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GENERAL INTRODUCTION AND SUMMARY.

T h is  work i s  d iv id e d  i n t o  th r e e  p a r t s .  The

r e s u l t s  o b ta in e d  from t h e  f i r s t  two p a r t s  w ere a lm o st

e n t i r e l y  n e g a t iv e  and th e y  have b e e n  t r e a t e d  more b r i e f l y

th an  th e  t h i r d  p a r t ,  w hich  d e s c r i b e s  t h e  a c t i o n  o f  am ines

on 2 - s u b s t i t u t e d  s e m ic a r b a z o n e s . The i n v e s t i g a t i o n s  a re

d e s c r ib e d ,  how ever , i n  th e  o rd er  i n  w hich  th e y  were

c a r r i e d  o u t ,  as o t h e r w is e  th e  c o n n e c t io n  betw een  t h e  d i f f -
\

e r e n t  s e c t i o n s  would n o t  be  o b v io u s .

T h is  i n t r o d u c t i o n  i s  in te n d e d  m ere ly  t o  

i n d i c a t e  th e  c o n t e n t s  o f  each p a r t  and t h e  c ir c u m sta n c e s  

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

o f  t h e  f i r s t  and secon d  p a r t s .

The f i r s t  p a r t  d e s c r i b e s  some a t te m p ts  

w hich  were made t o  r e s o l v e  racem ic  b e n z o in  i n t o  i t s  o p t ­

i c a l l y  a c t i v e  com ponents . V a r io u s  m ethods were u s e d ,  

ad van tage  b e in g  ta k e n  o f  th e  f a c t  t h a t  b e n z o in  r e a c t s  

q u i t e  r e a d i l y  w i th  h y d r a z in e  to  form a h y d ra zo n e .  A 

b a s i c  group i s  th u s  in tr o d u c e d  w ith  w hich  o p t i c a l l y  a c t i v e  

a c id  s u b s ta n c e s  m ight be e x p e c te d  to  r e a c t .  Such s u b s t ­

a n ces  as d.camphor su lp h o n ic  a c id  and d.bromcamphor 

s u lp h o n ic  c h l o r i d e  were u s e d .  I t  was a l s o  a ttem p ted  to



make b e n z o in  r e a c t  w i t h  l .m e n t h y l  h y d r a z in e  and w i t h  

d.cam phor h y d r a z o n e .  The l a e v o - r o t a t o r y  a ld e h y d ic  

g l u c o s i d e ,  h e l i c i n ,  was a l s o  em ployed. For d i f f e r e n t  

r e a s o n s  t h e s e  m ethods were u n s u c c e s s f u l .

I n  t h e  m eantim e, h ow ever , th e  r e s o l u t i o n  

o f  b e n z o in  had b een  s u c c e s s f u l l y  co m p le ted  by W ilso n  and 

H opper1 . T h is  was done by means o f  an o p t i c a l l y  a c t i v e  

s e m ic a r b a z id e ,  <F -  oc -p h e n y le th y  1- s e m ic a r b a z id e  w hich  

th e y  had p r e v io u s ly  d e s c r ib e d 2 .

I t  was th e n  d e c id e d  to  i n v e s t i g a t e  t h e  

a c t i o n  o f  SCw - p h e n y l e t h y l ) s e m ic a r b a z id e  on s e v e r a l  

o th e r  racem ic s u b s ta n c e s  c l o s e l y  r e l a t e d  to  b e n z o in .

T h is  c o n s t i t u t e s  th e  second  p a r t  o f  t h e  work.

The s u b s ta n c e s  u se d  were m e th y l -b e n z o in ,  

f u r o in ,  p ip e r o n y lo in  and a n i s o i n .  U n fo r tu n a te ly  none  

o f  t h e s e  s u b s ta n c e s  g ave  a c r y s t a l l i n e  p rod u ct w i th  

£ (  ot- - p h e n y le t h y l ) s e m ic a r b a z id e  such  a s  was o b ta in e d  

w ith  b e n z o in .  F u ro in  and p ip e r o n y lo in  were to o  e a s i l y  

o x i d i s e d  even by th e  atm osphere, w h i le  th e  o th e r  r e a c ­

t i o n s  y i e l d e d  o n ly  o i l y  and r e s in o u s  p r o d u c t s .  S in c e  no 

c r y s t a l l i n e  p r o d u c ts  were o b ta in e d  t h i s  s e c t i o n  o f  th e

192^ ,24^ 3 .

