b l e  here.  Dimethyl 2, 3 -d ib romosucc ina te  and



methyl t h i o g l y c o l a t e  form (69), <R2s;Me), when t r e a t e d  with pota ss ium

hydroxide in  methanol

4. 5. Elhydroxythlophene Carboxyl ic  Acitfs.

The Hinsberg s y n t h e s i s  of  3 ,4 -d ihydroxy  th iophene-2 ,  5 - d i c a r b o x y l a t e s

from t h i o d i a c e t a t e s  and d i a l k y l  o x a l a t e s  i s  s t i l l  t h e  bes t  a v a i l a b l e .
\e0

I t  has been used to  p repare  the  dimethyl  and d i e t h y l  e s t e r s
VS l -  V63 V6M-

and a p a ten t  g ive s  an account  of th e  r e s u l t s  of

v a r i a t i o n s  in  th e  so lven t ,  in the  t h i o d i a c e t a t e ,  and in  the  condensing

agen ts  used.

4. 6.  ^mrnwxry.

I t  can be seen Vfcat i t  i s  p o s s i b l e  to  s y n th e s i s e  a wide v a r i e t y  of 

hydroxythiophene ca rboxy l ic  ac ids ,  r e a d i l y  and in good y ie ld s .  I t  i s  

the aim of t h i s  t h e s i s  to  u t i l i s e  t h i s  in o rder t o  p repare  a wide 

range of p o l y s u b s t i t u t e d  d i t h i e n y l  ke tones  v ia  F r i e d e l - C r a f t s  

r e a c t i o n s  and F r i e s  rearrangement .  These w i l l  then form p r e c u r s o r s  

to  a l a rg e  number of seco acids,  which may be ob ta ined  v ia  the  

d e s u lp h u r i s a t io n  process .  This  t h e s i s  makes an i n i t i a l  i n v e s t i g a t i o n  

in t o  the  p o t e n t i a l  of t h i s  r o u te  as a means of s y n t h e s i s i n g  va r ious  

seco ac id s  in  good y i e l d  from r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  in  

a small  number of s teps .
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RESULTS AND DISCUSSION 

5. 0. P r e p a r a t i o n  of  S t a r t i n g  M a te r l a lg ,_

I n t r o d u c t i o n .

Almost a l l  t h e  s t a r t i n g  m a t e r i a l s  employed in  t h e  work d e s c r ib e d  in  

t h i s  t h e s i s  were o b ta in e d  u s in g  p u b l i sh e d  methods. The g e n e ra l

methodology invo lved  M ic h a e l - ty p e  co n ju g a te  a d d i t i o n  of t h e  

t h i o g l y c o l a t e  an ion  t o  a s u b s t r a t e  of the  form CSC-X (X being  an 

e l e c t r o n  withdrawing  group,  in  t h i s  case u s u a l l y  an e s t e r ) ,  fo l lowed 

by a Dieckmann co n d e n s a t io n  ( g e n e r a l l y  brought about  by a lk o x id e ) .

Where t h i s  co n d e n s a t io n  gave th e  t e t r a h y d ro th io p h e n t f ,  o x i d a t i o n  with 

hydrogen p e ro x id e  in  methanol  was employed.

5. 1. S y n th esis  of H ydroxythlophenecarboxylates,

Formation of t h e  t h i o k e t a l  (73) u s ing  th e  ac id  c a t a l y s e d  a d d i t i o n  of 2 

molecu le s  of methyl t h i o g l y c o l a t e  t o  methyl a c e t o a c e t a t e  was fo l lowed

by b a s e - c a t a l y s e d  c y c l i s a t i o n  t o  g iv e  methyl 3-hydrC‘Vo^~^- 

m e t h y l t h io p h e n e - 2 - c a r b o x y la t e  

s tage :  -

(74) t h u s  av o id in g  any o x i d a t i o n

,C 0 ,  Me
k
,C0,Me

SCH.CO, Me

HC1 ^  Me C SCH.CO, Me
- 1 0 °  C

CH,C0,Me 

Scheme 24

O k o u

( 7 3 )
fie

OH

S ^ ^ C O ,  Me 

<7350

( 7 4 )
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In t ro d u c t io n .

Almost a l l  th e  s t a r t i n g  m a t e r i a l s  employed in  th e  work desc r ib e d  in  

t h i s  t h e s i s  were ob ta ined  us ing  pub l i shed  methods. The gene ra l  

methodology invo lved  M ichae l - type  con juga te  a d d i t i o n  of  the  

t h i o g l y c o l a t e  anion to  a s u b s t r a t e  of the  form OC-X (X being an 

e l e c t r o n  withdrawing group, in  t h i s  case u s u a l ly  an e s t e r ) ,  fol lowed 

by a Dieckmann condensa t ion  165 ( g e n e ra l ly  brought about by a lkox ide ) .

Where t h i s  condensa t ion  gave the  t e t r a h y d r o t h i o p h e n ^  o x id a t io n  with
vss

hydrogen peroxide  in  methanol was employed.
f

5.1.  S y n th es i s  of Hydroxythlophenecarboxyla tes .

Formation of the  t h i o k e t a l  (73) u s ing  the  ac id  c a t a ly s e d  a d d i t i o n  of 2 

molecules of methyl t h i o g l y c o l a t e  t o  methyl a c e t o a c e t a t e  was fol lowed

by b a s e - c a t a ly s e d  c y c l i s a t i o n  t o  g ive  methyl 3-hydfOxoy-^~~

m eth y l th io p h en e -2 -ca rb o x y la te  (74) thus  avoid ing  any o x id a t io n

stage :  -

S C H .C O .M e 0  KOW   / O H
He C SCH CO He ( 7 3 )  ̂ £ 1  > J T T r" „ - 1 0 °  C ” e C SCHjCU, ne / i )  Me

. 0 0 ,  Me I M ( 7 2
* * C H .C O .M e (73!c>

Scheme 24 ( 7 4 )
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The need fo r  an o x id a t io n  s t a g e  i s  a l s o  avoided in  th e  s y n t h e s i s  of 

methyl 3 -hydroxy th iophene-2 -ca rboxy la te  <75), as  t h e  c y c l i s a t i o n  of 

the  Michael adduct  i s  fo l lowed by e l im i n a t io n  of hydrogen c h l o r i d e  to  

y i e l d  th e  th iophene

HSCHtCOt Me NaOMe 
+    >

CHt = C < C l ) C 0 2Me

/OH
C?5>

C0t ne

Equat ion 2?

The p r e p a r a t i o n  of dimethyl 3-hydroxythiophene-2 ,  5 -d ic a r b o x y la t e  (76) 

may be brought about by a "one-pot"  method in  which dimethyl  a c e ty le n e  

d ic a rb o x y la t e  i s  t r e a t e d  with  methyl t h i o g l y c o l a t e  and sodium 

methoxide . However, fo r  r ea sons  of economy, t h i s  compound was 

prepared  using t h e  method developed by Huddleston which involved

the  e s t e r i f i c a i o n  of t h e  r e a d i l y  a v a i l a b l e  2 , 3-d ib romosucc in ic  ac id  

us ing th io n y l  c h l o r i d e  in methanol,  fol lowed be e l im i n a t i o n  of 

hydrogen bromide in  the  p resence  of t r i e t h y l a m i n e  in  e t h e r  t o  y i e l d
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dimethyl  bromomaleate. The product  <76) was ob ta ined  in e x c e l l e n t

y i e ld  by tr ea tm en t  of th e  bromomaleate with methyl t h i o g l y c o l a t e  and

sodium methoxide. Hydro lys is  with  sodium hydroxide fo l lowed by

deca rboxy la t ion  the n  y i e l d s  th e  4 -hydroxy th iophene-2 -ca rboxy l ic  ac id
\w \

(71), as de sc r ib e d  by Fiesselmann . These r e a c t i o n s  a re

summarised in  scheme 25: -

BrCHCOj H MeOH BrCHC02Me E t , N  Br
-D> I    >

H

BrCHCOj. H
S 0 C 1

BrCHC02Me MeO,C
(98X)

C0*Me (88/.)

HSCH2C 0 2Me
N a OMe

HOt C ^ S

(71)

j r
OH

<J-
 /OH

j t t T
MeQl C ' ^ S ^ x COi Me

(76;  75*)

Scheme 25

Methyl 3-hydroxythiophene-4-*carboxylate  (77) and methyl 3-hydroxy-4- 

raethyl” th iophene--2-carboxyla te  (78) were s y n th e s i s e d  from the  

i n t e r m e d i a t e s  prepared  by Woodward and Eastman *• aga in  u t i l i z i n g
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the  Michael a d d i t i o n  of methyl t h i o g l y c o l a t e  t o  a methyl a c r y l a t e  

fol lowed by methoxide r i n g  c lo s u r e  . A romat i sa t ion  was

accomplished us ing  hydrogen perox ide  in  methanol

H S C H , C O t Me piperidine ^ ' C H tC 0 J Me
---------------------- > S

C H , =  C ( R > C 0 / l e  \ CHt C H ( R ) C 0 2 Me

R
NaOMe

MeMeO C 0

C0,Me

H20 2 /  MeOH

MeO^C
V

'OH

s-

( 7 7 )

< 4 1 * )

Me
( S T * )

OH
S " ^ C 0 ,  Me 

( 7 8 )

Scheme 86
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4-H ydroxy-3-m ethy l th iophene-2-carboxyl ic  ac id  (80) was prepared  using  

the  method of Paranjpe  . This  involved  a l k o x i d e - c a t a l y s e d

condensa t ion  of  methyl pyruvate  with d i m e t h y l t h i o d i a c e t a t e  t o  give 

dimethyl 4-hydroxy-3-methyl  th iophene-2 ,5 -d ica rboxy la t& ,  (79), aga in  

via  Dieckmann condensat ion.  S a p o n i f i c a t i o n  by r e f l u x i n g  with  10% 

aqueous sodium hydroxide then  gave (80) : -

MeCO CO, Me t _ Bu0K
-t>

S< CHjCO,  Me

Me

Me02c

X OH N aO H -aq

CO, Me

<?9>

Me OH

h o . c t ' S ' '

<80)

Scheme 27



P re p a ra t io n  of  methyl 4 -hyd ro x y -2 ,2 * - b i t h i e n y l - 5 - c a r b o x y l a t e  (81) was
\eA

accomplished us ing  a method dev ised  by Cummins . Th is  involved  

format ion  of 3 - < 2 - t h i e n y l> a c r y l i c  ac id  us ing  th e  Perk in  r e a c t i o n  of 

malonic ac id  w i th  th iophene-2-carboxa ldehyde .  Formation of  th e

methyl e s t e r  us ing  th i o n y l  c h l o r i d e  in  methanol was fo l lowed  by 

bromination.  E l im in a t io n  of hydrogen bromide fol lowed  by a one s t e p  

Michael a d d i t i o n  and Dieckmann condensa t ion  then  l e a d s  t o  <81) in 

e x c e l l e n t  y ie ld .

CH2 ( C 0 2H)2
■>

S ' ^ C H O  C 5 H 5 N ' C 5 H 1 0 N  s ^ ^ c h  = c h c o , h
g :

( 8 4 k )

S 0 C l 2 /  MeOH

Br;

CHBrCHBrCOgfle
( 9 6 k )

— C H C O ,  M e

( 8? k )
E t  ,N  /  E t ,  0

S  C H  — C  B r C O j M e

( ? ? k )

HSCH2CQ2 Me
NaOMe

O H

‘S ' "  ^ C 0 t f1e

( 8 1 )

Scheme 28



3- M e thy l th lophene-2 -ca rboxy l ic  a c id  (82) was p repared  by F r i e d e l -  

C r a f t s  a c y l a t i o n  of  3-methylth iophene  fol lowed by hypobromite 

o x id a t io n  to  g ive  th e  r e q u i r e d  product  in  66% y i e l d : -

Me MeCOCl
S n C l ,

NaO Br

CO tle

< 82 )

Me

COt H

Scheme 29

5. 2. O-Methylat ion. S a p o n i f i c a t i o n  and Decarboxyla t ion  of Thiophene 

Units.

In o rder  to  convert  t h e  hydroxythiophene  c a rb o x y la te s  de sc r ib e d  

p rev ious ly  <5. 1. > i n t o  ac id  c h l o r i d e s ,  or  t o  use them as  a means of 

o b ta in in g  d i f f e r e n t  methoxythiophenes fo r  F r i e d e l - C r a f t s  a c y l a t io n ,  i t  

was necessa ry  t o  O-methylate,  sapon i fy  and, in  the  case  of compounds 

used as s u b s t i t u t e s  f o r  a c y l a t i o n ,  deca rboxy la te  them. O-methylat ion 

was c a r r i e d  out us ing  dimethyl  s u lp h a te  with  pota ss ium carbona te ,  

g iv ing  e x c e l l e n t  y i e l d s  in  a l l  cases.  The usual  s a p o n i f i c a t i o n  

procedure of h e a t in g  in  10% aqueous sodium hydroxide a l s o  gave 

e x c e l l e n t  y i e l d s  and d e ca rboxy la t ion  was accomplished by h e a t in g  with

60,



copper bronze under vacuum, th e  product  d i s t i l l i n g  out.  Scheme 30 

shows some of th e  key i n t e r m e d i a t e s  t h a t  were prepared  and the  

compounds t h a t  led  t o  them:-

Key Interm ediates: -

Me X i L

MeO

Me

Me

X

OMe

R

OMe

R

R = COt Me ( 8 3 )
R = COt H (8 4 )
R = H ( 8 5 )

R = COt Me (8 8 )
R = C0*H (8 9 )
R = H (9 0 )

R = C04Me (8 6 )

R = COtH (8 ? )

R = COt Me (9 1 )
R = COtH (9 2 )

Scheme 30
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Decarboxyla t ion  of (84) to  (85) was accomplished in  70% y ie ld  w h i l s t  

convers ion  of <89) i n t o  (90) proceeded in  62% y ie ld .  Decarboxyla t ion  

of (92) was not a t tempted  as i t  would have given t h e  same product  as  

t h a t  ob ta ined  from (89).

Methyl 4-methoxyth iophene-2-carbo*^ta te <93) was p repared  in  71% y i e l d  

by r e f l u x i n g  two e q u i v a l e n t s  of dimethyl  su lpha te .

S a p o n i f i c a t i o n  was then  c a r r i e d  out in  t h e  usual  way t o  g iv e  4- 

methoxyth iophene-2-carboxyl ic  ac id  ( 9 4 ) : ~

DM

t A O joh e O , C ^  S

OMe
NaOH

E
o n e

H0t C ^  S

<? 1 > W ;  7 IV.)

Scheme 31



6*0- O-CIycodisatlpn of Hydroxythiophene Carboxylates.

!• In t ro d u c t io n .

I t  was mentioned in  t h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s  (Sec tion  1. 1. > 

t h a t  in  order  to  show a n t i b i o t i c  a c t i v i t y  macrolide  a n t i b i o t i c s  must 

possess  the  a p p r o p r i a t e  sugar moiety (s) .  To t h i s  end i t  was decided 

to  see i f  i t  was poss ibe  t o  a t t a c h  sugar r e s id u e s  to  hydroxythiophene 

carboxy la tes .  As the  m a jo r i t y  of sugar r e s id u e s  found in  macrol lde 

a n t i b i o t i c s  a re  ra re ,  and t h e r e f o r e  expensive,  i t  was decided to  

a t t a c h  a pyranosyl  r i n g  t o  a hydroxythiophene ca rboxy la te .  The f a c t  

th a t  t h i s  proved p o s s i b l e  means t h a t  i t  may be p o s s i b l e  to  a t t a c h  the  

a p p ro p r ia t e  suga rs  to  hydroxythiophene c a rb o x y la te s  and from th e s e  

p repare  s e c o -a c id s  co n ta in in g  sugar r e s idues .  I t  may even be

p o s s i b l e  t h a t  such s e c o -a c id  segments (with a p p r o p r i a t e  sugar (s)> 

e x h i b i t  b io l o g i c a l  a c t i v i t y ,  but i t  i s  not w ith in  t h e  realms of t h i s  

t h e s i s  to  i n v e s t i g a t e  t h i s .
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6* 2. Preparation of Hydroxythiophene-O-glvcosldes.

2, 3, 4, 6 -T e t ra -O -a ce ty l -o c -D -g lu co p y ran o sy l  bromide was prepared  by 

t rea tm en t  of 1, 2, 3, 4, 6 -pen ta -O -ace ty l -D -g lucopy ranose  wi th hydrogen 

bromide in g l a c i a ]  a c e t i c  ac id  as descr ibed  in  Hickinbottom . The 

bromo compound was then r e f lu x e d  with methyl 3 -hydroxyth iophene-2-  

c a rb o x y la te  (75) in  th e  presence  of  potass ium ca rbona te  us ing  

ace tone  as so lven t  to  g ive  methyl 3 - ( t e t r e - 0 - a c e t y l ) - £ - D -  

glucopyranoxy) th i o p h e n e -2 -c a rb o x y l a te  (95) in  38% y ie ld .  S im i la r ly ,  

r e a c t i o n  of th e  bromo compound with methyl 3-hydroxy-5-methyl  

th iophene-2 -  c a rb o x y la te  (74) gave methyl 5 - m e t h y l - 3 - ( t e t r a - O - a c e t y l -  

p -D -g lucopyranoxy) -2 -ca rboxy la te  (9G) in 43% y ie ld :  -

6. 3. Discussion .

I t  should be s t r e s s e d  th a t  no at tempt has been made to  I n v e s t i g a t e  the  

s te re o c h e m is t ry  of t h i s  r e a c t i o n  and the  c o n f ig u r a t i o n s  given a re
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based upon th e  fo l lowing  r a t i o n a l e ;  in  the  presence  of bromide ions  

anom er isa t ion  occurs  in  t e t r a -O -a c e ty l -D -g lu c o p y ra n o s y l  bromide to  

g ive  an e q u i l ib r iu m  mix tu re  c o n ta in in g  at  l e a s t  93% of th e  oc-anomer
« “71

($v^or-e If ). As th e s e  compounds have 6 trong e l e c t r o n e g a t i v e  C-l 

s u b s t i t u e n t s  t h e  anomeric e f f e c t  i s  p a r t i c u l a r l y  s i g n i f i c a n t  and, 

consequent ly,  t h e r e  i s  a marked p re fe ren c e  fo r  th o s e  anomers which 

possess  con fo rm a t iona l ly  s t a b l e  r i n g s  to  which a re  a t t a c h e d  a x i a l  

bromide. Since  the  p r e p a r a t i o n  c o n d i t i o n s  employed al low

equ i l ib r ium ,  the  more s t a b l e  anomers a re  ob ta ined  i n  high y ie ld s .  

Thus brominat ion of 1 , 2 , 3 , 4 , 6 -pen ta -O -ace ty l -D -g lucopyranose  g ives  

predominantly 2, 3, 4, 6 - t e t r a - 0 - a c e t y l - c c - D - g l u c o p y r a n o s y l  bromide.

ORo 

Br 

oC 93*

Figure H*

Reaction of 2, 3, 4 , 6 - te t ro -0 -ace ty l -o« -D -g lucopy ranosy l  bromide with a

phenol proceeds v ia  d isp lacement of h a l id e .  Although t h i s  i s
MS

r e p o r te d  t o  be a un imolecu lar  mechanism, p roduc ts  formed by Walden
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i n v e r s i o n  predominate because the  h a l id e  ions  s h i e l d  the  s ide s  of the  

pyranoid  r i n g s  from which they depar t .  In  r e a c t i o n s  invo lv ing  1,2

c i s - a c y l g l y c o s y l  h a l i d e s  such as 2, 3, 4, 6 - t e t r a - O - a c e t y l - « - D -

glucopyranosyl  bromide, the  h a l i d e  i s  d i sp la ced  with i n v e r s i o n  of

c o n f ig u r a t io n  a t  C-l.  Thus i t  i s  sugges ted  by t h e  p resen t  au thor

th a t  the  l i k e l y  c o n f i g u r a t i o n s  of the  two g ly c o s id e s  s y n th e s i s e d  in

the  p resen t  work w i l l  be the  (3-anomers,
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7.0.  P r e p a ra t io n  of P o l y s u b s t i t u t e d  Thienyl  and D l th ieny l  Ketones 

v ia  F r i e s  Rearrangement.

7. 1. I n t ro d u c t io n .

The main aim of the  p re sen t  work was to  p repare  a s e r i e s  of 

p o l y s u b s t i t u t e d  t h i e n y l  and d i t h i e n y l  ke tones  co n ta in in g  a v a r i e t y  of 

hydroxyl fu n c t io n s  and methyl groups, which, upon d e s u lp h u r i s a t i o n ,  

would y ie ld  seco a c id s  s i m i l a r  to those  used in th e  s y n th e s i s  of the  

macrolide a n t i b i o t i c s .

The F r i e s  rearrangement of a p p r o p r i a t e  ac y l a te d  hydroxy compounds, 

i . e . : -

has th e  advantage of l e av ing  a f r e e  hydroxyl group and g iv e s  a wide 

choice of ke ton ic  p roduc ts  which would o the rw ise  be d i f f i c u l t  to

0C0R

Equation 28

ob ta in The d isadvan tage  of t h i s  method i s  t h a t  sometimes

d e a c y la t io n  can occur, with no subsequent  s u b s t i t u t i o n .
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In order  to  e f f e c t  F r i e s  rear rangement i t  was f i r s t  nece ssa ry  to  

p repare  a s e r i e s  of e s t e r s  by a c y l a t i n g  th e  hydroxythiophene 

c a rb o x y la te s  desc r ibe d  in S ec t ion  5. 1. Acy la t ion  was c a r r i e d  out by 

t r ea tm en t  of the  hydroxythiophene with a c e t i c  anhydride ,  or with the  

a p p r o p r i a t e  a c id  c h l o r i d e  in  anhydrous py r id ine .  Where

methoxythiophene ac id  c h l o r i d e s  were employed, they  were p repared  by 

r e f l u x i n g  the  ac id  with  th i o n y l  ch lo r ide ,  fol lowed by d i s t i l l a t i o n .  

In some cases  t h e  ac id  c h l o r i d e s  were used wi thout  d i s t i l l a t i o n .

The s tan d a rd  r e a c t i o n  c o n d i t i o n s  used for  F r i e s  rearrangement in  t h i s  

s tudy were those  employed by Banks for  the  F r i e s  rear rangement of

ace toxyth iophenes ,  i . e .  t r ea tm e n t  of t h e  e s t e r  Cl par t  by weight)  with 

anhydrous al uminium(w)chloride (3 p a r t s )  in  dlchloromethane a t  room 

tempera tu re  for  12 hours (see Experimental  S ec t ion  fo r  d e t a i l s ) .  

Where F r i e s  rearrangement was unsuccess fu l  and e s t e r  cleavage  was the  

r e s u l t ,  the  component hydroxy th iophene  ca rb o x y la te s  and c a rboxy l ic  

ac id s  were recovered  and i d e n t i f i e d  by t h e i r  m e l t ing  p o in t s  and proton 

nmr' s.

6?.



7. 2. EsterlflcatIon and Fries Rearrangement/Attempted Fries
Rearrangement o f Methyl  3^hydroxy-5~»ethyIth lophene“-g-

c,orhQxylates<74>T

The e s t e r s  p repared  in  t h i s  s e r i e s  can be d iv ided  i n t o  t h r e e  groups; 

group A comprised of alkanoyl  e s t e r s ;  group B, th enoy l  e s t e r s ;  and 

group C, benzoyl e s t e r s .  The s y n t h e s i s  of t h e s e  t h r e e  groups was t o  

enable  a thorough study of the  F r i e s  r e a c t i o n  of  t h e  t i t l e  e s t e r s  to  

be accomplished.  The p roduc ts  ob ta ined  from s u c c e s s f u l  F r i e s

rearrangement were O-methylated and s a p o n i f i e d  to  prov ide  a d d i t i o n a l  

compounds fo r  d e s u l p h u r i s a t i o n  s tu d i e s .  Scheme 32 summarises the  

r e a c t i o n  pathways; the  r e s u l t s  a re  given in  Tables  l a ) ,  lb) and 1c >: —

Me

OCORRCOC
Path RC0t Me Me

CX)

COR

Me

OH

CO, Me

<7H) 4 RC0,H

(V) ( I w w ;  R = Me 
<\V1>J R = El

DMS, K,C03 
Me,C0

C0R\  /O M e

J T T l
( H O ;  R = Me 
( I t q ) ;  R = Et.

V

<b
NaOH-aq

Me

 /  u n e

j n x
( H 7 ) j  R = Me 
0 \ 6 ) ;  R = Et

Path B i s  fo l lo w e d  uhen R = 2 - t h i e n m ,  p h e r ^ l , and v a r i o u s l y  s u b s t i t u t e d  
d e r i v a t i v e s  of th e s e  systems

5cheme 32



Table la

P r e p a r a t i o n  and F r i e s  r e a r r a n g e m e n t  o f  a l k a n o y l  e s t e r s  o f  m e t h y l  3 -

h y d r o x y - 5 - m e t h y l t h i o p h e n e - - 2 - c a r b o x y l a t e ;  -

No R %(X) No. %(Y> %(74>+%RC0s H

(97) Me 82 Cl 14-> 93
(98) Et 69 (117) 91
(99) cyclohexyl  78 0 72; not recovered
(100) CH~-2-thienyl 53 0 76; 58
(101) CHa-Ph 91 -  0 68; 66
(102) CH2-(4-methoxyphenyl> 50 0 82,74

Table 1(b)

P re p a ra t io n  and at tempted  F r i e s  rearrangement  of 2 ' - t h e n o y l  e s t e r s  of 

methyl 3-hydroxy-5-methy lth iophene-2~carboxyla te :  -



No R %(X) %(74 > %RCOaH

(103) r i =r==R3=k 85 95; 63
(104) R1=R2=H; R3=0Me 98 73; 16
(105) R1“ R2=H; R3=Me 98 92; 87
(106) R1 -H; R2-0Me; R=*=sMe 64 65; 33
(107) Rls=Me; R2=H; R*=0Me 60 72,46
(108) R1 SH; R2=0Me; R2=*H 54 69; 44

Table 1 (c)

P re p a ra t io n  and at tempted  F r i e s  rearrangement of benzoyl e s t e r s  of

methyl 3-hydraxy--5-methylthiophene-2-*cerboxylate:  -

Me ^ u u
n - T R1

COpMe

No R %(X) %(74)%RC02H

(109) R1=R3=H 60 80; 50
(110) R1=Me; R2=H 63 63; 53
(13 1) R1 =N0Iii ; R2=K 55 71; 62
(112) Ri-H; R2=0Me 75 88; 73
(113) -R»*Hi R2=N02 79 65; 66

F r i e s  rearrangement  of t h e se  s e r i e s  of e s t e r s  was s u c c e s s f u l l y  

accomplished fo r  only the  acetoxy and propionoxy e s t e r s  (97) and (98). 

In a l l  the o th e r  cases  cleavage  of the  e s t e r s  occurred  without  

subsequent  s u b s t i t u t i o n ,  the  c o n s t i t u e n t  hydroxythiophene c a rb o x y la te  

and ca rboxy l ic  ac id  m o ie t i e s  being recovered in  the  m a jo r i ty  of cases.



The two p roduc ts  ob ta ined  from th e  s u c c e s s fu l  F r i e s  rearrangement ,  

methyl 4 -ace ty l -3 -h y d ro x y -5 -m e th y l th io p h e n e -2 -c a rb o x y la te  (llM-), and 

methyl 3-hydroxy-5- roe thyl*-4-prop ionyl th iophene~2-carboxyla te  (117) 

were O-methylated us ing  dimethyl  s u lp h a t e  and pota ss ium ca rbona te  

followed by s a p o n i f i c a t i o n  with 10% sodium hydroxide to  prov ide  a 

v a r i e t y  of compounds fo r  d e s u l p u r i s a t i o n  s tu d ie s .

7. 3. E s te r if ic a t io n  and Attempted F r ies  Rearrangement of Methyl 3 -  

hydroxvthi ophene-2-carboxylate <75).

