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THE DEGRADATION OF QUATERNARY AMMONIUM SALTS#

INTRODUCTORY

The r e s u l t s  o f  a n  i n v e s t i g a t i o n  o f  th e  d e g ra d a t io n

o f  q u a te r n a r y  ammonium s a l t s  o f  th e  ty p e  PhCOCHg-NsRg
Br

showed t h a t 9 i n  m ost o a s e s ,  on t r e a tm e n t  w ith  sodium  

amalgam  and  w a te r  th e  p ro d u o ts  o f  d e g r a d a t io n  were 

Ph*CO*CH2B r and  N5 R3 , I n  th e  c a s e  o f  p h e n a o y lb e n z y l-  

dim ethylam m onium  b ro m id e , how ever, i t  was shown t h a t  th e  

r e a c t i o n  d id  n o t  p ro c e e d  n o rm a lly ,  b u t  to o k  th e  f o l lo w in g  

c o u r s e , i n  a n  a l k a l i n e  medium, i r r e s p e c t i v e  o f  th e  r e d u c in g  

a g e n t  -

(S te v e n s ,  C re ig h to n , Gordon and  M acN icol ) The r e a c t i o n  

th u s  in v o lv e d  th e  m ig r a t io n  o f  th e  b e n z y l r a d i c a l  from  th e  

n i t r o g e n  atom  to  th e  c a rb o n  atom  o f  th e  a d ja c e n t  m e th y len e  

g roup#  A f u r t h e r  s tu d y  o f  t h i s  r e a c t i o n  showed t h a t  th e  

m ig r a t io n /

*  NOTE -  The r e f e r e n c e s  a r e  c o l l e c t e d  on f o ld in g  l e a v e s  a t
th e  end  o f  th e  T h e s is ,  and a r e  r e f e r r e d  to  i n  th e  t e x t  
by  s m a ll  in d e x  n u m era ls#

( I ) ( I I )
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m ig ra t io n  a l s o  o c c u r re d  when th e  "benzyl r a d i c a l  was re p la c e d  "by 

m -brom obenzy l, £ -b ro m o b en z y l, £ - n i t r o b e n z y l ,  £ -m eth o x y b en zy l # 

^ - p h e n y le th y l ,  h e n z h y d ry l ,  o r  9 - f l u o r e n y l .  F u r th e r ,  re p la c e m e n t 

o f  th e  p h e n a c y l g ro u p  by  jo-brom ophenacyl o r  a o e to n y l ,  and o f  th e

dime th y  lammonium sy s tem  by p ip e r id in iu m , d id  n o t p re v e n t  th e
A  3

m ig r a t io n .  (S te v e n s  ; S te v e n s , Snedden, S t i l l e r ,  and Thomson . )
*LI t  was s u g g e s te d  by S te v en s  , i n  th e  f i r s t  i n s t a n c e ,  t h a t  

th e  most f e a s i b l e  m echanism  o f  th e  m ig ra tio n  a p p e a re d  to  be th e  

c o n v e r s io n  o f  th e  s a l t ,  by a l k a l i ,  i n to  th e  k e to - e n o l i c  b e ta ln e  

( I I I ^ I V ) ,  fo llo w e d  by th e  d e tach m en t o f th e  b e n z y l r a d i c a l  as 

a k a t i o n ,  and i t s  r e a t ta c h m e n t  a t  th e  o r i g i n a l  m eth y len e  c a rb o n  

a to m .

PhrCOGHgNMe g-GHgPl

W ith a v iew  to  c o n f i r m a t io n  o r  r e f u t a t i o n  o f  t h i s  h y p o th e s is ,  

m easu rem en ts  o f th e  r e l a t i v e  m ig r a to ry  te n d e n c ie s  o f  s e v e r a l ,  

s u b s t i t u t e d  b e n z y l r a d i c a l s  w ere c a r r i e d  o u t .  V e lo c i ty  

m easu rem en ts  showed t h a t  th e  r e a c t i o n  was u n im o le c u la r  i n  

a b s o lu te  a l c o h o l i c  sodium  e th o x id e  s o l u t i o n ,  and th e  v a lu e s  

o b ta in e d ,  w h ich  a r e  t o  be re g a rd e d  a s  o f  a  p r e l im in a r y  

c h a r a c t e r ,  w ere q u i te  i r r e c o n c i l a b l e  w ith  th e  su g g e s te d  m echanism  

o f th e  r e a r r a n g e m e n t .  In d e e d , th e  r e s u l t s  o b ta in e d  su g g e s te d  

t h a t  th e  b e n z y l r a d i c a l s  w ere d e ta c h e d  a s  a n io n s , w hich 

c o n s id e r a t io n  gave  r i s e  to  th e  fo l lo w in g  s u g g e s te d  m echanism ,

PhCOCHNMeg

— - 1  r +
PbC (0 ) tCHNMegCHgPh ( I V)

PhCOCH( NMeg VCHgPh

i n /
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i n  w hich  th e  < j-c a rb o n  atom  o f  th e  p h e n a c y lid e n e  g ro u p  i s  

c o n s id e re d  t o  " c a p tu r e "  th e  b e n z y l a n io n  b e fo re  i t  can  e sc a p e  

in to  th e  b u lk  o f  th e  r e a c t i o n  m ix tu re  -

( com pare S te v e n s  ) .

I t  was hoped to  p ro v id e  m ore co m p le te  s u b s t a n t i a t i o n  o f  th e

su g g e s te d  r e a c t i o n  m echanism  and to  o b ta in  more a c c u ra te  and more

r i g o r o u s l y  v a l i d  d a ta  f o r  th e  r e l a t i v e  e a se  o f m ig ra t io n  o f

s u b s t i t u t e d  b e n z y l r a d i c a l s  i n  th e  r e a c t i o n ,  by p r e p a r in g  s a l t s

o f th e  ty p e  Ph*COCHg*NMeX( CHgAr )*CHgArT , and d e te rm in in g  th e

p r o p o r t io n s  in  w hich  th e  two p o s s ib le  p ro d u c ts  o f t h e i r

re a r ra n g e m e n t a re  fo rm ed . U n f o r tu n a te ly ,  th e  p r e p a r a t io n  o f

su ch  s a l t s  was fo und  to  be im p r a c t ic a b le  ( S te v e n s ,  Snedden,
3

S t i l l e r ,  and Thomson ) .

The work to  be d e s c r ib e d  h e r e a f t e r  i s  e s s e n t i a l l y  a 

c o n t in u a t io n  o f  th e  two m ain l i n e s  o f s tu d y  o u t l i n e d  above; 

f i r s t l y ,  f u r t h e r  e x te n s io n s  o f  th e  g e n e r a l i t y  o f  th e  r e a c t i o n  

( I —♦ I I )  ( S e c t io n s  A and B) a n d , s e c o n d ly , a  more a c c u r a te  and 

co m prehensive  s e r i e s  o f v e l o c i t y  d e te r m in a t io n s  w ith  a  v iew  to  

the  c o n f i rm a t io n  o f  th e  p ro p o se d  r e a c t i o n  m echanism  and th e  

e v a lu a t io n  o f  a c c u r a te  v a lu e s  f o r  th e  r e l a t i v e  m ig ra to ry  

v e l o c i t i e s  o f  s u b s t i t u t e d  b e n z y l r a d i c a l s  ( S e c t io n  C ).

PhCO. CH;NMeg( 
+  CHoPh l

PhCO. CH.NMeg .
CHpPh

PhCO. CH.NMeg 
&HgPh 

A
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GENERAL OUTLINE OF RESULTS,

A -  The re a r ra n g e m e n t o f  s a l t s  i n  w hich th e  m ig r a t in g r a d i c a l  i s  

p h e n a c y l ( I —* 1 1 ) ,  o r  i n  w h ich  th e  m eth y len e  c a rb o n  atom  to_ 

w hich  m ig r a t io n  t a k e s  p la c e  i s  t h a t  o f  a  b e n z y l g roup  ( I I I —» IV ), 

h a s  b e en  e f f e c t e d

( I )  PhCOCHgNMe2B r _____ ^ PhCOCMMeg ( I I )
CHgCOPh OHjgrCOPh

( I I I )  (CH2P h )2NMe2Cl -------- > CHPh(NMe2 >CH2Ph (IV )

The a t te m p te d  re a r ra n g e m e n t o f  d i-£ -b ro m o p h e n a o y ld im e th y l-  

ammonium brom ide and o f  d iace to n y ld im eth y lam m o n iu m  c h lo r id e  

(com pare I ) ,  and  a l s o  o f  d i-jj-b rom obenzy ld im ethy lam m on ium  b rom ide  

(com pare I I I )  f a i l e d .  The re a r ra n g e m e n t o f  p h e n y ld ib e n z y lm e th y l-  

ammonium io d id e  and  o f  b e n z y l  dime th y  la lly la m m o n iu m  b rom ide  

( p o t e n t i a l  a n a lo g u e s  o f  I I I )  h a s  b e en  e f f e c t e d ,  b u t  i n  th e  l a t t e r  

c a se  th e  b e n z y l r a d i c a l  m ig r a te s  t o  th e  m e th y le n e  c a rb o n  atom  o f  

th e  a l l y l  g ro u p .

The p r e p a r a t i o n  o f  p henacy lpheny lbenzy lm ethy lam m on ium  

b rom ide  h a s  b e e n  shown to  be i m p r a c t i c a b le .  The re a r ra x ^ e m e n t 

o f  d -  m e th y l-p h e n a c y lb e n z y ld im e th y la n ra o n iu m  io d id e  h a s  b een  

a c c o m p lish e d , b u t  s a l t s  i n  w hich  one o f  th e  h y d ro g e n  atom s o f  th e  

p h e n a c y l m e th y len e  g ro u p  i s  r e p la c e d  by  p h e n y l,  o r  b o th  by  m e th y l, 

c o u ld  n o t  b e jo b ta in e d .

B -  The re a r ra n g e m e n t o f  th e  su lp h o n iu m  s a l t  (V ) , a n a lo g o u s  to  

p h e n acy lb en zy ld im e th y lam n o n iu m  b ro m id e , h a s  b e e n  e f f e c t e d .



(V) PbCOCHg SMeBr 
CHgPh

^  PhCOCH*SMe 
CHgPh

F u r th e r  e x te n s io n s  to  th e  r e a c t i o n s  (V I) and  (V II)  were

u n s u c c e s s fu l#

PhrCOCHgSOg
CHgPh

*  PhCOCHSOgNa

PhSOgCHgNMegBr
CHgPh

^  PhSOg CENMeg 
CHoPh

A ttem p ts  t o  r e a l i s e  re a r ra n g e m e n t o f  a n  oxonium  s a l t ,  a c c o rd in g  

to  th e  schem e h e lo w , a l s o  f a i l e d .

The r e a c t i o n  h a s  b een  i n v e s t i g a t e d  i n  a  s e r i e s  o f  a l c o h o l s  and 

i n  w a te r ,  and  th e  fo l lo w in g  g e n e r a l  r e s u l t s  a r e  d is c u s s e d

(1 )  Good f i r s t  o r d e r  c o n s t a n t s  a r e  o b ta in e d ,  e x c e p t i n  aq u eo u s 

s o lu t io n ,w h e n  th e y  f a l l  o f f  a s  th e  r e a c t i o n  p ro c e e d s .

(2 ) A se co n d  e q u iv a le n t  o f  a l k a l i  p ro d u c e s  a  c o n s id e r a b le  

in c r e a s e  i n  v e l o c i t y ,  b u t  a  t h i r d  e q u iv a le n t  h a s  l i t t l e  f u r t h e r  

e f f e c t .

(3 ) The v e l o c i t y  v a r i e s  w ith  th e  medium i n  th e  o r d e r  MeOH^EtOH 

^ Pr*OH ^  Pr^OH. R ep lacem en t o f  p a r t  o f  th e  s o lv e n t  a lc o h o l  by

to lu e n e  c a u s e s  a  m arked a c c e l e r a t i o n  i n  v e l o c i t y .

(4 )  The te m p e ra tu re  c o e f f i c i e n t  o f  th e  r e a c t i o n  i n  m eth y l 
a l c o h o l /

PhCOCHgBr +  OMe — * PhCOCHgOMeBr -H B r  ̂ PhCOCEOMe 
CHgPhCHgPh CHgPh

£  -  An e x p e r im e n ta l  te c h n iq u e  h a s  b e e n  e la b o r a t e d  f o r  th e  

m easurem ent o f  th e  v e l o c i t y  o f  th e  r e a c t i o n  

PhCOCHgNMegBr a lk a l i^ ,  PhCOCffiJMeg
CHgPh CHgPh
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a lc a h o l  i s  u n u s u a l ly  h ig h ,  ^ io #=

(5 ) The q u a te r n a r y  io d id e  r e a r r a n g e s  a t  th e  same r a t e  a s  th e  

b ro m id e .

The re a r ra n g e m e n t o f  s a l t s  c o n ta in in g  o - ,  m -, and  p - c h l o r o - ,  

b rom o-, i o d o - ,  n i t r o - ,  m e th o x y -, and m e th y l-b e n z y l r a d i c a l s  h a s  

b een  i n v e s t i g a t e d ,  and  th e  m ig r a to ry  v e l o c i t i e s  o f  th e s e  r a d i c a l s  

r e l a t i v e  to  u n s u b s t i t u t e d  b e n z y l found  to  b e

Cl B r I  N02 OMe Me

o 3 5 .6  4 7 .7  81 1040 1 .9 1  1 5 .3

m 2 .4 4  2 .0 9  1 .9 2  3 .8 1  0 .9 3  0 .9 7

£  2 .7 7  2 .8 6  3 .2 5  73 0 .7 6  1 .0 6

The r a t i o s  o f  th e  v e l o c i t i e s  o f  m ig r a t io n  o f  b e n z y l ,  £ - c h lo r o -  

b e n z y l ,  m -b ro m o b en zy l, £ -b ro m o b e n z y l, and  m -n itro b e n z y l  a re  

a p p ro x im a te ly  th e  sam e, w h e th e r  th e  r a d i c a l s  a re  a s s o c i a t e d  w ith  

p h e n a c y l o r  w i th  £ -b ro m o p h en a cy l r a d i c a l s  in  th e  q u a te rn a ry  

s a l t s .

The f o l lo w in g  p o i n t s  a r e  d is c u s s e d  : -

(1 ) I n  each  p o s i t i o n ,  th e  e f f e c t s  o f  s u b s t i t u e n t s  a r e  in  th e  

o r d e r  OMe ^Me ^  H a ls .  ^  NOg .

( 2 ) I n  th e  o -  and ^ - p o s i t i o n s  th e  h a lo g e n s  f a l l  in  th e  "w rong” 

o r d e r  among th e m s e lv e s .

(3 )  £ -  S u b s t i t u t i o n  u s u a l ly  c a u s e s  v e ry  m arked a c c e l e r a t i o n .

(4 )  The n i t r o -  g ro u p  a c c e l e r a t e s  f a r  more s t r o n g ly  from  th e  £ - ,  

th a n  from  th e  m - p o s i t io n .

The a n a lo g o u s  diammonium s a l t s  c o n ta in in g  m- and £ - x y ly le n e

r a d i c a l s  have  b een  i n c i d e n t a l l y  found  t o  undergo  tw o fo ld  
re a r ra n g e m e n t/
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rearrangement under the UBual reaction  co n d itio n s.
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A -  NEW CASES OF RADICAL MIGRATION

The q u a te r n a r y  s a l t s  whose d e g ra d a tio n s  have b een  th e  s u b je c t

o f  p r e v io u s  s tu d y  ( S te v e n s ,  C re ig h to n , Gordon and  M acN icol*;
A 3 »S te v e n s  ; S te v e n s , Snedden, S t i l l e r  and  Thomson ; )  a l l  conform

t o  th e  ty p e  RCO-CHgNMegX, and  t h e i r  re a rra n g e m e n t in v o lv e s  th e
CHgAr

m ig r a t io n  o f  a  s u b s t i t u t e d  b e n z y l r a d i c a l  from  th e  q u a te rn a ry  

n i t r o g e n  a tom  to  th e  m eth y len e  c a rb o n  atom  o f  a  p h e n a c y l o r  

a c e to n y l  r a d i c a l ,  th u s  -

( I )  RCOCHgNMegX  RCOCHNMeg ( I I )
CHgAr CHgAr

I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th e  re a r ra n g e m e n t ( I —*11) 

h a s  b een  e x te n d e d  to  compounds w h ich  do n o t  co n fo rm  to  th e  ty p e  

r e p r e s e n te d  by  ( I ) .  I n  th e  f i r s t  i n s t a n c e ,  th e  re a rra n g e m e n t 

o f  d iphenaoy ld im ethy lam m onium  brom ide ( I I I ) ,  i n  w hich th e  

m ig r a t in g  r a d i c a l  i s  p h e n a c y l,  h a s  b een  a c c o m p lish e d . T rea tm en t 

o f  ( I I I )  w ith  aq u eo u s a l k a l i  g iv e s  th e  re a r ra n g e m e n t p ro d u c t (IV ) 

r e a d i l y .

( I l l )  PhCOCHg'NMe gBr _____* PhCOCfflOfeg (IV )
CHgCOPh CHgCOPh

The a t te m p te d  re a rra n g e m e n t o f  th e  a n a lo g o u s  com pounds, d l-p -b ro m o  

phenaoy ld im e thylam m oni ran b rom ide  and  d iace to n y ld im eth y lam m o n iu m  

c h l o r i d e , /
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c h l o r i d e ,  was u n s u c c e s s f u l .  I n  th e  fo rm e r  c a s e ,  a l th o u g h  th e  

q u a te r n a r y  s a l t  was c o m p le te ly  d e s t r o y e d ,  on  t r e a tm e n t  w ith  

m e th y l - a lc o h o l ic  sodium  m eth o x id e  s o l u t i o n ,  w ith  p r o d u c t io n  o f  

a  b la c k - r e d  s o l u t i o n  fro m  w hich d im e th y lam in e  was e v o lv e d , th e  o n ly  

i s o l a b l e  p r o d u c ts  o f  d e g ra d a t io n  were m in u te  q u a n t i t i e s  o f  tw o , 

u n i d e n t i f i a b l e ,  n o n -b a s ic  p r o d u c ts ,  n e i t h e r  o f  w hich  w as i d e n t i c a l  

d i-4 -b ro m o b e n z o y le th y le n e , B r £ ) C0CH “  CH C O O B r, w hich m igh t have 

a r i s e n  fro m  th e  e x p e c te d  re a rra n g e m e n t p ro d u c t  by  l o s s  o f  th e  

e le m e n ts  o f  d im e th y la m in e . I n  th e  seco n d  c a s e ,  th o u g h  th e  

q u a te r n a r y  s a l t  was a g a in  c o m p le te ly  d e s t r o y e d ,  no i s o l a b l e  

p r o d u c ts  o f d e g ra d a t io n  w h a te v e r  w ere o b ta in e d .

The re a r ra n g e m e n t ( I — >11) h a s  b e e n  f u r t h e r  e x te n d e d  t o  a 

ty p e  o f  compound i n  w hich  th e  m eth y len e  c a rb o n  atom  to  w hich  

m ig r a t io n  t a k e s  p la c e  i s  t h a t  o f  a  b e n z y l g ro u p , a s  i n  th e  

re a r ra n g e m e n t (V—>VI) b e lo w .

T h a t th e  f u n c t io n s  o f  th e  p h e n a c y l and  th e  b e n z y l r a d i c a l s  

i n  th e  r e a r ra n g e m e n t s h o u ld  be th u s  i n t e r c h a n g e a b le ,p o in t s  t o  a  

c o n f i r m a t io n  o f  th e  v iew  t h a t  th e  c h a r a c t e r i s t i c  o f  a  r a d i c a l  

w h ich  e n a b le s  i t  to  l o s e  a  h y d ro g en  io n  and  a c t  a s  th e  r e c i p i e n t  

o f  th e  m ig r a t in g  g ro u p  i s  th e  same a s  t h a t  w hich e n a b le s  i t  t o  

f u n c t io n  a s  th e  m ig r a t in g  r a d i c a l  i t s e l f .  On th e  v iew  o f  th e  

r e a c t i o n  m echanism  p o s t u l a t e d  (v id e  in t r o d u c to r y  s e o t io n )  t h i s  

c h a r a c t e r i s t i c  i s  assum ed t o  be some d e g re e  o f  a n io n ic  s t a b i l i t y .

( CHgPh) gNJfe g Cl 
(V)

CHPh(NMe2 >CH2Ph (A)

CHgPhNMeg +  CHgPbOMe (B)
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A tte m p ts  to  b r in g  a b o u t re a rra n g e m e n t i n  th e  c a se  o f  d i - p -  

b ro  mo b e n z y l dime thylanznonium  brom ide m et w i th  f a i l u r e ,  f o r ,  though  

th e  q u a te r n a r y  s a l t  was c o m p le te ly  d e s tro y e d  u n d e r  th e  c o n d i t io n s  

u s e d , no  i s o l a b l e  p ro d u c ts  o f  d e g ra d a t io n  w ere o b ta in e d .  B e t t e r  

r e s u l t s  a t t e n d e d  th e  re a r ra n g e m e n t o f pheny ld ibenzy lm ethy lam m onium  

io d id e  (v id e  i n f r a ) and  o f  b e n zy ld im e th y la lly lam m o n iu m  b ro m id e , 

b o th  o f  w hich  may be r e g a rd e d  a s  p o t e n t i a l  a n a lo g u e s  o f  (V ). The
i t

l a t t e r  c a se  w as s u g g e s te d  by th e  o b s e r v a t io n  o f  Dunn and  S tev en s 

t h a t  th e  a l l y l  r a d i c a l  c an  r e p la c e  CHgAr i n  th e  r e a c t i o n  ( I — *11), 

th u s  -

I n s t e a d ,  how ever, o f  th e  a l l y l  r a d i c a l  w an d erin g  to  th e  b e n z y l 

g ro u p  i n  th e  re a r ra n g e m e n t o f  b e n z y l dime thylally lG unm onium  

b ro m id e , th e  m ig r a t io n  t a k e s  p la c e  w h o lly  i n  th e  o p p o s i te  

d i r e c t i o n  -

I n  t h i s  c o n n e c t io n ,  i t  w ould  be o f i n t e r e s t  to  com pare th e  

r e l a t i v e  v e l o c i t i e s  o f  re a r ra n g e m e n t o f  p h e n a c y lb e n z y ld im e th y l-  

ammonium io d id e  and  o f p h en ac y ld im e th y la lly la m m o n iu m  i o d id e ,  b u t 

th e  a u th o r  h a s  b een  a d v is e d  by Mr. Dunn t h a t  th e  l a t t e r  s a l t  i s  

n o t  t r a c t a b l e  to  th e  v e l o c i t y  te c h n iq u e  e la b o r a te d  i n  S e c tio n  10 

o f  t h i s  t h e s i s .

The change (V— *VI) and  i t s  a n a lo g u e s  r e q u i r e  f a r  more 

d r a s t i c  c o n d i t io n s  th a n  have h i t h e r t o  b e en  u se d  i n  th e s e  

i n v e s t i g a t i o n s .  D ibenzyld im ethylam m onium  c h lo r i d e  (V ), on 

r e f l u x i n g /

PbCOCHg-NMegl
&Hg-CH=CHg

PhCOCMMeg
CHg-CH-CHg

CHg-CHCHgNMe g B r 
CHgPh

CHo=CHCHNMe
CHgPh
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r e f l u x i n g  w i th  m e th y l - a lc o h o l ic  sodium  m ethox ide  s o l u t io n  o r

w i th  i s o p r o p y l - a lo o h o l io  sodium  iso p ro p o x id e  s o l u t i o n ,  i s

re c o v e re d  u n ch an g ed . T rea tm en t w ith  m e th y l - a lc o h o l ic  sodium

m ethox ide  s o l u t i o n  a t  120-140*r e s u l t s  i n  th e  s a l t  b e in g  t o t a l l y

decom posed in to  b e n z y ld im e th y la m in e  and b e n z y l m e th y l e th e r ,

a c c o rd in g  to  scheme (B) a b o v e . The same r e s u l t  i s  o b ta in e d  by

r e f l u x i n g  th e  s a l t  w i th  a m y l- a lc o h o l ic  sodium  am ylox ide  s o l u t io n .

T hese r e s u l t s  a r e  i n  good a g re em e n t w i th  th o s e  o b ta in e d  by
s

A chm atow icz, P e r k in ,  and  R o b in so n  on t r e a tm e n t  o f  b e n z y l-

t r im e t  hy 1 -ammonium c h lo r id e  and  pheny lbenzy ld im ethy lam m onium

c h lo r id e  w ith  m e th y l - a lc o h o l ic  p o ta s s iu m  h y d ro x id e  s o l u t i o n .

T rea tm en t w i th  s o l i d  sodium  m ethox ide  a t  140 r e s u l t s  i n  50$ o f

th e  s a l t  b e in g  r e a r r a n g e d  a c c o rd in g  to  scheme (A ), w h ile  50$

u n d e rg o e s  d e c o m p o s itio n  a c c o rd in g  to  (B ) . When d ib e n z y ld im e th y l-
©

ammonium c h lo r id e  i s  fu s e d  w ith  sodam ide (1 4 0 -1 5 0  ) ,  th e  

q u a te r n a r y  s a l t  i s  c o n v e r te d  c o m p le te ly  i n to  re a rra n g e m e n t 

p ro d u c t (schem e A ). Prom th e s e  r e s u l t s  i t  i s  c o n c lu d e d  t h a t ,  i n  

th o s e  s a l t s  i n  w h ich  th e  h y d ro g en  a tom  w hich  i s  to  be r e p la c e d  

by th e  m ig r a t in g  r a d i c a l  h a s  l i t t l e  m o b i l i ty ,  a s  i n  th e  c a se  o f  

th e  h y d ro g en  atom  o f  th e  m e th y len e  c a rb o n  atom  o f  a  b e n z y l g ro u p , 

th e  e x t r a c t i o n  o f  t h a t  h y d ro g en  atom  becom es th e  p r im a ry  and  

d e te rm in in g  c o n d i t i o n  o f  th e  r e a r r a n g e m e n t . T h is  c o n c lu s io n  

fo rm s a  d i r e c t  c o n t r a s t  to  th e  e x p e d ie n c e  o f  Dunn and S te v e n s  , 

whose o b s e r v a t io n s  w i th  more a c i d i c  q u a te r n a r y  s a l t s  ( c o n ta in in g  

n e g a t iv e  s u b s t i t u e n t s  i n  th e  phefcacy l g ro u p ) su g g e s t  t h a t ,  i n  

th e s e  c a s e s ,  th e  d e te rm in in g  f a c t o r  i n  t h e  re a rra n g e m e n t i s  th e  

i n s t a b i l i t y /
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i n s t a b i l i t y  o f  th e  a n io n io  c a rb o n  atom  i n  th e  n e u t r a l  i o n ,  

RCOCEilMegCHgAr, w hich  i s  assum ed , i n  th e  r e a c t i o n  m echanism  

p ro p o s e d , to  be th e  i n i t i a l ,  i n te r m e d ia te  p ro d u c t o f  th e  a c t i o n  

o f  th e  a l k a l i  on th e  o r i g i n a l  q u a te r n a r y  s a l t .  I t  h a s  a l s o  b een  

o b se rv e d  t h a t  th e  re a r ra n g e m e n t p ro d u c t  (V I) may be c o n v e r te d  

i n t o  s t i l b e n e  by  f u r t h e r  t r e a tm e n t  w ith  so d am id e . I t  i s  s u g g e s te d  

t h a t  t h i s  a p p a r e n t ly  p a r a d o x ic a l  e l i m in a t i o n  o f  d lm e th y lam in e  by 

a  p o w e r fu l ly  a l k a l i n e  r e a g e n t  w h ich  h a s  a l r e a d y  e f f e c t e d  rem oval 

o f  th e  e le m e n ts  o f  h y d ro g en  c h lo r id e  i s  t o  be  e x p la in e d  by th e  

f a c t  t h a t  th e  i n i t i a l  and d e te rm in in g  s ta g e  o f  th e  p ro c e s s  may 

be re g a rd e d  a s  rem oval o f  a  h y d ro g en  io n ,  i n  th e  same way a s  th e  

rem oval o f  a  h y d ro g en  io n  from  th e  o r i g i n a l  q u a te r n a r y  s a l t  i s  

c o n s id e re d  t o  be th e  c o n d i t io n in g  f a c t o r  i n  th e  r e a r ra n g e m e n t .

An i n v e s t i g a t i o n  o f  th e  d e g r a d a t io n  o f  p h e n a c y lp h e n y lb e n z y l-

methylammonium b ro m id e , PbCOCHgNMePhf CHgPh )B r, and  o f  p h e n y l-

d ibehaylm ethylam m onium  i o d i d e , ( CHgPh)gNMePhl, h a s  b e e n  a t te m p te d

w ith  a  v iew  to  th e  d e te r m in a t io n  o f  th e  p o s s ib l e  in f lu e n c e  o f  an

a r y l  r a d i c a l  a t t a c h e d  to  th e  n i t r o g e n  atom  on th e  c o u rs e  o f  th e

re a r ra n g e m e n t. U n f o r tu n a te ly ,  th e  p r e p a r a t i o n  o f  th e  f i r s t 
ly

m en tio n ed  s a l t  p ro v ed  to  be i m p r a c t i c a b le .  A cco rd in g  t o  W edekind , 

phenaoy lpheny lbenzy lm ethy lam m onium  brom ide i s  p re p a re d  by th e  

i n t e r a c t i o n  o f  w -b ro m o ace to p h en o n e  and  b e n z y lm e th y la n i l in e ,  b u t  

i t  h a s  now b e e n  shown t h a t  th e  p ro d u c t  o b ta in e d  from  t h i s  

r e a c t i o n  i s  r e a l l y  p h e n y l d ibenzy lm e  th y  lammonium b ro m id e . w hich  

i s  p ro b a b ly  p ro d u ce d  by a  d i s s o c i a t i o n  and c o m b in a tio n  o f  th e  

ty p e  d is c o v e re d  by  W edekind*, a c c o rd in g  to  th e  fo l lo w in g  schem e-
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PtrCOCHgBr +  CHgPhNMePh PbCOCHgNMePh( CHgPh )B rJ -------

PhCOCHgNMePh +  CHgPhBr

CHgPhNMePh -+* CHgPhBr ----- > ( CHgPh)gNMePhBr

O th e r  m ethods o f  p r e p a r a t i o n  o f  th e  s a l t  w ere l ik e w is e  u n s u c c e s s 

f u l ,  f o r  ( j -m e th y la n il in o a c e to p h e n o n e  c a n  n o t  he com bined e i t h e r  

w ith  b e n z y l c h lo r i d e  o r  w ith  b e n z y l i o d id e .

B e t t e r  r e s u l t s  a t t e n d e d  th e  i n v e s t i g a t i o n  o f  p h e n y ld ib e n z y l-

me th y  lammonium i o d i d e .  T h is  s a l t ,  on r e f l u x i n g  w ith  m e th y l-  

a l c o h o l i c  sodium  m eth o x id e  s o l u t i o n ,  i s  w h o lly  decom posed to  g iv e  

b e n z y lm e th y la n i l in e  and b e n z y l m e th y l e t h e r ,  a c c o rd in g  to  sch en e

(D) b e lo w , a  r e a c t i o n  a n a lo g o u s  to  th e  d e c o m p o s itio n  r e a c t i o n  

o b se rv e d  w ith  d ibenzy ld im ethy lam m onium  c h lo r id e  (v id e  s u p r a ) .  

F u s io n  w ith  so d am id e , how ever, r e s u l t s  i n  some 70% o f  th e  s a l t  

b e in g  decom posed to  g iv e  b e n z y lm e th y la n i l in e  (com pare D ) , w h ile  

some 80$  u n d e rg o e s  re a r ra n g e m e n t a c c o rd in g  to  scheme (C ) .

The u se  o f  sodam ide a s  th e  a l k a l i n e  r e a g e n t  i n  th e  d e g ra d a t io n

a l s o  i n  th e  c a se  o f  th e  a n a lo g o u s  s a l t  (V ), w h ereas  th e  r e p l a c e 

m ent o f  one o f  th e  m e th y l g ro u p s  a t t a c h e d  to  th e  n i t r o g e n  atom  

i n  (V) by p h e n y l d e f i n i t e l y  f a c i l i t a t e s  th e  d e c o m p o s itio n  

r e a c t i o n  (schem e D )•

The p o s s i b i l i t y  o f  in d u c in g  a  change  i n  th e  d i r e c t i o n  o f  

th e  re a r ra n g e m e n t ( I —>1 1 ) by  s u b s t i t i o n  o f  th e  two h y d ro g en

CHPh(NMePhVCHgPh (V I I I )  ( C)

( CHgPh)gNMePhl

CHgPhNMePh ~h  CHgPbOMe (D)

i s  th u s  se e n  to  f a v o u r  re a r ra n g e m e n t o f  th e  s a l t ,  a s  i t  d oes

a to m s/
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a tom s o f  th e  p h e n a c y l m eth y len e  g roup  h a s  h een  c o n s id e r e d .  I t  

was th o u g h t t h a t  th e  s u b s t i t u t e d  p h e n a c y l r a d i c a l  m ig h t, 

p o s s i b l y # m ig ra te  i n to  th e  b e n z y l g ro u p . The p r e p a r a t i o n  o f  such  

s u b s t i t u t e d  q u a te r n a r y  s a l t s  was a c c o rd in g ly  u n d e r ta k e n . ^ -M e th y l-  

phenacy lbenzy ld lm ethy lam m on ium  io d id e  ( I X ) ,  on t r e a tm e n t  w ith  

aqueous a l k a l i ,  g iv e s  th e  re a r ra n g e m e n t p ro d u c t (X) sm o o th ly , 

b u t  i t  was fo u n d  im p o s s ib le  t o  o b t a in  s a l t s  i n  w hich  one o f  th e  

h y d ro g en  atom s o f  th e  p h e n a c y l m e th y len e  g ro u p  i s  r e p la c e d  by 

p h e n y l,  o r  b o th  by m e th y l .

(IX ) PhCOCHiieNMegl ______ > Ph-COCMeNMeg (X)
CHgPh CHgPh

The i n v e s t i g a t i o n s  show t h a t  th e  p r o g r e s s iv e  re p la c e m e n t o f  

th e  h y d ro g en  a tom s o f  th e  m e th y len e  c a rb o n  atom  o f  th e  p h e n a c y l 

g roup  l e a d s  to  a  p r o g r e s s iv e  d e c re a s e  i n  th e  e a se  o f  q u a te rn a r y  

s a l t  f o r m a t io n .  T hus, a l th o u g h  co-brom oaoetophenone and  b e n z y l -  

d im e th y lam in e  com bine r e a d i l y  i n  th e  c o ld ,  b rom oprop iophenone 

and b e n z y ld im e th y la m in e  show no te n d e n c y  w h a te v e r  t o  com bine 

u n d e r  s i m i l a r  c o n d i t i o n s ,  and  th e  c o m b in a tio n  o f  d im e th y la m in o - 

p ro p io p h en o n e  and  b e n z y l c h lo r id e  i s  s lo w . L ik e w ise , th o u g h  

c h lo ro d e o x y b e n z o in  r e a c t s  w ith  d im e th y la m in e , i t  r e q u i r e s  a  

te m p e ra tu re  o f  1 0 0 -1 1 0  f o r  th e  r e a c t i o n  t o  p ro c e e d  r e a d i l y ,  

w h ile  w ith  b e n z y ld im e th y la m in e  no r e a c t i o n  w h a te v e r  o c c u r s .  

N e i th e r  does d im e th y la m in o d e o x y b en z o in  com bine w ith  b e n z y l 

c h lo r id e  o r  i o d id e .  F u r th e r ,  b ro m o iso b u ty ro p h en o n e  g iv e s  o n ly  

t r a c e s  o f  t e r t i a r y  b a se  w ith  d im e th y la m in e , and no q u a te rn a ry  

s a l t  w i th  b e n z y ld im e th y la m in e .

I t  i s  o f  i n t e r e s t  t h a t  th e  i n t e r a c t i o n  o f  b rom opropiophenone
a n d /
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and  b e n z y ld im e th y la m in e , when c a r r i e d  o u t i n  h o t , benzene  s o l 

u t i o n ,  p ro d u c e s  n o t  <<- me th y  lp h e n a c y lb e n z y l  dime th y  lammonium 

brom ide ( IX ) ,  b u t  d ib en zy ld im e th y lam n o n iu m  b ro m id e , w h ich , i n  

a l l  p r o b a b i l i t y ,  a r i s e s  i n  a  s i m i l a r  m anner to  th e  f o rm a t io n  o f 

p h en y ld ib en z y lm e  th y  lammonium brom ide fro m  c j-b ro m o aeeto p h en o n e  

and  b e n z y lm e th y la n i l in e  (v id e  s u p r a ) .

