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THE ACTION OP HYDROGEN PEROXIDE 

ON CAOUTCHOUC,,.

—  oOo-------------

Owing p o s s ib ly  to  th e  u n a t t r a c t iv e  n a tu re  o f  th e  raw 

m a te r ia l ,  th e  c h e m is try  o f  caou tchouc has n o t re c e iv e d  th e  

a t t e n t io n  m e r ite d  by th e  b a s is  o f  a la r g e  and im p o r ta n t 

in d u s t r y .  Caoutchouc was known in  th e  s ix te e n th  c e n tu ry .  Tn 

1825 i t  was f i r s t  used f o r  p r o o f in g  c lo t h ,  and in  1839 c ru d e  

methods o f  v u lc a n is a t io n  were p r a c t is e d ,  y e t i t  was n o t u n t i l  

1860 th a t  th e  ch e m ic a l c o n s t i t u t io n  o f  th e  subs tance  and i t s  

d e r iv a t iv e s  a roused  s p e c u la t io n .

Caoutchouc i s  a to u g h , e la s t ic  h y d ro c a rb o n , w h ich  fo rm s 

e x tre m e ly  v is c o u s  c o l l o id a l  s o lu t io n s  w ith  a l im i t e d  number 

o f s o lv e n ts  such as e th e r ,  p e tro le u m , benzene and i t s  homo­

log u es , c h lo ro fo rm  and ca rbon  t e t r a - c h lo r id e .  T re a te d  w ith  

any o f  th e s e  s o lv e n ts ,  caou tchouc f i r s t  s w e lls  c o n s id e ra b ly ,  

ta k in g  up a la r g e  q u a n t i t y  o f  th e  s o lv e n t ,  and a j e l l y  i s  

formed, t h i s  s lo w ly  m e rg in g  in to  a v is c o u s  and a p p a re n t ly  

homogeneous s o lu t io n *

The n a tu r a l  so u rce  o f  th e  h yd ro ca rb o n  is  th e  la t e x ,  o r  

w h ite  w a te ry  em u ls ion  o b ta in e d  by m aking in c is io n s  in  th e  b a rk  

of c e r ta in  t r o p ic a l  and s u b - t r o p ic a l  t r e e s .  T h is  la t e x  c o n ta in s  

besides ca o u tch o u c , a c e r ta in  q u a n t i t y  o f  p r o te in  m a tte r  w h ich  

acts as a p r o te c t iv e  c o l l o i d  and re n d e rs  th e  em u ls ion  s ta b le .

C o a g u la t io n  o f  th e  la te x  i s  e f fe c te d  by th e  a d d i t io n  o f  

small q u a n t i t ie s  o f  a c e t ic  a c id ,  w h ich  removes th e  p r o te in  and 

ï îo u tra lis e s  /
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n e u t r a l is e s  th e  e le c t r i c  cha rg e s  o f  th e  c o l l o id  p a r t i c le s *  The 

r e s u l t in g  coagulum  is  th e n  d r ie d  and p re p a re d  f o r  m a n u fa c tu re  

by w a sh in g , r o l l i n g  and b le a c h in g  w ith  NaHSOg.

As th e  p ro d u c t o b ta in e d  by  t h i s  method s t i l l  c o n ta in s  a • 

p ro p o r t io n  o f  r e s in  and p r o te in  m a t te r ,  f u r t h e r  p u r i f i c a t io n  

fo r  e x p e r im e n ta l pu rposes may be e f fe c te d  by e x t r a c t in g  th e  

shredded m a te r ia l  w ith  b o i l i n g  a ce to n e  f o r  a p e r io d  o f  about 

10 h o u rs *  F o r a n a ly t ic a l ,  p u rp o se s , caou tchouc i s  p u r i f i e d  by 

d is s o lv in g  in  benzene, d e c a n tin g  th e  s o lu t io n  fro m  th e  in s o lu b le  

m a tte r, and p r e c ip i t a t in g  th e  h y d ro -c a rb o n  w ith  a lc o h o l .

P re p a re d  in  t h i s  m anner, caou tchouc i s  a to u c h , e la s t ic ,

tra n s p a re n t su b s ta n ce , w h ich  r e a d i ly  undergoes spontaneous 

o x id a t io n .

As w i l l  be seen in  th e  fo l lo w in g  pages, th e  c h e m is try  

of caoutchouc i s  c lo s e ly  l in k e d  w ith  th a t  o f  th e  u n d e r-m e n tio n e d  

hydrocarbons : -

ir y th re n e , d i v i n y l ,  o r  b u ta  -  1 .3  d ie n e  OHgrCH.CHtCHg.

Isoprene o r  2 m e th y l b u ta  -  1*3  d ie n e  OHgîOTe.OHîCHg*

P ip e ry le ne  o r  1 m e th y l b u ta  -  1 .3  d ie n e  OîBTerCH.CHîCHg. 

D ipropylene o r  2 , 3 , d im e th y l b u ta  -  1 .3  d ie n e  CHgî CMe.CMerCHg. 

i> l ,4 ,4 ,  T e tra ra e th y l b u ta  -  1*3  d ie n e  C (Me)-îCH.OHîCI (M e)*.

Of th e se , is o p re n e  and e ry th re n e  a re  th e  most im p o r ta n t ,  th e  

former b e in g  one o f  th e  p ro d u c ts  o f  th e  d ry  d i s t i l l a t i o n  o f  

caoutchouc, w h i ls t  b o th ,  ow ing to  t h e i r  h ig h ly  u n s a tu ra te d  

C haracter, r e a d i ly  p o ly m e r is e  to  g iv e  b o d ie s  c lo s e ly  re s e m b lin g  

Natural cao u tch ouc*
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The h is t o r y  o f  th e  c h e m is try  o f  caou tchouc is  meagre in  

ih a t th e re  a re  few  s e r ie s  o f  re s e a rc h e s  o f  a c o n s e c u t iv e  

c h a ra c te r . T h is  i s  due to  th e  f a c t  th a t  w ith  th e  e x c e p tio n  o f  

the d io z & n id e , caou tchouc fo rm s  few  compounds o f  d e f in i t e  

C om pos ition , and most o f  th e s e  have f a i l e d  to  th ro w  any l i g h t  

on i t s  s t r u c tu r e -

The e a r l ie s t  s e r ie s  o f  in v e s t ig a t io n s  was on th e  d e s t r u c t iv e  

d i s t i l l a t i o n  o f  cao u tch ou c , and a lm o s t s im u lta n e o u s ly ^  on th e  

subsequent re p o ly m e r is a t io n  o f  th e  d i s t i l l a t e  to  fo rm  more 

complex h y d ro c a rb o n s .

Tha t caou tchouc i s  a h yd ro ca rb o n  had been e s ta b lis h e d  by 

the a n a ly s e s  o f  B e rz e l iu s ,  Faraday and tT re,and l a t e r ,  G la d s to n e  

and H ib b e r t ,  i t s  e m p ir ic a l fo rm u la  b e in g  OqHg. S ince  th e n , by 

analogy w ith  th e  te rp e n  es t h i s  fo rm u la  has become w h ich

p o s s ib ly  has p roved  a m is fo r tu n e  in  th a t  i t  le d  many c h e m is ts  

to ' t r y  to  e xp ress  compounds as d e r iv a t iv e s  o f  o r  some

polymer o f  t h i s ,  a l l  a p p a re n t ly  a c c e p t in g  caoutchouc as a 

po lym erised  te rp e n e , and in t e r p r e t in g  t h e i r  a n a lyse s  to  s u i t .

By th e  d e s t r u c t iv e  d i s t i l l a t i o n  o f  caoutchouc G r e v i l le  

W illiam s (P ro c . Roy. Soc. 1 8 8 0 .1 0 .5 1 6 ) o b ta in e d  two m ain p ro d u c ts ,  

one b o i l in g  a t  37«-40® and th e  o th e r  a t  170-180® a f t e r  r e f ra c tÉ o n -  

8-tion. The fo rm e r was named is o p re n e  and th e  l a t t e r ,  caoutchew e, 

bas s in c e  been id e n t i f i e d  as d ip e n te n e . W ill ia m s  s ta te d  th a t  

the is o p re n e  on s ta n d in g  in  a s to p p e re d  b o t t le  f o r  a c o n s id e ra b le
f

time became ^ o z o n is e d ” and v is c o u s . On d i s t i l l a t i o n  he was l e f t  

w ith a tough  w h ite  v is c o u s  mass, w h ich  on a n a ly s is  was fo u n d  to  

Contain /
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c o n ta in  a c e r ta in  p ro p o r t io n  o f  oxygen. I t  seems c e r ta in  th a t  

re p o ly m e r is a t io n  o f  th e  is o p re n e  f r a c t io n  had proceeded to  some 

e x te n t.

F iv e  y e a rs  l a t e r ,  s t i r r e d  by a Government re p o r t, on th e  

p e r is h in g  o f  g u t ta  p e rcha  te le g ra p h  c a b le s ,  b p i l l e r  examined 

the p ro d u c ts  o b ta in e d  from  p e r is h e d  caou tchouc ( J.C .S .1 8 6 5 .1 8 -.4 4 ) 

Some w a te rp ro o f p a c k in g  sheet (unv u lc a n is e d )  was th o ro u g h ly  

e x tra c te d  w ith  and on e v a p o ra tio n  a y e llo w  r e s in ,  m ixed

w ith  caou tchouc was o b ta in e d . T h is  r e s in  was p u r i f ie d  by 

© x tra c tio n  w i th  a lo c h o l and was found to  be s o lu b le  in  0 5 0 1 ? , 

m ethyl a lo c h o l,  and in  a lk a l in e  s o lu t io n s ,  b e in g  r e p r e c ip i ta te d  

by a c id s .. I t  was in s o lu b le  in  CSp and tu r p e n t in e  and s p a r in g ly  

s o lu b le  in  e th e r .  He c o l le c te d  f u r t h e r  q u a n t i t ie s  and a n a ly s e d

I t ,  o b ta in in g  va lu es  w h ich  co rresponded  ro u g h ly  to  C^qh q
16 3^

o r more c lo s e ly  to  C-«H 0 , The a u th o r  r e f r a in e d  fro m  any
3U 4» 1Ü

e ja c u la t io n s  as to  th e  n a tu re  o f  t h i s  oxy-com pound. B ouchardat. 

In  1875 p u b lis h e d  a pa pe r ” Qn th e  S y n th e s is  o f  a T e rp i le n e "  

(Compt\Rend^80*1446) in  w h ich  he s ta te d  t h a t  is o p re n e  hea ted  

in  a sea led  tu b e  to  280® f o r  6 h o u rs  y ie ld e d  a te rp e n e  o i l ,  

©aoutehine o r  d ip e n te n e *  F u r th e r  w ork on is p o re n e  appeared 

fo u r ye a rs  l a t e r  i n  a pa pe r * A c t io n  o f  HCl on Is o p re n e  and th e

R eproduction  o f  R ubber” , (Com pt.R end,8 9 *1 1 1 7 ), He a c te d  on
■Q

isoprene w i th  c o ld  cfinc aqueous HCl a n d ^ a fte r  d i s t i l l a t i o n ,

ob ta ined a p ro d u c t w h ich  was e la s t i c ,  s w e lle d  in  e th e r  and 

bad/
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5 .
had no t e s t s  such as th e  n i t r o s i t e ,  te t ra b ro m id e  o r  d lo z e n id e  

whereby a t r u e  caou tchouc m ig h t be i d e n t i f i e d ,  and t h i s  has le d  

l a t e r  w o rk e rs , n o ta b ly  H a r r ie s ,  to  q u e ry  many o f  th e s e  c la im s  

to  have  p o ly m e r is e d  iso p e n e  to  ca o u tc h o u c ,

B ouch a rd a t i n  t h i s  case a c t u a l ly  te s te d  h is  p ro d u c t by 

d ry  d i s t i l l a t i o n  and o b ta in e d  p ro d u c ts  s im i la r  to  th o s e  fro m  

n a tu r a l  ca o u tch o u c .

T h is  c la im  in  p a r t i c u la r  has  been d is p u te d  by H a r r ie s  who 

cou ld  n o t re p e a t th e  e x p e rim e n t, b u t in  h is  p a p e r H a r r ie s  

speaks o f  gaseous H C l, w h i ls t  B oucharda t used cone, aqueous H C l, 

T i ld e n  in  1888 (Cbem.Mews, 4 6 . 280) and 1884 (J .C .S .4 5 , 410)

fu b l ls l ie d  p a p e rs  on "H ydroca rbons o f  fo rm u la  (C g E g )^ ". He
' i f  ' •o b ta in e d  isoprene by  p a s s in g  tu r p e n t in e  th ro u g h  a re d -h o t tu b e ,

and a f t e r  c a r e fu l  r e f r a c td o n a t io n  o b ta in e d  I t  as a m o b ile  l i q u id
o

b o i l in g  a t  34^35 , t h i s  a p p a re n t ly  b e in g  a much p u re r  subs tance  

than th a t  used by  p re v io u s  w o rk e rs . He s ta te d  th a t  pu re  j

caoutchouc may be o b ta in e d  fro m  is p o re n e  by  th e  a c t io n  o f  NOCl o r  cone
r

IG l,  I n  h i s  second p a p e r he p o ly m e ris e d  th e  is o p re n e  by  means o f  

heat and o b ta in e d  d ip e n te n e  and a t h ic k  o i l y  p o ly m e rid e  w h ich  

became to u g h  and e la s t ic  on tre a tm e n t w i th  s t ro n g  a c id s  in  th e  

Gold, T h is  p o ly m e r is a t io n  o f  is o p re n e  to  d ip e n te n e  was co n firm e d  

by W a lla ch  (A n n ,227,295) and two ye a rs  l a t e r  t h i s  w o rk e r d is c o v e re d  

th a t is o p re n e  exposed to  s u n l ig h t  i n  a sea led  tu b e  s lo w ly  

po lym erised  to  a to u g h  e la s t ic  body in s o lu b le  in  a lc o h o l 

(A n n ./



4 .
(Ann,2 3 8 ,8 8 ) , Some o f  T i ld e n 's  specim ens o f  is o p re n e  had been

p re s e rv e d  s in c e  h is  w ork in  1886 , and in  1892 he ob se rve d  th a t

th e s e  had become v is c o u s  and c o n ta in e d  much g e la t in o u s  m a t te r ,

(Chem ,News,65,2 6 5 ,)

The l i q u i d  had a d i s t i n c t  a c id  r e a c t io n  and^on p o u r in g

in t o  a lc o h o l,  th e  g e la t in o u s  body c o a g u la te d  to  fo rm  a w h ite

in s o lu b le  substance  c lo s e ly  re s e m b lin g  ca o u tc h o u c ,' He

c o n s id e re d  th e  a c id i t y  o f  th e  l i q u i d  to  be due to  fo rm ic  o r

a c e t ic  a c id  p roduced  by  a tm o s p h e ric  o x id a t io n ,

Weber (J ,S o c ,C h e m ,In d ,1 8 9 4 ,1 3 ,1 1 ) re v ie w e d  th e  spontaneous

p o ly m e r is a t io n  o f is o p re n e  to  ru b b e r  and suggested  th a t  ru b b e r

was a te rp e n e  o r  p o ly te rp e n e  (C H ) ^  and th r e e  ye a rs  l a t e r  I p a t i e f f
b 8

(J,P r§Chem , i i *  55) e lu c id a te d  th e  c o n s t i t u t io n  o f  is o p re n e *

A c t in g  on i t  w i th  HBr he o b ta in e d  CE ,CMeBr,CE ,C E_Br, as th e3 d dt
Chief p ro d u c t .  From t h i s  he gave th e  s t r u c tu r e  o f  is o p re n e  

as GH :CMe,CH:CH ♦ T h is ,  how ever, d id  n o t le a d  to  any d is c u s s io n  

as to  th e  l i n k in g  up  o f  is o p re n e  n u c le i  to  fo rm  th e  caoutchouc 

m o le c u le ,

V e ry  s h o r t ly  a f te rw a rd s  Kondakow (J ,P r,C h e m ,64^109) 

n o t ic e d  th a t  p o ly m e r is a t io n  to  c a o u tc h o u c - lik e  b o d ie s  was n o t 

c o n fin e d  to  is o p re n e  a lo n e . From d im e th y l b u ta d ie n e  he 

o b ta in e d  a w h ite  e la s t ic  substance  w h ic h , th o u g h  i t  s w e lle d  

in  GgH^, was in s o lu b le  in  mo st o f  th e  u s u a l caou tchouc s o lv e n ts .  

T h is  was th e  f i r s t  o f  th e  many m ethy 1 - ru b b e rs  s in c e  o b ta in e d  by 

p o ly m e r is a t io n  o f  th e  homolAgues o f  is o p re n e .
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By t h i s  t im e  th e  s y n th e t ic  p ro d u c t io n  o f  cao u tchouc o r

c a o u tc h o u c - lik e  b o d ie s  ( th e  a b s o lu te  i d e n t i t y  had n o t y e t

been e s ta b lis h e d  th ro u g h  la c k  o f  d e f in i t e  t e s t s )  may be

s a id  to  la v e  been f i r m ly  e s ta b l is h e d .  The n e ce ssa ry

e x p e r im e n ta l c o n d it io n s  were s t i l l  o n ly  v a g u e ly  known and

th e  r e s u l t s  c o u ld  i n  no way be g u a ra n te e d . The f a c t s ,

ho w eve r, were known and c o n tin u o u s  a t t e n t io n  to  c o n d it io n s  o f

exp e rim e n t c u lm in a te d  i n  th e  B aye r P a te n ts  o f  1909, f o r  th e

p ro d u c t io n  o f  caoutchoud by  th e  h o t  p o ly m e r is a t io n  o f  is o p re n e .

The g la c ia l  a c e t ic  a c id  p ro ce ss  (S atees 1910) and th e  sodium

p ro c e s s  i n  w h ic h  is o p re n e ^  and i t s  hom ologues in  p rese n ce  o f

m e t a l l i c  Na p o ly m e r is e  to  g iv e  a good y ie ld  o f  a w o rka b le

p ro d u c t have now made la rg e  s c a le  m a n u fa c tu re  o f  s y n th e t ic

ru b b e r p o s s ib le ,  The w ork o f  T i ld e n  and Weber a t t r a c te d

new in v e s t ig a to r s  who approached th e  s u b je c t f r o m  a d i f f e r e n t

a n g le . They devo ted  t h e i r  a t ta c k  to  th e  caoutchouc m o le cu le

i t s e l f ,  a t te m p t in g  to  d e te rm in e  i t s  s t r u c tu r e  and c o m p le x ity

by means o f  d e f i n i t e  ch e m ica l d e r iv a t iv e s  and p h y s ic a l c o n s ta n ts *

An e a r ly  in v e s t ig a t io n  i s  found  in  th e  p a p e r b y  G lad s tone  and

l i b b e r t  (T .C hem ,S oc,1888,679 ) who sought to  d e te rm in e  th e

n n s a tu ra t io n  o f  th e  caou tchouc m o le c u le  i n  s o lu t io n  by

means o f  th e  r e f r a c t io n  and d is p e rs io n  e q u iv a le n ts .  These

f ig u r e s  w ere th e n  v e r i f i e d  by p re p a r in g  c h lo r in e  and b rom ine

a d d it io n  p ro d u c ts  capab le  o f  b e in g  a n a ly s e d . The r e s u l t s  th e y

o b ta in e d  went to  show th a t  f o r  eqch th e re  were
3 /



6 .
3 p a i r s  o f  d o u b ly  l in k e d  c a rb o n s . A c t in g  on caou tchouc in

CHCl w i th  C l , th e y  fo u n d  th a t  a d d i t io n  and s u b s t i t u t io n  
3 2

to o k  p la c e  s im u lta n e o u s ly ,  and a p ro d u c t was o b ta in e d  w h ich

gave an a n a ly s is  C H 01 • The u n s a tu ra t io n  was te s te d
10 14 8

a ls o  w i th  s ta n d a rd  b rom ine  s o lu t io n s .  A lm ost 4  atoms o f

b rom in e  were ta k e n  up by each C E g roup  u n d e r o r d in a ry
10 16

c o n d i t io n s ,  b u t a f t e r  p ro lo n g e d  a c t io n  a p ro d u c t was o b ta in e d

w h ich  gave on a n a ly s is  C H B r , p o s s ib ly  by  lo s s  o f  E B r fro m
10 15 5

C ^^p ^^B r^ , These r e s u l t s  c e r t a in ly  seem to  u p h o ld  th e  

f ig u r e s  g iv e n  by  th e  r e f r a c t i v e  in d ic e s ,  E a logen and h a lo g e n  

a c id  compounds were a ls o  p re p a re d  by  Weber (B e r ,1 9 0 0 ,3 3 *7 7 9 ), 

W ith  b rom ine  he o b ta in e d  th e  now w e ll-k n o w n  te t ra b ro m id e  tho ugh  

h is  method seems to  have r e s u lte d  i n  o th e r  compounds b e in g  

a ls o  p ro du ced , s in ce  h i s  te tra b ito m id e  showed an a p p re c ia b le  

and v a r y in g  s o l u b i l i t y  i n  CECI . Io d in e  gave a p ro d u c t

w h i ls t  w i th  m o is t ECl th e  d ih y d ro  c h lo r id e  C^qH  ̂ 2HC1
^ 16 

was o b ta in e d .  On h e a t in g  t h i s  d ld y d ro c h lo r id e  he seems to

have o b ta in e d  as s o le  p ro d u c t th e  m tn o -h y d ro c h lo r id e .  L a te r

work by E e r r ie s  (Ann, 19 14 ,406 -173) goes to  show th a t  th e

h y d ro c h lo r id e  d is s o c ia te d  by h e a t i n  va cU t lo s e s  a l l  b u t 1

m o lecu le  o f  HCl fro m  C E ,  6HC1, The N i t r o s i t e  w h ich  has
30 48

s ince  p la y e d  such an im p o rta n t p a r t  i n  th e  e s t im a t io n  and 

id e n t i f i c a t io n  o f  caoutchouc was f i r s t  d e s c r ib e d  by H a r r ie s  

(B e r,1 9 0 1 ,3 4 ,2 9 9 1 ), P ass ing  th e  p u r i f i e d  g a s , o b ta in e d  by 

h e a t in g /



7 .
h e a t in g  w i th  M O  , in t o  a p e tro le u m  s o lu t io n  o f

ca o u tch o u c , he o b ta in e d  a y e llo w  f la k ^ y  com pound^so lub le  i n

e th y la c e ta te  and in s o lu b le  i n  e th e r .  I t  was a c id ic ,

b e in g  s o lu b le  i n  a lk a l in e  s o lu t io n  and r e p r e c ip i t a te d  by

th e  a d d i t io n  o f  a c id s .  A n a ly s is  gave i t s  c o m p o s it io n  as

Q H 0 M , Weber (B e r .1 9 0 2 ,3 5 ,1 9 4 7 ) p e rfo rm e d  s im ila a r 
40 62 24 lO

e xp e rim e n ts  w i th  n i t r o s y l  c h lo r id e  and n i t r o g e n  p e ro x id e .

W ith  NOCl he o b ta in e d  a s t i f f  j e l l y  w h ich  on s ta n d in g

decomposed to  g iv e  a p p a re n t ly  unchanged ca o u tch o u c ,

N itro g e n  p e ro x id e , o b ta in e d  by  h e a t in g  Fb^îO ) was passed in t o
3 2

a C H solution of caoutchouc. T h is  yielded a yellow powder 
6 6

w h ich  was s o lu b le  i n  ace tone  and r e p r e c ip i t a te d  on a d d i t io n

o f  w a te r .  I t  was a c id ic  i n  c h a ra c te r  fo rm in g  s a l t s  w i th

1 ft arid A g, A n a ly s is  gave th e  c o m p o s itio n  ^ ,0  N ,
10 16 4 2

T h is  p ro d u c t how ever i s  th e  n i t r o s a t e  and i s  q u ite  d i s t i n c t  

fro m  H a rr ie s *  n i t r o s i t e .  A t t h i s  t im e  D it tm a r  was

in v e s t ig a t in g  th e  a c t io n  o f  on ca o u tch o u c . He
3

found (B e r ,3 5 ,1 4 0 1 ) th a t  a v ig o ro u s  a c t io n  o c c u rre d ^ w h ic h

y ie ld e d  a y e l lo w - re d  subs tance  w h ich  c o u ld  be p r e c ip i t a te d

fro m  e th y l  a c e ta te  by th e  a d d i t io n  o f  e th e r .  I t  a ls o  was

a c id ic  in  c h a ra c te r  and had th e  c o m p o s itio n  C H O N ,  T h is10 12 6 2
work was c o n firm e d  by  H a r r ie s  (B e r ,35 ,32 56) who a ls o  s u p p lie d  

fu r t h e r  in fo r m a t io n  abou t th e  n i t r o s i t e .  The no rm a l a c t io n

o f NqO on caou tchouc in  C H gave n i t r o s i t e  (A) (C^^H O N ) :  
^ 3  6 6 10 16 3 2 X

w ith  m o is t benzene and unwashed N 0 he o b ta in e d  n i t r o s i t e  C
2 3 ""

^ y e llo w  powder C ^ H  O N ,  He a ls o  d e s c r ib e d  a n i t r o s i t e
2U 30 16

V



8 *
o b ta in e d  by th e  p ro lo n g e d  a c t io n  o f  ; i t  was a c id ic ,

~ ^ 3
had m o l.w t ,6 0 0 , and c o m p o s it io n  C H O  N , b u t  s h o r t ly

20 30 16 6
a f te rw a rd s  he c o r re c te d  t h i s ,  s t a t in g  th a t  n i t r o s id e  h was an

o x id a t io n  p ro d u c t o b ta in e d  th ro u g h  th e  p re se n ce  o f  C l and2
NOCl in  h is  N 0 w h ich  had been d r ie d  o v e r CaCl * By t h i s  

2 3 2
tim e  i t  was becom ing e v id e n t th a t  th e  n i t r o s i t e  was n o t g o in g

to  y ie ld  much in fo rm a t io n  about th e  a c tu a l caou tchouc m o le c u le .