Four e s t e r s  were prepared  in  t h i s  s e r i e s ,  two alkanoyl  e s t e r s  ( ace ty l  

and prop iony l )  and th e  thenoyl  and benzoyl e s t e r s .  F r i e s

rearrangement  f a i l e d  in  a l l  cases ,  in c lu d in g  the  two alkanoyl  e s t e r s  

which had been s u c c e s s f u l l y  rea r range d  in  th e  p rev ious  s e r i e s  (Sec t ion

7 . 2 . ) .  Cleavage of th e  e s t e r s  was observed,  with recovery  of the  

r e s u l t i n g  methyl 3 -hydroxyth iophene~2-carboxyla te  and, where 

a ppropr i a t e ,  th e  aromatic  ca rb o x y l ic  acids,  in  good y ie ld s .

Due to  lack of success  in  the  F r i e s  rearrangement of t h i s  s e r i e s  of 

e s t e r s ,  no f u r t h e r  work was undertaken in  p rep a r in g  e s t e r s  of methyl 

3 -hyd roxy th iophene-2 -ca rboxy la te  (75). The r e s u l t s  ob ta ined  a re

summarised in  Table 2;



T a b l e  2.

P r e p a r a t i o n  and a t t e m p t e d  F r i e s  r e a r r a n g e m e n t  o f  e s t e r s  o f  m e t h y l  3 -

h y d r o x y t h i o p h e n e - 2 - c a r b o x y l a t e :  -

'OH RCOCl

■CO, fie

( 7 5 )

 /OCOR
O f

( X )

Rl Cl
" >  <?5> + RCO.H

No %<X) % (75) +%RCÔ H

( 1 2 0 )
( 1 2 1 )
( 1 2 2 )
(123)

Me
Et
Ph
2*- t h i e n y l

80
72
91
80

78 
82
79 
67

56
63

7.4.  E s te r if ic a t io n  and F r ie s  Rearrangement/Attempted F r ies

Rearrangement o f Methyl 3-hydroxythiophene-4-carboxylote (77).

A r e p r e s e n t a t i v e  range of  e s t e r s  of th e  t i t l e  compound were prepared ,  

and F r i e s  rea rrangement of t h e s e  gave s i m i l a r  r e s u l t s  t o  those  

desc r ibe d  in  S ec t ion  7 . 2 . ,  with s u c c e s s fu l  F r i e s  rear rangement of the  

acetoxy e s t e r  (85) but f a i l u r e  of any of th e  benzoyl e s t e r s  and most 

of th e  thenoyl  e s t e r s  t o  rea r range ,  c leavage  aga in  occur ing in  a l l

7 2 .



t h e se  cases.  However, in  t h i s  s e r i e s  F r i e s  rear rangement of th e  2 ' -  

thenoyl  e s t e r  was s u c c e s s f u l l y  accomplished to  g ive  methyl 3-hydroxy-  

2- ( 2 ' - th i e n y l> o x y th io p h e n e -4 ~ ca rb o x y la te  (131) in  55% y ie ld ,  t h e  only 

aromatic  moiety t o  be s u c c e s s f u l l y  F r i e s  r e a r r a n g e d  on a 

hydroxythiophene c a rb o x y la te  under t h e se  co n d i t io n s .  These r e s u l t s  

a re  summarised in  Table 3;



T a b l e  3.

P r e p a r a t i o n  and F r i e s  r e a r r a n g e m e n t / a t t e m p t e d  F r i e s  r e a r r a n g e m e n t  of

e s t e r s  o f  m e thy l  3 - h y d r o x y  t h i o p h e n e - 4 - c a r b o x y l a t e :  -

H Drw, MeO.Cx^ ^OCOR fl, C u  MeO,C\  ,/OH
KLUL1

■>
X  R1C1 n e u 2w \  ^

t o  — - »  o r
S - ^  S ^ ^ C O R

<??) <X> <v>
Cor (?? )  + RC02H>

No R %<X) No %(Y) %(77)+%RC0*H

(124) Me 85 (130) 100
(125) cyclohexyl  70 -  8 4 ; not recovered
(126) Ph 77 91;95
(127) 2 ' - t h i e n y l  67 (131) 55
(128) 3 ' - m e t h y l - 2 ' t h i e n y l  90 -  68; 45
(129) 3 ' -m e t h o x y -2 ' - t h i e n y l  85 -  -  71; 42

7. 3. E s t e r i f l o a t i o n  and F r i e s  Rearrangement of  Methyl 4~hydroxv-2. 2*- 

b l t h l e n v l - 5 - c a r b o x y l a t e  (81).

The e s t e r s  prepared  in  t h i s  s e r i e s  were found to  undergo F r i e s

rearrangement r e a d i l y  in  a l l  cases.  No benzoyl e s t e r s  were p repared

as the  aim of t h i s  p r o j e c t  was to  p repare  t h i e n y l  ke tones  for

d e s u lp h u r i s a t io n  to  seco ac ids .  I t  would be i n t e r e s t i n g ,  however, to



s tudy  the  F r i e s  rea rrangement upon a range of benzoyl e s t e r s  of the  

t i t l e  compound, but t h i s  was not w i th in  the  scope of t h e  p re s e n t  work.

I t  should be noted  t h a t  a l though th e  e s t e r s  prepared  in  t h i s  s e r i e s  

a l l  underwent s u c c e s s f u l  F r i e s  rea rrangement in  good y i e ld s ,  compounds 

of t h i s  type were of  l i m i t e d  use f o r  th e  p re sen t  work due t o  t h e i r  

lack of methyl and hydroxy fu n c t io n s .  However, t h i s  p r e s e n t  s tudy  

did s e rve  the  purpose of  dem onst ra t ing  t h a t  both t h e  idea and the  

method employed f o r  th e  F r i e s  rear rangement  of  hydroxythiophene 

c a rb o x y la te s  were sound. The r e s u l t s  ob ta ined  i n  the  b l t h i e n y l

s e r i e s  a re  summarised in  Table 4;

Table 4.

P re p a ra t io n  and F r i e s  rear rangement of e s t e r s  of methyl 4-hydroxy- 

2, 2 ' - b i t h i e n y l - 5 - c a r b o x y l a t e :  -

I V L  
< 81 )

ROC CO, Me

(V)

RCOCl 

, Me

7e>



R %(X) No %(Y) No

Me 86 (132) 75 (137)
2 " - t h i e n y l 84 (133) 92 (138)
3"- m e t h y l - 2 " - th i e n y l 80 (134) 90 (139)
3,' -m e thoxy-2" - th ieny l 84 (135) 62 (140)
5,' -m e thy l -3" -m e thoxy -2" - th ieny l 76 (136) 70 (141)

7. 4. p lsc u ss ion  pf Fr i e s .J earrflilge.pentg_._

The r e s u l t s  show c l e a r l y  t h a t  the  m a jo r i ty  of a roy l  e s t e r s  f a l l  to  

r e a r r a n g e  (both th.enoo^ and benzoyl ) .  One reason  f o r  t h i s  f a i l u r e  

may be the  e f f e c t  of the  e l e c t ro n -w i th d ra w in g  c a rb o x y la te  s u b s t i t u e n t s  

p re sen t  in hydroxythiophene s u b s t r a t e s .  This  d e a c t i v a t e s  th e

th iophene  nuc leus  towards e l e c t r o p h i l i c  at tack* e s p e c i a l l y  when in  the

2 -p o s i t i o n ,  as i t  i s  in  most c ases  in  the  p re sen t  work. When t h i s  i s  

combined with the  reduced r e a c t i v i t y  of aromatic  acylium ions  towards 

e l e c t r o p h i l i c  s u b s t i t u t i o n  (due t o  the  in c re as ed  s t a b i l i t y  of the  ion  

caused by d e l o c a l i s a t i o n  of the  p o s i t i v e  charge around the  aromatic  

r in g ) ,  i t  may expla in ,  a t  l e a s t  in  par t ,  th e  r e l u c t a n c e  of a roy l  

e s t e r s  of hydroxythiophene  c a rb o x y la te s  t o  undergo F r i e s  

rearrangement .  Compounds of  t h i s  type  a r e  merely c leaved  i n t o  th e  

c o n s t i t u e n t  hydroxyth iophene  ca rb o x y la te  and th e  aromatic  c a rb o x y l i c  

acid.

In th e  case of methyl 3 -a c y lo x y th io p h e n e -2 -c a rb o x y la te s  F r i e s  

rearrangement f a i l e d  in  a l l  cases ,  in c lu d in g  the  acetoxy compound.

77.



The expected product  in  th e  rearrangement  of the  a c e t a t e  would be 

methyl 5 - a c e ty l -3 -h y d ro x y th io p h en e -2 -ca rb o x y la te ,  but t h i s  was not 

found, presumably due t o  the  d e a c t i v a t i o n  of the  5 - p o s i t i o n  by the  

ca rboxy la te  fu n c t i o n  in  t h e  2 - p o s i t i o n  as mentioned e a r l i e r .  This  

may be exp la ined  in  p a r t  th e  s t a b i l i s a t i o n  of t h e  oxygen anion th rough  

d e l o c a l i s a t i o n  of  t h e  n e g a t iv e  charge onto the  ad jacen t  e s t e r ,  which 

can only occur when t h e  e s t e r  i s  in  th e  2 - p o s i t i o n ,  This  i s  

demonstrated in  th e  canon ica l  s t r u c t u r e s  shown in  Scheme 33: —

OfilClj .  v'ORlClj

-!c 0̂ne * ^ sA c_-OMe

Scheme 33

Methyl 3 -hyd roxy-5 -m ethy l th iophene-2 -ca rboxy la te  (74) i s  more 

a c t iv a t e d ,  e s p e c i a l l y  in  th e  f r e e  4 -p o s i t io n ,  due t o  the  a c t i v a t i n g  

and o - d i r e c t i n g  i n f l u e n c e  of the  methyl group in  the  5 -p o s i t i o n .  

Also, both th e  hydroxy and ca rboxyla te  f u n c t i o n s  d i r e c t  t o  t h i s  

p o s i t i o n  (a l though as th e  hydroxyl func t ion  i s  probably  an oxygen- 

aluminium c h l o r i d e  complex, i t  may a c t u a l l y  d e a c t i v a t e  t h i s  p o s i t i o n ! )

7*.



I t  was found t h e r e f o r e ,  t h a t  methyl 3 -hydroxy-5-methylth iophene  2-  

c a rb o x y la te  (74) was more r e a c t i v e  towards e l e c t r o p h i l i c  a t t a c k  than 

methyl 3 -h yd roxy th iophene -2 -ca rboxy la te  (75). This  was demonst ra ted 

by th e  f a c t  t h a t  both th e  ace toxy-  and propionoxy e s t e r s  underwent 

rearrangement  i n  e x c e l l e n t  y i e l d  f o r  th e  former compound, whereas no 

rearrangement  occured with  t h e  l a t t e r .  However, t h e  l e s s

e l e c t r o p h i l i c  aromatic  acyllum ions  (see S ec t ion  3 . 6 . )  s t i l l  f a i l e d  to  

rea r range ,  s u g g es t in g  t h a t  t h e  methyl group has only a moderate 

e f f e c t  upon a c t i v a t i n g  t h e  compound towards e l e c t r o p h i l i c  

s u b s t i t u t i o n .

F r i e s  rearrangement  of t h e  e s t e r s  of methyl 3-hydroxyth iophene-4-  

c a rb o x y la te  (77) was more s u c c e s s fu l ,  aga in  s u p p o r t in g  the  

• 'd e a c t iv a t io n  p o s t u l a t e "  mentioned above. In t h i s  case  th e  2 ' -  

thenoyl  e s t e r  was rea r r an g e d  in  55% y ie ld ,  a l though  no f u r t h e r  

aromatic  e s t e r s  underwent rearrangement.  This  i s  i n t e r e s t i n g  as i t  

sugges t s  the  2 ' - th e n o y l  acylium ion  i s  a c t u a l l y  more e l e c t r o p o s i t i v e  

than e i t h e r  the  benzoyl r a d i c a l  or  the  3 ' -m ethoxy -2 ' - thenoy l  acylium 

ions,  both of which would have been expec ted  to  r e a r r a n g e  more r e a d i l y  

than the  2 ' - th en o y l  acylium ion. No e x p la n a t io n  can be g iven  fo r  

t h i s  obse rva t ion .



A p l a u s i b l e  mechanism fo r  the  F r i e s  rear rangement i s  sugges ted  in 

Scheme 34. This  invo lves  an in t e rm e d ia te  pathway, with the  ad jacen t  

s i t e  (for  the  rearrangement)  being a c t i v a t e d  by the  oxygen-aluminium 

c h l o r i d e  comples :-

v / C O N e  f l lC  M e O C v  " o
COtle

+ .U
R\CX MeOt C ■Co RlCl;

J j }  COMe

v H H o n e 0 8C

COhe

OftlCl, tleO^C

c o n e  "HCl

Scheme 34



F r i e s  rear rangement of methyl 4-acyloxy-2,  2' - b i t h i e n y l - 5 - c a r b o x y l a t e s  

was showri to  lead  e x c l u s i v e ly  to  methyl 5 ' - a c y l - 4 - h y d r o x y -2 ,2 ' -  

b i t h i e n y l - 5 - c a r b o x y l a t e s  (142) in  e l l  cases,  with no ev idence  of 

format ion of any methyl 3 -acy l -4 -hydroxy-2 ,  2 * - b i t h i e n y l - 5 - c a r b o x y l a t e s

(143).

ROC'

-OH
O W D

S ^ ' C O ,  Me tL
ROC. OH

‘S ^ C O ,  Me

Scheme 35

This demonst ra tes  t h a t  al though t h e r e  may be d i r e c t i n g  in f lu e n c e s  to  

the f r e e  3 -p o s i t i o n ,  the  e l e c t r o n  r i c h  f r e e  51- p o s i t i o n  i s  f a r  more 

r e a c t i v e  towards e l e c t r o p h i l i c  s u b s t i t u t i o n .  This  p o s i t i o n  i s  so 

much more r e a c t i v e  towards e l e c t r o p h i l i c  s u b s t i t u t i o n  t h a t  even 

aromatic acylium ions  r e a r r a n g e  r e a d i ly .  I t  would be i n t e r e s t i n g  to  

con t inue  t h i s  work to  see i f  benzoyl e s t e r s  would r e a r r a n g e  as 

r e a d i ly .

One o the r  e x p lan a t io n  fo r  t h i s  ex c lu s iv e  rearrangement t o  th e  5 ' -

p o s i t i o n  may be b lock ing  of  the  3 - p o s i t i o n  due to  s t e r i c  h inderance ,  

i . e. ; -

8\ „



. O  H t
Oftc

Ou-^>
CO, Me

f v j o r e  ^>

(142) i s  very crowded, whereas (142) has no o the r  groups near to  the  

f r e e  5 ' - p o s i t i o n  to  h inder  s u b s t i t u t i o n .  I t  would be i n t e r e s t i n g  to  

p repare  methyl 4 - a c y l o x y - 5 ' - m e t h y l - 2 , 2 ' - b i t h i e n y l - 5 - c a r b o x y l a t e  (144) 

to  d iscover  in  which p o s i t i o n ,  i f  any, rearrangement  t a k es  p la c e  when 

the 5 ' - p o s i t i o n  i s  blocked.  Time did  not al low th e  p re sen t  au thor  to  

pursue t h i s  enquiry.



7. 5. Attempted F ries  Rearrangement of Methyl 5 -a e th y l-3 - (2 '- th e n o v l) 

oxyth lophene-2-carboxvlate (103).

As i t  became apparent  t h a t  the  normal r e a c t i o n  c o n d i t i o n s  d e s c r ib e d  

above, were not  s u i t a b l e  fo r  e f f e c t i n g  F r i e s  rear rangement of methyl 

3 -a ry lo x y th io p h e n e -2 -c a rb o x y la t e s ,  i t  was decided  to  under take  a s tudy  

to  see i f  s u i t a b l e  r e a c t i o n  c o n d i t i o n s  could be found to  enab le  the  

r e a c t i o n  to  t a k e  p lace  i n  r e a s o n ab le  y ie ld s .  The t i t l e  compound was 

chosen as s u c c e s s fu l  F r i e s  rearrangement  had been accomplished f o r  the  

ace toxy-  and prop ioncvoy-  e s t e r s  and because t h i s  e s t e r  l a c k s  any 

s u b s t i t u e n t s  upon the  acyl  group which would com plica te  the  

i n v e s t i g a t i o n  ( F r i e s  rear rangement o f t e n  leads  t o  removal and/or  

rear rangement of o th e r  s u b s t i t u e n t  groups) .  Also, the  r e s u l t s

recorded  in S ec t ion  5.5.  sugges t  t h a t  th e  2*- th en o y l  acylium ion may 

undergo F r i e s  rea rrangement more r e a d i l y  than t h e  o the r  aromatic  

acylium ions,  a l s o  making t h i s  compound a s u i t a b l e  model t o  study. 

The r e s u l t s  ob ta ined  from t h i s  s tudy a re  summarised in  Table 5 : -



Table 5.

Attempted F r i e s  rear rangement of methyl 5 -m e thy l -3 -  

< 2 ' t h e n o y l )o x y th io p h en e -2 -ca rb o x y la te  <103) under v a r io u s  r e a c t i o n  

c o n d i t i o n s : -

OH

J T
M j n c  +

Me-

O O C ^ ^ S
OR

< 7 4 )

- S ' ^ ' C 0 2 Me

( 1 0 3 ) S - ^ - C O

t i e
J T T f
' ^ ' S ^ ' C O o M

O L^ S - ^ ^ C 0 2 H

<v)

( 1H5)

No C a ta ly s t  Solvent  Rxn t ime Rxn T(°C) %(74> %(Y) %<145>

a AlCls ch2c i 2 12 hr 25 95 63
b A1C13 cs2 12 hr 25 86 79
c AlCIa Cl<CH2 ) 2C1 12 hr 25 76 68
d AlCla PhN02 12 hr 25 81 73
e AlCIa CH3CN 12 hr 25 77 69
f ZnCl2 /K10 

1 mmol/g
Cl (CH2 ) 2C1 36 hr 25 95% (103) recovered

g AlBr3 ch2c i 2 12 hr 25 98 100
h T1C1* ch2c i 2 12 hr 25 82 79
i AlCIa ch2c i 2 12 hr 40 87 64
j AlCIa Cl(CH2 ) 2C1 4 hr 83 - 64
k AlCls benzene 8 hr 80 74 22
1 AlCIa Ph-N02 5 hr 210 I n t r a c t a b l e  t a r
m AlCIa CH3CN 4 hr 82 I n t r a c t a b l e  t a r
n T1C1* none 0. 5 hr 100 60 58
0 AlCIa THF 12 hr 67 95% (103) recovered

64-.



Anhydrous aluminium c h l o r i d e  i s  the  c a t a l y s t  most commonly employed 

fo r  F r i e s  rearrangement,  and t h i s  i s  r e f l e c t e d  in t h i s  study. The 

use of ch lo roa lkanes  and carbon d i s u lp h id e  as s o lv e n t s  i s  a l s o  common 

p r a c t i c e  due t o  t h e i r  i n e r t n e s s  in  th e  r e a c t io n ,  and th e  usual  

r e a c t i o n  tempera tu re  of 25°C was chosen t o  reduce u n d e s i r a b l e  s id e  

r e a c t io n s .  In  a l l  t h e s e  cases  c leavage  of th e  e s t e r  occured.

Nitrobenzene  was t r i e d  as s o lv en t  as  i t  has the  advantage t h a t  the  

aluminium c h l o r i d e  complex formed i s  s o lu b l e  in  t h i s  so lv en t  17*. 

No improvement was achieved in th e  r e s u l t s  however, with  cleavage  of 

the  e s t e r  again occur ing.  S im i la r  r e s u l t s  were ob ta ined  with

a c e t o n i t r i l e  as so lven t .  An at tempt  to  e f f e c t  rea rrangement us ing

zinc c h l o r i d e  with K10 m on tm or i l Ion i te  c lay  ( in a r a t i o  of lmmol/g of
n:3

c lay ) ,  based upon a method desc r ib e d  by Dr. A. Kybett et  a l  fo r

F r i e d e l - C r a f t s  a c y la t i o n ,  led to  almost t o t a l  recovery  of s t a r t i n g

m a te r i a l ,  and changing th e  c a t a l y s t  to  aluminium bromide or t i t a n i u m
n *

c h l o r i d e  (used by Mart in and Demerseman in  t h e i r  p r e p a r a t io n  of

2 ' -hydroxypropiophenones)  aga in  led  to  c leavage  of the  e s t e r .

At t h i s  point  i t  was decided  more v igorous  c o n d i t i o n s  were requ i red ,  

at  th e  r i s k  of c rac k in g  or  a u t o - d e s t r u c t i v e  a l k y l a t i o n  

Aluminium c h l o r i d e  was again  used as c a t a l y s t  in  a number of r e f l u x i n g  

so lven t s .  Use of d ich loromethane  and b en ze n eo fso lv en ts  both led  to  

e s t e r  cleavage w h i l s t  th e  use of n i t ro b en zen e  and a c e t o n i t r i l e  led  to  

the  format ion of i n t r a c t a b l e  t a r s ;  t e t r a h y d r o f u r a n  gave almost t o t a l

recovery of s t a r t i n g  m a te r i a l .  Heating with t i t a n i u m  c h l o r i d e  at

100°C with no so lv en t  aga in  led  to  e s t e r  cleavage.  The only

65.



s u c c e s s fu l  system found dur ing  t h i s  s tudy invo lved  t r e a t i n g  th e  e s t e r  

with aluminium c h l o r i d e  in  1 ,2 - d ic h lo ro e th a n e  under r e f lu x ,  which l e d  

to  th e  r e q u i r e d  ketone,  methyl 3-hydroxy-5-methyl-4-C2 '  -  

t h e n o y l ) th io p h e n e -2 -c a rb o x y la te  (145) in  64% y ie ld .

7 . 6 . Attempted F r ies  Rearrangement of Methyl S -a e th v l-S -Q 1 -p e th y l-  

2* -th en oyl )oxyt h i ophene-2~cor boxy I a te  <106).,

Following the  s u c c e s s f u l  rear rangement of methyl 5 - m e t h y l - 3 - (2' -  

t h e n o y l >oxyth iophene-2-carboxyla te  (103) a b r i e f  s tudy was under taken  

to  e f f e c t  F r i e s  rea rrangement of t h e  t i t l e  compound. The r e s u l t s  a re  

given in  Table 6; i t  can be seen th a t  th e  r e s u l t  i n  a l l  c ases  was 

c leavage  of the  e s t e r  i n t o  the  c o n s t i t u e n t  hydroxythiophene

ca rb o x y la te  and 3 -m ethy l th io p h en e -2 -ca rb o x y l ic  ac id  (82>.

Table 6.

Attempted F r i e s  rearrangement  of Methyl 5 - m e t h y l - 3 - <3 *“m e t h y l - 2 ' -  

t h e n o y l )o x y th i o p h e n e -2 -c a rb o x y la t e : -

ooc

Me

j n T  * O l
S

(74)

Me

c o 2 h

(8 2 )



No C a t a l y s t  S o l v e n t Rxn t im e  Rxn (°C> %<74) 7,(82)

a A1C1.V. CI-UC1* 18 hr 25 96 91
b A1C10 Cl ( C H ^ C l 100 hr 25 76 81
c A1C13 CS2 IS hr 25 86 65
d A1C1* Cl(CH2 >*C1 18 hr 83 89 71
e A1C1 ̂ Ph-NO* 12 hr 100 92 76

S tu d ie s  of F r i e s  rearrangements of  e s t e r s  p repared  from methyl 3-  

hydroxy-5-methy lth iophene-2-C8rboxyla te  (74) were concluded with  an 

at tempt to  r e a r r a n g e  the  benzoyl e s t e r  <109) p repared  in  t h i s  s e r i e s .  

The c o n d i t i o n s  employed fo r  the s u c c e s s fu l  rearrangement  of methyl 5- 

m e t h y l - 3 - ( 2 ' - t h e n o y l )o x y th io p h e n e -2 -c a rb o x y la te  (103) were used, but, 

in t h i s  case,  the  rearrangement was again  unsuccess fu l ,  c leavage  of 

the  e s t e r  again o c c o u a c y

The r e s u l t s  ob ta ined  in th e  study of  the  at tempted  F r i e s  rearrangement 

of methyl 5-methyl -3-<3'  -m e th y l -2 4- th e n o y l )o x y th io p h e n e -2 -c a rb o x y la te  

(105) probably demonstrate the dec rease  in  e l e c t r o p h i l i c  n a tu re  of the  

3 ' - m e t h y l - 2 ' - t h e n o y l  acylium ion due to  th e  -V I e f f e c t  of  th e  methyl 

group. I t  i s  a l s o  p o s s i b l e  tha t  e t e r l c  e f f e c t s  prevent  s u c c e s s fu l  

rearrangement as  the  p o s s i b l e  rearrangement product ;  methyl 3-hydroxy- 

5-methyl-4-C3'  -m e th y l -2 4- t h e n o y l ) - t h i o p h e n e - 2 - c a r b o x y l a t e  (146) i s  a 

more crowded molecule then the  product  ob ta ined  in  the  s u cces s fu l  

F r i e s  rear rangement of methyl 5 - m e t h y l - 3 - (2*- t h e n o y l ) oxyth iophene-2-  

ca rb o x y la te  (145).



(145)

o :
Me ^  poss  i bl e

s t e r i o  hindrance
CO

MeJ O C
OH

C02f1e

(146)

7.7. Attempted F r i e s  Rearrangement of  Methvl 3-(3* -methvl-2* -

thenoy1 )o x v th io phene-4 -ca rboxy la te  (128).

The f i n a l  i n v e s t i g a t i o n  of F r i e s  rear rangement of e s t e r s  of

hydroxythiophene c a rb o x y la te s  was c a r r i e d  out upon the  t i t l e  compound 

to see i f  s u i t a b l e  c o n d i t i o n s  could be found to  e f f e c t  rearrangement.  

Methyl 3 -(3 '  -methy l-2 '  - t h e n o y l >o x y th iophene-4-ca rboxyla te  <12£> was

chosen because both the  3 -ace toxy-  and 3 - (2* th e n o y l> o x y -e s t e r s  ((124) 

ar.d <2 27)) undergo rear rangement at  room temperature.  I t  was hoped 

th a t  more v igorous  r e a c t i o n  c o n d i t io n s  would lead  t o  rearrangement  of 

f u r t h e r  e s t e r s  in  t h i s  s e r i e s .

The 3 ' - m e t h y l - 2 ' - t h e n o y l  e s t e r  <128) was again  chosen as p o t e n t i a l  

migrant group; th e  3 ' -m e thoxy-2 ' - thenoy l  (129) could p o s s ib ly  lead  to  

com pl ica t ions  due t o  s i d e  r e a c t i o n s  at  th e  e l e v a t e d  te m pera tu res  

employed. The r e s u l t s  a re  summarised in Table 7 : -



T a b l e  7,

A t t e m p t e d  F r i e s  r e a r r a n g e m e n t  o f  m e th y l  4 - ( 3 ' - m e t h y l - 2 ' -

t h e n o y l > o x y t h i o p e n e - 2 - c a r b o x y l a t e :  -

(7?) (82)
R * en»jl

Nc C a ta ly s t Solvent Rxn time Rxn T(°C) %<77> %<<52)

C A1C1 =, ch* c i2 12 hr 25 91 76
b A1C1 . CH^Cl* 12 hr 40 89 78
c A1C1 * Cl<CH2 ,*C1 6 hr 83 90 89
d A1C1 a Ph-NOa. 12 hr 100 87 62
e T1C1* None 2 hr 100 76 68

Again, under a l l  the  c o n d i t i o n s  employed the  r e s u l t  was c leavage  of 

the e s t e r  to  the  c o n s t i t u e n t  methyl hydroxythiophene ca rboxy la te  and 

3-methyl th io p h e n e -2 -c a rb o x y l i c  ac id  ((77) and (82)) ,  Whilst th e se  

r e s u l t s  probably r e f l e c t  the  decrease  in  e l e c t r o p h i l i c  n a tu re  of the  

3 ' - m e t h y l - 2 ' - t h e n o y l  acylium ion  due to  th e -V I  n a t u r e  of the  methyl 

group i t  i s  s u r p r i s i n g  t h a t  no ke tone could be obta ined ,  e s p e c i a l l y  as 

the 2 ' - thenyo l  e s t e r  undergoes rearrangement  r e a d i l y  in  t h i s  3 ,4 -  

d i s u b s t i t u t e d  th iophene  to  give th e  expec ted  products .  I t  i s

po ss ib le ,  again,  t h a t  s t e r i c  e f f e c t s  i n f l u e n c e  th e  outcome of t h i s  

reac t  ion.