3W ilaon , Hopper & Crawford, J . C .S .  1922 ,121  , £ 6 6 .



work was abandoned a t  t h i s  p o i n t .

I t  seemed p o s s i b l e  t h a t ,  i f  an o p t i c a l l y  

a c t i v e  se m ic a r b a z id e  c o u ld  b e  p r e p a r e d ,  s i m i l a r  to  

$(  oc - p h e n y le t h y l ) s e m ic a r b a z id e  b u t  h a v in g  a g r e a t e r  

m o le c u la r  w e ig h t ,  i t  m ight y i e l d  h ig h e r  m e l t in g  p r o d u c ts  

w it h  s u b s ta n c e s  o f  t h e  b e n z o in  g ro u p . I t  was d e s i r e d  

t h e r e f o r e ,  t o  s u b s t i t u t e  some a d d i t i o n a l  group o f  atoms 

a t  a c e r t a i n  p o in t  i n  th e  8 ( a - p h e n y le t h y l ) s e m ic a r b a z id e  

m o le c u le .

T h is  s u b s ta n c e ,  8 ( oc - p h e n y l e t h y l ) s e m i ­

c a r b a z id e ,  was p rep ared  by th e  i n t e r a c t i o n  o f  a - p h e n y l -  

- e th y la m in e  and a c e to n e  sem icarb azon e  w ith  su b seq u en t  

l o s s  o f  a c e to n e  by h y d r o l y s i s 1 , th u s ,

(GH Jo0 :N.NH. CO .NH 0 + NH GH (P h)OH ,' On 2 3 O

= (CH3)2C:N.HH.C0.NHCH(Ph)0H3 + NH3

(0H3)3C:H.NH.C0.HHCH(Ph)CH3 + Ha0 

= (0H3)3C:0 + NH3HH.OO.NHCH(Ph)CH3

The most o b v io u s  p o in t  a t  w hich  to  i n t r o ­

duce th e  new group appeared to  be th e  -  or  2 - p o s i t i o n

1W ilso n ,  Hopper and Crawford, J . 0 . S . 1 9 2 2 ,1 2 1 ,3 6 6 .



o f  t h e  sem io a r b a z o n e 1 . I t  was u n l i k e l y  t h a t  a group  

in tr o d u c e d  i n  t h a t  p o s i t i o n  would p r e v e n t  th e  r e a c t i o n  

o f  t h e  a c t i v e  se m ic a r b a z id e  w i th  a k e t o n ic  group such

as t h a t  o f  t h e  b e n z o in s .  I n d e e d ,  a number o f  k e t o n ic

sem ica rb a zo n es  a r e  known h a v in g  groups s u b s t i t u t e d  i n  

t h e  2 - p o s i t i o n .

I n  o rd er  to  p rep a re  t h i s  new a c t i v e  s e m i-

- c a r b a z id e  i t  would have  b een  n e c e s s a r y  to  s t a r t  w ith  a

2 - s u b s t i t u t e d  sem iearb azon e  and to  a c t  on i t  w i th  a c t i v e  

a - p h e n y l e t h y l a m i n e .

A lth ough  s e v e r a l  2 - s u b s t i t u t e d  s e m ic a r b -  

-a z o n e s  had b een  p rep a red , as i s  s t a t e d  ab ove , th e  

r e a c t i o n s  o f  t h e s e  s u b s ta n c e s  w ith  am ines had n o t  b een  

i n v e s t i g a t e d .  The r e a c t i o n s  o f  u n s u b s t i t u t e d  sem ica rb ­

a zo n es  w i th  am ines was f i r s t  i n v e s t i g a t e d  by B o r s c h e 2 .

He u se d  o n ly  a ro m a tic  amines and i t  was t h e  e x t e n s io n  

o f  h i s  work to  in c lu d e  a l i p h a t i c  am ines and o p t i c a l l y  

a c t i v e  am ines w hich  l e d  to  th e  p r e p a r a t io n  o f  o p t i c a l l y  

a c t i v e  8 ( a  - p h e n y l e t h y l ) s e m ic a r b a z id e 3 .

