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Reprinted from the Journal of the Chemical Society, 1943.

1 2 8 . Rubber, Polyisoprenes and Allied Compounds, Part F . The Chemical 
Linking of Rvhher and of Other Olefins with Phenolr-Formaldehyde Resins.

B y  J .  I .  CuNNEEN, E . H a r o l d  F a r m e r ,  a n d  H .  P .  K o c h .

R ubber, isoprenic olefins, and  doub tless m o st olefinic substances com bine in  v ir tu e  of th e ir  u n sa tu ra tio n  
w ith  th e  condensation  p ro d u c ts  of phenol and  form aldehyde to  give chrom an  deriva tives. T he de ta iled  s tru c ­
tu re  of th e  com b in a tio n  p roducts , th e  re la tion  of ch rom an-form ation  to  th e  fo rm ation  of phenol-form aldehyde 
resins, a n d  th e  significance of c erta in  ancillary  fea tu res  of th e  reac tion  are  discussed.

R u b b e r  c o m b in e s  re a d i ly  w ith  m a le ic  a n h y d r id e  (B aco n  a n d  F a rm e r ,  Proc. Rubber Tech. Conf., 1938, p . 256) 
u p  t o  a  l im i t  o f o n e  m o le c u le  o f t h e  l a t t e r  p e r  iso p re n e  u n i t  o f  th e  fo rm e r . T h e  c o m p a ra t iv e  e ase  o f  o c cu rre n ce  
o f  th is  re a c tio n  m a d e  i t  seem  fe a s ib le  to  u se  m a le ic  a n d  s im ila r  u n s a tu r a te d  a n h y d r id e s  (o r  ac id s) a s  a  m e a n s  
o f  l in k in g  r u b b e r  c h e m ic a lly  w i th  v a r io u s  ty p e s  o f h y d ro x y lic  c o m p o u n d , t h e  e th y le n ic  c a rb o n  p a ir s  o f th e  
m a le ic  m o lecu le s  se rv in g  t o  fo rm  C -C  lin k s  w i th  t h e  ru b b e r ,  a n d  th e  a n h y d ro -g ro u p in g s  t o  fo rm  e s te r  l in k s  
w i th  h y d ro x y -c o m p o u n d s . A lth o u g h  i t  w a s  p o ss ib le  to  c a r ry  o u t  th is  l in k in g  p ro c e ss  su c c ess fu lly  in  a  n u m b e r  
o f  e x am p les , th e  c o m b in a tio n  o f  r u b b e r  w i th  p h e n o l- fo rm a ld e h y d e  re s in s  c o u ld  b e  m u c h  m o re  sa t is fa c to r i ly  
e ffec ted  i f  t h e  r u b b e r -m a le ic  a n h y d r id e  c o m p o u n d  w a s  n o t  p re -fo rm e d , b u t ,  in s te a d , a  so m e w h a t o x id ised  
r u b b e r  to g e th e r  w i th  m a le ic  a n h y d r id e ,  p h e n o l, a n d  fo rm a ld e h y d e  w ere  s im p ly  h e a te d  to g e th e r  u n t i l  re s in  
fo rm a t io n  o c c u rre d  (R e d fa m  a n d  S c h id ro w itz , B .P . 507 ,995). S u b s e q u e n tly , i t  w a s  fo u n d  t h a t  c o n s id e ra b ly  
o x id is e d  r u b b e r  (o x y g en , ca. 10— 1 3 % : M , 3000— 4000) re a c te d  m o re  re a d ily  t h a n  s l ig h tly  o x id is e d  ru b b e r , 
th e  p r o d u c t  b e in g  a  th e rm o -s e t t in g  re s in  o f  B a k e li te  ty p e ,  re m a rk a b le  in  p o ssess in g  v a lu a b le  re s id u a l  th e rm o ­
p la s tic  p ro p e rt ie s . I n v e s t ig a t io n  o f  th e  c h em ica l re a c tio n  b y  w h ic h  th is  re s in  is  p ro d u c e d  h a s  g iv en  r a th e r  
u n e x p e c te d  r e s u l ts  in  t h e  fie ld  o f a d d it iv e  re a c tio n s , a n d  h a s  th ro w n  n e w  l ig h t  o n  th e  p ro c ess  o f  re s in if ica tio n .

