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SUMMARY

F ollow ing  th e  p u b l ic a t io n  o f  a r e p o r t  on th e  anod ic  o x id a tio n  o f  

6-h y d ro x y -7 -m ethoxy-1, 2 , 3 , 4—te t r a h y d r o is o q u in o l in e - 1-c a rb o x y lic  a c id s  

a ran g e  o f  such compounds w ith  d i f f e r i n g  a lk y l  s u b s t i tu e n ts  a t  th e  C-1 

p o s i t io n  was s y n th e s is e d  and in c u b a te d  w ith  enzymes known to  o x id is e  

p h e n o lic  m o lecu le s . I t  was found th a t  o x id a tiv e  d e c a rb o x y la tio n  to  

th e  co rresp o n d in g  3>4—d ih y d ro iso q u in o lin e  o c c u rre d , th e  r e a c t io n s  b e in g  

fo llo w ed  s p e c tro p h o to m e tr ic a lly ^ a n d  a lth o u g h  a com peting r e a c t io n  was 

a ls o  observed  an e s tim a te  o f  th e  enzyme k in e t i c s  (Km and V) was made.

T his r e a c t io n  i s  a d d i t io n a l  ev id en ce  i n  fav o u r o f  th e  Hahn p o s tu la te  

im p lic a t in g  i s o q u in o l in e - 1-c a rb o x y lic  a c id s  in  th e  b io g e n e s is  o f  i s o ­

q u in o l in e  a lk a lo id s ,  and a lso  i l l u s t r a t e s  th e  s i m i l a r i t i e s  betw een 

enzym atic and e le c tro c h e m ic a l o x id a t io n s .

As a consequence o f  th e  re p o r te d  o x id a tiv e  d e c a rb o x y la tio n  o f  p h e n o lic  

N -p ro te c te d  a c id s  to  q u in o n o id a l s p e c ie s ,  two N - t r i f l u o r o a c e ty l - 6-  

hydroxy-7 -m ethoxy-1 ,2 ,3 ,4 —te tra h y d ro is o q u in o l in e -1 -c a rb o x y l ic  a c id s ,  

h av ing  n u c le o p h il ic  b en zy l s u b s t i tu e n ts  w ere sy n th e s is e d  and o x id ise d  

by  e le c tro c h e m ic a l ,  enzym atic and chem ical means, in  o rd e r  to  s tu d y  

t h e i r  p o s s ib le  in t r a m o le c u la r  co u p lin g  to  ap o rp h in e  and c u la r in e  

a lk a lo id s .  S y n th e s is  o f  th e  t a r g e t  a lk a lo id s  by  c o n v e n tio n a l methods 

was a ls o  u n d e r ta k e n . S im ila r ly  th e  p o s s i b i l i t y  o f  in te rm o le c u la r  co u p lin g  

o f  an e x te rn a l  n u c le o p h ile  to  th e  o x id ise d  form  o f  N - t r i f lu o r o a c e ty l - 1 -  

m e th y l-6-hy d ro x y -7 -m ethoxy-1, 2 , 3 , 4—te tra h y d ro is o q u in o l in e ~ 1-c a rb o x y lic  

a c id  was in v e s t ig a te d ,  b o th  e le c tro c h e m ic a lly  and en zy m ica lly .

An u n s u c c e s s fu l s y n th e s is  o f  P>P -d i  me th y l  - 3 , 4- > 5 - t r  ime thoxyphen y lp y ru v i c 

a c id  was u n d e rta k en  in  an a tte m p t to  p re p a re  th e  a p p r o p r ia te ly  s u b s t i tu t e d  

<V , o*-d im ethy l i s o q u in o l in e - 1-c a rb o x y lic  a c id .



R eac tio n  o f  1 -(3*4*5 ~ trim e th o x y b en zy l) - 6-hydro xy-7-me th o x y -1 , 2 ,3 , 4 -  

t e t r a h y d r o is o q u in o l in e - 1-c a rb o x y lic  a c id  w ith  t r i f l u o r o a c e t i c  an h y d rid e  

in  p y r id in e  gave r i s e  to  an anom alous p ro d u c t, w hich was i d e n t i f i e d  as 

a f lu o r in e  c o n ta in in g  d ih y d ro p ro to b e rb e r in e .

The enzym atic o x id a tio n  o f  c o ry p a l l in e  was in v e s t ig a te d  u s in g  fu n g a l 

la c c a s e  and h o rs e ra d is h  p e ro x id a se ; b o th  enzymes were found to  be 

ca p a b le  o f e f f e c t in g  phenol o x id a t iv e  coup ling  to  g iv e  th e  ca rb o n - 

carbon  l in k e d  dim er.
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ABBREVIATIONS
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CHAPTER ONE

INTRODUCTION ' ’’

1In  a r e c e n t  paper , B o b b itt r e p o r te d  t h a t  1 ,2 ,3 ,4 - te t r a h y d r o -
i

i s o q u in o l in e - 1-c a rb o x y lic  a c id s  1_ p o sse ss in g  e i th e r  a 6-  or 7 -h y d ro x y * ' *
i

fu n c tio n  on th e  is o q u in o l in e  n u c leu s  can be d eca rb o x y la te d  by anodic .
A

o x id a tio n  a t  low p o te n t i a l s ,  to  p roduce th e  co rresp o n d in g  3, 4 -d ih y d ro -

is o q u in o l in e s  2 in  h ig h  y ie ld s .  Such f in d in g s  len d  su p p o rt to  th e

2p ro p o sa l made by Hahn th a t  is o q u in o l in e -1 -c a rb o x y lic  a c id s  a re

in v o lv ed  in  th e  b io s y n th e s is  o f  is o q u in o l in e  a lk a lo id s .  Based upon

th e  ex p erim en ta l c o n d i t io n s ,  i t  was co n sid ered  l i k e l y  t h a t  c e r ta in

e le c tro c h e m ic a l o x id a tio n s  g iv e  r e s u l t s  s im ila r  to - 'th o se  o c c u rr in g
1

in  v iv o . I t  was f u r th e r  p o s tu la te d  th a t  such a d e c a rb o x y la tio n  

in d u ces  a " p u s h -p u ll” e f f e c t  a c ro s s  th e  p h en o lic  is o q u in o l in e  system , 

g e n e ra tin g  in  th e  case  o f  th e  6-h y d ro x y -a c id s , in te rm e d ia te  q u in o n e -  

ty p e  compounds 'which can su b se q u e n tly  re a ro m a tise  by  in v o lv in g  

th e  n i t ro g e n  lo n e  p a i r  e le c tro n s  to  g iv e  th e  3 , 4 -d ih y d ro  p ro d u c ts .

-The p o s s i b i l i t y  would th e re fo re  seem to  e x i s t  t h a t  i f  th e se  lo n e * p a ir  

e le c tro n s  a re  p rev en ted  from  ta k in g  p a r t  in  th e  a ro m a tis ^ tio n  r e a c t io n ,  

e .g .  by N -a c y la tio n , th e  g e n e ra te d  quinone can e i th e r  be i s o l a t e d ,  or 

can r e a c t  w ith  some n u c le o p h il ic  s p e c ie s .  Indeed B o b b it t ,  i s o la te d  

a q u in o n o id a l compound in  low y ie ld  from th e  e le b tro c h e m ic a l o x id a tio n  

o f  an N -a c e ty la te d  is o q u in o l in e -1 -c a rb o x y lic  a c id ,  and sug g ested  th a t  

such quinones may be in v o lv ed  in  th e  fo rm atio n  o f  is o q u in o l in e  

..a lk a lo id s  by .e i th e r  i n t r a - o r  in te rm o le c u la r  n u c le o p h il ic  a d d i t io n ,  

w ith o u t th e  n e c e s s i ty  o f  f u r th e r  o x id a tio n . Such a p ro c e ss  would be 

an example o f  what H am ilton^ has term ed n o n -o x id a tiv e  coup ling  (NOC).

1



In  view o f  th e  im portance o f  th e se  p ro p o s a ls , a s tu d y  was u n d ertak en  

to  i n v e s t i g a t e : -

a) th e  r e la t io n s h ip  between anode- and enzym e-induced 
o x id a tiv e  d e c a rb o x y la tio n s  o f p h e n o l ic 'i s o q u in o l in e - 1-  t 
c a rb o x y lic  a c id s ;

b) th e  p o s s ib le  s y n th e s is  o f in t r a - a n d  in te rm o le c u la r ly  
coupled p ro d u c ts  from  th e  d e c a rb o x y la tio n  o f  N -acy la ted  
ac id d  by e le c tro c h e m ic a l,  chem ical and enzymic o x id a tio n s .

The rem ainder o f  t h i s  in t ro d u c t io n  w i l l  d is c u s s  th e  r o le  o f  phenol 

o x id a tiv e  coup ling  and is o q u in o l in e - 1-c a rb o x y lic  a c id s  in  th e  c o n te x t 

o f th e  b io s y n th e s is  o f  i s o q u in o l in e  a lk a lo id s .

1.1 Phenol O x id a tiv e  Coupling >

1 .1 .1  M echan istic  C o n s id e ra tio n s

Of th e  many r in g  system s th a t  a re  p re s e n t  in  n a t u r a l l y  o c c u rr in g  system s, 

pheno ls  a re  one o f  th e  most e a s i l y  o x id ise d . The p ro d u c ts  from  such 

-o x id a tio n s  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  ty p e  o f o x id a n t and th e  r e a c t io n  

.co n d itio n s  u sed . The im portance  o f  t h i s  o x id a tiv e  coup ling  p ro c e ss  

has long  been re c o g n ise d  and, as a consequence, many b io s y n th e t ic  p a th ­

ways in v o lv in g  such r e a c t io n s  have been p roposed , a lo n g  w ith  a tte m p ts
/_1 /

to  produce th i s  n a tu r a l  p ro c e ss  in  v i t r o .

15 ' ■>Some f i f t y  y ea rs  ago, Robinson r e l a t e d  th e  phenol o x id a tiv e  cou p lin g

\  p ro c e ss  to  th e  b io s y n th e s is  o f m orphine a lk a lo id s  from  p h en o lic

161-b e n z y l is o q u in o l in e s . S im ila r ly ,  Pummerer p roposed  th a t  a p ro c e ss  

o f  t h i s  ty p e  o ccu rred  in  th e  chem ical o x id a tio n  o f 4.-c re s o l  to  g iv e  

d im eric  p ro d u c ts . However, u n t i l  th e  i n f l u e n t i a l  paper by  B arton  and 

Cohen^, th e  s ig n if ic a n c e  o f  phenol co u p lin g  in  n a tu r a l  p ro d u c t ch em is try

2



N

was n o t w id e ly  a p p re c ia te d . In t h i s  p u b l ic a t io n ,  th e  coup ling  p ro c e ss  

was r a t i o n a l i s e d  in  term s o f  phenoxy r a d i c a l s ,  in  which, th e  d i s t r i ­

b u tio n  o f th e  u n p a ire d  e le c tro n  c a n 'b e  re p re s e n te d  b y " th e  c an o n ica l 

f ° rms 4-a-d• The a p p l ic a t io n  o f  o r th o, p ara  coup ling  r u le s  en ab les  

o n ly  carbon-carbon  o r carbon-oxygen-carbon  .coupled p ro d u c ts  5- 1A 1 

l in k e d  a t  th e  o rth o  o r p a ra  p o s i t io n s  to  be form ed.

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

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
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 l v e r  ox ide  and manganese d io x id e . N e v e r th e le s s , in  s p i t e

o f what appeared  to  be an abundance o f  ev idence in  f a v o u r 'o f  a r a d ic a l

17d im e r is a tio n  mechanism, B arton  su g g ested  th a t  a l t e r n a t iv e  mechanisms 

may a ls o  be in v o lv ed  under c e r t a in  c o n d itio n s  and shou ld  th e re fo re  be 

co n s id e red  as p o s s ib le  pathw ays. The fo llo w in g  mechanisms were 

p ro p o sed : -

1 ArO -fr* ArO------ ----- > Dimer

2 ArOH ■+ ArO ----- > Dimer +

3 ArOH +  ArOH •— > Dimer + 2H^
(£> ©

A ArOH + ArO — > Dimer + H /
0  ©  •

5 ArO + ArO — > Dimer

6 ArO + ArOH — > Dimer + H* '
7 ArO + kvO H® — >Dimer + H*

•  ©  ©
8 ArO + ArO + e — ^ Dimer. ,

R eac tio n s  t - 3  co rrespond  to  sim ple coup lin g  r e a c t io n s  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 t io n ,  w ith  r e a c t io n  1 be ing  th e  

most commonly o c c u rr in g . R eac tio n s  6-8 a re  phenoxy r a d i c a l  s u b s t i t ­

u t i o n s ,  s t i l l  in v o lv in g  a tw o -e le c tro n  t r a n s f e r  p ro c e ss  as w ith  coup lin g
10re a c t io n s .  R eac tio n s  o f  ty p e  6 were co n sid ered  im probab le . R eac tio n  

7 was n o t d ism issed  o u t r ig h t  in  view o f  th e  ev idence p re se n te d  fo r  i t s

3
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18o c c u rre n c e , w hereas r e a c t io n  8 was co n sid e red  ex trem ely  u n l ik e ly ,

in v o lv in g  th e  c o l l i s io n  o f "two im probable p a r t i c l e s " .  Phenoxy

c a t io n s  a re  in v o lv ed  in  b o th  r e a c t io n  A and 5 and i t  i s  tow ards th e  .

id e n t i f i c a t i o n  o f such a sp e c ie s  th a t  much work has been r e c e n t ly
✓

fo cu sed . In  a d d i t io n ,  th e  sp e c ie s  in v o lv ed  in  m echanism '3, i . e .  a 

phenoxy c a tio n  r a d i c a l ,  has re c e iv e d  in c re a s in g  a t t e n t io n  w ith  th e

d ram a tic  grow th 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 .
/*»

o
A r e c e n t  rev iew  d iv id e s  th e  more common e x te rn a l  o x id a tio n s  in to  two

. V

m e ch an is tic  groups w hich a re  f u r th e r  subd iv id ed  in to  s e v e ra l  g e n e ra l
*

. types.

Type 1 s -  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 ;

a) d i r e c t  cou p lin g  o f  two phenoxy r a d i c a l s ,
b ) hom oly tie  a ro m a tic  s u b s t i tu t io n ,
•c) h e t e r o ly t i c  co u p lin g  p receeded  by two su c c e s s iv e  

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

Type 2 ; -  mechanisms w hich do n o t in v o lv e  r a d i c a l s ;

a) h e t e r o ly t i c  co u p lin g  p receeded  by a s in g le  
tw o -e le c tro n  t r a n s f e r ,

b ) c o n ce rted  cou p lin g  and e le c tro n  t r a n s f e r .

The fo llo w in g  s e c tio n s  d is c u s s  in  some d e t a i l  th e  ev idence f o r  and

a g a in s t  th e  invo lvem ent o f  r a d ic a l  co u p lin g , hom oly tie  s u b s t i tu t io n ,
\

and phenoxy c a t io n s  in  phenol o x id a tiv e  coup ling  r e a c t io n s .

1 .1 .2  Mechanisms In v o lv in g  I n i t i a l  Phenoxy R ad ica l Form ation 

P a ra  coup ling  o f  th e  phenoxy r a d i c a l  from  2 ,6 -d ia lk y lp h e n o l 15 

i l l u s t r a t e s  th e  above th r e e  mechanisms in v o lv in g  r a d i c a l  in te rm e d ia te s  

(Scheme I ) .  The same f i n a l  p ro d u c t 20 can a r i s e  from  th e  r a d ic a l  16 

by any o f  th e  pathways i l l u s t r a t e d .  The d icy c lo h ex ad ien o n e  17. i s  

form ed by hom oly tie  co u p lin g  (Type 1 a ) , fo llow ed  by r a p id  ta u to m e r-  

i s a t i o n  in  p r o t i c  media to  g iv e  20. H om olytie s u b s t i tu t io n  (Type 1b)



OH

R. /  .R

O’
SCHEME I

R R

15 A

Type 1b

16

\

19

Type 1c

>§:
4

 
 

* 
 

 
? 

-i
 

a 
 

:_
__

__
__

__
_

t—
i



in to  a n o th e r  phenol m olecule  g e n e ra te s  th e  d im eric  r a d ic a l  w hich

e i th e r  g iv e s  _17 by lo s s  o f  a p ro to n  and an e le c t r o n ,  or i t  may

d is p ro p o r t io n a te  to  17 'and th e  d ihydro  compound 1j?. Compounds o f

ty p e  1_9 a re  analogous to  p ro d u c ts  observed  in  f r e e  r a d ic a l  a ro m atic  

19s u b s t i tu t io n s ,  b u t such s p e c ie s  have never been id e n t i f i e d  in  phenol ■ 

co u p lin g  r e a c t io n s ,  f o r  w hich th e  most p ro b a b le  e x p la n a tio n  i s  th e  

g r e a te r  s t a b i l i s a t i o n  a ffo rd e d  by r e a ro m a tis a t io n .  Absence o f any 

ev idence fo r  such sp e c ie s  does n o t n e c e s s a r i l y ,mean th a t  d ihydro

in te rm e d ia te s  a re  n o t in v o lv e d . The f i n a l  f r e e  r a d ic a l  in te rm e d ia te
\

pathway (Type 1c) may occur a f t e r  f u r th e r  o x id a tio n  o f  th e  phenoxy
«

r a d i c a l  16? g e n e ra tin g  a phenoxy c a t io n  21. capab le  o f  i n i t i a t i n g  

e l e c t r o p h i l i c  s u b s t i tu t io n  w ith  a phenol m olecule to  produce 17.

20I t  has been sug g ested  th a t  carbon-carbon  coupled p ro d u c ts  a r i s e  as 

a  r e s u l t  o f  e l e c t r o p h i l i c  s u b s t i tu t io n  by phenoxy c a t io n s  (such  sp e c ie s  

p ro b ab ly  e x is t in g  in  th e  mesomeric carbonium  io n  fo rm ), and a re  formed

by  th e  ac id -in d u c e d  d is p ro p o r t io n a t io n  o f th e  co rresp o n d in g  r a d i c a l :
0  0

2ArO* -** H_0  ^ ArO + ArOH + Ho0j, eL
■whereas carbon-oxygen-carbon  p ro d u c ts  a re  more l i k e l y  to  in v o lv e  

phenoxy r a d ic a l  co u p lin g  s in c e  more o f  th e  u n p a ire d  e le c t ro n  d e n s i tyN
21r e s id e s  a t  th e  oxygen atom. A r e c e n t  d e ta i le d  s tu d y  o f th e  o x id a tio n  

» %

o f  4 - c r e s o l  to  i t s  carb o n -ca rb o n  dim er has shown th a t  th e  r e a c t io n  

pathway i s  n o t dependent on e i th e r  redox  p o te n t i a l  o r pH, c a s t in g  some 

doubt on th e  e a r l i e r  p ro p o sa l o f  an io n ic  mechanism b e in g  in v o lv ed  in  

th e  fo rm atio n  o f  ca rbon -ca rbon  coupled p ro d u c ts .

Evidence fo r  phenoxy r a d i c a l  fo rm atio n  .

There would appear to  be in d is p u ta b le  ev idence th a t  th e  f i r s t  s te p  o f  

th e  m a jo r ity  o f  pheno l o x id a tio n s  in v o lv e s  th e  rem oval o f  one e le c tro n

7



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 .  Due to  th e  r e a c t iv e

n a tu re  o f such sp e c ie s  i t  h a s ,  w ith  a few e x c e p tio n s , o n ly  been p o s s ib le

to  id e n t i f y  phenoxy r a d ic a l s  by p h y s ic a l  means, u t i l i s i n g  th e  p r o p e r t i e s

o f  th e  u n p a ire d  e le c t r o n .  Esr sp ec tro sco p y  ha's proved th e  most

2? 23in fo rm a tiv e  method, and by t h i s  te ch n iq u e  I t  has been p o s s ib le  to

a s s ig n  sp in  d e n s i t i e s  to  th e  phenoxy r a d ic a l s  under in v e s t ig a t io n .  Such

r a d ic a l s  a re  d eep ly  co lo u red  in  c o n t r a s t  to  th e  p a re n t  pheno ls  which

a re  u s u a l ly  c o lo u r le s s ,  and i t  has th u s  been p o s s ib le  to  s tu d y  such
2 Lsp e c ie s  from  th e i r  e le c t r o n ic  s p e c tr a .  I n d i r e c t  ev idence for- th e

\
-•-form ation o f  phenoxy r a d ic a l s  i s  a ls o  o b ta in ed  from redox  t i t r a t i o n

curves and from  po larogram s o f  p h e n o ls , w ith  a s in g le  e le c tro n  t r a n s f e r

25 26b e in g  observed  in  b o th  c a se s . S ta b le  phenoxy r a d ic a l s  a re  known, 9 

and in  most cases  a re  s u b s t i tu te d  in  th e  2 , L and 6 p o s i t io n s  by groups 

a b le  to  e x e r t  s t e r i c  in te r f e r e n c e  or capab le  o f  in c re a s in g  th e
I

d e lo c a l i s a t io n  o f th e  u n p a ire d  e le c t r o n .  Such r a d ic a l s  can be i s o la t e d  

and t h e i r  p h y s ic a l  p r o p e r t i e s  e a s i l y  s tu d ie d . The e x is te n c e  o f 

r a d ic a l s  d e riv e d  from  pheno ls  has th e re fo re  been w e ll e s ta b l is h e d  by 

p h y s ic a l  and chem ical te c h n iq u e s .

Phenoxy r a d ic a l  d im e r is a t io n  

v There can a ls o  be l i t t l e  doubt t h a t  in  many phenol o x id a tio n s  th e  

d i r e c t  r a d ic a l  p a i r in g  mechanism (Type 1a) i s  r e s p o n s ib le  fo r  th e
27 pg

d im eric  p ro d u c ts  ob serv ed . Evidence from  f la s h  p h o to ly s is  experim en ts 9

has dem onstra ted  th e  d isap p ea ran ce  o f phenoxy r a d ic a l s  by a p ro cess

.fo l lo w in g  seco n d -o rd er k i n e t i c s ,  a t t r i b u t a b l e  to  th e  r a p id  and

i r r e v e r s i b l e  r a t e  d e te rm in in g  r a d i c a l  d im e r is a tio n  p ro c e s s .  A re c e n t  
29stu d y  has sug g ested  th a t  r a d ic a l s  from  h ig h ly  s u b s t i tu te d  pheno ls  

d is p ro p o r t io n a te  to  quinone m eth ides and th e  p a re n t  p heno ls  r a th e r  than

8



d im e ris in g , in  agreem ent w ith  th e  e a r l i e r  o b s e rv a tio n s  o f  Cook.and
30 31 ■h is  co -w orkers. * R e su lts  from  th e  m ech an is tic  s tu d ie s  on „

32 33 ..'r e l a t i v e l y  sim ple p h en o lic  system s by W aters and L i t t l e r ,  were

c o n s is te n t  w ith  th e  d im e r is a tio n  p ro c e ss  hav ing  o c c u rre d . A d d itio n a l

ev idence f o r  t h i s  p a i r in g  mechanism comes from  p o te n t i a l  c ro ss -c o u p le d

p ro d u c t ex p erim en ts . F e r r ic y a n id e  o x id a tio n  o f  a m ix tu re  o f  2 ,6 -  ’

d im e th y l-  and 2 , 6-d im ethoxyphenols a ffo rd e d  on ly  th e  sym m etrica l

te t r a m e th y l-  and te tram ethoxyd iphenoqu inones 22 and 2J3. S im ila r ly

th e  f e r r ic y a n id e  o x id a tio n  o f A -c re so l in  th e  p re sen ce  o f excess 1 , 2 -.

dim ethoxybenzene produced*no coupled p ro d u c t in  w hich th e  dimethoxy"

10compound had been in c o rp o ra te d . O x ida tion  o f  th e  monoether 2 .̂ w ith  

f e r r ic y a n id e  gave o n ly  d im eric  p ro d u c ts , w hereas th e  d ip h en o l 2j5
*1 r\

p ro d u ced lu th e  in t r a m o le c u la r ly  l in k e d  b is - s p iro d ie n o n e  26 .

i
Hom olytie s u b s t i tu t io n

In  c o n t r a s t  to  th e  w e a lth  o f  in fo rm a tio n  im p lic a t in g  th e  r a d ic a l

d im e r is a tio n  p ro c e s s , o n ly  one p ie c e  o f  ev idence has been re p o r te d
3/

cla im in g  invo lvem ent o f  a hom oly tie  s u b s t i tu t io n  mechanism. F e r r i -  

-cyanide o x id a tio n  o f 27 produced p red o m in an tly  th e  s u b s t i tu te d  

xanthone 28 acco rd in g  to  th e  mechanism proposed  in  Scheme I I .

H e te ro ly t ic  coup ling

F u rth e r  o x id a tio n  o f phenoxy r a d ic a l s  to  th e  co rresp o n d in g  c a t io n s  -

r e q u ir e s  a d d i t io n a l  energy . Such a p ro c e ss  i s  th e r e f o r e  th e  l e a s t

fa v o u ra b le  o f  th e  r a d i c a l  i n i t i a t e d  mechanisms. However ev idence i s

a v a i la b le  fo r  th e  im p lic a tio n  o f t h i s  sp e c ie s  in  c e r t a in  ty p e s  o f

r e a c t io n ,  i . e .  th o se  in  s t r o n g ly  a c id ic  media and in  anod ic o x id a t io n s .

The fo rm atio n  o f  phenoxy c a t io n s  or t h e i r  e q u iv a le n t has been shown to

35-39occur in  s e v e ra l  e le c tro c h e m ic a l in v e s t ig a t io n s .  Ronlan and

9
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p a r k e r ^ * ^  have s tu d ie d  th e  anodic o x id a tio n  o f a ' s e r i e s  o f  mono- 

p h e n o lic  d ipheny lp ropanes to  th e  a p p ro p r ia te  sp iro d ie n o n e s . T heir 

f in d in g s  .suggest t h a t  a phenoxy c a tio n  i s  an in te rm e d ia te  in  th e  

o x id a tio n  o f  s e v e ra l  o f  th e  compounds in v e s t ig a te d .  F urtherm ore , th e  

fo rm a tio n  o f  th e s e  io n ic  in te rm e d ia te s  was co n s id ered  to  ta k e  p la c e  

e i th e r  d i r e c t l y  from  th e  phenol by a d i r e c t  tw o -e le c tro n  lo s s ,  o r from 

a  phenol e th e r  c a t io n  r a d ic a l  by an in tra m o le c u la r  charge t r a n s f e r  

p ro c e s s . E le c t r o p h i l ic  a t ta c k  by -the r e s u l t a n t  c a t io n  th e n  ta k e s
t *

P la e e  upon th e  y n o x id ise d  p a r t  o f  th e  m olecule,. The same a u th o rs  ■
(

/2demonstrated th a t -the y ie ld  of products derived .by a phenoxy cation

increased  when an e lectrode capable o f adaorblng th e  i n i t i a l l y  formed

phenoxy ra d ic a ls  was used, thus preventing r a d ic a l  d im erlsation  ahd

enhancing  f u r th e r  o x id a tio n  to  c a t io n ic  In te rm e d ia te s ,  .S im ilar

o x id a tio n ^  of ^ -to c o p h e ro l 2 g. re su lte d  in  a ca tio n  JO of remarkable

s t a b i l i t y  .and the  interm ediacy of th i s  same io n ic  species -was

co n s id e red ^  l ik e ly  in  the  fe rr icy a n id e  oxidation of 29. to  i t s  dimer

31, f ie w i t t ,^  although no t a c tu a lly  dem onstrating th e  involvement o f

a  phenoxy ca tion  in  the coupling process o f two phenolic n u c le i,

considered th a t fo r  some su b stra te -reag en t combinations, an io n ic

mechanism more adequately explained the  f in d in g s , Trapping of cations

p f  t h i s  ty p e  has .also been a c h ie v e d . The te t r a f lu o r o b o r a t e  and th e

hexachloroantimonate s a l t s  were i s o l a t e d ^  as a r e s u l t  pf -the d is -

p roportlonation  o f phenoxy ra d ic a ls  in  the corresponding anhydrous

_streng ac id , S im ilarly , such ca tio n ic  species have been captured by
39 tilnucleophiles p resen t in  the  re a c tio n  m e d i a , *

C ation r a d ic a l  mechanisms

C a tio n  ra d ic a ls  have been im plicated  in  many chemical re a c tio n s  and

11
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‘ have been r e c e n t ly  r e v i e w e d . E l e c t r o c h e m i c a l  o x id a tio n  'o f phenol

e th e rs  to  th e  co rresp o n d in g  i n t r a  o r in te rm o le c u la r ly  coupled p ro d u c ts
50—53. h as been c a r r ie d  o u t by s e v e ra l  groups o f  w o rkers, ^ who have 

p roposed  mechanisms g e n e ra l ly  in v o lv in g  e i th e r ' c a t io n  r a d ic a l s  or 

d i r a d i c a l s .  More r e c e n t ly ,  a mechanism in v o lv in g  an in tra m o le c u la r  

cou p lin g  r e a c t io n  between a phenol e th e r  c a tio n ' r a d i c a l  and a phenoxy 

r a d i c a l  d e r iv e d  from  a d ia ry lp ro p a n e  was co n s id e red  to  occur under 

c e r t a in  c o n d itio n s .  A s im i la r  mechanism in y o lv in g  c y c l i s a t io n  o f
v

an e th e r  c a tio n  r a d i c a l  w ith  th e  u n o x id ise d  p h e n o lic  p a r t  o f  th e  

-m o lecu le  was th o u g h t u n l ik e ly  when th e  n a tu re  o f  th e  p ro d u c ts  was 

co n s id e re d .

1 . 1 . 3  Mechanisms Not In v o lv in g  Phenoxy lia d lc a ls  

The m e ch an is tic  p ro c e s se s  in v o lv ed  in  n o n - ra d ic a l  co u p lin g  a re  

i l l u s t r a t e d  in  Scheme I I I .  A lthough th e  e x te rn a l  o x id a n t i s  shown 

as  a t r i p o s i t i v e  sp ec 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  

o r o rg an ic  compounds can a ls o  be in v o lv e d . The i n i t i a l  o x id a n t-p h e n o l 

complex e i th e r  decomposes to  g iv e  a fo rm a lly  charged phenoxy c a t io n  

(Type 2a) w ith  i t s  subsequen t e l e c t r o p h i l i c  type  r e a c tio n s ,  as 

p re v io u s ly  d is c u s s e d , or as seems more l i k e l y  on e n e rg e tic  g rounds, 

i t  can b reak  down by a c o n ce rted  tw o -e le c tro n  t r a n s f e r  pathway (Type 2 b ) . 

In tra m o le c u la r  cou p lin g  o f  p h io r e t ic  a c id  £2 and o f  N -carbom ethoxy- 

x ty r o s in e  ^2  to  th e  r e s p e c t iv e  s p iro la c to n e s  and were b o th

co n sid e re d  to  occur by a n o n - ra d ic a l  p r o c e s s .5^?55 S ev e ra l m e ta ls , 

e .g .  Pb (IV ), V (IV ), V (V),  T1 ( I I I )  and Mi ( i l l ) ,  a re  known to  complex 

w ith  th e  hydroxy fu n c tio n  o f  a p h e n o l5 th e  complex may decompose to  

g iv e  a phenoxy c a t io n  o r to  ind u ce  a  co n ce rted  e le c tro n  t r a n s f e r  

p ro c e s s .  The e a r l i e r  f in d in g s  from  le a d  t e t r a a c e t a t e  o x id a tio n s  o f

13



56 57 %pheno ls  have been rev iew ed . R e su lts  from a s tu d y  o f  th e  le a d  ;f;:

t e t r a a c e t a t e  o x id a tio n  o f 2 , 4-, 6- t r i - t e r t - b u t y l p h e n o l  le n d  s tro n g  r |

su p p o rt to  th e  invo lvem ent o f  a m e ta l-p h en o l compound, which h e te r o ly -  • €
t

t i c a l l y  b reak s  down e i th e r  by a Type 2a o r a Type 2b r o u te ,  w ith  )j

c o n c u rre n t phenol o x id a tio n , ,

The mechanism fo r  th e  o x id a tio n  o f  phenols by vanadium compounds i s  

seem ingly  more complex th an  fo r  .lead t e t r a a c e t a t e ,  and as y e t  i t  i s  

n o t  a b s o lu te ly  c le a r  w hether vanadium  (IV) and vanadium  (V) a c t  as  - S

one-- or tw o -e le c tro n  o x id is in g  a g e n ts ,  a lth o u g h  :i t has been e s ta b l is h e d  g
58 ' 59- th a t  a -p h en o l-m etal complex i s  in v o lv e d , G arrick  and h is , c o l la b o ra to r s

have suggested t h a t  phenol co u p lin g  o ccu rs  by rea rran g em en t o f  e le c tro n s

w ithin  a complex containing a t le a s t  two phenol residues and a t le a s t  "I

one vanadium atom. In  a r e c e n t  p a p e r , ^  Schw artz p roposed  t h a t  > «j

coupling of diphenolic 1 , 3 ~diarylpropane.s w ith  vanadium oxychloride

takes p lace by d ira d ic a l d im erisa tion , in  co n tras t to  monophenolic 't

compounds of th is  same system, which he considered to  in v o lv e  two s u c c e s s iv e ^

one-electron  oxidations w ith  coupling occurring by a cation  r a d i c a l  1|

dim erisa tion  process, ' 4 /  | |

61Phenoxy cations have been p o stu la ted  to  a r is e  from the use of . srj

tha llium  tr if lu o r© ac e ta te , although other workers im p lic a te  a If
62 5concerted (Type 2b) process. I t  has also  been suggested t h a t  '1

th a lliu m  ( i l l )  s a l ts  operate by ip  so- th a lla tIo n  o f  the aro m atic  r in g ,  

followed by nucleoph ilic  displacement of the tha llium , ' $

Quinones are known to  a b s tra c t hydride ions from hydr© arom atic I
compounds, re su ltin g  in  ca tio n ic  in term ed ia tes . By analogy, i t  should  

be p o s s ib le  to  g e n e ra te  phenoxy c a t io n s  d i r e c t l y  by a tw o -e le c tro n

u  ’ 1



p ro c e s s . Thus th e  c y c l i s a t io n  o f 2-hydroxy-y~me thoxyben2ophenones 

to  th e  co rrespond ing  xan thones by DDQ was co n sid ered  ^ to  proceed  v ia  

a phenoxy c a tio n  in te rm e d ia te ,  i . e .  a Type 2a mechanism. S im ila r ly  

th e  o x id a tio n  o f  6-h y d rc x y te t r a l in  to  6~hydroxy~1- t e t r a lo n e  was
/ t /

in t e r p r e te d  in  t h i s  way. I t  has a lso  been sug g ested  t h a t  DDQ 

o x id is e s  pheno ls  to  th e  co rresp o n d in g  quinone m e th id e -ty p e  i n t e r ­

m e d ia te s . Both p te ro c a rp a n  and chromene compounds were co n sid ered  

to  be formed th rough  th e  in te rm e d ia c y  o f such compounds, w ith  subsequen t 

In tra m o le c u la r ,  n o n -o x id a tiv e  coup lin g  r e a c t io n s .

In a recen t s ig n if ic a n t p a p e r ,^  Abramovitch proposes the interm ediacy 

of the f re e  phenoxy cation  ^ 6  in  several re ac tio n s . This cation  was' 

considered to  be produced from the therm olysis of various H-aryloxy- 

pyridinium  s a lts  J7 and from d is^o tj sa-tion of A-nitrophenoxyamine 3 8 . 

.Subsequent a ttack  of J36 on so lvent molecules showed no d iffe ren ce  in  

the isomer ra t io s  of the products, ir re sp e c tiv e  of the source of ^ 6  

-and the  nature of the pyridinium  rin g  su b s titu e n t, arguing against a 

concerted mechanism.

1 .1 .4  N on-Q xidatiye Coupling R eac tio n s  (NQC)

S tr ic t ly  speaking, reac tio n s  charac terised  as non-oxidative coupling 

are fu rth e r  examples of phenol coupling by non-radical-*means, and such 

a process i s  of p a r tic u la r  in te r e s t  in  the b iosyn thesis  of n a tu ra l 

products. As mentioned e a r l ie r  (see page I )  the form ation of a 

quinone type s tru c tu re  leads by a Michael type add ition  e ith e r  to 

in t r a -  or in te r  m olecularly coupled products, in  which the quinone 

s tru c tu re  ac ts  as an in te rn a l  oxidant, e .g . the oxidation of laudan-  

osoline methiodide by f e r r ic  chloride-(Scheme IV), Although f e r r ic



c h lo r id e  i s  i l l u s t r a t e d  as th e  e x te rn a l  o x id a n t r e q u ir e d  to  produce 

th e  quinone in te rm e d ia te ,  th e  p o s s i b i l i t y  e x i s t s  t h a t  a s u i ta b le  

enzyme could  e q u a lly  w e ll fu n c tio n  as th e  o x id a n t. A mechanism 

th e r e f o r e  seems p o s s ib le  in  w hich co u p lin g  o f  a r y l  u n i t s  would be 

ach iev ed  w ith o u t th e  invo lvem en t o f  e i th e r  fo rm a lly  charged  or odd 

e le c t r o n  in te rm e d ia te s ,  o r u n n a tu ra l  o x id a n ts . F u rtherm ore , th e  on ly

re q u ire m e n t f o r  an NOC p ro c e ss  i s  t h a t  one o f  th e  components i s
*

cap ab le  o f  b e in g  reduced  by  a re a s o n a b le  mechanism, and qu inones a re  

n o t e s s e n t i a l  f o r  such c o u p lin g . A h y p o th e t ic a l  example i s  th e  

co u p lin g  o f ben zy l a lc o h o l and pheno l to  g iv e  th e  b ip h e n y l 39 .

1 .2  Phenol O x id a tiv e  Coupling In  The B io g en esis  Of I s o q u in o lin e  A lk a lo id s  

Phenol o x id a tiv e  co u p lin g  r e a c t io n s  e i th e r  o f  th e  i n t e r -  o r in tra m o le c u la r  

have been p o s tu la te d  in  th e  b io g e n e s is  o f many n a t u r a l l y  o c c u rr in g  

compounds. S ince th e  work in v o lv e d  in  t h i s  th e s i s  i s  p r im a r i ly  concerned 

w ith  in tra m o le c u la r  co u p lin g  r e a c t io n s  in  is o q u in o l in e  m olecules, i t  i s  

in te n d e d  to  r e s t r i c t  th e  fo llo w in g  d is c u s s io n  to  to p ic s  r e l a t e d  to  t h i s  

s u b je c t .

The is o q u in o l in e  a lk a lo id s  a re  a group o f  secondary  m e ta b o li te s  w hich 

have been e x te n s iv e ly  s tu d ie d  by  many g roups, b o th  becau se  o f t h e i r  

p h a rm a c e u tic a l u t i l i t y  and because  o f  th e  i n t r i n s i c  i n t e r e s t  o f  th e  

ch e m is try  o f  such complex s t r u c tu r e s  p o sse ssed  by  many o f  th e  members 

o f  t h i s  g roup . In c re a s in g  a t t e n t i o n  has been p a id  in  r e c e n t  y e a rs  to  

th e  b io g e n e s is  o f th e  a lk a lo id s ,  i . e .  to  how th e y  a r i s e  in  p la n t  forms 

f rom sim ple or complex p re c u rs o rs  by  n a tu r a l  p ro c e s s e s .

As e a r ly  as 1917, Robinson su g g es ted  th a t  1-b e n z y l- 1 , 2 , 3 , A - te t r a -  

h y d ro iso q u in o lin e  compounds could  be s y n th e s is e d  in  th e  la b o ra to ry
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under so c a l le d  " p h y s io lo g ic a l"  c o n d i t io n s ,  i . e .  w ith  r e a c ta n t  

c o n c e n tra t io n , a c i d i ty  and te m p e ra tu re  s im i la r  to  th o se  found in
A8 AQp la n t s .  T his h y p o th e s is  was l a t e r  shown to  be c o r r e c t  by Schopf, f

who sy n th e s is e d  th e  1-b e n z y lis o q u in o lin e  ^0 by condensing  dopamine 4J_
o 1 5w ith  th e  aldehyde 42 a t  25 and pH6 . Robinson a ls o  conce ived  th e

id e a  t h a t  pheno l co u p lin g  o f  a p p r o p r ia te ly  s u b s t i tu t e d  1-b e n z y l is o -  

q u in o l in e  compounds could  le a d  to  a lk a lo id s  o f th e  morphine group .

T his th e o ry  has n o t o n ly  been shown to  be c o r r e c t  b u t has been expanded 

upon, u n t i l  i t  is .n o w  g e n e ra l ly  acc ep ted  th a t  pheno l o x id a t iv e  coup ling  

i s  r e s p o n s ib le  fo r  many o f  th e  a l k a l o i d s , ' and p a r t i c u l a r l y  th e  i s o ­

q u in o l in e  a lk a lo id s  found n a t u r a l l y ,  e . g .  a p o rp h in e s , hom oaporphines,

c u la r in e s ,  b is b e n z y l is o q u in o l in e s  and th e  e r y th r in a  a lk a lo id s ,  in

70a d d i t io n  to  th e  m orphine fa m ily . A r e c e n t  rev iew  o f  th e  b io s y n th e s is

o f  a lk a lo id s  d e riv e d  from  1-b e n z y lis o q u in o lin e s  supplem ents th e  e a r l i e r

71e x c e l le n t  rev iew  by B a tte rs b y .

1 . 2 .1 The A porph ino ids

The ap o rp h in o id s  c o n s is t  o f  th e  a p o rp h in e , p ro a p o rp h in e , n eo p ro ap o rp h in e , 

oxoaporph ine and hom oaporphine a lk a lo id s .  A porphine a lk a lo id s  have 

th e  s k e le t a l  s t r u c t u r e  43 and a re  th e  l a r g e s t  s in g le  group o f  n a t u r a l l y  

o c c u rr in g  a lk a lo id s .  S y n th e tic  r o u te s  to  such compounds w i l l  be 

d is c u s se d  in  Chapter 3. E x ten s iv e  r e s e a r c h  u s in g  t r a c e r s  has enabled  

th e  b io g e n e s is  o f  ap o rp h in e  a lk a lo id s  to  be c l a s s i f i e d  in to  th r e e  

d i s t i n c t  modes o f  pheno l o x id a t iv e  c o u p lin g .

a )  D ire c t co u p lin g , in  w hich th e  r e le v a n t  p h e n o lic  p re c u rs o r  

p o s se sse s  th e  c o r r e c t  s u b s t i tu t io n  p a t te r n  to  a llo w  e i th e r  o r th o - o r th o . 

o r th o -p a ra  o r ( l e s s  commonly) p a ra -p a ra  o x id a t iv e  co u p lin g  to  o c c u r. • 

Thus f o r  example a compound hav ing  s t r u c tu r e  4A can by o r th o - o rth o
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l in k a g e  produce o r by o r th o  .-par a coup ling  g iv e  £6,

b ) Coupling to  p ro a p o rp h in e s , which have th e  s k e l e t a l  s t r u c tu r e
/ ■

47, o ccu rs when th e  p h e n o lic  m oiety  on r in g  D i s  o f a  d i f f e r e n t  . ,

s u b s t i tu t io n  ty p e  to  t h a t  m entioned above, and co n seq u en tly  i s  u n ab le  

to  ta k e  p a r t  in  d i r e c t  c o u p lin g . B arton  and Cohen^ r e a l i s e d  th a t  

a lk a lo id s  hav ing  t h i s  "wrong" s u b s t i tu t io n  arrangem ent co u ld , v ia  

th e  fo rm a tio n  o f  d ienone in te rm e d ia te s  ( l a t e r  term ed p ro ap o rp h in e
*

72a lk a lo id s  ) , and subsequen t rea rran g em en t g iv e  th e  n a t u r a l l y  o c c u rr in g  

ap o rp h in e s , w hich could  n o t be e x p la in ed  in  term s o f  a d i r e c t  co u p lin g  

r e a c t io n .
73Two k in d s  o f  rea rran g em en t can ta k e  p la c e ,  v iz ,  d ien o n e-p h en o l x or

-d ie n o l-b e n z e n e , Both a re  a c id  c a ta ly s e d  carbonium  io n  tr a n s fo rm a tio n s ,

w ith  th e  form er in v o lv in g  r e te n t io n  o f  th e  oxygen atom and th e  l a t t e r

r e s u l t i n g  in  lo s s  o f  t h i s  same fu n c t io n .  U sing th e  2-su b st.itin ted

' cy c lo h ex a -2 ,5 -d ien o n e  ^8 as  an exam ple, d ieno n e-p h en o l rea rran g em en t

can le a d  to  fo u r p o s s ib le  p ro d u c ts  4 9 a -d , The p r e c i s e  p ro d u c t formed

canno t be p re d ic te d  w ith  c e r t a in t y  a lth o u g h  th e  s t e r i c  e f f e c t  o f  a

2 - s u b s t i tu e n t  would d i r e c t  rea rran g em en t tow ards C-5 r a th e r  th a n  C-2,
T4as  would an e le c tro n e g a t iv e  s u b s t i tu e n t .  I t  has been dem onstra ted  

t h a t  u s u a l ly  a more s u b s t i tu te d  a lk y l  group m ig ra te s  more r e a d i ly  th a n  

a  l e s s  s u b s t i tu te d  one, and th a t  a r y l  groups m ig ra te  in  p re fe re n c e  to  

a lk y l  g ro u p s. In  a l l  c a se s  a  carbon bond m ig ra te s  more e a s i l y

th a n  a h e te ro a to m  bond,

c )  Coupling to  g iv e  th e  neop roaporph ine  s t r u c tu r e  50 i s  s im ila r  

to  th e  p re v io u s  mode o f  co u p lin g , w ith  th e  e x c e p tio n  th a t  th e  d ienone 

fu n c t io n  i s  formed on r in g  A r a th e r  than  r in g  D, S im ila r  re a r ra n g e ­

m ents le a d  to  ap o rp h in es  hav ing  " u n n a tu ra l"  s u b s t i tu t io n  p a t t e r n s .

20
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1 .2 .2  D ire c t Coupling; to  Give A porphines
79 30The f i r s t  in d ic a t io n  o f such a coup lin g  pathway came from  th e  f in d in g  ?/

t h a t  l a b e l le d  r e t i c u l i n e  5.1 when in tro d u c e d  in to  C o ry d a lis cava gave th e

a p p r o p r ia te ly  l a b e l le d  bulbocapnine- 52, v ia  th e  d iph en o l c o ry tu b e r in e _

a s  would be p re d ic te d  by d i r e c t  o r th o - o rth o  c o u p lin g . R e t ic u l in e  _ •

has been i s o la t e d  from  t h i s  p la n t  sp e c ie s  by fe e d in g  and d i lu t io n  

31ex p erim en ts . In o rd e r to  e l im in a te  an a l t e r n a t iv e  pathway in v o lv in g  
/

i n i t i a l  C~6 h y d ro x y la tio n  o f  r e t i c u l i n e  £1_, fo llow ed  by d ienone fo rm a tio n

and subsequent rea rran g em en t as shown in  Scheme V, C-2*and C-6/ t r i t i u m

la b e l l e d  r e t i c u l i n e  was fe d  to  C. cav a . The r e s u l t i n g  b u lbocapn ine  52

W&s fppnd to  have r e ta in e d  th e  n e c e ss a ry  amount o f  a c t i v i t y  a t  th e

P o s i t io n  co rresp o n d in g  to  C -^/and to  have l o s t  th e  C-2/ a c t i v i t y ,

82c o n s is te n t  w ith  o r th o -o r th o  c o u p lin g . A s tu d y  o f  th e  b io s y n th e s is

o f  b o ld in e  £4 in  L i ts e a  g lu t in o s a  showed th a t  (•+) r e t i c u l i n e  was s te r e o -

S p e c i f l c a l ly  in c o rp o ra te d  w hereas o th e r  p o s s ib le  p h e n o lic  p re c u rs o rs

cap ab le  o f  o p e ra tin g  v ia  a d ienone mechanism were n o t ,  d em o n stra tin g

t h a t  d i r e c t  o r th o - p a ra  co u p lin g  i s  th e  p re fe r re d  pathway to  t h i s

a lk a lo id ;  i n i t i a l l y  is o b o ld in e  i s  produced fo llo w ed  by m e th y la tio n  -

daffia tby la tion  s ta g e s  tp  ach ie v e  th e  c o r r e c t  s u b s t i tu t io n  p a t t e r n .
8 3 8 /E a t ic a l in e  has also  been im p lic a te d  J in  th e  b io s y n th e s is  o f i s o -

b p ld in e  i n  Papaver som niferum , w hereas n e i th e r  o r i e n t a l i n e  56 nor N-

np rp ro to sin o m en in e  57 were found to  be in c o rp o ra te d ; once ag a in  th e

in fe re n c e  i s  t h a t  d i r e c t  co u p lin g  r a th e r  than  fo rm a tio n  o f  e i th e r

p ro ap o rp h in e  or nepp rp ap o rp h in e  i s  th e  p re f e r r e d  r o u te .  In  th e

A qulleg-ia sp e c ie s  b io s y n th e s is  o f th e  q u a te rn a ry  ap o rp h in e , m agnoflo rine

85J8  has boon dem onstra ted  to  in v o lv e  o r th o - o rth o  co u p lin g  o f  r e t i c u l i n e ,

i n  c o n t r a s t  to  th e  f in d in g s  from  P . somniferum in  w hich r e t i c u l i n e  .was

83n o t  in c o rp o ra te d  in to  58 to  any s ig n i f i c a n t  e x te n t .
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1 .2 .3  Coupling to  Give P roapo rph ines

The invo lvem ent o f p ro ap o rp h in es  as in te rm e d ia te s  in  th e  b io g e n e s is
/  » 

o f  apo rp h in e  a lk a lo id s  was p o s tu la te d  p r io r  to  a c tu a l  i s o l a t i o n  o f

such compounds in  p la n t s .  T his p o s tu la te  has been proved by b o th  th e

i s o l a t i o n  o f such d ienone compounds and t h e i r  con v ers io n  in to  th e  t

p re d ic te d  a p o rp h in e s . B arton  and h is  co-w orkers dem onstra ted  t h a t
\ •

w  N -m eth y lco c lau rin e  j|9 i s  s t e r e o s p e c i f i c a l ly  in c o rp o ra te d  in to  

ro em erine  60 in  Papaver dub ium. N e ith e r ( - )  N -m eth y lco c lau rin e  nor 

is o c o c la u r in e  6l_ w hich la c k s  th e  a p p ro p r ia te ly  s i tu a te d  p h en o lic  

f u n c t io n ,  were in c o rp o ra te d . The f i n a l  p ro d u c t, i . e .  60, had th e re fo re ,  

l o s t  th e  hydroxy group on r in g  D; t h i s  was ex p la in ed  .in term s o f  

i n i t i a l  fo rm atio n  o f  th e  d ienone 62 fo llow ed  by re d u c t io n  to  a d ie n o l 

63 w ith  subsequen t rea rran g e m en t. In  o th e r  experim en ts i t  was e s ta b l is h e d

t h a t  c o c la u r in e  64- was co n v erted  in to  ( - )  anonaine 6£  in  Anona r e t i e -

86 87 S3u l a t a ,  9 and in to  (■+) m ecam brinol 66 in  M econopsis cam b rica ,' b o th

v ia  proaporphine in te rm e d ia te s  w ith  th e  form er b e in g  produced by th e

d ie n o l-b en zen e  rea rran g em en t o f 63, and th e  l a t t e r  by th e  d ieno n e-p h en o l
.  p tQ  O f )

t r a n s fo rm a tio n  o f 67, (±) Q r ie n ta l in e  £6 has been dem onstra ted  p ' to

be a p re c u rs o r  in  Papaver o r i e n t a l s  o f (-±) is o th e b a in e  68, which i s

form ed v ia  th e  in te rm e d ia te s  o r ie n ta l in o n e  and o r i e n t a l i n o l  70,

accompanied by th e  a p p ro p r ia te  rea rran g em en t o f th e  l a t t e r  5 o f  th e

two ep im eric  s t r u c tu r e s f o r  70 o n ly  one was found to  be e f f i c i e n t l y
91in c o rp o ra te d . More r e c e n t  work has shown c o c la u r in e  64 , b u t n o t 

i s o c o c la u r in e  61, to  be a p re c u rs o r  in  th e  b io g e n e s is  o f  th e  p ro ap o rp h in e  

...and ..aporphine a lk a lo id s ,  c ro to ^ p a rin e  71, c ro to s p a r in in e  72 , and 

s p a r s i f l o r in e  73 found in  Croton s p a r s i f lo r u s .  An i n t e r e s t i n g  

f e a tu r e  o f  th e se  a lk a lo id s  i s  t h a t  72 has th e  o p p o s ite  c o n f ig u ra tio n  

a t  th e  C-1 p o s i t io n  to  th e  o th e r  two, su g g e s tin g  th a t  i t s  b io g e n e s is
}

o ccu rs  by u t i l i s a t i o n  o f th e  o p p o s ite  enantiom er o f  c o c la u r in e , in
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a d d i t io n ,  tra p p in g  experim en ts have shown c o c la u r in e  to  be p re s e n t  in

-C , j s p g r s i f lo r u s . S im ila r ly  c ro to n o s in e  V± has been shown to  be d e riv e d
/ % 92 93from  {-+*) c o c la u r in e  in  Croton l i n e a r i s  p la n t s .  9 ^

1,2,. 4. Coupling To Give N eoproaporphines . . ‘

9 A ’B a tte r s b y  and h is  c o l la b o ra to r s  have s tu d ie d  th e  b io s y n th e s is  o f  th e

. P ic e n tra  exim ia apo rph ine  a lk a lo id s ,  co ryd ine  75,  g la u c in e  76 and 

d ic e n t r in e  77 , T heir f in d in g s  im p lic a te  n o rp ro to sin o m en in e  57 a s  a ‘ 

k ey  in te rm e d ia te ,  even though th e  m e th y la tio n  p a t te r n  o f 75 would 

s t r o n g ly  i n f e r  th e  invo lvem en t o f  e i th e r  r e t i c u l i n e  o r Q rien t.a li.ne ' 

56, { n e ith e r  o f -which w ere in c o rp o ra te d  i n  fe e d in g  s tu d i e s ) .  The 

f in d in g  t h a t  £7 was an e f f i c i e n t  p re c u rs o r  gave r i s e  to  th e  th e o ry  

t h a t  a  dienone-’ phenol rea rran g e m en t o f  a  neopr oaporph ine ty p e  i n t e r ­

m ed ia te  was in v o lv ed  in  th e  fo rm a tio n  -of 75., 76 and 77 as i l l u s t r a t e d  

i n  icheme f j ,

■Unlike th e  proaporphine s e r ie s ,  no neopr0 aporphine has as y e t been 

iso la te d  and -assuming th a t  these  compounds do e x is t i t  would seem, 

l ik e ly  th a t  they can be reduced to  the appropria te  d ieno l compound, to  

give a f te r  rearrangement an aporphine having an u n su b stitu ted  0-2 

p o s itio n , Tp date  no n a tu ra lly  occurring aporphine a lk a lo id s  are
1

known which p o sse ss  t h i s  h y d ro x y la tio n  p a t te r n  in  r in g  A.

1»2»5 Homoaporphines

hom oaperphines have th e  s k e le to n  s t r u c tu r e  78 , A lk a lo id s  o f  t h i s  ty p e , 

§#g , f lo ra m u it in e  79 , m u ltif lo ra m in e  80 and k re y s ig in e  81 have been
~  x ta tssr- nssvap v  ^  jb Mvati1

i s o la te d  from  th e  s p e c ie s  K rey s ig ia  m u l t i f l o r a . L a b e llin g  s tu d ie s  

95have shown th a t  au tum naline  82 was w e ll in c o rp o ra te d  in to  th e se
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a lk a lo id s  in  c o n t r a s t  to  i t s  isom er 8j3 w hich d id  n o t  become in v o lv ed

to  any s ig n i f i c a n t  e x te n t ,  p o in t in g  to  a  d i r e c t  pheno l co u p lin g  p ro c e ss

f o r  such a lk a lo id s ,  even though k re y s ig in o n e  84 has been found in  
Q A

K. m u l t i f l o r a .

97The p h e n y le th y lis o q u in o lin e  au tu m n alin e  82 has a ls o  been p o s tu la te d

as  b e in g  a p re c u rs o r  o f  c o lc h ic in e  8£, w hich a lth o u g h  n o t an a lk a lo id

by  s t r i c t  d e f in i t i o n ,  s in c e  i t  h as  a n o n -b a s ic  n i t r o g e n ,  i s  g e n e ra l ly

re g a rd e d  as such . D ire c t p a ra -p a ra  coup lin g  o f au tu m n alin e  p roduces

th e  d ienone in te rm e d ia te  86 , fo llo w ed  by  m e th y la tio n  to  g iv e  an o th e r

d ien o n e , 0 -m ethylandrocym bine 87 w hich has been in c o rp o ra te d  in to

1 3c o lc h ic in e  to  a  rem ark ab ly  h ig h  d eg ree . More r e c e n t ly  C nmr work

98h as confirm ed t h i s  pathw ay,

1 .2 .6  C u la rin e  A lk a lo id s

There a re  j u s t  fo u r  n a t u r a l l y  o c c u rr in g  members o f  th e  c u la r in e  a lk a lo id

fa m ily  based  upon th e  s t r u c t u r e  88. The a lk a lo id s  o f  t h i s  group a re

u n iq u e  in  t h a t  th e y  p o sse ss  th e  r a r e  7 ,8 -o x y g e n a tio n  p a t te r n  in

a d d i t io n  to  a d ihyd ro  oxep in  r in g  system . The s y n th e t ic  methods fo r

p re p a r in g  c u la r in e  b ased  a lk a lo id s  a re  d isc u sse d  in  C hapter 4 . To d a te

no work on th e  b io s y n th e s is  o f t h i s  c la s s  o f  a lk a lo id s  has  been  r e p o r te d ;

however th r e e  ro u te s  appear p o s s ib le  as  i l l u s t r a t e d  in  Schemes V II,

V II I  and IX. Because o f  t h i s  u n u su a l 7 ,8 - s u b s t i t u t i o n  p a t t e r n  i t  was

99n o t u n t i l  th e  f in d in g  of peteQjne 8g in  L eo n tice  1 eon topeta lum  th a t  a

s u i t a b le  n a t u r a l l y  o c c u rr in g  p re c u rs o r  was a p p a re n t,  a lth o u g h  many 

4 99 100w orkers 9 f had p o s tu la te d  th e  invo lvem ent o f  such  a compound. An 
101in  v i t r o  s tu d y  o f  th e  iso m e ric  d ienone in te rm e d ia te s  90 and 91̂  f a i l e d  

to  g iv e  th e  a p p ro p r ia te  c u la r in e  compounds by re a rra n g e m e n t, in  c o n t r a s t
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to  th e  f e r r ic y a n id e  o x id a tio n  o f  92 which gave low y ie ld s  o f .a n  

u n n a tu ra l  c u la r in e  a lk a lo id  v ia  a c id  c a ta ly s e d  rea rran g em en t o f  th e  

a p p ro p r ia te  d i e n o n e . '

1 .2 .7 Morphine Type A lk a lo id s

T his c la s s  o f  a lk a lo id s  can be subd iv id ed  in to  two groups w hich b ea r 

an en an tio m eric  r e l a t io n s h ip  to  one a n o th e r , e .g .  s in o a c u tin e  93 and 

s a lu t a r id in e  9 ^ . In a d d i t io n  to  th e  coup lin g  modes o f  r e t i c u l i n e  

p re v io u s ly  d isc u sse d  in  co n n ec tio n  w ith  th e  apo rp h in e  a lk a lo id s ,  o th e r  

l in k in g  schemes f o r  th e  a r y l  u n i t s  a re  p o s s ib le ,  as shown in  Scheme X, 

le a d in g  to  a v a r i e ty  o f  p ro d u c ts .
\ «

1 .2 .8  Morphine A lk a lo id s

I t  has been e s ta b l is h e d  th a t  o n ly  r e t i c u l i n e  o f  th e  fo u r  p o s s ib le

-d ih y d ro x y -d im e th o x y -1 -b en z y liso q u in o lin e s  d e riv e d  from  la u d a n o so lin e
*10 3 "1062 £ - is  in c o rp o ra te d  in to  th e  opium a lk a lo id s  by Papaver som niferum .

