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SUMMARY

The s y n th e s is  o f  n i t r o g e n -  and oxygen- c o n ta in in g  sp iro d ie n o n e s  

by th e  o x id a tio n  o f  am ino- o r hydroxy - s u b s t i tu te d  d ipheny lam ines 

'h as  been in v e s t ig a te d .  P re lim in a ry  a tte m p ts  to  p re p a re  2 ,4 * -  

d ih y d ro x y -N -acy l- (o r N - to s y l ) -  d ipheny lam ines by e s ta b l is h e d  

methods gave poor r e s u l t s ,  b u t 2, 4 *-d ia lk o x y -N -to sy ld ip h en y lam in es  

w ere r e a d i ly  o b ta in e d  from  th e  r e a c t io n  o f  a r y l  brom ides w ith  

secondary  sulphonam ides under Ullmann c o n d i t io n s .  The scope and 

l i m i t a t i o n  o f  t h i s  n o v e l s y n th e t ic  approach  to  a  wide ran g e  o f  

sym m etric a l l y  and u n sy m m e trica lly  s u b s t i tu te d  N -to sy l d iphenylam ines 

w ere ex p lo re d , and among th e  t e r t i a r y  sulphonam ides th u s  a c c e s s ib le  

w ere N -2~am inophenyl~N -4~hydroxyphenyltoluene-A -sulphonam ide, and 

a  ran g e  o f d e r iv a t iv e s  c o n ta in in g  s u b s t i tu e n ts  on th e  amino g roup .

O xidation  o f d ip h e n o lic  and am inophenolic d iphenylam ine 

d e r iv a t iv e s  was in v e s t ig a te d ,  and th r e e  s p iro h e te ro c y c le s  c o n ta in in g  

n o v e l r in g  system s w ere o b ta in e d ; i n  th e ' system s s tu d ie d ,  th e  

secondary  to lu e n e -4--sulphonam i do group was found to  undergo 

o x id a tiv e  c y c lis a tio .n  as r e a d i ly  as a p h e n o lic  h y d ro x y l. The 

r e a c t io n  o f  two o f  th e  d ienones w ith  methylmagnesium io d id e  gave 

anomalous p ro d u c ts  c o n s is te n t  w ith  1 ,3 -a d d it io n  o f  th e  G rignard  

re a g e n t to  th e  d ienone carbony l group .

Follow ing  p u b l ic a t io n  o f  a r e p o r t  on anod ic  o x id a t io n s ,  a 

ran g e  o f  p h e n o lic  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  was 

p rep a red  and found to  undergo o x id a t iv e  d e c a rb o x y la tio n  to  

d ih y d ro iso q u in o lin e s  when t r e a t e d  w ith  enzymes known to  o x id is e  

p h en o ls , nam ely 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 . The



enzyme p a ram e te rs  (Km and V) fo r  th e s e  r e a c t io n s  w ere de te rm in ed . 

T h is  r e a c t io n  i s  a d d i t io n a l  ev idence o f  th e  Hahn proposal, f o r  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 ls o  su g g e s ts  t h a t  

u s e f u l  p a r a l l e l s  m aybe drawn betw een enzym atic and e l e c t r o ­

chem ical " investiga tions* , * *

7-0 -B e n z y l-2 -fo rm y lc o c la u rin e  was sy n th e s is e d  and su b je c te d  

t o  c o n t ro l le d  p o te n t i a l  an o d ic  o x id a tio n . A p ro d u c t d i f f e r e n t  

from  s t a r t i n g  m a te r ia l  was i s o l a t e d  b u t i t  could  n o t be o b ta in e d  

co m p le te ly  p u re .
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ABBREVIATIONS 

Bb. 4 -b ro  mob en z en e su lp h o n y l

DDQ 2 , 3 ~ d ich lo ro -5  * 6-d ic y a n o - t ,  4 -b  en zoquinone

DMF N, N -dim ethylform am ide

DMSO d im ethy l su lp h o x id e

EPR e le c tro n  p aram agnetic  reso n an ce  sp e c tro sc o p y

ESR e le c t r o n  sp in  re so n an ce  sp ec tro sco p y

Efc e th y l

MPT .hexam ethy lphosphoric  tr ia m id e

Me m ethyl

NADPH n ic o tin a m id e -a d e n in e -d in u c le o t id e  phosphate
(reduced  form )

n .m .r .  *K n u c le a r  m agnetic re so n an ce  sp e c tro sc o p y

Ph phenyl

TFA t r i f l u o r o a c e t i c  a c id

THF te tr a h y d ro fu ra n

THP te tra h y d ro p y ra n y l

t . 1 . c . th i n - l a y e r  chrom atography

Ts to lu e n e -4 -s u lp h o n y l

u .v .  u l t r a - v i o l e t  sp ec tro p h o to m etry .

Novel Compounds

Compounds, th e  names o f  w hich a re  u n d e r lin e d  in  b o th  t e x t  

and ex p e rim en ta l s e c t io n s ,  have n o t ( to  th e  b e s t  o f  th e  au th o r* s  

knowledge) been d e sc r ib e d  in  th e  l i t e r a t u r e .



' CHAPTER 1 

INTRODUCTION

1.1 Phenol O x idation

One o f  th e  c h a r a c t e r i s t i c  chem ical p r o p e r t ie s  o f phen o ls  i s

t h e i r  re a d y  o x id a tio n  to  compounds o f  d i f f e r e n t  . s t r u c tu r a l  ty p e s

by  a la rg e  ran g e  o f o x id a n ts .  The p ro d u c ts  a re  o f te n  co m plica ted

m ix tu re s  o f compounds, d im e r ic , p o ly m eric -an d  q u inono id  in  n a tu re .

The v id e  o ccu rren ce  o f  p h e n o lic  compounds in  n a tu re  has le d  to

many b io s y n th e t ic  pathw ays in c o rp o ra t in g  o x id a tiv e  co u p lin g

b e in g  p ro p o sed ,an d  to  a t te m p ts  to  d u p lic a te  th e  p roposed  co u p lin g

1 -9r e a c t io n s  in  v i t r o . The f i e l d  has been rev iew ed  many "Dimes.

Most work has been done w ith  " o n e -e le c tro n  o x id a n ts ”, e .g .

manganese d io x id e , le a d  d io x id e , s i l v e r  o x id e , e e r ie  io n s ,  f e r r i c

c h lo r id e  and a lk a l in e  p o ta ss iu m  f e r r ic y a n id e ,  w ith  th e  consequent

p ro p o sa l o f  a  g e n e ra l mechanism in v o lv in g  g e n e ra tio n  o f  a phenoxyl

r a d i c a l  by hom oly tic  c leav ag e  o f th e  0-H bond in  th e  pheno l 1_ or

by one e le c tro n  o x id a tio n  o f  th e  phenoxide an io n  2 . The

phenoxyl r a d ic a l s  a re  reso n an ce  s t a b i l i s e d  by 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  over th e  a ro m a tic  r in g ,  ^ a -d . A lthough

phenoxyl r a d ic a l s  w ith  u n s u b s t i tu te d  o r th o  o r p a ra  p o s i t io n s
10u s u a l ly  undergo f u r th e r  r e a c t io n s  v e ry  r a p id ly ,  due to  th e

x  reso n an ce  s t a b i l i s a t i o n  th e y  have a lo n g e r  l i f e t i m e  th a n  a r y l

o r a lk y l  r a d ic a l s  and th e y  do n o t a t ta c k  th e  s o lv e n t  o r i n i t i a t e
/  7

p o ly m e ris a tio n  as r e a d i ly .  ’ T heir t r a n s i e n t  e x is te n c e  has been
12confirm ed by E .S .R . sp e c tro sc o p y . S ta b le  phenoxy r a d i c a l s  a re  

u s u a l ly  s u b s t i tu te d  in  th e  2, U and 6 p o s i t io n s  by groups which

1
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p ro v id e  s t e r i c  h in d ra n c e  o r in c re a s e d  d e lo e 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 .  Simple phenoxy r a d ic a l s  d im erise  by e i th e r

carbon -carbon  o r carbon-oxygen bond fo rm atio n  to  g iv e  i n i t i a l

p ro d u c ts  w hich a ro m a tise  in  p r o t i c  so lv e n ts  to  th e  more

s ta b le  tau to m ers  9~13. In  th e  case  o f th e  p -p  coupled dimer
1 31A, f u r th e r  o x id a tio n  o f te n  o ccu rs  to  g iv e  an ex tended  

quinone 15.

R ece n tly , a l t e r n a t i v e  mechanisms have been p roposed j e .g .
1/

B arton  g iv e s  th e  f o l lo w in g :-

1. ArO + ArO* -— > Dimer
2 . ArO- + ArOH**’  » Dimer -*» H+
3 . ArOH*1* + ArOtf1'------- > Dimer +  2H+
4-. ArOH + A r O * ------> Dimer + H*
5. ArO -f ArO**" > Dimer
6 . ArO- + ArOH  > Dimer + H*
7 . ArO* *#* ArO + Dimer •+■ H*
S. ArO- +  ArO"4" -+• e~— > Dimer

R eac tio n s  1-3 co rrespond  to  sim ple co u p lin g  o f r a d i c a l s  in

d i f f e r e n t  s t a t e s  o f p ro to n a t io n .  R eac tio n s  6-8 a re  s u b s t i tu t io n
-1

r e a c t io n s  o f  phenoxyl r a d i c a l s .  R eac tio n  6 i s  th o u g h t im probab le

b ecause  s u b s t i tu t io n  o f  phenoxyl r a d ic a l s  in to  th e  a n is o le  r in g

does n o t ta k e  p la c e ,  and a n is o le  and pheno ls  shou ld  be e q u iv a le n t

w ith  r e s p e c t  to  r a d i c a l  s u b s t i tu t io n .  R eac tio n  7 i s  n o t r e j e c te d
16 17o u t r ig h t  as ev idence  has been b ro u g h t f o r  i t s  o c c u rre n c e , 9

1/
R eac tio n  8 i s  d ism issed  as 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 " .  R eac tio n s  4- and 5 in v o lv e  phenoxonium

c a t io n s  f o r  w hich many w orkers have t r i e d  to  f in d  ev id en ce .
18A benzoyloxy c a t io n  has been re p o r te d  a s  an in te rm e d ia te  

i n  th e  o x id a tiv e  c y c l i s a t i o n  o f  b ip h e n y l-2-c a rb o x y lic  a c id  w ith  

chromic a c id  and w ith  hydrogen p e ro x id e . S ta b le  s a l t s  o f
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"jophenoxonium io n s  1_8 have been p re p a re d  by decomposing th e  q u in o l 

e th ers- 16,17 (R =  o r  A-MeO-C^H^; R ^ M e , Et or Ac) w ith  boron 

t r i f lu o r id e  or antim ony p e n ta c li lo r id e . The c y c l i s a t io n  o f  2-hydroxy~

3~methoxybenzophenones to  th e  co rrespond ing  xan thones by DDQ was
20 21 th o u g h t to  p roceed  v ia  phenoxonium io n s .  W aters p roposed  th a t

• carbon-oxygen-carbon  co u p lin g  was a r a d i c a l  p ro c e s s  b u t t h a t

• carb o n -ca rb o n  co u p lin g  was l i k e l y  to  be i o n i c ,  becau se  a  phenoxyl 

r a d i c a l  has more o f  th e  u n p a ire d  e le c t ro n  d e n s i ty  c o n c e n tra te d  a t  

th e  oxygen atom, w h ile  phenoxonium io n s  e x i s t  as mesomeric 

carbonium  io n s .  Many r e p o r t s  s t a t e  t h a t  phenoxonium -type

“'rintbrm e‘d iate 'S ,"'bc'cur when a 'ff le ta l~ o x id a n t form s a n " i n i t i a l  complex 

w ith  a phenol and t h i s  complex undergoes h e t e r o ly s i s  le a v in g  a

p o s i t i v e  charge on th e  a ro m atic  r in g .  O xidants o f  t h i s  ty p e  in c lu d e
22 23 vanadium  o x y tr ic h lo r id e  , - le a d -d io x id e  and le a d  t e t r a - a c e t a t e ,

2/
and manganese t r i s ( a c e t y l a c e t o n a t e ) . T hallium  t r i f lu o r o a c e ta te

25h as a ls o  been su g g ested  to  be a re a g e n t which p roduces i n c ip ie n t

26phenoxonium io n s ,  b u t a  r e c e n t  pap er in d ic a te s  t h a t  t h a l l i c  

s a l t s  r e a c t  by ip s o - t h a l l a t i o n  o f  th e  a rom atic  r in g  fo llo w ed  by 

ru e le o p h ilic  d isp lacem en t o f  th e  th a l l iu m .

Anodic o x id a tio n  has produced phenoxonium io n s .  Thus

o x id a tio n  o f  2 ,6  d i - t - b i i t y l - 4—m ethylphenol gave p ro d u c ts  a r i s in g
- 27

from  quenching o f  th e  phenoxonium io n  by n u c le o p h ile s ,  w h ile

28th e  o x id a tio n  o f  m onophenolic diphenylpropan.es was found to

p ro ceed  th ro u g h  e l e c t r o p h i l i c  a t ta c k  o f  phenoxonium io n s  on th e

u n o x id ise d  r in g .  The anod ic  o x id a tio n  o f  a n ^ - to c o p h e r o l  produced

29a  phenoxonium io n  h ? .o f  rem arkab le  s t a b i l i t y .
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The P ienone-Phenol R earrangem ent

T his i s  ah a c id - c a ta ly s e d  carbonium  io n  re a rra n g e m e n t. In

th e  case  o f  th e  2- s u b s t i t u t e d  c y c lo h ex a -2, 5-d ien o n e  20 th e r e  a re

fo u r  p o s s ib le  p ro d u c ts  21-2A- The p r e c i s e  p ro d u c t form ed cannot

be p re d ic te d  w ith  c e r t a in t y .  The e f f e c t  o f  th e  2 - s u b s t i tu e n t

can be s t e r i c ,  e .g .  a t e r t - b u ty l  group would te n d  to  d i r e c t  th e

rearran g em en t tow ard r a th e r  th a n  C^. An e le c tro n e g a t iv e  group

such as brom ine would d e s t a b i l i s e  an in te rm e d ia te  w ith  th e  p o s i t i v e

30charge n ea r to  i t  and p roduce a s im i la r  e f f e c t .  Some q u a l i t a t i v e

1 2e f f e c t s  o f th e  n a tu re  o f  R and R have been d e te rm in ed . N orm ally

a more s u b s t i tu te d  a lk y l  group m ig ra te s 'm o re  r e a d i ly  th a n  a l e s s  

31s u b s t i tu te d  one and phenyl groups m ig ra te  in  p re fe re n c e  to  a lk y l  

32—33g ro u p s. A pheny l group s u b s t i tu te d  w ith  a -M group m ig ra te s

l e s s  r e a d i ly  th a n  an u n s u b s t i tu te d  o r + M s u b s t i tu te d  one'. ^  In  

a l l  c a se s  a carbon bond m ig ra te s  more r e a d i ly  th a n  a h e te ro a to m  

bond.

G yclohexa-2 , 4-“d ienones can r e a c t  by two m e c h a n is tic  p a th s .

37M onocyclic compounds 2£ r e a c t  m ain ly  by  norm al 6-5 m ig ra tio n , 

w ith  th e  same g e n e ra l e f f e c t s  o f  th e  n a tu re  o f  R as  f o r  cy c lo h ex a -

2 ,5 -d ie n o n e s . In  th e  case  o f  b ic y c l ic  compounds, e .g .  th e  

n ap h th a len e  d e r iv a t iv e s  26 . th e  r e a c t io n  p roceeds as  shown, w ith

th e  a t ta c k  o f  a n u c le o p h ile  ( u s u a l ly  a c e ta te  when th e  rea rran g em en t

38o ccu rs  in  a c e t ic  a n h y d r id e -su lp h u r ic  a c id )  a t  th e  ^ --p o s it io n .

A c lo s e ly  r e l a t e d  r e a c t io n  i s  th e  d ie n o l-b en zen e  rea rran g em en t 

w hich a lso  p ro ceed s th ro u g h  a  carbonium  io n  27 and l i k e  th e  

d ienone-pheno l rea rran g e m en t i s  th o u g h t to  be an im p o rta n t s te p  in



H  v -

26

2 5

vk

H+■

<-

N /

OAc

OH JR

H OAc

*
h 2 0

OAc

H OH

R R'

<r~>
H

R R' H

28

0

27

29

; : .  ... .    .  ;



th e  b io s y n th e s is  o f n a t u r a l  p ro d u c ts . C yclohexadienones can be

red u ced  to  d ie n o ls  by sodium b o ro h y d rid e  or th e  M eerw ein-V erley-

P onndorf method. Thus th e  sp iro d ie n o n e  28 on tre a tm e n t w ith

alum inium  iso -p ro p o x id e  gave th e  te tra h y d ro n a p h th a le n e  d e r iv a t iv e

29, th e  in te rm e d ia te  d ie n o l hav ing  undergone spontaneous 

39rea rran g e m en t.

3 A Review o f  th e  S y n th e s is  and R earrangem ent o f  C arb o cy c lic  
S p irocyc lo h ex ad ien o n es

3.1 ArvL p a r t i c ip a t io n  ro u te s

A ry l p a r t i c ip a t io n  r e a c t i o n s ^  a re  a g e n e ra l c l a s s  d e sc r ib e d

by  th e  a b b re v ia t io n  Ar^-X w here n r e f e r s  to  th e  p o s i t io n  on th e

a ro m a tic  r in g  and X th e  number o f  atoms in  th e  s id e  ch a in  in v o lv ed

in  th e  cy e l l  s a t  io n . As y e t  th e y  have on ly  been u sed  to  p roduce
/  -1

sp iro c y c lo h e x a -2 ,5 -d ie n o n e s . B a ird  aqd W inste in  d e sc r ib e d  th e

f i r s t  exam ple, an Ar.^-5 r e a c t io n  in  which th e  b r o s y la te  JO was

t r e a t e d  w ith  p o ta ss iu m  t -b u to x id e  to  form  th e  sp iro d ie n o n e  J 1_ in

50% y ie ld .  The p ro d u c t underw ent a q u a n t i t a t iv e  d ien o n e-p h en o l
/ 2

rea rran g em en t to  32 . In  a  l a t e r  p ap er th e y  i s o l a t e d  th e  u n s ta b le  

sp iro d ie n o n e  v e ry  sm all y ie ld  from  an Ar^-3  r e a c t io n  induced

by p a s s in g  th e  brom ide 33 down a column o f  b a s ic  a lum ina . R ussian
13—/£> 1 2

w orkers “ have p re p a re d  d i- i .-b u .ty l sp iro d ie n o n e s  Jj5 (R and R «
1 2a lk y l  or a r y l )  in  55-85% y ie ld s  and j 6 (R and R =  a lk y l  o r

\
cy c lo h ex y l)  in  20- 80% y ie ld s  by tre a tm e n t o f  th e  a p p ro p r ia te

e th y l  t o s y la te s  w ith  p o ta ss iu m  t- b u to x id e .

Ar^-3 c y c l i s a t io n s  have been r e p o r te d  by many w orkers.- The

39sp iro d ie n o n e  J 8 was p re p a re d  in  4-0% y ie ld *  e i th e r  by tre a tm e n t

9
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o f  th e  c h lo r id e  J37 "with- t-b u to x id e ,,  o r b y  p y ro ly s is  o f  th e

• sodium s a l t  o f  ^37. The d ienone underw ent rea rran g em en t in

a c e t ic  a n h y d r id e -su lp h u r ic  a c id  to  2>6-d ia c e to x y -3, 4-~dihydro~

n ap h th a le n e  ^9 , w h ile  70% a c e t i c  a c id  o n ly  h y d ro ly sed  th e  k e t a l

1 2fu n c t io n .  The 2 -  and 3 -  s u b s t i tu t e d  sp iro d ie n o n e s  40 (R and R ~

H, Me and OMe) have been p r e p a r e d ^ * ^  in  4.0-80%' from  th e  

co rresp o n d in g  e th y l  b r o s y la t e s ,  and re a rra n g e d  in  m ethanol 

c o n ta in in g  su lp h u r ic  a c id  to  £[_. When th e  s u b s t i tu e n t  was in  

th e  2-p o s it .io n  m ig ra tio n  o ccu rred  e x c lu s iv e ly  to  th e  5- p o s i t io n  

f o r  s t e r i c  re a s o n s . The b ic y c lo sp iro d ie n o n e  43. was p r e p a r e d ^

i n  8% y ie ld  from  th e  t o s y l a t e  ^ 2 . O ther Ar,j-5 c y c l i s a t io n s  have
50 51 been r e p o r te d .  ’

A r^-5 ro u te s  have been u sed  in  approaches to  th e  s y n th e s is

o f n a tu r a l  p ro d u c ts .  M asam une^ p re p a re d  th e  d ienone 45 from

th e  brom ide a s  a  key  in te rm e d ia te  in  t o t  ad. sy n th e se s  o f  th e

te rp e n e  kau ren e  and th e  te rp e n e  a lk a lo id  a t i s i n e .  Two groups

o f  w orkers s im u lta n e o u s ly  r e p o r te d  sy n th e se s  o f  th e

se sq u ite rp e n e  cedrene u s in g  th e  sp iro d ie n o n e  46 (R =;Me or Efc)

as  an in te rm e d ia te .  The d ienone 4-8, p re p a re d  from  4Z? ^ as  ^ een
55 aused  in  an approach  to  th e  s y n th e s is  o f  th e  te rp e n o id  p - v e t iv o n e .

On tre a tm e n t w ith  e th a n o lic  h y d ro c h lo r ic  a c id  th e  d ienone underw ent

rea rran g em en t to  p h e n o lic  a lc o h o l ^9 o r 50 b u t th e  e x ac t s t r u c tu r e

o f  th e  p ro d u c t was n o t d e te rm in ed .

56An Ar^ -6  c y c l i s a t i o n  was re p o r te d  in  1957. The p o ta ss iu m

s a l t  o f  th e  pheno l 5J_ was co n v erted  in to  th e  sp iro d ie n o n e  52 by

57h e a t in g  in  d i l u t e  s o lu t io n .  An e x te n s io n  o f t h i s  method gave
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a 70$ y ie ld  o f  from  5J.* T h is  b is - s p iro d ie n o n e  on tre a tm e n t

w ith  a c e t ic  an h y d rid e  c o n ta in in g  a t r a c e  o f  s u lp h u r ic  a c id

underw ent a double d ien o n e-p h en o l rea rran g em en t to  g iv e  th e

d ia ce to x y b ib en zo su b eran e  55., The q u a n t i t a t iv e  co n v ers io n  o f

th e  d i - t - b u t y l  to s y la te  56 in to  th e  d ienone 57 has been 

58a t t r i b u t e d  to  s t e r i c  h in d ra n c e  around th e  p h e n o lic  oxygen

59c u t t in g  down in te rm o le c u la r  r e a c t io n s .  Beames and Mander

u sed  an Ar^~6 c y c l i s a t io n  in  an approach  to  th e  s y n th e s is  o f

th e  d i te rp e n e  a lk a lo id  h e t i s i n e .  They o b ta in e d  as  a m ix tu re

o f  epim ers in  50$ y ie ld  by h e a t in g  58 w ith  t - b u to x id e .  The 

60same a u th o rs  in tro d u c e d  a  new method o f c a r ry in g  o u t Ar^ 

c y c l i s a t io n s  in v o lv in g  tre a tm e n t o f  p h e n o lic  d ia zo k e to n e s  w ith  

c a t a l y t i c  q u a n t i t i e s  o f  a c id s  whose co n ju g a te  b a se s  a re  poor 

n u c le o p h ile s  ( e .g .  f lu o ro b o r ic  a c id )  in  h ig h  d i e l e c t r i c  c o n s ta n t 

s o lv e n ts  ( e .g .  n it ro m e th a n e ) . They p rep a red  61_ from  60 in  65$ 

y ie ld .

Phenol O x idation

Three membered r in g s  have been formed by  o x id a tio n  o f  p h e n o ls .

T reatm ent o f  th e  b isp h e n o l 62 in  benzene s o lu t io n  w ith  a lk a l in e  

61 62f e r r ic y a n id e  9 gave th e  b is - s p iro d ie n o n e  63., The analogous

compound 65 was o b ta in e d  i n  100$ y ie ld  by shak ing  th e  b isp h e n o l

64. in  benzene w ith  manganese d io x id e  fo r  20 m in u te s . I t  h as  been 
6 Ldeterm ined  by E .S .R . s tu d ie s  t h a t  th e  b is - s p iro d ie n o n e  67 

(o b ta in e d  from  th e  pheno l 66) i s  in  e q u ilib r iu m  w ith  th e  b i r a d i c a l  

68 . L arger r in g s  have been o b ta in e d  by th e  o x id a tio n  o f
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d ih y d ro x y d ip h en y la lk ah es . T reatm ent o f  th e  d ih y d ro x y -

d ipheny lp ropane  69 w ith  vanadium  o x y tr ic h lo r id e  gave a 76%

y ie ld  o f  th e  sp iro d ie n o n e  7 0 ,in  c o n t r a s t  to  th e  low y ie ld s

65o b ta in e d  w ith  o th e r  o x id a n ts ;  t h i s  was a t t r i b u t e d  to  th e

fo rm a tio n  o f  a vanadium  complex w hich a id ed  in tra m o le c u la r

co u p lin g . S im ila r ly ,  tw o-phase f e r r ic y a n id e  o x i d a t i o n , ^  w hich

a ls o  fav o u rs  in tra m o le c u la r  co u p lin g , co n v erted  th e  b isp h e n o ls

71 and 72 ^ e  b isd ie n o n e s  72 and 7^  in  20 and 15% y ie ld s

r e s p e c t iv e ly .  O x id a t io n ^  o f  th e  d ip h e n o lic  d ip h en y lp ro p an es

21, 77 and 79 w ith  a  n o v e l complex re a g e n t o b ta in e d  from  f e r r i c

c h lo r id e  and DMF gave th e  sp iro d ie n o n e s  76, 78 and 80 in  39,

67 and 67% y i e ld s .

In  1973 th e  o x id a tio n  o f th e  monophenol 81 to  82 by  th a l l iu m

tr i f lu o ro a c e ta te  was r e p o r te d ;~  th e  anodic o x id a tio n  o f  t h i s

28system  was s tu d ie d  th e  fo llo w in g  y e a r .  The m onophenolic

d ipheny lp ropanes 8J3, 8j5 and 87 were c y c l is e d  to  th e  sp iro d ie n o n e s

2886 and 88 in  h ig h  y i e ld s .  The a u th o rs  r e p o r te d  a  d ie n o n e -

phenol rea rran g em en t to  89 w ith  t r i f l u o r o a c e t i c  a c id  b u t g iv e  110

s t r u c t u r a l  p ro o f  o f t h e i r  p ro d u c t. I t  i s  p e rh ap s  odd t h a t  a lk y l

32r a th e r  th a n  a r y l  m ig ra tio n  has o c c u rre d .

R earrangem ent R outes

V arious rea rran g e m en ts  have r e s u l t e d  in  th e  fo rm a tio n  o f

c a rb o c y c lic  sp iro d ie n o n e s . Thus th e  a c e ta l  90 gave th e  d ienone

92 in  60% y ie ld  on t re a tm e n t w ith  su lp h u r ic  a c id  in  a c e t ic  a c id ,
68 ‘a  r e a c t io n  w hich was assumed to  p ro ceed  by  a p in a c o l r e a r r a n g e ­

ment o f  th e  in te rm e d ia te  diol 91 . The sp iro d ie n o n e  92 was a ls o
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form ed in  y ie ld  b y -.trea tm en t o f  th e  indenone 9J3 w ith  z in c
69.d u st and a c e ty l  c h lo r id e .  Acid c a ta ly s e d  rea rran g em en t o f  

th e  o x ira n e  9^  le d  to  th e  sp iro d ie n o n e  95 which re a rra n g e d ' in  

n e u t r a l  or b a s ic  c o n d itio n s  to  A -hydroxyindane 96 , b u t in  a c id  

32% o f  5-hydroxyindane 98 was form ed presum ably  v ia  th e

70carbonium  io n  97. An analogous r e a c t io n  i s  th e  p ro d u c tio n  o f

100 by th e rm o ly s is  o f  th e  o x ira n e  dim er 99 a t  4-20°. The p ro d u c t

was re p o r te d  to  undergo a re a d y  d im e r is a tio n .

71When th e  hydrocarbon  101 was o x id ise d  v /ith  t r i f l u o r o p e r a c e t i c  

a c id  and boron t r i f l u o r i d e  e th e r a te  a t  0° th e  d ienone 102 was 

o b ta in e d ; i f  th e  r e a c t io n  was c a r r ie d  o u t a t  - 65° a m ix tu re  o f  

102 and 103 was o b ta in e d .

The pho tochem ical rea rran g e m en t o f  0—a c ety ldehyd .ro—
72 _7 ̂

te s to s te r o n e  104- has been re p o r te d  by  s e v e ra l  w orkers ~ ! to

7 /g iv e  sp iro d ie n o n e s  among o th e r  p ro d u c ts .  D u tle r  e t  a l  + i s o la te d  

105 in  18% and 106 in  1# y ie ld s  from  p h o to ly s is  in  dioxan.. The 

p ro d u c ts  underw ent d ien o n e-p h en o l rea rran g em en ts  i n  a c e t i c  

a n h y d r id e -su lp h u r ic  a c id ,  to  g iv e  a ro m atic  s te r o id  d e r iv a t iv e s ;

105 gave 107 and 106 gave 108 in  good y ie ld s .  Both th e s e  

rea rran g em en ts  a re  exam ples o f  th e  more s u b s t i tu t e d  a lk y l  group

P hotochem ical rea rran g e m en ts  o f  b ic y c l ic  enones have g iven

sp iro d ie n o n e s . Thus 110 was p re p a re d  from  109 in  low y ie ld  by

75i r r a d i a t i o n  o f an aqueous a c e t ic  a c id  s o lu t io n ,  w h ile  111 was 

co n v erted  to  112 by  a s im i la r  m e th o d .^

M isce llan eo u s  Methods

B efo re  th e  d is c o v e ry  o f  th e  Ar^ p a r t i c ip a t io n  r o u te  c a rb o c y c lic

19
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sp iro d ie n o n e s  had b een -.sy n th es ised  by c l a s s i c a l  m ethods. The

77.d ienone 114- was p re p a re d  by c y c l i s a t io n  o f th e  c a rb o x y lic  a c id

112, b ro m in a tio n  o f  th e  r e s u l t in g  t e t r a lo n e  and subsequen t

dehydrobrom ination  w ith  c o l l id in e .  I t  was found to  undergo a d ie n o n e -

phenol rea rran g em en t to  g iv e  1jj£  in  95% y ie ld  on tre a tm e n t w ith  a c e t ic

a n h y d r id e -su lp h u r ic  a c id .  The analogous compound 116 was l a t e r  

78p re p a re d  by a s im i la r  ro u te  and under s im i la r  rea rran g em en t 

c o n d itio n s  i t  gave a 91% y ie ld  o f  a  p ro d u c t i d e n t i c a l  to  th e  above
OC}

(115)» T his r e s u l t  was l a t e r  ex p la in ed  by th e  mechanism d is c u s s e d
79p re v io u s ly  (see  p . 7 ) .  In  1963 P l ie n in g e r  e t  a l  p re p a re d  119 

(R a H  or COOCH )̂ by co n d en sa tio n  o f  9 -a c y lf lu o re n e s  w ith  

m e th y lv in y lk e to n e  to  g iv e  117, w hich was c y c l is e d  w ith  p ip e r id in e

y> a 4 '* | a  O a*? r l  4- i  i  o v i /1  •Pn n o l  c* /̂ *1 n v y i n v n  A A i r i  a  Anr-i r l  o ’f 'n  rs va t n  a*1 r \
«4*Xi. Gl u a .  O 0 \ J  > | u  VAI.JLU, A J-l-lUO, v-* VO. OUU ^  V-/XX jf

119. D ienone-phenol rea rran g e m en t o f  119 (R — C00CHo) gave th e  

expec ted  3-a c e to x y -1-c a rb o x y m e th y ltr ip h e n y le n e , w h ile  l i th iu m  

alum inium  h y d rid e  r e d u c t io n  produced  th e  d ie n o l w hich , on tre a tm e n t 

w ith  20% s u lp h u r ic  a c id  in  e th a n o l,  was co n v erted  to  1-carbom ethoxy- 

t r ip h e n y le n e .

80O x id a tio n  o f  4 --a lk y lp h en o ls  in  th e  p re se n c e  o f  eh lo ro p re n e

by le a d  d io x id e  in  benzene gave th e  sp iro d ie n o n e s  120 and 121 in

75 and 5% y ie ld s ;  th e  p o s i t io n  o f  th e  c h lo r in e  atoms on th e  low er

80r in g  was n o t d e te rm in ed . The p roposed  mechanism in v o lv e d  a t ta c k

o f  th e  in te rm e d ia te  h y d ro x y -d i- t-b u ty lb e n z y l r a d i c a l  on e h lo ro p re n e

to  form  an a l l y l i c  r a d i c a l ,  which th e n  c y c l is e d  to  a s p i r o - r a d i c a l ,

w hich was f i n a l l y  o x id is e d  to  th e  sp iro d ie n o n e  (Scheme l ) . In  an 

58in v e s t ig a t io n  o f  ]>-quinone m e th id es , i t  was found t h a t  th e y
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underw ent D ie ls -A ld e r a d d i t io n  to  b u ta d ie n e s  to  g iv e  sp iro d ie n o n e s .

By th e  a d d i t io n  o f d i - t -b u ty lq u in o n e  m ethide 122 to  b u ta d ie n e ,

iso p re n e  and e h lo ro p re n e , were p rep a red  123 (R «  H, Me and C l)j

th e  s u b s t i tu e n t  R was a s s ig n e d  to  th e  9 - p o s i t io n  r a th e r  th a n

81th e  8 by analogy  w ith  known r e a c t io n s  w ith  2- s u b s t i tu t e d

80b u ta d ie n e s . The fo rm a tio n  o f  120 and 121 was e x p la in e d  by a

82s im i la r  mechanism, ta k in g  in to  accoun t th e  re c o rd e d  fo rm a tio n  

of. ^ -q u in o n e  m eth ides by le a d  d io x id e  o x id a tio n  o f 2 , 6- d i - t - b u t y l -  

4-~met hy lph  en o l .

8 3R ussian  w orkers J r e p o r te d  a r e a c t io n  o f th e  ch lo roqu inone

m ethide 124. w ith  diazom ethane to  form  th e  sp iro d ie n o n e  125 in  good
8Ay ie ld .  S im ila r ly ,  B arton  and Hendrickson in  t h e i r  s tu d y  o f th e

c o n s t i tu t io n  o f fu s c in  126  ̂ (a  mould m e ta b o li te  hav ing  a quinone

m ethide s t r u c t u r e ) /  p re p a re d  a  sp iro d ie n o n e  127% m ethylhom ofuscin

by tre a tm e n t o f  126 w ith  d iazom ethane. The fo rm a tio n  o f  a

sp iro d ie n o n e  129 by d im e r is a tio n  o f  th e  t r im e th y l - 1, 2-benzoquinone

8 5128 in  ch lo ro fo rm  a t  room te m p e ra tu re  has  been r e p o r te d .  The

p ro d u c t underw ent a 'd ien o n e-p h en o l rea rran g em en t to  g iv e  130.

H e te ro c y c lic  S p irod ienones

By Phenol O x id a tio n

In  1892 Abel o x id ise d  2 , 2 -d ihyd roxyd inaph thy lm ethane  131

w ith  b a s ic  h y p o h a lite  s o lu t io n ,  and i s o la te d  a  n e u t r a l  p ro d u c t

w hich he fo rm u la ted  as th e  p e ro x id e  132. An a l t e r n a t i v e  s p i r o -

87d ienone s t r u c tu r e  133 was l a t e r '  p roposed  and t h i s  s t r u c tu r e

88was f i n a l l y  confirm ed in  193*1 by a second s y n th e s i s . '
89S ubsequen tly  th e  d ih y d ro x y d in ap h th y le th an es  134- (E »  H o r B r)
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w ere o x id ise d  to  th e  co rresp o n d in g  d ienones 135 w ith  a lk a l in e
88f e r r ic y a n id e ;  w h ile  tre a tm e n t o f  th e  d iphenylm ethane 136 and

90th e  phenylnaph thy lm ethane 138 w ith  a lk a l in e  h y p o c h lo r i te  gave

th e  co rresp o n d in g  d ienones 137 and 139 in  good y ie ld .
Q?The .o x id a tio n  product- o b ta in e d  by t r e a t m e n t " o f  2 -n a p h th o l-

1- s u lp h id e  140 w ith  a lk a l in e  f e r r ic y a n id e  had e rro n eo u s  s t r u c tu r e

93 94 91proposed  fo r  i t  ? b e fo re  i t  was found to  be th e  sp iro d ie n o n e

93U 1 . S im ila r ly  th e  o x id a tio n  p ro d u c t o f 2 -n a p h th o l-1 -su lp h o n e  

95142 was shown to  be th e  sp iro d ie n o n e  143* Me Clement and
-j g O

Sm iles l a t e r  p re p a re d  a  s e r i e s  o f  sp iro d ie n o n e s  144 (R , R , R

and R^ = H, Me or C l) by a lk a l in e  f e r r ic y a n id e  o x id a tio n  o f  th e

co rresp o n d in g  2-hydroxyphenyl su lp h id e s  in  an in v e s t ig a t io n  o f

w hat was l a t e r  to  become th e  w ell-know n Sm iles rea rran g e m en t.

89The th e rm a l d is p ro p o r t io n a t io n  o f  fld eh y d ro -1 -m eth y l- 2 -

n a p h th o l” 14-5 in  r e f  T axing xy len e  o r s ty re n e  produced  th e

97d ienone 14-7 , a r e a c t io n  w hich was su g g ested  to  p ro ceed  v ia

th e  co u p lin g  o f  two m olecu les o f  th e  quinone m eth ide 14-6. The

a lk a l in e  f e r r ic y a n id e  o x id a tio n  o f 2 , 2id ih y d ro x y d ip h e n y l e th an es  g

sp iro d ie n o n e s  14-8 (R =. H or B r) and a s im ila r  d ienone 150 a ro se

from  co u p lin g  o f  two m o lecu les o f th e  brom ide 14-9. The

99sp iro d ie n o n e  153 was p re p a re d  from  th e  d iphenylm ethane 151 in  

80$ y ie ld  by o x id a tio n  w ith  th e  s ta b l e  f r e e  r a d i c a l ,  2 , 4 - d i - t -  

b u ty l - 6-phenylphenoxyl 152. This work was l a t e r  e x te n d e d ^ ^  to  

th e  p re p a ra t io n  o f sp iro d ie n o n e s  154- and 155 (R «  H o r Me, X 5= 

CH^, CMe  ̂ and CH^'CH^) in  60- 90$ y ie ld s  by o x id a tio n  o f  th e  

a p p ro p r ia te  d ip h e n o ls  w ith  a lk a l in e  f e r r ic y a n id e  o r th e  s ta b le
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f r e e ' r a d i c a l ,  2 ,6  d i - t - b u t y l - 4.~cyauophenoxyl.
101k  s im i la r  sp iro d ie n o n e  156 had been i s o la t e d  from  th e

a lk a l in e  f e r r ic y a n id e  o x id a tio n  o f 2- t - b u t y l - 4--m ethoxyphenol,

b u t was w rongly fo rm u la ted  as th e  p e ro x id e  157. The c o r r e c t  

10?s t r u c tu r e  ~ was confirm ed by  H ew gill and h is  co -w orkers in  

103one o f  a  s e r i e s  o f  p ap e rs  on o x id a tio n  o f  a lk o x y p h en o ls ; i t

was found t h a t  th e  d ienone re a rra n g e d  on tre a tm e n t w ith  a c id
• 'I Q/

to  th e  h e m ia c e ta l 158. These w orkers had e a r l i e r  p re p a re d  f

th e  d io x e p in  sp iro d ie n o n e  159 by rea rran g em en t o f  a  b lu e  s o l id

o b ta in e d  by o x id a tio n  o f  3- t - b u t y l - 4 -m etlioxyphenol w ith  f e r r i -

105cy an id e , le a d  d io x id e  o r s i l v e r  o x id e . I t  was l a t e r  found

t h a t  s im ila r  tr e a tm e n t produced an analogous p ro d u c t 160 in  70$

y ie ld  from  4 .~ t-b u ty l-2 -m eth o x y p h en o l. E x tension  o f  t h i s  

106r e a c t io n  le d  to  th e  p r e p a ra t io n  o f a s e r ie s  o f  d io x ep in

sp iro d ie n o n e s  161 (R o r R**aMe, E t, iso P r  and Ph) in  8-20$

y ie ld s  by th e  o x id a tio n  o f  2-  or 3-su b  s t i  t u t  ed -4-H nethoxyphenols.

The a u th o rs  p roposed  t h a t  fo rm a tio n  o f  d io x ep in  sp iro d ie n o n e s  i s

a g e n e ra l  r e a c t io n  o f 2, 4- - s u b s t i tu te d  pheno ls  and in  p a r t i c u l a r

when one o f th e  s u b s t i tu e n ts  i s  a lk y l  and th e  o th e r  a lk o x y , excep t

f o r  a 2- t e r t - a l k y l - 4 -a lk o x y p h en o l which would g iv e  a benzoxe t

107s im i la r  to  156. They re p o r te d  t h a t  o x id a tio n  o f a  m ix tu re  o f  

2-  and 3- t- -b u ty l - 4 -m ethoxyphen o ls  gave a mixed p ro d u c t 162 

to g e th e r  w ith  159. T his p ro d u c t 162 was a ls o  produced  in  50$ 

y ie ld  by a lk a l in e  f e r r ic y a n id e  o r s i l v e r  ox ide  o x id a tio n  o f a 

m ix tu re  o f  4. ,4.-d i~ t" b u ty l- 2, 2 , -d ih y d ro x y -5 ,5 *-d im e th o x y -b ip h en y l
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and 2-t~buty l~4--m ethoxyphenol. A nother p ro d u c t 163 w a s 'i s o la te d  

108and a  l a t e r  r e p o r t  detai3„ed th e  o x id a tio n  o f a m ix tu re  o f  t h i s

and 3- t - b u ty l~ 4 ~methoxyphenol w ith  s i l v e r  ox ide  to  g iv e  th e  mixed

sp iro d ie n o n e  162 in  90% y ie ld .  The same a u th o rs  found ^  t h a t

r e a c t io n  o f s u b s t i tu te d  brom ophenols w ith  b ase  in  DMF gave s im ila r

p ro d u c ts  j 2-brom o-4- - t~ b u ty l-6-m ethy lpheno l gave 164- in  95% y ie ld ,

2-bromo~5~ t - b u ty i - 4.-m ethoxyphenol gave 159<. w h ile  2~-bromo~4-,6 ,d i~

t-b u ty lp h e n o l y ie ld e d  165 I n  agreem ent w ith  t h e i r  e a r l i e r

su g g e s tio n . The proposed  mechanism in v o lv e s  e le c t ro n  t r a n s f e r

from  th e  phenoxide io n  to  th e  k e to -ta u to m e r o f  th e  pheno l which

su b se q u e n tly  lo s e s  brom ide, w ith  th e  r e s u l t i n g  p a i r  o f  r a d ic a l s

110e n te r in g  a chain  r e a c t io n .  Becker produced a d io x e p in  s p i r o ­

d ienone 166 in  $4-% y ie ld  by f e r r ic y a n id e  o x id a tio n  o f  2 , 4--d iphenyl~  

p h e n o l.

111S p iro d ien o n es 168 have been p re p a re d  by o x id a tio n  o f th e
1 2s u b s t i tu te d  s a l i c y l  a lc o h o ls  167 (R and R s  Me, t-B u , Ph,

hydroxym ethyl, cy c lo h ex y l and I )  w ith  sodium p e r io d a te  in  m ethano l.

Y ie ld s  w ere g r e a te r  th a n  70% and th e  p ro d u c ts  underw ent a p h o to ly t ic

rearran g em en t to  s a l ic y la ld e h y d e s .

The s y n th e s is  o f  h e t e r o c y c l i c - 1 - s p i r o - 2 ,5 d ien o n es i s  a more

re c e n t  developm ent. I n t e r e s t  was a ro u sed  becau se  o f  th e  p re sen ce

o f  t h i s  s t r u c tu r e  in  th e  fu n g a l m e ta b o li te s ,  ( s e e  l a t e r ) .

62The d ienone 170 has been p re p a re d  in  80% y ie ld  by  o x id a tio n

o f  th e  p h e n o lic  ca rb o n a te  169 w ith  a lk a l in e  f e r r ic y a n id e  w h ile  th e

61c a rb o c y c lic  d ienone 6^  was co n v erted  • in to  th e  pep03d.de 171 by 

r e a c t in g  a s o lu t io n  w ith  oxygen. O x id a tio n  o f an e th e r e a l  s o lu t io n

32
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/ 112o f  2 ,4 -d ih y d ro x y d ip h en y le th an e  w ith  f e r r ic y a n id e  gave ' th e

113sp iro d ie n o n e  172 in  11% y ie ld .  L a te r  th e  d ienone 173 was

s im i la r ly  p rep a red  from  2 ,4 -d ihydroxydiphenylm ethane in  2%

y ie ld  and d ien o n e-p h en o l rea rran g e m en ts  c a r r ie d  o u t on 172 and

173 y ie ld in g  174- and 173 r e s p e c t iv e ly ,  showing t h a t  carbon bond

m ig ra tio n  had ta k e n  p la c e  e x c lu s iv e ly .  Compound 176 was 

11/p re p a re d  + s im i la r ly  from  th e  d ip h e n y le th a n e  in  1% y ie ld .  ■

115 116 'S ev e ra l sp iro d ie n o n e s  have been o b ta in e d  9 by o x id a tio n

o f  d ih y d ro x y d ia ry l e th e r s  w ith  manganese d io x id e  o r DDQ. Thus

th e  d ip h e n o ls  177. 179 (R =■ H or Me), 181 and 183 gave th e

co rresp o n d in g  d ienones 178. 180, 182 and 184. Y ie ld s  w ere

g e n e ra l ly  low ( 1- 15%) ex cep t when s t a b i l i s i n g  f a c to r s  were

p re s e n t  in  th e  p ro d u c t e .g .  180 (R s H), 100% y ie ld .  None o f

th e s e  compounds underw ent d ien o n e-p h en o l re a rra n g e m e n ts ,

P h en o lic  c a rb o x y lic  a c id s  have been co n v erted  to  2 ,5 -  

117d ie n o n es . O x idation  o f 185 by ammonium e e r i e  s u lp h a te  or

le a d  d io x id e  produced  th e  s p iro la c to n e  186 in  m oderate y ie ld s .

On tre a tm e n t w ith  boron  t r i f l u o r i d e  in  a c e t ic  an h y d rid e  186

re a rra n g e d  to  th e  x an th o n e .187. A s im ila r  p re p a ra t io n  was th e  
118 /o x id a tio n  o f  4  -h y d ro x y b ip h e n y l-2 -c a rb o x y lic  a c id  to  th e

d ienone 188 by manganese d io x id e  in  e th e r  in  25% y ie ld .

119Compound 188 had p re v io u s ly  been p re p a re d  by an a c id  

c a ta ly s e d  Bamberger rea rran g em en t o f  th e  b ipheny lhydroxy lam ine 

189. The d ienone*188 underw ent rea rran g em en t in  h o t 20% 

su lp h u r ic  a c id  to  th e  benzocoum arin 190. a  m ig ra tio n  o f  th e  

oxygen bond, w h ile  h o t 10% sodium h yd rox ide  gave th e  iso m e ric
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compound 191 *
1 2 0H a ssa ll  e t  a l  r e p o r te d  on th e  o x id a tio n  o f  d ih y d ro x y -

benzophenones, in  co n n ec tio n  w ith  th e  s y n th e s is  o f g r is e o fu L v in .

The sp iro d ie n o n e s  192 (R =  H or Me) were o b ta in e d  by  le a d

d io x id e  o x id a tio n  o f  th e  co rresp o n d in g  benzophenones in  8 and

70% y ie ld s  r e s p e c t iv e ly .  I t  was fo u n d , how ever, t h a t

2,4-“dihydroxybenzophenone was u n a f fe c te d  by le a d  d io x id e  or

a lk a l in e  f e r r ic y a n id e  and t h i s  le d  to  th e  p ro p o sa l t h a t

s u b s t i tu t io n  in  th e  6 ,2  and 6 1 p o s i t io n s  a s s i s t e d  th e  o x id a tio n

by d is tu rb in g  th e  c o - p la n a r i ty  o f  th e  two r in g s .  T rea tm en t o f

th e  d ienone 192 w ith  a c id  produced  th e  d ip h en y l e th e r  193.
23The se a rc h  fo r  phenoxylium  io n  in te rm e d ia te s  h as  y ie ld e d

/ 2
new sp iro d ie n o n e s . The c a rb o x y d ip h en y le th e rs  19A { B '~  tB u , R —

1 2H and R =  R —tB u) gave th e  d ienones 195 in  60% y ie ld  on o x id a tio n

w ith  le a d  d io x id e  in  e th e r .  The r e l a t e d  e s te r  196 was s im i la r ly

c o n v erted  q u a n t i t a t i v e l y  to  th e  sp iro b en zo x e t 197; t h i s  r e a c t io n

106conforms to  th e  p r in c ip le  p roposed  by H ew gill. (se e  p . 30) .

The diphenylm ethane d e r iv a t iv e s  198 and 200 w ere o x id ise d  to

th e  d ienones 199 and 201 in  10 and 50% y ie ld s  by le a d  d io x id e

and le a d  t e t r a - a c e t a t e  in  benzene r e s p e c t iv e ly .  The d ie n o n e -

phenol rea rran g em en t o f  201 w ith  boron t r i f l u o r i d e  in  a c e t ic

an h y d rid e  gave 202, an example o f  oxygen bond m ig ra tio n ; th e

d e c is io n  betw een th e  two iso m e ric  d ib e n zo x ep in s , how ever, r e s t s

o n ly  on NMR d a ta .

The o x id a tio n  o f  th e  a ry lo x y a c e tic  a c id  203 w ith  p e rs u lp h a te  

121h as  been re p o r te d  to  g iv e  a d im eric  compound w hich was
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fo rm u la ted  as a D ie ls -A ld e r adduct o f  two m olecu les o f  th e

sp irod 'ienone 204-, The dim er co u ld , on h e a t in g ,  be e q u i l ib r a te d

w ith  th r e e  iso m e ric  d im ers and th e  monomer could  be tra p p e d  by

D ie ls -A ld e r a d d i t io n  to  m ale ic  an h y d rid e .