I t  w a s  so o n  d isc o v e re d  t h a t  m a le ic  a n h y d r id e  c o u ld  b e  s a t is fa c to r i ly  r e p la c e d  b y  o x a lic  o r  a c e tic  a c id , a n d  no  
e v id e n c e  c o u ld  b e  g a in e d  t h a t  a n y  a p p re c ia b le  d e g ree  o f e s te r if ic a tio n  o f  th e  a n h y d r id e  u n i ts  b y  th e  h y d ro x y lic  
p h e n o l- fo rm a ld e h y d e  c o m p o n e n ts  o c cu rre d . H e n c e  th e  m a le ic  a n h y d r id e  c le a r ly  fu n c tio n e d  la rg e ly  a s  a  
m ild  a c id  c a ta ly s t .  T h e  g re a t  im p ro v e m e n t in  t h e  e ase  o f  c o n d e n s a t io n  w h ic h  fo llo w ed  th e  re p la c e m e n t 
o f  l ig h t ly  o x id is e d  b y  c o n s id e ra b ly  o x id ised  r u b b e r  seem ed  a t  f ir s t  t o  in d ic a te  t h a t  a  re a c tio n  o f  a ld o l ty p e  
t o o k  p la c e  b e tw e e n  th e  *CHO o r  *COMe e n d -g ro u p s  o f  t h e  s h o r te n e d  r u b b e r  c h a in s  a n d  th e  k e to - ta u to m e r
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o f  p h e n o l, o r  a l te rn a t iv e ly  t h a t  e lim m a tio n  o f  w a te r  o c cu rre d  b e tw e e n  h y d ro x y l  g ro u p s  in  th e  o x id is e d  ru b b e r  
a n d  th e  a ro m a tic  n u c le i  o f  th e  p h e n o l. T h o ro u g h  e x p e r im e n ta l  e x a m in a tio n , h o w e v e r, o f th e s e  p o ss ib ilitie s  
le d  t o  th e i r  d ism is sa l f ro m  fu r th e r  c o n s id e ra tio n  ( th e  e x p e r im e n ta l  d e ta i ls  h a v e  b e en  o m itte d ) .  T h e re  re m a in e d , 
th e n ,  n o  v e r y  re a so n a b le  a l t e rn a t iv e  to  t h e  c o n c lu s io n  t h a t  ru b b e r ,  a n d  th e re fo re  p ro b a b ly  m o s t  o lefin ic  s u b ­
s ta n c e s , a re  a b le , in  v i r tu e  o f  th e i r  o lefin ic  u n s a tu ra t io n ,  t o  c o m b in e  w ith  phen® l a n d  fo rm a ld e h y d e  a t  so m e  
s ta g e  in  t h e  in te rc o n d e n s a t io n  o f  t h e  l a t t e r ,  a n d  th is  co n clu sio n  w a s  re in fo rc e d  b y  c e r ta in  e x p e r im e n ts  c a r r ie d  
o u t  b y  H ild i tc h  a n d  S m ith  in  1935 { / .  Soc. Chem. Ind ., 54, 111) w h ic h  s tro n g ly  in d ic a te d  t h a t  d ry in g -o il  e s te rs  
a re  a b le  b e c a u se  o f  th e i r  u n s a tu r a t io n  to  c o m b in e  w i th  a  s im p le  ^ -c re s o l- fo n n a ld e h y d e  c o n d e n s a tio n  p ro d u c t.  
A n y  re m a in in g  d o u b t  a s  t o  t h e  c a p a c i ty  o f o lefin ic  m a te r ia ls  t o  u n i te  o r  c o n d e n se  w i th  s im p le  p h e n o l- fo rm -  
a ld e h y d e  c o n d e n s a t io n  p r o d u c ts  w a s  re m o v e d  b y  th e  p u b lic a tio n  a t  th is  p o in t  o f  a  p a p e r  b y  H u l tz s c h  [J. pr. 
Chem., 1941, 158, 2 7 5 ; Chem. Ahs., 1942, 36 . 849), in  w h ic h  th e  r e s u l t  o f h e a t in g  sa lig e n in  w ith  s ty re n e  w a s

% C H s'O H 4-
C H R

CHR'
H R
H R

,  +  H .O

re p o r te d  t o  b e  th e  fo rm a tio n  o f  2 -p h e n y lc h ro m a n , a n d  t h a t  o f  h e a t in g  se v e ra l  o th e r  s im p le  p h e n o l- fo rm -  
a ld e h y d e  c o n d e n s a t io n  p r o d u c ts  c o n ta in in g  * 0 H  a n d  *CH,*OH g ro u p s  in  o -p o sitio n s  w i th  o l e ^ i c  a lco h o ls , 
e s te rs , e tc .,  w a s  t h e  fo rm a t io n  o f  a n a lo g o u s  c h ro m a n  d e r iv a tiv e s . C u rio u s ly  en o u g h , h o w e v e r, cyc/ohexene 
w a s  re p o r te d  n o t  t o  u n d e rg o  c9 n d e n s a tio n  w i th  sa lig en in .

W e  fo u n d  o n  e x a m in in g  th e  b e h a v io u r  to w a rd s  sa lig e n in  o f  t h e  tw o  s im p le  a n a lo g u e s  o f  ru b b e r ,  1 -m e th y l-  
^ c /o h e x e n e  a n d  d ih y d ro m y rc e n e , t h a t  re a c tio n  in  e a c h  c a se  o c c u rs  re a d ily  a t  180®, g iv in g  b y  lo ss o f  w a te r  a  
n o n -h y d ro x y lic , o x y g e n -c o n ta in in g  c o n d e n s a t io n  p r o d u c t  h a v in g  th e  g e n e ra l p ro p e r t ie s  a n d  e m p ir ic a l co m ­
p o s it io n  to  b e  e x p e c te d  fo r  c h ro m a n  s t r u c tu r e s  o f  t h e  ty p e  re p o r te d  b y  H u ltz s c h . T h e  d i-o le fin , d ih y d ro m y r ­
cen e , h o w e v e r , fo rm e d  a  d i- a s  w e ll a s  a  m o n o -sa lig e n in o -c o n d e n sa tio n  p ro d u c t ,  th e  tw o  c o m p o u n d s  re sem b lin g  
o n e  a n o th e r  in  c o n ta in in g  n o  a c t iv e  h y d ro g e n , b u t  d iffe rin g  in  c o n ta in in g  re sp e c tiv e ly  n o  h y d ro g e n isa b le  
d o u b le  b o n d , a n d  o n e  su c h  b o n d . F o r  th e  compound f ro m  1 -m eth y lcy c /o h ex en e , ( la )  a n d  (16) a r e  p o ss ib le
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form ulae, b u t  s in c e  a n y  a d d it io n  o f  a  re a g e n t  t o  a n  u n s y m m e tr ic a l  o le fin  C R R '.’C H , o r  C R R 'I C H R '' n o rm a lly  
p ro c e e d s  a lm o s t  e n t i r e ly  in  o n e  d ire c tio n  (as d e te rm in e d  b y  th e  r e la t iv e  p o la r i ty  o f  t h e  e th y le n ic  c a rb o n  a to m s)  
(16) is  u n lik e ly  t o  r e p re s e n t  a n y  c o n s id e ra b le  p ro p o r t io n  o f  t h e  p r o d u c t  u n les s  t h e  a d d it io n  re a c tio n  in v o lv e s  
r a d ic a l  fo rm s  (see be lo w ). S im ila r ly  fo r  th e  tw o  c o m p o u n d s  fro m  d ih y d ro m )^ c e n e  th e  m o n o sa lig e n in  com­
pound is  l ik e ly  t o  b e  m a in ly  ( I Io )  o r  (116), a n d  th e  d isa lig e n in  compound ( I I I ) .  I t  w a s  v e r y  s ig n if ic a n t f ro m  
th e  p o in t  o f  v iew  o f  su ccess fu l re s in - fo rm a tio n , h o w e v er, t h a t  th e  m o n o sa lig e n in  c o m p o u n d  fro m  1 -m e th y l-  
cyclohQ^tne w a s  a c c o m p a n ie d  b y  a  sm a ll  a m o u n t  o f  a  d isa lig e n in  compound, C3i H , 4 0 j|. T h is  c o n ta in e d  o ne  
a to m  o f  a c t iv e  h y d ro g e n  p e r  m o le c u le  a n d  a p p a r e n t ly  re p re s e n te d  th e  s im p le s t  p o ss ib le  e x a m p le  o f th e  l in k in g  
o f a  p o ly c o n d e n se d  p h e n o l—fo rm a ld e h y d e  c h a in  {i.e., a  N o v o la k )  t o  t h e  o lefin .*  T h is  c o m p o u n d  is  fo rm u la te d  
in  (IV ), t h e  p o in t  o f  a t t a c h m e n t  o f  t h e  h y d ro x y b e n z y l  g ro u p  to  t h e  a ro m a tic  n u c le u s  o f  t h e  c h ro m a n  u n i t  
b e in g  p re s u m a b ly  o- o r  p~ t o  th e  c h ro m a n  o x y g en .

