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A : The R e a c t iv i ty  o f  A rom atic Double Bonds.

S u m m a r  y .

D ia z o a c e t ic  e s t e r  has been r e a c te d  w ith  a n th ra ­

c e n e , benzanthracene and p yren e . In  ea ch  c a se  an a c id  

has been  o b ta in ed  by h y d r o ly t ic  trea tm en t o f  th e  r e a c t io n  

m ix tu re . The a c i d  from anth racen e has been a s s ig n e d  the  

s tr u c tu r e  n a p h th o n o rca ra d ien eca rb o x y lic  a c id  XXV on th e  

b a s is  o f  h yd rogen ation  experim en ts and u l t r a - v i o l e t  l i g h t  

a b so r p tio n  d a ta . O x id a tiv e  d eg ra d a tio n  has proved th e  

a c id  from  benzanthracene to  be benzn ap h th on orcarad ien e-  

c a r b o x y lic  a c id  XXXIV, w h ile  the product from  pyrene i s  

ap p a ren tly  tr ib e n z n o r c a r a d ie n e c a r b o x y lic  a c id  XXXVII.

A tte n t io n  i s  drawn to  the rem arkable s t a b i l i t y  

shown by th e s e  condensed c y c lo propane a c id s  towards 

attem p ted  rearrangem ent. An e x p la n a tio n  f o r  t h i s  i s  

proposed on th e  grounds o f  th e  a b i l i t y  o f th e  c y c lo p ropane  

r in g  to  con ju ga te  w ith  arom atic  c e n tr e s .
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There are c e r ta in  ch em ica l r e a g e n ts  w h ich , a s  a r u le ,  

do n o t a t ta c k  carbon c e n tr e s ,  b u t r e a c t  p r e f e r e n t ia l ly  w ith  

carbon-carbon double bonds* Examples o f  th e s e  s o - c a l l e d  

double bond r e a g e n ts  a re  osmium te tr o x id e -p y r id in e  r e a g e n t ,  

o zo n e , and many p e r a c id s  su ch  a s  p erb en zo ic  ac id *  Such  

r e a c t io n s  fr e q u e n t ly  g iv e  e x c e l l e n t  y i e l d s ,  Indeed p e r ­

b en zo ic  a c id  can be used  to  e s t im a te  u n sa tu ra ted  hydro­

carbons (1)*  These rea g e n ts  a r e ,  g e n e r a l ly  sp e a k in g , l e s s  

r e a c t iv e  tow ards arom atic b o n d s, and t h e ir  b ehaviou r t o ­

wards com plex arom atic  system s i s  o f  s p e c i a l  in t e r e s t *

When benzanthracene I ,  f o r  exam ple, i s  drawn in  any o f  th e  

t h e o r e t i c a l ly  p o s s ib le  c a n o n ic a l s t r u c t u r e s ,  th e  9 -  and 1 0 -  

p o s l t io n s  w hich are  the p o in ts  o f  a t ta c k  in  orthodox  

a d d it io n , s u b s t i t u t io n  and o x id a t io n  r e a c t io n s ,  form p a r ts  

o f  s t e r l c a l l y  h in d ered  double bonds* Furtherm ore, a m ole­

c u la r  o r b i t a l  trea tm en t shows th a t  p o s i t io n s  9 and 10 p o s s e s s  

th e  h ig h e s t  f r e e  v a le n c e  v a lu e s  w h ile  th e  3 :4-bond can be  

a ss ig n e d  th e  h ig h e s t  bond ord er ( 2 ) .  S im ila r  c o n s id e r a t io n s  

ap p ly  to  many o th e r  p o ly e y e l ie  hydrocarbons ( 2 ) ,  (3)*

In su ch  c a s e s  osmium te t r o x id e - p y r id in e ,  a lo n e  o f  the  

r e a g e n ts  m en tioned , has been  proved to  a t ta c k  doublei bonds 

e x c lu s iv e ly  and c o n s i s t e n t ly  (4)* The p rod u cts a re  osm ic  

e s t e r  com plexes w hich can be h y d ro ly sed  to  d io ls *  For  

exam ple, a n th ra cen e , w hich i s  g e n e r a l ly  a tta c k e d  a t  th e  9 -  

and 1 0 - p o s i t io n s ,  g iv e s  f i n a l l y  I I ,  ( 5 ) .  W ith b en za n th ra -



2 .

cane th e  product i s  I I I  ( 6 ) .  Pyrene IV I s  a tta c k e d  a t  th e

l:2 -b o n d  by t h i s  r e a g e n t , w h ile  h a lo g e n a tio n  ( 7 ) ,  ( 3 ) ,  ( 9 ) ,  

n i t r a t io n  ( 7 ) , ( 1 0 ) ,  P r ie d e l  C ra fts  co n d en sa tio n  ( 1 1 ) , ( 1 2 ) ,  

e t c * ,  occur a t  one or  more o f  th e  e q u iv a le n t  3 - ,  5 - ,  8 -  

and 1 0 -p o s it io n s *  O xid ation  g iv e s  a m ixture o f  3 : 8 -  and  

3 :10-q u in on es ( 7 ) .

Ozone i s  a more v ig o ro u s rea g en t than osmium t e t r o x l d e , 

a s i t  r e a c t s  even  w ith  b en zen e, to  form g ly o x a l ,  v ia  an e x ­

p lo s iv e  t r lo z o n id e .  I t  a l s o  a t ta c k s  the 1 : 2-bond o f  p y ren e , 

and t h i s  ozon id e  i s  decomposed to  phenanthrene- 4 -a ld e h y d e - 5 -  

oar boxy l i e  a c id  V, ( 1 3 ) .  On th e  o th er  hand, anthraquinone  

has been o b ta in ed  a s the s o l e  r e a c t io n  product by trea tm en t  

o f  an th racen e w ith  ozone ( 1 4 ) .

Pyrene r e a c ts  w ith  two m o ls . o f  p erb en zo lc  a c id ,  but 

no attem p t has been made t o  I s o la t e  th e  produ ct ( 7 0 ) .  Both  

p e r a c e t ic  aq ld  ( 1 5 ) , ( 1 6 ) , ( 4 4 )  and p erb en zo lc  a c id  (14)  are  

known t o  g iv e  the u su a l 9 :10 -q u in on e  w ith  a n th ra c en e . The 

analogou s 9 :10-benzanthraquinone i s  o b ta in ed  by r e a c t in g
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p erb en zo lc  a c id  w ith  benzanth racen e (14)*

3h  t h i s  c o n n e c tio n , th e  b i o l o g i c a l  o x id a t io n  in  v iv o  

o f  p o ly c y c l ic  hydrocarbons sh ou ld  be m en tion ed . Here 

a g a in , th e  c e n tr e s  a tta c k e d  are  u s u a l ly  n o t  th o se  s u s ­

c e p t ib le  t o  normal rea g en ts*  However a s  th ey  o f t e n  d i f f e r  

from th e  p o s i t io n s  a tta c k e d  by  osmium te t r o x id e -p y r id in e ,  

and in d eed  are dependent to  some e x te n t  on th e  s p e c ie s  o f  

anim al em ployed, i t  i s  n o t  p o s s ib le  to  draw any c le a r  

analogy  ( 1 7 ) .
common.

I t  i s  w e l l  known th a t  d ia z o a c e t ic  e s t e r ,  in  c o n n e c tio n  

w ith  many o th e r  a l ip h a t ic  d ia z o  compounds, can a t ta c k  a l i ­

p h a tic  carbon-carbon double bonds. The prim ary produ cts  

are  s u b s t i tu t e d  p y r a z o lin e s  w hich o f te n  decom pose, e s p e c i a l ly  

on h e a t in g , w ith  th e  form ation  o f  c y c lo p ropane d e r iv a t iv e s .  

T his r e a c t io n  has been  u sed  f o r  th e  s y n th e s is  o f  such com­

pounds ( 1 8 ) , ( 1 9 ) , ( 2 0 ) , ( 2 1 ) .

D ia z o a c e t ic  e s t e r  i s  much l e s s  r e a c t iv e  tow ards 

arom atic  b o n d s: h ig h e r  tem peratures are  req u ire d  and th e

y ie ld s  are  g e n e r a lly  poor- The a c t io n  o f  t h i s  r ea g e n t on 

benzene and i t s  m ethyl d e r iv a t iv e s  was in v e s t ig a t e d  o v er  a  

c o n s id e r a b le  number o f  y e a rs  by Buchner and cow orkers ( 2 2 ) -
i

( 3 4 ) .  They dem onstrated  th a t  th e  prim ary r e a c t io n  p rodu ct  

i s  th e  e s t e r  o f  a  n o r c a r a d ie n e c a r b o x y lic  a c id .  I t  form s a  

tetrabrom id e by a d d it io n  a s  e x p e c te d , and in  the o a se  o f  th e



product from  benzene i t s e l f ,  th e  p resen ce  o f  th e  th r e e -  

membered r in g  was proved toy th e  fo rm a tio n  o f  1 : 2 :3 - c y c lo -  

p r o p a n e tr ic a r b o x y lic  a c id  on perm anganate o x id a tio n *  The 

prim ary products o f  typ e VI were a l s o  shown to  undergo a  

v a r ie t y  o f  rearran gem en ts, e s p e c i a l ly  a t  m od era te ly  h ig h  

tem p era tu res , le a d in g  to  d e r iv a t iv e s  o f  c y o lo h e p t a t r le n e -  

c a r b o x y lic  a c id  V I I ,  p h e n y la c e t lc  a c id  V III  an d , w ith  th e  

p resen ce  o f  a m ethyl s u b s t i t u e n t ,  hydrocinnam lc a c id  IX*

"SBE E .
In th e  d i -  and p o ly -m eth y l b e n z e n e s , th e  l e a s t  

s t e r l e a l l y  h in d ered  double bond i s  a p p a re n tly  a ttack ed *

Where th e  m o lecu le  has no bond w ith  two u n s u b s t itu te d  h yd ro­

g e n s , a s  in  m e s ity le n e  ( 3 4 ) ,  durene ( 3 5 ) ,  and p reh n iten e  ( 3 6 ) ,  

on ly  produ cts o f  ty p e s  V I I ,  V I I I ,  and IX co u ld  be is o la te d *

I t  sh ou ld  be m entioned however th a t  d ia z o a c e t ic  e s t e r  does  

form c y c lo p ropane d e r iv a t iv e s  by r e a c t io n  w ith  a s t e r l e a l l y  

h in d ered  double bond w hich i s  a l i p h a t i c ,  a lth o u g h  c o n d it io n s  

more d r a s t ic  than u su a l are  req u ired  ( 3 7 ) .

D ia z o a c e tic  e s t e r  was a l s o  shown to  r e a c t  w ith  naph­

th a le n e , g iv in g  e th y l  b en zn o rca ra d ien eca rb o x y la te  X ( 3 8 ) .

I t s  s tr u c tu r e  was proved by o x id a t io n  o f  th e  f r e e  a c id  to

CHO
H

■CÔ H

V
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1 - (2 1 -carboxvifrheny1 >-2 :5 -cyclQ pro p a n ed lo a rb o x y lIc  a c id  X I, 

and f i n a l l y  to  1 :2 : 3 -c y c lo p r o p a n e tr ic a r b o x y lic  a c id .

More r e c e n t ly ,  Drake and Sweeney (39) have o b ta in ed  

d lb en zn o rc a ra d ie n e ca r b o x y lic  a c id  X II by r e a c t in g  d ia z o a c e t ic  

e s t e r  w ith  phen anth rene, th en  h y d r o ly s is *  O x id a tiv e  

d eg ra d a tio n  t o  X I, id e n t i c a l  w ith  th e  compound o b ta in ed  by 

s im ila r  trea tm en t o f  b e n z n o r c a ra d ie n e ca r b o x y llc  a c id ,  

e s ta b l is h e d  th e  s tr u c tu r e  o f  t h i s  compound. B oth X and X II  

were s t a b le  t o  a l l  a ttem p ts a t  rearran gem ent.

I t  I s  in t e r e s t in g  to  compare th e  beh aviou r o f  o th e r  

double bond r e a g e n ts  tow ards nap h th a len e and phenanthrene.

No r e a c t io n  has so  f a r  b een  d e sc r ib e d  betw een n ap h th a len e and 

osmium te t r o x id e -p y r id in e ;  w ith  phenanthrene an osm ic e s t e r  

com plex forms a t  th e  9:10-b on d  ( 4 0 ) .  W ith o z o n e , n ap h th a len e  

forms a d io z o n id e , which decom poses t o  o -p h th a la ld eh y d e  and  

(probab ly) g ly o x a l  (41)* The more r e a c t iv e  2 :3 -d im e th y l-  

nap hth alen e g iv e s  p e n ta -o z o n id e s  w hich decompose to  g ly o x a l  

and d ia c e t y l  ( 4 2 ) .  Kooyman has p o in te d  ou t (43) th a t  th e s e  

r e s u l t s  are rea so n a b le  i f  we assume prim ary a t ta c k  a t  th e  

l:2 -b o n d  o f  th e  m o le c u le . S u r p r is in g ly ,  a d io z o n id e  was
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a l s o  o b ta in e d  from p h en an th ren e , b u t none o f  th e  decom posi­

t io n  prod u cts c o u ld  be I d e n t i f i e d  (41)* P h th a lic  a c id  was 

o b ta in ed  by Handerscn and Boyd (44)  through the a c t io n  o f  

p e r a c e t ic  a c id  on n a p h th a len e; l a t e r  workers c la im  t o  have 

o b ta in ed  a good y i e l d  o f  o -ca r b o x y -a l l o c lnnam lo a c id  ( 4 5 ) .  

P e r a c e t ic  a c id  o x id is e s  phenanthrene to  th e  9 :1 0 -q u in o n e  (44)*

u sed  m ain ly  by F la t tn e r  and coworkers In S w itz e r la n d , and by 

A rnold , Wagner-Jasregg and o th e r s  In  Germany, t o  prepare a  

la r g e  number o f  the a lk y la te d  a z u len es  XIV, s t a r t in g  from  

the corresp on d in g  s u b s t i t u t e d  indane XIII*

In  th e  stan d ard  procedure o f  th e s e  w ork ers, the In term ed ia te  

products are  n o t  examined or c h a r a c te r is e d , b u t m erely  

s a p o n if ie d , th en  dehydrogenated  and d ecar boxy l a  te d  by h e a t ­

in g  w ith  p a lla d iu n /c h a r c o a l * A zulene e s t e r s  a re  o b ta in ed  

when th e  h y d r o ly s is  s t e p  i s  o m itted - In  t h i s  way, b en z-  

a z u len e  has been o b ta in ed  from  f lu o r e n e ,  a  r e a c t io n  s tu d ie d  

by th r e e  se p a r a te  goups o f  w orkers ( 4 7 ) , ( 4 8 ) , ( 4 9 ) , ( 5 0 ) , ( 5 1 ) .

R ather l i t t l e  I s  known o f  th e  mechanism o f  th e  

a d d it io n  o f  d ia z o a c e t ic  e s t e r  to  an arom atic  bond- Darapsky 

(52) showed th e  a c t io n  o f  h e a t on th e  r e a g e n t a lo n e  was a s  

f o l lo w s :

From 1939 onwards ( 4 6 ) ,  d ia z o a c e t ic  e s t e r  h as been
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A t an e le v a te d  tem p era tu re , XV decom poses t o  e y e lo p ropane-  

t r ic a r b o x y l ic  e s t e r -  W ith p la tin u m , m ercury o r  aluminium  

in  p e t r o l  a t  100°C, d ia z o a c e t ic  e s t e r  y i e l d s  p y r a z o lln e -  

t r ic a r b o x y l ic  e s t e r  XV* W ith copper bronze th e  rea g en t  

y i e l d s  a m ixture o f  fum arlc and m a le lc  e s t e r s ,  under s im i la r  

c o n d it io n s  (53 ) -  Copper bronze has found some l im it e d  u se  

as a c a t a ly s t  in  d ia z o a c e t ic  e s t e r  c o n d e n sa t io n s ,  m ain ly  in  

th e  a l ip h a t i c  s e r i e s  ( 3 7 ) , ( 2 0 ) .

A sea rch  o f  th e  l i t e r a t u r e  r e v e a ls  no e v id e n c e  f o r  th e

form ation  o f  p y r a z o lin e  d e r iv a t iv e s  a s in te r m e d ia te s  in  the  

r e a c t io n  o f  d ia z o a c e t ic  e s t e r  w ith  arom atic  b o n d s, and Indeed  

i t  seems l i k e l y  th a t  th e y  do n o t o ccu r- Auwers (98)  found  

th a t  p yrazo lin em on ocarb oxy llc  e s t e r s  ten d  to  decompose t o  

e th y le n ic  and n o t  to  e y e lo p r o p y l d e r iv a t iv e s ,  and Qyakonov 

has p o in te d  ou t th a t  we sh o u ld  th en  e x p e c t  B u ch ner's r e a c t io n  

to  g iv e  p h e n y la c e tlc  e s t e r  or eye lo h e p ta tr le n e c a r  boxy l i e  e s t e r  

and n o t  n orca r a d le n e c a r b o x y lic  e s t e r ,  i f  th e  co n d en sa tio n  

proceeded  v ia  a  p y r a z o lin e  in te r m e d ia te -  He th e r e fo r e  pu t 

forw ard th e  id e a  t h a t  r e a c t io n  comes abou t by  d ir e c t  a t ta c k  

o f  a " d ir a d ic a l"  J^CHCOgEt ( 5 6 ) .  Such a mechanism has a l s o  

been su g g e s te d  or  im p lied  by o th e r  a u th o rs ( 3 8 ) ,  ( 5 3 ) .  I t  

was m entioned e a r l i e r  th a t  in  th e  r e a c t io n  w ith  th e  p o lym eth y l
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benzeiies p o s s e s s in g  no u n s u b s t itu te d  a d ja c e n t  p o s i t i o n s ,  o n ly  

p rod u cts o f  th e  th r ee  ty p e s  V I I ,  V I I I ,  and IX co u ld  be i s o l a t e d .  

I t  i s  I n te r e s t in g  to  c o n s id e r  w hether t i i i s  m ight come abou t  

by d ir e c t  a t ta c k  a t  one arom atic  c e n t r e ,  or  by d eco m p o sitio n  

o f  a f ir s t - fo r m e d  n orca ra d ien e  d e r iv a t iv e .  The r e a c t io n  

w ith  p o lym eth y l indanes o f f e r s  a s u i t a b le  f i e l d  f o r  su ch  an  

in q u ir y .

The a z u len e  workers assume n o r c a ra d ie n e s  a s  i n t e r ­

m ed iates in  t h e ir  s y n th e s e s ,  and th e y  use  them in  th e  r e a c t io n  

r o u te s  drawn up f o r  th e  o r ie n ta t io n  o f  t h e i r  p r o d u c ts . In  

draw ing up th e se  r e a c t io n  r o u t e s ,  they  are gu id ed  by two 

a ssu m p tio n s: (a ) th e  l e a s t  s t e r l e a l l y  h in d ered  double bond

i s  a tta c k e d :  (b) th e  indane m o lecu le  r e a c ts  a s  i f  i t

p o s se sse d  th e  s tr u c tu r e  favou red  by th e  th e o ry  o f  M ills  &

N ixon, who su g g e s te d  th a t  th e  a l i c y c l i c  f i v e  -member ed r in g  

in  th e  indane m o lecu le  would le a d  to  s t a b i l i s a t i o n  o f  one 

form  XVI r a th e r  than th e  o th e r  XVII, ( 5 9 ) ,  ( 6 0 ) .  In  r e c e n t  

y e a rs  a c o n s id e r a b le  body o f  e v id e n c e  h as b een  found w hich  

i s  a t  v a r ia n ce  w ith  M ills  and N ix o n ’ s id e a s  ( 6 1 ) , ( 6 2 ) , ( 7 5 ) .

T h is o r ie n ta t io n  method can  be i l l u s t r a t e d  by th e  fo l lo w in g  

example ( 7 6 ) ,  w ith  5 -me th y  l in d a n e .
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R oute (d ) i s  m ost favou red  b y  s t e r i c  e f f e c t s ,  (b) by  

the M ills  -N ixon e f f e c t :  i t  was th e r e fo r e  con c lu d ed  th a t  the

p ro d u ct, w hich was d i f f e r e n t  from th e  known 6 -m e th y la z u le n e , 

was i v .  The fo l lo w in g  y e a r ,  A rnold (63)  prepared  5 -me th y  1 -  

azu len e  by an unambiguous r o u te  and proved i t  id e n t i c a l  

w ith  t h i s  compound. U sing t h is  same o r ie n ta t io n  m ethod, 

W agner-Jauregg, Arnold and H uter (64)  con clu ded  th a t  t h e i r
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product o b ta in ed  from XVIII was XIX. The s p e c t r a l  e v id e n c e  

was foun d  to  be in  good agreem ent w ith  t h i s  prop osed  fo rm u la .

In  one ca se  how ever, r e s u l t s  were o b ta in ed  In  ap p aren t  

c o n tr a d ic t io n  t o  t h i s  l i n e  o f  r e a so n in g , th e  indane XX g iv in g  

XXI in s te a d  o f  XXII ( 6 5 ) :

The e f f e c t  o f  p o s s ib le  bond f i x a t io n  o f  the M ills -N ix o n  ty p e  

In t h i s  r e a c t io n  has been  exam ined by A rnold ( 6 6 ) .  He r e ­

a c te d  d ia z o a c e t ic  e s t e r  w ith  In d an e, iso m e r ise d  th e  p r o d u ct, 

reduced th e  a c id  by th e  B ea v ea u lt-B la n c  method and dehydro­

genated  to  th e  a z u le n e . Assuming th a t indane r e a c te d  in  

the form  XVI, we would e x p e c t  th e  r e a c t io n  to  be a s  f o l l o w s :

3S7TTT &12L

&&JL

ssn r.
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and 6 -m eth y la zu len e  XXIII t o  be th e  p rod u ct- A c tu a lly  

A rnold I s o la t e d  o n ly  5 -m eth y la zu len e  and co n c lu d ed  th a t  

Indane r e a c ts  In th e  a l t e r n a t iv e  form  XVII- The ev id en ce  

however i s  n o t c o n c lu s iv e -  On a s im p le  s t a t i s t i o a l  b a s i s ,  

th e re  i s  tw ice  th e  chance th a t  indane w i l l  r e a c t  in  th e  form  

XVII, assum ing th a t  th e  4 : 5 - ,  5 : 6 - ,  and th e  6 :7 -bonds be 

e q u a lly  r e a c t iv e ,  b ecau se  th e  4 : 5 -  and th e  6 :7 -bonds are  

e q u iv a le n t . The r e a c t io n  c o n d it io n s  and y i e ld s  do n o t r u le  

ou t th e  p o s s i b i l i t y  th a t two p rod u cts were form ed but on ly  

on© i s o l a t e d -  A rnold (67) o b ta in ed  6 -m e th y l- l - I s o p r o p y l-  

a zu len e  from  1 -iso p r o p y lin d a n e  in  th e  same way, work th a t  

seemed t o  c a s t  doubt on h i s  in t e r p r e t a t io n  o f  h i s  p r e v io u s  

r e s u l t .  I t  can be dem onstrated  by a m odel how ever, th a t  th e  

14sopropy1 group o f f e r s  c o n s id e r a b le  s t e r i c  h in drance a t  th e  

6 :7 -bond. As p r e v io u s ly  m en tion ed , o th e r  in v e s t ig a t io n s

have e a s t  doubt on th e  p r a c t ic a l  v a lu e  o f  th e  M ills -N ix o n  

th e o r y , and i t  must be em phasised  th a t  th e  y i e l d s  and p u r ity  

o f  prod u cts In t h i s  typ e  o f  r e a c t io n  are  n o t  su ch  a s t o  en­

gender c o n fid e n c e  in  su ch  a ttem p ts to  dem onstrate  dou b le  bond 

d i s t r ib u t io n •

The above f a c t s  c o u ld  be e x p la in e d  i f  we assumed th a t  

in  the indanes w ith  s t e r l e a l l y  h in d ered  double bonds, th e  

r ea g en t a tta c k s  th e  m ost r e a c t iv e  c e n tr e ,  and th a t  th e  a d ja c e n t  

bond i s  then  ruptured  and reform ed to  g iv e  th e  seven-m em ber ed 

r in g , by some su ch  mechanism a s :
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I t  v e r y  sim p ly  e x p la in s  th e  fo rm a tio n  o f  XXI I n s te a d  

Of XXII. In  th e  c a se  o f  l - is o p r o p y I -4  sG-dlme th y  l in d a n e ,  

th e  Iso p r o p y l group o f f e r s  c o n s id e r a b le  s t e r l c  h in d ran ce  to  

th e  7 - p o s i t i o n ,hence a t ta c k  would be a t  p o s i t io n  5 ,  and th e  

product l - ls o p r o p y l-4  :7~ d im eth y la su len e  a s  o b ta in ed *  But 

an a l t e r n a t i v e ,  s l i g h t  m o d if ic a t io n  o f  th e  above m echanism , 

may a l s o  be con sid ered *  I f  a  m o lecu le  p o s s e s s e s  a  number 

o f  carbon c e n tr e s  o f  d i f f e r e n t  r e a c t i v i t y ,  s h le h  form  th e  

np o le s ” o f  d i f f e r e n t  double b on d s, and i f  a l l  th e  bonds a r e  

s t e r l e a l l y  h in d ered  to  ap p rox im ate ly  th e  same e x t e n t ,  we 

sh ou ld  e x p e c t  th o se  bonds to  be a t ta c k e d  w hich have th e  m ost 

r e a c t iv e  c e n tr e  as one o f  t h e i r  ^ p o le s” * Thus i f  p o s i t io n  7  

i s  th e  m ost a c t iv e  c e n tr e ,  th e  l in k a g e s  6 57 and 7 f 8  w ould be 

th e  m ost a c t iv e  bonds t

%

CC$t
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Bands (a ) and ( c )  jo in e d  to  a t e r t i a r y  carbon atom would be 

more l i k e l y  to  ru p tu re  than  bond ( b ) . (The c y o lo h e p ta tr ie n e  

p rodu cts c o u ld , o f  c o u r se , have an iso m e r ic  arrangem ent o f  

bonds w ith ou t th e  argument b e in g  a f f e c t e d . )

E ith e r  mechanism acco u n ts e q u a lly  w e l l  fo r  th e  p rod u cts  

form ed. I t  i s  u n l ik e ly  however th a t  the in te r m e d ia te s ,  as  

a c tu a l ly  I s o la t e d , in  the stan d ard  a zu len e  s y n t h e s i s ,  are  

n orca r a d ia n e s . The d r a s t i c  r e a c t io n  c o n d it io n s  p rob ab ly  b r in g

about rearrangem ent to the c y o lo h e p ta tr ie n e  sy stem . As th e  

two system s VI and VII g iv e  d i f f e r e n t  c o lo u r  r e a c t io n s  w ith  

co n cen tra ted  su lp h u r ic  a c i d ,  i t  sh o u ld  be p o s s ib le  to  o b ta in  

some e v id en ce  on t h is  p o in t .  The stu d y  o f  t h e ir  a b so r p tio n  

sp e c tr a  m ight a ls o  be h e lp f u l .

A llu s io n  was made e a r l i e r  to  a paper by Dyakonov ( 5 6 ) .  

In t h is  he makes r e fe r e n c e  to  P ea r so n 's  work on f r e e  m eth y l­

ene ( 5 5 ) ,  and s u g g e s ts  th a t  th e  h y p o th e t ic a l  carboxym ethylene  

" d ir a d ic a l” has a c t u a l ly  th e  s tr u c tu r e  o f  a “m olecu le"  w ith  

th e  e le c t r o n ic  s t a t e  ( I s 2 , 2 s 2 , 2p2 ) ,  i . e . ,  c o n ta in in g  d i ­

v a le n t  carb on . The a l t e r n a t iv e  would o f  cou rse  by ( I s 2 ,

2a2 , 2p^2Py), th e  two unshared e le c t r o n s  h av in g  p a r a l l e l  

sp in s  ( 7 7 ) .  Hund's R ule o f  Maximum M u lt ip l i c i t y  s t a t e s  t h a t  

su ch  an arrangem ent o ccu rs in  atoms w ith  in c o m p le te ly  f i l l e d  

o r b i t a l s ,  b u t th e r e  i s  no ev id en ce  f o r  th e  e x te n s io n  o f  such  

an id e a  to  compound r a d ic a l s .  However, i f  carboxym ethylene  

p o sse sse d  such a s t r u c t u r e ,  the two e le c t r o n s  w ould be
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When such a r a d ic a l  approaches s a y ,  a  benzene r in g ,  i t  i s  

u n l ik e ly  th a t  b o th  th e s e  e le c tr o n s  should  come w ith in  bond­

in g  d is ta n c e  o f  th e  same r in g  carbon atom . T h is m ight p e r ­

haps e x p la in  th e  fo rm a tio n  o f  th e  three-m em ber ed r in g .

Swem  has p o in te d  o u t t h a t  th e  r e s u l t s  o f  p e r a c id  o x id a t io n  

are  e x p l ic a b le  i f  we assume t h a t ,  11 in  th e  p e r a c id  m o le c u le ,  

th e  p ero x id e  oxygen i s  e l e c t r o p h i l i c  and i s  r e a d i ly  r e le a s e d  

from  th e  p e r a c id  in  the p resen ce  o f  a n u c le o p h i l ic  group  

su ch  a s  th e  dou b le  bond. The r e a c t io n  o f  an o l e f i n  su ch  a s  

p r o p y le n e , w ith  a p e r a c id  may be r e p r e se n te d  in  th e  fo l lo w in g  

ways

The o x ira n e  compound may or may n o t  be th e  f i n a l  p r o d u ct, 

depending upon i t s  s t a b i l i t y ,  th e  r e a c t io n  c o n d it io n s ,  the p e r ­

a c id  em ployed, e t c * ” ( 6 8 ) .  However, p e r a c ld s  are  n o t  o n ly  

e le c t r o p h i l i c  but a c t u a l ly  e le c t r o n  d e f i c i e n t .  I f  a t ta c k

on a double bond was by an oxygen r a d ic a l  ( I s 2 , 2 s 2 ,2 p 22p 2p )x  y  z
we c o u ld  e x p la in  the fo rm a tio n  o f  th e  o x ira n e  compound in  the  

manner d e sc r ib e d  above w ith  carb oxym eth y len e. These m ust o f  

cou rse  be c o n s id e r e d  m erely  t e n t a t iv e  su g g e s t io n s*
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The aim o f  the p r e se n t  work was t o  ex ten d  t h i s  r e ­

a c t io n  o f  d ia z o a c e t ic  e s t e r  to  an th racen e 1 :2 -b en za n th ra -  

cene and p y r e n e , and to  compare th e  p o s i t io n  o f  a t ta c k  o f  

th e  r ea g e n t w ith  th a t  o f  osmium te tr o x id e -p y r id in e  r e a g e n t .  

I t  was hoped in  t h i s  way t o  o b ta in  fu r th e r  e v id en ce  con ­

ce r n in g  th e  f in e  s tr u c tu r e  o f  th e s e  p o ly c y c l ic  hydrocarbons*  

The i s o l a t i o n  o f a product in  poor y i e l d  by th e  

a c t io n  o f  d ia z o a c e t ic  e s t e r  on an th racen e has a lr e a d y  been  

r ep o rted  b r i e f l y  b y  C lar ( 5 4 ) .  He su g g e s te d  fo r  i t  e i t h e r  

o f  th e  s tr u c tu r e s  XXIV or XXV, and m entioned th a t  in  i t s  

a b so rp tio n  spectrum  i t  resem b led  phenanthrene r a th e r  than  

an th racen e

C H j COj H

xxiv S S .

In  t h i s  p r e se n t  r e s e a r c h , r e a c t io n s  were c a r r ie d  o u t  

in  a s o lv e n t ,  d e c a l in ,  s u i t a b le  by rea so n  o f  i t s  in e r tn e s s  

and h ig h  b o i l in g  p o in t .  The c o n d it io n s  g iv in g  m ost s a t i s ­

fa c to r y  r e s u l t s  were found  to  be s im i la r  to  th o se  u sed  by  

Buchner and H ed iger ( 3 d ) ,  and fo l lo w e d  by su b seq u en t w o rk ers . 

In  each  o f  th e  e a s e s  now d e sc r ib e d  a  s o l i d  p rod u ct was 

i s o la t e d  by h y d r o ly s is  o f  th e  crude r e a c t io n  m ixture and 

f i n a l l y ,  a c i d i f i c a t i o n .



A n th ra cen e:

By th e  a c t io n  o f  d ia z o a c e t ic  e s t e r  on an th racen e  

th e r e  was o b ta in ed  a s t a b le  c o lo u r le s s  a c id ,  C-^gH^Og, 

m.p. 282 -2 8 4 °C ( d e c . ) ,  in  about 10$  y i e l d .  In  th e  p r e s ­

en ce  o f  a p la tin u m  c a t a l y s t ,  i t s  m eth yl e s t e r  absorb ed  

th r e e  m oles o f  hyd rogen , g iv in g  a hexahydro compound,

^17^20^29 m*P* 69-70°C .

I f  th e  prod u ct were an a n th r a c e n e a c e t lc  a c id  su ch

as XXIV, com p lete  h yd rogen ation  would be e x p e c ted  t o  p ro ­

duce an oetah ydroanth racen e d e r iv a t iv e  w ith  uptake o f  fo u r  

m oles o f  hydrogen , th e  c e n tr a l  r in g  b e in g  l e f t  in t a c t  ( c f . 

( 5 7 ) ,  ( 5 8 ) ) ,  and the unreduced compound sh o u ld  have an ab ­

so r p t io n  spectrum  r a th e r  s im ila r  t o  an th racen e i t s e l f  (p.^B 

H ).  A c tu a l ly ,  th e  spectrum  i s  e n t i r e ly  d i f f e r e n t  ( p . ^  , P ) .  

A s im ila r  argument r u le s  o u t XXVI, in v o lv in g  a 9 :1 0 -b r id g e ,  

w hich by com parison w ith  th e  m a le lc  anhydride add uct o f  

an th racen e XXVII, w ould prob ab ly  have a b en zen e-ty p e  o f  

spectrum  ( 6 9 ) .

