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A MOLECULAR EBABRAGfGrBMEIiJT Off TERTIARY AMI3SSS.

SffMMARY.

The r e a r r a n g e m e n t  o f  p h e n a c y lb e n z y l a n i l i n e  

to  c * - a n i l i n o - p - p h e n y l p r o p i o p h e n o n e , f i r s t  a c h ie v e d  

by  I . S .  S te v e n s ,  h a s  b e e n  c o n f i rm e d ,  and t h e  r e a c t i o n  

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

o f  r e a r ra n g e m e n t  h a s  b e e n  o b ta in e d  i n  th e  i d e n t i f i c a ­

t i o n  o f  p  -p h e n y lp ro p io p h e n o n e  as a  b y - p r o d u c t .  

E x p e r im e n ts  have  b e en  c a r r i e d  o u t  w i th  a number o f  o t h e r  

t e r t i a r y  am in es , and i n  th e  c a s e  o f  two, nam ely , 

phenaoyl-CX - p h e n e t h y l a n i l i n e ,  and p h e n a o y l a l l y l a n i l i n e ,  

s t r o n g  i n d i c a t i o n s  o f  r e a r ra n g e m e n t  have  b e e n  o b s e r v e d .  

I n  t h e  c a s e  o f  th e  o t h e r  am ines i n v e s t i g a t e d ,  g e n e r a l  

d e c o m p o s i t io n  h a s  b e e n  fo u nd  to  o c c u r  u n d e r  t h e  r e ­

a c t i o n  c o n d i t i o n s  em ployed.



IHTRODUQTIOH.

Many exam ples a r e  known o f  t h e  wl s 2 ,t ty p e  o f  

m o le c u la r  r e a r r a n g e m e n t .  A lthough  t h e s e  in v o lv e  a  

v a r i e t y  o f  compounds o f  a p p a r e n t l y  u n r e l a t e d  t y p e ,  m ost  

o f  them c a n  he a s s ig n e d  to  one o f  a  r e l a t i v e l y  s m a l l  

number o f  g ro u p s ;  and in d e e d ,  an  a t t e m p t  h a s  b e en  made 

to  in c lu d e  a l l  i n t r a m o l e c u l a r  r e a r r a n g e m e n ts  i n  one 

g e n e r a l  r e a c t i o n ^ . A t y p i c a l  g roup  i s  t h a t  w hich  i n ­

c lu d e s  such  w e ll-k n o w n  ch anges  as th e  Hofmann, l o s s e n  

and C u r t iu s  d e g r a d a t i o n s ,  and w hich  c an  be g iv e n  t h e

g e n e r a l  e q u a t io n :
0 0 0 
(I _ x II U

R — C — H a* X ) ------> R -~ G  — JNv. —* 0 = iM - K —> HgH - R

The s i g n i f i c a n t  s t e p  i n  t h i s  p r o c e s s  i s  th e  

m ig r a t i o n  o f  t h e  r a d i c a l  R from  t h e  c a r b o n  atom o f t h e  

c a r b o n y l  group to  t h e  n i t r o g e n  a tom . A cco rd in g  to  

W hitm ore, th e  m o le cu le  l o s e s  th e  atom s o r  g roup  IX) w i th  

i t s  own b o n d in g  e l e c t r o n s ,  l e a v in g  th e  n i t r o g e n  atom w i th  

o n ly  a  s e x t e t ;  i n  f a c t ,  he  p o s t u l a t e s  t h a t  an  atom w i th  

an  in c o m p le te  e l e c t r o n i c  group  i s  a  p r e r e q u i s i t e  f o r  

any r e a r ra n g e m e n t^ 1 ' , though  t h e r e  i s  e v id e n c e  t o  t h e  

c o n t r a r y .  *R? th e n  m ig r a te s  from  c a r b o n  to  n i t r o g e n ,  

th u s  e n a b l in g  th e  l a t t e r  to  c o m p le te  i t s  o c t e t  o f



e l e c t r o n s ,  and g i v in g  an  i s o c y a n a t e ,  which, i s  f i n a l l y  

h y d r o ly s e d  "by t h e  a l k a l i n e  medium t o  an amine* S t e r e o ­

c h e m ic a l  e v id e n c e ,  such  as th e  r e t e n t i o n  o f  asym m etry  

when *RT i s  an o p t i c a l l y  a c t i v e  group  l i n k e d  t o  t h e  r e s t  

o f ' t h e  m o le c u le  by  t h e  asym m etric  c a rb o n  atom, shows t h e

r e a c t i o n  to  be t r u l y  i n t r a m o l e c u l a r , '  and th e  m i g r a t i n g
, . _ . ( 2 , 3 , 4 )

g roup  i s  n e v e r  e n t i r e l y  f r e e

Whitmore s t a t e s  t h a t  th e  n e c e s s i t y  f o r  c o m p le t ­

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

f o r c e  b e h in d  t h e  r e a c t i o n ,  b u t  Jo n e s  t a k e s  th e  v iew  t h a t  

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

" t h e  te n d e n c y  o f  th e  sy s te m  . . .  t o  p a s s  to  one i n  which 

th e  o a rb o n  atom i s  a s  f u l l y  o x i d i s e d  a s  p o s s i b l e ,  and 

th e  n i t r o g e n  atom a s  f u l l y  re d u c e d  a s  p o s s i b l e . "   ̂^

I n  o t h e r  w o rd s ,  t h e  r e a c t i o n  i s  e s s e n t i a l l y  a  p r o c e s s  

o f  i n t r a m o l e c u l a r  o x i d a t i o n - r e d u c t i o n .

I n  t h e  S te v e n s  R earrang em en t o f  q u a t e r n a r y  

ammonium s a l t s ,  t h e  p i c t u r e  i s  s l i g h t l y  d i f f e r e n t .  I h i s  

r e a c t i o n  may b e  r e p r e s e n te d  b y  t h e  g e n e r a l  e q u a t io n

b e lo w '6a‘ g)
+ a l k .  -  +

B.CHj.MMeg ~ - * B.OH.BMeg  , R.CH.IMe2

E ’ B’ R1

I n  t h i s  o a s e ,  t b e  m i g r a t i o n  i s  from  n i t r o g e n  

to  o a rb o n ,  and a l l  t h e  atom s in v o lv e d  hav e  t h e i r  o o t e t s



c o m p le te ,  b o th  b e f o r e  and  a f t e r  t h e  m i g r a t i o n .  I t

h a s  one f e a t u r e  i n  oommon w i th  th o s e  j u s t  m e n t io n e d ,

how ever - t h e  m ig r a t i n g  group moves to  an atom w hioh
\

p o s s e s s e s  u n sh a re d  e l e c t r o n s ,  and i t s  a t ta c h m e n t  b y  th e s e  

e l e o t r o n s  can  b e  e n v is a g e d  as  o c c u r r i n g  s i m u l t a n e o u s ly  

w i th  th e  r e l e a s e  o f  t h e  p a i r  by  w hieh  i t  was l i n k e d  

o r i g i n a l l y ;  a  t h e o r y  w hich  r e a d i l y  e x p l a i n s  t h e  i n t r a -
(7)

m o le c u la r  n a tu r e  o f  t h e  r e a c t i o n  . C l o s e r  exam ina­

t i o n  r e v e a l s ,  i n  f a c t ,  t h a t  t h i s  r e a r r a n g e m e n t  i n v o lv e s  

e s s e n t i a l l y  t h e  same p r o c e s s  a s  t h e  p r e v io u s  g roup  - 

t h a t  i s ,  an  " i n t r a m o l e c u l a r  o x i d a t i o n  and r e d u c t i o n ,  o r  

an exchange o f  n e g a t i v e  e l e o t r o n s  b e tw een  t h e  o a rb o n  

atom and t h e  n i t r o g e n  a t o m ." ^ ^

O th e r  exam ples o f  t h e  " S te v e n s ” ty p e  o f  r e a c t i o n
( 8 )

a r e  t h e  an a lo gou s  r e a r r a n g e m e n ts  o f  su lphon ium  compounds 
(9 -1 3 )

and e t h e r s  , r e p r e s e n t e d  by th e  e q u a t io n s s
+ a l k .  -  +

R.CHq *S.Me —  R.CH.SMe --------> R.CH.SMei i i
R1 R1 R*

a l k .  -  • - H+R.CHq .O r .  ■ R.CH.O ------* R.CH.O --------^ R.CHOH£» l I | >
B' E ' E 1 E»

/

S in c e ,  f o r  c e r t a i n  p u r p o s e s ,  t e r t i a r y  am ines 

c an  be  r e g a r d e d  a s  t h e  n i t r o g e n  a n a lo g u e s  o f  e t h e r s ,  

t h e y  m igh t t h e r e f o r e  be e x p e c te d  to  un dergo  a  s i m i l a r



r e a r ra n g e m e n t  r e a c t i o n ;  p r o v id e d  t h a t  " n i t r o g e n - e t h e r s ,! 

o f  a  s u i t a b l e  ty p e  w ere  c h o s e n .  Such a  r e a c t i o n  w ould  

s a t i s f y  t h e  o o n d i t i o n  p o s t u l a t e d  b y  J o n e s ,  nam e ly , t h e  

r e d u c t io n  o f  t h e  n i t r o g e n  atom by th e  a d j a c e n t  o a rb o n  

atom^ ^  .

T h is  second  g roup  o f  r e a r r a n g e m e n ts  may b e  g iv e n  

th e  g e n e r a l  e q u a t io n s

HZ— Y -  i v
Z

a l k .
Z — Y 

\
Z

H
Z —  Y 
\
Z

Z — YH 
\
Z

The f i r s t  s t a g e ,  t h e  rem oval o f  a  p r o t o n  b y  th e

a l k a l i n e  r e a g e n t ,  i s  r a p i d ,  and  th e  r e a c t i o n  r a t e  i s

d e te rm in e d  by  t h e  m i g r a t i o n  s t a g e ^ 6 e ^ . I n  some o a s e s ,

how ever, t h e  s i t u a t i o n  i s  c o m p l ic a te d  b y  t h e  o c c u r r e n c e

o f  a  f i s s i o n  r e a c t i o n  i n  p l a c e  o f ,  o r  s im u l ta n e o u s  t o ,

t h e  m i g r a t i o n .  A c a s e  i n  p o i n t  i s  fo und  i n  th e  a l t e r n a -
( 9 ,1 1 ,1 2 )

t i v e  modes o f  r e a c t i o n  o f  d ib e n z y l  e t h e r
PhOH.O H

PhCH

PhGHi
2V a l k . » P^ Hvq /  ' PWSHg

PhOHg v
\  PhOH = 0

PhCH,

H

PhCH OH
I

p e c h 2

PhCHO

PhCHa

I t  i s  to  be  n o te d  t h a t  ch an g es  i n  t h e  c o v a l e n c i e s  

o f  th e  atoms c o n ce rn ed  a re  i n v o lv e d .  I n  b o th  r e a c t i o n s ,



t h e  c o v a le n o y  o f  ' X 1, th e  ,fr e o i p i e n t ,f atom, i n c r e a s e s

b y  one ; and s i n c e  i n  m ost c a s e s ,  t h i s  i s  from  a  h i g h l y

u n s t a b l e  to  an i n t r i n s i c a l l y  s t a b l e  c o n d i t i o n  f o r  t h a t

atom, t h e  te n d e n c y  f o r  t h i s  change c a n  be  c o n s i d e r e d  to
( 6e)

b e  th e  d r i v i n g  f o r c e  f o r  t h e  r e a c t i o n

I f  m ig r a t i o n  o c c u r s ,  t h e  c o v a le n c y  o f  'Y* i s  

d im in is h e d  by  one u n i t ,  w h i le  t h a t  o f  ' Z 1 r e m a in s  c o n ­

s t a n t ,  and we m igh t t h e r e f o r e  e x p e c t  t h e  r e l a t i v e  

s t a b i l i t i e s  o f  th e  two v a le n c y  s t a t e s  o f  fY! to  b e  a  

c o n t r o l l i n g  f a c t o r  i n  t h e  e a s e  o f  r e a r r a n g e m e n t .  Hence, 

e t h e r s  r e a r r a n g e  much l e s s  r e a d i l y  t h a n  do ammonium 

s a l t s ,  s i n c e ,  i n  th e  s i g n i f i c a n t  s t e p ,  t h e  oxygen atom 

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

o o v a le n t  c o n d i t i o n ;  w h e reas  w i t h  ammonium s a l t s ,  t h e  

q u a te r n a r y  n i t r o g e n  c h an g e s  t o  t h e  a t  l e a s t  e q u a l l y

c o n g e n ia l  t e r t i a r y  s t a t e .  M oreover, t h e  m e th y le n e  g roup
+

i n  RCH2 »0 .R ! , b e in g  l e s s  a c i d i c  t h a n  t h a t  i n  ROH^.HR^, 

demands a  more e n e r g e t i c  a l k a l i n e  r e a g e n t  f o r  rem o v a l o f  

a  p r o t o n .  Assuming th e  same f a c t o r s  t o  be o p e r a t i v e ,  

t h e r e f o r e ,  i t  i s  to  be e x p e c te d  t h a t  t e r t i a r y  am ines w i l l  

undergo re a r ra n g e m e n t  w i t h  even  l e s s  f a c i l i t y  t h a n  e t h e r s .  

I n  t h e  e s s e n t i a l  s t e p ,  t h e  n i t r o g e n  atom w i l l  ch an g e  from  

th e  s t a b l e  t e r t i a r y  t o  th e  unwonted d i - c o v a l e n t  s t a t e ,  

and i n  a d d i t i o n ,  e x e r t s  no a c t i v a t i n g  e f f e c t  on t h e



6

a d ja c e n t  m e th y le n e  g ro u p .

RGHo.IR11 ■ ■ = - £  RCH.HR1' --------> RCH .33R1 * — — » ROH.RHR* *<* i > \ [ I
B R» R* B 1

S inoe  i n  t h e  f i s s i o n  r e a c t i o n  r e f e r r e d  t o  above,

th e  o o v a le n o y  o f  , YI rem a in s  c o n s t a n t  w h i le  t h a t  o f  1Z '

is* lo w ered  hy  one u n i t ,  we m ig h t  e x p e c t  f i s s i o n  t o  make

a  s i g n i f i c a n t  c o n t r i b u t i o n  i n  t h e  c a s e  o f  t e r t i a r y

a m in es , d ep en d in g  on t h e  r e l a t i v e  s t a b i l i t i e s  o f  R1 and

■ R.CHR1 .RR11 . P r e v io u s  work b y  S .P .  M a r r ia n  on  t h i s
(14)

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

to  b e  i n t r i n s i c a l l y  more f a c i l e  t h a n  r e a r r a n g e m e n t ,  t h e

l a t t e r  o n ly  o c c u r r in g  i f  i s  much l e s s  s t a b l e  t h a n

Z - 2  - Y, as i n d i o a t e d  by  th e  r e l a t i v e  a c i d i t i e s  o f  ZH

and Z - 2  - YH; a  f a c t  w hich r e d u c e s  s t i l l  f u r t h e r  t h e

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

I n  v iew  o f  th e  a n a lo g y  b e  tw een/ h y p o t h e t i c a l  r e ­

a rra n g em e n t  o f  t e r t i a r y  am ines and t h e  S te v e n s  R e a r r a n g e ­

m ent, i t  seemed r e a s o n a b le  to  e x p e c t  t h a t  i n f o r m a t i o n  

g a in e d  from  a  s tu d y  o f  th e  l a t t e r  m ig h t  b e  a p p l i e d  i n  

c h o o s in g  t h e  m ost s u i t a b l e  c o n d i t i o n s  f o r  t h e  f o r m e r .

Phe r e a r ra n g e m e n t  o f  q u a t e r n a r y  ammonium s a l t s  h a s  b e e n  

v e ry  f u l l y  s t u d i e d ,  and c e r t a i n  r e g u l a r i t i e s  o b s e r v e d .



The change  n o r m a l ly  t a k e s  p l a c e  u n d e r  r e l a t i v e l y  m i ld

a l k a l i n e  c o n d i t i o n s ,  su.ch a s  warm aqueous a l k a l i ;  th o u g h

some o f  th e  l e s s  a c i d i c  r e c i p i e n t  r a d i c a l s  r e q u i r e  more

d r a s t i c  c o n d i t i o n s ,  such a s  h o t  a lk o x id e  s o l u t i o n ,  o r

even  f u s i o n  w i th  s o d a m i d e ^ ^  . The m ost a c i d i c  -

h y d ro g en  atom i s  removed h y  t h e  r e a g e n t ,  so t h a t  th e

m ost e f f e c t i v e  r e c i p i e n t  g ro u p s  a r e  p h e n a c y l  and 9 - f l u o r y l ,

w h i le  f l u o r y l ,  o C -p h e n e th y l ,  b e n z h y d r y l  and a l l y l  h av e

b e e n  found  to  b e  t h e  m ost m o b i le ;  in d e e d  t h e  b e n z h y d r y l

and f l u o r y l  r a d i c a l s  w ander so r e a d i l y  t h a t  th e  i n t e r -
( 6b )m e d ia te  q u a t e r n a r y  s a l t  o f t e n  c a n n o t  be  i s o l a t e d  .

The m i g r a t i o n  o f  s im p le  a l k y l  o r  a r y l  g ro u p s  i s  n o t  e x ­

c lu d e d  a p r i o r i , b u t  i s  e v i d e n t l y  l e s s  e a sy  t h a n  Hofmann 

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

th e  breakdow n:

R4H +  OH ------- > ROH +- B3U.

L i t t l e  i s  known a b o u t  th e  i n f l u e n c e  o f  t h e  n o n - p a r t i c i p a t ­

in g  g ro u p s .

The r e a c t i o n  h a s  b e en  shown to  be  i n t r a m o l e c u l a r ,  

s in c e  no exchange o f  r a d i c a l s  c o u ld  be d e t e c t e d  b e tw ee n  

th e  m o le c u le s  o f  two d i f f e r e n t  compounds u n d e rg o in g  r e -
/  / ' T .  \

a rra n g em e n t  i n  a  m ixed s o l u t i o n  , and h a s  b e e n  fo u n d



t o  f o l lo w  a  o n im o le c u la r  c o a r s e  i n  a l c o h o l i c  a lk o x id e

s o l u t i o n ^613 5 ^  . .Although an i o n i c  m echanism  was a t

f i r s t  s u s p e c te d ^ 613» ^  , t h e  r e a c t i o n ,  i n  common w i th

,the o t h e r  r e a r r a n g e m e n ts  a l r e a d y  m e n t io n e d ,  i s  now
( 7 )th o a g h t  o f  a s  a  c o n t i n a o a s  e l e c t r o n i c  p r o c e s s  , 

e s s e n t i a l l y  s i m i l a r  to  h i m o l e c a l a r  s a b s t i t a t i o n  a s  

v i s u a l i s e d  by  P o l a n y i ^ ^  .

P r e l im i n a r y  e x p e r im e n ts  b y  D r .  S te v e n s  c o n f i rm e d  

t h a t  t e r t i a r y  am ines r e a r r a n g e  o n ly  w i th  c o m p a ra t iv e  

d i f f i c u l t y .  P h e n a c y l b e n z y la n i l i n e  was found  t o  undergo  

re a r ra n g e m e n t  on m ild  p o ta s h  f u s i o n  (1 3 0 °)  to  CK-a&iliE-o- 

3̂ -p h e n y lp ro p io p h e n o n e  ( u n p u b l is h e d  w o rk ) , t h e  p r o d u c t

b e in g  c o n f irm ed  by  s y n t h e s i s  from  o(-b rom o- 6 - p h e n y l -
. (1 6 ,1 8 )  

p rop io p h en o n e  and a n i l i n e

a l k .
Ph.CO.CH^.NPh v  Ph.GO.CH.UPh  ► Ph.GO.CH .3$TPh

GHgPh GHgPh GH2Ph

"t-
y Pb.CO.CH.HHPli 

CHgPti

D i b e n z y l a n i l i n e ,  a f t e r  h e a t i n g  w i th  sodam ide a t  

25 0 -270° , y i e l d e d  a n i l i n e  and t o l u e n e ,  w h i l e  t h e  h i g h e r  

f r a c t i o n s ,  on h y d r o l y s i s ,  gave  f u r t h e r  q u a n t i t i e s  o f  

a n i l i n e  a lo n g  w i th  b e n z a ld e h y d e , b o th  p re su m a b ly  fo rm ed



from  benz  a ld e h y d e  a n i l ,  and some s t i l b e n e .  A lth o u g h  th e  

" f i s s i o n ’1 r e a c t i o n  v/as p re d o m in a n t ,  t h e  p r o d u c t i o n  o f  

s t i l t e n e  i s  s t r o n g  e v id e n c e  f o r  m i g r a t i o n ,  s i n c e  i t  

c o u ld  n o t  have  b e e n  form ed from  d ib e n z y l  a n i l i n e  d i r e c t l y .

PhCHo •HPh v Ph .C H .M Ph , PhCH + HH^Ph2 ,  > ,  ► „ 2
CH2Ph CHgPh CHPh

P h is  c a n n o t  be  c o n s id e r e d  c o n c l u s i v e ,  h o w ev er ,  i n  v iew  

o f  t h e  d r a s t i c  c o n d i t i o n s  o f  t h e  e x p e r im e n t .

D ib e n zy lm e th y la m in e ,  on t h e  o t h e r  h an d , on r e -  

f l u x i n g  w i th  m e t a l l i c  p o ta s s iu m  (3 00°)  a p p a r e n t l y  u n d e r ­

went f i s s i o n  e x c l u s i v e l y ,  y i e l d i n g  t o lu e n e  and b e n z a l -  

m e th y lam in e :  no e v id e n c e  o f  r e a r r a n g e m e n t  was d e t e c t e d .

PhCHg .UMe  y PhCH .M e  _____' PhCH = M e  + CH£Ph

CE£Ph CH£Ph

S e v e ra l  o t h e r  am ines o f  v a ry in g  ty p e  w ere  s u b j e c t e d  t o  

t r e a tm e n t  w i th  v a r i o u s  r e a g e n t s  (so d am id e , sodium 

a lk o x id e s ,  a l k a l i  m e ta l s ,  m e ta l  a l k y l s  and a r y l s ,  e t c . ;  

b u t  i n d e f i n i t e  o r  n e g a t iv e  r e s u l t s ,  f r e q u e n t l y  mere 

p y r o l y t i c  d e c o m p o s i t io n ,  were a c h ie v e d .  fh e  r e s u l t s  

o b ta in e d  a r e  sum m arised i n  f a b l e  I ,  p . 1 0 .



TABLE I .

l e r t i a r y  amine t r e a tm e n t P r o d u c t s

PhCO.CHg.HPh
CH£Ph

EOH a t  130° PhCO.CH.HHPh
1
GHgPh

PhGHg .HPh

CH£Ph

Haiffig a t  250-270° PhGH = CHPh,

PhHH , PhCH„,Ph.0H0
2 <D

PhCHo .M e  
* I 

CHgPh
E a t  300° PhCH -  MMs, 

PhOHg. Ph.CHO

Ph2CH .M e

OHgPh

MaHHg a t  250° PhgC = MMa,(? )

PhCH,, PhgCHp, Ph-CHO

PhCHg.HPhg HaEHg a t  400° PhgCO ( ? ) ,  PhgGHg(?)

PhCH —  HPh
i i
CM CHgEh

KgCOg a t  260° PhCHg.COPh ( ? )

C6H4n  (14) 
1 v CH.EPh
c fiH; |

CHgPh

HaOEt a t  200° anehang ed

HaHH2 a t  200° PhCH3 , d i f l u o r y l

UaOH a t  300°

MeLi a t  240°
P h l i  a t  110°
K b o i l i n g  d e o a l i n

f l a o r e n o n e  ( ? )  
•PhOHg, PhBH.OHgPh

t a r

PhCH .H.OOPh 
CHgPh 

PhCHg .HPh .COPh
1

Ha a t  180-200°
PhOH2 .HH.COPh 

Ph.MH .COPh



11.

T ab le  I  (O o n td .)

T e r t i a r y  amine T rea tm en t P ro d u c t s

G6H , \  (14) 
1 /CH. M e
°6h 4 oh2Ph

P h l i  a t  210° amorphous p r o d u o t s

HaQH a t  300° d i f l u o r y l

? * * > - OHoPh v a r i o u s  r e a g e n t s o a r h a z o le

i



PI SOU SSI Off ♦

By a n a lo g y  w i th  th e  r e a r r a n g e m e n t  o f  q u a t e r n a r y  

ammonium s a l t s ,  t h e  compounds m ost l i a b l e  to  e x h i b i t  

r a d i c a l  m i g r a t i o n  would b e  am ines o f  t h e  ty p e  p h e n a c y l-c A -  

p h e n e t h y l a n i l i n e ,  p h e n ao y l  a l l y l a n i l i n e ,  p h e n a o y l -  

b e n z h y d r y l a n i l i n e ,  and t h e  c o r r e s p o n d in g  9 - f l a o r y l  com­

p o u n d s . Samples o f  t h e s e  w ere  a c c o r d i n g l y  p r e p a r e d  and 

s u b j e c t e d  to  s t r o n g  a l k a l i n e  t r e a t m e n t .  As a  p r e l i m i n a r y ,  

ho w ever, a  more th o ro u g h  e x a m in a t io n  was made o f  t h e  one 

"n o rm a l” r e a r r a n g e m e n t  a c h ie v e d  b y  D r .  S t e v e n s .

P henacy lb  e n z y l  a n i l i n e .

Ph.CO.CH^.IPh v Ph.CO.CH.M Ph2 |  ► I
OHgPh CHa Ph

The maximum y i e l d  o f  r e a r r a n g e m e n t  p r o d u c t  was

o b ta in e d  b y  f u s i o n  w i th  m o is t  p o ta s s iu m  h y d ro x id e  a t

160° f o r  two h o u r s ,  ab o u t 30$ o f  p u re  o ( - a n i l in o - 1 3  -

p h e n y lp ro p io p h e n o n e  b e in g  o b t a i n e d .  P h is  compound fo rm s

an  i n s o l u b l e  h y d r o c h lo r id e  w i th  50$ h y d r o c h l o r i c  a c i d ,

and i s  y e l lo w  l i k e  t h e  s t a r t i n g  compound, b u t  m e l t s  4 °

lo w e r .  Below 1 2 5° , th e  t e r t i a r y  amine was u n a l t e r e d  b y

t h i s  t r e a t m e n t ,  w h i le  a t  h i g h e r  t e m p e r a tu r e s  o r  w i th

p ro lo n g e d  h e a t i n g ,  d e a m in a t io n  o c c u r r e d ,  w i t h  t h e  

f o r m a t io n  o f  p - p h e n y lp ro p io p h e n o n e . S in c e  t h e  l a t t e r



c a n  o n ly  have  b e e n  form ed from  t h e  r e a r r a n g e m e n t  p r o d u c t ,  

i t s  i s o l a t i o n  c o n s t i t u t e s  a  f u r t h e r  p r o o f  o f  t h e  m ig r a ­

t i o n .

H u n t r e s s  and S e i k e l  em ployed pow dered  p o ta s s iu m

h y d r o x id e  i n  r e f l u x i n g  d ip h e n y l  e t h e r  f o r  t h e  a l k a l i n e
(17)

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

was a p p l i e d  to  t h e  p r e s e n t  r e a c t i o n ,  x y le n e  ( b . p .  140°) 

b e in g  c h o se n  from  te m p e r a tu r e  c o n s i d e r a t i o n s .  R e f lu x in g  

w i th  pow dered  p o t a s h  i n  t h i s  s o l v e n t  was fo u n d  to  be  

w i th o u t  e f f e c t ,  how ever, and i n  an a t t e m p t  to  o b t a i n  a  

homogeneous r e a c t i o n  m ix t u r e ,  t h e  amine was t r e a t e d  w i th  

sodium  am y lox ide  i n  b o i l i n g  amyl a l c o h o l  (1 3 5 °)  f o r  

v a r y in g  l e n g t h s  o f  t im e .  The p r o d u c t s  w ere  a l l  o i l y ,  

o n ly  b e n z y l a n i l i n e  b e in g  i d e n t i f i e d ,  w hioh  i n d i c a t e s  d e ­

c o m p o s i t io n  r a t h e r  th a n  r e a r r a n g e m e n t .  S in c e  t h i s  

r e s u l t  may have  b een  due to  too  h ig h  a  r e a c t i o n  te m p e ra ­

t u r e ,  t h e  e x p e r im e n t  was r e p e a t e d  u s in g  sodium  m e th o x id e  

i n  m e th a n o l  ( 6 5 ° ) .  T h is  a g a in  gave b e n z y l a n i l i n e ,  and 

a  30$ y i e l d  o f  a  c o l o u r l e s s  c r y s t a l l i n e  compound, m .p .  1 1 2 ° 

w i t h  t h e  a n a l y s i s  C, 7 9 .9 1 $ ;  E, 5 .2 7 $ ;  2ff, 5 .2 1 $ .

C2 ;jH1 7 02U r e q u i r e s  C, 7 9 .9 8 $ ;  H, 5 .4 3 $ ;  JJ, 4 .4 4 $ ,  and

a  i n c e  t h e  o r i g i n a l  amine h a s  t h e  fo rm u la  Co_H .Q0H, t h i s21 19
w ould c o r re s p o n d  t o  t h e  re p la c e m e n t  o f  GH2 b y  GO, a  m ost 

u n u su a l  o x i d a t i o n  u n d e r  t h e s e  r e a c t i o n  c o n d i t i o n s .



T h is  compound, i n  s p i t e  o f  i t s  n i t r o g e n  atom , h a d  p r a c t i ­

c a l l y  no b a s i c  p r o p e r t i e s ,  and  was n o t  e x t r a c t e d  from  

l i g r o i n  b y  50$ h y d r o c h l o r i c  a c i d ;  a  f a c t  w hich  i n d i c a t e s  

an a c id  amide r a t h e r  t h a n  an  am ine . T h is  i s  s u p p o r te d  

b y  th e  ab sen ce  o f  c o l o u r ,  s i n c e  t h e  o n ly  o t h e r  c o l o u r l e s s  

p h e n a c y l  amine e n c o u n te re d  so f a r  i s  p h e n a c y lb e n z y lb e n z -  

am ide, a l s o  an  a c id  ainide ( s e e ,  ho w ev er ,  A ppend ix , p .  5 5 ) .  

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

b e n z a n i l i d e  (Ph.CO.CHg.EPh.COPh), w h ich , h o w ev er ,  h a s  a  

m e l t i n g  p o i n t  o f  1 4 4 ° .  The i d e n t i t y  o f  t h i s  compound 

i s  s t i l l  unknown.

The e x p e r im e n ts  w i th  p h e n a o y l b e n z y la n i l i n e  a r e  

sum m arised i n  T ab le  I I ,  p . 1 5 .

I n  v iew  o f t h e s e  r e s u l t s ,  i t  was d e c id e d  t o  

employ p o ta s h  f u s i o n  w i th  t h e  o t h e r  am ines to  b e  exam ined , 

a t  l e a s t  i n  t h e  p r e l i m i n a r y  r u n s .  The f o l lo w in g  s e r i e s  

o f  e x p e r im e n ts  was d e s ig n e d  t o  a s s e s s  t h e  e f f e c t  o f  r e ­

p l a c i n g  t h e  m ig r a t i n g  b e n z y l  r a d i c a l  b y  one o f  t h e  more 

"mobile** g r o u p s .



TABLE I I .

E x p e r im e n ts  w i th  p h e n a o y lb e n z y l  a n i l i n e .

T rea tm en t R e s u l t

KOS a t  125° f o r  
l-J- h o a r s

unohanged

EQH a t  130° f o r  
2 h o u r s

10$  re a r r a n g e m e n t  p ro d u o t  
t r a c e s  |3 -p h e n y lp ro p io p h e n o n

KOH a t  160° f o r  
2 h o u r s

30$ r e a r r a n g e m e n t  p ro d u o t  
5$ o f  k e to n e

EQH a t  175-185° 
f o r  3 h o u rs

10$  o f  k e to n e

KOH i n  x y le n e unchanged

HAOAm i n  AmOH f o r  
15 m in . ,  1 h o u r

b e n z y l a n i l i n e

HaOMe i n  Me OH f o r  
2 h o u r s

b e n z y l a n i l i n e  
1 1 2° compound



P h e n a c y l -  0 ( - p h e n e th y l  a n i l i n e .

Ph.CO.CHo.UPh v Ph.CO.CH.M Ph2 1 |
CHPh.GHg GHPh-GHg

E lis io n  w i th  p o ta s s iu m  h y d r o x id e  a t  145 -1 5 5 °  f o r  

two h o u r s ,  o r  1 2 0 ° f o r  f i f t e e n  m in u te s ,  y i e l d e d  some 

h e n z o io  a c id ,  0 ( - p h e n e t h y l a n i l i n e , and v a r i o u s  o i l y  and 

t a r r y  m a t e r i a l s ,  i n d i c a t i n g  d e p h e n a c y la t io n  o f  t h e  u n r e ­

a r r a n g e d  am ine. A r e p e a t  e x p e r im e n t  was o a r r i e d  o u t  i n  

w h ich  a i r  was e x c lu d e d  by  4 0 -60°  p e tro le u m  e t h e r ,  and 

h e a t i n g  o a r r i e d  o u t  a t  100° f o r  f o u r  h o u r s .  T h is  g av e , 

i n  a d d i t i o n  to  t h e  above compounds, abou t 10$  o f  t h e  

w e ig h t  o f  s t a r t i n g  m a t e r i a l  o f  a  g re e n  b a s i c  compound,

m .p .  1 1 8 -1 2 0 ° ,  and 20$ o f  b u f f  c r y s t a l s ,  m .p .  1 4 0 ° .  The

fo rm e r  d e p re s s e d  t h e  m e l t i n g  p o i n t  o f  th e  t e r t i a r y  amine 

(127°)  and had t h e  c o r r e c t  a n a l y s i s  f o r  th e  "no rm al"  

r e a r r a n g e m e n t  p r o d u c t .  Pound: G, 8 4 .0 4 $ ;  H, 6 .3 7 $ ;

H, 4 .5 3 $ .  G22Hb i 03J r e q u i r e s  0 ,  8 3 .7 5 $ ;  H, 6 .7 1 $ ;

U, 4 .4 4 $ .  I n  a d d i t i o n ,  i t  form ed an i n s o l u b l e  h y d r o ­

c h l o r i d e ,  m e l te d  ab o u t  6 ° be low  t h e  u n re a r r a n g e d  am ine, 

and had  th e  same y e l lo w -g r e e n  c o lo u r ;  a l l  o f  w hich  p r o ­

p e r t i e s  w ere  t o  be e x p e c te d  by  a n a lo g y  w i th  t h e  r e a r r a n g e ­

ment p ro d u c t  o f  p h e n a c y l b e n z y l a n i l i n e .

An a t t e m p t  was t h e r e f o r e  made to  s y n t h e s i s e  t h e  

e x p e c te d  compound b y  an  in d e p e n d e n t  r o u t e ,  nam ely , t h e



i n t e r a c t i o n  o f  (X-bromo- p  -p h e n y lb u iy ro p h e n o n e  and
(1 8 ,1 9 )

a n i l i n e  i n  th e  p r e s e n c e  o f  sodium  b i c a r b o n a t e  

(See  A ppendix , p .  5 5 ) .

M C O a
Ph .CO.GHBr + PhUH0  ^  Ph.CO.CH.M Ph

I 2 I
CHPh.CH CHPh.CH*3 ^

Phe m ain  p r o d u c t  o f  t h i s  r e a c t i o n  was a  c o l o u r l e s s

s o l i d ,  m .p . 1 2 2 ° ,  w hich  a p p e a re d  t o  be  an i s o m e r ic  form

o f  th e  b ro m o k e to n e , p o s s i b l y  p rodu ced  by  some form  o f
( c f . 2 0 )

k e t o - e n o l  change , b u t  i n  a d d i t i o n ,  a  s m a l l  amount

o f  a  g re e n  b a s i c  s u b s ta n c e ,  m .p .  1 2 1 ° ,  was o b t a i n e d ,  w h ich

d i d  n o t  d e p re s s  t h e  m e l t in g  p o i n t  o f  t h e  " r e a r r a n g e m e n t

p ro d u c t"  d e s c r i b e d  a b o v e .  P h e re  was i n s u f f i c i e n t  o f  th e

" s y n t h e t i c ” m a t e r i a l  f o r  an a n a l y s i s ,  b u t  b o th  compounds

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

have s i m i l a r  g e n e r a l  c h a r a c t e r i s t i c s .  P u r t h e r  c o m p a r iso n

was im p o s s i b l e ,  how ever, due to  t h e  s m a l l  q u a n t i t i e s

i n v o lv e d .  S in c e  b o t h  t h e  brom oketone  and t h e  d e s i r e d

se c o n d a ry  amine c o n ta in  two asym m etric  c a rb o n  a to m s, t h e

s i t u a t i o n  may be  f u r t h e r  c o m p l ic a te d  by t h e  e x i s t e n c e  o f  
a . ^ ^ ( o f . 2 0 )d i a s t e r e o m e n c  fo rm s , and in d e e d ,  a  c o n s i d e r a b l e

q u a n t i t y  o f  a  g r e e n  o i l y  b a s e  was o b t a i n e d  a lo n g  w i th  

th e  " s y n t h e t i c "  r e a r ra n g e m e n t  p ro d u c t  ( s e e  a l s o  A ppendix 

p« 55 ) •  P u r t h e r  work on t h i s  a s p e c t  o f  t h e  p ro b lem  i s  

n e c e s s a r y ,  how ever.



The b u f f  compound, m.p* 1 4 0 ° ,  was n o t  i d e n t i f i e d .  

I t  b la c k e n e d  on b o i l i n g  i n  p e t ro le u m  e t h e r ,  and w ould  n o t  

c r y s t a l l i s e  s a t i s f a c t o r i l y ,  so t h a t  an a n a l y s i s  o o u ld  n o t  

be  o b t a i n e d .  I n  t b i s  l a s t  r a n ,  20$  o f  t h e  s t a r t i n g  

m a t e r i a l  was r e c o v e r e d  unchanged .