•W h e n  p u rif ie d  r u b b e r  (1 m o l.)  in  b e n z e n e  w a s  h e a te d  w ith  sa lig e n in  in  tw o  d if fe re n t  p ro p o r t io n s  (0*18 a n d  
0*27 m o l.) tw o  d is t in c t  o x y g e n a te d  p ro d u c ts  w e re  fo rm ed . T h ese  p ro v e d  to  c o n ta in  h y d ro x y lic  (p re s u m a b ly  
p h en o lic ) a s  w e ll a s  e th e re a l  o x y g e n , in  th e  r a tio s  1 : 2  a n d  5 : 8 , so  in d ic a tin g  t h a t  m o s t  o f th e  o x y g e n  w as 
p re s e n t  in  s im p le  c h ro m a n  u n i ts  su c h  a s  th o s e  in  ( I I I ) ,  a n d  t h a t  ro u g h ly  o n e  c h ro m a n  u n i t  p e r  14 o r  p e r  8 
iso p re n e  u n i ts  o f  t h e  r u b b e r  w a s  p re s e n t .  N o t  m o re  t h a n  1 in  2 o r  5 in  8  ( re sp ec tiv e ly ) o f  t h e  c h ro m a n  u n i ts  
c o u ld  t h u s  b e  c a r ry in g  a  h y d ro x y b e n z y l  s u b s t i tu e n t ,  o r , if  s t i l l  la rg e r  p h e n o l- fo rm a ld e h y d e  s u b s t i tu e n ts  t h a n  
h y d ro x y b e n z y l  w e re  p re s e n t ,  th e n  th e  p ro p o r t io n  o f  c h ro m a n  u n i ts  c a r ry in g  s id e  c h a in s  (of a n y  k in d )  w o u ld  
b e  sm a lle r  s t i l l .  C o n firm a tio n  o f  t h e  c o n s t i tu t io n s  a d v a n c e d  a b o v e  h a s  b e en  s o u g h t  b y  s p e c tro g ra p h ic  m ean s .

Absorption Spectra.— W e b b  a n d  o th e rs  ( / .  Org. Chem., 1939, 4 , 389) g a v e  d a ta  fo r  t h e  l ig h t-a b s o rp tio n  in  
h e x a n e  so lu t io n  o f a  n u m b e r  o f a lk y l - s u b s t i tu te d  p h en o ls , c h ro m a n s , a n d  c o u m a ra n s , a l l  o f  w h ic h  e x h ib i t  a  
g ro u p  o f tw o  o r  m o re  n a r ro w  b a n d s  in  t h e  reg io n  2700— 2900 a . T h e y  fo u n d  t h a t  t h e  fo rm a t io n  o f c h ro m a n  
o r  c o u m a ra n  r in g s  b y  c y c lis a t io n  o f  o -a lk y lp h en o ls  is  re g u la r ly  a s so c ia te d  w ith  a  w e ll-m a rk e d  in c re a se  a n d

•  N o long N ovolak  chains w ere to  be  expected , since an  excess of olefin w as a lw ays used.
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b a th o c h ro m ic  s h i f t  o f  a b s o rp t io n , a n d  t h a t  t h e  e x a c t  lo c a t io n  a n d  in te n s i ty  in te r r e la t io n s h ip s  o f  t h e  fine  
s t r u c tu r e  b a n d s  is  a lso  h ig h ly  c h a ra c te r is tic  o f  a n y  g iv e n  c o m p o u n d . W e  h a v e  th e re fo re  d e te rm in e d  th e  
u l tr a -v io le t  a b s o rp t io n  s p e c tr a  (in  cyc/o h ex an e  so lu tio n )  o f  sa lig e n in  a n d  i t s  v a r io u s  c o n d e n s a tio n  p ro d u c ts  fo r  
p u rp o se s  o f  id e n tif ic a tio n .