Formulae su ch  as XXVIII, XXIX and XXX, in v o lv e  a 

number o f  "non-arom atic11 double b on d s, i . e . ,  bonds n o t  i n ­

v o lv ed  in  r e so n a tin g  c a n o n ic a l  s t r u c t u r e s .  Such m o le c u le s  

m ight be e x p e c te d  to  have a  h igh er  g e n e r a l r e a c t i v i t y  than  

our p rod u ct a c t u a l ly  d i s p la y s .  Of th e s e  th r e e  form ulae  

o n ly  one XXVIII c o u ld  rea so n a b ly  g iv e  a f u l l y  sa tu r a te d  h ex a -
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h y d ro d er iv a tiv ® , b u t a s m entioned e a r l i e r ,  compounds, where 

th e  carboxym ethylene group has a tta c k e d  a h ig h ly  h in d ered  

arom atic  bond, are  n ever  o b ta in ed  in  t h i s  r e a c t io n .  There 

rem ains form ula XXV* T h is s t r u c tu r e  c o n ta in s  the s t a b le  

n ap hth alen e n u c le u s , and cou ld  g iv e  a sa tu r a te d  hexahydro  

compound, an a logou s to  o c ta h y d ro a n th ra cen e . We th e r e fo r e  

propose t h i s  form ula  XXV, n a p h th o n o rca ra d ien eca rb o x y lic  a c i d ,  

f o r  our p ro d u ct. The r e d u c tio n  p rodu ct i s  a c c o r d in g ly  XXXI. 

I t s  a b so r p tio n  spectrum  (p •*•!#-, C ), i s  v ery  l ik e  t h a t  o f  

octah ydroanth racen e (99) ( s e e  l a t e r ) .

\ * 
-C.-H

xxvmi- MS E M .



The 3 :4-b on d  in  XXV i s  co n ju g a ted  w ith  an arom atic  

sy stem , b u t i s  n o t in v o lv e d  in  reson an ce  among th e  un­

e x c i t e d  c a n o n ic a l s tr u c tu r e s  we can draw f o r  t h i s  m olecule. 

T his bond p roved , how ever, to  be surpr.1 s i n g l y  in e r t .  No 

r e a c t io n  occu rred  betw een th e  m eth yl e s t e r  o f  XXV and 

osmium te tr o x id e -p y r id in e  r e a g e n t . C on d ition s w hich  

brought about r e a c t io n  in  th e  ca se  o f  an th racen e  ( 5 ) , ( 6 ) ,  

gave a product w hich a n a ly se d  a c c u r a te ly  f o r  OSO^.lPy, 

and some unchanged e s t e r .  S im ila r ly  t h i s  e s t e r  a p p a ren tly  

d id  n ot r e a c t  w ith  p erb en zo ic  a c i d  in  d i l u t e  ch loroform  

s o lu t io n  ( c f .  ( 7 0 ) ,  ( 1 4 ) ) .  Chromium t r io x id e  o x id a t io n  

o f  XXV gave in  poor y i e l d  an in se p a r a b le  m ixture o f  a c i d s . 

T his produced a m e lt in g  p o in t  d e p r e ss io n  w ith  X I, which  

would be an ex p ected  produ ct o f  o x id a t io n  i f  our a c id  had 

form ula XXVIII in s te a d  o f  XXV. The o x id a t io n  m ixture  

co n ta in ed  a h ig h er  p ercen tage  o f  oxygen th an  th a t  c a lc u la t e d  

f o r  1 - (5 ’ -c a r b o x y -2 1 -n a p h th y l)  -2  ;3 - c y c lo p ropane d ic a r  boxy l i e  

a c id ,  th e  h y p o th e t ic a l  b en zo logu e  o f  X I. The a c id  XXV 

absorbed one m ole o f  bromine r a th e r  s lo w ly ,  and the p r o ­

d u ct l o s t  hydrogen brom ide r e a d i ly ,  t o  g iv e  a s ta b le  mono­

brom ide, c h a r a c te r is e d  a s  i t s  m ethyl e s t e r ,  probab ly  

XXXII- A dibrom ide o f  a p p r e c ia b le  s t a b i l i t y  i s  formed  

from  b e n zn o rca ra d ien eca rb o x y lic  a c id  ( 3 8 ) .  Comparison



17b.

exp erim en ts showed th a t  brom in& tion in  t h i s  ca se  i s  more 

r a p id  than w ith  XXV, b u t n o t  in s ta n ta n e o u s  (a u g e n b lic k lic h )  

as i s  s t a t e d  by Buchner and H ed ig er . In XXV, th e  3 : 4 -  

bond i s  con ju ga ted  w ith  a la r g e r  arom atic  sy stem  than  th e  

3 :4 -b on d  in  X, i . e . ,  i t  i s  p a r t o f  a la r g e r  con ju ga ted  

sy stem , and t h i s  m ight accou n t f o r  i t s  low er r e a c t i v i t y .  

(Compare th e  an a logou s e f f e c t  in  th e  d ip h e n y lp o ly e n e s ) .

T his bond i s  perhaps even l e s s  r e a c t iv e  than th e  l:2 -b o n d  

in  a n th ra cen e , b u t o f  c o u r se , w hatever th e  e f f e c t  o f  the  

c y c lo p ropane r i n g ,  the ca rb o x y l grouping cou ld  e x e r t  a 

d e a c t iv a t in g  in f lu e n c e  through th e  in d u c t iv e  e f f e c t  a lo n e .

v--



B en zan th racen e:

In  th e  same way, a c o lo u r le s s  s t a b le  a c i d  was ob­

ta in e d  from  benzanthracene in  about 1% y i e l d ,  C20**14^2’ 

m.p. 29 0 -l°C  ( d e c . ) *  I t  absorbed  1 .1  m o ls .  o f  hydrogen  

on m icroh yd rogen ation  •

Tn many o f  i t s  p r o p e r t ie s ,  t h i s  a c id  resem bled  the  

p aren t hydrocarbon , b en za n th ra cen e . I t  was o x id is e d  to  a  

y e llo w  a c id  020^12^4 * w hich gave Lieberm annfs anthraquinone  

r e a c t io n  (In te n se  red  c o lo u r  w ith  z in c  d u st and a l k a l i ) .  

P rolonged sh ak in g  o f  the m ethyl e s t e r  o f  th e  p a ren t a c id  w ith  

powdered sodium in  e th er /b e n z en e  produced an in te n s e  s c a r l e t  

s o lu t io n .  T h is r e a c t i o n ,  w hich i s  shown by a number o f  

p o ly c y c l ic  hydrocarbons ( 7 1 ) , ( 7 2 ) , ( 9 7 ) ,  in v o lv e s  a d d it io n  o f  

th e  m e ta l, probab ly  in  t h i s  c a se  to  a p a ir  o f  m e s o -p o s it io n s . 

D e c o lo r is a t lo n  o f  su ch  a s o lu t io n  w ith  e th a n o l sh o u ld  have  

r e s u l t e d  in  th e  form ation  o f  a 9 :10- d ih y d r o -d e r iv a t iv e . In  

a c tu a l  f a c t  a gum was produced which ta r r e d  w ith  a c id  and 

a l k a l i ,  and i t  has s in c e  been r e a l i s e d  th a t  C la ise n  con d en sa­

t io n  o f  th e  e s t e r  grouping was a p o s s i b i l i t y  under th e  co n ­

d i t io n s  u se d .

These r e s u l t s  seemed to  su g g e s t  th a t  our p rod u ct was 

a b e n z a n th ra c en ea c e tic  a c i d ,  th e  s id e  ch a in  b e in g  a tta c h e d  a t  

some p o in t o th e r  than th e  9 :1 0 - p o s i t i o n s . The f a c t  th a t  th e

a b so rp tio n  spectrum  of our a c id  b ears a s u p e r f i c ia l  resem blan ce  

to  th a t  o f  b enzanth racen e le n t  some c o lo u r  to  t h i s  v iew
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The a c id  CgQ^gO^ was now fu r th e r  o x id is e d  w ith  a l ­

k a lin e  hydrogen p e r o x id e , and gave 1 - ( 2 1-ca rb o x y p h en y l) -  

2 :3-c y c lo p rop an ed lcar  boxy l i e  a c id  XI* T his a t  once ru led  

ou t th e  p r e v io u s  h y p o th e s is  and e s t a b l i s h e d  XXXIII a s  th e  

most probable form ula  fo r  t h i s  quin  one a c id *  On t h i s  b a s is  

th e  o r ig in a l  a c id  i s  thu s XXXIV, benzaaphthonorca r a d ie n e -  

c a r b o x y lic  acid* T his i s  r ig i d  p ro o f o f  th e  p resen ce  o f  a

c y c lo p ropane r in g  in  the m olecu le*  M icrohydrogenation  m ost 

l i k e l y  occu rred  a t  the 9 :1 0 -p o s itio n fc . B enzanthracene  

i t s e l f ,  w ith  a p la tin u m  c a t a l y s t ,  h yd rogen ates to  th e  

5 :6 s7 :8 -te tr a h y d ro  compound.

Pyrene t

The r e a c t io n  o f  d la z o a c e t lc  e s t e r  w ith  pyrene gave  

a m ixture o f  a t  l e a s t  two com ponents, from  w h ich  was I s o la t e d

an a c id  C ^ H ^ O g, m .p. 267-8°C ( d e c . ) ,  i n  y i e l d .  I t  

absorbed 1 m ol. o f  hydrogen on m icroh yd rogen ation .

Chromium t r io x id e  o x id a t io n  o f  t h i s  compound gave in

ToWTv
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poor y i e l d ,  a deep red  a o ld  w ith  th e  p r o p e r t ie s  o f  an o r th o -  

quinone (condensed w ith  o -p h en y len e  d iam in e , c o lo u r le s s  

s o lu t io n  w ith  b i s u l p h i t e ) .  This a c id  cou ld  n o t be o b ta in ed  

f r e e  from  in o r g a n ic  con tam in an t, and a ttem p ts t o  prepare  

c r y s t a l l in e  d e r iv a t iv e s  were f r u s t r a te d  b ecause r e a g e n ts  

(d iazom eth an e, m eth yl a lc o h o l/h y d r o g e n  c h lo r id e ,  o -p h en y len e  

diam ine) r e a c te d  in d is c r im in a te ly  w ith  b oth  th e  o~quinon© 

and c a rb o x y l g r o u p in g s . T h is o -qu lnon e a c id  was th erefor©  

fu r th e r  o x id is e d  w ith  a lk a l in e  hydrogen p e r o x id e , and gave  

an e x c e l l e n t  y i e l d  o f  a t r ic a r b o x y l ic  a c id ,  c h a r a c te r is e d  a s  

th e  tr im e th y l e s t e r  G21H18°6* T h is i s  th e  e m p ir ic a l form ula  

o f  XXXV. The o-qu inone i s  th en  p o s s ib ly  XXXVI, and th e  

p arent a c id  XXXVII, tr ib e n z n o r c a r a d ie n e c a r b o x y lic  a c id .

MeOC

XXXVII m x .

Other p o s s ib le  form ulae a r e  l i s t e d  b e lo w :

/CO.H

X X X V U L .
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XXXVIII w ith  a pyrene n u c leu s  m igh t be e x p e c ted  to  

o x id is e  to  a 3 :8 -  or a 3 slO -q u in on e . XXXIX-XLI would p ro ­

b ab ly  undergo e x te n s iv e  o x id a t iv e  d egrad ation *  XXXVII la  

th e  o n ly  s tr u c tu r e  l i k e l y  t o  o x id is e  In th e  s t e p s  d e sc r ib e d  

above *

T his t r ib e n znorca r a d ie n e c a r b o x y lic  a c id  form ula  

XXXVII In co rp o ra tes  a phenanthrene s k e le t o n ,  and in d eed  i t s  

a b so r p tio n  spectrum  d i s t i n c t l y  resem b les th a t  o f  phenanthrene  

(P- ; p* So^n ) .  The m icroh yd rogen ation  occu rred  most

probably a t  the 6 :7 -b o n d : phenanthrene i t s e l f  g iv e s  a  9 :1 0 -

d ih y d r o d e r iv a tiv e  ( 7 3 ) ,  a 1 :2 :3 :4 - te tr a h y d r o d e r iv a t iv e  ( 7 4 ) ,  

and th e  1 :2 :3 :4  :5 :6 :7  :8 -octah yd ro  compound (74) w ith  d i f f e r ­

e n t  c a t a ly s t s  and ex p er im en ta l c o n d itio n s*

None o f  th e se  th r e e  p o ly c y c l ic  n o rca ra d ien e  a c id s  

from  th e th r e e  d i f f e r e n t  hydrocarbons c o u ld  be Induced t o  

iso m e r ise  on d r a s t ic  trea tm en t w ith  a l k a l i .

An in t e n s e ly  y e l lo w , h ig h ly  s ta b le  m eth yl e s t e r  was 

a l s o  I s o la te d  from the r e a c t io n  w ith  pyrene in  abou t 0*5$  

y ie ld *  I t  has th e  same e m p ir ic a l form ula a s  t r lb e n z n o r -  

c a r a d le n e c a r b o x y lic  e s t e r ,  b u t i t  has n ot been found p o s s ib le  

t o  a s s ig n  any s tr u c tu r e  to  i t *

E vidence ga th ered  over  a number o f  y e a rs  seem s to  

I n d ic a te  th a t  the c l a s s i c a l  p ic tu r e  o f  a h i ghl y  s tr a in e d  

c y c lo p ropane r in g  o f  th r ee  te tr a h e d r a l  carbon atom s i s  q u ite  

inadequate* The e v id e n t  s t a b i l i t y  o f  our compounds su p p o rts
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t h i s  view * As e a r ly  as 1916 R obinson (78 ) p o s tu la te d  th e  

c o n ju g a tio n  o f  c y c lo p ropane w ith  th e  e th y le n e  lin k a g e  in  

c e r ta in  te r p e n e s , and a y e a r  la t e r  K ohler and Conant p o in te d  

ou t s i m i l a r i t i e s  between th e  system s XL 11 and XLIII in  many 

o f  t h e ir  r e a c t io n s  (7 9 ) .  S in ce  th en  th e  stu dy o f  a b so r p tio n  

sp e c tr a  has p rov id ed  e v id en ce  f o r  c o n ju g a tio n  betw een  th e  

c y c lo p ropane r in g  and v a r io u s  chrom ophores, such a s  the  

carb on y l bond ( 8 0 ) , ( 8 1 ) , ( 8 2 ) ,  a  double bond ( 8 3 ) ,  th e  b en ­

zene r in g  ( 8 4 ) ,  and th e  p y r id in e  r in g  ( 8 5 ) .  I t s  e f f e c t  

seems to  be in te r m e d ia te  betw een th a t  o f  a s in g le  and a double  

bond.

A
C — C - C s O  C s C - C s O

xuiT , x u / I .

F erguson (86) has i l l u s t r a t e d  t h i s  p o in t  w ith  a  

t a b l e ,  p a r t o f  w hich i s  reproduced b e lo w , w hich a s c r ib e s  a  

w avelen gth  maximum to  ea ch  sy stem :

o II o C =C  —C = C
217

o II o o II 0 1 o II o

280 3 ( 0 - 3 3 0

C^Hj-CsC
251 110

/ c sc — c-c=cY' 115 zn >\is

c - V - c * o
MOitW  3 )  

c
Cjfts-c —Nc

Zllf

To accou nt f o r  th e  anomalous p r o p e r t ie s  o f  th e  

c y c lo p ropane r in g ,  Walsh has proposed  th e  fo l lo w in g  th eory
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(8 7 ) , ( 8 8 ) , ( 8 9 ) , ( 9 0 ) , ( 9 1 ) , ( 9 2 ) .  The carbon atom s in  th e  

r in g  a re  in  a t r ig o n a l ,  n o t  a  t e t r a h e d r a l  s t a t e ,  and th e  

o r b i t a ls  are n o n - lo c a l i s e d ,  th e  Tf  - e le c t r o n s  b e in g  sh ared  

e q u a lly  betw een the th r ee  carbon atoms a s  i l l u s t r a t e d  b e low .

As a  r e s u l t ,  th e  c e n t r a l  p lan e  o f  the r in g  i s  a  r e ­

g io n  o f  h ig h  e le c t r o n  d e n s ity  (XLIV). From t h i s  th eo ry  i t  

i s  p o s s ib le  to  v i s u a l i s e  in t e r a c t io n  betw een a  th ree  -member ed  

r in g  and a  co n ju g a ted  sy stem , i f  th e  r in g  (as i s  q u ite  

r e a so n a b le ) la y  a t  some a n g le  approach ing 9 0 °  t o  th e  p la n e  

o f  th e  double b o n d s:

<5 oJbflK,

«̂ |fuxjwr X L I V

7Tcn&tZ&.



(T h is th eo ry  does n o t n e c e s s a r i ly  c o n tr a d ic t  th e  mechanism  

proposed f o r  th e  r e a c t io n  o f  the carboxym ethylene r a d ic a l  

w ith  a double bond ( p . ' 3 ) ,  a s  t r a n s i t i o n  to  th e  s tr u c tu r e  

XLIV would on ly  In v o lv e  a " r e s h u f f le 11 o f  e l e c t r o n s ) .

F u r th e r , th e  car boxy l i e  group in  th e  n o rca ra d ien e  a c id s  

would now be co n ju g a ted  w ith  the r e s t  o f  the m olecu le  and 

cou ld  e x e r t  a d e a c t iv a t in g  in f lu e n c e  n o t  o n ly ,  a s  m entioned  

e a r l i e r ,  by  the in d u c t iv e  e f f e c t ,  but a l s o  by th e  m esom erie  

e f f e c t .

In l ig h t  o f  th e s e  o b s e r v a t io n s , i t  i s  in t e r e s t i n g  to  

c o n s id e r  th e  a b so r p tio n  sp e c tr a  o f  th e s e  n orca ra d ien e  a c id s  

in  more d e t a i l .  In  th e  s e r i e s  o f  compounds b en zen e , 

n -p ro p y lb en zen e , p h en y lc y c lo p ropane and s t y r e n e ,  th e r e  can  

be ob served  a grad u a l t r a n s i t i o n  in  th e  shape o f  th e  ab­

so r p t io n  cu rves and th e  p o s i t io n  and i n t e n s i t y  o f  th e  maxima

( 8 4 ) ,  (p*4^  $ 1 , 2 , 3 , 4 ) .  T h is i l l u s t r a t e s  th e  chrom phoric  

e f f e c t  o f  th e  c y c lo p r o p y l grou p . As was rem arked our h e x a -  

h yd r© n orcarad ien ecarb oxy lie  e s t e r  has an a b so r p tio n  spectrum  

v ery  s im ila r  ind eed  to  t h a t  o f  oetah yd roan th racen e  (9 9 ) .  I t  

appears th en  th a t  in  t h i s  c a s e , th e  c y c lo propane r in g  makes 

a  n e g l ig ib le  c o n tr ib u t io n  to  the t o t a l  e f f e c t  c a u se d  by th e  

m ethylene r in g s  (p . 4 4  $ C ) .(S e e  th e  t a b le  b e lo w ).

We can v i s u a l i s e  th e  sp e c tr a  o f  th e  benzn orca r a d le n e -  

and d ib en zn orc a r a d ie n e c a r b o x v llc  a c id s  as an e x te n s io n  o f  

th e  b e n z e n e -s ty r e n e  s e r i e s  m entioned  above* The s p e c tr a  o f
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th e s e  two a c id s  are  r a th e r  s im i la r  to each  o th e r  (p.4-4- $ A ,B ) ,  

and a l s o  s im i la r  to  th e  spectrum  o f  f lu o r e n e  ( p .4-5", D ). The 

l a t t e r  compound shows more in te n s e  a b so r p tio n  h ow ever, and 

th e  curve i s  s h i f t e d  tow ards th e  u l t r a v i o l e t .  R ep lacem ent 

o f  th e  m eth ylen e group i n  f lu o r e n e  by a double bond g iv e s  

th e  m o lecu le  o f  phen anth rene, w ith  i t s  h ig h ly  c h a r a c t e r i s t i c  

a b so rp tio n  spectrum  ( p .^  ,L^) .  R eplacem ent o f  th e  m eth y l­

ene by carb oxycyc lop rop y len e  g iv e s  o f  c o u r s e , d ib en zn o r -  

e a r a d ie n e c a r b o x y lic  a c id .  As th e r e  i s  no la r g e  d i f f e r e n c e  

betw een the sp e c tr a  o f  t h i s  compound and f lu o r e n e ,  th e  co n ­

ju g a t io n  e f f e c t  o f  th e  c y c lo p ropane r in g  must a g a in  in  t h i s  

c a se  be n e g l i g i b l e .

L in e a r ly  ane H a te d  p o ly c y c l ic  hydrocarbons su ch  a s  

a n th ra cen e , w hich tend  t o  r e a c t  e x c lu s iv e ly  a t  p a ra - (m eso-)  

p o s i t io n s  have a v e r y  c h a r a c t e r i s t i c  a b so r p tio n  curve ( e . g . ,  

p . 4-2 , H ). A n gu lar ly  a n e l la t e d  h yd rocarb on s, su ch  a s  phen­

a n th re n e , a l s o  p o s s e s s  a c h a r a c t e r i s t i c  c u r v e , d i f f e r e n t  from  

th e  f i r s t  (p.^-S , U ) ( 9 4 ) .  We cou ld  perhaps in t e r p r e t  th e  

spectrum  o f  b enzanth racen e by sa y in g  th a t  i t  i s  in te r m e d ia te  

between th e s e  two ty p e s  (p.VY, G ). The sp e c tr a  o f  n ap h th o-  

n o r c a ra d ie n e ca r b o x y lie  e s t e r  and b en zn aph thon orcarad ien e -  

c a r b o x y lic  a c id  ( p .4-6, E and F) have a g e n e r a l s i m i l a r i t y  t o  

each  o th e r , and a l s o  a vague s i m i la r i t y  t o  the curve f o r  

b en zan th racen e . In  th e  c a se  o f  naphthonorca r a d ie n e c a r b o x y lic  

e s t e r  t h is  i s  probably co n n ected  w ith  th e  undoubted s h i f t  o f



some o f  th e  r e a c t i v i t y  from th e  9 s lO -p o a it lo n a  to  th e  

bond, when th e  compound i s  prepared  from  anth racen e*

As m entioned e a r l i e r ,  th e  spectrum  o f  t r ib e n z n o r -  

c a r a d le n e c a r b o x y lic  a c id  shows th e  p r e sen ce  o f  th e  phen^ 

anthrene s k e le to n  (p * V t> K ,0  . I f  th e  cyclop rop an e  r in g  

has a chrom ophoric e f f e c t  com parable to  th a t  o f  a dou b le  

bond, th e  sp e c tr a  o f  our three c o n d e n sa tio n  p rod u cts sh o u ld  

be very  s im ila r  to  th o se  o f  the p a ren t hydrocarbons - As 

t h i s  i s  n o t s o ,  we must a ga in  con c lu d e  th a t  th e  a b so r p tio n  

e f f e c t  o f  su ch  a r in g  i s  s l i g h t ,  when condensed w ith  a la r g e  

arom atic  n u c le u s •

We can se e  th a t  no sim p le  c le a r - c u t  p ic tu r e  em erges 

from our exam in ation  o f  th e se  sp ec tra *  I t  does how ever, In  

one ca se  a t  l e a s t ,  g iv e  su p p ort to  the s tr u c tu r e  prop osed  

from  chem ical e v id en ce  ( tr ib e n z n orca r a d ie n e c a r b o x y lic  a c i d ) .  

In  th e  c a se  o f  th e  o th e r  two a c id s ,  w h ile  th e  s p e c tr a  g iv e  u s  

no c le a r  c lu e  to  th e  s t r u c t u r e ,  th ey  do n o t  c o n tr a d ic t  th e  

form ula we have p rop osed .
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Benzn orc a r a d le n e -
c a r b o x y lic  a c id  220 4 .5  305

D ib en zn orcarad len e-
c a r b o x y lic  a c id 220 4 •6 -4  • 65 309

Dihy droteeEhzn opcaradien©  -  
c a r b o x y lic  ae-id nnp 3v95-4vO

H exahydronaphtho-  
n o r c a r a d ie n e - 
c a r b o x y lic  e s t e r 236 4 • 04 1287

P h e n y lcy c lo p ro ­
pane (84) 220 3 .9 2 274

2 -c y c lo p r o p y l-  
p y r id in e  (85) 220 ? 270

2 -v in y lp y r id in e  (85) 236 4 .0 5 278

S ty ren e  (95) 245 4 .2 0 290

E th y lb en zen e (84) 206 4 .5 1 259

2 -n -p r o p y lp y r id in e  (85) 220 ? 262

F lu oren e (93) 220 ? 300

O ctahydroanthracene
(99) ? ? 286

3 .1 7

3 .7 4

3 . 51

3 .1 3

2 .4 5

3 .6 0  

3 .7 0

2 .7 4  

2 .2 3

3 .6 0  

4 .0

3 .3 2 .



E x p er im en ta l.

T e ch n ica l d e c a lin  was shaken w ith  p o r t io n s  o f  co n ­

c e n tr a te d  su lp h u r ic  a c id  t i l l  a sam ple d e c o lo u r is e d  brom ine  

w ater o n ly  on sh ak in g  and lon g  s ta n d in g . I t  was th en  

washed w ith  w ater  and sodium  carb onate s o lu t io n ,  d r ie d  and 

d i s t i l l e d .  T h is was th e  s o lv e n t  u sed  a s  m entioned in  th e  

co n d en sa tio n  r e a c t io n s .

C ondensation  o f  d ia z o a c e t ic  e s t e r  w ith  a n th r a c e n e : 59 g .

pure anthracene in  300 c .c *  d e c a lin  was m ain ta in ed  a t  1 4 0 -  

145°C, w h ile  9 .5  g . d ia z o a c e t ic  e s t e r  was added o v er  a  

p e r io d  o f  4 h ou rs , w ith  e f f i c i e n t  s t i r r i n g .  The tem perature  

was g r a d u a lly  r a is e d  to  160°C over  one hour and m ain ta in ed  

th e r e  fo r  one hour. The c o ld  s o lu t io n  was f i l t e r e d  and 

d e c a lin  was steam  d i s t i l l e d  from  th e  f i l t r a t e  t i l l  about 

50-80  c . c .  s t i c k y  r e s id u e  rem ained . T h is was combined 

w ith  th e  an th racen e r e s id u e  from  the f i l t r a t i o n ,  th e  whole  

was suspended in  500 c . c .  a lc o h o l ic  sodium  hyd roxid e and r e ­

f lu x e d  f o r  3 h o u rs . A fte r  rem oval by d i s t i l l a t i o n ,  o f  

about 350 c . c .  a lc o h o l ,  th e  su sp en sio n  was d i lu t e d  w ith  

w ater and tr e a te d  w ith  steam  t i l l  a lc o h o l  and p r a c t i c a l l y  

a l l  d e c a lin  was rem oved, and an th racen e  s ta r t e d  to  come 

o v e r . The s o lu t io n  in  th e  f l a s k  ( c ir c a  800 c . c . )  was 

f i l t e r e d  a t  b o i l in g  p o in t .  About 54 -55  g . an th racen e was 

r e c o v e r e d , s u i t a b le  fo r  fu r th e r  c o n d e n sa t io n s . The
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c o o le d  f i l t r a t e  was a c i d i f i e d  and a f t e r  s ta n d in g  2 h o u r s , 

th e  s t i c k y  brown s o l i d  was c o l l e c t e d ,  d r ie d  on th e  f i l t e r  

by s u c t io n ,  washed w ith  20 c . c .  b en zen e , t r i t u r a t e d  w ith  

5 c . c .  e th a n o l and aga in  d r ie d  by su c tio n *  2*2 g . was 

p b ta ln ed  o f  a lm o st c o lo u r le s s  n a p h th o n o rca ra d ien eo a rb o x y lic  

a c id  XXV. I t  was p u r i f ie d  by c r y s t a l l i s a t i o n  from  g l a c i a l  

a c e t i c  a c id ,  and o b ta in ed  as a  p o o r ly  c r y s t a l l i n e ,  v i o l e t -  

f lu o r e s c in g ,  w h ite  pow der, w hich s t a r t e d  to  decompose above  

240°C , and f i n a l l y  m elted  282-284°C- I t  gave a s l i g h t

green  c o lo u r  w ith  co n c . su lp h u r ic  a c id ,  and th en  d is s o lv e d  

to  g iv e  a c o lo u r le s s  s o lu t io n *  I t  was r eco v ered  c o m p le te ly  

unchanged a f t e r  h e a t in g  w ith  a la r g e  e x c e s s  o f  sodium  

hydroxide in  e th y le n e  g ly c o l  a t  160°C fo r  5 h o u r s . I t  was 

so lu b le  in  h o t e th a n o l and a c e t i c  a c id ,  s p a r in g ly  s o lu b le  in  

b en zen e , carbon d is u lp h id e ,  p etro leu m  e th e r ,  e t c .

A n a ly s is :  Pound: C, 8 1 .0 8 ;  H, 5 .3 3 .  ^16^12^2

C, 81*33; H, 5 .1 2 ^ . On m icroh yd rogen ation  over  a p a l la d iu n / -

c h a r c o a l c a t a l y s t ,  i t  absorb ed  3 .1  m o ls . o f  hydrogen .

M ethyl naphthonorcaradiene car boxy l a t e  -  was prepared  by  

trea tm en t o f  th e  a c id  w ith  e th e r e a l  diazon® th a n e , and 

c r y s t a l l i s e d  from  m ethanol a s  lu s tr o u s  p l a t e s ,  m .p . 123-124°C . 

A n a ly s is :  Pound: C, 8 1 .5 5 ;  H, 5 .7 5 .  r e <iuires

C, 8 1 .5 8 ;  H, 5 .7 5 $ .
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M ethyl hexafaydronaphthonor car  ad ien ecarb oxy  l a t e , XXXI. The 

a c id  d id  n o t  hyd rogenate in  th e  p r e sen ce  o f  Raney N ic k e l a t  

norm al tem perature and p ressu re*  In th e  p resen ce  o f  a 

p a l la d iu s /a s b e s to s  c a t a l y s t ,  the a c id  or i t s  e s t e r  in  d ioxan e  

or a c e t i c  a c id  gave m ix tu res  -  la r g e ly  unchanged s t a r t in g  

m a te r ia l .  0 .2 7  g .  m ethyl e s t e r  was shaken in  10 c . c .  

a c e t i c  a c id  s o lu t io n  in  th e  p resen ce  o f  Adam’s p la tin u m  

c a t a ly s t  (0 .0 9  g . ) .  When th e  slow  a b so rp tio n  had c e a s e d ,  

th e  f i l t e r e d  s o lu t io n  was tak en  to  sm a ll b u lk  under vacuum. 

A d d itio n  o f  w ater p r e c ip i t a t e d  a gum w hich , a f t e r  trea tm en t  

w ith  a l i t t l e  e th e r e a l  dlazom ethane t o  c o u n te r a c t  h y d r o ly s is ,  

c r y s t a l l i s e d  from m ethanol as s o f t  p o ly h ed ra , m .p. 79 -80°C , 

minted w ith  o r ig in a l  e s t e r  50 -58°C . Y ie ld :  50$ .

A n a ly s is :  Pound: 0 ,  7 9 .8 2 ;  H, 7 .7 3 .  C17H20°2  r e 9u:lj:*©s

C, 79*68; H, 7 .8 7 $ . The e s t e r  (60 m g s.) was l e f t  24 hours 

in  a c o ld  s o lu t io n  o f  p otassiu m  hyd roxid e (0 .2  g . ) in  50$  

m ethanol (10 c . c . ) .  The s o lu t io n  was warmed w ith  steam  f o r  

2 h o u rs , c o n c e n tr a te d  under vacuum, d i lu t e d  w ith  w ater and 

a c i d i f i e d ,  whereupon a c o lo u r le s s  s o l i d  (45  m gs.) p r e c ip i ­

t a t e d .  Hexafay dronaphthonorca r a d ie n e c a r b o x y lic  a c id

c r y s t a l l i s e d  from  p e t r o l  (b .p . 1 0 0 -1 2 0 °) in  lu s tr o u s  p l a t e s ,  

m .p. 192-193° 0 .  A n a ly s is :  Pound: C, 7 9 .5 7 ;  H, 7 .4 7 .

C16H18°2 re<*u lr e 8  c > 7 9 .3 1 ;  H, 7 .5 0 $ .
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B rom ln atlon : 0*1 g . M ethyl naphthonoro a r a d ie n e c a r b o x y la te

in  carbon d isu lp h id e  was t r e a t e d  w ith  1 .1  m o l. brom ine in  

carbon d isu lp h id e  and s to o d  t i l l  the s o lu t io n  was p r a c t i c a l l y  

c o lo u r le s s  -  J  hour- The carbon d is u lp h id e  was removed and 

th e  produ ct was o b ta in ed  a s  a y e llo w  powder from  m ethanol 

decom posing 145°C. I t  was a m ild  s k in  i r r i t a n t .

A n a ly s is :  Poundr C, 5 4 .6 8 ;  H, 4 .3 4 *  C ^H ^O gBrg r e ­

q u ire s  C, 48*27; H, 3 .5 4 $ . p-'W)

0 .1  g .  o f  the o r ig in a l  f r e e  a c id  was tr e a te d  w ith  1 .1  m ol. 

bromine in  g l a c i a l  a c e t ic  ac id *  When th e  s o lu t io n  was a l ­

m ost c o lo u r le s s  (30 m in s . ) ,  i t  was r e f lu x e d  f o r  15 m in s . ,  

(hydrogen bromide e v o lv e d ) , c o n c e n tr a te d  under vacuum, and 

th e  product p r e c ip i t a t e d  w ith  w a te r . The dry compound on 

trea tm en t w ith  e th e r e a l  diazom ethane gave the e s t e r  XXXII 

c r y s t a l l i s e d  in  n e e d le s  from p etro leu m  e t h e r ,  m .p . 2 0 2 -2 0 4 °C. 