122The .o b se rv a tio n  t h a t  th e  p e p t id e s  o x y to c in  and v aso ­

p r e s s in  were c leav ed  a t  ty r o s y l  r e s id u e s  by brom ine w a te r le d
123 124to  f u r th e r  i n v e s t ig a t io n s .  ? ' T reatm ent o f  3 -(4 --hydroxypheny l)-

p ro p io n ic  a c id  ( p h lo r e t ic  a c id )  w ith  N-bromosuccinimd.de gave th e

s p iro la c to n e  205 (R = B r )  in  86% y ie ld .  R e la te d  d ienones 206

(R ss B rj R*= Me, Ph o r PhCH^O) w ere p re p a re d  by  s im i la r  tre a tm e n t

o f  N -a c y lty ro s in e s .  C onfirm ato ry  r e s u l t s  were p u b lish e d  

125s im u lta n e o u s ly . E le c t r o ly s i s  o f  p h lo r e t ic  a c id  a t  a p la tin u m

1 * anode gave 205 ( R —H) in  20% y ie ld  and s im i la r  t r e a tm e n t o f

N -carbom ethoxy ty rosine  gave 206 (R=H> R* =0Me) .  E L e c tro ly s is  o f

4--hydroxy- c i s -c innam ic  a c id  y ie ld e d  th e  u n s a tu ra te d  s p iro la c to n e

127207* O ther w orkers p re p a re d  205 (R «H) by e l e c t r o l y s i s  o f

N -(3 -(4 --hyd roxypheny l)p rop iony l| g ly c in e .  O x id a t io n ^ ^  o f

p h lo r e t ic  a c id  by a c e t ic  ac id -h y d ro g en  p e ro x id e , p e r a c e t ic  a c id

and le a d  t e t r a - a c e t a t e  gave low y ie ld s  o f 205 ( R » H ) .  Japanese  

129w orkers produced s p iro la c to n e s  205 (R «  I ,  Br o r  Gl) by

p h o to ly s is  o f  th e  d ih a lo p h lo r e t ic  a c id s  in  th e  p re se n c e  o f a

s e n s i t i z e r ,  e r y th r o s in ,  and oxygen, and a ls o  by  th e  o x id a tio n

o f  th e  d ih a lo p h lo r e t ic  a c id s  by N -brom osuccinim ide and by

a  m ix tu re  o f  h y p o c h lo r i te  and hydrogen p e ro x id e  in  aqueous

1 30m ethano l. O ther w orkers produced  s im i la r  d i - io d o s p i ro la c to n e s  

by th e  a c t io n  o f  N -iodosuccin im ide  on p h lo r e t ic  a c id  and r e l a t e d
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am ides.

The a c id  c a ta ly s e d  d ien o n e-p h en o l rea rran g em en t o f  th e s e  .

s p iro la c to n e s  i s  o f i n t e r e s t  as a  proposed  s te p  in  th e  b io g e n e s is

12M.'o f  coum arins. T reatm ent o f  205 (R s B r )  w ith  2M s u lp h u r ic  

a c id  f o r  2 ho u rs  produced oxygen m ig ra tio n  to  g iv e  th e

12bdihydrocoum arin  208 (R s B r ) ,  The same p ro d u c t was o b ta in e d

1 2bu s in g  4-.5M s u lp h u r ic  a c id  in  a c e t o n i t r i l e .  F u rth e r  in v e s t ig a t io n

showed t h a t  th e  ty p e  o f  m ig ra tio n  o c c u rr in g  depended on th e

c o n d it io n s ;  205 (R = H ) gave 95$ o f b -hydroxydihydrocoum arin  209,

(carbon  m ig ra tio n )  on tre a tm e n t w ith  0.5M s u lp h u r ic  a c id  w h ile

a c e t ic  a c id  c o n ta in in g  s u lp h u r ic  a c id  gave th e  7~ isom er, (oxygen

m ig ra tio n )  in  90$ y ie ld .  The u n s a tu r a te d 's p i r o la c to n e  207

re a rra n g e d  to  b-hydroxycoum arin 210 on tre a tm e n t w ith  3M s u lp h u r ic

128a c id .  O ther w orkers confirm ed th e s e  f in d in g s  and found

rearran g em en t o f  205 (R ~  H) o ccu rred  w ith  oxygen m ig ra tio n  on
18s o lu t io n  i n  a c e t ic  a n h y d r id e -su lp h u r ic  a c id .  When 0 -  l a b e l l e d  

a c e t ic  anhy d rid e  was u sed  th e  r e s u l t i n g  coum arin was a ls o  

la b e l l e d  a t  th e  r in g  oxygen. R earrangem ent in  d ia c e ty l  s u lp h id e -  

boron t r i f l u o r i d e  le d  to  7 -ace toxy~ 3 ,/+ d ihyd ro th ioeoum arin  211, 

and a mechanism was p roposed  in  w hich i n i t i a l  a t t a c k  o f  an a c e ty l  

u n i t  on th e  d ienone ca rb o n y l group le d  to  a ttach m en t o f  th e  

th io a c e t a te  group a t  th e  2 -p o s i t io n  o f  th e  r i n g ,  fo llo w ed  by 

c y c l i s a t io n  to  th e  th io co u m arin  (Scheme I I ) .
131

E le c t r o ly s i s  o f  th e  isochr.omanone 212 in  a c e t o n i t r i l e  gave 

a 55$ y ie ld  o f  th e  b ic y c l ic  s p iro la c to n e  213, w hich on tre a tm e n t 

w ith  m e thano lic  h y d ro c h lo r ic  a c id  l o s t  form aldehyde to  form  th e
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a ih y  dr oph en a n t h r  en e 214,.'

N itro g en  c o n ta in in g  h e te r o c y c l ic  sp iro d ie n o n e s  a re  l e s s

common. Hey and h i s  co-w orkers have made a s tu d y  o f

' sp iro d ie n o n e  la c ta m s . Compound 216 (R s= Me or E t) -was f i r s t  

1 32i s o l a t e d  from  th e  decom position  o f  th e  d ia z o b e n z a n ilid e  21 5,

in  4-8% y ie ld .  The 2-m ethoxy isom er gave a low y ie ld  o f  th e
1 332,4- d ienone 217. I t  was l a t e r  found th a t  th e  same compounds.

w ere form ed by  tre a tm e n t o f  N -a lk y l-2 -  o r 3-bromo-4--hy droxyben z a n i l id  e s

w ith  po tassam ide in  l i q u id  ammonia; t h i s  i s  good ev idence  fo r

p a r t i c ip a t io n  o f  a benzyne in te r m e d ia te . ’ Compound 216 was a ls o  

134-form ed in  84-% y ie ld  by th e  p y ro ly s is  o f th e  dim er 218 (R «  Me 

or Efc), In  th e  p re se n c e  o f  io d in e  as an o x id a n t. The p e rs u lp h a te
• \ pc

o x id a tio n  o f  b ipheny lcarboxam ides gave s p i r o l a c t a m s . Compound

216 (R — Me) was form ed from  N -m ethy lb ipheny l-2 -carboxam ide and

a ls o  from  th e  4-~methoxy an a lo g u e . O x id a tio n  o f N -m ethy l-2 -

m ethoxybiphenyl-2-carboxam ide gave 217 (R sM e, 4-5% y ie ld )  and

1 36219 in  25% y ie ld .  The d ie n o l 220 was p re p a re d  by p h o to ly s is

o f N -e thy l-2 -b rom o-4 --hyd roxybenzan ilide  in  aqueous a l k a l i  in  th e

p resen ce  o f  sodium b o ro h y d rid e ; on o x id a tio n  by manganese d io x id e

i t  gave th e  d ienone 216 (R «  E t, 59% y ie ld ) .  S im i la r ly ,**̂

N -m ethy l-2 -iodo-4 --m ethoxybenzan ilide  gave 216 (R =-Me) on

p h o to ly s is  in  o x y g en -free  benzene w h ile  th e  same p ro d u c t was

o b ta in e d  by s im i la r  t r e a tm e n t o f  N -m e th y l-2 -io d o b e n z a n ilid e  in

benzene s a tu r a te d  w ith  oxygen. . Compounds 216 (R & H, Me o r Ph)

1 38w ere o b ta in e d  by  th e  o x id a tio n  o f  th e  a p p ro p r ia te , b ip h e n y l- 2 -  

carboxam ides w ith  t - b u t y l  h y p o c h lo r i te  and io d in e .  N aphthalene
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analogues 221 and 222 o f  th e s e  sp iro la c ta m s  have been p re p a re d  

by decom position  o f  d iazonium  s a l t s . ^ 9 ,  14-0

1 2r)■ R earrangem ents o f  216 have been r e p o r te d ;  on tre a tm e n t 

w ith  100$ p h o sp h o ric  a c id  a t  170° th e  p h en an th rid o n e  223 was 

form ed, w ith  carbon r a th e r  th a n  n i t r o g e n  m ig ra tio n . The

3 -ace to x y p h en an th rid o n e  was a ls o  form ed by h e a t in g  216 in  a c e t ic  

an h y d rid e  c o n ta in in g  s u lp h u r ic  a c id  a t  107° fo r  2 h o a rs .  

R eduction  of. 216 gave th e  d ie n o l 220 w hich re a r ra n g e d  on h e a tin g  

w ith  h y d ro c h lo r ic  a c id  to  form  th e  p h en an th rid o n e  22,4. On 

tre a tm e n t w ith  b ase  th e  d ie n o l  gave th e  U~ hydroxybiphenyl-  

2 .-carboxam ide.

139N itro g en  bond m ig ra tio n , how ever, has been n o te d  in

p y r o ly s is  o f  th e  s p iro d ie n y l  dim er 225 to  y ie ld  226, w hich i s

o n ly  one o f  th e  fo u r  p o s s ib le  iso m e ric  p ro d u c ts  (2 by carbon and

2 by  n i t ro g e n  m ig ra tio n ) .  T his rea rran g e m en t in v o lv e s  a

s p iro d ie n y l r a d i c a l  as opposed to  th e  d ieno n e-p h en o l case  w hich

135p ro ceed s  by a  s p iro d ie n y l  c a t io n .  Compound 216 i s  co n v erted  

to  i t s  isom er 217 on p h o to ly s is  in  oxygen f r e e  benzene and a lso  

to  a  m ix tu re  o f  two g e o m e tr ic a l isom ers 227 and 228 on 

i r r a d i a t i o n  in  th e  p re se n c e  o f  io d in e .
1/1

The o x id a tio n  o f  p h e n o lic  oxim es has been s tu d ie d  in  

an in v e s t ig a t io n  in to  th e  s y n th e s is  o f a e ro th io n in ,  a sponge 

m e ta b o li te .  O x id a tio n  o f  a s e r i e s  o f  4 -h y d ro x y ary lp ro p an -2 -o n e

oximes 229 w ith  manganese t r i s ( a c e ty l a c e t o n a t e )  in  a c e t o n i t r i l e

1 2gave s p iro - is o x a z o l in e s  230 (R *=s.H, t-B u  o r B r; R =  H o r Me;

R^= H, Me or COOMe) in  y ie ld s  o f 20-60$. T his r e a g e n t d id  n o t
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produce d ienones from  th e  2-h y  d r o xy a r  y  1 c x i  mes p ro b ab ly  because  

th e  phenol and oxime groups w ere c lo se  enough to  i n t e r e a c t  w ith , 

th e  manganese. The mechanism i s  co n sid e re d  u n l ik e ly  to  p roceed  

'th rough  a b i - r a d i c a l  b u t r a th e r  by tra p p in g ,  by th e . oxim e, o f  an 

in c ip ie n t  phenoxium io n  produced by h e t e r o ly s i s  o f  th e  oxygen- 

manganese bond in  th e  m e ta l-p h e n o l complex. Bromine and so u rces  

o f " p o s i t iv e  brom ine" a ls o  e f f e c te d  th e  c y c l i s a t io n ;  231 gave 

232 in  65% y ie ld  w ith  brom ine w ate r w h ile  233 gave 234- in  72% 

on tre a tm e n t w ith  N -brom osuccinim ide. 3 -(4 -H ydroxypheny l)p ropan - 

1 -o l was tran sfo rm e d  to  th e  sp iro -o x o la n  235 in  2.5% y ie ld  on 

tre a tm e n t w ith  2 ,4 ,4 j6 - te tra b ro m o c y c lo h e x a -2 ,5 -d ie n o n e  and th e  

same re a g e n t co n v erted  th e  2-hydroxyary lox im e 236 in to  th e  

sp iro -2 ,4 --d ien o n e  237, w hich was a ls o  produced by  cy c lo d e h y d ra tio n  

o f  23B by b o i l in g  p y r id in e .

H e te ro c y c lic  S p iro d ien o n es  from  Quinones and Quinone M ethides

Quinones can d im e rise  to  sp iro -o x e ta n s  as w e ll as  syn or a n t i

1 /2  14.3c y c lo b u ta n e s , under th e  in f lu e n c e  o f  l i g h t .  + 9 The p h o to -  

1 / /d im e r is a tio n  o f  s o l id  2 ,5 -  and 2 , 6 -d im e th y l- 1 , 4 -benzoquinones

gave -the ox e tan s  239 and 24-0 in  4-0 and 70% y ie ld s  r e s p e c t iv e ly .

14-5A s tu d y  o f  th e  m o lecu la r p ack ing  in  quinone c r y s ta l s  has f a i l e d

to  r a t i o n a l i s e  th e  ty p e  o f p ro d u c t form ed.

The r e a c t io n  o f  quinones w ith  d ip h e n y lk e te n e  was re p o r te d  in
1A61911 by S tau d in g er and B ereza , who th e re b y  p re p a re d  a s e r i e s  o f

s p i r o - ^ - l a c t o n e s  241 (R1=:Ph$ R2 ,R3 = H, Me, Cl o r Br) in
147y ie ld s  o f  30-80%. T his work was confirm ed in  a r e c e n t  s tu d y  in

1 2w hich were sy n th e s is e d  analogous compounds 241 (R -  Me;' R =  t-B u
3 4o r Me; R = H or Me; R =  H) from  d im eth y lk e ten e  and th e  a p p ro p r ia te
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benzoquinone and s im i la r ly  a s p iro la c to n e  24-2 froto 1,4-*-. 

'naphthoquinone. These s p iro la c to n e s  underw ent d ien o n e-p h en o l 

rea rran g e m en ts  w ith  carbon m ig ra tio n  to  g iv e  benzofu ranones 

24-3 in  h ig h  y ie ld  when t r e a t e d  w ith  a c e t ic  a c id - s u lp h u r ic  a c id .

I t  was r e p o r te d  t h a t  q u in o n es, under th e  in f lu e n c e  o f  

l i g h t ,  add to  co n ju g a ted  o le f in s  to  produce sp iro p y ra n s ; 1,4--* 

benzoquinone r e a c te d  w ith  b u ta d ie n e  and w ith  2 , 3 -d im e th y lb u ta d ie n e  

to  g iv e  24A (R -H  o r Me) w h ile  1 ,4 -naph thoqu inone  gave 24-5 in  low 

y ie ld  w ith  d im e th y lb u ta d ie n e . The d ienones re a rra n g e d  on tre a tm e n t 

w ith  a c e t ic  ac id  c o n ta in in g  a t r a c e  o f  p e r c h lo r ic  a c id  to  g iv e  th e  

5-hydroxycoum arans 24-7 (R =• H o r Me) by way o f th e  u n s ta b le

benzoxepins 24-6. A s im i la r  p ho tochem ical r e a c t io n  has been
1 / Q     . , n , ,

r e p o r te d '" r" between t e t r a h a l o - 'l , 2 -benzoqum ones and co n ju g a ted

o le f i n s ,  to  p roduce sp iro p y ra n s  24-B (R s  Me o r Ph, X ss Cl o r Br)

in  10-70% y ie ld s .  These d ienones re a r ra n g e d  to  th e  benzodioxans

24-9 when h e a te d  in  benzene.

1501 ,4--Benzoquinone was r e p o r te d  to  undergo a p h o to a d d itio n

r e a c t io n  w ith  u n co n ju g a ted  o l e f i n s j  r e a c t io n  w ith  cyclohexene gave

250 and b ic y c lo h e p ta d ie n e  s im i la r ly  y ie ld e d  251. Analogous

p ro d u c ts  w ere o b ta in e d  from  r e a c t io n s  w ith  c y c lo o c te n e , c y c lo o c ta -

1 ,5 -d ie n e , o o t-1 -e n e , and o c t-2 -e n e  in  y ie ld s  o f  10-90%. 0 c t-1 -e h e

produced  a m ix tu re  o f  two isom ers  w h ile  o c t-2 -e n e  gave fo u r

isom ers due to  th e  e x is te n c e  o f  syn and a n t i  form s as  w e l l .

D ienone-phenol rea rran g e m en ts  on tre a tm e n t w ith  e th a n o lic

h y d ro c h lo r ic  a c id  le d  to  carbon m ig ra tio n  g iv in g  hydroxycoum arans

e *S* 252. The p ro d u c t forined from  benzoquinone and c y c lo -
151o c ta te t r a e n e  was fo rm u la ted  as 253* b u t a  r e in v e s t ig a t io n  o f
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th e  r e a c t io n  u s in g  a 6W argon  l a s e r  found t h a t  th e  c o r r e c t

s t r u c tu r e  was 254- o b ta in e d  by 1,4 -~ ad d itio n , In  th e  p re sen ce

o f  oxygen th e  p e ro x id e  255 was form ed in  50$ y ie ld ;  a  s im ila r

152p e ro x id e  257 was produced  by i r r a d i a t i o n  o f p la s to q u in o n e -1  

256 in  th e  p re se n c e  o f  o x y g e n ..

T e tra h a lo -1 ,2 -b e n z o q u in o n e s  r e a c t  w ith  o ^ - te t r a lo n e s  or

153n ap h th o ls  in  r e f lu x in g  benzene to  produce sp iro -2 ,4 * -d ie n o n e s .

Thus 258 (R =H o r OMe) i s  form ed from  th e  r e a c t io n  w ith  th e

a p p ro p r ia te  c * - te t r a lo n e  or n a p h th -1 -o l .  N ap h th -2 -o l under th e

same c o n d itio n s  produced a  m ix tu re  o f  258 (R ^H ) and a  sm all amount

o f  259» S im ila r ly  3 * 4-~dihydr o p h en an th ren -1 - ( 2H) -one form ed 260

and 3-niethoxyphenol gave 261. The a u th o rs  p ropose  t h a t  when a k e to n e

i s  th e  s t a r t i n g  m a te r ia l  i t  i s  f i r s t  dehydrogenated  to  th e  p h en o l.
1 L

In  a  s im i la r  r e a c t io n  th e  azoke tone 262 r e a c t s  w ith  o - c h lo r a n i l  or

o -b rom an il to  g iv e  th e  sp iro d ie n o n e  263 (X = C1 o r Br) in  31 an'd

51$ y ie ld s  r e s p e c t iv e ly .

A d d itio n  r e a c t io n s  o f  th e  quinone carbony l group can a lso  le a d  

155to  d ie n o n es. T reatm ent o f  2 , 6-d im ethoxy-1 ,4--benzoquinone w ith

156d ia z o e th a n e  y ie ld e d  264- and 1,4-~benzoquinone r e a c te d  w ith  th e

phosphorane 265 (a carbon n u c le o p h ile )  to  form  266.

157P h en y liso c y an a te  i s  r e p o r te d  to  add to  1, 2-benzoquinone to  

g iv e  267.

Two sy n th eses  o f  one o f  th e  s im p le s t h e te r o c y c l ic  s p iro d ie n o n e s ,

1,4--benzoquinone m onoethylene k e t a l  268 have r e c e n t ly  ap p ea red . The 

158f i r s t  p roceeded  from  th e  b is ( e th y le n e  k e t a l )  o f  cy c lo h ex a -1 , 4--dione 

w hich was brom inated. and dehydrobrom inated  to  g iv e  1 ?4--benzoquinone

51
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b is ( e th y le n e  k e t a l )  which on p a r t i a l  h y d ro ly s is  gave 93% o f 268.

159The second s y n th e s is  i s  an example o f  an Ar^-5 p a r t i c ip a t io n  

r e a c t io n  (see  S ec tio n  1 .3 .1 ) .  2 -P henoxyethanol was io d in a te d  to  

g iv e  269 which on i r r a d i a t i o n  a ffo rd e d  268 in  84.% y ie ld ,  p ro v id ed

*16oth e  r e a c t io n  was c a r r ie d  o u t on a  sm all s c a le ,

S p irod ienones a re  produced  by  th e  d im e r is a tio n  o f  quinone

161m e th id es . Chauhan e t  a l  p re p a re d  1 ,2~naphthoquinone~1-m ethide 

by h e a tin g  1 -d im ethy lam inom ethy l-2 -naph tho l and found t h a t  i t

e x is te d  as th e  dim er 270, d i s s o c ia t in g  in to  th e  monomer a t  160-
o *j ̂ 2

200 . However a  l a t e r  r e p o r t  found th a t  naph thoquinone m eth ide

dim er changed to  an iso m e ric  sp iro d ie n o n e  271 on h e a t in g  above 80°.

S p iro d ien o n es  in  N a tu ra l P ro d u c ts

The sp iro cy c lo h ex ad ien o n e  s t r u c tu r e  occurs  in  two main c la s s e s

o f  n a tu r a l  p ro d u c ts ,  fu n g a l m e ta b o li te s  and a lk a lo id s .  I t  a ls o

o ccu rs  in  an o x id a tio n  p ro d u c t o f  v ita m in  E, w hich i s  th o u g h t to

be a l i v e r  m e ta b o li te .

V itam in E O x id a tio n  P roduc t

V itam in E o r <s<f-tocopherol 272 (R =  C ^ H ^ )  was f i r s t  o x id ise d

to  th e  d im eric  p ro d u c t w ith  a lk a l in e  f e r r ic y a n id e  by  M artiu s  and 
163M lin g s f e ld  in  1959, and th e  s t r u c tu r e  o f  th e  p ro d u c t was

16Z.in v e s t ig a te d  by many w orkers b e fo re  b e in g  determ ined  as  273,

one o f  th e  fo u r  p o s s ib le  sp iro d ie n o n e  iso m ers . A nother f e r r i -  

165cyan ide  o x id a tio n  o f  o d .-to co p h e ro l y ie ld e d  32% o f  273 to g e th e r

w ith  a sm all amount o f  a t r im e r ic  p ro d u c t fo rm u la ted  as  27A.

165S im ila r  s tu d ie s  w ere c a r r ie d  o u t on th e  model compound 272
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(R =M e) and i t  was p roposed  t h a t  th e  i n i t i a l  s te p  i n  th e  o x id a tio n

Was th e  fo rm atio n  o f  th e  d ip h e n y le th a n e  275., which th e n  underw ent

166in tra m o le c u la r  c o u p lin g . L a te r  i t  was re p o r te d  t h a t  a more

l i k e l y  mechanism i s  th e  i n i t i a l  fo rm atio n  o f a 1 ,2 -q u in o n e  m eth ide

276 w hich th e n  d im eriso d .

167I t  was n o tic e d  t h a t  th e  n .m .r .  spectrum  o f  th e  dim er showed

l o s s  o f i d e n t i t y  betw een th e  v in y l ic  and arom atic  m ethyl groups on

168r a i s i n g  th e  te m p e ra tu re  and t h i s  was ex p la in ed  by a c id - c a ta ly s e d  

r in g  opening to  a  phenoxonium io n  and subsequent r e c y e l i s a t io n

(Scheme I I I ) .  D ilu te  t r i c h l o r o a c e t i c  a c id  was s u f f i c i e n t  to

ach iev e  t h i s  and th e  r e s u l t  was u sed  to  ex p la in  th e  o th e rw ise

somewhat p u z z lin g  re d u c t io n  o f  th e  dimer to  th e  d ip h e n y l e thane

169275 by  a sc o rb ic  a c id .  An o x id a t iv e  d im e r is a tio n  to  a compound 

277, s im ila r  to  th e  v ita m in  E o x id a tio n  p ro d u c t, has  r e c e n t ly  

been r e p o r te d .  ^

Fungal M e ta b o lite s

G ris e o fu lv in  (from  P e n ic i l l iu m  s p e c ie s )

G r is e o fu lv in  i s  one o f th e  few m e d ic a lly  im p o rta n t a n t i -

171fungal, a g e n ts . I t s  g ro s s  s t r u c tu r e  was determ ined  as  278 and

172i t s  a b s o lu te  c o n f ig u ra tio n  su b se q u e n tly  e s ta b l is h e d .  I t  i s  a

red u ced  sp iro d ie n o n e  b u t i s  e a s i l y  o x id ise d  to  d e h y d ro g r is e o fu lv in

173279 by se len ium  d io x id e . Compound 279 has been s y n th e s is e d  from  

g riseophenone  A 280 by s e v e ra l  w o rk e rs , in  60% y ie ld  by a lk a l in e
10 /

f e r r ic y a n id e  o x id a tio n  and q u a n t i t a t i v e l y  by e i th e r  le a d  .

175d io x id e  or manganese d io x id e  in  e th e r -a c e to n e .  A nalogues o f
”1 7 /  "176

g r is e o f u lv in  have been p re p a re d  9 v ia  th e  o x id a tio n  o f th e  

a p p ro p r ia te  benzophenones to  th e  d e h y d ro g r is e o fu lv in s  281
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f. ;  . * 5 .

(R1 -  H, F, Cl o r B r ; R 2 -  H or 015 R3 = H o r Me; R^ -  OMe).

120C u r tis  e t  a l  have p o s tu la te d  t h a t  b u lk y  s u b s t i tu e n ts  in  th e  ' .
/  /

6 and 2 an d /o r  6 p o s i t io n s  favour1 o x id a tiv e  coup ling  o f  th e  

benzophenones.

The c a rb o x y lic  a c id  282 o b ta in e d  by a c id  h y d ro ly s is  o f  279

has been o x id ise d  to  d e h y d ro g rise o fu lv o x in  283 in  65% y ie ld  by
177manganese d io x id e  in  a c e to n e - e th e r , I t  has n o t been

a s c e r ta in e d  w hether th e  g r is e o fu lv o x in  s t r u c tu r e  o ccu rs  n a t u r a l l y .

■Qeodto .and B rain  (from  A sp e rg illu s  t e r r e u s )

These s t r u c tu r e s  w ere de term ined  as 284- ( R —H) and 284-
178(R ts Me) r e s p e c t iv e ly  by  B arton  and S c o tt .  Geodin m ethyl 

173e th e r  was p re p a re d  in  33% y ie ld  by a lk a l in e  f e r r ic y a n id e  o x id a tio n

o f  6 -0 -m ethy ld ih y d ro g eo d in  285. On tre a tm e n t w ith  80% su lp h u r ic

179a c id  geodin  and e rd in  f u r n is h  t h e i r  r e s p e c t iv e  h y d ra te s  286

(R,s=H or Me) w hich a re  p re c u rs o rs  o f a  second c la s s  o f  compound.

Geodoxin (from  A s p e rg il lu s  t e r r e u s )

Geodoxin has th e  s t r u c tu re " ^ ^  287. I t  has been s y n th e s is e d ^ ^

in  88% y ie ld  from  geodin  h y d ra te  286 (R =  H) by o x id a tio n  w ith

le a d  d io x id e  in  e th e r .

S im ila r ly  from  Oospora su lp h u re a -o c h ra c e a  th e  compounds

su lo c h r in  288, d ech lo ro g eo d in  289, a s t e r r i c  a c id  290 and

182dech lo rogeodox in  291 have been i s o l a t e d .  These compounds

have been in te rc o n v e r te d  in  v i t r o , w ith  288 g iv in g  289 in  20%
; 183y ie ld  on tre a tm e n t w ith  a lk a l in e  f e r r ic y a n id e  ^  and 291 form ed

181from  290 in  71% y ie ld  by o x id a tio n  w ith  le a d  d io x id e  in  e th e r .
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P ic ro l ic h e n 'ic  a c id  (from  P e r tu s a r ia  am ara)
18AI t s  s t r u c tu r e  was de term ined  as  292., and confirm ed by a 

185s y n th e s is  in  2$% y i e ld ,  in  w hich th e  p h en o lic  e s te r  293 was 

t r e a t e d  w ith  15 e q u iv a le n ts  o f  manganese d io x id e  in  benzene. No 

t r a c e  o f  o-p. co u p lin g  to  g iv e  th e  iso m e ric  compound 294- was 

o b serv ed ,

T h e lep in  (from  Thelepus s e to s u s )

T his compound, s im i la r  to  th e  fu n g a l m e ta b o li te s ,  was

r e c e n t ly  i s o l a t e d  from  a  m arine a n n e l id ,  and i t s  s t r u c tu r e  

186e s ta b l is h e d  as 295. The d iphenylm ethane, th e le p h e n o l 296 

a ls o  o ccu rs  in  th e  o rgan ism  b u t a tte m p ts  to  co n v ert i t  to  th e le p in  

by  o x id a tio n  w ith  a lk a l in e  f e r r ic y a n id e  or le a d  d io x id e  were 

u n s u c c e s s fu l .  T h e lep in  shows a n t i f u n g a l  a c t i v i t y  com parable w ith  

t h a t  o f g r i s e o f u lv in .

A lk a lo id s

The number o f  in s ta n c e s  in  w hich th e  sp iro cy c lo h ex ad ien o n e  

s t r u c tu r e  i s  found e i th e r  in  n a t u r a l l y  o c c u rr in g  a lk a lo id s ,  or 

in  s y n th e t ic  in te rm e d ia te s ,  b o th  in  v ivo  and in  v i t r o  i s  sub­

s t a n t i a l  and t h i s  rev iew  w i l l  be i l l u s t r a t i v e  r a th e r  th a n  

com prehensive,

P ro ap o rp h in e  a lk a lo id s
18*7These a re  a group o f  a lk a lo id s  (abou t 30 in  number)

d e riv e d  from  1 -b e n z y lte tra h y d ro is o q u in o lin e s  by  in tra m o le c u la r

188o x id a t iv e  coup ling  and ty p i f i e d  by  p ro n u c if e r in e  297.
189 190P ro ap o rp h in es  have been s y n th e s is e d  by c l a s s i c a l  m ethods, ?

191 192by th e  P sch o rr c y c l i s a t i o n ,  by p h o to -d eh y d ro h a lo g en a tio n

193and by pheno l o x id a tiv e  c o u p lin g . B a t te rs b y  e t  a l  were
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1f i r s t  to  d u p lic a te  th e  p roposed  b io s y n th e t ic  pathw ay when th e y

co n v erted  o r i e n t a l i n e  298, by two phase f e r r ic y a n id e  o x id a tio n

to  th e  p ro ap o rp h in e , o r ie n ta l in o n e  299 (found as  a  n a tu r a l  p ro d u c t

two y e a rs  a f t e r  t h i s  .work). R ed u c tio n , by b o ro h y d rid e , to  th e  d ie n o l

fo llo w ed  by d ie n o l-b en zen e  rea rran g em en t in  m e th an o lic  h y d ro c h lo r ic  

193a c id  gave th e  ap o rp h in e , i s o th e b a in e  300, w h ile  d ien o n e-p h en o l 

1 9  Area rran g em en t o f  299 w ith  a m ix tu re  o f  a c e t ic  and h y d ro c h lo r ic

a c id s  y ie ld e d  is o c o ry tu b e r in e  301 (R w H) and w ith  m e thano lic

h y d ro c h lo r ic  a c id  produced co ry d in e  301 (R =  Me).

S p iro-2 ,4-~dienones r e l a t e d  to  p ro ap o rp h in e s  have been

19Ap re p a re d ; e .g .  two phase  f e r r ic y a n id e  o x id a tio n  o f  7 -h y d ro x y - 

1 - ( 2 ; - h y d r o x y 5 4-d im ethoxybenzyl) -6 -m ethoxy -2 -m ethy l- 1 ,2 ,3 ,  4-~ 

te tr a h y d ro is o q u in o l in e  gave a d ia s te re o is o m e r ic  m ix tu re  o f  d ienones 

302.
195F e rr ic y a n id e  o x id a tio n  o f  th e  p ro to sin o m en in e  d e r iv a t iv e

303 produced an o th e r  sp iro d ie n o n e  system  304- w hich i s  an in te rm e d ia te

196on a  b io s y n th e t ic  pathw ay to  a p o rp h in e s . Compound 304- i s  a ls o

c a l le d  p ro e ry th r in a d ie n o n e  due to  i t s  im portance in  th e  b io s y n th e s is

197o f  E ry b h rin a  a lk a lo id s  (se e  p . 6 5 ). A r e c e n t  r e p o r t  d e t a i l s  a

pho tochem ical s y n th e s is  o f  304- and i t s  p h o to -rea rra n g em en t to  th e

ap o rp h in e , b o ld in e .

Homoproaporphines a r e 's i m i l a r  to  p ro ap o rp h in e s  b u t d e riv e d

from  1 -p h e n e th y lis o q u in o l in e s .  The o n ly  n a t u r a l l y  o c c u rr in g

198member i s  k re y s ig in o n e  305. a lth o u g h  s e v e ra l  an a logues  have

199 200been p rep a red  ? by o x id a tio n  o f th e  co rresp o n d in g
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201p h e n e th y l is o q u in o l in e s j ' a  r e c e n t  r e p o r t"  d e s c r ib e s  th e  u se  o f  

anod ic  o x id a tio n  to  p roduce hom oproaporphines in  y ie ld s  o f  up to  

A0%,

Homoproaporphines undergo d ieno n e-p h en o l and, a f t e r

r e d u c t io n ,  d ie n o l-b en zen e  rea rran g e m en ts  to  hom oaporphines in

202th e  same way as p ro a p o rp h in e s . O x id a tio n  o f  a 1-p h e n y l-

p ro p y lte tr a h y d ro is o q u in o lin e  d e r iv a t iv e  w ith  f e r r ic y a n id e  
2o "3

produced  a sp iro d ie n o n e  306.

M orphinandienone a l k a lo id s

1 2 20/A m orphinandienone 307 (R -  OH, R =* H) was s y n th e s is e d

in  1963 from  ih e b a in e  and was l a t e r  found to  be a n a tu r a l  p ro d u c t

s a lu t a r id in e ,  a b io s y n th e t ic  p re c u rs o r  o f -morphine. C o n sid e rab le

work was c a r r ie d  o u t on th e  o x id a t iv e  cou p lin g  o f  r e t i c u l i n e  306

to  g iv e  s a lu t a r id in e  (p a r a - o rth o  c o u p lin g ) , r a th e r  th a n

p a l l i d i n e * ^  307 (R*̂  »  H, R^ »  OH, p a ra -p a ra  c o u p lin g ) o r th e

ap o rp h in e , is o b o ld in e  (o r th o -p a ra  c o u p lin g ) .

206The d e s ire d  r e a c t io n  was f i r s t  ach ieved  u s in g  a two

phase  f e r r ic y a n id e  o x id a tio n  to  g iv e  s a lu t a r id in e  in  0 . 03% y ie ld

207(d e te rm ined  by a r a d io d i lu t io n  te c h n iq u e ) .  A l a t e r  o x id a tio n  

u s in g  th a l l iu m  t r i f l u o r o a c e t a t e  im proved th e  y ie ld  to  23%.

^ 4.-, -u ,201,208-10 .M orphm andienones have r e c e n t ly  been  p rep a red  J m

h ig h  y ie ld s  by anod ic  o x id a tio n  o f  b o th  p h e n o lic  and n o n -p h en o lic

1 -b e n z y l te t r a h y d ro is o q u in o lin e s .  A second c la s s  o f  m orphinan-

d ienones a re  d ia s te re o is o m e rs  o f  s a lu t a r id in e  and i t s  d e r iv a t iv e s
211and a re  ty p i f i e d  by s in o a e u t in e  309*

A s y n th e s is  o f  th e  u n u su a l d ib e n zazo n in e  a lk a lo id
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p ro to s te p h a n in e  312 (hav ing  two methoxy group meta to  one a n o th e r)  

212was r e p o r te d ,  in  w hich a 1-b e n z y lis o q u in o lin e  was o x id ise d  to  

th e  m orphinandienone 310; t h i s  a f t e r  e t h e r i f i c a t i o n ,  re d u c t io n  

and. d ie n o l-b en zen e  rea rran g em en t gave th e  sp iro d ie n o n e  311 which 

cou ld  be co n v erted  to  312.

Homomorphinandienones a re  known, and an example i s  a n d ro -

213 - 21/cymbine 313. A d e r iv a t iv e  o f  androcym bine has been  o b ta in e d  +

by a two phase f e r r ic y a n id e  o x id a tio n  o f  a  1-p h e n e th y l te tr a h y d ro -

215is o q u in o l in e ,  h o m o re tic u lin e . Androcymbine has been found to
*

be a  b io s y n th e t ic  p re c u rs o r  o f  c o lc h ic in e .

l ^ y t h r i n a  a lk a lo id s

A lthough none o f  th e  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

21  (Si s  ..a sp iro d ie n o n e , t h e i r  sy n th e se s  and b io sy n th e se s  p roceed

th ro u g h  an im p o rta n t in te rm e d ia te ,  ery sod ienone  314-. E rysodienone 

217was p re p a re d  in  35% yield by o x id a tiv e  co u p lin g  o f  th e  b i s -
217(p h en e th y l)-am in e  315 and t h i s  le d  to  3 j5  b e in g  proposed  a s  a

218b io s y n th e t ic  p r e c u r s o r .  L a te r  work, how ever, showed t h a t  th e

1-b e n z y l te t r a h y d ro is o q u in o l in e ,  N -norp ro tosinom enine 316 was a 

p re c u rs o r  and th e  mechanism o f i t s  co n v ers io n  was su g g es ted  to  

be as  shown ( Scheme I V ) .
219An ery sod ienone  ty p e  - compound 320 h a s  been p re p a re d  

from  a  1 -b e n z y lis o q u in o lin e , a lth o u g h  n o t by th e  b iogenet-ic  

ro u te .... Compound 317 on tre a tm e n t w ith , vanadium ...oxytri c h lo r id e  

was co n v erted  to  th e  m orphinandienone 318 which th e n  le d  to  th e  

d ib e n zazo n in e  319. o x id a tio n  o f  w hich, by  f e r r ic y a n id e ,  gave 320. 

R e c e n tly , th e  f i r s t  two s te p s  o f Scheme IV have been c a r r i e d
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p2oo u t in  v i t r o . ~ N - t r i f  lu o ro  a c e ty l  ~N~norproto s in  omenine on

o x id a tio n  w ith  vanadium  o x y tr ic h lo r id e  gave th e  N - t r i f l u o r a c e ty l -

p ro e ry th r in a d ie n o n e  w hich was th e n  co n v erted  to  th e  d ib e n zazo n in e .

221A n o v e l sp iro d ie n o n e  s t r u c tu r e  322 was fo rm ed ' by  a c id -  

ca ta ly se d - rea rran g em en t o f  th e  p ro e ry th r in a d ie n o n e >321, o b ta in e d

222by o x id a tio n  o f  th e  p ro to s in o m e n in e -ty p e  p re c u r s o r .  R ecent w o r k "

h as  shown t h a t  tre a tm e n t o f  N -fo rm y llaudanosine  3.23 w ith  vanadium

o x y t r i f lu o r id e  in  t r i f l u o r o a c e t i c  a c id  le a d s  to  a sm a ll amount

o f  th e  a p o rp h in e , N -fo rm y lg lau c in e  and 55%° o f  a d ienone ^2L, o f

s im i la r  s t r u c tu r e  to  322. Compound 324- was e a s i l y  co n v erted  to

th e  d ib enzazon ine  325 by a c id - c a ta ly s e d  rea rran g em en t fo llo w ed  by

223m e th y la tio n . I t  was l a t e r  found t h a t  th e  o x id a tio n  o f 

N -fo rm y llaudanosine  p roceeded  th ro u g h  th e  m orphinandienone 326 

(R CEO) and th a t  O -m e th y lf la v in a n tin e  32.6 (R = .Me) was a lso
OOJ

co n v e rted "  to  th e  d ib e n zazo n in e  325 by a c id - c a ta ly s e d  r e a r r a n g e ­

ment and subsequen t r e d u c t io n .

The b io g e n e s is  o f  hom o ery th rin a  a lk a lo id s  i s  p roposed  to
225p a r a l l e l  t h a t  found f o r  e r y th r in a  a lk a lo id s .  H om oery thrina-

226dienone 328 has been p re p a re d  by  f e r r ic y a n id e  o x id a tio n  o f

227 -th e  amine 327; a l a t e r  r e p o r t  d e t a i l s  a b io g e n e t ic  s y n th e s is

in  w hich th e  h o m o proery th rinad ienone  329 on tre a tm e n t w ith  base

was co n v erted  in to  th e  d ib e n z a z e c in e  J3J30 w hich , on f e r r ic y a n id e

o x id a t io n ,  gave a m ix tu re  o f  328 and th e  iso m e ric  h o m o e ry th rin a -
22<?

dienone 331 in  15 and 1+5%° y i e ld s .  A nother sy n thesis '" ' °  f e a tu r e d  

th e  n o v e l o x id a tiv e  co u p lin g  o f  th e  p h e n y la c e ty lq u in o l in e  332, 

by  f e r r ic y a n id e ,  to  g iv e  a 67$ y ie ld  o f  th e  d ib e n z o q u in o liz in e
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dienone ^33 w hich w as‘th e n  reduced  to  328.

A m ary llidaceae  a lk a lo id s

Three c la s s e s  o f  A m ary llidaceae  a lk a lo id s  a re  known, two o f

w hich a re  b io s y n th e t i c a l ly  d e riv e d  from  s p iro d ie n o n e s . The common 

229p re c u rs o r  fo r  a l l  th r e e  c la s s e s  i s  th e  n o rb e l la d in e - ty p e

compound 22L (R = H o r Me). In  1962 th e  o x id a tio n  o f 334 (R - Me )
230w ith  f e r r ic y a n id e  o r manganese d io x id e  was r e p o r te d  to  y ie ld

.■khe o r th o -p a r  a coupled  p ro d u c t 335 w hich ta u to m e rise d  to  th e

a lk a lo id ,  narw edine 336. Some tim e l a t e r ,  th e  p a ra -p a ra  co u p lin g

231o f 334 (R ~ GOCF^) was ach iev ed  u s in g  vanadium o x y tr ic h lo r id e

to  g iv e  th e  sp iro d ie n o n e  337 w hich was th en  co n v erted  to  th e

232a lk a lo id  m a r i t id in e  338. Anodic o x id a tio n  o f 339 a ffo rd e d

th e  sp iro d ie n o n e  34-0 from  which th e  a lk a lo id  o x o c r in in e  was e a s i l y

233o b ta in e d . R e c e n tly , anod ic  o x id a tio n  o f th e  3 -b en zy lo x in d o le

341 produced th e  sp iro d ie n o n e  342 in  15% y ie ld .

C u la rin e  a lk a lo id s

The fo u r  members o f  t h i s  group a re  ty p i f i e d  by c u la r in e  i t s e l f

343, and th e r e  has been s p e c u la tio n  t h a t  th e  b io g e n e s is  o f  c u la r in e

proceed s by d ien o n e-p h en o l rea rran g em en t o f  a " p ro c u la r in e "
2 9/

sp iro cy c lo h ex ad ien o n e  344 (R =  H). Kametani e t  a l  J p re p a re d

th e  d ienone 344 (R ~ OMe) in  low y ie ld  by f e r r ic y a n id e  o x id a tio n
235o f  th e  1 -b e n z y l te tra h y d ro is o q u in o lin e  345 (R -  OMe) and fotm d 

t h a t ,  on tre a tm e n t w ith  c o n c e n tra te d  s u lp h u r ic  a c id ,  i t  

re a r ra n g e d  by oxygen m ig ra tio n  to  th e  c u la r in e - ty p e  compound 

346. The d ienone 344 (R ~  H) was s y n th e s i s e d ,* ^  as a m ix tu re  

o f  d ia s te re o is o m e rs ,  by f e r r ic y a n id e  o x id a tio n  o f  th e  is o q u in o l in e

7 0
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345 (R s  H) and one group found t h a t  i t  re a rra n g e d  to  th e
23 8apo rp h in e  34-7 w ith  c o n c e n tra te d  su lp h u r ic  a c id ,  w h ile  ano ther'"  

used  hydrogen c h lo r id e  in  m ethanol and i s o la te d  th e  1-b e n z y l 'te t r a -  

h y d ro iso q u in o lin e  350; t h i s  was found to  have a r i s e n  v ia  

in te rm e d ia te s  34-8 and 34-9.

P h e n a n th ro q u ln o liz id in e  a lk a lo id s

The a lk a lo id  c ry p to p le u r in e  354-. a member o f  t h i s  g roup , has
2 39 '>~z-been s y n th e s is e d  v ia  a  sp iro d ie n o n e . The q u ino ljid inone  351

(R «  H) was o x id ise d  w ith  manganese d io x id e  to  th e  d ienone 352

(R a  H), w hich, on d ien o n e-p h en o l rea rran g em en t w ith  a c e t ic

a n h y d r id e -su lp h u r ic  a c id  y ie ld e d  353; subsequen t h y d ro ly s is ,

m e th y la tio n  and r e d u c t io n  gave c ry p to p le u r in e  354-. The o x id a tio n
p/n ,v

s te p  has a lso  been c a r r i e d  o u t a n o d ic a l ly  "  on th e  luJLLy 

m e th y la ted  compound 351 (R ss Me) to  g iv e  th e  d ienone 352 (R «  Me) 

in  60% y ie ld .



MeO

MeO

HO OMe

346

Me

NMeMeO'

34 7

4-OMe

:S'3*i

MeO N Me

M e O ^ ^ X

OMe
3 4 9

* Me 0

MeO

NMe

,)k| Ij
;?A|



• - CHAPTER WO 

The S y n th e s is  o f  D iary lam ines and N -A cyld iary lam ines 

In tro d u c t io n

In  view o f th e  s u c c e s s fu l  o x id a tio n  o f  2 ,4 , ~ d ihydroxydiphenyl~  

a l k a l i e s ^ 2,113 2>4 , -d ih y d ro x y d ip h en y l e t h e r s ^ 5^-116 

s p iro d ie n o n e s , i t  was th o u g h t l i k e l y  t h a t  o x id a tio n  o f  2 ,4 -  

dihydroxydip lienylam ine d e r iv a t iv e s  355 (R = H  or a c y l)  w ould, by 

in tra m o le c u la r  co u p lin g , f u r n is h  a n o v e l n i t ro g e n -c o n ta in in g  

sp iro cy c lo h ex a~ 2 ,5 -d ien o n e  356. An H -acyl d e r iv a t iv e  was p a r t i c u l a r l y  

d e s ir e d  in  o rd e r t h a t  th e  lo n e  p a i r  o f  e le c tro n s  on th e  n i t ro g e n  

atom should  be p ro te c te d  d u rin g  th e  o x id a tio n  to  avo id  u n d e s ir a b le  

s id e  r e a c t io n s .  T h e re fo re  i t  was n e c e ssa ry  to  s y n th e s is e  d i a r y l -  

am ines and t h e i r  N -acyl d e r iv a t iv e s  s u b s t i tu te d  in  th e  2 -  and Im­

p o s i t io n s  w ith  groups w hich cou ld  su b se q u e n tly  be co n v erted  to  

hy d roxy l f u n c t io n s .

D iary lam ines a re  a c la s s  o f  compounds t h a t  have no e n t i r e l y
2 / i  2L2

s a t i s f a c to r y ,  g e n e ra l p r e p a ra t iv e  method. 3 A ryl h a l id e s  a re
2 /o

r e l a t i v e l y  in s e n s i t iv e  to  n u c le o p h il ic  s u b s t i tu t io n  and w i l l

u s u a l ly  r e a c t  o n ly  when one o r more e l e c t r o n - a t t r a c t i n g  groups

a re  s u b s t i tu te d  o r th o  o r p a ra  to  th e  ha logen  atom . N itro  groups

a re  p a r t i c u l a r l y  e f f e c t iv e  as a c t iv a t in g  s u b s t i tu e n ts  and 2 ,4 -

d in itro h a lo b e n z e n e s  w i l l  r e a c t  w ith  a ry lam in es  f a i r l y  r e a d i ly .

U n ac tiv a ted  a r y l  h a l id e s  can sometimes be induced  to  r e a c t  w ith
? IA 2/ ^

a ry lam in es  by c a t a ly s i s  w ith  copper or copper s a l t s ;  ’ v t h i s  

i s  known as th e  Ullmann co n d en sa tio n . A r e la t e d  r e a c t io n ,  a lso  

c a ta ly s e d  by copper compounds, i s  t h a t  between a r y l  h a l id e s  and
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N ~ ary lace tam ides , known as th e  G oldberg r e a c t io n .  These r e a c t io n s  

haye re c e iv e d  a t t e n t i o n 2^ * 24.7a j a r g eqy as  ro u t e s  to  d iphen y lam in e- 

2 -c a rb o x y lic  a c id s  v/hich can th e n  be co n v erted  to  9 -a c r id o n e s  and 

have been rev iew ed e lsew h ere . 2/,|'9?2 '̂8

V arious f a c to r s  a re  known to  in f lu e n c e  th e  r e a c t io n .

1. The a r y l  h a l id e  shou ld  b e a r an e le c tro n -w ith d ra w in g  group in  

o r th o  o r p a ra  p o s i t io n ;  2 -c a rb o x y a ry l h a l id e s  a re  o f te n  u se d ,

w ith  th e  i n i t i a l l y  form ed d ia ry la m in e -2 ~ e a rb o x y lic  a c id s  undergo ing  

subsequen t th e rm a l d e c a rb o x y la tio n  i f  th e  f r e e  d ia ry la m in e  i s  

d e s i r e d .2^9 *250

2. C a ta ly s is  can be o f fe re d  by  v a r io u s  form s o f  copper o r  i t s  s a l t s ,

251 • 252b u t "N aturkupfer C" and p r e c i p i t a t e d  copper a re  e s p e c ia l ly
o r  i

recommended; th e  minimum amount o f  copper was re p o r te d '''' ' ‘ to  be 2g 

p e r mole o f r e a c ta n t s .

24.93 . A b ase  i s  n e c e ss a ry  to  r e a c t  w ith  th e  l i b e r a t e d  hydrogen

253h a l id e ,  and p o ta ss iu m  c a rb o n a te  i s  th e  re a g e n t o f  ch o ice  a lth o u g h
p /  r

a su g g e s tio n  has been made t h a t  a t e r t i a r y  amine cou ld  a c t  a s  

combined s o lv e n t and b a se .
254. 2554-. S o lv en ts  found to  be u s e f u l  in c lu d e  n itro b e n z e n e , d ig lym e, 

DMSO,256 DMF,257 N ,N -d im ethy lacetara ide258 and HMPT.2^7b

5. A dd ition  o f  sm all q u a n t i t i e s  o f io d in e  or p o ta ss iu m  io d id e  has

259been found advan tageous.

6. P resen ce  o f v /a te r , i n  even t r a c e  am ounts, can p re v e n t r e a c t io n .

251A s tu d y  o f th e  r e a c t io n  betw een A -m e th y la c e ta n il id e  and 

bromobenzene showed t h a t  copper or a  copper s a l t  r e a c te d  w ith  a i r  and 

th e  amide to  form  an a c t iv e  c a t a l y t i c  s p e c ie s  w hich was s o lu b le  in



a lc o h o l b u t d e s tro y ed  b y ' sm all amounts o f w a te r . Running th e  r e a c t io n  

w ith o u t a  s o lv e n t gave double th e  h ig h e s t  y ie ld  o b ta in e d  w ith  a . 

s o lv e n t ( te tr a h y d ro n a p h th a le n e ) .