S a lig e n in  i ts e lf  (F ig . 1, c u rv e  a) g iv es  r ise  t o  tw o  b a n d s  n e a r  2730  a n d  2800  a . ,  c lo se ly  s im ila r  t o  th e  sp e c tra  
o f  o -creso l ( H o g n e ^ ,  S id w ell, a n d  Z scheile , / .  Biol. Chem.. 1937, 130, 251) a n d  o -a lly lp h e n o l (W eb b  et al., loc. 
cit.) w h ic h  o n ly  d if ie r  in  t h e  n a tu r e  o f t h e  o -a lk y l s u b s t i tu e n t .  T h is  a b s o rp t io n  is  in te n s if ie d  a n d  d isp la c e d  
to w a rd s  lo n g e r  w a v e - le n g th s  o n  p a s s in g  to  th e  c o m p o u n d  o f  sa lig e n in  w i th  m eth y lc j/c fo h ex en e  ( la )  (cf. F ig . 1, 
c u rv e  b), w h ic h  is  c h a ra c te r is e d  b y  tw o  s te e p  m a x im a  s i tu a te d  a t  p re c ise ly  t h e  sa m e  w a v e - le n g th s  a s  t h e  tw o  
b a n d s  o f 2  : 2 -d im e th y lc h ro m a n  m e a su re d  b y  W e b b  et al. (2776 a n d  2846  a . ;  m in im u m  a t  2816  a . ) .  T h e  
w id th  a n d  r e la t iv e  h e ig h t  o f  th e  b a n d s  a re  a ls o  t h e  sa m e  fo r  b o th  c o m p o u n d s , a l th o u g h  a l l  o u r  in te n s i t ie s  a re  
c o n s is te n t ly  h ig h e r  t h a n  W e b b 's  o n  th e  a b s o lu te  m o le c u la n  sc a le  (e =  3100  a t  2845  A.). T h e  n ew  c o m p o u n d  
e v id e n t ly  c o n ta in s  th e  s a m e  c h ro m o p h o ric  g ro u p in g  a s  2  : 2 -d im e th y lc h ro m a n , a n d  i t s  fo rm u la t io n  a s  a  m e th y l-  
s u b s t i tu te d  h e x a h y d r o x a n th e n  ( la )  m a y  b e  c o n s id e re d  a s  e s ta b l is h e d  b e y o n d  a n y  d o u b t .

F i g . 1. F jg . 2.

A ..A . \ , A .

A g a in , t h e  tw o  s u b s ta n c e s  C i jH ^ O  a n d  o b ta in e d  b y  c o n d e n s a t io n  o f  sa lig e n in  w i th  d ih y d ro m y rc e n e ,
a t  o n e  a n d  a t  b o th  (re sp ec tiv e ly ) o f  t h e  d o u b le  b o n d s  o f  t h e  l a t t e r ,  e x h ib i t  a b s o rp t io n  c u rv e s  id e n t ic a l  w i th  
th e  a b o v e . T h e  m o le c u la r  e x tin c t io n  coeffic ien ts  a t  2845  a .  a re  n o w  3000  a n d  6650  re sp e c tiv e ly , in  good  
a g re e m e n t w i th  th e  p ro p o se d  s t r u c tu r e s  ( I I ,  a o r  b) a n d  ( I I I )  w h ic h  c o n ta in  th e  2 : 2 -d ia lk y la te d  c h ro m a n  
c h ro m o p h o re  o n ce  o r  tw ic e  in  t h e  d ih y d ro m y rc e n e  c h a in . A lth o u g h  t h e  s p e c tr a  o f  ( I l a )  a n d  (116) w o u ld  b e  
in d is tin g u ish a b le , i t  seem s lik e ly  t h a t  a l l  o u r  c h ro m a n  d e r iv a tiv e s  m u s t  c a r ry  th e  e x t r a  m e th y l  g ro u p s  d e r iv e d  
fro m  th e  o lefin  in  th e  2-, a n d  n o t  th e  3 -p o s itio n  in  o rd e r  to  p ro d u c e  c o m p le te  i d e n t i ty  w i th  th e  s p e c tru m  o f  
W e b b ’s p ro to ty p e .

C u rv e  c o f  F ig . 1 sh o w s th e  e x tin c tio n  v a lu e s  o f  th e  so lid  h y d ro x y b e n z y l- s u b s t i tu te d  c h ro m a n  d e r iv a tiv e  
( IV ) . I t s  t o ta l  a b s o rp t io n  m u s t  b e  e x p e c te d  to  b e a r  c lose  re se m b la n c e  to  t h e  su m  o f  th e  s e p a ra te  a b s o rp tio n s  
c o n t r ib u te d  b y  th e  o -h y d ro x y b e n z y l a n d  th e  (n u c le a r -s u b s t itu te d )  c h ro m a n  c h ro m o p h o re s  w h ic h  a re  e ffec tiv e ly  
is o la te d  f ro m  o n e  a n o th e r  in  th e  c o m p o u n d  m o le c u le  (cf. Jo n e s , Chem. Rev., 1943, 32, 2). T h is  su m  is  g ra p h ic ­
a l ly  re p re s e n te d  b y  th e  d o t te d  c u rv e  e, e x c e p t  in  t h e  im p o r ta n t  re s p e c t  t h a t  n o  a llo w a n ce  is  m a d e  fo r  th e  
e ffe c t o f  n u c le a r  s u b s t i tu t io n  o n  th e  s p e c tru m  o f th e  c h ro m a n  sy s te m  sh o w n  in  c u rv e  h. W e  h a v e  b e e n  a b le