?• 6. C o n c l u s i o n s .

The va r ious  s t u d i e s  of F r i e s  rearrangements  j u s t  de sc r ibe d  have shown 

th a t  t h e  approach i s  of only very l i m i t e d  va lue for  t h e  p r e p a r a t i o n  of 

compounds of the  r e q u i r e d  type.  Accordingly,  th e  a l t e r n a t i v e  ro u t e  

employing F r i e d e l - C r a f t s  a c y l a t i o n  was explored.

Preparation o f P o ly su b stitu ted  Thlenvland D lth ien y l Keiones yja, 

F ried e l-C ra fts  A cylation.

8. 1. In t ro d u c t io n ,

The a l t e r n a t i v e  approach to  producing p o l y s u b s t i t u t e d  th ien y l  and 

d i l h l e n y l  ke tones  was us ing F r i e d e l - C r a f t s  ac y l a t i o n ,  i . e .

Although i t  i s  well  documented th a t  s imple th iophenes  r e a d i l y  undergo 

F r i e d e l - C r a f t s  a c y l a t i o n  (see Sec t ion  3 . 4 . ) ,  the  more complex, h igh ly  

s u b s t i t u t e d  th iophenes  i t  was in tended  to  a c y l a t e  in  t h i s  s tudy  had

s
RCOCl

■>

Equation 29

90 .



not been p rev io u s ly  i n v e s t i g a t e d .  I t  was t h e r e f o r e  decided  to

i n i t i a t e  t h i s  work with a b r i e f  s tudy of th e  s y n t h e s i s  of some simple 

ketones  in  o rder  to  e s t a b l i s h  s u i t a b l e  r e a c t i o n  cond i t ions .

8- 2. P re l im in a ry  I n v e s t i g a to n .

I t  has a l ready  been mentioned (Sec t ion  2 . 1 . ,  Scheme 30> t h a t  2 - a c e t y l -  

3-methylth iophene was formed in  e x c e l l e n t  y i e l d  us ing  t i n f a jc h lo r ld e  as 

c a t a l y s t  and 1 , 2 - d ic h lo ro e th a n e  as  so lven t .  A pp l i c a t io n  of  t h i s  

method to  th e  p r e p a r a t i o n  of 2-cyclohexanoyl- ,  3 -methy l -2 -  

cyc lohexanoyl th iophene  and 2-benzoyl th iophene  gave e x c e l l e n t  y ie ld s .  

D i -2 - th i e n y l  ke tone was prepared  us ing  t i tan ium fw jch lor ide  as c a t a l y s t  

and dichloromethane as so lven t ,  aga in  in e x c e l l e n t  y ie ld .



8. 3 Preparation of PolVBubstituted thienvl and Dlthienyl Ketones.

I t  was now decided t o  at tempt th e  s y n t h e s i s  of  6ome of t h e  more 

complex p o l y s u b s t i t u t e d  t h i e n y l  and d l t h i e n y l  ketones.  A cyla t ion  of 

5-methyl-3-methoxy th iophene  (85) us ing  a c e t i c  anhydr ide and 

or thophosphor ic  ac id  gave only low y i e l d s  (15%) o f  the  r e q u i r e d  

product ,  2 -ace ty l -3 -m ethoxy-5-m ethy l  th iophene  (147).

,QJ1e ^ O M e
R or B ^

j o CMe "S t i e ' S ^COMe

(8 5 )  0 * 7 )

ft; f t e ,0 /H 3P0, (15*/.); B; SnCl, /  Cl <CHt )* Cl C23‘/.)

Scheme 36

Repeal of t h i s  s y n t h e s i s  us ing t i n f w j c h l o r i d e  in  1 , 2 - d ic h lo ro e th a n e  

with a c e ty l  c h l o r i d e  as the  a c y l a t i n g  agent gave only s l i g h t l y  b e t t e r  

r e s u l t s .  In both ca s e s  t a r r y  by -p roduc ts  were recovered  in f a i r l y  

l a rg e  amounts. I t  i s  thought t h a t  the  a c t i v a t i n g  i n f l u e n c e s  of  the

5-methyl-  and 3-methoxy- groups upon the  2 - p o s i t i o n  may make t h i s  such 

a r e a c t i v e  s p e c i e s  as  to  cause  ex t e n s iv e  p o ly m er i s a t io n  and 

decomposit ion of 5-methy l-3-methoxyth iophene (85).
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Acyl at  j on of 3-niethoxy-4-methylthiophene  (90) us ing a c e t i c  anhydride 

and or thophosphor ic  ac id  was much more s u cces s fu l ,  g iv ing  2 - a c e t y l - 3 -  

mefhoxy-4-methyl th iophene  <148) in  64% y ie ld ;  -

Me

H 3P 0

(90 )

v. /OMe

n
COtle

(6H V .)

Equation 30



The next  t a r g e t  was b i s  (3 -m ethoxy-5 -m ethy l -2 - th ieny l )ke tone  C150>.

This was formed in  good y ie ld  (72%) by a c y l a t i o n  of 5-roethyl-3-  

methoxythiophene (35) with 5-methyl-3-methoxyth i 'ophene-2-carbonyl c h l o r i d e  

(149), us ing  t i n  ( \ ^  c h lo r id e  as c a t a l y s t  and 1 , 2 -d ic h lo ro e th a n e  as 

so lvents  -

ON*

<85>

OMe

CO C lMe

SnCl,

CHCH2) 2C1

o s o >

CO

Equation 31

This inc re ased  y ie ld  compared to  t h a t  ob ta ined  with 5-methyl-3-

methoxy-2-ace ty l th iophene  (147), may demonst ra te  the  lower

e l e e t r o p o s i t i v i t y  of the  methyl -3-methoxy-2- thenoyl  acylium ion v i s  a 

vi s the  a c e ty l  acylium ion due to  d e l o c a l i s a t i o n  and hence

s t a b i l i s a t i o n  of the  p o s i t i v e  charge around the  th iophene r i n g  in  the  

former.

The same c o n d i t io n s  were employed f o r  the  s y n t h e s i s  of 2 - ( 3 ' -methoxy- 

5 ' -methy l-2*- thenoyl) -3 -methoxy  th iophene  (152) from 5-methyl-3-  -f

methoxy-thiophene (85) and 3-roethoxy th iophene-2 -carbony l  c h l o r i d e  I



(151). The product  was ob ta ined  in  65% y ie ld ,  some r e s i n i f i c a t i o n  

occur ing  during  the  r e a c t i o n : -

( 8 5 )
,0Me SnCl,

0 5 \  >

'COCl C t ( C H 2 ) 2 C l Me

0 5  Z>

Equat ion  32

Under the  same c o n d i t i o n s  2- (3* -methoxy-5'  -roe thy l -21 - th e n o y l  >-3- 

methoxy-4-methyl th iophene  (153) was prepared  (46%) from the  

a p p ro p r i a t e  s t a r t i n g  m a te r i a l s ,  (90) and (149 ) : -

S n C l .   ^ O M eb h L l H  / U n c  y
< 9 0 )  +  ( I W  C K C H  ) , C l  ^  J T T L  J I

CO
0 5 8 ;  4 6 ‘0s)

Equation 33

^ 5 .



In t h i s  case 5-methoxy-3-methyl-  th iophene-2 -ca rbony l  c h l o r i d e  <149> 

was chosen as the  a c y l a t i n g  agent  in  th e  hope of  avoid ing  the  

r e s i n i f i c a t i o n  which was found t o  occur dur ing  a c y l a t i o n  of 5-methyl-

3-roethoxy th iophene (85), but withou t  success.  A f u r t h e r  complex b i s  

2 - t h i e n y l  ketone,  methyl 4-methoxy~3-methy l-2-(3*-methoxy-5'  -m e thy l -  

2 ' - t h e n o y l ) th io p h e n e - 2 - c a r b o x y la t e  (154) was ob ta ined  (48%) from the  

e s t e r  (88) and ac id  c h l o r i d e  (149); once more some r e s in o u s  by

product  was o bse rved : -

QMe ,Me SnCl , W e  OMe

) +

( 88 )

C I ( CH  ) Cl  M 
CO,Me 2 2 Me

Me

^ C O t Me

Equation 34

This l a s t  r e s u l t  i s  i n t e r e s t i n g  as i t  su g g es t s  t h a t  d e a c t i v a t i o n  of 

the  f r e e  5 “ p o s i t i o n  by the  e s t e r  group in  th e  2 - p o s i t i o n  i s  

s i g n i f i c a n t l y  reduced,  p o s s ib ly  due t o  the  a c t i v a t i n g  e f f e c t  of th e  

methoxy group in  th e  4 - p o s i t i o n .  In  t h i s  case  i t  would have been

i n t e r e s t i n g  to  s tudy  th e  F r i e s  rearrangement  of some of th e  4 -acy loxy-  

e s t e r s  of t h i s  compound in  o rder  t o  see i f  more s u c c e s s fu l  r e s u l t s  

could be obta ined .  U nfo r tuna te ly  time did not al low a f u r t h e r  s tudy 

along th e se  l i n e s .
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( 8 5 )

Attempts to  s y n t h e s i s e  S - rae thy l -S-methoxy- 'Z ' - thenoyl- th iophene  <156) 

from 5-raethyl-3-methoxy th iophene  <85) end 2 - thenoyl  c h l o r i d e  (155) 

(using t i n  ( w ^  c h l o r i d e  in  1 , 2 -d ic h l o ro e th a n e )  proved unsuccess fu l ,  

l a rg e  amounts of polymeric p roduc ts  being formed. The a l t e r n a t i v e  

approach us ing 5 -m ethy l -3“m e thoxy- th iophene-2 -ca rbony l  c h l o r i d e  (151) 

and th iophene  a l s o  r e s u l t e d  in  po lym er isa t ion .

SnCl,

COCl
DCE ->H>

Me

/OMe

j n C  r
SnCl ,  

< H t
DCE

(S^A) t n ]

(  \ <5 s 'y

Scheme 37
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The s y n t h e s i s  of methyl 3 -h y d ro xy -4 - -p rop iony l - th iophene -2 -ca rboxy la te  

(157) was achieved by a c y l a t i o n  of methyl 3-methoxy-- t h io p h e n e -2 -  

c a rb o x y la te  (86) with p rop ionyl  c h lo r id e ,  us ing  a l u m i n i u m ^ h l o r i d e  as 

c a t a l y s t ; -

n  n  0,,|e + E t c o c i  R 1 C 1 3 / DCt1 ^ Tj jT
S'-'^'CO.Me 100 h ' RT S ^ ^ C O , M e

( 8 6 )

C0Et /OH

Equat ion 35

This r e s u l t  i s  i n t e r e s t i n g  when i t  i s  cons idered  th a t  3-acy loxy e s t e r s  

of t h i s  hydroxy- th iophene  c a rb o x y la te  complete ly  f a i l e d  to  r e a r r a n g e  

under F r i e s  co n d i t io n s .  S im i la r  a t t em p ts  to  e f f e c t  a c y l a t i o n  of 

methyl 3-methoxy — th io p h e n e -2 -c a r  boxyla te  (86) us ing  3-methoxy 

th iophene-2 -ca rbony l  c h l o r i d e  (151) as  th e  a c y l a t i n g  agent f a i l e d  

comple te ly  with almost  complete recovery  of  s t a r t i n g  m a te r i a l s .  

Furthei  a t tem pts  to  ach ieve  t h i s  a c y l a t i o n  using  methyl 5 -m ethy l -3 -  

methoxy -  t h i o p h e n e -2 -c a rb o x y la te  (83) as s u b s t r a t e  and propionyl  

c h l o r i d e  as a c y l a t i n g  agent a l s o  r e s u l t e d  in  complete r ecovery  of 

s t a r t i n g  m a te r i a l s ,  This  i s  aga in  i n t e r e s t i n g ,  s i n c e  methyl 5- 

m «thy l -3 -p rop ionoxy th iophene-2 -ca rboxy la le  (98) undergoes F r i e s



r e a r r a n g e m e n t  readily, whereas methyl 3~propionoxy — thiophene-2-

c a rb o x y le te  (123) f a i l s  to  r e a r r a n g e  a t  a l l .

0. 4. D irect A cylation  with C arboxyllc ac id s and Ph<?6ph<?.rms

Pentoxlde.

Hartough and Kosak r e p o r t e d  th e  a c y l a t i o n  o f  th iophene ,  in

moderate to  good y ie ld s ,  by a number of ca rboxy l ic  a c i d s  with

phosphorous pen tox ide  as c a t a l y s t  in  r e f l u x i n g  benzene. At tempts by

the p resen t  au thor  to  r e p e a t  t h i s  work, with th iophene  as s u b s t r a t e

and both benzoic and m -n i t robenzo ic  ac ids ,  proved only  modera te ly
io<\

su c c e s s fu l ;  the  y i e l d s  r e p o r t e d  by the  e a r l i e r  a u th o r s  were not

observed. 2-Benzoyl - th iophene  (158) was ob ta ined  in only 22%
\o*\

(compared to  66%-li t .  ) and 2 - (m -n i t ro b en zo y l> th iophene  (159) in

17% ylel.de, t h i s  compound had not been prepared  by H ar tough; -

t o x . COp h^•S '^ 'C O Ph

<V58> ( x s n ' )
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An at tempt to  e f f e c t  a c y l a t i o n  of th iophene  using  4-methoxy-3-methyl  

th io p h en e -2 -ca rb o x y l ic  ac id  (89) by th e  method' J u s t  desc r ibed  was 

comple te ly  unsuccess fu l ,  with <89) being recovered  in  100% y ie ld .  In 

view of the se  d i s a p p o i n t in g  r e s u l t s  t h i s  s y n t h e t i c  approach was 

d iscon t inued .

3. 5. Summary and Conclusions.

Although F r ie d e l~ C ra f t6  a c y l a t i o n  g iv e s  e x c e l l e n t  r e s u l t s  when simple 

th iophenes  and m ono-subs t i tu ted  th iophenes  are used as s u b s t r a t e  in  

the  presence  of s imple a c y l a t i n g  agents ,  the  more complex, 

p o l y s u b s t i t u t e d  th iophenes  r eq u i r e d  fo r  th e  p resen t  work gave va r ied  

r e s u l t s .  In some cases  high y i e l d s  were obta ined  whi ls t  in o th e r s  

r e a c t i o n  f a i l e d  to  occur.  There appeared t o  be no obvious system to  

account fo r  t h i s .  The F r i e d e l - C r a f t s  a c y l a t i o n  method, did, however, 

p rovide  a number of p o ly s u b s t i t u t e d  d l t h i e n y l  ketones  which could not 

be ob ta ined  v ia  the  F r i e s  method. In t h i s  respec t ,  t h i s

i n v e s t i g a t i o n  was at  l e a s t  p a r t i a l l y  s u c c e s s fu l  in  th a t  i t  p ro v id es  a 

l i m i t e d  a l t e r n a t i v e  to  th e  F r i e s  rear rangement  for the  p r e p a ra t io n  of 

compounds of t h i s  nature .

The at tempt  at  p repa r ing  d i t h i e n y l  ke tones  us ing the  d i r e c t  a c y l a t i o n  

method proved i n i t i a l l y  unsuccess fu l  and was not p e r s i s t e d  with.



9.0.  Raney Nickel  D e s u lp h u r l s a t l o n  of  P o l v s u b s t i t u t e d  Thiophenes
and D i th len y l  Ketones.

9.1.  In t ro d u c t io n .

Two well known methods of Raney n ic k e l  d e s u l p h u r l s a t l o n  have been

employed In t h i s  work; t h a t  of Papa, S^Vuj&^and Ginsberg (adding

Raney a l l o y  to  th e  s u b s t r a t e  in  aqueous base) ,  commonly c a l l e d  th e

' Papa-Schwenk' method of d e s u lp h u r l s a t l o n ,  and the  method employed by

Brown , where f r e s h l y  prepared  Raney n ic k e l  i s  added t o  an a l c o h o l i c

s o l u t i o n  of the  s u b s t r a t e .  The former method has t h e  advantage of

avo id ing  the  l a b o r i o u s  and hazardous p r e p a r a t i o n  of Raney n ic k e l ,

while th e  l a t t e r  has  t h e  advantage of mi lder  r e a c t i o n  c ond i t ions ,

reducing  the  r i s k  of  s i d e  r e a c t i o n s  and decomposit ion du r ing  the

d e s u l p h u r l s a t l o n  process ,  An added b e n e f i t  of both p roces se s  f o r  the

p resen t  work i s  t h a t  Raney n ic k e l  d e s u l p h u r l s a t l o n  o f t e n  l e a d s  to
if̂ > t VT 5 , \

r ed u c t io n  of ketone to  hydroxy groups t

9. 2. P re l im ina ry  I n v e s t i g a t i o n .

An i n i t i a l  i n v e s t i g a t i o n  was under taken to  d iscover  which p rocess  was 

p r e f e r a b l e  f o r  th e  p re sen t  work, i . e .  d e s u l p h u r l s a t l o n  of the  

p o l y s u b s t i t u t e d  th i e n y l  and d l t h i e n y l  ke tones  desc r ib e d  e a r l i e r  in

t h i s  t h e s i s .  Methyl 3 -m ethoxy-5-m ethy l th iophene-2 -carboxy la te  (83) 

gave only 39% of recovered  product ,  3-methoxyhexanoic ac id  (160) us ing  

the  'Papa-Schwenk'  method, as  compared to  the  cor responding  e s t e r  

(161), which was produced more e f f i c i e n t l y  (69%) by th e  a l t e r n a t i v e  

process .  (Scheme 38),
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<160^; R = H (Papa~Sohwenk)  
(1 6 1 ) ;  R = Me (Broun)

Scheme 38

D esu lphur isa t  ion of 1 - ( 5 - a c e t y l - 2 - t h i e n y l ) - l - <5*-methoxycarbony1-2'  -
*

t h l e n y l >ethane,  (162) aga in  showed no c l e a r  advantage t o  e i t h e r  

method, the  y i e l d s  of the  ac id  (163) and the  e s t e r  (164) being 912 and 

87% from the  'Papa-Schwenk'  and Brown procedures,  r e s p e c t i v e l y : -

Me
Me

(fc£3); R = H (Papa-Schuenk)  
(V6^>; R = Me (Br own)

Scheme 39



An eq u a l ly  good r e s u l t  was ob ta ined  from 1 - ( 5 - a c e t y l - 2 - t h l e n y l >-1 -< 5 ' -  

methoxycarbonyl-2 '  - th i e n y l )m e th a n e  (165) *, us ing Browns method,

g iv ing  methyl 11-hydroxydodecanoate (166). There was i n s u f f i c i e n t  

sample a v a i l a b l e  to  s tudy  d e s u lp h u r i s a t i o n  of  t h i s  s u b s t r a t e  us ing  the  

1Papa-Schwenk' method: -

f leCCr
T L

Br oun

C02Me ( ^ )

Equat ion 36

All d e s u lp h u r l s a t lo n  p roduc ts  prepared  in  t h i s  p re l im in a ry  

i n v e s t i g a t i o n  were i d e n t i f i e d  by t h e i r  p ro ton nmr and IR s p e c t r a  and 

(where a v a i l a b l e ) ,  by comparison with m. p . / b .  p. *s recorded  in  the  

l i t e r a t u r e .

t  A sample of which was k ind ly  supp l ied  by Dr. G. Khandelwal of 

Nottingham Poly te chn ic .

103.



9-3* Desulphurlsatlon of Polysubstituted Thiophenes.

The next s tage  in t h i s  s tudy  was t o  examine the  d e s u l p h u r l s a t l o n  of 

compounds c o n ta in in g  a h e a v i ly  s u b s t i t u t e d  s i n g l e  th iophene  r ing .  

The p re l im in a ry  i n v e s t i g a t i o n  had shown t h a t  no advantage was t o  be 

gained us ing e i t h e r  of th e  methods of r e d u c t iv e  d e s u l p h u r l s a t l o n  

descr ibed ,  with  r e s p e c t  t o  y i e l d s  and p u r i t y  of p roducts .  I t  was 

decided,  however, t o  d e s u lp h u r i s e  th e  more complex p o l y s u b s t i t u t e d  

th iophenes  by Brown's method . This  was because  t h i s  method 

e l im i n a t e s  the  use of co n c e n t r a te d  base, s im p l i f y in g  the  work-up 

procedure and avoid ing  com pl ica t ions  which t h i s  might cause. Methyl

4 -e th y l -3 ,5 -d ih y d ro x y h e x an o a te  (167), methyl 4 -e thy l -5 -hyd roxy~3-  

methoxyhexanoate (168), methyl 4 -e th y l -3 ,5 -d ih y d ro x y h e p ta n o a t e  (169) 

and methyl, 3, 5 -d ihydroxy-4-m ethy lhep tanoa te  (170), were prepared  by 

d e s u lp h u r l s a t l o n  of th e  a p p r o p r i a t e  th iophene  p recu rso r ,  as  summarised 

in  Table 8: -

Table 8 . D e s u lp h u r l s a t l o n  of  P o l y s u b s t i t u t e d  Thiophenes.

10V.



No % y ie ld  of crude p roduc ts

(167) CH, ch3 H 78
(168) CHS ch3 ch3 78
(169) ch3 CH2CH3 H 67
(170) H ch2ch3 H 71

All p roduc ts  were i d e n t i f i e d  by t h e i r  pro ton  nmr and i n f r a - r e d  

s p e c t r a .  No at tempt was made t o  p u r i f y  th e  recovered  p roduc ts  which 

con ta ined  a number of o th e r  subs tances  as  well  a s  the  d e s i r e d  

products .  However, TLC i n d i c a t e d  th a t  no s t a r t i n g  m a t e r i a l s  were 

p re sen t .  I t  seems l i k e l y  t h a t  th e  i m p u r i t i e s  a re  due to  incomplete 

hydrogenat ion  r e s u l t i n g  in  the  format ion  of a lkenes  and ketones,  or  to  

f u l l  hydrogenat ion  reduc ing  the  ketone to  an alkane.
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9.4, Reductive Desulphurlsatlon of Polysubsltituted Dithienvl
Ketones.

Reductive d e s u l p h u r i s a t i o n  of  t h e  p o ly s u b e t l t u t e d  d l t h i e n y l  ke tones  

prepared  from th e  F r i e d e l - C r a f t s  acy la tb n  was now examined; methyl 6-  

methoxy-6-hydroxy-4-methoxy-3-methylundecanoate (171) was p repared  in  

67% y ie ld  from methyl 4-methoxy-3-methyl-5-<3'  -m e tho t fy -5 ' -m e thy l -2 ' -  

th e n o y l ) th i o p h e n e -2 -c a rb o x y la te  (154) (Equation 37): ~

. T  / t i e

JQ l L  J t EL (M e ^ s ^ ' > r ^ ' S ' ^ C 0 2Me '
0

OMe OH OMe Me
Cn\)

COoMe

Equation 37

This product  was a whi te wax and was i d e n t i f i e d  by i t s  pro ton  and 

carbon-13 nmr, i n f r a - r e d  and mass spec trometry  and m i c r o a n a l y t l c a l  

data.  The s u c c e s s fu l  s y n t h e s i s  of t h i s  compound was of major
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importance to  t h i s  p re s en t  work as i t  demonstrated t h a t  i t  i s  p o s s i b l e  

to  c o n s t ru c t  a p o ly h y d ro x y s u b s t i t u te d  6eco ac id  of C—11 chain length ,  

s i m i l a r  t o  those  found in  th e  macrolide a n t i b i o t i c s ,  8-Methoxy-6- 

hydroxy-4-methoxydecane (172) and 9-methyl -8-methoxy-6-hydroxy-4- 

methoxydecane (173), were s i m i l a r l y  formed from 2 - (3 * -methoxy-5'  -  

methyl-2 '  - th en o y l ) ) -3 -m e th o x y  th iophene  (152) and 2 - (3 * -methoxy 5 ' -  

m e th y l -2 ' - thenoy l ) -3 -m e thoxy -4 -m e thy l th iophe ne  ((153), r e s p e c t i v e l y ;

one
 /DM e \ _______

" ]X  J o i
(1 5 2 )

o n e  OH OMe

( n i )

one
■on e \  ^ n e

ri e^ - S ' ^ C 0

( 1 5 ? )

one

Me
n e

He

Scheme 40

Both produc ts  were again i d e n t i f i e d  by t h e i r  pro ton  nmr and i n f r a - r e d  

s pec t r a .  I m p u r i t i e s  were d e t e c te d  in  both products ,  e s p e c i a l l y  the
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l a t t e r ,  which could not be removed. I t  aga in  seems l i k e l y  t h a t  the  

i m p u r i t i e s  a re  a r i s i n g  from a combination of i n e f f i c i e n t  and ex c e ss iv e  

hydrogenation.

9. 5. Summary,

With one excep t ion  th e se  d e s u l p h u r i s a t i o n s  gave q u i t e  complex m ix tu res  

of products ,  not  th e  s i n g l e  one hoped for .  No s e r i o u s  a t tempt was 

made to  e i t h e r  s e p a r a t e  or i d e n t i f y  the  minor components in  th e s e  

mixtures.  However, i f  t h i s  was r e q u i re d  i t  should be p o s s i b l e  to  

de termine  the  number and n a t u r e  of components p r e s e n t  us ing  HPLC 

techniques .  As th e  i n t e n t i o n  of  th e  p re sen t  work was to  produce 

m a t e r i a l s  in  s y n t h e t i c a l l y  u se fu l  q u a n t i t i e s ,  no f u r t h e r  work was 

c a r r i e d  out in  t h i s  area.  Any f u t u r e  work would have to  i n v e s t i g a t e  

a means of producing e s s e n t i a l l y  only one product  from 

d e s u lp h u r i s a t i o n .  This  may be p o s s i b l e  by us ing  d i f f e r e n t  types  of 

Raney n ic k e l .  For example, de -gassed  Raney n ic k e l  would leave

carbonyl groups i n t a c t .  I t  might then be p o s s i b l e  to  s e l e c t i v e l y  

reduce th e s e  at  a l a t e r  s tage .  I t  i s  apparent  however, th a t  f u r t h e r  

i n v e s t i g a t i o n  i s  needed i f  d e s u l p h u r i s a t i o n  of p o l y s u b s t i t u t e d  

d l t h i e n y l  ke tones  i s  t o  provide a v i a b l e  a l t e r n a t i v e  ro u te  t o  th e  

s y n t h e s i s  of seco ac ids .



10.0. In v e st ig a t io n  to  D iscover Whether Raney N ickel D esulphurlsatlon  

i s  S te r e o s e le c t iv e  with Respect to  Hydroxy Groups Attached  

D irec tly  to  the Thiophene Ring.

10.1.  In troduction .

io
I t  was s u c c e s s f u l l y  demons trated  by Dann and Hauck t h a t  Raney 

n ic k e l  d e s u l p h u r l s a t l o n  of dimethyl  3 , 4 - d ip h e n y l th i o p h e n e - 2 , 5- 

d ic a rb o x y la t e  l e ad s  e x c l u s i v e l y  t o  meso dimethyl  3 ,4 -d ip h en y l  a d i p a t e  

(see Sec t ion  2 . 4 . ) .  However, t h i s  s t e r e o s e l e c t i v i t y  may be due t o  

s t e r i c  h indrance  caused by the  bulk of the  phenyl r in g s .  Replacement 

of t h e  phenyl groups by hydroxyl ,  as  in  dimethyl  3, 4- 

d ihydroxyth iophene-2,  5 - d i c a r b o x y l a t e  (174), might lead  t o  a mixtu re  of 

s te reo isom ers .  I f  th e  d e s u l p h u r i s a t i o n  were found t o  be

s t e r e o s e l e c t i v e ,  i t  would add a c o n s id e r a b l e  element of i n t e r e s t  to  

the  se c o -a c ld  s y n t h e s i s  under s tudy.  Accordingly,  i t  was dec ided  to  

p repare  (174) and compare th e  p ro d u c t ( s )  ob ta ined  from i t s  

d e s u l p h u r i s a t i o n  with p repared  r e f e r e n c e  samples.