An in t e r e s t i n g  f e a tu r e  o f  t h i s  work, u s in g  re s o lv e d  (+) and ( - )

14r e t i c u l i n e  la b e l le d  w ith  t r i t i u m  and C atom s, was th e  in c o rp o ra tio n

14o f  b o th  in to  m orphine to  a lm o st th e  same e x te n t w ith  r e s p e c t  to  C

10Xa c t i v i t y .  This i s  s u rp r is in g  s in c e  ( - )  r e t i c u l i n e  has been shown

to  co rrespond  in  a b s o lu te  c o n f ig u ra tio n  w ith  th e  m orphine g ro u p .^ 7 .1 0 8

However i t  was observed  th a t  w ith  th e  (+) enantiom er a lm ost com plete

lo s s  o f  C-1 t r i t i u m  a c t i v i t y  o c c u rre d , as opposed to  ap p ro x im ate ly  4-0%

104lo s s  w ith  th e  ( - )  form . T his d i f f e r e n c e  was e x p la in ed  in  term s o f

an in te rc h a n g e  between th e  two en an tio m eric  form s v ia  a 1 ,2 -d e h y d ro -

r e t i c u l i n e  96, w ith  th e  ( - )  form  being  in c o rp o ra te d  d i r e c t l y  in to  th e b a in e
\

27 w h ile  th e  (+) form  was tran sfo rm ed  in to  th e  ( - )  enantiom er th ro u g h

33



H O ^

M e O - ^ \ MeO/

i NMe 
H

94 95

0

SCHEME X

Me

M e O - ^ V _ X
d \98 

HO ' H

t h e b a i n e



96 w ith  subsequen t lo s s  o f t r i t i u m  a c t i v i t y .  T his th e o ry  'was c o n f i r -  

"10/ "106med 9 by th e  h ig h  and s p e c i f i c  in c o rp o ra tio n  o f  la b e l le d  1 ,2 -
t

d e h y d ro re t ic u l in e  96 in to  m orphine by P. somnlferum p la n ts .  R e t ic u l in e ; 

has a ls o  been in c o rp o ra te d  in to  th e b a in e  in  P. o r ie n ta l e ,  in  a d d i t io n
t

to  which 2.1 h a s . a lo n g  w ith  s a lu t a r id in e  91 , been d e te c te d  in  sm all
109 110amounts in  opium arid in  a d u l t  poppy p la n ts  9

The p ro d u c t from  phenol o x id a tiv e  coup ling  o f  r e t i c u l i n e  le a d in g  to  th e

morphine a lk a lo id s  in v o lv e s  i n i t i a l  o r th o -p a ra  l in k in g  to  g iv e  th e

m orphinandienone, s a lu t a r id in e  94-. which i t s e l f  has been e f f i c i e n t l y
106in tro d u c e d  in to  th e b a in e  9 7 . codeine  and m orphine. The b io g e n e s is  

-of 22  in v o lv e s  th e  re d u c t io n  o f  2A s a l u t a r i d i n o l - I  9 8 , and i t  has 

been dem onstra ted  t h a t  t h i s  p a r t i c u l a r  epim er, w ith  th e  hydroxy group 

o f  th e  d ie n o l c i s  to  th e  e thy lam ine  b r id g e ,  i s  in c o rp o ra te d  to a much 

■ grea ter e x te n t th a n  th e  a l t e r n a t iv e  s a l u t a r i d i n o l - I I .  D ehydration  o f 

- th e  d ie n o l p roduces th e b a in e  v ia  n u c le o p h il ic  a t ta c k  o f  th e  phenol 

—group ing  on th e  d ie n o l -system. . . ,

»

P a ra -p a r  a coup ling  o f  r e t i c u l i n e  le a d s  to  a n o th e r morphinandi'enon e - ty p e

a lk a lo id ,  f la v in a n t in e  22. th ro u g h  th e  in te rm e d ia c y  o f  i s o s a lu t a r id i n e

100 w ith  subsequen t d e m e th y la tio n -re m e th y la tio n . S tu d ie s  u s in g  Croton 

111f la v e n s  have dem onstra ted  t h a t  r e t i c u l i n e  i s  indeed  a p re c u rs o r  o f

t h i s  p a r t i c u l a r  m orphinandienone 29.. Furtherm ore i t  was observed  th a t

a lth o u g h  co u p lin g  o f r e t i c u l i n e  i s  th e  p robab le  major pathway to  29 ,

a  minor ro u te  in v o lv in g  p a ra - p a ra  coup lin g  o f  o r i e n t a l i n e  56 to  th e  •

~bisd ienone 101 fo llo w ed  by rea rran g em en t a lso  c o n tr ib u te s  to  th e
112b io s y n th e s is  o f t h i s  a lk a lo id .



1 .2 .9  Sinomenine., P ro to s te p h a n in e  and Hasubanonine

The a lk a lo id  sinom enine 102 b e a rs  an a n t ip o d a l  r e l a t io n s h ip  to

m orphine, w ith  (-f-) r e t i c u l i n e  b e ing  i d e n t i f i e d  as tfie  b io lo g ic a l  ' .
113 11/p re c u rs o r  ’ f and n o t p ro to sin o m en in e  103 as e a r l ie r 'p r o p o s e d  by
115 *R obinson. Feeding experim en ts w ith  Sinomenium acutum have shown

• in c o rp o ra tio n  o f  b o th  r e t i c u l i n e  and s in o a c u tin e  9 3 . th e  enantiom er
11/

o f s a lu t a r id in e ,  in to  102. Thus p a ra -o r th o  co u p lin g  o f  (-t-)

r e t i c u l i n e  i s  th e  p r e f e r r e d  pathw ay to  sinom enine.

The b io s y n th e s is  o f  th e  a lk a lo id s  p ro to s te p h a n in e  104- and hasubanonine

105. found in  S tep h an ia  .japonica p la n t s ,  has been s tu d ie d  by B a tte rs b y
"1 *11̂) "1 *i 7and h i s  co -w orkers . 9 Feeding w ith  l i k e l y  p h e n o lic  1 -b e n z y lis o -

q u in o lin e  and N ,N -b ispheny le thy lam ine  p re c u rs o rs  has e s ta b l is h e d  th a t  

o n ly  th o se  compounds hav ing  th e  g e n e ra l s t r u c tu r e  106 ane e f f i c i e n t l y  

. in c o rp o ra te d  by S. .japonica in to  10/+ and 1Q5.. In  view o f t h i s
i v

ev idence a b io s y n th e t ic  pathw ay to  th e s e  a lk a lo id s  was p roposed , and 

i s  i l l u s t r a t e d  in  Scheme XI. Both p ro to s te p h a n in e  and hasubanonine 

a re  th e re f o r e  " d is g u is e d ” members o f  th e  1-b e n z y lis o q u in o lin e  group 

and appear to  be un ique in  r e q u ir in g  two p h en o lic  hydroxy groups in  

one o f  th e  r in g s  in v o lv ed  in  phenol o x id a tiv e  c o u p lin g .

1 .2 .1 0  E ry th r in a  A lk a lo id s

The proposed  pathway to  th e  e r y th r in a  a lk a lo id s ,  ty p i f i e d  by

X e r y th r a l in e  107. i s  i l l u s t r a t e d  in  Scheme X II. P a ra - p a ra  phenol

co u p lin g  o f  th e  1-b e n z y lis o q u in o lin e  N -norpro tosinom enine j57 g iv e s

th e  n eo p ro ap o rp h in e -ty p e  compound 108 fo llow ed  by  r in g  c leav ag e  and

re d u c t io n  to  th e  sym m etrica l b ip h e n y l 109. B io g en es is  o f e ry th r in a

a lk a lo id s  i s  th e r e f o r e  y e t  a n o th e r v a r ia t io n  on th e  T -b e n z y lis o q u in o lin e -

118 11°  'pheno l o x id a tiv e  co u p lin g  them e. Two groups J y have dem onstra ted
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by fe e d in g  l a b e l le d  (+) and (~) N -norpro to  sinom enine j>7 to  E ry th r in a  

c r i s t a  g a l l i  t h a t  o n ly  th e  (4-) enantiom er i s  s i g n i f i c a n t l y  in c o rp o ra te d  

in to  e r y th r a l in e  107 and e r y th r a t in e  110. S im ila r ly  d ib en zazo n in e  109 

a ls o  gave good in c o rp o ra t io n  in to  th e  same compounds. The invo lvem ent 

o f  109 was f u r th e r  in d ic a te d  when {/--methoxy-C^^3-N -no rp ro tosinom en ine  

was fe d  to  E. c r i s t a  g a l l i . th e  i s o la te d  e r y th r a l in e  hav ingaan  eq u a l 

d i s t r i b u t i o n  o f  a c t i v i t y  betw een th e  m ethoxy- and m e th y lened ioxy -

g ro u p s , c l e a r ly  im p lic a t in g  a sym m etrica l in te rm e d ia te  a long  th e  pathw ay.

120 * • ‘I t  has r e c e n t ly  been dem on stra ted  t h a t  a lth o u g h  N -n o r o r ie n ta l in e  111

i s  p re s e n t  in  E ry th r in a  s p e c ie s ,  n e i th e r  i t  no r N -n o r re t ic u l in e  112

was in c o rp o ra te d  in to  e r y th r a l in e  107 under c o n d itio n s  in  w hich N~

n o rp ro to s in o m en in e  was an e f f i c i e n t  p r e c u r s o r .  I t  th e r e f o r e  seems

from  th e  a v a i la b le  ev idence th a t  57 i s  an e x c lu s iv e  p re c u rs o r  fo r  t h i s

group o f  a lk a lo id s .  ( - )  E rysod ienone 1_1_3 has a ls o  been dem onstra ted  as
121a p re c u rs o r  o f  e r y th r a l in e .  Two a l t e r n a t i v e  pathw ays to  th e  so

c a l le d  "abnorm al'1 e r y th r in a  a lk a lo id s ,  i . e .  th o s e  hav ing  a s in g le

oxygen fu n c tio n  a t  C-15 as opposed to  th e  "norm al" ty p e  w hich a re

oxygenated  a t  b o th  C-15 and C-16, b o th  in v o lv in g  a d ib en zazo n in e
70in te rm e d ia te  have been su g g e s te d .

1 .3  The S ig n if ic a n c e  o f  Iso q u in o lin e -1 -C a rb o x y lic  A cids In  I s o q u in o lin e  
A lk a lo id  B io g e n es is

12? 123I t  I s  now g e n e ra l ly  a cc ep ted  t h a t  th e  in  v iv o  co n d en sa tio n  o f  a

^ -p h e n y le th y la m in e  d e r iv e d  from  e i th e r  ty r o s in e  or dopa, w ith  th e  

a p p ro p r ia te  ca rb o n y l compound i s  a key  s te p  in  th e  fo rm a tio n  o f  th e  

is o q u in o l in e  a lk a lo id s .  The e x a c t n a tu re  o f  t h i s  ca rb o n y l m oiety  has 

lo n g  been th e  s u b je c t  o f  much argum ent, r e s u l t i n g  in  th r e e  d i f f e r e n t  

mechanisms b e in g  p roposed  fo r  t h i s  co n d en sa tio n  r e a c t io n ;  th e s e  

mechanisms a re  shown in  Scheme X II I .
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124In  1911 P i c t e t  and S pengler found th a t  co n d en sa tio n  o f  form aldehyde

w ith  f i -p h en y le th y la m in es  gave, under p h y s io lo g ic a l  c o n d i t io n s ,  a lk a lo id

o f  th e  a n h a la m in e -ty p e , 1_14j su g g e s tin g  t h a t  th e  sou rce  o f  th e  C-1 atom
1 25 1o f  te t r a h y d ro is o q u in o l in e s  was a sim ple a ld eh y d e . O ther w orkers 9

found th a t  a c e ta ld e h y d e  gave r i s e  to  s a l s o l id in e - ty p e  a lk a lo id s  115

and t h a t  s u b s t i tu t e d  p h e n y la c e ta ld e h y d e s  gave 1-b e n z y lis o q u in o lin e s

under s im i la r  c o n d i t io n s .  T h is  r o u te ,  u t i l i s i n g  th e  carb o n y l fu n c tio n

o f  an a ld eh y d e , i s  r e p re s e n te d  by p a th  I ,  i . e .  116 to  117 in  Scheme X II I .

L i t t l e  ev idence  I s  a v a i la b le  f o r  th e  invo lvem en t o f  such a mechanism

in  n a tu r e ,  s in c e  a ldehydes a re  g e n e ra l ly  re g a rd e d  as  b e in g  to o  r e a c t iv e

to  be r e a d i ly  a v a i la b le  in  p l a n t s .  An e x c e p tio n , how ever, ap p ea rs  to

be th e  s y n th e s is  o f  th e  in d o le  a lk a lo id s  o f V inca r o s e a ,- in  w hich th e

127fo rm yl fu n c tio n  o f  sec o lo g a n in  121 has been shown by t r a c e r  s tu d ie s

to  be th e  p a r t i c ip a t in g  ca rb o n y l group,, Both ty r o s in e  and dopa have been

dem on stra ted  to  be th e  main b u i ld in g  m olecu les f o r  s e v e ra l  1-b e n z y l-

is o q u in o l in e  a lk a lo id s ,  w ith  dopa o n ly  b e in g  in c o rp o ra te d  in to  th e

128-130p h en y le th y lam in e  h a l f  o f  such m o lecu le s . ^ I t  would seem re a so n a b le  

to  e x p e c t, t h a t  i f  th e  n e c e s s a ry  p h e n y lace ta ld eh y d e  was d e r iv e d  from  

dopa v ia  dopamine and a d eam in a tio n  r e a c t io n ,  in c o rp o ra t io n  in to  th e  

bo ttom  h a l f  o f  th e  m olecu le  shou ld  a ls o  o ccu r.

1 31A second mechanism (p a th  I I )  in v o lv e s  i n i t i a l  a c y la t io n  o f a

-p h en y le th y la m in e  116 ( e .g .  by acety lcoenzym e A i n  th e  case  o f  th e  

s a l s o l i d in e  a l k a lo id s ) ,  fo llo w 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 

118 to  g iv e  119* The in c o rp o ra t io n  o f  N -a c e ty ltry p ta m in e  in to  th e

in d o le  a lk a lo id  harman 122 has been o f fe re d  as ev idence  f o r  t h i s
1 32 1 33 1 3Amechanism. However, o th e r  w orkers 9 have found t h a t  N -a c e ty l

p h en y le th y lam in e  was i n i t i a l l y  d e a c e ty la te d  p r io r  to  b e in g  in c o rp o ra te d

1 35in to  th e  p ey o te  a lk a lo id s .  S im i la r ly  i t  was found t h a t  N -a c e ty l- 3 -

41



hyar o xy~4-~me t  ho xyphenyl e th y l  ami n e was n o t in c o rp o ra te d  in to  th e  

a lk a lo id  s a l s o l id in e  m .  The v a l i d i t y  o f t h i s  mechanism i s  th e r e f o r e  

in  doub t.

2
An a l t e r n a t iv e  p ro p o sa l p u t fo rw ard  by Hahn in v o lv ed  th e  in te rm e d ia c y

o f  an is o q u in o l in e -1 -c a rb o x y lic  a c id  120 (p a th  III-) w hich Was form ed

by co n d en sa tio n  o f th e  amine 116 w ith  an oC -keto  a c id .  Subsequent

d e c a rb o x y la tio n  o f 120 r e s u l t e d  in  th e  fo rm atio n  o f 'e i t h e r  a d i -  or

te t r a h y d r o is o q u in o l in e  depending upon th e  n a tu re  o f  such a

d e c a rb o x y la tio n  s te p .  A mechanism based  upon t h i s  sequence was
2i n i t i a l l y  r e je c te d  fo llo w in g  th e  f a i l u r e  o f  b o th  Hahn and W halley 

136and G ovindachari to  d e c a rb c x y la te  a c id s  o f  t h i s  ty p e  under m ild

c o n d itio n s  in  v i t r o . More r e c e n t ly  t h i s  mechanism had re c e iv e d

c o n s id e ra b le  su p p o rt from  b o th  fe e d in g  and i s o l a t i o n  experim en ts in

v a r io u s  p la n t s .  P y ru v a te  has been dem onstra ted  to  be an e f f i c i e n t

1 31 1 3 Lp re c u rs o r  o f  b o th  th e  pey o te  a lk a lo id  ? a n h a lo n id in e  123 and th e

- c a rb o l in e  a lk a lo id 1-̂ 7 harm ine 124-. w h i ls t  th e  is o q u in o l .in e -1 -  }y
1 '"f'i  ̂1 38c a rb o x y lic  a c id s  125 and 126 have been d e te c te d  in  p ey o te  c a c t i .

"-"The most s ig n i f i c a n t  f in d in g s  in v o lv e  th e  in c o rp o ra t io n -o f  is o q u in o l in e -

1 331 -c a rb o x y lic  a c id s  in to  s e v e ra l  groups o f  a lk a lo id ,  K apadia found 

on fe e d in g  la b e l le d  p ey o x y lic  and peyo ruv ic  a c id  ( 125 and 126) to  

p ey o te  c a c t i ,  t h a t  r a d io a c t iv e  an h a lo n id in e  123 and anhalam ine 1_1A 

w ere p roduced , th u s  i n f e r r i n g  t h a t  th e s e  a c id s  a re  t r u e  in te rm e d ia te s  

a lo n g  th e  b io s y n th e t ic  pathw ay to  such a lk a lo id s .  In  a d d i t io n  i t  was 

observed  th a t  when f r e s h  s l i c e s  o f  th e  same c a c t i  w ere u sed  in  p la c e  

o f  th e  l i v in g  p la n t ,  th e  3 ,4 --d ih y d ro iso q u in o lin e  127 was o b ta in e d  from  

a c id  126, le a d in g  to  th e  p ro p o sa l t h a t  an o x id a tiv e  d e c a rb o x y la tio n  i s  

in v o lv e d . The more commonly found te tr a h y d ro is o q u in o l in e  compounds
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may be formed by subsequen t re d u c t io n  o f  th e  3,4-*-d:Lhydro s p e c ie s ,  e .g .
i

by MADPH. S im ila r ly  a c id  128 has been id e n t i f i e d  as a p re c u rso r  o f

1 39s a l s o i id in e  113 in  Ech in o cereu s  m e rk e ri. O ther w orkers have s tu d ie d
1 AO ' 1 / "j

th e  r o le  o f  th e  1-b e n z y l a c id  129 in  Papaver o r i e n t a t e , P ; sonmiferum ^

1 30and h i t s e a  g lu t in o s a . In  a l l  c a se s  t h i s  a c id  was found to  be 

in c o rp o ra te d  in to  th e  a p p ro p r ia te  a lk a lo id ,  i . e .  n o rlau d a n 'o so lin e , 

m orphine and r e t i c u ln n e  r e s p e c t iv e ly .  I t  was a lso  found> t h a t  th e
1/1

d ih y d ro iso q u in o lin e  V30 was e f f i c i e n t l y  in c o rp o ra te d  in to ' morphine

and r e t i c u l i n e ^ ^  by P . som niferum  and L. g lu t in o s a i. b u t t h a t  n e i th e r

130 1/61th e  t r ip h e n o l i c  a c id  131 nor d ih y d ro iso q u in o lin e  132 w ere, u s in g

e i th e r  o f  th e se  p la n ts .  The im portance o f is o q u in o l in e -1 -c a rb o x y lic

a c id s  in  th e  b io s y n th e s is  o f c e r t a in  is o q u in o l in e  a lk a lo id s  has th e re f o r e

been a d e q u a te ly  d em o n stra ted ; th e  d e c a rb o x y la tio n  's ta g e  must now be

c o n s id e re d .
i

1 .3 .1  D ecarboxy la tion

1 .3 .2  P y rid o x a l M ediated R eac tio n s

The s ig n if ic a n c e  o f  th e  d e c a rb o x y la tio n  o f amino a c id s  in  b io lo g ic a l
14-2p ro c e sse s  has long  been a p p re c ia te d  and has been a d e q u a te ly  rev iew ed ,

1A 3as  have th e  amino a c id  d e c a rb o x y la se s . . Enzymic d e c a rb o x y la tio n  o f

oC-amino a c id s  i s  known to  be an im p o rtan t p ro c e ss  in  th e  b io s y n th e s is

1AAo f a lk a lo id s ,  e s p e c ia l ly  th e  te t r a h y d ro is o q u in o l in e s .  • The d e te c t io n
1

o f  am ines in  media known to  c o n ta in  th e  co rresp o n d in g  0£-am ino a c id s  

1 A3im p lie d  t h a t  enzymes cap ab le  o f  d e c a rb o x y la tin g  such a c id s  w ere' 

p re s e n t  in  c e r t a in  l i v in g  t i s s u e s  and m icro -o rg an ism s. I t  was 

e s t a b l i s h e d " ^ ^ * t h a t  fo r  a lm o st a l l  such enzymes a c o fa c to r ,
1AS 1/9id e n t i f i e d  as a p h o sp h o ry la ted  d e r iv a t iv e  o f p y r id o x a l ( l a t e r  shown ’ +

/

to  be th e  5 'p h o sp h a te  133) was e s s e n t i a l  in o rd e r fo r  d e c a rb o x y la tio n

U
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to  ta k e  p la c e .  A mechanism fo r  th e  r e a c t io n ,  in v o lv in g  th e  jL n itia l

and i s  shown in  Scheme XIV. The fo rm atio n  o f t h i s  a ld im in e  was 

co n sid e red  to  be b o th  c a ta ly se d  and s t a b i l i s e d  by th e  p re sen ce  o f 

c e r t a in  m etal io n s  capab le  o f g e n e ra tin g  a m e ta l - s u b s t r a te  complex pf. 

ty p e  135. Such a s t r u c t u r e 'a s  134- p o sse sse s  a h ig h ly  co n ju g a ted  system  

cap ab le  o f  d e lo c a l i s in g  th e  in c re a s e d  e le c tro n  d e n s i ty  which b u i ld s  up 

a t  th e  carbon atom a d ja c e n t to  th e  d e c a rb o x y la tio n  s i t e ,  d u rin g  th e

lo s s  o f  the carboxy group . The nonenzymic p y r id o x a l-c a ta ly s e d  decarboxy­

l a t i o n  o f  oC-a m in o iso b u ty r ic  a c id  r e s u l t e d  in  th e  o ccu rren c e  o f  b o th

suggesting  th a t  one fu n c tio n  o f  th e  p ro te in  p a r t  o f  th e  enzyme i s  to  

e l im in a te  t h i s  s id e  r e a c t io n .

E le c tr ochem ical R eac tio n s  

E X ectrochendcally  induced  d e c a rb o x y la tio n s  have lo n g  beejr known and

K olb^ r e a c t io n  has been w idened, to  in c o rp o ra te  two r e la t e d  ty p e s ,  

th e  c l a s s i c a l  Kolbe and th e  s o - c a l le d  "pseudo” Kolbe r e a c t io n s ,  

r e p re s e n te d  by th e  fo llo w in g  e q u a tio n s : , .

The c l a s s i c a l  r e a c t io n  in v o lv e s  dim er1 c a tio n  o f  two f r e e  r a d ic a l

150fo rm atio n  o f  an a ld im in e  s t r u c tu r e  V34;> was su g g ested  by M etzler

d e c a rb o x y la tio n  and a d eca rb o x y la tio n -d e p e n d e n t tra n sa m in a tio n

th e  a p p l ic a t io n s  o f t h i s  r e a c t io n  to  o rg an ic  s y n th e s is  ( th e  Kolbe
'152v 151-155r e a c t io n  y ) has been e x te n s iv e ly  rev iew ed , ^  "  The scope o f  th e  ,

d im ers+R\

s p e c ie s ,  w hereas a "pseudo" Kolbe r e a c t io n  in v o lv e s  th e  f u r th e r

A6
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o x id a tio n  o f  th e  i n i t i a l l y  formed r a d ic a l  to  a carbonium  io n . I t  

156has been shown t h a t  th e  predom inance o f one or o th e r  o f  th e se  

mechanisms depends (assum ing th e  same ex p erim en ta l c o n d itio n s  a re  

u sed ) upon th e  io n i s a t io n  p o te n t i a l  o f th e  in te rm e d ia te  r a d ic a l .

The e le c tro c h e m ic a l d e c a rb o x y la tio n  o f  -amino a c id s  h a s , in  th e

m a jo r ity  o f  c a s e s , been accom panied by o x id a tiv e  d e g ra d a tio n  o f  th e  '

ensu ing  am ine) e .g ,  ty r o s in e  a n o d ic a lly  d eca rb o x y la te d  a t  a le a d

d io x id e  e le c t ro d e ,  gave a complex m ix tu re  o f p ro d u c ts  in c lu d in g

1 57ammonia, a c e t ic  a c id ,  benzoquinone and hydroquinone. '  Q u in u c lid in e -

1582 -c a rb o x y lic  a c id  136 was c o n s id e re d  to  be a n o d ic a l ly  o x id ise d  v ia

a "pseudo” Kolbe pathw ay, as w ere th e  o x id a tio n s  in  m ethanol o f  a
159s e r ie s  o f -acy l-am in o  a c id s ,  s tu d ie d  by Weedon. An i n v e s t i ­

g a t io n  in to  th e  anodic d e c a rb o x y la tio n  o f  v a r io u s  p a r a - s u b s t i tu te d
160'p h e n y la c e tic  a c id s ,  in c lu d in g  th e  p a ra -hydroxy compound, showed th a t  

th e  more e le c tro n  d o n a tin g  th e  s u b s t i tu e n t  th e  g r e a te r  th e  e x te n t o f 

carbonium  io n  fo rm a tio n  and th e  low er th e ' p o t e n t i a l  r e q u ire d  to  b r in g  

abou t d e c a rb o x y la tio n ; e .g ,  a p a ra -m ethoxy s u b s t i tu e n t  le d  to  com plete 

"pseudo" Kolbe invo lvem en t. The work on anodic o x id a tio n  o f  p h en o lic  

is o q u in o l in e -1 -c a rb o x y lic  a c id s  r e p o r te d  by B o b b it t ,  and d isc u sse d  

e a r l i e r  (see  page 1 ) co u ld , in  one i n t e r p r e t a t i o n ,  be c la s s e d  as a 

"pseudo" Kolbe d e c a rb o x y la tio n . The v e ry  e l e c t r o n - r ic h  a ro m a tic  r in g  

undergoes a o n e -e le c tro n  o x id a tio n . This i s  fo llo w ed  by lo s s  o f  

carbon d io x id e  and an a d d i t io n a l  o n e -e le c tro n  o x id a tio n  w ith  subsequen t 

..a tta c k  by th e  n it ro g e n  lo n e  p a i r  e le c tro n s  on th e  r e s u l t a n t  b enzy l

carbonium  io n , i . e .  an ECE p ro c e s s , s im ila r  to  t h a t  p roposed  by

161 </■Eberson f o r  "pseudo" Kolbe r e a c t io n s .  T his and o th e r  p o s s ib le

mechanisms fo r  th e  o x id a tiv e  d e c a rb o x y la tio n  o f  i s o q u in o l in e - 1 -



c a rb o x y lic  a c id s  a re  shown in  Scheme XV. P a th  A r e p r e s e n ts  th e  / 

sequence d isc u sse d  above, P a th  C i s  a co n ce rted  tv o .^ e lec tro n  o x id a tio n  

o f a phenol b u t o n ly  a p p l ie s  w ith  a 6-hydroxy fu n c t io n ;  th e  s ig n if ic a n c e  

o f  t h i s  pathway was d isc u sse d  e a r l i e r .  The rem ain ing  r o u te ,  p a th  B ,'is 

a l s o  a c o n ce rted  t y o ~ e l e c t r o n  p ro c e ss  in  which th e  e le c tro n s  a re  taken  

from  th e  r in g  a t  th e  same tim e as carbon d io x id e  i s  l o s t .  S ince th e re
- I

was l i t t l e  d if f e re n c e  between th e  6 -  and 7~hydroxyacids in  th e  ease

o f  d e c a rb o x y la tio n , p a th  C a lo n e  i s  i n s u f f i c i e n t  to  acco u n t fo r  th e

r e a c t io n  and an o th e r mechanism (p a th  A or B ), o r p o s s ib ly  a com bination

p f  g&Qh mechanism s, m ast o p e ra te ,  D ecarb o x y la tio n  o f  l^ b en zy liso q u in o lin e r-

3 162l^ p g rb p x y lic  a c id s  hgs a lso  been fp u n d ' ~ ' to  occur -in a lk a l in e  m edia »' 

UUdP? th e  in f lu e n c e  o f  a e r i g l  oxygen, th e  r e a c t io n  b e in g  more complex 

th a n  th e  anodic m ethod, r e s p i t i n g  in  more th a n  one p ro d u c t b e in g  form ed.
i\ /Lo

ftffiilg -rly  W ilson and C pscia obgeryed th a t  chem ical d e c a rb o x y la tio n  

p f  129 ga-ye -the 3 ,A ^d ifeydro ispqu ino line  130 to  th e  e x te n t  o f  a t  l e a s t

"1 ,U  gelee-tlon  o f S u ita b le  'Bnsym.es

H inee th e  in t@ it.ipn  ©f p a r t  p f  tM@ p r o je c t  was t e  s tu d y  th e  e f f e c t

©f ©ngymes upon p h e n o lic  is p q u in p l in e =1 ^caj’bpxyl i c  a c id s  i t  wag, n e c e ss a ry

t p  g e l s e t  s u i ta b le  engym atic sy stem s, In  t h i s  r e s p e c t  th e  phenol

© xidgsesj la e e a s e  and tyegsingse, and th e  p e ro x id a se s  meet th e  experi*-

ffl-§ntal re q u ire m e n ts  in  t h a t  a l l  th r e e  c a ta ly s e  th e  o x id a tio n  o f

m pupphenpls, ly rp s in a g e s  (EG )» SPS known to  o p e ra te  by
16 L.hydrp-xy la tion  o f manophenols to  d iphenpls-, The USP p f- th e g e  

§ugyme§ was th@ r§fpre j u d g e d  u n d e s ira b le  in  au in v e s t ig a t io n  in  

w hich th e  r o le  o f th e  h y d ro x y la tio n  p a t te r n  o f  th e  is o q u in o l in e  system

mailto:int@it.ipn
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was to  be s tu d ie d . A lthough p e ro x id a se s  have a ls o  been known to
.4

in tro d u c e  hydroxyl groups in to  arom atic  system s i t  was decided  to  u se  

one o f  th e se  enzymes (from  h o rs e ra d is h  r o o t ) ,  because  o f  i t s  re a d y  

a v a i l a b i l i t y  in  a w a te r - s o lu b le  c r y s t a l l i n e  form . ‘ . . .

The fo llo w in g  s e c tio n s  d is c u s s  th e  p h y s ic a l  and chem ical c h a r a c t e r i s t i c s  

o f  bo th  fu n g a l la c c a s e  and h o rs e ra d is h  p e ro x id a se , and t h e i r  u se  in
'N *

o rg a n ic  s y n th e s is .  . •
✓

-1,4.1 Fungal Laccase

165'Laccase i s  a member o f  a  group o f enzymes known as th e  b lu e  o x id a se s .

;§pch copper ̂ -con tain ing  g ly c o p ro te in s  owe t h e i r  b lu e  c o lo u ra tio n  to  an

iftten .se  absorbance n e a r 600nm, id e n t i f i e d  as an e le c t r o n ic  t r a n s i t i o n

166 167o f  a g y s te in e  s u lp h u r -C u ( ll )  complex. 1 The geom etry o f  t h i s
 .........................  . . , 1M
"p lu e"  s iu e  nas been th e  s u b je c t  o f  much r e c e n t  work by G ray" and

g-ther w o rk e rs ,  ̂^

170T ree lag g h se  i s  o b ta in e d  from  th e  Japanese  la c  t r e e  (Rhus v e r n ic i f e r a

171W h ils t fynga 'l la c c a s e  o ccu rs  in  s e v e ra l  fu n g i m ain ly  Ascomycetes and 
172ggg id io ijiyeetes, ~ Fungal la c c a s e s  a re  produced e x t r a c e l l u l a r l y  and 

i t  Jl&s feeen su g g ested  t h a t  t h e i r  r o le  i s  a d ig e s t iv e  one, p roducing  

ftf ttf tien ts  from  th e  r o t t i n g  wood on w hich th e  fu n g i grow. Most o f th e

Work on fu n g a l la c c a s e  has in v o lv ed  th e  enzymes from  e i th e r  P o lyporus

173 174y e r s ic o lo r  - o r Podospora a n s e r in a . The enzyme from  P. v e r s i c o l o r ,

gr©Wft ift l i q u id  c u l tu r e ,  i s  s e c re te d  in to  th e  medium and when a s u i ta b le

in d u c in g  agen t ( e .g .  2 ,5 - d im e th y la n i l in e ^ ^ )  i s  added, h ig h  y ie ld s  a re

p©ggifei§f

The e g r ly  l i t e r a t u r e  c o n ta in s  c o n t ra d ic to ry  r e p o r ts  on th e  s u b s t r a te  

S p e c i f i c i t y  o f  la c c a s e  and much work was done to  e s t a b l i s h  w hether o - ,  

gr? and £= d ipheno ls and o - ,  m- and ^ - s u b s t i tu te d  m onophenols, w ere or
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w ere n o t o x id ise d . ~ More r e c e n t  work has been concerned w ith

th e  mode o f a c t io n  o f  th e  enzyme and e s p e c ia l ly  th e  fu n c tio n  and 'type

o f copper atoms involved*.. Fungal la c c a s e  c o n ta in s  fo u r  copper atoms

18?o f  w hich two g iv e  EPR s ig n a ls  c o n s is te n t  w ith  Cu(I.l) io n s ,  ~ one o f 

which has been d e s ig n a te d  Type 1 and i s  r e s p o n s ib le  f o r  th e  b lu e
-jgo ■ ■

c o lo u r, J th e  o th e r  b e in g  d e s ig n a te d  Type 2 th e  c h a r a c t e r i s t i c  o f  which
1SLi s  th e  r e l a t i v e  ease  w ith  which i t  b in d s  w ith  a n io n ic  in h ib i to r s ^

The two copper atom s, n o t d e te c ta b le  by EPR a re  term ed Type 3 and

w ere o r ig i n a l l y  th o u g h t to  be C u(l) io n s  to  accoun t f o r  t h e i r  la c k  o f
' \

185param agnetism ; however more r e c e n t ly  i t  has been su g g ested  t h a t  

th e y  e x i s t  as a p a i r  o f  l in k e d  .Gu(Jl) to n s  cap ab le  o f fu n c tio n in g  as 

a tw o -e le c tro n  a c c e p to r .

' 187Fungal la c c a s e  can a c c e p t as many e le c t ro n s  a s  i t  has  copper a tom s, ' -

b u t i t  has as y e t  n o t been e s ta b l is h e d  w hether more th a n  one e le c tro n

’ can be tak en  a t  any one tim e from  each s u b s t r a te  m o lecu le . L accase

188~ G atalysed  o x id a tio n s  have been shewn - to  p roduce f r e e  r a d i c a l s ,  

-a lth o u g h  th e re  i s  a  p o s s i b i l i t y  t h a t  such s p e c ie s  may a r i s e  from  s id e  

r e a c t io n s ,  as dem onstra ted  w ith  t y r o s i n a s e . A l t h o u g h  th e  a v a i la b le

ev idence te n d s  to  fav o u r a  ©n©~-el©otron oxidation  an a l t e r n a t i v e
\

mechanism in  which la c c a s e  could e f fe c t  a  tw o-electron  t r a n s f e r  has 
191been p roposed , a s ,  fo r  example, in  the earbon^carbon coupling o f

p heno ls  v ia  th e  in te rm e d ia c y  o f  a s in g le  C u ( ll)  atom (Scheme XVI) ,

The copper hyd ro p ero x id e  produced re a c ts  w ith two a d d itio n a l molecules 

o f  p h en o l, th e  t r a n s f e r  o f  the four e lec trons necessary  to  red u ce  an 

oxygen m olecule to  two molecules of w ater being ca rried  out in  two
192tw o -e le c tro n  s te p s .

The u se s  o f  fu n g a l la c c a s e  j„n o rg an ic  s y n th e s is  a re  r e l a t i v e l y  s c a rc e .
193 19/

Bocks and h e r  co-w orkers / have used  t h i s  engyme to  induce  co u p lin g
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o f 2 , 6-d im e th y l-  and 2., 6-dim e thoxyphenol to  th e  co rresp o n d in g  

diphenoquinones in  30 and 90% y ie ld s  r e s p e c t iv e ly .  S im ila rly ., enzymic 

o x id a tio n  o f  p y ro g a l.lo l gave a q u a n t i t a t iv e  y ie ld  o f  pur pur o g a l l  i n ,  t o t a r o l  

137 fu rn is h e d  20% o f  p o d o to ta r in  I 38 and g riseophenone  139 a ffo rd e d  

d e h y d  r  o g r is e o f u lv in  14-0 in  37% y ie ld ,. * . /

I
'1.4-..2. H o rse ra d ish  P e ro x id ase  

195P ero x id ase s  (EC 1 .1 1 .1 .7 )  a re  p r o te in s  hav ing  th e  iron^-based proto-*-

p o rp h y rin  IX 14-1 as th e  p r o s th e t i c  group,. P ero x idases., found in  s e v e ra l
\

an im al c e l l s  and in  v i r t u a l l y  a l l  p l a n t s ,  have m o lecu la r w e ig h ts  ra n g in g  

---•from 30*000 to  100,000.. H o rse ra d ish  p e ro x id a se  i s  th e  m ost w id e ly  u.sed 

and s tu d ie d ,  b e in g  com m ercially  a v a i la b le  a s  a  c r y s t a l l i n e  p ro te in ,.

The r e a c t io n  o f  th e  f r e e  enzyme w ith  hydrogen p e ro x id e  and th e  n a tu re  

p f  -the p ro d u c ts  form ed have been e x te n s iv e ly  in v e s t ig a te d ..  E a r ly  w ork^^*  

pjhpwad t h a t  th e  i n i t i a l  g reen  p ro d u c t (d e s ig n a te d  M P ~ l)  could* 'by a 

-Subsequent one e le c t r o n  r e d u c t io n ,  y i e ld  a r e d  p ro d u c t (H B P*il), w hich 

a f t e r  a  f u r th e r  o ne .^e lec tron  -reduction  refo rm ed  th e  f r e e  enzyme, The 

© atu re  pf gnd 11 waa o r i g i n a l l y  thought to  be th a t  o f  - enzyme-

au b a tra te  .com pletes, u n t i l  i t  was found th a t  M M  was n o t in  e q u i l i~
i

ferium w ith th e  f r e e  engyme, fu r th e rm o re  MJUI could be produced by 

th e  ac tio n  o f other oxidants ( e ,g ,  m eiy b d iey an id e '^ ) , The enzyme 

th e r e f o r e  r e a c t s  w ith hydrogen perp-xide to  g iv e  genu ine  compounds and

ad d itio n a l work : h a s  c h a r a c te r i s e d  two more - in te rm e d ia te s ,  H R P^III
' '  \  ■  .

and fe rrp p e rp p d 4 a .se , In  h o rs e ra d is h  p e ro x id a se  th e  i r o n  atom i s  i n  

th e  f e i i l i )  ox idation  s ta te  w h ile  in  f e r r p p e roxidase i t  e x i s t s  as an 

F e ( i l )  atom, The r e l a t i o n s h i p ^ ^  between th e s e  compounds i§  i l lu s t r a te d  

in  Scheme XVII5 th e  numbers in  p a re n th e se s  r e f e r  to  th e  " o x id is in g
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e q u iv a le n t11 and n o t n e c e s s a r i ly  to  th e  o x id a tio n  s t a t e  o f th e  i ro n  atom,
V l *

S im ila r  compounds can be -formed between th e  enzyme and th e .s im p le  a lk y l  

h y d ro p ero x id e s .
' *

The iro n  atom bound in  th e  p o rp h y rin  r in g  has s ix  c o -o rd in a tio n  s i t e s ,

one b e in g  to  th e  p ro te in  r e s id u e  and fo u r w ith  th e  p y r ro le  n i t r o g e n s .

200I t  has been sug g ested  th a t  in  HRP--I an oxygen an ion  i s  p o s it io n e d  

a t  th e  rem ain ing  c o -o rd in a tio n  s i t e  w ith  th e  i ro n  atom  b e in g  in  th e  

Fe(V) s t a t e ,  and when i t  i s  red u ced  to  HRP-JI th e  i r o n  i s  in  th e  f e r r y l  

s t a t e  (F e O ^ ).^ ^ ^  A nother th e o ry , p r o p o s e s ^ ^ * t h a t  th e  p o rp h y rin  

r in g  i s  o x id ise d  by p e ro x id e  in  HRPVI and th a t  r e d u c t io n  to  H R P-ll 

•co n v erts  th e  i ro n  from  th e  f e r r i c  to  fe r ro u s  s t a t e .  No s u b s t a n t i a l  

ev idence f o r  e i th e r  o f  th e  above two th e o r i e s  h as  been produced ,

on/
The r e a c t io n  o f HRP compounds w ith  hydrogen donors i s  tho u g h t''' to

I
in v o lv e  th e  g e n e ra tio n  o f  f r e e  r a d i c a l s  a s  followsf*>—

HRP +  H202 — » H EM _

h r p - i  *•#■* ah 2 — > h rp ~ x i *  m *

HRP-II +  AH2 — »  HRP +  M *
2AH» .— y  p ro d u s ts

The im p o rtan t consequence o f  t h i s  mechanism i s  t h a t  -if th e  HRP 

compounds do n o t b in d  to  th e  hydrogen donor, th e n  -the r e a c t io n  w i l l  be 

b i-m o le c u la r  and w i l l  n o t .show s a tu r a t io n  k in e t i c s  c h a r a c t e r i s t i c  o f  

enzyme r e a c t io n s .  Such k in e t i c s  were found ' - to  a p p ly  w ith  th e  

r e a c t io n  o f  HRP-II and fe rro ey to ch ro m e  q, A more r e c e n t  in v e s t ig a t io n  

—s tu d ie d  th e  r e a c t io n  o f HRP«I and HRP-II w ith  io d id e ,  f e r ro c y a n id e , 

A ~cresol and A -am inobengoic acid}  th e  r e s u l t s  su g g e s t t h a t  n e i th e r  

io d id e  nor f e r ro c y a n id e  form ed enzym e=-substrate com plexes, w hereas th e  

l a t t e r  two a lm ost c e r t a in l y  in v o lv ed  th e  fo rm a tio n  o f  such s p e c ie s ,
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207The b io lo g ic a l  r o l e  o f  p e ro x id a se  i s  uncerta in  a lth o u g h  i t  i s  known

t h a t  a  wide ran g e  o f  compounds, in c lu d in g  a rom atic  am ines, p h en o ls ,

e n e d io ls ,  le u co  dyes and amino a c id s ,  can a c t  as hydrogen donors to

h o rs e ra d is h  p e ro x id a se . The many su g g e s tio n s  which have been made as

to  th e  fu n c tio n  o f  p e ro x id a se  in c lu d e  th e  c a t a ly s i s  o f  phenol o x id a tiv e

co u p lin g  ( e ,g ,  in  th e  b io s y n th e s is  o f  l ig n in ^ 0*̂ )., th e  rem oval o f

207hydrogen p e ro x id e  from  th e  c e l l ,  th e  h y d ro x y la tio n  o f  a ro m a tic

210 211 Compounds and th e  d e c a rb o x y la tio n  o f  amino a c id s ,

Xn c o n t r a s t  to  la c c a s e ,  pero-xida.se has been w id e ly  used  in  th e  f i e l d  

o rg a n ic  s y n th e s is  and th e r e f o r e  o n ly  th o se  r e a c t io n s  a p p l ic a b le  to  

is o q u in o l in e  a lk a lo id s  w i l l  be d is c u s s e d , The o x id a tio n  o f  la u d a n o so lin e  

$e-thpbromide 142by th e  enzymes, mushroom ty r o s in a s e ,  Rhus la c c a s e  and

212  *' h o r s e ra d is h  p e ro x id a se  h as  been in v e s t ig a te d ?  ch rom atograph ic and

S p e c tra l  ev idence f o r  th e  fo rm a tio n  o f  th e  q u a te rn a ry  apo rp h in e  143

wa§ obtained, Kamotani and M s  eo^workers have used M x tu ra s  of crude

p la n t  hom ogenates and hydrogen p e rp x id e  as  o x id a n ts , O x id a tio n  o f  th e

phouylot'hylispquino'line 1AA w ith potato  peel and peroxide g av e^ ^  the 

h § ad -to « ta il dimer 1A-5 in  ipw y ie ld  and a Wasabia japonic a homogenate 
21L a ffo rd ed ' the head-to-head dimer 146 in  %% y ie ld . The authors

proposed  th a t  d i f f e r e n t  engymeg, s p e c i f i c  fo r  each ty p e  o f  co u p lin g

w ere p re s e n t  in  th e  p l a n t s .  O x id a tio n  o f N ^m ethy lcoclaurine by th e
21 ^

p o ta to  p e e l  gyutem was re p o r te d  - to  g iv e  v e ry  sm all y ie ld s  p f  th e

s dimer 147 and a s im ila r tr im e r, but only mass spectroscopic evidence
216was adduced fo r  th e  structures o f th e  p ro d u c ts , An  a tte m p t ~ to  b r in g  

abou t co u p lin g  o f  r e t i c u l i n e  51 to  s s l u ta r i d in e  9A w ith  an homogenate 

©f Paoayer rh o eas  (a  p la n t  w hich does n o t c o n ta in  m orphine a lk a lo id s )  

and p e ro x id e , le d  o n ly  to  h y d ro x y la tio n  o f r e t i c u l i n e  a t  the . .-p o s it io n . 

The a ttem p ted  o x id a tio n  o f  N ^m e-thyleoclaurine and i t s  7«Q*hengyl e th e r
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I217 in  c le a v a sew ith  pu re  h o rs e ra d is h  p e ro x id a se  and p e ro x id e  r e s u l t e d  in  c leavage

o f  th e  m olecu le  w ith  lo s s  o f  th e  h -hy  d roxy-benzy l g roup ing  to  g iv e  th e

c o ry p a l l in e s  1 4.8 and 149 r e s p e c t iv e ly .  S im ila r ly  r e t i c u l i n e  gave th e
218c leav ed  p ro d u c t t h a l i f o l i n e  1j50. P e ro x id ase  o x id a tio n  o f  arm epavine 

1151 produced 0--methyl c o ry p a l l in e  152, w h ile  N -norarm epavine y ie lded ,

-the d ih y d ro iso q u in  o l in  e 1 53 and th e  1 2 -^d ib en zy liso q u in o lin e  1 54- 

(form ed by a d d i t io n  o f  th e  1 4^-benzoquinone m eth ide , produced in  th e  

p x id a t iv e  c leav ag e , to  th e  p a re n t  i s o q u in o l in e ) .  O x id a tiv e  c leavage

p:f  t h i s  ty p e  was a ls o  observed  when /J- *hy d.r oxyb en zy l i s o q u in o l in e s  were
210 218 O x id ised  a n o d ic a lly ,  N ^m e-th y liso sa lso lid in e  was co n v erted  by

h o rs e ra d is h  p e ro x id a se  and p e ro x id e  in to  a  m ix tu re  o f  th e  carbon -carbon

gnd o a r bo.n^xyg endear bon d im ers '155 and 1-56, w h ile  lo p h o c e r in e  157

a f fo rd e d  th e  dim er 158 i n  le u  y i e ld .  .S im ilar t r e a tm e n t*o f  N -m ethyl-

.Poolaur-in.e gave the  d ip h e n y l e th e r  159, along w ith  two d ih y d ro iso q u in o lin e

J3>r©duete, The h o r s e ra d is h  pero% Ldase«perpxidS o x id a tio n  o f  th e  apo rph ine
220.a lk a lo id  b o ld in e , produced" " b o th  th e  carbon^carbon and carbon-oxygen- 

©arbon dim ers 160 and 161 in  small amounts# .S im ilar o x id a tio n s  o f

<t&©terngry i s  © qu ino lines h as  been found to  g iv e  s u b s t a n t i a l l y  b e t t e r
221y ie ld s  o f  coupled  p ro d u c ts .  LoudanoSpline hydrpbrom ide a ffo rd e d  in

y ie ld  th e  d ib e n z o p y rro c o lin e  162, w h ils t  th e  methobromide analogue 

220gave th e  apo rp h in e  143 in  60% y ie ld ,  su p p o rtin g  th e  p re l im in a ry

212r e § u l t e  o f  hemming," The im provement in  th e  r e a c t io n  o b ta in e d  by

qu& ter .hi§a t io n  o f  th e  n i t ro g e n  i s  in  gcgprd w ith  th e  o b se rv a tio n s , o f

222fTPgnck and M s  c o l la b o r a to r s ,  m ost l i k e l y  e x p la n a tio n  i s  th a t

rom oval o f  th e  lo n e  p a i r  e le c t r o n s  p re v e n ts  c leav ag e  o f  th e  1-b en zy l 

group.
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CHAPTER TWO

THE ENZYME-CATALYSED DECARBOXYLATION OF ISOQUINOLINE- 
~  ~ T'.-CARBOXYLIC ACIDS

1 x B o b b itt has r e c e n t ly  r e p o r te d  t h a t  a s e r ie s  o f  1-b e n z y l i s o q u in o l in e -

1 -c a rb o x y lic  a c id s  p o s se s s in g  e i th e r  a 6 -  or 7 -hydroxy  fu n c tio n  in  th e

is o q u in o l in e  n u c le u s , can r e a d i ly  be o x id a t iv e ly  d eca rb o x y la te d  to  th e

co rresp o n d in g  3 ,A -d ih y d ro iso q u in o lin e s  on a g rap h ite  e le c tro d e  a t  low

p o te n t i a l s .  As a r e s u l t  o f t h i s  r e a c t io n ,  i t  was p roposed  t h a t  in

c e r t a in  cases  e le c tro c h e m ic a l r e a c t io n s  could mimic in  v ivo  r e a c t io n s ,

A s tu d y  was th e r e f o r e  u n d ertak en  in to  th e  e f f e c t  o f enzymic o x id a n ts  on

p h e n o lic  i s o q u in o l in e - l - e a r b o x y l ic  a c id s .  The enzymes s e le c te d  fo r

t h i s  purpose were fu n g a l la c c a s e  and h o rs e ra d is h  p e ro x id e  fo r  th e

re a so n s  d isc u sse d  in  S ec tio n  1 ,<4,

2,1 P re p a ra t io n  o f
vr* net Rv-w -yftEa.1 w ^ t e i bw

The B asid iom ycete , Po lyporus v e r s ic o lo r  was grown in  s t a t i c  c u l tu r e s  ■?§
175o f  th e  l i q u id  medium d e sc r ib e d  by Fahreus and Reinhammer, y . The fo rm a tio n  § 

o f  th e  e x t r a c e l l u la r  enzyme was induced  a f t e r  seven days grow th o f  th e  

fungus by th e  in t ro d u c t io n  o f  2 ,5 -d im e th y la n i l in e ,  The c u l tu r e s  w ere - |

h a rv e s te d  a f t e r  an a d d i t io n a l  seven days grow th and w ere s to re d  a t  -20°
% ' ffi-

u n t i l  r e q u ir e d ,  A ssay o f  th e  crude enzyme p re p a ra t io n  was conducted
223 Iacc o rd in g  to  th e  method o f  P ic k a rd  and W estlake, u s in g  c a te c h o l as

s u b s t r a te .  The a c t i v i t y  o f  th e  crude enzyme s o lu t io n  was in  g e n e ra l
o

between 1 and A u n its /c m  ( fo r  d e f in i t i o n  o f th e  u n i t ,  see E x p e rim en ta l) , |  

A ttem pts to  p u r i f y  th e  la c c a s e  p re p a ra t io n  by an ammonium su lp h a te  

p r e c i p i t a t i o n  te c h n iq u e  le d  to  th e  lo s s  o f  so much a c t i v i t y  t h a t  i t  was 

d ec ided  to  u se  th e  crude c u l tu r e  f i l t r a t e ,  4

H o rse ra d ish  p e ro x id a se  i s  com m ercially  a v a i la b le  a s  th e  w ate r so lu b le  

c r y s t a l l i n e  s o l id j  i t s  a c t i v i t y  was determ ined  a cc o rd in g  to  th e  method 1

63



22/
d e sc r ib e d  by D ev lin .

2 .2  P re p a ra tio n  o f  S u b s tra te s

"For -the enzymie d e c a rb o x y la tio n  s tu d ie s  i t  was n e c e ss a ry  to  p re p a re  • 

th r e e  d i f f e r e n t  ty p e s  of 1 ,2 ,3 ,4 -~ te tra h y d ro iso q u in o lin e -1  -c a rb o x y lic  

a c id s ,  hav ing  d i f f e r e n t  s u b s t i tu t io n  p a t te r n s  in  th e  is o q u in o l in e  

n u c le u s , v iz .  6=-hydroxy~7.^methoxy, 6=methoxy.-7--hydroxy and 6 ,7 -d im ethoxy . 

In  a d d i t io n ,  i t  was a ls o  d e s ire d  to  p re p a re  a c id s  hav ing  v a r io u s  groups 

a t  th e  C.r-1 p o s i t io n ;  hydrogen , m ethy l, ben zy l and 3 ,4 ,  5 - tr im e th o x y -  

bengy l were chosen as  s u b s t i tu e n ts ,  s u f f i c i e n t l y  d i f f e r e n t , . to  enab le  

guy tr e n d s  w ith in  each  s e r ie s  to  be exam ined, S y n th es is  o f  th e  3,-4"

^ ih y d rp is o q u in o l in e s ,  expec ted  to  a r i s e  from  th e  d e c a rb o x y la tio n s ,
• \

Was a lso  n e c e s s a ry  fo r  a s sa y  p u rp o ses ,

- I h e - 3=benzylo3^=-^m etho^=r, S^methoxy.-r^-benzyloxy-, and 3-hydroxy~4- 

t h - 9 /^ - p h e n y le th y la m in e s ,  r e q u ire d  fo r  th e  s y n th e s is  o f  th e  

p h p n o lie  a c id s  and 3 ,4 = d ih y d rq isp q u in o lin e s , w ere p re p a re d  by w e ll 

§§t& feii§h§4.P?Q @ §toesf ”

| ?4"M ffl§thp^=^=phenyleth-ylg .m ine (hprno-yeratry lam ne) i s  com m ercially

&¥&il&bi§ W&@ u§e,d Without p u r i f i c a t i o n ,  6.~Hydroxyacids were
'1 36ppspared  by F ictet==§p§ngler co n d en sa tio n s  - ~ o f th e  3-hydroxy-4-"methoxy~

f k  = phenylethy lam ine h y d ro c h lo r id e  w ith  th e  a p p ro p ria te . O ^-keto a c id s  

ffee n e y e l jghydrogen ac id  16 j was s y n th e s is e d  in  Ul% y ie ld  acc o rd in g  to

• th e  ffiethod e f  Harvey e t  a l 'f • >u s in g  g ly o x y lic  a c id  in  0.05M su lp h u r ic
2  ̂10-#@44, Whepes-g th e -to sw n  a c id  1j?4. '* th e  n ovel a c id s  165 and 166

W@r@ p rep a red  fey co n d en sa tio n  o f th e  amine and. p y ru v ic  a c id  under 

p h y s io lo g ic a l  c o n d itio n s  ( i , e ,  23° and pH 4 -5 « 6 ), W ith th e  e x ce p tio n  

@f 3 , 4 , ^ tr im e th p s y p h e n y lp y ru v ic  a c id  167, th e  ©C-keto a c id s  w ere
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com m ercially  a v a i la b le .  P r e p a r a t io n ,o f  167 "was ach ieved  in  56% y ie ld
231 232o v e r a l l  from  th e  s u b s t i tu te d  ben.zaldehyde, by base  h y d ro ly s is  ' * '' o f

th e  d e riv e d  a z la c to n e  168. The is o q u in o l in e -1 -c a rb o x y lic  a c id s  w ere 

converted  in to  t h e i r  h y d ro c h lo r id e  s a l t s  to  a id  t h e i r  s o l u b i l i t y  in  

w a te r .

The 3 ,4 --d ih y d ro iso q u in o lin e s  169, 170 . 171 and 172 were o b ta in e d  in

228m oderate y ie ld s  from  B isc h le r .-N a p ie ra lsk i c y c l i s a t io n s  o f  th e

co rresp o n d in g  N ^acy l-l^ b en zy lo x y ^ ^ m e th o x y .^ ^ -p h en y le th y la m in e s  u s in g

phosphorus oxy c h lo r id e ,  fo llo w ed  by O^deben z y la t io n  w ith  1:1 e th a n o l-

- conp, h y d ro c h lo r ic  a c id ,  3 ,% ,5~Tr im etho .xyphenylacetic  a c id ,  re q u ire d

f o r  -the p re p a ra t io n  o f 17.2 -was o b ta in e d  from  th e  co rresp o n d in g  p y ru v ic
233g.cid 167 acc o rd in g  to  th e  method d e sc r ib e d  by Snyder e t  a l .  S im ila r ly  

th e  6 .7 -d im eth o x y  173. 17% end 175. and th e  6^m ethoxy-7-hydroxy~3.A - 

d ib y d ro is  oquin  o l in e s  1̂ 7.6, 177, 178 were made from  hom overa try lam ine 

gpd 6-|nef ho xy=>7=b en gylo x |  -pheny le fh y lam in e  r e s p e c t iv e ly ,  v ia  th e

a p p ro p r ia te  h^ fp rm yl, If^ace-tyl and h=rbengipyl d e r iv a t iv e s .

