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I .  XKTEODUĈ T IOH

I t  was tm  p u r p o se  o f  t h i s  i n v e s t i g a t i o n  t o  s tu d y  th e

p r e p a r a t io n  o f  new  a r y 1 s t c a r l o  a c id s  from  o l e i c  a c id  and an  

a r o m a tio  compound by th e  F r i e d a !  and C r a f t s  r e a c t io n *  B ach  

com pounds h ave  a. p o s s i b l e  u t i l i s a t i o n  (1 )  a s  add i t  io n  a g e n t s  

t o  l u b r i c a n t s ,  (z) m  s o a p s  by c o n v e r s io n  to  s a l t s  o f  t r i -  

eth a n © la m in a  o r  r e l a t e d  b a s e s ,  ( 3 )  a s  w e t t in g  a g e n t s  by ©on- 

v e r s i o n  t o  a s u l f o n a t e ft d e r i v a t i v e  ( 4 )  a s  s y n t h e t i c  w axes by  

c o n v e r s io n  t o  h ig h  m o le c u la r  w e ig h t  e s t e r s #  Toe c o n v e r s io n  

o f  t h e s e  a r y l& t e a r ic  a c i d s  in t o  s u c h  s o a p s ,  w e t t in g  a g e n t s ,  

o r  w a x e s , h a s  n o t  h e r e  b e e n  s t u d i e d ,  b u t  i s  c o n te m p la te d  f o r  

th e  fu t u r e #  The p r e s e n t  i n v e s t i g a t i o n  d e a l s  w i t h  th e  p r e p a r -  

a t io n  o f  p - t o l y I s t e a r i c , p - o h l o r o p h e n y l a t e a r io ,  p~b ro iaop h en y1 -  

s t e a r i o ,  p -taeth o x y  p h o n y 1 st© a r i© , and p - x e n y l s t e a r i o  a c id s #

P h o n y l s t e a r i e  a c i d  w as made by F l c o l e t  a n d  d e  h i l t  (3 7 )  

f ro m  b e n z e n e  and o l e i c  a c i d  in  t h e  p r e s e n c e  o f  alum inum  

c h l o r i d e *  P h a r e  i s  a n  I n d i c a t i o n  t h i s  a c i d  h a t  b e e n  e a r l i e r  

p r e p a r e d  by E a r o u e so n  ( 3 0 )  by  t h e  sam e m e a n s  i n  t h e  c o u r s e  

o f  a n  i n v e s t i g a t i o n  o f  t h e  p o ly m e r i s a t io n  o f  f a t t y  o i l s  by  

a i r  a n d  by  c h e m i c a l s *  S i n c e  1907 r e f e r e n c e  t© t h i s  a c i d  h a s  

a p p e a r e d  I n  c o n n e c t i o n  w i t h  a  s t u d y  i n  th e  r a t e  o f  -p h o n y la t lo n  

o f  o l e i c  a c i d  ( 4 9 ) ,  t h e  p r o p e r t i e s  o f  l u b r i c a t i n g  g r e a s e s  mad© 

f ro m  s o a p s  o f  t h e  a c i d  ( 1 9 ) ,  t h e  e s t a b l i s h m e n t  t h a t  p h o n y 1 -  

s t e a r i e  a c i d  p r e p a r e d  b y  t h e  P r i e & e l  and C r a f t s  r e a c t i o n  i s  

a  m ix tu r e  o f  a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s  o f  9-* and  l u -  

p h e n y lo c ta & e o a n o io  a c i d s  ( 0 4 ) » c l a i m s  f o r  im p r o v e m e n ts  i n



com pounded l u b r i c a t i n g  o i l s  ( 8 8 * 0 6 ,1 4 )  m &  im p ro v em en ts in  

t h e  m ethod o f  p r e p a r a t io n  (3 2 )  o f  p h e n y la t e a r i o  a c i d .

l< lo o  l e t  and de I ' . l i t  (3 ? )  s t a t e d  t h a t  ”u n d e r  c o n d i t i o n s  

a n a lo g o u s  t o  t h o s e  u s e d  i n  th e  p r e p a r a t io n  o f  p h e n y l s t e a r t o  

a c i d ,  o l e i c  a c id  a l s o  r e a c t s  w i t h  t o lu e n e  and n a p h th a le n e *

In  t h e  l a t ' t . r  c a s e ,  c a r b o n  d i s u l f i d e  w as u se d  a s  s o l v e n t .

Tim  n a t u r e  o f  t h e  r e a c t i o n  a p p e a r s  t o  b e  t h e  earn© i n  a l l  

t h e s e  e a s e s *  b u t t h e  p r o d u c t s  w ere  n o t  f u r t h e r  s t u d i e d . ”

I? he p r e p a r a t io n  o f  x y ly  s t e a r i c  a c id  and o f  ©l~napht by le t©  a r io  

a c id  h a s  s i n c e  b e e n  r e p o r t e d .

X y ly  a t e  a r io  a c id  w as made by S ch m id t ( 4 9 )  from  x y l e n e ,  

o l e i c  a c id *  and alum inum  c h l o r i d e  a s  an  e x p e r im e n t  p a r a l l e l ­

in g  h i s  s tu d y  o f  t h e  r a t e  o f  pherty l a t i o n  o f  o l e i c  a c i d ,  f h e  

p r o d u c t  a f t e r  h y d r o l y s i s  and r e m o v a l o f  s o l v e n t  w as n o t  f u r t h ­

e r  p u r i f i e d *  I t  had a n  io d in e  number o f  13* a n e u t r a l i s a t i o n  

e q u i v a l e n t  o f  3 8 9 .8  ( t h e o r e t i c s 1 * * 3 8 8 .4 }  and t h e  s i l v e r  © a lt  

a n a ly s e d  2 1 . 7 ^  i*g ( th© 0 r @ ti0 a l * s £ 2 .O 2p h g ) .  2 he q u a l i t y  o f  

t h e  o l e i c  a c id  u s e d  w as n o t  s t a t e d .  V reau m sh iy  i t  w as a C . l .  

g r a d e  o r  b e t t e r *  o t h e r w is e  im p u r i t i e s  in  th e  o r i g i n a l  o l e i c  

a c id  w o u ld  rem a in  i n  th e  f i n a l  p r o d u c t ,  s i n c e  t h i s  was n o t  

p u r i f i e d  by d i s t i l l a t i o n .  2 lie o r i e n t a t i o n  o f  s u b s t i t u e n t s  

in  t h e  b e n se n e  r i n g  o f  x y ly  1 st© a r io  a c id  w as n o t  e s t a b l i s h e d .

4 - fa p h b fc y I s te a r io  a c id  w as p r e p a r e d  by B c h lu t id s  ( 48 ) 

from  n a p h th a le n e  * o l e i c  a c id  and alum inum  c h l o r i d e .  I t  w as 

th e n  s u l f o n a t e d  and fou n d  t o  be  i d e n t i c a l  w i t h  2 w i t o h e l l , s  

r e a g e n t .  On t h e  b a s i s  o f  th e  o x i d a t i o n  p r o d u c ts  o f  th e  s a l -  

f o u s t e d  n a p h t h y I s t e a r ie  a c id  th e  T w it e h e I I  r e a g e n t  i s  e i t h e r



X, XX, XXX o r  XT o r  l a  a  m ix tu r e  o f  two o r  more o f  t f t e s e  

c o m p o u n d s  :

{ C2L) 0CH( 0Ho } „COGE£<* ti \  f

CH ^(CH.,) ?c:t(CH ) COOK CH ( GU ) „0H(CH„) COOK

I I I IV



I I .  HISTORICAL

fh© r e a c t i o n  b e tw e e n  an  o l e f i n  and an a r o m a t ic  com­

p o u n d . i n  th e  p r e s e n c e  o f  alum inum  c h l o r i d e ,  t o  y i e l d  a  

s a t u r a t e d  e o n d e n s a t  io n  p r o d u c t ,  by t h e  a p p a r e n t  a d d i t io n  

o f  an a r y l  r a d i c a l  a t  one o f  th e  d o u b ly  hound c a r b o n  a to m s , 

and a h y d r o g e n  atom  a t  t h e  o th e r *  w as known a t  an e a r l y  

s t a g #  in  t h e  h i s t o r y  o f  1b© F r ie d © i and C ra ft®  r e a c t i o n  { 3 ) .  

Thm s i m p l e s t  c a s e *  and t h e  e a r l i e s t  known I s  th e  r e a c t i o n  

b e tw e e n  e t h y le n e  and b e n z e n e  t o  y i e l d  a th y lb e n a e n e .

ch^ c h ., * — — -  0 " CH2° %

A l k y l a t l o n s  e f f e c t e d  by s u c h  m eans a p p a r e n t ly  p r o c e e d  

th r o u g h  th e  in t e r m e d ia t e  fo r m a t io n  or an a l k y l  c h l o r i d e  (3 )*

h iG L ,
CHg*CHg * HOI --------- C%C1£S0 1

H ydrogen c h l o r i d e  i s  p r e s e n t  a s  an im p u r ity  i n  t h e  alum inum  

c h lo r id e *  i s  p r o d u c e d  b y  r e a c t i o n  o f  alum inum  c h l o r i d e  w i t h  

t r a c e s  o f  m o is tu r e  i n  th e  s y s t e m , may b e  p r o d u ce d  by a s i d e -  

r e a c t i o n  b e tw e e n  alum inum  c h l o r i d e  and on e  o f  th e  r e a c t i o n  

c o m p o n e n ts , o r  i s  in t r o d u c e d  d e l i b e r a t e l y  by p a s s i n g  i n  dry  

h y d ro g e n  c h lo r id e *  t h e o r e t i c a l l y  o n ly  a  t r a c e  w ou ld  be s u f ­

f i c i e n t ,  f o r  i t  i s  regen@ x*ated on  a l le y l a t io n *

A i d
HgS&Xg + HCI

A1C1.



A lky l a  t  Io n a  by m eans o f  an o l e f i n  a r e  s i m i l a r  t o  a l ­

ky l a t  i o n s  w i t h  a l k y l  h a l i d e s  in  r e p a i r i n g  o n ly  a c a t a l y t i c  

q u a n t i t y  o f  alum inum  c h l o r i d e  and in  p r o d u c in g  a m ix to r e  o f  

m ono- and p o ly  a Iky l a t e d  b e n z e n e s*  r2hm f a c t o r s  in v o lv e d  in  

e f f i c i e n t  a lk y  l a t io n  h a v e  b e e n  s t u d i e d  by H eld  and o o -w o r k e r s  

(6  » 5 3  , 34  ) •

f h e  c y c l i c  o l e f i n s  ( 6 ,  £ 3 ) b e h a v e  s i m i l a r  to  e t h y l e n e  

and tli© r e a c t i o n  h as b e e n  g e n e r a l i s e d  t o  a l l  s u b s t a n c e s  h a v in g  

a d o u b le  bond s u s c e p t i b l e  t o  r e a c t i o n  w i t h  an a r o m a t ic  n u c le u s  

i n  t h e  p r e s e n c e  o f  alum inum  c h lo r id e *

A r y I f a t t y  a c i d s  w ere  made by  Hykman {13*  14* i t *  16 )  

from  l a c t o n e s ,  u n s a t u r a t e d  a c i d s ,  and h a lo g o n o f a t t y  a c id s  by 

m eans o f  th e  f r i e d © 1 and G r a f t s  r e a c t io n *  B en zen e*  t o lu e n e  

and e t h y lb e n z e n e  w ere  t h e  a r o m a t ic  com pounds e m p lo y e d , and  

he w orked  f o r  th e  m o st p a r t  w i t h  a c i d s  c o n t a i n i n g  from  3  t o  

6 c a r b o n  atom s* He b eg a n  h i s  s tu d y  w i t h  T '- la e  t o n e s , and p r e ­

p a r e d  ? '-m eth y l-> -p h © s y  I b u t y r i c  a c ic i ,  >a-m ethy1 - P ^ t o ly  i b a t y r i o  

a c i d ,  and > ,> -d ip h @ iiy  I b u t y r ie  a c id s :

A lC l . .  &GH« GliQHgCIlpC«0 ♦ C6%   =■** CH^CHfC^Hfc )C% C% G02H
* *1

A 1C 1,
Ol^OHGHgCHgCagQ 4 C6 % C %   5* 0 %CH(C6 H4 C1%) CHgGHgCOgH

A101*
G^HgCHO HgC 1 igC*0  ♦ C ( C ^ x%̂ ) gCiICKgCilgCOgH 

0  ^

At t h i s  t im e  ( 1 3 )  he th o u g h t  th e  r e a c t i o n  t o  p r o c e e d  by



6*

th e  m ech an ism :