An a l t e r n a t iv e  s y n th e s is  o f  d ia ry la m in e s  i s  the.Chapm an 

260 2A8rea rran g e m en t. 3 T h is i s  th e  th e rm a l rea rran g em en t o f  a r y l

N ~ ary lbenzim idates 357 to  N -a ro y ld ia ry lam in es  359 v ia  a f o u r -

membered t r a n s i t i o n  s t a t e  , 358. The r e a c t io n  can be considered '"

to  be an in tra m o le c u la r  n u c le o p h il ic  a t ta c k  by th e  n i t r o g e n 1lo n e -

p a i r  e le c tro n s  on th e  r in g  carbon atom bonded to  oxygen. In

agreem ent w ith  t h i s ,  e le c tro n -w ith d ra w in g  groups on th e  a ry lo x y - r in g

f a c i l i t a t e  th e  r e a c t io n ,  w h ile  e le c tro n -d o n a t in g  s u b s t i tu e n ts  on th e

a ry lim in o -r in g  h e lp  by  in c re a s in g  th e  e le c tro n  d e n s i ty  on th e

26?n it ro g e n  atom. I t  was a ls o  found " t h a t  o rth o  s u b s t i tu e n ts  on th e  

a ry lo x y - r in g  were more e f f e c t iv e  th a n  p a r a ; t h i s  was a t t r i b u t e d  

to  an e n tro p y  e f f e c t .

The r e a c t io n  sequence from  amine and phenol to  d ia ry la m in e  i s  

summarised in  Scheme V. O v e ra ll y ie ld s  can be as h ig h  as  70% b u t 

r e a c t io n  c o n d itio n s  a re  c r i t i c a l ,  p a r t i c u l a r l y  in  th e  p y ro ly s is  s te p ,  

and many low y ie ld s  or f a i l u r e s  have been r e p o r te d .^<48,263

In  a d d i t io n  to  th e  c o p p e r-c a ta ly se d  co n d en sa tio n s  and th e  

Chapman rea rran g e m en t, s e v e ra l  m isc e llan eo u s  methods have been 

employed to  s y n th e s is e  d ia ry la m in e s . Many sym m etrica l compounds, 

in c lu d in g  d iphenylam ine i t s e l f ,  can be r e a d i ly  p rep a red  by h e a t in g  

to g e th e r  an amine and i t s  h y d ro c h lo r id e  o r by th e  r e a c t io n  o f  an 

a n i l in e  and th e  co rresp o n d in g  p h en o l, b u t th e s e  methods a re  l e s s  

s u i ta b le  fo r  u n sy m m e trica lly  s u b s t i tu t e d  compounds, w hich must be
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26/  / t
la b o r io u s ly  separated '" ' +vfrom  a complex m ix tu re . 2-Amin©~4 -

?65hydroxydiphenylam ine has  been p re p a re d "  by perm anganate o x id a tio n

o f  a m ix tu re  o f  1 ,2~diam inobenzene and p h en o l. The r e a c t io n  o f

266a r y l  G rignard  compounds w ith  n itro b e n z e n e  has g iven  d ia ry la m in e s

in  m oderate y i e ld ,  b u t has  n o t  been developed as a  s y n th e s is .

D iphenyliodonium  s a l t s  p roduce d ia ry la m in e s  on tre a tm e n t w ith  

267a n i l i n e s .  A ryl h a l id e s  r e a c t  w ith  th e  p o ta ss iu m  s a l t s  o f

268ary lam in es  in  l i q u id  ammonia to  a f f o r d  d ia ry la m in e s  in  good y i e ld ,  

b u t ,  s in c e  th e  r e a c t io n  p ro ceed s  by a benzyne in te rm e d ia te ,  

s u b s t i tu te d  a r y l  h a l id e s  g iv e  equim olar m ix tu res  o f  iso m e rs . O ther

le a v in g  groups have been u sed  in  n u c le o p h il ic  d isp la c e m e n ts , e .g .

269 270a d in i tro p h e n y l su lp h o n ie  e s te r  and a d in i tro p h e n y l sulphone

have b o th  g iven  d ia ry la m in e s  on t re a tm e n t w ith  a ro m a tic  am ines.
271In  a  v a r ia n t  o f  th e  Sm iles re a rra n g e m e n t, tre a tm e n t o f  th e  amide

365 w ith  base  removed a- p ro to n  to  g iv e  th e  an ion  366, w hich th e n  

underw ent in tra m o le c u la r  n u c le o p h il ic  d isp lacem en t to  y ie ld  th e  

d iphenylam ine d e r iv a t iv e  367. A r e c e n t  r e p o r t * ^  d e t a i l s  th e  

e l e c t r o p h i l i c  s u b s t i tu t io n  by  a r y l  a z id e s  o f a ro m a tic  hydrocarbons 

u s in g  Lewis a c id  c a t a l y s t s ,  to  g iv e  d ia ry la m in e s , b u t th e  p ro d u c ts  

a re  m ix tu res  o f  o r th o  and p a ra  iso m e rs .

In  th e  s y n th e s is  o f 2 ,4 / -d ihyd roxyd ipheny lam ine  or i t s  N -acy l 

d e r iv a t iv e s  by  c o p p e r-c a ta ly se d  r e a c t io n s  th e  p h e n o lic  groups must 

be p ro te c te d  to  p re v e n t unw anted s id e - r e a c t io n s  such as fo rm a tio n  

o f  d ia r y l  e th e r s .  Phenol e s t e r s  o f te n  decompose under th e  v ig o ro u s  

r e a c t io n  c o n d it io n s ,  and i t  i s  more common to  b lo c k  th e  hydroxy l 

g roups by e th e r  fo rm a tio n . In  th e  p re s e n t  i n v e s t ig a t io n  th r e e
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ty p e s  o f  e th e r  w ere em ployed, methoxy groups which can be c leav ed

by s e v e ra l  methods (see  l a t e r ) ,  b en zy l e th e r s  which a re  s u s c e p t ib le

to  h y d ro g en o ly s is  or a c id  h y d ro ly s is ,  and th e  methoxymethoxy group

w hich r e a d i ly  decomposes to  g iv e  a phenol on tre a tm e n t w ith  a 

272t r a c e  o f  a c id .  In  a d d i t io n  o th e r  fu n c tio n s  could  be co n v erted

to  p heno ls  j a n i t r o  s u b s t i tu e n t  011 re d u c t io n  to  the-am ine, fo llo w ed

by d ia z o t i s a t io n  and h y d ro ly s is  o f th e  r e s u l t in g  diazonium  's a l t

would g iv e  a hydroxy l g roup .. G rignard  compounds can be formed

from  brom ine s u b s t i tu e n ts  and can be co n v erted  to  ph en o ls  e i th e r

by tre a tm e n t w ith  t r im e th y l  b o ra te  and subsequen t o x id a tio n  o f th e
27 3r e s u l t i n g  b o ro n ic  a c id s  by a lk a l in e  p e ro x id e , " o r by  r e a c t io n

w ith  t - b u t y l  p e rb en z o a te  to  produce t - b u ty l -  e th e r s  w hich a re  th e n
on/.

e a s i l y  h y d ro ly sed  by  a c id . '~ '^

A ttem pted Syntheses o f  D iary lam ines by  E s ta b lis h e d  Methods

Ullmann R eac tio n s

The i n i t i a l  approach  to  a 2 ,A ^~ d ihydroxyd iary lam ine was to

a tte m p t an Ullmann r e a c t io n  betw een th e  com m ercially  a v a i la b le

4 ~ b en zy lo x y a n ilin e  and th e  a c t iv a te d  a r y l  brom ide, 1-b en zy lo x y -

2 -b ro m o -4 ,6 -d in itro b e n z e n e  to  g iv e  a  d in i t r o  s u b s t i tu t e d  2 , 4 , ~

d ibenzy loxyd ipheny lam ine . The p o ta ss iu m  s a l t  o f  2-bromo~4-,6 -  

275d in i tro p h e n o l f a i l e d  to  form  a b en zy l e th e r  when t r e a t e d  w ith  

b en zy l c h lo r id e  e i th e r  in  DMSO a t  room te m p e ra tu re  o r  a t  100°, or 

in  r e f lu x in g  DMF. T his f a i l u r e  may be due to  th e  e le c tro n -w ith d ra w in g  

e f f e c t  o f two n i t r o  g roups be ing  s u f f i c i e n t  to  red u ce  th e  nuc3.eo- 

p h i l i c  c h a ra c te r  o f  th e  phenoxide a n io n , o r to  th e  s t e r i c  h in d ran c e  

o f  th e  n i t r o  group and th e  brom ine atom o rth o  to  th e  oxygen.



W hichever reaso n  was im p o rta n t i t  was f e l t  -u n lik e ly  t h a t  th e

pheno l would undergo s e l f - r e a c t io n  under Ullmann c o n d itio n s  and

t h a t  p r o te c t io n  was u n n e c e ssa ry . The bromophenol and th e  amine

d id  n o t r e a c t  on h e a t in g  w ith o u t a copper c a ta ly s t^  in  th e  p re sen ce

o f  copper, b o th  w ith o u t a s o lv e n t and in  DMSO s o lu t io n ,  b la c k  t a r r y

m ix tu res  were o b ta in e d , chrom atography o f which y ie ld e d  sm all amounts

o f  4-*4-1-d ibenzy loxyazobenzene 368 ( id e n t i f i e d  by sp e c tro sc o p y  and

a n a ly s i s ) .  The same p ro d u c t was o b ta in e d  from  r e a c t io n s  between

4--b e n z y lo x y a n ilin e  and 1-b ro m o -2 -n itro b en zen e  in  th e  p re se n c e  o f

copper b ronze and p o ta ss iu m  c a rb o n a te , b o th  w ith o u t a s o lv e n t and

in  n itro b e n z e n e  s o lu t io n .  A lthough azobenzenes have n o t been

re p o r te d  from  Ullmann r e a c t io n s ,  th e y  have been form ed by copper-
on(s

c a ta ly s e d  a e r i a l  o x id a tio n  o f  a ry lam in es  in  p y r id in e  s o lu t io n .

The r e a c t io n  o f  4 --b en zy lo x y an ilin e  and 1 -bromo-2 -n itro b e n z e n e  was

accom plished  by h e a t in g  w ith  anhydrous sodium a c e ta te  w ith o u t a

277c a t a l y s t ,  (a  method s im i la r  to  t h a t  u sed  fo r  4-~m ethoxyaniline 

and 1 -c h lo ro -2 -n itro b e n z e n e )  and a f fo rd e d  4--benzylox y - 2 - n i t r o-  

d iphenylam lne 369 in  55% y ie ld .

F u rth e r  e x p lo ra t io n  o f  ro u te s  in v o lv in g  Ullmann r e a c t io n s  was 

made w ith  th e  cheaper 4 --m ethoxyan iline . A m ix tu re  o f  4 --m ethoxyan iline , 

2 -b ro m o an iso le , p o ta ss iu m  c a rb o n a te  and copper b ronze  on h e a t in g ,  

b o th  a lo n e  and w ith  th e  a d d i t io n  o f a sm all amount o f  p y r id in e ,  

gave a low y ie ld  o f 4-,4-^-dim ethoxyazobenzene ( i d e n t i f i e d  by a n a ly s is  

and m .p .) .  T his p ro d u c t was a ls o  form ed in  r e a c t io n s  betw een 

4--m ethoxyaniline and 2-bromo-5 - n i t r o a n i s o le  b o th  in  th e  p re se n c e  o f  

p o ta ss iu m  c a rb o n a te  and copper b ro n ze , and a ls o  when sodium a c e ta te



w ith o u t copper was employed.. I t  was l ik e w is e  i s o l a t e d  when 

4-~m ethoxyaniline was h e a te d  w ith  2.-h ro m o -4 -n itr  o a n iso le  e i th e r  

i n  th e  p re sen ce  o f  p o ta ss iu m  c a rb o n a te , copper and a sm all 

amount o f p y r id in e ,  o r in  r e f lu x in g  DM'1 w ith o u t a c a t a l y s t .  No 

p ro d u c t was o b ta in e d  when th e  above s t a r t i n g t m a te r ia ls  were 

h e a te d  w ith  anhydrous sodium a c e ta t e .  The azobenzene was a lso  

form ed in  r e a c t io n s  betw een 4 -n ie th o x y an ilin e  and 2-brom o~4,6~ 

d in i tro p h e n o l or 2 -b ro m o~ 4-n itropheno l in  ^he p re sen ce  o f  

p o ta ss iu m  c a rb o n a te  and e i th e r  copper b ronze or copper ( i )  ch lo r  

In  a l l  th e  above r e a c t io n s  w ith  4 -n ie th o x y an ilin e  th e  e f f e c t  o f  

v a ry in g  th e  te m p e ra tu re  and d u ra tio n  o f  th e  h e a t in g  was t r i e d  

u n s u c c e s s fu l ly  and th e  r e a c t io n  m ix tu res  were in v a r i a b ly  b la c k  

and t a r r y ;  column chrom atography was u sed  to  i s o l a t e  th e  azo - 

benzene in  y ie ld s  o f 1-S%, The o x id a tio n  o f  th e  a n i l in e  to  th e  

azobenzene, a lth o u g h  p ro b a b ly  c o p p e r -c a ta ly se d , would seem to  be 

f a c i l i t a t e d  by th e  p re se n c e  o f  n i t r o  groups on th e  a r y l  bromi.de 

w hich could  a ls o  a c t  as o x id a n ts .

R eac tio n  o f 2 -m eth o x y an ilin e  and 4 -b rom oan iso le  in  th e  

p re se n c e  o f copper b ronze and e i th e r  p o ta ss iu m  c a rb o n a te  o r 

p y r id in e  gave no p ro d u c t as  d id  s im i la r  r e a c t io n s  betw een 2 - 

b ro m o an ilin e  and 1,4~dibrom obenzene; no azobenzene was d e te c te d  

in  e i th e r  c a se .

As th e  s t a r t i n g  m a te r ia ls  w ere a v a i la b le ,  i t  was d ec id ed  to  

d e term in e  w hether a n i t r o  s u b s t i tu e n t  in  th e  a n i l in e  would 

f a c i l i t a t e  th e  r e a c t io n .  A cco rd ing ly  a m ix tu re  o f  4 -m ethoxy-2 - 

n i t r o a n i l i n e ,  2~ brom oaniso le , p o ta ss iu m  c a rb o n a te , copper b ronze



/ J
gave, on h e a t in g ,  2 ,4  --diiTiethoxy-2 •-n itrod ipheny lam ine  370, in  92% 

y ie ld .  -R eaction o f  2~ m ethoxyaniline  w ith  4 -b ro m o ~ 3 -n itro a n iso le  

u n d e r ' i d e n t i c a l  c o n d itio n s  to  th e  above gave th e  same p ro d u c t b u t 

in  o n ly  12%. y ie ld .  These r e s u l t s  a re  piuzzling as  th e y  seem to  

show th e  r e v e rs e  o f  th e  norm al e f f e c t  o f  a n i t r o  group in  th e  a r y l  

brom ide f a c i l i t a t i n g  th e  r e a c t io n  due to  s t a b i l i s a t i o n  o f  th e  

V/heland in te rm e d ia te ,  and a n i t r o  group in  th e  amine h in d e rin g  i t  

due to  th e  d e c re a se  in  e le c t r o n  d e n s i ty  .on th e  n i t ro g e n  atom.

A nother s u rp r is in g  r e s u l t  was th e  r e a c t io n  o f 2 -m e th o x y ~ 5 -n itro a n iiin e  

w ith  A -brom oanisole under s im i la r  c o n d itio n s  to  p roduce 2 ,4 .* ,Al/~ 

t r im e th o x y -5 -n i tro tr ip h e n y la m in e  371 ( s t r u c tu r e  d e term ined  by 

sp e c tro sc o p y  and a n a ly s i s )  in  12% y ie ld j  no t r a c e  o f  co rresp o n d in g  

d iphenylam ine was found .

G oldberg R eac tio n s

As th e  above r e s u l t s  made i t  seem u n l ik e ly  t h a t  Ullmann r e a c t io n s  

would f u r n is h  a p r a c t ic a b le  ro u te  to  th e  d e s ire d  d ia ry la m in e  

d e r iv a t iv e s ,  a t t e n t io n  was tu rn e d  to  Goldberg r e a c t io n s .  2~Methoxy~ 

a c e ta n i l id e  and 4 -b ro m o an iso le , on h e a t in g  in  th e  p re se n c e  o f 

copper b ronze and p o ta ss iu m  c a rb o n a te , gave a m ix tu re  which 

c o n ta in e d  th e  d e s ir e d  p ro d u c t to g e th e r  w ith  u n re a c te d  s t a r t i n g  

m a te r ia ls .  The unchanged a c e ta n i l id e  could  be removed by  s e le c t iv e  

h y d ro ly s is  w ith  10M s u lp h u r ic  a c id ,  and subsequen t chrom atography 

a f fo rd e d  N-2~m etboxyphenyl~N-A-m ethoxyphenylacetam ide 372 in  37% 

y ie ld .  H y d ro ly s is  o f  th e  p ro d u c t w ith  e th a n o lic  p o ta ss iu m  

h yd rox ide  gave o n ly  poor y ie ld s  o f a su b stan ce  l a t e r  shown to  be



2 ,4 -d im ethoxyd ipheny lam ine 4-03 by com parison w ith  an a u th e n t ic  

sample (p . 93)*

A ttem pts to  r e a c t  4 -h ro m o a c e ta n ilid e  w ith  2~brom oaniso le , 

and 4 - n i t r o a c e ta n i l id e -  w ith  1-bromo-2 -n itro b e n z e n e  under a 

v a r i e ty  o f  c o n d it io n s ,  we r e  u n s u c c e s s fu l;  a  s u r p r is in g  r e s u l t  

in  th e  l a t t e r  in s ta n c e  as  4 - n i t r o a c e t a n i l i d e  has been r e p o r te d * ^  

to  r e a c t  in  good y ie ld  w ith  brom obenzene.

279S ince 1-benzyloxy-2-brom obenzene decomposes on h e a t in g ,

i t  cannot be u sed  in  a G oldberg r e a c t io n  w ith  4 -b e n z y lo x y a c e t-

a n i l id e  to  produce N -a c e ty l~ 2 ,4 / -d ib en zy lo x y d ip h en y lam in e , and

th e  l e s s  r e a d i ly  a v a i la b le  2 -b e n z y lo x y a c e ta n il id e  was th e r e f o r e

p re p a re d . 2-Aminophenol was s e l e c t i v e ly  N -a c e ty la te d  by th e  method

280of F ie rs -D av id  and K uster and 0 -b e n z y la te d  as d e sc r ib e d  

281e lse w h e re ;^  4~bromophenol was b e n z y la te d  in  d ry  a c e to n e  in  th e

p re se n c e  o f  p o ta ss iu m  c a rb o n a te  to  g iv e  1-b e n z y lo x y -4 -b romobenzene 

in  95% y i e ld .  The r e a c t io n  o f th e  a r y l  brom ide w ith  th e  a c e ta n i l id e  

was c a r r ie d  o u t under a v a r i e ty  o f  c o n d itio n s  w ith  u n s a t i s f a c to r y  

r e s u l t s ;  e x te n s iv e  decom position  to o k  p la c e  and r e p e a te d  chroma­

to g ra p h y  gave o n ly  t r a c e  amounts o f  a  m a te r ia l  w ith  an d i f f e r e n t  

to  t h a t  o f s t a r t i n g  m a te r ia l  and w ith  th e  c o r r e c t  i n f r a r e d  

a b s o rp t io n s . 

x Chapman R earrangem ents

The i n i t i a l  aim  was to  p re p a re  th e  b en z ira id a te  362 (R as. 4-PhCH20,
"1 2^2R — P-PhCH^O) by r e a c t io n  o f  th e  known N -4 -benzy loxypheny l- 

benzim idoy l c h lo r id e  w ith  th e  sodium s a l t  o f  2 -b en zy lo x p h en o l, and



to  r e a r ra n g e  t h i s  to  th e  N -N -diphenylbenzam ide 363 (R *» 4-PhCII^O,

R ss S-PhCH^O). T reatm ent o f N-4-benzyloxyphenyTben zamide w ith  

th io n y l  c h lo r id e  fu rn is h e d  th e  benzim idoyl c h lo r id e  in  good y ie ld ,  

b u t numerous a tte m p ts  to  ind u ce  i t  to  r e a c t  w ith  sodium 2 -benzy l~
p /g

oxyphenoxide under th e  s ta n d a rd  c o n d itio n s  t (see  E xperim en ta l)

w ere u n s u c c e s s fu l ,  as w ere a tte m p ts  u s in g  s o lv e n ts  w hich fav o u r

n u c le o p h il ic  d isp la cem e n ts  (DMSO and DMF) and an a tte m p t em ploying

269th e  f r e e  phenol in  p y r id in e ,  (a method re p o r te d  a s  an improvement 

in  d i f f i c u l t  c a s e s ) .  H eating  th e  r e a c t io n  m ix tu res  d id  n o t prom ote 

r e a c t io n  and in  a l l  c a se s  N~4~*b en zy loxyphenylb  on sami de was 

q u a n t i t a t i v e l y  re c o v e re d  on quenching  th e  r e a c t io n  w ith  w a te r ; i t  

would seem t h a t  th e  an ion  o f  2 -benzy loxyphenol was to o  s t e r i e a l l y  

h in d e re d  to  r e a c t .  N -4 -benzy loxyphenylbenzim idoyl c h lo r id e  d id , 

how ever, r e a c t  w ith  th e  sodium s a l t s  o f  2-m ethoxyphenol and 2 -  

n i t ro p h e n o l to  p roduce r e s p e c t iv e ly  2-m ethoxyphenyl N-4-b en zy lo x y - 

pheny lb en z im ld a te  373 in  32% y ie ld ,  and 2 -n ltro p h e n y l N -4 -b en zy l-  

oxyph enylb en z lm id a t e 374 in  55% y ie ld .  An a tte m p t to- u se  th e  

monosodium s a l t  o f  1 ,2 -d ihy d ro x y b en zen e  in  a  r e a c t io n  w ith  th e  

above benzim idoyl c h lo r id e  p roduced , a f t e r  chrom atography, a sm all 

amount o f  homogeneous, amorphous m a te r ia l  w ith  th e  expec ted  

in f r a r e d  spectrum ; an a tte m p t to  c h a r a c te r i s e  t h i s  as th e  0 -  

e thox y carb o n y l d e r iv a t iv e  l ik e w is e  gave amorphous m a te r ia l .

The d e s ire d  2 ,4 / ~ d ibenzy loxybenzim idate  was l a t e r  p re p a re d  

by  th e  a l t e r n a t iv e  r o u te .  N-2-Benzyloxyphenylbenzam ide 375 was 

p rep a red  in  a s im i la r  manner to  2-b  en zyloxyac e t a n i l i d e , and on



tre a tm e n t w ith  th io n y l  c h lo r id e  fu rn is h e d  th e  b e n z im id o y l.c h lo r id e  

as an o i l  which could  n o t be c r y s t a l l i s e d , (many benzim idoy l
o/g

c h lo r id e s  a re  l i q u id s  a t  room te m p e ra tu re  ) .  R eac tio n  w ith

th e  sodium s a l t  o f  4~benzyloxyphenol under th e  s ta n d a rd  c o n d itio n s

a f fo rd e d  4 -ben zy loxyphenyl N -2-benzyloxyphenylben z lm id a te  376 in

70% y ie ld .  In  one experim ent th e  o n ly  p ro d u c t i s o la te d  ( in

m oderate y ie ld )  was i d e n t i f i e d  by a n a ly s i s ,  n .m .r .  sp e c tro sc o p y

and m .p ., as 1,4~ d ibenzy loxybenzene , w hich was p o s s ib ly  formed by

r e a c t io n  betw een th e  benzim idoy l c h lo r id e  and th io n y l  c h lo r id e

s t i l l  p re s e n t  to  g iv e  b en zy l c h lo r id e  which then  b e n z y la te d  th e

4 -b  en zy l oxyph en ox i d e .

W -4-M ethoxyphenylbenzim idoyl c h lo r id e  and th e  sodium  s a l t  o f

2-m ethoxyphenol a f fo rd e d  2 -me t  ho xyph en y l  N ~4Hnetbox.yphe.ayib en zimi d a le

377 in  93% y ie ld ,  w h ile  r e a c t io n  o f  H~2~bromophenylbenzimid,oyl 
282c h lo r id e  w ith  th e  sodium s a l t  o f  4-brom ophenol gave m a te r ia l  

w hich t . l . c .  showed to  be a  complex m ix tu re ; p u r i f i c a t i o n  was

th e re f o r e  n o t a tte m p te d . T h is was d is a p p o in tin g  c o n s id e r in g  t h a t

/ 3th e  2 ,2  -d ib rom obenzim idate  had been p re p a re d  in  good y ie ld .

The optimum d u ra tio n  and te m p e ra tu re  o f  th e  p y ro ly s is  

n e c e s s a ry  to  re a r ra n g e  b e n z im id a te s  v a r ie s  w id e ly * ^  and can o n ly  

be de term ined  by t r i a l  and e r r o r .  The d im ethoxybenzim idate  377 

gave a m ix tu re  o f  th r e e  com ponents, none o f w hich cou ld  be o b ta in e d  

c r y s t a l l i n e  a lth o u g h  i t  i s  l i k e l y  t h a t  one component was th e  

d ia ry lb en zam id e  and an o th e r  th e  f r e e  d iphenylam ine (se e  E x p e rim en ta l) . 

The optimum c o n d itio n s  fo r  rea rran g em en t o f  th e  4~benzyloxy~2 l ~ 

n it ro b e n z im id a te  374- were found to  be 200° fo r  20 m inu tes when an



80% y ie ld  o f N-A-ben zy loxyphenyl-N ~2-ni troph en y lb en  garnide 378 was 

. o b ta in e d . R earrangem ent o f  th e  2 ,4 /~ d ib en zy lo x y b en z im id a te  376 

under a  v a r i e ty  o f  c o n d itio n s  gave a m ix tu re  o f  f iv e  com ponents, 

a  minor one o f w hich was unchanged b en z im id a te . Two o th e r s ,  from  

t h e i r  chrom atograph ic and s p e c t r a l  p r o p e r t i e d ,  were assumed to  be 

th e  d ia ry lb en zam id e  and th e  f r e e  d iphenylam ine a lth o u g h  th e y  could  

n o t be o b ta in e d  p u re . A ttem pts a t  p u r i f i c a t i o n  by su b lim a tio n  under 

reduced  p re s s u re  le d  to  decom position  and p ro d u c tio n  o f 1 ,2 -d ih y d ro x y -  

benzene. The r e s u l t s  from  th e  rea rran g em en ts  were d is a p p o in tin g  

excep t f o r  th e  2 -n itro p h e n y l case  which was expected  to  r e a c t  w e ll 

due to  th e  a c t iv a t in g  e f f e c t  o f th e  e le c tro n -w ith d ra w in g  s u b s t i t u e n t ; 

how ever, many o th e r  case s  o f  b en z im id a te s  f a i l i n g  to  r e a r ra n g e  have 

been r e p o r te d ,

S y n th e s is  o f N ,N ~ diary lto luene-A -su lphonam ides

. None o f  th e  above r e a c t io n s  prom ised  to  p ro v id e  a  good p re p a ra t iv e  

ro u te  to  th e  d e s ir e d  2 ,4-^-d ihydroxydiphenylam ine d e r iv a t iv e s ,  w ith  

th e  p o s s ib le  e x c e p tio n s  o f  compounds 372 and 378. C o n sid erin g  t h i s  

and a ls o  th e  f a c t  t h a t  an N -a ry lsu lp h o n y l fu n c tio n  would be e s p e c ia l ly  

s u i ta b le  as  a b lo c k in g  group d u rin g  th e  o x id a tio n  to  th e  s p i r o ­

d ienone,- i t  was th o u g h t p o s s ib le  t h a t  N ~ ary lary lsu lphonam ides m ight 

r e a c t  w ith  a r y l  brom ides in  a G o ldberg -type  r e a c t io n .  P rim ary  

\a ry lsu lp h o n a m id e s  a re  known to  undergo n u c le o p h il ic  r e a c t io n s  w ith

a c t iv a te d  a r y l  h a l id e s ,  th e  r e a c t io n s  b e in g  c a ta ly s e d  by  copper,
38A-7copper ( I )  o r copper ( I I )  s a l t s ; " '  N -a ry la ry lsu lp h o n am id es  r e a c t

288w ith  a lk y l  h a l id e s  w ith o u t c a t a ly s i s  by copper.



. A cco rd ing ly , N ~4-taethoxyphenyltoluene-A ~suJphonann.de was 

h e a te d  w ith  2 -b ro m o an iso le , p o ta ss iu m  c a rb o n a te  and. copper b ronze 

to  g iv e  N ~2-m ethoxyphenyl-N -4~m ethoxyphenyltoluene-.4-sulphonann.de 

379 in  60% y i e l d , ■ The su ccess  o f t h i s  r e a c t io n  and a ls o  th e  f a c t  

t h a t  u n re a c te d  secondary  sulphonard.de was e a s i l y  removed from th e  

r e a c t io n  m ix tu re  by  e x t r a c t io n  w ith  a l k a l i ,  le d  to  f u r th e r  i n v e s t i ­

g a t io n  o f  th e  scope o f  th e  s y n th e s is .  A wide ran g e  o f  s u b s t i tu t e d  

N -ary lto luene~ 4~ su lphonam ides was t r e a t e d  w ith  a r y l  b rom ides, 

b e a r in g  b o th  e le c tro n -w ith d ra w in g  and e le c tro n -d o n a t in g  s u b s t i tu e n t s ,  

under a v a r i e ty  o f  c o n d i t io n s ,  and th e  optimum tim e and te m p e ra tu re  

f o r  th e  r e a c t io n  d e te rm in ed . I t  was found t h a t  th e  b e s t  y ie ld s  

w ere o b ta in e d  by h e a t in g  a t  180° fo r  24 hours ( le s s  in  th e  case  o f  

a r y l  brom ides b e a r in g  n i t r e  s u b s t i tu e n ts )  w ith o u t a s o lv e n t b u t

w ith  th e  a d d i t io n  o f  a 20% ex cess  o f  a r y l  brom ide. The c a t a ly t i c

252e f f e c t  o f  copper b ronze and p r e c i p i t a t e d  copper was eq u a l b u t 

g r e a te r  th a n  t h a t  o f  copper ( I )  o r  copper ( I I )  s a l t s ;  th e  a d d i t io n  

o f io d in e  o r p o ta ss iu m  io d id e  d id  n o t in c re a s e  th e  y ie ld .  “When 

th e  r e a c t io n  i s  c a r r ie d  o u t on a l a r g e  s c a le  w ith  an a c t iv a te d  

a r y l  brom ide i t  can become exo therm ic ( p a r t i c u l a r l y  in  th e  f i r s t  

hour) and c a re  i s  needed l e s t  th e  f l a s k  overflow  due to  th e  

f r o th in g  produced  by e v o lu tio n  o f  carbon d io x id e .

The y ie ld s  o f  t e r t i a r y  sulphonam ides o b ta in e d  a re  shown in  

VT able I .  I t  would be ex p ec ted  t h a t  th e  h ig h e s t  y ie ld s  would r e s u l t  

from  th e  p re sen ce  o f  e le c tro n -w ith d ra w in g  s u b s t i tu e n ts  in  th e  a r y l  

brom ide, and e le c tro n -d o n a t in g  ones in  th e  N -ary lsu lphonam ide w hich 

would in c re a s e  th e  n u e l e o p h i l i c i t y  o f  th e  n i t ro g e n  a to m .. T h is i s



T able I

No.

R eac tion  o f  sixlphonamid.es RĈ Ĥ , • Nil • SO^* C^H^Me-4

R

■with brom ides R / C^H^Br

R Y ield  o f  N ,N -d ia ry l-  
sulphonam id e (%)

379 4--MeO 2-MeO 63

m 2-MeO 4~MeO 84

380 4-MeO 4-MeO 82

381 4-MeO 4-Me 45

m . 4--Me 4--MeO 29
382 4--MeO H 70

382 H 4-MeO 14

m 4--Me H 7

383 H 4-Me 12

2 M 4~Me 4-Me 9

385 2~MeO 4-Ph 85
386 2-MeO 4-01 20

387 2-MeO 4-MeO, 2-Me 76

388 3,4-diM e 2-MeO 9

389 4--PhCH20 4-MeO 67

290 2-PhCH20 4~PhCH20 76

391 H 4 - no2 91

392 4~Me 4 - no2 64

393 4-MeO 4 - no2 84

m 3-MeO 4-N °2 86

m 4--PhCH20 4-N02 74
396 4-PhCH20 2-N02 98

397 3,4-diM e 2-N02 61

3-MeO 4-MeO 0

3-MeO H 0

H H 9

Y ie ld  by  m od ified  
method (o!-

(67)
(92)

(73)

(AA-)

(61)

(0 )

9 0



found to  be so*, b u t  a ls o  a lkoxy  and .phenyl groups in  th e  a r y l  

.brom ide do n o t low er th e  y ie ld s j  i t  i s  p ro b ab le  t h a t  th e  s u b s t i tu e n t  

in  th e  sulphonam ide i s  more im p o rta n t ,  as shown by th e  low y ie ld s  

o b ta in e d  when R i s  H o r Me and R* i s  o th e r  than  n i t r o .  In  

agreem ent w ith  t h i s  i s  th e  d i f f e r e n t  betw een r e a c t io n s  where 

R =  4-m ethoxy, -(compounds ^80 and 382) and s im ila r  r e a c t io n s  when 

R es 3~methoxy; th e  f a i l u r e s  in  th e  l a t t e r  case a re  p ro b a b ly  due 

to  th e  absence o f  th e  a c t iv a t in g  mesomeric e f f e c t  o f  th e  alkoxy  

g roup . The 4 -n itro b en aesu lp h o n am id es  o f  a n i l in e  and 4-m ethoxy- 

a n i l in e  were p re p a re d  and t r e a t e d  w ith  4 -b rom oan iso le  under th e  

above c o n d itio n s  to  g iv e  N -A -m ethoxyphenyl-N -phenyl-A -n itrobenzene- 

sulphona.mide 398 and N, N -b  i  s -  (4~me th o x y p h e n y l) - 4 - n i  t r  ob en zen e sizlphonamid e 

399 in  12 and 51% y ie ld s  r e s p e c t iv e ly .  The n i t r o  group in  th e  

sulphonam ide m o ie ty  would be expec ted  to  red u ce  th e  e le c t r o n  d e n s i ty  

on th e  n i t ro g e n  atom b u t o n ly  by an in d u c t iv e  e f f e c t ,  n o t  a mesomeric 

one, and t h i s  may e x p la in  why, a lth o u g h  th e  y ie ld s  w ere l e s s  th a n  

th o s e  in  th e  co rresp o n d in g  4 - to lu e n e su lp h o n y l case s  382 and 380 v iz  

14 and 82%, th e y  were n o t m arkedly  so .

W -4 -M tro p h en y lto lu en e-4 -su lp h o n am id e  was t r e a t e d  w ith  a r y l  

brom ides under th e  above c o n d itio n s  to  g iv e  m ix tu re s  w hich were 

shown by  t . I . e .  to  be f r e e  from  t e r t i a r y  sulphonam ide. Chroma­

to g rap h y  a f fo rd e d  sm all amounts o f  p ro d u c ts  shown by  a n a ly s is

and n .m .r .  sp e c tro sc o p y  to  be t r i a r y la m in e s . R eac tio n  w ith
280bromobenzene gave 4 -n it ro tr ip h e n y la m in e  400 in  7% y i e ld ,  w h ile  

from  4~brom otoluene was o b ta in e d  4 . 4 f-d im e th y l- 4 ^ - n i t r o t r i p h e n y l -  

amine 401 in  6% y ie ld , ,  and from  1 -b ro m o -4 -n itro b en zen e  was i s o la te d

91



4 , 4 1, 4 ^ - t r in l t r o t r ip h e n y la in in e  4-02 in  4% y ie ld .  No p ro d u c t was 

o b ta in e d  from  r e a c t io n s  betw een N -4 -* n itro p h en y lto lu en e-4 - 

sulphonaraide and 4~ brom oan iso le , or between N -2 -n itro p h e n y l-  

to lu e n e - 4 - sulphonam ide and e i th e r  bromobenzene o r 4 -b rom oto luene . 

To e lu c id a te  th e  mechanism o f  fo rm a tio n  o f th e  t r i a r y la m in e s ,  

N -4-n itropheny l-N ~ pheny lto luene~4~ su lphonam ide 391 was h e a te d  

w ith  brom obenzene, p o ta ss iu m  ca rb o n a te  and copper to  g iv e  

4 -n it ro tr ip h e n y la m in e  400 in  low y ie ld .  The mechanism o f  t h i s  

r e a c t io n  i s  o bscu re  b u t p o s s i b i l i t i e s  in c lu d e  th e  o x id a t iv e  

fo rm a tio n  o f a complex betw een th e  t e r t i a r y  sulphonam ide and 

copper le a d in g  to  g e n e ra tio n  o f  a n e g a t iv e  charge on th e  n i t ro g e n  

atom , and a f r e e  r a d i c a l  mechanism. F u rth e r  experim en ts  w hich 

m ight have d is t in g u is h e d  between th e se  p o s s i b i l i t i e s  were n o t 

a ttem p ted  due to  i n s u f f i c i e n t  tim e . The f a c t  t h a t  t r ia r y la m in e s  

were n o t form ed when a  - n i t r o - s u b s t i tu te d  t e r t i a r y  sulphonam ide 

was form ed from  a b rom onitrobenzene (compounds 391-397) ,  i s  

p ro b ab ly  e x p la in ed  by th e  f a c t  t h a t  th e  y ie ld s  in  th e s e  r e a c t io n s  

w ere s u f f i c i e n t l y  h ig h  to  le a v e ' no g r e a t  excess o f  a r y l  brom ide 

p r e s e n t .
290W hile t h i s  work was in  p ro g re s s ,  Bacon and Karim re p o r te d  

t h a t  i f  N -phenylbenzenesulphonam ide was co n v erted  in to  i t s  sodium 

s a l t  w ith  sodium h y d rid e  in  N ,N -d im ethy lacetam ide, and th e  p ro d u c t 

was th e n  h e a te d  w ith  bromobenzene and copper ( I )  io d id e  in  th e  

same s o lv e n t ,  a poor y ie ld  o f  N ,N ~diphenylbenzenesulphonam ide was 

o b ta in e d . S ev e ra l o f  th e  N ,N -d ia ry lto lu e n e -4 -su lp h o n a m id e s  w ere 

p re p a re d  by t h i s  a l t e r n a t i v e  ro u te  and th e  y ie ld s  a re  shown in



p a re n th e se s  in  T able I .  ' A d i s t i n c t  improvement in  r e a c t io n s  

u s in g  th e  toluene-4-~sulphonam ide o f 4 -- to lu id in e  was n o t ic e d ;  

t h i s  i s  p ro b a b ly  due to  re d u c t io n  o f th e  e x te n s iv e  th e rm a l 

decom position  w hich occurred, in  th e  G o ldberg -type p ro ced u re .

The l a t t e r  r e a c t io n ,  how ever, i s  cheaper and s im p ler to  c a r ry  

o u t and i s  to  be p r e f e r r e d  in  th e  m a jo r ity  o f c a se s .

The t e r t i a r y  su lphonam ides, now r e a d i ly  a v a i la b le ,  should  

be u s e f u l  p re c u rs o rs  f o r  th e  p re p a ra t io n  o f u n sy m m etrica lly  

s u b s t i tu te d  d ipheny lam ines , p ro v id ed  th a t  th e  sulphonam ide 

fu n c tio n  can be rem oved, D iphenylam ine has been o b ta in e d  

q u a n t i ta t iv e ly 'f r o m  i t s  to lu en e-4 --su lp h o n y l d e r iv a t iv e  by  t r e a t ­

ment w ith  sodium 3 -m e th y lb u t-1 -o x id e  in  r e f lu x in g  3-meth y lb u t - 1 - o l

and in  88% y ie ld  by r e a c t io n  o f  th e  sulphonam ide w ith  te t r a m e th y l -
292ammonium, g e n e ra te d  a t  a m ercury ca th o d e . Secondary

N -ary la ry lsu lp h o n am id es  a re  c leav ed  by 4-0% s u lp h u r ic  a c id  in  a c e t i  

293a c id .  The 3 -n ie th y lb u to x id e  method was a p p lie d  to  compound 379 

and 2, 4-^-d im ethoxydiphenylam ine 4-03 was o b ta in e d  in  68% y ie ld ,  

w hich i s  e q u iv a le n t to  an o v e r a l l  y ie ld  o f  60% from  th e  m ethoxy- 

a n i l in e  and b ro m o an iso le . A s im ila r  a tte m p t to  p re p a re

2 ,4 -d ib en zy lo x y d ip h en y lam in e  was -u n su ccessfu l, p ro b a b ly  due to  

th e  l a b i l i t y  o f  th e  b en zy l e th e r s ;  how ever, a  sm all amount o f  

im pure m a te r ia l  w ith  th e  c o r r e c t  s p e c t r a l  p r o p e r t i e s  was i s o l a t e d .

In  o rd e r  to  p roduce a u th e n t ic  m a te r ia l  to  compare w ith  th e  

p ro d u c ts  o f  e a r l i e r  e x p e rim en ts^ th e  a c y la t io n  o f  2,4-/ -dim ethoxy~ 

d iphenylam ine 4-03 was in v e s t ig a te d .  Compound 4-03 d id  n o t r e a c t  

w ith  a c e t ic  an h y d rid e , a c e ty l  c h lo r id e  o r benzoy l c h lo r id e  even



it *

294on h e a tin g  in  p y rid in e-. ■ When th e  method o f  Maki e t  a l  which 

employed c a t a ly s i s  by  anhydrous z in c  c h lo r id e  was u se d , a c e t ic  . 

an h y d rid e  gave a 57% y ie ld  o f  th e  N ~acety l d e r iv a t iv e  i d e n t i c a l  

to  compound ^72, w h ile  benzoy l c h lo r id e  gave a m ix tu re , one o f 

whose components had th e  same R,̂  as m a te r ia l  o b ta in e d  from  th e  

Chapman rearran g em en t o f  th e  2,4- ^d im eth o x y b en zim id ate  377.

2 .4  A pproaches to  N ~2~hydroxyphenyl~N -4~hydroxyphenyltoluer,e-4~sulphonam ide

2 .4 .1  D em ethyiation  Experim ents

The d em eth y ia tio n  o f th e  t e r t i a r y  sulphonam ide 379 was th e  

s im p le s t ro u te  to  th e  d e s ire d  d ip h e n o l, and i t  was exp ec ted  to  be 

f a i r l y  s t r a ig h tfo rw a rd .  However, t r e a tm e n t o f  379 w ith  c o n s ta n t -

b o i l in g  h y d rio d ic  a c id  under r e f lu x  in  th e  p re sen ce  o f  re d
. , ?qAp h o sp h o ru s , ''" '' or hydrogen bromide in  r e f iu x in g  a c e t ic  a c id ,  ' "

297or anhydrous alum inium  c h lo r id e  in  b o i l in g  benzene, o r p y r id in e  

h y d ro c h lo r id e  a t  e i th e r  180° o r 250° ,^ " ^  or f i n a l l y  w ith  boron 

tr ib ro m id e  in  d ich lo rom ethane  a t  0 ° , ^ ^  a l l  f a i l e d  to  g iv e  th e  

d e s ir e d  p ro d u c t, p ro d u c in g  in s te a d  an i n t r a c t a b l e  b la c k  s o l id  

( fo r  p r o p e r t i e s  o f  w hich see E x p e rim en ta l) .

S im ila r  a tte m p ts  a t  d e m e th y la tin g ■th e  d iphenylam ine 403 w ith  

hydrogen brom ide in  a c e t ic  a c id ,  alum inium  c h lo r id e  or p y r id in e  

h y d ro c h lo r id e  were a ls o  u n s u c c e s s fu l .  A r e c e n t  r e p o r t ' ^ d e t a i l s  

a  new re a g e n t,  sodium 4 -rn .e th y lb en zen e th io la te  in  to lu e n e  w ith  

HMPT added, which c le a v e s  b o th  m ethyl and b en zy l e th e r s  under 

m ild  c o n d itio n s  and in  e x c e l le n t  y ie ld s ;  i t  would have been 

in t e r e s t i n g  to  .have u sed  t h i s  r e a g e n t in  th e  p re s e n t  c a s e s .

9 4



Methoxymethyl E th e rs

272T his p r o te c t in g  group ~ i s  v e ry  e a s i l y  removed w ith  d i l u t e  

a c id  and was th o u g h t to  be s ta b le  to  c o n d itio n s  in  th e  G o ldberg- 

type. r e a c t io n .  The sodium s a l t  o f 2 -n itro p h e n o l was t r e a t e d  w ith  

ch lo rom ethy l m ethyl e th e r  in  benzene to  produce a 94% y ie ld  o f 

1~m ethoxym ethoxy-2~nitrobenzene 404-* which could th e n  be reduced  

to  2 -m ethoxym ethoxyaniline by sodium d i t h io n i t e  in  r e f lu x in g  

aqueous e th an o l o r ,  in  b e t t e r  y i e ld ,  by  c a t a ly t i c  h y d ro g en a tio n  

over p a llad iu m . The a n i l i n e  was u n s ta b le  and a lth o u g h  d i s t i l l a t i o n  

gave a c lean  p ro d u c t, i t  r a p id ly  darkened even on s to r in g  in  th e  

dark  under n i t ro g e n ;  fo r  t h i s  re a so n  i t  was co n v erted  im m ed ia te ly  

to  N-2-m ethoxym ethoxyphenyltoluene-4-~sulphonam ide 4.0JL • P rev io u s  

a tte m p ts  to  p re p a re  th e  a n i l in e  by m ethoxym ethylation  o f  

2 -h y d ro x y a c e ta n il ld e  to  be fo llo w ed  by h y d ro ly s is ,  had g iven  no 

p ro d u c t, w h ile  a s im i la r  r e a c t io n  o f  W -2-hyd.roxyphenyltoluen.e-4" 

sulphonam ide had form ed th e  N-methoxymethyl compound w hich was 

n o t f u r th e r  p u r i f i e d .  1-Bromo-4"methoxymethoxybenzene 406 was 

p re p a re d  in  46% y ie ld  from  4-brom ophenol.

R eac tio n s  o f 4-05 w ith  4-06 were a ttem p ted  u n d er a wide range  

o f  c o n d itio n s  b u t o n ly  m ix tu re s  c o n ta in in g  la r g e  amounts o f t a r  

w ere o b ta in e d ; r e p e a te d  chrom atography y ie ld e d  a sm all amount o f 

amorphous m a te r ia l  which had th e  n .m .r .  spectrum  exp ec ted  fo r

th e  t e r t i a r y  sulphonam ide b u t i t  could  n o t be f u r th e r  p u r i f i e d .

290R eac tio n  under th e  c o n d itio n s  o f Bacon and Karim was l ik e w is e  

u n s u c c e s s fu l.

Benzyl E th ers

Because o f  th e  th e rm a l i n s t a b i l i t y  o f 1-benzyloxy-2-brom obenzene
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i t  could  n o t be used  in  a G o ldberg -type  r e a c t io n  w ith  

N-4--benzyloxyph e n y lto lu e n e- 4 - su lphcn  amid e and i t  was th e re fo re  

n ecessa ry  to  prepare  N -2-ben zy l oxypheny lt o lu  ene-4-“Sulphon amide.
301An a t te m p t .to  b e n z y la te  N ~2-hydroxyphenyltoluene~4--sulphonam ide 

gave o n ly  N -b  en zy l -N -2  -hy  dr oxyph eny l t  o lu  en e -4-~sulphonaml d e 4-07
1

in  76% y ie ld .  However, 2 -b e n z y lo x y a c e ta n il id e  was hydrolysed'"'

to  2 -b e n z y lo x y a n ilin e  and t h i s  was co n v erted  to  th e  to lu en e-4 --

sulphonam ide. T his secondary  sulphonam ide was un iq u e  amongst

th o s e  u se d , in  b e in g  in s o lu b le  in  a l l  a l k a l i s  (sodium , p o ta ss iu m ,

l i th iu m  and te traalky lam m onium  h y d ro x id e s ) . The G oldberg r e a c t io n ,

how ever, w ith  1-benzyloxy-A -brom obenzene gave a s u f f i c i e n t l y  high.

y ie ld  o f t e r t i a r y  sulphonam ide to  en ab le  th e  p ro d u c t to  be e a s i l y

i s o l a t e d .  The 2,4-/ -d ibenzy loxysu lphonam ide 390 was hydrogeno lysed

over p a lla d iu m  to , a f fo rd  N -2-hydroxyphenyl-N -4--hydroxyphenvlto luene-

/.-su lphonam ide 4.08 in  80% y ie ld .

P re p a ra t io n  o f O ther S u b s tra te s  f o r  O x idation

Owing to  th e  r e s u l t s  o b ta in e d  from  v a r io u s  o x id a tio n  experim en ts

(se e  C hapter 3 ) , i t  became d e s i r a b le  to  p re p a re ,  as  s u b s t r a te s  f o r

o x id a tio n , compounds o f  th e  ty p e  4-09 where R i s  hydrogen , a lk y l ,

a r y l  o r a c y l ,  and a ls o  th e  secondary  to luene-4 .-su lph .ony l d e r iv a t iv e s

o f  2-am ino-4-/ -hydroxydiphenylam ine and 2-amino-4-/ -d ip h e n y l e th e r .

N -4--B enzyloxyphenyl-N -2-n itrophenylto luene-4--su lphonam ide 396

was c a t a l y t i c a i l y  hydrogenated  to  a f fo rd  N-2-aminophenyl-N~4-~

h y d ro x y p h en y lto lu en e- 4 - sulphonam ide 4-10 in  80% y ie ld .  A u s e f u l

method o f s e l e c t i v e ly  red u c in g  a ro m a tic  n i t r o  g roups in  th e

302 303p re se n c e  o f  ben zy l e th e r s  has been r e p o r te d ,  9 w hich used



sodium b o ro h y d rid e  c a ta ly s e d  by p a l la d is e d  c h a rc o a l; in  th e  

p re s e n t  case t h i s  method gave much b e t t e r  r e s u l t s  th a n  th e  u se  • 

o f  sodium d i t h i o n i t e .  The n itro su lp h o n am id e  396 fu rn is h e d  

N-2-aminoph eny l-N -4 -b  en zy l oxyph eny l to  lu  en e - 4 - sulphonam i c! e 4.11 

in  90% y ie ld .  T his compound gave N-2-ben zam idophenyl-N-4~ 

benzy loxyphenylto luene-4--su lphonam lde 4-12 and N -4 -b  en zy l oxyph enyl -  

N -2 -(to lu en e -4 -su lp h o n a m id o ) -p h e n y lto lu  en e ~4-~ sulphonam i d e 413 in  

67 and 97% y ie ld s  r e s p e c t iv e ly  on tre a tm e n t w ith  th e  a p p ro p r ia te  

a c y l c h lo r id e .  R eac tio n  o f  411 w ith  b enzy l c h lo r id e  a f fo rd e d  

N-2  -b  en zy l amln oph eny l -N -4-b  en z.yloxyph eny l t  o lu  en e -4 -su lphonam i d e 

414 in  68% y ie ld .  Compound 4-11 d id  n o t r e a c t  w ith  1 - f lu o r 0 - 2 ,4 -  

d in itro b e n z e n e  on r e f lu x in g  in  DMF in  th e  p re sen ce  o f po tass iu m  

c a rb o n a te , b u t in  an Ullmann r e a c t io n  c a ta ly s e d  by copper b ronze 

i t  gave N~4~ben zy loxyphenyl -N-2 -  (2./ ,4  * -d in itro p h en y lam ln o )~  

p h e n y lto lu e n e -4 -su lp h o n amide 415 in  45% y ie ld .  Compound 411 

f a i l e d  to  r e a c t  w ith  2-brom opropane on r e f lu x in g  w ith  p o ta ss iu m  

ca rb o n a te  in  a c e to n e , and, on tre a tm e n t w ith  m ethanesu lphonyl 

c h lo r id e ,  a th r e e  component m ix tu re  was o b ta in e d  w hich was n o t 

f u r th e r  p u r i f i e d .

