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ABSTRACT

The S y n th e s is  o f Polyhydroxy A ryl Sulphones and t h e i r  Tanning 

A ction  on C o llag en  in  th e  P resence  o f Aluminium S a l t s  

by S te fa n  Tadeusz O rsz u lik

The a c t io n  o f  a  v a r i e ty  o f p o ly p h e n o lic  compounds on c o l la g e n , 

when u sed  in  th e  p re se n c e  o f alum inium  s a l t s ,  has been  in v e s t ig a te d .  

T h is  and f u r th e r  d a ta  o b ta in e d  from  d eu te riu m  exchange ex p erim en ts  

on t r e a t e d  g e l a t in e  p ro v id e  in fo rm a tio n  on th e  mode o f a c t io n  o f th e se  

ta n n in g  sy stem s.

A v a r i e ty  o f d ia r y l  su lphones has been  p re p a re d  by a ) s ta n d a rd  

m ethods, b) th e  a c t io n  o f  a r y ls u lp h in ic  a c id s  on £ -q u in o n e s , and 

c )  th e  a c t io n  o f a r y ls u lp h in ic  a c id s  on a r y l th a l l iu m s .  H and G 

n .m .r ,  sp e c tro sc o p y , and in f r a r e d  sp e c tro sc o p y  were employed in  th e  

s t r u c t u r a l  a n a ly s i s  o f p re p a re d  compounds.

The p ro to n - l ig a n d  s t a b i l i t y  c o n s ta n ts  o f a  number o f  p o ly p h e n o lic  

compounds have been  e v a lu a te d . The alum inium  com plexes 

o f th e s e  p o ly p h e n o lic  compounds have been in v e s t ig a te d  by 

p o te n tio m e tr ic  and p r e p a ra t iv e  m ethods. A ll c o n s ta n ts  were o b ta in e d  

a f t e r  r ig o ro u s  tre a tm e n t o f  th e  e x p e rim e n ta l d a ta  by a ) s ta n d a rd  

m ethods and b ) com puter te c h n iq u e s .

1 5 -I n v e s t ig a t io n s  by n .m .r .  and in f r a r e d  sp e c tro sc o p y  in d ic a te  

t h a t  g ly c in e  and p -a la n in e  may a c t  a s  b id e n ta te  l ig a n d s  tow ards 

alum inium .
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I  GENERAL INTRODUCTION

I t  h as  heen a  concern  f o r  many y e a rs  in  t h i s  c o u n try  o f  th e  l e a th e r  

in d u s try  and i t s  r e s e a r c h  a s s o c ia t io n  (B .L .M .R .A .) to  improve th e  range 

and q u a l i ty  o f c o lo u re d  l e a th e r s  f o r  c lo th in g  m a n u fa c tu re rs . The 

appearance  o f th e s e  garm ents depends in  p a r t  upon th e  a b i l i t y  to  dye 

s a t i s f a c t o r i l y  an e s s e n t i a l l y  w h ite  m a te r ia l  in  th e  f i r s t  in s ta n c e .

The raw m a te r ia l  f o r  th e  p ro d u c tio n  o f l e a th e r  i s  an im al s k in ,  and 

th e  p ro c e s s  by w hich p u t r e s c ib le  an im al s k in  i s  c o n v e rte d  to  th e  more 

s ta b le  p ro d u c t, l e a t h e r ,  i s  c a l l e d  ta n n in g . A f u l l e r  acco u n t o f th e  

c h e m is try  o f  ta n n in g  p ro c e s se s  i s  g iv en  in  s e c t io n  IIA . One o f th e  

more im p o rta n t p r o p e r t i e s  o f l e a th e r  i s  i t s  r e s i s t a n c e  to  d é n a tu ra t io n  

by h e a t in  th e  m o ist s t a t e .  T h is  h y d ro th e rm al d é n a tu ra t io n  i s  

accom panied by a  sh rin k a g e  o f  th e  m a te r ia l  to  l e s s  th a n  o n e - th i r d  o f 

i t s  o r ig i n a l  s i z e ,  and th e  te m p e ra tu re  a t  w hich t h i s  occu rs  i s  th e r e f o r e  

known as  th e  sh rin k a g e  te m p e ra tu re  (T ^ ). Most ta n n in g  p ro c e s s e s  in v o lv e  

th e  u se  o f p o ly p h e n o ls  o r chromium s a l t s ,  r e s u l t i n g  in  th e  p ro d u c tio n  

o f  f a i r l y  d a rk -c o lo u re d  l e a t h e r s .  In  o rd e r  to  o b ta in  a  w h ite  l e a t h e r ,  

v a r io u s  su r fa c e  tr e a tm e n ts  and p ig m e n ta tio n  p ro c e s s e s  a re  em ployed.

I t  i s  im p o rta n t t h a t  w h ite  l e a th e r  does n o t change c o lo u r  a p p re c ia b ly  

d u rin g  norm al u s e .  T h is  c o lo u r-c h an g e  i s  e s s e n t i a l l y  a  pho tochem ica l 

p ro c e s s ,  making f a s tn e s s  to  l i g h t  a  v e ry  im p o rtan t p ro p e r ty  o f any w h ite  

l e a th e r .  There i s  no e s ta b l i s h e d  ta n n in g  p ro c e s s  t h a t  r e s u l t s  in  a  

w h ite , l i g h t - f a s t  l e a th e r  a t  th e  end o f  th e  ta n n in g  p ro c e s s  and th a t  

a l s o  im p a rts  th e  h y d ro th e rm al r e s i s ta n c e  to  le a th e r  t h a t  i s  r e q u ir e d  f o r  

i t s  f a b r i c a t i o n  and m a in ten an ce .

The s e a rc h  f o r  a l t e r n a t i v e  ta n n in g  a g e n ts  h as  prom pted th e  

in v e s t ig a t io n  o f  n o n - t r a n s i t io n  m e ta l s a l t s  t h a t  have some ta n n in g  a c t io n  

and m ight be e x p e c te d  to  g iv e  l i g h t e r —c o lo u re d  l e a th e r s .  C onsequen tly



p a r t i c u l a r  i n t e r e s t  has heen  shown i n  s a l t s  o f  alum inium , s in c e  th e y  

a re  known to  p o sse ss  some ta n n in g  a b i l i t y .  However, th e  ta n n in g  

a c t io n  o f  alum inium  s a l t s  i s  " r e v e r s ib le ” s in c e  th e y  may be r e a d i ly  

le a c h e d  ou t , th e re b y  " d e - ta n n in g "  th e  m a te r ia l .

Sm all m o lecu la r  w eigh t p h e n o lic  compounds such  as c a te c h o l 

( 1 , 2 -d ihydroxybenzene) and p y ro g a l lo l  ( 1 ,2 , 3 - tr ih y d ro x y b e n zen e ) have 

no ta n n in g  a b i l i t y .  R esearch  c a r r i e d  out by  th e  B.L.M .R.A. has shown 

th a t  th e  ta n n in g  a b i l i t y  o f  alum inium  s a l t s  i s  d e c re a se d  by  th e  p re se n c e  

o f  c a te c h o l ,  w hereas th e  p re se n c e  o f  p y ro g a l lo l  r e s u l t s  i n  a  c o n s id e ra b ly  

im proved ta n n in g  a c t io n  a s  compared to  ta n n in g  w ith  alum inium  s a l t s  

a lo n e . The m ethyl and e th y l  e s t e r s  o f  g a l l i c  a c id  ( 3 ,4 , 5 - t r ih y d ro x y -  

b en zo ic  a c id )  gave s im i la r  r e s u l t s  to  p y r o g a l lo l .  However, th e  l e a th e r s  

produced  by  th e  u se  o f  th e s e  p h e n o lic  compounds in  c o n ju n c tio n  w ith  

alum inium  s a l t s  were n o t w h ite , b u t had i n i t i a l l y  p a le  c o lo u rs  which 

darkened  r a p id ly  on exposure  to  l i g h t .

4 ,4 * -B ih y d ro x y d ip h en y l su lphone i s  u sed  in  th e  m an u fac tu re  o f 

c e r t a i n  s y n th e t ic  ta n n in g  a g e n ts ,  th e  r e s u l t i n g  le a th e r s  o f te n  b e in g  

l i g h t —co lo u re d  and p o s s e s s in g  good l i g h t - f a s t n e s s  p r o p e r t i e s .  The 

p re se n c e  o f  th e  su lp h o n y l group i s  th o u g h t to  be r e s p o n s ib le  f o r  

im p a rtin g  th e s e  c o lo u r  q u a l i t i e s .  By com bining th e  c o lo u r p r o p e r t i e s  . 

c o n fe rre d  by  th e  su lp h o n y l group w ith  th e  ta n n in g  a c t io n  e x h ib i te d  by  

p y ro g a l lo l  in  th e  p re se n c e  o f  alum inium  s a l t s ,  i t  was a n t ic ip a te d  th a t  

a  w h ite , l i g h t - s t a b l e  l e a th e r  o f  good hyd ro th erm al s t a b i l i t y  m ight 

r e s u l t .

T h e re fo re  th e  aim s o f  th e  p r o je c t  were tw o -fo ld ,  f i r s t l y ,  th e  

s y n th e s is  o f  po lyhydroxy  d ia r y l  su lphones  to  be u sed  in  c o n ju n c tio n  w ith



alum inium  s a l t s  a s  p o te n t i a l  ta n n in g  a g e n ts  to  g iv e  w h ite , l i g h t - f a s t  

l e a th e r s ,  and seco n d ly  th e  in v e s t ig a t io n  o f  th e  b eh av io u r o f  p h e n o lic  

compounds i n  th e  p re se n c e  o f  alum inium  s a l t s  a s  ta n n in g  a g e n ts .

A t a r g e t  sh r in k a g e  te m p e ra tu re  was s e t  a t  110°. The s y n th e s is  o f th e  

o rg a n ic  compounds i s  d is c u s s e d  in  s e c t io n  I I I .  A s tu d y  has been  made 

o f  th e  i n t e r a c t i o n  betw een o -p h en o ls  and alum inium  io n s ,  and t h i s  

to p ic  i s  d is c u s s e d  in  s e c t io n  IV . and n u c le a r  m agnetic

reso n an ce  sp e c tro s c o p y  and in f r a r e d  s p e c tro sc o p y  have p la y ed  an  im p o rtan t 

p a r t  i n  th e  c h a r a c te r i s a t io n  o f  many o f  th e  s y n th e s is e d  compounds, and 

th e s e  a s p e c ts  a r e  c o n s id e re d  in  s e c t io n  V. D uring  th e  co u rse  o f  th e  

work, th e  p o s s i b i l i t y  o f  u s in g  a ry l th a l l iu m s  as in te rm e d ia te s  in  th e  

s y n th e s is  o f  d ia r y l  su lphones has been  in v e s t ig a t e d .  Though no t 

d i r e c t l y  r e l a t e d  to  th e  m ain theme o f  th e  p r o je c t ,  such n o v e l sy n th e se s  

may be o f  n o ta b le  im portance  w here e x i s t in g  m ethods o f  s y n th e s is  a r e  

in a d e q u a te , and t h i s  s u b je c t  i s  d is c u s s e d  in  s e c t io n  V I.



I I  TAMING USING POLYHTDROXY COMPOUNDS IN THE PRESENCE OF ALUMINIUM SALTS 

A. I n t ro d u c t io n

Animal s k in s  go th ro u g h  a  number o f  p ro c e s se s  p r i o r  to  th e  

ta n n in g  o p e ra t io n  w hich c o n v e rts  them to  l e a t h e r .  These a r e  g e n e ra l ly  

known as  " p re ta n n in g ” o p e ra t io n s ,  and g e n e ra l ly  in v o lv e  c u r in g , so ak in g  

and u n h a i r in g .  S ince  s k in s  s t a r t  to  p u t r e f y  w ith in  abou t fo u r  ho u rs  

o f  s la u g h te r in g ,  c u r in g  i s  r e q u ir e d  to  p re s e rv e  th e  s k in  f o r  s to ra g e  

a n d . t r a n s p o r t . The cu red  sk in s  a r e  "soaked" in  aqueous s o lu t io n  to  

r e s t o r e  th e  s k in s  to  t h e i r  o r ig i n a l  c o n d i t io n .  The u n h a ir in g  o p e ra t io n  

lo o sen s  th e  h a i r ,  and i s  u s u a l ly  accom plished  by  t r e a t i n g  th e  s k in  w ith  

an  a lk a l in e  re d u c in g  medium. A f te r  th e  p re ta n n in g  o p e ra t io n s ,  th e  

s k in  i s  known a s  " p e l t " .

Animal s k in  i s  composed m ain ly  o f  w a te r  ( c a .  65^  and p ro te in a c e o u s

m a te r ia ls  ( c a .  30^  to g e th e r  w ith  some l i p i d s ,  c a rb o h y d ra te s  and

m in e ra l s a l t s .  A f te r  th e s e  p re ta n n in g  o p e ra t io n s ,  m a in ly  th e  f ib ro u s

p r o te in  " c o lla g e n "  re m a in s . A part from  th e  s k in ,  c o l la g e n  a ls o

c o n s t i tu t e s  th e  m ajor p r o te in  component o f bone, ten d o n  and a l l  th e  o th e r

form s o f  c o n n e c tiv e  t i s s u e ,  and a cc o u n ts  f o r  25- 30^  by  w eigh t o f  a l l

p r o te in  in  mammalian body . E s s e n t i a l l y  th e  c h e m is try  o f  th e  ta n n in g

p ro c e sse s  i s  th e  ch e m is try  o f  th e  r e a c t io n  betw een a  v a r i e t y  o f  ta n n in g

a g e n ts  and th e  p r o te in  c o l la g e n .  I t  i s  to  be exp ec ted  th e r e f o r e  t h a t

c o l la g e n  has been  e x te n s iv e ly  s tu d ie d ,  and th e  s u b s t a n t i a l  amount o f

1 —Ain fo rm a tio n  a v a i la b le  has been  com piled  in  s e v e ra l  re v ie w s . ^

C hem ically  c o l la g e n  i s  d is t in g u is h e d  by  an  u n u s u a lly  h ig h  co n te n t 

o f  g ly c in e  and th e  im ino a c id s  p r o l in e  and h y d ro x y p ro lin e , th e  p re sen ce  

o f  h y d ro x y ly s in e , and n o ta b ly  o n ly  sm all amounts o f  a ro m a tic  -



and s u lp h u r -c o n ta in in g  amino a c id s .  C o llag en  c o n s is t s  o f  a  f i b r i l l a r

netw ork  o f  a  h ig h ly  o rd e re d  a g g re g a tio n  o f  s t i f f  r o d - l i k e  c o l la g e n

monomers. The monomer c o n s is ts  o f  th r e e  p o ly p e p tid e  ch a in s  each

c o n ta in in g  a p p ro x im a te ly  1000 amino a c id  r e s id u e s .  Each c h a in  e x i s t s

a s  a  l e f t  handed h e l ix  w ith  a  " p i tc h "  o f  th r e e  amino a c id s .  Three

o f  th e s e  c o i l s  a r e  tw is te d  around  one a n o th e r  fo rm ing  a  r i g h t  handed
o o

t r i p l e  h e l ix ,  2800 A lo n g  and 14 A in  d ia m e te r , and p o s s e s s in g  a  

m o lecu la r w eigh t o f  abou t 300 ,000 .

The most im p o rtan t consequence o f  th e  t r i p l e  h e l i c a l  s t r u c t u r e  o f  

th e  c o lla g e n  m o lecu le  i s  t h a t  th e  p o ly p e p tid e  backbones a re  t i ^ i t l y  

packed so t h a t  ev e ry  t h i r d  p o s i t io n  a lo n g  th e  ch a in s  must be o ccup ied  

by  g ly c in e ,  th e  s m a lle s t  amino a c id .  This acc o u n ts  f o r  th e  g ly c in e  

c o n te n t o f  c o l la g e n  b e in g  abou t o n e - th i r d  o f  th e  amino a c id  r e s id u e s .  

The t r i p l e  h e l ix  i s  h e ld  to g e th e r  by  hyd rogen-bond ing  betw een  every  

t h i r d  -NH- group on th e  backbone o f  one c h a in  and ev e ry  t h i r d  0=0 

group o f  a  n e ig h b o u rin g  c h a in . The s id e  c h a in s  o f  th e  o th e r  amino 

a c id s  a re  d i r e c te d  tow ards th e  o u ts id e  and a re  th e r e f o r e  a v a i la b le  to  

p a r ta k e  in  in te rm o le c u la r  i n t e r a c t i o n s .

I n i t i a l l y  th e  c o l la g e n  monomers a r ra n g e  th em se lv es  in  a  s ta g g e re d  

a r r a y  fo rm ing  th e  f i b r i l s  in  th e  d i r e c t i o n  o f  th e  le n g th  o f  th e  

monomers. T his s ta g g e r in g  i s  caused  by  e l e c t r o s t a t i c  f o r c e s .  B as ic  

and a c id ic  groups a re  d i s t r i b u t e d  a lo n g  th e  c o lla g e n  monomers in  such 

a  way as  to  r e s u l t  i n  a  s ta g g e r in g  o f  monomers by  a  q u a r te r  o f  t h e i r  

le n g th ,  p o s i t i v e  and n e g a t iv e  charges o f  n e ig h b o u rin g  monomers a re  

a l ig n e d  to  s t a b i l i s e  th e  s t r u c t u r e .



C o llag en  f i b r i l s  t h a t  a re  o n ly  s t a b i l i s e d  by  e l e c t r o s t a t i c  

f o r c e s  a re  o f  weak t e n s i l e  s t r e n g th  s in c e  th e  monomers can  s l i p  

a lo n g  one a n o th e r ,  and may r e a d i ly  be s o lu b i l i s e d .  In  l i v i n g  system s 

th e  f i b r i l s  "m a tu re" , th e  c o lla g e n  m o lecu les becom ing c r o s s - l in k e d  by  ■ 

c o v a le n t b o n d s . I n  c o n t r a s t  c ro s s - l in k e d  c o l la g e n  f i b r i l s  a re  

in s o lu b le  and o f  h ig h  t e n s i l e  s t r e n g th .  The p ro c e ss  o f  c r o s s - l in k in g  

i s  e n z y m a tic a lly  c o n t ro l le d ,  and r e s u l t s  in  a  fa m ily  o f  c r o s s - l in k s ,  

many members o f  w hich have been  i s o l a t e d  and i d e n t i f i e d .^

O b se rv a tio n  u nder th e  e le c t r o n  m icroscope shows c o l la g e n  to  p o sse ss  

e l e c t r o n  d en se , th i c k  re g io n s  a l t e r n a t i n g  w ith  th in n e r  l e s s  e le c t r o n  

dense r e g io n s .  These re g io n s  a r e  a s s o c ia te d  w ith  p o la r  and n o n p o la r 

amino a c id s  r e s p e c t iv e ly .  E very  t h i r d  r e s id u e  b e in g  g ly c in e ,  th e  • 

p o la r  r e g io n s  a re  a s s o c ia te d  w ith  a  d i s t i n c t  c l u s t e r  o f  th e  p o la r  

amino a c id  r e s id u e s  ly s in e ,  a r g in in e ,  g lu tam ic  a c id ,  and a s p a r t i c  a c id ,  

and i t  i s  t h i s  r e g io n  t h a t  i s  cap ab le  o f  b in d in g  m e ta l s a l t s . ^  The 

p re se n c e  o f  th e  more b u lk y  p o la r  amino a c id s  r e s u l t s  i n  an  amorphous 

and l e s s  o rd e re d  s t r u c t u r e ,  w hereas th e  n o n p o la r s e c t io n s ,  c o n ta in in g  

p red o m in an tly  th e  compact im ino a c id s  p r o l in e  and h y d ro x y p ro lin e , a r e  

more c r y s t a l l i n e  i n  c h a r a c te r .^  The s t a b i l i t y  o f  th e  t r i p l e  h e l ix  

g r e a t ly  depends on th e s e  im ino a c id s ,  f o r  in  g e n e ra l th e  d é n a tu ra t io n  

te m p e ra tu re  in c re a s e s  a s  th e  c o n te n t o f  th e  im ino a c id  re s id u e s

7in c re a s e s .  The d eg ree  o f  h y d ro x y la t io n  o f  p r o l in e  a l s o  has a  

s ig n i f i c a n t  e f f e c t ,  n o n h y d ro x y la ted  c o l la g e n  h av in g  a  d é n a tu ra t io n  

te m p e ra tu re  more th a n  15° low er th a n  n o rm ally  h y d ro x y la te d  c o l la g e n .^

D uring  th e  d é n a tu ra t io n  o f c o lla g e n , th e  hydrogen-bonds a re  s p l i t  

and th e  t r i p l e  h e l i c a l  s t r u c t u r e  becomes u n s ta b le  and c o l la p s e s .

T his r e s u l t s  in  a  random s t r u c t u r e  w hich ap p ea rs  r u b b e r - l ik e  s in c e  i t  i s



s t i l l  h e ld  to g e th e r  hy co v a le n t c r o s s - l i n k s .  In  th e  case  o f  s o lu b le  

c o l la g e n , w hich i s  n o t a p p re c ia b ly  c r o s s - l in k e d ,  th e  p o ly p e p tid e  ch a in s  

a r e  a b le  to  s e p a ra te  co m p le te ly  on b o i l i n g  to  g iv e  g e l a t i n e .

The c o l la g e n  f i b r e s  o f  sk in  a r e  a l re a d y  c o n s id e ra b ly  s t a b i l i s e d  by  

th e  p re sen ce  o f  co v a le n t c r o s s - l i n k s .  Tanning may be s a id  to  be a  

p ro c e ss  by  which t h i s  system  o f  s t a b i l i s a t i o n  i s  c o n s id e ra b ly  im proved 

upon by  in c re a s in g  th e  number o f  c r o s s - l i n k s .  This i s  a ch iev ed  by 

r e a c t in g  c o lla g e n  w ith  one o r more o f  a  v a r i e ty  o f  ta n n in g  a g e n ts .

These ta n n in g  a g e n ts  v a ry  g r e a t ly  in  chem ical co m p o sitio n , and can be 

o rg a n ic  o r  in o rg a n ic ,  n a tu r a l  o f  s y n th e t ic  p ro d u c ts .  The b a s ic  s a l t s  

o f  chromium, alum inium  and z irco n iu m , v e g e ta b le  and s y n th e t ic  ta n n in g  

m a te r ia l s ,  and a ldehydes a re  th e  main groups o f  ta n n in g  a g e n ts .  S ince  

th e  n o n p o la r, c r y s t a l l i n e  re g io n s  o f  c o l la g e n  f i b r e s  a re  n a t u r a l l y  v e ry  

s t a b l e ,  ta n n in g  a g e n ts  e x e r t  t h e i r  a c t io n  m ain ly  in  th e  p o la r  and l e s s  

s t a b l e  r e g io n s .  The ta n n in g  in d u s tr y  i s  a  good example o f  te c h n o lo g y  

lo n g  p ra c e e d in g  th e  a p p l ic a t io n  o f  s c i e n t i f i c  p r i n c i p l e s .  However, 

much e f f o r t  h as  b een  made in  t h i s  c e n tu ry  to  t r y  to  g a in  an  in s ig h t  

in to  th e  mechanism o f  th e  ta n n in g  p ro c e s s .  This has g iv e n  r i s e  to  an  

enormous amount o f  p u b lish e d  m a te r ia l .  Only a  b r i e f  summary o f  th e  

more s a l i e n t  p o in ts  w i l l  be in c lu d e d  h e r e .  F o r a  more d e t a i l e d  

in t r o d u c t io n  to  th e  ch e m is try  o f  th e  ta n n in g  p ro c e s s ,  th e  r e a d e r  i s  

r e f e r r e d  to  a v a i la b le  p u b lish e d  m a te r ia l^ *  as  w e ll a s  th e  re fe re n c e s  

g iv e n  h e r e in .

A ldehyde Tannages

The u se  o f  fo rm aldehyde a s  a  ta n n in g  ag en t has been  w e ll e s ta b l is h e d ,  

A ldehydes p la y  a  m ajo r r o le  in  th e  fo rm a tio n  .of n a t u r a l l y  o c c u rr in g  c ro ss - 

l in k s  o f  c o l la g e n  f i b r e s , ^  and th e r e f o r e  t h i s  ta n n in g  method i s  un ique in



t h a t  i t  can he  s a id  t h a t  i t  im i ta te s  th e  b io s y n th e t ic  sy stem .

Form aldehyde i s  th e  most commonly u sed  ta n n in g  ag en t o f  a l l  th e  a ld eh y d es 

s in c e  in  g e n e ra l i t  p o s se sse s  th e  g r e a t e s t  ta n n in g  a b i l i t y ,  g iv in g  a  

sh r in k a g e  te m p e ra tu re  o f  abou t 85-90°• A d d itio n  and co n d en sa tio n  

r e a c t io n s  o f  a ld eh y d es  a r e  w e ll known, and th e s e  ty p e s  o f  r e a c t io n s  a r e  

th o u g h t to  be  r e s p o n s ib le  f o r  th e  a c t io n  o f  a ldeh y d e  ta n n a g e s . B as ic  

amino groups o f  c o l la g e n  may r e a c t  w ith  fo rm aldehyde to  form  m e th y lo l 

groups in  th e  f i r s t  p la c e ,  c r o s s - l in k in g  b e in g  a ch iev ed  by  f u r th e r  

c o n d en sa tio n  r e a c t io n s  fo rm ing  m ethylene and oxym ethylene b r id g e s .

Im ine, a c id  am ide, g u a n id in e , hydroxy l and p e p t id e  groups o f  c o lla g e n  

cou ld  a ls o  r e a c t  w ith  form aldehyde depend ing  on pH, c o n c e n tra t io n ,  

te m p e ra tu re  and t im e .

V eg e tab le  Tannages '

The c h e m is try  and ta n n in g  a c t io n  o f  v e g e ta b le  ta n n ag es  have been  

a d e q u a te ly  r e v i e w e d . V e g e t a b l e  ta n n ag es  a r e  a  complex o f  p o ly 

p h e n o lic  compounds o f  p la n t  o r ig i n .  They o ccu r i n  a lm ost ev e ry  p a r t  

o f  th e  h ig h e r  p l a n t s ,  in c lu d in g  b a rk , wood, r o o t s ,  le a v e s ,  f r u i t  and 

p o d s . V eg e tab le  ta n n in s  a re  no t s in g le  component sy stem s, and o n ly  

p o ly p h e n o lic  compounds o f  m o lecu la r  s iz e  5OO-3OOO have ta n n in g  a b i l i t y .

I n  aqueous s o lu t io n  th e  m o lecu les  a g g re g a te  to  g iv e  an  e f f e c t iv e  

m o lecu la r  w eigh t o f  abou t 1 0 ,000 . V eg etab le  ta n n in s  a re  g e n e ra l ly  

c l a s s i f i e d  u n d er h y d ro ly sa b le  (p y ro g a l lo l  ty p e ) and condensed (c a te c h o l 

ty p e ) ta n n in s .  The m ain d i s t i n c t i o n  betw een th e s e  two groups a r i s e s  

from  t h e i r  a c t io n  tow ards h y d ro ly t ic  a g e n ts ,  p a r t i c u l a r l y  a c i d s .  The 

h y d ro ly sa b le  ta n n in s  have a  p o ly e s te r  s t r u c t u r e ,  and a re  r e a d i ly  

h y d ro ly sed  by  a c id s  to  g iv e  a  su g a r o r  r e l a t e d  p o ly h y d r ic  a lc o h o l and



a  p h e n o lic  c a rh o x y lic  a c id .  The l a t t e r  i s  u s u a l ly  g a l l i c  a c id  

(F ig . 1 - 1 , l )  o r  hexahydroxyd iphen ic  a c id  (F ig . 1 - 1 , I I ) ,  and has g iv e n  

r i s e  to  a  s u b d iv is io n  o f  th e  h y d ro ly sa b le  ta n n in s  in to  g a l lo ta n n in s  

and e l la g i t a n n in s  r e s p e c t iv e ly .  The hexahydroxyd iphen ic  a c id  i s  

u s u a l ly  i s o l a t e d  as  i t s  s ta b l e  d i la c to n e  e l l a g i c  a c id  (F ig .  1 - 1 , I I I )

HOOC

 HOOC

- < Q > - ° h

b n  HO-< -C O O H

I I

o PH

OH

HO

HO

I I I

F ig .  1-1

The condensed ta n n in s ,  on th e  o th e r  hand, a r e  more s t a b l e  th a n  

th e  h y d ro ly sa b le  ta n n in s  w ith  n u c le i  n o rm ally  connec ted  th ro u g h  -C -C - 

l i n k s .  They a r e  a l s o  known a s  f la v o ta n n in s . In  c o n t r a s t  to  b re a k in g  

down w ith  a c id ,  th e  condensed ta n n in s  undergo p ro g re s s iv e  p o ly m e riz a tio n  

y ie ld in g  h ig h e r  m o lecu la r  w eight ta n n in s  c a l le d  phlobaphenes o r  ta n n in  

r e d s .  Condensed ta n n in s  a re  composed o f  m ix tu re s  o f  p ro d u c ts  of. 

v a ry in g  d eg rees  o f  p o ly m e riz a tio n  o f  e i t h e r  c a te c h in  o r c a te c h in r- l ik e  

m o le c u le s . P o ly m e riz a tio n  o f  c a te c h in , a  t e t ra h y d ro x y f1avano1 

(F ig . I I - 2 )  can a l s o  be caused  by h e a t y ie ld in g  su b s ta n c e s  o f  ta n n in g  

p o te n c y .
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p H

HO.
O H

O H

O H

F ig .  I I - 2

V egetab le  ta n n e d  l e a th e r  la c k s  r e s i s t a n c e  to  w a te r and h e a t ,  and 

i n  g e n e ra l is  poo r in  l i g h t - f a s t n e s s  p r o p e r t i e s .  L e a th e r  ta n n ed  w ith  

condensed ta n n in s  d e t e r io r a t e s  on a g e in g , p a r t i c u l a r l y  in  su lp h u r  

d io x id e  pollu ted  a tm o sp h eres , and becomes d a rk , w hereas l e a th e r  ta n n e d  

w ith  h y d ro ly sa b le  ta n n in s  does have b e t t e r  l i g h t - f a s t n e s s  p r o p e r t i e s .

T his d is c o lo u r a t io n  o f  ta n n in s  i s  caused  by  a tm o sp h eric  and p h o to -  

o x id a tio n  in duc ing  quinonoid fo rm a tio n  and f r e e  r a d i c a l  po lym eriza tion ."

Modern te c h n iq u e s  o f  v e g e ta b le  ta n n in g  have g r e a t ly  reduced  th e  tim e  

re q u ir e d  f o r  ta n n in g .  E a r ly  methods o f  ta n n in g  u sed  le a c h  l iq u o r s  

s in c e  e x t r a c t s  were no t a v a i la b l e ,  and th e  s t r e n g th  o f  th e s e  l iq u o r s  was 

u s u a l ly  n o t g r e a te r  th a n  5^» The ta n n in g  p e r io d  u s in g  th e s e  d i l u t e  

s o lu t io n s  was g e n e ra l ly  s ix  months to  a  y e a r .  The u se  o f  ta n n in g  

e x t r a c t s  making more c o n c e n tra te d  l iq u o r s  has red u ced  th e  ta n n in g  tim e  

to  a  month o r  two o r  even l e s s .

A nother v e ry  im p o rtan t f a c t o r  i n  v e g e ta b le  ta n n ag e  i s  th e  hydrogen  

io n  c o n c e n tra t io n .  The deg ree  o f  s w e ll in g  o f  th e  c o l la g e n  f i b r i l s  

g r e a t ly  depends on th e  pH. The p o la r  r e g io n s ,  where th e  ta n n in g
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p ro c e ss  i s  e f f e c te d ,  a re  m ain ly  re s p o n s ib le  f o r  th e  d eg ree  o f  s w e llin g  

s in c e  a t  pH v a lu e s  o th e r  th a n  th e  is o e le c t r ic "  p o in t ,  th e  io n ic  

i n t e r a c t io n s  betw een th e  monomers i n  th e  p o la r  re g io n s  a r e  l e s s  e f f e c t iv e ,  

T his te n d en cy  to  sw e ll makes th e  r e a c t iv e  groups o f  th e  p r o te in  more 

a c c e s s ib le  to  th e  ta n n in s  and th e re b y  le a d s  to  an  in c re a s e  in  f i x a t i o n  

(u p tak e  o f  ta n n in g  m a t e r i a l ) . V egetab le  ta n n in g  p r o te c t s  th e  

m o lecu la r  form  o f  th e  c o l la g e n  f i b r e s  by  p ack in g  th e  m orphous, p o la r  

re g io n s  o f  th e  f i b r i l l a r  s t r u c tu r e  w ith  t a n n in s . S w e llin g  can  le a d  to  

a  v e ry  r a p id  f i x a t i o n  o f  ta n n in s  w ith  th e  e x t e r io r  p a r t  o f  th e  h id e  

w hich w i l l  r e t a r d  o r  even p re v e n t th e  f u r th e r  u p ta k e  o f  ta n n in s .

V eg e tab le  tan n ag e  in v o lv e s  th e  m u lt ip o in t  f i x a t i o n  o f  th e  hyd roxy l 

groups p re s e n t  i n  th e  ta n n in s  w ith  a c t iv e  groups o f  th e  c o l la g e n .

F ix a t io n  o f v e g e ta b le  ta n n in s  i s  due m ain ly  to  hydrogen-bond ing  w ith

n o n io n ic  s i t e s  m a in ly  -COHB- groups o f  th e  p r o te in  backbone.

15E . Heidemann exam ined th e  e f f e c t  o f  v e g e ta b le  ta n n in s  on c o l la g e n  and 

g e la t in e  by  in f r a r e d  sp e c tro sc o p y  in v o lv in g  d eu te riu m  exchange 

e x p e rim e n ts . The d a ta  p ro v id ed  a  m easure o f  th e  d eg ree  o f  hy d ro g en - 

bond ing  in v o lv in g  th e  p e p t id e  l in k a g e s ,  and t h i s  was shown to  be v e ry  

w e ll r e l a t e d  to  th e  h y d ro th erm al s t a b i l i t y  o f  th e  p r o te i n .  P o ly p h en o lic  

compounds were shown to  s p l i t  some o f  th e  hydrogen-bonds o f  th e  p r o te in ,  

and th e n  renew  them . , T his was u sed  to  e x p la in  how la rg e  ta n n in g  

m o lecu les can p e n e t r a te  in to  th e  f i b r i l  netw ork  o f  s t r u c tu r e d  c o l la g e n .  

S m alle r m o lecu les form  l e s s  s ta b l e  hyd rogen -b o n d s, and t h i s  in d ic a te s  

t h a t  hydrogen-bond s t a b i l i t y  betw een th e  p e p t id e  l in k a g e s  and -OH 

p h e n o lic  groups in c re a s e s  w ith  th e  s iz e  o f  th e  po ly p h en o l and th e  number 

o f  hyd ro x y l groups p e r  m o lecu le .
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Though i t  i s  g e n e ra l ly  ag ree d  th a t  v e g e ta b le  ta n n in s  a t ta c h  

th em se lv es  to  p r o te in s  m ain ly  by  hydrogen-bond ing  betw een th e  hydroxy l 

group o f  th e  ta n n in  and th e  p e p t id e  lin k a g e  o f  th e  p r o te in ,  th e  n a tu re  

o f  t h i s  hydrogen bond i s  s t i l l  a  m a tte r  o f  some c o n je c tu re .

K.H. G ustavson^^ has arg u ed  th a t  th e  oxygen o f  th e  ca rb o n y l amino i s  

in v o lv e d  w ith  th e  h y d roxy l groups o f  v e g e ta b le  ta n n in s .  T his view

15i s  p erhaps d i f f i c u l t  to  r e c o n c i le  w ith  th e  f in d in g s  o f  E . Heidemann, . 

s in c e  th e s e  in v o lv ed  th e  exam ination  o f  th e  ^HH group under d eu terium  

exchange c o n d i t io n s ,  which a c c o rd in g  to  K.H. G ustavson i s  no t in v o lv e d  

w ith  th e  v e g e ta b le  t a n n in .

M in era l Tannages . ‘

The most commonly u sed  m in e ra l ta n n in g  a g e n ts  a r e  th e  b a s ic  s a l t s

o f  chromium (c h ro m e -ta n ) , alum inium  (a lum -tan ) and z irc o n iu m . Of

th e s e ,  chromium, u s u a l ly  used  a s  th e  b a s ic  s u lp h a te , h o ld s  an  u n riv a lled

p o s i t i o n  as  a  ta n n in g  ag en t s in c e  i t  im p a rts  a  h ig h  hyd ro th erm al

s t a b i l i t y  to  l e a th e r  in  excess o f  120°, in  c o n t ra s t  to  th e  o th e r  ta n n ag es

(around 70—9 0 ° ) .  There ap p ea r to  be s e v e ra l  p r o p e r t i e s  o f  chromium th a t

g iv e  i t  i t s  h ig h  ta n n in g  a b i l i t y .  I t  i s  a b le  to  form  s ta b l e  b a s ic

s a l t s  th a t  a re  s o lu b le  i n  w a te r , and  can  c o o rd in a te  in  aqueous s o lu t io n

17to  form  p o ly n u c le a r  com plexes. The most s t a b l e  s a l t s  o f  chromium

I I I  I I Ia re  th e  Or o c ta h e d ra l com plexes. Of th e  th o u san d s o f  Or com plexes

t h a t  a r e  known, most e x i s t  in  th e  h e x a c o o rd in a te  s t a t e .  The s im p le s t

com plex, th e  hexaquo io n  [Cr^H gO )^]^*, i s  a  r e g u la r  o c ta h e d ra l  in

aqueous s o lu t io n .  The fo rm a tio n  o f  p o ly n u c le a r  com plexes o ccu rs  v ia

Gr-O-Cr l i n k s .  The fo rm a tio n  o f  p o ly n u c le a r  com plexes i s  fav o u red  by

h e a t ,  in c re a s e d  c o n c e n tra t io n , in c re a s e d  b a s i c i t y ,  and by  tim e , and i s
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in f lu e n c e d  by  th e  a n io n  p r e s e n t .  The s u lp h a te  i s  g e n e ra l ly  u sed , 

s in c e  b a s ic  chromium s u lp h a te  form s p o ly n u c le a r  com plexes most ra p id ly -  

and e x te n s iv e ly .  In  s o lu t io n ,  how ever, th e s e  b a s ic  s a l t s  e x i s t  as  

sp e c ie s  c o n ta in in g  c a t io n ic ,  n o n - io n ic  and a n io n ic  com plexes w ith  

ch arg es  v a ry in g  from +3 to  -3 ,  and each in  e q u ilib r iu m  w ith  th e  o th e rs .

The c a t io n ic  com plexes ap p ea r to  be r e s p o n s ib le  f o r  th e  s t a b i l i z a t i o n  

o f  c o l la g e n  d u r in g  th e  ta n n in g  p ro c e s s ,  r e a c t in g  m ain ly  w ith  th e  f r e e  . 

c a rh o x y lic  a c id  groups o f  th e  p r o t e i n .  The main f a c to r s  g o v ern in g  . 

chromium f i x a t i o n  a re  te m p e ra tu re , c o n c e n tr a t io n ,  pH, th e  n a tu re  o f  th e  

a n io n , tim e  and th e  c o n d it io n  o f  th e  p e l t .  The ta n n in g  a c t io n  i s  

b ro u g h t about by  th e  m u lt ip o in t  f i x a t i o n  o f  th e  p o ly n u c le a r  com plexes 

in v o lv in g  com plexation  a t  th e  f r e e  c a rh o x y lic  a c id  s i t e s  on th e  p r o te in .

A part from chromium s a l t s ,  alum inium  and z irco n iu m  s a l t s  a re  a l s o  u sed

a s  ta n n in g  a g e n ts  bu t- to  a  l e s s e r  e x te n t .  The u se  o f  alum inium  s a l t s

f o r  ta n n in g  was p r a c t ic e d  by  th e  Romans and th e  E g y p tia n s . The

e f f e c t iv e n e s s  o f  alum inium  s a l t s  i n  ta n n in g  i s  red u ced  by t h e i r

re a d in e s s  to  h y d ro ly s e . T his makes i t  d i f f i c u l t  to  form  s ta b l e

p o ly n u c le a r  b a s ic  com plexes, h y d ro ly s is  r e s u l t i n g  in  th e  p r e c i p i t a t i o n

o f  alum inium  h y d ro x id e . In  an  a tte m p t to  overcome th e s e  d i f f i c u l t i e s ,

com plexing a g e n ts  such  a s  c i t r i c  a c id  have been  u sed , th u s  e n a b lin g  th e

fo rm a tio n  o f  a  b a s ic  com plex. The u se  o f  v a r io u s  a n io n s , such a s

fo rm a te , a c e ta t e ,  l a c t a t e ,  t a r t r a t e  and c i t r a t e  io n s  to  p re v e n t th e

p r e c i p i t a t i o n  o f  alum inium  hyd ro x id e  has been  s tu d ie d  by

D. William-lf^Tnn."^^ The f i x a t io n  o f  alum inium  depends on th e  pH,

19in c re a s in g  g r e a t ly  from  pH 3 .5  to  4.0» and  on th e  a n io n , d e c re a s in g  

in  th e  s e r i e s  80^^ > Cl The a d d i t io n  o f  com plexing a g e n ts
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such  as  c i t r a t e  a l s o  in c re a s e s  th e  f i x a t io n  o f  alum inium  hy a llo w in g  

th e  u se  o f  more b a s ic  ta n n in g  l i q u o r s .

The mechanism o f  th e  ta n n in g  p ro c e s s  u s in g  alum inium  s a l t s  i s

co n s id e re d  to  be analogous to  t h a t  in v o lv in g  chromium s a l t s ,  in  t h a t

th e  m e ta l i s  f ix e d  to  th e  f r e e  c a rh o x y lic  a c id  groups o f  c o l la g e n .

I t  h as  been  shown t h a t  when th e  ca rb o x y l groups a re  b lo c k ed  by

m é th y la t io n , th e  e f f ic ie n c y  o f  a lu m -ta n n in g  i s  g r e a t ly  red u ced , w hereas

19d eam in a tio n  has no a d v e rse  e f f e c t .  S ince  chromium s a l t s  a r e  th e  

s t ro n g e r  ta n n in g  a g e n ts ,  th e y  r e a d i ly  remove alum inium  from  alum -tanned  

l e a th e r ,  w hereas fo rm aldehyde and v e g e ta b le  ta n n in s ,  whose f ix a t io n , 

does n o t depend on th e  a v a i l a b i l i t y  o f  carb o x y l groups remove alum inium  

to  a  much l e s s e r  e x te n t .  The low er h y d ro th erm al s t a b i l i t y  o f a lum - 

ta n n e d  l e a th e r  a s  compared to  chrom e-tanned  l e a th e r  i s  a t t r i b u t e d  to  

th e  l im i t a t i o n s  i n  r a i s i n g  th e  pH due to  p r e c i p i t a t i o n  d i f f i c u l t i e s ,  . 

and to  th e  weak n a tu re  o f  th e  l in k s ,  w ith  th e  ca rb o x y l g roups o f  

c o l la g e n .  Aluminium resem b les  chromium in  t h a t  i t  form s th e  o c ta h e d ra l 

hexaquo io n  [ A l ( H g O ) i n  aqueous s o lu t io n ,  th e  h y d ro x id e  p re p a re d  

from  aqueous s o lu t io n  e x i s t s  as  an  in s o lu b le  c o l lo id ,  and i t  can form  

c a t io n ic ,  n e u t r a l  and a n io n ic  com plexes. Aluminium s a l t s  a f f e c t  

g e la t in e ,  in c r e a s in g  i t s  v i s c o s i t y ,  b u t d i f f e r  from  chromium s a l t s  i n  

t h a t  no p r e c i p i t a t i o n  o c c u rs .  T his su g g e s ts  t h a t  chromium s a l t s  

i n t e r a c t  more s t ro n g ly  w ith  g e la t in e  th a n  do s a l t s  o f  alum inium .

A nother d i f f e r e n c e  w hich p ro b ab ly  has g re a t  re le v a n c e  to  th e  d i f f e r e n c e  

i n  t h e i r  ta n n in g  a b i l i t i e s  i s  th e  s t a b i l i t y  o f  th e  c a rb o n a te  com plexes. 

In  th e  ca se  o f  chromium, th e  ca rb o n a te  com plexes t h a t  a r e  form ed on 

m aking s o lu t io n s  o f  chromium s a l t s  b a s ic  w ith  c a rb o n a te s  h in d e r  

p r e c i p i t a t i o n .  S im i la r ly  w ith  alum inium  s a l t s ,  p r e c i p i t a t i o n  i s
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h in d e re d , h u t th e  complex i s  l e s s  s t a b l e  s in c e  th e  s o lu t io n  soon becomes 

c loudy  and b u b b le s  o f  carbon  d io x id e  a p p e a r . The chromium c a rb o n a te  

com plexes a r e  c o n s id e ra b ly  more s t a b l e ,  b e in g  a b le  to  r e s i s t  p ro lo n g ed  

h e a t in g .

The r e a d in e s s  o f  alum inium  s a l t s  to  h y d ro ly se  fo rm ing  th e  in s o lu b le  

h y d ro x id e  and th u s  m aking i t  d i f f i c u l t  to  form  s t a b l e  p o ly n u c le a r  b a s ic  

com plexes has been  r e f e r r e d  t o .  This im p o rtan t d i f f e r e n c e  betw een 

alum inium  and chromium s a l t s  l i e s  in  t h e i r  r e s p e c t iv e  h y d ro ly s is  

c o n s ta n ts .  I n  th e  case  o f  chromium, th e  f i r s t  h y d ro ly s is  c o n s ta n t i s  

much g r e a te r  th a n  th e  second and t h i r d ,  which a r e  ap p ro x im a te ly  e q u a l, 

w hereas th e  th r e e  h y d ro ly s is  c o n s ta n ts  o f  alum inium  a re  abou t e q u a l .

Thus chromium s a l t s  form  th e  m onohydroxo-salt a t  a  pH w hich i s  no t 

conducive to  th e  fo rm a tio n  o f  f u r th e r  h y d ro x id e s , w hereas th e  

fo rm a tio n s :  o f  th e  th r e e  h y d ro x id e s . o f  alum inium  o ccu r a p p ro x im a te ly  

to g e th e r .

Com bination Tannages

Each ta n n in g  ag en t im p a rts  to  a  l e a th e r  d e f i n i t e  c h a r a c t e r i s t i c s  

and p r o p e r t i e s ,  some o f  w hich may be u n d e s i r a b le .  By u s in g  two 

ta n n ag es  in  com bination  an  im proved le a th e r  can o f te n  be o b ta in e d , 

p ro v id e d  th a t  th e  u n d e s ire d  q u a l i t i e s  a r e  e l im in a te d  w h i ls t  th e  

d e s ir e d  q u a l i t i e s  a re  r e t a in e d .  However, t h i s  need  n o t alw ays be th e  

c a s e , s in c e  some o f  th e  d e s i r e d  p r o p e r t i e s  may be l o s t  due to  i n t e r a c t io n  

betw een th e  ta n n in g  a g e n ts ,  o r  due to  c o m p e tit io n  f o r  s p e c i f i c  s i t e s 'o n  

th e  p r o te in .  n e v e r th e le s s  a  compromise may o f te n  be fo u n d .

A f u r th e r  ad v an tag e  o f  com bination  t a n n i n g i s  t h a t  th e  ta n n in g  p ro c e ss
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i s  o f te n  speeded  u p . T h is ta n n in g  method can in v o lv e  th e  u se  o f  

any  o f  th e  u s u a l ta n n in g  a g e n ts ,  th e  r e ta n n in g  o f  chrom e-tanned l e a th e r  

w ith  v e g e ta b le  ta n n in s  p ro b ab ly  b e in g  th e  most e x te n s iv e ly  u s e d . 

F ix a t io n  o f  v e g e ta b le  ta n n in s  i s  in c re a s e d  by  ch ro m e-p re tan n in g , 

w hereas th e  b in d in g  o f  chromium i s  low ered  by a  v e g e ta b le  p re ta n n ag e  

o f  c o l la g e n .

Of th e  v a r io u s  e s ta b l i s h e d  methods o f  com bination  ta n n in g ,  th e  

most r e le v a n t  to  th e  p re s e n t  work in v o lv e s  th e  u se  o f  alum and 

v e g e ta b le  ta n n a g e s . S in ce  th e  i n t e r a c t io n  betw een th e  two ta n n in g  

a g e n ts  o f te n  r e s u l t s  in  p r e c i p i t a t i o n ,  th e  ta n n in g  o p e ra t io n  i s  

u s u a l ly  c a r r i e d  ou t in  two s ta g e s .  The r e ta n n in g  o f v e g e ta b le - ta n n e d  

l e a th e r  w ith  alum i s  an  a n c ie n t  p r a c t i c e  o n ly  r e c e n t ly  re -d is c o v e re d  

a s  i t  had become f a r  l e s s  im p o rtan t w ith  th e  in t r o d u c t io n  o f  chrome— 

ta n n a g e s .  S o lu tio n s  o f  b a s ic  alum inium  s a l t s  form  b o th  s o lu b le  and 

in s o lu b le  com plexes w ith  v e g e ta b le  ta n n in s ,  and th e  h y d ro ly s a b le  

ta n n in s  te n d  to  form  com plexes more r e a d i ly  and o f  g r e a te r  s o l u b i l i t y  

th a n  th e  condensed t a n n in s .  The f i r s t  s te p  in v o lv e s  th e  u se  o f  

v e g e ta b le  ta n n in s  s in c e  l e s s  s t r ip p i n g  o f  ta n n in g  m a te r ia l  o ccu rs  as 

compared to  th e  re ta n n a g e  o f  a lum -tanned  l e a t h e r .  The v e g e ta b le -  

alum inium  com bination  ta n n ag e  h as  been  s tu d ie d  w ith  r e s p e c t  to  

h y d ro th erm al s t a b i l i t y ,  pH, and u p ta k e  o f  ta n n in g  m a te r i a l s .