A1C 1^
CHECTICII8CIIgC«0 ♦ ITOl -------------- 0:130 HClGHgCI-rgCOgH

A ID  I 3
Ca^CHBDlCilgCHgGOgH + Q ^  ----------- ► OXi^OHfC^JCIIgCIigOOgH * 3 0 1

In  a f o l l o w i n g  p a p e r  (1 4 )  he e x te n d e d  t h i s  r e a c t i o n  t o  

p a r a o o n i©  a c id s *

A1C1™
CgHgC: 10H(CO H)CHgO0 * G6H6  i -  ( 0 6%)gC5KJH(C0gH)CIIgC02 H

I -  0 ----------- —i

A lG l-
C^CHCIlfCOgH)CHgCO * 0 6 % c:ca  f U  05% C :{(a6H 40i% )0Ii(C 0g H)CHSC0gE

'   0 -------------- 1

A1C 1.3
C6KgC;XGH( COgil)CilgOO «. C6llgCg'%  i-  CgHgCHf c6%02% 5 OH( C02u) CligCOM

l---------0 :________ 1

He l a t e r  fo u n d  ( 1 5 )  t h a t  th e  p r e s e n c e  o f  an e(- o r  jB-OOOU o r  a 

?-CH in  a ? - l a c t o n e  w o u ld  frequently p r e v e n t  a s u c c e s s f u l  

F r ie d © I  and G r a f t s  r e a c t io n *

On c o n t i n u in g  h ie  i n v e s t i g a t i o n s  (1 5 *  1 6 ) he u s e d  u n ­

s a t u r a t e d  a c id s  and h a lo g e n o fa  11y a c id s  i n s t e a d  o f  l a c t o n e s *  

h. num ber o f  and jP -m o n o h a io g e n a te d  f a t t y  a c id s  w ere  fo u n d  t o

be u n r e a c t i v e .  The a s s u m p tio n  t h a t  th e  a d d i t io n  o f  a r o m a t ic  

h y d r o c a r b o n s  t o  an u n s a tu r a te d  a c id  o r  l a c t o n e  d e p e n d s upon a 

p r e l im in a r y  fo r m a t io n  o f  th e  hydro g en  c h l o r i d e  a d d i t i o n  p r o d u c t  

w as n o t  t h e r e f o r e  c o n s id e r e d  a s a t i s f a c t o r y  e x p l a n a t i o n  o f  t h e  

r e a c t io n *
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Many o f  th e  s im p le  and v a r i o u s l y  s u b s t i t u t e d  e r o  t o n i c * 

c in n a m ic  and a c r y l i c  a c id s  w ere fo u n d  t o  y i e l d  an ary  I f  a t t y  

a©id  w i t h  b e n z e n e  and alum inum  c h lo r id e *  In  som e c a s e s  th e  

p r o d u c t  o o u ld  n o t  toe made to  c r y s t a l l i s e *  f o r  i n s t a n c e  

jB* ̂ -h y d ro s©  r b i e  a c i d ,  GHgCHg-QH*CTCCHgC0 g'H, g a v e  a p h e n y la t e d  

a c i d ,  p r o b a b ly  a m ix tu r e  o f  and ^ - p h e n y lh e x a n o lc  a c id *  

R e a c t io n s  w i t h  t o lu e n e  d id  n o t  a lw a y s  p a r a l l e l  r e a c t i o n s  s u c ­

c e s s f u l  w i t h  b e n z e n e , f o r  in s t a n c e  t o l u e n e  and c r o t o n i c  a c id  

wou Id  n o t  r e a c t ,  and th e  p r o d u c t  from  yB-me t h y l o r o t o n i c  a c id  

and t o lu e n e  w as n o t  e r y s t a l l i z a b l e  w h e r e a s  th e  e h p heny l~ /?~m et h -  

y l o r o t o n i c  a c id  s o  p r o d u c e d  from  b e n z e n e  m e lte d  a t  £ 8 ~ S 9 ° .

f h e  F r ie d © i and C r a f t s  r e a c t i o n  w as f i r s t  e x te n d e d  t o  

t h e  h ig h e r  o l e  f i n  i c  f a t t y  a c id s  by M arou sson  i n  1980* (3 0 )*

T h is  i n v e s t i g a t o r  had b e e n  c o n c e r n e d  w i t h  t h e  e f f e c t  o f  chem­

i c a l  a g e n t s  on  t h e  p o ly m e r iz a f io n  o f  f a t t y  o i l s *  O le i c  a c id  

w hen t r e a t e d  in  b e n z e n e  s o l u t i o n  w i t h  alum inum  c h l o r i d e  d id  n o t  

a p p ea r  t o  p o ly m e r i s e ,  b u t  in s t e a d *  ju d g e d  from  n e u t r a l i s a t i o n  

e q u i v a l e n t ,  c r y o s c o p lc  d e t e r m in a t io n  o f  th e  m o le c u la r  w e ig h t*  

and th e  v e r y  low i o d i n e  nu m ber, th e  v i s c o u s  o i l  form ed  w as  

p o h n y l s t e a r i c  a c i d .  H l a i d i c ,  e r u c i c , jR in o l e i c  and c lu p a n o d o n ic  

a c i d s  w ere  s t a t e d  t o  b e h a v e  in  a s i m i l a r  m an n er, and m r e a c t i o n  

m ech an ism  w as s u g g e s t e d *  The r e a c t i o n  w as b e l i e v e d  t o  be o f  

g e n e r a l  a p p l i c a b i l i t y  t o  b e n z e n e  homol o g s  s u c h  a s  t o l u e n e  and  

x y l e n e ,  a s  w e l l  a s  n a p h th a le n e *  a n t h r a c e n e ,  n i t r o b e n z e n e *  a n i -  

so l© *  p h o n e b o le ,  © to*

The e x p e r im e n t s  o f  M a rcu ssa n  w ere  in c o m p le t e  in  p r o v in g



t h e  c o n s t i t u t i o n  o f  t h e  p h e n y l s t e a r l e  a c id  he p r e p a r e d  and  

l i i e  p r o d u c t  w as r a t h e r  im pure ( n e u t r a l i s a t i o n  e q u i v a l e n t ,  

fo u n d — 3 3 5 ;  t h e o r e t i c a l — 3 6 0 )»  E ls  r e s u l t s  w ere  i n  g e n e r a l  

i n d i c a t i v e  r a t h e r  th an , c o n c lu s i v e  f o r  he w as p r im a r i ly  i n t e r ­

e s t e d  in  t h e  p o ly m e r i s a t io n  o f  f a t t y  o i l s *

r h e n ^ 1 s t c a r l o  a o ld  w as d e f i n i t i v e l y  p r e p a r e d  fey 

11 lo o  l e t  and d e  k i l t  (3 7 )*  The p h ony i s  t e a r i o  a c i d ,  p r e p a r e d  

from  b e n z e n e  and o l e i c  s o l d ,  i n  t h e  p r e s e n c e  o f  alum inum  

c h l o r i d e ,  w as i s o l a t e d  a f t e r  f r a c t i o n a t i o n  u n d er  r e d u c e d  

p r e s s u r e  a s  a c l e a r ,  v i s c o u s  o i l  w h ic h  c o u ld  n o t  fee made t o  

c r y s t a l l i s e #  nu m erous a t t e m p ts  a t  p r e p a r in g  a c r y s t a l l i n e  

d e r i v a t i v e  w ere u n s u c c e s s f u l ,  f o r  i n  a l l  e a s e s  th e  p r o d u c t s ,  

a l t h o u g h  g i v i n g  s a t i s f a c t o r y  a n a l y s e s ,  w ere  l i k e w i s e  o i l s *

The s a l t s  o f  p h o n y . l s t e a r i a  a c i d  w e re  t h e  o n l y  s o l i d s  o b t a i n ­

ed  a n d  n o n e  o f  t h e s e  w e re  f o u n d  s u i t a b l e  f o r  r e c r y s t a l l i z a ­

t i o n *  I t  w as  c o n s i d e r e d  m o s t  l i k e l y  t h e  p r o d u c t ,  p r e p a r e d  

in  35;" y i e l d ,  w as  IG -pfceny1 s t © a r io  a c i d ,  fea t t h e  p o s i t i o n  o f  

t h e  phony11 group  c o u l d  n o t  fee p r o v e n *  k h e iiy  l e t e a r i e  a c i d  

w as v e r y  r e s i s t a n t  t o  o x i d a t i o n  w i t h  h o t  a l k a l i n e  p e rm a n g a n ­

a t e ;  b e n z o i c  a c i d  w as  t h e  o n l y  p r o d u c t  i s o l a t e d *  Tim  a u t h o r s  

n o t e  " O l e i c  a c i d  i s  fey f a r  t h e  m o s t  c o m p le x  o l e f i n  t o  w h i c h  :: 

t h e  r e a c t i o n  w i t h  b e n z e n e  and a lu m in u m  c h l o r i d e  h a s  b e e n  a p -

P l i e d *  M

h a t e r  r e f e r e n c e s  t o  p h o n y 1 s t c a r l o  a c i d  ( 4 9 , 1 9 ,  2 4 ,  3 1 ,  

3 6 ,  5 4 ,  3 2 )  t o  x y l y l s t e a r i c  a c i d  ( 4 9 )  and  t o  n a p h th y 1 s t e a r l o  

a c i d  ( 4 8 )  h a v e  b e e n  n o t e d  i n  t h e  IhSEOIHJOf 1011*



S e v e r a l  p h e n o l  s u b s t i t u t e d  a l i p h a t i c  a c i d s  w e re  p r e p a r e d  

by Harmon and  l la r v e l  ( 2 4 )  f o r  th e  p u r p o s e  o f  m a k in g  th e m  a v a i l ­

a b le  f o r  t e s - s  o f  S n o o p 1© th eo ry  o f  ^ - o x id a t io n #  A ,m o thod 

o t h e r  t h a n  t h e  fr ied ©  1 an d  ( ' r a f f s  r e a c t i o n  w as n e e d  a n d  b o t h  

9~ and  1 0 - p h o n y l o c t a d e e a i iO ie  a c i d s  w e re  m a d e ,  a s  w e l l  tm  th e  

oo rr  e s p o n d in f  p-brom ophenaoy1 e s t e r s *  fh© p-bromr n aoy l  

e s t e r  o f  t h e  p h e n y le t e a r i c  s o l d  from o l e i c  a c i d ,  benzene and  

aluminum c h l o r i d e  w as  a l s o  p r e p a r e d *  Comparing t h e  m e l t i n g -  

p o i n t s  o f  th e  t h r e e  e s t e r s ,  i f  w as j u d g e d  t h a t  t h e  p r o d u c t  

f ro m  t h e  F r i e d © 1 a n d  C r a f t s  r e a c t i o n  w as  a  m ixtu re  c o n t a i n ­

in g  a b o u t  e q u a l  a m o u n ts  o f  th e  tw o isom ers*

I t  h a s  b e e n  f o u n d  t h a t  e s t e r s  o f  o l e f i n i c  h i g h e r  f a t ­

t y  a c i d s  c a n  be  u s e d  a s  w e l l  a s  t h e  a c i d s  t h e m s e l v e s  i n  t h e  

F r i e d © !  a n d  G r a f t s  r e a c t i o n *

i f o u m e a u  a n t  B a r  a n g e r  ( 1 8 )  p r e p a r e d  s e v e r a l  a r y l & t e d  

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

a r o m a t i c  compound© i n  t h e  p r e s e n c e  o f  alum inum  c h l o r i d e *

Ti?h© p u r p o s e  o f  t h i s  s t u d y  w a s  t o  m ake t h e s e  com pounds a v a i l ­

a b l e  f o r  t e s t s  a s  t h e r a p e u t i c  a g e n t s  i n  the- t r e a t m e n t  o f  

l e p r o s y *

The o l e f l n i c  c o m p o u n d s  u s e d  w a r#  t t - u n d e e y l e n i a  a c i d  -and 

t h e  e t h y l  e s t e r - ,  t f - u n d e c e n y l  a c e t a t e ,  e t h y l  h y d n o e a r p a te  and  

e t h y l  a l l y  lm a Io n a t c *  The a r o m a t i c  co m p o u n d s  w e r e  b e n z e n e 9 

m i s ©  l a ,  p h e n y l a c e t io  a c i d ,  ph en y I p r  op i o n i c  a c i d ,  a n d  b e n z y l  

c y a n i d e *  A- m i x t u r e  o f  iso m e r©  w as  o b t a i n e d ,  a n d  t h e  p r o d u c t  

w a s  g e n e r a l l y  a n  o i l  w h i c h  c o u l d  n o t  b e  m ade t o  c r y s t a l l i z e  a n d



1 0 .

w h ose  d e r i v a t i v e s  w ere  l i k e w i s e  f r e q u e n t l y  o i l s .  Fhe a u th o r s  

n o t e d  t h a t  t h e  d o u b le  bond  m ig h t  m i g r a t e ,  t o  i n c r e a s e  th e  

num ber o f  i s o m e r s .