The c leav ag e  o f  th e  ben zy l e th e r s  in  compounds 412-415 

p re s e n te d  a problem  as th e  r e s u l t s  w hich were b e in g  o b ta in e d  w ith  

c a t a l y t i c  h y d ro g en o ly s is  were e r r a t i c .  A u s e f u l  method has been 

r e p o r t e d " ^  in  which t r i f l u o r o a c e t i c  a c id  (TFA) a t  room te m p e ra tu re  

c o n v e rts  ben zy l e th e r s  to  p heno ls  in  good y ie ld s  w ith o u t 

h y d ro ly s in g  th e  amide g roup . Use o f  t h i s  re a g e n t d eb en zy la ted  

compound 412 to  N-2  -b  en zami d oph eny l -N -4~-hy dr o xyph eny l t  o lu  en e - 4 -



sulphonam ide 4-16 in  73$ y ie ld ,  and gave N -2 -( 2 1,4-* -d ln i tro p h e n y l-  

am ino) -ph eny l -N-4~hydr o xyph eny l t  o lu  en e -4.--suIphon amid e 4-19 in  70$ 

y ie ld  from  41£* T reatm ent o f  compounds 4 13 an(3 4-14- w ith  TFA gave 

m ix tu re s  c o n ta in in g  s e v e ra l  com ponents, b u t th e y  w ere s u c c e s s fu l ly  

d eb en z y la ted  by p ro lo n g ed  h e a t in g  w ith  e th a n o lic  h y d ro c h lo r ic  a c id  

to  f u r n is h  N -4~hydroxyphenyl-N -2-(to luene-4--sulphonam ido ) -p h e n y l-  

toluene-4-~sulphonam ide 4-17 in  71$ and N -2~benzylam inophenyl-N -4- 

h y d ro x ypheny lto luene-4—sulphonand.de 4-18 in  76$ y ie ld s  re s p e c tiv e ly *

4-Ben zyloxy-2* - n i t r o  d ip h en y l amine 369 on re d u c t io n  w ith  

b o ro h y d rid e  and p a lla d iu m  a ffo rd e d  a good y ie ld  o f 2-am ino- 4 -  

ben zy loxydiphenylam ine 4-20 w hich was s e le c t iv e ly  to s y la te d  in  

th e  p rim ary  amino group to  p roduce 4 -b e n z y lo x y -2 -(to lu e n e -4 -  

suiphonam ido) -d ipheny lam ine  4-21. T his compound was b e s t  d eb en z y la ted  

by c a t a ly t i c  h y d ro g en o ly s is  to  form  4-~hydroxy-2 * -(to lu e n e - 4 -  

sulphonam ido) -d ipheny lam ine 4-22 in  74-$ y ie ld .

4--Benzyloxyphenol was r e a c te d  w ith  1 -b rom o-2~ nitrobenzene by 

a '-.m od ifica tion  o f  Bacon and Karim ’ s p ro ced u re  to  g iv e  a 4-1$ y ie ld  

o f 4 -ben  zy loxy-2  *- n i t r o  d ip h en y l e th e r  ‘ 4-23 w hich, on r e d u c t io n ,  

produced 2-am ino-4-1 -b en zy lo x y d lp h en y l e th e r  4-2.4- a lm ost q u a n t i t a t iv e l y .  

T his compound was co n v erted  to  4--b en zy lo x y -2 1 -  ( t  o lu  en e -4 -su lp h o n  amldo ) 

d ip h en y l e th e r  425 and d eb en z y la ted  w ith  e th a n o lic  h y d ro c h lo r ic  a c id  

to  a f fo rd  4 -h y d ro x y -2 7- ( to lu e n e -4 -su lp h o n a m id o ) -d ip h e n y l e th e r  426 

in  93$ y ie ld .

An a l t e r n a t iv e  method o f p re p a r in g  N -4-benzy loxyphenyl-N -2-  

n itrophenylbenzauD .de 378, ( f i r s t  p re p a re d  by th e  r a th e r  la b o r io u s  

Chapman rearran g em en t ro u te )  was developed in  w hich N -4-benzy loxy-
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phenylbenzann.de was h e a te d  w ith  1-brom o~ 2-n itrobenzene i n  th e  

p re sen ce  o f  p o ta ss iu m  c a rb o n a te , copper b ronze and HMPT to  

a f fo rd  378 in  25%o y i e ld .  T h is  p re p a ra t io n  i s  a v a r ia n t  o f  th e  

G oldberg r e a c t io n  w hich has r a r e l y ,  i f  e v e r, been u sed . C a ta ly t ic  

h y d ro g en a tio n  o f  ^78 gave in t r a c t a b l e  m ix tu re s , th e  in f r a r e d  s p e c tr a  

o f  w hich showed th e  absence o f  carbony l a b s o rp tio n s .  R eduction  

o f  378 by b o ro h y d rid e  and p a lla d iu m  gave N -2-am inophenyl ~N~4-~ 

benzyloxyphenylbenzam ide 4-27 b u t o n ly  in  poor y ie ld ;  th e  p ro d u c t 

was u n s ta b le  u n le s s  p u re  and ten d ed  to  decompose d u rin g  

r e c r y s t a l l i s a t i o n .  R eac tio n  o f  4-27 w ith  to luene-4 -“Sulphonyl 

c h lo r id e  formed N-4--ben zyloxyph enyl-N -2  -  (to lu e n  e-4-~sulphonami.de) -  

phenylbenzam ide 428 in  &0% y i e ld ,  b u t th e  d i f f i c u l t i e s  in  th e  

re d u c t io n  s te p  meant t h a t  o n ly  sm all q u a n t i t i e s  o f  4-28 were a v a i l ­

a b le  f o r  d e b e n z y la tio n . I n i t i a l  a tte m p ts  w ith  TFA and e th a n o lic  

h y d ro c h lo r ic  a c id  gave m ix tu res  and la c k  o f  tim e le d  to  t h i s

phen y l s a l i c y l a t e  and 4--aminophenol acco rd in g  to  th e  l i t e r a t u r e

ro u te  b e in g  abandoned.

2 ,4 -^ -D ihydroxybenzan ilide  4-29 was p rep a red  in  h ig h  y ie ld  from

m ethod .305

101



■ CHAPTER THREE 

OXIDATION EXPERIMENTS AND REACTIONS OF SPIRO PI ENONES'

In tro d u c t io n

The u se  o f pheno l o x id a tiv e  co u p lin g  as a ro u te  to  s p i r o -  

cyclohexad ienones has been d is c u s se d  in  C hapter One. The range  

o f  o x id a n ts  which have been used  i s  w ide, b u t p o ta ss iu m  f e r r ic y a n id e  - 

e i th e r  in  a lk a l in e  s o lu t io n  o r as p a r t  o f a tw o-phase system  -  has 

been th e  most p o p u la r . O ther f r e q u e n t ly  u sed  o x id a n ts  a re  le a d  

d io x id e , manganese d io x id e , manganese ( i l l )  compounds, s i l v e r  

o x ide  and DDQ. Vanadium o x y tr ih a l id e s  a re  more r e c e n t ly  developed  

■ reagen ts, b u t have been p a r t i c u l a r l y  used  in  th e  o x id a tio n  o f 

n o n -p h en o lic  or m onophenolic compounds r a th e r  th a n  d ip h e n o ls .

C onsidering  th e  su ccess  ach iev ed  in  th e  o x id a tio n  o f  d ih y d ro x y d ia ry l

*116> " e th e r s  u s in g  manganese d io x id e , t h i s  re a g e n t was chosen f i r s t  in
on A

th e  p re s e n t  ca se . A re c e n t  com prehensive rev iew  o f  manganese

d io x id e  as an o x id a n t in  o rg an ic  ch em is try  has app ea red .

S y n th e s is  and R eac tio n s  o f  th e  B enzoxazole Sp iro d ie n o n e  430

N-2-Hydroxyphenyl -N -X -hydr o xyph eny l t  o lu  en e -X -sulphon ami d e 4-08,

when h e a te d  under r e f lu x  in  benzene w ith  te n  tim es  i t s  w eigh t o f

a c t iv e  manganese d io x id e  (p re p a re d  acco rd in g  to  th e  method o f  F ranck  

307and B laschke ) ,  a f fo rd e d  th e  d e s ir e d  p ro d u c t, N -(to lu en e -4 --

s u lp h o n y l) - 2 , 3 -d ih y d ro - 1 , 3-benz Id o x a z o le -2 ~ sp iro -1 ^ -c y c lo h e x a -2 / , 5 / ~

dlen-4-^-one 4-30 in  4-6% y ie ld .  The su ccess  o f t h i s  r e a c t io n  was

dependant on th e  ty p e  o f manganese d io x id e  u sed ; com m ercial m a te r ia l

308 309or t h a t  p re p a re d  by o th e r  methods ’ gave v i r t u a l l y  no p ro d u c t. 

The d ienone 4-30 was s ta b le  and h ig h ly  c r y s t a l l i n e .  I t s  in f r a r e d
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- _1
'spectrum  showed th r e e  bands a t  1682, 164-5 and 161.3 cm , which

310 311c o in c id e  w ith  th o s e  re p o r te d  9 to  be th e  c h a r a c t e r i s t i c  s t r e t c h in g

a b s o rp tio n s  o f  cy c lo h ex a~ 2 ,5 -d ien o n es  (164-0-1680, 1615-16.50 and 
-11590-1620 cm ) .  In  th e  n .m .r .  spectrum  th e  fo u r  v in y l ic  p ro to n s  

appear as a q u a r te t  betw een 3 .38  and 3 .9 6 T ’* t h i s  i s  a t y p i c a l

310 312p a t t e r n  w ith  JAB= 10.2  Hz, which ag a in  acco rd s  w ith  th e  l i t e r a t u r e  9

v a lu e  o f  9*0-10 .5  Hz,

Three a tte m p ts  w ere made to  induce  th e  d ienone 430 to  undergo

th e  d ieno n e-p h en o l re a rra n g e m e n t. The f i r s t  employed th e  s ta n d a rd

re a g e n t (se e  S e c tio n  1 .2 ) ,  a c e t ic  an hyd ride  c o n ta in in g  a c a t a ly t i c

q u a n t i ty  o f c o n c e n tra te d  su lp h u r ic  a c id  a t  room te m p e ra tu re , b u t

th e  r e a c t io n  m ix tu re  was sho.wn by t . l . c .  to  c o n ta in  f iv e  com ponents, .

©f w hich a minor one co rresponded  to  s t a r t i n g  m a te r ia l .  Both

column and p re p a ra t iv e  th i n  la y e r  chrom atography f a i l e d  to  a f fo rd

any o f  th e s e  components in  a pu re  s t a t e .  The second a tte m p t u sed

a c e t i c  anhyd ride  c o n ta in in g  a l i t t l e  boron t r i f l u o r i d e  e t h e r a te ,

2 4a  method used  by H ew itt, b u t s t a r t i n g  m a te r ia l  was q u a n t i t a t i v e l y

re c o v e re d . The t h i r d  u t i l i s e d  100% p h o sp h o ric  a c id  a t  170°, th e

132sev e re  c o n d itio n s  w hich were n e c e s s a ry  to  re a r ra n g e  th e  s p i r o -  

d ienone lac tam s 216. b u t in  th e  p r e s e n t  case o n ly  decom position  

o c c u rre d .

An a ttem p t to  red u ce  th e  sp iro d ie n o n e  430 to  th e  co rresp o n d in g
\

d ie n o l w ith  b o ro h y d rid e  le d  to  th e  q u a n t i t a t iv e  re c o v e ry  o f  th e

31 3d ip h en o l 408 ; s im ila r  r e s u l t s  have been o b ta in e d  in  t h i s  la b o ra to r y  

when th e  d ienones 431 (R = H, Me o r N0^) were red u ce d . . In  th e  l a t t e r  

case  two p o s s ib le  mechanisms could  o p e ra te  (Scheme V I), th e  f i r s t



X

in v o lv in g  a p ro to n a t io n  s te p  on th e  h e te ro c y c l ic  oxygen o f  th e  

d ie n o l ,  and the- second p ro ceed in g  v ia  rem oval o f a p ro to n  from  

th e  a lc o h o l carbon . Evidence was o b ta in e d  fo r  th e  l a t t e r  p a th  

by a n a ly s is  o f th e  r a t i o s  o f th e  p ro d u c ts  when R a  Me {30% o f 

432. 70? o f  423) and when R =  NOg (75? o f  42?., 25? o f  4 2 2 ) . When 

an e le c tro n -w ith d ra w in g  s u b s t i tu e n t  i s  p r e s e n t ,  r in g -o p e n in g  occu rs  

p r e f e r e n t i a l l y  a t  th e  para-oxygen  atom , su g g e s tin g  t h a t  fo rm atio n  

o f  a  phenoxide an ion  (which i s  reso n an ce  s t a b i l i s e d )  i s  more 

im p o rta n t th an  p ro to n a t io n  o f  th e  l e s s  b a s ic  oxygen atom. The 

r e s u l t s  o b ta in e d  when EsM e a ls o  su p p o rt fo rm atio n  o f th e  an ion  

s in c e  p ro to n a t io n ,  i f  i t  o c c u rre d , would be more l i k e l y  a t  th e  

p a ra -oxygen .

In  th e  case o f 4-30 th e  -second mechanism could  e x p la in  why

o n ly  4-08 and. none o f th e  iso m e ric  d ip h en y l e th e r  4-26, was

p roduced , as a phenoxide an io n  i s  l i k e l y  to  be more r e a d i ly

form ed th a n  th e  a l t e r n a t i v e  secondary  sulphonam ide a n io n .

314.Follow ing r e s u l t s  o b ta in e d  in  t h i s  la b o ra to r y ,  w hich 

116showed th a t  th e  d ienone 178 re a c te d  w ith  a G rignard  re a g e n t 

to  y ie ld  a m ix tu re  o f  two p ro d u c ts ,  4-34- and 4-35* i t  was o f 

i n t e r e s t  to  d e term in e  w hether compound 4-30 would behave in  a 

s im i la r  f a s h io n .  A cco rd in g ly , 4-^0 was t r e a te d  w ith  an excess 

o f  methylmagnesium io d id e  and subsequen t ac id  h y d ro ly s is  gave a 

q u a n t i t a t iv e  y ie ld  o f  a  su b s tan ce  w hich n .m .r .  and in f r a r e d  

sp e c tro sc o p y  su g g es ted  was th e  monophenol 4-36 (R ^  H ). T his 

p ro d u c t was t r e a t e d  w ith  d im ethy l su lp h a te  in  a l k a l i  and a f fo rd e d

105
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436 (R s  Me) in- 70$ y ie ld  a f t e r  p u r i f i c a t i o n  by p r e p a ra t iv e  t . l . c .

..The s t r u c tu r e  o f  t h i s  l a t t e r  compound was confirm ed by an unambiguous

s y n th e s is ;  2~brom oaniso le , N-3, 4 -d im e th y lp h e n y lto lu e n e -4 -

sulphonam ide, p o ta ss iu m  c a rb o n a te  and copper were h e a te d  to g e th e r  to

fu r n is h  a low y ie ld  o f N-2-methoxyphenyl~N~3. 4-d  im e th y lp h e n y lto lu e n e -

A -sulphonam ide 38B, i d e n t i c a l  to  th e  m a te r ia l  4 36 (R = Me) from  th e

G rignard  r e a c t io n ,  by t . l . c .  in  two system s, in f r a r e d  and n .m .r .

sp e c tro sc o p y  and mixed m.p.

The fo rm a tio n  o f t h i s  u n u su a l p ro d u c t i s  th o u g h t to  p roceed

by i n i t i a l  a t ta c k  by  th e  G rignard  a t  th e  3-p o s i t io n  o f th e

c x ^ ,^ -u n s a tu r a te d  ca rb o n y l system , fo llo w ed  by f u r th e r  1 , 2- a d d i t io n

and d eh y d ra tio n  o f  th e  r e s u l t i n g  c a rb in o l .  The d r iv in g  fo rc e  fo r

th e  i n i t i a l  a t ta c k  a t  th e  abnorm al p o s i t io n  may be th e  fo rm a tio n

o f  a c y c l ic  in te rm e d ia te  43? < w ith  th e  magnesium c o -o rd in a tin g  to

th e  h e te ro c y c l ic  oxygen atom , (a  s im i la r  in te rm e d ia te  has been

p ro p o s e d " ^  in  an o th e r  r e a c t io n ) .  The su g g ested  mechanism i s  shown

in  Scheme V II. I t  i s  i n t e r e s t i n g  th a t  in  th e  case  o f  th e  dioxygen

d ienone 178, p ro d u c ts  o f th e  a d d i t io n  o f b o th  one and two m olecu les

o f  G rignard  were i s o l a t e d  b u t in  th e  p re s e n t  case  th e r e  was

q u a n t i t a t iv e  a d d i t io n  o f  two m o lecu le s . The o n ly  o th e r  case  o f

1 ,3 -a d d it io n  o f  a G rignard  to  an -u n s a tu ra te d  k e to n e  i s  th e

316x fo rm atio n ^  o f a sm a ll amount o f  e th y l  2- t-b u ty lh y d ro c in n a m a te

from  a  r e a c t io n  betw een e th y l  cinnam ate and t-bu ty lm agnesium  c h lo r id e  

a  f r e e  r a d ic a l  mechanism was p roposed  fo r  t h i s  r e a c t io n .

O x id a tio n  o f Compounds C on ta in ing  Secondary N itro g en  F u n c tio n s

A lthough c y c l i s a t io n s  induced  by o x id a tiv e  co u p lin g  o f pheno ls



a r e ‘w e ll e s ta b l is h e d ,  l e s s  work has been done on analogous r e a c t io n s

of n i t ro g e n -c o n ta in in g  fu n c t io n s .  A s e r ie s  o f s u b s t i tu te d  1 ,2 -  .

317diam inobenzenes 438 was o x id ise d  to  th e  co rresp o n d in g  

b en z im id azo les  4-39 * w h ile  th e  same re a g e n t co n v erted  2 , 2 -

d iam inob ipheny l to  d ib e n z o p y rid a z in e  440 , and 2 ,2 ^ -d iam in o d ip h en y l

319 / 320e th e r  to  4 ,4  -azophenoxazine  441 . S im ila r  o x id a tio n  produced

th e  p henaz ine  d e r iv a t iv e  442 from  2-am inodiphenylam ine w h ile  th e
o2i

u se  o f  e i th e r  manganese ( i l l )  a c e ta te  or p o ta ss iu m  p e rs u lp h a te  

c y c l is e d  a s e r i e s  o f  2-am in ob en zoph en on e s to  a f fo rd  th e  c o r r e s ­

ponding 9 -acn id an o n es , ( th e  c y c l i s a t io n  p roceeded  b e s t  to  a

p o s i t io n  o r th o 'o r  p a ra  to  an oxygen f im c tio n  in  th e  o th e r  r i n g ) .
322P e rsu lp h a te  o x id a tio n  o f  2 -a lk y lam ± n o -1 ,4 ‘-naphthoquinones le d

to  fo rm atio n  o f c a rb a z o le d iq u in o n e s  443 ; p rim ary  amino groups d id

n o t g iv e  n itro g e n -c o u p le d  p ro d u c ts .

The o n ly  in s ta n c e s  o f o x id a tiv e  co u p lin g  o f  n it ro g e n  fu n c tio n s

le a d in g  to  sp iro d ie n o n e s  a re  th e  fo rm a tio n  o f  sp iro la c ta m s  216 by 

1 35 138o x id a tio n  3 o f b ip h e n y l-2 -carboxam ides w ith  p e r s u lp h a te ,  and

p ro d u c tio n  o f  e ry so d ie n o n e -ty p e  compounds 320, 328 and 331 by
212 218 227f e r r ic y a n id e  o x id a tio n  o f th e  co rresp o n d in g  am ines. 3 3

I t  was th o u g h t p o s s ib le  t h a t  th e  compounds 409 (R ~ H, a lk y l ,

a r y l  or a c y l)  m ight undergo an in tra m o le c u la r  o x id a tiv e  c y c l i s a t io n

to  a f fo rd  d ienones o f th e  ty p e  444 , ( fo r  a d is c u s s io n  o f th e

o x id a tio n  o f  th e  p rim ary  amine 4-10 see  S e c tio n  3*4). Secondary

n itro g e n  fu n c tio n s  w ere th o u g h t to  be p r e f e r a b le  s u b s t r a te s  f o r

322o x id a tio n  c o n s id e r in g  th e  r e s u l t s  d e sc r ib e d  above and th e  wide
onA

ran g e  o f p ro d u c ts  w hich have been o b ta in ed  by  manganese d io x id e
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o x id a tio n  o f  p rim ary  am ines. The compounds chosen w ere th o se  in  : i f |

w hich th e  s u b s t i tu e n t  R in  s t r u c tu r e  4-09 was: b en zo y l, compound 

4.16; to lu en e -4 --su lp h o n y l, compound 4-17; b en zy l, compound 4-15; and

2 ,4 --d in itro p h e n y l, compound 4-19. The re a g e n t used  was manganese

d io x id e , which had proved  s u c c e s s fu l  in  th e  o x id a tip n  o f 4-08. and :f§
#
fyt

w hich had a l s o  been th e  b e s t  o f a  number t e s t e d  in  th e  o x id a tio n  

o f  4-10 (see  S e c tio n  3.4-) i th e  c o n d itio n s  were s im i la r  to  th o se  used  

w ith  408.

The o x id a tio n  o f 4-18 gave m ix tu re s  c o n ta in in g  betw een n in e  and

tw elv e  com ponents, none o f  w hich co rresponded  to  s t a r t i n g  m a te r ia l ;

■ t h i s  r e s u l t  i s  h a rd ly  s u r p r is in g  in  view o f th e  f in d in g s  o f  H onbest

323and h i s  co-w orkers t h a t  N -a lk y la n i l in e s  a re  o x id ise d  by manganese
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d io x id e  to  s e v e ra l  p ro d u c ts ,  and a lso  t h a t  N -b e n z y la n ilin e s  have 

been r e p o r t e d ' ^ * t o  be s p e c i f i c a l l y  co n v erted  by  th e  same 

o x id a n t to  b en zy lid en e  a n i l i n e s .

O x ida tion  of 4-16 gave a b r ic k - r e d  amorphous s o l id  w hich had 

u n re so lv e d  in f r a r e d  and n .m .r .  s p e c tr a  b u t was homogeneous by t . l . c . ,  

w ith  an v a lu e  s im i la r  to  t h a t  o f th e  s t a r t i n g  am ide. Mass 

sp e c tro sc o p y  showed i t  to  c o n ta in  an a p p re c ia b le  amount o f  4-16 and 

i t  i s  p ro b ab le  t h a t  th e  m a te r ia l  was a m ix tu re  o f  4-16 and a re d  

o x id a tio n  p ro d u c t w hich had s im i la r  ch rom atograph ic b eh av io u r.
M

x R eduction  o f  th e  s o l id  by sodium b o ro h y d rid e  le d  to  d isap p ea ran ce

o f  th e  re d  co lo u r b u t no p ro d u c t was i s o l a t e d .  ^ |f

O x id a tio n  o f 4-19 gave a  m ix tu re  c o n ta in in g  one m ajor and one 

minor p ro d u c t to g e th e r  w ith  unchanged 4-19. P re p a ra t iv e  t . l . c .  le d  

to  i s o l a t i o n  o f  a sm all amount o f  th e  m ajor component b u t n o t in  an

1
I
i f

I

m



110



a b s o lu te ly  pu re  s t a t e ,  I n f r a r e d  sp ec tro sco p y  showed th e  p re sen ce  

o f  a- carbony l a b so rp tio n  and i t  i s  p o s s ib le  t h a t  t h i s  m a te r ia l  

c o n ta in e d  a sp iro d ie n o n e ; la c k  o f tim e p rev en ted  r e p e t i t i o n  o f t h i s  

o x id a tio n  on a s u f f i c i e n t l y  la rg e  s c a le  to  enab le  a re a s o n a b le

amount o f  th e  p ro d u c t to  be o b ta in ed  p u re , c

O x id a tio n  o f .417 le d  to  th e  fo rm a tio n  o f N,N7 -b is - ( to lu e n e ~ 4 ~

su lp h o n y l) - 2 , 3~dihydro~1H-benzfcj? im ld a z o le -2 ~ sp lro ~ 1 1-c y c lo h e x a -

2 1, -dlen~4- f-one 445 in  58% y ie ld .  T h is d ienone was h ig h ly

c r y s t a l l i n e  and i t s  s p e c t r a l  p r o p e r t ie s  were s im ila r  to  th o s e  o f
-14 3 0 ; i t  showed in f r a r e d  a b so rp tio n s  a t  1682, 1643 and 1618 cm. ,

w h ile  th e  o le f i n ic  p ro to n s  appeared  in  i t s  n .m .r .  spectrum  as  a

q u a r te t  between 3*40 and 3 .9 0  w ith  J^g = 10.1 Hz. I t s  r e a c t io n s  

were a ls o  s im ila r  to  th o s e  o f 430 . and i t  d id  n o t undergo a 

d ieno n e-p h en o l rea rran g em en t on tre a tm e n t w ith  a c e t ic  anh y d rid e  

c o n ta in in g  e i th e r  s u lp h u r ic  a c id  o r boron t r i f l u o r i d e  e th e r a te ;  

in  th e  f i r s t  case  a fo u r  component m ix tu re  was o b ta in e d , w h ile  

in  th e  seco n d ,445 was re c o v e re d  unchanged. On re d u c tio n  w ith  

sodium b o ro h y d rid e  i t  a f fo rd e d  th e  secondary  sulphonam ide 417 in  

q u a n t i t a t iv e  y ie ld .

R eac tio n  o f  445 w ith  an excess o f  methylmagnesium io d id e  gave, 

a f t e r  h y d ro ly s is ,  a  m ix tu re  o f  one m ajor and one minor p ro d u c t.

High r e s o lu t io n  mass sp e c tro m e try  o f th e  crude m ix tu re  showed t h a t  

th e  m ajor p ro d u c t was co rresp o n d in g  to  th e  a d d i t io n

o f  two m ethyl groups to  445., w h ile  th e  minor p ro d u c t had th e  

fo rm ula  ^^H ^N gO ^Sg i . e .  had been formed by th e  a d d i t io n  o f  th r e e  

m ethyl g ro u p s. The m ajor component was i s o l a t e d  w ith  th e  a id  o f  

p r e p a ra t iv e  t . l . c ,  and, a lth o u g h  i t s  n .m .r .  spectrum  was i l l - d e f i n e d ,



i t  was th o u g h t l i k e l y  t h a t  i t s  s t r u c tu r e  would be analogous to  th e  

p ro d u c t from  th e  G rignard  r e a c t io n  o f 4-30« In  o rd e r  to  con firm  

t h i s  th e  secondary  sulphonam ide 4-4-7 was p re p a re d  as  fo llo w s .

R eac tio n  o f N -3^4~dim ethylphenyltoluene~4--sulphonam ide w ith  1-brom o- 

2 -n itro b e n z e n e  in  th e  p re se n c e  o f  copper a ffo rd e d  N -3»4 -d lm e th y lp h en y l• 

N -2-n itropheny lto luene~ 4--su lphonam ide  397 in  61% y ie ld ;  subsequen t 

c a t a l y t i c  h y d ro g en a tio n  over p a lla d iu m  gave a 79% y ie ld  o f  N~2~ 

aminophenyl-N--3 . 4 -d im e th y lp h e n y lto lu  en e-4-sulphona.m i d e 446 which was 

q u a n t i t a t iv e l y  co n v erted  to  N -3. 4 -d im e th y lp h e n y l-N -2 -(to lu e n e -4 -  

sulphonam ido)-p h en y lto lu en e -4 -su lp h o n a iii.d e  447. T his compound proved 

to  be i d e n t i c a l  by t . l . c .  in  two system s, in f r a r e d  spectrum  and mixed 

m.p. w ith  th e  m ajor p ro d u c t-o f  th e  G rignard  r e a c t io n .  The 

s t r u c tu r e  o f  th e  minor component w hich had -undergone a d d i t io n  of

th r e e  m ethyl groups i s  unknown.

O x id a tio n  o f  th e  P rim ary  Amine 410

As t h i s  compound was a v a i la b le  in  la rg e  q u a n t i t i e s ,  i t s  b eh av io u r

on o x id a tio n  was in v e s t ig a te d .  The f i r s t  a tte m p ts  u s in g  th e  same

method t h a t  was u sed  f o r  th e  o x id a tio n  o f  408 , gave m ix tu re s  which 

t . l . c .  showed to  c o n ta in  a b r ig h t  yellow  compound in  a d d i t io n  to  

s e v e ra l  re d  and brown com ponents,- P r e p a ra t iv e  t . l . c .  le d  to  th e  

i s o l a t i o n  o f t h i s  ye llow  su b stan ce  in  sm all am ounts. F u rth e r  

o x id a tio n s  on a l a r g e r  s c a le  u s in g  th e  same ty p e  o f manganese 

d io x id e  produced l i t t l e  o r none o f t h i s  yellow  p ro d u c t and th e

"1 *1 6e f f e c t  o f  o th e r  o x id a n ts  was in v e s t ig a te d ,  DDQ in  b o i l in g  benzene 

gave a m ix tu re  c o n ta in in g  none o f th e  yellow  compound, and s im i la r  

r e s u l t s  were o b ta in e d  u s in g  le a d  d io x id e 2^  or s i l v e r  o x id e ^ 2^ in
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th e  same s o lv e n t .  Manganese ( i l l )  a c e ta te  in  r e f lu x in g  a c e t ic
q on

a c id  ’ produced a m ix tu re  c o n ta in in g  two components n e i th e r

o f  w hich was e i th e r  s t a r t i n g  m a te r ia l  o r th e  yellow  compound,

W hile th e  u se  o f ' m a n g a n e s e 't r is - ( a c e ty la c e to n a te )  in  b o i l in g  

329a c e t o n i t r i l e  a f fo rd e d  sm all amounts o f  th e  ye llow  p ro d u c t

to g e th e r  w ith  l a r g e r  q u a n t i t i e s  o f  unchanged 4-10.

I n i t i a l l y  th e  y e llo w  compound was th o u g h t to  be th e  s p i r o -

d ienone 448 . b u t th e  absence o f  an N-H a b so rp tio n  in  th e  in f r a r e d ,

and i t s  f a i l u r e  to  form  an N ~acety l d e r iv a t iv e  on tre a tm e n t w ith

a c e ty l  c h lo r id e  in  p y r id in e ,  to g e th e r  w ith  in c o n s is te n c ie s  in  i t s

n .m .r .  spectrum  made t h i s  u n l ik e ly .  I t s  in f r a r e d  spectrum  showed

a b s o rp tio n s  a t  1678, 1630 and 1608 cm w h ile  th e  v in y l ic  re g io n

o f  th e  n .m .r .  spectrum  o f a c a r e f u l ly  p u r i f i e d  sample showed a

d o u b le t a t  3 .1 8 'f ,  a s i n g l e t  a t  3 .35 1 ,  a  d o u b le t a t  3*53 ^  and

s in g le t s  a t  3-63 and 3 . 8 0 ; th e  t o t a l  i n t e g r a l  showing 7 o le f i n i c

p ro to n s  and 4 a ro m a tic  p ro to n s . The e lem en ta l a n a ly se s  o f  C, H

and N w ere low er th a n  th o s e  c a lc u la te d  fo r  th e  d ienone 44-8. High

r e s o lu t io n  mass sp e c tro m e try  gave a m/e v a lu e  o f  366.0701 fo r  th e

m olecu la r io n  w hich compared w e ll w ith ' th e  v a lu e ,  366.0675 c a lc u la te d

fo r  C^H^N^O^S. As can be seen  from  t h i s  fo rm u la , an e x tra

oxygen atom has been in tro d u c e d  d u rin g  th e  o x id a tio n .  The on ly

s t r u c tu r e s  w hich r e c o n c i le  th e s e  f a c t s  a re  449 and 450 . as s t r u c tu r e s

in c o rp o ra t in g  N -oxide fu n c tio n s  do n o t accoun t f o r  th e  seven o le f i n ic

p ro to n s  seen in  th e  n .m .r .  Of th e s e  s t r u c t u r e s ,  th e  fo rm er i s  th e

more l i k e l y  as th e  ^ - p r o t o n  in  a c y c lo h e x a -2 ,4 -d ie n o n e  ( c . f .  450)

330re s o n a te s  a t  a v a lu e  in  excess o f  4 .0  'Y  , w h ile  th e  h ig h e s t



reso n an ce  in  th e  p r e s e n t  case  i s  3 ,8  . In  a d d i t io n  th e

331fo rm a tio n  o f 449 can be r a t i o n a l i s e d  by c o n s id e r in g  th e  known* 

fo rm a tio n  o f 1,4~benzoquinone by manganese d io x id e  o x id a tio n  o f  

a n i l i n e j  i t  i s  p o s s ib le  t h a t  th e  i n i t i a l l y  formed sp iro d ie n o n e

which i s  fo rm a lly  a s u b s t i tu te d  a n i l i n e ,  i s  f u r th e r  o x id ise d

to  produce th e  quinone im ine 449 .

In  an a tte m p t to  red u ce  compound 449 i t  was t r e a t e d  w ith

sodium b o ro h y d rid e . An in te n s e  dark  b lu e  co lour im m ed ia te ly

developed  on a d d i t io n  o f  th e  re a g e n t and faded  a f t e r  one or two . 

h o u rs . T his was a p u z z l in g 'o b s e rv a t io n ,  as b o ro h y d rid e  u s u a l ly  

re d u c e s  u n s a tu ra te d  chrom ophores, u n t i l  i t  was r e a l i s e d  t h a t  th e  

same in te n s e  co lo u r cou ld  be produced m erely  by th e  a d d i t io n  o f  

d i l u t e  sodium h y d ro x id e , and t h a t  i t  was th e  b a s ic  p ro p e r ty  o f  

.-the~bor.ohydride ..that-pr.oduced  t h a - e f f  e c t .  ..The,,blue co lo u r 

produced  by base  was s ta b le  f o r  a t  l e a s t  48 h o u rs , and on a c id ­

i f i c a t i o n  o f  th e  b a s ic  s o lu t io n  and e x t r a c t io n  in to  ch lo ro fo rm

a re d  su b stan ce  was o b ta in e d  w hich had an R_ v a lu e  d i f f e r e n t1

from  t h a t  o f  th e  s t a r t i n g  yellow  compound. T h is re d  su b s tan ce  

was an u n s ta b le  gum which ten d ed  to  decompose in to  an in s o lu b le  

brown m a te r ia l  on s to r a g e ,  b u t i f  f r e s h ly  p re p a re d  i t  a c te d  as an 

a c id -b a s e  in d i c a to r ,  b e in g  dark  b lu e  in  a lk a l in e  s o lu t io n ,  and a 

r e d  su spension  in  a c id ic  m edia. I n f r a r e d  sp ec tro sco p y  o f th e  

re d  gum su g g ested  t h a t  a pheno l group was p r e s e n t ,  w h ile  th e  n . m . r ,  

spectrum , a lth o u g h  n o t w e ll  r e s o lv e d ,  showed a d im in u tio n  in  th e  

number o f  o le f i n i c  p ro to n s  to g e th e r  w ith  an in c re a s e  in  th e  

number o f  a ro m a tic  p ro to n s . One e x p la n a tio n  o f th e  above f a c t s
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i s  shown in  Scheme V I I I ,  I f  th e  d ienone re a r ra n g e s  under th e  

in f lu e n c e  o f  base  to  th e  phenaz ine  d e r iv a t iv e  th e  c o r r e s ­

ponding an io n , 451, would be e x te n s iv e ly  reso n an ce  . s t a b i l i s e d  

and m ight have th e  low energy  e le c t r o n ic  t r a n s i t i o n s  n e c e s s a ry  

to  accoun t f o r  i t s  in te n s e  v i s i b l e  a b s o rp tio n . The d e lo c a l i s a t io n  

o f  th e  an ion  4-51 cou ld  e x p la in  i t s  s t a b i l i t y  in  b a s ic  s o lu t io n ,  

w hereas th e  p a re n t  pheno l 4-52, a quinone im ine decomposed r a p id ly  

in  a i r .  The mechanism w hereby 44-9 cou ld  r e a r ra n g e  in  b ase  to  th e  

a a io a  *4-51 i s ,  however o b scu re . There i s  scope f o r  f u r th e r  work 

to  con firm  o r d isp ro v e  th e  l a t t e r  h y p o th e s is  and a ls o  to  ex p lo re  

more f u l l y  th e  r e a c t io n s  o f  th e  i n t e r e s t i n g  s t r u c tu r e  44-9.

O x id a tio n  o f  Compounds 422, > 4-26 and 429

On c o n s id e ra tio n  o f th e  r e s u l t s  o b ta in ed  in  S e c tio n  3 « 3j  which 

showed t h a t  th e  n i t ro g e n  atom o f a  secondary  sulphonam ide underw ent 

re a d y  o x id a tiv e  c y c l i s a t io n  to  a s p iro d ie n o n e , i t  was r e a l i s e d  

t h a t  th e r e  was an a l t e r n a t iv e  ro u te  to  th e  p r e p a ra t io n  o f  th e  

d ienone 430 . 4-H ydroxy-2/ - ( to lu e n e -4 -su lp h o n a m id o )-d ip h e n y l e th e r  

426 , when h e a te d  in  benzene w ith  a c t iv e  manganese d io x id e  a f fo rd e d  

a 49$ y ie ld  o f th e  sp iro d ie n o n e  430 which was i d e n t i c a l  by t . l . c .  

in  two system s, in f r a r e d  sp e c tro sc o p y  and mixed m .p .,  w ith  th e  

p ro d u c t o f  o x id a tio n  o f  408 .

I t  was a ls o  o f  i n t e r e s t  to  o x id is e  4 -h y d ro x y -2 / ~ ( to lu e n e -  

4 -su lphonam ido )-d ipheny lam ine  422 to  d e term in e  w hether th e  d ienone 

449 would be form ed. In  f a c t  o x id a tio n  o f 422 gave a m ix tu re  o f  

f i v e  com ponents, th e  m ajor one o f w hich had th e  same as th e  

ye llow  compound 449. P re p a ra t iv e  t . l . c ,  le d  to  i t s  i s o l a t i o n  in



38$ y ie ld  and th e  m a te r ia l  was i d e n t i c a l ,  by t . l . c .  in  two s o lv e n ts  

in f r a r e d  spectrum  and mixed m.p. w ith  t h a t  d e sc r ib e d  in  S ec tio n  3*4 

I t  a ls o  behaved in  a s im i la r  fa s h io n  when t r e a te d  w ith  aqueous 

a l k a l i ,  g iv in g  an in te n s e  b lu e  s o lu t io n ,  w hich, on a c i d i f i c a t i o n  

and e x t r a c t io n ,  a f fo rd e d  a re d  su b s tan ce  which had th e  same R^ 

v a lu e  as  t h a t  o f  th e  s im i la r  m a te r ia l  p re v io u s ly  d e s c r ib e d . T his 

approach  to  compound 449. a lth o u g h  in v o lv in g  more .s te p s ,  g iv e s  

much h ig h e r  y ie ld s  o f  p ro d u c t in  th e  c r u c ia l  o x id a tio n  s te p  

and would seem to  be p r e f e r a b le .

The o x id a tio n  o f  2 ,4 , -d ih y d ro x y b e n z a n ilid e  429 was a ls o

b r i e f l y  examined. The p ro d u c t was a lm ost homogeneous b u t amounted

to  o n ly  20$ o f  th e  w eigh t o f  s t a r t i n g  m a te r ia l ;  t h i s  i s  u n u su a l

amongst th o s e  compounds o x id ise d  in  t h a t  th e  re c o v e ry  o f  m a te r ia l

i s  u s u a l ly  between 60 and 80$. P re p a ra t iv e  t . l . c .  a f fo rd e d  a

sm all amount o f  a  s o l id  w hich, a lth o u g h  homogeneous by t . l . c .

would n o t  c r y s t a l l i s e .  I t s  in f r a r e d  spectrum , w ith  a b s o rp tio n s
-1a t  1680, 1647 and 1614 cm , su g g es ted  i t  m ight be th e  s p i r o ­

d ienone 453 . Lack o f  tim e  p re v e n te d  t h i s  compound b e in g  o b ta in e d  

in  s u f f i c i e n t  q u a n t i ty  to  en ab le  i t  to  be f u l l y  c h a r a c te r i s e d .
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CHAPTER FOUR

THE ENZYME-CATALYSEPDECARBQXILATION OF ISOQUINALDIC ACIDS

The Role o f I so g id n o lin e -1  -c a rb o x y lic  a c id s  in  The B io g en es is  o f

332 333I t  i s  g e n e ra l ly  acc ep ted  th a t  is o q u in o l in e s  a re  form ed

in  v ivo  by co n d en sa tio n  o f  /^ -p h en e th y lam in es , (d e r iv e d  from  ty r o s in e  

o r d o p a), w ith  a p p ro p r ia te  carbony l compounds. The n a tu re  o f  th e  

ca rb o n y l compounds in v o lv ed  has been th e  s u b je c t  o f much d is p u te ,  

and th e  th r e e  main mechanisms1 which have been p roposed  f o r  th e  in c o rp ­

o ra t io n  o f th e  C-1 u n i t  and i t s  a t ta c h e d  groups in to  th e  is o q u in o l in e  

m olecule a re  o u t l in e d  in  Scheme IX.
33/

Follow ing th e  d isc o v e ry  by  P i c t e t  and S peng ler t h a t  p hene-

th y lam in es  r e a c t  w ith  a ldehydes under " p h y s io lo g ic a l” c o n u ilio n s  to
3 3 /  3 3 5

g iv e  te t r a h y d ro is o q u in o l in e s ,  i t . h a s  been su g g es ted  * t h a t  th e

33 4so u rce  o f  th e  C-1 m o iety  i s  a sim ple  a ld eh y d e , e . g .  fo rm aldehyde"^^
33*5aldehyde fo r  th o s

336

335f o r  a lk a lo id s  o f th e  anhalaraine 454 ty p e , a c e ta ld e h y d e  fo r  th o s e

o f  th e  s a l s o l id in e  455 fa m ily , and s u b s t i tu te d  p h e n y la c e ta ld e h y d e s  

f o r  th e  1-b e n z y l!so q u in o lin e  a lk a lo id s .  T h is  p ro p o sa l i s  r e p re s e n te d  

by th e  co n v ers io n  456 — 457 (P ath  1) in  Scheme IX. E xperim en ta l 

ev idence f o r  P a th  1 i s  s l i g h t  as a ldehydes a re  n o t  g e n e ra l ly  

a v a i la b le  in  m e tab o lic  pathw ays. T y ro s in e  and dopa a re  p re c u rs o rs

f o r  b o th  p a r t s  o f  th e  1-b e n z y lis o q u in o lin e  m olecu le in  s e v e ra l

337 338a lk a lo id s ,  b u t dopamine i s  on ly  in c o rp o ra te d  in to  th e  to p  h a l f ;

i f  a  p h en y laee ta ld eh y d e  were to  be form ed by deam in a tio n  o f  dopam ine,

one would expec t th e  l a t t e r  to  be a  p re c u rs o r  f o r  b o th  p a r t s .

339A second mechanism, P a th  I I ,  in v o lv e s  th e  i n i t i a l  a c y la t io n
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o f  th e  phenethy lam ine ( e . g .  by  a c e ty l  coenzyme A in  th e  case  o f 

th e  s a l 's o l id in e  a lk a lo id s ) ,  fo llo w ed  by c y c l i s a t io n  o f  th e  r e s u l t i n g
Q/0

amide 459 to  g iv e  e i th e r  457 o r 4-58. The in c o rp o ra tio n  o f

N -a c e ty ltry p ta m in e  in to  harman 461 (H H) has been adduced as

341ev idence  fo r  t h i s  mechanism, b u t o th e r  w orkers _ have found t h a t  

an N ~acety lphenethy lam ine was f i r s t  d e a c e ty la te d  b e fo re  b e in g  

in c o rp o ra te d  in to  a p ey o te  a lk a lo id .  Thus th e  ev idence  f o r  t h i s  

pathw ay i s  a t  th e  b e s t  in c o n c lu s iv e .
342

The t h i r d  p a th  o u t l in e s  th e  p ro p o sa l by Hahn e t  a l  t h a t

th e  carbony l compound i s  an < ^ -k e to a c id , which condenses w ith  th e

phenethy lam ine in  a P ic te t -S p e n g le r - ty p e  r e a c t io n  to  a f fo rd  an

is o q u in o l in e ~ 1 -c a rb o x y lic  a c id  460 ; subsequen t d e c a rb o x y la tio n  o f

t h i s  a c id  p roduces 457 o r 458 . T h is  mechanism was a t  f i r s t  l a r g e ly

343ig n o re d  fo llo w in g  th e  f a i l u r e  o f  H h a lley  and G ovindachari to

d e c a rb o x y la te  is o q u in a ld ic  a c id s  under m ild c o n d itio n s  in  v i t r o ,

b u t has  r e c e n t ly  found c o n s id e ra b le  e x p e rim en ta l su p p o r t.  P y ru v a te

339i s  an e f f i c i e n t  p re c u rs o r  o f v a r io u s  p ey o te  a lk a lo id s ,  and o f

th e  in d o le  a lk a lo id ,  harm ine 461 (R =■ OMe), w h ile  i s o q u in o l in e - 1 -

341c a rb o x y lic  a c id s  have been i s o l a t e d  from  p ey o te  c a c t i .  3*4-D ihydroxy-

345p h en y lp y ru v ic  a c id  has been shown"to be a p re c u rs o r  o f  n o r la u d a n so l in e

and r e t i c u l i n e ,  w h ile  is o q u in o l ir ie -1 -c a rb o x y lic  a c id s  have been

found to  be in c o rp o ra te d  in to  s e v e ra l  is o q u in o l in e  a l k a l o i d s . >345,347

In c u b a tio n  o f p eo ru v ic  a c id  462 w ith  f r e s h  c a c tu s  s l i c e s  le d  to  th e

i s o l a t i o n  o f  th e  3 ,4 -d ih y d ro is o q u in o lin e  463. w h ile  fe e d in g  o f  462

341to  th e  i n t a c t  p la n t  gave th e  te t r a h y d ro is o q u in o l in e  a lk a lo id  464 .

341T h is  r e s u l t  le d  to  th e  p ro p o sa l o f  an o x id a t iv e  d e c a rb o x y la tio n  

s te p  in  is o q u in o l in e  b io g e n e s is  to  be fo llo w ed  by  a r e d u c t io n  ( e . g .  

by  NADPH).
121



o/g
A re c e n t  paper g iv e s  d e t a i l s  o f  th e  d e c a rb o x y la tio n  o f

a s e r ie s  o f  1-b e n z y l te t r a h y d ro is o q u in o lin e -1 -c a rb o x y l ic  a c id s

A65 to  produce 3 jA -d ih y d ro iso q u in o lin e s  A66 in  h ig h  y i e ld ,  by

anod ic  o x id a tio n  in  e i th e r  m ethanol o r aqueous m eth an o lie  sodium

b ic a rb o n a te  s o lu t io n .  A f r e e  pheno l group in  e i th e r  th e  6 -  or

7 - p o s i t io n  o f  th e  is o q u in o l in e  n u c leu s  was found to  be n e c e ss a ry

f o r  smooth d e c a rb o x y la tio n  a t  low p o te n t i a l .  P o s s ib le  mechanisms

a re  shown in  Scheme X. P a th  A i s  a co n ce rted  tw o -e le c tro n  o x id a tio n

o f  a  ph en o l, b u t on ly  a p p l ie s  when th e  hydroxyl group i s  in  th e

6 - p o s i t io n .  P a th  B i s  a  c o n ce rted  tw o -e le c tro n  o x id a tio n  in  which

th e  e le c tro n s  a re  ta k e n  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 ,  w h ile  p a th  C i s  a co n v en tio n a l ECE p ro c e ss  s im i la r  
3 / 9

to  one p roposed  f o r  th e  "pseudo-K olbe” r e a c t io n .  S ince th e r e

i s  l i t t l e  d if f e r e n c e  betw een th e  6 -  and 7 -h y d ro x y ac id s  in  th e  ease

o f d e c a rb o x y la tio n , p a th  A i s  i n s u f f i c i e n t  to  accoun t f o r  th e

r e a c t io n  and a n o th e r mechanism (p a th  B o r C) must o p e ra te .  F u r th e r

350work from  th e  same la b o ra to r y  has shown th a t  s im i la r  is o q u in o l in e -

1-c a rb o x y lic  a c id s  a re  a ls o  d e c a rb o x y la te d  under th e  in f lu e n c e  o f

a e r i a l  oxygen and a l k a l i  b u t th e  r e a c t io n  i s  slow er th a n  th e

e le c tro c h e m ic a l one and g iv e s  more th a n  one p ro d u c t.

In  view o f  th e  low anod ic  p o t e n t i a l  r e q u ire d  to  d e c a rb o x y la te

6 -  o r 7 -h y d ro x y iso q u in a ld ± c  a c id s ,  i t  seemed l i k e l y  t h a t  such

compounds would undergo a  s im i la r  r e a c t io n  on tre a tm e n t w ith

enzymes known to  o x id is e  p h e n o ls . I f  t h i s  w ere so , i t  would be

351ev idence in  fav o u r o f  th e  p ro p o s a l -̂  t h a t  c e r t a in  e le c tro c h e m ic a l
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o x id a tio n s  g iv e  s im ila r  r e s u l t s  to  th o s e  o c c u rr in g  in  v iv o . The 

enzymes chosen .for t h i s  work w ere 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 .

O ccurrence and P ro p e r t ie s  o f  Laccase and- P ero x id ase  

Laccase

L accase i s  a member o f  th e  group o f enzymes known as  th e  b lu e

o x id a se s . These a re  c o p p e r-c o n ta in in g  g ly c o p ro te in s  w hich owe

t h e i r  b lu e  co lo u r to  th e  v i s i b l e  abso rbance o f a  C u ( ll)  io n , and

com prise a s c o rb a te  o x id a se  (EC 1 . 1 0 . 3 * 3 . ) ,  c e ru lo p lasm in  or

f e r r o x id a s e ‘ (EC 1 . 16 .3*1• )> t r e e  la c c a s e  and fu n g a l la c c a s e .

C onfusion e x i s t s  betw een la c c a s e  and monophenol monooxygenase

(o r ty r o s in a s e ,  (EC 1.14-. 1 8 , 1 . )  w hich, in  a d d i t io n  to  in tro d u c in g

oxygen in to  a p h en o l, can a ls o  c a ta ly s e  r e a c t io n s  s im i la r  to  th o se

c a ta ly s e d  by la c c a s e .  In  th e  Enzyme Commission recom m endations

(1965) la c c a s e  was named £ -d ip h en o l:o x y g en  o x id o re d u c ta se  (EC 1 . 1 0 . 3 .

b u t t h i s  l i s t i n g  has been d e le te d  in  th e  l a t e s t  ( 1973) recom - 

353m endations.