(n o t d e c • ) .

A n a ly s is :  Pound: C, 6 2 .1 7 ;  H, 4 * 1 2 . C ^ H ^ O g.B r r e ­

q u ire s  C, 6 2 .0 3 ;  H, 3 .9 8 $ .

O xid ation  r e a c t i o n : 1 .0  g . n ap h th o n o rca ra d ien eca rb o x y lic

a c id  in  50 c . c .  g l a c i a l  a c e t ic  a c id  was warmed to  60°C and  

tr e a te d  w ith  4 g .  sodium  dichrom ate in  5 c . c .  80$ a c e t i c  

a c id  o v er  one hour. A fte r  s ta n d in g  over  n ig h t ,  th e  s o lu t io n  

was taken  to  sm a ll bu lk  under vacuum, d i lu t e d  w ith  w ater and 

a g a in  co n cen tra ted  under vacuum ( tem perature ^  50°C ) .  No
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s o l i d  sep arated *  The d i lu t e d  s o lu t io n  was s u b je c te d  to  

l iq u i d / l i q u i d  e x tr a c t io n  w ith  e th e r .  The e x tr a c t io n  was 

taken  to  d ryn ess and th e  r e s u l t in g  orange s o l i d  was se p a r a te d  

by c r y s t a l l i s a t i o n  from  d i l u t e  a c e t i c  a c id  in to  a w h ite  

powder (0 .2 3  g . )  and an orange a c id ic  gum (20 m g s .) .  The 

gum, w hich  co u ld  not be o b ta in ed  c r y s t a l l i n e ,  was tr e a te d  w ith  

z in c  dust/am m onia, when i t  d is s o lv e d  w ith  a deep  brown c o lo u r .  

On warming an in te n s e  in d ig o -c o lo u r e d  ta r  se p a r a te d  w hich  was 

in s o lu b le  in  a l k a l i .  The w h ite  powder a f t e r  r ep ea ted  

c r y s t a l l i s a t i o n s  from  d i lu t e  a c e t ic  a c id  decom posed 230-307°C *  

and s t i l l  gave a f lu o r e s c e in  c o lo u r  on r e s o r c in o l/s u lp h u r ic  

a c id  trea tm en t.

A n a ly s is :  Pound: C, 5 9 .9 4 ;  H, 4 . 3 :  c i6 H12°6  re<lu ir e a

C, 6 4 .0 ;  H, 4 .0 3 $ . (s» R w O

C ondensation w ith  benzanthracene : 26 g .  pure b enzanth racen e

in  40 c . c .  d e c a lin  was t r e a te d  w ith  4 g .  d ia z o a c e t ic  e s t e r  in  

th e  same way a s  d e sc r ib e d  fo r  a n th ra cen e . The c o ld  mass was 

suspended in  50 c . c .  a l c o h o l i c  sodium  hydroxide and r e f lu x e d  

fo r  3 hours* D e c a lin  was removed and the a c id  i s o l a t e d  as  

in  th e  c a se  o f  a n th ra cen e . The r e s u l t in g  brown s o l i d  was 

d is s o lv e d  in  8 c . c .  g l a c i a l  a c e t i c  a c id  and l e f t  f o r  10 days 

w ith  o c c a s io n a l  sc r a p in g  o f  th e  c o n ta in in g  v e s s e l .  Y ie ld ,

0 .8  g . b en zn ap h th on orcarad ien ecarb oxy lic  a c id  XXXIV. I t  was 

o b ta in ed  pure b y  r e c r y s t a l l i s a t io n s  from  g l a c i a l  a c e t i c  a c id  

m .p. 29 0 -l°C  ( d e c . ) .
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A n a ly s is :  Pound: C, 8 3 .6 9 ;  H, 5 .1 .  ^20H14°2  reclu^z*e3

G, 8 3 .8 9 ;  H, 4 .9 3 $ .

I t  r e a c te d  s l i g h t l y  on lo n g  s ta n d in g  w ith  permanganate in  

aceton e  and "bromine in  a c e t i c  acid* H eatin g  in  e th y le n e  

g ly c o l  f o r  5 hours w ith  a la r g e  e x ce ss  o f  sodium  h yd rox id e  

produced on ly  s l i g h t  ch a rr in g  o f  th e  o r ig in a l  p ro d u ct. I t  

d is s o lv e d  in  c c n c . su lp h u r ic  a c id  w ith  c h a r r in g . 1 .1  m ol. 

o f  hydrogen was absorbed in  p resen ce  o f  p a lla d iu m  c h a r c o a l  

on th e  m ic r o - s c a le .  About 23 g .  ben zan th racen e was r eco v ered  

from  th e r e a c t io n -

Me th y  1 na phthobe nznor c ar a d i enec ar  boxy la  t  e was o b ta in ed  

by trea tm en t o f  the a c id  w ith  e th e r e a l  d iazom ethane, and 

c r y s t a l l i s e d  from m eth an ol. M.p. 149-150°C .

A n a ly s is :  Found: C, 8 3 .9 1 ;  H, 5 .3 6 .  ^21H16^2 re(lu 3r0S

C, 8 3 .9 8 ;  H, 5 .3 7 $ .

The m ethyl e s t e r  0 -1  g .  was d is s o lv e d  in  50 c . c .  o f  b e n z e n e /-  

dry e th er  (1 :1 )  w ith  0 .5  g .  "atom ised” sodium and some g la s s  

b ea d s . S o lu t io n  g r a d u a lly  turned dark brown, th en  a f t e r  

7 -1 2  hours an in te n s e  red  c o lo u r . I t  was d e c o lo u r is e d  w ith  

a drop o f  m eth an ol, f i l t e r e d  th rou gh  c o tto n  w ool and con ­

c e n tr a te d . The product was a gum as d e sc r ib e d  in  the t e x t .

O x id a tio n : 0 .4  g .  napht hobenznorc ar a d i e ne c arboxv 1 i c  a c id  in

20 c . c .  g l a c i a l  a c e t i c  a c id  was t r e a te d  g r a d u a lly  w ith  1 .6  g .  

sodium dichrom ate in  10 c . c .  80$ a c e t i c  a c id  a t  sim m ering
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p o in t .  A fte r  r e f lu x in g  f o r  k h ou r, th e  s o lu t io n  was con­

c e n tr a te d  under vacuum, d i lu t e d  w ith  w ater , and th e  y e l lo w  

f lo c c u le n t  p r e c ip i t a t e  c o l l e c t e d ,  y i e l d  0 .3 5  g .  The produ ct  

was contam inated  w ith  ta r , and was b e s t  p u r i f ie d  by r e c r y s t a l ­

l i s a t i o n  from  b en zen e . M icrop olyh ed ra , m.p* 278-80°C  ( d e c .)

XXXIII.

A n a ly s is .:  Pound: C, 7 6 .1 4 ;  H, 3*89 . ^20^12^4 r e <iulre3

C, 7 5 .9 4 ;  H, 3 .8 2 $ .

I t  gave an in te n s e  red  c o lo u r  w ith  z in c  d u st  and d i lu t e  

ammonia. With z in c  d u st and ammonia/sodium hydroxide ( b o i l ­

in g ) ,  an in te n s e  in d ig o -b lu e ,  a lk a l i - I n s o lu b le  t a r  was form ed  

( c f .  o x id a t io n  o f  n a p h th o n o rca ra d ien eca rb o x y lic  a c id ,  a b o v e ) .

O xid ation  o f  the qulnone a c id  to  l - ( 2 ! -ca r b o x y p h e n y l)-  

2 :3 -c y c lo p r o p a n e d ic a r b o x y lic  a c id  X I. 100 mgs. o f  th e  

quinone a c id  was d is s o lv e d  in  5 c . c .  o f  w ater  c o n ta in in g  

70 mgs. sodium h y d ro x id e . D i lu te  hydrogen p ero x id e  was added 

a t  in t e r v a l s ,  w ith  warm ing, over  1 hour o r  s o ,  t i l l  th e  

s o lu t io n  was p r a c t ic a l ly  c o lo u r le s s .  I t  was then b o i le d  

b r is k ly  fo r  10 m in u te s , a c i d i f i e d  w ith  d i lu t e  su lp h u r ic  a c id ,  

c o o le d , sa tu r a te d  w ith  s a l t ,  and e x tr a c te d  w ith  e th e r  and 

e th y l  a c e t a t e .  By ta k in g  the combined e x tr a c t s  t o  d ry n ess  

a y e l lo w is h  powder was o b ta in e d , m .p . 200-240°C  ( d e c . ) ,  which  

gave a s tr o n g  f lu o r e s c e in  t e s t .  This nas sub lim ed  in  two 

f r a c t io n s  (a ) su b lim in g  below  240°C /5  m .m ., m e lt in g  100-
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250°C , and (to) su b lim in g  a t  240-280°C /5  m.m. F r a c t io n  (to) 

was resu b lim ed  to  a c o lo u r le s s  powder, m .p. 272-4°C  ( s l i g h t  

d e c . ) ,  m ixed w ith  a u th e n t ic  X I, m elted  274-6°C  ( s l i g h t  d e c . ) .

R ea ctio n  o f  d ia z o a c e t ic  e s t e r  w ith  p y r e n e ; T r ib en z-  

n o r c a r a d ie n e c a r b o x y lic  a c id . XXXVII. Pure pyrene (40 g . )  

in  d e c a lin  (40 c . c . )  was tr e a te d  w ith  7 .5  g . d ia z o a c e t ic  

e s t e r  and the m ixture worked up e x a c t ly  a s  d e s c r ib e d  in  th e  

c a se  o f  b en zan th racen e. In  t h i s  way a dark brown powder was 

o b ta in ed  and ab ou t 37 g . pyrene was r e c o v e r e d , s u i ta b le  f o r  

r e c y c l in g .  The powder was r e f lu x e d  20 m in s. w ith  150 c . c .  

e th e r , th en  th e  s o lu t io n  f i l t e r e d .  The f i l t r a t e  was taken  

to  d r y n e ss , l e f t  a t  0°C fo r  2 h o u r s , th en  t r i t u r a t e d  w ith  

5 -10  c . c .  e th a n o l, and sep a ra ted  by f i l t r a t i o n .  0 .7  g . p a le  

y e llo w  powder were th u s o b ta in e d , w h ich , r e c r y s t a l l i s e d  from  

g la c ia l  a c e t i c  a c id ,  gave tr ib e n z n o r c a r a d ie n e c a r b o x y lic  a c id  

as c o lo u r le s s  v i o le t - f lu o r e s c e n t  n e e d le s ,  m .p. 267-268°C  

( d e c . ) .

A n a ly s is :  Found: C, 8 3 .3 4 ;  H, 4 .8 7 .  c i 8 H12°2 r0Clu lr e a

C, 8 3 .0 6 ;  H, 4 .6 5 $ .

The a c id  was reco v ered  unchanged a f t e r  h e a t in g  5 hours in  an  

e th y le n e  g ly c o l  s o lu t io n  c o n ta in in g  much sodium  h y d ro x id e , 

but was charred  in  c o n c . su lp h u r ic  a c id  s o lu t io n .  I t  absorbed  

1 m ol. hydrogen on m icroh yd rogen ation .
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M ethyl tr ib e n z n o r c a r a d le n e c a r b o x y la te . This was p r e ­

pared by e th e r e a l  d iazom ethane trea tm en t o f  th e  a o ld .  I t  

c r y s t a l l i s e d  in  n e e d le s  from m eth an o l,m .p . 142-3°C .

A n a ly s is :  Pound: 0 , 8 3 . 2 2 ;  H, 5 .1 6 .  C19H140g r e q u ir e s

C, 8 3 .1 8 ;  H, 5 .1 6 $ .

The dark brown r e s id u e  from th e  e th e r  e x tr a c t io n  

m entioned above, was p r a c t i c a l l y  in s o lu b le  in  a l l  s o lv e n t s .  

T his powder from  fo u r  d i f f e r e n t  con d en sa tion  exp erim en ts was 

suspended in  e x c e s s  e th e r e a l  d iazom ethane and l e f t  o v er  n ig h t .  

T his p r o c e ss  was r e p e a te d . The r e s id u e  on rem oval o f  th e  

e th er  was tak en  up in  300 c . c .  to lu e n e  ( b o i l in g ) ,  and th e  

c o ld  s o lu t io n  p assed  down a column o f  a lum ina. P in e , i n ­

t e n s e ly  y e l lo w , y e l lo w - f lu o r e s c in g  c r y s t a l s  were o b ta in ed  from  

th e  e lu a t e .  This product was re c r y s t a l l i s e d  from  to lu e n e ,  

y i e l d ,  150 m g s ., m .p. 280-282°C .

A n a ly s is :  Pound: C, 8 3 .4 5 ;  H, 4 .7 3 .  r e q u ir e s

C, 8 3 .1 8 ;  H, 5 .1 $ .

I t  was sp a r in g ly  s o lu b le  or In so lu b le  in  m ost s o lv e n t s ,  

s l i g h t l y  s o lu b le  in  d loxane and to lu e n e , absorb ed  no hydrogen  

on m lcrob yd rogen ation , and was so  in s o lu b le  th a t  carb om ethoxyl 

d eterm in a tio n  f a i l e d .  I t  d id  n o t  d e c o lo u r ise  brom ine in  

a c e t i c  a c id  nor permanganate In a c e to n e . A fte r  h e a t in g  5 

hours in  e th y le n e  g ly c o l/so ^ iu m  h y d ro x id e , i t  had o n ly  

p a r t i a l l y  d is s o lv e d ,  and th a t  p a r t  decom posed. On pro lon ged  

r e f lu x ln g  w ith  e x c e s s  a lc o h o l ic  sodium  h y d ro x id e , h y d r o ly s is
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took  p la c e .  On a c i d i f i c a t i o n ,  a y e llo w  a c id  was o b ta in ed  

w hich decomposed above 340°C , and d is s o lv e d  in  no s o lv e n t  

e x c e p t b o i l in g  n itr o b e n z e n e , and th e n  w ith  d e c o m p o sitio n .

I t s  sodium s a l t  was s e m i - c o l lo id a l ,  and showed good fr o th in g  

power.

O xid ation  o f  tr ib e n z n o r c a r a d ie n e c a r b o x y lic  a c i d .

The a c id  (0*4 g . )  in  15 c . c .  g l a c i a l  a c e t i c  a c id  a t  sim m ering  

p o in t  was tr e a te d  w ith  1 .6  g . chromic anhydride in  5 c . c .

80$ a c e t i c  a c id  o ver  1 h ou r. The s o lu t io n  was then  r e f lu x e d  

i  h ou r, c o n c en tr a ted  to  h a l f  b u lk , d i lu t e d  w ith  w ater, th en  

l e f t  over n igh t*  95 mgs. deep  red  m ic r o -n e e d le s  were o b ta in ed  

on f i l t r a t i o n  XXXVI, m.p. 300-320°C  ( d e c . ) .  I t  was sp a r in g ­

l y  s o lu b le  in  m ost s o lv e n ts  and ig n i t e d  to  an in o r g a n ic  

r e s id u e  even  a f t e r  r e c r y s t a l l i s a t i o n  from t o lu e n e . Samples 

w ith  e th e r e a l  d iazom eth an e, and a lc o h o l ic  hydrogen c h lo r id e ,  

gave c o lo u r le s s  p rod u cts ifciich were n o t  fu r th e r  in v e s t ig a t e d .  

When h ea ted  in  d ioxan e w ith  1 m ol. o -p h en y len e  d ia m in e , i t  

gave a y e llo w  amorphous p ro d u ct, w hich was n e u tr a l  and sp a r in g ­

l y  s o lu b le  in  most s o lv e n t s ,  m .p. 340-350°C  ( d e c . ) .  T h is  

gave an in te n s e  magenta c o lo u r e d  s o lu t io n  w ith  co n c . su lp h u r ic  

a c id ,  and a p a le  green  c o lo u r  when suspended in  b o i l in g  a c e t i c  

a c id /m e th y l e th y l  k e to n e . An a lk a l in e  s o lu t io n  o f  th e  o -  

quinone turned  p a le  y e l lo w  when sa tu r a te d  w ith  su lp h u r d io x id e , 

th e  red  o-qu inone b e in g  re p r e c ip i ta t e d  on add ing  d i l u t e  a c id

and b o i l i n g .  No p u r i f ic a t io n  co u ld  be e f f e c t e d  by t h i s  
method*



F u rth er  O xidation, o f  o -q u in o n e . 50 mgs. o -q u in on e

was d is s o lv e d  in  5 c . c .  sodium  carb on ate  s o lu t io n .  T h is  

was warmed w ith  the p e r io d ic  a d d it io n  o f  d i lu t e  hydrogen  

p e r o x id e , t i l l  c o lo u r le s s .  The s o lu t io n  was b o i le d  fo r  

ten  m in u tes , c o o le d  and a c i d i f i e d .  Y ie ld ,  45 m g s., 

m .p. 2 7 4 -2 7 8 °C ., g iv e s  a 30°G d e p r e ss io n  w ith  a c id  X I.

The tr im e th y l e s t e r  was prepared  by trea tm en t w ith  

e th e r e a l  d iazom ethane, and c r y s t a l l i s e d  from 8 0 /1 0 0  

petro leum  e th e r  in  s tr a w -c o lo u r e d  p o lyh ed ra  XXXV, m .p. 175-  

176°C.

A n a ly s is :  Found: C, 6 8 .9 0 ;  H, 5 .2 8 .  Co _H-_0- r e q u ir e s21 18 6
C, 6 8 .8 2 ;  H, 4*95$ . Carbom ethoxyl d e ter m in a tio n  (as

m e th o x y l): Found: 2 5 .1 6 $  m eth oxy l. C H_o0 .  r e q u ir e s21 18 6
2 5 .4 0 $  m eth oxy l.
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B en zn o rca ra d ien eca rb o x y lic  a c id  was p rep ared , la r g e ly  

as d e sc r ib e d  by Bucbner and H ed lger, m*p* 1 6 2 -1 6 4 °C ( l ib *  

165-166°C ) • I t  was brom inated t o  the d ib rom id e , m.p* 1 6 3 -  

165°C ( s l i g h t  d ec* ) -  l i t *  169°C (com p lete  d e c * ) .  Bromina- 

t lo n  too k  about \  hour on th e  0*4 g* s c a le *  Benzn o rcar a -  

d ie n e c a r b o x y lic  a c id  was a l s o  o x id is e d  w ith  a lk a l in e  p e r ­

manganate to  1 -  ( 2 1 -carb oxyp h en y l) -2  :3 -c y c lo p r o p a n e d ic a r b o x y lie  

a c id ,  w hich was c r y s t a l l i s e d  from d i lu t e  e th a n o l ,  and su b ­

lim ed  240°C /4 m*m*, m.p* 281-2°C  ( s l i g h t  d ec* )*  Buchner and 

H ed iger , 273-5°C ( s l i g h t  d e c * ) ,  Drake and Sw eeney, 281-2°C*

D ib en zn o rca ra d ien eca rb o x y lic  a c id  was prepared as  

d e sc r ib e d  by Drake and Sweeney,' m*p. 256-258°C  (dec*)*

L i t .  2 5 7 .5 -8 °C .

L ig h t A b sorp tion  Data* The sp e c tr a  were determ ined  

u s in g  a H ilg e r  "Spekker" Quartz S p ectrop h otom eter , s l i t  

w id th  0 .0 3  m .m ., w ith  a hydrogen d isch a rg e  lamp as l i g h t  

so u r c e . The p o s i t io n  and e x t in c t io n  o f  peaks were checked  

w ith  a Unicam Spectrom eter* Curves d e s ig n a te d  w ith  r e fe r e n c e  

numbers were adapted  from  th e  l i t e r a t u r e ,  and th e  o r ig in a l  

papers sh o u ld  be c o n su lte d  f o r  fu r th e r  d e t a i l s .
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P art XI. 

T r o p o l o n e a .



B : T r o p o lo n e s .

S u m m a r y .

By t h e  r e a c t i o n  o f  s u b e r a n d i o n e  w i t h  d i f f e r e n t  

p r o p o r t i o n s  o f  b r o m i n e ,  f o l l o w e d  b y  t h e r m a l  d e h y d r o -  

b r o m i n a t i o n  a n d  t r e a t m e n t  w i t h  a l k a l i ,  t r o p o l o n e  i t s e l f  

h a s  b e e n  p r e p a r e d ,  a l s o  t h e  m o n o - ,  d i - ,  a n d  t r i s u b s t i ­

t u t e d  b r o m o t r o p o l o n e s . T h e  o r i e n t a t i o n  o f  t h e s e  b r o m o -  

t r o p o l o n e s  h a s  b e e n  p r o v e d  b y  i s o m e r i s a t i o n  t o  b r o m o -  

b e n z o i c  a c i d  d e r i v a t i v e s ,  a n d  t h e i r  i n t e r r e l a t i o n s h i p  

v e r i f i e d ,  b y  f u r t h e r  b r o m i n a t i o n  e x p e r i m e n t s .  T r o p o l o n e  

h a s  a l s o  b e e n  p r e p a r e d  m o r e  c o n v e n i e n t l y  b y  t h e  c a t a l y t i c  

h y d r o g e n o l y s i s  o f  t h e  ^ - b r o m o  d e r i v a t i v e .  T h e  r e a c t i o n s  

o f  t r o p o l o n e  h a v e  b e e n  s t u d i e d ,  a n d  a  n u m b e r  o f  d e r i v a t i v e s  

p r e p a r e d .

B r o m i n a t i o n  o f  b e n z s u b e r a n d i o n e  a n d  c a t a l y t i c  

h y d r o g e n o l y s i s  o f  t h e  b r o m o b e n z o t r o p o l o n e  t h u s  o b t a i n e d  

h a v e  g i v e n  a n  i m p r o v e d  y i e l d  o f  t h e  k n o w n  oiyS - b e n z o -  

t r o p o l o n e .  S t u d i e s  o n  t h i s  c o m p o u n d  h a v e  b e e n  e x t e n d e d .

T h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  a r e  d i s c u s s e d  

w i t h  r e f e r e n c e  t o  t h e  l i g h t  t h r o w n  b y  t h e m  o n  t h e  s t r u c t u r e  

a n d  s t a b i l i t y  o f  t r o p o l o n e  d e r i v a t i v e s .
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The p o s s i b i l i t y  o f  arom atic  p r o p e r tie s  in  a c lo s e d  

system  o f  co n ju g a ted  double bonds has fr e q u e n t ly  been r e c o g ­

n is e d  b e fo re  a compound c o n ta in in g  such a system  has been  

i s o l a t e d  or s y n th e s is e d . C y c lo b u ta d ien e , w hich m ight 

t h e o r e t i c a l ly  occu r a s  a resonance hybrid  I ,  has evaded sy n ­

t h e s i s  s in c e  the f i r s t  u n s u c c e s s fu l  a ttem p ts in  1905 ( 1 ) .  

P o s s ib ly  th e  h ig h  a n g u la r  s t r a in  in  su ch  a m o lecu le  would 

p r e v en t i t s  e x i s t e n c e ,  a lth o u g h  th e  s y n th e s is  o f  v a r io u s  

Md ip h e n y le n e M d e r iv a t iv e s  I I  has been c la im ed  from tim e to  

tim e ( 2 ) , ( 3 ) , ( 4 ) .  P en ta len e  I I I  was p o s tu la te d  a s  a p o s s ib le  

arom atic  sy stem  in  1922 ( 5 ) ,  bu t n e ith e r  i t  nor h ep ta le n e  IV, 

has y e t  been  s y n th e s is e d  ( 4 ) , ( 6 ) , ( 7 )

I t  was in  1945 th a t Dewar (8 ) f i r s t  p o in te d  o u t the  

unique p o s s i b i l i t i e s  o f  the c y c lo h e p ta tr ie n o lo n e  r in g  sy stem . 

T his s tr u c tu r e  may be regarded  a s  th e  m ono-enol form  V o f  

an u n sa tu ra te d  o -d ik e to n e  V I, w hich on io n is a t io n  o f  th e  

h yd roxy l hydrogen can g iv e  r i s e  to  an a n io n ic  reson ance  

hyb rid  V II; on a d d it io n  o f  a p r o to n , a c a t io n ic  reson an ce  

h yb rid  becomes p o s s ib le  V III :

11

E .



Prom an oth er  v ie w p o in t ,  th e  system  may be regarded  

a s th e  d iv in y lo g u e  o f  a c a r b o x y lic  a c id  ( 9 ) .  Dewar co in ed  

th e  name ,ftr o p o lo n e ,f fo r  t h i s  sy stem , and su g g e s te d  th a t  i t  

occu rred  in  th e  mould m e t a b o l i t e s s t i p i t a t i c  a c id  and 

p u b e r u lic  a c id ,  and th e  a lk a lo id  c o lc h ic in e .

As o r ig in a l ly  s e t  o u t ,  Dewar’s th eory  e n v isa g ed  

reson an ce in  th e  u n io n ise d  m o le c u le , the system  b e in g  some­

what an a logou s to  a zu len e  IX. A su bseq uent c a lc u la t io n  o f  

th e  in te r -o x y g e n  d is ta n c e  proved su ch  a s t a t e  o f  a f f a i r s  

h ig h ly  im p rob ab le , and le d  Dewar to  withdraw t h i s  id e a  ( 1 0 ) ,  

bu t on a l l  o th er  p o in ts  h is  o r ig in a l  h y p o th e s is  has r e c e iv e d  

e x te n s iv e  ex p er im en ta l con firm ation *

The e le g a n c e  o f  t h i s  id e a  a t t r a c te d  the a t t e n t io n  o f  

many c h e m is ts  in  d i f f e r e n t  p a r ts  o f  th e  w orld , and sin ce  1945  

a c o n s id e r a b le  and c o n tin u o u s ly  growing mass o f  l i t e r a t u r e  

has b een  p u b lish e d  on n a tu r a l ly  o ccu rr in g  and s y n th e t ic  

tro p o lo n e  d e r iv a t iv e s .  T h is has le d  t o  th e  p ro d u ctio n  o f
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two r ev iew s ( 1 1 ) ,  (12 ) w hich betw een them g iv e  a d e t a i le d  

coverage  o f  t h i s  f i e l d  up t i l l  S p r in g , 1951 . I t  i s  t h e r e ­

fo r e  proposed  to  r e f e r  o n ly  b r i e f l y  to  the v a r io u s  s y n t h e t ic  

and n a tu r a l tr o p o lo n e s  exam ined by o th e r  w orkers.

The N atu ra l T ro p o lo n es.

Three tr o p o lo n e s  occur as mould m e ta b o l it e s :  s t i p i -

t a t i c  a c id  X, p u b e ru lic  a c id  XI and p u b eru lon ic  a c id .  The 

f i r s t  two compounds can be c o n v e r ted  by m ild  o x id a t io n  to  

a c o n i t ic  a c id  X II. T h is , and much o th e r  ch em ica l e v id e n c e ,  

has r ig i d l y  e s t a b l i s h e d  th e ir  s t r u c tu r e s  ( 1 3 ) , ( 1 4 ) , ( 1 5 ) , ( 1 6 ) ,  

( 1 7 ) , ( 1 8 ) , ( 1 9 ) .  P u b eru lon ic  a c id  d i f f e r s  from  p u b eru lic  

a c id  on ly  in  p o s s e s s in g  a r e a d i ly  e lim in a te d  ca rb o x y l group 

masked in  a la c to n e  or an anhydride s t r u c tu r e .  E vidence  

seem ed in  fa v o u r  o f  one o f  th e  th r e e  form ulae X I I I , XIV, XV, 

b u t a r e c e n t  exam in ation  o f t h i s  compound fs l i g h t  a b so rp tio n  

in  th e  u l t r a v i o l e t  and in fr a r e d  r e g io n s  p o in ts  overw helm ingly  

to  form ula XVI ( 2 0 ) , ( 2 1 ) , ( 2 2 ) .
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HOHO
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The th r e e  t h e o r e t i c a l ly  p o s s ib le  m o n o iso p ro p y ltro p o lo n es , 

th e  s o - c a l le d  t h u j a p l i c in s , are  found n a tu r a l ly  a s  a fu n g i -  

c i c a l  c o n s t i tu e n t  o f  red ced ar heartw ood from  Sw edish  awl 

American s o u r c e s .  T heir tro p o lo n e  s tr u c tu r e s  have been  

proved by is o m e r is a t io n  t o  th e  known iso p r o p y lb e n z o ic  a c id s  

and ty  o x id a t io n  and r e d u c tio n  e x p er im en ts , the work b eing  

c a r r ie d  ou t by  Erdtman and h is  c o lla b o r a to r s  ( 2 3 ) , ( 2 4 ) , ( 2 5 ) ,  

( 2 6 ) .  -T h u ja p lic in  ( h in o k i t io l )  XVII o b ta in ed  from  l o c a l  

so u rc es  was a ls o  e x te n s iv e ly  examined by a Japanese r e se a r c h  

team . ( 2 7 ) , ( 2 8 ) .

The a lk a lo id  c o lc h ic in e  has a t t r a c t e d  wide i n t e r e s t  

b ecau se  o f  i t s  in t e r f e r e n c e  w ith  the p ro cess  o f m ito s is  

d u rin g  c e l l  d iv i s i o n .  The s tr u c tu r e  o f  r in g s  A and B o f  

t h i s  t r i c y c l i c  compound are w e ll  e s ta b l i s h e d  ( 1 2 ) , ( 2 9 ) , ( 3 0 ) ,

( 3 1 ) ,  and i t  i s  now f a i r l y  c e r ta in  th a t  r in g  0 has th e  

s tr u c tu r e  o f  a tro p o lo n e  m ethyl e th e r .  C o lc h ic in e  can be 

c o n v erted  through  the f r e e  tro p o lo n e  to  i t s  isom er i s o ­

c o lc h ic in e ,  b u t w hich form ula r e p r e se n ts  which Isomer i s  

n o t  y e t  e s t a b l i s h e d  X V III.

OH OH OH

HOM e O

m .



The tro p o lo n e  r in g  i s  in co rp o ra ted  in  th e  s k e le to n  

o f  y e t  another n a tu r a l p ro d u ct, nam ely, p u rp u ro g a llin  XIX

( 3 2 ) , ( 3 3 ) , ( 3 4 ) , ( 3 5 ) .  T h is occu rs as a red  d ig lu c o s id e  In  

v a r io u s  g a l l s  and i s  a l s o  r e a d i ly  o b ta in a b le  in  the la b o r a to ry  

by the o x id a t io n  o f  p y r o g a l lo l  ( 1 1 ) ,  ( 3 6 ) .  I t  shows many

o f  th e  t y p ic a l  tro p o lo n e  p r o p e r t ie s .

Prom th e  ex p er im en ta l d a ta  a v a i la b le  on th e se  n a tu r ­

a l l y  o c cu rr in g  d e r iv a t iv e s  , i t  i s  p o s s ib le  to  b u ild  up a 

f a i r l y  com p lete  p ic tu r e  o f  th e  c h a r a c t e r i s t i c  p r o p e r t ie s  to  

be ex p e cted  in  a tro p o lo n e  d e r iv a t iv e .  Not a l l  th e  t r o ­

p o lo n es  m entioned  above undergo each  o f the r e a c t io n s  now to  

be l i s t e d ,  and in d ee d , in  t h i s  r e s p e c t  in fo rm a tio n  i s  incom ­

p l e t e ,  fo r  as fa r  as i s  known, e v er y  compound has n ot been  

th orou gh ly  exam ined. In any c a s e ,  th e  p resen ce  o f  sub­

s t i t u e n t s  m ight w e l l  be e x p e c ted  to  a f f e c t  c o n s id e r a b ly  th e  

fundam ental p r o p e r t ie s  o f  th e  r in g ,  j u s t  a s ,  fo r  exam ple, 

some o f  th e  c h a r a c t e r i s t i c  p r o p e r t ie s  o f  a ph en ol are a l t e r e d  

or su p p ressed  by v a r io u s  s u b s t i t u e n t s .  However, w ith  th e se  

l im i t a t io n s  in  m ind, a l i s t  o f  p r o p e r t ie s  and r e a c t io n s  

t y p ic a l  o f  tro p o lo n e s  may be drawn up.

1 . T ropolones p o s se s s  a c y c lo h e p ta -  A  3 : 5 : 7 - l - o l - 2 - o n e  r in g  

in  w hich ca rb o n y l r e a c t i v i t y  i s  co m p lete ly  su p p ressed .

2 . The h yd roxy l group a d ja c en t to  the ca rb o n y l Is  a c id ic ,  

more s o ,  a p p a r e n t ly , than th e  hyd roxyl in  an analogous



p h en o l. I t  can u s u a l ly  be m eth y la ted  w ith  diazom ethane or  

m eth anol/ky^ rogen  c h lo r id e ,  and the e th e r  I s  r e a d i ly  hydro­

ly s e d  w ith  a c id  o r  a l k a l i .

3 .  D ie hydrogen o f  the o r th o -h y d ro x y l m ig ra tes back and 

f o r t h  betw een the two oxygens to o  r a p id ly  f o r  isom ers o f  

th e  type XX (R^ = H) to  be d e te c te d .

(When Rg i s  in  th e  db - p o s i t io n  the p o s s i b i l i t y  e x i s t s  t h a t  

s t e r i c  h in drance ca u ses  th e  m o lecu le  to  e x i s t  in  one form  

o n ly . Where R2 i s  in  th e  y - p o s i t i o n ,  the two isom ers a r e ,  

o f  c o u r se , e q u iv a le n t .)

4 .  When R^ * Me e t c .  XX, two Isom ers can be I s o la t e d .

5 . S o lu t io n  in  a l k a l i  i s  accom panied by a bathochrom io  

s h i f t  in  th e  a b so rp tio n  spectrum .

6 . T ropolones are  s o lu b le  in  s tr o n g  a c id s ,  b e in g  r e p r e ­

c ip i t a t e d  on d i lu t io n .

7* They form ch loroform  s o lu b le ,  c o v a le n t  com plexes w ith  

c e r ta in  t r a n s i t i o n  m eta ls  e s p e c ia l ly  copper.

8 . They g iv e  in te n s e  c o lo u r s  w ith  f e r r i c  c h lo r id e ,  i r r ­

e s p e c t iv e  o f  any f e r r i c  com plex which m ight be form ed.