CONSTITUTION OF THE RE1RRANGEMENT PRODUCTS. To c o n firm  

th e  c o n s t i t u t i o n  o f  th e  r e a r ra n g e m e n t p ro d u c t  ( I V ) ,  th e  l a t t e r  

w as c o n v e r te d  to  th e  m e th o s u lp h a te ,  w h ich , on  r e d u c t io n  w ith  

z in c  d u s t i n  a b s o lu te  a l c o h o l i c  s o l u t i o n ,  gave d ip h e n a c y l ,  

Ph-COCHgCHg-COPh, i d e n t i c a l  w i th  a n  a u t h e n t i c ,  s y n t h e t i c a l  specim en#

The me th o  s u lp h a te s  o f  th e  re a rra n g e m e n t p ro d u c ts  (V I) an d  ( V I I I ) ,

on t r e a tm e n t  w ith  a l k a l i ,  y i e ld e d  s t i l b e n e ,  th u s  c o n f irm in g  th e

s t r u c t u r e s  a s s ig n e d  to  th o s e  p r o d u c t s .  The s t r u c t u r e  o f

s u b s ta n c e  (Z ) was c o n firm e d  b y  th e  f a c t  t h a t  i t s  me th o  s u lp h a te ,

on t r e a tm e n t  w i th  a l k a l i ,  y i e ld e d  a C -b e n z y lid e n e p ro p io p h e n o n e ,

i d e n t i c a l  w ith  a n  a u t h e n t i c ,  s y n t h e t i c a l  sp e c im en . The

met ho s u lp h a te  o f  su b s ta n c e  ( V I I ) ,  on t r e a tm e n t  w i th  a l k a l i ,

y ie ld e d  oC- p h e n y lb u ta d ie n e , show ing t h a t  th e  s t r u c t u r e  t o  be

a s s ig n e d  to  th e  re a rra n g e m e n t p ro d u c t was e i t h e r

( a )  CHg =  CHCMMeg o r  PhCMMe2 (b )
CHgPh CH2OH =  CH2

S y n th e t i c a l  e x p e r im e n ts  w ere c a r r i e d  o u t  t o  d e c id e  upon th e

a p p r o p r i a te  s t r u c t u r e .  The i n t e r a c t i o n  o f  benzy lm agnesium

c h lo r id e  and  o C -d im ethy l ami n o v in y la o e to n i t  r i l e ,  CHgCHCHf NM©2 )*CN
f

(com pare S te v e n s , Cowan and MacKinnon ) was e x p e c te d  to  y i e l d
s u b s ta n c e /
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s u b s ta n c e  ( a ) t b u t  th e  r e q u i r e d  n i t r i l e  c o u ld  n o t  be o b ta in e d ,

f o r  th e  i n t e r a c t i o n  o f  a c r o l e i n ,  d im e th y lam in e  and h y d ro g en

c y an id e  g iv e s  r i s e ,  n o t  to  th e  u n s a tu r a te d  compound, b u t to  th e
to

d i a m i n o - n i t r i l e , CH2 (NMe2 )*CH2rCH2 (NMe2 )*CN, (com pare B ru y la n ts  ) .  

The a t te m p te d  s y n th e s i s  o f  (b )  b y  th e  a c t i o n  o f  a lly lm a g n e s iu m  

brom ide on o C -d im e th y la m in o p h e n y la o e to n i tr i le  was u n s u c c e s s f u l ,  

a s  th e  r e a c t i o n  d id  n o t  p ro c e e d  sm ooth ly#  C a ta ly t i c  r e d u c t io n  

o f  th e  re a rra n g e m e n t p r o d u c t ,  how ever, g iv e s  d im ethy lam ino-oC -

p h e n y lb u ta n e , CH^CHgrCHfNMeg )*CHgPh, th e  s t r u c t u r e  o f  w hich  was

e s t a b l i s h e d  by  i t s  s y n t h e s i s  from  e th y lm ag n esiu m  brom ide and  

d im e th y l am ino-y6 - p h e n y l p r o p i o n i t r i l e #  T h is  p ro v e s  th e

re a r ra n g e m e n t p ro d u c t (V II)  to  have  th e  s t r u c t u r e  r e p r e s e n te d  

by (a )#
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EXPBRI MENTAL

D iphenacy ld im ethy lansnon ium  b rom ide  was p re p a re d  from

(d-b rom oacetophenone (2  m o ls .)  and  d im e th y lam in e  (1  m ol*) i n
/ /

a lc o h o l  a f t e r  Rumpel • A f te r  rem o v a l o f  m ost o f  th e  a l c o h o l ,

th e  a d d i t i o n  o f  e t h e r  p r e c i p i t a t e d  a n  o i l  w hich  s o l i d i f i e d  on

s ta n d in g  i n  th e  c o ld .  Any p h e n ac y ld im e th y la m in e  hyd ro b ro m id e

form ed was rem oved by  w a sh in g  w ith  a  l i t t l e  c o ld  w a te r .  The

s o l i d  m ass was th e n  w ashed w ith  e t h e r ,  and c r y s t a l l i s e d  from
o

a l c o h o l - e t h e r  i n  f i n e  n e e d le s ,  m .p . 155 -  156 (Rumpel g iv e s  m .p . 
o

156 ) .  On w arm ing th e  fo re g o in g  b rom ide w ith  a q u eo u s  c a u s t i c  

soda s o l u t i o n  th e r e  r e s u l t e d  c o -d im e th y la m in o -c o -p h e n a c y la c e to -  

phenone w hich  was o b ta in e d  a s  a  gummy s o l i d  w hich  c o u ld  n o t  be 

c r y s t a l l i s e d  s a t i s f a c t o r i l y ,  b u t w hich  gave  a  p i o r a t e  from
o

m eth y l a l c o h o l ,  s n a i l ,  y e llo w  p r is m s , m .p . 188 -  130 (F ound :

C6H3 07N3# 4 4 .9 .  Oi0H*L9 OgN, O5H3 O7N2 re  q u i r e s  CgH3 07N3 , 4 4 .9 $ * )

C o n s t i tu t io n  o fcc-D im e th y  lam in o -< j-p h e n a c y la o e to p h e n o n e . -  By

t r e a tm e n t  o f  u -b ro m o a c e to p h e n o n e  w ith  a l c o h o l i c  sod ium  e th o x id e  
/&

s o l u t io n  F r i t z  o b ta in e d  a  s o - c a l l e d  "b ro m o d ip h e n a c y l" , m .p . 1 61 - 
©

162 , w h ich  on r e d u c t io n  i n  a b s o lu te  a l c o h o l i c  s o l u t i o n  w ith
o

z in c  d u s t  gave  d ip h e n a c y l ,  m .p . 143-145  , o f  w e ll  e s t a b l i s h e d  

c o n s t i t u t i o n . co-D im ethylam ino- <0 -p h e n a c y la c e to p h e n o n e , on 

r e f l u x i n g  i n  b en zen e  s o l u t i o n  w ith  a n  e q u iv a le n t  q u a n t i t y  o f  

m e th y l s u l p h a te ,  y i e l d e d  a n  o i l y  m e th o su lp h a te  w hich  on r e d u c t io n  

w ith  z in c  d u s t  and  d i l u t e  s u lp h u r ic  a c id  y ie ld e d  d ip h e n a c y l ,
o

m .p . and  m ixed  m .p . 1 4 3 -1 4 5 . An a t te m p t  to  s y n th e s i s e  o -d im e th y l -  

a m in o -o o -p h e n a c y la o e to p h e n o n e  by  th e  i n t e r a c t i o n  o f  "brom o-

d ip h e n a o y ln an d  d im e th y lam in e , i n  a lc o h o l  y i e l d e d  a p i  o r a t e  
TRfaioh/
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w hich was o b ta in e d  from  benzene i n  sm a ll  y e llo w  p r is m s , m .p . 

184-186 (Found: CgH^OyNg, 4 5 * 5 ) . That t h i s  p i c r a t e  i s  n o t  

i d e n t i c a l  w ith  fc)-d im ethy lam ino-0)-p h en a cy la ce to p h e n o n e  p i c r a t e  

i s  p ro h a h ly  t o  be a c c o u n te d  f o r  by th e  f a c t  t h a t  s e v e r a l  "brom o- 

d ip h e n a c y ls ” a r e  known, whose s t r u c t u r e s  a re  a  m a t te r  o f  d o u b t. 

D i-p -brom o p h e n ac y l dlm ethylam m onium  brom ide * -  The i n t e r a c t i o n  o f 

£ -b ro m o p h en acy l brom ide (2  m o ls .)  and d im e th y lam in e  (1  m o l.)  

i n  a lc o h o l  r e s u l t e d  i n  th e  a lm o s t in s t a n ta n e o u s  s e p a r a t i o n  of 

c o lo u r l e s s  c r y s t a l s  w hich  q u ic k ly  f i l l e d  th e  l i q u i d .  Unchanged 

jD-bromo p h e n ac y l brom ide was removed w ith  b o i l i n g  benzene  and th e  

r e s i d u e ,  on c r y s t a l l i s a t i o n  from  a lc o h o l ,  was o b ta in e d  a s  

c o lo u r l e s s  p r is m s , m .p . 215 (decom p.) (Found ; io n i s a b l e  B r, 1 5 .0 .  

O isH isO gN B rg.B r1 r e q u i r e s  B rT, 1 5 .4 $ ) .  On g e n t ly  w arm ing th e  

f o r e g o in g  brom ide w ith  m e th y l a l c o h o l i c  sod ium  m eth o x id e  s o l u t i o n  

th e r e  r e s u l t e d  a  b l a c k - r e d  s o l u t i o n  from  w hich d im e th y la m in e  

was e v o lv e d . The s o l u t i o n  was d i lu t e d  w i th  w a te r  and e x t r a c t e d  

w ith  e t h e r .  The e t h e r  e x t r a c t  on t r e a tm e n t  w ith  d i l u t e  

h y d r o c h lo r ic  a c id  d e p o s i te d  a  sm a ll am ount o f a n  o r a n g e - re d  

s o l i d  w hich  was c o m p a ra t iv e ly  i n s o lu b le  i n  a lc o h o l  and a c e to n e ,  

and  m e lte d  a t  170-171  (d e c o m p .) . The h y d r o c h lo r ic  a c id  l a y e r  

on m aking a l k a l i n e  w ith  ammonia y ie ld e d  a  s m a ll  am ount o f  a  

c re a m -c o lo u re d  s o l i d ,  m .p . 253-255 , w hich  was c o m p le te ly  

i n s o lu b le  i n  a b s o lu te  a l c o h o l ,  and  d id  n o t  r e d i s s o l v e  in  d i l u t e  

a c i d .  The r e s i d u a l  e t h e r  l a y e r  y ie ld e d  a  b la c k - r e d  t a r  w hich  

c o u ld  n o t  be c r y s t a l l i s e d .  No unchanged  q u a te r n a ry  s a l t  was 

o b ta in e d .  The s o l i d  p r o d u c ts  i s o l a t e d  r e p r e s e n te d  o n ly  a  m inu te  

f r a c t i o n /
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f r a c t i o n  o f  th e  o r i g i n a l  q u a te rn a ry  s a l t  u s e d .  N e i th e r  o f  th e s e  

s o l i d  p ro d u c ts  o b ta in e d  was i d e n t i c a l  w i th  d i-4 -b ro m o b e n z o y l-
o

e th y le n e  w h ich  i s  y e llo w  i n  c o lo u r  a n d  h a s  m .p . 188 (com pare 
/*. .

Conant and  L utz )•  T h is  m igh t have  b e e n  fo rm ed  i f  th e  e x p e c te d  

re a r ra n g e m e n t p ro d u c t  h ad  l o s t  th e  e le m e n ts  o f  d im e th y la m in e .

D ia c e to n y l  dime th y  lammonium c h lo r id e  was p re p a re d  from  

o h lo ro a o e to n e  (2  m o ls . )  and  d im e th y la m in e  (1  m o l.)  i n  a lc o h o l .

I t  was o b ta in e d  a s  a  b ro w n is h , m o b ile  o i l  w hich  c o u ld  n o t  be 

c r y s t a l l i s e d .  The p i c r a t e  was o b ta in e d  from  m e th y l a lc o h o l  i n  

y e l lo w , p r i s m a t i c  n e e d le s ,  m .p . 1 9 8 -1 9 9 ° (d e c o m p .) .  (Pound : 

c6H2°7 iNfI3* c8 h16°2n #c6h2 °7n 3 r e q u i r e s  CgHgO^Ng, 5 9 .1 $ . )

T rea tm en t o f  th e  q u a te r n a r y  c h lo r id e  w ith  aq u eo u s o a u s t io  soda 

s o l u t io n  o r  w ith  m e th y l a l c o h o l i c  sodium  m eth o x id e  s o l u t io n  

r e s u l t e d  i n  co m p le te  d e s t r u c t io n  o f  th e  q u a te rn a ry  s a l t ,  b u t  no 

i s o l a b l e  p ro d u c ts  w ere o b ta in e d  from  th e  d e g ra d a t io n .

D ib e n zy l dime th y  lammonium c h l o r i d e , p re p a re d  from  b e n z y l-  

d im d th y lam in e  and  b e n z y l c h lo r id e  i n  c o ld  b e n z e n e , s e p a r a te d  a s  

an  o i l  w h ich  s lo w ly  s o l i d i f i e d ,  and  o r y s t a l l i s e d  from  a o e to n e  

i n  s t o u t  p r i s m s ,  m .p . 9 3 -9 5 ° (Pound: C l, 1 3 .7 .  ci g H2 oNCl r e q u i r e s  

C l, 1 3 .6 $ ) .  The io d id e  c r y s t a l l i s e d  from  a lc o h o l  i n  s t o u t  p r is m s , 

m .p . 192 (Pound : I ,  3 5 .9 .  C-j^HgQNI r e q u i r e s  I ,  3 6 .0 $ ) .  The 

p i c r a t e . g l i s t e n i n g  y e llo w  l e a f l e t s  from  m e th y l a l c o h o l ,  m e lte d
o / s  0

a t  1 48 -150  (G o ss, I n g o ld ,  an d  W ilson g iv e  m .p . 146 ) .  (Pound:

CgHgOyN^, 5 0 .4 .  C^gHgQN• CgHgO^Njj r e q u i r e s  CgHgO^N’g , 5 0 .2 $ ) .

R e f lu x in g  th e  q u a te r n a r y  s a l t  f o r  s e v e r a l  h o u rs  w ith  m eth y l

a lc o h o l i c  sodium  m ethox ide  s o l u t io n  and  w ith  i s o p ro p y l  

a l c o h o l i c /
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a l c o h o l i c  sodium  i s o p ro p o x id e  s o l u t io n  r e s u l t e d  i n  i t s  b e in g  

re c o v e re d  unchanged  p r a o t i o a l l y  q u a n t i t a t i v e l y .  R e f lu x in g  th e  

q u a te r n a r y  s a l t  w i th  amyl a l c o h o l i c  sod ium  am y lox ide  s o l u t i o n  

f o r  s i x  h o u rs  gave a  q u a n t i t a t i v e  y i e l d  o f  b e n z y ld im e th y la m in e ,
o

i s o l a t e d  a s  p i c r a t e ,  m .p . and  m ixed m .p . 93 -95  . The q u a te rn a ry
o

c h lo r id e  was h e a te d  a t  1 2 0 -1 4 0  f o r  two h o u rs  w ith  m eth y l 

a l c o h o l i c  sodium  m eth o x id e  s o l u t i o n ,  an d  th e  r e s u l t a n t  s o l u t io n  

was d i l u t e d  w ith  w a te r  and  e x t r a c t e d  w i th  e t h e r .  The e t h e r  

e x t r a c t  y i e ld e d  b e n z y ld im e th y la m in e , i s o l a t e d  a s  p i c r a t e ,  to  

d i l u t e  h y d r o c h lo r ic  a c i d ,  and from  th e  r e s i d u a l  e t h e r  l a y e r
o

t h e r e  was o b ta in e d  b e n z y l  m e th y l e t h e r ,  b .p .  169-170  • The 

am ounts o f th e s e  p r o d u c ts  a c c o u n te d  s a t i s f a c t o r i l y  f o r  th e  

o r i g i n a l  q u a te r n a r y  s a l t  u s e d .  W ith s o l i d  sodium  m ethox ide  ( n o t
o

a lc o h o l  -  f r e e  ) a t  140 th e r e  r e s u l t e d  on w ork ing  up a s  j u s t  

d e s c r ib e d ,  b e n z y l  m e th y l e t h e r  and a  m ix tu re  o f  b a s e s  w hich  

were s e p a r a te d  by  c r y s t a l l i s a t i o n  o f  th e  p i o r a t e s  from  m e th y l 

a l c o h o l .  T here  was d e p o s i te d  f i r s t  *j8-d ip h e n y le th y ld im e th y la m in e  

p i c r a t e ,  y e llo w  l e a f l e t s  from  m e th y l a l c o h o l ,  w h ich  even  a f t e r
o

re p e a te d  r e c r y s t a l l i s a t i o n  s o f te n e d  m ark e d ly  a b o u t 130 and
o

f i n a l l y  m e lte d  a t  156-157  ( com pare S te v e n s , Cowan, and  
?

MacKinnon ) .  The m o th e r l i q u o r s  d e p o s i te d  b e n zy ld im e th y lam in e
o

p i c r a t e ,  m .p . a n d  m ixed m .p . 93 -95  • A v e ry  s m a ll  am ount o f  

u n changed  q u a te r n a r y  s a l t  was I s o l a t e d  a s  p i c r a t e ,  m .p . and  

m ixed m .p . 1 4 8 -1 5 0 ° . The re a rra n g e m e n t p ro d u c t  i s o l a t e d  

c o rre s p o n d e d  t o  a b o u t 50$ o f  th e  q u a te r n a r y  s a l t  d e s t r o y e d ,  a s  

d id  th e  b e n z y ld im e th y la m in e . On h e a t in g  th e  q u a te rn a ry  s a l t  

w i th /
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©
w ith  sodam ide u n t i l  f u s i o n  o c c u r re d  (1 4 0 -1 5 0  ) th e r e  w as 

i s o l a t e d  o n ly  -d ip h e n y le th y ld im e th y la m in e  a s  p i c r a t e ,  no 

b e n z y ld im e th y la m in e  b e in g  d e t e c t e d .  From th e  r e s i d u a l  e t h e r
©

e x t r a c t  a  s m a ll  am ount o f  s t i l b e n e ,  m .p . and m ixed m .p . 123-125  , 

was o b ta in e d .  The am ount o f  re a r ra n g e m e n t p ro d u c t  i s o l a t e d  

a c c o u n te d  s a t i s f a c t o r i l y  f o r  th e  q u a te r n a r y  s a l t  u s e d .

C o n s t i t u t i o n  o f  cCj8 -D ip h e n y le th y ld im e th y la m in e . -  E q u im o le c u la r  

q u a n t i t i e s  o f  th e  b a se  and  m eth y l s u lp h a te  w ere r e f lu x e d  in  

ben zen e  s o l u t i o n  f o r  a n  h o u r .  The o i l y  q u a te r n a r y  s a l t  o b ta in e d ,  

on b o i l i n g  f o r  a  s h o r t  tim e  w ith  o a u s t i c  so d a  s o l u t i o n ,  gave  

s t i l b e n e ,  m .p . and  mixed m .p . 1 2 3 -1 2 5 ° . T rea tm en t o f  o6y £ -d ip h e n y l-  

e th y ld im e th y la m in e  w ith  sodam ide a t  200  a l s o  gave s t i l b e n e .

D i-p - brom obenzyldim ethylam m onlxm  b ro m id e . from  2 m o ls . o f  

jD -brom ophenaoyl b ro m id e , p re p a re d  a s  d e s c r ib e d  by S te v e n s , Snedden,
3

S t i l l e r ,  and Thomson , and  1 m ol. o f  d im e th y lam in e  i n  a lo o h o l .

A f te r  d i s t i l l a t i o n  o f  m ost o f  th e  a l c o h o l ,  th e  a d d i t i o n  o f  e th e r

p r e c i p i t a t e d  a n  o i l  w hich  s o l i d i f i e d  on s ta n d in g  and  c r y s t a l l i s e d

from  a lc o h o l  -  e t h e r  i n  lo n g , p r i s m a t i c  n e e d le s ,  s o f t e n in g  a t

a b o u t 170 and  f i n a l l y  m e lt in g  a t  193-195  ( Found: i o n i s a b l e

B r, 1 7 .0 .  C15H19NBr2 .B r 1 r e q u i r e s  B r* , 1 7 .2 #  ) .  The f o r e g o in g

b rom ide  on f u s io n  w ith  sodam ide a t  160-170  was c o m p le te ly

d e s t ro y e d ,  b u t  no p ro d u c ts  o f  d e g ra d a t io n  c o u ld  be i s o l a t e d .  A

mere t r a c e  o f  b a s ic  m a t e r i a l  was o b ta in e d ,  w h ic h , how ever, was

i n s u f f i c i e n t  t o  p e rm it  o f  i s o l a t i o n  i n  a  s t a t e  o f  p u r i t y .

The Supposed Phenaoylphenylbenzylm ethylam m onium  b ro m id e . -
/6

B e n z y lm e th y la n i l in e  was p re p a re d  a s  d e s c r ib e d  by Wedekind , 

a n d /
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and  was o b ta in e d  a s  a  c o lo u r l e s s  o i l ,  b . p .  205-212 /6 0  mm. When
*r

t r e a t e d  w ith  C O -brom oacetophenone a s  d e s c r ib e d  by W edekind th e r e

r e s u l t e d ,  from  a l c o h o l - e t h e r ,  f in e  c o lo u r l e s s  n e e d le s ,  m .p . 144- 
©  ©

146 • (W edekind g iv e s  d e c o m p o s itio n  p o i n t ,  149-150  ) .  (Found:

B r, 2 1 .9 .  CggHggONBr r e q u i r e s  B r, 2 0 .2 ^ .  P h e n y ld ib e n z y lm e th y l-

ammonium b ro m id e , Cg^HggNBr, r e q u i r e s  B r, 2 1 .7 $ ) .  C o n v ersio n  to

th e  io d id e  gave c o lo u r l e s s  p r is m s  fro m  a l o o h o l - e t h e r ,  m .p . 132- 
©

134 • Mixed m .p . w i th  pheny ld ibenzy lm ethy laram onium  io d id e  (v id e
O

i n f r a ) , 132-134  • Thus W edekindTs o r e p a r a t i o n  g iv e s ,  n o t

phenacy lpheny lbenzy lm ethy lam m on ium  b ro m id e , b u t  p h e n y ld ib e n z y l-

met hylammonium b ro m id e .

M e th y la n il in o a c e to p h e n o n e  was p re p a re d  by g e n t ly  warm ing

CO -brom oaoetophenone (1  m o l.)  w i th  m o n o m e th y la n ilin e  (8  m o ls .)
t*t(com pare S ta e d e l  and  S ieperm ann  ) .  The m e th y la n i l in e  h y d ro 

brom ide form ed was rem oved by h o t  w a te r  and th e  m e th y la n i l in o 

a c e to p h e n o n e  c r y s t a l l i s e d  from  a lc o h o l ,  fro m  w hich i t  was
o

o b ta in e d  in  g l i s t e n i n g  p l a t e s ,  m .p . 180 (d e c o ra p .) . M ethy l

a n i l in o a c e to p h e n o n e  c o u ld  n o t  be com bined w ith  b e n z y l c h lo r id e  

o r  w ith  b e n z y l  i o d id e .

Phenyld ibenzy lm ethy lam m onium  io d id e .  -  B e n z y lm e th y la n ilin e  

c o u ld  n o t  be com bined w ith  b e n z y l c h l o r i d e ,  and  i t s  i n t e r a c t i o n

w ith  b e n z y l io d id e  r e q u i r e d  a  much lo n g e r  p e r io d  th a n  was u sed  
/ 8

by Jo n e s  • P heny ld ibenzylm ethy lam m onium  io d id e  c r y s t a l l i s e d  

from  a lc o h o l  i n  p r i s m a t i c  n e e d l e s ,  m .p . 133-135 (Jo n e s  g iv e s
o

m .p . 134-135  ) .  On r e f l u x i n g  th e  q u a te rn a ry  io d id e  w i th  m e th y l-  

a l c o h o l i c /
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a lc o h o l io  sodium  m eth o x id e  s o l u t i o n  f o r  an  h o u r , t h e r e  was 

o b ta in e d  b e n z y lm e th y la n i l in e ,  i d e n t i f i e d  a s  p i c r a t e ,  m .p . and
o ©

m ixed m .p . 105-107  , and  b e n z y l m e th y l e t h e r ,  b .p .  1 6 9 -1 7 0  , th e

am ounts o f  th e s e  p r o d u c ts  a c c o u n tin g  s a t i s f a c t o r i l y  f o r  th e

q u a te r n a r y  s a l t  u s e d .  B e n z y lm e th y la n i l in e  p l c r a t e . o b ta in e d  i n  th e

f i r s t  in s t a n c e  from  e t h e r ,  c r y s t a l l i s e d  from  m eth y l a lc o h o l  i n
«

s t o u t ,  y e llo w  p r i s m s ,  m .p . 1 05 -107  (Pound: CgH^OyN^, 5 4 .2 .  

c14h 15n *c6h 3°7^3  r e q u i r e s  C0H3 O17N3 , 5 3 .8 $ ) .  The q u a te r n a r y  s a l t
o

was h e a te d  to  160 -1 7 0  w ith  two e q u iv a le n t s  o f  so d am id e . The

r e a c t i o n  mass was t r e a t e d  w i th  w a te r  a n d  e x t r a c t e d  w ith  e t h e r .

T rea tm en t o f  th e  e t h e r  e x t r a c t  w i th  d i l u t e  h y d r o c h lo r ic  a c id

p r e c i p i t a t e d  - d ip h e n y le th y lm e th y la n i l in e  h y d ro o h lo r id e  w hich

c r y s t a l l i s e d  fro m  a lc o h o l  o r  from  w a te r  i n  f i n e ,  g l i s t e n i n g ,

p r i s m a t ic  n e e d le s ,  m .p . 23 0 -2 3 2 ° (Pound: HC1, 1 1 .3 .  CgjHg^N.HCl

r e q u i r e s  HC1, 1 1 .3 $ ) .  T rea tm en t o f  th e  h y d r o c h lo r id e  w i th

c a u s t i c  so d a  s o l u t i o n  l i b e r a t e d  th e  f r e e  b a s e ,  ¥ ■  -  d i  p h e n y le  t h y l  -

m e t h y l a n i l i n e . w hich c r y s t a l l i s e d  from  m e th y l a lc o h o l  i n  g l i s t e n -
«

in g  l e a f l e t s ,  m .p . 9 2 -9 3  (Pound: N, 5 .1 .  CgiHg^N r e q u i r e s  N, 

4 .9 $ ) .  The h y d r o c h lo r ic  a c id  e x t r a c t ,  on m aking a lk a l i n e  w ith  

ammonia, y i e ld e d  b e n z y lm e th y la n i l in e ,  i d e n t i f i e d  a s  p i e r a t e ,  m .p . 

and m ixed m .p . 105-107  . The r e s i d u a l  e t h e r  l a y e r  y ie ld e d  a  v e ry  

s m a ll  amount o f  a  v is c o u s  o i l  w hich  had  th e  o d ou r o f  h ig h e r  

h y d ro c a rb o n s . No unchanged  q u a te rn a ry  s a l t  was i s o l a t e d .  The 

re a r ra n g e m e n t p ro d u c t o b ta in e d  c o rre sp o n d e d  t o  some 20$ , and th e  

b e n z y lm e th y la n i l in e  to  some 70$ , o f  th e  i n i t i a l  q u a te r n a r y  s a l t  

u s e d .
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C o n s t i t u t i o n  o f  ^ p - D i p h e n y l e t h y l m e t h y la n i l i n e . -  E qu i m o le cu la r  

q u a n t i t i e s  o f  th e  h a se  and m ethy l s u lp h a te  w ere r e f lu x e d  f o r  

some tim e  i n  b en zen e  s o l u t i o n .  The m e th o su lp h a te  s e p a r a te d  i n  

c o lo u r l e s s  c r y s t a l s  w hich  w ere d i s s o lv e d  i n  m e th y l a lo o h o l  and  

b o i l e d  w i th  c a u s t i c  so d a  s o l u t i o n ,  th e  m e th y l a lc o h o l  b e in g  u sed  

to  p re v e n t  th e  m e th o s u lp h a te  b e in g  p r e c ip a te d  unchanged  on th e  

a d d i t i o n  o f  th e  c a u s t i c  s o d a . The r e a c t i o n  m ix tu re  was p o u red  

i n to  w a te r  an d  e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t  y i e ld e d
o

s t i l b e n e ,  m .p . and  m ixed m .p . 123-125  •

B enzyld im e th y la lly lam m o n iu m  b ro m ld e . was p re p a re d  from  a l l y l

b rom ide an d  b e n z y l dime th y la m in e  i n  c o ld  b e n z e n e , and s e p a r a te d

a s  a v is c o u s  o i l  w hich  s lo w ly  s o l i d i f i e d .  The c r y s t a l s  w ere f r e e d

from  a d h e r in g  o i l  by  w a sh in g  w ith  a c e to n e ,  and  o b ta in e d  a s  s t o u t
o

p r is m s , m .p . 98-100  ( Found: B r, 3 1 .2 .  C^gH^gNBr r e q u i r e s  B r,

3 1 .3 $  ) .  A ttem p ted  c r y s t a l l i s a t i o n  from  a lc o h o l  -  e t h e r  and from

a c e to n e  r e s u l t e d  i n  an  o i l  b e in g  o b ta in e d .  The s a l t  i s  e x tre m e ly

d e l iq u e s c e n t .  The p i c r a t e , c l u s t e r s  o f  s h o r t ,  y e llo w  p rism s  from
•  /

a c e to n e ,  m e lte d  a t  108-110  ( Found: C6H2°7N I3» C12H18N#

06Hg07N3 r e q u i r e s  CeHgOfN'g, 5 6 .4 $  ) .  On h e a t in g  th e  q u a te rn a ry
c

brom ide w i th  sodam ide a  v i o l e n t  r e a c t i o n  s e t  i n  a t  a b o u t 80 and

a  m ost p u n g e n t o d o u r was a p p a r e n t .  The r e a o t io n  m ix tu re  was

t r e a t e d  w ith  w a te r  and  e x t r a c t e d  w ith  e t h e r .  The e th e r  e x t r a c t

y ie ld e d  to  d i l u t e  h y d r o c h lo r ic  a c id  s o l u t io n  a  b a s ic  o i l  w hich

was o b ta in e d  a s  an  a lm o s t  c o lo u r l e s s  l i q u i d ,  b .p .  121-124  /45mm.

The r e s i d u a l  e t h e r  s o lu t io n  y ie ld e d  a  sm a ll amount o f  a  b a lsam -

l i k e  compound. The re a rra n g e m e n t p ro d u c t gave a  p i c r a t e  w hich  

c r y s t a l l i s e d /
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c ry  s t a l l  i  so d  fro m  aqueous m ethy l a lc o h o l  i n  y e llo w , p r i s m a t ic  

n e e d le s ,  m .p . 147-149 ( Found: CgHgOyHg, 5 7 .0 .  Ci2Hl7 N. c 6H3°7N3

r e q u i r e s  CgHgO^Ng, 5 6 .7 $  ) .  Ho unchanged  q u a te rn a ry  s a l t  was 

o b ta in e d .  The re a r ra n g e m e n t p ro d u c t i s o l a t e d  c o rre sp o n d e d  to  

some 60$ o f  t h e  o r i g i n a l  q u a te rn a ry  s a l t  u s e d .

C o n s t i t u t i o n  o f  th e  R earrangem en t P ro d u c t . -  A n a ly s is  o f  th e  

p i c r a t e  o f  th e  re a rra n g e m e n t p ro d u c t (v id e  s u p r a ) su g g e s te d  th a t  

th e  s t r u c t u r e  o f  th e  b a se  was e i t h e r

(A ) PhCHNMeg o r  C H ^C H C B O feg (B )
CH8CH=CH2 CHgPh

w hich f a c t  was c o n firm e d  t h u s ,  The b a se  was r e f lu x e d  i n  benzene

s o l u t i o n  w ith  a n  e q u im o le c u la r  q u a n t i t y  o f  m ethy l s u lp h a te  and

th e  r e s u l t a n t  m e th o su lp h a te  b o i le d  f o r  a  s h o r t  tim e w ith  c a u s t i c

soda s o l u t i o n .  The o i l  o b ta in e d  was e x t r a c t e d  w ith  c h lo ro fo rm ,

and th e  d r i e d  e x t r a c t  t r e a t e d  w ith  a  s o l u t io n  o f  brom ine i n

o h lo ro fo rm  (1 :4 )  u n t i l  a  brown c o lo u r a t io n  p e r s i s t e d .  The

c h lo ro fo rm  was rem oved by a s p i r a t i n g  th e  warm s o l u t i o n ,  and  th e

r e s id u e ,  on c r y s t a l l i s a t i o n  from  l i g r o i n ,  y ie ld e d  p a le -y e l lo w
o

p rism s  o f  p h e n y lb u ta d ie n e  d ib ro m id e , m .p . 94 ( com pare th e

o b s e r v a t io n s  o f  R i ib e r  )•

A ttem p ted  s y n t h e s i s  o f  (A) by th e  a c t i o n  o f  a lly lm a g n e s iu m  

brom ide on « C -d im e th y la m in o p h e n y la c e to n itr i le , p re p a re d  a s  

d e s c r ib e d  by  S te v e n s , Cowan and  MacKinnon f was u n s u c c e s s f u l ,  a s  

th e  r e a c t i o n  d id  n o t  p ro ce ed  sm o o th ly . S y n th e s is  o f  (B) by th e  

a c t i o n  o f  benzylm agne s ium c h lo r id e  on dime th y  la m in o v in y la o e t  o - 

n i t r i l e  p ro v e d  t o  be  im p r a c t i c a b le ,  f o r  th e  i n t e r a c t i o n  o f  

a c r o l e i n /
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a c r o l e i n ,  d im e th y la m in e , p o ta s s iu m  c y a n id e  and a c e t i c  a c id  gave

a C y '- b is d im e th y la m in o b u ty r o n it r i le ,  b . p .  90 / l l  mm. ( com pare 
* /o

B ru y la n ts  ) .  The i n t e r a c t i o n  o f  benaylm agnesium  o h lo r id e  and 

t h i s  n i t  r i l e  gave y0 < f-b i8d im e th y la m in o - /-p h e n y rb u ta n e , 

Megl^HgCHgGHfNMegHJHgPh, w hich  was o b ta in e d  a s  a  p a le - y e l lo w  

l i q u i d ,  b .p .  150 -160  / l 7  mm. The p i o r a t e  c r y s t a l l i s e d  from
o

a c e to n e  i n  m in u te , y e llo w  p r is m s ,  m .p . 193-195  (decom p.)

( Pound: C 6% ^7% * cl 4% 4% * 2 CgH20 i7%  r e q u i r e s  CgHgO^Ng,

6 7 .6 $  ) .

The re a r ra n g e m e n t p ro d u c t  was red u c ed  i n  a c e t i c  a c id  s o lu t io n  

by sh a k in g  w ith  h y d ro g en  im der a tm o sp h e r ic  p r e s s u r e ,  u s in g  

a c t i v a t e d  p a l la d iu m  on c h a r c o a l  a s  c a t a l y s t .  N e i th e r  th e  p i o r a t e  

n o r  th e  h y d r o c h lo r id e  o f  th e  o i l  so o b ta in e d  c o u ld  be c r y s t a l l i s e d ,  

b u t  th e  h y d ro b ro a ld e  was o b ta in e d  from  a lo o h o l - e t h e r  i n  p r i s m a t ic  

n e e d le s ,  m .p . 1 6 1 -1 6 3 °( Pound: HBr, 3 1 .4 .  O^gH^N.HBr r e q u i r e s  

HBr, 3 1 .4 $  ) .  M ixed m .p . w ith  -d im e th y la m in o -  -P h e n y lb u ta n e  

hydrobrom ide  ( v id e  i n f r a ) gave  a  l a r g e  d e p re s s io n .  Mixed m .p . 

w i th  -d im e th y  lam in o — —p h e n y lb u ta n e  h y d ro  brom ide (v id e  i n f r a ) .
o

161-163  . The £ -b ro m o p h en acy lo b ro m id e  was a l s o  i d e n t i c a l  ( m .p .

and  m ixed m .p . ) w ith  th e  £ -b rom ophenacy lob rom lde  o f  j i  - d im e th y l -

a m i n o - - p h e n y l b u t a n e  (v id e  i n f r a ) .  Thus th e  re d u e e d  compound i s

f> -d im e th y  la m in o -  oC -p h e n y lb u ta n e  and  t h e  o r i g i n a l  d e g ra d a t io n
v

p ro d u c t  JS -d im e th y  la m in o - ^  - p h e n y l -  A  - b u ty le n e  (B ) .

oC -Dime th y  la m in o -  <>C - p h e n y lb u ta n e . -  The i n t e r a c t i o n  o f

n -p ro p y lm a g n es iu m  brom ide and  / - d im e th y la m in o p h e n y la o e to n ! t r i le

y i e ld e d  a n  a lm o s t  o o lo u r le s s  l i q u i d ,  b . p .  130-132  /40mm. The

same compound r e s u l t e d  fro m  th e  i n t e r a c t i o n  o f  phenylm agne s i  urn 
b ro m id e /
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b rom ide  and  < < - d im e th y la m in o v a le r o n i t r i le .  The l a t t e r  was 

o b ta in e d  fro m  b u ty r a ld e h y d e , d im e th y la m in e , p o ta s s iu m  c y a n id e , 

and  a c e t i c  a c id  i n  th e  u s u a l  way a s  a  c o lo u r le s s  l i q u i d ,  b .p .  