The p r e p a ra t io n  o f  th e  compound was v e ry  s u s c e p t ib le  to

e x p e r im e n ta l c o n d it io n s  and^ when p re p a re d , th e  compound c o u ld

o n ly  be s u b je c te d  to  u l t im a te  a n a ly s is ,  th e  r e s u l t s  o f  w h ich

v a r ie d  g r e a t ly ,  H a r r ie s  h im s e l f  used.umany fo rm u la e  a p p a re n t ly

to  d e s c r ib e  th e  same compound, w h ich  he e v id e n t ly  re g a rd e d  as

b e in g  o f  a h ig h ly  a s s o c ia te d  c h a ra c te r .  The compound o b ta in e d

by D it tm a r  u s in g  @*HNO^ was id e n t i f i e d  by  h im  (M bnatsC h,1904,

25 ,464) as e i t h e r  3 :6  o r  5 :6  d in it r o d ih y d ro c u m in io  a c id .,

w h ich  in d ic a te d  a c o n s id e ra b le  d e g ra d a t io n .o f  th e  o r ig in a l

caoutchouc s t r u c tu r e ,

A p a p e r by  S i r  W,Ramsay and h is  w o rke rs  was p u b lis h e d

(J ,S o c ,C h e m ,In d ,2 1 ,1 3 6 7 ) w h ich  covered  th e  s u b je c t  g e n e r a l ly ,

G u tta  p e rch a  was p u r i f i e d  by p r e c ip i t a t io n  fro m  benzene by

a lc o h o l and s u b je c te d  to  u l t im a te  a n a ly s é s . T h is  gave th e

co m p o s itio n  as (C H ) , Oa d r y  d i s t i l l i n g ,  is p o re n e  was
5 8 a

o b ta in e d  a lo n g  w ith  h ig h e r  b o i l i n g  f r a c t io n s .  W ith  B r^ ,

the te tra jw o m id e  C H B r was o b ta in e d . An e th e re a l
10 16 4

s o lu t io n  o f  g u tta p e rc h a  was o x id is e d  by  a tm o sp h e ric  oxygen 

and/



9 ,
and a  sÿinapy ■ compound was o b ta in e d  w h ich  was a n a lysed  and

shown to  be  C H 0 , A s im i la r  e xp e rim e n t was c a r r ie d  ou t 
17 26

u s in g  to lu e n e  as th e  s o lv e n t ,  and th e  o x id a t io n  p ro d u c t

in  t h i s  case had th e  fo rm u la  C H 04 .
12 24

In  1904 (B e r ,37 ,2708) th e r e  appeared th e  f i r s t  o f  H a r r ie s *

b r i l l i a n t  re s e a rc h e s  w h ic h  opened p r a c t i c a l l y  a new e ra  i n  th e

c h e m is try  o f  ca o u tch o u c . T u rn in g  to  th e  method w h ich  had

p r e v io u s ly  f i x e d  th e  c o n s t i t u t io n  o f  o le ic  a c id  and o th e r

u n s a tu ra te d  b o d ie s ,  he p re p a re d  th e  o zo n id e  o f  cao u tchouc

b y  p a s s in g  o zo n ise d  a i r  in to  a c o ld  CHCl s o lu t io n  o f  th e
3

h y d ro c a rb o n . The o zo n id e  was o b ta in e d  as a v i t r e o u s

mass and had a m o le c u la r  w e ig h t c o rre s p o n d in g  to

2 ..o r When b o i le d  w i th  w a te r  th e  o zo n id e  decomposed

and y ie ld e d  H 0 » a k e to a ld e h y d e  o r  d ia ld e h y d e , and an a c id  2 2
w h ic h  appeared to  be s u c c in ic  a c id .  The n e x t p a pe r (B e r,

58 ,11 9 5 ) gave com ple te  d e t a i l s  o f  th e  exp e rim e n t and

th e  a u th o r*  s c o n c lu s io n s . The o zo n id e  was p re p a re d  by

p a s s in g  o zo n ise d  a i r  in t o  a c o ld  CHCl s o lu t io n  o f  ca o u tc h o u c ,
3

The s o lv e n t was removed un de r re duce d  p re s s u re  and, on 

a d d in g  e th y la c e ta te  fo llo w e d  by l i g h t  p e tro le u m , th e  

o zo n id e  se p a ra te d  as an o i l  w h ich  s o l i d i f i e d  on s ta n d in g .

W ater was added and th e  p ro d u c t was d i s t i l l e d  on steam , 

L é v u l in ic  a ldehyde  passed o v e r and I f t v u l in i c  a c id  rem ained 

b e h in d . I f  steam was o n ly  passed f o r  a s h o r t t im e ,

l e v u l i n i c  a ldehyde  p e ro x id e  , in  le a tf]g e ts ,



1 0 ,
No o th e r  v o l a t i l e  a ldehyde  o r  k e to n e s  r e s u l t ,  and th e ..p ro d u c ts  

may be q u a n t i t a t i v e ly  e s t im a te d ,"  I n  h is  f i r s t  p a p e r H a r r ie s  

a ss ig n e d  an open c h a in  fo rm u la  to  ru b b e r , b u t th a t  was b e fo re  

he had d is c o v e re d  th a t  b o th  h y d r o ly s is  p ro d u c ts  were oxygena ted  

a t b o th  ends, a r e s u l t  u n o b ta in a b le  fro m  an open c h a in  d io z o n id e  

how ever lo n g ,

H a r r ie s  ass ig n e d  to  caou tchouc th e  s t r u c tu r e  o f  a 1 :5

d im e th y l c y c lo o c ta  l : 5 - d ie n e ,  th e  ru p tu re  ta k in g  p la c e  in
fit.

t h i s  f a s h io n : -
I

A

\y

CM

Irtj.

'MC
/
'c f4 .

c-I

CH /  yX./
C H 
1%
O

/ie

c  Ha

1 = 0 - 0
I

fl-6.
cddzJi^JjL.

To e x p la in  th e  h ig h ly  a s s o c ia te d  c h a ra c te r  o f  caoutchouc

H a rr ie s  made use o f  T h ie le 's  th e o ry  o f  p a r t i a l  u n s a t is f ie d

v a le n c ie s  w h ic h  a re  always p re s e n t i n  uns a tu ra te d  compounds.

Through th e  a c t io n  o f  th e s e  p a r t i a l  v a le n c ie s ,  an in d e f in i t e

number o f  th e  c y c lo o c ta d ie n e  r in g s  u n ite d  to  fo rm  a lo o s e

H iolecule w h ich  i s  caoutchouc in  i t s  no rm a l s t a t e ,
/"ft

«
C H 
U

CH -  ^
/ f *

C,*" ' C. H
« «
C M ^ •

e -  c r t j,-  t  -  c H  * • 
n n
e // .  " c Wg — c  . ^ .

A<e
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I n  th e  p resence  o f  an o x id is in g  agen t t h i s  la rg e  lo o s e  

m o le c u le  i s  f i r s t  b ro k e n  in to  i t s  s ta b le  c o n s t itu e n ts ^  w h ich  

th e n  re a c t  t o  g iv e  c o m p a ra t iv e ly  s im p le  p ro d u c ts .  P u rth e n n o re  

c is - t r a n s  is o m e ris m  is  p o s s ib le  i n  a c o m b in a tio n  o f  t h i s  ty p e ,  

g iv in g  r i s e  t o  a la rg e  number o f  is o m e r ic  b o d ie s , w h ich  w ou ld  

acco un t f o r  th e  v a r y in g  p h y s ic a l p r o p e r t ie s  o f  caou tch oucs  fro m  

d i f f e r e n t  s o u rc e s .

T h is  pape r r e s u lte d  in  a number o f  w o rk e rs  d e v o t in g  t h e i r  

e n e rg ie s  to  p re p a r in g  and decom posing ozo n id e s  o f  ca o u tch o u c , 

w h i ls t  o th e rs  proceeded to  e x p la in  p re v io u s  r e s u l t s  b y  means 

o f  th e  d im e th y lc y c lo o c ta d ie n e  fo rm u la ,  H a r r ie s  h im s e lf  

p re p a re d  th e  d io z o n id e  o f  g u t ta -p e rc h a  and o b ta in e d  l e t u l i n i o  

a c id  and a ldehyde  i n  th e  re v e rs e  p ro p o r t io n s  to  th o s e  o b ta in e d  

fro m  ru b b e r  (B e r ,1 9 0 5 ,3 9 ,8 5 ) ,  He suggested  th a t  th e  g u t ta  

d io z o n id e  was a s te re o is o m e r o f  th e  caou tchouc p ro d u c t .

Some t im e  l a t e r ,  A le x a n d e r (B e r,1 9 0 7 ,4 0 ,1 0 7 0 ) re tu rn e d  to  

th e  n i t r o s i t e ,  w h ich  he p re p a re d  and a n a ly s e d . H is  r e s u l t s

gave a compound CqE O N ,  To t h i s  he a ss ig n e d  th e  s t r u c tu r e
"  12 6 2

o f  a 5 :6  d in i t r o c y c lo o c te n e :  1 c a rb o x y lie  a c id ,

CH.,----------- "CH.  CH

\ ç H -------------------------------------C «^
AO.
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T h is  c o u ld  be o b ta in e d  fro m  d e m e th y lc y c lo o c ta d ie n e  by

lo s s  o f  CO fro m  th e  ca rbo n  h o ld in g  b o th  th e  n i t r o  and th e  
2

c a rb o x y l g ro u p .

An o x id a t io n  o f  a d i f f e r e n t  ty p e  had m eanw h ile  been 
s

c a r r ie d  o u t by H e r b ^ t  (B e r ,3 9 ,1 9 0 6 ,5 2 2 ) , who passed a i r  f o r  

140 h o u rs  th ro u g h  a b o i l i n g  benzene s o lu t io n  o f  ru b b e r .  On 

d i s t i l l i n g  o f f  th e  s o lv e n t ,  he o b ta in e d  a sy ru p  fro m  w h ich  two 

p ro d u c ts  were is o la t e d .  One was a re d -b ro w n  sy ru p  e a s i ly  

s o lu b le  i n  l i g h t ‘ p e tro le u m  and h a v in g  th e  c o m p o s it io n

C H 0 , The o th e r  was a y e llo w  amorphous f r i a b l e  s o l id  .
10 16

w h ic h  was q u ite  in s o lu b le  in  l i g h t  p e tro le u m , and s p a r in g ly  

s o lu b le  i n  a m ix tu re  o f  benzene and p e tro le u m . I t  had 

th e  c o m p o s it io n  C^gE^gOg and com prised  o n ly  a s m a ll p r o p o r t io n  

o f  th e  y ie ld .  The a u th o r  d id  n o t a tte m p t to  in v e s t ig a te  th e  

n a tu re  o f  th e s e  o x y -b o d ie s .

O b je c t io n s  to  H a r r ie s ' 8 ca rbon  r in g  fo rm u la  were b e in g  

ra is e d  by  c e r ta in  w o rk e rs , n o ta b ly  P ic k le s ,  who s h o r t ly  

a f te rw a rd s  c o n tr ib u te d  an im p o r ta n t pape r on th e  s u b je c t .  

M eanw h ile  w o rk  was c h ie f l y  c o n fin e d  to  th e  in d u s t r i a l  s id e ,  

e s p e c ia l ly  to  th e  p re p a ra t io n  and v u lc a n is a t io n  o f  s y n th e t ic  

■ ru b be rs .

In  1911 (A n n ,38 3 ,1 57 ) H a r r ie s  p roduced "n o rm a l"  and 

"sodium® caoutchoucs fro m  is ^ re n e ,^ ^ ) ' b u ta d ie n e , and B y 

d im e th y l A  B u ta d ie n e , The no rm a l caou tchoucs were 

produced by p o ly m e r is a t io n  by  h e a t o r  in  th e  p resence  o f

g la c ia l  a c e t ic  a c id .  The "sodium® caou tchoucs  were 

p ro d u c e d /
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p roduced  by s e a lin g  th e  h y d ro c a rb o n  i n  a tu b e  a lo n g  w i th  Wa 

• w ire  and h e a t in g .  These methods r e s u lte d  in  a q u ic k  and 

c e r t a in  y ie ld  u n d e r known c o n d it io n s  and p la c e d  s y n th e t ic  

ru b b e r  on a f i r m  fo u n d a t io n .  The te t ra b ro m id e s ,  n i t  r o s i t  es 

and o z o n id e s  o f  th e s e  caou tchoucs  were p re p a re d . The 

d e c o m p o s itio n  cu rves  o f  th e  o z o n id e s  were p lo t te d  and 

d i f fe r e n c e s  were observed  betw een th e  n o rm a l and sodium  c a o u t­

choucs , T h is  d e c o m p o s itio n  cu rve  o f  th e  o zo n id e  was 

s u b s e q u e n tly  used by H a r r ie s ,  a lo n g  w i th  th e  te t ra b ro m id e ,  

n i t r o s i t e  aid c e r ta in  p h y s ic a l p r o p e r t ie s ,  i n  h is  d e f i n i t i o n  

o f  a " t r u e  c a o u tc h o u c " . P ic k le s  e n te re d  th e  f i e l d  i n  1910 

( J ,0 ,3 ,9 7 ,1 *1 0 8 5 )  w i th  an e x h a u s t iv e  c r i t i c i s m  o f  th e  

d im e th y le y c lo o c ta d ie n e  fo rm u la ,  w h ic h  he r e je c te d  f o r  th e  

f o l lo w in g  re a s o n s . The 8 ca rbon  r in g  fo rm u la  r e q u ire s  two 

c o n c e p tio n s , f i r s t l y ,  a c h e m ica l m o le cu le  o f  8 ca rb o n s , and 

se co nd ly  a p h y s ic a l (n o t a t r u e  c h e m ic a l)  po lym e r o f  unknown 

s iz e .  T h is  p o ly m e r ta k e s  th e  fo rm  o f  a ch e m ica l u n io n  so 

loo se  as to  a l lo w  th e  0» t o  d e p o ly m e ris e  th e  a g g re ga te  b e fo re  

a t ta c h in g  i t s e l f  to  th e  m o le c u le s . W ith  b ro m in e , th e r e fo r e ,  

one o f  two th in g s  sho u ld  happen; e i t h e r  th e  la rg e  m o le cu le  

shou ld  d e p o ly m e ris e  and f u r n is h  s im p le  d e r iv a t iv e s  o f  fo rm u la

G E B r ,  o r  i t  sho u ld  re m a in  p o ly m e ris e d  and g iv e  a com plex 
J-U lo  4

substance c o n ta in in g  2 B r f o r  each C qB g ro u p . What th e
I * '  16

a c t io n  r e a l l y  y ie ld s  i f i  an in s o lu b le  amorphous body o f  

co m p o s itio n  (G_^H B r ) w h ich  i s  q u ite  as com plex asIV  16 4 X
c a o u tc h o u c /
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caou tchouc i t s e l f .  The te t ra b ro m id e  i s  n o t a s im p le  

d e r iv a t iv e  o f  an 8 ca rbon  r in g ,  y e t i t  shows th e  u n s a tW ra tio n  

to  be exp ec te d  i n  a s im p le  d e r iv a t iv e .  The 8 carbon r i p g ,  

t h e r e f o r e ,  in v o lv e s  th e  id e a  o f  p o ly m e r is a t io n  w ith o u t  

d im in u t io n  o f  u n s a tu r a t io n ,  and t h i s  p o ly m e r is a t io n  canno t 

be o f  a " lo o s e "  ty p e  i f  i t  r e s is t s  th e  a c t io n  o f  b ro m in e .

O th e r d e r iv a t iv e s ,  such as th e  n i t r o s i t e s ,  and h y d ro c h lo r id e s  

a re  e q u a l ly  com plex and y e t  e x h ib i t  th e  h ig h  u n s a tu ra t io n  

o f  th e  8 ca rbon  r i n g .

F u rth e rm o re , com p le te  re d u c t io n  o f  caou tchouc sh o u ld  

y ie ld  s a tu ra te d  C H d im e th y Ic y c lo o c ta n © ,w h ic h  w ou ld  be
1V

a s im p le  compound b o i l i n g  a t  about 170® -  180^ and in c a p a b le  

o f  p o ly m e r is in g ,  y e t B e r th e lo t  (B u ll,S o c ,C h © m ,1 8 6 9 ,ll,3 3 )^  

on re d u c in g  caou tchouc w i th  H I and d i s t i l l i n g ,  o b ta in e d  

h y d ro ca rb o n s  b o i l i n g  above 350® and o b v io u s ly  o f  h ig h  

m o le lu la r  w e ig h t ,  (The h y d ro g e n a tio n  o f  caoutchouc and th e  

e x a m in a tio n  o f  th e  p ro d u c ts  o f  d i s t i l l a t i o n  had n o t y e t been 

a tte m p te d , b u t ,  when t r i e d ,  i t  y ie ld e d  h ig h  b o i l i n g  hyd ro  calm s 

é lm i la r  to  th o s e  o f  B e r th e lo t , )  On th e s e  g ro u n d s . P ic k le s  

con tended , th e  d im e th y le y c lo o c ta d ie n e  s t r u c tu r e  must be 

r e je c te d ,  and he th e n  p o in te d  o u t th a t  th e  d e c o m p o s itio n  

p ro d u c ts  o f  th e  ozonéde c o u ld  e q u a lly  w e l l  be o b ta in e d  fro m  

an i n d e f i n i t e l y  la rg e  s in g le  r in g  composed o f  -  CHg*CMe:CH,CHg- 

n u c le i .  T h is  la rg e  r in g ,  w ith  i t s  d o u b le  bonds e v e n ly  

spaced w ou ld  fo rm  an o z o n id e  w h ich  on d e c o m p o s itio n  w ou ld  

g iv e /
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g iv e  le ü a l ln lG  a ld ehyd e  and i t s  p e ro x id e  in  th e  q u a n t i t ie s

' t  ^3o b ta in e d ,
. . . . . . . .  • » C * d >, C H  ' C HX ' A! /1<t { C M ' C.

. . .  C M ,  - C # I C / Y t  C  W .  ' & f / .  C 4  : c./i<. i / 4 ,
\  /  \ /

0 ^ = = “ g 0 O
" - - C W . ' C / V f  C H  ' C f t ,  ■ O i O = C W ' C W a

H I
. . t w , . c w  C/YtCf/;, CA[; c/Y àiO:C/4^-cHx

L = J  « :

T h is  fo rm u la  p e rm it te d  a ls o  o f  te t ra b ro m id e s ,  n i t r o s i t e s ,  e t c ,

o f  any c o m p le x ity  w i th  th e  re q u ire d  u n s a tu ra t io n  o f  2 d o u b le  

bonds p e r g ro u p ,

Mo f u r t h e r  d a ta  f o r  o r  a g a in s t th e s e  fo rm u la e  was 

im m e d ia te ly  fo r th c o m in g ^ b u t re s e a rc h e s  a lo n g  o th e r  l in e s  were 

p ro c e e d in g *  In  1911 Spence and G a l le t le y  (J * A ,0 ,^ *3 3 ,1 9 0 )  

s u b je c te d  caou tchouc to  a r e a c t io n  w h ich  had p roved  v e ry  u s e fu l  

w i th  te rp e n e  h y d ro c a rb o n s . On a c t in g  on a s o lu t io n  o f  

caou tchouc#  w i th  chromy 1 c h lo r id e  i n  th e  same s o lv e n t ,  th e y  

o b ta in e d  a b la c k  amorphous compound ^^0 ^16* ^C rO ^C l^ c lo s e ly  

re s e m b lin g  th a t  o b ta in e d  w i th  th e  te rp e n e s . On decom posing 

th e  te rp e n e  compound w ith  w a te r v o l a t i l e  a ldehydesand ke to n e s  are  

o b ta in e d , b u t t h i s  body gave- a brown gummy m ass, A s m a ll

q u a n t it y  o f  a substance  was is o la te d  w h ich  gave a ldehyde  

re a c t io n s  

F u r th e r /

re a c t io n s  and form ed a p h en y lh yd ra zo ne  m e lt in g  a t 92® ^



16.
F u r th e r  in v e s t ig a t io n s  were p rom ised  b u t d id  n o t m a te r ia l is e .

A n o th e r o x id a t io n  was c a r r ie d  o u t by Peachey 1 9 1 2 ,3 1 ,1 1
06

who o x id is e d  t h i n  f i lm s  o f  caou tchouc d e p o s ite d  in  a f l a s k ,  and

e s tim a te d  th e  aim un t  o f  oxygen ab so rb e d , • He found  t h i s  to  be

4 atoms f o r  each C^qH^^ g ro u p , L a te r^  (Chem,Trade J *  1 9 1 7 ,6 1 ,5 0 4 ^  1,

he re p e a te d  th e  e xp e rim e n t u s in g  d ry  and m o is t o xyg e n . A b s o rp tio n
»

was th e  same as b e fo re ,  and th e  r e s id u a l gases showed th e

p resence  o f  CO e q u iv a le n t to  th e  o x id a t io n  o f  1 ca rbon  in

each C^gHg^, The p ro d u c ts  o f  A x id a t io n  were e x tra c te d  w ith

a lc o h o l p e r io d ic a l ly  and 4 su b s ta n ce s  were o b ta in e d : ( l )  A y e llo w

v is c id  r e s in ,  n e u t r a l ,  and s o lu b le ^  i n  th e  u s u a l o rg a n ic  re a g e n ts ,

c o m p o s itio n  C E O ,
16 23 5

(2) a faw n c o lo u re d  amorphous s o l id  i n s o l ,  p e tro le u m , b u t s o lu b le

in  most o th e r  o rg a n ic  s o lv e n ts ,  c o m p o s itio n  C H O ,
6 9 2

(3) Brown amorphous body s o lu b le  o n ly  i n  d i l u t e  a lk a l ie s ,

c o m p o s it io n  G , 0 ,
11 16 4

(4) R ed d ish -b row n  amorphous body , i n s o l ,  a lk a l ie s ,  c o m p o s it io n

No f u r t h e r  e x a m in a tio n  was made o f  th e se  subs tances* n o r  was th e  

work c o r re la te d  w ith  s im i la r  p re v io u s  e x p e rim e n ts ,

A R uss ian  ch e m is t O s tro m is s le n s k i was a t t h i s  t im e  in v e s ­

t ig a t in g  th e  p o ly m e r is a t io n  o f  v i n y l  b ro m id e , CH^:CH B r . ( J ,R u s s ,

5bys, Chem,Soc,  1912, 4 4 ,2 0 4 ) , The p o ly m e ris e d  p ro d u c t he 

Galled "eaouprene b ro m id e " amd i t  resem b les  th e  b rom ide  o f  

butad iene s y n th e t ic  ca o u tch o u c , Caouprene b rom ide  was compared 

^ I th  th e  te t ra b ro m id e  o f  c y c lo o c ta d ie n e  ( W i l l s t â t t e r ,  B e r ,38 ,19 7 5 ) 

and/
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and found to  be q u i te  d i f f e r e n t *  O s tro m is s le n s k i c o n s id e re d  

th a t  th e  p o ly m e r is e d  n y lb ro m id e  must c o n ta in  a t  le a s t  12 

ca rbon  atoms and fro m  i t s  resem b lance to  s y n th e t ic  b u ta d ie n e  

c a o u tch o u c , c o n s id e re d  t h a t  th e  l a t t e r ,  and th e r e fo r e  n a tu r a l  

caou tchouc c o u ld  n o t have th e  8 ca rbon  r in g  s t r u c tu r e .

He advanced th e  same fo rm u la  as P ic k le s ,  a la rg e  s in g le  r in g  o f  

c o n jo in e d  is o p re n e  n u c le i*  A pa pe r by H a r r ie s  in  1913 (Ann,

39 5 ,2 11 ) compared th e  d e c o m p o s itio n  cu rve s  o f  th e  d io z o n id e s  o f  

"n o rm a l” b u ta d ie n e  caou tchouc and o f  1 :5  c y c lo o c ta d ie n e , a 

h y d ro  carbon p re p a re d  by W i l l s t â t t e r  ( l o c . c i t . )  fro m  th e  decom posi­

t i o n  p ro d u c ts  o f  an a lk a lo id  p s e u d o -p e lle t i e r i n ,  C y c lo o c ta d ie n e  

i s  a C o lo u r le s s  o i l  w h ic h  r a p id ly  p o ly m e ris e s  to  fo rm  c r y s t a l l i n e  

d i- c y c lo o c ta d ie n e *  A c c o rd in g  to  H a rr ie s *  v ie w s , b u ta d ie n e  

caou tchouc sh o u ld  be a p o lym e r o f  c jc c lo o c ta  1 :5  d ie n e *  The 

d io z in id e s . o f  b o th  th e se  substances were p re p a re d  and decomposed. 

I t  was fou nd  t h a t  d e c o m p o s itio n  o c c u rre d  a t th e  same r a te  and 

p r a c t i c a l l y  id e n t i c a l  amounts o f  th e  d e c o m p o s itio n  p ro d u c t ( in  

t h i s  ease s u o c in -d ia ld e h y d e  and i t s  a c id )  w ere o b ta in e d ,

H a r r ie s  re a f f i rm e d  " w ith  c o n s id e ra b le  c o n fid e n c e *  h i s  b e l i e f  

th a t  n o rm a l caou tchouc c o n s is ts  o f  an o c te t  r in g .  C o n tin u in g  

h is  s tu d y  o f  th e  o z o n id e s , H a r r ie s  tu rn e d  h is  a t t e n t io n  to  

" re g e n e ra te d  ca o u tch ou c" w i th  fa r - r e a c h in g  r e s u l t s ,

A s h o r t  pa pe r on t h i s  s u b je c t appeared i n  1913 (B e r ,4 6 ,7 3 3 ) ,  

A d d it iv e  compounds were form ed w i t h  H C l, HBr, and H I, 2 m o is o f  

th e  a c id  b e in g  added to  each th o u g h  i t  was found  th a t

s y n th e t ic  Na is o p re n e  caoutchouc d u r in g  p u r i f i c a t i o n  lo s t  one 

m o l , /
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m o l.o f  H I .  The caou tchouc was re g e n e ra te d  by  h e a t in g  w ith

sodamid© o r  p y r id in e  and th e  p ro d u c t so o b ta in e d  resem b led  s y n th e t j

Na c a o u tc h o u c . The a u th o r  co n c lu de d  th a t  a d d i t io n  and

re m o va l o f  th e  h a lo g e n  a c id  r e s u l te d  in  a s h i f t i n g  o f  th e

e th y le n e  le a k a g e s , in  th e  re g e n e ra te d  p ro d u c t .  He a tte m p te d

to  s e t t le  t h i s  p o in t  by  decom posing th e  re g e n e ra te  o z o n id e ,

and a p r e l im in a r y  account was p u b lis h e d  s h o r t ly  a f te rw a rd s

(B e r .4 6 ,2 5 9 0 ) . The n e u t r a l  p ro d u c ts  o f  th e  d e c o m p o s itio n

c o n s is te d  o f  l e v u l i n i c  a ldehyde  and a k e to n e  w h ich  H a r r ie s  th o u g h t
C=0

to  be c y c lo o c ta n e  1 :5  d io n e  / \  , w h i ls t
v m ,

CaO

fro m  th e  Ca s a l t s  form ed when n e u t r a l is in g  th e  o r ig in a l  

m ix tu re ,  he o b ta in e d  an o i l y  k e to - a c id ,  CHgCO*CI^CH^*CH^.CHMe,COQH 

The f o l lo w in g  s t r u c tu r e  f o r  re g e n e ra te d  caoutchouc was p u t 

fo rw a rd , based on th e  .presence o f  th e  c y c lo o c ta d ie n e .