P h e n a o y l a l l y l a n i l i n e .

Ph.CO.CH .EPh v Ph.CO.CH.UHPh
2 {  I

°3H5

P u s io n  w i th  p o t a s h  a t  1 30 -16 0°  f o r  one h o u r  

c au se d  e x te n s iv e  t a r r i n g ,  w h ich  was a g g ra v a te d  by t r e a t ­

ment w i th  a c id  d u r in g  t h e  w o rk in g -u p ,  m aking i n v e s t i g a t i o n  

im p o s s i b l e .  To o b v i a t e  t h i s  d i f f i c u l t y ,  t h e  n e x t  two 

r u n s ,  a t  100° and 150° r e s p e c t i v e l y ,  w ere  o a r r i e d  o u t  i n  

an  a tm osp here  o f  p e tro le u m  e t h e r ,  and th e  t im e  o f  h e a t i n g  

s h o r t e n e d  to  30 m in u te s .  I n  a d d i t i o n ,  t h e  o r g a n ic  p o r t i o n  

o f  t h e  m e l t  was q u i c k ly  s e p a r a t e d  and h y d ro g e n a te d  i n  

e th a n o l ,  i n  t h e  p re s e n o e  o f  p a l la d iu m  b l a c k ,  when th e  

t h e o r e t i c a l  amount o f  h y d ro g en  f o r  c o m p le te  s a t u r a t i o n  o f  

th e  a l l y l  g roup was a b s o rb e d .

The h y d ro g e n a te d  m ix tu r e  y i e l d e d ,  i n  a d d i t i o n  to  

p h e n a c y lp r o p y l a n i l in e  m .p . 96° ( c o r r e s p o n d in g  to  u n r e ­

a r ra n g e d  s t a r t i n g  m a t e r i a l )  , a  s m a l l  amount o f  a  y e l lo w  

o i l y  b a s e ,  v e ry  s i m i l a r  i n  a p p e a ra n c e  ( c o l o u r ,  v i s c o s i t y ,



o d o u r ,  e t o . )  to  s y n t h e t i c  ( X - a n i l in o  V a le ro  phenone , p r e ­

p a re d  from  (X -brom ovalero  phenone and a n i l i n e  ( s e e  p .  48 j . 

B o th  gave a  w h i te  i n s o l u b l e  h y d r o c h l o r i d e  on s h a k in g  a 

p e t ro le u m  e t h e r  s o l u t i o n  o f  t h e  b a s e  w i t h  50$ h y d r o c h l o r i c  

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

c o n d i t i o n s ,  fo rm in g  a  y e l lo w  s o l u t i o n .  The s y n t h e t i o  

m a t e r i a l ,  how ever, was r e a d i l y  c o n v e r t e d  to  a  b e n z o y l  

d e r i v a t i v e  b y  h e a t i n g  w i th  b e n z o y l  c h l o r i d e  i n  p y r i d i n e ,  

w h i l e  t h e  compound o b t a in e d  from  t h e  p o ta s h  f u s i o n  

a p p e a re d  t o  be unchanged  b y  t h i s  t r e a t m e n t .  ITo s a t i s ­

f a c t o r y  e x p la n a t i o n  f o r  t h i s  h a s  y e t  b e e n  fo u n d .
oThe n e u t r a l  p a r t  o f  t h e  m e l t  from  t h e  150 r u n  

y i e l d e d ,  on s t e a m - d i s t i l l a t i o n ,  an  o i l y  compound s m e l l i n g  

s t r o n g l y  o f  v a le ro p h e n o n e ,  w hich  would c o r r e s p o n d  to  

deam in a ted  r e a r ra n g e m e n t  p r o d u c t .  T rea tm en t  w i th  

2 i 4 - d in i t r o p h e n y l h y d r a z i n e  y i e l d e d  an o ra n g e  s u b s ta n o e ,  

m .p .  2 4 3 -2 4 5 ° ,  w h ich  a p p e a re d  t o  be t h e  h y d ra z o n e  o f  

a o e to p h e n o n e . T h is  c a n n o t  be  c o n s id e r e d  c o n c l u s i v e ,  

how ever, s i n c e  a  l a r g e  p r o p o r t i o n  o f  ao e to p h en o n e  was 

o e r t a i n  t o  be p r e s e n t ,  and s e p a r a t i o n  was d i f f i c u l t  on  

th e  s m a l l  so a l e  em ployed.

I n  t h e  100° r u n ,  ab o u t 60$ o f  th e  t e r t i a r y  amine 

rem ained  unchanged , w h i le  a t  t h e  h i g h e r  t e m p e r a tu r e ,  t h e



t h e  f i g u r e  was o n ly  10$ ,  and a  much l a r g e r  p r o p o r t i o n  o f  

t a r r y  m a t e r i a l  was formed* The y e l lo w  o i l y  b a s e  

d e s c r i b e d  above c o n s t i t u t e d  a b o u t  10$ o f  th e  o rg a n io  

m a t e r i a l  i n  b o th  c a s e s .

P h e n a o y lb e n z h y d r y la n i l in e  ■

Ph.CO.CHo.UPh v P h .C O .C H ,»H Ih2 ,  > |
GHPhg OHPhg

T h is  amine y i e l d e d  no i d e n t i f i a b l e  f r a g m e n ts  on 

h e a t in g  w i th  p o ta s h  a t  1 0 0 ° f o r  two. h o u rs  i n  an  i n e r t  

a tm o sp h e re .  The o n ly  p u re  s u b s ta n c e  i s o l a t e d  was a  

y e l lo w  o r y s t a l l i n e  s o l i d ,  m.p* 225° , i n  i n s u f f i c i e n t  

q u a n t i t y  f o r  an a n a l y s i s .

Phenaoyl d ip h e n y l  a m in e .

Ph.CO.CHg.BPhg -----------> Ph.GO.CHPh.MPh

As i n  t h e  p r e v io u s  c a s e ,  d e c o m p o s i t io n  was v e ry  

e x t e n s i v e ,  p o ta s h  f u s i o n  a t  100° and 140° g i v in g  r i s e  to  

l a r g e  q u a n t i t i e s  o f  h i g h l y  c o lo u r e d  t a r .  A q u a n t i t y  o f  

d ip h en y lam in e  was i s o l a t e d ,  b u t  no d e s y l a n i l i n e ,  t h e

e ip e c t e d  p r o d u c t ,  a g a in  i n d i c a t i n g  de p h enaoy l a t  i o n  r a t h e r

t h a n  r e a r r a n g e m e n t .

S in c e  t h e  phenaoy l r a d i c a l  a p p e a re d  to  be  s e n ­

s i t i v e  t o  th e  r e a c t i o n  c o n d i t i o n s  em ployed, i t  seemed o f  

i n t e r e s t  to  i n v e s t i g a t e  t h e  e f f e c t  o f  r e p l a c i n g  i t  by



f l u o r y l  g ro u p .  

f f lu o ry lb e n z y l  a n i l i n e .

,0  GH.UPh v I ^ o rI /  v u  • isxr u. v i ✓w v

' a 7  4 ^ '  * v * x s « v »

As h as  a l r e a d y  b e e n  n o t e d  i n  T ab le  I ,  P«10,

p r e v io u s  e x p e r im e n ts  w i tb  t b i s  amine u n d e r  a  v a r i e t y  o f  
(14)

c o n d i t i o n s  b ad  y i e l d e d  t o lu e n e ,  b e n z y l  a n i l i n e ,  d i -  

f l u o r y l  and p o s s ib l y  f lu o r e n o n e ,  wbiob l a s t  m igb t i n d i c a t e  

t b a t  i n  t b i s  compound, r e a r r a n g e m e n t  bad  g iv e n  p l a c e  to  

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

I n  t b e  p r e s e n t  i n v e s t i g a t i o n ,  f u s i o n  w i t b  p o ta s s iu m  

h y d ro x id e  a t  150° and 200° gave  b e n z y l  a n i l i n e ,  f l u o r e n o n e ,  

an u n i d e n t i f i e d  a c id ,  m .p .  9 1 ° ,  and a  l a r g e  amount o f  t a r ,  

a s  w e l l  a s  some unchanged s t a r t i n g  m a t e r i a l .  When t b e  

r e a c t i o n  was r e p e a t e d  i n  an a tm osphere  o f  n i t r o g e n ,  m ost 

o f  t b e  t e r t i a r y  amine was r e c o v e r e d ,  w hich  w ould  a p p e a r  

to  i n d i c a t e  t b a t  t b e  f lu o re n o n e  i n  t b e  e a r l i e r  e x p e r im e n ts  

b a d  b een  form ed by a tm o sp h e r ic  o x i d a t i o n  o f  s t a r t i n g  

m a t e r i a l ,  r a t h e r  th a n  from  i n t e r m e d i a t e l y  fo rm ed a n i l .

More d r a s t i c  c o n d i t i o n s  a r e  o b v io u s ly  r e q u i r e d  w i t b  t b i s  

compound. I t  i s  i n t e r e s t i n g ,  how ever, t o  n o t e  tb e  

f a i l u r e  to  s y n t h e s i s e  tb e  e x p e c te d  r e a r r a n g e m e n t  p ro d u c t



9 - b e n z y l - 9 - a n i l i n o f l u o r e n e  ( s e e  p .  4 8 ) .  I f  t h i s  i s  due 

to  s t e r i c  h i n d r a n c e ,  t h e n  i t  i s  u n l i k e l y  t h a t  t h e  same 

oompound would be form ed by  r e a r r a n g e m e n t  o f  f l u o r y l -  

b e n z y l  a n i l i n e .

The u n i d e n t i f i e d  a c id  r e f e r r e d  to  above was 

o b ta in e d  i n  b u f f - c o l o u r e d  n e e d le s  m e l t in g  s h a r p l y  a t  9 1 ° ,

§nd h a v in g  th e  a n a l y s i s  C, 7 9 .8 7 $ ;  H, 4 .4 2 $ ;  0, 1 5 .7 1

(by  d i f f . ) .  There was no n i t r o g e n  p r e s e n t .  JP luorene- - 

9 - c a r b o x y l io  a c id ,  ^ 14^ 10^2  r e .̂a ^r e s  7 9 .9 8 $ ;  H, 4 .7 9 $ ;  

0, 1 5 .2 2 $ ,  b u t  h a s  a  m e l t i n g  p o in t  o f  225° . P o ta s h

f u s i o n  o f  f lu o r e n o n e  a t  1 8 0 -2 0 0 ° ,  e i t h e r  a lo n e ^ 2^V o r  i n  

an i n e r t  s o lv e n t  such  as  d ip h e n y l  e t h e r ^ 1 *^ i s  r e p o r t e d  

to  g iv e  o -p h e n y lb e n z o io  a c i d ,  Gi 3 Si o 02 ’ k&s a  m o l t in g

p o in t  o f  1 1 0 -1 1 1 ° ,  and th e  a n a l y s i s  0 ,  7 8 .7 7 $ ;  H, 5 .0 9 $ ;

0, 1 6 .1 5 $ .  The b u f f  a c i d  a p p ea re d  t o  be q u i t e  p u r e ,  

how ever, and t h i s  p o s s i b i l i t y  i s  l a r g e l y  d i s c o u n te d .

°13H8°2  recla i r e s  °» 7 9 .5 8 $ ;  H, 4 .1 1 $ ;  0 , 1 6 .3 1 $ ,  b u t

t h i s  d o es  n o t  s u g g e s t  any l i k e l y  oompound.

I n  an a t te m p t  t o  a s s e s s  t h e  e f f e c t  o f  a  change  

i n  t h e  n o n - p a r t i c i p a t i n g  r a d i c a l ,  some e x p e r im e n ts  w ere  

c a r r i e d  o u t  i n  w hich  t h e  ph en y l g roup  i n  p h e n a c y l-  

b e n z y l a n i l i n e  had  b e e n  r e p l a c e d  b y  b e n z o y l .  The l a t t e r ,  

due to  t h e  p re s e n c e  o f  t h e  c a rb o n y l  g ro u p ,  c a n  be  c l a s s e d  

a s  e l e c t r o n - a t t r a c t i n g ,  w hich  sh o u ld  t e n d  to  i n o r e a s e  t h e



a c i d i t y  o f  th e  p h e n a c y l  m etl iy len e  g ro u p , and to  weaken 

s l i g h t l y  th e  hond  be tw een  t h e  n i t r o g e n  atom and th e  

b e n z y l  group*  b o th  o f  whioh e f f e c t s  s h o u ld  f a c i l i t a t e  

r a d i c a l  m i g r a t i o n .  Under th e  s t r o n g  a l k a l i n e  c o n d i t i o n s  

employed, th e  b e n z o y l  g roup  would a lm o s t  c e r t a i n l y  be  

s p l i t  o f f ,  b u t  i t  was hoped t h a t  m i g r a t i o n  would b e  

s u f f i c i e n t l y  r a p i d  a s  t o  ooour b e f o r e  d e b e n z o y la t io n *

Phenaoy lb  enzy lb  enz ami de .

m e re ly  gave 85$ unchanged s t a r t i n g  oompound, and a 

s m a l l  amount o f  b e n z o ic  a c i d .  At 150° and 1 7 5 ° ,  t h e  

t h e o r e t i c a l  amount o f  b e n z o ic  a c i d  c o r r e s p o n d in g  t o  com­

p l e t e  d e b e n z o y la t io n  was i s o l a t e d .  I t  i s  u n l i k e l y  t h a t  

th e  sy m m etr ica l  oompound ( I I I )  r e s u l t i n g  from  m i g r a t i o n  

o f  t h e  b e n z o y l  r a d i c a l  would  y i e l d  e x a c t l y  one e q u i v a l e n t  

o f  b e n zo ic  a c id  a t  b o th  t e m p e r a tu r e s ,  so t h a t  t h i s  mode 

o f  r e a c t i o n  i s  p r e c lu d e d .

Ph .C O .C ra.I .C O Ph 
2 |

t CHgPh

Ph.GO.CH.M.COPh 
■> )

Ph .C 0.CH .M .CH oPh Ph.GO.CH .HHg

GOPh IV CH„Ph£

P o ta s h  f u s i o n  a t  100° i n  an i n e r t  a tm osphere



2 4 .

D e b e n z o y la t io n  o f  th e  "n o rm a l” r e a r r a n g e m e n t  

p ro d u c t  ( I I )  would  y i e l d  (X-amino- |3 -p h e n y lp ro p io p h e n o n e  

(IV ) w hich  sh o u ld  undergo  h y d r o g e n o ly s i s  on t r e a tm e n t  

w i th  z in c  and s u l p h u r i c  a c i d  to  p - p h e n y lp r o p io p h e n o n e .

A s p a r i n g l y  s o l u b l e  h y d r o c h lo r id e  was i s o l a t e d  from  th e  

m e l t ,  from  w hich  th e  f r e e  b a s e  was o b ta in e d  a s  a  brown 

gum. T rea tm en t w i th  z in c  and d i l u t e  s u l p h u r i c  a c i d  

fo l lo w e d  by  s t e a m - d i s t i l l a t i o n  o r  b en zen e  e x t r a c t i o n  

y i e l d e d  an o i l  w i th  t h e  e s t e r - l i k e  s m e l l  o f  |3 - p h e n y l ­

p ro p io p h e n o n e .  I t  r e f u s e d  to  s o l i d i f y ,  how ever, and 

f a i l e d  to  g iv e  a d e r i v a t i v e  w i th  s e m ic a r b a z id e .

The a t te m p te d  r e a r r a n g e m e n ts  a r e  sum m arised  i n  

T ab le  I I I ,  p .  2 5 .  The r e s u l t s  o b t a in e d  c o n f i rm  t h e  

p r e d i c t i o n s  made on t h e o r e t i c a l  g roun ds  a s  t o  t h e  e x ­

p e c te d  r e l u c t a n c e  o f  t e r t i a r y  am ines to  e x h i b i t  

r a d i c a l  m i g r a t i o n .  There seems l i t t l ®  d o u b t ,  how ever, 

t h a t  a  c l o s e r  s tu d y  o f  th e  n e c e s s a r y  e x p e r im e n ta l  c o n ­

d i t i o n s  would p rove  t h i s  r e a c t i o n ,  w i t h i n  l i m i t s ,  t o  be  

o f  f a i r l y  g e n e r a l  a p p l i c a t i o n .
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EXPERIMENTAL.

A l l  m e l t i n g  p o i n t s  a re  u n c o r r e o t e d .

The g e n e r a l  m ethod o f  c a r r y i n g  o u t  a t t e m p te d  r e ­

a rra n g e m e n ts  was a s  f o l l o w s • The pow dered t e r t i a r y

amine was i n t i m a t e l y  m ixed i n  a  6 x  1,! p y r e x  tu b e  w i th  a  

l a r g e  e x o ess  o f  p o ta s s iu m  h y d ro x id e  whioh h a d  b e e n  f i n e l y  

g round  i n  an  open m o rta r*  The s m e l l  o f  o a rb y la m in e  was

u s u a l l y  im m e d ia te ly  n o t i c e a b l e ,  t h i s  b e in g  a  g e n e r a l  p r o -
( 23)p e r t y  o f  p h e n a o y l a n i l i n e s  . The tu b e  was h e a t e d  i n

a b a th  o f  heavy  p a r a f f i n ,  t h e  m e lt  b e in g  i n  m ost o a s e s  

s t i r r e d  w i th  a g l a s s  ro d  to  m a i n t a i n  a  u n ifo rm  t e m p e r a t u r e .  

Where an  i n e r t  a tm osphere  was r e q u i r e d ,  th e  tu b e  was 

c l o s e d  w i th  a  c o rk  s t o p p e r  f i t t e d  w i th  a  g l a s s  c a p i l l a r y ,  

and a  few m l. o f  30-40° p e tro le u m  e t h e r  added b e f o r e  

h e a t i n g ,  s t i r r i n g  b e in g  d i s p e n s e d  w i t h .

A f t e r  c o o l i n g ,  t h e  m e l t  was d i s s o l v e d  i n  w a te r  and 

60-80°  p e tro le u m  e t h e r ,  f i l t e r e d  from  any  t a r r y  m a t e r i a l  

p r e s e n t ,  and th e  two l a y e r s  s e p a r a t e d .  The aqueous 

s o l u t i o n  was a c i d i f i e d  and e x t r a c t e d  w i th  e t h e r  i n  o r d e r  

to  o b t a i n  any a c i d i c  compounds p r e s e n t .  The p e t ro le u m  

was e x t r a c t e d  w i th  d i l u t e  (5$) h y d r o c h lo r i c  a c i d  t o  

remove s t r o n g  b a s e s  such  a s  p r im a ry  and some se c o n d a ry  

am ines , th e n  w i th  50$ h y d r o c h lo r i c  a c i d  t o  remove t h e



w eaker  b a s e s .  T h is  f r e q u e n t l y  gave r i s e  to  an i n s o l u b l e  

h y d r o c h l o r i d e ,  w h ich  was removed b y  f i l t r a t i o n .  The 

p e tro le u m  e t h e r  s o l u t i o n  was t h e n  c a r e f u l l y  c o n c e n t r a t e d ,  

and t h e  r e s i d u e  s t e a m - d i s t i l l e d .  The f i r s t  r u n n in g s  o f  

th e  d i s t i l l a t e  w ere  e x t r a c t e d  w i th  p e n ta n e  and h e a t e d  

w i th  n i t r a t i n g  m ix tu r e  i n  an a t te m p t  to  d e t e c t  such  

h y d ro c a rb o n s  a s  t o l u e n e ,  w h i le  th e  m ain  p a r t  was exam ined 

f o r  o t h e r  n e u t r a l  p r o d u c t s ,  such  a s  k e t o n e s .  The r e s i d u e  

i n  t h e  d i s t i l l a t i o n  f l a s k  was t h e n  exam ined f o r  no n ­

v o l a t i l e  oompounds.

T h is  p ro c e d u re  c o u ld  be r e a d i l y  a d a p te d  to  th e  

i n v e s t i g a t i o n  o f  o t h e r  ty p e s  o f  r e a c t i o n  m ix t u r e s  a l s o ,  

and u n le s s  o th e rw is e  s t a t e d ,  was t h e  m ethod o f  e x a m in a t io n  

u sed  i n  a l l  th e  e x p e r im e n ts  d e s o r ib e d  i n  t h i s  s e c t i o n .

Many o f  t h e  d e t a i l s  w i l l  t h e r e f o r e  be o m i t t e d  i n  t h e  

f o l lo w in g  a c c o u n t ,  to  a v o id  n e e d le s s  r e p e t i t i o n ,  and  o n ly  

th o s e  f e a t u r e s  o f  e s p e c i a l  i n t e r e s t  w i l l  be  d e s o r i b e d .

P h e n a o y lb e n z y l a n i l i n e .

(1 ) 3 g .  amine was fu s e d  w i th  9 g .  p o ta s s iu m  h y d ro x id e

a t  130° f o r  2 h o u r s •

The p e tro le u m  e t h e r  s o l u t i o n ,  on  s h a k in g  w i t h  4N 

h y d r o c h lo r i c  a c i d ,  y i e l d e d  a  gummy, i n s o l u b l e  h y d ro -  

o h l o r i d e ,  th e  f r e e  b a s e  from w hich  c o u ld  be c r y s t a l l i s e d  

from m ethano l i n  l a r g e  y e l lo w  rhom bs, m .p .  104°



(0«2 g . ) .  T h is  m e l t i n g  p o i n t  was n o t  d e p r e s s e d  b y  a d m ix tu re  

w i th  a  s y n t h e t i c  sam ple  o f  < * - a n i l i n o - (3 -p h e n y lp ro p io p h e n o n e
/ l C  *1 Q  \

o b ta in e d  from D r. S te v e n s  *

Steam d i s t i l l a t i o n  o f  th e  n e u t r a l  p a r t  o f  t h e  p e t ro le u m  

e t h e r  e x t r a c t  gave a  few mgms. o f  c o l o u r l e s s  c r y s t a l s  m e l t i n g  

d i f f u s e l y  abou t 50°, which sm e lle d  o f  d i b e n z y l ,  b u t  d e p r e s s e d  

th e  m e l t in g  p o in t  o f  a  p u re  sam ple o f  t h e  l a t t e r  (m .p . 5 2 ° ) .

T h is  s u b s ta n c e  was n o t  i d e n t i f i e d  i n  t h i s  e x p e r im e n t .

( 2 ) .  3 g .  amine was f u s e d  w i th  10 g .  p o ta s h  a t  125° f o r  

h o u r s .  Uo re a r ra n g e m e n t  p r o d u c t  was d e t e c t e d ,  most o f  th e  

amine b e in g  re c o v e re d  unchanged .

( 3 ) .  The above was r e p e a t e d  a t  160° f o r  2 h o u r s .

The same t r e a tm e n t  y i e l d e d  0 .8  g .  o f  p u re  r e a r r a n g e m e n t  

p r o d u c t ,  w h i le  s t e a m - d i s t i l l a t i o n  y i e ld e d  th e  same s u b s ta n c e  a s  

b e f o r e .  T h is  c o u ld  be r e c r y s t a l l i s e d  from  e th a n o l  i n  c o l o u r ­

l e s s  sq u a re  p l a t e s ,  m .p . 7 1° , w hich  d id  n o t  d e p r e s s  t h e  m e l t in g  

p o in t  o f  an a u th e n t i c  sam ple o f  |3 -p h e n y lp r o p io p h e n o n e . T h is  

oompound form ed a  c r y s t a l l i n e  se m ic a rb a zo n e ,  m .p .  144° , e i t h e r  

a lo n e  o r  i n  ad m ix tu re  w i th  g en u in e  p  -p h e n y lp ro p io p h e n o n e  

se m ic a rb a zo n e .

( 4 ) .  R epea t experim en t a t  175-185° f o r  3 h o u r s .

% E x te n s iv e  c h a r r i n g  o c c u r r e d ,  and no r e a r ra n g e m e n t  p r o d u c t  

o r  s t a r t i n g  m a t e r i a l  c o u ld  be i s o l a t e d .  0 .2  g .  o f  {3 - p h e n y l ­

p rop iophenone  was o b ta in e d  from th e  n e u t r a l  s t e s m - d i s t i l l a t e ,  

how ever, p ro v in g  th e  i n t e r m e d i a t e  f o r m a t io n  o f  ( A - a n i l i n o - p  - 

p h en y lp ro p io p h en o n e .



( 5 ) .  1 g .  amine and 5 g .  powdered p o ta s s iu m  h y d ro x id e  were 

h e a te d  i n  r e f l u x i n g  x y le n e  f o r  l |  h o u r s .

T h is  ex p e r im e n t  y i e l d e d  no u s e f u l  r e s u l t ,  m ost o f  th e  

amine b e in g  re c o v e re d  unchanged , and t h i s  l i n e  o f  i n v e s t i g a t i o n  

was d i s c o n t i n u e d .

( 6 ) .  1 g .  amine was added to  a  s o l u t i o n  o f  0 .5  g .  sodium  i n  

m o is t  iso am y l a l c o h o l ,  and t h e  s o l u t i o n  r e f l u x e d  f o r  1 h o u r .

The y e l lo w  r e a c t i o n  m ix tu r e  t u r n e d  o ran g e  on o o o l in g ,  

and g re e n  on b e in g  a c i d i f i e d  w i th  h y d r o c h lo r i c  a c i d .  The amyl 

a lc o h o l  was removed by  s t e a m - d i s t i l l a t i o n ,  and t h e  a c i d  s o l u t i o n  

e x t r a c t e d  w i th  e t h e r  to  remove n e u t r a l  p r o d u c t s .  T h is  e x t r a c t  

y i e l d e d  o n ly  an u n i d e n t i f i e d  brown o i l .  The aqueous s o l u t i o n  

was th e n  b a s i f i e d  and a g a in  e x t r a c t e d .  The r e s i d u e  o b t a i n e d  

by  c o n c e n t r a t i o n  o f  t h i s  second  e x t r a c t  was a l s o  a  b ro w n ish  o i l ,  

w hich s lo w ly  s o l i d i f i e d .  A f t e r  r e o r y s t a l i i s a t i o n  from  e th a n o l ,  

t h i s  s o l i d  m e l ted  a t  37 ° , e i t h e r  a lo n e  o r  i n  a d m ix tu re  w i th  p u re  

b e n z y l a n i l i n e . B e n z o y la t io n  i n  p y r i d i n e  gave a  y e l lo w  d e r i v a ­

t i v e  w i th  a m e l t in g  p o i n t  o f  1 0 2 -10 3° , Y/hich was u n a l t e r e d  b y  

ad m ix tu re  w i th  b e n z o y l b e n z y l a n i l i n e .

( 7 ) .  The above was r e p e a t e d  u s in g  d ry  amyl a l c o h o l ,  and a  r e ­

f l u x  t im e  o f  15 m in u te s ,  b u t  no nev/ r e s u l t  was o b t a i n e d .

( 8 ) .  1 g .  amine was added to  a  s o l u t i o n  o f  1 g .  sodium  i n

m e th an o l ,  and th e  m ix tu re  r e f l u x e d  f o r  2 h o u r s .

On o o o l in g ,  th e  s o l u t i o n  s m e l le d  s t r o n g l y  o f  m e th y l  

b e n z o a te .  I t  was d i l u t e d  w i th  i t s  ov/n volume o f  w a te r ,

and e x t r a c t e d  w i th  60 -80°  p e tro le u m  e t h e r .  T h is



e x t r a o t ,  on  s t a k i n g  w i th  50$ h y d r o c h l o r i c  a c i d ,  d e p o s i t e d  

a  g r e e n i s h ,  s p a r i n g l y  s o l u b l e  h y d r o c h l o r i d e ,  m.p* 200- 

205° (d eo o m p .) .  The f r e e  b a s e  from  t h i s  s a l t  was 

i d e n t i f i e d  as  b e n z y l a n i l i n e  b y  i t s  m e l t i n g  p o i n t  and 

t h a t  o f  i t s  b e n z o y l  d e r i v a t i v e ,  b o t h  a lo n e  and i n  ad­

m ix tu r e  w i th  a u th e n t i c  s a m p le s .

The p e tro le a rn  e t h e r ,  a f t e r  t h e  above t r e a t m e n t  

w i th  a o id ,  s lo w ly  d e p o s i t e d  a  sp o n ta n e o a s  c ro p  o f  g r e e n i s h - 

w h i te  f e a t h e r y  sh e av e s  o f  n e e d l e s ,  w hich  c o a i d  be  r e -  

c r y s t a l l i s e d  from  e th a n o l  i n  w h i te  b a r r s ,  m .p .  112°

( 0 .3  g . ) .  Found: 0 , 7 9 .9 1 $ ;  H, 5 .2 7 $ ;  JJ, 5 ,2 1 $ .

T h is  s u b s ta n c e  h a s  n o t  b e en  i d e n t i f i e d  ( s e e  p .  13) .

Ho o t h e r  p a re  compounds w ere  i s o l a t e d .

P h e n a o y l -  CX- p h e n e t h y l a n i l i n e .

(9) 0 .3  g .  amine was f u s e d  w i th  3 g .  p o ta s h  a t  145-
o

155 f o r  2 h o u r s .

S u b s t a n t i a l  c h a r r in g  o c c u r r e d ,  m aking e x a m in a t io n  

d i f f i c u l t .  Aoid e x t r a c t i o n  o f  th e  p e tro le u m  s o l u t i o n  

gave o n ly  o (- p h e n e t h y l a n i l i n e ,  w h i le  t h e  aqueous s o l u t i o n ,  

on a c i d i f i c a t i o n ,  y i e l d e d  b e n z o ic  a c i d .  S t e a m - d i s t i l l a ­

t i o n  o f  t h e  n e u t r a l  r e s i d u e  y i e l d e d  no i d e n t i f i a b l e  

oompound.



(10) The above was r e p e a t e d  a t  120° f o r  15 m in u te s .

T raoes  o f  a  y e l lo w  c r y s t a l l i n e  s o l i d  w ere  o b t a i n e d

i n  th e  s t e a m - d i s t i l l a t e ,  b u t  o th e r w is e  no new r e s u l t  was 

o b t a i n e d .

(11) 0 .5  g .  amine was h e a t e d  w i th  5 g .  p o ta s h  a t  100° 

f o r  4 h o u rs  i n  an i n e r t  a tm o sp h e re .

The m e l t  was d i s s o l v e d  i n  w a te r  and p e t ro le u m  

e t h e r  as  u s u a l ,  a b o u t  0 .0 5  g .  o f  p u re  b e n z o ic  a c i d  b e in g  

o b ta in e d  from  t h e  aqueous p o r t i o n .  The p e t ro le u m ,  on 

sh a k in g  w i th  50$ h y d r o c h l o r i c  a c i d ,  gave a  r e d  i n s o l u b l e  

h y d r o c h lo r id e  and a  y e l lo w  a c i d  s o l u t i o n ;  t h e  l a t t e r  on 

b a s i f i c a t i o n  y i e l d i n g  ab ou t 0 .1  g .  o f  s t a r t i n g  m a t e r i a l .  

The h y d r o c h lo r id e  was decomposed w i th  sodium h y d ro x id e  

s o l u t i o n ,  th e  f r e e  b a s e  e x t r a c t e d  w i th  e t h e r ,  and th e  

s o lv e n t  d i s t i l l e d  o f f .  The r e s i d u e  was c r y s t a l l i s e d  i n  

f r a c t i o n s  from  p e tro le u m  e t h e r ,  t h e  f i r s t  f r a c t i o n  con ­

s i s t i n g  o f  y e l lo w -g re e n  c r y s t a l s ,  m .p .  1 1 8 -1 2 0 ° ,  w i th  th e  

a n a l y s i s  G, 8 4 .0 4 $ ;  H, 6 .3 7 $ ;  U, 4 .5 3 $ .  T h is  compound 

s u f f e r e d  a  d e p r e s s io n  i n  m e l t in g  p o i n t  i n  a d m ix tu re  w i th  

th e  s t a r t i n g  t e r t i a r y  amine (m .p . 127°) b u t  n o t  w i th  t h e  

s y n t h e t i c  ( X - a n i l i n o - p  -p h e n y lb u ty ro p h e n o n e ,  m .p . 121° 

r e p o r t e d  on p . 48 .

From th e  l a t e r  c r y s t a l  f r a c t i o n s  was o b ta in e d  a  

b u f f  c r y s t a l l i n e  s o l i d ,  m .p .  1 4 0 ° .  T h is  s u b s ta n c e



b la o k e n e d  on b o i l i n g  i n  p e t ro le u m  e t h e r ,  h o w ev er ,  and 

o o u ld  n o t  be  p u r i f i e d  f o r  a n a l y s i s .  Ho |3 - p h e n y lb u ty r o -  

phenone o o u ld  be  d e t e o t e d  i n  th e  s t e a m - d i s t i l l a t e .

P h e n a o y l a l l y l a n i l i n e .

(12) 0 .5  g .  amine was f u s e d  w i th  5 g .  p o ta s h  a t  130-

160° f o r  1 h o u r .

The m e l t  was t a r r y  and u n w o rk ab le ,  and t h e  s t a n d a r d  

p ro o ed u re  d e s o r ib e d  above was fo un d  to  be  i n e f f e c t i v e ,  

o n ly  t a r r y  and amorphous p r o d u c t s  b e in g  i s o l a t e d .  The 

b a s i c  p o r t i o n  sm e lle d  o f  a l l y l a n i l i n e , b u t  i t s  p r e s e n c e  

o o u ld  no t be  v e r i f i e d .

(13) 0*7 g .  amine was h e a t e d  w i th  5 g .  p o t a s h  a t  100°

f o r  30 m in u te s  i n  an  i n e r t  a tm o sp h e re .

T a r r in g  was much l e s s  p ronounced  t h a n  i n  t h e  p r e ­

v io u s  r u n .  The m e l t  was d i s s o l v e d  i n  w a te r  and  e t h e r ,  

th e  o rg a n ic  l a y e r  s e p a r a t e d ,  d r i e d  w i th  p o ta s s iu m  c a r ­

b o n a te ,  and th e  e t h e r  removed b y  d i s t i l l a t i o n .  The 

r e s i d u e  was q u ic k ly  d i s s o l v e d  i n  20 m l.  o f  a b s o l u t e  

e th a n o l ,  and h y d ro g e n a te d  i n  th e  p r e s e n c e  o f  p a l la d iu m  

b l a c k ,  when 60 m l .  o f  h y d ro g en  was a b so rb e d ;  w hich  i s  

a p p ro x im a te ly  c o r r e c t  f o r  com p le te  s a t u r a t i o n  o f  t h e  

a l l y l  g ro u p .  The a l c o h o l i c  s o l u t i o n  was f i l t e r e d  to



3 3 .

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

s o l v e n t ,  t h e  r e s i d u e  a g a in  d i s s o l v e d  i n  e t h e r ,  and  sh ak en  

w i th  o o n o e n t r a te d  h y d r o c h l o r i c  a c i d .  T h is  gave  a  y e l lo w  

a c i d  s o l u t i o n  w hich  was b a s i f i e d  and e x t r a c t e d  i n  t h e  

u s u a l  way to  y i e l d  0*4 g .  o f  p a le  y e l lo w  n e e d l e s ,  m.p* 

9 5 - 9 6 ° .  T h is  m e l t i n g  p o i n t  was u n a l t e r e d  by  a d m ix tu re  

w i th  p h e n a c y ip r o p y l a n i l in e  (m .p .  9 6 ° ) ,  o b t a in e d  b y  d i r e c t  

h y d ro g e n a t io n  o f  th e  s t a r t i n g  t e r t i a r y  am ine . The 

m o th e r  l i q u o r s  y i e l d e d  a  f u r t h e r  q u a n t i t y  o f  t h i s  oompound, 

o o n ta m in a te d  w i th  a  y e l lo w  o i l ,  v e ry  s i m i l a r  i n  a p p e a ra n c e  

t o  ( X - a n i l in o v a le r o p h e n o n e  ( s e e  p .  48 ) and t h e  l a s t  

f r a c t i o n s  were t h e r e f o r e  t r e a t e d  w i th  b e n z o y l  c h l o r i d e  i n  

p y r i d in e  on a  b o i l i n g  w a te r  b a t h .  The p ro d u c t  was d i s ­

s o lv e d  i n  e t h e r  and e x t r a c t e d  w i th  c o n c e n t r a t e d  h y d ro ­

c h l o r i c  a c id  to  remove p y r i d i n e  and p h e n a c y l p r o p y l a n i l i n e ,  

b u t  no I I -b e n z o y l-C X -a n i l in o v a le ro p h e n o n e  c o u ld  b e  d e t e c t e d  

i n  th e  rem a in in g  e t h e r  s o l u t i o n .

S t e a m - d i s t i l l a t i o n  o f  t h e  n e u t r a l  m a t e r i a l  y i e l d e d  

no i d e n t i f i a b l e  p r o d u c t .

(14) The above was r e p e a t e d  w i th  0 . 5  g .  amine a t  150° 

f o r  30 m in u te s ,  s l i g h t  t a r r i n g  b e in g  n o t i c e a b l e .

The h y d ro g e n a te d  p r o d u c t  was a g a in  d i s s o l v e d  i n  

e t h e r ,  and  th e  s o l u t i o n  shak en  w i th  c o n c e n t r a t e d



h y d r o o h lo r io  a o i d ,  g i v in g  a  r e d d i s h  a o id  s o l u t i o n ,  and 

0 .0 5  g .  o f  a  w h i te  i n s o l u b l e  h y d r o c h l o r i d e .  These w ere  

exam ined s e p a r a t e l y ,  th e  fo rm e r  y i e l d i n g  0 .0 5  g .  o f  

p h e n a c y lp r o p y l a n i l i n e ,  and th e  l a t t e r  t h e  same y e l lo w  

o i l y  b a s e  o b ta in e d  i n  th e  p r e v io u s  r u n .  S e v e r a l  a t t e m p t s  

were made to  b e n z o y l  a t e  t h i s  compound i n  p y r i d i n e ,  b u t  i n  

e v e ry  c a s e ,  t h e  o i l  was r e c o v e re d  unchanged , even  a f t e r  

p ro lo n g e d  t r e a t m e n t .