t o  t e s t  t h a t  e ffe c t d i r e c t ly  a s  re g a rd s  th e  ^ p o s i t i o n  b y  sy n th e s is in g  th e  ^ - m e th y l  derivative (V) (c u rv e  d). 
T h e  g e n e ra l a p p e a ra n c e  o f  t h e  sp e c tru m  re m a in s  u n c h a n g e d , b u t  a  s ig n if ic a n t d isp la c e m e n t o f th e  m a x im a  to  
2815  a n d  2920  a . is  o b se rv e d . S in ce  i t  is  k n o w n  t h a t  su c h  b a th o c h ro m ic  s h if ts  sire la rg e ly  in d e p e n d e n t  o f  th e  
p re c ise  n a tu r e  o f  t h e  a lk y l  s u b s t i tu e n t  (m e th y l, e th y l ,  a n d  b e n z y l g ro u p s  a l l  d isp la c e  t h e  a b s o rp t io n  o f  b e n ze n e  
t o  lo n g e r  w a v e - le n g th s ;  cf. L e y  a n d  D irkii^g , Ber,, 1934, 67 , 1333), i t  m u s t  b e  c o n c lu d e d  t h a t  t h e  h y d ro x y -  
b e n z y l  d e r iv a t iv e  (IV ), in  g iv in g  r ise  t o  a  sp e c tru m  t h a t  te rm in a te s  v e r y  a b r u p t ly  b e y o n d  2846  a . ,  c a n n o t  
c o n ta in  t h e  s u b s t i tu e n t  af& xed in  th e  ^ -p o s it io n . O n  th e  o th e r  h a n d ,  t h e  d iffe ren ce  b e tw e e n  th e  o b se rv e d  
a n d  th e  c o n s tru c te d  c u rv e , c a n d  e, c a n  b e  w e ll a c c o u n te d  fo r  b y  fo rm u la t in g  th e  h y d ro x y b e n z y lc h ro m a n  
w i th  t h e  h y d ro x y b e n z y l  g ro u p  a t ta c h e d  a t  th e  o -c a rb o n  a to m . B o th  p h e n o l  a n d  o c r e s o l  ( b u t  n o t  />-cresol) 
e x h ib i t  m a x im u m  a b s o rp t io n  a t  t h e  sa m e  w a v e - le n g th s  (W o lf a n d  H e ro ld , Z . physikal. Chem., 1931, B , 18, 
229), a n d  th e  n e a r -u l tr a -v io le t  b a n d  o f 2 -m e th y lc o u m a ra n  is  c o n s id e ra b ly  in te n s if ie d  b u t  n o t  d isp la c e d  a s  th e  
r e s u l t  o f  o w m '- t r is u b s t i tu t io n  (W eb b  et al., loc. cit.). I t  h a s ,  in d e e d , b e e n  s t a te d  a s  a  g e n e ra l ru le  fo r  a ro m a tic  
c o m p o u n d s  t h a t  o - s u b s ti tu tio n  p ro d u c e s  o n ly  s l ig h t, a n d  ^ - s u b s t i tu t io n  re la t iv e ly  m a rk e d , b a th o c h ro m ic  
e ffe c ts  (M o rto n  a n d  S tu b b s ,  J . .  1940, 1347).

F in a lly ,  t h e  a b s o rp t io n  s p e c tr a  o f  t h e  tw o  ru b b e r- s a l ig e n in  c o m p o u n d s  (c o n ta in in g  2*26%  a n d  4*15%  o f 
t o t a l  o x y g e n  re sp e c tiv e ly )  w e re  m e a su re d  in  so lu t io n s  o f  c;yc/ohexane c o n ta in in g  1 0 %  o f e th y l  a lco h o l. 
T h is  c h o ice  o f  s o lv e n t  w a s  g o v e rn e d  b y  th e  d iff ic u lty  o f  o b ta in in g  o p t ic a lly  c le a r  so lu tio n s , b u t  i t  w as 
fo u n d  t h a t  n o n e  o f  t h e  c u rv e s  o f  F ig . 1 w£is a p p re c ia b ly  a l te re d  b y  a d d it io n  o f  t h e  a lco h o l. P u rif ie d  r u b b e r  
i ts e lf  d o es n o t  e x h ib i t  s e le c tiv e  a b s o rp t io n  in  t h e  q u a r tz  u l tr a -v io le t ,  a n d  th e  ty p ic a l  s te e p  m a x im a  a t  
2846  a n d  n e a r  2775  A. o f  t h e  c u rv e s  A  a n d  B  (F ig . 2) o b ta in e d  fo r  t h e  tw o  r u b b e r  d e r iv a tiv e s  m u s t  c le a r ly  b e  
a t t r i b u te d  t o  t h e  p re se n c e  o f  t h e  c h ro m a n  c h ro m o p h o re  a t ta c h e d  t o  th e  r u b b e r  c h a in . A llo w an ce  b e in g  m a d e  
fo r  in c re a s e d  g e n e ra l a b s o rp tio n , a n d  a  5  : 8  r a t io  o f  p h e n o lic  t o  e th e re a l  o x y g e n  (see a b o v e) b e in g  a ssu m e d , 
t h e  m a x im u m  sp ec ific  e x tin c t io n  coeffic ien t o f  c u rv e  B  in d ic a te s  t h a t  a n  a v e ra g e  n u m b e r  o f  o n e  in  e v e ry  te n  
iso p re n e  u n i ts  h a s  re a c te d  w i th  a  sa lig e n in  o r  o - s u b s ti tu te d  sa lig e n in  g ro u p . T h is  fig u re  is  r a th e r  lo w e r t h a n  
th e  v a lu e  o f  o n e  in  e ig h t  o b ta in e d  fro m  th e  t o ta l  o x y g e n  c o n te n t ,  b u t  c e r ta in ly  se rv e s  t o  sh o w  t h a t  t h e  b u lk  
o f  t h e  sa lig e n in  m u s t  b e  a t t a c h e d  to  th e  r u b b e r  m o le c u le  b y  w a y  o f  t h e  c h ro m a n  lin k a g e .

Mechanism and Course o f Reaction.— ^The p rec ise  m e c h a n ism  b y  w h ic h  th e  re a c tiv e  g ro u p s  o f  sa lig e n in  o r  
o th e r  o -h y d ro x y b e n z y l a lc o h o ls  u n i te  w i th  o lefin ic  c e n tre s  is  n o t  e a s y  t o  d e te rm in e . I t  m ig h t  b e  su p p o sed  
t h a t  t h e  p h e n o lic  a lc o h o l lo ses w a te r  in te r n a l ly  t o  g iv e  m o m e n ta r i ly  e i th e r  a  s t r o n g ly  p o la r is e d  fo rm  (a) o r  a  
re s o n a tin g  r a d ic a l  fo rm  (6 ), o r  e lse  c o n d en ses  d ir e c t ly  w i th  t h e  o lefin  t o  g iv e  (c) a s  in te rm e d ia te .  T h e  la s t  
c o u rse  is  n o t  a  l ik e ly  o n e  fo r  n o n -b e n z e n o id  p r im a ry  a lc o h o ls  t o  p u rsu e , a n d  th e  la b i l i ty  o f  th e  h y d ro x y l  g ro u p  
m u s t  a r is e  f ro m  th e  n e a rn e s s  o f  th e  p h e n o lic  n u c le u s . T h is  b e in g  so, p r o b a b ly  th e  k e to - fo rm  (dl) o f  t h e  p h e n o lic