1The system  u sed  i s ,  NHoNH.C0.NH_

a  /} <r

1 2 4

3B s r . 1 9 0 1 , 3 4 , 4 2 9 7 : 1 9 0 4 , 3 7 , 3 1 7 7 : 1 9 0 5 , 5 £ , ^ 3 1  •

, 3Page 3 ,  and J . C . S . 1 9 2 5 , 1 2 7 , 1 0 3 .



I t  was r e s o l v e d ,  t h e r e f o r e ,  t o  i n v e s t i g a t e  

t h e  r e a c t i o n s  o f  2 - s u b s t i t u t e d  sem ic a r b a z o n e s  w i t h  v a r ­

i o u s  amines and p o s s i b l y  to  o b t a in  a n o th e r  o p t i c a l l y  

a c t i v e  s e m ic a r b a z id e .

T hese  i n v e s t i g a t i o n s  c o n s t i t u t e  t h e  t h i r d  

and m ost im p o rta n t  p a r t  o f  th e  work.

The Appendix c o n t a in s  d e s c r i p t i o n s  o f  some 

work w hich  was c a r r i e d  ou t a lth o u g h  n o t  on th e  d i r e c t  

l i n e  o f  r e s e a r c h .  Some p r e p a r a t io n s  a r e  a l s o  in c lu d e d  

i n  c a s e s  where r e f e r e n c e  i s  made t o  t h e s e  i n  t h e  t e x t .

I n  many o f  t h e s e  p r e p a r a t io n s ,  m o d i f i c a t i o n s  h ave  b een  

in tr o d u c e d ,  u s u a l l y  w i th  a v ie w  t o  i n c r e a s in g  t h e  y i e l d .
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P A R T  I .

I N T R O D U O T I O H  .

Summary o f  v a r io u s  m ethods o f  r e s o l v i n g  racem ic  

oompound3 .

Sino© th e  phenomenon o f  o p t i c a l  a c t i v i t y  

was f i r s t  o b se r v e d ,  th e  r e s o l u t i o n  o f  racem ic  s u b s ta n c e s  

i n t o  t h e i r  o p t i c a l l y  a c t i v e  components h a s  a t t r a c t e d  

many i n v e s t i g a t o r s  w i t h  th e  r e s u l t  t h a t  a la r g e  amount 

o f  e x p e r im e n ta l  work h as  b een  done on t h i s  s u b j e c t .

Most o f  t h e  methods adopted  depend u l t i m a t e l y  on th e  

p r o c e s s  o f  f r a c t i o n a t i o n  by c r y s t a l l i s a t i o n  f o r  t h e  

s e p a r a t io n  o f  th e  en a n tio m o rp h s .

The m ost im p ortan t c o n t r i b u t i o n  to  th e  

s u b j e c t  was th e  work o f  P a s te u r  on th e  r e s o l u t i o n  o f  

a c id s  and p a r t i c u l a r l y  o f  t a r t a r i c  a c i d .  He b rou gh t  

about t h i s  r e s o l u t i o n  by s e v e r a l  d i f f e r e n t  m eth od s .

The one o f  most g e n e r a l  i n t e r e s t  i s  t h a t  i n  w hich  he  

combined th e  racem ic  a c id  w ith  an o p t i c a l l y  a c t i v e  b a s e .



7 -

I n  t h i s  r e a c t i o n  two s a l t s  a r e  form ed.

I f  th e  "base u se d  i s  l a e v o - r o t a t o r y , t h e s e  would be  

(a )  d . a c i d - 1 . b a s e ,  and (b) 1 . a c i d - 1 . b a s e .  These two 

s a l t s  a re  n o t  enantiom orphous, t h a t  i s ,  t h e i r  m o le c u le s  

do n o t  p o s s e s s  t h e  r e l a t i o n s h i p  o f  an o b j e c t  t o  i t s  

m ir ro r  im age , and as th ey  prob ab ly  show some d i f f e r e n c e  

o f  s o l u b i l i t y ,  th ey  may be s e p a r a te d  by f r a c t i o n a l  

c r y s t a l l i s a t i o n .

T h is  m eth od ,h as  b een  m o d if ie d  and e x te n d ­

ed i n  many d i f f e r e n t  ways and i t s  g e n e r a l  p r i n c i p l e  can  

be a p p l ie d  to  t h e  r e s o l u t i o n  o f  a lm ost  any c l a s s  o f  

racem ic  compound. P a s te u r  and o th e r  w ork ers  r e s o lv e d  

many a c id s  i n  t h i s  way u s in g  as o p t i c a l l y  a c t i v e  b a s e s  

th e  a l k a l o i d s ,  c in c h o n in e ,  q u in in e ,  s t r y c h n in e  and 

b r u c i n e .