172-175  ( H e n r y g i v e s  b .p .  175-176 ) .  </.-Dims th y  la m in o -  c* -

p h e n y lb u ta n e  p i c r a t e  c r y s t a l l i s e d  from  m eth y l a lc o h o l  i n
o

g l i s t e n i n g ,  y e llo w  l e a f l e t s ,  m .p . 139-140  ( Pound: CgH30 7N3 ,

5 6 .0 .  Cl g H19N,C6H30 7N3r e q u i r e s  CgH30 7N3 , 5 6 .4 $  ) .  The h y d ro 

b rom ide , o b ta in e d  i n  th e  f i r s t  p la c e  from  e t h e r ,  c r y s t a l l i s e d  

fro m  a l c o h o l - e t h e r  i n  f i n e ,  g l i s t e n i n g  n e e d le s ,  m .p . 162-163°

( Pound: HBr, 3 1 .1 .  O ^ H ^ N .H B r r e q u i r e s  HBr, 3 1 .4 $  ) .  The 

p -b ro m o p h en ao y lo b ro m ld e . o b ta in e d  by r e f lu x in g  th e  com ponents 

f o r  a  s h o r t  tim e  i n  b enzene  s o l u t i o n ,  c r y s t a l l i s e d  i n  m inu te
o

p r is m s , m .p . 208-210  (decom p .) ( Pound: i o n i s a b l e  B r, 1 7 .4 .

C30Hg5 ONBr.Br r e q u i r e s  i o n i s a b l e  B r, 1 7 .6 $  ) .

p  -D im eth y lam in o - sC - p h e n y lb u ta n e . -  o( -  Dime th y  la m in o -JS -

p h e n y l p r o p i o n i t r i l e ,  p re p a re d  a s  d e s c r ib e d  by  S te v e n s , Cowan,
9

and  MacKinnon , g ave  w ith  e thy lm ag n esiu m  io d id e  an  a lm o s t 

c o lo u r l e s s  l i q u i d ,  b .p .  1 3 3 - 138 /36mm. The p i c r a t e  an d  th e  

h y d ro c h lo r id e  c o u ld  n o t  be o b ta in e d  c r y s t a l l i n e .  j S -D im e th y l

am ino- << -p h e n y lb u ta n e  h y d ro b ro m id e , o b ta in e d  i n  th e  f i r s t  p la c e  

from  e t h e r ,  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  i n  p r i s m a t ic  n e e d le s ,  

1 6 1 -1 6 3 °  ( Pound: HBr, 3 1 .3 .  C^gH^N.HBr r e q u i r e s  HBr, 3 1 .4 $  ) ,  

The p - b ro m o p h en acy lo b ro m id e . o b ta in e d  by  r e f lu x in g  th e  com ponents 

f o r  a  s h o r t  t im e  i n  benzene  s o l u t io n ,  c r y s t a l l i s e d  in  m in u te  

p r i s m s ,  m .p . 1 88 -190  (decom p.) ( Pound: i o n i s a b l e  B r, 1 7 .4 .  

c20H250NBr#Br r e q u i r e s  i o n i s a b l e  B r, 1 7 .6 $  ) .
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B rom oprop iophenone. -  The h ro m in a tio n  o f p ro p io p h en o n e

was c a r r i e d  o u t i n  g l a c i a l  a c e t i c  a c id  s o l u t i o n  a s  d e s c r ib e d  by 
A t

Schm idt • The c o lo u r l e s s  o i l  o b ta in e d  was d r ie d  w ith  c a lc iu m  

c h lo r id e  and u sed  w ith o u t  f u r t h e r  t r e a tm e n t  owing t o  i t s  ex trem e  

la c h ry m a to ry  pow er. B rom opropiophenone d id  n o t combine w ith  

b e n zy ld im e th y lam in e  i n  c o ld  b e n z e n e . R e f lu x in g  f o r  s e v e r a l  h o u rs  

p ro d u ced  an  o i l y  q u a te r n a r y  s a l t  w hich  was c o n v e r te d  to  th e  

i o d id e ,  and c r y s t a l l i s e d  from  a lc o h o l  i n  s to u t  p r is m s , m .p . 1 9 2 ° . 

T h is  io d id e  was i d e n t i c a l  ( m .p . and  m ixed m .p . ) w ith  d ib e n z y l-  

dim ethylam m onium  io d id e  p r e v io u s ly  d e s c r ib e d .

o t-D im ethylam ino p ro p io p h e n o n e . -  Bromo p ro p io p h en o n e  (1  m o l.)  

and d im e th y lam in e  ( 2 -3  m o ls .)  w ere h e a te d  i n  a l c o h o l i c  s o l u t io n  

f o r  two h o u rs  a t  100 -1 1 0  • A f te r  d i s t i l l a t i o n  o f  m ost o f  th e  

s o lv e n t  th e  r e s id u e  was p o u red  i n t o  w a te r  and  e x t r a c t e d  w ith  e t h e r .  

oL -D lm eth y lam in o p ro p io p h en o n e  p l o r a t e  was i s o l a t e d  i n  th e  f i r s t  

p la c e  from  e t h e r  and c r y s t a l l i s e d  from  m eth y l a lc o h o l  i n  

g l i s t e n i n g ,  y e llo w , p r i s m a t ic  n e e d le s ,  m .p . 1 2 8 -1 3 0 °  ( Found: 

CgHgOyNg, 5 6 .7 . ^ n H ^ O N , CgHgO^Ng r e q u i r e s  CgHgOyNg, 5 6 .4 $  ) .

o6-M ethy lphenacy lbenzy ld im ethy lam m on ium  i o d id e . -  The i n t e r 

a c t io n  o f  oC -d im ethylam inopropiophenone and b e n z y l c h lo r id e  i n  c o ld  

benzene o v e r  a  le n g th y  p e r io d  r e s u l t e d  in  th e  fo rm a tio n  o f  an  

o i l  w h ich  was c o n v e r te d  to  th e  i o d i d e . and c r y s t a l l i s e d  from  

a l c o h o l - e t h e r  i n  m inu te  p r ism s  and from  w a te r  i n  c l u s t e r s  o f
o

r a t h e r  i r r e g u l a r ,  g l i s t e n i n g  p r is m s , m .p . 160-161 (decom p.)

( Found: I ,  3 2 .7 .  0 i8 H220NI * * <B*ires I ,  3 2 .2 $  ) .  T rea tm en t o f  

th e  fo re g o in g  io d id e  w ith  h o t ,  aqueous c a u s t i c  so d a  s o l u t i o n  

p ro d u c e d /
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p ro d u ce  & a  d a rk  o i l .  The e t h e r  e x t r a c t  y ie ld e d  an  a lm o s t

c o lo u r l e s s  o i l  to  d i l u t e  h y d r o c h lo r ic  a c i d .  U. -  Dime th y  la m in o -  -

b e n z y lp ro p io p h e n o n e  p i c r a t e  c r y s t a l l i s e d  from  aq u eo u s m eth y l

a lc o h o l  i n  s h o r t ,  s t o u t ,  y e llo w  p r is m s , m .p . 161-162  (Found:

CgHgOyNg, 4 6 .0 .  , C^HgOyNg r e q u i r e s  CgHgOyNg, 4 6 .2 ^ ) .

C o n s t i t u t i o n  o f  6L -P im e th y lam in o -c £  -b e n z y lp ro p io p h e n o n e . -

The b a se  was r e f lu x e d  i n  b enzene  s o l u t i o n  f o r  s e v e r a l  h o u rs  w ith

an  e q u iv a le n t  q u a n t i t y  o f  m e th y l s u l p h a te .  On c o o l in g ,  th e

m e th o su lp h a te  s e p a r a te d  i n  f i n e  n e e d le s  and  was h e a te d  to  b o i l i n g

w ith  aq u eo u s c a u s t i c  soda  s o l u t i o n .  The o i l  w hich  s e p a r a te d  was

removed by e t h e r  and gave a  p h e n y lh y d ra zo n e  a s  f i n e ,  y e llo w
•  •  

n e e d le s  w hich  m e lte d  a t  127-128 ( s o f t e n in g  a t  115 ) a lo n e  o r

m ixed w ith  an  a u th e n t i c  specim en  o f  b e n a y lid e n e p ro p io p h e n o n e
&SL • •

p h e n y lh y d ra zo n e  (A b e ll  g iv e s  m .p . 127-128  , s o f t e n in g  a t  115 ) .

C h lo ro d eo x y b en zo in  was p re p a re d  by t r e a tm e n t  o f  b e n z o in  i n

c h lo ro fo rm  s o l u t io n  w ith  an  e q u im o le c u la r  q u a n t i ty  o f  th io n y l
A3

c h lo r id e  (com pare th e  m ethod o f  S c h ro e te r  ) .  The p ro d u c t was 

f r e e d  from  any  unchanged  b e n z o in  by r e p e a te d  c r y s t a l l i s a t i o n  

from  a l c o h o l ,  from  w hich  i t  was o b ta in e d  in  g l i s t e n i n g  n e e d le s ,  

m .p . 6 6 -6 8  • C h lo ro d eo x y b en zo in  d id  n o t  com bine w ith  b e n z y l

d im e th y lam in e  i n  benzene  s o l u t io n  even  on p ro lo n g e d  r e f l u x i n g .  

T re a tm e n t o f  c h lo ro d e o x y b e n z o in  w ith  2 - 3  m o ls . o f  d im e th y lam in e  

in  a lc o h o l  a t  1 0 0 -1 1 0  gave « l-d lm e th y la m in o d e o x y b e n z o in  a s  a  

y e llo w , v is c o u s  o i l  w h ich , a f t e r  s ta n d in g  f o r  a  c o n s id e r a b le  

tim e i n  th e  c o ld ,  s o l i d i f i e d  to  s t o u t ,  p r i s m a t i c  c r y s t a l s  w h ich , 

a f t e r /



-3 0 -

a f t e r  w ash in g  w ith  e t h e r  to  remove t r a c e s  o f  o i l ,  m e lte d  a t  59-  
0

61 . A ttem p ted  c r y s t a l l i s a t i o n  from  m ethy l a lc o h o l  and from  

a c e to n e  gave  o n ly  an o i l .  ( Found: N, 5 .9 5 .  Cl g H1 7 0N r e q u i r e s  N, 

5 .8 6 $ . ) The h y d r o c h lo r id e , w hich  was o b ta in e d  i n  th e  f i r s t  p la c e  

from  e t h e r ,  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  p r is m a t io  n e e d le s ,  

m .p . 222-225  (decom p.) ( Found: HC1, 1 3 .5 . Clg H1 7 0N.HCl r e q u i r e s  

HC1, 1 3 .2 $  ) .  oC -D im ethy lam inodeoxybenzo in  d id  n o t combine w ith  

b e n z y l c h lo r id e  o r  w ith  b e n z y l io d id e  in  benzene s o lu t io n  in  th e  

c o ld  o r  on p ro lo n g ed  r e f lu x in g ,  n o r  d id  th e  b ase  combine when 

d is s o lv e d  i n  u n d i lu te d  b e n z y l c h lo r id e .

o £ -D im ethy lam ino i s o b u ty ro p h e n o n e . -  I so b u ty rophenone  was 

o b ta in e d  by th e  a c t i o n  o f  b e n z o n i t r i l e  on isop ropy lm agnesium  

c h lo r id e  i n  e t h e r  s o l u t i o n ,  o r  a l t e r n a t i v e l y ,  by h e a t in g  

p ro p io p h en o n e , m e th y l io d id e ,  and powdered p o ta s s iu m  h y d ro x id e
O OUf-

to  120-140  f o r  e ig h t  h o u rs  a s  d e s c r ib e d  by Nef . I t  form ed an

a lm o st c o lo u r l e s s  l i q u i d ,  b .p .  217-218 . By r e f lu x in g  w ith

brom ine i n  a c e t i c  a c id  s o lu t io n  th e re  was o b ta in e d  cL -brom o-

iso b u ty ro p h e n o n e  w hich  was i s o l a t e d  a s  a  y e llo w  l i q u i d ,  b .p .

136-138 /l5m m . ( C o l le t  g iv e s  b .p .  146-148 /30mm. ) .  By

t r e a tm e n t  o f  £  -b rom ois o b u ty ro p h en o n e  w ith  d im ethy lam ine  i n
0

a lc o h o l  a t  1 0 0 -1 1 0  , o n ly  a  v e ry  sm a ll amount o f b a s ic  m a te r ia l  

was o b ta in e d  a s  a  y e llo w  o i l ,  m ost of th e  -b ro m o iso b u ty ro -

phenone b e in g  re c o v e re d  unchanged , oI  -  Bimet h y lam ino i  so b u ty ro 

phenone p i c r a t e  c r y s t a l l i s e d  from  m ethy l a lc o h o l  i n  g l i s t e n i n g ,  

y e llo w  p r is m s ,  m .p . 1 5 3 -1 5 5 ° ( Found: CgH307N3 , 5 5 .0 .  

C igH1 7 0N,C6H3 07N3 r e q u i r e s  C6H307N3 , 5 4 . 5$ ) .  The amount o f base  

o b ta in e d /
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o b ta in e d  was s u f f i c i e n t  o n ly  f o r  i d e n t i f i c a t i o n  p u rp o s e s ,  and

was q u i t e  u s e l e s s  f o r  f u r t h e r  w ork . W ith d im e th y lam in e  i n
o

a lc o h o l  a t  1 40 -160  f o r  s i x  h o u r s ,  th e  brom ide gave o n ly  th e  

same am ount o f  b a s i c  p ro d u c t w h ich , i n  t h i s  c a s e ,  was v e ry  

im p u re . o*C -B ro m o iso b u ty ro p h e n o n e , on r e f lu x in g  w ith  b e n z y ld im e th y l-  

am ine , d id  n o t  com bine.
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B -  MOLECULAR RE ARRANGEMENT IN RELATED SULPHUR COMPOUNDS

The m echanism  o f  th e  re a rra n g e m e n t ( I —H I ,  i n t r o d u c to r y  

s e c t io n  ) p o s t u l a t e d  by S tev en s  ( v id e  in t r o d u c to r y  s e c t i o n  ) 

in v o lv e s  th e  f u l f i l m e n t  o f  th e  f o l lo w in g ,  n e c e s s a ry  c o n d i t io n s  

b e fo re  re a r ra n g e m e n t can  o c c u r  : ( 1 ) th e  p re se n c e  o f  a  r e a c t iv e  

m eth y len e  g ro u p  and  a  g roup  o f  some a n io n ic  s t a b i l i t y  i n  th e  

p ro p e r  r e l a t i v e  p o s i t i o n  and ( 2 ) th e  p re se n c e  i n  a  s u i t a b l e  

p o s i t i o n  o f  some g ro u p in g  w hich  can  combine w ith  th e  l i b e r a t e d  

a n io n  b e fo r e  i t  can  e sc a p e  in to  th e  b u lk  o f  th e  r e a c t i o n  m ix tu re .  

On t h i s  v ie w , th e n ,  th e  p re s e n c e  o f  a  q u a te rn a ry  n i t r o g e n  atom  

i s  n o t  c o n s id e r e d  an  e s s e n t i a l  f e a t u r e  o f  th e  re a r ra n g e m e n t, and 

th e  n i t r o g e n  atom  s h o u ld  be c a p a b le  o f  re p la c e m e n t by o th e r  atom s 

o r  g ro u p s  w ith o u t  p r e v e n t io n  o f  th e  m ig r a t io n .

I n  o r d e r  to  c o n firm  t h i s  v iew  th e  i n v e s t i g a t i o n  o f  c e r t a i n ,  

r e l a t e d  s u lp h u r  compounds h a s  b een  u n d e r ta k e n . I n  th e  f i r s t  

i n s ta n c e ,  p h e n ac y lb e n z y lm e th y lsu lp h o n iu m  brom ide ( I ) ,  a n a lo g o u s  

to  phenacy lbenzy ld im ethy lam m onium  b ro m id e , h a s  been  p re p a re d  

from  cj -b ro m o aee to p h en o n e  and b e n z y l m ethy l s u lp h id e .  On r e f lu x in g  

t h i s  s a l t  w i th  m e th y l - a lc o h o l ic  sodium  m ethox ide  s o lu t io n  th e r e  

r e s u l t s  th e  re a r ra n g e m e n t p ro d u c t ( I I )  i n  good y i e l d .

An a t te m p t  to  s y n th e s i s e  p ro d u c t ( I I )  by  th e  a c t i o n  o f  sodium  

m e th y l m e rc a p tid e  on co -b ro m o -co -b e n zy la ce to p h e n o n e , th u s  -

( I )  PbCOCHg^MeBr 
CHgPh

* PhCOCH-SMe ( I I )

NaSMe
* PhCOOH( SMe VCHgPhPbCOCHBrCHgPh

r e s u l t e d /
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r e s u l t e d ,  n o t  i n  th e  d e s i r e d  p r o d u c t ,  b u t  i n  th e  re p la c e m e n t o f

th e  b rom ine atom  by h y d ro g en  to  g iv e  b e n z y la c e to p h e n o n e . T h is
<£6

r e s u l t  i s  r a t h e r  s u r p r i s i n g  i n  v iew  o f  th e  f a c t  t h a t  Wahl 

r e a d i l y  o b ta in e d  p h e n a c y l b e n z y l s u lp h id e  from  p h e n ac y l brom ide 

and sodium  b e n z y l m e rc a p t id e .  The s t r u c t u r e  o f  p ro d u c t ( I I )  was 

c o n firm e d , h o w ev er, by  i t s  c o n v e rs io n  to  th e  m e th o su lp h a te , 

w hich was th e n  re d u c e d  w ith  z in c  d u s t  and  d i l u t e  s u lp h u r ic  a c id  

to  g iv e  b e n z y la c e to p h e n o n e , i d e n t i c a l  w ith  an  a u th e n t i c ,  

s y n t h e t i c a l  sp e c im en .

The o b s e r v a t io n s  o f  s e v e r a l  i n v e s t i g a t o r s  p o in t  to  th e  f a c t  

t h a t  th e  p o s i t i v e l y  c h a rg e d  s u lp h u r  atom  o f  a  su lphone  g ro u p  

beh av es i n  s e v e r a l  r e s p e c t s  l i k e  an "-on ium " a to m . P a r t i c u l a r
ay

m en tio n  may be made o f  th e  i n v e s t i g a t i o n s  o f  F en to n  and  In g o ld  , 

from  w hich  th e y  c o n c lu d e  t h a t  th e  Hofmann d e g ra d a t io n  o f  

q u a te rn a ry  ammonium b a s e s  f i n d s  a  p a r a l l e l  i n  th e  " o l e f i n io "  

d e c o m p o s itio n  o f  su lp h o n e s  by a l k a l i .  T h is f a c t  s u g g e s te d  t h a t  a  

su lp h o n e  g ro u p  m ig h t r e p la c e  th e  q u a te rn a ry  ammonium sy s tem  in  

th e  re a r ra n g e m e n t u n d e r i n v e s t i g a t i o n  w ith o u t  p r e v e n t io n  o f  th e  

m ig r a t io n .  A c c o rd in g ly , p h e n a c y l b e n z y l su lp h o n e  ( I I I )  was 

p r e p a r e d ,  b u t ,  on r e f lu x in g  w ith  m eth y l a lc o h o l i c  sodium  m ethox ide  

s o l u t i o n ,  i t  was re c o v e re d  unchanged . W ith m eth y l a lc o h o l i c  

sodium  m eth o x id e  s o l u t i o n  u n d e r more v i o l e n t  c o n d i t io n s
o

( a t  120 -140  ) ,  p h e n a c y l b e n z y l su lphone  was h y d ro ly se d  to  g iv e

b e n z y l m e th y l su lp h o n e  and  b e n z o ic  a c i d ,  b u t  no t r a c e  o f  th e  

e x p e c te d  re a r ra n g e m e n t p ro d u c t  ( IV ) , o r  o f  i t s  p o s s ib le  decompos

i t i o n  p r o d u c t ,  b e n z y la c e to p h e n o n e , oou ld  be d e te c te d .
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( I I I )  PtrCOOH^SOg __________^ PbCOCSSOgNa (IV )
CHgPh CHgPh

I n  o r d e r  to  o b t a in  a lk a l i n e  c o n d i t io n s  w ith o u t th e  p o s s i b i l i t y  

o f h y d r o l y s i s ,  th e  su lp h o n e  was h e a te d  w ith  a  s t r o n g  t e r t i a r y
o

base  ( b e n z y ld im e th y la m in e  ) a t  190 , b u t th e  o n ly  i s o l a b l e  

p ro d u c t o f  th e  r e a c t i o n  was some unohanged p h e n ac y l b en zy l 

s u lp h o n e . F u s io n  w ith  sodam ide l ik e w is e  f a i l e d  to  b r in g  abou t 

any re a r r a n g e m e n t ,  th e  su lp h o n e  b e in g  a g a in  re c o v e re d  unchanged .

I t  i s  a  w e ll-know n  f a c t  t h a t  th e  su lp h o n y l g ro u p , l i k e  

c a r b o n y l ,  c o n f e r s  r e a c t i v i t y  upon an  a d ja o e n t  m ethy lene  g ro u p .

S in ce  th e  p re s e n c e  o f  such  a  r e a c t i v e  m eth y len e  g roup  i s  c o n s id e re d  

a  n e c e s s a r y  c o n d i t i o n  o f  th e  re a r ra n g e m e n t, i t  was hoped to  

p re p a re  s u b s ta n c e  (V) w ith  a  v iew  to  i t s  re a rra n g e m e n t to  g iv e  

(V I ) .

(V) Ph-SOgCHgNMegBr ________> PlrSOgCMMeg (V I)
CHgPh CHgPh

A co m p ariso n  o f  th e  c o n d i t io n s  n e o e s s a ry  to  e f f e c t  t h i s  m ig ra t io n  

w ith  th o se  b r in g in g  a b o u t th e  re a rra n g e m e n t o f  p h e n a c y lb e n z y l-  

dim ethylam m onium  brom ide would have  been  o f  i n t e r e s t .  U n fo r tu n a te ly ,  

how ever, i t  was fo u n d  im p o s s ib le  to  o b ta in  th e  s a l t  (V ), f o r  

brom om ethyl p h e n y l su lp h o n e  c o u ld  n o t  be in d u ce d  to  combine w ith  

b e n z y ld im e th y la m in e  u n d e r  any  c o n d i t i o n s .  T h is  i n e r t n e s s  o f  th e  

h a lo g e n  atom  i n  brom om ethyl p h e n y l su lphone  was n o t a n t i c i p a t e d ,  

b u t i t  was f u r t h e r  e x e m p lif ie d  when i t  was found  t h a t  thejbromo- 

su lp h o n e  w ould  n o t  r e a o t  on r e f lu x in g  w ith  u n d i lu te d  p i p e r i d in e .

The p e r i o d i c  r e l a t i o n s h i p  o f  th e  e le m e n ts , s u lp h u r  and 

o x y g e n ,/
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oxygen, s u g g e s te d  th e  p o s s i b i l i t y  o f  a t te m p t in g  to  b r in g  a b o u t 

re a r ra n g e m e n t i n  th e  c a se  i n  w hich th e  s u lp h u r  atom  i n  p h e n a o y l-  

b e n z y lm e th y lsu lp h o n iu m  brom ide ( I )  i s  r e p la c e d  by oxygen. To t h i s  

en d , co -b ro m o ace to p h en o n e  and  b e n z y l m ethy l e th e r  w ere h e a te d  

t o g e t h e r ,  i n  a  n o n -h y d ro x y lio  s o lv e n t ,  i n  p re se n c e  o f  c a lc iu m  

c a rb o n a te  ( t o  remove th e  h y d ro g en  brom ide l i b e r a t e d  ) # b u t  no 

e v id e n c e  o f  r e a c t i o n  a c c o rd in g  to  th e  fo l lo w in g  scheme c o u ld  be 

o b t a in e d : -

PhCOCHgBr +  OMe - — * PhCOCHgOMeBr PhCOCEOMe
CHgPh CHgPh CHgPh
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EXPERIMENTAL

B enzy l m e th y l s u lp h id e . -  B enzyl c h lo r id e  was r e f lu x e d  w ith  

an a l c o h o l i c  s o l u t i o n  o f  p o ta s s iu m  h yd rogen  s u lp h id e  ( 3 -4  m o l s . ) 

on th e  w a te r - b a th  f o r  f o u r  hours*  To th e  r e a c t io n  m ix tu re  was 

added a  20$  e x c e s s  o f  c a u s t i c  so d a  s o l u t i o n ,  and  th e n ,  g r a d u a l ly ,  

a  s l i g h t  e x c e s s  o f  m e th y l s u lp h a te .  The s o lu t io n  was r e f lu x e d  f o r  

th r e e  h o u r s ,  and  th e  p ro d u c t i s o l a t e d  by d i l u t i o n  w ith  w a te r  and 

e x t r a c t i o n  w ith  e t h e r .  B enzyl m e th y l s u lp h id e  was o b ta in e d  a s  a
o

w a t e r - c l e a r  l i q u i d  o f  p o w e rfu l, h o r s e - r a d i s h  o d o u r, b .p .  206-210  /
o

751mm. O berm eyer g iv e s  b .p .  195-198 . On a c c o u n t o f  t h i s

d is c re p a n c y  i n  b o i l i n g  p o i n t ,  th e  i d e n t i t y  o f  th e  b e n z y l m ethy l

su lph idejw as c o n firm e d  by c o n v e rs io n  to  th e  su lp h o n e  by means o f

h y d ro g e n  p e ro x id e  i n  g l a c i a l  a c e t i c  a c id  ( com pare Oilman and 
3 9

B eab er )• B enzy l m e th y l su lp h o n e  was o b ta in e d  in  la r g e  p l a t e s ,
O 30 o

m .p . 125-127 ( Fromm and  de S e ix a s  Palma g iv e  m .p . 127 )•

P h e n a cy lb en z y lm e th y lsu lp h o n lu m  b ro m id e , p re p a re d  from

b e n zy l m e th y l s u lp h id e  and oo-brom oacetophenone i n  c o ld  b e n ze n e ,

s e p a r a te d  o v e r  a  lo n g  p e r io d  o f  tim e  i n  m asses o f  f i n e ,  lo n g
o

n e e d le s ,  m .p .113-115  (decom p.) ( Found: B r, 2 3 .6 .  O^gH^ijrOSBr 

r e q u i r e s  B r, 2 3 .7 $  ) .  The p i o r a t e . m asses o f  f i n e ,  y e llo w ,
o

p r i s m a t ic  n e e d le s  from  m eth y l a lc o h o l ,  m e lte d  a t  115-117 

( Found: C g ^ O ^ * , 4 7 .2 .  C1 6 H1 7 0S.C6H20 7N3 r e q u i r e s  C g ^ O .^ * ,  

4 7 .0 $  ) .

co -B e n z y l-  00 -me th y l th io la c e to p h e n o n e  was o b ta in e d  by h e a t in g

th e  fo r e g o in g  b rom ide  w ith  an  e x c e ss  o f  m ethy l a lc o h o l i c  sodium

m ethox ide  s o l u t i o n  f o r  th r e e  h o u r s .  The p ro d u c t was i s o l a t e d  by 
d i l u t i o n /
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*
d i l u t i o n  w ith  w a te r  and e x t r a c t i o n  w ith  e t h e r .  E v a p o ra tio n  o f

th e  e t h e r  e x t r a c t  gave a n  o i l  w hich  s o l i d i f i e d  on s ta n d in g  and

c r y s t a l l i s e d  from  aqu eo u s m ethy l a lc o h o l  i n  g l i s t e n i n g  la m in a e , 
o

m .p . 55-56  ( Pound: S , 1 2 .2 .  C^gH^gOS r e q u i r e s  S, 1 2 .5 $  ) .  An

a tte m p t  to  s y n th e s i s e  t h i s  compound from  oo -h ro m o -co - 'b en zy l

a ce to p h e n o n e  and  sodium  m e th y l m e rc a p tid e  in  a lc o h o l io  s o lu t io n  

l e d  to  th e  fo r m a t io n  o f  b e n z y la c e to p h e n o n e , m .p . and  m ixed m .p .
o

70-72 • To e s t a b l i s h  th e  c o n s t i t u t i o n  o f  th e  re a rra n g e m e n t 

p ro d u c t ,  e q u im o le c u la r  q u a n t i t i e s  o f  th e  l a t t e r  and  m eth y l 

s u lp h a te  w ere r e f lu x e d  f o r  s i x  h o u rs  i n  benzene s o l u t io n .  The 

o i l y  su lp h o n iu m  s a l t  was re d u c e d  w ith  z in c  d u s t  and  d i l u t e  

s u lp h u r ic  a c i d ,  and  th e  s o l u t i o n ,  on e x t r a c t i o n  w ith  e t h e r ,
o

y ie ld e d  b e n z y la c e to p h e n o n e , m .p . and  m ixed m .p . 70-72 ; sem i-
o

c a rb a z o n e , m .p . and  m ixed m .p . 141-143 •

P h e n a c y l b e n z y l s u lp h o n e . -  P h en acy l b e n z y l s u lp h id e  was 

p re p a re d  from  sodium  b e n z y l m e rc a p tid e  and <o -b rom oaoetophenone 

in  a lc o h o l i c  s o l u t i o n  a f t e r  Wahl • The p ro d u c t s e p a ra te d  on 

s ta n d in g  and  was w ashed w i th  w a te r  to  remove sodium  b ro m id e . I t  

was o b ta in e d  from  a lc o h o l  in  i r r e g u l a r ,  g l i s t e n i n g  p l a t e s ,  m .p .
o o

87-89 • Wahl d e s c r ib e s  n e e d le s ,  m .p . 89 • P henacy l b e n z y l 

su lp h o n e  was o b ta in e d  from  th e  s u lp h id e  by h e a t in g  th e  l a t t e r  in  

g l a c i a l  a c e t i c  a o id  on th e  w a te r - b a th  f o r  th r e e  h o u rs  w ith  a  50$ 

e x c e s s  o f  30$ h y d ro g en  p e ro x id e  s o l u t io n .  The su lp h o n e  s e p a ra te d  

on p o u r in g  i n t o  w a te r  and  was c r y s t a l l i s e d  from  aqueous m ethy l
o

a lc o h o l  i n  g l i s t e n i n g  l e a f l e t s ,  m .p . 111-113 , a s  fo und  by  Wahl, 

who/
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who u se d  p o ta s s iu m  perm anganate  a s  o x id is in g  a g e n t • By tr e a tm e n t

o f  p h e n a o y l b e n z y l s u lp h id e  w ith  hydrogen  p e ro x id e  i n  th e  c o ld ,

Wahl o b ta in e d  th e  s u lp h o x id e .

A ttem p ted  D e g ra d a tio n  o f  P h en acy l b e n z y l s u lp h o n e * -  P henacy l

b e n z y l su lp h o n e  was r e  f lu x e d  w ith  an  e x c e s s  o f  m eth y l a lc o h o l ic

sodium  m eth o x id e  s o l u t i o n  f o r  th r e e  h o u rs ,  b u t  th e  o n ly  p ro d u c t

i s o l a t e d  was unchanged  p h e n ac y l b e n z y l su lp h o n e  w hich  was

o b ta in e d  i n  a lm o s t  q u a n t i t a t i v e  y i e l d .  I t  i s  i n t e r e s t i n g  to

com pare t h i s  r e s u l t  w ith  t h a t  o f  Wahl, who, by r e f lu x in g  p h e n ac y l

b e n z y l su lp h o n e  w i th  a  20$  a lc o h o l i c  p o ta s s iu m  h y d ro x id e  s o l u t io n

f o r  s e v e r a l  h o u r s ,  o b ta in e d  b e n z y l m eth y l su lp h o n e  and b e n z o ic

a c i d .  On h e a t in g  p h e n a c y l b e n z y l su lp h o n e  w ith  m eth y l a lc o h o l i c
o

sodium  m eth o x id e  s o l u t io n  f o r  f i v e  h o u rs  a t  120-140  , th e r e  were 

o b ta in e d  from  th e  m eth y l a lc o h o l  s o lu t io n  lo n g , p r is m a t ic  n e e d le s  

w hich w ere shown to  be b e n z y l m eth y l su lp h o n e , m .p . and  m ixed
o

m .p. 125-127 . The f i l t r a t e ,  a f t e r  d i l u t i o n  w ith  w a te r ,  was 

e x t r a c te d  w ith  e t h e r .  The e th e r  e x t r a c t  y ie ld e d  b e n zo io  a c id ,
o

m .p. and  m ixed m .p . 119-121 , to  sodium  b ic a rb o n a te  s o l u t io n ,  

b u t no u n changed  p h e n a o y l b e n z y l su lp h o n e  to  c a u s t i c  soda  

s o l u t i o n .  No t r a c e  o f  any  re a rra n g e m e n t p ro d u c t was o b ta in e d ,  

b e n z y la c e to p h e n o n e , i n  p a r t i c u l a r ,  b e in g  lo o k ed  f o r .  A f te r  

p h e n a c y l b e n z y l su lp h o n e  had  been  r e f lu x e d  w ith  b e n z y ld im e th y l

am ine f o r  t h r e e  h o u r s ,  th e  o n ly  i s o l a b l e  p ro d u c t was some 

unchanged  s t a r t i n g  m a t e r i a l .  F u s io n  o f  th e  su lp h o n e  w ith  sodam ide
o

(170 ) r e s u l t e d  i n  i t s  b e in g  re c o v e re d  unchanged p r a c t i c a l l y  

q u a n t i t a t i v e l y .



- 3 9 -

Brom om ethyl p h e n y l s u lp h o n e . -  I t  was a tte m p te d  to  p re p a re
3 /

t h i s  compound a s  d e s c r ib e d  hy O tto  by b ro m in a tio n  in  th e  c o ld

o f  p h e n y ls u lp h o n a c e t ic  a c i d ,  o b ta in e d  from  sodium  b e n z e n e s u lp h in a te

and c h l o r a c e t i c  a c i d .  I t  was fo u n d , how ever, t h a t  o n ly  th e

d i-b ro m o - compound was o b ta in e d  and  n o t  a  m ix tu re  o f th e  mono-

and d i - s u b s t i t u t e d  compounds a s  s t a t e d  by O tto . An a tte m p t to

c o n v e r t  th e  d ib rom om ethy l p h e n y l su lp h o n e  in to  th e  monobromo-

compound by r e f l u x i n g  th e  fo rm e r f o r  sev en  days w ith  a lc o h o l ic

sodium  e th o x id e  s o l u t i o n  (2  m o l s . ) ,  a s  d e s c r ib e d  f o r  th e  d ic h lo r o -
SA

compound by O tto  and  E n g e lh a rd t  , r e s u l t e d  i n  a  33^  y i e l d  o f  th e
o

m onobrom om ethyl p h e n y l su lp h o n e , m .p . 4 8 -50  ( O tto  g iv e s  m .p .
o

46-48 ) • Brom om ethyl p h e n y l su lp h o n e  was a l s o  o b ta in e d  by

h e a t in g  m e th y len e  brom ide and  sodium  b e n z e n e s u lp h in a te  in  

a l c o h o l i c  s o l u t i o n  a s  d e s c r ib e d  by O tto . The l a t t e r  g iv e s  no 

e x p e r im e n ta l  d e t a i l s ,  b u t  i t  was fo u n d  t h a t  no r e a c t i o n  o c c u r re d  

on r e f l u x i n g  f o r  f o u r  h o u r s ,  w hereas on h e a t in g  f o r  s i x  h o u rs  a t
o

120-140 , a  m o d era te  y i e l d  o f  brom om ethyl p h en y l su lp h o n e  was 

o b ta in e d .

I t  was fo u n d  im p o s s ib le  t o  combine brom om ethyl p h en y l 

su lphone  w ith  b e n zy ld im e th y lam in e  u n d e r any  c o n d i t io n s  w h a tso e v e r , 

n o r  w ould i t  r e a c t  on r e f lu x in g  w ith  u n d i lu te d  p ip e r id in e  f o r  

two h o u r s .