Tree la c c a s e  i s  o b ta in e d  from  th e  Japanese  la c  t r e e  (Rhus
oc [

v e r n i c l f e r a ) and o ccu rs  to g e th e r  w ith  an o th e r b lu e  co p p e r-
3 5 5

p r o te in ,  s te l la ra y c in , w h ile  fu n g a l la c c a s e  o ccu rs  in  s e v e ra l

356 357fu n g i,m a in ly  B asid iom ycetes and A scom ycetes. Some fu n g a l

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 a  p ro p o sa l has been made

t h a t  t h e i r  fu n c tio n  i s  to  b reak  down l ig n in  in  th e  wood on w hich

th e  fu n g i grow, to  form  m e ta b o lic a l ly  u s e f u l  p ro d u c ts .  Most work

has been done w ith  th e  enzymes from  two s p e c ie s ,  P o lypo rus v e r s ic o lo r

359and Podospora a n s e r in a . a lth o u g h  o th e rs  have o c c a s io n a l ly  been 

u s e d . ' ^ ’"’̂  The enzyme from  P o lypo rus v e r s ic o lo r  i s  s e c re te d  in to



th e  medium when grown in  l i q u id  c u l tu r e ,  and h ig h  y ie ld s  can be

o b ta in e d  when an in d u c e r in d o le - 3 - a c e t i c  acid '^ ^ or 2 , 5-d im e th y l-  

365a n i l in e  i s  added to  the. medium.

The e a r ly  l i t e r a t u r e  c o n ta in s  c o n tra d ic to ry  r e p o r t s  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  d e term in e  

w hether o - ,  m-, and p -d ip h e n o ls  and o - ,  m-, and ^ - s u b s t i tu te d

t ,  n  1 ’ j  • j  3 6 0 . 3 6 1 , 3 6 3 , 3 6 6 - 8monophenols w ere o r were n o t o x id is e d , 7 ’ ’

More r e c e n t  work has c o n c e n tra te d  on th e  mechanism o f a c t io n

o f th e  enzyme and e s p e c ia l ly  on th e  ty p e  and r o le  o f th e  copper

atom s. Fungal la c c a s e  c o n ta in s  fo u r  copper atoms o f  w hich two

g iv e  EPR s ig n a ls  ty p i c a l  o f  Cu( l l )  i o n s . One o f  th e s e  l a t t e r

atoms i s  d e s ig n a te d  Type 1 copper and i s  r e s p o n s ib le  fo r  th e  b lu e
. . 370co lo u r w ith  a  v i s i b l e  abso rbance  band about bUO n m . ' ' The o th e r

i s  d e s ig n a te d  Type 2 and i t s  c h a r a c t e r i s t i c  p ro p e r ty  i s  th e  ease

371w ith  which i t  b in d s  to  a n io n ic  i n h i b i t o r s .  The two EPR- 

n o n d e te c ta b le  copper atoms a re  d e s ig n a te d  Type 3 and w ere o r ig i n a l l y
o

th o u g h t to  be Cu(l )  io n s  to  acco u n t f o r  t h e i r  la c k  o f  param agnetism ; 

373l a t e r  work, how ever, su g g e s ts  t h a t  th e y  e x i s t  as  a coup led  p a i r

37Ao f  Gu( l l )  atoms 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 .

Fungal la c c a s e  can a c c e p t as many e le c tro n s  as i t  h as  copper 

375atoms b u t i t  i s  n o t  y e t  c le a r  w hether in  th e  norm al r e a c t io n

more th a n  one e le c t r o n  can be ta k e n  a t  one tim e  from  one s u b s t r a te

m o lecu le . F ree  r a d ic a l s  have been d e te c te d  as in te rm e d ia te s  in

376la c c a s e - c a ta ly s e d  o x id a t io n s ,  b u t th e r e  i s  a  p o s s i b i l i t y  t h a t

th e y  may a r i s e  from  s id e  r e a c t io n s ,  as  has been dem onstra ted  f o r

377 352ty r o s in a s e .  A lthough th e  b a la n c e  o f  ev idence favour's o n e -
378

e le c t ro n  o x id a t io n s ,  a mechanism has been proposed  (Scheme XI)
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in  w hich la c c a s e  cou ld  e f f e c t  a tw o -e le c tro n  o x id a tio n  a s ,  fo r  

exam ple, th e  ca rb o n -ca rb o n  co u p lin g  o f  p h en o ls , by th e  i n t e r ­

m ediacy o f  a s in g le  C u ( ll)  atom . The copper h y d ro p ero x id e  formed 

-w ould r e a c t  w ith  a f u r th e r  two m olecu les o f phenol and th u s  th e  

t r a n s f e r  o f  th e  fo u r  e le c t ro n s  n e c e s s a ry  to_ red u ce  a  m olecu le o f

oxygen to  two m olecu les o f  w ate r would be com pleted in  two tw o-

379e le c tro n  o x id a tio n  s te p s .
otin ort -i

Fungal la c c a s e  has been u sed  by Bocks and h e r co-w orkers }

to  e f f e c t  o x id a tiv e  co u p lin g  r e a c t io n s  in  v i t r o . 2 ,6 -D im e th y l-  and

2 , 6-dim ethoxyphenols w ere co n v erted  in 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 ,  w h ile  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  p u rp u ro g a l l in .  Ehzymic o x id a tio n  o f

g riseophenone  280 gave a 37% y ie ld  o f d e h y d ro g r is e o fu lv in  279-.

, --.w hile s im ila r-  t r e a tm e n t-o f - - to ta ro l  4-67 a ffo rd e d  p o d o to ta r in  4-68

in  20% y i e ld .

4-.2 .2  H o rse ra d ish  P e ro x id a se

382P e ro x id a se s  (EC 1 .1 1 .1 .7 ,  donor: HgOg o x id o re d u c ta se )  a re

g ly c o p ro te in s  w hich have th e  i r o n -c o n ta in in g  p ro to p o rp h y r in  IX

as a p r o s th e t ic  g roup . They occur in  s e v e ra l  an im al c e l l s  and in  tS
'̂4

v i r t u a l l y  a l l  p l a n t s ,  and th e  enzymes from  d i f f e r e n t  so u rces  have

m o lecu la r w eig h ts  ra n g in g  from  30,000 to  100 ,000 . Most work has

been done w ith  th e  enzyme from  th e  h o r s e ra d is h  r o o t ;  i t  i s  /Jf
X •<>!

com m ercially  a v a i la b le  as a c r y s t a l l i n e  p r o te in .  '*f|

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 . M

th e  n a tu re  o f  th e  p ro d u c ts  form ed have been e x te n s iv e ly  s tu d ie d .
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383 384-Ear l y  work ’ showed t h a t  th e  f i r s t  p ro d u c t(d e s ig n a te d  

HRP-l) was g reen  and t h a t  a subsequen t o n e -e le c tro n  re d u c t io n  

gave a re d  p ro d u c t.(H R P -II ) ,  w hich, a f t e r  a f u r th e r  o n e -e le c tro n  

r e d u c t io n  reform ed  th e  f r e e  enzyme. The compounds I  and I I  were 

o r ig i n a l l y  th o u g h t to  be en zy m e-su b stra te  com plexes, u n t i l  i t  

was found th a t  HRP-I was n o t in  e q u ilib r iu m  w ith  HEP and, 

fu r th e rm o re , HRP-I could  be produced by th e  a c t io n  o f o th e r
q etc

o x id a n ts  ( e .g .  m o ly b d icy an id e ). Thus th e  enzyme r e a c t s  w ith

385p e ro x id e  to  form  d i s t i n c t  compounds and f u r th e r  work c h a ra c ­

t e r i s e d  two more o f  th e s e ,  H R P-III and f e r ro p e ro x id a s e .  The

i ro n  atom in  HEP i s  in  th e  F e ( l l l )  o x id a tio n  s t a t e  w h ile  in

386fe r ro p e ro x id a s e  i t  i s  F e ( l l ) ,  The in te rc o n v e r s io n  o f th e  

compounds i s  shown in  Scheme X IIj th e  numbers in  p a re n th e se s  

f o r  compounds I ,  I I  and I I I  r e f e r  to  th e  no x id is in g ~ e q u iv a le n ts n 

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 r o n  atom. The 

enzyme can form  s im i la r  compounds w ith  m ethy l, e th y l ,  n -p ro p y l

and i s o -p ro p y l h y d ro p ero x id es  b u t n o t w ith  th e  t - b u t y l

*  ̂ 382acompound.

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

fo u r  o f w hich a re  bound to  th e  p y r r o le  n i t ro g e n s  and one to  th e

387p r o te in  i t s e l f .  One th e o ry  o f  th e  s t r u c tu r e  o f  th e  HRP compounds

su g g e s ts  t h a t  in  HRP-I, ox ide  i s  c o -o rd in a te d  i n  th e  s ix th  p o s i t io n

w ith  th e  i ro n  in  th e  Fe(V) s t a t e ,  and when i t  i s  reduced  to  HRP-II
P't' 38Sth e  i r o n  i s  in  th e  f e r r y l  s t a t e  (FeO~ ) .  An a l t e r n a t i v e  

389 390th e o ry  ’ p ro p o ses  t h a t  th e  p o rp h y rin  r in g  i s  o x id is e d  by
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p e ro x id e  in  HRP-I and on re d u c t io n  to  HRP-II th e  i r o n  changes

from  f e r r i c  to  f e r r o u s .  Comparison o f  a b so rp tio n  s p e c tr a  w ith

th o se  o f  known p o rp h y r in s , and m agnetic s u s c e p t i b i l i t y  s tu d ie s

391have n o t r e s o lv e d  th e s e  two t h e o r i e s . '

The r e a c t io n  o f  HRP compounds w ith  hydrogen donors i s  
392

u n iv e r s a l ly  th o u g h t to  in v o lv e  th e  g e n e ra tio n  o f f r e e  r a d ic a l s  

as  fo llo w s :

HRP *4*  H202  > HRP-II

HRP-I +■ AH2 -----> - HRP-II +  AH«

HRP-II *+• AH2 -— > HRP *+* AH*

2AH • ---------)  p ro d u c ts

The im p o rta n t consequence o f  t h i s  mechanism i s  t h a t  i f  th e

HRP compounds do n o t b in d  to  th e  hydrogen donor, th e n  th e  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 th e  s a tu r a t io n  k in e t i c s

393c h a r a c t e r i s t i c  o f  enzyme r e a c t io n s .  R ecent work has  i n v e s t i ­

g a te d  th e  r e a c t io n  o f compounds I  and I I  w ith  io d id e ,  f e r ro c y a n id e , 

A -c re so l and A -am inobenzoic a c id ,  w ith  th e  co n c lu s io n  th a t  th e  

f i r s t  two do n o t form  en zy m e-su b stra te  complexes w ith  e i th e r  

compound, w h ile  A -c re so l form s a complex w ith  H RP-II, b u t ev idence 

i s  p re se n te d  t h a t  i t  may be u n p ro d u c tiv e . The case  o f  A -am inobenzoic

a c id  i s  more complex and en zy m e-su b stra te  com plexes may be in v o lv e d .

39AP re v io u s ly  th e  o n ly  in s ta n c e ^  in  which s a tu r a t io n  k in e t i c s  had

been found to  ap p ly  was th e . r e a c t io n  o f  HRP-II w ith  fe r ro e y e  tochrom e c

The range  o f  compounds w hich can a c t  as hydrogen donors to  

395HRP compounds i s  w ide^ and in c lu d e s  a ro m atic  am ines, p h e n o ls , 

e n e d io ls ,  le u co  dyes and amino a c id s .  The b io lo g ic a l  r o l e  o f
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396p e ro x id a se s  i s  unknown. There a re  p ro p o sa ls  t h a t  t h e i r  fu n c tio n  

i s  to  c a ta ly s e  phenol o x id a t iv e  co u p lin g  ( e .g .  in  th e  b io s y n th e s is
onn * oqA

o f l i g n in  ) o r to  remove hydrogen p e ro x id e  from  th e  c e l l ;

o th e r  a u th o rs  have su g g es ted  th a t  p e ro x id a se s  may be in v o lv ed  in

398th e  h y d ro x y la tio n  o f  a ro m a tic  com pounds,' and th e  d e c a rb o x y la tio n  

399o f amino a c id s .

The s y n th e t ic  a p p l ic a t io n s  o f  o x id a tio n s  c a ta ly s e d  by p e ro x id a se

a re  f a i r l y  numerous and o n ly  th o se  in  th e  is o q u in o l in e  a lk a lo id

f i e l d  w i l l  be d is c u s s e d  h e re .  In  1967 th e  o x id a tio n  o f la u d a n o so lin e

methobromide by th e  enzymes, mushroom ty r o s in a s e ,  Rhus la c c a s e  and

H o rse ra d ish  p e ro x id a se  was i n v e s t i g a t e d ; ^ 0 ch rom atograph ic and '

s p e c t r a l  ev idence o f  th e  fo rm a tio n  o f  th e  q u a te rn a ry  ap o rp h in e

4-70 was o b ta in e d . F u r th e r  work was c a r r ie d  o u t by Kametani and

h is  co-w orkers who used  m ix tu re s  o f  crude p la n t  hom ogenates and

hydrogen p e ro x id e  as  o x id a n ts .  T reatm ent o f th e  p h e n e th y lis o q u in -
4.01-— o l i n e - 4-71 w ith  hom ogenised p o ta to  p e e ls  and p e ro x id e  produced

th e  h e a d - t o - t a i l  coup led  d im er-4-72 in  low y i e ld ,  w h ile  th e  u se  o f

a  W asabia Jap o n ica  homogenate a f fo rd e d  a 25% y ie ld  o f  th e

"“‘'h e a d - to -h e a d  dim er 4-73. The a u th o rs  proposed  th a t  d i f f e r e n t

enzymes, s p e c i f i c  f o r  each c o u p lin g , were p re s e n t  in  th e  p la n t s .

O x id a tio n  o f  N -m eth y lco c lau rin e  w ith  th e  p o ta to  p e e ls  system  was 
4.03^ re p o r te d  to  g iv e  v e ry  sm all y ie ld s  o f  a h e a d - t o - t a i l  dim er 4-74- 

and a s im ila r  t r im e r ,  b u t o n ly  mass s p e c tro m e tr ic  ev id en ce  was 

' o b ta in e d  f o r  th e  s t r u c tu r e s  o f  th e  p ro d u c ts . An a tte m p t^ 0^  to  

e f f e c t  co u p lin g  o f  r e t i c u l i n e  308 to  s a lu t a r id in e  307 w ith  a 

homogenate o f  Papaver 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  . in  th e  ^ - p o s i t i o n .

The u se  o f  p u re  h o r s e ra d is h  p e ro x id a se  and p e ro x id e  le d ^ °^

to  c leav ag e  o f  N -m eth y lco c lau rin e  and i t s  7 -0 -b en zy l e th e r ;  lo s s

o f th e  4 -hydroxybenzyl g roup ing  gave th e  c o ry p a l l in e s  475 (R — H

o r CH^Ph). S im ila r  tre a tm e n t o f  r e t i c u l i n e  ag a in  form ed a

c leav ed  p ro d u c t, t h a l i f o l i n e  476. P e ro x id ase  o x id a tio n ^ 0^ o f

arm epavine produced O -m e th y lc o ry p a llin e  475 (R ~ M e ), w h ile

N-noram epavine gave th e  d ih y d ro iso q u in o lin e  477 to g e th e r  w ith

th e  1 ,2 -d ib e n z y l is o q u in o l in e  478 (form ed by a d d i t io n  o f th e

1,4 -benzoqu inone m e th id e , produced in  th e  o x id a tiv e  c leav ag e ,

to  th e  is o q u in o l in e ) .  The above in s ta n c e s  o f c leav ag e  when

b e n z y lis o q u in o l in e s  w ith  4*-hydroxy  fu n c tio n s  a re  o x id ise d
407e n z y m a tic a lly  a re  in  acco rd  w ith  s im i la r  o b s e rv a tio n s  when 

anod ic  o x id a tio n  i s  employed.

S u c c e ss fu l o x id a t iv e  c o u p lin g s  u s in g  HRP and p e ro x id e  have 

been ach iev ed ; N -m e th y lis o s a ls o lin e  was co n v erted ^ 0^ in to  a 

m ix tu re  o f  C~C and C-O-G d im ers , 479 and 480 . w h ile  lo p h o c e r in e
/ nA

a ffo rd e d  a sm all y ie ld  o f  th e  C-O-C dimer ^81.. S im ila r  tr e a tm e n t

o f  N -m eth y lco c lau rin e  gave a d ip h e n y l e th e r  482 to g e th e r  w ith  two

d ih y d ro iso q u in o lin e  p ro d u c ts .  An a tte m p t to  in tro d u c e  a  second

in tra m o le c u la r  e th e r  l in k a g e  in to  th e  b is b e n z y l is o q u in o l in e

a lk a lo id ,  „ c u sp id a lin e  u s in g  p e ro x id a se  was u n s u c c e s s fu l .

408T reatm ent o f  th e  ap o rp h in e , b o ld in e  w ith  HRP and p e ro x id e  

p roduced a  m ix tu re , from  w hich was i s o la te d  12% o f  th e 'C -C  dimer
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483 and S% o f  th e  C-O-C dim er ABA.

P e ro x id a se  o x id a tio n  o f  q u a te rn a ry  b ases  has g iven  b e t te r -

409y ie ld s  o f  coupled p ro d u c ts ;  la u d a n o so lin e  hydrobrom ide a f fo rd e d

th e  d ib e n z o p y rro c o lin e  485 in  81% y ie ld ,  w h ile  la u d a n o so lin e

m eth iod ide  pro  due e d ^ ^  th e  ap o rp h in e  4-70 in, 60% y ie ld  th u s

con firm ing  th e  r e p o r t  o f  Promming^00 The im provement in  th e

r e a c t io n  when th e  n it r o g e n  atom i s  q u a te rn is e d  i s  in  accord

4 1 0w ith  th e  o b se rv a tio n s  o f Franck e t  a l ,  and i s  p ro b a b ly  due to  

th e  n it ro g e n  lo n e  p a i r  o f e le c tro n s  b e in g  removed and hence th e  

c leav ag e  o f th e  1-b e n z y l group b e in g  p re v e n te d .

• F re lin r in a ry  Experiments" w ith  L accase and S y n th e s is  o f  S u b s tra te s  

The B asid iom ycete , P o lyporus v e r s ic o lo r  was grown i n  s t a t i c
I A A

c u l tu r e s  o f th e  l i q u id  medium d e s c r ib e d  by F ahreus and R e in h a m m e r1 1

-The fo rm a tio n  o f  th e  e x t r a c e l l u l a r  enzyme was induced  a f t e r  5-7  days

grow th o f  th e  fu n g u s , by a d d i t io n  o f  2 , 5 -d im e th y la n il in e .  A f te r  a

f u r th e r  7*days grow th th e  c u l tu r e s  w ere h a rv e s te d  and th e  m ycelium -

f r e e  medium was s to re d  a t  -2 0 ° . The a c t i v i t y  o f  th e  s o lu t io n s  was

4 1 2assay ed  u s in g  c a te c h o l as th e  s u b s t r a te ,  and was g e n e ra l ly
O

-’betw een 1 and 4  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 e n ta l) . An a tte m p t was made to  p u r i f y  th e  enzyme by 

ammonium su lp h a te  p r e c i p i t a t i o n ,  b u t t h i s  le d  to  th e  l o s s  o f so 

much a c t i v i t y  t h a t  i t  was d ec id ed  to  u se  th e  crude c u l tu r e  f i l t r a t e s .

The crude la c c a s e  s o lu t io n  produced  d e h y d ro v a n ill in  from  

v a n i l l i n ,  and 3s3 f 5 *-te tram ethoxyd iphenoqu inone from  2 ,6 -
ogn

dim ethoxyphenol in  acco rd  w ith  r e p o r t s  in  th e  l i t e r a t u r e ,  3 

and d id  n o t g iv e  a co lo u re d  p ro d u c t when mixed w ith  ty r o s in e ,

135
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367th u s  con firm ing  th e  absence o f ty r o s in a s e .  The e f f e c t  o f th e

enzyme on 2 , 6 -d i- t -b u ty lp h e n o l  was in v e s t ig a te d :  th e  p ro d u c ts  w ere

found to  be th e  d iphenoquinone 4-86 and th e  b iscy c lo h ex ad ien o n e  4-87

‘in  alm ost equal amounts (by t . l . c .  com parison o f ' t h e  r e a c t io n

413 4.14.m ix tu re  w ith  sam ples p re p a re d  by l i t e r a t u r e  methods ’ ) , The

415d ip h en o l 4-88 was found to  be a b s e n t.  Only t r a c e s  o f  p ro d u c ts  

w ere formed when th e  d ip h e n o ls  .131 and 177 were in c u b a te d  w ith  

enzyme s o lu t io n ,  w h ile  th e  dihydroxysulphonam ide 4-08 gave a m ix tu re  

-c o n ta in in g  th ree ...p ro d u c ts  in  a d d i t io n  to  unchanged 4-08; none o f 

th e s e ,  how ever, was th e  sp iro d ie n o n e  430 . The am inohydroxy- 

sulphonam ide 4-10 gave a m ix tu re  c o n ta in in g  f i v e  components in  

a d d i t io n  to  s t a r t i n g  m a te r ia l ;  t . l . c .  exam ination  showed t h a t  none 

o f  th e s e  was e i th e r  th e  ye llow  compound 14-9 o r l i k e l y  to  be th e  

“d ienone 4(4-8.

For th e  d e c a rb o x y la tio n  s tu d ie s  th r e e  ty p e s  o f  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 s  w ere r e q u ire d ,  v iz  compounds w ith

6-hydroxy-7~m ethoxy~, 7 -hydroxy-6 -m ethoxy- and 6 ,7 -d im e th o x y -

s u b s t i tu t io n  in  th e  is o q u in o l in e  n u c le u s . For each o f th e s e

g roup ings i t  was d e s ir e d  to  p re p a re  a c id s  w hich c o n ta in ed  v a r io u s

groups a t  th e  1- p o s i t io n ;  hydrogen , m ethyl and b en zy l w ere chosen

as  s u b s t i tu e n ts .  For each c a rb o x y lic  a c id  o b ta in e d , i t  was a ls o

n e c e ssa ry  to  s y n th e s is e  th e  co rresp o n d in g  3 ,4 -d ih y d ro is o q u in o lin e ,

th e  expected  d e c a rb o x y la tio n  p ro d u c t.

The s t a r t i n g  am ines f o r  th e  s y n th e s is  o f th e  re q u ir e d  a c id s

and i s o q u in o l in e s ,  v iz  3 -benzyloxy-4-m ethoxy, 4.-benzylpxy~3-

m ethoxy- and 3-hy d ro xy-4-m ethoxy~ f t -p henethy lam ines  were p re p a re d
4 1 6 —8a cco rd in g  to  s ta n d a rd  l i t e r a t u r e  m ethods. 6-H ydroxy-7-



metho'xy-1 -m eth y l- 1 ,2 , 3 , 4 -* b e trah y d ro iso q u in o lin e -1  -c a rb o x y lic . a c id

4-90 was o b ta in ed  in  50% y ie ld  by P ic te t-S p e n g le r  co n d en sa tio n
419betw een th e  p h e n o lic  ^ - p h e n  e th y l  amine and p y ru v ic  a c id ,  ' w h ile

th e  n o v e l a c id s  4-89 and 4-91 were p re p a re d  by M r.E .J . T in le y  u s in g

analogous co n d en sa tio n s  w ith  g ly o x y lic  and p h en y lp y ru v ic  a c id s

420 421r e s p e c t iv e ly .  The known ' 7 ' 3 j4 -d ih y d ro is o q u in o lin e s  492 and

•^4-93 were- o b ta in e d  ±rr 4-6- and~57$ ’-y ie ld s ,  - by- B is c h ie r -N a p ie ra ls k i

c y c l i s a t io n  o f  th e  N -form yl and N -a c e ty l d e r iv a t iv e s  o f  3 -b en zy lo x y -
/  22

4-m ethoxy~ /# -phenethy lam ine, fo llo w ed  by c a t a ly t i c  h y d ro g en o ly s is  

o f th e  r e s u l t i n g  6 -0 -b e n z y ld ih y d ro is o q u in o l in e s . Compounds 4-94 

and 496 were p re p a re d  in  analogous fa s h io n  by Mr. T in le y  s t a r t i n g  

from  th e  a p p ro p r ia te  p h en e th y lam in es .

The p lanned  r o u t e ^ ’°  to  th e  7 -h y d ro x y ac id s  in v o lv ed  th e  

p re p a ra t io n  o f th e  R e i s s e r t  compound from  7-b e n zy loxy-6-m ethoxy-

3 ,4 -d ih y d ro iso q u in o lir ie , fo llo w ed  e i th e r  by  im m ediate h y d ro ly s is ,  

o r by a lk y la t io n  and th e n  h y d ro ly s is .  The h y d ro ly s is ,  by  8 5% 

phosp h o ric  a c id ,  i s  r e p o r t e d " ^  to  remove b o th  th e  0 -b en zy l and 

N -benzoyl groups and to  co n v e rt th e  n i t r i l e  fu n c tio n  to  a c a rb o x y lic  

a c id .  U n fo r tu n a te ly , d e s p i te  numerous a tte m p ts  by  th e  au th o r a id  

a ls o  by Mr. T in le y , th e  hydro lysi-s  o f  e i th e r  th e  1-hyd rogen , th e  

1-m ethy l o r th e  1-b en zy l R e is s e r t  compounds cou ld  n o t be e f f e c te d  

and a sample o f  1 -benzy l-7 -hydroxy-6~ m ethoxy-1 , 2 , 3 ,4 - t e t r a h y d r o -  

is o q u in o l in e - l  - c a rb o x y lic  a c id  495 was o b ta in ed  from  P ro f .  J.M. 

B o b b i t t .

Two methods w ere a v a i la b le  f o r  th e  s y n th e s is  o f  th e  6 ,7 -  

d im ethoxyacids 4-97 and 498 . In  th e  f i r s t ,  dopamine was condensed



J i H  

COOH <

H

R COOH

4 9 2R =

M eO -v > ' ' ' MeO

MeO

R COOH

HCf

MeO
N-HCl

4 9 7  
4 9 8

R
R

H
Me

4 9 9  
5 0 0 MeO

MeO NCOPh



w ith  p y ru v ic  a c id  under P ic te t-S p e n g le r  c o n d itio n s  to  a f fo rd  th e
/p  3

d ip h e n o lic  i s o q u in o l in e - 1-c a rb o x y lic  a c id  ~ in  good y ie ld ;

subsequen t m e th y la tio n , how ever, gave on ly  a poor y ie ld  o f  th e

dim ethoxy m ethyl e s te r  w hich could  n o t be h y d ro ly sed  c le a n ly  to

th e  d im ethoxyac id . The second ro u te  proceeded  v ia  co n v ers io n  o f
A2A6 .7~dim ethoxy~3,4”-d ih y d ro iso q u in o lin e  A99 to  th e  R e is s e r t

J  O f*
compound * 501 w hich was h y d ro ly sed  to  form  6, 7 -d im e th o x y -l, 2 , 3 , 4--

A26te 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  4^7 in  68% y i e ld .  

M eth y la tio n  o f th e  R e i s s e r t  w ith  sodium h y d rid e  and iodom ethane 

a f fo rd e d  2-b e n z o y l-1-c y a n o -6 . 7 -d im eth o x y -1-m e th y l-1 . 2 , 3 , 4--t b t r a -  

h y d ro iso q u ln o lin e  502 w hich was h y d ro ly sed  to  p roduce 6 „7 -dim ethoxy-  

1-m e th y l-1 , 2 , 3 . 4 -- te tra h y d ro is o q u ln o lin e -1 -c a rb o x y lic  a c id  A98 in
i 0*7

2A% y ie ld .  The d ih y d ro iso q u in o lin e  500 v was o b ta in e d  by  c y c l i s a t io n  

o f  N -( 3, 4--dim ethoxy- p> -p h e n e th y l) -a c e ta ra id e .

The E nzym e-catalysed  D ecarb o x y la tio n

As la c c a s e  p r im a r i ly  a c t s  on p h e n o ls , i t  was expec ted  t h a t  th e  

d im ethoxyacids 4-97 and A98 would n o t d e c a rb o x y la te , and' th e y  were 

employed to  exclude th e  p re se n c e  o f  any o th e r  d e c a rb o x y la tin g  or 

h y d ro x y la tin g  enzyme in  th e  crude c u l tu r e  f i l t r a t e .  I n i t i a l  

experim en ts  in v e s t ig a te d  th e  r e a c t io n  o f  th e  enzyme w ith  compounds 

4-90 and 4-9S. The c a rb o x y lic  a c id s  w ere s o lu b le  in  pho sp h ate  b u f fe r  

(pH — 6 . 0 ) c o n ta in in g  20% e th a n o l,  and w ere in c u b a te d  f o r  72 hours 

w ith  a d d i t io n  o f  enzyme s o lu t io n  a f t e r  0 , 2A and 4-6 h o u rs . The 

r e a c t io n  m ix tu res  were th e n  made b a s ic  by th e  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 . - The s o lu t io n  

c o n ta in in g  th e  p h e n o lic  a c id  4-90 a ffo rd e d  an 18% re c o v e ry  o f  a  brown



gum, th e  R v a lu e  o f  w hich was i d e n t i c a l  w ith  t h a t  o f th e  

d ih y d ro iso q u in o lin e  4-93. Both th e  gum and th e  r e a c t io n  m ix tu re , 

when viewed under u .v .  l i g h t ,  d isp la y e d  th e  b lu e  f lu o re s c e n c e  

c h a r a c t e r i s t i c  o f  3 ,4 ~ d ih y d ro iso q u in o lin e s .

A p ic r a t e  was form ed from  th e  gum and, a lth o u g h  i t  did. n o t  

m e lt, a m ix tu re  o f  th e  p i  c r a t e  and th e  s im ila r  d e r iv a t iv e  o f  4-93 

decomposed a t  th e  same te m p e ra tu re  as  t h a t  o f  th e  p i c r a t e  o f  

a u th e n t ic  4-93; th e  two p i c r a t e s  a ls o  had th e  same R„ v a lu e s .  The 

in f r a r e d  s p e c tr a  o f  b o th  th e  r e a c t io n  p ro d u c t and i t s  p i c r a t e  were 

id e n t i c a l  (a lth o u g h  l e s s  w e ll r e s o lv e d )  w ith  th o s e  o f 4-93 and i t s  

p i c r a t e .  The’ dim ethoxy a c id ,  a f t e r  in c u b a tio n  w ith  la c c a s e  and 

subsequen t b a s i f i c a t i o n ,  d id  n o t a f fo rd  any ch lo ro fo rm  so lu b le  

m a te r ia l  and th e  r e a c t io n  m ix tu re  d id  n o t d is p la y  th e  b lu e  f l u o r e ­

scence w hich was ap p a re n t in  a s o lu t io n  o f  500.

When th e  d ih y d ro iso q u in o lin e  4-93 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 o n ly  30%, w hich su g g es ted  th a t  i s o l a t i o n  o f  th e  

p ro d u c t was n o t an id e a l  way to  fo llo w  th e  r e a c t io n .  The 

p o s s i b i l i t y  t h a t  la c c a s e  m ight r e a c t  f u r th e r  w ith  th e  d ih y d ro ­

is o q u in o l in e  was excluded  by in c u b a tio n  o f  4-93 w ith  enzyme s o lu t io n  

fo llo w ed  by b a s i f i c a t i o n  and e x t r a c t io n ,  when a s im i la r  30% re c o v e ry  

was o b ta in e d .

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 .  s p e c tro ­

pho tom etry  was n e x t in v e s t ig a te d .  The d ih y d ro iso q u in o lin e  4-93 

showed a b s o rp tio n  maxima a t  198, 24-5, 303 and 369 nm, w h ile  th e  

a c id  4-90 had maxima a t  209 and 285 nm (bo th  compounds in  p h osphate



b u f fe r  s o lu t io n ,  pH ~ 6 . 0 ) .  The e x t in c t io n  c o e f f i c i e n t s  o f  th e  

is o q u in o l in e  a t  245 and 285 nm were 9850 and 3490 r e s p e c t iv e ly ,  

w h ile  th o se  o f th e  a c id  a t  th e  same w aveleng ths were 1800 and 

323.0. Using th e se  v a lu e s  th e  two e q u a tio n s

K2A5 =  x  fi245(a o ld )  +  y  € 24.5( iso q )

A285 = x ^285^a c id  ̂ + y^285^ iso q ^
(where x i s  th e  c o n c e n tra tio n  o f  a c id  and y  i s  th e  c o n c e n tra tio n  

o f  is o q u in o l in e )  could  be so lv ed  by m easuring th e  ab so rb an ces  a t  

th e  two w av e len g th s . T h is method worked f a i r l y  w e ll ,  and th e  sum 

o f  th e  c a lc u la te d  c o n c e n tra t io n s  o f  a c id  and is o q u in o l in e  (m easured 

a t  tim es  d u rin g  th e  enzyme r e a c t io n )  was w ith in  10% o f  th e  i n i t i a l  

c o n c e n tra tio n  o f  a c id .  T his showed th a t  th e  a c id  was co n v erted  to  

d ih y d ro iso q u in o lin e  o n ly  and n o t to  a d d i t io n a l  p ro d u c ts ,  ( i t  i s  

ex trem ely  u n l ik e ly  t h a t  any o th e r  p ro d u c ts  shou ld  have s im ila r  

e x t in c t io n  c o e f f i c ie n t s  a t  th e  same w a v e le n g th s) .

The cou rse  o f  th e  r e a c t io n  i s  shown in  F ig . I  and i t  can be 

seen  t h a t  th e  r e a c t io n  i s  60% com plete a f t e r  8 m in u te s , and slows 

down m arkedly t h e r e a f t e r .  The a c id  was s ta b le  in  b u f f e r  s o lu t io n  

w ith o u t added enzyme; a f t e r  24 h ou rs u .v .  m easurem ents showed th e  

p re sen ce  o f o n ly  5% o f  d ih y d ro iso q u in o lin e .

The d im ethoxyacid  498 and th e  d ih y d ro iso q u in o lin e  w ere 

s im i la r ly  in v e s t ig a te d .  The w aveleng ths used  w ere 243 and 283 nm 

and th e  co rresp o n d in g  e x t in c t io n  c o e f f i c i e n t s  w ere: a c id ,  3832 and 

3364; i s o q u in o l in e ,  14650 and 4254 r e s p e c t iv e ly .  M easurements made 

d u rin g  in c u b a tio n  o f th e  a c id  498 w ith  la c c a s e  s o lu t io n  showed t h a t  . 

a f t e r  30 m inu tes l e s s  th a n  3% o f  is o q u in o l in e  had been form ed.
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Next th e  r a t e  o f  d e c a rb o x y la tio n  o f th e  is o q u in o l in e -1  -  

c a rb o x y lic  a c id s  was s tu d ie d .  By c a r ry in g  o u t th e  r e a c t io n  in  

a  s i l i c a  c e l l ,  th e  in c re a s e  in  abso rbance w ith  tim e a t  a 

s p e c i f i c  w aveleng th  was re c o rd e d  on c h a r t  p a p e r , and by  drawing 

a  ta n g e n t to  th e  r e s u l t i n g  cu rve 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  could  be c a lc u la te d .  For th e s e  m easurem ents i t  was 

n e c e ssa ry  to  u se  a w aveleng th  a t  w hich th e  a c id  d id  n o t ab so rb , 

and th e  w aveleng ths chosen to g e th e r  w ith  th e  e x t in c t io n  c o e f f i c ie n t s  

o f  each a c id  and i t s  co rresp o n d in g  d ih y d ro iso q u in o lin e  a re  g iven  

in  T able I I .

TABLE I I

A cid I s o q u in o lin e  W avelength ^ a c id  ^ i s o
nm. — — UL2S.

489 492 390 30 3360
490 493 368 100 8080
491 494 386 40 9960
493 496 358 80 7540
497 499 356 20 7720
428 £00 348 0 6660

The method o f c a r ry in g  o u t ru n s  i s  d e sc r ib e d  in  th e  E xperim en tal 

s e c t io n ,  and th e  i n i t i a l  r a t e s  w ere m easured a t  s e v e ra l  d i f f e r e n t  

s u b s t r a te  c o n c e n tra tio n s  w ith  c o n s ta n t c o n c e n tra tio n  o f enzyme.

The r e s u l t s  o b ta in e d  a re  g iven  in  Appendix I .  N e ith e r  o f  th e  

dim ethoxy a c id s  497 and 498 showed any in c re a s e  in  abso rbance  when 

in c u b a te d  w ith  enzyme f o r  up to  two h o u rs .

In  o rd e r  to  t e s t  th e  g e n e r a l i t y  o f  t h i s  en zy m e-ca ta ly sed  

o x id a t iv e  d e c a rb o x y la tio n , th e  r e a c t io n s  w ith  th e  i s o q u in o l in e - 1 -  

c a rb o x y lic  a c id s  were re p e a te d  u s in g  h o r s e ra d is h  p e ro x id a se . T his 

enzyme i s  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 r o te in  and was



1 2$assayed  f o r  a c t i v i t y  by th e  method o f  D ev lin , w ith  th e  

c o n c e n tra tio n s  o f th e  r e a c ta n ts  a d ju s te d  such th a t  th e  l im i t in g  

r a t e  was t h a t  o f  th e  o x id a tio n  o f  g u a ia c o l .  A m ix tu re  o f  

p e ro x id a se  and hydrogen p e ro x id e  was found to  c a ta ly s e  th e  

d e c a rb o x y la tio n  o f th e  6 -h y d ro x y ac id s , w hich were s ta b le  in  th e  

p re sen ce  o f  e i th e r  p e ro x id a se  o r hydrogen p e ro x id e  a lo n e . 

P e ro x id ase  d id  n o t a f f e c t  th e  7 -h yd roxyacid  4-95 nor e i th e r  o f 

th e  d im ethoxyacids 4-97 and 498 . In  o rd e r to  compare th e  r e l a t i v e  

ease  o f  d e c a rb o x y la tio n  o f th e  6-hydr oxyacids by  th e  two enzymes, 

th e  i n i t i a l  r a t e s  o f  r e a c t io n  u s in g  p e ro x id a se  were de term ined  as 

d e sc r ib e d  above; th e  r e s u l t s  a re  g iven  in  Appendix I .

In  g e n e ra l th e  i n i t i a l ,  v e lo c i ty  o f an enzyme r e a c t io n  i s  

given*1" a  by th e  M ichaelis-M enten  e q u a tio n

v s  V
1 +  K / s  s '

w here v i s  th e  i n i t i a l  v e lo c i ty ,  V i s  th e  maximum v e lo c i ty  when

th e  enzyme i s  s a tu r a te d  w ith  s u b s t r a t e ,  K , i s  th e  e q u i lib r iu ms

c o n s ta n t f o r  th e  r e a c t io n  ES E -h S i . e .  th e  d is s o c ia t io n

c o n s ta n t o f  th e  enzyme s u b s t r a te  com plex, 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 s i s  equ a l t o  Kg, 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  c a l le d  Km,

th e  M ich ae lis  c o n s ta n t .  The above e q u a tio n  can be w r i t t e n  as

1 , «= Km 1 1— ' —  x 4- —
v. V s V

and i t  can be seen  t h a t  a  p lo t  o f 1 /v  a g a in s t  1/ s 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 s e c t  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  -1/Kin an(* 'tile .v e lo c i ty  a x is  a t  a p o in t
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/o n
g iv in g '1 /V . T his i s  th e  Linew eaver-B urk method o f  d e te rm in in g

Kxii and V and i s  p ro b a b ly  th e  one most w id e ly  u sed . The above 

tre a tm e n t h o ld s  f o r  th e  v a s t  m a jo r i ty  o f  enzymes, b u t th e r e  i s  some 

doubt o f  i t s  v a l i d i t y  when a p p lie d  to  p e ro x id a se  w hich i s  r e p o r te d  

n o t to 'f o rm  en zy m e-su b stra te  com plexes (see  S e c tio n  4* 2 ,2 . )  Never­

th e l e s s ,  th e  ru n s  c a r r ie d  o u t w ith  th e  l a t t e r  enzyme d id  show 

s a tu r a t io n  k in e t i 'c s  and r e p ro d u c ib le  v a lu e s  o f Km and V were 

o b ta in e d . The d a ta  g iv en  in  Appendix I  w ere u sed  to  p re p a re  

Lin ewe aver-B urk  p lo t s  and th e  c o n s ta n ts  Km and V w ere determ ined  

in  each case  and a re  shown in  T able I I I .

TABLE I I I

Acid Km (Rim 1 ) Km (Run 2)
Hi /-i —A.
u d  ‘jyij

V (Run 1) V (Run 2)
r \ —  * ^ . * n

U  U W1UUX - H U .l l  *Jj

la c c a s e
'  m 4 .0 3 .4 2 .0 2 .2

A90 3 .3 3 .3 1.43 1 .12
m 4-. 2 4 .6 2 .9 4 2 .9 4
m . ■5.5 8 .3 0 .8 3 0 .7 7

p e ro x id a se
4B9
4-90

0.4-2
1 . 2$ 1 .0

0 .3S
1.67 1 .67

490* 1 .19 1 .3 0 .$ 0 . 8$
m 11.2 10.5 11.7 12 .$
4-95 does n o t r e a c t

*These two ru n s  w ere c a r r i e d  o u t u s in g  e x a c t ly  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 .

A r e p r e s e n ta t iv e  example o f  a  L inew eaver-B urk p lo t  ( t h a t  f o r  la c c a s e  

ru n  one, w ith  th e  6~hydroxyacid  4-90) i s  shown in  F ig . I I .  I t  i s  

ap p a re n t t h a t  th e  v a lu e  o f  Kni i s  in d ep en d en t o f  th e  enzyme concen­

t r a t i o n ,  w h ile  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



fo u r  p a i r s  o f  ru n s  u s in g  la c c a s e  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 r

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 I .

D eterm ination  o f  Km and V en ab les  in fo rm a tio n  to  be ga ined

abou t b o th  p a r t s  o f an enzyme r e a c t io n ,  th e  fo rm a tio n  o f  th e

en zy m e-su b stra te  com plex, and i t s  subsequen t breakdown to  g iv e  

p ro d u c ts . The m agnitude o f  Km 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 f o r  th e  s u b s t r a te  w h ile  th e  m agnitude o f  

V i s  a m easure o f  th e  speed a t  w hich th e  complex b reak s  dow n.'

The d a ta  c o n ta in e d  in  T able I I I  g iv e  r i s e  to  th e  fo llo w in g

co n c lu s io n s . R eac tio n s  o f  th e  6 -hyd roxyacid s  w ith  la c c a s e  have

s im i la r  v a lu e s  o f Km and V, and a l l  would seem to  be e q u a l ly  

e f f e c t iv e  as s u b s t r a te s ,  w h ile  th e  7 -hy d ro x y ac id  195 i s  b o th  l e s s  

l i k e l y  to  form  a complex w ith  th e  enzyme and; once i t  has form ed, 

i s  slow er to  b reak  down.

P ero x id ase  shows much g r e a te r  s p e c i f i c i t y ,  w hich i s  in  

c o n t ra d ic t io n  to  w hat m ight be ex p ec ted , 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 s tra te  com plexes, and f r e e  r a d i c a l  

mechanism. The v e l o c i t i e s  o f  r e a c t io n  o f  p e ro x id a se  w ith  th e  

1-b e n z y l, 1-m ethy l and 1-hydrogen 6~hydroxyacids a re  in  th e  

\  approx im ate r a t i o  1 0 0 :1 1 :1  and th e  7 -hy d ro x y ac id  does n o t  r e a c t

a t  a l l .  The v a lu e s  o f Km f o r  p e ro x id a se  a re  p ro b a b ly  n o t m ean ing fu l.

I t  h a s ,  th e n , been e s ta b l is h e d  t h a t  p h e n o lic  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 re  o x id a t iv e ly  d e c a rb o x y la te d  by 

enzymes w hich occur in  p la n t  c e l l s ,  and th e  r e s u l t s  b ro a d ly
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f; '  ̂ p a r a l l e l  th o se  o f anod ic  d e c a rb o x y la tio n , excep t f o r  th e
-i

s p e c i f i c i t y  shown by p e ro x id a se . F u rth e r  work i s  n e c e s s a ry  to  . 

e lu c id a te  th e  p r e c i s e  mechanism o f th e  enzymic d e c a rb o x y la tio n .

 : i ’



CHAPTER FIVE

THE ANODIC OXIDATION OF A PHENOLIC 1 -B M Z ZLISOQUl'NQLINE

In te rm o le c u la r  Coupling' o f  I s o q u in o lin e s

131I t  i s  g e n e ra l ly  a c c e p te d  t h a t  th e  b io s y n th e s is  o f  b i s -  

b e n z y l is o q u in o l in e  a lk a lo id s  p roceed s v ia  o x id a t iv e  co u p lin g  o f 

p h e n o lic  monomers, m ain ly  d e r iv a t iv e s  o f  c o c la u r in e  503. The 

d u p l ic a t io n  o f  th e s e  co u p lin g  r e a c t io n s  in  v i t r o  h a s ,  how ever, n o t 

been v e ry  s u c c e s s fu l .  The f i r s t  r e p o r te d  in s ta n c e  was th e  f e r r i -
13?

cyan ide  o x id a tio n  o f m agnocurarine 501 to  form  th e  h e a d -to -h e a d

dim er 505. O ther chem ica l o x id a tio n s  have g iven  C-O-C dim ers 
7 3 3  1 3 1

e .g .  506 and 507 b u t have n o t le d  to  any h e a d - t o - t a i l  coup led

p ro d u c t. Enzymic o x id a tio n  has produced b o th  h e a d - to -h e a d  and

h e a d - t o - t a i l  e th e r  l in k e d  d im ers , (s e e  compounds 172 , 173 , 1C2 and

135I d  in  S e c tio n  1 .2 .2 ) .  F e r r ic y a n id e  o r s i l v e r  n i t r a t e  o x id a tio n  

o f  arm epavine m eth iod ide  a f fo rd e d  th e  C-C dim er 508 (R =  Me), The 

anod ic  o x id a tio n  o f  arm epavine and i t s  d e r iv a t iv e s  has been s tu d ie d ;  

i t  was found th a t  th e  f r e e  b ase  and th e  N-dem ethyl compound underw ent 

f ra g m e n ta tio n , w h ile  N -carbethoxy-N -noram epavine produced  a m ix tu re  

c o n ta in in g  15% o f  th e  G-C dim er 508 (R = COOEt), and 8% o f  th e  

t a i l - t o - t a i l  coupled  e th e r  509, w hich, on r e d u c t io n ,  was co n v erted  

to  d a u r ic in e .

The o x id a t iv e  co u p lin g  o f  c o ry p a l l in e  and th e  1- a lk y l is o q u in o l in e s  

N -m e th y liso s a lso lin e  and lo p h o c e r in e  has been more s u c c e s s fu l .  A 

ran g e  o f  methods have been  u sed  in c lu d in g  c h e m i c a l , e n z y m i c ,  

p h o to c h e m ic a l,^ ^  c a t a l y t i c ^ ^  and a n o d i c ^ " * o x i d a t i o n s .  Two 

b a s ic  ty p e s  o f  coupled p ro d u c t a re  form ed, th e  C-C dim ers 510,
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and th e  C-O-G dim ers $T1; th e  ty p e  o f p ro d u c t formed depends m ain ly

on th e  R g roup . When i t  i s  hydrogen ( c o r y p a l l in e ) , 510 i s  th e  .main

p ro d u c t; when i t  i s  m e th y l ,(N -m e th y l is o s a ls o lin e ) , £10 and 511

'o ccu r in  ap p ro x im ate ly  equal am ounts. When R i s '  a more b u lk y  a lk y l
112

group such as e th y l  o r is o p ro p y l ( lo p h o c e r in e ) , th e  e th e r  511 

i s  th e  predom inant p ro d u c t, (som etim es a t r im e r ic  e th e r  such as 

p i lo c e r in e  i s  f o r m e d ^ ^ * ^ ^ ) .

B is b e n z y liso q u in o lin e  A lk a lo id s  w ith  B ia ry l Links

Two c la s s e s  o f  b is b e n z y l is o q u in o l in e  a lk a lo id s  have b i a r y l  

l i n k s .  The f i r s t  i s  t y p i f i e d  by r o d i a s i n e ^ ^  512 (R^s R^s R ^s Me, 

R^as.H), f i r s t ' i s o l a t e d ^ ^  from  O cotea r o d ia e . O ther members o f

t h i s  group a r e ,  f u n i f e r i n e ^ ^  512 (R^s R ^  Me, R^= H ), p h le b ic in e
/ 1 2 3 A \ /  / q *| g

512 (R s  R '= Me, E ' r R ' ~  H),  and t i i i a g e i n e  * ■* 512 (R -  R a  K,

3 AH =R ' aMe) ,  None o f  th e s e  a lk a lo id s  has been sy n th e s is e d . The
i i

second com prises t i l i a c o r i n e  513 and n o r t i l i a c o r i n e  A which

i s  an N -d e m e th y lt i l ia c o r in e . A s y n th e s is  o f  O -m e th y l t i l ia c o r in e

has been r e p o r te d .

S y n th e s is  and Anodic O x id a tio n  o f a P h en o lic  1 -B e n z y liso q u in o lin e

On c o n s id e ra tio n  o f  th e  work o f  B o b b itt and H a llc h e r  , i t  was 

th o u g h t p o s s ib le  t h a t  anod ic o x id a tio n  o f a 7 -0 -b e n z y le o c la u r in e  

d e r iv a t iv e  m ight a f fo rd  a C-C dim er 51A* which on subsequen t 

m e th y la tio n  and d e b e n z y la tio n  would p roduce a d ip h e n o l. A second 

o x id a tiv e  coup ling  s te p  m ight th e n  in tro d u c e  a h e a d - t o - t a i l  e th e r  

l i n k  to  f u r n is h  th e  r o d ia s in e  s k e le to n . Owing to  r e p o r t s ^ ^  o f 

c leav ag e  in  anod ic o x id a tio n s  u s in g  th e  f r e e  b a se , i t  was th o u g h t 

d e s i r a b le  to  remove th e  n i t ro g e n  lo n e  p a i r  o f  e l e c t r o n s ’, and in
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th e  p re s e n t  in v e s t ig a t io n  t h i s  was ach iev ed  by N -fo rm y la tio n .

Two ro u te s  to  th e  d e s ir e d  N -fo rm y liso q u in o lin e  g20 were

453en v isag ed . The f i r s t  in v o lv e d  p re p a ra t io n  o f  7 -0 ~benzylc o c la u r in e  

517, which could  th e n  be 0 ,N -d ifo rm y la te d , and th e  fo rm ate  e s te r  

s e le c t iv e ly  h y d ro ly se d . The second proceeded  v ia  s y n th e s is  o f 

7 ~ben2y lo x y ~1 ~ (4-ethoxycarbonyloxyben.2;yl) - 6-m ethoxy- 3 , 4 -d ih y d ro -  

is o q u in o l in e  519 w hich, on r e d u c t iv e  fo rm y la tio n  * and subsequen t 

h y d ro ly s is  o f th e  e th o x y carb o n y l g roup , would a f fo rd  th e  d e s ire d  

p ro d u c t,

4-B enzy lo x y -3 -irie th o x y -^ -p h en e th y lam in e  was h e a te d  w ith

4 -h y d ro x y p h en y la ce tic  a c id  to  form  N- ( 4 ~ben z y lo x y -3-methoxyph en ethyl. ) -

4534 -hydroxyphenylacetam ide 5.15.? w hich was c y c l is e d  under th e

45 5 /c o n d itio n s  o f  T e i t e l  and B ro s s i ^phosphorus OAyuhlorlde in

r e f lu x in g  a c e t o n i t r i l e )  to  a f fo rd  th e  h y d ro c h lo r id e  o f  th e  d ih y d ro -

is o q u in o l in e  516. R eduction  w ith  sodium b o ro h y d rid e  th e n  gave th e

te t r a h y d ro is o q u in o l in e  517, b u t o n ly  in  low y i e ld .  F o rm y la tion
/

w ith  a m ix tu re  o f  a c e t ic  an h y d rid e  and fo rm ic  a c id  produced 

m a te r ia l  which was n o t c h a r a c te r i s e d ,  b u t was im m ed ia te ly  

h y d ro ly sed  by r e f lu x in g  in  2M sodium hydrox ide s o lu t io n  to  form  

a  sm all amount o f  an amorphous p ro d u c t which l a t e r  p roved  (by 

t . l . c .  and mixed m .p .) to  be i d e n t i c a l  w ith  a u th e n t ic  520.