Racemic b a s e s  can  be r e s o l v e d  i n  t h e  same 

way by co m b in a t io n  w ith  an o p t i c a l l y  a c t i v e  a c i d .  In  

t h i s  c a s e ,  i f  a d e x t r o - r o t a t o r y  a c id  b e  u s e d ,  th e  two 

s a l t s  formed would be (a )  d . a c i d - 1 .b a s e ,  and (b)  

d . a c i d - d .b a s e ,  and t h e s e  m ight th e n  b e  s e p a r a te d  by 

f r a c t i o n a l  c r y s t a l l i s a t i o n .  I n  t h i s  way e t h y 1 - p ip e r ­

i d i n e  and c o n i i n e  were r e s o lv e d  u s in g  d . t a r t a r i c  a c i d 1 .

1Ladenburg, A. 12>2>2>,247 , 2>5•



D e x t r o - t a r t a r i c  a c id  was u se d  s u c c e s s f u l l y  

i n  a number o f  c a s e s .  Pope and P e a c h e y 1 , how ever ,  

p o in te d  out a d isa d v a n ta g e  a t ta c h e d  to  th e  u s e  o f  t h i s  

a c i d .  T a r t a r ic  a c id  h a s  a sm a l l  d i s s o c i a t i o n  c o n s t a n t  

and, t h e r e f o r e ,  would form s t a b l e  s a l t s  o n ly  w i t h  s tr o n g  

b a s e s .  I n  o rd er  to  b r in g  about th e  r e s o l u t i o n  o f  weak 

b a s e s ,  i t  was n e c e s s a r y  to  f in d  an o p t i c a l l y  a c t i v e  

a c id  h a v in g  a much g r e a t e r  d i s s o c i a t i o n  c o n s t a n t .  They 

found a s u i t a b l e  a c id  i n  d.camphor s u lp h o n ic  a c i d ,  but  

showed t h a t  d.bromcamphor and d .ch lo rca m p h o r  s u lp h o n ic  

a c id s  were p r e f e r a b le  i n  many c a s e s .  Camphor s u lp h o n ic  

a c id  was u se d  w ith  s u c c e s s  i n  th e  r e s o l u t i o n  o f  t e t r a -  

-h y d r o q u in a ld in e 2 and camphoroxime3 . R e y c h le r 4 r e s o l v e d  

te tr a h y d r o p a p a v e r in e  by means o f  d.bromcamphor s u lp h o n ic  

a c id  but found t h a t  d.camphor s u lp h o n ic  a c id  g ave  o n ly  

a syrupy m ix tu r e .

Pope and P e a ch ey 2 made some i n t e r e s t i n g  

o b s e r v a t io n s  on th e  r e s o l u t i o n  o f  e x t e r n a l l y  com pens­

a te d  b a s i c  s u b s ta n c e s  by o p t i c a l l y  a c t i v e  a c i d s .  Taking  

th e  c a s e  o f  an a ttem p ted  r e s o l u t i o n  o f  a racem ic b a se  dlB

1Pope & P ea ch ey , J . 0 . S.12>92>,7 3 , $9 3*

2Pope & P ea ch ey , J . 0 .3 . 1 £99 ,75., 1066 .

3Pope, J . C . S . 1 ^ 9 9 ,7 ^ ,1 1 0 5 .

4B u l l .S o c .C h im . , 1 &9 $ , ( i i i ) , 1 9 , 1 2 0 .



by means o f  a d e x t r o - r o t a t o r y  acid. dA, th e y  p o in te d  o u t  

t h a t  th e  d is a d v a n ta g e  o f  t h e  o rd in a ry  method o f  s e p a r a t ­