d ,  C  o f X
(a) (6) (c) id)

a lc o h o l is  re sp o n s ib le  fo r  t h e  re a c tio n , u n d e rg o in g  in te r n a l  d e h y d ra t io n  to  g iv e  t h e  v in y l  k e to n e  (a). I f  co m ­
b in a t io n  o f  th is  k e to n e  w i th  th e  o lefin  o c c u rre d  in  D ie ls -A ld e r  fa sh io n  (cf. t h e  d im e r is a tio n  o f  m e th y l  v in y l 
k e to n e , A ld e r  ei al., Ber., 1941, 74 , 906, 926) t o  so m e  e x te n t  th r o u g h  th e  fo rm  (6 ) a n d  n o t  w h o lly  io n ic a lly  
th r o u g h  (a), th e  f in a l c o n d e n s a tio n  p ro d u c ts  w o u ld  b e  l ik e ly  t o  c o n ta in  m a n y  iso m eric  fo rm s  [e.g., 16 a s  w ell 
a s  l a ) .  T h e  s p e c tro g ra p h ic  ev id e n ce , h o w e v er, d o e s  n o t  p o in t  t o  th e  e x is te n c e  o f  th e  a d d it io n a l  fo rm s  w h ich  
w o u ld  a r is e  b y  <«;o-direction a d d it io n  o f  o lefin  t o  k e to n e .

A s r e g a rd s  t h e  c o n c lu s io n  t h a t  a t t a c h m e n t  o f  t h e  h y d ro x y b e n z y l  s id e  c h a in  i n  (IV ) is  r e s t r ic te d  t o  th e  
o -p o s itio n  in  th e  c h ro m a n  sy s te m  (a n d  th is  a p p e a rs  t o  a p p ly  a lso  t o  t h e  p o in ts  o f  ju n c t io n  o f t h e  s id e  c h a in s  
in  th e  r u b b e r  d e r iv a tiv e s ) ,  i t  s h o u ld  b e  p o in te d  o u t  t h a t  th e  r e s t r ic t io n  m a y  w ell n o t  h o ld  b e tw e e n  p h e n o l-  
fo rm a ld e h y d e  u n i ts  through<yut t h e  lo n g e r  N o v o la k  c h a in s  w h ic h  w o u ld  n o rm a l ly  b e  fo rm e d  w h e re  h ig h e r  
p ro p o r t io n s  o f  p h e n o l a n d  fo rm a ld e h y d e  to  o lefin  a n d  a n  a c id  c o n d e n s in g  c a ta ly s t  w e re  u se d . A lso , i t  is 
q u i te  l ik e ly  t h a t  w h e n  m a le ic  a n h y d r id e  is  u se d  a s  t h e  a c id  c a ta ly s t  so m e  o r  a l l  o f  i t  u l t im a te ly  c o m b in e s  w ith  
th e  p h e n o l—fo rm a ld e h y d e  c o n d e n s a t io n  p ro d u c ts ,  s in c e  H u l tz s c h  fo u n d  t h a t  e th y l  m a le a te  c o m b in e s  re a d ily  
w i th  th e s e . T h e  su p e r io r  e ase  o f c o m b in a tio n  o f  h ig h ly  o x id is e d  r u b b e r  o v e r  r u b b e r  h y d ro c a rb o n  a p p e a rs  
t o  b e  so le ly  a  fu n c tio n  o f  m is c ib i l i ty  o f  th e  r e a c ta n ts .  T h e  g r e a t ly  s h o r te n e d , o x y g e n a te d  c h a in s  o f  t h e  h ig h ly  
o x id is e d  r u b b e r  [M, 3000— 4000) d isso lv e  fa ir ly  re a d i ly  in  b o ilin g  p h e n o l, w h e re a s  r u b b e r  is  in so lu b le .

T h e  ru b b e r- l in k e d  N o v o la k s  fo rm e d  in  p re sen c e  o f  a n  a c id  c a ta ly s t  a r e  c a p a b le  o f  b e in g  c ro ss -lin k ed  to  
y ie ld  th re e -d im e n s io n a l  m o le c u la r  n e tw o rk s  o f th e  B a k e lite  ty p e  w h e n  h e a te d  in  t h e  o rd in a r y  w a y  w ith  h e x a -  
m e th y le n e te t r a m in e . T h e  r e s u l tin g  th e rm o s e t t in g  p ro d u c ts ,  h o w e v er, so f te n  w h e n  th e y  a re  h e a te d  to  120—  
130“ a n d  h a rd e n  a g a in  w h e n  th e y  a re  coo led .

E x p e r i m e n t a l .

\-Methylcyo\Qhexene.— T he hydrocarbon , b. p. 110°, w as o b ta ined  b y  d eh y d ra tio n  of l-methylc;yc/ohexanol in  th e  
presence of a  l i t t le  iodine (Found : C, 87*45; H , 12-65; I.V ., 265. Calc, for C ,H „  : C, 87-5; H , 12-6% ; I.V ., 265).

o-Hydroxyhenzyl Alcohol.— Com m ercial saligenin, c rystallised  tw ice from  e th y l alcohol-benzene (15 : 85 b y  vol.) 
form ed colourless p la tes , m . p. 8 6 ” (Found : C, 67-85; H , 6-5. Calc, fo r C ,H 8 0 , : C, 67-7; H  6-44% ).