Î Ü M  I  I  + 0 ,  — >

^'0.0 
0

T h is  was amended v e ry  s h o r t ly  a f te rw a rd s  (B e r.1 9 1 4 ,4 7 *7 8 4 ) ,

The p ro d u c t w h ich  H a r r ie s  had assumed to  be c y c lo o c ta d ie n e  was 

id e n t i f i e d  as d ia c e t y l  p ropa ne , a k e p ta n e d io n e , CHgCO(CH^)^COCHg, 

w hich r e a d i ly  condenses w ith  lo s s  o f  w a te r to  fo rm  a m e th y l cyclofe^ 

hexenone. To e x p la in  th e  p resence o f  t h i s  p ro d u c t,  H a r r ie s  

b o n d e d /
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amended h is  fo rm u la  f o r  re g e n e ra te d  caou to hou c* /J1<-

Y "  " ' i  r ' ' + ‘ ”  ' " I

'W  * " ^ \  /  t H O -
C'/i^ c-/y« ^  c o

rl*>

T h is  scheme re q u ire d  th e  p resen ce  o f  m a lo n ic  d ia ld e h y d e  amongst

th e  n e u t r a l  p ro d u c ts .  H a r r ie s  f a i l e d  to  d e te c t  t h i s  and d id

n o t exam ine th e  Ca s a l t s  f o r  m a lo n ic  a c id .

A th o ro u g h  in v e s t ig a t io n  was th e n  c a r r ie d  o u t on a la rg e

s c a le  and th e  r e s u l t s  were g iv e n  i n  a n o ta b le  paper i n  1914

(B e r ,4 0 6 ,1 7 3 ) . R egenera ted  caou tchouc was o z o n is e d  in  lo t s  o f

40g* The p ro d u c t was decomposed w ith  w a te r ,  n e u t r a l is e d  w i th

CaCO and fro m  th e  n e u t r a l  l i q u i d  th e ife  o b ta in e d ; -
3

le v u l i n i c  a ld e hyd e  9^

( l e v u l i n i c  a c id  fro m  a ld ehyd e )

d ia c e ty l  p ropane 8,7%

(m e th y l cy cl@hexenone )

u n d e c a tr io n e  C H O
11 18 3

p e n ta d e c a te t rone C^_H 0 ^  ,
15 24 4  ,06%

U n id e n t i f ie d  f r a c t io n s  and ke to n e  re s id u e s .

The Ca s a l t s  on a c id i f i c a t io n  g a v e ;-

HCQQH -  ■ 18,3%
(COOE) « t r a c e
l e v u l i n i c  a c id  12%

%dro^elidonio —  Hooe H,i HxC CC cHyeHx^et>H
M e th y lc y c lo h e x e iio n e - 

- a c e t i c  a c id  ♦1*7%  
u n id e n t i f ie d  a c id s  and r e s in *



20*
I t  was o b v io u s  th a t  th e s e  p ro d u c ts  c o u ld  n o t be ha rm on ised

w ith  a r in g  s t r u c tu r e  c o n ta in in g  o n ly  8 ca rbon s* I t  in d ic a te d

r a th e r ,  th a t  a v e ry  la rg e  s in g le  r in g ,  w i th  d o u b le  bonds

u n s y m m e tr ic a lly  p la c e d , had  been ru p tu re d  a t  th e s e  bonds, and

th e  above p ro d u c ts  were s im p ly  lo n g  and s h o r t fra g m e n ts  o f  th e

c h a in ,o x y g e n a te d  a t b o th  ends* The appearance o f  th e

k e to n e  C H 0 seemed to  in d ic a te  a t le a s t  a 20 ca rbon  r in g ,
15 24 4

C H * The m o le c u la r  w e ig h t o f  t h i s  o zo n id e  i n  benzene 
25 40

gave a v a lu e  535, w h i ls t  C H 0 re q u ire s  580, th o u g h  H a r r ie s
26 40 15

d id  n o t  p la c e  much r e l ia n c e  on t h i s .  Some o f  th e  re g e n e ra te d

caou tchouc was a g a in  t r e a te d  w ith  HCl fo l lo w e d  by  p y r id in e ,

g iv in g  "R egene ra te  I I " *  T h is ,  when o zo n ise d  and decomposed

gave a much la r g e r  p r o p o r t io n  o f  h ig h  b o i l i n g  c o n s t i tu e n ts ,

in d ic a t in g  a f u r t h e r  re -a rra n g e m e n t o f  th e  e th e n o id  l in k a g e s

o f  R egenera te  I *

In  th e  fa c e  o f  t h i s  d e f in i t e  e v id e n c e , H a r r ie s  now

w ith d re w  th e  c y c lo o c ta d ie n e  s t r u c tu r e  and adopted th e  s t r u c tu r e

a lre a d y  p ropo sed  by P ic k le s ,  a la rg e  s in g le  r in g  c o n s is t in g  o f

8 o r .m o re  -  CH *CMe:CH*CH — n u c le i*  Such a s t r u c tu r e  s a t is f ie d  
2 2

the  fo l lo w in g  re q u ire m e n ts : ( l )  i t  showed a h ig h  m o le c u la r

weigfeit, (2 ) i t  w ou ld  be u n s a tu ra te d  to  th e  e x te n t o f  1 d o u b le

bond i n  each C H n u c le u s  Cs) p ro v id e d  th e  d o u b le  bonds were 
5 8

y y m m e tr io a lly  p la c e d , on r u p tu re ,  i t  w ou ld  y ie ld  o n ly

d e r iv a t iv e s  o f  l e v u l i n i c  a ldehyde  (4) i f  any e x te n s iv e

rearrangem ent i n  th e  d o u b le  l in k a g e s  o c c u rre d , s t r a ig h t  c h a in  
compounds/



21.
Gompounds o f  g r e a t ly  v a r y in g  le n g th s  would be o b ta in e d  when 
th e  compound was ru p tu re d  a t th e s e  l in k a g e s .^  The th e rm a l

d is s o c ia t io n  o f  th e  h y d ro c h lo r id e  g u p p lie d  some c o n f irm a t io n  o f  

th e  s iz e  o f  th e  m o le c u le . Heated in  vacuo  a t  100®, HCl was 

lo s t  t i l l  th e  C l c o n te n t co rrespond ed  to  t h a t  o f  a body C„pH ,d v  48
6HC1 # i i c h  had lo s t  a l l  b u t 1 m o le c u le  o f  H C l.

T h is  p a p e r was so c o n c lu s iv e  th a t  i t  d is c o u ra g e d  th e  u s u a l

h o s t o f  im i t a t o r s ;  .and re s e a rc h  was d iv e r te d  in to  o th e r

c h a n n e ls . O s tro m is s le n s k i (J . H uss. P hys. Chem.Soc.4 7 ,1 9 1 0 )

re c o rd e d  f u r t h e r  in v e s t ig a t io n s  in t o  caouprene b ro m id e  w h ich  he

d e c la re d  to  be is o m e r ic  w i th  th e  b rom ide  o f  s y n th e t ic  e ry th re n e

ca o u tch o u c . B o th , on rem ova l o f  HBr gave de hyd rocao up rene ,

G H o th e  ®orrîEspend ing  body o b ta in e d  .from  th e  brom ide  o f  
SS 32

n a tu r k l  oaouto liouo  b e in g  th e  homologue The ra o lis lncn i'
OU.

w e ig h t o f  caia^rene b rom ide  in  e th y le n e  b rom ide  was in  agreem ent

w ith  th e  fo rm u la *  An in t e r e s t in g  s p e c u la t io n  as to  th e  fo rm a t io n

o f  ru b b e r  in  th e  p la n t  was in c lu d e d ,  Is o p re n e  h e a te d
0

c a u t io u s ly  to  80 -90  g iv e s  a h yd ro ca rb o n  C H w ith  3 d o u b le
lO  16

bonds, two b e in g  c o n ju g a te d . To t h i s  h yd ro c a rb o n ,B  M yroene, 

he a s s ig n s  th e  s t r u c tu r e  CH. : CH. CMe % CH. CH # CH . CMe % CH .
2 2 2 g

Heated w i th  BaO^ and Na th is ,  i s  c o n v e rte d  q u a n t i t a t iv e ly  in t o  

norm al is o p re n e  ca o u tch o u c . I t  i s  suggested th a t  th e  fo rm a t io n  

o f  th e  la t e x  in  th e  p la n t  i s  v ia  B M yreene, form ed b y  th e  

d e h y d ra tio n  o f  such a lc o h o ls  as g e r a n io l ,  l i n a lo o l  and n e r o l ,  

a l l  o f  w h ich  have a B .M yreene s t r u c tu r e *

A n /



8 8.
An in t e r e s t in g  o x id a t io n  was c a r r ie d  o u t by K ir o i i i io f

( K o l l .Z e i t s c h ^  27, 311 and 3 0 *1 7 6 ) , T h is  a u th o r ,  who had

p r e v io u s ly  o b ta in e d  aiaorphoua b o d ie s  o f  c o m p o s it io n  C E O
10 16®f

and ^ 1 0 ^ 5 ^ 3  h y  th e  o x id a t io n  o f  caou tchouc in  a i r  a t

100^ ( K b l l * Z e i t ,1 3 * 4 9 ) ,  succeeded i n  e f f e c t in g  a c o n t r o l le d

o x id a t io n  b y  means o f  0 ^ . A C C l^ s o lu t io n  o f  caou tchouc

t r e a te d  w i th  conc.H  SO y ie ld e d  f i r s t  a h y d ro c a rb o n  w h ich  had

none o f  th e  p h y s ic a l p r o p e r t ie s  o f  ru b b e r .  I t s  c o m p o s it io n ,

on a n a ly s is ,  seemed to  be ^ h i s  a u th o r  con tended t h a t

Para had th e  c o m p o s itio n  fc H w h i ls t  A f r ic a n  Congo was
^  V 10 17 /X

^ 1 0 ^ m ) x 1 h yd ro c a rb o n  w i th  B r^  and S gave p ro d u c ts

and s u g g e s tin g  a re a rra ngem e n t o f  th e

d o ub le  l in |;a g e s  to  g iv e  b r id g e  fo rm a t io n  and te tra m e th y le n e  

r in g s .

The p ro lo n g e d  a c t io n  o f  E SO. on a c o ld  C^E* s o lu t io n  o f
2 4 9  0

caoutchouc y ie ld e d  a re d ,  a c e to n e -s o lu b le  p ro d u c t w ith  an

in te n s e  a ro m a tic  o d o u r, s o lu b le  in  a lc o h o l ic  KOH, fro m  w h ich  

i t  was r e p r e c ip i t a te d  by a c id s ,  and a ls o  re d u c in g  P e h lin g *  s s o l­

u t io n ,  I t  had th e  c o m p o s itio n  C E  0 , and form ed a c r y s t a l l i n e
Q gO 3

pheny lhyd razon© , MP 120-124 , K ire h h o f  suggested t i a t  t h i s  

was a s p i r a l  c h a in , w ith  -  CEO and-CODE groups a t  i t s  ends. 

E x a m in a tio n  o f  th e  c o m p le te ly  h yd rog en a te d  p ro d u c t o f  

caoutchouc was a ta s k  w h ich  had been re nde red  n e ce ssa ry  i n  th e  

l ig h t  o f  P ic k le s *  c r i t i c i s m s .  T h is  had p r e v io u s ly  been 

c a r r ie d  o u t by  B e r th e lo t  i n  1869 u s in g  E l ,  and was now re p e a te d  

b y /



23*
by S ta a d in g e r  and F r l t s c h i  (H e lv *C h im iA c t a * 1 9 2 2 ,5 .7 8 5 ) u s in g  

0
hyd ro g e n  a t  270 a tm os* i n  p re se n ce  o f  a c a ta ly s t *  The

p ro d u c t had th e  p o m p o s it io n  (C H ) ,^was c o m p le te ly  c o l l o id a l
5 lO  ^

l i k e  c a o u tc W u c ^  s u g g e s t in g  a la r g e  r in g  o r  a v e ry  h ig h  p a r a f f in

where ; i t  was a ls o  s ta b le  to  B r^  exce p t

on lo n g  s ta n d in g  in  s u n l ig h t *  I t  was th e r e fo r e  a compound

o f  h ig h  m o le c u la r  w e ig h t and u p h e ld  P icAes* c o n te n t io n  th a t

com p le te  s a tu r a t io n ,  and th e r e fo r e  d e s t r u c t io n  o f  d o u b le  bonds

and p a r t i a l  v a le n c ie s ,  w o u ld  n o t y ie ld  a s im p le ^ lo w - b o i l in g ,

Q H h y d ro c a rb o n *  C om para tive  d i s t i l l a t i o n s  o f  t h i s  body 10 20
and caou tchouc u n de r reduced p re s s u re  gave th e  f o l lo w in g  r e s u l t s : -  

C aou tchouc. H ydrogenated P ro d u c t.
0 o

Decomp*Temp* -  *3mra) 275-320 350 -  390

P ro d u c ts : -  is o p re n e , d#pentente A l l  p ro d u c ts  (C^E ) w i th  o n ly
6 10 X 4

1 doufe-le bond ,
C^^E^ 1 G H ; C H . Q:

15 24 ZO 32 25 40 Lowest C H ,BP 30-40 *
5 10

^ m e th y l 4^ b u ty le n e *

H igU est

T h is  seems t o  show . c o n c lu s iv e ly  t h a t  no d e p o ly m e r is a t io n  in to

s im p le r  m o le c u le s  o c c u rs  on s a tu r a t io n *

Plum m erer and Ba%kard (B er*55  -  3458) hyd ro g e n a te d

caou tchouc i n  v e ry  d i l u t e  s o lu t io n  a t 70° and a tm o sp h e ric

p re s s u re , u s in g  P t .  sponge as c a t a ly s t .  The p ro d u c t was an

e la s t ic  body , s a tu ra te d  to  B r and h a v in g  th e  c o m p o s itio n
2

(C H ) . I n  s o lu t io n ,  t h i s  substance r a p id ly  absorbed a 5 10 X
volum e o f  oxygen e q u a l to  h a l f  th e  volum e o f  hyd rogen  
o r i g i n a l l y /
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o r ig i n a l l y  a b so rb e d . The r e s u l t in g  p ro d u c t w h ich  seemed to  be 

a h yd ro c a rb o n  d is s o lv e d  e a s i ly  and r a p id ly  i n  e th e r  w ith o u t  

any s w e l l in g .  In  s o lu t io n  i t  a g a in  absorbed as much hyd rogen  

as th e  o r ig i n a l  c a o u tc h o u c . T h is  w ork was co n firm e d  by 

H a r r ie s  (B e r .1923,1048) who added d e t a i l s  o f  th e  e x p e r im e n ta l 

c o n d it io n s .  A n o v e l method o f  a t ta c k in g  th e  p ro b le m  was used 

by B o s w e ll and h i s  w o rk e rs  (T ra n s .R o y ,S o c . Canada 1922, 1 6 ,1 1 1 .2 7 ) .  

They assumed th a t  is p p re n e  p o ly m e r is e s  in  two fa s h io n s ,  e i t h e r
CM3 C «3

c H t  CH* ( ? c H  e  Ç H*
I „  • o r  I I  '  '

a )

They c o n s tru c te d  a fo rm u la  by  u n i t in g  1 m o le cu le  (b) w i th  3

m o le c u le s  (a ) ,  and th e  r e s u l t in g  s t r u c tu r e ,  w h ic h  c o n ta in e d

2 e th y le n e  l in k a g e s ,  was com ple ted  b y  th e  a d d i t io n  o f  2 more

m o le cu le s  ( b ) .  T h is  gave a h yd ro ca rb o n  C H o f  th e
25 40

fo l lo w in g  fo r m u la : -

f " ; : -------
CHx
C   —— CM CH---------i - C H j
• I Ï I
CH ^ ---------------------CM^  CM —

CH$

C/4^---------------------- ------- ------ ----------------------------
T h is  s t r u c tu r e  c o u ld  y ie ld  any re q u ire d  p ro d u c t fro m

Gj-H to  C H in c lu d in g  d ip e n t ene and d im e th y lc y e lo -o c ta d ie n e ,  
® 8 25 ^0

and th e  l a t t e r ,  o f  c o u rs e , w ou ld  y ie ld  a d io z o n id e  g iv in g  th e  

usu a l d e c o m p o s itio n  p ro d u c ts ,  b u t th e  y ie ld  w ou ld  n o t be 

q u a n t i t a t iv e .  T h is ,  th e  a u th o rs  c la im , i s  i n  acco rdance  w i th  

f a c t . /
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f a c t .  To t e s t  t h i s  fo rm u la ,  o x id a t io n s  were c a r r ie d  o u t by 

v a r io u s  means and th e  p ro d u c ts  were a n a ly s e d . I t  was th e n  

shown th a t  th e  v a r io u s  p ro d u c ts , o f  each o x id a t io n  c o u ld  be 

f i t t e d  to g e th e r  so as to  y ie ld  a p a re n t s t r u c tu r e  such as th a t  

p o s tu la te d .

The o x id a t io n s  were conducted w i th  C C l s o lu t io n s ,  w h ich
4

were shaken w i th  aqueous KMMO , and w i th  d i l u t e  H O ,  a ls o
4  2 2 

a t h in  shee t was o x id is e d  by expo su re  to  th e  a i r .  By

p r e c ip i t a t io n  fro m  s o lv e n ts ,  b o d ie s  were is o la te d  w h ich  v a r ie d

In c o m p o s it io n  fro m  C H ^0 to  C^^H. w h ile  a compound
50 48 25 40 9

G H O I  was o b ta in e d  by  th e  use o f  H O and io d in e .  Bbrm ulae 
25 4V 8 d 2

were a ss ig ne d  to  a l l  th e s e  compounds, on th e  b a s is  o f  th e  above 

s tru c tu re  o r  fra g m e n ts  th e r e o f .  T h is  fo rm u la , how ever, 

com p le te ly  f a i l s  to  e x p la in  th e  un s a tu ra te d  c h a ra c te r  o f  ru b b e r 

as e x h ib ite d  by  th e  v a r io u s  a d d i t io n  compounds o f  h ig h  m o le c u la r  

w e igh t.



3 6.
OBJECTig  ̂ AMD RESULTS OF PRESENT WORK.

The c o n c lu s io n  to  be drawn fro m  th e  mass o f  in v e s t ig a t io n  

ju s t  re v ie w e d  is  t h a t  th e  caou tchouc m o le c u le  c o n s is ts  o f  a

number o f  -  CH .CMe.CH.CH -  n u c le i  u n ite d  to  fo rm  a la rg e  
3 3

s in g le  r i n g ,  th e  d o u b le  bonds b e in g  a rran ge d  i n  a s y m m e tr ic a l 

fa s h io n .  The e y c lo o c ta d ie n e  fo rm u la  must be r e je c te d :  i t

was in tro d u c e d  to  e x p la in  one r e a c t io n  o n ly  and has f a i l e d  

to  be o f  any f u r t h e r  u s e . I t  i s  now f u l l y  re c o g n is e d  th a t  

th e  cao u tchouc  m o le c u le  i s  an e x c e p t io n a l ly  la rg e  one , and 

to  c o -o rd in a te  t h i s  w i th  an e ig h t  ca rbon  r in g  re q u ire s  a a o n c e p tio n  

o f  p o ly m e r is a t io n  w ith o u t  decrease  in  u n s a tu ra t io n  w h ich  i s  

w h o lly  fo r e ig n  to  o u r p re s e n t know ledge o f  ch e m ica l c o m b in a tio n . 

C la im s to  have d e p o lym a rise d  cao u tch ouc  in to  s im p le r  m o le c u le s  

do n o t s ta n d  e x a m in a tio n , S chm itz  (Gummi. Z tg ,  34-167) 

c la im s  to  have accom p lished  t h i s  by b o i l i n g  f o r  10 h r s ,  in  

x y le n e  a t 150-160° and 15 a tm o s ., b u t th e  b rom ide  o f  t h i s  

p ro d u c t seems to  be o f  th e  same o rd e r  o f  c o m p le x ity  as t h a t  

o b ta in e d  by  more u s u a l m ethods. I n  c o n s id e r in g  th e se  c la im s  

i t  must be remembered th a t  d i f f e r e n t  p h y s ic a l m o d if ic a t io n s  

o f  caou tchouc were d e s c r ib e d  by H a r r ie s  (A nn .385. 157) one o f  

w h ich , th e  (c ) o r  o i l y  fo rm  gave le s s  v is c o u s  s o lu t io n s  th a n  th e  

o rd in a ry  fo rra . Y e t t h i s  substance  was a c o l lo id  and y ie ld e d  

th e  same te t ra b ro m id e  and n i t r o s i t e  as th e  no rm a l fo rm .

T h is  (c ) fo rm  i s  p ro b a b ly  th e  e x p la n a t io n  o f  a l l  d e p o ly m e r is a t io n  

C la im s, e s p e c ia l ly  as i t  i s  fo rm ed by th e  method u s u a l ly  

adopted to  d e p o ly m e ris e , i . e .  by  p ro lo n g e d  h e a t in g  o f  a 

ca o u tch o u c /
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cao u tchouc  s o lu t io n ,

The la rg e  r in g  fo rm u la  does n o t s u f f e r  fro m  th e s e

d is a d v a n ta g e s . I t  fu rn is h e s  an e q u a lly  good e x p la n a t io n

o f  th e  o z o n id e  and i t s  p ro d u c ts ;  i t  s u c c e s s fu l ly  d e p ic ts

th e  u n s a tu ra te d  n a tu re  o f  ca o u tch o u c ; no id e a  o f  p o ly m e r is a t io n

o r  d e p o ly m e r is a t io n  i s  in v o lv e d ,  and i t  p e rm its  o f  com p le te

s a tu r a t io n  o f  th e  m o le cu le  w ith o u t  d is r u p t io n .

A c c e p tin g  t h i s  fo rm u la ,  i t  rem ains to  be a s c e r ta in e d

how many is o p re n e  n u c le i  go to  fo rm  t h i s  la rg e  r i n g ,

M o le c u la r  w e ig h t d e te rm in a t io n s  by th e  u s u a l m ethods f a i l

because o f  th e  c o l lo id a l  n a tu re  o f  th e  m a te r ia l ,  and th e

extrem e d i f f i c u l t y  o f  f r e e in g  i t  fro m  im p u r i t ie s ,  Caouprene

b rom id e , p re p a re d  by  O s tro m is s le n s k i i s  o f  th e  same o rd e r  as

ca o u tchouc , and i t s  moJ n lu c a r  w e ig h t i n  e th y le n e  b rom ide  p o in ts

to  i t  c o n ta in in g  a 32 carbon r i n g .  H a r r ie s  and E ve rs  (W ise .

V e r d f f e n t l ,  S iem ens, Konz, 1 ,8 7 ) ,  by  re d u c in g  caoutchouc

hydro c h lo r id e  w i th  Zn d u s t o b ta in e d  a h yd ro ca rb o n  whose 
( i

iB o le lu ^ a r w e ig h t in  brom oform  agreed w i th  C H o r  C .35 62 40T70
To th e  d e r iv a t iv e s  o f  ru b b e r o b ta in e d  by  v a r io u s  o x id a t io n  

methods and c h a ra c te r is e d  by u l t im a te  a n a ly s is ,  o b je c t io n  i s  

taken on th e  g rounds t h a t  in  few  cases was i t  c e r ta in  th a t  an 

in d iv id u a l  compound had been o b ta in e d , th a t  c o n s id e ra b le  

d e g ra d a tio n  o f  th e  caoutchouc m o le cu le  was p o s s ib le  d u r in g  th e  

o x id a t io n , and th a t  th e  r e s u l t s  o f  u l t im a te  a n a ly s is  o f  a 

complex body c o n ta in in g  ca rbon ,' h yd ro g e n , and oxygen a re  

not s u f f i c i e n t l y  a c c u ra te  to  c h a ra c te r is e  th e  b o d y . F o r 

in s ta n c e /
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In s ta n c e ,  p ro d u c ts  o f  th e  o rd e r  0 so o f te n  o b ta in e d

fro m  caou tchouc m ig h t b e  e q u a l ly  w e l l  d e s c r ib e d  fro m  th e

r e s u l t s  o f  t h e i r  a n a lyse s  as ^ 25^ 4 0 %  ^ ^ ^ 4 8 ^ 1 0 *  ^

th e  o th e r  hand th e  a n a ly s is  o f  a c h a r a c t e r is t ic  d e r iv a t iv e  

such ssUb th e  n it ro b e n z o a te  o f  an a lc o h o l o r  th e  ph e n y lh yd ra zo n e  

o f  an a ldehyde  m ig h t p ro ve  o f  g re a t v a lu e ,  b u t few  in v e s t ig a to r s  

seem to  have made any in q u i r y  in to  th e  n a tu re  o f  t h e i r  

p ro d u c ts  w i th  a v ie w  to  o b ta in in g  such d e r iv a t iv e s ,

H i r c i jp f ’ s a ld e h y d e -a c id , w h ich  y ie ld e d  a p h e n y lh yd ra zo n e , 

i s  th e  ty p e  o f  compound w h ich  may u l t im a t e ly  f i x  th e  e iz e  

o f  th e  caou tchouc m o le c u le , thoug h  i n  t h i s  p a r t i c u la r  case 

i t  i s  p ro b a b le  th a t  d e g ra d a t io n  o f  th e  caoutohoui8 m o le cu le  

o c c u rre d  to  a g re a t e x te n t d u r in g  th e  p ro lo n g e d  tre a tm e n t w ith  

no s p e c ia l p re c a u t io n s  h a v in g  been ta k e n  to  a v o id  t h i s .  