S t e a m - d i s t i l l a t i o n  o f  th e  n e u t r a l  p r o d u c t s  y i e l d e d  

an o i l  w hich  sm e lled  s t r o n g l y  o f  v a le r o p h e n o n e . The 

2 * 4 - d in i t r o p h e n y lh y d r a z o n e  was p r e p a r e d ,  and o b t a i n e d  i n  

o range  c r y s t a l s ,  m .p .  £ 4 3 -2 4 5 ° ,  w hich  d id  n o t  d e p re s s  t h e  

m e l t in g  p o in t  o f  ace toph en on e  2 ; 4 - d in i t r o p h e n y l h y d r a z o n e . 

Uo v a le ro p h e n o n e  was d e t e c t e d .

P h e n a o y lb e n z h y d r y la n i l in e .

(15) 0 .1  g .  amine was f u s e d  w i th  3 g .  p o t a s h  a t  100°

f o r  2 h o u r s  i n  an  i n e r t  a tm o sp h e re .

The m e l t  d id  n o t  d i s s o l v e  c o m p le te ly  i n  w a te r  and 

p e tro le u m , a  sm a ll  q u a n t i t y  o f  y e l lo w  s o l i d  m a t e r i a l  

r e m a in in g .  T h is  c r y s t a l l i s e d  from  m e th an o l  i n  o ran g e  

c r o s s e d  n e e d l e s ,  m .p .  2 2 5 ° f b u t  was i n s u f f i c i e n t  f o r

a n a l y s i s .  The u s u a l  e x a m in a t io n  y i e l d e d  no i d e n t i f i a b l e  

oompound.



P h e n a o y ld io h e n y la m in e .

(16) and (17) * 0 .3  g .  amine was h e a t e d  w i th  3 g .  p o ta s h

a t  140° f o r  lgf h o u r s ,  and 100° f o r  3 h o u r s .

I n  b o th  r u n s ,  l a r g e  q u a n t i t i e s  o f  p u r p l e  t a r  w ere  

p ro d u c e d . Aoid e x t r a c t i o n  o f  t h e  p e tro le u m  e t h e r  s o l u t i o n  

y i e ld e d  a  sm a ll  amount o f  d ip h e n y l  am ine, m .p .  54° , w h i le  

t h e  r e s i d u e  from  th e  s t e a m - d i s t i l l a t i o n  was fo u n d  t o  be 

m a in ly  unchanged t e r t i a r y  am ine.

f f l u o r y l b e n z y l a n i l i n e .

( 1 8 ) .  1 g .  amine was h e a te d  w i th  3 g .  p o ta s h  a t  150° 

f o r  1 h o u r .

C h a r r in g  was f a i r l y  e x t e n s i v e ,  making i n v e s t i g a t i o n  

d i f f i c u l t .  Much o f  t h e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  

as  t h e  r e s id u e  from  th e  s t e a m - d i s t i l l a t i o n ,  b u t  no 

p ro d u c ts  o o u ld  be i s o l a t e d .

(19) . The above was r e p e a t e d  a t  200° f o r  1 h o u r .

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

t i o n ,  y i e l d e d  t r a c e s  o f  a c r y s t a l l i n e  s o l i d  w hich  c o u ld  * 

n o t ,  how ever, be o b ta in e d  p u r e .  The b a s i c  p a r t  o f  t h e  

m e l t  c o n s i s t e d  m a in ly  o f  b e n z y l a n i l i n e ,  m .p .  37° , c o n ­

f i rm e d  by  i t s  b e n z o y l  d e r i v a t i v e ,  m .p .  1 0 2 ° .  Steam- 

d i s t i l l a t i o n  of th e  n e u t r a l  r e s i d u e  gave 20-30  mg. o f  a  

y e l lo w  s o l i d ,  m .p . 8 3 -8 4 ° .  T h is  m e l t i n g  p o i n t  was



d e p re s s e d  b y  a d m ix tu re  w i tb  f l u o r e n o n e  a n i l  (m.p# 89°) 

b u t  n o t  w i tb  f lu o r e n o n e  i t s e l f  (m .p . 8 4 ° ) .

Tbe r e s i d u e  from  t b e  s t e a m - d i s t i l l a t i o n  a g a in  

c o n s i s t e d  l a r g e l y  o f  unchanged  s t a r t i n g  m a t e r i a l .

( 2 0 ) .  The same r e a c t i o n  was o a r r i e d  o u t  a t  150° f o r  

3 h o u r s .

B e s id e s  t h e  p r o d u c t s  i s o l a t e d  from  th e  p r e v io u s  

ru n ,  t h e r e  was o b ta in e d  a b o u t  0 .1  g .  o f  th e  a c i d  compound 

r e f e r r e d  to  above . A f t e r  s e v e r a l  r e c r y s t a l l i s a t i o n s  from  

p e tro le u m  e t h e r ,  t h i s  c o n s i s t e d  o f  b u f f  n e e d l e s ,  m e l t in g  

s h a r p l y  a t  9 1 ° .  Pound: C, 7 9 .8 7 $ ;  H, 4 .4 2 $ ;  I ,  z e ro

( see  p .22 )  .

( 2 1 ) .  1 g .  amine was f u s e d  w i th  3 g .  p o ta s h  a t  150° f o r

3 h o u rs  i n  an a tm osphere  o f  n i t r o g e n .

A few mgms. o f  th e  1f910,f a o id  were o b t a i n e d ,  b u t  

m ost o f  t h e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  u n c h an g e d .

Ph enac y lb  enz y lb  enz ami d e .

( 2 2 ) .  2 g .  amide was h e a te d  w i th  5 g .  p o ta s h  a t  100°

f o r  1 h o u r  i n  an i n e r t  a tm o sp h e re .

1 .7  g .  o f  th e  t e r t i a r y  amine was r e c o v e r e d  unohanged , 

w h i le  0 .1  g .  b e n z o ic  a c id  was o b ta in e d  from  t h e  aqueous 

s o l u t i o n .



(23) • 1 g .  amine was f u s e d  w i th  5 g .  p o ta s h  a t  150° f o r  

1 h o u r  i n  h y d ro c a rb o n  v a p o u r .

The aqueous s o l u t i o n ,  on a c i d i f i c a t i o n ,  y i e l d e d  

0 .4  g .  o f  p u re  b e n z o ic  a c i d ,  c o r r e s p o n d in g  to  o o m p le te  

h y d r o l y s i s  o f  th e  b e n z o y l  g ro u p .  The p e t ro le u m  s o l u t i o n  

on t r e a tm e n t  w i th  50$ h y d r o c h lo r io  a o id ,  gave a  s o l i d  

h y d r o o h lo r id e ,  from w hich  t h e  f r e e  b a s e  o o u ld  o n ly  be  

o b ta in e d  as an o i l y  gum, o f  w hich  no d e r i v a t i v e s  c o u ld  

b e  o b t a in e d .  I t  was r e f l u x e d  w i th  z in c  and d i l u t e  

s u lp h u r i c  a c id ,  i n  o r d e r  to  s p l i t  o f f  t h e  am in o -g ro u p , 

b u t  t h e  o i l y  p ro d u c t  w hich  a p p e a re d  on th e  s u r f a c e  o f  

th e  s o l u t i o n  was r a p i d l y  c h a r r e d  by  th e  a o id ,  and o o u ld  

no t  be i d e n t i f i e d .

( 2 4 ) .  2 g .  amine was f u s e d  w i th  5 g .  p o ta s h  a t  175° f o r  

15 m in u te s  in  an i n e r t  a tm o sp h e re .

As i n  t h e  p r e v io u s  e x p e r im e n t ,  c o m p le te  d e b e n z o y la  

t i o n  o c c u r re d ,  0 .8  g .  o f  b e n z o ic  a c i d  b e in g  i s o l a t e d .

The same gummy b a s e  was o b t a in e d ,  and was t r e a t e d  w i t h  

z in c  and d i l u t e  s u lp h u r ic  a c id ,  th e  s o l u t i o n  b e in g  c o n ­

t i n u o u s ly  d i s t i l l e d .  The d i s t i l l a t e  s m e l le d  s t r o n g l y  

l i k e  p -p h e n y lp ro p io p h e n o n e ,  and was e x t r a c t e d  w i th  

e t h e r .  The r e s i d u e  from  t h i s  e x t r a c t  was t r e a t e d  w i th  

s e m ic a rb a z id e ,  b u t  f a i l e d  to  g iv e  a  d e r i v a t i v e .



PREPARATIVE WORK.

Owing t o  t h e  f a o t  t h a t  t h i s  p r o j e o t  was i n t e r r u p t e d ,

some o f  th e  compounds d e s o r i b e d  i n  t h i s  s e c t i o n  w ere n e v e r

u se d  f o r  e x p e r im e n ta l  w ork . T h e i r  i n c l u s i o n  h e r e  i s

in te n d e d  to  s e rv e  as  a  g u id e  to  l a t e r  w o rk e rs  i n  t h i s

f i e l d .

The y i e l d s  o f  t e r t i a r y  am ines by  th e  g e n e r a l  m ethod  

d e s c r i b e d  f o r  p h e n a c y lb e n z y la n i l i n e  were i n  g e n e r a l  v e r y  

low ( 5 - 2 0 $ ) ,  owing to  slow  r e a c t i o n  r a t e  and s i d e - r e a c t i o n s . 

I n  t h e  o a se  o f  t h e  f l u o r y l a m i n e s ,  t h e  a n a l y s i s  r e s u l t s  

te n d e d  to  be  low i n  c a rb o n ,  and s in c e  t h e  compounds w ere  

i n  a l l  o a s e s  s a t i s f a c t o r i l y  c r y s t a l l i n e ,  w i th  s h a rp  m e l t ­

i n g  p o i n t s ,  t h i s  i s  p o s s i b l y  due to  f a u l t y  c o m b u s t io n .

The fo l lo w in g  i n t e r m e d i a t e s  w ere  p r e p a r e d : -

P h e n a cy l  b ro m id e . A cetophenone was b ro m in a te d  i n  p r e s e n c e
(24)

o f  alum inium  c h lo r i d e

B enzhyd ry l  b ro m id e . D i r e c t  b r o m in a t io n  o f  d ip h e n y l -  
(2 5 ,2 6 )

m ethane y i e l d e d  o n ly  h i g h - b o i l i n g  p r o d u c t s ,  m a in ly

t e t r a p h e n y l e t h y l e n e . B e t t e r  r e s u l t s  w ere  o b ta in e d  b y

r e f l u x i n g  b e n z h y d ro l  w i th  c o n s t  a n t - b o i l i n g  hydrobrom io
(27)

a c id  . The p ro d u c t  was p u r i f i e d  by  d i s t i l l a t i o n ,  

b . p .  172? a t  11 mm. p r e s s u r e ,  and s o l i d i f i e d  to  w h i te  

c r y s t a l s ,  m .p . 4 5 ° .



B henacyl a m in e . I s o n i t r o s o a c e to p h e n o n e ,  p r e p a r e d  b y  a

G la i s e n  c o n d e n s a t io n  from  a ce to p h e n o n e  and iso a m y l
( 2 8 )

n i t r i t e ,  i n  p re s e n c e  o f  sodium  e th o x id e  , was re d u c e d

by  means o f  s ta n n o u s  c h l o r i d e  i n  fum ing  h y d r o c h l o r i c  a c i d ,

and a f t e r  p r e c i p i t a t i o n  o f  t h e  t i n  w i th  h y d ro g e n  s u l p h i d e ,
( 29 )th e  p ro d u c t  i s o l a t e d  a s  t h e  h y d r o c h l o r i d e '

B enzyl amine . i n  i n t i m a t e  m ix tu r e  o f  p h th a l im id e  and  

p o ta s s iu m  c a rb o n a te  was h e a t e d  v / i th  b e n z y l  c h l o r i d e  to  

g iv e  b e n z y l p h th a l im i d e . The l a t t e r ,  a f t e r  p u r i f i c a t i o n ,  

was warmed i n  a l c o h o l i c  s u s p e n s io n  w i th  h y d r a z in e  h y d r a t e ,  

th e  i n s o l u b l e  p h t h a l y l h y d r a z id e  removed b y  f i l t r a t i o n ,  

and th e  p ro d u c t  e x t r a c t e d  w i t h  e t h e r  and d i s t i l l e d ,  b . p .  

1 8 5 -1 8 7 ° .

B en zy lm e th y lam in e . B en za lm e th y lam in e  was p r e p a r e d  from

m ethy lam ine  h y d r o c h l o r i d e ,  b e n za ld e h y d e  and p o ta s h  i n  

aqueous s o l u t i o n ,  and th e  p r o d u c t  re d u c e d  w i th  sodium  i n  

e t h a n o l .

B e n z y l a n i l i n e .  A n i l in e  (2  m o ls . )  was t r e a t e d  w i th  b e n z y l  

c h l o r i d e  (1  m o l . )  i n  b e n z e n e .  A f a i r l y  v ig o r o u s  r e a c t i o n  

ensued , d u r in g  which th e  e x c e s s  a n i l i n e  was p r e c i p i t a t e d  

a s  h y d r o c h lo r id e ,  and removed by  f i l t r a t i o n .  She b e n ze n e  

s o l u t i o n  was d r i e d ,  c o n c e n t r a t e d ,  and th e  r e s i d u e  vacuum- 

d i s t i l l e d ,  y i e l d i n g  th e  p ro d u c t  as a  b ro w n ish  o i l  w hich  

s lo w ly  s o l i d i f i e d ,  and c o u ld  be c r y s t a l l i s e d  from  e t h a n o l ,



m.p* 3 7 ° .  B e n z o y la t io n  i n  p y r i d i n e  gave b e n z o y lb e n z y l -

a n i l i n e  i n  y e l lo w  c r y s t a l s ,  m .p .  1 0 2 -1 0 3 ° .

A l l y l a n i l i n e . T b is  was p r e p a r e d  by  t b e  same g e n e r a l

m ethod, from  a n i l i n e  and a l l y l  b ro m id e ,  b e in g  o b t a i n e d  as

a re d d ish -b ro w n  a ro m a tic  l i q u i d ,  b . p .  2 2 0 ° .
( 3 1 )B h e n a o y la n i l in e  . T h is  was p r e p a r e d  from  p h e n a c y l  

brom ide and a n i l i n e  (2  m o ls . )  i n  e t h a n o l ,  w i th  c h i l l i n g  

i n  an i c e - s a l t  b a t h .  The p r o d u c t  c r y s t a l l i s e d  sp o n ­

ta n e o u s ly ,  and was r e c r y s t a l l i s e d  from  e t h a n o l ,  m .p .  9 3 ° .

(X - Ph en e th y  1 a n i  l i  ne  ̂ 5 2 ̂  . Benz a ld e h y d e  a n i l ,  p r e p a r e d  

from b enz a ld eh y d e  and a n i l i n e  i n  t h e  p r e s e n c e  o f  e x c e s s  

p o tass iu m  h y d ro x id e ,  was added to  an e t h e r e a l  s o l u t i o n  o f  

methylmagnesium i o d i d e .  The p ro d u c t  was p u r i f i e d  by  

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

w a te r ,  and t h e  f r e e  b a s e  l i b e r a t e d  and  d i s t i l l e d  i n  v a c u o .  

The o i l  was found  to  s o l i d i f y  s lo w ly ,  and c o u ld  b e  r e -  

c r y s t a l l i s e d  from  e th a n o l ,  i n  w h i te  n o d u le s ,  m .p .  2 7 - 2 8 ° .

B en zh yd ry l  a n i  l i n e  ( i )  . B e n zh y d ry l  b rom ide  was t r e a t e d  w i th  

a n i l i n e  (2  m o ls . )  i n  b e n z e n e .  Some a n i l i n e  hyd ro b ro m id e  

s e p a r a te d  on warming, b u t  v a c u u m - d i s t i l l a t i o n  y i e l d e d  o n ly  

h i g h - b o i l i n g  p r o d u c t s .

( i i )  . Benzophenone a n i l  was p r e p a r e d  i n  p r e s e n c e  o f

a  z in c  c h l o r i d e  c a t a l y s t ,  b e in g  o b ta in e d  i n  s q u a re  y e l lo w
i * nn„o(33)

p l a t e s ,  m .p .  117 . ojhis was re d u c e d  w i th  sodium  i n



e th a n o l* 3 4 ,0 5 \  t h e  p r o d u c t  p u r i f i e d  h y  p r e c i p i t a t i o n  o f

t h e  "h y d ro ch lo r id e  from  m e th a n o l  v / i th  e t h e r ,  and th e  f r e e  

has© d i s t i l l e d ,  h . p .  224° a t  12 ram. p r e s s u r e .  A v e ry  

poor y i e l d  was o b t a i n e d  w i th  t h i s  m ethod .

( i i i )  . Qne eq u i v a l e n t  o f  b enz a ld e h y d e  a n i l  was
(52)

added to  an e t h e r e a l  s o l u t i o n  o f  phenylm agnesium  io d id e

The p ro d u c t  was p u r i f i e d  b y  r e c r y s t a l l i s a t i o n  o f  t h e

h y d r o c h lo r id e  from  e th a n o l  (m .p .  1 9 9 -2 0 2 °)  and vacuum-

d i s t i l l e d .  The o i l  s lo w ly  s o l i d i f i e d ,  and c o u ld  b e  r e -
o

c r y s t a l l i s e d  from  e th a n o l ,  i n  w h i te  n o d u le s ,  m .p .  55-56 .

Prom t h e  above i n t e r m e d i a t e s ,  t h e  f o l lo w in g  t e r ­

t i a r y  amines w ere  p r© p ared s -

P h e n a c y lb e n z y lm e th y la m in e . P h e n a c y l  b rom id e  was t r e a t e d  

w ith  b en zy lm e th y lam in e  (2  m o ls . )  i n  b e n z e n e ,  and t h e  

p ro d u c t  o b t a in e d  by v a c u u m - d i s t i l l a t i o n  a s  a  y e l lo w  o i l ,  

b . p .  160° a t  0 .5  mm. p r e s s u r e  (known com pound). 

P h e n a o y lb e n z y l a n i l i n e . T h is  was p r e p a r e d  by  t h e  same 

s t a n d a r d  m ethod; t h a t  i s ,  b y  th e  i n t e r a c t i o n  o f  p h e n a c y l  

b rom ide  (1  m o l.)  and b e n z y l a n i l i n e  (2  m o ls . )  i n  b e n z e n e  a t  

room t e m p e r a tu r e ,  f o r  s e v e r a l  d a y s .  The p r e c i p i t a t e d  

b e n z y l a n i l i n e  hydrob rom ide  was f i l t e r e d  o f f ,  t h e  b e n ze n e  

removed by  d i s t i l l a t i o n ,  and t h e  r e s i d u e  r e c r y s t a l l i s e d



from  e t h a n o l .  The p ro a u o t  was o b ta in e d  i n  y e l lo w  n o d u le s ,

and o o u ld  b e  p u r i f i e d  by  c r y s t a l l i s a t i o n  from  c h lo ro fo rm
Q0

and m e th a n o l  i n  p a le  y e l lo w  n e e d l e s ,  m .p .  108 •• 

fo u n d i  0, 8 3 .8 1 $ ;  H, 6 .4 1 $ ;  H, 5 .4 5 $ .  °21H190H r e -

q u i r e s  C, 8 3 .6 5 $ ,  H, 6 .3 6 $ ,  U, 4*65$•
(36)

A ocord ing  to  B a u er  and  B i ih le r  , t h i s  compound 

i s  l - b e r u s y l - 3 - p h e n y l in d o le ,  fo rm ed from  t h e  t e r t i a r y  

amine b y  r i n g - o l o s u r e .  T h is  i s  d i s p ro v e d  by t h e  a n a l y s i s  

r e s u l t s ,  however, s i n c e  r e q u i r e s  0 , 89#04$;

H, 6 .0 1 $ ,  B, 4 .9 4 $ .

Ph enao y l  a l  l y  1 an i  l i n e . A s m a l l  amount o f  t h i s  compound was

o b ta in e d  by  t h e  d i r e c t  a c t i o n  o f  p h e n a c y l  b rom ide  on

a l  l y l  a n i  l i n e , b u t  v e ry  e x t e n s i v e  t a r r i n g  red u c ed  t h e  y i e l d

to  a  few p e r c e n t .  The l a t t e r  was r a i s e d  to  50$, how ever,
(19)by  th e  m ethod o f  Verkade and J a n e t s k y  ' . E q u im o le c u la r  

q u a n t i t i e s  o f  a l l y l  a n i  l i n e  and p h en acy l  b rom ide  w ere r e -  

f lu x e d  w i th  e x ce ss  sodium  b i c a r b o n a t e  i n  e t h a n o l ,  w i t h  

v ig o ro u s  s t i r r i n g  f o r  30 h o u r s .  The s o l u t i o n  was f i l t e r e d  

h o t  from  sodium brom ide and e x c e ss  sodium b i c a r b o n a t e ,  and

a llo w ed  to  c o o l ,  when a  c ro p  o f  y e l lo w  c r y s t a l s  s e p a r a t e d .
%

These were p u r i f i e d  by r e c r y s t a l l i s a t i o n  from  e th a n o l ,  

b e in g  o b ta in e d  as f l a t  y e l lo w  p l a t e s ,  m .p .  9 1 ° .  bounds 

C, 8 1 .2 0 $ ;  H, 6 .7 7 $ ;  H, 6 .2 7 $ .  G1 7Hi v ri1'r r e q u i r e s



0 , 8 1 .2 0 $ ; H, 6 .8 3 $ ;  U, 5 .5 8 $ .  T h is  compound i s  

f a i r l y  r a p i d l y  o x i d i s e d  i n  a i r  to  a  r e d  t a r ,  h u t  k e e p s  

w e l l  under e t h a n o l .  I n d o le  f o r m a t io n  i s  a g a in  d i s p r o v e d  

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

p h e n a c y l  group was f u r t h e r  d e m o n s tra te d  b y  hy d ro g e  no l y s i s  

w i th  z in c  and d i l u t e  s u lp h u r i c  a c i d  t o  a c e to p h e n o n e  

( i s o l a t e d  as  t h e  2 : 4 - d in i t r o p h e n y lh y d r a z o n e )  . 

P h e n a o y lp r o p y l a n i l i n e . P h e n a c y l  a l l y l  a n i  l i n e  was h y d r o ­

g e n a te d  i n  e th a n o l ,  i n  th e  p re s e n c e  o f  p a l la d iu m  b l a c k .

The p ro d u c t  was a  p a le  y e l lo w  s o l i d ,  m .p .  9 6 ° , s o l u b l e  

i n  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d ,  g i v in g  a  y e l lo w  

s o l u t i o n .  Pound: 0, 8 0 .8 0 $ ;  H, 7 .4 3 $ ;  1 ,  5 .4 7 $ .

E H  01 r e q u i r e s  G, 8 0 .6 3 $ ;  H, 7 .5 1 $ ;  H, 5 .5 3 $ .17 19
P h en ao y l-  o( - p h e n e t h y l a n i l i n e . T h is  was p r e p a r e d  b y  b o th  

th e  m ethods d e s o r ib e d  f o r  p h en ao y l  a l l y l  a n i  l i n e ,  t h e  second  

o f  which a g a in  gave a  much im proved y i e l d .  B enzene  was 

employed i n  p la c e  o f  a l c o h o l ,  and a f t e r  f i l t r a t i o n  from  

sodium s a l t s ,  t h e  s o l u t i o n  was e x t r a c t e d  w i th  5$ h y d ro - 

o h l o r i c  a c id  to  remove unchanged (X - p h e n e t h y l a n i l i n e .

The benzene  s o l u t i o n  was d r i e d ,  d i l u t e d  w i th  e t h e r ,  and 

th e  p ro d u c t  i s o l a t e d  b y  p r e c i p i t a t i o n  w i th  h y d ro g e n  c h l o r ­

i d e  g a s .  The h y d r o c h lo r id e  was decomposed w i t h  sodium  

h y d ro x id e ,  and th e  f r e e  b a s e  e x t r a c t e d  and c r y s t a l l i s e d



* T rea tm en t o f  p h e n a c y l  b rom ide  w i th  a l c o h o l i c  p o t a s h  

i s  r e p o r t e d  t o  g iv e  " -b ro m o d ip h e n a c y l1’ , m.p* 1 6 1 ° ^   ̂

C a lc d .  f o r  C16H1302B r, C, 6 0 .5 7 $ ;  H, 4 .1 0 $ .  These 

d a ta  a re  i n  good ag reem en t w i th  th o s e  o f  th e  unknown

compound.



from  60-80° p e tro le u m  e t h e r ,  b e in g  o b t a in e d  a s  y e l lo w -  

g re e n  rhombs, m .p . 1 2 7 ° .  Pounds 0, 8 3 .5 6 $ ;  H, 6 .4 8 $ ;

1 , 5 .1 6 $ .  C H 01 r e q u i r e s  0 , 8 3 .7 5 $ ;  H, 6 .7 1 $ ;
(j1

I ,  4 .4 4 $ .

The r e a c t i o n  be tw een  (X -c h lo ro e th y lb e n z e n e  (1  mol .)  

and p h e n a o y la n i l in e  (2  m o ls . )  i n  b enzene  was fo un d  n o t  to  

y i e l d  th e  r e q u i r e d  p r o d u c t .

Phenaoylb  en zh y d ry l  an i l i n e . P h en acy l a n i  l i n e  (1  m o l . )  and

b enzhydry lb rom ide  (1  m o l.)  w are r e f l u x e d  w i th  sodium b i ­

c a rb o n a te  i n  a l c o h o l ,  b u t  d id  n o t  y i e l d  th e  d e s i r e d  

p ro d u c t .  S i m i l a r l y  u n s a t i s f a c t o r y  r e s u l t s  were o b t a i n e d  

by t r e a t i n g  p h en acy l  brom ide w i th  b e n z h y d ry l  a n i  l i n e  (2  

m o ls .)  i n  benzene  a t  room te m p e ra tu re  f o r  s e v e r a l  d a y s .  

R e f lu x ih g  e q u iv a le n t  amounts o f  b e n z h y d ry l  a n i  l i n e  and 

phenaoylbrom ide w i th  sodium b i c a r b o n a t e  i n  benzene  f o r  

s e v e r a l  days y i e ld e d  a  sm a ll  q u a n t i t y  o f  th e  d e s i r e d  

oompound, how ever. The benzene  s o l u t i o n  was f i l t e r e d ,  

and shaken w i th  50$ h y d r o c h lo r i c  a o id ,  c a u s in g  th e  s e p a r a ­

t i o n  o f  some b enz hy dr y l a n i  l i n e  h y d rob ro m ide . The ben zen e  

s o l u t i o n  was th e n  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 a lc o h o l - p e t r o le u m  e t h e r  i n

s e v e r a l  f r a c t i o n s .  The f i r s t  c o n s i s t e d  o f  b u f f  n e e d l e s ,  
o

m .p . 160-161 ( qu iok  h e a t in g )  w i th  t h e  a n a l y s i s  G, 6 0 .9 0 $ ;

H, 4 .2 3 $ , and i s  o b v io u s ly  th e  wrong s u b s t a n c e *  The



t h i r d  c ro p  o f  c r y s t a l s  was o b ta in e d  as  g r e e n i s h - y e l lo w  

n e e d le s ,  m .p . 148-149° , w i th  th e  a n a l y s i s ,  C, 8 6 .1 0 $ ;

H, 5 .9 8 $ ;  B, 3 .8 8 $ .  Cg^HggOB r e q u i r e s  C, 8 5 .9 4 $ ;

H, 6 .1 0 $ ;  B, 3 .7 1 $ .

Phenac y l d i  pheny l am ine . T h is  was o b ta in e d  from  d ip h e n y l -

amine (2 m o ls . )  and p h e n ac y l  b rom ide  (1 m o l . ) ,  i n  b e n z e n e .  

E x te n s iv e  s i d e - r e a c t i o n s  gave r i s e  to  h i g h ly  o o lo u re d  b y ­

p r o d u c t s .  The p ro d u c t  c r y s t a l l i s e d  from  p e tro le u m  e th e r  

i n  o ra n g e -y e l lo w  f l a k e s ,  m .p . 1 4 4 ° .  Pound* 0, 8 3 .2 7 $ ;

H, 6 .1 8 $ ;  B, 5 .1 0 $ . C20H160 I  r e q u i r e s  C, 8 3 .6 0 $ ;

H, 5 .9 5$ ; B, 4 .8 8 $ .

P h en acy lb en z y lb e n z am id e . P henaoy l brom ide (1  m o l . )  was

added to  benzy lam ine  (2 m o ls . )  i n  anhydrous e t h e r ,  c a u s ­

in g  an im m ediate  r i s e  i n  t e m p e r a tu r e .  A f t e r  30 m in u te s ,  

most o f  th e  benzy lam ine  hydrobrom ide had p r e c i p i t a t e d ,

and was f i l t e r e d  o f f .  B enzoyl c h lo r i d e  ( 1 .2  m o l.)  and

e x ce ss  p y r id in e  were added t o  t h e  e t h e r  s o l u t i o n ,  which 

was th e n  h e a te d  on a  b o i l i n g  w a te r  b a th  f o r  30 m in u te s ,  

ffche e t h e r  b e in g  a llow ed  to  d i s t i l  o f f i  and p o u red  i n to  

w a te r .  An o i l  s e p a r a te d  which r a p i d l y  s o l i d i f i e d ,  and 

was p u r i f i e d  by r e o r y s t a l i i s a t i o n  from e th a n o l .  An 80$ 

y i e l d  o f  w h i te  c r y s t a l s  was o b ta in e d ,  m .p . 1 2 7 -1 2 8 ° .

Pound: G, 8 0 .4 9 $ ;  H, 5 .57$ ; B, 4 .9 4 $ .  C22E19°£K

r e q u i r e s  0 ,  8 0 .2 0 $ ;  H, 5 .8 2 $ ;  B, 4 .2 5 $ .



The t e r t i a r y  f l u o r y l  amines were a l l  p r e p a r e d  from 

f l u o r y l  brom ide (1  m o l.)  and th e  c o r r e s p o n d in g  s u b s t i t u t e d  

a n i l i n e  (2 m o ls . )  i n  b e n z e n e .

F l u o r y l b e n z y l a n i l i n e . W hite n e e d l e s ,  m . p .  144° (sam ple  

a v a i l a b l e ) .

F l u o r y l a l l y l a n i l i n e . Bu.f£ n e e d l e s  w i t h  a  sw e e t  v a n i l l a ­

l i k e  o d o u r ,  m . p .  1 0 2 ° .

Found: G, 87 .83$ , 8 7 .7 8 $ ;  H, 6 .2 9 $ ,  6 .4 9 $ ;  H, 5 .5 3 $ ,

5 .4 2 $ .  r e q u i r e s  C, 8 8 .8 3$ ; H, 6 .4 4 $ ;  N, 4 .7 1 $ .

F l u o r y l -  C X -p h e n e th y la n i l in e . C r y s t a l l i s e d  from e th a n o l  

i n  s i l v e r - g r e y  p l a t e s ,  m .p . 13 2 ° .

Found: G, 8 8 .8 3 $ ;  H, 6 .5 8 $ ;  4 .6 8 $ .  ^27^23^

C, 8 9 .7 0 $ ; H, 6 .4 2 $ ;  H, 3 .8 8 $ .

S e v e ra l  a t te m p ts  were made to  s y n t h e s i s e  t h r e e  o f  

th e  e x p e c te d  rea r ran g e m en t  p r o d u c ts ,  nam ely, ( X - a n i l i n o -  

p -p h e n y lb u ty ro p h e n o n e ,  0 ( - a n i l in o v a le ro p h e n o n e  and 

9-b e n z y l -  9- a n i l i n o f l u o r e n e .

CX-A nilino-p  -p h e n y lb u ty ro p h e n o n e .

2Fh.C0.CHs  --------  > PtuOO.CHg.OHPU.CHg

Bro
 « > Ph .00 .CHBr .GHPh .CH3

 £— > Ph .00 .^HiOHPh .GH3
mph

The f i r s t  s t a g e ,  a c o n d e n s a t io n  fo l lo w e d  b y  a  

r e d u c t io n ,  was accom plished  by Graebe by  h e a t i n g  a o e to -



phenone in'a s e a le d  tu b e  w i th  h y d r io d io  ao id  and r e d  pho s­

p h o ru s  a t  150° f o r  8 -10  h o u r s ^ 3 7 ^ . T h is  was m o d if ie d  to  

15 h o u rs  r e f l u x i n g ,  g iv in g  an e x c e l l e n t  y i e l d .  The p r o ­

d u c t  was p u r i f i e d  b y  v a c u u m - d i s t i l l a t i o n  fo l lo w e d  by 

c r y s t a l l i s a t i o n  from e th a n o l .  T h is  ke ton e  was b ro m in a te d

i n  c a rb o n  t e t r a c h l o r i d e ,  and th e  p ro d u c t  r e c r y s t a l l i s e d
Q( 20 )

from m ethanol i n  w h i te  n e e d l e s ,  m.p* 76° . The

brom oketone (1  mol*) was r e f l u x e d  in  benzene  w i th  

a n i l i n e  (2  m o ls . )  f o r  s e v e r a l  d a y s ,  when a  q u a n t i t y  o f  

a n i l i n e  hydrobrom ide had  s e p a r a t e d .  Aoid e x t r a c t i o n  gave 

on ly  a n i l i n e ,  how ever, and c o n c e n t r a t i o n  o f  t h e  rem a in in g  

s o l u t i o n  gave w h i te  b ro m in e -c o n ta in in g  c r y s t a l s ,  m .p . 122° .  

Founds C, 6 3 .4 6 ,  63*72$; H, 5 .0 9 ,  5 .2 6 $ ;  z e r o .

T h is  a n a l y s i s  i s  o o r r e c t  f o r  t h e  brom oketone (O^H^gOBr 

r e q u i r e s  0, 6 3 .4 0 $ ;  H, 4 .9 5 $ ) ,  and s in c e  th e  l a t t e r  

c o n ta in s  two asym m etric  oa rbon  atom s, i t  was c o n c lu d ed  

t h a t  t h e  d ia s te r e o m e r io  form had b e en  o b ta in e d  by some 

k in d  o f  k e to - e n o l  ehange^0^* • *

The brom oketone was th e n  r e f l u x e d  f o r  s e v e r a l  d a y s
( TQ IQ \

w i th  e x cess  a n i l i n e  and sodium b ic a r b o n a t e  i n  e th a n o l  * *

The s o l u t i o n  was d i l u t e d  w i th  w a te r ,  e x t r a c t e d  w i th  e t h e r ,  

and th e  e x t r a c t  shaken w i th  5$ h y d r o c h lo r ic  a o id  to  remove 

excess  a n i l i n e .  T reatm ent w i th  50$ a c id  th e n  gave a  r e d  

goiany h y d r o c h lo r id e ,  from  which were o b ta in e d  a  few mgms.



4 8 .

o f  a  o r y s t a l l i n e  “b a s e ,  m .p . 1 2 1 ° ,  wTiloli d id  n o t  d e p re s s  

t h e  m e l t in g  p o i n t  o f  th e  " re a r ra n g e m e n t  p r o d u c t"  from 

p h e n a c y l - 0( - p h e n e t h y l a n i l i n e  ( s e e  p .  16 ) .  There was 

i n s u f f i c i e n t  f o r  a n a l y s i s ,  how ever, and r e p e a t  e x p e r im e n ts  

y ie ld e d  o n ly  a  g re e n  o i l y  b a s e  from th e  i n s o l u b l e  h y d ro ­

c h l o r i d e .  T h is  may be due to  th e  e x is te n c e  o f  d i a s t e r e o -  

m eric  form s o f  th e  am inoketone ( s e e  a lso  Appendix, p*55)« 

C X -A n ilino va le rop heno ne . V alerophenone  was b ro m in a te d  

d i r e c t l y  i n  c a rb o n  t e t r a c h l o r i d e ,  t h e  b rom oketone  b e in g  

o b ta in e d  a s  a  y e llo w  o i l .  T h is  h a l i d e  was t r e a t e d  w i th  

a n i l i n e  and sodium b ic a r b o n a te  as i n  t h e  p re v io u s  p r e p a r a ­

t i o n ,  and th e  r e a c t i o n  m ix tu re  worked up s i m i l a r l y .  

T reatm ent o f  th e  e th e r  s o l u t i o n  w i th  c o n c e n t r a t e d  h y d ro ­

c h lo r i c  a o id  gave a  w h ite  i n s o l u b l e  h y d r o c h lo r id e ,  from 

which th e  f r e e  b ase  was o b ta in e d  a s  a  t h i c k  y e l lo w  o i l .

The b e n z o y l  d e r i v a t i v e  o f  t h i s  oompound was p r e p a r e d  i n  

p y r i d i n e ,  b e in g  o b ta in e d  a s  o o l o u r l e s s  p r ism s ,  rtwp. 8 7 ° .  

Founds 0 , 8 0 .7 8 $ ; H, 6 .2 8 $ ;  1 ,  4 .1 3 $ .  C24H23°2H re_

q u i t e s  C, 8 0 .6 7 $ ; H, 6 .4 4 $ ;  H, 3 .9 2 $ .  

9 - B e n z y l - 9 - a n i l i n o f l a o r e n e .

Method A.

P h C H z OH



N nhPI,
(38)

The f i r s t  s t a g e  i s  a  O r ig n a rd  r e a c t i o n  • The

PKnh^

h a l i d e  ( I I )  was o b ta in e d  by th e  a c t i o n  o f  hy d rogen  o h l o r -

p o s i t i o n  a t  9 9 -1 0 2 ° .  The a n a l y s i s  was u n s a t i s f a c t o r y .

H, 5#20$. T h is  may have been  due to  l o s s  o f  h y d ro g en  

c h lo r i d e ,  o r  a d m ix tu re  w i th  unchanged b e n z y l f l u o r e n o l .

