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SUMMARY

The o x id a tio n  o f 1-b e n z y l-1 , 2 ,3 , / |.~ te tra liy d ro iso q u in o lin e -1 -c a rb o x y lic  

a c id s  to  is o q u in a ld ic  sp iro d a e n e la c lo n e s  and th e  r e a c t io n  o f  th e se  w ith  

n u c le o p h ile s  may p ro v id e  an e f f i c i e n t  ro u te  to  s u b s t i tu te d  b e n z y l is o q u in o l in s s , 

and to  b is b e n z y l is o q u in o l in e s . A ccord ing ly  th e  o x id a tio n  o f  th e  model compound 

3 - (A-hy droxyp 11eny 1 ) -p ropano ic  ac id  to  1 ~oxa sp iro  d 3c a 4.. 9~diene~2, 8 -d io n e  

was s tu d ie d  in  an u n su c c e ss fu l a ttem p t to  improve on p u b lish e d  lo w -y ie ld  

p ro ced u re s . The u se  o f a c id ic  sulphonam ides as "phenol e q u iv a le n ts "  in  th e  

o x id a tiv e  sequence was th en  co n s id e re d . U -chloro-sulphonaiin .des d e riv ed  from 

p -a n is id in e  on r e a c t io n  w ith  s i lv e r  c a t io n s  in  m ethanol gave c h lo ro - s u b s t i tu te d  

U -su lphonyl“4-,4“-d im ethoxycyclohexa-2 ,5 -d ien im ines j b u t anodic o x id a tio n  o f 

m ethano lic  s o lu tio n s  o f p - a n is id in e  or p - to lu id in e  sulphonam ides gave h igh  

y ie ld s  o f th e  d e s ire d  N -su lphony lim lnes. S im ila r ly  anodic o x id a tio n  in  a c e to -  

n i t r i l e  o f p~sulphonam idophenoxyalkanoic a c id s  or a lc o h o ls , o r o f p-sulphonam ia 

p lien y la lk an o ic  a c id s  o r alcohols* gave f a i r  to  e x c e lle n t  y ie ld s  o f th e  correspon  

sp iro c y c lo h e x a d ie n im in e s . I t  appears  t h a t  5-membered s p iro h e te ro c y c le s  form 

more r e a d i ly  than  do 6-membered, and t h a t  phenoxyalkanoic s u b s t r a te s  c y c l is e  

more e f f i c i e n t l y  than  do th e  co rrespond ing  p lieny la lkano ic  compounds. O x ida tion  

o f  s u b s t r a te s  to  sp iro  p ro d u c ts  u s in g  le a d  t e t r a a c e t a t e  gave more s id e  r e a c t io n  

b u t allow ed p re p a ra tio n  o f im ines on a la r g e r  s c a le  th an  by e le c tro c h e m ic a l 

p ro ced u res .

The sp iro - im in e s  a re  sm oothly hyd ro ly sed  by n e u t r a l  alum ina to  th e  c o r r e s ­

ponding sp iro d ie n o n e s , th u s  p ro v id in g  a good ro u te  to  th e se  compounds. P re lim ­

in a ry  s tu d ie s  suggest th a t  s p iro la c to n e  im ines undergo d ienone-pheno l re a rra n g e  

m ents, and th a t  a t ta c k  by n u c le o p h ile s  ta k e s  p la c e  a t  th e  r in g  -ra th e r  than  a t  

th e  la c to n e .

An e f f i c i e n t  s y n th e s is  o f a 1-(Y “p - to s y la m id o b e n z y l) - ie tra h y d ro is o q u in o -  

l in e -1 -c a rb o x y l!c  a c id  was c a r r ie d  o u t ,  and th e  ac id  su b je c te d  to  anodic 

o x id a tio n  under a v a r ie ty  o f  .c o n d itio n s . No ev idence o f s p iro la c to n e  fo rm ation  

was o b ta in e d . The o x id a tio n  o f 1 -(N -su lphonyl-Y -am inobenzyl )~d so q u in o lin e s  in  

an a ttem p t to  p rep a re  apo rph ines r e la te d  to  g la z io v in e  f a i l e d  to  g iv e  th e  

d e s ire d  p ro d u c ts .
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CHAPTER ONE 

INTRODUCTION

1.1 G eneral I n t r o d u c t ion

G y clo h ex ad ien esp iro lac to n es  o f  th e  ty p e  1_ have a s y n th e t ic  p o te n t ia l  

in  e i th e r  o f  two m ajor r e a c t io n  pathw ays.

( i )  They may undergo d ienone-pheno l rearrangem en ts  under a c id ic  

c o n d itio n s  to  g iv e  a wide range  o f ' t h e  oxygen h e te ro c y c le s  2 and

X

0

X
0 1 2OH

0

0
II

3

G eneral examples o f such tra n s fo rm a tio n s  a re  d isc u sse d  in  S ec tio n  1 ,3 , 

w h ile  th e  s p e c ia l  s ig n if ic a n c e  o f  th e se  schemes to  th e  b io g e n e s is  o f 

coum arins and apo rph ine  a lk a lo id s  i s  d isc u sse d  in  C hapters Two and F ive 

r e s p e c t iv e ly ,

( i i )  S ince th e  c a rb o x y la te  an ion  i s  an e x c e l le n t  le a v in g  group, 

th e re  e x i s t s  th e  p o s s i b i l i t y  t h a t  n u c le o p h ile s  may be induced to  r e a c t  

w ith  compounds ^a,jb as shown in  Scheme 1_ to  g ive  p ro d u c ts  ^ a i b .

R '
R

0X

Hue
0

R - 4 —R I \
X 0

Nuc
H / "

0

Nuc

OH
4 a R=H;R=NH2 ; 

4 b R,R = C-| o f  an i so q u in o l in e

5_a

5 b Scheme 1



1 2By t h i s  ro u te  th e  v a lu a b le , b u t n o t too  a c c e s s ib le  compound L-DOPA 5£

m ight be o b ta in a b le  from  L - ty ro s in e  (see  Chapter T h ree ). There a lso  

e x i s t s  th e  p o s s i b i l i t y  t h a t  i f  th e  s p iro la c to n e  Ab could be produced 

from  th e  co rrespond ing  is o q u in a ld ic  a c id ,  a novel coup ling  r e a c t io n  

le a d in g  to  b is -b e n z y lis o q u in o l in e s  m ight occur. This p ro p o sa l i s  

d e ta i le d  in  Chapter F o u r.

1 .2  P re p a ra tio n  o f ( ly c to h ex ad ten esp iro la c to n o s

1 .2 .1  R ea c tio ns o f Qu in o n es w ith  K etenes

3 Lp-Benzoquinone r e a c t s  w ith  d ip h en y lk e ten  and d im eth y lk e ten  * to
r /

g iv e  th e  /3  - la c to n e s  6a and 7 . R ecen tly  Ogino e t  a l  ? employed th e  

-same method to  o b ta in  th e  s u b s t i tu te d  sp iro  - A  - la c to n e s  6 a -e  and s tu d ie d  

t h e i r  r e a c t io n s  w ith  n u c le o p h ile s  (see  Section  1.4)« This method of 

p re p a ra t io n  o f s p iro la c to n e s  i s  o b v io u s ly  l im ite d  to  th e  / 3  - la c to n e  

s e r i e s ,

1 . 2 . 2  E le c t ro p h i l ic  Add i t io n  to  Benzenoid Compounds
($)

A ddition  o f  an e l e c t r o p h i le  E to  a par a -subs t i t u t  ed phenol 8

may proceed  v ia  th e  ca rb o c a tio n  £ , or v ia  th e  cyclohexadienone 1_0, w hich

by n u c le o p h il ic  d isp lacem en t o f  E ^  from th e  doubly a l l y l i c  p o s i t io n  gives
rr )

th e  sp iro  compound I J j  t h i s  r e q u ir e s  t h a t  E- ^  i s  a good le a v in g  group

(Scheme 2 ) , Thus tre a tm e n t o f  A ~hydroxyphenylpropanoic (p h lo r e t ic )  a c id

100 w ith  N~bromosuccinimide g iv e s  th e  brom inated s p iro la c to n e  104 in

h ig h  y ie ld .  Other examples o f t h i s  approach to  h a lo g en a ted  la c to n e s

from  A~hydroxypheny1propano ic  a c id  100 a re  g iven in  Chapter Two,

T rea tm en t' o f  th e  po tass iu m  s a l t  o f  2 -m ethy l- 2 - (4 -to ly o x y )-p ro p a n o ic

a c id  1_2 w ith  bromine in  aqueous s o lu t io n  g iv es  a good y ie ld  o f th e

brom inated s p iro la c to n e  1Aa„ R eac tio n  p roceeds by e le c t r o p h i l i c  a d d itio n

o f th e  bromonium ion pa ra  to  th e  alkoxy  group, th e  bu lky  n a tu re  o f

8 9 10w hich en fo rces  ip so  J J a t ta c k  on th e .m e th y l s u b s t i tu e n t  r a th e r  than



a t  th e  f r e e  o rth o  p o s i t io n .  In tra m o le c u la r  n u c le o p h il ic  a d d i tio n  o f th e  

ca rb o x y la te  anion to  th e  VJheland in te rm e d ia te  13a may be co n ce rted  w ith , 

or fo llow  th e  d o m in a t io n .
11Low tem p era tu re  n i t r a t i o n  o f 1_2 in  a c e t ic  anhydride  gave th e

n i t r o la c to n e  14b, presum ably  v ia  th e  in te rm e d ia te  w h ile  a r e la te d
1 13compound 1_6 has been i s o la te d  from  th e  n i t r a t i o n  o f th e  s u b s t i tu te d

phenylpropanoic  ac id  15»

0

6 X =Ph;a :R=R=R=H; 
b:R=R=H;R~Me;
C :R~H; R~R~Me; 
d : R - H ;  R=R=Cl ; 
e : R l R = [-C H = C H -]9 ;RSH;

7 X =Me; R =R =  R=H; 1
R" ~

X

Br

0
,1 0 4

S ch em e 2

HO 0 ~ H

H©

E

0

~©

E

10

E

0

E

11

Me p Me o  Me o  
M e "y ’—'— ^ M e g

0 .  OH 0  OH 0  0

><1 
He X Me X R

R - ^ R '



The p re p a ra t io n  o f a s e r ie s  o f  n a p h th a le n e -d e riv e d  o r th o - s p lro 1ac to n es
1Lhas been re p o r te d  by a Swiss group. The r e a c t io n  o f th e  ca rb o x y la te  

17 w ith  N-bromosuccinirrri.de gave compounds 1_8, th e  p ro p o r tio n  o f  th e  

s te re o iso m e rs  in  th e  p ro d u c t be ing  dependent on th e  te m p era tu re  o f  th e  

b ro m in a tio n . S im ila r tre a tm e n t o f th e  c a rb o x y la te  19. gave a m ix tu re  o f 

p ro d u c ts  20 and 21_; on h e a tin g  under r e f lu x  w ith  m ethanol and t r i e t h y l -  

amine one o f th e  s te re o iso m e rs  o f 1_8 underw ent an unusual rearrangem en t 

to  g iv e  a s te reo iso m er o f 20 .

0

17

OH
*

1 8

0
Et^N

Me OH
2 0

0

Br

1 . 2 . 3  In tra m o le c u la r  O x id a tiv e  Coupling

P hen o lic  r in g  system s occur w idely  in  n a tu re ,  and a re  one o f  th e  

most e a s i ly  o x id ise d  o f  o rg an ic  fu n c t io n a l  groups. The o x id a tio n
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0*
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2 2 a

0
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2 2 b

02 3

2 5

0

0

2 7

0

v f '* 0

31

0 0

2 2 c 2 2 d
OH

HO2 4

2 6

H O -

2 8

OH

A .  Q

3 2

1

I

1
.1
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I
1
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p ro d u c ts  a re  o f te n  complex m ix tu res  o f d im ers, polym ers and q u in o n o id a l

compounds, depending upon th e  type  o f  o x id a n t and th e  r e a c t io n  c o n d itio n s

u sed . The im portance o f o x id a tiv e  p h en o lic  coup lin g  in  th e  b io s y n th e s is

o f n a tu r a l  p ro d u c ts  has long  been re c o g n ise d , and was fo rm a lise d  in  an

15i n f l u e n t i a l  paper by B arton and Cohen, These a u th o rs  r a t i o n a l i s e d  th e

p ro d u c ts  o f phenol o x id a tio n  by su g g e s tin g  th a t  th e y  a r i s e  from th e

d im e r is a tio n  o f a phenoxy r a d ic a l  ( in  which th e  d i s t r i b u t io n  o f  th e  J

u n p a ire d  e le c tro n  i s  d e p ic te d  by mesomers 22a-d) to  g iv e  carbon-carbon

or carbon-oxygen-carbon coupled p ro d u c ts  23- 32.,

In g e n e ra l,  phenol coup lin g  has been assumed to  o p e ra te  by a r a d ic a l

d im e r is a tio n  mechanism p ro b ab ly  because most o f th e  e a r ly  in v e s t ig a t io n s

in v o lv ed  known o n e -e le c tro n  o x id a n ts , e .g .  a lk a l in e  f e r r ic y a n id e ,  f e r r i c

c h lo r id e ,  s i lv e r  ox ide and manganese d io x id e . N e v e rth e le s s , in  s p i t e  o f

what appears  to  be an abundance o f  ev idence in  favour o f  a r a d ic a l

16d im e r is a tio n  mechanism, B arton  lias suggested  th a t  a l t e r n a t iv e  mechanisms

may a lso  be invo lv ed  under c e r t a in  c o n d itio n s  and should th e re fo re  be

co n sid ered  as p o s s ib le  pathw ays. These in c lu d e  sim ple coup ling  o f

phenoxy r a d ic a l s  in  v a r io u s  s ta g e s  o f  p ro to n a tio r i, phenoxy r a d ic a l

1Vs u b s t i tu t io n  (co n s id e re d  u n l ik e ly  ) , and th e  r e a c t io n  o f phenoxonium ;

c a tio n s  and phenoxonium c a t io n  r a d i c a l s .  Much re c e n t work has been 

co n c e n tra te d  on th e  i d e n t i f i c a t i o n  o f th e se  c a t io n ic  s p e c ie s ,  ( e s p e c ia l ly  

phenoxonium c a tio n  r a d ic a l s )  due to  th e  d ram atic  growth o f  e le c tro c h e m ic a l 

methods in  o rg an ic  s y n th e s is .
*l g

A re c e n t  rev iew  d iv id e d  th e  more common o x id a n ts  in to  two 

m ech an is tic  g roups, which a re  f u r th e r  subd iv ided  in to  s e v e ra l  g e n e ra l
P

ty p e s : •
13

Group 1 : -  mechanisms in v o lv in g  f r e e  r a d ic a l  in te rm e d ia te s ;  |g

a) d i r e c t  co u p lin g  o f two phenoxy r a d ic a l s ;  ^

4
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b) hom olytic  a ro m atic  s u b s t i tu t io n ;

c) h e t e r o ly t i c  coup ling  p receded  by two su c c e ss iv e  

o n e -e le c tro n  o x id a tio n s .

Group 2 : -  mechanisms which do n o t in v o lv e  r a d ic a l s ;

a) h e t e r o ly t i c  coup ling  p rece  ded by a s in g le  

tw o -e le c tro n  t r a n s . f e r ;

b) co n ce rted  coup ling  and e le c tro n  t r a n s f e r .

These groups a re  d isc u sse d  b r i e f l y  as fo llo w s :

Group 1

There would appear to  be in d is p u ta b le  ev idence th a t  th e  i n i t i a l

s te p  in  th e  m a jo r ity  o f  phenol o x id a tio n s  in v o lv es  th e  rem oval o f  one

e le c tro n  by an e x te rn a l  o x id a n t to  g iv e  a phenoxy r a d i c a l .  A lthough

r e l a t i v e l y  few phenoxy r a d ic a l s  have been i s o la te d  due to  t h e i r  in h e re n t

19 PO 21i n s t a b i l i t y ,  p h y s ic a l te ch n iq u es  such as ESR, UV~ and IR - sp ec tro sco p y ,

22 23 redox  t i t r a t i o n  cu rves and p o la ro g ra p h s  a l l  v e r i f y  t h e i r  e x is te n c e .

‘Fhe p a ra  coup ling  o f th e  phenoxy r a d ic a l  from 2 ,6 -d ia lk y lp h e n o l J3J3

(Scheme 3) i l l u s t r a t e s  th e  th r e e  modes o f r a d ic a l  cou p lin g  o u tl in e d  in

Group 1, and i s  commented on below .

1a Homolytic coup ling  o f  two phenoxy r a d ic a l s  JA, fo llow ed  by

ra p id  ta u to m e r is a tio n  in  p r o t i c  media g iv es  J39.* This ro u te  i s  w e ll

e s t a b l i s h e d . ^

1b Homolytic s u b s t i tu t io n  o f a phenoxy r a d ic a l  in to  an o th er phenol

m olecule g iv es  th e  d im eric  r a d ic a l  J3J5, which v ia  e i th e r  o r J3S le ad s  to

2539» Few cases a re  re p o r te d  in  th e  l i t e r a t u r e .

1c The phenoxonium c a t io n  J37, g en e ra ted  by f u r th e r  o x id a tio n  o f 

th e  phenoxy r a d ic a l  i-s capab le  o f  e l e c t r o p h i l i c  a t ta c k  on an o th er
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phenol m olecule to  g iv e  j 6  and hence r39» This ro u te  r e q u ir e s  e x tra

energy , and i s  th e re fo re  th e  l e a s t  fa v o u ra b le  o f th e  r a d ic a l  i n i t i a t e d

mechanisms, b u t ev idence i s  a v a i la b le  fo r  th e  e x is te n c e  o f  t h i s  sp e c ie s

26under c o n d itio n s  o f s tro n g  ac id  o r du rin g  anodic o x id a tio n s .

Group 2

N o n -rad ica l modes o f o x id a tiv e  coup ling  a re  i l l u s t r a t e d  in  Schemes

A, 5 and 6 . The o x id a n t need n o t be a t r i p o s i t i v e  s p e c ie s ;  o th e r  m e ta ls

in  d i f f e r e n t  o x id a tio n  s t a t e s  or o rg a n ic  compounds can a lso  be in v o lv ed .

2a The i n i t i a l  p h e n o l-o x id a n t complex decomposes to  g iv e  a fo rm a lly

charged c a t io n ,  e l e c t r o p h i l i c  r e a c t io n s  o f which have been d esc rib e d

p re v io u s ly , (Scheme 3 Type 1c) .

2b This i s  a co n ce rted  tw o -e le c tro n  pathway and seems more l i k e l y

on e n e rg e tic  grounds.

S evera l m e ta ls  e .g .  Pb ( IV ) ,27 V ( IV ) ,28 V (V ),29 T1 ( i l l ) , 30 and 

31Mn ( I I I ) /  a re  known to  complex w ith  th e  hydroxy fu n c tio n  o f  a pheno l; 

th e  complex may decompose to  g iv e  a phenoxonium c a tio n  or to  induce a 

co n ce rted  e le c tro n  t r a n s f e r  p ro c e ss .

32The term  "n o n -o x id a tiv e  cou p lin g "  (NOC) has been coined  to  

d e s c r ib e  an o v e ra l l  o x id a tiv e  coup ling  p ro cess  which does n o t in v o lv e  

in  th e  coup ling  s te p  a r a d ic a l  o r c a t io n ic  s p e c ie s . Thus, th e  o x id a tio n  

o f  la u d a n o so lin e  40 w ith  f e r r i c  c h lo r id e  g iv es  th e  quinone which
OO

undergoes"^  M ichael a d d i t io n  ( i . e .  NOC) to  y ie ld  th e  aporph ine 4-3«

A lthough th e  NOC concep t d is t in g u is h e s  between such r e a c t io n s  and th o se  

u t i l i s i n g  charged in te rm e d ia te s ,  i t  may be th a t  th e  te rm in o lo g y  i s  a 

l i t t l e  m is lead in g  s in c e  th e  p ro d u c t o f th e  o v e ra l l  r e a c t io n  i s  a t  a 

h ig h e r o x id a tio n  s t a t e  than  th a t  o f th e  s t a r t i n g  su b stan ce .

The a p p l ic a t io n  o f  phenol o x id a tio n  to  th e  s y n th e s is  o f  s p i r o ­

la c to n e s  i s  d iscu ssed  in  th e  fo llo w in g  s e c tio n .

■ v \ ** ' i.7 *' °'*t * ' ^ v. < * * 1 -a * T, i l Fi e V- .
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The p h en o lic  c a rb o x y lic  ac id  4-4 has been converted  in  m oderate
3/ 4

y ie ld  to  th e  s p iro la c to n e  by o x id a tio n  w ith  ammonium e e r ie  su lp h a te

35 «or le a d  d io x id e . S im ila r ly  o x id a tio n  o f 4- -h y d ro x y b ip h en y l-2 -ca rb o x y lic

a c id  4-6 w ith  manganese d io x id e  in  e th e r  a ffo rd e d  th e  la c to n e  47 in  25%
36y ie ld .  The sea rch  fo r  phenoxonium io n s  has y ie ld e d  new s p i r o la c to n e s ;

e .g . th e  tre a tm e n t o f  carboxydiphenyl e th e rs  4-6a , b w ith  le a d  diox3.de in

e th e r  gave in  60$ y ie ld  th e  la c to n e s  4-9 a ,b . A re c e n t  paper by R ieker 

37e t  a l  p roposes t h a t  th e  r e l a t e d  e s te r  J50 i s  q u a n t i t a t iv e ly  converted  

to  an o x asp iro b en zo fu ran , and n o t th e  sp iro b en zo x e t 52, as was
38 39o rig 3 .n a lly  r e p o r te d . J The co rrespond ing  diphenylm ethane j5J3 does,

36however, g ive  th e  d e s ire d  s p iro la c to n e  ^  on o x id a tio n . The ca rb o x y lic  

ac id  j56, o b ta in ed  by th e  ac id  h y d ro ly s is  o f  d eh y d ro g rise o fu lv in  5j?_, has 

been o x id i s e d ^  to  d e h y d ro g rise o fu lv o x in  j57 in  85$ y ie ld  by manganese 

d io x id e  in  a c e to n e -e th e r . I t  has n o t been e s ta b l is h e d  w hether th e

g r is e o fu lv o x in  s t r u c tu r e  occu rs  n a tu r a l ly .  S im ila r ly  ac id  £9., ob ta in ed

/1 12 34.by th e  h y d ro ly s is  o f geodin j58 + 'J was o x id ise d  in  h ig h  y ie ld  to
/  3

geodoxin .60  by le a d  d io x id e  in  e th e r ,  D echlorogeodin 61 , a s t e r r i c

ac id ' 62, and dech lorogeodoxin  6^., have a l l  been i s o la te d - ^ ’ from oospora

su lp h u rea och roc e a . The in  v i t r o  h y d ro ly s is  o f 61_ in to  62, and th e

34-subsequent o x id a tio n  o f  62 in to  6%. 3'-n 21$ y ie ld  u s in g  le a d  d io x id e  

in  e th e r ,  have a lso  been ach iev ed .

1.2.4- M iscellaneous Cycloh e x a d ie n o n e sp iro la c to n es

This s e c tio n  in c lu d e s  some examples o f c y c lo h ex ad ien o n esp iro lac to n es  

in  which th e  la c to n e  and cyclohexadienone r in g s  b o th  co n ta in  th e  s ame

12
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sp iro -c a rb o n  atom b u t whose p o s i t io n  i s  o th e r  th an  a d ja c e n t to  th e  

la c to n e  r in g  oxygen, and th u s  th e se  compounds a re  n o t o f  d i r e c t  re le v a n c e  

to  t h i s  t h e s i s .

T re a tm e n t^  o f  th e  p h en o lic  e s te r  6A w ith  an excess o f manganese
Id io x id e  in  benzene gave in  y ie ld ,  p ic ro l ic h e n ic  a c id  6/>, a m e ta b o li te

from P e r tu s a r i a  am ara; no t r a c e  o f  6~p> co u p lin g , to  g iv e  th e  iso m eric

1 7compound 66 was observed . The anodic o x id a t io n + o f  isochrom anone 67 

in  a c e t o n i t r i l e  gave a 55% y ie ld  o f th e  b ic y c l ic  s p iro la c to n e  68. In 

a r e c e n t  com m unication, * a n o v e l s p iro la c to n e  71. was d e sc rib e d  as a 

s u i ta b le  p re c u rso r  fo r  p rep h en a te  7.2, an in te rm e d ia te  in  th e  b io s y n th e s i s ^  

o f  pheny lpyruv ic  a c id .  A lthough th e  g ro ss  s t r u c tu r e  o f  72 had been 

p o s tu la te d ,  i t s  in  v i t r o s y n th e s is  has on ly  r e c e n t ly  been ach ieved  6 9 —

72 (Scheme 7) . ^

1 .3  D ienone-Phenol Rearrangem ent

•This i s  an a c id -c a ta ly s e d  rearran g em en t o f a c a rb o c a tio n  in  which 

th e  n a tu re  o f b o th  r in g  s u b s t i tu e n ts  and m ig ra tin g  sp e c ie s  a f f e c t s  th e  

com position  o f th e  f i n a l  p ro d u c t. For example, th e  2 - s u b s t i tu te d
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c y c lo h ex a-2 ,5 -d ien o n e  7j> could  g iv e  fo u r p o s s ib le  p ro d u c ts  

(Scheme 8 ) ,  The e f f e c t  o f th e  2 - s u b s t i tu e n t  can be s t e r i c - a  t e r t -  

b u ty l group ten d s  to  be CL r a th e r  th a n  CL d ir e c t in g  -  or e l e c t r o s t a t i c  

e .g .  an e le c tro n e g a t iv e  brom ine would d e s ta b i l i s e  an* in te rm e d ia te  w ith

51a p o s i t iv e  charge n e a r  i t ,  and so would a lso  be d i r e c t in g . U su a lly

a more s u b s t i tu te d  a lk y l  group m ig ra te s  in  p re fe re n c e  to  a l e s s  s u b s t i tu te d
52 ' 53-6one, and phenyl groups m ig ra te  more r e a d i ly  than  a lk y l  g roups. ^

E lec tro n  w ithdraw ing s u b s t i tu e n ts  d ec re ase  th e  m ig ra to ry  a p t i tu d e  o f

57phenyl groups, w h ile  e le c tro n  d o n a tin g  s u b s t i tu e n ts  enhance i t .  

a l l  case s  a carbon bond m ig ra te s  r a th e r  th an  a h e teroa tom  bond.

In

Cyclohexa~2,4--dienones can r e a c t  in  two d i f f e r e n t  ways. M onocyclic

58compounds 78 r e a c t  m ain ly  as d iscu ssed  above, r e s u l t in g  in  norm al 6-5

m ig ra tio n  79. However b ic y c l ic  n a p h th a le n e -ty p e  compounds, e . g .  BCD?

re a r ra n g e  as shown in  Scheme 9 w ith  a ttack , o f a n u c le o p h ile  (u s u a lly

a c e ta te  when th e  rea rran g em en t o ccu rs  in  a c e t ic  a n h y d r id e -su lp h u r ic  a c id )

59a t  th e  ^ --p o s itio n  g iv in g  81_.
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The d ienone-pheno l rea rran g em en t has been a p p lie d  to  d ien o n e- 

s p iro la c to n e s .  Thus tre a tm e n t o f th e  d ib rom olactone 104. w ith  e i th e r  

0 .5  -2 m  su lp h u ric  a c id ,  ^  ̂ or 4-. su lp h u r ic  ac id  in  a c e t o n i t r i l e , ^  

g iv e s  r i s e  to  bo th  2 ,4 -d ihydro .xy- and 2 ,5 -d ihydroxy-d ibrom ophenylpropanoic
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a c id s  84 and 8_5 v ia  h y d ro ly s is  o f th e  7 -  and 6~iiydroxycoum arins 82 

and 83 produced by oxygen and carbon m ig ra tio n  re s p e c tiv e ly ,,  The 

predom inant p ro d u c ts  from t h i s  r e a c t io n  a re  sp e c ie s  d e riv e d  from oxygen 

md.gr a t io n .

R earrangem ent o f la c to n e  102 w ith  0.5m su lp h u r ic  a c id ,  however, 

y ie ld s^ *  on ly  th e  p ro d u c ts  86 and 87 , r e s u l t in g  from carbon m ig ra tio n .

As 6-hydroxycoum arin 86 i s  known to  h y d ro ly se  to  th e  2 , 5 -d ihydroxy  ac id

87 under th e se  c o n d itio n s , w hereas c y c l is a t io n  o f ac id  87 to  g iv e  86

does n o t occu r, e v id e n tly  86 was th e  f i r s t  p ro d u c t formed by d ien o n e-

phenol rearrangem en t i n i t i a t e d  by p ro to n a tio n  on th e  carbony l carbon o f

th e  d ienone system . No t r a c e  o f  th e  p ro d u c ts  from oxygen m ig ra tio n  were

62 6*1d e te c te d , th e re b y  r e f u t in g  e a r l i e r  c la im s . ~ The u se  o f an a c e t ic

a n h y d rid e -su lp h u ric  a c id  m ix tu re  on 102 gave some 6-ace toxycoum arin , due

to  th e  p resen ce  o f  th e  su lp h u r ic  a c id ,  b u t m ainly  th e  2, A -d iace to x y ac id

1888 was produced . Experim ents in v o lv in g  th e  u se  o f  0 - la b e l le d  a c e t ic  

anh y d rid e , and a lso  d ia c e ty l  su lp h id e -b o ro n  t r i f l u o r i d e ,  le d  to  th e  

p ro p o sa l o f a mechanism (Scheme 10) ,  in  which th e  p ro d u c ts  89 (-!-• 88 ) 

o s te n s ib ly  a r i s in g  from  oxygen m ig ra tio n , o r ig in a te d  in  f a c t  from  

in t e r a c t io n  w ith  s o lv e n t m o lecu les.

62The u n s a tu ra te d  la c to n e  90 when t r e a te d  ~ w ith  3M s u lp h u r ic  a c id ,  r e a r ­

ran g es  in  9&j0 yield to  th e  6-hydro xyc oumar in  2 1 * th e  s u b s t i tu te d  / 3  - la c to n e s  

6a -e  and 7 a lso  undergo carbon m ig ra tio n  to  th e  ben 20 fu r  an ones 92a--e

and 9_3. in  h igh  y ie ld s  on r e a c t in g  w ith  a su lp h u r ic  a c id - a c e t ic  a c id
6/m ix tu re . I n te r e s t in g ly ,  47 in  h o t vsulphuric ac id  undergoes "r oxygen

m ig ra tio n  to  94a, w h ile  9.11 produced under b a s ic  c o n d it io n s .  T re a t-  
y

ment o f  .41 w ith  a c e t ic  anhyd ride -bo ron  t r i f l u o r i d e  y ie ld s  th e  xanthone



i ,■>4 R eac tio n o f Cyclohexa d ie n o n e sp iro la c to n e s  w ith  N ucleoph iles

Much o f th e  ch em is try  o f  qu inones r e s u l t s  from M ich ae l-ty p e  a d d it io n

o f n u c le o p h ile s  to  th e  enone m oiety  co n ta in ed  in  th e  r in g .  The s y n th e t ic

u t i l i t y  o f th e se  1 ,A -ad d itio n  r e a c t io n s  may be l im ite d  by a la c k  o f

r e g io s p e c i f i c i t y  and a ls o  by f u r th e r  tra n s fo rm a tio n s  o f th e  ad d u c t. Some

65—6re c e n t  p re lim in a ry  experim en ts have been c a r r ie d  o u t to  determ ine 

w hether quinone mono- and b i s - k e t a l s  show g re a te r  s e l e c t i v i t y  in  t h e i r  

r e a c t io n s  w ith  n u c le o p h ile s ,  from which th e  r e s u l t s  look  p rom ising .

An a l t e r n a t iv e  approach exp lo red  by Ogino et a l ^ has been to  u se  a 

good le a v in g  group p a ra  to  th e  eyelohexadienone carbony l to  d i r e c t  th e  

r e g io s p e c i f i c i t y  o f th e  r e a c t io n .  S u b s titu te d  3 ,3 -d ip h e n y l-1 -o x a sp iro -  

[ 3 . 5 ]  ~nona~5,8~diene~2,7«diones 6 a -e were chosen as having  enhanced 

r e a c t i v i t y  tow ards n u c le o p h ile s  because  o f th e  r in g  s t r a i n  in  th e  

/ 3  ~pr o p i  o l  a c t  on e m oiety . A lthough th e  r e a c t io n s  o f CC, Q c-d ipheny l-/6  -  

p ro p io la c to n e s  w ith  n u c le o p h ile s  a re  known to  occur a t  th e /Q  -carbon  

w ith  c leavage  o f  e i th e r  or bo th  th e  carbonyl-oxygen and a lky l-oxygen
fay

bonds, in  sp iro  compounds 6 a-e  th e  Oc-carbon  on t h e / $ - l a c t o n e  r in g  

could  n o t be th e  r e a c t io n  c e n tre  because i t  i s  b locked  by th e  c y c lo -  

hexad iene m oiety .

The r e a c t io n  o f  compounds 6 a -e  in  a c e t o n i t r i l e  w ith  excess 

po tassium  cyanide gave th e  co rre sp o n d in g ly  s u b s t i tu te d  Ck , (3c-d ipheny l-p - 

h y d ro x y b e n z e n e a c e to n itr i le s  9 6a-e  (Nuc — CN).; in  th e  r e a c t io n  o f  6a w ith  

po tassium  cyanide th e  e v o lu tio n  o f carbon d io x id e  was e s ta b l is h e d .  "When 

po tassium  cyanide was i n i t i a l l y  added to  th e  a c e t o n i t r i l e  s o lu tio n s  o f  

6c and 6d, orange p r e c i p i t a t e s ,  which were id e n t i f i e d  as th e  t r a n s i e n t  

quinone methid.es 97c and 97d, were im m ediate ly  formed in  7$ and 69% 

y ie ld s  r e s p e c t iv e ly .  On s t i r r i n g  th e  orange p r e c i p i t a t e s  d isap p ea red
/“s <—)

and 96c and 9qd (Nuc=CN) w ere o b ta in e d . H alide~(B r and I )- io n ~  

c a ta ly s e d ■d eca rb o x y la tio jis  o f 6a a lso  gave p -qu inone d iphen y lm sth id es
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9 7 a , Treatment of 6a w ith  methyl magnesium io d id e  or methyl l i th iu m  

in  e th e r  a f fo rd e d  O c-(p -hyd roxypheny l)-  C t,O b-diphenylethane 96a (Nu™

Me) in  65 and ?S1% y i e ld s  r e s p e c t iv e l y .

The r e a c t i o n  o f  compounds 6a-e  w ith  n u c le o p h i le s  appears  to  proceed 

v ia  a t t a c k  on th e  carbonyl carbon o f  t h e / 3  - l a c to n e  r i n g ,  r a t h e r  than  on 

th e  cyclohexadiene group, g iv in g  d eca rboxy la ted  p-qu inone d iphenylm eth ides  

97a~e in te rm e d ia te s ,  fo llow ed  by 1 ,6 - a d d i t i o n  o f  th e  n u c le o p h i le  to  g ive  

th e  f i n a l  p roduc t (Scheme 11), This  r e a c t i o n  in  which n u c le o p h i le s  a t t a c k  

th e  carbonyl carbon to  cause d e ca rb o x y la t io n  i s  th e  f i r s t  case  r e p o r te d  

f o r y S  - l a c to n e s .

The r e a c t io n  o f  7 w ith  po tass ium  cyanide was complex and no i d e n t i ­

f i a b l e  compounds were i s o l a t e d .  However, when r e a c te d  w ith  methyl l i t h iu m ,  

7 g ives  O s -(4"hydroxy~3-m ethylphenyl)-»Oc -m ethylpropanoic ac id  98, in  

r a t h e r  poor y i e ld ,  showing t h a t  in  t h i s  case  a t t a c k  o f  th e  n u c le o p h i le  

ta k e s  p la c e  on th e  cyc lohexad iene  group. The r e a c t i o n  may occur by 

methyl an ion  a t t a c k  on e i t h e r  th e  p o s i t i o n  a l l y l i c  to  th e  le a v in g  carboxy 

group, or the  d iene  carbonyl group fo llow ed  by a v iny logous p in a c o l  

rea rrangem en t.  The two mechanisms cannot be d i s t in g u is h e d  on th e  b a s i s  

o f  th e  p ro d u c ts ,  b u t  from th e  r e a c t i o n  o f  th e  s p iro la c ta m  99 w ith  methyl 

l i th iu m ,  th e  c a rb in o l  100, formed w ith  th e  d ienone-carbony l fu n c t io n ,  

was i s o l a t e d ;  Scheme 12 was th e r e f o r e  proposed. The d i f f e r e n t  r e a c t io n s  

o f  th e  3 ,3 -d ip h e n y l -  and 3*3 ~ d im e th y l- s p iro la c to n e s  can be exp la ined  by 

th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  p -qu inone  m eth ides .



CHAPTER TWO

Attempted High Y ield  S y n th es is  o f  1~0xaspiro~ f 4-. 5] -d ec a -6 ,9 - -d ie n e -2 , 8 -
dione

2*1.1 S y n th es is  o f  'l -O x asp iro -  |a .  5] -deca~6,9-diene--2,8--dioDe

The s p i r o la e to n e  102 has been im p l ic a te d  in  th r e e  main b iochem ica l

a re a s  v ia  th e  enzymatic d e g ra d a t io n  o f  t y r o s in e ,  th e  s p e c i f i c  c leavage  of

c e r t a in  p e p t id e  bonds, and th e  b io s y n th e s i s  o f  coumarins.

The d eg rad a tio n  o f  ty r o s in e  to  a c e to a c e ta te  in  th e  l i v e r  in v o lv e s  .

th e  convers ion  o f  p-hy  droxyphenylpyruvic  ac id  115 i n t o  hom ogentis ic  ac id

68120, th e  mechanism fo r  which i s  s t i l l  u n re so lv ed .  In  1952 Witkop e t  a l

proposed a mechanism (Scheme 13) v i a  p -qu ino l--type  in te r m e d ia te s ,  w h ile

61a l a t e r  mechanism suggested  by H a s s a l l  and co-workers invo lved  th e

fo rm ation  o f  s p i r o la c to n e s  (Scheme 14-). In  connec tion  w ith  th e  l a t t e r

th e o ry ,  p h lo r e t i c  a c id  101 was o x id ise d  w ith  hydrogen p e ro x id e  in  g l a c i a l

a c e t i c  a c id ,  p e r a c e t i c  a c id ,  and le a d  t e t r a a c e t a t e  in  anhydrous methanol

in  modest y i e ld s  (12, 2, 1% r e s p e c t i v e l y )  to  th e  co rresponding  s p i r o la e to n e

102; under ac id  c o n d i t io n s  t h i s  gave / / 3 “ (2 ,5"d ihyd roxypheny l)-p ropano ic

acid  121 ( c . f .  120) v ia  carbon m ig ra t io n .  The o r i g i n a l  Witkop mechanism

69has r e c e n t l y  r e c e iv e d  su p p o r t  from th e  f in d in g  t h a t  th e  convers ion  o f

115-»120 (Scheme 13) i s  c a ta ly s e d  by th e  enzyme p-hydroxyphenylpyruvate

hyd roxy lase ,  and t h a t  a tm ospheric  oxygen i s  in c o rp o ra te d  i n t o  both  th e

newly formed hydroxy- and s id e  chain  carbonyl g roups, w i th  l i b e r a t i o n  o f
70—1

carbon d io x id e .  S a i to  e t  a l '' we r e  a b le  to  dem onstra te  th e  chemical

f e a s i b i l i t y  o f  t h i s  scheme by i s o l a t i o n  o f  th e  p -q u in o l  119 from th e  

d y e - s e n s i t i s e d  photooxygenation  of 115. Also th e  o ccu rrence  o f  i n t e r ­

m ediate  118 in  th e  r e a c t i o n  was dem onstra ted  by i n d i r e c t  means. However 

the. p a r t i c i p a t i o n  o f  s i n g l e t  oxygen in  th e  chemical r e a c t io n  means t h a t  

d i r e c t  e x t r a p o la t io n  o f  th e  mechanism to  th e  en zy m a tic a l ly  c a ta ly s e d  

r e a c t io n  i s  q u e s t io n a b le ,  I t  was du ring  / t h i s  work t h a t  th e  Japanese
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photooxygenated p h l o r e t i c  ac id  101 ( in  phosphate  b u f f e r  pH 8 .5 )  to  th e

s p i ro la e to n e  102 and th e  p -q u in o l  125 in  22 and 50% r e s p e c t iv e l y .