The p re s e n t w ork was s ta r te d ,  th e r e fo r e ,  w i th  two o b je c ts  

i n  v ie w , f i r s t l y ,  to  o x id is e  caou tchouc by some m ild  p ro ce ss  

w h ich  w ou ld  ensure th e  m o le cu le  b e in g  p re se rve d  in  i t s  

e n t i r e t y ,  and se c o n d ly  to  examine th e  p ro d u c t f o r  some 

c h a r a c t e r is t ic  g ro u p in g  whereby a p u re  d e r iv a t iv e  m ig h t 

be p re p a re d . By a n a ly s is  o f  t h i s  d e r iv a t iv e  i t  was hoped to  

o b ta in  some id e a  o f  th e  s iz e  o f  th e  h yd ro ca rb o n  m o le c u le .

The method o f  o x id a t io n  chosen was th a t  w h ich  has p roved  

so s u c c e s s fu l in  th e  hands o f  Henderson and h is  w o rk e rs ,

(T rans,C hem .Soc, 99 -1539, 101 ,2288 , IO 3 , 1543 e t c . )  in

th e  In v e s t ig a t io n  o f  th e  a lk a lo id s  and te rp e n e s , nam e ly , th e

u s e /



29.
use o f  100 v o l .  E 0 in  g la c ia l  a c e t ic  a c id *  T h is  r e a c t io n

2 2
u s u a l ly  r e s u l t s  in  th e  p ro d u c t io n  o f  h y d ro x y -b o d ie s  by  th e  

a d d i t io n  o f  -OH a t  th e  d o u b le  bends o f  u n s a tu ra te d  compounds, 

th o u g h  in  a few  cases ke to n e s  a re  fo rm e d , a ls o  in n e r  o x id e s ,  

b y  th #  e l im in a t io n  o f  w a te r  betw een two h y d ro x y ls ,  a d ja c e n t,  

o r  i n  th e  1 :4  p o s i t io n .  The method has th e  advantage o f  

b e in g  e a s i ly  c o n t r o l le d ,  and, by  s u i ta b le  r e g u la t io n  o f  th e  

te m p e ra tu re , th e  fo rm a t io n  o f  r e s in s  can be a vo id e d  to  a la rg e  

e x te n t , The m ain p ro d u c t o f  th e  r e a c t io n  a lm o s t in v a r ia b ly  

r e ta in s  in t a c t  th e  o r ig in a l  h yd ro ca rb o n  s t r u c tu r e .

C o n s id e ra b le  m o d if ic a t io n s  o f  th e  p ro ce ss  w ere , o f  c o u rs e , 

e n ta i le d ,  ow ing  to  th e  c o l l o id a l  n a tu re  o f  caou tchouc and to  th e  

fa c t  th a t  i t  i s  in s o lu b le  in  g la c ia l  a c e t ic  a c id ,  b u t th e s e  

d i f f i c u l t i e s  were overcome and a good y ie ld  o f  th e  o x id a t io n  

p ro d u c t was o b ta in e d , th e  fo rm a t io n  o f  t a r r y  m a tte r  b e in g  

s u c c e s s fu l ly  a v o id e d . The o x id a t io n  p ro d u c t,  in  th e  fo rm  o f  an 

o d o u rle s s  amorphous w h ite  pow der, e x h ib ite d  p r o p e r t ie s  v e ry  

s im i la r  to  th o s e  o f  th e  te rp e n e  p ro d u c ts  o b ta in e d  by th e  same 

p rocess . I t  was in s o lu b le  in  w a te r and l i g h t  p e tro le u m , 

f e r y  s p a r in g ly  s o lu b le  in  e th e r ,  and e a s i ly  s o lu b le  i n  benzene, 

a lc o h o l,  ( t t h y l  and m e th y l) ,  g la c ia l  a c e t ic  a c id ,  c h lo ro fo rm  

and p y r id in e *  A n a ly s is  gave f ig u r e s  w h ich  app rox im a ted  to  

some m u lt ip le  o f  and th e  m o le c u la r  w e ig h t i n  benzene1Ü lo 3
by th e  c ry o s c o p ic  method exceeded 1000 , T h is  seemed to  

in d ic a te  a compound o f  60 carbon  atom s, b u t no g re a t  w e ig h t was 

a t ta c h e d /
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a tta c h e d  to  th e s e  f ig u r e s ,  as th e  method o f  p u r i f i c a t i o n  

o f  th e  p ro d u c t -  p r e c ip i t a t io n  fro m  CgHg s o lu t io n  by means 

o f  l i g h t  p e tro le u m  -  c o u ld  n o t be co n s id e re d  s a t is f a c t o r y .

To t e s t  th e  a lc o h o l ic  p r o p e r t ie s  o f  t h i s  p ro d u c t , 

suggested  by  i t s  s u p e r f i c ia l  resem b lance  to  th e  te rp e n e  

p ro d u c ts  o b ta in e d  by th e  same p ro c e s s , an a tte m p t was 

made to  p re p a re  a n it r o b e n z o y l e s te r ,  a v e ry  s u i ta b le  

d e r iv a t iv e  f o r  a n a ly t ic a l  p u rp o s e s . T h is ,  how ever, was n o t 

c o m p le te ly  s u c c e s s fu l.  C o n s id e ra b le  r é s in i f i c a t i o n  o c c u rre d , 

and th e  e s te r ,  w h ich  was am orphous, c o u ld  o n ly  be sep a ra te d  

fro m  th e  u n a tta c k e d  a lc o h o l by th e  g r e a te r  s o l u b i l i t y  o f  

th e  fo rm e r  in  e th e r ,  i n  w h ic h , how ever, th e  r e s in  was a ls o  

s o lu b le .  A n a ly s is  o f  d i f f e r e n t  b a tch e s  o f  t h i s  p ro d u c t 

p ro v in g  most u n s a t is fa c to r y ,  th e  p re p a ra t io n  was abandoned 

and o th e r  d e r iv a t iv e s  s o u g h t.

As a l l  th e  p ro d u c ts  o f  t h i s  s e r ie s  were n o n - v o la t i le  and 

am orphous, th e  com p le te  s e p a ra t io n  o f  re s in o u s  b y -p ro d u c ts  

was im p o s s ib le .  Any method o f  p r e p a ra t io n ,  th e r e fo r e ,  w h ich  

c o u ld  n o t be m o d if ie d  to  g iv e  a d e r iv a t iv e  f r e e  fro m  r e s in ,  

was a t once r e je c te d .

A tte m p ts  to  p re p a re  th e  p h e n y lu re th a n e  and th e  a c id  

p h th a la te  were a ls o  u n s a t is fa c to r y .  I n  th e  fo rm e r ease, 

th e  a lc o h o l was re co ve re d  unchanged a f t e r  th e  r e a c t io n ,  

and, in  th e  l a t t e r ,  th e  e s te r  c o n ta in e d  much re s in o u s  m a t te r .  

I n c id e n t a l l y  th e  p h th a la te  does n o t le n d  i t s e l f  t o  such a c c u ra te  

c h a r a c te r is a t io n  as a n it r o g e n  compound, b e in g  more u s e fu l as
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a means o f  o b ta in in g  a pu re  specim en o f  th e  a lc o h o l by 

subsequent h y d r o ly s is .

As th e  a lc o h o l seemed to  y ie ld  no s u i ta b le  d e r iv a t iv e ,  

a t t e n t io n  was d ir e c te d  to  th e  p r e p a ra t io n  o f  an a ldehyde  

o r  ke to n e  by  o x id a t io n .

A s u i ta b le  method o f  p re p a r in g  th e  a ldehyde  o r  k e to n e  

fro m  th e  c o rre s p o n d in g  a lc o h o l is  by o x id a t io n  w i th  CrOg 

i n  g la c ia l  a c e t ic  a c id  s o lu t io n .  I f  th e  t h e o r e t ic a l  

q u a n t i t y  o f  t h i s  re a g e n t i s  used , a smooth o x id a t io n  r e s u l t s ,  

no a c id  o r  re s in o u s  compounds b e in g  fo rm e d . T h is  r e a c t io n ,  

s l i g h t l y  m o d if ie d ,  y ie ld e d  w i th  th e  caou tchouc compound a 

g r e e n is h -y e llo w ,  p le a s a n t-s m e ll in g  s y ru p , s o lu b le  i n  e th e r ,  

w h ich  gave a ldehyde  re a c t io n s  w ith  ammoniacal s i l v e r  ox id e ^  

and P e h lin g *  s s o lu t io n .  On lo n g  exposure  to  th e  a i r  t h i s  

substance  darkened in  c o lo u r ,  and sm a ll q u a n t i t ie s  o f  an 

a c id  were o b ta in e d .

A f t e r  numerous a tte m p ts  to  d e te rm in e  th e  c o r re c t  

q u a n t it y  o f  CrOg n e ce ssa ry  to  e f f e c t  th e  o x id a t io n ,  good 

y ie ld s  o f  t h i s  a ld ehyd e  were o b ta in e d , f r e e  fro m  r e s in  and 

d e g ra d a t io n  p ro d u c ts .

On tre a tm e n t i n  a lc o h o l ic  s o lu t io n  w ith  an excess o f  

se m ica rb a z id e  a c e ta te ,  th e  a ldehyde  form ed a sem ica rbazone, 

w h ich  was f i r s t  o b ta in e d  as a l i g h t  brown p a s te  by th e  

c a u tio u s  a d d i t io n  o f  w a te r to  th e  re a c t io n  s o lu t io n .  T h is  

pa s te  re ta in e d  o n ly  a f a i n t  t r a c e  o f  th e  a ldehyde o d ou r, 

and was p r a c t i c a l l y  f r e e  fro m  r e s in .
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T h is  r e s u l t  was so e n co u ra g in g  th a t  i t  was c o n s id e re d  th a t  

th e  o b je c t  o f  th e  in v e s t ig a t io n  w ould be obtn.1 nrsd i f  t h i s  

d e r iv a t iv e  were s u b m itte d  to  an e x h a u s t iv e  p u r i f i c a t i o n  and 

a n a ly s e d . M ethods o f  p u r i f i c a t i o n  were th e r e fo re  s tu d ie d .

As a tte m p ts  to  c r y s t a l l i s e  th e  compound were n o t s u c c e s s fu l,  

th e  method adopted was th e  s y s te m a tic  rem ova l o f  eqch o f  th e  

c o n s t i tu e n ts  and p o s s ib le  b y -p ro d u c ts  o f  th e  r e a c t io n  by w h ich  

th e  sem icarbazone was fo rm e d . C o n s id e ra b le  lo s s  o c c u rre d , as 

any d o u b t fu l  p o r t io n  was im m e d ia te ly  r e je c te d ,  b e fo re  th e

p ro d u c t was f i n a l l y  o b ta in e d  in  th e  fo rm  o f  a w h ite  amorphous 

pow der. T h is  powder was in s o lu b le  in  w a te r ,  e th e r ,  and benzene, 

and e x tre m e ly  s o lu b le  in  a lc o h o l,  ace tone  and e th y l  a c e ta te .  I t  

was q u ite  o d o u r le s s  and on lo n g  e jq)osure to  th e  a i r  showed no 

tendency  to  a c q u ire  a p in k  t in g e ,  in d ic a t in g  th e  absence o f  f r e e  

a ld e h yd e . A n a ly s is  o f  d i f f e r e n t  b a tch e s  y ie ld e d  c lo s e ly  a g re e in g  

r e s u l t s .

The c o n c lu s io n s  form ed as th e  r e s u l t  o f  t h i s  work a re  based

e n t i r e ly  on th e  c o m p o s itio n  o f  t h i s  sem icarbazone and i t s

p ro d u c t io n  fro m  th e  caou tchouc h y d ro c a rb o n , and b e fo re  c o n s id e r in g

these c o n c lu s io n s , th e  l i n k s  in  th e  c h a in  may p r o f i t a b ly  be

re -e xa m in e d . The a lc o h o l was produced fro m  caoutchouc by a

method w h ic h  pan be r e l ie d  upon n o t to  ru p tu re  th e  h yd ro ca rb o n

m o le cu le . Ju d g in g  by th e  y ie ld  and th e  f a c t  th a t  no o th e r

p roducts  c o u ld  be d e te c te d  in  the* r e a c t io n  s o lu t io n ,  t h i s  a lc o h o l

is  th e  s o le  p ro d u c t o f  th e  o x id a t io n .  I t  i s  o f  h ig h  m o le c u la r

w eight and c o l l o id a l ,  and on d i s t i l l a t i o n  in  vacuo i t  decomposes 
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to  g iv e  a d a rk  o i l  v e ry  s im i la r  to  th a t  o b ta in e d  fro m  caou tchouc 

i t s e l f .  When bu rned  i t  e m its  th e  c h a r a c t e r is t ic  odou r o f  bu rned  

ca o u tch o u c . T h is  a lc o h o l,  t h e r e fo r e ,  w ou ld  appear to  r e t a in ,  

a lm o s t c o m p le te , th e  s k e le to n  o f  th e  caou tchouc h y d ro c a rb o n ,

A s m a ll amount o f  COg i s  e v o lv e d  d u r in g  th e  e a r ly  s tag e s  o f  

th e  o x id a t io n ;  t h i s  o c c u rre d  d u r in g  e ve ry  o x id a t io n  and seems 

t o  be an in t e g r a l  p a r t  o f  th e  r e a c t io n .  As w i l l  be seen u n d e r 

"E xpe rim en ta l**  t h i s  CO^ was d i f f i c u l t  to  m easure, b u t seemed to  

a p p ro x im a te  to  th e  o x id a t io n  o f  one o u t o f  4 0 -45  ca rbon  a tom s.

The p ro d u c t io n  o f  th e  a ldehyde  fro m  th e  a lc o h o l was a ls o  

acco m p lished  by a method w h ich  u s u a l ly  y ie ld s  th e  d i r e c t  

d e r iv a t iv e  i f  th e  t h e o r e t ic a l  q u a n t it y  o f  CrO^ i s  u se d . By­

p ro d u c ts  o f  a re s in o u s  and a c id  c h a ra c te r  were c e r t a in ly  o b ta in e d  

d u r in g  t h i s  o x id a t io n ^ a n d  th e  y ie ld  was n o t t h e o r e t ic a l ,  b u t 

t h is  was due to  a la rg e  e x te n t to  th e  f a c t  t h a t  th e  a lc o h o l 

is  v e ry  e a s i ly  o x id is e d ,  and on a d d i t io n  o f  th e  CrOg s o lu t io n ,  

even t o  a w e l l  co o le d  s o lu t io n  o f  th e  a ld b h o l,  a c e r ta in  amount 

o f  lo c a l  o x id a t io n  o c c u rre d  b e fo re  th e  s o lu t io n s  were p r o p e r ly  

m ixed. The a ld e h y d e , how ever, was a ls o  n o n - v o la t i le  in  steam 

and decomposed on d i s t i l l a t i o n  un de r reduced p re s s u re ; i t  

e m itte d  th e  c h a r a c t e r is t ic  od o u r vdien bu rne d , and i t s  sem i- 

earbftzon© was am orphous. I t  may th e r e fo r e  be s a id  w ith  

c o n s id e ra b le  c o n fid e n c e  th a t  t h i s  a ldehyde  i s  a d i r e c t  d e r iv a t iv e ,  

&ad n o t an o x id is e d  fra g m e n t, o f  th e  o r ig in a l  caoutchouc m o le c u le . 

In  th e  p re p a ra t io n  o f  th e  sem icarbcizone, s u f f ic ie n t  se m i- 

ca rbaz ide  a c e ta te  was used to  re a c t w ith  a l l  th e  oxygen atoms 
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i f  n e c e s s a ry , and in  th e  p u r i f i c a t i o n  o f  th e  p ro d u c t a l l  th e  

p o s s ib le  im p u r i t ie s ,  i . e .  unchanged a ld eh yd e  and g o n -a ld e h yd e  

compounds, K C l, s e m ic a rb a z id e ^ -a c e ta te ^  and c o n d e n s a tio n  p ro d u c ts  

o f  s e m ic a rb a z id e ,were d e a l t  w ith  and e l im in a te d  i n  t u r n .

The a n a ly s is  o f  th e  sem icarbazone th e r e fo re  shou ld  g iv e  

r e l i a b le  d a ta  as to  th e  s iz e  o f  th e  o r ig i n a l  h y d ro -c a rb o n

m o le c u le .

The mean n it r o g e n  c o n te n t (see "E x p e r im e n ta l" )  was fo u n d  

to  be 7 *1 ^ .  Assuming th e  d e r iv a t iv e  to  be a m ono-sem icarbazone, 

t h i s  7 *1 ^  re p re s e n ts  th e  w e ig h t o f  3 n it r o g e n  atom s, w h ich  p la c e s  

th e  mul-wiuBs r  w e ig h t o f  th e  body in  th e  re g io n  o f  590. The 

pe rcen tag e s  o f  C and H were 60*1 and 8 .8  r e s p e c t iv e ly ,  f ig u r e s  

w hich co rre sp o n d  c lo s e ly  to  th e  sem icarbazone o f  an a ldehyde

^29^50^9 ^28^49^8* The f ig u r e s  o b ta in e d  fro m  th e

a i^a ly s is  o f  th e  a lc o h o l may now be in te r p r e te d .  These agreed

ro u g h ly  w ith  an e m p ir ic a l fo rm u la  C qH 0 , th e  oxygen c o n te n t
18 3

be ing  r a th e r  s h o r t  o f  t h i s  f ig u r e .  On a b a s is  o f  th e se

f ig u re s  show th e  c o m p o s itio n  o f  th e  a lc o h o l to  be C ,̂qH 0 o r
52 o

^ 28^ 4 9 ^ 7 * whereas th e  a lc o h o l c o rre s p o n d in g  to  th e  above

aldehyde shou ld  have th e  c o m p o s itio n  ^ .E  .CE OE. The 

e x p la n a tio n  o f  t h i s  d is c re p a n c y  must be loo ke d  f o r  e i t h e r  i n  th e  

p u r i t y  o f  th e  a lc o h o l o r  i n  th e  p ro ce ss  o f  o x id a t io n  to  

a ldehyde . A b s o lu te  p u r i t y  i s  n o t c la im e d  f o r  th e  a lc o h o l,  

as in  i t s  p re p a ra t io n  no s p e c ia l endeavour was made to  e l im in a te
érrcCiê

the t ra c e s  o f  b y a js ra tliic t’.Trf -  e s p e c ia l ly  o f  a p r o te in  n a tu re  -  
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w h ieh  w ou ld  u n d o u b te d ly  be p re s e n t.  To t e s t  th e  second 

a l t e r n a t iv e ,  co m p a ra tive  o x id a t io n s  were c a r r ie d  o u t u s in g

th e  t h e o r e t ic a l  q u a n t i t ie s  o f  CrO n e ce ssa ry  to  e f f e c t
3

th e  changes (a) CggHggOg + 0 -  CggE^^O^ f  H^O and

I n  (a ) th e  y ie ld  o f  a ldehyde  was good, th e  p ro d u c t b e in g  a lm ost

c o lo u r le s s ,  w h i ls t  in  th e  case o f  lb )  a much s m a lle r  y ie ld  o f

d a rk  c o lo u re d  a ldehyd e  was o b ta in e d , a lo n g  w i th  a q u a n t i t y  o f

g e la t in o u s  m a tte r  c o n ta in in g  chrom ium , a p p a re n t ly  th e  chrom ium

s a l t  o f  a re s in o u s  a c id ,

fro m  th e s e  r e s u l t s  i t  may s a fe ly  be assumed th a t  i t  i s

th e  p u r i t y  o f  th e  a lc o h o l w h ich  i s  a t f a u l t y  and n o t th e  p ro ce ss

o f  o x id a t io n  to  a ld e h y d e . The c o r re c t  f ig u r e s  th e r e fo r e

a re ,  f o r  th e  a ld e h yd e , CgQHp^QO^,and f o r  th e  a lc o h o l ^29^52^9*

I f  th e  sem icarbazone i s  t h a t  o f  a mo n o -a ld e h y d e  c o n ta in in g

29 ioxM , th e n  th e  p a re n t h yd ro ca rb o n  cannot have

le s s  th a n  30 o f  such atoms grouped in  a 24 carbon fthaahi, th e

o x id a t io n  o f  one o f  th e  m e th y l s id e  ch a in s  a c c o u n tin g  f o r  th e

CO e vo lve d  d u r in g  th e  e a r ly  s tag e s  o f  th e  o x id a t io n ,2
The s im p le s t s t r u c tu r e  w h ich  can be ass ig n ed  to  ru b b e r

is  th e r e fo r e  6 -  CH *CH;CM©.CH -  n u c le i  u n ite d  to  fo rm  a
2 2

la rg e  s in g le  r in g *

The a n a ly s is ,  o f  c o u rs e , does n o t  p re c lu d e  th e  p o s s ib i l i t y  

o f  th e  a ld ehyd e  b e in g  a dâa ldehyde o f  58 carbons w h ich  fo rm s  
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a d i-ô e m ic a rb a z o n e ; in d e e d , th e  m o le c u la r  w e ig h t o f  th e

a lc o h o l i n  benzene w ould seem to  b e a r t h i s  o u t ,  s in c e  0 -29 52 9
544 w h i ls t  th e  d e te rm in a t io n  a c t u a l ly  y ie ld e d  th e  f ig u r e s  9 9 l,

1053 and 997, No g re a t r e l ia n c e  can be p la ce d  on t h i s ,

how ever, s in c e ,  on th e  one hand , a s s o c ia t io n  o f  th e  s o lu te  may

o ccu r i n  benzene s o lu t io n ,  and dtn th e  o th e r ,  th e  s o lu t io n  was

u n d o u b te d ly  o f  a c o l lo id a l  n a tu re .

Ah a tte m p t was made to  s e t t le  t h i s  p o in t  by  a ch e m ica l

method, nam e ly , th a t  o f  o b ta in in g  th e  c o rre s p o n d in g  a c id  fro m  th e

A ld eh yd e , fo l lo w e d  by th e  p re p a ra t io n  and a n a ly s is  o f  a s a l t .

The r e s u l t ,  how ever, was in c o n c lu s iv e .  O x id a t io n  o f  th e  a ldehyde

by means o f  v e ry  d i l u t e  HNQ r e s u lte d  in  a body w h ich  had no a c id ic
3

p ro p e r t ie s  w h a te ve r*  A method o f  g e n t le  spontaneous o x id a t io n  

was th e n  t r i e d  w h ich  y ie ld e d  a c e r ta in  p r o p o r t io n  o f  a re s in o u s  

a c id .

The in s o lu b le  le a d  s a l t  o f  t h i s  a c id  was o b ta in e d , and on
.  c, I

a n a ly s is  was fo u n d  to  c o n ta in  2 6 ,4 3 ^  Pb, The m o ls /.u ^a r w e ig h t o f

th e  s a l t  i s  th e r e fo r e  784, and i f  th e  s a l t  i s  no rm a l th e  a c id  must

be a d ib a s ic  a c id  » f  m o le lu c a r  w e ig h t 784-207 f  2 s  579* T h is  i s  n o t
th e

norm al o x id a t io n  p ro d u c t o f  a mono-a ldehyde  o f  m oleAu&ar w e ig h t 542,

On th e  o th e r  hand, th e  f ig u r e s  agree c lo s e ly  i f  th e  le a d  s a l t  i s  

o f  the ty p e  F b ^^^ , a b a s ic  s a l t  som etim es o b ta in e d  fro m  weak a c id s *  

T h is  i s  su p p o rte d  by th e  fa c t  th a t  the  s i l v e r  s a l t  decomposed 

almost c o m p le te ly  w h ile  b e in g  washed. There i s ,  th e r e fo r e ,  n o t 

s u f f ic ie n t  ev id en ce  to  d i f f e r e n t ia t e  w i th  c o n fid e n c e  between a 
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m ono-a ldehyde o f  29 ca rbon s* and a d i-a ld e h y d e  o f  58 ca rb o n s . 

P re v io u s  re s e a rc h  has s e t t le d  beyond q u e s tio n  th a t  th e  

cao u tch ouc  m o le c u le  c o n s is ts  o f  an unknown number o f  is o p re n e  

n u c le i  u n ite d  to  fo rm  a la rg e  s in g le  r i n g .  I n  th e  p re s e n t  

in v e s t ig a t io n  th e  h y d ro c a rb o n  has y ie ld e d  a d e r iv a t iv e  o b ta in a b le

o n ly  fro m  a s t r u c tu r e  o f  30 ca rbon  atoms o r  a m u l t ip le  th e r e o f .

The s im p le s t  s t r u c tu r e  th e r e fo r e ,  w h ich  can be ass ig n ed  to  

caoutchouc^ i s  th e  f o l lo w in g ; -

^ ^  ̂  " a  H

f i H  C Al4i

CHa 'c-H ,

e H

tt H
tH  C H -i

C H
C H t

C H C ^ e

CM;
eM
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■ E xpe rim en ta l.

I k i r i f  Ica jL lo iL  _Qf Ivh te r ia X  and P re l im in a ry  E x p e rim e n ts .

The caou tchouc used was P la n ta t io n  P a le  C repe, w h ich  had 

been washed and r o l l e d ,  and was in  th e  fo rm  o f  t h i n  s h e e ts , 

a lm ost w h ite ^  and f r e e  fro m  th e  u s u a l re s in o u s  o d o u r. T h is  

was c u t in to  t h in  s t r i p s  and p u r i f i e d  by e x t r a c t io n  w ith  ace tone  

in  a S o x h le t a p p a ra tu s  f o r  10 h o u rs .  Owing to  th e  m tu r e  o f  

the  m a te r ia l ,  com p le te  rem ova l o f  th e  r e s in  i s  n o t p o s s ib le  by 

s im p le  ace tone  e x t r a c t io n ,  b u t th e  more th o ro u g h  method o f  

d is s o lv in g  in  benzene, f i l t e r i n g  and p r e c ip i t a t in g  th e  caou tchouc 

by th e  a d d i t io n  o f  a lc o h o l was n o t c o n s id e re d  n e ce ssa ry  i n  

view  o f  th e  p u r i f i c a t i o n  v h ic h  th e  o x id a t io n  p ro d u c t w ou ld  u n d e rg o j 

and th e  fa c t  t h a t  a n a ly s is  o f  th e  f i r s t  o x id a t io n  p ro d u c t was 

not th e  o b je c t  o f  th e  w o rk . The caoutchouc^ a f t e r  e x t r a c t io n ^  

was n e a r ly  t ra n s p a re n t  and c o lo u r le s s ,  and had to  be p re s e rv e d  

out o f  c o n ta c t w i th  th e  a i r  as i t  o x id is e d  r a p id ly .