.^P -tfeesis  o f  th e  5,7=rdimethpxy a c id s  .180 and 181 in v o lv ed  th e  i n i t i a l

23 %preparation  o f  the dihyd.rP»Reqsser% §pmppunds 182, 183 and 18%.

fh §  ppw w id e ly  employed two phase method fo r  making R e i s s e r t  compounds,

235dpyeloped by Ropp, - - was u sed  to  p re p a re  182 in  5%% y ie ld .  Subsequent 

g lk y l& tio n , u s in g  sodium h y d rid e  to  g e n e ra te  th e  R e i s s e r t  a n io n , fo llo w ed  

&y e l e c t r p p h i l i c  a d d i t io n  o f  th e  r e q u ire d  a lk y l  h a l id e ,  gave th e  1- a lk y l
I

h e i s s e r t  compounds 1_8  ̂ gnd 18%. .An a tte m p t to  make 183 d i r e c t l y  froni 

- l“ffl§thyl=3.»h-dihydP9iepquiU9l.ipe |7%  a c c o rd in g  to  th e  above method, 

f@§Ui‘t§ d  in  on ly  8% p f  th e  d e s ir e d  p ro d u c t b e in g  o b ta in e d . The m ajor 

p ro d u c t was th e  compound 185. presum ably  a r i s in g  from  h y d ro ly s is  o f



th e  a c y la te d  S c h i f f ‘ s b a se . I t s  i d e n t i t y  was confirm ed by com parison w ith  

an a u th e n tic  sam ple, p rep a red  by th e  method o f Forbes a t  a l ,

tR eac tio n  o f  R e is s e r t  compounds w ith  s tro n g  a c id s  has long  been known

to  cause h y d ro ly s is  o f  th e  amide and n i t r i l e  fu n c t io n s ;  tre a tm e n t o f
23 L

th e  d ih y d ro .- 'R e isse rts  183 and 184 w ith  85% phospho ric  a c id  gave th e  

dim ethoxy a c id s  180 and 181 in  51% and 74$ r e s p e c t iv e ly ,  ' The 1 -  

hydrogen a c id  179’ was sy n th e s is e d  in  an i d e n t i c a l  manner by 'D r M,R,

Hamblin o f  t h i s  la b o ra to r y .  The p lanned  ro u te  to  th e  7-hydroxy a c id s  

a ls o  in v o lv ed  p re p a ra t io n  and h y d ro ly s is  o f  d ih y d ro ^ R e is se r t p ro d u c ts , 

R e is s e r t  compound 186 was p re p a re d  in  4-6% y ie ld  from  -the _3,4--dihydro.- 

is -o au iJje lio e  189 by  th e  J;vo ..phase .method* ...A M s a r  p ro d n e t from  th e  

r e a c t io n  was a ss ig n e d  th e  s t r u c tu r e  191 from  s p e c t r a l  d a ta  and by 

ana logy  w ith  th e  fo rm a tio n  o f  185, a lth o u g h  e lem en ta l a n a ly se s  w ere 

n o t in  gopd agreement* M eth y la tip n  o f th e  d 1 h y d ro rrR e isse rt an io n  .from 

186 a ffo rd e d  H.-oenzoyl^l=-c-yano~1 ^inethy3..^6^-niethoxy^7--^benzvloxy^l . 2. 3,4-- 

te tra h y d p o 1so q u in o lin e  187 in  80% y ie ld *  I t  was a ls o  found t h a t  th e  

a ttem p ted  s y n th e s is  p f  1_87 d i r e e t l y  from  th e  1 H»athyi~3>A**dihydro~ 

i s o tu ln o l in e  190 gave th e  r in g  c leav ed  compound jMbenzo-yl =• ( ce-byl

bengylo-xv=5^m ethoxy^phen y l ) - e th y la mine 192, a s  th e  §pl@ prpduet*
r

Sim ilar reac tio n  § f  th e  anion from  186 w ith benzyl ch lo ride  gave th e  

noypl 1 .-=benzyl R e lsse r-t compound 188 in  67% y ie ld *  I t  has been 

re p o r te d  t h a t  as w e ll a s  m odify ing  th e  IWbenzoyl and n i t r i l e  fu n c t io n s ,  

h y d ro ly s is  w ith  p h o sp h o ric  anid removes Q~bengyl g ro u p s, a f fo rd in g  

phenolic p ro d u c ts , U n fo r tu n a te ly  numerous a ttem p ted  h y d ro ly se s , by
* f

th e  a u th p r and also  by Dr m r  Hamblin, o f  th e  t-bengylexy R e a s s e r ts  

186f 187 and 188 w ith  85% p h o sp h o ric  a c id  f a i l e d  to  g iy e  any o f th e  

expec ted  7 --hydroxy acids as  did a ttem p ted  h y d ro ly se s  w ith  h y d ro c h lo r ic  

a c id  and w ith  l e s s  s tro n g  s o lu t io n s  o f phosp h o ric  a c id .  Other p o s s ib le
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Si-

ro u te s  -to such a c id s  in v o lv in g  - p a r t i a l  h y d ro ly s is  o f th e  R e is s e r t
o og

n i t r i l e  group w ith  sodium h y d ro x id e  s o lu t io n  o r A m berlite  IR*-4R-~(0H) 
239

io n  exchange r e s in  were, a ls o  u n s u c c e s s fu l ,a s  was r e d u c t io n  w ith

2 AO ' 'l i th iu m  alum inium  t r ie th o x y h y d r id e .  The a ttem p ted  p a r t i a l

d e m e th y la tio n  o f  d im ethoxy a c id  180 a t  th e  C-7 p o s i t io n  u s in g  h y d ro -
p / i

brom ic a c id  was a ls o  u n s u c c e s s fu l g iv in g  193 as th e  s o le  p ro d u c t.

, A sample o f 1 =-benzyl.rr6-met;hoxy-74'i;ydro>ry-1,2 ,3 ,  .4—te t r a h y d r o is o q u in o l in e -  

1 -c a rb o x y lic  a c id  19A 'was o b ta in e d  from  P ro f ,  J,;M, B o b b it t ,

2 .3  The S i zyme ̂ C a ta ly sed  P ecarboxyl a t i o n

S ince 'JL&gg&se a .cts p rim arily - on p h e n o lic  sy stem s, i f  was n o t  ex p ec ted  

t h a t  th e  6 ,7  =4im ethoxyae id s  179, 180. and 181 would undergo decarboxy­

l a t i o n ,  and th e y  -were employed sim ply  -to check f p r  th e  p re se n c e  o f  any  

o th e r  d§ b o x y la tin g  o r h y d rp x y la t in g  engymes in  th e  crude lacss@ e 

p re p a p g tip n , J n i t i a l  s iu d i§ §  were p a r r ie d  o u t fn  g p lln b p ra fi.o n  w ith
f

Dr M S Hamfel-in and fn y o ly ed  d f§ sp ay in g  th e  g g rb p x y lie  a c id s  i n  pfeosphate 

b u f f e r  (pff 4#©) w ith  in g u b n tie n  f o r  fer. A d d itio n a l amounts o f  

enzyme we?§ IntrodpGOd a f t e r  £A and A<3 W ,  The r e a c t io n  m ix tu re s  w ere 

made a lk a l in e  by tjae a d d i t io n  o f  ammonia s o lu t io n ,  and c o n tin u o u s ly  

e x t ra c te d  w ith  ch lo ro fo rm , R ecovery  o f  th e  r e a c t io n  p ro d u c ts  was p o o r; 

e .g .  fh e  ^.--hydroxy a c id  16A a f fo rd e d  a f t e r  in c u b a tio n  and e x t r a c t io n  

x o n ly  1 §fP § f  a  brown p ro d u c t,  ghown by i t s  t , l , e ,  b eh av io u r and p ie r a t e
g /2  1 *■

d e r iv a t iv e  t§> ba i d e n t i c a l  w ith  th e  d ib y d fo i§ p u u in o iin e ' 170, The 

dim ethpxy a c id s ,  a f t e r  in c u b a tio n  w ith  la g c g se  and gubgequenf 

b a s i f i c g f ip n ,  d id  n o t g iy e  §ny gh lo rp fo rm  s o lu b le  m a te r ia l ,  n e i th e r  d id  

th e  r e a c t io n  m ix tu res  e x h ib i t  th e  c h a r a c t e r i s t i c  b lu e  f lu o re s c e n c e  o f 

d ih y d ro ig o tu in o l in e  s o lu t io n s ,

When th e  d ih y d ro iso u u in o lin e  170 was d is s o lv e d  in  th e  same b u f fe r



system , b a s i f i e d  and c o n tin u o u s ly  e x tra c te d  w ith  ch lo ro fo rm , th e  

re c o v e ry  was on ly  30%} su g g e s tin g  th a t  i s o l a t i o n  o f  th e  w a te r - s o lu b le  

p ro d u c ts  by e x t r a c t io n  in to  o rg a n ic  so lv e n t was n o t an id e a l  way o f 

fo llo w in g  th e  d e c a rb o x y la tio n  r e a c t io n s .

The p o s s i b i l i t y  o f fo llo w in g  th e  r e a c t io n  by u .v .  sp ec tro p h o to m etry

21 3was th en  in v e s t ig a te d .  p h e n o lic -3 ,/+ -d ih y d ro iso q u in o lin e s  a re  r e p o r te d  

to  show s tro n g  a b so rp tio n  maxima above 34-0 nm, and t h i s  w as-found to  

be th e  case  w ith  a l l  th e  is o q u in o l in e s  s tu d ie d . These maxima occur 

in  a re g io n  in  which th e  is o q u in o l in e -1 -c a rb o x y lic  a c id s  do n o t absorb-, 

and a re  th u s  a con v en ien t method o f  a ssa y in g  th e  fo rm a tio n  o f  d ih y d ro -  

is o q u in o l in e  compounds. The a b so rp tio n  maxima fo r  th e  3 j4 -d ih y d ro ~  

is o q u in o l in e  compounds a long  w ith  t h e i r  e x t in c t io n  c o e f f i c ie n t s  a re  

p re s e n te d  in  T able I .

TABLE I

Is o q u in o lin e W avelength £
nm

169 389 12870
* 170 375 7883

171 389 10947
172 392 17212

173 354 6263
174 34-6 8528
173 352 8299

178 355 6550

S o lu tio n s  o f a l l  th e  is o q u in o l in e -1 -c a rb o x y lic  a c id s  in  p hosphate  b u f fe r  

(pH 6 .0 )  were found to  be rem arkab ly  s ta b le ,  u .v .  measurem ents showing
J✓

l e s s  th a n  3% d ih y d ro iso q u in o lin e  co n te n t a f t e r  s ta n d in g  f o r  24 h r .  

S im ila r ly  no d e c a rb o x y la tio n  o ccu rred  on s ta n d in g  w ith  e i th e r  p e ro x id a se  

s o lu t io n  or p e ro x id e  s o lu t io n .
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N ext, th e  r a t e s  o f th e  l a c c a s e -  and h o rs e ra d is h  p e ro x id a se -in d u c e d  

deearbox5rl a t io n s  o f  th e  p re p a re d  is o q u in o l in e - 1-c a rb o x y lic  a c id s  were 

s tu d ie d .  The r e a c t io n  was c a r r ie d  o u t u s in g  c a l ib r a t e d  amounts of 

a c id ,  enzyme (p e ro x id e  a ls o  in  th e  case  o f  th e  p e ro x id a se  s tu d ie s ) ,  

and b u f fe r  in  a 1cm s i l i c a  c e l l ,  'Any in c re a s e  in  abso rbance w ith  tim e 

a t  a s p e c i f ic  w aveleng th  was e l e c t r o n i c a l l y  re c o rd e d , and by draw ing 

ta n g e n ts  to  th e  r e s u l t i n g  cu rves from  a number o f  d i f f e r e n t  s u b s t r a te  

-co n cen tra tio n s, th e  i n i t i a l  v e lo c i ty  o f th e  r e a c t io n  was c a lc u la te d .

The s e le c te d  w aveleng ths were th o se  p re se n te d  in  T able 1. The a c tu a l  

fflgthpd used  tp  c a r ry  o u t each ru n  i s  ‘d e sc r ib e d  in  th e  E xperim en tal 

s e c t ip n .  None o f  th e  6,7*-dim ethoxyacids 179. 180 .or 181 showed any 

-tn p rP 9-.se in  abso rbance  when in c u b a te d  w ith  e i th e r  la c c a s e  o r h o r s e ra d is h  

perpx idase^-perox ide fo r  up to  2 h r ,

0  ) J Q
Jn  g e n e ra l th e  i n i t i a l  -v e lo c ity  o f  an enzyme r e a c t io n  i s  g iven  by 

th e  MlChaeliS~Menten e q u a tio n ,

T * J l -  
1« s / s

--’Where y  i s  th e  i n i t i a l  v e l o c i ty ,  V i s  th e  maximum v e lo c i ty ,  found when
/

th §  §»0yme i s  s a tu r a te d  w ith  s u b s t r a te ,  Ks i s  th e  e q u i lib r iu m  c o n s ta n t 

£g>r th e  r e a c t io n  Eg! E + S , i . e .  th e  d i s s o c ia t io n  c o n s ta n t o f th e  

engynie^aubstrafe  complex, and s i s  th e  s u b s t r a te  c o n c e n tra t io n . When 

g i§  pqua'l to  Ks , th e  i n i t i a l  v e lo c i ty  i s  h a l f  o f  th e  maximum v e lo c i ty ,  

and t h i s  v a lu e  o f  s i s  term ed Km? th e  M ich ae lis  c o n s ta n t .  The above 

g q u s tip n  can a ls e  be ex p ressed  a s :  r 1

1 Km 1 1i  p x i . 4  1
V V s V

1 *lth u s  a  p lo t  o f »» a g a in s t  **• w i l l  g iv e  a s t r a i g h t  l i n e  w hich w i l l  i n t e r c e p t  v ■ s
th e  s u b s t r a te  c o n c e n tra tio n  a x is  a t  a p o in t  g iv in g  -  / k and th e
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1 P/\ 5
v e lo c i ty  a x is  a t  a p o in t  g iv in g  rr. This i s  th e  Linew eaver-Burk

method o f  d e te rm in in g  K and V, and i s  p ro b ab ly  th e  one most w id e ly  u se d .

The above tre a tm e n t h o ld s  fo r  th e  v a s t  m a jo r ity  o f enzymes, b u t th e re

i s  doubt abou t i t s  a p p l i c a b i l i t y  to  p e ro x id a se , which i s  r e p o r te d  n o t

to  form  sub s t r  a t  e-enzyme complexes (se e  S ec tio n  1. 4-v2 j) .*• - N e v e r th e le s s ,

ru n s  c a r r ie d  o u t w ith  p e ro x id a se  d id  show s a tu r a t io n  k in e t i c s  and-

re p ro d u c ib le  v a lu e s  o f  and V w ere o b ta in e d . The d a ta  g iven  in

Appendix I  w ere used  to  p re p a re  Linew eaver-Burk p lo t s  and th e  c o n s ta n ts

K and V-were determ ined  f o r  each r e a c t io n :  th e  c a lc u la te d  v a lu e s  a re  
m

p re s e n te d  in  T able I I .

TABLE I I

• Acid Km(Run 1 )
[1 0 "^ ]

Km(Run 2) V(.Run 1)
■" r  -7  y0  mol

- V(Run
—1*7man J

L accase
163 0.4- 0.4- 0.2 0.2
164 1.3 1.2 0.5 0.6
165 1 4 .0 10.0 10.0 6.7
166 2.0 3.0 3.3 4.0
194-

P ero x id ase

3.7 0 .2

163 1.1 1.2 0 .6 0.5
164- .2.5' 1.7 2.5 1.7

*165 20.0 20.0 17.0 - 20.0
165 20.0 - 5 0 .0 -

166 12.5 10.0 U .o " 10.0
194- 0.9 - 0 .0 4 -

#These two ru n s  w ere conducted u s in g  e x a c tly  h a l f  th e  q u a n t i ty  o f  enzyme 

employed in  th e  o th e r  p e ro x id a se  ex p erim en ts . ■

I t  i s  ap p a re n t t h a t  th e  v a lu e  o f i s  indep en d en t o f  th e  enzyme 

c o n c e n tra t io n , w h i ls t  th e  v a lu e  o f  V i s  d i r e c t l y  p ro p o r t io n a l  to  i t ;  

a l l  o f  th e  la c c a s e  ru n s  w ere c a r r ie d  o u t w ith  i d e n t i c a l  amounts o f  th e  

same enzyme s o lu t io n ,  and th e  v a lu e s  o f  V a re  th e r e f o r e  d i r e c t l y  

com parable. The same a p p l ie s  to  p e ro x id a se  ex cep t as m entioned in  th e  

fo o tn o te  to  T able I I .
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The d e te rm in a tio n  o f Km and V p ro v id e s  in fo rm a tio n  abou t bo th  p a r t s  o f  

an enzyme r e a c t io n ,  i . e .  th e  fo rm a tio n  o f th e  en zy m e-su b stra te  complex 

and th e  subsequen t breakdown o f t h i s  complex to  g iv e  th e  r e a c t io n  

p ro d u c ts . The m agnitude o f  K i s  in v e r s e ly  p ro p o r t io n a l  to  th e  a f f i n i t y  

o f th e  enzyme fo r  th e  s u b s t r a te ,  w h ile  th e  v a lu e  o f  V i s  a m e a su re 'o f  

th e  speed a t  w hich th e  complex b reak s  dow n.^*^3 P ro longed  in c u b a tio n  

o f  th e  6-hydroxy a c id s  w ith  la c c a s e  and p e ro x id a se  showed an in c re a s e  

in  a b so rp tio n  a t  th e  s e le c te d  w aveleng th , which a f t e r  re a c h in g  a maximum 

th e n  d e c re a se d . . ■

The in fe re n c e  i s  t h a t  th e  i n i t i a l  p ro d u c t, i . e .  th e  3 ,4 --d ih y d ro iso q u in o lin e , 

■was b e in g  f u r th e r  o x id is e d . T h is was confirm ed by in c u b a tin g  w ith  bo th  

enzymes, th e  p h e n o lic  3 ,4 -d ih y d ro is o q u in o lin e s  169, 170, 171 and 172, 

a l l  o f  which e x h ib ite d  a d e c re a se  in  abso rbance a t  th e  a p p ro p r ia te  

•"wavelength. The o ccu rren ce  o f  a com peting r e a c t io n  re n d e rs  th e  i n t e r ­

p r e ta t io n  o f  th e  k in e t i c  d a ta  more d e b a ta b le . However, s in c e  th e  

e x p e r im e n ta l re a d in g s  w ere ta k en  d u rin g  th e  i n i t i a l  s ta g e s  o f  each 

r e a c t io n ,  i . e .  when th e  c o n c e n tra tio n  o f  d ih y d ro is o q u in o lin e  w as .sm a ll

and th e r e f o r e  th e  e f f e c t  o f  th e  com peting r e a c t io n  was a t  a minimum, i t
\

was co n sid e red  th a t  th e  r e s u l t s  p re se n te d  in  T ab le I I  were a re a so n a b le
i

r e f l e c t i o n  o f  th e  a c tu a l  k i n e t i c s .  None o f th e  6 ,7 -d im e th o x y -3 ,k -  

d ih y d ro iso q u in o lin e s  was a f f e c te d  by e i th e r  enzyme. With th e  r e s e r v a t io n  

th a t  th e re  i s  a com peting r e a c t io n ,  th e  fo llo w in g  tr e n d s  a re  e v id e n t 

from  th e  r e s u l t s  o f th e  k in e t i c  s tu d y : -  ^

( i )  b o th  la c c a s e  and h o r s e ra d is h  p e ro x id a se  a re  a b le  to  c a ta ly s e  

th e  o x id a tiv e  d e c a rb o x y la tio n  o f  b o th  6 -  and 7 -h y d ro x y iso q u in o lih e -1 -  

c a rb o x y lic  a c id s ,  a l b e i t  to  d i f f e r i n g  e x te n ts ,  w hereas n e i th e r  was 

e f f e c t iv e  on th e  6 ,7 -d im ethoxy an a lo g u es j
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( i i )  w ith  la c c a s e ,  th e  1 -b enzy l'-6 -hyd roxy  acid 165 p roduces 

s ig n i f i c a n t l y  l a r g e r  v a lu e s  o f  and V, i . e . ,  th e  

subsequen t break-dow n o f th e  enzym e-acid complex is s u b s t a n t i a l l y  

f a s t e r  th a n  fo r  o th e r  6 -hydroxy a c id s ;

( i i i )  p e ro x id a se  shows a s im ila r  s p e c i f i c i t y  fo r  th e  two 6-hydroxy 

a c id s  16ft and 166 p o sse ss in g  a 1-b en zy l r e s id u e ,  r e s u l t i n g  in  K& and V 

v a lu e s  a t  l e a s t  an o rd e r o f  m agnitude h ig h e r th an  f o r  th e  o th e r  two 

6 -hydroxy a c id s ;

( iv )  a marked d if f e r e n c e  i s  ap p a re n t in  bo th  th e  fo rm atio n  

o f  th e  acid-enzym e complex and th e  r a t e  a t  w hich i t  i s  broken down, 

between th e  1-b e n z y l- 6 -  and 7-hydroxy  a c id s  165 and 194- u s in g  la c c a s e
compound

and p e ro x id a se , w ith  th e  fo rm e r/b e in g  th e  f a s t e r ;

(v) a lth o u g h  w ith  la c c a s e  i t  was found t h a t  194- gave and V 

r e s u l t s  com parable to  th o se  from  6 -hyd roxyacid s  (ex ce p t th e  1-b e n z y l) ,  

i t  would appear t h a t  w ith  p e ro x id a se  th e  acid-enzym e complex i s  s i g n i f i ­

c a n t ly  slow er in  b re a k in g  down*

The g r e a te r  degree  o f  s p e c i f i c i t y  shown by p e ro x id a se  i s  s u r p r is in g ,  

c o n s id e r in g  th e  r e p o r te d  n o n -fo rm atio n  o f  en zy m e-su b stra te  com plexes, 

and f r e e - r a d i c a l  mechanism (se e  S ec tio n  1 * 4 .2 ).

I t  h a s , th e n , been e s ta b l is h e d  th a t  p h en o lic  te t r a h y d r o is o q u in o l in e -
i

1 -c a rb o x y lic  a c id s  a re  o x id a t iv e ly  d eca rb o x y la te d  by enzymes which occur

in  p la n t  c e l l s ,  w ith  th e  r e s u l t s  b e in g  b ro a d ly  p a r a l l e l  to  th o se  found

in  th e  anodic d e c a rb o x y la tio n  s tu d y , excep t f o r  th e  m a rk e d 'd if fe re n c e
»

...between th e  1 -b en zy l a c id s .  In . o rd e r  fo r  more a c c u ra te  k in e t i c  p a ram e te rs

to  be d e r iv e d  from  such enzym e-ca ta ly sed  d e c a rb o x y la tio n  r e a c t io n s ,
%

f u r th e r  work i s  n e c e s s a ry  to  i d e n t i f y  and a s s e s s  th e  e x te n t  to  which 

th e  com peting r e a c t io n  o c c u rs .
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CHAPTER THREE

A ttem pted  S y n th e s is  o f  an A porphine A lk a lo id  by O x id a tiv e  
D ecarb o x y la tio n  o f an I s o g u in o lin e -1 -C a rb o x y lic  Acid

Of p o t e n t i a l  im portance  in  th e  a re a  o f is o q u in o l in e  a lk a lo id  b io s y n th e s is  

i s  th e  i s o l a t i o n  o f  th e  q u in o n o id a l compound 195 and i t s  tau tom er 196 

in  15/6 and 9% y ie ld  r e s p e c t iv e ly ,  from  th e  anod ic  d e c a rb o x y la tio n  o f  

th e  N -a c e ty la te d  is o q u in o l in e -1 - c a rb o x y lic  a c id  197. The g e n e ra tio n  

o f  such quinone m eth ide compounds w ith  subsequen t n o n -P x id a tiv e  co u p lin g  

by  e i th e r  i n t r a -  o r in te rm o le c u la r  p ro c e sse s  could  p o s s ib ly  g iv e  r i s e  to  

a  ra n g e  o f  t e t r a c y c l i c  and b is b e n z y l is o q u in o l in e  a lk a lo id s .  To th e  

form er c a te g o ry  b e lo n g s  th e  ap o rp h in e  c la s s  o f  a l k a lo id s ,  and th e  aim o f  

th e  work d e s c r ib e d  in  t h i s  c h a p te r  was to  in v e s t ig a t e  th e  p o s s ib le  

s y n th e s is  o f an ap o rp h in e  a lk a lo id  by th e  e le c tro c h e m ic a l ,  chem ical and 

enzym atic  o x id a tio n  o f  N -p ro te c te d  is o q u in o l in e -1 -c a rb o x y lic  a c id s .

The N -acy l-1  -(3^4* 5 - tr im e th o x y b e n z y l) -6-hydroxy~7-m ethoxy~1,2 ,3 * 4 -  

te tr a h y d ro is o q u in o l in e -1 -c a rb o x y l ic  a c id  198 was s e le c te d  as  th e  system  

to  be s tu d ie d  s in c e  th e  p o lym ethoxy la ted  1-b en zy l r e s id u e  was co n s id e re d  

to  be s u f f i c i e n t l y  n u c le o p h il ic  to  b r in g  about in tra m o le c u la r  a t ta c k  on 

th e  p o s tu la te d  quinone m eth ide p a r t  o f th e  o x id ise d  m o lecu le , and b e in g  

sy m m etrica l, would in  such an e v e n t, g iv e  r i s e  to  o n ly  one p ro d u c t, 

i r r e s p e c t iv e  o f  w hether c o u p lin g  to o k  p la c e  a t  th e  C~2*or O p p o s i t i o n .

A p o s s ib le  mechanism fo r  th e  fo rm a tio n  o f  th e  a p p ro p r ia te ly  s u b s t i tu t e d  

a p o rp h in e - ty p e  compound by  o x id a t iv e  d e c a rb o x y la tio n  o f  th e  p h e n o lic  

a c id  198. v ia  a quinone in te rm e d ia te  and in tra m o le c u la r  c y c l i s a t io n  i s  

shown in  Scheme X V III. The exp ec ted  p ro d u c t from  such a ro u te  i s  th e  

6a , 7 -dehyd ro ap o rp h in e  199. I t  was th o u g h t  n e c e s s a ry , in  a n t i c ip a t io n  

o f  low y i e ld s ,  to  s y n th e s is e  a s u b s t i tu te d  dehydroaporph ine ( e i t h e r  199 

o r 200) to  f a c i l i t a t e  th e  i d e n t i f i c a t i o n  o f such a p ro d u c t from
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o x id a tio n s  o f 198,

3.1 S y n th es is  o f  Aporphine A lk a lo id s

A porphine a lk a lo id s  c o n s t i tu te  one o f  th e  l a r g e s t  sub-g roups o f n a t u r a l ly
0/ ( 0) *1 *

o c c u rr in g  a lk a lo id s  ’ and co n seq u en tly  a v a r i e ty  o f s y n th e t ic

methods f o r  p re p a r in g  such compounds has been developed . The f i e l d  o f

m 4.1. • t. x. . - . .122,248-250apo rp h in e  a lk a lo id  s y n th e s is  has been e x te n s iv e ly  rev iew ed

and i t  i s  th e re fo re  in te n d e d  to  r e s t r i c t  t h i s  d is c u s s io n  to  a b r i e f  c u t -
i »

l i n e  o f  th e  main s y n th e t ic  m ethods, and to  cover in  g r e a te r  d e t a i l  th e  

more p rom ising  r e c e n t  developm ents which have beeh  p u b lish e d ..

The u t i l i s a t i o n  o f  fo u r major s y n th e t ic  r o u te s ,  v iz ,  th e  P sch o rr  r e a c t io n ,  

o x id a tiv e  coup ling  o f  b is p h e n o lic  b e n z y l is o q u in o l in e s ,  pho t’o ch em ica l- • 

and benzyne-m ediated  c y c l i s a t i o n s ,  has allow ed a wide v a r i e ty  o f  n a tu r a l
t

ap o rph ine  a lk a lo id s  and analogues to  be p re p a re d . A lthough th e s e  

r e a c t io n s  a re  s t i l l  u sed  th e y  g e n e ra l ly  s u f f e r  from  po o r y ie ld s .

The P sch o rr r in g  c lo su re  r e a c t io n ,  th e  o r ig in a l  r o u te  to  ap o rp h in e s ,

depends upon th e  fo rm a tio n  o f  a carbonium  io n  by th e  c o p p e r-c a ta ly se d

decom position  o f  2 -d ia z o t is e d  b e n z y lis o q u in o l in e s .  The re q u ire d

am inated is o q u in o l in e s  w ere a t  f i r s t  p rep a red  by d i r e c t  n i t r a t i o n  and

re d u c t io n  o f  preform ed is o q u in o l in e s ,  b u t more e le g a n t methods have

been developed , B is c h le r -N a p ie ra ls k i  c y c l i s a t io n  o f  a p p ro p r ia te ly

s u b s t i tu t e d  n itro -a m id e s  (produced from  f t  ~phenylethylam ih.es arid 2 -

n i t ro p h e n y la c e t ic  a c id  d e r iv a t iv e s )  g iv e s  th e  co rresp o n d in g  .2 - n i t r o -

b e n z y lis o q u in o l in e s ,  w hich can be converted  in to  ap o rp h in es  by s u i ta b le

251re d u c t io n  and P sch o rr c y c l i s a t i o n .  The B is c h le r -N a p ie ra ls k i  ro u te

i s  g e n e ra l ly  u n s a t i s f a c to r y  i f  th e  amide la c k s  an a c t iv a t in g  s u b s t i tu e n t

228on th e  arom atic  r in g  o f  th e  N -p h en y le th y l m oiety . An a l t e r n a t iv e



approach u t i l i s e s  th e  b a s e -c a ta ly s e d  cond en sa tio n  between d i -  or
252 •te tra h y d ro is p q u in o lin iu rn  s a l t s  and 2« n i t ro to lu e n e s ,  e „ g /  201 from  

202 and 203,

A nother v a r ia t io n  in  p re p a r in g  th e 1 S^-nitrobenzyl p r e c u r s o r s ,  in v o lv e s
253 •th e  in te rm e d ia c y  o f  R e is s e r t  compounds. A d d itio n  o f  a s u i ta b ly  ;

s u b s t i tu te d  i t r o b e n z y l  h a l id e  to  R e is s e r t  an io n s of. ty p e

formed in  th e  p re sen ce  o f s tro n g  b a se , p roduces n it-ro  R e is s e r t  compounds

205, which on base  h y d ro ly s is  r e s u l t s  in  th e  co rresp o n d in g  1 lb  fen zyl.-

25.-4 255 ‘is o q u in o l in e s ,  ,Such a  p ro ced u re  has been -used by Neuneyer 9 i n

p a r t i c u l a r ,  as w e ll a s  o th e r  w o rk ers , - '  : t o  p re p a re  u n u su a lly

s u b s t i tu te d  ap o rp h in e  a lk a lo id .?) ( th e  r o l e  g f  R e i s s e r t  compounds in
258is o q u in o l in e  a lk a lo id  s y n th e s is  has been rev iew ed  ) ,  In  g e n e ra l ,

259y ie ld s  o f ap o rph ine  a lk a lo id .?  v ia  P sch o rr r in g  c lo su re  a re  low , •

•other p ro d u c ts  a re  p o s s ib le  depending upon th e  p o in t  o f  r in g  c lo su re

( e .g .  206 76 , 207 e r  20 8 ), and d ec re a se  w ith  In c re a s in g  oxygenation

.of th e  is o q u in o l in e .  H igher y ie ld s  a re  o b ta in ed  when a 'bulky s u b s t i tu e n t

260 261i s  presen t m  the  n itrogen  atom, qr when a hydroxy function  i s
*

2 62 p re s e n t  a t the  S-7 p o s itio n  of the  1»bengyl p recu rso r»

H eating  o f  th §  diagpnium  s a l t s  form ed fnorn 2«am inobengylisoquinoiin@ §,

in  th e  absence o f a  m e ta l c a t a ly s t  has a lso  been r e p o r te d  ' to  g ive- 

apo rp h in e  compounds, The q u in o n e id a l apo rph ine  209 has been o b ta in e d  

in  55% y ie ld  by P sch o rr r in g  c l o s u r e '^ 1' and p ro b ab ly  r e s u l t s  from  -the 

a e r i a l  o x id a tio n  o f  th e  co rresp o n d in g  p h en o lic  ana lo g u e , A m odified  

“P sch o rr  c y c l i s a t io n  w ith  -the-amino function - - s i tu a te d  -on -ring  A .ra th e r  

th an  on r in g  D has a ls o  been used  f o r  apo rp h in e  a lk a lo id  sy n th e s is*  

I r r a d i a t i o n  o f  a d iazonium  s a l t  in  d i l u t e  a c id ,  i , e ,  a pho to~ P schorr 

r e a c t io n ,  has been used  to  p re p a re  gush a lk a lo id s ,  a lth o u g h  o n ly  a 2%
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265y ie ld  o f  ap o rp h in e  was o b ta in e d .

The p ro d u c tio n  o f  benzyne in te rm e d ia te s  from  2 -  o r 3^-ha logenobenzy liso -

q u in o l in e s  by th e  a c t io n  o f  a s tro n g  b ase  ( e .g .  a l k a l i  m e ta l am ides in

ammonia, o r p o ta ss iu m  te r t -b u to x id e )  a ls o  le a d s  to  ap o rp h in e  a lk a lo id

fo rm a tio n . Ring c lo s u re  p ro ceed s e f f i c i e n t l y  o n ly  i f  th e  a ro m atic  r in g

i s  re n d e re d  s t ro n g ly  n u c le o p h i l ic  by a n io n ic  a c t iv a t io n  tow ards th e

266 ‘form ed benzyne. K essar and h i s  co -w orkers have e s ta b l is h e d  t h a t  a

benzyne mechanism o p e ra te s  in  potassam ide-am m onia, r a th e r  th a n  a l t e r n a t iv e

mechanisms in v o lv in g  e i th e r  in t r a m o le c u la r  h a logen  d isp la cem e n t by th e

a c t iv a te d  C-8 atom, o r  r a d i c a l  n u c le o p h il ic  s u b s t i t u t i o n .  T his view

i s  su p p o rted  by th e  f in d in g  t h a t  b o th  p h e n o lic  2 -  and 3 -h a lo g e n a ted

267s u b s t r a te s  f u r n is h  ap o rp h in e s  i n  s im i la r  y ie ld s .  In  th e  absence o f 

an a c t iv a t in g  p h e n o lic  m o ie ty  s t a r t i n g  m a te r ia l  and th e  d eh a lo g en a ted  

p ro d u c t w ere r e c o v e re d .2 ^ G ibson2^  has shown, u s in g  2-b rom olaudanosine
f

i n  m e ta l amide-ammonia, t h a t  2~am inolaudanosine i s  form ed in  sm all

amounts a lo n g  w ith  th e  m ajor in d o le - ty p e  p ro d u c ts .  Such an am inated

p ro d u c t i s  p resum ably  form ed by  n u c le o p h il ic  a t ta c k  o f  th e  amide an ion

on th e  i n i t i a l l y  form ed benzyne in te rm e d ia te .  P sc h o rr  r in g  c lo su re  o f

t h i s  amino p ro d u c t le d  to  th e  r e q u ire d  ap o rp h in e  a lk a lo id .  Form ation

o f  o th e r  s t r u c t u r a l l y  d i f f e r e n t  p ro d u c ts  e .g .  m orph inandienones2^  and

d ib e n z o p y rro c o lin e - ty p e  ~ compounds, v ia  a benzyne r o u te  has been

d em o n stra ted , and c o n se q u e n tly  y ie ld s  o f ap o rp h in e  p ro d u c ts  by t h i s

method a r e  o f te n  low . S yn theses o f 6 a ,7 -deh y d ro ap o rp h in es  th ro u g h  th e

in te rm e d ia c y  o f  benzyne in te rm e d ia te s ,  u s in g  sodium m e th y ls u lp h in v l-

271 272m ethanide as th e  b a s e , have a ls o  been r e p o r te d .  9

Phenol o x id a tiv e  c o u p lin g  by chem ical o x id a n ts ,  e .g .  KoFe(0N )/ , FeCl
j  0 3

and MnO  ̂ to  g iv e  d i r e c t l y  ap o rp h in e  a lk a lo id s  has lo n g  been known, b u t
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u n f o r tu n a te ly  -u su a lly  g iv e  poor y ie ld s .  O ther o x id a n ts  such as
2 7 q  0 7 /

vanadium  o x y c h lo rid e  and t h a l l i c  t r i f l u o r o a c e t a t e  have r e c e n t ly

come in to  prom inence in  t h i s  f i e l d ,  and y ie ld s  c o n s id e ra b ly  b e t t e r

th a n  most o f  th e  fo rm er s e t  o f  re a g e n ts  have been re c o rd e d . R ecent

s tu d ie s  by Kametani ’ have d em onstra ted  t h a t  a m ix tu re  o f  cuprous

c h lo r id e  and oxygen in  p y r id in e  can o x id is e  (4-) r e t i c u l i n e  b o th  by

o r th o -o r th o  and o r th o -p a r  a modes to  g iv e  (4*) c o ry tu b e r in e  and (-*-)

is o b o ld in e  in  28 and 8% y ie ld  r e s p e c t iv e ly .  T h is p ro c e s s  has been

lik e n e d  to  th e  o x id a tio n  o f  p h e n o lic  is o q u in o l in e s  by copper—c o n ta in in g

enzymes, e .g .  la c c a s e .  Scheme XIX re p re s e n ts  th e  p o s s ib le  in t e r a c t io n

betw een th e  copper atom , th e  p h e n o lic  s u b s t r a te  and an oxygen m o lecu le .

The a p p l ic a t io n  o f  pheno l o x id a tiv e  co u p lin g  to  th e  s y n th e s is  o f

ap o rp h in e  a lk a lo id s  ( i . e .  by d i r e c t  c o u p lin g , by p ro ap o rp h in e  and n e o -

proapoxqphihe fo rm a tio n ) ,  has  p re v io u s ly  been d e a l t  w ith  (see  S ec tio n  1 -.2)

I t  i s  o n ly  r e c e n t ly  t h a t  a c id - c a ta ly s e d  rea rran g e m en t o f  n eo p roapo rph ine

277system s to  ap o rp h in e  s t r u c tu r e s  has been ach iev ed ; Kupchan has

succeeded  in  r e a r ra n g in g  th e  b o rane  complexes o f  th e  d ienones 210. 211

and 212 to  ap o rp h in e  a lk a lo id s  in  good y i e ld s .  Acid c a ta ly s e d

278rea rran g e m en t o f  th e  p ro c u la r in e  compounds 91  gave an ap o rph ine

p ro d u c t r a th e r  th a n  th e  expec ted  c u la r in e  compound. T ran sfo rm a tio n  o f
279

th e  d ie n o l 213 to  th e  ap o rp h in e  a lk a lo id  214- has been ac h ie v e d '' u s in g

m ethyl f lu o ro s u lp h o n a te ,  a lth o u g h  th e  y ie ld  was l e s s  th a n  1 S im ila r ly ,

a c id - in d u c e d  rea rran g e m en t o f  a  m ix tu re  o f  th e  ep im eric  d ie n o ls  215

280gave 1 , 10 -d im ethoxy-9 -hydroxyaporph ine  in  85% y ie ld .

P ho tochem ica l c y c l i s a t i o n s  have over th e  p a s t  decade , p la y ed  an

281im p o rta n t r o l e  in  ap o rp h in e  a lk a lo id  s y n th e s is  and o f p a r t i c u l a r

im portance  i s  th e  m o d ified  v e rs io n  o f  th e  s t i lb e n e -p h e n a n th re n e

282tra n s fo rm a tio n ,  developed  by Cava, ~ in v o lv in g  th e  n o n -o x id a tiv e
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i r r a d i a t i o n  o f h a lo g e n o s t ilb e n e s  o f  ty p e  216, in  th e  p re se n c e  o f

p o ta ss iu m  te r t .-b u t  oxide., Y ie ld s  o f 6a., 7--dehydroaporphines by such

a p ro c e ss  a re  h i g h 6 ^ ?^ ^  (over 70% in  c e r ta in  c a s e s '^ ) .  The s u b je c t

285o f  enamide p h o to ly s is  has been rev iew ed  . S y n th e s is  o f  ap o rp h in e  

a lk a lo id s  by p h o to ly s is  o f  e i th e r  h a lo g en a te d  or n o n -h a lo g en a ted  t e t r a -  

h y d ro iso q u in o lin e  p re c u rs o rs  has a ls o  been re p o r te d .

Non_-roxidative p h o to ly s is  o f  th e  N ^acety l.-2 .-ch lo robenzy lidene

289d s o q u in o lin e  217 was found to  be a  more rew ard in g  ro u te  to  th e

ap o rp h in e  a lk a lo id  e l m e r r i l l i c in e  v i a  a  ,6a, 7 -d  ehy dr o ap o rp h in e  th an

^ i t f e p r  Ppghor r - sg-t ion p£ ;th e_ .ap p ro p ria te  2tam ino compound, or

jp h p tp ly s is  o f  th e  N ^acety l^2 id o d o -1 ,.2 ,3 ,A ^t e t r  ahydr o is o q u in o l in e  218 .

290Jap an ese  p o rk e rs  have  succ.ess f u l l y  p re p a re d  th e  apo rp h in e  d o m e stic in e

i n  y ie ld , by i r r a d i a t i o n  o f  & p h en o lic  b ro m o iso q u in o lin e  in  th e

p re se n c e  o f  sodamide and DMFj a lth o u g h  th e  a u th o rs  im p lic a te  pheny l

p& dieg i a t t a c k  on th e  a p b iv a fq d  -ring , a  benzyne.^m ediated mechanism could

291§1§9 p p e p a te , bhamma h as  r e p o r te d '-  th e  p re p a ra t io n  o f  de-N -m ethyl-  

tfea lp h en in e  219 p h is h  jaay r e s u l t  frp&  th-p gpnyer s i  on o f  th e  p h e n o lic  

@.perpb.in@ 220. tb rp p g h  th e  qu inone m etM de 221, to  th e  apo rph ine  e th e r  

g19 v ia  r a p id  bend t  §o& ert s a t i e n ,

H ee e n tly  th e  u se  o f  c e r t a in  pne^ and bvp .^electron  chem ical o x id a n ts

h as  enab led  non^pheno lic  and mono-phenolic is o q u in o l in e s  to  be co n v erted

e f f ig ie n - t ly  to  ap o rp h in e  a lk a lo id s ,  Lead t e t r a a c e t a t e  o x id a tio n s  have
292bgen p a r t i c u l a r l y  e f f e c t iv e  in  ap o rp h in e  s y n th e s is  and have been 

293^ e y i e ^ e d , I n  o rd e r  tp  a c t i v a t e  th e  D r in g  o f  b e n z y l is o q u in o l in e s  

•t§V/ar4.§ c y c l i s a t io n  i t  was found n ep esg ary  to  have an oxygen fu n c tio n  

p a ra  to  th e  r e a c t in g  s i t e ,  O x id a tio n  o f  7 ^ h y d ro x y b e n zy liso q u in o lin e s  

by la a d  t e t r a a c e t a t e  i n i t i a l l y  p roduces p= quino l a c e ta te s  hav ing  th e  

gen@rg.l g t ru c tu r e  222 w hich upon g c id i f ig a t io n  re a r ra n g e  to  th e  c o r r e s -
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ponding aporph ine  a lk a lo id s  by th e  mechanism shown, i . e .  222 —^  223. 

Y ie ld s  by th i s - r o u t e  a re  in  g e n e ra l good, compared w ith  some o th e r  

chem ical m ethods. P re p a ra t io n  o f  ap o rp h in es  by th e  a c t io n  o f vanadium 

o x y tr i f lu o r id e  on m onophenolic is o q u in o l in e s  in  t r i f l u o r o a c e t i c  'a c id

29 Lhave a lso  been s u c c e s s fu l ,  .g iv ing  h ig h  y ie ld s  o f ap o rp h in e  a lk a lo id s .

Lower y ie ld s  were o b ta in e d  when th e  n i t ro g e n  lo n e  p a i r  e le c tro n s  were

unb locked . C onversely , i t  was found th a t  vanadium o x y t r i f lu o r id e

o x id a tio n  o f  n o n -p h en o lic  is o q u in o l in e s  gave b e t t e r  y ie ld s  when th e

295lo n e  p a i r  e le c tro n s  w ere a v a i la b le ,  e .g .  2 2 j gave 43% o f  th e  

a p p ro p r ia te  a p o rp h in e , w hereas o n ly  6% o f apo rp h in e  p ro d u c t was o b ta in e d  

from  th e  N~formyl analogue 225. th e  m ajor p ro d u c t in  t h i s  case  b e in g
p/i /

th e  sp iro d ie n o n e  226. An in v e s t ig a t io n  in to  th e  o x id a tio n  o f  227 

by  v a r io u s  chem ical r e a g e n ts  has dem onstra ted  th e  e f f ic ie n c y  w ith  w hich 

•’vanadium  o x y t r i f lu o r id e  - and molybdenum o x y te tr  a c h lo r id e  a re  a b le  to  

.b rin g  abou t in tra m o le c u la r  c y c l i s a t i o n s ,  fu rn is h in g  th e  q u in o n o id a l 

-ox o ap o rp h in e  209 in  59 and 62% y ie ld  r e s p e c t iv e ly .

’T h a lliu m  t r i s ( t r i f l u o r o a c e t a t e ) ,  has been u sed  b y 'T a y lo r  and h i s  

296c o l la b o r a to r s  to  p re p a re  th a lic m in e  228 in  -46% y ie ld  by  a o n e -s te p

n o n -p h e n o lic  co u p lin g  r e a c t io n  o f  an a p p ro p r ia te  p r e c u r s o r .  The same

29Vcompound was p rep a red  in  o n ly  11 % y ie ld  by  a P sch o rr r in g  c lo s u re .

An i n t e r e s t i n g  o b se rv a tio n  from  t h i s  same work was th e  fo rm a tio n  o f  

an a c e to x y la te d  apo rp h in e  229 by tre a tm e n t o f  th e  same p re c u rs o r  w ith  

th a l l iu m  I I I  a c e ta t e .  T h is  was th e  f i r s t  r e p o r te d  fo rm a l p h e n o lic  

'T u n c t io n a l is a t io n  o f  th e  D 'r in g  i n  an ap o rph ine  a lk a lo id .

The u se  o f  enzymes f o r  th e  s y n th e s is  o f  ap o rp h in es  and o th e r  I s o q u in o l in e

a lk a lo id s  h as  been d is c u s se d  (see  S ec tio n  1 .4 .2 ) ,  and has r e c e n t ly  been 
298rev ie w e d . O ther m isc e lla n e o u s  r o u te s  to  ap o rp h in e  a lk a lo id s  have
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a ls o  been r e p o r te d .  The cyclohexad iene  d e r iv a t iv e  230 has been

299co n v erted  in to  th e  ap o rp h in e  231 by  th e  a c t io n  o f  p h o sp h o ric  a c id ; 

s im i la r ly  th e  Grewe c y c l i s a t i o n  o f  th e  o x a la te  o f  1 -(4 -h y d ro x y b en zy l)~  

2 -m e th y l- 1 , 2 , 3 , 4 *5*8-h e x a h y d ro iso q u in o lin e  232, in  85$ p h o sp h o ric  a c id  

gave*^ b o th  233 and 234- in  a p p ro x im a te ly  eq u a l p ro p o rtio n s*  p o s s ib ly  

v ia  d is p ro p o r t io n a t io n  o f  th e  i n i t i a l l y  formed o c tah y d ro —ap o rp h in e  

235. E le c tro c h e m ic a l o x id a tio n  o f  la u d a n o s in e  was found to  p roduce 

th e  m orphinandienone 236 q u a n t i t a t i v e l y  and t h i s  in  tu r n  was c o n v e r t e d ^  

in  90$ y ie ld  to  th e  hydroxy ap o rp h in e  237c 'S im ila r ly  th e  iso m e ric  

d ienone 2^8 gave th e  expec ted  ap o rp h in e  75. in  31$ y i e ld .  Anodic

o x id a tio n  o f la u d a n o s in e  in  t r i f l u o r o a c e t i c  a c id  a f fo rd e d  g la u c in e  76
301 302in  17$ y i e ld .  A n o v e l approach  to  ap o rp h in e  compounds in v o lv e s

th e  ca th o d ic  c y c l i s a t io n  o f  an io d o b e n z y liso q u in o lin iu m  s a l t  (p re p a re d

v ia  R e i s s e r t  a lk y la t io n )  in  a c e t o n i t r i l e ,  to  g iv e  an 86$ y ie ld  o f  th e

4 ,5 ,6 a ,7 - te tra ~ d e h y d .ro a p o rp h in e  239. The dim ethoxy analogue 24-0 was

p re p a re d  in  a  s im i la r  manner in  74-$ y ie ld .

The o x id a tio n  o f  n o n -p h e n o lic  ap o rp h in e  a lk a lo id s  to  t h e i r  co rresp o n d in g  

6a *7-d eh y d ro ap o rp h in es  has  been ach iev ed  by -a v a r i e t y  o f  o x id is in g  

a g e n ts ,  in c lu d in g  p o ta ss iu m  p e rm a n g a n a te ,^ ^  D D Q , m e r c u r i c  c h l o r i d e " ^
a

and io d in e ,  th e  l a s t  o f  w hich has been shown to  g iv e  b e t t e r  y ie ld s

o f  th e  dehydrogenated  p ro d u c t.  More r e c e n t ly ,  v e ry  h ig h -y ie ld  co n v e rs io n s

o f  ap o rp h in es  to  dehyd ro ap o rp h in es  have been ach iev ed  u s in g  10$

307p a l la d is e d  c h a rc o a l in  r e f lu x in g  a c e t o n i t r i l e .  I t  was a lso  o b serv ed

t h a t  n o ra p o rp h in e s  and p h e n o lic  ap o rp h in e s  gave oxoapo rph ines by a e r i a l

o x id a t io n .  Low y ie ld s  o f  dehydrogldU cine 24-1 have a ls o  been o b ta in e d
308from  g la u c in e  by  le a d  t e t r a a c e t a t e  o x id a tio n . S im i la r ly  th e

fo rm a tio n  o f th e  oxoaporph ine 242 by u .v .  i r r a d i a t i o n  was assu m ed ^ ^
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to  in v o lv e  th e  i n i t i a l  fo rm atio n  o f a 6a , 7 -dehydroapo rph ine  24-3 •

fo llo w ed  by lo s s  o f th e  N-m ethyl group (p o s s ib ly  as carbon d io x id e ) ,  

and double bond m ig ra tio n  to  th e  6a -  -dehydroaporph ine  244 w ith  

subsequen t o x id a tio n .

3 .2  S y n th es is  o f  S u b s tra te s

3 .2 .1  N -T rif lu o ro a c e ty l-1  -  ( 3;, 4-( 5 -tr im e th o x y b e n z y l) - 6-hydroxy--7-
m ethoxy-1 , 2 , 3 , 4,- te tra h y d ro  I s o q u in o lin e -1 -c a rb o x y l!c  a c id  24-5

A ttem pts to  p re p a re  N -acy la ted  d e r iv a t iv e s  o f th e  <X-ami.noacid 166 u s in g  
1

a c e ty l  c h lo r id e ,  e th y l ch io ro fo rm a te  or f r e s h ly  p re p a re d  a c e t ic - fo rm ic  

310'an h y d rid e , proved u n s a t i s f a c to r y ,  g iv in g  low y ie ld s  o f  u n id e n t i f i a b le  

p ro d u c ts . R e s u lts  u s in g  t r i f l u o r o a c e t i c  an hyd ride  were c o n s id e ra b ly  

b e t t e r ,  h ig h  y ie ld s  o f  th e  n o v e l h - t r i f l u o r o a c e ty la t e d  a c id  24-3 be in g  

o b ta in e d  on s t i r r i n g  a c id  166 w ith  a sm all excess o f  th e  anhyd ride  a t  s 

room te m p era tu re  in  th e  p re se n c e  o f  t r ie th y la m in e .  In  view o f  t h i s  

f in d in g  th e  t r i f l u o r o a c e t y l  m o ie ty  was chosen as th e  p r o te c t in g  group 

f o r  th e  n it ro g e n  atom th ro u g h o u t t h i s  s tu d y .

The a ttem p ted  p re p a ra t io n  o f  2^5 u s in g  t r i f l u o r o a c e t i c  anh y d rid e  in  

r e f lu x in g  p y r id in e  gave h ig h  y ie ld s  o f  a n e u t r a l  compound. This 

anomalous r e a c t io n  w i l l  be d isc u sse d  in  C hapter 5 (S e c tio n  5 . 3 )

, 3 .2 .2  6a , 7 -D ehydroaporphine and A porphine Compounds C orresponding
to  245              ~ ............. ............. .............

In  c o n s id e ra tio n  o f  th e  h ig h  y ie ld s  o f  6a , 7 -dehyd ro ap o rp h in es  o b ta in ed

v ia  th e  i r r a d i a t i o n  o f  b ro m o stilb e n e s  in  th e  p re sen ce  o f  p o ta ss iu m  t e r t -

2S2 283b u to x id e  and t e r t - b u t a n o l ,  5 th e  p re p a ra t io n  o f  th e  r e q u ire d  

pen tam ethoxy-6a , 7 -d ehyd roaporph ine  24-6 was a ttem p ted  by such a r o u te .
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B roraination  o f 5 -tr im e th o x y p h e n y la c e tic  ac id  acc o rd in g  to  th e

311^ae-thod o f Kam etani, gave g^bro^moa-j, 4-,5 -tr tm e th o x y p h e n y la c e tic  a c id  

247 in  91% y ie ld .  E a r l ie r  a tte m p ts  to  make th e  same p ro d u c t u s in g  

■ u n d is ti lle d  ch lo ro fo rm  as th e  s o lv e n t r e s u l t e d  in  th e  fo rm atio n  o f  th e  

e th y l  e s te r  24-8 , presum ably  by hydrogen brom ide c a ta ly s e d  e s t e r i f i c a t i o n  

Between th e  b rom inated  a c id  and th e  e th a n o l p re s e n t  in  ch lo ro fo rm . 

P re p a ra t io n  o f  th e  co rresp o n d in g  amide 249 from  247 and hom overatry lam ine 

•using ;N ,;N ^dicyclohexylcarbodiim ide to  prom ote co u p lin g  proved u n s u c c e s fu l,  

g iv in g  in s te a d  a m ix tu re  o f  th e  mono and d ib ro m in a ted adducts  250 and 

M s  th e  l e t t e r  was th e  minor component, p ro b a b ly  a r i s in g  from  2 , 6- '  

d lb fp m o ^ phpd-^tp im ethoxypheny lacetie  a c id  p r e s e n t  as a t r a c e  im p u r ity  

i n  247, These -two u r e a s , showed d i s t i n c t i v e  i , r , s p e c tr a ,  each hav ing  

two C«0 and one N=-H a b s o r p t io n s 5 t h e i r  nmr s p e c tr a  e x h ib ite d  a h ig h

f i e l d  m u lti  p ie td u e  -to th e  cy c lo h ex y l g ro u p s. Amide 249 was s u c c e s s fu l ly
X  0

§ y n th § § ised  by h e a tin g  a t  1BO th e  s a l t  o b ta in e d  from  hom overatry lam ine

and a e id  247,

ftlng  s lp s y re  o f  th e  a-M-.de u s in g  phosphorus P;xyc h lo r id e  acc o rd in g  to  th e  

isethed d e sc r ib e d  by  6& y a , ^  gay© a  lew  y ie ld  o f  _1~(2-bromo- 3',4 ' 5 -

t-rlm ethoxybengy l) =?6, 7-d im ethoxy^3 , 4 = -d lh yd ro isoqu lno line  252, b u t i t
312was o b ta in e d  in  61% when c y c l i s a t io n  w ith  phosphorus p e n ta c h lo r id e

*

Was u se d , N =rTrifluoroac e ty la t i o n  o f  252 w ith  t r i f l u o r o a c e t i c  an h y d rid e

ip  ch lo ro fo rm  produced th e  r e q u ir e d  enamide 253, A lthough compound

x i s  i l l u s t r a t e d  in  th e  c ig ^ s t i lb e n e  form , an eq u a l m ix tu re  o f  th e

§ i§  §nd t? § n s  isom ens was p roduced , e x h ib i t in g  two d i s t i n c t  s in g le t

19a b so fp tio n g  in  th e  n.RWf a r ig in g  from  th e  d e sh ie ld e d  c is  and s h ie ld e d

trg n g  s t r u c tu r e s j  (a  s im ila r  d ed u c tio n  was made by PCMU, based  upon th e  

1 3--G nmr spectrum  fo r  t h i s  compound), • T r i f lu o r  oac e ty la t i o n  c a r r ie d  o u t 

in  p y r id in e  gave a m ix tu re  o f  b o th  253 and a p a le  yellow  compound which
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19gave no F nmr s ig n a l  and had a n '" in fra re d  spectrum  showing a carbony l

*•1 -1  band a t  1660 cm" , r a th e r  th an  vth e  band a t  approx . 1700 cm c h a r a c te r ­

i s t i c  o f  a t r i f lu o ro a c e ta m id e .  Based upon t h i s  and mass s p e c t r a l  and 

nmr d a ta  th e  compound was i d e n t i f i e d  as 1 -(2-brom o-3 /r<4 ' 5 - tr im e th o x y -

b e n z o y l)-6 .,7 -d im e th o x y -3 ,4 -d ih y d ro iso q u in o lin e  254-*

%
When th e  N - tr i f lu o ro a c e ty le d  p ro d u c t 253 was d is s o lv e d  in  benzene 

c o n ta in in g  po tass iu m  te r t - b u to x id e  and t e r t - b u ta n o l  a yellow  s o lu t io n
i

Was im m ediate ly  ob ta ined ,. T , l , c ,  showed th e  absence o f  253 and th e  

p re sen ce  o f  a sp o t w hich was c o in c id e n t w ith  th e  k e to -iin in e  254.

I s o la t io n  o f  th e  p ro d u c t confirm ed th a t  254- was indeed  formed by th e  

im m ediate d e a o y la tio n  and o x id a tio n  o f  253. I r r a d i a t i o n  o f  254 was 

a ttem p ted  in  th e  hope th a t  c y c l is q t io n  o f an cx '-o x o iso q u in o lin e  would 

g iy e  an pxpapprph ine , s im ila r  to  th e  r e s u l t s  r e p o r te d  by K a m e ta n i '^ .  - u  L'^  

However np such p ro d u c t was form ed, w ith  on ly  s t a r t in g ,  m a te r ia l  b e in g  

recovered*  I r r a d i a t i o n  o f £5^  in  n o n -b a s ic  media u s in g  e i th e r  m ethanol 

©3? b@nge.ne as s o lv e n t and calcium ca rb o n a te  as th e  r e q u ire d  hydrogen 

~*halide scavenger p ro d u c e d 'in t r a c ta b le  m ix tu re s .

In vi©W o f  th e  ease  w ith  which th e  t r i f l u o r o a c e t y l  fu n c tio n  i s  removed

in  basic media, i t  was n e x t decided  to  employ th e  N -ethoxycarbony l

283b lo c k in g  group , as used  by Gava and h is  co -w orkers . The co rresp o n d in g

ftf~sthoxycarbonyl a m in o s tilb e n e  255 was p rep a red  in  35% y ie ld  from  252

and e thy l ch lo ro fo rm u te j the nmr spectrum o f  th e  p ro d u c t in d ic a te d  th a t

a p reponderance o f  th e  b rans  isom er was p r e s e n t .  P h o to ly s is  o f  255 fo r

28 314 h r ,  was carried  o u t according to  th e  l i t e r a t u r e  method and r e s u l t e d  

in  o n ly  u n re a c te d  s ta r t in g  m ateria l b e in g  re c o v e re d . T his a p p a re n t 

non-reaction  was p ro b ab ly  a r e s u l t . o f  th e  low er o u tp u t (90 w a tt)  from  

th e  pho tochem ical r e a c to r  u sed , compared w ith  t h a t  employed by Cava e t  a l
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(4-50 w a t t ) .  However when t h i s  same s o lu t io n jwas i r r a d i a t e d  fo r  a

f u r th e r  10 days i t  gave in  a d d i t io n  to  u n re a c te d  s t a r t i n g  m a te r ia l  a

sm all amount o f  a yellow  o i l  which could n o t be made to  c r y s t a l l i s e ;

t h i s  could have been th e  re q u ire d  dehydroaporphine in  view o f an

a b so rp tio n  band a t  260-270 nm in  i t s  u .v .  spectrum  ( c h a r a c t e r i s t i c  o f  

122dehydroaporph ine .' ~ ) T his p ro d u c t wqs n o t examined f u r th e r  because  

o f  th e  su ccess  o f o th e r  s y n th e t ic  methods (see  l a t e r ) .  -

E lec tro c h e m ic a l r e d u c t io n  o f  a compound s t r u c t u r a l l y  s im ila r  to  253
*• t

302 'has  been r e p o r te d . to  g iv e  a 6 a ,7 -d eh y a ro ap o rp h in e . An a tte m p t to

rep ro d u ce  such a r e a c t io n  a t  a carbon f e l t  ca th o d e , w ith  253 as  s u b s t r a te  

was made. U n fo r tu n a te ly  d i f f i c u l t i e s  were ex p e rien ced  in  m a in ta in in g  a 

s u f f i c i e n t l y  h ig h  w orking c u r r e n t ,  presum ably  as a r e s u l t  o f  e le c tro d e  

c o a t in g . T his approach  was n o t co n tin u ed .