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

o f  s o l u b i l i t i e s  o f  th e  two s a l t s  dB.dA and lB .dA  i s  n o t  

s u f f i c i e n t  to  p erm it  o f  th e  s a l t s  b e in g  i s o l a t e d  i n  a 

pure s t a t e , .  The s o l u b i l i t i e s  o f  th e  s a l t s  dB.dA and 

lB .dA o f  a d e x t r o - r o t a t o r y  a c id  w ith  a racem ic  b a se  

would h a r d ly  b e  e x p e c te d  to  d i f f e r  much s in c e  s o l u b i l i t y  

i s  p a r t ly  a f u n c t i o n  o f  th e  c h em ica l  c o m p o s it io n  o f  th e  

s a l t s .  I f ,  h ow ever , th e  s a l t  lB .dA  i s  th e  l e s s  s o lu b l e  

o f  th e  tw o, and i f  o n ly  s u f f i c i e n t  o f  th e  a c id  dA, n e c ­

e s s a r y  f o r  fo r m a t io n  o f  t h i s  s a l t  i s  added, th e  b a la n c e  

o f  a c id  r e q u ir e d  to  d i s s o l v e  th e  b a se  b e in g  made up by 

adding th e  r e q u i s i t e  amount o f  an i n a c t i v e  a c id  such  as  

h y d r o c h lo r ic  a c id  which forms c o m p a r a t iv e ly  s o lu b l e  s a l t s  

w ith  th e  b a s e ,  th en  i t  would be e x p e c te d  t h a t  th e  g r e a t e r  

p a r t  o f  th e  IB would s e p a r a te  as th e  s p a r in g ly  s o lu b l e  

s a l t  lB .dA w h i le  th e  m other l iq u o r  would c o n t a in  dB.HCl. 

Pope and Peachey o b ta in e d  very  good r e s u l t s  by th e  a d o p t­

io n  o f  t h i s  m ethod. The p r i n c i p l e  c o u ld  a l s o  be m o d if ie d  

to  s u i t  p a r t i c u l a r  c a s e s .  Thus i n  one c a s e  th e y  m ixed  

h o t  aqueous s o l u t i o n s  o f  one m o le c u la r  p r o p o r t io n  o f

ammonium d.bromcamphor su lp h o n a te  and o f  two m o le c u la r



p r o p o r t io n s  o f  ra cem ic  te tra h .y d ro q u in a ld .in e  h y d r o c h lo r id e .  

On c o o l i n g ,  th ey  o b ta in e d  l . t e t r a h y d r o q u in a ld in e - d .b r o m -  

-camphor su lp h o n a te  a lm o st  p u re .

A f u r t h e r  e x t e n s io n  o f  t h i s  g e n e r a l  method  

o f  r e s o l v i n g  racem ic  compounds was made when Meuberg 

s u g g e s te d  t h e  u s e  o f  an o p t i c a l l y  a c t i v e  h y d r a z in e  as  

a means o f  r e s o l v i n g  racem ic  a ld e h y d e s ,  k e to n e s  and 

a c i d s .  He ex p er im en ted  w i th  th e  su g a r s  and s u c c e s s f u l l y  

r e s o lv e d  r .a r a b in o s e  b o th  by means o f  d .p h en y la m y lh y d r-  

- a z i n e 1 and by l .m e n t h y lh y d r a z in e 2 .

. Fundam entally  t h i s  method i s  s im i l a r  t o  

t h e  o r i g i n a l  method o f  Pa3 t e u r .  Thus, i f  we s t a r t  w i th  

a racem ic  k e to n e  dlR:CO, and an o p t i c a l l y  a c t i v e  h y d r a ­

z i n e  dRf3JH.WH0 we sh o u ld  o b t a in  two compounds dR:G:N.HKdRf 

and 1R:C iH.NHdR’ . I t  sh o u ld  now be p o s s i b l e  to  s e p a r a te  

t h e s e  s u b s ta n c e s  by f r a c t i o n a l  c r y s t a l l i s a t i o n  and to  

l i b e r a t e  th e  enantiom orphous k e to n e s  by h y d r o l y s i s .

R e c e n t ly ,  an o p t i c a l l y  a c t i v e  s e m ic a r b a z id e  

was a l s o  u se d  s u c c e s s f u l l y  f o r  th e  r e s o l u t i o n  o f  a racem ic  

k e to n e  when Hopper and W ilso n 3 brou gh t about th e  r e s o l ­

u t i o n  o f  b e n z o in  by means o f  ( oc - p h e n y l e t h y l )  semi -

1Neuberg & F e d e r e r ,  B e r . 19 0 5 , 3 & , .

^Neuberg, B e r .  19 0 3 , 3 6 , 1 1 9 2 .