In  g e n e ra l a  h ig h e r  pH r e s u l t s  i n  a  h ig h e r  sh rin k a g e  te m p e ra tu re , w hich 

i s  o f te n  g r e a te r  th a n  can  be acco u n ted  f o r  by  th e  ta n n in g  a b i l i t y  o f  two 

ta n n in g  a g e n ts  a c t in g  s e p a r a te ly .  F u rth e rm o re , alum inium  s a l t s  a re  

o f te n  more e f f e c t iv e  th a n  chromium s a l t s  in  r e ta n n in g  a  v e g e ta b le -  

ta n n e d  l e a t h e r .  The h y d ro ly s a b le  ta n n in s  g e n e ra l ly  have more ta n n in g  

a c t io n  th a n  th e  condensed ta n n in s  in  alum inium  com bination  ta n n in g , 

im p a r tin g  a  sh r in k a g e  te m p e ra tu re  to  l e a th e r  o f  around  115-125° as
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compared to  8 5 -100°. These p r o p e r t i e s  o f  v e g e ta h le-alum inium

com bination  tan n ag es  a re  co n s id e re d  to  be due to  a  c o n s id e ra b le

in t e r a c t io n  betw een th e  m eta l io n  and th e  p o ly p h en o l, and a c c o rd in g ly

t h i s  in t e r a c t io n  f o r  th e  h y d ro ly sa b le  ta n n in s  i s  d i f f e r e n t  to  t h a t  f o r

23th e  condensed t a n n in s . O.K. Kao and Y. hayudamina have su g g es ted

th a t  th e  r e a c t io n  betw een alum inium  s a l t s  and th e  h y d ro ly sa b le  ta n n in s  

in v o lv e s  th e  a c id ic  s i t e s  l i k e  th e  carboxy l groups o f th e s e  ta n n in s ,  

and th a t  alum inium  f i x a t i o n  by c o lla g e n  occu rs  by  r e a c t io n  w ith  

n o n io n ic  s i t e s ,  e s p e c ia l ly  th e  carbonylam ino groups, as w e ll as  w ith  

th e  c a rh o x y lic  a c id  groups o f  th e  p r o te in .  S ince  condensed ta n n in s  

la c k  a c id  groups such as  c a rh o x y lic  a c id s ,  t h i s  may se rv e  to  e x p la in  

th e  g r e a te r  ta n n in g  a c t io n  when h y d ro ly sa b le  ta n n in s  a re  u sed .

The v eg e tab le -a lu m in iu m  com bination  tan n ag e  has been  o f  f u r th e r

i n t e r e s t  due to  th e  c o lo u r p r o p e r t ie s  o f  th e  r e s u l t a n t  l e a t h e r .  Though

th e y  do no t approach  w h ite , th e  l e a th e r s  a re  u s u a l ly  l i g h t  in  c o lo u r,

and in  t h i s  r e s p e c t  a re  co n s id e re d  to  be more a c c e p ta b le  th a n  ch rom e-re tanned

v e g e ta b le - ta n n e d  l e a t h e r .

The im portance o f  th e  m o lecu la r w eight o f  v e g e ta b le  ta n n in s  has

a l re a d y  been  d is c u s s e d . Very l i t t l e  work has been  done on sm all

p h e n o lic  compounds such a s  g a l l i c  a c id ,  s in c e  th e y  have been  shown to

2 6,27p o sse ss  l i t t l e  o r no ta n n in g  a c t io n .  However, g a d l ic  a c id  has been

shown to  have ta n n in g  a b i l i t y  when u sed  in  th e  p re sen ce  o f  alum inium

s a l t s ,  im p a rtin g  a  sh rin k ag e  te m p e ra tu re  o f  9 0 ° as compared to  60° f o r

23h id e  ta n n ed  w ith  alum inium  s a l t  a lo n e .

S y n th e tic  Tannages

Many s y n th e s is e d  compounds have been  shown to  have some ta n n in g  

p o te n t i a l  and have th u s  been  e x p lo ite d  by  th e  ta n n in g  in d u s t r y .  They
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a r e  u s u a l ly  r e f e r r e d  to  as s y n th e t ic  ta n n in s  o r " s y n ta n s " .  Many 

o rg a n ic  p o ly a c id s  p o sse ss  an a f f i n i t y  f o r  c o lla g e n , and th e s e  a r e  o f te n  

u sed  to  produce a  s y n th e t ic  ta n n in g  a g e n t . Syntans a re  g e n e ra l ly  

su lp h o n a ted  co n d e n sa tio n  p ro d u c ts  o f  ph en o ls  o r  r e l a t e d  compounds, and 

fo rm aldehyde . They a r e  made u se  o f  m ain ly  in  p re ta n n in g  and in  

com bination  w ith  o th e r  ta n n in g  a g e n ts ,  som etim es f o r  b le a c h in g  

p u rp o se s . The newer s y n th e t ic  ta n n in g  a g e n ts  a r e  d e r iv e d  from a  wide 

v a r i e ty  o f  ty p e s  o f  compounds, and in c lu d e s  po lyhydroxy  p heno ls  

condensed w ith  a ld e h y d e s , amino r e s in s  such as  u re a  and melamin r e s i n s ,  

a c r y l i c  sy n ta n s , p o i^p o x id es  and o th e r  po lym erio  m a te r ia l s .

4 ,4 '-D ih y d ro x y d ip h e n y l su lphone has been  u sed  in  th e  p r e p a ra t io n

o f  many s y n th e t ic  ta n n in g  a g e n ts  which have been  employed in  th e

p ro d u c tio n  o f  w h ite , l i g h t - f a s t  l e a t h e r s . T h e s e  c o lo u r

p r o p e r t i e s  a r e  th o u g h t to  be c o n fe rre d  by  th e  p re se n c e  o f  th e  su lp h o n y l 

31g ro u p . Some o f  th e  problem s en co u n te red  in  th e  m anufac tu re  o f

32le a th e r  th a t  i s  w h ite  and l i g h t - s t a b l e  have been  d is c u s s e d  by G. T o th .

S in ce  z irconium , chromium and alum inium  s a l t s  a re  l i g h t - f a s t  ta n n in g

a g e n ts ,  sy n tan s  can be u sed  in  com bination  ta n n ag es  w ith  th e s e  m in e ra ls

in  th e  p ro d u c tio n  o f  w h ite  l e a t h e r .  However th e  sy n ta n s  can cause

y e llo w in g  on exposure to  l i g h t  o r  h e a t ,  even th o s e  sy n ta n s  t h a t  a re

32f r e e  from p h e n o lic  h y d roxy l g ro u p s . T h e re fo re  i t  i s  o f te n  b e t t e r  

to  u se  th e  minimum q u a n t i ty  o f  th e  s y n th e t ic  ta n n in g  a g e n t .

P r a c t i c a l l y  ev e ry  k in d  o f  w h ite  l e a th e r ,  how ever, i s  l i a b l e  to  

d is c o lo u r a t io n  to  some e x te n t and th e r e f o r e  th e  f i n a l  p ro d u c t i s  

in e v i ta b ly  a  compromise o f  th e  v a r io u s  q u a l i t i e s  t h a t  a r e  r e q u ir e d .
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I I B. R e s u lts  and D isc u ss io n

The in c re a s e d  ta n n in g  a b i l i t y  o f  p o ly p h e n o lic  compounds when 

u sed  in  th e  p re se n c e  o f  b a s ic  alum inium  s a l t s  has a l re a d y  been  

d is c u s s e d .  B efo re  d e s ig n in g  compounds to  im it a t e  t h i s  ta n n in g  

method to  produce w h ite , l i g h t - f a s t  l e a th e r s  i t  i s  f i r s t  n e c e ssa ry  

to  e s t a b l i s h  w hich ty p e s  o f  compounds have th e  g r e a t e s t  p ro m ise .

The aim o f  in c o rp o ra t in g  th e  su lp h o n y l group o f  a  p o ly h y d ro x y d ia ry l 

su lphone  i s  to  im part th e  r e q u ir e d  w h ite n e ss  and l i g h t - f a s t  p r o p e r t i e s  • 

to  th e  le a th e r  on th e  b a s is  o f  r e s u l t s  o b ta in e d  u s in g  

4 ,4 * -d ih y d ro x y d ip h en y l s u l p h o n e . T o  a s s e s s  th e  optimum 

d is p o s i t i o n  o f  th e  h y d roxy l groups in  benzene r in g s  s e v e ra l  po lyhydroxy  

compounds were t e s t e d .  The sh r in k a g e  te m p e ra tu re  (T^) was chosen  a s  

a  s im p le  y e t in d ic a t iv e  p a ram e te r o f  th e  ta n n in g  e f f e c t  o f  th e  

compounds. fo rm a lly ,  v eg e tab le -a lu m in iu m  com bination  ta n n in g  i s  

c a r r i e d  ou t in  two s ta g e s ;  th e  i n i t i a l l y  v e g e ta b le - ta n n e d  le a th e r  

i s  re ta n n e d  w ith  alum inium  s a l t s .  T his p ro c e s s  i s  o n ly  f e a s ib l e  

i f  " f ix a t io n "  by  th e  f i r s t  ta n n in g  ag en t i s  such  t h a t  upon r e ta n n in g  

i t s  lo s s  i s  no t s u b s t a n t i a l .  P o ly p h e n o lic  compounds o f  m o lecu la r 

w e ig h ts  l e s s  th a n  abou t $00 p o sse ss  l i t t l e  o r  no ta n n in g  a b i l i t y ,  

s u g g e s tin g  th a t  th e y  cannot form  s ta b l e  c ro s s - l in k a g e s  w ith  c o l la g e n . 

S in ce  a l l  th e  p h e n o lic  compounds u sed  have m o le c u la r  w e ig h ts  below  500, 

th e  v e ry  r e a l  p o s s i b i l i t y  o f  lo s s  o f  ta n n in g  m a te r ia l  upon a tte m p te d

re ta n n in g  was av o id ed  by  c a r ry in g  ou t th e  ta n n in g  p ro ced u re  i n  one s t e p .

19 2 1 —^I t  has a l re a d y  been  e s ta b l i s h e d  t h a t  th e  ta n n in g  p o te n t i a l  o f  .

alum inium  s a l t s  in c re a s e s  when th e  pH o f  th e  ta n n in g  l iq u o r  i s  in c re a s e d . 

T h e re fo re  a s  b a s ic  c o n d itio n s  as  p o s s ib le  w ere u sed  w h ils t  a v o id in g
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p r e c i p i t a t i o n  o f  ta n n in g  m a te r ia l .  In  th e s e  ta n n in g  experim en ts  ■

th e  alum inium  s a l t  u sed  was "L utan  B", a  com m ercial p ro d u c t

recommended hy  B.L.M .R.A. s in c e  h ig h e r  sh r in k a g e  te m p e ra tu re s  a r e

31o f te n  o b ta in e d  th a n  when th e  s u lp h a te  i s  u se d . I t  i s  d e s c r ib e d  

as  a  65^  b a s ic  alum inium  c h lo r id e ,  i . e .  i t s  fo rm u la  i s  ap p ro x im a te ly  

AlCl(OH)g, and i t  i s  made s o lu b le  in  w a te r  due to  th e  p re se n c e  o f  

com plexing a g e n ts .  The ta n n in g  p ro ced u re  was c a r r i e d  ou t a s

d e s c r ib e d  in  V III  A ,1 , "Sm all S ca le  Tanning E xperim en ts"  and 

l i g h t - f a s t n e s s  was d e te rm in ed  by  th e  p ro ced u re  d e s c r ib e d  in  V III  A ,4» 

" L ig h t - f a s tn e s s " .  A s c a le  o f  1-6 f o r  l i g h t - f a s t n e s s  i s  u sed , 6 b e in g  

th e  most l i g h t  s t a b l e .  A re a d in g  o f  4 i s  c o n s id e re d  a c c e p ta b le ^ ^  and 

th e r e f o r e  r e p r e s e n ts  th e  minimum t a r g e t  f i g u r e .  The r e s u l t s  and 

c o n d itio n s  a r e  shown in  Table 1 1 ,1 .

T ab le 11,1 The Tanning P r o p e r t i e s . o f  some Polyhydroxy Compounds 

in  th e  P resen ce  o f  B as ic  Aluminium C h lo rid e  (L u tan  B)

pH C olour Lii
f a s t i

U ntanned P e l t  — 59 W hite 6

B asic  Aluminium C h lo rid e  o n ly  3 .8 75 White 6

1 ,2-B ihydroxyb enz ene 4 •5 71 Green 3
(c a te c h o l)

1 ,2 ,3 -T rih y d ro x y b e n zen e  4*8 
(p y ro g a llo l)

1 ,3 ,5 -T rih y d ro x y b e n zen e  ' 3 .9

98 Brown 5

72 B eige 3

E th y l 2 , 3 -d ih y d ro x y b en zo a te  3 .9 75 Beige 4
E th y l 3 ,4 -d ih y d ro x y b en zo a te  4*0 62 B eige 3
E>thyl 2 ,3 , 4 - t  rih y d ro x y b  enz o a t e • 4  • 0 71 Grey 3
E th y l 2 ,4 ,6 - tr ih y d ro x y b e n z o a te  3 .8 72 B eige 4
E th y l 3 ,4 ,5 - tr ih y d ro x y b e n z o a te  4*2 100 Grey 2
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These r e s u l t s  cannot he f u l l y  c o r r e la te d  s in c e  s ta n d a rd  

c o n d itio n s  w ith  r e s p e c t  to  pH were no t u se d . On th e  h a s is  t h a t  th e  

h ig h e s t  sh rin k a g e  te m p e ra tu re  i s  o b ta in e d  when as  b a s ic  as  p o s s ib le  

c o n d itio n s  a r e  u sed  w ith o u t lo s s  o f  ta n n in g  m a te r ia l  due to  

p r e c i p i t a t i o n ,  th e  r e s u l t s  r e p re s e n t  th e  optimum v a lu e  o f  sh r in k a g e  

te m p e ra tu re  in  each c a s e . F u rth e rm o re , a  f u l l  c o r r e l a t i o n  o f  th e  

l i g h t - f a s t n e s s  i s  n o t p o s s ib le ,  s in c e  i t  i s  d i f f i c u l t  to  re c o g n ise  

th e  fa d in g  c h r a c t e r i s t i c s  o f  a  sam ple t h a t  i s  a l re a d y  c o n s id e ra b ly  

d ark en ed . Thus th e  l i g h t - f a s t n e s s  b est cannot be c o n s id e re d  to  be 

e x a c tin g , and o n ly  when d e a l in g  w ith  sam ples o f  th e  same shade o f  

co lo u r i s  i t  p o s s ib le  to  make r ig o ro u s  com parisons.

C e r ta in  g e n e ra l c o n c lu s io n s , how ever, can be drawn from th e

r e s u l t s  shown in  T a b le  1 1 ,1 . I f  th e  p re se n c e  o f  a  po lyhydroxy

compound does n o t im part any a d d i t io n a l  ta n n in g  e f f e c t  and a t  th e  same 

tim e  does n o t i n t e r f e r e  w ith  th e  ta n n in g  a c t io n  o f  th e  alum inium  s a l t ,  

a  sh rin k a g e  te m p e ra tu re  o f  around  e x p e c te d .

The u se  o f  s o lu t io n s  o f  h ig h e r  pH i s  l im i te d  by  th e  fo rm a tio n  

o f  a  p r e c i p i t a t e .  N e v e r th e le s s , T able 11,1 in d ic a te s  t h a t  th e  

p re se n c e  o f  th e  p o ly p h e n o lic  compound o f te n  h in d e rs  th e  fo rm a tio n  o f  

a  p r e c i p i t a t e  and th u s  a llo w s a  s o lu t io n  o f  h ig h e r  b a s i c i t y ' t o  

be u se d . T h is e f f e c t  i s  s im i la r  to  t h a t  a l re a d y  d is c u s s e d  in  w hich

com plexing a g e n ts  such  as  c i t r a t e  and t a r t r a t e  a re  u sed  to  i n h i b i t  th e

p r e c i p i t a t i o n  o f  alum inium  h y d ro x id e . Though th e  pH o f  ta n n in g  i s  

re c o g n ise d  to  be an  im p o rtan t f a c t o r  i n  ta n n in g , th e  r e s u l t s  shown in  

T able 11,1  cannot be e x p la in e d  s o le ly  i n  te rm s o f  th e  in c re a s e d  b a s i c i t y
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o f  th e  ta n n in g  s o lu t io n s .  The p re se n c e  o f  c a te c h o l a llo w s a s o lu t io n  

o f  h ig h e r  pH to  he u se d , h u t does n o t g iv e  a  c o rre sp o n d in g  r i s e  in  th e  

sh rin k a g e  te m p e ra tu re , r a th e r  th e  r e v e r s e .

I t  i s  o b served  t h a t  f o r  th e  d i -  and t r ih y d ro x y  compounds w h e r e  

th e  hyd roxy l g roups do n o t occupy a d ja c e n t p o s i t i o n s ,  th e  p re se n c e  o f  

th e  o rg a n ic  compound does n o t r e s u l t  i n  a  h ig h e r  sh r in k a g e  te m p e ra tu re , 

r a th e r  th e  sh r in k a g e  te m p e ra tu re  in  most o f  th e s e  case s  has been  

a d v e rs e ly  e f f e c te d .  F u rth e rm o re , when th e  ca rb e th o x y  group i s  

p r e s e n t ,  o n ly  th e  3 ,4 ,5 -& is p o s i t io n  o f  hydroxy l groups r e s u l t s  i n  a  

h ig h e r  sh rin k ag e  te m p e ra tu re . Of th e  two compounds t h a t  have shown 

ta n n in g  a b i l i t y  in  th e  p re se n c e  o f  b a s ic  alum inium  c h lo r id e ,  o n ly  ' 

p y ro g a l lo l  has th e  r e q u ir e d  l i g h t - f a s t n e s s  p r o p e r t ie s  w ith  a  v a lu e  o f  5» 

However, s in c e  th e  sam ple becomes c o n s id e ra b ly  darkened  d u r in g  ta n n in g , 

t h i s  f ig u r e  may be m is le a d in g .

S ince  th e  o rg a n ic  compounds in  T able 11,1  do n o t p o sse ss  any 

ta n n in g  a c t io n  th e m se lv e s , th e  ta n n in g  a b i l i t y  o f  p y ro g a l lo l  and e th y l 

3 , 4 , 5 - tr ih y d ro x y b e n z o a te , when u sed  i n  th e  p re sen ce  o f  b a s ic  alum inium  

c h lo r id e  i s  p ro b a b ly  due to  an  i n t e r a c t i o n  betw een th e  o rg a n ic  compound 

and th e  alum inium  s a l t  r a th e r  th a n  th e  two re a g e n ts  a c t in g  in d e p e n d e n tly . 

However th e  p o s s i b i l i t y  t h a t  th e  a c t io n  o f  one o f  th e  re a g e n ts  i s  such  

th a t  i t  en ab le s  th e  b in d in g  o f  th e  o th e r  re a g e n t on to  a  s i t e  on th e  

p r o te in  t h a t  was p re v io u s ly  u n a v a i la b le  must rem a in .

Comparing p y ro g a l lo l  to  c a te c h o l ,  i t  i s  a p p a re n t t h a t  though  b o th  

i n t e r a c t  w ith  th e  alum inium  s a l t  in  t h a t  th e y  i n h i b i t  th e  p r e c i p i t a t i o n  

o f  alum inium  h y d ro x id e , th e  e f f e c t s  on sh rin k a g e  te m p e ra tu re s  in d ic a te  

t h a t  in  th e  case  o f  p y r o g a l lo l ,  t h i s  i n t e r a c t i o n  en a b le s  th e  fo rm a tio n  

o f  c r o s s - l in k s  w ith in  th e  p r o te in  f i b r i l l a r  netw ork  in  a  way t h a t  i s
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n o t p o s s ib le  f o r  c a te c h o l .  The a d d i t io n a l  h y d roxy l group o f  

p y ro g a l lo l  c l e a r ly  has an  im p o rtan t fu n c t io n  in  th e  ta n n in g  p ro c e ss  

and t h i s  may be due to  i t s  i n t e r a c t io n  w ith  th e  alum inium  s a l t  o r  th e  

c o l la g e n  f i b r e s ,  o r p erh ap s b o th . Thus p y ro g a l lo l  may i n t e r a c t  w ith  

th e  alum inium  s a l t  in  a  way th a t  i s  n o t p o s s ib le  f o r  c a te c h o l ,  

though  i t  h as  a l re a d y  been  n o te d  t h a t  p y ro g a l lo l  and c a te c h o l do 

i n t e r a c t  w ith  th e  alum inium  s a l t  i n  a  s im i la r  manner in  t h a t  th e y  

each i n h i b i t  th e  p r e c i p i t a t i o n  o f  alum inium  h y d ro x id e . A l te r n a t iv e ly ,  

th e r e  i s  th e  p o s s i b i l i t y  t h a t  th e  a d d i t io n a l  hyd roxy l group o f  

p y ro g a l lo l  p a r t i c i p a t e s  in  th e  fo rm a tio n  o f  th e  c ro s s - l in k a g e s  by a  

d i r e c t  i n t e r a c t io n  w ith  c o l la g e n . I t  seems l i k e l y  t h a t  such an  

in t e r a c t io n  co u ld  be s im i la r  to  t h a t  o c c u rr in g  betw een c o l la g e n  and 

th e  hyd roxy l groups o f  v e g e ta b le  ta n n in s .

With th e  tr ih y d ro x y b e n z o a te s ,  o n ly  th e  3 ,4 ,5 -  and no t th e  2 ,3 ,4 -  

d i s p o s i t i o n  o f  h y d roxy l groups r e s u l t s  in  a  h ig h e r  sh r in k a g e  

te m p e ra tu re .  The s i m i l a r i t y  i n  th e  v a lu e s  o f  th e  sh r in k a g e  

te m p e ra tu re s  f o r  p y ro g a l lo l  and e th y l - 3 , 4 , 5 - tr ih y d ro x y b e n z o a te  

su g g e s ts  t h a t  th e  h y d roxy l"g roup  i n  p o s i t i o n  2 -  o f  e th y l  2 ,3 ,4 -  

tr ih y d ro x y b e n z o a te  may be in h ib i t e d  from  p a r t i c i p a t i n g  in  th e  ta n n in g  

p ro c e s s .  I t  seems l i k e l y  t h a t  t h i s  cou ld  be r a t i o n a l i s e d  in  te rm s 

o f  s t e r i c  c o n s id e r a t io n s .

On th e  b a s is  o f  th e  in fo rm a tio n  o b ta in e d  from  th e s e  r e s u l t s ,  and 

w ith  a  view  th a t  th e  c o lo u r  p r o p e r t i e s  r e q u ire d  may be s a t i s f i e d  by  

th e  p re se n c e  o f  a  su lp h o n y l g roup , i t  i s  ap p a re n t t h a t  p erh ap s  a  d ia r y l  

su lphone w ith  hyd roxy l g roups i n  p o s i t io n s  3 , 4  and 5 i n  each r in g  m ight 

combine th e  n e c e ss a ry  s t r u c t u r a l  f e a t u r e s .  However, s in c e
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3 , 3 ' ,  4 , 4 ' ,  5 , 5 '-h ex ah y d ro x y d ip h en y l su lphone p roved  d i f f i c u l t  to  

s y n th e s i r e ,  th e  p o t e n t i a l  u se  o f  o th e r  p o lyhyd roxyd ipheny l su lphones 

was f i r s t  t e s t e d  u s in g  th r e e  more a c c e s s ib le  d ia r y l  su lphones, a  

t e t r a -  and two hexahydroxy compounds. The c o n d itio n s  and r e s u l t s  

o f  th e  ta n n in g  ex perim en ts  f o r  th e s e  compounds a re  shown in  

T able 1 1 ,2 .

T able 11 ,2  The Tanning P r o p e r t ie s  o f  some P o ly h y d ro x y d ia ry l

Sulphones in  th e  P resen ce  o f  B as ic  Aluminium C h lo rid e  

(b u ta n  B)

pH C olour L ig h t
f a s tn e s s

3 , 3 ' ,  4 , 4 ' - t e t ra h y d ro x y - 
d ip h en y l su lphone

3 .3 101 P a le  p in k 1

2 ,2 » , 3 , 3 ' ,  4 ,4 '- h e x a -
hyd roxyd ipheny l su lphone

3 .4 98 P a le  p in k 1

2 ,3 ,3 * 4 , 4 ' , 5 '- h e x a -  
hyd roxyd ipheny l su lphone

3 .4 • 104 P a le  p in k 1

The pH v a lu e s  g iv e n  in  T ab le 1 1 ,2  show th a t  h e re  th e  p re se n c e  o f  

a  po lyhyd roxyd ipheny l su lphone  does n o t h in d e r  th e  p r e c i p i t a t i o n  o f  

alum inium  h y d ro x id e , and m oreover t h a t  p r e c i p i t a t i o n  o ccu rs  a t  an  

even low er pH v a lu e  compared to  th e  case  i n  w hich o n ly  th e  alum inium  

s a l t  i s  u se d . T h e re fo re  th e  i n t e r a c t io n  betw een th e s e  o rg a n ic  

compounds and th e  alum inium  s a l t  causes in s o lu b le  m a tte r  to  be form ed 

more r e a d i ly  upon a d d i t io n  o f  b a s e .
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D e sp ite  th e  in c re a s e d  l im i t a t i o n s  o f  th e  pH f o r  ta n n in g , th e s e  

compounds a re  shown to  have ta n n in g  a b i l i t y  when u sed  in  th e  p re se n c e  

o f ‘alum inium  s a l t ,  g iv in g  sh r in k a g e  te m p e ra tu re s  around  100° .

C atecho l and e th y l-3 ,4 - 't ih y d ro x y b e n z o a te  shovm in  T able 11 ,1  can be 

c o n s id e re d  an a lo g u es o f  3 , 3 ' ,  4 , 4 ' - t  e t  rah y d ro x y d ip h en y l su lp h o n e , 

b u t th e y  have no ta n n in g  a c t io n  in  th e  p re se n c e  o f  th e  alum inium  

s a l t .  However, when c o n s id e r in g  compounds t h a t  have an  a d d i t io n a l  

hyd roxy l group th e y  can p o sse ss  ta n n in g  a b i l i t y ,  a s  e x e m p lif ie d  by  

p y ro g a l lo l  and e th y l  3 , 4 , 5 - tr ih y d ro x y b e n z o a te  r e s p e c t iv e ly .  I t  

seems th e r e f o r e ,  t h a t  when c o n s id e r in g  a  3 , 4 -d ih y d ro x y a ry l system , th e  

fu n c t io n  o f  an  a d d i t io n a l  hydroxy l g roup , s p e c i f i c a l l y  in  p o s i t i o n . 5“ , > 

in  in c re a s in g  i t s  ta n n in g  a b i l i t y  in  th e  p re se n c e  o f  th e  alum inium  

s a l t  may a ls o  be s a t i s f i e d  . by in c o rp o ra t io n  o f  a n o th e r  a ro m a tic  

r i n g  c o n ta in in g  hyd roxy l g ro u p s . The r e l a t i v e  perfo rm ances o f  th e  

t e t rah y d ro x y  compound and 2 , 2 », 3 , 3 ' ,  4 , 4 ' -h ex ah y d ro x y ld ip h en y l 

su lphone in d i c a te  t h a t  th e  hydroxy l groups on p o s i t i o n  2 and 2 » c o n fe r  

no b e n e f i c i a l  in f lu e n c e  on th e  ta n n in g  p ro c e s s ,  a  s im i la r  f in d in g  to  

t h a t  o b ta in e d  f o r  th e  e th y l  b e n z o a te s .  S in ce  2 , 3 , 3 ' , 4 , 4 ' ,5 '- h e x a -  

hydroxyd ipheny l su lphone has .p re s e n t  ’• a  3 , 4 , 5 - d i s p o s i t i o n  o f  

hyd roxy l g ro u p s , i t  i s  ex p ec ted  to  e x e r t  th e  b e s t  ta n n in g  perfo rm ance 

w ith  r e s p e c t  to  sh r in k a g e  tem p era tu re .o f th e  compounds shown in  

Table 1 1 ,2 , and t h i s  i s  in d eed  th e  c a s e . However, th e  d i f f e r e n c e  in  

th e  sh rin k a g e  te m p e ra tu re  a s  compared to  th o s e  o b ta in e d  f o r  th e  o th e r  

su lphones  i s  o n ly  sm a ll, and th u s  i t  ap p ea rs  t h a t  th e  s u b s t a n t i a l  

ad v an tag e  o f  a  3 , 4 , 5 - d i s p o s i t i o n  o f  hyd roxy l groups e x h ib i te d  by th e  

e th y l  b e n z o a te s  i s  to  a  l a r g e  deg ree  a n n u lle d  in  th e s e  po lyhydroxy  

d ia r y l  sy s tem s . T his i s  i n  agreem ent w ith  th e  c o n s id e ra tio n s  o u t l in e d  

above r e g a rd in g  th e  perform ance o f  3 , 3  4 , 4 ' - t  e t  ra h y d r oxydiphenyl 

su lp h o n e .
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The view  th a t  th e  r e q u ire d  c o lo u r  and l i g h t - f a s t n e s s  p r o p e r t i e s  

co u ld  he s a t i s f i e d  hy  u s in g  compounds c o n ta in in g  th e  su lphone group 

has o n ly  been  p a r t l y  j u s t i f i e d ,  a s  th e  r e s u l t s  in  T able 1 1 ,2  show.

In  te rm s o f  th e  c o lo u r  o f  th e  p ro d u c t a t  th e  end o f  ta n n in g , a  more 

a c c e p ta b le  r e s u l t  has been  o b ta in e d , th e  l e a th e r  in  a l l  c a se s  b e in g  

s l ig h t ly  p in k .  The l i g h t - f a s t n e s s  r e s u l t s  a re  however c o n s id e ra b ly  

below  th e  minimum re q u ir e d  v a lu e  o f  4 , th e  th r e e  compounds g iv in g  a  

v a lu e  o f  o n ly  1 •

A ll r e s u l t s  from  ta n n in g  experim en ts  p re s e n te d  so f a r  have been  

o b ta in e d  u s in g  a  s ta n d a rd  ta n n in g  p ro ced u re  d e s c r ib e d  in  V II A ,1 ,

"Sm all S ca le  Tanning E x p erim en ts" . A s e r i e s  o f  experim en ts  was 

c a r r i e d  ou t to  see  i f  th e  s ta n d a rd  ta n n in g  experim ent gave th e  optimum 

r e s u l t s  i n  r e s p e c t  o f  th e  sh rin k a g e  te m p e ra tu re , c o lo u r  and l i g h t -  

f a s tn e s s  f o r  th e  compounds. 3 ,3 » ,4 ,4 '-T e tra h y d ro x y d ip h e n y l su lphone 

was s e le c te d  f o r  t h i s  s tu d y  and th e  c o n d itio n s  and  r e s u l t s  o f  th e s e  

experim en ts  a r e  shown in  T ab les I I ,  3, 4 and 5* Only c o n d itio n s  t h a t  

d i f f e r  from  th o s e  o f  th e  s ta n d a rd  ta n n in g  experim ent a r e  g iv e n , and 

s in c e  more e x a c tin g  com parisons a re  to  be made, th e  pH o f  th e  s o lu t io n s  

was a s c e r ta in e d  and no lo n g e r  made dependent upon th e  o n se t o f  

p r e c i p i t a t i o n .

T able 1 1 ,3  in d ic a te s  t h a t  over th e  ran g e  o f  q u a n t i t i e s  s tu d ie d ,  

th e  sh r in k a g e  te m p e ra tu re  i s  a d v e rs e ly  e f f e c te d  by  a  la c k  o f  th e  

t e t rah y d ro x y  compound. The advan tage  o f  u s in g  l a r g e r  amounts re a c h e s  • 

a  maximum, th e  u se  o f  even l a r g e r  q u a n t i t i e s  n o t r e s u l t i n g  in  

c o rre sp o n d in g  r i s e s  in  th e  sh r in k a g e  te m p e ra tu re .  A lso , T ab le 11 ,3  

shows t h a t  w ith in  th e  scope o f  th e  experim en ts  th e  c o lo u r  and l i g h t -
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T able 1 1 ,3  Tanning E xperim ents u s in g  v a ry in g  q u a n t i t i e s  o f  

3 ,3 » , 4 , 4 '-T e tra h y d ro x y d ip h e n y l Sulphone in  th e  

P resen ce  o f  B asic  Aluminium C h lo rid e  (h u tan  B)

3 ,3 » , 4 ,4 » -T e trah y d ro x y 
d ip h en y l Su lphone. mmol.

pH C olour L ig h t -
f a s tn e s s

0 .709 3.1 82 P a le  p in k 1

1.21 3.1 94 P a le  p in k 1

1.77 3.1 98 P a le  p in k 1

2 . 6 6 3.1 98 P a le  p in k 1

T able 1 1 ,4  Tanning P ro p e r t ie s  o f  3, 3 », 4 ,4 » -T e trah y d ro x y d ip h en y l

Sulphone i n  th e  P resen ce  o f B asic Aluminium C h lo rid e

(b u ta n  B) a t  v a r io u s v a lu e s o f  pH

3 , 3 ' ,  4 , 4 ' -T e t ra h y d ro x y - 
d ip h en y l S u lphone. mmol.

pH T °s C olour L ig h t -  
f a s tn e s s

1 .77 3 .0 94 P a le  p in k 1

1 .77 3.1 98 P a le  p in k 1

1 .77 3 .3 101 P a le  p in k 1

1.77 3 .4 * 102 P a le  p in k 1

a  p r e c i p i t a t e  was p re s e n t  a t  t h i s  pH.
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T able 11 ,5  The Tanning P r o p e r t ie s  o f  3 , 3 ' ,  4 , 4 ' -T e trah y d ro x y d ip h en y l 

Sulphone in  th e  P resen ce  o f  B as ic  Aluminium C h lo rid e  

(h u ta n  b) a t  v a r io u s  v a lu e s  o f  pH

3 , 3 ' ,  4 , 4 ' -T e t rahydroxy
d ip h e n y l Su lphone. mmol.

pH T °s Colour L ig h t -  
f a s tn e s s

2 .66 3 .1 98 P a le  p in k 1

2 .6 6 3 .3 99 P a le  p in k 1

2 .6 6 3 .4 * 99 P a le  p in k 1

a p r e c i p i t a t e  was p re s e n t a t  t h i s  pH,

T ables 1 1 ,4  and 5 show th e  e f f e c t  o f  pH, in  each ca se  a  d i f f e r e n t  

c o n c e n tra t io n  o f  th e  t e t rahyd roxy  compound b e in g  u se d . I t  can be 

seen  th a t  an  in c re a s e  in  pH r e s u l t s  in  a  h ig h e r  sh r in k a g e  te m p e ra tu re ,-  

and th a t  t h i s  in c re a s e  in  sh rinkage , te m p e ra tu re  i s  l im i te d ,  o r  n e a r ly  

so , by  th e  p o in t  a t  w hich p r e c i p i t a t i o n  b eg in s  to  o c c u r . I t  should ' 

be n o te d , how ever, t h a t  th e  r e s u l t s  w ith  r e s p e c t  to  sh r in k a g e  te m p e ra tu re  

a r e  h ig h e r  in  T able 1 1 ,4  th a n  th e  c o rre sp o n d in g  v a lu e s  in  T able 1 1 ,5 , 

in d ic a t in g  th a t  an  in c re a s e  in  th e  q u a n t i ty  o f  th e  o rg a n ic  compound 

can  have a  d e t r im e n ta l  e f f e c t ,a n  o b s e rv a tio n  th a t  i s  n o t r e v e a le d  in  

T able 1 1 ,3 . The c o lo u r and l i g h t - f a s t n e s s  p r o p e r t ie s  c o n ta in e d  in  

T ab les 1 1 ,4  a-iid 5 have rem ained  u n a f fe c te d  over th e  ran g e  o f  pH 

em ployed. T h e re fo re  i t  can be g e n e ra l ly  concluded  from T ab les 1 1 ,3 ,4  

and  3 t h a t  th e  s ta n d a rd  ta n n in g  p ro ced u re  g iv e s  th e  optimum c o n d i t io n s ,  

o r  n e a r ly  so , w ith  r e s p e c t  to  sh rin k a g e  te m p e ra tu re , and t h a t  d e v ia t io n s  

from  th o s e  c o n d i t io n s ,  such  a s  th o s s in d ic a te d  i n  T ab les 1 1 ,3 , 4 and 5 , 

a r e  no t exp ec ted  to  r e s u l t  in  a  p e r c e p t ib le  change in  th e  c o lo u r  o r 

l i g h t - f a s t n e s s  o f  th e  p ro d u c t.
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C onsequen tly , th e  ta n n in g  p o te n t i a l  o f  3 , 3 ' ,  4 , 4 ' ,  5 ,5 '- h e x a -  . 

hydroxyd ipheny l su lphone was t e s t e d  u s in g  th e  s ta n d a rd  ta n n in g  

p ro c e d u re , th e  c o n d itio n s  and r e s u l t s  b e in g  c o n ta in e d  in  T able 1 1 ,6 .

Table 1 1 ,6  The Tanning P ro p e r t ie s  o f  3 , 3 ' ,  4 , 4 ' ,  5 , 5 ' -H exahydroxydiphenyl 

Sulphone on th e  P resen ce  o f  Aluminium S a l t s

pH T ° C olour L igh t
____________________________________________________________________ f a s tn e s s

B as ic  alum inium  c h lo r id e  3 «3 108 P a le  p in k  1
(L u tan  B)

Aluminium S u lp h a te  3 «4 103 W hite 1

I t  was found th a t  th e  u se  o f  alum inium  s u lp h a te ,  though  r e s u l t i n g  

in  a  s l i g h t  d e c re a se  in  sh r in k a g e  te m p e ra tu re  a s  compared to  u s in g  th e  

b a s ic  c h lo r id e ,  gave a  w h ite  p ro d u c t.  However, th e  u se  o f  th e  s u lp h a te  

d id  n o t improve th e  l i g h t - f a s t n e s s  p ro p e r ty ,  and i t  i s  th e  poor l i g h t -  

f a s tn e s s  p ro p e r ty  o b ta in e d  in  t h i s  case  t h a t  i s  re g a rd e d  a s  i t s  

g r e a te s t  f a i l i n g .  N e v e rth e le s s  3 , 3 ' ,  4 , 4 ' ,  3»5 '-H exahydroxyd ipheny l 

su lphone was c o n s id e re d  to  be th e  most p ro m isin g  compound to  ac h ie v e  th e  

r e q u ir e d  r e s u l t  f o r  th e  re a so n s  t h a t  have been  f u l l y  d is c u s s e d .  These 

c o n s id e ra tio n s  have been  j u s t i f i e d  in  s e v e ra l  r e s p e c t s .  The u se  o f  

po lyhydroxyd ipheny l su lphones has r e s u l t e d  in  a  l ig h t - c o lo u re d  l e a th e r  

a s  e x e m p lif ie d  by  th e  compounds and r e s u l t s  in c lu d e d  in  T ab les 11 ,2  and 

6 . F u rth e rm o re , T able 1 1 ,6  shows th a t  a  w h ite  c o lo u r  • i s  p o s s ib le .

As ex p ec ted , 3 , 3 ' ,  4 , 4 ' ,  5 , 5 ' -hexahydroxyd ipheny l su lphone  gave th e  

b e s t  r e s u l t  w ith  r e s p e c t  to  sh r in k a g e  te m p e ra tu re  o f th e  polyhydroxy

d ip h en y l su lphones t e s t e d ,  though  th e  t a r g e t  v a lu e  o f  110° was no t
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q u i te  a c h ie v e d . The p re se n c e  o f  th e  su lp h o n y l group d id  n o t however 

im part to  th e  r e s u l t a n t  l e a th e r  a  re a so n a b le  d eg ree  o f  l i g h t - f a s t n e s s ,  

and t h i s  p ro p e r ty  was no t p e r c e p t iv e ly  s u s c e p t ib le  to  v a r io u s  changes 

in  ta n n in g  c o n d itio n s  as  shown in  T ab les I I ,  3 , 4 and 3*

S ince  p y ro g a l lo l  has ta n n in g  p o te n cy  in  th e  p re se n c e  o f  an  alum inium  

s a l t ,  w hereas c a te c h o l does n o t ,  i t  has a l re a d y  been  su g g e s te d  t h a t  

t h i s  may be due in  p a r t  a t  l e a s t  to  th e  a d d i t io n a l  hyd ro x y l group o f  

p y ro g a l lo l  a c t in g  in  a  s im i la r  manner to  th e  h y d ro x y ls  o f  th e  v e g e ta b le  

ta n n in s ,  v i z .  hydrogen-bond ing  w ith  -NH-CO- groups o f  th e  p o ly p e p tid e  

c h a in s .  E. Heidemann and S .R . S r in iv a sa n ^ ^  in v e s t ig a te d  d eu te riu m  

exchange p r o p e r t i e s  by  means o f  in f r a r e d  sp e c tro sc o p y  in  o rd e r  to  s tu d y  

hydrogen -bond ing  o f  p h e n o lic  compounds w ith  s o lu b le  c o l la g e n  and a ls o  

w ith  g e l a t i n e .  They showed th a t  s t a b i l i t y  o f  hydrogen-bond ing  betw een 

th e  p e p t id e  and hyd roxy l groups in c re a s e s  w ith  th e  s i z e  o f  th e  po lypheno l 

and  w ith  th e  number o f  hyd ro x y l groups p e r  m o lecu le , and t h i s  was 

p a r a l l e l e d  by  a  c o rre sp o n d in g  in c re a s e  in  sh r in k a g e  te m p e ra tu re . Thus 

th e  in c re a s e d  ta n n in g  a b i l i t y  o f  p y ro g a l lo l  and th e  po lyhyd roxyd ipheny l 

su lphones in  th e  p re se n c e  o f  alum inium  s a l t ,  a s  compared to  c a te c h o l ,  

ought perh ap s  to  be e x p la in e d  by s im i la r  c o n s id e r a t io n s .  T h e re fo re  

th e  method u sed  by  E . Heidemann and S .R . S r in iv a s a n  was employed to  

in v e s t ig a te  th e  a c t io n  o f  c a te c h o l ,  p y ro g a l lo l  and 3 ,3 * , 4 ,4 * , 3 ,5 * -  

hexahydroxydiphenyl su lphone on g e l a t in e  in  th e  absence and p re se n c e  o f  

alum inium  s u lp h a te .  T his method in v o lv e s  p la c in g  a  g e l a t in e  f i lm  in  • 

an atm osphere o f  d eu te riu m  ox id e  and o b se rv in g  th e  ap p ea ran ce  o f  th e  

amide -HD- d e fo rm a tio n  mode a t  about I 43O cm"V r e l a t i v e  to  th e  amide 

-CO- s t r e t c h in g  mode a t  abou t I 65O cm” \  which rem ains ap p ro x im a te ly
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c o n s ta n t th ro u g h o u t th e  ex p erim en t. The r e l a t io n s h ip  a f t e r  a  p e r io d  

o f  tim e  (t) g iv e s  a  v a lu e  o f  th e  exchange r a t i o  (E .R .) d e f in e d  by 

th e  e x p re s s io n

E.R# = rA ( l l , l )

[^ )  -  L f]
t=T  t=0

w here A^ and A^^ a r e  th e  abso rb an ces  a t  I 65O cm and 1450 cm 

r e s p e c t iv e ly .  The re a d in g s  o b ta in e d  from a sample ©zposed to  a  w a te r 

vapour a tm osphere do n o t a l t e r  w ith  tim e , and th e r e f o r e  a re  used  to  

o b ta in  th e  v a lu e  a t  t =0 , which r e f e r s  to  th e  r a t i o  o f  th e  ab so rb an ces  

b e fo re  any exchange has o c c u rre d . S ince  th e  exchange r a t i o  i s  th e  

r e l a t i v e  ab so rbance  o f  two d i f f e r e n t  g ro u p s, i t  i s  no t a  v a lu e  o f  th e  

r a t i o  o f  amide hydrogens exchanged, b u t i s  p ro p o r t io n a l  to  i t .

E ig .  I I - 3  shows th e  in f r a r e d  s p e c tr a  o f  a  f i lm  o f  g e l a t i n  b e fo re  and 

a f t e r  d e u te r a t io n ,  and r e v e a ls  t h a t  th e  a b s o rp tio n  band a t  I 36O due 

to  -HH- d e fo rm a tio n  d e c re a se s  and th e  band a t  I 45O cm  ̂ in c re a s e d  upon 

d e u te r a t io n .  -

The e f f e c t  o f  hydrogen-bond ing  i s  d e te c te d  by th e  e x te n t and r a t e  

o f  exchange o f  deu teriu m  f o r  hydrogen . In  g e n e ra l ,  th e  r a t e  o f  exchange 

i s  r a p id  a t  f i r s t  r e s u l t i n g  in  a  f a s t  in c re a s e  in  th e  v a lu e  o f  E .R ., 

and a f t e r  abou t 1 h r  r i s e s  o n ly  s lo w ly . Thus th e  v a lu e  o f  E .R . a f t e r  

2 h r  g iv e s  a  r e l a t i v e  in d ic a t io n  o f  th e  p ro p o r tio n  o f  amide hydrogens 

r e a d i ly  a v a i la b le  f o r  exchange and th u s  no t in v o lv ed  to  any  a p p re c ia b le  

e x te n t in  hyd rogen -bond ing . The i n i t i a l  r a t e  o f  exchange i s  a ls o  

dependent on th e  p ro p o r tio n  o f  amide hydrogens a v a i la b le  f o r  exchange.
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b e fo re  d e u te r a t io n  

a f t e r  2 h r .  d e u te r a t io n
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P ig .  I I - 3 .  I n f r a r e d  spectrum  o f  g e la t in e  b e fo re  and a f t e r '  d e u te r a t io n
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b u t can  be  in f lu e n c e d  by  th e  p re se n c e  o f  u n s ta b le  hyd rogen -b o n d in g .

Thus th e  involvem ent o f  th e  amide group in  .u n s ta b le  hydro g en -b o n d in g , 

though  i t  w i l l  have o n ly  a  sm all e f f e c t  on th e  E .R . v a lu e  a f t e r  

2 h r ,  w i l l  r e s u l t  i n  a  s lo w er i n i t i a l  r a t e  o f  exchange s in c e  th e  

hydrogens a r e  l e s s  r e a d i ly  ex ch an g eab le .

The d eu te riu m  exchange experim en ts  a r e  m ean ingfu l to  th e  e x te n t 

t h a t  th e  im i ta t io n  o f  th e  ta n n in g  p ro c e ss  i s  in v o lv e d , b u t i t  sh o u ld  

be n o te d  th a t  th e r e  a r e  s e v e ra l  im p o rtan t d i f f e r e n c e s .  The m ain 

d i f f e r e n c e  i s  t h a t  g e l a t i n  i s  u se d , though  i t  can  be re g a rd e d  as  a  good 

model o f  c o l la g e n , s in c e  i t  i s  e s s e n t i a l l y  a  l e s s  o rd e re d  form  o f  

c o l la g e n .  The pH i s  known to  be  im p o rtan t i n  th e  ta n n in g  p ro c e s s ,  

y e t in  th e s e  experim en ts  i t  i s  no t p o s s ib le  to  c o n tro l  th e  pH.

T his i s  b ecau se  th e  te c h n iq u e  in v o lv e s  th e  fo rm a tio n  o f  a  g e la t in e  

f i lm  by e v a p o ra tio n , and th e  pH cannot be c o n t ro l le d  d u r in g  th e  d ry in g  

p ro c e s s .

The r e s u l t s  o f  th e s e  d eu te riu m  exchange experim en ts  in v o lv in g  th e  

u se  o f  c a te c h o l ,  p y r o g a l lo l ,  and 3 , 3 ' ,  4 , 4 ' ,  5 , 5 ' -h ex a h y d ro x y d ip h e n y l, 

su lphone can  be  seen  in  P ig s .  1 1 -4 ,5 , and 6 r e s p e c t iv e l y .  G e la t in e  

has an  E .R . v a lu e  o f  abou t 0 .4 2  a f t e r  2 h r  and when alum inium  s u lp h a te  

i s  p re s e n t  a  s im i la r  f ig u r e  i s  o b ta in e d , th ro u g h  th e  i n i t i a l  r a t e  o f  

exchange i s  s l i g h t l y  in c re a s e d .  T his su g g e s ts  t h a t  th e  e x te n t o f  

hydrogen -bond ing  i s  low ered , and may be due i n  p a r t  a t  l e a s t  to  h y d ro ly s is  

o f  th e  alum inium s a l t  g iv in g  a  more a c id ic  s o lu t io n ,  r a t h e r  th a n  a  d i r e c t  

i n t e r a c t io n  o f  th e  amide groups w ith  th e  alum inium  s a l t .  C e r ta in ly  th e  

ta n n in g  a c t io n  o f  th e  alum inium  s a l t  cannot be e x p la in e d  by  t h i s  ty p e
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o f  i n t e r a c t io n ,  s in c e  w ith  r e s p e c t  to  hydrogen-bond ing  in v o lv in g  th e  

am ide g roups, a  l e s s  o rd e red  s t r u c t u r e  ap p ea rs  to  have r e s u l t e d .

C atecho l and p y ro g a l lo l  in  th e  absence  o f  th e  alum inium  s a l t  

a c t  d i f f e r e n t l y  tow ards g e l a t i n ,  c a te c h o l r e s u l t i n g  in  a  g e n e ra l ly  

low er E .R . v a lu e s  w hereas p y ro g a l lo l  in c re a s e s  th e  E .R . v a lu e s  as 

compared to  g e la t in e  a lo n e .  T h e re fo re  i t  seems th a t  c a te c h o l b in d s  

to  th e  p r o te in  by  fo rm ing  hydrogen-bond l in k a g e s  w ith  th e  amide 

g ro u p s, w hereas p y r o g a l lo l ,  though i t  may o r  may no t s im i la r l y  form  

lin k a g e s  w ith  th e  p r o te in ,  o v e r a l l  more hydrogen-bonds a r e  broken 

th a n  a re  re fo rm e d . In  b o th  th e s e  c a s e s , how ever, th e  changes in  th e  

E .R . v a lu e s  have been  sm a ll, and th e r e f o r e  th e  in t e r a c t io n s  must be 

c o rre sp o n d in g ly  s m a ll .  E. Heidemann and S .R . S r in iv a s a n  found  th a t  

hydrogen-bond s t a b i l i t y  betw een p e p t id e  and h y d roxy l groups o f  p h e n o lic  

compound in c re a s e d  w ith  th e  s iz e  o f  th e  phenol and the .num ber o f  

h yd ro x y l group on each m o lecu le , as  judged  by  t h e i r  E .R . v a lu e s .  