292 294.The u se  o f  le a d  t e t r a a c e t a t e  and vanadium o x y t r i f lu o r id e  have

r e c e n t ly  been r e p o r te d  to  e f f e c t  th e  r in g  c lo s u re  o f  7-hydroxy~1-

b e n z y lis o q u in o l in e s  to  th e  a p p ro p r ia te  1-hydroxyaporph ines'. I t  was

th e r e f o r e  c o n s id e re d  t h a t  c y c l i s a t io n  o f th e  N - t r i f lu o r o a c e ty l - 1 -

b e n z y lid e n e is o q u in o lin e  256 w ith  e i th e r  le a d  t e t r a a c e t a t e  or vanadium

o x y t r i f lu o r id e  and subsequen t m e th y la tio n  r e p re s e n te d  a re a so n a b le

292approach  to  th e  6 a ,7 -d eh y d ro ap o rp h in e  246. The known amide 257

292and 3 , 4 -d ih y d r o is o q u in o l in e  256 were p rep a red  by h e a t in g  th e

a p p ro p r ia te  p h en y le th y lam in e  s a l t  and c y c l i s a t io n  w ith  phosphorus 

o x y ch lo rid e  r e s p e c t iv e ly .  T reatm ent o f  256 w ith  t r i f l u o r o a c e t i c  

an h y d rid e  in  th e  u s u a l  manner gave th e  nov e l N - t r i f lu o r o a c e ty l - 1 -  

5 6 tr im e th o x y b en zy lid en e ) -6 -m eth o x y -7 -b en zy lo x y -1 ,2 ,3 * 4 - t e t r a -  

h y d ro is o q u in o lin e  259. C a ta ly t ic  h y d ro g en o ly s is  o f  t h i s  b en zy l e th e r  

th e n  fu rn is h e d  th e  re q u ir e d  p h e n o lic  p re c u rso r  256. An a l t e r n a t iv e
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r o u te  to  th e  same compound was to  d e b e n z y la te  258"and to  r e a c t  th e

r e s u l t a n t  1 . - ( 5 -trim e th o x y b en zy l )-6 -m ethoxy~7-hydroxy-3 . A-
\

d ih y d ro iso q u in o lin e  260 w ith  t r i f l u o r o a c e t i c  an h y d rid e . The major

p ro d u c t g iven  by t h i s  method was a lm ost c e r t a in ly  th e  0 ,N - b i s t r i f l u o r o -

a c e ty l  compound 261, showing two d i s t i n c t i v e  carbony l a b s o rp tio n s  a t  
~1

1800 and 1685 cm , i n d i c a t iv e  o f -0C0CFo and -NCOCF^ re s p e c t iv e ly .-  

A ttem pts to  o b ta in  261 in  a pu re  s t a t e  by bo th  column and th ic k  la y e r  

chrom atography r e s u l t e d  in  c leav ag e  o f  th e  d ep s id e  bond, f u rn is h in g
i

d e s ir e d  p h e n o lic  compound 256. H y d ro ly sis  o f 261 in  10% sodium

d o n a te  ..so lution gave two p ro d u c ts , th e  p h e n o lic  b en zy lid en e  256 and

1 -(3 ^ A f5^trim eth o x y b en zo y l)-6 -m e th o x y -7 -h y d ro x y -3 ,A -d ih y d ro iso q u in o lin e

262 in  equ a l am ounts, The a ttem p ted  c y c l i s a t io n  o f  256 u s in g  le a d

t e t r a a c e t a t e  and vanadium  o x y t r i f lu o r id e  acc o rd in g  to  th e  r e p o r te d

m ethods, gave th e  same p ro d u c t in  bo th  c a se s , id e n t i f i e d  as th e  k e to -  
\

iffldjne 262# I t  WOWTd th e r e f o r e  seem t h a t  bo th  o f  th e s e  re a g e n ts  i n t e r a c t  

in  some ¥§y w ith  th e  p n s a tu ra te d  fu n c tio n  o f  256. in d u c in g  th e  m olecule  

to  d o a o y la te  and to  ho o x id ise d  to  th e  k e to -im in e  s t r u c t u r e ,  a lth o u g h  

th o  §§pten§e o f  th e s e  two r e a c t io n s  i s  n o t known.
t

Tho e y o l is a t io n  o f  N - t r i f lu o r o a c e ty l - 1 -(3* AC 5 - tr im e th o x y b e n z y l) -6 -  

methoxy-7-hydroxy^1 .2 . 3 .A - te tra h y d ro is o q u in o lin e 26.3 .was n e x t a tte m p te d . 

B oduetion  o f  th e  d ihydro  compound 258 to  th e  te t r a h y d ro is o q u in o l in e  264. 

was found to  he u n s a t i s f a c to r y  u s in g  sodium b o ro h y d rid e  and so was 

ach iev ed  hy a r e f lu x in g  z in c - g la c i a l  a c e t ic  a c id  m ix tu re . R eac tio n  o f 

-264- w ith  t r i f l u o r o a c e t i c  an h y d rid e  gave N - tr i f lu o r o a c e ty l - 1  - ( 3* 4-' 5 - 

jr im e th o x y b e n z y l) g-6^m ethoxy-7-benzyloxy-1,2 .3 ,  A - t e t r ahydr o is o q u in o l in e  

265 in  A-Tfo y ie ld  w hich upon c a t a l y t i c  h y d ro g en o ly s is  fu rn is h e d  th e  

r e q u ire d  p h e n o lic  compound 263.
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The n o v e l ap o rp h in e  266 was p rep a red  in  35% and 10% y ie ld s  u s in g  le a d
<■

t e t r a a c e t a t e  and vanadium o x y t r i f lu o r id e  r e s p e c t iv e ly .  The base  peak

in  th e  h ig h  r e s o lu t io n  mass spectrum  o f  266 had an m/e v a lu e  o f  327;' ?
1 2 2  3 1 A ‘ ■*i n d ic a t iv e  } o f  th e  fragm en t io n  267, a r e t r o  D ie ls -A ld e r ty p e

s p e c ie s ,  c h a r a c t e r i s t i c  o f  ap o rp h in e  s t r u c t u r e s .  The low er y ie ld

o b ta in e d  from  vanadium o x y t r i f lu o r id e  was d is a p p o in t in g } s in c e
29 L »Kupchan had re p o r te d  a 70% y ie ld  o f  N - t r i f lu o r o a c e ty lw i ls o n i r in e

268 from  th e  a p p ro p r ia te  N - t r i f lu o r o a c e ty l  p re c u rso r  by t h i s  method and -

a y ie ld  a t  l e a s t  com parable to  t h i s  was a n t ic ip a te d  s in c e  263 d i f f e r e d  A

from  Kupchan*s s t a r t i n g  m a te r ia l  o n ly  by an a d d i t io n a l  methoxy group.

However th e  d i f f i c u l t i e s  in  h an d lin g  t h i s  ex trem ely  h y g rb sco p ic  re a g e n t

could have caused th e  low er y ie ld .  The y ie ld  o f ap o rp h in e  a lk a lo id

from  th e  le a d  t e t r a a c e t a t e  c y c l i s a t io n  was in  agreem ent w ith  th o se
292re c o rd e d  by Umezawa.

I

-M eth y la tio n  o f  266 could  n o t be c a r r ie d  o u t u s in g  d iazom ethane, io d o -  

m ethane-po tassium  c a rb o n a te  o r d im e th y lsu lp h a te -p o ta s s iu m  c a rb o n a te , 

p resum ably  because o f  s t e r i c  h in d e ra n ce  o f  th e  1-hydroxy  group by th e  

su rro u n d in g  methoxy g ro u p s , b u t was e f f e c te d  u s in g  a m ix tu re  o f  sodium 

h y d rid e  and iodom ethane in  DMF, a f fo rd in g  N - t r i f lu o r o a c e ty l - 1 ,2 ,9 ,1 0 ,1 1 -pen— 

tam eth o x y -n o rap o rp h in e  269 in  65% y i e ld .  S ev e ra l a tte m p ts  to  o x id is e  t h i s  

pentam ethoxy apo rp h in e  u s in g  io d in e  in  dioxan f a i l e d  to  p roduce th e  

expected  6 a ,7 -d eh y d ro ap o rp h in e  24-6.

I t  was a lso  c o n s id e re d  p o s s ib le  t h a t  th e  2 -h y d ro x y -6 a ,7 -d eh y d ro ap o rp h in e  

270 could be p rep a red  from  N - t r i f lu o r o a c e ty l - 1 - ( 3 l^ f  5-trim ethoxybenz~/i~  

id en e )-6 -h y d ro x y -7 -m eth o x y -1 , 2 , 3 , 4 - - te tra h y d ro iso q u in o lin e  271 by tre a tm e n t 

w ith  DDQ, w ith  th e  r e a c t io n  p ro ceed in g  by th e  mechanism shown in  Scheme 

XX. T his ro u te  appeared  more a t t r a c t i v e  th an  th e  u se  o f th e  7-hydroxy
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p re c u rs o rs  because i t  would g iv e  d i r e c t l y  th e  c o r r e c t ly  s u b s t i tu te d

6 a ,7 -dehyd roapo rph ine  p o s tu la te d  in  th e  o x id a tiv e  d e c a rb o x y la tio n  o f

am ido-acid  24-5. Compound 271 was p rep a red  by th e  same ro u te  as i t s

7-hydroxy analogue th rough  th e  n ovel amide 272, 3 ,4 -~ d ih y d ro iso q u in o lin e
acetyl

hy d ro c h lo r id e  273 and N -trif lu o ro l-1 -^ (3 .4 /5 - t r  im ethoxybenzy li d en e ) - 6 -

benzyIoxy-7-m ethoxy-1 ,2 , 3 ,4 -- te tra h y d ro iso q u in o lin e  274-. I t  was a ls o

found as w ith  th e  7 -hydroxy  s e r i e s  t h a t  a tte m p ts  to  p re p a re  2,71 from

th e  p h en o lic  d ih y d ro iso q u in o lin e  275 gave a compound which e x h ib ite d

-1carbony l a b s o rp tio n s  a t  1810 and 1700 cm in  th e  i . r .  spectrum , i n f e r r i n g  

an 0 , N - d i t r i f lu o r o a c e ty la te d  p ro d u c t. R eac tio n  o f 271 w ith  an equim olar 

amount o f DDQ in  benzene gave an in t r a c t a b l e  gum as th e  p ro d u c t and 

was n o t pu rsued  f u r th e r .  A s im i la r  a ttem p ted  c y c l i s a t io n  o f  N - t r i f lu o r o ­

a c e ty l-1  - ( 3?4-f 5 -tr im e th o x y b e n z y l) -6 -hyd roxy -7 -m ethoxy -1 .2 ,3 .4 -- te tr  ah y d rc -  

I s p q u in o lin e  276 p re p a re d  in  th e  p re v io u s ly  d e sc r ib e d  manner v ia  

- c a t a l y t i c  h y d ro g en o ly s is  o f  th e  benzy loxy  p re c u rso r  277 a ls o  'f a i l e d  to  

g iv e  any ap o rph ine  p ro d u c t.

•

ff.3 . O x idation  S tu d ie s  on th e  Q<-Amido~Acid 24-5

The o b je c t o f  t h i s  s e c t io n  o f th e  work was to  in v e s t ig a t e  th e  p o s s ib le  

fo rm a tio n  o f th e  6 a ,7 -dehyd roapo rph ine  270 by th e  a c t io n  o f a v a r i e ty  

o f  o x id a n ts  on th e  am ido-acid  24-5; an a l t e r n a t iv e  ap o rp h in e  compound 

278 could  a ls o  p o s s ib ly  a r i s e  v ia  th e  same co u p lin g  r e a c t io n  and a 

subsequen t r e d u c t iv e  s ta g e .  U n fo r tu n a te ly  f a i l u r e  to  s y n th e s is e  e i th e r  

the 2-hydroxy ap o rp h in e  or th e  co rresp o n d in g  6 a ,7 -dehydroapo rph ine  

meant t h a t  i t  was n e c e s s a ry  in  a l l  th e  fo llo w in g  o x id a tio n  s tu d ie s  on 

24-5 to  m e th y la te  and red u ce  th e  crude r e a c t io n  p ro d u c t m ix tu re , th u s  

en ab lin g  ap o rp h in e -ty p e  p ro d u c ts  to  be i d e n t i f i e d  by com parison w ith  

the  p rep a red  N - t r i f lu o r o a c e ty l - 1 ,2 ,9 ,1 0 ,1 1 -pen tam ethoxyaporph ine  269.
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3 .3 ,1  Anodic O x idation

The s e le c t io n  o f  s u i ta b le  s o lv e n t system s fo r  th e  e le c tro c h e m ic a l

o x id a tio n s  o f 245 was im p o rta n t in  view o f  th e  s e n s i t i v i t y  o f  th e  N- -

b lo c k in g  group tow ards b a s ic  m edia. The two system s chosen w ere •

1s o lu t io n s  o f sodium b ic a rb o n a te  in  e i th e r  m ethano l-w ater o r a c e t o n i t r i l e  

w a te r , b o th  o f  which were s u f f i c i e n t l y  b a s ic  to  g e n e ra te  th e  r e q u ire d  

c a rb o x y la te  an io n , y e t  would n o t remove th e  N - t r i f lu o r o a c e ty l  f u n c t io n .  

P re lim in a ry  experim en ts w ith  th e se  so lv e n ts  showed t h a t  245 was 

s u f f i c i e n t l y  so lu b le  in  b o th  so lv e n t system s and cou ld  be reco v e re d  

unchanged by a c i d i f i c a t i o n  and ch lo ro fo rm  e x t r a c t io n ,  even a f t e r  

--standing fo r  24 h r . ,  th u s  d em o n stra tin g  th e  s u i t a b i l i t y  o f  th e se  two 

media fo r  th e  fo llo w in g  e le c tro c h e m ic a l s tu d ie s .  Anodic o x id a tio n s  o f 

245 u s in g  th e  m ethanol and a c e to n i t r i l e - s o lv e n t  system s w ere c a r r ie d  

o u t on carbon f e l t  anodes a t  a p p lie d  p o te n t ia l s  o f  360 and 270 mV 

r e s p e c t iv e ly ,  a g a in s t  a s ta n d a rd  calom el e le c t r o d e ,  u n t i l  no s t a r t i n g
f

m a te r ia l  was d e te c ta b le  by t . l . c .  The p ro d u c t m ix tu res  from  b o th

r e a c t io n s  were shown to  be v i r t u a l l y  i d e n t i c a l  by t . l . c . ,  w ith  th e

k e to -im in e  279 i d e n t i f i a b l e  by i t s  c h a r a c t e r i s t i c  orange c o lo u ra tio n

on s i l i c a - g e l  as th e  m ajor component. C onfirm ation  o f  th e  i d e n t i t y  o f

t h i s  compound was o b ta in e d  by an in d ependen t s y n th e s is  in  which 279

was o b ta in ed  in  60% y ie ld  by t h e . e le c tro c h e m ic a l o x id a tio n  o f  th e
1

unblocked  a c id  166, acc o rd in g  to  th e  method o f  B o b b it t .  Subsequent 

m e th y la tio n  by diazom ethane and c a t a ly t i c  re d u c t io n  (PtO^) o f  th e  

o x id a tio n  medium f a i l e d  to  d em onstra te  th e  p re sen ce  o f  a component 

hav ing  th e  same v a lu e  as th e  pentam ethoxyaporphine 269 u s in g  s e v e ra l  

d i f f e r e n t  chrom atographic s o lv e n t system s. A lthough th e s e  f in d in g s  

su g g es t t h a t  ap o rp h in e -ty p e  p ro d u c ts  a re  n o t formed v ia  o x id a tio n  o f  

245. i t  i s  p o s s ib le  t h a t  e i th e r  th e  m e th y la tio n  o r r e d u c t iv e  s ta g e s  or
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p o s s ib ly  b o th  may have been in e f f e c t i v e .

3. 3 .2  Enzym atic O x id a tio n

R eac tio n  o f  24-5 w ith  b o th  la c c a s e  and h o rs e ra d is h  p e ro x id a se -p e ro x id e  

was c a r r ie d  o u t in  a s o lu t io n  o f  ph o sp h a te  b u f f e r  (pH6) c o n ta in in g  j u s t  

s u f f i c i e n t  e th a n o l to  d is s o lv e  th e  a c id  s u b s t r a te .  R epeated a d d i t io n s  

o f th e  enzyme s o lu t io n s  w ere made a t  h o u r ly  i n t e r v a l s  f o r  s ix  h o u rs , 

a f t e r  w hich th e  r e a c t io n  m ix tu re  was e x tra c te d  w ith  ch lo ro fo rm . The 

m ajor p ro d u c t from  b o th  en zy m e-ca ta ly sed  r e a c t io n s  was ag a in  th e  k e to -  

im ine 279* I t  was a ls o  observ ed  th a t  the ' p ro d u c t m ix tu re  from  th e  

la c c a se -m e d ia te d  r e a c t io n  c o n ta in e d  a sm all amount o f  th e  3 ,4 --d ih y d ro - 

is o q u in o l in e  172 and s ig n i f i c a n t l y  l e s s  po lym eric  m a te r ia l  th an  th e  

p e ro x id a se  induced  r e a c t io n .  No s t a r t i n g  m a te r ia l  was e v id e n t in  e i th e r  

r e a c t io n  m ix tu re . M eth y la tio n  and re d u c t io n  f a i l e d  to  show any o f  th e  

hoped fo r  ap o rp h in e  269. A r e a c t io n  b lan k  c o n ta in in g  o n ly  s u b s t r a te  in  

a  b u f f e r - e th a n o l  m ix tu re  showed o n ly  u n re a c te d  s t a r t i n g  m a te r ia l  a f t e r  

s ta n d in g  o v e rn ig h t .

3 .3 .3  Chemical O x id a tio n s

Compound 279 was found to  be th e  s o le  p ro d u c t from  th e  o x id a tio n  o f  

245 by  a c t iv e  manganese d io x id e . S im ila r ly  279 was a ls o  th e  m ajor 

p ro d u c t from  a two phase  (c h lo ro fo rm -b ic a rb o n a te  s o lu t io n )  p o ta ss iu m  

f e r r ic y a n id e  o x id a t io n ,  and from  o x id a tio n  u s in g  DDQ. Two minor p ro d u c ts  

from  t h i s  l a t t e r  r e a c t io n  hav in g  v e ry  s im i la r  Rf  v a lu e S to  279 w ere a lso  

d e te c te d  b u t could  n o t be s e p a ra te d  in  s u f f i c i e n t l y  p u re  form  to  be 

i d e n t i f i e d .  A m ido-acid 245 was u n a f fe c te d  by a f r e s h ly  p rep a red  

cuprammonium s p e c ie s .

A lthough th e  h y d ro c h lo rid e  s a l t  o f  th e  3> 4--d ihy d ro iso q u in o lin e  172 was 

q u i t e  s t a b l e ,  th e  f r e e  b ase  form  was r a p id ly  co n v erted  in to  th e  k e to -
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im irie 279 by  a e r i a l  o x id a t io n .  I t  i s  th e r e f o r e  n o t p o s s ib le  to  say  

w ith  any deg ree  o f  c e r t a in t y  w hether 279 a ro se  d i r e c t l y  as a  r e s u l t  o f  

th e  a n o d ic , enzymic and chem ical o x id a tio n s  or w hether i t  was form ed by  

a e r i a l  o x id a tio n  o f  th e  i n i t i a l l y  form ed 3?4 -d ih y d ro is o q u in o lin e .

The o v e r a l l  in d ic a t io n s  from  th e s e  v a r io u s  o x id a tio n s  o f  a c id  24-5. a re  

t h a t  n u c le o p h i l ic  a t t a c k  o f  th e  1-b e n z y l r e s id u e  on a p o s s ib le  quinone

m eth ide in te rm e d ia te  s t r u c tu r e  does n o t ta k e  p la c e ,  and th a t  th e
?

predom inan t r e a c t io n ,  a f t e r  o r c o n c u rre n t w ith  d e c a rb o x y la tio n , I s  th e  

rem oval o f  th e  N -b lock ing  group accom panied by o x id a tio n  a t  th e  

b e n z y lic  p o s itio n ,,

The a t te m p ts  to  p re p a re  an am ido -ac id  analogous to  245, in  w hich th e  

b e n z y lic  p o s i t io n  i s  s u b s t i tu t e d  w ith  two m ethyl g ro u p s , th e re b y  

p re v e n tin g  o x id a tio n  a t  t h i s  s u s c e p t ib le  p o s i t i o n ,  i s  d is c u s se d  In  

C hapter 5 (S e c tio n  5►2)*
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CHAPTER FOUR

Attem p ted  S y n th es is  o f  a Cu.lar ine-T.y~pe A lk a lo id  by O x id a tiv e  
D ecarb o x y la tio n  o f  an Iso q u in o lin e -1 -C a rb o x y lic  Acid

Based upon s im ila r  argum ents to  th o s e  d isc u sse d  in  th e  in t ro d u c t io n

to  th e  p rev io u s  Chapter (see  page 75), o x id a tiv e  d e c a rb o x y la tio n  o f  •

a c id  280 could  g iv e  r i s e  to  th e  d ienone compound 281. Subsequent

in tra m o le c u la r  M ichael a d d i t io n  o f th e  2.-hydroxy m oiety  upon t h i s

d ienone ought th e r e f o r e  to  g e n e ra te  th e  c u la r in e - ty p e  a lk a lo id  282 by

a co m p le te ly  n o v e l approach . The work d e sc r ib e d  in  t h i s  C hapter was

th e re f o r e  aimed a t  p re p a r in g  such a compound b o th  by c o n v en tio n a l methods

and -via t h i s  d e c a rb o x y la tio n -a d d it io n  pathway,

\

4 ,1  .Synthesis o f C u la rin e  A lk a lo id s

To d&tc o n ly  fo u r n a t u r a l l y  o c c u rr in g  members o f  t h i s  c la s s  o f  a lk a lo id s
i

h&YP been iso la te d , v ig  c u la r in e  283, cul& rtm ine 284-, c u la r id in e  285 and 

O U laric ine  286, These fo u r  t e t r a c y c l i c  bases a re  o n ly  found in  th e  

genera P ic e n tra  and C o ry d a iis , and a re  u n u su a l in  t h a t  th e y  p o sse ss  an 

r in g  system, b r id g in g  the  ben zy l and i s e q u in o l in e  m o ie tie s  o f 

the  m olecu le , f>uoh a system in  co n s id e re d  to  be d e r iv e d  from  a 7 ,8 -  

©5cygenated p re c u rs o r  e ,g ,  p e t a l in e  89 , The b io s y n th e t ic  pathway to  such 

a lk a lo id s  has as y e t  not been e lu c id a te d ,  a lth o u g h  s e v e ra l  p o s s ib le  

r o u te s  have been p o s tu la te d  (gee Schemes V II-IX ) ,

In comparison w ith  o th e r  g la s s e s  o f i s o q u in o l in e  a lk a lo id s ,  r e l a t i v e l y  . 

few in _ y i t r o  sy n th ese s  o f  cu la rin e  a lk a lo id s  have been r e p o r te d .  The 

f i r s t  s y n th e s is  o f cu larin e  283 in v o lv ed  as th e  i n i t i a l  s te p ,  l in k in g  

o f  two a p p r o p r ia te ly  s u b s t i tu t e d  a r y l  u n i t s  by an Ullmann co n d en sa tio n , 

to  give a d ip h en y l e th e r ,  T his approach  has been u t i l i s e d  by Kametani 

and h is  go .-w orkers, who have sy n th e s is e d  th e  c u la r in e  r in g  system , b o th  

by a Pomerantz.-Ei’i t s c h  c y c l i s a t io n  o f  th e  a p p ro p r ia te  a c e t a l ^ ^  and
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Oi q 1
-by d eh y d ra tio n  o f th e  d ia c id  287 and subsequen t r e a c t io n  w ith  ammonia.

318S im ila r ly  th e  p re p a ra t io n  o f  c u la r ic in e  286 has been ach ieved  - th ro u g h

th e  in te rm e d ia c y  o f  th e  t r i c y c l i c  'oxepinone 288 w ith  subsequen t S c h if f s

b ase  fo rm atio n  and a m od ified  P o m e ra n tz -P r its c h ■c y c l i s a t io n .  The

Ullmann e th e r  s y n th e s is  has a ls o  been used  as th e  f i n a l  s te p  in  th e

p re p a ra t io n  o f  c u la r in e - ty p e  p ro d u c ts  by c y c l is in g  l- (Z -h y d ro x y b e n z y l) -

319 320,8 -b ro m o -1 ,2 ,3 ,4 - te tra h y d ro is o q u in o l in e s .  ’ An a l t e r n a t iv e  approach

in v o lv in g  Ullmann co n d en sa tio n  o f  an is o q u in o l in e  hav ing  a 2 -b rom inated

D r in g  and th e  hydroxy fu n c tio n  a t  C-8 on r in g  A has a ls o  been s u c c e s s -
321 -5f u l l y  a p p lie d  to  th e  s y n th e s is  o f  c u la r in e  compounds.

One o f th e  proposed  schemes f o r  th e  b io s y n th e s is  o f  th e s e  a lk a lo id s  

in v o lv e s  d i r e c t  carbon-oxygen co u p lin g  o f  a  d ip h en o l b e n z y lis o q u in o lin e  

-.(-Scheme V II ) .  Such a r e a c t io n  u s in g  p o ta ss iu m  f e r r ic y a n id e  has proved 

s u c c e s s fu l  in  th e  la b o ra to r y ,  g iv in g  th e  a p p ro p r ia te  c u la r in e  compounds, 

a l b e i t  in  low y ie ld s .  The work perform ed by Kametani in  t h i s  r e s p e c t  

h as been su m m arised * ^ ’ ^ 6 .  C o p t in e  has been p rep a red  in  7% y ie ld

by d i r e c t  phenol o x id a tiv e  co u p lin g  o f  289 u s in g  f e r r ic y a n id e  as th e

327 328 • 'o x id a n t,  ’ th e  s u b s t r a te  289 b e in g  p rep a red  v ia  a m od ified

P o m e ra n tz -E ritsc h  c y c l i s a t io n  w ith  subsequen t R e i s s e r t  a lk y la t io n ,  to

g iv e  th e  r e q u ire d  s u b s t i tu t io n  p a t te r n  on r in g  D.

An a l t e r n a t iv e  approach  in v o lv in g  a c id  c a ta ly s e d  rea rran g e m en t o f

sp iro d ie n o n e  in te rm e d ia te s  d e r iv e d  from  4-hydroxybenzy l is o q u in o l in e s

-h a s  a ls o  been s u c c e s s f u l ly  a p p lie d  to  th e  s y n th e s is  o f  c e r t a in  c u la r in e -  

102 329ty p e  compounds. ’ However, c u la r in e  i t s e l f  could n o t be p rep a red  

by such a r o u te ,  th e  a p p ro p r ia te  d ienone g iv in g  e i th e r  p h en o lic
qqh oo*l One)

1 -b e n z y lis o q u in o lin e s^ ^  ’ o r ap o rp h in e  °  p ro d u c ts ,  depending upon 

th e  n a tu re  o f  th e  a c id ic  media used  fo r  rea rran g e m en t.



4 .2  S y n th es is  o f  S u b s tra te s

4 .2 .1  N -T r if lu o ro a c e ty l-1  - ( 2-H ydroxybenzyl) -6-H ydroxy-7-M ethoxy-
1 . 2 . 3 ,4 -T e tra h y d ro iso q u in o lin e -1 -C a rb o x y lic  Acid 260

Two indep en d en t approaches to  th e  N -acy la ted  a c id  280 w ere in v e s t ig a te d .

The f i r s t  in v o lv ed  th e  p re p a ra t io n  and ac id  h y d ro ly s is  o f  th e  a p p ro p r ia te ly  

s u b s t i tu te d  R e is s e r t  compound 290. w hereas th e  second ro u te  r e q u ire d  a 

P ic te t-S p e n g le r  co n d en sa tio n  between th e  a p p ro p r ia te  ph en y le th y lam in e  

and s u b s t i tu te d  p y ru v ic  a c id .

The n o v e l d ih y d ro -R e is s e r t  compound N -b en zo y l-1 -cy an o -6 -b en zy lo x y -7 - 

m ethoxy-1,2 ,3 ,4 —te tra h y d ro is o q u in o l in e  291 was p rep a red  in  60% y ie ld  

from  th e  3 ,4 -d ih y d ro is o q u in o lin e  292 u s in g  th e  tw o .phase  method s im ila r  

to  t h a t  used  fo r  th e  iso m e ric  compound 186. A d d itio n  o f 291 in to  a 

su sp en sio n  o f  sodium h y d rid e  in  DMF produced th e  expec ted  re d  c o lo u ra tio n  

o f  th e  R e is s e r t  a n io n , w hich d isap p ea red  upon th e  in t ro d u c t io n  o f  a 

s o lu t io n  o f  crude 2 -benzy loxybenzy l c h lo r id e  293 (p rep ared  from  th e  

'■ appropriate  benzaldehyde 294- and p rim ary  a lc o h o l 2 9 5 ). The product, 

from  t h i s  r e a c t io n  cou ld  n o t be s u f f i c i e n t l y  p u r i f i e d  fo r  i d e n t i f i c a t i o n  

and coupled w ith  o th e r  f a i l u r e s  to  h y d ro ly se  7 -b e n z y lo x y -R e is se r t 

compounds to  t h e i r  r e s p e c t iv e  p h e n o lic  am ino -ac id s (see  page 67)/, t h i s  

approach  was n o t c o n tin u e d .

A more s u c c e s s fu l  pathw ay to  th e  re q u ire d  is o q u in o l in e -1 -c a rb o x y lic  

a c id  in v o lv ed  th e  P ic te t-S p e n g le r  cond en sa tio n  betw een 3 -h y d ro x y -4 - 

m e th o x y -/^ -p h en y le th y lam in e  h y d ro c h lo r id e  and 2 -benzy loxypheny lpy ruv ic  

a c id  296, g iv in g  th e  d e s ire d  n o v e l a c id  297 in  90% y ie ld .  P re p a ra t io n  

o f  th e  n e c e s s a ry  p y ru v ic  a c id  296 was ach ieved  in  57% y ie ld  by a lk a l in e  

h y d ro ly s is  o f  5 - (2 -b en z .y loxybenzy lidene) -2 - th io x iz o l id - 4 - o n e  298.

H igher y ie ld s  o f  t h i s  same a c id  w ere o b ta in ed  from  h y d ro ly s is  o f  th e
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a z la c to n e  299 and p u r i f i c a t i o n  th rough  th e  fo rm atio n  o f  th e  barium  s a l t .  

Due to  i t s  i n s t a b i l i t y  to  l i g h t  and a i r  t h i s  p ro d u c t was s to re d  u n d er’ 

n i t ro g e n  a t  4° u n t i l  r e q u ire d .  A lthough th e  s p e c t r a l  d a ta  fo r  297 were 

c o n s is te n t  w ith  t h i s  s t r u c t u r e ,  e lem en ta l carbon a n a ly s is  o f  th e  hyd ro ­

c h lo r id e  s a l t  d id  n o t ag ree  w ith  th e  expected  v a lu e s .

N -T r if lu o ro a c e ty la t io n  o f 297 u s in g  t r i f l u o r o a c e t i c  anh y d rid e  in  

ch lo ro fo rm  a t  room te m p era tu re  gave th e  2t-benzyloxy a c id  300 in  J+7% 

y i e ld .  E a r l ie r  a tte m p ts  to  p re p a re  e i th e r  th e  N*-formyl, N-^acetyl and
0 * 1  Q

N -ethoxycarbonyl an alogues o f 300 u s in g  a e e tic ^ fo rm ic  an h y d rid e ,
1

a c e ty l  c h lo r id e  o r e th y l  c h lo ro fo rm a te  r e s p e c t iv e ly ,  were u n s u c c e s s fu l ,

S im ila r ly ,  a tte m p ts  to  a c e ty la te  on n it ro g e n  u s in g  O ^d icy an o  e th y l  

333a c e ta t e  w ere a ls o  f r u i t l e s s .  However -reac tio n  o f  a e e tic ^ fo rm ic

an hydride  w ith  th e  n o v e l d e b en z y la ted  ac id  gave a sm all amount o f 
*.

• th e  S - la c to n e  302. S p e c tra l  d a ta  and e lem en ta l a n a ly s is  confirm ed th e  

la c to n e  s t r u c tu r e  r a th e r  th a n  th e  2-hydroxy=acid  a l t e r n a t i v e .

In  view o f  th e  r e l a t i v e  ease  o f  u se  and p>ed y ie ld s  o b ta in e d  w ith  

- t r i f l u o r o a c e t i c  an h y d rid e , th e  N-tr i f i n e r oa c e ty la ted  system was chosen 

in  p re fe re n c e  to  N~formyl an a lo g u es . S ev e ra l a tte m p ts  to  p re p a re  th e

2-hydroxy compound 280 by  c a t a ly t i c  hyd rp g en o ly g is  o f  300 w ith  5% 

p a l la d is e d  c h a rc o a l f a i l e d  to  produce th e  e j e c t e d  r e s u l t s ,  f o r  w hich 

th e  most l i k e l y  e x p la n a tio n  was co n tam in a tio n  o f  th e  palladium  c a t a l y s t ,
r t

U n fo r tu n a te ly  la c k  o f  tim e p re v e n te d  an a l t e r n a t i v e  s y n th e s is  o f 280 , / 

in v o lv in g  N - t r i f lu o r o  a c e ty la t io n  o f  th e  d ihydroxy  a c id  JQ 1, from  b e in g  

in v e s t ig a te d .

4-. 2 .2  A ttem pted S y n th e s is  o f  th e  Dehydr o c u la r  in  e Compound 303 

S e v e ra l d i f f e r e n t  s y n th e t ic  r o u te s  to  the re q u ir e d  d e h y d ro c u la r in e
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s t r u c tu r e  30.3 w ere fo llo w ed , a l l  in v o lv in g  a t  some s ta g e ,  a B is c l i le r -
i

N a p ie ra ls k i r e a c t io n ,  to  g e n e ra te  th e  is o q u in o l in e  r in g  system . To 

e f f e c t  th e  f i n a l  r in g  c lo su re  o f  a s u i ta b ly  s u b s t i tu te d  1 -b e n z y lis o q u in o lin e  

to  th e  co rresp o n d in g  oxepin  system , i t  was in te n d e d .to  u se  p e n ta f lu o ro -
n  f c  ( n i l 1 , u

pheny l copper, w hich has been used  to  b r in g  abou t in te rm o le c u la r  

Ullmann co n d en sa tio n  in  r e l a t i v e l y  h ig h  y ie ld s .

The f i r s t  proposed  s y n th e s is  re q u ir e d  th e  fo rm atio n  o f  3 ,4 -d ih y d ro -

335is o q u in o l in e  304- fo llo w ed  by m onobrom ination a t  th e  C-8 p o s i t io n ,

w ith  subsequen t d e b e n z y la tio n  and c y c l i s a t io n .  The m ajor p ro d u c t from

th e  r e a c t io n  o f  2 -h y d ro x y p h en y la ce tic  a c id  and b en zy l c h lo r id e  was

found to  be th e  b en zy l e s te r  305. which gave th e  d e s ire d  2 -benzy loxy

a c id  306 in  62% y ie ld  upon a lk a l in e  h y d ro ly s is .  The a ttem p ted  co n d en sa tio n

o f  t h i s  a c id  w ith  3 -m eth o x y -4 -h y d ro x y -^ -p h en y le th y la in in tj 307 acc o rd in g

288to  th e  method re p o r te d  by Casagrande f a i l e d  to  g iv e  th e  r e q u ire d

p h e n o lic  am ide, g iv in g  o n ly  an i n t r a c t a b l e  gum. U sing th e  same

ex p e rim en ta l c o n d i t io n s ,  co n d en sa tio n  o f  2 -b en zy lo x y p h en y lac e tic  a c id

and 3-m et ho xy-4 -h y d ro x y -5~bromo-jB  -p h en y le th y lam in e  30S (p rep a red  by

b ro m in a t io n ^ ^  o f 307) fu rn is h e d  3*1% o f  th e  b rom inated  amide 309.

U n fo r tu n a te ly  a tte m p ts  to  c y c l is e  t h i s  amide u s in g  phosphorus o x y c h lo rid e  
027in  a c e t o n i t r i l e  were u n s u c c e s s fu l .

An a l t e r n a t iv e  approach  to  th e  r e q u ire d  d e h y d ro c u la r in e  a lk a lo id  v ia

th e  d ih y d ro iso q u in o lin e  310 was n e x t in v e s t ig a te d .  T his r o u te  in v o lv ed  

th e  s y n th e s is  o f  3-ben zy lo x y -4 ,5 -d im e th o x y -y ^ -p h en y le th y lam in e  from

g a l l i c  a c id  acc o rd in g  to  Scheme XXI. P re p a ra t io n  o f  th e  p h e n o lic  a c id

337  .311 acco rd in g  to  B a tte rsb y * s  ^ method gave o n ly  7% o f  th e  ex pec ted

compound, th e  major p ro d u c t b e in g  3 , 4 , 5 -trim e th o x y b e n zo ic  a c id .

B en zy la tio n  o f  311 was ach iev ed  u s in g  b en zy l c h lo r id e  in  a lk a l in e
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e th a n o l, to  g iv e  3“benzyloxy-4-,5-d im ethoxybenzoic a c id  312 in  o n ly  22% 

y i e ld .  In  view o f low y ie ld s  ach iev ed  in  th e s e  two s te p s  t h i s  r o u te  was 

n o t pu rsued  f u r th e r .

4 .2 .3  O x id a tio n  o f  Acid 300

In s p i t e  o f  th e  f a i l u r e  to  produce a c id  280 from  i t s  benzy loxy  p re c u rs o r  

300. i t  was hoped th a t  u s e f u l  in fo rm a tio n  could  be ga in ed  by o x id is in g  

t h i s  p re c u rso r  b o th  e le c tro c h e m ic a lly  and en zy m ica ll^ . Anodic o x id a tio n  

o f  300 on a carbon f e l t  e le c tro d e  in  an aqueous m e th an o lic  s o lu t io n  o f  

.sodium b ic a rb o n a te  was c a r r ie d  o u t a t  an a p p lie d  p o te n t i a l  o f  280 mV 

--(with r e s p e c t  to  th e  s ta n d a rd  calom el e l e c t r o d e ) .  The p ro d u c t o b ta in e d  

from  t h i s  r e a c t io n  was i d e n t i f i e d  as th e  k e to -im in e  1 - ( 2 -b en zy lo x y b en zo y l) -  

6^hydroxy-7-m ethoxy-3 .4--d lhydr o is o q u in o l in e  31 3. T h is same compound was 

shown to  be th e  o n ly  p ro d u c t form ed by th e  o x id a tio n  o f  300 u s in g  b o th  

h o r s e ra d is h  p e ro x id a se  and fu n g a l la c c a s e .  The p o s s i b i l i t y  a lso  e x i s t s ,
I

§.§ w ith  th e  3,4-, 5 -tr im e th o x y -a n a lo g u e  279 th a t  313 could  be form ed by 

i n i t i a l  d e a c y la t io n  and o x id a t iv e  d e c a rb o x y la tio n  to  g iv e  th e  3,4-- 

dihycjlroi so q u fn o lin e  314- w hich undergoes r a p id  a e r i a l  o x id a tio n  a t  th e  

g& gcep tib le  b e n z y lic  p o s i t io n .



CHAPTER FIVE 

D iscu ssio n

T his ch ap te r  in  e lu d es  s e v e ra l  s e c t io n s  o f  r e l a t e d  work w hich w ere 

in v e s t ig a te d  d u rin g  th e  co u rse  o f  t h i s  t h e s i s ,  b u t which do n o t 

w a rra n t in d iv id u a l  c h a p te rs .

5.1 O x id a tiv e  S tu d ie s  on N -T rif lu o ro a c e ty l-1 -M e th y l-6 -H y d ro x y -7 - 
Methoxy~1, 2 , 3 . A -T e tra h y d ro iso q u in o lin e -1 -C a rb o x y lic  Acid 315

The work d e sc r ib e d  in  C hapters 3 and U was concerned w ith  th e  o x id a tiv e  

d e c a rb o x y la tio n  o f  p h e n o lic  is o q u in o l in e -1 -c a rb o x y lic  a c id s  to  a d ienone 

in te rm e d ia te  w h ic h , i t  was c o n s id e re d ,c o u ld  in  th e  p re se n c e  o f  a s u i t a b ly  

a c t iv a te d  1-b en zy l r e s id u e  undergo  in tra m o le c u la r  a t ta c k  to  g iv e  t e t r a ­

c y c l ic  p ro d u c ts . In  a d d i t io n  to  t h i s  in tra m o le c u la r  co u p lin g  mode, th e  

p o s s i b i l i t y  a ls o  e x i s t s  t h a t  in  th e  p re sen ce  o f an e x te rn a l  n u c le o p h il ic  

s p e c ie s ,  any d ienone produced could  be in v o lv ed  in  in te rm o le c u la r  c o u p lin g . 

The o b je c t  o f  t h i s  s e c tio n  o f  work was th e r e f o r e  to  in v e s t ig a t e  th e  

p o s s ib le  o ccu rren ce  o f such an in te rm o le c u la r  r e a c t io n  betw een N - t r i f lu o r o ­

a c e ty l-1  -m e th y l-6 -h y d ro x y -7 -m eth o x y -1 , 2 , 3 , A - te tra h y d ro is o q u in o lln e -1 -  

c a rb o x y lic  a c id  315 and a s u i t a b le  n u c le o p h ile .  N - t r i f lu o r o a c e ty la t io n  

o f  a c id  164- was c a r r ie d  o u t in  th e  p re v io u s ly  re p o r te d  manner u s in g  

t r i f l u o r o a c e t i c  an hyd ride  in  ch lo ro fo rm  and t r ie th y la m in e  to  g iv e  315 

in  $2% y ie ld .

The n u c le o p h ile  chosen was 4 - - te r t-b u ty lp h e n o l because  i t  was th o u g h t
I

t h a t  shou ld  any in te rm o le c u la r ly  lin k e d  p ro d u c t be form ed, th e n  i t  ought 

to  be e a s i l y  i d e n t i f i a b l e  by th e  d i s t i n c t i v e  nmr s ig n a l  o f  th e  t e r t -  

b u ty l  group . S ince ph en o ls  them selves  r e a d i ly  undergo o x id a tio n  i t  was 

a ls o  d ec id ed  to  p re p a re  th e  ca rbon -carbon  dimer 316 o f  A - te r t-b u ty lp h e n o l ,  

so t h a t  t h i s  p a r t i c u l a r  p ro d u c t cou ld ’ be id e n t i f i e d  in  th e  o x id a tio n
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m ix tu re s . D i m e r 316 was s y n th e s is e d  by th e  e le c tro c h e m ic a l o x id a tio n  

o f 4 - te r t - b u ty lp h e n o l  in  i t s  sodium s a l t  form , u s in g  a carbon f e l t  ' 

e le c tro d e  and an a p p lie d  p o te n t i a l  o f 300mV in  a c e t o n i t r i l e .  In  o rd e r 

to  confirm  t h a t  i t  was in  f a c t  tlie  carbon -carbon  r a th e r  th a n  th e  ca rb o n - 

oxygen-carbon dim er, th e  p ro d u c t from  th e  anodic o x id a tio n  was to s y la te d j  

th e  nmr showing th e  c o r r e c t  r a t i o  o f  m ethyl to  t e r t - b u t y l  p ro to n s , 

c o n s is te n t  w ith  th e  d i t o s y l  p roduct  317.

O xidation  o f ac id  315 was perform ed e le c tro c h e m ic a lly  and en zy m ica lly , 

bo th  on i t s  own and in  th e  p re sen ce  o f  A - te r t-b u ty lp h e n o l .  Anodic 

o x id a tio n  in  aqueous m eth an o lic  sodium b ic a rb o n a te  s o lu t io n  a t  320mV 

showed th e  same r e s u l t s  i r r e s p e c t iv e  o f  w hether th e  phenol was p r e s e n t  

o r n o t ,  th e  o n ly  p ro d u c t b e in g  id e n t i f i e d  as th e  3 ,A -d ib y d ro iso q u in o lin e  

170. S im ila r ly ,  enzym atic o x id a tio n s  o f 315 w ith  fu n g a l la c c a s e  and 

h o r s e ra d is h  p e ro x id a se  showed 170 as th e  m ajor component, b o th  w ith  and 

•w ithout added 4 - - te r t -b u ty lp h e n o l,  in  a d d i t io n  to  which some po lym erict
b ase  l i n e  m a te r ia l  was o b se rv ed . In  g e n e ra l th e  h o r s e ra d is h  p e ro x id a se

/ v
r e a c t io n  media c o n ta in e d  s u b s t a n t i a l l y  more b ase  l i n e  m a te r ia l  th an  

t h e i r  la c c a s e  c o u n te rp a r ts ,  p ro b a b ly  a consequence o f  th e  f r e e - r a d i c a l  

pathway a s s o c ia te d  w ith  p e ro x id a se -p e ro x id e  co m b in a tio n s . None o f  th e  

p h e n o lic  dimer 316 was a p p a re n t in  e i th e r  anod ic o r enzymic r e a c t io n  

m ix tu res  c o n ta in in g  4 - - te r t -b u ty lp h e n o l.

The in d ic a t io n s  from  t h i s  experim en t a re  t h a t  th e  N -p ro te c te d  a c id  315 

i s  b o th  d e a c y la te d  and o x id a t iv e ly  d e c a rb o x y la te d , a lth o u g h  in  which >
I

o rd e r  i t  i s  n o t p o s s ib le  to  say . Furtherm ore , in te rm o le c u la r  co u p lin g  

"between th e  d e c a rb o x y la te d  in te rm e d ia te  and some e x te rn a l  n u c le o p h ile  

does n o t ta k e  p la c e ,  under th e  r e a c t io n  c o n d itio n s  employed.
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5 .2  A t tempted S y n th e s is  o f  /3 - P im eth y l-3 .4 -.5 -Trim ethoxyphenylp y ru v ic
-Acid 318 ' ‘..... ...

In  -view o f  th e  s u s c e p t i b i l i t y  o f  th e -b e n z y lic  p o s i t io n  o f  N - t r i f lu o r o a c e ty l

1 — ( /  5-^trimetlio xyb en z y l ) .-6-hydr o xy*-7«me th  o xy~ 1 ,2 ,3 ,4 —t e t r  ahy dr o i s o -

q u ino line* -1 -  c a rb o x y lic  ac id  24-5 to  undergo o x id a t io n ,  g iv in g  th e

co rresp o n d in g  k e to  compound 279, th e  p o s s i b i l i t y  o f  r e p la c in g  b o th  o f

th e  l a b i l e  b e n z y lic  hydrogen atoms by l e s s  e a s i l y  removed a lk y l  groups was

in v e s t ig a te d .  The u se  o f  m ethyl groups fo r  t h i s  p u rpose  was dec ided

upon, s in c e  such groups would m inim ise th e  in c re a s e  in  s t e r i c  s t r a i n  in

an a lre a d y  crowded env ironm ent; i t  was th u s  n e c e s s a ry  to  p re p a re  th e

sp p r opr l a t e l y  s u b s t i tu t e d  n ^ -k e to  a c id  gIB. hav ing  two (3> -m ethyl

s u b s t i tu e n t s .  C ondensation o f  t h i s  p y ru v ic  a c id  w ith  3-hydroxy~4—

fflethcxy- f$> --phenyl e thy l amin e hydro chi p ride , would i t  was hoped, give an

isp q u in o lin e .-ri ^ c a rb o x y lic  a c id  hav ing  a b e n z y lic  p o s i t io n  re a s o n a b ly

r e s i s ta n t  to ox idation , enabling the  tru e  products from the anodic, 

enzymic and chemical oxidation  s tu d ies  to  be id e n t i f ie d ,  w ithout th e  * 

com plication of subsequent a e r ia l  ox idation , 

The proposed sy n th e tic  pathway to  the  ^protected  ©t-keto acid 31B i s  

shown in  icheme M il#  The f in a l  s tage of th is  sequence involves 

oxidation  of a ketone to  an ©<~keto acid by selenium dioxide; a sim ilar 

re a c tio n  has been ca rried  out in  very high y ie ld  by Hallmann and 
339Hag e l e,-* - g f, ig* ̂ D im ethyl .^3._4-, 5y t  r  1 me th  o xyb en zy l a lc o h o l g19 was b e s t

prepared by the rea c tio n  of the  methyl e s te r  320 w ith  m ethyl lith iu m  in  

dry e th e r, giving 319 in  $5% y ie ld . The m olarity  of the lith iu m  reagent
Q / Q

was determined b e fo re  each rea c tio n  according -to th e  method of h o fro n , 

other methods o f p re p a r in g  g)19 were found to  be l e s s  s u c c e s s fu l .  Only 

51% o f  t e r t i a r y  a lc o h o l was o b ta in ed  from  3,4-, 5~ trim ethoxyacetcphenone 

321 using an id e n tic a l  p ro ced u re  to  th e  above; -th is r e s u l t  was



d is a p p o in tin g  s in c e  th e  f i r s t  s te p  o f  th e  r e a c t io n  o f  m ethyl l i th iu m

34-1w ith  e s t e r  320 in v o lv e s  th e  p r e p a ra t io n  o f t h i s  same k e to n e , fo llo w ed

by  th e  a d d i t io n  o f  a f u r th e r  mole o f  m ethyl l i th iu m  to  g iv e  a lc o h o l 319.

The y ie ld  o f  319 by t h i s  method was th e r e f o r e  e j e c t e d  to  be  a t  l e a s t

th e  same as t h a t  from  th e  e s t e r ,  a t  th e  same tim e u s in g  l e s s  a lk y l

l i th iu m  r e a g e n t .  R eac tio n  o f  e s t e r  320 or th e  a c id  c h lo r id e  322 w ith

m ethyl magnesium io d id e  gave th e  t e r t i a r y  a lc o h o l in  u n a c c e p ta b ly  low

y ie ld s  and o f te n  a s s o c ia te d  w ith  o th e r  com ponents; t h i s  i s  s im i la r  to
376

r e s u l t s  r e p o r te d  by  B ogert and Isham .

A ttem pts to  c o n v e rt 319 in to  i t s  c h lo ro -  or brom o- analogue by u s in g

phosphorus t r ib ro m id e ,  h y d ro c h lo r ic  a c id ,  tr ip h e n y lp h o s p h in e  in  carbon
3L "3 3 / /

t e t r a c h l o r id e  o r a  m ix tu re  o f  m ethyl su lp h id e  and N -ch lo ro su cc in im id e

34-2gave o n ly  3*4-, 5 - tr im e th o x y -o c -m e th y ls ty re n e  J32J3. An a l t e r n a t i v e  

approach  in v o lv e d  th e  s y n th e s is  o f  m ethyl o c ,o c .-d im eth y l-3^4-? 5-*trim ethoxy- 

b e n z y lsu lp h o n a te  324-. N u c le o p h ilic  d isp la cem e n t o f  th e  m esyl group by 

a ha lo g en  s p e c ie s  ought to  p roduce th e  r e q u ire d  b e n z y l h a l id e ;  how ever, 

a lth o u g h  th e  m ethyl su lp h o n a te  324- was p re p a re d , a l b e i t  in  low y ie ld  from  

a lc o h o l 319 and m esyl c h lo r id e  in  d ry  p y r id in e ,  a l l  su b sequen t a tte m p ts  

to  p re p a re  t h i s  compound r e s u l t e d  in  th e  fo rm a tio n  o f  th e  e l im in a t io n  

p ro d u c t 323.

The o v e r ly in g  t r e n d  from  th e  o b s e rv a tio n s  made in  t h i s  s e c t io n  o f  th e  

work i s  t h a t  a lth o u g h  th e  oc -d im e th y l a lc o h o l 319 i s  s ta b l e  and 

can be p re p a re d  in  h ig h  y i e ld ,  e l im in a tio n  o f  w a te r to  g iv e  th e  c o r r e s ­

ponding  s ty re n e  323 ta k e s  p la c e  under v e ry  m ild  c o n d i t io n s .
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5 ,3  Anomalous P ro d u c t from  th e  R eac tio n  o f  Amino-Acid 166 and T r i -  
f lu o r o a c e t i c  A nhydride In  P y r id in e

I n i t i a l  a tte m p ts  to  p re p a re  th e  N - t r i f lu o r o a c e ty la te d  a c id  24-5 were

c a r r i e d  o u t in  r e f lu x in g  d ry  p y r id in e .  However, im m ed ia te ly  upon

b o i l in g ,  th e  s o lu t io n  tu rn e d  in t e n s e ly  y e llo w , from  w hich homogeneous

b r ig h t  ye llow  c r y s t a l s  w ere o b ta in e d  on a w eigh t fo r  w eig h t b a s i s .  The

p ro d u c t d id  n o t r e a c t  w ith  s a tu r a te d  b ic a rb o n a te  s o lu t io n  in d ic a t in g

t h a t  th e  ca rb o x y l g ro u p in g  had e i th e r  been removed co m p le te ly  o r had

been  m od ified  i n to  a n o n -a c id ic  f u n c t io n .  R eflu x in g  a c id  .166 in  p y r id in e

gave o n ly  u n re a c te d  a c id ,  co n firm in g  t h a t  t r i f l u o r o a c e t i c  anh y d rid e  was

e s s e n t i a l  f o r  th e  o c c u rre n c e  o f  t h i s  anomalous r e a c t io n .  High r e s o lu t io n

mass s p e c t r a l  d a ta  in d ic a te d  a m o lecu la r fo rm ula  fo r  th e  p ro d u c t o f

0 ^ 4 ^ 2 1 wki c h  ™as confirm ed by  e le m e n ta l a n a ly s i s ,  The in f r a r e d

spectrum  o f  t h i s  anom alous p ro d u c t showed a b road  a b s o rp tio n , c e n tre d  
-1a t  3200cm , in d ic a t in g  t h a t  th e  hyd ro x y l group was s t i l l  p re s e n t  in  th e

m o lecu le ; t h i s  f a c t  was confirm ed  by th e  bathochrom ic s h i f t  in  th e  u .v .

i n  b a s ic  m edia, and from  nmr d a ta .  No o th e r  a b s o rp tio n s  w ere ap p a re n t

-1in  th e  in f r a r e d  above 1600cm , from  w hich i t  was th o u g h t t h a t  a  t r i -

f lu o r o a c e ty l  g roup ing  was a b se n t in  th e  m o lecu le . P ro to n  nmr d a ta  showed 

th r.ee  s in g le t s  c o rre sp o n d in g  to  one p ro to n  a p ie c e  in  th e  a ro m atic  r e g io n ,  

a  b road  s in g l e t  exchangeab le  w ith  d eu te riu m  ox ide  a t  3 .7 2 'T , in d i c a t iv e  

o f  a  p h e n o lic  f u n c t io n ,  a q u a r t e t  a t  4 .5 0 T h a v in g  a c o u p lin g  c o n s ta n t 

o f  7 .5H z, in t e g r a t i n g  f o r  a s in g le  p ro to n  and fo u r  d i s t i n c t  s in g le t s  

around 6 ^  co rre sp o n d in g  to  th e  fo u r  methoxy s u b s t i t u e n t s .

S e v e ra l c o n c lu s io n s  can be made from  th e  above nmr in fo rm a tio n ; f i r s t l y ,  

th e  a ro m a tic  s u b s t i t u t i o n  p a t t e r n  appeared  to  be unchanged, hav ing  one 

h yd ro x y l and fo u r  m ethoxy g ro u p s; seco n d ly , s in c e  o n ly  th r e e  p ro to n s  

w ere observed  in  th e  a ro m a tic  r e g io n  th en  e i th e r  a ro m a tic  s u b s t i tu t io n
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had o c c u rre d , o r as  seems more l i k e l y ,  r in g  c lo su re  had ta k en  p la c e ;

f i n a l l y ,  th e  o ccu rren c e  o f  th e  low f i e l d  q u a r te t  can o n ly  be due to

co u p lin g  betw een a s in g le  p ro to n  and th r e e  o th e r  m a g n e tic a lly  a c t iv e ,

e q u iv a le n t  n u c le i ,  th e  most p ro b a b le  e x p la n a tio n  b e in g  co u p lin g  w ith  a

t r i f lu o r o m e th y l  g roup , i . e .  a  CH-CF^ u n i t .  The p re se n c e  o f  t h i s

19p a r t i c u l a r  arrangem ent was confirm ed  by  th e  F nmr, w hich e x h ib ite d  

a d o u b le t a t  75.4-7ppm ( w . r . t .  CFC1 s ta n d a rd )  hav ing  a co u p lin g  c o n s ta n t
D i

v i r t u a l l y  i d e n t i c a l  to  t h a t  observed  in  th e  p ro to n  nmr. In  a d d i t io n ,  

an a b s o rp tio n  co rre sp o n d in g  to  th r e e  f lu o r in e  atoms was a ls o  observed  

a t  70.74- ppm, i n d i c a t in g  t h a t  an o th e r  t r i f lu o ro m e th y l  group was p re s e n t  

in  an e n t i r e l y  d i f f e r e n t  env ironm ent.

A ttem pts to  a c y la te  th e  n it r o g e n  atom w ith  t r i f l u o r o a c e t i c  an h y d rid e  

in  ch lo ro fo rm  u s in g  e i th e r  t r ie th y la m in e  or 1 ,8 -b is -(d im e th y la m in o )  

n a p h th a le n e  as b ase  w ere u n s u c c e s s fu l ,  s u g g e s tin g  t h a t  th e  n i t ro g e n  

was o f a n o n -n u c le o p h ilic  n a tu r e .  However, t . l . c .  o f  th e  r e a c t io n

m ix tu re  showed th e  p re se n c e  o f  a  new component, th e  in f r a r e d  spectrum

- I  -1o f  w hich had a sh a rp  a b s o rp tio n  a t  1810cm and an o th e r a t  l6/+5cm

I s o la t i o n  o f  t h i s  compound by ch rom atograph ic  methods was n o t p o s s ib le ,

g iv in g  o n ly  th e  unknown s t a r t i n g  m a te r ia l .  In  view o f  p re v io u s

e x p e rie n c e s  w ith  t h i s  s o r t  o f  phenom enon,e.g . 261 (s e e  page 96 ) ,  t h i s

u n o b ta in a b le  compound was i d e n t i f i e d  as an 0 - t r i f l u o r o a c e t a t e  form ed

betw een th e  an h y d rid e  and th e  p h e n o lic  m o ie ty . The a ttem p ted  re d u c t io n

o f  th e  ye llow  compound w ith  e i t h e r  sodium b o ro h y d rid e  o r c a t a l y t i c a l l y

w ith  p a l la d is e d  c h a rc o a l had no e f f e c t ,  w hereas b ro m in a tio n  w ith  excess

brom ine gave a complex m ix tu re  o f  p ro d u c ts .