The amide g15 was co n v erted  to  th e  O -e th o x y c a rb o n y ld e r iv a tiv e

51B and c y c l is e d  to  th e  d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  519 as

ictec

454

j c o
d e sc r ib e d  by Kametani e t  a l .  T his compound, when s u b je c te d  to

r e d u c t iv e  fo rm y la tio n  by th e  method o f  Swan and co-w orkers 

a f fo rd e d , n o t th e  ex p ec ted  N -fo rm yl-O -ethoxycarbony l compound,
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b u t a good y ie ld  o f c r y s t a l l i n e  7~ benzy loxy -2 -fo rm y l-1 -  (A-hydroxy~ 

b en zy l)-6 -m e th o x y -1 , 2 , 3 , ^ - te tr a h y d ro ls o q u in o l in e  520, th e  d e s ire d  

f i n a l  p ro d u c t. The s t r u c tu r e  o f  t h i s  compound was confirm ed by 

•high r e s o lu t io n  mass sp e c tro m e try , a n a ly s is  and in f r a r e d  s p e c tro ­

scopy. The g e n e r a l i ty  o f  t h i s  r e a c t io n  was te s t e d  by a p p ly in g  i t  

to  th e  iso m e ric  d ih y d ro iso q u in o lin e  521 (p rep a red  by Dr. I .G .C .

C o u tts) and ag a in  a good y ie ld  o f  1-(A --benzyloxybenzyl)~2~form yl- 

7~hydroxy~6-m ethoxy-1, 2 , 3 . A - te tra h y d ro is o q u in o lin e  522 was o b ta in e d . 

A lthough t h i s  l a t t e r  compound was n o t o x id ise d  in  t h i s  p r o je c t ,  i t  

o f f e r s  an a l t e r n a t iv e  ro u te  to  th e  r o d ia s in e  s k e le to n  i f  i n t e r -  

m olecu la r h e a d -to -h e a d  C-O-C co u p lin g  could  be e f f e c te d .  M e th y la tio n , 

d e b e n z y la tio n  and subsequen t anodic o x id a tio n  m ight th e n  form  a 

o a i l - t o - t a . i l  b i a r y l  l i n k .

S y n th e tic  o rg a n ic  e le c tro c h e m is try  in c lu d in g  th e  anod ic •

o x id a tio n  o f  phen o ls  and o th e r  a ro m a tic  compounds has been a d e q u a te ly

rev iew ed  in  th r e e  r e c e n t  b o o k s .^57 ~9 ^ged in  th e  p re s e n t

A 36case  was s im ila r  to  t h a t  u sed  by B o b b itt  and H a llc h e r  in  th e  

o x id a tio n  o f  N -carbethoxy-N -norarm epavine. E le c t r o ly s i s  was c a r r ie d  

o u t u s in g  a g ra p h i te  f e l t  anode and a .p la t in u m  f o i l  ca th o d e , w ith  

'the anode p o te n t i a l  b e in g  c o n t ro l le d  by  a p o t e n t i o s t a t . The sodium 

s a l t  o f  th e  p h e n o lic  amide 520 was d is s o lv e d  in  aqueous m ethanol and 

added to  a c e t o n i t r i l e  to  g iv e  a f i n a l  s o lu t io n ,  0 .0 1 2M in  amide and 

0.065M in  te traethy lam m onium  p e r c h lo r a te ,  th e  e l e c t r o l y t e .  The 

o x id a tio n s  were c a r r ie d  o u t a t  c o n s ta n t c u r r e n t ,  th e  v o lta g e  b e in g  

g ra d u a l ly  in c re a s e d  th ro u g h o u t th e  o x id a tio n  as th e  s u b s t r a te  was 

consumed. The e l e c t r o l y s i s  was co n tin u ed  u n t i l  th e  t o t a l  charge



p assed  was e q u iv a le n t to  t h a t  c a lc u la te d  to  be re q u ir e d  fo r  

com plete o x id a tio n  o f  th e  s t a r t i n g  m a te ria l..

■ Two experim en ts w ere conducted , one w ith  th e  c u r r e n t  a t  

50mA, th e .o th e r  a t  20mA. The p ro d u c ts  o f  th e  two o x id a tio n s  

w ere s im i la r  when examined by t . l . c .  Both co n ta in ed  u n re a c te d  

s t a r t i n g  m a te r ia l ,  b a s e l in e  m a te r ia l  and an in te rm e d ia te  i l l -  

d e f in e d  s p o t.  A ttem pts w ere made to  i s o l a t e  t h i s  sp o t by 

p r e p a r a t iv e  t . l . c .  and a f t e r  two su c c e s s iv e  chrom atographic 

s e p a ra t io n s ,  m a te r ia l  w hich ra n  as a s in g le ,  e lo n g a ted  sp o t was 

o b ta in e d . T his m a te r ia l  was am orphous, had .no d i s t i n c t  m.p. and 

i t s  in f r a r e d  spectrum  was s im i la r  to  t h a t  o f  520. A d e te rm in a tio n  

o f  i t s  m olecu la r w eigh t was made to  a s c e r t a in  w hether i t  was 

d im e ric ; th e  r e s u l t i n g  v a lu e  o f  A33 i s  n o t m arkedly g r e a te r  th a n  

t h a t  o f  th e  m olecu lar w eigh t (387) o f  s t a r t i n g  m a te r ia l .  The 

o x id a tio n  p ro d u c t, a lth o u g h  a s in g le  sp o t by  t . l . c . ,  behaved as 

i f  i t  w ere a m ix tu re  ( i t  f a i l e d  to  c r y s t a l l i s e ,  i t  d id  n o t m elt 

c le a n ly  e t c . ) ;  a lth o u g h  many s o lv e n t  system s were t r i e d ,  f u r th e r  

work to  f in d  a  system  w hich would s e p a ra te  t h i s  m a te r ia l  in to  i t s  

components would be d e s i r a b le .

A sm all amount o f  520 was o x id is e d  in  a tw o-phase system  o f  

b a s ic  f e r r ic y a n id e  s o lu t io n  and ch lo ro fo rm , b u t th e  p ro d u c t was 

b a s e l in e  m a te r ia l  on t . l . c .  and was p ro b a b ly  p o ly m eric . An a tte m p t 

was made to  red u ce  some o f  th e  anodic o x id a tio n  p ro d u c t to  th e  

N -m ethyl compound, u s in g  b o ran e-m eth y l su lp h id e  complex in  THF.

The p ro d u c t, how ever, cou ld  n o t be o b ta in e d  f r e e  from  boron 

compounds.



In  co n c lu s io n ; th e  anod ic  o x id a tio n  o f  520 g iv e s  m a te r ia l  

'of d i f f e r e n t  v a lu e  from  t h a t  o f  s t a r t i n g  m a te r ia l  and d e t e r ­

m in a tio n  o f  th e  m o lecu la r w eigh t in d ic a te s  th a t  th e  m a jo r i ty  o f  

t h i s  i s  n o t d im e ric . The e lu c id a t io n  o f  th e  p r e c i s e  n a tu re  o f  

th e  p ro d u c ts  formed must aw a it im provem ents in  chrom atograph ic 

p u r i f i c a t i o n .



EXPERIMENTAL SECTION

G eneral

I n f r a r e d  s p e c tr a  -were re c o rd e d  u s in g  a P erk in -E lm er 137 sodium 

c h lo r id e  sp e c tro p h o to m e te r , 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  abso rbance m easurem ents w ere made usdng a Unicam SP 500 

sp e c tro p h o to m e te r , w h ile  th e  in c re a s e s  in  abso rbance w ith  tim e were 

re c o rd e d  on a  P erk in -E lm er 402 u . v , - v i s i b l e  sp ec tro p h o to m e te r .

N uclear m agnetic  re so n an ce  s p e c tr a  ( H) were re c o rd e d  u s in g  a 

JBOL UNM C-60 HL 60MHz sp ec tro m e te r  w ith  te t r a m e th y ls i l a n e  as  th e  

i n t e r n a l  standard in  th e  s o lv e n t in d ic a te d .

M elting  p o in ts  w ere de term ined  u s in g  open c a p i l l a r i e s  in  an 

e l e c t r i c a l l y  h 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 re c te d .

M icroana ly ses f o r  G, H, and N were determ ined  by  th e  M icro­

a n a ly s is  U n it, U n iv e r s i ty  o f  N ottingham , and a ls o  by B u tte rw o rth  

M ic ro a n a ly tic a l. C onsu ltancy  L td . ,  T edd ing ton , M iddlesex,

High r e s o lu t io n  mass sp e c tro m e try  was c a r r ie d  o u t by th e  

B oots Co., N ottingham . H ydrogenations were c a r r ie d  o u t 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  fo r  anod ic  o x id a tio n s  a Wenking p o te n t io s t a t  70 TS1 was 

employed.

N T h in - la y e r  chrom atography was perform ed u s in g  p re - s p re a d

p la te s  (5 x 20cnr*) (Polygram  SIL ^rom Camlab, Cam bridge).

P re p a ra t iv e  t . l . c ,  ( t h i c k - l a y e r ) was perform ed on g la s s  p la te s  

(20 x 20cm) co a ted  w ith  MN K ie s e lg e l p/UV,-,^ (from  Camlab, Cam bridge), 

60g p e r p l a t e .  Column chrom atography was c a r r ie d  o u t u s in g  F iso n s
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s i l i c a  g e l MFC (80-200 m esh).

• A ll s o lv e n ts  f o r  chrom atography were r e d i s t i l l e d .  O ther 

s o lv e n ts  w ere d r ie d  u s in g  m o lecu la r s ie v e s  (ex cep t e th e r ? THF, and 

benzene w hich were d r ie d  over sod ium ).



' WORK DESCRIBED IN CHAPTER TWO

S ec tio n  2 .2 .1

Attem p ted  r e a c t io n  o f  A -b en zy lo x y a n ilin e  w ith  2~bromo~Av6- 
d in i tro p h e n o l

The amine (1g, 0 ,005 mol) and th e  phenol ( l . 3 g ,  0 .005 mol) were
Q

d is s o lv e d  in  d ry  DMSO (? cm ) .  Copper b ronze (0 .5 g )? anhydrous

p o ta ss iu m  c a rb o n a te  (1g) and a  c r y s t a l  o f  io d in e  w ere added and th e

o *•*»m ix tu re  was h e a te d  a t  100 fo r  3h. Water (200 cm") was added and

th e  m ix tu re  e x tra c te d  w ith  ch lo ro fo rm  ( 3 x 5 0  cnr*), th e  o rg an ic

la y e r  s e p a ra te d , d r ie d  (MgSO^) and ev ap o ra ted . The r e s u l t i n g  b la c k
O

gum was d is s o lv e d  in  benzene (1 cm ) and a p p lie d  to  a  s i l i c a  g e l 

column (30 x 2 cm); e lu t io n  w ith  ch lo ro fo rm  a f fo rd e d  a  d a rk  s o l id

. ,T-,J /-- .1 *1 /u — C r \ C)A O \wi.i4.ulj. uix x cui jr o ticuui x o Q u i u u  i x u w  ouxuj. u i  ux iiy jj c ux ijx cuiu ^u.ju. u u — u w  )

and tre a tm e n t w ith  a c t iv a te d  c h a rc o a l fu rn is h e d  b r ig h t  yellow  p la te s  

(0 .1 2 g ) o f  AmUl -d ibenzy loxyazobenzene  368 m.p. 198-9°* (Found:

C, 7 8 .7 ; H, 5 .5 ; N, 7 .0 .  C26H22N202 r e q u ir e s  C, 7 9 .2 ; H, 5 .5 ;

N, 7.156).

A -B enzyloxy-21-n itro d ip h e n y la m in e  369

A -B enzy loxyan iline  (50g, 0 .25  mol) was h e a te d  w ith  1-bromo~2-

n itro b e n z e n e  (50g, 0 .2 5  mol) and anhydrous sodium a c e ta t e  (50g) under

277th e  c o n d itio n s  d e sc r ib e d  by McCrombie e t  a l  to  g iv e  th e  t i t l e  

arnine 369 (AAg, 55$) as a f l u f f y  orange s o l id  m .p. 8 3 . 5- 8A .5° from  

c h lo ro fo rm /e th a n o l. (Found: C, 7 1 .2 ; H, 5 .0 ; N, 8 ,6 .  C ^ H ^ i y )  

r e q u ir e s  C, 7 1 .3 ; H, 5 .0 ;  N, 8 .7 $ ) V  3320 cm"1 (N-H s t r e t c h ) .

^ (C D C ^ ) :  1 .8 0 , 1 .93  (1H, d , exchangeab le w ith  D20 , N-H); 2 .6 -3 .5  

(13H, m, a ro m a tic s ) ;  A.95 (2H, S, PhCHgO).

1 6 0



2 ,A ^-D lm ethoxy-2^-n itrod ipheny lam ine 370

A -M e th o x y -2 -n itro a n ilin e  (3.1g> 0 .0 2  m ol), 2 -b rom oan iso le

(3*7g, 0 .02  m ol), copper b ronze (0 .5 g ) ,  anhydrous p o ta ss iu m

3 oc a rb o n a te  . (5g) and p y r id in e  (1 cm ) w ere h ea ted  to g e th e r  a t  200
O

fo r  3h. W ater (100cm' ) was added and th e  m ix tu re  e x t ra c te d  w ith
Q

ch lo ro fo rm  (3 x 50cm ) .  The combined e x t r a c t s  w ere washed w ith
Q O

d i l u t e  h y d ro c h lo r ic  a c id  (2 x 50cm ) and w ate r (2 x 50cm ) ,  d r ie d  

(MgSO.) and ev ap o ra ted  to  y ie ld  a  dark  re d  s o l id  w hich was 

r e c r y s t a l l i s e d  from  e th a n o l to  g iv e  th e  t i t l e  amine 370 (5 .0 8 g , 

9 2 $ ), as  dark  re d  n e e d le s  m .p. 7 0 .5 -7 1 ° . (Found: G, 6 1 .0 ; H, 5 .2 ;

N, 1 0 .3 . C1/̂ H1 /N20^ r e q u ir e s  C, 6 1 .3 ; H, 5 .1 ; N, 1 0 .2 $ ) . \ )

3250 cm"1 (N-H s t r e t c h ) .  .T (C D C 1 ) :  2.A2, 2.A6 (111, d , exchange­

a b le  w ith  D^O, N-H); 2 .6 6 -3 .2 3  (7H, m, a ro m a .tic s); 6 .1 7 , 6 .22 

(6H, d , 2 x OC-H^).

The above compound ( 370) was o b ta in e d  in  12$ y ie ld  [ a f t  er

chrom atography on a s i l i c a  g e l column, A0 x 2 cm, e lu te d  w ith

p e tro leu m  (b .p .  6 0 -8 0 °), th e n  benzene] when 2 - a n is id in e  (2 .5 g ,

0 .0 2  m ol), A ~brom o-3~ nitroan iso le  (A.Ag, 0 .02  m ol), copper b ronze
Q

(0 .5g)>  anhydrous p o ta ss iu m  c a rb o n a te  (5g) and p y r id in e  (1cm ) 

w ere h e a te d  to g e th e r  u nder th e  same c o n d itio n s  as above.

2 . A 1. A,f-T rim ethoxy -5~nlt.ro  tr ip h e n y la m in e  371

2 -M e th o x y -5 ~ n itro a n i l in e  (3»9gj 0 .2 5  m ole), A ~brom oanisole 

(A .6g, 0 .2 5  m ole), copper b ronze ( 0 .5 g )  and anhydrous p o ta ss iu m  

c a rb o n a te  (5g ) w ere h e a te d  to g e th e r  a t  200° fo r  Ah. Work up as 

f o r  370 a ffo rd e d  th e  t i t l e  amine 371 (0 .6 8 g ) as o range c r y s ta l s  

m .p. 1 2 7 .5 -1 2 8 .5 °  from  e th a n o l.  (Foupd: G, 6 6 .3 ; H, 5 . A; N, 7.3*



G21H20N2°5 r e q u ir e s  °> 66 ' 3 '> H> 5 ' 3 ’ N,7,456). T(CDG1 ) :  2 .7 -3 .4  

(11H, m, a ro m a t ic s ) ; 6 .2  ( 6H, s , 2 x p a ra  OCH3) ; 6 .2 6  ( 3H, s ,  o rth o  

OCH^).

S ec tio n  2 .2 .2

N-2 -Met hoxyphenyl-M -4-me t  ho xyphenyla c etam id e 372
> / r\

2 -M eth o x y ac e tan ilid e  ' (6.2.g, 0 .04  m ol), 4 -ln ,om oanisole

(7 . 5g ? 0 .0 4  m ol), anhydrous p o ta ss iu m  c a rb o n a te  ( 5g) and copper 

b ronze (0 .5 g ) were h e a te d  to g e th e r  a t  200° fo r  4h. S u lp h u ric  a c id  

(10M, 50cm^) was added and th e  m ix tu re  was r e f lu x e d  f o r  30 min and
Q

e x tra c te d  w ith  ch lo ro fo rm  (3 x $0cm ) .  The combined e x t r a c t s  w ere
O

washed w ith  w ate r (3 x 50cm ) ,  d r ie d  (MgSO^) and ev ap o ra ted  to  le a v e  

a b la c k  gum. T h is was a p p l ie d  to  a  s i l i c a  g e l column (4-0 x 2cm) and 

e lu te d  w ith  benzene to  remove u n re a c te d  4--brom oanisole. F u r th e r  

e lu t io n  w ith  ch lo ro fo rm  a ffo rd e d  th e  t i t l e  amide 372 (4-g, 37%) as 

c o lo u r le s s  p rism s , m .p. 8 6 .5 -8 7 .5 °  from  e th a n o l.  (Found: G, 7 1 .1 ;

H, 6 .5 ;  N, 5 .0 .  C16H17N03 r e q u i r e s  C, 7 1 .0 ; H, 6 .3 ;  N, 5.2% ).

^  max! 1660cm~1 ( C « 0 ) .  y  (CDCl^): 2 .64.-3-37 (8H, m, a ro m a tic s ) ;  

6 .2 2 , 6 .3 2  (6H, d , 2 x  OCH^); 8 .0 8  ( 3H, s ,  COCH^).

H y d ro ly s is  o f  372

The amide 372. (9g, 0 .033  mol) was h e a te d  under r e f lu x  f o r  3h 

w ith  a m ix tu re  o f  p o ta ss iu m  h y d rox ide  s o lu t io n  (17M, 40 cm ) and
Q

e th a n o l (100cm ) .  The m ix tu re  was e x tra c te d  w ith  ch lo ro fo rm  (3 x 
3

100cm ) and th e  combined e x t r a c t s  w ere washed w ith  h y d ro c h lo r ic  

a c id  (0.1M, 2 x 100cm^), sodium h y d rox ide  s o lu t io n  (0.1M, 2‘ x 100cm^)
Q

and w ate r (3 x 100cm ) , d r ie d  (MgSO,) and ev ap o ra ted . The r e s u l t i n g  

b la c k  gum was p a r t l y  s o lu b le  in  e th e r  and th e  e th e r  s o lu b le  f r a c t io n



(2g) was a p p lie d  to  a  s i l i c a  g e l column (30 x 2 .5cm ); e lu t io n  w ith  

benzene a ffo rd e d  p a le  yellow  n e e d le s  (0 .1 8 g ) m .p. 70-71° from 

p e tro leu m  (b .p .  6 0 -8 0 ° ) . T h is m a te r ia l  l a t e r  proved  id e n t i c a l  

w ith  2,4-/ -d im ethoxydiphenylam ine 4-03 (mixed m .p. 7 0 -7 1 ° ) .

S ec tio n  2 .2 .3  •

P re p a ra t io n  o f  b e n z a n il id e s

These w ere p re p a re d  in  90-100% y ie ld  by a g e n e ra l method.
Q

The a ry lam ine  (0 .1  mol) was d is s o lv e d  in  d ry  p y r id in e  (20cm ) and 

benzoy l c h lo r id e  (0 .1  mol) was added in  one p o r t io n .  A f te r  warming 

on th e  s team -b a th  f o r  30 min th e  m ix tu re  was poured in to  ic e - c o ld
O

h y d ro c h lo r ic  a c id  (0.5M, 200cm ) and th e  r e s u l t i n g  s o l id  r e c r y s t a l ­

l i s e d  from  e th a n o l.  The fo llo w in g  b e n z a n il id e s  w ere p re p a re d : 

N -4-m ethoxyphenylbenzam ide, m .p. 157-9° ( l i t , ^ ' ^  15 4 °); N-2-brom o- 

phenylbenzam ide,  m .p. 112-3° ( l i t , ^ Ĝ  1 16°); N -4--benzyloxyphenyl- 

benzam ide, m .p. 234--5° ( l i t , ^ Ĝ  2 3 5 -2 3 6 ,5 ).

N-2 -b  en zyloxyphenylben zami de 375

N-2-Hydroxyphenylbenzam ide was p rep a red  by th e  method o f F i e r s -  

David and K u s t e r ^ G in  94-% y ie ld ,  m .p. 167-8° ( l i t , ^ Ĝ  1 6 9 °). The 

p ro d u c t (21g, 0.1 m ol), b en zy l c h lo r id e  (1 2 .7g , 0 .1  m o l), anhydrous 

p o ta ss iu m  c a rb o n a te  (20g) and d ry , r e d i s t i l l e d  a ce to n e  (100cnr*) 

w ere re f lu x e d  to g e th e r  f o r  4-8h. and th e  so lv e n t th e n  rem oved. The
O

re s id u e  was poured in to  w a te r (500cm ) and e x tra c te d  w ith  e th e r
O

(3 x 200cm ') , The combined e x t r a c t s  w ere washed w ith  p o ta ss iu m
O Q

h ydrox ide  s o lu t io n  (0.1M, 3 x 200cm ) and w a te r (3 x 200cm ) ,  d r ie d  

(MgSO^) and ev ap o ra ted  to  le a v e  an o i l  w hich c r y s t a l l i s e d  on th e



a d d i t io n  o f  pe tro leu m , ( b .p .  6 0 -8 0 °) . R e c r y s ta l l i s a t io n  from  benzene 

a f fo rd e d  th e  t i t l e  amide 375 (21g, 70$) as c o lo u r le s s  n e e d le s  m .p. 

9 7 -8 ° . (Found: 0 , 7 9 . 3 ;  H, 5 .8 ;  N, A .5 .  r e q u ir e s

•C, 7 9 .2 ; H, 5 . 6 ; 'K, 4 .6 $ ) V J®'’ : 3470 (N-H), 1675cm"1 ( 0 = 0 ) .IUcLA

'Y(GDC1Q) : 1 .5  (1H, s ,  exchangeable w ith  Do0, N-H); 2 .2 -3 .1 6

(14-H, m, a ro m a tic s ) ;  /+.95 (2H, s ,  Ph.0H20).

P re p a ra t io n  o f  benzim idoy l c h lo r id e s

A s o lu tio n  o f  th e  b e n z a n il id e  (0 .1  mol) in  th io n y l  c h lo r id e

(4-Ocm^) was re f lu x e d  fo r  3b, and allow ed  to  s ta n d  o v e rn ig h t.

o 3P etro leum  (b .p .  80-100 , 50cm ) was added and th e  m ix tu re  ev ap o ra ted  

to  d ry n ess  under reduced  p r e s s u re .  The re s id u e  was u s u a l ly  used  

in  th e  n e x t s ta g e  w ith o u t f u r th e r  p u r i f i c a t i o n ;  an e x ce p tio n  was 

N-4--b en zy l oxyplienylb en zim i doy l c h lo r id e  which c r y s t a l l i s e d  from  

p e tro leu m  (b .p .  80-100°) as yellow  p rism s , m .p. 118-9° ( l i t , ^ ^  

1 1 2 -5 ° ) . The benzim idoy l c h lo r id e s  w ere s to re d  over ca lc ium  

c h lo r id e ,  as th e y  h y d ro ly se  r a p id ly  in  m oist a i r .

P re p a ra t io n  o f a r y l  N -a ry lb en z im id a te s  ( r e f .  24-8)

The benzim idoy l c h lo r id e  (0 .0 2  mol) d is s o lv e d  in  d ry  benzene
Q

(20cm ) was added dropw ise to  a m a g n e tic a lly  s t i r r e d  su sp e n s io n / 

s o lu t io n  o f  th e  sodium s a l t  o f  th e  pheno l (0 .0 2  mol) in  a b s o lu te
O

e th a n o l (20cm ) under d ry  n i t r o g e n .  A f te r  b e in g  s t i r r e d  f o r  12h
o

th e  r e a c t io n  m ix tu re  was poured  in to  w ate r (100cm ) and e x tra c te d
o

w ith  e th e r  (3 x 100cm ') ,  The combined e x t r a c ts  w ere washed w ith
3 3sodium hydrox ide  s o lu t io n  (0.5M, 3 x 200cm ) and w a te r (3 x 100cm ) ,

d r ie d  (MgSO.) and ev a p o ra te d . The r e s id u e  cou ld  u s u a l ly  be 4

c r y s t a l l i s e d ,  b u t in  some cases  chrom atography was n e c e s sa ry .



2-M ethoxyphenyl N-4-methoxyphenylben  z lm id a te  377

C o lo u rle ss  p rism s (93%) m.p. 82 -3° from  benzene. (Found:

C, 7 5 .7 ; H, 5 .6 ;  N, 4 .0 .  C^H^N O  re q u i r e s  C, 7 5 .8 ; H, 5-4-;

N, 4 .2 $ ) .  *0™ r : 1665om_1 (C = N ). T (C D C 1 ,): 2 .2 -3 .5  (13H, m,max £

a ro m a tic s ) ;  6 .1 9 ,, 6 .3  (6H, d , 2 x  OCHd),

2 -Me t  ho xyph eny l N-4-ben zy loxyphenylben z tm td a te  373

C o lo u rle ss  p rism s m.p. 118-119 .5° (32%) from  benzene . (Found:

C, 7 8 .9 ; H, 5 .8 ; N, 3 .3 .  C2?H23N03 r e q u ir e s  C, 7 9 .2 ; H, 5 .6 ; N,

3.4% ). >* )KBr: I660cm~1 (C * N ). 'Y (C D C lJ : 2 .2 -3 -4 5  (18H, m, max • ~>

a ro m a tic s ) ;  5,11 (2H, s ,  PhCH20 ) ; 6 .25  (3H, s ,  OCH^).

2 -N i t  r  oph en y l N-4-b en zyloxyphenylb  en z i  mi d a t  e 374

B rig h t yellow  p rism s m .p. 1 5 0 ,5 -151 .5  (55%) from  benzene. 

(Found: C, 7 3 .7 ; H, 4 .9 ;  N, 6 . 4 . ^ 2 6 ^ 2 0 ^ 4  r e l u ^r e s  G, 73*7;

H, 4 .7 ;  N, 6 . 656) .  1) .™ ^ : 1658om-1 (C - 'N ). 'rCCDCl ) :  2 .0 -3 .4 5  

(18H, m, a ro m a tic s ) ;  5 .14  (2H, s ,  P hC ^O ).

4-B enzyloxyphenyl N-2-ben zy loxypheny lbenz im idate  376

C o lo u rle ss  p rism s m .p. 98 -9° (70%) from  benzene. (F o u n d :'

C, 8 1 .4 ; H, 5 .6 ; N, 2 .8 .  G H2?N0 r e q u ir e s  C, 8 1 .2 ; H, 5 -7 ; N,

3.0% ). ^ f B r: 1672cm”"1 (C » N ). 'Y tC D C lJ : 2 .3 -3 * 4  (23H, m, max j>
a ro m a tic s ) ;  5 .0 4 , 5 .13  (4H, d , 2 x PhCH20 ) . In one experim ent 

th e  r e s id u e  (4g) a f t e r  th e  work up would n o t c r y s t a l l i s e  and i t  

was a p p lie d  to  a s i l i c a  g e l  column (120 x 3cm); e lu t io n  w ith

benzene a f fo rd e d  1 ,4 -d ib en zy lo x y b en zen e  (-2.24g) a s  c o lo u r le s s

p r ism s , m .p. 1 3 0 .5 -131 .5  ( l i t / 65 1 3 0 °). (Found: C, 8 2 .5 ;



The rearran g em en t o f  th e  b en z im id a te s

a ) R earrangem ent o f  compound 377

The b en z im id a te  was h e a te d  under d ry  n it ro g e n  u s in g  th e  

fo llo w in g  c o n d it io n s ;  200° f o r  3h, 250° f o r  3h, 280° f o r  1 .5 h , and 

300° f o r  3 h . T . l . c .  (ch lo ro fo rm ) showed th e  p re se n c e  o f  th r e e  

sp o ts  w ith  lip v a lu e s :  0 .9 4 , 0 .65  (u n re a c te d  b e n z im id a te ) , and 

0 .4 0 . The lo w es t sp o t was m ajor and was p re s e n t  in  h ig h e r  con­

c e n t r a t io n s  in  th e  rea rran g e m en ts  c a r r ie d  o u t a t  th e  two h ig h e r  

te m p e ra tu re s . P re p a ra t iv e  t . l . c .  (ch lo ro fo rm ) le d  to  th e  i s o l a t i o n  

o f  th e  f a s t  and slow sp o ts  as homogeneous, amorphous s o l id s .  The
V v u - p  _ 1

slow sp o t had V : 1650cm (Cs=0) b u t could  n o t be o b ta in e dmax
.  P  U-V"!

s u f f i c i e n t l y  pu re  fo r  a n a ly s i s .  The f a s t  sp o t had y  : 3350max

(N-H) and no ca rb o n y l a b s o rp tio n ;  i t  had id e n t ic a l -R ^  v a lu e s  in  

benzene and in  carbon t e t r a c h l o r id e  w ith  th o se  o f a u th e n t ic  2 ,4 -  

d im ethoxydiphenylam ine 4 0 3 .

b ) R earrangem ent o f  compound 374

T his rea rran g em en t was more s u c c e s s fu l  and th e  fo llo w in g  

c o n d itio n s  le d  to  th e  i s o l a t i o n  o f  th e  p ro d u c t in  th e  y ie ld  g iven  

in  p a re n th e s e s ;  180° f o r  20 min (6 6 $ ), 200° fo r  20 min (80$) arid 

220° f o r  30 min (4 3 $ ). N ~4~B enzyloxyphenyl-N -2-nitrophenyl~  

benzam ide 378 was o b ta in e d  as yellow  c r y s t a l s ,  m .p. 124 .5 -125° 

from  benzene ( c h a rc o a l) .  (Found: C, 73»4j H, 4 .6 ;  N, 6 .5 .

C26^20^2°4 r e q u ir e s  7 3 .6 ; H, 4 .7 ;  N, 6 .6 $ ) .  Q 1672cm” ^

(C = 0 ) .  'T '(CDCl^): 2 .0 -3 .3  (18H, m, a ro m a tic s ) ;  5 .0 4  (2H, s ,  

PhCH20 ) .



c) R earrangem ent o f  compound 376

The fo llo w in g  c o n d itio n s  were u sed ; '220° f o r  60 min, 270° 

f o r  -30 min, 300° f o r  30 min, 3"10° f o r  60 min, 330° fo r  20 min.

T . l . c .  (ch lo ro fo rm ) o f  th e /p ro d u c ts  g e n e ra l ly  showed th e  p re sen ce  

o f  f iv e  sp o ts  w ith  R^ v a lu e s : 0 .95  ( b lu e ) ,0 .7 9  (m in o r), 0 .67  

(u n re a c te d  b e n z im id a te ) , 0 .5 7  (m a jo r) , and 0 .3 8  (m in o r). 

Chromatography on s i l i c a  g e l columns w ith  e lu t io n  by ch lo ro fo rm  

a ffo rd e d  th e  0 .95  and th e  0 .5 7  s p o ts  as v i r t u a l l y  homogeneous 

gums. The f a s te r - r u n n in g  o f  th e s e  m a te r ia ls  was u n s ta b le ,  

d a rk en in g  and becoming in s o lu b le  when k e p t in  a i r .  I t s  chroma­

to g ra p h ic  b eh av io u r was s im i la r  to  t h a t  o f th e ' f a s t - r u n n in g

m a te r ia l  from  th e  rea rran g e m en t o f  377. I t s  in f r a r e d  spectrum
- 1  . - . . . .  showed a peak a t  3250cm and no ca rb o n y l a b s o rp tio n , m e

m a te r ia l  (R ^ -0 .5 7 )  was a h a rd  gum w hich would n o t c r y s t a l l i s e

from  any s o lv e n t .  A n-a ttem pt a t  su b lim a tio n  (100-130°, 0 .5  mm Hg)

le d  to  th e  i s o l a t i o n  o f  a  s o l id  w hich was o b ta in e d  as c o lo u r le s s

c r y s ta l s  from  e th y l  a c e ta te /p e tro le u m  (b .p .  8 0 -1 0 0 °), m .p. 1 7 2 .5 -

173*5# mixed m .p. w ith  hydroquinone 172-3°. (Found: 0 , 6 5 .1 ;

H, 5 .6 .  C alc , f o r  C^H^O^: C, 65.3? H, 5.5% ). The in f r a r e d  spectrum

was superim posab le  • on t h a t  o f  a u th e n t ic  hydroqu inone.

S e c tio n  2 .3

P re p a ra t io n  o f N -ary lto luene-4 .-su fphonam ides

These w ere p re p a re d  in  90-100% y ie ld  by a g e n e ra l m ethod. The
o

ary lam in e  (0 .1  mol) was d is s o lv e d  in  d ry  p y r id in e  (20cm ) and 

to lu e n e -4 .~ su lp h o n y lc h lo rid e  (0 .1  mol) was added. A f te r  warming 

on th e  s team -b a th  f o r  30 min th e  r e a c t io n  m ix tu re  was poured  in to

1 6 7



o
ic e - c o ld  h y d ro c h lo r ic  a c id  (1M, 500cm ) and th e  r e s u l t i n g  s o l id  

c r y s t a l l i s e d  from  e th a n o l .  The sulphonam ides w hich were *• 

p rep a red  a re  shown in  T able IV.

TARLE IV

The p re p a ra t io n  o f  secondary  sulphonam ides RC^Hy*EH* SOp'C^H/Me-4-

R m .p. l i t  m.p. ( r e f )

2-MeO 126-7° 127° (4-66)
3-MeO 65-6° 68° (4.67)
4-MeO 113-4° 114-° - (4-68)
H 101-2° 103° (4-69)
4-Me 116-7° 118° (4-69)
3 ,4-diM e -  14-3-4° 144-5-145° (471)
2-PhCHpO 98-9  99-5 -100° (472)
4-PhCHpO 156-7° 157° (473)
2-N0p 111-2° 111-3 (474)
4-NOp 190-1° 189-90° (475)

R eac tio n  o f  N -ary lsu lphonam ides w ith  a r y l  brom ides

The secondary  sulphonam ide (0.01 m ol), a r y l  brom ide (0 .012  m ol), 

anhydrous p o ta ss iu m  ca rb o n a te  (0 .0 1 2  mol) and copper b ronze (2g) 

were mixed to g e th e r  and h e a te d  f o r  24h under an a i r  condenser a t  

180°; d u rin g  th e  h e a t in g  th e  m ix tu re  was sw ir le d  p e r io d i c a l ly ,  when 

carbon d io x id e  was evo lv ed . In  th e  case  o f  a r y l  h a l id e s  b e a r in g  a 

n i t r o  s u b s t i tu e n t  th e  h e a t in g  tim e was reduced  to  6h. At th e  end 

o f  th e  h e a tin g  tim e th e  f l a s k  was f i t t e d  w ith  a  d i s t i l l a t i o n  head and 

th e  excess a r y l  brom ide was d i s t i l l e d  o f f  a t  180° and 1mm Hg. The 

r e s id u e  was d ig e s te d  w ith  w ate r and e x t r a c te d  w ith  ch lo ro fo rm  

(3 x 50cm^). The combined e x t r a c t s ,  a f t e r  f i l t r a t i o n  th ro u g h
o

c e l i t e ,  w ere washed w ith  sodium h yd rox ide  s o lu t io n  (1M, 100cm 

p o r t io n s )  u n t i l  seco n d ary  sulphonam ide was no lo n g e r  e x t r a c te d ,  th e n



\

b
■with w ate r (2 x 100cnr )' and d r ie d  (NaoS 0 .) .  E v ap o ra tio n  gave a< 4
b la c k  gum or s o l id  which was d is s o lv e d  in  benzene, t r e a t e d  

re p e a te d ly  w ith  a c t iv a te d  c h a rc o a l and c r y s t a l l i s e d  w ith  th e  

'a d d i t io n  o f  p e tro leu m  (b .p ,  8 0 -1 0 0 °X N?N -D ip h en y lto lu en e -A -su l- 

phonamide c r y s t a l l i s e d  from  e th a n o l as c o lo u r le s s  p r ism s , m .p.

14-1- 2° ( l i t , 4-76 14-1°).

N ~2-M ethoxyphenyl-N -A -m eth.oxyphenyltoluene-4-sulphonam .ide 379 

C o lo u rle ss  p r ism s , m .p. 106-106 .5° from  e th a n o l.  (Found:

C, 6 5 .7 ; H, 5 .5 ; N, 3 .6 .  C21H21N0^S r e q u ir e s  C, 6 5 .8 ; H, 5 .5 ;

N, 3.75^). *T(8DC1 ) :  2 .4 8 -3 .3 8  (12H, m, a ro m a t ic s ) ; 6 .3 1 , 6 .38  

(6H, d , 2 x OCH^); 7.64- (3H, s ,  C ^ C H ^ ) .

N ,N -d i(4—m ethoxyphenyl) -to luene-4 --su lphonam ide 38O

C o lp u rle ss  p r ism s , m .p. 129-130° from  e th a n o l.  (Found:

G, 6 5 .5 ; H, 5 .5 ;  N, 3 . 5 . C^H^NO ^S r e q u ir e s  C, 65 . 8 ; H, 5 .5 ,

N, 3.7% ). T(CDC13 ) :  2 .4 5 -3 .3 8  (12H, m, a ro m a tic s ) :  6 .3 3  (6H, s

2 x  OCH^); 7 .6 7  (3H, s ,  C ^ C H ^ ) .

N -4 -M ethoxypheny l-N -4 -to ly to luene-4 -su lphonam ide  381

C o lo u rle ss  p r ism s , m .p. 96-7° from  e th a n o l.  (Found: C, 6 8 .9 ;

H, 5 .5 ;  N, 3 .6 .  C21H21N03S r e q u i r e s  C, 6 8 .7 ; H, 5 .7 ;  N, 3 . 856) .

T(CDC13) :  2 .4 -3 .3 5  (12H, m, a ro m a tic s ) ;  6 .27  (3H, s ,  OCH-3) ;

7 .6 1 , 7 .7 3  (6H, d , 2 x C ^ C H ^ ) .

N -4-M ethoxyphenyl-N -phenylto luene-A -sulphonam ide 382

C o lo u rle ss  p r ism s , m .p. 9 2 .5 -9 3 °  from  e th a n o l.  (Found:

C, 6 8 .2 ; H, 5 -2 ; N, 3*9. r e q u ir e s  C, 6 8 .0 ; H, 5 .4 ;

N, 4 .O56) .  'T(CDC13 ) :  2 .4 -3 .3 6  (13H, m, a ro m a tic s ) ;  6 .3  (3H, s ,  

OCH^); 7 .6 4  (3H, s ,  C ^ C H ^ ) .

. 1 6 9



N-Phenyl -N -4 -t o ly l t o f  u.en e-4~su'lph.onamid e 383

C o lo u rle ss  p r ism s , m .p. 120-1° from  e th a n o l. (Found; C, 7 0 .9 ;

H, 5 .6 ; N, 4 .0 .  C2oH19N02S r e q u ir e s  C, 7*1.1$,H, 5 .6 ; N, 4-.2%). ' .

'YCCDCI ) :  2 .3 7 -2 .9  (13H- m, a ro m a tic s ) ;  7 .5 8 ; 7 .7  (6H, d , 2 x
2 .

N,N-Di- (4 - t o l y l ) - to In e n e -4-sulphonam j.de 384

C o lo u rle ss  p r ism s , m .p. 14-1-2° from  e th a n o l.  (Found; G, 7 1 .5 ;

H, 6 .0 ; N, 3 .9 .  C21H21N02S r e q u ir e s  C, 7 1 .8 ; H, 6 .0 ;  N, 4..0%).

nr( CDCl^); 2 .3 8 -2 .9 1 (12H, q u a r t e t ,  a ro m a tic s ) ;  7 .6 0  (3H, s ,

S02G6H/+CH3) ;  7 .7 2  (6H, s ,  2 x  N C ^ C H ^ ). 

N -4-B lphenyl-N -2-m eth .oxyphenyltb luene-4-sufph.onam ide 385

C o lo u rle ss  p r ism s , m .p. 169-170° from  c h lo ro fo rm /e th a n o l.

(Found; C, 7 2 .3 ; H, 5.4-J N, 3 .2 .  C^H^NO^S r e q u ir e s  C, 7 2 .6 ; H,

5.4-; N, 3 .3 3 0 . "T(CDG1_): 2 ,3 6 -3 .2 5  (17H, m, a ro m a tic s ) ;  6 .37

(3H, s, OCH^); 7.64- (3H, s, C ^ C H ^ ) .

N -4--C hlorophenyl-N -2-m ethoxyphenyltoluene-4--sulphonam ide 386

C o lo u rle ss  p r ism s , m .p. 122-3° from  c h lo ro fo rm /e th a n o l. (Found;

C, 6 1 .8 ; H, 4 .8 ;  N, 3 .5 .  G^H^NO^SCl r e q u ir e s  C, 6 2 .0 ; H, 4 .6 ;

N, 3.6%).  nT(CDGl3) :  2 .3 2 -3 .2 5  (12H, m, a ro m a tic s ) ;  6 .8 8  (3H, s, OCH^) 

7 .6 2  (3H, s ,  C6H^CH^).

N-2-m ethoxyphenyl-N~4 -m ethoxy-2-m eth y lp h en y lto lu en e~ 4 -sulphonam ide 387 

C o lo u rle ss  p r ism s , m .p. 136-7° from  c h lo ro fo rm /e th a n o l. (Found;

C, 6 6 .4 ; H, 5 .7 ; N, 3 -4 . C22H23W° 4 S ve^u±TGS c> H, 5 .8 ;  N,

3.536). T-(CDC1 ) :  2 ,3 -3 .4 2  (11H, m, a ro m a tic s ) ;  6 .2 4 , 6 .3 3  ( 6H, d ,

2 x  OCH3 ) ;  7 .6  (3H, s ,  S02 G6H^CH^); 7 .8 8  ( 3H, s,



N—2-MethoxyphenylL-N-3, 4~d 1 me th y ip h e n y lt  o luen e~4--sulphon amide 3B6

C o lo u rle ss  p r ism s , m .p, 135-6° from  c h lo ro fo rm /e th a n o l, (Found 

C, 6 9 .2 ; H, 6 .2 ;  N, 3«5* C ^ H y y S  r e q u ir e s  C, 69 .3 5 H, 6 .0 ; N, 

’3 .756) .  'YCCDCl ) :  2 ,33-3*28  (11H, m, a ro m a tic s) '; 6.4-1 (3H, s ,  OGEL) 

7 .6 7  (3H, s, S02C6H^CH^); 7 .6 7  (6H, s, 2 x .N C ^ C H ^ ). 

N -4-B 6nzyloxyphenyl-N -4-m ethoxyphenyltoluen& ~4-sulphonam ide 389

C o lo u rle ss  p r ism s , m .p. 14-7-8° from  c h lo ro fo rm /e th a n o l. (Found: 

C, 69.4-3 H, 5*5j N, 2 ,8 .  C y i^ N O ^ S  r e q u ir e s  C, 6 9 .1 5 H, 5 -3 ; N, 

3.056). T(CD C13 ) : 2 .4 -3 .34- (17H, m, a ro m a tic s ) ;  3.04- (2H, s ,

PhCH20 ) ; 6 .28  (3H, s ,  OCH^); 7 .63  (3H, s f ' C y C H ^ ) .

■ N -2-Benzyloxyphenyl-N-4.-'benzyloxyphenyltoluene-4--sulphonaK D .de- 390

C o lo u rle ss  p r ism s , m .p. 134-5° from  ’b en zen e /p e tro leu m  ( b .p .  8 0 - 

1 0 0 °). (Found: C, 7 4 -0 ; H, 5 .7 ; N, 2 .3 .  C lyN O ^S  re q u ir e s  

C, 7 4 .1 ; H, 3 .4 ; N, 2.6% ). ^ (C D C l ) :  2 .3 6 -3 -3 3  (22H, m, a ro m a tic s )  

5 .0 4 , 5 .09 (4H, d , 2 xPhCH20 ) ;  7 .6 6  ( 3H, s ,  C ^ C H ^ ) .

N-4-Nit r  oph en y l-N -p h en y lto lu e n  e-4.-sulphonam i d e 391

Yellow n e e d le s ,  m .p. 161-2° from  e th a n o l. (Found: C, 6 2 .0 ;

H, 4 .3 ;  N, 7 .5 .  C19-H16N20^S r e q u ir e s  C, 6 2 .0 ; H, 4 -3 ; N, 7 .6% ).

T(CDC13 ) :  1 .8 6 -2 .8 4  (13H, m, a ro m a tic s ) ;  7 .6 2  ( 3H, s ,  C^H^CHg).

N -4-N itropheny l-N -4 -to ly lto lu e n e -4 .-su lp h o n a m id e  392

Yellow p rism s , m .p. 148-9° from  e th a n o l.  (Found: C, 6 2 .3 ; 

x H, 4 .7 ;  N, 7 .3 .  C2qH-|gN^O^S r e q u ir e s  C, 6 2 .8 ; H, 4 .7 ;  N, 7 .3% ).

TCQDC1 ): 1 .84 .-2 .9  (1 2H, m, a ro m a tic s ) ;  7 .5 7 , 7 .6 3  (6H, d , 2 x

c6h4 ch3) .
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N -4-M ethoxyphenyl-N ~4-n itrophenyltQ luene-4-su lphonam fde 393

Yellow n e e d le s ,  m .p. 100-101° from  e th a n o l. (Found: 0, 6 0 .1‘;

H, 4-5$ N, 6.9* C20H18N2°5S r e q u ir e s  C, 6 0 .3 , H, 4*5; N, 7.0%).

nrCCDGl^): 1 .8 8 -3 .2 7  (12H, m, arom atic s),-  6 .2 3  (3H, s ,  00H^); 7 .6 3  

(3H, a , C6H4 C H p.

N-3-Meth o xyph eny l -N -4 -n  1 t r  o ph eny l t  o l u  en e - 4 - sulphonam i d e 394

Yellow n e e d le s ,  m .p. 103-4° from  e th a n o l.  (Found: C, 60.1$

H, 4 .8 ;  N, 6 .8 .  C ^ H ^ N ^ S  r e q u ir e s  C, 6 0 .3 ; H, 4 .5 ;  N ,• *7.056). 

^ (C D C l^ ): 1 .8 0 -3 .2 5  (12H, m, a ro m a tic s ) ;  6 .75  (3H, s ,  OCH^); 7 .5 9  

(3H, a , C ^ C H p .

N -4 -B en2y loxypheny l-N -4 -n itropheny lto luene-4 -su lphonam j.de  39 5

Yellow needles-, m .p. 132-3° from  benzene. (Found: G, 6 5 .5 J 

H, 4 .7 ;  N, 5 .7 .  C ^H ^N ^O -S r e q u i r e s  C, 6 5 .6 ; H, 4 .6 ;  N, 5.9% ).

'Y (C D C l^): 1 .8 0 -2 .9 7  (17H, m, a ro m a tic s ) ;  4 .9 4  (2H, s ,  FhCHgO);

7 .5 7  (3H, s ,  C6H4 CH^).

N -4 -B en zy lo x y p h en y l-N -2 -n itro p h en y lto lu en e -4 -su lp h o n am id e  396

Yellow n e e d le s ,  m .p. 147-8° from  e th a n o l.  (Found:- C, 6 5 .5 ;

H, 4 .8 ;  N, 5 .8 .  C ^ H ^ N ^ S  r e q u ir e s  C, 6 5 .8 ; H, 4*6; N, 5.9% ).

T (  CDCl^): 2 .1 -3 .2 5  (17H, m, a ro m a tic s ) ;  5 .0 2  (2H, s ,  PhCHgO); 7 .5 8

(3H, s ,  C ^ C H ^ ) .

N -3 ,4-D im ethylph  en y l-N -2- n i t r  o p h en y lto lu en  e- 4 - sulphon amid e 397

Yellow p rism s , m .p. 1 9 1 .5 -1 9 2 .5 °  from  benzene. (Found: C, 63 .7  

H, 5 .2 ; N, 7 .1 .  C21H2qN20>S r e q u i r e s  C, 63 . 6 ; H, 5 .1 ;  N, 7 .1% ).

^ (C D C l^ ): 2 .1 1 -3 .0  (11H, m, a ro m a tic s ) ;  7 .6  (3H, s ,  SO ^H ^C H ^);

7 .8 2  (6H, s ,  2 x  NC6H3CH^).
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R eac tio n  o f sulphonam ides with. a r y l  brom ides under th e  c o n d itio n s  
o f Bacon and KarinP^

The secondary  sulphonam ide '(0.01 mol) and a d is p e r s io n  o f  sodium 

h y d rid e  in  o i l  (0.01 mol) w ere added to  d ry  DMF; a f t e r  th e  e v o lu tio n  

o f  hydrogen had ceased  th e  m ix tu re  v/as r e f lu x e d  fo r  12h. The a r y l  

brom ide (0.01 mol) and copper ( I I )  io d id e  (0.01 mol) w ere th e n  added 

and r e f lu x in g  was co n tin u ed  f o r  a f u r th e r  24h. M ois tu re  v/as r i g o r ­

o u s ly  excluded  th ro u g h o u t. The m ix tu re  was th e n  poured  in to ,w a te r
Q Q

(200cm ) and e x t ra c te d  w ith  ch lo ro fo rm  (3 x 100cm ) .  The combined 

e x t r a c t s  v/ere washed e x h a u s tiv e ly  w ith  sodium hyd ro x id e  s o lu t io n
o o

(1M, 100cm p o r t i o n s ) ,  w a te r (2 x 200cm ) ,  d r ie d  (Na^SO^) and evapo r­

a te d .  The p ro d u c ts ,  a f t e r  c r y s t a l l i s a t i o n ,  were i d e n t i c a l  by t . l . c .

f  ntT m  \ yvi w» -v> o Vi/1 4 rv •P-w n v> orl nv% r-i'b *wn *r V> 4* Vv o 4|4 nri'
\  }  1U «£/ * y  ilU--*VWU. ill#  • CU.J.VJL J .1 U X  CXX OU, Ux tx  YV.L OXA U liO  v^wx X

compounds p re p a re d  by th e  G o ld b erg -ty p e  r o u te .