The h a l i d e  was t r e a t e d  w i th  a n i l i n e  (2 m o ls . )  i n  e t h e r ,  

b u t  on ly  r e a c t e d  v e ry  s lo w ly ,  a s  i n d i c a t e d  by  th e  s e p a r a t i o n  

o f  a  few c r y s t a l s  o f  a n i l i n e  h y d r o c h lo r id e .  lo n e  o f  th e  

d e s i r e d  p ro d u c t  c o u ld  be i s o l a t e d .

Met

i d e  i n  e t h e r ( c f .39) as  w h i te  c r y s t a l s  m e l t in g  w i th  deoom-

Founds C, 85.23/1; H, 5 .2 6 $ .  CS0H15C1 r e q u i r e s  C, 8 2 .6 0 $ ;

PkCHj, NHPk 
The fo rm a t io n  o f  t h e  a n i l  was c a t a l y s e d  by  z ino



50

o h lo r id e ^ ® ^  . S ince  G-rignard r e a g e n t s  have been  fo u n d  to  

g iv e  l : 4 - a d d i t i o n  to  t h i s  ty p e  o f  s y s t e m ^ t h e  a c t i o n  

ox b e n z y l  p o ta s s iu m  was i n v e s t i g a t e d ^ ^  . T h is  r e a g e n t

i s  p re p a re d  by th e  a c t i o n  on to lu e n e  o f  p heny l p o ta s s iu m , 

p re p a re d  i n  s i t u  from o h lo ro b en z en e  and p o ta s s iu m  sand  i n  

an a tm osphere  o f  n i t r o g e n .  The a n i l  was added to  t h i s  

m ix tu re ,  and r e f l u x e d  f o r  3 h o u r s .  The oomplex was decom­

posed  w i th  i c e ,  ex ce ss  t o lu e n e  removed i n  steam , and th e  

r e s id u e  c r y s t a l l i s e d  from e th a n o l .  A lthough  t h i s  r e a c t i o n  

was o a r r i e d  o u t tw ic e ,  o n ly  f l u o r y l a n i l i n e  c o u ld  be ob­

t a i n e d ,  which i s  p o s s ib l y  due to  th e  r e d u c t io n  o f  th e  a n i l  

by  unchanged p o ta s s iu m  sa n d .  Some d ip heny lm ethane  was 

a ls o  o b ta in e d  by th e  s t e a m - d i s t i l l a t i o n ,  p ro b a b ly  form ed 

from b e n z y l  p o ta s s iu m  and unchanged o h lo ro b e n z e n e .

Method 0 .

6r NHfti
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P k  C H ^
CO Pk

P l u o r y l a n i l i n e  was p re p a re d  b y  r e f l u x i n g  f l u o r y l

b rom ide , a n i l i n e  and anhydrous sodium a c e t a t e  i n  amyl

a lc o h o l^ 4 2 ^ . I t  was th o u g h t  n e c e s s a r y  to  " b lo o k 11 t h e

- M -  group by  b e n z o y l a t i o n .  P ro d u c t  was a  o o l o u r l e s s

s o l i d ,  m .p . 147° , w i th  th e  a n a l y s i s ,  0, 8 6 .0 7 $ ;  H, 5 .3 5 $ ;

U, 4 .2 9 $ .  GoJ L q0U r e q u i r e s  G, 8 6 .3 9 $ ;  H, 5 .3 0 $ ;  do ±y
U, 3 .8 8 $ .  The f i n a l  s t a g e  i s  a  c o n d e n s a t io n  w i th  b e n z y l

(43)c h lo r id e  i n  p re s e n c e  o f  sodamide i n  l i q u i d  ammonia , 

b u t  t h i s  h a s  n o t  been a c h ie v e d .

A p l a u s i b l e  e x p la n a t io n  f o r  t h e  f a i l u r e  o f  t h e s e  

th r e e  r o u t e s  t o  y i e l d  t h e  d e s i r e d  compound i s  t h a t  s t e r i o  

h in d ra n c e  i s  p r e v e n t in g  th e  a t ta c h m e n t  o f  two r e l a t i v e l y  

l a r g e  groups t o  th e  H o .9 c a rb o n  atom .

p  -P h e n y lp ro p io p h e n o n e . B enza lace to p h en o n e  ( o h a lk o n e ) ,

p re p a re d  by  a l k a l i n e  c o n d e n s a t io n  o f  b en za ld e h y d e  and

aoetophenone , was h y d ro g en a ted  c a t a l y t i c  a l l y  w i th  p a l la d iu m

on s t r o n t iu m  c a rb o n a te  i n  e th a n o l .  The p ro d u c t  was re~

c r y s t a l l i s e d  from e th a n o l  i n  c o l o u r l e s s  sq u a re  p l a t e s ,  
om .p . 71 .
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APPENDIX.

J u l i a n  h a s  g iv e n  a  th o ro u g h  t r e a tm e n t  o f  th e  

i n t e r a c t i o n  o f  CX-bromoketone s and a ry la m in e a ^ 1 8 ^ '

The r e a c t i o n  may n o t  b e  a  s im p le  s u b s t i t u t i o n ,  s in o e  

a d d i t i o n  t o  th e  c a rb o n y l  g roup  fo l lo w e d  by l o s s  o f  h y d ro ­

gen  b rom id e , may be i n v o l v e d ^ ^  . I n  many c a s e s ,  two 

p ro d u c ts  a re  o b ta in e d ;  f o r  exam ple, (X -bromo- p - p h e n y l ■ 

p rop iophenone  (1  mo'l.) and a n i l i n e  (2  m o ls . )  i n t e r a c t  to

form  two a n i l i n o k e t o n e s ,  one y e llo w  and th e  o t h e r  c o lo u r-
( 16 )

l e s s ,  w i th  th e  s t r u c t u r e s  below *

Ph.CO PhCH0 .GO
i 2 1

PhCHg .OH .HE .Ph Ph.CH.HHPh

I ,  y e l lo w .  I I ,  c o l o u r l e s s .

The y e llo w  c o lo u r  o f  I  i s  a p p a r e n t ly  due t o  th e

e x te n d ed , c o n ju g a te d  u n s a t u r a t i o n ,  a b se n t  i n  I I .  These

compounds a re  form ed i n  v a ry in g  p r o p o r t i o n s  by  t h e  above

r e a c t i o n .  When th e  m ethod o f  Verkade and J a n e t s k y  i s
(19)u se d 1-1" em ploying e q u im o le c u la r  q u a n t i t i e s  o f  bromo­

k e to n e  and a ry lam in e  i n  p re se n c e  o f  an e x c e ss  o f  sodium 

b i c a r b o n a t e ,  o n ly  th e  y e l lo w  isom er i s  form ed, which 

would seem t o  su g g e s t  t h a t  h a lo g e n  a c id  i s  r e s p o n s i b l e  

f o r  th e  fo rm a t io n  o f  th e  c o l o u r l e s s  iso m e r .  T h is  was
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oo nfirm ed  by th e  f a c t  t h a t  e i t h e r  iso m er  was c o n v e r te d
( 18)

in to , a  m ix tu re  o f b o th  on b e a t i n g  w i th  h a lo g e n  a c i d s  • 

S ince  th e  ye llow  iso m er  i s  t h a t  which c o r re s p o n d s  t o  t h e  

r e q u i r e d  " re a r ra n g e m e n t  p r o d u c t " , Verkade and J a n e t s k y ! s  

m ethod.was used  i n  t h i s  w ork.
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The H y d ro ly t io  M iss io n  o f  gu.rfu .ry l A lc o h o l .

SUMARY.

A ttem pts  have b een  made to  d e te rm in e  t h e  s t r a e t n r e

o f  two compounds o b ta in e d  b y  th e  a c id  f i s s i o n  o f  fu .r fu .ry l  

a lc o h o l  i n  th e  p re s e n c e  o f  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e .

Some o f  th e  work o f  p re v io u s  i n v e s t i g a t o r s  h a s  b e e n  r e ­

p e a te d ,  w i th  s i m i l a r l y  i n c o n c lu s iv e  r e s u l t s ,  and 

a d d i t i o n a l  e x p e r im e n ts  have  y i e l d e d  l i t t l e  i n f o r m a t i o n .

IUTRQDUCTIQU.

The f u r a n  r i n g  p o s s e s s e s  t h e  p r o p e r t y  o f  u n d e rg o in g  

c le a v e a g e  b y  a c id ic  r e a g e n t s .  Thus D i e t r i c h  and P a a l ^ ^  

o b ta in e d  th e  a c e t a l  o f  l a e v u l in a ld e h y d d  b y  t h e  a c t i o n  o f  

m ethy l a l c o h o l i c  h y d r o c h lo r i c  a c id  on o ( - m e th y l f u r a n .

When t h e  f u r a n  oompound h a s  an e th y l e n i c  bond i n

th e  ( X - p o s i t i o n ,  a  k e t o - a c i d  i s  o b t a in e d ,  r a t h e r  t h a n  
( 2)

an a ldehyde  ,

CH—  OH 2MeQH v 
HOI 'II II

CH C — CH CH(0Me) 2 CO  CHg
X /

0
3



(3)T h is  was e x p la in e d  b y  T o h i to h ib a b in e '  a s  a d d i t i o n  

o f  HC1 o r  HOH to  th e  e th y le n io  bond, fo l lo w e d  by  i n t e r ­

change o f  H o . l  hyd ro g en  atom, and 01 o r  OH

CH— OH CH— CH
II II II H
OH C -----  CH •== CH-X + HOH-------- > CH C—CH—  CH — X
v /  \  7 io o OH

CH-----CH
 V II II

7 Q C — CH-CH  X
/  \  /  2 2 

HO 0

CH —  CH
 »  H II

C C   CH0— O S — X
/  \  \ 2 ' *

HO OH HO

When f a r f a r y l  a lc o h o l  i s  h e a t e d  w i th  h y d r o c h lo r i c
(4)

a o id ,  l a e v u l i n i c  a c id  i s  o b ta in e d  , and T o h i to h ib a b in e

e x p la in e d  t h i s  r e s a l t  a c c o rd in g  to  th e  above scheme f o r

e tb y le n io  compounds.

CH— CH CH— CH
|| || 1 , 5 -change i| ||
CH C  CH ---------------- >-----------------A ------ CH_

\  /  | 2  /  v 0 3 
0 QH HO

CH„------CH
I ^ 1/

K e to -e n o l  C  CH„
 ——— ^  o '  \  /  30 ^ \  /

0

The p ro d u c t  o f  t h e  p o s t u l a t e d  m ig r a t i o n ,  a n g e l i -



o a la c to n e ,  i s  r e a d i l y  h y d ro ly s e d ,  i n  t h e  p re s e n o e  o f  

m in e r a l  a c i d s ,  t o  l a e v u l i n i c  a c i d .  Pummerer and Gumpf s 

t h e o r y ^  o f  th e  mechanism was t h a t  th e  f u r f u r y l  a l c o h o l  

f i r s t  gave " 5 -h y d ro x y la e v u lin a ld e h y d e  (o f*  D i e t r i o h  and 

P a a l)  which th e n  underw ent what th e y  r e g a rd e d  a s  an  i n t r a ­

m o le c u la r  C ann izza ro  r e a c t i o n  b e tw een  th e  a ldehy de  group 

and th e  -hy d ro x y  g ro u p , to  g iv e  l a e v u l i n i c  a c id

CH—
IICH
\ /

0

CH
II
C - CH OH

CH
II
CH
IOH
CH

CH
II
C •—  CHpOH
i
CH

2 
CHO
CH«r

c o -

-'CHo
I * ICOOH C0-

c h2oh

CH,
These p roposed  m echanism s, s im p le  though  th e y  b e ,

have l i t t l e  i n  t h e  way o f  chem ica l a n a lo g y  o r  e x p e r im e n ta l
( 6 )b a c k in g ,  how ever, and S c o t t  and Johnson  

.(5)
and H ib b e r t

and L e g e r 'w/ have o f f e r e d  c o n v in c in g  ev id e n ce  to  s u p p o r t  

th e  t h e o r y  o f  a p r e l i m i n a r y  1*4 a d d i t i o n  o f  HOH, HC1, o r  

MeOH, fo l lo w e d  by  l o s s  o f  w a te r  from the  s i d e - c h a i n ,  and 

a  do u b le  I m m i g r a t i o n  o f  hyd rogen , to  g iv e  a n g e l i c a l  a c t  one, 

which th e n  c le a v e s  t o  g iv e  l a e v u l i n i c  a o id  a s  b e fo re *



OH CH CH H 1 ,4  v C H = C H
CH C^OHgCH a d d i t i o n  HQ^  ^ -------CHOH

X /  S \ /  8
0 o

C H = C H  
-HgO I |

-----------> HO.CH C =  CHP
\  /  2

0

.  „ CH-----CH
II I 2

S h i f t 7. HO-C C = C H
\  /  2

0

CH— CH
, l i S  a n II
s h i f t '  HO-C 0 ------  CH

\  /  3 
0

k e to
en o l C C ------- CH_

/ /  \ /  3
O 0

I n  o rd e r  to  " f r e e z e ” any i n t e r m e d i a t e  o a rh o n y l  

oompounds, W right and L eg e r  (un pub .)  c a r r i e d  o u t  t h e  r e ­

a c t i o n  betw een  f u r f u r y l  a lc o h o l  and m e th an o lio  h y d ro o h lo r io  

a o id ,  i n  t h e  p re se n c e  o f  2 : 4 - d in i t r o p h e n y lh y d r a z in e ,  and 

i s o l a t e d  t h r e e  products*, nam ely, m ethy l l a e v u l i n a t e

2 :4 -d in i t ro p h e n y lh y d ra z o n e ,  a  y e l lo w  compound, m .p . 226°
■#

( h e r e a f t e r  c a l l e d  "A") and a r e d  compound, m .p .  274 

( h e r e a f t e r  c a l l e d  " B " ) .  'A* was th e  m ain p ro d u c t  when



two m o le c u le s  o f  th e  h y d ra z in e  and o f  a c id  w ere  r e f l u x e d  

w i th  one o f  f u r f u r y l  a lc o h o l  f o r  one h o u r ,  w h i le  *Bf was 

o b ta in e d  when e q u im o le c u la r  q u a n t i t i e s  o f  a l l  t h r e e  were 

used , and th e  r e a c t i o n  t im e  e x te n d ed  to  s i x  h o u rs*

The problem  was f u r t h e r  i n v e s t i g a t e d  by Downing 

(unpub .)  and Woods ( u n p u b . ) .  Downing o b ta in e d  what 

ap pea red  to  be an a c e t y l  d e r i v a t i v e  o f  'A 1, m .p . 216-217°, 

and by  th e  a c t i o n  o f  p o ta s s iu m  perm anganate  o n 'B ' ,  he  

i s o l a t e d  a  y e llo w  o i l  which gave th e  r e a c t i o n s  o f  a  f r e e  

c a rb o n y l  g roup , and which he b e l i e v e d  r e g e n e r a te d  ’B 1 on 

t r e a tm e n t  w i th  2 : 4 - d in i t r o p h e n y l h y d r a z in e .  (T h is  h a s  

now been  d is p ro v e d ,  h o w e v e r ) .

Woods found t h a t  th e  same p ro d u c ts  were o b ta in e d  

when t h e  s o lv e n t  was e th a n o l ,  a n d /o r  s u lp h u r io  a c id  r e p la c e d  

h y d ro c h lo r ic  a o id .  He a s c e r t a i n e d  t h a t  f A* i s  c o n v e r te d  

t o  m eth y l l a e v u l i n a t e  DHPW b y  th e  a c t i o n  o f  m e th an o lio  

h y d r o c h lo r i c  a c i d ,  and t h a t  t h i s  i;s th e n  c o n v e r te d  to  !B* 

by  th e  a c t i o n  o f  ex ce ss  f u r f u r y l  a lc o h o l  and h y d r o c h lo r i c  

a o id .  M etbyl l a e v u l i n a t e  DHP t h e r e f o r e  a p p e a rs  to  be an 

i n te r m e d ia t e  betw een  fAf and *Bf . R e f lu x in g  fAl i n  e t h a n o l .  

0.4H i n  h y d r o c h lo r ic  a c id  gave a  25$ y i e l d  o f  e t h y l  

l a e v u l i n a t e  DHP, and 4 ($  o f  a  s u b s ta n c e  m e l t in g  s h a r p ly  a t

I n  t h i s  accoun t t h e  l e t t e r s  ” DUP” a f t e r  th e  name o f  a  
compound w i l l  be  u n d e rs to o d  to  mean " 2 * 4 - d in i t r o p h e n y l -  
h y d ragon e” .



8 0 ° ,  b a t  w hich had th e  p r o p e r t i e s  o f  a  e a t e c t i o  m ix t u r e .

The more im p o r ta n t  o f  Downing’ s and W oods's  r e s u l t s  

a re  summarised i n  T ab le s  I  and I I .  I t  i s  i n t e r e s t i n g  to  

n o te  t h a t  th e  s t r i k i n g  r o y a l  b lu e  c o lo u r  o b ta in e d  by  d i s ­

s o lv in g  *B! i n  sodium h y d ro x id e  i n  aqueous a o e to n e  i s
( 7 )r e p o r t e d  by  S t r a i n  as  b e in g  t y p i o a l  o f  b is -D H P 's  o f  

such  compounds a s  g ly o x a l ,  m ethy l  g ly o x a l ,  o r  d i a o e t y l .

The average  a n a ly s e s  o f  t h e s e  compounds as  o b ta in e d  

by  Downing a re  as f o l lo w s :

Yellow Bed

Carbon 44 .7 4 45 .88

Hydrogen 3 .69 3 .06

H it ro g e n 23 .26 24 .4 8

Oxygen ( d i f f . ) 28 .31 26 .58

M ethoxyl m i M l

Mol. Wt. 727 t  30 -

C a lc u l a t i o n  o f  e m p i r io a l  fo rm u lae  g iv e s s -  

Yellow CS6H35° 171I16



T able  I Yellow Compound (A)

T rea tm ent B e s u l t

Ao^O i n  tb e  o o ld
o

A oe ty l  d e r i v .  m .p . 216

Ha i n  p y r id in e  o r  
g ly o o l  d im e thy l e t h e r

Ho a c t i o n

T es t  f o r  m ethoxyl 
F u r f u r y l  a l o • and 
EtOH/HCl

n e g a t iv e
G ives *B1 and e th y l  l a e v u l i n ­

a te

D i lu te  HaOH S o lu b le  - r e d  s o l u t i o n

Cone* a c id S o lu b le  - y e llo w  s o l u t i o n

R e f lu x  i n  EtOH/HCl E th y l  l a e v u l i n a t e  DIP, and 
” 80° compound11.

R e f la x  i n  MeOH/HCl M ethyl l a e v u l i n a t e  DUP

M ethyl e th y l  k e to n e ,  
MeOH/HCl

M ethyl e th y l  k e to n e  DHP 
m ethy l l a e v u l i n a t e  DHP

H y d ro g en a t io n , £tOg Red gum, s o l u b l e  i n  w a te r  and 
s o l v e n t s .  Gave b l a c k  amorph. 
p p t .  w i th  HaOH.
Ho d e r i v .  w i th  p i o r i o  a o id .

T ab le  I I  Red Compound (B)

T rea tm ent R e s u l t

AQgO i n  t h e  o o ld  
HaOH i n  aqueous aceto :

R e f lu x  w i th  7$ HaOH 
R e f lu x  w i th  MeOH/HCl

A lk a l in e  KMnO,4

M ostly  unchanged , 
ae Royal b lu e  s o l u t i o n

Unchanged
Unchanged

Yellow  o i l ,  p o s i t i v e  o a rb o n y l  
t e s t



Downing and Woods b o th  p ro p o sed  s e v e r a l  h y p o t h e t i c a l  

s t r u c t u r e s  f o r  'A* and 'B 1, b u t  th e s e  were a l l  d i s p r o v e d ,  

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

two compounds. Downing1s f i r s t  s u g g e s t io n  as  to  t h e  

s t r u c t u r e  o f  ’A1 was t h e  t e t r a h y d r a z o n e  o f  a  t r im e r i o  

form o f  ^ - h y d r o x y l a e v u l i n a l d e h y d e . A b s t r a c t i o n  o f  

d in i t r o p h e n y lh y d r a z in e  from t h i s  by  l a e v u l i n i c  a o id ,  

fo l lo w e d  by c y c l i s a t i o n  o f  th e  l a e v u l i n i c  a o id  DBTP gave 

a  p y r id a z in e  d e r i v a t i v e  which was fB* . These s t r u c t u r e s ,  

how ever, d id  n o t  a g re e  w i th  t h e  a n a l y s i s  r e s u l t s .  H is  

n e x t  s u g g e s t io n  f o r  ’A1 was th e  bis-DHP o f  *6 -m ethoxy- 

l a e v u l i n a ld e h y d e . T his m ight l o s e  th e  t e r m in a l  DHP 

r e s i d u e ,  and d ism ute  to  m ethy l l a e v u l i n a t e  DHP, o r  m igh t 

o y c l i s e  to  form v a r io u s  r i n g  s t r u c t u r e s ,  o f  w hich  th e  

most l i k e l y  was

CH 
/  ^

CHo * CH - C CH
2 II 1

/ H -  b h . h h . c 6h 3h 2 o4

u
V

T his t h e o r y  was u n te n a b le  b e c a u se  o f  th e  absence  

o f  m ethoxyl r a d i c a l  i n  1 A*, and a l s o  b e c a u se  t h e  same
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p r o d u c t s  a re  o b ta in e d  when th e  r e a c t i o n  i s  o a r r i e d  ou t

i n  e th a n o l  s o l u t i o n .

Woods d e m o n s tra te d  t h a t  !A' i s  n e i t h e r  an amino-

a c id  s a l t  n o r  an e s t e r .  He s u g g e s te d  t h a t  t h e  f u r f u r y l

a lc o h o l  f i r s t  form s a n g e l io a l a c to n e ,  a c c o rd in g  to  th e
(3)mechanism o f  T o h i to h ib a b in e  , p a r t  o f  w hich  i s  c o n v e r te d  

to  l a e v u l i n i c  a c i d .  An a ld o l  c o n d e n s a t io n  b e tw een  th e  

two o c c u rs ,  fo l lo w e d  by open ing  o f  th e  l a c to n e  r i n g  to  

g iv e  a d i b a s i c  k e t o - a c i d ,  which th e n  r e a c t s  w i th  t h r e e  

m o leo u les  o f  d in i t r o p h e n y lh y d r a z in e  to  form  a h y d razo n e  

h y d ra z id e .

GO —  CH
/ i  20 - C = : 0 H  + OHg.OO.OHg.CHg.COQH

c h 3

CH„.CO.CH„.G.COCH
OHg.G.CHg.OHg.GOOH

h . m . o 6h 3h 2 o 4

 » CH3 .0 .GHg .0.00 .BH .BH .Cg H g B ^
GH3 .0 .GHg .CHg .00 .BH .BH •C6H 3Bg04 

T h is  f o r m u la t io n  a ls o  f a i l e d  to  e x p la in  t h e  e x p e r im e n ta l  

f a o t s .  Woods made no s u g g e s t io n  a s  to  th e  s t r u c t u r e  o f  

’B * .
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T h is  i n v e s t i g a t i o n  h a s  added l i t t l e  to  t h e  e l u c i ­

d a t i o n  o f  t h e  p ro b lem . B oth  th e  compounds ’A' and 'B* 

a re  o f  h ig h  m o le o u la r  w e ig h t ,  and p r o b a b ly  p o s s e s s  com­

p le x  s t r u c t u r e s ,  which ap p ea r  to  be c o m p le te ly  b ro k e n  

down b y  most o f  th e  d e g ra d a t iv e  m ethods employed, y i e l d i n g  

f ra g m e n ts  from whioh l i t t l e  i n f o r m a t io n  oan  be g a in e d .

S in ce  b o th  compounds a r e  a lm o st c e r t a i n l y  d i -  

n i t r o p h e n y lh y d ra z o n e s  or h y d r a z i d e s ,  a  f a c t  w hich e x p la in s  

t h e i r  i n s o l u b i l i t y  and h ig h  m o le c u la r  w e ig h ts ,  an a t t e m p t  

was made to  s i m p l i f y  t h e  r e a c t i o n  by r e p l a c i n g  Z *4- 

d in i t r o p h e n y lh y d r a z in e  w i th  p h e n y lh y d ra z in e  i t s e l f ,  b u t  

o n ly  t a r r y  p r o d u c ts  were o b ta in e d ,  much o f  th e  p h e n y l ­

h y d ra z in e  b e in g  r e c o v e re d  unchanged . T h is  s u g g e s t s  

t h a t  th e  o r i g i n a l  r e a c t i o n  i s  11 f r o z e n 11 by  t h e  i n s o l u b i l i t y  

o f  t h e  p ro d u c ts  i n  m e th a n o l .

Some o f  Woods’ s and Downing1 s work was r e p e a t e d ,  

b u t  w i th  s i m i l a r l y  in c o n c lu s iv e  r e s u l t s .  H y d r o ly t ic  

d e co m p o s i t io n  o f  *Af by  r e f l u x ! n g  ? / i th  m e th s n o l io  h y d r o ­

c h l o r i c  a o id  was fou nd , as  i n  Woods’ s e x p e r im e n ts ,  to  

y i e l d  m e th y l l a e v u l i n a t e  DIP. When th e  l a t t e r  was 

chrom atographed  on an a lum ina  column i n  an a t te m p t  to  

i s o l a t e  i m p u r i t i e s ,  d e c o m p o s i t io n  o c c u r re d  on th e



a d s o rb e n t ,  and n o t  even t h e  m e th y l  l a e v u l i n a t e  DIP 

o o u ld  be  i s o l a t e d  from  th e  e l u a t e .  R e f lu x in g  i n  

e th a n o l io  h y d r o c h lo r i c  a o id  gave e t h y l  l a e v u l i n a t e  DIP 

and Woods’ s "80°  oompound” . T h is  a lm o st c e r t a i n l y  c o n ­

t a i n s  e t h y l  l a e v u l i n a t e  PEP, p ro b a b ly  a p r o p o r t i o n  o f  

unchanged 'A*, and p o s s i b l y  th e  y e l lo w  v o l a t i l e  oompound 

m .p . 1 2 4 .5 °  o b ta in e d  by ch ro m a to g rap h ic  a d s o r p t io n ;  

a l th o u g h ,  i n  view o f  th e  above r e s u l t  w i th  m e th y l  

l a e v u l i n a t e  PEP, th e  y e l lo w  oompound may be a  decom posi­

t i o n  p ro d u c t  formed on th e  a d s o rb e n t .

When th e  a c id  h y d r o l y s i s  was r e p e a t e d  u s in g  n- 

p ro p a n o l ,  th e  m ain p ro d u c t  was p ro p y l  l a e v u l i n a t e  P IP .

I n  aqueous d io x a n e ,  how ever, th e  o n ly  i s o l a b l e  compound

was a  v e ry  h ig h  m e l t in g  amorphous brown s o l i d ,  w hich
( 8 )gave a  weak p o s i t i v e  r e a c t i o n  w i th  Pechmann’ s t e s t  

f o r  o sa zo n e s ,  and p o s s e s se d  th e  i n t e r e s t i n g  " i n d i c a t o r ” 

c h a r a c t e r i s t i c s  d e s c r ib e d  on p . 84 , and e x h i b i t e d  a ls o
i

by  th e  s i m i l a r  compound o b ta in e d  by d ich ro m ate  o x id a t io n  

o f  *A*• The o t h e r  p ro d u c ts  o f  t h i s  o x i d a t i o n  were 2 :4 -  

d i n i t r o p h e n o l ,  m - d in i t r o b e n z e n e , and a y e llo w  gum whioh, 

a l th o u g h  i s o l a t e d  by  means o f  G i r a r d ’ s c a r b o n y l  r e a g e n t , ,  

ap p ea red  to  g iv e  no d e r i v a t i v e  w i th  d in i t r o p h e n y l h y d r a z i n e .  

Secondary  o x i d a t i o n  o f  p ro d u c ts  was r e l a t i v e l y  slow , and



a  v e ry  sm a ll  e x c e s s  o f  t h e  r e a g e n t  was s u f f i c i e n t  to  

o x i d i s e  a l l  t h e  amount o f  *Af used* 'B 1, on th e  o t h e r  

hand , was c o m p le te ly  b ro k en  down by t h i s  t r e a tm e n t ,  and 

red u ced  a much g r e a t e r  p r o p o r t io n  o f  d ic h ro m a te  t h a n  

was n e c e s s a r y  to  c le a v e  th e  h y d razo n e  l i n k s .  A lk a l in e  

perm angana te , how ever, y i e l d e d  d i n i t r o p h e n o l ,  and a  

y e l lo w  o i l  a s  r e p o r t e d  by Downing. C o n t r a ry  to  h i s  

r e p o r t ,  t h i s  was found  n o t  to  r e g e n e r a t e  'B ' on t r e a tm e n t  

w i th  d in i t r o p h e n y lh y d r a z in e ,  th e  p ro d u c t  m e l t in g  a t  

31 2 -314 ° .

S inoe th e  p re s e n c e  o f  th e  DIP r e s i d u e  ap p ea re d  to  

be c o m p l ic a t in g  th e  p rob lem , an a t te m p t  was made to  r e ­

move t h i s  p a r t  o f  th e  m o lecu le  w i th  an (X -d ic a rb o n y l
( 7 )

compound, a s  reoommended b y  S t r a i n  . I t  was hoped i n  

t h i s  way to  o b t a i n  a f r e e  a ldehyde  o r  k e to n e .  D ia o e ty l  

was found  to  be w i th o u t  e f f e c t ,  and g ly o x a l  o n ly  r e a c t e d  

i n  p re s e n c e  o f  h y d r o c h lo r i c  a c id ,  w hich  i s  a  c o m p l ic a t in g  

f a o t o r  i n  view o f  t h e  r e s u l t s  a l r e a d y  o b ta in e d  w i th  t h i s  

r e a g e n t  a lo n e ,  and th e  p o s s i b i l i t y  o f  " a l d o l "  ty p e  c o n ­

d e n s a t io n s  as  a seco n d a ry  r e a c t i o n .  Bo c a r b o n y l  com­

pound was i d e n t i f i e d ,  b u t  th e  r e s u l t s  su g g e s t  t h a t  one 

o f  t h e  fo u r  DHP r e s i d u e s  i n  'A* i s  an i n t e g r a l  p a r t  o f  

th e  m o le c u le ,  and i s  u n a f f e c t e d  b o th  by g ly o x a l  and by  

a lc o h o l i c  h y d r o c h lo r ic  a o id .  A d d i t io n a l  e x p e r im e n ts



f a i l e d  to  shed  any l i g h t  on t h e  s i t u a t i o n ,  how ever, and 

i n  view  o f  t h e s e  c o n fu s in g  r e s u l t s ,  f u r t h e r  d i s c u s s i o n  

a t  t h i s  p o in t  oan  be o f  l i t t l e  v a lu e .

A condensed  aocount o f  th e  e x p e r im e n ta l  work 

fo l lo w s  t
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A l l  m e l t in g  p o i n t s  a re  c o r r e c t e d ,  u n l e s s  o t h e r ­

w ise  s t a t e d .

P r e p a r a t i o n  o f  Yellow  Qompound(A)*

f o l lo w in g  Woods’s p ro c e d u re ,  58 .82  g .  (0 .2 9 7  mole) 

o f  2 s 4 - d i n i t r o p h e n y lh y d r a z in e  and 25 m l. o f  37$ h y d ro ­

c h l o r i c  a c id  (0 .2 9 7  mole) were r e f l u x e d  i n  1900 m l. o f  

m eth an o l i n  a  5 1 .  th r e e - n e c k e d  b a l l o o n  f l a s k  f i t t e d  

w i th  a  s t i r r e r  and r e f l u x  c o n d e n se r ,  and 1 4 .5  g .

(0 .1 4 8  m ole) o f  f r e s h l y  d i s t i l l e d  f u r f u r y l  a lc o h o l  added . 

R e f lu x in g  was c o n t in u e d  f o r  1 hour., d u r in g  which an  

o range  f l o o o u le n t  p r e c i p i t a t e  s e p a r a t e d ,  which was f i l ­

t e r e d  c o ld  and washed w i th  m ethano l - 40 g . ,  m .p . 208- 

21 6 ° . 20 g .  o f  t h i s  p r e o i p i t a t e  was e x t r a c t e d  i n  a

S o x h le t  w i th  400 m l.  o f  ace to n e  f o r  s e v e r a l  days , y i e l d -  • 

in g  a  d a rk  re d  s o l u t i o n ,  and an  orange  f lo o o u le n t  s o l i d .  

R ep ea ted  c r y s t a l l i s a t i o n  o f  th e  s o l i d  from a o e to n e ,  and 

d e o o l o u r i s a t i o n  w i th  o h a ro o a l  gave 8 g .  o f  r e l a t i v e l y  

p u re  1 A’ , m .p . 223-224° (w i th  d e c o m p o s i t io n ) .

I n  l a t e r  p r e p a r a t i o n s ,  a  g r e a t e r  y i e l d  o f  c rud e  

p ro d u c t  was o b ta in e d  by  add ing  th e  f u r f u r y l  a lo o h o l  

d ro p w ise , and c u t t i n g  r e a c t i o n  tim e to  35 m in u te s -



A lso , a  g r e a t e r  r e c o v e ry  o f  p a re  ’A' (35 g .  from  50 g .  

o f  c ru d e )  was o b ta in e d  by  s u b s t i t u t i n g  r e p e a te d  

o c r y s t a l l i s a t i o n  from a ce to n e  f o r  th e  S o x h le t  e x t r a c t i o n .  

P r e p a r a t i o n  o f  Red Pompound (B ) .

A gain  f o l lo w in g  Woods’ d i r e c t i o n s ,  36 .6  g .

(0 .3 6  mole) o f  f u r f u r y l  a lc o h o l  was added to  t h e  r e f l u x - 

in g  m ix tu r e  o f  72 g .  (0 .3 6  mole) o f  2 : 4 - d i n i t r o p h e n y l - 

h y d r a z in e ,  3 0 .3  m l.  o f  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  

(0 .3 6  m ole) and 1800 m l. o f  m e th an o l ,  and r e f l u x i n g  

c o n t in u e d  f o r  6 h o u r s .  She m ix tu re  was f i l t e r e d  c o ld ,  

y i e l d i n g  58 g .  o f  a  b row n-red  powder, m .p . 1 3 2 -2 2 0 ° .

T h is  was p a r t i a l l y  p u r i f i e d  by  S o x h le t  e x t r a c t i o n  w i th  

a o e to n e ,  t h e  e x t r a c t  y i e l d i n g  m ethy l l a e v u l i n a t e  DHP i n  

q u a n t i t y .  T h is  t r e a tm e n t  f a i l e d  to  r a i s e  t h e  m e l t in g  

p o in t  s u f f i c i e n t l y ,  however, and th e  p u r i f i c a t i o n  was 

o o n t in u e d  b y  r e p e a te d  b o i l i n g  o u t .w i th  a c e to n e ,  fo llov /ed  

by r e p e a te d  c r y s t a l l i s a t i o n  from  p y r i d in e ,  w i th  d e c o lo u r ­

i s i n g  c h a r c o a l .  T h is  f i n a l l y  y ie ld e d  10 g .  o f  a p p a r e n t ly  

p u re  ’B 1, m e l t in g  w i th  d e co m p o s it io n  a t  262-263° (u n ­

c o r r e c t e d )  .

P h e n y lh y d ra z in e  Run.

1 4 .5  g .  ( 0 .1  mole) o f  p h e n y lh y d ra z in e  h y d r o c h lo r id e  

and 8 .5  m l.  ( 0 .1  mole) o f  c o n c e n t r a te d  h y d r o c h lo r io  a c id



w ere r e f l u x e d  i n  500 m l. o f  m ethano l, and 4 .9  g .

( 0 .0 5  m ole) o f  f r e s h l y  d i s t i l l e d  f u r f u r y l  a lc o h o l  added 

d ro p w ise .  The s o l u t i o n  r a p i d l y  dark en ed , beooming 

a lm o s t  b l a c k ,  and no p r e c i p i t a t e  had  ap pea red  a f t e r  

!§• h o u r s '  r e f l u x i n g .  A d d i t io n  o f  e t h e r  p r e c i p i t a t e d  

p h e n y lh y d ra z in e  h y d r o c h lo r id e ,  and o n ly  t a r r y ,  non- 

d i s t i l l a b l e  p ro d u c ts  c o u ld  be o b ta in e d  from th e  m o ther  

l i q u o r s .

A c tio n  o f  Bromine i n  Carbon T e t r a c h l o r i d e .

Ho d e o o l o u r i s a t i o n  was o b se rv ed  when a  few d ro p s  

o f  5$ b rom ine  i n  o a rbo n  t e t r a c h l o r i d e  were added to  

p y r id in e  s o l u t i o n s  o f  'A ' and 'B 1. W ith fB ' ,  t h e  

s o l u t i o n  s lo w ly  tu r n e d  v e ry  d a rk  r e d ,  b u t  no f u r t h e r  

change o c c u r r e d .  T h is  seems to  i n d i c a t e  t h a t  t h e r e  i s  

no n o n -a ro m a tio  u n s a t u r a t i o n  i n  e i t h e r  o f  th e  m o le c u le s ,  

a l th o u g h  i n t e r a c t i o n  w i th  th e  p y r id in e  to  form p y r i d in e  

perb rom ide  may be c o m p l ic a t in g  th e  s i t u a t i o n .  

D e g ra d a t io n  o f  'A 1 by  BtOH/HGl R e f lu x .