T h e re fo re  th e  iD ehavioursof p y ro g a l lo l  and c a te c h o l a re  i n  o p p o s it io n  

to  th o s e  g e n e ra l f in d in g s .  I t  i s  a p p a re n t,  how ever, t h a t  s in c e  

c a te c h o l has no ta n n in g  a b i l i t y ,  i t s  i n t e r a c t io n  w ith  th e  p r o te in  does 

n o t r e s u l t  i n  th e  fo rm a tio n  o f  any  s ig n i f i c a n t  c r o s s - l in k a g e s .  The 

u se  o f  3 , 3 *, 4 , 4 *, 5 , 5 *-hexahydroxyd ipheny l su lphone in  th e  absence  

o f  th e  alum inium  s a l t s  r e s u l t s  i n  low er v a lu e s  o f  E .R ., and th e  change 

in  E .R . v a lu e s  r e l a t i v e  to  g e l a t i n  a lo n e  i s  a p p re c ia b ly  g r e a te r  th a n  

th a t  found  i n  th e  ca se  o f  p y ro g a l lo l  and o f  c a te c h o l .  T h is shows 

th a t  th e  d ia r y l  su lphone form s more s ta b l e  hydrogen-bonds w ith  th e  

amide groups o f th e  p r o te in  th a n  f o r  p y ro g a l lo l  o f  c a te c h o l ,  and 

t h i s  i s  to  be ex p ec ted  from  th e  f in d in g s  o f  E . Heidemann and 

S .R . S r in iv a s a n .
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In  th e  p re se n c e  o f  alum inium  s u lp h a te ,  c a te c h o l and p y ro g a l lo l  h o th  

r e s u l t  i n  h ig h e r  E .R . v a lu e s  a f t e r  2 h r  a s  compared to  g e la t in e  a lo n e , 

in d i c a t in g  th a t  hydrogen-honds in v o lv in g  amide groups have heen  “broken , 

and  t h i s  i s  p a r t i c u l a r l y  so w ith  c a te c h o l .  However, in  th e  case  o f  

p y r o g a l lo l ,  and p erh ap s a ls o  c a te c h o l to  a  s m a lle r  ex d en t, th e  i n i t i a l  

r a t e  o f  exchange has d e c re a se d , w hereas i f  more hydrogens a re  r e a d i ly  

ex changeab le , an in c re a s e  would he ex p e c te d . T his can he acco u n ted  f o r  

hy  th e  p re se n c e  o f  u n s ta b le  h yd rogen -honds, and though  a  p ro p o r t io n  o f  

th e  amide groups have l o s t  t h e i r  s ta b l e  hydrogen-hond in t e r a c t io n ,  a  

h ig h e r  p ro p o r tio n  a r e  in v o lv ed  in  th e s e  u n s ta b le  i n t e r a c t i o n s .

3 ,3 » , 4 , 4 ' ,  5 , 5 ' -H exahydroxydiphenyl su lphone has a c te d  s im i l a r l y  in  th e  

p re sen ce  and  absence  o f  th e  alum inium  s a l t ,  th e  E .R . v a lu e s  o b ta in e d  i n  

b o th  case s  b e in g  low er th a n  th o s e  f o r  g e la t in e  a lo n e .  T his in d ic a te s  

t h a t  th e  u se  o f  th e  d ia r y l  su lp h o n e , w hether th e  alum inium  s a l t  i s  

p re s e n t  o r  n o t ,  r e s u l t s  i n  a  g r e a te r  involvem ent o f  th e  amide groups i n  

hydro g en -b o n d in g , b u t th e  s lo w er i n i t i a l  r a t e  when th e  alum inium  s a l t  i s  

p re s e n t  in d ic a te s  t h a t  in  t h i s  case  a d d i t io n a l  u n s ta b le  hydrogen-bonds a r e  

in v o lv e d . _

Thus in  g e n e ra l i t  can  be concluded  t h a t  c a te c h o l ,  though i t  ap p e a rs  

to  b in d  onto  th e  amide s i t e s  o f  th e  p r o te in  by hydrogen-bond ing  to  some 

e x te n t ,  when alum inium  s u lp h a te  i s  p re s e n t  t h i s  i n t e r a c t io n  i s  p r o h ib i te d  

o r  a t  l e a s t  g r e a t ly  in h ib i t e d ,  and a  l e s s  o rd e re d  s t r u c tu r e  r e s u l t s .

L ikew ise a  l e s s  o rd e re d  s t r u c t u r e  r e s u l t s  when p y ro g a l lo l  i s  u sed  in  th e  

p re se n c e  o f  alum inium  s u lp h a te ,  b u t h y d rogen -bend ing  o f  ta n n in g  m a te r ia l  

on to  th e  amide s i t e s  ap p ea rs  to  ta k e  p la c e  to  some e x te n t ,  and though  i t  

cannot p ro v id e  a  f u l l  e x p la n a tio n , t h i s  may be connec ted  i n  p a r t  to  th e  

ta n n in g  a b i l i t y  o f  p y ro g a l lo l  u n d er th e s e  c o n d i t io n s .  T his i s  p a r t i c u l a r l y
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so  s in c e  in  th e  case  o f  c a te c h o l ,  which h a s  no ta n n in g  a b i l i t y  in  th e  

p re se n c e  o f  alum inium  s a l t ,  t h i s  ty p e  o f  i n t e r a c t i o n  does n o t ap p ea r 

to  o c c u r, o r  a t  most o ccu rs  to  a  l e s s e r  e x t e n t .  However, th e  u se  o f  

th e  d ia r y l  su lp h o n e , w hether th e  alum inium  s a l t  i s  p re s e n t  o r  n o t ,  

r e s u l t s  in  a  g r e a te r  involvem ent o f  th e  amide g roups i n  hydrogen-bonding  

and in  th e  p re sen ce  o f  alum inium  s u lp h a te ,  a d d i t io n a l ,  u n s ta b le  h y d ro g en - 

bonds a re  in v o lv e d . I t  ap p ea rs  th e r e f o r e  t h a t  in  t h i s  case  hyd ro g en - 

bond ing  o f  th e  ta n n in g  ag en t onto  th e  am ide s i t e s  on th e  p r o te in  can  

c o n t r ib u te  to  th e  h ig h e r  sh rin k a g e  te m p e ra tu re .

The r o le  o f  th e  f r e e  c a rb o x y lic  a c id  g roups o f c o l la g e n  as  b in d in g  

s i t e s  in  a lu m -ta n n in g  was in v e s t ig a te d  by  t r e a t i n g  p e l t  w ith  alum inium  

iso p ro p o x id e  in  is o p ro p a n o l. The f r e e  c a rb o x y lic  a c id  groups a r e  

exp ec ted  to  r e a c t  r e a d i ly  w ith  alum inium  is o p ro p o x id e , g e n e ra t in g  

a lu m in iu m -ca rb o x y la te  bonds. F u r th e r  re p e a te d  r e a c t io n  w ith  a

d ic a rb o x y lic  a c id  fo llo w ed  by tre a tm e n t w ith  alum inium  iso p ro p o x id e  may be 

exp ec ted  to  s e q u e n t i a l ly  b u i ld  up a lu m in iu m -ca rb o x y la te  lin k a g e s  betw een 

th e  f r e e  c a rb o x y lic  a c id  g roups o f  c o l la g e n .  Fum aric and t e r e p h th a l i c  a c id s  

w ere chosen s in c e  th e  geom etry  o f  th e s e  d ib a s ic  a c id s  i s  conducive to  th e  

fo rm a tio n  o f  c ro s s - l in k a g e s .  However, th e  low s o l u b i l i t y  o f  t e r e p h th a l i c  

a c i d , i n  th e  v a r io u s  s u i t a b le  s o lv e n ts  tr ie d ,m a d e  i t s  u se  im p ra c t ic a b le ,

M aleic  and p h th a l ic  a c id s ,  whose con fo rm atio n s re n d e r  th e  fo rm a tio n  o f  

c ro s s - l in k a g e s  l e s s  l i k e l y ,  w ere a ls o  t e s t e d  f o r  com parison . The ta n n in g  

p ro c e d u re , d e s c r ib e d  in  V III  A ,2, ’’Sm all S c a le  T anning E xperim ents U sing 

Aluminium Iso p ro p o x id e  and D ib a s ic  A cids” , in v o lv e s  t r e a t i n g  th e  p e l t  f i r s t  

w ith  alum inium  iso p ro p o x id e  and th e n  w ith  th e  d ib a s ic  a c id .  In  th e  case  

o f  fu m aric  a c id ,  v a r io u s  d eg rees  o f  r e ta n n in g  w ere u n d e rta k e n  by  f u r th e r
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t r e a t i n g  th e  sample a l t e r n a t e l y  w ith  alum inium  iso p ro p o x id e  and th e  

d ib a s ic  a c id .  At th e  end o f  th e  ta n n in g  p ro ced u re , th e  sam ples were 

t r e a te d  w ith  w a te r , th u s  a llo w in g  h y d ro ly s is  to  o c c u r . The r e s u l t s  o f 

th e s e  ta n n in g  experim ents which a re  shown in  Table 11 ,7  c l e a r ly  in d ic a te  

th a t  no f u r th e r  ta n n in g  a c t io n  has been  c o n fe rre d  by th e  u se  o f  th e  d ib a s ic

Table 11 ,7  Tanning w ith  Aluminium Iso p ro p o x id e  and Some D ib a s ic  A cids

T °

a) Aluminium iso p ro p o x id e  on ly 72

Sample (a) t r e a t e d  w ith  p h th a l ic  a c id 71

c) Sample (a) t r e a t e d  w ith  m a le ic  a c id 69

à) Sample (a) t r e a t e d  w ith  fu m aric  a c id 69

e) Sample (d) t r e a t e d  w ith  alum inium 70

iso p ro p o x id e

f) Sample (e) t r e a t e d  w ith  fu m aric  a c id 69

a c id s .  Though t h i s  m ight have been  a n t ic ip a te d  in  th e  case  o f  p h th a l ic

and m a le ic  a c id ,  th e  u se  o f  furaa.ric a c id  was ex pec ted  to  e x e r t  some

a d d i t io n a l  ta n n in g  a c t io n  to  th e  e x te n t o f  th e  s t a b i l i t y  o f  th e  alum inium -

c a rb o x y la t e bonds concerned . Tanning w ith  b a s ic  alum inium  s a l t s  in

aqueous medium i s  thou g h t to  in v o lv e  p o ly n u c le a r  complexes c o n ta in in g

Al-O-Al b r id g e  u n i t s .  The ta n n in g  p ro ced u re  u s in g  alum inium  iso p ro p o x id e

and fu m aric  a c id  i n i t i a l l y  p r o h ib i t s  th e  fo rm a tio n  o f th e s e  ty p e s  o f

u n i t s ,  alum inium  atoms b e in g  l in k e d  by  s a l t  fo rm a tio n  v ia  th e  d ic a rb o x y lic  i

a c id .  T h ere fo re  th e  la c k  o f  any a d d i t io n a l  ta n n in g  a c t io n  c o n fe rre d  by

th e  u se  o f  fu m aric  a c id  may be c o n s id e re d  to  em phasise th e  weak n a tu re  o f

th e  a lu m in iu m -carb o x y la te  bond, p ro b ab ly  due to  i t s  s u s c e p t i b i l i t y  to  h y d ro ly s is .
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I I I  SYNTHESIS OF POLTHYDROXY DIARYL SULPHOMIS

A. In t ro d u c t io n

Sulphones a re  compounds c o n ta in in g  ^ZSO^ group i n  w hich th e  

su lp h u r  atom i s  bonded to  two carbon  a tom s. Thus d ip h e n y l su lphone has 

th e  s t r u c t u r e  g iv e n  i n  P ig .  I I I - 1 .

P ig .  I I I - 1

S ulphones may be r e a d i ly  p re p a re d  by  th e  a c t io n  o f  a  v a r i e ty  o f  o x id iz in g  

a g e n ts  on th e  co rre sp o n d in g  s u lp h id e  ( -S -)  o r  su lp h o x id e  ( S=0) • The

ex p e rim en ta l r e s u l t s  o f  v a r io u s  o x id a t iv e  methods o f  s y n th e s is  have been  

com piled b y  C.M. S u te r .^ ^  The r e a g e n ts  most commonly employed a re  

p o ta ss iu m  perm anganate , chrom ic a c id ,  and hydrogen p e ro x id e . P o tassium  

perm anganate and chrom ic a c id  o x id a tio n s  a r e  u s u a l ly  e f f e c te d  in  a c e t i c  

a c id -w a te r  m ix tu re s . Hydrogen p e ro x id e  i s  u sed  in  a c e t i c  a c id ,  and i s  

th e  most recommended method s in c e  good y ie ld s  a r e  g e n e ra l ly  o b ta in e d , th e  

f i n a l  p ro d u c t i s  e a s i l y  s e p a ra te d ,  and g roups o th e r  th a n  th e  su lp h id e  o r  

su lp h o x id e  a r e  r a r e l y  a t ta c k e d .  Thus hydrogen  p e ro x id e  o x id a tio n s  to  

g e n e ra te  su lphones may be c a r r i e d  ou t in  th e  p re se n c e  o f  hyd ro x y l g ro u p s . 

P e ro x id e  o x id a tio n s  may be c a r r i e d  ou t in  n o n -a c id ic  m edia i n  th e  p re se n c e  

o f  c a t a l y t i c  amounts o f  molybdenum, tu n g s te n ,  o r  vanadium s a l t s .
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At low te m p e ra tu re s  su lp h o x id e s  may be co n v e rted  to  su lphones in  good

37y ie ld s  w ith  th e  u se  o f  H -c h lo ro b e n z o tr ia z o le .

A w id e ly  u sed  method f o r  th e  p r e p a ra t io n  o f  a r y l  su lphones in v o lv e s

a  F r ie d e l - C r a f t s  ty p e  r e a c t io n  in  which a  su lp h o n y l h a l id e  r e a c t s

w ith  an  a ro m a tic  compound in  th e  p re se n c e  o f  a  Lewis a c id  such as

alum inium  c h lo r id e ,  f e r r i c  c h lo r id e ,  o r  z in c  c h lo r id e

AlCl
ArH + RSOgCl --------------  ► ArSO^R + HGl ( l l l , l )

Sulphonyl c h lo r id e s  a r e  most f r e q u e n t ly  u sed , a lth o u g h  th e  brom ides and 

f lu o r id e s  a l s o  r e a c t .

The f i r s t  s te p  in v o lv e s  th e  fo rm a tio n  o f  a  complex betw een th e  

c a t a ly s t  and th e  su lp h o n y l h a l id e  ( i l l , 2) .

RSOgCl + A lC l^ ---------------- ► RSOgCl.AlCl^ ( i l l , 2)

S u b seq u en tly  th e  complex io n iz e s  fo rm ing  th e  su lphony lium  io n  and 

A1C1^~ ( i l l , 3) ,  and th e  a ro m a tio  hyd rocarbon  i s  a t ta c k e d  by  th e  

e l e c t r o p h i l i c  su lphonylium  io n  to  g iv e  th e  su lphone  ( i l l ,

RSOgCl.AlClj -  RSOg+ +A1C1^“  ( i l l , 3)

R8 O2+ + A lC l^" + ArH ----------   ArSOgR.AlCl^ + HGl ( i l l ,  4 )

A s im i la r  d o n o r-a c c e p to r  complex e x i s t s  betw een th e  su lphone p ro d u c t and 

alum inium  c h lo r id e  w hich i s  s t ro n g e r  th a n  th e  i n i t i a l  complex form ed w ith  

th e  su lp h o n y l c h lo r id e .  F o r t h i s  re a so n  a t  l e a s t  a  f u l l  e q u iv a le n t o f  

th e  Lewis a c id  i s  r e q u ire d ,  and in  p r a c t i c e  a  s l i g h t  excess i s  u s u a l ly  

employed s in c e  t h i s  r e s u l t s  in  a  h ig h e r  r a t e  o f  fo rm a tio n  o f  th e  p ro d u c t.



43

The r e a c t i v i t y  o f  a  s u b s t i tu t e d  a ro m a tic  su lp h o n y l c h lo r id e  i s  

in f lu e n c e d  by th e  n a tu re  o f  th e  s u b s t i t u e n t s .  E l e c t r o n - r e l e a s in g  

groups p a ra  to  th e  su lp h o n y l c h lo r id e  group in c re a s e  th e  r a t e  o f r e a c t io n ,  

w hereas e le c tro n -w ith d ra w in g  s u b s t i tu e n ts  d e c re a se  th e  r a t e .

S u b s t i tu e n ts  on th e  a to m a tic  compound th a t  i s  a t ta c k e d  by  th e  

su lphony lium  io n  e x e r t  th e  u su a l o r i e n t a t i o n  e f f e c t s .  Thus th e  p re sen ce  

o f  e l e c t r o n - r e l e a s in g  groups r e s u l t s  in  p red o m in an tly  p a ra  s u b s t i t u t i o n .  

E le c tro n -w ith d ra w in g  groups d e a c t iv a te  th e  system  tow ards e l e c t r o p h i l i c  

s u b s t i t u t i o n ,  and s tro n g  d e a c t iv a t in g  ^.roups such  a s  n i t r e  o r  n i t r i l e  

p re v e n t r e a c t io n  a l to g e th e r .

Sulphones a r e  f r e q u e n t ly  produced  as b y -p ro d u c ts  in  a ro m a tic  

su lp h o n a tio n  r e a c t io n s  u s in g  s u lp h u r ic  a c id  ( i l l , 5) ^ ”̂

■ 2ArH + EgSO ----- ► Ar^SOg ( i l l , 5)

( - 2H2O)

By rem oving th e  w a te r  p roduced  in  th e  r e a c t io n ,  th e  su lphone may be

o b ta in e d  a s  th e  m ajor p ro d u c t.  In  th e  case  o f  benzene,' w a te r can be

42removed as an  a z e o tro p e  to  g iv e  d ip h e n y l su lp h o n e . When c a te c h o l i s

u sed , th e  w a te r produced can be removed by  d i s t i l l a t i o n  g iv in g

433 ,3 ',^ ,A * - te tra h y d ro x y d ip h e n y l su lphone in  28% y ie ld .

S im i la r ly ,  unsym m etrica l a r y l  su lphones may be p re p a re d  by  th e  

r e a c t io n  o f  a r y l  su lp h o n ic  a c id  w ith  an  a ro m a tic  h y d ro ca rb o n . When 

th e  w a te r produced in  th e  r e a c t io n  i s  removed by  phosphorus p e n to x id e , 

t h i s  r e a c t io n  i s  g r e a t ly  e n h a n c e d . B . M .  G raybill"^^ p re p a re d  a r y l  

su lphones by r e a c t io n  o f  su lp h o n ic  a c id s  w ith  a ro m a tic  hydrocarbons in  

th e  p re sen ce  o f  p o ly p h o sp h o ric  a c id .  The p ro d u c ts  o f  th e s e  r e a c t io n s
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conform to  th e  same o r i e n t a t i o n  r u le s  as a re  observ ed  u s in g  su lp h o n y l 

c h lo r id e s  and alum inium  c h lo r id e ,  and th e r e f o r e  i t  ap p ea rs  t h a t  th e  

r e a c t io n  p roceed s v ia  th e  ArSO^"^ su lphony lium  c a t io n .

T r i f l u o r o a c e t ic  an h y d rid e  has been  shown to  prom ote th e  fo rm a tio n  

o f  d ia r y l  su lp h o n es from  ^ - to lu e n e s u lp h o n ic  a c id  w ith  a n is o le  o r

mes ity d e n e ^ ^  ( i l l , 6 ) ,  I t  i s  p roposed  th a t

S O 3H CH,

H X
0 1 + f o '

C K
o (1 1 1 , 6)

th e  r e a c t io n  p ro ceed s v ia  th e  mixed an h y d rid e  ( i l l , 7)*

ArSO E + (CP^CO)gO - ArSOp + CP̂ CÔ H

OGOGP.

(111 ,7)

The u se  o f  t r i f l u o r o a c e t i c  an h y d rid e  has  been  found to  be u s e fu l  in  th e  

p r e p a ra t io n  o f  am inoary l su lp h o n es^^  ( i l l , 8)

SO,H

+o

CHCH
S Q

CRCONH

CH, CH,

CH
SO.

H,N

(1 1 1 , 8)
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I t  i s  o f te n  more co nven ien t to  u se  su lp h o n ic  a c id s ,  r a th e r  th a n  

su lp h o n y l c h lo r id e s  in  th e  p r e p a r a t io n  o f  su lphones s in c e  su lp h o n ic  

a c id s  a re  g e n e ra l ly  more r e a d i ly  a v a i l a b l e .  The p r e p a ra t io n  o f  a r y l  

su lp h o n ic  a c id s  and su lp h o n y l c h lo r id e s  has  been  w e ll docum ented.

The most co n v en ien t methods in v o lv e  e l e c t r o p h i l i c  a t t a c k  on a ro m a tic  

s u b s t r a te ^  th e  p ro d u c ts  b e in g  s u b je c t  to  th e  o r i e n t a t i o n  e f f e c t s  o f  th e  

s u b s t i tu e n t s ,  tihere th e s e  e f f e c t s  a r e  such th a t  an  e l e c t r o p h i l i c  method 

i s  no t a p p l i c a b l e ,o th e r  methods may be  employed to  g e n e ra te  th e  

su lp h o n y l c h lo r id e  o r  th e  su lp h o n ic  a c id .  A rom atic su lp h u r—compounds 

may be p re p a re d  from  th e  c o rre sp o n d in g  p rim ary  amine v ia  th e  a ro m a tic  

d iazo-com pound.^^  A su lp h o n y l c h lo r id e  may be o b ta in e d  d i r e c t l y  by  . 

r e a c t in g  th e  d iazonium  s a l t  w ith  su lp h u r  d io x id e  i n  g l a c i a l  a c e t i c  

a c id  in  th e  p re se n c e  o f  cuprous c h lo r id e ^ ^  ( i l l ,  9)

A rir^Cl" + SOg ArSOgCl + Eg ( i l l ,  9)

A rom atic su lp h o n a te s  may r e a c t  w ith  a r y l  h a lo g en  compound th a t  

a r e  a c t iv a t e d  tow ards n u c le o p h il ic  a t t a c k . A r y l  h a l id e s  c o n ta in in g  

one o r  more n i t r o  groups o r th o  o r  p a ra  to  th e  h a lo g en  a r e  s u f f i c i e n t l y  

a c t iv a te d  to  g iv e  good y ie ld s  o f  su lphones (lII,1C3)

ArSOgK +  ̂ ArSO^—  (111,1(3

The r e a c t io n  betw een a ro m a tic  s u lp h in ic  a c id s  and benzoquinones . 

may a ls o  y ie ld  su lp h o n es , in  t h i s  case  d ih y d ro x y -d ia ry l su lp h o n e s^ ^ ’ 

( I I I , 1 1 ) .  Y. Ogata^^ c a r r i e d  ou t a  k in e t i c  s tu d y  o f  t h i s  r e a c t io n  and
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0 HO

ArSOgH +

0

ArSO,

OH

found  th a t  th e  r a t e  o f  a d d i t io n  o f  s u b s t i tu t e d  h e n z e n e su lp h in ic  a c id s

to  £ -henzoqu inone can he w e ll c o r r e la te d  w ith  th e  Hammett a - v a lu e s .

The r e a c t io n  betw een h e n z e n e su lp h in ic  a c id  and _o-benzoquinone r e s u l t s

in  th e  fo rm a tio n  o f  3 ,4 -d ih y d ro x y d ip h en y l s u lp h o n e .^ ^ '^ ^  S y n th e t ic

and th e rm a l r e a c t io n s  o f  £ -benzoqu inones have been  rev iew ed  by 

57W*M, H orspoo l.

A c lo s e ly  r e l a t e d  r e a c t io n  i s  t h a t  betw een £ -benzoqu inone and 

sodium form aldehyde s u lp h o x y la te .  The p ro d u c t from t h i s  r e a c t io n  i s  

th e  te tra h y d ro x y d ip h e n y l su lphone^^  ( i l l , 1 2 ). When o-benzoquinone i s

0

H0-CH^-8C_Ha + 2

OH OH
SO

OH OH

(111 ,12)

+

ECHO

u sed , g e n e ra te d  in  s i t u  by o x id a tio n  o f  c a te c h o l w ith  p o ta ss iu m

fe r r ic y a n id e  u nder a lk a l in e  c o n d i t io n s ,  th e  p ro d u c t o f  th e  r e a c t io n  i s

5 83 ,3  », 4 , 4» - t  e t rahy d ro x y d ip h en y l su lp h o n e .
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Chromic a c id  o x id a tio n  o f p y ro g a l lo l  in  th e  p re se n c e  o f

h e n z e n e su lp h in ic  a c id  r e s u l t s  in  th e  fo rm a tio n  o f  a  tr ih y d ro x y d ip h e n y l 

56  59su lp h o n e . L. H orner showed t h a t  th e  hyd roxy l groups a r e  in  th e  

3 , / , 5 - d i s p o s i t io n  ( i l l ,  1,3). However, when 3-m ethoxy o_-henzoquinone

OH
OHHO

[0]

OH
HO OH

(111,13)

r e a c t s  w ith  h e n z e n e su lp h in ic  a c id  s u b s t i t u t i o n  o ccu rs  in  th e  6 - p o s i t io n  

to  g iv e  1 ,2 —iih y d ro x y -3 -n ie th o x y d ip h en y l su lphone^^  ( l l l , 1 4 ) . l h e  d i f f e r e n c e

+  PhSOgE

OH

Q T  (111,14) 

SO jPh

in  th e  b eh av io u rs  o f  3—hydroxy o_-henzoquinone and  3-m ethoxy £-henzoqu inone

59tow ards h e n z e n e su lp h in ic  a c id  i s  n o t u n d e rs to o d .

H ia ry l e th e r s  which have a  s u lp h in a te  group in  th e  o r th o  p o s i t io n  

o f  one r in g  and an  e le c tro n -w ith d ra w in g  s u b s t i tu e n t  in  th e  o th e r  r in g  

may re a r ra n g e  to  g iv e  a  d ia r y l  su lphone ( i l l , 1 5 ). T his in tra m o le c u la r
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NO,
OH

SO.

n u c le o p h i l ic  a ro m a tic  su lD s titu tio n  in v o lv e s  th e  rep lacem en t o f  an  

e le c t r o n e g a t iv e  b r id g e  a t ta c h e d  to  an  a ro m a tic  carbon  by th e  co n ju g a te  

b a se  o f  an  a c id ic  c e n te r  s i tu a te d  beyond th e  b r id g e  on th e  m o lecu le .

This may be re g a rd e d  as  th e  r e v e r s e  o f a  Sm iles rea rran g e m en t, in  w hich 

r e a c t io n  111 ,15  p ro ceed s in  th e  o p p o s ite  d i r e c t io n  u nder b a s ic  

c o n d i t i o n s . F o r  th e  fo rm a tio n  o f  th e  su lphone in  111,15» a  b u f fe re d

s o lu t io n  i s  r e q u ir e d  such th a t  th e  s u lp h in ic  a c id  i s  io n iz e d  b u t no t

th e  p h e n o lic  p ro d u c t .

Sulphones may be p re p a re d  by  r e a c t io n s  o f  su lp h o n ic  a c id  d e r iv a t iv e s  

w ith  o rg a n o m e ta llic  r e a g e n ts .  S u lphonate  e s t e r s  r e a c t  w ith  G rignard

re a g e n ts  to  p roduce su lphones^^  ( l l l , l 6 ) .

E C SOgOCgE + CH -̂ ■MgBr s o ,  ( III ,  16)

T his method may be employed f o r  th e  p r e p a ra t io n  o f  b o th  a lk y l  and a r y l  

su lphones where o th e r  s u b s t i tu e n ts  a r e  u n re a c t iv e  tow ards G rig n ard  r e a g e n ts .  

However, s in c e  a r y l  G rignards g iv e  in  g e n e ra l c o n s id e ra b ly  b e t t e r  y ie ld s  

th a n  th e  a l i p h a t i c  r e a g e n ts ,  t h i s  method i s  u sed  m ain ly  to  p roduce d ia r y l  

and a r y l  a lk y l  su lp h o n es .
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Sulphonyl h a l id e s  a ls o  i n t e r a c t  w ith  G rignard  r e a g e n ts .  H. Gilman 

and R .E . P o th e r g i l l^ ^  found th a t  r e a c t io n s  1 1 1 ,1 7  and 1 1 1 , 1 8  occu r

ArSOgCl + PhHgBr 

ArSOgCl + PhMgBr

ArSOgPh and MgBrCl 

ArSOgMgBr + PhCl

( i n ,  I t )

( i i i , i Q

a t  low te m p e ra tu re s .  These f in d in g s  were confirm ed  and f u r th e r  

in v e s t ig a te d  hy H. B urton  and W.A. D a v y , w h o  showed th a t  B esides  th e  

fo rm a tio n  o f  o th e r  su lp h u r  compounds such as  su lp h id e s  and su lp h o x id e s , a  

m ix tu re  o f  a r y l  su lphones may he o b ta in e d  ( i l l , 19)

H3 C SOgCl + C^H MgBr
E t 0

— r
“ 5

+ C Æ C 1 + 6 5

11^ 11^

33^

(111,19)

Sulphonyl h a l id e s  have been  shown to  y i e ld  su lphones on r e a c t in g  

w ith  organocadmiumf^ organom ercuryf^  o r  o rg a n o lith iu m  compounds.

The su lp h o n y l f lu o r id e s  g iv e  h ig h e r  y ie ld s  o f  su lphones th a n  th e  

c h lo r id e s  when t r e a t e d  w ith  e i t h e r  an  o rg a n o lith iu m  o r  G rignard  r e a g e n t .

In  th e  p re se n c e  o f  a  Lewis a c id ,  a r y l  su lp h o n a te s  r e a r ra n g e  to  

h y d ro x y ary l su lphones ( i l l , 2 0 ) . Thi s  r e a c t io n  i s  a  m o d ified  F r ie s

67



50

OHOH

Al CL

140 '

( I I I ,  20)

re a rra n g e m e n t, which has heen  more e x te n s iv e ly  in v e s t ig a te d  a s  th e

70rearran g em en t o f  a ry lo x y  c a rh o x y la te s . The Lewis a c id  c a t a ly s t  

chosen i s  most o f te n  aliunininm  c h lo r id e ,  a lth o u g h  z in c  c h lo r id e  and 

h y d ro f lu o r ic  a c id  have a ls o  heen  u se d . The m ig ra tio n  o f  th e  su lp h o n y l 

•group o ccu rs  p red o m in an tly  to  th e  o r th o  p o s i t io n ,  hu t some p a ra  isom er 

i s  a l s o  form ed. The rearran g em en t can a ls o  o ccu r in  th e  absence  o f  a  

c a t a ly s t  h u t under p h o to ly t ic  c o n d itio n s  ( l l l , 2 l ) .

OSO,Ar

hv

OH

SOnAr
“t (111,2.1)

IT, N -D iary l and IT -a ry l-F -a lk y l a ry lsu lp h o n am id es  can re a r ra n g e  when 

t r e a t e d  w ith  h o t s u lp h u r ic  a c id  to  g iv e  o -am in o d ia ry l su lphones ( i l l , 2 2 ) .

CH.

NHCK
SO.

100

OH,
CK CH.

(±±±,22)
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T his r e a c t io n  i s  analogous to  th e  F r ie s  re a rra n g e m e n t. M ethane- 

sulphonam ides and p rim ary  a n i l id e s  in  g e n e ra l a re  h y d ro ly se d  under 

th e s e  c o n d i t io n s .  Sulphonam ides o f  IT -a lk y la n ilin e s  undergo 

rea rran g em en t more r e a d i ly  th a n  th o s e  o f  d ia ry la m in e s . The p re sen ce  

o f  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  F -a ry l  group f a c i l i t a t e s  th e  

rea rran g e m en t, e le c t r o n  w ithd raw ing  s u b s t i tu e n ts  h av in g  th e  o p p o s ite  

e f f e c t .  The n a tu re  o f  th e  s u b s t i tu e n ts  on th e  p h en y lsu lp h o n y l m o ie ty  

have l i t t l e  e f f e c t  on su lphone fo rm a tio n .

P rim ary  a n i l id e s  may undergo rea rran g em en t when h e a te d  in  th e  

p re se n c e  o f  z in c  c h lo r id e  and h y d ro c h lo r ic  a c id  to  g iv e  p red o m in an tly  

th e  p a ra  iso m er. I f  th e  p a ra  p o s i t i o n  i s  b lo c k e d ,o rth o  s u b s t i t u t i o n  

occu rs  ( 1 1 1 , 23) .  However, when an a d d i t io n a l  H -a lk y l group i s  p re s e n t

NHSOoAr NK

( i l l ,  23)

o r th o  s u b s t i t u t i o n  occu rs  even in  th e  absence  o f  th e  p a ra  b lo c k in g
72g ro u p . The re a so n  f o r  t h i s  change in  s u b s t i t u t i o n  o r i e n t a t i o n  i s  n o t 

known.

The o x id a tio n  o f  su lp h id e s  and su lp h o x id e s  a s  a  conv en ien t method 

f o r  th e  p re p a ra t io n  o f  th e  co rre sp o n d in g  su lphone has a l re a d y  been  

d is c u s s e d . T h e re fo re  th e  methods o f  s y n th e s is  o f  su lp h id e s  and 

su lp h o x id e s  a r e  o f  i n t e r e s t  i n  t h i s  c o n te x t .



5 2

D ia ry l su lp h id e s  may he produced hy  th e  a c t io n  o f  a  t h i o l  on an  

a ro m a tic  d iazonium  s a l t  ( i l l , 24) •  T h is method i s  o f  p a r t i c u l a r

(1 1 1 , 24)

s ig n i f ic a n c e  when o r i e n t a t i o n  r u le s  r e s t r i c t  th e  s y n th e s is  o f  th e

sulphur-com pound hy  e l e c t r o p h i l i c  m ethods. The o r th o  and p a ra

71c h lo ro d ip h e n y l s u lp h id e s  can he p re p a re d  in  a  s im i la r  m anner.

The r e a c t io n  betw een phenyld iazonium  c h lo r id e  and ammonium su lp h id e
y| g

has heen  shown to  y ie ld  d ip h en y l su lp h id e  ' ( i l l , 25) .

N,CI

( 1 1 1 , 25)

U n like  a . l ip h a t ic  h a l id e s ,  a ro m a tic  h a l id e s  a r e  g e n e ra l ly  u n re a c t iy e  

to w ards t h i o l s .  However, d ipheny l s u lp h id e s  can he p re p a re d  hy  t h i s  

m ethod, p a r t i c u l a r l y  when th e  iodo  compound i s  employed ( i l l , 2 6 ) .^ ^

MeO

OMe

(1 1 1 ,2 6 )

The use  o f  dim ethylform am ide (DMP) a s  a  s o lv e n t and an e le v a te d  te m p e ra tu re  

has r e s u l t e d  in  th e  fo rm a tio n  o f  a  su lp h id e  ( i l l , 27) •

C^H^Br + CgH^SK Dm
120- 130 '

65^

( 1 1 1 , 27 )
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D ia ry l s u lp h id e s  may he p re p a re d  hy F r ie d e l - C r a f t s  ty p e  r e a c t io n s  

o f  a ro m a tic  hydrocarbons w ith  c h lo r id e s  o f  s u lp h u r  o r w ith  e le m e n ta l 

su lp h u r  in  th e  p re se n c e  o f  a  c a t a ly s t  such a s  alum inium  c h lo r id e .  

However, th e s e  methods a re  g e n e ra l ly  n o t employed in  th e  ro u te  o f  th e  

s y n th e s is  o f  su lphones s in c e  o th e r  F r ie d e l - C r a f t s  ty p e  r e a c t io n s  

a l re a d y  d is c u s s e d  y ie ld  th e  su lphone d i r e c t l y ,  no o x id a tio n  s ta g e  h e in g  

r e q u ir e d .

G rignard  re a g e n ts  have heen  shown to  y i e ld  sym m etrica l su lp h o x id e s . 

o_-Anisolemagnesium hrom ide r e a c t s  w ith  th io n y l  c h lo r id e  to  g iv e  th e  

co rre sp o n d in g  d ia r y l  su lp h o x id e  ( i l l , 2 8 ) .

OMe
T OMe

V < V— V
hso
2

(111,28)

However, su lp h id e s  a r e  u s u a l ly  a ls o  form ed d u r in g  th e  r e a c t io n  betw een

a G rignard  re a g e n t and th io n y l  c h lo r id e ,  due to  th e  f u r th e r  r e a c t io n

77o f  su lp h o x id e s  w ith  th io n y l  c h lo r id e .  F o r t h i s  re a so n  th e  method

o f  s y n th e s is  o f  sym m etrica l 6i a r y l  su lp h o x id e s  developed  hy  S . H ast and 
TP>

K.K. A ndersen i s  c o n s id e re d  to  he s u p e r io r .  This method in v o lv e s  

th e  r e a c t io n  o f  an  a r y l  G rignard  re a g e n t w ith  H ,H * -th io n y ld iim id a z o le , 

p re p a re d  from  th io n y l  c h lo r id e  and im id azo le  in  te tr a h y d ro fu ra n  ( i l l , 29) .

1 L +
MgBr

S O +  2Me2

N

y
NMgBr (1 1 1 , 29)

Me
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I I IB  R e s u lts  and D isc u ss io n

Two p ro ced u res  were employed in  th e  s y n th e s is  o f  3 ,3 * ,4 ,4 * -  

t e t rah y d ro x y d ip h en y l su lp h o n e . In  th e  f i r s t  p ro ced u re  ( i l l ,  30 ;

= R^ = h) th e  te tra m e th o x y  su lphone was g e n e ra te d  in  two s te p s  from 

th e  s t a r t i n g  m a te r ia l ,  1 ,2-d im ethoxyhenzene, u s in g  s ta n d a rd  e l e c t r o p h i l i c  

m ethods. The f i r s t  s te p  in v o lv ed  th e  r e a c t io n  "between

o
C IS 0 ,0 H

o
CIONS' :

OMe

OMe

ZnCI,

MeO

MeO SO.

V

HQ

HO SO
1) BBr3

2) H ,0  ____

( I I I , 30)

1 ,2-dim ethoxyhenzene and c h lo ro su lp h o n ic  a c id  in  ch lo ro fo rm

(experim en t 2 ) , fo rm ing  3 ,4 -d im ethoxybenzenesu lphony l c h lo r id e .  In  th e

second s te p ,  th e  su lp h o n y l c h lo r id e  was condensed w ith  a n o th e r  m olecu le

o f  1 ,2-dim ethoxybenzene in  a  F r ie d e l - C r a f t s  ty p e  r e a c t io n  u s in g  z in c  c h lo r id e

a s  th e  c a t a ly s t  (experim en t 3)* The r e a c t io n  te m p e ra tu re  (170-180°)'

was such a s  to  m a in ta in  a  s te a d y  e v o lu tio n  o f  hydrogen c h lo r id e .

S ince  s t e a m - d i s t i l l a t i o n  a f fo rd s  a  conv en ien t method o f  s e p a r a t in g  .
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1 ,2-d im ethoxybenzene, which i s  s te a m - v o la t i le ,  from  th e  p ro d u c t, an 

excess o f  dim ethoxybenzene was u se d . The p ro d u c t o f  t h i s  co n d en sa tio n  

r e a c t io n ,  3 ,3 ',4 ,4 * - te tra m e th o x y d ip h e n y l su lp h o n e , was d em eth y la ted  

w ith  ho ron  tr ih ro m id e  in  to lu e n e  to  g iv e  th e  te tra h y d ro x y  compound 

(experim en t 4A ). At each s te p  in  th e  p ro ced u re  ( l l l , 3 0 )  th e  in f r a r e d  

and n .m .r .  s p e c tr a  acco rded  w ith  th e  r e q u ir e d  s t r u c t u r e ,  and th e  

m e ltin g  p o in ts  were in  agreem ent w ith  l i t e r a t u r e  v a lu e s .

The second p ro ced u re  f o r  th e  p re p a ra t io n  o f  3 ,3 * ,4 ,4 * - t e t r a -  

hydroxyd ipheny l su lphone ( l l l , 3 l )  i s  s im i la r  to  t h a t  d e s c r ib e d  hy 

R. K erher and W. G e s tr ic h .^ ^  £ -B enzoqu inone, w hich was g e n e ra te d  

in  s i t u  hy o x id a tio n  o f  c a te c h o l w ith  p o ta ss iu m  f e r r ic y a n id e ,  was t r e a t e d  

w ith  sodium form aldehyde su lp h o x y la te  in  aqueous medium to  g iv e  th e  

p ro d u c t.  However, w hereas R. K erher and W. G e s tr ic h  o b ta in e d  th e

HO. K^Pe(CH)g

CH.COgHa

HOCHgSOgHa

HQ

SOHO
( C H jC O p

HCI, MeOH

’ AcO

Aco-<jQy-so,("""-3')
>1
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p ro d u c t from th e  r e a c t io n  m ix tu re  hy  co n tin u o u s e x t r a c t io n  w ith  e th e r ,  

i t  was found more con v en ien t to  e x t r a c t  th e  p ro d u c t w ith  h u tan o n e , in  

w hich i t  i s  v e ry  s o lu b le ,  th u s  making a  co n tin u o u s e x t r a c t io n  p ro ced u re  

u n n e c e ssa ry . D e sp ite  re p e a te d  r e c r y s t a l l i s a t i o n s  from w a te r , th e  

p ro d u c t rem ained  pa le-h row n  in  c o lo u r .  However th e  n a tu re  o f  th e  

ta n n in g  experim en ts  r e q u ir e s  a  c o lo u r le s s  p ro d u c t .  The u se  o f  c h a rc o a l 

was found to  r e s u l t  in  a  h ig h  lo s s  o f  m a te r ia l  w ith o u t any  s u b s t a n t i a l  

improvement in  th e  c o lo u r  o f  th e  compound. Chrom atography on s i l i c a  

g e l ,  e lu t in g  w ith  w a te r - s a tu r a te d  h u tan o n e , a ls o  f a i l e d  to  g iv e  a  w h ite  

p ro d u c t.  A cco rd in g ly  3 ,3 \ 4 , 4 * e tra h y d ro x y d ip h en y l su lphone was 

p u r i f i e d  v ia  th e  t e t r a a c e to x y  d e r iv a t iv e ,  g iv in g  th e  r e q u ir e d  c o lo u r le s s  

p ro d u c t (experim en t AB)•

2 ,2 * ,3 ,3 * ,4 ,^ '-H exahydroxydiphenyl su lphone was p re p a re d  in  a  

s im i la r  manner to  th e  p r e p a ra t io n  o f  3 ,3 * ,4 ,4 * - te tra h y d ro x y d ip h e n y l 

su lphone u s in g  th e  f i r s t  p ro ced u re  ( i l l ,  30 , = OMe, R^ = OH). Thus

1 .2 .3 -trim eth o x y h en zen e  was t r e a t e d  w ith  c h lo rs u lp h o n ic  a c id  to  y ie ld

2 .3 .4 - tr im e th o x y h e n z e n e su lp h o n y l c h lo r id e  (experim en t 5)» w hich was th e n  

condensed w ith  1 ,2 ,3 -trim eth o x y h en zen e  in  th e  p re se n c e  o f  z in c  c h lo r id e  to  

g iv e  2 ,2 ',3 ,3 * ,4 ,4 * -h e x a m e th o x y d ip h e n y l su lphone (experim en t 6 ) .

Subsequent d ém é th y la tio n  w ith  horon  tr ih ro m id e  gave th e  hexahydroxy 

compound (experim en t 7 )•

2 ,3 ,3 * ,4 ,4 % 5 * -H exahydroxydiphenyl su lphone was p re p a re d  v ia  th e  

hexam ethoxy compound, which was o b ta in e d  hy  condensing  3 , 4 , 5 - tr im e th o x y -  ' 

h en zenesu lphony l c h lo r id e  w ith  1 ,2 ,3 -trim eth o x y h en zen e  in  th e  p re se n c e  o f  

.zinc c h lo r id e .  The su lp h o n y l c h lo r id e  was p re p a re d  from 3 , 4 , 5 - t r i -  

m e th o x y an ilin e , w hich in  tu r n  was o b ta in e d  from 3 , 4 , 5 -tr im e th o x y h e n zo ic
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a c id .  G.K. Hughes ê t a l  showed th a t  th e  a n i l i n e  can he p re p a re d  

hy  t r e a t i n g  3 , ,  5 - t r  im ethoxyhenzoic a c id  w ith  c o n c e n tra te d  n i t r i c  a c id  

in  g l a c i a l  a c e t i c  a c id  to  g iv e  th e  d e c a rh o x y la te d  n i t r o  compound, 

which on subsequen t re d u c t io n  w ith  i ro n  powder and f e r ro u s  su lp h a te  

g iv e s  th e  a n i l i n e  ( i l l , 3 2 ) . However, R .C. Moreau e t a l .^ ^  have s t a t e d

COOH

MeO
o

HNO:
CH3COOH

OMe MeO

OMe

o
FeSO,
, Fe 

OMe MeO

OMe

O ( 1 1 1 , 32)

OMe

OMe

t h a t  t h i s  method o f  p r e p a ra t io n  o f  th e  a n i l i n e  g iv e s  o n ly  poor y ie ld s  

and th e  p ro d u c t i s  d i f f i c u l t  to  p u r i f y .  They recommended th a t  th e  

a n i l i n e  he p re p a re d  hy  a  Hofmann rearran g em en t r e a c t io n  on th e  

co rre sp o n d in g  henzam ide. 3 ,4 ,5 -Irim e th o x y h en zam id e  can he r e a d i ly  

p re p a re d  from  3 ,A ,5 -tr im e th o x y h e n z o ic  a c id  v ia  th e  benzoy l c h lo r id e  

( 1 1 1 , 33) .  T hionyl c h lo r id e  i s  a  v e ry  con v en ien t re a g e n t f o r  c o n v e r t in g

COOH COCI

o
PCI.

o

CONH,

NH.

M e O ^ \ x "  "OMe MeO" "OMe MeO" " Y "  "OMe

OMe OMe OMe

o

c a rh o x y lic  a c id s  to  th e  a c id  c h lo r id e s  s in c e  th e  b y -p ro d u c ts  a r e  gaseous 

However, d e s p i te  r e p e a te d  a t te m p ts ,  3 ,4 ,5 - tr im e th o x y h e n z o ic  a c id  d id  n o t 

r e a c t  w ith  th io n y l  c h lo r id e  (experim en t 8a) . T h e re fo re , phosphorus
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p e n ta c h lo r id e ,  which has heen  employed hy o th e r  w o rk e rs^ ^ ’ ^^ f o r  th is -  

c o n v e rs io n , was u sed  to  y ie ld  th e  a c id  c h lo r id e  (experim en t 8b) • The 

a d d i t io n  o f  c o n c e n tra te d  ammonia s o lu t io n  to  th e  henzoy l c h lo r id e  gave

3 ,4 ,5 -  trim ethoxyhenzam ide  (experim ent 9) •

Both sodium hypohrom ite^^ and sodinm h y p o c h lo r i te ^ ^ ’ have heen  

sho'wn to  perform  th e  Hofmann rea rran g em en t r e a c t io n  on th e  am ide to  

y ie ld  3 ,4 ,5 - t r im e th o x y a n i l in e  ( i l l , 34)»

CONH NH

NaOBr

MeO' OMe MeO' OMe
OMe OMe

8 a have r e p o r te d  t h a t  th e  u se  o f  th eHowever, A. G ritch lo w  e t  a l

hypohrom ite  does n o t g iv e  th e  d e s ir e d  compound, h u t y ie ld s  a  

h ro m in a ted  p ro d u c t.  S in ce  th e  p r e p a ra t io n  o f  th e  h y p o h a l i te s  in v o lv e  

th e  u se  o f  e lem en ta l h a lo g e n s , i t  i s  more conv en ien t to  u se  th e  

hypo h ro m ite . C onsequen tly , 3 ,4 ,5 -trim e th o x ÿ b e n zam id e  was t r e a t e d  w ith  

sodium hypohrom ite , and was found to  y i e ld  th e  d e s ir e d  a n i l i n e  as  th e  

p ro d u c t ( i l l , 34; experim ent 9) «

3, /1, 5 -T rim ethoxyhenzenesu lphonyl c h lo r id e  was p re p a re d  from  th e  

a n i l i n e  v ia  th e  diazonium  s a l t  in  a  s im i la r  manner to  t h a t  d e s c r ib e d  hy 

R.C. Moreau a t  The p ro ced u re  in v o lv e s  th e  tre a tm e n t o f  th e

diazonium  s a l t  w ith  su lp h u r  d io x id e  d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  

in  th e  p re se n c e  o f  cuprous c h lo r id e  in  a  Sandraeyer-type r e a c t io n  

( 1 1 1 , 3 5 ; experim ent IO ). C ondensation  o f th e  su lp h o n y l c h lo r id e  w ith

1 ,2 ,3 -trim eth o x y h en zen e  gave th e  hexam ethoxy compound (experim en t I I )
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MeO
O

HCI
NaNOî 

OMe MeO
o

SO,
CuCI 

OMe MeO

SOoCI

o (1 1 1 ,3 5 )

OMe

OMe

w hich was th e n  d em eth y la ted  w ith  ho ron  tr ih ro m id e  to  y ie ld  

2 ,3 ,3 ',4 ,^ * ,5 * -hexahydroxyd ipheny l su lphone (experim en t 1 2 ).

S ince  th e  A- and 6 -p o s i t io n s  o f  1 ,2 ,3 -trim eth o x y h en zen e  a re  th o s e  

a c t iv a t e d  tow ards e l e c t r o p h i l i c  s u b s t i t u t i o n ,  a  F r ie d e l - C r a f t s  r e a c t io n  

cannot he u sed  to  p la c e  a  s u b s t i tu e n t  a t  th e  5 - p o s i t io n .  T h ere fo re  

f o r  th e  s y n th e s is  o f  3 ,3 * ,4 ,4 * ,5 ,5 * -b e x a h y d ro x y d ip h e n y l su lphone , 

a l t e r n a t i v e  methods need  to  he em ployed. ITow s in c e  o_-henzoquinone 

r e a c t s  w ith  sodium form aldehyde s u lp h o x y la te  to  g iv e  th e  t e t r a 

hyd roxyd ipheny l s u l p h o n e , a n d  th e  r e a c t io n  betw een h e n z e n e su lp h in ic  

a c id  and 3-hydroxy-£ -henzoqu inone y ie ld  3 , 4 , 5 - tr ih y d ro x y d ip h e n y l 

su lphone^^ ( i l l ,  13) , i t  m ight he ex pec ted  th a t  3 -hydroxy-£-henzoquinone 

would r e a c t  w ith  sodium form aldehyde s u lp h o x y la te  to  g iv e  3 ,3 * ,4 ,4 ', 5 ,5 '"  

hexahydroxydiphenyl su lp h o n e . 3-H ydroxy-ci-henzoquinone was g e n e ra te d  

in  s i t u  hy  o x id a tio n  o f  p y r o g a l lo l .  However, in f r a r e d  in v e s t ig a t io n  

in d ic a te d  th a t  th e r e  was no su lphone produced on in t e r a c t io n  w ith  

sodium form aldehyde s u lp h o x y la te  (experim en t 13; IT I ,3 ^ ) .

OH
O HHQ

HQ

HO SO.

HO

HO
2 HOCH^SO^Na 

 — V —

(111,36)
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79S. B ast and K.K. A ndersen have shown th a t  a r y l  G rignard  re a g e n ts  

may he co n v erted  to  th e  co rresp o n d in g  sym m etrical d ia r y l  su lp h o x id es  hy 

r e a c t io n  w ith  N ,F ^ -th io n y ld iim id a z o le  ( i l l , 29)» This method may he 

employed in  th e  s y n th e t ic  ro u te  to  sym m etrical d ia r y l  su lphones hy 

o x id a tio n  o f  th e  su lp h o x id e . T h ere fo re  in  t h i s  c a se , 1- h a lo - 3 ,4 j 5 -  

trim ethoxyhenzene i s  r e q u ire d  f o r  th e  fo rm atio n  o f th e  G rignard  re a g e n t ; th e  

su b seq u en t r e a c t io n  to  g iv e  th e  su lp h o x id e , fo llo w ed  hy o x id a tio n  to  

th e  su lphone and d ém é th y la tio n  would y ie ld  th e  re q u ire d  p ro d u c t •

(1 1 1 , 37) .