Dimethyl 3, 4 - d ih y d r o x y th io p h e n e -2 ,5 -d ic a rb o x y la te  (174) was prepared  
vec

via  a Hinsberg r e a c t i o n  , summarised in  equa t ion  37: —

NaOMe

(nt)

Equation 38
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The product  <174) was then  d es u lp h u r i sed  us ing Raney n ic k e l  accord ing

to  the  method of Brown to  g ive  dimethyl P ,P ' - d ih y d ro x y a d ip a te  (175)

in 467# y ie ld ,  m. p. 86-88°C. The i d e n t i t y  of th e  product  was

confirmed by i t s  pro ton  and carbon-13 nmr and i n f r a - r e d  s p e c t r a .

S yn thes i s  of th e  r e q u i r e d  r e f e r e n c e  compounds, meso and <±> dimethyl

P, p J-d ihyd roxyad ipa te  was now at tempted.  E - h e x - 3 - e n e - l , 6 - d i o i c  ac id

(176) was e s t e r i f i e d  us ing  methanol and c o n ce n t ra te d  s u lp h u r ic  a c id  t o

give dimethyl 6 -h e x -3 -e n e - l ,  6 - d i o a t e  (177) in  54% y ie ld .

us ing osmium t e t r a o x i d e / t - b u t y l  hydroperoxide accord ing  t o  th e  method 
m

of Legrand gave ( i )  dimethyl P , p ' -d ihyd ro x y ad ip a te  (178), as

summarised in  scheme 41 below:-

Hx/CH^COpH

A
h o 2 c c h 2 ^  x h

MeOH
H , S 0 ,  M e 0 2 CCH2 /  \ h

H ' S / C H 2 C 0 2 Me

A

0 s 0 H / H 20 2

CH2 C 0 2 Me

H-
H0-

OH

H

CH2 C 0 2 Me

CH2 C 0 2 Me

HO-

H-
H

-OH

CH2 C 0 2 Me

( \ ^ B )

Scheme 41
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The product  was i d e n t i f i e d  by i t s  melt ing  point  (77°-78°C),  which
m

agreed with t h a t  quoted by Legrand , and by pro ton  and carbon-13

nmr and i n f r a - r e d  s p ec t r a ,  L a c to n i s a t i o n  us ing  h y d ro ch lo r i c  ac id

gave the  Y, Y -d i lac tone  of (±>-j3, fS-dihydroxyadipic ac id ,  <179), again

confirmed by comparison of  i t s  m e l t ing  po in t  (129°-130°C) with t h a t  of
\n<t.

the  d i l a c t o n e  ob ta ined  by L ins tead  e t  a l  (127°-128°C>. This

confirmed th a t  th e  product  ob ta ined  was the  <±) isomer,  (178), s in c e

the  meso isomer,  <180), i s  known t o  form only the  mono- lactone <181)

< H 9 )

HCl

011
c

H
1 1

c

(-j

:h2c o — 1

HCl

CH2 CO — j

H'
0

H

■COCH'

CH2 C 0 2 Me

H-
H-

OH

OH

CH2 C 0 2 Me

( 1 ^ 0 )

c h 2 co

HCl H'
 >  h

H“

nt-iUN

0

CH2C02Me

(1<3V>

Scheme 42
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The f i r s t  at tempt to  p repa re  th e  meso compound (180), fo l lowed the
m

method of Legrand , us ing  osmium t e t r a o x i d e  with t h r e e  t im es  the

amount of hydrogen perox ide  used in  the  p r e p a r a t i o n  of the  (±) Isomer

(178), and at  th e  e l e v a t e d  tem pera tu re  of 25°C. However, th e  m e l t ing

poin t  in d i c a t e d  t h a t  th e  product  was aga in  th e  racemete, (178). The

process  was r e p ea ted  s e v e r a l  t imes, the  same r e s u l t  being ob ta ined  on

each occasion.  Attempted s y n th e s i s  of meso dimethyl  8. 8 ' “

d ihydroxyad ipa te  (180) from E -hex -3 -ene - l ,  6 - d io i c  acid,  (176), by
n<\

t rea tm en t  with hydrogen perox ide / fo rm ic  ac id  at  45°C le d  to

complete recovery  of s t a r t i n g  m a te r i a l ,  w h i l s t  a f u r t h e r  approach to
NSC*

a n t i - h y d r o x y l a t i o n  us ing t u n g s t i c  ox ide/hydrogen perox ide  a t  70°

gave the  Y ,Y -d ilac tone  (179). A method in  the  l i t e r a t u r e  due to  
n *

L ins tead  s i m i l a r  to  t h a t  j u s t  desc r ibed  a l s o  gave t h i s  r e s u l t .

At t h i s  s tage  s y n t h e s i s  of meso dimethyl -p ,  (3' -d ihydroxy a d i p a t e  (180) 

was abandoned due to  i n s u f f i c i e n t  time.

Comparison of pure (±) dimethyl  8 , 0 ' -dihydroxy  a d i p a t e  (178) with

dimethyl 8 . 8 ' -d ih y d ro x y ad ip a te  ob ta ined  by Raney n ic k e l

d e s u lp h u r i s a t i o n  of (175) su g g es t s  t h a t  the  d e s u l p h u r i s a t i o n  product

c o n s i s t s  of a mix ture of th e  (±) and meso isomers.  The m e l t ing  po in t

(86°-88°C) of th e  d e s u lp h u r i sed  product  f a l l s  between th a t  of  t h e  pure
m

racemate (78°C) and the  meso from (98°C) . While t h i s  i s  in

i t s e l f  inconc lu s ive ,  sp e c t ro s c o p ic  ev idence a l s o  adds weight to  the  

format ion of both (±) and meso forms upon d e s u l p h u r i s a t i o n  of (174). 

In Table 9 are summarised the  peaks i d e n t i f i e d  by high r e s o l u t i o n  

proton nmr (k indly  c a r r i e d  out by Dr. R. Davies, of  She l l  Research,  

S i t t i n g b o u r n e ) , in  CDC13 s o l u t i o n  us ing  a Bruker 300 MHz nmr

m .



spec t rom ete r )  of  a sample of dimethyl  P , 3 ' -d ihydroxy a d i p a t e  ob ta ined  

v ia  Raney n i c k e l  d e s u l p h u r i s a t i o n  (175) along with those  of <±> 

dimethyl  P ,p ' - d ih y d r o x y a d ip a t e  p repared  us ing  osmium t e t r a o x i d e / t -  

bu ty l  hydroperoxide <178). Whilst  the  d e s u l p h u r i s a t i o n  produc t  i s  

not pure,  the  pre sence  of  peaks such as th e  m u l t i p l e t  a t  62 .47-2 .  70, 

the  t r i p l e t  a t  63 .73-3 .75  and t h e  m u l t i p l e  peaks a t  54 ,10-4 .18  a l l  

correspond to  peaks and chemical s h i f t s  a s s igned  t o  pure  (178) appea rs  

to  i n d i c a t e  th e  p resence  of <i) dimethyl  P, p' -d ih y d ro x y -a d ip a te  <178) 

in the  d e s u lp h u r i s a t i o n  product .

Again, however, no d e f i n i t e  conc lu s ions  can be drawn as t o  th e  

s te reochem ica l  outcome of th e  d e s u l p h u r i s a t i o n  p ro ces s  as,  a l though  

the  s p l i t t i n g  p a t t e r n  may be due to  the  p resence  of t h e  meso compound 

(180), i t  could a l s o  be caused by incomplete hydrogenat ion  (as 

mentioned in  Sec t ion  9. 3. ) or  o th e r  im p u r i t i e s .  Thus, t h i s

experiment remained in c o n c lu s iv e ,  al though th e  p r e s e n t  au thor  

su g g es t s  th a t  d e s u l p h u r i s a t i o n  of dimethyl  3 , 4-d ihydroxy  th iophene-  

2 , 5 -d i c a r b o x y la t e  (174) r e s u l t s  in a mixtu re of (±) and meso-dimethyl  

P ,P 1-d ihyd ro x y ad ip a te  (178) and (180),

i t s .



Table 9 Comparison of High R esolu tion  Proton ruar Spectra of (A) 

Dimethyl B.B*-dihydroxyadipate Prepared v ia  Ranev N ickel 

D esulphurisation  (175) and Osmium te t r a o x id e /t -

butyl hydroperoxide H ydroxylatlon (176).

Raney Nickel

D e s u lp h u r i s a t io n  Product  Osmium t e t r a o x i d e / t - b u t y l  hydroperoxide
(175) product  <178>

Chemical

S h i f t

Peak

Type

I n t e r p r e t a t i o n Chemical

S h i f t

Peak

Type

I n t e r p r e t a t i o n

2. 47-2.70 m -CH~- 2 .35 -2 .43 m -CH*-
3. 66-3. 75 m im pur i ty No peak — ----
3. 73-3. 75 t -OH 3. 71-3. 74 + -OH

<J= 10Hz) <J= lOHaO
4. 10-4. 16 m -CH- 4. 15 d -CH-
4. 12-4. 18 d C02Me 4. 15 s C02Me

The i n a b i l i t y  to  p repare  meso dimethyl  p, P' -d ih y d ro x y ad ip a te  <180) 

means t h i s  i n v e s t i g a t i o n  has not been completed and any f u t u r e  work in  

t h i s  a rea  would have to  in vo lve  the  format ion of t h i s  compound. This  

could be accomplished by prepar ing :  dimethyl  Z -hex -3 -ene - l ,  6 - d lo a t e

and a t tem pt ing  c i s  hyd roxy la t ion  of t h i s  compound again  us ing osmium 

t e t r a o x i d e / t - b u t y l  hydroperoxide .  This  would then prov ide  the

r e q u i r e d  meso dimethyl  P, (3' -d ihyd roxyad ipa te  (180) as  a r e f e r e n c e  

compound fo r  comparison with the  d e s u l p h u r i s a t i o n  product  <175). I t  

i s  sugges ted  t h a t  any f u t u r e  work in  t h i s  a rea  begins  along  th e se  

l i n e s .
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11.0. B&dyc U ve Reg.ulphqr t g ftU g n  fif O p tic a l ly  A ctive  Thlophene

D er iva t ives .

11. l. InlcgfluciliBn.

I t  was in tended to  complete the  p re s en t  work with  an I n v e s t i g a t i o n  

i n t o  th e  d e s u lp h u r i s a t i o n  of an o p t i c a l l y  a c t i v e  model thiophene,  in  

o rder  to  determine whether c h i r a l i t y  i s  p rese rved  dur ing 

d e s u lp h u r i sa t io n .  This  would add a u se fu l  dimension t o  th e  s y n th e t i c  

approach because,  as mentioned p rev io u s ly  (Sec t ion  1 . 2 . ) ,  macrolide 

a n t i b i o t i c s  co n ta in  a m u l t i tu d e  of  asymmetric c e n t r e s .  I f  no

racem isa t ion  occurs  dur ing  the  d e s u l p h u r i s a t i o n  p roces s  i t  should be 

p o s s i b l e  to  produce s t e r e o c h e m ic a l ly  pure c e r b i n o l s  ( e i t h e r  by 

r e s o l u t i o n  with o p t i c a l l y  a c t i v e  agen ts  or by use of s t e r e o s p e c i f i c  

reducing  agents)  which, when desu lphur i sed ,  would y i e l d  seco ac ids  

with f ixed  s t e r e o c h e m is t ry  in  at  l e a s t  one c e n t re .  The p receden ts
61 q i t ?

were good, Fredga and , ( in  t h e i r  work with o p t i c a l l y

a c t i v e  th iophene  a l i p h a t i c  and aromatic  a c id s  having found tha t  

d e s u lp h u r i s a t io n  wi th Raney n ic k e l  does not  cause race m isa t io n  of 

c h i r a l  c e n t r e s  (see S ec t ion  2 . 4 . ) .

11.2. Preparation and D esulphurisation  o f flC-Hydroxv-2-f3-aminobenzvlV 

thiophene
'I

In th e  presen t  work cc-V\ydroxy-2-(3-aminobenzyl) thiophene \  (183),

was chosen as the  model compound fo r  the  d e s u l p h u r i s a t i o n  study. I t  

has s ev e ra l  advantageous p o in t s ,  pos se ss ing  a s imple,  monosubsti tu ted

US.



th iophene  r i n g  fo r  f a c i l e  d e s u lp h u r i s a t i o n ,  a hydroxy group a t  the  

c h i r a l  c e n t r e  (as in  many seco a c id s )  and an amino fu n c t io n  as a 

"handle" fo r  o p t i c a l  r e s o l u t i o n  of the  compound.

The model compound was r e a d i l y  s y n th e s i s e d  us ing  th e  r o u te  summarised 

in  Scheme 43: -

i l j  4

N a 2S . 9H20  /  EtOH

V
• NH'

7  V NaBH,
EtOH

OH
CO

NH'

Scheme 43

F r i e d e l - C r a f t s  a c y l a t i o n  of  th iophene  in  dichloromethane ,  us ing  

aluminium(lujchloride as c a t a l y s t  and 3>-nitrobenzoyl  c h l o r i d e  as 

a c y l a t l n g  agent ,  gave 2 - ( j? -n i t robenzoy l ) th iophene  (159), (%%).

Reduction with sodium s u lp h id e  in e thanol  le d  to  2- <3j~-

aminobenzoyl) th iophene  (182), (67%)). The r e q u i r e d  c a rb in o l  (183)
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was then  ob ta ined  (£6%) fo l lowing  sodium borohydride  r educ t ion .  Upon 

Raney n ic k e l  d e s u l p h u r i s a t i o n  of <c-hydr oxy-2 - (3-aminobenzyl) th iophene  

the  r e q u i r e d  <a?-\\ydroxy-n-pentyl ) a n i l i n e  0 6 4 ) ,  was obta ined ,  i . e .  i -

( 1 8 3 )

OH

n-CqH^

< m >

Equation 3̂ \

Thus i t  was n ecessa ry  t o  p repare  a r e f e r e n c e  6ample of (184) which 

could be re so lved  and compared with th e  sample of (184) ob ta ined  v ia  

d e s u lp h u r i s a t i o n  of o p t i c a l l y  pure (183).

Valerophenone (185) was n i t r a t e d  us ing  a 50:50 mixtu re of n i t r i c  and 

su lp h u r ic  a c id s  at  -20°C t o  give 3 - n i t r o v a l e r o p h e n o n e  (186), (6S#/#>.
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Reduction with eodium Gulphide gave 3-aminovalerophenone (187), (45%).

The r e q u i r e d  r e f e r e n c e  compound (184) was then  ob ta in ed  in  90% y i e l d  

fo l lowing  sodium borohydr ide  r educ t ion  of (187), These r e a c t i o n s  a re  

summarised in  Scheme 44: —

HNO,
PhC0-n-CuHq  M> 

4 v H2S0„

NH

R a n e s

OH

n-CqH^ <}
NaBH,
EtOH

NO

<\ 96 )  

CO-n-CijH^

Na.S. 9H,0 /  EtOH

V

nh2

(18*7)

Scheme 44

With the model and reference compounds in  hand, the next step  was to  

resolve them in to  the separate (4-) and (-> enantiomers. To th is  end 

the <4) ta r tra te s  of both compounds were prepared by heating equlmolar 

q u an tities of the amine with (+> ta rta r ic  acid in  ethanol. The 

racemic ta r tr a te  of -hydroxy-2-(3-aminobenzyl) t h iophene  j  <183>,

l l fc .



formed a so lid  with m. p. 52-54°C In 92% f ie ld . However, problems 

were encountered in  the preparation of the <+> ta r tra te  of  <164>, 

which was syrupy and could not be c r y s ta llise d .

11. 3 . gt ere<rchea igai„siadls&._

The (+) t a r t r a t e  s a l t  of  <183) was r e p e a t e d ly  r e c r y s t a l l i 6 e d  from 

ace tone  to  a cons tan t  m e l t ing  po in t  of  82ftC. The f r e e  base was then 

o b ta ined  and found to  have a m e l t in g  po in t  of 94°C ( the  m e l t ing  po in t  

of the  racemate was measured as  89°C). High r e s o l u t i o n  pro ton  

nmr* us ing  c h i r a l  s h i f t  r eag e n t  showed t h e r e  to  be an enan t iom er ic  

excess  in  the  r a t i o  of 1 :2 .6  (from o b s e rv a t io n  of th e  carbonyl 

p ro ton) ,  i . e .  t h e r e  was an excess  of 72%. Po la r im et ry  fo r  e thano l  

s o l u t i o n s  showed a r o t a t i o n  of  -36 .0 °  f o r  th e  (+) t a r t r a t e  of 

<c-Hydroxy-2-(3-aminobenzyl) thiophene,( ond - 1 .4 °  fo r  the  f r e e  base (183). 

Raney n ic k e l  d e s u lp h u r i s a t i o n  of c a rb in o l  (183) gave the  expec ted
i v

product  (<&**Hydroxy-n-pentyl ) a n i l i n e  in  good y ie ld ;  th e  product

was shown by proton nmr t o  have an enan t iom er ic  excess of 1 :2 .2  (68%). 

I t  had an o p t i c a l  r o t a t i o n  of - 8 .3 ° .  Thus th e  p resen t  work su p p o r t s  

the  f i n d i n g s  of Fredga and P e t t e r s o n ,  showing t h a t  Raney n ic k e l  

d e s u lp h u r i s a t i o n  of th iophenes  does not  lead  t o  racem isa t ion  of  c h i r a l  

c e n t r e s  of s id e -c h a in s .

t  Cour tesy of B, Taylor of S h e l l  Research,  S i t t ingbou rne .



I t  should be po in ted  out t h a t  th e  o r i g i n a l  i n t e n t i o n  had been t o  

p repare  <+) and ( - ) ^ 4 i y d r o x y - 2 - ( 3 - a m i n o b e n z y l ) t h i o p h e n e ^ d e s u l p h u r i s e  

the  s e p a r a t e  enant iomers  and compare the  r e s u l t i n g  p ro d u c t s  wi th (+> 

and <-> 3 - (<x~Wydroxy-n-pentyl)anil ine (184)*  This  would have shown 

without  doubt t h a t  r a c e m is a t io n  had not occurred.  However, i n  view 

of th e  f in d in g s  j u s t  d i s c u s s e d  and th e  d i f f i c u l t i e s  encountered  in  

p r ep a r in g  the  t a r t r a t e  of  t h e  r e f e r e n c e  compound (184) i t  was decided  

not t o  pursue t h i s  l i n e  of  enqui ry  f u r t h e r .

12. 0 O vera l l  Summary and Conclusions.

The s t a t e d  aim of t h i s  t h e s i s  was to  i n v e s t i g a t e  th e  p o t e n t i a l  of 

Raney n ic k e l  d e s u l p h u r i s a t i o n  of p o l y s u b s t i t u t e d  d i t h i e n y l  ke tones  as 

a means of p rep a r in g  seco  a c id s  s i m i l a r  t o  those  forming t h e  macrolide 

a n t i b i o t i c s .  The s u c c e s s f u l  s y n t h e s i s  and d e s u lp h u r i s a t i o n  of methyl

4-methoxy-3“m e th y l - 5 - (3' -methoxy-5*“methyl-21 - th en o y l> th io p h en e -2 -  

ca rboxy la te ,  (154), t o  g iv e  methyl 8-methoxy-6-hydroxy-4-methoxy-3- 

methyl undecanoate <171> dem onst ra te s  the  f e a s i b i l i t y  of t h i s  method. 

However, the  f a i l u r e  of s u b s t i t u t e d  th i e n y l  e s t e r s  to  F r i e s  r ea r ran g e  

l i m i t s  the  number of lo ng -cha in  seco ac id s  t h a t  can be formed us ing 

t h i s  method. Whilst  F r i e d e l - C r a f t s  a c y l a t i o n  proved moderately

su c c e s s fu l ,  t h i s  method l a ck s  th e  v e r s a t i l i t y  t o  p rov ide  a range of 

p o l y s u b s t i t u t e d  d i t h i e n y l  ke tones  fo r  d e s u lp h u r i s a t i o n  t o  the  

a p p ro p r i a t e  s eco -ac id s .  I t  appears,  t h e re fo re ,  t h a t  the  p o s s i b i l i t y  

of p rov id ing  a wide range  of seco a c id s  v ia t h e  sugges ted  p rocess  i s  

u n l ik e ly .
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Raney n ic k e l  d e s u l p h u r i s a t i o n  did  not proceed as well as  expected,  

lead ing ,  in most cases ,  t o  impure produc ts .  However, i t  may be 

p o s s i b l e  to  overcome t h i s  problem by va ry ing  t h e  c o n d i t i o n s  of 

d e s u lp h u r i s a t i o n ,  and t h i s  would not  prove a c r i t i c a l  f a c t o r  t o  t h i s  

method.

The d i sadvan tage  of  t h i s  method i s  th e  apparent  la ck  of any 

s te reochem ica l  c o n t ro l  of t h e  products .  For example, , the seco  ac id  

d e r i v a t i v e  (16), (Sec tion  1 . 4 . ) : -

MeO

i i  i i COt Me

OBn OMe OBn O Vte 0 ^ 2.

< 1 6 )

12 U



prepared  in  31 s t e p s  and 2% y i e l d  i s  almost comple te ly

s te r e o c h e m ic a l ly  pure,  whereas the  seco ac id  segment (1 7 1 ) : -

(171)

i s  ob ta ined  in  10 s t e p s  wi th an o v e r a l l  y i e l d  of 7 .7% and no 

s te reochem ica l  p u r i ty .

Although i n v e s t i g a t i o n s  i n t o  th e  s t e r e o s e l e c t i v i t y  of d e s u l p h u r i s a t i o n  

were inconc lus ive ,  i t  appears  t h a t  t h i s  r e a c t i o n  proceeded without  

s t e r e o s e l e c t i v i t y .  A f u r t h e r  i n v e s t i g a t i o n  i n t o  e s t a b l i s h i n g  and /or  

c o n t r o l l i n g  th e  s te reochem ica l  outcome of t h i s  r e a c t i o n  would go some

way towards overcoming t h i s  problem. F in a l ly ,  th e  p re s en t  work
67 € 9,

suppo r ts  the p rev ious  f i n d i n g s  of Fredga and P e t t e r s o n  th a t

race m isa t ion  of o p t i c a l l y  pure s i d e - c h a i n s  does not  occur in  Raney

n ic k e l  d e s u lp h u r i s a t io n .  There fore  i t  may be p o s s i b l e  t o  p repare

compounds of t h e  type <185) and d e s u lp h u r i s e  th e se  t o  seco a c id  (V£~h
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with some s t e r e o c h e m is t ry  i n t a c t  (Equation H-0), This  may well  be 

worth a t tem p t ing  in  the  f u t u r e : -

E t C 0 ? H

Me

d e s u l p h u r  i s e

0 * * 1)

E t , c o 2 h < m >

OH OH 'H Me "H

Equat ion M-0

I t  i s  sugges ted  t h a t  any f u t u r e  work in  t h i s  a rea  c o n c e n t r a t e s  on the  

p o in t s  mentioned in  t h i s  summary.
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13.0 EXPERIMENTAL SECTION

13.1 GENERAL METHODS

1. O-Methylat ion.

To a s o l u t i o n  of  the  hydroxy compound i n  ace tone  was added a s l i g h t  

excess  of  pota ss ium ca rb o n a te ,  then  the  mix tu re  was s t i r r e d  f o r  10 

min. An e q u i v a l e n t  excess of  dimethyl  s u lpha te  was in t ro d u c e d ,  the  

mixtu re  was s t i r r e d  and b o i l e d  under r e f l u x  u n t i l  t i c  i n d i c a t e d  

t h a t  the s t a r t i n g  m a t e r i a l  had been consumed (2-5 h o u r s ) .  The 

cooled mix tu re  was f i l t e r e d ,  the  s o l id s  were washed w i th  ace tone ,  

and combined f i l t r a t e  and washings were evapora ted  t o  d ryness .  The 

crude r e s id u e  was c r y s t a l i s e d  from an a p p r o p r i a t e  s o lv e n t .

2. S a p o n i f i c a t i o n  of  E s t e r s .

The compound was hea ted  w i th  an excess of  10Z aqueous sodium 

hydroxide u n t i l  the  mix tu re  became homogeneous, then  f o r  a f u r t h e r  

10 min. A c i d i f i c a t i o n  (conc.  h y d ro c h lo r i c  a c id )  gave the  p roduc t ,  

which was f i l t e r e d  o f f ,  washed w i th  w a te r ,  and c r y s t a l i s e d .

124



Decarboxylation of Acids.

The acid was intimately mixed with an equal volume of copper bronze 

and the whole was heated under vacuum as in vacuum distillation. 

The product distilled out and (if necessary), it was redistilled.

4. Acid C h lo r id es .

The acid was boiled under reflux with an excess of thionyl chloride 

for 1 h; the excess of reagent was removed in vacuo and the acid 

chlorides either used without further purification or, in some 

cases, were purified by distillation.

5. P r e p a r a t io n  of  Acetoxy E s te r s  of Hydroxyth iophenes .

The a p p r o p r i a t e  hydroxythiophene was b o i l e d  under r e f l u x  i n  an 

excess  of a c e t i c  anhydride f o r  2 hours .  A f t e r  co o l in g ,  the  

s o l u t i o n  was poured i n t o  w ate r  and the  p roduc t  was e x t r a c t e d  i n t o  

e t h e r ,  the  ethe t tu \so lu t ion  was washed w i th  w a te r ,  s a t u r a t e d  sodium 

hydrogen ca rbona te  and aga in  w i th  w a te r ,  d r i e d  over magnesium 

s u lp h a t e  and the  s o lv e n t  was removed on the  r o t a r y  e v a p o ra to r .  

D i s t i l l a t i o n  of  the  r e s id u e  fu rn i s h e d  the  pure ace toxy  compound.
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6. Preparation of Acyloxythiophenes.

The following procedure, illustrated for the preparation of methyl

5-methyl-3-(2*-thenoyl)oxythiophene-2-carboxylate, is typical. A 

solution of methyl 3-hydroxy-5-methyl-thiophene-2-carboxylate 

(3.5g, 0.02M) in dry pyridine (20ml) was stirred at 0°C while 2- 

chlorocarbonyl thiophene (3g, 0.02M) was added dropwise. When the 

addition was complete the mixture was stirred at room temperature 

for 1 hour then heated on the steam bath for a further 30 min. 

Upon cooling the reaction mixture was poured into ice/water and the 

product was extracted into dichioromethane (3x20ml), the combined 

extracts were washed with water (1x25ml), saturated sodium 

hydrogen carbonate (2x25ml) and water (1x25ml), dried over 

magnesium sulphate and the solvent was removed on the rotary 

evaporator. The residue was crystalised from ethanol to give the 

methyl 5-methyl-3-(2*-thenoyl)oxythiophene-2-carboxylate in 852 

yield.

7. Fries Rearrangement of Esters Prepared from Methyl 

Hydroxythiophene carboxylates.

A stirred solution of the ester in dichloromethane was treated with 

5 equivalents of anhydrous aluminium chloride at ambient 

temperature and left to stir for 24 hours. After addition of the 

mixture to ice-cold 2M hydrochloric acid the organic layer was 

separated and combined with a further dichloromethane extract of 

the aqueous phase. The extracts were washed successively with 

water, saturated sodium hydrogen carbonate solution, water, dried
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(MgSO^) and evaporated to yield the product(s). "Where cleavage of 

the ester occurred to give the constituent hydroxy-thiophene 

carboxylate and carboxylic acid, the acid was recovered, in most 

cases, by acidification of the sodium hydrogen carbonate layer and 

extraction into dichloromethane followed by the usual work-up.

8 . Papa-Schwenk Method of ’in situ* Desulphurisation.

The thiophene compound (lg) to be desulphurised was dissolved in 

102 sodium hydroxide solution (50ml) ethanol (10ml). The solution 

was heated to 90°C on the steam-bath, and nickel-aluminium alloy 

(lOg) was added in portions, the temperature being kept between 

80°-90°C throughout. The reaction was heated at this temperature 

for 2 hours, then allowed to cool to 40°C and acidified carefully 

with concentrated hydrochloric acid. The mixture was then allowed 

to cool and extracted with ether, the product being obtained by 

removal of the solvent.

9. Preparation of Raney-Nickel (Brown’s Method).

The freshly prepared catalyst employed throughout the present work 

was prepared after the method of Brown.Nickel-aluminium alloy 

(lOOg) was suspended in water (270ml) and the suspension was 

stirred while a solution of sodium hydroxide (300g) in water 

(600ml) was added slowly. When ca 40ml had been added a vigorous 

reaction ensued, and ice/water ( c e l  700ml) was added to prevent 

frothing over. After 15 min., when the reaction had abated, the 

remainder of the sodium hydroxide solution was added and the
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suspension was stirred for a further 15 min. The beaker was 

transferred to a steam-bath and heated for 2 h with frequent hand- 

stirring. 'When cool, the clear liquid was decanted, and the 

residue was washed by repeated decantation with 1L portions of 

distilled water until the washings were neutral to litmus. The 

catalyst was then washed with 96X ethanol (3x150ml) and absolute 

ethanol (3x150ml) and stored in a refrigerator in a screw-capped 

jar filled to the brim with absolute ethanol.