l2-Methyl-\ : 2 : 3 : 4 :1 2  : \Z-hexahydroxanthen ( la ) .— Saligenin (40 g.) w as h e a ted  w ith  excess of 1-methyIcycio-
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hexene (200 c.c.) fo r 4  h o u rs  a t  180® in  sealed tub es . T he tubes, on cooling, con ta ined  a  pale  yellow  so lu tion  and  a  little  
w a te r ;  th e  la t te r  w as rem oved  w ith  an h y d ro u s copper su lp h a te . A fte r th e  excess of o l ^ n  h ad  been  rem oved b y  dis­
tilla tio n  a t  reduced  pressu re  a  sy ru p  (64 g.) rem ained. T h is sy ru p  w as dissolved in  benzene (500 c.c.), w ashed tw e n ty  
tim es w ith  aq ueous 2N -caustic p o tash  (4 I),  a n d  finally  w ith  w a te r  u n til n eu tra l. T he benzene so lu tion  w as dried , and  
th e  so lven t rem oved  b y  d is tilla tion , leav ing  a  pa le  yellow, m obile oil (43 g .). F rac tio n a l d is tilla tio n  of th is  oil. th ro u g h  
a  F enske colum n, fu rn ished  : 2 : 3 : 4  : 12 : IS-hexaAydroxani/ien (30 g.), a  colourless, non-solidifying, m obile
oil, b . p . 138— 139®/10 m m . (Found : C ,83*16; H , 9-0. C i^H u O  requires C, 83-17; H , 8-9% ). A  brow n th erm o p las tic  
residue (13*0 g.) rem ained.

T he oily  co n densation  p ro d u c t d id  n o t possess ketonic o r aldehydic  p ro p erties  a n d  w as n o t hydro lysab le . A sam ple 
of i t  d id  n o t ab so rb  hydrogen  w hen shaken  fo r 6 hours w ith  th e  gas in  presence of A dam s’s c a ta ly s t ; a  sim ilar sam ple 
failed to  lib e ra te  m eth an e  w hen tre a te d  w ith  m ethylm agnesium  iodide accord ing  to  B o lland 's m odification o f th e  
Z erew itinov m ethod . T he condensation  p ro d u c t, therefore, w as an  e th e r, w ith o u t non-benzenoid u n sa tu ra tio n  o r 
h y d ro x y l groups.

5-o-ff)fdroxyben^/l-12-Me^h)'i-l : 2 : 3 : 4 : 12 ; IS-hexahvdroxanihen (IV ).—^The und istillab le  th erm o p las tic  residue 
(2 g.) w as purified  b y  dissolving i t  in  b enzene-pe tro leum  (1 : 1 b y  v o l . ; 300 c.c.), ru n n ing  th e  so lu tion  th ro u g h  a  colum n 
of a lum ina, a n d  well w ashing th e  ad so rb a te  w ith  th e  sam e so lven t (2 1.). T h e  f iltra te  gave on ev ap ora tion  th e  cow- 
pound  (IV) (1*2 g.), in  w hich  th e  o-hydroxybenzyl group, as show n b y  spec trographic  exam ination , occupied th e  5-position. 
T his w as a n  am orphous resinous solid (F ound  : C, 81*8; H , 8*0; O H , 6  3. C ,iH ,4 0 |  req u ire  C, 81-8; H , 7‘8; OH , 
6-6 % ).

Dihydromyrcene,— M yrcene, p rep ared  from  b a y  oil [Pimenta acris) b y  th e  m eth o d  of Pow er a n d  K leber {Pharm. 
Rundschau, 1895, 13, 60), w as reduced  w ith  sodium  a n d  alcohol a s described b y  Sem m ler a n d  M ayer {Ber., 1911, 44. 
2010). T he h y d rocarbon , a f te r  being  tw ice  d istilled  over sodium  th ro u g h  a  F enske colum n, boiled a t  58— 59*/16 m m . 
(F o u n d : C, 87-05; H , 13-0; I.V ., 364. Calc, for C „ H „  : C. 86*9; H , 1 3 '1 % ; I.V ., 368).

Monosaligenino-dihydromyrcene.— Saligenin (24 g.) w as h ea ted  w ith  d ihydrom yrcene  (120 c.c.) fo r 2 h ours a t  180* 
in  a  sealed tu b e . T he condensate  w as iso lated  in  th e  u su a l m an n er a n d  th e  yellow  oil (32*6 g.) so ob ta in ed  w as frac ­
tio n a lly  d istilled . Monosaligenino-dihydromyrcene (20-2 g.), b . p . 118®/0‘05 m m ., p ro b ab ly  consisting  m ain ly  of 2 : 2- 
dimethyl-Z’iY-methyl-Ay-pentenyljchroman (H a), w as first o b ta in ed  (Found : C, 83*4; H , 9-9. C i,H ,4 0  requires C, 83-5; 
H , 9*85%). F u r th e r  d istilla tio n  gave n early  p u re  disaiigenino-dihydromyrcene (5*4 g.), a  viscous brow n sy rup , b. p. 
200— 205®/0*05 m m . P u rifica tion  of th e  la t te r  b y  adsorb ing  i t  on a lu m in a  from  solution  in  petro leum , followed b y  
e lu tio n  of ^ e  ad so rb a te  w ith  b enzene-pe tro leum  (1 : 1  b y  vol. , gave a n  a lm o st colourless sy rup , doubtless o-(2  : 2 - 
dimethylchromanyl-Z)'^-{2 : i-dimethylchrontanyl-2)-ethane ( I I I )  (F o u n d : C, 82*3; H , 8-7. Cj^HjoO requires C, 82*3;
H , 8 -6 % ). T he m onosaligenino-com pound (0*2669 g.), in  e th an o l so lu tion , absorbed  hydrogen  (24-8 c.c. a t  N .T .P .) 
eq u iv a len t to  one double  bond  p e r m olecule w hen shaken  for 6  h ours w ith  A dam s's c a ta ly s t (0-1 g.). T he disaligenino 
com pound u n d e r th e  sam e conditions d id  n o t ab so rb  hydrogen . N e ith e r d e riv a tiv e  gave a n y  m eth an e  w ith  m eth y l­
m agnesium  iodide u n d e r B olland 'a  m odified conditions of Zerew itinov h y d ro x y l de te rm in a tio n , a n d  n e ith e r showed 
keton ic  o r a ldehydic  p ro p erties  o r w as hydrolysable.