M e th y la tio n  o f  th e  p h e n o lic  unknown compound v/as ach ieved ' b o th  w ith  

diazom e thane  and w ith  d im e th y l s u lp h a te ,  a lth o u g h  th e  l a t t e r  was l e s s
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e f f i c i e n t .  The m e th y la ted  p ro d u c t showed s im i la r  s p e c tro s c o p ic  f e a tu r e s  

to  th o s e  o f i t s  p r e c u r s o r ,  h av in g  a m o lecu la r fo rm u la  o f  C^H ^F^N O ^. 

M onom ethylation had th e r e f o r e  ta k e n  p la c e  and s in c e  th e  hydroxy s t r e t c h  

in  th e  in f r a r e d ,  bathochrom ic s h i f t . .w i th  b ase  in  th e  u .v .  and th e  

exchangeab le  p ro to n  in  th e  nmr spectrum , w ere no lo n g e r  a p p a re n t,  i t  was 

obv ious t h a t  th e  p h e n o lic  group had been co n v erted  in to  a m ethyl e th e r .

An e x t r a  methoxy s ig n a l  in  th e  nmr and an a b s o rp tio n  a t  1633cm in  th e  

i n f r a r e d  were a ls o  o b se rv ed . E f f o r t s  to - q u a r t e r n i s e  th e  n i t ro g e n  atom 

o f  t h i s  f u l l y  m e th y la ted  ana logue  w ith  m ethyl io d id e  w ere u n s u c c e s s fu l ,  

a s  was th e  a ttem p ted  r e d u c t io n  o f  th e  m olecu le w ith  t i n  and h y d ro c h lo r ic  

a c id ,  o n ly  i n t r a c t a b l e  p ro d u c ts  b e in g  o b ta in e d .

I t  was i n i t i a l l y  p o s tu la te d  t h a t  th e  unknown p ro d u c t m ight be a 6 a ,7 -
122d eh y d ro ap o rp h in e , s in c e  m o lecu les  o f  t h i s  ty p e  a re  known to  be y e llo w , 

and would have two a ro m a tic  p ro to n s  and one v in y l ic  p ro to n , in  agreem ent 

w ith  th e  o b served  nmr spectrum . However such a s t r u c t u r e  could  n o t 

acc o u n t f o r  th e  t e r t i a r y  n a tu re  o f  th e  n it ro g e n  atom  and th e  in c o rp ­

o r a t io n  o f s ix  f lu o r in e  atom s. A nother p o s s ib le  e x p la n a tio n  was a
3 / 5

s t r u c t u r e  s im i la r  to  th e  munchnones r e p o r te d  by H ershenson , who 

p roposed  t h a t  th e  r e a c t io n  o f  N -ac e ty l~ 6 ,7 -d im e th o x y ~ T ,2 ,3 ,4 .~ te tra h y d ro -  

i s o  q u in o l in e -1 -c a rb o x y l ic  a c id  w ith  a c e t i c  an h y d rid e  in  p y r id in e  

in v o lv e d  th e  fo rm a tio n  o f th e  m eso ion ic  compound 325 (a  munchnone). 

S im i la r ly  S te g l ic h  and h i s  co -w orkers  have employed t r i f l u o r o a c e t i c  

an h y d rid e  to  c o n v e rt -amino a c id s  in to  o x a z o lin -5 -o n e s  c o n ta in in g  a 

CH-CF^ u n i t .  N e ith e r  o f  th e s e  two s t r u c tu r e s  I s  cap ab le  o f  e x p la in in g  a l l  

o f  th e  ex p e rim en ta l, in fo rm a tio n .

I d e n t i f i c a t i o n  o f  th e  unknown p ro d u c t and i t s  m ethyl e th e r  w as; ach iev ed  

in  c o l la b o r a t io n  w ith  D rs. B oyle , Greenbanks and T ay lo r o f  I . C . I .

123



P h a rm a c e u tic a ls  D iv is io n , A ld e r le y  P a rk , fo r  w hich th e  a u th o r w ishes

to  ex p re ss  h is  g r a t i t u d e .  The i n i t i a l  p ro d u c t was th o u g h t to  be 2 ,9 ,1 0 ,1 1 -

te t r a m e th o x y -3 -h y d ro x y -8 - t r i f lu o ro m e th y l -1 3 - t r i f lu o ro a c e ty l -7 ,8 -d ih y d ro -

p ro to b e rb e r in e  326, w hich on m e th y la tio n  r e s u l t s  in  th e  fo rm a tio n  o f  th e

n o v e l m ethyl e th e r  ana logue  327. Compounds p o s se s s in g  th e  N*-C=C-C=0
3 / 7

arrangem ent have been term ed enam inones and th e  u n u su a l sp e c tro s c o p ic

c h a r a c t e r i s t i c s  o f  such  compounds have r e c e n t ly  been in v e s t ig a te d .

T a y lo r3 ^ ,3 4 9  ^oun(j t h a t  b o th  th e  ca rb o n y l and double bond in f r a r e d

a b s o rp tio n  f r e q u e n c ie s  o f  enam inones (a ls o  c a l le d  v in y lo g o u s  am ides)

o ccu rred  a t  much low er wavenumbers th a n  fo r  i d e n t i c a l  fu n c tio n s  in

i s o l a t e d  en v iro n m en ts . T his e f f e c t  was found to  be more pronounced when

th e  h e te ro a to m  and k e to  group w ere t r a n s  to  each o th e r ,  and in  g e n e ra l i t

-1was found th a t  th e  C*0 freq u en cy  was low ered  by 65cm w hereas th e  C=C 

-1was u s u a l ly  85cm low er th a n  ty p i c a l  v a lu e s .  A p p lic a tio n  o f  th e s e  

f in d in g s  to  compound 327 shows good agreem ent betw een th e  p re d ic te d

and found \)C=0 and ^C^C, ( i . e .  found 1633cm and 1585cm” , c a lc u la te d
—1 —1 —11635cm and 1575cm , assum ing i s o l a t e d  a b s o rp tio n  v a lu e s  o f  1700cm

f o r  N - t r i f lu o r o a c e ty l  and 1660cm f o r  carb o n -ca rb o n  doub le  b o n d ). In

th e  case  o f  326 th e  p h e n o lic  fu n c t io n  i s  in  ex tended  c o n ju g a tio n  w ith

th e  enaminone sy stem , r e s u l t i n g  in  a f u r th e r  lo w erin g  o f a b s o rp tio n

-1 -1f re q u e n c ie s  to  1595cm and 1550cm . In  p o la r  s o lv e n ts  t r a n s  enam inones
0/7

have been  observed  to  g iv e  u .v .  maxima betw een 285- 305nm, compared 

to  maxima betw een 300-320nm when in  th e  c i s  c o n f ig u ra t io n .  Both 326 

and 327 gave u .v .  a b s o rp tio n  maxima in  agreem ent w ith  a t r a n s  a rrangem en t.

A lthough a mechanism caii a t  t h i s  s ta g e  o n ly  be pu re  c o n je c tu re ,  a 

p o s s ib le  r o u te  to  326 i s  shown in  Scheme X X III. A d d itio n a l work i s  

th e r e f o r e  n e c e s s a ry  to  e s t a b l i s h  t h i s  o r any o th e r  p o s s ib le  mechanism.

In  view o f  th e  n o v e l ty  o f  t h i s  r e a c t io n ,  s e v e ra l  v a r i a t io n s  a re  w orthy
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SCHEME XXIII
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o f f u r th e r  in v e s t ig a t io n  t o 'e s t a b l i s h  th e  e x te n t  to  w hich such a r e a c t io n  

can be ex ten d ed , e .g .  by changing  th e  m e th o x y la tio n  p a t te r n  on r in g  Dj 

r e p la c in g  th e  methoxy s u b s t i tu e n t s  on t h i s  same r in g  by o th e r  oxygenated  

g roups ( e .g .  m e th y len ed io x y )j e s ta b l i s h in g  th e  re q u ire m e n t fo r  a 

p h e n o lic  fu n c tio n  a t  C-6; i n v e s t ig a t in g  th e  e f f e c t  o f  o th e r  an h y d rid es  

( e .g .  a c e t i c  and t r i c h l o r o a c e t i c  a n h y d r id e ) .
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5.4- Enzymic O x id a tio n  o f C o ry p a llin e  328

C o ry p a llin e  (N -m ethy l-6 -m ethoxy -7 -hyd roxy -1 , 2 ,3 , 4 -- te tra h y d ro is o q u in o lin e )

328 i s  a n a t u r a l l y  o c c u rr in g  sim ple is o q u in o l in e  a lk a lo id ,  f i r s t

350i d e n t i f i e d  by Manske and shown to  c o n ta in  th e  C-6, C-7 oxyg en atio n  

p a t t e r n  found in  more complex a lk a lo id s .

S e v e ra l w orkers have s tu d ie d  th e  o x id a tio n  o f 328 by v a r io u s  m ethods.
351„353 ,

B o b b it t ,  i n  an e x te n s iv e  s tu d y  * has shown t h a t  'th e  e le c tro c h e m ic a l
f  /  /o x id a tio n  o f c o ry p a l l in e  p roduces N ,N -d im ethy l-6 ,6 -d im e th o x y ~ 7 ,7 ~

/  /  /  /  /  
d ih y d ro x y -1 ,1 ,2 ,2 ,3 ,3 ,4 - ,  4 --octahydro- 8 ,8 -d i i s o q u in o l in e  329 a s  th e

m ajor p ro d u c t, in  y ie ld s  up to  85%, depending upon th e  n a tu re  o f  th e

e le c t r o d e s ,  e l e c t r o l y t e ,  c e l l  d e s ig n , pH, r e a c t io n  tim e  and th e  s t a t e

o f  th e  s u b s t r a te .  O x id a tio n  o f th e  sodium s a l t  was ach iev ed  a t  much

low er p o t e n t i a l s  th a n  i t s  f r e e  p h e n o lic  form  and s u b se q u e n tly  r e s u l t e d

in  l e s s  p o lym eric  m a te r ia l  as a r e s u l t  o f  o v e r -o x id a t io n .  Sm all amounts

(2.7-5% ) o f  th e  ca rbon -oxygen -carbon  dim er 330 have a ls o  been r e p o r te d

v ia  anod ic  o x id a t io n s .  In  c o n t r a s t5 th e  c a t a l y t i c  o x y g en a tio n  o f

c o ry p a l l in e  u s in g  p la tin u m  ox id e  gave r i s e  to  o th e r  p ro d u c ts ,  v iz ,  th e

p o ly c y c l ic  e th e r  331., th e  3 ,4 -d ih y d ro iso q u in o lin iu m  and iso q u in o lin iu m

s a l t s  332 aad 333, in  a d d i t io n  to  th o s e  p ro d u c ts  d e r iv e d  e l e c t r o -

ch e m ic a lly ; how ever, th e  y ie ld s  o f th e s e  o th e r  compounds w ere low (2-4-%).

354. 355Chemical o x id a tio n  o f 328 u s in g  p o ta ss iu m  f e r r ic y a n id e  * gave 329 

in  m oderate  y i e ld s ,  w h i ls t  pho to ch em ica l o x id a tio n  o f ' c o ry p a l l in e  

produced  329 in  33% y ie ld .

The ca rb o n -ca rb o n  dim er i s  th e  ex pec ted  p ro d u c t, based  upon s t e r i c
352c o n s id e r a t io n s  and i t  has been d em onstra ted  t h a t  th e  l a r g e r  th e  C-1 

s u b s t i tu e n t  th e  g r e a te r  th e  e x te n t  o f  th e  carbon -oxygen -carbon  p ro d u c t, 

r e s u l t i n g  from  an in c re a s e d  s t e r i c  h in d ra n c e  ab o u t th e  C-8, C-8^bond.
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At th e  tim e o f  w r i t in g ,  no in v e s t ig a t io n  in to  th e  e f f e c t  o f  o x id is in g  

enzymes on 328 had been  r e p o r te d .  A s tu d y  was th e r e f o r e  c a r r ie d  o u t 

u s in g  th e  pheno l o x id is in g  enzymes, fu n g a l la c c a s e  and h o rs e ra d is h  

p e ro x id a se  under p h y s io lo g ic a l  c o n d i t io n s .  A sample o f  c o ry p a l l in e  

was o b ta in e d  from  Dr. I .  C o u tts . E le c tro c h e m ic a l o x id a tio n  o f 328 as 

i t s  sodium s a l t  a t  O.OmV ( w . r . t .  th e  s ta n d a rd  calom el e le c tro d e )  in  

m ethanol u s in g  a carbon  f e l t  e le c tro d e  fu rn is h e d  22% o f  dim er 329.

T h is  d im eric  p ro d u c t was u sed  as a t . l . c .  m arker s p o t th ro u g h o u t th e  

enzyme s tu d y .

In c u b a tio n  of c o ry p a l l in e  w ith  b o th  fu n g a l la c c a s e  and p e ro x id a se -  

p e ro x id e  in  pH6 aqueous m edia showed th e  fo rm a tio n  o f  329 a f t e r  21 h r .  

No o th e r  components o th e r  th a n  u n re a c te d  s t a r t i n g  m a te r ia l  were 

o b se rv ed . I t  was th e r e f o r e  concluded  th a t  b o th  enzymes u sed  a re  ab le  

to  ind u ce  o r th o -o r th o  pheno l o x id a t iv e  co u p lin g  in  c o ry p a l l in e .
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EXPERIMENTAL SECTION 

G eneral

I n f r a r e d  s p e c t r a  w ere re c o rd e d  u s in g  e i th e r  a P e rk in  Elmer 137 NaGl, 

o r a  P e rk in  ELmer 137G g r a t in g  sp e c tro p h o to m e te r b o th  c a l ib r a t e d  w ith  

p o ly s ty re n e  f i lm .  U l t r a - v i o l e t  a b so rp tio n  s p e c t r a  and abso rbance  

m easurem ents w ere d e te rm in ed  u s in g  a  P e rk in  Elmer 4-02 U V -v is ib le  

sp e c tro p h o to m e te r . ,

P ro to n  m agnetic  re so n an ce  s p e c t r a  w ere re c o rd e d  on a JEOL JNM C-60 HL

60MHz sp ec tro p h o to m e te r  w ith  te t r a m e th y ls i la n e  as th e  i n t e r n a l  s ta n d a rd

19in  th e  s o lv e n t in d ic a te d .  F N uclear m agnetic re so n a n c e  s p e c tr a  were

c a r r i e d  o u t in  th e  D epartm ent o f  C hem istry , U n iv e r s i ty  o f  N ottingham .
13 C and 220MHz p ro to n , n u c le a r  m agnetic  re so n an ce  s p e c tr a  w ere re c o rd e d  

by th e  Physico -C hem ical M easurem ents U n it, H arw ell.

M elting  p o in ts  w ere de te rm in ed  u s in g  open c a p i l l a r y  tu b e s  in  an 

e l e c t r i c a l l y  h e a te d  Gallenkamp m e ltin g  p o in t  a p p a ra tu s  and a re  c o r r e c te d .

Micro a n a ly se s  fo r  C,H,N and Br w ere d e te rm in ed  by th e  m icro a n a ly s is  

u n i t ,  U n iv e r s i ty  o f  N ottingham , by B u tte rw o rth s  M ic ro a n a ly tic a l  

C onsu ltancy  L td . ,  T edd ing ton , M iddlesex  and 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 ie s  L td . ,  A ld e r le y  Edge, M a c c le s f ie ld .

A nalyses fo r  F w ere c a r r ie d  o u t a t  th e  D epartm ent o f  C hem istry , U n iv e r s i ty  

o f  Durham.

High and low r e s o lu t io n  mass sp e c tro m e try  d e te rm in a tio n s  w ere c a r r ie d  

o u t by th e  Boots Co. L td . ,  N ottingham . H ydrogenations w ere perform ed 

u s in g  th e  medium p re s s u re  a p p a ra tu s  o f  Chas. W. Cook and Sons,

Birmingham, w h ile  a  H anovia 1L (90w att) p h o to ch em ica l r e a c to r  was 

employed f o r  th e  p h o to ly t ic  w ork. E le c tro c h e m ic a l ex p erim en ts  w ere
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perform ed on a Wenking p o t e n t io s t a t  model 70TS1 u s in g  a s p e c if ie d  

r e fe re n c e  e le c t ro d e .

T h in - la y e r  chrom atography was c a r r ie d  o u t u s in g  p re -s p re a d  p la te s  

(5 x 20cm; Polygram  SIL G/UV^^ and Polygram  ALOX N / U f r o m  Camlab, 

Cam bridge). P r e p a ra t iv e  t . l . c .  ( th ic k  la y e r )  was perform ed on p r e ­

sp read  p la te s  (20 x 20cm; Anachem U n ip la te , s i l i c a - g e l  G .F .) .  Column 

chrom atography.w as c a r r ie d  o u t u s in g  F ison  s i l i c a - g e l  MFC (80-200 mesh) 

and F ison  alum ina (100-250 m esh).

A ll s o lv e n ts  f o r  chrom atograph ic  and p h o to ly t ic  work were r e d i s t i l l e d .  

E th e r , THF and benzene w ere d r ie d  over sodium, m ethanol was d r ie d  u s in g  

magnesium, and c h lo r in a te d  s o lv e n ts  w ere d r ie d  over ca lc ium  c h lo r id e .  

O ther s o lv e n ts  w ere d r ie d  u s in g  ty p e  5A m o lecu la r s ie v e s .

G eneral anod ic  o x id a tio n  p ro ced u re

A ll anod ic  o x id a tio n s  were c a r r ie d  o u t on a carbon f e l t  e le c tro d e  

(6 x 16cm), s e p a ra te d  from  a  p la tin u m  cathode (1 .5  x 1.5cm) by a porous 

g la s s  f r i t .  The r e a c t io n s  w ere perform ed under n i t ro g e n  a t  room 

te m p e ra tu re . A s ta n d a rd  calom el r e fe re n c e  e le c tro d e  was p o s it io n e d  

as  c lo se  as p o s s ib le  to  th e  anode and th e  p o t e n t i a l  c o n t ro l le d  e le c t ro n  

i c a l l y .  S u b s tra te s  w ere added to  a s t i r r e d  p r e - e q u i l ib r a t e d ,  p r e ­

e le c t r o ly s e d  deoxygenated s o lv e n t .  The anode p o te n t i a l  was a d ju s te d  

so t h a t  20-50mA o f  c u r re n t  p a sse d , r e a c t io n s  b e in g  co n tin u ed  u n t i l  

e i th e r  th e  c u r re n t  dropped back to  th e  r e s id u a l  background l e v e l  o r 

u n t i l  t . l . c .  in d ic a te d  no s t a r t i n g  m a te r ia l  rem ained .
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WORK DESCRIBED IN CHAPTER TWO

P re p a ra t io n  o f  Fungal Laccase 

Growth o f  Fungus j

A c u l tu r e  o f  Po lyporus v e r s i c o l o r , s t r a i n  28A, grow ing on an agar s l a n t  

was o b ta in e d  from  th e  B u ild in g  R esearch  E s ta b lish m e n t, P r in c e s  R isborough , 

A y lesbury , Bucks. The organism  was s u b -c u ltu re d  on to  agar p la t e s  and

O '  1 7 5grown a t  30 . The’ l i q u id  growing medium was p rep a red  from  th e  

fo llo w in g  A.R. g rade chem icals

g lu c o se  20g
L -a sp a ra g in e  2 .$g
D L -phenyla lan ine 0 .1 5g
ad en ine  0.0275g

..th ia m in e  h y d ro c h lo r id e  0.00005g
p o ta ss iu m  dihydrogen  p hosphate  1 .0g
disodium  hydrogen p hosphate  2H^0 0 .1 g
magnesium s u lp h a te  0 .5g
ca lc ium  c h lo r id e  N 0 .0 1 g
fe r ro u s  s u lp h a te  VHpO 0 .0 1 g
manganous s u lp h a te  4EU0 0.001g
zin c  s u lp h a te  7Hp0 * 0 .0 0 1 g
copper s u lp h a te  5 ^ 0  0.002g

d is s o lv e d  in  d i s t i l l e d  w ate r (1dm^).

The medium was e q u a l ly  d i s t r i b u t e d  in to  f iv e  c o n ic a l f l a s k s  (250cm?) 

---•which were s t e r i l i s e d  by a u to c la v in g  (120° fo r  30 m in s .) .  A s in g le  

p l a t e  o f  f r e s h ly  grown fungus was su b -d iv id e d  in to  f iv e  s e c t io n s  o f  

ap p ro x im ate ly  eq u a l a r e a s ,  one p ie c e  b e in g  added to  each c o n ic a l  f l a s k  

under s t e r i l e  c o n d i t io n s .  The f l a s k s  were in c u b a te d  a t  25° fo r  7 days 

a t  w hich p o in t  a s o lu t io n  o f  2 , 5 -d im e th y la n ilin e  in  50% aqueous e th a n o l 

{0,/i.cm? o f  0.2M s o lu t io n )  was added to  each f l a s k  to  g iv e  a f i n a l  

c o n c e n tra tio n  o f th e  a n i l in e  in  each f la s k  o f  A x  10 A fte r  an

■ add itional 7- days in c u b a tio n  a t  25° th e  c u l tu r e s  w ere h a rv e s te d .

G lass beads (I00g) w ere added to  each f l a s k  w hich was shaken m anually  

fo r  10 m ins. to  b reak -u p  th e  m y c e lia l g row th. The r e s u l t i n g  su sp en sio n
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•was f i l t e r e d  th rough  Whatman No, 1 f i l t e r  paper and th e  f i l t r a t e  s to re d  

a t  -20° in  c lean  p o ly th e n e  b o t t l e s .

A ssay o f Laccase A c t iv i ty
22 3A ssays w ere c a r r ie d  o u t u s in g  th e  method o f  P ic k a rd  and Westlake** .

—6A ssay m ix tu res  c o n ta in ed  c a te c h o l (1 x 10~ m ol), a c e ta te  b u f fe r  (pH4-.0,
£ O Q

5 x 10 mol) and enzyme s o lu t io n  (0.1cm  ) in  a t o t a l  volume o f  3cm .

The m ix tu res  were in c u b a te d  a t  37° fo r  15 m in s ., a f t e r  w hich th e  

a b so rp tio n s  a t  4-OOnm in  1cm s i l i c a  c e l l s  were de term ined  a g a in s t  a 

c a te c h o l-b u f fe r  b la n k . One u n i t  o f  la c c a s e  a c t i v i t y  i s  d e fin e d  as 

t h a t  amount o f  enzyme w hich w i l l  cause th e  o p t i c a l  d e n s i ty  to  in c re a s e  

by 1 .0  u n i t  a f t e r  in c u b a tio n  fo r  15 m ins.

A ssay o f  H o rse ra d ish  P e ro x id ase

The enzyme was pu rch ased  from  Sigma Chemical C o., a s  a s a l t - f r e e  powder,
22/

and was assayed  fo r  a c t i v i t y  acc o rd in g  to  th e  method o f  D ev lin .
f

R eac tio n  m ix tu res  c o n ta in ed  g u a ia c o l s o lu t io n  (3 .3  x 10 0 .05cm ^),

hydrogen p e ro x id e  s o lu t io n  (1 .3  x 10*"^, 0.04-cm^), p e ro x id a se  s o lu t io n  

(0.1g/dnf* in  pH6.0 b u f f e r j  0.01cm ^) and phosphate  b u f fe r  (0.01M, pH 6.0, 

2.9cm ) .  The abso rbance  o f  th e  m ix tu re  was determ ined  a f t e r  5 nuns, 

a t  4-70 nm in  1cm s i l i c a  c e l l s  a g a in s t  a b lan k  c o n ta in in g  g u a ia c o l,  

p e ro x id e  and b u f f e r .  An a c t i v i t y  o f  1 u n i t  i s  d e f in e d  as th e  amount 

o f  enzyme causin g  an in c re a s e  in  o p t i c a l  d e n s i ty  o f  1 .0  u n i t  in  5 m ins.

1. P re p a ra t io n  o f  Compounds in  th e  6-H ydroxy-7-M ethoxy S e r ie s  

Ben z y l i  so v a n i l l i n  334-
O

I s o v a n i l l in  (125g, O .52m ol), d is s o lv e d  in  meths (250cm ) was added to  

a s t i r r e d  m ix tu re  o f  b en zy l c h lo r id e  (&3g, 0 .6 6 m o l), and p o ta ss iu m
Q

ca rb o n a te  (72g) in  m eths (200cm ) .  The m ix tu re  was r e f lu x e d  fo r  10 h r .



w ith  s t i r r i n g ,  fo llo w ed  by a d d i t io n  o f  a c t iv a te d  c h a rc o a l (5g) and
;

f u r th e r  r e f lu x  fo r  30 m ins. The r e a c t io n  m ix tu re  was f i l t e r e d  h o t 

and a llow ed  to  c o o l. The r e s u l t i n g  p a le  yellow  c r y s ta l s  w ere f i l t e r e d  

o f f ,  washed w ith  p e t r o l  (b .p .  40 -60°) and r e c r y s t a l l i s e d  (e th a n o l)  

a f fo rd in g  224: 81%), m .p. 63-4° ( l i t  63°

T(CDC13 ) : 0 .23  (1H, s ,  CHO); 2 .5 0 -3 .1 8  (8H, m ,a ro m a tic s ) ; 4 .90  (2H, 

s ,  PhCH20 ) ;  6 .13  (3H, s ,  CH 0 ) .

3-Benz.yloxy-4- m ethoxy- c l -n . i t ro s ty re n e  335

B e n z y l! s o v a n il l in  (8 7 .5g, O .36m ol), ammonium a c e ta te  (29g), and 

n itro m e th an e  (1l3g? 1.85m ol) w ere re f lu x e d  in  a c e t ic  a c id  (250cm ) 

f o r  1 .5  h r .  and allow ed  to  coo l o v e rn ig h t. The c r y s t a l l i n e  p ro d u c t
o

•was f i l t e r e d  o f f ,  washed th o ro u g h ly  w ith  e th e r  (500cm ) and r e c r y s t a l -
\

l i s e d  ( e th a n o l) ,  g iv in g  b r ig h t  yellow  n e e d le s  o f  335 (81g, 79%), m .p.

1 2 7 .5 -8 °  ( l i t  1 2 5 -7 ° )? 58 max: 1625 * T ( CDC13) : 1 -9 3 -3 .1 5

(10H, m, a ro m a tic s  and v i n y l i c s ) ;  4 .85  (2H, s ,  PhCHo0 ) ;  6 .08  ( 3H, s ,3 (L

ch3o) .

3-Ben zy loxy~4-m ethoxy-^  -p h en y le th y lam in e  h y d ro c h lo r id e  336

The above n i t r o s t y r  ene 335 (60g, 0 .21m ol) d is s o lv e d  in  d ry  THF (500cm^)

was added dropw ise to  a m e c h a n ic a lly  s t i r r e d  su sp en sio n  o f  l i th iu m
o

alum inium  h y d rid e  (25g) in  THF (500cm ) under n i t r o g e n .  When th e  

a d d i t io n  was com plete th e  m ix tu re  was s t i r r e d  fo r  1 h r . ,  fo llo w in g  w hich 

p o r t io n s  o f  aqueous THF (50cm^ o f  20% aq.THF, fo llo w ed  by 50cm^ o f  

50% aq.THF) were c a u t io u s ly  added. A dd itio n  o f  4M sodium hy d ro x id e  

s o lu t io n  gave a g ra n u la r  p r e c i p i t a t e  o f  in o rg a n ic  s a l t s  and a c le a r  

o rg a n ic  la y e r  w hich was d ecan ted  o f f .  The in o rg a n ic  p r e c i p i t a t e  was 

washed w ith  THF (3 x 200cm ) and th e  w ashings combined w ith  th e
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o r ig i n a l  THF s o lu t io n .  Removal o f  th e  o rg a n ic  s o lv e n t  under reduced

p re s s u re  gave a brown o i l  w hich was d is s o lv e d  in  e th e r  and d r ie d  (K^CO^).

F i l t r a t i o n  was fo llo w ed  by th e  a d d i t io n  o f  sm a ll p o r t io n s  o f  e th a n o lic

hydrogen c h lo r id e ,  th e  r e s u l t i n g  w h ite  f l u f f y  p r e c i p i t a t e  b e in g  c o l le c te d

and washed w ith  e th e r  to  g iv e  4 4 .5g (71%) o f  336 . R e c r y s ta l l i s a t io n  o f

th e  h y d ro c h lo r id e  ( e th a n o l - e th e r ) gave w h ite  c r y s t a l s ,  m .p. 162-5° ( l i t

1 6 6 ° ) .11^ 2600cm- 1 , 2400cm-1 ( s a l t  b a n d s ) .max *

3 -Hydr oxy-4-methoxy~># -p h en y le th y la m in e  hydro c h lo r  i  de 337

The h y d ro c h lo r id e  336 (22g, 0 .075m ol) was p la c e d  in  a 500cm''* h y d ro g en a tio n
Q

b o t t l e  and d is s o lv e d  in  m eths (200cm ) c o n ta in in g  5% p a l la d is e d  c h a rc o a l 

(2g)„ The system  was p r e s s u r is e d  w ith  hydrogen and shaken u n t i l  u p ta k e  

o f  gas had c e a se d . C a ta ly s t  was removed by f i l t r a t i o n  and th e  s o lv e n t 

removed to  g iv e  th e  h y d ro c h lo r id e  337 (14g, 92%), a s  w h ite  c r y s t a l s ,  

m .p. 203-5° ( l i t  2 0 4 - 6 ° ) * ^  from  e th a n o l - e th e r . 3150cm-1

(H bonded 0-H ); 2640, 2560, 2450cm” 1 ( s a l t  b a n d s ) . T^(D 0 ) :  3.11 

(3H, s , a ro m a tic s ); 6 .1 2  (3H, s ,  CH 0 ) ;  6 .5 5 -7 .2 1  (4H, m, CH2~CH2 ) .

1.1 1-A lky l-6 -H ydroxy-7 -M ethoxy-3 .4 -D ih y d ro iso q u in o lin e  H y d ro ch lo rid e s  

6 -H y d ro x y ~ 7 ~ m eth o x y -3 ,4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  169
O

E th y l fo rm ate  (60cm , 0 .74m ol) and 3 -benzy loxy~ 4~ raetboxy~^~ pheny l- 

e th y lam in e  336 (15g , 0 .058m ol) w ere re f lu x e d  to g e th e r  f o r  15 h r .  Excess 

e th y l  fo rm ate  was removed by d i s t i l l a t i o n  under red u ced  p r e s s u re ,  le a v in g  

a brown gum w hich was t r i t u r a t e d  w ith  e th e r - p e t r o l  (b .p .  4O-6O0 ) g iv in g  

th e  N -form yl compound 333 ( 1 6 .3g, 98%). The crude  p ro d u c t r e c r y s t a l ­

l i s e d  from  b e n z e n e -p e tro l  ( b .p .  60 -80°) a s  a fawn s o l id ,  m .p. 9 8 .5 -

100 .5° ( l i t  101° ) . 358 KEr: 3380cm-1 (N-H)j 1660cnf1 (C =0). V (C D C lJ :nicix . 3

2 .0 0  (1H, s ,  CH0); 2 .6 2 -3 .2 6  (8H, m, a ro m a tic s ) ;  4 .2 3  (1H, b road  s ,  NH);

4 .9 0  (2H, s ,  PhCH20 ) ;  6 .1 8  ( 3H, s ,  CH 0 ) ;  6 .6 4 , 7 .3 5  (4H, 2 t ,  CH2~CH0 ) .
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o
The above formam ide (10g, 0 .036m ol) -was d is s o lv e d  in  to lu e n e  (100cm )

o
and coo led  w h i ls t  phosphorus o x y c h lo rid e  ( 30cm ) was added c a u t io u s ly .

The m ix tu re  was r e f lu x e d  f o r  1 .5 h r . ,  co o led , and poured  in to  a la rg e  

ex cess  o f  p e t r o l  (b .p .6 0 -8 0 ° ;  600cm^) w hich was d ecan ted  o f f  le a v in g
o

a  d a rk  brown gum. A f te r  an a d d i t io n a l  wash w ith  p e t r o l  (4-OOcm ) ,  1M 

h y d ro c h lo r ic  a c id  (250cm^) was added to  th e  r e s id u e  and h e a te d  a t  50° 

fo r  30 m ins. T h is  p ro ced u re  was r e p e a te d  tw ic e  m o re , 'th e  combined a c id  

w ash ings th e n  b e in g  c o o led , b a s i f i e d  w ith  2M sodium hydrox ide  s o lu t io n  

and e x t r a c te d  w ith  e th e r  (3 x I50cnr*), d r ie d  (KoC0o) and ev ap o ra ted .ei 3

T r i tu r a t i o n  w ith  p e t r o l  ( b .p .  60 -80°) gave 6-ben zyloxy-7-m e thoxy-3 ,4 -- 

d ih y d ro iso q u in o lin e  292 , (5 .3 g , 51%) as  c o lo u r le s s  c r y s t a l s ,  m .p. 102-3° 

( l i t  1 0 5 °)?58 l6 35cm” 1 (C-N ). ^ ( C D C l ^ ;  1.94- (1H, s ,  CH=N);

2 .5 9 -3 .2 6  (7H, m, a ro m a tic s ) ;  4-.9B (2H, s ,  P h C ^O ); 6 ,05  (3H, s ,  CH 0 ) ;  

6 .2 8 , 7 .31 (4-H, 2 t ,  CH2~CH2 ).

Compound 292 (0 .5 g , 1 .8  mmol) was r e f lu x e d  w ith  a 1:1 m ix tu re  o f  

e th a n o l and cone, h y d ro c h lo r ic  a c id  (4-Ocm^) fo r  30 m in s .,  fo llow ed  

by rem oval o f  s o lv e n t to  a f f o r d  6 -hyd roxy~ 7-m eth o x y -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  169 (0.34-g, &5%) as p a le  y e llo w  c r y s ta l s  

( e th a n o l ) ,  m .p. 206-9 ( l i t  2 0 7 - 8 ° ) .* ^  l ^ ( n u j o l ) :  3200cm"^ (0 -H );

164-Ocm-"1 ( C=N). T ( b 90 ) :  1 .20  (1H, s ,  CH=N); 2 .6 7 , 3 .2 0 - (2H, 2 s , 

a ro m a tic s ) ;  6 .07  (3H, s ,  Ci^O); 5 .9 9 , 6 .9 0  (4H, 2 t ,  CH2-CH2 ) .

1 -M eth y l-6 -h y d ro x y -7 -m eth o x y -3 ,4 --d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  170 

A c e tic  a c id  was added dropw ise to  an e th e r e a l  s o lu t io n  o f  th e  pheny l -  

e th y lam in e  336 ( 5 «25g , 0 .02m ol) g iv in g  a w h ite  p r e c i p i t a t e  w hich was 

f i l t e r e d  and a i r  d r ie d .  H ea tin g  o f  t h i s  s a l t  a t  180° on an o i l  b a th  

fo r  1 .5  h r .  fo llo w ed  by d is s o lv in g  th e  ta n  o i l  in  d ich lo ro m eth an e  (50cm ^), 

w ashing w ith  2M h y d ro c h lo r ic  a c id  (3 x 50cm^), HgO (3 x 50cm^), 2M sodium

138



Q
hydrox ide  s o lu t io n  (3 x 50cm ) and d ry in g  over MgSO^, a f fo rd e d  a f t e r  

r e c r y s t a l l i s a t i o n  from  e th y l  a c e ta t e  2 . 6g o f  ace tam ide 339 (4-3%), 

m .p. 123-5° ( l i t  1 2 8 - 8 .5 ° ) .360 V*1®1*: 3308‘cm(N-H); 1644cm"1 (C -0 ) .max

Y ”( CDC1 ) :  2 .5 8 -3 .2 5  (8H, m, a ro m a tic s ) ;  4-55 (1H, b road  s ,  NH); 6 .1 6  

(3H, s ,  CH30 ) ;  6 .6 5 , 7.34- (4H, 2t ,  CH2-CH2 ); 8 .1 7  (3H, s ,  CH ) .

The ace tam ide 339 (2 .6 g , 8 . 7 h m o 1 )  was c y c l is e d  w ith  phosphorus oxy-

3 3c h lo r id e  (10cm ) a s  f o r  compound 292. M ethanol (5 cm ) was added to

th e  r e s u l t a n t  brown gum fo llo w ed  by t r i t u r a t i o n  w ith  e th e r  to  g iv e  th e

h y d ro c h lo r id e  o f  1 -m e th y l-6 -b e n  zyloxy-7~m ethoxy-3 ,4-”d ih y d ro is o q u in o lin e

340 (2 . 2g , 80%)f m .p. 183-4*5° ( l i t  2 0 2 - 4 ° ) , a s  c o lo u r le s s  c r y s ta l s

( e th a n o l - e th e r ) .  1650cm" 1 (C*N). T(CDC1 3 )s 2 .4 6 -3 -4 3  (7H,

m, a ro m a tic s ) ;  4-95 (2H, s ,  PhCH20 ) ;  6 .1 0  (3H, s ,  CH 0 ) ;  6 .2 5 , 7 .4 0

(4H, 2 t ,  ffl2-CH2 ); 7 .8 4  (3H, s ,  CH ) .

D ebenzy la tion  o f  340 (2 ,1 g , 6 . 6mmol) w ith  e th a n o l ic  conc. h y d ro c h lo r ic
O

a c id  ( 1 : 1, 15cm ) ,  a s  f o r  169 fu rn is h e d  a f t e r  c r y s t a l l i s a t i o n  from 

e th a n o l- e th e r  1 .4g  (9356) o f  170, m .p. 260- 2° ( l i t  2 6 1 -3 ° ) .^  V ( nu j o l ) : 

3420cm" 1 ( 0-H ); 1650cm" 1 (C=N). T (D 20 ) :  2 .7 3 , 3-28 (2H, 2 s , a ro m a tic s ) ;  

6 .07  (3H, s ,  CE^O) ;  6 .2 3 , 7 .0 0  (4H, 2 t ,  CH2-CH2 ); 7 .2 0  (3H, s ,  CH ) .

1-B en zy l-6 -h y d ro x y -7 -m eth o x y -3 , 4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  171 

The above e x p e rim en ta l p ro ced u re  was ag a in  adop ted  to  p re p a re  th e  

fo llo w in g  compounds. P h e n y la c e tic  a c id  and 336 (10g, 0..039mol) gave 

th e  phen y lace tam id e  341 (8 .7 g , 6356) ,  m .p. 117- 8° ( l i t  115- 7 ° ) , 3^1 as 

c o lo u r le s s  c r y s ta l s  ( e th y l  a c e t a t e ) .  3300cm" 1 (N-H); 1645cm" 1

(0= 0). ^ ( C D C l^ :  2 . 63- 3 .3 6  (13H, m, a ro m a tic s ) ;  4 .6 4  (1H, b road  s ,

NH); 4 .9 5  (2H, s ,  PhCH20 ) ;  6 .15  (3H, a , CH 0 ) ;  6 .5 4  (2H, s ,  PhCH2 ) ;

6 .6 8 , 7.41 (4H, 2 t ,  CH2-CH2 ) .  The crude amide 341 (7 .5 g , 0 .02m ol) was 

c y c l is e d  to  g iv e  1-b e n z y l-6 -b e n z y lo x y -7 -m e th o x y -3 ,4 -d ih y d ro iso q u in o lin e
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h y d ro c h lo r id e  312 (5 .2 g , 66%), m .p. 186-91'° ( l i t  2 0 1 -5 ° ) ? " ^  a f t e r
\ —1

c r y s t a l l i s a t i o n  from  e t h a n o l - e th e r . V ( nuj 0i ) ! 1615cm (0=N). 'TCCDCl^)

as  f r e e  b a se : 2 .6 1 -3 -3 2  (12H, I s ,  a ro m a tic s ) ;  1 .8 7  (2H, s ,  PhCH^O);

5 .97  (2H, s ,  PhCH2 ) ;  6 .2 8  (3H, s ,  CH 0 ) j  6 .3 1 , 7 -1 1  (1H, 2 t ,  CH2-CH2 ) .

The hydroxy compound 171 (1 -3 g , 51%), m .p. 81-6° was o b ta in e d  from  3 .1 g

(7.8mmol) o f  312 u s in g  e th a n o l-c o n e . h y d ro c h lo r ic  a c id  a s  th e  d eb en zy l-

a t in g  medium. 3 3 9 0 c m ( 0 - H ) ;  16l0cm~^ ( C=N) .  *"r(Do0 ) ;  2 .5 0max (C

(6H, s , a ro m a tic s ) ; 5-81 (2H, s ,  PhCH2 ); 6 .08  (3H, s ,  CH 0 ) ;  6 .1 0 , 7 .01 

(1H, 2 t ,  CH2-CH2 ) .

1 - ( 3 ' l (  5-T r im ethoxyben z y l)-6 -h y d ro  xy-7-me th o x y -3 ,l -d ih y d ro is o q u in o l in e  
h y d ro c h lo r id e  172

3 , 1 , 5 -T rim ethoxypheny lpy ruv ic  a c id  167 was p re p a re d  by  th e  fo llo w in g

p ro c e d u re : 3 ,1 ,5 - tr im e th o x y b e n z a ld e h y d e  (50g, O .255m ol), h ip p u r ic  a c id

(75g, 0 .12m ol) and sodium a c e ta t e  (23g) w ere h e a te d  w ith  a c e t ic  an h y d rid e

(137cm ) on a steam  b a th  f o r  30 m ins. The dark  o range s o lu t io n  was

coo led  o v e rn ig h t a t  1 ° , th e  p r e c i p i t a t e d  yellow  n e e d le s  w ere f i l t e r e d

o f f ,  washed w ith  w a te r , m eths, and w ate r ag a in  to  g iv e  th e  d e s ire d

a z la c to n e  168 (7 1 .7g , 86%), m .p. 163-5° ( l i t  1 6 5 - 6 ) .^ ^  I780cm~^max

( 0 0 ) .  T(CDC13 ): 1 .7 0 -2 .5 1  (7H, m, a ro m a tic s ) ;  2 .9 0  (1H, s ,  O CH);

6 .0 5  (9H, s ,3CH30 ) .

A z lac to n e  168 (30g, 0 .088m ol) was re f lu x e d  fo r  1 h r. in  1M sodium 

h y d ro x id e  s o lu t io n  (150cm ) ,  a f t e r  w hich w ater (100cm ) was added and 

th e  s o lu t io n  s a tu r a te d  w ith  su lp h u r d io x id e . The p r e c i p i t a t e d  b en zo ic  

a c id  was f i l t e r e d  o f f  g iv in g  a p a le  yellow  f i l t r a t e  w hich a ffo rd e d  

c r y s t a l s  o f  3 , 1 , 5 -tr im e th o x y p h e n y lp y ru v ic  a c id  167 on h e a t in g  w ith  excess 

1M h y d ro c h lo r ic  a c id .  R e c r y s t a l l i s a t i o n  from  aqueous e th a n o l gave 1 1 .7g 

(65%) o f p ro d u c t as  c o lo u r le s s  n e e d le s ,  m .p. 166-7° ( l i t  167 -8°).^*^
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^ m a x : 3460cm"1 (0-H as e n o l) ;  1705cm 1 (COgH). 'X(IMSO): O.63 (1H, 

b road  s ,  CO^H); 2 .77  (2H, s ,  a ro m a tic s ) ;  3*50 (1H, s ,  CH=C-0H); 6 .1 5 , 

6 .2 5  (9H, 2s,3CH 0 ) .

C onversion o f  167 to  3 , 4 , 5 - tr im e th o x y p h e n y la c e tic  a c id  343 was
Q

ach iev ed  by  add ing  dropw ise a m ix tu re  o f  hydrogen p e ro x id e  (30%, 14cm )
Q

and w ate r ( 14cm ) to  a s o lu t io n  o f  3 , 4 , 5 -tr im e th o x y p h e n y lp y ru v ic  a c id
t

167 (1 1 .8 g , 0 .046m ol) in  10M sodium  h y d rox ide  s o lu t io n  and coo led  to  

10° in  an i c e - s a l t  b a th ;  th e  p e ro x id e  s o lu t io n  was added a t  such  a 

r a t e  t h a t  th e  te m p e ra tu re  o f  th e  r e a c t io n  m ix tu re  k e p t below 15°. The 

s o lu t io n  was s t i r r e d  o v e rn ig h t a t  ro o m -tem p era tu re  b e fo re  b e in g  

a c i d i f i e d  w ith  conc. h y d ro c h lo r ic  a c id .  The w h ite  p r e c i p i t a t e  o b ta in e d
O

was f i l t e r e d  o f f ,  washed w ith  w a te r (500cm ) and a i r  d r ie d ,  a f fo rd in g  

9 .4 g  (90%) o f  3 , 4 , 5 -- tr im e th o x y p h e n y lace tic  a c id  343, m .p. 116-8° ( l i t  

1 1 8 -2 0 ° ) .362 1700cm” 1 (COgH). Y ( CDC13 ) : ~1 -24  (1H, b road  s ,

exchanges w ith  D^0, OO^H); 3 .5 3  (2H, s ,  a ro m a tic s ) ;  6 .1 8  (9H, s ,  301^0); 

6 .4 4  (2H, s ,  PhCH2 ) .

The t i t l e  compound was p re p a re d  by th e  same ro u te  a s  th e  p re v io u s  

d ih y d ro is o q u in o lin e . H ea tin g  th e  s a l t  o b ta in e d  from  3,4-? 5 - tr im e th o x y -  

p h e n y la c e t ic  a c id  343 (4 .3 g , 0 .0 l9 m o l) and amine 336 (5»0g, 0 .019m ol) 

a t  180° fo r  1 h r .  gave th e  s u b s t i tu t e d  p h eny lace tam ide  272 w hich 

r e c r y s t a l l i s e d  ( e th y l  a c e ta t e )  as b u f f  n e e d le s  (7 .1 g , 79%), m .p. 

1 2 4 -6 .5 ° . (Found: C, 69*4; H, 6 .7 ;  N, 3 .0 .  C^H ^N O ^ r e q u i r e s  C, 6 9 .7 ; 

H, 6 .7 ;  N, 3.0% ). 3320cm" 1 (N-H); 1635cm"1 (C=0). T(0DClo)maz jj

2 .6 8 -3 .6 9  (10H, m, a ro m a tic s ) ;4*57 (1H, b road  s ,  MH); 4 .9 5  (2H, s , 

PhCH20 ) ; 6 .1 7 , 6 .2 3  (12H, 2 s , 4 0 ^ 0 ) ;  6 .6 3  (2H, s ,  PhCH2 ); 6 .6 8 , 7 .4 0  

(4H, 2 t ,  CH2~CH2 ) .  C y c l is a t io n  o f  th e  crude amide gave 5 .3 g  (72%) o f 

th e  3 ,4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  273, m .p. 184-6° ( e th a n o l-
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e th e r)*  (Found; C, 66.4-; H, 6 .0 ; N, 2 .8 .  Cp^H^NO^.HCl r e q u ir e s  

0, 6 7 .0 ; H, 6 .2 ; N, 2 .9 $ ) .  ) } ^ :  269 0 cn f1 ( s a l t  b an d ); 1655cm"1 (CrN),

' Y ( CDCl^): 2 .5 8 -3 .2 6  (9H} m, a ro m a tic s ) ;  4-83 (2H, s ,  PhCHpO); 5-42 

(2H, s ,  PhCHp); 6 .1 3 , 6 .2 2 , 6 .2 8  (12H, 3 s, 4-CH 0 ) ; 7.10 (2H, \ j  CH2~ 

c h ^ n ) ,

JDebenzylation o f  2 7 3  ( 1g, 2 .1  mmol) a ffo rd e d  upon t r i t u r a t i o n  w ith  

e th an o lrre th e r  a fawn s o l id  o f  th e  t i t l e _  compound 1 7 2  (0 , 8 g, 9 8 $ ) , m.p. 

225-8°, An a n a l y t i c a l  sample from  e than o l^ -e th er m elted  a t  233-6°.

(Found; 0, 6 0 .9 ; H, 6 .1 ,  N, 3 .2 .  Cp^Hp^NO^.HCl r e q u i r e s  C, 6 1 .0 ;

N, $ i % ) ,  ^ m x 1 MSOcm" ’1 (0.~H)s 2750cm"1 ( s a l t  band ) 5 1650cm" 1 

_.((>If), TlPpO); 2 .80, 3/1B, 3,4-3 (4-H, 3§, arom atics); 6,25 (12H, s, 

APH^Q); 7 ,15  (2H, t ,  Q H^CH ^N ),

• 1 .2  '1 ^/^yl^6^Hydrojxy»7«jletho_!xg«>1,2 , ^ A'TT.ei:rah7dl!° 5°_9Pi.n° 1 i n
Oa f b P ^ l i f  _ Ac id s

-me t  ho xy 1 ,2 ,  3 ,A - 1 e tra h y d ro  is o q u in o l in e  ̂  1~ c a rb o x y lic  a c id  163

A so lu tio n  o f  g lyp jcy lic  a c id  m pnohydrate (lOOcrn  ̂ o f  a 1$ s o lu t io n )  was

•added t© phenylethyl,am ine ^ |7  (2g , 0,01 mol) d is s o lv e d  in  0.05M s u lp h u r ic
%&pid so lu tio n  (100cm ), The mixture was heated on a steam bath for A h r; 

the  gplu tion  was ad justed  to  pB7 w ith ammonia so lu tio n , reduced to  h a lf  

volume and kept a t  4-° overn igh t. The c ry s ta ll in e  product was f i l t e r e d  

o f f ,  d isso lved  in  b o ilin g  methsnol^conc, hydrochloric acid ( 1p0 ; 1 ) and
t

pooled. Addition of e ther gave c o lo u r le s s  needles of the 1 hydrogen acid 

163 (1»2g, 4-7$) as the hydrochloride, m.p, 209-12°, (Found; 0, 4-7,8; ■ 

If, 3 ,7 ; N, A,9, C^H^CINO^.H^O req u ires  Q, A7.6; H, 5 ,8 ; N, 5 ,0$ ) ,

W 0 m ”  ̂(0 -B )f 2790, 2630, 253Qenr1 ( s a l t  b an d e); I738gm"1 (OOgH). 

•yCPgO); 2 ,68, 3,09 (2H, 2s, arom atics); 6,02 (3H, s , ' CH 0 ) ;■ 6 . ,66 (1H, s ,  

0 ,-H ); 6 ,2 9 , 6 ,9 ^  (AB, 2 t ,  CJJg-GHg),
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1 -M ethyl-6"hydroxy-7-m ethoxy--1 , 2 , 3, 4~ t  e t r  ahy d r  o 1 s o q u l  n o l  in  e -1 - c a rb o x y lic  
a c id  164

3-H ydroxy~4~m ethoxy-/3-phenylethylam ine h y d ro c h lo r id e  (11g, 0 .046m ol) and
O

p y ru v ic  a c id  (6 .2 g , 0 .07m ol) w ere d is so lv e d  in  w ate r (120cm ) and th e

pH a d ju s te d  to  4 -.5 -5 .0  w ith  ammonia s o lu t io n .  A fte r  s ta n d in g  a t  25° fo r

5 days under th e  r e s u l t i n g  c r y s ta l s  were c o l le c te d  and r e c r y s t a l l i s e d

from  m e th a n o l-c o n e .h y d ro c h lo r ic  a c id - e th e r  to  a f fo rd  th e  h y d ro c h lo r id e

o f  th e  t i t l e  compound 164 ( 8 .2g, 64%) as  c o lo u r le s s  n e e d le s ,  m .p. 254- 6°

(d) ( l i t  2 5 4 ° ) .23° \ )  KBr: 3340cm-1 (0-H ); 2790, 2560cm-1 ( s a l t  b a n d s ) ;ni&x

m o c m -1 (C02H). Y (D 2o ) :  2 .8 3 , 3 .27  (2H, 2 s , a ro m a tic s ) ;  6 .07  (3H, s ,

CH 0 ) ; 6 .3 7 , 6 .97  (4-H, 2 t ,  CEj-CH.,); 7 .9 6  (3H, s ,  C S .J .

1-Ben z y l-6 -h y d roxy-7 -m ethoxy-1 , 2 , 3 , 4 - te t r a h y d r o i  s o q u in o lin e -1 -c a rb o x y lic  
a c id  165

P hen y lp y ru v ic  a c id  (1 .6 g , 0 .0 1 mol) d is s o lv e d  in  th e  minimum a m o u n t o f 

1M sodium h yd rox ide  s o lu t io n  and 3-h y d ro xy-4-m eth o x y - /# -p h en y le th y la m in e
O

h y d ro c h lo r id e  (2g , 0.01 mol) in  w ate r (30cm ) w ere a llow ed  to  s ta n d  under 

fo r  24 h r . ,  th e  pH hav ing  been a d ju s te d  to  6 .5 -7 .0  w ith  2M h ydro ­

c h lo r ic  a c id .  W hite c r y s t a l l i n e  m a te r ia l  was f i l t e r e d  o f f ,  and r e c r y ­

s t a l l i s e d  (m ethano l-conc . h y d ro c h lo r ic  a c id - e th e r )  to  g iv e  th e  

h y d ro c h lo r id e  o f  165 (1 .7 g , 55%) a s  o f f -w h i te  c r y s t a l s ,  m .p. 2 4 5 -9 ° (d ) . 

(Found: C, 6 1 .4 ; H, 5 .8 ; N, 3*8. C^gH^NO^.HCl r e q u ir e s  C, 6 1 .8 ;

H, 5 .7 ; N, 4 .0% ). \ ) KBr: 3480cm- 1 - ( 0 -H ); 3170cm- 1 (NH0 ) ; 2730, 2520,max

2400cm-1 ( s a l t  b a n d s) ; 1710cm-1 (C02H). T (D 20 ) :  2 .9 3 - 3 .5 M 7 H , m, 

a ro m a tic s ) ,  6 .1 0  (3H, s ,  CH^O).

1 - ( 3 (4 . 5 -T rim eth o x y b en zy l) -6 -hyd ro x y -7 -m eth o x y -1 . 2 . 3 , 4 - te t r a h y d r o -  
is o q u in o lin e -1 -c a rb o x .y lic  a c id  166

The t i t l e  a c id  was p re p a re d  in  an i d e n t i c a l  manner to  th e  p re c e e d in g  

1 -b en zy l analogue from  pheny l e th y l  amine 337 (6 .1 g , 0 .03m ol) d is so lv e d
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Q
in  w ater (30 cm ) and 3 , 4 , 5 -trim e th o x y p h e n y lp y ru v ic  a c id  167 (7 .6 g , 

0 .0 3 m o l). The c r y s t a l l i n e  p ro d u c t was c o l le c te d  a f t e r  5-6  days, r e c r y ­

s t a l l i s e d  from  m ethano l, conc. h y d ro c h lo r ic  a c id  and e th e r  to  a f fo rd  

th e  h y d ro c h lo r id e  o f  t i t l e  compound 166 (6 .? g , 56%) a s  c o lo u r le s s  

n e e d le s , m .p. 2 5 2 -4 ° (d ) . (Found: C, 5 6 .9 ; H, 6 .1 ; N, 2 .7 .  C^H^NC^.HC1

r e q u ir e s  C, 5 7 .3 ; H, 5 .9 ; N, 3.2% ). KBr; 3320cm" 1 (O-H)j 3160cm"1max

(WHg); 2665, 2530, 24.30cm" 1 ( s a l t  b an d s); 1710cm"1 (CO^H). 'Y(D^O):

2 .4 8 , 3 .1 0 , 3 .39  (4H, 3 s , a ro m a tic s ) ;  5-93 (2H, s , PhCH2 ); 6 .0 2 , 6 .15  

(12H, 2 s , 4CH^0) ; 6 .4 0 , 7 .0 3  (4H, 2 t,-  CH^-CHg),

2. P re p a ra t io n  o f  Compounds in  th e  6 .7-D im ethoxy S e r ie s

2.1 1-A lk y l-6 ,7 -D im e th o x y -3 . 4 -D ih y d ro iso q u in o lin e  H y d ro ch lo rid e s 

6 v7 -P im eth o x y -3 , / - d i h y d r o i  n n q i n n o l i n e  h y d ro c h lo r id e  173 

. The t i t l e  compound 173 was p re p a re d  in  an analogous fa s h io n  to  compound 

170. The s a l t  p roduced  from  3>4-dime th o x y -^3-p h en y le th y la m in e  

(hom overtry lam ine) and fo rm ic  a c id  gave the ' N -form yl d e r iv a t iv e  344. 

m .p. 38-40° . ( l i t  4 0 - 2 ° ) .362 . o l y- 3330cm" 1 (N-H); 1655cm"1 (C «0).

T(CDC13 ): 1 .9 4  (1H, s ,  CH0); 2 .6 5 -3 .3 1  (3H, 3 s , a ro m a tic s ) ;  4 .4 6  (1H, 

b road  s ,  NH)5 6 .1 0 ,6 .1 4  (6H, 2 s ,  2CH 0 ) j 6 .5 1 , 7 .3 2  (4H, 2t,CH2-CH2 ) .  

C y c l is a tio n  o f  t h i s  amide w ith  phosphorus o x y c h lo rid e  a ffo rd e d  173 as 

p a le  yellow  c r y s t a l s ,  m .p. 110 -2°, p i c r a t e ,  m .p. 200-1° ( l i t  2 0 1 - 3 ° ) ,3^2 

from  m e th a n o l-e th e r . ^  1630cm"1 (C=W). T fC D d  ) : 1 .98 (1H, s ,

x CH=N); 2 .8 6 , 3 .2 0  (2H, 2 s , a ro m a tic s ) ;  6 .08  (3H, s ,  CH^O); 6 .2 8 , 7 .2 4  

(4H, 2 t ,  CHg-OIg).

1-M e th y l-6 .7 -d im e th o x y -3 ,4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  174 

The N -a c e ty l d e r iv a t iv e  345 was p re p a re d  v ia  th e  s a l t  o f  hom overatry lam ine 

with g l a c i a l  a c e t ic  a c id  as a fawn co lo u red  s o l id  ( e th y l  a c e t a t e ) ,  m.p.
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94-6° ( l i t  9 4 - 5 ° ) .362 % )ICBr: 3270cm"1 (N-H); 1640cm 1 (C~0). Y (C D C lJ :max jj

3 .1 8 -3 .2 1  (3H, 2 s , a ro m a tic s ) ;  6 .1 2  (6H, s ,  2CH 0 ) ;  6 .$ 6 , 7 .2 5  (4H, 2 t ,  

CH^-CH^); 8 .0 6  (3H, s ,  CH^). The ace tam ide 345 was c y c l is e d  w ith  

phosphorus o x y c h lo rid e  in  to lu e n e  to  g iv e  1-m e th y l-6 ,7 -d im e th o x y ~ 3 ,4 -  

d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  174 as p a le  yellow  n e e d le s ,  m .p. 195—

6° ( l i t  2 0 0 ° ) .363 V ^ B r: 1635 cm*""1 ( C-N). ^ ( C D C l J :  2 .9 5 , 3.25 (2H, 2 s , 

a ro m a tic s ) ;  6 .07  (6H, s , 2CH 0 ) ;  6 .3 3 , 7 .3 8  (4H, 2 t ,  CH2~CH2 ); 7 .62  

(3H, s , CH3 ).

1-B enzy l- 6 ,7 -d im e th o x y -3 .4—d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  175

H eating  o f  th e  s a l t  from  p h e n y la c e t ic  a c id  and hom overatry lam ine (10g,

0.055m ol) a t  180° fo r  1 .5  h r .  produced 1 6 .1g (91%) o f  th e  pheny lace tam ide

346 as a b e ig e  s o l id ,  m .p. 109-110° ( l i t  1 1 1 ° ) ^ ^  from  e th y l a c e ta t e .