13.2 Preparation of Starting Materials.

Methyl 3-Hydroxy-5-methylthiophene-2-carboxylate.

(a) 13.fi>-Bis-fCarbomethylmercaptolbutyric acid methyl ester (73).

Methyl acetoacetate (140g, 1.2M) was mixed thoroughly with 

methyl thioglycolate (255g, 2.2M) under anhydrous conditions. 

The mixture was cooled to 0°C and a stream of hydrogen 

chloride was passed through for a period of 1 h. The 

reaction mixture was then stirred at room temperature for 120 

h, then poured into 500g of crushed ice, the oily product 

being obtained by separation. The remaining aqueous layer 

was extracted with dichloromethane and the organic fraction 

was combined with the oil, washed with water (2x100ml), dried 

(MgSO^) and the solvent was removed on the rotary evaporator 

to yield 267g (72Z) of colourless oil, identified by its nmr 

spectrum. nmr <f(CDClg) 3,70 (9H, s, C02Me, , 3.43 (4H, s,

-CH2-), 2.80(2H,s ,-CH2-), 1.74 (3H, s, Me).
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(b) Methyl 3-Hydroxy-5-methylthiophene-2-carboxylate (74).

To 2M potassium hydroxide (11) in methanol was added 

thioketal (73) (155g, 0.5M). The mixture was stirred for 3 h 

at room temperature after, which time 1 litre of ice/water 

was added; stirring was then continued for a further hour. 

Acidification with concentration hydrochlorc acid caused 

precipitation of the product which was obtained by 

filtration. The crude yield was 63g (732). The product was 

recrystallised from ethanol to give white needles, m.p. 53°C 

(lit. 135, 53°C), kH nmr cT(CDC13) 6.43 (1H s, 4-H, 3.83 (3H, 

s, OMe), 2.40 (3H, s, Ar Me) and 9.45 (br, 3-OH). Vmax

(Nujol) 3300 (br,0H) and 1685 (C=0) cm"1. 13C nmr (f(CDCl3)

101.4 (C-2) , 164.6 (C-3) , 117.8 (C-4), 147.1 (C-5), 166.5

(C-0), 51.6 (C02Me) and 16.5 (Me).

Methyl 3-Hydroxythio-phene-2-carboxylate (75)

A stirred solution of methyl thioglycoiate (llOg, 1.04M) in 

2M sodium methoxide (11) was cooled in a water bath. To this 

was added methyl-a-chloroacrylate (125g, 1.04M) drop-wise,

over 20 min at such a rate that the temperature remained

below 35°C at all times. "When the addition was complete, the

reaction was stirred at room temperature for 1 h, then the

solvent was removed on the rotary evaporator. The residue 

was acidified with 4M hydrochloric acid and the product was 

obtained by steam distillation. The solvent was removed and
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the residue was distilled to give the hydroxy ester as an oil 

which rapidly solidified to give 131g (802) a white solid

(131g, 80Z), m.p. 43°C lit. 181 43°C), *H nmr <f(CDCl3) 8.65 

(1H, s, OH elim. D20), 7.85 (1H, d, 4Hz, 3-H) , 6.35 (1H, d 

4Hz, 4-H) and 3.90, s, CC^Me), Vmax (Nujol) 3,500-2,600 (br, 

CH), 1690 (C=0), and 1660 (00) cm"1,

4-Hydroxythiophene-2-carboxylic acid.

(a) Meso Dimethyl 2,3-dibromosuccinate.

2,3-Dibromosuccinic acid (138g, 0.5M) was dissolved in

methanol (500ml). To this was added thionyl chloride (100ml) 

over a period of 30 min. The reaction mixture was then 

stirred at room temperature for 12 h after which time the 

thionyl chloride and methanol were removed by distillation. 

The product was obtained as an off white solid in 98% yield. 

It had m.p. 49°C (lit. 147 48-50°C) 1H nmr <f(CDCl3) 2.23 

(2H, s, CH) and 3.92 (6H, s, C02Me).
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(b) Dimethylbromomaleate.

Meso Dimethyl 2,3-dibromosuccinate (140g) was dissolved in 

ether (500ml). To the stirred solution was added

triethylamine (70ml) in one portion, causing immediate 

precipitation to occur. The mixture was stirred for 2 h at 

room temperature then filtered at the pump. The filtrate was 

washed with water, dried (Na2S0^) and the solvent was removed 

by rotary evaporation to leave a yellow oil (90.6g, 882)

which was used in the following stage without further stage 

treatment.

(c) Dimethyl 3-Hydroxythiophene-2,5-dicarboxylate (76).

To a stirred solution of 1M sodium methoxide (500ml) was 

added methyl thioglycolate (65g, 0.6M). To this was added

dimethylbromomaleate (136g, 0.6M) dropwise; the temperature

was maintained at below 35°C. After the addition was 

completed the reaction was left to stir at room temperature 

for 12 h then poured into ice-water (11). Upon acidification 

with conc. hydrochloric acid a precipitate formed which was 

collected by filtering at the pump to give the required 

product (98.2g, 752) as a white powder, m.p. 108-111°C, (lit. 

159 lli°C).
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(d) 4-Hydroxythiophene-2-carboxylic acid (71).

Dimethyl 3-hydroxythiophene-2 ,5-dicarboxylate (98g 0.45M) was 

heated under reflux for 1 h with 2M sodium hydroxide. After 

acidification of the cooled and filtered solution the title 

compound (43.lg, 652) was obtained as a white powder, m.p. 

202-203°C (lit. 141 197-199°C). %  nmr <f(CDCl3) 6.65 (1H, s,

Ar), 7.35 (1H, s, Ar) and 10.30 (1H, br, C02H, D20ex). Vmax

(Nujol) 3,700 (br, C02H), 3,300-2,500 (br, OH) and 1710 (C=0)
-1cm .

Methyl 3-Hydroxythiophene-4-carboxylate.

(a) 1 ,2 *-Dicarbomethoxymethylethylsulphide♦

To a stirred mixture of methyl thioglycolate (212g, 2H) and 

piperidine (2ml) was added methyl acrylate (180g), dropwise, 

over 45 min. During this time a further 2ml of piperidine 

were added and the reaction temperature was maintained at 

40°C by external cooling. When addition was complete the 

reaction mixture was heated to 50°C for 5 min, cooled, poured 

into water (500ml) and separated (the aqueous layer being 

extracted with dichloromethane and the latter being combined 

with the organic layer). The dichloromethane solution was 

then dried (Na2S0 )̂ and the solvent was removed on the rotary 

evaporator to give a clear oil (286g, 752) b.p. 115oC C/0.9mm 

Hg (lit. 152 lll-112°C/2mm Hg) 1H nmr <f(CDCl3) 3.70 (3H, s,
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Me), 3.65 (3H, s, Me) 3.15 (2H, s, -CH2-) and 2.40-3.00 (4H, 

m, -CH2CH2-).

(b) Methyl 3-Oxotetrahydrothiophene-4-carboxylate.

To a refluxing methanolic solution of 6M sodium methoxide 

(500ml) was added thioether (a) (192g, 1.0M). The mixture

was refluxed for 30 min, cooled, poured into 300g ice/water 

and stirred for 30 min. The solution was acidified with 

concentrated hydrochloric acid, extracted with

dichloromethane, the extracts were washed with water 

(2x200ml), saturated sodium hydrogen carbonate (4x100ml) and 

water (2x100ml), then dried (MgSO^) and the solvent was 

removed on the rotary evaporator. The resulting oil was 

purified by vacuum distillation to give a white crystalline 

solid (64.5g, 40Z) b.p. 94°C/1.7mm Hg (lit. 1 5 2 109°C/4mm

Hg), m.p. 41°C (lit. 152 38°C, XH nmr <f(CDCl3) 3.72 (7H, s, - 

CH2-S-, -CH2-S-, C02Me), Vmax (Nujol) 3,500-3,000 (br, OH), 

1,740 (0=0) and 1,670 (0=0), cm’1.

(c) Methyl 3-Hydroxythiophene-4-carboxylate (77).

Methyl 3-oxotetrahydrothiophene-4-carboxylate (20g, 0.12M)

was dissolved in methanol (200ml) and the solution was heated 

to reflux. To the refluxing solution was added 35£ hydrogen 

peroxide (40ml). The mixture was allowed to cool then poured 

into water (250ml). The product was obtained by steam 

distillation, followed by rotary evaporation (to remove
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methanol). Recrystallisation from methanol yielded 8.2g 

(41%) of a white crystalline solid (8.2g, 41%) m.p. 48°C

(lit. 182 49°C. 1H nmr <T(CDC13) 8.75 (1H, s, OH, D20 ex),

7.90 (1H, d, J ,  4.5Hz, 2-H), 6.4 (1H, d, J ,  4. 5Hz, 5-H) and

3.90 (3H, s, C02Me), IR, Vmax (Nujol) 3,000 (br, OH) and 

1,700 (00) cm"1.

Methyl-3-hydroxy-4-methylthiophene-2-carboxylate.

(a) 1 ,2 *-Dicarbomethoxymethyl-(2 *-methyl)-2-isopropyl sulphide♦

To a mixture of methyl thioglycolate (21g, 0.2M) and

piperidine (1ml) heated under reflux was added methyl 

methacrylate (18g, 0.2M), dropwise over 45 min. The mixture 

was then boiled under reflux for a further 6 h, allowed to 

cool, and poured into water (50ml). The aqueous mixture was 

extracted with dichloromethane, the extracts were washed with 

1M hydrochloric acid (1x25ml), water (2x25ml), dried (Na2S0^) 

and the solvent was removed on the rotary evaporator to give 

a clear oil. Distillation of the oil gave the pure product 

(31g, 80%) b.p. 96°C/0.ImmHg, which gave only a single peak 

upon GC analysis (Alizeon column, oven T 250°C, F.I.D.). 1H 

nmr cT(CDC13 ) 3.70 (3H s, C02Me), 3.65 (3H s , C02Me) 3.25

(2H , s, -CH2-), 2.83 (1H, qd, -CH-), 2.83 (2H, d, -CH2) and 

1.23 (3H, s, Me); Vmax (liquid film) 2,920 (CH3 stretch) and 

1,650 (C-0 ); 13C nmr <f(CDCl3) 175.12 (C02) 170.64 (C02),

52.27 (-CH-), 51.75 (-CH2-), 39.93 (CH3), 36.10 (CH3), 34.02

(CH2) and 16.82 (CH3).
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(b) Methyl 3-Hydroxy~4-methylthiophene-2-carboxylate (78).

Thioether (a) (35g, 0.175M) was added dropwise to refluxing

5M-methanolic sodium methoxide (100ml). The mixture was 

refluxed for a further hour then allowed to cool and poured 

into ice/water (100ml). The mixture was treated with 

concentrated hydrochloric acid until it became acid to 

litmus. The product was extracted into dichloromethane, the 

extracts were washed with water (2x50ml), then dried 

(Na2S0^). Removal of the solvent on the rotary evaporator 

yielded an orange oil which, after distillation, (b.p. 

97°C/0.1mm Hg) gave a mixture (22g, 722) of the title

compound and an isomeric product. The mixture was dissolved 

in methanol (400ml) without further purification, the 

solution was brought to reflux, and 100 volume hydrogen 

peroxide (50ml) was added dropwise over 1.5 h. The solution 

was allowed to reflux for a further 2 h until there was no 

trace of starting material by TLC (502 MeOH: 502 of 12 AcOH) 

after which heating was ceased. The cool solution was poured 

into cold water (200ml), the methanol was removed on the 

rotary evaporator, and the aqueous solution was extracted, 

with dichloromethane. The organic layer was dried (Na-^SO^) 

and the solvent was removed to give 12.6g (572) of an 

orange/brown oil (12.6g, 572) which was purified by

distillation to give the title compound (8.9g, 402 from crude 

methyl 4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate) as a 

clear oil, b.p. 80°C/0.2mmHg (lit. 60°C/0.05mmHg).

nmr f(CDCl3) 2.10 (3H, s, 4-Me), 3.86 (3H, s, C02Me), 6.98
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(1H, s, 5-H) and 9.56 (1H, s, -OH, D2Oex). Vmax (film) 3.300 

(br, OH) and 1.695 (C=0) cm"1.

4-Hydroxy-3-methylthiophene-2-carboxylic Acid.

(a) Dimethyl 4-Hydroxy-3-methylthiophene-2.5-dicarboxylate (79) .

To 1M potassium t-butoxide (200ml) was added a mixture of 

methyl pyruvate (11.4g, 0.11M) and dimethyl thiodiacetate

(27g, 0.15M) and the mixture was stirred for 45 min. The

reaction mixture was acidified with cold conc. hydrochloric 

acid and the t-butanol was removed under reduced pressure. 

The residue was extracted with ether, the extracts were 

washed with sodium carbonate solution followed by brine, then 

dried (MgSO^). After removal of the ether on the rotary

evaporator the residue was crystalised from aq.methanol to

give the title compound (6.1g, 26.5%). It had m.p. 85-862

(from methanol). (lit. 168 87°C).

(b) 4-Hydroxy-3-methylthiophene-2-carboxylic Acid (80).

Diester (79) was saponified by refluxing with 102 sodium 

hydroxide solution for 6 h. Acidification gave the title 

compound in 95Z yield, m.p. 184°C (lit. 168 184°C). ^H nmr 

df( CDCI3 ) 2.15 (3H, s, 3-Me), 7.85 (1H, s, 5-H), 8.7 (1H, s, 

OH, D20ex) and 11.50 (1H, br, C02H, D2Oex). Vmax (Nujol)

3.500-2.900 (br, C02H and OH) and 1,660 (0=0) cm"1.
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Methyl 4-Hydroxy-2,2f -bithienyl-5-carboxylate♦

(a) 3-(2-Thienyl)acrylic acid.

Thiophene-2-carboxaldehyde (11.2g, 0.1M) and malonic acid

(10.4g, 0.1M) were slurried with pyridine (50ml). The

mixture was heated to 50°C, piperidine (2ml) was added, the 

temperature was raised to 100°C for 1 h, then the solution 

was boiled under reflux for 3 h. After 18 h at ambient 

temperature the mixture was poured into 150ml of ice/water 

(150ml), acidified with concentrated hydrochloric acid (25ml) 

and filtered. The crude precipitate was dissolved in 4M 

sodium hydroxide, the solution was filtered and the filtrate 

was diluted with water (100ml). Following acidification with 

concentrated hydrochloric acid the mixture was extracted with 

dichloromethane and the organic phase was dried (MgSO^). 

Removal of the solvent gave the crude product (12.9g, 84£)

which was purified by recrystallisation from ethanol to give 

white plates m.p. 147°C (lit. 145-148°C 183). «T(CDC13) 6.15

1H, d, J=16Hz, CH) 6.88-7.38 (3H, m, Ar H ’s), 7.70 (1H, d, 

J=16Hz, CH) and 9.98 (1H, br, OH, D20ex).

(b) Methyl 3-(2-thienyl)acrylate.

3-(2-Thienyl)acrylic acid (11.2g, 0.075M) was dissolved in

methanol (25ml). To this was added thionyl chloride (5ml) 

and the mixture allowed to come to reflux. The reaction 

mixture was allowed to stand for 20 h, when the bulk of the
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methanol was removed by distillation. The brown oil 

remaining was diluted with dichloromethane, washed with water 

(2x25ml) Na2C03 (2x25ml) and again with water (2x25ml), dried 

(MgSO^) and the solvent was removed to give the product in 

96% yield. It had m.p. 48-49°C (from 60-80°C petroleum)

(lit. 184 40-42°C). 1H nmr <f(CDCl3) 3.73 (3H, s, C02Me),

6.15 (1H, d, J=16Hz, CH), 6.95-7.42 (3H, m, Ar H* s) and 7.83 

(1H, d, J-16z, CH).

(c) Methyl 3-(2-Thienyl)-1,2-dibromopropionate.

Methyl 3-(2-thienyl) acrylate (8.4g, 0.05M) was dissolved in CHjCJLj. 

(50ml). To the stirred solution was added bromine (4g,

0.05M), dropwise, over 10 min. The mixture was stirred for 4 

h then poured into water (50ml), separated, the organic layer 

was washed with sodium metabisulphite solution, water and 

brine, dried (MgSO^) and the solvent was removed to give the 

title compound as a yellow powder in 87% yield. It had m.p. 

87-88°C (from 40-60°C petroleum), lit. 169 8 8°C). 1H nmr

tf(CDCl3) 3.90 (3H, s, C02Me), 4.74-4.92 (1H, d, J=10Hz,

CHBr) , 5.62-581 (1H, d, J=10Hz, CHBr) and 6.92-7.50 (3H, m,

Ar H*s). Vmax (KBr) 3,100 (C0£Me), 1,750 (CH-Br) and 1,710 

(C=0) cm-1.

(d) Methyl E,Z-2-Bromo-3-(2-thienyl)acrylate♦

Methyl 3-(2-thienyl)-1,2-dibromopropionate (8.2g, 25mM) was

dissolved in diethyl ether (100ml). To this was added
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triethyl amine (7ml). The mixture was refluxed for 6 h, 

filtered to remove triethylamine hydrobromide; A further 

portion of triethylamine (7ml) was added, and refluxing was 

continued for 4 h. When cool the organic layer was 

separated, washed with water (2x25ml) and dried (MgSO^). 

Removal of the solvent gave the title compound as a pale
Iyellow oil (5.8g, 942). The H nmr spectrum indicated that 

the required product had been formed. cf(CDCl3), 3,78-3.82 

(3H, 2xs, E and Z C02Me), 6.90-7.10 (1H, m, E and Z ArH) ,

7.20- and 7.50 (2H, He and Z Ar H1s) and 7.40-7.60 (1H, s, E 

and Z CH). Vmax (film) 3,100 (C02Me), 1705 CH-Br) and 1,600 

(C=0)cm-1.

(e) Methyl 4-Hydroxy-2,2*-bithienyl-5-carboxylate (81).

To a stirred solution of freshly prepared 2M sodium methoxide 

(50ml) was added methylthioglycolate (5.5g, 0.05M) followed

by methyl E,Z-2-bromo-3-(2-thienyl)acrylate (13.3g, 0.05M).

The mixture was stirred for 12 h at room temperature then 

poured into water (100ml). Following acidification with 

concentrated hydrochloric acid (25ml) the product was 

extracted into dichloromethane (50ml), the extract was washed 

with water (2x25ml), dried (MgSO^) and the solvent was 

removed to give an off-white power powder (9.8g, 82Z) which 

was recrystallised from ethanol as white needles. It had 

m.p. 71°C (lit. 169 71°C). 1H nmr <f(CDCl3) 9.60 (1H, s, br, 

-H, D20 ex), 7.30 (2H, m, ArH1 s) , 7.10 (1H, d, Ar H) , 6.72 

(1H, s, Ar 4-H) , and 3.88 (3H, s, C02Me). Vmax (Nujol) ,
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3,500-3,300 (br, OH) and 1,690 (00) cm1, 13C <f(CDCl3) 102.0 

(C-8 ) , 119.2 (C-6 ) , 125.4 (C-3), 126.6 (C-l),, 128.1 (C-2), 

136.0 (C-4) , 141.0 (C-5) and 169.1 (C-7).

3-Methylthiophene-2-carboxylic Acid.

(a) 2-Acetyl-3-methylthiophene.

3-Methylthiophene (15g, 0.15M) was dissolved in 1,2-

dichloroethane (50ml) then added to a solution of acetyl 

chloride (16g, 0.12M) and of tin (IV) chloride (30g, 0.11M) 

in 1,2-dichloroethane (50ml) at 0°C. The mixture was stirred 

for 1 h then poured into ice/HCl, the organic layer was 

separated and washed with water (2x25ml), dried (MgSO^) and 

the solvent was removed to leave the title ketone (17.5g, 

852) b.p. lll°C/6mmHg (lit. 186 98-99°C/14mmHg). 1H nmr

cf(CDCl3) 2.10 (3H, s, CH3), 2.17 (3H, s, CH3), 6.60 (1H, d, 

Ar H, J=8Hz, and 7.20 (1H, d, Ar H, J=8Hz). Vmax (film 2,950 

(-CH3 and 1,660 (C=)) cnT1.

3-Methylthiophene-2-earboxylic Acid (82).

The title compound was obtained by hypobromite oxidation of 2- 

acetyl-3-methyl-thiophene in 6 6Z yield. It had m.p. 147-148°C 

(lit. 183 147-148°C) . 1H nmr cf(CDCl3+DMS0-ds) 2.56 (3H, s, He),

6.90 (1H, d, J=6Hz, 4-H), 7.45 (1H, d, J=6H 5-H) and 12.10 (1H, s, 

OH, D20 ex). 1 3C<f(CDCl3) ppm 16.1 (CH3), 126.3 (C-2), 131.7 (C-4),

132.0 (C-5), 147.8 (C-3) and 168.6 (C02H).
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13.3 O-Methylation, Saponification and Decarboxylation of 

Thiophene Units.

Methyl 3-methoxy-5-methylthiophene-2-carboxylate (83).

The title compound was obtained in 902 yield by methylation of 

methyl 3-hydroxy-5-methylthiophene-2-carboxylate (74) using general 

method 1, m.p. 69°C (lit. 187, 69°C). %  nmr <f(CDCl3) 2.36 (3H, s,

ArMe), 3.71 (3H, s, ArOMe), 3.85 (3H, s, C0£Me), 6.48 (1H, s, 4-H). 

Vmax (Nujol) 1721 (C=0) cm-1. 1^T(fnmr CDC13 16.6 (ArMe), 52.4

(C02Me), 59.0 (-OMe), 106.7 (C-2), 115.1 (C-4), 148.8 (C-5), 161.7

(C-3) and 162.1 (C=0).

3-Methoxy-3-methylthiophene-2-carboxylic Acid (84).

The acid was obtained (802) by saponification of the foregoing 

ester, as given in general method 2. It had m.p. 168-171°C, (lit. 

188 175-177°C). 1H nmr cf(CDCl3) + (CD3 )2SO) 6.70 (1H, s, 4-H, 3.88 

(3H, s, ArOMe), 2.42 (3H, s, ArMe) and 10.55 (br, OH), Vmax (Nujol) 

3500-2000 (br, OH) and 1660 (C=0) cm-1, 18nmr <T(CDC13) , ppm 105.2

(C-2), 163.2 (C-3), 114.2 (C-4), 147.9 (C-5), 16.7 (CH3), 59.3

(0CH3) 160.6 (C02H), M/e 173 (1002, M+H) and 155 (952, M-OH).
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3-Methoxy-5-methylthiophene (85).

The title compound was prepared (702) by decarboxylation of the 

foregoing acid using general method 3. The ether had b.p. 

120°C/30mm Hg (lit. 187 60°C/12mm Hg). XH nmr <f(CDCl3) 6.35 (1H, 

d, J=2Hz, 4-H), 5.90 (1H, d, J 2Hz, 2-H), 3.60 (3H s, Ar OMe), and 

2.30 (3H, d, ArMe), Vmax (film 1575 cm-1, 13C nmr cf(CDCl3) 93.9 (C- 

2), 157.8 (C-3), 117.8 (C-4), 138.9 (C-5), 56.9 (-OMe) and 15.8

(He).

Methyl 3-methoxythiophene-2-carboxylate (8 6 ).

The title compound was obtained in 662 yield by methylation of 

methyl 3-hydroxythiophene-2-carboxylate (75) using general method

1. It had m.p. 61-62°C (lit. 63 62°C) cT(CDCl3) 3.85 (3H, s, Ar 

OMe), 3.90 (3H, s, C02Me), 6.65 (1H, s, J=6Hz, ArH) and 7.35 (1H, 

d, J=6Hz, ArH). Vmax (Nujol) 1,710 (C02Me) cirf'*'.

3-Methoxythiophene-2-carboxylic Acid (87).

The title compound was prepared in 922 yield by saponification of 

methyl 3-methoxythiophene-2-carboxylate (8 6 ) using general method

2. It had m.p. 184°C (lit. 63 178.5-179.5). 1H nmr cf(CDCl3+DMS0- 

Dg) 3.97 (3H, s, OMe), 6.90 (1H, d, 6Hz, 4-H), 7.48 (1H, d, J=6Hz, 

5-H) and 8.70 (1H, br, s, -OH, D20ex). Vmax (Nujol) 3,300 (br, 

C02H) and 1,660 (br, C=0) cm"^.
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Methyl 4-Methoxy-3-methylthiophene-2-carboxylate (88).

Methylation of methyl 4-hydroxy-3-methylthiophene-2-carboxylate by 

general method 1 gave the title compound (951), m.p. 65-66°C. 

(Found; C, 51.6; H, 5.0. CgH1 003S requires, 51.6; H, 5.4%). nmr

cf(CDCl3) 7.05 (1H, s, 5-H), 3.95 (3H, s, C02 Me), 3.80 (3H, s,

ArOMe, and 2.10 (3H, s, Ar Me), Vmax (Nujol) 1710cm-1. M/e 187 

(100%, M+H) and 155 (M-OMe), 13C cf(CDCl3) 115.7 (C-2) 161.3),

133.2 (C-4), 125.8 (C-5), 161.71 (C=0), 61.8 (-OMe), 51.6 (C02Me) 

and 12.8 (ArMe).

4-Methoxy-3-methylthiophene-2-carboxylic Acid (89).

Saponification of the foregoing ester by general method 2 gave the 

title acid (95%), m.p. 187-189°C. (Found: C 49.2; H, 4.9. C?H803S 

requires C, 48.4; H,4.65%). 1H nmr cf(CDCl3+(CD3 )2SO) 6.40 (1H, s,

5-H), 3.80 (3-H, s, Ar OMe), 2.35 (3H, s, Ar Me) and 9.45 (s, OH), 

Vmax (Nujol) 3300-2200 (br, CH) and 1665 (C=0) cm-1. M/e 173

(100%, M-H) and 155 (M=CH) 13C nmr <f(CDCl3) 11.9 (Me), 51.7 (C02 

Me), 57.1 (OMe), 101.4 (C-5, 126.9 (C-2), 135.7 (C-3), 156.9 (C-4) 

and 164.4 (C«0).

3-Methoxy-4-methylthiophene (90).

The title compound was obtained (6 6%) by decarboxylation of 4- 

methoxy-3-methyl thiophene (89) using general method 3. It had 

b.p. 80°/15mm Hg. 1H nmr <f(CDCl3) 2.08 (3H, s, ArOMe), 3,78 (3H,
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s, ArOMe), 6.15 (1H, d, J=5 Hz, 2-H, and 6.80 (1H, d, J=5Hz, 5-H). 

m/e 129 (1002, M+H). 13C nmr cT(CDC13) 12.5 (Me), 57.2 (OMe), 95.8

(C-5), 120.0 (C-2), 128.9 (C-3) and 157.1 (C-4).

Methyl 3-Methoxy-4-methylthiophene-2-carboxylate (91).

Methylation of methyl 3-hydroxy-4-methylthiophene-2-carboxylate 

(78) by the general procedure 1 gave the title methoxy compound

(852), b.p. 110°C/13mm Hg. 1Hmr <f(CDCl3) 7.05 (1H, s, 5-H),3.95

(3H, s, C02Me, 3.80 (3H, s, ArOMe) and 2.10 (3H, s, ArMe), Vmax 

(film) 1720 (C=0) cm-1, M/e 187 (1002, M+H) and 155 (402), M-OMe), 

13C nmr d(CDCl3) 115.7 (C-2), 161.3 (C-3), 133.2 (C-4), 125.8 (C-

5), 161.7 (C-0), 61.8 (OMe), 51.6 (C02Me) and 12.8 (Me).

3-Methoxy-4-methylthiophene-2-carboxylic Acid (92).