From th e  e t h y l  A M m deoy l e n a t e  and h e n e e n e ,  tw o e t h y l  

p h e n y lu n d e o y la te ©  w ere  o b t a in e d  by f r a c t i o n a t i o n  u n d e r  r e ­

d u ced  p r e s s u r e ,  e v i d e n t l y  t h e  e s t e r s  o f  to ^ p h a n y lu n & sc y lie  

and ir f - l -p h e n y I tm d e e y l i o  a c i d s .  .ith y  1 a * ~ b ro m o « n d eo y la te  l i k e ­

w is e  p r o d u c e d  a m ix tu r e  o f  a t  l e a s t  tw o is o m e r s  i n  t h e  

F r i o d e l  and C r a f t s  r e a c t i o n .

t h e  f o l l o w i n g  o b s e r v a t i o n s  w ere  m ade: ( 1 )  2 ho y i e l d  

in c r e a s e d  th e  f u r t h e r  th e  d o u b le  bond w as rem oved from  t h e  

c a r b o x y l  grou p *

( 2 )  F o r  %'tie sam e a c id  th e  y i e l d  in c r e a s e d  I f  th e  a c id  was 

e s t e r I f l e d .

( 3 )  The  y i e l d  o f  th e  m o n o s u b s t i t u t e d  d e r i v a t i v e  w as r a s t e r  

i f  th e  p a r a  p o s i t i o n  was o c c u p ie d  (8 5 ^  y i e l d  w i t h  a n i s e l e ,

50f- y i e l d  w i t h  b e n z e n e , i n  th e  c a s e  o f  u n d e c y le n ic  a c i d ) .

F h e n y i s v&a r y 1 a c e t a t e  and p h e n y 1 s t © a r y l a l c o h o l  h ave  

r e c e n t l y  b e e n  made by th e  F r ie d © 1 and G r a f t s  r e a c t i o n  u s in g  

o l e y l  a c e t a t e ,  b e n z e n e  and alum inum  c h l o r i d e  ( C l ) .  I1 h i s  

w ork w as s t i m u l a t e d  b y  th e  I n c r e a s in g  e co n o m ic  im p o r ta n c e  

o f  h ig h  m o le c u la r  w e ig h t  a l c o h o l s .

B o th  t h e  p h o n y I s t e a r y l  a c e t a t e  ( 49f- y i e l d )  and th e  

a l c o h o l  o b t a in e d  by h y d r o l y s i s  w ere  o i l s ,  a p p a r e n t ly  m ix t u r e s  

o f  th e  3 -  and 1 0 -  I s o m e r s .  Fhe a u th o r  n o t e d  h i s  i n t e n t i o n  

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



a s  t r a i l  a s  t o  app ly  t h e  r e a c t i o n  t o  o t h e r  a r o m a t ic  h y d r o c a r ­

b o n s  and s tu d y  t h e  p r o d u c t s  t o  h e  o b t a in e d  on s u l f o n a t i o n *

The a b o v e  resum ^ c o m p le t e s  t h e  a c c o u n t  o f  p a s t  c o n ­

t r i b u t i o n s  germ an e t o  th e  s u b j e c t  o f  t h i s  t h e s i s *  I t  s h o u ld  

be n o t e d , h o w e v e r , t h a t  a r y I s t e a r i e  a c id s  h ave b e e n  made by  

s y n t h e s e s  o t h e r  th a n  t h e  F r i e d s 1 and C r a f t s *  The m eth o d s  

em p lo y ed  b y  Harmon and M a r v e l ( 2 4 ) ,  a l t h o u g h  i n v o l v i n g  a 

lo n g  s e r i e s  o f  s t e p s  b e f o r e  t h e  f i n a l  p r o d u c t  w as o b t a i n e d ,  

l e d  t o  th e  p r e p a r a t io n  o f  c h e m ic a l  i n d i v i d u a l s  and n o t  a  

m ix tu r e  o f  iso m e r s*  Tim  r e a c t i o n s  l e a d in g  t o  9 -  and t o  1 0 -  

p h e n y lo o t a d s e a n o lo  a c i d s  a re  i l l u s t r a t e d :

9 - t h e n y l o o t a d e c a n o i o  A c id

:Q

Q ^ ( c s B ) 8i.*gX :£C 1

XfaOC«Hfi H y d r o ly s i s
—  -  .T ,>  C9 H1 9 ? HCH(CCW % ) 2   ° 9 H19(?Ifi5V 0 8K
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lO -p h e n y lo c ta & e c a n o i©  a c id

P h e n o l i c  lo n g  ok a  i n  f a t t y  a c id s  and a l c o h o l s  h ave  k e e n  

p r e p a r e d  hy N ie  f i e r i  and a o - w o r k e r s * from  t h e  p h e n o l*  th e  u n ­

s e t  o r a te d  a c id  o r  a l c o h o l ,  and a e a t  ion© i d  c o n d e n s in g  a g e n t  

( s u l f u r i c  and g l a c i a l  a c e t i c  a c id  m ix t u r e s } *  (5 0 * 5 -9 * 4 0 )*



I I I .  TrnlORmiOAl, 

M echanism

1’he a lk y  l a t i o n  o f  b e n s f s e  by m oans o f  e t h y l e n e  i n  t h e

p r e s e n c e  o f  alum inum  c h l o r i d e  l ia s  b e e n  assu m ed  t o  i n v o l v e  

tli© in t e r m e d ia t e  f o r m a t io n  o f  e t h y l  © h lo r id ©  (3 )*  S u ch  an  

i n t e r p r e t a t i o n  h a s b e e n  r e a s o n a b ly  s a t i s f a c t o r y  f o r  r e a c t i o n s  

b e tw e e n  an  o l e f i n i o  and an  a r o m a t ic  h y d ro ca rb o n *  'Jhe r e a c t i o n  

b e tw e e n  e t h y l e n e  and b e n a a n e  s lo w s  down w hen t o o  r a p id  a 

s tr e a m  o f  e t h y l e n e  c a r r i e s  away h y d r o g e n  c h l o r i d e ,  f h e  in i-*  

t i a l  s p e e d  may b e  r e s t o r e d  by p a s s i n g  i n  dry h y d r o g e n  c h l o r i d e

ffh e  e x t e n s i o n  o f  t h i s  m ech an ism  t o  th e  r e a c t i o n  b e tw e e n  

an o l e f i n i o  c a r b o x y l i e  a c id  and an a r o m a t ic  h y d r o c a r b o n  h a s  

n o t  b e e n  a s  s a t i s f a c t o r y *  Sykm&n d is c a r d e d  t h i s  i n t e r p r e t a ­

t i o n  whan he fo u n d  t h a t  a  num ber o f  and £  -h a  log© no f a t t y  

a c id s  w o u ld  n o t  r e a c t  i n  t h e  F r ie d © !  and C r a f t s  r e a c t io n *  

de H i l t  ( 8 )  fo u n d  t h a t  t h e  d e l i b e r a t e  i n t r o d u c t i o n  o f  h y d r o ­

g e n  c h l o r i d e  d id  n o t  im p rove t h e  y i e l d  o f  p h e n y l s t e a r i o  a c id *  

M a ro u sso n  (3 0 )  s u g g e s t e d  a m ech an ism  f o r  t h e  r e a c t i o n  

b e tw e e n  o l e i c  a c id  and be?}aerie a s  f o l l o w s :

CHg{CHg ) 7CH»CH(CHg) ?C00H * AlOl^ —► OH^(OHg ) 7<jH-^H(CUg)7C00Ii

0 1  A lC lg

5?he c h l o r i n e  atom  i s  th e n  r e p la c e d  by t h e  p h e n y l  r a d i c a l  w i t h  

t h e  e v o l u t i o n  o f  HOI*

( 5 ) *

CH«( CH») mCII-QH{GIL,) wCOOH ♦ HOI



f£he e v o l u t i o n  o f  HDi i s  v e r y  m arked t a r i n g  t h e  r e a c t io n *  

On f i n a l  h y d r o l y s i s  t h e  -A lC lg  i s  d i s p l a c e d  by h yd rogen *

A w r y  s i m i l a r  m echan ism  w as p r o p o s e d  by t a  M i l t  {8 }*  

f,fh© a d d i t io n  o f  HG1 a t  t h e  d o a b le  bond o f  o l e i c  a c id  t a k e s  

p la c e  w i t h  w r y  c o n s id e r a b le  d i f f i c u l t y ;  and i t  i s ,  m o reo v er  

n o t  e a s y  t o  s e e  how im p o r ta n t  am ounts o f  . f r e e  h y d r o g e n  c h l o r ­

id e  c o u ld  b e  p r e s e n t  u n t i l  a f t e r  t h e  r e a c t i o n  i s  u n d er  way* 

P e r h a p s  t h e  s i m p l e s t  a s s u m p t io n  a s  t o  t h e  rm c h a n ism  w o u ld  b e  

t h a t  o u t l i n e d  i n  th e  f o l l o w i n g  sch em e: "

I t  i s  b e l i e v e d  t h a t  a m o d i f i c a t i o n  i n  t h e  do M i l t  m ech an ism  

w o u ld  a c c o u n t  f o r  t h e  r a p id ' e v o l u t i o n  o f  SC I o b s e r v e d  when  

o l e f i n i c  a c id s  a r e  c o n d e n s e d , a n d , on  th e  o t h e r  h a n d , t h e  

h a r d ly  p e r c e p t l b 1© p r o d u c t io n  o f  h y d ro g e n  c h l o r i d e ,  w h en , 

i n s t e a d ,  an o l e f i n i c  e s t e r  i s  u s e d :

>0H
CH„{CKrt) wClMCH„ ) oC0QH ♦ A l^ - O lo d 7 1 8 8 \  ̂  i

CH3 ( O H g ) C % }7COCH
A IC I3

CEgf d i g ) 7 CH-^H{CHg) tOOOH 

I I  A lC lrt

Y  ^

C6%  A l c l 2

.COOK ♦ SCI

CHg(CHg} ^ 1 1 —CH( CHg) ^GOOH * HC1 —►

C ^ V l C l g
? fW CH-fCHLj-CH (CHj^OOOH +  A1G



16.

( c ; i . ) 7c:£«c:i(o:igj7co o a  *■ a i c i 3  — ► c % (c ;i2 ) 7c';5w:r(c% )7c o e ^ lc i8 * a c i |fy a w id iy  o v ^ iv e s ) .

sh3( oiig} jomnf  c% ) 7cooaio i 8 
/  I >CK (C'{ ) C]t=fi’:t(C'I,J„C0QAlClo * A1C1., „ 01 AlCl„

3 2 7 * ' 2 \k  2
o il { gi:g) 75m-ch(c:i ) ?gooAieig 

.acig c i

0:U (C &,) 7(S |0«% .)O H (A  J c i „ H C ' . ;„) -COOAlCi, 
C;^{C3g )7C301CH(,U01s )(CH2 ) 7C0OAlCl. ' ^  “ * r *•'S l  ~

♦ V 6
0a.-,(CH«5),C:i{JilCl«JiGHSlfCHo}?C00Al01g J °  °  \  I

^ o n 3 (c .ig ) 7cH (i4e-lg ).0S{ •f>jSf H c : :g )7c o o i t o i

CHq(GaU)70H(e«%)(C i , i aOOO.ilCl. + Aid.
C’l4 fCS2 ) 7CH{C.H6 )CH{AlCig )(C!Ig »1?COG,llCig ) y *  ’ 3 **

OH-{0lL,)^SS{AlClJ,)Oil(Cfilfc)(CH-)^lOOAlCl2/
O-yCHg^CitfegHgMC |.s )7CGOAiClg + .ilCl,

According to  t h i s  scheme p a r t o f  the A i d -  g o e s  to  form m mixed

s a lt  o f  alwmijHaa with, the almost t  itamediat# aroint ion o f  HOI* while
>

a p a r t  becomes engaged in  a c a t a l y t i c  r e a c t io n  m m m  o f ’ which- ait; 

a r t i s t e  a r io  s o ld  in  prepared  and AiC lg r e -g e n e r a te d *  On f i n a l  fcyigfcl* 

ye i s  t hm m ixed s a l t  la  deeoutposed:

CII„{C;I„)„QX{C. 'L.) (03b)oOOOH • il(0H)Clp  
CH3 (0 ’Ig)7CHfCaHE){0:i2 )6C00AiClg > *  * “ 1 “ * *

i  * 3«0
CH„(0:»w)flC:x'(C<.HK)(CiL,),C00AiClp J V  .