. 3Ropper & W ilso n , J .C .S .1 9 2 £ ,2 4 & 3 .



- c a r b a z i d e .

A nother m o d i f i c a t io n  was in tr o d u c e d  by 

E rlenm eyer . He s u g g e s te d  t h a t  ra cem ic  am ines m igh t be  

r e s o l v e d  by c o n d e n s a t io n  w i th  an o p t i c a l l y  a c t i v e  a l d ­

eh y d e . He u s e d  t h i s  method s u c c e s s f u l l y  i n  b r in g in g  

about th e  r e s o l u t i o n  o f  r . i s o d i p h e n y l - o x y - e t h y l a m i n e 1 . 

The a ld eh y d e  u se d  was th e  g l u c o s i d e ,  H e l i c i n .  The 

r e a c t i o n  can  b e  r e p r e s e n te d  by th e  e q u a t io n ,

PJa.CH (OH )GH (HHg )P h  + CeHu OB . 0 . 0 6H 4 .CH0 

P h .O H (O H )O H (P h )N : C H .C 8H 4 . O . C aHu OB . +  H s 0

T h is  prod u ct was th e n  f r a c t i o n a t e d  as  

b e f o r e  and t h e  a c t i v e  forms o f  th e  amine l i b e r a t e d  by 

h y d r o l y s i s  w i th  d i l u t e  h y d r o c h lo r ic  a c i d .

^■Erlenmeyer, B e r . 1 9 0 3 , 3 6 , 9 7 6 .
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T h is  work c o n s i s t e d  o f  a s e r i e s  o f  a t te m p ts  

t o  r e s o l v e  raoem io ‘b e n z o in ,

Pk.OH(OH) .CO.Ph.

V a r io u s  m ethods were u s e d ,  a l l  o f  w h ich  

depended p r im a r i ly  on t h e  p r i n c i p l e s  o u t l i n e d  i n  t h e  

i n t r o d u c t i o n .

I t  w i l l  be s e e n  t h a t  t h e  i n v e s t i g a t i o n s  o f  

t h e s e  m ethods were n o t  c a r r i e d  to  c o m p le t io n  i n  ev ery  

c a s e .  When i t  became e v id e n t  t h a t  any p a r t i c u l a r  

method was g o in g  to  p rove  u n s u i t a b l e ,  i t  was abandoned  

even  i f  i t  were n o t  q u i t e  c l e a r  what c o u r s e  th e  r e a c t i o n  

had ta k e n .

The f i r s t  methods r e q u ir e d  t h a t  a b a s i c  

group sh o u ld  be in tr o d u c e d  to  th e  b e n z o in  m o le c u le ,  

w hich  group m ight th e n  be made to  r e a c t  w i th  o p t i c a l l y  

a c t i v e  a c id  s u b s t a n c e s .  For t h i s  r e a s o n  th e  racem ic  

b e n z o in  was c o n v e r t e d . t o  b e n z o in  h y d ra zo n e ,

Ph .CH (OH) .  C (Ph) :N .NH



B e n z o in  h yd razon e + d.bromcamphor s u lp h o n ic

c h l o r i d e .

The f i r s t  r e a c t i o n  a ttem p ted  was t h a t  o f  

b e n z o in  h yd razon e  w ith  t h e  c h l o r i d e  o f  d.bromcamphor 

s u lp h o n ic  a c i d .  I t  was e x p e c te d  t h a t  t h i s  r e a c t i o n  

would go a c c o r d in g  to  t h e  e q u a t io n ,

Ph.CH(OH) .C(Ph) :N.NHS + C10HltOBr . 3 0 aCl 

Ph.CH(OH).C(Ph):H.NH303 .CMHMOBr + HC1

T h is  product would c o n s i s t ,  o f  c o u r s e ,  o f  

e q u a l  numbers o f  m o le c u le s  c o n t a in in g  d .b e n z o in  h yd ra­

zone u n i t e d  w i th  d.bromcamphor s u lp h o n ic  a c id  and 

1 . b e n z o in  hydrazone u n i t e d  w ith  d.bromcamphor s u lp h o n ic  

a c i d .  I t  was in te n d e d ,  i f  th e  r e a c t i o n  went as e x p e c te d ,  

t h a t  t h e s e  sh o u ld  th e n  be s e p a r a te d  by f r a c t i o n a l  c r y s t ­

a l l i s a t i o n .