^ ( n u j o l ) : 3325cm” 1 (N-H); 1630cm"1 (0= 0). fT(CDC1^ ) : 2 .6 8 -3 .3 4  (8H,

m, a ro m a tic s ) ;  4 .48  (1H, b road  s ,  NH); 6 .1 2 , 6 .1 6  (6H, 2 s , 2CH„0);
“ 3

6 .4 6  (2H, s ,  PhCH2 ); 6 .5 9 , 7 .3 2  (4H, 2 t ,  CH2-CH2 ) .  The amide was 

c y c l is e d  by th e  phosphorus o x y c h lo r id e - to lu e n e  method to  a f fo rd  68% o f  

t i t l e  compound 175 as c o lo u r le s s  n e e d le s  ( e th a n o l-e th e r  ), m.p. 175-6°

( l i t  1 7 5 °).'364' ^ ( nuj o l ) : 2650cm"1 ( s a l t  b an d ); 1642cm"1 (C-N).

Y^CDCl^) as f r e e  b a se : 2 .7 6 , 3 .0 7 , 3*38 (7H, 3 s, a ro m a tic s ) ;  5*98 

(2H, s ,  PhCHg); 6 .1 8 , 6 .3 2  (6H, 2 s , 2CH 0 ) ;  6 .2 8 , 7 .4 5  (4H, 2 t ,  CH2-CH2 ) .

2 .2  1-A lk y l-6 .7 -D im eth o x y -1 , 2 , 3 .4 -T e tra h y d ro iso q u in o lin e -1 -C a rb o x y lic
A cids

N -B en zo y l-1 -cy an o -6 ,7 -d im eth o x y -1 , 2 , 3 .4 - te tr a h y d ro is o q u in o l in e  182 

The h y d ro c h lo r id e  173 (8 .3 g , 0 .037m ol) was d is s o lv e d  in  w ater (60cm3 ) 

w hich was made b a s ic  w ith  4M sodium hydrox ide  s o lu t io n  and e x tra c te d
O

w ith  d ich lo rom ethane  (3x25cm1 ) . The combined o rg an ic  e x t r a c t s  were 

d r ie d  (MgSO,)  and f i l t e r e d  b e fo re  b e in g  mixed w ith  a s o lu t io n  o f
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p o ta ss iu m  cyan ide  (1 2 .Og d is s o lv e d  in  th e  minimum amount o f w a te r)  

and s t i r r e d  m a g n e tic a lly  w h i ls t  benzoy l c h lo r id e  (16g) was added d ro p - 

w ise . A fte r  s t i r r i n g  fo r  3 h r. th e  o rg an ic  la y e r  was washed w ith  2M
Q Q

sodium hydrox ide  (2 x 50cm ) ,  2M h y d ro c h lo r ic  a c id  (2 x 50cm ) ,  w ater 

(3 x 50cm ) and d r ie d  (MgSO,) .  Removal o f  so lv e n t and t r i t u r a t i o n  

w ith  m ethanol gave a s o l id  w hich was r e c r y s t a l l i s e d  from  m ethanol to  . 

f u r n is h  N -benzoyl-1  - c y a n o -6 ,7 -d im e th o x y -1 ,2 ,3 ,4 - te tra h y d ro is o q u in o lin e

182 (6 .3 g , 54%), m .p. 215- 7° ( l i t  215- 6° as  c o lo u r le s s  c r y s t a l s .  . 

V KBr: 1655cm""*1 (C=0). T ( C D C l J : 2 .5 2 , 3 .2 2 , 3-35 (7H, 3 s , a ro m a tic s ) ;1T13.X

3.77  (1H, broad  s , C-1H); 6 .1 4  (6H, s , 201^0); 6.4-1, ’7 .15 (4H, 2 t ,  CH9-  

d 2).

N -E en zo y l-1 -cy an o -1 -m eth y l-6 ,7 -d im e th o x y -1 , 2 , 3 ,4 - te t r a h y d ro is o q u in o l in e
183 *   ~ ............ ~ ~ ...~ ~ ....... ~..............     *

The R e i s s e r t  compound 182 (2 .0 g , 6.2mmol) and a  d is p e r s io n  o f  sodium 

h y d rid e  in  o i l  (0 .3 5 g , 0 .0 1 2mol) w ere s t i r r e d  to g e th e r  in  d ry  DMF (20cm ) . 

Iodom ethane (1 .4 g , O.OImol) was added dropw ise to  th e  m a g n e tic a lly  

s t i r r e d  deep re d  s o lu t io n  o f th e  R e i s s e r t  a n io n , s t i r r i n g  b e in g  co n tin u ed  

f o r  a  f u r th e r  hour; - th e  m ix tu re  was poured on to  cru shed  i c e  (lOOg)
/ Q

and e x t r a c t e d / w ith  ch lo ro fo rm  (3 x 100cm' ) .  The combined e x t r a c t s
Q

w ere washed w ith  2M h y d ro c h lo r ic  a c id  (2 x 100cm ') ,  2M sodium h yd rox ide

3 3(2 x 100cm ) , w a te r (3 x  100cm- ) ,  d r ie d  over MgSO  ̂ and ev ap o ra ted .

T r i tu r a t i o n  w ith , and r e c r y s t a l l i s a t i o n  from  m ethano l, gave th e  t i t l e

n compound 183 as c o lo u r le s s  n e e d le s ,  ( 1 .4 g , 67%), m .p. 204-6° ( l i t

205-6° ) . 2Lr2 2220cm"1 (CsN); 1650cm"’1 (C=0). 'YCCDCl ) : '  2 .5 0 ,

2 .9 6 , 3 .38  (7H, 3 s , a ro m a tic s ) ;  6 .0 6  (6H, s , 2(31 0 ) ;  6 .3 8 , 7 .17  (4H,

2 t ,  CH2-CH2 ) ;  7 .8 5  (3H, s ,  C ^ ) .

A ttem pts to  p re p a re  183 from  1-m e th y l- 6 , 7 -d im e th o x y -3 ,4 -d ih y d ro -  

i s o q u in o l in e  174 (1g , 5mmol), p o ta ss iu m  cy an id e  (1 .5 g )  and benzoy l
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c h lo r id e  (2 .0 g )  by th e  norm al R e i s s e r t  method produced  a w h ite  s o l id  

(0 .7 3 g ) w hich t . l . c .  (b e n z e n e -e th e r , 2 :1 )  showed to  c o n ta in  two components 

The m ajor component had an R^ v a lu e  o f  0 .3 0  and th e  minor an R^ o f  0 .1 0 . 

S e p a ra tio n  was ach iev ed  by chrom atography on a s i l i c a - g e l  column (2$g) 

w ith  b e n z e n e -e th e r  (2 :1 )  as  e lu a n t .  The minor component was i d e n t i f i e d  

as 132 ( 0 . l3 g ,  &%), m .p. 198-200°, by com parison w i th 'a n  a u th e n t ic  sam ple. 

The m ajor f r a c t i o n  gave a b u f f  co lo u re d  s o l id  w hich a f t e r  r e c r y s t a l -  

l i s a t i o n  (benzene) a f fo rd e d  0 .58g  o f  c o lo u r le s s  c r y s t a l s ,  m .p. 14-7 - 9° .

3320cm” 1 (N-H); 1670cm"1 (C O ) ; 1630cm” 1 (C O ) . 'Y fC D C lJ  2 .0 1 -
ITIgLX 1 j

2 .7 4  (7H, m, a ro m a tic s ) ;  6 .0 8  (6H, s ,  2CH 0 ) ;  6 .2 6 , 6 .87  (4H, 2 t ,  CHg-CHg)

7 .3 7  (3H, s ,  CH ) .  Th ese  s p e c t r a l  d a ta  su g g es ted  t h a t  th e  p ro d u c t was

N -b e n z o y l- /£>(2 - a c e ty l -4-,5 -d im e th o x y p h en y l)-e th y lam in e  185. and t h i s

was confirm ed by com parison w ith  an a u th e n t ic  sam ple p re p a re d  acc o rd in g

236to  th e  method o f  Forbes e t  a l .

1-M e th y l-6 .7 -d im e th o x y -1 . 2 , 3 . 4 - te 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  
a c id  180

The 1-m ethy l R e i s s e r t  compound 183 (0 .6 g , 2 mmol) was h e a te d  on an o i l  

b a th  a t  100° w ith  85% p h o sp h o ric  acid (7cm ^) f o r  1 h r. under a  s tream  o f  

Ng. The p r e c ip i t a t e d  ben zo ic  a c id  produced on a d d i t io n  o f  th e  r e a c t io n  

m ix tu re  to  ic e - w a te r ,  was f i l t e r e d  o f f  and th e  pH o f th e  f i l t r a t e  c a r e ­

f u l l y  a d ju s te d  to  7 .0  w ith  conc. ammonia s o lu t io n .  A w h ite  c r y s t a l l i n e  

p r e c i p i t a t e  was form ed w hich was f i l t e r e d  o f f ,  g iv in g  c o lo u r le s s  c r y s ta l s  

o f  t i t l e  compound 180 (0 . 23g , 51%), m .p. 3 0 8 -3 l0 ° (d )  ( l i t  2 9 8 -3 0 0 ° ) , 2^ 2 

R e c r y s ta l l i s a t io n  from  m eth an o l-co n c . h y d ro c h lo r ic  a c id - e th e r  gave th e

h y d ro c h lo r id e  s a l t ,  m .p. 2 5 8 -6 0 ° (d ) . KBr: 2840, 2780cm” 1 ( s a l t  b a n d s ) ;inside

1742cm 1 (CO^H). HT(D90 ) :  2 .6 8 , 2 .9 6  (2H, 2 s , a ro m a tic s ) ;  5 .9 4 , 6 .0 2  

(6H, 2s , 2CHyO); 6 .2 0 , 6 .7 7  (4H, 2 t ,  CH2-GH2 ): 7 .8 4 ' (3H, s ,  CH ) .
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N-Benzoyl-1 -b e n z y l-1 -cy an o - 6 ,7 -d im e th o x y -1 ,2 , 3 .4 - te t r a h y d r o is o q u in o l in e  184- 4 

The 1-b e n z y l R e i s s e r t  compound 184 was p re p a re d  by th e  method d e sc r ib e d  

f o r  compound 183. R e a c tio n  o f  th e  is o q u in o l in e  173 (1 .0 g , 3mmol), sodium . 4  

h y d rid e  (0 .5 g , O.Olmol) and b e n zy l c h lo r id e  (0 .7 g , 5 .5m nol) produced 

0 .5 g  (.39%) o f  184 a f t e r  r e c r y s t a l l i s a t i o n  from  methanol, m .p, 18,4-7° ( l i t I

1 8 5 -6 ° ) . 23Lr2200om_1 (CSN); 1640cm-1 (C=0). 'T (C D C l-): 3 .0 7 -max j  •

3 .87  (12H, m, a r o m a t ic s ) | 5 .68  (2H, d , PhCH2 ); 6 .1 6  (6H, s ,  2CH^0).

1-B e n z y l-6 ,7 -d im e th o x y -1 , 2 ,3 .4 - te t r a h y d ro is o q u in o l in e ~ 1 -c a rb o x y lic  ■%
a c id  181

The am ino -ac id  h y d ro c h lo r id e  181 was p re p a re d  i n  an analogous fa s h io n  

to  180 by h y d ro ly s is  o f  th e  1-b e n z y l R e i s s e r t  184- (0 .7 5 g , 1.8mmol) w ith
Q

6 p h o sp h o ric  a c id  (8 c n r)  to  a f fo rd  0 .44g  (7%-%) o f  t i t l e  compound 181,

m .p. 281-6 (d ) ,  w hich upon r e c r y s t a l l i s a t i o n  (e th a n o l-c o n c . h y d ro c h lo r ic  

a c id - e th e r )  gave th e  h y d ro c h lo r id e  s a l t ,m .p .  238-4-0°(d). ^ x : f

2700cm''1 ( s a l t  b a n d s ) ; 1725cm"1 (C02H). T (D 20 ) :  2 .7 6 -3 .2 1  (7H, m,

a ro m a tic s ) ;  6 .0 4 , 6 .0 7  (6li, 2 s , 2CH 0)$ 6 .2 3  (2H, s ,  PhCH2 ); 6 .2 6 , 6 .8 3  

(4H, 2 t ,  CH2-CH2 ) .

3. P re p a ra t io n  o f Compounds in  th e  6-M ethoxy-7-H ydroxy S e r ie s  

3 -Meth o x y -4 -b e n zy lo x y - /3 -p h en y le th y lam in e  347

A s o lu t io n  o f  v a n i l l i n  (125g, 0 .82m ol) in  e th a n o l (500cm^) was added to

a  s o lu t io n  o f  p o ta ss iu m  hy d ro x id e  (46g) in  e th a n o l ( 125cm ) fo llo w ed  by >-

b en zy l c h lo r id e  (113g> 0 .8 9 m o l). The m ix tu re  was r e f lu x e d  f o r  4 .5  h r .
o' Sand coo led  a t  4 o v e rn ig h t .  The r e s u l t a n t  c r y s t a l s  w ere f i l t e r e d ,  t

o o
washed w ith  w ate r (1dm ) ,  0.1M sodium h y d ro x id e  s o lu t io n  (500cm ) and -

O vft

p e t r o l  ( b .p .  40-60 ) b e fo re  b e in g  a i r  d r ie d ,  a f fo rd in g  I64g (82%) o f  4

b e n z y lv a n i l l in  348 as p a le  y e llow  c r y s t a l s  ( e th a n o l ) ,  m .p. 6 1 .5 -6 3 °



( l i t  6 4 - 5 ° ) .365 V j ^ x : 1680cm*"1 ( c=s° )  * T(CDC13 ): 0.34- (1H, s ,  CHO);

2 .5 8 -3 .1 2  (8H, m, a ro m a tic s ) ;  4-95 (2H, s ,  PhCH20 ) ; 6 .1 2  ( 3H, s ,  CH 0 ) .  

3 -M e th o x y ~ 4 -b e n z y lo x y -c J-n itro s ty re n e  34-9 was p re p a re d  by r e f lu x in g  

b e n z y lv a n i l l in  348 (100g, 0.4-Omol), n itro m e th a n e  (120cm ) ,  ammonium
Q

a c e ta te  (4-Og) and a c e t ic  a c id  (400cm ) f o r  1 .5 h r .  The dark  orange

s o lu t io n  was co o led  o v e rn ig h t ,  y ie ld in g  91g (77%) o f  n i t r o s ty r e n e  349

as  yellow  p l a t e l e t s  ( e th a n o l) ,  m .p. 1 2 1 -2 .5 °  ( l i t  1 2 1 ° )c366 '*)KBr:) max
1635om  ̂ (C=C)» ^ (C D C l^ ) ;  1o88-3 .16  (10H, m, a ro m a tic s  and v i n y l i c s ) ;

4 .8 2  (2H, s ,  PhCH90 ) ; 6 .1 0  ( 3H, s ,  CH^O).

R eduction  o f  349 to  3 -m eth o x y -4 -b en zy lo x y - f t -p h en y le th y la m in e  34-7 was

perform ed in  an i d e n t i c a l  manner to  th e  p re v io u s ly  d e sc r ib e d  r e d u c t io n

o f  335, g iv in g  a 74% y ie ld  o f  th e  h y d ro c h lo r id e , m .p. 175- 8° ( l i t  176-

8 ° ) . 367 ^ ) KBr: 2500~2750cnf1 ( s a l t  b a n d s ) ..'  * max  ̂ 1

3.1 1-A lk y l-6 -M eth o x y -7 -H y d ro x y -3 .4 -D ih y d ro iso q u in o lin e  Hydro­
c h lo r id e s

6-M ethoxy-7 -hydroxy-3 , 4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  176 

N -Form yl-3 -m euhoxy-4 -benzy loxy -/9 -pheny le thy lam ine  350 was p rep a red  

in  q u a n t i t a t iv e  y ie ld  from  th e  p h en y le th y lam in e  347 and e th y l  fo rm a te , 

u s in g  th e  method d e sc r ib e d  fo r  i t s  isom er 338. R e c r y s ta l l i s a t io n  from  

b e n z e n e -p e tro l ( b .p .  80 -100°) a f fo rd e d  350 as a b e ig e  s o l id ,  m .p. 5 4 .5 -  

7 .5 °  ( l i t  57-63° ) . 368 9  3300cm“ 1 (N-H); 1640cm"1 (C=0). ,Y(CDC1,)

1.91 (1H, s ,  CHO); 2 .6 0 -3 .2 8  (8H, m, a ro m a tic s ) ;  4*03 (1H, b road  s ,  MH);

4.91 (2H, s ,  PhCH90 ) ;  6 .1 6  (3H, s ,  CH 0 ) ; 6 .5 1 , 7 .2 8  (4H, 2 t ,  CH2-CH? ) .  

C y c l is a t io n  o f th e  amide (1 5 .7 g , 0 .055m ol) was c a r r ie d  o u t u s in g  

phosphorus p e n ta c h lo r id e  (20g) in  ch lo ro fo rm  (200cm3 ) , th e  m ix tu re  b e in g  

a llow ed  to  s ta n d  a t  room te m p e ra tu re  f o r  24 h r .  Removal o f  th e  s o lv e n t  

and t r i t u r a t i o n  w ith  m e th a n o l-e th e r  gave a brown s o l id  w hich was 

c r y s t a l l i s e d  im m ed ia te ly  from  e th a n o l- e th e r  to  y ie ld  th e  3 ,4 -d ih y d ro -
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iso q u in o lin e  hydrochloride 189 (11-7g, 70%) as co lou rless  c ry s ta ls ,

m .p. 178-80° ( l i t  1 9 1 -1 .5 ° )  as f r e e  b a se : I650cm“ 1 (C=N).max

( CDCl^): 1 .88  (1H, s ,  CH-N); 2 .5 4 -3 -3 7  (7H, m, a ro m a tic s ) ;  4-93 

(2H, s ,  ?hCH20 ) ;  6 .15  (3H, s ,  CH 0 ) ;  6 .3 2 , 7 .4 0  (4H, 2 t ,  CEi2-CH2 ) .

6 -M eth o x y -7 -h y d ro x y -3 ,4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  176 was made 

in  87% y ie ld  by  r e f lu x in g  th e  benzy loxy  compound 189 i n  1:1 e th a n o l-  

conc. h y d ro c h lo r ic  a c id  f o r  30 m in s .,  to  g iv e  p a le  yellow  c r y s ta l s  

a f t e r  r e c r y s t a l l i s a t i o n  ( e th a n o l) ,  m .p. 237-242° ( l i t  239-41° ) . ^ 1 

^ ( n u j o i ) 1 1^50cm*"1 (C=N). (DgO): 1 .25 (1H, s ,  CH=N) ; 2 .8 8 , 3-01 

(2H, 2 s , a ro m a tic s ) ;  5-96 (3H, s ,  CH^O); 5 -98 , 6 .8 3  (4H, 2 t ,  CH2-CH2 ) .

1 -M e th y l-6 -m e th o x y -7 -h y d ro x y -3 .4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  177 

The N -a c e ty l compound 351 was p re p a re d  by h e a t in g  th e  a p p ro p r ia te  

p h en y le th y lam in e  a c e ta te  to  g iv e  a fawn co lo u red  s o l id  ( 31%), m .p. 110-3°

( l i t  1 1 6 -~ ° ) .369 3310cm-1 (N-H); 1645cm-1 (C=0). q-(C D C l_):max a

2 .5 8 -3 .2 7  (8H, m, a ro m a tic s ) ;  4 .3 5  (1H, b road  s ,  M ) ;  4 .9 0  (2H, s ,

PhCH20 ) ;  6 .15  (3H, s ,  CH 0 ) ;  6 .6 1 , 7 .3 0  (4H, t ,  CH2-CH2 ); 8 .13  (3H, s ,  

CH^). C y c l is a t io n  o f  th e  crude ace tam ide  w ith  phosphorus o x y c h lo rid e  gave

1-m eth y l-6 -m e th o x y -7 -b en zy lo x y -3 , 4 -d ih y d ro is o q u in o lin e  190 in  40% y ie ld ,  

as lemon co lo u red  n e e d le s ,  m .p. 88-89° ( l i t  8 7 - 8 8 ° ) ,370 from  p e t r o l  

( b .p .  6 0 -8 0 ° ) . 1635cm-1 (C=N). -r(CDCl ) :  2 .4 5 -3 .2 7  (7H, m,

a ro m a tic s ) ;  4 .85  (2H, s ,  PhCH20 ); 6 .0 9  (3H, s ,  CH 0 ) ;  6 .3 7 , 7 .4 3  (4H,

2 t ,  CH2 -CH2 ); 7 .7 7  (3H, s ,  CH^). D eb en zy la tio n  w ith  e th a n o l-c o n c . 

h y d ro c h lo r ic  a c id  y ie ld e d  93% o f  h y d ro c h lo r id e  177. m .p. 220-2° ( l i t
O 3^0 •xtrp.p

224-5 ) as p a le  ye llow  n e e d le s  from  e t h a n o l - e th e r . V  : 2730.v max 9
2660, 2580cm"1 ( s a l t  b a n d s ) ; 1645cm"*1 (C=N). ^ ( ^ 0 ) :  2 .7 7 , 3 .38 (2H,

2 s , a ro m a tic s ) ;  6 .1 0  (3H, s ,  CH 0 ) ;  6 .3 4 , 7 .1 0  (4H, 2 t ,  CH2-CH2 ); 7 .1 4  

(3H, s ,  CH3 ).
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1 -Benzyl-6-methoxy-7-hydroxy-3,4-d ihydroisoquinoline hydrochloride 178

In  a s im i la r  fa s h io n  was p re p a re d  th e  a p p r o p r ia te ly  s u b s t i tu t e d  p h e n y l-  

ace tam ide  352 as a fawn s o l id  ( e th y l  a c e t a t e ) ,  m .p. 97- 8° ( l i t  106- 7° ) .  

V(n u jo l) ! 3310cm-1 (N-H); 1645cm-1 (C=0 ) .  <Y(CDC1 ) : 2 .4 9 - 3 - 6 1  (13H, m, 

a ro m a tic s ) 5 4 .3 6  (1H, b ro ad  s ,  NH); 4*92 (2H, s ,  PhCH^O); 6 .2 2  (3H, s ,

CH^O); 6 .5 3  (2H, s ,  PhCH2 ) ;  6 . 66 , 7 .3 7  (4H, 2 t ,  CH2-CH2 ) .  The 7 -b en zy lo x y

h y d ro c h lo r id e  353 was p re p a re d  in  70$ y ie ld  by c y c l i s a t i o n  u s in g  f
*

phosphorus o x y c h lo rid e  o f  amide 352; m.p. 204- 6° ( l i t  210- 11° ) . ' ^  ^ (n u jo l)* *  

1642cm  ̂ (C=N). ^ (C D C l^ )  as  f r e e  b a s e : 2 .6 4 -3*34  (12H, m, a ro m a tic s ) ;

5 .0 2  (2H, s ,  PhCHgO) :  6 .0 9  (2H, s ,  PhCH2 ); 6 .1 5  (3H, s ,  CH 0)$ 6 .2 8 , 7 .4 2  I f  

(4H, 2 t ,  CH2-CH2 ) .  R eflu x in g  th e  d ih y d ro iso q u in o lin e  353 w ith  e th a n o l-

conc h y d ro c h lo r ic  a c id  gave th e  t i t l e  compound 178 ( 69$ ) as a  fawn -

c o lo u re d  s o l id  ( e th a n o l - e th e r ) ;  m .p. 112- 5° ( l i t  204- 5° ) . >^KBr £ p850
max 7

2740cm  ̂ ( s a l t  b a n d s ) ; 1640cm  ̂ (CsN). ^ ( D ^ ) :  2 .4 9 -3 * 0 4  ( 7H, 2 s , a ro m a tic s )  

5 .9 6  (3H, s ,  CH^O); 5*98 (2H, s ,  PhGH2 ) ;  6 .0 0 , 6 .9 0  (4H, 2 t ,  C H g-C ^).

3 .2  1 -A lky l-6 -M ethoxy-7 -H ydroxy-1 . 2 .3 . 4 -T e tra h y d ro is o q u in o lin e -1  -  'If
C arboxy lic  Acids

N-Benzoyl-1 -cyano-6 -m ethoxy-7 -benzy loxy-1  ,2 .  3 ,4 - te t r a h y d r o is o q u in o l in e  ‘t
186

The R e i s s e r t  compound 186 was s y n th e s is e d  by th e  method u sed  f o r  182.

R e a c tio n  o f  p o ta ss iu m  cy an id e  and benzoy l c h lo r id e  w ith  d ih y d ro is o -  ‘i

q u in o l in e  189 (4 *2g , 0 . 0 l 6mol) gave 3 *6g o f  a p a le  y e llo w  s o l id ,  m .p.

157- 60° ,  w hich a f t e r  two r e c r y s t a l l i s a t i o n s  from  benzene was shown by :

t . l . c .  (b e n z e n e -e th e r , 2 : 1 ) to  c o n ta in  two s p o ts ,  a m ajor sp o t o f R^

0 .5 2  and a minor co n tam in an t hav in g  an R^ o f  0 .1 6 . Column chrom atography 

( s i l i c a )  u s in g  b e n z e n e -e th e r  (2 : 1 ) a s  e lu a n t gave good s e p a ra t io n  o f  

th e s e  two com ponents. The f a s t  ru n n in g  m a te r ia l  was shown to  be th e  

t i t l e  compound 186 ( 2 . 9g , 46$ ) ,  m .p. 182-3° ( l i t  178-800 ) 1 c r y s t a l l i s i n g
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as c o lo u r le s s  n e e d le s  from  m ethano l, p  : 2220cm 1 (CHN)j 164-5cra~1JDciX

( 0 0 ) .  'T (C D C l-):: 3 ,0 0 -3 .7 0  (12H, m, a ro m a tic s ) ;  4 .11 (1H, b road  s ,

C-1H); 5 ,05  (2H, s ,  PhCI^O); 6 .1 8  (3H, s ,  CH 0 ) ;  6 .5 9 , 7 .1 5  (4H, 2 t ,

CH -CHg). The minor p ro d u c t was r e c r y s t a l l i s e d  from  e th y l  a c e ta te  to  

f u r n is h  yellow  c r y s ta l s  o f  N -benzoyl- 2 -fo rm y l-4 -b e n z y lo x y -5-methoxy-yff~ 

p h en y le th y lam in e  191 (0 ,5 g , 8%), m .p. 1 6 5 -6 .5 ° . (Found: C, 7 2 .8 ; H,

6 .1 ;  N, 3 C^ H^ NO^  r e q u i r e s  C, 7 4 ,1 ; H, 5 .9 ; N, 3,6% ).

3320cm' 1 (N-H); 1695Gin"1 (C=0); 16%.0enf1 (C *0), ^ ( C D C l J :  -0 .1 5  

(1H, s ,  CHO); 2 ,2 7 -3 ,1 6  (12H, m, a ro m a tic s ) ;  /+,76 (2;H, s ,  P.hCH^O); 6.01

(3H, s , CH^p); 6,25, 6,62 (4-H, 2 t ,  QH^-CH^),

N-Benzoyl-1 -cyano-^^m ethyl-6-m ethoxy-7-ben_zylo-xy-1,2 . 3 .4 - t  e ty ah y d ro -  
is o q u in o l in e  187

R e is s e r t  compound '186 (1 ,7 g , ^»3fll®ol) was suspended i n  d ry  DMF (8cm^).

The su sp en sio n  was s t i r r e d  m a g n e tic a lly  d u rin g  th e  a d d i t io n  o f  sodium 

h y d rid e  (Q,26g o f  an 60% d is p e r s io n )  oyer 15 fflins p ro d u c in g  a deep re d  

co lo u red  s o lu t io n ,  ty p i c a l  o f  R e i s s e r t  a n io n s . The re d  c o lo u ra tio n  

d isa p p e a re d  on add ing  a  s o lu t io n  o f  ipdem ethane (1g , 7mmol) in  pmf

(2cm ^), s t i r r i n g  b e in g  co n tin u ed  fo r  U h r ,  The PMF so lu tio n  was poured
o

on to  crushod ic e  (5Qg) followed by ex trac tio n  w ith chloroform (3 x 50cm ) ,
%w hich was washed w ith 2M hydrochloric acid (2 x 5Qcm ), 2M sodium

h ydrox ide  (2 x 5Qcm^), w ater (3 x 50cm^) and d r ie d  (MgSO.)  to  g iv e  on
4

rem oval o f  s o lv e n t th e  - t i t l e  compound 187 (1,A g, 80%) as c o lo u r le s s  

n e e d le s  (m e th an o l), m ,p, 1 7 9 ,5 -1 8 1 ° , (Found; 0, 7 5 ,5 ; H, 5 ,7 ; N, 6 ,9 .

C26H24M2°3 0  ? 5 'U  5 .8 ; H, 6 ,8$ ), 2220cjn'1 (CBN);

1665cm"1 (S«0), O ^O D SlJs g ,02-J,08  (12B, m, arom atics); 4 , 8 5  (2H, s , 

PhCH20); 6,06 {%B, S, CH 0); 6,2.5, 6,88 (AH, 2 t ,  CHg-CHg); 7,53 (3H, s,

cs3)-

The r e a c t io n  o f 1 -m ethyl=6-m ethoxy-7-ben!2yloxy-3#(4 -d ih y d ro iso q u in o lin e
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Q
190 ( 3g, 0 . 011mol) in  d ich lo rom ethane  ( 50cm ) w ith  p o ta ss iu m  cyan ide  

( 3>5g) d is s o lv e d  in  th e  minimum volume of w ater and benzoy l c h lo r id e  

(4 . 8g, 0 , 034mol) by th e  method p re v io u s ly  d e sc r ib e d  gave c o lo u r le s s  

c r y s ta l s  o f  N--b en zoyl --2r~a c e t y l  - 4-b  en zylo xy - 5 -me th o x y -  0  -ph  eny l e t  hylamd n e 

192 (2 ,7 5 g , 64%), m.-P» 157^-9° ( e th y l  a c e t a t e ) ,  a s  th e  s o le  p ro d u c t.

(Found: C, 7 4 .3 ; H, 6 ,4 ;  N, 3,4.. C^H ^N O ^ r e q u ir e s  C, 74-.4; H, 6 .2 ;

» . 3.5%),  9  3325om" 1 (N-H); '16750m" 1 (C O ); 1635cm" 1 (C=0).
JLlcd, A  •

'T(CDC1 ){ 2 ,0 6 -3 .1 2  (12H, m, a ro m a tic s ) ;  4 ,8 3  (2H, s ,  PhC iy}); 6 .0 9  (3H,

P, CH^O); 6 ,2 9 , 6,91 (AH, 2 t ,  CHg-CHg); 7 ,5 3  (3H, s ,  -C H p.

N=-Benzoyl=1 =benzyl='1 =cyanq=6=methoxy=7=benzyloxy-1 , 2 , 3 . 4 - te t r a h y d r o -  
isocplnoIL ine 188

The 1 -bengy l ana logue  o f  1_B7 was p re p a re d  from  186 by  th e  previously described 

§3^eiimenfeL p ro ced u re , a f fo rd in g  67% o f  N=benzoyl-1 -b en zy l-1  -c y a n o -6 -  

methoxy=7=t>enzyloxy=1 . 2 . 3 , ^ te t r s j i y d r o is o q u in o l in e  188. m .p. 1 7 8 .5 -1 8 0 .5 °  

gg & g o lp u r le g s  g p lid  (m e th an o l), (Fpundf C, 7 9 .2 ; H, 5 .9 ; N, 5 .7 .  

S?gHggNg03 r e q u i r e s  Q, 78,7} H, 5,7} tj, 5 ,7% ), 9 / nuJ-o l ) i  2220cm"1 

(0*8)} 16A9e»=1 (0 « 0 ), 'T(e»SlJi 3,03=3.87  (17H, m, a ro m a tic s ) ;  4 .9 7  

18H, g, PbCHgO)} 5,66 (2H, A,  PhCHg); 6,15 (JH, s ,  ffl 0 ).

Att§ffipt§ to  p rep a r e *) =mpthyl=6=methoxy<=7*hy d ro x y -1, 2 , 3 , 4 - 1 e tra h y d ro ~

igpqu ino line= r1 = c a rb p x y lic  g.cid by h e a t in g  a c id  180 ( 1 . 2g, 4 . 9mmol)

241 3W ith 47% hydrobrpm ic a c id  ^  (1 2 e n r) f o r  5 h r ,  on a steam  b a th 'a f fo r d e d

pppn rpm oyal o f  s o lv e n t and t r i t u r a t i o n  p f  th e  r e s id u e  w ith  e th a n o l,

1 ,18g (BZ%) p f  & c p lp u rle g g  p ro d u c t, m,p, 234 = 6 °(d ). \ ) KBr: 3575cnf1max

(9=H); 2160, 1780cm" 1 ( s a l t  b an d s); 1730cm" 1 (CO^H). /Y ( D2° ) : 2 .6 9 ,

3 ,0 6  (2H, g§, &rpm atiQ§); 6 , |0 ,  6 ,9 3  (AH, 2 t ,  CH2-CH2 ); 7 .9 6  ( 3H, s ,  CH ) .  

T h is p ro d u c t wag i d e n t i f i e d ,  by com parison w ith  an a u th e n t ic  sam ple, as 

1 = #e thy l= 6 , 7 -d ih y d ro x y =1 f %f 3 ,4 = te tra h y d ro is o q u in o lin e -1  - c a rb o x y lic  a c id  

hydrpbrom ide 193.
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R eac tio n s  fo r  S p e c tro sc o p ic  A ssay 

(i_) Fungal L accase

The r e a c t io n  m ix tu re  c o n s is te d  o f  th e  is o q u in o l in e -1 -c a rb o x y lic  a c id  
3

(0 ,05 -1  ,.Ocm o f  an a p p ro x im a te ly  0.0005M s o lu t io n ) ,  la c c a s e  s o lu t io n  

(0 ,1  cur!) and p h osphate  b u f fe r  (0.1M, pH6.0) to  a f i n a l  volume o f 3»0cm^. 

The in c re a s e  in  abso rbance  a t  th e  r e le v a n t  w aveleng th  was measured 

a g a in s t  a b lan k  c o n ta in in g  th e  a c id  and b u f f e r ,  b u t no enzyme.

( l- i)  H o rse ra d ish  P e ro x id ase

•Reac t io n  m ix tu res  co n ta in ed  th e  is o q u in o l in e -1 -c a rb o x y lic  a c id  (0 .0 5 -  

1 ,0cffl o f  an a p p ro x im a te ly  0.0005M s o lu t io n ) ,  hydrogen p e ro x id e  s o lu t io n
3  3

(Q ,00087M, 1 ,0cm ) ,  p e ro x id a se  s o lu t io n  (0 .1g/dm  in  pH6.0 p hosphate  
3

b u f f e r ,  1,0cm ) and p hosphate  b u f f e r  (0.1M, pH 6.0) to  a f i n a l  volume
3

p f  ^ f 0Gm- , The in c re a s e  in  ab so rbance  was m easured a t  th e  a p p ro p r ia te  

W W plpngth a g a in s t  an a c id ,  p e ro x id e , b u f fe r  b la n k .



WORK DESCRIBED IN CHAPTER THREE

2~Bromo~3,4■ , 5 -^ rim e th o x y p h en y lac e tic  Acid 247

Bromine (5 .6 g )  was added dropw ise over 30 mins to  a s t i r r e d  s o lu t io n  o f

3 . 4 . 5 - tr im e th o x y p h e n y la c e tic  a c id  (8g, 0.026m ol) in  a c e t ic  a c id  (20cm^) 

coo led  to  10-15°. A d d itio n a l s t i r r i n g  fo r  2 h r . ,  fo llo w ed  by p o u rin g  on 

to  c ru shed  ic e  (50g) a f fo rd e d  a w h ite  p r e c i p i t a t e  w hich was f i l t e r e d  

o f f ,  washed w ith  w ater and r e c r y s t a l l i s e d  from  ch lo ro fo rm  to  g iv e  9 .8 g  

(91$) o f 2 ~ b ro m o -3 ,4 ,5 -trim e th o x y p h en y lace tic  ac id  247, m .p. 150 -2°, as 

c o lo u r le s s  c r y s t a l s .  (Found: C, 4 2 .9 ; H, 4*2; B r, 26.9* C ^H ^B rO ^ 

re q u i r e s  C, 4 3 .3 ; H, 4 .3 ;  B r, 2 6 .2 $ ) . 0 1® r : 1710cm"*1 (C0oH ). 'Y(CDCl-)
IBEIX f t  9

- 0 .4  (1H, b road  s ,  exchanges w ith  D^O, CO^H); 3.41 (1H, s ,  a ro m a tic ) ;  

6 .1 7 , 6 .2 0  (9H, 2 s , 3 ^ 0 ) ;  6 .25  (2H, s ,  PhCH2 ) .

The a ttem p ted  p re p a ra t io n  o f  t i t l e  compound 247 u s in g  brom ine (5g) and

3 . 4 . 5 - tr im e th o x y p h e n y la c e tic  a c id  (7g, 0 .03 lm o l) in  u n d i s t i l l e d  

-chloroform  (100cm ) ,  gave a f t e r  s t i r r i n g  fo r  2 h r .  .and rem oval o f  th e  

s o lv e n t ,  a yellow  o i l  (5*7g) which was shown by t . l . c .  ( c h lo ro f  orm- 

m ethanol, 50 : 1 ) to  c o n ta in  two s p o ts  o f  ap p ro x im ate ly  equ a l p ro p o r tio n s  

hav ing  R^*s o f  0.61 and 0 .3 6 . S e p a ra tio n  on a s i l i c a - g e l  column (I50g) 

w ith  ch lo ro fo rm  as e lu a n t  gave pu re  m a te r ia l  (3 -2 g ) o f  h ig h e r  Rf  x^rhich

\  a f t e r  r e c r y s t a l l i s a t i o n  from  petrol(fcp40-60°) was i d e n t i f i e d  as e th y l
j

2 -b ro m o -3 ,4 ,5 - tr im e th o x y p h e n y la c e ta te  248, m.p. 5 8 .5 -6 0 ° . (Found:

/  N C, 4 7 .1 ; H, 5 .1 ; B r, 2 4 .0 . C ^H ^B rO ^ r e q u ir e s  C, 4 6 .9 ; H, 5.1 ;';B r,

2 4 .0 $ ) .  1735cm"1 (C0oE t) .  'T ( C D C lJ :  3-37 (1H, s ,  a ro m a tic ) ;max ft y

5 .8 6  (2H, q , CH3CH2 ) ;  6 .1 5 , 6 .17  (9H, 2 s , 3CH 0 ) ;  6 .2 8  (2H, s ,  PhCH2 );

8 .7 4  (3H, t ,  CH^-CH2 ) ,  The sloxjer ru n n in g  m a te r ia l  was i d e n t i f i e d  as 

th e  b rom inated  a c id  247, m .p. 1 5 0 -1 ° .'
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N-( 3 ,4 -D im e th o x y -/3 -p h e n y le th y l) -2<'-bromo-3/. 4-( 5-tr im e th o x y p h e n y l-  
ace tam ide  24-9

o
The bromo a c id  24-7 (12.1  g , 0.04-mol) was d is s o lv e d  in  e th e r  (500cm ) 

w ith  hom overa try lam ine b e in g  added dropw ise u n t i l  p r e c i p i t a t i o n  of. th e  

w h ite  s a l t  was com plete . The s a l t  was f i l t e r e d  o f f ,  a i r  d r ie d ,  h e a te d  

a t  180° fo r  1 h r .  to  p roduce a ta n  o i l ,  w hich was d is s o lv e d  in  d ic h lo r o -
Q O

m ethane (150cm ) ,  washed w ith  w a te r (3 x 100cm ) and d r ie d  (MgSO^). 

R e c r y s ta l l i s a t io n  from  b e n z e n e -p e tro l  ( b .p .  80-100°) gave c o lo u r le s s  

c r y s t a l s  o f  24-9, (1 6 .7 g , 9 0 $ ), m»P« 107-110°. An a n a l y t i c a l  sam ple had 

m .p. 1 1 0 .5 -1 1 2 ° . (Found: C, 53 -6 ; H, 5*6; N ,3.4-5 B r, 1 7 .0 . C21H26BrN06

r e q u i r e s  C, 5 3 .8 ; H, 5 .6 ; N, 3 .0 ;  B r, 17.0% ). 3260cm"1 (N-H);

164.5cm"1 (0= 0). '~Y (CDC1 ) :  3 .2 0 -3 .5 2  (4-H, m, a ro m a tic s ) ;  4 -44  (1H, 

b road  s ,  NH); 6 .14 .-6 .20  (15H, 4-s, 5CH 0 ) .  6 .38  (2H, s ,  PhCH2 ) ;  6 . 58-  

7 .31 (4H, 2 t ,  CH2-CH2 ) .

In  an a l t e r n a t i v e  r o u te  to  th e  above s u b s t i tu t e d  phen y lace tam id e , 

s o lu t io n s  o f  hom overa try lam ine (4-.8g , 0 . 026mol) and compound 24-7 (8 . 0g ,
Q

0.026m ol) in  d ich lo ro m eth an e  (4-Ocm ) w ere added s lo w ly  to  a s t i r r e d

X s o lu t io n  o f  d ic y c lo h e x y lc a rb o d iim id e  (9 . 0g, 0.0% m\dL)in d ich lo ro m eth an e

3 o(4-Ocm ) a t  0 . The m ix tu re  was s t i r r e d  f o r  an a d d i t io n a l  12 h r .  a t
Q

room te m p e ra tu re  b e fo re  a c e t i c  a c id  ( 2cm ) was added to  d e s tro y  excess 

d iim id e . Removal o f  th e  p r e c i p i t a t e d  N ,N -d icy c lo h ex y lu re a , fo llo w ed  

by w ashing o f  th e  o rg a n ic  phase  w ith  2M h y d ro c h lo r ic  a c id  (3 x 50cm^),
Q O

d i l u t e  ammonia s o lu t io n  (3 x 50cm ) , w a te r (3 x 50cm ) and d ry in g

(MgSO.) a f fo rd e d  upon rem oval o f th e  d ic h lo ro m e th an e -a  cream  s o l id
4

( 7 .9 g ) ,  m .p. 158-60°, when t r i t u r a t e d  w ith  e th e r .  The so lid - co n ta in ed  

two components ( t . l . c . ,  c h lo ro fo rm , s i l i c a - g e l ) ,  w hich w ere s e p a ra te d  

by p r e p a r a t iv e  t . l . c .  u s in g  ch lo ro fo rm . Both f r a c t i o n s  c r y s t a l l i s e d  

from  aqueous e th a n o l as c o lo u r le s s  c r y s t a l s .  The slow er ru n n in g , m ajor

156



component was id e n t i f i e d  as N -(2-brom o-3,A . 5 - tr im e th o x y p h e n y la c e ty l) -  

N, N ~ d lcyclohexy lu rea  250, m .p. 161-2°. (.Found: B r, 1 6 .3 . ' 

r e q u ir e s  B r, 15 .7#)*  (Found m /e: 512.1637, 510.1675 (c a lc  fo r  

C0 ,H„^BrNo0 , 512.1712, 5 1 0 .1 7 3 2 )) . KBr: 3300cm '1 (N-H); 1705cm"1
j  H1Q.DC

(C=0); 1660cm"1 (C=0). ^ (C D C l^ ) :  3*38 (1H, s ,  a ro m a tic ) ;  6 .1 2 , 6 .15  (9H,

2 s , 3£Ho0 ); 6 .18  (2H, s ,  P h C H j; 7 .8 7 -9 .0 3  (22H, m, c y c lo h e x y l« s ) .  A
v j  3 ^

f a s t e r  ru n n in g  minor c o n s t i tu e n t  was id e n t i f i e d  as th e  dibromo analogue 

251 o f th e  above compound, m .p. 189-90°. (Found: B r, 2 7 .7 . 0o ,Hn /Br^No0„
<4 34 2 d 5

r e q u i r e s  B r, 27.1% ). V KBr: 3280cm"1 (N-H); 1700cm"1 (C=0); 1660cm"1max

(0= 0). ( CDCl ) : 5 .78  (2H, s ,  Ph0Ho ); 6 .1 2 , 6 .1 6  (9H, 2 s , 3CHo0 );3 2 —5
7 .8 6 -9 .0 3  (22H, m, c y c lo h e x y l 's ) .

1 ~(2-Brom o-3' 4% 5 -tr im e th o x y b e n z y l) - 6 ,7 -d im e th o x y -3 .4 -d ih y d ro iso q u in o lin e  
h y d ro c h lo r id e  252

The t i t l e  d ih y d ro iso q u in o lin e  252 was s y n th e s is e d  from  th e  b rom inated  

amide 249 (0 .9 5 g , 2mmol) d is s o lv e d  in  d ry  ch lo ro fo rm  (10cnr*) w ith  

phosphorus p e n ta c h lo r id e  (1 .3 g ) b e in g  added to  th e  coo led  s o lu t io n .  The 

r e a c t io n  m ix tu re  was l e f t  o v e rn ig h t ,  and th e  s o lv e n t was removed under 

reduced  p re s s u re  to  a f fo rd  a brown gum, w hich on t r i t u r a t i o n  w ith  e th e r  

gave a fawn s o l id .  Imm ediate r e c r y s t a l l i s a t i o n  from  e th a n o l-e th e r  

a f fo rd e d  1 - ( 2-bromo- 3 ( 5 - t r  im ethoxyben z y l ) - 6 ,7 -d im e th o x y -3 . A -dihydr o -  

i s o q u in o l in e  h y d ro c h lo r id e  252 (0 . 60g, 61%) as cream co lo u red  c r y s t a l s ,  

m .p. 207 -9°. An a n a l y t i c a l  sample o f  252 as th e  f r e e  b ase  had a m e ltin g  

p o in t  o f  107-9°, ( p e t r o l  ( b .p .  6 0 -8 0 ° ) ) . (Found: C, 5 6 .1 ; 'h ,  5 .2 ; N,

3 .1 ;  Br, 1 7 . C^H^Br NO^ r e q u i r e s  C, 5 6 .0 ; H, 5 .3 ; N, 3 -1 ; B r, 17.8% ).

max5 1625cm" 1 (C=N)- 'Y(CDC13 ): 3 .0 5 -3 -3 2  (3H, 3 s , a ro m a tic s ) ;  5 .85  

(2H, s ,  PhCHg); 6 .1 0 -6 .2 6  (17H, m, 5 CH0 and CH2-CH2-N ); 7 .3 6  (2H, t ,  

ch2- ch2- n ) .
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N-Tr i  f  lu o r  oac e ty l  -1 -  ( 2 -b r  omo -3  '  4 15 - t r  ime thoxyb en z y lid  en e ) -6 ,7  -dim e th o x y -  
1 ,2 ,  3, 4 - t e t r  ahydr o is o q u in o l in e  253

The d ih y d ro is o q u in o lin e  h y d ro c h lo r id e  252 (7 .2 g , 0 .0 1 5mol) was d is s o lv e d
Q

in  d ry  ch lo ro fo rm  (70cm ) .  T rie th y la m in e  (3g) was added and th e  s o lu t io n

coo led  in  an ic e -w a te r  b a th  f o r  15 m ins. w ith  s t i r r i n g .  T r i f lu o r o a c e t ic

an h y d rid e  (24g, 0 . 114m ol) was added c a u t io u s ly  over 15 m ins. fo llo w ed  by

a d d i t io n a l  s t i r r i n g  fo r  4  h r .  under n i t ro g e n  a t  room te m p e ra tu re . The

r e a c t io n  m ix tu re  was washed w ith  w a te r .(3  x 30cm^), 2M h y d ro c h lo r ic  a c id  
3

(3 x 25cm ) and d r ie d  over MgSO,. Removal o f  th e  ch lo ro fo rm  a f fo rd e d  a
4

p a le  y e llow  s o l id ,  m .p. 1 2 8 .5 -1 4 0 ° , w hich a f t e r  r e c r y s t a l l i s a t i o n  from

e th a n o l gave c o lo u r le s s  c r y s t a l s  o f  th e  t i t l e  compound 253 (3 .8 g , 47%),

m .p. 154 -5°. (Founds C, 5 0 .2 ; H, 4 .3 ;  N, 2 .4 s  B r, 1 4 .4 . C2 H2 BrF N06

r e q u i r e s  C, 50.5? H, 4 .2 ;  N, 2 .6 ;  B r, 14.6% ). Found m/e = 547.0657,

5 4 5 .0 6 8 8  ( c a lc u la te d  f o r  C2 H ^ B r F ^ O ^ 547.0643 , 545.0662).

1695cm"1 (C0CF ) ;  1645cm"1 (O C ) . *Y(CDC10) :  2 .7 8 -3 .3 9  (4H, m, a ro m a tic s
2 3

and v in y l i c ) ;  6 .0 4 , 6 .1 0 , 6 .2 0  (15H, 3 s , 5CH 0 ) ;  6 .98  (2H, t ,  CH2~CH2~N). 

19F n .m .r .  showed two s in g l e t s  a t  70 .19  and 70 .87  ppm r e s p e c t iv e ly  to  

h ig h  f i e l d  o f  th e  f lu o r in a te d  ch lo ro fo rm  s ta n d a rd .

U sing p y r id in e  ( e i t h e r  in  th e  co ld  or under r e f lu x )  a s  th e  s o lv e n t ,  

in s te a d  o f  ch lo ro fo rm  in  th e  above r e a c t io n  gave a f t e r  w ork-up by p o u rin g  

in to  ch lo ro fo rm  and th e  same p ro c e d u re , a two sp o t system  ( t . l . c . ,  

ch lo ro fo rm , s i l i c a - g e l ) ;  th e  m ajor su b s tan ce  had an R^,= 0 .38  and th e  

minor one an R^ =r 0 .1 7 . P r e p a ra t iv e  t . l . c .  ( c h lo r o f o r m - s i l ic a - g e l )  

showed th e  to p  sp o t to  be th e  d e s ir e d  p ro d u c t, i . e .  253. m .p, 151- 3° .

The ye llow  slow er ru n n in g  sp o t w as, on th e  b a s is  o f  th e  sp e c tro s c o p ic  

ev id en ce  i d e n t i f i e d  as 1- (2 -b ro m o -3 l4 '5-tr im e th o x y b e n z o y i)~ 6 ,7 -d im e th o x y - 

3 ,4 -d ih y d ro iso q u in o lin e  254 , m .p. 1 3 7 .5 -1 3 9 ° , from  e th e r .  (Found: C, 

5 2 .8 ; H, 4 .6 ;  N, 2 .7 .  C^H^BrNO^ r e q u ir e s  C, 54.3? H, 4 .7 ;  N, 3.0% ).
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Found m/e (Chem ical I o n is a t io n )  a 464. Major frag m en ts  from  h ig h

r e s o lu t io n  mass sp e c tro m e try  were 384,1457 (100%); 272.9755 ( c a lc u la te d

f o r  C01H00N o f 384.1-448 and fo r  C,_H, J B ro f  2 7 2 .9 8 2 2 ). \ ) KBr: 1660cm" 1 2 1 22 6 10 10 4 '  max
(C.~0), O'*( C D C l^ ) 2 ,8 0 , 2 ,9 7 , 3 .28  (3H, 3a, a ro m a tic s ) ;  6 .0 7 -6 .2 9  (17H,

m, -5CH^0 and CH^CH^-N); 7 ,29  (2H, t ,  C H ^C H ^N ). 19F n .m .r .  gave no

a b so rp tio n s  over th e  u s u a l  ra n g e .

N.^Ethoxycarbonyl-1 -(2~brom o-3,44 5 - tr lm e th o x y b e n z y lid e n e )-6 ,7 -d im e th o x y -  
1 r 2'. ?. 4 - te t r a h y d ro is o q u in o l in e  255

Tp 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 lin e  h y d ro c h lo r id e  252 (2 .0 g , 

4mmol) in  ch lo ro fo rm  ( 30cm- ) and 10$ sodium c a rb o n a te  s o lu t io n  ( 30cm )

Wae added e th y l  ch lo ro fo rm a te  (1 ,8 1 g , 0 , 017mol) d is s o lv e d  in  ch lo ro fo rm  

(8 cm- ) over 20 m ins, s t a r r i n g  was co n tin u ed  fo r  a f u r th e r  3 h r .  a t  room
O

tCfflper&ture, a f t e r  which th e  o rg a n ic  la y e r  was washed w ith  w ater (3 x 25cm ) 

2M h y d ro c h lo r ic  a c id  (3 % 25cm9 ) , and d r ie d  (M g80,) ,  Removal o f  th e
r\r

g p fy en t and t r i t u r a t i o n  o f  th e  r e s u l t i n g  o i l  w ith  i c e  co ld  e th a n o l gave 

0 ,75g  (35$) o f  th e  t i t l e  compound 255. ffl,p, 97^9°, as  c o lo u r le s s  c r y s ta l s  

( e th a n o l) ,  (Found? 0, 55,2? H, 5 , 4 ? H, 2 ,7? B r, 1 5 .3 ) .  C2^H28BrN0 

r e q u i r e s  0, 55*0? H, 5 , 4 ? J?, 2 ,6? B r, 15, 3$ ) ,  J 2 x : 1690cm~1 ( c ~o). 

'Y (G D G l^)t 2 ,6 8 , 3 ,0 2 , 3*08, 8»35 (4H, 4 s , a ro m a tic s  and v i n y l i c ) ;  6 . 03-

6 ,3 8  (1?H, m, 5Sg 0, CH2«GH3 and CH^CH^N) ? 7 ,1 0  (2H, t ,  CH2-CH2-N );

9 ,1 7  (3H, t ,  CH2=-GH3 ) ,

p h o to ly s is  o f th e _ tr i f lu o ro a c e ta m id e  253
O

To a  s o lu t io n  o f  253 (1 ,0 g , 1,8mmol) d is s o lv e d  in  d ry  benzene (950cm ) 

was added a s o lu t io n  o f  p o ta ss iu m  t e r t i a r y  b u to x id e  (o.8g) i n  t e r t -
o

b u ta n o l (5 0 cm ')j th e  co lo u r p f  th e  s o lu t io n  im m ed ia te ly  tu rn e d  y e llo w .

1 , 1 , C, (c h lo ro fp rm ^ p e tro l,  a lum ina) showed a com plete absence o f  s t a r t i n g  

m a te r ia l ,  The bengene phage was washed With w ate r (3 x 500cm9 ), d r ie d
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(MgSO,)  and ev ap o ra ted  to  d ry n e s s , a f fo rd in g  O.Bg o f  a ye llow  gum.
4

T r i tu r a t i o n  w ith  e th e r  gave p a le  yellow  c r y s t a l s ,  m .p. 134.-8° w hich were 

i d e n t i c a l  b o th  by t . l . c .  (c h lo ro fo rm -p e tro l  (b .p .  6 0 -8 0 ° ) , a lum ina) and 

by in f r a r e d  sp e c tro sc o p y  w ith  1 -(2 -b ro m o -3 j4 - j5 - tr im e th o x y b e n z o y l)-6 ,7 -  

d im e th o x y -3 j4 -d ih y d ro iso q u in o lin e  254-. By add ing  p o ta ss iu m  t e r t -  

b u to x id e  ( 0 . 15g) to  a  s o lu t io n  o f  th e  N - tr if lu o ro a c e ty l  compound 253
Q O

(0 .2 g )  in  benzene (75cm ) and t e r t - b u t a n o l  ( 15cm ), i t 'w a s  d em onstra ted  

t h a t  com plete  co n v e rs io n  to  th e  k e to - im in e  254- o c c u rre d  a lm o st immed­

i a t e l y .

Q
P h o to ly s is  o f  253 (0 .8 g , 1.5mmol) in  d ry  m ethanol (550cm ) c o n ta in in g  

ca lc iu m  ca rb o n a te  (1 .0 g )  was c a r r i e d  o u t fo r  5«5 In*. a f t e r  w hich tim e 

t . l . c .  showed th e  absence o f  any s t a r t i n g  m a te r ia l .  The ca lc ium  

c a rb o n a te  was f i l t e r e d  o f f  and m ethanol removed by  d i s t i l l a t i o n  under 

red u ced  p re s s u re  to  g iv e  0 .5 0 g  o f  an i n t r a c t a b l e  brown gum.

I r r a d i a t i o n  o f  253 (0 .6 0 g , 0 .0011mol) in  benzene (1dm^) c o n ta in in g  

ca lc iu m  ca rb o n a te  (0 .5 g )  fo r  12 h r .  fo llo w ed  by  th e  p re v io u s ly  d e s c r ib e d  

w ork-up p ro ced u re  gave 0 .55g  o f  a dark  brown s o l id  from  w hich 0 . 15g o f  

c r y s t a l l i n e  m a te r ia l ,  m .p. 1 3 0 -5°, i d e n t i c a l  to  compound 254- was 

o b ta in e d  on r e c r y s t a l l i s a t i o n  from  e th y l  a c e ta t e .  E v ap o ra tio n  o f  th e  

s o lv e n t gave 0.4-Og o f  brown s o l id  w hich t . l . c .  ( e th y l  a c e t a t e - p e t r o l  

( b .p .  6 0 -8 0 ° ) , 3 :1 )  showed to  be a  m ulti-com ponen t m ix tu re .

P h o to ly s is  o f  c a rb o n a te  255

The N -e thoxycarbony l compound 255 (0 .8 g , 1.5mmol) d is s o lv e d  in  benzene
Q

(900cm ) c o n ta in in g  p o ta ss iu m  t e r t i a r y  b u to x id e ' (0 .7 5 g ) and t e r t - b u t a n o l
Q

(100cm ) was i r r a d i a t e d  under n i t r o g e n  f o r  10 d ay s . The benzene was 

washed w ith  w ate r (3 x 500cm ) and d r ie d  (MgSO,). Removal o f  s o lv e n t
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gave a brown gum (0 .7 0 g ) w hich was shown by t . l . c .  to  c o n ta in  two 

com ponents o f  R^ 0 .5 3  and R̂ . 0.-42 ( e th y l  a c e t a t e - p e t r o l  (b .p .  6 0 -8 0 ° ) ,

2 :1 ,  s i l i c a - g e l ) .  S e p a ra tio n  was ach iev ed  by column chrom atography 

on alum ina (21g) w ith  p e t r o l  ( b .p .  6 0 -8 0 ° )— e th y l  a c e ta t e  (2 :1 )  as 

e lu a n t ,  g iv in g  0 . 32g o f  s t a r t i n g  m a te r ia l  a f t e r  t r i t u r a t i o n  w ith  e th a n o l,  

m .p. 9 5 -7 ° , and 0 .30g  o f  a y e llo w  o i l  w hich cou ld  n o t be made to  

c r y s t a l l i s e .  T . l . c .  showed t h i s  o i l  to  c o n ta in  some b ase  l i n e  m a te r ia l ,  

rem oval o f  w hich was ach iev ed  by p r e p a r a t iv e  t . l . c .  fu rn is h in g  0 . 13g 

o f  a p a le  ye llo w  o i l ,  w hich would n o t s o l i d i f y .  V ( n u j o l ) s ^85cm~^

(C=0), UV ( e th a n o l) i265nmj 296nm.

N~( 3 -M e th o x y -4 -b e n z y lo x y -^ -p h e n y le th y l) -3 \ 4( 5- t r  1 me th o x y p h en y l-  
ace tam id e  257

An e th e r e a l  s o lu t io n  o f  3 ,4 ,5 - tr im e  th o x y p h e n y la c e tic  a c id  was added 

dropw ise  to  an e th e r e a l  s o lu t io n  o f amine 347 (6 .1 g , 0 . 024mol) u n t i l  

p r e c i p i t a t i o n  o f  th e  s a l t  was com plete . H eating  o f  th e  s a l t  a t  180°

fo r  1 h r .  gave a ta n  co lo u re d  o i l  w hich was d is s o lv e d  in  d ich lo ro m eth an e
3 3(100cm ) ,  washed w ith  w ate r (3 x 50cm ) and d r ie d  over MgSO,, to  a f fo rd

on rem oval o f  th e  d ic h lo ro m e th an e , 9 .7 g  (88%) o f amide 257, m .p. 91- 2°

( l i t  9 3 - 4 ° ) ,292 as b u f f  c r y s t a l s  ( e th y l  a c e t a t e ) .  3300cm~^max
(N-H)? 1645cm~1 (C=0). ^ (C D C l^ ) : 2 .6 9 -3 .7 0  (10H, m, a ro m a tic s )?  4 ,6 0

(1H, b ro ad  s ,  exchanges w ith  D^O, NH)? 4*95 (2H, s ,  PhCH^O)? 6 .2 2 , 6 .27  

(12H, 2 s , 4CH^0)? 6 .5 9  (2H, s ,  PhCH2 ); 6 . 65, 7-38  (4H, 2 t ,  CH2-CH2 ) .