MgX
N SO

Mg

OMe MeO' OMeMeO

OMeOMe

MeO

MeO SO

MeO

H ,02^2

CHXOOH

MeO

SO.MeO

MeO

BBr,

HQ

HO SO.

HO

( 1 1 1 , 37)

85

The s t a r t i n g  m a te r ia l  was 3 , 4 , 5 -trim e th o x y h e n zo ic  a c id ,  and 

th e r e f o r e  a  d é c a rb o x y la tio n  s te p  was r e o u ir e d .  P .O . Bandiya e t  a l . '  

have r e p o r te d  th a t  1-hromo r3 , 4 , 5 -trim ethoxyhenzene  can he p rep a red  from
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3, /!, ^ - tr im e th o z y h e n z o ic  a c id  hy th e  a c t io n  o f  hrom ine on th e  s i l v e r  

s a l t  o f  th e  a c id  ( i l l , 38)» This ty p e  o f  r e a c t io n  in  w hich a  c a rh o x y lic

COOAg

(2 )1  —   f O l  COg (1 1 1 ,3  9
MeO" \ ^ ^ O M e  M eO '^ ^ -y ^ O IV Ie

OMe OMe
a c id  s a l t  i s  d e c a rh o x y la te d  hy  h a lo g en  to  a  h a l id e  i s  known as  th e  

H unsd iecker r e a c t i o n . H o w e v e r ,  th e  m e ltin g  p o in t o f  th e  p ro d u c t 

p re p a re d  hy P .O . B andiya ( l1 2 ° )  i s  qu i be d i f f e r e n t  from o th e r  l i t e r a t u r e  

v a lu e s  o f  th e  hromo compound p re p a re d  hy o th e r  methods (7 8 .5  -  80°

78 ° • A ttem pted  p r e p a ra t io n  o f  1 -h rom o-3 ,4 ,5 -ti 'in ie thoxyhenzene

hy  th e  method employed hy  P.O . B andiya e^  d id  no t y ie ld  th e

d e s ir e d  p ro d u c t (experim ent I4 ) • This confirm s th e  f in d in g s  o f

890 . Hardy e t  a l .  who have re p o r te d  t h a t  3 ,4 ,5 - tr im e th o x y h e n z o ic  a c id  

does n o t y ie ld  th e  hromo compound under H unsd iecker c o n d i t io n s .

90S .T . C r i s to l  and W.C. F i r t h  have r e p o r te d  t h a t  f r e e  c a rh o x y lic  

a c id s  may he t r e a t e d  w ith  hrom ine in  th e  p re sen ce  o f  re d  m e rc u ric  ox ide  

to  y i e l d ' t h e  d e c a rh o x y la te d , hromo compound. This r e a c t io n  i s  c a r r i e d  

ou t in  r e f lu x in g  carhon  t e t r a c h l o r id e  ( i l l , 3 9 ) . J .A .  B avis ^  a l

CCI
2RC00H + HgO + 2Brg  2RBr + HgBr^ + Ĥ O + 200^ ( i l l ,  3 9)

found th a t  th e  C r i s t o l - P i r t h  r e a c t io n  g iv e s  g e n e ra l ly  b e t t e r  y ie ld s  o f  

th e  hromo compound when 1 ,1 ,2 ,2 - te t r a c h lo re th a n e  i s  u sed  as  th e  s o lv e n t 

in  p la c e  o f  carhon  t e t r a c h l o r i d e .  B enzoic a c id ,  f o r  in s ta n c e ,  g iv e s  

a  48^  y ie ld  o f  hromohenzene in  carhon  t e t r a c h l o r i d e ,  w hereas in
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1 ,1 ,2 ,2 - te t r a c h lo ro e th a n e  a  y ie ld  o f  83^ i s  o b ta in e d . T h e re fo re  th e  

im proved C r i s t o l - F i r t h  r e a c t io n  as  re p o r te d  hy J .A . D avis ^  was 

employed in  an  a tte m p t to  co n v ert 3 ,4 ,5 - ir rm e th o x ÿ b e n z o ic  a c id  to  

th e  hromo compound, h u t a g a in  th e  d e s i r e d  p ro d u c t was no t o b ta in e d  

(experim en t 15 A ). A H unsd iecker ty p e  r e a c t io n  u s in g  th e  m e rc u ric  

s a l t  o f  3 ,^ ,5 - ir im e th o x y h e n z o ic  a c id  in  1 , 1 ,2 , 2 - te t r a c h lo ro e th a n e  was 

a tte m p te d , h u t no 1 -h ro m o -3 ,4 ,5 -irim eth o x y h en zen e  was o b ta in e d  

(experim en t 15 B ).

The p r e p a ra t io n  o f  1 -h ro m o -3 ,4 ,5 -irim e th o x y h en zen e  from  th e  a n i l i n e
87

v ia  th e  diazonium  s a l t  has heen  re p o r te d  u s in g  a  Sandmeyer r e a c t io n .  

T his m ethod, which in v o lv e s  t r e a t i n g  th e  d iazonium  s a l t  w ith  hydrohrom ic 

a c id  in  th e  p re se n c e  o f  cuprous hrom ide was s u c c e s s f u l ly  employed to  

o b ta in  th e  r e q u ir e d  hromo compound ( i l l , 4 0 ; experim ent 1 6 ) .

NK

CuBr
HBr 

OMe MeO'MeO’ OMe

OMe OMe OMe

( I I I ,  40

I t  was en v isag ed  th a t  th e  nex t s te p  would he th e  fo rm a tio n  o f  th e  

G rig n ard  r e a g e n t,  w ith  subsequen t fo rm a tio n  o f  th e  s u lp h u r-b r id g e d  

d ia r y l  compound hy  r e a c t io n  w ith  H ,H '- th io n y ld iim id a z o le  to  g iv e  th e  

su lp h o x id e  ( i l l , 3 7 ) . However, d e s p i te  re p e a te d  a t te m p ts ,  1-hrom o-

3 ,4 ,5 - ir im e th o x y h e n z e n e  d id  no t r e a c t  w ith  magnesium in  d ie th y l  e th e r  

(experim en t 17A). ' H. Hormant^^ has shown t h a t  te tr a h y d ro fu ra n  i s  a
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p a r t i c u l a r l y  u s e fu l  s o lv e n t f o r  th e  p r e p a ra t io n  o f  G rignard  r e a g e n ts ,

• in  t h a t  many o rg a n ic  ha lo g en  compounds which do n o t e a s i l y  r e a c t  w ith  

magnésium i f  a t  a l l ,  r e a d i ly  do so in  te t r a h y d r o f u r a n .  T h e re fo re  th e  

p r e p a ra t io n  o f  3 ,4 ,5 -irim eihoxypheny lm agne8 ium  hrom ide was a tte m p te d  in  

te t r a h y d ro fu ra n ,  h u t a g a in  no r e a c t io n  o ccu rred  (experim en t 17B).

O rgan ic io d id e s  a re  more r e a c t iv e  tow ards magnesium th a n

b rom ides, w hich a re  th em se lv es  more r e a c t iv e  th a n  th e  c o rre sp o n d in g  

93c h lo r id e s .  The io d id e s  a re  no t u s u a l ly  used  to  form G rignard

re a g e n ts ,  s in c e  t h e i r  r e l a t i v e  h ig h e r  r e a c t i v i t y  i s  u s u a l ly  accom panied

93h y  r e l a t i v e l y  h ig h e r  r e a c t i v i t y  in  s id e - r e a c t io n s . N e v e rth e le ss  . 

a t te m p ts  were made to  form  th e  G rignard  re a g e n t from 1 - io d o -3 ,4 ,5 -  

trim eth o x y h en zen e , p re p a re d  from 3 ,4 ,5 - tr im e th o x y a n il in e  hy  fo rm ing  th e  

d iazonium  s a l t  and subsequen t d ecom position  w ith  po tass iu m  io d id e  

(experim en t 1 8 ) . However, d e s p i te  re p e a te d  a tte m p ts  in  b o th  d ie th y l  

e th e r  and in  te t r a h y d ro fu ra n  as  s o lv e n ts ,  th e  iodo  compound cou ld  n o t 

he induced  to  y ie ld  th e  G rignard  re a g e n t (experim ent 19)•

Benzenediazonium  su lp h a te  has heen  shown to  r e a c t  w ith  ammonium
/ O '

s u lp h id e  to  y ie ld  d ip h en y l s u lp h id e . This su g g e s te d  th e  p o s s i b i l i t y  

o f  u s in g  a  diazonium  s a l t  in  a  s im i la r  manner to  g e n e ra te  3 , 3 ', 4 ,4 ' , 5 ,5 * -  

hexam ethoxydiphenyl s u lp h id e .  Subsequent o x id a tio n  to  th e  su lp h o n e , 

fo llo w ed  hy d e m e th j^ tio n  would y ie ld  th e  r e q u ir e d  hexahydroxy compound. 

£ -A n is id in e  was f i r s t  employed in  a  t r i a l  experim en t, th e  d e s i r e d  

compound in  t h i s  case  h e in g  4 ,4 * -d im ethoxyd ipheny l s u lp h id e .  However, 

no c r y s t a l l i n e  m a te r ia l  was o b ta in e d  (experim en t 2 0 ) , and th e r e f o r e  t h i s  

p ro ced u re  was no t in v e s t ig a te d  f u r t h e r .
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O rgano lith ium  compounds e x h ib i t  many o f  th e  r e a c t io n s  o f  G rignard

9Ar e a g e n t ,  b u t a re  g e n e ra l ly  more r e a c t iv e ,  ' S in ce  1-brom o- and 

1 - io d o -3 ,/ ,5 - ir im e th o x y b e n z e n e  f a i l e d  to  form th e  G rignard  r e a g e n ts ,  i t  

was p roposed  to  u se  th e  co rre sp o n d in g  o rg a n o lith iu m  compound in s te a d  to  

g iv e  th e  re q u ire d  p ro d u c t.  Indeed  th e  u se  o f  1- l i t h iu m - 3 ,4 ,5 “  

trim eth o x y h en zen e  has heen  r e c o r d e d , i n  t h i s  case  in  th e  s y n th e s is  

o f  3 , / ,5 - i r im e th o x y h e n z o ic  a c id  hy  t r e a t i n g  w ith  s o l id  carhon

d io x id e , a  r e a c t io n  th a t  i s  s im i la r  to  t h a t  perform ed  hy  G rignard  

r e a g e n ts .

1-B rom o-3,4 ,5 —trim ethoxyhenzene  was co n v e rted  to  th e  organo

l i th iu m  compound hy  a  h a lo g en -m eta l in te r c o n v e r s io n  r e a c t io n ,  in  a 

s im i la r  manner to  th a t  d e sc r ib e d  hy G. Hardy ej^ in  w hich th e

hromo compound i s  t r e a t e d  w ith  n - h u ty l1i th iu m . The o rg a n o lith iu m

compound was th e n  u sed  in  p la c e  o f  th e  G rignard  re a g n e t in  eq . 111,36 

(experim en t 21A). However th e  i n t e r a c t io n  o f  1 - l i th iu m ~ 3 ,4 ,5 “  

trim eth o x y h en zen e  w ith  H ,N * -th io n y ld iim id a z o le  d id  no t y ie ld  th e  d e s ir e d  

su lp h u r  compound, and o n ly  3 ,3 ', 4 ,4 * ,5 ,5 * “hexam ethoxyhiphenyl was 

i d e n t i f i e d  in  th e  r e a c t io n  m ix tu re .

Both G rignard  re a g e n ts  and o rg a n o lith iu m  compounds have heen 

r e p o r te d  to  c le a v e  S-Cl bonds y ie ld in g  s u lp h u r -c o n ta in in g  compounds.

In p a r t i c u l a r  G rignards re a g e n ts  r e a c t  w ith  su lp h en y l c h lo r id e s ,  

th io n y l  ch lo rid e ^ ^ * ^ ^  and su lp h o n y l c h lo r id e s ^ ^  to  g iv e  th e  co rre sp o n d in g  

su lp h id e s , su lphox ides  and s u lp h o n æ r e s p e c t iv e ly .  P h e n y llith iu m  r e a c t s  

w ith  b en zy lsu lp h o n y l c h lo r id e  to  y ie ld  a  v a r i e ty  o f  su lp h o n es .

T h e re fo re  th e  p o s s i b i l i t y  o f  p re p a r in g  d ia r y l  su lp h u r-b r id g e d  compounds
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"by th e  a c t io n  o f  a r y l l i th iu m s  on su lp h u r  h a l id e  compounds was 

in v e s t ig a te d .  p_ -T o ly llith iu m  was u sed  in  th e s e  t r i a l  ex p erim en ts , 

p re p a re d  hy  r e a c t in g  2 ,-hrom otoluene w ith  e lem en ta l l i th iu m . This 

o rg a n o lith iu m  compound was t r e a t e d  w ith  th io n y l  c h lo r id e  (experim en t 21B), 

su lp h u ry l c h lo r id e  (experim en t 21C), and w ith  3 ,4 -d im ethoxyhenzene- 

su lp h o n y l c h lo r id e  (experim en t 21D).

In  each case  th e  d e s ir e d  compound was no t o b ta in e d , and th e r e f o r e  

t h i s  approach  o f  r e a c t in g  o rg a n o m e ta llic  compounds w ith  e l e c t r o p h i le s  

was n o t in v e s t ig a te d  f u r t h e r .

Hence i t  was d ec id ed  to  re-ex am in e  th e  p o s s i b i l i t y  o f  s y n th e s iz in g  

th e  hexahydroxy compound u s in g  3-Bydroxy-o_-henzoquinone, w hich has 

a l r e a d y  heen  shown to  r e a c t  w ith  h e n z e n e su lp h in ic  a c id  to  g iv e  

3 , 4 , 5“ir ih y d ro x y d ip h e n y l su lp h o n e , a lth o u g h  in  low y i e l d . T h e  

_o-henzoquinone compound in  th a t  case  was o b ta in e d  hy th e  o x id a tio n  o f  

p y ro g a l lo l  w ith  aqueous p o ta ss iu m  d i chrom âte s o lu t io n .  The p o s s ib le  

e x te n s io n  o f  t h i s  r e a c t io n  u s in g  s u b s t i tu t e d  a r y ls u lp h in ic  a c id s  i s  

f u r th e r  l im i te d  hy  th e  g e n e ra l ly  low s o l u b i l i t y  o f  s u lp h in ic  a c id s  in  

aqueous m ed ia . T h e re fo re , in  o rd e r  t h a t  t h i s  r e a c t io n  may he o f  more 

g e n e ra l a p p l i c a b i l i t y ,  th e  r e a c t io n  c o n d itio n s  w ere a l t e r e d  hy  u s in g  

p o ta ss iu m  f e r r ic y a n id e  a s  th e  o x id is in g  ag en t in  a  m ild ly  a lk a l in e  

s o lu t io n .  The b a s ic  c o n d itio n s  p e rm it th e  u se  o f  th e  more s o lu b le  

sodium s a l t  o f  th e  s u lp h in ic  a c id .  The r e a c t io n  betw een p y ro g a l lo l  

and sodium h e n z e n e su lp h in a te  under th e s e  c o n d itio n s  gave 3 , 4 , 5 - ir ih y d ro x y -  

d ip h en y l su lphone in  good y ie ld  (c a .  61^) . However, th e  p ro d u c t was 

p a le -h ro w n  d e s p i te  re p e a te d  r e c r y s t a l l i s a t i o n  from  e th a n o l-w a te r .

As in  a  p re v io u s  case  th e  u se  o f  c h a rc o a l r e s u l t e d  in  a  s u b s t a n t i a l  lo s s  

o f  m a te r ia l .  T h e re fo re , th e  p ro d u c t was p u r i f i e d  v ia  th e  t r i a c e to x y
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d e r iv a t iv e ,  which y ie ld e d  th e  tr ih y d ro x y  compound a s  c o lo u r le s s  

c r y s ta l s  (experim ent 2 2 ) . Under s im i la r  c o n d i t io n s ,  c a te c h o l and 

sodium h e n z e n e su lp h in a te  r e a c te d  to  g iv e  3 , 4 -d .ihydroxydiphenyl 

su lp h o n e . A f te r  s e v e ra l  r e c r y s t a l l i s a t i o n s ,  a  c o lo u r le s s  compound 

was o b ta in e d  from th e  i n i t i a l l y  p a le -y e llo w  p ro d u c t in  89^  y ie ld  

(experim ent 23) •

The p ro ced u re  used  in  th e  p re p a ra t io n  o f  th e  d i -  and t r ih y d ro x y -  

d ip h en y l su lphones i s  p a r t i c u l a r l y  conven ien t s in c e  th e  s t a r t i n g  

m a te r ia ls  a re  r e a d i ly  s o lu b le  w hereas th e  p ro d u c t in  each case  i s  on ly  

s l i g h t l y  s o lu b le  in  w a te r , th u s  f a c i l i t a t i n g  th e  s e p a ra t io n  o f  th e  

crude p ro d u c t from th e  r e a c t io n  m ix tu re .

I t  seemed l i k e l y  t h a t  th e  u se  o f  s u b s t i tu t e d  sodium a ry ls u lp h in a te  

in  th e s e  ty p e s  o f  r e a c t io n s  might y ie ld  th e  co rresp o n d in g  d i -  and 

t r ih y d ro x y d ia ry l  su lp h o n es . Hence th e  r e a c t io n  betw een sodium

3 . 4 . 5 - ir im e th o x y h e n z e n e su lp h in a te  and 3-hydroxy-o_-henzoquinone, 

g e n e ra te d  m  s i t u  hy th e  o x id a tio n  o f p y ro g a l lo l ,  m ight y ie ld

3 .4 .5 - tr ih y d ro x y -3 * ,4 ’ ,5 ’ “irim e th o x y d ip h en y l su lp h o n e . Subsequent 

d ém é th y la tio n  would g iv e  th e  d e s ir e d  hexahydroxy compound. However, 

s in c e  sodium 3 , J , 5 -i^ in ie th c x y b e n z e n e su lp h in a te  i s  no t r e a d i ly  

a c c e s s ib le ,  th e  method was f i r s t  t e s t e d .u s in g  sodium 3 , 4-d im ethoxy - 

h e n z e n e su lp h in a te . This sodium s u lp h in a te  was p re p a re d  from

3 , 4 -d im ethoxÿbenzenesulphonyl c h lo r id e  hy re d u c t io n  w ith  sodium s u lp h i te  

under m ild ly  b a s ic  c o n d i t io n s .  At th e  end o f  th e  re d u c t io n , th e  

s o lu t io n  was a c i d i f i e d ,  p r e c i p i t a t i n g  th e  s p a r in g ly  s o lu b le  s u lp h in ic  a c id ,  

w hich was c o l le c te d  and th e n  re c o n v e rte d  to  th e  sodium s a l t  (experim ent 24) .
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The r e a c t io n  "between sodiiini 3 )4“d im eth o x y b en zen esu lp h in a te  and 

B -hydroxy-o-henzoquinone was c a r r i e d  ou t in  th e  u su a l m anner, to  g iv e  '

3 ,4 -^ im e th o x y -3 ’ ,4 ^ 5 ^ -'fc i'ih y d ro x y d ip h en y l su lphone in  a p p ro x im a te ly  

56^  y i e ld .  The p ro d u c t was p u r i f i e d  v ia  th e  t r i a c e to x y  d e r iv a t iv e  

(experim en t 25) ,  and subsequen t d é m é th y la tio n  w ith  bo ron  tr ib ro m id e  

gave 3 ,3 ’ ,4 j4 * » 5 -p en tah y d ro x y d ip h en y l su lphone (experim en t 2 6 ) .

S im i la r ly  sodium 3 , 4 , 5 - tr im e th o x y b e n z e n e su lp h in a te  was p re p a re d  

by  th e  r e d u c t io n  o f  th e  su lp h o n y l c h lo r id e  u s in g  sodium s u lp h i t e  

(e x p e r i ’̂ ent 2 ? ) .  The r e a c t io n  betw een sodium 3 , 4 , 5 -trim eth o x y b en zen e

s u lp h in a t  e and 3 -hydroxy-o -benzoqu inone gave 3 , 4 , 5 - tr ih y d ro x y -  

3 \ / I  ' ,  5 '- tr im e th o x y d ip h e n y l su lphone in  ap p ro x im a te ly  55^ y i e ld .

The t r ih y d ro x y  compound was p u r i f i e d  v ia  th e  t r i a c e to x y  d e r iv a t iv e  

(experim en t 2 8 ), and subsequen t d ém é th y la tio n  y ie ld e d  3 ,3 ’ , 4 ,4 ’ ,5 ,5 * -  

h exahydroxydi ph eny l su lphone (experim en t 29) •

P y ro g a llo l  i s  r e a d i ly  co n v erted  in to  p u rp u ro g a l l in  (P ig . I l l - 2 ,l )

by a  v a r i e ty  o f  o x id is in g  a g e n ts  in  n e u t r a l  and w eakly a c id ic  s o lu t io n s .

I t  has been  su g g es ted  t h a t  in  t h i s  r e a c t io n  p y ro g a l lo l  i s  o x id ise d  to

3 -h y d ro x y -1 , 2-benzoquinone w hich may r e a c t  in  i t s  ta u to m e ric  t r i k e t o -  
87

form  (P ig . I l l - 2 , I I ) .  The r e a c t io n  o f  th e  sodium b e n z e n e su lp h in a te s

OH o

I I

P ig .  I l l - 2
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w ith  3 -h y d ro x y -1 , 2-henzoquinone to  g iv e  th e  ^ - s u b s t i tu t e d  su lp h o n y l 

d e r iv a t iv e  o f p y ro g a l lo l  may 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  

r e a c t io n  to  p ro ceed  th ro u g h  th e  t r i k e to n e .  When n u c le o p h i l ic  a t t a c k  

o ccu rs  a t  th e  5 - p o s i t io n  th e  a n io n ic  in te rm e d ia te  can be s t a b i l i z e d  by 

d e l o c a l i s a t io n  o f  th e  n e g a tiv e  ch arg e  to  th e  1—k e to  oxygen in  a  M ichael 

a d d i t io n  ty p e  r e a c t io n  ( i l l , 4"') • T his r e a c t io n  was f u r th e r  in v e s t ig a te d

0   0

o-

Ot ArS

OH

+H
ArS OHA

OH

( I I I , 41)

by em ploying n u c le o p h ile s  o th e r  th a n  s u lp h in a te .  S im ila r  c o n d itio n s  

w ere u sed , 3-h y d ro x y -1 ,2-benzoquinone a g a in  b e in g  g e n e ra te d  i^i s i t u  by 

f e r r ic y a n id e  o x id a tio n  o f  p y r o g a l lo l .  However, th e  u se  o f  po tass iu m  

io d id e  (experim en t 30A) and o f  p o ta ss iu m  th io c y a n a te  (experim en t 30B) 

d id  n o t y ie ld  th e  ex p ec ted  M ichael a d d i t io n  p ro d u c ts .  S im i la r ly  th e  u se  

o f  £ -benzoqu inone w ith  p o ta ss iu m  io d id e  and w ith  po tass iu m  th io c y a n a te  

d id  n o t r e s u l t  in  th e  ex pec ted  p ro d u c ts  (experim en t 30C ). There i s  a s
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y e t no r a t i o n a l i s a t i o n  f o r  th e  d i f f e r e n t  b eh av io u rs  o f  io d id e  and 

th io c y a n a te  to  t h a t  o f  th e  s u lp h in a te  a n io n  in  th e s e  r e a c t io n s ,

L , H orner and S. Go we eke have re p o r te d ^ ^  th a t  3-m ethoxy, 1, 2-henzoquinone 

r e a c t s  w ith  h e n z e n e su lp h in ic  a c id  and w ith  th io p h e n o l to  g iv e  th e  

6 -su lp h o n y l and th e  6 - th io  d e r iv a t iv e  r e s p e c t iv e ly  ( i l l , 42) .  However,

N

0
^  | _ j +

+
- " 6 :

( 1 1 1 , 42)

H = PhSO,

o r  H = PhS

when c o n c e n tra te d  h y d ro c h lo r ic  a c id  i s  u sed , s u b s t i t u t i o n  occu rs  in  

th e  5- p o s i t i o n ,  g iv in g  1 -ch lo ro -3 ,4 -d ih y d ro x y -5 -n ie th o x y b en zen e ,

The d i f f e r e n c e  in  b eh av io u rs  o f  3 -h y d ro x y -1 ,2-benzoquinone and i t s  

m ethyl e th e r  may be due to  th e  i n a b i l i t y  o f  3 -m ethoxy-1 , 2-benzoquinone 

to  form th e  t r i k e t o n e .  The anomolous b eh av io u r o f 3-m ethoxy-1 ,2 -  

benzoquinone tow ards hydrogen c h lo r id e  may be a  r e s u l t  o f  th e  p a r t i c u l a r l y  

a c id ic  c o n d itio n s  used  in  t h i s  r e a c t io n .  P ro to n a t io n  o f  th e  k e to -o x y g en  

on th e  1 -p o s i t io n ,  w hich co u ld  be reso n an ce  s t a b i l i z e d ,  may be re s p o n s ib le  

f o r  a c t i v a t in g  th e  5 -p o s i t io n  tow ards n u c le o p h il ic  a t t a c k  by th e  c h lo r id e  

a n io n  ( i l l , 43) • The use  o f  h e n z e n e su lp h in ic  a c id  and o f  th io p h e n o l 

however r e s u l t  in  media t h a t  a r e  c o n s id e ra b ly  l e s s  a c i d ic ,  and th e r e f o r e  

th e  c o n d itio n s  a re  l e s s  conducive to  th e  p ro to n a t io n  o f  th e  k e to -o x y g e n .



70

0
MeQ 0  MeO.

+
OH

0

- X j

OH

OHMeO.MeO. OH
c r ( I I I . 43)



71

IV THE STUDY OF ALUMINIUM CHELATES OF o-DIHYDROXYBENZENES 

A In tro d u c t io n

The h e x a m in e c d b a l t( l l l )  io n , shown in  F ig ,  IV -1 , i s  a  ty p i c a l  

example o f a  m e ta l com plex. The c e n t r a l  m e ta l atom, in  t h i s  ca se  

c o h a l t ,  i s  th e  a c c e p to r  atom , th e  s ix  ammonias a c t  a s  th e  d o n a tin g

H^N

NH.

Co

m .

m .

m .

3+

F ig , IV-1

g ro u p s . S im i la r ly ,  c h lo r id e  io n s  may complex w ith  c o h a l t ,  as  i s  

e x e m p lif ie d  hy th e  h e x a c h lo ro c o h a l ta te  io n  shown in  F ig , TV-2,1 .

The d o n a tin g  groups may he a  m ix tu re  o f h o th  n e u t r a l  and ch arg ed  s p e c ie s ,

01

01

01

Oo'

01

01

01

3 -

H^N

01

NH-

Oo

01

11

NH.

01

F ig , IV-2

a s  in  th e  ca se  o f tr ic h lo ro tr ia m m in o  c o h a l t  shown in  F ig , IV -2 ,11, 

Thus, c l e a r l y  complex fo rm a tio n  can  g e n e ra te  c a t io n ic ,  a n io n ic  o r 

n e u t r a l  s p e c ie s  o f g r e a t ly  d i f f e r in g  c h a r a c te r .  The n e g a tiv e  io n  or 

p o la r  m o lecu le  a t ta c h e d  to  th e  m e ta l atom ( m) i s  g e n e ra l ly  c a l l e d  th e  

l ig a n d  ( l ) , and  th e  hond betw een them th e  m e ta l- l ig a n d  (M-L) hond.
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Some lig a n d s  a t t a c h  th em selves to  th e  m e ta l hy two or more donor 

g ro u p s, th e re b y  form ing c y c l ic  com plexes. The term s u n id e n ta te ,  

h id e n ta te ,  t r i d e n t a t e  e t c ,  a re  u sed  to  d e sc r ib e  a  l ig a n d  ac c o rd in g  

to  th e  number of donor g roups i t  p o s s e s s e s . The g ly c in a te  io n  i s  a 

ty p i c a l  h id e n ta te  com plexing a g e n t, and i t s  b eh av io u r i s  e x e m p lif ie d  

in  copper g ly c in a te  shown in  F ig , lV -3 . The p resen ce  o f  th e  h id e n ta te  l ig a n d s

CO -  0

CHg-NHg

Cu

.NHn -  CH,

0  CO

F ig , lV-3

has r e s u l t e d  in  th e  fo rm a tio n  o f two five-m em hered r in g s .  T h is type

o f r in g  i s  known as  a  c h e la te  r i n g ,  and a  m e ta l complex in  which a

c h e la te  r in g  i s  p re s e n t  i s  known as  a  m e ta l c h e la te .  The c h e m is try  o f

m e ta l c h e la te  compounds has been  com prehensively  rev iew ed , and th e re fo re

fo r  a  more d e t a i l e d  accoun t o f t h i s  s u b je c t  th e  re a d e r  i s  r e f e r r e d  to

a v a i la b le  p u b lish e d  m a te r ia l ,

C h e la te s  a re  n o te d  f o r  t h e i r  enhanced s t a b i l i t y  a s  compared to

th e  s t a b i l i t y  o f analogous system s in v o lv in g  s im i la r  b u t m onodentate

l ig a n d s ,  and t h i s  enhanced s t a b i l i t y ,  w hich i s  on ly  s ig n i f i c a n t  in  th e

case  o f  f iv e — and six-m em bered r in g s ,  i s  known as  th e  c h e la te  e f f e c t .

The e q u ilib r iu m  betw een a  m e ta l and a  b id e n ta te  l ig a n d  i s  g iven  by e q ,IV ,1,

Tf o r  w hich th e  therm odynamic e q u ilib r iu m  c o n s ta n t ,  i s  d e f in e d  by

eq , IV ,2 , The s to ic h io m e tr ic  c o n s ta n t ,  K^, i s  ex p re sse d  in  te rm s o f a  

c o n c e n tra t io n  q u o t i e n t .  S t r i c t  i n t e r p r e ta t io n s  sh o u ld  on ly  be made

u s in g  K^, which i s  r e l a t e d  to  in  te rm s o f a  q u o tie n t  o f a c t i v i t y
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c o e f f i c i e n t s .  y  i s  u sed  to  denote th e  a c t i v i t y  c o e f f i c i e n t  o f each sp e c ie s ,

M + L r  ML ( IV ,1 )

= [m l] Y]vg/[M] [ l]Yl = S  y m i/y^Y l ( iv ,2 )

For th e  analogous m onodentate system  (lV ,3 ) th e  e q u ilib r iu m  c o n s ta n t 

i s  g iv en  in  eq , IV ,4# The in c re a s e d  s t a b i l i t y  o f th e  m e ta l c h e la te  

m a n ife s ts  i t s e l f  in  a h ig h e r  e q u ilib r iu m  c o n s ta n t as compared

M + 2L -  ML̂  (1V ,3)

= [ ml] Y]yn/[^] Y ^ [ l] Y l " \Y ]v n /Y ]y [Y L  ( lV ,4 )

w ith  t h a t  f o r  th e  m onodentate system  These e q u ilib r iu m  c o n s ta n ts

may be c o n s id e re d  in  te rm s o f th e  u s u a l thermodynamic c r i t e r i a  ( lV ,5 ) .

-RT InK = AG = AH -  TAS ( lV ,5 )

S ince R i s  a  c o n s ta n t ,  and a s  com parisons a re  made a t  th e  same 

te m p e ra tu re , T, th e  c h e la te  e f f e c t  may o r ig in a te  in  th e  e n th a lp y  te rm ,

Ah, o r th e  e n tro p y  te rm , As, or b o th , .

When two m onodentate a n io n ic  l ig a n d s  a re  b rou g h t to g e th e r  to  occupy 

a d ja c e n t s i t e s  on a  m e ta l, th e  e l e c t r o s t a t i c  r e p u ls io n  t h a t  needs to  be 

overcome r e f l e c t s  i t s e l f  i n  th e  AH te rm . In  th e  case  o f a  b id e n ta te  

l ig a n d ,  th e  v e ry  n a tu re  o f th e  l ig a n d  in h e re n t ly  r e s t r i c t s  th e  e f f e c t  of 

r e p u ls io n ,  and t h i s  r e s u l t s  in  a  c o m p ara tiv e ly -lo w er AH te rm . T h ere fo re  

in  te rm s o f e n th a lp y  th e se  c o n s id e ra t io n s  a re  e x p ec ted  to  fav o u r th e  

s t a b i l i t y  o f  th e  c h e la te d  s p e c ie s .  S im ila r  argum ents can  be a p p lie d  to  

uncharged  l ig a n d s ,  s in c e  th e se  a re  alw ays d ip o la r .

An in c re a s e  in  random ness i s  a s s o c ia te d  w ith  a  c o rre sp o n d in g  

in c re a s e  in  e n tro p y , and th e re fo r e  th e  e f f e c t  on th e  AS v a lu e  can  be 

r e a d i ly  u n d e rs to o d , A complex s p e c ie s  h as  a  low er en tro p y  th a n  th a t  of 

i t s  s e p a ra te d  com ponents. T h ere fo re  th e  As te rm  f o r  th e  fo rm a tio n  o f
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b id e n ta te  complex (TV ,1) would be ex p ec ted  to  be h ig h e r  ( l e s s  n e g a t iv e )  

th a n  th a t  f o r  th e  analogous m onodentate system  ( IV ,3)*  C onseq u en tly ,

i n  te rm s o f  en tro p y  th e  c h e la te  i s  ex p ec ted  to  be more s t a b l e .  In  

g e n e ra l  th e  c h e la te  e f f e c t  i s  c o n s id e re d  to  be more a  consequence o f 

change in  e n tro p y , w ith  e n th a lp y  e f f e c t s  p la y in g  a  l e s s  s ig n i f i c a n t  r o l e .

S ince s to ic h io m e tr ic  c o n s ta n ts  a re  more commonly u se d , th e  

fo llo w in g  d is c u s s io n  i s  e x p re s se d  in  term s o f c o n c e n tr a t io n s .  The 

e q u il ib r iu m  c o n s ta n t  f o r  th e  fo rm a tio n  o f  a  m e ta l- l ig a n d  com plex i s  

g iv e n  in  eq . I V , 2 , w hich i s  v a l id  w hether th e  l ig a n d  i s  mono- o r 

m u l t id e n ta te .  T h is  c o n s ta n t  i s  r e f e r r e d  to  as e i t h e r  a  fo rm a tio n  

c o n s ta n t  o r a  s t a b i l i t y  c o n s ta n t ,  Ho^"ever, more th a n  one lig a n d  may 

be com plexed on to  a  m e ta l,  a s  in  th e  case  o f copper g ly c in a te  (F ig ,  TV -3 )  

and th e  h e x a c h lo ro c o h a l ta te  io n  (F ig , lV - 2 , l ) ,  Hence th e  e q u ilib r iu m  ' 

c o n s ta n t  f o r  th e  fo rm a tio n  o f th e  complex ML i s  known as  th e  f i r s t

s t a b i l i t y  c o n s ta n t ,  K.j, The second s t a b i l i t y  c o n s ta n t ,  K^, f o r  th e

fo rm a tio n  o f  th e  ML  ̂ complex (T V ,6) i s  g iv e n  in  eq , I V , 7* C le a r ly  a  

ML + L r  MLg ( I V , 6)

Eg = [ = '2 ] / [ m '] [ L ]  ( I T ,7)

s t a b i l i t y  c o n s ta n t ,  i s  d e f in e d  by •

( IV ,8)

The c o n s ta n ts  known as s tep w ise  s t a b i l i t y  c o n s ta n ts .

The o v e r a l l  fo rm a tio n  o f  a  com plex, ML  ̂ (TV,9) i s  d e s c r ib e d  by th e  

c o n s ta n t  (3  ̂ ( lV ,1 0 ) ,  known a s  th e  n^^ o v e r a l l  s t a b i l i t y  c o n s ta n t .

M + nL -  ML  ̂ ( IV ,9)

There a re  th e  same number o f s tep w ise  s t a b i l i t y  c o n s ta n ts  as  th e re  a re  

o v e r a l l  s t a b i l i t y  c o n s ta n ts ,  and th e y  a re  r e l a t e d  to  each  o th e r  by th e  

r e l a t i o n s h ip  g iv e n  in  eq , IV ,11.
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n

— K.J « K ^ *  • • • • •  — TT ( X V , 1 1  )

i=1

As i s  shown by eq . IV ,8 , th e  e v a lu a t io n  o f a  s t a b i l i t y  c o n s ta n t ,

r e q u i r e s  th e  e s t im a t io n  o f  th e  c o n c e n tra t io n s  o f .a n d  L. However, .•II' n-1 ^

i t  i s  n o t u s u a l ly  p o s s ib le  to  o b ta in  d i r e c t l y  th e  v a lu e s  o f  th e se  

c o n c e n tr a t io n s ,  b u t i t  i s  g e n e ra l ly  more p r a c t ic a b le  to  o b ta in  a  v a lu e  

fo r  th e  average  number o f  l ig a n d s  bound to  each m e ta l atom . T h is v a lu e ,  

(n ) i s  d e f in e d  by eq . IV ,12.
N

ti=[ML^] + 2[M LJ ^ 2  n [M LJ (W ,1 2 )

[ m] + [ML^]•^[MLg]•^....[ML^] n=1
N
Z [M L j

n=0

w here N i s  th e  maximum number o f l ig a n d s ,  L ,a t ta c h e d  to  M,

However, i f  eq . IV ,13 (d e r iv e d  from eq . IV ,10) and eq . IV ,14 a re  ta k e n

[ mlJ  = Pn[M ][L]" ( IV ,13)

N N
I  [M LJ = [M] + Z [M LJ (IV , 14)

n=0 n=1

in to  c o n s id e r a t io n ,  th e  e x p re s s io n  f o r  n  g iv e n  above in  eq . IV ,12 now becomes 
N H

n = I  np [ m] [ l] "  '  Z np [L ]'".
n=1 n=1

N ”  N , ( IV ,15)
[M] + Z p [ m] [ l] “  1 + I  P [L ]“

n=1

The s tep w ise  s t a b i l i t y  c o n s ta n t (K^) can  be d e r iv e d  from eq . IV ,15, to  g iv e  

an e x p re s s io n  ( lV ,l6 )  which can  be u sed  as  an ap p ro x im atio n  fo rm u la .
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t= n-1  -  .j  n  — n + l + t

V 2 — ^ n - t  ( IV ,16)

t=N-n _
I (n-H+t)[L]  ̂ 1^n+2-Vt

t= 0

T h e re fo re  f o r  v a r io u s  co rre sp o n d in g  n and [ l] v a lu e s ,  . . .

must he chosen  so t h a t  th e  e q u a l i ty  in  eq . IV ,16 h o ld s .  I n d iv id u a l  

log^^K^ v a lu e s  may he de te rm in ed  from p lo t s  o f n a g a in s t  pL (-lo g ^ Q [L ])

98 —hy v a r io u s  n u m erica l and g r a p h ic a l  m ethods. A p lo t  o f n a g a in s t  pL 

i s  known a s  a  fo rm a tio n  c u rv e .

In  th e  ca se  o f  an uncharged  l ig a n d  in  which a l l  th e  l ig a n d  p re s e n t  i s  

e i t h e r  uncom pleted  in  th e  form L, o r i s  bound to  th e  m e ta l a s  ML^, [ l] 

can  be r e a d i ly  e v a lu a te d  from  th e  e x p re s s io n  '

[ l ]  = -  HTjj ( i v , 17)

in  w hich T^ i s  th e  t o t a l  c o n c e n tr a t io n  o f  th e  l ig a n d  added, com plexed 

and u ncom ple ted , and s im i la r ly  T^ i s  th e  t o t a l  c o n c e n tr a t io n  o f m e ta l. 

However, when th e  l ig a n d  i s  c h a rg e d , a s  e x e m p lif ie d  by F ig s .  IV -2 , I  and 

IV -3 , L i s  th e  c o n ju g a te  base  o f th e  a c id  HL. T h ere fo re  in  th e  case  

o f  a  weak a c id ,  [ l] can  o n ly  b e 'e s t im a te d  i f  th e  amount o f l ig a n d  bound 

up in  th e  form HL, a s  w e ll a s  t h a t  com pleted  i s  known. A knowledge 

o f th e  a c id  d i s s o c ia t io n  c o n s ta n t  i s  th u s  r e q u ir e d .

A c id -b ase  e q u i l i b r i a  can  be t r e a t e d  in  a  s im i la r  manner to  t h a t  a lre a d y  

d e s c r ib e d  f o r  m e ta l- l ig a n d  com plexes. Hence th e  p ro to n - l ig a n d  s t a b i l i t y

LH^_^ + H -  LH^ (IV , 18)

c o n s ta n t  f o r  th e  e q u i l ib r iu m  IV ,18, a ls o  known a s  th e  p ro to n a t io n  

c o n s ta n t ,  i s  d e f in e d  by th e  e x p re s s io n

Kn = [LH J/[LH ^_^][h] (IV ,19)
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The r e l a t i o n s h ip  betw een th e  p ro to n -lig a n d . s t a b i l i t y  c o n s ta n t and 

th e  commonly u sed  a c i d i ty  c o n s ta n t (Ka^) i s  g iv en  in  eq . IV ,20

V n n -1  = (IV . 20)

where y  i s  th e  number o f  d is s o c ia b le  p ro to n s . The p ro to n —lig a n d  fo rm a tio n  

cu rve  i s  a  p lo t  o f th e  average  number o f  p ro to n s  a t ta c h e d  to  th e  l ig a n d , 

n ^ ,a g a in s t  pH, and th e  app ro x im atio n  fo rm ula  shown in  eq . IV ,16 i s  v a l id ,

[ h] b e in g  u sed  in  p la c e  o f  [ l] th ro u g h o u t.

98M.T. Beck h as  d is c u s s e d  th e  v a r io u s  n u m e rica l and g ra p h ic a l  methods 

a v a i la b le  f o r  c a l c u la t io n  o f  complex s t a b i l i t y  c o n s ta n ts .  I f  th e  r a t i o  

o f su c c e s s iv e  s t a b i l i t y  c o n s ta n ts  i s  g r e a t  enough ( >10^), th e  s te p s  o f 

com plex fo rm a tio n  a re  d i s t i n c t  and do n o t a p p re c ia b ly  o v e rla p  and th e  

r e c ip r o c a l  v a lu e  o f  th e  f r e e  l ig a n d  c o n c e n tra t io n  i s  abou t eq u a l to  

a t  n = n -  -g-. At t h i s  p o in t  th e  s p e c ie s  and ML e x i s t  in  abou t

e q u a l c o n c e n tr a t io n s .  In  c a se s  where th e  r a t i o  o f su c c e ss iv e  c o n s ta n ts  

i s  l e s s  th a n  10^, t h i s  method o f  " in te r p o la t i o n  a t  h a l f  n v a lu e s"  can 

on ly  be c o n s id e re d  to  g e n e ra te  approx im ate s t a b i l i t y  c o n s ta n ts .  O ther 

m ethods need  to  be em ployed f o r  more a c c u ra te  v a lu e s .

In  th e  ca se  o f a  system  N = 2 , i t  fo llo w s  from eq . IV ,15 t h a t  th e  

fo rm a tio n  cu rve  i s  sym m etrica l abou t i t s  m id -p o in t a t  n = 1 ( e .g .  F ig .  IV—10, 

t h e o r e t i c a l  fo rm a tio n  c u rv e )  and th e r e f o r e  e v a lu a t io n  o f th e  c o r r e c t  

c o n s ta n ts  i s  l e s s  c o m p lic a te d . Thus and can be o b ta in e d  u s in g  

eq . IV ,21 and IV ,22 r e s p e c t iv e ly ,

lo g  = pL .^^_d + y  ( IV ,21)

lo g  Kg = PH=1+d ”  ^  ( IV ,2 2 )

where v a lu e s  o f d a re  chosen  such th a t  0 .9  > d > 0 .1 .
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The te rm  y , u s u a l ly  known as th e  c o r r e c t io n  te rm , i s  d e f in e d  by

y = lo g  1 -d  + lo g  
d

1 - ( IV ,23)

In  c a se s  where th e r e  a re  th r e e  or more o v e r la p p in g  e q u i l i b r i a  ta k in g  

p la c e ,  t h a t  i s  th e  r a t i o s  o f su c c e s s iv e  c o n s ta n ts  i s  l e s s  th a n  10^, th e n  

th e  e v a lu a t io n  o f each c o n s ta n t becomes a  more complex o p e ra t io n . T his 

i s  so s in c e  a  number o f e q u i l i b r i a  may c o n t r ib u te  to  a  s ig n i f i c a n t  e x te n t  

to  th e  v a lu e  o f n a t  any p a r t i c u l a r  c o n c e n tra t io n  of L, Hence an 

e x a c tin g  p ro ced u re  r e q u i r e s  t h a t  th e  c o n s ta n ts  be e v a lu a te d  s im u lta n e o u s ly , 

so t h a t  th e  o v e rla p  o f  e q u i l i b r i a  can  be ta k en  in to  a c c o u n t. T h is p o in t 

i s  c l e a r l y  d em o n stra ted  in  eq . IV ,16, w hich shows t h a t  th e  c a l c u la t io n  o f 

a  s t a b i l i t y  c o n s ta n t ,  K^, r e q u ir e s  a  knowledge n o t on ly  o f n  and [ l] , b u t'

a ls o  o f  th e  in f lu e n c e  o f  th e  o th e r  c o n s ta n t s ,  nam ely K. to  K . and K .I n—1 n+1

to  Kj .̂ In  p r in c ip le  th e r e f o r e  N s e t s  o f s im u ltan eo u s  e q u a tio n s  which 

may be d e r iv e d  from  eq . IV ,16, need  to  be so lv e d  r e q u i r in g  N v a lu e s  of 

s t a b i l i t y  c o n s ta n ts  K,

99R .P . Block and G.H. M cIntyre have d e s c r ib e d  a  n u m erica l method 

whereby s t a b i l i t y  c o n s ta n ts  can  be o b ta in e d  by d i r e c t  c a lc u la t io n  o f b a s ic  ' 

e q u a t io n s .  E s s e n t i a l l y  th e  method i s  b ased  on s o lu t io n s  o f  eq . IV ,16 by 

a lg e b ra ic  m ethods. However th e  e q u a tio n s  canno t be u n iv e r s a l ly  a p p l ie d  

s in c e  some s t a b i l i t y  c o n s ta n ts  prove to  be in c a lc u la b le  by t h i s  te c h n iq u e . 

A lso t h i s  method i s  v e ry  s u s c e p t ib le  to  sm all ex p e rim e n ta l e r r o r s  which 

may even r e s u l t  in  n e g a tiv e  v a lu e s  o f K^.

The d e te rm in a tio n  o f  s t a b i l i t y  c o n s ta n ts  r e q u i r e s  in  th e  f i r s t  p la c e  th e  

e s t im a t io n  o f  th e  c o n c e n tra t io n  o f  one o r more o f  th e  s p e c ie s  in v o lv e d  in  th e  

e q u i l i b r i a .  There a re  many methods by which t h i s  can  be accom plished , 

in c lu d in g  p o te n tio m e try , p o la ro g ra p h y , in f r a r e d  and n .rn .r .  sp e c tro sc o p y .
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s o l u b i l i t y  and l i q u id —l i q u id  p a r t i t i o n .  For a  f u l l  rev iew  o f  th e  

a p p l ic a t io n s  o f th e s e  m ethods, th e  re a d e r  i s  r e f e r r e d  to  a v a i la b le  

p u b lish e d  m a te r ia l .

In  th e  even t t h a t  th e  l ig a n d ,  L, i s  th e  c o n ju g a te  base  o f  a  weak a c id  

HL, th e  fo rm a tio n  o f  a  complex r e s u l t s  in  th e  l i b e r a t i o n  o f  p ro to n s , 

th e re b y  a l t e r i n g  th e  pH o f  th e  s o lu t io n  ( lV ,2 4 ) .  T h ere fo re

HL + -  ML  ̂ + H (lV ,2 4 )

p o te n tio m e tr ic  d e te rm in a tio n  o f th e  hydrogen io n  c o n c e n tra t io n  a f fo rd s  a  

v e ry  co n v en ien t method w hereby such system s can be s tu d ie d .

A s t a b i l i t y  c o n s ta n t  may be ex p re sse d  in  te rm s o f  i t s  a c t i v i t y  q u o t ie n t ,

in  w hich ca se  i t  i s  r e f e r r e d  to  as  a  "therm odynam ic" s t a b i l i t y  c o n s ta n t .
,

Such c o n s ta n ts  in v o lv e  th e  a c t i v i t i e s  o f th e  s p e c ie s  co n ce rn ed , and 

th e r e f o r e  r e f e r  to  th e  e q u ilib r iu m  a t  i n f i n i t e  d i l u t i o n .  I t  i s  g e n e ra l ly  

d i f f i c u l t  to  d e te rm in e  a c c u ra te ly  th e  v a lu e s  of th e s e  " therm odynam ic" 

s t a b i l i t y  c o n s ta n t s ,  e s p e c i a l l y  f o r  system s in  w hich s e v e ra l  com plexes 

c o e x i s t .  I t  i s  more' u s u a l  th e r e f o r e  to  e x p re s s  th e  e q u i l i b r i a  in  te rm s 

of c o n c e n tr a t io n  q u o t i e n ts ,  th e  c o n s ta n ts  b e in g  r e f e r r e d  to  as  

s to ic h io m e tr ic  s t a b i l i t y  c o n s ta n ts .  These c o n c e n tr a t io n  q u o t ie n ts  a re  

de te rm in ed  in  th e  p re sen ce  o f a  la rg e  ex ce ss  o f  s a l t  th e re b y  p ro d u c in g  

a  background io n ic  medium. Under such c o n d it io n s  i t  i s  assumed th a t  

a c t i v i t y  c o e f f i c i e n t s  a re  indep en d en t o f  th e  c o n c e n tra t io n s  o f  th e  s p e c ie s  

in v o lv e d  in  th e  e q u i l i b r i a ,  and th a t  th e y  a re  dependent on ly  on th e  n a tu re  

and c o n c e n tr a t io n  o f  th e  s a l t .