The r e a c t i o n  was t r i e d  f i r s t  u s in g  e t h e r  

as s o l v e n t ,  p y r id in e  b e in g  added to  ta k e  up th e  h y d ro ­

c h l o r i c  a c id  which would be l i b e r a t e d .  E q u im o lecu la r  

p r o p o r t io n s  o f  th e  s u b s ta n c e s  were d i s s o l v e d  s e p a r a t e ly  

i n  e th e r  w ith o u t  warming and th e  s o l u t i o n s  w ere th e n  

m ixed .



A red  o i l  w hich  s e p a r a te d  a f t e r  s ta n d in g  

f o r  a d ay , was th e  o n ly  p r o d u c t .  The r e a c t i o n  was 

r e p e a te d  u s in g  b en zen e  as s o l v e n t .  There was no e v id e n c e  

o f  r e a c t i o n  on s ta n d in g  i n  th e  c o ld  and th e  s o l u t i o n  was 

warmed. P y r id in e  h y d r o c h lo r id e  s e p a r a te d ,  and on f i l t e r ­

in g  t h i s  o f f ,  and c o n c e n t r a t in g  th e  m other l i q u o r ,  a 

y e l l o w i s h  brown s u b s ta n c e  was o b t a in e d .  T h i3 appeared  

to  be a s u b s ta n c e  w hich C u r t iu s  and Bliimer o b ta in e d  by 

h e a t in g  b e n z o in  hydrazone i n  a l c o h o l i c  s o l u t i o n 1 . They 

d e s c r i b e  i t  as " B isb e n z o y lp h e n y la z im e th y le n e "  and a s s i g n  

to  i t  th e  form u la ,

Ph.GO OG.Ph
I

P h . C =1J -H=C. Ph.

No o th e r  p ro d u cts  were i s o l a t e d .

Sodium d e r i v a t i v e  o f  b e n z o in  hydrazone + d.bromcamphor 

s u lp h o n ic  c h l o r i d e .

The u s e  o f  th e  sodium d e r i v a t i v e  o f  b e n z o in  

hydrazone a v o id ed  th e  n e c e s s i t y  o f  h a v in g  p y r id in e  p r e s e n t  

as  sodium c h lo r id e  would be s p l i t  o f f  i n s t e a d  o f  h y d ro ­

c h l o r i c  a c i d .  The r e a c t i o n  can be r e p r e s e n te d  by t h i s

10 u r t iu s  & Bliimer, J . p r .1 £ 9 5 , ( 2 ) , 5 2 , 1 2 4  .



a q u a tio n ,

Ph.CH(OH).C(Ph):N.NHNa + CMH14O Br.S02OI 

Pk.OH(OH).C(Ph):H.HH303 .CwHwOBr + HaCl

Sodium c h lo r id e  was o b ta in e d  as e x p e c te d  

b u t th e  o n ly  o t h e r  s o l i d  prod u ct o b ta in e d  c o n s i s t e d  o f  a 

s m a l l  q u a n t i ty  o f  c l e a r  c r y s t a l s  w hich  appeared  t o  m e lt  

w it h  d e c o m p o s it io n  a t  about 2 5 0 ° .  The r e s id u e  was s t i c k y  

and d id  n o t  y i e l d  any o th e r  pure p r o d u c t s .  The s u b s ta n c e  

w hich  m e lte d  about 2 5 0 ° may h ave  b een  th e  s u b s ta n c e  

w h ich  C u r t iu s  and B lum er1 o b ta in e d  from b e n z o in  h yd razon e  

h a v in g  th e  fo rm u la ,

Ph.Q Q.Ph
I i

Ph.C=H-H=C.Ph

They s t a t e d  i t s  M .P t.  t o  be 2 4 6 ° .  I  

o b ta in e d  t h i s  s u b s ta n c e ,  how ever, and found i t s  M .P t.  

t o  be 2 4 9 ° .  A m ix tu r e  o f  t h i s  su b s ta n c e  w ith  th e  prod­

u c t  o f  th e  r e a c t i o n  showed no d e p r e s s io n  o f  M .P t.  b u t ,  

on th e  o th e r  hand, th e  form er s u b s ta n c e ,  when h e a t e d  

a lo n e  to  i t s  M .P t.  showed no s ig n  o f  d e c o m p o s i t io n .