<• a 0,1 2 2 r.G <c : ) .CAfo/i i(0H )_eooH •.ifo.'Doio 2 a 6 $  g 7 I

f lie  a p p l ic a t io n  o f  t h i s  scheme to  a r e a c t io n  so c h  as t h a t  ! # •  

e th ^ l  tm & ec^ len ate» e t h y l  o l e a t e ,  or o l e y i  a c e ta te  w ith  beseem #

* HO I 

-t w e t



IT*

d i f f e r ©  from  th e  c a s e  o f  an o l e f i n i c  a c id  in  t h a t  no s i g t i i f i #  

can t e v o lu t io n  o f  1101 ta k e s  p la c e :

®*a ic %

oxlo-L)„ciisc:f(cirrt)„ co o c ji. * a ic i„  —̂  cH3{0Hg)70H«Cii(en2!‘V C'*2'7"- ------‘*2'7..........2**5 »

023 ( CHg)7CH«CH{CH ) yC-OOgHg'* A1Cia
X). ,a c  i . ;

.0 -OC _II, * A
\

0.

11% (c :ig) 7eiic l c n d i o  i 2 ) (e %  i 7c -oog3 |

j .A i d i g

Tg i^H( A1C lg)C HCl ( SBg) 7<3-0<LBgCH ( 
3

O.AlOlg 1

C Hg ( C Hg) ?C 331C K U lC  i g H  CHg ) ?0  -0 0  gHg 

CILj ( C:ig) 7C U( A1C l g ) C :3C 1 ( CHg) ?C -0 0  gHg

0*4101„ j

O .A lO lg

c ii3 (c Hg) 7e  h {c  giig j ca( a i c  i 2  m  c  %) 7c-oc gHg ♦

♦ C -ii -6 6 0 * A10 i*5
\  ll

Ci%{C;%)7 C H {A l0 1 g )C l{6 g % )-:C E g )7C-OCga5 ♦

C.AlCL,
II

C Eg{ C Eg) 7cn{c g lig) CH ( Ale lgj{ C3g} 7C -OC gHg

0%  ( o:r2 )7 cn ( a ic l 2  )ch( c4  % ) (c :i 2)7 c -oCg %

G .A lC lJC

* SOI

-  0« 410 ig

C % (CHg)7c : : ( c ^ |f iE g ^ Z - o O g H g  a a i c i 3

\  O .A lC lg

c-i5 ( c;ig}SCH(CgHgHfijig^o--:c2:i5 ♦ A icig

On f i n a l  h y d r o ly s is  th e  com plex o f  th e  Ale I,, w i t h  e t h y l  a r y l -  

s t e a r a t e  i s  decomposed*

She need fo r  an app rox im ately  s t o ic h io m e t r ic a l  amount 

o f  .410lg  i s  e x p la in e d  in  th e  c a se  o f  o a r b o x y lic  a o id s  by tins 

f o r m a t io n ,  p e rh a p s  o n ly  p a r t i a l l y  c o m p le te ,  o f  a m ixed s a l t

1101

EC I
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and t h e  r a p id  e v o l u t i o n  o f  HOI* She e v o l u t i o n  o f  HOI can  be  

o b s e r v e d  f o r  i n s t a n c e  i f  A lC ig  b e  added t o  a s o l u t i o n  o f  a c e t i e  

o r .  s t e a r i c  a c id  i n 4b e n s e n s , or t o  o l e i c  a c id  i n  an i n e r t  s o l v ­

e n t*

f h e  r e a c t i o n  in  th e  c a s e  o f  a n  e s t e r  i e  p resu m ed  t o  

p a r a l l e l  t h a t  in  w h ic h  a k e to n e  i s  form ed  i n  t h e  F ria d e l and  

C r a f t s  r e a c t i o n *  C o m p lex es s n o h  a s  GH^GOC1 * A1CI g * OH^GOC^Hg* A lG lg  

and G6Hg 00-0€2 Hg *A lC I3 have b e e n  I s o l a t e d  ( B 3 ,2 ? ,2 8 * 4 3 * 4 4 * 4 8 >*

S t r u c t u r e  o f  th e  A ry l a t e a r io  A c id s

O x id a t io n * By o x i d a t i v e  d e g r a d a t io n  and fro m  v a l u e s  o f  

t h e  m o le c u la r  r e f r a c t i v i t y  th e  s t r u c t u r e  o f  t h e  a r y l a t e a r i a

a c i d s  w as p a r t i a l l y  e s t a b l i s h e d *  Mo p r o o f  o f  t h e  p o s i t i o n  o f

th e  a r y l  g ro u p  i n  t h e  c h a in  c a n  b e  o f f e r e d *  In  e a c h  o f  th e  
*

o x i d a t i o n  e x p e r im e n t s  t h e  o n ly  p r o d u c t  w h ic h  c o u ld  be I s o l a t ­

e d  w as t h e  s im p le  s u b s t i t u t e d  a r o m a t ic  a c id *  f h e  i d e n t i f i c a ­

t i o n  e f  p - e h lo r o b e n z o ie *  p -fe r o ia o b e n r o lo , p - a n i a i e ,  t e r e p h t h a l l e

and p -p fe e n y L b e n so io  a c id  from  th e  o x i d a t i o n  o f  c h lo r o p h e n y  1 -  

s t e a r i c » ferom opheny I s  t e a r  i e ». m eth oxyp h en y  l a t e  a r io  * t o  ly  l s t e a r i e  

and x e n y  l s t e a r i e  a c i d s  r e s p e c t i v e l y  d e m o n s tr a te d  t h e  e x p e c t e d  

p a r a  o r i e n t a t i o n *  I t  i s  p o s s i b l e  t h e  o r th o  d e r i v a t i v e  i e  a l s o  

p r e s e n t *  i n  am ou n ts t o o  s m a l l  t o  be r e c o g n iz e d  b y  t h i s  m ethod*

¥.o I e c a l a r  r e f r a c t i v i t y . She- m o le c u la r  r e f r a c t i v i t y  o f  

t h e  o i l y  a r y l s t s a r l o  a c id s  p r e p a r e d  w oe c a l c u l a t e d  fro m  in d e x  

o f  r e f r a c t i o n  and d e n s i t y  m ea su r em e n ts  and th e  r e s u l t  com pared  

w it h  t h e  sum o f  a p p r o p r ia t e  a to m ic  r e f r s o t i v i t l e a *  She a g r e e m e n t



1 9 .

w as s u f f i c i e n t l y  c l o s e  t o  c o n f ir m  t h e  s t r u c t u r e  a ssu m e d .

M ig r a t io n  o f  t h e  d o u b le  b o n d .  I f  d u r in g  t h e  F r i e d s  1 

and G r a f t s  r e a c t i o n  a m ig r a t io n  o f  t h e  d o u b le  bond  i n  o l e i c  

a c i d  t a k e s  p l a c e ,  jttun num ber o f  p o s s i b l e  a r y l s t e a r l o  a c i d s  

w i l l  i n c r e a s e *  f h e  f i n a l  p r o d u c t  w o u ld  th e n  b e  a more com­

p le x  m ix t u r e  o f  i s o m e r s  and w ou ld  b e  ©Ten more d i f f i c u l t  t o  

c r y s t a l l i s e .

The  m ig r a t io n  o f  t h e  d o u b le  bond u n d er  t h e  c o n d i t i o n s  

u se d  i n  c a r r y in g  o u t  t h e  F r ie d © 1 and C r a f t s  r e a c t i o n  h a s  n o t  

b e e n  d e m o n s tr a te d , b u t  i f  i s  n o t  i m p o s s i b l e .  B a u er  a n t  

B a n a g o u l la s  ( 4 )  e s t a b l i s h e d  a s h i f t  o f  th e  d o u b le  b on d  in  

o l e i c  a c id  u n d e r  th e  i n f l u e n c e  o f  s in ©  c h l o r i d e ,  a c a t a l y s t  

h a v in g  p r o p e r t i e s  s i m i l a r  t o  alum inum  c h l o r i d e .  F i f t y  gram s  

o f  o l e i c  a c i d ,  t e n  gram s o f  is in© c h l o r i d e ,  and on© h u n d red  

gram s o f  g l a c i a l  a c e t i c  a c id  w ere r © f lu x e d  s i x t e e n  h o u r s ,  f h e  

is o m e r  o b t a in e d  w as 1 0 , l l - o o t a d e c e n o l o  a c i d .

Harmon and M a r v e l (B 4) c o n c lu d e d  on  c o m p a r in g  t h e  

p ~ b r o m o p h e n a e y l e s t e r s  o f  9 -  and o f  lO - p h e n y lo o t a d e c a n o ic  

a c i d s  w i t h  t h e  e s t e r  o f  13 lo o  l e t  and d@ M i l t ’ s  a c id  t h a t  t h e  

p h o n y I s t e a r l a  s a i d  p r e p a r e d  b y  t h e  F r ie d © 1 and G r a f t s  r e a c t i o n  

w as r o u g h ly  a m ix tu r e  o f  e q u a l  p a r t s  o f  t h e  tw o is o m e r a . I t  

c a n  t h e r e f o r e  be  assu m ed  t h a t  t h e r e  i s  l i t t l e  o r  no  m ig r a t io n  

o f  t h e  d o u b le  b on d  and t h e  a r y l s t e a r i e  a c id s  h e r e  p r e p a r e d  a r e  

p r o b a b ly  l i k e w i s e  m ix t u r e s  o f  ab ou t e q u a l  am ou n ts o f  t h e  9 -  

and 1 0 - I s o m e r s .



M a t e r i a l s

The o l e i o  a c i d  u s e d  w as IT* S* P* g r a d e  e x c e p t  i n  on© 

e x p e r im e n t  when G* P .  o l e i c  a © i t ,  f r e e  from  l i n o 11© a e l d ,  w as  

u sed *  The e t h y l  o l e  a t e  u s e d  i n  e x p e r im e n t s  d e s i g n e d  t o  p r e p a r e  

e t h y l  a r y  l a t e  o r a t e  a b y  t h e  F r i e d a 1 and C r a f t s  r e a c t i o n  w as C l)  

p u r c h a s e d  from  t h e  B a e ta a n  Bodak Company, o r  fE ) p r e p a r e d  fro ©  

U* 8 * P .  © le i©  a c i d  m ci 95JS e t h y l  a l c o h o l  by a m o d i f i c a t i o n  o f  

t h e  m eth od  o f  B i l l s  ( I E ) *  The d a t a  o f  T a b le  I  d e s c r i b e s  t h e

e s te r *
T m m  I .  BTITL QL3ATS
ft♦
: S o u r c e  o f  
: t h e  
: B t h y l  O le  a t e
A*

* A
•  f t

: A c i d i t y , :  Corr*  
S a p o n * : c a l c * a * : Sapon*  
B q a iv *  i a s  ?S : B q a iv*

:o l e i c  a c i d :

I o d i n e
num ber

D i s t i l l a t i o n :  
Bang©, ©0* :

*♦
s B astm an Kodak :
: ( T e c h n i c a l )
*»

<* •

3 0 4 .8  s 3 . 6 2  : 3 1 7 .0
ft ft m •

*  «ft ♦

?9*G -  -  :

A4
; B s t e r l f l e a t l o n  
: o f  U*S.B*
: o l e l e  a c id *
s B e t e r  f r a c t i o n a t e d  
% u n d e r  r e d u c e d  
: p r e s s u r e  
«

« •• -•
ft ♦• *
* »« *
* *

3 0 8 .3  : . 1 3  : 3 1 2 .8ft ft ft ft
ft ft ft ft
ft ft ft ft

83* 5 1 7 7 - 8 2 /2  a m . :

T h e o r e t i c a l  s a p o n i f i c a t i o n  e q u i v a l e n t  * 3 1 0 * 3  
T h e o r e t i c a l  I o d i n e  num ber * 8 1 * 8
C o r r e c t e d  s a p o n i f i c a t i o n  e q u i v a l e n t  c a l c u l a t e d  from  t h e  s a p o n i f i c a t i o n
e q u i v a l e n t  and t h e  f r e e  a c i d  p r e s e n t *

The aluminum c h l o r i d e  u s e d  w as a  g o o d  c o m m e r c ia l  g ra d © ,  

y e l l o w  i n  c o l o r ,  and c o n s i s t e d  o f  p a r t i c l e s  t h e  s i s ©  o f  a  p e a



E l .

( e x c e p t  1 n one ex p er im en t when C . l .  a t o in a m  c h lo r id e  powder 

from  t h e  l a s t i i a n  Kodak Company w ee u s e d ) .