Treatm ent o f  th e  p -q u in o l  125 w ith  N,N -dicyclohexyicarbodiim ide gave

th e  s p i ro la e to n e  102 in  90% y i e ld  (Scheme 15). The -p-quinol 119 has
72been in d e p en d en tly  s y n th e s is e d ,  ~ b u t  was n o t  d e te c te d  during  enzyme

c a ta ly s e d  conversion  o f  p-hydroxyphenylpyruvic  ac id  115 in to  homogentisic.

ac id  120. During u n s u c c e s s fu l  a t tem p ts  to  produce th e  p -q u in o l  116,

enzymatic o x id a t io n  o f  th e  methyl e s t e r  o f  p h lo r e t i c  a c id  109 gave th e

s p i ro la e to n e  102 and th e  p -q u in o l  126; th e  l a t t e r  was s t a b i l i s e d  by

convers ion  to  th e  s p i r o la e to n e  102 in  27% y ie ld  by warming w ith  an

a c e t i c  a c id /h y d ro c h lo r ic  a c id  m ix tu re .

73E f f o r t s  by Witkop and co-w orkers to  in c re a s e  th e  s e l e c t i v i t y  in

th e  non-~enzymatic c leavage  o f  t y r o s y l - p e p t id e  l in k a g e s  le d  to  th e  u se  o f

e le c tro c h e m ic a l  te c h n iq u e s .  C o n tro l led  e le c t ro d e  p o t e n t i a l  anodic

o x id a t io n  o f  p h lo r e t y l - g ly c in e  111 gave th e  s p i r o la e to n e  102 w ith  th e

l i b e r a t i o n  o f  g ly c in e ,

62S c o t t  e t  a l  ~ used anodic o x id a t io n  o f  p h l o r e t i c  ac id  101 to  produce 

th e  s p i ro la e to n e  102, a p o s s ib le  in te rm e d ia te  i n  th e  b io s y n th e s i s  o f  

coumarins. The 1% aqueous s o lu t io n  o f  s u b s t r a t e  gave a 20% y ie ld  o f  

s p i ro la e to n e  102. I t  was no ted  t h a t  th e  methyl e s t e r  109 d id  n o t  r e a c t  

under th e se  c o n d i t io n s .  The s p i r o la e to n e  102 was supposed ly  r e a r ra n g e d  

to  both  6™ and 7-hydr o xydi hydr o c oumar in s  86 and 127 when h ea ted  under 

r e f l u x  in  acid  media, a l though  th e re  i s  now some doubt o f  th e  

a u t h e n t i c i t y  o f  th e s e  c la im s .

2 .1 .2  Syn t h e s i s  o f  H alogenated 1 -Q xaspiro-j^-. 5 - -d eca -6 ,9 "d ien e -2 ,8 -d io n es

The d ib ro m o sp iro lac to n e  104- has been employed d u ring  s tu d ie s  on 

o x id a t iv e  t y r o s y l - p e p t id e  c leavages  and coumarin b io s y n th e s i s ,  w h i l s t  th e

24.
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d iio d o  s p i ro la c to n e  106 and to  a l e s s e r  e x te n t  th e  d ic h lo r o s p i r o la e to n e  

108 were produced d u ring  e lu c id a t io n  of th e  b io s y n th e s i s  o f  th y ro x in e .
n 1

Du Vigneaud and co-w orkers  found t h a t  t r e a tm e n t  w ith  aqueous

bromine causes s e l e c t i v e  c leavage  o f  th e  polypeptides- oxy toc in  and v a so -

p re s in  a t  th e  amide l in k a g e  between th e  carbonyl o f  ty r o s in e  and th e

n i t ro g e n  o f  th e  a t ta c h e d  amd.no a c id .  F u r th e r  i n v e s t i g a t i o n  by Corey and 
75H aefe le  le d  to  th e  p ro p o sa l  o f  a mechanism (Scheme 16), N ~benzy l-3 ,5 -  

dibromophloretann.de 113 when r e a c te d  w ith  bromine under Du Vigieaud c o n ­
d i t i o n s ,  l i b e r a t e d  benzylamine wi'th th e  q u a n t i t a t i v e  fo rm a tio n  o f  th e  

h a lo g en a ted  s p i ro la e to n e  10^. The r e a c t i o n  o f  p h l o r e t i c  ac id  j[01_ and

3 ,5 -d ib ro m o p h lo re t ic  a c id  103 w i th  aqueous b rom ine ,60 or NBS,75 a l s o  

g iv e s  th e  h a logena ted  s p i r o la e to n e  I 04. in  good y i e l d .  Simd.larly, th e  

r e a c t io n  o f  N ~ a e e ty l ty ro s in e  amide 130 w ith  bromine in  aqueous methanol 

f (Scheme 17) r e s u l t s  in  th e  l i b e r a t i o n  of ammonia and th e  fo rm ation  o f  

th e  h a logena ted  s p i r o la e to n e  135• N - a c e ty l - 3?5-d ib ro m o ty ro s in e  134-, 

produced by th e  z i n c / a c e t i c  ac id  r e d u c t io n  o f  135, i s  r e a d i l y  converted  

back in t o  i t s  l a c to n e  form 135 on t r e a tm e n t  w ith  bromine. The c leavage 

o f  th e  ty ro sy l-am in o  l in k a g e  1J3la. and n o t  th e  ace ty l-am ino  l in k a g e  131b 

dem onstra tes  th e  p r e f e r e n t i a l  fo rm ation  o f  f i v e  r a t h e r  than  s ix  membered 

s p i ro  r i n g s ,  a r e s u l t  in  accordance w ith  p rev ious  f i n d i n g s . 7 ’77

The two d ip e p t id e s ,  N -p h lo re ty lg ly c in e  1JJ_ and 3 , 5 -d ib ro m o p h lo re ty l -  
60g ly c in e  Vi.4 r e a c t  w ith  NBS to  g iv e  th e  h a logena ted  s p i r o la e to n e  104. 

and g ly c in e  l i b e r a t i o n .  Analogous t r a n s fo rm a t io n s  were e f f e c t e d  when 

N -acyl d e r iv a t i v e s  o f  ty r o s in e ,  V32 and 3 , 5 -d ib rom oty ros ine  V34, 1?6 

were t r e a t e d  w ith  NBS y ie ld in g  th e  co rrespond ing  ha lo g en a ted  N -a c y ls p iro -  

la c to n e s  133. 115.? ^37 in  h igh  y i e l d .

During s tu d ie s  on th e  b io s y n th e s i s  o f  coum arins, i t  was found67 t h a t  

p-methoxyphenylpropanoic a c id  I 46 r e a c te d  w ith  NBS in  b u f fe re d  (NaOAc and

26



MeCN) s o lu t io n  to  g ive  a m ix tu re  o f  th e  d ib ro m o sp iro lac to n e  101 and

th e  hydrocoumarin 128 by way o f  th e  in te rm e d ia te  143, o f  s u f f i c i e n t

l i f e - t i m e  to  g e n e ra te  th e  brom inated s p i ro la e to n e  104 by h y d ro ly s is .
78Matsuura and co-w orkers , in  an e f f o r t  to  e l u c id a t e  th e  b io s y n th e s i s

o f  th y ro x in e  141 from 3 , 5 ~ d i io d o ty ro s in e  140, have in v e s t ig a t e d  th e

r e a c t io n  o f  3?5 -d iiodop lfL ore tic  a c id  105 w ith  a s e r i e s  of o x id i s in g

a g e n ts .  The m odified  dimer 142, from th e  proposed r a d i c a l  mechanism

and s id e -c h a in  m o d if ic a t io n  (Scheme 18) was found in  o n ly  one case

(K^Fe(CN)^ : pH 12), and even then  i n  v e ry  sm all y i e l d ,  polymers being

th e  u su a l  p ro d u c ts .  However p h o to o x id a t io n  in  th e  p resen ce  o f  a

s e n s i t i z e r ,  as w e ll  as o x id a t io n  w ith  h y p o c h lo r i te  and hydrogen p e ro x id e ,

o r  NBS, gave n e i th e r  dimer nor polymer, bu t th e  io d o s p i ro la c to n e  106.

w h ile  photooxygenation  o f  3 , 5 -d ib ro m o p h lo re tic  ac id  103 y ie ld e d  th e

79d ibrom olactone 104. The io d o la c to n e  106 can a lso  be produced by th e

a c t io n  o f  N -iodosuecinimii.de on p h l o r e t i c  ac id  101.

During th e  above work on th y ro x in e ,  3?5 - d ic h lo r o p h lo r e t ie  a c id  107 
78was t r e a t e d  w ith  h y p o c h lo r i te  and hydrogen p e ro x id e  g iv in g  a 40% 

y ie ld  o f  th e  expected d ic h lo r o s p i r o la c to n e  108.

2 . 1 . 3  S yn thes is  o f  Other R e la ted  S p iro la c to n es

M iscellaneous s u b s t i t u t e d  s p i r o la c to n e s  have been produced du ring  

in v e s t ig a t io n  o f  coumarin fo rm a tio n .
62The u n s a tu ra te d  la c to n e  £0 o b ta in ed  in  15% y ie ld  by anodic

o x id a t io n  o f  p-hydroxycinnam ic ac id  1.44, can be r e a r ra n g e d  on t re a tm e n t

w ith  m inera l ac id  to  a s e p a ra b le  m ix tu re  o f  6-hydroxycoumarin 91 and,

i t  i s  c laim ed, some u m b e l l i f e ro n e  145. Anodic o x id a t io n  o f  N -carbo-

m ethoxytyrosine  1J38 y ie ld e d  th e  s u b s t i t u t e d  s p i ro la e to n e  139, a p o s s ib le

in te rm e d ia te  i n  th e  b io g e n e s is  of novob ioc in . Thallium  ( i l l )  t r i f l u o r o -

80a c e ta t e  in  t r i f l u o r o a c e t i c  a c id  o x id ise d  3 - ( 3 , 4-d im ethoxyphenyl) -
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propanoic  ac id  14-7 to  a 3:1 m ix ture  (57% reco v e ry )  o f  th e  dihydro~ 

coumarin 129 and th e  s p i r o la e to n e  110; th e  proposed mechanism i s  shown 

in  Scheme 19. Analogous convers ion  o f  3“ (3>4-j 5 - t r im e th o x y p h e n y l) -  

p ropanoic  ac id  14-6 alm ost e x c lu s iv e ly  to  th e  sp iro la -c tone  112 in  37% 

y ie ld  was a l so  ach ieved .

2 . 2 Conc lusion

From th e  r e s u l t s  surveyed in  th e  p reced ing  s e c t io n s  i t  i s  obvious '

t h a t  th e  d ih a lo g en a ted  la c to n e s  '104-, 1_06 and 106. can be formed much

more r e a d i l y  than  th e  p a r e n t  l a c to n e  102, bu t t h a t  th e s e  compounds,

being  s u b s t i t u t e d  in  th e  p o s i t i o n  o r th o  to  th e  dienone carbonyl a re

- n o t  s u i t a b l e  f o r  th e  s y n th e t ic  pathways o u t l in e d  in  Scheme 1. A ttempts

81to  deha logena te  th e  brom olactone 104- to  102 have been u n su c c e s s fu l ,  

and th e  photooxygenation  r o u te  to  102, a lthough  a good y i e ld  p ro c e s s ,  

i s  a sm all s c a le  method of  some experim en ta l d i f f i c u l t y .

The most prom ising  approach to  th e  s p i ro la e to n e  102 appears  to  be 

th e  u se  o f  anodic o x id a t io n  o f  p h l o r e t i c  ac id  101 a t  a c o n t ro l le d  

e le c t ro d e  p o t e n t i a l  (u n l ik e  th e  e a r l y  e le c tro c h e m ic a l  s tu d ie s  where a 

c o n s ta n t  c e l l  v o l ta g e  was employed) or by t r y i n g  th e  new er.range  o f  

chemical o x id a n ts .

2 .3 .1  S yn thes is  of S p iro la c to n e s  by Anodi c  O xidation

The p o t e n t i o s t a t i c a l l y  c o n t ro l l e d  o x id a t io n  o f  p h l o r e t i c  ac id  101

a t  a carbon f e l t  anode was i n v e s t ig a t e d ,  w ith  v a r i a t i o n  o f  s o lv e n t ,

anode p o t e n t i a l ,  and r a t e  o f  a d d i t io n  of  s u b s t r a t e ;  some of th e se

experim ents  a re  summarised in  Table I.** In no case  could th e  y ie ld  be
62in c re a se d  to  g r e a te r  than  th e  p r e v io u s ly  r e p o r te d  J 20%. I t  was thought 

t h a t  in te rm o le c u la r  phenol coup ling  on th e  anode s u r fa c e  might be a



major competing r e a c t i o n ,  b u t  th e  low y ie ld  o f  brom olactone 104- from 

anodic o x id a t io n  o f  d ib ro m o p h lo re tic  a c id  103 makes t h i s  u n l ik e ly .  Use 

o f  a two-compartment c e l l  d id  n o t  improve th e  y ie ld  o f  s p i r o la c to n e s  102 

and 104.; a u th e n t ic  samples o f  th e s e  compounds were in  any case

r e s i s t a n t  to  ca th o d ic  r e d u c t io n .

2 . 3 .2  Synthesis- o f  S p iro la c to n e s  by Chemical O x idan ts

Treatment o f  p h l o r e t i c  a c id  101 w ith  chemical o x id a n ts  v iz  manganese 

d io x id e ,  manganese t r i s  a c e ty la c e to n a t e ,  DDQ ( in  methanol and benzene),  

s i l v e r  ox ide ,  and le a d  d io x id e ,  a l l  f a i l e d  to  produce any s p i r o la e to n e  

102 a t  a l l .  Attempts made to  improve th e  known lo w -y ie ld  o x id a t io n  o f  

p h l o r e t i c  a c id  101 to  th e  la c to n e  102 by lead  t e t r a a c e t a t e ,  by v a r i a t i o n  

o f  s o lv e n t  system s, q u a n t i t y  of o x id a n t ,  and te m p era tu re ,  f a i l e d  to  g ive  

y i e ld s  g r e a te r  than  $%•

None of  th e  above o x id a n ts  produced th e  u n s a tu r a te d  la c to n e  90 from 

p-hydroxycinnamic a c id  14-4-*. th e r e f o r e  anodic o x id a t io n  rem ains th e  on ly  

means o f  e f f e c t in g  t h i s  t r a n s fo rm a t io n .

2.4- Conclusion

The above r e s u l t s  i n d i c a t e  t h a t  d i r e c t  o x id a t io n  o f  p h lo r e t i c  ac id  

101 to  th e  s p i ro la e to n e  _102 in  h igh  y ie ld  i s  u n l ik e ly .  Although th e  

u se  o f  s u b s t i t u t e d  p re c u r s o r s  in c re a s e  th e  y i e ld s ,  th e s e  cannot then  be 

transfo rm ed  to  d e s i r e d  s p i r o la e to n e  102. T herefo re  a l t e r n a t i v e  r o u te s  

to  t h i s  compound must be co n s id e red .
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CHAPTER THREE

The P re p a ra t io n  and P r o p e r t i e s  of Cyclohexadlenim ines

3,1 I n t r o d u c t io n

The poor y i e ld s  o f  s p i r o la e to n e  102 o b ta in ed  by in t r a m o le c u la r  o x id a t iv e  

coupling  o f  p h lo r e t i c  ac id  101 (Chapter Two) n e c e s s i t a t e d  an in v e s t i g a t io n  of 

a l t e r n a t i v e  s y n th e t ic  approaches to  th e  la c to n e .  One a t t r a c t i v e  ro u te  to  102 

would be to  use  r e a c t io n s  (Scheme 20) in  which th e  l a c to n e  i s  formed by expu ls ion  

o f  a le a v in g  group from th e  p a ra  p o s i t i o n  o f  a phenyl p ropanoic  ac id  1l9a.,b w ith  

synchronous n u c le o p h i l i c  a t t a c k  by th e  s id e -c h a in  carboxyl s u b s t i t u e n t .

S c h e m e  2 0

1 4 9  a : X =  0  
b : X =  NH

A

1 02 X = 0  
1 5 0  X = N H

For d i r e c t  fo rm ation  o f  a d ienone, compounds o f  th e  type  * 119a would be

d e s i r a b l e ,  b u t  s u i t a b l e  phenol d e r iv a t i v e s  149a co n ta in in g  le a v in g  groups

le a d in g  to  th e  i n c i p i e n t  or f u l l  phenoxonium sp ec ie s  a re  n o t  r e a d i l y  a c c e s s ib le .

In  th e  sea rch  fo r  aryloxonium io n s ,  r e c e n t  s tu d ie s  by Abramovitch and 
82 83 84co-workers , ’ , have cen tre d  around th e  th e rm o ly s is  and p h o to ly s i s  o f  N-

a ry loxypyrid in ium  s a l t s .  I t  was proposed t h a t  th e s e  experim en ta l c o n d i t io n s  
83produced a phenoxonium ion  151 which underwent an i n t e r n a l  n u c le o p h i l i c



a t t a c k  by theyQ  -carbon o f  th e  p y r id in e  r i n g  to  g ive  1_£2 (Scheme 21); in

support o f  t h i s  mechanism i t  was found t h a t  e lec tro n -w ith d ra w in g  s u b s t i t u e n t s

par a  t o  th e  pheno lic  oxygen enhanced th e  p roduc t y i e ld ,  presumably by

in c r e a s in g  th e  e l e c t r o p h i l i c i t y  o f  th e  oxygen anion 151a ,-a n d  red u c in g  th e

c o n t r ib u t io n  made by th e  mesomer 151b to  th e  o v e r a l l  charge d i s t r i b u t i o n .
82E a r l i e r  work had a lso  invo lved  th e  u se  o f  p y r id in e  as a l e a v in g  group; one 

example o f  t h i s  i s  shown in  Scheme 22, where th e  proposed conce r ted  mechanism
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r e s u l t s  in  th e  p rod u c tio n  o f  s u b s t i t u t e d  quinones 153. However th e  r e l a t i v e l y  

sm all s c a le ,  modest y i e l d ,  and com plex ity  o f  bo th  s t a r t i n g  m a te r i a l s  and s id e  

r e a c t io n s  sugges t  t h i s  to  be a somewhat u n favou rab le  approach to  cyc lohexa-  

d ie n o n e s .

85Goosen e t  a l  have rece n t ly .sh o w n  t h a t  th e  r e a c t io n  o f  a number o f  p -

s u b s t i t u t e d  2 -phenoxyethanols  1_54? 3-phenylpropan~1 - o l s  1 5 5 , and 3 -ph en o xypr o pan -

1 -o ls  156, w ith  mercury ( I I )  oxide and io d in e  g ives  th e  sp iro d ie n o n es  157, 158

and 159» as products.. E le c t ro n -d o n a t in g  s u b s t i t u e n t s  promoted in t r a m o le c u la r

c y c l i s a t i o n s  o f  154- and 1j5J5 by an Ar^-5 mechanism to  g ive  157 and 158, w h i l s t

Ar^~6 c y c l i s a t i o n  occurred  ( a l b e i t  l e s s  r e a d i l y )  w ith  156 . Less a c t iv a t e d

systems gave n u c le a r  io d in a te d  p ro d u c ts ,  and when a d e a c t iv a t in g  s u b s t i t u e n t

( e .g .  X^sNOp) was p r e s e n t  th e  s u b s t r a t e  was r e l a t i v e l y  i n e r t .  I n t e r e s t i n g l y ,

th r e e  d i f f e r e n t  r e a c t io n  mechanisms fo r  th e s e  c y c l i s a t i o n s  were proposed. In

th e  dark  r e a c t io n s ,  th e  phenoxyethanol s e r i e s  was though t to  g ive  a h y p o io d i te

sp ec ie s  and hence th e  monoketal 157 (Scheme 23 Path  1); t h i s  r e a c t i o n  was

s u c c e s s f u l ,o n ly  fo r  s u b s t r a t e s  w ith  an oxygen moiety (R0-) in  the  p a ra  p o s i t i o n .

In  th e  s p e c i f i c  case o f  p-hydroxyphenoxyethanol 1-54 (Xs^OH), a sequence

in v o lv in g  th e  p ro d u c tio n  of a phenoxy-iod ide  was proposed, which by an a r y l

a s s i s t e d  expulsion  o f  io d id e  gave a charged quinonoid  s p e c ie s  ( fo rm a l ly

analogous to  quinone m ethides formed in  c e r t a i n  phenol o x id a t io n s * ^ ) ; t h i s

then  c o l la p s e s  to  157 (Scheme 23 P a th  2 ) .  For r e a c t io n s  in v o lv in g  p h o to ly s i s ,

a r a d i c a l  in te rm e d ia te  was p o s tu la t e d ,  which underwent f u r t h e r  o x id a t io n  to  a

ca rb o c a t io n ,  and then  to  th e  sp iro d ien o n e  157 (Scheme”23 Path  3 ) .  Tbe Arp-6

c y c l i s a t i o n  p roduc ts  160 from 3 -ph en y lp ro p an -1 -o ls  1_55 have been shown to

a r i s e  by rearrangem ent o f  Ar^-5 in te rm e d ia te s  158 in  which carbon m ig ra tes  in

61p re fe re n c e  to  oxygen due to  s t a b i l i s a t i o n  o f  the  c a t io n ic  in te rm e d ia te  

a f fo rd e d  by th e  he te roa tom  rem ain ing  in  th e  par  a -pos i t i  on (Scheme 24- see 

a l s o  Sec tion  1 .3 ) .
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The use  o f  n i t r o g e n  sp ec ie s  14-9b in  Scheme 20 i s  a p o t e n t i a l l y  more 

p rom ising approach than  one in v o lv in g  p h en o lic  p r e c u r s o r s ,  s in c e  th e r e  i s  

evidence, d iscu ssed  in  th e  fo l lo w in g  s e c t io n ,  to  suggest t h a t  n i t re n iu m  

in te rm e d ia te s  may be a v a i l a b l e  by th e  p ro c e ss  shown in  Scheme ’ 25, and th a t  

th e y  undergo read y  n u c le o p h i l i c  a t t a c k  on th e  arom atic  r i n g .  The r e s u l t i n g  

azom ethiae 150 should be s u s c e p t ib le  to  h y d ro ly s is  to  y ie ld  th e  d e s i r e d  

dienone 102,

3 .2 .1  Routes to  Dj enones In v o lv ing  N itrogen  Precur s o r  s

Although n u c le o p h i l i c  a rom atic  s u b s t i t u t i o n  i s  g e n e ra l ly '  l im i t e d  to
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arom atic  systems w ith  s t ro n g ly  e l e c t r o n  withdraw ing s u b s t i t u e n t s ,  th e  ac id

c a ta ly s e d  rearrangem en ts  o f  hydroxylam ines to  aminophenols (Bamberger r e a c t io n

Scheme 25 X ~ OH) show t h a t  th e  p resen ce  o f  a s u i t a b l e  le a v in g  group on th e

heteroa tom  can r e s u l t  in  g e n e ra t io n  o f  an anil.in.ium c a t io n  which can undergo

subsequent n u c le o p h i l i c  a d d i t io n ;  i f  ta u to m e r i s a t io n  o f  163 i s  b locked ,
6Lcyclohexadien im ines  or th e  co rrespond ing  dienones can be i s o l a t e d  (Scheme 26).

87A sy s tem a tic  i n v e s t i g a t i o n  has been undertaken  by Gassman and co-workers 

o f  t h i s  type  o f  s u b s t i t u t i o n ,  i n  which th e  a n i l in iu m  ion  i s  gen e ra ted  by 

t re a tm e n t  o f  N -c h lo ro a n i l in e s  w ith  s i l v e r  t r i f l u o r o a c e t a t e  in  m ethanol. 

C ons idera tion  o f  th e  r e l a t i v e  e l e c t r o n e g a t i v i t i e s  of n i t ro g e n  and carbon 

i n d i c a t e  t h a t  c o n s id e ra b le  charge d e l o c a l i s a t i o n  in t o  th e  a rom atic  nuc leus  

would occur i n  th e se  e l e c t r o n - d e f i c i e n t  s p e c ie s ,  r e n d e r in g  th e  r in g  very  

s u s c e p t ib le  to  n u c le o p h i l i c  a t t a c k .  Thus from th e  N -c h lo ro a n i l in e s  1_6£ were 

ob ta ined  m ix tu res  o f  p ro d u c ts  (Scheme 27) a r i s i n g  by m o no-ch lo r ina t ion  or 

mono-methoxylation o f  th e  s u b s t r a t e s  o r tho  or p a ra  to  th e  n i t r o g e n  f u n c t io n .

The i n i t i a l  p ro d u c t  ( e .g .  167 R™ ™H) from n u c le o p h i l i c  a t t a c k  in  th e  para  

p o s i t i o n  on compounds u n s u b s t i tu t e d  a t  t h i s  s i t e ,  undergo tau tom erism  to  th e  

correspond ing  arom atic  amine. The p ro d u c t  r a t i o  was found to  be r e l a t i v e l y  

independent o f  te m p era tu re ,  b u t th e  course  o f  th e  n u c le o p h i l i c  a d d i t io n  i s  

c o n t ro l le d  by th e  n a tu re  o f  th e  a n i l i n e  s u b s t i t u e n t s .  N -c h lo ro a n i l in e s  w ith  

e le c t ro n -d o n a t in g  s u b s t i t u e n t s  undergo n u c le o p h i l i c  a t t a c k  by th e  s o lv e n t  as 

th e  major r e a c t io n  pathway le a d in g  to  m ethoxylated p ro d u c ts .  ,As th e  sub­

s t i t u e n t s  on th e  arom atic  r i n g  become in c r e a s in g ly  more e le c tro n -w ith d ra w in g ,  

in c o rp o ra t io n  o f  the  so lv e n t  in  a n u c le o p h i l i c  r e a c t io n  dec re ase s  up to  a 

p o in t  where, in  th e  case o f  p -ca rb o e th o x y -  and p - n i t r o - s u b s t i t u e n t s  no so lv e n t  

in c o rp o ra t io n  occurs  a t  a l l .  Formation of r i n g  c h lo r in a te d  p ro d u c ts  appears  

to  in v o lv e  th e  a n i l in iu m  ion  and th e  c h lo r id e  ion  forming a " t i g h t  ion  p a i r "

1,680 As s u b s t i t u e n t s  on th e  r in g  become more e lec tro n -w ith d ra w in g ,  th e



s t a b i l i t y  of th e  an i l ium  ion d e c re a se s ,  th u s  forming a t i g h t e r  ion  complex,

which in  extreme c a s e s ,  would appear to  c o l la p s e  in to  r in g  c h lo r in a te d

p ro d u c ts ,  to  th e  e x c lu s io n  of th e  n u c le o p h i l i c  a t t a c k  by th e  so lvent*  F u r th e r  
SBs tu d ie s  on n i t re n iu m  io n s  have invo lved  th e  therm al rearrangem ent o f  N-

c h lo ro a n i l in e s  in  e th a n o l ,  to  g ive  r i n g  c h lo r in a te d  p ro d u c ts .  The s y n th e s is
1 (  cof th e  sp iro d ien o n e  g la z io v in e  from an N-chioro--amine p re c u rso r  i s  d iscu ssed  

in  Chapter F ive .

Extens ive  experim en ta l  s tu d ie s  on n i t r o g e n  r a d i c a l s  have shov/n th e

s i m i l a r i t y ^  between carboxamidyl (RCONR) and sulphonam idyl^0 (RSO^NR) r a d i c a l s ,

91 ' *and t h e i r  c o l l e c t i v e  d i s s i m i l a r i t y  to  aminium r a d i c a l s  (RNR), A ll  th r e e

types  o f  n i t ro g e n  r a d i c a l s  have been g enera ted  by p h o to ly s i s  and th e rm o ly s is  

o f  th e  corresponding  N -h a lo g e n o -d e r iv a t iv e ,  and, once produced , h a v e “been 

used alm ost e x c lu s iv e ly  i n  th e  fo rm ation  o f  new n i t ro g e n -c a rb o n  bonds. The 

p o s s ib le  in te rm e d ia c y  o f  amino r a d i c a l s  in  th e  s i l v e r  ion  promoted and non­

c a ta ly s e d  s o lv o ly s i s  o f  N-chloroamines in  methanol has a l so  been in v e s t ig a t e d  
92by Gassman, who found th e  p ro d u c ts  from N -c h lo ro d e r iv a t iv e s  o f  b i c y c l i c  amines 

w ith  r i g i d  geometry o ccu r r in g  v ia  th e  proposed n i t re n iu m  io n ,  t o  be q u i t e  

d i f f e r e n t  from th o se  formed under r a d i c a l  c o n d i t io n s .  No d i r e c t  evidence 

f o r  a r a d ic a l - in d u c e d  mechanism o f th e  type  re q u ire d  fo r  th e  convers ion  of 

1,49b to  V50 has been o b ta in ed ,  and th u s  a n i t ro g e n  r a d i c a l  approach in v o lv in g  

a r y l  p a r t i c i p a t i o n  to  cyclohexad ien im ines  appears  u n l ik e ly .



93The r e a c t io n  ' o f  p h e n y l io d o s o a c e ta te  in  a c e t i c  ac id  w ith  a c e t a n i l i d e s

having e le c t ro n -d o n a t in g  s u b s t i tu e n t s  such as MeO- or Me- in  th e  p a ra  p o s i t i o n
9 /

g ives  good y ie ld s  o f  m e ta -a c e to x y la te d  p ro d u c ts  and i s  now though t to

proceed v i a  an in te rm e d ia te  a n i l in iu m  c a t io n .  The p ro cess  was found to  be

c a ta ly s e d  by m inera l a c id s ,  and no ev idence f o r  a r a d i c a l  mechanism has been 
q 5

o b ta in e d ;  i t  was a lso  no ted  t h a t  N -m e th y lace tan i l id e s  d id  n o t  r e a c t  under

94th e s e  conditions ,.  Recent i n v e s t i g a t io n s  have shown t h a t  phenyliodoso

a c e t a t e  in  methanol r e a c t s  w i th  N -su b s ti t i i ted ~ 4 -~ to lu id in es ,  1jS9, 170 and 171,

to  g ive  4--methoxy~4--methylcyclohexa~2,5-dienone 176 in  good y ie ld .  Changing

th e  r e a c t io n  s o lv e n t  to  a c e t i c  ac id  gave th e  co rresponding  ace toxydienone 177

in  s l i g h t l y  lower y i e ld s ;  th e  r e a c t i o n  o f  17,1 under th e s e  c o n d i t io n s  a lso

produced' some o f  th e  d i s u b s t i t u t e d  compound 179» and a mechanism (Scheme 29)

has been proposed f o r  t h i s .  A ll  th e s e  r e s u l t s  sugges t a common io n ic

mechanism (Scheme 28) in  which i n i t i a l  a t t a c k  by th e  phenylacetoxyiodonium

io n  on th e  amino or acetam ido fu n c t io n  o f  th e  s u b s t r a t e  g ives  th e  iodoso

in te rm e d ia te s  172 or 173,5 fo llow ed  by c leavage  to  iodobenzene and th e  resonance

s t a b i l i s e d  n i t re n iu m  io n  174-. R eac tion  of 174- w ith  so lv e n t  le a d s  to  th e

dien im ines 175 which h yd ro ly se  du ring  i s o l a t i o n  to  th e  co rrespond ing  dienones

176-177. With a c e t i c  a c id  as th e  r e a c t i o n  medium, th e  d ien im ine 180 underwent

f u r t h e r  r e a c t io n  to  th e  m e ta -a c e to x y la te d  d e r iv a t iv e  1_S1_ (Scheme 30).

96A r e c e n t  i n v e s t ig a t io n  o f  th e  o x id a t io n  of s u b s t i t u t e d  N -a lk y la n i l in e s

w ith  le a d  t e t r a - a c e t a t e  in  a c e t i c  a c id  showed p roduc ts  r e s u l t i n g  from N--

a c e t y l a t i o n ,  n u c le a r  a c e to x y la t io n ,  and N -d e a lk y la t io n  o f  th e  s t a r t i n g  m a te r i a l .

The d is c u s s io n  o f  th e s e  r e s u l t s  fav o u rs  th e  in te rm ed iacy  o f  an a r y l  n i t re n iu m

ion  r a t h e r  than o f  an arninium ' r a d i c a l ,

97The nove l d ien im ine  182 was shown7 to  undergo easy  h y d ro ly s is  to  the
Q C )

dienone 153, which had p re v io u s ly  been p rep a red  by th e  a c t io n  of d ia ro y l  

p e rox ides  on pheno ls .  The therm al rea rrangem en t o f  182, 183 and 184-5 ( th e

Ai
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l a s t  formed by th e  a c t io n  of le a d  t e t r a a c e t a t e  on N -benzenesulphonyl-2 , 4., 6 -  

99t r i m e t h y la n i l i n e  ), i s  p o s tu la te d  to  proceed to  p a ra -a c y lo x y  sp ec ie s  v ia  

a t r a n s i e n t  c a t io n  in te rm e d ia te .

N - H 0

Mg

OCOAr

R

Mg
OCOAr

R

OCQAe

i  Me

■ A nilin ium  c a t io n s  have a lso  been im p l ic a te d  in  a study*^^ o f  th e  anodic

o x id a t io n  o f  d iphenyl amines. The aminophenols 185-190 a l l  underwent two-

e le c t ro n  o x id a t io n  to  g ive  qu inone -im ines ,  w ith  subsequent h y d ro ly s is  to
J!

1 8 5  R = H : R‘= OH : R"= H :

R
N

O'

1 8 6  
1 6 7  
1 8 8  

1 8 9

R"« O M e ;

R '

R ' = 0 M g ; R " = H ;
R1 -  0 M e ; 

R"=N.02 ;1 9 0

191 R= H e ;  R'=R"= 0 M e ;
p-benzoquinone and a n i l i n e s .  The N-methyl d e r iv a t iv e  191 was observed to  g ive  

an i n i t i a l  one e l e c t ro n  o x id a t io n  to  a p rim ary  c a t io n  r a d i c a l ,  fo llow ed by a 

l o s s  of ano ther  e l e c t ro n  to  y i e ld  a quinone-iminium c a t io n ,  which was r a p i d l y  

hydro lysed  to  th e  quinone and N -m eth y lan is id in e .

The s y n th e s is  and r e a c t io n s  o f  quinone mono-- and d i- im in e s  have been w e ll



101rev iew ed, U n su b s t i tu te d  s p e c ie s  a re  p repa red  u s in g  s i l v e r  oxide in  dry

e th e r ,  b u t  a re  u n s ta b le  to  l i g h t ,  and in  ac id  s o lu t io n s  a re  e a s i l y  hydro lysed

to  th e  corresponding  p-benzoquinone. By th e  use  of N~.?cyl, N -a roy l,  or b e s t

o f  a l l  N-sulphonyl d e r i v a t i v e s ,  f a r  more s t a b l e  p ro d u c ts - a r e  formed, in c lu d in g

d iim ides  from s u b s t i t u t e d  and u n s u b s t i tu t e d  o~phenylenediamine, 1 , 2~, 1, 4 - ,  and

2 , 6 -naph tha lened iam ines  and b e n z id in e s .  The sulphonamides a re  h ig h ly  c r y s t a l l i n e

and a re  p repared  using a raige o f  o x id a n ts  such as le a d  t e t r a a c e t a t e ,  r e d  le a d

(Pb 0 . ) ,  le a d  d io x id e ,  s i l v e r  ox ide ,  chromium t r i o x i d e ,  sodium or p o ta s s iu m '
3 4 -

d ichrom ate , bromine in  p y r id in e ,  and’ sodium b ism u th a te ,  whereas N-acyl compounds 

r e q u i r e  more s p e c i f i c  c o n d i t io n s .  N early  a l l  th e  mono- and di~ im ides  s tu d ie d  

underwent a d d i t io n  r e a c t i o n s  much more e a s i l y  th an  does benzoquinone.

3 .2 .2  P re p a ra t io n  o f  a S e r ie s  o f  N i t r o g e n - s u b s t i t u t ed Cyclohexadlenim ines

A s e r i e s  o f  N - s u b s t i tu te d  a n i s id in e s  and to l u id in e s  192-203 were p rep a red ,

and t r e a t e d  in  d ich lorom ethane s o lu t io n  w ith  t e r t - b u t y l  h y p o c h lo r i te  and then

w ith  s i l v e r  t r i f l u o r o a c e t a t e  in  m ethanol. The N - to s y l - p - a n i s id in e  h}2 gave

a c r y s t a l l i n e  p ro d u c t,  th e  i n f r a - r e d  spectrum  o f  which showed peaks a t  1660 

-1and 1550cm , cons idered  c h a r a c t e r i s t i c  o f  • cyc lohexad len im ines ,  to g e th e r  w ith

-1sulphonamide a b so rp t io n  a t  1310 and 1155cm . However NMR sp ec tro sco p y  and

a n a l y t i c a l  d a ta  p o in ted  to  th e  m ono-ch lo rina ted  s t r u c t u r e  207 fo r  t h i s  p ro d u c t ,  

r a t h e r  than  204 (see  E xperim en ta l) .  S im i la r ly  a n a l y t i c a l  and s p e c t r a l  d a ta  

f o r  th e  p roduc t from th e  r e a c t io n  o f  t e r t - b u t y l  h y p o c h lo r i te  and s i l v e r  t r i -  

f lu o r o a c e ta t e  in  methanol w ith  N - to s y l - p - to lu id in e  193 in d i c a te d  th e  fo rm ation  

o f  a d ic h lo r in a te d  cyclohexadien im ine . The N-mesyl d e r iv a t iv e s  o f  p - a n i s i d in e  

194 and p~ to lu .id ine  195 proved even more o f  a problem under th e s e  c o n d i t io n s .

The IR spectrum o f  th e  p ro d u c t  from th e  former in d ic a te d  th e  p resence  o f  an 

im ine, a l though  a n a l y t i c a l  and mass s p e c t r a l  d a ta  suggested  d ic h lo r in a t io n  

had occurred^ th e  r e a c t io n  o f  195 gave a m ix ture  o f  p ro d u c ts  which could  n o t
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be s e p a ra te d .  The N ~(2~nitrobenze n esu lp h o n y l) - p - a n i s id l n e  196 formed an 

i n t r a c t a b l e  t a r  when r e a c te d  w ith  h y p o c h lo r i t e ,  and th e r e  was a l so  no evidence 

o f  inline fo rm ation  from th e  N-sulphonyl d e r iv a t iv e s  o f  o - t o l u i d i n e  and o~ 

a n i s id in e  (200 -  203) ,  no*1 from th e  t h r e e  amides 197, 198 and 199.