A c tio n  o f  B rom oaoetophenone on B enzyl m ethy l e t h e r . -  

E q u iv a le n t  q u a n t i t i e s  o f  <*> -brom oaoetophenone and b e n z y l m eth y l 

e t h e r  w ere r e f l u x e d ,  a f t e r  th e  a d d i t io n  o f  a  m oderate  e x c e s s  o f  

c a lc iu m  c a r b o n a te ,  f i r s t  in  d ry  to lu e n e  f o r  f iv e  h o u rs  and  in  a  

l a t e r /
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l a t e r  e x p e r im e n t i n  d ry  x y le n e  f o r  s ix  h o u r s ,  h u t no e v id e n ce  o f  

re a r ra n g e m e n t was o b ta in e d ,  th e  b e n z y l m e th y l e t h e r  b e in g  

re c o v e re d  u n o h an g ed .
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0 -  THE RELATIVE MIGRATORY YE1QPITIES OF SUBSTITUTED

BENZYL RADICALS

T h is  i n v e s t i g a t i o n  i s  c o n c e rn e d  w ith  th e  e f f e c t  o f  

s u b s t i t u t i o n  i n  th e  b e n z y l g ro u p  on th e  v e lo c i t y  o f  th e  

re a r ra n g e m e n t ( I — *11 ) .

( I )  PfrCOCHgNMegBr > PhCOCMMeg ( I I )
CHgPh CHgPh

The e f f e c t  o f  s u b s t i t u t i o n  by C l, B r, I ,  NOg,.Me, and OMe i n  th e  

£ - ,  m -, and  p o s i t i o n  h a s  been  s tu d i e d .  The u l t im a te  im p o rtan ce  

o f  th e s e  v e l o c i t y  d e te rm in a t io n s  l i e s  in  th e  f a c t  t h a t ,  i f  th e  

m echanism  o f  th e  r e a c t i o n  p o s tu la t e d  by S tev en s  ( v id e  i n t r o 

d u c to ry  s e c t i o n  ) be a c c e p te d ,  th e y  w i l l  g iv e  an  a c c u ra te  

m easure o f  th e  r e l a t i v e  a n io n ic  s t a b i l i t i e s  o f  r a d i c a l s  f o r  

w hich t h a t  s t a b i l i t y  i s  r e l a t i v e l y  low . I t  i s  su g g e s te d  t h a t  th e  

good a g re em e n t o b ta in e d  among th e  r e s u l t s  th e m se lv e s  ( v id e  i n f r a  ) 

j u s t i f i e s  th e  a ssu m p tio n s  made a s  to  th e  m echanism  o f  th e  r e a r r a n g e 

m ent, and  th e  v a lu e s  o b ta in e d  a r e  c la im e d  to  r e p r e s e n t  f a i r l y  

a c c u r a t e l y ,  a t  l e a s t ,  a  m easure  o f  th e  r e l a t i v e  m ig ra to ry  

t e n d e n c ie s ,  i n  o t h e r  w o rd s , th e  r e l a t i v e  a n io n ic  s t a b i l i t i e s ,  

o f  th e  s u b s t i t u t e d  b e n z y l r a d i c a l s  i n v e s t i g a t e d .  The a d v an tag e s  

o f th e  p r e s e n t  s e r i e s  o f  compounds a r e ,  f i r s t l y ,  t h a t  th e  

r e a c t i o n s  p ro c e e d  sm o o th ly  a t  a  m odera te  te m p e ra tu re  and le n d  

th e m se lv e s  to  m easu rem en t, an d , s e c o n d ly , t h a t  th e  r e q u i s i t e  

m a t e r i a l s  a r e  f a i r l y  a c c e s s i b l e .  F u r th e r ,  th e  r e a c t i o n  p ro d u c ts  

c a n  be f a i r l y  c o m p le te ly  i s o l a t e d ,  and any  u n e x p e c te d  co m p lic 

a t i o n s  d e t e c t e d .  The fu n d am en ta l w eakness , t h a t  th e  m a te r i a l s  
a r e /
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a re  c o m p lic a te d  and th e  t r u e  r e a c t io n  m echanism  d i f f i c u l t  to  

e s t a b l i s h ,  a p p l i e s  to  e v e ry  o th e r  m ethod; th e  p r e s e n t  s e r i e s  o f  

compounds h a s  th e  a d v an tag e  t h a t  th e  r e s u l t s  o b ta in e d  oan r e a d i l y  

be ch eck ed  by v a ry in g  th e  rem a in in g  p a r t s  o f  th e  m o le c u le , i . e .  

by u s in g  £ -b ro m o p h en acy l in s t e a d  o f  p h e n ac y l compounds, f o r  

exam p le .

As a  n e c e s s a r y  p r e l im in a r y  to  th e  i n v e s t i g a t i o n  o f  th e  

e f f e c t  o f  s u b s t i t u t i o n  on th e  v e l o c i t y  o f  th e  re a rra n g e m e n t 

( I — * 1 1 ), th e  re a r ra n g e m e n t o f  th e  u n s u b s t i t u t e d  compound ( I )  

was i n v e s t i g a t e d  i n  some d e t a i l .  I t  was n e c e s s a r y ,  in  p a r t i c u l a r ,  

to  e l a b o r a t e  a  s u i t a b l e  te c h n iq u e  f o r  th e  v e lo c i t y  m easu rem en ts , 

and to  g a in  e x p e r ie n c e  o f  th e  e f f e c t  o f  v a ry in g  c o n d i t io n s  upon 

th e  c o u rs e  o f  th e  r e a c t i o n .  That th e  re a rra n g e m e n t p ro d u c t ( I I )  

i s  n o t th e  o n ly  p ro d u c t  o f  th e  r e a c t i o n  was shown by q u a n t i t a t i v e  

i s o l a t i o n  o f  ( I I )  a s  su ch  and  o f  u n a l t e r e d  q u a te r n a r y  s a l t  ( I )  

a s  p i o r a t e .  U nder a l l  th e  c o n d i t io n s  em ployed , some 1 2 -1 5 $  o f  

th e  m a t e r i a l  was c o n v e r te d  in to  a  n e u t r a l  gum from  w hich no 

d e f i n i t e  compound h a s  b e en  i s o l a t e d .  T h is  b y -p ro d u c t i s  form ed 

much more e x te n s i v e l y  d u r in g  th e  e a r l y  s ta g e s  o f  th e  r e a c t i o n  

th a n  l a t e r ,  b u t  t h i s  f a c t  c an n o t be a c c o u n te d  f o r  by th e  

p o s t u l a t e  t h a t  th e  s id e  r e a c t io n  i s  b im o le c u la r  w ith  r e s p e c t  to  

th e  q u a te r n a r y  s a l t  ( o r  th e  a l k a l i  ) ,  f o r  th e  p r o p o r t io n  o f  

b y -p ro d u c t  fo rm ed  i s  s u b s t a n t i a l l y  in d e p e n d e n t o f  th e  c o n c e n tr a t io n  

o f  th e  re a c t& n h s . I n  v iew  o f  t h i s  c o m p l ic a t io n ,  th e  c o u rse  o f  th e  

re a r ra n g e m e n t was fo l lo w e d  by d i r e c t  i s o l a t i o n  o f  ( I I )  a s  such  

and o f  ( I )  a s  p i c r a t e .  The q u a n t i ty  k , d e f in e d  by th e  e q u a t io n



w here x  and  y a r e  th e  c o n c e n tr a t io n s  o f  ( I I )  and  ( I )  r e s p e c t iv e ly  

a t  tim e  t f was a r b i t r a r i l y  ta k e n  a s  a  m easure  o f  th e  p ro g re s s  o f  

th e  r e a c t i o n .  T h is  in v o lv e s  th e  fo l lo w in g  a s s u m p tio n s : (a )  t h a t  

th e  m ain r e a c t i o n  i s  o f  th e  f i r s t  o r d e r  w ith  r e s p e c t  to  th e  

a l k a l i ,  and  (b ) t h a t  th e  s id e  r e a c t io n  i s  s im u lta n e o u s  w ith  th e  

r a t e - d e t e r m in in g  s ta g e  o f  th e  m ain p ro c e s s .  T h is  p ro c e d u re  i s ,  

how ever, to  be r e g a rd e d  a s  p u r e ly  e m p i r ic a l ,  i n  v iew  o f  th e  la c k  

o f  e v id e n c e  a s  to  th e  n a tu r e  o f  th e  s id e  r e a c t i o n ,  b u t i t  i s  

c la im ed  to  be j u s t i f i e d  a s  a  m ethod o f  co m parison  by th e  f a c t s  

t h a t  th e  v a lu e s  o f  k  found  d u r in g  th e  c o u rse  o f  th e  r e a c t i o n  d id ,  

in d e e d , show s a t i s f a c t o r y  c o n s ta n c y , and t h a t  th e  r a t i o s  o f  the  

m ig ra to ry  v e l o c i t i e s  o f  a  s e r i e s  o f  s u b s t i t u t e d  b e n z y l r a d i c a l s  

w ere th e  same w h e th e r  d e r iv e d  from  m easurem ents w ith  p h e n ac y l o r  

w ith  ]5-b ro m o p h en acy l q u a te rn a ry  s a l t s .

The r e a c t i o n  was i n v e s t i g a t e d  in  m e th y l- ,  e t h y l - ,  n - p r o p y l - ,  

is o  p r o p y l - a l c o h o l i c  s o l u t io n s  o f  th e  c o r re s p o n d in g  sodium  

a lk o x id e s ,  and  th e  fo l lo w in g  g e n e r a l  o b s e r v a t io n s  may be drawn 

from  th e  r e s u l t s  o b ta in e d  ( com pare T ab le  I  )•  (1 ) Good 

m onom olecu lar c o n s ta n t s  w ere o b ta in e d  f o r  th e  v e lo c i t y  in  each  

o f  th e s e  s o l u t i o n s .  (2 ) The u se  o f  two m o le c u le s  o f  a lk o x id e  

in s t e a d  o f  one p ro d u ced  an  a p p r e c ia b le ,  though  n o t  a  p r o p o r t io n a l ,  

in c r e a s e  i n  v e l o c i t y ,  b u t  a  t h i r d  m o lecu le  had  l i t t l e  f u r t h e r  

e f f e c t .  (3 )  The v e l o c i t y  v a r i e d  w ith  th e  medium i n  th e  o rd e r  

M eO H ^B tO H /Pr*O H ^Pr^O H . The o r d e r  o f  th e s e  d i f f e r e n c e s  would
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a t  f i r s t  s u g g e s t  t h a t  th e y  were due to  a  d i f f e r e n c e  i n  th e  s t r e n g th

o f  th e  a l k a l i n e  r e a g e n t  ( sodium  a lk o x id e  ) ( compare th e
33

o b s e r v a t io n s  o f  Eon and L in s te a d  ) , b u t t h i s  i s  c o n s id e re d  

im p ro b a b le , f o r ,  a s  i s  n o te d  in  o b s e r v a t io n  ( 2 ) ,  th e  r e a c t i o n  

v e l o c i t y  was b u t l i t t l e  d ep en d en t on th e  a lk o x id e  c o n c e n tr a t io n  

and i n  no way p r o p o r t io n a l  t o  i t ,  even  i n  th e  c a se  o f  th e  l e a s t  

e f f e c t i v e  r e a g e n t ,  sodium  m e th o x id e . F u r th e r ,  a l th o u g h  s a l t  

f o rm a t io n ,  p re su m a b ly  a t  th e  " r e a c t i v e "  m eth y len e  g roup  o f  th e  

p h e n a c y l r a d i c a l ,  a c t u a l l y  t a k e s  p la c e ,  t h i s  p ro c e s s  m ust be 

r a p id  and e x te n s i v e ,  f o r  th e  q u a te rn a ry  s a l t  was fo u n d  to  

n e u t r a l i s e  0 .5 - 0 .7 5  e q u iv a le n t  o f  sodium  e th o x id e  on t i t r a t i o n  

w ith  th y m o lp h th a le in  a s  i n d i c a t o r .  These d i f f e r e n c e s ,  th e n ,  must 

be a t t r i b u t e d  to  th e  s p e c i f i c  a c t i o n  o f  th e  d i f f e r e n t  m ed ia , and 

i t  h a s  b een  shown t h a t  th e  r e a c t i o n  i s  in d e e d  s e n s i t i v e  to  

change o f  medium by r e p la c in g  60$ o f  th e  m eth y l o r  e th y l  a lc o h o l  

a s  s o lv e n t  by to lu e n e ,  w hereupon th e  v e l o c i t y  was in c r e a s e d  2 . 7 -  

and 2 .3 - f o l d  r e s p e c t i v e l y .  T hat th e  change sh o u ld  be an in o r e a s e ,  

and g r e a t e r  i n  th e  c a se  o f  th e  lo w e r a lc o h o l ,  was to  be 

a n t i c i p a t e d .  On th e  o th e r  h a n d , th e  d i f f e r e n c e  in  e f f e c t iv e n e s s  

betw een  th e  two r e a g e n ts  rem ain ed  more o r  l e s s  u n a l t e r e d .  An 

e f f e c t i v e  s tu d y  o f  t h i s  p o in t  was h in d e re d  by th e  d i f f i c u l t y  o f  

o b ta in in g  m edia  whose i n e r t n e s s  to w a rd s  a l k a l i  a lk o x id e s  can  be 

r e l i e d  u p on . (4 )  The b y -p ro d u c t was form ed p r i n c i p a l l y  i n  th e  

e a r l y  s ta g e s  o f  th e  r e a c t i o n ,  and i t s  q u a n t i ty  w hich , how ever, 

c o u ld  be d e te rm in e d  o n ly  ro u g h ly , was l a r g e l y  in d ep e n d en t o f  th e  

c o n d i t i o n s  u s e d ,  i n  p a r t i c u l a r ,  o f  th e  d i l u t i o n .  (5 ) The 

q u a te r n a r y /
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q u a te m a r y  Io d id e  c o rre sp o n d in g  to  ( I )  i s  r e a r r a n g e d  a t  th e  same 

r a t e  a s  th e  b ro m id e , th u s  i n d io a t in g  t h a t  th e  v e l o c i t y  o f  th e  

re a r ra n g e m e n t i s  in d e p e n d e n t o f  th e  n a tu r e  o f  th e  a n io n  o f  th e  

q u a te r n a r y  s a l t .  ( 6 ) The te m p e ra tu re  c o e f f i c i e n t  o f  th e  r e a c t i o n  

h a s  been  shown to  h ave  th e  a b n o rm a lly  h ig h  v a lu e  Qiow- 5 .7 0  f o r
o

th e  te m p e ra tu re  i n t e r v a l  1 6 .4  -  3 7 .7  •

T ab le  I

C o n c e n tr a t io n  (N) C o e f f i c ie n t s  k .1 0 4  i n

'S a l t A lk a l i 'Me OH EtOH Pr*0H Pr^OH^

0 .1 0 0 .1 0 3 3 .0 99 111 242

0 .0 5 0 .0 5 3 2 .0 106 112 254

0 .0 5 0 .1 0 4 1 .9 107 126 288

0 .0 5 0 .1 5 4 4 .9 - - -

0 .0 2 5 0 .0 5 4 1 .9

M easurem ents w ere a l s o  c a r r i e d  o u t  in  aqueous sodium  

h y d ro x id e  s o l u t i o n .  I n  t h i s  c a s e ,  th e  r e a c t i o n  p ro ceed ed  nnxoh 

m ore s lo w ly  th a n  in  th e  a l c o h o l s ,  and  th e  i n i t i a l  v e l o c i t i e s  

w ere n e a r l y  p r o p o r t io n a l  t o  th e  a l k a l i  c o n c e n t r a t i o n s ,  a s  w e ll  a s  

to  th o s e  o f  th e  q u a te r n a r y  s a l t .  As th e  r e a o t io n  p ro ceed ed  th e  

v a lu e s  o f  k  f e l l  o f f ,  b u t  n o t  i n  su ch  a  way a s  to  su g g e s t  an  

e s s e n t i a l l y  " b im o le c u la r "  p r o c e s s .  I t  i s  su g g e s te d  t h a t  th e  f a c t  

t h a t  s a t i s f a c t o r y  f i r s t  o r d e r  c o n s ta n t s  were o b ta in e d  in  th e  

a l c o h o l s ,  b u t  n o t  i n  w a te r ,  i s  to  be e x p la in e d  by th e  n e u t r a l

io n ,  PhCOCH^Meg , w hich  i s  assum ed to  be p roduced  by  th e  a c t i o n
CHgPh

o f  th e  a l k a l i  on th s  q u a te rn a ry  s a l t ,  b e in g  l i t t l e  a lc o h o ly s e d  

i n /
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i n  s o l u t i o n ,  b u t  l a r g e l y  h y d ro ly s e d .  Q u a l i t a t i v e  c o n f i rm a t io n  

o f  t h i s  v ie w  was g iv e n  by t i t r a t i o n  o f  th e  s a l t  w i th  a l k a l i  

u s in g  th y m o lp h th a le in  a s  i n d i c a t o r ;  i n  e th y l  a lc o h o l  an  

i n d e f i n i t e  e n d -p o in t  was o b ta in e d  a f t e r  a d d i t i o n  o f  0.50 -  0.75 

e q u iv a le n t  o f  a l k a l i ,  w h ereas i n  w a te r  th e  s a l t  r e a c te d  

p r a c t i c a l l y  n e u t r a l .

E f f e c t  o f  S u b s t i t u t i o n  -  The m easu rem en ts , w hich  a r e  sum m arised 

i n  T ab le  I I ,w e r e  c a r r i e d  o u t i n  m e th y l - a lc o h o l ic  s o lu t io n s  0.05H 

w ith  r e s p e c t  t o  th e  q u a te r n a r y  s a l t s  and  0.1N w ith  r e s p e c t  to  

sodium  m e th o x id e . Two o f  th e  s a l t s  w ere s tu d ie d  a s  io d id e s  

i n s t e a d  o f  b ro m id e s , s in c e  th e  l a t t e r  c o u ld  n o t  be  o b ta in e d  i n  

a  c r y s t a l l i n e  c o n d i t i o n ,  and  i n  two c a s e s  th e  £ -b ro  mo p h e n a c y l 

r a d i c a l  was u se d  i n  p la c e  o f  p h e n a c y l f o r  th e  same r e a s o n .  The 

v a l i d i t y  o f  th e s e  e x p e d ie n ts  h a s  b e en  p ro v ed  by in d e p e n d e n t 

e x p e r im e n ts  w hich  showed ( a )  t h a t  p h e n a c y lb e n z y ld im e th y l-  

ammonium b rom ide  and  io d id e  r e a r r a n g e  a t  th e  same r a t e ,  and 

(b )  t h a t  th e  r a t i o  ( b u t  n o t  th e  a b s o lu te  v a lu e s )  o f  th e  

m ig ra to ry  v e l o c i t i e s  o f  b e n z y l ,  £ - c h lo r o b e n z y l ,  m -brom obenzyl, 

£ -b ro m o b e n z y l, and  m -n it ro b e n z y l  i s  n e a r l y  th e  sam e, w h e th e r th e y  

a r e  a s s o c i a t e d  w ith  p h e n a c y l o r  w ith  £ -b ro m o p h en acy l i n  th e  

q u a te rn a ry  s a l t s .  Owing t o  th e  w ide ran g e  o f  v e l o c i t i e s ,  i t

was fo u n d  n e c e s s a r y  to  p e rfo rm  s e v e r a l  o f  th e  m easurem ents a t
•  ©

1 6 .4  , th e  o th e r s  w ere  c a r r i e d  o u t a t  3 7 .7  • £ -B rom ophenacy l-

benzyld im ethylam m onium  b rom ide  was i n v e s t i g a t e d  a t  b o th  

te m p e ra tu re s  and gave  th e  te m p e ra tu re  c o e f f i c i e n t  % o #== 5*61,

com pared w i th  5 .7 0  o b ta in e d  f o r  th e  u n s u b s t i t u t e d  compound ( v id e

s u p r a ) /
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sup r a  ) :  th e  two v a lu e s  o b ta in e d  f o r  th e  r e l a t i v e  m ig ra to ry

v e l o c i t y  o f  m - n i t r o b e n z y l ,  w hich was a l s o  s tu d ie d  a t  b o th  

te m p e r a tu r e s ,  ( v id e  T ab le  I I )  c o n firm  th e s e  f i g u r e s ,

TABEE I I

S u b s t i tu e n t  i n  b e n z y l g ro u p .

'C l Br I no2 OMe Me"

2. ■ 3 5 .6 4 7 .7 81 1040 +  1 .9 1 * 1 5 .3

m - 2 .4 4 2 .0 9 \
+ 2 . 10;

1 .9 2 +  3 .8 0 \  
3 .6 1 )

0 .9 3 * 0 .9 7

£ — 2.77) 
+ 2.58J

2 . 86)
+ 2 .68J

3 .2 5 73 0 .7 6 +  1 .0 6

*  M easured a s  phenacyld im ethylam m onium  io d id e ,

+  M easured a s  £ -b ro m o p h en a o y ld i m ethy l ammonium b ro m id e .

The f i g u r e  re c o rd e d  in  T ab le  I I  i s  i n  each  c a se  th e  r a t i o  

o f  th e  sp eed  o f  m ig r a t io n  o f  th e  s u b s t i t u t e d  b e n z y l r a d i c a l  to  

t h a t  o f  u n s u b s t i t u t e d  b e n z y l u n d e r  th e  same c o n d i t i o n s .  The
o

u n d e r l in e d  v a lu e s  r e f e r  to  m easurem ents made a t  1 6 ,4  , th e
o

o th e r s  to  m easu rem en ts made a t  3 7 ,7 ,  The e r r o r s  o f  m a n ip u la t io n

p ro b a b ly  do n o t  ex ceed  ±  2 $ , b u t  th e  e x i s te n c e  o f  a s id e

r e a c t i o n  whose n a tu r e  i s  o b sc u re  in t r o d u c e s  an  u n c e r t a in ty  w hich

i s  d i f f i c u l t  to  com pute, and w hich  may be c o n s id e r a b ly  g r e a t e r

th a n  t h i s .  The am ount o f  b y -p ro d u c t fo im ed  i s  v e ry  s i m i l a r  f o r

a l l  th e  q u a te r n a r y  s a l t s  i n v e s t i g a t e d  e x c e p t th o s e  c o n ta in in g  a

n i t r o - s u b s t i t u t e d  b e n z y l r a d i c a l  o r  a  £ -b rom ophenacy l r a d i c a l .

The p re s e n c e  o f  th e s e  r a d i c a l s  u s u a l ly  i n c r e a s e s  th e  e x te n t  o f 
th e /
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th e  s id e  r e a c t i o n ,  'but i t  h as  b e en  found  t h a t ,  when th e  same 

s u b s t i t u t e d  b e n z y l r a d i c a l  i s  i n v e s t i g a t e d  i n  c o m b in a tio n  b o th  

w ith  p h e n a c y l and  w ith  £ -b ro m o p h en acy l i n  th e  o r i g i n a l  q u a te r n a r y  

s a l t s ,  th e  two v a lu e s  o b ta in e d  f o r  th e  r e l a t i v e  m ig ra to ry  

v e l o c i t y  a r e  i n  r e a s o n a b ly  good agreem ent*

The f o l lo w in g  g e n e r a l i t i e s  to  be n o te d  i n  T ab le  I I  a r e  

c o n s id e re d  w o rth y  o f  comment.

(1 )  The o r d e r  OMe ^  Me ^  H a ls . ^  NOg h o ld s  f o r  a l l  t h r e e

p o s i t i o n s ,  th o u g h  th e  i n e q u a l i t y  m-OMe ^  m-Me i s  n o t  c o n s id e re d

a s  d e f i n i t e l y  e s t a b l i s h e d .  T h is  s e r i e s  i s  o f  v e iy  common

o c c u rre n c e  and c o u ld  be accom m odated on m ost t h e o r i e s  d e a l in g

w ith  th e  r e a c t i v i t i e s  o f  o ig a n ic  m o le c u le s  in  g e n e ra l  and on

s e v e ra ] |h y p o th e s e s  a s  to  th e  m echanism  o f  th e  re a rra n g e m e n t a t

p r e s e n t  u n d e r  i n v e s t i g a t i o n .  I t  c o n s t i t u t e s  a n  e x c e p t io n ,

how ever, t o  th e  g e n e r a l i s a t i o n  o f  von B raun , Kuhn, and 
Zk

W eism antel t h a t ,  a l th o u g h  th e  b e h a v io u r  o f  r a d i c a l s  a t t a c h e d  to  

c a rb o n  i s  l e s s  s im p le , th o s e  a t t a c h e d  to  n i t r o g e n  show a 

s p e c i f i c  t e n a c i t y  n e a r l y  in d e p e n d e n t o f  th e  n a tu r e  o f  th e  m o lecu le  

in  w hich  th e y  a r e  c o n ta in e d .  In  th e  p r e s e n t  i n v e s t i g a t i o n ,  

t h i s  no rm al " t e n a c i t y  s e r i e s "  i s  a p p ro x im a te ly  r e v e r s e d .

(2 )  In  th e  o - s e r i e s  th e  h a lo g e n s  f a l l  i n  th e  o r d e r  Cl ^  Br ^  I .  

T h is  o r d e r  a t  l e a s t  a s  r e g a rd s  Cl and I ,  a p p e a rs  to  be r e t a in e d  

in  th e  £ - ,  b u t  r e v e r s e d  i n  th e  m- p o s i t i o n .  The o r d e r

OMe ^  Me ^  H a ls .  ^ N O g ,  a s c e n d in g  o r  d e sc e n d in g , h o ld s  f o r  many,

b u t n o t  a l l ,  r e a c t i o n s  in v o lv in g  r u p tu r e  o f  a  l in k a g e  o f  th e  
»

ty p e  At - C t X (com pare W illiam s ) and  i t  c o u ld  be a n t i c i p a t e d  

t h a t /
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t h a t  i n  th e s e  c a s e s  th e  o rd e r  1 ^  B r ^  F ^ o r  h a lo g e n

s u b s t i t u e n t s  w ould he a s s o o ia te d  w ith  th e  o rd e r  OMe^ M e^ H a l s N O g

and I  ^ B r  < C 1 <  F w i th  OMe ^  Me ^  Hals* ^  The r e s u l t s  o f

s e v e r a l  r e p r e s e n t a t i v e  i n v e s t i g a t i o n s  a r e  sum m arised i n  T ab le  I I I

and  show t h a t  th e  a n t i c i p a t i o n  i s  se ldom  r e a l i s e d ,  th e  word

"n o rm al"  o r  "ab n o rm a l"  i n d i c a t e s  r e s p e c t iv e ly  c o n fo im ity  o r
36

o th e rw is e  w ith  th e  " r u l e "  (com pare In g o ld  ) .  F o r r e a c t io n s  I and 

I I ,  th e  s e r i e s  OMe ^ M e  ^ H a l s .  < N O g  r e p r e s e n t s  a  d e sc e n d in g  

o r d e r  o f  f a c i l i t a t i o n ,  f o r  I I I ,  IV, and V an  a s c e n d in g .

TABLE I I I

I  I I  I I I  IV V

o - Abnorm al -  Normal -  Abnormal

m- Abnorm al -  Abnormal Abnormal Normal

jd-  Abnorm al Abnormal Abnormal -  Abnormal
ey s sI  -  H y d ro ly s is  o f  b e n z y l h a l i d e s  ( O l i v i e r  Shoesm ith  and  S l a t e r

I I  -  NMeR^Rg .CNBlL» R-jBr o r  RgBr; PhCONRxRg .E U a » R ^ l  o r  RgCl
/ 3th 39 %
(von  B raun , Kuhn, a n d  W eism antel ; von Braun and F riedsam  ) .

40
I I I  -  H y d ro ly s is  o f  b e n z o ic  e s t e r s  (K in d le r  ) .

4 /IV -  H y d ro ly s is  o f  5 - s u b s t i t u t e d  p h th a l id e s  (Tasman ) .

V -  P r e s e n t  i n v e s t i g a t i o n .

(3 ) The compounds o f  th e  o - s e r i e s  show th e  same a rra n g em e n t

among th e m s e lv e s ,  q u a l i t a t i v e l y ,  and i n  some d e g re e  q u a n t i t a t i v e l y ,  

a s  th e  ^ -com pounds, b u t  w ith  g r e a t l y  in c r e a s e d  v e lo c i t y  o f 

r e a r r a n g e m e n t ,  e x c e p t i n  th e  c a se  o f  OMe.

(4 )  F o r  each  s u b s t i t u e n t  th e  m- and  th e  jg -v a lu e s  a re  o f  th e  same 

o r d e r /
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o r d e r  o f  m a g n itu d e , w ith  th e  e x c e p t io n  t h a t

(5 ) £ - n i t r o b e n z y l  m ig ra te s  f a r  more r a p i d l y  th a n  m -n i t r o b e n z y l .

I f  th e  c o r r e l a t i o n  o f  e x a g g e ra te d  " a l t e r n a t e "  e f f e c t s  in  

c o n ju g a te d  sy s te m s w ith  th e  s t r u c t u r a l  p o s s i b i l i t y  o f  th e  

s t a b i l i s a t i o n  o f  th e  e n d -p ro d u c t ( o r  an  e s s e n t i a l  in te r m e d ia te )  

by a  ta u to m e r ic  re a r ra n g e m e n t be c o n s id e re d  to  be j u s t i f i a b l e ,  

th e n  th e  f a c t  t h a t  th e  v e l o c i t y  o f m ig r a t io n  o f  £ - n i t r o b e n z y l  i s  

f a r  g r e a t e r  th a n |th a t  o f  m -n itro b e n z y l  may be ta k e n  a s  e v id e n c e  

f a v o u r in g  su ch  a  m echanism  o f  th e  r e a c t i o n  a s  was p o s tu l a t e d  by 

S te v e n s  (v id e  i n t r o d u c to r y  s e c t i o n  ) and  w hich  may be r e p r e s e n te d  

by scheme (A) b e lo w , a s  a g a i n s t  t h a t  p ro p o se d  by B e n n e tt and  

Chapman , w hich  may be ro u g h ly  r e p r e s e n te d  by scheme ( B ) .

I t  i s  o f  i n t e r e s t  t h a t  th e  v a r io u s  s e t s  o f  is o m e r id e s  

p re p a re d  show u n u su a l b e h a v io u r  a s  to  m e l t in g  p o i n t s ,  i n  t h a t  th e  

^-com pound, a t  l e a s t  a s  r e g a r d s  th e  q u a te r n a ry  p i c r a t e s  and 

re a rra n g e m e n t p r o d u c ts ,  i s  more f r e q u e n t ly  th e  lo w e s t-  th a n  th e  

h ig h e s t - m e l t in g  o f  th e  th r e e  (com pare T able  I V) .  No g e n e r a l  

r e g u l a r i t i e s ,  how ever, have  been  r e c o g n is e d .

PbCOCMMeg
CHgPh

PhCOCBNMeg

PbCOCEpNMep
*  ^HgPh

TABLE IV

S u b s t i tu e n t  in M e ltin g  P o in ts
  ■ ■ J-T ■ ' - --

b e n z y l g roup  Q u a te r n a r y  brom ide Q u a te rn a ry  p i  o r a te  Rearrangem ent?
p ro d u c t

0
o -C l 149-150 154-156 69-71
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o o o
m -Cl 132-134 141-143 52-53

o o o
£ - 0 1 186-187 125-126 59-61

o o o
o -B r 153-154 151-153 79-81

o o o
m-Br 140-143 132-134 72-73

o o o
£ -B r 193 130-131 61

o o o
o - I 174-176 149-151 97-98

o o o
m -I 176-177 123-125 82-83

o o o
£ -1 183-185 139-141 67-68

o o o
o-N °2 142-144 155-158 75-77

o o o
m-N02 174-175 154-156 70-72

o o o
2-N 02 169-171 110-113 79-82

o o o
m-OMe 150-152 111-112 61-63

o o o
£-0Me 133-136 112-113 52-54

A sam ple  o f  s . - p - x y l y l e n e b i s - p - b ro m o p h e n a o y lte tra m a th y l-  

diammonium d ib ro m id e  ( I I I )  was i n c i d e n t a l l y  o b ta in e d  d u r in g  th e  

c o u rs e  o f  th e  p r e p a r a t i v e  w ork , and i t  was fo u n d  t h a t  t r e a tm e n t  

w ith  a l k a l i  c a u se d  a  doub le  m ig r a t io n ,  r e s u l t i n g  i n  ( I V ) .  The 

m -x y ly le n e  a n a lo g u e  was a l s o  p re p a re d  and  behaved  i n  a  s i m i l a r  

m anner.

BrC6H4-C(>CH2-NMe2B r

( I I I )  \
/

ch2

BrCgH^COCHgNMegBr

Cg h4

BrCgH^COCHNMejj

uH2
(IT) V

B r  CgH^CO'Gffil Meg
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EXPERIMENT Ah

TECHNIQUE OF MEASUREMENTS -  The v o lu m e tr ic  p ro c e s s  u se d  by 

S te v e n s  i n  h i s  p r e l im in a r y  v e l o c i t y  m easu rem en ts depends on th e  

a ssu m p tio n  t h a t  th e  r e a c t i o n  p ro c e e d s  s u b s t a n t i a l l y ,  

q u a n t i t a t i v e l y ,  w ith o u t  th e  fo rm a t io n  o f  b y -p r o d u c ts ,  and a  f r e s h  

m ethod h ad  t h e r e f o r e  to  be d e v is e d ,  a l lo w in g  th e  e s t im a t io n  b o th  

o f re a r ra n g e m e n t p ro d u c t and  o f  u n a l t e r e d  q u a te r n a r y  s a l t .

A f t e r  num erous u n s u c c e s s f u l  a t te m p ts  to  a c h ie v e  t h i s  o b je c t  by 

t i t r a t i o n ,  th e  f o l lo w in g  g r a v im e t r ic  p ro c e d u re  was a d o p te d .

The r e a c t i o n  was c a r r i e d  o u t i n  a  f l a s k  ( f r e q u e n t l y  

1 5 c .c . )  f i l l e d  to  th e  n eck  by  th e  s o l u t io n  u n d e r i n v e s t i g a t i o n  

( t o  p re v e n t  a tm o sp h e r ic  o x id a t io n  o f  th e  re a rra n g e m e n t p ro d u c t;  

i t  i s  n o t ,  how ever, n e c e s s a r y  to  u se  b o i le d - o u t  r e a g e n t s ) ,  and  

th e  p ro c e s s  e f f e c t i v e l y  checked  by p o u r in g  in to  w a te r  ( 4 0 c .c . )  

c o n ta in in g  ammonium o h lo r id e  e q u iv a le n t  to  th e  a l k a l i  o r i g i n a l l y  

u s e d . The p ro d u c t  ( I I )  was e x t r a c t e d  w ith  e t h e r  (3  X 2 0 c . c . ) ,  

and th e  u n i t e d  e x t r a c t s  w ere w ashed once w i th  w a te r .  The 

aq u eo u s l a y e r  an d  w ash in g s  w ere a c i d i f i e d  w ith  a c e t i c  a c i d ,  

warmed t o  30 -  40 , f r e e d  from  e t h e r  by a c u r r e n t  o f  a i r ,  and  

t r e a t e d  g r a d u a l ly  w ith  0 #2N -sodium  p i c r a t e  s o l u t io n  ( 2 c . c .  e x c e s s ;  

l a r g e r  q u a n t i t i e s  o f  sodium  p i c r a t e  o r  o f  ammonium c h lo r id e  may 

cau se  s e p a r a t io n  o f  ammonium p i c r a t e ) .  The p r e c i p i t a t e  o f  

q u a te r n a r y  p i c r a t e  c r y s t a l l i s e d  r e a d i l y  on s c r a t c h in g ;  a f t e r  

re m a in in g  o v e rn ig h t  i t  was c o l l e c t e d  and d r ie d  a t  100 • The 

t e r t i a r y  b a se  was e x t r a c t e d  from  th e  e t h e r e a l  s o l u t io n  by 

h y d r o c h lo r ic  a c id  (3  X 1 0 c .c*  o f  0*1N ); and  th e  a c id  s o l u t i o n  

h e a te d /
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h e a te d  on th e  w a te r - b a th  to  e x p e l e t h e r ,  c o o le d  i n  i c e ,  and  

t r e a t e d  w ith  ammonia; th e  p r e c i p i t a t e d  b a se  th e n  c r y s t a l l i s e d  

r e a d i ly  on a g i t a t i o n #  A f te r  some h o u rs  i t  was c o l l e c t e d  and 

b ro u g h t to  c o n s ta n t  w e ig h t i n  a  c u r r e n t  o f  d ry  a i r .

On th e  b a s i s  o f  c o n t r o l  e x p e r im e n ts  w i th  known q u a n t i t i e s  

o f m a t e r i a l ,  th e  m a n ip u la to ry  lo s s e s  w ere e s t im a te d  a t  5mg. f o r  

th e  t e r t i a r y  b a s e ,  and  f o r  th e  p i c r a t e ,  lm g. +  (Im g. p e r  5c . c .  

o f  a lc o h o l  u se d )#  T hese c o r r e c t i o n s  r a i s e  th e  r e a c t i o n  

c o e f f i c i e n t s  by some 4 $ .

The t e r t i a r y  b ase  i s  l i t t l e  a f f e c t e d  by c a u s t i c  a l k a l i  

in  th e  a b se n c e  o f  a i r ,  o r  by  a i r  i n  th e  a b sen c e  o f  c a u s t i c  a l k a l i .  