The a r o m a t ic  com pounds and s o l v e n t s  u s e d  w e re  o f  g o o d  

o o is m e r c ia l  g r a t e  an d  w e re  p u r i f i e d  by f r a c t i o n a t i o n  o r  by  r e -

c r y s t a l l i s i n g *  Ben& ene w as d r i e d  o v e r  sod iu m * P e tr o le u m  

e t h e r  and p e t r o  learn n a p h th a  w ere  p a r  i f  l e d  a s  f o l l o w  t C1}

a g i t a t i o n  w ith  p o r t l o n e  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  u n t i l  

the- s u l f o r i o  a c id  w as no lo n g e r  c o lo r e d s  ( 2 )  r e m o v a l o f  a c id  

by w ash in g  w ith  w a te rs  (3)  d ry in g  o v er  o a l e  lam  c h l o r i d e s  (4 )  

a g ita t io n , w i t h  powdered p o t a s s iu m  perm anganate; {§ ) f i l t r a ­

t i o n  and d i s t i l l a t i o n *

The 3 * r ie d e l  and C r a ft®  He a c t  io n

W ith  O l e i c  A c id

1* He action® - u s in g  an  e x c e s s  

o f  t h e  a r o m a t ic  r e a c t a n t

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

t y p e a :  { 1 )  t h o s e  i n  w h ic h  an e x c e s s  o f  t h e  a r o m a t i c  com pound

b e in g  c o n d e n s e d  c o n s t i t u t e d  th e  s o l v e n t ;  { B} t h o s e  in  w h ic h  

an i n e r t  s o l v e n t  w as n e e d ;  and ( 3 )  r e a c t i o n s  w i t h o u t  a  s o l ­

v e n t  u s i n g  t h e  b a l l - r a l l l  r e a c t o r .  T h o se  o f  t h e  f i r s t  t y p e  

w e r e  t h e  m o st  s u e s  e s s  f a  1 and a r e  f i r s t  r e p o r t e d .

The r e a c t i o n s  w e re  c a r r i e d  o u t  i n  £ ~ l l t e r  3 - n e c k  f l a s k s  

e q u ip p e d  w i t h  a g i t a t i o n  and c a r r y i itg  a  r e f l u x  c o n d e n s e r *  I t  

wmm c o n v e n i e n t  to  use- o l e i c  a c i d  i n  p l a c e  o f  m er cu ry  i n  t h e
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s e a l .  The o i 1 - b a t h  e q u ip p e d  w i t h  t h e r m o s t a t  c o n t r o l  and d e ­

s i g n e d  t o  accom m odate f o u r  e x p e r im e n ts  a t  o n e  t im e  h a s  b e e n  

d e s c r i b e d  ( 2 1 ) .

A f t e r  t h e  r e a c t i o n  w as c o m p le t e d  t h e  c o o l e d  c o n t e n t s  

o f  t h e  r e a c t i o n  f l a s k  w ere  h y d r o l y s e d  i n  i c e d  h y d r o c h l o r i c  

a c i d ,  t h e  s o l v e n t  l a y e r  s e p a r a t e d  and w ash ed  u n t i l  f r e e  o f  

h y d r o c h lo r ic  a c i d ,  and t h e n  d i s t i l l e d  w i t h  steam * The n o n ­

v o l a t i l e  o i l y  r e s i d u e  was r e c o v e r e d  w i t h  e t h e r ,  t h e  e t h e r  

s o l u t i o n  d r i e d  o v e r  a n h y d ro u s  so d iu m  s u l f a t e ,  th e  s o l u t i o n  

f i l t e r e d ,  t h e  e t h e r  rem oved  a t  r e d u c e d  p r e s s u r e  on t h e  w a t e r -  

b a t h ,  and t h e  r e s i d u a l  o i l  s u b j e c t e d  to  f r a c t i o n a l  d i s t i l l a ­

t i o n  u n d e r  a b o u t  1 - 2  ram* o f  m ercu ry  p r e s s u r e  ( f i g u r e  1 )*  A 

X>hoephorie a c i d  b a t h  w as u s e d  a s  t h e  h e a t i n g  medium (7 )*

The  lo w e r  f r a c t i o n s  c o n s i s t e d  l a r g e l y  o f  s o l i d  s a t u r a ­

t e d  f a t t y  a c i d s  and had a n e u t r a l i s a t i o n  e q u i v a l e n t  o f  a b o u t  

ouUm The n e x t  h i g h e r  f r a c t i o n s  c o n t a i n e d  t h e  c r u d e  a r y l -  

s t e a r l c  a c i d ,  and t h e  r e s i d u e  i n  t h e  f l a s k  was a p p a r e n t l y  a  

p o l y m e r i s a t i o n  p r o d u c t*  ( 3 0 ,  3 1 ,  1 5 )  The c r u d e  a r y l s t e a r i c  

a c i d  was f u r t h e r  f r a c t i o n a t e d  by  o n e  or  more r e - d i e t i l l a t i o n s *  

The f i n a l  p r o d u c t  w as i n  e a c h  c a s e  a c l e a r  v i s c o u s  o i l ,  

s l i g h t l y  y e l l o w  i n  c o l o r ,  w h ic h  i t  h a s  n o t  b e e n  p o s s i b l e  t o  

o b t a i n  in  c r y s t a l l i n e  form*

The m eth od  e m p lo y ed  b y  P i c o l e t  and do h i l t  w as com par­

ed  w i t h  t h a t  u s e d  by S c h m id t and i t  was fo u n d  t h e  fo r m e r  w as  

more s a t i s f a c t o r y  when i t  was t h e  p u r p o s e  t o  u s e  an o l e i c  

a c i d  o f  com m erce { d*3*1* g r a d e )  and t o  i s o l a t e  t h e  p r o d u c t  by  

d i s t i l l a t i o n *
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fixe m anner o f  b r i n g i n g  t h e  r e a c t a n t s  t o g e t h e r ,  t h e  r e a c ­

t i o n  t e m p e r a t u r e ,  and t h e  s o l v e n t  r a t i o  w e re  s t u d i e d *  f h e  

b e s t  r e s u l t s  w ere  o b t a in e d  by a d d in g  alum inum  c h l o r i d e  i n  

p o r t i o n s  a t  room t e m p e r a t u r e  t o  a e o l a t i o n  o f  o l e i c  a o id  in  

t h e  a r o m a t i c  com pound, t h e  l a t t e r  b e i n g  p r e s e n t  i n  l a r g e  e x ­

c e s s *  fh© t e m p e r a t u r e  was th e n  r a i s e d  t o  8 0 °  and h e l d  t h e r e  

s i x  h o u r s*  H e o h a n ie a l  a g i t a t i o n  was c o n t in u o u s *  f h s s e  a r e  

t h e  c o n d i t i o n s  u s e d  by  B i e o l e t  and de H i l t  i n  m ak in g  p h e n y l -  

s t e a r i c  a c i d  and t h e y  w ere  found, t o  be t h e  m o st  s u i t a b l e  f o r  

m a k in g  t o l y l s t e a r l o ,  x y l y l s t e a r i e ,  c h lo r o p h e n y 1 s t c a r l o  and  

brom opherty 1 s t  e e r i e  a c i d s .  Some e x p e r i m e n t s  u n d e r  d i f f e r e n t  

r e a c t i o n  c o n d i t i o n s  a r e  su m m arised  i n  f a b l e  I I *  f a b l e  I I I  

su m m a rize s  t h e  optim um  c o n d i t i o n s  f o r  f i v e  a r y l s t e a r l o  a c id s *  

A tte m p ts  w ere  mad© t o  c o n d e n s e  o - d ic h lo r o b e n z e n e  and  

l , E , 4 - t r i o h l o r o b e n z e n e  w i t h  o l e i c  a c i d  b u t  t h e s e  w e r e  u n s u c ­

c e s s f u l *  fk© r e a c t a n t s  w e re  b r o u g h t  t o g e t h e r  in  t h e  u s u a l

m a im er , u s i n g  e x c e s s  o f  t h e  a r o m a t i c  compound a s  t h e  s o l v e n t ,
oand t h e  r e a c t i o n  w as c a r r i e d  o u t  f o r  s i x  h o u r s  a t  80  * &

c r u d e  y i e l d  c o n s i d e r a b l y  lo w e r  t h a n  th e  u s u a l  was o b t a in e d *

On vacuum d i s t i l l a t i o n  f r a c t i o n s  o f  low  n e u t r a l i z a t i o n  e q u i v ­

a l e n t  w ere  o b t a i n e d  ( 2 8 4 * 5  t o  3 4 4 * 2 }  and th e  b u l k  o f  t h e  m at­

e r i a l  c o u l d  n o t  b© d i s t i l l e d  e v e n  a t  3 0 0 ° *  T h is  s u g g e s t e d  

t h a t  t h e  o n l y  r e a c t i o n  w as on e  b e t w e e n  o l e i c  a c i d  and a lu m in ­

um c h l o r i d e *  S i n c e  o - d ie h lo r o b e n z e n e  and 1 , 2 , 4 - t r i c h i o r o -  

b en sex ie  a r c  known t o  be l e s s  r e a c t i v e  t h a n  t h e  a r o m a t i c  

com pounds u s u a l l y  e m p lo y e d  i n  t h e  H r i e d e l  and C r a f t s  r e a c t i o n ,  

t h e s e  c o n d e n s a t i o n s  w ere  n o t  f u r t h e r  s t u d i e d *
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C o n d i t io n s :  100 grama A lC lg  add ed  i n  p o r t i o n s  a t  room t e m p e r a t u r e  d u r ­
i n g  15 m in u te s  t o  s o l u t i o n  o f  SCO grama o l e i c  a c i d  i n  e x c e s s  o f  t h e  
a r o m a t ic  compound* te m p e r a tu r e  s lo w ly  r a i s e d  t o  8 0 °  and h e l d  t h e r e  5 
h r a .  M e c h a n ic a l  a g i t a t i o n  c o n t i n u o u s *

£ .  u se  o f  an i n e r t  s o l v e n t  

. i n i s o l e , x e n e n e  ( d ip h e n y l )  and d i p h e n y l  e t h e r  w ere  t h e  

com pounds e x p e r im e n te d  w i t h  u s i n g  an a d d i t i o n a l  and i n e r t

m a t e r i a l  f o r  t h e  s o l v e n t *

Ih cp er lm en ts  w i t h  a n i s e l a .  T h ree  e x p e r i m e n t s ,  o n ly  one  

o f  w h ic h  w as s u c c e s s  f a  1 ( ?3)  may b e  d e s c r i b e d *

E x p e r im e n t  1* To a s o l u t i o n  c o n t a i n i n g  81  gram s (* 7 5  

m o l) o f  a n i s o l e  and 2 0 0  gram s o f  o l e i c  a c i d  d i s s o l v e d  in. 4 0 0  

cc*  o f  c a r b o n  d i s u l f i d e  t h e r e  was a d d ed  100  gram s o f  aluminum



2 7 .

c h l o r i d e  d u r i n g  415 m in u t e s  a t  1 0 - 1 5 ° *  The t e m p e r a t u r e  was  

t h e n  k e p t  a t  £ 5 °  f o r  one h o a r ,  t h e n  3 0 - 3 5 °  f o r  two h o a r s ,  

and f i n a l l y  a t  3 5 - 4 0 °  f o r  one hoar*  The c o n t e n t s  w ore h y d ro ­

l y s e d  and t r e a t e d  a s  u s u a l*  Two hu nd red  and e i g h t  gratae o f  

p r o d u c t  w ere  f r a c t i o n a l l y  d i s t i l l e d  a t  * 5 - 1 . 5  mm* D e co m p o si­

t i o n  was e v i d e n t  t h r o u g h o u t  t h e  d i s t i l l a t i o n *  The o i l  p r e v i ­

o u s  t o  d i s t i l l a t i o n  w as dark  r e d  and t h e  d i s t i l l a t e  w as r e d  

t o  v i o l e t  and r a p i d l y  s o l i d i f i e d *  A c id  v a p o r s  c a n e  th r o u g h  

t h e  pump and d i s t i l l a t i o n  was d i s c o n t i n u e d  a t  2 2 0 °*  The d i s ­

t i l l a t e  had a n e u t r a l i s a t i o n  e q u i v a l e n t  o f  3 1 3 * 0  ( t h e o r e t i c a l  

= 3 9 0 * 3 )  and t h e  r e s i d u e  g a v e  p o s i t i v e  t e s t s  f o r  alum inum  and  

c h l o r i n e  and e v o l v e d  h y d r o g e n  s u l f i d e *  T h ese  c o n d i t i o n s  w e r e  

e v i d e n t l y  i l l - a d a p t e d  to  p r o d u c e  tine d e s i r e d  a r y l a t e a r i e  a61d*  

E x p er im e n t S* To a s o l u t i o n  c o n t a i n i n g  £00  gram s o f  

an i s  o l e  ( 1 * 8 6 1  m o le )  and 141 grmtm o f  o l e i c  a c i d  (* 5  m o l)  d i e -  

s o l v e d  i n  5 0 0  gram s o f  p e t r o l e u m  e t h e r  t h e r e  w as ad d ed  71  

g r a s s  o f  a lum inum  c h l o r i d e  ( * 5 3 5  m o l)  d u r in g  h a l f  an h ou r  a t  

10 '°* The t e m p e r a t u r e  w as th e n  k e p t  a t  1 6 - 2 0 °  f o r  t h r e e  and 

a h a l f  h o u rs*  C o m p le te  r e m o v a l  o f  m in e r a l  a c i d  and i n o r g a n i c  

m a t e r i a l  by h y d r o l y s i s ,  w a s h in g .  I n t r o d u c t i o n  o f  s te a m  and  

s o l u t i o n  i n  a l k a l i  f o l l o w e d  by r e p r e c i p i t a t i o n  w i t h  a c i d  w as  

p r a c t i c a l l y  I m p o s s i b l e .  The f i n a l  p r o d u c t  w as m v e r y  s t i c k y  

o r a n g e - y e l l o w  m a t e r i a l *  d i f f i c u l t  t o  pou r  e v e n  when h o t .