The method o f  o x id a t io n  e la b o ra te d  b y  Henderson ( l o c . c i t , )  

c o n s is ts  i n  d is s o lv in g  50 g s , o f  th e  te rp e n e  h yd ro ca rb o n  in  300 g* 

g la c ia l a c e t ic  a c id  and a d d ing  th e  c a lc u la te d  q u a n t i t y  o f  

HgO^llOO v o l . )  e q u iv a le n t to  2 m o is , H^O^ to  each 

M olecu le , A p r o p o r t io n  o f  th e  h y d ro c a rb o n  se p a ra te s  and fo rm s  

a la y e r  on th e  s u r fa c e ,  b u t t h i s  g r a d u a l ly  d is s o lv e s  as o x id a t io n  

of the  te rp e n e  in  s o lu t io n  p ro ce e d s . The re a c t io n  i s  prom oted

by m a in ta in in g  th e  m ix tu re  a t  a te m p e ra tu re  o f  about 50°C ,
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y c o n t r o l  Ox t h "  te m p é ra tu re , re s in o u s  p ro d u c ts , as ev id ence d  by 

d a rk e n in g  o f  th e  e o lu t io n ^ c a n  be a vo id ed  to  a la rg e  e x te n t ,

fc ile  th e  r e a c t io n  c a n ^o f co u rse  be s toppe d  a t any s tage  and th e

products exam ined. C o m p le tio n  o f  th e  r e a c t io n  i s  in d ic a te d  when

be rem nant o f  th e  s u r fa c e  la y e r  shows no f u r t h e r  te n d e n cy  to  d is s o lv e

ind th e  p ro d u c ts  a re  th e n  o b ta in e d  by n e u t r a l is a t io n  o f  th e  a c id  and

igx tra c tio n  w i th  e th e r .

The mechanism o f  th e  r e a c t io n  i s  n o t c le a r ,  b u t i t  seems th a t

o x id a tio n  o c c u rs  th ro u g h  th e  fo rm a t io n  and d e c o m p o s itio n  o f  p e ra c e t ic

I acid. I t  has been found t h a t  w i th  i n e r t  s o lv e n ts  such as CCI >
4

O xidation f r e q u e n t ly  does n o t ta k e  p la c e .

As i t  was in te n d e d  to  adhere as c lo s e ly  as p o s s ib le  to  th e s e  

reaction c o n d it io n s ,  th e  b e h a v io u r  o f  caoutchouc tow a rd s  g la c ia l  

acetic a c id  was s tu d ie d .  F in e ly  c u t caoutchouc in  a c e t ic  a c id  was 

 ̂allowed to  s tand  in  s to p pe re d  f la s k s .  C o n s id e ra b le  s w e l l in g  o c c u rre d  

during th e  f i r s t  th re e  d a y s ,b u t even a t th e  end o f  a month th e  

^separate p ie c e s  re ta in e d  t h e i r  id e n t i t y , a n d  th e  a c id  c o u ld  be o b ta in e d  

W pure b y  f i l t r a t i o n .  H e a tin g  m e re ly  a c c e le ra te d  th e  s w e l l in g .  

A t te n t io n  was th e n  d ire c te d  to  m ix in g  a c e t ic  a c id  w i th  a 

•o lu tion  o f  caou tchouc i n  one o f  th e  u s u a l s o lv e n ts .  I t  was 

found th a t  on s m a ll q u a n t i t ie s  o f  the a c id  b e in g  added to  a CECI
3

solution o f  ca o u tch o u c , th e  i n i t i a l  p r e c ip i t a t e  re d is s o lv e d  on 

shaking and th e  r e s u l t in g  s o lu t io n  had a c o n s id e ra b ly  

decreased v i s c o s i t y .  F u r th e r  q u a n t i t ie s  o f  a c id  were added t i l l  

^ po int was reached where th e  p r e c ip i t a t e  o f  caoutchouc f a i l e d  

0̂ re d is s o lv e , A sm a ll q u a n t it y  o f  w a te r , re p re s e n t in g  H O

so lu tio n /
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s o lu t io n ,  was th e n  added* T h is  p r e c ip i t a te d  more caou tchouc

w hich re d is s o lv e d  to  a c e r t a in  e x te n t on v ig o ro u s  s h a k in g .

The m ix tu re  th e n  c o n s is te d  o f  a la y e r  o f  c lo t te d  caou tchouc

over a s o lu t io n  trh ic h  was a lm o s t c o lo u r le s s  and o f  v e ry  low

f is c o s i t y .  Tha t t h i s  s o lu t io n  c o n ta in e d  a c o n s id e ra b le

piD p o r t io n  o f  th e  caou tchouc was p ro ve d  by w ith d ra w in g  a

q u a n t ity  and p r e c ip i t a t in g  th e  caoutchouc w i th  w a te r .

I t  was th e r e fo r e  e v id e n t th a t  a s o lu t io n  c o u ld  be p re p a re d

analogous to  t h a t  re q u ire d  in  th e  te rp e n e  o x id a t io n :  i t

remained to  be d is c o v e re d  w h e th e r th e  b u lk  o f  t h i s  s o lu t io n

eould be m a in ta in e d  a t a re a s o n a b le  f ig u re ,a n d  y e t p e rm it o f  th e

o x id a tio n  o f  a f a i r  q u a n t i t y  o f  c a o u tch o u c . T w e n ty - f iv e  grams

of caoutchouc was d is s o lv e d  in  850 c c . CHCl * Two days were
3

requ ired  f o r  com p le te  s o lu t io n ,  and i t  was n o te d  th a t  w h ile  

b o il in g  had  no e f f e c t  on th e  r a te  o f  s o lu t io n ,  v ig o ro u s  a g i t a t io n  

acce le ra ted  i t .  The s o lu t io n  o b ta in e d  was opaque, o f  a 

brownish c o lo u r  and e x tre m e ly  v is c o u s .  G la c ia l  a c e t ic  a c id  

vas th e n  added in  q u a n t i t ie s  o f  30 -40  c . c ,  w i th  v ig o ro u s  s h a k in g , 

Qa each a d d i t io n  a q u a n t i t y  o f  eaoutchouS was p r e c ip i t a te d ,  

but t h is  d is s o lv e d  on f u r t h e r  a g i t a t io n .  A f t e r  180 c . c ,  a c id  

bad been added th e  p r e c ip i t a te d  caoutchouc became d i f f i c u l t l y  

•o lu b le , ^nd i t  was th e n  fou nd  th a t  h e a t in g  th e  m ix tu re  to  

70-80° u n d e r r e f l u x  e f fe c te d  s o lu t io n .  By t h i s  method a 

botai o f  230 c o s , a c e t ic  a c id  was added, # h ic h  was c o n s id e re d  

s u ff ic ie n t f o r  th e  p u rp o s e . The s o lu t io n  was brow n, opaque and 

of Very low  v i s c o s i t y .  As a s u r fa c e  la y e r  o f  caoutchouc d id  
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n o t fo rm  u n t i l  some t im e  a f t e r  th e  s o lu t io n  had c o o le d , i t

was c o n s id e re d  p o s s ib le  to  reduce  th e  CHCl c o n te n t .
o

D i s t i l l a t i o n  was c a r r ie d  o u t on th e  w a te r -b a th ,  and when

about 150 c . c .  CHCl had been c o l le c te d  th e  p resence  o f

Tandis s o lv e d  caou tchouc was n o te d .  T h is  was re d is s o lv e d  by

a g i t a t io n  and th e  d i s t i l l a t i o n  re p e a te d . I n  a l l ,  500 c . c .

CHCl was removed b e fo re  th e  p r e c ip i t a te d  cao u tch ouc  f a i l e d  to  
3

re d is s o lv e  i n  th e  h o t  s o lu t io n .  When c o o l,  th e  l i q u id  u n de r 

the  caou tchouc la y e r  was opaque, o f  a b ro w n is h  c o lo u r ,  and seemed 

as m o b ile  as w a te r*

The r e a c t io n  m ix tu re  c o n s is te d  o f : -  

25 gm, cao u tchouc*

350 c . c .  CHCl
3

230 c . c .  CH CCDH 
3

and ^in  a l l  h» ,te r experim ents^ was p re p a re d  d i r e c t l y  by d is s o lv in g

25 gm* caou tchouc in  350 c .c *  CECI , S o lu t io n  re q u ire d  2 da ys ,
3

and y ie ld e d  an e x tre m e ly  v is c o u s  j e l l y .  200 c .c *  a c e t ic  a c id  

was th e n  added in  l o t s  o f  50 c . c .  w ith  v ig o ro u s  a g i t a t io n *

The s o lu t io n  was th e n  he a te d  to  b o i l i n g  and th e  re m a in in g  30 c . c .  

ac id  added. When c o o l,  t h i s  s o lu t io n  was id e n t i c a l  w ith  

th a t o b ta in e d  by u s in g  an excess o f  CHCl^, w ith  subsequent rem ova l 

o f th e  e xce ss .

In  th e  t r i a l  o x id a t io n ,  65 gm, (3 m o is ,)  o f  30% H O was2 2
used as a g a in s t 45 gm. (2 m o is ) in  th e  c o rre s p o n d in g  te rp en ©

o x id a t io n *  A d d it io n  o f  th e  p e rh y d ro l caused a f u r t h e r

p r e c ip i ta t io n  o f  ca o u tch o u c .

T h e /



a c o n s ta n t te m p é ra tu re  o f  50°C i n  th e  w a te rb a th . The f i r s t

4 2*
The f la s k  was f i t t e d  w i th  a r e f l u x  condenser and m a in ta in e d

atk

a c t io n  ob se rve d  was th e  c le a r in g  o f  th e  l i q u id  p o r t io n  o f  

th e  m ix tu re ,  w h ich  became c o lo u r le s s  and t ra n s p a re n t  i n  th e  

cou rse  o f  about 6 h o u rs . T h is  was fo llo w e d  b y th e  s lo w  and 

p e r s is te n t  e v o lu t io n  o f  a g a s , l a t e r  i d e n t i f i e d  as CO^*

A change a ls o  o c c u rre d  in  th e  ig y e r  o f  caoutchouc w h ich  

g r a d u a l ly  became l i q u i d ,  , T h is  i s  p o s s ib ly  th e  jC m o d if ic a t io n  

o f  caou tchouc d e s c r ib e d  by H a r r ie s  ( l o c . c i t . )  A f u r t h e r  18 -20  

h o u rs  h e a t in g  r e s u lte d  in  th e  com ple te  d isa p p e a ra n ce  o f  th e  

caou tchouc la y e r  to  y ie ld  a c le a r  c o lo u r le s s  s o lu t io n .

E v o lu t io n  o f  C0„ a ls o  ceased s h o r t ly  a f t e r  t h i s  p o in t .

The s o lu t io n  a c q u ire d  a g reen  t in g e  a f t e r  a f u r t h e r  12 

h o u rs , t h i s  t in g e  chang ing  g ra d u a l ly  to  l i g h t  y e llo w *  Th# 

deve lopm ent o f  t h i s  c o lo u r  o ccu p ie d  s e v e ra l da ys , r e s u l t in g  in  

a C le a r g o ld e n -y e llo w  s o lu t io n .  A sudden change th e n  to o k  

p la c e  in  th e  cou rse  o f  a few  h o u rs , th e  s o lu t io n  tu r n in g  

f i r s t  p in k ,  th e n  deep re d ,  and on f u r t h e r  h e a t in g  th e  c o lo u r  

grew de epe r and th e  s o lu t io n  became opaque.

The r e a c t io n  was s topped  a t t h i s  p o in t  as i t  was o b v io u s  

th a t  th e  o x id a t io n  had proceeded to o  fa r ,  and was y ie ld in g  

re s in o u s  p ro d u c ts .  The s o lu t io n  was poured in to  a la rg e  

volume o f  w a te r and w e l l  shaken* On s ta n d in g , th e  CHC1„Ô
s e t t le d ,  c a r r y in g  w ith  i t  th e  d a rk  c o lo u re d  p ro d u c t,  th e  aqueous 

la y e r  r e ta in in g  most o f  th e  a c e t ic  a c id .  The c h lo ro fo rm
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c h lo ro fo rm . The combined e x t r a c ts  were f i r s t  washed w i th  

d i lu t e  Na^CO^»then w i th  w a te ^  and f i n a l l y  d r ie d  o v e r an hyd rous

May SO • On d i s t i l l i n g  o f f  th e  CHCl , th e  p ro d u c t was o b ta in e d  
4  3

as a d a rk  re d  s y ru p  w i th  a p le a s a n t f r u i t y  odour# I t  was 

s o lu b le  i n  a lco ho A , e th e r  and a ce to n e , and s p a r in g ly  s o lu b le  in  

benzene* I t  was n o t v o l a t i l e  in  steam , and decomposed a t  a 

h ig h  te m p e ra tu re  u n d e r reduced  p re s s u re . On b o i l i n g  w ith  

a lc o h o l ic  KOH, and n e u t r a l is in g  th e  a l k a l i  w ith  CO an e th e re a l 

e x tra c t  was o b ta in e d  w h ich  y ie ld e d  a y e llo w  s y ru p  on d i s t i l l a t i o n  

o f th e  s o lv e n t*  T h is  was p ro b a b ly  a rem nant o f  th e  p ro d u c t 

e x is t in g  a t th e  g o ld e n -y e llo w  s tag e  o f  the o x id a t io n #  The 

a lc o h o l ic  s o lu t io n  was a c id i f ie d  and la r g e  q u a n t i t ie s  o f  a 

re s in ou s  a c id  were o b ta in e d .  These p ro d u c ts  were n o t f u r t h e r  

examined, and t h i s  conc luded  th e  p r e l im in a r y  w ork w h ich  had 

y ie ld e d  th e  f o l lo w in g  in fo r m a t io n : -  th a t  an o x id a t io n  o f  

caoutchouc was p o s s ib le  under c o n d it io n s  s im i la r  to  th e  o x id a t io n  

of th e  te rp e n e s ; th a t  th e  o x id a t io q  to o k  p la c e  in  two s ta g e s , 

the f i r s t  s tag e  b e in g  th e  c le a r  y e llo w  s o lu t io n ,  and th e  second 

stage^ th e  opaque s o lu t io n  w h ich  y ie ld e d  r e s in s ;  th a t  th e  o x id a t io n  

could be c o n t r o l le d  by re d u c in g  th e  amount o f  H^O^ (2 m o is , p e r  

^ ^ ^ 1 6  q u a n t i t y  used i n  te rp e n e  o x id a t io n s )  and by

stopping th e  r e a c t io n  b e fo re  th e  re d  c o lo u r  deve lop ed*

Subsequent e xp e rim e n ts  were s u i ta b ly  m o d if ie d  w ith  g r a t i f y i n g  

re s u lts .  As i t  was e xp e c te d , and l a t e r  v e r i f ie d ^  th a t  t r u e  

caoutchouc d e r iv a t iv e s  w ou ld  be n o n - v o la t i le  and amorphous, th e  
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p rob le m  o f  re s in o u s  and t a r r y  b y -p ro d u c ts  re c e iv e d  g re a t  

c o n s id e ra t io n *  OnCe fo rm ed , th e se  i n p u r i t i e s  c o u ld  o n ly  

be removed by e x t r a c t io n  w ith  s o lv e n ts ,  o r  p r e c ip i t a t io n  fro m  

s o lu t io n ,  n e i th e r  method b e in g  r e a l l y  s a t is f a c t o r y *  W ith  

t h i s  i n  v ie w , a l l  r e a c t io n s  e n ta i le d  i n  th e  p r e p a ra t io n  o f  

d e r iv a t iv e s  were s tu d ie d ,  and m o d if ie d  more o r  le s s  

e x te n s iv e ly *

The O x id a t io n .

A. s o d u t io n  was p re p a re d  as p r e v io u s ly  d e ta i le d ,  c o n s is t in g  

o f  25 gm* a c e to n e -e x tra c te d  caou tchouc 350 c . c .  CHCl and 

230  CO. g la c ia l  CHgCOOH. To t h i s  was added 45 gm (2 m o is ) o f  

ZOji HgOg and th e  m ix tu re  was m a in ta in e d  a t a te m p e ra tu re  o f  

50 *̂  on th e  w a te r  b a th *

W ith  th e  s m a lle r  q u a n t i t y  o f  H „0  , th e  v a r io u s  changes 

p re v io u s ly  n o te d , ♦e ; c le a r in g  o f  th e  l i q u id  p o r t io n ,  

l iq u e fa c t io n  o f  th e  caoutchouc la y e r ,  and th e  g ra d u a l s o lu t io n  

o f t h is  la y e r ,  to o k  lo n g e r  to  accom plish.W hen a homogeneous 

s o lu t io n  had been a t ta in e d ,  and e v o lu t io n  o f  00^ had ceased, 

the r e a c t io n  was c a r e f u l ly  w atched and was stopped as soon as 

the y e llo w  t in g e  de ve lop ed*

Bhe s o lu t io n  was poured in to  a -b o u t a l i t r e  o f  w a te r and 

v e i l  shaken* The c h lo ro fo rm  la y e r  was sep a ra ted  and th e  

aqueous p o r t io n  a g a in  e x tra c te d  w ith  c h lo ro fo rm *  C o n s id e ra b le  

® H flils if ic a t io n  to o k  p la c e , b u t w i th  th e  a d d it io n  o f  sm a ll 

q u a n t it ie s  o f  a lc o h o l,  a s e p a ra t io n  was e f fe c te d  on s ta n d in g  

overnight/
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o v e r n ig h t .

S o l id  K CO was added to  the  c h lo ro fo rm  s o lu t io n  to  
2 3

remove th e  la s t  o f  th e  a c e t ic  a c id ,  and when a l l  a c t io n  had 

ceased, th e  s o lu t io n  was a g a in  washed w i th  w a te r and d r ie d  o v e r  

anhydrous Na^SO^. The c h lo ro fo rm  s o lu t io n  was c le a r ,  m o b ile  

and o f  a l i g h t  y e l lo w  c o lo u r ,  and^on rem ova l o f  th e  s o lv e n t 

by d i s t i l l a t i o n ^ t h e  p ro d u c t was o b ta in e d  as a c le a r  y e l lo w is h  sy ru p

As th e  r e a c t io n  was s topped a t a p u re ly  a r b i t r a r y  p o in t ,  th e re  

was a p o s s i b i l i t y  o f  th e  p ro d u c t c o n ta in in g  u n a tta c h e d  ca o u tch o u c . 

T h is  w ou ld  be removed by two m e th o d s :- (a) by d is s o lv in g  th e  

syrup i n  a la rg e  vo lum e o f  a lc o h o l and a l lo w in g  th e  u n s o lu b le  

caoutchouc to  s e t t l e .  The c le a r  s o lu t io n  was th e n  de can ted  

.and th e  a lc o h o l d i s t i l l e d  o f f ;  lb )  by  d is s o lv in g  th e  sy ru p  in  

ju s t  s u f f i c ie n t  benzene to  y ie ld  a m o b ile  s o lu t io n ,  and a d d in g  

a la rg e  volum e o f  p e tro le u m  e th e r .  The p ro d u c t i s  c o m p le te ly  

p r e c ip i ta te d  as a t h ic k  w h ite  p a s te , and any c a o u tc h o u f p re s e n t 

rem ains i n  th e  m ixed s o lv e n ts .  The second method i s  p r e fe r r e d ,  

as i t  g iv e s  a p ro d u c t w h ich  i s  e a s i ly  d r ie d  and pow dered.

The w a te r w h ich  had been used in  th e  s e p a ra t io n  and w ash ing  

o f the  p ro d u c t was f i l t e r e d  to  remove em u ls ion  and exam ined.

Only a c e t ic  a c id ,  CHCl^ and t ra c e s  o f  th e  syrup  were found 

p re se n t, in d ic a t in g  th a t  no w a te r -s o lu b le  d e g ra d a t io n  p ro d u c ts  

are form ed by th e  o x id a t io n .  T h is  o x id a t io n  has been 

repeated many t im e s  and has a lw ays y ie ld e d  th e  same p ro d u c t ,

^  in t e r e s t in g  o b s e rv a t io n  i s  th a t  i f  th e  o x id a t io n  has been 

a llo w e d /
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a llo w e d  to  p roceed  to o  f a r ^ r e s u l t in g  i n  th e  deve lopm ent o f  

th e  p in k  c o lo u r ,  im m ed ia te  c o o lin g  o f  th e  s o lu t io n  r e s u l t s  in  

th e  g ra d u a l d is a p p e a ra n ce  o f  t h is  c o lo u r ,  and th e  p ro d u c t 

o b ta in e d  i s  q u ite  f r e e  fro m  r e s in .  m o d if ic a t io n s  o f  t h i s  

method o f  o x id a t io n  have been t r i e d  b u t do n o t o f f e r  any 

a d va n ta g e . U s ing  C C l^ in s te a d  o f  CHCl^, i t  was fou nd  th a t  

a much la r g e r  p r o p o r t io n  o f  cao u tch ouc  rem ained in  th e  s u r fa c e  

la y e r ,  w h i ls t  th e  was n o t v e ry  s o lu b le  i n  th e  CCl^-CH^COOE

m ix tu re  and tende d  to  la y e r  o u t w i th  th e  caou tchouc on th e  

s u r fa c e . The o x id a t io n  to o k  much lo n g e r ,  b u t y ie ld e d  th e  

u s u a l p ro d u c t .  O x id a t io n  in  a v e ry  d i lu t e  s o lu t io n  (.7yK) 

was a ls o  t r i e d .  The s o lu t io n  c o n s is te d  o f  7 gm. caou tchouc

460 c c ,  CHCL , 325 c c , CH COQH, 1 2 .6  gm. H_0_. O nly a t h in
Ô Ô d m

la y e r  o f  caou tchouc rem ained on th e  s u r fa c e , and t h i s  soon 

d isa pp e a re d  on h e a t in g *  The o x id a t io n  proceeded r a p id ly  

and c o n s ta n t o b s e rv a t io n  was ne ce ssa ry  to  a r r e s t  th e  r e a c t io n  

b e fo re  i t  had proceeded to o  f a r .  The u s u a l p ro d u c t was 

also o b ta in e d  in  t h i s  case .

The__Qxidatlojn P ro d u c t.

P r e c ip it a te d  fro m  benzene by an excess o f  p e tro le u m  

e th e r, th e  p ro d u c t was o b ta in e d  i n  th e  fo rm  o f  a t h ic k  w h ite  

paste. T h is  was washed w ith  p e tro le u m  e th e r ,  d r ie d  in  vacuo 

and pow dered. The y ie ld ,  fro m  25 gm. ru b b e r , was 2 8 -30  gm, o f  

^  o d o u r le s s  w h ite  powder, in s o lu b le  in  w a te r and p e tro le u m . 

Very s p a r in g ly  s o lu b le  in  e th e r ,  and e a s i ly  s o lu b le  i n  

A lc o h o l/
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a lc o h o l( e th y l  and m e th y l) ,  a ce to n e , benzene, c h lo ro fo rm , 

a c e t ic  a c id  and p y r id in e .  I t  d id  n o t re a c t  w i th  a l k a l i  

c a rb o n a te  s o lu t io n ,  b u t on lo n g  s ta n d in g  w ith  « l i lu t e  NaOH, 

and more q u ic k ly  on h e a t i n g , . i t  tu rn e d  d a rk  re d  and seemed 

to  d is s o lv e  to  some e x te n t ,  g iv in g  a red  f lo c c u le n t  

p r e c ip i t a t e  on a c i d i f i c a t i o n .  A l l  a tte m p ts  to  c r y s t a l l i s e  

i t  fro m  so3v e n ts  and m ix tu re s  o f s o lv e n ts  f a i l e d *  When b u rn e d , 

i t  e m it te d  the c h a r a c t e r is t ic  odou r o f  bu rned ca o u tch o u c .

I t  was n o n - v o la t i le  in  steam , and under reduced p re s s u re  

i t  decomposed a t a h ig h  te m p e ra tu re  and y ie ld e d  w a te r and a 

d a rk  o i l  v e ry  s im ih . r  to  th a t  o b ta in e d  on d i s t i l l i n g  ca o u tch o u c . 

I t  d id  n o t re a c t w i th  se m ica rba z tde  a c e ta te ;  and as a lre a d y  

s ta te d ,  was u n a f fe c te d  by Na^CO^. B o i l in g  w i th  a lc o h o l ic  

KDE caused e x te n s iv e  r é s in i f i c a t i o n ,  th e  p ro d u c ts  re c o v e re d  

b e in g  a s m a ll amount o f  th e  o r ig in a l  substance  and, on 

a c id i f i c a t io n  o f  th e  s o lu t io n n a  la rg e  q u a n t ity  o f  r e s in  o f  an 

a c id  c h a ra c te r .  H y d ro ly s is  u s in g  re a g e n ts  such as b a ry n ta ,  

and d i l u t e  H SO a ls o  y ie ld e d  t a r r y  p ro d u c ts .  T e s ts  w i th  

B r^  and a lk a l in e  showed th e  p ro d u c t to  be u n s a tu ra te d .

The above p r o p e r t ie s  seemW to  c o n f irm  th e  v ie w  th a t  t h i s  

p ro d u c t i s  a h y d ro x y -b o d y  c lo s e ly  r e la te d  to  th e  o r ig in a l  

h yd ro ca rb o n *

A p o r t io n ,  d is s o lv e d  i n  benzene, f i l t e r e d  and p r e c ip i t a te d  

as b e fo re ,  y ie ld e d  th e  fo l lo w in g  r e s u l t s  on a n a ly s is : -

(a) .8801 gm. gave ,5368 gm. COg and .1915 gm. H O 
(bj $#04^ gm, gave ,4956 gm. COg .1757 gm. HgO.
Pound/
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Found C H 0

(a) 66 ,51  9 .665 2 3 ,8
(b ) 66.19 9 .5 6  2 4 .2 5

C H 0 re q u ire s  66^.92 9 .849  24*24
29 52 8

CggE gOg re q u ire s  66 ,16  9 ,506  24 .33

The m o le c u la r  w e ig h t,  by d e p re s s io n  o f  th e  f r e e z in g  p o in t  

o f  benzene was found  to  be 9 9 1 .3 , 1 0 5 3 .0 , and 9 9 7 .2 .

1056.

The sam ples used in  th e  above com bustions  were p a r t  o f  th e  y ie ld  

o f one p a r t i c u la r l y  c le a n  o x id a t io n .