As N - to sy l~ p ~ an is id in e  192 had given th e  most encouraging  r e s u l t s  from 

th e  in te rm o le c u la r  r e a c t i o n s ,  N-tosyl-k~aminophenoxyethano l  212 should , in  a 

n o n -n u o le o p h i l ic  s o lv e n t ,  undergo in t r a m o le c u la r  a t ta c k  due to  th e  p resence  

o f  th e  s id e -c h a in  a lc o h o l  a c t in g  as an i n t e r n a l  n u c le o p h i le ,  to  y ie ld  th e  

c y c l ic  k e t a l  s t r u c t u r e  213 (Scheme 32). P re p a ra t io n  o f  212 invo lved  th e  

r e a c t i o n  o f  sodium n itro p h e n o x id e  w ith  2-c h io ro e th a n o l  to  g ive  210, c a t a l y t i c  

hygrogenation  to  th e  amine 2/H, fo llow ed by p re p a ra t io n  o f  th e  m ono-sulphonyl- 

d e r iv a t i v e  212 under weakly b a s ic  c o n d i t io n s .  Some o f  th e  b i s - s u l p honyl 

p roduc t 215 was a lso  i s o l a t e d .  H yp o ch lo r i te  t re a tm e n t  o f  212 gave th e  expected 

p ro d u c t  213 in  30% y i e l d ,  a l though  some evidence f o r  th e  p resen ce  of a small 

amount o f  c h lo r in a te d  p ro d u c ts  was a lso  found. Severa l a t tem p ts  to  produce 

th e  mono-N-mesy! analogue o f  212, always r e s u l t e d  in  th e  b i s -p ro d u c t  216.

In th e  d iphenyl e th e r  22J3 th e r e  i s  th e  p o s s i b i l i t y  o f  u s in g  an i n t e r n a l  

p h en o lic  n u c le o p h i le  to  c r e a te  th e  novel t r i c y c l i c  p roduc t 226. The r e a c t io n  

(Scheme 33 P ath  1) under Ullman c o n d i t io n s  of 2-methoxyphenol and k - n i t r o -  

bromobenzene gave e th e r  220 which by dem ethy la tion  to  221 and hydrogenation

y ie ld e d  222; t h i s  r e a c te d  w ith  t o s y l  c h lo r id e  to  g ive  th e  mono-sulphon a mi d e

222- The a l t e r n a t i v e  r o u te  (Scheme 33 P ath  2) f a i l e d  when 225 could n o t  be 

dem ethyla ted  to  th e  f r e e  phenol 223. The r e a c t io n  of" 223 w ith  h y p o c h lo r i te

gave a b lack  t a r ,  composed l a r g e l y  o f  s t a r t i n g  m a te r ia l .  No evidence of

c y c l i s a t i o n  was observed.

Since th e  a c t io n  o f  an i n t e r n a l  ca rb o x y l ic  ac id  n u c le o p h i le  was a lso  

o f  i n t e r e s t ,  th e  N -tosy l-p -am inophenoxyace tic  ac id  23k was s y n th e s ise d  in  a 

manner s im i la r  to  212 (Scheme 3k), s t a r t i n g  from sodium n it ro p h e n o x id e  and 

e th y l  c h lo ro a c e ta te .  H ydro lys is  o f  th e  e s t e r  229 gave th e  d e s i r e d  ac id  23k
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in  h igh  y i e ld .  Treatment o f  234. w ith  h y p o c h lo r i te  gave a sm all q u a n t i ty  o f

p roduc t 2j39? which a l though  homogeneous by T.L.C. f a i l e d  to  c r y s t a l l i s e ;  the
-1IR spectrum showed a l a c to n e  carbonyl a t  1800cm and c h a r a c t e r i s t i c  d iene ,  

imine and su lphonyl peaks, a lthough  some a c id  s t a r t i n g  m a te r ia l  peaks were 

a lso  observed .

Of g r e a t e s t  i n t e r e s t  in  t h i s  s e r i e s ,  was th e  p o s s ib le  la c to n e  fo rm ation  from 

th e  phenylpropanoic ac id  24-8 (Scheme 35). I t  was sy n th es ised  by n i t r a t i o n  /

o f  phenylpropanoic ac id  2/45 w ith  fuming n i t r i c  ac id  to  g ive  24-6; c a t a l y t i c  

hydrogenation  produced th e  amino a c id  24-7, fo llow ed by a h igh  y i e l d . conver­

s io n  to  sulphonamide 24.8. A fte r  t re a tm e n t  w ith  h y p o c h lo r i te  on ly  a sm all

amount o f  s o l id  p roduc t 252 was i s o l a t e d .  The IR spectrum showed a la c to n e  
-1

carbonyl a t  1785cm and a l s o  d ien e ,  im ine and su lphonyl a b s o rp t io n s .

■ S c h e m e  35

N 0 2 NH2 R - N - H  R — N 0

2 4 5  2 4 6  2 4 7  2 4 8  R =Ts . 2 5 2  102
2 4 9 :R -  Bs 
2 5 0 : R — Ms 
251 : R -  Ns

C onsidera tion  o f  th e  success  achieved  by Gassman and co-workers u s in g  

N - t e r t - b u t y l - d e r i v a t i v e s  suggested  t h a t  th e s e  might le a d  to  enhanced imine 

y ie ld s  compared w ith  th o se  o b ta in ed  from th e  N -sulphonyl s e r i e s .  However 

a t tem p ts  to  produce 2 - ( N -te r t-b u ty l-p -am in o p h en o x y ) -e th a n o l  218 from th e



bomb, gave a m ix tu re ,  which proved im p o ss ib le  to  s e p a ra te .  This e n t i r e
9 1

approach was abandoned. S ev era l  experim ents  u s in g  phenyliodoso  a c e ta t e  

on 21 2 a lso  r e s u l t e d  in  an i n t r a c t a b l e  m ix tu res  o f  p ro d u c ts ,  and th e  use  o f  

t h i s  re a g e n t  was n o t  pursued  f u r t h e r ,

3 , 3 .1 R eview of Methods f o r  th e  Prepar a t io n  of Qyclohexadlenones

Although th e  n i t re n iu m  approach to  cyclohexadienim ines  (3 .2 .2 )  has

produced re a so n a b le  y ie ld s  o f  t h i s  c l a s s  o f  compound, competing r e a c t io n s

le a d in g  to  c h lo r in a te d  p ro d u c ts  made i t  d e s i r a b l e  to  seek new s y n th e t ic

s t r a t e g i e s .  Since th e  f i r s t  r e p o r t  o f  th e  fo rm ation  o f  a quinone k e t a l  279
102 .by B elleau  and Weinberg ' in  1963, th e r e  has been an upsurge o f  i n t e r e s t  in  

t h i s  c l a s s  o f  compound, and two main methods o f  s y n th e s is ,  by chemical or 

e le c tro c h e m ic a l  o x id a t io n ,  a re  favoured  a t  p r e s e n t .
-I A n

Thallium  ( I I I )  n i t r a t e  has been employed e x te n s iv e ly  by McKillop e t  a l  ' 

to  produce a wide v a r i e t y  o f  4-,4 -~ d isu b s t i tu ted  cyc lohexa-2 ,5 -d ienones  from th e  

co rresponding  pheno ls .  A proposed mechanism in v o lv in g  ip so  t h a l l a t i o n  of th e  

phenol,  fo llow ed by n u c le o p h i l i c  a t t a c k  a t  th e  deve lop ing  e l e c t r o p h i l i c  c e n t re  

c re a te d  by h e t e r o ly s i s  o f  th e  weak c a rb o n - th a l l iu m  bond, i s  o u t l in e d  in

Scheme 36. DDQ has a lso  been used e x te n s iv e ly  t o  produce p-quinone k e t a l s  in
10/ 103good y i e l d .  + O xidation of phenols  w ith  o th e r  r e a g e n ts  in c lu d in g  copper ( I I
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s p e c ie s ,  e e r i e  s a l t s ,  s i l v e r  oxide  and manganese d iox ide  has given quinone

k e t a l s ,  a l b e i t  in  low y i e ld .

The p re p a ra t io n  o f  quinone k e t a l s  by e le c tro c h e m ic a l  o x id a t io n  o f  1,4.-
1 06)d ia lkoxybenzenes has been s tu d ie d  by Swenton and co-w orkers , who, by

•107ex tend ing  th e  methods o f  Weinberg, have dev ised  s y n th e t ic  r o u te s  to  l a rg e

q u a n t i t i e s  of quinone b i s - k e t a l s ;  examples have been r e p o r te d  in  th e  benzene,

n aph tha lene  and benzoth iophene s e r i e s ,  ' S e le c t iv e  h y d ro ly s is  o f  th e  b i s - k e t a l s

y ie ld s  th e  co rresponding  mono-ketal d e r iv a t iv e ,  A d i r e c t  e le c tro c h e m ic a l  
108s y n th e s is  o f  '208 from ^.-methoxyphenol has been r e p o r te d .

Since th e  most e f f i c i e n t  r o u te  to  th e  dienone 1102 was by anodic o x id a t io n  

o f  p h lo r e t i c  a c id  101 (see  Chapter Two) i t  was thought p o s s ib le  t h a t  e l e c t r o ­

chemical o x id a t io n  of  th e  p a ra - s u b s t i tu te d -N -s u lp h o n y l  d e r iv a t iv e s  used  in  

th e  h y p o c h lo r i te  r e a c t io n s  in  S ec t ion  3 .2 .2  might produce th e  co rrespond ing  

d ien im ine s p e c ie s ,

3 * 3 .2  Ele c tro ch em ica l  P re p a ra t io n  o f  Cyclohexadienimines

The N -sulphonyl-p-anis .id .ines 192, 194- and 196 were a n o d ic a l ly  o x id ise d  

in  methanol to  th e  correspond ing  N -su lphonyl-4 - ,5 -d im ethoxycyclohexa-2 ,5- 

d ien im ines  20/,., 205. and 206 in  good (70-75%) y i e ld .  (N.B. Subsequent s tu d ie s  

on th e  h y d ro ly s is  o f  20£ (3*5*2) to  th e  more s t a b l e  dienone 208, showed a 

q u a n t i t a t i v e  convers ion  to  th e  im ine during  th e  e lec tro c h e m ic a l  p roced u re .)  

Although c o n s id e ra b le  l o s s  o f  p roduc t occurred  in  i s o l a t i n g  pure  c r y s t a l l i n e  

compounds from th e  r a t h e r  gummy o x id a t io n  m a te r ia l s  o b ta in ed  i n i t i a l l y ,  

chromotographic and s p e c t r a l  ev idence l a t e r  suggested  th e s e  to  be alm ost pure  

im ines . O xidation  of th e  p - to l u id in e s  193 and 19.5 y ie ld e d  m ix tu re s ,  and 

a lthough  p u r i f i c a t i o n  f a i l e d ,  IR s p e c t r a  o f  th e  crude p ro d u c ts  showed c h a ra c ­

t e r i s t i c  -imine a b s o rp t io n s .  The N -to sy l  d e r iv a t iv e s  o f  o - a n i s i d in e  and o~ 

t o l u i d i n e  200 and 202, y ie ld e d  i n t r a c t a b l e  t a r s  on o x id a t io n .  The a t tem pted

4.8



anodic m e thoxyla tion  of th e  N -  a c y 1 ~p -an  i  s :L d in e  s 197, 198 and 199 gave mainly-

s t a r t i n g  m a te r ia l ,  contam inated  w i th  a l i t t l e  t a r .

Anodic o x id a t io n  o f  th e  phenoxyethanol 212 gave a p ro d u c t  homogeneous b y ’ 

TLC and w ith  s p e c t r a l  p r o p e r t i e s  c o n s i s t e n t  w ith  th e  cy c l i c  k e t a l  213, b u t  

which could n o t  be o b ta ined  as a c r y s t a l l i n e  .solid in  a s a t i s f a c t o r y  y i e l d .  

Attempted o x id a t io n  of  th e  o r tho  isomer 253. gave on ly  s t a r t i n g  m a te r ia l  

contam inated  w ith  t a r .  The phenoxypropanol 2j54 y ie ld e d  th e  d e s i r e d  p ro d u c t 

255 a f t e r  column chromatography, in  32% y i e ld ,  b u t  t h i s  im ine soon decomposed 

a t  room te m p era tu re .  Reduction o f  th e  p ropanoic  ac id  248 in  THF w ith  b o ran e -

methyl su lp h id e  gave th e  co rrespond ing  propanol 256, which could n o t  be induced

to  c r y s t a l l i s e j  anodic o x id a t io n  o f  t h i s  m a te r ia l  gave a p ro d u c t  homogeneous 

by TLC, b u t  th e  IR spectrum o f  which in d ic a te d  i t  to  be th e  im ine 257 contam­

in a te d  w ith  s t a r t i n g  a lc o h o l .  E f f o r t s  to  o b ta in  pure  imine f a i l e d .  From th e  

anodic o x id a t io n  o f  th e  p h en o lic  sulphonamide 223, on ly  s t a r t i n g  m a te r ia l  was 

i s o l a t e d  i n  s p i t e  o f  a h igh  i n i t i a l  c e l l  c u r r e n t ;  t h i s  was p robab ly  in d i c a t i v e  

o f  pheno lic  o x id a t io n ,

A s e r i e s  o f  phenoxy a c e t ic  a c id s  234- -  238 produced by s tan d a rd  methods 

(Scheme 34), were su b je c te d  to  anodic o x id a t io n  a t  1,'4-v and a l l  excep t th e  

p iv a lo y l  d e r iv a t iv e  2J38 c y c l i s e d  smoothly to  th e  co rresponding  s p i ro la c to n e s  2J 9

242 in  good y i e l d s .  The amide 238 gave a red  o i l ,  th e  IR spectrum o f  which

-1 -1con ta in ed  b o th  la c to n e  bands a t  1800cm and an amide peak a t  3460cm

O xidation  o f  th e  phenoxy-2 ,2-d im ethy lp ropano ic  ac id  258 a t  th e  lower p o t e n t i a l  

o f  1 .0v gave a n e g l ig ib l e  cou lom etr ic  t i t r a t i o n ,  and s t a r t i n g  m a te r ia l  was 

reco v e re d .

The sulphonamidopropanoic a c id  248 a t  a p o t e n t i a l  o f  1 .4v  gave on average 

b e t t e r  than  a 60% y i e ld  o f  - sulphonim ine 252 as a gum, b u t  convers ion  o f  t h i s  

to  a c r y s t a l l i n e  s o l id  w ith  a c c e p ta b le  s p e c t r a l  and a n a l y t i c a l  p r o p e r t i e s  

lowered th e  o v e r a l l  y i e ld  to  l e s s  than  2,0%, The co rrespond ing  su lphonyl 

d e r iv a t iv e s  249. 250 and 251, r e tu rn e d  s t a r t i n g  m a te r ia l  when o x id ise d  a t  1 .0v.
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The sulphonamidobu ta n o ic  ac id  261_ produced a yellow  o i l ,  homogeneous by TLC, 

th e  IE spectrum o f  which in d i c a te d  th e  p resen ce  o f  th e  d e s i r e d  p roduc t 262. 

However a l though  a good y i e ld  was ach ieved , no c r y s t a l l i n e  s o l id  could be formed. 

The s y n th e s is  o f  th e  b i s - s u lphonamide 267 was a t tem pted  by s e v e ra l  r o u te s
10Q(see  E xperim en ta l) ,  th e  most s u c c e s s fu l  be ing  th e  method of Knipe e t  a l .

R eac tion  of 2-am inoethanol w i th  dimsyl an ion , fo llow ed by a d d i t io n  o f  4~

nitrobrom obenzene gave th e  phenoxyethylamine 26r3, b u t  as a t te m p ts  a t  p u r i f i c a t i o n

of t h i s  f a i l e d ,  th e  substance  was r e a c te d  .in i t s  crude s t a t e  w ith  t o s y l  c h lo r id e .

However a n a ly s i s  o f  th e  p ro d u c t by NMR sp ec tro sco p y  showed th e  d e s i r e d  p ro d u c t

264 o f te n  to  be contam inated w ith  th e  iso m eric  a n i l i n e  d e r iv a t iv e  265, produced

by a Smiles rearrangem ent (Scheme 37),* t h i s  type  of rearrangem en t i s  w e ll  
110documented. The n i t r o  e th e r  2 6 /4- was e a s i l y  reduced to  th e  amine 266 which 

was converted  to  th e  b is -su lphonam ide  267. Anodic o x id a t io n  o f  267, a t  1.2v 

gave a low y ie ld  o f  amorphous s o l i d ,  which was sliowen by IR, NMR and mass 

sp ec tro sco p y  to  be th e  d e s i re d  p r oduct 268 contam inated w ith  a l i t t l e  u n re a c te d  

s t a r t i n g  m a te r ia l  267.

3 * 2b 2 Conclusions f r om th e  E lec tro c h em ic a l  P r e p a r a t io n s  o f  _ Gyclohsxadienimi rigs
l i S j o :'"  ~ ..................• ~  ~

The fo l lo w in g  co n c lu s io n s  have been drawn from th e  work done in  th e  

p rece d in g  s e c t io n  ( 3 . 3 *2 ) on th e  e le c t ro c h e m ic a l  p r e p a ra t io n  o f  a s e r i e s  o f  

cy c lohexad len im ines .

( i )  N-sulphonyl d e r iv a t iv e s  o f  p a r a - s u b s t i t u t e d  a n i l i n e s  can y ie ld  

cyclohexad ien im ines under anodic  o x a t io n  c o n d i t io n s ,  and of  th e  sulphonamides 

t e s t e d ,  th o se  de r ived  from 4 ~ to luenesu lphon ic  ac id  gave th e  b e s t  r e s u l t s .  No 

evidence f o r  analogous im ine formation from N-acyl a n i l i n e s  was o b ta in e d .

( i i )  Formation of 2 ,5 -cyc lohexad ien im ines  occurs r e a d i l y ,  b u t  p r e p a r a t io n  

o f  th e  correspond ing  2 , 4- isom ers  from o r t h o - s u b s t i t u t e d  a n i l i n e s  could n o t  be 

ach ieved . This p a r a l l e l s  th e  d i f f i c u l t y  in  p re p a r in g  2,4-“dienones from

y . e-M” 1 _  . . . .  . *> .. ..it.  . . .  u . . .  . . . . . . . .  . . . . . ............................ 1 —  ... i. >.— . . . .    - . i ...................................................., ..........................................................



c a te c h o l  d e r iv a t i v e s ,

( i i i )  The p resence  of an a lk o x y -s u b s t i tu e n t  p a ra  to  th e  sulphonamide
85g ives  enhanced y i e ld s .  This  i s  c o n s i s t e n t  w ith  th e  f in d in g s  by Goosen and 

i s  d isc u sse d  in  Section  3*1*

( iv )  Compounds c o n ta in in g  5-membered sp iro  r in g s  form more r e a d i l y  than

77th o se  c o n ta in in g  6-membered r i n g s .  S im ila r  r e s u l t s  have been no ted  by W inste in

in  h i s  c l a s s i c  work on Ar^-n r e a c t i o n s ,  in  s tu d ie s  on sp iro-M eisenheim er
11 ?  , 110 complexes, and in  work on th e  Smiles rea rrangem en t,

(v) Compounds which o x id ise d  r e a d i l y  a t  a carbon f e l t  anode to  th e

correspond ing  imine f a i l e d  to  r e a c t  a t  a p la t inum  anode; a s im i la r  r e s u l t  has

113been observed in  th e  o x id a t io n  o f  pheno ls .

3.3*4 M echanisti c D iscu s s io n  of th e  Pr e p a r a t io n  o f  Cyclohexadienones by 
Anodic O xidation

The proposed mechanism f o r  th e  e le c tro c h e m ic a l  p r e p a ra t io n  o f  cyc lohexa­

d i  enimines i s  shown in  Scheme 38 and i s  based on th e  fo l lo w in g  c o n s id e r a t io n s .

(a) The mechanism f o r  th e  o x id a t iv e  m ethoxy la tion  o f  phenols  under anodic
s 1 1 3 -co n d i t io n s  has been e lu c id a te d  in  e x c e l l e n t  work by Ronlan and co-w orkers .

Using c u r r e n t - p o t e n t i a l  cu rv es ,  i t  was shown t h a t  a l though  methanol and phenol

have somewhat s im i la r  d is c h a rg e  p o t e n t i a l s ,  th e  r a t e  o f  phenoxy r a d i c a l

fo rm ation  f a r  exceeds t h a t  o f  methoxy r a d i c a l s ,  though t to  be due to  p r e f e r e n t i a l

a d so rp t io n  o f  th e  u n s a tu ra te d  compounds onto th e  anode s u r f a c e ,  so t h a t  th e r e

i s  a v e ry  low c o n c e n tra t io n  o f  methanol i n  th e  double l a y e r .  The charge

t r a n s f e r  from methanol to  th e  anode i s  a l so  much slow er. Thus the  f i r s t  s te p

in  th e  anodic o x id a t io n  o f  phenols  in  th e  p resen ce  o f  n u c le o p h i le s  in v o lv e s

th e  fo rm ation  of a r a d i c a l  c a t io n  by th e  l o s s  o f  one e l e c t ro n  to  th e  anode,

and by analogy, t h i s  i s  a l s o  though t to  be t r u e  f o r  sulphonamides 269 g iv in g

th e  an i l in iu m  r a d i c a l  c a t io n  270.

(b) With methanol a c t in g  as  a b ase ,  d e p ro to n a t io n  o f  th e  s t ro n g ly  a c id ic  

phenoxy r a d i c a l  c a t io n  i s  r a p id  and m e thoxyla tion  o f  th e  c a t io n  i s  d isco u n ted .
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The sulphonarad.de r a d i c a l  c a t io n  270 would a l s o  be expected to  lo s e  a p ro ton  

under th e se  -circum stances to  y i e ld  th e  r a d i c a l  271. The removal o f  ano ther  

e le c t ro n  from th e  c a t io n  270 to  g ive  a d ip o s i t i v e  sp ec ie s  could on ly  occur i f  

h ig h e r  p o t e n t i a l s  a re  be ing  u se d ,-d u e  to  th e  e x t ra  energy r e q u i r e d .

(c) An a l t e r n a t i v e  r o u te  to  a sp iro d ie n im in e  in v o lv es  concu rren t  

o x id a t io n  of bo th  arom atic  n u c leu s  and s id e  chain to  g ive  a d i r a d i c a l  272 

which can then  undergo in t r a m o le c u la r  d im e r is a t io n .  However, no p ro d u c t  was 

o b ta in ed  from 223 "which c o n ta in s  th e  e a s i l y  o x id ise d  p h en o l ic  hydroxyl, in  th e  

s id e - c h a in ,  w h ile  s id e - c h a in  s u b s t i t u e n t s  such as a lc o h o l  and ca rb o x y lic  a c id ,  

which do n o t  o x id i s e  a t  th e  anode p o t e n t i a l s  employed, g iv e  h igh  y i e ld s  o f  

p ro d u c ts .  This r o u te  i s  t h e r e f o r e  though t im probable.

(d) Thus th e  l i k e l i h o o d  i s  t h a t  th e  uncharged r a d i c a l  271 i s  a n o d ic a l ly  

o x id ise d  f u r th e r  to  th e  f u l l  c a t io n  273i and on r e p u ls io n  from th e  double la y e r  

undergoes n u c le o p h i l i c  a t t a c k  to  g iv e  th e  im ine p ro d u c ts  found,

3 .4  P repar a t io n  of  S p iro cy c lo h exad ien im ines by Chemical O xida tion

Since th e  phenoxyethanol 2 12 had been converted  in  h igh  y ie ld  by anodic 

o x id a t io n  to  th e  sp iro im in e  2V3, i t  seemed a s u i t a b l e  s u b s t r a t e  fo r  i n v e s t ! - '  

g a t in g  th e  p o s s i b i l i t y  o f  th e  fo rm atio n  o f  such systems by chem ical o x id a t io n .

Treatm ent o f  th e  e th an o l 212 w i th  s e v e ra l  o x id a n ts  vijz DDQ in  methanol or
*1 1 Ia i 'I ^benzene, iron /d im ethy lfo rm am ide  complex, ’ i ro n /d im e th y ls u lp h o x id e  complex,

po tass ium  f e r r i c y a n id e ,  a c t iv e  manganese d io x id e  in  to lu e n e ,  gave v i r t u a l l y

unchanged s t a r t i n g  m a te r ia l .  However r e a c t i o n  w ith  le a d  t e t r a a c e t a t e  in

a c e t i c  ac id  a t  room tem p era tu re  l e d  to  an alm ost q u a n t i t a t i v e  y ie ld  o f  th e

d e s i r e d  im ine. Lead t e t r a a c e t a t e  was a lso  e f f e c t i v e  in  th e  p rod u c tio n  o f

239 from th e  phenoxy ac id  23_4. The d im ethy lpropanoic  ac id  258, which had

n o t  p re v io u s ly  g iven th e  imine 2.59 on anodic o x id a t io n ,  when t r e a t e d  w ith  one

molar e q u iv a le n t  o f  le a d  t e t r a a c e t a t e  i n  a c e t i c  ac id  gave a p ro d u c t ,  th e  IR



dien im lne 259, and dienone 260; s e p a ra t io n  of t h i s  m a te r i a l  was n o t  a t tem p ted .  

The conversion  o f  th e  phenylpropanoic  a c id  248 to  th e  s p i r o la c to n e  252 in  4-0% 

y ie ld  was achieved  a f t e r  some i n i t i a l  d i f f i c u l t i e s .  The .bu tanoic a c id  261 

proved even more d i f f i c u l t  to  o x id i s e ,  confirm ing  e a r l i e r  f in d in g s  t h a t  5~ 

membered s p i r o c y c l i c  r in g s  a re  more e a s i l y  produced than  6-membered ones; 

and a l though  some s p i ro la c to n e  262 was found, i t  was h e a v i ly  contam inated w ith  

s t a r t i n g  a c id .  The a c t io n  o f  le a d  t e t r a a c e t a t e  on th e  b is -su lphonam ide  267 ' 

a l so  gave some sp iro tm ln e  268, b u t  th e  y ie ld  was low and th e  p resen ce  o f  

im ine -266 in  th e  r e a c t i o n  was deduced by IR and NMR spec tro scopy .

A t t empted "dienone-pheno l"  Rearrangemen t  of  252

Although t re a tm e n t  o f  th e  im ine 252 w ith  0.5M s u lp h u r ic  ac id  le d  to  an

in s e p a ra b le  m ixture  o f  p ro d u c ts ,  th e  u se  o f  a c e t i c  anhydride-boron  t r i -  

61f lu o r i d e  gave an a c i d ic  yellow  o i l ,  homogeneous by TLC, which was shown

by IR and NMR spec tro scopy  to  be th e  b l s - a c e t y l a t e d  compound 274? analogous

61to  p ro d u c ts  o b ta ined  by th e  rea rrangem en t o f  102 (see  Sec tion  1 .3 ) .  In  

support o f  t h i s  s t r u c t u r e ,  th e  co rrespond ing  meth y l  e s t e r  275 was shown to  

become N -a c e ty la te d  i n  h igh  y i e ld  to  th e  amide 276 when t r e a t e d  w ith  a c e t i c  

anhydride-boron  t r i f l u o r i d e .

3 °5»2 Hydrol y s i s o f  N -Sulphonylimin e s  to  th e  Correspondlng Dlenones

Attempts to  hy d ro ly se  im ine 252 to  th e  dienone 102 by h e a t in g  in  a v a r i e t y  

o f  w a te r - s o lv e n t  m ix tu res  gave in c o n c lu s iv e  r e s u l t s .  However when 213 was 

passed  down a Grade I I I  alumina column in  to lu e n e ,  th e  c r y s t a l l i n e  dienone 

21_4 was e lu te d  in  68% y i e l d ;  f u r th e r  e l u t io n  w ith  e th e r  gave 4 - to lu e n e su 1phon-  

amide. When t h i s  h y d ro ly s is  te ch n iq u e  was ap p l ie d  to  th e  s p i r o la c to n e  239, 

on ly  benzoquinone was i s o l a t e d .  T h is  i s  d o u b tle s s  because  th e  i n i t i a l l y
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115formed sp iro d ien o n e  2.44 i s  v e ry  s u s c e p t ib le  to  h y d ro ly s is .  The h y d ro ly s is

of  im ine 252 by alumina was c a r r i e d  ou t in  ch loroform ; u s in g  t h i s  s o lv e n t  

to luene~ /(.--sulphonamide e lu te d  c l e a n ly  b e fo re  th e  dienone 102 which could then 

be o b ta ined  f r e e  from co n tam in a tio n .  S im ila r  t re a tm e n t  o f  N-mesyl d e r iv a t i v e  

_205 gave a q u a n t i t a t i v e  convers ion  to  th e  d ienone 2OS.

Jl>5-3 __Rea cti,pqi of Sp_lrodieniml n e l a c t ones wi t h. N ucleophiles

In  p re l im in a ry  experim ents  to  t e s t  th e  v a l i d i t y  o f  th e  Schemes 1 and <40' 

th e  two im in o lac to n es  239 and 252 were each t r e a t e d  in  DMF s o lu t io n  w itn  one 

e q u iv a le n t  o f  po tass ium  io d id e  or po tass ium  cyan ide , and th e  b ic a rb o n a te  

s o lu b le  f r a c t i o n  of th e  crude p ro d u c ts  r e a c te d  w ith  diazomethane. Examination 

of th e  r e s u l t i n g  gums by mass sp ec tro sco p y  showed t h a t  in  a l l  four cases  th e  

n u c le o p h i le  (cyanide  o r  io d id e )  had a t ta c k e d  the  d iene system, w ith  ex pu ls ion  

o f r th e  ea rb o x y la te  le a v in g  group, and t h a t  r e a r o m a t i s a t io n  o f  th e  r i n g  had 

occurred  le a d in g ,  a f t e r  diazom ethane, to  p ro d u c ts  277 and 2?8. However due 

to  th e  la c k  o f  tim e no f u r t h e r  s p e c t r a l  d a ta  or p u r i f i c a t i o n  w as 'a ch iev e d .

3* 5 --4 Attempte d  S e lec tive ,  Reduct ion  of th e  Imine Bond

Attempted s e l e c t i v e  r e d u c t io n  o f  th e  im ine bond in  th e  s p i r o k e t a l  21_3, 

by sodium borohydride  in  e th a n o l ,  aqueous sodium d i t h i o n i t e ,  o r  z inc  and a c e t i c

ac id  le d  in  every  case  to  a r e d u c t iv e  h y d ro ly s is  o f  th e  k e t a l  213 to  th e  s t a r t i n g

phenoxyethanol 212.

3« 5«5 Attempted aiiske t a l i s a t io n _  of Dimethoxycyclohexadien im ines

I t  has  been shown t h a t  r e a c t io n  of th e  dim ethyl k e t a l  208 w ith  th a l l iu m  
103( i l l )  n i t r a t e  * in  e th a n o l  l e a d s  to  th e  co rrespond ing  d ie th o x y  d e r iv a t iv e

*11 (S280, w h ile  M argaretha and T i s s o t  have dem onstrated  th e  fo rm ation  from 281_ 

o f  th e  b i s - k e t a l  283. in  methanol p roceeds v ia  th e  mixed k e t a l  2.82 fo llow ed



by t r a n s k e t a l i s a t i o n .  However t r e a tm e n t  o f  th e  dim ethoxysulphonylim ine 20A 

w ith  e th a n e d io l  c o n ta in in g  boron t r i f l u o r i d e  a t  room te m p era tu re ,  y ie ld e d  on ly  

p - a n i s i d in e  192. No t r a c e  o f  th e  d e s i r e d  c y c l i c  sp ec ie s  213 was o b ta in ed .
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CHAPTER FOUR

Attempted S yn thes is  of S p iro la c t ones from T e t ra h y d ro is o q u in o l in e -1 -
ca rb o x y l ic  Acids

A.1 The S ig n if ic a n c e  o f  I s o q u in o l in e - I - c a r b o x y l i c  Acids in  th e  B io sy n th e s is  
o f  I s o q u in o l in e  A lka lo id s

117 118A key s te p  in  th e  in  vivo fo rm ation  o f  i s o q u in o l in e  a lk a lo id s  ’ i s  

th e  condensation  of a ^  -phenethylam ine d e r ived  from e i t h e r  L - ty ro s in e  or 

L-dopa, w ith  th e  a p p ro p r ia te  carbonyl compound. The exac t  n a tu re  o f  t h i s  

carbonyl m oiety i s  u n c e r t a in  and th r e e  d i f f e r e n t  th e o r i e s  have been proposed 

(Scheme 39).
119In 1911, P i c t e t  and Spengler sugges ted  t h a t  th e  source  o f  th e  atom

o f te t r a h y d r o is o q u in o l in e s  was a simple aldehyde (Scheme 39 P a th  1 28A-285).

Under p h y s io lo g ic a l  c o n d i t io n s  .•-ph en e th y l  amines were condensed w ith  formaldehyde
119to  g ive  anhalam ine-type  289 a l k a lo id s ,  w ith  ace ta ldehyde  to  g ive  s a l s o l i d i n e -

120type  290 a lk a lo id s ,  and w ith  s u b s t i t u t e d  pheny lace ta ldehydes  to  g ive  1-
121b e n z y l is o q u in o l in e s .  However a ldehydes a re  g e n e ra l ly  reg a rd ed  as being  too

122r e a c t i v e  to  be r e a d i l y  a v a i l a b l e  i n  p l a n t s ,  and thus  th e re  i s  l i t t l e  evidence

123-125in  support o f  t h i s  mechanism. I t  has a lso  been shown t h a t  dopa i s  only

in c o rp o ra te d  in  th e  phenethylam ine h a l f  o f  1-b e n z y l i s o q u in o l in e s ,  b u t  i f  th e

n e c e ss a ry  pheny lace ta ldehyde  was der ived  from dopa v ia  dopamine and a deam ination

r e a c t io n ,  in c o rp o ra t io n  in t o  th e  bottom h a l f  o f  th e  m olecule should a lso  occur .
*1 2̂ )A second mechanism ~ in v o lv in g  i n i t i a l  a c y la t io n  o f  / 3  -pheny le thy lam ine

28A fo llow ed  by c y c l i s a t i o n  o f  th e  r e s u l t i n g  amide 286 to  g ive  d ih y d ro iso -

q u in o l in e  287 has a lso  been proposed (Scheme 39 Path  2 28/t-2 8 7 ). With

acetylcoenzyme A as th e  a c y la t i n g  agen t ,  s a l s o l i d in e - t y p e  a lk a lo id s  291 would
127r e s u l t ,  bu t on ly  one example has so f a r  been reco rd ed .  There i s  a l so

1 28-1 31accum ulating evidence of d e a c y la t io n  p r io r  to  c y c l i s a t i o n  in  s e v e ra l

o th e r  a l k a lo id s ,  which c a s t s  in c re a s in g  doubt on t h i s  mechanism.
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1 32A t h i r d ,  and c u r r e n t ly  most favou red  th e o ry ,  was proposed by Hahn. He

suggested  (Scheme 39 P a th  3) t h a t  th e  condensa tion  of a yS-phen e th y l  amine 284-

w ith  an. £C~ketoacid gave an in te rm e d ia te  t e t r a h y d ro is o q u in o l in e -1  - c a rb o x y l ic

ac id  288 which, depending on th e  type  o f  d e ca rb o x y la t io n ,  would le a d  to  e i t h e r

d i -  or. te t r a h y d r o is o q u in o l in e s  287 or 285. This mechanism was o r i g i n a l l y  
1 32 133r e j e c t e d  i due to  f a i l u r e  to  d e ca rb o x y la te  th e  ac id  in  vi t r o  under mild

(p h y s io lo g ic a l )  c o n d i t io n s .  However i t  has r e c e n t ly  been dem onstrated  th a t

th e s e  a c id s  can r e a d i l y  be deca rb o x y la ted  to  th e  co rresponding  3?4 -d ih y d ro -
1 3 4is o q u in o l in e s  by low p o t e n t i a l  anodic o x id a t io n ,  by pro longed a e r i a l

135o x id a t io n  in  b a s ic  media, and by th e  enzymes h o r s e ra d is h  p e ro x id a se  and 
1 36la c c a s e .  Other evidence in c lu d e s  th e  f a c t  t h a t  py ruva te  i s  an e f f i c i e n t

p re c u rso r  o f  bo th  th e  peyo te  a lk a lo id  ’ ' a n h a lo n id in e  291_, anc  ̂ 'Wie f t  - c a r b o l in e
137 138a lk a lo id  ’ harmine 292. Peyoxylic  293 and peyoruvic  a c id s  294- have been
126 139 128 d e te c te d  ~ ? in  peyo te  c a c t i  and have been shown to  be p re c u r s o r s  o f

a lk a lo id s  an h a lo n id in e  289 and anhalamine 29 1 . Also th e  i s o q u in o l in e - 1 -
1 30 131ca rb o x y l ic  ac id  295 i s  a p re c u rso r  ’ of  s a ls o l . id in e  290, w h i l s t  a c id  296

1/0 1/1 * 1i s  in c o rp o ra te d '  in to  n o r la u d a n o so l in e ,  + morphine, and r e t i c u l i n e .  ^

I t  i s  o f  i n t e r e s t  t h a t  p a t i e n t s  s u f f e r in g  from P ark insonism , who have been 
i / o

t r e a t e d  '  w ith  L-dopa, accum ulate 3 / ~ 0~ m sthy lno rlaudanoso linecarboxy lic  ac id  

298, in  t h e i r  u r in e ,  w hile  c h i ld re n  w ith  th e  m etabo lic  d is o rd e r  pheny lke tonurea  

s e c r e t e  u r in e  co n ta in in g  3*,4- ^ -deoxynorlaudanoso linecarboxy lic  ac id  297.

Since i s o q u in o l in e -1 - c a rb o x y l ic  a c id s  a re  now proven in te rm e d ia te s  in  

th e  b io g e n e s is  o f  b e n z y l i s o q u in o l in e s ,  t h e r e  i s  the  p o s s i b i l i t y  t h a t  th e y  a re  

a lso  im p lic a te d  in  th e  fo rm a tio n  o f  b i s b e n z y l i s o q u in o l in e s . I t  may be t h a t  

a c id s  299 b ea r in g  a 4--hydroxyl s u b s t i t u e n t  on th e  benzyl r e s id u e  can o x id i s e  

to  th e  s p i ro la c to n e  300 which could perhaps undergo n u c le o p h i l i c  a t t a c k  as 

proposed in  Schemes 1 and 4-0. I f  th e  n u c le o p h i le  were th e  anion o f  a 4- -  

hyd ro x y b en zy liso q u in o lin e  302, th e  p ro d u c t  would be a " t a i l - t o - t a i l "  coupled 

dimer 304, w hile  a t t a c k  by th e  anion o f  a 7 -h y d ro x y b en zy liso q u in o lin e  J301_
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would r e s u l t  in  th e  fo rm ation  o f  a " h e a d - t o - t a i l "  p roduc t  303 . Even i f  t h i s

r o u te  to  d im eric  i s o q u in o l in e s  proves  n o t  to  be b iosyn the tica l. 'L y  s i g n i f i c a n t ,

i t  o f f e r s  an a l t e r n a t i v e  NOC approach to  m olecules a t  p r e s e n t  d i f f i c u l t  to

s y n th e s i s e .  O x idative  coup ling  of b e n z y l is o q u in o l in e s  le a d s  p r e f e r e n t i a l l y

to  "head-to-head” l in k a g e  o f  th e  i s o q u in o l in e  m o ie t ie s  by 7-8 e th e r  bonds,

3?and i s  w e ll  documented. The coupling  of i s o q u in o l in e s  v ia  1-benzy l r e s id u e s
1L 3i s  more d i f f i c u l t  to  b r in g  about by phenol o x id a t io n ,  " w h ile  th e  on ly  r e p o r t  o f

t
14/" h e a d - t o - t a i l "  coup ling , '''' in v o lv in g  th e  enzymatic o x id a t io n  o f  a 1 -p h e n e th y l-  

i s o q u in o l in e ,  r e l i e s  on r a t h e r  f l im s y  sp e c tro sc o p ic  e v i d e n c e . 8 Compounds o f

th e  type  303 and 304- a re  u s u a l l y  p rep a red  by r a t h e r  la b o r io u s  Ullmann
, 14.5bp ro ced u re s .