I t  had a n e u t r a l i s a t i o n  e q u i v a l e n t  o f  4 8 5 . 0 .  The p r e s e n c e  o f  

alum inum  was shown b y  i g n i t i o n *  T h is  m a t e r i a l  was n o t  - d i s t i l l ­

e d  s i n c e  i t  c o u l d  n o t  be e x p e c t e d  t o  y i e l d  th e  d e s i r e d  a r y l -  

b t o a r i a  a c i d .



Ih q p er in en t 3* f o  81  grains o f  an  i s o  l e  and 2 0 0  gram s o f

o l e i c  a©id d i s s o l v e d  in  3 0 0  gram s o f  p e t r o le u m  e t h e r  t h e r e  was

ad d ed  100  gram s o f  alum inum e h lo r id ©  d u r in g  one h ou r  a t  10° •

The t e m p e r a t u r e  was r a i s e d  and h e l d  a t  10 - 2 0 °  f o r  an h ou r  and

a h a l f ,  t h e n  a t  2 5 °  f o r  t h r e e  h o u rs*  The c o n t e n t s  w ere  h y d r o ­

ly s e d  t o  y i e l d  196 gram s o f  o i l *  A f r a c t i o n  d i s t i l l i n g  a t  

2 4 0 - 2 8 0 ° / s  iise* w as r e d i s t i l l e d  t o  g i v e  4 0  g ra m s tu p *  2 4 0 - 2 4 6 ° / 2  

mm. o f  n e u t r a l i s a t i o n  e q u i v a l e n t  3 9 5 * 0  { t h e o r e t i c a l  — 3 9 0 * 3 )*  

O th e r  e v id e n c e  c o n f ir m s  t h i s  p r o d u c t  a s  p -m @ th o x y p h e n y la te a r ic  

a© id  * Y i e l d  14fS.

h cp er im en ta  w i t h  acenene* E x p e r im e n t 1* To 109 gram s  

o f  xenon© and 2 0 0  g r a s s  o f  o l e i o  a c i d  d i s s o l v e d  i n  4 0 0  co* o f  

c a r b o n  d i s u l f i d e  t  lie r e  w as added 100 gram s o f  a lu m in u m  c h l o r i d e  

d a r i n g  an  hour and a h a l f  a t  1 5 -3 0 ° *  The t e m p e r a t u r e  w as t h e n  

r a i s e d  t o  6 0 °  and h e l d  t h e r e  on© hour*  The b la d e  r e a c t i o n  

m ass s o l i d i f i e d  d u r in g  h e a t i n g  a t  6 0 °  and a g i t a t i o n  w as i n e f ­

f e c t i v e *  H o s t  o f  th e  c a r b o n  d i s u l f i d e  w as rem oved  on  t h e  

s t e s m - b a t h ,  and s te a m  i n t r o d u c e d  d i r e c t l y *  She p l a s t i c  y e l l o w  

m ass w as w a sh e d , e x t r a c t e d  w i t h  a l c o h o l  t o  rem ove x e n s u e ,  b o i l ­

ed  mnd m a c e r a te d  w i t h  c o n c e n t r a t e d  h y d r o c h lo r ic  a c i d  t o  ©am­

p l e  t© h y d r o l y s i s *  I1 he b la c k  o i l  was w a sh ed  a c i d  f r e e  and  

d r ie d  a s  u s u a l*  From 183 gram s o f  p r o d u c t  4 0  gram s b#p* 2 5 0 -  

3 0 0 ° / 2  aa *  w e re  o b t a i n e d  on f r a c t i o n a l  vacuum  d i s t i l l a t i o n *  

f ' h l s  f r a c t i o n  w as o r a n g e  w i t h  s l i g h t  f l u o r e s c e n c e  and had a 

n e u t r a l i s a t i o n  e q u i v a l e n t  o f  4 2 0 * 2  { t h e o r e t i c a l  = 4 3 6 .4 ) *  %t 

.may h a v e  c o n t a i n e d  t h e  d e s i r e d  a c e n y is t e a r io  a c i d  b u t  was



29.

o b v i o u s l y  q u i t e  im pure* I t  became much d a r k e r  i n  c o l o r  on  

s t a n d i n g *

harperim e n t  2 • f o  2 1 8  g r im e  o f  x e n e n e  and 2 0 0  gram s o f  

o l e i c  a c i d  d i s s o l v e d  in  600 gram s o f  o - d lo h  l o r  ob en  s e n s  t h e r e  

w as ad d ed  100 gram s o f  alum inum  c h l o r i d e  (Eastm an* r e s u b l i s t e d )

d u r in g  one  h a l f  hou r  a t  3 5 - 6 0 °  • lie  a c t i o n  w as s t r o n g l y  e x o ­

t h e r m ic *  She t e m p e r a t u r e  was r a i s e d  t o  8 0 °  and h e l d  t h e r e  

t h r e e  h ou rs*  f h e  c o n t e n t s  w ere  h y d r o ly s e d  and t r e a t e d  a s  

u s u a l*  fh a  c r u d e  p r o d u c t  (2 0 4  gram s) w as f r a c t i o n a t e d  u n d er  

r e d u c e d  p r e s s u r e *  .a f t e r  two r e - d i s t i l l a t i o n s  36  grama b*p*  

2 ¥ ? - 2 9 0 ° / l * 6  mm*» n e u t r a l i z a t i o n  e q u i v a l e n t  44-1*4 ( t h e o r e t ­

i c a l  s  4 3 6 * 4 )  w ere  o b t a i n e d .  O th er  e v i d e n c e  c o n f ir m e d  t h i s  

p r o d u c t  a s  - x e n y l e t e a r i o  a c id *  Y i e l d  12f§*

3* R e a c t io n s  w i t h o u t  a s o l v e n t *

T m  F r i e d e l  and C r a f t s  r e a c t i o n  c a n  s o m e t im e s  b e  e f f e c t ­

ed  w i t h o u t  u s e  o f  a  s o l v e n t ,  by  m eans o f  -a b a l l - m i l l  r e a c t o r *  

f h i e  p r o c e d u r e  i s  f r e q u e n t l y  s u c c e s s f u l  when e a c h  o f  t h e  t h r e e  

r e a c t a n t a  are  s o l i d s *  o r  e v e n  w hen one  i s  a l i q u i d  ( 2 8 ) *  S u c ­

c e s s  o f  t h i s  m eth od  d e p e n d s  up on  th e  e v e n t u a l  f o r m a t i o n  o f  

t h e  alum inum  c h l o r i d e  c o m p le x  o f  t h e  r e a c t i o n  p r o d u c t  a s  a h o­

m o g en eo u s  dry p ow der w h ic h  c a n  t h e n  b e  d e l i v e r e d  from  t h e  m i l l  

( 20 ) .

4b  a t t e m p t  t o  u s e  t h i s  p r o c e d u r e  i n  p r e p a r i n g  x e n y l -  

s t e a r l e  a c i d  w as u n s u c c e s s f u l *

fwo h u n d red  and t h i r t y - o n e  gram s o f  x e n e n e  (1 * 5  mo I s )  

and 147  gram s o f  alum inum c h l o r i d e  ( 1*1  'mole) w e re  g ro u n d
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t o g e t h e r  i n  t h e  m i l l  a t  3 5 °  f o r  on e  h oa r*  Two hu n d red  and  

e ig h t y - t w o  gram s o f  o i e i o  a c i d  (1  m o l)  w as t h e n  added* The  

g r i n d i n g  n o i s e  im m e d ia te ly  d im in is h e d  and t h e r e  w as so p  lo o s  

e v o l u t i o n  o f  h y d r o g e n  o h lo r id e *  The t e m p e r a t u r e  w as g r a d u a l ­

ly  r a i s e d  t o  3 0 - 3 5 °  and th e  m i l l  was r im  t o r  22 h o u rs*  The 

p roduo-t w as a gumray, r e d -b r o w n  m ass  w h ic h  w as h y d r o l y s e d  w i t h  

som e & i f f  l e n i t y  and t h e n  t r e a t e d  a® u s u a l*  On vacuum d i s t i l ­

l a t i o n  a t  1*5 mcu t h e  h u lk  r em a in e d  i n  t h e  r e t o r t  f l a s k  a t  

3 0 0 ° *  A s m a l l  f r a c t i o n  d i s t i l l i n g  a t  2 3 0 -3 G 0 c / l * 5  mm* had a  

n e u t r a l i s a t i o n  e q u i v a l e n t  o f  348*

B e h a v io u r  o f  t h e  r e a c t i o n  p r o d u c t  s u g g e s t e d  t h e  o n l y  

r e a c t i o n  w as  a  p o l y m e r i s a t i o n  o f  o l e i o  a c i d  by t h e  alum inum  

c h l o r i d e *  E v id e n t ly  p r e p a r a t i o n  o f  x e n y l e t e a r i o  a c i d  i n  t h e  

b a l l - m i l l  r e a c t o r  i s  n o t  f e a s i b l e *

E x p e r im e n ts  w i t h  d ip h e n y l  e t h e r * An a t t e m p t  t o  p r e p a r e  

p fion oxy  p h ony i s  t e a r l e  a c i d  w a s  u n s u c c e s s f u l *

To 1?0  gram e o f  (CgHg)gO ( 1  m o l)  and BOO gram s o f  o l e i o  

a c i d  d i s s o l v e d  i n  3 0 0  gram a  o f  t o t r a o h lo r o e t h a n o  t h e r e  was added  

100  gram s o f  a lum inum  c h l o r i d e  d u r in g  15- m in u t e s  a t  room te m p e r ­

a t u r e *  I1 he  t e m p e r a tu r e  was t h e n  r a i s e d  and h e a t i n g  and a g i t a -
©t i o n  c o n t i n u e d  f o r  s i x  h o u r s  a t  8 0  * 1?h© c o n t e n t s  worm h y d ro ­

l y s e d  and t r e a t e d  i n  t h e  u s u a l  f a s h i o n *  .E ith e r  v e r y  l i t t l e  o r  

no p h e n o x y p h e n y ls t s a r lo  a c i d  was form ed  o r  e l s e  i t  c a n n o t  b e  

d i s t i l l e d  a t  or  b e lo w  3 0 0 °  u n d er  1 mm* p r e s s u r e *  One h u n d red  

and n i n e t y - e i g h t  grams w ere  s u b m i t t e d  t o  vacuum d i s t i l l a t i o n *

The f r a c t i o n  b*p* 2 1 0 - 3 0 0 ° / l  mm* had a n e u t r a l i s a t i o n  e q u i v a l e n t
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5 2 .

t o  p r e p a r e  t h e  e t h y l  ary  1 s t  e a r  a t e  fro m  e t h y l  o l e  a t e  , a luminurn 

c h l o r i d e ,  and t h e  a r o m a t ic  com pound, u n d er  c o n d i t i o n s  s i m i l a r  

t o  t h o s e  c h o s e n  f o r  p r e p a r i n g  th e  c o r r e s p o n d i n g  a r y l s t e a r i e  

a c i d s *  IS th y l t o l y l s t e a r a t e  w as- p r e p a r e d  i n  t h i s  m anner h a t  

t h e  r e s u l t s  w e re  n o t  p r o m is in g -  o r  e l s e  c l e a r l y  tins a a c e s s  ft* 1 

i n  t h e  c a s e  o f  b r o m o b e n se n e , n a p h t h a l e n e ,  x e n o n s ,  an  i s  o l e  

and d i p h e n y l  e t h e r *

The- c o n d e n s a t io n  o f  e t h y l  o l e  at© w i t h  a n l s o l e  w as  

t r i e d  a t  lo w e r  t e m p e r a tu r e s ,  w i t h  p e t r o le u m  e t h e r  a s  t h e  s o l *  

v e n t ,  h u t  t h e  p r o d u c t  w as l a r g e l y  u n c o n v e r te d  e t h y l  c l e a t # • 

The e t h y l  to  l y  I s  t e a r  a t e  o f  f a l l #  ¥  w as f r a c t i o n a t e d  

a s  f o l l o w s :

f r a c t i o n  B a n g s , ° G . / l  bib* gram s

1 2 0 5 -1 2  16

2 2 1 2 - 2 0  3?