N -A ry l-4 -n itro b  en zene sulphon amid e s

These w ere p re p a re d  as d e s c r ib e d  fo r  th e  t  o lu e n  e - 4 - sulphon amid e s 

b u t u s in g  4 -n itro b e n z e n e su lp h o n y l c h lo r id e .

N -P heny l-4 -n itro b en zen esu lp h o n am id e  was o b ta in e d  as yellow  

n e e d le s ,  m .p. 169-70° from  e th a n o l ( l i t ^ ^  1 6 8 .7 -1 6 9 .7 ° ) . (Found:

C, '51 .5 , H, 3 -7 ; N, 9 .8 .  C alc , f o r  C ^ H ^ N ^ S :  C, 5 1 .8 ; H, 3 .6 ;

N, 10.0% ). N -4-M ethoxyphenyl-4~nitrobenzenesulphonam ide was 

o b ta in e d  as ye llow  n e e d le s  from  e th a n o l ,  m .p. 182-3° ( l i t ^ ^  1 8 2 -3 ° ) . 

(Found: C, 5 0 .4 ; H, 4 .1 ;  N, 8 .9 .  C alc, f o r  C ^ H ^ N ^ S :  C, 5 0 .6 ;

H, 3 .9 :  N, 9 .1% ).

P re p a ra t io n  o f  N .N -d la ry l-4 -n itro b e n z e n e su lp h o n a m id e s .

These were p re p a re d  u s in g  th e  G o ldberg -type  p ro ced u re  d e sc r ib e d



f o r  th e  N ,N -d ia ry lto lu en e~ 4 ~ sn lp h o n am id es .

N ~-4-M ethoxypheriyl~N -phenyl-4-nltroben zenesulphonam tde 398

P a le  ye llow  n e e d le s ,  m .p. 151-2° from  e th a n o l.  (Found: C,

59.'2; -H, 4 .0 ;  N, 7 .5 .  r e q u ir e s  G, 5 9 .3 ; H, 4*2;

N, 7.3/S). rY (CDCl^): 1 .6 0 -3 .2 7  (13H, m, a ro m a tic s ) ;  6 .1 9  (3H, 

s ,  OCH^).

N, N~Di. (I'-me thoxyph e n y l) -7—n itro b e n  zene sulphon amide 399

P a le  yellow  n e e d le s ,  m .p. 141-2° from  e th a n o l.  (Found: C,

5 7 .7 ; H, 4 .3 ;  N, 6 .7 .  C ^ H ^ N ^ S  r e q u ir e s  C, 5 8 .0 ; H, 4 .3 ;  N,

6,8%).  'Y (CD Cl^): 1 .6 6 -3 .3 3  (12H, m, a ro m a tic s ) ;  6 .2 6  (6H, s , 2 x 

OCH^).

R eac tio n  o f  N -2- and 4 -n itro p h e n y lto lu e n e -4 -su lp h o n a m id e s  w ith  
a r y l  brom ides

The r e a c t io n s  w ere c a r r i e d  o u t by th e  G o ldberg -type  p ro c e d u re . 

The r e s id u e  l e f t  a f t e r  rem oval o f  th e  u n re a c te d  seco n d ary  su lphon­

amide and th e  ex cess  a r y l  brom ide was shown by t . l . c ,  (CHCl^) to  

c o n ta in ,  in  th e  case  o f  th e  2 - n i t r o  compound, o n ly  t a r ,  and in  th e  

case  o f  th e  4 - n i t r o  compound a sp o t w hich had a d i f f e r e n t  R̂ . v a lu e  

from  th a t  o f  th e  ex p ec ted  t e r t i a r y  sulphonam ide. Chrom atography 

on a  s i l i c a  g e l column (50 x 2cm) and e lu t io n  w ith  ch lo ro fo rm  le d  

to  th e  i s o l a t i o n  o f  4 -n i t ro tr ip h e n y la m in e  400 in  7% y ie ld  w hich 

c r y s t a l l i s e d  from  e th a n o l as  sh in y  yellow  p l a t e s ,  m .p. 142-3° ( l i t ^ ^  

1 4 4 °). (Found: C, 7 4 .4 ; H, 4 .8 ;  N, 9 .8* C alc , f o r  C ^ H ^ N ^ :

C, 7 4 .5 ; H, 4 .8 ;  N, 9 .7% ).

4 , 4 / -Ehm ethyl- 4 ^ -n i t r o tr ip h e n y la m in e • 401 was o b ta in e d 'in  6% y ie ld  

as yellow  p l a t e s ,  m .p. 162-93° from  e th a n o l.  (Found: C, 7 5 .1 ;



H, 5.7? N, 3 .8 .  G2oH18N2°2 rerl u i r e s  c > 75.4-; H, 5 .7 ;  N, 8.8% ).

^(C D C l ) :  1 .97-3*3  (12H, s and q u a r t e t ,  a ro m a tic s ) ;  7 .68  (6H, -s ,
3

2 x C6EAGllj) .

‘A. A1. A ^ -T rin itro tr lp h e n y la m in e  AO2 was i s o la t e d  in  %% y ie ld  as 

o range  c r y s ta l s  from  aqueous IMF, m .p. > 300°. (A02 was in s o lu b le

in  a l l  common o rg a n ic  s o lv e n ts ) .  (Found: C, 6 1 .1 ; H, 3*4; N, 1 5 .5 . 

C^gHi2 ^ 0 6  r e q u i r e s  C, 6 1 .6 ; H, 3*4; N, 16.0%).

2 .A ^-D im ethoxydlphenylam ine 4Q1

The t e r t i a r y  sulphonam ide 379 (3 .8 g , 0.01 mol) was added to  a 

s o lu t io n  o f  sodium (1 .05g , 0.0A5 mol) in  l - m e th y lb u ta n - l-o l  (16g,

0 .1 8  mol) and th e  m ix tu re  was h e a te d  under r e f lu x  f o r  24h. H ydro-
Q

c h lo r ic  a c id  (0.5M, AOcm ) was added^the  m ix tu re  e x t ra c te d  w ith  

e th e r  (3 x  50cm*5) .  . The combined e x t r a c t s  were washed w ith  w ater 

(2 x  lOOcrn^), d r ie d  (Na^SO^) and ev ap o ra ted  to  le a v e  a  d a rk  gum.

T his was e x tra c te d  th o ro u g h ly  w ith  b o i l in g  hexane; c o n c e n tra tio n  

o f  th e  e x t r a c t s  a f fo rd e d  th e  t i t l e  amine A03 (1 .6 g , 68%) as 

c o lo u r le s s  n e e d le s ,  m .p. 7 1 -2 °  from  hexane. (Found: G, 7 2 .8 ;

H, 6 .7 ; N, 6 .2 .  C^H^NO g r e q u i r e s  C, 7 3 .4 ; H, 6 .6 ;  N, 6.1% ). 

^ (C D C l^ ): 2 .8 -3 .3 3  (8H, m, a ro m a tic s ) ;  4 .1  (1H, b road  s, exchange­

a b le  w ith  DpO, N-H); 6 .1 6 , 6 .2 6  (6H, d, 2 x 0CHo) .
— . ..

A c y la tio n  o f  compound 403

2 ,4 * -D im ethoxydiphenylam ine (1g , 0 .0 0 4  m ol), anhydrous z inc  

c h lo r id e  (1g) and a c e t i c  an h y d rid e  (10cm") w ere s t i r r e d  (m a g n e tic a lly )  

to g e th e r  in  a  s to p p e re d  f l a s k  fo r  60h. Water (100cm ) was th en  

added and th e  r e s u l t i n g  brown gum e x t ra c te d  w ith  d ich lo rom e th a n e  

(50cm ) .  The o rg an ic  la y e r  was washed w ith  w ate r (3 x  100cm ) ,

175



d r ie d  (MgSO.) and ev ap o ra ted  to  a f fo rd  N-2 -metho xyphenyl-N -/+- 

methoxyphenylacetaiiD.de (T, 1g, &5%) which c r y s t a l l i s e d  from  

e th a n o l as c o lo u r le s s  p r ism s , m .p. 8 5 -6 ° , mixed m .p. w ith  ,372 

85-.6°. I t s  in f r a r e d  spectrum  was superim posab le  on th a t  o f  372.

S im ila r  t re a tm e n t o f  403 w ith  benzoy l c h lo r id e  a f fo rd e d  a 

gum w hich t . l . c .  (CHCl^) showed to  c o n ta in  a sp o t w hich had th e  

same (4-.0) as th e  slow sp o t from  th e  rea rran g em en t o f th e  

b en z im id a te  377.

S ec tio n  2 .4 .1

A ttem pted dem eth .y lation  o f  379

a) The t e r t i a r y  sulphonam ide (2g , 0 .005 mol) and anhydrous 

alum inium  c h lo r id e  (4-g) in  d ry  benzene (1f>cm^) were h e a te d  a t  110° 

f o r  1h. Crushed ic e  (50g) and h y d ro c h lo r ic  a c id  (IMy 50cm*5) w ere 

added to  th e  b la c k  r e s id u e  and th e  r e s u l t i n g  s o l id  f i l t e r e d ,  

e x t ra c te d  w ith  sodium hyd ro x id e  s o lu t io n  (1M, 20cm ) and r e a c id ­

i f i e d  to  a f fo rd  a  b la c k  s o l id  ( 0 .8 g ) .

b) The sulphonam ide (0 .5 g ) was suspended in  a s o lu t io n  o f
q

hydrogen brom ide in  g l a c i a l  a c e t ic  a c id  w /v , 10cm ) and h e a te d

a t  100° fo r  3b. A d d itio n  o f w ate r (100cm^) gave a b la c k  m a te r ia l  

w hich was r e p r e c i p i t a t e d  from  base  to  g iv e  0 .05g  o f  a b la c k  s o l id .

c) The sulphonam ide (5g) was h e a te d  w ith  p y r id in e  h y d ro c h lo r id e  

(25g) a t  180° f o r  1h. W ater (300cm^) was added and th e  r e s u l t i n g  

m a te r ia l  r e p r e c ip i t a t e d  from  b ase  to  produce a g a in  a b la c k  s o l id  

(4 .7 g ) .

d) The sulphonam ide (2 9 .Ag, 0 .0 7 4  mol) in  d ry  d ich lo ro m eth an e  

(600cm^) was added over 30 min to  boron tr ib ro m id e  (6 5 .5 g ? 0 .2 6  mol)



3i n  d ry  d ich lo rom ethane  ( 125cm ') and th e  m ix tu re  s t i r r e d  m a g n e tic a lly

f o r  24h a t  0 -A °. The s o lu t io n  was poured  c a u t io u s ly  in to  w ater

(600cm ) and th e  r e s u l t i n g  s o l id  r e p r e c ip i t a t e d  from  sodium

hydrox ide  s o lu t io n  as above to  y ie ld  a b la c k  s o l id  (23g ) .

The b la c k  s o l id s  o b ta in e d  from  th e  above experim en ts  were

s im i la r ;  m .p .s  v a r ie d  from  180-250° b u t w ere n o t sh a rp . T heir
-1in f r a r e d  s p e c tr a  showed hydroxy l a b s o rp tio n s  a t  34-OOcm . T . l . c .  

(CHCl.,/5% Me OH) showed th e  p re sen ce  o f fo u r components in  

a p p ro x im ate ly  equal amounts b u t column o r p r e p a ra t iv e  th in - l a y e r  

chrom atography d id  n o t le a d  to  any s e p a ra t io n .  R epeated  tre a tm e n t 

w ith  a c t iv a te d  c h a rc o a l o f  a  s o lu t io n  o f  th e  b la c k  s o l id  in  e th a n o l 

d id  n o t  remove th e  c o lo u r .  • T reatm ent o f  a p o r t io n  o f  th e  b la c k  

s o l id  w ith  a c e t ic  an h y d rid e  and g l a c i a l  a c e t ic  a c id  a f fo rd e d  a

—1c le a r  brown g la s s  w hich showed th e  carbony l a b s o rp tio n  (I720cm~ ) 

o f  a  pheny l a c e ta te .  "Column chrom atography and su b lim a tio n  b o th  

f a i l e d  to  e f f e c t  p u r i f i c a t i o n  o f  t h i s  m a te r ia l .

S e c tio n  2 . A .2

1 M ethoxym ethoxy-2-n itrobenzene AOA

2 -N itro p h en o l (28g, 0 .2  mol) was added to  a s o lu t io n  o f  sodium
O

(A .6g, 0 .2  mcl) in  a b s o lu te  e th a n o l (100cm ) and th e  s o lv e n t removed 

u nder reduced  p r e s s u re .  The r e s u l t i n g  re d  s o l id  was suspended in
O

d ry  benzene (100cm ) c o n ta in in g  ch lo rom ethy l m ethyl e th e r  (1 6 .2g,

0 .2  mol) and th e  m ix tu re  h e a te d  u nder r e f lu x  f o r  3h. The benzene 

s o lu t io n  was washed w ith  sodium hydro x id e  s o lu t io n  (1M, 2 x 100cm ) f 

w a te r (2 x 100cm ) ,  d r ie d  (MgSO,) and ev ap o ra ted  to  a f f o r d  a 

ye llow  o i l  which s o l i d i f i e d  to  p roduce th e  t i t l e  e th e r  AOA (33»8gj
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94-%) as  g reen -y e llo w  p rism s m.p. 35-6° from  p e tro leu m  (b ,p .6 0 ~

8 0 ° ) .  . (Found: C, 5 2 .3 ; H, 4-.9; N, 7 .6 .  Cg^NO^ r e q u ir e s .  C, 52.4-5 

H, 4-9$ N, 7.756). *Y(CDC1 ) :  2 .2 6 -3 .1 2  (4H, m, a ro m a tic s ) ;  4 -73  

(2H, s ,  0CH20) j 6.4-6 (3H, s ,  OCH^).

2-M ethoxym ethoxyanilin  e

The n i t r o  compound 4-04- ( 36. 6g, 0 .2  mol) was d is s o lv e d  in
o

e th a n o l (150cm- ) and added to  a s o lu t io n  o f  sodium d i t h i o n i t e
O

(I0 0 g ) in  w ater (150cm ) .  The m ix tu re  was re f lu x e d  f o r  2h and
3

th e n  d i s t i l l e d  u n t i l  200cm o f  d i s t i l l a t e  was c o l le c te d .  The
Q

r e s id u e  was e x tra c te d  w ith  e th e r  (3 x 100cm- ) and th e  combined
Q

e x t r a c t s  washed w ith  w a te r (2 x 100cm ) ,  d r ie d  (MgSO^) an d - evapor­

a te d  to  le a v e  a yellow  c r y s t a l l i n e  s o l id  (16g). w hich r a p id ly  

changed to  a dank l i q u i d .  D i s t i l l a t i o n  o f  th e  d a rk  l i q u id  gave 

a c o lo u r le s s  l i q u id  ( b .p .  74.-7°, 0.8mm Hg) which q u ic k ly  s o l i d i f i e d

b u t darkened a f t e r  a few h o u rs . 3350, 3280 (NH0 ) .max ft
The re d u c t io n  was a ls o  c a r r i e d  o u t c a t a l y t i c a l l y .  The n i t r o

Q
compound (I3«5g , 0.074- mol) was d is s o lv e d  in  e th a n o l (100cm ). and 

p a lla d iu m  on c h a rc o a l (5%, 1g) added. The m ix tu re  was shaken 

under hydrogen (50 p . s . i . ) - u n t i l  u p ta k e  o f  gas cea se d , f i l t e r e d  

and ev ap o ra ted  to  le a v e  th e  amine (1 1 .1 g, 98%) as a  y e llow  

c r y s t a l l i n e  s o l id  w hich r a p id ly  darkened . 

N -2-M ethoxym ethoxyphenylto luene-4-sulphonaiuide 4-05

F re sh ly  p re p a re d  2-m ethoxym ethoxyaniline was t r e a t e d  w ith  

to luenes-4--su lphonyl c h lo r id e  in  p y r id in e  to  a f fo rd  th e  t i t l e  

sulphonam ide 4-05 in  88% y ie ld  as  c o lo u r le s s  p l a t e s ,  m .p. 8 2 .5 -  

'8 3 .5 °  from  b en ze n e /p e tro leu m  (b .p .  8 0 -1 0 0 °). (Found: C, 58 .6 ;



II, 5 .6 ; N, 4-.4. C^H^NO^S r e q u i r e s  C, 58.7-, H, 5 -5 ; N, 4.-656) 

•rT(GDCl^): 2.7.2 (1H, s ,  exchangeab le w ith  D^O, N~H); 2 .2 8 -3 .1 3  

(8H, m, a ro m a tic s ) ;  5-07 (2H, s , OCHgO); 6 .22  ( 3H, s ,  OCH^); 7 .67  

( 3H, s ,  C6H/tCHj).

1 -Bromo-A-methoxymethoxybenzene 4-06

4~Bromophenol ( 58g, 0 .3 3  mol) was added to  a  s o lu t io n  o f
O

sodium (7 . 6g , 0 .3 3  mol) in  d ry  m ethanol (200 cm ) and th e  s o lv e n t 

was th e n  removed under reduced  p re s s u re .  The r e s u l t i n g  s o l id  was
o

d is s o lv e d  in  d ry  DMF (150cm ) c o n ta in in g  ch lo rom ethy l m ethyl e th e r  

(27g, 0 .3 3  mol) and th e  s o lu t io n  was h e a te d  a t  120° f o r  1h , poured
O

in to  sodium hydrox ide  s o lu t io n  (1M, 500cm ) and e x tra c te d  w ith
Q

e th e r  (3 x 300cm ') .  The combined e x t r a c t s  w ere washed w ith  sodium
3 * * 3 \h ydrox ide  s o lu t io n  (1M, 2 x 4-00cm") , w ater (2 x 500cm ') and d r ie d

(MgSO^). E v ap o ra tio n  gave a c o lo u r le s s  l i q u id ,  d i s t i l l a t i o n  o f -

w hich a ffo rd e d  th e  t i t l e  e th e r  4-06 (33g, 4-6/6) b .p .  88-9°* 0.9mm Hg.

(Found: C, 44-. 1; H, 4*4. ^gH9°2Br reclu:i-r e s  4 4 .3 ; H, 4 . 2 . ) .

rT (C D C l_): 2 .7 ,  2 .8 4 , 3 -28 , 3 .3 2  (4H, q u a r t e t ,  a ro m a tic s ) ;  5 .03

(2H, s ,  0CH20 ) ; 6 .6 8  (3H, s ,  OCH^).

S e c tio n  2 .4 .3

P re p a ra t io n  o f  N -2 -benzy loxypheny lto luene-4 -su lphonam ide

a) 2-Aminophenol (55g, 0 .5  mol) and to lu e n e -4 -su lp h o n y l 

c h lo r id e  (95g, 0 .5  mol) w ere added to  p hosphate  b u f f e r  (2M, pH = 7 .0 ,
Q

200cm ) and th e  m ix tu re  warmed- f o r  30 min on th e  s te a m -b a th . 

H y d ro ch lo ric  a c id  (4M, 1dm ) was th e n  added and th e  r e s u l t i n g  

s o l id  was r e c r y s t a l l i s e d  from  aqueous e th a n o l to  a f f o r d  N -2- 

hydroxyphenylto luene~4~  snlphonam i de (110g, 84%)as c o lo u r le s s



The above sulphonam ide (53g, 0 r2 m ol), ben zy l c h lo r id e  (2 5 .5g, 

0 .2  mol) and anhydrous p o ta ss iu m  c a rb o n a te  (30g) were added to  d ry
o

ace to n e  (200cm' ) and th e  m ix tu re  was re f lu x e d  f o r  24-h w ith  

m echan ical s t i r r i n g .  The m ix tu re  was e v ap o ra ted , poured  in to
3 Q

w ater (300cm ) and e x t ra c te d  w ith  ch lo ro fo rm  (3 x 100cm ) .  The 

combined e x t r a c t s  were washed w ith  s a tu r a te d  sodium c a rb o n a te  

s o lu t io n  (3 x lOOcrn^), w a te r (2 x lOOcm^), d r ie d  (MgSO ,̂) and 

ev ap o ra ted  to  y ie ld  a brown s o l id  w hich was r e c r y s t a l l i s e d  from  

e th a n o l to  a f fo rd  N -b en zy l -N -  2 ~hy dr oxyph eny l t  o lu e n  e -4- sulphon ami d e 

4-07 (53g, 76%) as c o lo u r le s s  p r ism s , m .p. 158 -9°. (Found: C, 6 7 .9 ; 

H, 5 .5 ; N, 4-.0. C20H19N03S r e q u i r e s  C, 6 8 .0 ; H, 5 .4 ; N, 4.0%)

KBr  ̂ oy ( r\ uN r v  ( pnfi \ .  n o0 o £0 t -1/t.t w, ~ r,
1/ • J/XfWOUUA )  9 I  ̂UL/Vi A / • ** • UU  ̂ lAfJLXj Xl±j UX UUJUUJLWM

DlciX

and 0 -H ); 5 .3 6  (211, s ,  PhCH2N); 7 .6 8  (3H, s ,  C ^ G H ^ ) .

b) 2 -B en zy lo x y an ilin e  was p re p a re d  from  2 -h y d ro x y a c e ta n il id e
281by th e  method o f  Ek and Witkop in  88% y ie ld  and to s y la te d  to  

a f fo rd  N-2 -b en zy lo x y p h en y lto lu en e-4 -su lp h o n am id e  as c o lo u r le s s  

p l a t e s ,  m .p. 98-9° from  c h lo ro fo rm /e th a n o l ( l i t ^ ^  9 9 .5 -1 0 0 ° ) .

1-B enzyloxy-4-brom obenzene was o b ta in e d  in  95% y ie ld  by  b e n z y la tin g

4-brom ophenol in  ace to n e  and r e c r y s t a l l i s e d  from  p e tro leu m  (b.p.. 

60-80°) a s  c o lo u r le s s  p r ism s , m .p. 62-3° ( l i t ^ ^  6 4 -5 ° )•

N-2-Ben zyloxyph e n y l-N -4-b en zy lo x y p h en y lto lu en e-4 -su lp h o n am id  e 

390 (4g, 0.0075 mol) and p a l la d is e d  c h a rc o a l (5%, 1g) w ere added
o

to  1 ,4 -d io x a n  (200cm ) c o n ta in in g  c o n c e n tra te d  h y d ro c h lo r ic  a c id
o  , O

(5cm ) and th e  m ix tu re  shaken under hydrogen (50 p . s . i . )  a t  80 ;

f u r th e r  amounts (0 .5 g ) o f  c a t a ly s t  w ere added when th e  r a t e  o f



u p ta k e  o f  gas slowed down. When hydrogen ceased  to  be abso rbed  

th e  m ix tu re  was f i l t e r e d  and ev ap o ra ted  to  le a v e  a c l e a r  gum w hich 

was d is s o lv e d  in  sodium hydrox ide s o lu t io n  (1M, 200cm ) ;  th e  

s o lu t io n  was f i l t e r e d  and a c i d i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .

The r e s u l t i n g  w h ite  p r e c i p i t a t e  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 /p e tro le u m  (b .p .  80-100°) to  a f fo rd  N~2~hydroxyph eny l --N--A- 

hydroxyphenylto luene-4~su lphonam ide 408• (2g, 76%) a s  c o lo u r le s s  

p r ism s , m .p. 176-7°. (Found: G, 63*8; H, 5 .0 ; N, 3 .7 .  C^H^NO^S 

r e q u i r e s  C, 6 4 .1 ; H, 4 .8 ;  N, 3.9% ). 3420, 3360cm” 1 (2 x 0 -H ).
IUcLX

r'f ( d 6D M S0):2.56-3.5l (12H-, m, a ro m a tic s ) ;  7 .5 7  (3H, s ,  CgH^CH^).

( i f  e th a n o l was u sed  to  r e c r y s t a l l i s e  408 a p ro d u c t m e ltin g  a t  134-5 °  

■was o b ta in e d ; n .m .r .  sp e c tro sc o p y  showed t h i s  to  be 408 w ith  h a l f  

a  m olecule  o f e th a n o l o f c r y s t a l l i s a t i o n . )

S e c tio n  2 .5

N -4 -B enzy loxypheny l-N -2 -n itropheny lto luene-4 -su lphonam ± de 396

( 30g, 0 .063  mol) and p a l la d is e d  c h a rc o a l (5%, 2g) were added to
3 31 ,4 -d io x a n  (300cm ) c o n ta in in g  c o n c e n tra te d  h y d ro c h lo r ic  a c id  (10cm ) ,

and th e  m ix tu re  was shaken under hydrogen u n t i l  th e  u p ta k e  o f gas 

cea se d . F i l t r a t i o n  and e v a p o ra tio n  o f  th e  m ix tu re  a f fo rd e d  a gum 

w hich, on th e  a d d i t io n  o f  w a te r (lOOcrn^) and ammonia s o lu t io n  

(d 0 .8 8 , 20cm ) ,  s o l i d i f i e d .  R e c r y s ta l l i s a t io n  from  e th a n o l produced 

N -2-am inopheny l-K -4-hydroxypheny lto luene-4 -su lphonam ide 410 (18g,

80%) as c o lo u r le s s  p r ism s , m .p. 2 0 0 .5 -2 0 1 .5 ° . (Found: C, 6 4 .3 ;

H, 5 .3 ; N, 7 .9 .  C19H18N203S r e q u i r e s  C, 64 . 6 ; H ,-5 .1 ; N, 7.9%)

^ m a x ! 3510 3430’ 3370om_1 (WV -  T ( d 6DMS0): 2 .5 7 -3 .6 3

(12H, m, a ro m a tic s ) ;  7 .6 6  (3H, s , C y ^ C H j.



' N-4--Ben zy l oxyph en y l-N -2 ~ n itro p h  eny l to luene-4 .-su lphonam ide 396
O

(2.0g, 0.04-2mol) was d is s o lv e d  in  d ry  benzene (200cm ) and th e  

r e s u l t i n g  s o lu t io n  added dropw ise under d ry  n it ro g e n  to  a m agnet­

i c a l l y  s t i r r e d  su sp en sio n  o f  sodium b o ro h y d rid e  (I0 g ) and p a lla d ise d .
O

c h a rc o a l (5%, 1g) in  a b s o lu te  e th a n o l (100cm ) .  S t i r r i n g  under
n

n it ro g e n  was co n tin u ed  f o r  3h and w a te r  (500cm ) and e th y l  a c e ta te  

(500cm^) w ere th e n  added. The o rg an ic  la y e r  was washed w ith  w a te r . 

(500cnf*), d r ie d  (Na^SO^), and ev ap o ra ted  to  g iv e  a w h ite  s o l id .

R e c r y s ta l l i s a t io n  from  ch lo ro fo rm /cy c lo h ex an e  a f fo rd e d  N -2-am ino- 

• phenyl-N ^-~benzyloxyphenylteluene-4 .~stilphonam ide 4.11 (I6»8g , 90%) 

as  c o lo u r le s s  p rism s , m .p, 1 5 2 -1 5 2 .5 ° . (Found: C, 7 0 .2 ; H, 5 .6 ;

M, 6 .1 .  C ^ H j O  S r e q u i r e s  C, 70H, 5 . 4 ; N, 6 .3 $ ) .  V 

3530, 34.30cm- ’1 (NHg). T (C D C l ) :  2 .3 7 -3 .5 3  (17H, m, a ro m a tic s ) ;

— 5i0 6 -(2 H , -Sj—PhCKbjO); 5 .93  (2H, b ro ad  s ,  exchangeable w ith  D^Q,

NH2 ) ;  7.64- (3H, s ,  CgH^CH^).

The amino sulphonam ide 4.11 was t r e a t e d  w ith  benzo y l c h lo r id e  

i n  p y r id in e  to  a f fo rd  N-2 -b  en zami dophenyl-N-4--ben z y lo x y p h en y lto lu  en e -  

/.-sulphonam ide 4-12 (67% )"as c o lo u r le s s  c r y s t a l s ,  m .p. 170-170.5  from  

e th a n o l.  (Found: C, 72.4-; H, 5 .2 ; N, 5 .0 .  C^^HggN^O^S r e q u ir e s  

C, 7 2 .3 ; H, 5 .1} H, 5 .1% ). 3390 (N-H); 1675cm-1 (0  = 0 ) .

T(CDC13 ) :  2 .3 7 -3 .2 8  (22H, m, a ro m a tic s ) ;  5 .07  (2H, s ,  PhCHjO).

7 .6 2  t3Hr & r  C ^ j COj ) .

Compound 4-11 was t r e a t e d  w ith  to lu en e -4 --su lp h o n y l c h lo r id e  in  

p y r id in e  to  produce N -4--b en zy l oxyphenyl -N-2  -  ( t  o lu e n  e -/.-su lphonam t do) 

-pheny lto luene-4 --su lphonam ide  4-13 (97%) as c o lo u r le s s  c r y s t a l s ,  m .p.
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155-6° from b en ze n e /p e tro leu m  (b .p ,  8 0 -1 0 0 °) . (Found: C, 6 6 ,5 ;

H, 5 .1? N, 4 .8 ,  3^30^2°5S2 recl1:Lires c ? 6 6 .2 ; H. 5 .0 ;  N, 4 .7% ).

V 1® 1’: 3360cm'’1 (N-H). 'Y C C D C IJ: 2 .2 2 -3 -3 3  (21II, m, a ro m a tic s ) ;  ' • max j>
5.01 (2H, . s , PhCH20 ) ; 7 .6 1 , 7 .7 2  (6H, d , 2 x C6H/+CH^)j 8 .2  (1H, 

s ,  exchangeab le w ith  D^O, NH). _

Compound 411 (12g, 0 .027  m ol), ben zy l c h lo r id e  (4g, 0 .0 3  m o l), 

anhydrous p o ta ss iu m  c a rb o n a te  (6 g ) , and d ry  DMF (20cm^) w ere h e a te d
O

to g e th e r  under r e f lu x  f o r  2h. Water (200cm ) was added and th e
Q

m ix tu re  e x tra c te d  w ith  ch lo ro fo rm  (3 x 100cm ) .  The combined
Q

e x t r a c t s  were washed w ith  w ater (2 x  100cm ) ,  d r ie d  (Na^SO^), and 

ev ap o ra ted  to  le a v e  a w h ite  so lid *  R e c r y s ta l l i s a t io n  from  c h lo ro fo rm / 

e th a n o l a f fo rd e d  N-2-benzylam lnophenyl-N~4~ben zy l oxyph e n y lto lu e n e -4 -  

sulphonam ide 414 (68%) as c o lo u r le s s  c r y s t a l s ,  m .p. 1 6 6 -1 6 6 .5U.

(Found: G, 7 4 .0 ; II, 5 .8 ; N, 5 .3 .  C ^ H ^ N ^ S  r e q u i r e s  C, 7 4 .1 ; H, 5 .6 ;  

N, 5.2% ). 3420cm” 1 (N-H). T C C D C lJ : 2 .3 7 -3 .5 0  (22H, m,H1613C $

a ro m a tic s ) ;  5 .0  (2H, s ,  PhCH^O); 5 .68  (2H, s ,  PhCHgN); 7 .6 2  (3H, s ,  

C^H^CH^); 8 .47  (1H, s ,  exchangeab le w ith  D^O, NH).

The am inosulphonam ide 411 (I3*2g , 0 .0 3  m ol), 1- f lu o r o - 2 ,4 -  — 

d in itro b e n z e n e  (Sg, 0 .043  m ol), anhydrous p o ta ss iu m  c a rb o n a te  (6 g ) , 

and copper b ronze  (2g) w ere.m ixed to g e th e r  and h e a te d  a t  160° fo r  

24h. The m ix tu re  was d ig e s te d  w ith  w ate r (100cm ) and e x tra c te d
Q

w ith  ch lo ro fo rm  (3 x 100cm- ) .  The combined e x t r a c t s  w ere washed w ith
o

w ater (2 x  100cm ) , d r ie d  (Na^SO^), and ev ap o ra ted  to  g iv e  a b la c k  

gum w hich was a p p lie d  to  a s i l i c a  g e l column (40 x 5cm). E lu tio n  

w ith  benzene a ffo rd e d  f i r s t  th e  a r y l  f lu o r id e ,  th e n  th e  sulphonam ide

183



411, and f i n a l l y  a y e llo w  s o l id  w hich on r e c r y s t a l l i s a t i o n  from

c h lo ro fo rm /e th a n o l fu rn is h e d  N -4~benzyIoxyphenyI-N -2-(2 , 4~

d in itro p h e n y la m in o ) -p h en y lto luene-4~ su lphonam ide  415 (4-5%) as

b r ig h t  yellow  c r y s t a l s ,  m .p. 151-2°. (Found: C, 6 2 .8 ; H, 4.4-3

N, 9 .2 .  C ^ H ^ N ^ S  r e q u i r e s  C, 6 2 .9 ; H, 4.33 9 .2% ). \) j ^ :

3260cm""1 (N-H). T(CD C1_): 1 .84-3*33  (2011, m, a ro m a tic s ) ;  5.1
3

(2H, s ,  PhCHgO); 5 .35 (1.H, s ,  exchangeab le w ith  D^O, NH); 7 .6

(3H, s ,  G6H ^ ) .

C leavage o f b enzy l e th e r s

The N -benzoyl d e r iv a t iv e  412 (5g, 0 .009 mol) was d is s o lv e d
o .

i n  t r i f l u o r o a c e t i c  a c id  (30cm ) and a llow ed  to  s ta n d  f o r  18h in

a s to p p e red  f l a s k .  E v ap o ra tio n  o f  th e  dark  s o l u t i o n •l e f t  a brown

s o l id  which was r e c r y s t a l l i s e d  from  a c e to n e /p e tro le u m  (b .p .  60-80°)

to  a f fo rd  N -2 -b en zam id o p h eny i-N -4 -hyd roxypheny lto luene-4 -su lphon -

amide 416 (3g, 73%) a s  c o lo u r le s s  c r y s t a l s ,  m .p. 2 4 6 -8 ° . (Found:

C, 67.9? H,. 4.93 N, 6 .0 .  C ^ H ^ N ^ S  r e q u ir e s  C, 6 8 .1 ; H, 4 .8 ;

N, 6 .1% ). \ ) KBr: 34-00 (0 -H ); 3180cm"1 (N-H). T ( d ADMS0): 2 .0 2 -  max o

3 .5  (17H, m, a ro m a tic s ) ;  7 .6 8  (3H, s ,  C^H^CH^).

S im ila r  tre a tm e n t o f  th e  2 ,4 -d in i t ro p h e n y l  d e r iv a t iv e  415 

produced  N -2 -(2 ,4 -d in itro p h e n y la m in o ) -p h en y l r-N-4-hydro xyph enyl-r 

to lu en e-4 -su lp h o n am id e  419 (70%) as b r ig h t  yellow  p rism s , m .p.

188-188 .5° from  c h lo ro fo rm /e th a n o l. (Found: C, 5 8 .1 ; H, 4 .1 3 

N, 1 0 .5 . C25H20N407 S r e q u ir e s  C, 5 7 .7 ; H, 3 .9 ; N, 1 0 .7 $ ) . V

.3380 (OH); 3310cm-1 (NH). T ( d 6DMS0): 1 .8 -3 .5 2  (15H, m, a ro m a tic s )



The b is-su lphonanh .de 413 (3g, 0 .0056 m ol), e th a n o l (250cm ) ,
” 3

and. c o n c e n tra te d  h y d ro c h lo r ic  a c id  (250cm ) w ere h e a te d  to g e th e r ,  

under r e f lu x  u n t i l  a l l  th e  s o l id  had d is s o lv e d  (7 2 h ). E v apo ra tion  

and c r y s t a l l i s a t i o n  o f  th e  r e s u l t i n g  s o l id  from  a c e to n e /p e tro le u m  

(b .p .  60-80°) a f fo rd e d  N-4'-hydr.oxyphenyl-N<~2-( to lu e n e -4 -su lp h o n a m ldo ) -  

phenylto luene~4~ su lphonam lde 4-17 (1 .8g , 71%) as  c o lo u r le s s  c r y s t a l s ,  

m .p. 1 9 3 .5 -1 9 4 .5 ° . (Found: C, 6 1 .3 ; H, 4 .9 ;  N, 5 .6 . C^H^NpO  S2 

r e q u ir e s  C, 61./+; H, 4 .7 ;  N, 5 .5 $ ) .  3430 (OH); 3260cm-1 (NH).~ UlclX

^(d^DMSO): 2 .3 4 -3 .4 4  (16H, m, a ro m a tic s ) ;  7 .6 6 , 7 .7 2  (6H, d , 2 x

C/H, CHL).
6 4 3

S im ila r  tre a tm e n t o f  th e  N -benzyl d e r iv a t iv e  414 produced 

N-2 -ben  zy lam inopheny l-N -4-hydroxypheny lto luen  e-4 -su lphonam ide 418 

(76%) as c o lo u r le s s  c r y s t a l s ,  m .p. 125- 6° from  ch lo ro fo rm /p e tro leu m . 

( b .p .  6 0 -8 0 ° ) . (Found: G, 7 0 .2 ; H, 5 .5 ; N, 6 . 4 . C ^ H ^ N ^ S  r e q u ir e s  

C, 7 0 .3 ; H, 5 .4 ;  N, 6 . 3%). \ ) ^ :  3390cm"1 (OH, NH). 'T ^ D M S O ):

2 .3 7 -3 .5  (17H, m, a ro m a tic s ) ;  5 .65  -(2H, s ,  PhCH2N); 7 .5 8  (3H, s ,

C 6 H 4 C^ )  *

2-Amino- 4 1-b  en zy loxydiphenylam in  e 420

R eduction  o f 4 -b e n z y lo x y -2 / -n itro d ip h e n y la m in e  369 w ith  b o ro -  

h y d rid e  and p a lla d iu m  as d e sc r ib e d  f o r  th e  sulphonam ide 396, 

produced th e  t i t l e  amine 420 (75%) as sh in y  c o lo u r le s s  p l a t e s ,  m .p. 

109-110° from  b e n ze n e /p e tro leu m  (b .p .  8 0 -1 0 0 °). (Found: C, 7 8 .5 ;

H, 6 .5 ;  N, 9 .8 .  C^H^gNpO r e q u i r e s  C, 7 8 .7 ; H, 6 .2 ;  N, 9 .7% ).

3420, 3310cm" 1 (NH? and-NH). T(CDC1 ) :  2 .6 5 -3 .4 5  (13H, m, 

a ro m a tic s ) ;  5 .0 6  (2H, s ,  PhCHpO); 6 .3 6  (2H, b road  s ,  exchangeab le 

w ith  D20, NH2 ) .



T reatm ent o f  th e  amine 4-20 w ith  an equim olar amount o f

to lu e n e -4 -s u lp h o n y l c h lo r id e  in  p y r id in e  fu rn is h e d  4-b en zy lo x y- 2 1 -

(to lu e n e -4 -su lp h o n a m id o )-d ipheny lam ine  421 (94%) as c o lo u r le s s

c r y s t a l s ,  m .p. 161 .5-162° from  e th a n o l,  (Found: C, 6 5 .6 ; H, 5 .2 ;

N, 5 .9 .  C26H2 /N20 S r e q u i r e s  C, 6 5 .9 ; H, 5 .0 ; N, 5 .9 $ ) .

3360, 3130cm-1 (2 x NH). T (C D C 1.): 2 .3 2 -3 .2 6  (1711, m, a ro m a tic s ) ;
3

3 .47  (1H, s ,  exchangeab le  w ith  14,0, NH); 5.01 (2H, s ,  PhCH20 ) ; 7 .6 3  

(3H, s ,  C ^ C H p .

The above sulphonam ide 4-21 was debenzyl a t  ed. by  c a t a l y t i c  hydro -  

g e n o ly s is  as d e sc r ib e d  fo r  compound 390 to  a f fo rd  4 -hydroxy~2/ ~ 

(to lu e n e -4 -su lp h o n a m id o )-d ipheny lam ine  422 (74%) as c o lo u r le s s  p rism s 

from  e th y l a c e ta te /p e tro le u m  (b .p .  80-100°)^ m.p.

(Found: C, 6 4 .3 ; H, 4*9; N, 8 .0 ,  (C^H^NpO^S r e q u i r e s  C, 6 4 .4 ;

H, 5.13- N, 7 .9% ). l ) KBr: '3420, 3240cm"1 ( 2 x 1  and OH). T  (d.DMSO)

2 .3 7 -3 .6  (12H, m, a ro m a tic s ) ;  7 .7 2  (3H, s ,  C^H^CH^).

4-B enzyloxy-2  / -n i  t r  o d i  ph eny l e th e r  423

■Sodium h y d rid e  (50% d is p e r s io n  in  o i l ,  1 1 .5g, 0 .25  mol) was 

added slow ly  to  a  s o lu t io n  o f 4 -benzy loxypheno l (50g, 0 .25  mol) in  

d ry  DMF (250cmB) .  1-B rom o~2-nitrobenzene (50g, 0 .25  mol) and 

copper ( I )  brom ide (36g, 0 .25  mol) w ere th e n  added and th e  m ix tu re  

h e a te d  a t  140° fo r  5h and poured  in to  w ate r (2dm ) .  The m ix tu re
Q

was e x tra c te d  w ith  ch lo ro fo rm  (3 x 700cm ) and th e  combined
o

e x t r a c t s  were washed w ith  sodium hydrox ide  s o lu t io n  (1M, 1dm
3

p o r t io n s )  u n t i l  pheno l ceased  to  be e x t r a c te d ,  w ate r (2 x 1dm ) ,  

d r ie d  (MgSO^), and e v ap o ra ted  to  p roduce a b la c k  gum. E x tra c tio n  

w ith  b o i l in g  p e tro leu m  (b .p .  80 -100°, 3drof5) and c o n c e n tra tio n  o f 

th e  e x t r a c t s  y ie ld e d  a s o l id  w hich was 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 leu m  (b .p ,  80-100°) to  a f fo rd  th e  t i t l e  e th e r  (33g> 4-1$) as 

p a le  yellow  c r y s t a l s ,  m .p. 76 -7° ( l i t ^ 0^  7 7 -8 ° ) .

R eduction  o f A23 by b o ro h y d rid e  and p a lla d iu m  a f fo rd e d  2-am ino- 

A ̂ -benzy loxyd ipheny l e th e r  A2A (91$) as  c o lo u r l e s s ■c r y s t a l s ,  m .p. 

148-9° from  e th a n o l.  (Found: C, 8 0 .3 ; H, 6 .2 ;  N, $ .1 .  C^H^KOg 

B eq u ires  C, 8 0 .6 ; H, 6 .0 ;  N, 5 .0 i6). 9 ^ :  3510, 3470cm"1

'7"(CDC13 ): 2 .62 -3 .4 - (13H, m, a ro m a tic s ) ;  5 .0  (2H, s ,  PhCHgO);

6 ,A (2H, b road  s ,  exchangeab le  w ith  f^O, RH^).

T reatm ent o f A2A w ith  to lu e n e -4 -s u lp h o n y l c h lo r id e  i n  p y r id in e  

a f fo rd e d  A -b en zy lo x y -2 -(to lnen e-A -su lp h o n am id o ) -d ip h e n y l e th e r  4.25 

(77$) as  c o lo u r le s s  p l a t e s ,  m .p. 150-151° from  e th a n o l.  (Found:

0, 6 9 .9 ; H, 5 .0 ; N, 2 .9 .  C^H^NO^S r e q u ir e s  C, 7 0 .1 ; II, 5 .2 ;  N,
, yt)v,

3 .1 $ ) .  V : 32A0cm (NH). 'y (C D C lJ :  2 .2 5 -3 .5 7  (17H, m, max 5

a ro m a tic s ) ;  5 .0  (2H, s ,  PhCH20 ) ;  7 .65  (3H, s ,  C ^ C H ^ ) ; 8.31 *(.1H,

b road  s , exchangeable w ith  D^O, NH).

The sulphonam ide A25 was d e b en z y la ted  by  r e f lu x in g  in  e th a n o lic

h y d ro c h lo r ic  a c id  a s  d e sc r ib e d  fo r  compound A13 . to  f u r n is h

A -hydroxy-2/ -(to lu en e -A -su lp h o n am id o ) -d ip h e n y l e th e r  A26 (93%) as

c o lo u r le s s  c r y s t a l s ,  m .p. 167 -8°, from  e th a n o l. (Found: C, 6A.A;

II, 5 .0 ;  N, A .0 . C19H1?N0^S r e q u i r e s  C, 6A.2; H, 4 .8 ;  N, 3 .9 $ ) .

^  KBr: 34-30 (OH); 3260cm-1 (NH). "r(d.DMSO); 2 .3 3 -3 .5  (12H, m, max o

a ro m a tic s ) ;  7 .6 6  (3H, s ,  C^H^CH^).

N-A-B en zyloxyphenyl-N -2 -n 11 r  ophenylb en z ami d e 378

N-A-Benzyloxyphenylbenzam ide (6 .5 g , 0 .022  m ol), 1-brom o-2-

n itro b e n z e n e  (5g, 0 .025  m ol), anhydrous p o ta ss iu m  ca rb o n a te  (3 g ) ,
3and copper b ronze (1g) w ere added to  d ry  HMPT (AOcm ) and th e



m ix tu re  was h e a te d  a t  160 > f o r  5h. A s t i l l  head was f i t t e d  to  

th e  f l a s k  and th e  HMPT rem oved under reduced  p re s s u re  (160 , 1mm Hg) 

The r e s id u e  was d ig e s te d  w ith  w ate r (50cm* ) and e x t r a c te d  w ith
Q /

ch lo ro fo rm  (3 x 50cm ) ..  The combined e x t r a c t s  w ere f i l t e r e d  to  

remove th e  in s o lu b le  s t a r t i n g  benzam ide, washed -w ith w ate r (2 x 

100cm^). d r ie d  (MgSO,), and e v a p o ra te d . R e c r y s ta l l i s a t io n  o f  th e  

r e s u l t i n g  s o l id  from  b en ze n e /p e tro leu m  (b .p .  80-100°) w ith  c h a rc o a l 

fu rn is h e d  yellow  c r y s ta l s  ,of th e  benzam ide (2 .3 g , 25%), m .p. 124.-5°, 

mixed m.p. w ith  378 p re p a re d  by th e  Chapman r o u te ,  124--5°. The 

in f r a r e d  s p e c tr a  o f  th e  two sam ples o f 378 w ere su p erim p o sab le .

The benzam ide 378, on re d u c t io n  w ith  b o ro h y d rid e  and p a llad iu m  

fu rn is h e d  a  dark  s o l id  which was d i f f i c u l t  to  r e c r y s t a l l i s e .  A 

sm all amount (5%) o f  th e  p u re  p ro d u c t was o b ta in e d  from  e th a n o l 

a f t e r  re p e a te d  tre a tm e n ts  w ith  a c t iv a te d  c h a rc o a l;  N -2-anh.nophenyl- 

N-4-b en zyloxyphenylb  en zamid e 427 form ed c o lo u r le s s  c r y s t a l s ,  m .p. 

162 -3°. (Found: C, 7 9 .1 ; H, 5 .7 ; N, 7 .3 ;  G26H22N202 reclu i r e s

C, 7 9 .2 ; H, 5 .6 ; -N, 7 .1% ). l )  3450,. 3340 (NH^); 1645cnf1 ( 0 * 0 )  

'y (C D C l^): 2 .2 1 -3 .1 7  (18H, m, a ro m a tic s ) ;  4 .5  (2H, b ro ad  s ,  

exchangeable w ith  0^0, NH2 ) > 5 .03  (2H, s ,  P h C ^ O ).

The aminobenzamide 427 was t r e a t e d  w ith  to lu e n e -4 -s u lp h o n y l 

c h lo r id e  in  p y r id in e  to  a f fo rd  N -4-benzy loxyphenyl-N -2- ( to lu e n e -  

A -sulphonam ido) -phenylbenzam ide 428 (80%) as c o lo u r le s s  c r y s t a l s ,  

m .p. 159-160° from  e th a n o l.  (Found: C, 7 2 .0 ; H, 5 .4 ; N, 5 .0 .  

c33H2gH2°4S r e q u ir e s  C, 7 2 .2 ; H, 5 .1 ;  N, 5 .1 $ ) .  ‘O 32^0 (NH) 5 

1643cm-1 (C = 0 ) .  'T (C D C 1,): 2 .3 -3 .4 5  (22H, m, a ro m a tic s ) ;  4 .2 4

(1H, b road  s ,  exchangeab le w ith  D^0, NH); 5 .0 2  (2H, s ,  PhCH^O);

7 .6 3  (3H, s ,  C6H4 CH^).

1 8 8
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2-4  '-D ih y d ro x y b en zan ilid e  429 J S l j

Phenyl s a l i c y l a t e  (21v5g> '0.1 m ol), 4-am inophenol (16g, 0 .15  m ol), ^ | | j  

a n d •1,2 ,4 - t r ic h lo ro b e n z e n e  (20cnr*) were h e a te d  to g e th e r  under r e f lu x  4 f!3
f o r  90 min. A d i s t i l l a t i o n  head was th e n  f i t t e d  and th e  m ix tu re  . \ |§ |

d i s t i l l e d  u n t i l  phenol ceased  to  be c o l le c te d .  The r e s id u e  was j

poured  in to  ic e - c o ld  e th a n o l (100cm ) and th e  r e s u l t i n g  s o l id  •

r e  c r y s t a l l i s e d  from  benzene (c h a rc o a l)  to  a f fo rd  th e  t i t l e  .amide -J|g|

( 2 0 .5g, 90%) as c o lo u r le s s  c r y s t a l s ,  m .p. 165-6° ( l i t ^ 0^ 1 6 8 -9 °).
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WORK DESCRIBED IN  CHAPTER THREE

'S e c tio n  3*2

P re p a ra t io n  o f  th e  S p iro d len o n e  430

To a s o lu t io n  o f  N-2 -Hydr oxyphenyl -N-4 -hyd r oxypheny.l t  o lu  en e-  

4-su lphonam ide 408 (2 .4 g , 0 .068m ol), in  s u lp h u r - f r e e  benzene.
O OQ O'

(1.5dm ) was added a c t iv e  manganese d io x id e  (2 4 g ). The m ix tu re  

was h e a te d  under r e f lu x  f o r  4h . u s in g  a Dean and S ta rk  a p p a ra tu s  to  

e f f e c t  th e  a z e o tro p ic  rem oval o f  w a te r . The m ix tu re  was f i l t e r e d  

th ro u g h  c e l i t e  and ev ap o ra ted  to  le a v e  a brown s o l id  w hich on 

r e c r y s t a l l i s a t i o n  from  c h lo ro fo rm /e th a n o l (c h a rc o a l)  a f fo rd e d  th e  

t i t l e  d ienone 4-30 ( l .1 g ,  46%) a s  yellow  p rism s , m .p. 172-3° decomp, 

(Found: C, 6 4 .5 ; -H, 4 .5 ;  N, 3 .8 .  C^H^WO^S r e q u i r e s  C, 6 4 .6 ;

H, 4 .3 ;  N, 4 .0% ). %) 1682, 1645> and 1613cm ‘ (c y c lo h e x a -2 ,5 -IHcLX!

d ie n -4 -o n e ) .  ^ (C D C l^ ) : 2 . 3- 3 .3 6  (8H, m, a ro m a tic s ) ;  3 -38 , 3»5>

3 .8 , 3 .93  (4H,. q u a r t e t ,  v i n y l i c s ) ;  7 .65  (3H, s ,  C^H^CH^).