The q u a te r n a r y  compound i s  n o t  e x t r a c t e d  from  i t s  aqueous 

s o l u t io n s  b j je th e r ,  n o r  i s  i t  a f f e c t e d  by  O.IN-ammonia i n  s e v e r a l  

days a t  room te m p e ra tu re #

The a lc o h o ls  u se d  w ere l im e - d r ie d  and  d i s t i l l e d  o v e r  

sodium# W ith e th y l  and  i s o - p r o p y l  a l c o h o l s ,  r e s u l t s  some 15$ 

lo w e r w ere o b ta in e d  i n  d i f f e r e n t  sp e c im en s ; th e  re c o rd e d  f i g u r e s  

a l l  r e l a t e  t o  th e  same sam p le . No such  b e h a v io u r  was o b se rv ed  

w ith  m e th y l a lc o h o l#

The m easu rem en ts on  th e  s u b s t i t u t e d  s a l t s  w ere c a r r i e d  

o u t i n  th e  same m anner, and  i t  was c o n s id e re d  s u f f i c i e n t l y  

a c c u r a te  t o  u se  th e  same c o r r e c t i o n s  f o r  m a n ip u la to ry  lo s s e s #

I n  one o r  two o a s e s  i n  w hich th e  q u a te rn a ry  p i c r a t e  showed a  

te n d e n c y  to  s e p a r a t e  o u t i n  an  o i l y  o o n d i t io n ,  th e  sodium  p i c r a t e  

s o l u t i o n  was a d d ed  d ropw ise  to  th e  h o t s o l u t io n  o f  th e  q u a te rn a ry  

s a l t .
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KESUXTS. -  U n le ss  o th e rw is e  s t a t e d ,  th e  m easu rem en ts w ere  c a r r i e d  
o

o u t a t  37*7 , w i th  p h en acy lb en * y ld im eth y lan in o n iu m  hrom lde* The 

d e f i n i t e  i n t e g r a l  i n  th e  e x p r e s s io n  f o r  k  ( p . 43) i s  e T a lu a te d  by  

S im p so n 's  r u l e s .

I -  Medium.

I l a -  N o rm a lity  o f  q u a te r n a r y  s a l t .

l i b -  P e rc e n ta g e  o f  b y -p ro d u c t  fo rm ed ( e s t im a te d  by d i f f e r e n c e )  

when 60$  o f  th e  i n i t i a l  m a te r i a l  h a s  d is a p p e a re d ;  v e ry  

l i t t l e  i s  p ro d u ced  s u b s e q u e n t ly ,  

l i e -  Time i n t e r v a l  i n  m in u te s  be tw een  s u c c e s s iv e  m easu rem en ts . 

I l i a - V i l l a -  P e rc e n ta g e  o f  b a se  ( I I )  fo rm ed .

I l l b - V I I I b -  P e rc e n ta g e  o f  q u a te rn a ry  s a l t  unchanged .

I I I c - V I I I o -  V e lo c i ty  c o n s t a n t s ,  k .1 0 4 .

IX - A verage v e l o c i t y  c o n s t a n t .

I  I I  I I I  IV V VI V II V I I I  IX

/a  0 .1 0  1 7 .3  2 9 .6  4 1 .2  5 1 .4  -  -  A

O.lON-NaOMe Jb  9 7 5 .5  5 8 .8  5 0 .0  4 1 .1  -  -  I 3 3 .0

0.05N-Na0Me )  b 12 7 4 .6  5 7 .1  4 9 .7  4 1 .4  -  -  S 3 2 .0

I I I I I IV V VI V II

0 .1 0 1 7 .3 2 9 .6 4 1 .2 5 1 .4 -

b 9 7 5 .5 5 8 .8 5 0 .0 4 1 .1 -

5 60 3 2 .9 3 2 .0 3 3 .6 3 3 .6 -

ra 0 .0 5 1 6 .9 2 9 .2 3 9 .7 4 6 .7 -

b 12 7 4 .6 5 7 .1 4 9 .7 4 1 .4 -

c 60 3 2 .5 3 2 .1 3 2 .4 3 1 .0 -

'a 0 .0 5 2 0 .8 3 6 .4 4 7 .8 5 5 .6 6 2 .8

b 13 7 0 .0 5 1 .5

to.CDto 3 0 .5 2 0 .5

5 60 4 1 .3 4 2 .2 4 2 .2 4 1 .6 4 2 .2

a 0 .0 5 2 2 .2 36 .1 5 0 .6 5 9 .2 -

b 12 6 7 .6 5 0 .0 3 7 .6 2 4 .9 -

60 4 4 .9 4 2 .9 4 5 .8 4 5 .9 •

O.lON-NaOMe J b  13 7 0 .0  5 1 .5  3 8 .6  3 0 .5  2 0 .5  -  > 4 1 .9

0.15N-Na0Me / b  12 6 7 .6  5 0 .0  3 7 .6  2 4 .9  -  -  > 4 4 .9
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0.05N-Na0Me b 

c 

a

^O.lON-NaOMe b

0 .025

0 .0 5

0.10

30

0 . 05N-Na0Et b 

o 

a

O.lON-NaOEt b 

c

O.lON-NaOPr^

0 .0 5

0 .0 5

0.10

0 .0 5

0 .05N -N a0P r *b

0 .0 5

O.lON-NaOPr / b

0.10

O.lON-NaOPi' / b  
c

4 2 .1

4 4 .0

4 2 .0  

3 5 .9

5 1 .2

4 1 .6

4 0 .7

5 1 .3  

95

4 4 .6

4 7 .4  

108

4 5 .6

4 6 .3  

109

4 6 .0

4 6 .3  

112

4 3 .8

4 3 .4  

111

4 7 .8

3 9 .4  

125

36 .9

5 6 .5  

246

5 5 .2

3 0 .5

4 3 .1

4 7 .0

3 9 .4

4 1 .5  

5 5 .7

3 7 .0  

99

5 7 .6

3 8 .6  

108

5 8 .6

3 2 .2  

110 
5 7 .5

3 3 .4  

109

5 6 .2

2 7 .7  

112
6 1 .0

2 5 .7  

128 

4 7 .1

4 6 .5  

234

6 2 .6

1 9 .8

4 2 .7

5 5 .9

3 0 .4

4 1 .7

6 5 .4

2 6 .7  

99

6 4 .8  

2 4 .2

105 

6 5 .1

2 2 .9

106

4 1 .9

5 8 .9

3 4 .5

243

6 1 .7

2 0 .6

4 1 .3

7 2 .6

1 9 .2  

100

6 9 .4  

1 9 .1  

102
72 .6

1 6 .3  

108

4 1 .5

99

106

107

111

112

126

242
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0 .05N -N a0P r , b

O.lON-NaOPr <b 

o 

^a

t o  .05N-Na0Me J b 

I c

5

*j”0.05N -N a0E t / b

O.lON-NaOH

0.05N-Na0H

O.lON-NaOH

( a t  1 6 .4 ° )  

O.lON-NaOMe

0 .0 5 - 3 8 .6 5 0 .7 5 7 .7 -

8 - 53 .5 4 1 .9 3 3 .5 -

10 - 263 261 249 -

0 .0 5 - 41 .9 5 3 .8 6 3 .1 -

8 - 4 9 .6 3 8 .2 2 8 .2 -

10 - 292 288 287 -

0 .0 5 2 8 .5 4 5 .0 5 7 .4 - -

12 6 1 .9 4 3 .6 2 8 .1 - -

40 90 86 86 - -

0 .0 5 3 5 .6 5 7 .5 6 8 .7 - -

11 5 5 .5 3 1 .0 1 8 .6 - -

20 234 244 242 - -

0 .1 0 1 7 .5 3 1 .2 3 9 .9 4 8 .3 5 4 .7

11 7 8 .5 6 2 .5 5 1 .3 4 1 .0 3 3 .6

780 2 .5 3 2 .5 1 2 .3 8 2 .3 6 2 .3 3

0 .0 5 1 7 .9 3 1 .3  4 0 .5  48 .4  53 . 6 57.:

12 7 7 .8 6 0 .4  5 0 .4  39 .1  33 . 1 29.:

1440 1 .4 0 1 .3 8  1 .3 3  1 . 30 1 .2 7  1.2:

0 .0 5 2 0 .2 3 5 .2 4 5 .2 5 4 .2 6 0 .8

9 7 7 .2 5 8 .9 4 6 .5 3 6 .2 2 9 .2

828 2 .77 2 .7 3 2 .6 2 2 .6 2 2 .6 0

0 .0 5 2 4 .5 4 1 .8 5 4 .0 6 3 .6 6 9 .4

10 6 8 .1 4 8 .8 3 5 .4 2 6 .7 1 9 .6

2880 1 .0 2 1 .0 3 1 .0 3 1 .0 4 1 .0 2

87

240

2 .5 3 - 2 .3 3

1 .4 0 -1 .1 8

2 .7 7 -2 .6 0

1 .0 3

P henacylbenzyld im ethy lam m oniurn  io d id e  

Medium : a l c o h o l - t o l u e n e f 2 :3  by w e ig h t
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(F o r  th e  m easu rem en ts in  th e  p ro p y l  a lc o h o ls  and in  th e  a lo o h o l -  

to lu e n e  m ed ia , th e  a u th o r  i s  in d e b te d  to  Dr* Thomas S. S te v e n s .)

The m easu rem en ts i n  aqueous sodium  h y d ro x id e  s o l u t io n  were 

c a r r i e d  o u t w ith  g r e a t e r  q u a n t i t i e s  o f m a t e r i a l ,  and th e  

m a n ip u la to ry  e r r o r s  w ere s m a l l e r .  In  e a c h  c a se  th e  c o e f f i c i e n t s  

f e l l  o f f  s t e a d i l y  a s  th e  r e a c t i o n  p ro c e e d e d .

SUBSTITUTED QUATERNARY SALTS AT 3 7 .7 ° . -  The m easu rem en ts w ere 

c a r r i e d  o u t in  O .lO N -sodium  m eth o x id e  s o l u t i o n ,  th e  s a l t  

c o n c e n t r a t io n  b e in g  0 .05N .

I b -  P e rc e n ta g e  o f  b y -p ro d u c t  form ed ( e s t im a te d  by d i f f e r e n c e )  

when 60fo o f  th e  i n i t i a l  m a t e r i a l  h a s  d is a p p e a re d .

I c -  Time i n t e r v a l  i n  m in u te s  b e tw een  s u c c e s s iv e  m easu rem en ts . 

I l a - V I I I a -  P e rc e n ta g e  o f  t e r t i a r y  b a se  p ro d u c e d .

I l b - V I I I b -  P e rc e n ta g e  o f  q u a te rn a ry  s a l t  unchanged .

I I c - V I I I o -  V e lo c i ty  c o n s t a n t s ,  k 'x lO 4 .

IX - A verage v e l o c i t y  c o n s t a n t .

I I I I I I IV V VI V II V II I u

P h en acy l-m -ch lo ro b en zy ld im e th y lam m o n iu m  b ro m id e .

a S 4 .8 4 0 .5 5 2 .5 6 0 .8 6 7 .5 - -

b 13 6 1 .5 4 7 .7 3 3 .4 2 6 .3 1 6 .9 - - 1 0 2 .3

c 30 1 0 5 .1 1 0 2 .9 1 0 1 .2 1 0 1 .1 1 0 1 .2 - -

P h en acy l-p -ch lo ro b en z y ld im e th y lam m o n iu m  brom ide •

a 1 9 .7 3 5 .9 4 6 .7 5 4 .9 6 2 .4 6 9 .5 -

b 9 7 3 .3 5 5 .4 4 4 .2 3 6 .0 2 8 .5 2 1 .3 - 1 1 6 .5

o SO 115 1 2 0 117 115 115 117 ■B

p - B rom ophenacyl- p - c h lo ro b e n z y ld lm e  thylam aonlum  b ro m id e . 

a  £ 0 .1  3 3 .7  4 3 .9  5 1 .3  5 6 .7
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b 22 6 0 .2 4 4 .7 3 3 .3 2 5 .6 1 9 .5 8 6 .8

c 30 8 5 .8 8 7 .4 8 7 .1 8 7 .1 8 6 .4

P h e n a c y l-■m-bromo b e n z y l dime th y  lammoninm brom ide •

a 2 2 .2 3 8 .0 4 8 .7 5 8 .5 6 3 .3

b 12 6 9 .1 5 0 .8 3 8 .8 2 9 .0 2 1 .2 8 7 .7

c 30 8 8 .6 8 8 .9 8 6 .8 8 8 .3 8 5 .9

p -  Bromo phenacy  1--m -brom obenzyldim ethylam m oninm  brom ide •

a 2 5 .6 4 1 .9 5 3 .5 5 9 .4 6 5 .3

b 17 6 3 .9 4 2 .9 2 5 .4 2 0 .7 1 6 .1 7 0 .5

o 45 7 0 .5 7 0 .1 7 1 .1 7 0 .3 7 0 .3

P henacy l-p -b rom obenzy ld im ethy lam m oninm  brom ide •

a 2 1 .8 3 5 .8 4 6 .7 5 6 .2 6 2 .9  6 7 .4

b 1 0 7 3 .0 5 4 .7 4 3 .0 3 2 .8 2 6 .3  2 0 .5 120

c 20 127 1 2 0 118 119 119 117

p - B rom ophenacy l-p -b rom obenzy ld im e thylammoninm brom ide •

a 2 0 .7 3 4 .9 4 5 .2 5 1 .2 5 6 .3

b 22 5 9 .8 4 3 .5 2 9 .7 2 3 .8 1 8 .0 9 0 .1

o 30 8 8 .6 9 1 .2 9 1 .4 9 0 .0 8 9 .2

P henacy l--m -iodobenzyld im ethylam m onipm  b ro m id e .

a 2 0 .4 3 5 .1 4 6 .1 5 4 .1 6 0 .5

b 14 7 0 .8 5 1 .7 4 0 .0 3 1 .0 2 4 .5 8 0 .3

o 30 8 0 .4 8 0 .9 8 0 .7 7 9 .8 7 9 .6

P h en acy l-p -io d o b en zy ld im e th y lam m o n in m brom ide •

a 2 3 .4 3 9 .0 5 0 .2 5 8 .6 6 5 .5

b 12 6 8 .9 5 0 .1 3 7 .0 3 0 .9 2 1 .8 136

c 20 140 137 135 134 134



p - B rom ophenaoyl-m -n itro b en zy ld im e th y lam m o n ip m  b ro m id e .

a 1 5 .5 2 6 .2 3 5 .0 4 1 .1 4 6 .7 -

b 24 6 4 .1 4 9 .0 4 0 .5 3 4 .6 2 9 .0 - 128

o 15 129 129 130 126 125 -

P henacy l--m-me t  hoxybe n zy Id  ime th y lam n o n i urn b ro  mide •

a 2 0 .3 3 4 .0 4 4 .6 5 3 .1 5 9 .4  6 5 .4 -

b 15 7 1 .6 5 3 .0 3 9 .7 3 1 .9 2 4 .9  2 0 .3 - 3 8 .9

o 60 3 9 .8 3 8 .7 3 8 .6 38 .9 3 8 .7  3 8 .6 -

P h e n a c y l -p -m et hozybenzy ld im e th y  lammoni. T i m  b ro m id e .

a 1 5 .8 2 7 .4 4 0 .0 4 7 .3 5 3 .9  6 0 .0 -

b 13 7 2 .5 5 8 .0 4 7 .6 3 9 .6 3 1 .2  2 4 .7 - 3 1 .8

c 60 3 0 .9 3 0 .6 3 3 .0 3 2 .1 3 2 .0  3 2 .4 -

P henacy l--m -m e th y lb en zy ld i met hylam noni urn i o d id e .

a 2 0 .7 3 4 .7 4 4 .1 5 2 .3 5 8 .8 -

b 15 6 7 .5 5 0 .9 4 0 .1 3 2 .3 2 6 .0 - 4 0 .2

o 60 41 .9 4 1 .2 3 9 .6 3 9 .4 3 9 .1 -

p-Bromo p h e n a c y l-p -m e t h y lb e n z y ld im e th y  lammoni urn brom ide •

a 2 4 .7 3 9 .2 5 2 .9 5 8 .3 6 2 .5 -

b 21 5 9 .4 3 8 .8 2 6 .0 2 1 .2 1 6 .1 - 3 5 .6

c 90 3 5 .2 3 4 .7 3 7 .3 3 6 .0 3 4 .9 -

p-B rom ophenacylbenzyld im ethy lam m onitim  b ro m id e •

a 1 7 .4 3 0 .6 4 0 .2 4 9 .0 5 6 .1  6 2 .7 -

b 14 7 4 .2 5 7 .9 4 6 .6 3 7 .4 2 9 .1  2 2 .9 - 3 3 .6

o 60 3 3 .6 3 3 .6 3 2 .9 3 3 .3 3 3 .6  3 4 .3 •



SUBSTITUTED OTATBHNARY SALTS AT 1 6 .4 ° . 

P h e a a c y l- o -ch lo ro b en zy ld lm e th y lam m o n iu m  b ro m id e .

a 1 9 .5 3 4 .3 4 5 .1 5 1 .7 59 .8 -

oH&

7 5 .3 5 8 .9 4 9 .7 3 8 .2 2 9 .8 - 3 6 .7

o 60 3 7 .4 3 7 .3 3 6 .3 3 6 .1 3 6 .6 -

P h e n a c y l--o-brom obenzyldim ethylam m oninm  b ro m id e .

a 1 3 .3 2 3 .3 3 2 .9 3 9 .1 4 6 .3  5 1 .8 5 6 .1

b 12 7 7 .5 6 4 .3 5 6 .5 4 7 .4 4 2 .2  3 5 .5 3 0 .0 4 9 .1

o 30 5 0 .4 4 9 .1 50 .3 4 8 .2 4 9 .0  4 8 .7 4 8 .3

P h e n a cy l -■ o -iodobenzy l dime t h y l  ammo nitim  b ro m id e .

a 3 0 .2 4 8 .6 5 9 .3 6 6 .7 72 .9 -

b 13 6 1 .2 3 8 .2 2 6 .8 1 8 .5 13 .2 - 8 3 .0

c 45 8 4 .6 8 4 .6 8 2 .7 8 1 .3 8 1 .9 -

P h en acy l-•o -n i tro b e n z y  ld im e  th y  lammonium brom ide •

a 3 8 .1 5 8 .0 6 4 .7 - - -

b 16 4 9 .0 2 0 .9 1 4 .0 - - - 1070

c 5 1050 1098 1066 - - -

P h e n a c y l-m -n i tro b e n z y ld im e  t  bylanm onium  brom i de •

a 1 5 .7 2 8 .1 3 9 .2 4 3 .9 4 8 .7 -

b 20 7 2 .5 5 7 .1 4 1 .1 3 4 .7 2 8 .7 - 3 .9 2

c 480 3 .8 4 3 .9 3 4 .1 1 3 .9 0 3 .8 1 -

P h e n a c y l-p -n itro b e n z y ld lm e th y la m m o n iu rn  brom ide •

a 1 8 .5 3 0 .6 3 9 .2 4 6 .4 5 1 .0 mm

b 25 6 4 .9 4 7 .1 3 4 .3 2 3 .7 1 8 .2 - 7 5 .3

o 30 7 6 .1 7 5 .2 7 4 .1 7 5 .5 7 5 .4 -



- 6 1 -

p -b ro m o p h en acy l--o-m ethoxybenzyldim ethylam m onium b ro m id e .

a 2 0 .0 3 4 .7 4 6 .1 5 4 .3 6 0 .3 -

b 14 7 3 .2 5 4 .5 4 0 .0 2 8 .9 2 0 .0 - 1 .6 3

c 1440 1 .6 2 1 .6 2 1 .6 3 1 .6 4 1 .6 5 -

P h e n a c y l-■ o -m ethy lbenzy ld im ethy lam m onium  i o d i d e .

a 2 4 .3 3 8 .1 4 9 .1 5 8 .3 6 5 .2 -

b 13 6 3 .8 4 9 .4 3 7 .6 2 8 .2 2 0 .4 - 1 5 .8

c 180 1 6 .9 1 5 .7 1 5 .5 1 5 .4 1 5 .4 -

p-Brom oph e n a c y lb e n z y ld im e th y  lammoni um b ro m id e .

a 1 9 .8 3 5 .6 4 7 .0 5 5 .5 6 2 .0 -

b 14 6 9 .4 5 3 .3 3 9 .0 2 9 .5 2 2 .9 - 0 .854

c 2880 0 .8 2 3 0 .8 6 1 0 .8 5 8 0 .8 6 3 0 .8 6 3

PREPARATION AND CHARAC TERIS AT I  ON OP MATERIALS.

I n  m e th y la t io n s  by th e  E s c h w e ile r  m ethod , th e  h y d ro c h lo r id e  o f  th e
o

i n i t i a l  b a se  was h e a te d  a t  130 f o r  3 h o u rs  w ith  a  m odera te  

e x c e s s  o f  40$  " f o r m a l in ” • The p r o d u c t ,  s e p a r a te d  from  n o n -b a s ic  

m a t e r i a l ,  was th e n  i s o l a t e d  a s  d e s c r ib e d  f o r  th e  in d iv id u a l  o ases*  

The p i c r i c  a c id  i n  th e  p i c r a t e s  o f  t e r t i a r y  b a s e s  was 

e s t im a te d  by t i t r a t i o n  w ith  p o ta s s iu m  h y d ro x id e  i n  a b s o lu te  

a lc o h o l ,  p h e n o lp h th a le in  b e in g  u sed  a s  in d ic a to r *

P henaoy lbenzy ld im ethy lam m onium  p i c r a t e  form ed deep
©

y e llo w  n e e d le s  o r  s t o u t  lam in ae  from  m eth y l a lco h o l,m * p *  132-134  

(P ound: C6H2 07N3' , 4 7 .3 .  C17H2oON.C6H207N3 r e q u i r e s  C6H2 07N3'

4 7 .3 $ )*  The io d id e  c r y s t a l l i s e d  from  w a te r  i n  c o lo u r l e s s ,  

s p a r i n g ly /
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s p a r in g ly  s o lu b le  p r is m s , m*p* 1 7 4 -1 7 6 ° (F o u n d : I ,  33*4.

C-j^HgQONI r e q u i r e s  I ,  3 3 * 3 $ )• The c r y s t a l l i n e  f e r r o c y a n id e

and th e  am orphous m e r c u r i - io d id e  and th e  b is m u th i - io d id e  a r e  

h ig h ly  i n s o l u b l e ,  b u t  o f  in c o n s ta n t  co m p o sitio n *  

o - C h lo ro b en z y ld im e th y lam in e  -  £ - C h io ro b en zy l brom ide was

c o n v e n ie n t ly  p re p a re d  by b ro m in a tin g  o - c h lo ro to lu e n e  w ith  

u n d i lu te d  b ro m in e ; th e  r e a c t i o n ,  w hich  s e t  i n  s p o n ta n e o u s ly , 

was c o m p le te d  b y  h e a t in g  u n d e r  r e f l u x ,  and  th e  p ro d u c t i s o l a t e d  

by d i s t i l l a t i o n  i n  vacuo* C onversion  i n to  th e  t e r t i a r y  b ase  

by th e  hexam ine m ethod o f  Somme l e t  and Gruioth gave  a  m odera te

y i e l d ,  t o g e t h e r  w ith  a  c o n s id e r a b le  q u a n t i ty  o f  o - c h lo ro b e n z a l-
/ ° \ dehyde (o x im e , m*p. 76 u  o -C h lo ro b e n z y ld im e th y la m in e  p i c r a t e

was i s o l a t e d  i n  th e  f i r s t  p la c e  from  e th e r  and  r e o r y s t a l l i s e d
o

from  aqu eo u s m e th y l a l c o h o l ,  m .p . 145-146 (von  B rau n , Kuhn, euad
3lf- o

W eism ante l g iv e  m*p. 146 ) •  P h e n a c y l- o - c h lo ro b e n z y ld im e th y l-

ammonium b ro m id e . fo rm ed  f a i r l y  r a p i d l y  from  c h lo ro b e n z y ld im e th y l-

am ine an d  brom oaeetophenone i n  c o ld  benzene s o l u t i o n ,  s e p a r a te d

a s  an  o i l  w h ich  g r a d u a l ly  s o l i d i f i e d .  I t  c r y s t a l l i s e d  from
o

a l c o h o l - e t h e r  i n  m inu te  p r i s m a t i c  n e e d le s ,  m.p* 149-150  (Pound: 

B r, 2 0 .4 ,  2 0 .3 .  C^H igO N ClBr ,HgO r e q u i r e s  B r, 2 0 .7 $ ) .  An a tte m p t
o

to  d e h y d ra te  th e  s a l t  a t  105-110  le d  t o  d e c o m p o s itio n . The 

p i c r a t e , f i n e ,  g l i s t e n i n g ,  y e llo w  n e e d le s  from  m eth y l a lc o h o l ,
o

m e lte d  a t  154-156  (Pound: CgHgO^Ng1, 4 4 .6 .  C^ijrH^gONCl.CgHgOijrNg 

r e q u i r e s  CgHgOyNg*, 4 4 .1 $ ) .  co -D im eth y lam in o -co - o -o h lo ro b e n z y l-  

a c e to p h e n o n e . o b ta in e d  by th e  d e g ra d a t io n  o f  th e  q u a te rn a ry  s a l t ,
o

form ed lo n g ,  p r i s m a t i c  n e e d le s  from  m eth y l a lc o h o l ,  m .p . 69-71  •

( F ound : C l, 1 2 .5 .  C1 7H1 8 0NC1 r e q u i r .B  C l, 1 2 .3 $ ) .
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m-C h lo robenzy  ld im e th y la m in e . -  m -C h lo ro b en zy l brom ide was 

p re p a re d  by b ro m in a tin g  m -o h lo ro to lu e n e  w ith  u n d i lu te d  brom ine
o

a t  130 , t h e  b rom ine b e in g  added d ro p w ise  u n d e r th e  s u r f a c e  o f  

th e  l i q u i d .  The r e s u l t a n t  l i q u i d  was a llo w e d  to  s ta n d  in  a n  

e v a c u a te d  d e s i c c a t o r  o v e r  p o ta s s iu m  h y d ro x id e  u n t i l  f r e e  from  

h y d ro b ro m ic  a c i d ,  d r i e d  o v e r  an h y d ro u s  sodium  s u lp h a te ,  and 

d i s t i l l e d  i n  v a c u o , th e  m -c h lo ro b e n z y l b rom ide b e in g  i s o l a t e d  

a s  an  o i l ,  b .p .  1 08 -111  /lO nm . C o n v e rs io n  t o  th e  t e r t i a r y  b ase  

by  th e  hexam ine m ethod gave a  f a i r  y i e l d .  m -C h lo ro b e n z y ld lm e th y l-  

am ine p i o r a t e  was i s o l a t e d  in  th e  f i r s t  in s t a n c e  from  aqueous 

m e th y l a l c o h o l ,  an d  c r y s t a l l i s e d  from  benzene  i n  a g g re g a te s  o f  

m in u te  y e llo w  p r is m s , m .p . 1 2 8 -1 3 0 ° (Found: CgHgOyNg, 5 8 .0 . 

CgHigNCl,CgHgO^Ng, r e q u i r e s  CgHgO^Ng, 5 7 .5 $ )•  P h e n a c y l-m -c h lo r o -

b e n z y l d im e th y l ammonium b ro m id e , p re p a re d  fro m  th e  com ponents in  

c o ld  b e n z e n e , s e p a r a te d  a s  an  o i l  w hich s lo w ly  s o l i d i f i e d ,  and 

c r y s t a l l i s e d  from  a l c o h o l - e t h e r  i n  w a r ty  m asses o f  m inu te  p r is m s , 

m .p . 1 3 2 -1 3 4 ° (Found: B r , 2 1 .9 $ ) .  The p i c r a t e . f i n e ,  y e llo w  

n e e d le s  from  m eth y l a l c o h o l ,  m e lte d  a t  1 4 1 -143° (decom p.)

(Found: CgHgOyNg1 , 4 3 .7 $ ) .  c o -P im e th y la m in o -c J -m-c h lo ro b e n z y l-  

a c e to p h e n o n e  fo rm ed  m in u te  s h o r t  p r ism s  from  m ethy l a lc o h o l ,  

m .p . 5 2 -5 3 °  (Found: C l, 1 2 .4 $ ) .

p - C h lo ro b e n z y ld im e th y la m in e . -  £ -C h lo ro b e n z y l brom ide was 

p re p a re d  a s  f o r  th e  o r th o -  compound, e x c e p t t h a t  th e  s o l i d  

r e a c t i o n  p ro d u c t  was n o t  d i s t i l l e d ,  b u t was re  c r y s t a l l i s e d  from  

m e th y l a lo o h o l ,  and  o b ta in e d  i n  c o lo u r l e s s  n e e d le s ,  m .p . 62 -63  • 

C o n v e rs io n  to  th e  t e r t i a r y  base  by th e  hexam ine m ethod gave a 

v e r y /
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v e ry  good y i e l d ,  p - C h lo ro b en z y ld im e th y lam in e  p i o r a t e  was i s o l a t e d

i n  th e  f i r s t  p la c e  from  e t h e r ;  i t  c r y s t a l l i s e d  from  a o e to n e - e th e r

i n  s t o u t  y e llo w  p r is m s , m .p . 1 2 5 -1 2 6 °  (Found: CgH307N3 , 5 7 .7 $ ) .

P h e n a o y l- p -ch lo robenzy ld fm ethy lam m on ium  “b ro m id e . p re p a re d  from

th e  com ponents i n  c o ld  b e n z e n e , s e p a r a te d  a s  a  c o lo u r l e s s

c r y s t a l l i n e  s o l i d ,  and  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  i n  s h o r t
o

p r is m s , m .p . 186-187 (decom p.) (Fotm d: B r, 2 1 .7 $ ) .  The p i c r a t e ,
o

y e llo w  p r i s m a t i c  n e e d le s  from  m eth y l a l c o h o l ,  m e lte d  a t  125-126 

(Found: CgHgOyNg*, 4 4 .0 $ ) .  6) -P im e th y la m in o -c o -p - o h lo ro b e n z y l-
o

a c e to p h e n o n e  form ed f i n e  n e e d le s  from  m e th y l a lc o h o l ,  m .p . 59 -61  

(Found: C l, 1 2 .0 /? ) .

o - Bromo ben zy ld im e  th y la m in e . -  o-B rom obenzyl brom ide was p re p a re d  

a s  f o r  th e  £ - c h lo r o -  compound, and  gave  th e  t e r t i a r y  b a se  i n  good 

y i e l d  by  th e  hexam ine m ethod . o - Bromo b e n z y ld i  me th y la m in e  p i c r a t e . 

o b ta in e d  in  th e  f i r s t  in s ta n o e  from  e t h e r ,  o r y s t a l l i s e d  from  

aqueous m e th y l a lc o h o l  i n  s m a ll ,  b r i g h t  -  y e llo w  p r is m s , m .p . 149- 

150 (Found: OgHgOyNg, 5 1 .5 .  CgHigN.Br,CgH^OyNg r e q u i r e s  CgH^OyNg, 

5 1 .7 $ ) • P h e n a c y l- o - brom obenzyld im e thylam m onium  b ro m id e , p re p a re d  

from  th e  com ponents i n  c o ld  b e n z e n e , s e p a r a te d  a s  a  c r y s t a l l i n e  

s o l i d  and  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  m inu te  p r i s m a t ic
o

n e e d le s ,  m .p . 153-154  (Found: i o n i s a b l e  B r, 1 8 .2 ,  1 8 .6 ;  l o s s  a t  

100 , 4 .3 .  C17H1 9 ONBr.Br1 ,HgO r e q u i r e s  B r f , 1 8 .6 ;  l o s s ,  4 .2 $ ) .

The p i c r a t e . f i n e ,  g l i s t e n i n g ,  y e llo w  n e e d le s  from  m eth y l a lc o h o l ,  

m e lte d  a t  151-153  (Found: C5H2 O7N3 1 , 4 1 .0 .  CiyHigONBr. CgHgOyN^ 

r e q u i r e s  CgHgOyNg', 4 0 .6 $ ) . 6)-Dimethylamino-(P - o - b rom obenzy l-
©

a c e to p h e n o n e  form ed f i n e  n e e d le s  from  m e th y l a l c o h o l ,  m .p . 79-81  •
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( Found: B r f 2 3 .8 .  C^HigONBr r e q u i r e s  B r# 2 4 .1 $ ) .

Phenacyl-m -brom obenzyld im ethylam m onium  b ro m id e , p re p a re d  a s
A

d e s c r ib e d  by S te v e n s  , was o b ta in e d  i n  s t o u t  n e e d le s ,  m .p . 1 4 0 - 

143 . The p i c r a t e . y e llo w  p r i s m a t ic  n e e d le s  from  m e th y l a lc o h o l ,  

m e lte d  a t  132-134  (Found: CgHgO^Ng1 , 4 1 .0 $ ) .

Phenaey l-p -b rom obenzy ld im ethy lam m onium  b ro m id e , p re p a re d  a s
3

d e s c r ib e d  by S te v e n s , Snedden, S t i l l e r ,  and  Thomson , was
©

o b ta in e d  i n  m inu te  la m in a e , m .p . 193 • The p i c r a t e  fo rm ed  f i n e ,
o

y e llo w , p r i s m a t i c  n e e d le s  from  m e th y l a l c o h o l ,  m .p . 130-131 

(Found: CgHgOyNg*, 4 0 .8 $ ) .

The Iso m e ric  I  odobenzy ld im e th y la m in e  s . -  P re l im in a r y  e x p e rim e n ts  

w i th  a  v iew  to  th e  p r e p a r a t i o n  o f  th e s e  compounds were u n s u c c e s s 

f u l .  F o r  exam ple , £ -am ino  b e n z y l dime th y la m in e  was p re p a re d  by 

r e d u c t io n  o f  £ -n i tro b e n z y ld im e  th y la m in e  (v id e  i n f r a ) w ith  t i n  

and h y d r o c h lo r ic  a c i d ,  b u t th e  a t te m p te d  p r e p a r a t io n  o f  £ - io d o -  

b e n z y l dime th y la m in e  from  th e  fo rm e r by th e  Sandm eyer r e a c t i o n  

f a i l e d .  The r e d u c t io n  o f  m -n itro b e n z a ld e h y d e  w ith  s ta n n o u s  

c h lo r id e  and h y d r o c h lo r ic  a c i d ,  fo llo w e d  by an  a p p l i c a t i o n  o f  th e  

Sandm eyer r e a c t i o n  (com pare P a t te r s o n  ) gave o n ly  a  v e ry  

u n s a t i s f a c t o r y  y i e l d  o f  m -io d o b e n z a ld e h y d e . The a tte m p te d  

p r e p a r a t i o n  o f  £ - io d o b e n z y l  c h lo r id e  from  io d o to lu e n e  and

s . - d i c h lo r o m e th y l  e t h e r  i n  th e  p re sen o e  o f  a n h y d ro u s  z in c  c h lo r id e
U S

(com pare S te p h e n , S h o r t ,  and  G ladd ing  ) was u n s u c c e s s f u l .  

A tte m p ts  to  p re p a re  £ - io d o b e n z a ld e h y d e  from  io d o to lu e n e  and  

ch rom yl c h lo r id e  i n  c a rb o n  d i s u lp h id e  s o l u t io n  l ik e w is e  met w ith  

f a i l u r e .
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The p r e p a r a t i o n  o f  th e  iso m e r ic  io d o b e n z y l b ro m id es  was
3*1

th e n  a tte m p te d  a s  d e s c r ib e d  by O l i v i e r  '  by th e  b ro m in a tio n  o f
o

th e  c o r re s p o n d in g  io d o to lu e n e s ,  th e  o r th o -  compound a t  200-205  ,
O O

th e  m e ta -  a t  200 , and  th e  p a r a -  a t  150-155 f b u t  th e  y i e l d s  

w ere u n s a t i s f a c t o r y .  I t  was fo und  t h a t  good y i e l d s  o f  th e  b rom ides 

c o u ld  be o b ta in e d  by  c a r r y in g  o u t th e  b ro m in a tio n  i n  th e  l i g h t  o f  < 

c a rb o n  a r c  lam p ( s i l i c a  f l a s k ) ,  i n  c a rb o n  t e t r a c h l o r i d e  s o l u t io n  

a t  th e  b o i l i n g  p o i n t .  F o r ex am p le , o - io d o to lu e n e  ( 2 0 g .) ,  c a rb o n  

t e t r a c h l o r i d e  ( 8 0 c . c . ) ,  and  w a te r  ( 4 0 c .e . )  w ere r e f lu x e d  d u r in g  

th e  d ro p w ise  a d d i t i o n  o f  b rom ine ( 5 .5 c .o .  i n  2 0 o .c .  c a rb o n  t e t r a 

c h lo r i d e )  and  u n t i l  d e c o l o r i s a t i o n  to o k  p l a c e .  The c a rb o n  t e t r a 

c h lo r id e  l a y e r  was d r i e d ,  th e  s o lv e n t  d i s t i l l e d  o f f ,  and  th e  

r e s id u e  c r y s t a l l i s e d  from  m e th y l a l c o h o l .  The y i e l d s  o f  b ro m id es 

w ere  74$ f o r  th e  o r th o -  compound, 78$ f o r  th e  m e ta - ,  and  74$ f o r  

th e  p so ra -. The b rom ides w ere c o n v e r te d  in to  th e  t e r t i a r y  b a s e s  

by th e  hexam ine m eth o d . o»»Iodobenzyld lm e th y la m in e  p i c r a t e  was 

o b ta in e d  i n  th e  f i r s t  i n s t a n c e  from  e t h e r ,  and o r y s t a l l i s e d  from  

aq u eo u s m e th y l a lc o h o l  i n  a g g re g a te s  o f  m in u te  y e llo w  p r is m s , 

m .p .1 3 4 -1 3 6 °  (Found: C6 H3 O7N3 , 4 6 .2 .  CgH^HI.CgHgOyNgj r e q u i r e s  

CgHgOyNg, 4 6 .7 $ ) .  m -1 o d o b en zy ld im e th y lam in e  p i  o r a te  was o b ta in e d  

in  th e  f i r s t  p la c e  from  e t h e r ,  and  o r y s t a l l i s e d  from  benzene in
o

s p h e r i c a l  a g g re g a te s  o f  m in u te  y e llo w  p r is m s , m .p . 128-130

(F ound : CgH307N3 , 4 6 * 8 $ ) . p - I o  do b e n z y l dime th y la m in e  was i d e n t i f i e d
o 3 l t

a s  th e  p i c r a t e ,  m.p* 146-148  (von  B rau n , Kuhn, and  W eism antel
o

g iv e  m .p . 148 ) .