Rubber.— F o r convenience, a  “ s o l "  frac tio n  of ru bber, ob ta in ed  b y  p a r tia l  d isso lu tion  of crepe ru b b e r in  ligh t 
pe tro leu m  (b. p . 40— 60®), w as em ployed. T h e  crepe ru b b e r w as c u t u p  a n d  th o ro u g h ly  e x tra c te d  w ith  ace tone  in  th e  
u su a l m anner, a n d  th e  residue th e n  ex tra c te d  w ith  ligh t petro leum  in  th e  all-glass m odification o f Pum m erer, A ndriessen, 
a n d  G tindel's a p p a ra tu s  described b y  Bloom field and  F a rm er (Trans. Inst. Rubber Ind., 1940, 16, 69). In  th e  la t te r  
opera tio n  th e  e x tra c ts  ob ta in ed  in  th e  first 48 hours were re jec ted  as con ta in ing  oxygenated  ru b b er, a n d  th e  la te r  ex tra c ts  
w ere well m ixed a n d  th e ir  ru b b e r c o n te n t p rec ip ita ted  b y  a d d itio n  of excess of 96%  alcohol. T h e  so lven t a n d  alcohol 
ad h ering  to  th e  ru b b e r w ere rem oved  b y  ev ap o ra tio n  a t  10 m m . pressure, a n d  th e  ru b b e r finally  d ried  fo r 48 h ours a t  
room  tem p e ra tu re  a n d  10“* m m . pressure . T he ru b b er so ob ta in ed  w as k e p t u n d e r a  h igh  vacu u m  in  th e  d a rk  (F o u n d : 
C, 8 8  05 ; H . 11-95; I .V .,3 7 1 ;  M , 361,000. Calc, fo r C ,H * : C ,8 8 -2 ; H , l l - 8 % ; I.V ., 372j.

Saligenino-rubber.— R u b b er (1-0 g.) w as dissolved in  to luene  (25 c.c.) a n d  h ea ted  w ith  saligenin (0-33 g.j in  a  sealed 
tu b e  con ta in ing  oxygen-free n itro g en  for 4 h ours a t  180®. A fter cooling, th e  tu b e  co n ta ined  a  pa le  yellow  solution 
a n d  som e w a ter. B enzene (150 c.c.) w as added , and  th e  so lu tion  dried  over an h y d ro u s sodium  su lphate , filtered , and  
co n cen tra ted  u n d e r n itro g en  a t  reduced  p ressu re  to  35 c.c. T h e  c lear so lu tion  so ob ta in ed  w as poured  in to  a n  excess 
of e th y l alcohol, w hich  p rec ip ita ted  th e  sa ligenino-rubber a s a  w h ite  rubber-like  solid, leav ing  th e  self-condensation 
p ro d u c ts  of saligenin in  solu tion . T he p rec ip ita te  w as w ashed once w ith  e th y l alcohol a n d  th o ro u g h ly  d ried  fo r 48 hours 
a t  JO ^  m m . b y  d istilla tio n  of a ll so lven t in to  a  liqu id -a ir t r a p  (F ound  : C, 86-5; H , 11-25; OH , 0 -8% ; M , 119,000). 
A ssum ing t h a t  a ll th e  non-hydroxylic  oxygen is e thereal, we c ^ c u la te d  t h a t  one chrom an  linkage w as p resen t p e r 14

■' ' '  ’ .• ---------- :-- ii  . A second saligenino-rubber, a  w h ite  rubber-like  solid, w as pre-
of saligenin (0-9 g.) th a n  w as used in  th e  foregoing 
In  th is  d e riv a tiv e  one ch rom an  linkage w as p resen t 

p e r e ig h t isoprene u n its  a s ca lcu la ted  from  th e  above an a ly tica l d a ta .
7 : \2-Dimethyl-\ : 2 : 3 : 4 : 12 : \Z-hexahydroxanthen (V).— 2-H ydroxy-5-m ethy lbenzyl alcohol, m . p . 105® (3 g.), 

w as h e a ted  w ith  1-methylcjj'c/ohexene (15 c.c.) fo r 3 h ours a t  180® in  a  sealed tu b e . T he pa le  yellow  liqu id  p ro d u c t was 
freed  from  w a te r  b y  d ry in g  over an h y d ro u s sodium  su lphate , a n d  th e n  from  so lven t. T h e  sy ru p y  residue (3*8 g.) was 
dissolved in  “  A n a laR  *' benzene, a n d  th e  so lu tion  w ashed tw e n ty  tim es w ith  2 N - a q u e o u s  p o tassium  hydrox ide. T he 
so lven t w as th e n  rem oved, a n d  th e  residue (3-3 g. frac tio n a lly  d istilled . T he first frac tio n  h a d  b. p . 147— 150®/10 m m . 
(F o u n d : C, 82*96; H , 9-4. C jjH ,oO  requ ires C, 83-25; H , 9-3% ), a n d  th e  non-hom ogeneous residue consisted  of 
su b stances of som ew hat h ig h er oxygen con ten t.

spectrographic Measurements.—T he sp ec tra  were recorded  on K o dak  B-10 p la tes, using  a  Spekker P h o to m ete r and  
H ilger Sm all Spectrograph , w hich  ^ v e s  a  dispersion of 35 A./mm . in  th e  region of 2800 a . cycloHexAne a n d  e th y l alcohol 
w ere b o th  purified fo r spectroscopic use.

W e th a n k  D r. W . T . C ham bers a n d  Miss H . R hodes fo r carry in g  o u t th e  m icroanalyses in  th is  w ork, w hich  form s 
p a r t  of th e 'p ro ^ ram m e  of fu n d am en ta l research  on  ru b b e r u n d e rtak en  b y  th e  B oard  of th e  B ritish  R u b b e r P roducers’ 
R esearch  Association*
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