(1) S in c e  Woods c o n s id e re d  t h i s  to  be  h i s  most prom­

i s i n g  l i n e  o f  a t t a c k ,  h i s  work was r e p e a t e d .  1 .5  g .  

o f  'A 1 was r e f l u x e d  f o r  18 h o u rs  i n  150 m l. o f  95$ 

e th a n o l  0 .4  E i n  h y d r o c h lo r i c  a c id ,  g iv in g  an o range-  

r e d  s o l u t i o n .  A f te r  o o o l in g  8 h o u rs  i n  th e  r e f r i g e r a t o



0 .7  g .  o f  o ran ge  c r y s t a l s  was o b ta in e d ,  m .p . 7 7 - 7 8 .5 ° .

T h is  was p resu m ab ly  W oods's If80° compound". I t  was 

d i s s o l v e d  i n  25 m l.  o f  h o t  a lc o h o l ,  f i l t e r e d  from a  

brown amorphous r e s i d u e ,  b o i l e d  w i th  c h a r c o a l  and 

f i l t e r e d  h o t .  The s o l u t i o n  d e p o s i te d  0 .4 5  g .  o f  o range  

n e e d le s  w hich  m e l te d  d i f f u s e l y  from 7 7 .5 °  to  1 0 0 .5 ° .

These were r e c r y s t a l l i s e d  from a lc o h o l  i n  t h r e e  f r a c t i o n s j -

( i )  Orange n e e d le s ,  m .p . 78-98°

( i i )  Y e llow -orange  n e e d le s ,  m .p . 7 9 -7 9 .5 °

( i i i )  Y ellow  p r ism s ,  m .p . 9 2 -9 6 ° .

( i i )  was a p p a r e n t ly  th e  e u t e c t i c  m ix tu re  o f  th e  compounds 

a p p ro x im a t in g  to  ( i )  and ( i i i ) .  The l a t t e r ,  a f t e r  

s e v e r a l  r e c r y s t a l l i s a t i o n s ,  p roved  to  be e th y l  l a e v u l i n -  . 

a t e  DUP, m .p . 9 7 -9 8 ° , th u s  c o n f i rm in g  Woods’ s f i n d i n g s .

E x h a u s t iv e  a t te m p ts  were made to  p u r i f y  f r a o t i o n s

( i )  and ( i i )  by  c r y s t a l l i s a t i o n  and e x t r a c t i o n  w i th  

v a r io u s  s o l v e n t s ,  b u t  i n  a l l  c a s e s ,  m ix tu r e s  w ere  o b ta in e d ,  

m e l t in g  o v e r  t h e  ran g e  7 5 -1 0 5 ° .  Sometimes o rang e  and 

y e l lo w  c r y s t a l s  were d e p o s i te d  t o g e t h e r ,  b u t  b o th  were 

a p p a r e n t ly  m ix tu r e s ,  and no p u re  compounds c o u ld  be  ob­

t a i n e d .  A m icro  m e l t in g  p o i n t  d e te r m in a t io n  showed 

t h a t  th e  o range  component o f  th e  m ix tu re  o f  o r y s t a l s  

m e l te d  a t  8 2 -1 1 0 ° , w h i le  th e  y e l lo w  c r y s t a l s  m e l te d  from



1 0 6 -1 2 2 ° .  The l a t t e r  were p r e s e n t  i n  to o  sm a ll  q u a n t i t y  

to  make m anual s e p a r a t i o n  p r a c t i c a b l e ,  how ever. An 

a t te m p t  was made to  s e p a r a t e  them by  vacuum s u b l im a t io n  

a t  118°0 and 7 m.m. p r e s s u r e ,  b u t  th e  mixed c r y s t a l s  

a o t u a l l y  y i e ld e d  homogeneous o range  s u b l im a te s .

S in c e  s e p a r a t i o n  seemed im p o s s ib le  by th e s e  m ethods,

a  o h ro m ato g rap h ic  s e p a r a t io n  was a t t e m p te d .  A s e p a ra -
( 7)t i o n  o f  d in i t ro p h e n y lh y d ra z o n e s  i s  r e p o r t e d  by S t r a i n 1 ' 

on a  column o f  a lum ina , and a c c o rd in g ly ,  a  g l a s s  tu b e ,

25 x  1 cm s., was packed w i th  "A lorco"  80-200 mesh 

a c t i v a t e d  alum ina* The v a r io u s  c r y s t a l  f r a c t i o n s  o b t a i n ­

ed above were com bined, d i s s o lv e d  i n  60-70° l i g r o i n  and 

b en zen e  (1 0 :1 )  and d r i e d  w i th  p o ta s s iu m  c a r b o n a te .  The 

l a t t e r  ap p ea red  to  adsorb  one o f  t h e  com ponents, b u t  

o n ly  a  s l i g h t  y e llo w  scum was o b ta in e d  by d i s s o l v i n g  th e  

o a rb o n a te  i n  a c id  and e x t r a c t i n g  w i th  e t h e r .

The s o l u t i o n  was ru n  on to  th e  column, g iv in g  a  

b l a c k  a d s o r b a te ,  and deve loped  w i th  pure  b e n z e n e .  A 

slow  s e p a r a t i o n  i n t o  two d a rk  brown bands and a y e llo w  

a r e a  a t  th e  to p ,  was o b ta in e d .  P u re  m ethy l l a e v u l i n a t e  

DlilP was found to  be ad so rbed  on a lum ina  from b en zen e , 

g iv in g  a  s i m i l a r  d a rk  brown a d s o r b a te ,  t u r n i n g  y e l lo w  i n  

e t h a n o l .  The same b e h a v io u r  was n o te d  w i th  d i n i t r o p h e n y l -



h y d r a z in e  i t s e l f ,  and th e s e  c o lo u r s  may he f a i r l y  g e n e r a l  

f o r  t h i s  c l a s s  o f  compounds. The f i r s t  brown band was 

washed th ro u g h  w i th  b enzen e , i t s  o o lo u r  l i g h t e n i n g  i n  

th e  p r o c e s s  (Band I ) .

D uring  t h i s  developm ent, th e  second  brown band  

s lo w ly  became l i g h t e r  i n  c o lo u r ,  and by  th e  tim e Band I  

was washed c l e a r ,  had  become a lm ost im p e r c e p t ib l e ,  and 

a p p ea red  to  have  s to pped  moving. S ince  i t  had  n o t  y e t  

s e p a r a t e d  from t h e  y e llo w  a r e a ,  developm ent was c o n t in u e d ,  

th e  s o l v e n t  b e in g  changed to  95$ a lc o h o l .  The second  

band  beoame y e l lo w  i n  t h e  e th a n o l ,  and a  slow s e p a r a t i o n  

i n t o  two y e llo w  bands was a c h ie v e d .  The low er one 

( o r i g i n a l l y  th e  second brown band) was washed th ro u g h  

(Band I I ) .

The column was th e n  e x tru d e d  and e lu t e d  w i th  

aqueous a l c o h o l ,  g iv in g  a  y e llo w  s o l u t i o n  (Band I I I ) .

Band I . The benzene was d i s t i l l e d  o f f  a t  40 m.m. 

p r e s s u r e ,  and th e  r e s id u e  c r y s t a l l i s e d  from 60-70° 

l i g r o i n ,  g iv in g  a  m ix tu re  o f  o range and y e llo w  n e e d le s ,  

m .p . 1 1 9 -1 2 5 ° .  R e c r y s t a l l i s a t i o n  from tw io e  t h e  volume 

o f  l i g r o i n  gave a  m ix tu re  o f : -

( i )  c l e a r  y e llo w  p r ism s

( i i )  sm a ll  y e llo w  n e e d le s

( i i i )  l a r g e  o range  n e e d l e s .



A m ic ro  m e l t in g  p o in t  d e te r m in a t io n  showed t h a t

( i )  m e l te d  w i th  s u b l im a t io n  a t  1 2 0 -1 2 4 .5 ° ,  ( i i )  s lo w ly  

d is a p p e a re d  c o m p le te ly  a t  110°, and ( i i i )  m e l te d  from  

1 1 8 -1 2 4 .5 ° .  The m ix tu re  was a g a in  o r y s t a l l i s e d  from 

l i g r o i n ,  b u t  th e  p ro p o r t io n  o f  o range  n e e d le s  seemed 

even g r e a t e r ,  p o s s i b l y  i n d i c a t i n g  a  ohem ioal change on 

r e f l u x i n g  i n  l i g r o i n .

Owing to  t h e i r  sm a ll  s i z e ,  manual s e p a r a t i o n  o f  

th e  c r y s t a l s  was im p o s s ib le ,  so th e  m ix tu re  was d iv id e d  

i n t o  two p a r t s ,  A and B.

A. T h is  p o r t i o n  was d i s s o lv e d  i n  60-70° l i g r o i n ,  ru n  

on to  a n o th e r  column o f  a lum ina, and deve loped  v e ry  

s lo w ly  w i th  l i g r o i n .  A d a rk  brown band was o b ta in e d ,  

s lo w ly  t u r n i n g  d i r t y  y e llo w , w h i le  a p u r p l e - g r e y  band  

s e p a r a t e d  from i t .  The column was e x tru d e d ,  t h e  bands 

removed and e l u t e d  w i th  a lo o h o l .  The p u r p l e - g r e y  band 

y i e l d e d  a  m ix tu re  o f  y e llo w  n e e d le s  and t u f t s  m e l t in g  

d i f f u s e l y ,  w h i le  th e  brown band  gave t h e  same m ix tu re

o f  o range  and y e llo w  c r y s t a l s  a s  b e f o r e .

I n  view o f  t h e s e  r e s u l t s , . i t  i s  th o u g h t  o e r t a i n  

t h a t  some c h em ic a l  change i s  o c c u r r in g  on th e  a lum ina, 

c a u s in g  t h e  slow change i n  c o lo u r  n o te d  above .

B. These c r y s t a l s  were vacuum -sublim ed a t  7 m.m. 

p r e s s u r e  i n  a  b a th  o f  r e f l u x i n g  a c e t i c  a c id  (1 1 8 ° ) .



78.

N e a r ly  a l l  t h e  su b s tan o e  had sub lim ed  a f t e r  10 h o a r s ,  

l e a v in g  t r a c e s  o f  a  b la o k  amorphous d i r t .  The s u b l im a te  

c o n s i s t e d  c£ a f i n e  y e llo w  powder, on which were s tu o k  a 

m ix tu re  o f  l a r g e  orange  p rism s and y e l lo w  n e e d l e s .

These were e a s i l y  d e ta c h e d  and s e p a r a te d  m a n u a lly .  I n  a

m icro  m e l t in g  p o i n t ,  th e  y e llo w  c r y s t a l s  s t a r t e d  su b l im in g  

a t  112°, m e l t in g  s h a r p ly  a t  124-.5°, w h ile  th e  o range  ones 

m e l te d  from  1 2 1 -1 2 4 .5 ° .  The y e llo w  su b s ta n c e  look ed  

p e r f e c t l y  homogeneous uhder th e  p o l a r i s i n g  m io ro sco p e , and 

i s  a p p a r e n t l y  a  p u re  compound, b u t  t h e r e  was i n s u f f i c i e n t  

m a t e r i a l  f o r  a  m i c r o - a n a l y s i s .

Band I I . The a lc o h o l  s o l u t i o n  was c o n c e n t r a te d  to  24 m l. 

A d d i t io n  o f  w a te r  cau sed  a  g r e e n i s h  c lo u d in e s s ,  b u t  no 

p r e c i p i t a t e ,  w h i le  one drop o f  c o n c e n t r a te d  h y d ro c h lo r io  

a o id  y i e l d e d  a  b l u i s h  o p a le s c e n c e .  H e a t in g  th e  a l c o ­

h o l i c  s o l u t i o n  tu r n e d  i t  from y e llo w  to  deep o ra n g e .

A d d i t io n  of e t h e r  p r e c i p i t a t e d  30 mg. o f  a  b r i g h t  

y e l lo w  f l o o o u le n t  s u b s ta n c e ,  which exploded  w i th  a y e llo w  

f l a s h  when h e a te d  on a  nichrom e s p a t u l a .  T h is  was found , 

by  r a p i d  h e a t i n g  i n  an a i r - b a t h ,  to  occu r  a t  c .  3 2 0° .

I f  i t  was f i r s t  m o is ten ed  w i th  a  drop o f  c o n c e n t r a te d  

s u lp h u r i c  a c id ,  th e  e x p lo s io n  was p re v e n te d ,  and th e  

compound b u rn ed  away, l e a v in g  a d a rk  s o l i d  r e s i d u e ,  which 

i n d i c a t e s  th e  p re s e n c e  o f  in o r g a n ic  m a t e r i a l .



The su b s ta n o e  was found  to  be  s o lu b l e  i n  w a te r ,  

g i v in g  a  y e l lo w  s o l u t i o n  which became c o l o u r l e s s  on 

a c i d i f i c a t i o n .  The b u lk  o f  i t  was t h e r e f o r e  d i s s o lv e d  

i n  5 m l. o f  w a te r ,  and a c i d i f i e d  w i th  c o n c e n t r a t e d  h y d ro ­

c h l o r i c  a c i d ,  when 10 mg. o f  a p a le  f l o o c u l e n t  p r e c i p i t a t e  

was o b t a in e d .  T h is  su b s ta n c e  now exp loded  a t  195° w i th  

r a p i d  h e a t i n g ,  and c o u ld  be c r y s t a l l i s e d  from a lc o h o l  i n  

lo n g  b u f f  n e e d l e s .
(7)

A s i m i l a r  su b s ta n o e  i s  r e p o r t e d  by S t r a i n  as  

b e in g  formed by  h e a t in g  d in i t r o p h e n y lh y d r a z in e  i n  sodium 

c a r b o n a te  s o l u t i o n ,  and a c i d i f y i n g .  H is  ex p erim en t was 

r e p e a t e d ,  when 406' mg. o f  th e  h y d ra z in e  was found  to  

y i e l d  343 mg. o f  a  b u f f  compound w i th  a l l  th e  p r o p e r t i e s  

o f  t h a t  o b ta in e d  from th e  chrom atogram . T h is  compound 

i s  t h e r e f o r e  d e r iv e d  s o l e l y  from d i n i t r o p h e n y I h y d r a z i n e . 

There  rem ains  th e  q u e s t io n  as to  w h e th e r  th e  d eco m p o si t io n  

o c c u r re d  on t h e  column, o r  w h e ther  S t r a i n ' s  compound was 

p r e s e n t  i n  t h e  o r i g i n a l  " 8 0 ° -compound” . S ince  i t  i s  

o b ta in e d  by  a l k a l i n e ,  r a t h e r  th a n  by a c id  d e co m p o s i t io n  

o f  th e  h y d r a z in e ,  th e  fo rm er s u g g e s t io n  seems th e  more 

f e a s i b l e .  S t r a i n  h im s e l f  recommends a lum ina  f o r  th e  

s e p a r a t i o n  o f  DEP’S, add ing  t h a t  b a s i c  columns such  as 

magnesium ox ide  c au se  d eco m p o sit io n ,  b u t  s i n c e  t h i s



chrom atogram  was so s lo w ly  dev e lo p ed , a l k a l i n e  decom­

p o s i t i o n  c o u ld  have ooourred  h e re  a l s o .

S ince  t h i s  compound was f i r s t  o b ta in e d  as  a  s a l t ,  

th e  a c id  aqueous s o l u t i o n ,  a f t e r  e th e r  e x t r a c t i o n ,  was 

t e s t e d  f o r  aluminium io n ,  b u t  a  n e g a t iv e  r e s u l t  was 

o b t a i n e d .

Band I I I  * C o n c e n t r a t io n  gave 50 mg. o f  a  y e l lo w  s o l i d  

m .p .  188-204° (decom p .) .  I t  d i s s o lv e d  i n  e t h e r ,  and 

i f  th e  s o l u t i o n  was shaken w i th  c a u s t i c  soda  s o l u t i o n ,  a 

w in e -c o lo u re d  aqueous l a y e r  was o b ta in e d ,  a r e a c t i o n  

c h a r a c t e r i s t i c  o f  t h e  p u re  “y e llo w  compound” (m .p . 2 2 6 ° ) .  

R e o r y s t a l l i s a t i o n  o n ly  r a i s e d  th e  m e l t in g  p o in t  to  200- 

205°, w h i le  a m ix tu re  w i th  ’A1 m e l ted  a t  1 80 -1 98° .

The i d e n t i t y  o f  t h i s  impure y e l lo w  su b s ta n c e  i s  s t i l l  

unknown, b u t  i t  i s  b e l i e v e d  to  c o n ta in  a p r o p o r t io n  o f  

1A1 .

( 2 ) .  I t  was d e c id ed  to  r e p e a t  t h e  ch ro m ato g rap h ic  

s e p a r a t i o n  i n  an a t te m p t  to  o b ta in  more o f  th e  y e l lo w  

compound m e l t in g  a t  1 2 4 .5 ° .  A c co rd in g ly ,  1 g .  o f  'A 1 

was r e f l u x e d  f o r  50 h o u rs  i n  100 m l. o f  95$ e th a n o l  

0 .5  U i n  h y d r o c h lo r i c  a c i d .  > 50 m l. o f  benzene  was 

added , t h e  m ixed s o lv e n t s  d i s t i l l e d  o f f  t i l l  20 m l.



rem ained , th e n  more benzene added and d i s t i l l a t i o n  con­

t i n u e d  t i l l  no w a te r  ap p ea red  i n  t h e  d i s t i l l a t e .  The 

benzene  s o l u t i o n  was f i l t e r e d  and ru n  on to  an “A lo rco ” 

column, and deve lop ed  w ith  b en zen e , th e n  a l c o h o l ,  g iv in g  

t h r e e  bands as b e f o r e .  Bone o f  th e s e  bands y i e l d e d  a  

p u re  compound, however, and t h i s  method o f  s e p a r a t i o n  

was abandoned .

( 3 ) .  I t  was th o u g h t  p o s s ib l e  t h a t  no d e co m p o s it io n  would 

o ccu r  on an a o id  a d so rb e n t  such as s i l i c i c  a c i d .  A ccord­

i n g ly ,  0 .5  g .  o f  'A 1 was r e f lu x e d  f o r  100 h o u rs  i n  

e th a n o l i c  h y d r o c h lo r i c  a o id  as b e fo r e ,  c o n c e n t r a te d  to  

25 m l . ,  and c o o le d  i n  th e  r e f r i g e r a t o r ,  g iv in g  250 mg. o f  

o range  c r y s t a l s  m.p# 94 -9 6^ . These were d i s s o lv e d  in  

30 m l. b e n z e n e ,  and ru n  on to  a column composed Of M erck1s 

s i l i c i c  a o id  and "H yflo  Super G el” b ra n d  o f  c e l i t e  ( 2 t l  by  

w e ig h t ) ,  and deve lo ped  under  s t r o n g  s u c t io n  w i th  b e n z e n e .  

S e v e ra l  o ran ge  and y e llow  bands were o b ta in e d ,  b u t  c o u ld  

n o t  be  f u l l y  s e p a r a t e d .  The s o l u t i o n  o f  th e  f i r s t  two 

rough b ands  was ru n  on to  a  column o f  p u re  s i l i c i c  a c id ,  

b u t  owing to  th e  v e ry  s t ro n g  a d s o r p t io n ,  t h i s  oolumn 

c o u ld  n o t  b e  dev e lo p ed  w i th  any s o l v e n t .  T h is  method 

had  a l s o  f i n a l l y  to  be abandoned.



D e g ra d a t io n  o f  l Al by  MeOH/HQl R e f lu x .

(1) . 0 .5  g .  o f  ’A' was r e f l u x e d  f o r  20 h o u rs  i n  50 ml* 

o f  m eth an o l 0 .5  Iff i n  h y d r o c h lo r ic  a c id ,  and a llow ed  to  

s t a n d  o v e r n ig h t ,  when 0 .2 5  g .  o f  orange c r y s t a l s ,  m .p . 

127-130° s e p a r a t e d .  C r y s t a l l i s a t i o n  from m ethano l w i th  

o h a r c o a l  r a i s e d  th e  m e l t in g  p o in t  to  1 40 -141° , and a  

mixed m e l t in g  p o in t  showed t h i s  su b s ta n o e  to  be  p u re  

m e th y l  l a e v u l i n a t e  DBP. T h is  c o n firm s  th e  r e s u l t  

o b ta in e d  by  Woods. A f u r t h e r  c rop  o f  impure e s t e r  DRP 

was o b ta in e d  from  th e  r e a c t i o n  m other l i q u o r s ,  b u t  th e

." i m p u r i ty ” c o u ld  n o t  be i s o l a t e d  by  c r y s t a l l i s a t i o n  

m e th o d s .

(2) . 1 g .  o f  'A 1 was r e f lu x e d  f o r  50 h o u rs  i n  100 m l.  

o f  a c id  m e th a n o l .  The m ethanol was r e p la c e d  by b en zen e , 

and th e  s o l u t i o n  ru n  on to  a  column* o f  a lum ina , and 

d e v e lo p ed  w i th  b en zen e ,  t h e n  e th a n o l .  As w i th  th e  

e th a n o l  r u n s ,  developm ent was v e ry  slow , and a l th o u g h  

s e v e r a l  bands were o b ta in e d ,  none o f  them y ie ld e d  a  p u re  

compound. I n  view o f  th e  f a c t  t h a t  m ethy l l a e v u l i n a t e  

DHP was e a s i l y  i s o l a t e d  from th e  p re v io u s  ru n ,  t h i s  i s  

ta k e n  a s  f u r t h e r  ev idence  t h a t  chem ica l  d e co m p o s i t io n

i s  o o c u r r in g  on th e  a lum ina , and e x p e r im e n ts  w i th  t h i s  

t e c h n iq u e  were abandoned.



D e g ra d a t io n  o f  'A 1 b y  n-PrOH/HCl R e f lu x .

0 .5  g .  o f  *Ar  was r e f l u x e d  f o r  18 h o u rs  i n  50 ml# 

o f  n - p ro p a n o l  0 .5  U i n  h y d r o c h lo r ic  a c id .  C o n c e n t r a t io n  

and c o o l in g  y i e l d e d  a orop o f  p ro p y l  l a e v u l i n a t e  DRP, 

m .p . 6 2 -6 3 ° ,  h u t  n o th in g  f u r t h e r  c o u ld  be  I s o l a t e d  from 

t h e  r e a c t i o n  m ix tu r e .

D e g ra d a t io n  o f  'A 1 by  Aqueous HOI R e f lu x .

0 .5  g .  o f  fA* was added to  50 m l.  o f  0#5R h y d ro ­

c h l o r i c  a c i d ,  a  c l e a r  s o l u t i o n  b e in g  o b ta in e d  by  

a d d i t i o n  o f  50 m l.  o f  d io x an e ,  and th e  m ix tu re  r e f lu x e d  

f o r  22 h o u r s .  The s o l u t i o n  tu r n e d  b lack -b ro w n , and 

d e p o s i te d  0 .1 5  g .  o f  a d a rk  amorphous p r e c i p i t a t e ,  

m .p . 3 6 0 ° .  T h is  was t r e a t e d  w i th  c h a r c o a l  i n  h o t  

d io x an e  and f i l t e r e d ,  g iv in g  a c l e a r  amber s o l u t i o n .  

A d d i t io n  o f  60-70° l i g r o i n  p r e c i p i t a t e d  what appea red  to  

be  th e  same brown amorphous su b s ta n o e  as  b e f o r e .  T h is  

was m o is te n e d  w i th  e th a n o l ,  h e a te d  w i th  a  c r y s t a l  o f  

f e r r i c  c h l o r i d e ,  and e x t r a c t e d  w ith  e t h e r ,  g iv in g  a 

red -b row n  s o l u t i o n ;  v/hich i n d i c a t e s  t h a t  th e  brown su b ­

s ta n o e  may b e  an o s a z o n e ^  , though  th e  c o lo u r  o b ta in e d  

was n o t  d i s t i n c t i v e  enough to  be c o n c lu s iv e .

T h is  su b s ta n o e  d i s s o lv e d  r e a d i l y  i n  sodium 

h y d ro x id e  s o l u t i o n ,  g iv in g  a deep w in e - re d  c o l o u r ,  q u i t e



d i f f e r e n t  from , and more i n t e n s e  th a n  t h a t  o b ta in e d  w i th  

p u re  1 A1 . The s o l u t i o n  was tu r n e d  p u re  y e llo w  by  

h y d r o c h lo r i c  a c id  a t  pH9-pH7, th e  o o lo u r  change b e in g  

i n d e f i n i t e l y  r e v e r s i b l e .  These " i n d i c a t o r ” c h a r a c t e r ­

i s t i c s  were shown b y  a  s i m i l a r  brown amorphous s u b s ta n c e  

o b ta in e d  b y  d ich ro m ate  o x id a t io n  o f  'A ' ( s e e  p .  8 6 ) ,  

th oug h , o f  c o u r s e ,  t h i s  does n o t  prove t h e i r  i d e n t i t y .

C o n c e n t r a t io n  o f  th e  r e a c t i o n  m other l i q u o r  gave 

more o f  t h i s  brown s u b s ta n c e ,  p lu s  t r a c e s  o f  o r y s t a l l i n e  

m a t e r i a l  w hich  c o u ld  n o t ,  however, be o b ta in e d  p u r e .  

D ichrom ate  O x id a t io n  o f  t Al .

Compounds *A* and fB' a re  a p p a r e n t ly  p h e n y lh y d ra -  

zones o f  some k in d ,  which can  o f t e n  be s p l i t  a c r o s s  th e  

h y d razo ne  l in k a g e  by  o x i d i s in g  a g e n ts ,  g iv in g  f r e e  

c a rb o n y l  o r  oa rboxy  g ro u p s .

( 1 ) .  P r e l im in a r y  r u n .  0 .989 g .  o f  p o ta s s iu m  d ich ro m a te

(0 .0 1  atoms o f  0 ) was d i s s o lv e d  i n  100 m l. o f  w a te r  and
Z

50 m l. o f  c o n c e n t r a t e d  s u lp h u r ic  a o id ,  and 1 g .  o f  'A* 

(a p p ro x .  0 .004  c a rb o n y ls )  was added, c a u s in g  th e  s o l u t i o n  

to  change c o lo u r  s lo w ly  w i th  e f f e rv e s c e n c e  from o range  to  

g re e n .  I t  was th e n  h e a te d  f o r  30 m in u te s  on th e  h o t  

p l a t e  to  90° , when t h e  sm e ll  o f  a c e t i c  a c id  became 

n o t i c e a b l e ,  i n d i c a t i n g  c o n s id e r a b le  d e c o m p o s i t io n .  An 

o range p r e c i p i t a t e  which s e t t l e d  o v e rn ig h t  was found  to



o o n s i s t  m a in ly  o f  2 : 4 - d i n i t r o p h e n o l .

( 2 ) .  I t  was d e c id e d  to  omit th e  h e a t in g  i n  t h i s  ru n  to  

red u c e  se c o n d a ry  o x id a t io n  of th e  r e a c t i o n  p r o d u c t s .

1 .5  g .  o f  p o ta s s iu m  d ich rom ate  (0*015 atoms o f  Og) 

was d i s s o l v e d  i n  40 m l. o f  w a te r ,  25 m l. o f  c o n c e n t r a t e d  

s u lp h u r i c  a o id  added, and th e  s o l u t i o n  c o o le d  i n  io e -  

w a t e r .  1 g .  o f  , AI (o .  0 .004  c a rb o n y ls )  was added, 

d i s s o l v i n g  w i th  a  b r i s k  e f f e r v e s c e n c e ,  w hich  was fo l lo w e d  

by a f u r t h e r  slow e f f e r v e s c e n c e ,  p ro b a b ly  i n d i o a t i n g  

slow  se co n d a ry  o x id a t io n  o f  th e  p ro d u c ts  o f  th e  f i r s t  

r a p i d  r e a c t i o n . .  A f te r  20 m in u te s ,  th e  s o l u t i o n  was 

d i l u t e d  to  200 m l . ,  co o le d  i n  io e  and f i l t e r e d  from a  

c r y s t a l l i n e  p r e c i p i t a t e  ( a ) .  I t  was th e n  e x t r a c t e d  

w i th  t h r e e  50 m l.  p o r t i o n s  o f  e t h e r  (b ) and th e  aqueous 

s o l u t i o n  s e t  a s id e  f o r  1 h o u r ;  a f t e r  which a  f u r t h e r  

q u a n t i t y  o f  c r y s t a l s  had s e p a ra te d  and were added to  ( a ) .  

The combined p r e c i p i t a t e s  weighed 160 mg. and were a l ­

most p u re  2 s 4 - d i n i t r o p h e n o l . The aqueous s o l u t i o n  was 

th e n  c o n t in u o u s ly  e x t r a c t e d  w ith  e th e r  . fo r  48 h o u rs ,  and 

th e  y e l lo w  e t h e r  s o l u t i o n  added to  s o l u t i o n  ( b ) .

The combined e th e r  s o l u t i o n s  were shaken  w ith  50 m l. 

o f  2$ BaOH s o l u t i o n ,  w hich , on a c i d i f i c a t i o n ,  y i e ld e d  a  

f u r t h e r  90 mg. o f  d i n i t r o p h e n o l ,  a lo n g  w i th  t r a c e s  o f  a



r e d  a o id  s u b s ta n o e .  (0 .2 5  g .  o f  d i n i t r o p h e n o l  i s o l a t e d  

a l t o g e t h e r . )  E x t r a c t i o n  w i th  a f u r t h e r  20 m l. o f  RaOH 

s o l u t i o n  gave a r e d  aqueous l a y e r ,  which was tu rn e d  

y e l lo w  on a d d i t i o n  o f  a c id .  E th e r  e x t r a c t i o n  o f  t h e  a c id  

s o l u t i o n  y i e l d e d  an e x t r a c t  w hich, on c o n c e n t r a t i o n ,  was 

found  to  c o n ta in  a  brown, amorphous h ig h - m e l t in g  s o l i d ,  

v e ry  s i m i l a r  t o  t h a t  o b ta in e d  by  r e f l u x i n g  'A* i n  

aqueous a d d ,  and g iv in g  th e  same c o lo u r  ch anges  a t  th e  

same pH v a lu e s  ( s e e  p . 8 4 ) .

The rem a in in g  e th e r  s o l u t i o n ,  a f t e r  a l k a l i n e  

e x t r a c t i o n ,  was found  to  g iv e  a  p o s i t i v e  t e s t  f o r  th e  

o a rb o n y l  g ro u p , and was t h e r e f o r e  eva|>orated to  d ry n e s s ,  

and th e  r e s i d u e  t r e a t e d  w i th  G irard*  3 r e a g e n t  "P1*, and 

th e  aqueous s o l u t i o n  e x t r a c t e d  w ith  e th e r  ( o ) .  The 

G ira rd  com plex, on d e co m p o si t io n ,  y i e ld e d  a  sm a ll  

q u a n t i t y  o f  y e l lo w  gum, w hich , s u r p r i s i n g l y ,  ap p ea red  to  

g iv e  no r e a c t i o n  w i th  2 s4 - d in i t r o p h e n y lh y d r a z in e ,  and 

c o u ld  n o t  be c h a r a c t e r i s e d .

The e th e r  s o l u t i o n  (o) was c o n c e n t r a te d  and th e  

s o l i d  r e s i d u e  (168 mg.) d i s s o lv e d  i n  a l c o h o l .  A f t e r  

t h r e e  c r y s t a l l i s a t i o n s ,  th e  m e l t in g  p o in t  became c o n s t a n t  

a t  8 9 -9 0 ° .  The su b s ta n o e  c o n s i s t e d  o f  long  p a le - y e l lo w  

f i b r o u s  n e e d le s ,  which b u r n t  w ith  a  smoky f la m e .  I t



gave a  p o s i t i v e  t e s t  f o r  n i t r o g e n  on sodium f u s i o n ,  and 

y i e l d e d  a  p u r p le  c o lo u r  w i th  sodium h y d ro x id e  i n  aqueous 

a c e to n e ,  i n d i c a t i n g  two n i t r o - g r o u p s . I t  c au se d  no 

d e p r e s s io n  i n  t h e  m e l t in g  p o in t  o f  a  sample o f  p u re  

m - d in i t r o b e n z e n e ,  and th e  oompounds a re  co n c lu d ed  to  be 

i d e n t i c a l .

D ichrom ate  O x id a tio n  o f  *B f .

5 g .  o f  p o ta s s iu m  d ich ro m ate  ( 0 .0 5  atoms o f  02 ) 

was d i s s o l v e d  i n  100 m l.  o f  w a te r  and 50 m l. o f  con ­

c e n t r a t e d  s u lp h u r i c  a o id ,  and 4 g .  o f  fBf added (o .  0 .017 

c a r b o n y l s ) . A b r i s k  e f f e rv e s c e n c e  ensued , l a s t i n g  f o r  

s e v e r a l  m in u te s .  A r e d  s o l i d  was s t i l l  p r e s e n t ,  and 

t h i s  was d i s s o lv e d  by a d d i t i o n  o f  a n o th e r  80 m l. o f  s u l ­

p h u r ic  a c i d .  Bo f u r t h e r  r e a c t i o n  o c c u r re d ,  however, 

and t h e  s o l u t i o n  was poured  i n to  300 m l. o f  w a te r ,  g iv in g  

a  b r i g h t  s c a r l e t  p r e c i p i t a t e ,  and a p u re  g re e n  s o l u t i o n ,  

i n d i c a t i n g  t h a t  a l l  th e  d ich rom ate  had  been  re d u c e d .

The r e d  p r e c i p i t a t e  p roved to  be 2 .1  g .  o f  s t a r t i n g  

m a t e r i a l ,  and s in c e  an a p p a re n t  ex cess  o f  o x i d i s in g  agen t 

had  b een  u se d ,  t h i s  i n d ic a t e d  t h a t  much more e x te n s iv e  

o x i d a t i o n  th a n  s im p le  f i s s i o n  o f  th e  hyd razone  l i n k s  had 

o c c u r r e d .  The s o l u t i o n  was e x t r a c t e d  c o n t in u o u s ly  w i th  

e th e r  f o r  50 h o u r s ,  g iv in g  a  red  e x t r a c t .  T h is  e t h e r  

s o l u t i o n  was shaken  w i th  sodium h y d ro x id e  s o l u t i o n ,  to  

remove a c i d i c  compounds, which cau sed  such e x te n s iv e



t a r r i n g  t h a t  t h i s  ex perim en t had  to  be u l t i m a t e l y  

abandoned .

Perm anganate  O x id a tio n  o f  fB f ♦

f o l lo w in g  Downing's p ro c e d u re ,  1 .1 7 5  g .  o f  'B '

( c .  0 .0045 c a r b o n y ls )  was d i s s o lv e d  i n  80 m l.  o f  a o e to n e ,  

25 m l .  o f  10$ sodium hy d ro x id e  s o l u t i o n  and 90 m l.  o f  

w a te r ,  and t h e  ace to n e  removed under vaouum. The 

r e s u l t i n g  110 m l. o f  re d  l i q u i d  was co o le d  to  0 ° .

1 .1  g .  o f  p o ta s s iu m  perm anganate  (0 .0 1  atoms o f  0^)  i n  

1$ aqueous s o l u t i o n  was added from a b u r e t t e  w i th  s t i r r ­

in g ,  d u r in g  2 h o u r s ,  and s t i r r i n g  c o n tin u e d  f o r  a  f u r t h e r  

h o u r .  The s o l u t i o n  was s t i l l  r e d ,  p o s s i b l y  i n d i c a t i n g  

in c o m p le te  o x i d a t i o n .

The m ix tu re  was c o n t in u o u s ly  e x t r a c t e d  w i th  e th e r  

f o r  63 h o u r s ,  and t h e  e x t r a c t  washed w i th  a  l i t t l e  d i l u t e  

sodium h y d ro x id e  s o l u t i o n ,  th en  w a te r ,  and d r i e d  w i th  

p o ta s s iu m  c a r b o n a t e .  The e t h e r  was removed under 

p a r t i a l  vacuum i n  a  f r a c t i o n a t i n g  G la is e n  f l a s k ,  g iv in g

7 .5  mg. o f  ye llow -brow n  o i l .  T h is  gave a  p o s i t i v e  t e s t  

f o r  t h e  c a rb o n y l  g roup , and was t h e r e f o r e  t r e a t e d  w i th  

2U mg. o f  2 : 4 - d in i t r o p h e n y lh y d r a z in e  i n  e th a n o l i c  h y d ro ­

c h l o r i c  a c i d ,  g iv in g  7 .3  mg. o f  a y e llo w  f l o c c u l e n t  

p r e c i p i t a t e ,  m .p . 31U-3130 I decom p.) . A f t e r  b o i l i n g



o u t  w i th  15 m l.  e th a n o l ,  i t  m e lted  a t  3 1 2 -3 1 4 ° . A 

m ix tu re  w i th  g ly o x a l  bis-DDP (m .p . 3u9-310°) m e l te d  

a t  303-3U50 ( a l l  u n o o r r e c t e d ) , b u t  t h i s  i s  no t c o n ­

s i d e r e d  c o n c lu s iv e  o f  i d e n t i t y  o r  n o n - i d e n t i t y .  

A ccord ing  to  Downing, t h i s  o i l  gave back  p u re  *Bf 

(m .p . 274°; on t r e a tm e n t  w ith  d in i t r o p h e n y lh y d r a z in e ,  

b u t  t h i s  i s  o b v io u s ly  n o t  th e  c a s e .

Only d i n i t r o p h e n o l  co u ld  be i s o l a t e d  from  th e  

aqueous s o l u t i o n .

Hydro geno l y s i s  o f  'A 1 .
(9)

P r e p a r a t i o n  o f  Copper Chrom ite  . P re p a re d  

from 26 g .  ( 0 .1  mole) o f  ba rium  n i t r a t e ,  218 g .  ( 0 .9  

mole) o f  c o p p e r  n i t r a t e ,  126 g . ( 0 .5  mole) o f  ammonium 

d ic h ro m a te  and 150 m l. o f  c o n c e n t r a te d  ammonia, i n  

1400 m l.  o f  w a te r .  The r e d  p r e c i p i t a t e  was i g n i t e d  i n  

a  m u f f le  a t  500°, and th e  c rude  p ro d u c t  p u r i f i e d  by  

l e a c h in g  w ith  10$ a c e t i c  a c id  and w ashing w i th  v /a te r .