P h e n a c y l-o - io  dobenzy ld im e  th y  lammonlum b ro m id e . p re p a re d  fro m  th e  
co m p o n en ts /
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c o pponen t 8 i n  c o ld  b e n z e n e , s e p a r a te d  a s  an  o i l  w hich s o l i d  i f  le d  

q u i te  r a p i d l y ,  and c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  m in u te
o

p r i s m a t ic  n e e d le s ,  m .p . 174-176 (Found: B r, 1 7 .2 .  C17E19C*IBr

r e q u i r e s  B r, 1 7 .4 $ ) .  The p i c r a t e . f i n e  y e llo w  n e e d le s  from
o

m eth y l a l c o h o l ,  m e lte d  a t  149-151  (Found: , 3 7 . 3 .

C17H1 9 ONI• CgHg07Ng r e q u i r e s  CgHgOyNg1, 3 7 .5 $ ) .  co -D lm ethy lam lno- 

c o -o - io d o b e n z y la c e to p h e n o n e  form ed r e c t a n g u l a r  p r ism s  from
o

m eth y l a l c o h o l ,  m .p . 97 -98  (Found: I ,  3 3 .8 .  C ^ E i q ONI r e q u i r e s  

I ,  3 3 .5 $ ) .

P h e n a o y l-m-i  odobenzy ld im e th y  lammonlum b ro m id e . p re p a re d  from  th e  

com ponents i n  c o ld  b e n z e n e , s e p a r a te d  a s  a n  o i l  w hich  g r a d u a l ly  

s o l i d i f i e d ,  and  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  r o s e t t e s  o f
o

s t o u t  p r i s m a t i c  n e e d le s ,  m .p . 176-177 ( s l i g h t  decom p.) (Found:

B r, 1 7 .6 $ ) .  The p i c r a t e . r o s e t t e s  o f  s t o u t  y e llo w  p r ism s  from
«

a c e to n e ,  m e lte d  a t  123-125  (Found: , 3 8 .0 $ ) .

co -D im e th y la m ln o - co - m-io d o b e n z y la c e to p h e n o n e  form ed r o s e t t e s  

o f  f i n e ,  v e r y  f a i n t l y  y e llo w  n e e d le s ,  m .p . 8 2 -83  (Found: I ,  

3 3 .4 $ ) .

P h e n a o y l-p - iodobenzy ld im ethy lam m onium  b ro m id e . p re p a re d  from  th e  

com ponents i n  c o ld  b e n z e n e , s e p a r a te d  a s  a n  o i l  w h ich  s o l i d i f i e d  

q u i t e  r a p i d l y ,  and  o r y s t a l l i s e d  from  a l c o h o l - e t h e r  i n  m in u te  

c u b ic a l  c r y s t a l s ,  m .p . 183-185  (Found: i o n i s a b l e  B r, 1 6 .4 ,  1 6 .8 ; 

l o s s  a t  1 0 5 ° , 3 .7 .  C^H-^gONIBr.HgO r e q u i r e s  B r, 1 6 .7 ;  l o s s ,  3 .8 $ ) .  

The p i c r a t e . m in u te  y e llo w  p r ism s  from  m eth y l a l c o h o l ,  m e lte d  a t
o .

139-141  (Found: CgHgOyNg1 , 3 7 .2 $ ) .  6? -D im e th y la m in o -c o -p -io d o 

b enzy  la c e  to p h e  none form ed s t o u t  p r i s m a t ic  n e e d le s  from  m eth y l 

a l c o h o l /
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a l c o h o l ,  m .p . 67-68  (Found: I ,  3 3 .3 $ ) .  

o -N itro b e n z y ld im e th y la m in e . -  o -N itro b e n z y l  brom ide was 

c o n v e n ie n t ly  p re p a re d  by b ro m in a tin g  o - n i t r o to lu e n e  i n  c a rb o n  

t e t r a c h l o r i d e  s o l u t i o n  in  th e  l i g h t  from  an  a rc  lam p, a s  d e sc r ib e d  

f o r  th e  p r e p a r a t i o n  o f  th e  io d o b e n z y l b ro m id e s , s u p r a . C o n v ersio n  

to  th e  t e r t i a r y  b a se  was a cco m p lish ed  by t r e a t i n g  th e  brom ide 

w ith  d im e th y lam in e  (8 -3  m o l s . ) i n  a l c o h o l i c  s o l u t io n .  A f te r  

re m a in in g  f o r  18 h o u rs ,  th e  m ix tu re  was h e a te d  f o r  8 h o u rs  on th e  

w a te r - b a th ,  c o n c e n t r a te d ,  d i lu t e d  w ith  w a te r ,  and e x t r a c te d  w ith  

b e n z e n e . On t r e a tm e n t  w ith  p i c r i c  a c id ,  th e  benzene l a y e r  

y ie ld e d  o-n i tro b e n z y ld im e th y la m in e  p i c r a t e , w hioh o r y s t a l l i s e d  

from  a c e t o n e - l i g r o i n  i n  c l u s t e r s  o f s h o r t ,  y e llo w  p r is m s , m .p .
o

138-141  (Found: CgH^OyNg, 5 5 .7 .  CgH^gOgNg, CgHgO^Ng r e q u i r e s  

C5 H3O7N3 f 5 6 . 0$ ) .  P h e n a c y l- o - n itro b en zy ld im e th y lam m o n iu m  brom l de 

p re p a re d  from  th e  com ponents i n  c o ld  b e n z e n e , s e p a r a te d  a s  a n  

o i l  w hich  g r a d u a l ly  s o l i d i f i e d ,  and  c r y s t a l l i s e d  from  a lc o h o l -  

e t h e r  i n  m in u te  p r is m s , m .p . 148-144  (Found: B r, 8 0 .8 .  

^17®19®3^8®r  r e q u i r e s  B r, 8 1 .1 $ ) .  The p i c r a t e ,  m in u te , y e llo w , 

p r i s m a t i c  n e e d le s ,  from  m eth y l a l c o h o l ,  m e lted  a t  155-158 

(Found: * 4 3 .0 .  ^T7^19^3^S * ^*6^3^7^3 r e q u i r e s  * *

4 3 .3 $ ) .  o )- D i m e t h y la m in o - - o - n i tro b e n z y la o e to p h e n o n e  form ed 

c l u s t e r s  o f l i g h t - y e l l o w ,  s t o u t  p r ism s  from  m ethy l a lc o h o l ,  

m .p . 75-77  (Found : N, 9 .7 .  C^HigO^Ng r e q u i r e s  N, 9 .4 $ ) .  

m-N itro b e n z y ld im e th y la m in e . -  m -N itro b e n z y l brom ide was 

p re p a re d  from  m -n itro b e n z a ld e h y d e  by c o n v e rs io n  o f th e  l a t t e r  

i n t o /
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lf-(a
i n t o  th e  a lc o h o l  a s  d e s c r ib e d  by  B eck er , and  t r e a tm e n t  o f  th e  

a lc o h o l  i n  benzene s o l u t i o n  w ith  h y d ro g en  b ro m id e . The b rom ide 

was c o n v e r te d  i n to  th e  t e r t i a r y  b ase  by  th e  hexam ine m eth o d . The 

p i c r a t e  fo rm ed y e l lo w , r e c t a n g u l a r  p r ism s  from  a c e to n e ,  m .p . 209- 

2 1 1 ° (d eco m p .) (Found: C5 H3 O7N3 , 5 6 .5 $ ) .  P h en ao y l-m -n i t r o b e n z y l -  

dime th y  lammoni um b ro m id e , p re p a re d  from  m -n itro b e n z y ld im e  t h y l 

am ine and  co -b rom oacetophenone  in  c o ld  b e n z e n e , c r y s t a l l i s e d  from  

a l c o h o l - e t h e r  in  m inu te  p r i s m a t ic  n e e d le s ,  m .p . 1 7 4 -1 7 5 °  (Found: 

B r, 2 0 .7 $ ) .  The p i c r a t e  form ed m in u te , y e l lo w , p r i s m a t ic  n e e d le s ,  

from  m e th y l a l c o h o l ,  m .p . 154-156  (Found: CgHgO^Ng1 , 4 3 .6 $ ) .  

CO-Dimethylamino-CO-m -n i tro b e n z y la c e to p h e n o n e  form ed lo n g ,  f i n e ,  

s t r a w - c o lo u r e d  n e e d le s  from  m ethy l a l c o h o l ,  m .p . 70-72  (Found:

N, 9 .3 $ ) .

P h e n a c y l-£ -n itro b e n z y ld im e th y la m m o n iu m  b ro m id e , p re p a re d  a s
3d e s c r ib e d  by S te v e n s , Snedden, S t i l l e r ,  and  Thomson , was 

o b ta in e d  i n  c u b ic a l  c r y s t a l s ,  m .p . 169-171  • The p i c r a t e . f in e  

y e llo w  n e e d le s  from  m eth y l a lc o h o l ,  m e lted  a t  110-113 (Found: 

CgHgOyHg1, 4 3 .7 $ ) .

o - M e th o x y b en zy ld im e th y lam in e . -  S a l ic y la ld e h y d e  was m e th y la te d
4V

a s  d e s c r ib e d  by S idgw ick  and B a y lis s  1 . o -M ethoxybenzaldoxim e
4*

was re d u c e d  s u b s t a n t i a l l y  a s  d e s c r ib e d  by G oldschm idt and E rn s t

The s u b s t i t u t i o n  o f  m eth y l f o r  e th y l  a lc o h o l  i n  t h i s  and s i m i l a r

p r e p a r a t i o n s  i s  a d v a n ta g e o u s , a s  i t  p r e v e n ts  th e  s e p a r a t io n  o f

sodium  a c e t a t e .  The o -m ethoxybenzy lam ine  h y d ro c h lo r id e  form ed
©

f i n e  g l i s t e n i n g  p l a t e s ,  m .p . 149-150  (G o ld sch m id t and  E rn s t  g iv e  
©

m .p . 150 ) .  o -M eth o x y b en zy ld im eth y lam in e  was o b ta in e d  by th e  

E s c h w e ile r  m e th y la t io n  o f  th e  p r im a ry  b a s e ,  and  i d e n t i f i e d  a s  

h y d r o c h lo r id e /
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o lf.<j
h y d r o c h lo r id e ,  m .p . 149 , a s  found  hy  Stedman • W ith co-brom o-

a c e to p h e n o n e  in  b e n z e n e , th e  t e r t i a r y  b a se  gave  a  y e l lo w , v is c o u s

o i l  w hich  c o u ld  n o t ,  u n d e r  an y  c o n d i t io n s ,  he in d u ced  to  c r y s t a l l i s e

B e t t e r  r e s u l t s  a t t e n d e d  th e  c o m b in a tio n  o f  th e  t e r t i a r y  b a se

w ith  (O jJ-dibrom oace to p h e n o n e . p - B rom ophenacy l-o -m eth o x y b en zy l-

dim ethylam m onium  b ro m id e , p re p a re d  from  o-me th o x y b en zy ld im e  th y  1-
t zam ine and  cop -d ib rom oacetophenone  i n  c o ld  b e n z e n e , s e p a r a te d  a s  

an  o i l y  s o l i d ,  and c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  m in u te
o

p r i s m a t i c  n e e d le s ,  m .p . 173-176 (Found: io n i s a b l e  B r, 1 7 .9 .  

C ieH giO gN B r.B r1 r e q u i r e s  B r1 , 1 8 .1 $ ) .  The p i c r a t e  fo rm ed  m in u te  

y e llo w  p r ism s  from  a c e t o n e - l i g r o i n ,  m .p . 116-119 (Found: CgHgO^N^1 ,

3 8 .9 .  C^gHgiOgNBr.GgHgOyNg r e q u i r e s  CgHgOyNg*, 3 8 .6 $ ) .  p-Brom o- 

g j-d im e th y la m in o - CO- o - m e th o x y b en zy lace to p h en o n e  form ed m in u te  

p r ism s  from  m e th y l a l c o h o l ,  m .p . 8 2 -8 3 °  (Found: B r , 2 1 .8 .

C^gHgQOgNBr r e q u i r e s  B r, 2 2 .1 $ ) .

m -M ethoxybenzyldim e th y la m in e  was p r e p a r e d ,  s t a r t i n g  from  

m -h y d ro x y b en z a ld eh y d e , i n  a  m anner a n a lo g o u s  to  th e  p r e p a r a t io n  

o f  th e  o r th o -  compound d e s c r ib e d  a b o v e . The t e r t i a r y  b ase  was 

i d e n t i f i e d  a s  h y d ro c h lo r id e  (com pare Stedman ) .  P h e n a cy l-m- 

m ethoxybenzyld im ethylam m onium  b ro m id e . p re p a re d  from  th e  com ponents 

in  c o ld  b e n z e n e , s e p a r a te d  a s  a n  o i l  w hich  s lo w ly  s o l i d i f i e d ,  

and  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  in  s h o r t  s t o u t  p r is m s , m .p . 

1 5 0 -1 5 2 °  (Found: B r , 2 1 .6 .  C^gHggOgNBr r e q u i r e s  B r, 2 2 .0 $ ) .  The 

p i c r a t e . s t o u t  y e llo w  p rism s  from  m eth y l a l c o h o l ,  m e lte d  a t  111 -  

112 (F ound: CgHgOijrNg1 , 4 4 .2 .  C^QHggOgN. CgHgOyNg r e q u i r e s  CgHgOyNg1 , 

4 4 . 5$ ) .  CO -D im e th y la m in o -6 ) - m-m eth o x y b en zy lace to p h en o n e  , 

g l i s t e n i n g /
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g l i s t e n i n g  p l a t e s  from  m e th y l a lc o h o l ,  m e lte d  a t  61-63  (Found:

N, 5 .0 4 .  C1QH2 1 O2N r e q u i r e s  N# 4 .9 5 $ ) .

P henacy l-£ -m ethoxybenzy ld im ethy lam m on ium  b ro m id e , p re p a re d  a s
&

d e s c r ib e d  by S te v en s  , was o b ta in e d  i n  r o s e t t e s  o f  s t o u t  n e e d le s ,  

m .p . 133-136 •

o -M e th y lb e n z y ld im e th y la m ln e . -  A ttem p ts  to  o b ta in  t h i s  compound

by  th e  i n t e r a c t i o n  o f  te tr a m e th y lm e th y le n e  d iam ine  (from  d im e th y l-
s o  x

am ine and fo rm ald eh y d e  in  aqu eo u s s o l u t io n  a f t e r  H enry } and

th e  G rig n a rd  r e a g e n t  fo rm ed  from  o - io d o to lu e n e  w ere u n s u c c e s s f u l .

o -X y ly l b rom ide  was c o n v e n ie n t ly  p re p a re d  by b ro m in a tio n  o f
s t

o -x y le n e  a s  d e s c r ib e d  by  A tk in so n  and Thorpe . C o n v ers io n  to  th e  

t e r t i a r y  b a se  was a c c o m p lish e d  by th e  hexam ine m ethod . o - M ethy l-  

b e n z y ld im e th y la m in e  p i c r a t e  form ed a g g re g a te s  o f  m inu te  y e llo w  

p r ism s  from  b e n ze n e , m .p . 1 48 -150  . (Found: C5H3 O7N3 , 6 0 .2 .  

c 10h15n »c6h3^7^3 r e t i r e s  CgHgOyNg, 6 0 .6 $ . )  P h e n a o y l-o -m e th y l-  

b e n z y l dime th y  lammonium b ro m id e , p re p a re d  fro m  th e  com ponents i n  

c o ld  b e n z e n e , s e p a r a te d  a s  a  d a rk  o i l  w hioh c o u ld  n o t ,  u n d e r  any 

c o n d i t i o n s ,  be in d u ce d  to  c r y s t a l l i s e .  C o n v e rs io n  to  th e  io d id e  

r e s u l t e d  i n  a  gummy p ro d u c t  w h ich , a f t e r  many a t t e m p t s ,  was 

o b ta in e d  c r y s t a l l i n e  from  aqueous a c e to n e  i n  th e  fo rm  o f  m inu te
o

p r is m s , m .p . 160-162  (decom p .) (Found: I ,  3 2 .3 .  C^qH220NI 

r e q u i r e s  I ,  3 2 .2 $ ) .  The p l o r a t e  form ed d e e p -y e llo w  s h o r t  p r ism s  

from  m e th y l a lc o h o l ,  m .p . 131-133  (Found: Cgl^OijrNg1 , 4 6 .5 .  

C18H220N#C6H2^7N3 r ^ T ^ i r e s  Cg^OyNg* , 4 6 .0 $ ) .  CO -  Dime th y la m in o -  

&) - o - m e th y lb e n z y la c e to p h e n o n e  form ed m in u te  p r ism s  from  m ethy l 

a l c o h o l /
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a lc o h o l ,  m .p . 62 -63  (Found: N, 5 .4 5 . C-^HggON r e q u i r e s  N, 5 .2 4 $ ) .  

m-Me th y lb e n z y ld im e  th y la m in e . -  m -X ylyl b rom ide was p r e p a re d  a s  

f o r  th e  o r th o -  is o m e r id e .  C o n v e rs io n  to  th e  t e r t i a r y  b a se  was 

a c c o m p lish e d  by th e  hexam ine m ethod . m-M e th y lb e n zy ld im e th y la m in e  

p i o r a t e  fo rm ed  a g g re g a te s  o f  m inu te  y e llo w  p r ism s  from  b e n z e n e , 

m .p . 136-138 (Found: 6 0 .3 $ ) .  P h e n a o y l-m -m e th y lb e n zy l-

dime th y  lammoni tun b ro m id e , p re p a re d  from  th e  com ponents i n  c o ld  

b e n z e n e , s e p a r a te d  a s  a  d a rk  o i l  w hich  c o u ld  n o t ,  u n d e r any  

c o n d i t i o n s ,  be in d u c e d  to  c r y s t a l l i s e .  C o n v e rs io n  t o  th e  io d id e  

r e s u l t e d  in  a  gummy p ro d u c t  w h ic h , a f t e r  many a t t e m p ts  i n  a 

v a r i e t y  o f  s o l v e n t s ,  was c r y s t a l l i s e d  from  aq u eo u s m eth y l a lc o h o l  

in  c l u s t e r s  o f  m in u te  p r is m s , m .p . 134-135  (decom p.) (Found: I ,

3 2 .0 $ ) .  a) -Dime th y  la m in o - co-m-me th y  lb e n z y la o e to p h e n o n e  form ed 

r o s e t t e s  o f  f a i n t l y  y e l lo w , s h o r t  p r ism s  from  m eth y l a lc o h o l ,  

m .p . 74-76° (Found: N, 5 .3 2 $ ) .

T e tram eth y  1 - m-x y ly le n e d ia m in e . -  m -X yly lene d ib ro m id e , o b ta in e d

a lo n g  w ith  m -x y ly l brom ide i n  th e  b ro m in a tio n  o f  m -x y le n e , was

t r e a t e d  w ith  d im e th y lam in e  ( 4 - 6  m o ls .)  i n  a l c o h o l i c  s o l u t i o n .

A f t e r  re m a in in g  f o r  12 h o u r s ,  th e  m ix tu re  was h e a te d  on th e

w a te r - b a th  f o r  2 h o u r s ,  c o n c e n tr a te d ,  d i l u t e d  w ith  w a te r ,  and

e x t r a c t e d  w ith  b e n z e n e . On t r e a tm e n t  w ith  p i o r i c  a c id  th e  benzene

e x t r a c t  y i e ld e d  t e t r a m e th y l - m-x y ly le n e d ia m in e  p i o r a t e  w hich

c r y s t a l l i s e d  from  a c e t o n e - l i g r o i n  i n  m asses o f  m in u te  y e llo w

p r is m s ,  m .p . 1 9 0 -1 9 3 ° (decom p .) (Found: CgH3 07N3 , 7 1 .0 .

2C6h3°7n 3 re(l& ir « s CgHgOyNg, 7 0 .5 $ ) .  s . -m -X y ly le n e b is - p - brom o-

p h e n a c y l te tr a m e  th y  ldiam m onium  d i  b ro m id e . p re p a re d  from  

te t r a m e  th y l-m -x y ly le n e  d iam ine  /
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te tr a m e th y l-m -x y ly le n e d ia m in e  and  £ -b ro m o p h en acy l brom ide in  

c o ld  b e n z e n e , form ed m in u te  p r ism s  from  a l e o h o l - e t h e r ,  m .p . 205- 

206° (Found: i o n i s a b l e  B r, 2 1 .2 . C28H32°2N2Br4 r e q u i r e s  2B r,

2 1 .4 $ ) .  4 :4 * - Dibrom o-63 : ^ '- b is d im e th y la m in o - c o  ; go1 - m-x y ly le n e -  

b isa o e to p h e n o n e  was o b ta in e d  by h e a t in g  th e  fo re g o in g  brom ide 

on th e  w a te r -b a th  f o r  15 m in u te s  w i th  e x c e s s  sodium  h y d ro x id e  

s o l u t i o n .  The p ro d u c t was r e c r y s t a l l i s e d  from  m e th y l a l c o h o l ,
O

g iv in g  f i n e ,  p a le  y e llo w  n e e d le s ,  m .p . 143-144  (F ound: B r, 2 7 .1 .  

C 28% o°2N2Br2 r e q u i r e s  B r, 2 7 .3 $ ) .

p - M e th y lb e n z y ld im e th y la m in e . -  A ttem p ts  t o  o b ta in  t h i s  compound 

by th e  i n t e r a c t i o n  o f  te tr a m e th y lm e th y le n e  d iam in e  and  th e  

G rig n a rd  r e a g e n t  fo rm ed  from  £ - io d o to lu e n e  r e s u l t e d  i n  f a i l u r e .  

The p r e p a r a t i o n  o f  £ -m e th y lb e n z y l c h lo r id e  from  to lu e n e  and 

s . - d ic h lo r o m e th y l  e t h e r  i n  th e  p re s e n c e  o f  an h y d ro u s  z in c  

c h lo r id e  (com pare S te p h e n , S h o r t ,  and  G lad d in g  ) g ave  o n ly  

v e ry  u n s a t i s f a c t o r y  y i e l d s .  The p r e p a r a t i o n  o f  £ - to lu a ld e h y d e  

by th e  i n t e r a c t i o n  o f  e t h y l  o r th o fo rm a te  and th e  G rig n a rd  

r e a g e n t  form ed ffom  £ - io d o to lu e n e  r e s u l t e d  i n  o n ly  a  m inu te  

y i e l d  o f  th e  r e q u i r e d  p r o d u c t .  B ro m in a tio n  o f  £ -x y le n e  by th e  

m ethod o f  A tk in so n  and  Thorpe le d  to  a m ix tu re  o f  £ - x y ly l  

b rom ide an d  £ - x y ly le n e  d ib ro m id e , w hich  c o u ld  be s e p a r a te d  from  

e a c h  o t h e r  o n ly  w ith  d i f f i c u l t y  on th e  s m a ll  s c a l e .  Crude 

£ - x y l y l  b rom ide  was t r e a t e d  w i th  dime th y la m in e  (2 -3  m o ls .)  in  

a l c o h o l i c  s o l u t i o n ,  and th e  r e a c t i o n  m ix tu re  w orked up i n  th e  

u s u a l  w ay. On t r e a tm e n t  w ith  p io r io  a c id  t h e  benzene  l a y e r  

y ie ld e d  th e  p i c r a t e  o f  te t r a m e th y l - £ - x y ly le n e d ia m in e ,  w h ile  th e  

a q u e o u s /
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aqu eo u s l a y e r  gave g l i s t e n i n g  y e llo w  p l a t e s  o f  d i -£ -m e th y lb e n z y l-  

dim ethylam m onium  p i c r a t e .  The l a t t e r  was c o n v e r te d  i n to  th e  

q u a te rn a ry  c h l o r i d e ,  and  h e a te d  w i th  d im e th y l-a m in e  (3  m o ls .)  

a t  200 f o r  3 h o u r s .  The r e a c t i o n  m ix tu re  was b a s i f i e d ,  e x t r a c t e d  

w ith  e t h e r ,  and  th e  £ -m e th y lb e n z y ld im e th y la m in e  i s o l a t e d  by 

d i s t i l l a t i o n ,  b .p .  196-199 . N e i th e r  th e  p h en acy lo b ro m id e  n o r  

th e  c o r re s p o n d in g  io d id e  c o u ld  be o b ta in e d  i n  c r y s t a l l i n e  

c o n d i t i o n .  p - B rom ophenacy l-p - m ethy lbenzy ld im ethy lam m onium  b ro m id e , 

p re p a re d  from  th e  com ponen ts i n  c o ld  b e n z e n e , fo rm ed r o s e t t e s  o f  

m inute  p r i s m a t i c  n e e d le s ,  m .p . 174-176*  (decom p.) (Found: 

i o n i s a b l e  B r, 1 8 .7 .  C^gHgiONBr.Br' r e q u i r e s  B r1 , 1 8 .7 $ ) .  The 

p i c r a t e  fo rm ed c l u s t e r s  o f  f i n e  y e llo w  n e e d le s  from  m eth y l a l c o h o l ,  

m .p . 128-130  (decom p.) (Found: CgHgO^Ng1, 4 0 .1 .  C-^gHg^ONBr. 

C6H207N3 r e q u i r e s  CgHgOyNg1, 3 9 .7 $ ) .  p - Bromo- to -d im e t h y la m in o - 

q ) - p - me th y Ib e n z y la c e to p h e n o n e  form ed f i n e  n e e d le s  from  m e th y l 

a lc o h o l ,  m .p . 9 1 -9 3 °  (Found: B r, 2 3 .4 .  C^gHgQONBr r e q u i r e s  B r, 

2 3 .1 $ ) .

s • - p - X y ly le n e b is - p - b ro m o p h en acy lte tram eth y ld iam m o n iu m  d ib ro m id e ,

p re p a re d  from  te t r a m e th y l - p - x y ly le n e d ia m in e  and  £ -b rom ophenaoy l

brom ide i n  c o ld  b e n z e n e , fo rm ed  m inu te  p r i s m a t i c  n e e d le s  from

a l c o h o l - e t h e r , m .p . 220-222  (deoom p.) (Found: i o n i s a b l e  B r,

2 1 .7 $ ) .  4 : 4 y -D ibrom o- go : CO1 -b ls d im e th y la m in o -  60 : COT- p -x y ly le n e -

b ls a c e to p h e n o n e  was o b ta in e d  by h e a t in g  th e  fo re g o in g  brom ide

on th e  w a te r - b a th  w ith  e x c e s s  sodium  h y d ro x id e  s o l u t io n  f o r  10

m in u te s .  The p ro d u c t  was r e o r y s t a l l i s e d  from  m eth y l a l c o h o l ,

g iv in g  m in u te , f a i n t l y  y e llo w  p r is m s , m .p . 138-140  (Pound: B r, 

2 7 .0 $ ) .
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E -B rom ophenacylbenzyld im ethy lam m onium  'b rom ide, p re p a re d  a s
A  •

d e s c r ib e d  "by S te v e n s  , was o b ta in e d  in  s t o u t  p r is m s , m .p . 188-191  •

The p i o r a t e  form ed g l i s t e n i n g  y e llo w  p rism s  from  m e th y l a l c o h o l ,  

m .p . 159-160  (Found: CgHgOyNg1 , 4 0 .4 .  C^yH^gONBr.CgHgO^Ng 

r e q u i r e s  CgHgOyNg1 , 4 0 .6 $ ) .

p - Brom ophenaoyl- p - o h lo ro b e n z y ld im e  thylam m onium  b ro m id e , p re p a re d  

from  £ -b ro m o p h en acy l b rom ide and  £ - c h l  o r  obenzy ld im e th y la m in e  i n  

c o ld  b e n z e n e , form ed r o s e t t e s  o f  m in u te  n e e d le - s h a p e d  p r is m s , 

m .p . 174-175  (Found: i o n i s a b l e  B r, 1 8 .2 .  C3>7H;L80N C lB r.B r, 

r e q u i r e s  B r1, 1 7 .9 $ ) .  The p i c r a t e  form ed y e l lo w , l u s t r o u s ,  

p r i s m a t i c  n e e d le s  from  m e th y l a l c o h o l ,  m .p . 146-147 (deoom p.) 

(Found: CgHgOyNg* , 3 8 .4 .  C^H^gONClBr.CgHgO^Ng r e q u i r e s  CgHgO^Ng1, 

3 8 .3 $ ) .  p - Bromo- w -d im e th y la m in o -6) - p - o h lo ro b e n z y la c e to p h e n o n e  

fo rm ed  f i n e ,  v e ry  f a i n t l y  y e llo w , p r i s m a t i c  n e e d le s  fro m  m e th y l 

a l c o h o l ,  m .p . 75-76  (0 .1 2 1 0  gave 0 .1086  AgDl -AgBr.

C i7& i70NClBr r e q u i r e s  0 .1 0 9 4 ) .

p - B rom ophenaoy l-p - brom obenzy ld lm ethy lann ion ium  b ro m id e . p re p a re d  

from  p -b ro m o p h en ao y l brom ide and p -b ro m o b en zy ld im e th y lam in e  i n  

c o ld  b e n z e n e , fo rm ed  m in u te  p r i s m a t i c  n e e d le s  from  a l c o h o l - e t h e r ,
e

m .p . 187-188  (decom p.) (Found : io n i s a b l e  B r , 1 6 .6 .  C^H^gONBrg 

r e q u i r e s  I B r ,  1 6 .3 $ ) .  The p i c r a t e  fo rm ed  s h o r t ,  s t o u t ,  y e llo w
o .

p r ism s  from  a c e to n e ,  m .p . 157-158  (decom p, g r a d u a l ly  above 128 ) 

(Found: CgHg07NgI , 3 5 .2 .  C^H^gONBrg.CgHgC^Ng r e q u i r e s  C/gHgt^Ng* , 

3 5 .6 $ ) .  p - Bromo- co -  dime th y  la m in o -  0? - p - b ro m o b en z y la ce t ophenone 

fo rm ed  r o s e t t e s  o f  f i n e ,  p a le  y e llo w  n e e d le s  from  m eth y l a l c o h o l ,
p

m .p . 77-78  (Found: B r, 3 8 .6 .  C^7% 70NBrg r e q u i r e s  B r, 3 8 .9 $ ) .
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p - B rom ophenacyl-m -brom obenzyldim ethylam m onium  b ro m id e . p re p a re d  

from  j>-brom ophenaoyl brom ide and  m -brom obenzyldim e th y la m in e  i n
o

c o ld  b e n z e n e , form ed s t o u t  p r ism s  from  a lo o h o l ,  m .p . 193 (d eo o m p .)

(Found: i o n i s a b l e  B r, 1 6 .4 $ ) .  The p i c r a t e  fo rm ed s h o r t  y e llo w
0

p rism s  from  m eth y l a lo o h o l ,  m .p . 136-137 (Found: CgHgOYNg*,

3 5 .3 $ ) .  p - Bromo- CO-d im e th y la m ln o -  CJ-m-brom obenzy laoe tophenone  

form ed r o s e t t e s  o f  s t o u t ,  s t r a w -c o lo u r e d  p r ism s  from  m eth y l 

a lo o h o l ,  m .p . 6 8 -70  (Found: B r, 3 8 .7 $ ) .

p - B rom ophenaoyl-m -n itro b en zy ld lm e th y lam m o n lu m  b ro m id e . p re p a re d  

from  £ -b ro m o p h en ao y l b rom ide and  m -n itro b e n z y ld im e th y la m in e  i n  

o o ld  b e n z e n e , form ed m in u te  p r is m a t io  n e e d le s  fro m  a lo o h o l ,  m .p . 

200-201  (decom p.) (Found: i o n i s a b le  B r, 1 7 .7 .  C ^H igO gN gB r.B r' 

r e q u i r e s  B r* , 1 7 .5 $ ) .  The p i c r a t e  fo rm ed s m a l l ,  t h io k ,  y e llo w  

p r is m s  fro m  m e th y l a lo o h o l ,  m .p . 158-159 (Found: CgHgOyNg*,

3 7 .9 .  ClyHigOgNgBr.CgHgOyNg r e q u i r e s  CgHgOyNg*, 3 7 .6 $ ) .  p - Bromo-  

O J-d im ethy lam ino-C O -m-n l tro b e n z y la c e to p h e n o n e  form ed s m a l l ,
0

f a i n t l y  s t r a w - c o lo u re d  p r ism s  from  m e th y l a l c o h o l ,  m .p . 72-73  

(F o u n d : B r, 2 1 .0 .  C-^H^OgNgBr r e q u i r e s  B r, 2 1 .2 $ ) .
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THE ACTION OF THE GRIG3JARD REAGENT UPON AM INOV TRI LBS.

IHTRODTJ GTORY

A
I n  th e  c o u rs e  o f  a n o th e r  i n v e s t i g a t i o n  S te v en s  had  o c c a s io n  

to  s tu d y  th e  a c t i o n  o f  phenylm agnesium  brom ide on -d im eth y lam in o - 

y0 - p h e n y l p r o p i o n i t r i l e ,  CHgPhCHfNMegVCN, a n d , , i n s t e a d  o f  th e  

e x p e c te d  k e to n e  b e in g  o b ta in e d ,  i t  was fo u n d  t h a t  th e  oyano-

g ro u p  was r e p la c e d  by p h e n y l,  y i e l d i n g  C^PtrCHfNMe^VPh. F u r th e r

i n v e s t i g a t i o n  o f  t h i s  p r o c e s s  w ith  r e g a r d  to  o th e r  a m i n o - n i t r i l e s  

by S te v e n s , Cowan, and  MacKinnon showed t h a t  th e  r e a c t i o n  

m igh t t a k e  e i t h e r  th e  c o u rs e  o f  d o u b le  d e c o m p o s itio n  a s  above ( I ) ,

o r ,  l e s s  f r e q u e n t ly ,  th e  n o rm al one o f  k e to n e  fo rm a tio n  ( I I ) .

/ R i R s C . R g  +  MjgXCN
RjRjjC.CN R5Mgg, ( NR3R4 ( I )

NR3R4  \
I HiRz 0.R5 :^MgL _ ^ ^ i RZO.GOR5
v _  nr3r4 nr3r 4

to
P re v io u s  to  th e s e  i n v e s t i g a t i o n s ,  B ro y la n ts  and h i s  

c o l l a b o r a t o r s  fo u n d  t h a t  r e a c t i o n  ( I )  o c c u r re d  w ith  a  l a r g e  

num ber o f  t e r t i a r y  oC - a m i n o - n i t r i l e s ;  t h e i r  s t u d i e s  w ere 

c o n c e rn e d  p r i n c i p a l l y  w ith  p i p e r i d i n o - n i t r i l e s .

S te v e n s , Cowan and MacKinnon o b se rv e d  th e  "norm al" G r ig n a rd -  

n i t r i l e  r e a c t i o n  ( I I )  o n ly  f o r  th o s e  c a s e s  i n  w hich  R]s Rg=H, 

w h ile  i t  was n o t  m et w ith  a t  a l l  by th e  B e lg ia n  i n v e s t i g a t o r s ,  

who, how ever, s t u d i e d  o n ly  one compound o f  th e  ty p e  i n d i c a t e d .