Saponification of the above ester (91) gave the title acid (912), 

m.p. 121-122°C. (lit. 188 119-121°C.) 1 H nmr <f (CDC13) 7.15 (1H,

s, 5-H, 3.95 (3H, s, OMe), 2.15 (3H, s, ArMe) and 11.55 (11.55 (1H,

s, C02H) Vmax (nujol) 3,400-2,000 (br, OH) and 1,660 (br, C=0) cm-

1, 13C nmr d (CDC13116.1 (C-2), 161.5 (C-3), 132.2 (C-4), 127.8

(C-5), 62.0 (OMe), and 13.0 (Me), no signal was observed for C02H.
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Methyl 4 Methoxythiophene-2-carboxylate (93).

Hydroxythiophene-2-carboxylic acid (71) (14.4g, 0.1M) was treated

according to general method 1 with the exception that in this case 

two equivalents of dimethyl sulphate were used. This gave the 

title compound in 712 yield. It had m.p. 38°C (lit. 189 38-39°C). 

XH nmr cf(CDCl3) 7.35 1H, d, ArH, J=4Hz), 6.45 (1H, d, ArH, J=4Hz),

3.90 (3H, s, -OMe) and 3.80 (3H, s, -OMe). Vmax (Nujol) 1710 C=0)
™  1 cm .

4-Methoxythiophene-2-carboxylic Acid (94).

Saponification of methyl 4-methoxythiophene-2-carboxylate (93), 

using general method 2 gave the title compound in 922 yield. It 

had m.p. 168-170°C (lit. 189, 170-171QC. 1H nmr <f(CDCl3 7.35 (1H, 

s, ArH), 6.55 (1H, s, ArH), 3.80 (3H, s, OMe). Vmax (Nujol) 3,500) 

3,500 (br, C02H) and 1,660 cm-1. 13C cf(CDCl3) 57.3 (OMe), 104,5

(C-5), 123.7 (C-3), 133.2 (C-2), 157.8 (C-4) and 163 (163.3 (C02H).
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14.0 Glycosidation of Methyl Hydroxythiophene-carboxylates.

2:3:4;6-Tetraacetyl-a-D-glucosyl Bromide♦

A solution of 33Z hydrogen bromide in glacial acetic acid (100ml) 

was cooled to 0°C in an ice bath. To this was added a-

D-glucose penta-acetate (15g,0.038m) with stirring. Stirring was 

continued for a further 2 h at room temperature then the reaction 

mixture was diluted with chloroform (60ml) and poured into 

ice/water (200ml). The organic layer was separated and the aqueous 

layer was extracted with a further portion of chloroform (30ml). 

The chloroform solutions were combined and washed with water then 

shaken with anhydrous calcium chloride until clear. The solvent 

was then removed on the rotary evaporator and the residue treated 

with light petroleum, bp 40-60°C which caused precipitation of long 

white needles, (13.4g (8 6Z)), being obtained at the pump, having 

m.p. 86-87°C (lit. 170 8 8°C).

Methyl 3-(Tetra-O-acetyl-B-D-glucopyranoxy) thiophene-2-carboxylate 

(95).

Methyl-3-hydroxythiophene-2-carboxylate (75) (2g,0.01m), 2: 3:4:6-

tetra-O-acetyl-a-D-glucopyranosyl bromide (5.1g, 0.0125m) and

potassium carbonate (3g, 0.02m) were refluxed in acetone (50ml) for 

2 h, the solution was allowed to cool, and filtered. The liquor 

was added to water (1x20ml), extracted with ether (2x50ml), washed 

with carbonate solution (1x20ml), water (1x20ml), dried (Na2S0 4 ) 

and the solvent was removed on the rotary evaporator. The product

146



was crystallised from methanol to give a white powder (1.95g, 38Z), 

m.p. 164-165°C (Found: C, 49.1; H, 5.1. ^20^24°12S re1utres C,

49.2; H, 4.9Z), 1H nmr (f(CDCl3) 7.45 (lH,d, 6Hz 5-H),7.05 (1H, d, 

6Hz, 4-H, 5.30 (1H, d, 3Hz, glucose 1-H) 4.25 (1H, m, unassigned

glucose H), 3.85 (3H, s, OMe), 3.50 (1H, m, unassigned glucose H), 

2.12 (12H s, C0CH3) and 2.10 (4H, complex, glucose CH2+2 unassigned 

glucose protons), M/e 331 (30Z; m-tetra-O-acetyl-a-D-glucopyranose) 

and 159 (M+H; methyl 3-hydroxythiophene-2-carboxylate), Vmax

(Nujol), 1710 (00) and 1265 (C=0) cm1.

Methyl 5-Methyl-3-(tetra-O-acetyl-B-D-glucopyrananoxy)-thiophene-2- 

carboxylate (96).

Methyl 3-hydroxy-5-methylthiophene-2-carboxylate (74), (2g, 0.01m), 

2:3:4:6-tetra-0~acetyl-a-D-glucopyranosyl bromide (5g, 0.012m) and 

potassium carbonate (13g, 0.02m) were refluxed in acetone (50ml)

for 1 h then the solution was allowed to cool and filtered at the 

pump. The filtrate was treated as in the previous glycosidation 

(above) to give an off-white powder (2.5g, 43Z) 149-150°C; (Found: 

C, 49.1; H , 5.3, C21H26°12S recluires c» 50.2; H, 5.3Z) 1H nmr

cf(CDCl3) 6.70 (1H, s, Ar, 4-H), 5.30 (lH,d, glucose anomeric

proton), 4.25 (1H, d, unassigned glucose ring proton), 3.82 (3H, s, 

C02Me), 2.68 (1H, m, unassigned glucose ring proton), 2.50 (3H, s, 

ArMe), 2.15 (6H, s, 2xOAc), 2.10 and 2.05 (8H, complex, 2xOAc and - 

CH20-) and 1.60 1H, m, glucose ring proton unassigned), M/e 503 

(5Z; M+H), 331 (20Z; M+H tetra-0-acetyl-S:-D-glucopyranose). 173

(25Z; M+H methyl 3 hydroxy-5-methyl-thiophene-2-carboxylate). Vmax 

(Nujol) 1715 (C=0) and 1265 (C-0) cm-1.
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15.0 Esterification and Fries Rearrangement of Hydroxythiophene

Carboxylates.

Esterification of Methyl 3-hydroxy-5-methylthiophene-2-carboxylate 

(74).

These esters were prepared using the synthetic procedures described 

in general method 5 for the acetoxy esters and general method 6 for 

all other esters. The yields and the physical properties are 

collected in the following tables. Table 10 gives yields, 

melting/boiling points and microanalytical data; Table 11 shows 

the H nmr signals of the esters (for CDC13 solutions); Table 12 

contains infra-red and mass-spectroscopic data (the latter were 

obtained under C.I. conditions with CH^). Finally the 13C nmr data 

(for CDCI3 solutions) are shown in Tables 13 (ring carbon values) 

and 14 (substituent values).
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Structures of Prepared Esters.

A

J C S ^ R 1 

B

No

97
98
99
100

R=Me
R=Et
R=cyclohexy1 
R=CH£*2-thieTiyl

101; R=CH2Ph

103; Ri-R2-^H 
104; Ri=R2sHiRJ=0He
105 Ri=R!=H;R̂ He
106 
107

102; R=p-HeOphenacetyl 108; Ri«HiR*«0He;R»=H

Ri=H;R2=0He;RJ=Me
RlsHe;RJsH;RJsOI1e

109; RlsRi=H 
110; ft1=Me; RJsH 
111; Ri=N02;R2=H 
112; R$=H;R»-0Ne 
113; R*=H;R»=NG2



4. 2. Table 10.

Yields,  m. p. /b,  p, and m i c r o a n a l y t i c a l  data:

No I Yield H,p,/b,p,»C Cryst, Solv, Fonula Nicroanalysis

A, (97) 82 180/0,5 C9 H1 0 O4 B C, 50.4; H, 4,7
Requires C, 50,5; H, 4,7

(98) 69 175/30 C10H1 2 Q4$ C, 52,2;H,5,1
Requires C,52,6;H,5,3

(99) 79 91 EtOH Cl4 H,e04$ C, 59,8 ; H< 6 ,4
Requires C, 59, 8 ; H, 6 ,5

(100) 53 60-61 EtOH CjsHj 2 04 S2 C, 51,4; Hf 4,1
Requires C,52,7j Hi 4,0

(101) 91 6 8 EtOh C1 3 H1 4 O4 S C, 62, Cl H, 4,5
Requires C, 62,1J H, 4,1

(102) 50 98 EtOH CieHigOsS C, 58,1; H, 5,1
Requires Ci 60, 0; H, 5,0

B, (103) 85 126-127 EtOH Ci2 H2 oQ4$ 2 C, 51,4; H, 3,5
Requires C, 51,1;H,3,5

(104) 98 156-157 EtOH C1 sH1 2 0 &S2 C» 49,5; H> 3,9
Requires C, 50,01H, 3, 8

(105) 98 123-124 EtOH C ? gHi2 0*S C, 52,2;H,4,1
Requires C,52.7;H,4,0

(106) 64 106-107 EtOH Cj4Hi40bS2 C, 51,0; H, 4,2
Requires C, 51,5; H, 4,3

(107) 60 147-148 EtOH Ci4Hi40bS2 C, 51,4; H, 4,4
Requires C, 51,5; H, 4,3

(108) 54 109-111 EtOH CIsHl20bS2 C,50, !;H,3,9
Requires c.so.siH^.e

C, (103) 60 124-126 EtOH C1 2 H1 2 OaS C, 60,9; H, 4.3
Requires C, 60, 9; H, 4,3

(110) 63 97-98 EtOH C1 sH)4 O4 S C, 62, 0; H, 4,8

Requires 0,62. IIH.4,8
(111) 55 136-137 EtOH C1 4 Hn N06S C, 52,31H, 3,4

N, 4,7
Requires C, 52,21H, 3,4

N.4,7
(112) 75 82-83 EtOH C,bHm06S C, 57,0; H, 4,3

Requires C, 58,8; H, 4, 6

(113) 79 140 EtOH C1 4 H,,S06N C.51, 4; H, 3, 6

N, 3.7
Requires C, 52,3; H, 3,4

N.4,3
15 0 >



d-Values for *H nir,

No, 4-H 2'H 3'H 4'H 5* H 6'H 5-He CQ2He Others

A,(97) 6,52 __ 2,42 3,75 OCOMe,2,25
(98) 6,60 --- — 2,42 3,86 CH2,2,65*,q 

CH3, 1,25", t
(39) 6,63 —- — — — 2,44 3,77 C6H,0,l-3b
(100) 6,70 — 7,5 to 6,9 (n) — 2,47 3,80 CH2,4,20, s
(101) 6,56 7,25 7,25 7,25 7,25 7,25 2,40 3,70 CH2i3,89, s
(102) 6,65 7,40c 6,95d —*■“ 6,95d 7,40c 2,49 3,82* 4' Ofle, 3,79"

CH2,3,88, s
B.(103) 6,68 — 7,55b 7,05b 7,95b — 2,46 3,65 -----------

(104) 6,45 --- . . . 6,65d 7,35d — 2,12 3,66 3' -OMe,3,52
(105) 6,70 --- — 6,92f 7,40f — 2,42 3,68 3'-0Ne,2,52
(106) 6/79 mmmmm 6,55 mmm 2,48* 3,76° 3‘-0He(2,45- 

3'-OMe,3,85*
(107) 6,74 WWW 6,6i m-mm 2,45 3,74 5'-Ne,2,45 

3'-OMe,3,92
(108) 6,45 . . . 6,85 — 7,62 --- 2,45 3,70 4'-OMe,3,82

C,(109) 6,93 8,40b 7,65, 7,65b 7,65b 8,40b 2,50 3,80 ...............
(110) 6,87 8,11 — 7,52h 7,52h 8, l l h 2,50 3,78 3'He, 2,44
(111) 6,82 9,00h . . . 8,50b 7,70i 9,02b 2,51 3,75 ...............
(112) 6,85 8,23J 7,05J — 7,05J 8,23J 2,50 3,78 -OMe,3,90
(113) 6,80 8,38 8,38 8,38 8,38 2,50 3,75

ro J=8Hz; ^ m u l t i p l e t ;  c double t ;  J=9Hz; d double t ; J=6Hz

may be in terchanged;  f  double t ;  J=5Hz; Broad s i n g l e t ;  1 t r i p l e t



T a b l e  12.

No. Hed, C=0 cH  
CO*He OCQR

H+H i%) 1005 »/e Other

A. (97) a 1718 1782 215(85) 175(H-C2H3)
(98) b 1718 1782 229(82) 1731H+H-CQR)
(99) c 1718 1780 283(72) !73(H+HC-0R) 251(255,H-0He
(100) b 1712 1789 297(15) 173(N+H-C0R)
(101) c 1714 1780 291(23) !73(H+H-C0R)
(102) c 1714 1780 321(52) 121C7H6QNe)

B, (103) c 1710 1740 283(75) 143ArC02Heth) 251(235lH-0He
(104) c 1715 1725 313(25) 141(ArCO)
(105) c 1709 1728 297(22) 125(ArCO)
(106) c 1700 1730 327(25) 155(ArCO)
(107) c 1718 1730 327(22) 155(ArCO)
(108) c 1716 1730 313(42) 141(ArCO)

C. (109) c 1708 1748 277(55) 245(H-0He)
(110) c 1715

xrX
t

1*"- 291(36) 119(ArCO)
(111) c 1690 1755 322(63) 150(ArCO) 290(71X,H-0He)
(112) c 1720 1758 307(15) 135(ArC0)
(113) c 1740 1744 322(100) !51(65«ArC0)

a, l i q u i d  f ilm; b, KBr d isc ;  c, n u jo l  mull.



T a b l e s  13 an d  14.

£ 13 Data fo r  Ring Carbon Atoms.

No C-2 C-3 C-4 C-5 c - r C-21 C-31 C-41 C-51 C-6'

A, (97) 116,2 150,6 122,0 144,9 mmwmm mumm

(98) 116,2 150,8 122,1 144,9 — — ------ — — ------

(99) 116,1 150,6 122,1 144,8 43,0 28,8 25,4 25,4 28,4
(100) 116,4 150,0 121,8 145,0 — 134,0 125,2 126,9 127,3 ------

(101) Not obtained
(102) 116,4 150,4 121,9 145,0 125,2 130,6 114,1 158,9 114,1 130,6

B, (103) 116,2 149,9 122,1 144,9 — 132,5 135,1 128,0 133,8 —

(104) 116,3 150,1 122,4 144,6 — 108,2 158,4 116,3 132,2 —

(105) 116,8 149,2 122,3 144,9 — 125,4 148,3 131,6 131,8 —

(106) 116,7 149,8 122,3 144,5 — 124,2 138,7 157,0 103,6 —

(107) 116,2 150,2 122,4 144,4 - - - 105,4 158,1 115,2 147,6 ---
(108) Not obtained

C. (109) 116,0 150,6 122,1 144,9 129,3 130,4 128,6 133,6 128,6 130,4
(110) 116,2 150,5 122,1 145,0 129,0 130,8 138,4 134,4 128,5 127,5
(111) 116,6 149,7 121,6 145,4 131,0 129,9 117,8 125,3 128,0 135,9
(112) 116,4 150,8 122,3 144,9 121,7 132,6 114,0 163,7 114,0 132,6
(113) 116,1 151,0 121,5 145,4 129,8 131,5 123,7 134,9 123,7 131,5

153,



13C D a ta  f o r  S u b s t i t u e n t  Carbon Atoms.

No 2-C0 OCO CO* Me 5-Me Other

A. (97) 160. 9 168. 2 51.6 16. 2 OCOMe, 20. 6
(98) 160. 9 171. 7 51. 6 16. 2 CH.e, 27. 2; CH3, 8. 8
(99) 160. 9 173. 2 51. 7 16. 2
(100) 160. 8 168. 0 51. 7 16. 2 CHz, 35. 0
(101) Not ob ta ined
(102) 160. 9 169. 3 51.7 16. 2 CH2, 40. 1; 4 ' -OMe, 55. 3

B. (103) 161. 0 159. 3 51. 7 16. 3
(104) 161. 0 164. 0 51. 7 16. 3 3' -OMe, 59. 2
(105) 161. 0 159. 9 51. 7 16. 2 3' -Me, 16. 0
(106) 160. 9 159. 8 51. 7 16. 3 3' -Me, 16. 6; 4' -OMe, 57. 4
(107) 161. 0 163. 7 51. 6 16. 2 5' -Me, 16. 6; 3' -OMe, 59. 0
(108) Not ob ta ined

C. (109) 161. 0 164. 1 51. 7 16. 3
(110) 161. 0 164. 2 51. 7 16. 4 3' -Me, 21.3
(111) 160. 7 162. 0 51. 9 16. 4
(112) 161. 1 164. 2 51. 7 16. 4 4' -OMe, 55. 5
(113) 160. 7 162. 3 51.9 16. 4

F r i e s  Rearrangement P roduc ts  of Methyl 3 - fc y lo x y -5 -m e th y l - th io p h e n e -2 -  

ca rboxy la te s .

Methyl 4-A cetvl-3-hydroxy-5-m ethylth iophene-2-carboxylate (1.14),.

The t i t l e  compound was prepared  from (97) us ing  th e  genera l  method 7, 

in 93% y ie ld .  I t  had m.p. 111-112°C. (Found: C, 49. 9; H, 43.

C9,H,oS0a r e q u i r e s  C, 50. 2; H, 4. 7%*), 1H nmr b(CDCl3 > 3.92 (3H, s,

C0*Me>, 2.70 and 2.60 (6H, s, Me and 4-C0CH3> and 10.45 (1H, s, OH,

D20ex>. Vmax (nu jo l )  3260 (OH), 1680-1650 (br, C=0) cm-1. M/e 215

154*



(901 M+H) and 183 (100Z M-OMe). 13C nmr (CDC13) ppm 18.05 (5-Me) 

31.10 (CH3 C=0), 51.94 (C02Me), 100.32 (C-2), 127.13 (C-4), 155.25 

(C-3), 163.63 (C02) 166.09 (C-5) and 184.27 (CH2C0).

Methyl 5-Methyl-3-hydroxy-4-propionylthiophene-2-carboxylate (117).

The title ketone was prepared from (98), using the above procedure, 

in 91Z yield, m.p. 80-81°C. (Found: C, 51.8; H, 5.3. C1 0H1 2S04

requires C,52.6; H,5.3Z). 1H nmr cf(CDCl3) 3.86 (3H, s, C0 2Me), 

2.95 (2H, q, 7Hz, -CH2-CH3) and 10.48 (1H, s, OH D20 ex). Vmax 

(Nujol) 3,600-2,500 (OH), 1670 (br) (C-0). M/e 229 (251 M+H) and

197 (1005, M-OMe). 13C nmr <f(CDC13) 8 .8  (CH3CH2), 10.05 (5-Me), 

36.2 <CH2), 51.9 (C02Me, 100.2 (C-2), 127.0 (C-4, 154.9 (C-3) 163.5 

(C02Me), 166.2 (C-5), 197.5 (Et C=0).

Methyl 5-Methyl-3-methoxy-4-acetylthiophene-2-carboxylate (115)♦

Methylation of (114) using general method 1 gave the title compound 

in quantitative yield. It had m.p. 66-67°C (from aqueous ethanol). 

(Found: C, 52.6; H, 5.1. C1 0H1 204S requires C,52.6; H,5.3Z). 1H 

nmr <f(CDCl3) 4.05 (3H, s, 3-OMe), 3.86 (3H, s, CO£Me), 2.60 and

2.52 (6H , both s, 5-Me and MeCO). Vmax (Nujol) 1,721 (ester C=0) 

and 1,685 (MeC=0) cm-1. M/e 229 (100Z, M+H) and 197 (90Z, M-OMe).

13C cf(CDCl3) 17.3 (5-Me), 30.6 (OMe), 51.9 (C02Me), 63.0 (CH3CO),

112.3 (C-2), 132.0 (C-4), 151.9 (C-5) 161.4 (C-3) and 192.2 (MeCO).
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4-Acetyl-3-methoxy-5-methylthiophene-2-carboxylic acid (116).

The title compound was prepared from (115) using general method 2 

in 93% yield. It had m.p. 163-164°C (from ethanol). (Found: C, 

50.2; H, 4.7%; CgH1 0O^S requires C, 50.5; H, 4.7%). nmr

<f(CDCl3) 3.97 (3H, s, -OMe), 2.55 (3H, s, Me), 2.45 (3H, s, COCH3 ) 

and 5.40 (1H, br, OH, D20 ex). Vmax (KBr) 3,500-2,000 (OH), 1.720 

(C-O) [OH] and 1645 (CH3 C=0), m/e 215 (85%, M+H) and 197 (100%, M- 

OH). 13C (f(CDCI3 ), 17.1 (5-Me), 30.6 (3-ONe), 62.8 (CH3CO) 113.8 

(C-2) 131.9 (C-4), 150.9 (C-5), 160.6 (C02H), 162.0 (C-3) and 194.9 

(CH3CO).

Methyl 3-methoxy-5-methyl-4-propionylthiophene-2-carboxylate (118)♦

The title compound was prepared from (119) using general method 1 

in 6 6% yield. It had m.p. 54-55°C (from ethanol). (Found: C,

54.0; H, 5.6%. C ^ H ^ O ^  requires C, 54.5 H, 5.8%). 1H nmr

(f(CDCl3) 3.86 (3H, s, CO£Me), 2.90 (2H, qd, J=7Hz, CH2CH3) and 4.0 

(3H, s, 3-OMe) . Vmax (Nujol) 1720 and 1685 cm”1. M/e 243 (100%, 

M+H) and 211 (65% M-OMe). 13C cf(CDCl3) 7.90 (CH3-CH1), 17.1 (5-

Me), 35.9 (-OMe), 51.9 (C0£Me), 151.0 (C-5), 161.1 (C-3) and 198.8 

(EtCO).

3-Methoxy-5-methyl-4-propionylthiophene-2-carboxylic Acid (119).

The title compound was prepared from (118) using general method 2 

in 91% yield. It had m.p. 152-153°C (from ethanol). (Found: C, 

52.5; H, 4.9. CH1 0H1 204S requires C, 52.6; H, 5.26%). %  nmr
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( f ( CD Cl 3 ) 1.15 (3H, t, CH2-CH3), 2.55 (3H, s, 5-Me), 2.90 (2H, q, 

CH3), 4.00 (3H, s, -OMe) and 10.50 (1H, br, OH, D£0 ex). Vmax 

(Nujol), 3.500-2,200 (OH), 1,685 (00 [OH], and 1,660 (Et 00).

M/e 229 (M+H; 100%), 211 (65%); M-H20). 13C <f(CDCl3) 8.0 (CH2CH3)

17.3 (5-Me), 36.04 (-OMe), 63.4 (CH3CH2CO), 112.3 (C-2), 132.5 ( C -  

4), 152.5 (C-5), 162.0 (CO£H), 164.9 (C-3) and 198.7 (COEt).

Fries Rearrangement of Esters (99) - (113).

Fries rearrangement of the remaining esters in this series using 

general method 7 resulted in cleavage to the component methyl 3- 

hydroxy-5-methylthiophene-2-carboxylate (74) and the respective 

carboxylic acids.

Esterification of Methyl 3~Hydroxythiophene-2-carboxylate (75).

These esters were prepared using the general methods 5 and 6. The 

results are summarised in the following series of tables. Table 15 

contains the yields, melting points/boiling points and 

microanalytical data; Table 16 shows the proton nmr spectra of the 

esters (tf CDC13); Table 17 gives IR and mass spectroscopic data and
1 Ofinally in Tables 18 and 19 are the C nmr values for ring carbon 

atoms and substituent carbon atoms, respectively.
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Structures of Prepared Esters.

OCOR 

C 0 2 Me

(120): R=Me
(121): R=Et
(122): R=Ph
(123): R=Th

15.

Yields, m. p. /b. p, and m i c r o a n a l y t i c a l  data:

No Yield M,p,/B,p, Cryst Solv, Fornula Mic roanalysi 5 
Found Requires

( 1 2 0 ) 80 140/0,9 CeHaSO, Lit— =83-850 0/0,03 m Hg)
(121) 72 130/0,8 CBH10 8 8 4 C,SO,2;Hi4,9; C(50,5;H(4,7
( 1 2 2 ) 91 83-84 EtOH C1 oH,oS04 C, 59,9; H, 3,9; C, S9.5;H,3. 8

(123) 80 95-96 EtOH C,HbS2 04 C,43.7;H,3.2; C(49,2;H(3,0



iH NMR Data,

No tH H-2 Co2He Acyl Group Protons

(120) 7, 44 (d, 6Hz) 6,84 (d, 6Kz) 3,00 2,30 (C0CH3)
(121) 7,50 (d, 6Hz) 6,85 (d, GHz) 3,75 2,60, qd, 10Hz (-CH2-)
(122) 8,25 (d, 6Hz) 7,12 (d, GHz) 3,80 8,20, i, 7,55, i, 7,50, r)

benzene ring
(123) 7,55 <d, 6Hz) 7,12 (d, GHz) 3,80 7,20, R, 7,25, 8,05, R|

thiophene ring

Iab.lft.JL_

IR and Mass Spectra Data,

No Med Cs0c»-i 
C02Me OCOR

H+HX 100* a/e Other

(120) a 1711 1755 mmm .....
(121) a 1720 1775 215(30) 159(C6H6S03) —
(122) c 1702 1720 263(100) — 231(-OMe)
(123) c 1705 1718 269000) — 237(OMe)

a, liquid fila; c, N u j o l  r u II

15S*



T ih 1 £5_Ii .an l.] M  .Oa.la,

Ring Carbon Values,

No C-2 C-3 C-4 C-5 c - r C-2' C-3* C-4' C-5' C-6*

(120) 118,6 151,1 123,5 129,5 m-m m m m w . mmmm

(121) 118,7 151,2 123,6 129,5 — ----- — —- ----- -----

(122) 118,8 151,0 123,6 129,7 129,7 130,4 128,6 133,7 128,6 130,4
(123) 119,0 150,4 123,5 129,7 — 132,0 135,2 128,0 133,9 —

Substituent Carbon Values,

No 0C0 2-CQ C02he Others

(120) 168,3 160,9 51,9 20,7(C0CH3)
(121) 171,7 160,9 51,8 27,6(-CK3-)l8,9(CHa)
(122) 164,0 161,0 51,9 —

(123) 159,2 160,9 52,0

F r i e s  Rearrangement of  E s t e r s  (120) -  (123).

F r i e s  rear rangement of th e  e s t e r s  prepared  in  t h i s  s e r i e s  us ing 

genera l  method 7 r e s u l t e d  in  cleavage  in  a l l  cases .  Methyl 3-

hydroxy th iophene-2 -ca rboxy la te  (75) was recovered  in  a l l  c ases  and 

with e s t e r s  (122) and (123) th e  r e s p e c t i v e  ca rboxy l ic  a c id s  were a l so  

recovered.
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Esterification of Methvl 3-Uvdroxvthiophene-4-carboxylate (77).

This s e r i e s  of compounds was p repared  us ing the  g en e ra l  methods 5 and 

6. The y i e l d s  and th e  ph y s ica l  p r o p e r t i e s  of t h e  p roduc ts  a re

c o l l e c t e d  in  th e  fo l low ing  T a b l e s .  Table 20 g ive s  the  y ie ld s ,

m e l t i n g / b o i l i n g  p o in t s  and m i c r o a n a l y t i c a l  da tes ;  Table 21 shows the  

proton nmr s i g n a l s  of  t h e  e s t e r s  6<CDC13 >; in  T a b l e  22 a re  c o l l e c t e d  

the  i r  and mass s p e c t r o s c o p i c  d a ta  and 13C nmr v a lues  ( fo r  CDC13 

s o l u t i o n s )  a re  shown in  Tables 23 ( r ing  carbon va lues)  and 24 

( s u b s t i t u e n t  va lues) .

S t r u c t u r e s  of P repared  E s t e r s .

0C0R

(124) R=Me
(125) R=Cyclohexyl
(126) R=Ph
(127) R=2-Thienyl
(128) R=3-Methyl -2-th ieny l
(129) R=3-Methoxy-2-thienyl



Table 20.