P u r i f i c a t i o n  o f  D ioxane. 1500 m l. o f  c ru d e  d i ­

oxane was r e f l u x e d  w i th  10$ o f  i t s  w eigh t o f  H h y d ro ­

c h l o r i c  a c id  f o r  12 h o u r s ,  a s tream  o f  a i r  b e in g  l e d  

th ro u g h  th e  s o l u t i o n  to  ex p e l  the  a c e ta ld e h y d e  fo rm ed . 

I t  was t h e n  e x t r a c t e d  w i th  s t r o n g  sodium h y d ro x id e  

s o l u t i o n ,  and d r i e d  o v e rn ig h t  w i th  sodium h y d ro x id e  

p e l l e t s .  S e v e ra l  p i e c e s  o f  sodium were added to  th e



d e c a n te d  d io x a n e ,  and th e  l i q u i d  r e f l u x e d  t i l l  a  b lu e  

c o lo u r  was o b ta in e d  w ith  b snzo pheno ne . The p u re  

s o lv e n t  was f i n a l l y  d i s t i l l e d  under n i t r o g e n  i n t o  a  

b o t t l e  c o n ta in in g  sodium w i r e .

S t a n d a r d i s a t i o n  o f  H y d ro g e n a to r . A s t e e l  bomb 

o f  abou t 250 m l. c a p a c i ty  was employed, f i t t e d  w ith  an 

e l e c t r i c  h e a t i n g  c o i l  and a  m echan ica l  r o c k e r ,  and 

hydrogen  was ta k e n  from a o y l in d e r  w i th o u t  e x t r a  b o o s t ­

i n g ,  g iv in g  a  p r e s s u r e  o f  abou t 1200 p . s . i .  58 g .

(1 mole) o f  a ce to n e  was employed as  a s t a n d a rd  w ith

1 .5  g .  o a t a l y s t .  Q u a n t i t a t i v e  h y d ro g e n a t io n  o o c u rre d  

i n  10-15  m in u te s  a t  13Q°G. and 1200 l b s .  P r e s s u r e  drop 

p e r  mole o f  h y d ro gen  abso rbed  f o r  73 m l. c o n te n t s  was 

found  to  be abou t 550 l b s .  a t  25°G. when i n i t i a l  p r e s s u r e  

was 1200 l b s .

H y d r o g e n o ly s i s .

10 g .  ( c .  0 .01 4  m oles) o f  fA! and 1 .5  g .  o f  co p p er  

c h ro m ite  i n  75 m l.  o f  dioxane were p la c e d  i n  th e  bomb, and 

hydro gen  in t r o d u c e d  a t  1200 p . s . i .  The sh a k e r  was 

s t a r t e d ,  and th e  p r e s s u r e  f e l l  50 l b s . ,  th e n  rem ained 

c o n s t a n t .  I t  was a g a in  r a i s e d  to  1200 l b s .  and th e  

h e a t e r  sw itc h ed  on . The p r e s s u r e  was found  to  f a l l  

200 l b s .  a t  25°C ., eq u a l  . to  c .  0 .5  mole o f  hydrogen  

ab so rb ed , th e  r e a c t i o n  t a k in g  j u s t  under 1 h o u r .  The



r e a c t i o n  m ix tu re  sm e lled  s t r o n g l y  o f  ammonia, and was 

opaque brown a f t e r  f i l t r a t i o n  from th e  c a t a l y s t .

The d ioxane  was ta k e n  o f f  a t  12 mm. p r e s s u r e ,  and 

th e  brov/n r e s i d u e  d i s s o lv e d  i n  200 m l. o f  95$ a c e t i o  

a c id ,  g iv in g  a  deep ruby re d  s o l u t i o n .  A p o r t i o n  o f  t h i s  

r e d  l i q u i d  was d i l u t e d  w ith  a  l i t t l e  w a te r ,  and s o l i d  

sodium h y d ro x id e  added, o a u s in g  th e  s o l u t i o n  to  t u r n  

y e l lo w .  T h is  c o lo u r  change i s ,  how ever, t h e  o p p o s i te  

o f  t h a t  n o te d  p r e v io u s ly  w ith  th e  h ig h  m e l t in g  brown 

s u b s ta n o e  i s o l a t e d  i n  th e  d ichrom ate  o x i d a t io n  o f  fA* •

About 10 g .  o f  chromium t r i o x i d e  was added to  th e  

a c e t io  a c id  s o l u t i o n  w i th  s t i r r i n g ,  d u r in g  5 h o u r s ,  th e  

s o l u t i o n  h e a t i n g  up d u r in g  th e  p r o c e s s .  I t  was f i l ­

t e r e d ,  and th e  a c e t i c  a c id  removed th ro u g h  a  column, 

l e a v in g  a  b l a c k ,  and a p p a r e n t ly  h ig h ly  p o ly m e rised  

r e s i d u e .  T h is  was shaken up w ith  w a te r ,  g iv in g  250 m l. 

o f  a b l a c k  s o l u t i o n ,  and a  t a r r y  r e s i d u e .  I t  was made 

a l k a l i n e  w i th  sodium h y d ro x id e ,  when th e  whole m ix tu re  

r a p i d l y  s e t  to  a t h i c k  j e l l y .  The ex perim en t h ad  to  be 

abandoned a t  t h i s  p o in t  when th e  e n t i r e  i n v e s t i g a t i o n  

was d i s c o n t i n u e d .

A c tio n  o f  P i  a c e t y l  on1 A*.

( 1 ) .  200 mg. o f  1 A* i n  80 m l. o f  m ethano l p l u s  25 m l.

o f  d io x an e  was r e f l u x e d  f o r  2 h o u rs  w ith  475 mg. (0 .0 0 5



mole*?) o f  f r e s h l y  d i s t i l l e d  d i a o e t y l ,  b u t  no change was 

n o te d  a f t e r  2 h o u r s -  A f u r t h e r  2 g .  o f  d i a o e t y l  was 

added , and r e f l u x i n g  c o n t in u e d  f o r  30 h o u r s ,  b u t  no r e ­

a c t i o n  was o b s e rv e d .

(2)  . 200 mg. o f  , A! was h e a te d  i n  a  s e a le d  tu b e  a t  180-

200° f o r  3 h o u rs  w ith  0 .5  g .  (0 .006  mole) o f  d i a c e t y l  i n  

30 m l. o f  d io x a n e ,  b u t  no d i a c e t y l  bis-DDP was i s o l a t e d  

from t h e  r e a c t i o n  m ix tu r e .

A o tion  o f  G lyoxal o n lB f .

3 mgs. o f  'B* was d i s s o lv e d  i n  10 m l. o f  b o i l i n g  

b e n z y l  a l c o h o l ,  two d rops o f  30$ g ly o x a l  i n  3 m l.  b e n z y l  

a lc o h o l  added, and th e  s o l u t i o n  r e f l u x e d ,  b u t  no a o t i o n  

c o u ld  be d e t e c t e d  e i t h e r  th e n  o r  a f t e r  a d d i t i o n  o f  10 d ro p s  

o f  c o n c e n t r a te d  h y d r o c h lo r ic  a c i d .

A c t io n  o f  G lyoxal on fA! .

( 1 ) .  I n  p r e l i m i n a r y  t e s t s ,  no m easu rab le  r e a c t i o n  betw een  

* A* and g ly o x a l  was found  to  ta k e  p la c e  i n  m e th an o l-  

d ioxane  u n le s s  t h e  s o l u t i o n  was made f a i r l y  s t r o n g l y  a c id  

w ith  h y d r o c h lo r i c  acid*  Under th e s e  c o n d i t i o n s ,  th e  

g ly o x a l  i s  r a p i d l y  d e s t ro y e d ,  and i t  was t h e r e f o r e  n e c e s s ­

a ry  to  add t h i s  r e a g e n t  s lo w ly ,  g iv in g  each l o t  tim e  to  

r e a c t .  I t  was a l s o  found im p r a c t i c a b le  to  ru n  th e  r e ­

a c t io n  i n  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  due to  th e  

o o l l o i d a l  n a tu r e  o f  t h e  p r e c i p i t a t e  o b ta in e d .



(2) . I t  was d e c id e d  to  make t h i s  ru n  ro u g h ly  q u a n t i ­

t a t i v e  i n  o r d e r  to  e s t im a te  th e  p r o p o r t io n  o f  "DDP 

r e s id u e "  rem ovable  as such , i n  an a t tem p t to  see  i f  t h i s  

r e s i d u e  r e t a i n e d  i t s  i d e n t i t y  i n  th e  m o lecu le  o f  *A*.

223 .6  gm. o f  'A 1 was d i s s o lv e d  i n  25 m l. o f  95$ e th a n o l  

and 2 m l.  o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  on th e  steam - 

b a th ,  and 0 .4  g .  o f  30$ g ly o x a l  (0 .0 0 2  mole) added d rop - 

w ise  d u r in g  th e  o o u rse  o f  30 m in u te s ,  w ith  f r e q u e n t  

s h a k in g .  The o range  p r e c i p i t a t e  was f i l t e r e d  o f f ,  and 

washed w i th  e th a n o l .  The m other l i q u o r s  were a g a in  r e ­

f lu x e d ,  and s e v e r a l  d rops  o f  g ly o x a l  added, when a  f u r t h e r  

sm a ll  q u a n t i t y  o f  osazone was o b t a in e d .  The p r e c i p i t a t e s  

were combined and d r i e d ,  and found  to  weigh 1 3 8 .0  mg.

A f te r  b o i l i n g  w ith  100 m l. o f  e th a n o l ,  d ry in g  40 m in u te s  

i n  t h e  100° oven and c o o l in g  i n  a d e s s i c a t o r ,  t h e  w e ig h t  

was fo un d  to  be 137 mg. The m e l t in g  p o in t  was 309-310°, 

w hereas  an a u th e n t i c  sample m e l te d  a t  315-316° . A 

m ix tu re  o f  th e  two m e lted  a t  310-311° ( a l l  u n o o r r e c t e d ) , 

how ever, and t h e i r  i d e n t i t y  i s  assumed.

138 mg. g ly o x a l  DIP c o n ta in s  126 mg. DIP r e s i d u e .

. ’ . 1 A1 c o n ta in s  B 56 .5$  "rem ovable"

DRP r e s i d u e .  A n a ly s i s  o f  fA* g iv e s  t h e  e m p i r i c a l  

fo rm u la  G36H3 5 % 6 °1 7 ' Assuming f o u r  DUP r e s i d u e s ,  t h e



p r o p o r t i o n  o f  DIP sh o u ld  he  .Z§£-*;;J-.QQ
963

Among t h e  p o s s i b i l i t i e s  f o r  t h i s  d i s c re p a n c y ,  a re  

( i )  h a n d l in g  l o s s e s ,  ( i i )  in co m p le te  r e a c t i o n ,  ( i i i )  n o t  

q u a n t i t a t i v e  r e a c t i o n ,  ( i v )  a l l  d in i t r o p h e n y lh y d r a z in e  

no t  p r e s e n t  a s  such  i n  th e  m olecu le  o f  !A* • P o r  exam ple, 

i f  o n ly  t h r e e  o f  th e  r e s i d u e s  'were rem ovable  a s  such , t h e  

p r o p o r t i o n  would be ^ g ^ x ^ lOg a 61 .06$ , which i s  in  

f a i r l y  good agreem ent w ith  th e  e x p e r im e n ta l  v a lu e ,  con­

s i d e r i n g  th e  c ru d e n e s s  o f  th d  ex p e r im e n t ,  and th e  f a c t  

t h a t  t h e  fo rm u la  o f  fAf may be o n ly  a p p ro x im a te .  T h is  

would seem to  i n d i c a t e  t h a t  a t  l e a s t  one o f  th e  DBP 

r e s i d u e s  no lo n g e r  r e t a i n s  i t s  hydrazone  c h a r a c t e r  i n  th e  

m o le cu le  o f  'A 1, and i s  p ro b a b ly  p a r t  o f  some form o f  

s t a b l e  r i n g  s t r u c t u r e .  I t  a l s o  h e lp s  to  f i x  th e  

m o le c u la r  w e ig h t  o f  'A*, s in c e  i t  i s  p resum ably  im p o s s ib le  

to  remove h a l f  o f  a  DBP r e s i d u e .

Bo oompound c o rre sp o n d in g  to  th e  rem ain ing  p a r t  o f  

th e  m o lecu le  co u ld  be i s o l a t e d ,  how ever. The r e a c t i o n  

m other l i q u o r s  were c o n c e n t r a te d  under reduced  p r e s s u r e  

to  7 m l . ,  and f i l t e r e d  from a  d a rk  brown s o l i d  o f  h ig h  

m e l t in g  p o i n t .  T h is  gave a  r o y a l  b lu e  c o lo u r  w i th  

sodium h y d ro x id e  i n  aqueous a c e to n e ,  a  r e a c t i o n  g iv e n  by  

g ly o x a l  b is -D S P . I t  weighed j u s t  o ve r  1 mg.



The f i l t r a t e  n a s  shaken  w i th  s o l i d  sodium b io a rb o n ' 

a t e  t i l l  e f f e r v e s c e n c e  c e a se d ,  f i l t e r e d ,  and th e  a lo o h o l  

removed on th e  s te a m -b a th .  The r e s id u e  was th e n  h e a te d  

und er  vaouum, when a few d rops  o f  an o i l y  l i q u i d  d i s ­

t i l l e d .  T h is  sm e lled  s t r o n g l y  k e to n ic ,  l i k e  b e n z y l - 

ace to p h e n o n e ,  b u t  t r e a tm e n t  w i th  d in i t r o p h e n y lh y d r a z in e  

y i e l d e d  o n ly  g ly o x a l  bis-DHP.

The r e s i d u e  was p lao e d  i n  a  Hickmann m o le o u la r  

s t i l l ,  f i t t e d  w i th  a  b u ty l  p h t h a l a t e  d i f f u s i o n  pump, and 

h e a te d  on a  s a n d b a th  to  110° a t  0 .2 -0 .5yu  p r e s s u r e .  A 

few y e llo w  o i l y  d rops  d i s t i l l e d  d u r in g  th e  c o u rs e  o f  an 

h o u r ,  and were d i s s o lv e d  i n  e t h e r ,  b u t  a g a in ,  o n ly  

g ly o x a l  o o u ld  be d e te c t e d  ( a s  DUP) •
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The A lk a lo id s  o f  B a p t i s i a  Minor, Lehm.

SUMMABY.

B a p t i s i a  M inor, leh m .h as  b ean  found to  o o n ta in  

s i x  a l k a l o i d s ,  one o f  which, b a p t i f o l i n a ,  a p p e a rs  to  

b'er new. I b i s  a l k a l o i d  c o n te n t  i s  d i f f e r e n t  from t h a t  

o f  B. a u s t r a l i s , and th e  n o n - i d e n t i t y  o f  th e  two p l a n t s  

i s  c o n s id e r e d  p ro v e d .

PI SOU 3 31 OB.

There h a s  lo n g  e x i s t e d  some c o n fu s io n ,  on p u r e ly

tax o n o m ica l  g ro u n d s , a s  to  th e  i d e n t i t y  o r  o th e rw is e  o f

B a p t i s i a  m in o r ,  Lehm. ,  and B. a u s t r a l i s . B . m in o r  i s

b lu e - f lo w e r e d  l i k e  B . a u s t r a l i s , b u t  s m a l l e r - l e a v e d ,

and a l th o u g h  th e  two had  b een  o r i g i n a l l y  c o n s id e re d  as

s p e c i f i c a l l y  d i s t i n c t ,  t h e y  were f o r  many y e a r s  th o u g h t
( 1)to  be i d e n t i c a l .  R e c e n t ly  B. m inor h a s  a g a in  been  

c la im ed  to  be a  s p e c ie s  (B. v e s p e r t i n a ) , th e n  a  v a r i e t y  

o f  3 * a u s t r a l i 3 ^ ,  and f i n a l l y ,  i t  h a s  been  r e s t o r e d  

to  s p e o i f i c  ra n k  . I t  t h e r e f o r e  seemed o f  i n t e r e s t  

to  compare t h e  a l k a l o i d s  o f  t h i s  p l a n t  w i th  th o s e  found  

i n  B. a u s t r a l i s ^  , a l r e a d y  i n v e s t i g a t e d .  The r e s u l t s  

o f  th e  c h e m ic a l  s tu d y  now r e p o r t e d  su p p o r t  th e  r e c e n t  

tax o n o m ica l  ev idence  t h a t  th e  p l a n t s  a re  s p e c i f i c a l l y  

d i s t i n c t .



I n  common w i th  B» a u s t r a l i s , B. m inor c o n ta in s  

d - s p a r t e i n e ,  c y t i s i n e ,  and H-methyl c y t i s i n e ,  h u t  i t  ' 

a l s o  c o n ta in s  a n a g y r in e ,  a lk a lo i d  P4, and b a p t i f o l i n e ,  

a l l  o f  which a re  a b se n t  i n  th e  fo rm e r .  W hile a l k a l o i d  

P4 i s  p r e s e n t  i n  i n s u f f i c i e n t  amount to  p e rm it  s a t i s ­

f a c t o r y  c h a r a c t e r i s a t i o n ,  b a p t i f o l i n e ,  a  new a l k a l o i d
(5)which was s im u l ta n e o u s ly  d is c o v e re d  i n  B . p e r f o l i a t a  , 

seems to  be t h e  main a l k a l o i d  o f  B. m in o r , and h a s  been 

c h a r a c t e r i s e d  by th e  p r e p a r a t i o n  o f  a number o f  d e r i v a ­

t i v e s .  The b a s e  i t s e l f  i s  d i f f i c u l t  to  c r y s t a l l i s e ,  

seem ing to  undergo some d eco m po sitio n  d u r in g  th e  p ro c e s s ,  

and i s  t h e r e f o r e  b e s t  p u r i f i e d  by  means o f  one o f  i t s  s a l t s  

p a r t i c u l a r l y  th e  p e r c h l o r a t e .  A n a ly s is  f i g u r e s  were ob­

t a i n e d  f o r  th e  f r e e  b a se  and a number o f  s a l t s ,  b u t  

f a i l e d  to  d i s t i n g u i s h  c o n c lu s iv e ly  betv/een t h r e e  p o s s ib l e  

fo rm u lae  ( s e e  t a b l e  p . 1 0 0 ) .  The m o le c u la r  w e igh t o f  th e  

f r e e  b a se  was found to  be about 244 ( a s  compared w i th  260

f o r  gx52 2 o02^2^ as o b ta in e d  from TaP°a r  p r e s s u r e  o f  an 

a l c o h o l i c  s o l u t i o n ,  m easured i n  a  s e n s i t i v e  d i f f e r e n t i a l
( 7 )

manometer ; and in d e e d ,  t h i s  fo rm u la  i s  c o n s id e re d  more 

p ro b a b le  t h a n  th e  two o f  h ig h e r  m o le c u la r  w e ig h t .

A s i m p l i f i e d  acco un t o f  th e  e x p e r im e n ta l  work 

f o l l o w s .



100.
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C32H42°51J4
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C33H44°51I4
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1 0 .7 4 , 1 0 .6 0 10.76 9.96 9 .7 2
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a f t e r H, 4 .3 3 , 4 .4 3 4 .7 3 4 .7 4 4 .8 7
drying ■3sr, 1 2 .6 9 , 12 .83 14 .31 13 .72 1 3 .5 4



E X P B B i r a m .

A l l  m e l t in g  p o i n t s  a re  c o r r e c t e d ,  u n l e s s  o t h e r ­
w ise  s t a t e d .  S ince  many o f  th e  compounds i n ­
v o lv e d ,  such as  p e r c h l o r a t e s ,  m elt  w ith  decom­
p o s i t i o n ,  th e  " m e l t in g  p o i n t s " ,  though  r e ­
p r o d u c i b l e ,  may v a ry  as much as  20° a c c o rd in g  
to  c o n d i t i o n s ,  o r  even w i th  th e  i n d i v i d u a l  
o p e r a t o r .  The f i g u r e s  quo ted  may t h e r e f o r e  
d i f f e r  from th o s e  g iv en  by o th e r  w o rk e rs ,  b u t  
i d e n t i t y  was i n  a l l  o a se s  confirm ed  b y  a  
m e l t in g  p o in t  d e te rm in a t io n  o f  a  m ix tu re  w i th  
an a u th e n t i c  sam ple .

The d r i e d  and ground p l a n t  m a t e r i a l  (2157 g . )  

was e x t r a c t e d  i n  S o x h le ts  w i th  m eth ano l,  and th e  

e x t r a c t  c o n c e n t r a t e d  on th e  steam b a th  to  a t h i c k  o i l .  

T h is  was d i g e s t e d  w i th  h o t  10$ h y d ro c h lo r ic  a c id ,  and 

th e  s o l u t i o n  f i l t e r e d  th ro u g h  a c h a r c o a l  p ad . Uon- 

b a s i c  m a t e r i a l  was removed by e th e r  e x t r a c t i o n  (A), th e  

s o l u t i o n  b a s i f i e d  w i th  ammonia, and e x t r a c t e d  w i th  

c h lo ro fo rm  (B ), to  y i e l d  a  s o l u t i o n  o f  c ru d e  a l k a l o i d s .

I s o l a t i o n  o f  a  n e u t r a l  s u b s ta n c e .

The e t h e r  e x t r a c t  (A) on e v a p o ra t io n ,  y ie ld e d  a 

compound which c r y s t a l l i s e d  from b o i l i n g  m ethano l i n  

r o s e t t e s  o f  p a le  y e llow  n e e d le s ,  m .p . 2 3 1 ° . This
v

s u b s ta n c e ,  w hich  i s  s o lu b le  i n  aqueous sodium h y d ro x id e ,  

was n o t  f u r t h e r  i n v e s t i g a t e d .  jFound: 0, 50*70, 5 0 .8 6 ;



H, 5 . r 7 ,  5 .0 5 .  C12H14°8 r e ^u-i^Qs C, 5 0 .35 ; H, 4 .8 2 .

The c h lo ro fo rm  e x t r a c t  (Bj was c o n c e n t r a te d  to  a  

t h i c k  o i l ,  th e  c ru d e  a lk a lo i d s  (14 g . )  d ig e s te d  w i th  1 1 .  

o f  10$ h y d r o c h lo r i c  a c id  on th e  steam h a th ,  and th e  

s o l u t i o n  e x t r a c t e d  th o ro u g h ly  w ith  e t h e r .  The a o id  

s o l u t i o n  was a g a in  f i l t e r e d  th rou gh  a  c h a r c o a l  pad , b a s i -  

f i e d  w i th  ammonia, and e x t r a c t e d  r e p e a t e d ly  w ith  o h lo r o ­

form , f i n i s h i n g  up w i th  30 ho u rs  on a co n tin u o u s  l i q u i d -

l i q u i d  e x t r a c t o r .  Removal o f  ch lo ro fo rm  from th e  e x t r a c t  

l e f t  t h e  b a s e s  as  a  brown gum (6 g . j  which was s u b je c t e d  

to  f r a c t i o n a t i o n  i n  a  Sp&th d i s t i l l a t i o n  a p p a ra tu s  a t  

o .  0 .1  mm. p r e s s u r e ,  to  y i e l d  th e  fo l lo w in g  f r a c t i o n s *-

I  b . p .  up to  130°

XI b . p .  ISO-1650

I I I  b . p .  165-185°

IT  5 . p .  185-230°

T a  t a r r y  r e s i d u e .

The r e s i d u e  was r e d i s s o l v e d  i n  a c id ,  p u r i f i e d  by- 

e x t r a c t i o n  and f i l t r a t i o n  a s  b e f o r e ,  and th e  f r e e  b a s e s  

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

a b le  d i s t i l l a t e ,  th e  f r a c t i o n s  o f  v/hich were combined to
i

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



d - S p a r t e i n e .

J’r a o t i o n  I  c o n s i s t e d  o f  a y e llow  o i l ,  which, on 

c o o l in g ,  s e p a r a t e d  i n to  two l a y e r s ,  th e  u p per  one c o l o u r ­

l e s s ,  th e  lo w e r  one y e l lo w .  Ho‘ m echan ica l  s e p a r a t i o n  was 

a t t e m p te d ,  h u t  th e  o i l  was d i s s o lv e d  in  m eth an o l,  and 

t r e a t e d  w i th  a m e th a n o l ic  s o l u t i o n  o f  tw ice  i t s  own 

w e ig h t o f  p i c r i o  a c i d .  A s o l i d  p i c r a t e  s e p a r a te d  

im m e d ia te ly ,  w hich , a f t e r  s e v e r a l  r e c r y s t a l l i s a t i o n s  from 

a l a r g e  volume o f  b o i l i n g  m ethano l, was o b ta in e d  as lo n g  

y e llo w  n e e d l e s ,  m .p . 207 -20 8° . Admixture w i th  an 

a u th e n t i c  sam ple o f  1 - s p a r t e i n e  d i p i c r a t e  low ered  th e  

m e l t in g  p o i n t  by  12°, b u t  no d e p re s s io n  was observed  on 

m ix ing  w i th  d - s p a r t e i n e  d i p i c r a t e .

A p o r t i o n  o f  th e  p i c r a t e  was decomposed w i th  

h y d r o c h lo r i c  a c i d ,  and th e  p i c r i c  a c id  removed by e th e r  

e x t r a c t i o n .  The f r e e  b a se  was l i b e r a t e d  w i th  ammonia,

e x t r a c t e d  w i th  c h lo ro fo rm  and r e d i s t i l l e d  a t  8 0 -9 0 ° /0 .1  mm.
20

b e in g  o b ta in e d  as  a  w a te r -w h i te  o i l ,  h a v in g  (A p 55 

♦ 1 7 .0 1 °  (c = 1 .029  i n  a b s .  e t h a n o l ) .  T h is  i s  i n  a g re e ­

ment w i th  th e  known v a lu e  f o r  d - s p a x te in e .

A sm a ll  q u a n t i t y  o f  th e  f r e e  b a se  was d i s s o lv e d  

i n  m e th a n o l ,  and th e  s o l u t i o n  made j u s t  a c id  to  congo 

re d  b y  th e  dropw ise  a d d i t i o n  o f  65$ p e r c h l o r i c  a c id .



The s o l u t i o n  was e v a p o ra te d  a lm o s t  to  d ry n e s s  on t h e  

steam h a th ,  and a  few m l.  o f  w a te r  added, fo l lo w e d  b y  

a few d ro p s  o f  c o n c e n t r a t e d  ammonia. d - S p a r t e i n e  

p e r c h l o r a t e  c r y s t a l l i s e d  a lm ost im m e d ia te ly ,  and was 

p u r i f i e d  by r e c r y s t a l l i s a t i o n  from  m e th a n o l .  M e l t in g  

p o in t  e i t h e r  a lo n e  o r  a f t e r  a d m ix tu re  w i th  an a u th e n t i c  

sample was 1 7 3 ° .

f u r t h e r  q u a n t i t i e s  o f  d - s p a r t e i n e  were o b ta in e d  

on r e f r a c t i o n a t i o n  o f  th e  m o th e r  l i q u o r s  and r e s i d u e s  

from a l l  t h e  h i g h e r  f r a c t i o n s .  T o ta l  w e ig h t  i s o l a t e d  - 

390 m. (0 .0 2 1 $ )  .

C y t i s i n e .

F r a c t i o n  I I  was o b ta in e d  as  an a lm ost c o l o u r l e s s  

o i l ,  w hich  c r y s t a l l i s e d  i n  w h i te  n e e d le s  on c o o l i n g .  I t  

d i s s o lv e d  s lo w ly  i n  r e f l u x i n g  e t h e r ,  from  which t h e  f r e e  

base  c r y s t a l l i s e d  on c o o l in g  i n  w h ite  n e e d l e s ,  m .p . 150- 

155°. A f t e r  r e c r y s t a l l i s a t i o n  from e t h e r ,  t h e  m e l t in g  

p o in t  was 1 5 5 -1 5 6 ° ,  and was n o t  d e p re s s e d  by  a d m ix tu re  

w ith  an a u th e n t i c  sam ple o f  c y t i s i n e .

The e t h e r  m o th e r  l i q u o r s  were e v a p o ra te d  t o  d r y ­

n e s s ,  t h e  r e s i d u e  d i s s o l v e d  i n  m e th an o l ,  and t r e a t e d  

w ith  e x c e ss  p i c r i c  a c i d .  The p i c r a t e  w hich  s e p a r a t e d  

was r e c r y s t a l l i s e d  s e v e r a l  t im e s  from b o i l i n g  w a te r ,  

b e in g  f i n a l l y  o b ta in e d  as  f e a t h e r y  a g g re g a te s  o f  y e l lo w



c r y s t a l s ,  m e l t in g  a t  288-289°, i f  i n t ro d u c e d  i n t o  t h e  h a th  

a t  270° w i th  f a i r l y  r a p i d  h e a t i n g .  Admixture w i th  

a u th e n t i c  c y t i s i n e  p i c r a t e  f a i l e d  to  d e p re s s  th e  m e l t in g  

p o i n t .  Found: 0 , 4 8 .5 4 ,  4 8 .6 2 ; H, 4 .1 8 ,  4 .0 7 .

O alod . f o r  gi i H14OI2 ,C6H3 O7I 0 : C, 4 8 .7 0 ;  H, 4 .0 8

T o ta l  w e ig h t  o f  c y t i s i n e  3 270 mg. ( 0 .0 1 5 $ ) .

A n a g y r in e .

F r a c t i o n  I I I ,  a  t h i c k ,  y e llo w  o i l ,  was d i s s o lv e d  

in  m e th a n o l ,  and t h e  s o l u t i o n  n e u t r a l i s e d  to  congo re d  

w ith  6 5$ p e r c h l o r i c  a c i d .  A c o l o u r l e s s  c r y s t a l l i n e  

p e r c h l o r a t e  s t a r t e d  to  s e p a r a t e  b e fo re  n e u t r a l i s a t i o n  

was c o m p le te ,  w h ich , a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  from 

m ethano l, was o b ta in e d  as f i n e  w h i te  n e e d le s ,  m .p. 299 

-301° , e i t h e r  a lo n e  o r  i n  adm ix tu re  w i th  an a u th e n t i c  

sample o f  a n a g y r in e  p e r c h l o r a t e ^ ) .

Found: 0 ,  5 2 .1 4 ;  h ,  6 .2 4 .  G a icd .  f o r  C15H200H2 ,HC104 :

0 , 5 2 .2 3 ;  H, 6 .1 3 .

The b a s e  from  a sm a ll  q u a n t i t y  o f  p e r c h l o r a t e  was 

c o n v e r te d  t o  th e  p i c r a t e ,  which was o b ta in e d  as y e llo w  

p r ism s , m .p . 2 4 9 -2 5 1 ° . The m ix tu re  w ith  genu ine  a n a g y r in e  

p i c r a t e  (m .p .  252-253°) m e lted  a t  251-252°, and th e  two 

a re  c o n s id e r e d  t o  be  i d e n t i c a l *

T o ta l  w e ig h t  o f  a n a g y r in e  s 34 mg. ( 0 .0 0 2 $ ) .



B a p t i f o l i n e .

F r a c t i o n  IT  was o b ta in e d  as  a  v is c o u s  y e l lo w  o i l  

which s o l i d i f i e d  to  a  g l a s s  on c o o l in g .  I t  was d i s ­

so lv e d  i n  m e th a n o l ,  and th e  s o l u t i o n  n e u t r a l i s e d  t o  congo 

red  w i th  65$ p e r c h l o r i c  a c i d .  A d d i t io n  o f  e th e r  caused  

th e  s e p a r a t i o n  o f  a  brown o i l ,  from which th e  s u p e r ­

n a ta n t  l i q u i d  was d e c a n te d .  A m ix tu re  o f  e t h e r - e t h y l  

a c e t a t e  was added , and th e  f l a s k  co o led  i n  dry  i c e  w i th  

s t i r r i n g ,  u n t i l  t h e  o i l  had  s o l i d i f i e d .  The brown 

amorphous s o l i d  so o b ta in e d  was b o i l e d  w i th  a  sm a ll  

q u a n t i t y  o f  m e th a n o l ,  which e x t r a c t e d  th e  brown c o lo u r ,  

l e a v in g  a  w h i te  c r y s t a l l i n e  s o l i d ,  m .p . 2 88 -289° . T h is  

d i s s o lv e d  s lo w ly  i n  b o i l i n g  m ethano l,  from which i t  

c r y s t a l l i s e d  i n  hex ag o n a l o r  t r i a n g u l a r  p l a t e s ,  m .p .

289 .5°  i f  i n t r o d u c e d  i n t o  th e  b a th  a t  275° .

( X  = -8 9 .0 5 °  (c «, 1 .4 1 5  i n  w a te r)  . Found: C, 5 0 .5 5 ,
D

5 0 . 7 5 ;  H,  5 . 9 3 ,  6 .0 0 ;  B, 7 . 2 5 ,  7 . 1 4 .  G1 5 H2 0 02N2 ,E C 1 0 4

r e q u i r e s  C ,  4 9 . 9 1 ;  M, 5 . 8 6 ;  I ,  7 . 7 6 .

Some o f  th e  p e r c h l o r a t e  was decomposed w i th  

anmonia and th e  f r e e  b a se  e x t r a c t e d  w i th  c h lo ro fo rm  and 

&i s t i l l e d ,  b e in g  a g a in  o b ta in e d  as a y e llo w  g l a s s .  On 

t r e a tm e n t  w i th  i t s  own w e igh t o f  p i c r i c  a c id  i n  m ethano l, 

I t  y i e ld e d  a  c ro p  o f  f i n e  ye llow  n e e d le s  which m e l te d  

a t  145° w i th  e v o lu t io n  o f  g a s ,  r e s o l i d i f i e d ,  and m e l ted



a g a in  a t  2 5 6 ° .  n o th  m e l t in g  p o i n t s  rem ained  unchanged

a f t e r  r e c r y s t a l l i s a t i o n  from m e th a n o l .

Found: C, 5 0 .8 2 ;  H, 5 .0 1 ;  h , 1 2 .3 8 ,  1 2 .5 4 .

0 H O R . C H O U  .CH OH r e q u i r e s  C, 50 .66 ; h ,  5 .2 2 ;
15 20 2 2 6 3 7 3 3

Jff, 1 3 .4 4 .

P a r t  o f  t h e  sample was d r i e d  i n  vacuo i n  an 

A bderha lden  p i s t o l  a t  140°, to  remove s o lv e n t  o f  

c r y s t a l l i s a t i o n .

Found: C, 5 1 .3 0 ,  5 1 .4 5 ;  n ,  4 .3 3 ,  4 .4 3 ;  U, 1 2 .6 9 ,

1 2 .8 3 .  C J  O X . O I . O J ,  r e q u i r e s  C, 51 .52 ;  M, 4 .7 3 ;
1 0  2 0  2 2  b o ( o

J N ,  1 4 .3 1 .

A p o r t i o n  o f  th e  p i c r a t e  was decomposed w i th  

h y d r o c h lo r i c  a c id ,  and th e  p i c r i c  a c id  removed by e t h e r  

e x t r a c t i o n .  The s o l u t i o n  was b a s i f i e d  w ith  ammonia, 

e x t r a c t e d  r e p e a t e d l y  w i th  c h lo ro fo rm , and th e  r e s id u e  

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

vacuo . The d i s t i l l a t e ,  which c o n s i s t e d  o f  a  m ix tu re  

o f  a  y e l lo w  g l a s s  and some w h ite  c r y s t a l s ,  was d i s s o lv e d  

i n  m e th a n o l .  A d d i t io n  of e th e r  cau sed  t h e  s e p a r a t io n  

of r o s e t t e s  o f  sm a ll  n e e d le s ,  w hich , a f t e r  r e p e a te d  

o r y s t a l l i s a t i o h  from m e th a n o l - e th e r ,  were o b ta in e d  as 

r e c t a n g u l a r  p r i s m s ,  m .p . 322-323°. A mixed m e l t in g  

p o in t  w i th  a  s i m i l a r  compound i s o l a t e d  d i r e c t l y  from th e  

h ig h e r  d i s t i l l a t i o n  f r a c t i o n s  showed th e  two to  be



i d e n t i c a l ,  and t h i s  was a t  f i r s t  th o u g h t  to  h e  t h e  f r e e  

b ase  c o r r e s p o n d in g  to  th e  two s a l t s  d e s c r ib e d  above.

I t s  s o l u t i o n  i n  w a te r  gave t h e  r e a c t i o n s  f o r  c h lo r i d e  

io n ,  how ever ,  and p r e p a r a t i o n  o f  th e  b a se  h y d r o c h lo r id e  

showed them to  be t h e  same ( se e  below) . The h y d ro ­

c h lo r id e  i s  t h u s  c h lo ro fo r m - s o lu b le  and d i s t i l l a b l e .

Found: G, 6 0 .6 8 ,  6 0 .8 6 ;  H, 6 .9 8 ,  7 .0 2 ;  JSI, 8 .8 3 ,

8 .6 8 .  r e t i r e s  C, 6 0 .67 ; h ,  7 .1 2 ;

I ,  9 .4 4 .

The m o th e r  l i q u o r s  from t h e  h y d ro c h lo r id e  de­

p o s i t e d  an o b v io u s  m ix tu re  o f  c r y s t a l s  from which th e  

f r e e  b a s e  c o u ld  n o t  be o b ta in e d  p u re .  The l a t t e r  was 

i s o l a t e d  b y  d e c o m p o s i t io n  of th e  p e r c h l o r a t e  w ith  ammonia, 

fo llo w ed  by  c h lo ro fo rm  e x t r a c t i o n  and d i s t i l l a t i o n ,  and 

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  p a ra l le lo g ra m -s h a p e d  

p l a t e s ,  m .p .  2 1 0 ° .  F u r t h e r  c r y s t a l l i s a t i o n  te n d e d  to  

oause slow  d e c o m p o s i t io n ,  and no p u r i f i c a t i o n  c o u ld  be 

ach ieved  i n  t h i s  way. The b ase  o b ta in e d  by d eco m p o s itio n  

of th e  p u re  p e r c h l o r a t e  had  a sharp  m e l t in g  p o i n t ,  how­

e v e r ,  and a p p e a re d  to  be  p u re .