9 . They form  azo-compounds w ith  d ia z o t iz e d  a ry la m in es .

10 . T ropolones undergo s u b s t i t u t io n  r a th e r  than a d d it io n  

r e a c t i o n s .



11* They can be rearran ged  to  b en zo ic  a c id  d e r iv a t iv e s  by 

fu s io n  w ith  a l k a l i .

1 2 . By h e a t in g  w ith  sodium  m eth oxide/m ethan ol the m ethyl 

e th e r s  are som etim es co n v er ted  to  m eth yl benzoate d e r iv a t iv e s .

13 . Treatm ent w ith  i o d i n e / a lk a l i  som etim es g iv e s  an io d o -  

p h en o l.

1 4 . The r in g  i s  opened and p a r t i a l l y  degraded by a lk a l in e  

p ero x id e  and o th er  m ild  o x id is in g  a g e n ts .

15 . The r in g  can be hydrogenated  in  th e  p resen ce  o f  p latinu m  

or palladium *

R esearch es on tro p o lo n e s  In th e s e  la b o r a to r ie s  and 

e lsew h ere  shed fu r th e r  l i g h t  on th e  r e a c t io n s  l i s t e d  ab ove , 

b u t fu r th e r  comment w i l l  be postponed to  a l a t e r  s e c t io n  o f  

t h i s  t h e s i s .

S y n th e t ic  T ro p o lo n es.

Many tr o p o lo n e s , in c lu d in g  m ost o f  th e  n a tu r a l d e r iv a ­

t i v e s ,  have now been s y n th e s is e d . The p arent compound, 

tr o p o lo n e  i t s e l f ,  has been prepared by no l e s s  than th ree  

d i f f e r e n t  ind ep en dent r e se a r c h  team s in  th e  W estern Hemisphere 

a l l  u s in g  d i f f e r e n t  s y n th e t ic  r o u te s ,  p u b lish e d  w ith in  a very  

sh o rt tim e o f  each  o th e r  ( 3 7 ) , ( 3 8 ) , ( 3 9 ) .  The r e c e n t ly  

resumed exchange o f  s c i e n t i f i c  in fo rm a tio n  w ith  the Par E ast  

has brought to  our a t t e n t io n  y e t  anoth er Independent s y n th e s is  

o f tr o p o lo n e , v ery  s im ila r  to  our own, and a g a in  p u b lish ed



contem poraneously  ( 4 0 ) .

A Japanese r e se a r c h  team under Nozoe had been s tu d y ­

in g  th e  n a tu r a l product h in o k i t io l  ( s ee  above) s in c e  about 

1936 and on the b a s is  o f  t h e ir  in v e s t ig a t io n s  had f i n a l l y  

d e c id e d  on the form ula XVII. These c o n c lu s io n s  th e y  pub­

l i s h e d  in  1 9 44 , but i t  was n o t u n t i l  the c e s s a t io n  o f  

h o s t i l i t i e s  th a t  th ey  made c o n ta c t  w ith  W estern ch e m ists  and 

t i l l  th e n , i t  a p p e a r s , were unaware th a t  European workers 

were in v e s t ig a t in g  r e la te d  compounds and had come to  s im ila r  

c o n c lu s io n s  ( 8 1 ) .  Nozoe and cow orkers have now prepared  

a c o n s id e r a b le  number o f  tro p o lo n e  d e r iv a t iv e s  by s u b s t i ­

t u t io n  r e a c t io n s  w ith  h i n o k i t io l ,  u s in g  v a r io u s r e a g e n ts .

They have a l s o  more r e c e n t ly  c a r r ie d  out some s y n th e t ic  

work ( 4 1 ) .  However, a t  th e  moment, com plete in fo rm a tio n  

on th e s e  r e se a r c h e s  i s  n o t  a v a i la b le .

A w ide v a r ie t y  o f  r e a c t io n s  have been employed in  th e  

s y n th e s is  o f  tro p o lo n e s  and th e se  p r e p a r a tiv e  methods can be 

c l a s s i f i e d  under the f o l lo w in g  h e a d in g s :

(A).  Perhaps th e  most o b v io u s ly  a t t r a c t iv e  typ e o f  r e a c t io n  

i s  a o n e - or tw o -s ta g e  co n d en sa tio n  t o  g iv e  stra ig h tw a y  th e  

com plete tro p o lo n e  r in g . This l i n e  o f  a t ta c k  has n o t  how­

e v e r , proved g e n e r a l ly  f r u i t f u l .  Dewar condensed e th y l  

o x a la te  w ith  m e s i ty lo x id e , in  th e  hope o f  o b ta in in g  XXI 

(p resu m ab ly ), b u t cou ld  o n ly  I s o la t e  ’’th e  iso m er ic  benzene  

d e r iv a t iv e ” ( 8 ) .  S im ila r ly  an a ttem p ted  con d en sa tion  o f



so d io -n itr o -m a lo n d ia ld e h y d e  XXII w ith  d ia c e t y l  XXIII h as  

g iv e n  o n ly  ta r s  ( 4 2 ) .

The p r e p a r a tio n  by T a r b e ll e t  a l  o f  /3y  -b e n z o tr o -  

p o lo n e , XXIV, i s  th e  one exam ple in  t h i s  f i e l d  o f  a syn ­

t h e s i s  by a co n d en sa tio n  r e a c t io n  ( 43 ) .  As in d ic a te d ,  

some p h th io c o l  XXVII was a l s o  i s o l a t e d ,  and the f r e e  b en zo-  

tro p o lo n e  was o b ta in ed  in  l e s s  than 10f0 y i e l d .  R ather  

b e t t e r  y i e l d s  were o b ta in ed  in  the c a se  o f the two a r y l  

e th e r s  XXV, XXVI. T h ese , how ever, were a p p a ren tly  n o t  

co n v er ted  to  the f r e e  b e n z o tro p o lo n e . A la r g e  number o f  

p erm u tation s may be e n v isa g e d  fo r  the p o s s ib le  components 

f o r  t h i s  ty p e  o f  r e a c t io n .  S u c c e s s , i t  would appear, 

depends la r g e ly  in  ch o o sin g  by t r i a l  and err o r  the most 

s u i t a b le  c o n d it io n s  and r e a c ta n t s .

o
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( B ) . A s u b s t i t u t e d  e y e lo h exanone i s  su b je c te d  to  r in g  

en largem en t by means o f  an a l ip h a t ic  d ia z o  compound, th e  

r e s u l t in g  c y c lo h eptanone I s  o x id is e d  to  a d io n e , w hich in



tu rn  I s  d ehyd rogenated  to  the tr o p o lo n e . The f i n a l  stag©

I s  m ost c o n v e n ie n t ly  accom p lish ed  by b rom in atlon -d eh yd ro-  

b rom in ation  p r o c e s s e s .  Thus, cycloh exan on e I t s e l f  was r in g  

e n la rg e d  w ith  dlazome than e t o  su b ero n e , and t i l l s  in  tu rn  was 

o x id is e d  w ith  se len iu m  d io x id e  t o  suber& ndione. B rom ination  

fo l lo w e d  by  therm al dehydrobrom lnatlon gave bromo tro p o lo n e  

w h ich  was r e a d i ly  c o n v e r ted  t o  tro p o lo n e  by c a t a l y t i c  hydro­

g e n a tio n  ( 3 7 ) ,  (44 ) XXIX In th e  s y n th e s is  by Nozoe e t  & 1., 

th e  d ion e was brom inated  w ith  N -brom osueeinim lde In  c h lo r o ­

fo rm , then th e r m a lly  dehydrobrom inated to  u n s u b s t itu te d  

tr o p o lo n e  ( 4 0 ) .

S ta r t in g  from  a  p a r a -s u b s t itu te d  eye  lohexanone & 

m ixture o f  th e  fi> -  and y '  - s u b s t i t u t e d  tr o p o lo n e s  i s  o b ta in e d ,  

sine©  th e  2  and J  p o s i t io n s  in  XXX a r e  n o t e q u iv a le n t*



/ 3  -  and ^ - t h u j a p l i c in  ( 4 5 ) ,  ( 4 6 ) ,  (47) , and th e  m ethyl 

( / 3 -  a n d y - )  ( 4 8 ) ,  e t h y l  (/?>-) (48)  and t e r t . - b u t y l  (y3 -  

a n d y - )  (49)  s u b s t i t u t e d  tr o p o lo n e s  have a l l  been  sy n ­

t h e s i s e d ,  w ith  th e  corresp on d in g  p -a lk y l  cyclohexanon e as 

s t a r t in g  m a ter ia l*

d> -S u b stitu te d  tr o p o lo n e s , uncontam inated by p o s i t io n  

iso m e r s , a re  now made a c c e s s ib le  through an e le g a n t  m odi­

f i c a t i o n  o f  t h i s  s y n t h e s i s ,  whereby r in g  en largem ent i s  

c a r r ie d  out u s in g  a h ig h e r  d ia z o a lk a n e . o l-T h u y a p lic in  

was s y n th e s is e d  by t h i s  r o u te  ( 4 2 ) ,  (50) XXXI.

(G).  R ing c lo s u r e  o f  a y - a r y l - ( p h e n y l - )  b u ty r ic  a c id  

g iv e s  a benzosuberone XXXII; t h i s  may be co n v erted  to  th e  

b en zo tro p o lo n e  in  the same s te p s  as under (B) ( 5 1 ) .  The 

som etim es troublesom e se len iu m  d io x id e  o x id a t io n  can be 

a v o id e d , e i t h e r  by p rep arin g  th e  ok-hydroxym ethyleneketone  

fo llo w e d  by o z o n o ly s is  XXXII ( 3 5 ) , ( 5 2 ) ,  or by h y d r o ly s is  o f  

th e  oC -oxim inoketone w ith  h y d r o c h lo r ic  ac id /form ald eh yd e  

® 9 , ( 5 3 )  XXXIV.
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In to  t h i s  group f a l l  th e  sy n th e se s  o f  oip -b en zo tro p o lo n e

(51) and o f  th e  ar-p o lyh yd roxy  (or  a r-p o lym eth oxy -) b en zo-

tr o p o lo n e s  in c lu d in g  p u rp u r o g a llin  ( 3 5 ) , ( 5 2 ) .  T i l l  now in

a l l  c a s e s  f i n a l  dehyd rogenation  o f  the d io n es  has been

accom p lish ed  c a t a l y t i c a l l y  in  th e  p resen ce  o f  p a lla d iu m /
th e

c h a r c o a l. As shown l a t e r ,/b rom in ation /d eh yd rob rom in ation  

procedure has been found much more co n v en ien t in  th e  p rep ara­

t io n  o f  th e  p arent b e n z o tro p o lo n e , and i t  may a ls o  be 

s u i ta b le  in  th e  case  o f  the m ethoxy d e r iv a t iv e s .  Of 

c o u r se , th e  enhanced r e a c t i v i t y  o f  the a r y l  n u cleu s m ight 

prove a c o m p lic a tin g  f a c t o r  w ith  su ch  compounds.

(D).  A s u b s t i t u t e d  benzene d e r iv a t iv e ,  or benzene i t s e l f ,  

i s  condensed  w ith  an a l ip h a t ic  d ia z o  compound, and the  

e y e lo h e p ta tr ie n e  d e r iv a t iv e  o b ta in ed  i s  o x id is e d  t o  a  

tr o p o lo n e . This i s  th e  g e n e r a l type o f  r e a c t io n  o f  which  

th e  d ia z o a c e t ic  e s t e r  c o n d e n sa tio n , rev iew ed  in  the f i r s t  

p art o f t h i s  t h e s i s ,  i s  a p a r t ic u la r  exam ple. D oering and 

Knox used  t h i s  r o u te  in  t h e ir  n o v e l s y n th e s is  o f  tro p o lo n e  

( 3 9 ) , ( 5 4 )  XXXV. Diazomethane i n  benzene s o lu t io n  ir r a d ia te d  

w ith  u l t r a v i o l e t  l i g h t  gave c y c lo h e p ta tr ie n e  ( y i e ld  un­

s p e c i f ie d )  which in  tu rn  was o x id is e d  w ith  a lk a l in e  p e r -



manganate to  tro p o lo n e  In 6 .3 ^  y i e l d .  B a r te ls -K e ith  e t  a l .  

have a p p lie d  B uchner!s d ia z o a c e t ic  e s t e r  r e a c t io n  to  c e r ta in  

m eth oxy-b en zen es. They found th a t  bromine in  a c e t i c  a c id

co n v erted  t h e ir  c y c lo h e p ta tr ie n e  p rod u cts t o  tro p o lo n e s  by  

s im u lta n eo u s d e m eth y la tio n  and d eh y d ro g en a tio n , and In t h i s  

way th e y  have s y n th e s is e d  s t i p i t a t i c  a c id  (55) and a t r o ­

p olon e c a r b o x y lic  e s t e r  ( 5 6 ) ,  XXXVI.

h /
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T h is l a s t  co n d en sa tio n  su g g e s ts  a  p o s s ib le  m o d if ic a ­

t io n  o f  B o e r in g 's  s y n t h e s i s .  I f  diazom ethane were r e a c te d  

w ith  v e r a tr o le  and th e  produ ct t r e a te d  w ith  bromine as  

ab ove, tro p o lo n e  m ight be o b ta in ed  w ith  the avo id an ce  o f  

the w a s te fu l  o x id a t io n  s t a g e .



14.

(E) .  A n a tu r a l ly  o c cu rr in g  tro p o lo n e  I s  degraded to  a 

s im p le r  d e r iv a t iv e .  P u r p u r o g a llin , a s  m entioned p r e v io u s ly ,  

i s  r e a d i ly  a v a i la b le  in  q u a n tity  by the o x id a t io n  o f  p yro -  

g a l l o l .  The benzene r in g  in  t h i s  tro p o lo n e  d e r iv a t iv e  may 

be o x id a t iv e ly  degraded under m ild  c o n d it io n s  to  a tro p o lo n e  

d ic a r b o x y lic  a c id  in  30$ y i e l d .  F u rth er  r e a c t io n s  le a d  to  

l e s s  co m p lica ted  d e r iv a t iv e s ,  in c lu d in g  tro p o lo n e  i t s e l f  

( 3 8 ) ,  a s  the accom panying diagram  i l l u s t r a t e s  XXXVII.

OH OH

H O C

MtO.C.cR

OH

Hoc

o oMe. 

0 lAtsme//

O H C

OH

.,0 ->

X X X V I I



P u r p u ro g a llin  c a r b o x y lic  a c id  XXXVIII i s  o b ta in ed  

by o x id a t io n  o f  a m ixture o f  p y r o g a l lo l  and p y r o g a l l ie  

a c id  ( 5 8 ) ,  and d eg ra d a tio n  o f  t h i s  produ ct makes a v a i la b le  

two fu r th e r  tro p o lo n e  c a r b o x y lic  a c id s ,  IXL, XL.

oH

Me.'

XL

oH
Ho

Ho cojl co£



R esearch es c a r r ie d  out in  th e se  la b o r a to r ie s  by 

Cook & S o m e r v ille  have a lrea d y  cu lm in ated  in  a s y n th e s is  o f  

-b en zo tro p o lo n e  and o f  a bromine s u b s t i t u t io n  product 

o f  tr o p o lo n e  i t s e l f .  T his was th e  f i r s t  p u b lish ed  s y n th e s is  

o f  tro p o lo n e  compounds ( 5 1 ) .  As w i l l  be shown, th e se  s tu d ie  

have now been su p p lem en ted  and ex ten d ed .

S y n th e s is  o f  T rop olon e.

Cook & S o m e r v ille  prepared  t h e ir  brom otropolone by 

b rom in ation  o f  su b era n d io n e , fo llo w e d  by therm al debydro- 

b rom in ation  ( 5 1 ) ,  ( 5 9 ) .  T h is r e a c t io n  has now been s tu d ie d  

in  g r e a te r  d e t a i l  w ith  s p e c ia l  r e fe r e n c e  to  th e  e f f e c t s  o f  

v a r ia t io n  in  th e  brom ine c o n c e n tr a t io n .

B rom ination o f  suberandione w ith  one mole o f  brom ine.

On h e a t in g  th e  r e a c t io n  m ixture hydrogen bromide was e v o lv e d ,  

much t a r  was form ed, and a dark pungent o i l  cou ld  be i s o l a t e d  

p rob ab ly  XLI. T his d is s o lv e d  in  sodium  hyd roxid e w ith  lo s s  

o f  a secon d  m olecu le  o f  hydrogen brom ide, and a poor y i e l d  

o f  tr o p o lo n e  was i s o l a t e d  on a c i d i f i c a t i o n .  As i s o l a t io n  

o f  th e  produ ct and in te r m e d ia te  was troublesom e and t e d io u s ,  

t h i s  r o u te  was n o t  used  fo r  th e  g e n e r a l p rep a ra tio n  o f  

tr o p o lo n e .

B rom ination w ith  two m o le s . This was the p r o p o r tio n  o f  

bromine u sed  by Cook & S o m e r v il le . Here a g a in  therm al 

dehydrobrom ination was accom panied by much ta r r in g  i f  c a r r ie d



to  c o m p le tio n , and a m ixtu re  o f  two m onobrom otropolones was 

i s o l a t e d .  Much the la r g e r  p ro p o r tio n  was Cook & Somer­

v i l l e ^  bromo compound m e lt in g  p o in t  1 0 3 -1 0 6 ° , but a l i t t l e  

o f  an isom er m e lt in g  188° (su b lim a tio n ) was a ls o  i s o l a t e d .

I t  was a c t u a l ly  found much more co n v en ien t to  in te r r u p t  th e  

h e a t in g  p r o c e ss  whenever hydrogen bromide e v o lu t io n  showed 

s l i g h t  s ig n s  o f  s la c k e n in g , and th e n  to  i s o l a t e  th e  sp a r in g ­

l y  s o lu b le  in te r m e d ia te , C^HgOgBrg m.p. 1 6 8 -172° ( d e c .)  w hich  

c r y s t a l l i s e d  ou t on c o o l in g ,  XLII a or XLII b? . T h is com­

pound was n o t a t r o p o lo n e , but i t  r e a d ily  l o s t  hydrogen  

bromide when d is s o lv e d  in  h y d ro x y lic  s o lv e n t s  or b e t t e r ,  in  

h o t sodium h yd rox id e s o lu t io n ,  whereby sodium  monobromo- 

tr o p o lo n a te  d ih y d ra te  was i s o l a t e d  as lu s tr o u s  y e llo w  p la te s  

in  an o v e r a l l  y i e ld  o f  26$ from the d io n e . A c id i f i c a t io n  

gave th e  bromo tr o p o lo n e , m .p. 1 0 3 -1 0 6 ° .

IV

OH OH

XII X U Io. x u t t r

B rom ination  w ith  th r e e  m o les . In  t h i s  c a se  no in te r m e d ia te  

c o u ld  be i s o l a t e d .  When gas e v o lu t io n  had c e a se d , th e  

• so lu t io n  was c o n c e n tr a te d , and a h ig h ly  c r y s t a l l in e  dibrom o- 

tro p o lo n e  m .p. 157 -158° sep a ra ted  o u t .

B rom ination w ith  fou r  m oles o f  Brom ine. This a g a in  gave 

v e ry  com plex r e s u l t s .  When th e  unheated  r e a c t io n  m ixture



m s  poured in to  w ater an o i l y  s e m is o l id  p r e c ip it a t e d  w hich  

c r y s t a l l i s e d  from  a c e t i c  a c id  m .p. 8 2 -8 4 ° . A tetrabrom o- 

suberandione was in d ic a te d  by i t s  a n a ly s is  and ch em ica l r e ­

a c t io n s .  I f  however the o r ig in a l  m ixture was h ea ted  w ith  

steam  in  the u su a l way, much a c id  vapour and f r e e  bromine 

was e v o lv e d , but the r e s u l t in g  dark red  syrup was n o t amen­

a b le  to  c r y s t a l l i s a t i o n  a ttem p ts and was n ot fu r th e r  d e -

hydrobrom inated by a l k a l i  tre a tm en t. E le v a t io n  o f  i t s
o

tem perature to  130 d id  however r e s u l t  in  th e  e v o lu t io n  o f  

more hydrogen brom ide, and by s o lu t io n  o f  the r e s id u e  in  

a l k a l i ,  th en  a c id i f i c a t i o n  a tr ib rom otrop o lon e  m .p. 122-123°  

was o b ta in ed  in  poor y i e l d .

The brom otropolone m .p. 1 0 3 -1 0 6 ° was a v a i la b le  in  

q u a n tity  and a ttem p ts were now made to  r e p la c e  the bromine 

atom by hydrogen c a t a l y t i c a l l y . S u ccess  was o b ta in e d , but 

o n ly  under r a th e r  s p e c i f i c  c o n d it io n s .  An a lc o h o l ic  s o lu ­

t io n  o f  sodium  m onobrom otropolonate d ih y d ra te  absorbed one 

mole o f  hydrogen r a p id ly  and sm ooth ly  in  th e  p resen ce  o f  

p a llad iu m  c h a r c o a l, sodium  bromide was form ed, and tro p o lo n e  

was r e a d ily  i s o l a t e d  in  78$ y i e l d .  U sing th e  f r e e  bromo­

tro p o lo n e  or a d i s t i n c t l y  a lk a l in e  s o lu t io n  o f  the sodium  

•sa lt  r e s u l t e d  o n ly  in  an extrem ely  slow  uptake o f  hydrogen . 

Tropolone was a ls o  o b ta in ed  by th e  hyd rogenation  o f  sodium  

d ib rom otrop o lon ate ; r ed u c tio n  in  t h i s  case  was l e s s  s p e c i f i c  

and the f i n a l  y i e l d  was poor.



Tropolone c r y s t a l l i s e d  from  p e t r o l  in  la r g e  c o lo u r le s s  

p r ism s, m .p. 4 9 -5 0 ° :  i t  was a p p a ren tly  s t a b le  to  s tr o n g  a c id s

and a l k a l i ,  bu t ten d ed  to  decompose in  a ir  a t  room tem pera­

tu r e s  . I t  underwent many r e a c t io n s  c h a r a c t e r i s t i c  o f  t h i s  

c la s s  o f  compound (se e  p . (o ) ,  and s e v e r a l  t y p ic a l  d e r iv a ­

t i v e s  were prep ared : a 5 :5 -d in itr o b e n z o a te , a m ethyl e th e r

hem ihydrate r e a d i ly  s o lu b le  in  w a ter , a m ethyl e th e r  p ic r a t e ,  

a p - t o ly la z o  d e r iv a t iv e ,  a ch loro form  s o lu b le  copper com plex 

( trop o lon e)gG u , a s im i la r  red f e r r i c  com plex ( tr o p o lo n e )3P e , 

e t c .  Tropolone was a weak a c id  (pK 7 .0 )  and a ls o  a weak 

b a s e , a s i t  formed a c r y s t a l l in e  h y d ro ch lo r id e  and hydro­

brom ide u n sta b le  to  h y d r o x y lie  s o lv e n t s .  I t  e x is t e d  a s  a 

monomer in  s o l u t i o n ,  and a ls o  a p p a ren tly  in  the s o l i d  s t a t e  

as i t  sub lim ed  w ith  th e  g r e a t e s t  o f  easfe.

Tropolone absorbed th r e e  m oles o f  hydrogen sm ooth ly  

in  th e  p resen ce  o f  p la tin u m , th en  a fo u r th  mole more s lo w ly  

( o k - th u ja p lic in  behaved s im i la r ly  ( 2 5 ) ) .  The waxy m ixture  

o f  c i s -  and t r a n s - d io l s  o b ta in ed  in  t h i s  way was o x id is e d  to  

p im e lic  a c id ,  thu s p r o v id in g  r ig id  p roo f th a t the compound 

p o s s e s s e s  a sev en  membered carbon r in g  X L III. A lk a lin e  

hydrogen p ero x id e  o x id is e d  tro p o lo n e  to  c i s - c i s -m uconic a c id  

XLIV ( c f .  the o x id a t io n  o f  s t i p i t a t i c  a c id  and p u b eru lic  

a c id  to  i t a c o n ic  a c id ) .



The o r ie n ta t io n  o f  th e  fo u r  brom otropolones was c a r r ie d  

ou t by rearrangem ent t o  th e  corresp on d in g  b en zo ic  a c id  

d e r iv a t iv e s .  T h eir  in t e r r e la t io n  was e s t a b l is h e d  and t h e ir  

s tr u c tu r e s  confirm ed  by fu r th e r  b rom ination  e x p er im en ts . 

T ribrom otropolone m ethyl e th e r  is o m e r is e d , on h e a t in g  w ith  

m eth a n o lic  sodium m eth o x id e , to  m ethyl 2 :4 :6 -tr ib ro m o b en zo a te • 

This r e a c t io n ,  w hich e s t a b l i s h e s  th e  s t r u c tu r e  o f  the com­

pound as -tr ib r o m o tr o p o lo n e , was f i r s t  d e sc r ib e d  by

S antavy (60) who c o n v erted  c o lc h ic in e  to  a l lo c o le h ic h in e  

XLV •

S im ila r ly  d ibrom otropolone was shown to  be the <*o«/ -  

d is u b s t i t u t io n  compound by c o n v ersio n  o f  i t s  m ethyl e th e r  to  

m eth yl 2 :6 -d ib rom ob en zoate . I s o la t io n  o f  4-brom obenzoic  

a c id  by h y d r o ly s is  o f  th e  product from  th e  m eth yl e th e r  o f  

monobromo trop o lo n e  m .p. 188° proved t h is  isom er to  be su b­



21 .

s t i t u t e d  in  th e  y - p o s i t i o n .  S u c c e s s fu l  r e s u l t s  were n o t  

o b ta in ed  by sodium m ethoxide trea tm en t o f  th e  o th er  mono- 

brom otropolone m eth yl e th e r .  A l i t t l e  s a l i c y l i c  a c id  has 

however been o b ta in ed  (61) by a l k a l i  fu s io n  o f  the unm ethyl- 

a ted  compound, and t h i s  in d ic a t e s  i t s  s tr u c tu r e  t o  be 0 6 -  

brom otropolone • The r e s u l t s  o f  th e se  rearrangem ents and 

th e  fu r th e r  b rom in ation s c a r r ie d  o u t ,  are  summarised in  the  

accom panying diagram  XL'VI-

o  oH

*S BvV
Acj>v>Nco

(TK.p. i&-so°

oL-fivsn*«tvo|wTfifn^mv..|a.l02>-lo&0 oW-aiiti
nx.ja.IS'V-is?

KoH I NaoM£
N , J, ffvu

co^H cqMe.

o o H
&*- h V  «3y»

'  V  *

Na.C»M€. tfvo , 
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6V
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T hese brom otropolones were s tr o n g e r  a c id s  than t r o ­

polon e i t s e l f ;  th ey  s ta in e d  th e  sk in  y e l lo w , gave b r ig h t  

y e llo w  s p a r in g ly  s o lu b le  sodium and p otassiu m  s a l t s ,  and even  

showed s l i g h t  r e a c t i v i t y  w ith  s o f t  g la s s  s u r fa c e s .  They were 

a l l  s ta b le  compounds and the bromine atoms were co m p le te ly  

in e r t  to  th e  u su a l r e a g e n ts  ( a l k a l i ,  s i l v e r  n i t r a t e ,  e t c . ) .

The r e s u l t s  o f  th e se  in v e s t ig a t io n s  on tro p o lo n e  and the  

brom otropolones are in  good agreem ent w ith  the f in d in g s  o f  

o th e r  workers ( 3 8 ) , ( 5 7 ) , ( 3 9 ) , ( 5 4 ) , ( 4 0 ) , ( 6 1 ) , ( 6 2 ) .

As th e  o r ie n ta t io n  o f  the brom otropolones had been  

e s t a b l i s h e d ,  i t  was now a ttem p ted  to  in te r p r e t  the brom ination  

o f  su b era n d io n e . The fo l lo w in g  scheme was drawn up:
o o

X L V tl



This scheme acco u n ts fo r  th e  form ation  o f  tro p o lo n e  

( r e a c t io n  w ith  one mole o f  brom ine) ( i )  ->  ( i i )  ( i i i )  ->

( i v ) ,  06-bromo trop o  lo n e  ( i )  ( i i )  -> (v ) -> ( v i )  ( v i i )  

and y -b ro m o tro p o lo n e  ( i )  ( i i )  ( v i i i )  -> ( ix )  (r e a c t io n

w ith  two m oles o f  b rom in e). The form ation  o f  o(.ot/ -d ibrom o-

tro p o lo n e^  which w ould c e r t a in ly  g iv e  (x) (se e  p. Z\ ) ,  or  by  

the s te p s  ( i )  -> ( i i )  -> (v) -> ( x i )  -> ( x ) . The l a t t e r

ro u te  seem s the more r e a so n a b le , a s ,  f o r  the s t e p s  (v) —> ( v i )  

-> ( v i i )  to  occur i n  the p resen ce  o f  e x c e ss  brom ine, would 

r e q u ir e  th a t  th e  f r e e  o l - p o s i t io n  in  (v ) sh ou ld  be much l e s s  

r e a c t iv e  than the two unoccup ied  v i e - p o s i t io n s  in  ( i i ) .  In  

th e  r e a c t io n  w ith  fou r  m oles o f  bromine th ere  are a g a in  two

p o s s ib le  r o u t e s :  (a ) ( i )    ( x i )  -> ( x i i )  -> ( x i i i ) .

The tetrabrom osu beran d ione m .p. 84° i s  a c c o r d in g ly  ( x i ) .

I t  sh ou ld  th e r e fo r e  be p o s s ib le  t o  i s o l a t e  t h i s  compound 

from  th e r e a c t io n  w ith  th r ee  m oles o f  brom ine, and i t  sh ou ld  

decompose to ( x ) • T his r e q u ir e s  exp er im en ta l con firm ation *  

(b ) A l t e r n a t iv e ly ,  ( x i )  undergoes dehydrobrom ination to  ( x iv ) ,  

w hich r e a c t s  in  the a l l y l  p o s i t io n  w ith  th e  e x c e s s  bromine 

p r e s e n t ,  g iv in g  (x v ) ,  and t h i s  decom poses a t  an e le v a te d  

tem perature to  ( x i i i ) .

I t  w i l l  have been  observed  th a t  the product In  each  

c a se  i s  more h ig h ly  brom inated than th e  s to ic h io m e tr ic  

e q u a tio n  w ould le a d  us to  e x p e c t . I t  must be borne in  m ind, 

how ever, th a t  suberandione i s  r a th e r  u n s ta b le  t o  s tr o n g  a c id s



and i t s  a v a i la b le  c o n c e n tr a t io n  i s  probably low ered  by th e  

form ation  o f  ta r r y  b y p ro d u cts .

A ccord in g  t o  Bodroux & Taboury ( 6 3 ) , ( 6 4 ) ,  bromine 

r e a c ts  w ith  cyclohexanon e in  carbon t e tr a c h lo r id e  to  g iv e  a 

tetrabrom o compound, w h ich  a t  125° decomposes to  2 :6 -  

d ib rom op henol. In  a c e t ic  a c id  as s o lv e n t  some 2 : 4 : 6 - t r i -  

bromophenol can be i s o l a t e d  from  t h i s  r e a c t io n . These f in d ­

in g s  bear some resem blance to  our r e s u l t s  w ith  su b eran d ion e. 

The b rom in ation  o f  k e to n es i s  u s u a l ly  assumed to  occu r  by

a d d it io n  t o  th e  e n o l double bond th en  d eh yd rob rom in ation : 
o °H
It I ICH*.— c - f c j  ctf = c  -  —* cHliv— C 1V -^|

ft*. k*.

?\
^  cHBv — c — Ri ^  c a v s c - f t *  qfc ,

R/j, I? cu
The m ost rea so n a b le  form ula f o r  tetrabrom o c y c lo -

hexanone i s  then XLVIII, which i s  analogou s to  ( x i ) .  H a sse l  

& Lunde (65) have r e c e n t ly  c a r r ie d  o u t an e le c tr o n  d i f f r a c t io n  

in v e s t ig a t io n  on t e t r a c h lo r o c y c lo h exan on e, a compound which  

th ey  c la im  to  be c lo s e l y  s im ila r  to  th e  tetrabrom o d e r iv a t iv e .  

T h eir  p r e lim in a ry  r e s u l t s  seem to  in d ic a t e  th a t i t  p o s s e s s e s  

the s tr u c tu r e  XLIX (R = C l) • Even i f  fu r th e r  ev id en ce  i s  

found w hich  con firm s t h i s  form ula f o r  b o th  th e  te tr a c h lo r o  

and th e  tetrabrom o compound, i t  would be rash  to  assume th en  

th a t  tetrabrom osuberandione i s  L. S u b s t itu t io n  o f  hydrogen



by th e  secon d  p a ir  o f  brom ines (assum ing 06 and oi7 to  be the  

f i r s t  p o s i t io n s  a tta c k e d ) to  g iv e  L. and ( x i )  r e s p e c t iv e ly  

would come ab ou t by two d i f f e r e n t  m echanism s, in  the f i r s t  

c a s e ,  by d ir e c t  s u b s t i t u t io n  and in  the secon d , by a d d it io n  

o f  bromine to  an e n o l  double bond. Thus two k eton es o f  the  

type L I, w hich  e x i s t  in  the e n o l form to  v ery  d i f f e r e n t  e x ­

t e n t s ,  m ight g iv e  r i s e  to  d i f f e r e n t  produ cts on fu r th e r  

b ro m in a tio n . The p o s s ib le  e f f e c t  o f  th e  sm a lle r  r in g  s i z e  

in  cyclohexanon e must a ls o  be c o n s id e r e d . I t  may be t h a t  

in  t h i s  c a se  a v i e -dibrom o s tr u c tu r e  i s  favou red  r a th e r  than  

a g e m -s tr u c tu r e , by s t e r i c  f a c t o r s  which do n o t  a r is e  in  th e  

la r g e r  suberan d ion e r in g .  Such an in t e r p r e ta t io n  i s  co n ­

s i s t e n t  w ith  r e c e n t  id e a s  on th e  conform ation  o f  the c y c lo -  

hexane r in g  (8 6 ) .

bromine and su berandione i s  one w hich in v o lv e s  primary f o r ­

m ation o f  tro p o lo n e  then fu r th e r  brom ination  by s u b s t i t u t io n -  

The req u irem en t o f  a l k a l i  to  b r in g  about the s ta g e  ( i i i )

( iv )  i s  e v id e n c e  a g a in s t  su ch  a m echanism , and in d eed  i t  has 

been  proved u n s a t i s f a c t o r y  by b rom ination  experim en ts on 

tr o p o lo n e  i t s e l f .

me I.