Yields,  m. p. /b /p .  and m i c r o a n a l y t i c a l  data:

No Yield 
*

i,p,/b,p, Cryst. 
Sol v,

Foriula Hicroanalysis 
Found Required

(124) 8 S 105/0,1 m m m CeHeS0x C(4B,5;M,2: C, 48,0;H,4,0
(125) 70 68-69 EtOH CisHjsSOi C,58I2!H13.9: C, 58,2! H, 6,0
(126) 77 6 6 EtOH C,3 H,oS04 C,59,2;H,3,9: C, 59,5; H, 3. 8

(127) 87 104 EtOH CiiHbSsO* C, 44,5; H, 3,0; C, 44,8; H, 3,0
(128) 90 76-77 EtOH CizHioSjO* C,51,2! H,3,7: C,51,0; H, 3,5
(129) 8 6 144-45 EtOH C1 2 H1 0 S2 0 5 C, 48,6; H, 3,5; C, 48,3; H, 3,3

W t J L .

JH n»r data (CDC13  > ppro,

No »H *H C02«e Acyl 6 roup Protons

(124) 6,98(d, 4Hz) 8,03(d, 4Hz) 3,77 2.27(-OCOhe)
(125) 7,00(d, 4Hz) 8,08(d, 4Hz) 3,80 1.0-3,0 d, C6 H,0)
(126) 7.!8<d, 4Hz) 8.03(d, 4Hz 3,71 8,2(i,2xH) 

7,5(i,C6H6)
(127) 7.20(d, 4Hz) 8,07(d, 4Hz) 3,75 7,1< d,4Hz)
/'

8 , l(d,4Hz)
7.7<»,C4 K3 C0)

(128) 7,16<d, 4Hz) 8 , 1 0 (d, 4Hz) 3,78 6,98(d,6Hz) Th 
7,50(d,6Hz) Th 
2.63(ArHe)

(129) 7,05(d, 4Hz) 7,95(d, 4Hz) 3,78 6,78(d,8Hz) Th 
7,42(d,8Hz) Th 
3,92(OMe)

162.



Table 22.

I n f r a - r e d  and mass s p e c t r a l  data.

No hed. 0=0 ci-i 
C02Ne OCOR

H+H(X) 100X i/e Other

(124) c 1720 1760 201(50) 159 (C*H6S03)
(125) c 1710 1750 269(10) 129 <C7H,2Q2)
(126) c 1710 1720 263(93) 123 (C7H602)
(127) c 1705 1715 269(100) — —
(128) c 1720 1740 283(45) 127 (CeHeOS)
(129) c 1715 1730 299(25) 141 (CeHB02S)

c = N ujo l  mull
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Tables 23 and 24.

13C data <CDC13  s o lu t io n s ) .

Table 23.

Values for ring carbon atoms.

No C-2 C-3 C-4 C-5 c - r C-2' C-3' C-41 C-51 C-fi*

(124) 114.0 146,6 125,0 132,9 mmm MMM mmm mmm mmm mmm

(125) 113,7 146,5 125,2 132,7 43,1 28,8 25,4 25,7 25,4 28,8
(126) 113,9 146,3 125,2 132,8 129,2 130,3 128,6 133,6 128,6 130,3
(127) 114,0 146,0 125,5 132,6 — 134,9 134,9 133,5 127,9 ---
(123) 114,3 145,9 125,4 132,7 — 131,5 148,3 131,4 131,7 ---------

(129) 114,0 145,9 125,4 132,5 — 132,2 145,9 116,0 132,1 --------

Table 24.

Values for subst i tuent carbon atoms.

No OCO 4-OCQ C02He Other

(124) 169,1 161,4 51,7 20,7(C0CH3)
(125) 173,9 161,4 51,7 —

(126) 164,7 161,4 51,7 —
(127) Unassigned Unassigned 51,7 —

(128) 161,5 160,5 51,7 15,9C Af0H3)
(129) Unassigned 163,8 51,7 59,ICOCHa)



Fries Rearrangement Products of Methyl 3-Acyloxythiophene-4-

carboxylates:

Methyl 2-Acetyl-3-hydroxythiophene-4-carboxylate

The title compound was prepared in quantitative yield using general 

method 7, from the ester (124). It had m.p. 118°C (lit. 13Z* 120- 

121°C). 1H nmr cf(CDCl3) 2.53 (3H, s, COCH3 ) 3.94 (3H, s, -OMe),

8.23 (1H, s, 5-H) and 10.74 (1H, hr, OH, D20ex). Vmax (KBr) 3250 

(OH), 1685 (C02Me) and 1640 (0=0 cm-1. 13C (£(0 0 0 1 3) and 28.50

(CH3), 52.3 (C02Me), 122.0 (C-2), 138.3 (C-4), C-5), 163.0 (C-3 and

182.0 (CH3CO).

Methyl 3-Hydroxy-2-(2*-thenoyl) thiophene-4-carboxylate (131).

The title ketone was prepared in 552 yield using general method 7 

from ester (127). It had m.p. 153°C (from methanol). (Found: C, 

49.3; H, 2.92. cn H8°4S2 r e qu i r e s  c > 49.3; H, 2.92). 1H nmr <f 

(CDCI3 ) 3.90 (3H, s, C02Me), 7.20 (1H, m, ArH) and 8.80 (1H, s,

ArH). Vmax (Nujol) 3,300 (OH), 1680 (C02Me) and 1640 (0=0) cm"1. 

M/e 269 )M+H; 1002) and 237 (302, M-OMe).

Fries Rearrangement of Esters (125)-(126) and (128)-(129):

Fries rearrangement of the above esters using general method 7 

resulted in cleavage to the component methyl 3-hydroxy thiophene-4- 

carboxylate and the respective carboxylic acids.
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Esterlflcation of Methyl 4-Vfydroxy-2. 2*-blthienyl-5-carboxylate (81).

These esters were prepared using the general methods 5 and 6 as 

appropriate. The yields obtained, melting points and microanalyticai 

data are all summarised in Table 25; Table 26 shows the proton nmr 

signals of the esters (for CDC13 solutions); in Table 27 the infra

red and mass-spectroscopic data are collected and finally in Tables 28 

and 29 are shown the JSC nmr values for bithienyl ring carbon atom and 

acyl group and substituent carbon atom values, respectively.

(132) = Me
(133) = 2,,-Thienyl
(134) = 3"-Methyl-2"-thienyl
(135) = 3M-Methoxy-2M-thienyl
(136) = 5"-Methyl-3"-methoxy-2"-thlenyl

/O C O R

R



Table 25.

Yields, m. p. /b. p. and microanalytical data:

No Yield «.P Cryst, For»ula Hicromalysis
I (»C) Sol v, Found Required

(132) 8 6 1 2 1 Eton C1 2 H1 0 S2 Q4 C,52,3;HI4,3: C,51.i;H,3.6
(133) 84 152 EtOH Ci6H10S3O4 C, 51,7; H, 3,9; c,si,4;h(2,9
(134) 80 96-97 EtOH C1 12S3O« C, 52.5IH, 3.7; 0,52.7:8,3.3
(135) 64 147 EtOAc CisH^SaQ* C, 51,4; H, 3,3; C, 50,5;H,3,2
(136) 76 134 EtOH Cl7H14S3O4 C, 51,0; H, 3.6 : C,51.8:H,3.6

Table 26, 

iH NMR Data,

No H-l H-2 H-3 H-4 C02Me Acyl Group

(132) 7,15 7,30(1) 7,30(a) 7,0C
(133) 7,05(d,6Hz) 7 , 2 5 ( i )  7 . 2 5 ( b )  7 , 1C

(134)  7 , 05(d,6Hz) 7 . 2 8 ( a )  7 . 2 8 ( b )  7,05 3, 80

(135) 7,05(d,6Hz) 7.25(a) 7.25(a) 7,00 4,00

(136) 7,00(di6Hz) 7.20(a) 7.20(b) 6,60 3,90

3,85 2,35(-COMe)
3,75 8,0(d,6 Hz,ArH)

7.65(B,ArH)
3,80 7,52(d,6Hz,4-H)

6.98<d,6HZ.5-H)
2.50(s,3-ftrMe)

4,00 3,80(s,3-OMe)
7,55(d,6Hz,4-H)
6,90(d,6Hz,5-H)

3,90 7,20(5,4-H)
3.80Cs,-OMe)
2,40(5,-He)
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Table 11

IR and Hass Spectra Data,

.

No Hed, OOciH 
COzHe OCOR

H+H (I) 100(X) i/e Other

(132) c 1702 1780 283(55) 24T(-C0CH9)
(133) c 1708 1718 351(100) 3!9(0He)
(134) c 1708 1720 365(55) 125(-C6H6SQ)
(135) c 1708 1722 381(45) 141(-C6H6S0z)
(136) c 1708 1715 395(40) 155(-C7H7S02)

c = Nujol null,

i 6 a



Tables 28 and 29.

13C Data for Ring Carbon Atoms.

No 0-3* c-V C-3V C~2X C-2 C-5 C-Ly C-5

(134) 126.7 128,1 125.4 135,8 141,0 113,3 168,2
(135) 126.7 128,1 125,4 136,0 141,0 119,3 170,0
(136) 126,6 128,1 125,4 135,2 140,5 119,6 .Not 102,5

identified
(137) 126,5 128,1 125,3 125,3 140,7 119,7 164,1 107,4
(138) 126.5 128,1 125,2 125,2 140,6 119,7 164,1 104,6

1 3C Data for Acyl Group and Substituent Carbon Atoms.

No c - x C-5 C* 4* C-5 OCO 8-CQ C0zNe Other

(134) 160,8 150,9 51,9 C0CH3# 20,7
(135) 134,0 135,3 121,8 134,0 160,8 159,1 52,0 —

(136) 125,4 148,6 131,5 131,9 160,1 159,8 51,9 3*-He,15,5
(137) 108,2 150,4 116,0 132,5 160,9 158,2 51,9 3*-0»e,59,1
(138) 104,6 150,6 114,9 148,2 160,9 158,0 51,9 S'-He,16,7; 

S^Oie, 59.1

F r ies  Rearrangement o f Methyl 4-ftcyloxy-2. 2"-b ith ien y l~ 5 -ca rb o x y la te s .

The esters described in the previous section were Fries rearranged 

using general method 7. The results are summarised in the following

Tables. In Table 30 are the yields, melting points and

mlcroanalytical data; Table 31 contains proton nmr signals of the



ke tones  ( for  CDC1:.; s o l u t i o n s ) ;  in Table 32 a re  c o l l e c t e d  the  i n f r a  

red and mass s p e c t ro s c o p ic  d e t a i l s ,  w h i l s t  Tables  33 and 34 co n ta in  

the  13C nmr da ta  (for  CDC13 s o l u t i o n s ) ,  Table 33 showing the  va lues  

for  b i t h i e n y l  r i n g  carbon atoms, and Table 34 the  va lues  fo r  the 

rea r ranged  acyl  groups and s u b s t i t u e n t  carbon atoms.

R

OH

0

(138): 2-Thienyl
(139): 3-M ethy l~2- th ieny l
(140): 3 -M ethoxy-2- th ienyl
(141): 5-Methyl -3-methoxy-2~thieny l



Table 30,

Yield,  m. p. /b. p. and m i c r o a n a l y t l c a l  data:

No Yield
1

M.P
(*C)

Cryst, 
Sol v.

Foriuia flicroanalysis 
Found Required

(137) 7S 160 EtOH C,2 H1 0 S2 O4 CI52,0;H,4.2: 0,51,1;H,3,6
(138) 92 176-178 EtOH CisHioSaO* 0,51.9; H,2,8; 0,51,3; H, 2, 8

(139) 90 164 EtOH CigHi2 S3 O4 C,53.2;H,3(9; C, 52,9j H, 3,3
(140) 62 197 EtOH CjgĤ SaOs C, 50,5; H, 3,2; C, 49,11 H,3,2
(141) 70 188-189 EtOH Ci7 H1 4 8 3 8 $ C,52,3;H,2.8; C, 51,8; H, 3, 6

Table 31.

nmr Data.

No H-l H-2 H-3 OH* C02 f1e Other

(137) 7,62(d,6Hz) 7.20(d) 6,98 9,6 3,90 2,58(C0CH3)
(138) 7,70(1) 7.25(a) 6,95 9,7 3,90 8 , 0 (1 ,ArH's)
(139) 7,45(d,8 Hz) 7.35(a) 6,90 9,5 3,90 7.75(H*,dt6Hz,ArH) 

6,95(Hb, d,6 Hz) 
2,55(3-Me)

(140) 7,30(1) 7,10(8) 6,85 8 , 0 3,85 7,45(H*,d,6 Hz, ArH) 
6,90(Hb,d,6Hz,ArH) 
3,80(s,3-OHe)

(141) 7,30(1) 7,15(8) 6,85 9,6 3,88 7, 1 0 (5 ,Hb,ArH)
3,80(6,3-0he) 
2,50(5,5-fle)

* All OH groups underwent D20 exchange.
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Table 32.

No fled C=0 
C02Me RCO

OH c*-i H+H it) 1Q0X rft Other

(137) c 1716 1650 3700 283(100) «*«*«• 225(C02He)
(138) c 1702 1655 3700 351(100) —

(139) c 1702 1660 3600 365(20) 125(CfiHsS02)
(140) a 1708 1660 3200 381(63) 142(C6H6S02))
(141) c 1708 1660 3300 395(12) 157(C7H7S02)

a, KBr disc; c, Nujol >ul 1,

172..



Tables 33 and 34.

Table 33.

13C Data for Bith ienyl  Ring Carbon Atoms.

No

i 
"in

i 
i

1 
o c - C-s' C-2V C- 2-  C- "3 C- -̂ C-5 C02

!.

(137) 143,0 132,8 125,7 150,0 147,5 116,5 164,2 105,0 166,2 £
(138) 145,2 132,5 125,6 149,9 146,9 116,5 164,3 103,9 166,2 '%
(139) 145,4 137,3 125,7 149,6 146,6 116,5 164,5 103,7 166,3
(140) 145,2 132,5 125,6 149,3 146,5 116,9 164,4 103,5 166,3 x
(141) 145,1 133,0 125,4 145,5 145,8 117,0 164,4 103,5 166,4 f

Table 34.

:

1 3C Data for Rearranged Acyl Groups and Substituent Carbon Atoms. 1

No C~3;V C~.iv" c - s" C=0 CQ2He Other
's

(137) m m m  m im m 190.1 52,1 26,6(COCHs)
*

(138) 141,2 136,2 129,1 133,8 180,4 52,1 — I
(139) 140,8 143,5 130,1 133,9 179,4 52,1 16.6(3'--He)
(140) 109,1 158,9 1120,2 133,0 Not

found 52,0 59,1(3’-OMe) ■%
(141) 114,8 164,4 128,0 134,2 Not

found 51,8 141,1(5"-He)
I
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Methyl 3-Hydroxy-5-methyl-4-(2*-thenoyl)-thiophene-2-

carboxylate (145).

To one gram (3.85x 10“3M) of methyl 5-methyl-3-(2’ -

thenoyl)oxythiophene-2-carboxylate (103) was added anhydrous

aluminium (111) chloride (3g) and 1,2-dichloroethane (10ml). The 

mixture was heated at reflux for 3 h and the allowed to cool before 

being poured into ice/HCl (25ml). The product was extracted into

dichloromethane (25ml) and washed once with water (20ml), dried

(MgS04) and the solvent was removed on the rotary evaporator to 

give the title compound (0.64g, 64%). It had m.p. 140-141°C (from 

ethanol). (Found: C, 50.9; H, 4.2% (C12%0°4S2 retluires C,51.5; 

H ,3.6%). 1H nmr <T(CDC13) 7,90 (1H, m, 5’-H), 7.55 (1H, m, 4’-H),

9.80 (1H, s, -OH, D20ex), 3.75 (3H, s, C02Me) and 2.35 (3H, s, 5-

Me). Vmax (Nujol) 3,500-3,000 (br, -OH), 1660 (C02Me) and 1630

(C-0) cm”1. M/e 283 (M+H, 100%), 251 85%, M-OMe) and 199 (72% M- 

C4H3S). 13C (f(CDCl3) 15.8 (5-Me), 51.2 (C02Me), 101.0 (C-2(, 128.0

(C-4’), 134.9 (C-2 *), 134.9 (C-5»), 135.1 (C-3’), 144.2 (C-4),

150.7 (C-5) and 166.2 (C-3).
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16.0 Synthesis of Polysubstituted Dithienyl Ketones using the 

Friedel-Crafts Acylation Reaction.

Preliminary Investigation;

2-Cyclohexanoylthiophene♦

Cyclohexane carbonyl chloride (15gf 0.15M) and tin (IV) chloride

(16g, 0.06M) were dissolved in anhydrous 1,2-dichloroethane (50ml) 

then added to a stirred solution of thiophene (8.4g, 0.1M) in 1,2- 

dichloroethane (50ml), dropwise at 0°C. The reaction mixture was 

stirred for 1 h at this temperature then poured into ice/HCl, the 

organic layer was separated, washed, and dried, and the solvent was 

removed to give the title compound (16g, 77Z) as a white solid.

Recrystallisation from ethanol yielded white plates, m.p. 49°C 

(Found: C, 68.1; H, 7.1. cn Hi40S requires C,68.0; H,7.2Z), nmr 

d(CDCl3) 0.8-1.8 (1H, m, cyclohexyl ring protons), 2.90 (1H, m,

cyclohexyl ring proton), 6.85 (1H, m, thiophene ring proton) and

7.45 (1H, m, thiophene ring protons). Vmax (Nujol) 1,665 (C=0) cm”

1. M/e 195 (M+H, 100Z), 13C J(CDC13) 25.84 (cyclohexyl ring

carbons), 29.61 (cyclohexyl ring carbons), 41.53 (cyclohexyl ring

carbons), 127.91 (C-4), 131.29 (C-3), 133.17 (C-5, 143.95 (c-2) and

196.61 (C=0).

3-Methyl-2-cyclohexanoylthiophene.

This was prepared from 3-methylthiophene as for 2-cyclohexanoyl 

thiophene, in 901 yield. The product was obtained using vacuum
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distillation to give a clear oil b.p. 112-114°C, 0.4mm Hg. (Found: 

C, 6 8 .8 ; H, 7.5, C-^H-^qOS requires C.69.2; H,7.72). nmr

d(CDCl3) 1.00-1.90 (10H, m, cyclohexyl ring protons), 2.50 (3H, s,

3-Me), 2.90 (1H, m, cyclohexyl ring protons), 6.90 (1H, d, J=8Hz, 

thiophene ring proton), and 7.40 (1H, d, J=8Hz, thiophene ring

proton). Vmax (film) 2,950 (CH3) and 1.665 (C=0) cm-1. ^3C

cf(CDCl3) 16.82 (-CH3), 25.78 (cyclohexylring carbons, 29.61

(cyclohexyl ring carbons), 49.93 (cyclohexyl ring carbons), 128.82 

(C-4), 132.28 (C-5), 134.60 (C-2), 145.38 (C-3, and 197.45 (C=0).

2-Benzoylthiophene.

This was prepared using the method described for 2-cyclohexanoyl 

thiophene in 802 yield. The pure product was obtained by 

recrystallisation from ethanol as off-white needles, m.p. 582°C 

(lit. 109 56.5-57°C). 1H nmr d(CDCl3) 7.15 (1H, m, thiophene ring 

proton) and 7.30-7.90 (7H, m, benzene and thiophene ring protons). 

Vmax (Nujol) 1625 (C»0) cm-1. 13C cf(CDCl3) 127.91 (C-2), 128.37

(C-2’), C-5’), 129.14 (C-3’, C-5’) 132.20 (C-3), 134.15 (C-5),

134.80 (C-4’), 138.17 (C-6 ’), 143.69 (C-2) and 188.16 (C-0).

Di-2-thienyl Ketone.

Thiophene (4.2g, 0.05M) and thenoyl chloride (8g) were dissolved in 

anhydrous dichloromethane (2.5ml) containing titanium (IV) chloride 

(9.4g, 0.05M). The reaction mixture was stirred at room

temperature for 1 h then worked up in the usual way to give the 

required ketone as an off-white powder in 902 yield. It has m.p.
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89-91°C (lit. 190 90-90.5°C). 1H nmr <f(CDCl3) 7.35 (2H, m,

thiophene ring protons). Vmax (Nujol) 1615 (C-0) cm’1. 13C

<f(CDCl3) 127.91 (C-4), 133.04 (C-3), 133.37 (C-5) and 142.91 (C-2).

Polysubstituted Dithienyl Ketones.

2-Acetyl-3-methoxy-5-methylthiophene (147).

Method A:

A mixture of 3-methoxy-5-methylthiophene and acetic anhydride 

(8ml) (85) (5g, 0.05M) was heated to 55°C then orthophosphoric acid 

(0.3ml) was added; the temperature rose spontaneously to 80°C. The 

temperature was then maintained at 70°C for 1 h, the mixture was 

cooled then added to a stirred mixture of dilute hydrochloric acid 

and ice. After 1 h the organic material was isolated by extraction 

into dichloromethane, washed with water, 101 sodium carbonate and 

water, dried (MgSO^) and the solvent was removed on the rotary

evaporator. Distillation of the residue gave the unreacted 3-

methoxy-5-methylthiophene (85Z) (2g), followed by the title ketone

(l.Og, 15£), b.p. 150°C/10mm Hg. The product solidified on

standing. it had m.p. 94-95°C (from light petroleum). (Found: C,

56.7; H, 6.0. CgH1 0O2S requires C, 56.9; H, 5.9Z). nmr cf(CDCl3)

2.44 (6H, s, Th-5-methyl+MeC0), 3.90 (3H, s, -OMe) and 6.50 (1H, s,

4-H). Vmax (Nujol) 1625 (C=0) cm-1. 13C cf(CDCl3) 16.8 (Th-5-

methyl), 29.0 (MeCO), 58.7 (-OMe), 114.9 (C-4), 121.3 (C-2), 148.0 

(C-5), 160.2 (C-3) and 189 (MeCO).
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Method B:

3-Methoxy-5-methylthiophene (85), (5g, 0.06M) was dissolved in 1,2- 

dichloroethane (50ml). To this was added tin (IV) chloride (15.6g, 

0.06M) and the mixture was cooled to 0°C. A solution of acetyl 

chloride (4.15g, 0.06M) in 1,2-dichloroethane (25ml) was then added 

over 30 min being poured and the mixture was stirred at 0°C for a 

further 1 h before being poured into ice-hydrochloric acid (100ml). 

The mixture was separated and the organic layer was washed with 

water, dried (MgSO^) and the solvent was removed on the rotary 

evaporator to give the title compound in 18% yield. Purification 

was then carried out as for Method A.

2-Acetyl-3-methoxy-4-methylthiophene (148).

Reaction of 3-methoxy-4-methy1thiophene, (90) (3g, 0.023M) and

acetic anhydride (15g) in the presence of orthophosphoric acid 

(0.5ml), as described in Method A above, gave the title compound 

(2.5g, 64%) as an oil, b.p. 80°C/5mm Hg. 1H nmr <f(CDCl3) 2.12 (3H, 

s, -OMe), 2.50 (3H, s, 4-Me), 28.4 (MeCO), 101.8 (C-2), 125.8 (C- 

4), 127.8 (C-5) and 159.6 (C-3), COMe). The 2,4-

dinitrophenylhydrazone formed red needles from ethanol and had m.p. 

204-205°C. (Found: C, 47.8; H, 4.0; N, 16.1. requires

C, 48.0; H, 4.0; N, 16.0%).
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Bis (3-methoxy-5-methyl-2-thienyl) Ketone (150).

A solution of 3-methoxy-5-methyl thiophene (85), (3g, 0.023M) and

5-methyl-3-methoxy ■* thiophene-2-carbonyl chloride (149), (3g,

0.024M) in 1,2-dichloroethane (20ml) was stirred and cooled to 0°C 

while tin (IV) chloride (2ml) in 1,2-dichloroethane (10ml) was 

added over 10 min. The mixture was allowed to warm to room 

temperature and stirred for 2 h, then water (50ml) was added to 

quench the reaction. The organic layer was separated, combined 

with an additional 1 ,2-dichloroethane extract, washed (water, 

saturated sodium hydrogen carbonate solution), dried (MgSO^) and 

the solvent was removed on the rotary evaporator. The residue, 

which crystallised upon trituration with ether, was recrystallised 

form ethanol to give the title ketone (4.1g, 72%), m.p. 224-254°C.

(Found: C, 55.5; H, 5.0%. ci3^i4^3S requires C, 55.3; H, 5.0%).

1H nmr cf(CF3C02H) 2.70 (6H, s, 2x5-Me), 4.30 (6H, s, 2x-0Me) and 

6.95 (2H, s, 3- and 3’-H). Vmax (Nujol) 1570 (C-0) cm1, m/e 283 

(100%, M+H) and 155 (50%, ArCO).

3-(3 *-Methoxy-5 *-methyl-2 *-thenoyl)-3-methoxythiophene (152).

Application of the procedure used to prepare (150) to 3- 

methoxythiophene-2-carbonyl chloride (151), (2.8g, 0.01M) and 3-

methoxy-5-methyl thiophene (85), (2g, 0.015M) in 1,2-dichloroethane 

(20ml) with tin (IV) chloride (1.5ml) in 1,2-dichloroethane (10ml)

gave the title ketone (2.65g, 65%), m.p. 166-167°C (from ethanol). 

(Found: C, 53.9; H, 4.5. C1 2H1 203S2 requires C, 53.7; H, 4.4%).

1H nmr cf(CDCl3) 2.40 (3H, s, 5-Me), 3.75 and 3.85 (6H, both s, -
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OMe), 6.45 (1H, s, 4-H), 6.70 (1H, d, J=6Hz, 4*-H) and 7.30 (1H, d, 

J=6Hz, 5 ’ -H). Vmax (KBr) 1570 (C=0) cm1, m/e 3269 (100%, M+H), 155 

(15%, (C6H705) CO), and 141 (11% (C5H50S) CO).

2-(3 *-Methoxy-5’-methyl-2 *-thenoyl)-3-methoxy-4-methylthiophene 

(1.53).,.

3-Methoxy-4-methyl thiophene, (90), (2.2g, 0.02M) and 3-methoxy-5-

methyl thiophene-2-carbonyl chloride, (149), (4.5g, 0.02M), were

stirred at room temperature in 1,2-dichloroethatie (30ml) in the 

presence of tin (IV) chloride (4.0ml) for a period of 1 h before 

being poured into ice/water. The solution was acidified with 4M 

hydrochloric acid (25ml) and stirred for 0.5 h at room temperature 

before being separated and worked up as previously to give a solid 

which upon trituration with ether gave the title compound (2 .6g, 

36%), m.p. 106-108°C (from ethanol). (Found: C, 54.8; H, 4.9.

C13H14°3S2 recluires c * 55.3; H, 5.0%). nmr<T(CDCl3) 2.06 (3H, s,

4-Me), 2.40 (3H, s, 5*-Me), 3.79 (6H, s, 2x-0Me), 6.58 (1H, s, 4*- 

H) and 6.95 (1H, s, 5-H) . Vmax (KBr) 1595 (C-0) cm"1, m/e 283

(100%, M+H) and 155 (83%, (CgHyOS) CO). 13C cf(CDCl3) 13.05 (4V- 

OMe), 16.75 (5-Me), 58.83 (3-OMe), 61.68 (3’-0Me) 115.24 (C-2, C- 

2’). 123.82 (C-4, C-5*), 131.81 (C-4*), 147.72 (C-5) 158.40 (C-3) 

and 160.83 (C-3*) (C=0) not identified.
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Methyl 4-Hethoxy-3-methyl-5-(3 *-methoxy-5 *-methyl-2*-thenoyl)

thiophene-2-carboxylate (154).

Methyl 4-methoxy-3-methyl thiophene-2-carboxylate (8 8 ), (3.9g,

0.02M) and 3-methoxy-5-methyl thiophene-2-carbonyl chloride (149), 

(3.9g, 0.02M) were dissolved in 1,2-dichloroethane (25ml) and

cooled to 0°C with stirring. To this was added tin (IV) chloride 

(3ml) in 1,2-dichloroethane (10ml) and the mixture was stirred at 

0°C for 4 h. The reaction mixture was added to ice/water and the 

organic layer was separated and combined with a further 1 ,2- 

dichloroethane extract, followed by the usual work-up. Trituration 

of the residoewith ether afforded a solid which was dried to give

the title compound (2.9g, 482), m.p. 105°C (from ethanol). (Found:

C, 53.0; H, 4.8. C15H16°5S2 recIuires C, 52.9; H, 4.82). nmr

cf(CFgCC^H) 2.38 and 2.45 (6H, both s , 2xArMe), 3.80 and 3.82

(6H+3H, all s, 3x-0Me) and 6.56 (1H, d, 4’-H). Vmax (KBr) 1725 

(C02Me) and 1560 (ArCOAr) cm-1. M/e 341 (1002, M+H), 213 (52

(CgH9S) CO) and 155 (192 (CgHyOS) CO), 13C cf (CDC13) 12.40 (3-Me), 

17.01 (5’-Me), 52.00 (C02Me), 58.96 (3’-OMe), 61.94 (4-OMe), 115.2 

(C-2’, C-4’, C-5) 138.5 (C-3), 148.6 (C-5’), 149.1 (C-2, 166.2 (C- 

3’) and 161.81 (OCO); no signal was observed /a»C-4.