4-.2 S yn thes is  o f  I s o q u in a ld ic  Acid s  315 and 321

The s y n th e t ic  sequence le a d in g  to  th e  i s o q u in a ld ic  ac id  3.15 i s  shown in

1/6Scheme 4-2. P y ro ly s is  o f  th e  fo rm ate  s a l t  o f  /3 - 3 ?4-d im ethoxyphenylethylam ine 4

gave th e  formamide 309 which could n o t  be induced to  c r y s t a l l i s e  b u t  which had

1/7th e  expected  s p e c t r a l  p r o p e r t i e s .  B is c h ie r -N a p ie r a l s k i  c y c l i s a t i o n  o f  th e

amide 309 /w ith  phosphorus oxy ch lo rid e  in  to lu e n e  produced the- d ih y d ro iso q u in o l in e

310 in  moderate y i e ld ;  th e  u se  o f  phosphorus p e n ta c h lo r id e  in  th e  c y c l i s a t i o n

gave an u n id e n t i f i e d  compound r a t h e r  than  th e  r e q u i re d  i s o q u in o l in e .

R eac tion  o f  th e  amine J310 w ith  po tass ium  cyanide and benzoyl c h lo r id e
1 / 8 1 /Qin  a tw o-phase (w ater/m ethy lene  c h lo r id e )  sy s te m t 4 ’ 4 a f fo rd e d  th e  d ihydro

R e i s s e r t  compound 311 in  55% y ie ld ,  b u t  a t tem p ts  to  produce R e i s s e r t  compounds

on a l a r g e  s c a le  were n o t  s u c c e s s fu l .  A lk y la t io n  of 311 w ith  4.~nitrobenzyl~

1 50bromide under p h a s e - t r a n s f e r  c o n d i t io n s  gave th e  su b s t i t u t e d  R e i s s e r t  312
1/8in  e x c e l l e n t  y i e ld .  Although i t  has been re p o r te d  4 t h a t  dihydro R e i s s e r t  

compounds hea ted  w ith  85% phosphoric  a c id  produce i s o q u in a ld ic  a c id s ,  compound 

312 gave a complex m ix ture  o f  p ro d u c ts  under th e se  c o n d i t io n s .  However

151t r e a tm e n t  o f  3,1.2 i c  g l a c i a l  a c e t i c  ac id  w ith  co n c e n tra te d  h y d ro c h lo r ic  ac id
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152f o r t u i t o u s  r e s u l t  i s  p a r t i c u l a r l y  s u r p r i s in g  s in ce  i t  i s  r e p o r te d  t h a t  

r e a c t i o n  of d ihydro R e i s s e r t  compounds w i th  hydrobromic a c id  in  a c e t i c  ac id  

y i e ld s  th e  iminium bromide 306 which undergoes f u r th e r  h y d ro ly s is  to  th e  amide 

hydrobromide 307 and ac id  hydrobromide 30B? (Scheme 1'1)„ The n i t r o  group in  

212 ya s  smoothly reduced  by room te m p era tu re  r e a c t io n  w ith  z inc d u s t  in  g l a c i a l  

a c e t i c  ac id  under a n i t r o g e n  atmosphere to  th e  amino ac id  311. Since p u r i ­

f i c a t i o n  o f  th e  amino ac id  311 proved d i f f i c u l t ,  i t  was used  in  i t s  crude s t a t e  

to  p rep a re  th e  dlmethoxysulphonamlde 315 which r e c r y s t a l l i s e d  from methanol.

The a ttem pted  s y n th e s is  o f  th e  u n s a tu ra te d  ac id  321 from is o q u in o l in e  

fo llow ed th e  same pathway (Scheme 1 3 ) .  Conversion of i s o q u in o l in e  to  i t s  

R e i s s e r t  d e r iv a t iv e  317 w ith  subsequent p h a s e - t r a n s f e r  a l k y la t i o n  to  316 and 

h y d ro ly s is  to  3.1? proceded as f o r  th e  d ihydro  compound, b u t  i t  proved im p o ss ib le  

to  p u r i f y  e i t h e r  th e  amine 320 o b ta in ed  from re d u c t io n  o f  th e  n i t r o  compound 

319< or th e  sulphonamide 321 d e r iv e d  from J320 (See e x p e r im e n ta l) .

1 . 3 . Oxi d a t i on o f  I so q u in a l d ic  Acid 315

The i n i t i a l  a t tem p ts  a t  anodic o x id a t io n  o f  th e  d im ethoxy-ac id  3 I 5. were 

undertaken  in  a c e t o n i t r i l e ,  u s in g  a carbon f e l t  anode, p la t in u m  ca thode , and 

TEAP as added e l e c t r o l y t e .  At th e  lower p o t e n t i a l s  of 1 .0v  an approxim ate two 

e l e c t r o n  o x id a t io n  appeared to  be o c c u r r in g ,  w ith  a good re c o v e ry  o f  fawn 

s o l i d .  In c re a s in g  th e  p o t e n t i a l  t o ’ I . l v  gave a l a r g e r  c u r r e n t ,  and an 

approxim ate fo u r  e le c t ro n  o x id a t io n ,  y ie ld in g  a brown s o l i d .  Examination o f  

bo th  s e t s  o f  p ro d u c ts  by TLC re v e a le d  them to  be m ix tu re s ,  b u t  w ith  some 

d i s c r e t e  h ig h e r  Rf m a te r ia l  in  th e  case  o f  th e  1.0v o x id a t io n .  NMR s p e c t r a  

o f  th e  crude p ro d u c ts  showed l i t t l e  d e t a i l ,  and a t tem p ts  to  o b ta in  pure 

p ro d u c ts  f a i l e d .  Mass s p e c t r a  o f  some o f th e s e  p roduc ts  showed on ly  breakdown 

fragm en ts ,  w ith  a l a r g e  peak a t  m/ e  311 common to  a l l .  The o x id a t io n  p ro d u c ts

6 A
. *?. . . .  , ;
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r e g u l a r l y  showed s e v e ra l  IR peaks i n  th e  1750-1630 carbonyl r e g io n ,  b u t  th e s e  

tended  to  be broad and i l l  d e f in e d .  However th e  low p o t e n t i a l  p roduc t  d id ,  

on one occas ion ,  show a medium 1550cm peak, b u t  l i t t l e  o r  no 1800cm 

ab so rp t io n  c h a r a c t e r i s t i c  o f  th e  l a c to n e  carbony l.

Anodic o x id a t io n  o f  3.15 in  m e thano lic  s o lu t io n  a t  1„3v gave a m ix ture  

which could  n o t  be s e p a ra te d  nor c h a r a c te r i s e d .

Only s t a r t i n g  m a te r ia l  was o b ta in ed  from th e  a t tem pted  o x id a t io n  o f  315 

w ith  le a d  t e t r a a c e t a t e ,

U, U Con c lu  s i  on s

C le a r ly  th e  o x id a t io n  of 3.15 does n o t  proceed smoothly to  th e  c o r r e s ­

ponding s p i ro la c to n e  316. The many IR carbonyl a b so rp t io n s  o f  th e  p roduc t 

from th e  h ig h e r  p o t e n t i a l  o x id a t io n s  may in d i c a t e  e i t h e r  b e n z y l ic  o x id a t io n  

or th e  fo rm ation  o f  a d ie n o n e - ty p e  system from the  m ethoxylated  benzene r i n g .  

However c o n f l i c t i n g  d a ta  r e s u l t i n g  from th e  p resence  o f  more than  one p ro d u c t  

made i d e n t i f i c a t i o n  im p o ss ib le .  The anodic o x id a t io n s  in  m ethanol, c a r r i e d  

ou t in  th e  hope t h a t  b e n z y l ic  o x id a t io n  would y i e ld  th e  d im ethyl k e t a l  in s t e a d  

o f  th e  carbonyl fu n c t io n ,  gave a complex m ix ture  o f  p ro d u c ts  and proved u s e l e s s .  

The on ly  encouraging i n d i c a t i o n  o f  su lphonylim ine  p ro d u c t io n  came from th e  low

p o t e n t i a l ,  low c u r r e n t ,  anodic o x id a t io n  in  a c e t o n i t r i l e ,  where an IR peak a t  
-11550cm was d e te c te d  in  th e  spectrum  o f  th e  crude p ro d u c t .

A r e p e a t  o f  t h i s  work u s in g  th e  l e s s  bu lky , p o t e n t i a l l y  more r e a c t i v e  

N-methanesulphonyl d e r iv a t iv e  may prove more p ro d u c t iv e .

Due to  th e  f a i l u r e  to  produce any i s o q u in o l in e  s p i r o la c to n e s ,  th e  

n u c le o p h i le  work planned could n o t be c a r r i e d  o u t .
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CHAPTER FIVE

Attempted Synt h e s i s  o f  a P roaporph ine  R ela ted  to  G laz io v ine

f>.1 The A lkalo id  G laz iov ine
153-158The proaporph ine  a lk a lo id s  <3.23 a re  p re c u r s o r s  o f  th e  p h a rm a c e u t ic a l ly

and chem ica lly  i n t e r e s t i n g  aporph ine  a l k a lo id s ,  and have been i s o l a t e d  from an

in c re a s in g  number o f  p la n t  s p e c ie s .  The g en e ra l  formula and numbering i s  shown

in  3?• 3 , a l though  r in g  D may occur in  a v a r i e t y  o f  o x id a t io n  s t a t e s .  S y n th e t ic

e f f o r t s  i n  th e  p roaporph ine  s e r i e s  have m ainly  co n ce n tra te d  on e f f i c i e n t  ways

of o b ta in in g  (p) g la z io v in e  324 which has a prom ising  p o t e n t i a l  as a 

1 59t r a n q u i l l i z e r .

15G laziov ine  324 was proposed by B arton and Cohen as an in te rm e d ia te  in  

th e  o x id a t io n  of  N~methylcoc1a u r in e  J2j> th e  co rresponding  aporph ine , s e v e ra l  

y e a rs  b e fo re  i t s  i s o l a t i o n . ^  A ttem pts”* ^  a t  in  v i t r o  p h e n o l ic  coup ling  o f

J32j5 to  have given a v ery  low (1-2%) y i e ld  of p roapo rph ine ,  and b e t t e r
i 16P 16Pr e s u l t s  a re  achieved by p h o to ly s i s  o f  th e  8-bromo 9 " or 8 -d iazo

is o q u in o l in e s ,  326 and 327, g iv in g  p roaporph ine  y ie ld s  o f  26 and 45%

r e s p e c t iv e l y .
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*1 6 3An a l t e r n a t i v e  approach to  .324- in v o lv e s  b u i ld in g  th e  fo u r th  D r in g
1 (3/onto a t r i c y c l i c  ke tone  by a B ernaue r-type  s y n th e s is  (Scheme 4-4-), g iv in g

1 1 ,12~d!Jhydr'oglaziovine 332. O -a c e ty la t io n  to  333. fo llow ed  by s e l e c t i v e

brormination gave 334., which on dehydrobrom ination and d e a c e ty la t io n  y ie ld e d
165g la z io v in e  324: in  60-64$ y i e l d .  In  a m o d if ic a t io n  o f  t h i s  sch.erne, th e

in te rm e d ia te  332 i s  o b ta ined  by s e l e c t i v e  dem ethy la tion  o f  amuronine 335, which

i s  more r e a d i l y  p repared  by th e  Bernaner method.

166A n ove l approach by Kametani et  a l  invo lved  th e  use  o f  a benzyl -  

i s o q u in o l in e  in  which th e  4* -hydroxy s u b s t i t u e n t  o f  N -m ethy lcoc lau r ine  325 

i s  r e p la c e d  by an amino group 336. I t  was envisaged t h a t  u se  o f  sodium 

h y p o c h lo r i te  might g e n e ra te  th e  N -chloro  d e r iv a t iv e  3T37, and hence th e  

n i t re n iu m  c a t io n  336, which would undergo Cg-C^ coupling  (Scheme 4.5).

Although no t r a c e  o f  th e  im ine 35.39. was found, a small amount ( 1$ ) o f  

g la z io v in e  J324 was d e te c te d ;  when th e  dimethoxy analogue was nsed on ly  

th e  azo compound 34-1 was i s o l a t e d .

5 .2  S y n th e s is o f  th e  4 -T osy lam ldobenzy llsoqu ino llnes  365 and 342

Although th e  r e s u l t s  o f  th e  n i t re n iu m  approach to  g la z io v in e  were 
166d is a p p o in t in g ,  th e  la c k  o f  good r o u te s  to  t h i s  compound, and th e  prom ising  

r e s u l t s  o b ta in ed  by o x id a t io n  o f  sulphonamides (Chapter Three) prompted an 

in v e s t ig a t io n -  o f  th e  approach to  th e  p roaporph ine  o u t l in e d  in  Scheme 46. The 

u se  o f  t e r t - b u t y l  h y p o c h lo r i te  and s i l v e r  t r i f l u b r o a c e t a t e  to  g e n e ra te  th e  

n i t re n iu m  io n s  favoured  by Kametani, was n o t  thought p rom ising  due to  low 

y i e ld s  and ch lo r in a te d  im p u r i t i e s  produced during  p rev io u s  s tu d ie s  ( 3 . 2 . 2 ) .

Although u n su c c e s s fu l  a t tem p ts  had a l re a d y  been made to  o x id is e  a 

sulphonamidobenzene m oiety  in  th e  p re sen ce  o f  a p heno lic  oxygen n u c le o p h i le  

(Chapter T hree) ,  i t  was hoped t h a t  th e  h i t h e r t o  u n t r i e d  n u c le o p h i le ,  a 

carbon o r tho to  a p h en o lic  hydroxy l,  might undergo Cg-C^ coupling  (Scheme 46)".
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Should t h i s  o x id a t io n  occur then  h y d ro ly s is  o f  th e  ' p ro a p o rp h in e - ty p e ' 

su lphonylim lne (3* 5 .2 )  would y ie ld  a g la z io v in e - ty p e  dlenone .344.which

should r e a r ra n g e  to  th e  aporph ine 346, I n i t i a l  rearrangem en t o f  343 ’to 345 

fo llow ed  by h y d ro ly s is  could a l s o  be cons idered  as a r o u te  to  34.6 (Scheme 47 ) ,

S c h e m e  4 7
M e O v ^ '

3 4 3

N Ts

M e  0

h o - ^ y J v / NTs

R V 3 4 5 q R  =H; R^Ts 

X  3 4 5 b R = T s ; R = H

M e O s ^ \ , . Me 0

HjRrOH;
0H; R~H

The u se  o f  th e  dim ethoxyi.soquinolin e  365 as a g la z io v in e  p re c u r s o r  was a lso  

co n s id e re d ,  as i t  would n o t  undergo in te rm o le c u la r  p h en o lic  coup ling ,  b u t  

might be e f f i c i e n t  in  in t r a m o le c u la r  coup ling  p ro c e s s e s ;  th e  u se  o f  a lkoxy -  

benzenes in  such r e a c t io n s  i s  w e l l  documented. ^
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The i n i t i a l  ro u te  to  34-2 i s  shown in  Scheme 4-8. / 3 - ( 7 -Benzyloxy-6~ 

methoxyphenyl) e th y l  amine 34-7 was coupled under b a s ic  c o n d i t io n s  w ith  4~ 

n i t r o p h e n y la c e ty l  c h lo r id e  J48 , to  g ive  th e  corresponding  amj.de 34-9 which 

by B is c h le r -N a p ie r a l s k i  c y c l i s a t i o n  w ith  phosphorus p e n ta c h lo r id e  a f fo rd e d  

th e  h y d ro ch lo r id e  o f  th e  d ih y d ro iso q u in o l in e  350 in  good y i e l d .  S evera l 

a t tem p ts  a t  concu rren t  re d u c t io n  o f  bo th  n i t r o  and inline groups u s in g  z in c -  

a c e t i c  ac id  under a n i t r o g e n  atmosphere y ie ld e d  a brown s o l i d ,  TLC and 

s p e c t r a l  exam ination o f  which in d i c a te d  t h a t  a l though  th e  n i t r o  group had 

been reduced to  th e  d e s i r e d  p r im ary  amino fu n c t io n ,  r e d u c t io n  o f  th e  im ine 

was incom ple te .  A ll  a t tem p ts  a t  p u r i f i c a t i o n  f a i l e d  and t h i s  r o u te  to  34-2 

was abandoned.

' Smooth s e l e c t i v e  r e d u c t io n  o f  th e  im ine 350 w ith  sodium bo rohydride  gave

in  good y ie ld  th e  te t r a h y d r o i s o q u ln o l in e  353, which was converted  to  th e

s u lphonamide (Scheme 4-9)• The easy  r e d u c t io n  o f  th e  n i t r o  group w ith  z inc

and a c e t i c  a c id ,  gave h ig h  y i e ld s  o f  The-aminj^ 3JL5.J which a l though  homogeneous

by TLC, was im p o ss ib le  to' r e c r y s t a l l i s e ,  and in  crude form was r e a c te d  w ith

to s y l  c h lo r id e .  R e c r y s t a l l i s a t i o n  o f  th e  b i s ~sulphonami.de a l s o  f a i l e d ,

even though TLC and s p e c t r a l  d a ta  in d ica te d -  a f a i r l y ; p u r e  p ro d u c t .  An

a n a l y t i c a l  sample p repa red  by column chromatography gave poor r e s u l t s .

D ebenzylation  a l s o  proved d i f f i c u l t ,  b u t  by u s in g  10% p a l lad iu m  on ch a rco a l

w eight f o r  w eigh t w ith  th e  s u b s t r a t e ,  e f f e c t i v e  d e b en z y la t io n  to  th e  f r e e

phenol 34-2 was f i n a l l y  ach ieved .  A lthough r e c r y s t a l l i s a t i o n  o f  34-2 a lso

f a i l e d ,  TLC and s p e c t r a l  d a ta  was i n  accord w ith  th e  d e s i r e d  p ro d u c t ;  an

a n a l y t i c a l  sample p rep a red  by column chromatography gave s a t i s f a c t o r y  r e s u l t s ,
17/A r e c e n t l y  r e p o r te d  v a r i a t i o n  + o f  th e  P ic te t -S p e n g le r  condensa t ion ,  

in v o lv in g  N -su lphonylphenylethylam ines  and a ldehydes,  seemed a conven ien t 

r o u te  to  th e  n i  t r  oh e n z y l i  s o q u in o l in e  354. The s u lphon ami d e s _35>6, 250L aTî

358 were r e a d i l y  p repared  as c r y s t a l l i n e  s o l i d s ,  b u t  th e  p r e p a ra t io n  of
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4 -n i t ro p h e n y la c e ta ld e h y d e  359. p re se n te d  problem s. O xida tion  o f  4. - n i t r o s ty r e n e
175w ith  le a d  t e t r a a c e t a t e  in  t r i f l u o r o a c e t i c  a c id  gave o n ly  a low y i e ld  o f  th e  

aldehyde, which proved d i f f i c u l t  to  p u r i f y ,  and a l though  i t  condensed in  h igh  

y ie ld  w ith  th e  sulphonamide 356 to  g ive  J3£4, t h i s  approach to  N -su lphony l-  

i s o q u in o l in e s  was n o t  pursued*

The dim ethoxyisoq u in o l in e  365 was sy n th e s is e d  by th e  p a th  shown in  

Scheme 50, which c lo s e ly  fo llo w s  th e  s u c c e s s fu l  r o u te  to  34.2.

5 .3  O xidation  of  th e  Sulphonam idolsoqulnol l n e s 34-2 and 3b5

The p heno lic  iso q u i n o l in e  3.42 was anodic a l l y  o x id ise d  a t  p o t e n t i a l s

between 0 .9 -1 .1  v o l t s  in  bo th  a c e t o n i t r i l e  and m ethanolic  s o lu t i o n s .  T.n

a c e t o n i t r i l e  th e  lower p o t e n t i a l  o x id a t io n  p roduc ts  were fawn in  c o lo u r ,

tu rn in g  dark  p u rp le  as th e  p o t e n t i a l  in c re a s e d ;  a good re c o v e ry  o f  s o l id

p ro d u c t  was always ach ieved . Examination by TLC o f  th e  1,0v o x id a t io n  p roduc t

o f  342 showed m ainly  two sp o t m a te r i a l ,  b u t  a ttem pted  i s o l a t i o n  o f  th e se

components by p r e p a r a t i v e - l a y e r  chromatography was n o t  s u c c e s s fu l .  The IR
-1spectrum of th e  crude p ro d u c t  showed peaks a t  1740, 16/+0, 1630cm , in d i c a t i n g

th e  p resence  o f  a v a r i e t y  of carbonyl fu n c t io n s .  The mass s p e c t r a l  r e s u l t s  

showed a mass ion  a t  577 (p o s s ib ly  a dem ethy la ted  sp e c ie s  d e r iv e d  from th e  

proposed im ine 343) .  to g e th e r  w ith  a complex p a t t e r n  o f  l e s s  in te n s e  peaks.

The NMR s p e c t r a  o f  such impure and complex m a te r ia l  were u n in fo rm a tiv e .  

Coulometric d e te rm in a t io n s  i n d i c a t e ’ o x id a t io n s  o ccu rr in g  o f  between two and 

four e l e c t r o n s .  No c o n c lu s iv e  ev idence o f  im ine fo rm ation  was found.

The d im ethoxy isoqu ino line  365 gave c lean e r  r e s u l t s  on o x id a t io n  than  

e i t h e r  34A or i s o q u in a ld ic  ac id  3.15 » Close approxim ation  to  fou r e l e c t ro n  

o x id a t io n s  o f  365. were ach ieved  a t  p o t e n t i a l s  o f  1,25v in  a c e t o n i t r i l e  and 

1*2v in  m ethanol. TLC o f  th e  p ro d u c ts  from o x id a t io n s  in  a c e t o n i t r i l e  showed 

m ain ly  b a s e l in e  m a te r i a l  even when f a i r l y  p o la r  s o lv e n ts  were employed.



Although a t tem p ts  a t  p u r i f i c a t i o n  f a i l e d ,  th e  IR s p e c t r a  o f  crude p roduc t
-1showed s tro n g  a b s o rp t io n s  i n  th e  1700-1600cm carbonyl r e g io n ,  b u t  no im ine 

-1peak a t  1550cm was observed . The NMR spectrum again  proved o f  l i t t l e  v a lu e ,  

w hile  th e  mass spectrum showed a l a r g e  peak a t  332, b u t  as th e  p a re n t  ion  fo r  

th e  proposed imine should  have a mass number o f  606, th e  breakdown p a t t e r n s  

were m ean ing less .  The o x id a t io n s  in  methanol proved v e ry  complex y ie ld in g  

m ix tu res  which could n o t  be s e p a ra te d  and was thus  abandoned.

12jJi   Conclusions^

The two main problems appear to  be th e  im p u r i ty  and com plexity  of th e  

s t a r t i n g  m a te r i a l s ,  and th e  p resence  o f  a p h en o l ic  group in  th e  i s o q u in o l in e .

Although th e  N--4--toluenesulphonyl d e r iv a t iv e s  o f  th e  low m olecu la r  w eigh t 

a n i s id in e s  gave optimum r e s u l t s  in  th e  p r e p a ra t io n  of N -sulphonylim ines  

(Chapter T hree ) ,  th e  more r e a c t i v e  m ethanesulphonyl moiety might prove a more 

s u i t a b l e  d e r iv a t i v e  fo r  th e  h ig h e r  m olecu la r  w eight i s o q u in o l in e s .  The 

r e d u c t io n  in  bo th  s iz e  and m olecu la r  w eigh t should allow r e c r y s t a l l i s a t i o n  

o f  in t e rm e d ia te s  le a d in g  to  homogeneous s t a r t i n g  m a te r ia l s  th u s  red u c in g  th e  

p o s s ib le  s id e  r e a c t i o n s .  The NMR s p e c t r a  o f  p ro d u c ts  would be g r e a t l y  

s im p l i f ie d  in  th e  a rom atic  r e g io n ,  f a c i l i t a t i n g  t h e i r  i d e n t i f i c a t i o n .

The o x id a t io n  o f  th e  p h en o lic  i s o q u in o l in e  34-2 gave a complex m ix tu re ,  

from which l i t t l e  could be deduced. O xidation  d id  occur b u t  sp e c ie s  o th e r  

than  th e  d e s i r e d  p roduc t formed, le a d in g  to  m a te r i a l ,  th e  IR spectrum o f  which 

showed ab so rp t io n  in  th e  carbonyl r e g io n .  The d im e thoxy isoqu ino line  365 

underwent a fo u r  e le c t ro n  o x id a t io n  in  a c e t o n i t r i l e ,  b u t  again  a p roaporph ine  

was n o t  produced, a l though  c a rb o n y l-c o n ta in in g  compounds did  appear to  be formed.

The use  o f  anodic o x id a t io n  in  methanol fo r  both  s u b s t r a t e s  in  an a t tem p t 

to  produce th e  d im ethyl a c e t a l  o f  any b e n z y l ic  o x id a t io n  p ro d u c t ,  gave o n ly  a 

complex m ix ture  o f  in s e p a ra b le  p ro d u c ts  and proved u s e l e s s .
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EXPERIMENTAL SECTION

General

I n f r a r e d  s p e c t r a  were reco rd ed  u s in g  a P erk in  Elmer 137 g r a t in g  

' spectrophotom er c a l i b r a t e d  w ith  a p o ly s ty re n e  f i lm .  Pro ton  magnetic 

resonance  s p e c t r a  were reco rd ed  on a JEOL JNM C--60 HL 60 MH sp ec tro p l io to -  

meter w ith  t e t r a m e th y l s i l a n e  as  th e  i n t e r n a l  s tan d a rd  in  th e  so lv en t  

in d ic a te d -  Low r e s o lu t i o n  mass sp ec tro sco p y  d e te rm in a t io n s  were c a r r i e d  

ou t by th e  a n a l y t i c a l  s e c t io n  o f  Im p e r ia l  Chemical I n d u s t r i e s  L td . ,  A ld e r le y  

Edge, M a c c le s f ie ld ,  as  were m icroana ly ses  f o r  C,H,C1,N and S. M elting p o in t s  

were determ ined  u s in g  open c a p i l l a r i e s  in  an e l e c t r i c a l l y  h ea ted  Gallenkarap 

m e lt in g  p o in t  ap p a ra tu s  and a re  c o r r e c te d .

Hydrogenations were performed u s in g  th e  medium p re s s u re  ap p a ra tu s  o f  

Chas„ W. Cook and Sons, Birmingham, and a l s o  a s tan d a rd  atm ospheric  p r e s s u re  

hydrogenation  a p p a ra tu s .  T h in - la y e r  chromatography was c a r r i e d  ou t u s in g  

p re - s p re a d  p l a t e s  (5 x 20cm; Polygram SIL G/UVi . and Polygram ALOX N/lJV 

from Camlab, Cambridge), P r e p a r a t iv e  TLC ( t h i c k - l a y e r ) was performed on p r e ­

spread  (20 x 20cm; Anachem U n ip la te ,  s i l i c a - g e l  G .E .) . ,  Column chromatography 

was c a r r i e d  ou t u s in g  F ison  s i l i c a - g e l  MFC (80-200 mesh) and F ison alumina 

(100-250 mesh). A ll  s o lv e n ts  fo r  chrom atographic work were r e d i s t i l l e d .

Other so lv e n ts  were d r ie d  u s in g  m olecu lar  s ie v e s  (excep t e th e r ,  THF, and 

benzene, which were d r ie d  over sodium). Petro leum  used had b .p ,  60-80°.

General Anodic O x id a t ion Procedure

A ll anodic o x id a t io n s  (u n le s s  s t a t e d  o th e rw ise )  were c a r r i e d  ou t u s in g  

a Wenking p o t e n t i o s t a t  model 70 TS 1 and s tan d a rd  calomel r e f e r e n c e  e l e c t r o d e ,  

w ith  a g ra p h i te  f e l t  anode (5 x 3cm) and a p la tinum  cathode (3 x 2cm). The 

one compartment c e l l  (a 250ml beake r)  con ta ined  a s o lu t io n  o f  t e t r a e t h y l -  

ammonium p e r c h lo r a te  (2 ,5g) in  e i t h e r  methanol or a c e t o n i t r i l e  ( 150ml) and
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was s t i r r e d  m a g n e tic a l ly .  The o x id a t io n s  were c a r r i e d  out in  a i r  a t  room 

te m p era tu re .  S u b s tra te s  were added in  s o lu t io n  of th e  c e l l  s o lv e n t  to  an 

e q u i l i b r a t e d ,  p r e - e l e c t r o l y s e d  anodic c e l l ,  a t  a p redeterm ined  anodic 

p o t e n t i a l ,  and th e  c u r r e n t  monitored w ith  tim e u n t i l  e i t h e r  th e  c u r re n t  

dropped to  th e  background l e v e l  or u n t i l  a l l  s t a r t i n g  m a te r ia l  was shown by 

TLC exam ination to  have r e a c te d .  The c e l l  s o lu t io n  was decan ted , the  

shredded anode washed w ith  f u r th e r  s o lv e n t ,  and th e  combined o rgan ic  so lv e n ts  

f i l t e r e d ,  then  evapora ted  to  d ryness  on a r o t a r y  evaporto r  a t  room tem pera tu r  

The r e s id u e s  were p a r t i t i o n e d  between methylene c h lo r id e  or e th e r  and w a te r ,  

and th e  o rgan ic  l a y e r  s e p a ra te d .  When th e  s t a r t i n g  m a te r ia l s  were a c id ic  an 

a d d i t io n a l  wash w ith  s a tu r a t e d  sodium b ic a rb o n a te  s o lu t io n  was employed. The 

o rgan ic  l a y e r s  were d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  then  r o t a r y  

evapora ted  to  dryness  a t  room te m p era tu re .



WORK DESCRIBED IN CHAPTER TWO

P re p a ra t io n  of S u b s t r a t es

3 - ( 3 j 5-dibrom o~4~hydroxyphenyl)-propanoic ac id  103. The t i t l e  compound 

75was p repa red  by mixing a s o lu t i o n  o f  bromine in  a c e t i c  a c id  w ith  an a c e t i c  

ac id  s o lu t io n  o f  /'t.-hydroxyphenylpropanoic a c id  101 , and was o b ta ined  as 

c o lo u r l e s s  n eed le s  which r e c r y s t a l l i s e d  from to lu e n e  (74$) m.p, 106° ( l i t . 1^ 

m.p. 108°).

Disodium s a l t  o f  3 - ( 3>5~dibromo~4-~hydroxyphenyl)-propanoic a c id .  M e ta l l i c  

sodium (0.55g. 0.024- mol) was d is s o lv e d  in  methanol (50ml) and 3 - ( 4-~hydroxyphenyl) 

propanoic  ac id  (2„0g 0.012 mol) added. The s o lu t io n  was evapora ted  to  d ryness  

and th e  r e s id u e  used in  th e  fo l lo w in g  e l e c t r o l y s e s .

Anodic O xidation o f  P h io r e t i c  Acid and i t s  D e r iv a t iv e s

The g en e ra l  o x id a t io n  p rocedure  o u t l in e d  e a r l i e r  was employed on 

com mercially a v a i l a b l e  3-(4--hydroxypheny l)-p ropano ic  a c id  101(A ), 3 -

( 3 , 5“dibromo~4-"bydroxyphenyl)-propanoic a c id  103(0 ) ,  and on t h e i r  r e s p e c t iv e
♦ • 

d is o d iu m .s a l t s  (B) and (D). The s u b s t r a t e s  ( in  a c e t o n i t r i l e  s o lu t io n )  were

e i th e r  added dropwise (Dr) or as a bu lk  a d d i t io n  (Bk). In  each case  th e

e l e c t r o l y t e  was T .E .A .P . (2g) and th e  c e l l  so lv e n t  a c e t o n i t r i l e  (150ml).

The e le c t ro d e s  were e i t h e r  p la t in u m  ( P t ) ,  le a d  (Pb), or carbon f e l t  (CF)

which was sometimes changed s e v e ra l  t im es d u r in g  th e  o x id a t io n  p ro cess  (CCF),

Some o f  th e  r e s u l t s  o b ta ined  a re  given in  th e  t a b l e  below; th e  w eight o f

p roduc t shown i s  a crude y ie ld  p r i o r  to  r e c r y s t a l l i s a t i o n .



Table I

SUBST. Wt S.M.
(rag)

P.D.
( v o l t s )

I(max) 
(mA)

Time
(Hrs)

Add *n 
Type

E lec tro d e  
+  -

wt P. 
(mg)

Y ield
%

A 150 1 .0 40 1.25 Bk CF P t 7 5
A* 500 . 1 .2 4 2.00 Dr F t P t 6 1
A 300 2 .0 18 2.00 Dr P t P t 7 2
A 300 1.2 4-0 4.50 Dr CGF Pt 57 19
A 500 1.2 96 2,00 Dr GOF P t 30 6
A 300 2.0 27 0.35 ‘ . Bk P t Pb 10 3
B 500 0.5 54 16.00 Bk CF P t 20 5
B 500 . 0 .5 40 1.75 Dr CCF P t 25 6
C 500 1.0 12 1.30' Bk CF P t 33 7
C .. 500 1 .0 38 1.20 Dr CCF P t 52 11
D 700 0 .5 24 1.75 Bk CCF Pt 32 5
D 700 0.5 39 2.25 Dr CCF P t 28 4

* O xidation  run  in  a c e t i c  ac id  (22ml) and w ater  (150ml).

Chemical O x id a t ion o f  3 -  (4 -hydr o xyph en y l ) --pr o p an ol e  ac id  101
(  1

( i )  The o x id a t io n  o f  p h l o r e t i c  a c id  101 was e f f e c te d  w ith  hydrogen 

p e ro x id e  and g l a c i a l  a c e t i c  ac id  to  g ive  th e  la c to n e  102 which r e c r y s t a l l i s e d  

from chloroform  as c o lo u r l e s s  n e e d le s  (6%) m.p. 105° ( l i t .  m.p. 106°).

*l)max : 1780 cm""1 ( l a c to n e  c ~ 0 ) ;  1690 cm” 1 (C = 0 ) j  164-0 cm-1 (C = C ).  S  (CDC1 ) 

2.1 -  3 ,0  (4H, m, CPI^CHp); 6 .25 , 6 .85 (4H, 2d, J  —11 Hz, d ie n e ) .

( i i )  The t i t l e  ac id  1_01_ ('i.Og 0.0072 mol) was s t i r r e d  w ith  a suspension  

o f  le a d  t e t r a a c e t a t e  (3>2g 0.0072 mol) in  a c e t i c  ac id  (10ml ) a t  room 

tem p era tu re  f o r  tv/o hour’s .  The dark  r e a c t i o n  m ixture  was poured in t o  w ater 

(300ml) and e x t ra c te d  in t o  m ethylene c h lo r id e  (2 x 100ml). The combined 

o rgan ic  l a y e r s  were washed w ith  w ate r  (8 x 100ml) u n t i l  th e  pH o f  th e  aqueous 

phase had f a l l e n  from 3 to  7. The o rgan ic  s o lu t io n  was d r ie d  over sodium 

s u lp h a te ,  and s o lv e n t  removed to  le a v e  a yellow  o i l .  T r i t u r a t i o n  w ith  e th e r  

gave a w h ite  s o l id  4-Omg ( )  w ith  m.p, and s p e c t r a l  p r o p e r t i e s  i d e n t i c a l  to  

those  o f  th e  above la c to n e  102.
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WORK DESCRIBED I N CHAPTER. THREE 

P re jm ra t io n , of  Sub s t r a t e s

Gonera! P re p a ra t io n  o f  4 ~ n itro p h en y l D e r iv a t iv e s

To a m echan ica lly  s t i r r e d  s o lu t io n  o f  4 -n i t ro p h e n o l  (35g 0.25mol) in  d ry  

DMF (100ml) was c a u t io u s ly  added sodium h y d ride  (8Cf/o suspension  in  o i l ,

8 .0g  0 .25 mol) over a 30 min. p e r io d  w ith  i n i t i a l  coo l ing  in  an ic e /w a te r  

b a th .  The a lk y l  h a l id e  (0 .25  mol) was added and the  m ix tu re  r e f lu x e d  fo r  

5 h . ,  then  cooled s l i g h t l y  and poured in t o  2M aqueous sodium hydroxide 

s o lu t i o n  (11).

E i th e r  ( i )  th e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w ith  w a te r ,  then 

a i r  d r ie d ,  or ( i i )  th e  aqueous r e a c t io n  m ix ture  was e x t ra c te d  w ith  e th e r  

(5 x 200ml), th e  combined o rg an ic  l a y e r s  washed w ith  d i l u t e  base  (2 x 200ml) 

and w ater  (2 x 200ml), then  d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  and 

s o lv e n t  removed on a r o t a r y  e v a p o ra to r .

By t h i s  method were p rep a red  th e  fo l lo w in g  compounds: -  

2 - (4 -n i t ro p h e n o x y ) -e th a n o l  210. .From 2-c h io ro e th a n o l  as p a le  yellow 

n eed le s  (66%) from to lu e n e  m.p. 94-6° ( l i t , * 1̂  m.p. 9 2 ° ) .  -O ' ' 3280 cm’”*'r t rnax

(OH). S(CDC13 ): 3 .9  - 4 . 3  (4H, m, C^CHg); 7 .00  (2H, d, J= 9 H z  ax. o r th o  

to  0 ) ;  8 ,30  (2H, d, J = 9H a r .  o r th o  to  N); 2 .4  (1H, s ,  exchanges w ith  Do0,3 d.
0H).

2 - ( 2 -n i t r o p h e n o x y ) -e th a n o l , From 2 -  n i t ro p h e n o l  and 2 ~ ch lo ro e th an o l,

fawn n eed le s  from e th y l  a c e ta te -p e t ro le u m  (69%) m.p. 32 -  5° ( l i t . * * ^  m.p. 35

6 ° ) .  l )  max : 3220 cm"1 (OH). S (CDd ) : 3 .95 , 4 .20  (4H, 2 t ,  J  = 3Hz, Cf^CHp;

6 .8  -  8 .0  (4H, m, a ro m a t ic s ) ;  2 .8  (1H, broad s ,  exchanges w ith  D^0,

OH).