On th e  o t h e r  h a n d , th e  l a t t e r  f r e q u e n t ly  o b se rv e d  th e  r e a c t i o n



2RxR2C.CN +  BR$MgX ____ > IR1R29
NR^R* L NR3R4
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+  (R5 ) 2 +  2MgXCN

2

e s p e c i a l l y  when b o th  Rx and  R£ w ere h y d ro c a rb o n  r a d i c a l s .  T h is  

r e a c t i o n  was n o t  o b se rv e d  i n  th e  s t u d i e s  o f  S te v e n s , Cowan, and  

M acKinnon. These l a t t e r  i n v e s t i g a t o r s  s u g g e s te d  t h a t  r e a c t i o n

( I )  c o u ld  be c o r r e l a t e d  w i th  th e  fo rm a l s t r u c t u r a l  p o s s i b i l i t y  

o f  i o n i s a t i o n  o f  th e  ty p e

R2N.CH2 .CN  > R2N:CH2 + CN

i n  w hich  c a se  m o b i l i ty  o f  th e  c y an o - g roup  w ould be e x p e c te d  to

be a s s o c i a t e d  w ith  t h a t  s t r u c t u r a l  e n v iro n m en t w hich  c o n fe r s

" p s e u d o -b a s ic "  p r o p e r t i e 's  on a  h y d ro x y l r a d i c a l .  They f u r t h e r  

s u g g e s te d  t h a t  th e  a s s o c i a t i o n  o f  th e  r e a o t io n  c o u rse  ( I I ) ,  i n  

p la c e  o f  ( I ) ,  w i th  th e  g ro u p  >NCHgCN c o u ld  be c l a s s i f i e d  a lo n g

w ith  th e  f a c t  t h a t  i n  th e  r e a c t i o n
S A

RO.CH2 .OR +  R’MgZ ----- » RO.CH2R 1 +  ROMgZ

fo rm a ls  a r e  a t t a c k e d  much l e s s  r e a d i ly  th a n  th e  h ig h e r  a c e t a l s .  

I n  e ac h  c a se  th e  p re s e n c e  o f  h y d ro c a rb o n  s u b s t i t u e n t s  i n  th e  

m e th y len e  g ro u p  fa v o u rs  th e  p r o c e s s  o f  d o u b le  d e c o m p o s itio n .

A num ber o f  a p p l i c a t i o n s  o f  r e a o t io n  ( I )  o c c u r  i n  th e  

s y n t h e t i c a l  work re c o rd e d  i n  S e c tio n  IA  o f  t h i s  t h e s i s ,  and  i t  

was c o n s id e r e d  o f  i n t e r e s t  an d  im p o rta n c e  t o  i n v e s t i g a t e  th e  

p ro c e s s  i n  some f u r t h e r  d e t a i l .
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GENERAL OUTLINE OF RESULTS.

An a m i n o - n i t r i l e  and a  G rig n a rd  r e a g e n t  may i n t e r a c t  i n  

e i t h e r  o f  th r e e  w ays : -

R.CH(NR*g).CN R"MgZ_> R. CH(NR' g) . R"  ( I )  o r  R.CH(NR'g).COR" ( I I )

o r  R. CH( NR' g ) .  CH(NR1 g ) .  R ( I I I )  

C ases i n  w hich  R and Rw a re  a l t e r e d  w h ile  RT = Me have  been  

i n v e s t i g a t e d ,  and th e  fo l lo w in g  g e n e r a l i t i e s  a r e  d i s c u s s e d  -

(1 ) R e a c tio n  ( I I I )  i s  n o t o b s e rv e d .

(2 )  When R - H ,  p ro d u c t ( I I )  p re d o m in a te s ,  i r r e s p e c t i v e  o f  th e  

n a tu r e  o f  R ".

(3 )  When R i s  a  lo w e r a l k y l ,  ( I I )  p re d o m in a te s  i f  Rn i s  a l k y l ,  

and  ( I )  i f  R" i s  Ph o r  CH2Ph .

(4 )  When R » P h ,  th e  m ain  p ro d u c t  i s  a lw a y s  ( I ) .

The r e s u l t s  o b ta in e d  a re  com pared w ith  th o s e  o f  v a r io u s  

o th e r  i n v e s t i g a t o r s .
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The r e s u l t s  o f  p r e v io u s  i n v e s t i g a t i o n s  on t h i s  s u b j e c t  

( v id e  i n t r o d u c t o r y  s e c t i o n )  show t h a t  an  « c - a m i n o - n i t r i l e  a  

G r ig n a rd  r e a g e n t  may i n t e r a c t  i n  e i t h e r  o f  t h r e e  w ays, th u s  : -  

R.GH(NR! g ) . CN JOfg^L} R.CHfNR'g) .R" ( I )  o r  R .CH (N R'g). COR" ( I I )

o r  R.CH(NR, 2 ).CH(NRi 2 ) .R  ( I I I )

I n  th e  p r e s e n t  s tu d y  th e  p r i n c i p a l  o b j e c t  h a s  been  th e  e x a m in a t io n  

o f  t h e  e f f e c t  upon th e  o o u rse  o f  t h e  r e a c t i o n  o f  a l t e r i n g  R and 

R" w h i le  R*= Me. Most o f  th o s e  c a s e s  s t u d i e d  by  S te v e n s ,  Cowan, 

a n d  MacKinnon^ w hich b e lo n g  t o  t h i s  c a t e g o r y  have been  r e 

e x am in ed . I t  i s  w o r th y  o f  n o te  t h a t  r e a c t i o n  ( I I I )  h a s  n o t  been  

e n c o u n te r e d  w i th  d i m e t h y l a m i n o - n i t r i l e s .

From th e  r e s u l t s  w hich  a r e  c o l l e c t e d  i n  T ab le  I  th e  

f o l lo w in g  r u l e s  may be fo rm u la te d  : -

( a )  When R= H, p ro d u c t  ( I I )  p r e d o m in a te s  i r r e s p e c t i v e  o f  t h e  

n a tu r e  o f  R ".

(b ) When R i s  a lo w e r  a l k y l ,  ( I I )  p re d o m in a te s  i f  R" i s  a l k y l ,

and ( I )  i f  R" i s  Ph o r  CHgPh.

(c )  When R - P h ,  th e  m ain  p ro d u c t  i s  a lw ay s  ( I ) .

R ule  (a )  was i m p l i c i t l y  s t a t e d  by S te v e n s ,  Cowan, and

MacKinnon a s  a  r e s u l t  o f  t h e i r  e a r l i e r  i n v e s t i g a t i o n s  and  i s

commented upon i n  th e  i n t r o d u c t o r y  s e c t i o n  to  t h i s  w ork . The

f u r t h e r  c a s e s  exam ined i n  th e  p r e s e n t  i n v e s t i g a t i o n  c o n f i rm  th e

o b s e r v a t i o n s  o f  t h e s e  i n v e s t i g a t o r s .

From r u l e  (b )  i t  m igh t be c o n c lu d ed  t h a t  th e  c o n t r o l l i n g

f a c t o r  i n  t h e s e  c a s e s  i s  th e  w e ig h t  o f  R", b u t  t h i s  c o n c lu s io n

i s  n e g a t iv e d  by  th e  o b s e rv e d  f a c t  t h a t  o y c lo h e x y l  b eh av es  l i k e

t h e /
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th e  s im p le  a l k y l s  ( c a s e  i n  Table  I ) .

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

^ - p o s i t i o n  t o  th e  r e p l a c e a b l e  (CN) g ro u p  s t r o n g l y  f a v o u r s  th e

r e a c t i o n  o f  doub le  d e c o m p o s i t io n  ( I )  ( r u l e  c )  i s  i n  ag reem en t

w i t h  t h e  r e s u l t s  p r e v i o u s l y  o b ta in e d  i n  t h e s e  i n v e s t i g a t i o n s

and i n  o t h e r s  o f  a  r e l a t e d  c h a r a c t e r  (v id e  i n t r o d u c t o r y  s e c t i o n ) *

T h a t  a  s i m i l a r  e f f e c t  sh o u ld  r e s u l t  f rom  i n s e r t i o n  o f  a  p h eny l

g roup  i n  t h e  j3  - p o s i t i o n  to  th e  r e p l a c e a b l e  (CN) g rou p  was n o t ,

how ever, a n t i c i p a t e d *

The s e n s i t i v e n e s s  o f  th e  r e a c t i o n  to  s m a l l  c o n s t i t u t i o n a l

c h a n g e s  i s  w e l l  e x e m p l i f i e d  by th e  e f f e c t  o f  r e p l a c i n g  th e

d im e th y la m in o -  g ro u p  i n  th e  n i t r i l e  by p i p e r i d i n o - .  The r e s u l t s ,
to

w hich  a r e  c o l l e c t e d  i n  T ab le  I  and a r e  due m a in ly  to  B r u y la n t s
S 3  / ,and to  C h r i s t i a e n  , show t h a t  r e a c t i o n  ( I I )  i s  c o m p le te ly

su p p re s se d *  I n  c a se  ( p i p e r i d i n o a c e t o n i t r i l e  and m ethylm agnesium

io d id e )  t h i s  r e s u l t  was e s p e c i a l l y  s u r p r i s i n g ,  f o r  h e re  a l l

o t h e r  c o n d i t i o n s  a t  l e a s t  f a v o u r  r e a c t i o n  ( I I ) ,  b u t  t h e  e x p e r im e n t

h a s  been  r e p e a t e d  and c o n f i rm e d .  I n  t h e s e  c a s e s  th e  e x c lu s iv e

f o r m a t io n  o f  p r o d u c t  ( I )  c a n n o t  be a t t r i b u t e d  to  some s p e c i f i c

p r o p e r t y  o f  th e  h e t e r o c y c l i c  p i p e r i d i n o -  r a d i c a l ,  f o r  B r u y la n t s

o b t a i n e d  83$ o f  p ro d u c t  ( I )  from  ^ ( . - d i a t h y l a m i n o - n - v a l e r o n i t r i l e

and e th y lm agn es ium  b ro m id e . I f  r e a c t i o n  ( I )  i s  t o  be c o r r e l a t e d

w i th  th e  fo rm a l  s t r u c t u r a l  p o s s i b i l i t y  o f  i o n i s a t i o n  o f  th e  ty p e

RgN.CEg.CN ---------» Rgfli: CHg +  CN

a s  s u g g e s te d  by S te v e n s ,  Cowan, and  MacKinnon ( v id e  i n t r o d u c t o r y

s e c t i o n ) ,  t h e n  th e s e  d i f f e r e n c e s  due to  th e  n a t u r e  o f  th e  r a d i c a l s  
a t t a c h e d /
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a t t a c h e d  to  th e  a m in o - n i t r o g e n  atom  o f  th e  n i t r i l e  may he 

a s s o c i a t e d  w i th  th e  b a s i c  s t r e n g t h  o f  t h e  a m in o - n i t r o g e n  a tom , 

a m i n o - n i t r i l e s  d e r iv e d  from  p i p e r i d i n e  o r  d ie th y la m in e  u n d e rg o in g  

r e a c t i o n  ( I )  more r e a d i l y  th a n  th o se  d e r iv e d  from  th e  w eak er  b a s e s  

d im e th y lam in e  and  e t h y l a n i l i n e  ( S t e v e n s ,  Cowan, an d  MacKinnon 

fo u n d  t h a t  e t h y l a n i l i n o a c e t o n i t r i l e  and  m ethylm agnesium  io d id e  

gave  p ro d u c t  ( I I ) ) .  The m a t t e r ,  how ever, r e q u i r e s  f u r t h e r  i n v e s t 

i g a t i o n  b e f o r e  any  d e f i n i t e  c o n c lu s io n  c a n  be a r r i v e d  a t .

TABLE I

(The num bers r e c o rd e d  a r e  p e r c e n ta g e  y i e l d s  o f  p r o d u c t s  o f  

ty p e s  ( I )  and ( I I ) ;  m s i g n i f i e s  m ain p r o d u c t . )  

D i m e t h y l a m in o - n i t r i l e s  (NRTg & NMeg).

R i n  

R.CH(NRl g).CN

(A) H

(B) Me

(C) P r *

(D) CHg(NUeg).CHg

(E) CHMs:CH 

(E) CHgPh

( G) Ph

' ( 1 )

( X )

4

14

0

( I I )

5013

50

53

G r ig n a rd  R e a g e n t .
- —  —̂ —------- . ___
( 2 ) 

StMgBr. 

( I )  ( I I )  

0 60 

13 50

89 0°

(3)

Pr*MgBr.

( I )

0

0

( I I )

58

67

C6HnMgCl4 

( I )  ( I I

0 64

71 0 * 89 0°
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47)

CHiCMgBr.

G r ig n a rd  R eagent
■ '—

( 6 )

CHgPh.MgCl,

( 7 l \

PhMgBr.

( I )  ( I I ) ( I )  ( I I ) ( I ) ( I I )

(A) H no r e a o n . 0 ^ 5 0 0 78*

(B) Me - 76 0 78 0

(C) P r * - - 71 0©

(D) CHg(NMeg) .CHg 67 0° m 0*

(1 ) CHMe: CH - - 60 0*

(F) CHgPh - - m . a

(G) Ph - m - a 63 0*

P i p e r i d i n o - n i t r i l e s (NR’g =  C5H10N ) .

G r ig n a rd  R e a g e n t .

f ( l )  ( 2 ) (6 ) ( vT\

MeMgl. EtMgBr. CHgPh.MgCl. PhMgCl.

( I )  (IX) ( I ) ( I I ) ( I )  ( I I ) ( I )  ( I I )

(H) H 50 Od* - -

( J ) Me m Od * 63 Of 63 ob

(K) E t m ■J* Od *  - 90  Od m od

( L) CHg: CH - - 40 od

(M) Ph 80 0® 60 0®* 83 0®

a S te v e n s ,  Cowan, and MacKinnon^. ^ R e -e x a m in a t io n  o f  o a se  s t u d i e d  

hy  S te v e n s ,  Cowan, and  MacKinnon^. ©Compare t h i s  t h e s i s ,  p p .2 6 -2 7 ;
to S3EtMgl was u s e d  i n  o ase  Fg. ^ B m y l a n t s '^  • © C h r is t ia a n '  

^ D e r iv e d  from  " c o m p e t i t i v e ” e x p e r im e n t  (compare e x p e r im e n ta l  

p a r t ) ♦ **Grignard r e a g e n t  o f  ty p e  RMgBr, fA lm o s t  q u a n t i t a t i v e
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The i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  i s  

e x c e e d in g ly  d i f f i c u l t ,  b ecau se  th e  e f f e c t  o f  a g iv e n  s t r u c t u r a l  

change upon th e  n a t u r e  o f  th e  f i n a l  p ro d u c t  may be r e g a rd e d  a s  

compounded o f  i t s  s e p a r a t e  e f f e c t s  upon th e  v e l o c i t i e s  o f  t h e  

i n d i v i d u a l  r e a c t i o n s  ( I )  an d  ( I I ) .  I n  an  e n d ea v o u r  t o  e s t a b l i s h  

som eth ing  o f  t h e  n a t u r e  o f  t h e s e  e f f e c t s  i n  c a s e s  B^, Bg, and  

By ( d i m e t h y la m i n o p r o p i o n i t r i l e  and  d i f f e r e n t  G rig n a rd  r e a g e n t s ) ,  

t h e  G r ig n a rd  r e a g e n t s  were a l lo w e d  to  com pete i n  p a i r s  (1  m ol. 

o f  e a c h )  f o r  1 m ol. o f  ( a )  p r o p i o n i t r i l e , w i th  which r e a c t i o n  i s  

e x c l u s i v e l y  a c c o rd in g  t o  ( I I ) ,  and  (b )  p i p e r i d i n o p r o p i o n i t r i l e , 

w i th  w hich  r e a c t i o n  i s  e x c l u s i v e l y  a c c o r d in g  to  ( I ) .  The r e s u l t s  

o b ta in e d  ( v id e  i n f r a ) a r e  e x p r e s s e d  a s  p e r c e n ta g e  y i e l d s  o f  

p r o d u c t ,  c a l c u l a t e d  on th e  n i t r i l e  u s e d .  They show, i f  t h e  

method o f  a t t a c k  be assum ed v a l i d ,  t h a t ,  u n f o r t u n a t e l y ,  b o th  

r e a c t i o n  ( I )  and  r e a c t i o n  ( I I )  c a n  be s t r o n g l y  a f f e c t e d ,  and 

a f f e c t e d  i n  th e  same s e n s e ,  by t h e  same c o n s t i t u t i o n a l  ch ange ; 

a n d ,  i n  p a r t i c u l a r ,  t h a t  t h e  e x c l u s i v e  f o r m a t io n  o f  p ro d u c t  ( I )  

i n  c a s e  Bg ( d i m e th y l a m i n o p r o p i o n i t r i l e  and  benzylm agnesium  

c h l o r i d e )  an d  i n  c a se  B7 ( d i m e th y l a m i n o p r o p i o n i t r i l e  and  p h e n y l-  

magnesium b rom ide)  i s  n o t  to  be a t t r i b u t e d  to  i n h i b i t i o n  o f  

r e a c t i o n  ( I I ) .

MeMgl ; CHgPh.MgCl. MeMgl : PhMgBr.

Me• CHg• CN 

Me.CH(NC5H1 0 ).CN

23 38 0 67

0 63 0 60
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EXPBRIMBN TAL

The a m in o -n . i t r i l e s  were p r e p a r e d  in  e a c h  c a se  a c c o rd in g  to  

th e  a u t h o r i t y  c i t e d ,  th e  known s u b s ta n c e s  h a v in g  th e  p r o p e r t i e s  

a s c r i b e d  to  them i n  the  l i t e r a t u r e .  I n  r e a c t i o n s  o f  th e  S t r e c k e r  

ty p e  i t  was fo u nd  c o n v e n ie n t  to  employ th e  c o m b in a t io n  : 

a ld e h y d e  -  p o ta s s iu m  c y a n id e  -  amine h y d r o c h lo r id e  o r  amine +  

a c e t i c  a c i d ,  th e  u se  o f  hy d ro g en  c y a n id e  o r  t h e  c o n v e r s io n  o f  

th e  a ld e h y d e  i n t o  b i s u l p h i t e  compound b e in g  a v o id e d .  The am ino- 

n i t r i l e  ( l m o l . ) ,  i n  e t h e r ,  was added  g r a d u a l l y  to  th e  c o o le d  

G r ig n a rd  r e a g e n t  ( 2 m o l s . ) ,  an d ,  a f t e r  15 h o u r s ,  th e  p r o d u c t s  

o b ta in e d  i n  e t h e r ,  e i t h e r  a f t e r  d e c o m p o s i t io n  o f  t h e  r e a o t i o n  

m ix tu re  w i th  i c e  and  ammonium c h l o r i d e ,  o r  a f t e r  t r e a tm e n t  w i th  

i c e  and  d i l u t e  s u l p h u r i c  a c i d  and s t e a m - d i s t i l l a t i o n  o f  t h e  

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

fo l lo w e d  by e v a p o r a t i o n  o f  t h e  h y d r o c h l o r i c  a c i d  and b a s i f i o a t i o n  

o f  th e  r e s i d u e  w i th  c o n c e n t r a t e d  c a u s t i c  soda  s o l u t i o n  in  

p re s e n c e  o f  e t h e r .  The method u sed  i n  e a c h  i n d i v i d u a l  ca se  i s  

s p e c i f i e d  by "HgSO^." o r  "NH4C I" ,  and t h e  word " n e g a t iv e "  r e f e r s  

t o  t h e  r e s u l t  o f  t h e  q u a l i t a t i v e  t e s t  ( v id e  i n f r a ) f o r  p ro d u c t  

( I ) .

P r e l im i n a r y  e x p e r im e n ts  on th e  q u a n t i t a t i v e  s e p a r a t i o n  o f

p r o d u c t s  o f  t y p e s  ( I )  a n d  ( I I )  were c a r r i e d  ou t w i th  m ix tu re s

o f  b enzy ld im e  th y la m in e ,  CHgPhNMeg, and p h e n a c y ld im e th y la m in e ,

PhGOCHgNMeg. Methods dep en d in g  on t h e  u se  o f  r e a g e n t s  f o r  th e

c a r b o n y l  g r o u p ,  o r  on t h e  d i f f e r e n c e  i n  b a s i c  s t r e n g t h  be tw een

th e  two p r o d u c t s ,  w ere n o t  s a t i s f a c t o r y .  A f t e r  r e d u c t i o n  o f  th e  
m ix ed /
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m ixed m e th o s u lp h a te s  w i th  z in c  and a c e t i c  a c i d ,  ( I )  was 

re c o v e re d  q u a n t i t a t i v e l y  a s  m e t h o p i c r a t e , and ( I I )  i n  p a r t  a s  

a c e to p h e n o n e ,  Ph.CO.CH3 , T h is  p r o c e s s  was u se d  to  i d e n t i f y  

many o f  th e  k e to n i c  b a s e s  a s  n i t r o g e n - f r e e  k e to n e s ,  w hich l a t t e r  

a r e  in c lu d e d  b e lo w , w i th o u t  f u r t h e r  comment, among th e  d e r i v a t i v e s  

o f  t h e  a m in o -k e to n e s .  I t  was f u r t h e r  u se d  a s  a  q u a l i t a t i v e  t e s t  

f o r  p r o d u c t  ( I ) ;  th e  t e s t  b e in g  r e g a r d e d  a s  r e l i a b l e  and 

s e n s i t i v e ,  e x c e p t  p o s s i b l y  f o r  t h e  b a s e s  o f  lo w e s t  m o le c u la r  

w e ig h t .

As t h e s e  m ethods were n o t  q u a n t i t a t i v e ,  t h e  p r o d u c t s  were 

s e p a r a t e d  a s  f a r  a s  p o s s i b l e  by d i s t i l l a t i o n  ( i n  c a s e s  A^, B^, 

and Bg, some o r  a l l  o f  p ro d u c t  ( I )  d i s t i l l e d  w i th  th e  e t h e r )  

and  th e  f r a c t i o n s  c o n v e r t e d  i n t o  c r y s t a l l i n e  d e r i v a t i v e s ,  u s u a l l y  

p i c r a t e s ,  whose h o m o gene ity  was c a r e f u l l y  ex am in ed . The m a t e r i a l s  

were so t r a c t a b l e  t h a t  t h e  z e ro  v a lu e s  i n  T able  I  a r e  c o n s id e r e d  

to  r e p r e s e n t  a t  m ost v e r y  s m a l l  q u a n t i t i e s  o f  t h e  c o r r e s p o n d in g

s u b s ta n c e s ,  e s p e c i a l l y  o f  th e  p r o d u c t s  ( I ) .  The same a p p l i e s  to
to sb

t h e  f i g u r e s  q u o te d  from  B r u y la n t s  a n d  from  C h r i s t i a a n  , who

used  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  m a t e r i a l s ,  and s t a t e  e x p r e s s l y

t h a t  f o r m a t io n  o f  ( I I )  was n e v e r  o b s e rv e d .

(A) D i m e th y la m in o a c e to n i t r i l e  (von Braun ) ;  th e  p i c r a t e  was
o

o b ta in e d  in  f i n e  y e l lo w  n e e d l e s ,  m .p .  168-169 , from  a l c o h o l .

(Pound: CgHgOyNg, 7 3 .4 .  C^HgNg . C g ^ O y ^  r e q u i r e s  CgHgOy^, 7 3 .2 ^ ) .

(1 )  With m ethylm agnesium  i o d id e  (H2 SO4 ) t h e r e  r e s u l t e d  4 fo o f

e t h y l  dime th y la m in e  whioh p a sse d  o v e r  w i th  t h e  e t h e r  and  was
o

i d e n t i f i e d  a s  p i c r a t e ,  m .p . and m ixed m .p . 2 0 0 -2 0 1  (compare 
H a n h a r t /
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H a n h a r t  and I n g o ld  ) f and 50$  o f  a c e to n y ld im e th y la m in e  w hich
o o

d i s t i l l e d  a t  123 and gave a  m e th io d id e ,  m .p . 166-167 , a lo n e  o r  

mixed w i th  a u t h e n t i c  a ce to n y l t r im e th y lam m o n iu m  io d id e  p r e p a r e d  

a c c o rd in g  t o  th e  method o f  S to e rm er an d  Dzimski •

(2 )  E th y  lm agnesium  brom ide (H2 SO4 ; n e g a t i v e )  gave dime th y  lam ino  -  

m ethy l e t h y l  k e to n e  i n  60$ y i e l d .  N e i th e r  th e  h y d r o c h lo r id e  n o r  

t h e  hydro b rom ide  c o u ld  be o b ta in e d  c r y s t a l l i n e ,  and i t  was 

d i f f i c u l t  to  f r e e  th e  p i c r a t e  f rom  occ lu d ed  p i c r i c  a c i d ,  b u t  th e  

p - brom ophenacy lobrom ide  c r y s t a l l i s e d  from  a l c o h o l - e t h e r  i n  s m a l l  

p r i s m s ,  m .p . 1 80 -18 1  (decom p.) (Pound: i o n i s a b l e  B r ,  2 0 .1 .  

C14H19O2N B r.B r1 r e q u i r e s  B r T, 2 0 .4 $ ) .  M ethyl e t h y l  k e to n e

2 :4 - d in i t r o p h e n y lh y d r a z o n e  was o b t a i n e d  as  f i n e  o r a n g e - r e d
o

n e e d le s  f rom  a l c o h o l ,  m .p . and  m ixed m .p .  111-112  (Pound: N, 

2 2 .3 .  G10H1 2 O4N4  r e q u i r e s  N, 2 2 . 2 $ ) .

(3 )  n -P ro p y lm ag n es iu m  brom ide (H2 SO4 ; n e g a t i v e )  gave 58$  o f  

d im e th y lam in o m eth y l n - p r o p y l  k e to n e  w hich  gave a  p - bromo-
o

p h enaoy lob rom ide  i n  m inu te  p r i s m a t i c  n e e d l e s ,  m .p . 178-181
0

(decom p.; s o f t e n i n g  a t  175 ) ,f ro m  a l c o h o l - e t h e r  (Pound: i o n i s a b l e  

B r, 1 9 .4 .  C15H2 1 O2N B r.B r1 r e q u i r e s  B r 1 , 1 9 . 7 $ ) .  M ethyl n - p ro p y l  

k e to n e  2 : 4 - d in i t r o p h e n y lh y d r a z o n e  was o b ta in e d  a s  g l i s t e n i n g
o

o r a n g e - r e d  l e a f l e t s ,  m .p . and  m ixed m .p . 142-143  , from  a l c o h o l  

(Pound : N, 2 1 .0 .  C11H1 4 O4N4  r e q u i r e s  N, 2 1 .1 $ ) .

(5 )  The a m i n o - n i t r i l e , a f t e r  t r e a t m e n t  w i th  ace ty lenem onom agnes-  

ium b ro m id e ,  CHtC.MgBr, p r e p a r e d  a s  d e s c r ib e d  by  S a lk in d  and  

R o s e n fe ld  , was r e c o v e r e d  q u a n t i t a t i v e l y  a s  p i c r a t e .  No a t t e m p t  

was made t o  " f o r c e ” r e a c t i o n  by h e a t i n g .
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( 6 ) With benzylm agnesium  c h l o r i d e  t h e r e  was o b ta in e d  a  75$ 

y i e l d  o f  c ru d e  p ro d u c t  (HgSO^; n e g a t iv e )  w hich  decomposed 

p a r t i a l l y  on s t e a m - d i s t i l l a t i o n .  D im ethy lam inom ethy l b e n z y l  

k e to n e  h yd rob rom ide  form ed f i n e  n e e d l e s  o r  m inute  s h o r t  p r i s m s ,  

m .p. 1 5 1 -1 5 3 * , from  a l c o h o l - e t h e r  (Pound: HBr, 3 1 .9 .  0 ; ^ % 5ON .HBr 

r e q u i r e s  HBr, 3 1 .4 $ ) .  P h e n y la c e to n e  se m ic a rb a zo n e  m e l te d  a t  

187-189  (W olff g i v e s  m .p . 188-189 ) and  t h e  p h e n y lh y d ra zo n e
•  r i  m

a t  83-85  ( M i l l e r  and Rohde g iv e  m .p . 85 ) .

(7 )  Phenylm agnesium  brom ide (NH4CI; n e g a t i v e )  gave 78$ o f  

p h e n a c y ld im e th y la m in e , i d e n t i f i e d  a s  p i c r a t e ,  m .p . and mixed m .p .
0

143 (d eo o m p .) ;  a c e to p h e n o n e  p h e n y lh y d ra z o n e ,  m .p .  and  mixed m .p . 

10 5 -1 0 6 * .
60

(B) c * C -D im e th y la m in o p ro p io n it r i le  (H enry ) .

(1 )  With m ethylm agnesium  i o d id e  (H2 SO4 ) t h e r e  was o b ta in e d  14$  

o f  i s o p ro p y ld im e th y la m in e  which p a s s e d  o v e r  w i th  th e  e t h e r  and
o

gave a  p i c r a t e . f i n e  y e l lo w  n e e d le s  from  a lo o h o l ,  m .p .  240-241 

(decom p.) (Pound: C6H3 07N3 , 7 2 .6 .  r e q u i r e s

CgHgOyNg, 7 2 .5 $ ) .  There a l s o  r e s u l t e d  50$ o f  m e th y l  ^C -d im e thy l-  

a m in o e th y l  k e to n e ,  i s o l a t e d  a s  p i c r a t e , m inu te  y e l lo w  p r i s m s  

from  a l o o h o l ,  m .p . 166-168  ( a f t e r  f r e q u e n t  r e c r y s t a l l i s a t i o n  to  

remove t r a c e s  o f  i s o  p ro p y l  dime th y la m in e  p i c r a t e )  (Pound: c 6h 3o7n 3 , 

6 6 .9 .  CgH^gON,CgHg0yN3 r e q u i r e s  CgHgO^Ng, 6 6 . 6 $ ) ;  m e th y l  e t h y l
o

k e to n e  2 : 4 - d in i t r o p h e n y l h y d r a z o n e ,  m .p .  and  mixed m .p . 111-112 •

P o r  c o m p a r iso n ,  i s o p ro p y ld im e th y la m in e  was p r e p a r e d  by B s c h w e i le r

m e th y la t io n  o f  i so p ro p y la m in e  w hich  was o b ta in e d  a s  d e s c r i b e d  by 
6/

G oldschm id t • The r e a c t i o n  p ro d u c t  was d i l u t e d  w i th  w a te r ,  

e v a p o r a t e d /
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e v a p o r a te d  t o  d r y n e s s ,  and t h e  h y d r o c h lo r id e  decomposed w i th  

s t r o n g  aq u eo u s  a l k a l i  i n  p re s e n c e  o f  e t h e r .  The e t h e r e a l  s o l u t i o n  

gave jj*o p ro  pyldim e th y la m in e  p i c r a t e ,  i d e n t i c a l  w i th  t h a t  d e s c r i b e d  

above •

( 2 ) Ethylmagnesi-um brom ide (HgSO^) gave 13$  o f  s e c . - b u t y l d i m e t h y l -

araine w hich  p a sse d  o v e r  w i th  th e  e t h e r  and  gave a  p i c r a t e , f i n e
©

y e l lo w  n e e d l e s ,  m .p . 192-193  , from  a l c o h o l  (Pound: G5H3O7N3 ,

6 9 .6 .  CgH^gN, CgH3 07N3 r e q u i r e s  CgHgOyNg, 6 9 .4 $ ) ;  and a l s o  50$ o f  

e t h y l  oC -d im e th y lam in o e th y l  k e to n e ,  o b ta in e d  a s  p i c r a t e . m inu te
O

y e l lo w  p r i s m s ,  m .p . 161-163  , from  a c e to n e  (Pound: 6 4 .5 .

C7H1 5 0N,C6H3 07N3 r e q u i r e s  0g % 0 7N3 , 6 4 .0 $ ) .  D ie th y l  k e to n e  se m i-
o ©

c a rb a z o n e  m e l te d  a t  138-139 ( D i l th e y  g i v e s  m .p . 139 ) .  P o r  

c o m p a r is o n ,  s e c . -b u ty ld im e th y la m in e  was p r e p a r e d  by E s c h w e i le r  

m e t h y l a t i o n  o f  s e c . - b u t y l a m i n e , o b t a in e d  a s  d e s c r ib e d  by P re y lo n  , 

and t h e  p i c r a t e  was i d e n t i c a l  w i th  t h a t  d e s c r ib e d  ab o v e .

(3 )  n -P ro p y lm ag n es iu m  brom ide (H2 SO4 ; n e g a t i v e )  gave 67$  o f  

o ( - d im e th y la m in o e th y l  n - p r o p y l  k e to n e ,  o b ta in e d  a s  p i c r a t e . 

s m a l l  y e l lo w  p r i s m s ,  m .p . S00-201 , f ro m  a c e to n e  (Pound: Cg^Oi^Ng, 

6 2 . 0 .  CQH1 7 0N,CgH3 07N3 r e q u i r e s  Cg^Oi^Ng, 6 1 .6 $ ) .  E th y l  p ro p y l  

k e to n e  se m ic a rb a zo n e  m e l te d  a t  110 (com pare B la i s e  ) .

y6 -Dime t h y  lam ino  p e n ta n e  p i c r a t e . s y n t h e s i s e d  f o r  com parison  i n  

th e  same way a s  i  so p ro  p y l  d im et h y lam ine  p i c r a t e ,  form ed s m a l l
o

y e l lo w  p r i s m s  fro m  a c e to n e ,  m .p . 2 0 8 -210  , s t r o n g l y  d e p re s s e d  

on a d m ix tu re  w i th  d im e th y la m in o e th y l  n - p r o p y l  k e to n e  p i c r a t e  

(Pound: CgH3 0yN3 , 6 6 .4 .  C7H^yN,CgH3 07N3 r e q u i r e s  CgH3 07N3 , 6 6 . 6 $ ) .

(4 )  The a m i n o - n i t r i l e ,  w i th  e y e lo h exylm agneslum  c h l o r i d e  (NH4 C I) ,  

g a v e /
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gave 64$  o f  *<-d im e th y la m in o e th y l  c y o lo h e x y l  k e to n e ,  b . p .  2 2 0 -  
©

240 ; t h e  p i o r a t e . w h ich  was somewhat d i f f i c u l t  t o  c r y s t a l l i s e ,
©

gave y e l lo w  p r i s m s ,  m .p .  165-167  , f rom  m eth y l  a l c o h o l  (Pound: 

CgH3 07N3 , 5 5 .9 .  (^ ll22]_0N, CgH3 0 7N3 r e q u i r e s  CgH3 07N3 , 5 5 .6 $ ) .  The 

p - b ro m o p h en a cy lo b ro m id e . m in u te  p r i s m a t i c  n e e d l e s  from  a l c o h o l -
e

e t h e r ,  m e l te d  a t  213-214  (decom p.) (Pound: i o n i s a b l e  B r, 1 7 .2 .  

c 19% 7^2NBr,BrT r e q u i r e s  B r 1, 1 7 .4 $ ) .  E th y l  c y o lo h e x y l  k e to n e
o 63"

sem ica rb azo n e  m e l te d  a t  149 -1 50  (compare H e l l  and S c h a a l  ) .

( 6 ) With benzylm agnesium  c h l o r i d e  (NH^Cl) t h e r e  was o b ta in e d  

yfl -  d im et hy lam in o  -  ©(, - p h e n y lp ro  pane a s  a  p a le  -  y e l lo w  l i q u i d ,  

b . p .  148-150  /1 0 0  mm., i n  76$ y i e l d .  The m e th io d id e  c r y s t a l l i s e d
o

from  a l c o h o l  i n  r e c t a n g u l a r  p r i s m s ,  m .p .  227-228 (von B raun ,
66  °

H e id e r ,  and Neumann g iv e  m .p .  228 ) (Pound: I ,  4 1 .4 .

r e q u i r e s  I ,  4 1 . 6 $ ) .  The m e t h o p i o r a t e . g l i s t e n i n g  y e l lo w  p r i s m s  

from  aq u eo us  a l c o h o l ,  m e l te d  a t  103-105  (Pound: CgH207N3 ’ , 5 6 .4 .  

C12H20N.C6H2O7N3 r e q u i r e s  ^g2 2 0 7N3 T, 5 6 .2 $ ) .

(7 )  Phenylm agnesium  brom ide  (NH^Cl) gave 78$ o f  ^ , - p h e n y le th y l -
o

d im e th y la m in e ,  b . p .  194-195  , i d e n t i f i e d  a s  p i c r a t e ,  g l i s t e n i n g
o

y e l lo w  l e a f l e t s  from  aqueous m e th y l  a l c o h o l ,  m .p .  136-139 ,

a lo n e  o r  m ixed w i th  a u t h e n t i c  g C -p h e n y le th y ld im e th y la m in e  p i c r a t e
A

p r e p a r e d  a s  d e s c r i b e d  by S te v e n s  •
© 4 0

(C) o C - D im e th y la m in o - n - v a le r o n i t r i l e  b o i l e d  a t  170-175 . Henry 

g iv e s  b . p .  1 7 5 -1 7 6 ° .

(1 )  M ethylm agnesium  i o d i d e  (H2 SO4 ; n e g a t i v e )  gave  53$ o f  m ethy l 

o C -d im e th y la m in o -n -b u ty l  k e to n e ,  i s o l a t e d  a s  p i c r a t e , s t o u t ,
o

y e l lo w ,  p r i s m a t i c  n e e d l e s ,  m .p . 118-120  , f rom  a lo o h o l  (Found: 

C5H3 O7N3 , 6 1 .9 .  08H1 70H,C6 H3 07N3 r e q u i r e s  C6Bg07N3 , 6 1 .6 $ ) .
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«
M ethyl n - b u t y l  k e to n e  sem ic a rb a zo n e  m e l te d  a t  126-127

6 * f  •
(B o u v e au l t  and  Loo q u in  g iv e  m .p . 127 ) .