1 - ( 37«4-{ 5-Trim ethoxyben z y l ) -6 -m e th o x y -7 -b en zy lo x y -3 , 4 -d ih y d ro is o q u in o lin e  
h y d ro c h lo r id e  258

T i t l e  compound 258 (7.3g> 96%) was o b ta in e d  from  th e  phosphorus o x y c h lo rid e  

c y c l i s a t i o n  o f  amide 257 (7 -3 g , 0 .0 1 6mol) in  d ic h lo ro m e th a n e . R e c ry s ta l ­

l i s a t i o n  from  m ethanol gave p a le  ye llow  c r y s t a l s ,  m .p. 198-9° ( l i t  203- 

4 ° ) . 292 1660cm~1 (°=N ). "Y(CDC13 ) as f r e e  b a s e : 2 .6 1 -3 -4 8  (9H, m,

a ro m a tic s )?  4-97  (2H, s ,  PhCH20 ) ; 6 .0 4 -6 .3 5  (16H, m, 4CH 0, PhCH2 , and
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N 3.-A,- P^Hg^QlNO^-J-HgO r e q u ir e s  C, 60.3? H, 6 .2? N, 3-5%)- KBr _ 
max'

28.40, 2800, 2740cm-1 ( s a l t  bands)? 1640cm"'1 (GsN). ^ ( D g 0 ) ;  2,.5.3-3,21 

(AH, 3 s , a ro m a tic s )?  5 ,9 8 , 6 ,.0.4, 6 ,. 17 (1.4H, m, .ACH 0 and PhCH^)? 6 ,8 6

'I

CH2--CH2-N ); 7 .2 3  (2H, t ,  CH^-CH^-N).

1 ~ (3* 4'C 5--Tr i  methoxyb en z y l ) ~6~methoxy-7--hydroxy-3 - 4-d lhydre .i so q u in o lin e  
liydr o c.hi or id  e 260

B eb en zy la tio n  o f  258 ( 3.»1g , 6mmo.l) in  1:1 e th a n o l-c o n c , h y d ro c h lo r ic  a c id
O

(;5pcm ) gave a f t e r  rem oval o f  s o lv e n t under reduced  p re s s u re  and t r i ­

tu r a t io n  w ith  e th e r ,  2 , 4g (95%) o f  p h en o lic  d ih y d ro is c q u in o lin e  260, 

m ,p, 8 5 -93°, a s  c o lo u r le s s  n e e d le s  ( e th a n o l) ,  (Found.: C, 60.3? H, 6,2? 3;

i m ,  t ,  ^ f i H ^ N ) ,

H^Tr i f l u o r  oac e ty l-1  - ( 3f. 4* 5 - t r  1 me t  hoxyb en zyl. i  d en e) .-6.-me tho  xy-7-ben  zylo  xy*- |
'1 ,2 /3 '"A ^te trah y d rb rso q ’u in o l ih e  ' 259  ...........  ..... .... — • - - 4

To a  s o lu t io n  o f  -the d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  .258 (.2,8g, 5,8.mmol)

3 oi n  d ry  © htprpfprm  { jJQ.ejr ) s t i r r e d  and pooled  to  IP  , was c a u t io u s ly  added

t r ip th y la m d n e  (2 > 9 W  )  and t r i f l u q r p a p p t i . c  a n h y d r id e  (5®® ) j  t h e  s o lu t i o n

s t i r r e d  fo r  an a d d itio n a l. A h r ,  i t  rppm te m p e ra tu re , washed w ith  f

.m$r§¥ (3 % m i  2M h y d ro c h lo r ic  a c id  (3 x  15cm^) tp  gi-ye u t t e r

¥§mv§3r q£ s p ly e n t ,  & brown o i l  w hich on t r i t u r a t i o n  w ith  i c e  s o ld  e th a n o l J
'if

y i§34ed  t i t l e  compound 259 (1 ,Ag, A5%) US c o lo u r le s s  c r y s t a l s  ( e th a n o l) ,  |

» ,p ,  178 -9°, (FPiUidi C, 63 , 5 j B, 5 ,3 ;  if, 2 ,5 ,  NÔ  -req u ire s
ly 'D -p '1 -A

6, 6A,P; 8 , ;5,2; if, 2 ,6% ), ' ) ) ^ 2  1700m~ (CO CFJ, 'YiOPCi ) ;  2 . 55-  |

3,4-5 (108 , ffl, arom §.tigg  gntj - y in y l i? ) ;  £ ,81  (gH, s ,  phSHgO); 6,15 (12H,

§, AOHjQ); 6 , 58, 6 , f ?  {AH, g t ,  £ S g -e |g ) ,

g g g g j f lu o ro a c e ty l r -1 3^ 4  ̂5^ trim ethoxyben  z y lid  en eV6-me tho-xy^7^hydr o x y -  
T .2 / 3 . 4 g te tr a h y d r01 'so q u in o lin e  256 ~  " | |

To a s o lu t io n  o f  259 (2 .0 g , 3*7ramol) in  e th y l  a c e ta te  (250cm^) was added

3% p a ll& d ise d  c h a rc o a l (1 ,5 g ) r  The r e a c t io n  m ix tu re  was shaken in  a



h y d ro g en a to r u n t i l  u p ta k e  o f  hydrogen had ceased . Removal o f  th e  

c a t a l y s t  by  f i l t r a t i o n  fo llo w ed  by ev a p o ra tio n  o f  th e  s o lv e n t  gave a 

c o lo u r le s s  g la s s  w hich was t r i t u r a t e d  w ith  ic e - c o ld  e th a n o l,  to  a f fo rd  

c o lo u r le s s  c r y s ta l s  o f  d e b e n z y la te d  m a te r ia l  256 ( 1 ,3 g , 78%), m .p. 161- 

3 ° , ( e th y l  a c e t a t e - p e t r o l  ( b .p .  6 0 -8 0 ° ) ) .  (Found; C, 5 7 .9 ; H, 4 .9  

N, 2 .9 .  C22H22F3N06 r e q u i r e s  C, 5 8 .2 ; H, 4 .9 ;  N, 3 .1% ). 3390cm"1

(0-H ); 1705cm-1 (C O C Fj; 1635cm-1 (0= 0). 'Y tC D C lJ: 2 .7 0 -3 -5 0  (5H, m, 

a ro m a tic s  and v i n y l i c ) ;  4 .2 3  (1H, s ,  exchanges w ith  D20, OH); 6 .15  (12H, '§

s ,  4-CH 0 ) ; 6 .6 5 , 7 .0 0  (4H, 2 t ,  CH2-CH2 ) c • |

An a l t e r n a t i v e  ro u te  to  256 in v o lv e d  th e  r e a c t io n  o f  1 -(3 * 4 > 5 -tr im e th o x y - 'M

b e n z y l)-6 -m e th o x y -7 -h y d ro x y -3 ,4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  260 

(1 .0 g , 2.5mmol) w ith  t r i f l u o r o a c e t i c  anh y d rid e  (6 .0 g , 0 .0 2 8 m o l)in
Q Q 'JPj

ch lo ro fo rm  (25cm ) and t r i e th y la m in e  (1cm ) .  The m ix tu re  was l e f t

o v e rn ig h t ,  washed w ith  w a te r (2 x lOcm^), 2M h y d ro c h lo r ic  a c id  (3 x 10cm^) %

and d r ie d  (MgSO^). Removal o f  th e  s o lv e n t ,  and t r i t u r a t i o n  o f  th e

r e s u l t i n g  o i l  w ith  e th e r ,  fo llo w ed  by c r y s t a l l i s a t i o n  from  c h lo ro fo rm -

p e t r o l ,  gave 0 .6 g  o f  a ta n  s o l id ,  m .p. 196-9°. \ j ^ r ; 1800cm-1 (0 -max £

C0CF3 ); 1685cm-1 (N-C0CF3 ); 1640cm"1 (C=C). T . l . c .  ( e th y l  a c e t a t e -  J

p e t r o l  (b .p .  60 -80°) 3 :1 ,  s i l i c a - g e l )  showed th e  p ro d u c t to  c o n ta in  jj

two components (R^ 0 .5 9  and 0 .4 9 ) .  The slow er ru n n in g  m a te r ia l  had

th e  same R as genu ine 7 -hyd roxy  m a te r ia l  256. The m a jo r, f a s t e r  -§

ru n n in g  component was c o n s id e re d  to  be th e  7 - t r i f l u o r o a c e t a t e  261 on "U

th e  b a s is  o f  th e  in f r a r e d  e v id en ce . A ttem pts to  o b ta in  p u re  261 by 'H

p r e p a r a t iv e  t . l . c .  r e s u l t e d  in  i t s  decom position  to  g iv e  p u re  256, m .p. if

1 6 0 .5 -2 ° . C onversion o f  th e  crude t r i f l u o r o a c e t a t e  (1 .5 g ) in to  th e

d e s i r e d  p h e n o lic  form  was c a r r i e d  o u t by h e a tin g  w ith  10% aqueous sodium 
3

c a rb o n a te  (150cm ) on a steam  b a th  fo r  15 m ins. A c id i f i c a t io n  o f  th e

'm
r-fj
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r e a c t io n  m ix tu re  fo llo w ed  by e x t r a c t io n  w ith  ch lo ro fo rm  (3 x  50cnr*) gave

a f t e r  d ry in g  (MgSO^) and rem oval o f  s o lv e n t ,  O.SOg o f  p a le  ye llow

m a te r ia l ,  m .p. 152-7° shown by t . l . c . ( e t h y l  a c e t a t e - p e t r o l ,  3 :1 )  to

c o n ta in  an ap p ro x im a te ly  1:1 m ix tu re  o f  256 and a  new slow er ru n n in g

compound (R^ 0 .2 5 ) .  S e p a ra t io n  by th ic k  la y e r  chrom atography enab led

p u re  unknown m a te r ia l  to  be o b ta in e d  and i d e n t i f i e d  as  1-(3*.4. 5 - t r i ~

m ethoxybenzoyl) -6 -m .ethoxy-7 -hydroxy-3 ,4---d ih y d ro iso q u ih o lin e  262 . m .p.

1 7 6 -8 ° ( e t h y l 'a c e t a t e - p e t r o l ) . (Found: C, 63*9; H, 5*9; N, 3 .6 .

^ 2 0 ^ 2 1 ^ 6  reclu i r e s  64-.7; H, 5 .7 ; N, 3,8% ). Found m/e is371 (c a lc  f o r

C2qH21N06, 371). 2742, 2660, 2617cm™1 ( s a l t  b a n d s ) ; 1665cm"1

( C -0 ); 1623cm"1 (CteN). T(CDC13 ): 2 .6 3 , 3*00, 3*20 (4-H, 3 s , a ro m a tic s ) ;

4-.15 (1H, b road  s ,  exchanges w ith  Do0, OH); 6 .0 3 , 6 .1 0  (12H, 2 s , 4CHo0 ) ;d —3
6 .0 7 , 7 .2 2  (4-H, 2 t ,  CH2-CH2 ) .  Compound 262 a ls o  gave a p o s i t i v e  2 ,4 -  

d in i tro p h e n y lh y d ra z in e  t e s t .

Lead t e t r a a c e t a t e  o x id a tio n  o f  256

To a s t i r r e d  s o lu t io n  o f  th e  N - t r i f lu o r o a e e ty l  compound 256 (0 .1 8 g ,
Q

O.39mmol) in  g l a c i a l  a c e t ic  a c id  (3cm ) was added le a d  t e t r a a c e t a t e
O

(0 .2 1 g , 0.47m m ol). S t i r r i n g  was co n tin u ed  fo r  30 m ins, w a te r  (lOcm^) 

was added and th e  s o lu t io n  c a r e f u l ly  b a s i f i e d  w ith  s o l id  sodium
O

b ic a rb o n a te .  E x tra c t io n  w ith  ch lo ro fo rm  (3 x 25cm ) ,  d ry in g  (MgSO,)
4

and rem oval o f  s o lv e n t  a f fo rd e d  0 . l6 g  o f  an o i l .  V  Thin f i lm :  1750cm 1 

(OCOCH^); 1675, 1645, 1630cm 1 (d ie n o n e ) . The o i l  was d is s o lv e d  in
o

d ich lo ro m eth an e  (15cm ) to  w hich was added t r i f l u o r o a c e t i c  a c id  

(0.75cm  ) fo llo w ed  by s t i r r i n g  a t  room te m p e ra tu re  f o r  2 h r .  Washing 

o f  th e  o rg a n ic  s o lv e n t  w ith  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n
3 o

(3 x 20cm ) ,  w a te r (3 x 20cm ) and d ry in g  (MgSO.) gave 80mg o f  a
4

ta n  s o l id ,  w hich was chrom atographed ( p r e p a ra t iv e  t . l . c . ,  e th y l  a c e ta te
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p e t r o l ,  1 :1 ) y ie ld in g  55mg o f  a  fawn s o l id ,  imp. 183-6° ( e th y l  a c e t a t e -  

p e t r o l ) .  This p ro d u c t was shown to  be id e n t i c a l  to  262 ( in f r a r e d  

spectrum , R^,, nmr and mixed m .p .) .  '

Vanadium o x y t r i f lu o r id e  o x id a tio n  o f 256

To a s o lu tio n  o f  256 in  d ich lo rom ethane  (16cm^) a t  -10° was added a

20:1 w/w m ix tu re  o f  t r i f l u o r o a c e t i c  a c id  and t r i f l u o r o a c e t i c  an hyd ride  

3(4cm ) .  The s o lu t io n  was s t i r r e d  du rin g  th e  a d d i t io n  o f  vanadium 

o x y t r i f lu o r id e  (0 . 31g) d is s o lv e d  in  th e  minimum volume o f  a 1:1 

s o lu t io n  o f  e th y l  a c e ta te  and t r i f l u o r o a c e t i c  a c id -a n h y d r id e  (20:1 W/w ).
Q

A fte r  10 mins th e  m ix tu re  was poured in to  w ater (25cm ) and th e  o rg a n ic
Q

phase washed w ith  w ater (3 x 20cm ) , sodium b ic a rb o n a te  s o lu t io n  (3 x 
320cm ) and d r ie d  over MgSO. .  A f te r  rem oval o f  th e  so lv e n t th e  r e s id u a l

4
o i l  was t r i t u r a t e d  w ith  e th e r  g iv in g  a fawn s o l id ,  m .p. 175-6°, 

i d e n t i f i e d  as th e  k e to -im in e  262.

1 -(3 (4 (5 -T rim e th o x y b en z y l)-6 -m e th o x y -7 -b e n zy lo x y -1 , 2 . 3 . 4 - te t r a h y d r o -  
is o q u in o l in e  264

The d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  258 (3»9g? Smmol) was d is s o lv e d  

i n  & 1;1 m ix tu re  o f  g l a c i a l  a c e t ic  a c id -w a te r  (40cm-'), Zinc m e ta l (20g) 

WS.s added and th e  s o lu t io n  re f lu x e d  f o r  3h r , 9 coo led  and made s t ro n g ly  

’.a lk a lin e  w ith  4M sodium h yd rox ide  p roducing  a w h ite  em ulsion which was 

e x tra c te d  w ith  ch lo ro fo rm  (3 x lOOcrn^). Washing th e  o rg a n ic  s o lv e n t
9

W ith w ater (3 x 50cm^) and d ry in g  (KpCO^) gave a f t e r  rem oval o f  th e  

q h lo ro fo rm , 3 .5g  (97%) o f  th e  reduced  p ro d u c t 264 as  an o i l  w hich 

gopld  n o t be c r y s t a l l i s e d  and was th e r e f o r e  used  crude in  th e  fo llo w in g  

r e a c t io n ,

N ^-T r.ifluoroacetyl-1  - ( 3\  5 A trim ethoxybenzy l) -6~m ethoxy-7~benzyloxy-
1 , 2 ,3 . 4 - te t r a h y d ro is o q u in o l in e  265

T r i f lu o r o a c e t ic  an h y d rid e  (7.4g> 0.035m ol) was added dropw ise to  a
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coo led  and s t i r r e d  s o lu t io n  o f  crude  264 (3*5g, 8mmol) c o n ta in in g
3 3t r ie th y la m in e  (2cm ) in  d ry  ch lo ro fo rm  (30cm ) .  S t i r r i n g  was co n tin u ed

f o r  4 h r . ,  th e  ch lo ro fo rm  was washed w ith  w ater (2 x 25cm^), 2M h ydro ­
's

c h lo r ic  a c id  (3 x 25cm ) and d r ie d  (MgSO,). A brown o i l  rem ained a f t e r
4

s t r ip p in g  o f f  th e  s o lv e n t under reduced  p r e s s u re ,  w hich when t r i t u r a t e d

w ith  co ld  e th a n o l fu rn is h e d  2 .0 g  (47%) o f  N - tr i f lu o r o a c e ty f ~ 1 - ( 3* 4 l 5-

tr im e th o x y b e n z y l) -6 -m ethoxy-7 --benzy loxy-1 . 2 . 3 . 4 - t e t r  a h y d ro iso q u in o lin e

265, m .p. 1 5 5 .5 -6 .5 ° ,  a s  c o lo u r le s s  n e e d le s  ( e th a n o l) .  (Found: C, 6 4 .1 ;

H, 5 -5 ; N, 2 .2 .  C2gH30F3N06 r e q u i r e s  C, 6 3 .9 ; H, 5 .5 ; N,

1685cm"1 (0 = 0 ). T(CDCL ) :  2 .6 0  (5H, s ,  PhCH.,0); 3 .3 5 , 3 -56 , 3 .7 6  UH,

3 s , a ro m a tic s ) ;  5 .00  (2H, s ,  PhCHo0 ) ;  6 .1 0 , 6 .1 4 , 6 .2 3  (13H, 3 s , 4CHo0
^ 3

and C-1H); 6 .6 8 , 7 .3 5  (4H, 2 t ,  CH2~CH2 ) ;  6 .9 6  (2H, d , PhCH2 ) .

N -T r if lu o ro a c e ty l -1 -(3^  4%5 -trim e th o x y b en zy l)-6 -m e th o x y ~ 7 -h y d ro x y -1 , 2 ,3 ,4 -  
te tr a h y d ro is o q u in o l in e  263

A s o lu t io n  o f  th e  above b e n z y la te d  m a te r ia l  265 (1 .8 g , 3nmiol) in  e th y l  

a c e ta te  (200cm ) was h y d rogenated  in  th e  u s u a l  manner w ith  5% p a l la d is e d  

c h a rc o a l (1 .5 g ) ,  a f fo rd in g  O.Sg (53%) o f  th e  t i t l e  compound 263, m .p. 

1 2 6 -7°, as c o lo u r le s s  c r y s ta l s  ( e th y l  a c e t a t e - p e t r o l  ( b .p .  6 0 -8 0 ° ) ) .  

(Found: C, 5 7 .3 ; H, 5 .4 ; N, 2 .8 .  C^H^F^N O^ r e q u i r e s  C, 5 8 .0 ; H, 5 .3 ;

N, 3.1% ). 3400cm“1 (0 -H ); 1693cm~1 (0= 0). T (C D C lJ :  2 .9 3 -3 .2 6max jj

(4H, 3 s , a ro m a tic s ) ;  4 .25  (1H, b road  s ,  exchanges w ith  D20, OH); 6 .0 3 ,

6 .1 4 , 6 .1 6  (12H, 3 s , 4CH^0); 7 .1 4  (2H, t ,  CH2-CH2~W).

Lead t e t r a a c e t a t e  o x id a tio n  o f  263

The le a d  t e t r a a c e t a t e  o x id a tio n  o f  compound 263 (1 .Og, 2.2mmol) was

c a r r ie d  o u t a c c o rd in g  to  th e  method d e sc r ib e d  f o r  256 . A brown o i l

(1 .1 5g ) was o b ta in e d !  : 1745cm~^ (OCOCH ) ;  1690cm-  ̂ (NC0CFo) ;  1678,* max 3 3
-1

1655, 1630cm (d ien o n e )} w hich was s t i r r e d  fo r  2 h r .  in  d ich lo ro m eth an e
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Q Q
(85cm ) and t r i f l u o r o a c e t i c  a c id  (A .2cm ') fo llo w ed  by  w ashing w ith

3 3s a tu r a te d  sodium b ic a rb o n a te  (3 x 50cm ) ,  w a te r (3 x  50cm ) and d r ie d

over MgSO . T r i tu r a t i o n  o f  th e  r e s id u a l  brown o i l  w ith  ic e - c o ld  
4

e th a n o l gave N - tr if lu o ro a c e ty l-1  -h y d ro x y -2 ,9 .1 0 .1 1  - te tra m e th o x y a p o rp h in e

266 (0 .3 5 g , 35%) a s  c o lo u r le s s  n e e d le s  ( e th a n o l) ,  m .p. 2 3 8 -9 -5 ° . (Found:

C, 58 .O5 H, 4 -8 ; N, 3 .0 .  C22H22F3N06 r e q u i r e s  C, 5 8 .3 ; H, 4 -9 ; N, 3.1% ).

Found m/e = 453 .1411 , 327.1238 (100%). (C a lc , f o r  C22H22F3N06 453 .1400 ,

3 2 7 .1 2 3 3 ). ^ KBr: 3220cm-1 (0 -H ); 1680cm-1 (N-C0CFo) .  ^ (C D C lJ :  1 .12  max jj j
(1H, s ,  OH); 3 -28 , 3*34 (2H, 2 s , a ro m a tic s ) ;  6 .1 0 , 6 .1 3 , 6 .2 3  (12H, s ,

4 CH O)* 7 .1 6  (2H, t ,  CH2-CH2-W); 8 .3 8  (1H, s ,  C-6aH). UV (e th a n o l) :  

222nm (3 2 ,5 7 6 ); 2 8 0 .(1 1 ,3 2 0 ) ;  303 (6 ,7 9 2 ) .

Vanadium o x y t r i f lu o r id e  o x id a tio n  o f  263

The o x id a tio n  was c a r r i e d  o u t u s in g  th e  same method and th e  same 

q u a n t i t i e s  o f  r e a g e n t and s u b s t r a te  a s  d e s c r ib e d  f o r  compound 256, to  

a f fo rd  th e  hydroxy ap o rp h in e  266 (0 .0 4 6 g , 10%) as  c o lo u r le s s  c r y s t a l s ,  

m .p. 235 -8°.

N -T r i f lu o ro a c e ty l -1 ,2 ,9 .1 0 .1 1 -pen tam ethoxyapo rph ine  269 

Sodium h y d rid e  (0 .6 g , 80% d is p e r s io n  in  o i l )  was added to  a  s o lu t io n  o f  

th e  hydroxyaporph ine  266 (0 .3 0 g , O.66mmol) in  anhydrous DMF (I5cm^) and 

s t i r r e d  fo r  30 m ins, Iodom ethane (1g , 7.0mmol) was in tro d u c e d  dropw ise 

over 5 mins fo llo w ed  by  a d d i t io n a l  s t i r r i n g  f o r  1 h r .  The r e a c t io n
Q

m ix tu re  was poured  in to  w a te r (50cm ) ,  and e x t r a c te d  w ith  ch lo ro fo rm

3 3(3 x 25cm ) ,  th e  o rg a n ic  phase  was washed w ith  w a te r (3 x 50cm ) ,  d r ie d

(MgSO.) and ev ap o ra ted  to  d ry n e ss , fu rn is h in g  c o lo u r le s s  c r y s t a l s  o f  
4

N - t r i f lu o r o a c e ty l - 1  ,2 .9 .1 0 .1 1  -pen tam ethoxyapo rph ine  269 ( 0 .2 g , 65%) y 

m .p. 179-80° ( e th a n o l ) .  (Found: C, 5 9 .5 ; H, 5 .3 ;  N, 2 .8 .  0o0H0 .F NO,tLj> 3 o
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r e q u i r e s  C, 5 9 .1 ; H, 5 .1 ; N, 3.036). \ > ! ? b  1685cm''1 (NCOCF, ) .  T (C D C 1 ,):
In d .X  $  j

3 ,3 7 , 3,4-3 (2H, 2 s ,  a ro m a tic s ) ;  6 .1 5 , 6 ,2 4 , 6 ,4 0  (15H, s ,  5 0 ^ 0 ) ;  7 .29  

(2H, t ,  CH2-CH2--N). UV (e th a n o l) :  226nm; 284nm.

N .-T rifluor oacetyl--1 - ( 3 ' 4;, 5 - tr lm e th o x y b e n z y lid e n e ) -6-benzyloxy~7-m ethoxy~
1 ,2 , 3 ,4 - te t r a h y d ro is o q u in o t in e  274

The t l t l e _  compound 274 (2 .0 g , 56%) was p rep a red  from  th e  d ih y d ro is o q u in o lin  

273 (3 .2 g , 7mmol), t r ie th y la m in e  (3cm )., t r i f l u o r o a c e t i c  an h y d rid e  (9 .0 g , 

0,0.43mol) in  ch lo ro fo rm  ( 30cm^) u s in g  th e  same method as t h a t  d e sc r ib e d  

f o r  259, C r y s ta l l i s a t io n  from  e th a n o l gave c o lo u r le s s  n e e d le s ,  m .p. 186™ 

7 ° , (Found? C, 64,0;; ;H, 5 ,2 ; ;N;, 2 ,2 ,  C^H^F^NO^ r e q u i r e s  C, 6 4 .0 ;

B, Ml Z M ) , (N Q PSiy, T ( C P a  ) ;  2 ,72 .-3 ,45  (10H,

ffl, a ro m a tic s  and y in y l i e ) ;  4,9-5 (2H, s p PhCHpO); 6 ,1 2 , 6,2.3 (12H, s ,***/C
4-CHy); 7 ,0 0  (2H, t ,  CH ^CH ^N ),

. ^ -T r if lu o ro a c e ty l .-1  - ( 3* 5 :~ t r  i  me t  h o xyb en z y l i  d e n e )-T-6-hydroxy-7--methoxy~
T,2~» 3 .4 - t  e t r  ahydr o i s o q u in o lih e  ~27f '

Jn  §. s im i la r  f a s h io n  to  256 -was p re p a re d  th e  t j t . l e  compound 271 in  48% 

;P-§24; ffi,P, 187-8°, g.s p p lp p r le s s  c r y s ta l s  ( e th y l  & cetg ite«petr o l ) .

-(Fppndf 6 , 5 7 ,7 i H, 5 ,0 ; h , 3 ,0 ,  r e q u i r e s  0, 5 8 ,2 ; H, 4 .9 ;

M, %,%),  & 05S*"1 ( M ) l  1701s®"1 (SS0CF,), 7'(0P C 13 ) ! 2 .8 4 -

^ .3 5  m, a ro m a tic s  and v i n y l i c ) ;  4 ,1 £  (1H; s ,  OH); 6 ,0 7 , 6 ,1 7  (12H,

§ , 4-CH^O); 7 ,0 3  (2H, t ,  C H ^ Q H ^ ) ,  P re p a ra t io n  o f  271 d i r e c t l y  by 

t r i f l u o r p a c e t y l a t i o n  o f  th e  6=hydroxy^-3,4 - d ihyd r o i so q u in o lin  e 275 (2 .5 5 g ,

6fflnic'l) gave 1 ,0g  o f  & fawn co lo u re d  p ro d u c t, m .p, '198-9 ,5°, hav ing
—1 -=-1tp f r g r e d  a b s o rp tio n s  a t  1810cm" and '1700cm" s im i la r  to  -the iso m e ric

£61 , in d ic a t in g  th e  fo rm a tio n  o f  0.,J M i t r i f l u o r o a c e t y l  compound.

A ttem pts tp  p u r i f y  t h i s  m a te r ia l  by chr©matogra p h ie  methods r e s u l t e d  in  

o n ly  271 b e in g  o b ta in e d .



O xidation  o f 2?1 by 2, 3 -d ic h lo ro -5 . 6 -d lc y a n o -1 , 4-benzoqulnone (DDQ)

An equim olar m ix tu re  o f  271 (0 .5 g , 1 .1 mmol) and DDQ in  d ry  benzene wa: 

re f lu x e d  fo r  4  h r .  F i l t r a t i o n  o f  th e  cooled  r e a c t io n  m ix tu re  and 

rem oval o f  th e  benzene gave a b la c k  in t r a c t a b l e  m ix tu re  which was n o t

4
-chloroform  (3 x 150cm ) , d ry in g  (K^CO^) and rem oval o f s o lv e n t ,  4 .6 g

a ro m a tic s ) ;  4*90 (2H, s ,  PhCHo0 ); 6 .1 8 , 6 .2 5 , 6 .2 9  (12H, s ,  4CHo0 ) ;
<■ 3

7 .3 6  (2H, t ,  CH2-CH2-N ).

pursued  f u r th e r .  *

1 - ( 3 * 5-T rlm ethoxybenzy l) -6 -b en zy lo x y -7 -m eth o x y -1 ,2 ,3 ,4 - te t r a h y d r o -  * 4
is o q u in o l in e  354 %

*7*
R eduction  o f  th e  d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  273 (5g, 0.01 mol) I

3 ■!w ith  z in c  m e ta l (35g) in  r e f lu x in g  1:1 g la c ia l  a c e t ic  a c id -w a te r  (70cm ) •§

a f fo rd e d , a f t e r  b a s i f i c a t i o n  (4M sodium h y d ro x id e ) , e x t r a c t io n  w ith

%) o f .354 as a b e ig e  o i l  which could  n o t be made to  c r y s t a l l i s e  and 

was used  d i r e c t l y  in  th e  fo llo w in g  r e a c t io n .

/ / ^N - T r if lu o ro a c e ty l - I - ( 3 . 4 , 5 - tr im e th o x y b e n z y l)-6 -b e n zy loxy-7-m ethoxy-
• 1 ,2 .3 .4 - te t r a h y d ro is o q u in o l in e  277

To th e  above crude te tr a h y d ro is o q u in o l in e  354 (4 .6 g , 0 .0 1 mol) d is s o lv e d  

in  d ry  ch lo ro fo rm  (30cm^) was added w ith  c o o lin g , t r ie th y la m in e  (3cm^) 

and t r i f l u o r o a c e t i c  anh y d rid e  (8 .9 g , 0 .042m ol). The m ix tu re  was s t i r r e d
3 3 5f o r  4 h r . ,  washed w ith  w ater (2 x 25cm ) ,  2M h y d ro c h lo r ic  ac id  (3 x 25cm ) £

and d r ie d  w ith  MgSO^. Removal o f  th e  ch lo ro fo rm  under reduced  p re s s u re

and t r i t u r a t i o n  w ith  ic e  co ld  e th a n o l fu rn is h e d  3*0g (54%) o f N - t r i f lu o r o -  #
'}■

a c e ty l -1 -(3* 4C 5 - tr im e th o x y b e n z y l) -6 -b en  zyloxy-7-m e th o x y -1 , 2 , 3 , 4 - t e t r  a -  Jt

h y d ro !so q u ln o lin e  277, m.p, 1 5 0 .5 -5 1 .5 °  as c o lo u r le s s  n e e d le s  ( e th a n o l) .  

x (Found: C, 6 3 .5 ; H, 5 .6 ; N, 2 .6 .  C^H F N0& r e q u i r e s  C, 6 3 . 8 ; H, 5 -5 ; '

N, 2.6% ). 1685cm"1 (NCOCF^). 'r (C D C l^ ): 2 .4 0 -3 .7 2  (9H, m,

I
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N -T r if lu o ro a c e ty l-1 - (  5 - tr im e th o x y b e n z y l) - 6 -hydroxy-7 -metho xy-
1 ' 2 ,3 , j - 1 e t r a h y d ro is o q u in o l in e  276

D ebeny la tion  o f 277 was ach iev ed  in  92% y ie ld  u s in g  7% Pd on c h a rc o a l w ith  

e th y l  a c e ta te  as s o lv e n t ,  acc o rd in g  to  th e  p ro ced u re  d e sc r ib e d  fo r  263* 

g-i-ving c o lo u r le s s  c r y s t a l s  o f t i t l e  compound 276, m.p. 181-3° ( e t h y l , 

a c e ta t e . - p e t r o l ’ (b .p ,  60 .-8 0 °)). (Found: C, 7 7 .8 ; H, 7*4-5 N ,3*0.

522H23F3N06 r e 9u i r e s  c > 5 3 ,0 ; H, 5 .3 ; N, 3.1% ). 9 ™ x : 3420cm"1 (0-H );

,1685cm"1 (NCOCP,). 'Y tC D C l.) : 2 ,8 9 -3 ,3 7  (AH, 3s, a ro m a tic s ) ;  A. 10 (1H,
3 J

b road  s ,  exchanges w ith  Do0, OH); 6 .0 8 , 6 ,1 3 . 6 ,17  (12PI, 3s ,  4-GH 0 ) ;d ' 3
7 ,0 0  (2H, t ,  CHg^CHg-N) ,

O x idation  o f 276 by 2 , 3.^dichloro.-^3 !_6.^dlcyano.^1,, 4--benzoquinone (DDQ)

The p h en o lic  1 .-^ben z y l is o q u in o l in e  276 (1 ,0 g , 2,2mmol) was re f lu x e d  in  

bpnge.ne (13cm^) w ith  DDQ (0 ,3 g , 2 , 2mmol) fo r  1 h r .  The dark  brown 

p p lu t ip n  was decan ted  from  th e  b la c k  s o l id  c o a tin g  th e  r e a c t io n  v e s s e l ,  

and §yap o ra ted  to  d ry n ess  g iv in g  §. dark  brown gum w hich gave 130mg o f  

s t a r t i n g  m a te r ia l  on t r i t u r a t i o n  w ith  go ld  ethanol, The rem ain ing  

lipw prp  were chrpmatpgrg.pb.ed ( s i l i c a  g e l ,  30g) u s in g  e th y l  a c e ta t e -  

■ p e f r o l  (2? 1 ) a s  e lu a n t , b u t ppp.14 n o t-b e  s u f f i c i e n t l y  p u r i f i e d  to  en ab le  

id e n t i f ic a t io n ,

1 Ar» 3=Trim eth°xybenzQy l ) -6.^hydroxy^7"me thoxy.^3, A -d ih y d ro iso q u in o lin e
m ~ ~   ............

Anpdi? o x id a tio n  o f  th e  amino-UCid 166 was perform ed acc o rd in g  to  th e  

method p f B o b b it t ,  A s o lu t io n  o f th e  ac id  (Q,Ag, 1mmol) in  0.1M sodium 

M sa rb p n a te  g p lu tip n  in  me th a n  o 1 =w a t  e r (20Qcm- ) was o x id ise d  a t  280mV

---fpr h r ,  The g r a p h ite  f e l t  anode was washed w ith  m ethanol (3 x 100cm )

gnd th e  combined S o lu tio n s  ev ap o ra ted  tp  n e a r  d ry n e ss , A d d itio n  o f
Q O

w ater (200cm ) fo llo w ed  by e x t r a c t io n  w ith  ch lo ro fo rm  (3 x 100cm ) and 

d ry in g  (Mg5Q^) afforded t j - t l e  compound 279 (0 ,2 2 g , 60%), m.p. 1 3 3 -6 .3 ° , 

a f t e r  t r i t u r a t i o n  and r e c r y g t a l l i s a t i p n  from  e th e r, (Found: c, 63.35
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  , ’ ^  T m

H, 5 .6 ; N, 3-5 C20H21N06 4 H 20 r e q u ir e s  C, 6 3 .2 ; H, 5 .8 ; N, 3.1% ).

\ ) KBr. 1670cm"1 ( 0 0 ) .  T(CDC1q): 2 .78-3*27 (4H, 3 s , a ro m a tic s ) ;  6 .1 1 , max j> 1

6 . U ,  6.21 (12.H, 3 s , 4-CH 0 ) ;  7 .2 6  (2H, t ,  CH0-CIi0-N ) .J ft <C »

N -T rlf lu o ro a ce t.y l-1  - ( 3;, 4l 5 -tr im e th o x y b e n z y l) -6 -hyd roxy-7 -m ethoxy -1 , 2 , 3 , 4 -  
te tr a h y d ro is o q u in o l in e -1  -c a rb o x y lic  ac id  24-5

The h y d ro c h lo r id e  s a l t  o f  amino a c id  166 (1 .5 g , 3»4-mmol) suspended in  d ry
3 o

ch lo ro fo rm  (25cm ) c o n ta in in g  tr ie th y la m in e  (2cm^) was cooled and s t i r r e d  

d u rin g  th e  dropw ise a d d i t io n  o f j u s t  s u f f i c i e n t  t r i f l u o r o a c e t i c  an h y d rid e  

(app rox . 2cm^) to  d is s o lv e  th e  suspended m a te r ia l .  S t i r r i n g  was co n tin u ed

f o r  a f u r th e r  3 h r . ,  a f t e r  w hich th e  ch lo ro fo rm  la y e r  was washed w ith

3 3w ater (3 x 20cm ) ,  2M h y d ro c h lo r ic  a c id  (3 x 20cm ) ,  d r ie d  over MgSO, and
4

s o lv e n t tak en  o f f  under reduced  p re s s u re ,  le a v in g  a brown gum.

T r i tu r a t i o n  w ith  e th e r - p e t r o l  (b .p .  40 -60°) r e s u l t e d  in  a f a w n  co lo u red

s o l id  w hich a f t e r  c r y s t a l l i s a t i o n  from  aqueous e th a n o l gave 1 .2g  (71%)

o f  th e  c a rb o x y lic  a c id  245. m .p. 1 9 1 -2 .5 ° , as c o lo u r le s s  n e e d le s ,  (Found:

C, 5 5 .2 ; H, 5 .0 ; N, 2 .9 .  C2 H ^ F  N0g r e q u ir e s  C, 5 5 .3 ; H, 4 .8 ;  N, 2 .8% ).

Found m/e s  499.1479 ( c a lc ,  fo r  C ^H ^FyJO g 4 9 9 .1 4 5 5 ). 3370cm"1

_(0-H); 1715cm"1 (C02H); 1685cm"1 (NCOCF^). 'T 'fC D d  ) :  2 .8 6 , 3*3K9 4 .1 2

(4H, 3 s , a ro m a tic s ) ;  6 .05  (2H, s ,  P h C H j; 6 .2 1 , 6 .4 0  (12H, 2 s , 4CHo0 ) ;
^ “"3

7 .18  (2H, t ,  CH2-CH2-N ).

I n i t i a l  a tte m p ts  to  p re p a re  th e  a c id  245 u s in g  r e f lu x in g  p y r id in e  as 

th e  s o lv e n t gave an unexpec ted  p ro d u c t, th e  ex p e rim en ta l and s p e c tro ­

sco p ic  d e t a i l s  o f  w hich a re  p re se n te d  l a t e r .

O x id a tio n  E xperim ents on Acid 245

( i )  Anodic O x ida tion

The am ido-acid  245 (0 .5 g , I.Ommol) was d is so lv e d  in  0.1M sodium b ic a rb o n a te
o

s o lu t io n  in  3 :2  m e thano l-w ater (200cm ) ,  and o x id ise d  a t  a g ra p h ite  f e l t

anode a t  360mV fo r  3 .7  h r .  The anode was washed w ith  m ethanol (3 x. 100cm^) ji
4
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and th e  combined r e a c t io n  m ix tu re  and w ashings red u ced  to  low volume
O

b e fo re  d i l u t io n  w ith  w ate r (100cm ) . N e u t r a l i s a t io n  o f  th e  aqueous 

p hase  w ith  1M h y d ro c h lo r ic  a c id  was fo llo w ed  by e x t r a c t io n  w ith  c h lo ro -
o

form  (3 x 100cm ) ,  d ry in g  (MgSO.) and rem oval o f  s o lv e n t ,  g iv in g  0 . l7 g  

o f  a brown gum. T . l . c .  showed t h i s  gum to  be a m u lticom pon ten t m ix tu re  

in  w hich th e  k e to - im in e  279 was shown by com parison w ith  a u th e n t ic  

m a te r ia l  to  be th e  m ajor com ponent. N e ith e r  s t a r t i n g  ..m a te ria l n o r th e  

ex p ec ted  u n s a tu r a te d  m o lecu le  271 were a p p a re n t in  th e  e le c t r o ly s e d  

medium. The gum was d is s o lv e d  in  m ethanol (10cm ) and s t i r r e d  o v e rn ig h t 

w ith  a f r e s h ly  p re p a re d  e th e r e a l  s o lu t io n  o f  d iazom ethane. The s o lu t io n  

was ev ap o ra ted  to  d ry n e s s , d is s o lv e d  in  e th a n o l and hyd ro g en a ted  u s in g  

p la tin u m  ox ide  (50mg) f o r  6 h r .  T . l . c .  o f  t h i s  r e a c t io n  m ix tu re  in  

th r e e  d i f f e r e n t  s o lv e n t sy stem s, v i z . ,  ch lo ro fo rm -m eth an o l (5 0 :1 ) ,  e th y l  

a e e t a t e - p e t r o l  (2 :1 )  and b en zen e-ace to n e  (2 5 : 1 ) e x h ib i te d  no sp o t 

c o rre sp o n d in g  to  th e  ap o rp h in e  269.

The above p ro ced u re  was re p e a te d  u s in g  as th e  s o lv e n t fo r  e l e c t r o l y s i s ,
O

a 9:1  m ix tu re  o f  a c e to n i t r i l e l w a te r  (200cm ) c o n ta in in g  sodium b ic a r b ­

o n a te  (4g) and te traethy lam m onium  p e rc h lo ra te  (4 g ) . O x id a tio n  a t  270mV 

fo r  2 .7 5  h r .  gave 0 .3 g  o f  brown o i l  which was shown by t . l . c .  b o th  

b e fo re  and a f t e r  m e th y la t io n - re d u c t io n  to  be i d e n t i c a l  w ith  th e  p re v io u s  

ano d ic  o x id a tio n .

( i i )  Ehzymic O x id a tio n

P r io r  to  u se  b o th  la c c a s e  and h o r s e ra d is h  p e ro x id a se  s o lu t io n s  w ere 

a ssay ed  by th e  methods p re v io u s ly  d e s c r ib e d . To a s o lu t io n  o f  th e  

c a rb o x y lic  a c id  245 (0.5g>/ I .Q ^ o l )  in  p h o sp h a te  b u f f e r  (pH6, lOOcm^)
_ s'

was added j u s t  s u f f i c i e n t  e th a n o l to  d is s o lv e  th e  s o l id  m a te r ia l .  To 

h a l f  o f  t h i s  s o lu t io n  was added la c c a s e  ( s ix  a d d i t io n s  o f  5cm^ over



3 h r„ ) .  The m ix tu re  was l e f t  o v e rn ig h t ,  e x t ra c te d  w ith  ch lo ro fo rm
o

(3 x 100cm ') , d r ie d  (MgSO.) and ev ap o ra ted  to  d ry n ess  a f fo rd in g  a brown
4

gum (0 .1 8 g ) .  To th e  rem a in in g  h a l f  o f  th e  a c id  s o lu t io n  was added
O Q

p e ro x id a se  s o lu t io n  (0 .1 g  in  100cm pH6 pho sp h ate  b u f f e r ,  2cm ) and
O

%  hydrogen p e ro x id e  (2cm ) .  The m ix tu re  was a llow ed  to  s tan d  o v e rn ig h t 

and worked up as f o r  th e  la c c a s e  t e s t  s o lu t io n .

C om parative t . l . c .  ( e th y l  a c e t a t e - p e t r o l  ( 2 :1 ) )  showed a s u b s t a n t i a l  

amount o f 279 in  b o th  la c c a s e -  and p e ro x id a se - in d u c e d  r e a c t io n s ,  th e  

fo rm er a ls o  showed th e  p re se n c e  o f  th e  3 ,4 -d ih y d ro is o q u in o lin e  172. as 

w e ll as hav ing  much l e s s  p o ly n e r ic  base  l i n e  m a te r ia l .  No s ig n i f i c a n t  

amounts o f  m a te r ia l  were e v id e n t in  th e  aqueous r e s id u e s  from  e i th e r  

enzyme r e a c t io n .  M e th y la tio n  (d iazom ethane) and c a t a l y t i c  r e d u c t io n  

(p la tin u m  o x id e )  o f  th e  f r a c t i o n  s o lu b le  in  o rg a n ic  s o lv e n t gave a r e s id u e  

w h ic h  f a i l e d  to  show th e  p re se n c e  o f any N - t r i f lu o r o a c e ty l - 1 ,2 ,9 ,1 0 ,1 1  -  

pen tam ethoxyaporph ine  269. An ex p e rim e n ta l b la n k  c o n ta in in g  o n ly  a c id  

and b u f f e r  showed o n ly  u n re a c te d  s t a r t i n g  m a te r ia l  when allow ed to  

s ta n d  f o r  th e  same p e r io d  under i d e n t i c a l  c o n d i t io n s .

( i i i )  Chemical O x id a tio n s

(a )  P o tass iu m  f e r r ic y a n id e

I s o q u in o l in e -1 -c a rb o x y lic  a c id  245 (0 .5 g , I.Ommol) and p o ta ss iu m  f e r r i -  

cy an id e  (0.33g> 1mmol) were s t i r r e d  to g e th e r  f o r  5 h r. i n  a two phase  5%
Q

sodium b ic a rb o n a te -c h lo ro fo rm  m ix tu re  (1 :1 , 20cm ) .  N e u t r a l i s a t io n  w ith  

1M h y d ro c h lo r ic  a c id  fo llo w ed  by  e x t r a c t io n  in to  ch lo ro fo rm  (3 x 25cm^), 

d ry in g  (MgSO^) and rem oval o f s o lv e n t gave 0 .32g  o f  a 'd a r k  brown p ro d u c t. 

T . l . c .  ( e th y l  a c e t a t e - p e t r o l ,  2 :1 )  showed th e  p re se n c e  o f  a sm all amount 

o f  s t a r t i n g  a c id  and b ase  l i n e  m a te r ia l  as w e ll as th e  m ajor p ro d u c t 

i d e n t i f i e d  by su b seq u en t p r e p a r a t iv e  t . l . c .  as th e  k e to - im in e  279.
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(b) Cuprammonium complex

The a ttem p ted  o x id a tio n  o f  24-5 (0 .1 g , 0.2mmol) by an aqueous cuprammonium 

sp e c ie s  (formed from  equal volumes o f F e h lin g ’s A and B s o lu t io n s ,  lO enr) 

and ch lo ro fo rm  (10cm"') gave upon work up in  th e  p re v io u s ly  d e sc r ib e d  manner, 

o n ly  u n re a c te d  s t a r t i n g  m a te r ia l .
\

(c ) Manganese d io x id e

A ctiv e  manganese d io x id e  (0 .2 g ) and a c id  245 (0 .1 g , 0.2mmol) in  d ry  

benzene were re f lu x e d  fo r  4 h r .  F i l t r a t i o n  o f th e  h o t su sp en sio n  

fo llo w ed  by rem oval o f  th e  s o lv e n t  gave 70mg o f  p ro d u c t hav ing  th e  same 

R^ and in f r a r e d  spectrum  as 272, as ^he s o le  p ro d u c t.

..(d ) D.D.Q.

Bquimolar amounts o f a c id  245 (0 .2 5 g , 0.5mmol) and DDQ (0 .1 1 g , 0.5mmol) 

w ere rc f lu x e d  in  d ry  to lu e n e  f o r  5 h r . ,  a f t e r  w hich th e  s o lu t io n  was

coo led  and f i l t e r e d .  Removal o f  th e  to lu e n e  gave a dark  brown p ro d u c t*
(0 .l7 g )  shown by t . l . c .  ( e th y l  a c e t a t e - p e t r o l ,  2 :1 )  to  c o n ta in  a 

s ig n i f i c a n t  amount o f  279 and r e s id u a l  r e a g e n t .  Two minor p ro d u c ts  

h av ing  v e ry  s im i la r  R^1s to  279 were a ls o  o b se rv ed , b u t a tte m p ts  to  

i s o l a t e  e i th e r  by p r e p a ra t iv e  t . l . c .  proved u n s u c c e s s fu l .



WORK DESCRIBED IN CHAPTER FOUR 

2-B enzyloxybenzaldehyde 294-
Q

To a  s t i r r e d  s o lu t io n  o f  sodium (20g) in  e th a n o l (600cm ) was added

s a l ic y la ld e h y d e  (100g, 0 .82m ol) and ben zy l c h lo r id e  ( l3 0 g , 1 .03m ol).

T his m ix tu re  was r e f lu x e d  f o r  6 h r ,  a f t e r  which i t  was f i l t e r e d  h o t ,
3

co o led  and reduced  in  volume to  a p p ro x im a te ly  200cm a f fo rd in g  on

f u r th e r  c o o lin g  c o lo u r le s s  c r y s t a l s  o f  t i t l e  compound 294- (122g, 70%),

m .p . 4-4-.5-4-6.5 ( l i t  4-6°)332 fro m  e th a n o l .  0 KBr: 1685cm"1 (0 * 0 ) .''m ax '  '

"r(G D C l3 ) :  -0 .4B  (1H, s ,  CHO) ; 2 .1 2 -3 .1 6  (9H, m, a ro m a tic s ) ;  4-.-90 (2H, 

s ,  PhCH^O)„

x 2-P h en y l-4 --(2 -b en zy lo x y b en zy lid en e ) -2 -o x a z o lin -5 -o n e  299

The above benzaldehyde (50g, 0 .236m ol), h ip p u r ic  ac id  (50g)? anhydrous
Q

sodium a c e ta te  (25g) and a c e t ic  an h y d rid e  (100cm ) w ere h e a te d  to g e th e r

on a  s team  b a th  f o r  2 .5  h r .  The m ix tu re  was s t i r r e d  f r e q u e n t l y  and upon

c o o lin g ' o v e rn ig h t a t  4-° gave ye llow  n e e d le s  w hich w ere f i l t e r e d  o f f ,

washed w ith  e th a n o l and e th e r ,  and a i r  d r ie d  to  g iv e  299 (7 7 .1g, 92%),

m.p. 164-5° ( l i t  1 6 4 -5 ° ) .332 9 ™ r : 1800cnf1 (C=0); 1650cirf1 (C=C).max
nr(CD Cl3 ) :  1 .7 2 -3 .1 0  (14-H, m, a ro m a tic s ) ;  2 .05  (1H, s ,  v i n y l i c ) ;  4.,84- 

(2H, s ,  PhCH20 ).

2 -T h io -o x azo lid -4 --o n e  355

P o tass iu m  cy an ide  (65g) and p o ta ss iu m  th io c y a n a te  (97g) w ere mixed
3 q

to g e th e r  in  w ater (20cm ) .  Form aldehyde s o lu t io n  (31cm , 38%) was 

added to  th e  r e s u l t a n t  s l u r r y ,  fo llo w ed  by th e  dropw ise a d d i t io n  o f
O

conc. h y d ro c h lo r ic  a c id  (75cm ) over 30 m ins, th e  m ix tu re  was a llow ed  

to  s ta n d  o v e rn ig h t and was f i l t e r e d .  The f i l t r a t e  was r e f lu x e d  fo r  2 h r . ,  

c o o led , e x t ra c te d  w ith  e th e r  (3 x 50cm ) ,  d r ie d  (MgSO^) and evap o ra ted  

to  d ry n e s s , fu rn is h in g  a f t e r  r e c r y s t a l l i s a t i o n  (benzene) and ch a rc o a l
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t r e a tm e n t ,  c o lo u r le s s  c r y s ta l s  o f  2 - th io -o x a z o lid -4 --o n e  35J5, m.p.

107-8° ( l i t  113° ) . 372 V*KBr: 1720 (C O , la c ta m ); I6 5 5 cn f1 (0=C).max

/
*. 5 ~ (2 -B en zy lo x y b e n zy lid e n e)-2 -th io -o x az o lid -4 -~ o n e  298

A m ix tu re  o f  2 - th io -o x a z o lid -4 --o n e  355 (2 .5 g , 0.021 m ol), 2-b e n z y l-  

oxybenzaldehyde 294- (5 .2 g , 0 . 025m ol), sodium a c e ta t e  (2 .5 g ) and g l a c i a l  

a c e t ic  a c id  (12.5cm  ) were b ro u g h t to  r e f lu x  over 1 h r .  T i t l e  compound 

298 (3 .7 g , 4-8%) c r y s t a l l i s e d  o u t on c o o lin g , and was r (e c r y s t a l l i s e d  

from  g l a c i a l  a c e t ic  a c id  to  a f fo rd  ye llow  c r y s t a l s ,  m .p. 209- 10° .

(Found: C, 6 5 .6 ; H, 4-.6; N, 4-.5. C^H^NO^S r e q u i r e s  C, 65 . 6 ; H, 4-.2;

N, 4-.5%). 'T(CDC13 ): 1 .76-3.04- (10H, m, a ro m a tic s  and v i n y l i c ) ;  4-.83

(2H, s ,  PhCH20 ) .

2 -B enzy loxypheny lpyruv ic  Acid 296

The a z la c to n e  299 (50g, 0.14-1 mol) was r e f lu x e d  fo r  5 h r .  in  4-M sodium
Q

hydro x id e  s o lu t io n  (300cm ) and poured  in to  barium  c h lo r id e  s o lu t io n  

(84-g, BaCl2 .2H20 in  600cm3 w a te r ) .  The r e s u l t i n g  barium  s a l t  was 

f i l t e r e d  o f f  and h e a te d  a t  4-0-50° in  2M h y d ro c h lo r ic  a c id  (500cnX) f o r  

30 m ins. to  g iv e  w h ite  c r y s t a l s  o f  th e  p y ru v ic  a c id  296 (14-.8g, 78%), 

m .p. 123~123. 50 ( l i t  1250 ) 337 from  b e n z e n e -p e tro l (b .p .  8 0 -1 0 0 °) .
v KRr —1 —1

V  : 34-50cm (0-H, E n o l); 1700cm (C0oH); 1660cm (C=C). rT (C D C lJ:max /c 3

0 .9 5  (1H, b ro ad  s , exchanges w ith  D20, COgH); 2 . 53- 3 .03  (9H, m, a ro m a tic s )  

X  4-.91 (2H, s ,  PhCH20 ) ;  5 .73  (2H, s ,  PhCEbj')) 2 -B enzyloxy p h en y lp y ru v ic  

a c id  was found to  be a i r  s e n s i t i v e  and was th e r e f o r e  k e p t in  a s e a le d  

tu b e  a t  4-°.

P re p a ra t io n  o f t h i s  same o^-lceto a c id  from  compound 298 (1g , 3*0mmol) 

was ach iev ed  by r e f lu x in g  in  1M sodium hydro x id e  s o lu t io n  (25cnX) fo r  

2 h r . ,  a c id i f y in g  w ith  2M h y d ro c h lo r ic  a c id  and e x t r a c t io n  w ith  e th e r  

(2 x 25cm3 ) . D rying (MgSO^) and rem oval o f th e  e th e r  gave 0 .5 g  (57%)
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o f 2 -b enzy loxypheny lpy ruv ic  a c id  296 , m.p, 114--5-118°, w hich had th e  

same R^ (e thano l-ch lo ro fo rm -am m onia , 5 :3 :1 .5 )  as t h a t  p rep a red  by th e  

p re v io u s  method.

1 - ( 2 -B enzy loxybenzy l) -6 -hy d ro x y -7 -m eth o x y -1 . 2 . 3 . 4 - te t r a h y d r o is o q u in o l in e -
1-c a rb o x y lic  a c id  297

2-B enzyloxyphenylpyruv ic  a c id  296 (3*8g, 0.014-mol) was d is s o lv e d  in  4-M
O

sodium h y d ro x id e  s o lu t io n  (50cm ) and s a tu r a te d  w ith  qarbon d io x id e .

To t h i s  was added 3 -bydroxy-4 --m ethoxy -/^ -pheny le thy lam ine  h y d ro c h lo r id e  

337 (3 .2 g , 0 .0 1 6mol) d is s o lv e d  in  w ate r (20cm ) and th e  m ix tu re  h e a te d  

on a  steam  b a th  f o r  1 h r. The r e s u l t i n g  s o l id  was f i l t e r e d  o f f ,  washed
Q Q

w ith  w ate r (500cm ) ,  meths (100cm ) and a i r  d r ie d  to  g iv e  th e  t i t l e

amdno a d d  227 ( 5 . 3g, 90%), w hich was r e c r y s t a l l i s e d  im m ed ia te ly  from

m eth an o l-co n e . h y d ro c h lo r ic  a c id - e th e r  to  g iv e  th e  h y d ro c h lo r id e  s a l t ,

m .p. 239-4-0°, as  c o lo u r le s s  c r y s t a l s .  (Found: C, 6 2 .3 ; H, 5 .7 ; N, 2 .7 .

C25H26N05C1 r e q u i r e s  C, 6 5 .9 ; H, 5-7 ; N, 3 .1 $ ) .  9 ™ * =  3450cm-1 (0-H );

1725cm" (C02H). 'T'(D20 ) :  2 .82 -3 -51  (11H, m, a ro m a tic s ) ;  A .95 (2H, s ,

PhCH 0 ) ;  6 .1 3  (3H, s ,  CH 0 ) ;  7.04- (2H, t ,  Clh-CH -N ) .
2 3 2 2

N -T r if lu o ro a c e ty l-1 - ( 2 -b e n zy lo x y b en zy l) -6 -h y d ro x y -7 -m eth o x y -1 ,2 ,3 ,4 --  
te tr a h y d ro is o q u in o l in e -1 -c a rb o x y l ic  a c id  300

A su sp en sio n  o f  amino a c id  h y d ro c h lo r id e  297 ( 1 .9 g , 4-0mmol) in  ch lo ro fo rm
Q Q

(25cm ) c o n ta in in g  t r ie th y la m in e  (2cm ) was s t i r r e d  and coo led  d u rin g  

th e  a d d i t io n  o f  t r i f l u o r o a c e t i c  an h y d rid e  (2 .7 g , 0 .0 1 3m ol). A f te r  s t i r r i n g
Q

fo r  3 h r .  th e  s o lu t io n  was washed w ith  w ate r (3 x 20cm ) ,  2M h y d ro c h lo r ic
Q

a c id  (3 x 20cm ) ,  d r ie d  (MgSO.) and ev ap o ra ted  to  d ry n e s s . T r i tu r a t i o n
4

o f th e  r e s u l t i n g  o i l  w ith  ic e  co ld  e th a n o l gave t i t l e  compound 300 ( l.O g ,

4-7%), m .p. 168-70°, as c o lo u r le s s  n e e d le s  (aqueous e th a n o l) .  (Found:

C, 6 3 .3 ; H, 5 .0 ; N, 2 .5 .  C ^ H ^ F . ^  r e q u i r e s  C, 6 2 .9 ; H, 7 ; N, 2 .7% ).