Found: 0, 6 8 .8 3 ,  6 8 .6 3 ;  H, 7 .4 4 , 7 .6 0 ;  H, 1 0 .7 4 ,

1 0 .6 0 .  G H 0 If r e q u i r e s  0 ,  6 9 .1 8 ;  n ,  7 .7 4 ;  xi, 10*76.
15 20 2 2

(X  18 ■ - 1 4 7 .7 ° .  ( c  5 0 .325  in  a b s .  e t h a n o l ) .
D



Some o f  t h e  f r e e  b a s e  was d i s s o lv e d  i n  m ethanol 

and n e u t r a l i s e d  to  oongo r e d  w ith  m e th an o lio  hydrogen  

c h l o r i d e ,  t h e  s o l u t i o n  c o n c e n t r a te d  to  sm a ll  volume and 

d i l u t e d  d ro p w ise  w i th  ace to n e  to  i n c i p i e n t  t u r b i d i t y .

On s t a n d in g ,  t h e  s o l u t i o n  d e p o s i te d  th e  b a se  h y d ro c h lo r id e  

r e f e r r e d  t o  above , i n  r o s e t t e s  o f  sm a ll ,  c o l o u r l e s s  

n e e d le s ,  m .p .  3 2 2 -3 2 3 ° .

T h is  b a s e  and i t s  s a l t s ,  i n  adm ix tu re  w ith  b a p t i ­

f o l i n e  i s o l a t e d  from  B. p e r f o l i a t a ,  and i t s  c o r re sp o n d in g  

s a l t s ,  showed no d e p r e s s io n  in  m e l t in g  p o i n t .

The t o t a l  w e ig h t o f  b a s e  i s o l a t e d  was 380 mg. 

(0 .0 2 0 $ )  b u t ,  a s  a l r e a d y  n o te d ,  i t  ap p ea rs  to  be  r a t h e r  

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

combined w i th  t h e  h ig h  te m p e ra tu re  o f  d i s t i l l a t i o n  

su g g e s ts  t h a t  i t  c o n s t i t u t e d  a  much l a r g e r  p r o p o r t io n  

o f  th e  t o t a l  a l k a l o i d s ,  and i s  p ro b a b ly ,  i n  f a c t ,  t h e  

p redom inan t b a s e  p r e s e n t .  

fl-Methyl C y t i s i n e .

The m o th e r  l i q u o r s  from th e  p u r i f i c a t i o n  o f  th e  

s p a r t e i n e  and c y t i s i n e  f r a c t i o n s  were combined, and th e  

f r e e  b a s e s  r e d i s t i l l e d ,  g iv in g ,  b e s id e s  f u r t h e r  q u a n t i ­

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

a t  1 3 0 -1 4 5 ° /0 .1  mm. T h is  was t r e a t e d  w ith  p i c r i c  a c id



i n  m e th a n o l ,  g iv in g  a p i c r a t e  w hich, a f t e r  p u r i f i c a t i o n ,  

m e l te d  a t  235°, e i t h e r  a lo n e  or a f t e r  ad m ix tu re  w i th  

a u th e n t i c  Jii-methyl c y t i s i n e  p i c r a t e .

The b a se  from a  p o r t i o n  of th e  p i c r a t e  was con­

v e r t e d  to  th e  p e r c h l o r a t e ,  w hich  was o b ta in e d  a s  f i n e  

w h i te  n e e d le s  w i t h  a m e l t in g  p o i n t  o f  265-266° , which 

was n o t  d e p re s se d  by  adm ix tu re  w i t h  a n  a u t h e n t i c  sam ple 

o f  jn-m e th y l  c y t i s i n e  p e r c h l o r a t e .

An a n a l y s i s  was n o t  o b ta in e d  on t h i s  a l k a l o i d .

T o ta l  w e ig h t  o f  b a s e  = 17 mg. ( 0 .0 0 1 $ ) .

A lk a lo id  P4 .

Re f r a c t i o n a t i o n  o f  th e  b a s e s  from t h e  b a p t i f o l i n e  

m o th e r  l i q u o r s  gave a y e llo w  o i l  d i s t i l l i n g  a t  175-200° , 

from  w hich  a p e r c h l o r a t e  was o b ta in e d  i n  w h i te  sh eav es  

o f  n e e d l e s ,  m .p .  286°, t h i s  m e l t in g  p o i n t  b e in g  d e ­

p r e s s e d  by ad m ix tu re  w i th  th e  p e r c h l o r a t e s  o f  a n a g y r in e ,  

c y t i s i n e  and b a p t i f o l i n e .  I n s u f f i c i e n t  m a t e r i a l  was 

o b ta in e d  f o r  f h r t h e r  i n v e s t i g a t i o n ,  how ever.

The m o th e r  l i q u o r s  from t h e  p u r i f i c a t i o n  of t h e  

v a r io u s  f r a c t i o n s  were s y s t e m a t i c a l l y  worked up and  r e ­

f r a c t  i o n a t e d , b u t  no b a s e s  o th e r  th a n  th o s e  a l r e a d y  

d e s c r ib e d  c o u ld  be i s o l a t e d .  The y i e l d s  g iv e n  a r e  t h e  

f i n a l  f i g u r e s  a f t e r  com ple te  e x a m in a t io n  of t h e  r e s i d u e s .  

S l i g h t l y  o v e r  o n e - t h i r d  o f  th e  t o t a l  d i s t i l l a b l e  a l k a l o i d s  

was o b ta in e d  i n  t h e  p u re  s t a t e  e i t h e r  as such  or as



c r y s t a l l i n e  d e r i v a t i v e s ,  (0 .0 5 9 $  o f  d r i e d  p l a n t  

m a t e r i a l ) .
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S y n th e s is  o f  P s e u d o c o n h y d r in e .

SUMMARY.

A t o t a l  s y n t h e s i s  of th e  racem ic  compound 

c o r r e s p o n d in g  to  S p l i th 's  fo rm u la  f o r  p se u d o co n h y d r in e  

h a s  b e en  a c h ie v e d .  ii 'ina l p ro o f  o f  i d e n t i t y  w i th  th e  

n a t u r a l  p ro d u c t  a w a i ts  c o m p le t io n  of th e  o p t i c a l  

r e s o l u t i o n .

IbTRQDUCTIOU.

P seu d o co h h y d r in e , one o f  t h e  nem lock group o f

a l k a l o i d s ,  i s  found  i n  t h e  p o i s o n  hemlock (Gonium

m aculatum  l . j  a lo n g  w i th  c o n i i n e ,  b -m e th y l  c o n i i n e ,

c o n ic e i n e  and  c o n h y d r in e .  I t  was d i s c o v e r e d  by  Merck

i n  t h e  r e s i d u e s  from t h e  p r e p a r a t i o n  o f  c o n i in e ,  and

s t u d i e d  by  lad e r ib u rg  and A d a m ^  , who fo u n d  i t  t o  be

an  iso m er  o f  co n h y d rin e , w i th  t h e  e m p i r ic a l  fo rm u la

CgHi^OH. I t  i s  a  s t ro n g  se c o n d a ry  b a s e ,  g iv in g  r i s e

t o  an o i l y  n i tro sa m in e ^  , and a  c r y s t a l l i n e  b -b e n z o y l

d e r i v a t i v e ^ .  L ik e  c o n h y d r in e ,  i t  c o n t a i n s  an

h y d ro x y l  g rou p , and c a n  be c o n v e r te d  t o  c o n i i n e ,  e i t h e r

b y  d e h y d r a t io n  w i th  P2°5 8314 ° a t a l y t i c  h y d r o g e n a t i o n ^ ,

o r  by  t r e a tm e n t  w ith  h y d r io d ic  a c id  and r e d  pho sp h o ru s ,
i 3)fo l lo w e d  by  r e d u c t io n  o f  th e  r e s u l t i n g  io d o  d e r i v a t i v e
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i h e s e  r e  s a l t s  show i t  t o  be an hy d ro x y  c o n i i n e ,  t h e  

h y d ro x y l  g roap  b e in g  p roved  by  o x i d a t i v e  d e g r a d a t i o n

m e th io d id e  o f  p se ad o co n h y d rin e  ( I )  when t r e a t e d  w i th  

s i l v e r  ox ide  and d i s t i l l e d  i n  vacao y i e l d s  a m e th in e  

ClQHgiQN ( I I )  which on c a t a l y t i c  h y d ro g e n a t io n  t a k e s  ap 

two atoms of hy d ro g en , b e in g  c o n v e r te d  t o  d ih y d ro p se a d o -  

co ri |iyd rine  m e th in e  ( I I I )  • O x id a t io n  o f  th e  l a t t e r  w i th  

p o ta s s ia m  perm anganate  y i e l d s  n - h e p t y l i c  a c i d  ( IV ) .

t o  be i n  t h e  p i p e r i d i n e  r i n g * 2  ̂ .

'i‘he p o s i t i o n  of th e  h y d ro x y l  g roap  i n  t h e  

n a c l e a s  c a n  be  fo an d  b y  nofmann d e g r a d a t i o n ^ .  f h e

>
CHz CHt  C3Ĥ

\V
M



T h is  c o n f i rm s  th e  f a c t  t h a t  t h e  a l k a l o i d  c o n ta in s  an

u n b ranch ed  c h a in  o f  e ig h t  c a rb o n  atom s, and shows t b a t

th e  h y d ro x y l  group c a n n o t  be  i n  t h e  s i d e - c h a i n ,  o r

p o s i t i o n s  2, 3 and 4 o f  th e  n u c l e u s .  P o s i t i o n  6 c a n

a ls o  be e l im in a te d  b e c a u se  d ih y d ro p se u  do co n h y d rin e
0

m e th in e  ( I I I )  would th e n  be an a ldehyde-am m onia, r e a d i l y  

h y d r o ly s a b le  by  a c id ,  w hereas t h i s  compound i s  s t a b l e  

to w ard s  a c i d s .  The h y d ro x y l  group can t h e r e f o r e  occupy 

o n ly  p o s i t i o n  5 o f  th e  n u c le u s ,  and t h e  a l k a l o i d  i s  

r e p r e s e n te d  by  fo rm u la  V below , t h a t  i s ,  5 -h y d ro x y -2 -  

n - p r o p y l p i p e r i d i n e .



DISCUSSION.

S e v e ra l  r o u t e s  su g g e s t  th e m se lv e s  f o r  t h e  

s y n t h e s i s  o f  t h i s  compound, u s in g  e i t h e r  a l i p h a t i c  

o r  a ro m a tic  m ethods. Of th e  two a t te m p te d ,  t h e  f i r s t  

p rov ed  u n s a t i s f a c t o r y  b e c a u se  o f  low  y i e l d s ,  w h i je  th e  

secon d  i s  as y e t  u n f i n i s h e d ,  th e  o p t i c a l  r e s o l u t i o n  

s t i l l  a w a i t in g  c o m p le t io n .

Houte I .



A good y i e l d  o f  2 -p ro p y l  p y r id in e  ( c o n y r in e ;  

was o b ta in e d  by  th e  p h en y l  l i t h i u m  r e a c t i o n ,  b u t  

s u l p h o n a t io n  of th e  p ro d u c t  was q u i t e  u n s a t i s f a c t o r y .  

S ince  p i c o l i n e  i t s e l f  s u lp h o n a te s  i n  th e  p re s e n c e  of
(4 51

a m ercu ry  c a t a l y s t  f a i r l y  r e a d i l y  * , t h i s  f a i l u r e

i s  p resu m ab ly  due to  th e  p re s e n c e  i n  th e  m o le cu le  o f  

th e  p ro p y l  s i  d e - c h a in .  In d e e d ,  th e  r e a c t i o n  m ix tu re  

e f f e r v e s c e d  c o n t in u o u s ly ,  a  phenomenon n o t  observed  

i n  t h e  p a r a l l e l  r e a c t i o n  w ith  c x - p i c o l i n e .  A sm a ll  

amount o f  c r y s t a l l i n e  m a t e r i a l  w i th  th e  e x p e c te d  

p r o p e r t i e s  was i s o l a t e d ,  a l th o u g h  i t  was i n s u f f i c i e n t '  

l y  p u re  f o r  a n a l y s i s .  On f u s i o n  w i th  p o ta s s iu m  

h y d ro x id e ,  i t  y i e ld e d  a  gum w hich  gave a  deep re d  

c o lo u r  w i th  aqueous f e r r i c  c h lo r i d e ,  p ro b a b ly  i n d i ­

c a t i n g  f o r m a t io n  o f  th e  d e s i r e d  p h e n o l ic  compound, 

b u t  th e  m ethod was n o t  c o n s id e r e d  s u f f i c i e n t l y  

p r o f i t a b l e ,  and was abandoned.



i to a te  I I .

Maximum
y i e l d s

1 JL~m  > 54f,
n^C«3 H%S04 % ^ C«3

KOH ) H° f t 8 0 .7 #

C»2H2  ̂ CMjO



The s u lp h o n a t io n  o f  ( X - p ic o l in e  was fo u n d  to  he

v e ry  s e n s i t i v e  to  th e  g rad e  o f  oleum u s e d .  T'or exam ple ,

a  change i n  d e n s i t y  from 1 .9 0 5  H 9$  SOgJ to  1 .916

(E l$  SOg) r a i s e d  th e  y i e l d  from  35$ to  54$. The method

due to  M c E l v a i n ^  was employed, i t  h e in g  un u su a l  i n  t h a t

t h e  a c i d  i s  n o t  n e u t r a l i s e d  p r i o r  to  w o rk in g -u p , h u t  i s

d i s t i l l e d  o f f  u n d e r  reduced  p r e s s u r e ,  and th e  p ro d u c t

i s o l a t e d  as f r e e  su lp h o n ic  a c id  hy p r e c i p i t a t i o n  w i th

e t h a n o l .  I t  c a n  he  p u r i f i e d  hy  f i l t r a t i o n  i n  aqueous

s o l u t i o n  th ro u g h  c e l i t e ,  fo l lo w e d  hy  c o n c e n t r a t i o n  and

t e p r e c i p i t a t i o n  w i th  a l c o h o l .  The su lp h o n ic  a c id  so

o b ta in e d  i s  a  t a n - c o lo u r e d  c r y s t a l l i n e  s o l i d ,  w i th  no

a p p a re n t  h y g ro sc o p ic  te n d e n c y .

jj’o r  t h e  fo rm a t io n  of th e  p h e n o l ic  compound, th e

f r e e  s u lp h o n ic  a c id  was fu se d  w i th  e x c e s s  p o ta s h  i n  a
(6 )n i c k e l  c r u c i b l e ,  w ith  a few i r o n  f i l i n g s  a s  c a t a l y s t  

I t  was found  im p o s s ib le  to  work w ith  more th a n  15 g .  o f  

th e  a c id ,  how ever, s in c e  on a  l a r g e r  s c a l e ,  t h e  r e a c t i o n  

was d i f f i c u l t  to  c o n t r o l ,  and te n d e d  to  foam o u t  of th e  

r e a c t i o n  v e s s e l .  The p ro d u c t  was r e a d i l y  p u r i f i e d  hy  

s u b l im a t io n  i n  vacuo .

. M e th y la t io n  of th e  pheno l w i th  d iazom ethane  

p rov ed  to  he  d i s a p p o i n t i n g .  A n e g l i g i b l e  q u a n t i t y  o f



m eth y l  e t h e r  was formed on t r e a tm e n t  o f  a  d iox an e  s u s ­

p e n s io n  o f  th e  pheno l w i th  an e t h e r e a l  s o l u t i o n  o f  th e  

r e a g e n t ,  w h i le  t h e  r e a c t i o n  i n  m e th an o l gave o n ly  2u$ 

o f  t h e  d e s i r e d  p r o d u c t ,  about 30$- o f  unchanged pheno l 

b e in g  r e c o v e r a b l e .  The rem a in d e r  was acco u n ted  f o r  by  

t h e  f o r m a t io n  o f  b a s i c  t a r s ,  p resu m ab ly  due to  i n t e r ­

a c t i o n  o f  th e  p hen o l w i th  u n s a t u r a t e d  p o ly m e ric  s e l f ­

c o n d e n s a t io n  p r o d u c t s  from  th e  d ia z o m e th an e .  A d d i t io n  

o f  w a te r  to  t h e  p o in t  o f  t u r b i d i t y ,  and f r e q u e n t  

e v a p o r a t io n  o f  accum ula ted  e t h e r  i n c r e a s e d  t h e  y i e l d  to  

40$, b u t  a l s o  b ro u g h t  about i n c r e a s e d  fo rm a t io n  o f  t a r r y  

b y - p r o d u c t s ,  and a  c o r r e s p o n d in g ly  lo w e r  r e c o v e r y  of

s t a r t i n g  m a t e r i a l .  An a t te m p t  to  m e th y la te  w i th  " n a s c e n t” 
( 1 7 )d iazo m ethan e  d id  n o t  i n c r e a s e  t h e  y i e l d  s i g n i f i c a n t ­

l y .  The p o o r  r e s u l t s  a re  p ro b a b ly  due to  t h e  f a c t  t h a t  

(3-h y d ro x y  p y r i d i n e s  a re  l e s s  a c id ic  th a n  b e n z e n o id  

p h e n o ls .  T h is  i s  borne  ou t by  th e  i n c r e a s e  i n  y i e l d  

w i th  i n c r e a s i n g  p o l a r i t y  o f  th e  s o l v e n t .

The l e n g th e n in g  o f  th e  s i d e - c h a i n  by  a  c o n d e n sa ­

t i o n  r e a c t i o n  w i th  e th y l  h a l i d e  a l s o  p ro v ed  to  be much 

more d i f f i c u l t  th a n  had  b een  a n t i c i p a t e d .  There a re  

s e v e r a l  p o s s ib l e  e x p la n a t io n s  f o r  t h i s ,  t h e  m ost 

p l a u s i b l e  b e in g  th e  a d v e rse  e le c t r o m e r ic  e f f e c t  o f  t h e
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m ethoxy l group  p a r a  t o  th e  r e a c t i v e  m e th y l  g ro u p .  The 

a c t i v a t i o n  of t h e  l a t t e r  i s  due to  t l ie  r e t e n t i o n  o f  

e l e c t r o n i c  c h a rg e  h y  t h e  r i n g  n i t r o g e n  atom, th e r e b y  

c a u s in g  a  d e c re a se d  e l e c t r o n  a v a i l a b i l i t y  i n  t h e  r i n g ,  

p a r t i c u l a r l y  i n  th e  $ and CX p o s i t i o n s ,  and c o n s e ­

q u e n t ly ,  i n  th e  c a rb o n  atom o f  th e  m e th y l g ro u p .

T h is  i n  t u r n  f a c i l i t a t e s  rem oval o f t h e  m e th y l  

hy d ro g en  atoms as  p r o to n s .  The m ethoxyl g ro up , how ever, 

i s  c l a s s e d  b y  I n g o ld  as h a v in g  a  (+T) e f f e c t ,  t h a t  i s ,  

i t  t e n d s  t o  d o n a te  e l e c t r o n s  t o  t h e  r i n g ,  e s p e c i a l l y  

to  t h e  o r th o  and p a r a  p o s i t i o n s ,  t h e r e b y  c o u n t e r a c t i n g  

th e  a c t i v a t i n g  e f f e c t  o f  th e  3J atom.



A f a r t h e r  consequence  o f  t h i s  re d a o e d  r e a c t i v i t y  i s  t h a t  

s i d e - r e a c t i o n s ,  alw ays t ro u b le so m e  i n  t h i s  ty p e  o f  con ­

d e n s a t io n ,  m ig h t be  e x p ec te d  to  be much more pronounced  

th a n  w i th  p i c o l i n e  i t s e l f .  F o r exam ple , t h e r e  i s  t h e

p o s s i b i l i t y  o f  m e t a l a t i o n  o f  th e  n u c le u s ,  o r th o  to  th e
(7)

m ethoxy l g roup , r a t h e r  th a n  o f  t h e  m e th y l  s i d e - c h a i n  ,

w hile  d e m e th y la t io n  o f  th e  e t h e r  g ro u p in g  m ust b e  con-
(8 ,1 5 )

s i d e r e d  a s  a  p o s s i b i l i t y  . I n  a d d i t i o n  t h e  e th y l

h a l i d e  o an  r e a c t  w i th  th e  p y r i d in e  d e r i v a t i v e  to  form a

q u a te r n a r y  s a l t ,  o r  may be d e h y d ro h a lo g e n a te d  by t h e  oon-
( 9 )d e n s in g  ag en t  t o  y i e l d  an u n s a tu r a t e d  compound . I t

c a n  a l s o  condense  w ith  th e  c o n d en s in g  agen t i t s e l f ,  

r a t h e r  th a n  w i th  t h e  m e ta la te d  p y r i d in e  d e r i v a t i v e ,  t h i s  

te n d e n c y  depend in g  on th e  p a r t i c u l a r  con densin g  a g en t  

employed.

By an a lo g y  w i th  th e  s u c c e s s f u l  c o n d e n s a t io n  o f  

0 ( - p i c o l i n e  w i th  e th y l  brom ide  by  t h e  a c t i o n  of p h e n y l  

l i t h i u m ,  a  s i m i l a r  ru n  was a t te m p te d  w i th  th e  5-m ethoxy- 

2 - p i c o l i n e .  Only a sm a ll  y i e l d  (5$) o f  t h e  d e s i r e d  

p r o d u c t  was o b ta in e d ,  how ever, i n  s p i t e  o f  th e  v ig o ro u s  

r e a c t i o n .  An a t te m p t  to  c u t  down s i d e - r e a c t i o n s  by  

th e  s u b s t i t u t i o n  o f  e th y l  c h l o r i d e  f o r  th e  brom ide 

r a i s e d  t h e  y i e l d  to  10$, b u t  t h e  p r o d u c t ,  a s  i n  t h e



p r e v io u s  r a n ,  was s t i l l  im p a re ,  as shown b y  t h e  a n a l y s i s

f i g u r e s .  The r a t h e r  sm a ll  d i f f e r e n c e  i n  b o i l i n g  p o i n t s
/ 0 \(22 ) o f  p ro d a o t  and s t a r t i n g  compound made f r a c t i o n a t i o n  

d i f f i c u l t  on t h e  sm a ll  s c a l e  employed.

I n  an a t te m p t  to  o b t a i n  a  p u r e r  p ro d u c t ,  t r i -  

pheny lrae thy l  sodium was employed as c o n d en s in g  a g e n t ^ ^ ,  

b u t  gave an e n t i r e l y  n e g a t iv e  r e s u l t .  80$ o f  th e  

m ethoxy p i c o l i n e  was r e c o v e re d  unchanged, b u t  no f r a c t i o n  

c o r re s p o n d in g  to  th e  d e s i r e d  p r o d u c t .  The slow  d i s c h a r g e  

o f  t h e  red  c o lo u r  was p resu m ab ly  due to  i n t e r a c t i o n  o f  

t h e  t r ip h e n y lm e th y l  sodium w i th  t h e  h a l i d e ,  b u t  t h i s  was 

n o t  i n v e s t i g a t e d  f u r t h e r .

Much b e t t e r  r e s u l t s  were o b ta in e d  w i th  p o ta s sa m id e ,  

how ever, b o th  a s  r e g a r d s  i n c r e a s e d  y i e l d  (22$) and p u r i t y  

o f  p r o d u c t .  I n  a d d i t i o n ,  up to  67$ o f  th e  unchanged 

s t a r t i n g  m a t e r i a l  was r e c o v e r a b l e ,  and c o u ld  be r e c y c l e d ,  

which r a i s e d  th e  " c o n v e r s io n ” t o  66$ . The r e a g e n t  was 

p r e p a re d  i n  l i q u i d  ammonia b y  t h e  g e n e r a l  method o f  

U ieuw land^1 1 ^ , b u t  s in c e  B e rg s trom  had o b ta in e d  u n s a t i s ­

f a c t o r y  r e s u l t s  when he  a t te m p te d  to  c a r r y  o u t an
( 1 2 )a n a lo g o u s  c o n d e n s a t io n  i n  t h e  ammonia s o l u t i o n  , th e

(9)
g e n e r a l  method o f  C h io h ib a b in e  em ploying t h e  s o l i d  

r e a g e n t  i n  th e  absence  o f  any added s o l v e n t  was f o l lo w e d .



The p o ta s sa m id e  was o b t a i n e d ,  by  e v a p o r a t i o n  o f  t h e  

ammonia, as  a  h a r d  s o l i d  c ak e ,  which had t o  b e  c a u t i o u s ­

l y  b r o k e n  up under  n i t r o g e n  w i th  a s p a t u l a ,  t h i s  r e s u l t ­

i n g ,  on s e v e r a l  o c c a s i o n s ,  i n  b re a k a g e  o f  t h e  r e a c t i o n  

f l a s k ,  and th e  su b seq u e n t  r a p i d  o x i d a t i o n  o f  t h e  r e ­

a g e n t .  The r e a c t i o n  was o t h e r w i s e  s a t i s f a c t o r y ,  how ever .  

The p r o d u c t  was r a t h e r  d i f f i c u l t  to  s e p a r a t e  from un­

changed s t a r t i n g  m a t e r i a l ,  and a f t e r  one d i s t i l l a t i o n  

i n  vacuo th r o u g h  a  sm al l  V ig reux  column, was s t i l l  

o n ly  85-90$ p u r e .  The combined y i e l d  from s e v e r a l  ru n s  

was f i n a l l y  s e p a r a t e d  from s t a r t i n g  m a t e r i a l  by  c a r e f u l  

f r a c t i o n a t i o n  i n  vacuo i n  a  g a u ze -p a c k ed ,  j a c k e t e d  

column.

D a m e th y la t io n  o f  t h e  5 -m ethoxy-2 - p r o p y l  p y r i d i n e

w i t h  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  i n  a  s e a l e d  tu b e
( 1 8 )

a c c o r d in g  t o  t h e  g e n e r a l  method o f  Robinson was found 

t o  be  u n s a t i s f a c t o r y ,  b u t  r e a s o n a b l y  good r e s u l t s  were 

o b t a i n e d  by  r e f l u x i n g  w i t h  4-8$ hydrobrom ic  a c i d  i n  

g l a c i a l  a c e t i c  a c i d .  The r e a c t i o n  was s low ,  however,  

and even  a f t e r  90 h o u r s  r e f l u x i n g ,  t h e  y i e l d  was o n ly  

66$.
The h y d r o g e n a t io n  o f  t h e  p y r i d i n e  r i n g  was. 

o a r r i e d  o u t  a t  50 l b s .  p r e s s u r e  i n  p r e s e n c e  o f  Adams
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p la t i n u m  c a t a l y s t ,  t h e  s y n t h e t i c  d l - p s e u d o c o h h y d r in e  

so o b t a i n e d  b e in g  a  y e l l o w i s h  s e m i - c r y s t a l l i n e  s o l i d .  

S ince  t h e r e  a r e  two a c t i v e  c e n t r e s  i n  t h e  m o le c u le ,  

p r e l i m i n a r y  s e p a r a t i o n  of  t h e  d i a s t e r e o m e r i c  fo rm s ,  

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

T h is  was a c h i e v e d  by  d i s t i l l a t i o n  i n  vacuo,  f o l lo w e d  

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

a c e t a t e / l i g r o i n .  S ince  n a t u r a l  p se u d o co n h y d r in e  

r e a d i l y  forms a h y d r a t e  i n  m o is t  s o l v e n t s ,  t h e  compound 

o b t a i n e d  by th e  above p ro c e d u re  s t i l l  p o s s e s s e d  an 

u nsha rp  m e l t i n g  p o i n t ,  p resu m ab ly  due t o  p a r t i a l  

h y d r a t i o n .  One d i s t i l l a t i o n  i n  vacuo y i e l d e d  a  pure  

compound, however ,  c o n s i s t i n g  o f  f i n e  w h i t e  n e e d l e s ,  

m .p .  9 1 . 5 - 9 2 ° .  The n a t u r a l  a l k a l o i d  m e l t s  a t  105-106° ,  

and w h i l e  i t  i s  im p o s s ib le  to  draw c o n c l u s i o n s  b e f o r e  

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

t h e  above compound i s  t h e  r e q u i r e d  d i a s t e r e o m e r .
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A l l  m e l t i n g  p o i n t s  a r e  c o r r e c t e d ,  u n l e s s  o t h e r ­

w ise  s t a t e d .

(13)(X -n-Propyl  p y r i d i n e  (C onyr ine)

P u r i f i c a t i o n  o f  r e a g e n t s ;  The l i t h i u m  (B.D.H.)  

was p r e s s e d  i n t o  w i r e  w i th  t h e  a i d  o f  a 20 - t o n  

h y d r a u l i c  p r e s s ,  t h e  w ire  weighed o u t  under  p e t ro le u m  

e t h e r ,  and c u t  i n t o  s h o r t  l e n g t h s  w i th  a  p a i r  of  

s c i s s o r s  b e f o r e  u s e .  The bromobenzene and e t h y l  brom­

i d e  were  d r i e d  w i th  ,Td r i e r i t e n and f r a c t i o n a t e d ,  t h e  

f r a c t i o n s  used hav in g  a  b o i l i n g  rang e  o f  l e s s  t h a n  1 °C. 

C < -p ic o l in e  (E .K .)  was d r i e d  w i t h  p o ta s s iu m  h y d ro x id e  

and f r a c t i o n a t e d .  The e t h e r  was o f  t h e  u s u a l  u r i g n a r d  

q u a l i t y .

7 g .  (1  atom) o f  l i t h i u m  w ire  was p l a c e d  w i t h  

200 m l.  o f  e t h e r  i n  a  1 1 .  t h r e e - n e c k e d  f l a s k .  The 

f l a s k  h a d  f o u r  l a r g e  i n d e n t a t i o n s  t o  s e r v e  a s  v o r t e x  

b a f f l e s ,  and was f i t t e d  w i th  a  s e a l e d  h i g h - s p e e d  s t i r r e r ,  

c o n d e n s e r  and d ropp ing  f u n n e l ,  a l l  equ ipped  w i t h  ground 

g l a s s  j o i n t s .  25 m l .  o f  a s o l u t i o n  o f  86 g .  ( 0 .5 5  mole) 

o f  bromobenzene i n  100  m l .  e t h e r  was added and t h e  

s t i r r e r  s t a r t e d .  A v ig o r o u s  r e a c t i o n  s e t  i n  im m ed ia te ­

l y ,  and t h e  s o l u t i o n  was m a in t a in e d  a t  r e f l u x  t e m p e r a t u r e



b y  t h e  slow a d d i t i o n  of  th e  r e m a in d e r  o f  t h e  bromobenzene .  

When a l l  o f  t h e  l i t h i u m  h a d  d i s s o l v e d ,  35 g .  ( 0 . 4  mole) 

o f  ( X - p i c o l i n e  was added d ro p w ise ,  c a u s i n g  t h e  e t h e r  

t o  r e f l u x  a g a in ,  w h i l e  t h e  c o l o u r  o f  t h e  s o l u t i o n  changed 

t o  a d a r k e r  brown. 50 g .  (0*45 mole) o f  e t h y l  b rom ide  

was t h e n  added ,  c a u s i n g  a f u r t h e r  change i n  c o l o u r ,  

accompanied by e v o l u t i o n  o f  h e a t .  When t h e  r e a c t i o n  

had  s u b s id e d ,  t h e  l i t h i u m  compounds rem a in in g  were decom­

posed  by  t h e  c a u t i o u s  a d d i t i o n  o f  w a t e r ,  t i l l  two c l e a r  

l i q u i d  l a y e r s  were b b t a i n e d ,  which were s e p a r a t e d .  The 

e t h e r  l a y e r  was e x t r a c t e d  w i th  10fc h y d r o c h l o r i c  a c i d ,  

t h e  e x t r a c t  added to  th e  a c i d i f i e d  aqueous l a y e r ,  and 

t h e  combined s o l u t i o n  e x h a u s te d  w i th  e t h e r  t o  remove 

n e u t r a l  b y - p r o d u c t s .  I t  was t h e n  b a s i f i e d  w i t h  sodium 

h y d r o x i d e ,  and a g a in  e x t r a c t e d  w i th  e t h e r ,  and t h e  

e x t r a c t ,  a f t e r  removal o f  s o l v e n t ,  d i s t i l l e d  th r o u g h  a 

Y ig reu x  column a t  a tm osp he r ic  p r e s s u r e .  rh e  f r a c t i o n  

b o i l i n g  up to  19u° was r e f r a c t i o n a t e d  i n  a 6 x  f M 

h e l i x - p a c k e d  column a t  100  mm. p r e s s u r e ,  and t h e  f r a c t i o n  

d i s t i l l i n g  a t  97-100° c o l l e c t e d .  This  had  a  b o i l i n g  

p o i n t  o f  174° a t  a tm o sph e r ic  p r e s s u r e ,  a s  d e te r m in e d  b y  

t h e  S iw o lo b o f f  method, and gave a  p i c r a t e  m .p .  7 4 ° .

These a r e  i n  agreement w i t h  t h e  d a t a  g i v e n  b y  t i h i c h i -  

b a b i n e ^  . l i e l d  was 18 g .  (37^) .



i 4 )2- P r o p y l p y r i d i n e - 5 - su lp h o n ic  a c i d

To 30 g .  o f  fuming s u l p h u r i c  a c i d  ( s . g .  1*920) 

c o n t a i n i n g  0*5 g .  o f  m ercu ry  sub s u l p h a t e  was added w i t h  

s t i r r i n g  8 g .  (0 .066  mole) o f  c o n y r i n e ,  t h e  t e m p e r a t u r e  

r i s i n g  t o  130° .  The m ix t u r e  was h e a t e d  w i t h  s t i r r i n g ,  

i n  an o i l  b a t h ,  a t  200 ° f o r  3g h o u r s ,  c o o le d ,  and 

p o u re d  on to  i c e .  rhe  a c i d  s o l u t i o n  was n e u t r a l i s e d  

w i th  powdered c a lc iu m  c a r b o n a t e ,  and th e  c a l c iu m  s u l ­

p h a t e  f i l t e r e d  o f f .  I t  was t h e n  h e a t e d  to  b o i l i n g ,  

and p o ta s s iu m  c a r b o n a t e  added t i l l  a permanent  a l k a l i n e  

r e a c t i o n  was o b t a i n e d ,  and t h e  p r e c i p i t a t e d  c a lc iu m  

c a r b o n a t e  removed by f i l t r a t i o n .  xhe s o l u t i o n  was 

c o n c e n t r a t e d  on th e  steam b a t h  to  about  50 m l . ,  poured  

i n t o  f o u r  t im e s  i t s  volume o f  s a t u r a t e d  aqueous p o ta s s iu m  

c h l o r i d e  s o l u t i o n  a t  0°,  and l e f t  f o r  48 h o u r s  i n  t h e  r e ­

f r i g e r a t o r ,  b u t  on ly  i n o r g a n i c  m a t e r i a l  c o u ld  b e  i s o l a t e d .  

S u b s t i t u t i o n  of ba r ium  c a r b o n a t e  f o r  t h e  c a lc iu m  c a r b o n ­

a t e  gave  no b e t t e r  r e s u l t s .

The v/orking-up p ro c e d u re  was t h e n  v a r i e d  as  

f o l l o w s .  The d i l u t e d  r e a c t i o n  m ix tu r e  was n e u t r a l i s e d  

w i t h  bar ium  h y d ro x id e ,  and t h e  e x ce ss  a l k a l i  removed b y  

a d d i t i o n  o f  d ry  i c e .  xhe s o l u t i o n  o f  t h e  b a r ium  

s u l p h o n a te  was h e a t e d ,  and t h e  b a r iu m  p r e c i p i t a t e d  b y



a d d i t i o n  of p o ta s s iu m  c a r b o n a t e ,  and f i l t e r e d  o f f .  The 

s o l u t i o n  of  t h e  p o t a s s iu m  su lp h o n a te  was t h e n  co n ce n ­

t r a t e d  under  red u c ed  p r e s s u r e ,  and t a k e n  down to  d r y n e s s  

i n  a  vacuum d e s i c c a t o r .  The s e m i - c r y s t a l l i n e  r e s i d u e  

was c r y s t a l l i s e d  s e v e r a l  t im e s  from m e th a n o l ,  b u t  c o u ld  

n o t  be o b t a i n e d  p u r e .  The b ro w n ish  c r y s t a l s  c h a r r e d  

and b u rned  when h e a t e d  on a  s p a t u l a ,  l e a v i n g  a  r e s i d u e  

which gave a s t r o n g l y  a l k a l i n e  r e a c t i o n  v/hen m o is t e n e d  

w i t h  w a t e r .  A sodium f u s i o n  t e s t  was p o s i t i v e  f o r  

s u l p h u r  and n i t r o g e n ,  w h i le  f u s i o n  w i t h  p o ta s s iu m  

h y d ro x id e  a t  220° f o r  20 m in u te s  y i e l d e d  a b ro w n ish  

gum, which gave a  r e d  c o l o u r  w i t h  aqueous f e r r i c  c h l o r ­

i d e ,  b u t  v/hich c o u ld  n o t  be  p u r i f i e d  f u r t h e r .

x i e l d  was about  0 .3 5  g .  (2JU and c o u ld  n o t  be  

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

o f  h e a t i n g .

2 -Methyl  p y r i d i n e - 5 - su lp h o n ic  a c i d .