3~ (4~n itrophenoxy)-p ropan-1~ o l.  From 3~chloropropan~1~ol as  p a le
o 1 Vf-i nyellow  n eed le s  from to lu o n o -p e tro leu m  ( 51%) m.p. 43 *- 44 ( l i t .  ' u m.p.. 48-9 )
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I ) ffiax! 3515 c,m'"1 (OH). S (CDC13) :  1 .7 -2 .3  (2H, in, C^CIijCH,,); 3.85 (2H, 

t ,  J  =  7HZ, Cg2OH); I,. 15 (2H, t ,  J = 7 H z ,  PhOCH,,-); 6 .85  (2H, d, J - 9Hz, a r .  

o r th o  to  0 ) ;  8 .05 (2H, d, J — 9Hz, a r .  o r tho  to  N); 2 .6  (1H, broad s ,  exchanges 

w ith  DpO, OH).

E thyl 4 -n i t ro p h e n o x y a c e ta te  227. From e th y l  c h lo ro a c e ta te  as yellow  

n eed le s  from to lu e n e -p e tro le u m  or e th an o l  (94%) m.p. 75-6° ( l i t . 179 m.p. 7 6 ° ) .  

l ) „ :  r / 5° cm“1 ( c -  0 ) .  8  ( CDC1 ) :  l". 30 (3H, t ,  J ^ 7 H z , C H j ;  4 .20  (2H, q,
IT) cit X  y

J=7H Z, 0CH2 a i  )j 4 .70  (211, s , OCHpCOp); 6 .90 (211, d, 9Hz, a r .  o r th o  to  *

0 ) ;  8 .10  (2H, d, J  = 9Hz? a r .  o r th o  to  N).

■Ethyl 2 , 2 -d lm e th y I-3 - (4 -n l t ro p h e n o x y ) -p ro p a n o a te . From e th y l  2 ,2 -  

d im e th y l-3 -ch lo ro p ro p an o a te  as p a le  yellow  n e e d le s (p e t ro le u m )(38%) m.p. 87- 

90°. t > max: 1735 cm-1 (C = 0 ) .  & (CDCL3) :  1.20 (3H, t ,  J = 7 H z , CHgffl ) 

superimposed on 1.35 (6H, s ,  C(CH^)p)j 4*05 (2H, s ,  OCHpC(Me)p) .superimposed 

on 4 .15 (211, q ,  J~ 7 H  , Cli^CH ) ;  6 .90  (2fI, d, J  = 9H , a r .  o r th o  to  0 ) 8.103 j  3
(2H, d, J= 9 H  , a r .  o r th o  to  N).z *

3 ~ (4 -N itro p h en y l) -p ro p an o ic  a c id  2^6. To a m echan ica lly  s t i r r e d  s o lu t io n  

of phenylpropanoic ac id  245 (50g 0 .33  mol) -in g l a c i a l  a c e t i c  ac id  (50 ml) was 

c a u t io u s ly  added dropwise fuming n i t r i c  ac id  (I00g) over a p e r io d  o f  one 

hour.  The r e a c t io n  m ix ture  was m a in ta ined  a t  20-25° by means o f  a cold  

w ater b a th  du ring  the  a d d i t io n ,  th en  allowed to  s tan d  a t  room tem pera tu re  

fo r  3 h r s .  w ith  o c c a s io n a l  s t i r r i n g ,  b e fo re  being  poured in to  cold w ater (11). 

The yellow  s o l id  was f i l t e r e d  o f f ,  washed w ith  w a te r ,  and a i r  d r ie d ,  y ie ld in g  

a f t e r  r e p e a te d  r e c r y s t a l l i s a t i o n  from e th an o l th e  n i t r o  ac id  32g (50%) m.p. 

162° ( l i t . 179 m.p. 164-5°) .  T ^max: 1705 cm"1 (C --0 ) .  8  (DMS0): 2 .4 -3 .2  

(4H, m, CHpCHp); 7 .30  (2H, d, J=. 9Hz, a r .  o r tho  to  C) j 8 .05  (2H, d, J =  9Hz, 

a r .  o r th o  to  N),
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Gen eral  P re p a ra t io n  o f  A-Amln ophenyl  D eriv a t iv e s

To an o rgan ic  s o lu t io n  (approx. 200 ml) o f  th e  n i t r o  compound (0 .03  -  

0.1 mol) v/as c a u t io u s ly  added a s l u r r y  o f  %  p a l lad ium  on ch a rc o a l  (0 .5g ) 

in  w ater (1 ml) under an atmosphere o f  n i t r o g e n .  The suspension  was e i t h e r  

shaken .under hydrogen ( a t  1 a tm os .)  or s t i r r e d  r a p i d l y  under hydrogen a t  

a tm ospheric  p r e s s u re ,  u n t i l  up take  ceased . The c a t a l y s t  was removed by 

f i l t r a t i o n  th rough  c e l i t e ,  th e  f i l t r a t e  evapora ted  to  d ryness  and th e  r e s id u e  

r e c r y s t a l l i s e d  from th e  s o lv e n t  in d i c a te d .

By t h i s  method were p rep a red  th e  fo l lo w in g  compounds: -  

2~(4~Arninophenoxy)-ethanol 211. Hydrogenation s o lv e n t - e th y l  a c e t a t e .  

C o lou rless  n e e d le s  from ch lo ro fo rm -pe tro leum  (81 %) m.p. 69-71° ( l i t . ^ ^  m.p. 

7 1 -7 2 ° ) .  X>max: 34-60 , 3290 , 3190 ora"1 (NH,,, OH). & (CDC1 ) :  3.7-4-.1 (AH, 

m, CHpCIIp); 6 .4 -6 .9  (4-H, m, a ro m a t ic s ); 3 .2  (3H, broad s ,  exchanges w ith  

DpO, NHp, OH). The amine h y d ro c h lo r id e  217 was p r e c i p i t a t e d  by bubbling  

hydrogen c h lo r id e  gas th rough  an e th a n o l ic  s o lu t io n  o f  above amine 211, and 

was o b ta in ed  as salmon p ink  p l a t e s  m.p. 205° ( l i t . ^ ^  m.p. 200 -5°) .

2 - (2-Aminophenoxy)-ethanol. Hydrogenation s o lv e n t - e th a n o l .  C o lou rless  

n eed le s  from ch loroform  {$6%) m.p. 87-90° ( l i t . * ^  m.p. 9 0 -2 ° ) .  . “\Pmax: 33^® > 

3320, 3220 cm"1 (NHgpH). 6  (CD Cl^: 3 .7 -4 -2  (AH, m, 6 .6 -6 .9  (AH,

m, a ro m a t ic s ) ;  3 .7  (3H, broad  s ,  exchanges w ith  D^O, NHppH).

3-(/i.-Aminophenoxy)-propan-1 - o l . Hydrogenation s o lv e n t - e th a n o l .  

C o lou rless  n eed le s  from ch loroform  (91/0 m.p. 86-88°. *, 3350, 3290,
IT10.X

3120 cm~1 (NIIp, OH).

Ethyl A-aminophenoxyacetate 228. Hydrogenation s o lv e n t - e th y l  a c e t a t e .

Fawn n eed les  from petro leum  (8/+%) m.p. 56-58° ( l i t , ^ ^  m.p. 58°) .  :
max

3A50, 33AO cm"1 (NHg); 1750 cm"1 ( 0 = 0 ) .  S (CDC1 ): 1.25 (311, t ,  J =-7Hz, 

CH..); A .20 (211, q, J  = 7Hz, OCJJgCH )} A .50 (2H, s ,  0CH2 <»2 )} 6 .3 -6 .8  (AH,



m, a ro m a t ic s ); 3*3 (2.H, broad  s , exchanges w ith  0^0, WHp).

E M L J L * :  -d im ethy l- 3- ( 4--aminophenoxy)-p ro p a n o a te . Hydr o gena tion  

s o lv e n t - e th y l  a c e t a t e .  C o lou rle ss  n e e d le s  from chloroform  (69%) m.p. 64°.

3-(4--Arainophenyl) -p ropano ic  a c id  24-7. For th e  hydrogenation  th e  n i t r o  

a c id  2^6 was suspended i n  m ethanol. C o lou rle ss  n eed le s  from chloroform  or 

w ater  (97%) m.p, 130° ( l i t , 179 m.p. 131-2°) .  O  max: 34-20 , 3330 cm" 1 (Mb,);

1720 cm" 1 ( 0= 0) .  S (DMSO): 2 .3 -2 .9  (4H, m, CHpCHp); 6 .50  (2H, d, J ~ 9Hz, 

a r .  o r th o  to  CPIp); 6 .90  (2H, d, J  = 9Hz, a r .  o r th o  to  N); 6 .3  (2H, broad s ,  

exchanges w ith  DpO, ^ilp).

4--(4--nminophenyl)-butanoic a c id .  Hydrogenation so lv en t-m e th a n o l.

C o lourless  n e e d le s  from w ater  (96%) m.p. 128° ( l i t , 179 m.p. 130-1°) .

l )  : 2500 (broad) cm" 1 ( s a l t  bands) ,  max ' 7 v '

Genera l  P repa r a t i o n of A ry lsu lphonami.des

To a s t i r r e d  ic e - c o o le d  s o lu t io n  o f  th e  p rim ary  arom atic  amine (0 .05  

mol) in  methylene c h lo r id e  (100 ml) c o n ta in in g  p y r id in e  (5 ini) 'was added 

th e  su lphonyl c h lo r id e  (0 .05  m ol). The m ix tu re  was allowed to  warm to room 

tem p era tu re  o v e rn ig h t ,  then  was poured in to  4-M h y d ro c h lo r ic  a c id  (200 ml) 

and e x t r a c te d  in t o  m ethylene c h lo r id e  (3 x 200 m l). The combined o rgan ic  

l a y e r s  were washed w ith  2M h y d ro c h lo r ic  a c id  (200 m l), and w ater  (2 x 200 m l), 

d r ie d  over magnesium s u lp h a te ,  f i l t e r e d  and the  'so lv en t  removed by e v ap o ra t io n .  

Any d i s c o lo u r a t io n  was removed by b o i l i n g  a chloroform  s o lu t io n  o f  th e  

p roduc t w ith  a c t iv a t e d  c h a rc o a l .

By t h i s  method were p rep a red  th e  fo l lo w in g  compounds.
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w.

Compound Yield
6 /___ //-' _.....

m.p. l i t ,  m.p. R e c r y s t a l l i s a t i o n  
Solvent

Ref

M
192 85 112° 114° Ethanol

(Toluene)
181

193 63 195° 193-4° T o luene /
Petroleum

182 -%

194 62 114- 6° 1-16° Ethanol
(Toluene)

179

195 82 100° 102-4° T o luene /
Petroleum

182-183

197 55 130-1° 130- 2° Water 179 * I

198 . 60 150-4° 153-4° Ethanol 179

199 78 112-4° 113-5° Petroleum
80- 100°

184 ’
4

■ A
i

200 87 124° 126° Ethanol 185 4
-201 64 115° 115- 6° Ethanol 182 SI

il

202 50 180-3° 185- 6° Methanol 179 i

203 82 98-9° 103° Methanol 182
■f

1

4- ( 2-N ltrobenzenes ii lphony l) - a n i s id ln e  196. Yellow n e e d le s  (37%) m.p. 102-3° 

( to lu e n e -p e t ro le u m ) , (Found: C, 5 0 .6 ; H, 3 .8 ; N, 9 .0 .  ^  H^NgD S r e q u i r e s

C, 50 .6 ; H, 3 .9 ;  N, 9 .1 ? ) .  P  ■.3260 cm" 1 (NH); 1360, 1330, 1170 cmmax

(S02N). 6  (CDGL ) :  3.75 (3H, s ,  0 CH3) ; 6 .75 , 7 .10  (4H, 2d, Js=9Hz, a r .  

o r th o  to  0 and NH); 7 .5 -8 .0  (4H, m, a ro m a t ic s ) ;  7.1 (1H, broad s , exchanges 

w ith  DpO, NH).

2 - (p-Tolu en e sulphon amid o ) ~ph en o xyj -e  th  anol 212. Pink p l a t e s  (79%) 

m.p, 126-8° ( to lu e n e -p e t ro le u m ) .  (Found: C, 58 .5 ; H, 5 .5 ; N, 4 -4 .

C^H^NO^S r e q u i r e s  C, 58 .5 ; H, 5 .5 ;  N, 4. 6%). n )  m a x : 34-80 cm'"1 (OH) j 

3180 cm" 1 (NH); 1330, 1160 cm'"1 (SOpN). 6  (DMS0): 2 .40 (3H, s ,  CH );

3 .9 -4 .2  (4H, m, CHpCHp); 6 .85  (211, d, J —9Hz, a r .  o r th o  to  NH); 7 .20  (211, d, 

J “  9Hz, a r .  o r th o  t o ' 0 ) ;  7 .35 (2H, d, J= 9 H z ,  a r .  o r th o  to  C H j;  7".85 (2H, 

d, J  -  9Hz, a r ,  o r th o  to  S0p).
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a

When an excess o f  su lphony l c h lo r id e  was used i n  th e  above p re p a ra t io n  

an a d d i t io n a l  compound o f  h ig h e r  Rf than  t h a t  o f  th e  d e s i r e d  p roduc t was 

i s o l a t e d  by column chromatography ( s i l i c a  g e l ,  c h lo ro fo rm -e th e r  1 /1 )  and 

i d e n t i f i e d  as 2 - 1,4 - ( p - t  o luenesulphon anil do ) -phenoxy] - e t h y l  p - t o l uenesu lphon a te  

215. C o lou rless  n e e d le s  m.p, 132° ( to lu e n e -p e t ro le u m ) .  (Found: C, 57 .2 ;

H, 4*9; N, 2 .9 .  CppIIp^NO^S r e q u i r e s  C, 57*3; H, 5 .0 ;  N, 3.0%). 7 ^ max: 3220 

cm"1 (NH); 1320, 1140 cm'”1 (SOpN). 8  (d6~DMS0): 2 .40 (3H, s ,  CH ); 2,45 (3H, 

s ,  CH^); 4 .0 -4 .5  (4H, m, CHpCHp); 6 .90  (2H, d, Jr=-9H^, a r ,  o r th o  to  0 ) ;  7 .20  

(2H, d, J  —9H , a r .  o r th o  to  N);. 7 .4 - 8 ,2  (8H, m, a r .  o r tho  to  S and C).

2-[~4~( Me thane sulphon ami do ) -p h enoxy] -  e th y l  me th an esulphon a te  216 was the  

on ly  p roduc t  i s o l a t e d  in  th e  a t tem p ted  p r e p a r a t io n  o f  th e  methanesulphonamide 

analogue o f  212 and was o b ta in e d  as w h ite  n eed le s  (18%) m.p. 132- 4° ( to lu e n e ) .  

(Found: C, 39 .1 ; H, 4 .9 ;  N, 4*3. C^H^NO^Sp r e q u i r e s  C, 38 .8 ; H, 4 ,8 ;  N, 

4 .5 ? ) .  Wmax: 3250 cm"1 (NH); 1315, 1140 cm-1 ( s c y j ) .  6 (CDCX ) :  3.00 (3H, 

s ,  .CH ) ;  3.20 (3H, s ,  CH ); A .2 -4 .8  (4H, m, CIL/B,.,); 7 .05 (2H, d,' J  = 9Hz, 

a r .  o r th o  to  0 ) ;  7 .50  (2H, d, J -• 9Hz, a r .  o r th o  to  N).

2 -  [2 -  (p -Tolu  en e sulphon ami, do )-ph.enoxyj. - e th a nol 253. Fawn n ee d le s  (85%)

m.p, 144-6° ( to lu e n e -p e t ro le u m ) . -j) : 3350, 3160 cm"1 (OH, NH); 1330,

1160 cm"1 (SO pN ).S  (CDC13): 2 .30  (3H, s ,  CH ); 3.85 (4H, s , CHpCHp); 6 . 5 -

7 .8  (8H, m, a ro m a t ic s ) ;  3*4; 8 .0  (2H, 2 broad s ,  OH, NH).

3 ~ f4 - (p - to l u e n e su lphpnami do ) - phenoxy] -p ropan - 1 - o l  25/.. C o lourless  

n eed le s  (55%) m.p, 138-9° ( to lu e n e ) ,  (Found: C/ 59 .8 ; H, 5 .8 ;  N, 4 .3 .  

C16H19N0/+S r e q u i r e s  C, 59 .8 ; II, 5 .9 ;  N, 4.4%). l )  max' 3510 cm"1 (OH); 3150 cm"1 

(NH); 1330, 1155 cm"1 (SOpN). 8  ( CDCL /DMS0): 1.90 (2H, t ,  J « 7 H z ,  CHpCHpCHp);

2.35 (3-H, s , CII3); 3 .5 -3 .8  (2H, m, CHpOH); 3.95 (2H, t ,  J--- 7Hz, ar-OCIIp);

6 .60  (2H, d, J--9H z, a r .  o r th o  to  0 ) ;  6 .90  (2I-I, d, J  = 9Hz, a r .  o r th o  to  N);

7 .10  (2H, d, J  =  9Hz, a r .  o r th o  to  C); 7 .55  (2H, d, J= 9 H z ,  a r .  o r th o  to  S ) .
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Ethyl 4 -(p - to luenesn lphona iit ido ) -phenoxyace ta te  229. The r e a c t i o n  

m ix ture  was h ea ted  under r e f l u x  fo r  2 h r s .  C o lou rless  n e e d le s  (95%) m.p,

• 90-92° ( to lu e n e -p e t ro le u m ) .  (Found: C, 58 ,4 ; H, 5 .4 ;  N, 4 .0 ,  C^H^NO^S 

r e q u i r e s  C, 58 ,1 ; H, 5 .6 ;  N, 3-9%). 'O : 3290 cm"1 (NH); 1760 cm"1 (C = 0 ) ;
IU8.X

1330, 1155 cm"1 (SOpN). 6  (CDClp); 1.20 (3H, t ,  J  = 7Hz, CHpCHp); 2 .30 (3H, 

s ,  ar-CH ); 4 .15  (2H, q, J = 7 H z ,  CHpCHp); 4 .45  (2H, s ,  OCHpCOp); 6 ,60  (2H, 

d, J  —9Hz, a r .  o r th o  to  N); 6 .85 (2H, d, J = 9 H z ,  a r .  o r th o  to  0 ) ;  7 .05 (2H,

d, J  = 9Hz, a r . .  o r tho  to  C); 7 .50  (2H, d, J rr9H z, a r .  o r th o  to  S).

Ethyl 4-m ethanesulphonam idophenoxyacetate 230. The r e a c t io n  m ix ture

was hea ted  under r e f l u x  f o r  1 h r .  C o lou rless  p l a t e s  (80%) m.p, 78-80° 

( t o l u e n e - p e t r o l ) . (Found: C, 4 8 .3 ;  H, 5 .6 ;  N, 5 .2 .  C^H^NO^S r e q u i r e s  

C, AS.3; H, 5 .5 ;  N, 5 .1 ? ) .  Z> „ 3200 cm-1 (NH); 1740 cm"1 ( C = 0 ) ;  1330,
IllciX

1150 cm"1 (SOpN). 8  (CDClp): 1.30 (3H, t ,  J  =  7Hz, CHpCHp); 2.95 (3H, s ,  

SOpCHp); 4 .25  (2H, q , J=:7Hz, CHpCHp); 4 .60  (211, s, OCHpCOp); 6 .85  (211, d,

J  =*9Hz, a r .  o r th o  to  N); 7*20 (2H, d, J  =9Hz, a r .  o r th o  to  0 ) ;  7 .0  (1H, 

broad s ,  exchanges w ith  0p0, NH).

Ethyl 4 - ( p-bromoben z enesulphonamido) -phenoxyaceta t e  231. The r e a c t i o n  

m ix ture  was hea ted  under r e f l u x  fo r  1 h r .  C o lourless  p l a t e s  (60%) m.p. 

110-112° ( to lu e n e -p e t ro le u m ) .  (Found: C, 46 .3 ; H, 3 . 8 ; N, 3 .2 .  C^H^BrNO^S 

r e q u i r e s  C, 4 6 .4 ;  H, 3*9; N, 3*4%). *0 : 3260 cm"1 (NH); 1720 cm"1 ( C ^ 0 ) ;
1U8.X

1330, 1165 cm"1 (SOpN). 8  (CDClp): 1.25 (3H, t ,  J  =  7Hz, CHp); 4 .20  (2H, q,

J  = 7Hz, CHpCHp); 4 .55  (2H, s ,  OCHpCOp); 6 .70  (2H, d, J ~ 9 H z / a r .  o r th o  to  

N); 6 .95 (2H, d, J=-9Hz, a r .  o r th o  to  0 ) ;  7 .50  (4H, s , a ro m a t ic s ) ;  7 .3  (1H, 

broad s ,  exchanges w ith  DpO, NH).

E thy l 4 -(o~nitrobenzenesul 'phonam ido) -phenoxyaceta t e  232. The r e a c t io n  

m ix tu re  was hea ted  under r e f l u x  fo r  1 h r .  Yellow prism s (64%) m.p. 92-4° 

( to lu e n e -p e t ro le u m ) ,  (Found: C, 50 .4 ; H, 4 .2 ;  N, 7*3* ^ 6^1b^2°7S



r e q u i r e s  C, 50 .5 ; H, A.2; N, 7 . 4 $ ) .  l )  : 3280 cm"1 (NH); 1750 cm ' (C = 0 ) ;
1T161X

1355, 1165 cm"1 (SOpN). & (CDCl^): 1.25 (3H, t ,  J ^ H z ,  CH ) ;  A.20 (211, q, 

J -7 H Z ,  OCHgCfl ) ;  4-55 (211, s ,  OCHpCOp); 6 .75 (2H, d, J= 9 H z ,  a r .  o r th o  to

0 ) ;  7 .10  (211, d, J  -  9H , a r .  o r th o  to  N); 7 .2 -8 .0  (4H, m, a ro m a t ic s ) ;  7 .32j
(1H, broad s ,  exchanges w ith  DpO, Nil),

3 - [A-( p-Toluene sulphon ami d o ) -phenyl] -p ropano ic  ac id  24-8 * C o lou rle ss

n e e d le s  (86$) m.p„ 161-2° (aqueous m e thano l) .  (Found: C, 60.1 j 11, 5 . A;

•N, A.2. C w li„N 0 .S  r e q u i r e s  C, 60 .2 ;  H, 5 .3 ;  N, A.A%). l )  : 324-0 cm"1 i o i ( 4 . max
(NI1); 1720 cm"1 (C =  0 ) ;  1330, 1160 cm"1 (SOpN). 6  (Na0D/D 0 ) :  2 ,15  (3H, 

s ,  CII^); 2 .2 -2 .8  (4H, m, CHpCHp); 6 .95  (AH, s ,  a r .  o r th o  to  N and OHp);

7 .10  (2H, d, J ~  9Hz., a r .  o r th o  to  CH^); 7 .70  (2H, d, J  =  9Hz, a r .  o r th o  to  

S ) .  '

A-1 4 - ( p - to lu e n e s u lphonarnid o ) -p h enyl] -b u ta n o lc  a cid  261_. The r e a c t i o n  

m ix tu re  was h ea ted  under r e f l u x  f o r  2 h r s .  C o lou rle ss  n e e d le s  (90$) m.p. 

125-6° (aqueous m ethano l) ,  (Found: C, 57 .5 ; H, 5 .6 ;  N, 3 .9 .  C.Jl.^NO, S
i /  I j  4

(+11 0) r e q u i r e s  C, 58 .1 ; H, 6 .0 ;  N, A .0$), l )  : 3280 cm"1 (NH), 1700 cm"1
ITlclX

(C =  0 ) ;  1330, 1160 cm"1 (SOpN).

H ydro lys is  of Eth y l  E s te rs

The e th y l  e s t e r  (0 .025 mol) was d is so lv e d  in  2M sodium hydroxide 

s o lu t io n  (120 ml) and h ea ted  under r e f l u x  fo r  2 h r .  The r e a c t io n  m ix tu re  

was then  cooled in  i c e  and made a c id ic  by th e  dropwise a d d i t io n  o f  

co n c e n tra te d  h y d ro c h lo r ic  a c id .  The c o lo u r l e s s  p r e c i p i t a t e  was f i l t e r e d  

o f f ,  washed w ith  w a te r ,  and d r ie d  in  an oven a t  100°.

By t h i s  method were p rep a red  th e  fo l lo w in g  compounds: -

4- -  (p -To In  en e s a l  pho n ami d o ) -ph en o xya c e t i  c a c j. d 2_3A- C o lou rle ss  n e e d le s  

from aqueous e th an o l (93$) m.p, 185° ( l i t . 1^ m.p. 187°). (Found: C, 56 ,0 ;
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H, 4 .7 :  N, 4.3* Calc, f o r  C . 'J l , r NOr S 0, 56 .0 ; H, 4*7; N, 4*4$). D  ■? j 15 15 5 max

3280 cm"1 (NH); 1725, 1710 cm" 1 (0 = 0 ); 1330, 1155 cm" 1 (SO^N). S  (Na0D/D? 0)

2.25 (3H, s ,  CH ); 4 .30  (2H, s ,  CH2 ); 6 .60  (2H, d, J  = 9Ii?, a r ,  o r th o  to  0 );

6 .85 (211, d, J~ 9 H z ,  a r .  o r th o  to  N); 7 .20  (211, d, J  =9Hz, a r .  o r tho  to  C);

7.65 (211, d, J ~  9Hz, a r .  o r th o  t o  S ) .

4-Me th aiiesulphonaraldophenoxya c e t i c  a c id  23.5.. C o lo u r le ss  n eed le s  {97%)

m.p, 205-7° (aqueous e th a n o l ) ,  (Found:G, 43 .8 ;  II, 4*5; N, 5 ,6 .

C1L ..NO S r e q u i r e s  C, 4 4 .1 ;  H, 4 .5 ;  N, 5.7%). l )  : 3250 cm" 1 (Nil);/ * * lnsi x
1740 cm” 1 ( 0 = 0 ) ;  1330, 1145 cm" 1 (SOgN). 5  (Na0D/D20 ) : 2 .90 (3H, a,

CH^); 4 .45  (211, s ,  CI12 );  6 . 8- 7 .2  (4H, m, a ro m a t ic s ) .

4 - (p--Bromobenzenesulphonamido) -phenoxyace tic  ac id  236. C o lourless

n e e d le s  (99/0 m.p. 221-3° (aqueous e th a n o l ) .  (Found: C, 4 3 .3 ;  H, 3 .1 ;

N, 3 .5 .  C1 ,11..pBrN0„S r e q u i r e s  C, 43-5; H, 3 .1 ;  N, 3.6%).  l) : 3280 cm" 1 1 \ q max

(NI1); 1730, 1710 cm" 1 ( C ~ 0 ) ;  1335, 1160 cm" 1 (S0pN). 6  (NaOD/DgO):

4 .35  (211,, s ,  C112 );  6.75 (2H, d, J= 9 H z ,  a r .  o r tho  to  0 ) ;  7 .00  (211, d,

J  = 9Hz, a r .  o r th o  to  N); 7 .40  (2H, d, J = 7Hz, a r ,  o r th o  to  B r ) ;  7 .75  

(211, d, J ~ 7 H z ,  a r .  o r th o  to  S).

4 " (o~N itrobenzen esulphonamido) -phen o x y ace t ic  ac id  237. C o lou rless  

n e e d le s  (97$) m.p, 157-9° (aqueous e th a n o l ) ,  (Found: G, 4 7 .8 ;  H, 3 .4 ;

N, 7 .9 .  Cv H12N207S r e q u i r e s  C, 4 7 .7 ;  H, 3 .4 ;  N, 7 .9 $ ) .  l )  max: 3340 cm" 1 

(NII); 1730, 1710 cm" 1 ( C = 0 ) ;  1355, 1170 cm" 1 (S02N); 1355, 1170 cm" 1

(S02N ) . S  (Na0D/D20 ): 4 .40  (2H, s ,  CH9);  6.75 (2H, d', J =  9Hz, a r .  o r th o

to  0 ) ;  6 .90  (2H, d, J=r. 9H-z, a r ,  o r th o  to  N); 7 .3-8 .2 . (4H, m, a ro m a t ic s ) .



4 - Tr  1 me th y l a cetam idophenoxyacetic  a c i d 243. C o lou rless  n eed les

(94$) m.p, 174-6° (aqueous e th a n o l ) .  (Found C, 62 ,2 ; H, 6 ,9 ;  N, 5*6.

Ĉ  H^NO^ r e q u i r e s  C, 62 .1 ; H, 6 .8 ;  N, 5 .6 $ ) .  V  max ,'3340 cm"1 (NH);

1710 cm"1 (C = 0 ) ;  1650 cm"1 ( C ~ 0 ) .  6  (Na0D/Do0 ) :  1.30 (9H, s ,  C ( C H J J ;
* 3 3

4.45  (2H, s , CH2 ) ;  6 .90 (2H, d, J  = 9Hz, a r .  o r tho  to  0 ) ;  7.25 (2H, d,

J =  9Hz, a r .  o r th o  to  N).

2 ,2 -Dimet h y l - 3 - [ 4 - ( p - to luenesu lphonam ido ) - phenoxy] -p ropano ic  ac id  

258. C o lou rless  n eed le s  (88$) m.p. 152-4° (aqueous m ethano l) .  (Found:

C, 59 .1 ; H, 5 .5 ;  N, 3 . 4 . C^H^NO^S r e q u i r e s  C, 59 .5 ; H, 5 .8 ;  N, 3 .8 $ ) .

l )  : 3240 cm"1 (NH); 1700 cm"1 (C = 0 ) ;  1330, 1160 cm"1 (S0oN). 6  (CDC1 )j
Iuci.X. d,

1.25 (6H, s ,  C(CH3)2 ; 2 .30 (3H, s ,  ar-CH3 ); 3 .85 (2H, s ,  CH2 ); 6 .65 

(2H, d, J =  9Hz, a r .  o r th o  to  0 ) ;  6 .90  (2H, d, J = 9 H z ,  a r .  o r th o  to  N);

7 .15 (2H, d, J  =  9Hz, a r .  o r th o  to  C); 7 .55  (2H, d, J  -9H z, a r .  o r tho  

to  S).

P repar a t i o n  o f  2~Hydroxy-4; - ( p - tb lu e n e s ulphonamido) -d ip h enyl Ether 223

» 1872~Methoxy~4 - n i t r o d ip h e n y l  e th e r  220 was p repared  by th e  r e a c t io n

o f  2-methoxyphenol in  DMF s o lu t i o n  w ith  sodium h yd ride  and 4-n itrobrom obenzene

in  a y ie ld  o f  45$ and was o b ta in ed  as yellow  n eed le s  from to lu e n e -p e t ro le u m

80-100° m.p. 103-4° ( l i t . 18/ m.p. 106°). \ )  : 1600, 1500, 1350, 1105, 850,max
-1740 cm . Demethylation was achieved  by e i t h e r  o f  two methods. (a) The 

methoxy compound 220 (1 .0g  0 .0 0 4  mol) was added to  a s o lu t io n  o f  hydrogen 

bromide in  a c e t i c  ac id  (20 ml) and th e  m ix tu re  was hea ted  under r e f l u x  f o r



6 h r .  The s o lv e n t  was removed on a r o t a r y  e v a p o ra to r , th e  r e s id u e  taken

up i n  2M sodium hydroxide s o lu t io n  (20 m l) ,  washed w ith  e th e r  (2 x 20 m l),

and th e  aqueous phase made ac id  by th e  dropwise a d d i t io n  of co n ce n tra te d

h y d ro c h lo r ic  a c id .  The p r e c i p i t a t e d  2 -h y d ro x y -4 - -n i t ro d ip h e n y l  e th e r  221

was f i l t e r e d  o f f ,  a i r  d r ie d ,  and r e c r y s t a l l i s e d  from pe tro leum  y ie ld in g  th e

n i t ro p h e n o l  221, 390 mg (4-1%) m.p. 107° ( l i t . 18/1 m.p. 109°). : 34-00 cm'
— 1(OH); 15855 14-80, 1340 cm . A l t e r n a t iv e ly  (b) a m ix ture  o f  co n ce n tra te d

h y d ro c h lo r ic  ac id  (18 ml) and p y r id in e  (16 ml) was d i s t i l l e d  u n t i l  th e

s t i l l  head tem pera tu re  reached  210° ,  th e  r e s id u e  was then  cooled  to  approx.

14-0° and th e  methoxy compound 220 (5«0g 0 .02  mol) added. The r e a c t io n

m ix ture  was h ea ted  to  180° fo r  1 h r . ,  cooled s l i g h t l y ,  then  poured in t o

w ater (100 m l). The aqueous s o lu t io n  was a c i d i f i e d  w ith  h y d ro c h lo r ic  a c id ,

e x t ra c te d  w ith  e th e r  (4- x 50 ml) and th e  combined o rgan ic  l a y e r s  e x t r a c te d

w ith  2M sodium hydroxide s o lu t io n  (3 x 100 m l) .  The aqueous base  was

a c i d i f i e d  w ith  c o n ce n tra te d  h y d ro c h lo r ic  a c id ,  th e  p r e c i p i t a t e  f i l t e r e d  o f f ,

a i r  d r ie d ,  and r e c r y s t a l l i s e d  from pe tro leum  to  y ie ld  2 .7g  (57%) o f  th e

n i t r o - p h e n o l  221 m.p. 106-108°. Reduction  to  th e  amine 222 was e f f e c t e d

by th e  c a u t io u s  a d d i t io n  under n i t r o g e n  to  e th an o l (12 ml) o f  5% pa3.1adium

on cha rcoa l  (120 mg) fo llow ed  by sodium borohydride  (1 .2g )  and to  th e

s t i r r e d  r e a c t io n  m ix tu re  was added dropwise a s o lu t io n  o f  th e  n i t r o - p h e n o l  
\

221. ( 1 .1 5g 0.005 mol) in  d ry  benzene (25 m l). A f te r  s t i r r i n g  under n i t r o g e n  

fo r  3 h r . ,  th e  m ix tu re  was f i l t e r e d ,  th e  f i l t r a t e  p a r t i t i o n e d  between v/ater 

(60 ml) and e th y l  a c e t a t e  (60 m l), th e  o rgan ic  la y e r  s e p a ra te d ,  washed w ith  

w ater (2 x 60 m l), d r ie d  over sodium s u lp h a te ,  f i l t e r e d ,  and th e  s o lv e n t  

removed by r o t a r y  ev ap o ra tio n  to  y i e ld  65O mg (65%) o f  4—amino- 2 ' -hydroxy- 

d ipheny l e th e r  222 as a brown s o l id  which r e c r y s t a l l i s e d  from e th a n o l ,  m.p. 

170-5° ( l i t . 188 m.p. 174 -5°) .  ^ max: 3380, 32-90 cm"1 (NH^); 2700 cm"1 

(broad s a l t  ban d s) .  The above amino-phenol 222, p - to lu e n e su lp h o n y l  c h lo r id e



and p y r id in e  were r e a c te d  in  ch lo roform  s o lu t io n  a t  room tem pera tu re  as 

d e sc r ib e d  e a r l i e r  to  g ive  2-hydroxy"A *-(p-to luenesu lphonam ido)-d ip henyl eth e r  

222 as  c o lo u r l e s s  n eed le s  i n  96% y i e l d  from aqueous e th an o l m.p. 159-160°. 

(Found: C, 63 .7 ; H, 4 .8 ;  N, 3 .6 ,  C^H^NO^ S r e q u i r e s  C,* 64-.2; H, 4 .8 ;  N,

3 . 9%). $  : 3440 cm""1 (OH); 3200 cm” 1 (NH); 1330, 1155 cm"1 (S0J«). S  (CDCl )m«9.x j/

2.40 (3H, s ,  CH ); 6 .7 -7 .9  (14H, m, a ro m a tic s ,  OH, Nil).
3

The fo llow ing  compounds were produced in  th e  a l t e r n a t i v e  p r e p a ra t io n  

of 223 (Scheme 33 Path  I I ) .  Reduction o f  th e  n i t r o  compound 220 w ith  sodium 

borohydride  was accomplished in  an analogous fa sh io n  to  221, and y ie ld e d

4-ami’no- 2 f -methoxydiphenyl e th e r  224 as c o lo u r le s s  n eed le s  from aqueous 

methanol in  85% y ie ld  m.p. 92-96° ( l i t . 1^  m.p. 9 7 ° ) .  "0 max: 3400, 3310 cm 1 

(NHp).. R eaction  o f  th e  above amine 224 w ith  4 - to lu en esu lp h o n y l  c h lo r id e  by 

th e  method d esc r ib e d  p re v io u s ly ,  gave 2~methoxy-4>- ( p - t o l uenesulphonam ido) -  

d iphenyl e th e r  22,5 which r e c r y s t a l l i s e d  from aqueous e th an o l as c o lo u r le s s  

n eed le s  in  15% y ie ld ,  imp. 147-8°, (Found: C, 64 .7 ; H, 5 .1 ;  N, 3 .6 .

C „H 1QN0.S r e q u i r e s  C, 6 5 .0 ;  H, 5 .1 ;  H, 3.8%). p  ! 3230 on- '! (NH); 1330,I 7 Ilia A
1150 cm"1 (S0oN), 8  ( CDCl ) :  2 .40  (3H, s ,  a r - G H j ;  3-85 (3H, s ,  0GEL); 6 .9 -  

2 3 " 3  . 3
7 .9  (13H, m, a ro m a tic s ,  NH). Attempts to  demethylat® th e  above methoxy 

sulphonamide 225. w ith  hydrogen bromide in  a c e t i c  a c id ,  o r  w ith  p y r id in e

h y d ro ch lo r id e  f a i l e d  to  y ie ld  any t r a c e  o f  th e  d e s i r e d  p h en o lic  sulphonamide 

223..

P re p a ra t io n  of  N~(p-t o l u enesu lp h o n y l) --2~^ - ( p - t o l u e n esulphonamido) -phenoxyjj -  
e thylam ine 267

1092-(4 -N itrop h en o x y )-e th y lam in e  262'  P repared  by r e a c t i n g  4 - n i t r o -  

ch lorobenzene w ith  2-am inoethanol in  th e  p resence  o f  dimsyl an ion . Although 

th e  p roduc t o b ta ined  from s e v e ra l  p r e p a ra t io n s  d i f f e r e d  g r e a t l y  in  o v e r a l l  

com position , and u s u a l l y  c o n s is te d  o f  m ix tu res  o f  compounds, in  one case



th e  predominant p ro d u c t ,  (presumably from a Smiles rearrangem ent o f  the  

i n i t i a l l y  formed phenoxyethylam ine) -was N -(2-h y d ro x y e th y l)~ 4 ~ n i t ro a n i l in e .  

6(CDC1 ): 3 .40 , 3.B5 (4H, 2 t ,  J  = 5Hz, CH2CH2 )j 6 .55 (2H, d, J  =  9Hz, a r .  

o r th o  to  NH); 8 .00  (2B, d , J = 9Hz, a r .  o r th o  to  NO^). In  ano ther  p r e p a ra t io n  

2 -(4 -n i tro p h e n o x y )-e th y la m in e  2.63 was o b ta in ed  as a yellow o i l ,  which a lthough  

homogeneous by TLC f a i l e d  to  s o l i d i f y ,  and th e r e f o r e  could n o t  be r e c r y ­

s t a l l i s e d .  109 ( l i t . 109 m.p. 29 -3 0 °) .  '}) : 3400 (broad N H j .  6  (C D C lJ:max (t
3 .25 , 4 .10  (4H, 2 t ,  J = 5 .3 H  ) ;  7 .00  (2H, d, J  = 9H , a r .  o r th o  to  0 ) ;  8 .20  'z z
(2H, d, J = 9 H  , a r .  o r th o  to  N); 1.7* (2H, NH ).z rt .