102H. I rv in g  and H .S. R o s s e t t i  .have shown th a t  when L i s  th e  

co n ju g a te  base  o f  a  weak a c id ,  th e  p ro to n - l ig a n d  and th e  m e ta l- l ig a n d  

fo rm a tio n  c u rv e s  may be r e a d i ly  o b ta in e d  from pH t i t r a t i o n  c u rv e s .
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The p ro ced u re  in v o lv e s  th e  d e te rm in a tio n  o f th r e e  t i t r a t i o n  c u rv e s  

(F ig . IV—9 ) in  each  case  a  h ig h  io n ic  s t r e n g th  b e in g  m a in ta in e d  by th e  ■ 

p re sen ce  o f a  s a l t .  Curve 1 shows th e  t i t r a t i o n  curve f o r  m in e ra l 

a c id ,  c u rv e s  2 and 3 t h a t  f o r  a  m ix tu re  o f  m in e ra l a c id  and lig a n d  in  th e  

absence and p re sen ce  o f th e  m e ta l.  The u se  of th e  m in e ra l a c id  i s  to  

en su re  t h a t  th e  l ig a n d  e x i s t s  e s s e n t i a l l y  in  i t s  p ro to n a te d  form a t  th e  

b eg in n in g  o f  th e  t i t r a t i o n .  The d if f e r e n c e  in  th e  volume o f a l k a l i  

added to  re a c h  th e  same pH in  cu rv es  1 and 2 ( v ’ ’- v O  i s  a  m easure o f th e  

c o n c e n tra t io n  o f p ro to n s  removed from  th e  l ig a n d .  S im i la r ly ,  th e  

d if f e r e n c e  in  volume o f  a l k a l i  added in  cu rv es  2 and 3 a t  th e  same PH 

(v ’ ’ * -v ’ ’ ) i s  a  m easure o f th e  c o n c e n tr a t io n  o f  p ro to n s  removed from  th e  

l ig a n d  upon co m p lex a tio n  a t  th a t  pH. The fo rm a tio n  cu rv es  a re  e v a lu a te d  

from th e  t i t r a t i o n  c u rv e s  u s in g  eq . IV ,2 5 ,2 6 , and 27*

( y t  » -v « )(n + E °)

= y  -  + v ')T °L  ( IV ,25)

-  = . (v 'lL -v !_! ) , ( N + ^ ) _  ( IV ,26)
( v °  +  V " )  n ^  T °

pL = log^Q where p_= 1 ( lV ,2 7 )

V° i s  th e  i n i t i a l  volum e, N th e  m o la r i ty  o f th e  a l k a l i ,  and S'" 

th e  i n i t i a l  c o n c e n tr a t io n  o f  th e  m in e ra l a c id .  y  i s  th e  t o t a l  number o f  

d is s o c ia b le  p ro to n s  a t ta c h e d  to  th e  l ig a n d  in  th e  form H-L, T°^ and T°^ 

a re  th e  t o t a l  i n i t i a l  c o n c e n tra t io n s  o f l ig a n d  and m e ta l r e s p e c t iv e ly ,  

i s  th e  o v e r a l l  p ro to n - l ig a n d  s t a b i l i t y  c o n s ta n t .

The a lu m in iu m ( ll l)  io n  i s  c a p a b le  o f  form ing 4 - ,  5 - ,  and 6- c o o rd in a te  

com plexes w hich may be c a t io n i c ,  n e u t r a l  o r a n io n ic .  In  aqueous s o lu t io n
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th e  io n  form s th e  o c ta h e d ra l aquo complex [ALCh^O)^] c a t io n .  N e u tra l

sp e c ie s  may be e x e m p lif ie d  by AlCl^(NM e^)^> which i s  c o o rd in a te ,  and

by th e  t r i s ( 8-h y d ro x y q u in o lin a te )  complex (F ig . IV-4 ) .  The l a t t e r

F ig .  IV-4

com plex, w hich i s  a  6- c o o rd in a te  alum inium  c h e l a t e ,  i s  im p o rtan t a s  a  

means o f  e s t im a t in g  alum inium  (se e  V I I I ,  A, 9 "E s tim a tio n  o f Aluminium") .  

Aluminium form s a n io n ic  com plexes such a s  AIF^^”  and c h e la te s  o f o x a lic  a c id  

(F ig . r V - 5 ,l )  and c a te c h o l  (F ig . I V - 9 , I l ) .

\
/

AI

3 -

3 -

I I

•. F ig .  IV-5

The 1 :1 , 1 :2 , and 1 :3  alum inium  c h e la te s  o f  c a te c h o l have been 

in v e s t ig a t e d  b y .p o te n tio m e tr ic ^ ^ ^ "^ ^ ^  and p r e p a r a t i v e ^ m e t h o d s .  ' The 

th r e e  s p e c ie s  have been  i s o l a t e d  as  t h e i r  po tass ium  s a l t s  in  th e  form s 

K[Al(CgH^0 2 ) ( 0H)2] K[Al(CgH^0 2 ) 2]  . 3H2O and Ej[Al(CgB^0 2 ) 2] 3%2 0 '^ ° ^
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A ttem pts to  t r y  to  r e s o lv e  th e  aliim iniiun—t r i s ( o a t e c h o l a to )  an io n  in to  i t s  

o p t i c a l  isom ers have been  ■unsuccessful due to  r a p id  l ig a n d  exchange.

S.N, Dubey and B .C . M ehrotra  e v a lu a te d  th e  s t a b i l i t y  c o n s ta n ts  

o f th e  al'umini'um — c a te c h o l  system , g iv in g  v a lu e s  t h a t  a re  q u i te  d i f f e r e n t  

from o th e r  l i t e r a t u r e  v a l u e s . ^ I t  has been p o in te d  ou t^^^  t h a t  th e re  

i s  an e r r o r  in  t h e i r  e v a lu a t io n  o f  th e  fo rm a tio n  cu rv e  from th e  

p o te n tio m e tr ic  d a ta ,  in  th a t  th e  n^ v a lu e s  in  th e  c a l c u la t io n  o f  n 

(eq . IV ,2 6 ) have a p p a re n tly  been  ta k e n  to  e q u a l u n i ty .  The v a lu e  of 

n^ i s  dependen t on pH, and over th e  range  o f pH s tu d ie d  2 .

T h e re fo re  th e  v a lu e s  o f n sh o u ld  be ap p ro x im ate ly  h a l f  th o se ' u sed .

P o te n t io m e tr ic  s tu d ie s  c a r r i e d  ou t by S.H. Dubey and B.C. M ehro tra  

su g g es t th e  fo rm a tio n  in  s o lu t io n  o f hydrox ide  form s of alum inium - 

c a te c h o la to  com plexes shown in  P ig .  IV -6 , I  and I I .

AKOH);

I

AIOH

2 -

P ig .  IV- 6

The e x is te n c e  o f  th e  s p e c ie s  shown in  P ig .  IV—6 ,1  was con firm ed  by i t s  

i s o l a t i o n  a s  th e  p o ta ss iu m  s a l t .  O ther m e ta l c h e la te s  o f c a te c h o l have 

been e x te n s iv e ly  s tu d ie d  by p o te n tio m e tr ic  and o th e r  te c h n iq u e s ,  and 

in c lu d e  co p p er ( l l ) , ^ ^ ^  c o b a l t  ( l l ) , ^  ^ b e ry lliu m  ( l l ) ,  z in c  ( l l ) ,  ^

iro n  ( 1 1 ),^ ^ ^  manganese ( l l ) , ^ ^ ^  t i n  ( iV ) ,  ̂  ̂^ n ic k e l  ( l l ) ,  ^ and

tu n g s te n  (V l) .^ ^ ^  The s t a b i l i t i e s  o f th e  f i r s t - r o w  t r a n s i t i o n  m e ta l
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com plexes o f c a te c h o l in c re a s e  in  th e  o rd e r  Mn K Co K Hi  ̂Zn K Cu, though

r ig o ro u s  com parisons canno t he made s in c e  th e  io n ic  m edia and te m p e ra tu re s

u sed  in  some c a s e s  d i f f e r .  This i s  in  agreem ent w ith  th e  Irv in g -W illia m s  
113

o rd e r ,  which i s  g iv e n  a s  Mn< Co < Ni < Cu >Zn, However, th e  o rd e r  

Ni < Zn i s  in  c o n t r a d ic t io n  to  th a t  found by D.P. M ello r and L, M aley,^^^ 

a lth o u g h  i t  sh o u ld  be n o te d  th a t  t h i s  r e v e r s a l  in  th e  s t a b i l i t i e s  o f 

n ic k e l  and z in c  com plexes has been observed  in  o th e r  s tu d ie s  w ith  

"o x y gen -type" ligands."*  ^

In  g e n e ra l  th e  s t a b i l i t y  o f  n o n - t r a n s i t io n  m e ta l com plexes d e c re a se s  

in  th e  o rd e r  o f  io n ic  p o t e n t i a l  w hich i s  d e f in e d  as th e  fo rm al c h a rg e /  

io n ic  r a d iu s .  T h e re fo re  th e  o rd e r Al̂ "**> Sc^^ > > La^^ i s  e x p ec ted ,

p ro v id e d  th a t  th e  l ig a n d  i s  th e  same th ro u g h o u t.

The co n cep t o f com plex fo rm a tio n  i s  analogous to  th e  Lewis d e f in i t i o n  

o f a c id s  and b ases  a c t in g  as  e l e c t r o n  a c c e p to rs  and donors r e s p e c t iv e ly .

Thus ’h a rd ' m e ta l io n s  a re  th o se  w hich p a r a l l e l  th e  p ro to n  in  t h e i r  

a ttach m en t to  l ig a n d s ,  a re  o f te n  sm all and o f h ig h  c h a rg e , w hereas ’ s o f t ’ 

m eta l io n s  a re  la rg e  and u s u a l ly  o f low c h a rg e . S im ila r ly  th e  l ig a n d s  

may be c l a s s i f i e d  as  e i t h e r  ’ s o f t '  b a s e s ,  which a re  p o la r i z a b le ,  or 

’h a r d ’ b a s e s ,  w hich a re  n o n -p o la r iz a b le .  On th e  whole i t  i s  observed  th a t  

th e  most s ta b le  com plexes a re  th o se  o f s o f t  a c id s  w ith  s o f t  b a se s  and o f 

h a rd  a c id s  w ith  h a rd  b a s e s .

The m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n ts  o f  a  s e r i e s  o f £ -d ip h e n o ls  have 

been  c o r r e l a t e d  w ith  t h e i r  o v e r a l l  p ro to n - l ig a n d  c o n s ta n ts .  N .P . S labbert"*^^ 

observed  a  l i n e a r  r e l a t i o n s h ip  f o r  th e  o -d ip h e n o l com plexes o f P e ( l l l ) ,

G e(lV ) and A l ( l l l ) ,  b u t in  a l l  c a se s  th e  p o in ts  f o r  t i r o n  (4 , 5 -d ih y d ro x y - 

b e n z e n e -1 ,3 -d isu lp h o n ic  a c id )  were found to  d e v ia te  a p p re c ia b ly  from  th e  

l i n e s .  The s lo p e s  o f  th e  l i n e s  f o r  th e  f i r s t  m e ta l- l ig a n d  s t a b i l i t y  

c o n s ta n ts  (K^) were g r e a t e r  th a n  th o se  f o r  th e  second c o n s ta n ts  (K ^).
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T his shows th a t  th e  dependence upon l ig a n d  a c i d i ty  o f su c c e ss iv e  

m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n ts  p ro g re s s iv e ly  d e c re a s e s , and f u r th e r ,  t h i s  

i s  so to  such an  e x te n t  t h a t  K i s  v i r t u a l l y  independen t o f l ig a n d  a c id i ty .  

T his i s  r a t i o n a l i s e d  in  te rm s of th e  p ro g re s s iv e  in c re a s e  in  th e  n e g a tiv e  

charge o f  su c c e s s iv e  com plexes. Thus th e  e f f e c t  o f l ig a n d  a c id i ty  i s  

g r e a t e s t  in  th e  fo rm a tio n  o f AIL'’", d im in ish in g  p ro g re s s iv e ly  in  th e  

s t a b i l i t i e s  o f s p e c ie s  AIL”  and A1L^~.

The 1 :1 , 1 :2 ,  and 1 :3  alum inium  c h e la te s  o f  p y ro g a l lo l  have been

104 106 117 117in v e s t ig a te d  by p o te n tio m e tr ic  ’ ’ ‘ and p re p a ra t iv e  m ethods.

117S.N. Dubey and R .C . M ehro tra  p re p a re d  th e  th r e e  p y ro g a l lo la to  com plexes 

as  t h e i r  p o tass iu m  s a l t s ,  in  th e  form s K [a1 (G^H^0 ^)(O H )^]. 411^0 ,

and K^[Al(CgH^O^)^]

The s t a b i l i t y  c o n s ta n ts  o f  th e  p y ro g a l lo la to  com plexes o f aluminium a re  

analogous to  th o se  o f th e  c a te c h o la to  com plexes, th e  c h e la t in g  l ig a n d  b e in g  

th e  o r th o  d ia n io n ic  s p e c ie s  as  shown in  IV ,28. The p ro to n - l ig a n d

n-1

5-2n

.0-

+

O -

OH
n

3-2n

(IV, 28)

s t a b i l i t y  c o n s ta n ts  o f  th o se  p o s i t io n s  in v o lv ed  in  com p lex a tio n , namely 

th e  1 -  and 2 - p o s i t io n s ,  a re  r e q u ir e d  f o r  th e  e v a lu a tio n  o f pL in  eq . IV ,27, 

I f  th e  f i r s t  two d is s o c ia t io n s  c o n s ta n ts ,  Ka^ (K^) and Ka^ (K ^), may be 

a s c r ib e d  to  th e s e  p o s i t i o n s ,  th e n  th e y  may be u sed  in  th e  c a l c u la t io n  o f pL. 

th u s  e n a b lin g  th e  subsequen t e v a lu a tio n  o f  th e  m e ta l—lig a n d  s t a b i l i t y  

c o n s ta n ts .  However, due to  th e  s im i l a r i t y  in  pKa^ o f r e s o r c in o l  ( l1 .0 6 )
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to  t h a t  o f  p y ro g a l lo l  ( I I . I 9 ) .  M. B artu sek  and J .  Z e lin k a^ ^^  have

re a so n e d  t h a t  th e  h y d ro x y l groups m eta to  each o th e r  a re  th o se  t h a t  a re  

io n iz e d  in  th e  d i - d i s s o c i a te d  s p e c ie s  o f  p y ro g a l lo l  (F ig . IV -7 ) .  ' As 

h as  heen  p o in te d  out hy N .P . S l a h h e r t i f  t h i s  i s  th e  c a se  th e n  th e

o

F ig .  IV-7

v a lu e  o f  th e  t h i r d  d i s s o c ia t io n ,  Ka^ (K ^), c o u ld  n o t he u se d , a s  m ight have

heen e x p e c te d , i n  d e te rm in in g  th e  m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n t s .  T h is

i s  becau se  c h e la te  fo rm a tio n  o ccu rs  a c ro s s  th e  1-  and 2- p o s i t i o n s ,  th e  .

t h i r d  h y d ro x y l group rem a in in g  u n d is s o c ia te d  ( IV ,2 8 ) , w hereas Ka^ i s  th e

c o n s ta n t  f o r  th e  fo rm a tio n  o f th e  f u l l y  d is s o c ia te d  s p e c ie s .

117S.N . Dubey and R .C . M ehro tra  u sed  v a lu e s  o f  Ka^ and Ka^ o b ta in e d

118by S .E . Sheppard  in  th e  c a l c u la t io n  o f  th e  a lu m in iu m -p y ro g a llo la to  

s t a b i l i t y  c o n s ta n ts .  No j u s t i f i c a t i o n  i s  p re s e n te d  f o r  c o n s id e r in g  

Ka^ and Kag to  r e f e r  to  d i s s o c ia t io n s  o f  hyd ro x y l groups o r th o  to  each  

o th e r ,  and  N .P . S la b b e rt^ ^ ^  h as  h im se lf  made no comment on t h i s  w ork.

118I t  sh o u ld  be f u r th e r  n o te d  th a t  S .E . Sheppard has commented th a t  h is
I

v a lu e  o f  Ka^ and Ka^ 'm ust be re g a rd e d  to  some e x te n t  h y p o th e t ic a l ,  due 

to  th e  o v e r la p p in g  o f  s u c c e s s iv e  d i s s o c ia t io n s .

C.R. J e ju r k a r  e t  a l ] ^ ^  have r e p o r te d  values o f  th e  f i r s t  two s t a b i l i t y  

c o n s ta n t s ,  lo g  and lo g  K^, f o r  th e  a lu m in iu m -p y ro g a llo la to  com plexes. 

However, no d e t a i l s  have been  p re s e n te d  o th e r  th a n  th a t  th e  I r v in g - R o s s o t t i  

t i t r a t i o n  te c h n iq u e  was em ployed. • •
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N .P. S la b b e rt^ ^ ^  overcame th e  d i f f i c u l t y  o f r e q u i r in g  th e  pKa v a lu e s  

o f hyd ro x y l g roups o r th o  to  each o th e r  hy u s in g  th e  v a lu e  pKa^ o f 

3—n ie th o x y ca tech o l. T h is was j u s t i f i e d  on th e  b a s is  t h a t  th e  Hammett 

v a lu e s  f o r  th e  h y d ro x y l and methoxy groups have been found to  be th e  sam e.^^^ 

Hence th e  v a lu e  o f  th e  f i r s t  d i s s o c ia t io n  c o n s ta n t (Ka^) o f  p y ro g a l lo l  was 

u sed  in  c o n ju n c tio n  w ith  th e  e s tim a te d  v a lu e  o f th e  second c o n s ta n t  (K a^), 

th e re b y  e n a b lin g  th e  e v a lu a t io n  o f  th e  a lu m in iu m -p y ro g a llo la to  s t a b i l i t y  

c o n s ta n ts .  However in  t h i s  ca se  on ly  th e  v a lu e  o f th e  f i r s t  s t a b i l i t y

c o n s ta n t ,  lo g  , has been  r e p o r te d .

117S.N . Dubey and R .C . M ehro tra  have p re s e n te d  e v id e n c e , b ased  on 

p o te n tio m e tr ic  s tu d ie s  o f alum inium  n i t r a t e  in  th e  p re sen ce  o f p y r o g a l lo l ,  

t h a t  in d i c a te s  th e  fo rm a tio n  o f  com plexed alum inium  h y d ro x id es  in  s o lu t io n  

(P ig . IV -8 ,I  and I I ) .

Q T  /A K O H ),

2  —

AIOH

OH

I  ' I I

P ig .  17-8

The in t e r a c t i o n  betw een p h e n o lic  compounds and com plexing a g e n ts  may

120a ls o  be in v e s t ig a te d  by p ap er chrom atography and p aper e le c t r o p h o r e s i s .  

E le c tro p h o re s is  is  th e  movement o f ch arg ed  p a r t i c l e s  in  a  co n d u c tin g  s o lu t io n  

u nder th e  in f lu e n c e  o f an e l e c t r i c a l  f i e l d .  The m o b i l i t i e s  o f p h e n o lic  

compounds in  a  non—com plexing e l e c t r o l y t e  s o lu t io n  depend m ain ly  on th e
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degree  o f  io n iz a t io n  o f th e  hydroxy l g ro u p s . However, when a  com plexing 

e l e c t r o l y t e  s o lu t io n  i s  u se d , th e  fo rm a tio n  o f  a  complex i s  accom panied 

hy a  change in  th e  io n ic  c h a ra c te r  o f  th e  m olecule th a t  r e s u l t s  in  a  

c o rre sp o n d in g  change in  m o b i l i ty .  T h ere fo re  d if f e r e n c e s  betw een th e  

m o b i l i t i e s  o b ta in e d  u s in g  a  com plexing medium and th o se  u s in g  a  non-com plexing 

s o lu t io n  in d ic a te  t h a t  co m p lex a tio n  has o c c u rre d , and may a ls o  y ie ld  

in fo rm a tio n  abou t th e  n a tu re  o f th e  complex o r com plexes in v o lv e d .
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I7B R e s u lts  and D isc u ss io n

P ap er ch rom atog raph ic  and p ap er e le c t r o p h o r e t ic  te c h n iq u e s  

were employed in  a  q u a l i t a t i v e  in v e s t ig a t io n  o f  th e  i n t e r a c t io n  

betw een  a  number o f  p h e n o lic  compounds and alum inium  I I I .  In  each 

case  th e  r e s u l t s  o b ta in e d  in  th e  p re sen ce  and absen ce  o f  th e  com plexing 

ag en t a re  com pared.

P aper chrom atogram s were o b ta in e d  in  th e  manner d e sc r ib e d  in  

V I I I ,A ,12 "P ap er C hrom atography". Three ty p e s  o f  p a p e r w ere used  

a) u n t r e a te d  p a p e r , b) p ap e r im pregnated  w ith  sodium a lu m in a te , 

c) p a p e r  im pregnated  w ith  alum inium  s u lp h a te .  The ^  v a lu e s  

o b ta in e d  from  th e  p ap e r chromatogram s a r e  shown in  T able IV ,1.

The R^ v a lu e s  shown in  T able IV ,1 a re  g e n e r a l ly  lo% e r when th e  

com plexing ag en t i s  p r e s e n t ,  and t h i s  i s  p a r t i c u l a r l y  so in  th e  case  

o f  sodium a lu m in a te .  T his may be ex p ec ted  s in c e  sodium a lu m in a te  i s  

a s s o c ia te d  w ith  a l k a l in e  c o n d i t io n s ,  and th e  fo rm a tio n  o f  a  complex i s  . 

accom panied by  th e  r e le a s e  o f  hydrogen io n s .  I t  sh o u ld  be n o te d , 

how ever, t h a t  th e  low er ^  v a lu e s  a s s o c ia te d  w ith  sodium a lu m in a te  may 

be due in  p a r t  a t  l e a s t  to  th e  fo rm a tio n  o f  th e  sodium s a l t s  o f  th e  

p h en o ls  r a t h e r  th a n  th e  fo rm a tio n  o f  alum inium  com plexes. The d ia r y l  

su lp h o n es , compounds 4 » -  8 . ,  w hich have a l l  g iv e n  h ig h  ^  v a lu e s  

w ith  th e  u n tr e a te d  p ap e r and have no t moved when sodium a lu m in a te  i s  

p r e s e n t ,  have behaved d i f f e r e n t l y  to  compound 3. .3 ,A -dih^^droxydi- - , 

pheny l su lp h o n e , w hich has g iv e n  i n  a l l  c a se s  h ig h  R^ v a lu e s .  The 

compounds 4 . -  8 . a l l  p o sse ss  hydroxy l groups o r th o  to  each o th e r  in  

b o th  r in g s ,  and th e r e f o r e  may complex on b o th  s i t e s  fo rm ing  p o ly n u c le a r  

m a te r i a l .  T his i s  n o t so w ith  3* 3 ,4-d .ihydroxydiphenyl su lp h o n e , and
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T ab le  IV, 1 P ap er chrom atography o f  p h e n o lic  compounds in  th e  

p re se n c e  and absence o f  alum inium  I I I ,

S') u n tr e a te d  

&

b) sodium c) 

a lu m in a te , ^

alum inium  

s u lp h a te ,  ^

1. 0 .9 7 0 .3 5 0 . 9 5

■ 2 . 0 . 9 0 0 . 0 8 0 . 9 0

3 . 0 . 9 6 0 . 9 3 0 . 9 6

4 . 0 . 9 5 0 . 0 0 0 . 9 3

5 . 0 . 9 0 0 . 0 0 0 . 9 2

6 . 0 . 8 8 0 . 0 0 0 . 8 8

7 . 0 . 8 9 0 . 0 0 0 . 8 9

8 . 0 . 9 4 0 . 0 0 0 . 8 4

9 . 0 . 9 4 0 .2 8 0 . 9 3

10. 0 . 9 7 0 .0 6 0 . 9 5

11. 0 . 9 8 0 .1 4 0 . 9 6

12. 0 . 9 8 0 . 5 8 0 . 9 5

I .  c a te c h o l ,  2 . p y r o g a l lo l ,  3 . 3 »4 -^ ih y d ro x y d ip h en y l su lp h o n e ,

4 . 3 ,3 ',4 ,4 * - te t r a h y d ro x y d ip h e n y l  su lp h o n e ,

5 . 3 ,3 » ,4 ,4 » ,5 -p e n tah y d ro x y d ip h e n y l su lp h o n e , 6 . 2 ,3 ,3 * ,4 ,4 * ,5 * -

hexahydroxyd ipheny l su lp h o n e , 7» 3 y 3 \ 4 ,4* *5*5* —hexahydroxydiphenyl

su lp h o n e , 8 .  2 , 2 », 3 , 3 * ,4 ,4 ’-H exahydroxydiphenyl su lp h o n e ,

9 . e t h y l - 3 ,4 , 9 - tr ih y d ro x y b e n z o a te , 10. e th y l-2 ,3 ,4 - t r ih y d ro x y b e n z o a te ,

I I .  e th y l - 2 , 3 -d ih y d ro x y b e n z o a te , 12. e th y l-3 ,4 -d ih y d ro x y b e n z o a te .
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t h e r e f o r e  t h i s  may se rv e  to  accoun t f o r  i t s  d i f f e r e n t  b e h a v io u r .

P ap er e le c tro p h o re to g ra m s  were o b ta in e d  as  d e s c r ib e d  in  V I I I ,A ,11 

"P ap er E le c t r o p h o r e s is "  th e  r e s u l t s  o f which a r e  shown in  T able IV ,2 . 

M o b i l i t ie s  o b ta in e d  u s in g  a) sodium a lu m in a te  s o lu t io n  (pH 13) a re  

compared to  th o s e  o b ta in e d  u s in g  b) sodium h yd rox ide  s o lu t io n  (pH 1 3 ). 

S im i la r ly ,  com parisons a re  made betw een th e  m o b i l i t ie s  o b ta in e d  u s in g  

c) alum inium  s u lp h a te  s o lu t io n  (pH 3.39) and d) d i l u t e  s u lp h u r ic  

a c id  (pH 3*39)• An in c re a s e  in  m o b i l i ty  to rw ard s  th e  cathode o r 

a  d e c re a se  in  m o b i l i ty  tow ards th e  anode in  th e  p re sen ce  o f  th e  

com plexing  ag en t su g g e s ts  th e  fo rm at io n  o f an Alfi’ ty p e  complex betw een 

th e  m e ta l io n , A l^^ and th e  p h en o l, H^L. The re v e rs e  may a r i s e  due 

to  th e  fo rm a tio n  o f  AIL^"” and A1L^^~ com plexes. The AIL^ complex 

may be o f  g r e a t e r  s ig n i f i c a n c e  in  a c id ic  c o n d i t io n s ,  s in c e  a lk a l in e  

c o n d i t io n s  may fa v o u r  th e  fo rm a tio n  o f  a n io n ic  complexes AlLg* and

T ab le  IV ,2 shows t h a t  th e  u se  o f  sodium a lu m in a te  has r e s u l t e d  

in  a, low er m o b i l i t i e s  tow ards th e  anode, w hich su g g e s ts  th e  fo rm a tio n  

o f  AIL^ ty p e  com plexes. __

The u se  o f  alum inium  s u lp h a te  has r e s u l t e d  in  h ig h e r  m o b i l i t ie s  

tow ards th e  c a th o d e , w hich a g a in  in d ic a te s  th e  fo rm a tio n  o f  c a t io n ic  

com plexes o f  th e  ty p e  AIL^. In  g e n e ra l th e  a b s o lu te  changes in  

m o b i l i t i e s  im p arted  by  th e  u se  o f  alum inium  su lp h a te  i s  p r o p o r t io n a te ly  

g r e a t e r  th a n  by  th e  u se  o f  sodium a lu m in a te . Though in  b o th  case s  th e  

changes i n .m o b i l i t i e s  may be r a t i o n a l i s e d  in  te rm s o f  th e  fo rm a tio n  o f  

AIL**" com plexes, i n  th e  l a t t e r  case  th e  r e l a t i v e l y  low er changes may be 

due to  th e  c o n c u rre n t fo rm a tio n  o f  a n io n ic  s p e c ie s  o f  th e  ty p e s  AlLg 

and A IL^^".
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A more r ig o ro u s  in v e s t ig a t io n ,  em ploying th e  p o te n tio m e tr ic  

method d e s c r ib e d  by  H.M. I r v in g  and H .S . R o s s o t t i ,^ ^ ^  was u n d ertak en  

on th e  alum inium  c h e la te s  o f  fo u r  p h e n o lic  compounds, c a te c h o l, 

p y ro g a l lo l ,  3 ,3 ’ , 4 , 4 ’ - t  e t rahyd roxyd ipheny l sulphone and 

3 ,3 ’ ,4 ,4 * ,5 ,5 ’ -h ex ahydroxyd ipheny l su lp h o n e . P o te n t io m e tr ic  t i t r a t i o n s

were c a r r i e d  ou t a s  d e s c r ib e d  in  V II I ,  A, 7 " P o te n tio m e try " . The 

s tu d y  o f  each p h e n o lic  compound r e q u ir e s  th r e e  t i t r a t i o n  c u rv e s , as 

ex em p lified  by  th o s e  o b ta in e d  f o r  c a te c h o l shown in  F ig .  IV -9 . The 

io n ic  s t r e n g th  was m a in ta in e d  a t  a  c o n s ta n t v a lu e  by th e  p re sen ce  o f a 

h ig h  c o n c e n tr a t io n  o f  s a l t  (0 .8 8 m) .

The p ro to n - l ig a n d  fo rm a tio n  curve (F ig . IV-10) o f  c a te c h o l was 

c a lc u la te d  from  th e  t i t r a t i o n  cu rves u s in g  eq . IV ,25» Approxim ate 

va lu es  o f  th e  s u c c e s s iv e  c o n s ta n ts  were o b ta in e d  by in t e r p o la t io n  o f 

h a l f  n v a lu e s ,  th e  c o r r e c t io n  te rm  m ethod, u s in g  eq . IV ,21,22 and 23, 

b e in g  employed to  e v a lu a te  th e  c o r r e c t  c o n s ta n ts .  The v a lu e s  o f  each 

s t a b i l i t y  c o n s ta n t o b ta in e d  from  th e  c o r r e c t io n  te rm  method a t  v a r io u s  

va lu es  o f  d , chosen  such  th a t  0 .9  >d > 0 .1 , w ere averaged  to  g iv e  th e  f i n a l  

c o r re c t v a lu e .  The p r o to n - l ig a n d  s t a b i l i t y  c o n s ta n ts  o f  c a te c h o l a re  

shown in  T able IV ,3 .

The fo rm a tio n  cu rve  o f  th e  c a te c h o la to  complexes o f  alum inium  shown 

in  F ig .  rV-11 was c a lc u la te d  u s in g  eq . IV ,26 and 27* The approxim ate 

va lues o f  th e  s u c c e s s iv e  m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n ts  may be o b ta in e d  

from th e  fo rm a tio n  cu rve  by in t e r p o la t io n  o f  h a l f  n  v a lu e s ,  and th e s e  

a re  shown in  T ab le IV ,4 .

In  a l l  th e  o -d ip h e n o l com plexes o f  alum inium  s tu d ie d  by  N .P . S la b b e r t ,^ ^ ^

/ 2 5was found to  be g r e a t e r  th a n  10 * . T his th e r e f o r e  met th e
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req u ire m en t g iv e n  t»y H.M. I r v in g  and H .S . R o s s e t t i , t y  which s t a b i l i t y

c o n s ta n ts  can  be  o b ta in e d  by  in te r p o la t io n  o f  h a l f  n  v a lu e s  w ith o u t 

in t ro d u c in g  c o n s id e ra b le  e r r o r .  T h ere fo re  N .P . S la b b e rt  o b ta in e d  

by ta k in g  th e  h a l f  n  v a lu e , and c a lc u la te d  and Kg f o r  th e  system  N=2.

Such a  m ethod must alw ays have th e  d isad v an tag e  o f  o b ta in in g  th e  v a lu e  

o f K. from  o n ly  one p o in t  on th e  fo rm a tio n  cu rv e . M.T. Beck^^ c o n s id e rs  

th a t  th e  h a l f - v a lu e  method i s  s u f f i c i e n t l y  a c c u ra te  when K^Kg >10"^, in  

w hich ca se  th e  s u c c e s s iv e  s te p s  o f  complex fo rm a tio n  a re  d i s t i n c t .  I t  

i s  a  q u e s t io n  o f  d eg ree  as  to  w hether a  l im i t  o f  K^Kg >10^"^ o r  10^ 

shou ld  be a p p l ie d  to  th e  u se  o f  th e  h a l f - v a lu e  method to  o b ta in  

r e a s o n a b ly  a c c u ra te  s t a b i l i t y  c o n s ta n ts ,  though o f co u rse  th e  l a t t e r  

l im ita tio n  must be re g a rd e d  as th e  more e x a c tin g .

S .N . Dubey and R .C . M ehro tra  u sed  methods f o r  N=2 system s in  t h e i r

c a lc u la t io n  o f  c o r r e c t  s t a b i l i t y  c o n s ta n ts  f o r  th e  alum inium  complexes

o f  c a t e c h o l , p y r o g a l l o l , a n d  t i r o n  (1 , 2 -d ih y d ro x y b en zen e-3 ,5 “

122d isu lp h o n ic  a c id )  . . The c o r r e c t io n  te rm  method was u sed  in  th e  u su a l

manner to  e v a lu a te  th e  f i r s t  two s t a b i l i t y  c o n s ta n ts ,  K̂  and Kg from th e  

p o in ts  on th e  fo rm a tio n  cu rve  n  = 1 + d and 1 — d . The s t a b i l i t y  

c o n s ta n ts ’ Kg and K^ w ere c a lc u la te d  in  a  s im i la r  manner a t  th e  p o in ts  

2+d and 2 -d . The v a lu e s  o b ta in e d  f o r  each s t a b i l i t y  c o n s ta n t were averaged  

to  g iv e  th e  f i n a l  v a lu e .  However, th e  c o r r e c t io n  term  method r e l i e s  on

some p o in t  o f  sym m etry. W ith a  system  N=2, th e r e  is  t h e o r e t i c a l l y  a

p o in t o f  symmetry a t  th e  m id -p o in t o f  th e  fo rm a tio n  curve a t  th e  p o in t 

n=1. 8 .N . IXubey and  R .C . M ehro tra  have th e r e f o r e  assumed t h e o r e t i c a l

p o in ts  o f  symmetry f o r  th e  p o r t io n  o f  th e  fo rm a tio n  cu rve 0<  n < 2  a t  

th e  p o in t  n=1, and  s im i l a r l y  f o r  th e  p o r t io n  1< n  < 3 a t  th e  p o in t n=2. 

However, when th e r e  a r e  th r e e  o v e r la p p in g  e q u i l i b r i a  concerned , th e r e  i s  

no t h e o r e t i c a l  p o in t  o f  symmetry on th e  fo rm a tio n  c u rv e . The m e ta l- l ig a n d
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fo rm a tio n  cu rv es  in  th e  case  o f  c a te c h o l and t i r o n  have fu rth e rm o re  

heen shown to  he e rro n eo u s  due to  a  m istak e  in  th e  c a lc u la t io n s

I n  a  system  in  w hich th e r e  a re  o v e r la p p in g  e q u i l i b r i a ,  th e  

c a lc u la t io n  o f  a  s t a b i l i t y  c o n s ta n t r e q u ir e s  th e  e v a lu a tio n  o f  th e  

c o n t r ib u t io n  to  n  o f  th e  com plexes in v o lv ed  in  th e  o th e r  s t a b i l i t y  

c o n s ta n ts .  T his p o in t  i s  shown in  eq . IV ,16 , in  which co rresp o n d in g  

v a lu e s  o f  n  and [ b ]  a r e  c l e a r l y  dependent no t o n ly  on K^, b u t a ls o  on

th e  v a lu e s  o f  th e  o th e r  s t a b i l i t y  c o n s ta n ts  . . .  K  ̂ and K . . . .  K,..
I n-1 n+1 N

C o rre c t s t a b i l i t y  c o n s ta n ts  f o r  th e  a lum in ium -catecho la to  complexes 

were o b ta in e d  from  th e  m e ta l- l ig a n d  fo rm a tio n  cu rv e ,, shown in  F ig .  IV -11, 

by an  i t e r a t i v e  p ro c e s s  u s in g  e x p re s s io n s  o b ta in e d  from eq . IV ,16.

In  th e  a lu m in iu m -c a te c h o la to  ca se  th e  system  i s  o f  th e  ty p e  N=3, f o r  

which eq . IV ,2 9 ,3 0 , and 31, one f o r  each s t a b i l i t y  c o n s ta n t ,  may be d e riv e d ,

log^O^I -  lo^ioCL] + ^°Sio|,(l-5)+(2-E)[L]K g+(3-n)[L]^E.|K g] (1^,29)

f  ( 5 - 2 ) [ l ] ^ K  K  + ( 5 - i ) [ l ] k  + S')
1 .5 ,„K3 .  - 1 .5 ,„ b ] .  i . . , „  )— ------------------J " I

Three p o in t s  w ere chosen  on th e  fo rm a tio n  cu rv e , one f o r  th e  com putation  

o f  each s t a b i l i t y  c o n s ta n t ,  such t h a t  n > n > n - 1 .  The approx im ate 

v a lu es  o f  Kg and  K^, o b ta in e d  by  th e  h a l f - v a lu e  m ethod, to g e th e r  w ith  th e  

r e le v a n t  v a lu e  o f  n  and [ l ] ,  w ere used  in  eq . IV ,29 to  compute a  new v a lu e  

o f log^Q K.J. T h is  new v a lu e  o f  K,̂  was used  in  eq . IV ,30 to  c a lc u la te  a
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new v a lu e  o f  Kg. S im i la r ly  a  new v a lu e  o f  log^^^K^ was computed

u s in g  th e  new v a lu e s  o f  K  ̂ and Kg in  eq . IV, 31. This method was 

co m p u te rised  and  u sed  i t e r a t i v e l y  u n t i l  th e  sum o f  th e  a b s o lu te  

d i f f e r e n c e s  betw een  s u c c e s s iv e  app rox im atio n s  o f  th e  th r e e  s t a b i l i t y  

c o n s ta n ts  was l e s s  th a n  10 . O ther s e t s  o f v a lu e s  o f n  w ere chosen

on th e  fo rm a tio n  c u rv e , and t h i s  whole p ro c e ss  was re p e a te d  s e v e ra l  t im e s . 

The v a lu e s  o b ta in e d  f o r  each s t a b i l i t y  c o n s ta n t were th e n  av eraged  to  

g iv e  th e  f i n a l  v a lu e  shown in  T able IV ,4- P o in ts  on th e  th e o r e t i c a l  

fo rm a tio n  cu rves, c a lc u la te d  from  eq . IV, 15 u s in g  th e  f i n a l  v a lu e s  o f th e  

s t a b i l i t y  c o n s ta n t s ,  a r e  in c lu d e d  in  P ig .  IV-10 and 11 f o r  com parison .

In  th e  ca se  o f  th e  p r o to n - l ig a n d  fo rm a tio n  cu rv e , £h]  i s  used  in  p la c e  

o f  [ l ]  in  eq . I V ,15* ' '

3 , 3 ’ , 4 , 4 ’ “ T e trah y d ro x y d ip h en y l su lphone was t r e a t e d  in  a  s im i la r  

manner, on th e  b a s i s  t h a t  i t s  s t r u c t u r e  i s  e q u iv a le n t to  two u n i t s  o f 

c a te c h o l .  Thus two p ro to n - l ig a n d  and th r e e  m e ta l l ig a n d  c o n s ta n ts  were 

e v a lu a te d . I t  is- assum ed t h a t  due to  th e  p re sen ce  of th e  su lphony l 

group, any  change on one r in g  w i l l  have o n ly  n e g l ig ib le  e f f e c t  on th e  

e q u iv a le n t change on th e  o th e r  r i n g .  Thus any d if f e r e n c e s  betw een 

th e  c o rre sp o n d in g  c o n s ta n ts  o f each r in g  a r e  expec ted  to  be w ith in  th e  

l im i t s  o f  a c c u ra c y  o f  th e  ex p erim en t. The p ro to n - l ig a n d  and m e ta l- l ig a n d  

fo rm a tio n  cu rv es  a r e  shown in  P ig .  IV -12 and 13, and th e  s t a b i l i t y  c o n s ta n ts  

a re  g iv e n  in  T ab les  IV ,3 and 4 r e s p e c t iv e ly .

The p ro to n —lig a n d  fo rm a tio n  cu rves o f  p y ro g a llo l  (P ig . IV—14)

3 ,3 ’ , 4 ,4 ’ , 5 , 5 ’—hexahydroxyd ipheny l su lphone  (P ig . IV—16) w ere c a lc u la te d  

in  a  s im i la r  m anner to  c a te c h o l and th e  t  e t  rahydroxyd ipheny l sulphone 

r e s p e c t iv e ly .  The c o r r e c t  p ro to n —lig a n d  s t a b i l i t y  c o n s ta n ts  shown in
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T ab le  IV ,3» w ere e v a lu a te d  "by th e  i t e r a t i v e  m ethod u s in g  e q . TV,29,30 

and 31 f in  w hich [ h ]  and n^ w ere u sed  in  p la c e  c f  [ h ]  and  n .

In  th e  ca se  c f  th e  m e ta l- l ig a n d  fo rm a tio n  cu rv es  c f  th e  

tr ih y d rc x y p h e n y l sy stem s, L r e f e r s  to  th e  s p e c ie s  in  w hich hyd ro x y l 

g roups o r th o  to  each o th e r  a r e  io n i s e d .  I n  th e  ca se  o f  p y r o g a l lo l  

IT.P, S lahhert"^^^  e v a lu a te d  pL hy  u s in g  Ka^ o f  p y ro g a l lo l  and Ka^ o f  

3 -m e th o x y c a te c h o l. T his i s  r a t i o n a l i s e d  on th e  b a s is  t h a t  th e  

d ip h e n o la te  s p e c ie s  o f  p y r o g a l lo l  i s  1 ,3 - d i - d i s s o c i a te d  and th e r e f o r e  

Ka^ r e f e r s  to  th e  1 - p o s i t io n ,  However, t h i s  i s  n o t n e c e s s a r i ly  so , 

s in c e  th e  m o n o -d is so c ia te d  s p e c ie s  may be io n iz e d  on th e  2 - p o s i t io n ,  

and th u s  may be s t a b i l i z e d  due to  hyd rogen -bond ing  to  th e  h y d ro x y l g roups 

in  th e  1— and 3 - p o s i t i o n s .  Subsequent f u r t h e r  io n i z a t io n  g ives th e  

1 ,3 - d i - d i s s o c i a t e d  s p e c ie s ,  which i s  ex p ec ted  to  be th e  more s t a b l e  

d ia n io n  due to  ch arg e  s e p a r a t io n .  T his would r e q u i r e  l ig a n d  

exchange o f  a  p ro to n  on to  th e  2 - p o s i t io n .  Such v a r io u s  mono- and 

d i - d i s s o c i a t e d  s p e c ie s  may e x i s t  in  e q u i l ib r iu m ; i t  i s  a  q u e s t io n  o f  

w hich s p e c ie s  p re d o m in a te .

117SoH. Dubey and R .C . M ehro tra  u sed  th e  v a lu e s  o f  Ka^ and Kag

o f  p y r o g a l lo l  in  t h e i r  e v a lu a tio n s  o f  pL, w ith o u t j u s t i f y i n g  th e  

a ssu m p tio n  t h a t  th e  f i r s t  two d is s o c ia t io n s  a r e  th o s e  o f  o r th o  h y d ro x y l

g ro u p s . F u rth e rm o re , in  t h e i r  c a lc u la t io n s  o f  th e  n v a lu e s ,  S .H . Dubey

117 104.and R .C . M eh ro tra  have made th e  same e r r o r  t h a t  H .P . S la b b e r t  n o te d

103 112in  t h e i r  work on c a te c h o l and t i r o n  . H .P . S la b b e r t d id  n o t e v a lu a te  

th e  v a lu e  o f  Ka^ o f  p y r o g a l lo l ,  b u t c a lc u la te d  th e  c o r r e c t  v a lu e s  f o r  th e

f i r s t  two d i s s o c i a t i o n  c o n s ta n ts  on th e  b a s is  o f  H=2 ty p e  sy stem .

T h e re fo re  i t  was n o t p o s s ib le  to  ta k e  in to  acco u n t th e  in f lu e n c e  o f  Ka^ 

in  th e  even t o f  o v e r la p p in g  d i s s o c ia t io n s ,  and th e r e f o r e  t h i s  may be a  

so u rc e  o f  some e r r o r .
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I n  th e  case  o f  th e  m e ta l- l ig a n d  e q u i l i b r i a  o f  th e  tr ih y d ro x y p h e n y l 

sy stem s, th e  c a lc u la t io n s  o f  th e  fo rm a tio n  cu rv es  were c a r r i e d  out w ith  

r e s p e c t  to  th e  n o n -d is s o c ia te d  s p e c ie s  (iHg) a s  f o r  th e  e q u i l ib r iu m  

shown in  IV ,32 . Hence th e  v a lu e  o f  p ([H ]^ /[L H p]) was u sed  in  p la c e  o f

(IT , 32)

pL in  th e  m e ta l- l ig a n d  fo rm a tio n  cu rv es  o f  p y ro g a l lo l  and 3 , 3 ' ; 4 , 4 ' , 5 , 5 ' -  

hexahydroxyd ipheny l su lp h o n e , shown in  P ig .  IV-15 and 17 r e s p e c t iv e l y .

The c o n s ta n t Ke^ f o r  th e  ecqiiilibriura shown in  IV, 32 i s  g iv e n  by  th e  

e x p re s s io n

Ke^ = [AIL ][LHg] (IT , 23)

The r e l a t i o n s h ip  betw een Ke^ and th e  s t a b i l i t y  c o n s ta n t ,  (e q . IV ,8)

i s  c l e a r l y

K „[L] = Ke^ [LHg]/[H]= (IT , 34)

The f i r s t  p ro to n - l ig a n d  s t a b i l i t y  c o n s ta n t ,  , h as  n e g l ig ib l e  e f f e c t  o v e r 

th e  ran g e  o f  pH a t  w hich th e  m e ta l- l ig a n d  was s tu d ie d ,  and th e r e f o r e  f o r  

th e s e  c a se s  e q . IV ,27 can be  c o n v e rte d  to  g iv e  th e  e x p re s s io n

'  [ h]2  ' T h ]^  + ( [ h ] /K ^  + ( 1A 2K3) ' V° + V "  *

, [LHg] ,
-  P

^2 -  J v°
(IT , 35)

E q. IV ,35 was u sed  in  th e  c a lc u la t io n  o f  th e  fo rm a tio n  cu rve  o f  p y r o g a l lo l  

(P ig .  IV -15) and 3 ,3 * ,4 ,4 * ,5 ;5 '-b e x a h y d ro x y d ip h e n y l su lphone  (P ig . IV-17) 

th e  l a t t e r  a g a in  b e in g  t r e a t e d  on th e  b a s is  t h a t  i t s  s t r u c t u r e  i s  e q u iv a le n t 

t o  two u n i t s  o f  p y r o g a l lo l .

I n  eq . IV ,26 w hich i s  g e n e r a l ly  u sed  to  c a l c u la te  n  v a lu e s ,  n^ r e f e r s  

to  th e  number o f  p ro to n s  r e le a s e d  on th e  fo rm a tio n  o f  a  com plex. In  th e
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tr ih y d ro x y p h e n y l sy s tem s , where ïî^ has a  maximum number o f  3, th e  

maximum number o f  p ro to n s  removed on com plex a tio n  i s  2 . One o f  th e  

h y d ro x y l groups i s  n o t in v o lv ed  and to  ta k e  t h i s  in to  accoun t e q . IV ,26 

was a l t e r e d  in  th e  c a l c u la t io n  o f  n  v a lu e s  f o r  th e s e  system s to  t h a t  

shown in  eq . IV ,3 6 . However, t h i s  tre a tm e n t may n o t n e c e s s a r i ly  be

( I T ,36)

v a l i d  when th e  c o n d it io n s  a r e  such  th a t  th e  d i - d i s s o c i a t e d  s p e c ie s  i s  

p r e s e n t  in  s ig n i f i c a n t  c o n c e n tr a t io n s .  C o rrec t u se  o f  eq . IV ,36 

r e q u i r e s  t h a t  no p ro to n s  a re  r e le a s e d  upon co m p lex a tio n  o f  th e  d ia n io n ic  

s p e c ie s .  I f  t h i s  s p e c ie s  i s  io n iz e d  on th e  1 - and 3 - p o s i t i o n s ,  W iich 

as  s t a t e d  p r e v io u s ly  i s  more l i k e l y ,  th e n  eq . IV ,36 i s  o n ly  v a l id  i f  

co m p lex a tio n  in  t h i s  c a se  i s  accom panied by  p ro to n  t r a n s f e r  from  th e  2 -  

to  th e  3 - p o s i t i o n .  In  th e  even t t h a t  h y d ro x y l g roups o r th o  to  each 

o th e r  a r e  th o s e  d i s s o c ia te d  in  th e  d ip h e n o la te  s p e c ie s ,  no p ro to n s  a r e  . 

removed upon com plex a tio n  and th e r e f o r e  eq . IV ,36 rem ains v a l i d .

However th e  c a l c u la t io n  o f  n  v a lu e s  f o r  th e  tr ih y d ro x y p h e n y l system s 

in v o lv e s  a  v a lu e  o f  n^ such t h a t  3 > n ^ >  2.  U nder th e s e  c o n d it io n s  o n ly  

th e  f i r s t  d i s s o c ia t io n  i s  o f  s ig n i f i c a n c e ,  and th e  p o s i t i o n  to  w hich t h i s  

d i s s o c i a t i o n  r e f e r s  must be in v o lv e d  in  co m p lex a tio n . T h e re fo re  th e  

p rob lem  o f  w h eth er th e  u se  o f  (n ^ - l )  in  eq . IV ,27 i s  th e  c o r r e c t  app roach  

when u sed  in  c a se s  where n^<  2 does n o t a r i s e .

A pproxim ate v a lu e s  f o r  th e  e q u i lib r iu m  c o n s ta n ts ,  pKe^ o f  th e  alum inium  

c h e la te s  o f  p y r o g a l lo l  and 3 ,3 * ,4 ,4 * ,5 ,5 * -b o x a b y d ro x y d ip h e n y l su lp h o n e  w ere 

o b ta in e d  by  i n t e r p o l a t i o n  o f  h a l f  n  v a lu e s .  The i t e r a t i v e  method was u sed
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t o  compute th e  c o r r e c t  e q u ilib r iu m  c o n s ta n t ,  th e  v a lu e  o f  [LH ^I/C h] 

b e in g  u sed  in  p la c e  o f  [ b ]  in  eq . I V , 29,30 and 31 and th e  r e s u l t s  a re  

shown i n  T ab le  I V , 5* S im i la r ly ,  eq . I V , 15 was a l t e r e d  to  c a l c u la te  th e  

t h e o r e t i c a l  m e ta l - l ig a n d  fo rm a tio n  cu rv es  f o r  th e  tr ih y d ro x y p h e n y l sy s te m s . 