( i j .  (4) t o  30 g .  o f  fuming s u l p h u r i c  a c i d  

( s . g .  1 .9 2 0 )  c o n t a i n i n g  0 . 5  g .  o f  m ercury  s u b s u l p h a t e ,  

was added 6 g .  ( 0 .0 6 5  mole) o f  ( X - p i c o l i n e ,  w i t h  f r e ­

q u en t  c o o l i n g  and sh a k in g .  xhe m ix tu r e  was h e a t e d  f o r  

3 h o u r s  a t  225°, and a f t e r  p o u r in g  on t o  i c e ,  t h e  a c i d  

s o l u t i o n  n e u t r a l i s e d  w i th  ba r iu m  c a r b o n a t e .  A f t e r



rem oval  o f  t h e  p r e c i p i t a t e d  ba r iu m  s u l p h a t e ,  t h e  h o t  

s o l u t i o n  was t r e a t e d  w i th  p o t a s s iu m  c a r b o n a t e  t i l l  

p e rm a n e n t ly  a l k a l i n e ,  f i l t e r e d  from ba r ium  c a r b o n a t e ,  

and e v a p o r a t e d  t o  d r y n e s s .  Ho c h a r r i n g  o c c u r r e d ,  and 

t h e  p r o d u c t  was an a lm ost  w h i t e  powder. I t  a p p ea red  

t o  be  l a r g e l y  c o n ta m in a te d  w i th  i n o r g a n i c  s a l t s ,  however ,  

and t h e  method was abandoned i n  f a v o u r  o f  t h a t  d e v i s e d  

by  M c E l v a i n ^  , which employs m e rc u r ic  s u l p h a t e  as c a t a ­

l y s t ,  and an e n t i r e l y  d i f f e r e n t  method of  w o rk in g -u p .

( i i j .  93 g .  (1 mole) o f  ( X -p io o l in e  was s lo w ly  

added w i t h  c o o l i n g  and s w i r l i n g  to  400 g .  o f  fuming 

s u l p h u r i c  a c i d  ( M a l l i n c k r o d t  s . g .  1 .916  = 21/b SOg), 

f o l l o w e d  by  2 .5  g .  o f  m e rc u r ic  s u l p h a t e ,  and t h e  m ix tu r e  

was h e a t e d  on an o i l  b a t h  a t  230-235° f o r  10 h o u r s .

The s t i r r e r  was r e p l a c e d  by  an a l l - g l a s s  d i s t i l l a t i o n  

s e t - u p ,  and th,e a p p a r a t u s  co n n ec te d  t o  an o i l  pump.

The e x ce ss  s u l p h u r i c  a c i d  was d i s t i l l e d  o f f  a t  u*5 mm. 

p r e s s u r e  and 2u0°,  about  23u g .  b e in g  r e c o v e r e d .  The 

b l a c k  o i l y  r e s i d u e  was c o o le d ,  d i l u t e d  w i th  2 u0 m l .  o f  

a b s o l u t e  a l c o h o l ,  w i t h  c o o l i n g  and s h a k in g ,  and l e f t  

o v e r n i g h t  i n  th e  r e f r i g e r a t o r .  The p r e c i p i t a t e d  s u l -  

phonic  a c i d  was o b t a in e d  as a  mass o f  b l a c k  c r y s t a l s ,  

which ,  a f t e r  f i l t r a t i o n ,  were r e d i s s o l v e d  i n  500 m l .



o f  w a t e r ,  and t h e  m ercu ry  s a l t s  p r e c i p i t a t e d  w i t h  

hy d ro g en  s u l p h i d e .  uwing t o  t h e  c o l l o i d a l  n a t u r e  o f  

t h e  s u lp h id e  p r e c i p i t a t e ,  t h e  s o l u t i o n  was f i l t e r e d  

th ro u g h  a c e l i t e  pad a t  8u° ,  and c o n c e n t r a t e d  on th e  

steam h a t h  t i l l  c r y s t a l l i s a t i o n  commenced. The 

aqueous s o l u t i o n  was t h e n  d i l u t e d  w i th  15u m l.  o f  

e t h a n o l ,  and c o o le d  o v e r n i g h t  i n  t h e  r e f r i g e r a t o r .

The s u lp h o n ic  a c i d  was o b t a i n e d  as t a n - c o l o u r e d  c r y s t a l s ,  

m .p .  334-338° ( u n c o r r . ) .  LlcElvain r e p o r t s  t h i s  a s  

328-341° ( o o r r . ) .

G rea t  v a r i a t i o n  i n  y i e l d  was e n c o u n te r e d ,  depend­

i n g  on t h e  s t r e n g t h  o f  a c i d  used ,  t im e  o f  h e a t i n g ,  and 

p r e c i s e  method o f  w o rk in g -u p .  The maximum o b t a i n e d
/

was 54$.

(4)
5- g y d ro x y -  2 - m ethyl  p y r i d i n e

40 g .  ( 0 .7  mole) o f  p o ta s s iu m  h y d ro x id e  was 

m e l t e d  a t  160° i n  a n i c k e l  c r u c i b l e  w i th  a few d rop s  

o f  w a te r  and some i r o n  f i l i n g s ,  and 15 g .  (0 .0 8 7  mole) 

o f  2 -m e th y l  p y r i d i n e - 5 - s u lp h o n ic  a c i d  added s lo w ly  

w i th  s t i r r i n g .  The t e m p e r a t u r e  was t h e n  r a i s e d  

g r a d u a l l y ,  c a u s in g  t h e  l i q u i d  m e l t  to  become p a s t y  and 

s e m i - s o l i d .  At 240°, a  v ig o r o u s  r e a c t i o n  s e t  i &, t h e  

m e l t  once more becoming l i q u i d ,  and e f f e r v e s c i n g  s t r o n g l y
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.caus ing  a g r e a t  i n c r e a s e  i n  volume. A f t e r  about  t e n  

m in u te s  a t  t h i s  t e m p e r a t u r e ,  i t  commenced to  c r y s t a l l i s e ,  

and f i n a l l y  became s o l i d ,  i n d i c a t i n g  th e  end o f  t h e  

r e a c t i o n .  A f t e r  c o o l i n g ,  t h e  m el t  was d i s s o l v e d  i n  

100  m l .  o f  w a t e r ,  and p a r t l y  n e u t r a l i s e d  w i t h  h y d r o ­

c h l o r i c  a c i d .  Then, w h i l e  s t i l l  a l k a l i n e ,  i t  was 

p l a c e d  on t h e  s team  b a t h ,  and n e u t r a l i s a t i o n  com ple ted  

by  t h e  a d d i t i o n  o f  e x cess  d ry  i c e .  When t h e  s o l u t i o n  

h a d  c o o le d ,  t h e  p r e c i p i t a t e d  p h e n o l i c  compound was f i l ­

t e r e d  o f f ,  d r i e d  i n  a  d e s i o c a t o r ,  and e x t r a c t e d  i n  a 

S o x h le t  e x t r a c t o r  w i th  e t h e r .  Yellow c r y s t a l s  soon 

s t a r t e d  to  s e p a r a t e  from th e  b o i l i n g  s o l u t i o n .  The 

aqueous m other  l i q u o r s  were a l s o  e x t r a c t e d  o v e r n i g h t  

i n  a  l i q u i d - l i q u i d  e x t r a c t o r ,  and t h e  two e t h e r  ex ­

t r a c t s  combined, and c o n c e n t r a t e d .  The orude  5- 

h y d r o x y - 2-m e th y l  p y r i d i n e  which c r y s t a l l i s e d  was p u r i f i e d  

b y  s u b l i m a t i o n  i n  a  l a r g e  p y re x  tu b e  a t  130° and 0 .1  mm. 

p r e s s u r e ,  b e in g  o b t a i n e d  as an  a lm ost  w h i t e  c r y s t a l l i n e  

s o l i d ,  m .p .  1 67 -169° .  T h is  i s  r e p o r t e d  as 1 6 4 - 1 6 6 ° ^ .  

I t  gave a r ed  c o lo u r  w i th  aqueous f e r r i c  c h l o r i d e .

5*0und: 0, 6 6 . 2 2 , 66.34/1; H, 6 .4 0 ,  6 . 3 0 ^ .  C a l c d .  f o r

0 H OH, 0 ,  66 .06$ ;  H, 6 .4 6 ^ .  ,
6 7



5-M ethoxy-2 -m e thy l  p y r i d i n e .
(16)( i ) .  20  g .  ( 0 .2  mole) o f  n i t r o s o m e t h y l  u r e a

was decomposed under  e t h e r  w i th  50^ aqueous p o t a s s iu m  

h y d r o x i d e ,  and th e  r e a c t i o n  m ix t u r e  d i s t i l l e d  to  y i e l d

an  e t h e r e a l  s o l u t i o n  o f  c .  5 .5  g .  ( 0 .1 3  mole) d i a z o -
( 1 6 )methane . T h is  was s lo w ly  added w i t h  s t i r r i n g  and 

c o o l i n g  i n  i c e  w a t e r ,  t o  a s l u r r y  o f  13 g .  ( 0 .1 2  mole) 

o f  5 -h y d ro x y -2 -m e thy l  p y r i d i n e  i n  200 ml.  o f  d i o x a n e .

Ho e v o l u t i o n  o f  gas  was n o t i o e a b l e ,  and a d d i t i o n  o f  

sm a l l  q u a n t i t i e s  o f  w a te r  and methanol ,  was w i t h o u t  

e f f e c t .  On s t a n d i n g  o v e r n i g h t  i n  t h e  r e f r i g e r a t o r ,  t h e  

s o l u t i o n  s lo w ly  t u r n e d  brown and d e p o s i t e d  a b a s i c  

polymer,  from which t h e  p h e n o l i c  compound c o u ld  n o t  be  

r e c o v e r e d .

( i i ) ^ 17  ̂ 2 g .  (0 .01 8  mole) o f  t h e  ph en o l  was d i s ­

s o lv e d  i n  50 m l .  o f  m e th a n o l ,  c o o le d ,  and 4 g .  (0*04 

mole)  o f  n i t r o s o m e t h y l  u r e a  added.  A s o l u t i o n  o f  5 g .  

o f  p o ta s s iu m  h y d ro x id e  i n  30 m l .  o f  m e th a n o l  was 

o a u t i o u s l y  added w i t h  c o o l i n g  and s h a k in g ,  c a u s i n g  s t r o n g  

e f f e r v e s c e n c e .  A f t e r  s t a n d i n g  o v e r n i g h t  i n  t h e  r e ­

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

a c i d  and e x t r a c t e d  w i t h  e t h e r .  I t  was t h e n  c o n c e n t r a t e d  

on t h e  steam b a t h ,  b a s i f i e d  w i t h  sodium h y d r o x i d e ,  and 

a g a i n  e x t r a c t e d ,  and t h e  e x t r a c t  worked up f o r  5-methoxy-



2 -m eth y l  p y r i d i n e .  Y i e l d  was 0 .6  g .  ( 2 5 $ ) .

( i i i ) .  5 . 5  g .  ( 0 .1 3  mole)  o f  d iazom e th an e  i n  e t h e r  

was s lo w ly  added w i th  o o o l in g  and s t i r r i n g  to  a  s o l u t i o n  

o f  10 g .  (0 .1 0  mole) o f  5 -h y d ro x y -2 -m e th y l  p y r i d i n e  

i n  150 m l .  o f  m e th a n o l .  A f a i r l y  b r i s k  e f f e r v e s c e n c e  

accompanied t h e  a d d i t i o n ,  and p e r s i s t e d  f o r  a  c o n s i d e r ­

a b l e  t im e  a f t e r w a r d s .  A f t e r  30 m i n u t e s ,  t h e  e x c e s s  

d iazom ethane  was d e s t r o y e d  by a d d i t i o n  o f  d i l u t e  h y d r o ­

c h l o r i c  a c i d .  'The e t h e r  s o l u t i o n  was t h o r o u g h ly  ex­

t r a c t e d  w i th  d i l u t e  h y d r o c h l o r i c  a c i d ,  t h e  combined 

a c i d  s o l u t i o n s  f r e e d  from n e u t r a l  compounds by  e t h e r  

e x t r a c t i o n ,  b a s i f i e d  w i th  sodium h y d r o x id e ,  and e x t r a c t e d  

w i t h  e t h e r  a g a i n .  T h is  l a t t e r  e x t r a c t  was d r i e d  ove r  

p o ta s s iu m  h y d ro x id e  p e l l e t s ,  t h e  e t h e r  removed b y  d i s ­

t i l l a t i o n ,  and t h e  r e s i d u a l  o i l  d i s t i l l e d  i n  vacu o .

The p r o d u c t  was a  o o l o u r l e s s  o i l ,  b . p .  4 3 - 4 5 ° / l  mm., o r  

1 8 8 -1 89 ° /76 0  mm. n 2p = 1 .5 0 8 8 .  

i ’ound* 0, 6 8 .3 0 ,  68 .3 7$ ;  H, 7 .1 7 ,  7 .3 5 $ .  Q̂ HcjQlJ 

r e q u i r e s  C, 68 .2 8$ ;  H, 7 .3 6 $ .

A Z e i s e l  e s t i m a t i o n  gave t h e  m ethoxy l  c o n t e n t  as  

2 2 .2 0 ,  2 2 .5 3 $ .  C7H9QH r e q u i r e s  2 5 .20$ ,  b u t  t h i s  low 

r e s u l t  may be due to  v o l a t i l i t y .

The y i e l d  was 2 .5  g .  ( 2 0 $ ) .  By b r i n g i n g  t h e



139 .

aqueous m other  l i q u o r s  t o  pH 6 w i t h  d r y  i c e ,  and c o n ­

t i n u o u s  e x t r a c t i o n  o v e r n i g h t  w i t h  e t h e r ,  3 . 5  g .  (35$) 

o f  t h e  pheno l  was r e o o v e r e d  unchanged .  I n  s u b s e q u e n t  

r u n s ,  t h e  y i e l d  was r a i s e d  to  40$ by  t h e  a d d i t i o n  o f  

5-10$ o f  w a t e r . t o  t h e  m e th a n o l ,  and i n t e r r u p t i n g  t h e  

a d d i t i o n  o f  d iazom ethane  s e v e r a l  t im e s  to  b o i l  o f f  t h e  

e t h e r  a cc u m u la ted  i n  t h e  s o l u t i o n .  B oth  t h e s e  

e x p e d i e n t s  p resum ably  s e r v e  to  keep t h e  p o l a r i t y  o f  

t h e  s o l v e n t  a t  a  maximum, t h e r e b y  i n c r e a s i n g  t h e  a c i d  

o h a r a o t e r  o f  t h e  p h e n o l i c  compound.

5-M ethoxy-2- p ro p y l  p y r i d i n e .
(13)I . Ph en y l  l i t h i u m  as  c o n d e n s in g  a g e n t

( i ) .  The p u r i f i c a t i o n  o f  t h e  r e a g e n t s  was as i n  

t h e  p r e p a r a t i o n  o f  c o n y r i n e .  Phenyl  l i t h i u m  was p r e ­

p a re d  from 0 .28  g .  (0 .0 4 0  atom) o f  l i t h i u m  w i re  and 

3 .42  g .  (0 .022  mole) o f  bromobenzene i n  a  50 ml.  t h r e e ­

necked f l a s k .  When th e  r e a c t i o n  was com ple te ,  1 .9 5  g .  

(0 .0 1 6  mole) o f  5-m e th o xy -2-m e th y l  p y r i d i n e  was added 

d ro p w ise ,  c a u s i n g  t h e  s o l u t i o n  to  t u r n  from brown to  

d a rk  r e d ,  w i th  e v o l u t i o n  o f  h e a t .  T h is  was fo l lo w e d  

w i t h  1 .8 6  g .  (0 .017  mole) o f  e t h y l  b rom ide ,  c a u s i n g  a  

d a rk e n in g  of  th e  r e d  c o l o u r ,  accompanied b y  v i o l e n t



140 .

r e f l u x i n g .  The re m a in in g  o r g a n ic  l i t h i u m  compounds 

were decomposed hy t h e  c a u t i o u s  a d d i t i o n  o f . w a t e r ,  t h e  

o o l o u r  c h ang in g  s u c c e s s i v e l y  to  g r e e n ,  y e l lo w  and 

o ran g e ,  two c l e a r  l i q u i d  l a y e r s  b e in g  f i n a l l y  o b t a i n e d ,  

w i t h  a  p e n e t r a t i n g ,  s w e e t i s h  o d o u r .  The l a y e r s  were 

s e p a r a t e d ,  t h e  e t h e r  l a y e r  e x t r a c t e d  r e p e a t e d l y  w i th  

d i l u t e  h y d r o c h l o r i c  a c i d ,  and th e  a c i d  s o l u t i o n  com­

b in e d  w i th  t h e  aqueous l a y e r .  The combined s o l u t i o n s  

were f r e e d  from n e u t r a l  compounds by  e t h e r  e x t r a c t i o n ,  

b a s i f i e d  w i th  sodium h y d r o x i d e ,  and extrac ted  a g a i n  

w i th  e t h e r .  T h is  second  e x t r a c t  was d r i e d  w i th  

p o ta s s iu m  c a r b o n a t e ,  t h e  e t h e r  !,f l a s h e d  o f f 11, and t h e  

r e s i d u e  d i s t i l l e d  i n  v acuo .  The p r o d u c t  was a y e l lo w  

o i l  o f  somewhat i n d e f i n i t e  b o i l i n g  p o i n t .

Pounds 0, 68 .69$ ;  H, 7 .7 3 ^ .  r e q u i r e s

0 ,  71.48^5 H, 8 . 66fl.

( i i ) . T h is  r e s u l t  was a p p a r e n t l y  due t o  p o o r  

f r a c t i o n a t i o n ,  and t h e  p r e p a r a t i o n  was r e p e a t e d  on a 

l a r g e r  s c a l e ,  u s in g  7 .80  g .  (0 .0 6 3  mole) o f  5-methoxy- 

2 -m e th y l  p y r i d i n e .  The p ro d u c t  was d i s t i l l e d  i n  a 

25 m l .  C l a i s e n  f l a s k  f i t t e d  w i th  a  3 - i n c h  V ig reux  

column on t h e  s i d e - a r m ,  a t  a  p r e s s u r e  o f  25 mm. Three 

f r a c t i o n s  were  t a k e n .  I .  b . p .  9 0 -9 5 ° ,  I I .  95 -1 10 ° ,  

I I I .  110-112° .



14 1 .

The a n a l y s e s  o f  t h e s e  f r a c t i o n s  were as  f o l l o w s s -

I .  0,  66*27; H, 7 . 3 2 .  C^HgOH r e q u i r e s  G, 6 8 .2 8 ;  H, 7 . 3 6 .

I I .  C, 6 4 .2 7 ;  H, 7 .6 0 .

I I I .  G, 7 0 .3 1 ;  H, 8 .77  QgH^OIT r e q u i r e s  C, 7 1 .4 8 ;  H, 8 . 6 6 .

A l l  t h e s e  f r a c t i o n s  a r e  a p p a r e n t l y  c o n ta m in a te d  

w i t h  some b y - p r o d u c t  o f  low c a r b o n  c o n t e n t .  Y ie ld  o f  

f r a c t i o n  I I I  was 0 .45  g .  ( 4 . 7 $ ) ,  w h i l e  r e c o v e r y  o f  

s t a r t i n g  m a t e r i a l  ( f r a c t i o n  I )  was 4 g .  ( 5 2 $ ) .

( i i i ) .  Pheny l  l i t h i u m  was made from 0 .8 3  g .

(0 .1 1 9  atom) o f  l i t h i u m  w i r e  and 10 .26  g .  (0 .0 6 6  mole) 

o f  bromobenzene.  4 . 4  g .  (0 .0 3 6  mole) o f  5 -m e th o xy -2- 

m e th y l  p y r i d i n e  was added as b e f o r e ,  and when t h e  r e ­

a c t i o n  had su b s id e d ,  t h e  L i e b i g  c o n d en se r  r e p l a c e d  by  

a  worm c o n d e n se r ,  t h e  w a t e r  f o r  v/hich was p r e c o o l e d  by 

p a s s a g e  t h r o u g h  a copper  c o i l  immersed i n  c ru s h e d  i c e .

3 . 4  m l .  (0 .0 4 8  mole) o f  e t h y l  c h l o r i d e  was t h e n  added 

from  a  c o o le d  g r a d u a t e d  p i p e t t e  i n  0 .3  m l .  p o r t i o n s ,  

a t  5 m in u te  i n t e r v a l s ,  and t h e  m ix t u r e  l e f t  s t i r r i n g  

f o r  40 h o u r s  i n  an a tm osphere  o f  n i t r o g e n ,  Y/ith c o o l i n g  

i n  an  i c e  b a t h .

The r e a c t i o n  m ix t u r e  was worked up a s  b e f o r e ,  to  

y i e l d  0 . 5  g .  (.9*2$) o f  t h e  p r o d u c t ,  45$ o f  t h e  s t a r t i n g  

m a t e r i a l  b e i n g  r e c o v e r e d .



I I .  f r i p h e n y l m e t h y l  sodium as  c o n d ens in g  a g e n t ^ 0^.

T r ip h e n y lm e th y lso d iu m  was made from 5 .5  g .

( 0 .2 4  atom) of  sodium sand and 14 g .  ( 0 .0 5  mole) o f  

t r i t y l  . c h l o r i d e , and t h e  r e d  s o l u t i o n  d e c a n te d  from 

►excess sodium i n t o  a  5U0 m l .  t h r e e - n e c k e d  f l a s k  i n  a 

c o u n t e r - s t r e a m  of  n i t r o g e n .  The f l a s k  was f i t t e d  w i t h  

a s e a l e d  s t i r r e r ,  and a d ry  i c e  c o l d - f i n g e r  c o n d e n se r ,  

t h e  t h i r d  neck  b e in g  c l o s e d  w i th  a  s t o p p e r ,  and t h e  

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

i c e .  5 .7  g .  (0 .0 4 6  mole) o f  5 -m e tho x y -2-m e th y l  p y r i d ­

i n e  was added, f o l lo w e d  b y  5 .8  m l .  o f  e t h y l  c h l o r i d e  

i n  0 .5  m l .  p o r t i o n s  a t  5 m inu te  i n t e r v a l s ,  and t h e  

s o l u t i o n  l e f t  s t i r r i n g  o v e r n i g h t  under  n i t r o g e n .  The 

c o l o u r  of t h e  s o l u t i o n  s lo w ly  changed d u r in g  t h e  r e ­

a c t i o n  from da rk  r e d  to  opaque o r a n g e - y e l l o w .

The r e a c t i o n  m ix t u r e  was worked up as i n  t h e  ru n s  

i n  which pheny l  l i t h i u m  was employed as condens in g
' 4

a g e n t ,  b u t  no f r a c t i o n  c o r r e s p o n d in g  t o  t h e  e x p e c te d  

p r o d u c t  c o u ld  be  i s o l a t e d ,  w h i l e  80fo o f  t h e  s t a r t i n g  

m a t e r i a l  was r e c o v e re d  unchanged.  The slow d i s c h a r g e  

o f  t h e  r e d  c o l o u r  o f  t h e  co ndens ing  a g e n t  i s  assumed 

t o  be  due to  i n t e r a c t i o n  w i th  t h e  e t h y l  c h l o r i d e ,  t o  

form t r i p h e n y l  p ro p an e ,  b u t  no a t t e m p t  was made t o  

v e r i f y  t h i s .



I l l . P o ta sa am id e  as c o n d en s in g  a g e n t .

5 g .  (0 .1 2 8  atom) o f  p o ta s s iu m  was c o n v e r t e d  

t o  p o ta s s a m id e  i n  80 m l .  o f  l i q u i d  ammonia, w i t h  an 

i r o n  c a t a l y s t ,  i n  a  100  m l .  t h r e e - n e c k e d  f l a s k  equ ipped  

w i t h  a  s t i r r e r ,  and a  c o l d - f i n g e r  c o n d en se r  w i t h  

n i t r o g e n  i n l e t ,  t h e  t h i r d  neck  b e in g  c l o s e d  w i t h  a 

s t o p p e r ,  and used f o r  t h e  a d d i t i o n  o f  r e a g e n t s .  The 

e n t i r e  a p p a r a t u s  was e q u ip p e d  w i th  a l l - g l a s s  j o i n t s .  

When a l l  t h e  m e ta l  had  b een  c o n v e r t e d  t o  amide,  t h e  

ammonia was a l lo w ed  t o  e v a p o r a t e ,  t h e  l a s t  t r a c e s  b e in g  

d r i v e n  o f f  by  warming under n i t r o g e n  i n  a w a t e r  b a t h .  

The s o l i d  cake  of  p o ta s sa m id e  was c a r e f u l l y  b ro k e n  up 

w i t h  a  s p a t u l a ,  i n  a  s t r o n g  s t r e a m  o f  n i t r o g e n ,  and 

t h e  c o l d - f i n g e r  c o n d e n se r  f i l l e d  w i t h  d ry  i c e .  10  g .  

( 0 .0 8 1  mole) o f  5 -m e thoxy-2-m ethy l  p y r i d i n e  was added 

w i t h  s t i r r i n g ,  and a l lowed t o  s t a n d  f o r  15 m in u t e s ,  

d u r i n g  which t im e ,  t h e  s o l u t i o n  d e v e lo p ed  a deep 

p u r p l i s h - r e d  c o l o u r .  9 .5  m l .  (0 .1 3 5  mole) o f  e t h y l  

c h l o r i d e  was th e n  added i n  0 .3  m l .  p o r t i o n s ,  a t  5 

m in u te  i n t e r v a l s ,  t h e  cond ense r  b e in g  k e p t  c o l d  by  

f r e s h  a d d i t i o n s  of  dry  i c e .  The f l a s k  was immersed 

i n  an i c e  b a t h ,  and s t i r r i n g  c o n t i n u e d  o v e r n i g h t ,  a f t e r  

which t h e  i c e  b a t h  was removed, f r e s h  d ry  i c e  added



t o  t h e  c o n d e n s e r ,  and s t i r r i n g  c o n t i n u e d  a t  room tem­

p e r a t u r e  f o r  a  f u r t h e r  10 h o u r s .  The t o t a l  r e a c t i o n  

t im e  was about  30 h o u r s .

The r e a c t i o n  m i x t u r e  was worked-up as  i n  p r e ­

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

in g  O l a i s e n  f l a s k  a t  0 .7  mm. p r e s s u r e .  The p r o d u c t  

was o b t a i n e d  as  a w a t e r - w h i t e  o i l ,  w i th  a  p e n e t r a t i n g  

odour  r e m i n i s c e n t  o f  o i l  o f  a n i s e e d ,  b . p .  6 o - 6 1 ° / 0 . 7  mm. 

Y i e l d  was 2 .6  g .  (2 2 $ ) ,  67$ o f  t h e  s t a r t i n g  m a t e r i a l  

b e in g  r e c o v e r e d .  S ince  t h e  l a t t e r  c a n  be r e c y c l e d ,  

t h e  " c o n v e r s i o n ’1 i s  ove r  65$. The a n a l y s i s  r e s u l t s  

were s t i l l  low - Pound: 0,  70 .6 8$ ;  u., 8 .61$  as  com­

p a r e d  w i th  t h e o r e t i c a l  v a lu e s  o f  71 .48$ and 8 . 66$ 

r e s p e c t i v e l y .  T h is  i s  p resum ab ly  due t o  t h e  p r e s e n c e  

o f  10-15$  of  5-m ethoxy-2 -m ethy l  p y r i d i n e ,  so t h e  p r o d u c t  

o f  s e v e r a l  r u n s  was c a r e f u l l y  f r a c t i o n a t e d  a t  about  

1 mm. p r e s s u r e  i n  a  9 x  3 /8  i n c h  column packed  w i th  

w i r e  gau ze ,  and equipped  w i th  a h e a t e d  j a c k e t  and a  

Whitmore and Lux t o t a l  c o n d e n s a t io n  - v a r i a b l e  t a k e - o f f  

s t i l l  h e a d .  Two r e l a t i v e l y  sha rp  f r a c t i o n s  were 

o b t a i n e d  a t  37-40° and 6 0 -62° ,  c o r r e s p o n d i n g  t o  un­

changed  s t a r t i n g  m a t e r i a l  and t h e  d e s i r e d  p r o d u c t .



Founds 0, 71 .4 5 ,  7 1 .4 8 ,  71 .50$)  a ,  8 .8 7 ,  8 .7 6 ,  8 . 6 3 $ .  

OgH^gOH r e q u i r e s  li, 7 1 .48 $ ;  ii, 8 . 66$ .
O K

R e f r a c t i v e  in d e x ,  n  = 1 .5 0 1 2 .
D

T rea tm en t  w i t h  t h e  t h e o r e t i c a l  amount o f  p i c r i c  

a c i d  i n  m e th an o l  gave a  p i c r a t e ,  i n  p a l e  g r e e n i s h - y e l l o w  

n e e d l e s ,  m .p .  1 1 3 -1 1 4 ° .

.Found: 0, 4 7 .4 7 ,  47 .67 $ ;  li, 4 .2 4 ,  4 .3 0 $ .

C H U () r e q u i r e s  C, 4 7 .37$ ;  H, 4 .2 4 $ .
15 16 4 8 '

5-Hydro:xy-2-pro p.yl p y r i d i n e .
/ i q \

( i )  . As a  t e s t  r u n ,  0 .5  g .  (0 .0 0 4  mole)

o f  5 -m ethoxy-2 -m e thy l  p y r i d i n e  was h e a t e d  w i t h  2 g .  

(0 .0 3 6  m ole ;  o f  powdered p o t a s s iu m  h y d ro x id e  i n  5 m l .  

o f  a b s o l u t e  e t h a n o l  i n  a  s e a l e d  p y re x  t u b e  a t  215° .

I t  was found  t h a t  t h e  g l a s s  tu b e  would n o t  w i t h s t a n d  

h e a t i n g  f o r  l o n g e r  t h a n  15 h o u r s .  On open ing  t h e  t u b e ,  

a  pu ngen t  a m i n e - l i k e  odour was v e ry  n o t i c e a b l e ,  i n d i c a t ­

i n g  c o n s i d e r a b l e  d e c o m p o s i t io n .  The s o l u t i o n  was 

d i l u t e d  w i th  w a te r ,  f i l t e r e d  from a  b u l k y  p r e c i p i t a t e ,  

and a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d .  N e u t r a l  and 

a c i d i c  compounds were removed by e t h e r  e x t r a c t i o n ,  th e  

s o l u t i o n  b a s i f i e d  w i t h  sodium h y d r o x i d e ,  and a g a i n  

e x t r a c t e d  w i th  e t h e r .  I t* w a s  t h e n  b ro u g h t  t o  pn 6 

w i t h  d r y  i c e ,  and e x h aus ted  on a c o n t in u o u s  l i q u i d -  

l i q u i d  e x t r a c t o r  w i th  e t h e r .  The p r o d u c t  o b t a i n e d  on



c o n c e n t r a t i o n  o f  t h e  e t h e r  e x t r a c t  was v e r y  im p u re ,  and 

t h e  y i e l d  o f  c ru d e  m a t e r i a l  d id  n o t  exceed  40$ .  The 

w ork ing-up  was impeded by t h e  p r e s e n c e  o f  b u lk y ,  

f l o c c u l e n t  and c o l l o i d a l  i n o r g a n i c  p r e c i p i t a t e s  d e r i v e d  

from th e  p y rex  g l a s s ,  and th e  method was c o n s i d e r e d  

u n s a t i s f a c t o r y .  The use  o f  a  s t a i n l e s s  s t e e l  bomb 

would p r o b a b l y  g iv e  much b e t t e r  r e s u l t s ,  however .

( i i ) .  4 .3 0  g .  (0 .0 2 8  mole) o f  5 -m ethoxy-2 - p r o p y l

p y r i d i n e  was r e f l u x e d  f o r  90 h o u r s  w i t h  200 m l .  o f  

g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  90 m l .  o f  48$ hydrobromic  

a c i d .  A f t e r  c o o l i n g ,  t h e  s o l u t i o n  was d i l u t e d  w i th  

i t s  own volume of  w a t e r ,  and e x t r a c t e d  s e v e r a l  t im e s  

w i t h  tw ic e  i t s  own volume o f  e t h e r .  I t  was t h e n  b a s i -  

f i e d  w i t h  sodium h y d ro x id e  p e l l e t s  and e x t r a c t e d  w i t h  

e t h e r  a g a i n .  T h is  second  e x t r a c t  y i e l d e d  0 .1 3  g .  o f  

r e c o v e r e d  5 -m ethoxy-2 - p r o p y l  p y r i d i n e  ( 3 $ ) .

The aqueous s o l u t i o n  was d i v id e d  i n t o  two, and 

one p a r t  n e u t r a l i s e d  w i th  d r y  i c e  and e x t r a c t e d  con-  

t i n u o u s l y  o v e r n i g h t .  • The e t h e r  s o l u t i o n  was d r i e d  

w i t h  ,fd r i e r i t e ” and c o n c e n t r a t e d  to  5 m l .  on t h e  steam 

b a t h .  A w h i te  c r y s t a l l i n e  s q l i d  s e p a r a t e d  on c o o l ­

i n g ,  and a f u r t h e r  q u a n t i t y  c o u ld  be o b t a i n e d  from t h e  

m o the r  l i q u o r s  by  slow a d d i t i o n  o f  50-60°  l i g r o i n .



1 4 7 .

The o t h e r  p a r t  o f  t h e  aqueous s o l u t i o n  was made 

j u s t  a c i d  w i th  h y d r o c h l o r i c  a c i d ,  t h e n  e x c e s s  ammonium 

h y d ro x id e  added, and t h e  s o l u t i o n  c o n t i n u o u s l y  ex ­

t r a c t e d  as b e f o r e .  T h is  method seems p r e f e r a b l e  to  

t h e  f i r s t ,  g i v i n g  a  h i g h e r  r e c o v e r y  and a p u r e r  p r o d u c t .  

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

c o n ta m in a te d  w i th  o i l y  p r o d u c t s  from t h e  d r y  i c e .

The p r o d u c t  was r e a d i l y  p u r i f i e d  by c r y s t a l ­

l i s a t i o n  from e t h e r - l i g r o i n ,  b e in g  o b t a i n e d  as  a w h i te
o

c r y s t a l l i n e  s o l i d ,  m .p .  9 3 -9 3 .6  . I t  gave a  deep r e d  

c o l o u r  w i th  aqueous f e r r i c  c h l o r i d e .

Found: C, 70-01,  7 0 .2 0 $ ;  n ,  7 .8 4 ,  7.90$'.

CeH11OH r e q u i r e s  0, 7 0 .06$ ;  H, 8 .0 8 $ .  

xb.e y i e l d  was 2 .6 0  g .  ( 66$ ) .

d l - P s e u d o c o n h y d r in e .

1 g .  ( 0 .0 0 7 3  mole; o f  5 - h y d r o x y - 2 - p r o p y l  p y r i ­

d i n e  was h y d ro g e n a te d  a t  44 l b s .  p r e s s u r e  i n  50 m l .  

o f  g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  250 mg. o f  Adam's 

p l a t i n u m  c a t a l y s t ,  f o r  16 h o u r s .

The s o l u t i o n  was d i l u t e d  w i t h  i t s  own volume 

o f  d i s t i l l e d  w a t e r ,  f i l t e r e d  from t h e  c a t a l y s t ,  a c i d i ­

f i e d  w i t h  h y d r o c h l o r i c  a c i d ,  and most  o f  t h e  a c e t i c



a o id  removed by  e t h e r  e x t r a c t i o n .  The s o l u t i o n  was 

t h e n  h a s i f i e d  w i th  sodium h y d r o x i d e ,  and e x t r a c t e d  

c o n t i n u o u s l y  o v e r n i g h t  w i th  e t h e r .  The e x t r a c t  was
t

d r i e d  w i t h  p o t a s s iu m  c a r b o n a t e  and c o n c e n t r a t e d ,  

l e a v i n g  a y e l lo w  o i l  which c r y s t a l l i s e d  on c o o l i n g .

The c r y s t a l s  had a  p l e a s a n t ,  s w e e t i s h  s m e l l  r e m i n i s c e n t  

o f  c ru s h e d  l e a v e s .

Y i e ld ,  1 .00 8  g .  ( 9 6 . 4 J 0 .

S e p a r a t i o n  o f  d i a s t e r e o m e r i c  f o rm s .

D i s t i l l a t i o n . A f a i r l y  wide (10-12  mm.} tu b e  

was u s e d ,  w e l l  i n s u l a t e d  to  p ro v id e  a  t e m p e r a tu r e  

g r a d i e n t .  The compound d i s t i l l e d  a t  7 0 - 7 5 ° / 0 .1  mm., 

g i v in g  w h i t e  c r y s t a l s  to w ard s  t h e  h o t t e r  p a r t  o f  th e  

t u b e ,  and an o i l  i n  th e  c o o l e r  p a r t .

E l u t i o n . Much o f  t h e  o i l  c o u ld  be removed by  

w ash ing  YdLth c o l d  e t h e r .

0r y s t a l i i s a t i o n . The c r y s t a l s  were d i s s o l v e d

i n  e t h e r ,  and c r y s t a l l i s e d  tw ice  from t h a t  s o l v e n t ,  and 

tw ice  from e t h y l  a c e t a t e - l i g r o i n .  T h is  was u n s a t i s ­

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

s m a l l  n e e d l e s ,  which gave t h e  a p p e a ra n c e  o f  c o t t o n  w ool .  

A lso ,  h y d r a t e  f o r m a t io n  made i t  i m p o s s i b l e  t o  o b t a i n  a



p u re  compound by  t h i s  method, and t h e  m e l t i n g  p o i n t  

rem ained  u n s h a r p .

R e d i s t i l l a t i o n . The r e c r y s t a l l i s e d  p r o d u c t  was 

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

m .p .  9 1 . 5 - 9 2 ° .  T h is  gave no c o l o u r  w i th  aqueous 

f e r r i c  c h l o r i d e ,  and d e p r e s s e d  t h e  m e l t i n g  p o i n t  o f  

5 - h y d r o x y - 2 - p r o p y l p y r i d i n e  by  o v e r  5 0° .

Foundj C, 6 7 .3 0 , '  6 7 .24$ ;  H, 1 1 .7 1 ,  1 1 .7 6 $ .

C8H1 7 0U r e q u i r e s  C, 67 .11$ ;  H, 1 1 .9 6 $ .
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