An a l t e r n a t iv e  in t e r p r e ta t io n  o f  th e  r e a c t io n  betw een



A d d itio n  o f  bromine to  trop o lon e  in  dry a c e t i c  a c id  

brought about th e  im m ediate p r e c ip i t a t io n  o f  a b r ig h t  s c a r le t  

com plex, w hich a n a ly sed  f o r  ( C7H60 2 ) 2B3V  temP0ratu rea

above 1 10° ,  one mo3.e o f hydrogen bromide was ev o lv ed  and a 

r e s id u e  obtained' c o n s is t in g  o f  a m ixture o f  tr o p o lo n e , 

d  -b rom otrop o lon e , o u ^ .a j^ p o ^ tp o p o lo n e  and (probab ly) 

y -b ro m o tro p o lo n e . S o lu t io n  o f  th e  complex in  h y d r o ly t ic

s o lv e n t s  gave a s im ila r  m ixture o f  p ro d u cts .

These r e s u l t s  have been e x p la in e d  in  the fo l lo w in g  

manner. Bromine r e a c ts  w ith  two m o lecu les  o f  tro p o lo n e  to  

form th e  io n ic  complex (A )(B ). The c a t io n  (A) i s  regard ed  

as b e in g  form ed by th e  d o n a tio n  o f  the ca rb o n y l oxygen lon e  

p a ir  t o  th e  unoccupied 4p o r b i t a l  o f  a bromonium c a t io n .

I t  sh o u ld  be compared w ith  th e  tropoIonium  c a t io n  V III  

p o s tu la te d  to  accou n t fo r  th e  s o l u b i l i t y  o f  t h i s  c la s s  o f  

compound in  s tr o n g  a c id .  (A) may be s t a b i l i s e d  by reson an ce  

L II , b u t n e c e s s a r i ly  to  a l e s s  e x te n t  than in  th e  ca se  o f  

V I I I , b ecau se  o f  the d if f e r e n c e  in  e le c t r o n e g a t iv i t y  betw een  

hydrogen and brom ine. In the a n ion  (B) hydrogen bonding i s  

c o n c e iv e d  to  occu r betw een th e  h y d r o x y lic  hydrogen and th e  

bromide io n , g iv in g  a s tr u c tu r e  an a logou s to  the w e l l - e s t a b l i s h  

ed  h y d r o flu o r id e  io n  (P -  H F ~ ). Thermal treatm en t i s  

assumed to  r e s u l t  in  c o n v ersio n  o f  (B) to  the mesomeric an ion  

(C) w ith  l o s s  o f  hydrogen brom ide. D ecom position  o f  (A) 

r e g e n e r a te s  f r e e  tr o p o lo n e , and bromonium c a t io n  which r e a c ts



27 .

w ith  an ion  (G) a t  th e  n u c le o p h il ic  oi -  and y  - p o s i t i o n s .

In h y d r o x y lic  s o lv e n t s  th e  e a se  o f  form ation  o f  hydroxon- 

ium io n  by in t e r a c t io n  o f  an ion  (B) w ith  a w ater m olecu le  

would be the d r iv in g  fo r c e  f o r  th e  same d eco m p o sitio n  ro u te  

and c o u ld  g iv e  r i s e  to  the same p r o d u cts .

The fo rm a tio n  o f  h ig h ly  c o lo u re d  com plexes w ith  

h a lo g en s has been observed  w ith  a number o f  p o ly c y c l ic  a ro ­

m atic  compounds (6 6 ) .  A n a ly ses o f  some o f  th e se  com plexes 

su g g e s t  a s tr u c tu r e  comparable to  th a t  su g g es ted  in  the ca se  

o f  tr o p o lo n e . The a b i l i t y  o f  many su ch  p o ly c y c l ic  compounds 

a l s o  t o  form  oxonium s a l t s  i s  in d ic a te d  by s o l u b i l i t y  in  

s tr o n g  m in era l a c id s  su ch  a s  su lp h u r ic  a c id ,  th e  r e s u lt a n t  

s o lu t io n s  f r e q u e n t ly  b e in g  c o lo u r e d .

( o



Prom m olecu lar  o r b i t a l  c a lc u la t io n s ,  Dewar (67 ) has 

p r e d ic te d  th a t  e l e c t r o p h i l i c  s u b s t i t u t io n  o f  th e  tro p o lo n e  

m olecu le  sh ou ld  occur a lm ost e x c lu s iv e ly  in  the y - p o s i t i o n .  

A s, in  g e n e r a l , e l e c t r o p h i l i c  s u b s t i t u t io n  i s  b e l ie v e d  to  

occu r through in t e r a c t io n  o f  a m olecu le  w ith  a c a t io n  formed 

by h e t e r o l y t i c  f i s s i o n ,  th e  in t e r p r e ta t io n  g iv en  above I s  

n o t c o n fin e d  to  brom in ation  r e a c t io n s -  Even i f  no com plex  

i s  i s o l a t e d  d u rin g  a s u b s t i t u t io n  r e a c t io n , we can n ot be 

su re  th a t  i t  d id  n o t  have a t r a n s i to r y  e x is t e n c e  and to o k  

p a r t In  th e  r e a c t io n  mechanism. Most s u b s t i t u t io n  r e a c t io n s  

o f  tro p o lo n e  cou ld  thus be r e a c t io n  between a c a t io n  X+ and 

an an ion  (G ), and from them we cou ld  make no tr u e  assessm en t  

o f  th e  p r e d ic t io n s  o f  Dewar.

The brom ination  o f  cu p r ic  tro p o lo n e  in  n o n -h y d ro x y lie  

s o lv e n t s  sh o u ld  fo l lo w  th e  e q u a tio n :

(C7H5 ° 2 )GU +  2Br2 ^  CUB12 + 2C7H5 °2 Br

The s tr u c tu r e  o f  th e  m o lecu le  m ight be ex p ected  to  p reclu d e  

com plex fo rm a tio n  o f  th e  typ e  (A)(C) and we cou ld  e n v isa g e  

r e a c t io n  in  th e  fo l lo w in g  s t e p s :  ( 1 ) h e t e r o ly t ic  f i s s i o n

o f  th e  bromine m o lecu le  and a t ta c k  on the r in g  by bromonium 

c a t io n  Br+ , le a d in g  to  (2 ) fo rm a tio n  o f  a hydrogen ion  H 

which com bines w ith  Br~. (3 ) Hydrogen brom ide r e a c ts  w ith  

th e  c u p r ic  co p p e r , cu p r ic  bromide should  then  p r e c ip i t a t e  

le a v in g  the brom inated tro p o lo n e  in  s o lu t io n .  The a c tu a l



s u b s t i t u t io n  sh ou ld  thus fo l lo w  th e  normal cou rse  assumed by  

Dewar. However, we are n o t n e c e s s a r i ly  d e a lin g  w ith  th e  

same r in g  a s  in  th e  tro p o lo n e  m o le c u le ; as copper forms 

p o s i t i v e  ion s w ith  th e  l o s s  o f  e le c t r o n s ,  th e  copper atom  

m ight be ex p ec ted  to a c t iv a t e  th e  two r in g s  by th e  in d u c tiv e  

and m esom eric e f f e c t s  L I I I . The m esomeric e f f e c t  would en ­

hance th e  i n t r i n s i c  r e a c t i v i t y  o f th e  r in g  carbon atoms but 

would n ot e f f e c t  t h e i r  r e l a t iv e  r e a c t i v i t y  a s compared w ith  

th e  carbon atoms in  f r e e  tr o p o lo n e . The mesomeric e f f e c t  

on the o th e r  hand f a l l s  o f f  w ith  d is ta n c e  and sh ou ld  p re­

f e r e n t i a l l y  enhance th e  r e a c t i v i t y  o f  th e  06 - p o s i t i o n s .

(See a ls o  p . l±(o ) .

A d d itio n  o f  two m oles o f  brom ine to  cu p r ic  tro p o lo n e

in  ch loro form  produced a l i g h t  b la c k  p r e c ip i t a t e  (probably  

anhydrous c u p r ic  bromide ( 6 9 ) ) ,  w h ich  on a d d it io n  o f  w ater  

gave a b lu e  aqueous la y e r .  T h is in  tu rn  r a p id ly  r e a c te d  

w ith  th e  brom otropolones formed by r in g  s u b s t i t u t io n :

^  fa -+■
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The brom otropolone m a te r ia l ,  l ib e r a te d  by hydrogen s u lp h id e ,  

proved to  be a m ixture o f  th e  y  -  and oi  - iso m ers in  the very  

approxim ate r a t io  o f  2 :1 .  T his experim ent does then  g iv e  

some su pp ort to  Dewar»s c o n te n t io n  th a t  th e  y - p o s i t io n  

sh ou ld  be th e  m ost r e a c t iv e ,  i f  th e  p o s s ib le  m o d if ic a t io n  

caused  by th e  p resen ce  o f  th e  copper atom i s  borne in  mind.

In th e  hope o f  o b ta in in g  th e  pure y  -monobromo 

d e r iv a t iv e  in  la r g e r  q u a n t ity  and r e l a t i v e l y  uncontam inated  

by p o s i t io n  iso m e r s , th e  brom ination  o f  tro p o lo n e  m ethyl 

e th e r  hem ihydrate was now exam ined, but in  t h i s  c a se  a l s o  a 

com plex was o b ta in e d . The y e llo w  o i l  which im m ed iate ly  

se p a r a te d  underwent therm al dehydrobrom ination to  a m ixture  

o f  f r e e  brom otropolones and (probab ly) m ethyl e th e r s  in  

w hich th e  p r e sen ce  o f  th e  U -  and y  - iso m ers was e s ta b l is h e d .  

B rom ination o f  anhydrous tro p o lo n e  m ethyl e th e r  gave a d i f f e r ­

e n t com plex, a s c a r l e t  o i l ,  b u t no homogeneous product cou ld  

be i s o l a t e d  on therm al dehydrobrom ination . Replacem ent o f  

th e  tro p o lo n e  h yd roxy l by m ethoxyl does n ot p reven t th e  

p o s s ib le  fo rm a tio n  o f  a c a t io n  LIV corresp on d in g  to  (A ); 

how ever, a m eth y l e th e r  an ion  s im ila r  to  (B) would seem h ig h ­

l y  im probable as t h i s  would r eq u ire  a hydrogen bond from a 

m ethyl hydrogen . In any c a se  a s  no a n a ly se s  were p o s s ib le  

w ith  th e se  u n sta b le  o i l s ,  i t  would be ra sh  to  propose  

s tr u c tu r e s  f o r  them . In the ca se  o f  the hem ihydrate a t  l e a s t ,  

the a c tu a l  s u b s t i t u t io n  i s  accom panied by p a r t ia l  or com plete



h y d r o ly s is  o f  the m ethoxyl group , w hich i s  a fu r th e r  co m p li­

c a t in g  f a c t o r .

A b la c k , c r y s t a l l in e  com p lex , (C^HgOg^Ig, a p p a ren tly  

an alogou s t o  (A )(B ) was r e a d i ly  prepared by trea tm en t o f  

aqueous tro p o lo n e  w ith  io d in e /p o ta ss iu m  io d id e  s o lu t io n .

As th e  r e a c t io n  c o n d it io n s  im p ly , i t  was s ta b le  to  walber 

and h y d r o x y lic  s o lv e n t s .  However, i t  d i s s o c ia t e d  in to  i t s  

components r e a d i ly  on su b lim a tio n  and s lo w ly  even under 

atm osp h eric  c o n d it io n s .  F u rth er  experim ents proved t r o ­

polon e very  r e s i s t a n t  to  io d in a t io n  by s u b s t i t u t io n .  With 

e x c e ss  io d in e  in  a lk a l in e  s o lu t io n  ( i . e . ,  h y p o io d ite )  d e -  

g r a d a tiv e  r e a c t io n  took  p la c e , and 2 : 4 26- tr i io d o p h e n o l  was 

f i n a l l y  i s o l a t e d  ( c f .  ( 5 4 ) ) .  R eferen ce to  page 7 w i l l  

in d ic a te  th a t  th is  r a th e r  c u r io u s  r e a c t io n  i s  known to  occur  

w ith  a t  l e a s t  one o th e r  tro p o lo n e  d e r iv a t iv e ,  nam ely c o l -  

c h ic e in e ,  w h ich  i s  con v erted  to  N -a c e ty l- io d o c o lc h in o l  LV 

by c o ld  i o d i n e / a lk a l i  ( 7 0 ) , ( 1 1 ) .

i s o l a t e d .  I t s  y i e l d  v a r ie d  w ith  th e  exp erim en ta l c o n d it io n s ,  

and i t  was p o s s ib ly  formed by a s id e  r e a c t io n ,  perhaps some 

such  mechanism as LVI:

.

From t h i s  r e a c t io n  w ith  tr o p o lo n e , iodoform  was a l s o



A ccord in g  to  B irk inshaw  e t  a l .  (13) s t i p i t a t i c  a c id  

a l s o  was foun d  t o  g iv e  an iodoform  r e a c t io n ,  and r e c e n t ly  

Booth & Saunders have r ep o rted  o th e r  compounds which do n ot 

c o n ta in  th e  a c e t y l  group y e t  g iv e  t h is  d ia g n o s t ic  r e a c t io n  

(7 1 ) .  In  th e se  c a ses  prim ary o x id a t io n  to  an a c e t y l  or  

a c e t o a c e t ic  a c id  in te r m e d ia te , a s  in  L V III, can be v i s u a l i s e d .

Cook & S o m e r v ille  supplem ented th e ir  s y n th e s is  o f  

oL|3-benzotropolone LVII ( 5 1 ) , ( p . / £ )  w ith  in v e s t ig a t io n s  on 

th e  p r o p e r t ie s  and r e a c t io n s  o f  t h i s  compound. I t s  s tr u c tu r e  

was proved by h yd rogen ation  to  the d i o l  L V III, fo llo w e d  by 

o x id a t io n  w ith  hypobrom ite to  th e  known y -2 -c a r b o x y p h e n y l-  

b u ty r ic  a c id  LIX. A lk a l i  fu s io n  brought about rea rra n g e­

ment to  cL -n a p h th o ic  a c id  LX. 0̂ 3 -B en zotrop olon e was a 

t y p ic a l  tro p o lo n e  and gave a red  f e r r i c  c h lo r id e  c o lo u r , a 

y e llo w  sodium  s a l t ,  a green  c r y s t a l l in e  copper com plex, and 

cou p led  w ith  d ia z o t iz e d  a r y la m in e s . No carb on y l r e a c t iv i t y  

cou ld  be d e t e c t e d .  A p ro d u ct, m .p. 1 4 2 -1 4 4 ° , p o s s ib ly  a 

m onobrom obenzotropolone, was o b ta in ed  by r e a c t io n  w ith  one 

mole o f  bromine LXI. By c a t a l y t i c  h yd rogenation  i t  was 

p a r t i a l l y  c o n v e r ted  back to  LVII. Some o f  t h i s  same bromo 

compound, to g e th e r  w ith  a brom o-ketone and som etim es a l i t t l e



LV II, co u ld  a l s o  be o b ta in ed  by trea tm en t o f  suberandione  

w ith  one mole o f  b rom ine.

OH

LVIH

oH
.HO

sa.

off

I t  was f e l t  th a t  t h i s  work m ight p r o f i ta b ly  be e x ­

ten d ed , and the s u c c e s s f u l  r e s u l t s  ob ta in ed  from th e brom­

in a t io n  o f  suberandione encouraged us to  examine fu r th e r  

t h i s  r e a c t io n  w ith  th e  h ig h e r  b en zo lo g u e . A r e p e t i t io n  o f  

S o m e r v i l le fs work (59) on th e  brom ination  o f  b en zsu beran d ion e  

w ith  one mole o f  bromine gave no s o l i d  m a te r ia l and the sk in  

i r r i t a n t  p r o p e r t ie s  o f  th e  r e a c t io n  m ixture d isco u ra g ed  a 

r ig o r o u s  ex a m in a tio n . With two m oles o f  brom ine, slow  

e v o lu t io n  o f  hydrogen brom ide occu rred  even  in  th e  c o ld , and



a la r g e  mass o f  y e llo w  prism s g r a d u a lly  d e p o s ite d . This 

product m elted  a t  143° and appeared to  be id e n t ic a l  w ith  

LXI. I t s  a n a ly s is  and ch em ica l p r o p e r t ie s  proved i t  to  be 

a m onobrom obenzotropolone. T r ia l  exp erim en ts showed th e  

b e s t  c o n d it io n s  fo r  the h y d ro g e n o ly s is  s te p  LXI -> LVII to  

be in  e th a n o l s o lu t io n  w ith  e x c e s s  tr ie th y la m in e  in  th e  

p resen ce  o f  p a l la d is e d  c h a r c o a l. By t h i s  method oLfi -b en zo -  

tro p o lo n e  was o b ta in ed  in  an o v e r a l l  y i e l d  2 6 .8 ^  from b en z -  

su b eron e. Thus, t h i s  ro u te  d ou b les th e  y i e l d  p r e v io u s ly  

o b ta in ed  from  benzsuberone ( 1 2 *8^) and a l s o  a v o id s  the te d io u s  

c a t a l y t i c  dehyd rogen ation  in  tr ic h lo r o b e n z e n e  (LXII L V II).

o£j3-Benzotropolone m elted  8 5 -8 6 ° , and showed th e  tro p o lo n e  

r e a c t io n s  as p r e v io u s ly  d e s c r ib e d . I t  gave an orange,

c r y s t a l l in e  p ic r a te  (c 1l H802^2C6H3 ° 7 N3 * and a 3 ;5“d in i t r o “ 

b e n z o a te . I t s  a c e t a t e  was an o i l ,  w hich h y d ro ly sed  r a p id ly  

w ith  a c id  or a l k a l i .  No s o l id  h y d ro ch lo r id e  was o b ta in ed  

w ith  dry  e th er /h y d ro g en  c h lo r id e :  e v a p o ra tio n  o f  the y e llo w

s o lu t io n  l e f t  an orange o i l  from which b en zotrop olone was r e ­

covered  by a p p lic a t io n  o f  vacuum- Y ellow  s o lu t io n s  were a ls o  

o b ta in ed  in  c o n c en tr a ted  m in era l a c id ,  the f r e e  benzotrop olon e  

b e in g  r e c o v er ed  on d ilu t io n *  These l a t t e r  r e a c t io n s ,  and 

even  th e  a c id - p r e c ip i t a t io n  o f  the compound from i t s  a l k a l i  

s a l t s ,  were g e n e r a l ly  accom panied by some s l i g h t  ta r  form a­

t io n .  Thus, in  g e n e r a l ,  b en zotrop o lon e  appeared to  be ra th er  

l e s s  s ta b le  to  a c id s  and p o s s ib ly  a ls o  to  a l k a l i ,  than t r o -



polon e i t s e l f *  I t  d id  n o t r e a c t  w ith  e th e r e a l  diazomethan e , 

bu t a l i q i i d  m eth yl e th e r  was o b ta in ed  by treatm en t w ith  

m ethyl p - to lu e n e  s u lp h o n a te /a lk a l i .

T a r b e ll  e t  a l -  (43 ) have o b ta in ed  a 2 :4 -d in itr o p h e n y l-  

hydrazone from  /3y '-b en zotrop o lon ep h en y l e th e r  XXV. This 

i s  th e  on ly  c a s e  so  f a r  r ep o rted  o f  tru e  carb on y l r e a c t i v i t y  

shown by a tro p o lo n e  d e r iv a t iv e .  The Japanese workers 

c la im  (81) th a t  d in i t r o h in o k i t io l  r e a c ts  w ith  sem icarb azid e  

to  form a h e te r o c y c l ic  compound LXIV v ia  a r a th er  u n s ta b le  

in te r m e d ia te  LXV. W ith urea th ey  o b ta in  a product LXVI 

s im ila r  to  LXV and r e a c t io n  a ls o  occu rs w ith  o -p h en y len e-  

diam ine g iv in g  LXVII* As the f i r s t  s t e p  in  th e se  r e a c t io n s  

i s  r e a l ly  amide fo rm a tio n , fo llo w e d  in  the case  o f  LXIV and 

LXVII by r in g -c lo s u r e  to  a six-m em bered r in g , th e se  cannot 

be c la s s e d  a s  s tr a ig h tfo r w a r d  r e a c t io n s  w ith  a carb on y l 

bond. o - B e n z o tr o p o lo n e  m ethyl e th e r  has been found to  

r e a c t  s lo w ly  w ith  h o t 2 :4 -d in itro p h en y lh y d ra z in e |su lp h a te  

in  a lc o h o l  to  g iv e  a deep  red  m ic r o -c r y s ta l l in e  product 

m .p. 2 4 2 -3 ° . T h is m ight be th e  orthodox 2 :4 -d in itr o p h e n y l-  

hydrazone LXVIII, th e  hydrazo compound LXIX formed by r e ­

p lacem ent o f  th e  m eth oxyl ( c f .  LXIV and LXV), or  th e  azo  

compound LXX, th e  o x id a t io n  product o f  LXIX.



3 6 .

OC —  NH 
\ c— jv/H KH;

\
N — H

LXVIM

NH

LXXI

T h is compound has been a n a ly se d , but th e  p ercen tage  

c o m p o sitio n s  o f  LXVIII LXX are  r a th e r  s im i la r ,  so  th a t  

i t  i s  n o t p o s s ib le  to  make a c le a r  d e c is io n  on i t s  s tr u c tu r e  

from  t h i s  ev id en ce  a lo n e . However, an exam in ation  o f  i t s  

v i s i b l e  a b so rp tio n  spectrum  and a m ethoxyl d e term in a tio n  

sh ou ld  s o lv e  t h i s  problem .

S o m e r v ille  o x id is e d  b en zsu b era n d io l w ith  p e r io d a te  

and su cceed ed  in  p rep a r in g  a sera icarb azide from th e  r e a c t io n  

m ix tu r e , w hich  a n a ly sed  ap p roxim ately  f o r  the d isem ica rb a z id e  

o f  L X III. T a r b e ll  e t  a l .  o b ta in ed  a compound by a s im ila r  

o x id a t io n  o f  t h e ir  iso m er ic  d i o l  LXXI, fo llo w e d  by 2 :4 -



d in itr o p h en y lh y d r a z in e  r ea g e n t tre a tm en t, to  w hich th ey  have  

a ss ig n e d  the s tr u c tu r e  LXXII, on the b a s is  o f  a n itr o g e n  

d eterm in ation *  The r in g  c lo su r e  o f  a d ia ld eh y d e  to  a c y c l i c  

u n sa tu ra ted  m ono-aldehyde, w hich t h i s  fo rm u la tio n  im p lie s ,  i s  

known to  occu r w ith  b u tan e- 1 :4 -d ia ld eh y d e  ( 8 7 ) ,  th e  medium, 

how ever, b e in g  a lk a l in e .  As r e p e t i t io n  o f  th e  h yd rogen ation  

s t e p s  LXII LVIII and LVII LVIII has n o t so  fa r  g iv en  a 

c le a r c u t  r e d u c t io n  to  th e  m ixture o f  s o l id  c i s -  and t r a n s -  

d i o l s  o b ta in ed  by S o m e r v il le , no fu r th e r  ev id en ce  has been  

o b ta in ed  on the s tr u c tu r e  o f the p e r io d a te  o x id a t io n  p ro d u ct.

oift- B enzotropolone underwent b rom in ation  v ia  th e  mono- 

bromo compound LXI to  a d ib rom ob en zotrop olon e. The p o s i ­

t io n s  o f  th e  bromine atoms in  th e s e  two compounds are  n o t  as  

y e t  known, but th ey  are probably th e  oif -  and o f y  - s u b s t i ­

tu te d  d e r iv a t iv e s .  W ith hydrogen p ero x id e  in  a l k a l i  slow  

o x id a t io n  occu rred  g iv in g  o-carboxycinnam ic a c id ,  the r e ­

a c t io n  corresp on d in g  e x a c t ly  to  the co n v e rs io n  o f  tro p o lo n e  

to  c i s - c i s -m uconic a c id .

As f a r  as can be ga th ered  from  th e b r ie f  d e s c r ip t io n  

o f  i t s  p r o p e r t ie s  ( 4 3 ) ,  -b en zo tro p o lo n e  appears to  be

n o t d i s s im i la r  to  our iso m e r . In th e  fo l lo w in g  t a b le ,  

tro p o lo n e  and ô 3 -b en zo tro p o lo n e  are compared.



HUP*

pH (30^ E th a n o l)

S t a b i l i t y  t o  a l k a l i  
f u s io n

B ehaviour w ith  
s tr o n g  m in era l a c id s

Treatm ent w ith  
e t h e r /  hydrogen  
h a l id e

R e a c t iv i t y  w ith  
e t h e r e a l  d ia z o -  
methane

Copper s a l t  

A ry la zo  compounds

T ropolone

49-50®

7 .3

R earranges 
2 3 0 -5 °  (5 4 )

DiSSOlVeS tcafcWJ&&6.
s o lu t io n

/C«€tTwrftAA frfod/

B r isk

H igh ly  s t a b le

R easonably
s t a b le

13-B en zotrop olon e  

8 5 -8 5 °

9 .5

R earranges 
1 8 0 -5 °  (59)

D i s s o lv e s :
s o lu t io n

(U piM our (Sot/

S lo w ly  decom poses 
above 8 0 ° .

Decompose r e a d i ly  
above 60 .

Nozoe e t  a l*  (92) h a w  r e c e n t ly  r e p e a te d  th e  s y n th e s is  

o f  oijQ -b e n z o tro p o lo n e  u s in g  Cook 5c S o m e r v il le ’s  method*

They o b ta in ed  a monobromo compound, but s u r p r is in g ly  no dibromo 

d e r iv a t iv e ,  ev en  w ith  e x c e ss  bromine* Prom b en zo trop o lon e  

tbqy c la im  t o  have i s o l a t e d  a m eth y l e th e r  m.p* 8 2 .5 -8 5 * 5 °  by  

e th e r e a l  d lazom ethane trea tm en t (m e ltin g  p o in t  d e p r e ss io n  

w ith  s t a r t i n g  m a te r ia l ,  no f e r r i c  c h lo r id e  c o lo u r )*  By th e  

same m ethod, we o b ta in e d  a  prod u ct m .p . 7 8 -8 0 ° , b u t th e  n ega ­

t i v e  r e s u l t s  o f  a  m ethoxyl do te r m in a tio n , and su b seq u en t m ixed  

m e lt in g  p o in t  d e ter m in a tio n s  w ith  b en zo tro p o lo n e  i t s e l f ,  proved  

th a t  no m e th y la tio n  had o ccu rred  in  t h i s  c a s e .



These in v e s t ig a t io n s  have now g iv en  a f u l l e r  p ic tu r e  

o f  tr o p o lo n e  c h e m istr y , and to g e th e r  w ith  r e c e n t  work pub­

l i s h e d  in  th e  l i t e r a t u r e  make f e a s i b l e  some in te r p r e ta t io n  

o f  th e  p r o p e r t ie s  shown by t h i s  in t e r e s t in g  group o f  com­

pounds .

The s t a b i l i t y  o f  t r o p o lo n e * Q uite soon a f t e r  Dewar 

f i r s t  su g g e s te d  the tro p o lo n e  s t r u c t u r e , h i s  fu r th e r  c a l ­

c u la t io n s  proved reson an ce  o f  th e  type LXXIIIa <-> LXKIIIb 

to  be im probable (1 0 ) ,  and su bseq uent in fr a r e d  measurements 

(84 ) g iv e  a p ic tu r e  o f  the tro p o lo n e  m o lecu le  in  which th e  

hydrogen atom o s c i l l a t e s  r a p id ly  betw een th e  oxy g en s, but 

w ith  io n is e d  s tr u c tu r e s  such  as LXXIVa and LXXIVb, making 

im portant c o n t r ib u t io n s . We can a ls o  draw o th e r  f e a s i b l e  

s tr u c tu r e s  w ith  the p o s i t i v e  charge on th e  r in g  LXXV



4 0 .

Two independent sy n th e se s  o f  c y c lo h e p ta tr ie n o n e  or

tropone LXXVI ( 7 2 ) , ( 7 3 )  have now been p u b lish e d . These 

seem to  in d ic a te  th a t  many o f the p r o p e r t ie s  c h a r a c t e r i s t i c  

o f  tr o p o lo n e s  are r e a l ly  i n t r i n s i c  to  the s im p le  h y d ro x y l-  

f r e e  r in g .  Thus tropone form s a c r y s t a l l in e  h y d r o c h lo r id e , 

p ir c y lsu lp h o n a te  and p i c r a t e , shows no carb on y l r e a c t i v i t y ,  

form s b r o m o -su b s titu tio n  prod u cts v ia  u n sta b le  a d d it io n  

compounds, and co u p le s  w ith  d ia z o t iz e d  a r y la m in e s . The y y  -  

b e n z o c y c lo h e p ta tr ie n o n e s  ( ttb en zo cy c lo h ep ta d ien o n es!l) (LXXVII,

R « H, -Me, E t , -CC^H, -Ph) have been known s in c e  1909 ( 7 4 ) ,  

( 7 5 ) ,  and th e se  compounds a ls o  show no carb on yl r e a c t i v i t y .  

L i t t l e  i s  known co n cern in g  t h e ir  o th er  p r o p e r t ie s ,  ex cep t  

th a t  th e  p aren t compound (R = H) form s a dibrom ide (m .p.

20 4 °) by a d d it io n  in  carbon d is u lp h id e  s o lu t io n .  This was 

rep o r ted  to  g iv e  a p o tassiu m  bromide p r e c ip i t a t e  w ith  a l ­

c o h o l ic  p o ta sh  b u t no d e t a i l s  o f  the produ ct were g iv e n .  

A nother compound (m .p. 1 2 4 ° , n o t examined fu r th e r )  was a ls o  

o b ta in ed  from  th e brom ination  (7 5 ) .  D ib en zcy c lo h ep ta tr ien o n e

(82) on th e  o th er  hand , does show some carb on y l r e a c t i v i t y .

o o o

LxgSO. LXXVIIl . LX X IX  .
LXXV|



The s t a b i l i t y  o f  tro p o lo n e  in  d i f f e r e n t  media can be

a sc r ib e d  to  d i f f e r e n t  fa c to r s *  In n e u tr a l  m edia i t  i s  

la r g e ly  the i n t r i n s i c  s t a b i l i t y  o f  the tropone r in g ,  w hich  

has arom atic p r o p e r t ie s  probably b ecause th e  Ti- - e le c t r o n s  

o f  the r in g  carbon atoms and the carb on y l bond form  a c lo s e d  

co n ju g a ted  system  LXXVIII. E x c ite d  s tr u c tu r e s  LXXIX can  

a ls o  be drawn, corresp on d in g  to  LXXV- The s t a b i l i t y  in  

a c id  media (e* g * , oxonium s a l t  fo rm a tio n ) i s  a l s o  a p ro ­

p e r ty  o f  the fundam ental tropone n u c leu s  LXXX, a lth ou gh  th e  

trop o lon iu m  io n  probably a c q u ir es  a d d it io n a l  s t a b i l i t y  by 

r e s o n a t in g  betw een th e  two s tr u c tu r e s  V i l la - b .  I t  i s  o n ly  

in  a lk a l in e  stg&fe* m edia th a t  th e  hyd roxyl fu n c t io n  o f  t r o ­

p o lo n e , w hich p erm its th e  fo rm a tio n  o f  th e  tr o p o lo n a te  io n  

V II , has s p e c ia l  s ig n i f ic a n c e -

a d i s t i n c t l y  weaker a c id .th a n  tro p o lo n e  i t s e l f *  An exam ina­

t io n  o f  the f o l lo w in g  ta b le  o f  pK v a lu e s  would seem to  

su g g e s t  th a t  th e  la r g e r  s i z e  o f  the a r y l  n u c leu s sh ou ld  have 

l i t t l e  e f f e c t  on the a c id i t y :

Lxxk Wi

The a c id i t y  o f  tro p o lo n es*  oiy3 -B en zotrop o lon e  i s



Su bstance S o lv e n t Temperature PK Refers

A c e t ic  a c id w ater

oGOH

4 .8 (76)

tro p o lo n e w ater 20° 7 .0 (44)

30$  e th a n o l to o o 7 .3

&P -b en zo tro p o lo n e 30$ e th a n o l

o001 9 .6

phenol w ater
o001 1 0 .0 (77)

06-n a p h th o l w ater to o o 9 .8 (79)

50$ e th a n o l 25° 1 1 .0 (78)

y 3  -n a p h th o l * w ater to o o 9 .9 (79)

50$ e th a n o l 25° 1 1 .0 (78 )

oL -a n th r o l w ater to o o 9 .9 (79)

P> -a n th r o l w ater 20° 9 .9 (79)

A com parison betw een th e  s tr u c tu r e s  o f  tro p o lo n e  and 

th e  oLJB -b en zo logu e  r e v e a ls  a s i g n i f i c a n t  d i f f e r e n c e .  We 

can draw tau tom eric  form s o f  b en zo tro p o lo n e  corresp on d in g

to  LX X III,a b LXXIV,a b . However, the benzene

Cs

7
+ 0"H,o -

LXKXIIflc LXKXIt A



r in g  in  form ulae LXXXIIa and LXXXIb has an o -q u in o id  s tr u c tu r e  

in  which i t  cannot r e so n a te  betw een two k ek u le  form s. These  

form ulae sh ou ld  th e r e fo r e  make a sm a lle r  c o n tr ib u tio n  to th e  

s tr u c tu r e  o f the m o le c u le . (In  th e  extrem e c a s e , where the  

a c id  hydrogen i s  r e p la c e d  by an a lk y l  group, th e  m o lecu le  

can e x i s t  in  on ly  one u n e x c ite d  form , a s  in  th e  isom er c o r ­

resp on d in g  t o  LXXXIi> the o -q u in o id  s tr u c tu r e  would be 

uf i x e d H.)  This e f f e c t  may in  some way be r e sp o n s ib le  f o r

th e  low er a c id i t y  o f b e n z o tro p o lo n e .