U nsuccessfu l a t tem p ts  to  produce th e  above amine 26^ in  pu re  form
\

in c lu d ed  th e  r e a c t io n  under r e f l u x  o f  4 -n i t ro p h e n o l  and sodium hyd r id e  in  

DMF'solution w ith  2-ch lo ro e th y la m in e ,  which r e s u l t e d  in  an in s e p a ra b le  m ix tu re  

o f  p ro d u c ts .  Another approach invo lved  th e  i n i t i a l  p r e p a r a t io n  o f  2 - ( 4 -  

n i t ro p h e n o x y ) -1 -c h lo ro e th a n e ,  by h e a t in g  under r e f l u x  a s o lu t io n  o f  2~(4~ 

n i t ro p h e n o x y ) -e th a n o l  210 (lOg 0.055 mol) in  th io n y l  c h lo r id e  (80 m l) .  When 

excess so lv e n t  had been removed by d i s t i l l a t i o n ,  th e  r e s id u e  was- t r i t u r a t e d  

w ith  and r e c r y s t a l l i s e d  from petro leum  to  y ie ld  th e  ch lo ro e th an e  as c o lo u r le s s  

s o l id  10.1 g (92$) m.p. 52° ( l i t . 109 m.p, 4 7 -8 ° ) .  "h) m : 1340 cm 1 (co n j.  

NOg); absence of  OH peak. However when t h i s  a lk y l  h a l id e  was s t i r r e d  w ith  

c o n ce n tra te d  ammonia in  an a t tem pted  s u b s t i t u t i o n  r e a c t i o n ,  o n ly  th e  hydro­

l y t i c  c leavage o f  4 -n i t ro p h e n o l  r e s u l t e d ;  no t r a c e  o f  th e  d e s i r e d  amine 

was observed.

N-(p~t o l u e n esu lp h o n y i)~ 2 -(4 -n l tro p h en o x y )-e th y lam ln e 264

The t i t l e  sulphonamide was p rep a red  from th e  alm ost pure sample o f

2 -(4 ~ n itro p h en o x y )-e th y lam in e  in  t h e .u s u a l  manner, w ith  t r i e th y la m in e  as

th e  base  i n  th e  r e a c t i o n  w ith  su lphonyl c h lo r id e ,  and was o b ta in ed  as yellow

cubes (52%) m.p. 146-7° ( to lu e n e -p e t ro le u m ). (Found: C, 53*3j H, 4 .8 ;  N,

8 .3 .  C>JL,No0r S r e q u i r e s  C, 53 .6 ; H, 4 -8 ; N, S.J/o).  l )  . : 3270 cm"1 (Nil); io 1 to (C max
1340, 1160 cm"1 (S0oN). 6  (C D C lJ : 2 .40 (3H; s ,  0Ho);  3 .40 , .4 .10 (4H, 2 t ,



J  = 5Hz, CHgCH ) ;  6 .85 (2H, d, J = 9 H z ,  a r .  o r th o  to  0 ) ;  7 .30  (2H, d, J~ 9 H z ,  

a r .  o r th o  to  C); 7 .75 (2H, d, J= 9 H z ,  a r .  o r th o  to  S); 8 .15 (2H, d, J  = 9Hz,

• a r .  o r th o  to  N); 5 .3  (1H broad s ,  NH).

Attempted p r e p a ra t io n  o f  th e  t i t l e  compound from a l e s s  pure  sample 

o f  s t a r t i n g  amine produced n o t  o n ly  th e  d e s i r e d  p roduc t  264-, b u t  a l s o  th e  

isom eric  compound N -(4 ~ n itro p h e n y l ) - 2:-am lnoethyl p - to lu e n e s u lp h o n a te  265.

By s u b t r a c t in g  th e  peaks belong ing  to  264- from the  NMR spectrum  o f  t h i s  

m ix tu re ,  th e  fo llow ing  s h i f t  v a lu e s  were observed fo r  265♦ S  (CDCl^): 2.4-0 

(3H, s ,  CH ) ;  3- 3 -3 .7 ,  4-.0~4-.4- UH, 2m, CHpCHp)j 6 .50  (211, d, J ^ 9 H z ,  a r .  

o r th o  to  NH) ; 7 .30  (2H, d, J  -  9Hz, a r .  o r th o  to  C); 7 .80 (2H, d, J  ~9Hz, ar  

o r tho  to  S)j 8 .00  (2H, d, J~ 9 H z ,  ar. o r th o  to  N0p); c . a .  5 .0  (1H, broad s , 

exchanges w ith  DpO, NH). These r e s u l t s  accord c lo s e ly  w ith  s h i f t  v a lu es  

c a lc u la te d  fo r  th e  proposed s t r u c t u r e .  No a t tem p t a t  s e p a ra t io n  was made.

F a i le d  a t tem p ts  to  produce th e  t i t l e  sulphonamide in c lu d e d  th e  r e a c t i o n  

o f  -2~-(4-~nitrophenoxy)-ethyl c h lo r id e  w ith  p - to luenesu lphonam ide , benzene and 

50% po tass ium  hydroxide s o lu t io n  under phase t r a n s f e r  c o n d i t io n s ,  which 

produced 4--n itrophenol as  th e  on ly  i s o l a t e d  p ro d u c t .  When th e  experim ent 

was re p e a te d ,  u s in g  cetyltrimethylam monium bromide and 50% sodium hydrox ide , 

on ly  s t a r t i n g  m a te r i a l s  were reco v e re d .  The r e a c t i o n  o f  p -to luenesu lphonam ide  

w ith  2~(4-~nitrophenoxy)-e thyl c h lo r id e  in  th e  p resence  o f  po tass ium  ca rbona te  

and ace to n e ,  a l so  produced m ainly  4—n it ro p h e n o l ,  w hile  h e a t in g  th e  same two 

s t a r t i n g  m a te r ia l s  under r e f l u x  w ith  80% sodium"hydride in  IMF s o lu t io n  gave 

an i n t r a c t a b l e  t a r .  •

N~(p- t o lu e n esu lp h o n y l) ~2~ (4-~aminophenoxy) -e thy lam ine  266. The 

. n i t ro su lphonam ide  264- was hydrogenated  in  an e th a n o l ic  s o lu t io n  as d e sc r ib e d  

e a r l i e r  to  g ive  the  amine 266 as c o lo u r le s s  p l a t e s  (77%) m.p. 14-1-14-3° (by 

evap o ra tio n  of  a s o lu t io n  o f  th e  amine i n  A nalar ch lo ro fo rm ).  (Found:

95
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C, 57 .1 ; H, 5 .9 ;  N, 8 .9 . C^H^NpO S r e q u i r e s  C, 58 .8 ; H, 5 .9 ;  N, 9.1%).

i )  : 3320, 3390 cm"1 (NHp); 3100 cm"1 (NH); 1320, 1150 cm"1 (SOJU).

S (CDCl /DMSO): 2.4.0 (3H, s ,  CH3) ;  3-30, 3.95 (4-H, 2 t ,  J  -  5Hz, CHpCHp):

6 .70 (4-H, s ,  a r .  o r th o  to  NHp and 0 ) ;  7 .35  (2H, d, J  = 9Hz, a r .  o r th o  to

C); 7 .85 (2H, d, J =  9Hz, a r .  o r th o  to  S ) .

Attempts to  produce th e  amino compound 266 by a z inc  and a c e t i c  ac id

r e d u c t io n  of 264- y ie ld e d  an in s e p a ra b le  m ix ture  o f  compounds.

N -(p - to lu e n e s u lp h o n y l) - 2 - [^ -(p - to lu en esu lp h o n a m id o ) -phenoxy] - e th y la m in e 

267. R eac tion  of th e  above amine 266 w ith  p - to lu e n e su lp h o n y l  c h lo r id e  as 

d e sc r ib e d  e a r l i e r  gave th e  b i s - sulphonami d e 267 as c o lo u r l e s s  n eed le s  (61%) 

m.p. 139-14-1° ( e th y l  ace ta te - -p e t ro le u m ) . (Found: C, 57 .2 ; H, 5 .2 ;  N, 6 .0 .  

C99H9 ,N90r S r e q u i r e s  C, 5 7 .A; H, 5 .2 ;  N, 6.1%). : 3280 cm-1 (NH);
dd d/-\. d • } d  Hl&X

3260 cm"1 (NH); 134-0, 1160 cm” 1 (S0oN). 8  (CDClJ : 2.4-0 (6ll, s ,  2CII0) ;
^ 3  3

3 .30 , 3 .90 (4-H, 2 t ,  J= 5 H z ,  CHpCH ) ;  6 .65 (2H, d, J = 9 H z ,  a r .  o r th o  to  0 ) ;

7 .00  (2H, d, J - 9 H z ,  a r .  o r th o  to  N); 7 .2 -7 .9  (8H, m, a r .  o r th o  to  C and S ) .
/

Pr e p a r a t i o n o f  A lcohols 256. 254-, 218 and E s te r  233

3 - [4--(p-to3.uenesulphonam ido) -phenyl] -propan-1 - o l  256. To a m a g n e t ic a l ly  

s t i r r e d  s o lu t io n  o f  th e  sulphonam ido-propanoic  ac id  24-8 (1 .0g  0.0031 mol) in  

d ry  THF (20 ml) under a n i t r o g e n  atm osphere, was i n j e c t e d  borane methyl 

su lp h id e  complex (0 .8  ml O.OO85 mol) and th e  s o lu t io n  l e f t  f o r  1 h r .  b e fo re  

being- poured in to  i c e  cooled methanol and allowed to  warm to room te m p era tu re  

over a p e r io d  o f  1 h r .  R o ta ry  ev ap o ra tio n  o f  th e  so lv e n t  y ie ld e d  th e  

piropanol as a c o lo u r le s s  gum which a lthough  homogeneous by TLC f a i l e d  to  

s o l i d i f y ,  q )  3500 cm” 1 (OH); 324-0 cm"1 (NH); 1325, 1155 cm"1 (SOpN).

£  (CDC13 ):  1 .6 -1 .8  (2H, ra, CHpCHpCHp); 2 .25 (3H, s ,  CH ); 2 .4 -2 .7  (2H, m, 

ar-CH p); 3 .4 -3 .7  (211, m, CHpO); 7 .00  (4H, s ,  a r .  o r th o  to  N and CHp) ;  7 .10  

(2.H, d, J  -  9Hz, a r .  o r th o  to  CII0); 7 .65  (2H, ,d, J  — 9Hz, a r .  o r th o  to  S ) ; 2 .8
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$

8 .0  (2H, 2sj OH, NH),

3~(A~ [n~(p - t olu e n esu lp h o n y !) ~N-methan esulphonylj -amlnopheny'jJ -p ro p y l

meth an esulphona t e . P repared  as an a n a l y t i c a l  d e r iv a t iv e  o f  th e  above a lco h o l

256 by r e a c t i n g  i t  w ith  excess  m ethanesulphonyl c h lo r id e  in  th e  p resen ce  o f

t r i e t h y l  amine as d e sc r ib e d  e a r l i e r .  C o lourless  n eed le s  (40%) m.p. 94-5°

(aqueous e th a n o l ) .  (Found: C, 4 7 .1 ;  H, 5.1 J N, 2 .7 .  C1c,H0 J O  r e q u i r e slo l 5

C, 46 .8 ;  H, 5 .0 ;  N, 3-0%). l )  max' 1375, 1350, 1330, 1180, 1160 (S02N ). 6  (CDCL ) ;  ,

1 .8 -2 .2  (2H, in, CHgCHgCHg); 2.45 (3H, s ,  ar-GH ) j 2 .5 -2 .8  (2Ii, m, ar.CH? ); '

2.95 (3H, s, SOgCH ); 3.45 (3H, s ,  SOgCH );  4 .20  (3H, t ,  J  = 6Hz, 0CH2 );  7 .00

(2H, "d, J - 9 H z ,  a r .  o r th o  to  CH ); 7.2.0 (2H, d, J  = 9Hz, a r .  o r tho  to  N);

7 .25  (2H, d, J  = 9Hz, a r ,  o r th o  to  GH^); 7 .70  (2H, d, J = 9 H z ,  a r .  o r th o  to  S).

' 4 - [ 4 - (p - to lu e nesu lphonam id o ) -p h e n y l] -b u ta n -1 -o l  254• P repared  in

analogous fa sh io n  to  th e  above a lc o h o l  256 by th e  .reduction  o f  th e  su lphon -

alnido-butanoic ac id  261 w ith  borane methyl su lph ide  complex, th e  b u ta n o l  was

o b ta in ed  as c o lo u r le s s  n eed le s  from to lu e n e  (95%) m.p. 81°. (Found: C, 63 . 8 ;

H, 6 . 6 ; N, 4 .3 .  C^H^NO^S r e q u i r e s  C, 64 .0 ;  H, 6 .6 ;  N, 4.4%). 1? max: 3500

cm""1 (OH); 3260 cm'”1 (NH); 1330, 1160 cm"1 (S0oN). 5  (C D C lJ: 1 .4 -1 .7  (4H,

m, CH2 CH2CH2CH2 ) ; 2.35 (3H, s ,  CH ); 2 .4 -2 .7  (2H, m, CHgO); 3 -5 -3 .8  (2H, m,

ar--CH2 );  6 .90 (4H, s ,  a r ,  o r th o  to  CHp and N); 7 .15  (2H, d, J = 9H , a r .

o r th o  to  CH ) ;  7 .70  (2H, d, J=^9H , a r .  o r th o  to  S ) ; 0 .9 ,  5-3 (2H, 2s, OH,3 z
NH).

2 - ( N -t-B u ty l-4 -am inophenoxy)-e thano l  218. In an a t tem p t to  produce
87th e  t i t l e  a lc o h o l  in  an analogous fa s h io n  to  t h a t  d e sc r ib e d  by Gassman, 

2~(4~aminophenoxy)-ethanol h y d ro ch lo r id e  217, ( 50g 0 .26  mol) and t - b u t y l  

a lco h o l  (100 ml) were se a le d  in  a s t e e l  bomb and h ea ted  to  115° fo r  24 h r .

However th e  r e a c t io n  p ro d u c t  proved to  be a m ix ture  which, even e x te n s iv e  

column chromatography f a i l e d  to  s e p a ra te  in to  pure components.
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Ethyl  4 ~ t r  i  m e thy], a c- e t  ami doph en o xya c e t  a t  e I’hc am in o -es te r  22B

(7 .0g  0 .037 m ol), p iv a lo y l  c h lo r id e  (7 .0g  0 .036 mol) and t r i e th y la m in e  (7g)

’in  ch loroform  s o lu t io n  (80 ml) were h ea ted  under r e f l u x  f o r  2 h . ,  coo led , 

then  poured in t o  2M h y d ro c h lo r ic  ac id  (150 m l). The crude p roduc t  was 

e x t ra c te d  in to  methylene c h lo r id e  s o lu t io n ,  and a f t e r  d ry ing  and s o lv e n t  

rem oval, was r e c r y s t a l l i s e d  from to lu en e -p e tro leu m  to  y i e ld  8,4-g ($A%) o f  

th e  amide as c o lo u r l e s s  n e e d le s ,  m.p. 105-8°. (Found: C, 6/+.4; H, 7 .8 ;  N,

5 .1 .  ^  H NO, r e q u i r e s  C, 64-5; H, 7 .5 ;  N, 5.0fo) .  *D : 3240 cm"1 (NH);
I p (C 1 l\>  IH-3.X

1730 cm"1 ( C = 0 ) ;  1330, 1160 cm"1 (SCyi). 8  (CDCO^): 1 .0 -1 .5  (9H, m, CHgGH ; 

C(CH3 )2 );  2 .30 (3H, s ,  ar-CH ) ;  3.85 (2H, s ,  ar-0CH2 ); 4-10 (2H, q , J  =7Hz, 

OCH^CH^); 6 .65 (2H, d, J  =  9Hz, a r .  o r th o  to  0 ) ;  6.95 (211, d, J  = 9Hz, a r .  

o r th o  to  N); 7 .10  (2H, d, J  = 9Hz, a r . o r th o  to  C); 7 .60  (2H, d, J ^ 9 H z ,  a r .  

o r th o  to  S ) ; 7 .5  (1H, broad s , exchanges w ith  DpO, Nil).

R eac tion  of Sub s t i t u t ed N-A ry l Sulphonamides w ith  t -B u ty l  H y p o c h lo r i te /S i lv e r  
Tr i  f lu o r  o a c e ta te

t - B u ty l  h y p o c h lo r i te ,  made by th e  r e a c t i o n  o f  sodium h y p o c h lo r i te  w ith

t - b u t a n o l , 1<̂ ° was s to re d  a t  0° in  dark b o t t l e s .  S i lv e r  t r i f l u o r o a c e t a t e  was

191o b ta ined  by d i s s o lv in g  s i l v e r  ox ide  in  t r i f l u o r o a c e t i c  a c id ,  and was s to re d  

a t  room tem pera tu re  in  th e  dark .

Genera l  React i o n P ro cedure

To a s o lu t io n  of th e  sulphonamide (0 .002 mol) in  m ethylene c h lo r id e  

(10 ml) cooled in  an i c e  b a th ,  was added t - b u t y l  h y p o c h lo r i te  (1 m l), fo llow ed 

1 h. l a t e r  by a s o lu t io n  o f  s i l v e r  t r i f l u o r o a c e t a t e  (2g) in  methanol (50 m l). 

The r e a c t i o n  m ixture  was s t i r r e d  and allow ed to  warm to  room tem pera tu re  over 

a p e r io d  o f  1 h . , f i l t e r e d ,  and th e  f i l t r a t e  s t i r r e d  w ith  l i th iu m  c h lo r id e  (3g) 

f o r  15 mins. The p r e c i p i t a t e  was f i l t e r e d  o f f  and th e  f i l t r a t e  evapora ted  to  

y ie ld  a gum. This was p a r t i t i o n e d  between e th e r  (150 ml) and w ater (150 m l), 

th e  o rgan ic  la y e r  s e p a ra te d ,  dried- over magnesium s u lp h a te ,  and evapora ted .
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The r e s id u e  was p u r i f i e d  as  in d i c a te d  in  th e  s p e c i f i c  accoun ts  below.

The fo llo w in g  compounds were r e a c te d  w i th 5- t -b u ty l  h y p o c h l o r i t e - s i l v e r  

■t r i f l u o r o a c e t a t e  as d e t a i l e d  above: -

H -(p~Toluenesulphonyl) ~4--anis id ine  192. The p ro d u c t ,  a gum homogeneous 

by TLC, gave on t r i t u r a t i o n  w ith  e th e r ,  a s o l id  which r e c r y s t a l l i s e d  from 

to lu e n e -p e tro le u m  as c o lo u r le s s  n e e d le s ,  (120 mg) m.p. 14-9°. (Found: C, 54-.7; 

H, 5*0; N, 4.1* C^H^NO^S r e q u i r e s  G, 5'8.6; H, 5 „5; N, 4*6. C^H^CINO^S 

r e q u i r e s  C, 5 2 .8 ; H, 4*7; N, 4.1%)« ~0 m . : 1660 cm”’1 ( C — C); 1550 cm™1 (C -N ) ;
JTlciX

1310, 1150 cm” 1 (SOgN). 6 (CDC13 ):  2 .45 (3H, s ,  a r .  CH ) ;  3*35 ( 6H, s ,  (0CII3 )? )

6 .30  (0.5H, d, J  = 9Hz, v in y l  H a t  C^); 6 .6 -7 .0  (2H, m, v in y l  H a t  C^, C^);

7 .30  (211, d, J~ 9 H z ,  a r .  o r th o  to  C); 7 .60  (2H, d, J — 9Hz .vinyl a t  C^); 7.95

(2H, d, J~  9Hz, a r .  o r tho  to  S ). However exam ination o f  t h i s  s o l id  by TLC

in d ic a te d  t h a t  i t  con ta ined  two su b s ta n c e s ,  which were s e p a ra te d  by column

chromatography ( s i l i c a  g e l ,  c h lo ro fo rm /e th e r  1 : 1 ), t o  a f f o r d  two c r y s t a l l i n e

p ro d u c ts .  The h igher  Rf f r a c t i o n ,  c o lo u r l e s s  n eed le s  m.p. 170-2° ( to lu e n e -

petro leum ’) was i d e n t i f i e d  as  2 - ch lor o -N -(4 -- to luenesu lp.hony l ) -4«4-dlm ethoxy-

cyclohexa-2 ,5-d ien im i.ne  207. (Found: C, 53*1; H, 4 .7 ;  N, 4 .0 ;  Cl, 10 .2 .

C15H16C1N0/(S r e q u i r e s  C, 52 .8 ; H, 4 .7 ;  N 4 .0 ;  Cl, 10.4%). Found m/e = 341.

ca lc  f o r  C .r HwClN0,S 341. *0 _ : 1650 cm" 1 (C ~ C );  1550 cm" 1 (C =N ); 1310,i j  i o ) max

1145 cm" 1 (S02N). S  (DMS0): 2.45 (3H, s ,  a rC I^ ) ;  3.40 (6H, s ,  (0CH )2 )j  6 . 8 -

8.1 (7H, m, v in y l  and a ro m a t ic s ) .  The lower Rf m a te r ia l  gave c o n f l i c t i n g  

a n a l y t i c a l  and s p e c t r a l  d a ta ,  and was assumed to  be an in s e p a ra b le  m ix ture  

o f  p ro d u c ts .

N -M ethanesu lphony l-4 -an is id ine  194* The r e a c t io n  p ro d u c t  was shown to

be homogeneous by TLC and c r y s t a l l i s e d  on t r i t u r a t i o n  w ith  e th e r  to  y i e ld

x , y - dich lo ro -4 -hyd roxy -N -m ethanesu lphonyl-4--rnethoxycyclohexa-2, 5 -d len lm ine

as c o lo u r l e s s  n eed les  (140 mg) m.p. 158° ( to lu e n e -p e t ro le u m ) . (Found: C, 33*5;

H, 2 .9 ;  N, 4*7; m/e 285. CLH.CloN0 .S r e q u i r e s  C, 33*7; H, 3 .2 ;  N, 4.9% m/eo 9 -c 4

285). l )  . : 3200 cm” 1 (broad OH); 1655* 1630, 1600 cm"1 ; 1330, 1165 cm" 1
1718. X



f  * ' ' •  - r ~  ■■ ■■ - -v--f.  ;

(S02N). 8(C D C I3): 3.05 (3H, s , SCH3);  3 .30  (3H, s ,  OCH ); 5.4-0 (1H, 

broad s ,  OH); 6 .60  (2H, s ,  v i n y l i c ) ,  TLC exam ination of  t h i s  substance  

a f t e r  s e v e ra l  days in d i c a te d  t h a t  i t  ii-id decomposed to  a m ix tu re  o f  compounds,
'3

th e  s t r u c t u r e s  of which could n o t  be e lu c id a te d .  4

N--(/t.-Toluenesulphonyl)-4.'~boluidine 193. T r i t u r a t i o n  o f  th e  o i l y  

p roduc t w ith  e th e r  y ie ld e d  x , y-dichloro-A~miethoxy-A--methyl-N- (p~ toluene~ 

s u lp hony l) -cyc lohexa~2, 5-d i e n i mlne yellow  c r y s t a l s  (21%) homogeneous by TLC
/ - ’

m.p. 168° ( to lu e n e -p e t ro le u m ) . (Found: C, 51 .0 ; II, .4.1; N, 4,1 . C. ILuCloN0oS
i;  u  ^ j

r e q u i r e s  C, 50 .0 ; H, 4 .2 ;  N, 4.136). l )  : 1640, 1590, 1545 cm“ 1; 1320, 1150max

cm"' (S0..N). S  (CDCL,): 2 .50  (6H, s ,  ( a r - C H j J j  3.25 (3H, s ,  0CH,); 6 .5 -  ,J^ J 3 ^ J ', A
8 .3  (6H, m, v in y l i c  and a ro m a t ic s ) .  TLC exam ination o f  th e  p roduc t  a f t e r  #

|
s e v e ra l  days^showed c o n s id e ra b le  decom position had o ccu rred .  Attempts to

i d e n t i f y  th e  components o f  t h i s  m ix tu re - . fa i le d .

Compounds 195? .196, 1^7, 198, 199, 200, 201, 202 and 20.3 were a l l

t r e a t e d  as d e sc r ib e d  in  th e  g e n e ra l  r e a c t io n  p rocedure . The p ro d u c ts  from

th e s e  r e a c t io n s  were e i t h e r  in s e p a ra b le  m ix tu res  or y ie ld e d  a sm all amount

o f  s t a r t i n g  m a te r ia l .  In none o f  th e s e  cases  were any s p e c t r a l  i n d i c a t i o n s

o f  imbue fo rm ation  observed .

In th e  fo llo w in g  examples, in  which th e  s u b s t r a t e  c o n ta in s  an i n t e r n a l

n u c le o p h i le ,  th e  s i l v e r  t r i f l u o r o a c e t a t e  was added in  to lu e n e  s o lu t io n .

2- | 4 ~ (p-~Tqluenesu.lphonamldo )~ phenoxy j-e thanol 212, The f i n a l  gum, on

t r i t u r a t i o n  w ith  e th e r ,  gave a c o lo u r l e s s  c r y s t a l l i n e  compound, homogeneous

by TLC, i d e n t i f i e d  as th e  e th y len e  k e t a l  o f  4 - (p ~ to lu e n e su lp h onim ido)-

c y c lo h e x a -2 ,5 -d lene»1-one 2V3 (30%) m.p. 131-3° ( to lu e n e -p e t ro le u m ) .  (Found:

C, 57 .9 ; H, 4 .8 ;  N, 4 .4 .  0, H^NO^S r e q u i r e s  C, 59-0; H, 4 -9 ; N, 4.6%).

V*max: 1655 cm"'1 (C=.C)j 1550 cm"1 (C = M)j 1315, 1150 cm-1 (SOgN). 6  (CDCl ):

2 .40 (3H, s ,  CH ) ;  4 .15  (411, s ,  CH.C.-IJ; 6 .4 -8 .2  (8H. m, v in y l i c  and 
3 £ <-

a ro m a tic ) .
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4 ■- (p ~T o lu  en e sulphon ami do) --ph en oxy e than  o i  c ac id  2.34. The p roduc t from 

1,0g a c id  was an o i l  (0 .1 2g) which could n o t  be induced to  c r y s t a l l i s e .

The i n f r a  re d  spectrum l)  Th:ul Fllm; 1820. 1800 cm"1 (C=:0): 1665 cm"1 (C-=C):
.. max J

1570 cm 1 (C ~ N ); 1330, 1155 cm 1 (SO^N)] in d ic a te d  t h a t  some fo rm ation  of  

an im ine la c to n e  239 had o ccu rred .

3 " [ 4~(p - i 'c luPP.Psulphonamldo) -phenyl j -p ropanolc  a c i d 248. S im i la r ly  t h i ; 

p roduc t (O.OBg) from 1 .0g ac id  remained as an o i l ,  th e  i n f r a  red  spectrum 

j)  ^ in  F l lm : 1785 cm"1 (0 = 0 ) ;  1655 cm"1 (C=:C); 1560 cm"1 (C=iN);
iilciX

of which

1310, 1160 cm 1 (S0pN)J a lso  in d i c a te d  im ine la c to n e  252 fo rm a tio n .

ELectrochemical Oxid a t io n  o f  Sub s t i t u t e d  N--Aryl Su.lphonainidas

S o lu t io n s  of th e  fo l lo w in g  compounds (approx. 0 .002 mol d is s o lv e d  in  

th e  minimum amount o f  methanol) were t r e a t e d  as d esc r ib ed  in  th e  g en e ra l  

e le c tro c h e m ic a l  o x id a t io n  p ro ced u re .

N -~ (p-Toluen e su lp h o n y l) ~ 4 ~ an is id in e  1_92. At a c e l l  p o t e n t i a l  o f  1 .0v , 

th e  p roduc t  was a brown o i l ,  TLC homogeneous, which on t r i t u r a t i o n  w ith  

pe tro leum  and e th e r  y ie ld e d  N ~ (p - to lu en esu lp h o n y l) -A.A-dlmethoxycyclo h e x a -  

2 . 5 - d i enimine 204- as c o lo u r l e s s  n eed le s  (77%-) m.p. 14-9° ( to lu e n e -p e t ro le u m ) . 

(Found: C, 58 .2 ; H, 5-5; N, 4-*4-* C^H^NO^S r e q u i r e s  C, 58. 6 ; PI, 5*5; N,

4.6%). 0  : 1660 cm"1 ( C = C); 154-0 cm"1 (C=rN); 1310, 1150 cm"1 (S0oN).max £

6  (CDC13 ): 2 ,40  (3H, s ,  ar~CH3 ); 3*30 (6H, a, ( Q C H ^ ) ;  6 .30  (1H, d, J = 9 E z ,  

v in y l  a t  C2 ) ; 6 .6 -6 .9  (2H, m, v in y l i c  H a t  C3 ,C6 ); 7 .30  (2PI, d, J  = 9Hz, a r .  

o r th o  to  C); 7 .60  (2H, d, J  = 9Hz, v in y l  H a t  C ) ;  7 .90  (2H, d, J= 9 H z ,  a r .  

o r tho  to  S).

II- ( o~N1 t ro b e ngenesulphonyl ) - 4 - a n l s i d 1 ne 1J?6. The brown s o l id ,  produced 

from an o x id a t io n  a t  1 .0v, r e c r y s t a l l i s e d  from to lu e n e -p e tro le u m  to  y i e ld  

N -(o~n itrobenzenes ■ilph:-aiyl)- 4.,4.-"d].methoxycyclohexa-2< 5 -d ien im ine  206 as 

yellow  n eed le s  (73%) m.p. 116-8° (Found: C, 4-9.7; PI, 3 .8 ;  N, 8 .0 .
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C, ,1L yNo0 ,S  r e q u i r e s  C, 4-9*7; H, 4*1; N, 8 . 3%). '{) : 1660 cm" 1 (C = C);
1 I  / f  O ID.d. .A.

154-0 cm" 1 (C =.N ); 1325, 1155 cm" 1 (S0oN). S  (C D C lJ: 3*40 (6H, s ,  ( 0CIIo) o ) ;ft p j,

.6 , 1- 8 .3  (811, m, v in y l  and a ro m a t ic s ) .

N-Methanesulphonyl - 4 - a n i s id i n e  294* The c e l l  p o t e n t i a l  d u r in g  th e  

o x id a t io n  was 1 .0v and th e  p ro d u c t ,  an o i l  homogeneous by TLC, was induced 

to  c r y s t a l l i s e  by coo l ing  to  0° o v e rn ig h t  m.p. 79-80. Although a t tem p ts  a t

f u r th e r  p u r i f i c a t i o n  were u n s u c c e s s fu l ,  th e  i n f r a  red  spectrum of th e  crude
• \  -1  -1 m a te r ia l  ( y; : 1665 cm ( C - C ) ;  1560 cm ) in d ic a te d  th e  fo rm ation  o f  a max

d ien im ine  205. F u r th e r  ev idence f o r  t h i s  p roduc t i s  given in  th e  fo l lo w in g  

s e c t io n  on h y d ro ly se s  of su lp h o n y lim in e s .

When compounds 2935 195, 297, 29^, 299, 200 and 202 were t r e a t e d  in  

an analogous fa s h io n  to  t h a t  d e sc r ib e d  above, th e  reco v e red  p ro d u c t  was 

e i t h e r  unchanged s t a r t i n g  m a te r i a l ,  or an i n t r a c t a b l e  t a r .

In  th e  fo llo w in g  examples, i n  which th e  s u b s t r a t e  co n ta in s  an i n t e r n a l  

n u c le o p h i le ,  th e  so lv e n t  system was changed to  a c e t o n i t r i l e .

r2 - |4 - (p -T o lu enesulphona.mldQ)"phenoxyj -e th a n o l  21_2. The anodic 

o x id a t io n ,  c a r r i e d  ou t a t  1 . 0v, y ie ld e d  a re d  o i l ,  which on t r i t u r a t i o n  w ith  

e th a n o l ,  a lthough  d i s s o lv in g  much o f  th e  m a te r ia l ,  gave c o lo u r le s s  

c r y s t a l s  o f  th e  e thy l e n e k e t a l  o f  4 ~(p~ to lu enesulphoni mi d o ) - c y c l ohexa -  

d le n e -1-one 213 (16%) m.p. 126° ( to lu e n e -p e t ro le u m ) .  (Found: C, 58 .1 ;

H, 4 .9 ;  N, 4 . 6 . C15H15N0^S r e q u i r e s  C, 59*0; H, 4-9;  N, 4.6%). The s p e c t r a l

d a ta  were i d e n t i c a l  to  those d es c r ib e d  e a r l i e r  f o r  t h i s  compound. Cpioe>3.

3-[4—(p-Toluenesu lphonam ido)-phenoxyj-p ro p a n -1 -o l  254. With an anode 

p o t e n t i a l  o f  1.0v th e  o x id a t io n  p ro d u c t  was a dark o i l ,  which was p u r i f i e d  

by column chromatography ( s i l i c a  g e l ,  e lu te d  w ith  c h lo ro fo rm /e th e r  1 : 1 ) ,  as 

a t tem p ts  a t  r e c r y s t a l l i s a t i o n  f a i l e d .  C o lourless  n eed le s  (32%) of  th e  

propy le ne ke t a l  o f  4 - (p - t o lucnesu lp h orn m_ido) -cy c lo h exa-2 ,  5-dl e n e-I -one 255



were o b ta ined  m.p.  114-6°. : 1550 cm 1 (G~U) ,  1320, 1155 cm 1 (S0oN).JTU3.X fC
& (CDCl ) :  1 .6 -2 .1  (2H, m, CH2 CH2 CH2 ) ; 2 .40 (3H, s , CH ) ;  4*00 (4H, t ,

J — 5H , (OCHp)p); 5*9-7.9  (8H, m, v in y l  and a ro m a tic ) .2 , ^ ^
4 - ( P-Tolu on e sulphonami d o ) -phen oxya c e t  i  c ac id  234* The e le c t ro d e  

p o t e n t i a l  was 1 ,4v and th e  r e s u l t i n g  r e a c t i o n  p ro d u c t ,  an o i l ,  on t r i t u r a t i o n  

w ith  petro leum , gave N-"(p-:to1,u_enesulphon y l  )~1, 4-d lo x a s p f ro - [ 4 . 5] -d e c a - 6 ,9 -  

d l en -2 -o n e-8 ■pjniine 239 as c o lo u r le s s  n eed le s  (68%) m.p. 144° ( to lu e n e -  

p e tro leu m ).  (Found: G, 55-9; H, 4 .2 ;  N, 4*3* C^H^NO^S r e q u i r e s  C, 56 .4;

H, 4 .1 ;  N, 4 . 4 % ) .  T> s 1820, 1800 cm”1 ( C - Q ) ;  1565 cm'"1 (C=N) ;  1310,

1150 cm'"1 (S02N). 6  (CDCl ) : 2 .40  (3H, s ,  CH ) ;  4-45 (2H, s ,.  CH2 ); 6 .3 -8 .0  

(8H, m, v in y l i c  and a ro m a t ic s ) .

4-(M ethanesulphonamido) - phenoxya c e t i c  ac id  235» Using a c e l l  p o t e n t i a l  

o f  1 .0v , a crude gum was i s o l a t e d ,  which on t r i t u r a t i o n  w ith  pe tro leum  and 

e th e r  y ie ld e d  c o lo u r l e s s  n e e d le s  o f  N-methanesulphony l - 1 , 4 - d to x a 3 p i ro - | 4 .5 ] -  

d e c a -6 ,9 --dien-2-one-8-liTiine 240 (60%) m.p. 156-7° ( c h lo ro fo rm -p e tro le u m ). 

(Found: C, 4 4 .5 ;  H, 3 .7 ;  N, 5*8. C^H^NO^S r e q u i r e s  C, 4%..4; H, 3 .7 ;  N, 5.8%). 

o )  : 1820, 1800 cm"1 ( C - 0 ) ;  1565 cm” 1 (C = N); 1310, 1140 cm”1 (S0oN).
v llldX

g  (CDC]_3) :  3.25 (3H, s ,  CH3 ); 4 .50  (2H, s ,  CH2 );  6 .2 -7 .6  (4-H, m, v i n y l i c ) .

4~_(p-Bromobenzenesulphonaintdo) -p henoxyacetic  a c i d 236, The crude 

p roduc t from an anodic o x id a t io n  a t  1.2v was p u r i f i e d  by column chromato­

graphy ( s i l i c a  g e l  e lu te d  w ith  c h lo ro fo rm -e th e r  1:1)  to  g ive  N -(p -b romo- 

b enzenesu lphony l) - 1 , 4 -d io x a s p i r o - 4̂ . 5] - d e c a -6 ,9 - d le n - 2-one~8,-imine 241 as 

yellow  n eed le s  (4-6%) m.p, 141-3° (c h lo ro fo n n -p e tro le u m ) . (Found: C, 44*0;

H, 2. 5;  N, 3-6. C1 /H1QBrN05S r e q u i r e s  C, 43 .7 ;  II, 2 . 6 ;  N, 3 . 6%). max:

1820, 1800 cm"1 (C = 0 ) ;  1570 cm” 1 ( C~N) ;  1330, 1160 cm'"1 (SOpN). S  (CDCl ): 

4 .50  (2H, s ,  CH9 ); 6 .2 -8 .0  (811, in, v in y l i c  and a ro m a tic ) .

4-- (o -Ni  t r  ob en z en e su lph  on ami do) -ph en o xya c e t  i  c a c i d 237. The anodic 

o x id a t io n ,  a t  1 .1v , y ie ld e d  an o i l ,  which on t r i t u r a t i o n  w ith  pe tro leum  gave
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i\L,(o-nftraben zenesu lphonyl ) -1 ,  /).» d io x a sp l ro -  | lv,

2 .̂2 as yellow  n eed le s  ( 38%) m.p, 167-3° (ch lo ro fo rm -petro leum ) „ (Found:

.0, 4 7 .4 ;  H, 2 .8 ;  N, 7.6* C ^ H ^ N ^ S  r e q u i r e s  C, 4-8.0; H, 2 .9 ;  N, 8.0%).

V  : 1820, 1800cm"1 ( C = 0 ) ;  1565, 1535 cm"1 (C = N); 1330, 1160 cm"1 (S0oN).
1113.X

& ( GDC1„): 4-50 (2H, s ,  CHp); 6„3 -3 ,5  (8Ii, m, v in y l ic  and a ro m a tic ) .

I z l  U~(p-Tqluenesulphonamldo) - phenyl.j - propanoic  ac id  24.8 . From 0. 5g 

s t a r t i n g  ac id  and an anode p o t e n t i a l  o f  1.4-v, was produced a brown o i l  (0 .3 g ) ,  

homogeneous by TLC, which on t r i t u r a t i o n  w ith  e th a n o l ,  and subsequent 

washing w ith  a l i t t l e  e th e r ,  y ie ld e d  a c r y s t a l l i n e  s o l i d ,  i d e n t i f i e d  as 

N ~ (p-to luenesu lp ho n y l ) ~1-oxas p l r o -  j d - 5] -d e c a -6 , 9 -d ie n -2 -o n e -8 - lm ln e 252, 

C o lo u r le ss  n eed le s  (19%) m.p, 14-6~B° ( e t h e r ) .  (Found: C, 61 .2 ; Ii, 5*0; N,

4-.1. C^I-I^NO^S r e q u i r e s  C, 60 .6 ;  II, 4-,7; N, 4.4%). l \ a x : cm™! ( C - 0 ) ;

1655 cm"1 ( C— C); 1550 cm"1 (C = N); 1320, 1160 cm"1 (SOpN). 6  (CDCl ): 2,45 

(3H, s ,  CH ̂ ); 2 .4 -3«0  (4-H, m, CHp CHp); 6 ,1 -8 .0  (8H, m, v i n y l i c  and a ro m a t ic ) .