6 8
(H) P i p e r i d i n o a o e t o n i t r i l e  (K noevenagel ) .

( I )  M ethylm agnesium  i o d id e  (HgSO^) y i e l d e d  50$ o f  e t h y l p i p e r i d i n e , 

b . p .  126-129 ; th e  p i c r a t e ,  f e m - l i k e  a g g r e g a t e s  o f  y e l lo w  

p r i s m s  from  a l o o h o l ,  m e l te d  a t  167-168 (Pound: CgH3 07N3 , 6 7 .2 .

c7h15n , c6% ^ 7 %  r e q u i r e s  6 7 .0 $ )  ( B r u y l a n t s 70 g i v e s  b a s e ,
•  °  Vb . p .  128-129 ; p i c r a t e ,  m .p . 165 ) .  A s m a l l  amount o f  a  h i g h e r  

b o i l i n g  l i q u i d  was a l s o  o b ta in e d ,  as found  by B r u y la n t s ,  which 

gave an  a p p a r e n t l y  homogeneous m e th io d id e  c r y s t a l l i s i n g  from  

a l c o h o l - e t h e r  i n  p r i s m a t i c  n e e d l e s ,  m .p . 296-297 (d e c o m p .) ,  

w h ich  was t h u s  n o t  i d e n t i c a l  w i t h  t h e  m e th io d id e  o f  a c e t o n y l -  

p i p e r i d i n e ,  a  p o s s i b l e  p ro d u c t  o f  t h e  r e a c t i o n ,  w hich  h a s  m .p .
o 6?

126 (compare S to rm er  and B u c k e r t  ) .
68

( J )  <*t-Pipe r i d  i n o p r o p i o n i t r i l e  (K noevenagel ) .

(7 )  Phenylm agnesium  brom ide (HgS04 ) gave 63$  o f  l-c<C -phenyl-
o

e t h y l p i p e r i d i n e ,  i d e n t i f i e d  a s  p i c r a t e ,  m .p . 145-147 ( s o f t e n i n g
o

a t  142 ) ,  a lo n e  o r  mixed w i th  a u t h e n t i c  1 - o C - p h e n y l e th y l p i p e r i d in e
<t

p i  o r a t e  p re p a re d  a s  d e s c r ib e d  by  S te v e n s ,  Gowan, and MacKinnon • 

(G) o £ - D im e th y la m in o p h e n y la c e to n i t r i l e  ( S te v e n s ,  Gowan, and 

MacKinnon ) .

(1 )  M ethylm agnesium  i o d id e  (HgSO^) y i e l d e d  71$ o f  * £ -p h e n y l-  

e th y ld im e th y la m in e ,  i s o l a t e d  a s  p i c r a t e ,  m .p . and mixed m .p . 

1 3 4 -1 3 7 ° .

(7 )  W ith phenylm agnesium  brom ide (HgSO^) t h e r e  r e s u l t e d  63$  o f  

b e n z h y d ry ld im e th y la m in e , /
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o
b e n z h y d r y l d i m e t h y l a m i n e , m.p* 6 8 -6 9  , a l o n e  o r  m ix e d  w i t h

a u t h e n t i c  b e n z h y d r y l d i m e t h y l a m i n e  p r e p a r e d  a s  d e s e r i h e d  h y  
A

S t e v e n s  .

C o m p e t i t i v e  E x p e r i m e n t s . -  The n i t r i l e  ( 1  m o l . )  w as  a d d e d  t o

G r i g n a r d  r e a g e n t s  (1  m o l .  o f  e a c h ,  e s t i m a t e d  hy  a c i d  t i t r a t i o n ;
*10 »

c o m p are  G ilm an  an d  M eyer ) i n  e t h e r ,  a n d  t h e  r e a c t i o n  p r o d u c t s  

w o rk ed  u p ,  m u t a t i s  m u t a n d i s , a s  i n  t h e  p r e v i o u s  e x p e r i m e n t s .

P r o p i o n i t r i l e  (W a ld en  ) g a v e  w i t h  m e th y lm a g n e s iu m  i o d i d e  

-f b e n z y lm a g n e s i u m  c h l o r i d e  ( HgSO^) 2 3 $  o f  m e t h y l  e t h y l  k e t o n e ,

i s o l a t e d  a s  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e , m .p .  a n d  m ix e d  m .p .

1 1 1 -1 1 2  ; a n d  a l s o  3 8 $  o f  e t h y l  b e n z y l  k e t o n e ,  b . p .  2 2 2 - 2 2 7  , 

i d e n t i f i e d  a s  s e m i c a r b a z o n e ,  m .p .  1 5 0 -1 5 3  ( T i f f e n e a u  a n d  F o u m e a u  

g i v e  m .p .  1 5 3  ) .  E t h y l  b e n z y l  k e t o n e  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e  

c r y s t a l l i s e d  f r o m  a l c o h o l  i n  f i n e ,  d e e p - y e l l o w  n e e d l e s ,  m .p .  1 4 0 -  

141° (F o u n d :  N, 1 7 . 2  r e q u i r e s  N , 1 7 . 1 $ ) .  W ith

m e th y lm a g n e s iu m  i o d i d e  +  p h e n y lm a g n e s iu m  b r o m id e  (H2 SO4 ) t h e r e  

r e s u l t e d  o n l y  p r o p i o p h e n o n e  ( y i e l d  6 7 $ ) ,  b . p .  2 1 7 - 2 2 0  , i d e n t i f i e d  

a s  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e . g l i s t e n i n g  r e d  l e a f l e t s  f r o m  

a l c o h o l ,  m .p .  a n d  m ix ed  m .p .  1 8 7 -1 8 9  (F o u n d :  N, 1 7 . 8  C1 5 H1 4 O4 N4  

r e q u i r e s  N, 1 7 . 8 $ ) .

oC  - P i p e r i d i n o p r o p i o n i t r i l e  w i t h  m e th y lm a g n e s iu m  i o d i d e  +  

h e n zy lm ag n e s i -u m  c h l o r i d e  (H2 S04 ) gave  o n l y  ^ - p h e n y l - ^ - p i p e r i d i n o -  

p r o p a n e  ( y i e l d  6 3 $ ) .  The p i c r a t e  p r o v e d  d i f f i c u l t  t o  o b t a i n  

c r y s t a l l i n e ,  b u t  t h e  p - b r o m o p h e n a c y lo b r o m id e  g a v e  m i n u t e  p r i s m s ,
o

m .p .  1 9 7 -1 9 9  , f r o m  a l c o h o l - e t h e r  ( F o u n d i  i o n i s a b l e  B r ,  1 6 . 8 .  

Cg2 H2 7 O N B r.B r  r e q u i r e s  B r ,  1 6 . 6 $ ) .  F o r  c o m p a r i s o n ,  t h e  sam e 

s u b s t a n c e /
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s u b s ta n c e  was p r e p a r e d  a c c o r d in g  to  t h e  r e a c t i o n  o f  L e u c k a r t  and  

W allach  by h e a t i n g  e t h y l  b e n z y l  k e to n e  (1  m o l . ) ,  p i p e r i d i n e
m

(1  m o l . ) ,  and f o r m ic  a c i d  (80$; 2 -3  m ols)  a t  1 70 -20 0  f o r  3 h o u r s  

( s e a l e d  t u b e ) .  The benzene  e x t r a c t  o f  th e  b a s i f i e d  p r o d u c t  was 

th o ro u g h ly  washed w i th  w a te r ,  e v a p o r a t e d ,  and th e  r e s id u e  

c o n v e r te d  to  jD -brom ophenaeylobrom ide, w h ich  p roved  i d e n t i c a l  w i t h  

t h a t  d e s c r ib e d  a b o v e .  With t h e  same n i t r i l e ,  m ethylm agnesium  

i o d id e  +  phenylm agnesium  brom ide (HgSO^) gave o n ly  1-^L-phenyl-

e t h y l p i p e r i d i n e  ( y i e l d  6 0 $ ) ,  i d e n t i f i e d  a s  p i c r a t e ,  m .p .  and
« • 

mixed m .p .  145-147 ( s o f t e n i n g  a t  142 ) .
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S U M M A R Y .

SECTION I  -  THE DEGRADATION OF QUATERNARY AMMONIUM SALTS

A -  I n  th e  p r e v i o u s  w ork on t h i s  s u b j e c t ,  th e  s a l t s  i n v e s t i g a t e d

have been  o f  th e  ty p e  R. C0.CH2 .NMe2X. The re a r ra n g e m e n t  h a s
CH2Ar

now b een  e x te n d e d  to s a l t s  n o t  s t r i c t l y  a d h e r in g  to  t h i s  t y p e .

F o r  e x am p le ,  the  re a r ra n g e m e n t  o f  s a l t s  i n  w hich  th e  m ig r a t in g

r a d i c a l  i s  p h e n a c y l  ( I —> 1 1 ) ,  o r  i n  w h ich  th e  m eth y len e  c a rb o n

atom t £  w h ich  m ig r a t io n  o c c u r s  i s  t h a t  o f  a  b e n z y l  g roup  ( I I I —>IY)

has now b e en  e f f e c t e d .

P h . CO. CHp. NMegBr .  Ph.CO .CH.NMeg
( i )  i > i ( i d

CHg.CO.Ph CHg.CO.Ph

( I I I )  (CH2P h )2NMe2 Cl  > CHPh(NMe2 ) • CH2Ph (IV )

A nalogous a t t e m p t s  t o  e f f e c t  t h e  re a r r a n g e m e n t  o f  d i - £ -  

bromophen a c y l  dimethylammonium brom ide and o f  d ia  ce to  n y l  d im et h y l  -  

ammonium c h lo r i d e  (com pare I ) ,  and a l s o  o f  d i -£ -b ro m o b e n z y l-  

dimethylammonium brom ide (com pare I I I )  r e s u l t e d  i n  t o t a l  

d e c o m p o s i t io n  o f  th e  s a l t s *

The re a r ra n g e m e n t  o f  p h en y l  d ib e n z y l  met hylammoni urn io d id e  

and o f  b e n z y ld im e th y la l ly la m m o n iu m  b ro m id e , b o th  o f  w hich  may 

be r e g a r d e d  a s  p o t e n t i a l  a n a lo g o u s  o f  ( I I I ) ,  h a s  been 

a c c o m p l is h e d .  I n  t h e  l a t t e r  c a s e ,  h ow ever ,  the  b e n z y l  g roup  

was fo u n d  t o  m ig ra te  to  th e  m ethy lene  c a rb o n  atom  o f  t h e  a l l y l  

r a d i c a l ,  t h u s  -

CH2 : CH. CH2. NMe2Br ______ > CH2 : CH. CffliMe2
CHgPh CHfePh
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The o o n d i t i o n s  n e c e s s a r y  to  e f f e c t  th e  re a r ra n g e m e n t  o f  ( I I I )  

and i t s  a n a lo g u e s  a re  much more v i o l e n t  th a n  th o s e  h i t h e r t o  em ploy

ed i n  t h e s e  i n v e s t i g a t i o n s .

The p r e p a r a t i o n  o f  phenacy lpheny lbenzy lm ethy lam m onium  brom ide 

h a s  been  u n d e r t a k e n  i n  o r d e r  t o  s tu d y  th e  e f f e c t  o f  r e p la c e m e n t  

o f  one o f  th e  m ethy l g ro u p s  a t t a c h e d  t o  th e  q u a te r n a r y  n i t r o g e n  

atom  by p h e n y l  on th e  r e a r r a n g e m e n t .  I t  h a s  b e en  shown, how ever, 

t h a t  th e  i n t e r a c t i o n  o f  cj -b ro m o ace top henon e  and  b e n z y lm e th y l-  

a n i l i n e  g i v e s  r i s e ,  n o t  to  t h e  r e q u i r e d  s a l t ,  b u t  t o  p h e n y l-  

d ibenzylm ethylam m onium  b ro m id e .  O th e r  m ethods o f  p r e p a r a t i o n  

b e in g  l i k e w i s e  u n s u c c e s s f u l ,  th e  a f o r e - m e n t io n e d  e f f e c t  h a s  

t h e r e f o r e  been  i n v e s t i g a t e d  by a  co m parison  o f  t h e  c o n d i t i o n s  o f  

d e g r a d a t i o n  o f  d i  b e n z y l  dimethylammonium c h l o r i d e  ( I I I )  and o f  

pheny ld ibenzy lm ethy lam m onium  i o d i d e .  I t  h a s  b e en  shown t h a t ,  i n  

a d d i t i o n  t o  t h e  r e a r ra n g e m e n t  m en tioned  a b o v e ,  b o th  of t h e s e  

s a l t s ,  on t r e a tm e n t  w i th  a l k a l i ,  undergo  d e c o m p o s i t io n  i n  t h e  

d i r e c t i o n  -

(CH2P h )2NMe2Cl J ta fiM i. CHgPh.NMe2 +  CH2Ph.0Me

( CH2P h ) jjNMePhl flftfiMS) CH2Ph.NMePh +  CH2 Ph.OMe

The p r e s e n c e  o f  t h e  p h e n y l  g roup  i s  shown t o  f a c i l i t a t e  

d e c o m p o s i t io n  i n  t h i s  manner a t  t h e  exp en se  o f  t h e  re a r ra n g e m e n t  

p ro p e  r .

The p r e p a r a t i o n  o f  q u a t e r n a r y  s a l t s  o f  t h e  ty p e

PhCCXJ(R1 )(R 2 >NMe2X , i n  w h ich  th e  h y d ro g e n  a tom s o f  t h e  p h e n a c y l  
CHgPh

m eth y len e  g ro u p  a r e  r e p l a c e d ,  h a s  b een  u n d e r ta k e n  w i t h  a  v iew  to  

t h e /
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th e  i n v e s t i g a t i o n  o f  t h e i r  r e a r r a n g e m e n t • The m onom ethyla ted  

s u b s ta n c e  (V) g i v e s  (V I) r e a d i l y ,  h u t  s a l t s  i n  w hich  one of th e  

h y d rog en  a tom s i n  q u e s t io n  i s  r e p l a c e d  by p h e n y l ,  o r  b o th  by 

m e th y l ,  c o u ld  n o t  be p r e p a r e d .  I t  h a s  b e en  shown t h a t  t h e  

p r o g r e s s i v e  r e p la c e m e n t  o f  t h e  h y d ro g en  a tom s o f  th e  m ethy lene  

c a rb o n  atom  o f  t h e  p h e n a c y l  g rou p  l e a d s  to  a  p r o g r e s s i v e  d e c r e a s e  

i n  t h e  e a s e  o f  q u a te r n a r y  s a l t  f o r m a t io n .

(V) PfrCOCHMeNMegI   PhCOCMeNMeg (VI)
CHgPh CHgPh

B -  The g e n e r a l i t y  o f  th e  re a r r a n g e m e n t  u n d e r  i n v e s t i g a t i o n  

h as  been  f u r t h e r  e x te n d e d  by th e  f a c t  t h a t  th e  su lphon ium  s a l t  

( V I I ) ,  a n a lo g o u s  to  phenacy lbenzy ld im ethy lam m onium  b ro m id e ,  h a s  

been  shown to  r e a r r a n g e  to  g iv e  ( V I I I )  r e a d i l y ,  on t r e a tm e n t  

w i th  a l k a l i .

(V II )  PhrCOCHg*SMe Br _______  ̂ PbCOCHSMe ( V I I I )
CHgPh CHgPh

F u r t h e r  e x t e n s i o n s  to  t h e  r e a c t i o n s  (IX ) and (X) were 

u n s u c c e s s f u l ,  b e c a u se  th e  su lp h o n e  (IX) was h y d r o ly s e d  by  a l k a l i  

t o  b e n z y l  m e th y l  su lp h o n e  and b e n z o ic  a c i d ,  w h i le  th e  i n i t i a l  

s a l . t  (X) c o u ld  n o t  be o b t a in e d  from  brom om ethyl p h e n y l  su lp h o n e  

and b e n z y ld im e th y la m in e , owing to  t h e  u n e x p e c te d  i n e r t n e s s  

e x h i b i t e d  b y  t h e  h a lo g e n  a tom  o f  th e  b ro m o -su lp h o n e .

(IX) PhCOCHgSOg _______ PfcCOCHSOgNa
CHgPh CHgPh

(X) PhrSOg-CHg-NMegBr ________  ̂ PhrSOg-CHNMeg
CHgPh * CHgPh

A tte m p ts  t o  b r i n g  a b o u t  th e  r e a r r a n g e m e n t  o f  a n  oxonium

s a l t /
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s a l t ,  a c c o r d in g  to  t h e  scheme o u t l i n e d  be low , were a l s o  

u n s u c c e s s f u l .

PhrCOCHgBr +  OMe  -----* PhCOCHgOMeBr ~HBr->  PhCOCHOMe
CHgPh CHgPh CHgPh

J3 -  An e x p e r im e n ta l  t e c h n iq u e  h a s  been  d e v is e d  f o r  th e  m easu re 

ment o f  t h e  v e l o c i t y  o f  t h e  r e a c t i o n

PhCOCHgNMegBr A l k a l i  > PbCOCMMeg 
CHgPh CHgPh

an d , a s  a  n e c e s s a r y  p r e l i m i n a r y  to  the  m easurem ent o f  t h e  r e l a t i v e  

m ig r a to r y  v e l o c i t i e s  o f  s u b s t i t u t e d  b e n z y l  r a d i c a l s ,  t h e  

u n s u b s t i t u t e d  s a l t  h a s  been  s t u d i e d  i n  some d e t a i l .  The 

re a r ra n g e m e n t  h a s  been  found  n o t  to  p ro c e e d  q u a n t i t a t i v e l y ,  b u t  

to  g iv e  r i s e  to  a  q u a n t i t y  o f  b y - p r o d u c t  w hich  i s  l a r g e l y  in d e p e n d 

e n t  o f  th e  c o n d i t i o n s ,  b u t  whose n a t u r e  i s  u n c e r t a i n .  Good, 

m onom oleeu lar o o n s t a n t s  have been  o b ta in e d  f o r  t h e  v e l o c i t y  o f  

m ig r a t io n  i n  m e t h y l - ,  e t h y l - ,  n - p r o p y l - ,  and  i s o - p r o p y l -  

a l c o h o l i c  s o l u t i o n s  o f  th e  c o r r e s p o n d in g  sodium  a l k o x i d e s .  I n  

aqueous sodium  h y d ro x id e  s o l u t i o n  th e  r e a c t i o n  v e l o c i t i e s  a r e  

s m a l l e r ,  and th e  v a l u e s  o f  k  ( t h e  v e l o c i t y  " c o n s t a n t s ” ) f a l l  o f f  

a s  t h e  r e a c t i o n  p r o c e e d s .  I n c r e a s e  i n  th e  a lk o x id e  c o n c e n t r a t i o n  

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

v e l o c i t y .  The v e l o c i t y  h a s  been  found  to  v a r y  w i th  t h e  medium 

i n  th e  o r d e r  MeOH ^  BtOH ^  Pr*OH ^  Pr^OH. The a t t r i b u t i o n  o f  

th e s e  d i f f e r e n c e s  to  s p e c i f i c  medium e f f e c t s  r a t h e r  t h a n  t o  a  

d i f f e r e n c e  i n  r e a g e n t  (sod ium  a l k o x i d e ) ,  w hich i s  a n o t h e r  

p o s s i b i l i t y ,  h a s  b een  c o n f irm e d  by e x p e r im e n t .  The v e l o c i t y  o f  

t h e /
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th e  r e a r r a n g e m e n t  h a s  been  shown to  be in d e p e n d e n t  o f  th e  n a t u r e  

o f  t h e  a n io n  o f  t h e  q u a t e r n a r y  s a l t ,  w h i le  th e  t e m p e r a tu re  

c o e f f i c i e n t  o f  t h e  r e a c t i o n  h a s  been  fo un d  to  have t h e  u n u s u a l ly  

h ig h  v a l u e , « 5 .7 0 .

The v e l o c i t i e s  o f  re a r ra n g e m e n t  o f  s a l t s  c o n ta in i n g  o - ,  m -t 

and j g - c h lo r o - ,  b rom o-, i o d o - ,  n i t r o - ,  m e thox y - , and  m e th y l-  

b e n z y l  r a d i c a l s  have b e en  s t u d i e d ,  and t h e  m ig r a to r y  v e l o c i t i e s  

o f  t h e s e  r a d i c a l s ,  r e l a t i v e  t o  u n s u b s t i t u t e d  b e n z y l ,  foun d  to  be

Cl Br I NOg OMe Me

0 - 3 5 .6 4 7 .7 81 1040 1 .9 1 1 5 .3

m- 2 .4 4 2 .0 9 1 .9 2 3 .8 1 0 .9 3 0 .9 7

£ - 2 .7 7 2 .8 6 3 .2 5 73 0 .7 6 1 .0 6

I t  h a s  been  shown f o r  a  s u f f i c i e n t  number o f  c a s e s  to  

j u s t i f y  th e  a s s u m p t io n  o f  t h e  g e n e r a l i t y  o f  t h e  s ta te m e n t  t h a t  

th e  r a t i o s  o f  th e  v e l o c i t i e s  o f  m ig r a t i o n  o f  t h e s e  r a d i c a l s  a re  

t h e  same w h e th e r  th e  r a d i c a l s  a r e  a s s o c i a t e d  w i th  p h e n a c y l  o r  

w i th  jo-brom ophenacyl i n  t h e  q u a te r n a r y  s a l t s .

The fo l lo w in g  g e n e r a l i t i e s  a r e  n o te d  and  d i s c u s s e d .  I n  a l l  

t h r e e  p o s i t i o n s  t h e  e f f e c t s  o f  s u b s t i t u e n t s  a r e  in  th e  o r d e r  

OMe (  Me (  H a ls .  ^  NOg ( th e  i n e q u a l i t y  m-OMe^m-Me i s  n o t  h e ld  to  

be e s t a b l i s h e d )  • The h a lo g e n s  f a l l  i n  th e  same o r d e r  i n  t h e  o -  

and  in  th e  ^ - s e r i e s ,  b u t  i n  th e  r e v e r s e  o r d e r  i n  th e  m - s e r i e s .  

There i s  a  d i s t i n c t  p a r a l l e l i s m  b e tw een  t h e  compounds o f  t h e  o -  

and  o f  th e  j g - s e r i e s ,  q u a l i t a t i v e l y ,  and t o  some e x t e n t ,  

q u a n t i t a t i v e l y ,  e x c e p t  t h a t  a l l  th e  compounds o f  th e  o - s e r i e s ,  

w i th  t h e  e x c e p t i o n  o f  o -m e th o x y b e n z y l - , have  a  g r e a t l y  i n c r e a s e d  

v e l o c i t y /



-9 9 -

v e l o c i t y  o f  r e a r r a n g e m e n t .  E x cep t  i n  th e  c a se  o f  t h e  n i t r o -  

b e n z y l  r a d i c a l s ,  t h e  m- and  t h e  ^ - v a l u e s  f o r  each  s u b s t i t u e n t  

a r e  o f  t h e  same o r d e r  o f  m a g n i tu d e .

I t  i s  s u g g e s te d  t h a t  t h e  v a lu e s  o b ta in e d  r e p r e s e n t  f a i r l y  

a c c u r a t e l y  a  m easure  o f  th e  r e l a t i v e  m ig r a to r y  t e n d e n c i e s ,  i n  

o t h e r  w ords , the  r e l a t i v e  a n i o n i c  s t a b i l i t i e s ,  o f  th e  s u b s t i t u t e d  

b e n z y l  r a d i c a l s  i n v e s t i g a t e d ,  and t h a t  th e  good ag reem en t  

o b t a i n i n g  among th e  r e s u l t s  th e m se lv e s  j u s t i f i e s  th e  p o s t u l a t e s  

made a s  t o  th e  m echanism o f  th e  r e a r r a n g e m e n t .

U nusual b e h a v io u r  i n  t h e  m e l t in g  p o i n t s  o f  t h e  v a r i o u s  s e t s  

o f  i s o m e r id e s  i s  n o t e d ,  th o u g h  no g e n e r a l i t i e s  have been  

r e c o g n i s e d .

I n c i d e n t a l l y ,  t h e  a n a lo g o u s  diammonium s a l t s  c o n ta in i n g

m- and  jD -xyly lene  r a d i c a l s  have been  found  t o  undergo  tw o fo ld

re a r ra n g e m e n t  u n d e r  t h e  u s u a l  r e a c t i o n  c o n d i t i o n s .  Thus -

BrC6H4-GOC%NMe2Br BrC6H4-COCMMe2
SCHg CHg

) 6H4  * )36H4
/H g  p B f,

BrG6H4 COC%NMe2Br BrC6H4-COCENMe2

SECTION I I  -  THE ACTION OP THE SRIGNARD REAGENT UPON

AMINO-NITRIBES

The work o f  p r e v io u s  i n v e s t i g a t o r s  h a s  shown t h a t  an

© C -a m in o n i t r i le  and a  G r ig n a rd  r e a g e n t  may i n t e r a c t  i n  e i t h e r  
o f /
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t h r e e  w ays, t h u s  -

R.CH(NR'2 ).CN iO feI*B .C H (N R , 2 ) .R " ( I }  o r  R.CH(NR’2 ) . COR" ( I I )  o r

R.CH(NR'2 ).CH(NR'2 ) .R  ( I I I )

A d e t a i l e d  i n v e s t i g a t i o n  h a s  now "been made o f  th e  e f f e c t  o f  

v a r y i n g  R and R” upon  t h e  c o u rs e  t a k e n  hy  t h e  r e a c t i o n ,  w h i le  

Rf = Me .  The r e s u l t s  o b t a in e d  g iv e  r i s e  to  th e  f o l lo w in g  g e n e r a l  

o b s e r v a t i o n s .  R e a c t io n  ( I I I )  i s  n o t  o b se rv e d  w i th  d im e th y la m in o -  

n i t r i l e s .  When R = H, p ro d u c t  ( I I )  p re d o m in a te s  i r r e s p e c t i v e  o f  

th e  n a t u r e  o f  RM. T h is  a s s o c i a t i o n  o f  t h e  g ro u p  >N.CHgCN w i th  

r e a c t i o n  c o u rs e  ( I I )  h a s  p r e v i o u s ly  been  n o te d  by S te v e n s ,

Cowan, and MacKinnon • When R i s  a  lo w e r  a l k y l ,  ( I I )  p re d o m in a te s  

i f  R" i s  a l k y l ,  and  ( I ) i f  Rn i s  Ph o r  CHgPh. That th e  c o n t r o l l i n g  

f a c t o r  i n  t h e s e  o a s e s  i s  n o t  s im p ly  th e  w e ig h t  o f  R" i s  shown 

by t h e  f a c t  t h a t  o y c lo h e x y l  b e h av e s  l i k e  t h e  s im p le  a l k y l s .

When R = Ph, t h e  m ain p r o d u c t  i s  a lw ay s  ( I ) ,  which i s  i n  

ag re em e n t w i th  p r e v io u s  work on t h e  s u b j e c t .

The s e n s i t i v e n e s s  o f  t h e  r e a c t i o n  t o  s m a l l  c o n s t i t u t i o n a l  

ch an g es  i s  shown by a  c o m p a r iso n  o f  t h e  r e s u l t s  o b t a in e d  w i th  

d i m e t h y l a m i n o - n i t r i l e s  a n d  w i th  p i p e r i d i n o - n i t r i l e s .  With th e  

l a t t e r  r e a c t i o n  ( I I )  i s  c o m p le te ly  s u p p r e s s e d .  I n  t h i s  r e s p e c t  

i t  i s  s u g g e s te d  t h a t  t h e  b a s i c  s t r e n g t h  o f  th e  a m in o - n i t r o g e n  

atom  i s  a  c o n t r o l l i n g  f a c t o r  o f  im p o r ta n c e .

I t  i s  s u g g e s te d  t h a t  th e  e f f e c t  due to  a  g iv e n  s u b s t i t u e n t

upon th e  n a t u r e  o f  t h e  f i n a l  p ro d u c t  i s  t o  be r e g a rd e d  a s

compounded o f  i t s  s e p a r a t e  e f f e c t s  upon th e  v e l o c i t i e s  o f

r e a c t i o n s  ( I )  and ( I I ) ,  and an  a t t e m p t  h a s  b een  made i n  s e v e r a l  
c a s e s /
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c a s e s  t o  o b t a i n  some id e a  o f  t h e s e  s e p a r a t e  e f f e c t s  by  a  s e r i e s  

o f  " c o m p e t i t iv e  e x p e r i m e n t s " .

F u r t h e r  i n v e s t i g a t i o n  i s  n e c e s s a r y ,  how ever, b e f o r e  any 

r i g i d  c o n c lu s io n s  can  be f o r m u la te d .
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A C K N O W L E D S E M E N  f  S

The a u t h o r  makes g r a t e f u l  acknow ledgem ent o f  h i s  deep 

in d e b te d n e s s  to  D r. Thomas S. S te v e n s ,  h i s  s u p e r v i s o r ,  f o r  h i s  

d i r e c t i o n  o f  th e  whole o f  t h e  work h e re  r e c o rd e d  and  f o r  h i s  

i n v a l u a b l e  a d v ic e  and  a s s i s t a n c e  a t  a l l  t im e s  f r e e l y  g iv e n .  He 

d e s i r e s  t o  e x p r e s s  h i s  th a n k s  a l s o  t o  P r o f e s s o r  T. S. P a t t e r s o n  

f o r  th e  f a c i l i t i e s  o f  the  O rgan ic  C h e m is try  l a b o r a t o r i e s  i n  

w hich  th e  work was p e r fo rm e d .  He i s  a l s o  in d e b te d  to  th e  

D epartm ent o f  S c i e n t i f i c  and I n d u s t r i a l  R e se a rc h  f o r  a  

M ain tenance  A llow ance and  to  th e  C arneg ie  T r u s t e e s  f o r  a  

R e se a rc h  S c h o la r s h ip  c o v e r in g  th e  p e r io d  d u r in g  w hich  he was 

engaged i n  t h i s  w ork .



H E ?  B H B H 0 I  3

1 -  S te v e n s ,  C re ig h to n ,  Cordon, and M acNicol,

J . ,1928 , 3193.

2 -  S te v e n s ,  J . , 1930, 2107.

3 -  S te v e n s ,  Snedden, S t i l l e r ,  and Thomson,

£ • ,1 9 3 0 ,  2119.

4 -  Dunn and S te v e n s ,  p r i v a t e  c o n n n m ica t io n .

5 -  Achm atowicz, P e r k in ,  and  R ohinson , J . , 1 9 3 2 ,

500.

6 -  Dunn and S te v e n s ,  J . , 1 9 3 2 ,  1926.

7 -  Wedekind, B e r . ,1908 , 41 , 2804.

8 -  Wedekind, B e r . , 1902, 3 5 ,  767.

9 -  S te v e n s ,  Cowan, and MacKinnon, J . , 1 9 3 1 ,  2568*

10 -  B r u y la n t s ,  B u l l .  Acad, r o y .  B e l g . ,1924 . 1 0 ,

166; 1925, 7 ,  270; 1925, 11 , 261.

11 -  Rumpel, A rch . P h a rm ..1899 . 23 7 , 235.

12 -  F r i t z ,  B e r . ,1895 , 28 , 3032.

13 -  "C hem ical S y n th e s e s " ,  V o l .IX ,  20.

14 -  Conant and L n tz ,  J .  Amer. Chem. S o o . ,1925 .

£ 7 ,  891.

15 -  G oss, In g o ld ,  and W ilson , J . , 1 9 2 6 ,  2462.

16 -  Wedekind, B e r . , 1899, 32 , 519.



17 -  S ta e d e l  and S ieperm ann, B e r# ,1881, 14, 984.

18 -  J o n e s ,  J . , 1 9 0 3 ,  8 3 , 1410 .

19 -  R i i b e r ,  B e r . , 1903, 36 , 1404.

20 -  Henry, B u l l .  Acad, r o y .  B e lg . ,1 8 9 8 .  3 6 . 245.

21 -  Schm idt, B e r . , 1889, 22 , 3251.

22 -  A b e l l , J . , 1 9 0 1 ,  79 , 935.

23 -  S c h r o e te r ,  B e r . ,1 9 0 9 , 42 , 2348.

24 -  Ne f ,  A n na len , 1900 , 3 1 0 . 320.

25 -  C o l l e t ,  B u l l .  Soo. chim . .189 7 . 17 , 78.

26 -  Wahl, B e r . , 1922, 55, 1454.

27 -  F e n to n  and In g o ld ,  J . #1928, 3127; 1929,

2338; 1930, 705.

28 -  Obermeyer, B e r . ,18 87 . 2 0 . 2926.

29 -  Gilman and B eaber, J .  Amer. Chem. Soo. .

1925, 47, 1451.

30 -  Fromm and de S e ix as  Palma, B e r .  ,190 6 , 39,

3315.

31 -  O t to ,  J .  p r .  Chem.. 1889, 40 , 541.

32 -  O t to  and E n g e lh a r d t ,  B e r . ,1888 , 21, 656.

33 -  Xon and L in s te a d ,  J . , 1 9 2 9 ,  1271.

34 -  von Braun, Kuhn, and W eism ante l, A n n a len ,

1926 , 449, 252.



35 -  W il l ia m s ,  J . ,1930 , 37.

36 -  I n g o ld ,  Annual R e p o r t s . 1927, 24 , 156.

37 -  O l i v i e r ,  Reo. t r a v .  ohim . ,1 9 2 2 .  41 , 301,

646; 1923, 42, 516.

38 -  Shoesm ith  and S l a t e r ,  J . , 1 9 2 6 ,  214.

39 -  von Braun and F riedsam , B e r . ,  1930, 63 ,

2407.

40 -  K in d le r ,  A n na len . 1926 , 450, 1; 1928, 4 6 4 ,

278.

41 -  Tasman, Reo. t r a v .  o h im . .1 9 2 7 .  4 6 . 653.

42 -  B e n n e tt  and Chapman, Annual R e p o r t s . 1930 ,

27, 123.

43 -  Sommelet and G u io th , Compt. r e n d . .1922 . 17 4 .

687.

44 -  P a t t e r s o n ,  J . ,1 8 9 6 ,£ 9 ,  1002.

45 -  S tep h en , S h o r t ,  and G ladd ing , J . , 1 9 2 0 ,  510

e t  s e q .

46 -  B eck e r ,  B e r . .188 2 , 1 5 . 2090.

47 -  S idgw ick  and B a y l i s s ,  J . , 1 9 3 0 ,  2028.

48 -  Goldschm idt and E r n s t ,  B e r . ,1 8 9 0 . 2 3 . 2742.

49 -  Stedman, J . , 1 9 2 7 ,  1904.

50 -  H enry , B e r . ,1 8 9 3 , 2 6 , 934.



51 -  A tk in s o n  and  T horpe , J .  ,1 9 0 7 ,  91, 1695.

52 -  S p a th ,  M o n a tsh . ,191 4 , 35, 319.

53 -  C h r i s t i a e n ,  B u l l .  Soo. ohim. B e lg . . 1924,

33 , 483.

54 -  von B raun , B e r . ,190 7 , 40 , 3937.

55 -  H anh art  and I n g o ld ,  J . , 1 9 2 7 ,  1006.

56 -  S toerm er and D zim ski, B e r . .1 8 9 5 , 2 8 ,  2223.

57 -  S a lk in d  and R o s e n fe ld ,  B e r . ,1924 , £ 7 ,  1690.

58 -  W olff , A n n a len . 1902, 325 , 146.

59 -  ^ t t l l e r  and Rohde, B e r . , 1890 , 23, 1074.

60 -  Henry, B u l l .  Aoad. r o y .  B e lg . .19 04 . 741.

61 -  G oldschm id t, B e r . ,  1887, 2 0 , 728.

62 -  D i l th e y ,  B e r . , 1901, 34, 2122.

63 -  F r e y lo n ,  Ann, de C hlm ie . 1908, 15 , 285.

64 -  B l a i s e ,  Compt. r e n d . .1 9 0 1 .  1 33 . 1218.

65 -  H e l l  and S c h a a l ,  B e r . ,1 9 0 9 , 42, 2232.

66 -  von B raun, H e id e r ,  and Neumann, B e r . .1916 ,

49 , 2618.

67 -  B ouveau lt  and Locquin , B u l l .  Soo. ohim . .

1904, 31 , 1157.

68 -  K noevenagel, B e r . . 1904, 32, 4082.

69 -  S to rm er and B u c k e r t ,  B e r . ,1895 , 28, 1251.



70 -  Gilman and  M eyer, Reo. t r a v .  o h im . , 1926,

45 , 314 .

71 -  Walden, B e r . , 1907, 4£ , 3216.

72 -  T i f f e n e a u  and F o u rn e au , Oompt. r e n d . .  1908.

146 . 699 .

73 -  L e u e k a r t ,  B e r . .1 8 8 5 .  18, 2341; W allach ,

A n n a le n . 1905, 3 4 3 , 55 .