A ccord ing to  A ulin-Erdtm an ( 8 5 ) ,  th e  th ree  pK v a lu e s  

o f  s t l p l t a t i c  a c id  a re  3 .5  or lo w er , 5 .8  and 9 . 7 .  An 

exam in ation  o f  th e  u l t r a v i o l e t  a b so rp tio n  a t  th e  th ree  d i f f e r ­

e n t  e q u iv a le n c e  p o in ts  has r e v e a le d  th a t  the t y p ic a l  spectrum  

o f  th e  tr o p o lo n a te  io n  ( c f . p .  u-H ) i s  shown o n ly  by th e  most 

a lk a l in e  s o lu t io n  ( i . e . ,  on n e u t r a l i s a t io n  o f  the th ir d  

a c id ic  hydrogen) . This le a d s  to  the c o n c lu s io n  th a t  th e  

order o f  a c id i t y  i s  c a rb o x y l >  r in g  hyd roxyl >  tro p o lo n e  

h y d ro x y l. T his r e s u l t  i s  r a th er  u n exp ected  as i t  has been  

custom ary to  c o n s id e r  the a c id i t y  o f  tr o p o lo n e s  to be due 

e s p e c ia l ly  to  th e  unique p r o p e r t ie s  o f  th e  o lon e sy stem , ra th er  

than to  the arom atic  n a tu re  o f  th e  r in g .  T h is , o f  c o u r se ,  

in f e r s  th a t  h yd roxy l groups in  P> -  or  - p o s i t io n s  sh o u ld  be 

l e s s  a c id ic  than the tro p o lo n e  h y d ro x y l.

A ccep tin g  th is  e v id e n c e  from  l i g h t  a b s o r p t io n , th e  

spectrum  a t  th e  f i r s t  e q u iv a len ce  p o in t  i s  th a t  o f  LXXXIII,



and the seco n d , o f  LXXXIB As th e se  two cu rves are s im ila r  

in  ty p e , resonance LXXXIVa b cannot o ccu r . I t  i s  su r ­

p r is in g  th a t  LXXXIV sh ou ld  be more s t a b le  than th e r e s o n a t ­

in g  an ion  LXXXV-

A s im ila r  exam in ation  o f  th e  sp e c tr a  and pK v a lu e s  

w ith  p u b e ru lic  a c id  (85) has shown th a t  here  a ls o  the tr o p o -  

lo n a te  spectrum  i s  n o t d ev e lo p ed  -u n til th e  f i n a l  a c id ic  

hydrogen i s  n e u t r a l is e d .  T h is c a se  i s  fu r th e r  com p lica ted  

by th e  p o s s i b i l i t y  o f  fo u r  tau tom erid es LXXXVI, so  th a t  the  

p o s i t io n  o f  th e  -o lo n e  system  cannot be f ix e d  w ith  c e r ta in t y .

These d is c o v e r ie s  le a d  to  a c o n s id e r a t io n  o f th e  

th r e e  p o s s ib le  i s o - t r o p o lo n e s  LXXXVII. These s tr u c tu r e s  

p r e se n t  as many in t r ig u in g  p o s s i b i l i t i e s  a s tro p o lo n e  

i t s e l f ,  f o r  tautom erism , which c o u ld  n o t occur in  th e  s o l id  

s t a t e ,  becomes p o s s ib le  on s o lu t io n  in  an io n is in g  s o lv e n t ,  

e . g . ,  LXXXVIII, and we can draw r e so n a t in g  an ion s and 

c a t io n s ,  e . g . ,  IXC, corresp on d in g  to  V II and V III (but c . f . , 

LXXXIVa, b ) .

L x K X l V t f .LX X X IV  ou
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C h ela ted  com plexes o f  tr o p o lo n e s . An X-ray c r y s t a l -  

lo g r a p h ic  exam in ation  o f  c u p r ic  tro p o lo n e  (68) shows I t  to  

have th e  s tr u c tu r e  XCa. Bond le n g th s  a and b are d i f f e r e n t  

as a l s o  are  bond le n g th s  c and d . T his would su g g e s t  th a t



4 6 .

reson an ce  betw een XCa and XCb cou ld  not o c c u r , a s the change 

from one form to  the o th e r  in v o lv e s  d isp la cem en t o f  th e  

oxygen atom s. Tautomerism betw een th e se  two forms i s ,  

how ever, p o s s ib l e ,  and we can a ls o  p o s tu la te  reson an ce  

s tr u c tu r e s  such as XIC ( c f . ,  LXXIVa, b) which would enhance 

th e  s t a b i l i t y  o f the m o le c u le . E x is te n c e  o f  tau tom erid es  

X lIC a, b seems u n l ik e ly  as p lan ar  com plexes o f  q u a d r ico v a len t  

copper and such compounds as Cu-Clg^H gO , X IIIC , occur in  

th e  tra n s  co n f ig u r a t io n (9 9 ') .

xc, XC

up
*Cl — Cu,— Cl 
Ha°

XI VC Go Xvc

V' /



In  th e  c a se  o f  an u n sym m etrica lly  s u b s t itu te d  t r o ­

p o lo n e , th e re  i s  the p o s s i b i l i t y  o f  two c i s - s u b s t i t u t e d  

ta u tom erid es XIVC a ,b  (e q u iv a le n t)  and two t r a n s - s u b s t i t u t e d  

XVC a ,b  (n o n -e q u iv a le n t ) . However in  the l a t t e r  c a s e ,  th e  

in f lu e n c e  o f  R and a l s o  in te r m o le c u la r  f o r c e s ,  m ight le a d  to  

th e  d e te c t io n  o f  o n ly  one tr a n s  tautom eride in  the c r y s t a l l in e  

s t a t e .  With qLJ3> -b en zo tro p o lo n e  we sh ou ld  e x p e c t o n ly  a 

tra n s  iso m er , a s th e  c i s  m o lecu le  in v o lv e s  e i t h e r  c i s  

double bonds ( c f . ,  XIIC a , b )  or occu rren ce o f  one benzo­

tro p o lo n e  group in  th e  11 im probab le11 s tr u c tu r e  LXXXI b . In  

tr o p o lo n e s  wL th  a la r g e  ô .—group s t e r i c  f a c t o r s  m ight p er ­

m it th e  e x is t e n c e  o f  on ly  a tra n s  isom er.

A ccord in g  to  Nozoe ( 8 0 ) , ( 8 1 )  h i n o k i t io l  XVII "formed 

n e u tr a l in n er  com plex s a l t s  o f  f o r m u l a or  

f c / o H , i ^ ° ^ ^  M"01' w ith  t r iv a le n t  m eta ls  su ch  as P e , Cr andO *2-
Co, a s  w e l l  as w ith  d iv a le n t  m eta ls  su ch  a s Cu, N i, Mn, Cd,

Zn and Mg. The m a jo r ity  o f  th e se  com plex s a l t s  g iv e  sharp  

m e ltin g  p o in t s ,  are  s o lu b le  in  o rg a n ic  s o lv e n t s  and in s o lu b le  

in  w a ter . D iv a le n t  m eta l s a l t s  fu r th e r  combine w ith  p y r i ­

d in e ,  q u in o lin e  and a n i l in e  and g iv e  c r y s t a l l in e  compounds 

o f  form u la  (  •

Rearrangem ent o f tr o p o lo n e s  to  benzene d e r iv a t i v e s .

The a lrea d y  m entioned c o n v e r s io n  o f  tr o p o lo n e s  by h y p o io d ite  

to  io d o p h en o ls  has been  in te r p r e te d  as a b e n z i l i c  a c id  r e ­



arrangem ent fo llo w e d  by o x id a t io n  and h a lo g e n a tio n  (11 ) (but 

c f . ,  ( 5 4 ) ) .  B e n z il ic  a c id  rearran gem ent, which i s  a g e n e r a l  

r e a c t io n  o f  o C -d ik eton es and the r e la t e d  d io s p h e n o ls , a ls o  

e x p la in s  the c o n v e r s io n  to  b en zo ic  a c id  d e r iv a t iv e s  by s tr o n g  

a l k a l i  (8 )

p r e te d  by a t ta c k  on th e  d ik eto n e  form o f  th e  m o le c u le . The 

m ild  o x id a t io n  o f  th e  mould tr o p o lo n e s  i s  a l s o  more e a s i l y  

r e p r e se n te d  by a tta c k  on such a s t r u c t u r e ,  e . g . ,

A s l i g h t l y  m o d ified  r e a c t io n  mechanism e x p la in s  the  

rearrangem ent o f  th e  m eth y l e th e r s  by sodium  m ethoxide (11)  

( c f .  a l s o  ( 8 1 ) ) .

4-tip

I t  i s  in t e r e s t in g  th a t  t h i s  r e a c t io n  can be i n t e r -

o o

OMe ->
- oh
OMe.



The a b so r p tio n  s p e c tr a  o f  tro p o lo n es  (pages 9 / - 94V  

The spectrum  o f  tro p o lo n e  in  w ater or  e th a n o l shows a r e g io n  

o f  s tr o n g  a b so r p tio n  c ir c a  240 mp, a deep trou gh  a t  270 mp 

and a broad weaker band betw een 310 and 370 mp. F in e  

s tr u c tu r e  i s  r e v e a le d  in  t h i s  l a s t  r e g io n  when an examina­

t io n  i s  c a r r ie d  ou t in  cyc loh exan e  s o lu t io n .  The sp e c tr a  

o f  m ost s u b s t i t u t e d  tr o p o lo n e s  so  f a r  examined have a broad  

s im i la r i t y  to  th a t  o f  the p aren t compound ( e . g . ,  ( 2 1 ) , ( 8 5 ) ) .

D i s t in c t  changes appear when the spectrum  o f  tr o p o ­

lo n e  i s  m easured in  a lk a l in e  s o lu t io n .  The broad r e g io n  

betw een  310 and 370 mu i s  now s p l i t  in to  two d i s t i n c t  bands, 

and th e re  i s  some s l i g h t  s tr u c tu r e  d ev e lo p ed  in  the h ig h er  

band. Dewar p r e d ic te d  such e f f e c t s  in  th e  tro p o lo n e  spectrum  

from  m olecu lar  o r b i t a l  c a lc u la t io n s  (67 ) .

The sp e c tr a  o f  th e  m ethyl e th e r s  are s im ila r  to  the  

f r e e  a c i d s ,  in d ic a t in g  no profound s t r u c tu r a l  d i f f e r e n c e s  

between th e  tw o. (The l o s s  o f  f in e  s tr u c tu r e  in  th e  

spectrum  o f  d ibrom otropolone m eth y l e th e r  i s  perhaps con n ected  

w ith  th e  s t e r i c  e f f e c t  o f  th e  two 0 6 -brom ine a to ms . )



E xp erim en ta l

E th y l N -m ethylcarbam ate was prepared  from  e t h y l  c h lo r o -  

form ate a s  d e s c r ib e d  in  O rganic S y n th e se s  (? ? )•  I t  was 

found c o n v e n ie n t  to  work on 2 J  tim es th e  q u a n t i t ie s  recom­

mended* The p rod u ct was o b ta in ed  in  about 90% y i e l d ,  and 

was c o n v e r ted  t o  n itrosom e th y  lu r e  thane (8 9 ) • A fte r  rem oval 

o f  s o lv e n t  i t  was s u f f i c i e n t l y  pure fo r  u se  in  th e  fo l lo w in g  

r e a c t io n ,  w ith o u t vacuum d i s t i l l a t i o n -  Y ie ld ,  7 0 -8 0 $ .

C ycloheptanone was prepared  by th e  m ethod o f  K oh ler , 

T is h le r ,  P o t te r  & Thomson (9o)*  To 170 c .c *  dry c y c lo -  

hexanone i n  170 c*c* m eth an o l, c o n ta in in g  0*6 g* anhydrous 

sodium  c a r b o n a te , was added a l l  a t  o n c e , about 5 c*c* n i t r o s o ­

me th y  lu r e  th a n e . A fte r  an In d u ctio n  p e r io d  o f  2 m in u te s ,

th e r e  was a r i s e  in  tem p erature and e v o lu t io n  o f  n it r o g e n .

The tem p erature was k e p t a t  20-25°C  by o c c a s io n a l  a d d it io n s  

o f  i c e  to  a su rroun d in g  w ater  b a th , w h ile  th e  rem ainder o f  

204 g . n itrosom e th y  lu r e  thane was dropped in  s lo w ly , over  about 

2 h o u rs . E f f i c i e n t  s t i r r i n g  was m ain ta in ed  th rough out th e  

w hole o f  th e  r e a c t io n ,  and co n tin u ed  f o r  30 m ins. a f t e r  

a d d it io n  had been co m p leted . A fte r  stan d in g  o v e r n ig h t , th e  

sodium  ca rb o n a te  was f i l t e r e d  o f f ,  and th e  s o lu t io n  d i s t i l l e d .  

When a tem p erature o f  140°C had been rea ch ed , th e  s o lu t io n  

was a llo w e d  t o  c o o l ,  th en  d i s t i l l e d  throu gh  a column under  

vacuum, 7 2 -77°C /23  num. Y ie ld ,  60%.



T h is was now o x id is e d  to  suberan d lon e (<?| ) •  To 100 g .  

cy clo h ep ta n o n e  in  208 c . c .  a b s o lu te  a lc o h o l  a t  r e f lu x ln g  

tem p era tu re , was added over  1  hour a s o lu t io n  o f  99  g* 

se len iu m  d io x id e  in  a m ix tu re  o f  600 c .c *  o f  a b s o lu te  a lc o h o l  

and 24 c*c* w a te r . T h is was r e f lu x e d  6 h o u rs , l e f t  o v e r ­

n ig h t ,  f i l t e r e d ,  and about 300  c . c .  a lc o h o l  d i s t i l l e d  o f f  

th e  f i l t r a t e .  A f te r  f i l t e r i n g  a g a in , d i s t i l l a t i o n  was con­

tin u e d  under vacuum. A sm a ll q u a n t ity  o f  p a le  y e l lo w ,  

m obile  l iq u id  came o v er  a t  6 0 -1 0 0 °C /l7  m*m. C yclohep ta n -

d ion e  (su b eran d lon e) was o b ta in ed  in  8 0 -9 0 $  y i e l d ,  b o i l in g  

107 -9°C /17  m.m.

B rom inatlon  o f  suberan d lon e w ith  two m oles o f  b rom ine: 

oO-B rom otrop olon e. To a c o o le d  s o lu t io n  (0 ° )  o f  20 g .  

su beran d lon e in  20  c*c*  g l a c i a l  a c e t i c  a c id ,  was added 52 g* 

bromine in  3 0  c * c .  g l a c i a l  a c e t i c  a c id  over  1 hou r. Hydro­

gen bromide was e v o lv e d . The deep  orange syrup  was a llo w ed  

t o  s ta n d  1  h o u r , th e n  h e a te d  f o r  e x a c t ly  2 0  m inutes on th e  

w ater  b a th , d u r in g  w hich tim e a  mass o f  brown c r y s t a l s  

sep ara ted *  The c o ld  m ixture was f i l t e r e d ,  washed w ith  a  

l i t t l e  a c e t i c  a c id  th en  p e t r o l ,  and f i n a l l y  d r ie d  by su c tio n *  

Y ie ld ,  14 g* T h is  prod u ct l o s t  hydrogen bromide v e r y  r e a d i ly ,  

and m erely  by d i s s o lv in g  in  warm, aqueous m ethanol was co n ­

v e r te d  to  impure ob -b rom otrop o lon e . I t  was r a th e r  s p a r in g ­

l y  s o lu b le  in  n o n -h y d ro x y lio  s o lv e n t s .  A p o r t io n  was r e -



c r y s t a l l i s e d  r a p id ly  from  g l a c i a l  a c e t i c  a c id ,  m*p* 168-  

172°C (d e c . )  • A n a ly s is  ! Found: B r , 5 3 .6 9 . C^HgOgBrg

r e q u ir e s  B r, 56*69$ (X L II). The rem ainder was d is s o lv e d  

in  warm sodium  h yd roxid e s o lu t io n *  On c o o l in g ,  the y e l lo w  

sodium  s a l t  o f  brom otropolone c r y s t a l l i s e d  o u t In lu s tr o u s  

p la te s *  Y ie ld ,  10*7 g* (30$)*  R e c r y s t a l l i s e d  from aqueous

e th a n o l and d r ie d  a t  100°C under vacuum, i t  m elted  307-308°C  

(d ec*)*  A n a ly s is :  Found: C, 36*70 ; H, 1*60*

CyH^Og.Br-Ha r e q u ir e s  C, 37*71 ; H, 1*81$ . A seco n d  specim en  

c r y s t a l l i s e d  from  w ater  and n o t  d r ie d  under vacuum showed 

s in t e r in g  below  100°C* A n a ly s is :  Found: C, 32*63;

H, 2 . 9 .  C7H4 0g *Br*Na.2H20 r e q u ir e s  C, 32*71; H, 3*11$ .

By trea tm en t w ith  d i lu t e  a c id ,  f r e e  06 -brom otropolone was 

ob ta in ed *  I t  was s p a r in g ly  s o lu b le  in  c o ld  w a te r , and 

c r y s t a l l i s e d  from  h o t  w ater  in  c o lo u r le s s  p l a t e s ,  bu t was 

b e s t  o b ta in ed  pure by r e c r y s t a l l i s a t i o n  from  cy c lo h e x a n e .

I t  came o u t o f  t h i s  s o lv e n t  f i r s t  as creamy n e e d le s ;  on le a v ­

in g  o v e r n ig h t  t h i s  form was r e p la c e d  by p a le  y e llo w -g r e e n  

polyhedra* Both forms m elted  103-106°C* A n a ly s is :

Found: 0 ,  4 1 * 7 4 ; H, 2*60; B r , 39*89* O^HgOg.Br r e q u ir e s

C, 4 1 * 8 2 ; H, 2*51 ; B r, 39*75$* I t  gave a y e l lo w  c o lo u r  

w ith  sodium  hydrogen carb on ate  s o lu t io n  and an in te n s e  

g r e e n is h -b la c k  c o lo u r  w ith  f e r r i c  c h lo r id e ,  from  w hich c h lo r o ­

form  e x tr a c te d  a  b lo o d -r e d  c o lo u r . On b o i l in g  w ith  a lc o h o l i c  

s i l v e r  n i t r a t e  i t  gave a  b r ig h t  y e llo w  s i l v e r  s a l t  w hich cou ld



be r e c r y s t a l l i s e d  from  aqueous e th a n o l and decomposed  

v ig o r o u s ly  176-178°C . When b o i le d  in  w ater  t h i s  s i l v e r  

s a l t  gave a r e d d ish  p r e c ip it a t e *  ob-B rom otropolone c o u ld  be  

r ec o v er ed  unchanged on b o i l in g  w ith  s tr o n g  a lc o h o l i c  p o t a s s i ­

um h yd rox id e and showed no r e a c t io n  w ith  th io u r e a  in  aceton e*  

N e ith e r  a p -n itr o b e n z y l  e th e r  nor a 2 :4 -d in itr o p h e n y l e th e r  

was form ed under c o n d it io n s  d e sc r ib e d  a s  s u i t a b le  f o r  

p h e n o ls , and i t  d id  n o t form a  2 :4 -d ln ltro p h en y lh y d ra zo n e*

On warming w ith  3 :5 -d in itr o b e n z o y l c h lo r id e  in  a lo o s e ly  

sto p p e re d  tu b e , a  3 ? 5 -d ln ltr o b e n z o a te  was form ed, w hich  

c r y s t a l l i s e d  in  c o lo u r l e s s ,  s t o u t  n e e d le s  from b e n z e n e /p e tr o l,  

m*p* 105-l06°C * A n a ly s is :  Found: C, 4 2 .8 1 ;  H, 2 .1 3 *

C^H^O^NgBr r e q u ir e s  C, 4 2 * 5 5 ; H, 1 .7 9 $ . 0 6 -Bromo­

tro p o lo n e  r e a c te d  w ith  S -b e n z y llso th lo u r o n lu m  c h lo r id e ,  b u t  

th e  p rod u ct decomposed on a ttem p ted  re  c r y s t a l l i s a t io n *

Copper s a l t *  An aqueous s o lu t io n  o f  sodium  bromo- 

tr o p o lo n a te  w ith  e x c e ss  copper/ammonia s o lu t io n  gave a  d e n se ,  

l i g h t  green  amorphous p r e c ip i t a t e ,  w hich was In so lu b le  or  

s p a r in g ly  s o lu b le  in  w ater  and m ost o rg a n ic  s o lv e n t s ,  b u t  

w hich  cou ld  be c r y s t a l l i s e d  from  te tr a c h lo r o e th a n e , a s  an 

amorphous powder* A n a ly s is :  Found: C, 36*42; H, 1*74*

C^HgO^BrgCu r e q u ir e s  C, 36*42; H, 1*74$.

oO-B rom otropolone m eth yl e th er *  Brom otropolone r e a c te d  

b r i s k ly  w ith  e t h e r e a l  d lazom eth ane, to  form  a m eth y l e th er*

I t  was r e c r y s t a l l i s e d  from  p e t r o l  (b*p* 8 0 -1 0 0 ° )  in  w hich  i t



was s p a r in g ly  s o lu b le ,  g iv in g  n e e d le s  m .p . 89-90°C .

A n a ly s is :  Found: C, 44*70; H, 3*51; Olfo, 14*0* CgH^OgBr

r e q u ir e s  C, 4 4 .7 ;  H, 3 .2 9 ;  OMe, 14 .4$*
Two

R e a ctio n  w ith  erne moles o f  brom ine: a l t e r n a t iv e  p ro ­

c ed u r e . T h is was c a r r ie d  ou t a s  p r e v io u s ly  d e s c r ib e d ,  

e x c e p t  th a t  h e a t in g  o f  th e  brom inated s o lu t io n  was co n tin u ed  

f o r  90 m in s . ,  t i l l  e v o lu t io n  o f  hydrogen bromide was s l ig h t *  

Som etim es v e ry  impure brom otropolone c r y s t a l l i s e d  ou t a t  

t h i s  s ta g e*  The d i lu t e d  s o lu t io n  was now steam  d i s t i l l e d ,  

and th e  d i s t i l l a t e  (c a . 1 ,5 0 0  c * c* ) f i l t e r e d  and e x tr a c te d  

w ith  e th er*  T h is e x tr a c t  gave 1 .9  g .  p a le  y e llo w  s o l id *

The t a r  rem ain in g  in  th e  f l a s k  was e x tr a c te d  w ith  h o t  a l k a l i  

s o lu t io n  and gave 4*5  g . impure sodium  oO-b rom otrop o lon ate* 

The s o l i d  o b ta in ed  by steam  d i s t i l l a t i o n  was f r a c t io n a te d  

in  e th an o l*  In  t h i s  way th e r e  was i s o la t e d  a l e s s  s o lu b le  

bromo-compound (160 m g s* ), y -b rom otrop olon e, y e llo w  n e e d le s  

m .p. 188° (v ig o ro u s  su b lim a tio n )*  (Found: C, 4 1 .9 ;

H, 2 .7 *  CyHgOgBr r e q u ir e s  C, 4 1 .8 ;  H, 2 * 5 $ ) . From th e  

m other l iq u o r s , the main p o r t io n  o f  th e  p rodu ct was I s o la t e d  

and i d e n t i f i e d  a s  ob -b rom otrop o lon e, by mixed m e lt in g  p o in t  

d e te r m in a tio n s  w ith  an a u th e n t ic  specim en*

The m eth y l e th e r  o f  y  -brom otropolone was o b ta in ed  on 

e th e r e a l  dlazom ethane tr e a tm e n t, in  th e  u su a l way. I t  

c r y s t a l l i s e d  from p e t r o l  (b .p* 6 0 -8 0 ° )  In  n e e d le s ,  m .p. 135-  

1 3 7 ° , w ith  a change in  c r y s t a l  form b elow  th e  m e lt in g  p o in t*



(Found: C, 4 4 * 9 ; H, 3 . 3 .  CgHyOgBr r e q u ir e s  C, 4 4 * 7 ;

H, 3 .3 $ ) .

A ttem pted debrom ination  o f  ob -brom otropolone w ith  sodium  

in  l iq u id  ammonia. 0 .5 5  g .  sodium  oC -brom otrop olon ate  was 

d is s o lv e d  in  l iq u id  ammonia and t r e a te d  w ith  0*15 g .  sodium*

The s o lu t io n  was a llo w ed  to  sta n d  fo r  3 m in u te s , was t r e a t e d  

w ith  ammonium c h lo r id e ,  th en  l e f t  o v e r n ig h t . The r e d d ish  

r e s id u e  was taken  up in  w ater and d i lu t e  a c id ,  and su b je c te d  

t o  l i q u i d / l i q u i d  e x tr a c t io n  w ith  eth er*  About 140 mgs* 

s l i g h t l y  im pure brom otropolone was r e c o v e r e d , and a sm a ll  

q u a n tity  o f  red  ta r  o b ta in ed  w hich d id  n o t su b lim e under 

vacuum*

D ebrom ination o f  06 -b rom otrop o lon e: S y n th e s is  o f

tro p o lo n e  * Sodium ob -brom otrop olon ate  (5  g . ) was suspended  

in  40  c . c .  e th a n o l in  w hich i t  i s  r a th e r  sp a r in g ly  s o lu b le ,  

and h yd rogenated  in  p resen ce  o f  10$  p a lla d iu n /c h a r c o a l (0 .5  g . ) .  

I t  ab sorb ed  1 m ol. o f  hydrogen sm ooth ly  and r a p id ly  th en  

a b so r p tio n  p r a c t i c a l ly  c e a se d  * The c h e rr y -p in k  s o lu t io n  

was f i l t e r e d  f r e e  o f  c a t a l y s t  and th e  s o lv e n t  removed under 

vacuum ( tem perature ^  4 0 °C ). The r e s id u a l  r ed  gum was 

e x tr a c te d  w ith  p o r t io n s  o f  h o t  p e t r o l  (b .p . 4 0 -6 0 ° )  and th e  

com bined and c o n c e n tr a te d  e x tr a c t s  c o o le d  a t  -15°C . C olour­

l e s s  n e e d le s  m .p. 4 9 -5 0 ° C ., y i e l d  2 g* A n a ly s is :  Found:

C, 63*73; H, 4 .3 1 *  C^HgOg r e q u ir e s  C, 63*34; H, 4 .9 5 $ *



C alc'd* mol* w t* , 122*12. Found from t i t r a t i o n  curve  

125*7 . T ropolone was r a th e r  s o lu b le  in  w ater and m ost 

o rg a n ic  s o lv e n t s ,  and su b lim ed  a t  4 0 -6 0 °C /4  m*m. A t room 

tem perature i t  g r a d u a lly  tu rn ed  brown and became s t i c k y ,  

and i t  k ep t b e s t  a t  0°C i n  a hard g la s s  tu b e . I t s  a lk a ­

l in e  s o lu t io n s  were f a i n t l y  straw  c o lo u r e d : i t  gave no

p r e c ip i t a t e  w ith  le a d  a c e t a t e ,  and under th e  c o n d it io n s  

p r e sc r ib e d  fo r  r e a c t io n  w ith  p h e n o ls , c h lo r o a c e t ic  a c l c /  

sodium  h yd rox id e d id  n o t  r e a c t  w ith  i t .  In  benzene s o lu t io n  

i t  form ed a  heavy y e llo w  p r e c ip i t a t e  w ith  benzylam ine ( 100) ,  

w hich  how ever, decomposed w ith  th e  sm e ll o f  th e  f r e e  b ase  

on a ttem p ted  c r y s t a l l i s a t io n *  A 3 :5 -d in itr o b e n z o a te  was 

form ed w ith  3 :5 -d in itr o b e n z o y l  c h lo r id e  in  p y r id in e , b u t 

o n ly  i n  v e r y  poor y i e l d .  C r y s t a l l i s e d  from  100 -120°  

p e t r o l / t o lu e n e , i t  m elted  169-171°C . A n a ly s is :  Found:

C, 5 3 .6 0 ;  H, 2*74 . C ^ H ^ N g  r e q u ir e s  C, 5 3 .1 6 ;  H, 2 .5 6 $ .

F e r r ic  S a lt*  T ropolone w ith  a l i t t l e  f e r r i c  c h lo r id e  

s o lu t io n  gave an in te n s e  red  p r e c ip i t a t e ,  th en  on fu r th e r  

a d d it io n ,  a g r e e n is h -b la c k  c o lo u r . T h is s o lu t io n  was f i l ­

t e r e d ,  and e x tr a c te d  w ith  chloroform * The combined m a te r ia l  

from  f i l t r a t i o n  and e x tr a c t io n  was c r y s t a l l i s e d  from  c h lo r o ­

form /carb on  t e t r a c h lo r id e  a s lu s tr o u s  I n t e n s e ly  red  n e e d le s ,  

w hich d id  n o t  m e lt  or  decompose below  360°C* A n a ly s is :



57 .

Pound: C, 60*1; H, 3 .7 *  C21H15°6Pe re<lu ^r e s  6 0 .1 5 ;

H, 3 .6 $ .

Copper a a l t . When t r e a te d  w ith  a a l ig h t  e x c e s s  o f  

cuprammonium su lp h a te  s o l u t i o n ,  tr o p o lo n e  form ed a p a le  green  

p r e c i p i t a t e .  T h is was r e a d i ly  s o lu b le  in  ch lo ro fo rm , 

c r y s t a l l i s i n g  in  narrow p la t e s  which e f f lo r e s c e d  on rem oval 

from  th e  so lv e n t*  S l i g h t l y  s o lu b le  in  o th e r  o r g a n ic  s o l ­

v e n t s ,  i t  was b e s t  c r y s t a l l i s e d  from e th a n o l. P ale  g reen  

lu s tr o u s  n e e d le s  m .p. 240-300°C  (d e c .)*  A n a ly s is :  Found:

C, 5 5 .5 0 ;  H, 3 .2 6 .  c i 4 Hio^4^u **°ciuires C, 5 4 .9 8 ;  H, 3 .3 0 .  

W ith e th e r e a l  diazom ethane tr o p o lo n e  gave a y e l lo w  o i l  w hich  

r a p id ly  c r y s t a l l i s e d  on c o o l in g ,  and exposu re to  m o ist a i r .

T h is s o l i d  was a h em ih yd rate . A p p lic a t io n  o f  vacuum r e ­

g e n e ra ted  th e  o i l ,  but a few  moments1 exposu re to  th e  atm os­

phere once more c o n v e r ted  i t  t o  th e  s o l i d .  I t  c r y s t a l l i s e d  

from  m o is t  e th e r  or carbon t e t r a c h lo r id e  in  c o lo u r le s s  n e e d le s ,  

m .p. 3 7 -3 8 °C . (Pound: C, 6 6 .5 ;  H, 6 .1 ;  OMe, 2 1 .8 .

CgHgOg^O.SHgO r e q u ir e s  C, 6 6 .2 ;  H, 6 .2 5 ;  OMe, 2 1 .4 $ ) .

T h is m eth yl e th er  was r a p id ly  h y d ro ly sed  to  tro p o lo n e  on 

warming w ith  d i lu t e  su lp h u r ic  ac id *  The p ic r a te  o f  th e  m eth yl 

e th e r  c r y s t a l l i s e d  from  m ethanol in  y e llo w  n e e d le s  m .p . 1 1 9 -  

120°C • (Found: C, 4 5 .8 ;  H, 3 .2 5 .  ^3^3^2 *^6^3 ^7^3  q u ir e s

C, 4 6 .0 5 ;  H, 3 .0 5 $ ) .



Azo compound. T ropolone In a l k a l i  w ith  e x c e s s  p -  

to lu en ed iazon iu m  c h lo r id e  s o lu t io n  gave p - to ly la z o tr o p o lo n e , 

w hich c r y s t a l l i s e d  from  e th a n o l a s  a l i g h t  brown m icro -  

c r y s t a l l in e  powder m .p. 1 9 0 -1 9 3 ° , w ith  much s in t e r in g  below  

t h i s  tem p era tu re . I t  gave a green  c o lo u r  w ith  a lc o h o l i c  

f e r r i c  c h lo r id e ,  and a deep  g reen  copper s a l t  w ith  copper  

su lp h a te  so lu t io n *  (Found: N, 1 2 .0 .  C14H1 2 °2 N2 r e ~

q u ir e s  N, 1 1 .6 5 $ ) .

B rom ination o f  su b eran d lon e w ith  one m ole o f  brom ine.

30 g .  suberandlone in  10 c . c .  g l a c i a l  a c e t i c  a c id  was c o o le d  

to  0°C and 1 2 .8  g .  bromine in  10 c . c .  a c e t i c  a c id  was added  

over  15 m ln s. w ith  s t i r r i n g .  Hydrogen brom ide was e v o lv e d  

and a deep amber s o lu t io n  r e s u l t e d .  A fte r  1 hour th e  

s o lu t io n  was h e a te d  w ith  steam  t i l l  e v o lu t io n  o f  hydrogen  

bromide had p r a c t i c a l l y  c e a se d  ( c ir c a  1 h o u r ) . The 

s o lu t io n  was now v e r y  dark and d id  n o t d e p o s it  s o l i d  on 

c o o lin g  in  i c e ,  s c r a tc h in g  w ith  a g la s s  r o d , e t c .  I t  was 

th e r e fo r e  t r e a te d  w ith  steam  and th e  d i s t i l l a t e  (800 c . c . )  

so  o b ta in e d  was made a lk a l in e  w ith  sodium  carb on ate  and e x ­

t r a c te d  w ith  e th er*  The a lk a l in e  s o lu t io n  was c o n c e n tr a te d  

under vacuum t o  about 150 c . c . ,  then  a c i d i f i e d  and e x tr a c te d  

a g a in  w ith  e th e r  t i l l  th e  aqueous la y e r  gave p r a c t i c a l l y  no 

f e r r i c  c h lo r id e  t e s t .  T ropolone was p r e c ip i t a t e d  from  th e se  

vacuum -concen trated  e x tr a c t s  a s  i t s  copper s a l t .  The a l ­

k a l in e  e x tr a c t s  were now c o n c e n tr a te d  and a brown o i l  se p a r a te d .