R eduction  o f d ienone 430

The d ienone 430 (0 .1 g , 0.00028m ol) was d is s o lv e d  in  a b s o lu te  

e th a n o l (10cm^) and s o l id  sodium b o ro h y d rid e  (0 .5 g ) added in  

p o r t io n s  (0 .1 g ) ;  th e  yellow  s o lu t io n  became c o lo u r le s s .  Water

(10 cm ) was added and th e  m ix tu re  e x tra c te d  w ith  ch lo ro fo rm  (3 x
Q / 3\

10cm ) ,  The combined e x t r a c t s  were washed w ith  w a te r (2 x  10cm ) ,

d r ie d  (Na^SO^) and ev ap o ra ted  to  le a v e  a c o lo u r le s s  s o l id  which.

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 /p e tro le u m  ( b .p .  80-100°) to

a f fo rd  c o lo u r le s s  p rism s (0 .0 8 6 g , 86%), m .p. 175-6°, mixed m.p,

w ith  th e  d ip h e n o lic  sulphonam ide 408 175-6°. The in f r a r e d  s p e c tr a

o f  th e  two sam ples o f  408 w ere superim posable*
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' R eac tio n  o f  43° w ith  a  'G rignard  re a g e n t

The a ienone  430 (0.35g* 0.001 mol) was d is s o lv e d  in  a m ix tu re
O q

o f  d ry  THF (15cm ) and d ry  e th e r  (5cm "). The r e s u l t i n g  s o lu t io n  

was added dropw ise under d ry  n it ro g e n  to  a m a g n e tic a lly  s t i r r e d  

s o lu t io n  o f  methylm agnesium io d id e ,  p rep a red  by add ing  iodom ethane
Q

(0 .7 2 g , 0.005m ol) in  d ry  e th e r  (5 cm ) to  magnesium (0 .l3 g )  in  d ry
o

e th e r  (5cm ) .  A f te r  b e in g  s t i r r e d  f o r  5h. th e  m ix tu re  was poured 

s lo w ly  in to  ic e - c o ld  h y d ro c h lo r ic  a c id  (0.5M, 30cm ) and e x t ra c te d  

w ith  e th e r  (3 x  20cm^). The combined e x t r a c t s  w ere washed w ith
o

w ater (2 x 30cm ) , d r ie d  (Na^SO^), and ev ap o ra ted  to. le a v e  a 

c o lo u r le s s  gum (0 .3 5 8 g ) . T h is gum was d is s o lv e d  in  sodium hyd ro x id e
o 3

s o lu t io n  (0.5M, 20cm ) and d im eth y l su lp h a te  (3cm ) was added in  

sm all p o r t io n s  w ith  shak ing  between a d d i t io n s .  The r e s u l t i n g  

a lk a l in e  m ix tu re  was e x t r a c te d  w ith  e th e r  (3 x  20cm^) and th e  

combined e x t r a c ts  washed w ith  w ater (2 x 2.0cm. ) ,  d r ie d  (Na^SO^), 

and evap o ra ted  to  le a v e  a c le a r  gum (0 .3 3 g ) . T his was a p p lie d  to  

a p r e p a ra t iv e  th i c k - la y e r  p la t e  ( s i l i c a  g e l )  w hich was developed 

w ith  ch lo ro fo rm . The m ajor band (R^ss 0 .8 2 ) was s e p a ra te d  and 

packed in to  a  column (10 x 2cm) and e lu te d  w ith  m ethanol to  a f fo rd  

a  c o lo u r le s s  c r y s t a l l i n e  s o l id ,  (0 ,2 4 g ) m .p, 134-5°. T his m a te r ia l  

was i d e n t i f i e d  as N -2~m ethoxyphenyl-N ~3.4-dim ethyIphenylto luene~4~  

sulphonam ide by com parison w ith  an a u th e n t ic  sam ple 388 p rep a red  

by th e  G o ldberg -type s y n th e s is ,  mixed m .p. 134-5°. The in f r a r e d  

s p e c tr a  o f  th e  G rignard  p ro d u c t and 388 w ere su p erim p o sab le .

S e c tio n  3 .3

O x id a tio n  o f  th e  N -benzoyl d e r iv a t iv e  416

The p h e n o lic  amide 416 (0 .3 g ) and a c t iv e  manganese d io x id e



(3g.) w ere h ea ted  to g e th e r  in  benzene (600cm^) f o r  4h , F i l t r a t i o n  

and e v a p o ra tio n  y ie ld e d  a  dark  r e d  s o l id  (0 .2 1 g ) w hich d id  n o t 

m elt' s h a rp ly  and cou ld  n o t be r e c r y s t a l l i s e d ,  T . l . c .  (ch lo ro fo rm ) 

showed i t  .to  have an v a lu e  o f 0.74- w h ile  4-16 had a v a lu e  o f 

0 .6 7  and u s in g  e th y l  a c e ta te  th e  r e s p e c t iv e  v a lu e s  w ere 0 .7 7  and 

0 .8 1 . High r e s o lu t io n  mass sp e c tro m e try  showed th e  p re se n c e  o f  a 

component w ith  a  m/e v a lu e -o f  458.1261 (C alc fo r  Cp^HppNpO^S 

4 5 8 .1 3 0 1 ).

O x id a tio n  o f  419

The d in i t ro p h e n y l  d e r iv a t iv e  419 (1g) and manganese d io x id e
•3

(12g) were h e a te d  to g e th e r  in  benzene (800cm ) fo r  3h. F i l t r a t i o n  

and e v a p o ra tio n  y ie ld e d  an o range s o l id  (0 .65g ) w hich was d is s o lv e d  

in  ch lo ro fo rm  (1c ir/) and th e  r e s u l t i n g  s o lu tio n  a p p lie d  to  two 

th ic k - la y e r  p la t e s  w hich w ere developed  w ith  chloroform /10%  e th y l  

a c e ta t e .  The m ajor bands ( R ^  0 .7 5 ) were s e p a ra te d  and e lu te d  

w ith  m ethanol to  a f fo rd  an o ra n g e - s o lid  (0 . 23g ) ,  m .p. 150-5°

(n o t s h a rp ) . V ^ x : 1652 and 1618 cm~  ̂ (p o s s ib le  cy c lo h ex a-

2 , 5 -d ie n -4 -o n e  a b s o rp t io n s ) .

O x id a tio n  o f th e  b is -su lp h o n am id e  417

The p h e n o lic  sulphonam ide 4 i7  (0.7g> 0 .00l4m ol)' and manganese 

d io x id e  (7g) w ere h e a te d  to g e th e r  under r e f lu x  in  benzene (400cm ) 

f o r  3h. F i l t r a t i o n  and e v a p o ra tio n  y ie ld e d  a y e llow  s o l id  w hich 

was r e c r y s t a l l i s e d  from  c h lo ro fo rm /e th a n o l to  a f fo rd  N ,N -b is - 

( to lu e n e -4 - s u lp h o n y l) -2 ,3-dihydro-1H -benzC d] im id a z o le - 2 - s p l r o - l -  

cy c lo h ex a-2 ^ 5 -d ien -4 ~ d n e 445 (0 .4 g , 58%) as p a le  ye llo w  p rism s , 

m .p. 233 -4°. (Found: C, 61„7; H, 4 .6 ;  N, 5 .3 .  C26H22N2°5S2 r e 9n i r e s



0. 61.7; H, 4 .4 ; N, 5.550* , '9  5 5  1682, 1643 and 16l8om“1UldA

(c y c lo h ex a -2 ,5 -d ien ~ 4 --o n e ). r'f/ (CDGl^): 2 ,21-3*32 (12H, m, 

a ro m a tic s ) j  3.37* 3 .5 3 , 3 .7 ,  3 *87 (4H, q u a r te t ,  v i n y l i c s ) ;  7 .62  

(3H, s , C ^ C H ^ ) . ' ■ .

R eduction - o f  4-7-5 - -

The d ienone 44- 5 (0 .2 g ) was red u ced  w ith  sodium b o ro h jd r id e  

a s  d e sc r ib e d  fo r  compound 4J30. A c o lo u r le s s  c r y s t a l l i n e  s o l id  

(0 .1 8 g ) was o b ta in e d , m .p. 195-6° from  a c e to n e /p e tro le u m  (b .p . 

6 0 -8 0 °) , mixed m.p. w ith  4-17. 195-6°. The in f r a r e d  s p e c tr a  o f 

th e  p ro d u c t and o f  4-17 w ere superim p o sab le .

R eac tio n  o f th e  d ienone 4-4-5 w ith  a G rignard  R eagent

A s o lu t io n  o f  th e  d ienone 44-5 (0 .5 g , O.OOImol) in  d ry  THF 

( 30cm^) was added dropw ise under d ry  n it ro g e n  to  a m a g n e tic a lly  

s t i r r e d  s o lu tio n  o f  methylm agnesium io d id e ,  p re p a re d  by add ing
Q

iodom ethane (1 .6 g ) in  d ry  e th e r  ( 15cm ) to  magnesium (0.4-g) in
Q

d ry  e th e r  (15cm ) .  The r e a c t io n  was worked up a s  d e sc r ib e d  fo r  

th e  r e a c t io n  o f 4-30 w ith  th e  G rig n ard , to  y ie ld  a f t e r  e v a p o ra tio n , 

a  c o lo u r le s s  s o l id  (0.4-2g) w hich t . l . c .  (ch lo ro fo rm ) showed to  

c o n ta in  two com ponents. The m ajor one had an R^ v a lu e  o f  0 .89  

and th e  minor one an. R^ o f  0 .6 7 . High r e s o lu t io n  mass s p e c tro ­

m etry  o f  th e  crude p ro d u c t showed th e  p re sen ce  o f  a component 

w ith  an m/e v a lu e  o f  534-1589 (0,3% abundance) (C alc fo r

534.164-7) and a  component w ith  m/e s  520.1504- 

(7.1% abundance) (C alc f o r  C^gH^gN^O^S^, 520.14-91).
o

The w h ite  s o l id  was d is s o lv e d  in  ch lo ro fo rm  (2cm ) and a p p lie d



t o  a  th ic k - la y e r  p l a t e  which was developed  w ith  ch lo ro fo rm . The 

band co rresp o n d in g  to  th e  sp o t w ith  0 .8 9  was s e p a ra te d  and 

e lu te d  w ith  m ethanol to  a f fo rd  c o lo u r le s s  c r y s ta l s  m .p, 175-6°.

T his su b s tan ce  was compared w ith  a u th e n t ic  4-47, p re p a re d  as 

f o l l o w s , • ' .

The n itro su lp h o n am i de 397 ( 3 9 .6g, 0 .1 mol) was d is s o lv e d  

i n  1 ,4 -d io x an  (300cm^) and p a l la d is e d  c h a rc o a l (3g) added. The 

m ix tu re  was shaken u n d er hydrogen ( 5 0 p . s . i . )  u n t i l  th e  u p tak e  

o f  gas ceased . F i l t r a t i o n  and e v a p o ra tio n  fo llo w ed  by r e c r y s t a l ­

l i s a t i o n  from  e th a n o l a f fo rd e d  N -2~am inophenyl-N -3 .4-d im ethy l-  

p h en y lto lu en e -4 -su lp h o n am ld e  146 (28g, 79%) a s  c o lo u r le s s  c r y s t a l s ,  

m .p . .111-2°. (Found: C, 68.9,* H, 6 .1 ;  N, 7 .9 .  C21H22N202S

r e q u i r e s  C, 6 8 .9 ; H, 6 .0 ;  N, 7 .7% ). 3435, 3352cm"1 (N H j

T (  CDCl ) : 2.32-3*4-6 (11H, m, a ro m a tic s ) ;  5 .79  (2H, b ro ad  s ,
3 •

exchangeable w ith  DgO, KHg); 7 .59  (3H, s ,  S O ^C ^C H ^); 7 .8 2  (6H, 

s ,  2 x  NC6H3CH^).

The amine 446 was t r e a t e d  w ith  to lu e n e -4 -s u lp h o n y l c h lo r id e  

i n  p y r id in e  to  f u r n is h  N -3. 4 -d im e th y lp h e n y l-N -2 -(to lu e n e -4 -  

sulphonam ido)-p h e n y lto lu en e -4 -su lp h o n a m id e  447 (96%) as c o lo u r le s s  

c r y s t a l s ,  m .p, 176-7° from  c h lo ro fo rm /e th a n o l. (Found: C, 6 4 .7 ;

H, 5 .4 ; N, 5 .2 .  C ^ H ^ N ^ S 'r e q u i r e s  C, 6 4 .6 ; H, 5 .4 ;  N, 5.4% ).

KBr: 3320cm" 1 (N-H). T(CDC1Q) : 2 .2 8  (1H, s ,  exchangeab le  w ith  max j>
D20, r n ) ;  2 .3 5 -3 .3  (15H, m, a ro m a tic s ) ;  7 .6 ,  7 .7  (6H, d , 2 x  

S O gC ^C H ^); 7 .8 2 , 7 .8 8  (6H, d , 2 x  NC6H3CH^).

The a u th e n t ic  447 and th e  G rignard  p ro d u c t had mixed m.p.



■ 175- 6° and t h e i r  in f r a r e d  s p e c tr a  were superim posab le .

S e c tio n  3.4-

O x id a tio n  o f  th e  amine 4-10.,to' 44-9

The am inophenol 4-10 (3g, 0 .0085 mol) and a c t iv e  manganese

-d io x id e  (30g) w ere added to  s u lp h u r - f r e e  benzene (1dm ) and

h e a te d  under r e f lu x  f o r  2h. w ith  m echanical s t i r r i n g .  F i l t r a t i o n

and ev a p o ra tio n  a f fo rd e d  a b la c k  s o l id  (1 .2 g ) w hich was d is s o lv e d

in  ch lo ro fo rm  (5cm ) and a p p lie d  to  f iv e  th i c k - la y e r  p la t e s

( s i l i c a  g e l ) .  The p l a t e s  w ere developed  u s in g  e th y l  a c e ta te

and th e  bands c o n ta in in g  th e  b r ig h t  yellow  sp o t (R^ =. 0 .7 8 ) w ere

combined and e lu te d  w ith  m ethanol to  g iv e  b r ig h t  yellow  p la te s

(0 .5 7 g ) , m .p. 196-7° from  benzene. (Found: C, 6 2 ,7 ; H, 7 .5 j  N, 4*1*

C^H^NgO^S r e q u i r e s  C, 6 2 .6 ; H, 7 .7 ;  JN, 3 .9 %) • Found m/e = 366.070 i ,

~~(cale~-£©r- CLJHL,No0 .S , 3 6 6 .0675 ). ^  1678, 1630 and 1608cm” 1i y 1 <, Lf max

(cy c lo h ex a -2 ,5 -d ien -4 ~ o n e  ty p e  a b s o r p t io n s ) . 'YtCDCl^): 1 .9 6 -2 .7 2  

(4H, q u a r t e t ,  a ro m a tic s ) ;  3 .1 8 -3 .8  (7H, m, v i n y l i c s ) ;  7.54- (3H, 

s ,  C ^ C E ^ ) .

S e c tio n  3.5

O x id a tio n  o f  th e  d ip h e n y l e th e r  4-26

The p h e n o lic  sulphonam ide 4-26 (0 .8 g . 0 .0022m ol) and a c t iv e
Q

manganese d io x id e  (8g) were added to  benzene (500cm ) and h e a te d  

under r e f lu x  f o r  3h. F i l t r a t i o n  and e v a p o ra tio n  fo llo w ed  by 

r e c r y s t a l l i s a t i o n  from  c h lo ro fo rm /e th a n o l y ie ld e d  y e llo w  c r y s ta l s  

(0 .3 9 g , 4-9%), m .p. 171-2° decomp, mixed m .p. 'w ith  4-30 171-2° 

decomp. The in f r a r e d  s p e c tr a  o f  th e  two sam ples o f  4-30 w ere 

superim p o sab le .
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Ox id a t io n  o f  th e  d ip h en y l amine 4-2.2

The p h e n o lic  sulphonam ide 4-22 (2 .2 g , 0.0061 mol) and a c t iv e
o

manganese d io x id e  (22g) w ere added to  benzene (1.6dm* ) and h e a te d  

under r e f lu x  f o r  3b. F i l t r a t i o n  and e v a p o ra tio n  gave a dark
o

s o l id  w hich was d is s o lv e d  in  ch lo ro fo rm  (10cm ) and a p p lie d  to  

f iv e  th ic k - la y e r  p la t e s  ( s i l i c a  g e l ) .  These w ere developed  w ith  

ch lo ro fo rm  and showed two yellow  bands (R^ v a lu e s  0 .6 6  and 0.4-). 

The yellow  bands c o rre sp o n d in g  to  th e  R ^ - 0 .4  component w ere 

combined and e lu te d  w ith  ace to n e  to  a f fo rd  b r ig h t  y e llow  p la te s

(0 .$ 3 g ) m .p, 196-7° from  benzene. The mixed m .p. w ith  th e
* oo x id a tio n  p ro d u c t o f  4-10 was 196-7 and th e  two in f r a r e d  s p e c tr a

w ere superim p o sab le . The p ro d u c t o f  t h i s  o x id a tio n  gave an

in te n s e  dark  b lu e  co lo u r when t r e a t e d  w ith  sodium hydro x id e

s o lu t io n  (0.01M ).

O x id a tio n  o f  th e  b e n z a n il id e  4-29

The d ip h e n o lic  b e n z a n il id e  4-29 (1*1g> 0 .005 mol) and a c t iv e
Q

manganese d io x id e  (11g ) were added to  benzene (1dm ) and th e  

m ix tu re  h e a te d  u nder r e f lu x  fo r  4b . F i l t r a t i o n  and e v a p o ra tio n  

a f fo rd e d  a g rey  s o l id  (0 .2 g ) w hich was d is s o lv e d  in  ch lo ro fo rm  

(2cm^) and a p p lie d  to  a  th i c k - la y e r  p la t e  ( s i l i c a  g e l ) .  The p la te  

was developed w ith  ch lo ro fo rm  and th e  m ajor f a s t - r u n n in g  band 

(R^=. 0 .7 2 ) was se p a ra te d  and e lu te d  w ith  ace to n e  to  g iv e  an o f f -  . 

w h i te - s o l id  (0 .0 6 g ) , m .p, 14-0-5°. 'J) 1680, 164-7 and 1614cm 1
lUclX

(p o s s ib le  c y c lo h e x a -2 ,5 -d ie n -4 ro n e  a b s o rp t io n s ) .



WORK DESCRIBED IN CHAPTER FOUR

S ec tio n  4-,3

Growth o f  th e  fungus

Polyporus v e r s i c o l o r , s t r a i n  28a, was o b ta in e d  as a c u l tu r e

grow ing on an agar s lo p e  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 lesbu ry , Bucks, The organism  was su b c u ltu re d

on to  ag ar p la t e s  grown a t  37° and s to re d  a t  4 ° , The l i q u id  

/  1 1medium1' was p re p a re d  as fo llo w s  ( a l l  chem ica ls  w ere A.R. g rade

where a v a i l a b l e ) „

g lu c o se  20g
L -a sp a ra g in e  2 , 5g
D L~phenylalanine 0 .1 $g
aden ine  0.02.75g
th iam in e  h y d ro c h lo r id e  0,00005g 
KFoPO > 1 .Op*
Ba2HP0/+,2H20 0 .1g
MgS0y.7H20 0 .5 g
GaCl2 ’ 0 .01g
FeS0/+P7H20 0 .01g
MnSO/.AHpO 0.001g
ZnS0/.7H2O 0.001g
Cu.S0^.5H20 0 .002g
d i s t i l l e d  w a te r to  1dm^#

The medium was e q u a l ly  d i s t r i b u te d  betw een f iv e  c o n ic a l f l a s k s

(250cm^) w hich were th e n  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). One p la te  o f  f r e s h ly  grown fungus was d iv id e d  in to  te n

p ie c e s ,  two o f  w hich w ere added to  each f l a s k  under s t e r i l e  c o n d itio n s

The f la s k s  w ere th e n  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 i l in e  in  50fo aqueous e th a n o l (0.2M) was

added so t h a t  th e  f i n a l  c o n c e n tra t io n  o f  2 , 5 -d im e th y la n il in e  in

th e  f la s k s  was 4- x 10' A f te r  a  f u r th e r  7 days in c u b a tio n  a t

2$° th e  c u l tu r e s  w ere h a rv e s te d .  G lass beads (I0 0 g ) w ere added
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to  each f la s k  which was th en  shaken m anually  fox'5 10 m in. to  b reak  

up th e  m y c e lia l mat* The r e s u l t i n g  m y c e lia l su sp e n sio n s  w ere * . 

f i l t e r e d  th ro u g h  Whatman No 1 p aper and th e  f i l t r a t e s  s to re d  a t  

-20° in  p o ly e th y le n e  b o t t le s *

A ssay o f  la c c a s e  a c t i v i t y ^  2

-6R eac tio n  m ix tu res  c o n ta in e d  c a te c h o l (1x10” m ol), a c e ta te

b u f f e r  (pH = 4 . 0 ,  5x10 m ol), and enzyme s o lu t io n  (0.1cm  ) in  a

3 ot 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 min. and th e  a b s o rp tio n s  a t  400nm were de term ined  a g a in s t  a

c a te c h o l 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 f in 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  f o r  15 min.

P re lim in a ry  experim en ts  w ith  la c c a s e
q

V a n il l in  (0 .2 g ) was d is s o lv e d  in  2%  aqueous e th a n o l (50cm )
Q O

and la c c a s e  s o lu t io n  ( a c t i v i t y  =: 3 .35  u n its /c m  ,  25cm ) was added.

The m ix tu re  was in c u b a te d  a t  37° f o r  24h and th e  r e s u l t i n g  b u f f

p r e c i p i t a t e  f i l t e r e d  and d r ie d  to  a f fo rd  d e h y d ro v a n ill in  (0 . 035g ) j

m .p. 304-5° ( l i t 4"8 1 -3 0 5 °).

2 , 6~Dimethoxyphenol (0 .1 g ) on s im i la r  tr e a tm e n t produced dark

b lu e  n e e d le s  o f 3 , 3 f , 5 , 5 ; -te tram eth o x y d ip h en o q u in o n e  (c o e ru lig n o n e ) ,

(0 .0 2 3 g ), m .p. 289-290° ( l i t 4-82 2 9 1 -3 ° ) . 2 , 6 -D i- t-b u ty lp h e n o l

when in c u b a te d  w ith  la c c a s e  s o lu t io n  gave a tu r b id  ye llow  s o lu t io n
o

w hich was e x tra c te d  w ith  ch lo ro fo rm  (2x100cm ) .  The combined 

e x t r a c t s  were d r ie d  (MgSQ^) and ev ap o ra ted  to  le a v e  a re d  gum, 

t . l . c .  (ch lo ro fo rm ) o f  w hich showed th e  p re sen ce  o f two sp o ts  

(R^ v a lu e s  0 .7 6  and 0 ,6 7 ) i n  a d d i t io n  to  u n re a c te d  pheno l ( f t ^  0 .8 9 )



These two sp o ts  were shown to  be 3?3 / J 5 , 5l - te t r a - t - b u ty d ip h e n o -  

quinone 486 and 1 ,1 / - b i s «-(33 5 ~ b i- t-b u ty lc y c lo h e x a -2 , $ -a ien -4 --one)

4-87 re sp ec tiv e ly *  by t . l . c .  com parison w ith  sam ples p re p a re d  by 

l i t  e ra  tin*- e method s . ̂  ^ 7 ̂  ̂

S y n th e s is  o f  iso q u tn o lin e ~ 1  -c a rb o x y lic  a c id s  and- d th y d ro iso q u ln o lln e s

3-H ydroxy-4~m ethoxyphenethylam ine h y d ro c h lo r id e  (8g, 0 .04m ol)
Q

and p y ru v ic  a c id  (6g, 0.06Sm ol) w ere d is so lv e d  in  w a te r (200cm ) 

and th e  pH a d ju s te d  to  6 .0 .w ith  ammonia s o lu t io n .  A f te r  s ta n d in g  

a t  25° fo r  7 days th e  r e s u l t i n g  c r y s ta l s  w ere r e c r y s t a l l i s e d  from  

aqueous m ethanol to  a f f o r d  6-hydroxy-7-m ethoxy~1 -m e th y l-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  4-90 (1 1 .6g, 50%) as 

c o lo u r le s s  c r y s t a l s ,  m .p. 251- 2° ( l i t ^ ^  254° ) •

The d ih y d ro is o q u in o lin e  h y d ro c h lo r id e s  4-92 and 493 w ere p rep a red
420 421acco rd in g  to  th e  l i t e r a t u r e  m ethods. T 3 ^  3-Benzyloxy-4~m ethoxy~ 

phenethy lam ine h y d ro c h lo r id e  was h e a te d  w ith  fo rm ic  a c id  a t  180° 

u n t i l  th e  b u b b lin g  ce a se d . The r e s u l t i n g  crude N -form yl d e r iv a t iv e  

was h e a te d  under r e f lu x  fo r  90 min, w ith  phosphorus o x y ch lo rid e  in  

to lu e n e ;  p e tro leu m  ( b .p .  40 -60°) was th e n  added and th e  r e s u l t i n g  

brown gum was t r e a t e d  w ith  a sm all amount o f  m ethano l. T r i tu r a t i o n  

w ith  e th e r  th e n  a f fo rd e d  th e  c r y s t a l l i n e  d ih y d ro iso q u in o lin e  

h y d ro c h lo r id e . T his was d is s o lv e d  in  e th a n o l c o n ta in in g  p a l la d is e d  

c h a rc o a l and shaken under hydrogen (50 p . s . i . )  u n t i l  th e  u p ta k e  o f  

gas cea sed . F i l t r a t i o n  and e v a p o ra tio n  fo llo w ed  by  r e c r y s t a l ­

l i s a t i o n  from  m e th a n o l/e th e r  fu rn is h e d  6 -hydroxy-7 -m ethoxy-3 ,4~  

d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  492 (46% o v e r a l l  y ie ld )  as 

c o lo u r le s s  c r y s ta l s  m .p. 205-6° ( l i t ^ ^  207-8°)*
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In  analogous fa s h io n  was p re p a re d  (v ia  th e  N -a c e ty l d e r iv a t iv e ) ,

6-hyd f oxy-7 -m ethoxy-1 -m e th y l- 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  

493 ( 57% o v e r a l l  y ie ld )  as c o lo u r le s s  c r y s t a l s ,  m .p, 262- 3° ( l i t ^

261- 3° )  from  e th a n o l.  “6i |

3 , 4—Ih.m ethoxy-^-phenethylam d.ne (hom overa try lam ine) was 

h e a te d  a t  200° w ith  fo rm ic  a c id  to  a f fo rd  th e  N -form yl d e r iv a t iv e  

as a c o lo u r le s s  s o l id ,  m .p. 39-4-0° ( l i t ^ ^  4-0-4-20 ) .  T h is  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  a f fo rd

6, 7 -d im ethoxy-3, 4—d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  499 as  p a le  :

yellow  c r y s t a l s ,  m .p. 110-112 from  m e th a n o l/e th e r , ( p i c r a t e ,  ‘ *gg

m .p. 200- 201° ,  l i t ^  201- 3° ) .  . f l
';S

The h y d ro c h lo r id e  422 (6gj 0 .0 3  mol) was d is s o lv e d  in  w ater 

(^Ocm^) w hich was made b a s ic  w ith  sodium hy d ro x id e  s o lu t io n  and
O

e x tra c te d  w ith  d ich lo ro m eth an e  (3x:20cm ) .  The combined e x t r a c ts  

w ere mixed w ith  a  s o lu t io n  o f  p o ta ss iu m  cyan ide  ( 10g) in  w ater 

( 30cm^) and s t i r r e d  m a g n e tic a lly  w h ile  benzoy l c h lo r id e  ( I 3g) "was

added d ropw ise . A f te r  b e in g  s t i r r e d  fo r  3h th e  d ich lo ro m eth an e
3 *-Jt§la y e r  was washed w ith  h y d ro c h lo r ic  a c id  ( 10%, 100cm ) ,  sodium . n

O O
h ydrox ide  s o lu t io n  ( 5%, 100cm ) w a te r ( 2x 100cm ) and d r ie d  ;;|§|

(Na^SO^). E v ap o ra tio n  gave a  s o l id  w hich was r e c r y s t a l l i s e d  from  

ch lo ro fo rm  to  f u r n is h  2 -b en zo y l-1 -cy an o -6 ,7 ~ d im 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  501 (4 .8 g , 70%), m .p. 215-6° ( l i t ^ ^

215- 6° )  as c o lo u r le s s  c r y s t a l s ,  i f
m

The R e is s e r t  compound 501 (2g , 0.0062m ol) was added to  ^JS
--Mm

p h o sp h o ric  a c id  (85%, 15ci2 ) and h e a te d  a t  120° under n i t ro g e n  

f o r  20 min. The r e s u l t i n g  r e d  s o lu t io n  was coo led  and added to

I
■M

if
i
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o
ic e -w a te r  (2 0 c iir); t h e 'p r e c i p i t a t e  o f  benzo ic  a c id  was f i l t e r e d  

o f f  and th e  re s id u e  a d ju s te d  to  pH = 7 . 0  w ith  c o n c e n tra te d  

ammonia s o lu t io n  and l e f t  a t  4° o v e rn ig h t .  The r e s u l t i n g  

c r y s t a l l i n e  s o l id  was r e c r y s t a l l i s e d  from  m ethanol to  a f fo rd

6 ,7 -d im e th o x y -1 , 2 , 3 , 4 ~ fe tra h y d ro is o q u in o lin e -1 -c a rb o x y lic  a c id
i /

497 (1g, 68%) as c o lo u r le s s  c r y s t a l s ,  m .p. 245-7° decomp ( l i t  

2 5 2 -5 ° ) .

The R e i s s e r t  compound 501 (3<>2g, O.OImol) and a  d is p e r s io n

o f  sodium h y d rid e  in  o i l  (0 .6 g , 0 .012m ol) w ere added to  d ry  DMF 

3(25cm ) and s t i r r e d  m a g n e tic a lly  f o r  12h w ith  th e  e x c lu s io n  o f 

m oisture*  Iodom ethane (3g, 0 .02m ol) was added dropw ise to  th e  

deep re d  s o lu t io n  o f  th e  R e i s s e r t  an io n  and s t i r r i n g  was co n tin u ed  

f o r  a  f u r th e r  2.4h. The s o lu t io n  was th e n  poured  in to  w ater ^OOom^)
O

and e x tra c te d  w ith  ch lo ro fo rm  (2x200cm ') .  The combined e x t r a c t s  

w ere washed w ith  h y d ro c h lo r ic  a c id  (10%, 200cm ) , sodium h yd rox ide  

s o lu t io n  (5%, 200cm^) and w ate r (2x200cm^), d r ie d  (Na^SO^) and 

ev ap o ra ted . R e c r y s ta l l i s a t io n  o f  th e  r e s u l t i n g  s o l id  from  e th y l  

a c e ta te /c h lo ro fo rm  fu rn is h e d  2 -b en zo y l-1 -cy an o -6 .7 ~ d im eth o x y -1 -  

m ethy l- 1 , 2 , 3 .4 - te t r a h y d ro ls o q u in o l in e  502 ( 2 , 15g, 65%) as c o lo u r le s s  

c r y s t a l s ,  m .p. 2 0 5 -6°. (Found: C, 7 1 .6 ; H, 5*9$ N, 8 .2 .

C20H20N2°3 re(Iu i r e s  c>H> 5 ' 9;N’ 8 ,3 ^ ) - 22/10 (C

1653om-  ( C = 0 ) .  'Y (C D C l^): 2 .5  (5H, s ,  pheny l a ro m a tic s ) ;  2 .9 5 ,

3 .3 7  (2H, d , i s o q u in o l in e  a ro m a tic s ) ;  6 c07j 6.11 (6H, d , 2xQCH^); 

6 .4 ,,  7 .1 5  (4H, 2 t r i p l e t s ,  CHg-CHg); 7 .8 9  (3H, s ,  1-CHcj).

The 1-m ethy l R e is s e r t ;  502 (5g , 0 .0 1 5mol) was h y d ro ly se d  by 

85% p h o sp h o ric  a c id  as d e sc r ib e d  f o r  compound 501 to  a f fo rd



6,7-dtm ethoxy~t~-m ethyl~1, 2 , 3 . 4 - t  e tra h y d ro is o q u in o l in e - l  -  

c a rb o x y lic  a c i d •500 (2 ,2 2 g , 59%) as c o lo u r le s s  c r y s t a l s ,  m .p. ' 

298-300° decomp from  aqueous a c e t ic  a c id .  (Found: C, 6 1 .9 J H, 6 ,8 ;

N, 5 .2 ,  C.(3-H15N0^ r e q u i r e s  C, 6 2 ,1 ; H, 6 ,8 ;  n /5 4 6 % )0

2880, 2780, 2650, 24-30 (amino a c id  s a l t ) ;  .164-0 (C = 0 ) .

3 ,4-O im ethoxyphenethylam ine was h e a te d  w ith  a c e t i c  a c id  a t  

200° fo r  90 min to  a f f o r d  th e  N -a c e ty l d e r iv a t iv e  as a c o lo u r le s s  

s o l id  m .p. 89-90° ( l i t ^ ^  9 4 -5 ° ) .  This was th e n  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  fu r n is h  6 ,7 -d im ethoxy -1 -  

m ethy l- 3 , 4 -d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  as p a le  yellow  

c r y s ta l s  (62%) m.p. 195- 6° ( l i t ^ ^  200° ) .

S e c tio n  4 .4

The i s o q u in a ld ic ' a c id  490 (0 .5 g ) was d is s o lv e d  in  a m ix tu re  

o f  phosphate  b u f f e r  (0.1M, pH "■ 6 ,0 ,  200cm^) and e th a n o l (50cm'^);
O O

la c c a s e  s o lu t io n  ( a c t i v i t y  2 ,8  u n its /c m  , 100cm ) was added and

o / 3th e  m ix tu re  in c u b a te d  a t  35 . F u r th e r  la c c a s e  s o lu t io n  (60cm )

was added a f t e r  24 and 48h, and a f t e r  72h. th e  m ix tu re  was made

b a s ic  (pH = 1 0 )  w ith  ammonia s o lu t io n .  The m ix tu re  was c o n tin u o u s ly
3e x tra c te d  w ith  ch lo ro fo rm  (1dm ) fo r  12h and th e  o rg a n ic  la y e r  

th e n  d r ie d  (Na^SO^) and ev ap o ra ted  to  y ie ld  a p a le  brown gum 

(0 .0 6 9 g ) .

T his was shown to  be . id e n t i c a l  by t . l . c .  ( a c e t o n i t r i l e / 1 5% w a te r)  

w ith  th e  d ih y d ro is o q u in o lin e  493. A p ic r a t e  o f  th e  brown gum was 

form ed which had m .p. 205- 9° decomp, mixed m .p. w ith  p ic r a te  o f  

a u th e n t ic  493 , 203-7° decomp.



R eac tio n s  fo r  sp e c tro p h o to m e tr ie  a s sa y

The r e a c t io n  m ix tu re  c o n ta in ed  th e  is o q u in a ld ic  a c id  (0 .0 5 -  

I.OcmT5 o f  a 0.0005M s o lu t io n ) ,  la c c a s e  s o lu t io n  ( c i r c a  2 u n its /c m ^ , 

0.1cm ^) and p hosphate  b u f f e r  (0.1M, .pH -  6 .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  re q u ire d  w aveleng th  

was m easured a g a in s t  a b la n k  c o n ta in in g  th e  a c id  and b u f fe r  b u t 

no enzyme.

H o rse ra d ish  P e ro x id ase

The enzyme was o b ta in e d  from  Sigma Chemical Co. as  a s a l t - f r e e  

powder ( ty p e  1) w ith  an RZ v a lu e  o f 0 .5 7 . I t  was assay ed  fo r
j  po

a c t i v i t y  by th e  method o f  D e v l in .+ R eac tio n  m ix tu re s  c o n ta in ed  

g u a ia c o l s o lu t io n  (3 ,3 x 1 0 ””̂ ,  0 .05cm ^), hydrogen p e ro x id e  s o lu t io n
^ ; o o,

(1 .3 x 1 0~/+M, 0 .0 4 c iO j  p e ro x id a se  s o lu t io n  (0.01cm ’' ) ,  and p hosphate  

b u f f e r  (0.1M, pH -  6 .0 ,  2 .9cm ^), The m ix tu re  was r e a d  a f t e r  5 min 

a t  4-70 nm a g a in s t  a b la n 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 .  One u n i t  o f  a c t i v i t y  i s  d e f in e d  as t h a t  amount o f enzyme 

which w i l l  cause  an in c re a s e  in  th e  o p t i c a l  d e n s i ty  o f  1 .0  u n i t  

i n  5 min.

R eac tio n s  fo r  sp e c tro p h o to m e tr ic  a s sa y

/ 3R eac tio n  m ix tu re s  c o n ta in e d  th e  is o q u in a ld ic  a c id  ( 0 .0 5 - 1 .0cm 

o f  a 0.0Q05M s o lu t io n ) ,  hydrogen p e ro x id e  s o lu t io n  (0.000&7M,

1.0cm ^), p e ro x id a se  s o lu t io n  (o .1g/dm  in  p hosphate  b u f f e r  (0.1M, 

pH = 6 .0 ) ,  I.O cm ^ and p h osphate  b u f f e r  (0.1M, pH = 6 . 0 )  to  a 

f i n a l  v o l o f  3.0cm . The in c re a s e  in  abso rbance  a t  th e  r e q u ire d  

w avelength  was m easured a g a in s t  a b la n k  c o n ta in in g  th e  a c id ,  

p e ro x id e  and b u f f e r .

203



WORK'DESCRIBED IN CHAPTER FIVE

Se c tio n  5«>3

a ) S y n th e s is  o f  th e  N -form yl compound, 520 v ia  7 -0 -benzy  1 c o c 1 a.ur 1 n e

4-Ben zyloxy-3-m ethoxy~  f t  -phenethy lam ine  (lO g, 0 , O/ifiol) and 

4 ~ hydroxy p h en y lace tic  a c id  (6g , 0 .04niol) w ere h e a te d  to g e th e r  a t  

190° fo r  2h under n i t r o g e n .  R e c ry s ta J .lisa .tio n  o f  th e  r e s u l t i n g  

s o l id  from  benzene a f fo rd e d  N -(4~benzyloxy-3~m ethoxyphenethy l)-
J  [r o q

4~hydroxyphenylacetam ide 5 as c o lo u r le s s  c r y s ta l s  m .p. 148-50 ,

The amide 535 (6g, 0 .0 l5 w o l)  was d is s o lv e d  in  d ry  a c e t o n i t r i l e
Q

(120cm ) c o n ta in in g  phosphorus o x y c h lo rid e  (1Sg) and h e a te d  under 

r e f lu x  fo r  1h, The s o lv e n t  was removed under reduced  p re s s u re  and
O , O

m ethanol (10cm ) fo llo w ed  by e th e r  (200cm ) was added to  th e  r e s id u a l  

brown gum. The r e s u l t i n g  c r y s t a l l i n e  d ih y d ro iso q u in o lin e  h y d ro - 

c h lo r id e  516 was d is s o lv e d  in  e th a n o l ( 50cm ) and sodium b o ro h y d rid e  

(3g) was added in  p o r t io n s .  The m ix tu re  was warmed on th e  steam  

b a th  f o r  30min, poured  in to  w ate r (200cm^) w hich was th en  b ro u g h t to  

pH = 7 .0  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  and e x t r a c te d  w ith  ch lo ro fo rm
o

(3xl00cnr ) .  The combined e x t r a c t s  were d r ie d  (Na^SO^) and 

ev ap o ra ted  to  le a v e  7 -0 -b e n z y lc o c la u r in e  517 (0 .8 g , 1 /$ )  as 

c o lo u r le s s  c r y s t a l s ,  m .p, 151- 2° ( l i t  ^  153- 4° )  from  benzene.

The te tr a h y d ro is o q u in o l in e  517 (0 .2 g ) was s t i r r e d  fo r  24h w ith
o o

a m ix tu re  o f  a c e t ic  an h y d rid e  (10cm ') and fo rm ic  a c id  (6cm ) ,  The 

r e s u l t i n g  m ix tu re  was poured in to  sodium h y d rox ide  s o lu t io n  (2M,
o

200cm ) and h e a te d  under r e f lu x  fo r  30min. E x tr a c t io n  w ith
O

ch lo ro fo rm  (2x100cm ) and d ry in g  o f  th e  e x t r a c t s  (Na^SO^) fo llo w ed  

by e v a p o ra tio n  a f fo rd e d  an amorphous s o l id  (0 .1 6g) w hich was

2 0 4



r e c r y s t a l l i s e d  w ith  d i f f i c u l t y  from  e th a n o l to  form  c r y s t a l s ,  m .p.

189-90°, mixed m.p, w ith  a u th e n t ic  520, 187-8°,

b ) S y n th e s is  o f  520 v ia  th e  e thoxycarbony l d e r iv a t iv e

The p h e n o lic  amide 515 was t r e a te d  w ith  e th y l  ch lo ro fo rm a te

m ethoxyphenethy l) - 4 - e^hoxyc arbonyloxyphenylac etam ide 518 (91$)

The amide 518 was c y c l is e d  u s in g  phosphorus o x y c h lo rid e  in  

to lu e n e  fo llo w ed  by  d i l u t io n  w ith  p e tro leu m  (lb. p . 40 -60°) and 

tre a tm e n t o f  th e  r e s u l t i n g  gum w ith  m ethanol and th e n  e th e r .  

R e c r y s ta l l i s a t io n  o f  th e  r e s u l t i n g  s o l id  from  e th a n o l /e th e r  

fu rn is h e d  7 -b e n z y lo x y -1 -(4 -e th o x y c a rb o n y lo x y b e n z y l) -6 -m ethoxy-

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  519 a s  p a le  ye llow  p l a t e s ,

The d ih y d ro iso q u in o lin e  h y d ro c h lo r id e  519 (4g* 0 .009  m ol),

under r e f lu x  f o r  3h. The r e s u l t i n g  s o lu t io n  was poured  in to  w ate r

e x t r a c t s  w ere d r ie d  (^^ S O ^ ) and ev ap o ra ted  to  le a v e  a c o lo u r le s s  

s o l id .  R e c r y s ta l l i s a t io n  from  e th a n o l a f fo rd e d  7 -b en zy lo x y -2 -fo rm y l-1  -  

(4-hydroxyben z y l ) -6 -m ethoxy -1 , 2 , 3 , 4 - te t r a h y d ro ls o q u in o l in e  520 

(2 .8 g , 80$) as  c o lo u r le s s  c r y s t a l s ,  m .p. 192 -3°. (Found: C, 7 7 .7 ;

/CO
acco rd in g  to  th e  l i t e r a t u r e  method to  a f fo rd  N -(4~benzyloxy~3-

a s  c o lo u r le s s  c r y s t a l s ,  m .p. 103- 4° ( l i t 4'*^ 1 0 5 .5 -106°) from  

b en zen e /p e tro leu m  ( b .p ,  8 0 -1 0 0 °).

m .p. 194-5° ( l i t 4'16 195-6°)

O O
formamide (75cm ) , and fo rm ic  a c id  ( 15cm ) w ere h e a te d  to g e th e r

q q
( 500cm ) and e x t r a c te d  w ith  ch lo ro fo rm  (3x200cm ) ;  th e  combined

11, U . U ,  1M, j- C ^ l U l  C O  I  I • ̂  , 11, V J . y ,  lY,

S* S i  3330 (OH), 1643cm"1 (C = 0 ) .  'Y(CDC1„): 1 .95  (1H, s ,  NCH0);

2 ,3 8 -3 .6 5  (11H, m, a ro m a tic s ) ;  5 .07  (2H, s ,  PhCHqO); 5 .65  (1H, s ,



1-C-H ); 6 .15  (3H, s ,  OCH^)j 6 .9 5 -7 .9 5  (6H, m, a l i p h a t i c s ) .

In  a  s im i la r  f a s h io n  from  1 -(4 --benzy lo x y b en zy l)-6 ~ e th o x y - 

carbony lo 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  521 

was p rep a red  1 - ( 4 -b en zy lo x y b en zy l)-2 -fo rm y l-7 -h y d ro x y -6 -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 ln e  522 (84$) as c o lo u r le s s  c r y s ta l s  

m .p. 167-8° from  e th a n o l.  (Found: C, 7 7 .3 ; H, 6.4-; N, 3 .3 - 

C^H^NO^ r e q u ir e s  C, 7 7 .5 ; H, 6 .5 ;  N, 3 '.6 $ ). 3260 (OH),

1660cm“’1 (C =  0 ) .  T(CDC10) :  1 .95  (1H, s ,  NCHO); 2 .4-8-3 .56 (11H,

m, a ro m a tic s ) j  5 .03  (2H, s ,  PhCH20 ) ;  5 .68  (1H, s ,  1-C-H ); 6 .18  (3H, 

s ,  OCHj); 6 .9 2 -7 .7  (6H, m, a l i p h a t i c s ) .

Anodic o x id a tio n s

These were c a r r ie d  o u t u s in g  a p o te n t io s t a t  w ith  th e  anode a 

p ie c e  o f g raph ite  f e l t  (8x5'cm) and th e  cathode a p ie c e  o f  

p la tin u m  f o i l  (1 .5 x 1 .5cm). A s ta n d a rd  calom el e le c t ro d e  was u sed  

as th e  r e f e r e n c e .

The p h e n o lic  amide 520 (2g , 0 .005m ol) was d is s o lv e d  in  a
O

s o lu t io n  o f  sodium (0 .1 2 g , 0 .005m ol) in  m ethanol (20cm ) and th e  

s o lv e n t removed to  le a v e  th e  sodium s a l t .  T h is was d is s o lv e d  in
O Q

50% aqueous m ethanol (100cm ) and added to  a c e t o n i t r i l e  ( 300cm ) 

c o n ta in in g  te traethy lam m onium  p e rc h lo ra te  (6 g ) . The p o te n t i a l  was 

a d ju s te d  such t h a t  th e  c u r re n t  p a s s in g  was 50mA and m a in ta in ed  to  

p ro v id e  t h a t  c u r re n t  f o r  2 ,8 h . D uring t h a t  tim e  th e  p o t e n t i a l  

(v e rsu s  SCE) was in c re a s e d  from  0.26V to  0.29V; th e  te m p e ra tu re

was m a in ta in ed  a t  25°. At th e  end o f  th e  e l e c t r o l y s i s  h y d ro c h lo r ic

3 va c id  (2M, 100cm ) was added to  th e  r e a c t io n  m ix tu re  and th e  m ix tu re
O Q

ev ap o ra ted  to  d ry n e ss . W ater (200cm ) and ch lo ro fo rm  (4-OOcrn ) w ere
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added and th e  o rg a n ic  la y e r  washed w ith  w ater (2x200cm ) , d r ie d  

(Na^SO^) and ev ap o ra ted  to . a f fo rd  a gum ( 1 .7 g ).'

The above experim en t was repeated  w ith  th e  c u r re n t  m a in ta in ed  

a t  20mA and th e  te m p e ra tu re  a t  4 ° ; th e  p o t e n t i a l  was in c re a s e d  

from  0,23V to  0.35V (v e rsu s  SCE) d u rin g  th e  co u rse  o f  th e  

o x id a tio n  (7 h ) . Workup a s  b e fo re  gave a s im i la r  gum (1 .2 g ) .

Both m a te r ia ls  showed s im i la r  t . l . c .  b eh a v io u r; u s in g

a c e t o n i t r i l e / 15% w ate r as  th e  s o lv e n t  th r e e  sp o ts  w ere seen :

u n re a c te d  520, =5 0 .7 7 ; an e lo n g a te d  sp o t c e n tre d  a t  R^ r. 0.4-;

and b a s e l in e  m a te r ia l ,  R±, ~  0 .1 2 . The sp o ts  w ere d e te c te d  u s in g
AS 2D rag en d o rff*s r e a g e n t .  ^ By two s u c c e s s iv e  chrom atograph ic  

s e p a ra t io n s  on t h i c k - l a y e r 'p l a t e s  ( a c e to n i t r i l e /1 5 ^  w a te r)  a 

m a te r ia l  ( a p p a re n t ly  a s in g le  sp o t by  t . l . c . )  was i s o l a t e d .  T his 

was an amorphous s o l id  w hich could  be r e p r e c i p i t a t e d  from  a c e to n e /  

p e tro leu m  (b .p .  6 0 -8 0 °), no sh arp  m .p ., 34-20 (OH).; 1660cm ^

(C r  0 ) .  A m o lecu la r w eigh t d e te rm in a tio n  ( e b u l l io s c o p ic  in  

ch lo ro fo rm ) gave a v a lu e  o f  4-33•
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APPENDIX I

V e lo c i t ie s  o f Enzymic D ecarb o x y la tio n  o f  T e trah y d ro iso q u i n olane-
T~C arboxylic A cids

m
1̂ 3
m

a la c c a s e

S u b s tra teV Acid C o n cen tra tio n

G o-5 M]

Run 1

¥■ 489 1 .9 1.97
3 .8 2 .4 6

h 7 .7 3 .6
V 1.5 6 .4

% 3.1 10 .3

• (' 1 420 1 .82 0 .8 6
3 .6 1 .5

ni
7 .3 2 .9

14.8 5 .2
2 7 .6 7 .0

L
t  • m . 1 .3 0 .79
i 2 .7 1 .32
i. 5 .5 2 .7■if 11 .0 5.1V 22.0 8.1

»V ’ m i 2 .8 0 .35

i.
5 .6 0 .6 4

11.0 1 .12P
V-'- 22 .0 1.68i," ■
3 - '
if-i

37 .0 2.68

Eo-
V e lo c ity  

^mol min”

Run 2

1.2
1.8
2.8
5 .4  
8.1

1.0
2.1
4 .2
7 .7
8 .4

0 .6 2
1 .5
3 .0
5 .4
8 .7

0 .2 7
0 .5 2
1.0
1 .7
2.2

I
ill
S
f j

m

\

tps
S i
I$3

SjL



b h o rs e ra d is h  p e ro x id a se

Acid

4-90

S u b s tra te
C o n cen tra tio n

Do-5 mol dm 
2.1 
4 .2  
8 .4  

16.8
3 3 .6  
41 .9

0 .9
1 .8 .
3 .6
7 .3

14.6

Run 1

1,2
2.25
2 ,7
3.15
3 .3
3 .6

1.2
2 .4  
4 .3 .  
5 .9
6 .7

V e lo c ity

h
Run 2

10 ■'mol min -r

1.85
3 .0  
4 .6  
7 .2
1.0

490* 2.1
4 -2
8 .4  

16.9
33*8.
42.2

1.6
3 .2
6 .4  

12.8 
25.6 
32.0

0 .85
1 .5
2.2
3 .0
4 .0
4 .8

0 .75
1.8
3 .9
8.1

15.0
17.7

0 .5
1 .3  
1.8
3 .0
3 .3  
3 .7

1 .3  
2 .55
5.1

10.5
16.5  
1 7 .4

* These two ru n s  were c a r r ie d  o u t 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 .
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