H .P . S l a b b e r t e s t i m a t e d  th e  d i s s o c ia t io n s  o f  p y r o g a l lo l  to  th e  

o r th o  d ia n io n , p(KaKl^) , to  be 2 2 .6 5 , and gave v a lu e s  o f  I 6 . 6O and 5 .95  

f o r  th e  f i r s t  m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n t (log^^  K^) and  th e  f i r s t  

e q u i l ib r iu m  c o n s ta n t (pKe^) r e s p e c t iv e l y .  Where th e  r e le v a n t  

d i s s o c i a t i o n  c o n s ta n ts  Ka and Kb a r e  known, th e  r e l a t i o n  betw een 

s t a b i l i t y  c o n s ta n ts  and e q u i l ib r iu m  c o n s ta n ts  Kê  ̂ in  eq . I V , 34 g iv e s  

th e  e x p re s s io n

= KeyKaKb (lT ,37) '

T h e re fo re  e v id e n t ly  H .P . S la b h e rt  has made an  e r r o r  in  h i s  

c a l c u la t io n s ,  and i t  i s  n o t p o s s ib le  to  judge w hether o r  n o t th e  m is tak e  

l i e s  i n  th e  v a lu e s  g iv e n  f o r  th e  s t a b i l i t y  c o n s ta n ts .  The fo rm a tio n  o f  

h y d ro x id e  form s o f.a lu m in iu m  c h e la te s ,  such as  th o s e  shown i n  F ig .  IV -6 

and  8, may p o s s ib ly  i n t e r f e r e  in  th e  t i t r a t i o n  cu rv es  o f  b o th  th e  d i — 

and tr ih y d ro x y p h e n y l sy s te m s .,. However, th e  t i t r a t i o n  cu rv es  r e p o r te d  by

S.H . Dubey and R .C . M ehro tra  o f  th e  1 :1 , 1 :2 , and 1:3 m olar r a t i o s  o f

103 117alum inium  to  c a te c h o l and to  p y r o g a l lo l ,  show t h a t  th e  i n f l e c t i o n s

f o r  th e  fo rm a tio n  o f  th e s e  h y d ro x id es  o ccu rs  a t  a  h ig h e r  pH th a n  th e  •,

fo rm a tio n  o f  th e  nex t s u c c e s s iv e  com plex. S ince  in  a l l  c a s e s ’ th e '.p ro c e d u re

in v o lv e d  th e  u se  o f  c o n s id e ra b le  ex cess  o f  th e  p h e n o lic  compound o v er •'

alum inium  n i t r a t e ,  th e  fo rm a tio n  o f  such  h y d ro x id es  i s  n o t c o n s id e re d  to

have any  s ig n i f i c a n t  e f f e c t .
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The r e s u l t s  g iv e n  in  T ab le TV, 3 show th e  in c re a s e d  a c i d i t y  o f  th e  

h y d ro x y l groups due to  th e  e le c t r o n  w ith d raw al e f f e c t  o f  th e  su lp h o n y l 

g ro u p . T his i s  p a r t i c u l a r l y  so in  th e  ca se  o f  th e  f i r s t  d i s s o c i a t i o n ,

Ka^ (K ^), th e  e f f e c t  b e in g  l e s s  marked on su b seq u en t d i s s o c i a t i o n s ,  and • 

t h i s  i s  to  be ex p ec ted  on th e  grounds t h a t  th e  in f lu e n c e  o f  p re v io u s  

io n iz a t io n s  would in c r e a s in g ly  dom inate th e  in d u c t iv e  e f f e c t  o f  th e  

su lp h o n y l g ro u p . The m e ta l- l ig a n d  s t a b i l i t y  c o n s ta n ts  o f  th e  

d ihyd roxypheny l system s have been  co n v e rte d  to  e q u i l ib r iu m  c o n s ta n ts  

f o r  com parison  w ith  th e  tr ih y d ro x y p h e n y l system s (T ab le  IV ,5 ) .  In  

g e n e ra l th e  d ihyd roxypheny l compounds have h ig h e r  v a lu e s  th a n  th e  

c o rre sp o n d in g  tr ih y d ro x y p h e n y l compounds. An anom aly how ever o ccu rs  

a t  log^^K^ o f  c a te c h o l and p y r o g a l lo l .  . •

H .P . S la b b e r t^ ^ ^  found  a  l i n e a r  ç o r r e l a t i o n  betw een  m e ta l - l ig a n d  

and p ro to n - l ig a n d  s t a b i l i t y  c o n s ta n ts  f o r  alum inium  com plexes. I t  i s  

to  be  e x p ec ted  th e r e f o r e  t h a t  th e  e q u i lib r iu m  c o n s ta n ts  shown in  T ab le  IV ,5 

w ould be  in  l i n e  w ith  th e  v a lu e  o f  th e  p ro to n - l ig a n d  c o n s ta n t s .  Comparing

c o rre sp o n d in g  sy s tem s , i t  can be seen  th a t  t h i s  i s  in d e ed  g e n e r a l ly  s o .
104.

The anom alous b e h a v io u r  o f  t i r o n  r e p o r te d  by  H .P . S la b b e r t  may be due 

to  th e  fo rm a tio n  o f  a  six-m em bered c h e la te  r in g  in v o lv in g  th e  su lp h o n ic  a c id ,

117S .H . Dubey and R .C . M ehro tra  p re p a re d  th e  1 :1 , 2 :1 ,  and  3:1 

p y r o g a l lo l  com plexes o f  alum inium  a s  t h e i r  p o ta ss iu m  s a l t s .  A r e p e a t  

o f  t h i s  work r e s u l t e d  in  a  b la c k  p ro d u c t, d e s p i te  th e  added p r e c a u t io n  o f  

c a r r y in g  ou t th e  r e a c t io n  u nder n i t r o g e n .  However i t  has  been  found  

t h a t  th e  com plexes may be p re p a re d  as  t h e i r  ammonium s a l t s  to  g iv e  w h ite  

p ro d u c ts  (ex p erim en t 3 2 ) .  The com plexes were a n a ly se d  a s  d e s c r ib e d  in  

V I I I ,A ,9 ’’E s tim a tio n  o f  Aluminium” and 10 ’’E s tim a tio n  o f  P y r o g a l lo l” , 

and  w ere found  to  be a s  shown in  P ig .  IV -18 .
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o AI(OH), NH..2HgO

OH

I I

OH
I I I

F i g .  IV-18

As o u t l i n e d  e a r l i e r  g ly c in e  a c t s  a s  a  b i d e n ta te  c h e l a t i n g  a g e n t , . 

u t i l i z i n g  th e  c a rh o x y l ic  and amino groups f o r  bond ing , a s  i s  

e x e m p li f ie d  by  copper g ly c in a t e  (P ig .  IV-3) . F u r th e r ,  " n i t r o g e n - t y p e "  

l i g a n d s  have been  shown to  c o o rd in a te  w i th  alum inium , as  i n  t h e  case
27-

o f  aluminium t r i s (8 -h y d ro x y q u in o l in a te )  shown i n  F i g .  IV-4* ' Both 

13and c n . m . r .  s p e c t ro s c o p y  have been  u sed  to  i n v e s t i g a t e  t h e

123c o o r d in a t io n  complex between aluminium and e th y le n e d ia m in e . As a

p o s s i b l e  model o f  p a r t s  o f  t h e  p r o t e i n  c h a in s  i n  c o l la g e n  an  i n v e s t i g a t i o n  

has  been  u n d e r ta k e n  in t o  th e  n a tu r e  o f  t h e  aluminium s a l t s  o f  g ly c in e ,  

P - a la n in e ,  and 4 -a m in o b u ty r ic  a c i d .  I n  th e  event o f  t h e s e  amino a c id s  

a c t i n g  a s  b i d e n t a t e  l i g a n d s ,  g ly c in e  and p - a la n in e  would form 5 -  and 

6-membered r in g s  r e s p e c t i v e l y ,  o f  which th e  fo rm er would be ex p ec ted  t o  

be  s l i g h t l y  more s t a b l e  by  v i r t u e  o f  i t s  g r e a t e r  c h e l a t e  e f f e c t ,  whereas 

w i th  4 -a m in o b u ty r ic  a c i d  th e  c h e l a t e  e f f e c t  would be ex p ec ted  t o  be 

c o n s id e r a b ly  l e s s .^ ^ ~ ^ ^
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The p r e p a r a t i o n  o f  t h e  amino a c i d  s a l t s  o f  a luminium monocat echol a t o

i s  d e s c r ib e d  i n  experim ent 33. These complexes were n o t  p u r i f i e d  by

r e c r y s t a l l i s a t i o n  s in c e  no s u i t a b l e  s o lv e n t  cou ld  be fo u n d .  The

1Sg ly c in e  complex was s u f f i c i e n t l y  s o lu b le  i n  B.M.S.O. to  en ab le  F

n . m . r .  t o  be  u sed  i n  t h e  i n v e s t i g a t i o n  o f  i t s  s t r u c t u r e .  The chem ical

s h i f t  was compared w i th  t h a t  o f  t h e  n i t r o g e n  in  t h e  e t h y l  e s t e r  o f  g l y c i n e .

The aluminium g ly c i n a t e  complex gave a  Ô^  v a lu e  o f  353 ppm w hereas t h e

e t h y l  e s t e r  o f  g ly c in e  gave a  s h i f t  o f  268 ppm ( 6 ^  v a lu e s  u p f i e l d  from

n it ro m e th a n e )  . Compounds such as am ines, ammonia, and ammonium io n s

show t h e  g r e a t e s t  s h i e l d in g s  due t o  t h e i r  symmetric s t r u c t u r e s  which

r e s u l t s  i n  a  low p a ram ag n e tic  c o n t r i b u t i o n ,  and t h i s  i s  c o n s id e r e d  t o  be

15 124th e  dominant te rm  i n  F  s h i f t s .  This  i s  p a r t i c u l a r l y  so when th e

atom has  a  c l o s e d - s h e l T 'o r  i n e r t  gas c o n f ig u r a t i o n .  Hence t h e  g r e a t l y  

d i f f e r i n g  s h i f t  o f  t h e  aluminium g l y c i n a t e  complex, where th e  n i t r o g e n  

a p p e a rs  t o  be more s h ie l d e d ,  a s  compared t o  t h a t  o f  th e  e t h y l  e s t e r  o f  

g ly c in e  may be  r a t i o n a l i s e d  i n  te rm s o f  g ly c in e  a c t i n g  as  a  b i d e n t a t e  

l i g a n d  i n  th e  fo rm er c a s e ,  a s  shown i n  P i g .  IV -19. I f  t h i s  i s  so ,  th e n -

><° t
P i g .  iv -1 9

t h e  v a lu e  o f  A 6 ^  would be ex p ec ted  t o  be s i m i l a r  i n  t h e  c a se  o f  p - a la n in e  

t o  t h a t  found  f o r  g ly c in e ,  b u t  c o n s id e r a b ly  s m a l l e r  f o r  4-am inobut y r i  o
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a c i d .  However, no v a lu e s  cou ld  be o b ta in e d  f o r  t h e  p - a l a n i n e  and 

4 -a m in o b u ty r ic  a c i d  s a l t s  o f  th e  aluminium complex s in c e  no s o lv e n t  co u ld  

be  found t h a t  would r e n d e r  th e s e  compounds s o l u b l e .

T h e re fo re  as  an  a l t e r n a t i v e  t o  n . m . r .  s p e c t ro s c o p y  f u r t h e r

i n v e s t i g a t i o n s  were u n d e r ta k e n  u s in g  i n f r a r e d  s p e c t ro s c o p y ,  which has

125been  employed w id e ly  i n  th e  s tu d y  o f  m e ta l  c h e l a t e  compounds.

The e th y l  e s t e r s  o f  t h e  t h r e e  amino a c id s  each g iv e  an  a b s o r p t i o n  a t

1740  cm  ̂ due to  t h e  C=0 s t r e t c h i n g  mode. The i n f r a r e d  s p e c t r a  o f

th e  t h r e e  amino a c i d  s a l t s  o f  th e  aluminium c a t e c h o la to  complexes in

th e  C=0 s t r e t c h i n g  r e g io n  a r e  shown in  P ig .  IV -20 . The p ro x im i ty  o f  th e

0=0 s t r e t c h i n g  mode to  t h e  H-H b end ing  mode in  t h e  g ly c in e  and p - a l a n i n e

c a se s  h in d e r s  th e  ass ignm ent o f  a  d e f i n i t e  f re q u e n c y  f o r  t h e s e  v i b r a t i o n s .

However, P ig .  IV-20 c l e a r l y  i n d i c a t e s  t h a t  th e  0=0 s t r e t c h i n g  mode l i e s

a t  low er  f re q u e n c y  i n  t h e  g ly c in e  and p - a la n in e  c a se s  compared to

4 -a m in o b u ty r ic  a c i d  ( 167O cm . The low er f re q u e n c y  i n d i c a t e s  a  low er

0=0 bond o-^der, which may r e s u l t  from th e  fo rm a t io n  o f  a  d o n o r -a c c e p to r

complex betw een th e  n i t r o g e n  and alum inium . These c o n s id e r a t io n s

15t o g e t h e r  w i th  th e  ev idence  o b ta in e d  by  F  n . m . r .  s p e c t ro s c o p y  i n d i c a t e  

t h a t  g ly c in e  and p - a la n in e  a r e  each a c t i n g  as  b id e n t a t e  c h e l a t i n g  a g e n ts  

tow ards  aluminium, as  shown in  P ig .  IV-19 f o r  t h e  g ly c in a t e  complex.
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g ly c in a t e

p - a l a n i n a t  e

4-am inolDut y r a t  e

1800 1600 

WAVENUMBER CM"'

F i g .  IV-20 P a r t  o f  th e  i n f r a r e d  s p e c t r a  o f  amino a c i d  s a l t s  o f  t h e  

aluminium monocatechol a t o  complex
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V SPECTROSCOPIC STUDIES OF DIARYL SULPHONES MD RELATED COMPOUNDS 

A I n t r o d u c t io n

The i n f r a r e d  s p e c t r a  o f  su lp h o n y l compounds have heen  e x t e n s i v e ly

s tu d ie d  hy s e v e r a l  w o rkers ,  and t h i s  s u b je c t  has  been  rev ie w e d  by

126 127 128E.A. Robinson and by L . J ,  Bellam y. ’ The SO^ g roup , which in

su lp h o n y l  compounds i s  a p p ro x im a te ly  t e t r a h e d r a l  about th e  s u lp h u r

atom, c h a r a c t e r i s t i c a l l y  g iv e s  two s t r o n g  a b s o r p t io n  bands c o r re s p o n d in g

to  th e  a n t i - s y m m e tr ic  and symmetric S=0 s t r e t c h i n g  modes, shown in

126F ig .  V -1 , I  and I I  r e s p e c t i v e l y .  E.A. Robinson has  s u g g e s te d  th e

/ \  / \
I I

F ig .  V-1

ra n g e s  1358  -  1336  and I I 69  -  1159  cm f o r  th e  a n t isy m m e tr ic  (v^^) and 

th e  symmetric (v^ )  f r e q u e n c ie s  r e s p e c t i v e l y  of d i a r y l  su lp h o n e s ,  though 

T, Mom ose jet  ̂ have r e p o r t e d  v a lu e s  a s  low a s  1282 cm  ̂ f o r

th e  ^  v i b r a t i o n  and 1143  cm  ̂ f o r  th e  _s v i b r a t i o n .

There ap p e a rs  t o  be v e ry  l i t t l e  c o u p l in g  betw een th e  symmetric 

and a n t i - s y m m e tr ic  S=0 s t r e t c h i n g  modes, and o th e r  v i b r a t i o n s  o f  th e  

m o le c u le .  T h is  i s  due t o  th e  c o m p a ra t iv e ly  l a rg e  mass o f  s u lp h u r ,  

which r e s u l t s  i n  th e  8=0 v i b r a t i o n a l  e x te n s io n  b e in g  ac h ie v e d  m a in ly  by 

th e  movement o f  th e  oxygen atoms. T h e re fo re  t h e r e  i s  l i t t l e  a l t e r a t i o n  

in  th e  8=0 f r e q u e n c i e s  caused  by a  Change in  th e  f o r c e  c o n s ta n t  o f  a d j a c e n t  

bonds . T h is  l e a d s  d i r e c t l y  t o  a  s im p le ,  l i n e a r  r e l a t i o n s h i p  betw een v
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and which was f i r s t  d e s c r ib e d  by L . J .  Bellamy and R.L. W ill iam s .

T his  l i n e a r  r e l a t i o n s h i p ,  which h o ld s  f o r  a  wide range  o f  d i f f e r e n t  

compounds in c lu d in g  su lp h o n y l  h a l i d e s ,  t h i o s u l p h o n a t e s , s n lp h o n a te s ,  

su lp h o n e s ,  su lp h o n ic  a c i d s ,  and s u l p h a t e s , p r o v i d e s  a  u s e f u l  

check on th e  i d e n t i f i c a t i o n  o f  a  group .

The dominant in f lu e n c e  on th e  s h i f t s  i n  th e  8=0 s t r e t c h i n g  

f r e q u e n c ie s  a r e  th e  in d u c t iv e  e f f e c t s  o f  th e  s u b s t i t u e n t s .

The su lp h u r-o x y g en  bond may be c o n s id e r e d  to  b e , i n  g e n e r a l  , 

in t e r m e d ia te  betw een th e  s t r u c t u r e s  shown in  F ig .  V -2 ,I  and I I .  In

F ig .  V - 2 , I ,  b o th  e l e c t r o n  p a i r s  i n  th e  double bond a re  e q u a l ly  sh a re d

+ —
8=0  8—0  . ,  

I  I I

F ig .  V-2

in  what i s  e s s e n t i a l l y  c o m p le te ly  c o v a le n t  bonding . Such a  s i t u a t i o n

i s  fa v o u re d  by e l e c t r o n e g a t i v e  g roups a t t a c h e d  t o  th e  s u lp h u r .

D ec rea s in g  th e  e l e c t r o n e g a t i v i t y  o f  th e  s u b s t i t u e n t s  r e s u l t s  i n  th e

double bond becoming in c r e a s i n g l y  p o l a r ,  and th u s  ap p ro ac h in g  th e  s i t u a t i o n

shown i n  F ig .  V - 2 , I I .  An in c r e a s e  i n  th e  doub le -bond  c h a r a c t e r  o f  th e

su lp h u r-o x y g en  bond, due t o  an in c r e a s e  in  th e  - I  e f f e c t  o f  th e

s u b s t i t u e n t s  a t t a c h e d  to  th e  s u lp h u r ,  w i l l  in c r e a s e  th e  fo r c e  c o n s ta n t

o f  th e  bond and hence th e  v and V v i b r a t i o n s  w i l l  occur a t  h ig h e ra s  s °

f r e q u e n c i e s .  C o n v erse ly ,  an in c r e a s e  i n  th e  e l e c t r o n  d e n s i t y  o f  th e  

su lp h u r  atom w i l l  s h i f t  th e  a b s o r p t io n  bands to  low er f r e q u e n c ie s .

131T. Momose a t  ad .  s t u d i e d  th e  8=0 s t r e t c h i n g  f r e q u e n c ie s  o f  a  

number o f  benzenesulphonam ide d e r i v a t i v e s  and found an ap p ro x im a te ly
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l i n e a r  r e l a t i o n s h i p  betw een .the mean wave number, (v + v ) / 2 ,  and' a s  s "  '

th e  Hammett a  v a lu e s  of th e  s u b s t i t u e n t s .  A s im i l a r  c o r r e l a t i o n

was found betw een th e  mean wave number and th e  chem ica l s h i f t  p a ra m e te rs

o f  th e  s u b s t i t u e n t s .

S ince  bond le n g th  i s  r e l a t e d  to  bond o rd e r ,  i n  th e  absence  o f  any

c o u p l in g  t h e r e  would be e x p e c te d  to  be a  c o r r e l a t i o n  between bond

le n g th  and v i b r a t i o n a l  f req u en cy  f o r  th e  S=0 bond. T h is  was f i r s t

1 32d em o n s tra ted  by D. B ernard  ^  , who showed t h a t  t h e r e  i s  i n

g e n e r a l  an in c r e a s e  i n  f req u en cy  w i th  a  d ec re a se  i n  bond l e n g th .  T h is

1 33work h as  been ex ten d ed  by R .T . G i l l e s p i e  and E.A. R obinson, who have

a l s o  shown t h a t  t h e r e  i s  some r e l a t i o n s h i p  between th e  mean of th e

s t r e t c h i n g  f r e q u e n c ie s  and th e  0=8=0 bond a n g le s ,  and th e y  have a l s o

in c lu d e d  a  d i s c u s s io n  o f  bond o rd e r s  and f o r c e  c o n s t a n t s .

The s t r e t c h i n g  f r e q u e n c ie s  o f  a ry ls u lp h o n y l  c h l o r i d e s  occur a t

h ig h e r  f r e q u e n c i e s  compared to  th e  c o r re s p o n d in g  su lp h o n es ,  which i s  to

be e x p e c te d  on th e  grounds o f  dominant in d u c t iv e  e f f e c t s .  Indeed  th e s e

bands u s u a l l y  l i e  c l o s e  t o  th e  mean v a lu e s  o b ta in e d  f o r  th e  su lphone  and

126s u lp h u r y l  c h l o r i d e .  E.A. Robinson has  s u g g e s te d  th e  range

1390  “  1364  and 1185  -  1169  cm f o r  th e  and o f  th e  80^ group of

b o th  a r y l  and a l i p h a t i c  su lp h o n y l c h l o r i d e s .

1 13H and C n .m . r .  sp e c t ro s c o p y  a r e  r e g a rd e d  as  s ta n d a rd  te c h n iq u e s

o f  s t r u c t u r a l  a n a l y s i s  i n  o rgan ic  c h e m is t ry ,  and t h e r e f o r e  a  f u l l

d i s c u s s i o n  of  th e s e  t o p i c s  i s  n o t  p r e s e n te d  h e r e .  The r e a d e r  i s  r e f e r r e d  to

1 4̂-—137s ta n d a r d  monographs where com prehensive a cc o u n ts  o f  th e s e  s u b je c t s

a r e  p r e s e n te d .
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V B R e s u l t s  and D isc u s s io n

I n f r a r e d  s p e c tro s c o p y  was employed i n  th e  s t r u c t u r a l  a n a l y s i s  of 

a l l  compounds c o n ta in in g  th e  su lp h o n y l g roup . In  each c a se  th e  a n t i 

symmetric and symmetric 80^ band ass ig n m en ts  a re  g iv en  i n  s e c t i o n  V I I I  

i n  th e  experim en t i n  which th e  p r e p a r a t io n  o f  th e  compound i s  p r e s e n te d .  

The ^  and _s f r e q u e n c ie s  g iv e n  a re  c o n s i s t e n t  w ith  th e  l i n e a r  r e l a t i o n s h i p

o f  th e s e  v i b r a t i o n s  d e s c r ib e d  by L . J .  Bellamy and R .L. W illiam s as  i s

1 3 3shown in  F ig .  V-3. R . J .  G i l l e s p i e  and E.A. Robinson have shown t h a t  

such r e s u l t s  can be u sed  d i r e c t l y  t o  e s t im a te  th e  su lp h u r-o x y g en  bond 

o rd e r  and a l s o  th e  0=8=0 bond a n g le .  However i t  sho u ld  be n o te d  t h a t  

i n  t h e i r  g raph  c o r r e l a t i n g  bond a n g le s  w ith  80 s t r e t c h i n g  f r e q u e n c i e s ,  th e  

v a lu e  o f  th e  bond a n g le s  u sed  were th e  c a l c u l a t e d  and n o t  th e  observed  

a n g l e s .  These c a l c u l a t e d  v a lu e s  were o b ta in e d  from e q .V ,1 .  C le a r ly ,  

a  c o r r e l a t i o n  between th e  bond a n g le ,  2n, and th e  mean f re q u e n c y  i s

= [ (1  + c o s ^ a ) / ( l  + sin^cx)]^ ( V , l )

e x p e c te d  s in c e  t h e r e  e x i s t s  a  l i n e a r  r e l a t i o n s h i p  between v and v .a s  8

However, on th e  b a s i s  of eq . V ,1 such a  c o r r e l a t i o n  between bond a n g le s

and s t r e t c h i n g  f r e q u e n c ie s  i s  no t e x p e c te d  to  be l i n e a r  as  shown by

R . J .  G i l l e s p i e  and E.A. R obinson . The s c a t t e r  o f  th e  p o in t s  abou t th e

e x p e c te d  cu rve  m ere ly  r e f l e c t s  th e  d e v i a t io n  o f  th e  observed  v and v  ̂ a s  s

v i b r a t i o n s  from t h e i r  l i n e a r  r e l a t i o n s h i p  d e s c r ib e d  by L . J .  Bellam y and

R .L . W il l ia m s .

1 13H and G n . m . r .  s p e c t ro s c o p y  were employed i n  th e  s t r u c t u r a l  

i n v e s t i g a t i o n  of s y n th e s i s e d  compounds. D ata on ch em ica l  s h i f t s  and
I

c o u p l in g  c o n s ta n t s  o b ta in e d  from th e  H n .m . r .  s p e c t r a  a r e  p r e s e n te d
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i n  s e c t i o n  V I I I ,  In  th e  c a se  of th e  2 ,3 ,4 - t r im e th o x y  and - t r i h y d r o x y  

sy s tem s, a s  i n ,  f o r  exam ple, 2 , 2 * , 3 , 3 ' , 4 »4‘-hexam ethoxyd ipheny l sn lphone ,  

th e  s h i f t s  o f  th e  a ro m a tic  p ro to n s  have been  a s s ig n e d  on th e  b a s i s  t h a t  

a  p ro to n  o r th o  t o  th e  su lp h o n y l group i s  th e  more d e s h ie ld e d .  T h is  i s  

r a t i o n a l i s e d  by c o n s id e r in g  in  each  case  th e  e q u iv a le n t  3 ,4 -d im ethoxy  

or “ d ihydroxy  system  r e s p e c t i v e l y ,  th e  s h i f t  of th e  p ro to n  on th e  

6 - p o s i t i o n  l i e s  d o w n fie ld  of t h a t  on th e  ^ - p o s i t i o n .  F u rthe rm ore  th e  

s u b s t i t u e n t  e f f e c t ^ ^ ^  o f  th e  a d d i t i o n a l  methoxy o r  h y d roxy l group i n  th e  

t r i s u b s t i t u t e d  p h e n y lsu lp h o n y l  system s i s  such t h a t  d i f f e r e n c e  i n  s h i f t s  

o f  th e  p ro to n s  on th e  5 -  and 6 - p o s i t i o n s  i s  e x p e c te d  to  i n c r e a s e .

T y p ic a l  examples o f  H n .m . r .  s p e c t r a  a re  e x e m p l i f ie d  by 3>4-dimethoxy—

3 ' , 4 », 5 ' - t r i a c e t o x y d i p h e n y l  s u lp h o n e , shown i n  F ig ,  V-4 and 5» and by 

3 , 3 ' , 4 , 4 ' ;  5 —p en tah y d ro x y d ip h en y l su lphone which i s  p r e s e n te d  i n  F ig ,  V-6 

and  7*

1 3D ata  on s h i f t s  and c o u p l in g  c o n s ta n t s  p ro v id e d  by G n .m . r ,

s p e c t ro s c o p y  a r e  g iv en  i n  Table V ,1 , The v a lu e s  g iv e n  complement w e l l

138w i th  th o s e  g iv e n  by F , von Mas sow and M,A,.R, Sm ith f o r  a s y m m e tr ic a l ly

13t r i s u b s t i t u t e d  ben ze n es .  Examples o f  0 n .m . r ,  s p e c t r a  a re  shown i n  

F ig ,  V-8 and 9» which g ive  th e  s p e c t r a  o f  3 , 4 - d i m e t h o x y - 3 ' , 4 ' , 5 ' - t r i -  

a c e to x y d ip h e n y l  su lphone ,  and i n  F ig ,  V-10 and 11, i n  which th e  s p e c t r a  

o f  3 , 4 i 5 - t r i h y d r o x y - 3 ' , 4 ' , 5 ' - t r i m e t h o x y d i p h e n y l  su lphone  a r e  p r e s e n te d .
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s t r e t c h i n g  f r e q u e n c ie s .



1 2 3

rN

to

Ê
Q.
Q.
«5

NO

(DaO
A

rH

g

&<D
A

-p
<0

•HA

ir\

k
0

-p

6

1

rn
(Ho

00

u
-p
Ü<D
AW

o
CM
CM

I
tüD•H



1 2 4

E
Q.
Q.'

tO

§

CDÜO
A

rH

g

&
CD

■â
•H

O
- P
CD

S
•HfH
- P

LP»

î
- P
CDe

•H

I

ro

%

5Ü Ch 
CD O  
Ara ü o
•  r l

P4 - P

j l_W ra 
A

N  (D

! î
CM O  
CM O

«=t5 pq
LOi

ho
•H
pq



1 2 5

±
10

F ig .  V-6:

9 8 7
6 p p m

220 MHz 'H n .m . r .  spectrum  o f  3 , 3 ' , 4 , 4 5 -p en tah y d ro x y d ip h en y l 
su lp h o n e .

1.
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A

F ig .  V-7:

7.75 7.0 6.75
5 p p m

A: 220 MHz %  n .m . r ,  spectrum  o f  3 » 3 ’ j4 j4 '» 5 “ Peii 'tahydroxydiphenyl

s u lp h o n e .
B: Computer s im u la t io n  o f  A.
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T a b l e  V , 1  ^ n . m . r .  o f  A r y l  S u l p h o n y l  Co mp ou n d s

3 , 4 ,5 -- t r im e thoxybenzene-  s h i f  t (ppm) c o u p l in g  (Hz)
su lp h o n y l  c h l o r i d e

c -1 = 138.7

C-2 = C-6  = 103.3  C -2 ,  H-2 =
0- 6 , H-6  = 164

3 , 3 '  , 4 , 4 '  , 5 , 5 ' -h e x a h y d r0](y- 
d ip h e n y l  su lphone

3 , 4 , 5 - i r i h y d r o x y - 3 ' , 4 ' , 5 ' -
t r im e th o x y d ip h e n y l  su lphone

0-3  = 0 -5  = 1 5 2 . 4

0 -2 ,  H-6 = 
0 -6 ,  H-2 = 6

0 -4  = 1 4 2 .1  0 -4 ,  H-2 =
0 -4 ,  H-6 = 3

(0-3)o1^0H =

(0- 5 )o 13cH = 56.1 145

(0 -4 )0 ^ ^OH = 60.1 145

0-1  = 0 - 1 : = 13 1 .1

0-2  = 0 -6  = 0 -2 ,  H-2 =

0 - 2 '  = 0 - 6 '  = 106.1 0 -6 ,  H- 6  =
0 - 2 ' ,  H -2 ' =
0 - 6 ' ,  H- 6  » = 164  
0 - 2 ,  H-6 =
0 - 6 ,  H-2 =
0 - 2 ' ,  H-6 ' =
0 - 6 ' ,  H -2 ! = 6

0—3 = 0—5 =

0 - 3 '  = 0 - 5 '  = 1 4 5 . 9

0-4  = 0 - 4 '  = 1 3 7 . 7  0 - 4 , H-2 =
0—4 , H-6 =
0 - 4 ' ,  H -2 ' = 
0 - 4 ' ,  H-6 ' = 6

0 -1  = 1 3 0 .1
0 -2  = 0 -6  = 1 0 6 . 5  0 -2 ,  H-2 =

0 - 6 ,  H-6 = 164  
0 -2 ,  H-6 =
0 -6 ,  H-2 = 6

0-3  = 0 - 5  = 1 4 6 . 2
OH = 1 3 8 . 4  0 -4 ,  H-2 =

0 -4 ,  H-6 = 7
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T a b l e  V , 1  ( c o n t i n u e d )

3 , 4 , 5 - t r i a c e t o x y - 3 ' , 4 ' , 5 ' -  
t r im e th o x y d ip h e n y l  su lphone

C - 1 ' = 141.3 
C -2 '  = C -6 '  = 104.4

C -3 ' = C-5* = 1 5 3 . 2  

C -4 ' = 1 3 7 .1

(C-3')0^^CH^ =

(C -5 ')o13cH  =

(C -4 ')0 ^ ^ C H  =

5 6 . 3

60.2

C-1 = 138.9

C-2 = C—6 = 1 20 .6

C-3 = C -5 = 143.8  

c -4  = 1 3 9 .1

C -1 '  = 142.2  

c - 2 ' = 0 - 6 ' = 105.3

0 - 3 '  = 0 - 5 '  = 1 5 3 . 4  

0- 4 ' = 134.8

0 - 3 ) 0^^OOOH  ̂ = 

0 - 5 ) 0 ^  ^OOOH. = 167.2

0 - 4 ) 0  ̂^OOOH  ̂ = 166.2 

0-3)000^^0H^ =

o - 5 )ooo^^OH^ = 20.3  

0- 4 ) 000^^OH^ = 19.8

0-3 ')O^^0H^ =

0-5' )O^^0H^ = 5 6 . 5

0-4 ')0^^0H 3 = 60 .2

0 - 2 ' ,  H -2 '  
0 - 6 ' ,  H -6 '  
0 - 2 ' ,  h - 6 '
0 - 6 ' ,  H - 2 '

0 - 4 ' ,  H -2 '  
0 - 4 ' ,  H - 6 '

145

145

166 

6

= 3

0 - 2 ,  H -2  = 
0 - 6 ,  H -6  = 
0 - 2 ,  H-6 = 
0 - 6 ,  H -2  =

172

6

0 - 4 ,  H -2  = 
0—4 ,  H—6 = 6

0 - 2 ' ,  H -2 '  
0 - 6 ' ,  H -6 '  
0 - 2 ' ,  h- 6 '
0 - 6 ' ,  H -2 '

167

7

0 - 4 ' ,  H -2 '  
0 - 4 ' ,  H -6 '

7
7

131
130

146

145

= 4



T a b l e  V ,1 ( c o n t i n u e d )

1 3 3

3 ,4 -d im e thoxy - 3  » , 4  ' , 5  ».
t r i a c e t o x y d ip h e n y l
su lphone

3 ,4 -d im e th o x y -3 ’ , 4 ' , 5 ' -  
t r ih y d ro x y d ip h e n y l  su lphone

C-1 = 131.4 C-1 H-5 = 10
c -2  = 1 2 2 .0  or C -2 H-2 = 168

C-2 H -6  = 6
1 10 .1 C-2 H-2 = 164

C-2 H -6  = 6

C-3 = 149.3 C-3 H -5  = 4
C -4 = 153.5 C-4 H -2  = 7

C-4 H -6 = 7
C-5 = 1 1 2 .0 C-5 H-5 = 165
C-6 = 1 2 2 .0  or c -6 H-6 = 168

C-6 H -2  = 6

110 .1 C-6 H-6 = 164
C-6 H-2 = 6

C -1 '  = 139.9
C -2 '  = C -6 '  = 12 0 .3 C-2 , H-2* =

C-6 , H -6 ' = r
C-2 , H -6 ' =
C-6 , H -2 ' = 6

C -3 '  = C -5 ' = 143.8
C -4 '  = 138.7 C-4 , H -2 ' =

(C - 3 )o 1 3 cH  = 56 ,0

(C -4 ) 0^^CH^ = 56 .0

C-4
145

1 4 5 .

, H -6 ' = 8

(C-3
(C-5

(C-4
(C-3

(C-5
(C-4

)0 ■̂ COCH- 

)O^^COCH. 

)O^^COCH- 

)0C0 ^CE, =

= 167.1 

= 166 *i

)OCO^^CH

)OGO^^CH
= 20.3 

= 1 9 . 8

C-1 = 13 3 .8  

C-2 = 121.0  or

109.5

7

7

131
131

C -1 , H-5 

C -2 ,  H-2 

C -2 ,  H-6  

C-2, H-2 

C -2 ,  H-6

7
168

6

164

7



T a b l e  V ,1  ( c o n t i n u e d )

1 3 4

3 , 3 '4  »4' , 5 -pen tahydroxy- 
d ip h e n y l  su lphone

C-3 = 1 4 8 . 9 C-3 H-5 = 8

C-4 = 1 5 2 . 5 C-4 H-2 = 7

C-4 H-6 = 7
c - 5  = 1 1 1 . 7 C-5 H-5 = 163

C—6 = 121.0  or C-6 H-6 = 168

C-6 H-2 = 6

1 0 9 . 5 C-6 H-6 = 164

C-1 ' = 1 3 0 . 8

C-6 H-2 = 7

C -2 ' = C -6 ' = 1 0 6 . 4 C-2 , H -2 ' =

C-6 , H -6 ' = 164

C-2 , H -6 ' =

C -3 ' = C -5 ' = 1 4 6 . 2

C-6 , H -2 ' = 7

C -4 ' = 1 3 8 . 2 C-4 , H -2 ' =

( C - 3 ) 0^^CH^ = 5 6 . 9
C-4 , H -6 ' = 7
145

( C - 4 )o 1 3 c H  = 5 6 . 9 145

C-1 = 1 3 1 . 2

C-2 = C-6 = 106.1 C-2, H-2 = •

C - 6 , H-6 = 164

C -2 , H-6 =

C—3 = C-5 = 1 4 6 . 0

C - 6 , H-2 = 6

c -4  = 1 3 7 . 8 C-4, H-2 =

c - 4 , H-6 = 7
c - 1 '  = 1 3 2 . 2 c - 1  ' , H -5 ' = 9

c - 2 '  = 1 1 9 . 3  or c - 2 ' , H -2 ' = 166

c - 2 ' , H -6 ' = 6

1 1 3 . 9 c - 2 ' , H -2 ' = 162

C -2 ' , H -6 ' = 6

C -3 ' = 1 4 5 . 5 C -3 ' , h- 5 '  = 4
C -4 ' = 1 5 0 . 0 C -4 ' , H -2 ' = 7

C -4 ' , H -6 ' = 7



T a b l e  V , 1  ( c o n t i n u e d )

1 3 5

C -5 ' = 1 1 5 . 7

3 , 4 , 5 - t r i a c e t o x y -  
d ip h e n y l  su lphone

C -6 ' = 119.3 or C -6 , H-6  = 166

C -6 , H-2  = 6

113.9 C -6 , H-6  = 162

C -6 , H-2  = 6

C-1 = 138.9

C-2  = C-6  = 120.5 C -2 , H-2  =

C -6, H-6  = 173
C -2 , H-6  =

C -6 , H-2  = 7
C-3  = C-5  = 143.9

C-4  = 138.9 C-4 , H-2  =

c - 4 . H-6  = 3
C -1 ' = 140.2 c-1 ' H-3 ' =

c-1  ' H-5 ' = 6

C -2 ' = C -6 ' = 127.6 c - 2 ' H-2 ' =

C -6 ' H-6 ' = 167

C -2 ' H-4 '

C -2 ' H-6 ' =

C -6 ' H-2 ' =

C -6 ' H-4 ' = 7 -

C -3 ' = C -5 ' = 129.9 C -3 ' H-3 ' =

C -5 ' H-5 ' = 165

C-3 ' H-5 ' =

C -5 ' H-3 ' = 6

C-4 ' = 134 .2 C-4 ' H-4 ' = 164

C-4 ' H-2 ' =

C-4 ' H-6' = 7
(C-3)o'^^COCH^ =

( c - 5 )o^^cocH^ = 167.7 7
(C-4)0^^C0CH = 166.7 7
(C-3)OCo13cH =

(C-5)0C0^^CH = 20 .3 131
(C-4)0C0^^CH = 19 .8 131
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VI THE APPLICATIONS OF ARYLTHALLIUMS IN THE SYNTHESIS OF DIARYL 

SULPHONES 

A I n t r o d u c t io n

E l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  o f  a ro m a tic  compounds have 

p ro b a b ly  been  more e x t e n s i v e ly  s tu d i e d  th a n  any o th e r  f i e l d  i n  o rg a n ic  

c h e m is t ry ,  T r i f l u o r o a c e t i c  a c id  (TFA) has  been r e p o r t e d " * t o  be an 

e x c e l l e n t  medium f o r  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s ,  i n  t h a t  i t s  

u se  b o th  d e c re a se s  th e  e x t e n t  of s id e  r e a c t i o n s  and in c r e a s e s  th e  r a t e s  

o f  r e a c t i o n s  o f  n i t r a t i o n ,  b ro m in a t io n  and m e rc u ra t io n ,

A g r o a t  d e a l  o f  work has  been c a r r i e d  out i n t o  i n v e s t i g a t i n g  

e l e c t r o p h i l i c  m e rc u ra t io n  o f  a ro m a tic  compounds. I t  i s  p e rhaps  s u r p r i s i n g  

t h a t  u n t i l  r e c e n t l y  v e ry  l i t t l e  work had  been done on th e  p r e p a r a t io n  and 

s y n t h e t i c  a p p l i c a t i o n s  o f  a ro m a tic  t h a l l a t i o n  r e a c t i o n s .  T hallium  i s  

one o f  th e  Group I I I B  e le m e n ts ,  and as  e x p e c te d  compounds o f  th e  ty p e  

TlX^ a r e  good Lewis a c i d s .  The e l e c t r o p h i l i c i t y  of TlX^ can  be v a r i e d  

s u b s t a n t i a l l y  by v a r i a t i o n  o f  th e  n a tu re  of X. T h a l l i u m ( I I I )  n i t r a t e  

(TTN) in  TFA has  been  shown to  be e f f e c t i v e  i n  n i t r a t i o n  o f  a ro m a tic  

compounds. In  t h i s  c ase  th e  f u n c t i o n  o f  TTN i s  a s  a  Lewis a c i d  i n  

a c c e l e r a t i n g  th e  r a t e  o f  n i t r a t i o n ,  and th e  r e a c t i o n  i s  n o t  c o n s id e r e d  

to  p ro c e e d  v i a  an a r y l t h a l l i u m  in te rm ed ia te ."* ^^

The t h a l l a t i o n  o f  an  a ro m a tic  compound was f i r s t  d e s c r ib e d  by

H. Gilman and R.K. A bbott Jr."*" "̂* who p re p a re d  d i - ( 4 - d i b e n z o f u r y l ) t h a l l i u m

c h l o r i d e  i n  9^ y i e l d  by r e a c t i n g  d ib e n z o fu ra n  w ith  t h a l l i u m ( l I l ) c h l o r i d e .

14-2 143However, s in c e  A. McKillop _et ’ r e p o r t e d  t h a t  a r y l t h a l l i u m

compounds can  be r e a d i l y  p re p a re d  i n  h ig h  y i e l d  u s in g  t h a l l i u m  ( i l l )  

t r i f l u o r o a c e t a t e  (TTFA) th e r e  has  been a  g r e a t  d e a l  o f  work c a r r i e d  ou t 

i n t o  th e  s y n th e t i c  a p p l i c a t i o n s  o f  a r y l t h a l l i u m s .  The s u b s t i t u e n t
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e f f e c t s  n o rm a l ly  enco im te red  in  e l e c t r o p h i l i c  s u b s t i t u t i o n  a r e  observed  

in  a ro m a t ic  t h a l l a t i o n  excep t when th e  s t e r i c  e f f e c t  p redom ina te s  owing 

to  t h e  s i z e  o f  t h a l l i u m .  Also s u b s t i t u e n t s  t h a t  a r e  c ap a b le  o f  com plexing 

w i th  th e  incom ing TTFA e l e c t r o p h i l e  may in f lu e n c e  t h e  o r i e n t a t i o n  o f  

t h a l l a t i o n .  F o r  example, t h a l l a t i o n  o f  b en zo ic  a c i d  o ccu rs  e x c l u s i v e ly  

in  t h e  o r th o  p o s i t i o n  due to  th e  fo rm a t io n  o f  an  in t e r m e d ia te  s u b s t r a t e — 

e l e c t r o p h i l e  complex.

The g r e a t  s y n t h e t i c  a p p l i c a t i o n s  o f  th e s e  a r y l t h a l l i u m  

b i s ( t r i f l u o r a c e t a t e s )  l i e s  in  th e  ease  w i th  which th e  t h a l l i u m  group 

can  be d i s p la c e d  by  o th e r  s u b s t i t u e n t s ,  which th e n  occupy t h e  o r i g i n a l l y  

t h a l l a t e d  p o s i t i o n s .  These r e a c t i o n s  u s u a l l y  p ro ceed  w i th  a  change in  

th e  v a le n c y  o f  tha llium  from +3 to  +1. Thus a r y l t h a l l i u m s  can be r e a d i l y  

v e r t e d  t o  p h e n o ls ,^^4 n i t r i l e s , ^ 4 4 , 1 4 5  b ip h e n y l s , i o d i d e s ] ^ ^ - ^ , 147-8

Many

com

f l u o r i d e s ,  thiocyan.at.es (VI, l) , and se lenocyana  t es

o f  t h e s e  and o th e r  r e a c t i o n s  i n  which t h a l l i u m  compounds have been  employed

152in  o rg a n ic  s y n th e s i s  have been  rev iew ed  by  A. McKillop and E.G. T a y lo r .

KSCN, hv ( V I , 1)

H CH

■OCOCR
SeCN

+ TIOCOCF. + CuSe
SeCN

(VI, 2) 
iCOCF

The use  o f  o rg a n o th a l l iu m  in te r m e d ia te s  i s  n o te d  g e n e r a l l y  f o r  t h e  

h ig h  y i e l d  o b ta in e d  under  u s u a l l y  m ild  c o n d i t io n s ,  th e  u n iq u e n ess  o f  

many o f  t h e  t r a n s f o r m a t io n s ,  and th e  ease  w i th  which th e  r e a c t i o n s  a r e  

c a r r i e d  out i n  p r a c t i c e .  This f i e l d  r e p r e s e n t s  a  r a p i d l y  expanding  a r e a  

o f  o rg a n o m e ta l l i c  c h e m is try ,  and many o f  th e  r e a c t i o n s  in v o lv e d  a r e  f a s t  

becoming s ta n d a rd  te ch n iq u e s  in  s y n t h e t i c  o rg a n ic  c h e m is t ry .
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VI B R e s u l t s  and D is c u s s io n

S in ce  a r y l t h a l l i u m  h i s ( t r i f l u o r o a c e t a t e )  has  b een  shown to  y i e l d

150 151a r y l  th io c y a n a t .e s  and a r y l  s e le n o c y a n a te s  when r e a c t e d  w ith

po ta ss iu m  th i o c y a n a t e  and copper s e le n o c y a n a te  r e s p e c t i v e l y ,

c o n s id e r a t i o n  was g iv e n  to  th e  p o s s i b i l i t y  o f  g e n e r a t in g  d i a r y l

su lphones  v i a  a r y l t h a l l i u m  i n t e r m e d i a t e s .  I n i t i a l  e x p e r im en ts ,  in

which th e  p r e p a r a t i o n  o f  a ry lp h e n y l  su lphones  was a t te m p te d  by t r e a t i n g

a r y l t h a l l i u m  w ith  sodium b e n z e n e s u lp h in a te ,  p roved  u n s u c c e s s f u l .

145
The u se  o f  copper s a l t s  o f  cy an a te  and o f  s e 1enocyana te  have

b een  shown t o  y i e l d  t h e  r e q u i r e d  cyan ide  and se le n o c y a n id e  r e s p e c t i v e l y  

upon r e a c t i o n  w i th  a r y l t h a l l i u m s .  C onsequen tly  th e  copper s a l t  o f  

b e n z e n e s u lp h in ic  a c i d  was employed i n  t h e  r e a c t i o n  w ith  a r y l t h a l l i u m  

b i s ( t r i f l u o r o a c e t a t e ) , and t h i s  p ro ced u re  was found to  y i e l d  t h e  r e q u i r e d  

a ry lp h e n y l  su lphone  (experim en t 3 l)  • In  t h i s  manner 2 ,4 ,6 - t r i m e t h y l  

d ip h e n y l  su lphone ,  2 ,4 -d im e th y ld ip h e n y l  su lphone ,  and 4 -c h lo ro d ip h e n y l  

su lphone  were p re p a re d ,  t h e  th a l l i u m  d e r i v a t i v e s  b e in g  f i r s t  o b ta in e d  

by r e a c t i n g  m e s i ty le n e ,  m -xylene, and ch lo robenzene  r e s p e c t i v e l y  w ith  

t h a l l i u m  ( i l l )  t r i f l u o r o a c e t a t e .  The d isp la cem e n t r e a c t i o n  i s  th o u g h t 

t o  p ro cee d  a s  a  synchronous n u c l e o p h i l i c  s u b s t i t u t i o n  a f t e r  f i r s t

c o o r d in a t io n  o f  copper by a  t r i f l u o r o a c e t a t e  l i g a n d  (V I,3) a s  has 

been  p o s t u l a t e d  by S. 

s e le n o c y a n id e  (V I ,2 ) .

151b een  p o s t u l a t e d  by S . Uemura e t  a l .  i n  t h e  case  o f  copper
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The y i e l d s  o b ta in e d  f o r  th e  t h a l l a t i o n  r e a c t i o n ;  and a l s o  th e  o v e r a l l

/ O C O C F 3 0
ArAC^  II

   Ar -  S -  Ph + TIOCOCP^
0 / ;

P h - S - C u c y ^
^  SO2PI1 ' + CuSOgPh.OCOCF^ (V I ,3 )

y i e l d s  o f  +he su lphones  a re  shown in  Table V I , 1, In  th e  r e a c t i o n  o f

Compounds

ArH 0̂ y i e l d  o f  a r y l t h a l l i u m ^  o v e r a l l  y i e l d  of a r y l 
compound* phenyl sulphone

m e s i ty le n e  94 41

m -xylene 100 63

ch lo ro b en zen e  oO 47

*
v a lu e s  ta k e n  from r e f .  143

**
isom er d i s t r i b u t i o n , o  (2 3 ^ ) ,  £  (71%)

sodium b e n z e n e s u lp h in a te  w ith  a r y l  t h a l l i u m s ,  no a t te m p t was made to  

maximise th e  y i e l d s .  There was a  c o n s id e ra b le  amount of suspended 

m a t e r i a l  i n  th e  r e a c t i o n  m ix tu re  th ro u g h o u t th e  p ro c e d u re ,  and t h e r e f o r e  

th e  u se  o f  a l t e r n a t i v e  s o lv e n t  system s may prove to  r e s u l t  i n  h ig h e r  y i e l d s .

T h is  method o f  p r e p a r a t i o n  o f  d i a r y l  su lphones  has  th e  advan tage , 

over th e  more u s u a l  e l e c t r o p h i l i c  methods in  t h a t  th e  c o n d i t io n s  o f  

r e a c t i o n  a r e  c o m p a ra t iv e ly  m ild ,  and t h e r e f o r e  such a  te c h n iq u e  may 

prove i n  some in s ta n c e s  to  be o f  more g e n e ra l  a p p l i c a b i l i t y .
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V II GENERAL CONCLUSIONS

The aim o f  th e  p r o j e c t  was in  p a r t  th e  s y n th e s i s  o f  compounds 

t h a t  when u sed  in  c o n ju n c t io n  w ith  aluminium s a l t s  shou ld  show 

promise in  c o n v e r t in g  p e l t  i n t o  w h ite ,  l i g h t - s t a b l e  l e a t h e r .

T r i a l  ta n n in g  experim en ts  u s in g  a  v a r i e t y  of compounds su g g e s te d  

s t r o n g ly  t h a t  3 , 3 ' i 4 , 4 ’ , 5 r5 '-hexahydroxyd ipheny l su lphone would be 

most l i k e l y  t o  p o sse ss  th e  r e q u i r e d  p r o p e r t i e s  to  ach ieve  t h i s  aim.