T h is r e a c te d  w ith  20$ sodium  hyd roxid e to  g iv e  th e  sodium  

s a l t  o f  tr o p o lo n e . T h is proved  to o  s o lu b le  f o r  read y mani­

p u la t io n , so  was a c i d i f i e d  and th e  f r e e  tro p o lo n e  i s o l a t e d  

by e th e r  e x tr a c t io n .  The m a te r ia l  rem ain ing in  th e  f l a s k  

from  th e  steam  d i s t i l l a t i o n  was a l s o  t r e a te d  w ith  h o t  a l k a l i ,  

f i l t e r e d  and e th e r  e x tr a c te d  f r e e  o f  t a r ,  a c i d i f i e d ,  and 

a g a in  e x tr a c te d  w ith  e th er*  These two a c id ic  e th e r  e x tr a c t s  

were com bined, taken  t o  d ryn ess and th e  r e s u l t in g  gum sub­

lim ed  \m der vacuum* A t o t a l  y i e l d  o f  1*4 g* impure t r o ­

p o lon e  was o b ta in e d .

B rom ination o f  suberandlone w ith  th r e e  m oles o f  brom ine. 

(T h is r e a c t io n  was c a r r ie d  ou t by Mr. G. Buchanan). 20 g .

suberan d lon e In 20 c . c .  g l a c i a l  a c e t i c  a c id  was c o o le d  in  an

i c e  b a th  w h ile  78 g .  bromine in  80 c . c .  g l a c i a l  a c e t i c  a c id  

was added , o ver  about 20 m in s . ,  w ith  s t i r r i n g .  A fte r  s ta n d ­

in g  f o r  2 h o u rs , th e  dark s o lu t io n  was warmed on th e  w ater  

b a th  t i l l  e v o lu t io n  o f  hydrogen bromide was v ery  s l i g h t .  The 

s o lu t io n  was th en  co n c en tr a ted , under vacuum and a llo w e d  t o  

c r y s t a l l i s e .  1 3 .5  g .  l i g h t  brown p rod u ct was i s o l a t e d ,  

w hich r e c r y s t a l l i s e d  from  e th a n o l ,  th en  to lu e n e  a s  c o lo u r le s s  

n e e d le s  m .p. 157-8°C . o ^ - d ib r o  mo tr o p o lo n e .

A n a ly s is :  Found: C, 3 0 .2 1 ;  H, 1 .4 6 ;  B r, 5 7 .6 1 .

GyH^OgBrg r e q u ir e s  C, 3 0 .0 0 ;  H, 1 .4 4 ;  B r, 5 7 .1 0 $ . I t  gave



a t y p ic a l  g r e e n is h -b la c k  f e r r i c  c h lo r id e  t e s t *  With sodium

ca r b o n a te , I t  form ed a b r ig h t  y e l lo w  sodium  s a l t ,  w hich

c r y s t a l l i s e d  from  h o t w ater  a s  y e llo w  n e e d le s  m*p* 294-6°C*

(d ec*)*  A n a ly s is :  Found: 0 ,  28*03; H, 1*13*

C H 0 Br *Na r e q u ir e s  C, 27*86; H, 1 .0 0 $ .
7 3 2 2

cXô -D ibrom otropolone m eth y l e th er*  D ibrom otropolone r e ­

a c te d  v ig o r o u s ly  w ith  e t h e r e a l  diazome thane g iv in g  i t s  m eth yl 

e t h e r ,  c r y s t a l l i s e d  from  to lu e n e /1 0 0 - 120°p e t r o l  a s  c o lo u r le s s  

n e e d le s ,  m*p. 130-1°C* A n a ly s is :  Found: C, 33*01;

H, 2*15* CgHgOgBrg r e q u ir e s  C, 32*7 ; H, 2*06* M sthozyl 

d e te r m in a tio n :  Found: 10*85$. CgHgOgBTg r e q u ir e s  10*55$

m ethozyl*

R ed u ction  o f  dibromo tro p o lo n e  t o  trop o lon e*  1 g*

sodium  s a l t  was su sp en ded  in  50 c*c* e th a n o l in  w hich i t  was 

v ery  s p a r in g ly  s o l u b l e , and h yd rogenated  in  p resen ce  o f  0*2 g* 

10$  p a lla d iu m /c h a r c o a l. A b so rp tio n  was v ery  slow* When

1 m ole o f  hydrogen had been a b so rb ed , 1 mole N sodium  

h yd rozld e  s o lu t io n  was added th en  more c a ta ly s t*  When

2 m ols* hydrogen had been  a b so rb ed , th e  r e a c t io n  w as stopped*  

The s o lu t io n  was s t i l l  y e l lo w  and s t i l l  c o n ta in e d  a l i t t l e  

suspended sodium  s a l t *  I t  was now f i l t e r e d ,  t r e a t e d  w ith  a  

drop o f  a c e t i c  a c id  and c o n c en tr a ted  under vacuum (tem pera­

tu r e  ^  40°C ) • The r e s u l t in g  red  gum was e z tr a c te d  w ith



h o t  p e t r o l  (b .p .  4 0 - 6 0 ° ) ,  whloh gave 560 mgs* tro p o lo n e  

m .p. 4 4 -4 8 °C , no d e p r e s s io n  on adm ixture w ith  an  a u th e n t ic  

specim en* The f i l t e r e d  m a te r ia l ( c a t a ly s t )  was suspended  

in  a l i t t l e  a l c o h o l / a c e t i c  a c id ,  and r e f i l t e r e d *  About 

100 mgs* d ib rom otrop olon e was reco v ered  from  t h i s  s o lu t io n *  

Y ie ld  (a llo w in g  f o r  r e c o v e r y ) ,  50$* I f  th e  r e d u c tio n  was 

sto p p ed  a f t e r  a b so r p tio n  o f  1 m o l . ,  a m ixture o f  o to t'-d i-  

brom otropolone and tr o p o lo n e  was o b ta in e d , b u t no -mono- 

bro mo tr o p o lo n e •

B rom ination  o f  su b eran d lon e w ith  fo u r  m oles o f  bromine 

(A ): T rlbrom otropolone * To suberandlone (10 g * ) in  g l a c i a l

a c e t i c  a c id  (10 c * c* ) was added w ith  s t i r r i n g  d u rin g  50  m in s* , 

bromine (54 g*) in  g l a c i a l  a c e t i c  a d d  (20 c* c* )*  A fte r  

s ta n d in g  one h o u r , i t  was h e a te d  w ith  steam  t i l l  e v o lu t io n  

o f  hydrogen brom ide had p r a c t i c a l ly  c e a s e d , and the con cen ­

tr a te d  under vacuum, when a v is c o u s  red  gum was o b ta in e d ,  

w hich r e s l n l f l e d  w ith  a l k a l i  and gave no c o lo u r  w ith  f e r r i c  

c h lo r id e *  On h e a t in g  th e  r ed  gum to  1 5 0 ° , hydrogen brom ide 

was a g a in  b r i s k ly  ev o lv ed *  The p rod u ct rem ain ing  was now 

s o lu b le  in  h o t  sodium  h y d ro x id e , and a  b r ig h t  y e llo w  sodium  

s a l t  se p a r a ted  on c o o lin g  (1*7 g * )* o^-T ribrom otropolone was 

o b ta in ed  on a c id i f i c a t io n *  I t  c r y s t a l l i s e d  from  e th a n o l a s  

p a le  y e llo w  n e e d le s  m*p* 122-125°*  (Found: C, 2 3 .7 ;  H, 1 .1

B r, 66*5* Gi^H^OgBr  ̂ r e q u ir e s  C, 2 5 .4 5 ;  H, 0*35; B r , 66*8^) •



I t  gave a deep green  c o lo u r  w ith  f e r r i c  c h lo r id e  in  e th a n o l*  

T ribrom otropolone m eth yl e th e r  was o b ta in ed  by trea tm en t  

w ith  e th e r e a l  d lazom eth an e. I t  c r y s t a l l i s e d  from  p e t r o l

(b .p .  4 0 -6 0 ° )  in  y e llo w  n o d u les m .p. 1 2 3 -124° ( s tr o n g ly  

d e p r e sse d  on adm ixture w ith  s t a r t in g  m a t e r ia l ) .  Found:

C, 2 6 .0 5 ;  H, 1 .5 .  CgHgOgBr^ r e q u ir e s  C, 2 5 .8 ;  H, 1 .3 5 $ .  

B rom ination  w ith  fo u r  m oles (B) Tetrabrom osuberandlone *

The d io n e  was tr e a te d  w ith  bromine a s ab ove , and a llo w ed  

to  s ta n d . The m ixture was poured in to  w a ter , whereupon an 

o i l  se p a r a ted  and p a r t i a l l y  s o l i d i f i e d .  From a c e t i c  a c id  

and th en  b e n z e n e /p e tr o l  (b .p . 6 0 -8 0 ° )  c o lo u r le s s  p la t e s  o f  

tetrabrom osu berend ion e were o b ta in e d , m .p. 82 -84°C .

Found: C, 1 8 .5 ;  H, 1 .7 5 ;  B r, 7 2 .2 .  C^HgOgBr^ r e q u ir e s

C, 1 9 .0 ;  H, 1*35; B r, 7 2 .4 $ .  I t  gave no f e r r i c  c h lo r id e  

co lou r*

H ydrogenation  o f  tr o p o lo n e . T ropolone (160 m g s.)  in  

a lc o h o l  (25 c . c . )  was s t i r r e d  under hydrogen in  the p resen ce  

o f  100 m gs. p re -red u ced  Adam!s c a t a l y s t .  Three m oles o f  

hydrogen were absorbed sm o o th ly , th en  a  fo u r th  m ole more 

s lo w ly ,  and a waxy s o l i d  was i s o la t e d  on rem oval o f  c a t a l y s t  

and s o l v e n t .  T h is  wax was o x id is e d  in  th e  c o ld  w ith  a lk a l in e  

perm anganate. The p rodu ct o b ta in ed  on a c i d i f i c a t i o n  and  

e th e r  e x tr a c t io n  (125 mgs.) c r y s t a l l i s e d  from  benzene In  sm a ll  

n e e d le s  m .p. 9 9 -1 0 1 ° . I t s  m e ltin g  p o in t  was u n d ep ressed  in  

adm ixture w ith  a u th e n t ic  p i n e l i e  a c i d , m .p. 103-4°C .



O xid ation  w ith  cone* n i t r i c  a c id  a l s o  gave p i m e l i c  a c id ,  

b u t in  p oorer  y i e l d .

O x id a tion  o f  tro p o lo n e  (By Dr. R .A . R a p h a e l) .

A s o lu t io n  o f  tr o p o lo n e  (244 m g.) in  sodium  hydroxide  

s o lu t io n  (5  c . c .  o f  N) was t r e a te d  w ith  hydrogen p ero x id e  

(1  c . c . ;  30$) and s e t  a s id e  In the dark fo r  48  h o u rs . Ho

c o lo u r  change from  th e  o r ig in a l  y e llo w  to o k  p la c e .  The 

s o lu t io n  was a c i d i f i e d  (2 N -su lp h u r ic  a c id )  t o  Congo-red and  

e x tr a c te d  w ith  e th e r .  The o i l y  r e s id u e  o b ta in e d  b y  d ry in g  

and e v a p o r a tio n  was e x tr a c te d  w ith  c y e lo h e x a n e ; the e x t r a c t  

on c o o l in g  d e p o s ite d  n e e d le s  o f  unchanged tro p o lo n e  (180 m g .) .  

The h y d r o c a r b o n -in so lu b le  r e s id u e  (c a . 10 m g .) c o n s is t e d  o f  

an a c id ic  s o l i d  i&ilch was p u r i f ie d  by d i s s o lu t io n  in  sodium  

carb on ate  and p r e c ip i t a t io n  by a c id ;  i t  th en  m elted  a t  182-  

184° u n d ep ressed  on adm ixture w ith  a u th e n t ic  c i s :c l s -m uconic  

a c id  c f*  (<f5)>

When th e  o x id a t io n  was c a r r ie d  out in  th e  p resen ce  o f
o

l i g h t  th e  f i s s i o n  prod u ct had m .p . 154-162  • A s im i la r  

m .p. ran ge  fo r  c i s :c ls -m u co n ic  a c id  prepared  in  the l i g h t  has 

been  n o te d  by  Grundmann (?£>)•

B rom lnatlon o f  tro p o lo n e  (By Dr. R-A- R a p h a e l) .

(a ) To a c o ld  s o lu t io n  o f  tro p o lo n e  (5 6 .1  m g.) in  dry  

carbon t e t r a c h lo r id e  (3 c . c . )  c o n ta in e d  in  a w eighed f i l t e r  

beaker was added a s o lu t io n  o f  bromine in  carbon t e t r a c h lo r id e  

(0*34 c .c *  o f  a s o lu t io n  c o n ta in in g  110 m g . / c .c .  o f  brom ine;



0*5 m o l.)*  The o r a n g e -r ed  p r e c ip i t a t e  im m ed ia te ly  form ed  

was f i l t e r e d ,  washed w ith  a l i t t l e  carbon t e t r a c h lo r id e ,  

d r ie d  in  vacuo and w eighed  (6 8 -4  m g.; 74#)*  The y i e l d s  

o b ta in ed  w ith  1 m o l. (85$) and 2 m o ls . (81$) o f  brom ine 

were s im i la r ,  b u t t h a t  produced by 0 .2 5  m ol. (31$) was 

a p p rox im ate ly  h a lv e d . The com plex d is s o lv e d  in  h o t  g l a c i a l  

a c e t i c  a c id  to  g iv e  a y e l lo w  s o lu t io n  from  w hich i t  c r y s t a l ­

l i s e d  on c o o l in g  a s  a mass o f  s c a r l e t  n e e d le s ;  a c c u r a te  

a n a ly s is  was d i f f i c u l t  owing to  i t s  read y  r e a c t io n  w ith  atm os­

p h e r ic  m o is tu r e . Pound: C, 3 9 .9 ;  H, 3 * 5 ; B r, 4 0 .3 *

(C^HgOgJg.Brg r e q u ir e s  C, 4 1 .6 ;  H, 3 * 0 ;  B r, 3 9 .6 $ .  On, 

b e in g  h e a te d  to  110° th e  su b sta n ce  s in t e r e d  and r a p id ly  

d e c o lo u r is e d  to  form  a  w h ite , c r y s t a l l in e  mass which m elted

u n sh arp ly  to  a  c le a r  l iq u id  a t  1 5 2 -1 6 3 ° . On c a r e fu l  h e a t in g  
o t -5a t  70 / 1 0  m.ra. th e  com plex s lo w ly  sublim ed w ith  o n ly  s l i g h t

d e c o m p o sit io n . k sam ple o f  the com plex (84*2 m g.) was 

h ea ted  to  140° f o r  45 m inutes in  a s lo w  stream  o f  n itr o g e n ,  

th e  i s s u in g  g a s e s  b e in g  bubbled through  c a u s t i c  soda s o lu t io n  

(5 c .c #  ©f N ). The l a t t e r  was t r e a te d  w ith  e x c e s s  n i t r i c  

a c id  and s i l v e r  n i t r a t e  and th e  p r e c ip i t a t e d  s i l v e r  brom ide 

was c o a g u la ted  by  b o i l i n g ,  f i l t e r e d  o f f ,  w ashed, d r ie d  and 

w eigh ed . (Pound: 3 2 .3  mg. AgBr. C a lc , f o r  th e  p ro d u ctio n

o f  one m ol. o f  HBr from  (C ^gO gJg.B T g, 39*2 m g .) .



The com plex (127 m g.) was h ea ted  in  an o i l  b a th  to  110°  

a t  a tm osp h eric  p r e ssu re  in  su b lim a tio n  app aratu s u n t i l  d e -  

c o lo u r is a t io n  was c o m p le te . The b a th  was th en  c o o le d  to  

60° and th e  app aratu s evacu ated  to  20 m -m .; the c r y s t a l ­

l i n e  su b lim a te  th u s o b ta in ed  (6 m g.) had m .p. 4 8 -5 0 °  unde­

p r e sse d  on adm ixture w ith  tr o p o lo n e . The bath  tem perature  

was th en  r a is e d  t o  12 0 °  and th e  p a le  y e llo w  su b lim a te  formed 

(42  m g.) m .p . 8 3 -9 4 ° , was p u r i f ie d  by r e p e a te d  c r y s t a l l i s a ­

t io n  from  c y c lo h exane to  y i e l d  pure 06 -brom otropolone m .p. 

1 0 5 -1 0 7 ° (17 m g.) u n d ep ressed  on adm ixture w ith  an a u th e n t ic  

sp ecim en . From the number o f  c r y s t a l l i s a t i o n s  r e q u ir e d  t o  

a t t a in  p u r ity  i t  i s  p robab le  t h a t  th e  p rod u ct c o n ta in e d  a 

l i t t l e  o f  th e  h ig h e r -m e lt in g  y" -b rom otrop olon e. The r e s id u e  

rem ain ing  in  th e  su b lim a tio n  ap p aratu s was d is s o lv e d  in  a  

sm a ll q u a n t ity  o f  warm g l a c i a l  a c e t i c  a c id .  On b e in g  c o o le d ,  

th e  s o lu t io n  d e p o s ite d  sm a ll r o s e t t e s  o f  n e e d le s  m .p . 15 4 -1 5 7 °  

(11  m g.) un d ep ressed  on adm ixture w ith  d ibrom otropolone  

(m .p . 1 5 7 -1 5 8 ° ) . E vap oration  o f  the a c e t i c  a c id  m other 

l iq u o r s  to  d ry n ess under red uced  p re ssu re  l e f t  a w h ite  c r y s t a l  

l i n e  mass (38  m g.) in s o lu b le  in  hydrocarbon s o lv e n t s  b u t  

c r y s t a l l i s i n g  from  a sm a ll volume o f  m ethanol or m eth y l e t h y l  

k eto n e  in  lo n g  n e e d le s  m .p. 13 0 -1 3 2 ° (K o fle r  b lo c k )  r e ­

s o l i d i f y i n g  s lo w ly  on fu r th e r  h e a t in g  to  a mass o f  n e e d le s  

w hich  d id  n ot m elt below  2 5 0 ° . T h is compound was found to  

be tro p o lo n e  hydrobrom ide id e n t i c a l  w ith  an a u th e n tic  sample



prepared b y  p a ss in g  hydrogen brom ide in t o  a benzene s o lu t io n  

o f  t r o p o lo n e . (Found: B r , 3 8 .6 .  C^HyOgBr r e q u ir e s

B r, 3 9 .3 5 $ ) .  On b e in g  h ea ted  under r e f lu x  w ith  a sm a ll  

volume o f  e t h y l  a c e ta t e  th e  hydrobrom ide s lo w ly  d is s o lv e d ;  

ev a p o r a tio n  t o  d ryn ess gave tro p o lo n e  (18  m g s .) ,  c r y s t a l ­

l i s i n g  from  p e t r o l  (b .p .  4 0 -6 0 ° )  in  n e e d le s  m .p . 4 9 -5 0 °  un­

d e p r e sse d  on adm ixture w ith  an a u th e n t ic  specim en-

(b) To a c o ld  s o lu t io n  o f  tro p o lo n e  (57 m g.) in  

w ater  (5 c . c . )  was r a p id ly  added a  s o lu t io n  o f  bromine 

(290 m g.; 3 .5  m o les) in  p o ta ssiu m  bromide s o lu t io n .  The 

y e llo w  p r e c ip i t a t e  form ed was f i l t e r e d  o f f ,  washed w ith  w ater  

and c r y s t a l l i s e d  from  m eth an o l, from  i&iich s o lv e n t  i t  formed  

y e llo w  n e e d le s  (116 m g.) m .p. 123° u n depressed  on adm ixture  

w ith  tr lb ro m o tro p o lo n e •

B rom ination  o f  Copp er T rop olon e.

To a c o ld  s o lu t io n  o f  copper tro p o lo n e  (176 m g.) in  

ch lo ro fo rm  (20 c . c . )  was r a p id ly  added a s o lu t io n  o f  bromine 

in  ch loro form  (1 .5 1  c . c .  o f  a  s o lu t io n  c o n ta in in g  1 .3 5  g . / c . c .  

o f  brom ine; 2 m o le s ) ;  a b la c k , powdery p r e c ip i t a t e  was 

form ed. A fte r  sta n d in g  o v e rn ig h t a t  room tem p erature an 

e q u a l volume o f  w ater was added , whereupon th e  b la c k  p r e c ip i ­

t a t e  d isa p p ea red  t o  be r e p la c e d  by a p a le  g reen  su sp e n s io n .

The m ixture was t r e a te d  w ith  hydrogen s u lp h id e , and e x tr a c te d  

w ith  e th e r .  The d r ie d  e x t r a c t s  y ie ld e d  a dark gum on 

e v a p o r a tio n , w hich su b lim ed  1 1 0 -1 2 0 ° /0 .5  m.m. to  a p a le



y e llo w  s o l i d  (196 m g.) m e lt in g  8 5 -1 1 0 ° . By c r y s t a l l i s a ­

t io n  from  p e t r o l  (b .p .  6 0 - 8 0 ° ) ,  t h i s  was d iv id e d  in t o  two 

main c o n c e n tr a te s :  (a ) m .p. 9 6 -1 0 3 ° , n o t  Improved by

fu r th e r  c r y s t a l l i s a t i o n  (28  m g.) was i d e n t i f i e d  a s  06 -bromo- 

tro p o lo n e  by m ixed m e lt in g  p o in t  d e te r m in a tio n ; (b) m .p. 

1 7 6 -1 8 0 ° , r e c r y s t a l l i s e d  from  e th a n o l m .p . 188° (su b lim a­

t io n )  (2f-Amg.) . I t  gave no m e lt in g  p o in t  d e p r e ss io n  in  

adm ixture w ith  a u th e n t ic  Y  -b rom otrop o lon e»

B rom lnatlon o f  T ropolone M ethyl E th er .

To tr o p o lo n e  m eth yl e th e r  hem ihydrate (100 mg.) in  

carbon t e t r a c h lo r id e  (30 c . c . )  was added bromine (100 m gs . )  

in  carbon t e t r a c h lo r id e  ( 0 .5  c . c . ) .  A y e llo w  o i l  im m ediate­

ly  s e p a r a te d , b u t r e d ls s o lv e d  w ith  e v o lu t io n  o f  hydrogen  

brom ide on r e f lu x ln g  th e  s o lu t io n  f o r  t h i r t y  m ins. Removal 

o f  s o lv e n t  l e f t  a y e llo w  s e m is o l id  m e ltin g  range 3 0 -8 0 ° ,  

w hich r e a c te d  w ith  c o ld  d i l u t e  a l k a l i  to  g iv e  a m ixture o f  

y e llo w  sodium  s a l t s .  E x te n s iv e  darken in g  and d eco m p o sitio n  

r e s u l t e d  on h e a t in g  a p o r t io n  o f  t h i s  a lk a l in e  su sp e n s io n .  

A c id i f ic a t io n  o f  th e  la r g e r  p a r t gave back th e  y e llo w  sem i-  

s o l i d  a p p a re n tly  unchanged. A fte r  b e in g  c r y s t a l l i s e d  from  

cyc loh exan e  i t  m e lte d  7 0 -8 0 °  (4 0 -5 0  m g s . ) .  F u rth er  c r y s t a l ­

l i s a t i o n s  from  e th a n o l gave y -brom otropolone (1 0  mg.)  m.p.  

1 7 4 -1 7 8 ° i d e n t i f i e d  by m ixed m e lt in g  p o in t  d e te r m in a tio n s .

The m a te r ia l rem ain ing in  the mother l iq u o r s  had a m e lt in g



range 8 0 -9 0 °  n o t  improved by f u r th e r  c r y s t a l l i s a t i o n s  b u t  

n o t  d e p ressed  in  adm ixture w ith  06 -b rom otrop olon e.

B rom ination  o f  th e  dry o i l y  tro p o lo n e  m eth yl e th e r  

w ith  1 m ole o f  bromine in  dry carbon t e t r a c h lo r id e  r e s u lt e d  

in  th e  im m ediate d e p o s it io n  o f  a b r ig h t  s c a r l e t  o i l  w hich  

d id  n o t s o l i d i f y  a t  - 1 5 ° ,  but r e d is s o lv e d  to  a  c o lo u r le s s  

s o lu t io n ,  w ith  e v o lu t io n  o f  hydrogen brom ine, on r e f lu x in g  

t h i r t y  m ins- The m ixture o b ta in ed  on rem oval o f  s o lv e n t  

was a p p a ren tly  even more com plex than  w ith  th e  hem lhydrate  

and no d e f i n i t e ,  sh arp  m e lt in g  products c o u ld  be i s o la t e d  

from  i t *

B rom ination o f  oO -B rom otropolon e.

-B rom otropolone (200 mg.)  in  g l a c i a l  a c e t i c  a c id  

(3 c . c . )  was t r e a te d  w ith  160 mg. (1  m ole) o f  brom ine. A 

y e llo w  c r y s t a l l in e  p r e c ip i t a t e  (210  mg.)  se p a r a ted  in  a few  

m inutes and was f i l t e r e d  o f f .  E vap oration  o f  the f i l t r a t e  

t o  d ryn ess gave 60 mg. d ib rom otrop o lon e , c r y s t a l l i s e d  from  

m ethanol m.p. 156 -1 5 7 °• The y e llo w  p r e c ip i t a t e  m elted  a t  

8 0 -8 5 °  w ith  l o s s  o f  hydrogen brom ide, r a p id ly  r e s o l i d i f y i n g  

and r e m e lt in g  a t  1 4 5 -1 5 3 ° . I t  was found to  be i d e n t i c a l  

w ith  d ibrom otropolone hydrobrom ide o b ta in ed  by trea tm en t o f  

th e  p a ren t compound w ith  a c e t i c  ac ic^ h yd rogen  b rom id e, and 

gave pure o^ -d ib ro m o tro p o lo n e  m.p. 15 7 -1 5 8 ° (118 mg.)  

on s o lu t io n  in  warm m eth anol.



69 .

B rom ination o f  /  -B rom otropolon e.

y '-B rom otropolone (40 mg*) r e f lu x e d  In g l a c i a l  a c e t i c  

a c id  w ith  e x c e s s  bromine (2*5 m o les) gave tr ib rom o-

tro p o lo n e  in  a lm ost q u a n t i t a t iv e  y i e l d ,  m .p. and mixed m .p. 

1 2 3 ° .

B rom ination o f  <*(*/ -d ib ro m o tro p o lo n e .

A s o lu t io n  o f  d ibrom otropolone (47 mg.) in  g l a c i a l  

a c e t i c  a c id  (2  c . c . )  was t r e a te d  w ith  bromine 40 mg. ;  1 . 5  

m oles) in  a c e t i c  a c id .  On h e a tin g  under g e n t le  r e f lu x  fo r  

30 m i n s . ,  th e  bromine c o lo u r  was s lo w ly  d isc h a r g e d , and 

e v a p o r a tio n  to  d ryn ess under vacuum gave o ^ y - tr ib r o m o tr o p o l-  

one (42 mg.)  r e c r y s t a l l i s e d  from  m ethanol m.p.  1 2 3 ° , unde­

p r e sse d  on adm ixture w ith  an a u th e n t ic  specim en*

Rearrangem ent o f  Brom otropolone M ethyl E th e r s .

/-B rom otrop olon e m eth yl e t h e r 5

(108 mg.)  was d is s o lv e d  in  dry m ethanol (3 c . c . )  and  

t r e a te d  w ith  150 m gs. sodium  d is s o lv e d  In m ethanol (5 c . c . ) .  

The s o lu t io n  was r e f lu x e d  fo r  18 h o u r s , taken to  d ryn ess in  

v a cu o , t r e a te d  w ith  5 c . c .  2N sodium  hyd roxid e and r e f lu x e d  

f o r  a fu r th e r  h ou r. The c o ld  s o lu t io n  was f r e e d  from  

n e u tr a l  im p u r it ie s  by e th e r  e x tr a c t io n ,  a c i d i f i e d  w ith  d i lu t e  

su lp h u r ic  a c i d ,  and aga in  e x tr a c te d  w ith  e th er*  The d r ie d  

a c id  e x tr a c t s  were ev a p o ra ted  and th e  r e s u l t in g  brown r e s id u e  

sub lim ed  (1 4 0 ° /0 .5  mm*). The su b lim a te  (33 mg.)  c r y s t a l l i s e d



from benzene a s t in y  n e e d le s  m.p.  2 4 5 -2 4 7 °  w ith  r a p id  su b ­

lim a t io n  -  p-brom obenzoic a c i d . I t s  m e lt in g  p o in t  was un­

d e p r e sse d  in  adm ixture w ith  an a u th e n t ic  specim en (m.p.  

8 4 8 -2 5 0 ° )•

D ibrom otropolone m eth yl e t h e r . (By Dr. R.A. R a p h a e l).

The m eth y l e th e r  o f  d ibrom otropolone (46 g . ) was 

t r e a t e d  w ith  sodium d is s o lv e d  in  m ethanol a s above and r e -  

f lu x e d  30 m in s• The s o lv e n t  was removed under red uced  

p r e ssu r e  and w ater  and e th e r  added t o  th e  r e s id u e . The 

se p a r a ted  and d r ie d  e th e r  la y e r  fu r n ish e d  32  m gs. o f  a  p ro­

d u c t ,  which c r y s t a l l i s e d  from  aqueous e th a n o l in  p l a t e l e t s  

m.p.  6 1 -6 2 ° , u n d ep ressed  on adm ixture w ith  a u th e n t ic  m eth yl 

2 :6-d ibrom obenzoate (m.p.  6 1 - 6 2 ° ) .  (Pound: C, 3 2 . 6 ;

H, 2 . 3 .  C g H ^ B rg  r e q u ir e s  C, 3 2 . 7 ;  H, 2 . 0 5 $ ) .  The 

e s t e r  was prepared  by the a c t io n  o f  e th e r e a l  d iazom ethane on 

2:6 -d ib rom ob en zo ic  a c id  o b ta in ed  by the method o f  O l iv ie r  (% ) • 

On th e  two p rev io u s o c c a s io n s  th a t  t h i s  e s t e r  has been men­

t io n e d  in  th e  l i t e r a t u r e  the m e ltin g  p o in t  has been record ed  
o o

a s  83 (?V ) and 78 (<?$); in  th e s e  c a s e s  the compound was

prepared  by r e a c t io n  o f  th e  a c id  c h lo r id e  w ith  m ethanol or  

sodium  m eth ox id e . Dimorphism seem s to  be the m ost l i k e l y  

e x p la n a t io n  o f  t h i s  d isc r e p a n c y ;  th e  m e ltin g  p o in t  o f  our 

e s t e r  was n o t  changed by r ep ea ted  c r y s t a l l i s a t i o n  from  v a r io u s  

s o lv e n t s  o r  by m e lt in g  and r e s o l i d i f i c a t i o n .



T rlbrom otropolone m eth yl e th e r .  (By Dr. R.A. R a p h a e l).

T ribrom otropolone m eth yl e th e r  was t r e a te d  in  a  

manner an a logou s to  above* The produ ct was an o i l  w hich  

r a p id ly  s o l i d i f i e d .  C r y s t a l l i s a t io n  from  aqueous e th a n o l  

gave m ethyl 2 :4 :6 -tr ib ro m o b en zo a te  (26 mg.) a s  p la t e s  

m.p.  6 9 -7 0 °  u n d ep ressed  on adm ixture w ith  an a u th e n t ic  

specim en (m.p.  6 9 -7 0 ° )
!

Io d in a t lo n  o f  T rop olon e.

( a ) .  To a s o lu t io n  o f  tro p o lo n e  (100 mg.)  in  w ater  

(15 c . c . )  was added a s o lu t io n  o f  io d in e  (150 mg.)  in  

p otassiu m  io d id e  s o lu t io n  (5 c . c .  o f  1 0 $ ) . The b la c k  p r e ­

c i p i t a t e  im m ed iately  formed (160 mg.)  was f i l t e r e d  o f f ,  d r ie d  

on porous t i l e  and c r y s t a l l i s e d  from  ch loro form  in  b la c k  

lu s tr o u s  n e e d le s  decom posing c a .  1 4 0 ° . The complex s lo w ly

l o s t  io d in e  even  a t  room tem p erature w hich made a c c u r a te  

a n a ly s is  d i f f i c u l t .  (Pound: I ,  4 9 . 5 .  Ĉ7H6°2^2#I2 r e ~

q u ir e s  I ,  5 0 . 9 $ ) .  The com plex was s l i g h t l y  s o lu b le  in  w a ter  

and s o lu b le  in  o r g a n ic  s o lv e n t s ,  in  each  ca se  th e  s o lu t io n  

assumed th e  c o lo u r  p o s s e s s e d  by f r e e  io d in e  In th a t  s o lv e n t ,  

i . e . ,  brown in  e t h e r ,  w a te r , e t c . ,  red  in  carbon t e t r a ­

c h lo r id e .  The c o lo u r  o f  a ch loro form  s o lu t io n  was d isch a rg e d  

on sh a k in g  w ith  aqueous sodium  th i© s u lp h a te , and f r e e  t r o ­

p o lon e  was r ec o v er ed  from  the o rg a n ic  s o lv e n t  la y e r  on 

e v a p o r a tio n . A ttem pted su b lim a tio n  under vacuum r e s u l t e d  in  

com p lete  d is p r o p o r t io n a t io n  in t o  io d in e  and tr o p o lo n e .