3 220-22  20

3 a p o n i f  i e a t i o n  Bciuiv.

3 9 6 . 6

4 0 3 . 0

M o le c u la r  r e f r a c t  i v i t y  and a n a ly s e s  f o r  c a r t o n  and h y d r o g e n  

on  f r a c t i o n  3  a g r e e d  w i t h  t h e  t h e o r e t i c a l  v a l u e s  f o r  e t h y l  

t o l y I s t e a r a t e •

O x id a t io n  

1* 0 a t a  ly  t  i o  o x Id a t  i o n

The c a t a l y t i c  o x i d a t i o n  o f  m  a r y l s t e a r i e  a d d  f o r  t h e  

p u r p o s e  o f  e s t a b l i s h i n g  t h e  p o s i t i o n  o f  t h e  a r y l  grou p  w as  

c o n s i d e r e d .  JSxp erim en ts w i t h  t h e  c a t a l y s t  m an ga n ese  d i o x i d e  

su sp en d © d  i n  t h e  a r y l s t e a r i e  a c i d  and a i r  o r  o x y g e n  a s  t h e



5 stole Y. u?he F ried© i and G ra fts

R eaction  With Uthy I O leate

* Aroma t  io
* Compound
*•*
•

ciol Hat io

.Aromatic 
5tliy i  

Ole a te

S o lv e n t’
Y ield  on :

:1 s t D i s t i l l a t i o n :  3a p 'n  
: fffquiv

Crms • : Bang©, °C * :

C:./■' Q
Acidity

Corr* 
Sap *ri 
Hqaiv

Bheo*
O ap'n.
;qaiv.

•
*3*0 luenea •# 9.664 -----

• *
87 j HlS-i- 30/ Z  nia: 394.9

♦ *« *
•48 398*0 402*4.

•
:Bromotoen-J
: »ene^**

10*000

• *• •
* 5

40 :2 1 6 -6 3 /.6ram:422.6
♦ •* *

425*5 467*3
fr™1"**"*' 11 ~r"~r
sA nisole^*44•

1.500
441 gms* 

- d i -  
e h lo ro -  
’benzene

* ** •
73 s 230—66/ S  m s3 6 6 .2

* 4
n 0* *

5.40 582*5 418.4

 ̂*mj«. nwm umif •r.tr.'Ti r rr tpi •
:I>iphenyl
sE ther »'•4:

1.500

« •# ** ♦0 4
16 : 2 2 6 -8 0 /l nra*. 426.6

4 ** *
4 .54 457 .0 480.4

4

ijfaph tka-*
1 lene' ^
**

1. 500 n

• •. *
* ** *
* *

36 *.230-86/1 rami426. 5:
* •4 #

: 2*60 446.0 438.4 

464 . 4: Xeneia©k* •« ♦
1.600 tft

. ** *
44 :235-80 /1  iam:439.0

* »4 #
8* 60 457*5

•
: Xenon© a
*0

1*500
369 gtae 
n i t r o ­
benzene

* *
: 213-300/1 rsm4G2.E 

18 : :
2 * 1 0 418.4 464 . 4

•
a: Xenene«•

1.600
35~5 gks 
S k a lly -  
301V0 B

* •
37 s 216-300/«lem:423.2* *

*97 4E9.4 464.4

C ond itions: AlGlg {*535 mol) added in  portions- ta r in g  16 m inutes to  th e
s o lu t io n  co n ta in in g  e th y l  o le  a te  (*500 mol)* tem peratu re  than  r a is e d  to  
80° and h e ld  th e re  6 hours* lleohan ioal a g i ta t io n  continuous* Bhe re a c ­
t io n  mass was hydrolyzed on io© and t r e a te d  as in  th e  a r y l s t e a r i e  a c id  
experim ents*

m 15 thy  1 o le a te  p repared  toy e s t e r i f i o a t i o n ' o f  Y. S* 1* o le ic  acid*

^ Eastman Kodak ( fe o h n ic a l)  E thy l Ole a te

0 A cid ity  was c a lc u la te d  assuming th e  f re e  a c id  was o le ic  acid* front 
t h i s  v a lu e  the  c o rre c te d  s a p o n if ic a t io n  e q u iv a le n t was obtained*



o x i d i s i n g  a g e n t ,  sh ow ed  such . a Large and c o n t in u o u s  e v o l u t i o n  

o f  c a r b o n  d io x id e  a t  v a r i o u s  t e m p e r a tu r e s  t h a t  th e  i s o l a t i o n  

o f  a o ld s  e a c h  a s  © a p r y l ie  Oli^fCHgJ^COOH, p e l a r g o n ic  CHg{CHg ) ^COOH, 

s a b e r i o  {CE^)^(GOOE) > o r  a s e la i©  (C H g^ fC oO H lg  wao n o t  f e a s i b l e *

C a t a l y t i c  o x i d a t i o n  w as u s e d ,  h o w e v e r , t o  e s t a b l i s h  t h e  o r i e n t a ­

t i o n  o f  a s u b s t i t u t e d  a r y l s t e a r l o  a c i d  and w as p r e f e r r e d  t o  p e r ­

m a n g a n a te  o x i d a t i o n  in  t h e  i s o l a t i o n  o f  t h e  p - a n i s i c  a c i d  from  

me th o x y p lia n y  i s  t e  a r  i e  a c id *  The  m a n g a n ese  d i o x i d e  c a t a l y s t  was  

k i n d l y  s u p p l i e d  by J* J* S tu b b s  and h a s  b e e n  d e s c r ib e d  ( 6U)* 

f h e  o x i d a t i o n  was c a r r i e d  o u t  by  a im p ly  b u b b l i n g  o x y g e n  i n t o  a 

m ix t u r e  o f  t h e  c a t a l y s t  and t h e  a r y l s t e a r l o  a c i d  i n  a 6 0 0  0 0 * 

3 - n e c k  f l a s k  © quipped  w i t h  a th e r m o m e te r  and c a r r y i n g  a l e a d -  

o f f  tu b e  f o r  t e s t i n g  f o r  c a r b o n  d i o x i d e *  The l o n g  tu b e  w i t h  

s i n t e r e d  g l a s s  d i s c  f o r  o x y g e n  d i s p e r s i o n ,  d e s c r i b e d  by S tu b b s  

and S e n sssu m  ( 6 3 )  was t r i e d  b u t  b e c a u s e  o f  f o a m in g  t h e  s i m p l e r  

a p p a r a t u s  w as p r e f e r r e d *

At t h e  end o f  t h e  e x p e r im e n t  a c l e a r  r e d d i s h  o i l  was  

l e f t  ( a l l  o f  t h e  c a t a l y s t  had d i s s o l v e d ) *  The o i l  was s u b j e c t ­

ed  t o  r e p e a t e d  e x t r a c t i o n  w i t h  h o t  w a t e r ,  t h e  a q u e o u s  e x t r a c t s  

s e p a r a t e d  and e x t r a c t e d  w i t h  e t h e r ,  and t h e  e t h e r  e v a p o r a te d *  

Y e l lo w  c r y s t a l s  r e m a in in g ,  cup* I f 8 ° ,  w e re  r e d i s s o l v e d  i n  h o t  

w a t e r  Mid r e o r y s t a l l l s e d  on c o o l i n g *  The p r o d u c t  t h e n  had a 

m e l t in g  p o i n t  o f  1 8 3 ° ,  and a m ix ed  m e l t i n g  p o i n t  w i t h  a known  

aam pto show ed no  d e p r e s s i o n *  I t  w a s  t h e r e f o r e  p ~ a n i s i c  a c id *

2* O x id a t io n  w i t h  p o t a s s i u m  p e rm a n g a n a te*  

f  o ly  l a  t e  a r i c ,  oh  l o r  op lie n y l s t e a r l o ,  b r  omop heny I s  t  e  a r  i o ,



m  #

and x e n y l s t e a r i c  a c i d s  w are  o x i d i s e d  by  p o t a s s i u m  p e r m a n g a n -  

at© t o  t e r e p h t h & l i o *  p - c h lo r o f e e n s o  i o  * p -b r o n o b  e ns-o i c » and  

p - p h e n y l b e m o i c  a c i d s *  r e s p e c t i v e l y *  S h e e e  e x p e r i m e n t s  ar© 

sm a m a r iz ed  i n  f a b l e  ¥X#

f l ie  a r y l s t e a r i c  a c i d  wae c o n v e r t e d  t o  th e  p o t a s s i u m  

s o a p  { i n  e x p e r im e n t s  3  and 4 )  by  n e u t r a l i z i n g  t h e  a l c o h o l i c  

s o l u t i o n  w ith , a l o o h o l i a  p o t a s s i u m  h y d r o x id e  and e v a p o r a t in g  

th e  a l c o h o l*  f h e  s o a p  w as  t h e n  r e - d i e  s o l v e d  i n  h o t  w a te r #

41 1  o f  t h e  o x i d a t i o n s  w e r e  c a r r i e d  o a t  i n  a 1- 1 1 t e r  3 -n e © k  

f l a s k  © q uipp ed  w i t h  m e c h a n ic a l  a g i t a t i o n  and c a r r y i n g  a r e ­

f l u x  c o n d e n s e r #  A queous p o t a s s i u m  p e r m a n g a n a te  c o u l d  b e  ad d ­

e d  g r a d u a l l y  t h r o u g h  .a d r o p p in g  f u n n e l #  On c o m p l e t i o n  o f  th e  

r u n  t h e  e x c e s s  o f  p e r m a n g a n a te  w as d e s t r o y e d  w i t h  s u l f u r  d i o x ­

i d e  and t h e  c o n t e n t s  o f  t h e  f l a s k  w e r e  f i l t e r e d #  Tim  c l e a r  

f i l t r a t e  e v e n t u a l l y  o b t a i n e d  w as a c i d i f i e d  w i t h  s u l f u r i c  a c id *

From t h i s  p o i n t  on  t h e  p r o c e d u r e  w a s  s l i g h t l y  d i f f e r e n t  i n
\

e a c h  o a so *

g e r e p h t h a l i c  a c i d * T m  w h it©  p r e c i p i t a t e  o b t a i n e d  on  

a c i d i f i c a t i o n  w as r © d i s s o lv e d  in  h o t  so d iu m  h y d r o x id e #  An o i l  

a p p e a r e d  w h ic h  w as r e m o v e d  by a d d in g  e t h e r  and s e p a r a t i n g  t h e  

a q u e o u s  a l k a l i n e  s o l u t i o n *  w h ic h  was t h e n  a g a i n  a c i d i f i e d ,  

y i e l d i n g  a  w h it©  p r e c i p i t a t e  w h ic h  m e l t e d  n e a r  3OO0 # 2he d r i e d  

s o l i d  w as © s t e r i f i e d  b y  t h e  m ethod o f  H ie s o n  ( 4 1 )  a p r o c e d u r e  

g i v i n g  b e t t e r  r e s u l t s  t h a n  t h e  u s e  o f  p h o s p h o r u s  p e n t a e h lo r ld e *  

fh© w h i t e  c r y s t a l s  o b t a i n e d  had t h e  m*p# o f  d im e t h y l  t e r e p h t h a -  

l a t e * 1 4 0°*  and t h e  o x i d a t i o n  p r o d u c t  wae t h e r e f o r e  t e r e p h t h a l i c
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In d e x  o f  r e  f r a c t i o n  w as m ea su red  in  an Abbe r e f r a o t o -  

m e te r  i n  a c o n s t a n t  te m p e r a tu r e  room ( 2 0 ° C . ) .  D e n s i t y  w as  

l i k e w i s e  d e te r m in e d  a t  2 0 ° ,  from  t h e  e x p r e s s i o n

BrtO I j "li I { *l }
4  o = ( — — > *  .0 0 1 2  ( i  — a— )

4 (W _-3) ( <y-w>w W
w h ere  D *  d e n s i t y  o f  w a t e r  a t  2 0 °  s b  * 9 9 8 2 3 3  

w
W » o b s e r v e d  w e i g h t  o f  l i q u i d  * d e n s i t y  b o t t l eI#
W »  « « it ^ a t e r  * ” ”

w
W s  " ft « d e n s i t y  b o t t l e

and * 0 0 1 2  i s  t h e  mean d e n s i t y  o f  a i r *

She r e s u l t s  a r e  s e t  f o r t h  i n  f a b l e  T i l *  f h e  e r r o r  I s  

l e s s  t h a n  1$  i n  m o st  o a s e s *  f,Xn c a l c u l a t i n g  t h e  m o l e c u l a r  

r e f r a c t i f e  pow er o f  a s u b s t a n c e  o f  h i g h  m o l e c u l a r  w e ig h t *  t h e  

e r r o r  I n v o l v e d  i n  e a c h  a t o m ic  v a l u e  i s  m u l t i p l i e d  many t i m e s t 

s o  t h a t  th e  f i n a l  r e s u l t  may d i f f e r  by a s  much a s  two u n i t s  

from  t h e  o b s e r v e d  v a l u e * ” f f iB ) .