- 4~~[%-” (F~Toluenes u lphonamido)--phenynj  -bu ta n o ic  ac id  261. When 0. 5g

s t a r t i n g  ac id  was o x id ise d  a t  a c e l l  p o t e n t i a l  o f  1 . 3v a yellow  o i l  (0 .2 7 g ) ,  

homogeneous by TLC, was i s o l a t e d ,  b u t  a t tem p ts  a t  p u r i f i c a t i o n  f a i l e d .

However th e  i n f r a  re d  spectrum o f  th e  crude gum -n I h m  f i l m  ■ -1: 1800-1700 cmV max
( C= 0 ) ;  1660 cm"1 ( C^ C) ;  1550 cm"1 ( C - N ) ;  1330, 1160 cm"1 (S0oN) in d ic a te d

some fo rm ation  o f  th e  l a c  tone-imi.ne 262 had occu rred ,

3- [ 4 - ( p-Toluen esulphonamldo ) -ph enylj -p ropan-1 - o l  256. The a l c ohol  

0 .75g was o x id ise d  a t  1 . 2v, y ie ld in g  an o i l y  m ixture  o f  compounds. P u r i ­

f i c a t i o n  by column chromatography ( s i l i c a  g e l  e lu te d  w ith  ch lo ro fo rm -e th e r  

1:1)  s e p a ra te d  th e  h ig h e r  Rf m a te r i a l ,  as a c o lo u r l e s s  o i l  which f a i l e d  to

c r y s t a l l i s e .  The i n f r a  re d  spectrum q )T h m  f i lm ,  CR1 1 (v;eakj 0H) .

3260 cm"1 (weak NH); 1720 cm"1 (w); 1650 cm"' (C--C)j  1550 cm*'1 ( C=N) ;

1330, 1160 cm"1 ( SOpN) o f  t h i s  gum in d ic a te d  a m ix tu re  o f  s t a r t i n g

m a te r i a l  and c y c l is e d  imine 252,.
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4-~(Trlmobhylacetamldo) - phenoxyacetig  a c i d 238. O xidised a t  1 .1v, a 

m ix ture  was recove red  ( '}Oj0 by w eigh t)  which could n o t  be p u r i f i e d .  The

crude o i l  gave an i n f r a  red  spectrum

1800 cm'"1 ( C - O ) j  1680, 1660, 1515 cm'"1

y> "LnmJ"  m: 34-60 cm' (b ro ad ) ;  1820,
■ I U c l  X

i-jhich suggested  some la c to n e  243

fo rm ation  had occurred,.

N~ (p--Toluen esulphony l ) - 2 j/,.- (p - to l u  en e sulphon ami do) rPb enoxy)j ~ q thy l arnin e 

267. Using a c e l l  p o t e n t i a l  o f  1. 2v,  an o i l  was recove red  which could n o t  be 

induced to  c r y s t a l l i s e .  The s p e c tro s c o p ic  d a ta  l i s t e d  below in d i c a t e  a 

m ix ture  o f  s t a r t i n g  m a te r i a l ,  and p roduc t  imine 268. Found m/e 460 and 458 

(2: 1)  CppHp^NpO^ r e q u i r e s  m/e 460 CppHppNpO^ r e q u i r e s  m/e 458. *p :

3280 cm"1 (weak NH); 1650 cm"1 ( C=C) ;  1560 cm” 1 (C=N) ;  1320, 1160 cm"1 

(SOpN) .  5  (CDCl ): 2.45 (6H, s ,  (CH3 )p ) ;  3 .1 -4 .1  (4H, m, CHpCHp); 6 .1 -8 ,1  

(approx. 12H, m, v in y l  and a ro m a t ic ) .

From th e  a t tem pted  o x id a t io n  o f  th e  d iphenyl e th e r  223 a t  an e le c t ro d e  

p o t e n t i a l  o f  1 .4v, a l th o u g h  a h ig h  i n i t i a l  c u r re n t  was reco rd ed  ( in  excess 

o f  100 mA), o n ly  s t a r t i n g  m a te r i a l  was reco v e re d  contam inated  w ith  a l i t t l e  

t a r .  The sulphonam ido-alcohol 253 and a c id s  249, 250, 251 and 258 a l l  

f a i l e d  to  o x id i s e ;  however in  th e  case o f  th e  ac id s  t h i s  i s  p robab ly  due to  

an i n s u f f i c i e n t l y  h igh  anode p o t e n t i a l .

R eac tion  of S u b s t i tu te d  N-Ar y l  Sulphonamides w ith  Lead Te t r a a c e t a te  

General r e a c t io n  procedure

'A suspension  of le a d  t e t r a a c e t a t e  (6 .5g  0.15 mol) in  g l a c i a l  a c e t i c  

a c id  (30 ml) was added to  a s t i r r e d  s o lu t io n  o f  th e  .su b s tra te  (0.07 mol) in  

g l a c i a l  a c e t i c  a c id  (50 m l) .  The r e a c t i o n  m ix ture  was s t i r r e d  a t  room 

te m p era tu re  f o r  1 h r , ,  poured i n t o  w ater (300 ml) and e x t r a c te d  in to  e th e r  

(3 -x 100 ml ) .  The combined e t h e r a l  e x t r a c t io n s  were washed w ith  w ater (2 x 

150 ml ) ,  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  (2 x 150 ml -  or u n t i l
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e f fe rv e sc e n c e  ceased) and w ater  (150 m l) ,  d r ie d  over magnesium s u lp h a te ,

f i l t e r e d ,  and th e  s o lv e n t  removed by r o t a r y  ev ap o ra tio n .  D e ta i l s  o f

p u r i f i c a t i o n  of  th e  r e s id u e  a r e  g iven in  th e  r e s u l t s  l i s t e d  below.

2 -  f 4-~(p-Toluenesul p honamido) -phenoxyj -e th a n o l 212, " The i n i t i a l

p ro d u c t ,  a yellow o i l ,  on t r i t u r a t i o n  w ith  pe tro leum , y ie ld e d  the  e th y le n e

k e t a l  o f  4~(p - to lu e n esulphoniml d o ) -cy c lo h ex a - 2 , 5-d iene~1-one  213 as

c o lo u r l e s s  n eed le s  (83%) m.p., 124° ( to lu e n e -p e t ro le u m ) ,  th e  i n f r a  red

and NMR s p e c t r a  o f  which were i d e n t i c a l  w ith  those  o f  th e  im ine o b ta in ed

by anodic o x id a t io n .

4~(p~Toluenesulphonamido) -p h enoxyace tic  ac id  2.34. The r e a c t io n

p ro d u c t ,  a c o lo u r le s s  c r y s t a l l i n e  s o l i d ,  was shown to  be N - (p - to lu e n e -

s u lp h o n y l) - 1 , 4-dloxasp.ir o - [ / j . 5J - d e c a -6 ^9-die n -2 -o n e -8 - im in e  239 (98%) m.p.

144-° ( to lu e n e -p e t ro le u m ) ,  as  th e  i n f r a  re d  and NMR s p e c t r a  o f  t h i s  m a te r i a l

were th e  same as th o se  reco rd ed  from th e  im ine produced by anodic o x id a t io n ,

3~j~4-~(p-Tplnenesulphonam ido) -phenylj -p ropano ic  ac id  248. Using th e

r e a c t io n  c o n d i t io n s  d e t a i l e d  above, a yellow/brown o i l  was o b ta in e d ,  which

on t r i t u r a t i o n  w ith  . e th a n o l - e th e r  gave N-- (p - to lu e n esu lp h o n y l) - 1 -oxasp i r o -

[4 . 5]  -d eca -6 ,9~ d ien -2~ one-8 - im ine  25.2 (10%) m.p, 146-8°, th e  s p e c t r a l

p r o p e r t i e s  o f  which were i d e n t i c a l  to  th o se  o f  th e  s p i r o la c to n e  produced

by anodic o x id a t io n .  The y i e ld  o f  l a c to n e  252 could be in c re a s e d  to  40%

by h e a t in g  th e  r e a c t io n .m ix tu r e  under r e f l u x  f o r  s e v e ra l  h ou rs ,

2 ,2 -D im ethyl-3 - pt--(P - to lu  en esulphonami do) -ph.enoxyj - pr opan o 1 c _acl_d 25.8 .

.p  Thin FilmAlthough th e  crude p roduc t showed evidence o f  im ine fo rm ation max

1785 cm 1 (0 = 0 ) ;  1660 cm”-1 ( 0 = 0 ) ;  1650 cm 1 (C =  C)j 1550 cm 1 ( C=N) ;
—11330, 1150 cm (SO^N) , th e  complex r e a c t i o n  m ixture  could n o t  be 

se p a ra te d  in t o  i t s  components.

/ f y . j / t r . i ^ f l | : h x n i a r n i d o ) -ph en y lj -bu ta n o ic  a c j d 261 The r e a c t io n  

p ro d u c t ,  an o i l ,  was shown by TLC to  be a m ix tu re ,  a l though  th e  i n f r a  re d

106



Thin Fillip 
maxl l m : 3250 cm" 1 (NH); 1800-1700 cm" 1 ( C - 0 ) ;  1655 cm" 1 

( C=N) ;  1320, 1160 cm 1 (SOpN) in d i c a te d  c o n s id e ra b le

sp i ro, l a c to n e 262 fo rm ation  had occu rred .

N-(p.-Tplu e n e su lp honyl)-2-J.4~(j)_-tp lu e n e su l phonarnido) -p henoxy| --eth.ylamine

267. 'When t r i t u r a t i o n  w ith  pe tro leum  f a i l e d  to  y ie ld  a c r y s t a l l i n e  m a te r i a l  

from th e  o i l y  r e a c t io n  p ro d u c t ,  column chromatography ( s i l i c a  ge l e lu te d  

w ith  c h lo ro fo rm -e th e r  1:1)  was employed to  g ive  an amorphous s o l id  ( 15% 

by w eigh t)  which was shown to  be a m ix tu re  o f  s t a r t i n g  m a te r i a l  and the

12H, m, v in y l  and a ro m a t ic ) .

Attempted Pi en one •■•Ph enol Rearrangement of  252

( i )  The s p iro  la c to n e  252 ( 0 . 2 g 0 .0006 mol) was h ea te d  under r e f l u x  

fo r  2 h r s  w ith  0.5M su lp h u r ic  ac id  (30 ml ) ,  then  e x t ra c te d  in t o  e th e r  (5 x 

30 m l) .  On removal o f  th e  o rg an ic  s o lv e n t ,  th e  r e s u l t i n g  o i l ,  a l though  

a p p a re n t ly  homogeneous by TLC, could  n o t  be c r y s t a l l i s e d .  The sample was 

d is s o lv e d  in  m ethylene c h lo r id e  (100 m l) ,  washed w ith  s a tu r a t e d  sodium 

b ic a rb o n a te  (2 x 100 ml) and w ater  (100 ml ) ,  d r ie d ,  and s o lv e n t  removed

to  y ie ld  a s o l i d ,  which by comparison w ith  th e  i n f r a  re d  and NMR s p e c t r a  

o f  a u th e n t ic  m a te r i a l  was i d e n t i f i e d  as p -to luenesu lphonam ide .

( i i )  The sp iro  la c to n e  252 (0 .2g  0 .0006 mol) was d is s o lv e d  in  a c e t i c  

anhydride  (10 m l), boron t r i f l u o r i d e - e t h e r a t e  ■ (5 d rops)  added, and the  

m ix ture  l e f t  a t  room te m p era tu re  f o r  2 h . The so lv e n t  was removed by 

r o t a r y  ev ap o ra tio n ,  th e  r e s id u e  p a r t i t i o n e d  between e th e r  (100 ml) and 

s a tu r a t e d  sodium b ic a rb o n a te  s o lu t i o n .  The sep a ra te d  aqueous la y e r  was 

a c i d i f i e d  w ith  co n c e n tra te d  h y d ro c h lo r ic  a c id ,  th e  w h ite  p r e c i p i t a t e  

e x t r a c te d  in to  methylene c h lo r id e  (3 x 100 m l), d r ie d  over magnesium

c y c l i sed imine 268. 3?  1560 c m " ( C  = N); 1320, 1160 cm" (S0oN).max

S(CDC13 ): 2 .45  (6H, s ,  ( C H J 2 ) j  3 .6-4.4- (4-H, m, CHp CHp); 6 .1 -8 .1  (approx.
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s u lp h a te ,  f i l t e r e d ,  and th e  s o lv e n t  removed under reduced  p r e s s u re  to  

y ie ld  J3̂ 4 “ (N-a c e ty l~ p ~t_gJLuenesulphonanu-dp) - 2 -ace toxyphenylJ -p ropano ic  

ac id  274 as a y e l l  on o i l  (38%) • "P max: 1^ 5  cm  ̂ (CH COpAr); 1740 cm" 1 

( C0oH) ) 1710 cm" 1 (CH„C0N); 1365, 1170 cm" 1 (S0oIl). 8  (CDC10): 1.90 (3H,/<; j  3

s ,  CHACON); 2 .30 (3H, b, a r -C I^ ) ;  2.45 (3H, s ,  CH COQAr); 2 .65 ,  2.90 (2H,

2 t ,  CHpCHp); 7 .00  (1H, s ,  a ro m a tic )  ; 7 .1 -7 .5  (4H,m, a ro m a t ic s ) ;

7 .90  (2H, d, 9Hz? a r .  o r th o  to  S ) .

Methyl 3;r\/±~(p - t o i u enesu lphonamido) -phenyl] -p ro p ane a t e  275.. A 

s o lu t io n  o f  3~" [4- ( p - to luenesu lphonam ido ) -phenyl] -p ropano ic  ac id  248 ( 1 . 0g 

0 .003 mol) in  methanol (50 ml) c o n ta in in g  a c e ty l  c h lo r id e  (0 .5  ml) was 

h ea ted  under r e f l u x  f o r  s e v e ra l  h o u rs ,  th e  s o lv e n t  removed on a r o t a r y  

e v a p o ra to r ,  and th e  cooled r e s id u e  t r i t u r a t e d  w ith  pe tro leum  to  y ie ld  th e  

t i t l e  e s t e r  as c o lo u r le s s  n e e d le s  (82%) m.p. 98° ( to lu e n e -p e t ro le u m ) .  

t m a x ! 32/+0 cm-1 (NH); 1730 cm" 1 ( C = 0 ) j  1330, 1155 cm" 1 (SOjN). 6  (CDCl ) :

2 .35 (3H, s ,  ar-CH3);  2 .'4-3.1 (4H, m, CHjCIlg); 3.65 (211, s ,  0CH ) ;  7 .00  (AH, 

m, a r .  o r th o  to  CHp and N ); 7 .20  (2H, d, J=  9Hz, a r .  o r th o  to  CH^); 7 .65 (2H, 

d, J  = 9H.z, a r .  o r th o  to  S ) ; c . a .  7 .4  (1H, broad s , exchanges w ith  D^O, NH).

Methyl 3 -  r4~(N~acet y l - p- t o l uenesu tphohamido) -pheny lj  -p ropanoa t e  276 ,

A s o lu t io n  of th e  p rece d in g  • e s t e r  275 (0 .8g  0.0024 mol) in  a c e t i c  anhydride  

(30 ml) co n ta in in g  boron t r i f l u o r i d e - e t h e r a t e  (5 drops) v/as l e f t  a t  room 

tem p era tu re  f o r  3 h . , b e fo re  th e  s o lv e n t  was removed by ev a p o ra t io n .  The 

r e s i d u a l  gum was d is s o lv e d  in  e th e r  (100 m l) ,  washed w ith  w ater  (100 m l), 

s a tu r a t e d  sodium b ic a rb o n a te  (100 m l) ,  and w ater (100 m l), d r ie d  over 

magnesium s u lp h a te ,  f i l t e r e d ,  and th e  so lv e n t  removed to  y i e ld  th e  t i t l e  

N -acy lsu lphonamide 276 as c o lo u r l e s s  n e e d le s  (70%) m.p. 111- 112° (m ethano l) .  

(Found: C, 60 .5 ; H, 5-7; N, 3 .7 .  C^H^NO^S r e q u i r e s  C, 6 0 .8 ; H, 5 . 6 ; N,

3-7%). y \ n : 1740 cm" 1 ( C - 0 ) ;  1700 cm” 1 ( C - 0 ); 1360, 1170 cm" 1 (S0oN).
Iuct/C  fz.,

6  (CDC13) :  1.85 (3H, s ,  CI^CON); 2 .40 (3H, s ,  ar-CH ); 2 .5 -3 .2  (4H, m, Clip 

CHp); 3.65 (3H, s ,  CI-^O); 7 .0 -7 ,5  (6H, m, a ro m a t ic s ) ;  7 .90  (2H, d, J  = 9H^,
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a r .  o r th o  to  S ) .

Hy d ro l y s i s o f  N-Bulphonylim l n es to  t he Co rresp o n d in g Dienones

H ydro lys is  o f  th e  inline bond con ta in ed  in  th e  su lphonyl imine 2V3 •

(100 mg) to  th e  corresponding  dienone 214. was a t tem pted  u s in g  th e  fo llo w in g  

aqueous s o lu t io n s :~

( i )  Water (10 nil) w ith  enough THF to  e f f e c t  s o lu t io n ,  hea ted  under 

• re flux  f o r  2 h .

( i i )  As ( i )  except th e  w ater was b u f fe re d  to  pH 7.

( i i i )  As ( i )  p lu s  2M h y d ro c h lo r ic  a c id  (5 d ro p s ) .

( iv )  As ( i )  p lu s  t r i f l u o r o a c e t i c  ac id  (5 d ro p s ) .

L i t t l e ,  i f  any, h y d ro ly s is  was observed to  have occu rred  under th e

above experim en ta l c o n d i t io n s .  However when a s o lu t io n  o f  th e  im ine 213

(4-00 mg) i n  to lu e n e  was passed  down a n e u t r a l  alumina column Brockman

A c t i v i ty  I I  (12g), removal o f  th e  e lu a te  gave the  dienone 214, as c o lo u r le s s

n eed le s  (68%) m.p. 4-8-9° ( l i t . 192 m.p. 51-3° . P  max: cm” 1 ( C = 0 ) ;

164-0 cm'"1 (C = C ).  6  (CDC13 ): 4 .1 0  (411, s ,  CHgCHg); 6 .10 ,  6 .60 (-411, 2d,

J= 1 0 H z , v i n y l ) .  F u r th e r  e lu t io n  w ith  e th e r  gave p - to luenesu lphonam ide

(45%) as c o lo u r l e s s  n ee d le s  m.p,. 112-4° ( l i t , 12*9 m.p. 105 or 137° ) .

N~Methanesulphonyl-4-~anisidine 194- (300 mg 0.0015 mol) i n  methanol

(150 ml) was o x id ise d  a t  1 .0v  u n t i l  TLC exam ination in d i c a te d  no s t a r t i n g

m a te r ia l  p r e s e n t .  A f te r  removal, o f  th e  so lv e n t  by r o t a r y  e v ap o ra tio n  th e

r e s id u e  was washed onto an A c t i v i t y  I I  n e u t r a l  alumina column (I0g) and

103e lu te d  w ith  to lu e n e  to  y ie ld  4*,4~dimethoxycyclohexa~2, 5-dienone 208 

(98%) as a yellow o i l .  " p  2830 cm"' (Me0)j 1690 cm-1 (C = 0 ) j
IB8.X

164-0 cm"1 (C--C). 6  (GDC1 ) ;  3-35 (611, s ,  (0CH )2 ) ;  6 .20 , 6 .80  (4-H, 2d, 

J= 10H z, v i n y l ) .



R e a c t ion of S p iro d ie n im in e lac to n es  w ith  N ucleophiles

The two im in o lac to n es  2_39 and 252 (200 mg 0.0006 mol) were each 

t r e a t e d  in  DM? s o lu t io n  (5 nil) w ith  one e q u iv a le n t  o f  e i t h e r  potass ium  io d id e  

(105 mg) or po tass ium  cyanide (4-2 mg) a t  room tem pera tu re  o v e rn ig h t .  The 

s o lv e n t  was removed under reduced  p r e s s u re  and th e  r e s id u e  p a r t i t i o n e d  

between s a tu r a te d  sodium b ic a rb o n a te  (100 ml) and e th e r  (100 m l) .  The 

aqueous la y e r  was a c i d i f i e d  u s in g  co n c e n tra te d  h y d ro c h lo r ic  a c id ,  th e  

p r e c i p i t a t e  e x t ra c te d  i n t o  methylene c h lo r id e  (4- x 100 m l), th e  combined 

e x t r a c t s  d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  and th e  s o lu t io n  r o t a r y  

evapora ted  to  d ryness .  Examination by TLC o f  th e  p roduct showed a m ix ture  

o f  m a te r i a l ,  which was d is s o lv e d  in  dry  e th e r  and r e a c te d  w ith  diazomethane. 

The o rg an ic  s o lu t io n  was washed w ith  s a tu r a te d  sodium b ic a rb o n a te  (100 ml) 

and w ater (100 m l) ,  d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  evapora ted  and 

th e  dark r e s id u e  examined by mass sp ec tro sco p y . The fo llow ing  compounds 

were i d e n t i f i e d

Methyl x~lodo--4-~(N-methyl-p-toluenesulphonamido )-phenoxyacet a t e  277 

(NUC—l ) .  Found m/e 4-75. Calc, f o r  C^H^NO^S! = 475,

Methyl x~cyano~4-~(N-methyl-p-toluenesulphonamido) -phenoxy a c e ta t e  277 

(NUC = CN). Found m/e 374-. Calc, f o r  C ^ H ^ N ^ S  = 374-.

Methyl 3~[x~iodo~4--(N~methyi-p-toluenesulphonamido) -~phenylj -p ropanoa te  

278 (N U C -I) .  Found m/e 473. Calc, f o r  C^H^NO^SI -  4+73.

Methyl 3- fx--cyano~4---(N-methyl - p - to l u e n esulphonamid o ) -phenyl] -p ro p ­

anoa te  278 (NUC-CN). Found m/e 372. Calc, fo r  C^Hp^N^O^S =. 372.

Attempted S e le c t iv e  Reduction o f  th e  Imine Bond

Reduction o f  th e  su lphonyl d ien im ine  213 was a t tem pted  as f o l lo w s : -

( i )  The imine (100 mg) was added in  p o r t io n s  to  a s o lu t io n  of sodium
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borohydr.i.de (1g) i n  e th an o l  (10 m l) ,  th e  r e a c t io n  m ix tu re  s t i r r e d  a t  room 

tem p era tu re  o v e rn ig h t ,  poured in t o  w ater (50 m l), e x t r a c te d  w ith  e th e r  

(3 x 50 m l) ,  th e  combined e t h e r e a l  l a y e r s  washed once w ith  w ater (100 m l), 

d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  and th e  s o lv e n t  removed to  y ie ld  

2~ j4“ (p-to luenesu lphonam ido)-“p henoxy]-e thano l 212 (66%) as a g rey  o i l ,  th e  

IR spectrum of which was i d e n t i c a l  to  t h a t  o f  a u th e n t ic  a lc o h o l ,

( i i )  The imine 213 (100 mg) in  m ethanol!c  s o lu t io n  (10 mi.) was added 

to  a s o lu t io n  o f  sodium d i t h i o n i t e  (1g) in  w ater (10 ml), th e  s o lu t io n  l e f t  

o v e rn ig h t  and worked up as above to  y i e ld  a c o lo u r le s s  s o l id  i d e n t i f i e d  as 

th e  s u l  ph on ami d o -  e than  o l  2J_2 (63%).

( i i i )  The im ine 213 (100 mg) was added to  a m ix ture  o f  powdered z inc 

(1g) in  g l a c i a l  a c e t i c  ac id  (10 m l) ,  s t i r r e d  o v e rn ig h t ,  f i l t e r e d , a n d  th e  

r e s id u e  washed tho rough ly  w ith  e th e r  and f r e s h  a c e t i c  a c id .  The combined 

f i l t r a t e  was washed w ith  w ater (2 x 100 m l) ,  s a tu r a t e d  sodium b ic a rb o n a te  

(2 x 100 m l), and w ater (100 m l), d r ie d  over magnesium s u lp h a te ,  f i l t e r e d ,  

then  r o t a r y  evapora ted  to  y i e ld  a yellow  s o l id  shown to  be th e  sulphonamido- 

e th an o l 212 (95%).

Attempted Tr a n s k e t a l i s a t i o n o f  ' Dimethoxycyclohexad i enimines

The d im ethyl k e t a l  204 (100 mg) was s t i r r e d  o v e rn ig h t  w ith  e th a n e d io l

(10 ml) c o n ta in in g  boron t r i f l u o r i d e - e t h e r a t e  (3 d ro p s ) ,  then  poured in to

w ater (100 ml) and e x t r a c te d  i n t o  methylene c h lo r id e ” (3 x 100 m l). The

combined o rgan ic  l a y e r s  were d r ie d  and evapora ted  to  y i e ld  a crude o i l
i

i d e n t i f i e d  by i n f r a  red  sp ec tro sco p y  and com parative TLC as N - (p - to lu e n e -  

s u lp h o n y l) -V+-ani s id in e  192.
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WORK DESCRIBED IN CHAPTER FOUR

P r e p a r a t io n o f  th e  6,7-Dimethoxy iso q u l n a l d ic  Acid 3J5

6 ,7-D im ethoxy-3j4-~dihydroisoquinoline  h y d ro ch lo r id e  310. The form ate 

s a l t ,  produced from com m ercially  a v a i l a b l e  2 -(3 ,4 -d im ethoxyphenyl )-e thy larn ine  i l

and form ic a c id ,  on p y r o ly s i s  a t  180° fo r  1 .5h . gave th e  N-formaird.de 309 m.p,

38-40° ( l i t . 1/+6 m.p. 4 0 -2 ° ) .  f  : 3330 cm' '1 (NH); 1655 cm-1 (C = 0 ) .max
C y c l is a t io n  o f  th e  amide w ith  phosphoryl c h lo r id e  a f fo rd e d  th e  is o q u in o l in e

310 as p a le  yellow needles-,m .p. 110-2°. "p : 1630 cm 1 ( C -  N ).•' • max

2-Benzoyl-1 -cyano-6,7-dim ethoxy--1 , 2 , 3 , /K- te t r a h y d ro is o q u in o l in e  321*

The is o q u in o l in e  h y d ro c h lo r id e  3IQ. was d is s o lv e d  in  w a te r ,  made b a s ic  w ith

sodium hydroxide s o lu t i o n ,  and th e  p r e c i p i t a t e  e x t ra c te d  in to  methylene
1/9

c h lo r id e .  The o rgan ic  s o lu t io n  o f  th e  f r e e  amine was r e a c te d  w ith  

po tass ium  cyanide (d is s o lv e d  i n  th e  minimum q u a n t i ty  of w a te r)  and benzoyl 

c h lo r id e ;  th e  r e a c t i o n  te m p era tu re  was m ain ta ined  between 20- 30° by means 

o f  an i c e  b a th .  The t i t l e  R e i s s e r t  compound y\  1 was i s o l a t e d  and r e c r y s t a l ­

l i s e d  from methanol as c o lo u r l e s s  n eed le s  (6350m. p . 212° ( l i t . 1^  m.p. 215-

6 ° ) .  P max: 1650 om-1 ( 0 = 0 ) .

2-B enzoy l-1 -cyano -6 ,7 -d lm ethoxy -1 - ( 4 - n l t r  ob en z y l ) - 1 . 2 , 3, 4~ t e t r  ahydr o-

iso q u ln o l i n e 312. The above 1- a lk y l  Rei s s e r t  compound 3J.2 was p repared  by
1 50a p h a s e - t r a n s f e r  r e a c t io n  accord ing  to  th e  method o f  S k ile s  and Cava, 

from th e  R e i s s e r t  compound XLi> i - n i t r o b e n z y l  bromide, cetyltrimethylam monium 

brorra.de and benzene s t i r r e d  r a p i d l y  in  th e  p r e s e n c e 'o f  50% po tass ium  hydro­

x ide  s o lu t io n ,  under an atmosphere of n i t r o g e n .  The p ro d u c t ,  a crude 

yellow  o i l ,  on t r i t u r a t i o n  w ith  m ethanol, gave th e  t i t l e  i s o q u in o l in e  3 IQ 

as c o lo u r l e s s  n eed le s  (82%) m.p. 216-219° (ch lo ro fo rm -p e tro le u m ) , (Found:

C, 67 .8 ; H, 5 ,0 ; N, 9 .0 .  C ^ H ^ N  0$ r e q u i r e s  C, 68 .3 ; H, 5-0; N, 9.2%).

9  : 1650 cm"1 (C = 0 ) .  S  ( CDCl ):  1 . 6 - 2 . 4 , 2 .8  - 3 .6  (4H. 2m, Oh, CH? );  3 ,50,
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4 ,55  (2H, 2d, J=-.12Hz, arCHp); 3-90 (6H, s ,  (OCH^p); 6 .45 ,  7 .05 (211, 2s, 

a r .  a t  C^, 0g ) ;  6 . 70 , 7 .90  (4H, 2d, J  =9Hz, a r .  o r th o  to  CHp and N); *7.35 

(5H, s ,  ar-CO),

2-Benzoyl~6,7~dlm ethoxy-1 -- (4 -n ltro b e n zy l)  ~1, 2, 3■>4 - te t r a h y d r o l s a q u l n o l ln e-

1-ca rboxyl ! c a cid  313 . A s o lu t io n  of th e  benzyl R e i s s e r t  compound 31.2 

(3«5g 0.0077 mol) in  g l a c i a l  a c e t i c  ac id  (80 ml) c o n ta in in g  co n ce n tra te d  

h y d ro c h lo r ic  ac id  (6 ml) was s t i r r e d  a t  room tem pera tu re  o v e rn ig h t ,   ̂ The 

r e s u l t i n g  c o lo u r le s s  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w ith  a l i t t l e  

w a te r ,  and r e c r y s t a l l i s e d  from aqueous a c e t i c  a c id  to  y i e ld  th e  i s o q u in a ld ic  

ac id  313 in  98^ y i e ld ,  m.p. 244-8°. (Found: C, 65 .0 ; H, 5 .0 ; N, 5*9. 

C26H24N2°7 reclu -JLres C> 65 . 5 ; H, 5 .0 ;  N, 5 . 936) .  y )  ^  1740 cm^1 ( 0 = 0 ) ;

1635 cm“ 1 (0 = 0 ) .  6  (DMS0):  1 .6 -2 .8  (4H, m, CHpClIp); 3 .30 , 4-25 (2H, 2d,

J  = 12Hz, ar-CHp); 3 .70 , 3-80 (611, 2 s ,  (0CH ) 2 ) j  6 .55 , 7 .10  (2H, 2s ,  a r ,  a t  

C^j Cg); 6 .95 , 7 .95 (4H, 2d, J — 9Hz, a r .  o r th o  to  CHp and N); 7 .35  (5H, s, 

ar-C O ).

1- ( 4 -Aminobenzyl)- 2-b en zo y l- 6 , 7 -dime th o x y -1, 2 , 3 , 4- t e t r a h y d r o i s o q u ln o l ln e -

1-ca rb o x y l l c ac id  314. The n i t r o  compound 313 (3 .0g  0.0063 mol) was reduced 

w ith  powdered z inc  m etal (3g) and g l a c i a l  a c e t i c  ac id  (40 ml) s t i r r e d  under 

a n i t ro g e n  atmosphere a t  room tem p era tu re  fo r  2h. The r e a c t i o n  m ix ture  was 

f i l t e r e d  and th e  r e s id u e  washed r e p e a te d ly  w ith  g l a c i a l  a c e t i c  a c id .  The 

combined f i l t r a t e s  were evapora ted  under reduced p re s s u re  to  le a v e  a yellow 

o i l  which,on t r i t u r a t i o n  w ith  e th e r ,  gave a p a le  yellow  c r y s t a l l i n e  s o l id  

2 .7 g - (9 6 $ ) .  Although f u r t h e r  p u r i f i c a t i o n  was n o t  s u c c e s s fu l ,  th e  i n f r a

red  spectrum "p : 3450, 338O cm”*"' (^Hp); 1720 cm"”' (C = 0 ) ;  1620 cm"'

( 0= 0 ) j  in d ic a te d  t h a t  r e d u c t io n  of th e  n i t r o  group had been ach ieved .

2-Benzo y l - 6 , 7--dimethox;y-1 - j ^ . - ( p - t oluenesulphonam ido ) -benzyl.] - 1 ,2 ,3 .  4- 

t e t r a h y d ro is o q u in o l in e -1  - c a rb o x y l i c  a c id  31 5 . The amino ac id  3,.1.4 ( 2 .7g

0 .006 mol), 4 - to lu en esu lp h o n y l  c h lo r id e  ( l . 2g 0 .006  mol) and p y r id in e  (10 ml)

113



in  ch loroform  s o lu t io n  (50 ml) were r e f lu x e d  f o r  2 h r .  A f te r  washing 

w ith  a c id  and removal of s o lv e n t ,  as d e sc r ib e d  in  th e  p rev io u s  s e c t io n ,  

t r i t u r a t i o n  of th e  r e s i d u a l  gum w ith  petro leum , y ie ld e d  th e  sulphonamido 

ac id  ,3'15 as yellow n ee d le s  (96%) m.p. 152-4° (m ethanol). (Found: C, 65 .3 ;

H, 5.4-j 4-3* H^pNpO^S r e q u i r e s  C, 66 .0 ; H, 5-35 N, 4-.7%). p  

3260 cm"'1 (NH); 1730 cm"1 (C = 0 ) ;  1620 cm"1 (broad C = 0 ) ;  134-0, 1 165 cm"1 

(S09N). 8  (D20/Na0D): 1 .5 -3 .0  (2H, m, CH?N); 2.35 (3H, s ,  arGH ) ;  3 .1 -  

4-.1 (4-H, m, PhCH2 CH2 ; PhCH2 C); 3 .95 , 4-25 (6H, 2s ,  (0CH ) 2 );  6 .5 -8 .0  (approx. 

15H, m, a ro m a tic ) .

Attempted P re p a ra t io n  o f  th e  Dihydro ls o q u in a ld lc  Acid J321_

2-B enzoy l-1 -cyano-1 , 2 -d ih y d ro iso q u in o l in e  3J 7 . The above R e i s s e r t

compound ^.17 was p rep a red  from com m ercially  a v a i l a b l e  i s o q u in o l in e ,  po tass ium

cyan ide , and benzoyl c h lo r id e ,  by th e  method d esc r ib e d  f o r  compound 311.

The r e s u l t i n g  c o lo u r le s s  n ee d le s  c r y s t a l l i s e d  from e th an o l to  y ie ld  th e

t i t l e  compound 317 in  53$, m.p. 123-4° ( l i t . 1<̂ ’ 1<̂ '  m.p. 128°). p  :

1660 cm""1 (C = 0 ) ;  1635 cm"1 (C = C).

2 ~ B e n z o y l-1 -c y a n o -1 - (4 -n i t ro b e n z y l ) -1 , 2 -d ih y d ro iso q u in o l in e  318. Using

th e  R e i s s e r t  compound 317, 4 -n i t r o b e n z y l  bromide, cetyltrimethylammonium

bromide in  benzene and 50% sodium hydroxide s o lu t io n ,  th e  t i t l e  i s o q u in o l in e

318 was p repa red  in  analogous f a sh io n  to  compound 312 in  86% y ie ld  as

c o lo u r le s s  n eed les  from e i t h e r  e th an o l or ch lo ro fo rm -petro leum  m.p. 194- 6°

( l i t . 194 m.p. 203-4°) .  (Found: C, 7 2 .5 ;  H, 4 .6 ;  N, 10 .2 ; C , , B . J , 0 ,
'■-A- 1 / 3 3

r e q u i r e s  C, 72„9; H, 4.35 N, 10.6%). ”p  : 1680 cm" ( C = 0 ) ;  1635 cm"1• max

(C = N). 6  (CDCl,): 3 .55 , 3-85 (2H, 2d, J  =  12H., CH,); 5 .55 , 6.35 (2H, 2d,
3 /j ><.

J  ~ 8H , CH— CH); 6 ,8 -8 .1  (approx. 13H, m, a ro m a t ic s ) .  z



2-Benzoyl-1 ~(A~n:i.trobenzyl) ~-1, 2 -d ih y d ro is o q u in o l in e -1 - a  

ac id  f3 l9 . The a lk y la te d  R e i s s e r t  compound J31B (1 .0g  0.0025 mol) was hydro­

ly se d  u s ing  g l a c i a l  a c e t i c  ac id  (30 ml) and co n ce n tra te d  h y d ro c h lo r ic  ac id  

(2 ml) s t i r r e d  a t  room te m p era tu re  f o r  3 h r . ,  then  poured in to  co ld  w a te r .

The p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w ith  d i s t i l l e d  w ater and a i r  d r ie d ,  

y ie ld in g  th e  i s o q u in a ld lc  a c id  212 as c o lo u r le s s  n eed le s  (76%) m.p. 183-4° 

(aqueous a c e t i c  a c id ) .  (Found: C, 69.’1 \ H, 4*3j N, 6 . 3 . Cp^H^gNpCh r e q u i r e s  

C, 6 9 -55 H, 4 .3 ;  N, 6 .7 * ) .  f  : 1750, 1715 cm"1 ( 0 = 0 ) ;  1670 era-1 ( C = 0 ) ;

1640 cm-1 ( c = c ) j  6  (CDCl.): 3-40, -4.20 (2H, 2d, J =  12Hz, CH p ; 5 .00 ,  6 .10

(4H, -2d, J  =.8H , CH =  CH); 6 .7 5 ,  7 .85  (4H, 2d, J  =  9Hz, a r .  o r th o  to 'CH2 and

N); 7 .0 -7 .3  (4H, m, a r .  a t  C ^ g ) ;  7 .4  (5H, broad s ,  superimposed, PhCO).

- 1 - (4-Amtn o b e n z y l ) - 2 -b e n z o y l -1 , 2-d ih y d ro iso q u in o l in e -1 -c a rb o x y l ic  a ci d

320. Reduction o f  th e  p rec e d in g  ■ n i t r o  ac id  319 w ith  z inc  m etal and g l a c i a l

a c e t i c  ac id  was e f f e c te d  as d e sc r ib e d  f o r  compound 314. w ith  t r i t u r a t i o n  o f

th e  r e s id u a l  o i l  w ith  e th e r  r e s u l t i n g  in  a p a le  yellow  s o l id ,  m.p. 155-160°.

Although f u r th e r  p u r i f i c a t i o n  was n o t  ach ieved , th e  i n f r a  re d  spectrum
*1 *1

y  j 3440, 33BO cm” (NHp); 1630 cm” (broad C - 0  and C=C) showed th a t

th e  amino acid  222 had been produced i n ‘a crude y ie ld  o f  5B%.