S e v e ra l  s y n th e t i c  r o u te s  by which t h i s  hexahydroxy compound might 

be p re p a re d  were i n v e s t i g a t e d .  A method was f i n a l l y  developed  in  which 

s u lp h in ic  a c id s  (sodium s a l t s )  a re  r e a c te d  w ith  o -benzoquinones to  g ive  

th e  co r re sp o n d in g  d ihydroxyphenyl su lp h o n es .  This  method, which 

ap p ea rs  to  be o f  q u i t e  g e n e ra l  a p p l i c a b i l i t y ,  was u t i l i s e d  in  th e  

p r e p a r a t io n  o f  th e  hexahydroxysulphone and o th e r  r e l a t e d  compounds 

f o r  which s ta n d a rd  s y n th e t i c  te c h n iq u e s  p roved  to  be in a d e q u a te .

The view t h a t  3 , 3 ’ , 4 , 4 ’ , 5 , 5 '-hexahyd roxyd ipheny l su lphone was 

e x p ec ted  to  show promise in  e x h i b i t i n g  th e  r e q u i r e d  ta n n in g  p r o p e r t i e s ,  

when u sed  in  th e  p resence  of aluminium s a l t s ,  was j u s t i f i e d  w ith  r e s p e c t  

t o  th e  hyd ro therm al s t a b i l i t y  and i n i t i a l  c o lo u r  o f  th e  r e s u l t a n t  

l e a t h e r .  However, th e  l i g h t - f a s t n e s s  p r o p e r t i e s  must be r e g a rd e d  as 

v e ry  p o o r .  T h e re fo re  s e r io u s  c o n s id e r a t io n  shou ld  be g iv en  to  th e  p o s s i b i l i t y  

t h a t  th e  u se  o f  p o ly p h e n o lic  compound i s  i n h e r e n t ly  in c o m p a tib le  w ith  th e
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r e q u i re m e n ts  o f  l e a t h e r  m a n u fa c tu re rs  i n  o b ta in in g  a  w h ite  l e a t h e r  t h a t  

i s  s u f f i c i e n t l y  l i g h t - s t a b l e .

The im p o r ta n t  f u n c t i o n  i n  t a n n in g  o f  th e  a d d i t i o n a l  h y d roxy l groups 

o f  compounds such as  p y r o g a l l o l  and e t h y l  g a l l a t e  a s  compared to  c a t e c h o l  

has  been n o te d .  The fo rm a t io n  o f  each a lum in ium -pheno lic  c h e l a t e  r i n g  

in v o lv e s  two hy d ro x y l g roups o r th o  t o  each o th e r ,  and t h e r e f o r e  i t  i s  

th o u g h t  t h a t  th e  a d d i t i o n a l  hyd roxy l g roups f u n c t i o n  by i n t e r a c t i o n  w i th  

th e  p r o t e i n .  However, th e  deu te r ium  exchange c h a r a c t e r i s t i c s  o f  t r e a t e d  

and u n t r e a t e d  g e l a t i n e  show t h a t  i n  th e  c a se  o f  p y r o g a l l o l ,  such 

i n t e r a c t i o n s  canno t f u l l y  accoun t f o r  th e  observed  t a n n in g  a c t i o n .

Taking  p y r o g a l l o l  a s  an example, i t  i s  p roposed  t h a t  p o ly n u c le a r  complexes 

c o n t a in in g  u n i t s  o f  th e  ty p e s  shown in  F ig ,  V II —1, I , I I  and I I I  may be

OH
I

•AI—Ô A!— 0

I I

2 —

OH

\  /

OH
I I I

F ig ,  V I I - 1

r e s p o n s ib l e  f o r  th e  o bse rved  ta n n in g  a c t i o n .  The t e t r a -  and hexahydroxy- 

d ip h e n y l  su lp h o n es ,  s in c e  th e y  p o s se s s  two com plexing s i t e s ,  would te n d  

to  form more e x te n s iv e  p o ly n u c le a r  com plexes.
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The complexes may he bonded to  th e  p r o t e i n  by th e  i n t e r a c t i o n  o f  

Al-OH g ro u p s ,  e i t h e r  a t  th e  end o f  or a lo n g  th e  p o ly n u c le a r  com plexes , 

w i th  c a rb o x y l ic  a c i d  s id e  g roups form ing a lu m in iu m -ca rb o x y la te  bonds. 

However, th e  t a n n in g  ex p er im en ts  u s in g  aluminium iso p ro p o x id e  would have 

f u l l y  u t i l i s e d  th e s e  ty p e s  o f  bonds. T h is  d id  n o t  r e s u l t  i n  a  

c o r re s p o n d in g  r i s e  i n  sh r in k a g e  te m p e ra tu r e ,  i n d i c a t i n g  th e  l i m i t a t i o n  

o f  th e  r o l e  aluminium - c a r b o x y la te  bonds p la y  in  ta n n in g .  O ther 

i n t e r a c t i o n s ,  a p a r t  from th o s e  in v o lv in g  th e  phenolic-OH groups a l r e a d y  

d i s c u s s e d ,  may a l s o  p la y  a  p a r t .  Aluminium complexes may be ch a rg e d  

and th e r e f o r e  i t  i s  p o s s i b l e  t h a t  charge  a t t r a c t i o n s  may be in v o lv e d  

to  some e x t e n t .  Evidence has  been  p r e s e n te d  t h a t  s u g g e s ts  t h a t  i n  th e  

c a s e  o f  aluminium c a t e c h o l a t o g l y c i n a t e  t h e r e  e x i s t s  a  d o n o r -a c c e p to r  

i n t e r a c t i o n  betw een n i t r o g e n  and aluminium. I t  i s  d i f f i c u l t  to  judge th e  

e x t e n t  to  which such i n t e r a c t i o n s  may a l s o  c o n t r i b u t e  t o  ta n n in g  a c t i o n .

W hatever s p e c ie s  a re  r e s p o n s ib le  f o r  t a n n in g  a c t i o n , t h e y  must 

e s s e n t i a l l y  form s t a b l e  c r o s s - l i n k a g e s  w i th in  th e  p r o t e i n ,  and th e s e  

s p e c ie s  need  n o t  n e c e s s a r i l y  be th o s e  t h a t  a r e  p r e s e n t  i n  th e  g r e a t e s t  

c o n c e n t r a t i o n s  i n  th e  t a n n in g  s o l u t i o n .  The i r r e v e r s i b l e  n a tu r e  o f

xhe ta n n in g  p ro c e s s  l e a d s  to  what i s  e s s e n t i a l l y  th e  c a p tu re  o f  t a n n in g  

m a t e r i a l  from s o l u t i o n .  T h e re fo re ,  though  i t  i s  p o s s ib le  t o  e s t a b l i s h  

th e  optimum c o n d i t i o n s  o f  t a n n in g ,  i t  need  n o t  n e c e s s a r i l y  fo l lo w  t h a t  

i t  i s  th e re b y  p o s s i b le  to  deduce th e  a c t i v e  s p e c i e s .
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V I I I  EXPERIMENTAL

A G enera l Techniques and M a te r i a l s

1 • Small S ca le  Tanning Experim ents

The f o l lo w in g  i s  th e  g e n e ra l  p ro ced u re  u sed  t o  i n v e s t i g a t e  

th e  p o t e n t i a l  t a n n in g  a b i l i t y  o f  compounds in  th e  p re se n c e  o f  aluminium 

s a l t s ,  and was m a in ly  c a r r i e d  out in  c o n ju n c t io n  w i th  B.L.M.R.A. Any 

a l t e r a t i o n  to  t h i s  p ro ced u re  i s  s p e c i f i e d  i n  th e  t e x t .

Acetone d e h y d ra te d  p e l t  ( 0 . 5  g . ) was th o ro u g h ly  soaked  i n  w a te r  

and d r a in e d .  A s o l u t i o n  o f  Lutan B (0 .4 3  g . , c a .  0 .0018$ g .  atom. A l) 

o r  aluminium s u lp h a te  (O. 5 8  g . , O.OOI84  g. atom. A l ) ,  and th e  p h e n o l ic  

compound (3 . 7 0  mmol.; i n  th e  c a se  of th e  d i a r y l  su lp h o n es ,  1 .8$ mmol.) 

i n  w a te r  (IO cm,^) was p re p a re d .  In  some c a s e s j g e n t l e  h e a t in g  fo l lo w ed  

by c o o l in g ,  o r  th e  a d d i t i o n  o f  a l i t t l e  ac e to n e  was r e q u i r e d  to  d i s s o lv e  

a l l  th e  s o l i d .  The pH was a d j u s t e d  by dropw ise a d d i t i o n  o f  aq .  sodium 

hyd rox ide  (1M) s o l u t i o n  to  th e  p o in t  a t  which p r e c i p i t a t i o n  began to  o ccu r .  

T h is  s o l u t i o n  was added to  t h e  soaked  p e l t  and shaken o v e rn ig h t .  The ' 

" l e a t h e r "  was removed, washed s e v e r a l  t im es  w i th  w a te r ,  and th e n  a l lo w ed  

t o  d ry  i n  th e  a tm osphere .

2. Small S ca le  Tanning E xperim ents  U sing  Aluminium Iso p ro p o x id e  

D ib as ic  Acids

Acetone d eh y d ra ted  p e l t  ( 0 .$  g . )  was th o ro u g h ly  soaked  in  

d ry  i s o p ro p y l  a l c o h o l  and th e n  added to  a  s o l u t i o n  o f  aluminium 

is o p ro p o x id e  (O. 3 8  g . , 1 .86 mmol.) i n  is o p ro p a n o l  (20 cm^) and shaken 

f o r  3 days . The p e l t  was th e n  removed, b l o t t e d ,  and added to  a  s o l u t i o n  

o f  th e  d ib a s i c  a c i d  (3 .7 3  mmol.) i n  is o p ro p a n o l  (20 cm^) fo l lo w e d  by 

s h a k in g  f o r  3 days.  V arious d eg rees  o f  re ta n n a g e  were accom plished  by 

r e p e a t i n g  th e  above p ro c e s s .  The p e l t  was d r i e d ,  soaked i n  w a te r  o v e rn ig h t  

and f i n a l l y  d r i e d  in  th e  a tm osphere ,

* Trade mark o f  Bush Beach and Segner Bayley L t d . , England.
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3 .  T h e r m a l  A n a l y s i s

Thermal a n a l y s i s  was c a r r i e d  out i n  c o n ju n c t io n  w i th  

B.L.M.R.A. u s in g  a  Dupont $00 Thermal A n a ly se r ,  The " l e a t h e r "  was 

w e t te d  e i t h e r  by so ak in g  o v e rn ig h t  i n  w a te r  o r  by l e a v in g  th e  immersed 

sample und er  red u ce d  p r e s s u r e  f o r  5 min. and th e n  a t  a tm o sp h er ic  

p r e s s u r e  f o r  a  f u r t h e r  10 min. Small samples of t h i s  w e t te d  " l e a t h e r "  

were s e a le d  i n  a i r - t i g h t  aluminium pans f o r  a n a l y s i s .

4» L i g h t - f a s t n e s s

L i g h t - f a s t n e s s  was c a r r i e d  out by B.L.M.R.A. u s in g  a  s ta n d a rd  

p ro ced u re  i n  acco rdance  w ith  B r i t i s h  S ta n d a rd s  B .S .1006. T h is  in v o lv e s  

ex p o s in g  th e  l e a t h e r  and s ta n d a r d  samples o f  b lu e  wool t o  l i g h t  from a 

X en o te s t  lamp. The p o in t  a t  which th e  sample o f  l e a t h e r  b e g in s  to  

fad e  i s  n o te d  a g a i n s t  th e  f a d in g  of th e  s ta n d a rd  wool sam ples ,  g iv in g  a  

v a lu e  on th e  b lu e  wool s c a le  s i x  (B.W.S. 6 ) .

5. N u c lea r  M agnetic Resonance ( n . m . r . )  S p ec tro sco p y  

1The 60 MHz H n .m . r .  s p e c t r a  were r e c o rd e d  on a  V a r ia n  EM 360 

1s p e c t ro m e te r .  The 220 MHz H s p e c t r a  were r e c o rd e d  a t  th e  P h y s ic o -

Chemical Measurements U n it  (P .C .M .U .) H arw ell on a  V ar ian  HR 220

1 3s p e c t ro m e te r .  The C s p e c t r a  were re c o rd e d  on a  B ruker HX $0E machine

1 5a t  P.C.M.U. o p e r a t in g  a t  22 ,63  MHz, and th e  N s p e c t r a  were a l s o  r e c o rd e d

a t  P.C.M.U. on a  B ruker ¥H 180 s p e c tro m e te r  o p e r a t in g  a t  18.24 MHz. A l l

s p e c t r a  were ru n  a t  am bient te m p e ra tu r e .  The i n t e r n a l  r e f e r e n c e s  f o r  H

and s p e c t r a  were 3 - ( t r i m e t h y l s i l y l ) - p r o p a n e s u l p h o n i c  a c i d  sodium s a l t

( T . S . P . ) i n  th e  c a se  o f  D^O s o l u t i o n s ,  and  t e t r a m e t h y l s i l a n e  (T .M .S .)

1 3f o r  o th e r  s o l u t i o n s .  For N s p e c t r a ,  n i t ro m e th a n e  was u s e d  as  th e  

e x t e r n a l  r e f e r e n c e .  Chemical s h i f t s  ( Ô ) a r e  e x p re s s e d  i n  p a r t s  p e r
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m i l l i o n  (ppm) r e l a t i v e  t o  th e  re sonance  o f  th e  r e f e r e n c e  sample 

(0= O ) , C oupling  c o n s ta n t s  ( j )  a r e  ex p re s se d  in  Hz. Spectrum 

s im u la t i o n  was c a r r i e d  out u s in g  program UEA MR BAS f i l e d  a t  th e  

U n i v e r s i t y  o f  London Computer C en tre ,  t o g e t h e r  w i th  a  p l o t t i n g  r o u t i n e ,  

LIBRARY RHC PLOT, deve loped  a t  Royal Holloway C o lleg e  C e n t ra l  Computer 

S e r v i c e s .

6 .  I n f r a r e d  ( i . r . )  S p ec tro sco p y

I n f r a r e d  s p e c t r a  were o b ta in e d  u s in g  e i t h e r  a  P e rk in -E lm er  

2$7 g r a t i n g  s p e c tro p h o to m e te r ,  o r  a  P e rk in -E lm er  337 g r a t i n g  

s p e c t ro p h o to m e te r .  Compounds examined as  t h e i r  p o ta ss iu m  bromide 

d i s c s  were o f  a p p ro x im a te ly  1^ w/w co m p o s i t io n .

In  t h e  case  o f  t h e  g e l a t in e - d e u te r iu m  exchange ex p e r im en ts ,  th e  

s p e c t r a  were o b ta in e d  u s in g  a  P e rk in -E lm er  177 g r a t i n g  i n f r a r e d  

s p e c t ro p h o to m e te r .  These experim en ts  were c a r r i e d  out i n  a  manner 

s i m i l a r  t o  t h a t  d e s c r ib e d  by  Heidemann.^^ G e la t in e  (0 .1  g . ) , and a s  

r e q u i r e d  aluminium s u lp h a te  (0 .02$  g . , O.O4O mmol.) and  th e  p h e n o l ic  

compound (0 .079  mmol., i n  t h e  case  o f  t h e  d i a r y l  su lphone O.O4O mmol.) 

were d i s s o lv e d  in  w a te r  ($ cm^). G en tle  h e a t i n g  was r e q u i r e d  t o  

d i s s o lv e  a l l  t h e  s o l i d ,  and th e  s o l u t i o n  was th e n  a l low ed  to  s ta n d  a t  

room te m p e ra tu re  f o r  2 h r . .  A t h i n  l a y e r  o f  t h i s  s o l u t i o n  was sp re a d  

o v er  a  s i l v e r  c h l o r i d e  p l a t e ,  and  d r i e d  und er  vacuum (UgO^) f o r  30 min. 

The c e l l  was assem bled  in  t h e  u su a l  manner u s in g  a  1 cm. sp a c e r  w i th  t h e  

g e l a t i n e  f i l m  f a c i n g  i n s i d e  a s  shown i n  F i g .  V I I I - 1 .  The g e l a t i n e  

f i l m  was p r o t e c t e d  from l i q u i d  w a te r  by  u s in g  a  p o ly th e n e  s e a l  between 

th e  p l a t e  and th e  s p a c e r  w i th  a  s l i g h t l y  s m a l l e r  window th a n  t h a t  o f  

t h e  s p a c e r .  Aluminium f o i l  was u sed  t o  b la n lc -o f f  any exposed p o ly th e n e .
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1. aluminium f o i l

2 . f r o n t  p l a t e

3. p o ly th e n e  s e a l

4 .  s i l v e r  c h l o r i d e  p l a t e

5. p o ly th en e  s e a l  w i th  s m a l le r  window

6. g e l a t i n e  f i lm

7. H^O o r  D^O s a t u r a t e d  w ith  NaCl

8. 1 cm, sp a c e r

9. back p l a t e

F ig .  V III-1

A few d rops  o f  H^O s a t u r a t e d  w i th  sodium c h l o r i d e  were p la c e d  i n  t h e  

c e l l ;  and th e  i . r .  r e a d in g s  were r e c o rd e d .  The c e l l  was d is m a n t le d ,  

t h e  g e l a t i n e  f i l m  was d r i e d  and th e  p ro c e s s  was r e p e a te d  u s in g  D^O 

s a t u r a t e d  w i th  sodium c h lo r id e  i n  p la c e  o f  H2O. Each experim en t was 

c a r r i e d  ou t i n  d u p l i c a t e .

7 . P o te n t io m e try

P o te n t io m e t r i c  measurements were perfo rm ed  u s in g  a  Pye

Unicam Model 290 pH M eter f i t t e d  w i th  a  E07 401 HA combined e l e c t r o d e .

The m e te r  was s t a n d a r d i s e d  u s in g  com m ercia lly  a v a i l a b l e  b u f f e r  s o l u t i o n

153t a b l e t s  f o r  pH 4«00 and 9*20^ and a  b u f f e r  a t  pH 13.00 made u s in g



147

po ta ss ium  c h l o r i d e  s o l u t i o n  (25 cm^; 0.2M) and sodium h yd rox ide  s o l u t i o n  

(66 cm^; O.IM) d i l u t e d  to  100 cm^. P o tass ium  hydrox ide  s o l u t i o n  was

s t a n d a r d i s e d  a g a i n s t  s ta n d a rd  n i t r i c  a c i d  s o l u t i o n  and t i t r a t e d  a t  an 

i n i t i a l  r a t e  o f  0 .0 2  cm^ u s in g  a  m ic r o - b u r e t t e  in t o  a  s o l u t i o n  o f  po ta ss ium  

n i t r a t e  ( 0 .2  M), n i t r i c  a c i d  (4 x 10~^M) and as r e q u i r e d ,  th e  p h e n o l ic  

compound (6 x 10 ^M), and aluminium n i t r a t e  (6 x 10 , o f  i n i t i a l  volume

50  crn^. N i t ro g e n  gas  was b ubb led  th ro u g h  th e  s o l u t i o n  i n  o rd e r  t o  

m a in ta in  an i n e r t  a tm osphere and t h i s  a l s o  e n su re d  adequa te  m ix ing .

A l o o s e - f i t t i n g  p e rsp e x  cover  w i th  h o le s  f o r  th e  e l e c t r o d e ,  b u r e t t e  and 

th e  n i t r o g e n  sou rce  was u s e d .  The p o te n t io m e t r i c  t i t r a t i o n s  were c a r r i e d  

out a t  a  te m p e ra tu re  range  o f  22 -25° .  At th e  co m p le tio n  o f  each  run  

th e  s t a b i l i t y  o f  th e  pH m ete r  was checked  u s in g  th e  s ta n d a r d  b u f f e r  s o lu t i o n s ,

8 , E lem en ta l  A n a ly s is

M ic ro e lem e n ta l  a n a l y s i s ,  excep t f o r  a n a l y s i s  o f  alum inium , was

c a r r i e d  out by The B u t te rw o r th  M ic r o a n a ly t i c a l  C onsu ltancy  L t d . , T edd ing ton .

9 . E s t im a t io n  o f  Aluminium

Aluminium was e s t im a te d  g r a v i m e t r i c a l l y  a s  th e  o x in a te  a s  d e s c r ib e d  

1 54by V ogel. The amount o f  m a te r i a l  c o n t a in in g  25-50 mg aluminium was

d is s o lv e d  i n  w a te r  ( I 80  cm^) c o n ta in in g  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  

( 2 . 0  cm^). Excess  o f  8 -h y d ro x y q u in o l in e  (lO ^ s o l u t i o n  in  20^ a c e t i c  

a c i d )  and u r e a  (5  g . f o r  each 25 mg. aluminium) were added. The s o l u t i o n  

was h e a te d  t o  b o i l i n g ,  and th e n  a t  95° f o r  2-3 h r .  The i n i t i a l  g r e e n i s h -  

ye l lo w  tu r n e d  to  an o ran g e -y e l lo w  c o lo u r ,  i n d i c a t i n g  t h a t  p r e c i p i t a t i o n  

was co m ple te .  The p r e c i p i t a t e  was c o l l e c t e d  from th e  c o o le d  s o l u t i o n  i n  

a  s i n t e r e d  g l a s s  c r u c i b l e ,  washed w ith  a  l i t t l e  c o ld  w a te r  and d r i e d  to  

c o n s ta n t  w eight a t  130°. Aluminium was e s t im a te d  a s  A1(C^H^0N)3,
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1 0 •  E s t i m a t i o n  o f  P y r o g a l l o l

P y r o g a l lo l  was e s t im a te d  by  o x id a t io n  w i th  a l k a l i n e  p o ta ss iu m

155perm anganate  by  th e  method d e s c r ib e d  by  B o t tg e r .  An a c c u r a t e l y

w eig h ted  amount o f  m a te r i a l  to  be a n a ly se d ,  e q u iv a le n t  t o  0 .01  -  0 .0 2  g, 

p y r o g a l l o l  was d i s s o lv e d  in  w a te r  (lO cm^), To t h i s  was added 

p o ta ss iu m  perm anganate s o l u t i o n  (20 cm^; O.IM) and sodium h y d rox ide  

s o l u t i o n  (lO cm^; 7*50 m ). The m ix tu re  was a l low ed  to  s ta n d  f o r  

10 m in . ,  and th e n  s u lp h u r ic  a c id  (lO cm^; 50^  ^2^^4^ and o x a l i c  a c i d  

(20 cm^; 0 .2776  M) was added .  The s o l u t i o n  was s w i r le d  u n t i l  t h e  

c o lo u r  was d is c h a rg e d ,  and th e n  h e a te d  r a p i d l y  t o  50°* The r e s i d u a l  

o x a l i c  a c i d  was t i t r a t e d  w ith  p o ta ss iu m  perm anganate s o l u t i o n  (0 .0 2  m) • 

This  method was s t a n d a r d i s e d  a g a i n s t  known w e ig h ts  o f  p y r o g a l l o l .

11 * P aper  E l e c t r o p h o r e s i s

P aper e l e c t r o p h o r e s i s  was perfo rm ed  on a  Shandon High 

V o ltage  E l e c t r o p h o r e s i s  in s tru m e n t  u s in g  Whatman Ho. 3MM, 11 cm. wide 

chrom atography p a p e r .  5-Hydroxymethy 1 fu r fu r a ld e h y d e  was u sed  a s  a  

n o n -m ig ra t in g  m arker t o  c o r r e c t  f o r  e lc o t ro e n d o s m o s is . The s o l u t i o n s  

u sed  as  e l e c t r o l y t e s  were p re p a re d  a s  fo l lo w s :

S o lu t io n  1. Aluminium s u lp h a te  16H20.(25 g*) was d i s s o lv e d  in  

w a te r  (250  cm^) and a  s o l u t i o n  o f  sodium hyd ro x id e  ( l5  g . )  i n  w a te r  

(25  cm^) was added w ith  s t i r r i n g .  Barium h yd rox ide  (8 g . )  i n  w a te r  

(60  cm^) was added , and th e  p r e c i p i t a t e d  barium  s u lp h a te  was removed 

by  f i l t r a t i o n .  The s o l u t i o n  was made up to  1 1 .  and a d j u s t e d  t o  pH 13 

by  a d d i t i o n  o f  c o n c e n t r a te d  sodium h y d rox ide  s o l u t i o n .
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S o lu t io n  2* Sodium h ydrox ide  s o l u t i o n  ( c a .  O.IM) a t  pH 13*

S o lu t io n  3* Aluminium s u lp h a te  s o l u t i o n  (0.039TM) g iv in g  a 

s o l u t i o n  o f  pH 3*39*

S o lu t io n  4* S u lp h u r ic  a c i d  s o l u t i o n  a t  pH 3*39*

The components were d e t e c te d  hy  f lu o re s c e n c e  under  U,V, l i g h t  and 

hy  u s in g  d i a z o t i s e d  ^ . - n i t r o a n i l i n e  -  sodium hydrox ide  r e a g e n t . The 

l a t t e r  was perform ed hy  s p ra y in g  th e  p ap e r  w ith  a  s o l u t i o n  o f  £ - n i t r o -  

a n i l i n e  (5 cm^, 0 .5  g .  in  100 cm^ 2M -hydroch loric  ac id )  and a q .  sodium 

n i t r i t e  (0 .5  cm^, 5 ^ *  The p ap e r  was a l low ed  to  d ry ,  and th e n  sp ray ed  

w i th  e th a n o l i c  sodium hyd rox ide  s o l u t i o n ,  made hy  d i s s o l v i n g  sodium 

h yd rox ide  (8 g . )  in  w a te r  (20 cm^) and d i l u t i n g  to  200 cm^ w ith  e th a n o l .

12. Paper Chromatography

D escending  p a p e r  chrom atography was c a r r i e d  out u s in g  

Whatman Ho. 1 chrom atography p a p e r .  Papers  im pregnated  w ith  sodium 

a lu m in a te  and w i th  aluminium s u lp h a t e  were p re p a re d  hy d ip p in g  in  

s o l u t i o n s  1 and 3 r e s p e c t i v e l y  (d e s c r ib e d  above), b l o t t i n g  and th e n  

d ry in g .  The p ap e rs  were developed  u s in g  bu tanone  s a t u r a t e d  w ith  w a te r ,  

and th e  components were d e t e c te d  in  th e  manner d e s c r ib e d  above.

13* Thin Layer Chromatography

Commercially a v a i l a b l e  t h i n  l a y e r  chrom atography p l a t e s  

(Camlab. Cambridge), 5 x 20 cm, were u s e d .  The s t a t i o n a r y  phase  was 

s i l i c a  g e l  (Polygram S i l  C) w ith  a  l a y e r  o f  0 .2 5  mm* The s o lv e n t  

system s u sed  w ere:

S o lven t A: Toluene-m ethanol 9:1 v /v

S o lven t B: Butanone s a t u r a t e d  w i th  w a te r .

Compounds on t h e  t h i n  l a y e r  chrom atography p l a t e s  were v i s u a l i s e d  by  

s p r a y in g  w ith  95:5  v / v  e th a n o l -c o n c .  s u lp h u r ic  a c id ,  and th e n  h e a t i n g  a t  120°.
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V I I I  B E x p e r i m e n t s

Experim ent 1 P r e p a r a t io n  o f  th e  E th y l  E s t e r s  o f  Po lyhydroxybenzo ic  

Acids

Dry h y d r o c h lo r i c  a c i d  gas was p assed  th ro u g h  a  s o l u t i o n  o f  t h e  

polyhydroxj^benzoic a c i d  i n  e th a n o l  f o r  1 h r .  The m ix tu re  was r e f lu x e d  

f o r  30 m in. and th e  s o lv e n t  th e n  e v a p o ra te d  o f f  under  red u ce d  p r e s s u r e .

The r e s id u e  was d i s s o lv e d  in  e t h e r ,  and t h i s  o rg a n ic  s o l u t i o n  was washed 

w i th  sodium b ic a r b o n a te  s o l u t i o n ,  w a te r ,  and th e n  d r i e d  (MgSO^).

E th e r  was removed und er  reduced  p r e s s u r e  to  g iv e  th e  s o l i d  p r o d u c t ,  which 

was p u r i f i e d  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 - w a te r .  The f o l lo w in g  

e t h y l  e s t e r s  were p re p a re d :  2 , 3 -d ih y d ro x y b en z o a te ,  m .p. 65- 6 6 °

( l i t . ^ ^ ^  6 9 ° ) ;  3 ,4 -d ih y d ro x y b e n z o a te ,  m .p . 133-134° ( l i t . ^ ^ ^  133-134°) ;

2 , 3 , 4 - i r i h y d ro x y b e n z o a te , m .p . 101-102° ( l i t . ^ ^ ^  102°); 2 , 4 , 6 - t r i h y d r o x y -

b e n z o a te ,  m .p . 92-93° ( l i t . " * ^ ^  94-95°)*

Experim ent 2 P r e p a r a t io n  o f  3 , 4-D im ethoxybenzenesulphonyl 

C h lo r id e

C h lo rsu lp h o n ic  a c i d  ( l7 5  g * , 1*5 m ol.) was added dropw ise  

t o  a  s t i r r e d  s o l u t i o n  o f  1 , 2-dim ethoxybenzene (41*4 g * , 300  mmol.) 

i n  ch lo ro fo rm  (75 cm^) which was coo led  t o  -1 0 °  i n  a  d ry  ic e - a c e to n e  

b a t h .  The m ix tu re  was a l lo w ed  to  warm to  5 ° ,  coo led  a g a in  and th e n  

poured  s lo w ly  w i th  s t i r r i n g  i n t o  an  i c e - w a te r  m ix tu r e .  The o rg a n ic  

l a y e r  was s e p a r a t e d  o f f ,  washed w i th  w a te r  ( 4  x  25 cm^), and th e n  d r i e d  

(C aC lg ) . The s o lv e n t  was removed by  r o t a r y  e v a p o ra t io n  t o  g iv e  t h e . 

p ro d u c t ,  which was th e n  p u r i f i e d  by  r e c r y s t a l l i s a t i o n  from p e tro leu m  

e t h e r  ( b .p .  60-80°) -  e t h y l  a c e t a t e .  Y ie ld  52*27 g* ( 7 4 ^  m .p . 72-73°

( l i t . 159 7 6 ° ) ,  ô(CDCl^) 4*10(6H ,s,CH 3), 7*08 (lH ^, d, ^ 9 H z),
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7 .5 8  (iHg, d, g 2 Hz), 8 .2 6  (lHg, dd) ; (KBr d is c )

13,75s (SOg a s . ) ,  1175m cm  ̂ (SO^ s . ) .

Experim ent 3 P r e p a r a t io n  o f  3 , 3 », 4 , 4 *-T e tram ethoxyd ipheny l 

Sulphone

1 ,2-D im ethoxÿbenzenesu lphonyl c h lo r id e  (2 .0  g . , 8 . 4 6  mmol.) 

was mixed w ith  1 , 2-d im ethoxybenzene (12 .0  g . , 8 7 .0 mmol.) and anhydrous 

z in c  c h l o r i d e  (2 .5  g . ) , and t h e  r e a c t i o n  m ix tu re  was h e a te d  a t  170-180° 

f o r  30 m in. A l i t t l e  w a te r  was added t o  th e  coo led  m ix tu re ,  and  th e  

ex cess  dimothoxybenzene was removed by  s t e a m - d i s t i l l a t i o n .  The

r e s id u e  was e x t r a c t e d  w i th  warm e th a n o l  and e v a p o ra t io n  o f  t h i s  s o l u t i o n  

un d er  reduced  p r e s s u r e  gave th e  p ro d u c t which was th e n  p u r i f i e d  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 .  Y ie ld  1.72 g .  ( 6 0 ^  m .p. 153-154°

( l i t .  153- 154° ) ,  ô(DMSO-dg) 3 . 9 0  (12H, s ,  CH^) , 7 .11 (2H_ , , d ,

8 .5  Hz), 7 .42  (2Hg^g,, d, Jg_g  J g .^ g ,  2 H z), 7 .53  (2H g_g,, dd);

V (KBr d is c )  1310m (S0„ a s . ) ,  1135s (SO2 s ) .

Experim ent 4 P r e p a r a t io n  o f  3 ,3 * ,  4 , 4 *-T e tra h y d ro x y d ip h e n y l  

Sulphone

A. Boron t r ib r o m id e  (7 .2 8  g . ,  29.1 mmol.) was added dropw ise  

w i th  s t i r r i n g  to  3 ,3 * 4 ,4 ’ - “te tram e th o x y d ip h en y l  su lphone ( l . 2 9  g . , 3 . 8 2  

mmol.) i n  to lu e n e  (lOO cm^). The r e a c t i o n  m ix tu re  was r e f lu x e d  f o r

1 .5  h r , ,  and t h e n  w a te r  was added dropw ise  t o  t h e  co o led  m ix tu r e .  

E v a p o ra t io n  o f  t h e  s o lv e n t s  u nder  red u ce d  p r e s s u r e  gave a  s o l i d  r e s i d u e .  

B o r ic  a c i d  was removed as  v o l a t i l e  m ethyl b o r a te  by  r e p e a te d  a d d i t i o n  

o f  m ethanol fo l lo w e d  by  e v a p o r a t io n .  The p ro d u c t  was p u r i f i e d  by  

r e c r y s t a l l i s a t i o n  from w a te r .  Y ie ld  1.02 g .  (95%) m .p . 237-238 .5°
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( l i t . 43 237 - 2 4 0° ) ,  ô(lMSO-dg) 7 . 0 5  (2Hg g , ,  d , i j - . ô '  ' ' °  %%)'

7 .3 8  (2 H 2 ^ 2 , ,d ,J2 _ g Jg ,_ ^ H z) ,  7 .38  ( 2 H g / ,  dd) ; (KBr d is e )

1342m (SOg a s . ) ,  1145s cm (SOg s . ) .

B. The method u se d  i s  s i m i l a r  t o  t h a t  d e s c r ib e d  by  K erber^  

t o  g iv e  t h e  crude  p r o d u c t . A s o l u t i o n  o f  c a te c h o l  (22 .0  g . , 200 mmol.) 

and sodium form aldehyde s u lp h o x y la te  d ih y d ra te  (1 ? .5  g . , 114 mmol.) 

i n  w a te r  ( l 25 cm^) a t  20° was s lo w ly  poured  in t o  a  s t i r r e d  s o l u t i o n  

o f  p o ta ss iu m  f e r r i c y a n i d e  (132 .0  g . ,  4OI mmol.) and sodium a c e t a t e  

t r i h y d r a t e  ( l20  g . , 882 mmol.) in  w a te r  (5OO cra^) a l s o  a t  2 0 ° .

The te m p e ra tu re  was n o t  a l lo w ed  t o  r i s e  above 3 5 ° .  The m ix tu re  was 

s t i r r e d  f o r  a  f u r t h e r  10 m in . ,  and th e n  e x t r a c t e d  w ith  bu tanone  

(3 X 200 cm ^). The combined e x t r a c t s  were d r i e d  (C aC l^) , and th e  

s o lv e n t  was removed by  r o t a r y  e v a p o ra t io n .  The r e s id u e  was 

r e c r y s t a l l i s e d  from w a te r  t o  g iv e  a  pa le -b ro w n  p r o d u c t .  Y ie ld  2 0 .6  g .  

( c a .  73%) m .p . 2 3 6 - 23 7° .

The p ro d u c t  was p u r i f i e d  by  f i r s t  p r e p a r in g  th e  t e t r a a c e t o x y  

d e r i v a t i v e ;  3 ,3 * 4 ,4 : - te t r a h y d ro x y d ip h e n y T  su lphone  (20 .0  g . , 70 .9  

mmol.) was added  t o  a  m ix tu re  o f  a c e t i c  an h y d r id e  (145 g . , 1 .42 m ol.)  

and p y r id i n e  (20 cm^) and t h e  r e a c t i o n  m ix tu re  was s t i r r e d  a t  room 

te m p e ra tu re  f o r  30 min. and  th e n  a t  100° f o r  1 h r .  The co o led  

s o l u t i o n  was pou red  in t o  a  s t i r r e d  i c e - w a te r  m ix tu re  (25O cm^) and 

t h e  c rude  p ro d u c t  was f i l t e r e d  o f f  and p u r i f i e d  by  r e c r y s t a l l i s a t i o n  

from e th y l  a c e t a t e  ( c h a rc o a l)  g iv in g  3 , 3 * , 4 , 4 ' - t e t r a a c e t o x y d i p h e n y l  

su lp h o n e .  Y ie ld  13.64 g .  ( c a .  4 3 ^  m .p . 147-148° ( l i t . ^ ^  148°), 

ô(M SO-d^) 2 .3 4  (12H, s ,  CH3) , 7 .76  (2H^ d , 10 Hz),
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8 .1 6  dd, 2 Hz, 10 Hz) 8 .2 0  (2 H ^ ^ g , ,d ) ;v

(KBr d is c )  1773 s (C=0) , 1330m (SOu a s . ) ,  1150m cm ^(SO^ s . ) .
max,

' 2  0 , 0  •  j  ,  I I V-/1I1 • ^ 0 ^ 2  ^

3 ,3 * ,4 ,4 * -T e t ra a c e to x y d ip h e n y l  su lphone (13.21 g . , 29 .4  mmol.) was 

d i s p e r s e d  in  m ethanol (200 cm^) and d e a c e ty l a te d  under  a  n i t r o g e n  

a tm osphere  hy  p a s s in g  d ry  h y d ro c h lo r i c  a c i d  gas th ro u g h  th e  m ix tu re  

u n t i l  a l l  t h e  s o l i d  went in t o  s o l u t i o n  ( c a .  1-J- h r . )  . The m ix tu re  

was r e f lu x e d  f o r  1 h r . ,  and t h e  s o lv e n t  was ev ap o ra ted  o f f  to  g iv e  

t h e  p ro d u c t  which was th e n  p u r i f i e d  hy  r e c r y s t a l l i s a t i o n  from w a te r .

Y ie ld  7 .4 1  g .

Experiment 3 P r e p a r a t io n  o f  2 , 3 , 4-T rim ethoxyhenzenesu lphony l 

C h lo r id e

2 , 3 , 4 -T rim ethoxyhenzenesu lphonyl c h lo r id e  was p re p a re d  hy  

t h e  p ro ced u re  d e s c r ib e d  in  experim ent 2, u s in g  c h lo r s u lp h o n ic  a c id  

( 3 5 . 0  g.» 300  m m ol.) , and 1 , 2 , 3 - tr im ethoxybenzene  (IO.O g . , 59 .46  mmol.) 

i n  ch lo ro fo rm  (15  cm^), Y ie ld  8 .45  g . ( 5 3 ^ ,  m .p . 39-40° ( l i t . ^ ^ ^  

38- 3 9° ) ,  ô(CDCl^) 3 . 9 7  (3H, s ,  CH3) ,  4 . 0 3  (3H, s ,  CH3) 4 . 2 0  (3H, s ,  GĤ ) 

6 .8 6  (iH c, d, ^  .  9 Hz), 7 . 8 3  (1H^, d) ; (KBr d is c )  1356s (80_ a s . )

1175m cm"'' (SOg s . )  [ l i t . 1350 (SOg a s . ) ,  1170 (SOg s . ) ] .

Experiment 6 P r e p a r a t io n  o f  2 ,2 * ,3 ,3 * ,4 ,4 * -Hexamethoxydiphenyl 

Sulphone

The p ro ced u re  i s  s i m i l a r  t o  t h a t  d e s c r ib e d  in  experim ent 3.

2 , 3 , 4 -T rim ethoxyhenzenesu lphonyl c h lo r id e  ( 2 . 9 8  g , 1 1 . I 8 mmol.) and 

1 , 2 , 3 - tr im ethoxyhenzene  (6 .0  g, 35*7 mmol.) were condensed t o g e th e r  

i n  t h e  p re se n c e  o f  anhydrous z in c  c h lo r id e  (2 .5  g . )  a t  120° f o r  20 min. 

The excess  1 , 2 , 3-"tr imethoxyhenz ene was removed by  steam d i s t i l l a t i o n  and
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t h e  p ro d u c t  was p u r i f i e d  by  r e c r y s t a l l i s a t i o n  from e t h a n o l . Y ie ld  

2 .46  g. (55  ̂ m.p. 151-152° ( li t . 1̂*2 152- 153°), ô(DMSO-d^) 3.57 

(6H, s , CH^), 3 . 7 7  (6H, s , CH3) ,  3 . 9 7  (6H, s , CH3) , 7 .1 8  (2IL d, ^

J ^ , ^ 6 t 9*5 Hz), 7.87 (2Hg^g,, d) ; (KBr d is c )  1299s (SOg a s . ) ,

1132m cm  ̂ (sOg s . ) .

Experiment 7 P ré p a râ t  io n  o f  2 , 2 * , 3 , 3 ' , 4 , 4 *-H exahydroxydiphenyl 

Sulphone

2 , 2 * ,3 , 3 * ,4»4*-Hexamethoxydiphenyl su lphone  (2 .20  g . , 5 .53  

mmol.) was dem eth y la ted  by  th e  p ro ced u re  d e s c r ib e d  i n  experim ent 4A 

u s in g  boron  t r ib r o m id e  ( 1 6 .O g . , 63 .9  mmol.) i n  to lu e n e  ( 25O cm^).

The p ro d u c t  was p u r i f i e d  by r e c r y s t a l l i s a t i o n  from w a te r .  Y ie ld

1 . 6 2  g .  (93?0 m .p . 232- 233° ,  6(DMS0-dg) 6 . 5 1  (2Hj d , g 9 Hz),

7 .2 4  (2H, . , , d ) ; (KBr d i s c )  1321g (S0„ a s . ) ,  1148s om“ 10^0 ^

(SOg s . )  (Pound: C, 45 .8 0 ;  H ,3 .23 ; 3 ,1 0 .1 3 .  ^ 12^ 10^ 8^ r e q u i r e s :

0 ,4 5 .8 7 ;  H ,3 .2 1 ;  8 ,1 0 .2 0 ^ ) .

Experiment 8 P r e p a r a t io n  o f  3 , 4 , 5-Trim ethoxybenzoyl C h lo r id e

A. 3 ,4 ,5 -T r im e th o x y b e n zo ic  a c i d  (35 g . ,  170 mmol.) and th i o n y l  

c h lo r id e  ( 2 9 . 7 5  g . , 250 mmol.) was h e a te d  a t  r e f l u x  te m p e ra tu re  f o r  4  h r .

Ho e v o lu t io n  o f  gaseous b y -p ro d u c ts  was observed  d u r in g  t h i s  t im e .

T hionyl c h lo r id e  was d i s t i l l e d  o f f ;  a t te m p te d  d i s t i l l a t i o n  under 

vacuum y ie ld e d  no p ro d u c t .

B. 3 ,4 ,5 -T r im e th o x y b e n zo ic  a c i d  (60 .0  g . , 0 .283  mmol.) and 

phosphorus p e n t a c h lo r id e  (59 .0  g . , 0 .283  mmol.) were th o ro u g h ly  mixed, 

a l low ed  t o  s t a n d  a t  room te m p e ra tu re  f o r  1 h r .  and th e n  h e a te d  a t  100° 

f o r  2 h r .  Phosphory l c h lo r id e  was d i s t i l l e d  o f f  and th e  p ro d u c t  d i s t i l l e d  

und er  reduced  p r e s s u r e .  Y ie ld  45 .32  g .  ( 69^ ) ,  m .p . 78-79° ( l i t . ^ ^  7 7 -7 8 ° ) .
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Experiment 9 P r e p a r a t io n  o f  3 ,4 ,5 -T r im e th o x y a n i l in e  

3 , 4 , 5“ Trimethoxybenzamide was p re p a re d  by  dropw ise  a d d i t i o n  

o f  excess  ammonia s o l u t i o n  (S.G. 0 .88 ) to  3 ,4 ,5 - t r im e th o x y b e n z o y l  c h lo r id e  

w i th  s t i r r i n g  i n  an  i c e  b a th  and p u r i f i e d  by r e c r y s t a l l i s a t i o n  from w a te r .

The amide was co n v e r ted  to  th e  amine by th e  method s i m i l a r  t o  t h a t  

81d e s c r ib e d  by Moreau ; 3 ,4 ,5 - tr im e th o x y b e n zam id e  (36 .0  g . , 170 mmol.) 

was added w ith  v ig o ro u s  s t i r r i n g  to  a  s o l u t i o n  o f  sodium h yd rox ide  

( 2 5 . 0  g . , 625  mmol.) and bromine (20 .57  g . , 257  mmol.) i n  w a te r  

(75  cm/) coo led  by an i c e - s a l t  b a th .  S t i r r i n g  was c o n t in u ed  f o r  a  

f u r t h e r  15 min. whereupon th e  s o l u t i o n  became c l e a r .  The s t i r r e d  

s o l u t i o n  was th e n  h e a te d  a t  70° f o r  1 h r . ,  coo led  and th e  crude amine 

f i l t e r e d  o f f ,  washed w ith  a  l i t t l e  co ld  w a te r  and r e c r y s t a l l i s e d  from 

e th a n o l  ( c h a r c o a l ) .  Y ie ld  17.86 g .  (5 7^) ,  m .p . 107-8° ( l i t . ^ ^  111°).

Experiment 10 P r e p a r a t io n  o f  3 , 4 , 5-T r im ethoxy-benzenesu lphony l 

C h lo rid e

81The method used  i s  s i m i l a r  to  t h a t  d e s c r ib e d  by Moreau.

3 ,4 ,5 -T r im e th o x y a n i l in e  (l5«0 g . , 8 I . 9  mmol.) was d i s s o lv e d  w ith  s t i r r i n g  

i n  a  warm m ix tu re  o f  conc. h y d ro c h lo r i c  a c i d  (45 cm/) and w a te r  (20 cm^). 

The m ix tu re  was coo led  t o  —10°, and th e n  t h e  a n i l i n e  was d i a z o t i s e d  

u s in g  a  s o l u t i o n  o f  sodium n i t r i t e  (6 .0  g . , 87 mmol.) i n  w a te r  (15  cm/) 

w ith o u t  a l lo w in g  th e  te m p e ra tu re  to  r i s e  above - 5 ° .  The e n d -p o in t  o f  

t h e  a d d i t i o n  was m on ito red  u s in g  s t a r c h - i o d i d e  p a p e r .  This  m ix tu re  

was added t o  a  s t i r r e d  s o l u t i o n  o f  s u lp h u r  d io x id e  ( a t  l e a s t  3 0 ^  i n  

g l a c i a l  a c e t i c  a c id  (85  cm /) , t o  which had been  added cuprous c h lo r id e  

( 5 . 0  g . )  d i s p e r s e d  i n  w a te r  (5  cm /) .  The r e a c t i o n  m ix tu re  was s t i r r e d  

a t  30 -  35° u n t i l  e v o lu t io n  o f  n i t r o g e n  c e a se d .  The p ro d u c t  was
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f i l t e r e d  o f f ,  washed w ith  a  l i t t l e  c o ld  w a te r  and d r i e d  i n  vacuo

. l i  

81
(P2O5) , and th e n  p u r i f i e d  hy r e c r y s t a l l i s a t i o n  from hexane ( c h a r c o a l ) •

Y ie ld  1 1 . 4 4  g .  (52^) m .p. 87-88° ( l i t . ^  88 - 8 9 ° ,  S^CDCl.) 4-05  

(9H, s ,  CH.), 7 .08  (2H, s ,  ArH); v (KBr d is c )  1370s (SCL a s . ) ,IT13/X • ^

1175s cm“  ̂ (SOg s . )  [ l i t . G 1370 (SOg a s . ) ,  1175 cm~^ (SOg s . ) ] .

Experim ent 11 P r e p a r a t io n  o f  2 , 3 ,3 * , 4 ,4 * , 5 * -Hexam ethoxydiphenyl 

Sulphone

3 , 4 , 5 -T rim ethoxyhenzenesu lphony l c h lo r id e  (5 «50 g . , 20 .6  mmol.)

was mixed w ith  1 , 2 , 3 - tr im e th o x y h en zen e  (IO g . , 5 9 «5 mmol.) and  z in c

c h l o r i d e  (4 . 8  g . )  and th e  r e a c t i o n  m ix tu re  was h e a te d  i n  an  o i1 - h a t h  a t

150° f o r  30 m in. A l i t t l e  w a te r  was added t o  t h e  coo led  m ix tu re ,  and th e

excess  t r im e th o x y h en zen e  was removed hy  s t e a m - d i s t i l l a t i o n .  The r e s id u e

was e x t r a c t e d  w i th  warm e th a n o l ,  and e v a p o ra t io n  o f  t h i s  s o l u t i o n  u n d e r

red u c e d  p r e s s u r e  gave th e  p ro d u c t  which was th e n  r e c r y s t a l l i s e d  from

e t h a n d - w a t e r  ( c h a r c o a l ) .  Y ie ld  2 . 8 4  g . , (3 5 ^ ) ,  m .p . 131-132°, •

ô(BMSO-dg) 3 . 8 2  (9H, s ,  CH3) ,  3 . 9 0  (6H, s ,  CH3) ,  3 . 9 7  (3H, s ,  CH^),

7 . 1 7  (1H^, d, 9 . 5  Hz), 7 . 3 0  ( 2 H g ^ , ,  s ) ,  7 . 9 0  (IH5 , d ) ;

V (KBr d is c )  1317s (SOu a s . ) ,  1136s cmT^ (SOU s . ) .max.  ̂ d '

(Pound: C ,54*18; H, 5*75; 8 , 8 . 3O. ^']8^22^8^ r e q u i r e s :

C, 54 .26;  ÏÏ, 5 . 5 7 ; S, 8.05/0).

Experim ent 12 P ré p a râ t  io n  o f  2 , 3 , 3 * , 4 , 4 * , 5 *-H exahydroxydiphenyl 

Sulphone

2 , 3 ,3 * , 4 ,4 * , 5 * -Hexamethoxydiphenyl su lphone  ( I . 6 I g . , 4 .O5 mmol.) 

was d e m e th y la ted  i n  to lu e n e  (50  cm^) u s in g  ho ron  t r i h r o m id e  (11 .79  g . ,

4 7 . 1  mmol.) hy  th e  method d e s c r ib e d  i n  experim ent 4A. 2 , 3 ,3 * , 4 ,4 * , 5 * -
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H exahydroxydiphenyl su lphone  was r e c r y s t a l l i s e d  from w a te r .  Y ie ld  

0 . 9 8  g .  (71%)• The compound c l e a r s  w ith o u t  m e l t in g  when h e a te d  to  

350° ,  5(DMS0-cLg) 6 . 5 9  ( iH j ,  d , 9 Hz), 6 .95  (ZH g.^g ,, s ) , 7 .34  

( lH ^ ,  d) ; V (KBr d i s c )  1295s (S0_ a s . ) ,  1120s cm"1 (SO, s . ) .O Illo/X e ^ ^

(Pound: C, 45-83 ; H, 3-42 ; S, 1 0 .2 1 .  G^gH^^OgS r e q u i r e s :

C, 4 5 .8 7 ;  H, 3 .2 1 ;  S, 1 0 .2 0 / ) .