CO w o lv e d  d u r in g  th e  O x fid a tio n ,

A ccu ra te  e s t im a t io n  o f  th e  00^ evo lved  d u r in g  th e  o x id a t io n

was d i f f i c u l t  s in c e  th e  e v o lu t io n  was s low  and la s te d  f o r  s e v e ra l

days, and th e  gas was con ta m in a te d  w ith  th e  va p o u rs  o f  CHCl^

and GH COOE fro m  th e  warm s o lu t io n *
3

E xperim en t re v e a le d  th a t  a d i l u t e  s o lu t io n ^  5 gm* caou tchouc

175 ce* CHCl &nd 115 c c ,  CH COQH, i f  he a te d  to  70 ^ , evo lved  
3* 3

a l l  th e  CO i n  th e  space o f  8 -9  h o u rs *
2

A s o lu t io n  was th e r e fo r e  p re p a re d , u s in g  5 gm, o f  c a r e f u l ly  

ex trac ted  and d r ie d  ca o u tch o u c . The s o lu t io n  was hea te d  t i l l  

the f i r s t  b u b b le s  o f  gas appeared and was th e n  coo le d  on ic e  and 

le f t  o v e rn ig h t i n  th e  ic e  c h e s t*  On th e  fo l lo w in g  day i t  

^as aga in  h e a te d  to  TO^C.^ and a c u r re n t  o f  a i r  was drawn th ro u g h  

 ̂ soda lim e  to w e r in to  th e  f la s k  and th e n  th ro u g h  th e  condenser

2



4 9.
When e v o lu t io n  o f  th e -g a s  had ceased, th e  BaCO was f i l t e r e d *

3
w ashed, d is s o lv e d  i n  HCl^ and p r e c ip i t a te d  as th e  s u lp h a te *

5 gm, ru b b e r  gave 2 ,0701 gm. BaSO 
• ^• - Carbon o b ta in e d  as CO s  2 . 1 2 ^  o f  ru b b e r ,

1 ca rbon  p e r C H -  1 7 ,6 5 ^  . ,

COg i s  e q u iv a le n t  to  1 ca rb o n ^p e r (C^Hg)^  -  (C gS ^)^ .

D e r iv a t iv e s .

As the  o x id a t io n  p ro d u c t had no a c id  o r  k e to n ic  p r o p e r t ie s ,  

and e x h ib ite d  th e  s o l u b i l i t y  u s u a l ly  a s s o c ia te d  w ith  an a lc o h o l 

o r  g ly c o l ,  th e  p re p a ra t io n  o f  th e  fo l lo w in g  c h a r a c t e r is t ic  

d e r iv a t iv e s  was a t te m p te d : -

H it ro b e n z o a te . Ten grams o f  th e  p ro d u c t was d is s o lv e d  in

about 100 gm, p y r id in e  and, to  th e  c o ld  s o lu t io n ,  3 gm, n i t r o b e n z o y l  

c h lo r id e  was s lo w ly  added. A f t e r  s ta n d in g  f o r  s e v e ra l d ays , 

the  s o lu t io n  was poured in to  w a te r and th e  p y r id in e  n e u t r a l is e d  

w ith  d i l u t e  E SO , The p ro d u c t was o b ta in e d  as a y e llo w  p a s ty  

mass^and was se p a ra te d  by f i l t r a t i o n .  On w ash ing  w i th  d i l u t e  

HgSO^ and w a te r ^ th is  g ra d u a l ly  assumed a g ra n u la r  fo rm . The

excess o f  n it r o b e n z o ic  a c id  was removed by le a v in g  th e  p ro d u c t in

co n ta c t w i th  v e ry  d i lu t e  Na CO t i l l  a l l  a c t io n  had ceased ,
2 3

A f te r  f u r t h e r  w ash ing  and d ry in g  a t th e  f i l t e r  pump, th e  p ro d u c t 

was re p e a te d ly  e x tra c te d  w ith  e ther^ i n  w h ich  i t  was r a th e r  

s p a r in g ly  s o lu b le .  T h is  e f fe c te d  a p a r t i a l  s e p a ra t io n  fro m  th e  

re s in  produced by th e  r e a c t io n ,  and^on e v a p o ra tio n  o f  th e  e th e r^  

th e /
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th e  p ro d u c t was o b ta in e d  as a brown v i t r e o u s  mass. A tte m p ts

to  c r y s t a l l i s e  i t  fro m  v a r io u s  s o lv e n ts  f a i l e d .  D u r in g

e a r l i e r  e xp e rim e n ts  s m a ll q u a n t i t ie s  o f  c r y s ta ls  se p a ra te d

d u r in g  th e  spontaneous e v a p o ra tio n  o f  th e  e th e r .  These were

o b ta in e d  in  an im pure  c o n d it io n  by e x t r a c t io n  w i th  p e tro le u m

e th e r .  However, when a s u f f i c ie n t  q u a n t i t y  had been c o l le c te d

i t  was id e n t i f i e d  as n i t r o b e n z o ic ^ c id ,  M .P .E 37^, w h ich  th e

Na CO had f a i l e d  to  e x t r a c t  fro m  th e  p a s ty  p r e c ip i t a t e ,
2 3

I n  l a t e r  e xp e rim e n ts  t h i s  p r e c ip i t a t e  was th o ro u g h ly  d r ie d  and

p u lv e r is e d  b e fo re  b e in g  t r e a te d  w i th  Na CO ,
2 3

The v i t r e o u s  mass was e x tre m e ly  s o lu b le  in  a l l  o rg a n ic

s o lv e n ts  exce p t CS^ a-nd e th e r .  Repeated e x t r a c t io n  w i th  e th e r

l e f t  a p r o p o r t io n  o f  th e  r e s in  b e h in d , b u t no d e f in i t e

s e p a ra t io n  c o u ld  be o b ta in e d , and p o r t io n s  su b m itte d  to  a n a ly s is

showed a n i t r o g e n  c o n te n t v a r y in g  fro m  about to  n e a r ly

As th e  p ro d u c t d i f f e r e d  in  s o l u b i l i t y  fro m  th e  o r ig in a l  a lc o h o l,

i t  was o b v io u s  th a t  e g t e r i f a c t io n  had ta k e n  p la c e  to  a c e r ta in

e x te n t ,  in d ic a t in g  th e  presence o f  a p r im a ry  o r  secondary 
♦
a lc o h o l g roup  in  th e  o r ig in a l  o x id a t io n  p ro d u c t ,

Bhenviure th a n e . Two grams o f  th e  a lc o h o l,d is s o lv e d  i n  d ry

b e n ze n ^w a s  h e a te d  w ith  one m o le c u la r  p r o p o r t io n  o f  p h e n y l • 

is o c y a n a te  in  a f la s k  p ro te c te d  by a CaC l^ tu b e .  No 

r é s in i f i c a t i o n  o c c u rre d  even a f t e r  10 hou rs* h e a t in g .  The 

benzene was th e n  d i s t i l l e d  o f f  and th e  re s id u e  d is s o lv e d  in  

e t h y l /
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e th y l  a c e ta te .  D u r in g  th e  spontaneous e v a p o ra t io n  o f  t h i s

.s o lv e n t a c ro p  o f  c o lo u r le s s  c r y s ta ls  was o b ta in e d .  These

were se p a ra te d  b y  f i l t r a t i o n  a t th e  pump and, on r e c r y s t a l l i s a t i o n

fro m  e th y l  a c e ta te ^w e re  i d e n t i f i e d  as d ip h e n y l u re a ,  MP238°,

The sy ru p y  re s id u e  c lo s e ly  resem b led  the  o r ig in a l  a lc o h o l

in  i t s  b e h a v io u r  w ith  s o lv e n ts .  I t  was, th e r e fo r e ,  th o ro u g h ly

e x t r a c te d  w ith  warm e th e r  in  w h ich  i t  was in s o lu b le ,  d is s o lv e d

in  benzene and p r e c ip i t a te d  t i t h  an excess o f  p e tro le u m  e th e r .

The p ro d u c t ,  a f t e r  d ry in g  in  va cu o , was o b ta in e d  as a l i g h t

y e llo w  pov/der. , On fu s in g  w ith  Na, and t e s t in g  w i th  PeSO^

and PeCl t h i s  powder was proved to  c o n ta in  no n i t r o g e n .
3

A c id  P h th a la te .  The p re p a ra t io n  o f  t h i s  d e r iv a t iv e  was 

a tte m p te d  by a s l ig h t  m o d i f ic a t io n  o f  th e  method o f  Tiemann and 

K rd g e r (B e r .2 9 ,1 ,9 0 1 ) .  Pour grams o f  th e  a lc o h o l d is s o lv e d  in  

d ry  benzene was t r e a te d  w i th  an excess o f  Na. The s o lu t io n  

re q u ire d  g e n t le  warm ing to  s t a r t  th e  r e a c t io n  w h ich  th e n  

proceeded s lo w ly  f o r  s e v e ra l d a ys . The Na d e r iv a t iv e  o f  

th e  a lc o h o l s e t t le d  o u t as a b ro w n ish  p a s te  m ixed w ith  a c e r ta in  

amount o f  re s in ^ a n d  th e  benzene s o lu t io n  became d a rk  in  c o lo u r .  

The benzene s o lu t io n  was decanted and th e  Na s a l t ,  suspended in

f r e s h  benzene^ ;was t i* e a tèd W ith  2 gm, p h tK a lic .  a n h yd rid e : and 

a llo w e d  to  istand f o r  s e v e ra l dayp at?troom te m p e ra tu re . The 

s o lu t io n  was th e n  shaken w ith  w a te r a n d ^ a fte r  re p e a te d  e x t r a c t io n  

w ith  benzene^the  Na s a l t  o b ta in e d  as a soap f l o a t i n g  on

t h e /
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th e  aqueous la y e r ,  th e  l a t t e r  h a v in g  a d i s t i n c t  re d  t in g e .

On a c id i f i c a t i o n  a c e r ta in  amount o f  r e s in  was p r e c ip i t a te d

fro m  th e  aqueous s o lu t io n .  The a c id  l i q u id  was e x tra c te d

w ith  CHCl , and on re m o va l o f  t h i s  s o lv e n t by  d i s t i l l a t i o n  
3

a brow n s y ru p  was o b ta in e d .  A tte m p ts  to  o b ta in  t h i s  in  

c r y s t a l l i n e  fo rm  fa i le d » L .m d , . as i t  was o b v io u s ly  co n ta m in a te d  

w ith  r e s in  fo rm ed by  th e  a c t io n  o f  th e  c a u s t ic  s o lu t io n  on 

th e  o r ig in a l  a lc o h o l,  i t  was n o t f u r t h e r  exam ined,.

% t h v la t i o n . The sodium  d e r iv a t iv e  o f  th e  a lc o h o l,  p re p a re d  

as above, was suspended in  d ry  benzene and g e n t ly  warmed unde r 

r e f l u x  w i th  d im e th y l s u lp h a te  f o r  s e v e ra l h o u rs .  The s o lu t io n  

was th e n  poured  in to  w a te r to  decompose th e  excess m e th y l 

s u lp h a te , and th e  p ro d u c t was e x tra c te d  w ith  benzene. On d ry in g  

and d i s t i l l i n g  o f f  th e  s o lv e n t a v e ry  da rk  c o lo u re d  sy ru p  was 

o b ta in e d *  T h is  was c o m p le te ly  s o lu b le  i n  most o rg a n ic  s o lv e n ts ,  

b u t re p e a te d  e x t r a c t io n  w i th  e th e r  e f fe c te d  a p a r t i a l  s e p a ra t io n  

fro m  th e  r e s in .  The f i n a l  p ro d u c t,  how ever, was s t i l l  h ig h ly  

c o lo u re d , amorphous and u n s u ita b le  f o r  a n a ly t ic a l  p u rp o se s .

The A ld eh yde .

As th e  a lc o h o l had f a i l e d  to  y ie ld  a s u i ta b le  d e r iv a t iv e  

w h ich  c o u ld  be d e f i n i t e l y  p u r i f i e d ,  a t t e n t io n  was tu rn e d  to  

p re p a r in g  fro m  th e  a lc o h o l,  th e  c o rre s p o n d in g  a ldehyde o r  

k e to n e . The o x id is in g  a c t io n  o f  chrom ium t r io x id e  d is s o lv e d  

i n /
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in  g la c ia l  a c e t ic  a c id  i s  o f  a s e le c t iv e  c h a ra c te r ,  te n d in g

c h ie f ly  to  o x id is e  an a lc o h o l to  th e  a ldehyde  o r  k e to n e , th e

la t t e r  p ro d u c t o n ly  u n d e rg o in g  f u r t h e r  o x id a t io n  i f  an excess

o f th e  re a g e n t s t i l l  re m a in s . To o b ta in  a good y ie ld ,  th e r e fo r e ,

by t h i s  r e a c t io n ,  r e q u ire s  a c c u ra te  d e te rm in a t io n  o f  th e  r e q u is i t e

, amount o f  C rO ^.

I n  th e  p re s e n t case , th e  s iz e  and c h a ra c te r  o f  th e  a lc o h o l

m o lecu le  were unknown, com bustio ns  h a v in g  m e re ly  f ix e d  th e

e m p ir ic a l fo rm u la  as ro u g h ly  ^ 2 0 ^ 1 8 ^ 3 * th e  i n i t i a l  p re p a ra t io n s

o f th e  a ld e h y d e , th e r e fo r e ,  s u f f i c ie n t  CrO^ was used to  f u r n is h

1 atom o f  oxygen to  each 0 • l u  succe e d in g  e xp e rim e n ts
10 18 3

th is  q u a n t it y  was v a r ie d  and rough e s tim a te s  made o f  th e  

re s p e c t iv e  y ie ld s .  I t  was fou nd  th a t  d e c re a s in g  th e  q u a n t i t y  o f

CrO re s u lte d  in  an in c re a s e d  y ie ld  o f  a ld e h y d e . A f t e r  th e
3

aldehyde had been c h a ra c te r is e d ,  th e  t h e o r e t ic a l  q u a n t i t y  o f

CrO was used w i th  e x c e l le n t  r e s u l t s ;  th e  q u a n t i t ie s  g iv e n  
3

below a re  th o s e  used in  th e  most re c e n t p re p a ra t io n s *

A s o lu t io n  o f  10 gm. o f  th e  a lc o h o l i n  80 gm. g la c ia l  a c e t ic  

ac id  was c o o le d  i n  a f r e e z in g  m ix tu re .  Owing to  th e  c o l l o id a l  

na tu re  o f  th e  a lc o h o l,  th e  d e p re s s io n  o f  th e  f r e e z in g  p o in t  o f  

t h is  c o n c e n tra te d  s o lu t io n  was so s m a ll th a t  a q u a n t it y  o f  

water had to  be added to  p re v e n t s o l i d i f i c a t i o n .  A w e l l  co o le d

s o lu t io n  o f  1 ,3  gm. CrO* in  3 0 -4 0  c c .  was th e n  added in

q a a n t it ie s  o f  2 -3  c e ., w ith  v ig o ro u s  a g i t a t io n  a f t e r  each 

a d d it io n .  I t  had been fo u n d , when p e r fo rm in g  th e  r e a c t io n  

a t /
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a t o r d in a r y  room te m p e ra tu re , th a t  c o n s id e ra b le  lo c a l  o x id a t io n

to o k  p la c e  b e fo re  th e  s o lu t io n s  c o u ld  be p r o p e r ly  m ixe d , b u t w ith

th e  c o ld  s o lu t io n s ,  th e  re d  c o lo u r  o f  th e  CrO was s t i l l
o

u n d im in is h e d  when th e  a d d i t io n  and m ix in g  was c o m p le te d .

On a l lo w in g  th e  s o lu t io n  to  a t t a in  room te m p e ra tu re , th e

o x id a t io n  p roceeded  sm o o th ly  and was com p le te  i n  a fe w  h o u rs .

No CO was e vo lve d  d u r in g  th e  r e a c t io n *  The s o lu t io n  was 
2

poured in to  abou t 200 c c ,  w a te r  and th e  a c id  a lm o st n e u t r a l is e d

by a s tro n g  s o lu t io n  o f  Na CO^. Com plete n e u t r a l is a t io n  o f  th e

a c id  was fo u n d  to  be in a d v is a b le ^ a s  i t  r e s u lte d  in  a g e la t in o u s

p r e c ip i t a te  o f  Cr 0 w h ich  h in d e re d  e x t r a c t io n  w ith  e th e r ,
2 3

D u r in g  th e  n e u t r a l is a t io n ,  th e  g re a te r  p o r t io n  o f  th e  

p rod u c t s e p a ra te d  as a w h ite  p a s te . T h is  was removed and 

d is s o lv e d  i n  e th e r .  The aqueous s o lu t io n  was th e n  e x h a u s t iv e ly  

e x tra c te d  w ith  e th e r ,  i n  w h ich  th e  p ro d u c t was n o t r e a d i ly  

s o lu b le *  D u r in g  th e  e a r l i e r  p re p a ra t io n s  e s p e c ia l ly ,  q u a n t i t ie s  

o f  a p ro d u c t were o b ta in e d , w h ich  d e f ie d  e x t r a c t io n  w ith  e th e r .

I t  to o k  th e  fo rm  o f  a t h i c k  g re e n is h  soap and^when sep a ra te d  

by f i l t r a t i o n  and d r ie d ^ i t  bu rned  w ith  a smoky flam e  and l e f t  a 

small re s id u e  C r 0 . I t  was decomposed by warm a c id s  to  g iv e  a .
2 3

green s o lu t io n  and a s m a ll c lo t  o f  re s in o u s  m a tte r ,  and was 

p robab ly  th e  chrom ium  s a l t  o f  an a c id  form ed d u r in g  th e  o x id a t io n .

The e th e re a l s o lu t io n  o f  th e  p ro d u c t,  a f t e r  w ash ing  w ith  

v a te r, and d r y in g  o v e r anhydrous Na^SO^, had th a t  g re e n is h  

'ting e  a s s o c ia te d  w ith  s o lu t io n s  o f  te rp e n e  a ld e h yd e s . On 

removal o f  th e  s o lv e n t th e  p ro d u c t was o b ta in e d  as a c le a r

g re e n is h /



5 5.
g re e n is h -y e llo w  s y ru p  w i t h  a f a i n t  p le a s a n t o d o u r , w h ich

became more n o t ic e a b le  in  a lc o h o l ic  s o lu t io n ,

A d i l u t e  s o lu t io n  i n  a lc o h o l y ie ld e d  a m ir r o r  w ith  am m oniacal

s i l v e r  o x id e  and reduced P e h lin g *s  s o lu t io n .  T h is  sy ru p  was n o t

v o l a t i l e  i n  steam , decomposed on d i s t i l l i n g  u n de r reduced

p re s s u re , and, when b u rn e d , e m itte d  th e  c h a r a c t e r is t ic  o d o u r

o f b u rn in g  ca o u tch o u c . I t  was m o d e ra te ly  s o lu b le  in  a lc o h o l

and benzene, r a th e r  s p a r in g ly  so in  e th e r  and in s o lu b le  i n

p e tro le u m  e th e r .  A tte m p ts  to  c r y s t a l l i s e  i t  fro m  v a r io u s

s o lv e n ts  and m ix tu re s  were u n s u c c e s s fu l.  I t s  p r o p e r t ie s ,

th e re fo re ,  were th o se  o f  an a ldehyde o f  h ig h  m o le & u la r w e ig h t .

A q u a n t i t y  o f  th e  a ld e h yd e , d i lu t e d  w i th  s u f f i c ie n t  e th e r

to g iv e  a m o b ile  l i q u i d ,  was l e f t  in  c o n ta c t w ith  a s a tu ra te d
»

s o lu t io n  o f  sodium  b is u lp h i t e  f o r  some t im e .  The m ix tu re  was

fre q u e n t ly  a g ita te d ,  and g r a d u a l ly  s m a ll c r y s ta ls  were obse rved

to fo rm  a t  th e  ju n c t io n  o f  th e  two la y e r s ,  th e  e th e re a l s o lu t io n

; at th e  same t im e  becom ing le s s  v is c o u s .  A t t ^ e  end o f  a f o r t n ig h t

I a sm a ll q u a n t i t y  o f  th e se  c r y s ta ls  had been c o l le c te d .  They

I vere removed b y  f i l t r a t i o n  and washed w ith  a lc o h o l and e th e r .

On decomposing t h i s  b is u lp h id e  compound w ith  a s tro n g  s o lu t io n

of Na CO , and e x t r a c t in g  w ith  e th e r ,  a s m a ll q u a n t it y  o f  
2 3

tte a ldehyde was o b ta in e d . The b is u lp h i t e  s o lu t io n ,  a f t e r  

thorough e x t r a c t io n  w i th  e th e r  to  remove th e  u n a tta c k e d  

aldehyde, was decomposed w ith  s o l id  Na^CO^  ̂and ag a in  e x tra c te d

^ Ith  e th e r .  T h is  y ie ld e d  a much la r g e r  q u a n t i t y  o f  th e  

Aldehyde/
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a ld e h y d e , in d ic a t in g  t h a t  th e  b is u lp h i t e  compound i s  m o d e ra te ly  

s o lu b le  in  th e  s a tu ra te d  s o lu t io n  o f  NaHSO^* .

As a means o f  p u r i f y in g  th e  a ld e h yd e , how eve r, t h i s  method 

was n o t  s u c c e s s fu l ow ing to  th e  t im e  re q u ire d ,  a heavy and 

u n e x p la in e d  lo s s  o f  th e  a ldehyde  d u r in g  th e  p ro c e s s , and th e  

f a c t  t h a t  th e  la r g e s t  y ie ld ,w h ic h  was o b ta in e d  fro m  th e  decomposed 

s o lu t io n ,  was o f  d o u b t fu l p u r i t y .

On tre a tm e n t i n  a lc o h o l ic  s o lu t io n  w ith  se m ica rb a z id e  

a c e ta te ,  w i th  subsequent p r e c ip i t a t io n  o f  th e  p ro d u c t by  

w a te r ,  a b ro w n is h  syrup  was o b ta in e d  w ith  p r o p e r t ie s  d i f f e r i n g  

c o n s id e ra b ly  fro m  th e  o r ig in a l  b o d y . T h is  sy ru p  was e x tre m e ly  

s o lu b le  in  a lc o h o l,  b o th  e th y l  and m e th y l,  and seemed to  be q u i te  

in s o lu b le  i n  e th e r  and benzene.

The Demicarbazone.

F iv e  grams o f  th e  a ld e h yd e , d is s o lv e d  in  e th y l  a lc o h o l,

was t r e a te d  w i th  an excess (2*5  gm .) o f  s e m i-c a rb a z id e

h y d ro c h lo r id e ,  and th e  r e q u is i t e  amount o f  p o ta ss iu m  a c e ta te ,

d is s o lv e d  i n  a s m a ll q u a n t it y  o f  w a te r .  On s tan d in g ^  th e  s o lu t io n

de p o s ite d  a q u a n t it y  o f  KC l and th e  o r ig in a l  g re e n is h  t in g e

changed to  a l i g h t  y e l lo w .  No o th e r  change b e in g  n o t ic e d

a f te r  f i v e  d a y s , w a te r was c a u t io u s ly  added to  th e  s o lu t io n .

A c o n s id e ra b le  a d d i t io n  was n e ce ssa ry  b e fo re  a w h ite  c u rd y

p r e c ip i ta te  ap pea red . T h is  p r e c ip i t a t e  g r a d u a l ly  s e t t le d  and

3-ssumed th e  fo rm  o f  a b ro w n is h  sy ru p , the  change b e in g  a p p a re n t ly

due to  th e  p resen ce  o f  th e  d i lu t e d  a lc o h o l,  • The o r ig in a l  

fo rm /
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fo rm  o f  th e  p r e c ip i t a t e  b e in g  a d e s ira b le  one f o r  subsequent 

h a n d lin g , an a tte m p t was made to  r e t a in  ^  B l t h i s  fo rm  by 

p o u r in g  th e  r e a c t io n  s o lu t io n  in to  a la rg e  vo lum e o f  w a te r  

s a tu ra te d  w i th  N aC l, T h is  was s u c c e s s fu l^a n d  th e  p ro d u c t 

rem ained as a t h i c k  w h ite  cu rd  on th e  s u r fa c e  ‘o f  th e  l i q u i d .

On f i l t e r i n g ,  w ash ing  and d r y in g ^ i t  was o b ta in e d  as a b u lk y  

w h ite  powder w ith  o n ly  a f a i n t  odou r o f  th e  o r ig in a l  a ld e h y d e .

I t  was e x tre m e ly  s o lu b le  i n  a lc o h o l and e th y l  a c e ta te ,  in s o lu b le  

in  e th e r  and benzene, and q u a l i t a t i v e  t e s t s  p roved  th a t  i t  

c o n ta in e d  n i t r o g e n .  A s m a ll q u a n t it y  was d is s o lv e d  in  a lc o h o l 

and h e a te d  w i t h  o x a l ic  a c id .  The s o lu t io n  was th e n  th ro w n  

in to  w a te r  and th e  excess o f  a c id  n e u t r a l is e d .  On e x t r a c t io n  

w ith  e th e r, th e  re g e n e ra te d  a ldehyde was o b ta in e d  as a c le a r  

y e llo w is h  s y ru p . I t  was e v id e n t ,  th e r e fo r e ,  th a t  t h i s  w h ite  

powder was th e  sem icarbazone o f  th e  a ld e h yd e . The sem icarbazone 

could n o t be c r y s t a l l i s e d  fro m  any s o lv e n t o r  m ix tu re  o f  s o lv e n ts ,  

slow spontaneous e v a p o ra tio n  a lw ays r e s u l t in g  in  a sy ru py  

re s id u e . P r e c ip i t a t io n  fro m  s o lu t io n  in  a lc o h o l,  e th y la c e ta te  

or a ce to n e , by means o f  w a te r o r  e th e r  was a ls o  u n s u c c e s s fu l,  

the o r ig in a l  f l a k y  p r e c ip i t a t e  becom ing a smear on th e  b o tto m  

o f th e  f la s k  i n  th e  course o f  afew m in u te s , even in  an ic e -d o ld  

s o lu t io n .  P r e c ip i t a t io n ^ b y  th ro w in g  th e  a lc o h o l ic  s o lu t io n  

in to  w a te r ,  d id  n o t e l im in a te  th e  u n a tta c k e d  a ldehyde o r  non­

aldehyde b o d ie s  in  th e  s o lu t io n ,  as was proved  by th e  f a c t  th a t  

the w h ite , pov/der, on exposure to  th e  a i r ,  a c q u ire d  a p in k  c o lo u r  

due/
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due to  th e  o x id a t io n  o f  th e s e  b o d ie s .