( b ) .  T ropolone (100 mg.)  and io d in e  (210 mg. :  1 m ole) 

were r e f lu x e d  in  30 c . c .  carbon t e t r a c h lo r id e  fo r  72 hours 

w ith o u t r e a c t io n .  The s o lu t io n  was p la ced  in  a g la s s  tube  

w hich was evacu ated  and s e a le d .  H ea tin g  a t  1 0 0 °  fo r  45  

m in s. r e s u l t e d  in  a p a r t ia l  l o s s  o f  the io d in e  c o lo u r ,  f o r ­

m ation o f  a s l i g h t  w h ite  f lo e ,a n d  se p a r a t io n  o f  some ta r r y  

m a t e r ia l .  The c o n te n ts  o f  th e  tube were t r e a te d  w ith  w ater  

whereupon th e  w h ite  f l o e  im m ed iate ly  d isap p eared  (tro p o lo n e  

h y d r io d id e? ) • E xcess io d in e  was d e str o y e d  w ith  a l i t t l e  

sodium  b i s u l p h i t e ,  and e th e r  e x tr a c t io n  o f  the s o lu t io n  

I s o la t e d  20 mg. tr o p o lo n e  i d e n t i f i e d  by mixed m e lt in g  p o in t  

d e t e m ln a t io n .  A s im i la r  carbon t e t r a c h lo r id e  s o lu t io n  gave  

o n ly  t a r  a f t e r  h e a t in g  fo r  th r e e  h ou rs in  an evacu ated  s e a le d  

tube a t  1 5 0 ° . I o d in a t io n  was a l s o  a ttem p ted  in  carbon t e t r a ­

c h lo r id e  s o lu t io n  in  the p resen ce  o f  m ercuric  o x id e , to  remove 

any hydrogen io d id e  form ed. Some r e a c t io n  d id  o c c u r , but 

th e  tro p o lo n e  m ixtu re  form ed s t a b le  y e llo w  com plexes w ith  

m ercu ric  io d id e ,  s o lu b le  in  organ ic  s o lv e n t s  and su b lim in g  

under vacuum w ith  o n ly  p a r t i a l  d is p r o p o r t io n a t io n .

(c)«  To a c o ld  s o lu t io n  o f  tro p o lo n e  (200 mg.)  in  

sodium  hyd roxid e (30 c . c . ;  N) was r a p id ly  added a s o lu t io n  

o f  io d in e  (3 g . )  in  p o ta ssiu m  io d id e  so lu t io n *  The y e llo w  

c r y s t a l l in e  p r e c ip i t a t e  im m ed iate ly  form ed (140 mg.)  was 

f i l t e r e d  o f f  and c r y s t a l l i s e d  from  e th a n o l t o  g iv e  y e llo w  

p la t e s  m.p.  1 1 9 -1 2 0 °  u n d ep ressed  in  adm ixture w ith  iodoform



(m.p.  1 1 9 -1 2 0 ° ) . The f i l t r a t e  was a llo w ed  to  sta n d  o v e r ­

n ig h t ,  a c i d i f i e d ,  d e c o lo u r is e d  w ith  a l i t t l e  sodium  b i ­

s u lp h ite *  The s o l id  prod u ct th u s o b ta in ed  was c r y s t a l l i s e d

from  g l a c i a l  a c e t i c  a c i d  form ing n e e d le s  (260 mg.)  m.p.  153- 
o

155 u n depressed  on adm ixture w ith  2 s4 :6 - tr i lo d o p h e n o l  

(m.p.  1 5 5 -1 5 6 ° ) .

When th e  aqueous io d in e /p o ta s s iu m  io d id e  was dropped  

in to  th e  s o lu t io n  v ery  s lo w ly ,  no iodoform  was i s o l a t e d .

I f  t h i s  s o lu t io n  was now warmed, su bseq uent trea tm en t a s  

above gave much t a r ,  a m ixture o f  low er lod op h en o ls  w hich  

c o u ld  be c o n v erted  t o  tr i io d o p h e n o l  w ith  more io d in e / io d id e , 

and a few  m illig ra m s o f  a w h ite  compound m.p.  8 0 -8 5 °  from  

p e t r o l  ( b .p .  4 0 - 6 0 ° ) .  The l a t t e r  produ ct gave a 2 0° d e ­

p r e s s io n  in  adm ixture w ith  tr i io d o p h e n o l;  i t  gave  a green  

f e r r i c  c h lo r id e  c o lo u r  and may have been  a  m ixture o f  

tro p o lo n e  and low er lod op h en o ls*



p£/3 -B e n z o tr o p o lo n e .

§ -P h e n y lv a le r ic  a c id  ( 5 9 ) .  CInnamaldehyde (100 g * ) ,  

m alonic a c id  (80 g . ) and q u in o lin e  (98  g . )  were warmed t o ­

g e th e r  on th e  water b a th  to  a c le a r  s o lu t io n ,  th en  tr e a te d  

w ith  a few  drops o f  p ip e r id in e .  A fte r  s ta n d in g  4 days in  

th e  c o ld  th e  m ixture was warmed 2 hours on the w ater h ath , 

d is s o lv e d  in  sodium hyd roxid e s o lu t io n  (270 g .  in  2 1 . w ater)  

and the q u in o lin e  removed by e th e r  e x t r a c t io n .  The s o lu t io n ,  

f r e e d  from  d is s o lv e d  e th e r  by d i s t i l l a t i o n ,  was r a is e d  to  

b o i l in g  p o in t  and Haney n ic k e l/a lu m in iu m  a l lo y  (1 6 0 °) added  

d u rin g  45 m ins. w ith  v ig o ro u s s t i r r i n g .  S t ir r in g  was con ­

tin u e d  a fu r th e r  30 m in s. a t  9 0 ° , th en  the su sp en sio n  was 

f i l t e r e d ,  and the h o t  f i l t r a t e  was sip h on ed  s lo w ly  in t o  h ot  

su lp h u r ic  a c id  (600 c . c .  co n c . in  1 1 . w ater) w ith  b r isk  

s t i r r i n g .  The p r e c ip it a t e d  o i l  was se p a r a ted  from  th e c o ld  

s o lu t io n ,  then  f r e e d  from  alum inium  s a l t s  by d is s o lv in g  in  

e th e r  and shaking w ith  w ater . The d r ie d  and evap orated  

o rg a n ic  la y e r  was h ea ted  under vacuum (16 -20  m.m.) in  th e  

p resen ce  o f  copper powder f o r  2 hours a t  1 4 0 -1 8 0 ° . The 

s o f t ,  s t i c k y  p h e n y lv a le r ic  a c id  th u s o b ta in ed  was c r y s t a l l i s e d  

from  l i g h t  p e tro leu m , m.p.  5 8 -6 0 ° . (Y ie ld :  110 g . ) .

2 :5-B enzosuberone ( 5 9 ) , ( 9 3 ) .  P h e n y lv a le r ic  a c id  

(19*6 g . )  was warmed on a w ater  b a th  w ith  th io n y l  c h lo r id e  

(20  c . c . )  t i l l  hydrogen c h lo r id e  e v o lu t io n  commenced, and the



r e a c t io n  a llo w ed  to  p roceed  to  co m p letio n  w ith o u t h e a t .

The m ixtu re  was now h e a ted  10 m ins. w ith  steam  and the e x ­

c e s s  th io n y l  c h lo r id e  removed under vacuum. The r e s u lta n t  

p a le  y e llo w  o i l  was d is s o lv e d  in  1 . 1 . carbon d isu lp h id e  

(d r ie d  and d i s t i l l e d  over  aluminium c h lo r id e )  and dropped  

g r a d u a lly  over  th r ee  days in to  a s t i r r e d  su sp en sio n  o f  

alum inium  c h lo r id e  (28 g . )  in  carbon d isu lp h id e  (500 c . c . )  

a t  sim m ering p o in t .  S t i r r in g  was con tin u ed  2 hours a f t e r  

a d d it io n  was c o m p le te , then  most o f  th e  carbon d is u lp h id e  

was d i s t i l l e d  o f f  and th e  r e s id u e  tr e a te d  w ith  crushed  ic e  

(750 g . ) .  T h is was then  e x h a u s t iv e ly  steam  d i s t i l l e d  and 

th e  d i s t i l l a t e  ( 2 . 5  1 . )  sa tu r a te d  w ith  s a l t  and e x tr a c te d  

w ith  e th e r .  The o i l  o b ta in ed  on rem oval o f  s o lv e n t  was d i s ­

t i l l e d  7 8 ° /0 .2  m.m. Y ie ld ,  15 g .

B enzsuberandione ( 5 9 ) .  Selen ium  d io x id e  (1 0 .5  g . )  in  

e th a n o l (80 c . c . )  was added dropw ise over  4 hours to  a b o i l ­

in g  s o lu t io n  o f  benzosuberone (15 g . ) in  e th a n o l (30 c . c . ) ,  

and r e f lu x in g  was co n tin u ed  a fu r th e r  2 h o u r s . The c o ld  

s o lu t io n  was f i l t e r e d ,  e th a n o l was d i s t i l l e d  o f f  and the r e ­

m aining o i l  d i s t i l l e d  in  two f r a c t i o n s :

(a ) b . p .  8 0 -1 1 0 ° /0 .4  m.m. M ob ile , p a le  y e llo w  ( 0 . 6  g . )

(b) benzsuberandione b . p .  1 2 8 -1 3 2 ° /0 .4  m.m. A v is c o u s  deep  

y e llo w  o i l .  (Y ie ld , 13 g . ) .

On s ta n d in g  6 weeks a t  0 ° ,  b enzsu beran d ion e s o l i d i f i e d  to



s t ic k y  y e llo w  p r ism s. A sam ple, p r e sse d  on porous t i l e ,  

m elted  4 5 -4 9 ° ,  but d id  n o t r e c r y s t a l l i s e  from  d i lu t e  m ethanol 

even  a f t e r  6 months a t  - 1 5 ° .

R e a c tio n  o f  benzsuberandione w ith  one mole o f  brom ine; 

B enzsuberandione (2 g . )  in  a c e t i c  a c id  (5 c . c . )  was tr e a te d  

w ith  bromine (2 g . : 1 m ole) in  a c e t i c  a c id  (5 c . c . )  over  

30 m ins. A fte r  s ta n d in g  1 hour the s o lu t io n  was warmed, 

whereupon i t  darkened e x t e n s iv e ly .  No tro p o lo n e  m a te r ia l  

was i s o l a t e d  on fu r th e r  h e a t in g  or on a l k a l i  tre a tm en t, and 

as the s o lu t io n  was a p a in fu l  sk in  i r r i t a n t ,  i t  was n o t  

examined fu r th e r .

R ea ctio n  w ith  two m oles o f  bromine : Brom obenzotropolone 

To benzsuberandione (10 g . )  in  a c e t i c  a c id  (10 c . c . )  was added 

s lo w ly  and w ith  s t i r r i n g  1 9 .8  g . (2 m o les) bromine in  g l a c i a l  

a c e t i c  a c id  (20 c . c . ) .  The s o lu t io n  was a llow ed  to  stan d  

a t  room tem p erature f o r  fo u r  days during vifoich tim e i t  

darkened and d e p o s ite d  a mass o f  la r g e  yellow-browm  p r ism s. 

These were f i l t e r e d  o f f ,  th e  s o lu t io n  was d i lu t e d  w ith  10 c . c .  

a c e t i c  a c id ,  and warmed t o  60° f o r  3 h o u rs , a f t e r  w hich a 

fu r th e r  sm a ll q u a n tity  o f  c r y s t a l s  se p a r a te d . T o ta l y i e l d :

7 g . o f  brom obenzotropolone. I t  c r y s t a l l i s e d  a lm ost q u a n ti­

t a t i v e l y  from g l a c i a l  a c e t i c  a c id  in  s to u t  y e llo w  p r ism s, 

m .p. 1 4 3 -1 4 4 ° . A n a ly s is :  Pound: C, 5 2 .3 7 ;  5 2 .2 2 ;  H, 3 . 2 6 ,

3 .1 1 ;  Br, 3 1 .8 5 .  OgBr r e q u ir e s  C, 5 2 . 6 ;  H, 2 .8 1 ;

Br, 3 1 . 8 2 .  Brom obenzotropolone in  ch loroform  s o lu t io n  was



tr e a te d  w ith  aqueous a lc o h o l ic  s o lu t io n s  o f  th e  fo l lo w in g  

in o r g a n ic  s a l t s ,  and the c o lo u r  o f  th e  o rg a n ic  la y e r  n o ted :

W ith a lc o h o l ic  s i l v e r  n i t r a t e  s o lu t io n  bromobenzo- 

tr o p o lo n e  gave a y e llo w  s i l v e r  s a l t  which decomposed on 

b o i l i n g .  The b r ig h t  y e llo w  sp a r in g ly  so lu b le  sodium s a l t  

was a l s o  u n sta b le  to  b o i l in g  w a te r , and a l i t t l e  f r e e  bromo­

b en zotrop o lon e  (m.p. and m ixed m.p . )  contam inated  w ith  much 

t a r  co u ld  be reco v ered  by e th e r  e x tr a c t io n  o f  the c o o le d  

su sp e n s io n . I t  d id  n o t  r e a c t  w ith  2 :4 -d in itr o p h en y lh y d r a z in e  

in  a c e t i c  a c id  or a lc o h o i/s u lp h u r ic  a c id ,  and was reco v ered  

unchanged (m.p.  and m ixed m.p.  1 4 0 -2 ° )  from an a c e t i c  a c id  

s o lu t io n  o f  p i c r i c  a c id .  Warming w ith  d ip h en y l diazom ethane  

in  p e t r o l  s o lu t io n ,  or r e f lu x in g  w ith  3 :5 -d in itr o b e n z o y l  

c h lo r id e  in  p y r id in e  gave o n ly  t a r s .  Treatm ent o f  bromo­

b en zo tro p o lo n e  jn  a l k a l i  (0 ° )  w ith  d ia z o t iz e d  p - to lu id in e  

r e s u l t e d  in  a maroon p r e c ip i t a t e  which im m ediately  decomposed 

to  a ta r  w ith  n itr o g e n  e v o lu t io n -  Brom obenzotropolone was 

d is s o lv e d  in  a lc o h o l  and t r e a te d  w ith  a la r g e  e x c e ss  o f  50$  

p otassiu m  h y d ro x id e . The s o lu t io n  was c o n c en tr a ted  -under 

vacuum, th en  th e  tem perature o f  th e  r e s u l t a n t  p a s te  g r a d u a lly

F e r r ic  c h lo r id e  
deep red

B. Cuprammbnium su lp h a te  
y e llo w  g r e e n , amor­
phous p r e c ip i t a t e

C. Manganese su lp h a te  
very  p a le  brown

D. N ic k e l su lp h a te  
y e llo w

E. C obalt n i t r a t e  
p a le  y e llo w -



r a is e d .  The mix darkened s l i g h t l y  then a t  169° decom­

posed su dd en ly  and b r is k ly  w ith  fo rm a tio n  o f  t a r  and gas 

e v o lu t io n .  No s o l i d  product co u ld  be o b ta in e d . Bromobenzo­

tro p o lo n e  when suspended In  e th e r  then t r e a te d  w ith  e th e r e a l  

diazom ethane g r a d u a lly  d is s o lv e d  to  be r e p la c e d  by a c o lo u r ­

l e s s  f l o e .  On a d d it io n  o f  a l i t t l e  m eth an ol, the f l o e  d i s ­

ap p eared , th e  s o lu t io n  tu rn ed  deep o ran ge , th en  g r a d u a lly  

fa d ed  to  p a le  y e llo w  w ith  b r is k  n itr o g e n  e v o lu t io n . The 

r e s u l t in g  produ ct c r y s t a l l i s e d  from  l i g h t  p e t r o 3 /° ai*bon 

t e t r a c h lo r id e  in  t in y  c o lo u r le s s  p r ism s. Brom obenzotropolone  

m ethyl e th e r  m.p.  £4 - 25°c .  (Found: G, 5 4 .2 8 ;  H, 3 . 4 2 .

C^gHgOgBr r e q u ir e s  C, 5 4 . 3 6 ;  H, 3 . 4 2 $ ) .  I t  was n ot  

h y d ro ly sed  by h o t IN sodium h y d ro x id e .

No fu r th e r  brom obenzotropolone cou ld  be i s o la t e d  by 

a lk a l in e  e x tr a c t io n  o f  th e  vacuum -concentrated  mother l iq u o r s  

o f  th e  brom in ation  r e a c t io n .  In ste a d  a n e u tr a l  o i l  was 

o b ta in ed  ( y ie ld :  c ir c a  2 .5  g . ) which p a r t i a l l y  r e s i n i f i e d  a t  

tem p eratu res above 1 3 0 ° . I t  was f r e e d  from ta r  by p a s s in g  

down a column o f  a lu m in a . I t  gave an orange p r e c ip i t a t e  

w ith  2 :4 -d in itr o p h e n y lh y d r a z in e , a brown f e r r i c  c h lo r id e  

c o lo u r , and was not co n v erted  to  a tro p o lo n e  by b o i l in g  

a l k a l i .  As i t  was a p a in fu l  sk in  i r r i t a n t  i t  was n o t  

examined f u r t h e r .

dLfi -B en ztrop o lon e  (A) : H ydrogenation o f sodium bromo-

b e n z o tr o p o lo n a te , as d e sc r ib e d  in  th e  p r e p a r a tio n  o f



tro p o lo n e  from th e 06-bromo compound, gave u n s a t is fa c to r y  

r e s u l t s  due to  th e  ex trem e ly  low  s o l u b i l i t y  o f  t h i s  sodium  

s a l t *  The fo l lo w in g  method was found s a t i s f a c t o r y .  Bromo­

b en zo trop o lon e  ( 5 . 8  g . )  was d is s o lv e d  in  a m ixture o f  e th a n ­

o l  (50 c . c . )  and tr ie th y la m in e  (6  c . c . ) ,  and the c le a r  

y e llo w  s o lu t io n  tr e a te d  w ith  hydrogen in  th e  p resen ce  o f  

10$  p a l la d is e d  c h a r c o a l (1  g . ) .  A b sorp tion  s la c k e n e d  con­

s id e r a b ly  a f t e r  th e  smooth uptake o f  600 c . c .  ( t h e o r e t ic a l  

volume fo r  1 m ole a t  room tem perature and p r e ssu r e :  570 c . c . )  

and th e  f l a s k  was d isc o n n e c te d . The s o lu t io n  was f i l t e r e d  

h o t ,  c o n c e n tr a te d  in  va cu o , d i lu t e d  w ith  w ater, made d i s ­

t i n c t l y  a c id  w ith  2N su lp h u r ic  a c id ,  then  f i l t e r e d .  The 

f i l t r a t e  gave a p r e c ip i t a t e  w ith  s i l v e r  n i t r a t e  s o lu t io n .

The s o l i d  r e s id u e  su b lim ed  above 6 0 ° /0 .1 8  m.m. to  p a le  y e llo w  

prism s o f  ô /6 -b e n z o tr o p o lo n e , w hich when r e c r y s t a l l i s e d  from  

c y c lo h e x a n e /p e tr o l  ( b .p .  6 0 -8 0 ° )  m elted  8 5 -8 6 ° . Y ie ld :

2 .7 5  g .  ( 68$ ) .  O v er a ll y i e ld  from  b en zosu b eron e: 2 6 .8 $ .  

(Found: G, 7 6 . 5 0 ;  H, 4 . 6 5 .  ^ n Ii8°2  re<l'u r̂ e s  7 6 . 7 3 ;

H, 4 . 6 8 $ ) .

oi/S -B en zo trop o lon e  (B) • ; To brom obenzotropolone ( 0 . 5  g 

in  p y r id in e  (10 c . c . )  and a c e t i c  a c id  ( 0 . 5  c . c . )  a t  4 0 °  was 

added z in c  d u st (1 g*)« The tem perature ro se  sp o n ta n eo u sly  

to  60° and the s o lu t io n  darkened. A fte r  2 m in s . ,  th e  

s o lu t io n  was f i l t e r e d ,  c o o le d , poured in to  e x c e s s  a c id  and



80-

e x tr a c te d  w ith  e th e r .  The dark brown gum o b ta in ed  on remov­

a l  o f  e th er  was sub lim ed  6 0 -8 0 ° /0 * 2  m.m*, and gave a y e llo w  

s o l i d  m*p. 6 0 -6 5 ° ;  r e c r y s t a l l i s e d  from  cycloh exan e  m*p. 7 8 -  

8 2 ° ,  undepressed  in  adm ixture w ith  a u th e n t ic  ^ 3 -b e n z o t r o -  

p o lo n e . Y ie ld :  40 mg.

0̂ -/3 -B en zotrop o lon e  was sp a r in g ly  s o lu b le  in  w a ter , 

r e a d ily  s o lu b le  in  benzene and h y d r o x y lie  s o lv e n t s ,  m oderate­

l y  s o lu b le  in  hydrocarbon s o lv e n t s .  The compound d is s o lv e d  

in  ch loro form  was shaken w ith  in o rg a n ic  s a l t s  A E (p* 

and th e  c o lo u r  o f the o rg a n ic  la y e r  n o te d . A- Deep r e d ,

B. g r e e n , d e p o s it in g  y e llo w -g r e e n  n e e d le s ,  £ .  very  p a le  

brown, D. p r a c t i c a l ly  c o lo u r le s s ,  E. y e l lo w . I t  d id  n o t  

form  a 2 :4 -d in itro p h en y lh y d ra zo n e  and was w eakly a c id ic

) ,  the a l k a l i  s a l t s  b e in g  b r ig h t  y e l lo w . A s o lu t io n  

o f  i t s  tr ie th y la m in e  s a l t  ( 0° )  gave a red-brown amorphous 

p r e c ip i t a t e  w ith  d ia z o t iz e d  a n i l i n e ,  b u t t h i s  azocompound 

decomposed to  ta r s  on a ttem p ted  c r y s t a l l i s a t i o n s .  Standard  

trea tm en t o f  b en zo tro p o lo n e  w ith  3 :5 -d in itr o b e n z o y l c h lo r id e  

in  p y r id in e  gave much red  ta r  and a poor y i e l d  o f  b en z-  

tro p o lo n e  3 :5 -d in ltr o b e n z o a te , c o lo u r le s s  p la t e s  from e th a n o l  

or b e n z e n e /p e tr o l  m.p. 1 7 4 -5 ° . (Found: C, 5 9 .0 5 ;  H, 3 . 0 0 .

C1QH10O7N2 r e q u ir e s  C, 5 9 .0 2 ;  H, 2 .7 5 ^ ) .  I t  was c r y s t a l ­

l i s e d  unchanged from  2 :4 -d in itr o p h en y lh y d r a z in e jsu lp h a te /  

a lc o h o l .  b en zo trop o lon e  was d is s o lv e d  in  a sa tu r a te d



s o lu t io n  o f  p ic r ic  a c id .  A fte r  5 days la r g e  orange prism s  

c r y s t a l l i s e d  o u t o f  b en ztro p o lo n e  p ic r a te  m.p.  6 3 -6 4 ° .

(Found: C, 5 8 .7 1 ;  H, 3 . 5 5 ;  N, 7 . 3 3 .  ( c n H8 °2  V G6H3 °7 N3

r e q u ir e s  C, 5 8 .6 4 ;  H, 3 . 3 2 ;  N, 7 .3 3 $ ) .  B en ztrop olon e  

d is s o lv e d  in  c o n c . su lp h u r ic  a c id  or h y d r o c h lo r ic  a c id  to  g iv e  

a b r ig h t  y e llo w  s o lu t io n  from w hich i t  was r e p r e c ip ita t e d  on 

d i lu t io n  w ith  w a ter . I t s  s o lu t io n  in  dry e th e r  turned  b r ig h t  

y e llo w  on trea tm en t w ith  hydrogen c h lo r id e .  Removal o f  

s o lv e n t  by warming to  60° l e f t  a b r ig h t  orange o i l ,  n o t  

s o l i d i f i e d  a t  - 1 5 ° ,  and a p p l ic a t io n  o f  vacuum reg en era ted  

b en zotrop o lon e  contam inated  w ith  a l i t t l e  ta r r y  m a te r ia l  

( i d e n t i f i e d  by m e lt in g  p o in t  and m ixed m e lt in g  p o in t d e t e r ­

m in a tio n s ) .

B enzotrop olon e (50 mgs. )  in  p y r id in e  ( 2 . 5  c . c . )  and 

a c e t i c  anhydride (0*75 c . c . )  was l e f t  a t  room tem perature  

24 h r s . ,  th e n  h ea ted  w ith  steam  1 h o u r , poured in to  3$  hydro­

c h lo r ic  a c id ,  and th e  s o lu t io n  was e x tr a c te d  w ith  e th e r .

( o f .  ( 4 3 ) ) .  Removal o f  s o lv e n t  l e f t  a p a le  y e llo w  o i l ,  b en z ­

tro p o lo n e  a c e t a t e  s l i g h t l y  s o lu b le  in  p e t r o l  but n o t s o l i d i f i e  

e v en  a t  - 1 5 ° .  I t  was h y d ro ly sed  im m ed iate ly  by c o ld  IN 

sodium  hydroxide and on 30 s e c o n d s 1 warming w ith  e th a n o lic  

h y d ro c h lo r ic  a c i c / f e r r i c  c h lo r id e .  I t  showed no r e a c t io n  

w ith  tr in itr o b e n z e n e  in  e th a n o l-  A fte r  sta n d in g  f o r  14 days  

w ith  t r i n i t r o f l u o r e n o n e  i n  e t h a n o l / ' ' a c e t i c  a c i d ,  a  r e d  p r o d u c t



was o b ta in ed  w hich however was contam inated  w ith  straw  

c o lo u red  c r y s t a l s  o f  unchanged tr in itr o f lu o r e n o n e *

No i d e n t i f i a b l e  product was o b ta in ed  by th e  treatm en t  

o f  b en zotrop olon e w ith  warm d ip henyld iazom ethan e in  p e t r o l  

so lu tio n *  With e th e r e a l  d iazom eth an e, a s l i g h t  y e llo w  

f l o e  d e p o s ite d ;  t h i s  r e d is s o lv e d  on a d d it io n  o f  a l i t t l e  

m eth anol. The r e s u l t a n t  p a le  orange s o lu t io n  l ig h te n e d  on 

s ta n d in g  b u t p r a c t i c a l ly  no n itr o g e n  was e v o lv e d , and un­

changed b en zotrop o lon e  was reco v ered  24 hours l a t e r .  To 

b en zo trop o lon e  ( 0 . 2  g . ) in  IN sodium hydroxide ( 1 . 1 6  c . c . ;

1 m ole) was added m ethyl p -to lu e n e su lp h o n a te  (0 .2  g . ; 1 m ole)

and th e  m ixture was warmed w ith  steam  t i l l  c o lo u r le s s .  The 

o i l y  su sp e n s io n  was e x tr a c te d  w ith  e th e r ,  and th e e th e r  in  

tu rn  e x tr a c te d  w ith  d i lu t e  sodium  carbonate s o lu t io n  

( c o lo u r le s s  e x t r a c t ) .  E vap oration  o f  the e th e r  l e f t  a 

y e l lo w is h  o i l  w hich c r y s t a l l i s e d  from  p e t r o l  ( b . p .  4 0 -6 0 ° )  

a t  -1 5 °  in  r o s e t t e s  o f  c o lo u r le s s  prism s -  b en zotrop o lon e  

m eth yl e t h e r . I t  rem elted  a t room tem p era tu re . The c o lo u r  

o f  a warm e th a n o lic  p i c r i c  a c id  s o lu t io n  deepened s l ig f c t ly  

a f t e r  a d d it io n  o f  t h i s  o i l ,  but on ly  y e llo w  c r y s t a l s  o f  

s l i g h t l y  impure p i c r i c  a c id  (m.p.  and m ixed m . p . ) were ob­

ta in e d  on s ta n d in g . The o i l  was d is s o lv e d  in  2 :4 -d in itr o p h e n y l  

h yd razin e  s u lp h a te /e th a n o l  and the s o lu t io n  h e a te d  to  b o i l i n g ,  

whereupon i t  tu rn ed  red* On c o o lin g  t in y  red  prism s



se p a r a te d , which when 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  

m elted  2 4 2 -2 4 3 ° . (Pound: C, 5 8 .3 6 ;  H, 3 .7 1 ;  N, 1 5 .2 9 .

<̂ 17H10°51,4 LXX r e q u ir e s  C, 5 8 .2 8 ;  E, 2 .8 8 ;  N, 1 6 .0 0 .  

C17H12°5N2 LXIX r e «ul£’e s  c > 5 7 .9 5 ;  H, 3 .4 3 ;  N, 1 5 .9 1 .

C! IL a N ,  LX7IXI r e q u ir e s  C, 5 9 . 0 2 ;  H, 3 .8 5 ;  N, 1 5 .3 0 $ ) .  
l o  1 4  O 4

O xid ation  o f  b en zo trop o lon e  : B enzotrop olon e (200 mgs . )

was d i s s o lv e d . in  0 .5N sodium hyd roxid e and the c o ld  S u s­

p en sio n  tr e a te d  w ith  c ir c a  5 drops 30$! hydrogen p e r o x id e .

The y e llo w  sodium  s a l t  d isap p eared  to  a c o lo u r le s s  s o lu t io n  

over 36 h o u rs . T his was a c i d i f i e d ,  warmed, th en  sa tu r a te d  

w ith  s a l t  and e x tr a c te d  w ith  e th e r -  E vap oration  gave a 

c o lo u r le s s  s o l id  m.p.  1 7 6 -1 8 0 °• I t  gave a f lu o r e s c e in  t e s t  

w ith  r e s o r c in o l / s u lp h u r ic  a c i d .  Re c r y s t a l l i s e d  from  

aqueous a c e t i c  a c id  i t  m elted  1 8 6 -1 8 8 ° . On b e in g  a llow ed  

t o  s o l i d i f y ,  i t  rem elted  1 4 6 -1 4 8 ° . (Y ie ld :  60 mg . ) .

o-O arboxy-cinnam ic a c id , prepared  by th e  o x id a t io n  o f  /3 -  

n ap h th o l w ith  a c e t i c  a c id /h y d ro g en  p ero x id e  (83), c r y s t a l ­

l i s e d  from  a c e t i c  a c id  m.p.  1 9 6 -7 ° . On c o o lin g  and r e h e a t -
o

in g  m e lte d , 1 5 0 -1  . (C on version  to  the la c to n e  o f  /3 -  

h y d r o x y - - (2 - c a r b o x y p h e n y l) -p r o p io n ic  a c i d . )  Mixed w ith  

the o x id a t io n  produ ct from b en zo tro p o lo n e  i t  m elted  1 8 7 -9 ° ,  

and a f t e r  c o o l in g  rem elted  1 4 7 -1 4 9 ° .

Brom ination r e a c t io n s  : B enzotrop olon e (100 mg.)  In

g l a c i a l  a c e t i c  a c id  (5 c . c . )  was t r e a te d  dropw ise w ith  bromine



(100 m g . ; 1 .1  m ole) In a c e t i c  a c id  ( 0 . 5  c . c . ) .  A y e llo w

o i l  s e p a r a te d , but r e d is s o lv e d  w ith  hydrogen bromide e v o lu ­

t io n  and s l i g h t  d ark en in g , on r e f lu x in g  th e  s o lu t io n .  The 

product o b ta in ed  on vacuum c o n c e n tr a t io n  was r e c r y s t a l l i s e d  

from  a c e t ic  a c id ,  m.p.  1 4 0 -2 ° , a lon e  and in  adm ixture w ith  

a u th e n t ic  brom obenzotropolone. Y ie ld :  90 mg.

Brom obenzotropolone (100 mg.) in  g l a c i a l  a c e t i c  a c id  

(10  c . c . )  was t r e a te d  dropw ise w ith  bromine (200  mg. ;  e x c e s s )  

in  a c e t i c  a c id  ( 0 . 5  c . c . )  and the s o lu t io n  r e f lu x e d  30 m in s. 

C o n cen tra tio n  In  vacuo gave s i l k y  y e llo w  n e e d le s ,  r e c r y s t a l ­

l i s e d  from a c e t i c  a c id ,  m.p.  1 1 9 -1 2 1 ° .

D lbrom obenzotropolone. Y ie ld :  120 mg. (Found:

C, 4 0 . 0 2 ;  H, 1 . 9 7 .  ^ H H6 °2 Br2 r e <iuires C, 4 0 . 0 3 ;  H, 1 .8 3 ^ ) .

The compound In ch loro form  s o lu t io n  was tr e a te d  w ith  s o lu ­

t io n s  A E (page ^7 ) e x a c t ly  as d e sc r ib e d  p r e v io u s ly .

A* Red p r e c i p i t a t e ,  B. y e llo w -g r e e n  p r e c i p i t a t e ,  C. red  

brown s o lu t io n ,  D. b r ig h t  y e llo w  s o lu t io n ,  E. orange  

s o lu t io n .  I t  gave a b r ig h t  y e l lo w , s p a r in g ly  s o lu b le  sodium  

s a l t  w ith  sodium hyd rox id e and a s im ila r  y e llo w  s i l v e r  s a l t  

w ith  h o t  a lc o h o l ic  s i l v e r  n i t r a t e .  D ibroraobenzotropolone  

was a l s o  o b ta in ed  in  e x c e l l e n t  y ie ld  by r e f lu x in g  b e n z o tr o ­

polon e (100 mg.)  in  a c e t i c  a c id  (5 c . c . )  w ith  brom ine (300 mg; 

e x c e s s  o f  two m o les) In  a c e t i c  a c id  (1  c . c . ) ,  o r  b e t t e r ,



3 5 .

m erely  by m ixing th e  two s o lu t io n s  and le a v in g  to  stan d  

14 days in  the c o ld ,  whereupon the product c r y s t a l l i s e d  

o u t , i d e n t i f i e d  by m e ltin g  p o in ts  and mixed m e lt in g  p o in t s .

U l t r a - v i o l e t  l i g h t  a b so r p tio n  measurements were 

c a r r ie d  o u t on th e  Unicam S p ec tro m eter , e x c e p t  in  th e  ca se  

o f  th e  spectrum  o f  tro p o lo n e  in  c y c lo h e x a n e , fo r  w hich  th e  

H ilg e r  "Spekker” Sp ectrop h otom eter  was u sed  ( s l i t  w id th  

0 .0 3  m.m. ) .
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