2-Benzoyl-1 - |^4-(p-toluenesulphonamido)-benzy3!j - 1 , 2-dlh y d ro is o q u in o l i n e -

1 -ca rb o x y ll c  ac id  321. The crude amino ac id  J20 (3-0g 0.007B mol), p -

to lu en esu lp h o n y l c h lo r id e  (1 .5g  0.0079 mol) and p y r id in e  (6 ml) in  ch loroform

s o lu t io n  (30 ml) were l e f t  o v e rn ig h t  a t  room tem p era tu re .  A f te r  washing

w i th .a c id  as d esc r ib e d  in  th e  p re v io u s  s e c t i o n ,  and removal o f  th e  o rgan ic

s o lv e n t  by r o t a r y  ev ap o ra t io n ,  th e  p ro d u c t ,  a f r o t h ,  could n o t  be induced

to  c r y s t a l l i s e .  N otw iths tand ing  ev idence from th e  i n f r a  red  spectrum

"p : 3240 cm” 1 (NH); 1730 cm” 1 (C = 0 ) ;  1670 cm” 1 (C = 0 ) j  1630 cm"1 (C = C )j ’ insix

1350, 1160 cm 1 ( SOpN) j  i n d i c a t i n g  th e  d e s i r e d  sulphonamido ac id  321 had



been produced, as f u r t h e r  p u r i f i c a t i o n  could no t be a c h iev ed , th e  sample 

was considered  u n s u i t a b le  f o r  o x id a t io n  experim ents .

O xidation o f  t he ^^V’-Pimethoxyi s o qulnal d i c  Acid 315«

Anodic o x id a t io n s  o f  th e  above sulphonamide ac id  J3J.5 i n  a c e t o n i t r i l e  

s o lu t io n ,  u s in g  th e  p re v io u s ly  d esc r ib e d  c o n d i t io n s ,  were c a r r i e d  out a t  

p o t e n t i a l s  between 1.0 and 1 ,4-v. At th e  lower v o l ta g e  o f  I.Ov an approx­

im ate two e le c t ro n  o x id a t io n  appeared to  be o ccu rr in g  and a re c o v e ry  of 

80% by w eight o f  a fawn s o l id  was ach ieved . With th e  anode p o t e n t i a l  s e t  

a t  1.4-V, a l a r g e r  c u r re n t  co rrespond ing  to  a four e le c t ro n  o x id a t io n  was 

p assed ,  y ie ld in g  a dark  brown s o l id .  Examination o f  a l l  i s o l a t e d  p ro d u c ts  

by TLC showed complex m ix tu res  to  be p r e s e n t ,  and a lthough  NMR sp ec tro scopy  

proved u s e l e s s  on such impure m a te r i a l ,  th e  i n f r a  re d  spectrum o f  th e  sample 

from th e  1.4-v o x i d a t i o n : 3600-2500 cm  ̂ ( s a l t  b ands) ;  1730? 1670, 16.10 

1555? 1340, 1160cm J showed a peak, co rrespond ing  to  imine fo rm atio n .  The 

in c re a s e d  a b so rp t io n  in  th e  carbonyl r e g io n ,  coupled to  an- rn/e v a lue  o f  311 

o b ta ined  by mass sp ec tro scopy  i n d i c a t e s  th e  p o s s ib le  fo rm ation  o f  2 -b en zo y l-

6 ,7 -d iine thoxy-1 , 2 , 3 ,4-~ te trahydroisoquina l*-1-one; s im i la r  compounds have 

195been i s o l a t e d  from a u to x id a t io n  s tu d ie s  c a r r i e d  ou t in  th e se  l a b o r a t o r i e s .

Repeating  th e s e  o x id a t io n s  in  m ethanolic  s o lu t io n  a l s o  produced a 

m ix ture  which proved im p o ss ib le  to  s e p a ra te .  The i n f r a  red, s p e c t r a  [ 4  :

1 7 2 0 ,  16 / , 0 ,  1 5 8 0  o r r f  j  again  showed in c re a s e d  ab so rp t io n  i n  th e  carbonyl 

r e g io n ,  bu t gave no in d i c a t i o n  o f  im ine fo rm ation .  Mass sp ec tro scopy  was 

o f  l i t t l e  v a lu e ,  a s  a h igh  degree o f  f rag m en ta t io n  was observed m/e =r 429,

401, 369, 355, 345, 343.

Attempted o x id a t io n  o f  th e  sulphonamido acid  2)Jl 'with le a d  t e t r a a c e t a t e ,

as d e sc r ib e d  p re v io u s ly ,  produced a m ix ture  o f  p ro d u c ts ,  from which only  

s t a r t i n g  m a te r ia l  could be i s o l a t e d .  No in d ic a t i o n  o f  im ine fo rm ation  was 

observed .



WORK DESCRIBED I N CHAPTER FIVE 

Pr e p a r a t i o n _ of  th e  7 ~Hydroxy"6~Methoxy~1 -Benzylis o q u in o l in e
1964 -N i t ro p h e n y la c e ty l  c h lo r id e  34-6 was made by th e  a c t io n  o f  th io n y l  

c h lo r id e  on com m ercially  a v a i l a b l e  4 ~n i  t r  o phenyl a c e t i c  a c id .  T r i t u r a t i o n  o f  

th e  crude r e s id u e  w ith  pe tro leum  y ie ld e d  th e  ac id  c h lo r id e  348 as p a le  

yellow  p l a t e s  from pe tro leum  (86%) m.p. 4-6° ( l i t .  ^  m.p. 4-7°). p  max:

1790 cm"1 ( C = 0 ) .

4-Ben zyloxy~3~methoxyphenethylamine 247 was produced by th e  b e n z y la t io n

197 198of  v a n i l l i n  to  g ive  b e n z y l v a n i l l in ,  i t s  condensation  w ith  n itrom ethane

to  y ie ld  4-ben zyloxy~-3~methoxy~w-nitro s ty re n e ,  which was reduced  w ith

l i th iu m  aluminium h y d r id e 1^  to  th e  amine 34-7 h y d ro ch lo r id e  m.p. 162 ( l i t . ^ ^

m.p, 164-166°)«

N-(4-Benzyloxy-3-methoxyphene t h y l ) ~4--nitrophenylacetam ide 349. The

above amine 347 h y d ro ch lo r id e  was d is s o lv e d  in  w ater and c o n ce n tra te d

ammonia s o lu t io n  added u n t i l  p r e c i p i t a t i o n  ceased. The m ix tu re  was e x t ra c te d

in to  e th e r ,  s e p a ra te d ,  and a f t e r  removal o f  th e  o rgan ic  s o lv e n t ,  t r i t u r a t i o n

o f  r e s i d u a l  o i l  w ith  pe tro leum  gave th e  amine 347 as a fawn s o l id  (90%), which

to g e th e r  w ith  th e  ac id  c h lo r id e  348 and t r i e th y la m in e  was l e f t  in  chloroform
201s o lu t io n  o v e rn ig h t ,~  The r e a c t io n  m ix tu re  was washed w ith  d i l u t e  aqueous 

a c id ,  s a tu r a te d  sodium b ic a rb o n a te ,  and w a te r ,  and th e  s o lv e n t  evapora ted  

to  y i e ld  th e  t i t l e  amide 349 which r e c r y s t a l l i s e d  from methanol or aqueous 

e th an o l as yellow n eed le s  (81%) m.p. 134- ( l i t p ^ m . p .  134- 6° ) .  :IHQ.X

3 310 'em" 1 (NH); 1655 cm"1 (C =  0 ) .  6  (CDCl ): 2.65 (2H, t ,  J « 6Hz arCH^CH^N); 

3 .2 -3 .7  (4H, m, arCH^CO; arCH2CH2N); 3 .80 (3H, s ,  CH 0 ) j  5 .00 (2H, s, 

arCH20); 6 .2 -6 ,8 ,  7 .1 -7 .5  (10H, 2m, a ro m a t ic ) ;  8 .00  (2H, d, J  “ -9H , a r .  

o r th o  to  N0p)j c . a .  5.5  (1H, broad s ,  NH).

7-Benzyloxy~6~methoxy-1 - . ( 4 -n i t r o b e n z y l ) - 3 , 4 -d ih y d ro i  so q u in c l in e  350 

h y d ro c h lo r id e .  A s o lu t io n  of  th e  amide 249, 0 * 0 g  0,0024 mol) in  chloroform



(20 ml) was l e f t  s tan d in g  o v e rn ig h t  w ith  phosphorus p e n ta c h lo r id e  (2g ) .

The so lv e n t  v&s removed by r o t a r y  ev ap o ra t io n ,  and on a d d i t io n  of methanol 

(20 ml) to  th e  residue.,  an exothermic r e a c t io n  occu rred ,  fo llow ed  by th e  

fo rm ation  o f  yellow n e e d le s .  The s o l id  was washed w ith  a l i t t l e  e th e r  to
on 'i

g ive  th e  dihydroisoqui.nol.ine 350' h y d ro c h lo r id e  (7&%) m.p, 201 - 5° ( ' l i t / "  

m.p, 2 0 6 - 7 ° ) . (m e th a n o l-e th e r ) .  (Found: C, 66 ,2 ; H, 5 .3 ; N, 6 .1 .  Calc, fo r  

C2^H2 G1N20^: C, 65 .7 ; H, 5 . N,  6 .4 $ ) .  p  m&x: 2650 cm" 1 (broad , s a l t  

bands);  1655, 1605, 1570, 1520, 1510 cm"1 . 8  (D20 ) :  2 .9 -3 .1  (4H, m, CHp 

CH2 ) ;  3 .8  (3H, s ,  CH ̂ 0 );  1 (2H, s ,  arCE^C); 4.95 (2H, s ,  arCH20 ); 6 .3 -

8 .0  ( 11H, m, a ro m a tic ) .

Attempted p re p a ra t io n  of  7- b enzyloxy-6-methoxy~1- [ / . - ( p - t  o luenesu lphon-  

am ido)-benzylj ~2- ( p - to lu e n e s u lp h o n y l ) -1 , 2 , 3 , 4- te t r a h y d r o is o q u ln o l in e  351 by 

th e  zinc- and a c e t i c  ac id  re d u c t io n  o f  th e  d ih y d ro iso q u in o l in e  ,350 (810 mg

0.0018 mol) r e s u l t e d  in  an o i l  which on t r i t u r a t i o n  with, petro leum  gave a 

brown s o l id  (500 mg). The. i n f r a  re d  and NMR s p e c t r a  in d ic a te d  a p ro d u c t  in  

which on ly  th e  n i t r o  group had been reduced* y  m.ax*‘ 3430, 3360 cm" 1 (NHp ); 

1630 cm" 1 (C =N ); 1610, 1575, 1520 cm"1 . 6  (CDC1 ): 2 .5 - 2 .8 ,  3 .6 -4 .0  (4H, 

2m, CH2 CH2 ) ;3 .8 0  (3H, s ,  CH 0 ) ;  4 .9  (2H, m, a r .C f^C ); 5.00 (2H, s ,  arCH^l);

6 ,4 -7 .5  (11H, m, a ro m a t lc s ) .  P u r i f i c a t i o n  o f  th e  above crude amine by 

p re p a ra t io n  o f  th e  mono- and /o r  b is -su lphonam ide , u s in g  th e  method described ' 

in  th e  p rev ious  s e c t io n s ,  produced on ly  an in s e p a ra b le  m ix tu re .

7-Benzyloxy-6-methoxy-1- ( 4~ni t r  ob en z y l ) - 1 , 2 , 3 , A-t e t r  ahydr o ls  oq n in o l in  e 

T° a s t i r r e d  s o lu t io n  o f  th e  d ih y d ro iso q u in o l in e  J350 h y d ro ch lo r id e  

(1 .0g  0.0023 mol) in  e th an o l (30 ml) was added sodium borohydride  (700 mg). 

A fte r  s t i r r i n g  o v e rn ig h t ,  th e  r e a c t io n  m ix ture  was poured i n t o  AM sodium 

hydroxide (50 ml) and e x t r a c te d  in t o  methylene c h lo r id e  (3 x 50 m l) .  The 

combined o rgan ic  l a y e r s  were washed once w ith  w ater (100 m l), d r ie d  over
1

po tass ium  carb o n a te ,  and th e  so lv e n t  removed to y ie ld  a brown gum, which 

on co o l in g ,  and t r i t u r a t i o n  w ith  pe tro leum , gave a p a le  orange s o l id  730 mg
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)  : 1600, 1510 Jniov 7 -sf*

4l

(79%) i d e n t i f i e d  as th e  t e t r  ahydr o i s oqni.ngl.ine 3113. •- -* — — •*“ max

5  (CDCl ) :  2 .3 -3 .1  (6H, m, CHpCHp; arCHpC); 3.70 (3H, s ,  (2^0) $ 3-90 (1H, 

m, arCIi2 CH)j 4«85 (2H, s ,  arCHpO); 6 .3 0 ,  6 .40  (2H, 2 s ,  a r .  a t  and Cg );

6 .9 -7 .3  (7H, m, PhCHpO; a r .  o r th o  to  Clip); 7 .95 (2H, d, J=r-9Hz ar. o r th o  to  

N), c . a .  1 .4  (1H, broad s ,  exchanges w ith  DpO, NH). This m a te r i a l  could 

n o t  be p u r i f i e d  f u r t h e r  f o r  e lem en ta l a n a ly s i s .

7 -Benzyfoxy~6~meth.ox.y-1 - ( 4 - n l t r o b e n z y f ) -2 -  (p - to lu e n e s u lp h o n y l) - 1 ,2 ,

3 ,4 - t  e t r  ahydr o1s o q u in o l in e  354. The t i t l e  sulphonamide Gj54 was p repared  

by th e  method d esc r ib e d  p re v io u s ly ,  from th e  i s o q u in o l in e  353* p - to lu e n e ­

su lphonyl c h lo r id e  and p y r id in e '  in  ch loroform  s o lu t io n  h ea ted  under r e f l u x  

fo r  2 h r .  T r i t u r a t i o n  o f  th e  r e s u l t i n g  gum y ie ld e d  th e  above sulphonamide 

354 as p a le  yellow n eed le s  (944) imp. 209-210° (m ethanol) .  (Found: C, 66 .8 ;

H, 5 .4 ;  N, 4«9» |H^NpO^S r e q u i r e s  G, 6 6 .7 ;  H, 5 .4 ;  N, 5.0%). p

1350, 1150 cm”1 (S02N ) . 6  (CDCl ) : 2 .30 (3H, s , a r .  CH ) $. 2 .3 -2 .6 ;  3 .2 -3 .7  

(4H, 2m, CHpCHp); 3 .10 (2H, d, J  = 6Hz , arCHpCH); 3.80 (3H, s ,  CI^O); 5 .0  

(3H, m, PhCHpO; arCHpCH); 6 .35 ; 6 .40 (2H, 2s ,  a r .  a t  Ĉ  and Cg ); 6 .8 -7 .6  

(11H, m, a ro m a tic ) ;  7 .95 (2H, d, J  ~9H , a r .  o r th o  to  N). u j
; • i' p

1 - ( 4 -Amin oben z y l ) -7 - b enzyloxy- 6 - methoxy-2- (p~to lu e n esulphonyl ) - 1 , 2 , 3 , 4 -  i
i

te t r a h y d r o is o q u ln o l ln e  355. A s o lu t io n  of  th e  n i t r o b e n z y l i s o q u in o l in e  35.4 ,3
SI’SSin  g l a c i a l  a c e t i c  ac id  was s t i r r e d  w ith  powdered zinc under an atmosphere o f

. 3
Jj

n i t r o g e n ,  in  an analogous fa sh io n  to  351. T r i t u r a t i o n  w ith  e th e r  o f  the

r e s id u a l  o i l  y ie ld e d  an o f f -w h i te  s o l id  (87%) imp, 103- 6° which by s p e c t r a l

a n a ly s i s  was i d e n t i f i e d  as th e  am inobenzy lisoqu ino line  355. P  : 3460,— . . max

3380 cm” 1 (NHp); 1330, 1160 cm”1 (SOpN). 6  ( CDCl ): 2 .30 (3H, s ,  arCH );

2 .2 -2 .6 ;  3 .2 -3 .7  (4H, 2m, CHpCHp); 2.8~3<0 (2H, m, arCHpCH); 3.75 (3H, s ,

CH^O); 4 .8 -5 .1  (3H, m, PhCHpO; arCHpCH); 6 .10 ; 6 .30 (2H, 2 s ,  a r .  a t  C$ and

Cg); 6 .40 ; 6 .65 (4H, 2d, J =  9Hz, a r ,  o r th o  to  CH? and N); 7.25 (5H, s ,  -f
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PhCHpO): 7 .00 ; 7 .40  (4H, 2d, J =  8Hz, a r .  o r th o  to  CĤ  and S). 3 .4(2 

broad m, exchanges w ith  DpO, NHp). No f u r th e r  p u r i f i c a t i o n  o f  t h i s  

compound was ach iev ed „

7~-Benzyloxy-6-methoxy-1 - jyt.--(p-toluenesulphonami.do)-benzylj - 2 -  (p -  

to lu e n e  su lp h o n y l) - 1 , 2 , 3 , 4 - t  e t r  ahydr o isoqu in o l in e  352. The aminoben zyl i s o q u in ­

o l in e  355 was r e a c te d  w ith  p - to lu e n e su lp h o n y l  c h lo r id e  and p y r id in e  in  

chloroform  a t  room tem p era tu re  in  th e  manner d e sc r ib e d  in  th e  p rev ious  

s e c t io n .  T r i t u r a t i o n  o f  th e  p ro d u c t ,  an o i l ,  w ith  pe tro leum  gave a yellow 

s o l id  (74%) m.p, 103-7°. R e c r y s t a l l i s a t i o n  a t tem p ts  were u n s u c c e s s fu l ,  and 

even column chromatography ( s i l i c a  g e l  e lu te d  w ith  c h lo ro fo rm /e th e r  1 :1) 

f a i l e d  to  a f fo rd  an a n a l y t i c a l l y  pure  sample. However s p e c tro sc o p ic

evidence i d e n t i f i e d  th e  m a te r i a l  as  th e  t i t l e  i s o q u in o l in e  352. h) : 3260 x .—    — r ma x
cm"1 (NH); 1350, 1165 cm"1 (S0oN). 6  (CDCl,): 2 .30 (6H, s ,  (arCHo) 0 ); 2 .3 -  

3 .6  (6H, m, ClipCHp; arCHpCH); 3.75 (3H, s ,  GH 0 ) ;  4 .8 -5 .1  (3H, m, PhCHpO; 

a r  CHpCH); 6 .30 , 6.35 (2H, 2s ,  a r .  a t  Ĉ  and Cg); 6 .6 -7 .7  (approx, 16H, m, 

a rom atic  and NI-l).

7 -Hydroxy-~6~methoxy~1 - ^ 4 - ( p - to lu e n e s u lphonamido) -benzy lj  - 2 - ( p - to lu e n e -  

su lphonyl )--1,2 ,  3 , 4 - t  e t r  ahydr o l  s o q u in o l in  e 342. A s o lu t io n  o f  th e  benzyloxy- 

is o q u in o l in e  352 (1»5g 0.0022 mol) in  methanol (200 ml) c o n ta in in g  10%
!

pa llad ium  on ch a rco a l  (1 .5  g) was hydrogenated u n t i l  up take ceased . The 

r e a c t io n  m ix ture  was f i l t e r e d ,  th e  r e s id u e  washed c a r e f u l l y  w ith  methanol 

(200 ml) and th e  combined f i l t r a t e s  r o t a r y  evapora ted  to  y ie ld  1.25 g (96%) 

p a l e 'p in k  s o l id ,  m.p. 96-99°. As r e c r y s t a l l i s a t i o n  f a i l e d ' ,  column chromato­

graphy was employed ( s i l i c a  g e l  e lu te d  w ith  c h lo ro fo rm /e th e r )  to  g ive  a purs 

sample o f  th e  phenoli c  i s o q u in o l ln e  342, (Found: C, 6 0 .1 ;  H, 5 ,5 ;  N, 4 .3 .  

C^HgpNpOgSp. 1-g-HpO r e q u i r e s  G, 60 .1 ;  H, 5 .7 ; N, 4.5%). P  max: 3460 cm"1 

(OH);' 3260 cm"1 (NH);.1330, 1160 cm"1 (SOpN). 6  (CDCl ) :  2 .30  (6H, s ,

(arCH3 )p ) ;  2 .3 -3 .6  (6H, m, GHpCHp; arCH0CH); 3.75 (3H, s ,  CH 0 ) ;  4-95 (1H,

• 1
'J 
■% 
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t ,  J  — 6Hz , arCHpCH) * 6.35 (2JN, 2 s ,  a r .  a t  and Cg); 6 .6 -7 .9  (approx. 

1211, m, a ro m a tic ) ;  5*7 (1H, broad s , exchanges w ith  D^O, NIl/OH).

Alt e r n a t i v e  P re p a ra t io n  o f  th e  N i t ro b e n z y l iso q u in o l in e  354 

Pr e p a ra t io n  o f  N ~sulphonylphenethylam ines

17 /LThe fo llow ing  t h r e e  sulphonamd.des 356, 357 and 358 were p repared

by r e a c t in g  th e  phenethylam ine 34-7 w ith  th e  corresponding  su lphonyl c h lo r id e

in  th e  p resen ce  o f  p y r id in e  a t  room tem p era tu re  in  ch lo roform  s o lu t io n ,  as

d e t a i l e d  in  th e  p rev io u s  s e c t io n .

N~(p-Toluen e su lp h o n y l) - 2 - ( 4--benzyloxy~3- metb.oxyph.en y l ) ethylam ine 356.

Using p - io lu en esu lp h o n y l  c h lo r id e ,  th e  t i t l e  compound 35.6 was produced as

c o lo u r le s s  n eed les  (80%) m.p. 110-111° (aqueous e th a n o l ) .  (Found: C, 67 .2 ;

II, 6 .0 ;  N, 3*2. COoHocN0,S r e q u i r e s  C, 6 7 .1 5 H, 6 .1 ;  N, 3-4%). "p :23 25 4- max
3280 cm"1 (Nil); 1325, 1160 cm"1 (SOpN). 6  (CDClg): 2 .40 (3H, s ,  arCH );

2 .65 , 3.10 (4-H, 2 t ,  J - 6 H z ,  Gfl^GH^); 3 .80 ( 3H, s ,  CH 0 ) j  5.10 (2H, s ,

PhCHpO); 6.4-0, 6.75 (211, 2d, J= 7 IIz , .  a r .  a t  and Cg; 6 .55 (1H, s , a r .  a t  

C0 ); 7 .20 ,  7 .65  (4H, 2d, J = 8 H z ,  a r .  o r th o  to  CHg and S ) ; 7 .35 (5H, s ,

PhCHpO); c . a .  4-. 5 (1H, broad s ,  exchanges w ith  DpO, NH).

N-Methanesulphony l - 2 - ( 4-benzy lo  xy -  3-methoxyphenyl) - e thylam ine 357. 

P repared  u s in g  methanesulphonyl c h lo r id e ,  th e  c o lo u r le s s  p roduc t 357 was 

r e c r y s t a l l i s e d  from aqueous e th an o l  in  55% y i e ld  m.p. 14.0-2°. (Found:

C, 60 .9 ; H, 6 .4 ;  N, 4-.0. C1r,H01 NO,S r e q u i r e s  C, 60 .9 ; H, 6 .3 ;  N, 4.2%).I ( ^ I

9  max* 3260 Cm~1 1313, 1U 5  Cm" 1 (S02N)- 6  ( CDClg): 2 .75 (3H, s ,  CHg

S02 ); 2 .75 , 3-35 (4-H, 2 t ,  J =  6Hz, CH2 CH2 ); 3.85 (3H, s ,  CH 0 ) j  5-10 (2H, s ,  

PhCHpO); 6 .5 -6 .9  (3H, m, a ro m a t ic ) ;  7 .2 -7 .5  (5H, m, PhCHpO); 4 -4  (1H, broad 

s , exchanges w ith  DpO, NH),



N-(p-Br onpben zenesu lp h o n y l) -2--( 4-ben zyloxy--3~methoxyph e n y l ) - e th y l  amine 

356. P repared  w ith  p-bromobenzenesulphonyl c h lo r id e ,  th e  t i t l e  compound 358 

was produced in  81% y ie ld  as  p ink  n eed le s  m.p, 113- 4° (aqueous e th a n o l ) .  

(Found: C, 55*6; II, 4 .7 ;  N, 2 .8  CppHppBrNO.S r e q u i r e s  C, 55 .5 ; H, 4 .6 ;  N,

2.9%). 9  : 3290 cm"1 (NH); 1325, 1160 cm"1 (SOJN), 6  (CDCl ) :  2 .65 ,
HlclX ft 3

3.10 (4H, 2 t ,  J -  6Hz, CHpCPIp); 3 . SO (3H,s, CH 0 ) ;  5-10 (211, s ,  PhCHpO);

6 . 4 - 6 .9  (3'H, m, a r .  a t  C? , C^, Cg); 7 (2 -7 ,7  (9H, m, PhCHpO; a r .  o r th o  to  

Br and S); 4 .7  (1H, broad s ,  exchanges w ith  DpO, Nil).

2024 -N itro p h en e th y l  broml.de. P repared  under s tan d a rd  c o n d i t io n s ' '  by

th e  a d d i t io n  o f  fuming n i t r i c  ac id  to  a s o lu t io n  o f  phene thy l bromide in

g l a c i a l  a c e t i c  ac id  and a c e t i c  anhydride ,  y ie ld in g  th e  n i t r o  bromide as

p a le  ye;!low n eed les  from petro leum  (60%), m.p, 68° ( l i t , 202 m.p, 69-'70°),

P  : 1610, 1600, 1530, 1510, 1350, 850 cm"1 ,max

4 - N i t ro s ty r e n e .  The crude d i s t i l l a t e  from th e  steam d i s t i l l a t i o n  of

a m ix ture  o f  4 -n i t r o p h e n e th y l  bromide, t r i e th y la m in e ,  and w a te r ,  was e x t ra c te d

in t o  e th e r ,  d r ie d ,  and th e  o rgan ic  so lven t, evapora ted  to  le a v e  th e  n i t r o -

s ty re n e  as a yellow o i l - ( 65%) which could n o t  be induced to  c r y s t a l l i s e  a t

room tem p era tu re  ( l i t . ' 03 m.p. 2 0 -2 ° ) .  ~p ma : 1600, 1510, 1340, 855 cm"1*

4~ N itropheny laee ta ldehyde  359. O xidation  o f  th e  above n i t r o s t y r e n e  in

175methylene c h lo r id e  s o lu t io n  was e f f e c te d  u s in g  le a d  t e t r a a c e t a t e  d is s o lv e d

in  t r i f l u o r o a c e t i c  a c id .  E x t ra c t io n  o f  the  r e s i d u a l  gum in t o  pe tro leum

gave on ly  a low y ie ld  o f  th e  t i t l e  a ldehyde (21%), m.p. 82° ( l i t .  85-'60 ) 123.

p  : 1740 cm 1 (C ~ 0 ) ;  1345 cm"1 (co n j ,  N0o) .• max tt

7-Benzyloxy~6-methoxy--1 -••(4 -n i t r o b e n z y l ) - 2 - ( p - to lu e n e s u lp h o n y l )-1,2., 3 , 4~
17/t e t r a h y d r o l so q u ln o l in e  354. P repared  by a modified  + P ic te t -S p e n g le r  

condensa tion  o f  th e  N~sulphonylphenethylamine 356 (0 ,5g  0,0012 .mol) and



4 -n i t ro p h e n y la c e ta ld e h y d e  359 (0 .3g  0,0018 mol) in  m ethylene c h lo r id e  

s o lu t io n  (30 ml) c o n ta in in g  boron t r i f l u o r i d e - o t h e r a t e  (-1 ml) s t i r r e d  a t  

room tem pera tu re  o v e rn ig h t .  The t i t l e  i s o q u in o l in e  354- was i s o l a t e d  as 

p a le  orange n eed les  (91/0 m.p, 197-9° (ch lo roform -petro leum ) th e  i n f r a  red  

and NMR s p e c t r a  o f  which compared e x a c t ly  w ith  th o se  o f  th e  compound

prep ared  by th e  p rev ious  r o u te ,

Dae to  th e  problems in  h an d lin g  th e  aldehyde 359 t h i s  a l t e r n a t i v e  f

r o u te  to  s u lp h o n y l!so q u in o l in e s  s im i la r  to  354- was no t pursued  . f u r t h e r , I
Prepar a t io n  o f  6 ,7 -D lm e th o x y - l -b en zy f lso q u ln o l in es

N~(3? 4-D im ethoxyphenethyl) -4 -n itro p h e n y la c e ta m id e  36O. The above 

acetam ide 360 was p re p a re d 204 i n  an analogous fa sh io n  to  349 from commer­

c i a l l y  a v a i l a b l e  3? 4-dim ethoxyphenethylam ine, t r i e th y la m in e  and 4—n i t r o -  

p h e n y la c e ty l  c h lo r id e  34.8 in  ch lo roform  s o lu t io n .  T r i t u r a t i o n  o f  th e  crude f

gum w ith -p e tro leu m  produced an orange s o l i d ,  which r e c r y s t a l l i s e d  from 

methanol to  y ie ld  th e  t i t l e  acetam ide 360 as p a le  yellow  n eed le s  (74$) m.p.

119° ( l i t . 204 m.p. 120°). V1 : 3300cm’"1 (Nil); 1655 cm"1 ( C - 0 ) .

max

6 ,7 -Dimethoxy- 1 - ( 4~ni t ro b  en z y l ) ~1,2 ,3?  4 - t  e t r  ahydr o i s o q u in o l in e  362 .
005The d ih y d ro iso q u in o l in e  h y d ro c h lo r id e  361 was reduced'"' w ith  sodium boro-

1 2 3  - ' , ,

:i:4max .
; ̂ J

6 ,7 -D im e th o x y ~ 1 -(4 -n i tro b e n z y l) -3 ? 4 -d ih y d ro iso q u in o l in e  h y d ro c h lo r id e  i |

361. The above i s o q u in o l in e  h y d ro c h lo r id e  was p repared  by th e  method 

d e sc r ib e d  fo r  350 from th e  acetam ide 360 c y c l is e d  u s ing  phosphorus p e n ta -  |
> 5

c h lo r id e  in  ch loroform . A ddition  o f  methanol caused th e  exothermic r e a c t io n  9

as b e fo re ,  bu t on coo ling  no c r y s t a l l i s a t i o n  o ccu rred ;  th e  s o lu t io n  was 

warmed, e th e r  added, and on r e - c o o l in g  yellow  c r y s t a l s  o f  t i t l e  h y d ro c h lo r id e  

36I formed, (63$) m.p. 123° ( l i t . 204 m.p. 126-8°) (m ethano l) .  *P 2600 

cm 1 (broad s a l t  b ands) ;  1645* 1605? 1555? 1520 cm"1 *
,-r-

I
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hyd r id e  in  e thano l s o lu t io n  by th e  method d esc r ib ed  fo r  353° The p ro d u c t ,  

a crude gum, gave th e  t  e t r  ahydr o i  s oquin o l i n  e 362 on t r i t u r a t i o n  w ith  

pe tro leum  and e th e r  in  86% y i e l d ,  m.p, 122-4°. "P : 3330 cm 1 (NH);

1600, 1510 cm- 1 . 6  (CDCl ): 2 .5 -3 -5  (6H, in, CII2C!i0:; a r  ’CH? CH); 3 .85 (6H, 

s ,  (CH^O)p); 4-.0-4.3 (1H, m, ar.CH^CH); 6 .6  (2H, s ,  a r .  a t  and Cg); 7.4-0,

8 .20  (4-H, 2d, J '~9Hz, a r ,  o r th o  to  Clip and N); c . a ,  1.7 (1H, broad s , 

exchanges w ith  DpO, NH). H ydroch lo ride  m.p. 201-4° ( l i t . ^ ^  m.p. 209°) J

from d i l u t e  h y d ro c h lo r ic  a c id .

6, 7rDimethoxy-1 - ( A -n i t ro b e n z y l ) - 2 - ( p - to lu e n e s u lp h o n y l) - 1 ,2 ,  3 , 4-~t e t r  a -  

h y d ro iso q u in o l in e  363* The t i t l e  compound was produced from th e  t e t r a -  

h y d ro iso q u in o l in e  3.62, p - to lu e n  e s u lp h o n y l ' c h lo r id e  and p y r id in e  in  c h lo ro ­

form s o lu t i o n  hea ted  under r e f l u x  fo r  2 h r .  as d e sc r ib e d  in  th e  p rev io u s  

s e c t io n .  The crude gum, when t r i t u r a t e d  w ith  petro leum , e th e r  and e th y l  

a c e t a t e  e v e n tu a l ly  y ie ld e d  th e  sulphonamide 363 as a s o l id ,  which r e c r y ­

s t a l l i s e d  from e th an o l as yellow  n eed le s  {65%), m.p. 131-4°. (Found: C,

6 2 .4.; H, 5 .6 ;  N, 5 , 4.. C2^II26N206S r e q u i r e s  C, 62 .2 ; H, 5 . A; N , ' 5 . 856).

" P :  1600, 1515 cm- 1 ; 13/+0 , 1155 cm"1 (S0,N). 6  (CDCl,): 2.35. (3H, s ,
ITjcIX j)

arCH3 ); 2 .4 -3 .7  (6H, nqCHpCHp; arCa^CH); 3 /73 , 3-85 *(6H, 2s, (CH 0 ) 2 )j

5.15 ( 1H, t ,  J= 12H z, arCHpCH); 6 .3 5 ,  6.A5 (2H, 2s ,  a r .  a t  C$ and Cg ) ;

7 .0  - 8 . 2  (BH, m, a ro m a t ic s ) .

1 -  (4-Amlnoben z y l ) -6 ,7  -d lm ethoxy-2-(  p - to lu e n  e s u lp h o n y l) -1,2., 3, 4 - t  et r  a -

hy dr o 1 s oq u i  n o l i n e 364-. Reduction o f  th e  n i t r o b e n z y l i s o q u in o l in e  363 "was

ach ieved  u s in g  powdered z inc  m eta l and a c e t i c  ac id  as d e sc r ib e d  f o r  31 A*

The crude p ro d u c t ,  an o i l ,  on t r i t u r a t i o n  w ith  e th e r  gave a yellow  s o l id

(85%) m.p, 95-9° ,  which a l though  i t  was n o t  p u r i f i e d  f u r t h e r ,  was i d e n t i f i e d

as th e  t i t l e  amine ’ 364- by i n f r a  r e d  and NMR spec tro scopy .  ~P : 34-50,max
3380 cm”*1 (N H j;  1330, 1155 cm“1 (S0oN). 5  (C D C lJ: 2 .30  (3H, s ,  a r C H j ;ft ^ 3  3

3 .65 , 3/75 (6I-I, 2s (0CH )2 ) j  6 .0 -7 .7  (a ro m a tic ) .



6 , 7-Dimethoxy-1 - j.A -fp -to luenesu lphpnam ido) -benzyl] - 2 - ( p - th i u e nesu lphonyl

1 , 2 , 3 , 4 - t e t r a h y d r o i s o g u in o I ine 365. The above am inobenzy iisoqu ino llne  364,

p - to lu e n e su lp h o n y l  c h lo r id e  and p y r id in e  were hea ted  under r e f l u x  fo r  3 h r  in

chloroform  s o lu t io n ,  as  d e t a i l e d  in  an e a r l i e r  s e c t io n .  T r i t u r a t i o n  o f  th e

crude p roduc t w ith  e th e r  y ie ld e d  a yellow  s o l id  (65%) m.p. 108-112° which

again  proved im poss ib le  to  p u r i f y ,  b u t  was i d e n t i f i e d  s p e c t r o s c o p ic a l ly  as

th e  d e s i r e d  suJLphonamide 365. " P  : 3250 cm.  ̂ (NH); 1330, 1160 cm  ̂ (SO^N).—1 " • max

6  (CDCl ): 2 .40 (611, s ,  (arCH3)2 b  2 .2-337 (611, m, CH^CH^ arCH^CH); 3-55,

3.75 (611, 2s , (0 CH ) 2 ) > 5«00 (1H, t ,  J =  6Hz, arCH^CH); 6 .10 ,  6.35 (2H, 2s ,

a r ,  a t  C.. and Cb);  6 .7 -7 .7  (approx. 12H, m, a ro m a tic ) .5 o

Ox id a t io n  of  th e  7 -Hydroxy-6-methoxyi so q u in o lin e  342

The e le c tro c h e m ic a l  o x id a t io n  o f  th e  above p h en o lic  i s o q u in o l in e  t342 

in  a c e t o n i t r i l e  s o lu t i o n  was undertaken  a t  anode p o t e n t i a l s  o f  between 0 .9  

and 1 .1v . At th e  .lower v o l t a g e ,  a l though  coulometry showed a two e le c t r o n  

o x id a t io n  to  be o c c u r r in g ,  o n ly  s t a r t i n g  m a te r ia l  could be i s o l a t e d  from 

th e  r e a c t io n  c e l l .  At 1 . 4v fo u r  e l e c t ro n  o x id a t io n s  o ccu rred ,  which r e s u l t e d  

in  m ix tu res  o f  p ro d u c ts ,  th e  i n f r a  re d  s p e c t r a  o f  which showed a b so rp t io n  

in  th e  carbonyl (1750-1600 cm ) r e g io n .  Attempts a t  s e p a ra t in g  th e s e  

m ix tu res  were u n s u c c e s s fu l ,  and on such impure m a te r ia l ,  NMR sp ec tro sco p y  

proved u s e l e s s .  Also l i t t l e  in fo rm a tio n  was gained from mass spec tro scopy ,  

which showed on ly  a m eaningless  f r a g m e n ta t io n .p a t te r n .  No evidence o f  irnine 

fo rm ation  was observed.

O xidation  of t h e 6,7-Dlm etho x y iso q u in o l in e  365

The dimethoxy i s o q u in o l in e 365 was s u b je c t  to  e le c t ro c h e m ic a l  o x id a t io n s  

a t  p o t e n t i a l s  between 1 .0  and 1 .4v  in  a c e t o n i t r i l e  s o lu t i o n .  At 1.25v a



•r- r - v . .  •> v. . •. *v  -  . ;■ ■ . -  ; ; -v f  .• .*♦ ... ...... 7'<

r e p ro d u c ib le  fo u r  e l e c t ro n  o x id a t io n  was found to  be o c c u r r in g ,  bu t 

exam ination o f  th e  p ro d u c t  by TLC showed i t  to  be a m ix tu re .  Although

f u r th e r  p u r i f i c a t i o n  f a i l e d ,  th e  i n f r a  re d  spectrum 

1340, 1160 crrf1

3 max: 3230, 1680,

showed th e  p robab ly  p resence  o f  s t a r t i n g  m a te r ia l  to g e th e r  

w ith  substances  having an in c re a s e d  ab so rp t io n  in  th e  carbonyl re g io n .

The NMR. spectrum again  r e v e a le d  l i t t l e ,  and even though the .m ass  spectrum 

showed a s t ro n g  peak a t  m/e 332, no u s e f u l  deductions  could be made.

When th e  c e l l  s o lv e n t  was changed to  methanol ano ther  four e le c t ro n  

o x id a t io n  was achieved  a t  1 .2v , aga in  le a d in g  to  a m ix tu re  o f  p ro d u c ts .

The i n f r a  re d  spectrum "p . : 3280, 1740,1680, 1650, 1340, 1160 cm“ 1max —
showed th e  l i k e l y  p resence  o f  s t a r t i n g  m a te r i a l ,  p lu s  an in c re a s e  in  

a b so rp t io n  in  th e  carbonyl r e g io n ; th e  MR spectrum could n o t  be i d e n t i f i e d ,  

and no evidence f o r  im ine fo rm ation  was found.
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