F in a l l y  th e  f o l lo w in g  p ro ced u re  was a d o p te d . The 

im p u r i t ie s  to  be c o n s id e re d  were (a) the excess o f  s e m ic a rb a z id e  

a c e ta te  and K C l, e a s i ly  s o lu b le  i n  w a te r ,  (b) a c o n d e n s a tio n  

p ro d u c t som etimes o b ta in e d  fro m  s e m ic a rb a z id e , in s o lu b le  in  

w a te r  and c o ld  m e th y l a lc o h o l,  (c ) u n a tta c k e d  a ldehyde and 

n o n -a ld e h y d e  p ro d u c ts ,  s o lu b le  in  b o th  a lc o h o l and e th e r .

The r e a c t io n  s o lu t io n  c o n ta in in g  th e  sem i-ca rbazone  was s t i r r e d  

in to  a la rg e  volum e o f  w a te r ,  and th e  p r e c ip i t a t e  c o l le c te d  

and washed. I t  was re d is s o lv e d  in  a lc o h o l and a g a in  p r e c ip i t a te d ,  

th u s  e n s u r in g  th e  com p le te  rem ova l o f  ( a ) .  The d ry  powder was 

th e n  cove red  w i th  c o ld  m e th y l a lc o h o l and s o lu t io n  e f fe c te d  

by o c c a s io n a l s h a k in g . A f t e r  10 m in u te s  th e  c le a r  s o lu t io n  

was d e ca n te d , th e  u n d is s o lv e d  p o r t io n  b e in g  r e je c te d .  T h is  

e lim in a te d  (b) and a p r o p o r t io n  o f  ( c ) , The a lc o h o l ic  

s o lu t io n  was d i lu t e d  a n d ^ a f te r  f i l t r a t io n ^ w a s  d i s t i l l e d  down to  

sm a ll b u lk , A la rg e  excess o f  s o d iu m -p ro o f e th e r  was th e n  

added w ith  v ig o ro u s  s h a k in g , and th e  sem i-ca rbazone  g r a d u a l ly  

s e t t le d  to  fo rm  a c le a r ,  a lm o s t c o lo u r le s s  sy ru p * The c le a r  

s u p e rn a ta n t ’ l i q u i d  was th e n  decan ted  and th e  p ro d u c t was 

heated  w ith  f r e s h  e th e r  to  remove th e  la s t  t ra c e s  o f  ( c ) .

F o r con ven ience  in  h a n d lin g ,  th e  sem icarbazone was 

aga in  d is s o lv e d  in  a lc o h o l,  f i l t e r e d  and p r e c ip i ta te d  by 

s t i r r i n g  th e  s o lu t io n  in to  w a te r .  When d ry  i t  to o k  th e  fo rm  

o f a w h ite  o d o u r le s s  pow der, w h ich  d id  n o t d io i<8ci3rv.o on lo n g  

e x p o s u re /
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exposu re  to  th e  a i r .  Specim ens were s u b m itte d  to  a n a ly s is  

w i th  th e  fo l lo w in g  r e s u l t s : -

(a) .1992  gm .sém iearb  .gave .4406 gm. CO and .1573 gm. H O
2 2

(b) .2229  « 0 « .4904  gm CO and .1 7 5 4  gm, H O,
2 ^

(o) ,3563 gm. " " 2 0 ,1 0  oo . a t  1 4 ,5 °  and 753 am, N = 7 ,0 8

(d) ,3271 gm. " " 1 9 ,8 0  oo.N a t  1 4 ,5 °  & 74 9 ,3  mm.M z  7 .
2

(e) ,2287  gm. " " 1 3 ,7 5  oe.H a t  2 2 ,5  & 75 8 ,5  mm.W -  6 .

Pound C H M
C 60 .31  8 ,7 7 4  7 ,0 8 6 .
( 60 ,01  8 ,8 0 2  7 ,1 4 4

C H 0 N.HH.CONH r a ÿ i l r e s ,  60 ,1  8 .8 4 9  7 .01
29 50 8 2

C „„H _ „0  .N.HH.COHH re q u ire s  60 ,3  8 ,5 43  7 .035
2y 4o 8 2

Specimens a ,b , c ,d  were s e le c te d  fro m  d i f f e r e n t  p re p a ra t io n s  

o f  th e  sem ica rbazone ; specimen e was used as a t e s t  o f  th e  

method o f  p u r i f i c a t i o n ,  and c o n s is te d  o f  sem icarbazone re s id u e s  

o b ta in e d  d u r in g  e a r l ie r  a tte m p ts  a t p u r i f i c a t i o n  c r y s t a l l i s a t i o n .  

These re s id u e s ,  w h ich  had become h ig h ly  c o lo u re d  th ro u g h  lo n g  

exp o su re , were m ixed , d is s o lv e d  in  m e th y l a lc o h o l^ a n d  p u r i f i e d  

by th e  method g iv e n  above. The n i t  rogen c o n te n t was fou nd  

to  ag ree  w e l l  w i th  th a t  o f  th e  sem i-carbazone f r e s h ly  p re p a re d  

and p u r i f i e d .

R é g é n é ra tio n  o f  th e  AldehvÆe.

A q u a n t i t y  o f  th e  sem icarbazone was d is s o lv e d  in  a s m a ll

vo lum e o f  e th y l  a lc o h o l i n  a s m a ll f la s k  f i t t e d  w i th  a c a p i l l a r y  
p r e s s u r e /
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p re s s u re  re le a s e ,  A s l i g h t  excess o v e r th e  c a lc u la te d  q u a n t i t y

o f  o x a l ic  a c id  was added,and th e  s o lu t io n  was g e n t ly  h e a te d  f o r

oO m in . On s ta n d in g  and c o o l in g ,  a p o r t io n  o f  th e  s p a r in g ly

s o lu b le  s e m ic a rb a z id e  o x a la te  s e p a ra te d . The s o lu t io n  was

th e n  poured  in to  w a te r and e x tra c te d  w i th  e th e r .  The excess o f

o x a l ic  a c id  was removed by  w ash ing  th e  e th e re a l s o lu t io n  w ith

Na CO a f t e r  w h ich  th e  e th e re a l s o lu t io n  was d r ie d  and th e  
2 3

s o lv e n t d i s t i l l e d  o f f .  The a ldehyde  rem ained as a c le a r  y e l lo w is h  

s y ru p  w ith  a f a i n t  p le a s a n t o d o u r.

I n  a lc o h o l ic  s o lu t io n ,  e s p e c ia l ly  I f  warm, th e  a ldehyde  

o x id is e s  r a p id ly  and d u r in g  i t s  p re p a ra t io n  fro m  th e  sem ica rbazdne , 

p re c a u t io n s  a re  n e ce ssa ry  to  p r o te c t  i t  f ro m  spontaneous o x id a t io n *  

The s ta te  o f  a g g re g a t io n  o f  th e  sem icarbazone re n d e rs  i t  v e ry  

r é s is t e n t  to  aqueous o x a l ic  a c id ,  and d e co m p o s itio n  by t h ia  

method was u n s u c c e s s fu l.

The A c id A

As th e  a ldehyde  on s ta n d in g  g ra d u a l ly  d r ie d  to  a h a rd  

v i t r e o u s  mass, d i l u t i o n  w i th  a s o lv e n t was ne ce ssa ry  to  e f f e c t  

spontaneous o x id a t io n *  The b e s t method c o n s is te d  in  d is s o lv in g  

i t  i n  e th y l  a lc o h o l,  p la c in g  th e  s o lu t io n  i n  an e v a p o ra t in g  b a s in  

and m a in ta in in g  i t  a t  a b o u t 4 0 ° , th e  a lc o h o l b e in g  re p le n is h e d  

as i t  e v a p o ra te d . The s o lu t io n  g ra d u a l ly  a c q u ire d  a d a rk  re d  

c o lo u r ,  and a f t e r  about 10 -12  days* h e a t in g  th e  a lc o h o l was 

a llo w e d  to  e v a p o ra te  c o m p le te ly  and th e  p ro d u c t was t r e a te d  w i th

s o lu t io n *  A c o n s id e ra b le  q u a n t it y  o f  re s in o u s  m a tte r  

re m a in e d /
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rem ained u n d is s o lv e d . * The p in k  s o lu t io n  o f  th e  sodium  s a l t

was f i l t e r e d  and a c id i f ie d ,  and th e  a c id  was p r e c ip i t a te d

in  a g e la t in o u s  fo rm , g r a d u a l ly  c o a g u la t in g  to  fo rm  re d

c lo t s  on th e  s u r fa c e  o f  th e  l i q u i d .  E x t r a c t io n  w i th  e th e r

was d i f f i c u l t ,  as th e  a c id  was o n ly  s p a r in g ly  s o lu b le  i n  t h i s

medium, and a ls o  e x h ib ite d  a te n d e n cy  to  adhere to  th e  s id e s

o f  th e  v e s s e l.  An im provem ent was e f fe c te d  by s a tu ra t in g

th e  s o lu t io n  w i th  NaCl b e fo re  a c id i f y in g ,  th e  a c id ,  on

p r e c ip i t a t io n ,  c o a g u la t in g  to  fo rm  a scum in s te a d  o f  h a rd

in s o lu b le  lum ps*

On d i s t i l l a t i o n  o f  th e  e th e r  th e  a c id  rem ained as a d a rk

red  s y ru p  w i th  a p le a s a n t f r u i t y  o d o u r. I t  was a lm o s t

in s o lu b le  in  w a te r  and benzene, e a s i ly  s o lu b le  in  a lc o h o l,

ace tone  and c h lo ro fo rm .

O x id a t io n  o f  th e  a ldehyde  by means o f  d i l u t e  HNO was
3

no t v e ry  s u c c e s s fu l.  A s m a ll q u a n t i t y  o f  th e  a ldehyde 

syrupy when h e a te d  to  50^ w ith  v e ry  d i l u t e  HNO y ie ld e d  a l i g h t  

y e llo w  aol-M  which^w hen d ry,becam e b r i t t l e  and c o u ld  be e a s i ly  

powdered. T h is  su b s ta n ce , on b o i l i n g  w i th  Na^COg, fu rn is h e d  

o n ly  a s m a ll q u a n t i t y  o f  th e  a c id  and th e  in s o lu b le  p o r t io n

on f u r t h e r  t re a tm e n t w i th  HNO seemed to  undergo no change*
3

B e t te r  r e s u l t s  were o b ta in e d  by d is s o lv in g  th e  a ldehyde in

CCi and c o v e r in g  th e  s o lu t io n  w ith  d i lu t e  HNO . T h is  m ix tu re  
4 5

was m a in ta in e d  a t 40-50°C  and f r e q u e n t ly  a g ita te d ,  CCI b e in g  

added when n e c e s s a ry . The lo w e r s o lu t io n  g ra d u a lly  became 

d a rk /
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d a rk  re d ,  and a f t e r  about 10 days* h e a t in g ,  was se p a ra te d  and

th e  CCI d i s t i l l e d  o f f .  On e x t r a c t io n  o f  th e  re s id u e  w ith  
4

Na Co y & s m a ll q u a n t i t y  o f  a c id  was o b ta in e d , w h ic h - in  appearance ,
2 3

o d o u r, and s o l u b i l i t y  resem b led  t h a t  o b ta in e d  b y  spontaneous

o x id a t io n *  O n ly  th e  l a t t e r  a c id  was o b ta in e d  i n  q u a n t i t ie s

s u f f i c ie n t  f o r  in v e s t ig a t io n .

On h e a t in g  w i th  NH OH, a p in k  s o lu t io n  o f  th e  ammonium
4

s a l t  o f  th e  a c id  was o b ta in e d . The s o lu t io n  was b o i le d  t i l l

n e u t r a l  and p o r t io n s  w ere t r e a te d  w ith  CaCl , BaCl , and (CH COO) Pb,
B 2 ^  3 2

O nly th e  l a t t e r  two y ie ld e d  in s o lu b le  s a l t s ,  and th e s e  were 

o b ta in e d  as brow n g e la t in o u s  p r e c ip i t a t e s ,  w h ich  had to  be 

f i l t e r e d  a t th e  pump a f t e r  w ash ing by  d é c a n ta t io n *  The 

s i l v e r  s a l t  decomposed s l i g h t l y  w h i le  s e t t l i n g  fro m  th e  

s o lu t io n ,  and q u ic k ly  on b e in g  washed w ith  warm w a te r*

The le a d  s a l t  seemed s ta b le ,  and was f i l t e r e d  and th o ro u g h ly  

washed a t th e  pump* On d ry in g  in  vacuo i t  was o b ta in e d  as a 

d a rk  brown g r i t t y  pow der. The le a d  c o n te n t was d e te rm in ed  

by t r e a t in g  th e  s a l t  i n  a c r u c ib le  w i th  fu m in g  HMO  ̂ and cone*

H SO t i l l  a w h ite  re s id u e  o f  PbSO o f  c o n s ta n t w e ig h t was 
2 4  4

o b ta in e d . A n a ly s is  o f  two d i f f e r e n t  p re p a ra t io n s  g a v e :-  

*1505 gm* s a l t  gave ,0582 gm* PbSO^*

Pb — 26*43^*

*4062 gm* s a l t  gave *1554 gm* PbSO
4

Pb a ^6*1«^^,
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CCCXXVI.— The Oxidation o f Sahinene w ith  Chromyl
Chloride.

By Ge o r g e  G e r a l d  H e n d e r s o n , J o h n  M cGr e g o r  R o b e r t s o n , 
a n d  D a v id  Ch r is t ie  B r o w n .

I i^VlOHS investigations have shown th a t a number of the terpenes,
I toth monocycHc and dicycKc, un ite  add itive ly  w ith  chrom yl chloride 
to form solid compounds of the form ula CjoHiej^CrOgCla, which, 
when decomposed by water, y ie ld  m ixtures of aldehydes and ketones 
ferived from  the corresponding hydrocarbons (B redt and Jagelki, 
hm lm , 1900, 310, 112; Henderson and others, T ., 1903, 83, 
1299; 1908, 93, 288; 1911, 99, 1887). I t  has now been found 
that in  th is  respect sabinene resembles other d icyclic terpenes. 
t^en a d ilu te  so lution of chrom yl chloride in  carbon disulphide is 
*Wly added to  a s im ila r solution of sabinene, care being taken to  
îtevent rise of tem perature, a solid separates. This compound is 
leadily decomposed by water, w ith  form ation o f an insoluble liq u id  
Jtoduct together w ith  a certa in q u a n tity  of resinous m atter. The 
Ncipal constituents of the liq u id , apart from  some indefin ite
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resinous m aterials, are a saturated aldehyde, GgH^g-OHO, and an 
unsaturated ketone, C9 H 1 4 O, which are present in  approxim ately 
equal proportions. In  add ition, a sm all q u a n tity  of an isomeric 
ketone was separated in  the form  of its  semicarbazone.

The aldehyde, which is a viscous liq u id , undergoes spontaneous 
oxidation on exposure to  a ir. The crysta lline  acid, GgH^g'COgH, 
thus produced m elts a t 175° ; i t  is also obtained when the aldehyde 
is heated w ith  d ilu te  n itric  acid. As the acid is prepared from  
sabinene by a method sim ila r to  th a t by which camphene is converted 
in to  camphenilanic acid, i t  m ay be named sabinenilanic acid. Its  
constitu tion  has no t been elucidated as ye t, b u t i f  i t  be assumed 
th a t the structure of the sabinene nucleus remains unchanged 
during the process of oxidation, the form ula  w ill be (I).

(I.)

ÇO2H 
CH

H c/\0 H g
CH,

CO

HgO
CHg
CH,

CMe,
VCHMcg

The tw o ketones were separated by tak ing  advantage of the 
difference in  so lu b ility  of th e ir semicarbazones, th a t of the chief 
constituent being very sparingly soluble and the other readily 
soluble in  cold alcohol. A fte r several crystallisations, the former 
semicarbazone showed a constant m elting p o in t of 205°. The 
ketone, CgH^^O, hberated from  i t  is a colourless liq u id  of pleasant 
odour, which boils a t 2 2 0 ° and behaves as an unsaturated compound 
towards brom ine and potassium permanganate. Taking into 
account the properties of the ketone as w ell as those of its  semi- 
carbazone, there can be litt le  doubt th a t i t  is 4 -isopropyhdene- 
cycüohexanone ( II) . This ketone was obtained by Perkin (T., 1907, 
91, 1730) as a product of the hydrolysis of e thy l 4 -wopropylidene- 
cycZohexanone-2-carboxylate, and also by W allach {Anrialen, 1908, 
359, 265) on heating w ith  d im ethylaniline  the compound (IV) 
which he had prepared by the action of hydrogen chloride on sahina 
ketone ( I I I) .  The m elting  po in t o f the semicarbazone of our ketone 
is, however, somewhat higher than  th a t (2 0 1 °) quoted by 
observers.

CO
HaC/\CEg
H :cN 0 H

YCHMeg
(V.)

CO CO
H C / \ C %  _ .  H 2C /\C H 2

H a Ç l^ O H g ^  HgCl ICHg

V ÇC1
CHMeg CHMeg

(H I.) (IV .)

oi

tit
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On reduction w ith  sodium and alcohol, the ketone is converted in to  
the secondary alcohol, é-isopropylideneojclohexanol, CgH4 4 ^ C H * 0 H , 
a liq u id  w ith  a pleasant odour which bods a t 134°/40 mm. Its  
p-nitrobenzoate is a colourless, crysta lline  solid, m. p. 63°.

A fte r repeated crystallisations, the m elting  p o in t o f thé semicaTb- 
azone of the ketone present in  smaU qu a n tity  in  the o rig ina l oxidation 
product was found to  be 168— 169°, w h ils t W allach (loc. cit.) gives 
as 169— 170° the m elting p o in t o f the semicarbazone of 4-igopropyl- 
A®-cycZohexenone (V). This ketone he obtained, together w ith  the 
isomeric A^-compound as p rincipa l product, on heating sabina ketone 
w ith  20 per cent, sulphuric acid. The q u a n tity  o f the semicarbazone 
of m. p. 169° in  our hands was so sm all th a t i t  was n o t possible to  
separate and id e n tify  the ketone.

I t  m igh t have been anticipated th a t sabina ketone would be one 
bf the products of the action of chrom yl chloride on sabinene and 
it  is a t least possible th a t th is  was actua lly  the case, and th a t the 
sabina ketone o rig in a lly  form ed was caused to  undergo in tra ­
molecular rearrangement under the influence of the hydrochloric 
acid which is always liberated along w ith  chrom ium  chloride and a 
little  chrom ic acid when the add itive  products, C)iQnig,2 GrOgGlg, 
are decomposed by water. I f  th a t had been the eàse» howevér, 
one would have expected, in  view  of W allach’s results, to  flnd  
4-isopropyl-A2-cycZohexenone in  our product, whereas none of th is  
compound could be detected.

E x p e r i m e n t a l .

Separation and Oxidation of Sabinene.
Sabinene was separated from  o il of savin as follows. The ô il 

Iras d istilled  in  a current of steam fo r about h a lf an hour, and the 
oily d is tilla te  collected and treated under re flux fo r some tim e w ith  
sufficient alcoholic sodium hydroxide to  hydrolyse the sabinol esters 
which i t  contained. A fte r passing in  carbon dioxide to  neutralise 
any free a lka li, the m ixtu re  was d is tilled  in  steam, and the d is tilla te  
Wllected in  tw o approxim ately equal fractions. The firs t o f these, 

ll̂ hich contained p ra c tica lly  a ll the sabinene, was extracted w ith  
I %ht petroleum, the extract dried over anhydrous sodium sulphate, 

solvent removed, and the residual liq u id  d is tilled  in  a current 
I of dry carbon dioxide. The y ie ld  of sabinene (b. p. 163— 165°)
I obtained was nearly 19 per cent, o f the weight of the o il of savin. 
/  1 0  per cent, so lution of 1 0 0  grams (rather more than 2  mois.) 

M chromyl chloride in  carbon disulphide was added, in  sm all quan- 
jbties at a tim e and w ith  constant agita tion , to  a sim ilar solution 
|*>f 40 grams (1 m ol.) o f sabinene, both solutions being w ell cooled 
l^th ice-water. D uring th is  p a rt of the process, any fa ilu re  to
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keep the solution cool results in  much loss by résin ifica tion of the 
sabinene. A  precip ita te  of the solid compound began to  separate 
a t once, and was le ft to  settle fo r a day or tw o. The liq u id  was 
then decanted, and the th in , pasty m ixtu re  of the solid compound 
and carbon disulphide poured, in  sm all quantities a t a tim e, in to  
ice-cold water, w ith  vigorous ag ita tion  a fte r each add ition. The 
q u a n tity  of carbon disulphide present in  the m ixtu re  was sufficient 
to  extract m ost of the oxidation  product from  the water, and the 
last traces were recovered by successive extractions w ith  ether and 
w ith  lig h t petroleum . The solutions were washed w ith  w ater and 
dried over anhydrous sodium sulphate, and the solvents removed by 
d is tilla tio n . As the residual oxidation product contained a consider­
able proportion of resinous substances, i t  was fu rth e r purified  by dis­
tilla tio n  in  steam, an approxim ately 50 per cent, y ie ld  being obtained.

The solid add itive  compound, OioHig,20rOgClg, is very sim ilar to 
those obtained from  other terpenes. W hen d ry, i t  is a grey powder, 
which qu ick ly  begins to  undergo decomposition when exposed to 
m oist a ir, and which reacts vigorously w ith  water.

Separation and Oxidation of Sahinenilanaldehyde.
The oxidation product, a fte r steam d is tilla tio n , was m ixed with 

excess of a fresh ly prepared saturated solution of sodium hydrogen 
sulphite, and shaken a t in terva ls fo r several days. ^h.e bisulphite, 
compound, which separated slow ly in  the form  of a colourless, 
fine ly crysta lline solid, was collected and washed w ith  alcohol and 
w ith  ether. The residual o ily  liq u id  recovered from  the filtrate 
and washings was again shaken w ith  sodium hydrogen sulphite, 
and the process repeated u n til no fu rth e r separation of crystals 
took place. The bisu lphite  compound was heated w ith  excess of 

■ aqueous sodium carbonate, and the liberated aldehyde distilled off 
in  a current of steam, separated from  the d is tilla te  by means of 
ether, and purified  by d is tilla tio n .

SabinenilanaldeJiyde, OgH^g'OHO, is an alm ost colourless, viscous 
liq u id , which boils a t 215— 217°, and has the strong, peculiar odour 
characteristic of such terpene aldehydes. I t  dissolves easily in the 
usual organic solvents, and is oxidised to  the corresponding acid 
when exposed to  a ir. The semicarbazone o f the aldehyde, prepared 
in  the usual manner, separates from  m ethyl alcohol, in  which it is 
free ly soluble, in  colourless crystals, m. p. 145— 146° (Found. 
N  =  2 0  0 . CigHigO requires N  =  2 0  1  per cent.).

Sabinenilanic acid, GgHig'COgH, was prepared by spontaneous 
oxidation of the aldehyde, and also by heating i t  w ith  dilute niW 
acid. I t  was purified  by crysta llisa tion  from  benzene, from whic 
i t  separates in  sm all, colourless prisms, m . p. 175— 176°. I t  ^
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very read ily  soluble in  alcohol or ether, and sparingly soluble in  
w ater or cold benzene. Towards brom ine o r potassium perman­
ganate, i t  behaves as a saturated compound. The sodium, calcium, 
and barium salts are read ily soluble in  water, the silver sa lt alm ost 
insoluble (Found : 0  =  71 3 ; H  =  9 7. CjQHjgOg requires 0  =  
71*4; H  =  9*5 per cent,).

Separation and Reduction of 4:-]&oPropylidenecyc\o}iexanone.
The m ixed ketones which remained a fte r rem oval o f the aldehyde 

from  the o rig ina l oxidation product were converted in to  semi­
carbazones in  the usual manner. The m ixtu re  of semicarbazones 
was dissolved in  bo iling  alcohol and on cooling the bu lk crystallised, 
bu t a sm all po rtion  remained in  solution and was precip ita ted by 
addition of w ater a fte r rem oval of the crop of crystals. B y  repeti­
tion  of th is  process, we obtained a semicarbazone which m elted 
sharply a t 205°, and a sm all q u a n tity  o f a second semicarbazone 
w ith  a m elting p o in t o f 168— 169°. The ketone, 4-wopropylidene- 
cycZohexanone, CgH^^O, was prepared by decomposing the semi­
carbazone o f m. p. 205° w ith  the calculated q u a n tity  o f oxahc acid, 
d is tilling  the m ixtu re  in  a current o f steam, and extracting the 
ketone from  the d is tilla te  w ith  ether. I t  is a colourless liq u id  of a 
pleasant odour which d is tils  a t 220° w itho u t decomposition, and as 
an unsaturated compound a t once reacts w ith  brom ine and w ith  
potassium permanganate. I t  is alm ost insoluble in  water, and 
readily soluble in  alcohol or ether. Its  composition was determ ined 
by analysis of the semicarbazone (Found : C =  61*9; H  =  8*7 ; 
N =  21*7. Calc., C =  61*5; H  =  8*8; N  =  21*5 per cent.).

The corresponding alcohol, 4-isopropylideneGjolohexanol,
C§Hi4 >C H *0 H , was prepared by add ition  of sodium in  excess to  a 
methyl-alcoholic so lution of the ketone, and subsequent treatm ent 
with water, extraction  w ith  ether, and d is tilla tio n  of the crude
product under dim inished pressure. The alcohol was thus obtained

a colourless, viscous liq u id  w ith  an odour somewhat like  th a t o f 
menthol. I t  boils a t 134°/40 mm. and is sparingly soluble in  
water, b u t dissolves easily in  alcohol or ether. W hen treated, in  
pyridine solution, w ith  p-n itrobenzoyl chloride, i t  yields a p-nitro- 
hnzoate, which crystallises from  alcohol in  sm all, colourless prisms, 
m. p. 63°.

We are indebted to  the Departm ent of Scientific and In du s tria l 
Research fo r a g rant w hich enabled one o f us (J. M. R .) to  take 
part in  th is  w ork, and to  the Carnegie T rust fo r a g rant which 
defrayed p a rt o f the expense.

t^NivEBsiTY OB' GLASGOW. [Eeceived, November 1th, 1922.]
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F ro m  the Transactions of the Chemical Society, 1924. Vol. 125.

NOTES.
Oxidation of Sahinene with Chromyl' Chloride. A  Correction. 

B y G. G. H e n d e r s o n  a n d  J. M . R o b e r t s o n .