D e r i  v a t  I v e s

H l e o l e t  and do M i l t  n o t e d  a f a i l u r e  t o  o b t a i n  c r y s t a l ­

l i n e  d e r i v a t i v e s  from  p h e n y l s t e a r i c  a c i d  ( 3 7 ) *  nu m erous p r e p ­

a r a t i o n s  w e r e  s t u d i e d  b u t  i n  e a c h  c a s e  t h e  p r o d u c t s ,  a s  l i s t ­

ed  b e lo w *  w e re  v i s c o u s  o i l s *  

p - n i t r o b e n s y 1 p h e n y i s t e a r a t e  

p h o n y I s t e a r y lam i d s  

phony i s t e a r y l a n I l i d ©  

p h en y  1s t ® a r y l -  p - t o i y l a n i l i d #
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ph any  I s t e a r y  I -  a - n a p h t  hy ia m ld e  

d H j a l t r o p h e n y l s t e a r i e  a c i d  

d i a m l x io p h e n y l s t e a r l o  a o i d  

d i a e e  t y  la m in o  p he ny l a  t  © a r  i  o ao i d

41b e nss oy lam in o p  h e n y  l a  t o  a r  i o  ao id  

t r ib r o m o d la r a in o p h e n y ls t e a r io  s c i d

L a t e r ,  Harmon and M a r v e l  p r e p a r e d  t h e  e a t e r  o f  t h i s  

s o l d ,  p -b r o fo o p h e n a o y l  p h e n y l s t e a r a t e ,  m .p* 7 9 - 8 2 ° ,  a f t e r  

f o u r t e e n  r e c r y s t a l l i a a t i o n s  ( 8 4 ) *  S h i s  had t e e s ,  t h e  o n l y  

s u c c e s s f u l  p r e p a r a t i o n  o f  a s o l i d  d e r i v a t i v e  (w ith ,  t h e  e x -  

o l a s i o n  o f  m e t a l  s a l t s )  o f  a r y l s t e a r i c  aoid©  o b t a i n e d  from  

o l e i c  a c i d  by  t h e  F r i e & e l  and G r a f t s  r e a c t i o n .

S c h i s t  l a s  ( 4 8 )  w a s  u n s u c c e s s f u l  when he a t t e m p t e d  t o  

c h a r a c t e r i s e  n a p h t h y i s t e a r i e  a c i d  a s  t h e  a m id e ,  and aga in ,  

when he t r i e d  t o  make n a p h t h y 1s t © a r y l  a ld e h y d e  from  t h e  a c i d  

c h l o r i d e ,  w i t h  t h e  p u r p o s e  o f  o b t a i n i n g  c r y s t a l l i n e  d e r i v a ­

t i v e s  o f  t h e  a ld e h y d e *

One o f  t h e  ary  1 s t  c a r l o  a c i d s  o f  t h i s  t h e s i s  w as exam i n  

®d w i t h  t h e  p u r p o s e  o f  fo r m in g  a s o l i d  d e r i v a t i v e *  2hm r e ­

a g e n t s  p -b r o m o p h e n a o y 1 b ro m id e  ( 2 8 )  and p - p h e n y I p h e n a e y 1 

b ro m id e  ( 1 0 ) w ore f r i e d  i n  an a t t e m p t  t o  c h a r a c t e r i s e  p -  

c h l o r o p h e n y l s t e a r i c  a c id *  The m eth od  o f  R im ura ( 2 6 )  w as em­

p lo y e d *  ? b e  p r o d u c t s ,  a l t h o u g h  p r e c i p i t a t e d  a s  w h i t e  s e m i -
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c r y s t a l l i n e  s o l i d s  on  s t o r i n g  t h e  a l o o h o l i e  s o l u t i o n  i n  t h e  

i o c - b o x ,  w e re  s l o w l y  c o n v e r t e d  t o  o i l s  d u r in g  t h e  p r o c e s s  o f  

f i l t e r i n g  a t  room te m p e r a tu r e *

A n o th e r  r e a g e n t ,  s - l e n s y I t h l u r o n l i i i s  c h l o r i d e  ( 9 )  was  

s e l e c t e d  and t h e  s a l t  s - h e n z y l t h ic t r o n lo m  p -c h lo r o p h e n y L s te a r -  

a t e  form ed  a f t e r  t h e  m eth o d  o f  A n d erson  ( 1J* The p r o d u c t  i s  

a w h i t e  s o l i d ,  show n t o  be  c r y s t a l l i n e  when e x a m in ed  un d er  

t h e  m ic r o s c o p e *  f h e  m e l t i n g  p o i n t  i s  1S9°* I t  was a n a l y s e d  

m  d e s c r ib e d  u n d e r  A n a l y t i c a l  K etho& g* 7 h i s  s a l t  i s  p r o b ­

a b l y  a m ix t u r e  o f  th e  two i s o m e r s :

P f c H s C ^ - S - C t . j ,
t

O -C -C cH iP C H  (CH^8CH3

CJt OLyrvcL

r o
Onc-tf-H*,) CM ( c h ^J7 CH3

An.a l y  t  i c  a 1 He t a o  de 

1* n e u t r a l i s a t i o n  E q u iv a le n t *  

a  one gram sam pl e  was d i s s o l v e d  i n  78  oc*  o f  n e u t r a l ­

i s e d  a l c o h o l ,  £ —4  d r o p s  o f  a ip  s o l u t i o n  o f  n e u t r a l i s e d
t i t r a t e d

p h e n o I p h t h a l o i n  were a d d e d ,  anil t h e  a l c o h o l i c  s o l a t i o n / w i t h

11/ t o  ICaCH t o  a f a i n t  pirdc*  She n e u t r a l i s a t i o n ,  e q u i v a l e n t s  

o b t a i n e d  have  b e e n  t a b u l a t e d *  ( f a b l e s  I I ,  I I I ,  IV , V II )*

8 * S a p o n i f i c a t i o n  E q u iv a le n t *  

so  a on e  grara sa m p le  10 oc*  o f  *8  II a l c o h o l i c  HOE

and 4 0  oa  o f  a l c o h o l  w ore  added* Tim  f l a s k  was © q u ip p ed  

w i t h  an a i r  c o n d e n s e r  and p l a c e d  on t h e  s te a m  b a t h  t o  b o i l
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g e n t l y  f o r  h a l f  m i  hour* T m  e x c e s s  o f  KOK w as t i t r a t e d  

w i t h  I f / 10 HOI t o  a p h e n o l p h t h a i e i n  e n d - p o i n t .  B la n k s  w ere  

ru n  u n d er  p a r a l l e l  c o n d i t io n s *  Whs s a p o n i  f l o a t  i o n  e q u iv a ­

l e n t s  o b t a i n e d  h a r e  b e e n  com pared w i t h  th e  t h e o r e t i c a l  i n  

f a b l e s  I*  ¥  and  ¥ 1 1 .

3  * l e d  in© n txmbe r  { Hanu s  me t  ho d -  - 0  f f  i o  i  a 1) • { 2}

Tim  I o d in e  num bers o f  th e  a r y l s t e a r i c  a c i d s  and o f  e t h y l  

t o  l y  I s  t e a r  a t e  w ere  v e r y  low  { a b o u t  1 .0  o r  £ . 0 ) and t h e s e  

have n o t  b ea n  t a b u l a t e d *

4* H alogen*

H a lo g e n  was d e te r m in e d  g r a v i m e t r i o a l l y  on s a m p le s  o f  

e h lo r o p h e n y l -  and b r o m o p h e n y ls te a r io  ae i d s  * u s i n g  t h e  B arr

bomb and f o l l o w i n g  t h e  e a stern er?  p r o c e d u r e  { I f } *

§* Carbon and H ydrogen

Ph© p e r  c e n t  o f  c a r b o n  and h y d ro g en  i n  th e  a r ? 1 s t c a r ­

lo  a c i d s  and i n  e t h y l  t o l y l s t e a r a t e  was d e te r m in e d  by com­

b u s t  i o n ,  u s i n g  th e  a p p a r a t u s  o f  P h i l l i p s  and H e llb a o h  ( 4 6 ) *  

The r e s u l t s  ar© s e t  f o r t h  i n  f a b l e  IX*

6 * P i t r o g e n *

P e r  c e n t  n i t r o g e n  w as d e te r m in e d  on  s a m p le s  o f  S - b e n -  

ay I t h lu r o n i u ®  p - o h lo r o p h e n y l s t e a r a t e  by a s e m i - m ic r o  m o d if1 -  

o a t  io n  o f  t h e  K J e ld a k l m ethod* A p p a r a tu s  s i m i l a r  t o  t h a t  o f  

l a m a s  and Wagner ( 4 2 )  was em ployed* The i n d i c a t o r  u s e d  

was B e n s o y l  Auramine G ( 4 7 ) *  B la n k s  w ere r u n  t o  c o r r e c t  f o r  

n i t r o g e n  in  t h e  r e a g e n t s  and t h e  i / 3  c i g a r e t t e  p a p e r  u s e d  t o  

w e ig h  t h e  sam p le*
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(2J : .3 2 7 1 :  .1 3 7 6
*  #
•  »

1 7 .0 9 : 1 8 .2 0

*  *

( 3 )  : .2 8 8 6 :  .1 2 1 8
*  *
•  •

a  *
•  *

1 7 * 9 6 ;1 8 .2 0

®$hes© a r e  t h e  w e i g h t s  o f  t h e  p r e c i p i t a t e  a f t e r  * 0 0 1 3  grama  
( p r e o i p i t a t ©  fo u n d  I n  H a n k )  had b e e n  s u b t r a c t e d .
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V. SUI5ti4RY

F iv e  new a r y l s t e a r i c  a c id s ,  p -m e th o x y p h e n y ls te a r ic ,  

p - t o i y l s t e a r i c , p -o h lo r o p h e n y  I s te & r io , p-bromop heny l s t e a r i c  

and p-xeriy I s t e a r i c  have been  prepared  from o l e i o  a c id  and 

th e  a p p r o p r ia t e  arom atic  compound in  th e  p r e se n c e  o f  a lum in­

um c h lo r id e *  3 th y l  o l e a t e  b eh aves s im i la r ly  in  su ch  a r e ­

a c t io n *  The a c id s  in  a l l  c a s e s  axe v is c o u s  o il©  a f t e r  

i s o l a t i o n  under reduced  p r e s s u r e , p robably  b eca u se  th ey  re p ­

r e s e n t  a m ix tu re  o f  th e  9 -  and lO - a r y I s te a r ic  a c id s*  P a r t i a l  

p r o o f  o f  s t r u c t u r e  has b een  o b ta in e d  by o x id a t io n  to  th e  

s im p le  s u b s t i t u t e d  aro m a tic  a c id  and by v a lu e s  o f  m o lecu la r  

r e f r a c t i v i t i e s *  The a c id s  form s o l i d  d e r iv a t iv e s  w it h  S -  

b en sy Ith iu ro n iu m  c h lo r id e *  The a r y 1 s t c a r lo  a c id s  may f in d  

u s e s  (1 )  as an a d d it io n  ag en t to  lu b r ic a n t s  (2 )  as so a p s by 

c o n v e r s io n  to  © a lts  o f  tr ie th a n o la m in e  or r e la t e d  b a se s  (3 )  

as w e t t in g  a g e n ts  by c o n v e r s io n  to  s  s u lfo n a te d  d e r iv a t iv e  

(4 )  as s y n t h e t ic  w axes by c o n v e r s io n  to  h ig h  m o lec u la r  

w eig h t e s t e r s .
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