Methyl 3-Hydroxy-4-propionylthiophene.

Propionyl chloride (4g, 0.02M) and aluminium chloride (9g, 0.07H) 

were dissolved in dry 1,2-dichloroethane (25ml) and cooled to 0°C. 

To the stirred solution was added 3.3g (0.02M) of methyl 3-methoxy 

thiophene-2-carboxylate (8 6 ) (3.3g, 0.02M) in 1,2-dichloroethane
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(10ml). The reaction mixture was allowed to come to room 

temperature then stirred for 100 h. The usual work-up gave the 

title compound (1.3g, 30%), m.p. 141-142°C (from ethanol). (Found: 

C, 50.4; H, 4.8. C^H^qO^S requires C, 50.5; H, 3.7%). nmr

cf(CDC!3) 1.20 (3H, t, J=10Hz, CH2CH3), 2.35 (1H, br, -OH, D20 ex), 

2.90 (2H, qd, J^lOHz, CH2 CH3), 3.95 (3H, s, C02Me) and 1620

(C02Me) cm" 1 m/e 215 (M+H, 75%) and 183 (100%, M+H -OMe). 13C

(f(CDC^) 7.80, 33.83 (CH3CH2), 52.07 (C02Me), 102.20 (C-2), 137.8

(C-4), C-5), 161.54 (C-3), 163.50 (C02Me) and 197.20 (EtCO). The 

2 ,4-dinitrophenylhydrazone was prepared and gave red needles, m.p. 

128-129°C (from ethanol).

Direct. Acylation,...using,, Phosphorus .Pentoxide.

2-Benzoylthiophene (158).

Thiophene (9g, 0.11M) was added to benzene (100ml) followed by

phosphorus pentoxide (14.2g, 0.1M). To the vigorously stirred

mixture was then added benzoic acid (12.6g, 0.1M) and the mixture 

was boiled under reflux for 6 h. The benzene layer was decanted 

and the remaining sludge was stirred with a further portion of 

benzene (50ml) which was then also decanted and combined with the 

first decantate. The organic solution was then washed with 10% 

sodium hydroxide solution (2x25ml), water (4x50ml), dried (MgSO^) 

and the benzene was removed on the rotary evaporator to give the 

crude product (4.1g, 22%).
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Recrystallisation from ethanol gave the product as white crystals, 

m.p. 56°C. (Lit. 109 56.5-57°C), <f(CDCl3) 7.15 (1H, m, thiophene 

ring proton) and 7.30-7.90 (7H, m, benzene and thiophene ring

protons). Vmax (Nujol) 1625 (C=0) cm1.

2- (3,-Nitrobenzoyl) thiophene (159).

The above procedure was repeated using 3 -nitrobenzoic acid (16.7g,

0.1M) to give the title ketone (4.0g, 17Z), m.p. 105-106°C (from

ethanol). 1H nmr df(CDCl3) 7.23 (1H, m, thiophene ring proton),

7.70 (3H, m, aromatic ring protons) 8.33 (2H, m, aromatic ring

protons) and 8.72 (1H, m, benzene ring proton). Vmax (Nujol) 1630 

(00) and 1350 (N02) cm”1.

17.0 Desulphurisation of Polysubstituted Thiophenes and Dithienyl 

Ketones.

3-Methoxythexanoic acid (160).

Methyl 3-methoxy-5-methyl thiophene-2-carboxylate (83) (4g, 0.02M)

was desulphurised using general method 8 to give 1.2g (39Z) of the 

title compound (1.2g, 392). It had b.p. 81°C/w/p (lit. 191

74.6°C/25mm Hg), %  nmr <f(CDCl3) 0.80-1.10 (3H, s, CH3), 1.15-1.65 

(3H, m, CH and CH2), 2.10-2.62 (4H, m, 2xCH2), 3.38 (3H, s, OMe) 

and 8.65 (1H, br, C02H, D2 0 ex). Vmax (film) 3,600-3,100 br

(C02H) and 1710 (00) cm"1.
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Methyl 3-Methoxyhexanoate (161).

Methyl 3-methoxy-5-methyl thiophene-2-carboxylate (83) (2g, 0.01M) 

was desulphurised using general method 9 to give l.lg (69Z) of the 

title ester (l.lg, 692). It had 1H nmr cf(CDCl3) 0.85-1.10 (3H, s, 

CH3), 1.15-1.65 (3H, m, CH and CH2), 1.12-2.65 (4H, m, 2xCH2), 3.38 

(3H, s, OMe) and 3.65 (3H, s, C02Me). Vmax (film) 2,995 (OMe) and 

1695 (C=0) cm”1.

ll-Hydroxy-6-methyldodecanoic Acid (163).

1-(5-Acetyl-2-thienyl)-1(5-methoxycarbonyl-2-thienyl)ethane (162) 

(3g, 0.1M) was desulphurised using general method 8 to give the

title acid (2.1g, 912) as a pale yellow oil, b.p. 150°C/0. 5mmHg

(lit. 185 - 140-145°C/0.llmmHg). 1H nmr cf(CDCl3) 0.85 (3H, br, d, 

J=5 Hz, CH-Me), 1.00-2.55 (20H, br, m, 8xCH2; CH-Me), 3.86 (1H, m, 

J=6Hz, CH-OH) , and 6.38 (2H, br, s, D20 ex OH and COgH). Vmax

(film) 3,650-2,300 (OH and C02H) and 1410 (C=0) cm1.

Methyl ll-hydroxy-6-methyldodecanoate (164).

1-(5-Acetyl-2-thienyl)-1-(5-methoxycarboxyl-2-thienyl)ethane (162) 

(3g, 0.01M) was desulphurised using general method 9. The usual

work-up gave a pale yellow oil (2g, 872) which was purified by

distillation. It had b.p. 121°C/0.2mm Hg (lit. 186 100-

110°C/0.09mm Hg) . XH nmr <f(CDCl3) 0.85 (3H, br, d, J=5Hz, CH-Me 

and Me CH [0H]> and 3.45-5.00 (4H, m, CH [OH] and C02Me) . Vmax 

(film) 3,600-3,100 (br, OH) and 1,740 (C02Me) cm"1.
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Methyl 11-Hydroxydodecanoate (166).

1-(5-Acetyl-2-thienyl)-1-(5-methoxycarbonyl-2-thienyl)methane (165) 

(0.7g, 2.5mM) was desulphurised using general method 9 to give a 

yellow oil (0.5g, 91%) which solidified upon standing overnight.

Recrystallisation from ethanol gave the pure title compound, m.p. 

37-39°C. (Found: C, 67.5; H11.0. C1 3H2 603 requires c, 67.7; H,

11.32). %  nmr (f(CDCl3) 0.87-1.05 (1H, br, OH, d20 ex), 1.10-1.68

(21H, m, 1xCH31 9xCH2), 2.06-2.48 (1H, m, CHOH), and 3.67 (3H, s,

C02Me). Vmax (film) 3,600-3,100 br (OH) and 1,740 (C02Me) cm”1 .

M/e 231 (M+H, 10%) and 100% m/e 213 (M+H-H20).

Methyl 4-Ethyl-3,5-dihydroxyhexanoate (167).

Methyl 4-acetyl-3-hydroxy-5-methylthiophene-2-carboxylate (114)

(lg; 4.5irM) was desulphurised using general method 9 to give the 

title compound as an oil in 78% yield. ^H nmr (f(CDCl3 0.95-1.68 

(9H, m, br, 2xCH3 and 3xCH), 2.20-2.40 (4H, m, 2xCH2), 3.65 (3H, s, 

lxC02Me) and 6.55 (2H, br, OH, D20 ex). Vmax (film) 3,500-3,100 

(br, OH) and 1680 (C-0) cm”1.
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Methyl 4-Ethyl-5-hydroxy-3-methoxyhexanoate (168).

Methyl 5-methyl-3-methoxy-4-acetyl thiophene-2-carboxylate (115)

(0.5g, 2.2mM) was desulphurised using general method 9 to give the 

title compound as an oil in 78% yield. nmr cf(CDCl3) 0.90-1 (9H,

m, br, 2 x CH3 and 3xCH) , 2.20-2.40 (4H, m, 2xCH2), 3.60 (3H, s,

lxCOxMe) and 4.05 (3H, s, -OMe). Vmax (film) 3,500-3,100 (br, OH) 

and 1680 (OO) cm"1.

Methyl 4-Ethyl-3,5-dihydroxyheptanoate (169).

Methyl 5-methyl-3-hydroxy-4-propionyl thiophene-2-carboxylate (117) 

(0.8g , 3.7mM) was desulphurised as described in general method 9 to 

give the title compound as pale yellow oil (0.3g, 67%). H nmr

<f(CDCl3) 1.05 (9H, m, 2xCH3, 1 x CH2 and lxCH(, 2.42 (5H, m, 2xCH2 

and lxCH), 3.68 (3H, s, -0CH3) 4.22 (1H, br, OH, D20 ex), and 6.10 

(1H, br, OH, d20 ex). Vmax (film) 3,600-3,200 (br, OH), 2950 (CH3 

stretch) and 1705 (OO) cm"1. M/e 185 (38% [M+H-H20] -2H), 127

(100%; [M+H-H20)-2H]-[C02Me]+H).

Methyl 3,5-Dihydroxy-4-methylheptanoate (170).

Methyl 3-hydroxy-4-propionyl thiophene-2-carboxylate (0.8g, 2.7mM) 

was desulphurised using general method 9 to give 0.5g (71%) a brown 

oil (0.5g, 71%). %  nmr <f(CDCl3) 0.95-1.50 (10H, m, 2xCH, 1 x CH2

and 2 x CH3 ) ,  2.65 (3H, m, 1 xCH2 lxCH), 3.75 (3H, s, C02Me), 4.35

(1H, br, OH, D20 ex) and 6.00 (1H, br, OH D20 ex). Vmax (film 

3,500-3,200 (br, OH) and 1710 (OO) cm"1.
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Methyl 6-Hydroxy-4,8-dimethoxy-3-methylundecanoate (171).

Methyl 4-methoxy-3-methyl-5-(3 *-methoxy-5’-methyl-2 *-thenoyl) 

thiophene-2-carboxylate (154) (0.3g, 0.88mM) was desulphurised

according to general method 9 to give 0.18g (672) the title

compound (0.18g, 672) as a white wax, m.p. 31-33°C (from ethanol). 

(Found: C, 61.1; H, 10.4. ci5Hi6S2°5 reQuires c > 59.6; H, 9.92). 

1H nmr <f(CDCl3) 0.70-1.75 (13H, m, 5xCH£, 1xCH3), 2.03-2.70 (4H, m, 

4xCH(, 3.30 (3H, s, C02Me), 3.65 (3H, s, OMe), 3.85 (3H, s, Me) and 

6.40 (1H, br, OH, D20 ex). Vmax (film 3,600-3,10.0 (br, OH) and 

1742 (C02Me) cm”1. M/e 285 (452, M+H-H20) and 129 (1002;

[(CH3 [CH2 ]2CH[0Me]CH0).

5-Hydroxy-3,7-dimethoxydecane (172).

2-(3’-Methoxy-5’-methyl-2 *-thenoyl)-3-methoxythiophene (152) (lg,

3.7mM) was desulphurised using general method 9 to give the title 

compound (0.6g, 762) as a yellow oil. 1H nmr cf(CDCl3) 0.90-1.05

(9H, br, 2xCH3 ,lxCH2 ,lxCH), 1.20-1.60 (9H, m, br, 4xCH2, lxCH) 2.55 

(1H, m, lxCH) 2.82 (1H, br, OH, D20 ex), 3.65 (3H, s, OMe), and

3.80 (3H, s, OMe). Vmax (film) 3,500-3,200 (br, OH) and 2,950
_ i(sharp, -CH3 stretch) cm .
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5-Hydroxy-3,7-dimethoxv-2-methyldecane (173).

2-(3’-Methoxy-5 *-methyl-2’-thenoyl)-3-methoxy-4-methylthiophene 

(153) (0.8g , 2.8mM) was desulphurised using general method 9 to

give the title compound (0.4g, 61Z) as a yellow oil. nmr

cf( CDCI3 ) 0.85-1.00 (9H, m, br, 3xCH3)), 1,20-1.65 (10H, m, br,

4xCH2 and 2xCH(, 2.45 (3H, m, br, IxOH, 2xCH), and 3.30 (6H, s, br, 

2xOMe). Vmax (film) 3,600-3,200 (br, OH) and 2,950 (sharp, -CH3 

stretch) cm" .

18.0 Stereochemistry of Desulphurisation.

Dimethyl 3,4-Dihydroxythiophene-2,5-dicarboxylate (174).

To one litre of 1M sodium methoxide was added dimethylthiodiacetate 

(50g, 0.25M) and dimethyl oxalate (60g, 0.50M). The mixture was 

stirred for 12 hours then poured into ice/water (1L). 

Acidification with concentrated hydrochloric acid gave a white 

precipitate, which was obtained by filtration, giving the title 

compound (79g, 67Z) . It had m.p. 182°C (lit. 177°C). nmr

<f(CDCl3) 3.90 (6H , s, 2xC0xMe) and 5.35 (2H, br 2xOH, D20ex) . Vmax 

(Nujol) 3,500, 2,300 (br, OH) and 1,690 (C-0) cm"1. 13C nmr

df(CDCl3) 57.0 (C02Me), 112.6 (C-2,C-5), 155.4 (C-3, C-4) and 168.6 

(C02).

188



Raney Nickel Desulnhurisation of (174) to give Dimethyl fi.6*-

dihydrox ryadipate (175)♦

Dimethyl 3,4-dihydroxythiophene-2,5~dicarboxylate (174) (2.3g,

0.01M) was desulphurised using general method 9 to give a yellow 

powder (0.94g, 462), m.p. 8 6-8 8°C (from EtOAc) (lit. 177 80°C). 1H 

nmr cT(CDC13) 2.58 (4H, d, 2x-CH2-, 3.75 (2H, br, 2x-0H, D20ex) ,

3.80 (6H , s, 2xC02Me), and 4.15 (2H, m, 2x-CH). Vmax (Nujol)

3,300-3,000 (br, OH) and 1705 (C«0) cm"1. 13C nmr <f(CDCl3) 38.8

(CH2), 51.9 (C02Me), 69.9 (CH) and 172.9 (C02).

Dimethyl E-Hex-3-ene-l,6-dioate (177).

E-Hex-3-ene-l,6-dioic acid (14.4g, 0.1M) (176) was esterified using 

methanol (25ml) and concentrated sulphuric acid (5g) to give the 

title compound (1 0 .6g, 542) as a clear oil following purification 

by distillation. It had b.p. 70°C/0.07mm Hg (lit. 178 82°C/0.2mm 

Hg). 1H nmr tf(CDCl3) 3.12 (4H, d, 2xCH£, J=14Hz), 3.65 (6H, s,

2xC02Me) and 5.70 (2H, m, 2x-CH=). 13C <f(CDCl3) 37.7 (CH2), 51.8

(C02Me), 125.9 (CH) , and 171.8 (CO). Vmax (film) 1710 (OO) cm”1.

Dimethyl (£) -I3.fi* -Dihydroxyadipate (178).

t-Butyl alcohol (100ml) and 302 hydrogen peroxide (25ml) were dried 

[(a) Na£ SO^ b) MgSO^ an(j c) CaSO^)] to give a dry solution of 62 

t-butyl hydroperoxide. To this was added dimethyl E-hex-3-ene-l,6- 

dioate (177)) (8g, 0.046M) followed by 152 osmium tetraoxide in t- 

butanol (15ml). The stirred reaction mixture was then cooled to
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0°C and maintained at this temperature for 24 h. The solvent was 

removed under reduced pressure, the residue triturated with diethyl 

ether, the ether removed and the residue cooled in ice and left to 

stand for 12 h. The total compound (0.8g, 8.5£) was obtained as 

off-white crystals by filtration at the pump. It had m.p. 77-78°C 

(from EtOAc) (lit. 177 80°C). 1H nmr <f(CDCl3) 2.58 (4H, d, 2x-CH2- 

), 3.75 (2H, br, 2x-0H, D£0 ex), 3.80 (6H, s, 2xC02Me) and 4.15

(2H, m, 2x-CH). 13Cnmr <f(CDCl3) 37.8 (CH2), 51.9 (C02Me) 69.7

(CH(, and 172.8 (C02). Vmax (Nujol) 3,350, 3,000 (br, OHO and 1705 

(C=0) cm"1.

V,V-Dilactone of ci)-fl,fi*-Dihydroxyadipic acid (179).

A solution of dimethyl (;*)-B,B’-dihydroxyadipate (60mg) in 1M 

hydrochloric acid (10ml) was evaporated over 1 h on the steam bath. 

The residue was crystallised from ethyl acetate to give the 

dilactone (25mg, 42X) as white crystals, m.p. 129-130°C (lit. 178 

127~128°C).

Reductive Desulphurisation of Optically Active Thiophene 

Derivatives♦

2-(3-Nitrobenzoyl)thiophene (159)♦

3-Nitrobenzoyl chloride (18.5g, 0.1M) was added to 1,2- 

dichloroethane (75ml). To this was added aluminium chloride 

(18.5g) then the mixture was cooled to 0°C. To this thiophene 

(lOg, 0.12ml) was added, dropwise and the reaction was stirred for
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1 h at 0°C then quenched by addition to ice-hydrochloric acid 

(100ml), followed by stirring for a further 0.5 h. Extraction into 

dichloromethane, drying (MgSO^) and removal of the solvent under 

reduced pressure gave the title compound (22.5g, 462) as a pale

yellow solid. It had m.p. 106°C (from ethanol), 1H nmr cf(CDCl3)

7.24 (1H, m, thiophene ring proton), 7.70 (3H, m, aromatic ring

protons), 8.33 (2H, m, aromatic ring protons, 8.72 (1H, m, benzene 

ring proton). Vmax (Nujol) 1630 (C=0), 1530 and 1350 (N02) cm"1.

2-(3-Aminobenzoyl)thiophene (182).

2-(3-Nitrobenzoyl)thiophene (llg* 0.05M) was added to absolute 

ethanol (200ml). To this was added a solution of sodium sulphide 

nonahydrate (24g, 0.15M) in water (50ml) [(to which had been added 

sodium hydrogen carbonate (10g)]. The solution was then boiled 

under reflux for 3 h, then allowed to cool. The solvent was 

removed under reduced pressure and the residue was taken up into 

dichloromethane, the solution was filtered, washed with water, 

dried (MgSO^) and the solvent was removed to give an off-white 

powder (6 .8g, 672), m.p. 115-116°C (from ethanol). (Found: C,

64.5; H, 4.4; N, 6.9. Ci;lH9N0S requires C, 65.0; H, 4.4; N, 6.92).

nmr (f(CDCl3) 7.95 (1H, d, ArH), 7.60 (1H, d, ArH), 7.25 (1H, s, 

Ar-H), 7.20 (3H, m, ArH’s), 6.75 (1H, d, ArH), and 5.35 (2H, br, 

NH2, D20 ex). Vmax (Nujol) 3,500 (br, tr, NH2) and 1670 (C=0) cm" 

X. M/e 204 (M+H, 1002).
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cC-Hydroxy-2-(3-aminobenzyl)thiophene (183)♦

2-(3-Aminobenzoyl)thiophene (5g, 0.025M) was dissolved in absolute 

ethanol (50ml) and to this stirred solution was added sodium 

borohydride (1.5g) in 2M sodium hydroxide (5ml). The mixture was 

stirred for 12 hours at room temperature, the solvent was removed 

and the residue dissolved in dichloromethane, the solution was 

washed with water, dried (MgS04) and the solvent was removed to 

leave pale yellow powder (4.4g, 861), m.p. 89°C (from ethanol).

Found: C, 64.1; H5.3; N6.9. C-^H-j^NOS requires C, 64.4; H, 5.4; N, 

6 .8%). nmr cftCDClg) 7.35-6.58 (7H, m, aromatic ring protons)

5.85 (1H, s, CH), 3.64 (2H, br, NH2 D20 ex), 2.90 (1H, br, OH, D20 

ex). Vmax (Nujol 3,500-3,300 (br, OHO, 3,400-3,100 (tr, NH2). M/e 

206 (M+H, 65%), 100% m/e 188 (M-H20+H).

3r-Nitrovalerophenone (186).

Valerophenone (16.2g, 0.1M) was dissolved in cold (-10°C)

concentrated sulphuric acid (25ml). To this was added, very 

slowly, dropwise, over a period of 3 h, an ice-cold (0°C) mixture 

of concentrated sulphuric acid (9ml) and concentrated nitric acid 

(9ml), the temperature being kept below 5°C at all times. After 

the addition was complete the mixture was stirred at 0°C for a 

further h, then allowed to come to room temperature over a period 

of 1 h then poured into ice-water with vigorous stirring. The 

product was extracted into dichloromethane and washed with water 

(50ml), saturated sodium hydrogen carbonate solution (25ml) and 

again with water (50ml), dried (MgS04) and the solvent was removed
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to give 14g (682) a pale yellow oil (14g, 682), b.p. 115-

121°C/0. 3mm Hg. (Founds C, 63.8; H, 6.3; N, 6.9. cn Hi3N03 

requires C, 63.8; H, 6.3; N, 6.82). nmr <f(CDCl3) 8.70 (1H, s,

2-ArH’s), 8.30-7.50 (3H, m, ArH’s), 3.00 (2H, m, C0CH2)t 1.65 (4H, 

m, 2x -CH2-), and 1.05 (3H, Id, -CH3). Vmax (film) 3,000

([CH2]3CH3), 1,700 (C=0), 1,535 and 1,350 (N0£) cm"1. M/e 208

(1002) M+H), 163 (452 M+H-N02).

3-(aC-Hydroxy-n-pentyl)aniline (184)-reference compound.

3-Aminovalerophenone (5.4g, 0.03M) was treated with sodium

borohydride (1.2g) as described in the preparation of compound

(183) to give a pale yellow oil (4.8g, 902) which was purified by 

distillation. It had b.p. 180°C/0.5mm Hg. (Found: C, 74.6; H, 

9.7; N, 7.9, C13H17NO requires C, 73.7; H, 9.5; N, 7.82). 1H nmr 

cf(CDCl3) 7.30-7.20 (1H, m, ArHO, 7.10-7.00 (1H, m, ArH), 6.75-6.60 

(2H, m, 2xArH) 4.50 (2H, tr, NH2), 3.45 (1H, br, -OH, D20 ex), and

2.10-0.90 (10H, m, CH-[CH2]3). Vmax (film 3,500-3,300 (br, -OH) 

and 2,900 ([CH2]3CH3) cm"1. M/e 180 (452 M+H) and 162 (1002, [M-

H20)+H).

Preparation and Resolution of (+) (-) cc-Hydroxy-2-(3-

aminobenzy1)thiophene.

OC-Hydroxy-2-(3-aminobenzyl)thiophene (183) (4g, 0.02M) was

dissolved in ethanol (20ml). To this was added ( + ) tartaric acid 

(3.1g, 0.02M) in ethanol (5ml). The mixture was boiled for 5 min

then allowed to stand for 60 h. The precipitate which formed was
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obtained by filtration, and was found to have m.p. 52-54°C and was 

obtained in 92Z yield. (Found:O, 49.8; H, 5.1; N, 4.1, C15H17N07S 

requires C, 50.7; H, 4.8; N, 3.9Z). H/e 356 (35Z M+H), 188 (100Z, 

Ciihiin°S-H20>, and 151 (551 [ CH0HCC>2H ] 2). Repeated

recrystallisation from acetone gave a constant m.p. of 62°C, and 

this material showed an optical rotation of [«] -36.0° (for ethanol 

solution).

Attempted Preparation of ( + ) (-) 3- (cC-Hydroxy-n-pentyl) aniline 

salt.

Application of the above procedure to 3- (<£-hydroxy-n-pentylaniline

(184) led to the formation of a syrup which could not be 

crystallised. Attempts using acetone, ether, ethanol, ethyl 

acetate and light petroleum, (b.p. 60-80°C) all failed, leaving the 

same clear, viscous oil. An attempt to measure the optical 

rotation of the oil showed no rotation and microanalysis indicated 

the product was impure.

Preparation of 3-(cc-Hydroxy-n-pentyl)aniline (184) via Raney Nickel

De sulphur i sat ion____of "Resolved” cc-Hydroxy-2- (3-aminobenzyl)

thiophene.

(+) (-) oC-Hydroxy~2-(3-aminobenzyl)thiophene (3.6g, 0.01M) was

converted to the free base by treatment with 4M sodium hydroxide 

solution followed by extraction into dichloromethane and removal of 

the solvent to give <X-Hydroxy-2-(3-aminobenzyl)thiophene (183), 

m.p. 94°C. The optical rotation of the free-base was measured at
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[<x] -1.4°. High resolution nmr using a chiral shift reagent

indicated an enantiomeric excess of 1:2.6. The "resolved" free-

base (2.1g, 0.01M) (183) was then desulphurised with Raney nickel

using general method 9 to give 3-(<sc-Hydroxy-n-pentyl)aniline (184)

(l.lg, 62%). (Found: C, 74.2; H, 9.6; N, 8.0. C^H-^NO requires C,

73.7; H, 9.5; N, 7.8%). 1H nmr df(CDCl3) 7.30-7.20 (1H, m, ArH),

7.10-7.00 (1H, m, ArH), 6.75-6.60 (2H, m, 2xArH's), 4.45 (2H, tr,

NH2), 3.45 (1H, br, -OH, D£0 ex), and 2.10-0.90 (10H, m, CH-

[CH2]3CH3). Vmax (film) 3,500-3,300 (br, OH) and 2,900 (CCH2)3CH3)

cm"1. M/e 180 (45% M+H) and 162 (100%), ([M~H20]). The optical
orotation was measured at [cc], -8.3, , and high resolution nmr using 

the chiral shift reagent indicated an enantiomeric excess of 1:2.2 

( 6 8 %) .

Determination of Enantiomeric Purity Using 360 MHz nmr*

Ten milligrams of each sample was weighed into an nmr tube and

dissolved in deutero chloroform (0.5ml). The chiral shift reagent

used was europium D-JJ-hepta fluorobutyryl camphorate in CDC13 at 
-51.9x10 molar. Sequential volumes of 20ml, up to a total of 

120ml, were added to the substrate and the proton nmr was acquired 

on a Bruker AM 360 instrument. From observations of the carbinyl 

/proton the enantiomeric purities were determined.

*Courtesy of B. Taylor of Shell, Sittingbourne
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Determination of Optical Rotations Using a Perkin-Elmer Digital 

Polarimeter *

The optical rotations were measured using the sodium-D-line in

ethanol solution at 20°C. The volume of the cell 2 as 2.5ml and
20the path-length 10cm. The readings were taken and [ct] s 

calculated using the following formula:

[ex] = rv 

nl

where v = volume (ml) of solution
n = grammes of active substance 
1 = path length (1dm) 
r = measured rotation

* Courtesy of B. Taylor of Shell, Sittingbourne

196



Results:-

(a) ( + ) (-)-flC-Hydroxy-2-(3-aminobenzyl)thiophene-(+)-tartrate

salt;

Weight of sample = 0.421g 

r = -0.302

. * . [fit] 20d = -36.0°

(b) "Resolved" cJC-Hydroxy-2- (3-aminobenzyl) thiophene- ( + )-tartrate 

(183);

Weight of sample = 0.0396g 

r =0.022

. ‘ . [<*.] 20d = -1.4°

(c) 3-(fit-Hydroxy-n-pentyl)aniline (184) was prepared via Raney 

Nickel Desulphurisation of "Resolved” (183);

Weight of sample = 0.0859g 

r = -0.77

. ‘ . [<X] 20d = 4.5°

* Courtesy of B. Taylor of Shell, Sittingbourne
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