In  a paper on “  The O xidation of Sabinene w ith  Chrom yl Chloride ”  
(Henderson, Robertson, and Brown, T ., 1922, 121, 2717), the 
suggestion was made th a t one of the ketones obtained when the 
solid product o f the action o f chrom yl chloride on sabinene is 
decomposed w ith  w ater is d-tsopropyHdenecycZohexanone, D r. 
Henry has k in d ly  pointed ou t to  us th a t the semicarbazones o f 
our ketone and of p -to ly l m ethyl ketone have the same m elting 
point, and th a t he has observed no depression in  the m elting po in t
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of a m ixture  of the tw o. We have consequently examined a fresh 
specimen of the ketone, prepared from  the purified  semicarbazone, 
and have found th a t i t  is n o t unsaturated, as our o rig ina l tests 
appeared to  indicate, b u t is in  fa c t p -to ly l m ethyl ketone. I t  follows 
th a t the alcohol which we obtained by the reduction of the ketone 
is m ethyl-p -to ly lcarb ino l.

E rrera  has shown {Gazzetta, 1891, 21, 96) th a t p -to ly l m ethyl 
ketone is produced by oxid ising cymene w ith  chrom yl chloride, and 
the form ation of th is  ketone from  sabinene, although unexpected, 
is n o t d iffic u lt to  understand. I t  is evident th a t w h ils t p a rt o f the 
sabinene unites w ith  chrom yl chloride to  fo rm  the compound 
C joHig,2 Cr0 2 Cl2 , another p a rt is converted by the oxid ising action 
of the reagent in to  cymene, and th is  in  tu rn  combines w ith  chromyl 
chloride to  fo rm  the solid C jgH 2 4 ,2 Cr0 2 Clo, which yields p -to ly l 
m ethyl ketone on trea tm ent w ith  water. In  th is  connexion, it  
m ay be recalled th a t th is ketone is also obtained by  the action of 
chrom yl chloride on both limonene and terpinene, these terpenes 
likewise undergoing p a rtia l oxidation to* cymene (Henderson and 
Cameron, T ., 1909, 95, 969).— [Received, January 31sZ, 1924.]

SPeinted i n  OafeAT B ia b A iN  b y  R ï c h a e d  C b a y  &  SoKs, LlMrrnn,
BONOAY, SUFFOLK.
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ABSTRACT.

The object of the experiment was to verify the existence and 
if possible determine the position of the - CHg group In the 
present accepted formula of oamphene* The method was to 
utilise the reaction of Guthrie (,,uai*t.Jour.Chen.Soo. 1860.
12*116) between ethylenic compounds and sulphur monochloride.
It was hoped to attain a compound of the formula

^  • ^9  /^ /4  ■ C ^ ’ ^ 9

This was not realised as the reaction even in a freezing mixture 
was too vigorous and resulted in résinification. By arresting 
the reaction before it had completed its course, small quantities 
of an unsaturated ohioro compound were obtained. This when 
purified, was a white crystalline powder, melting point 110®
(not sharp). On analysis it approximated to the formula 
It is a monoohloro oamphene but does not correspond to any 
previously described.

This was the only definite product of the reaction, the 
rest being resins, and decomposition products from vacuum 
distillation*

When it was evident that this research would throw no 
further light on the camphene problem, the work was discontinued, 
and a more promising problem started by another student was 
oarrieci to a conclusion.

m & m



TES ACTION OF SULPHUR MONOCHLORIDB ON CAMPHENE.
_____—  ------0 Oo~~— ______

The Btruoture of oamjphene has led to considerable specula^i
j)h and even at present the subject is somewhat unsatisfactory# 
ji mode of preparation aione shows that in all oases considerable 
lieoular rearrangement occurs during the formation of the 
jibetanoe. Camphene may be prepared therefore from borneol 
jr the action of potassiiam bisulphate at 800^$ from laoborneol 
|r the action of Zn 01^ or dilute E^SO^; from pinene hydrochloride 
jleobomyl chloride) and sodium acetate in glacial acetic acid at 800®; 
jrom bornyl chloride by the action of aniline, pyridine etc*
|aaphene may thus be prepared from either borneol or isoborneoX 
p  their derivatives* Furthermore camphene in the presence of 
loids usually gives esters of isoborneol*

Its behaviour on oxidation has if possible tended to make 
the position worse. However the series of oxidation products 
Obtained using KMN0^(A.S40.17) point fairly definitely to the 
formula recognised at present. The products obtained started 
with a oamphane glycol MPaoo® snu finished with Isopropfylayolopen-
t«ne oarboxyllo add. These point to the following formula forC H
o&raphene first proposed by G. Wagner* I

C = C/4̂
CH

It was with a view to verifying the « CHg side chain that 
this experiment was started.

Guthrie /
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Guthrie (loo.oit.) found that on passing ethylene through 
Iphur mo no chloride, a vesicant compound was obtained to which 
Id assigned the formula C^HgClgSg# Tiiis was a matter of 
OBSiderable contention till in 1917 Gibson and Pope (JCS.19S0. 
rans.871} put the matter on a souna footing during the prépara- 
ion of toxic gases for war purposes. They found that ethylene 
)&8sed into S^Gl^ at any temperature up to 70® gave an almost 
Eluentitatlve yield of chlorethyl sulphide 

Cl GIL. CH * 8.CEL.CILC1.A 2 6 X)
Working on these lines it was hoped to obtain with caiaphene a 
oompound of the type

C yB iA C l.G G g.S .G H g.C gK ^jC l,

thereby verifying the ethenoid linkage in the molecule. The 
reaction was tried in carbon tetrachloride solution at various 
0 one entrât ions and temperatures* In all cases it was found 
that the final product of the reaction was a resin, the time 
tekea to reach this stage depending on the concentration and 
temperature#

By performing the reaction in a freezing mixture and 
arresting it by destroying the 6 01% with water it was possible 
to obtain by crystallisation or vacuum distillation, a product 
Which contained chlorine but no sulphur. This compound, of 
%hich only a small quantity was obtained, was purified as far 
fta possible and analysed. The chlorine content was very low 
but/



but approximated to that of The ooaipound seemed to
be a monooh),oro oemphene but does not resemble any at present 
known# It was moderately soluble in methyl alcohol* and 
extremely so in ether, acetone and all hydrocarbon solvents#
It was unstable, becoming resinous on long standing# It 
was extremely difficult to separate this product from the 
camphene present when the reaction was arrested. The melting
point after repeated recrystallisation from methyl alcohol,

0rose to 108*110 at which it remained. It distilled at about 
110^/16  mm#

The other products of the reaction were a yellow resin 
containing much sulphur in suspension, and a dai’k red oil 
obtained by distillation in vacuo# The resinous product would 
not crystallise and was not examined. The dark red oil was 
obtained at 180® A b  mm. with much decomposition* On standing 
even for a day or two it became viscous and resinous# It 
could not be purified as further aistillation in vacuo merely 
caused more decomposition with the production of tarry 
residues*

As it was now obvious that this work would throw no 
sidelight on the camphene problem, the research was abamdoned 
and a more promising line of experiment taken up.

'OOO'



EXPERIMENTAL.

Preparation of Camphene.

The oamphene was prepared by the method of WalXaoh by 
acting on leobornyi oîiioride with fused sodium acetate in 
glacial acetic acid, 40 gni. Isobomyl Chloride, 40 gm, fused 
sodium acetate, and 30 gm, glacial acetic acid were heated 
under reflux for 10 houi's. The contents of the flask solidi­
fied on cooling. The solid waa melted, removed to another 
flask And etea^i-distillea. The oamphene came over easily at 
first but towsu*ds the end tendea to choke the conaenser. The 
distillate, when cool, solidified anu was extracted with ether,
washed with Ma C0„ to remove acetic acid. On distilling off 

2 o
the ether, a white solid is obtained. This however was 
found to contain a large amount of Cl, showing the presence 
of unchanged pinene hydrochloride. It was again treated as 
before but the final product still showed the presence of 
chlorine.

The unchanged pinene hydrochloride was successfully 
separated during the steam distillation by cutting down the 
water supply to the condenser till the distillate was almost 
at the boiling point. The camphene, on account of its high 
volatility and low melting point, distilled over lirst and 
did not solidify even in the receiver; the pinene hydrochloride, 
on the other hand, showed its presence at once by solidifying 
in the lower part of the condenser. As soon as this occurred

the /



he receiver was changed and th e  p inene  h y d ro c h lo r id e  obtained 
as subjected to a further treatment with soaium aoetate#

Tlie camphene was, as before, extracted with ether, washed 
with Na^CO», and dried over CaCl„# The ether was distilled offtS> %» 8
and the camphene o b ta in e d  an a white solAd, M#P.68-64®C# 
B.P.IWL®. It was free from chlorine*

FOBIPIGATIOM OF THE SULPHUR MQNQCHLORIBK*
The Ŝ Glĵ  was the ordinary oo mnercial proauot* This 

contains as impurities, sulphur aiohloride, Sdlg, and metallic 
salts, chiefly iron* The SdlgOauses direct chlorination, 
whilst the Pe salts cause chlorination by catalysis* These 
impurities were removed by repeated distillation of the liquid 
with the addition of small quantities of sulphur* The pure 
liquid boiled at 136.5 - 137.5®C and was preserved in a tightly 
stoppered glass vessel, with the addition of about 8.5^ sulphur.

TEE REACTION*
5 gm.(1 mol.) camphene was dissolved in the smallest 

quantity of C Cl . 5 gm S^Cl^ was then added slowly. The 
solution became very hot and gradually changed from orange 
yellow to dark red. HCl was evolved showing that a certain 
amount of substitution was ta ing place. After standing 
overnight i t  was fou n d  that HUl was still being evolved. A 
poBtion/



6 .
portion of the liqula was distilled. After removal of the C Cl^, 
& fraction aiatilled at 160^-170^ with considerable decomposition* 
The distillate solidified on cooling to a thick brown oil* This 
was easily soluble in chloroform and on gentle evaporation a 
few minute brown crystals were obtained. The quantity was too 
email to purify, the melting point being 108-107^0. Another 
portion of the solution was concentrated by evaporation in 
vacuo* A thick sticky oil was obtained, which on being dissolved 
in ether gave a heavy precipitate of sulphur. The etherial solu­
tion was evaporated and a brown oil obtained whic^ grew very 
viscous but did not crystallise.

A similar reaction was carried out using 10 gni.(8 mois.) 
oamphene to 6 gm. (1 mol.) S^Clg. Just sufficient C Cl^ was 
used to dissolve the canj^ene. The solution became warm as 
before and gradually t urned dark red. The C Gl^ was distilled 
off ana the thick brown product dissolved in ether. Sulphur 
was precipitated and on filtering and evaporating, a dark brown 
resinous product was again obtained* This, on standing, 
eoatinued to evolve HCl ana did not crystallise. A portion of 
the original solution was distilled in vacuo. After removal 
Of the Cdl at 20^CA-b mm., come camphene came over at 50^A ©  mm.
and finally a dark red oil distilled at 180®A 5  mm. with great 
decomposition. There was also s large tarry residue. This 
oil could not be purified as at each subsequent distillation, 
more/



6.
nore d e c o m p o s itio n  o oca rrcc i and f u r t h e r  re n l& o u e  re s id u e s  were 

iO btà ined* The o i l ,  m o b ile  a t  f i r s t ,  became t h i c k  and gw rm j 

0Û s ta n d in g .  I t  had o. s tro n g  s m e ll re s e m b lin g  b u rn t rubbe r#

A reaction was tried using 2 mois, cmphene to 1 mol#
|SqC1 • The solution was heated on the waterbath. It was » 8
found that at about 30®C. HCl was evolved in quantities, the
evolution becoming very copious as the temperature was raised,
the solution turned black very rapidly. On evaporation of
the C Cl , a very dark resin was obtained. This would not 

4
crystallise from any solvent, and distillation in vacuo only 
produced a small amount o f  unchanged oamphene.

From the above reactions it was evident tliat the reaction 
normally results in the résinification of the terpene. This 
is accelerated by (1) heat (8) concentration of the solution,
(3) failure to remove the excess of S^Cl^ once the required 
point of the reaction has been reached.

Another reaction was therefore tried, this time in dilute 
solution and in the cole. A 10^ solution of oamphene (2 mois.) 
in C Cl was made. T)iio was cooled in a freezing mixture and to 
it waa added very slowly a well cooled 10^ solution of In
C Cl^. The solution was well shaken during the addition of the 
SgClg to prevent local overheating# It was kept on ice for 
several days ana the colour changes noted. These changes were:-



Initial - light green 
deep green 
green-yellow 
yellow 
amber red

Final - blaok#
\

ttimber of small Bolutiono were made on the above lines and arreoSed
the colour stages mentioned and the products were examined# The

àeedure followed in each case was the same said ensured that no
Bting occurred till the excess cf 8 Cl was destroyed# The
Oduote could then be left for some time v/ithout fear of deoompoai-
on setting in. The method was as f o l lo w s i- when the desired
age had been reached, the solution was removed to another flaak
lîd the C Cl removed by evaporation in a streiwm of cool dry air 

4
through by a pump# This evaporation kept the temperature 

lown to freezing point. When evaporation was complete the product 
quickly dissolved in a large volume of light petroleum and shaken 

lU with ice oolu water. This decomposed the excess S^Clg and a 
Opious precipitate of sulphur was obtained. The water ana petroleum 

Solution was then drained off snd the sulphur removed to a beaker 
there it was covered with light petroleum ana squeezed till every- 
king had been extracted from it. The petroleum solution was 
«aparated from water, dried over CaCl^ ̂ and the petroleum distilled 
off in vacuo. This could be clone at a tempe rat ui*e of about 80- 

product so obtained was free from 8 Cl^ and could be safely 
handled without further decomposition or evolution of HCL.

In each case the product was divided in two, one half being 
placed /



8.
,aoed l a  a v a o u m  to  c r y s t a l l i s e  ana th e  o th e r  part
ling  d i s t i l l e d  in  v a c u o . The p ro d u c ts  fo u n d  a t  each s ta g e  o f  

le r e a c t io n  a re  g iv e n  be lo w s -

f  « P o r t io n  l e f t  t o  c r y s t a l l i s e . P o r t io n  vacuum d i s t i l l e d .

»@p g re e n . O b ta in e d  camphene (MP53®) and 
s m a ll p o r t io n  y e llo w  re s in #

O bta ined  camphene and d a rk  
re d  o i l  a t 180®/15n»n# 
C o n s id e ra b le  c h a r r in g .

reen y e l lo w ^ s  above . Camphene f r a c t io n  
waa s m a lle r .

ye llow .

Amber <

Red.

Black <

As above . C r y s t a l l i s a t io n  
B low  and c r y s ta ls  d i f f i c u l t  
t o  s e p a ra te  fro m  v is c o u s  o i l *

C r y s ta l l is e d  w i th  d i f f i c u l t y  
g iv in g ^ y e l lo w is h  c r y s ta ls  
M.P.SOq . On p u r i f i c a t io n  
M#P#9ô .

S m a lle r  y ie ld  o f  c r y s ta ls  
as above. Y e llo w  v is c o u s  
o i l  w h ic h  w ou ld  n o t 
c r y s t a l l i s e *

R e s in  w h ich  w ou ld  n o t 
c r y s t a l l i s e .

Camphene d i s t i l l e d  a t 50® / 
15 mm. v e llo w  o i l  d i s t i l l d d  
100-110 . S o l i d i f i e d  to  
y e l jo w is ^  c r y s ta ls  M .P .
100 - lO S  . D eco m po s itio n  
p rodu  t s .

As above.

Gave la r g e r  y ie ld  o f  c ry s ta le  
o f  M .P . 1 0 0 -1 0 2 ° . La rge  
y ie ld  o f  d a rk  re d  o i l .
Much d e c o m p o s itio n *

As above*

Gage d a rk  re d  y is c o u s  
o i l  w i th  much c h a r r in g .

i t  was th e r e fo r e  e v id e n t th a t  a d e f in i t e  p ro d u c t c o u ld  be o b ta in e d  

i t  th e  r e a c t io n  were s topped  b e fo re  th e  s o lu t io n  became re d  i n  

ap lour* I t  was founa th a t  a ÿ e t t e r  y ie ld  was o b ta in e d  by  

C r y s ta l l is in g  th e  p ro d u c t i n  p re fe re n c e  t o  vacuum d i s t i l l a t i o n  w h ic h  

'’* |s  v e ry  w a s te fu l w i th  th e  s m a ll q u a n t i t ie s  used*



TEE CRYSTALLINE PR) DUCT.

'A f t e r  a r r e s t in g  th e  r é a c t io n  by w ash ing  w i th  w a te r ,  th e  

iâ rie d  p e tro le u m  s o lu t io n  was ü i s t i l l e ü  in  vaouo . When th e  

âemperatuï*e reached  about 88®/ Ï 5  mm, th e  d i s t i l l a t i o n  was s to p p e d  

i&ml th e  amber c o lo u re d  o i l  was removed to  a vacuum d e s ic c a to r .

Ob s ta n d in g  th e  o i l  became v is c o u s  and c r y s ta ls  begem t o  a p p e a r.

At th e  end o f  10 days o r  more th e  p ro d u c t was f i l t e r e d  a t th e  

jjmmp# T h is  o p e ra t io n  to o k  abou t 10 h o u rs  as th e  o i l y  p o r t lo n v .e s  

very v is c o u s .  The c r y s ta ls  w ere o f  a y e l lo w is h  c o lo u r *  They 

were e x tre m e ly  s o lu b le  in  benzene and l i g h t  p e tro le u m  and th e r e ­

fo re  th e se  s o lv e n ts  were no t o f  much use in  p u r i f y in g .  M e th y l 

a lc o h o l was found to  be th e  b e s t medium as th e  sub s ta n ce  was 

r e a d i ly  s o lu b le  in  h o t and s p a r in g ly  so in  co ld#  A p r e l im in a r y  

p u r i f i c a t io n  fro m  benzene was fo u n d  to  be n e c e s s a ry , as th e  

substance o th e rw is e  ten de d  t o  s e t t le  ou t o f  th e  a lc o h o l in  th e  

form o f  an o i l *  T h is  t r o u b le  was c o n t in u a l ly  met w i th  i n  

d e a lin g  w i th  th e  f i r s t  c r y s t a l l i s a t i o n  o f  t h i s  p ro d u c t.  One 

u s e fu l m ethod c f  a v o id in g  i t  c o n s is te d  in  s p re a d in g  th e  c rude  

o r y s ta l l in e  p ro d u c t t h i n l y  o v e r porous p o t and a l lo w in g  t o  s taA d  

in  vacuo t i l l  a b s o lu te ly  d r y .  The f r e q u e n t ly  to o k  a f o r t n ig h t  

to  co m p le te . On d is s o lv in g  th e  c rude  p ro d u c t in  h o t a lc o h o l 

a p r e c ip i t a te  o f  s u lp h u r  was o b ta in e d . T h is  p e rs is te d  t o  a 

ftm a lle r e x te n t in  th e  n e x t two c r y s t a l l i s a t i o n s .  The pu re  p ro d u c t 

c r y s ta l l is e d  in  w h ite  fe a th e ry  t u f t s ,  c lo s e ly  re s e m b lin g  th e  fo rm  

o f /



9.
t  camphene c r y s ta ls  o b ta in e d  fro m  m e th y l a lc o h o l .  D u rin g  

) u r i f i c a t io n  th e  m e lt in g  p o in t  ro se  fro m  abou t 80®-90®C. t o  

108® -llO ^ a t  w h ich  i t  re m a in e d . The p ro a u e t was w h i te ,  had

n f a i n t  odour l i k e  cam phor, tn d  became to u g h  on s ta n d in g ,  l i k e  

oamphene o r  p in e n e  h y d ro c h lo r id e .  On lo n g  s ta n d in g ,  tw o months 

or s o , even in  a t i g h t l y  co rked  f l a s k  i t  became u l i g h t l y  re s in o u s  

and th e  m e lt in g  p o in t  d ro p p e d . I t  behaved as an u n s a tu ra te d  body 

towards Br_ and KIAnO^* I t  was found  t o  c o n ta in  C *, H, and C l 

No S* was o b ta in e d  e i t h e r  b y  fu s in g  w i th  Ha and t e s t in g  w i th  

Bodium n i t r o p r u s s id e  o r  by c a re f  u l  fu s io n  w i t h  soaium  p e ro x id e  

and t e s t in g  w i th  BaCl * The substance  th e r e fo r e  seemed t o  be 

a o h io ro  camphene.

The c h lo r in e  c o n te n t ,  e s tim a te d  by th e  method o f  C a riu s  

gave th e  f o l l o w in g : -

(1) •2066 gm. gave "1360 go*A gC l 01 « 16*39)^

(8) *1408 gm. gave *0907 gm. AgC l C l -  15.94%

(3) *8180 gm. gave *1558 gm. A gC l C l = 17.63%

C H-J.C1 re q u ire s  C l -  8 1 .10
C io R i^ C lg  " C l = 5 4 .6 8 2 .

subs tance  th u s  seems to  be a mono o h io ro  oamphene, c o n ta in in g  

a c e r ta in  amount o f  oamphene as an Im p u r i t y .  A f t e r  e s t im a t io n s

( I )  and (8 ) when i t  was e v id e n t th a t  th e  subs tance  was s t i l l  

im p u re /



10#
impure i t  was a g a in  r e o r y s ta l ls e d  f r o n  m e th y l a lc o h o l and p la ce d  

fo r s e v e ra l days In  a  vacuum in  th e  hope th a t  th e  v o l a t i l e  oamph- 

mn w ou ld  th u s  be rem oved. I t  was a g a in  r e o r y s ta l l is e d #  The 

m e lt in g  p o in t  s t i l l  rem ained a t  103® -110^. E s tim â t io n  (3 ) was 

then p e rfo rm ed  and i t  w i l l  be seen t h a t  o n ly  a s m a ll p a r t  o f  

the im p u r i t y  was e l im in a te d  by t h i s  tre a tm e n t#

To f i n d  th e  e f f e c t  o f  oamphene in  th e  p ro d u c t,  e q u a l 

w d ig h ts  o f  oanphene and th e  o h io ro  oompound were m ixed and

d is s o lv e d  in  h o t m e th y l a lc o h o l.  The m e lt in g  p o in t  o f  th e  f i r s t
0arop was abou t 76 C. S e v e ra l p u r i f i c a t io n s  were n e c e s s a ry  b e fo re  

100® was reached# I n c id e n t a l l y  th e  te n d e n c y  t o  s e p a ra te  o u t 

from  th e  a lc o h o l as an o i l  was most marked in  th e  e a r ly  s tages#

I t  i s  th u s  e v id e n t th a t  th e  p ro d u c t o f  the  r e a c t io n  i s  a 

Chlorooamphene* C ^^H ^^C l. I t  does n o t oompate w i th  any o f

th e  Q h lo r0camphenes a lre a d y  known

TEE VACUUM DISTILLED PRODUCT.

On d i s t i l l i n g  th e  c rude  y e llo w  o i l  a t  15 m#m# p re s s u re , 

th e  f i r s t  p ro d u c t o b ta in e d  was camphene w h ic h  appeared a t  abou t 

60®-60®C# A t 100*" 110®C» a y e llo w  o i l  came o v e r w h ic h  s o l i d i f i e d  

in  th e  condenser# D e co m po s itio n  o f  th e  c o n te n ts  o f  th e  f la s k  

A lso  s e t i n  ab ou t th e  same tim e #  On rem ov ing  th e  s o l id  and 

c o n t in u in g  th e  d i s t i l l a t i o n ,  th e  d a rk  re d  o i l  a lre a d y  m entioned  

was o b ta in e d *

T h e /



' i l #

Txiê ac’ l l û  p ro d u c t vmo dissolved i n  benzene, and on evapora­
tion was o b ta in e d  in a e l i g h t l y  p u ra r  c o n d i t io n .  I t  wae then 
purified as before by repeaton crystallisation from methyl 
alcohol# The tendency to  fo rm  an oil was marked i n  the early 
atagos. the m e lt in g  point ro se  till .108® was reached at which
it reneincd staticary# A mixture of this product and the 
on© obtained by ordinary c r y s t a l l i s a t i o n  waa recryBtallioad 
from methyl a lc o h o l enu the m e lt in g  point o f  the mixture was 

Still 1 0 8 -1 1 0®G* The substance obtained by d i s t i l l a t i o n  under 
reduced pressure is therefore identical with that described 
above. Owing to  the d i f fe r e n c e  i n  the boiling p o in ts  of camf^we 
and the ohiorocampht^ne under reduced pressure I.e. 50^60® and 
lftO-110®, a fractional distillation i n  vacuo might imve effected 
a com p le te  separation* bu t the quantity at our aisposal was too 
small to permit of this#

TRB VISCOUS OIL#
The crude product IT-om which th e  crystals were obtained. 

Contained a large amount o f  a yellow v is c o u s  oil which was 
removed fro m  the c r y s ta ls  b y  prolonged filtration# at the pump#
A email second crop of crystals was usually o b ta in e d  tom. the 
oil b u t a large portion always failed to crystallise# this was 
examined i n  v a r io u s  ways. I t  c o n ta in e d  a large amount of 
sulphur which was precipitated from such solvents as light 
petroleum mu alcohol# On distilling under diminished pressure 
it/



IS .

It gave e m a il q u a n t i t ie s  o f  oarajlisne ana th e  ohlorooam phene w i th  

Buch c ieoom poa ition  mid c h a r r in g .  The c o n te n ts  o f  th e  f l a s k  a f t e r  

i n s t i l l i n g  o f te n  resem b led  p a r t i a l l y  bmmea ru b b e r  ana on b u rn in g  

IB a s p a tu la  produced much SO #s
The But£ ta n c e  i s  p ro b a b ly  th e  r e s ia l f i e d  p o r t io n  o f  ttee 

U rp e n e , h o ld in g  in  s o lu t io n ,  o r  s u s p e n s io n , oamphene, o h lo ro -  

Bamphene ana a la rg e  q u a n t i t y  o f  f i n e l y  d iv id e d  s u lp h u r#

A t t h i s  p o in t  I t  was e v id e n t t h a t  th e  o b je c t  o f  th e  re s e a rc h ,

whicii w a ^ o  o b ta in  a compound c f  th e  s t r u c tu r e  ^

and so COD l i r a  th e  -  CH g roup  in  th e  camphene m o le c u le *  w ou ld
2

not be r e a l is e d .  The d!&lorooamphene o b ta in e d , w h i ls t  in t e r e s t in g
4^

in  th a t  i t  does n o t co rre sp o n d  *=^3^ any a lre a d y  known, t liro w s  no 

a d d it io n a l l i g h t  on th e  c o n s t i t u t io n  o f t h i s  v e ry  T n o le o u le ,

and m e re ly  adds one more t o  th e  a lre a d y  la rg e  l i s t  o f  oemiphene 

{ s u b s t i tu t io n  compounds* ________  _
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