Experim ent 13 A ttem pted  P r e p a r a t io n  o f  3 , 3 * , 4 , 4 * , 5 , 5 ' -

H exahydroxydiphenyl Sulphone hy  th e  Method 

due t o  K e rh e r .'^

The p ro ced u re  u sed  i s  th e  same as t h a t  d e s c r ib e d  in  experim ent 4B 

to  o b t a in  th e  c rude p ro d u c t ,  excep t t h a t  p y r o g a l l o l  ( 2 5 - 2 2  g . , 200 mmol.) 

was used  in  p la c e  o f  c a t e c h o l .  The e x t r a c t s  were each d r i e d  (CaClg) 

and th e  s o lv e n t  was removed under  reduced  p r e s s u r e .  The i . r .  spec trum  

o f  each  e x t r a c t  i n d i c a t e d  t h a t  t h e r e  was no su lphone  p r e s e n t .

E x p e r im en t■14 A ttem pted  H ansd iecke r  R e a c t io n  on 3 , 4 , 5 -  

T rim ethoxybenzo ic  Acid ( S i l v e r  S a l t )

The p ro ced u re  i s  s i m i l a r  to  t h a t  d e s c r ib e d  by Dandiya^^

3 ,4 ,5 -T r im e th o x y b e n z o ic  a c i d  (2 .0  g . , 9 -4  mmol.) was d i s s o lv e d  i n  d i l u t e  

ammonia s o l u t i o n ,  excess  ammonia was b o i l e d  o f f  and s i l v e r  n i t r a t e  (1M) 

added to  t h e  coo led  s o l u t i o n  i m t i l  p r e c i p i t a t i o n  was com ple te .  The 

w h i te  s o l i d  was f i l t e r e d  o f f ,  washed w i th  co ld  w a te r  and d r i e d  vacuo 

(P2O5) , m .p . I 8O-8 I (d e c o m p .) .

B ro m in e .( 3 . 0  g . , I 8 . 8  mmol.) was r e f lu x e d  f o r  1 h r .  w i th  th e  s i l v e r  

s a l t  o f  3 ,4 ,5 - t r im e th o x y b e n z o ic  a c i d .  The coo led  r e a c t i o n  m ix tu re  was 

e x t r a c t e d  w i th  e th a n o l  (3 x 50 cm^) and th e  s o lv e n t  removed from th e  

combined e x t r a c t s ,  l e a v in g  a  s o l i d  r e s i d u e .  This  r e s id u e  was d i s s o lv e d
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i n  ca rbon  t e t r a c h l o r i d e  (73 c m /) , t h e  r e s u l t i n g  s o l u t i o n  washed w ith  

aqueous sodium h y d ro x id e  (0,1M; 2 x 50 cm^), t h e n  w a te r  (2 x 50 cm/) 

and  f i n a l l y  d r i e d  (MgSO^) . On rem oving th e  s o lv e n t  o n ly  a  v e ry  sm all  

amount o f  o i l y  r e s id u e  rem ained .

Experim ent 15 Improved C r i s t o l - E i r t h  Type R e a c t io n  due to

91Davis on 3 , 4 ,5 -T r im ethoxybenzo ic  Acid

A. 3 ,d ,5 -T r im e th o x y b e n z o ic  a c i d  ( l 7  g . , 80 mmol.) was mixed 

w i th  r e d  m e rc u r ic  ox id e  ( l7 * 4  g*, 80 mmol.) i n  d ry  1 , ^ ^ , 2 - t e t r a c h l o r o -  

e th a n e  (lOO cm /) .  Bromine ( l 2 . 8  g . , 80 mmol.) i n  d ry  1 , 1 , 2 , 2 - t e t r a -  

c h lo ro e th a n e  (30  cm/) was s lo w ly  added w ith  s t i r r i n g  to  th e  r e f l u x i n g  

m ix tu re ,  and h e a t i n g  co n t in u e d  f o r  90 min. The f i l t e r e d  o rg a n ic  . ' 

s o l u t i o n  was washed w ith  sodium h yd rox ide  s o l u t i o n  (O.IM; 3 x  30 cm^), 

w a te r  (3 x 30 cm/) and th e n  d r i e d  (C aC lg). On removing th e  s o lv e n t ,  

o n ly  a  v e ry  sm all  amount o f  o i l y  r e s id u e  rem ained .

B. M o d i f ic a t io n  o f  th e  above

The m e rc u r ic  s a l t  o f  3 ,^ ,5 - t r im e th o x y b e n z o ic  a c i d  

( 1 3 . 2 6  g . , 21 m m ol.) , p re p a re d  v i a  t h e  ammonium s a l t ,  was d i s p e r s e d  

in  d ry  1., 1, 2 , 2 - t e t r a c h l o r o e t h a n e  (50  cm /) .  Bromine (2 .2  cm / ,

43 mmol.) i n  1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  (15  cm^) was added and th e  r e a c t i o n  

m ix tu re  r e f lu x e d  f o r  75 min. . A f t e r  c o o l in g ,  th e  o rg a n ic  s o l u t i o n  was 

f i l t e r e d ,  washed w i th  sodium h y d ro x id e  s o l u t i o n  (O.IMî 5 x  30 cm/) w a te r  

(3 X 50 cm^) and th e n  d r i e d  (C aC lg) . The s o lv e n t  was removed by  r o t a r y  

e v a p o ra t io n ,  l e a v in g  no p r o d u c t .
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Experiment 16 P r e p a r a t io n  o f  1-Bromo-3 , 4 , 5 -tr im ethoxybenzene

The p ro ced u re  fo llo w ed  was s i m i l a r  t o  t h a t  d e s c r ib e d  by 

. V o g e l C o p p e r  s u lp h a te  (6 .75  g . , 27 mmol.) and sodium bromide 

(2 .8 8  g . , 28 mmol.) were d i s s o lv e d  in  w a te r  (25 cm^). Sodium s u l p h i t e

( 1 .7 1  g . , 14 mmol.) in  w a te r  (20 cm/) was added to  th e  h o t  s o l u t i o n

o ver  5 min. w i th  s t i r r i n g .  The m ix tu re  was coo led  in  an  i c e - b a th  

and th e  s u p e rn a ta n t  l i q u i d  decan ted  o f f .  The p r e c i p i t a t e d  cuprous 

bromide was vjashed tw ic e  by  d é c a n ta t io n  w i th  w a te r  c o n ta in in g  a  l i t t l e  

su lphu rous  a c i d .  The s o l i d  was d i s s o lv e d  in  c o n s ta n t  b o i l i n g  p o in t  

hydrobrom ic a c i d  (15  cm/; 48 / )  and coo led  i n  an  i c e - s a l t  m ix tu re .

3 ,4 ,5 -T r im e th o x y a n i l in e  ( 5 «35 g* 30 mmol.) was d i s p e r s e d  i n  w a te r  

(25 cm /); and conc. s u lp h u r ic  a c id  (5 ,8 8  g .)  was added dropw ise w ith  

s t i r r i n g .  The m ix tu re  was warmed .u n t i l  a l l  t h e  s o l i d  d i s s o lv e d ,  th e n  

co o led  i n  an  a c e to n e -d ry  i c e  b a th  t o  - 1 0 ° .  Sodium n i t r i t e  (2 .10  g . ,

30 mmol.) in  w a te r  (4*5 cm/) was added dropw ise w ith  s t i r r i n g ,  and th e

te m p e ra tu re  was no t a l low ed  t o  r i s e  above - 5 ° .  The e n d -p o in t  o f  th e  

a d d i t i o n  was m on ito red  u s in g  s t a r c h - i o d i d e  p a p e r .  This  m ix tu re  was 

added t o  th e  cuprous bromide s o l u t i o n  and a l low ed  to  s ta n d  a t  room 

te m p e ra tu re  f o r  1 h r .  w ith  o c c a s io n a l  s t i r r i n g .  The p ro d u c t  was 

e x t r a c t e d  w ith  e t h e r  (3 x  50 cm^). The combined e x t r a c t s  were washed 

w i th  sodium b ic a rb o n a te  s o l u t i o n  (iMf 50 c m /) , d i l u t e  h y d ro c h lo r ic  

a c i d  (O.IM; 50 cm^) and th e n  w a te r  (2 x 50 cm /), and  d r i e d  (MgSO^) •

The s o lv e n t  was removed by  r o t a r y  e v a p o ra t io n ,  and th e  p roduc t 

r e c r y s t a l l i s e d  from l i g r o i n .  Y ie ld  5*26 g .  ( 7 1 / ) ,  m .p . 78-79°

(lit.^*^ 78.5 -  80° ) .
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Experiment 17 A ttem pted  P re p a ra t io n  o f  3 , 4 , 5-Trimethoxyphen,yl- 

magnesium Bromide

A. 1-Brorno-3,4 , 5 - t r  imethoxyhenz ene ( 5 .O g . , 20 mmol.) was 

d i s s o lv e d  i n  sodium d r ie d  d i e t h y l  e th e r  (IO cm/) and magnesium 

tu r n in g s  (O. 5 2  g . )  were added . A d ry  n i t r o g e n  atm osphere was 

m a in ta in e d  th ro u g h o u t th e  e x p e r im e n t . A c r y s t a l  o f  io d in e  was added 

and th e  m ix tu re  l e f t  f o r  1 h r . ,  d u r in g  which tim e  no r e a c t i o n  o c c u r re d .  

The m ix tu re  was r e f lu x e d  w ith  g e n t l e  s t i r r i n g  f o r  2 h r ,  h u t  a g a in  no 

r e a c t i o n  was o b se rv ed .  (The o r i g i n a l  w eight o f  magnesium was 

r e c o v e r e d ) .

B. The above p ro ced u re  was r e p e a te d  u s in g  t e t r a h y d r o f u r a n  

(10  cm/) i n  p la c e  o f  d i e t h y l  e t h e r .  However, no r e a c t i o n  o c c u r re d .

Experiment I 8 P r e p a r a t io n  o f  1- I o d o - 3 ,4 ,5 - tr im e th o x y b en zen e

B i a z o t i s a t i o n  was c a r r i e d  out as  i n  experim ent I 6 u s in g

3 , 4 , 5 - t r i m e th o x y a n i l i n e  (20  g . , IO9 m m ol.) , conc. s u lp h u r ic  a c id  

( 1 0 . 8  cm /) i n  w a te r  (45  crn^), and sodium n i t r i t e  ( 7«90 g . , 114 mmol.) 

i n  w a te r  (40  cm /) .  A c o ld  s o l u t i o n  o f  p o ta ss iu m  io d id e  ( l 8 . 2  g . ,

109 mmol.) i n  w a te r  (20 cm^) was added s lo w ly  w ith  s t i r r i n g .  The 

r e a c t i o n  m ix tu re  was l e f t  a t  room te m p e ra tu re  f o r  1 h r .  and th e n  h e a te d  

i n  a  b o i l i n g  w a te r  b a th  f o r  5 m in. The io d id e  was e x t r a c t e d  w ith  

carbon  t e t r a c h l o r i d e  ( 4  x 50 cm^) and th e  combined e x t r a c t s  were 

washed w ith  d i l .  sodium hydrox ide  s o l u t i o n  (O.IM; 2 x 50 cm3), w a te r  

(3  X 50 cm/) and th e n  d r ied .  (MgSO^) . The s o lv e n t  was removed by  

r o t a r y  e v a p o ra t io n ,  and th e  io d id e  r e c r y s t a l l i s e d  from l i g r o i n .

Y ie ld  2 2 . 5  g .  ( 70/ ) ,  m .p . 8 4 . 5  -  8 5 . 5 ° ( l i t . ^ ?  86- 8 7 ° ) .
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Experim ent 19 A ttem pted  P r e p a r a t i o n  o f  3 , 4 , 5-T r im e th o x y p h e n y l-  

magnesium Io d id e  

The p ro ced u re  d e s c r ib e d  i n  experim ent 14 was c a r r i e d  o u t , 

u s in g  1 -iodo  3 ,4 ,5 - t r im e th o x y b e n z e n e  (5 . 8 8  g . ,  20 mmol.) i n s t e a d  o f  

t h e  bromo compound. U sing  th e  s o lv e n t s  i n  b o th  A and B, t h e  iodo 

compound f a i l e d  to  form th e  magnesium io d i d e .

Experim ent 20 A ttem pted  P r e p a r a t io n  o f  4 , 4 ' -B im ethoxydiphenyl 

S u lph ide  from p -A n is id in e  v i a  th e  Diazonium S a l t  

D i a z o t i s a t i o n  was c a r r i e d  out a s  i n  experim ent I 6 u s in g  

£ - a n i s i d i n e  ( I I . 0 7  g . , 8 9 . 9  mmol.) conc . s u lp h u r ic  a c i d  (9  cm^) i n  

w a te r  (40  cm /) and sodium n i t r i t e  (6 .3  g . , 91 mmol.) i n  -Vtjater 

(20  cm /) .  Ammonium s u lp h id e  (3 4 /  w /v; 9 m l . ,  45 mmol.) i n  w a te r  

(20  cm/) was added dropw ise  w ith  s t i r r i n g ,  and th e  te m p e ra tu re  o f  th e  

r e a c t i o n  m ix tu re  was no t a l low ed  to  r i s e  above 10°. The m ix tu re  was 

s t i r r e d  a t  room te m p e ra tu re  f o r  1 h r .  and th e n  e x t r a c t e d  w ith  e t h e r  

( 3 . 5  cm /) .  The combined e x t r a c t s  were washed w ith  sodium .b ic a r b o n a te

s o l u t i o n  (lM,* 2 X 50 cm/) , w a te r  (2 x 50 cm") and th e n  d r i e d  (MgSO^) .

The s o lv e n t  was removed under  reduced  p r e s s u r e ,  l e a v in g  .an o i l .

D e sp i te  r e p e a te d  a t t e m p t s ,  no c r y s t a l l i n e  m a te r i a l  cou ld  be o b ta in e d  

from t h i s  o i l .

Experim ent 21 A ttem pted  P r e p a r a t i o n  o f  D ia ry l  Su lphur 

Compounds v i a  A r y l l i th iu m  Compounds 

A . H ,H *-T h iony ld iim idazo le  was p re p a re d  by  th e  method d e s c r ib e d  

by  B a s t .^ ^  Thionyl c h lo r id e  ( l .55 g* » 13 mmol.) was added dropw ise  

w i th  s t i r r i n g  and c o o l in g  i n  an  i c e  b a th  t o  a  s o l u t i o n  o f  im id azo le
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( l« 7 7  g . , 26 mmol.) i n  anhydrous t e t r a h y d r o f u r a n  (25 cm /) .  A f t e r  

c o o l in g  f o r  s e v e r a l  m inu tes  th e  r e a c t i o n  m ix tu re  was f i l t e r e d  w ith  

s u c t i o n  i n  a  n i t r o g e n  a tm osphere .

1-L i th iu m  3 , 4 , 5“ ' t r  imethoxyhenz ene was p re p a re d  under  d ry  n i t r o g e n  

hy  t h e  d ropw ise  a d d i t i o n  o f  n - h u t y l l i t h i u m  i n  hexane ( 22/ ;  8 . 4 5  g « ;

29 mmol.) t o  a  s t i r r e d  s o l u t i o n  o f  1- i o d o - 3 , 4 , 5 - t r im e th o x y h e n zen e  

(8 .2 3  g . , 28 mmol.) i n  e t h e r  (lOO cm/) co o led  i n  an  i c e  h a t h .  A f te r  

a  few m in u te s ,  t h e  s o l u t i o n  o f  H ,H '- th io n y ld i im id a z o le  was added 

dropw ise , and t h e  r e a c t i o n  m ix tu re  s t i r r e d  f o r  a  f u r t h e r  30 m inu tes  

a t  room te m p e ra tu r e .  The s o l u t i o n  was th e n  poured  onto  an  i c e -  

d i l u t e d  h y d r o c h lo r i c  a c i d  m ix tu re ,  t h e  o rg a n ic  l a y e r  s e p a r a t e d  o f f  

and  th e  aqueous l a y e r  e x t r a c t e d  w ith  e t h e r  (3  x  25 cm^) t h e  combined 

o rg a n ic  s o lu t i o n s  were washed w ith  aqueous sodium b ic a r b o n a te  s o l u t i o n  

(lM; 2 X 25 c m /) , w a te r  (2 x  25 cm/) and th e n  d r i e d  (MgSO^) . The 

s o lv e n t  was removed under  reduced  p r e s s u r e  and th e  p ro d u c t  r e c r y s t a l l i s e d  

from p e t .  e t h e r  ( b .p .  80 -  100°) .  Upon i n v e s t i g a t i o n ,  t h i s  compound 

was found t o  be 3 , 3 ' , 4 , 4 ' , 5 , 5 ' -b e x am e th o x y b ip h e n y l.  Y ie ld  O.64 g . , 

m .p . 127-128° ( l i t . 83 126°) ,  6(CDC1^) 3 .95  (3H, s ,  CHg), 4.OO 

( 6H, s , CH3) 6 .85  (2H, s ,  ArH).

(Found: C, 64 .92 ;  H, 6 . 8 6 ; 8 , 0 .0 0 .  C a lc ,  f o r  O^gHggO^:

C, 6 4 .6 6 ;  H, 6 . 63 / ) .

B. £ - T o l y l l i t h i u m  was p re p a re d  in  t h e  manner d e s c r ib e d  by  

V o g e l . £ - B r o m o t o l u e n e  (2 1 .5  g . , 126 mmol.) i n  e t h e r  (35 cm/) 

was added d ropw ise  t o  l i t h iu m  w ire  ( I . 9  g . )  i n  e t h e r  (35 cm^) a t  such 

a  r a t e  t h a t  t h e  s o lv e n t  r e f lu x e d  c o n t in u o u s ly .  When th e  a d d i t i o n  was 

com plete  t h e  s o l u t i o n  was r e f lu x e d  by  g e n t l e  h e a t in g  f o r  a  f u r t h e r  1 h r .  

The m ix tu re  was f i l t e r e d  r a p i d l y  th ro u g h  g l a s s  wool. The p ro ced u re
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o u t l i n e d  i n  A was fo l lo w e d ,  excep t t h a t  t h i o n y l  c h lo r id e  (7 .1 4  g . ,

60 mmol.) i n  e t h e r  (35 cm/) was u sed  i n s t e a d  o f  H ,H '- th io n y l d i im id a z o l e . '  

E v a p o ra t io n  o f  th e  s o lv e n t  r e s u l t e d  i n  a  sm a ll  amount o f  l i q u i d  which 

p roved  to  he u n re a c te d  £ -h rom oto luene  ( i . r . ) .

C. The p ro ced u re  o u t l i n e d  i n  B was fo l lo w e d ,  excep t t h a t  

s u ip h u ry l  c h l o r i d e  (8 .10  g . , 60 mmol.) was u sed  i n  p la c e  o f  t h i o n y l  

c h l o r i d e .  Again o n ly  a  sm a ll  amount o f  u n re a c te d  £ -h rom oto luene  

was r e c o v e re d .

D. The above was r e p e a te d  u s in g  3 , 4-<lim ethoxybenzenesulphonyl 

c h l o r i d e  (29 .80  g . , 126 mmol.) i n  p la c e  o f  s u ip h u ry l  c h l o r i d e ,  w i th  

s i m i l a r  r e s u l t s .

Experim ent 22 P r e p a r a t io n  o f  3 , 4 , 5-T r ih y d ro x y d ip h en y l  

Sulphone

A s o l u t i o n  o f  sodium b e n z e n e s u lp h in a te  ( l9«44  g«, 119 mmol.) 

and  p y r o g a l l o l  (1 4 .9 4  g . , 119 mmol.) i n  w a te r  (lOO cm/) was added 

over  a  1 min. p e r io d  to  a  s t i r r e d  s o l u t i o n  o f  p o ta ss iu m  f e r r i c y a n i d e  

( 7 8 . 3 0  g . , 238  mmol.) and sodium a c e t a t e  t r i h y d r a t e  ( l6 .3 2  g . ,  120 mmol.) 

i n  w a te r  (200 cm /) . A f te r  s t i r r i n g  f o r  a  f u r t h e r  10 min. th e  p ro d u c t  

was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from e t h ano1-w ate r  g iv in g  p a l e -  

brown c o lo u re d  c r y s t a l s .  Y ie ld  19.15 g* ( c a .  61/ )  m .p . I 85 -  188° .

The p ro d u c t was p u r i f i e d  v i a  t h e  t r i a c e t o x y  d e r i v a t i v e  p re p a re d  

by  t h e  p ro ced u re  d e s c r ib e d  i n  experim ent 4B u s in g  3 ,4 ,5 - ' t i ‘ibydroxyphenyl 

su lphone  ( 1 8 . 5 I g . , c a .  70 mmol.) a c e t i c  an h y d r id e  ( l20  g , ,  1 ; l 8  m ol.) 

and p y r id in e  (20 cm^), The t r i a c e t o x y  d e r i v a t i v e  was r e c r y s t a l l i s e d  

from e th a n o l - w a te r  ( c h a r c o a l ) . Y ie ld  I 8 . 6 6  g .  ( c a .  68 /)  m .p . I 83  -  

184° ,  (Rp = 0 . 3 6  i n  s o lv e n t  a ) , ô (DMSO-d^) 2 .30 (6H, s , CH3 ) ,
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2 .3 4  (3H, s ,  CH3) ,  7 .60  -  8 .06  (7H, m, ArH), 7 .9 6  (2Hg  ̂ g, s ) ;

Vina^ (KBr d i s e )  1783s (C=0) , 1328m (SO^ a s . ) ,  1156s cm  ̂ (SOg, s . )  

(Found: C, 5 5 .1 3 ;  H, 4 .1 3 ;  S, 8 .2 9 .  ^ 18^4 6 ^ 8/  r e q u i r e s :  C, 55 .1 0 ;

H, 4 .1 1 ;  S, 8.1

3 , 4 , 5 -T r ia c e to x y d ip h e n y l  su lphone  ( I 8 . 5 6  g . ,  47 mmol.) was 

d e a c e ty l a t e d  hy  th e  p ro ced u re  d e s c r ib e d  i n  experim ent 4B. The 

s o lv e n t  was removed by r o t a r y  e v a p o ra t io n  l e a v in g  a  w h ite  p ro d u c t  

which was th e n  r e c r y s t a l l i s e d  from e th a n o l  -  w a te r .  Y ie ld  11.75 g .  

(94 /)  m .p . 188  -  189° ( l i t . 188° ) ,  ô(M SO-dg) 7 . 0 7  (2H, s ,  ArHg ^) , 

7 . 6 0  -  8 .20  (5H, m, ArH), 8 .5  -  10.5 ( c a .  3H, BgO exchangeab le ,  OH) ;

V (KBr d is c )  1325s (SOu a s . )  1142s cm  ̂ (SOu s . ) .
IT13/X • c . d .

Experim ent 23 P r e p a r a t io n  o f  3 , 4-B ib y d ro x y -d ip h en y l Sulphone

The p ro ced u re  d e s c r ib e d  i n  experim ent 19 was fo l lo w e d  u s in g  

c a te c h o l  ( 1 3 .IO g , ,  119 mmol.) i n  p la c e  o f  p y r o g a l l o l .  The p a l e -  

y e l lo w  p ro d u c t  was no t p u r i f i e d  v i a  t h e  d ia c e to x y  d e r i v a t i v e ,  and was 

r e c r y s t a l l i s e d  from e th a n o l - w a te r .  Y ie ld  26 .34  g .  ( 89/ ) ,  m .p.

165 -  166° ( l i t . 5 ^  1 6 4 ° ) ,  (KBr d is c )  1305s (SOU a s . ) ,  1152s cmT^ifl3/X • d

(SOg s . ) .

Experim ent 24 P r e p a r a t io n  o f  3 , 4-Bimethoxyhenzene S u lp h in ic  

a c i d  (Sodium S a l t )  .

3 , 4-B im ethoxybenzenesu lphonyl c h lo r id e  ( 3 4 . 6 5  g . , 147 mmol.) 

was d i s p e r s e d  i n  a  s t i r r e d  s o l u t i o n  o f  sodium s u l p h i t e  (74 .0  g .

29 4  mmol.), i n  w a te r  (IOO c m /) . The pH, was c a r e f u l l y  m a in ta in e d  a t  

abou t pH 8 by  dropw ise  a d d i t i o n  o f  a q .  sodium hyd rox ide  s o l u t i o n  (4M)«
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When most o f  t h e  s o l i d  had gone i n t o  s o l u t i o n  ( c a .  5 h r . )  t h e

m ix tu re  was h e a te d  t o  60° f o r  15 min. The co o led  s o l u t i o n  was

f i l t e r e d  and th e n  a c i d i f i e d  hy th e  dropw ise  a d d i t i o n  o f  conc . 

h y d r o c h lo r i c  a c i d  u n t i l  p r e c i p i t a t i o n  o f  t h e  s u lp h in i c  a c i d  was 

c o m p le te .  The s o l i d  was washed w i th  a  l i t t l e  c o ld  w a te r  and 

r e c r y s t a l l i s e d  from w a te r .  Y ie ld  28 .08  g .  (9 5 /)  ô(DMSO-dg) 3 . 8 /  

(3H, s ,  GH3) ,  3 . 8 4  (3H, s ,  CH3) ,  7 . 1 2  ( lH j ,  d , J j  g  8 . 5  Hz),;

7 . 2 3  ( iH p, d, J  ,  2Hz), 7 .25  (iHg, o ld) v (KBr d i s c )  2350m (SH)
^  y O IT13,X #

1135s (SOg a s . ) ,  1015s cm”  ̂ (SOg s . ) ,

(Pound: C, 4 7 .3 5 ;  H, 4 .9 1 ;  S, 1 5 . 9 7 . r e q u i r e s :

c ,  47.51 ; H, 4 .9 8 ;  s ,  1 5 .8(

3 , 4 -D im ethoxyhenzenesu lph in ic  a c i d  (2 7 . 2 3  g . , 135 mmol.) was 

d i s s o lv e d  in  a  warm aqueous sodium h y d rox ide  s o l u t i o n  (lM; 137 crn^), 

Water was e v a p o ra te d  o f f  under  reduced  p r e s s u r e ,  l e a v in g  th e  sodium 

s u lp h in a t e  a s  a  s o l i d  which was p u r i f i e d  hy  r e c r y s t a l l i s a t i o n  from 

a c e t o n e -w a te r .  Y ie ld  27 .25  g .  ( 9 0 / ) ,  Ô(DgO) 3 .82  (3H, s ,  GH3) ,

3 . 8 9  (3H, s ,  CH3) ,  7 . 0 0  (1H^, d , 8Hz), 7 .0 8  (iHg, d, J g  .  2Hz),.

7 . 1 9  (1H^, dd) ; (KBr d is c )  1140m (SOg a s . ) ,  1025s cm”"̂

(SOg s . )  .

Experim ent 25 P r e p a r a t io n  o f  3 , 4-D im ethoxy-3 ' , 4 ' , 5 ' -  

t r ih y d ro x y p h e n y l  Sulphone 

The p ro c e d u re  d e s c r ib e d  i n  experim ent 19 was fo l lo w ed  u s in g  

sodium 3 ,4 -& im e thoxybenzenesu lph ina te  ( 1 5 .OO g . , 67 mmol.) and 

p y r o g a l l o l  (8 .4 4  g . , 67 mmol.) i n  w a te r  (IOO cm /), and p o ta ss iu m  

f e r r i c y a n i d e  (4 4 * 0 6  g . , 134 mmol.) and sodium a c e t a t e  (9 . 1 1  g . ,

67 mmol.) i n  w a te r  ( 15O cm^) . The p ro d u c t  was pa le -b row n  in  c o lo u r .
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Y ie ld  12.17 g .  ( c a .  $6/ )  m .p . 189-190°. The p ro d u c t  was p u r i f i e d  

v i a  th e  t r i a c e t o x y  d e r i v a t i v e ,  p re p a re d  hy th e  method d e s c r ib e d  in  

experim ent 4B u s in g  crude  3 , 4 -Himethoxy 3 ' , 4 ' , 5 ' - i i ’ib y d roxyd ipheny l 

su lphone  ( I I . 8 5  g . , c a .  36  mm ol.), a c e t i c  a n h y d r id e  (60  g . , 588  mmol.) 

and p y r id i n e  (IO cm^). 3 ,4-D im ethoxy 3 ' , 4 ' , 5 ' - t r i a c e t oxydiphenyl 

su lphone  was r e c r y s t a l l i s e d  from e th y l  a c e t a t e  ( c h a r c o a l ) • Y ie ld

9 . 9 6  g .  ( c a . 61/ )  m .p . 129- 130° ( ^  = 0 . 3 6  i n  s o lv e n t  A; ^  = O. 7 8  

in  s o lv e n t  b) , ô(DMSO-d^) 2.30 (6H, s , CO CH.) , 2 .32  (3H, s ,  COCH.) ,

3 .82  (3H, s ,  CH3) 3 . 8 4  (3H, s ,  CH3) , 7 .19  (IH5 , d , 8 . 5  Hz),

7 .45  (iHg, d , 2Hz), 7 . 5 8  ( 1 % ,  d d ) ,  7 . 9 4  (2Hg,^ s) ;

V (KBr d is c )  1780s (C=0), 1326m (SO. a s . ) ,  1145s cm  ̂ (SCu s . ) .
I I l o / X  « ' ^  ■ c ,

(Pound; C, 5 3 .0 3 ;  H, 4 . 6 8 ; S, 6 .9 3 .  Cg^Hg^S r e q u i r e s ;  0, 53 .1 0 ;

H, 4 . 4 6 ; S, 7 . 0 9 / ) .

3 , 4 -Dimethoxy 3 * , 4 *, 5 ' - i i ‘ia c e to x y d ip h e n y l  su lphone  (9 . 4 8  g .  21 mmol.) 

was d e a c e ty l a t e d  by  t h e  method d e s c r ib e d  in  experim ent 4B. The s o lv e n t  

was e v a p o ra te d  u n d e r  red u ce d  p r e s s u r e ,  l e a v in g  3 , 4 -d im ethoxy  3 * ,4 ' , 5 *- 

t r ih y d ro x y d ip h e n y l  su lphone  a s  a  w h ite  s o l i d  which was th e n  p u r i f i e d  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 - w a te r .  Y ie ld  6 .33  g .  (92 /)  m .p . I 9O- 

191°, ô(DMSO-dg) 3 . 7 7  (5h , s , CH3) ,  6 .81 (2Hg, g , ,  s ) , 7 .10  

(IH5 , d , J ç ^ g  8 . 5  Hz), 7 . 2 3  (iHg, d, J  2 g 2Hz), 7 .37  (iH g, dd) ;

V (KBt  d i s c )  1311m (SOp a s . ) ,  1137s cm (S0„ s . ) .md/X # ^ d.

(Found: C, 51*39; H, 4 .5 9 ;  8 , 9 .7 3 .  r e q u i r e s :

C, 5 1 . 5 3 ; H, 4 .3 2 ;  S, 9.1
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Experim ent 26 P r e p a r a t io n  o f  3 , 3 * , 4 , 4 ' , 5-P en tah y d ro x y d ip h en y l 

Sulphone

3 , 4 -D im ethoxy-3 \ 4 ' , 5 ' - i r ih y d r o x y d ip h e n y l  su lphone  ( 5 *39g«

1 6 , 5  mmol.) was d em e th y la ted  i n  to lu e n e  (200  cm/) u s in g  bo ron  

t r i b r o m id e  ( 2 1 . 0  g . ,  8 3 . 8  mmol.) by t h e  method d e s c r ib e d  i n  experim ent 

4A. 3 ,3 '4 ,4 '5 -P e n ta h y d ro x y d ip h e n y l  su lphone  was p u r i f i e d  by  

r e c r y s t a l l i s a t i o n  from w a te r .  Y ie ld  4«72 g .  (96 /)  m .p. 269  -  270 

(decom.) , ô (DTÆSO-dg) 6 . 7 8  (2Hg ^ ^ s ) ,  6 . 8 9  ( lH ^ , ,d ,  9Hz) ,

7 . 1 6  (IHg, d ,  £ 2 , 5 , 2  Hz), 7 .16  ( lH ^ , ,d d ) ;  ( O r  d is c )  1290s

(SOg a s . ) ,  1140s cm  ̂ (sOg s . ) .

(Found; C, 4 8 . 2 8 ; H, 3 «57; 8 , 1 0 .59 .  C^gH^^OyS r e q u i r e s ;

C, 4 8 .3 2 ;  H, 3 .3 8 ;  S, 1 0 .7 5 / ) .

Experim ent 27 P r e p a r a t io n  o f  3 , 4 , 5~ T rim e thoxybenzenesu lph in ic  

A cid (Sodium S a l t ) .

3 , 4 , 5 -T r im e th o x y b e n z e n e su lp h in ic  a c i d  was p re p a re d  by  th e  

method d e s c r ib e d  in  experim ent 24  u s in g  3 , 4 , im ethoxyhenzenesu lphonyl 

c h l o r i d e  ( 2 1 . 9 2  g . , 8 2 . 3  mmol.) and sodium s u l p h i t e  (4 I . 4 8  g . ,

165 mmol.) i n  w a te r  (lOO cm^) • The p ro d u c t  was p u r i f i e d  by

r e c r y s t a l l i s a t i o n  from w a te r .  Y ie ld  1 8 . 8 2  g .  (99 /)  m .p . IO4  -  105°

(decom.), ô(DMSO-dg) 3 .80  (3H, s ,  CH.), 3 .93  (6H, s , CH3) , 7 .13  

(2H, s ,  ArH. J ;  (KBr d is c )  2450m (S-H) , 1135s (SCL a s , ) ,t— o nio/X • ^

1022m cm  ̂ (SOg s . ) .

The sodium s a l t  was p re p a re d  by  th e  method d e s c r ib e d  in  experim ent

21, and p u r i f i e d  by  r e c r y s t a l l i s a t i o n . ,  from a c e to n e -w a te r .  Ô (BgO)

3 . 7 8  ( 3H, 8 , CHj), 3 . 9 2  ( 6H, 8 , CH3) ,  6 . 9 8  (2H, 8 , ArHg g ) ;

V (KBr d is c )  1132s (SO. a s . ) ,  1000s cm"”  ̂ (SOu s . ) .  max. 0 —
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Experim ent 28 P r e p a r a t io n  o f  3 , 4 , 3-T r ih y d ro x y - 3 ' , 4 ' , 5 ' -  

t r im e th o x y d jp h e n y l  Sulphone 

The p ro c e d u re  d e s c r ib e d  in  experim ent 22 was fo l lo w e d  u s in g  

sodium 3 , 4 , 5“ir im e th o x y h en zen esu l .p h in a te  ( 1 4 . 6 2  g . , 5 7 . 8  mmol,) and 

p y r o g a l l o l  ( 7 . 2 8  g . , 58  mmol.) i n  w a te r  (200  cm^), and p o ta ss iu m  

f e r r i c y a n i d e  ( 3 8 . 0 4  g . , 116  mmol.) and sodium a c e t a t e  ( 7 . 8 6  g .

5 7 . 8  mmol.) i n  w a te r  (200 cm /) .  The p ro d u c t  was r e c r y s t a l l i s e d  from 

e th a n o l - w a te r ,  g iv i n g  p a l e  brown c r y s t a l s .  Y ie ld  11.29 g ( c a .  55/) 

m .p . 222 - 2 2 3° .

The p ro d u c t  was p u r i f i e d  v i a  t h e  t r i a c e t o x y  d e r i v a t i v e  p re p a re d  by  

t h e  method d e s c r ib e d  in  experim ent 4 B u s in g  th e  c rude 3 , 4 , 5 - i r i h y d r o x y -  

3 , 4 ,5 - t r im e th o x y d ip h e n y l  su lphone  ( I O . I 6 g .  _ca. 28 .5  mm ol.), a c e t i c  ■ 

an h y d r id e  ( 5O g . , 490 mmol.) and p y r id in e  (IO cm /) .  R e c r y s t a l l i s a t i o n  

o f  t h e  p ro d u c t  from e t h y l  a c e t a t e  ( c h a rc o a l)  gave 3 , 4 , 5 - i r i a c e t o x y -  

3 * ,4 *,5 '- t r im e th o x y d ip h e n y l  su lp h o n e .  Y ie ld  8 .36  g .  ( c a .  61/ )  

m .p . 164  -  165° ,  ô(M SO -dg) 2 .37  (9%, s ,  COCH.) , 3 .83  (3H, s ,  CH3) ,

3 . 9 7  (6H. s, c h . ) ,  7 . 4 5  ( 2 B L ' , s ) ;  ( O r  d isc) 1780s (C=0) 13l6s

(SOg a s . ) ,  11 28s cm  ̂ (SOg s) .

(Found: 0 ,5 2 .2 6 ;  H, 4 . 6 8 ; S, 6 . 7 8 » ^21^22^11^ r e q u i r e s :

C, 5 2 . 2 8 ; H, 4 . 6 0 ; 8 , 6 . 65/ ) .

3 , 4 , 5 - T r i a c e t o x y - 3 * ,4 ' , 5 ' - i rh m e th o x y d ip h e n y l  su lphone ( 8 . 1 1  g . ,

1 6 . 8  mmol.) was d e a c e ty l a t e d  by th e  p ro ced u re  d e s c r ib e d  in  experim ent

4B. The s o lv e n t  was removed under  red u ced  p r e s s u r e  l e a v in g  a  c o l o u r l e s s  

p ro d u c t  which was th e n  p u r i f i e d  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 - w a te r .  

Y ie ld  5 . 5 2 g .  (92/ ) ,  m .p . 223-224°, ô (BMSO-d^) 3.80 (3H, s ,  CH3) ;

3 .92  (6H, 8,  GH3), 7 .02  (2Hc^2, s ) ,  7 .23  (2 H 2 , ,5 , '  s ) ;  di8c)

1297s (SOg a s . ) ,  1130s cm  ̂ (SOg s . ) .

(Found: C, 5 0 .6 3 ;  H, 4 .60 ; S, 9 . 2 5 . C ĵ^H ĵgOgS r e q u i r e s ;

C, 5 0 . 5 6 ; H, 4 . 5 3 ; S, 9 . 00 / ) .



169

Experim ent ?9 P r e p a r a t io n  o f  3 , 3 * , 4 , 4 ' , 5 , 5 * -H exahydroxydiphenyl 

Sulphone

3 ,4 » 5 -T r ih y d r o x y - 3 ' , 4 ' ,5 '- l r im e th o x y d ip h e n y l  su lphone  

( 5 . 3 6  g . ,  1 5 «2 mmol.) was d em eth y la ted  i n  to lu e n e  (200 cra^) u s in g  

bo ron  t r i b r o m id e  (23 .0  g , ,  91*8 mmol.) by  t h e  method d e s c r ib e d  i n  

experim ent 4A. 3 , 3 ' , 4 , 4 ' , 5 , 5 ' -H exahydroxydiphenyl su lphone  was

p u r i f i e d  by  r e c r y s t a l l i s a t i o n  from w a te r .  Y ie ld  4*18 g .  ( 8 8 / ) .

The compound c l e a r s  w ith o u t m e l t in g  when h e a te d  t o  350°,

Ô (HMSO-d^) 6 . 9 2  ( s ,  ArH) ; v (KBr d is c )  1311s (SOu a s . ) ,

11 36s cm  ̂ (SOg s . ) .

(Pound: C, 45-73; H, 3-24; S , 10 .21 .  C^gH^^OgS r e q u i r e s :

0 ,4 5 .8 7 ;  H, 3 .2 1 ;  S, 1 0 .2 0 / ) .

Experim ent 30 A ttem pted R e a c t io n s  w ith  o -Quinones

A. A s o l u t i o n  o f  p y r o g a l l o l  ( 5 .O g . , 39*7 mmol.) and p o ta ss iu m

io d id e  (7 .0  g . , 4 2 .2  mmol.) i n  w a te r  (50  cm^) was s lo w ly  poured  i n t o  a

s t i r r e d  s o l u t i o n  o f  p o ta ss iu m  f e r r i c y a n i d e  (26 .14  g . , 79-4 mmol.) and 

sodium a c e t a t e  ( 5 .40 g . , 39•7  mmol.) i n  w a te r  ( 15O cm^). A f te r  abou t

10 min. th e  s o l u t i o n  was e x t r a c t e d  w i th  e th y l  a c e t a t e  (3 x  5O cm^),

and th e  combined e x t r a c t s  were d r i e d  (MgSO^). E v a p o ra t io n  o f  th e  

s o lv e n t  under reduced  p r e s s u r e  l e f t  a  r e s id u e  which was a c e t y l a t e d

i n  t h e  u s u a l  manner. The a c e t y l a t e d  p ro d u c t was p u r i f i e d  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  (c h a rc o a l)  t o  g iv e  o n ly  a  sm a l l  amount 

o f  1 , 2 , 3 - t r i a c e to x y b e n z e n e .  m .p. l62 -  l63° ( l i t . " ^ ^ ^  165° ) .

B. The p ro ced u re  d e s c r ib e d  i n  A was fo l lo w e d ,  u s in g  p o ta ss iu m  

th io c y a n a te  (5 .O g . , 51*5 mmol.) i n  p la c e  o f  p o ta ss iu m  io d id e ,  g iv in g  a  

s i m i l a r  r e s u l t .



1 7 0

C. The p ro c e d u re s  d e s c r ib e d  i n  A and B were fo l lo w e d ,  u s in g  

c a te c h o l  (4 .3 7  g . , 39 .7  mmol.) i n  p la c e  o f  p y r o g a l l o l .  I n  b o th  

c a s e s ,  o n ly  a  sm all  amount o f  1 , 2-dio .cetoxybenzene was i s o l a t e d .

Experim ent 31 The A c tio n  o f  B en ze n esu lp h in ic  Acid (C upric  

s a l t )  on A ry l th a l l iu m  Compounds 

T h a l l i u m ( l l l )  t r i f l u o r o a c e t a t e  and a r y l t h a l l i u m  compounds
143

were p re p a re d  by  th e  method due to  M cK illop . T h a l l i c  ox ide

(50  g . , 109 m m ol.), t r i f l u o r o a c e t i c  a c i d  (200 cm/) and w a te r  (25  cm/) 

were p r o t e c t e d  from l i g h t ,  and th e  s t i r r e d  m ix tu re  was r e f lu x e d  f o r  

12 h r .  The coo led  m ix tu re  was f i l t e r e d  t o  g iv e  a  s o l u t i o n  o f  

t h a l l i u m  ( i l l )  t r i f l u o r o a c e t a t e  (a p p ro x im a te ly  0 .88m ). (TTPA s o l u t i o n ) .

The a r y l t h a l l i u m  compounds were p re p a re d  i n  th e  f o l lo w in g  manner; 

m e s i ty le n e  (O . 9 6  g . , 7 .99  mmol.) w as . added to  th e  TTPA s o l u t i o n  (IO cm/) 

and  s t i r r e d  f o r  1 h r .  a t  room te m p e ra tu r e :  m-xylene (O . 8 5  g . ,

8 .02  mmol.) was added to  t h e  TTPA s o l u t i o n  (10 cm^) and s t i r r e d  a t  

room te m p e ra tu re  f o r  5O m in . :  ch lo robenzene  (O.9O g . , 7 .99  mmol.) 

was added t o  t h e  TTPA s o l u t i o n  (IO cm^) and th e  s t i r r e d  m ix tu re  was 

r e f lu x e d  f o r  30 m in. E v a p o r a t io n  o f  t h e  s o lv e n t ,  fo l lo w e d  by  

c o -e v a p o ra t io n  w i th  1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  under reduced  p r e s s u r e  

l e f t  t h e  s o l i d  a r y l t h a l l i u m  b i s ( t r i f l u o r o a c e t a t e )  . C upric  s u lp h a te  

(4 . 0 9  g . , 1 6 . 4  mmol.) and sodium b e n z e n e s u lp h in a te  ( IO . 7 6  g . , 6 5 . 6  mmol.) 

i n  w a te r  (40  cm/) were added to  t h e  a r y l t h a l l i u m  compound i n

1 ,4 -d io x a n  (40  cm^). I n  each case  th e  s t i r r e d  m ix tu re  was p r o t e c t e d  

from l i g h t  and r e f lu x e d  f o r  24 h r .  The p ro d u c t was e x t r a c t e d  w i th  

bu tanone  (3 x  50 cm/) and t h e  combined e x t r a c t s  were washed w ith  

d i l .  h y d r o c h lo r i c  a c i d  (O.IM; 2 x 25 cm^), a q .  sodium b ic a r b o n a te  

s o l u t i o n  ( 10/ ;  2 X 25 cm^), w a te r  (2  x  25 cm^) and th e n  d r i e d
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(ïüagSO^). E v a p o ra t io n  o f  th e  so lv e n t  under reduced  p r e s s u r e  gave 

th e  p ro d u c t ,  which was th e n  p u r i f i e d  by r e c r y s t a l l i s a t i o n ,

2 , 4 ) 6 -T r im e th y ld ip h e n y l  su lphone (from l i g r o i n ) .  Y ie ld  0 ,8 5  

(415O , m .p. 75-75° ( l i t .  7 3 ° ) ,  6  (MSO-dg) 2 .30  (3H, s ,  CH3) ,

2 . 5 6  (6H, s , CH3) ,  7 .18  ( 2H3 _ g ,  s ) ,  7 . 5 2  -  8 .10  (5H, ArH);

( O r  d is c )  1301s (S0„ a s . ) ,  1152s ora (SOg s . ) .

2 , 4 -b im e th y ld ip h e n y l  su lphone (from l i g r o i n ) .  Y ie ld  1,24 g» 

(6 3^) ,  m ,p, 85 - 86° ( l i t , 45 8 5 ° ) ,  Ô (DMSO~dg) 2 , 3 6  (6h, s , CH^),

-1cm f7 , 2 0  -  8 , 3 0  (8n, ArH); v (KBr d is c )  13l8s (SOU a s , ) ,  1152s cm  ̂ (so s).IÏ13/X # ^ \ o V

4_C hlorod iphenyl su lphone (from e t h an o 1 -h ex a n e ) ,

Y ie ld  0 . 9 4  g .  (475O , m .p. 89 - 90°  ( l i t . ' '® ®  91 -  9 1 .5 ° ) ,  (KBr d is c )

1328s (SOg a s . ) ,  1162s cm” '' (SOg s . ) .

Experim ent 32 P r e p a r a t io n  -of A lum in ium -pyrogallo l a t o  

Complexes (Ammonium S a l t s )

A. A s o l u t i o n  o f  p y r o g a l lo l  (6 ,31 g . , 50.1 mmol,) and 

aluminium n i t r a t e  ( l8 ,7 5  g . , 5 0 -0  mmol,) i n  w a te r  (5O cm^) was h e a te d  

w i th  s t i r r i n g  a t  $0° f o r  5 min, under a  n i t r o g e n  a tm osphere .  A s o l u t i o n  

o f  ammonia (S.G. 0 ,8 8 ;  20 cm^) i n  w a te r  (5O cm^) was added dropw ise ,

and th e  p ro d u c t  was f i l t e r e d  o f f  from th e  coo led  r e a c t i o n  m ix tu re  and 

washed w i th  a c e to n e .  The p roduc t was c r y s t a l l i s e d  from aqueous 

s o l u t i o n  by th e  a d d i t i o n  o f  a c e to n e .  Y ie ld  10,62 g , (89^ .

(Pound: p y r o g a l l o l a t o ,  5 1 A1 , 11 ,48 .  G^H^0^,A1(0H)2 *

MÎ4 . 2H2O r e q u i r e s :  p y r o g a l l o l a t o ,  51*89; A l, 1 1 . 2 8 ^ .

B. The method o u t l i n e d  i n  A was fo llo w ed ,  u s in g  tw ic e  th e  

amount o f  p y r o g a l l o l  (12.61 g . , 100 m m ol.). At th e  end o f  a d d i t i o n  

o f  a q .  ammonia s o l u t i o n ,  e th a n o l  (50  cm^) was .added t o  t h e  coo led
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r e a c t i o n  m ix tu r e .  The p ro d u c t  c r y s t a l l i s e d  from s o l u t i o n  o v e rn ig h t ,  

and was p u r i f i e d  by c r y s t a l l i s a t i o n  from w a te r  by  a d d i t i o n  o f  a c e to n e .  

Y ie ld  3 . 6 9  g .  ( 2 4 0 .

(Found: p y r o g a l l o l a t o  79*41; A l, 8 . 9 6 . AIM^.H^O

r e q u i r e s :  p y r o g a l l o l a t o , 79*75; A l, 8 . 6 7 0 *

C. The p ro ced u re  d e s c r ib e d  i n  B was fo l lo w e d ,  u s in g  

p y r o g a l l o l  ( 1 8 . 9  g * , 150 mmol.) and aluminium n i t r a t e  ( l 8 . 7 5  g * ,

50 m m ol.).  Y ie ld  13.43 g* ( 5 1 0 *

(Found: p y r o g a l l o l a t o ,  71*11; A l,  5*30. C^gH^^O^* A1 ( M ^ ) ^ . 4H20

r e q u i r e s :  p y r o g a l l o l a t o ,  70 .85 ; A l , 5 * 1 3 0 *

Experim ent 33 P r e p a r a t io n  o f  Amino Acid S a l t s  o f  Aluminium' 

M onocatechola to  Complex 

The g ly c in e ,  p - a la n in e  and 4 -a m in o b u ty r ic  a c i d  s a l t s  o f  

aluminium m o n oca techo la to  were p re p a re d  i n  t h e  f o l lo w in g  manner.

A m ix tu re  o f  th e  amino a c i d  (45*4 mmol.) and aluminium is o p ro p o x id e  

( 9*27  g . , 4* 5 4  mmol.) i n  d ry  i s o p ro p a n o l  (70  cm^) was r e f lu x e d  w ith  

s t i r r i n g  f o r  3 h r .  A s o l u t i o n  o f  c a te c h o l  (5*0 g . , 45*4 mmol.) in  

is o p ro p a n o l  (20 cm^) was added . A f t e r  h e a t i n g  f o r  a  f u r t h e r  1 h r . , 

t h e  m ix tu re  was s t i r r e d  o v e rn ig h t  a t  room te m p e ra tu re ,  and th e  p ro d u c t  

was th e n  f i l t e r e d  o f f .

Experim ent 34 P r e p a r a t io n  o f  t h e  E th y l  E s t e r s  o f  Amino Acids 

The e t h y l  e s t e r s  o f  g ly c in e ,  p - a la n in e  and 4 -a m in o b u ty r ic  

a c i d  were p re p a re d  from t h e  c o r re sp o n d in g  amino a c i d s .  The p ro ced u re  

d e s c r ib e d  i n  experim ent 1 gave in  each case  th e  e th y l  e s t e r  h y d ro c h lo r id e ,  

which was p u r i f i e d  by  r e c r y s t a l l i s a t i o n  from w a te r .  The f r e e  amino
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e t h y l  e s t e r  was l i b e r a t e d  by  p a s s in g  gaseous ammonia th ro u g h  a 

s o l u t i o n  o r  d i s p e r s i o n  o f  th e  h y d ro c h lo r id e  i n  ch lo ro fo rm  f o r  

5 min. F i l t r a t i o n  fo l lo w ed  by e v a p o ra t io n  o f  t h e  s o lv e n t  and th e n  

vacuum d i s t i l l a t i o n  o f  th e  r e s id u e  gave th e  p u re  amino e th y l  e s t e r .
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