Found m/e 515.1588 (C a lc . C0 H -,F  N0/ r e q u i r e s  515.1557. 1715cm"12 / 24 3 o max
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(C02H); 1705cm 1 (NCOCF^. TCDMSO): 0.6(1H, broad s , C02H); 2 .66-

3 .5 0  (11H, m, a ro m a tic s ) ;  5 .05  (2H, s ,  PhCHo0 ); 6 .27  (3H, s ,  CH_0).
^ 3

1 -(2 -H ydr oxybenzy l) -6-hydroxy~7-m ethoxy~1,2 ,3 ,  4 - t e t r  a h y d ro is o q u in o lin e -
1-c a rb o x y lic  a c id  h y d ro c h lo r id e  301

The h y d ro c h lo r id e  o f  amino a c id  297 (1 .9 g , 4.0mmol) was O -d eb en zy la ted  

by  r e f lu x in g  f o r  2 h r .  in  a  1:1 m ix tu re  o f  cone, h y d ro c h lo r ic  a c id -
o

a c e t ic  a c id  (50cm ) .  The s o lv e n ts  were d i s t i l l e d  o f f  under red u ced

p re s s u re  to  g iv e  a brown o i l  w hich on t r i t u r a t i o n  w ith  ace to n e  fu rn is h e d

a c o lo u r le s s  s o l id .  C r y s t a l l i s a t i o n  (aqueous e th a n o l)  a f fo rd e d  th e  

h y d ro c h lo r id e  o f  1 - ( 2 ^hyd roxybenzy l) -6 -h y d ro x y -7 -m eth o x y -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 lic  a c id  301 (1 .4 g , 92%) a s  c o lo u r le s s  c r y s t a l s ,  

m .p. 262-4° (d ) .  (Found: C, 5 8 .6 ; H, 5 .6 ;  N, 3 .8 .  C ^H ^N O ^C l r e q u i r e s

C, 5 9 .1 ; H, 5 -5 ; H, 3 .8% ). 3180cm“ 1 (0 -H ); 1710cm"1 (C0oH).

T(D20 ) : 2 .83 -3*54  (6H, m, a ro m a tic s ) ;  6 .1 6  (3H, s , CH^O).

L actone o f N -fo rm y l-1 -(2 -h y d ro x y b en zy l) -6 -h y d ro x y -7 -m eth o x y -1 ,2 ,3 ,4 -  
te tr .a h y d ro is o q u in o lin e -1  - c a rb o x y lic  a c id  302

The amino a c id  301 (2 .0 g , 6 .1  mmol) was d is s o lv e d  in  f r e s h l y  p re p a re d  

a c e t ic - fo rm ic  an h y d rid e  (15cnX) made_acco rd in g  to  th e  method o f  Sheehan. 

The s o lu t io n  was d i lu te d  w ith  e th e r  (50cm ) and s t i r r e d  a t  room tem p­

e r a tu r e  o v e rn ig h t .  E v ap o ra tio n  to  d ry n e ss , fo llo w ed  by t r i t u r a t i o n  

w ith  b e n z e n e -p e tro l ( b .p .  80-100°) gave 0 .4 g  o f  a  w h ite  amorphous s o l id ,  

shown by  t . l . c .  (b e n z e n e -a c e to n e , 3 :1 ;  s i l i c a  g e l )  to  c o n ta in  a t  l e a s t  

th r e e  c o n s t i tu e n t s .  P r e p a ra t iv e  t . l . c ,  (b e n z e n e -a c e to n e , 5 :1 , s i l i c a  g e l)  

on 150mg o f  t h i s  s o l id  produced th e  cT -lac to n e  302 (65mg), m .p. 1 0 5 -8 ° , 

a s  a c o lo u r le s s  s o l id  (aqueous e th a n o l) .  (Found: C, 6 6 .8 ; H, 5 .1 ;

N, 4 .1 .  C19H1?N03 r e q u i r e s  C, 6 7 .3 ; H, 5 .0 ; N, 4 .1% ).

3350cm"1 (0 -H ); 1755cm"1 ( la c to n e ) ;  1655cm"1 (NCH0). ^ (C D C l ) :  2 .13  

(1H, s ,  CH0); 2 .8 8 -3 .7 5  (6H, m, a ro m a tic s ) ;  4 .1 5  (1H, b road  s ,  exchanges



with Do0, OH); 6.61 (3H, s , CH 0); 6.97 (2.H, t ,  CH^-CH^-N).

N-Benzoyl-1 -cyano -6 -b en zy lo x y -7 -m eth o x y -1 . 2 , 3 , 4 - te t r a h y d ro is o q u in o l in e  291 

Benzoyl c h lo r id e  (4 .8 g , 0.035m ol) was added dropw ise over 30 m ins. to- a 

s t i r r e d  two phase m ix tu re  o f  d ih y d ro iso q u in o lin e  292 (3*0g, 0 .0 1 1mol)
O

d is so lv e d  in  d ich lo rom ethane  (25cm ) and po tass iu m  cyan ide  (3*5g, 0 .054
O

mol) d is so lv e d  in  w ater (10cm ) . S t i r r i n g  was co n tin u ed  fo r  3 h r . ,  

fo llo w ed  by w ashing o f  th e  d ich lo rom ethane  la y e r  w ith  2M sodium h yd rox ide
o *• O O

(3 x 25cm ) , 2M h y d ro c h lo r ic  a c id  (3 x 25cm ) and w a te r (3 x 25cm ) .

Drying (MgSO^) and rem oval o f so lv e n t a ffo rd e d  a brown o i l  which upon 

t r i t u r a t i o n  w ith  m ethanol gave c o lo u r le s s  n e e d le s  o f  N -benzoyl~1-cyano- 

6 -benzyloxy-7-m ethoxy~1, 2 T 3 ,4 - te t r a h y d ro is o q u in o l in e  291 (2 .7 g , 60%), 

m .p. 139-4-1° (m e th an o l), (Found: C, 7 5 .2 ; H, 5 .6 ; N, 7 .0 .  ^25^22^2^3
. T^D-v. 1 ^  . .

r e q u ir e s  C, 7 5 .4 ; H, 5 .5 ; N, 7 ,0% ). V J ^ : 1655cm ’ (C»0). f{C dC l^ ) : 

2 .1 3 -3 .2 5  (12H, m, a ro m a tic s ) ;  4 .8 2  (2H, b , P b C ^ 0 ) j 6 .05  (3H, s ,  CH^O); 

7 .2 2  (2H, t ,  Qgg-CHg-N).

2-B enzyloxybenzyl a lc o h o l 295
wm ’K m w r » n !» •rrH-n- - r j - * n n iL ff.w - .w tii  -*4r~ «*» »w* n»

Sodium b o ro h y d rid e  (5g) was added in  sm all p o r t io n s  to  a s t i r r e d  s o lu t io n  

o f  2-benzy loxybenzaldehyde 29A (10g, 0.0A7mol) in  e th a n o l and s t i r r e d

o v e rn ig h t a t  room te m p e ra tu re . The re s id u e  o b ta in e d  on rem oval o f  th e
<2 *2 

e th a n o l was d is so lv e d  in  w ater (100cm ) , e x tra c te d  w ith  e th e r  (3 x 50cm ) ,

d r ie d  (MgSO,) and ev ap o ra ted  to  d ry n ess  a f fo rd in g  a yellow  o i l  which

\  was d i s t i l l e d  (b .p ,  160-2° a t  0.5mm Hg) to  g iv e  295 (0 .7 5 g , 74%), m .p.

36-7° ( l i t  37° ) ^  as c o lo u r le s s  c r y s t a l s .  3400cm’”1 (0-H ).

T(CDC13 ): 2 .68-3 ,2 .7  (9H, m, a ro m a tic s ) ;  5 .10  (2H, s ,  PhCH^O); 5-35

(2H, s ,  CH^OH); 6.91 (1H, s ,  CH20H).

2-Benzyloxyben zy l c h lo r id e  293

A m ix tu re  o f  th io n y i c h lo r id e  (20cra ) ,  benzene (50cm ) and 2 -b en zy lo x y -
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b en zy l a lc o h o l 295 (10g, 0 ,047m ol) x^as re f lu x e d  fo r  5 h r . The benzene 

and excess th io n y l  c h lo r id e  w ere d i s t i l l e d  o f f  a t  a tm o sp h eric  p re s s u re  

le a v in g  a p a le  g reen  o i l  (9 .9 g , 91%) which was used  crude in  th e  fo llo w in g  

r e a c t io n .

N -B enzoyl-1-cyano-1- ( 2 -b en zy lo x y b en zy l)-6 -b en zy lo x y -7 -m eth o x y -1 .2 ,3 ,4 -  
t  e tra h y d r  o i  soq u i  n o l in  e 290

The R e i s s e r t  compound 291 (2 .7 g , 6.8mmol) was d is s o lv e d  in  d ry  DMF (25cm")) 

and to  t h i s  s t i r r e d  s o lu t io n  was added sodium h y d rid e  (0.3-Sg, 50% d is p e r s io n  : 

in  o i l ) ,  p roducing  th e  expec ted  deep re d  co lo u r o f  th e  R e i s s e r t  an io n .

The dropw ise a d d i t io n  o f  crude 2 -benzy loxybenzy l c h lo r id e  293 (3*3g,
O

0.014m ol) d is so lv e d  in  DMF (10cm ') g ra d u a l ly  removed th e  re d  c o lo u ra tio n  

to  g iv e  a p a le  yellow  s o lu t io n  which a f t e r  a f u r th e r  15 h r .  s t i r r i n g  a t  >

room te m p e ra tu re  was poured  on to  ic e -w a te r  (200cm ) and e x tra c te d  w ith  

ch lo ro fo rm  (3 x 50cm^). The o rg a n ic  phase was washed w ith  2M h y d ro c h lo r ic  4
Q 9 Q

a c id  (2 x 50cm ) ,  w a te r (3 x 50cm ) ,  2M sodium h y d rox ide  (2 x 50cm ) and 

d r ie d  (MgSO^). A brown s o l id  (0 .9 g , m .p. 158-167°) was o b ta in e d  a f t e r  

rem oving th e  ch lo ro fo rm  and t r i t u r a t i o n  w ith  e th e r ,  w hich could  n o t be 

p u r i f i e d  s u f f i c i e n t l y  f o r  i d e n t i f i c a t i o n .

3-M ethoxy~4-hydroxy-/3 -p h en y le th y la m in e  h y d ro c h lo r id e  307 

C a ta ly t ic  h y d ro g en a tio n  o f th e  benzyloxy-am ine 347 u s in g  5% p a lla d iu m  

on c h a rc o a l in  e th a n o l gave th e  t i t l e  compound 307, m .p. 209-10° ( l i t  

212-3°) in  92% y ie ld .  V>KBr: 3150cm“ 1 (0-H ); 2640, 2560, 2450cnf1 ( s a l t
IH£IX

b a n d s) .

2 -B en zy lo x y p h en y lace tic  a c id  306
Q

P o tass iu m  hyd ro x id e  (12g) d is s o lv e d  in  w ater (20cm ) was added to  a 5

s t i r r e d  s o lu t io n  o f  2 -h y d ro x y p h en y la ce tic  a c id  (I5 g , 0 .099m ol) and b en zy l
9

c h lo r id e  (2 6 .4g, 0 .21m ol) in  e th a n o l (150cm ) .  The m ix tu re  was r e f lu x e d
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fo r  4  h r . ,  ev ap o ra ted  to  n e a r  d ry n ess  and th e  r e s id u e  • was p a r t i t i o n e d
O Q

betw een ch lo ro fo rm  (100cm ) and w ate r (50cm ) .  The ch lo ro fo rm  la y e r
3

was washed tw ice  more w ith  w ater (50cm ) and d r ie d  over MgSO.. Removal
4

o f s o lv e n t gave a y e llow  s o l id  (12g) m .p. 69-72° w hich t . l . c .  (c h lo ro fo rm - 

s i l i c a  g e l )  showed to  c o n ta in  two com ponents, a m ajor p ro d u c t o f  0 .6 8  

and a minor component o f  R^ 0 .1 0 . Column chrom atography u s in g  c h lo ro ­

form  as  e lu a n t  gave b o th  compounds in  a pu re  s t a t e .  The m ajor 

c o n s t i tu e n t  (7 .5g )>  m .p. 7 5 -6 °  ( p e t r o l  (b .p .  6 0 -8 0 °))  d id  n o t r e a c t  

w ith  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  and was i d e n t i f i e d  as b en zy l

2-b e n z y lo x y p h e n y la c e ta te  305« (Found: C, 7 9 .8 ; H, 6 .2 .  C22H20°3 r e l u i r e s

C, 79*5; H, 6.0% ). 1735cm -1 (C=0, e s t e r ) .  T ( C D C lJ :  2 .7 2 -3 .2 0IuclX

(14H, m, a ro m a tic s )  ; 4 .9 6  (2H, s ,  PhCH20 ) ; 5.01 (2H, s ,  PhCIhOCO); 6 .29  

(2H, s ,  PhCH^CO^). The minor p ro d u c t d id  r e a c t  w ith  s a tu r a te d  sodium 

b ic a rb o n a te  s o lu t io n  and was found to  be th e  d e s ire d  a c id  306 (4*1g,

17%), m.p. 9 2 .5 -5 .5 °  ( l i t  9 2 - 4 ° ) .37^ -v)KBr: 1710cm" 1 (C0oH). ‘T ( C D d J :
XQ.8.X £

-1 .8 4  (1H, broad  s ,  exchanges w ith  C02H ); 2 .7 5 -3 .2 8  (9H, m,

a ro m a tic s ) ;  5 .0 4  (2H, s ,  PhCH20 ) ;  6 .3 7  (2H, s ,  phCH ^CO^).

H y d ro ly s is  o f  th e  b en zy l e s t e r  305 (8 .4 g , 0.025m ol) w ith  r e f lu x in g  4M
O

sodium hydrox ide s o lu t io n  (150cm ) fo r  6 h r .  a f fo rd e d  a f t e r  co o lin g  and 

a c i d i f i c a t i o n  w ith  conc. h y d ro c h lo r ic  a c id ,  2-b e n z y lo x y p h e n y la c e tic  

a c id  306 (3 .S g , 62%), m .p. 9 3 -5 ° ? as c o lo u r le s s  c r y s t a l s .

3-M ethoxy-4-hydroxy-5-brom o- f t -p h en y le th y lam ln e  hydro c h lo r id e  308

A s o lu t io n  o f  brom ine (7 .6 g , 0 .047m ol) in  1 ,4 -d io x a n  (30cmB) was added 

over 20 m ins. to  a su sp en sio n  o f  3 -m eth o x y -4 -h y d ro x y -/^ -p h en y le th y lam in e  

h y d ro c h lo r id e  307 (6 .2 g , 0 .030m ol) in  g l a c i a l  a c e t i c  a c id  (40cmB) 

m a in ta in ed  a t  a te m p e ra tu re  o f  7 0 ° . A fte r  s t i r r i n g  f o r  1 .5  hr., th e  

s o lv e n ts  were d i s t i l l e d  o f f  under reduced  p re s s u re  to  g iv e  an orange o i l
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•s
1

w hich upon t r i t u r a t i o n  w ith  e th e r  gave th e  t i t l e  compound 306 (6 .3 g , 

73%), m.p. 207-12° ( l i t  215~7° ) ' BB as c o lo u r le s s  c r y s ta l s  ( e th a n o l-  

e th e r ) .  -> > KBr: 3430cnT1 (0-H ); 2750, 2600, 2550, 2420cm"1 ( s a l t  b an d s)max

N-( 3-Methoxy-4-hydroxy-5-brom o-ffi phe.ny l e th y ! ) - 2 -benzy loxypheny lac  etamid^ 
309

3-H ydroxy-A ,5-dim ethoxybenzoic a c id  311

The s y n th e t ic  method used  to  p re p a re  311 was t h a t  r e p o r te d  by B a tte rs b y

182

I

The bromo-amine 308 (2 .9 g , 0 .0 1 2mol) was d is so lv e d  in  w ater and th e  ' . -t

s o lu t io n  made b a s ic  w ith  ammonia s o lu t io n .  A w h ite  s o l id  o f  th e  r e s u l t a n t  u
ff r e e  base  was form ed w hich was f i l t e r e d  o f f  and a i r  d r ie d .  This f r e e  base  )

. ?
(2 .4 g , 0.011 mol) and 2 -b e n zy lo x y p h en y lac e tic  a c id  306 (2 .6 g , 0.010m ol) «j

?
w ere h ea ted  to g e th e r  a t  180 f o r  1 h r .  in  d e c a lin  (30cm ) under n i t r o g e n .  ■*

, . 3
A fte r  d e c a n tin g  o f f  th e  d e c a l in  th e  r e s id u e  was washed w ith  p e t r o l  (3 x

50cm ) ,  d is so lv e d  in  ch lo ro fo rm  (100cm ) , washed w ith  w ater (2 x 75cm ) , J
I

3 -!
2M h y d ro c h lo r ic  a c id  (3 x 75cm ) , 2M sodium b ic a rb o n a te  s o lu t io n  (3 x f

4

75cm ) and d r ie d  (MgSO,). The s o lv e n t was removed under reduced  p re s s u re  !:r
. . 3-

a f fo rd in g  a b la ck  gum which was p assed  down a s i l i c a - g e l  column (150g)

u s in g  ch lo ro fo rm  as  e lu a n t ,  to  g iv e  th e  t i t l e  am ide 309 (1 .4 g , 31%), I

m .p. 124-6° as a fawn co lo u red  s o l id .  (Found: C, 6 1 .5 ; H, 5 .0 ; N, 2 .9 .

Co .Ho /BrN0, r e q u i r e s  C, 6 1 .3 ; H, 5 .1 ; N, 3.0% ). \ ) KBr: 3350cm~1- (N-H);(LLf <■/+ * max

1650cm’”1 (0=0). T(CD C13 ): 2 .6 6 -3 .4 9  (11H, m, a ro m a tic s ) ;  4 .09  (1H, 1

broad  s ,  NH); 5 .05 (2H, s ,  PhCHo0 ); 6 .32  (3H, s ,  CHo0 ) ;  6 .4 2  (2H, s ,  |
~ *"3

PhCHoC0); 6 .6 1 , 7 .1 6  (4 H ,2 t, CH0~CH9 ) .

3 3 7

ilk* 3 , 4 , 5 -T rihyd roxybenzo ic  a c id  m onohydrate (50g, 0 .266m ol) gave f

as th e  m ajor p ro d u c t from  t h i s  r e a c t io n ,  3 ,4 > 5 -trim e th o x y b en zo ic  a c id

(1 6 .Og), m .p. 158-60° ( l i t  1 5 7 - 6 0 ° ) . I n a d d i t io n ,  compound 311 (4 .1 g ) ,

m .p. 187-90° ( l i t  1 8 8 -90°) BB̂  was o b ta in e d  as  c o lo u r le s s  c r y s ta l s  (w ater)

from  th e  a c id i f i e d  aqueous w ash ings. Found m/e -  198.0530. CnEL 0C i
y  IU 0



1

. V'ftr —1 1
r e q u i r e s  198.0529. v ) . : 3520cm (0-H ); 1695cm" (C0oH). 'Y(DMSO):* max

85, 2 .90  (2H, 2 s . a ro m a tic s ) ;  6 .1 8 , 6 .2 4  (6H, 2 s , 2CH 0 ) .
j03

3-B enzyloxy~4,5-d im ethoxybenzoic a c id 312

A m ix tu re  o f  3 -hyd roxy-4 ,5 -d im ethoxybenzo ic  a c id  311 (2«5g, 0.013-mol),
I

ben zy l c h lo r id e  (5»5g, 0.043m ol) and p o ta ss iu m  hydrox ide  (2g in  5cmB
3

w a te r)  d is so lv e d  in  e th a n o l (50cm ) was re f lu x e d  fo r  4  h r .  The so lv e n t
O

w as'rem oved le a v in g  a brown o i l  w hich was d is so lv e d  in  ch lo ro fo rm  (50cm ) , §
O

washed w ith  w ater (3 x 50cm ) and d r ie d  (MgSO,). E v ap o ra tio n  o f th e
4

ch lo ro fo rm  gave on t r i t u r a t i o n  w ith  p e t r o l  (b .p .  60-80°) and c r y s t a l l i s a t i o n  \
<.

from  aqueous e th a n o l,  c o lo u r le s s  c r y s ta l s  o f 3-hen z y lo x y -4 ,5-dime th o x y -  ' -f 

b en zo ic  a c id  312 (0 .8 g , 22%), m .p. 169-73° ( l i t  1 7 6 ° ) . 1685cm 1
ITIQlX

1

(COpH). ^(C D C l ) :  1 .60  (1H, b road  s , exchanges w ith  DpO, COpH); 2 .66

(7H, s ,  a ro m a tic s ) ;  4 .9 0  (2H, s ,  PhCELO); 6 .1 2  (6H, s ,  2CH 0 ) . 1  
I
tv

O xida tion  experim en ts on a c id  300 f

( i )  Anodic o x id a tio n  

E lec tro c h em ic a l o x id a tio n  o f  300 (0 .2 5 g , 0.5nnnol) was c a r r ie d  o u t a t  : |

280mV (a g a in s t  S .C .E .) fo r  2 h r .  in  a 0.1M sodium b ic a rb o n a te  s o lu t io n

i n  aqueous m ethanol (200cm ) .  The o rg a n ic  s o lv e n t was removed under

reduced  p re s s u re  and th e  r e s id u a l  aqueous s o lu t io n  n e u t r a l i s e d  w ith  2M
3  'v

h y d ro c h lo r ic  a c id .  E x tra c tio n  w ith  ch lo ro fo rm  (3 x 100cm ') , d ry in g  |

1

(MgSO.)  and rem oval o f  th e  s o lv e n t  gave a brown o i l  w hich upon t r i t u r a t i o n  |

, < '  w ith  e th e r  gave 1 - ( 2-ben zylo xy b en zo y l) -6 -hydroxy-7-m ethoxy~3 . 4 -d .ihyd ro -

is o q u in o l in e  313, m .p. 113. 5- 4 . 5° as p a le  yellow  c r y s t a l s ,  ( e th e r - p e t r o l

(b .p .  4 0 -6 0 ° ) ) .  (Found: C, 7 4 .7 ; H, 5 .9 ; N, 3 -3 . C2^H21N0^ r e q u ir e s

C, 7 4 .4 ; H, 5 .4 ; N, 3 . 6%). V  ^ x : l6 6 5cm”1 (0= 0). T(C D C 13 ) : 2 .7 9 -

3 .45  (11H, m, a ro m a tic s ) ;  5 .09  (2H, s , PhCHpO); 6 .27  (3H, s ,  CH^O);

6 .4 0 , 7.61 (4H, 2 t ,  CH2-CH2 ) .
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( i i )  Enzymic o x id a tio n

The enzym e-induced o x id a tio n s  o f  a c id  300 (0.14-g, 0.3mmol) w ith  la c c a s e  

and h o r s e ra d is h  p e ro x id a se  were perform ed in  an i d e n t i c a l  manner to  ' 

th o se  d e sc r ib e d  fo r  a c id  2U5 (see  page 172). Both enzyme r e a c t io n s  

gave as th e  s o le  p ro d u c t th e  k e to -im in e  compound 313 < id e n t i f i e d  by 

com parison o f  i t s  R and in f r a r e d  spectrum , w ith  a u th e n tic  m a te r ia l .

\
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WORK DESCRIBED IN CHAPTER FIVE

5.1 O x idation  S tu d ie s  on Acid 315

5.1-. 1 N -T r if lu o ro a c e ty l-1  -me th y l  -6 -h y d r oxy-7 -me tho  xy~1,2 ,3 ,  4 - te t r a h y d r o -
is o q u in o l in e -1 -c a rb o x y lic  a c id 31 5

T r i f lu o r o a c e t ic  an h y d rid e  (10.4-g, 0 .05m ol) was added dropw ise to  a  coo led  

su sp en sio n  o f 1 -m e th y l-6 -h y d ro x y -7 -m eth o x y -1 , 2 , 3 , 4 - te t ra h y d ro is o q u in o l in e -1
O

c a rb o x y lic  a c id  164. (3 .0 g , 0 . 013mol) in  ch lo ro fo rm  (40cm ) c o n ta in in g

3 *tr ie th y la r a in e  (3cm ) .  The r e s u l t i n g  s o lu t io n  was s t i r r e d  a t  room temp­

e r a tu r e  fo r  3 h r . ,  a f t e r  w hich i t  was washed w ith  w ater (3 x 50cm^), 2M

h y d ro c h lo r ic  a c id  (3 x 50cm ) and d r ie d  (MgSO.). Removal o f  th e
4

ch lo ro fo rm  and t r i t u r a t i o n  w ith  i c e  co ld  e th a n o l fu rn is h e d  N - t r i f lu o r o -

a c e ty l-1  -m eth y l-6 -h y d ro x y -7 -m eth o x y -1 . 2 , 3 . 4 - t e t r  a h y d ro iso q u in o lin e -1  -

c a rb o x y lic  a c id  315 (2 .2 g , 52%), m .p. 170-3° as c o lo u r le s s  c r y s ta l s

(aqueous e th a n o l) .  (Found: C, 5 0 .5 ; H, 4*4; N, 4 .2 .  C ^H ^F^N 0£. r e q u i r e s

C, 5 0 .4 ; H, 4 .2 ;  N, 4 .2% ). Found m/e = 333.0813 (C a lc , fo r  C^H^F^NO^

333 .0 8 2 4 ). V KBr: 3200cm“ 1 (0-H ); I730cm“1 (C0oH); 1685cm’”1 (C O C Fj.1 max ti. 3

^ (C D C l^ ): 3*16, 3*35 (2H, 2 s , a ro m a tic s ) ;  4*32 (1H, b road  s ,  exchanges 

w ith  Do0, OH); 6 .1 7  (3H, s ,  CH 0 ) ;  8 .1 8  (3H, s ,  C H j .
t i  3 “ 3

2 . 2 -D ihyd roxy -5 , 5 - d i - t e r t - b u ty lb ip h e n y l  316

4 ,-T e rt-b u ty lp h e n o l (1g , 6.7mmol) was d is s o lv e d  in  m ethanol (50cm ) in  

w hich sodium m e ta l (0 .3 g , 0 .0 1 3mol) had p re v io u s ly  been d is s o lv e d .  T his 

s o lu t io n  was ev ap o ra ted  to  d ry n ess  and th e  r e s id u e  ta k en  up in  w ater 

(20cm ) ,  and added to  a s o lu t io n  o f  te traethy lam m onium  p e r c h lo r a te  (6g)
Q

in  a c e t o n i t r i l e  (400cm ) .  E le c tro c h e m ic a l o x id a tio n  o f  t h i s  s o lu t io n  

w ith  a carbon f e l t  anode and a p la tin u m  cathode was c a r r ie d  o u t a t  300mV 

f o r  4 h r . ,  a f t e r  w hich tim e th e  c u r re n t  p a s s in g  was v i r t u a l l y  z e ro . The 

e le c t r o ly s e d  s o lu t io n  was a c i d i f i e d  and th e  carbon e le c tro d e  washed w ith
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3
m ethanol (3 x 100cm ) .  The combined s o lu t io n s  w ere th en  ev ap o ra ted  

to  d ry n e ss , and th e  r e s id u e  d is so lv e d  in  a 1:1 ch lo ro fo rm -v /a ter m ix tu re
3 3

(100cm ) .  The o rg an ic  s o lv e n t was washed w ith  w ater (3 x 50cm ) , d r ie d

(MgSO.) and ev ap o ra ted , le a v in g  a brown o i l ,  w hich upon t r i t u r a t i o n  4

w ith  p e t r o l  (b .p ,  4-0-60°) gave th e  t i t l e  compound 316 (0 .3 g , 30%), m .p. 

207-9° ( l i t  2 0 7 - 8 ° ) " ^  as c o lo u r le s s  c r y s ta l s  ( is o o c ta n e ) .

3250cm" (0-H ). ^ (C D C l^ ) :  3 -1 8 -3 .4 9  (6H, m,’ a ro m a tic s ) ; 8 .65  (18H,

s ,  2C(CH3) 3 ) .

The b is - to lu e n e -4 - s u lp h o n y l  d e r iv a t iv e  317 was p re p a re d  by r e f lu x in g  

316 (0 .1 g , 0 .3 m̂io1) w ith  to lu e n e -4 -s u lp h o n y l c h lo r id e  ( 0 . l 3 g ? 0.7mmol)
3 ■ 3

in  ace to n e  (2cm ) c o n ta in in g  t r ie th y la m in e  (0.2cm  ) fo r  50 m ins.

P ou ring  th e  r e a c t io n  m ix tu re  in to  2M h y d ro c h lo r ic  a c id  (lOcnr5) gave a 

b e ig e  s o l id ,  which a f t e r  r e c r y s t a l l i s a t i o n  from  m eths, a f fo rd e d  317, 

m .p. 159-61°. (Found: C, 6 7 .2 ; H, 6 .3 .  C ^H ^O ^S^ r e q u ir e s  G, 6 7 .3 ;

H, 6 .3% ). T(CDC13 ): 2 .9 8 -3 .3 6  (14H, m, a ro m a tic s ) ;  7 .6 4  (6H, s ,  2CH3 ) ;

8.71 (18H, s ,  2C(CH ) ) .

5.1.2. O x ida tion  o f  315

(a) Anodic o x id a tio n

Acid 31 5 (0 .3 g , 0.9mmol) was a n o d ic a liy  o x id ise d  in  0.1M sodium b i c a r ­

b o n a te  s o lu t io n  in  m e thano l-w ater (3 :2 , 250cm^) a t  320mV fo r  2 h r .  The 

pH o f th e  r e a c t io n  m ix tu re  was th e n  a d ju s te d  to  pH7 u s in g  2M h y d ro c h lo r ic  

a c id  and th e  v o l a t i l e  components removed under reduced  p r e s s u re .  The 

r e s id u e  was d is s o lv e d  in  a 1:1 m ix tu re  o f  ch lo ro fo rm  and w ater (50cm"5),
Q

th e  aqueous phase  was e x tra c te d  w ith  ch lo ro fo rm  (3 x 25cm ) , th e

combined e x t r a c t s  d r ie d  (MgSO.) and reduced  to  low volum e. T . l . c .
4

(ch lo ro fo rm -m eth an o l, 5 :1 , s i l i c a  g e l)  showed a com plete absence o f
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■ any p ro d u c ts . The-aqueous phase was evapo ra ted  to  d ry n ess  under reduced  

p re s s u re  and th e  r e s id u e  t r i t u r a t e d  w ith  ch lo ro fo rm . T . l . c .  o f  t h i s  

s o lu t io n  showed a s in g le  p ro d u c t w hich had th e  same b lu e  f lu o re s c e n c e  

and in f r a r e d  spectrum  as  th e  3> 4-~dihydro isoquinoline 170.

R e p e t i t io n  o f t h i s  e l e c t r o l y s i s  in  th e  p re sen ce  o f A - 'te r t-b u ty lp h e n o l 

(0 .6 g , A.Ommol) gave id e n t i c a l  r e s u l t s , '  w ith  th e  i n i t i a l  ch lo ro fo rm  

e x t r a c t  showing o n ly  th e  u n re a c te d  ph en o l.

(b) Enzymic o x id a tio n

A s to c k  s o lu t io n  o f a c id  315 (O.Bg, 0.024m ol) in  pH6 phosphate  b u f fe r  

(200cm ) c o n ta in in g  j u s t  s u f f i c i e n t  e th a n o l to  d is s o lv e  th e  suspended 

a c id  (approx  20cm^), was p re p a re d . This s o lu t io n  was d iv id e d  in to  

fo u r  eq u a l p o r t io n s ,  and to  th e  a l iq u o ts  were added th e  fo llow ing :-*
Q

( i )  la c c a s e  s o lu t io n  ( 15cm )
* Q

( i i )  la c c a s e  s o lu t io n  ( 15cm ) and A - te r t ia ry -b u ty lp h e n o l  
(0 .2 g , 1.3mmol)

( i i i )  h o rs e ra d is h  p e ro x id a se  s o lu t io n  (50mg in  50enr w a te r ,
1cm ) and %  hydrogen p e ro x id e  (1cm )

( iv )  as ( i i i )  p lu s  A - te r t ia ry -b u ty lp h e n o l  (0 .2 g ) .

■All fo u r  s o lu t io n s  w ere l e f t  a t  room te m p era tu re  f o r  24- h r . ,  e x t ra c te d

w ith  ch lo ro fo rm  and d r ie d  (MgSO.). The rem ain ing  aqueous phase was
4

ev ap o ra ted  to  d ry n ess  and th e  r e s u l t i n g  r e s id u e  d is s o lv e d  in  m ethanol. 

Each s o lu t io n  was examined by  t . l . c .  (ch lo ro fo rm -m eth an o l, 1 0 :1 , s i l i c a

g e l ) -

The ch lo ro fo rm  e x t r a c t s  from  ( i )  and ( i i i )  f a i l e d  to  show any m a te r ia l  

d e te c ta b le  by io d in e  vapour or under u .v .  l i g h t .  The o n ly  ch lo ro fo rm  

s o lu b le  p ro d u c t from  ( i i )  was u n re a c te d  4 ~ te r t ia ry -b u ty lp h e n o l .

S im ila r ly  ( iv )  showed a p reponderance  o f t h i s  same phenol in  a d d i t io n  

to  some b a s e - l in e  m a te r ia l .



The m ethanol s o lu t io n s  from  ( i ) ~ ( iv )  a l l  showed th e  p re se n c e  o f  a 

component hav ing  th e  same R^ and c h a r a c t e r i s t i c  b lu e  f lu o re s c e n c e  

th e  3 ,A -d ih y d ro iso q u in o lin e  170. S o lu tio n s  d e riv e d  from  p e ro x id a s  

media e x h ib ite d  f a r  more po lym eric  base  l i n e  m a te r ia l  th a n  t h e i r  

la c c a s e  c o u n te rp a r ts .



S y n th e s is  o f  / ? ,  /ff-D im ethyl- 3 , A. 5-Trtm ethoxyphen:A lpyruvic
Acid 318 

3 ,A, 5 -T rim ethoxybenzoic a c id  356

G a ll ic  a c id  (100g, O.59mol) was d is so lv e d  in  AM sodium hydrox ide  - .

s o lu t io n  ( 1dm^) and s t i r r e d  d u rin g  th e  a d d i t io n  o f d im eth y l s u lp h a te

(l7S g) over 20 m in s ., th e  te m p era tu re  be ing  k e p t between 30-35°. A d d it­

io n a l  d im ethy l s u lp h a te  (I78g) was in tro d u c e d  and th e  m ix tu re  r e f lu x e d  

fo r  2 h r . ,  fo llow ed  by th e  a d d it io n  o f  10M sodium hy d ro x id e  s o lu t io n  

(100cm^) and r e f lu x  was co n tin u ed  fo r  a f u r th e r  2 h r .  The r e a c t io n  

m ix tu re  was cooled  and made a c id ic  w ith  conc. h y d ro c h lo r ic  ac id  r e s u l t i n g  

in  th e  p r e c i p i t a t i o n  o f  a l i g h t  brown s o l id ,  w hich was f i l t e r e d  o f f  and 

r e c r y s t a l l i s e d  from  aqueous e th a n o l a f fo rd in g  a c id  356 (I0 1 g , 81%) as 

w h ite  p l a t e l e t s ,  m .p. 158-61° ( l i t  1 5 7 -6 0 ° ) . '^ ^  1685cm  ̂ (C0oH ).
H13.X fC

T (C D C l^ ): -2.A 3 (1H, s ,  exchanges w ith  D^O, CO^H); 2 .6 6  (2H, s ,
t

a ro m a tic s ) ;  6 .10  (9H, s ,  3CH^0).

3 .A .5-T rim ethoxybenzoyl c h lo r id e  322

The c a rb o x y lic  a c id  356 (I0 g , 0.0A7mol) was r e f lu x e d  w ith  th io n y l

c h lo r id e  (100cm ) c o n ta in in g  5 drops o f p y r id in e  fo r  A h r , ,  fo llo w in g

w hich th e  excess th io n y l  c h lo r id e  was d i s t i l l e d  o f f  to  le a v e  a brown

. .o i l ,  g iv in g  upon t r i t u r a t i o n  w ith  p e t r o l  (b .p .  A0-60°) th e  ac id

c h lo r id e  (8 .1 g , 7A%) ,  m .p. 7 5 .5 -7 9 .0 °  ( l i t  7 7 - 8 ° ) ,376 as c o lo u r le s s

c r y s ta l s  from  c h lo ro fo rm -p e tro l (b .p .  6 0 -8 0 °) . Y ^ a x 1 ^^Ocm  ̂ (C O ) .

\  'T ( C D d J :  2 .67  (2H, s ,  a ro m a tic s ) ;  6 .0 6 , 6 .09  (9H, 2 s , 3CH_0).
3 3

--..M ethyl 3 ,A ,5 -trim e th o x y b en zo a te  320

A s o lu t io n  o f 3 ,A ,5 -trim e th o x y b en zo ie  a c id  356 (A9g, 0 . 23mol) in
O Q

m ethanol (300cm ) c o n ta in in g  conc. h y d ro c h lo r ic  a c id  (10cm ) was 

r e f lu x e d  fo r  6 h r .  T . l . c .  (ch lo ro fo rm , s i l i c a  g e l )  showed o n ly  a 

sm all amount o f  s t a r t i n g  m a te r ia l  in  th e  r e a c t io n  m ix tu re , w hich on.
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c o o lin g  fu rn is h e d  w h ite  n e e d le s  o f  t i t l e  compound 320 (39 .B g, 76%), 

m .p. 83 -4° ( l i t  8 2 - 4 ° ) .377 \ ) KBr: 1720cm” 1 (C=0). T (C D C 1_): 2 .7 6  (2H,mux j

s ,  a ro m a tic s ) ;  6 .1 3  (12H, s ,  3CH^0 and CO^CH^),

oc , -P im e th y l- 3 .4 .  5 -tr im e th o x y b e n z y l a lc o h o l 319

M ethyl l i th iu m  (1 ,3M s o lu t io n  in  e th e r )  was assay ed  acc o rd in g  to  th e
310 3

method o f  K ofron , + and added in  p o r t io n s  (4- x 50cm ) by  s y r in g e  u n d er

n i t ro g e n  to  a s t i r r e d  s o lu t io n  o f  e s te r  320 (1 6 .8 g , 0 .074m ol) in  d ry

e th e r  (200cm ^). The m ix tu re  was s t i r r e d  fo r  1 h r . ,  poured  on to  c ru sh ed
Q

i c e  (100g ), e x t ra c te d  w ith  e th e r  (3 x 100cm ) and th e  combined e x t r a c t s

d r ie d  over MgSO,. E v ap o ra tio n  o f th e  e th e r  l e f t  a c o lo u r le s s  o i l  w hich 
4

e v e n tu a l ly  c r y s t a l l i s e d  from  p e t r o l  ( b .p .  4-0-60°) g iv in g  QC, c>d-di m e th y l-  

3 . 4 . 5 -tr im e th o x y b e n zy l a lc o h o l 319 (14»3g, 85%), m .p. 54-6° as c o lo u r le s s  

n e e d le s .  (Found: C, 6 3 .5 ; H, 8 .0 .  C^H^gO^ r e q u i r e s  C, 6 3 .7 ; H, 8 .0% ). 

\ ) KBr: 3500cm” 1 (0 -H ). /T(CDC1_): 3-33 (2H, s ,  a ro m a tic s ) ;  6 .1 8 , 6 .20  (9H
J318.X

2 s , 3CH30 ); 7 .2 2  (1H, s ,  OH); 8 .4 6  (6H, s , 2CH ) .

The u se  o f  3 , 4 , 5 -trim e th o x y ace to p h en o n e  (10g, 0.04-8mol) in s te a d  of 

th e  e s t e r ,  w ith  m ethyl l i th iu m  (1.3M s o lu t io n  in  e th e r  (60cm ^)), gave 

by th e  same ex p e rim en ta l p ro c e d u re , 5 .5g  ( 51%) o f  a lc o h o l -319. m .p .5 0 .5 -3

O r ig in a l ly  th e  above a lc o h o l was p re p a re d  in  i n f e r i o r  y ie ld s  u s in g  m ethyl 

magnesium io d id e ,  acc o rd in g  to  th e  fo llo w in g  method. Magnesium tu rn in g s
Q

(3 .6 g , 0 . 15mol) w ere added to  d ry  e th e r  (75cm ) to  w hich iodom ethane 

(2 0 .9g , 0 .l5 m o l)  was in tro d u c e d  d ropw ise w ith  s t i r r i n g  a t  such a r a t e  

as to  b r in g  abou t a s te a d y  r a t e  o f  r e f lu x .  To th e  f r e s h l y  p re p a re d  

m ethyl magnesium io d id e  was added m ethyl 3 , 4 , 5 -tr im e th o x y b e n z o a te  320 

(15»0g, 0 .066m ol) d is s o lv e d  in  d ry  te tr a h y d ro fu ra n  (50cm ) .  S t i r r i n g  

o f  th e  g reen  co lo u red  s e m i-s o l id  m ix tu re  was co n tin u ed  f o r  12 h r . ,
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fo llo w ed  by p o u rin g  in to  1M ammonium c h lo r id e  s o lu t io n  (100cm ) and
O

e x t r a c t io n  w ith  e th e r  (3 x 75cm ) .  A f te r  d ry in g  (K^CO^) and rem oving 

th e  s o lv e n t ,  12 .2g  o f  a yellow  o i l  was o b ta in e d  w hich t . l . c .  (c h lo ro fo rm , 

s i l i c a  g e l)  showed to  c o n ta in  two com ponents. The m ajor p ro d u c t ( R ^ O .2 7 )  

and minor c o n s t i tu e n t  (R^ = 0 .6 3 ) w ere se p a ra te d  by column chrom atography 

(300g, s i l i c a  g e l )  u s in g  ch lo ro fo rm  as e lu a n t .  The m ajor component 

(1 0 .6 g ) was i d e n t i f i e d  as s t a r t i n g  m a te r ia l ,  w hereas th e  slow er ru n n in g  

compound ( 1 . 05g , 1%) had an in f r a r e d  spectrum  i d e n t i c a l  to  t h a t  o f  th e  

genu ine  , o i-d im e th y l a lc o h o l 319 p re p a re d  v ia  th e  m ethyl l i th iu m  r o u te .  

V a r ia t io n s  on t h i s  g r ig n a rd  r e a c t io n  were a ttem p ted  u s in g  e ith e r  w h o lly  

te tr a h y d ro fu ra n  as th e  s o lv e n t  o r u s in g  a c id  c h lo r id e  322 in  p la c e  o f  

e s t e r  320; in  each ca se  low y ie ld s  o f  th e  r e q u ire d  a lc o h o l (8 and 22$ 

r e s p e c t iv e ly )  w ere o b ta in e d .

A ttem pted  sy n th e s is  o f - d im e th y l-3 ,A .5 - t r im eth oxybenzy l h a l id e

A ttem pts to  p re p a re  th e  co rresp o n d in g  h a l id e  ( e i t h e r  brom ide or c h lo r id e )  

from  a lc o h o l 319 w ere c a r r ie d  o u t by th e  fo llo w in g  m ethods.

(a ) oc, c< -D im ethy l~ 3 ,4 , 5~ trim ethoxybenzy l a lc o h o l 319 (3 .6 g , 0 .0 1 6mol)
Q

d is s o lv e d  in  d ry  benzene (50cm ) was added dropw ise to  a  coo led  s o lu t io n  

o f  phosphorus tr ib ro m id e  (1 .5 g ) in  5:1 b e n z e n e -p y r id in e  (24cm3 ) .  The 

m ix tu re  was s t i r r e d  a t  0° fo r  30 m in s ., fo llo w ed  by  rem oval o f th e

v o l a t i l e  m a te r ia l  to  g iv e  a ye llow  o i l  w hich was ta k e n  up in  e th e r
3 3(25cm ) , washed w ith  2M h y d ro c h lo r ic  a c id  (3 x 15cnr) and d r ie d  (MgSO,).

4
E v ap o ra tio n  o f  th e  e th e r  l e f t  1 .0g  o f  a yellow  o i l  w hich could  n o t be

made to  c r y s t a l l i s e  and was i d e n t i f i e d  as -m e th y l- 3 , 4 , 5 - t r im e th o x y s ty -

r e n e 376 ^ ( C D C l^ :  3-33 (2H, s , a ro m a tic s ) ;  4 .7 3 , 4-95 (2H, 2 s ,

v i n y l i c s ) ; 6 .1 2 , 6 .1 4  (9H, 2 s , 3CHo0 ) ;  7 .8 7  (3H, s ,  CH.).
J 3

(b) The t e r t i a r y  a lc o h o l 319 (0 .5 g , 2mmol) was d is s o lv e d  in  d ry



3 3t  e tra h y d r  o fu r  an (10crn ) c o n ta in in g  conc. h y d ro c h lo r ic  a c id  (1 cm ) .

The s o lu t io n  was l e f t  s ta n d in g  f o r  24 h r .  a f t e r  which tim e the' t e t r a -

h y d ro fu ran  was washed w ith  1M sodium ca rb o n a te  s o lu t io n  (3 x  25cm3 ) and
3

d r ie d  over MgSO^. The volume was reduced  to  2cm and p assed  down a 

s i l i c a  column ( 15g) u s in g  ch lo ro fo rm  as e lu a n t ,  to  g iv e  th e  ^6-m ethyl 

s ty re n e  J32J. (0 .4 5 g , 9 8 $ ).

(c) An equim olar m ix tu re  o f  th e  a lc o h o l 319 (0 .5 g , 2mmol) and t r ip h e n y l -
Q

phosphine (0 .5 8 g ) in  carbon t e t r a c h l o r id e  (5cm ) was h ea ted  on a steam  

b a th  f o r  1 h r .  and a f t e r  column chrom atography a ffo rd e d  a q u a n t i t a t iv e  

y ie ld  o f  323.

O
(d) M ethyl su lp h id e  (0.35cm ) was added dropw ise to  a s t i r r e d  s o lu t io n

\
Q /  J  \  Q

o f  N -ch lo ro su ec in im id e  (0 .5 8 g ) in  anhydrous d ich lo rom ethane  (20cm ) 

a t  0 ° ,  The m ix tu re  was coo led  to  between -20° and -25° fo llow ed  by 

in t ro d u c t io n  o f  a lc o h o l ^19( 0 .90g. 4mmol) d is so lv e d  in  ̂ d ich lorom ethane 

(2cm3 ) .  S t i r r i n g  was co n tin u ed  fo r  3 h r .  a t  0° a f t e r  which th e  

s o lu t io n  was poured in to  ic e - c o ld  b r in e  (20cm ) and = e x trac ted .w ith
Q » n

e th e r  (2 x  8 c n r ) .  The o rg a n ic  phase  was washed w ith  b r in e  (3 x 20cm ) ,  

d r ie d  (MgSO^) and ev ap o ra ted  to  d ry n ess  g iv in g  0 .76g  o f  a p a le  yellow  

o i l  id e n t i f i e d  as s ty re n e  323.

< V - P i m e t h y l - 3 ,4 .  5 -tr im e th o x y b en zy lm eth y lsu Ip h o n a te  324 

To a s o lu t io n  o f a lc o h o l 319 (1 .0 g , 4mmol) in  d ry  p y r id in e  cooled  to  10° 

was added m ethanesulphonyl c h lo r id e  (0 .6 g , 5mmol) d ropw ise , w ith  

v ig o ro u s  s t i r r i n g .  S tand ing  fo r  12 h r .  fo llo w ed  by p o u rin g  on to  crushed  

i c e  (25g) f a i l e d  to  g iv e  th e  expec ted  s o l id .  The aqueous phase was
3

e x tra c te d  w ith  ch lo ro fo rm  (3 x 20cm ) which in  tu rn  was washed w ith  2M
3

h y d ro c h lo r ic  a c id  (3 x 25cm ) ,  d r ie d  (MgSO.) and th e  ch lo ro fo rm  removed



-under reduced  p re s s u re  to  g iv e  0 ,3g  o f  a brown o i l .  T r i tu r a t i o n  w ith

e th e r - p e t r o l  (b .p .  .40.-60°) produced 0 ,25g  (19$) o f < \,^< .-d imethy l - 3 i4 , 5~

-t-rim ethoxybenzylm ethylsu lphonate 324, m.p. 145-6°, as a c o lo u r le s s  s o l id

/T '( CDCl ) ;  3,. 15 (2H, s ,  a ro m a tic s ) ;  5 ,88 (3H, s ,  CH^~S0? ) ; 6 .12  (9H, s ,

3CH 0 ) ;  8 .0 8  (6H, s ,  2CH ) .  A ttem pts to  d u p lic a te  th e  above experim ent 
• - 3 "3
•were u n su c c e s s fu l g iv in g  in s te a d  th e  e l im in a tio n  p ro d u c t -m e th y l- 3 ,4 ,5

—tr-ime th o x y s ty re n e  323 in  a lm ost q u a n t i t a t iv e  am ounts. A l te rn a t iv e

s o lv e n ts ,  c o l l id in e  or ch lo ro fo rm  w ith  t r ie th y la m in e  a lso  produced o n ly
!

e l im in a t io n  p ro d u c t 323,



5 .3  Anomalous P ro d u c t  from th e  R eac tion  of  Amino-Acid 166 and T r i f l u c r o -
a c e t ic  A nhydride in  P y r id ine 

A r e f lu x in g  m ix tu re  o f am ino-acid  166 (3 .0 g , 7.4mmol) and t r i f l u o r o a c e t i c
9

a c id  (1 1 .Og, O.53mmol) in  d ry  p y r id in e  (150cm ) gave a lm ost im m ed ia te ly  

upon b o i l in g  an in te n s e ly  yellow  co lo u red  s o lu t io n .  R eflu x in g  was c o n t in -  

ued fo r  a f u r th e r  30 m ins, fo llo w ed  by pou rin g  in to  ch lo ro fo rm  (300cm^),
3 * o

w ashing w ith  2M h y d ro c h lo r ic  a c id  (5 x 200cm' ) ,  w ater (3 x 150cm ) and

d ry in g  o f th e  s o lv e n t over MgSO.. The s o lv e n t was removed under reduced
A

p re s s u re ,  le a v in g  a dark  brown r e s id u e ,  which a f fo rd e d  a f t e r  t r i t u r a t i o n  

w ith  e th e r  3-0g o f  an homogenous yellow  c r y s t a l l i n e  p ro d u c t, m .p. 197- 8° 

(m e th s). (Found: C, 5 3 -9 j H, 3*9; N, 2 .4 ; F, 2 1 .7 . Cp^TIp^F^HO^ r e q u ir e s  

C, 5 4 .0 ; H, 3 .9 ; N, 2 .6 ;  F, 2 1 .4 $ ). Found m/e = 533.1275, 464.1187 (100$),

(C alc fo r  C2^H21F6N06 533.1274 and fo r  C ^ H ^ F . ^  4 6 4 .1 3 2 1 ). ^)(gD Cl ) :
1 1  1

3200cm (O-II)* 1595cm” (COCF^; 1550cm” 1 (C*C). T(CBC1 ) i  2 .0 1 , 3 .0 0 ,

3 .13  (3H, 3 s , a ro m a tic s ) ;  3 .7 2  (1H, b road  s , exchanges w ith  DpO, OH),

4 .5 0  (1H, q , J =  7.5H z, CHCF ) ;  5 .9 8 , 6 .0 2 , 6 .1 2 , 6 .1 4  (12H, 4 s , 4CHo0 ) .
3 3

"19 /F n .m .r .  showed a s in g le t  a t  7 0 .7 4  ppm ( 3F, C0CF_) and a d o u b le t a t
3

•75.47 ppm (3F, J =  7.1H z, CHCF^), b o th  s ig n a ls  b e in g  observed  u p f ie ld  o f

th e  CF01o s ta n d a rd  s ig n a l .
3

UV (e th a n o l) ;  n e u t r a l  and pH1: 226, 259, 295, 322 and 430nm; pH 14: 229,

278, 304, 376 and 453nm. Based upon th e  above in fo rm a tio n  th e  unknown

compound was i d e n t i f i e d  as 2 ,9 ,1 0 ,1 1 - t e t ra m e th o x y -3 -h y d ro x y -8 - tr if lu o ro -  

m e th y l-1 3 - t r i  f lu o r  o ac e t y l - 7 ,8 -d ih y d ro p ro  tob  erb  er in  e 326

9

'•The p h e n o lic  compound (0 .2 g , 3.7mmol) was d is s o lv e d  in  e th e r  (50cm ) and 

an e th e r e a l  s o lu t io n  o f  d iazom ethane added w ith  s t i r r i n g .  A fte r  s ta n d in g  

a t  room te m p e ra tu re  f o r  3 h r .  excess d iazom ethane was d e s tro y e d  by th e
o

a d d i t io n  o f g l a c i a l  a c e t ic  a c id  (2cm ) .  The e th e r e a l  la y e r  was washed

w ith  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  (3 x 50cm3 ) ,  w ater (3 x 50cm3 )

and d r ie d  (MgSO^). E v apo ra tion  o f  th e  s o lv e n t gave ye llo w  p l a t e l e t s
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(aqueous m eths) o f 2 ,3 ,9 ,1 0 ,1 1 -p e n ta m e th o x y -8 - tr if lu o ro m e th y l - 1 3 ~ t r i~

f lu o r o a c e ty l -  7 .  8 -d ih y d ro p ro to b e rb e r in e  327, m .p. 205 -6°. (Found:

C, 5 4 .6 ; H, 4 .4 ;  N, 2 .7 ;  F, 2 1 .6 . Cp^Hp^F^NO^ r e q u i r e s  C, 5 4 .8 ; H, 4 .2 ;

N, 2 .6 ;  F, 2 0 .8 $ ) .  Found m/e a  547.1388, 478.1497 (100$ ). (C alc f o r

C25H23F6N06 54.7.1430 and fo r  C ^ R ^ N C ^  4 7 8 .1 4 7 8 ). \ ) ( £ dC1 ) :  1633cm-1

(C0CF3 ) ;  1585cm-1 (C=C). 'T(CD0L ) :  2 .0 2 , 2 .9 5 , 3 .20  (3H, 3 s, a ro m a tic s )

A.AS (1H, q , J =  7.5H z, CHCF3) ;  5 -98 , 6 .0 2 , 6.04-, 6 .1 3 , 6 .15  (15H, 5 s ,
195CH^0). F nmr showed a d o u b le t c e n tre d  a t  75»47ppm (J  = 7.5Hz) and 

a s i n g l e t  a t  70.74ppm« UV (e th a n o l)  showed a b s o rp tio n  maxima a t  225, 255 

293, 322 and 430nm, no change b e in g  observed  in  e i th e r  a c id ic  o r b a s ic  

m edia.



5.♦ 4 Enzymic O x id a tiv e  S tu d ie s  on C o ry p a llin e  J M

C o ry p a llin e  328 (0 .5 g , 2,6mraol) was d is so lv e d  in  0.05M sodium m etlioxide
Q

in  m ethanol (50cm ) .  The m ethanol was removed to  le a v e  th e  co rresp o n d in g
Q 1

sodium s a l t  w hich was d is s o lv e d  in  w ater (10cm ) and added to  a s o lu t io n  

o f te traethylam m onium  p e rc h lo ra te  (3*5g) in  a c e t o n i t r i l e  (150cm^). This 

s o lu t io n  was o x id ise d  a n o d ic a lly  acco rd in g  to  th e  method o f B o b b it t ,  

g.t 0,0mV w ith  r e s p e c t  to  th e  s ta n d a rd  calom el e le c t r o d e .  The e l e c t r o l y s i s  

Was stopped  a f t e r  65 m ins, due to  c o a tin g  o f  -the e le c t r o d e s .  The r e a c t io n  

m ix tu re  was f i l t e r e d ,  made ae id .ie  (2M h y d ro c h lo r ic  a c id ) ., th e n  b a s ic  

(ammonia s o lu t io n )  and ev ap o ra ted  to  dryness, fo llo w e d ,b y  t r i t u r a t i o n  

o f  th e  r e s id u e  w ith  e th a n o l,  to  g iv e  th e  d im eric  p ro d u c t (0,11g, 22%), 

m ,p ,228-34° ( l i t  235-7q ) . & 2 TCJMSO)* 3-50 (2JJ, s ,  a r o B a t ie s ) ;  6 ,2 4  

( M t 9 ,  2CH 0 ) ;  8 ,0 0  (6H, s ,  2KC£-).

ISngymis o-xidation of co rypalline  (Q,1g) using a crude laoease p re p a ra t io n  

was ca rried  out in  a so lu tio n  of pho sp h ate  buffer (pH6, I0cm^) containing 

ethanol {2em^), The la c  case so lu tion  (2 ,^m ^)  was added every 30 mins, 

-over 3 -hr, and the  m ixture l e f t  fo r 21 h r , ,  followed by ex trac tio n  w ith  

chloroform (3 % 1Qqw?)  and drying (Mg3Q^), T , l ,c ,  (methanol-ammonia,

97 t 39 s i l i c a  gel) showed the presence of dimeric compound 329 as well 

as a  su b s ta n tia l amount of unreacted s ta r t in g  m a te ria l,

A sim ilar oxidation  using horserad ish  peroxidase so lu tio n  (50mg in  5Qcm  ̂

w ater, 3cm^) and hydrogen peroxide (Q,$7mM, _3cm̂ ) a lso  exhib ited  the 

presence of 329 by t , l , e ,  a lso  a f te r  21 h r, A co rypalline  b lan k  

so lu tio n , when allowed to stand fo r  the same period of time under the 

same conditions showed only unreacted co rypalline .
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''APPENDIX 1

C a lc u la te d  V e lo c i t ie s  o f  th e  Enzyme Induced D ecarb o x y la tio n s  o f 
Iso q u in o lin e -1 --C a rb o x y lic  Acids

LACCASE PEROXIDASE
a c id  s u b s t r a te i n i t i a l v e l o c i t i e s i n i t i a l v e l o c i t i e s

eonc.

[io " 5m] [10-9,mol.min [10 -9 - l lmol. min J
Run 1 Run 2 Run 1 Run. 2

163 0 .8 «« 3 .3 5.1
1 .7 5.1 5 .7 1 6 .9 6 .9
3 .3 6 .9 6 .9 14 .0 11 .0
6 .7 9 .3 10.0 23 .0 14 .0

10 .0 - 2 8 .0 . —

13 .0 14.0 14 .0 33 .0 2 1 .0
17 .0 15.0 15 .0 39 .0 2 6 .0

164 0 .8 3 .6 7 .5 7 .5
1 .6 5 .7 6 .3 15.0 15 .0
3 .2 12 .0 11.0 30 e 0 26.-0
6 .3 18 .0 16.0 57.0 4 5 .0
9 .7 _ - 69 .0 —

13 .0 25 .0 27 .0 87 .0 7 2 .0
- 16 .0 29 .0 33 .0 100.0  ' 8 4 .0

165* 0 .7 5 .4 9 .0 11 .0
(P e ro x id a se  ru n s 1 .3 8 .1  - 7 .5 2 3 .O 22 .0

c a r r i e d  o u t u s in g 2 .7 19.0 15.0 4 5 .0 4 5 .0
• volume o f  enzyme) 5 .3 39 .0 30 .0 9 6 .0 9 3 .0

8 .0 - 160.0
11 .0 69 .0 51.0 200.0 180.0
13.0 -* 7 2 .0 420 .0 -

165 0 .7 17.0 19 .0
1 .3 4 8 .0 39 .0
2 .7 100.0 8 4 .0
5-3 170.0

166 0 .5 0 .9 4 .2 4 .2
1 .0 1 .7 2.1 10 .0 9 .3
2 .0 4 .2 3 .9 22 .0 19 .0
4 .0 8 .7 7 .2 4 8 .0 45 .0
6 .0 — — 72 .0 —

8 .0 16 .0 16 .0 9 6 .0 8 7 .0
10.0 20 .0 21 .0 120.0 110.0

194 1 .3 0 .6 0 .6
2 .7 1.1 0 .8
5 .3 2 .2 1 .3

11 .0 3 .9 3 .0
13 .0  « 4 .5 3 .6