The product from th e  r e a c t i o n  was n o t

o b ta in e d  i n  s u f f i c i e n t  q u a n t i ty  f o r  a n a l y s i s  and may 

xC u r t iu s  & Blum er, J .pr.12>95> ( 2 4 ,5 2 ,1 2 4  .



n o t  h ave  b ee n  q u it e  p u re .

B e n z o in  h yd razon e +  d .cam phor su lp h o n ic  a c id .

The n e x t  o p t i c a l l y  a c t i v e  su b s ta n c e  w h ich  

was t r i e d  w ith  b e n z o in  h yd razon e was d.cam phor s u lp h o n ic  

a c id .  T h is ,  o f  c o u r s e , was j u s t  a s l i g h t  v a r ia t io n  on 

th e  f i r s t  r e a c t io n .

E q u im o lecu la r  p r o p o r t io n s  o f  b e n z o in  h y d ra ­

zon e and d.cam phor su lp h o n ic  a c id  w ere d is s o lv e d  in  

a b s o lu te  a lc o h o l  and l e f t  to  s ta n d  in  th e  c o ld .  N o th in g  

h a v in g  s e p a r a te d , th e  s o lu t io n  was ta k en  to  d r y n ess  when 

a m ix tu re  was o b ta in e d . T h is  was found  to  c o n s i s t  o f  

two s u b s ta n c e s ,  a y e l lo w , c r y s t a l l i n e  s o l i d  M .P t. 2 0 2 ° ,  

and a w h ite  su b sta n c e  w hich  decom posed b etw een  2 6 5 ~2 7 Q° 

and was d i f f i c u l t  to  p u r i f y .

The y e l lo w  su b sta n c e  M .P t .2 0 2 ° was th e  same 

as th a t  o b ta in e d  from th e  r e a c t io n  w ith  d.bromcamphor 

su lp h o n ic  c h lo r id e ,  nam ely " B isb en zo y lp h en y la z im  e t h y le n e " .

The n itr o g e n  c o n te n t  f o r  th e  w h ite  s o l i d  

was f a i r l y  n ea r  th e  t h e o r e t i c a l  f ig u r e  f o r  b e n z o in -  

h yd razon e-d .cam p h or s u lp h o n a te . An a ttem p t to  h y d r o ly s e  

t h i s  s u b s ta n c e , h ow ever, gave no b e n z o in . The su b s ta n c e



waa b o i l e d  w ith  d i f f e r e n t  s tr e n g th s  o f  h y d r o c h lo r ic  a c id  

from  norm al up to  c o n c e n tr a te d  a c id .  I t  seems u n l ik e ly  

t h a t  b e n z o in  was p r e s e n t  a s  i t  w ould c e r t a in ly  h ave  s e p ­

a r a te d  from th e  s o lu t io n  had i t  b een  l i b e r a t e d .  B e n zo in  

h yd razon e i t s e l f  i s  e a s i l y  h y d r o ly se d  w ith  l i b e r a t i o n  o f  

b e n z o in . I t  i s  p o s s i b l e ,  though u n l i k e l y ,  th a t  th e  b en ­

z o in  m igh t be red u ced  d u rin g  h y d r o ly s i s  to  h y d ro b en zo in  

w h ich  i s  more s o lu b le .  In  any c a s e ,  t h i s  m ethod d id  n o t  

p rom ise  to  be s a t i s f a c t o r y  as th e  p ro d u ct was d i f f i c u l t  

to  c r y s t a l l i s e  and p rob ab ly  co u ld  n o t h ave  b een  f r a c t i o n ­

a t e d .  Even had t h i s  b een  s u c c e s s f u l ,  i t  i s  n e c e s s a r y  

th a t  th e  su b s ta n c e  sh o u ld  be e a s i l y  h y d r o ly se d  w ith  l i b ­

e r a t i o n  o f  th e  a c t iv e  k e to n e .

T h is  r e a c t io n  was r e p e a te d  u s in g  two m o le -  

- c u le s  o f  b e n z o in  h yd razon e to  one m o le c u le  o f  d .cam phor  

s u lp h o n ic  a c id .  T h is  was done in  a cco rd a n ce  w ith  th e  

m ethods o f  Pope and P eachey d e s c r ib e d  on p a g es  2> and 9 .

I t  was hoped th a t  e i t h e r  d .b e n z o in  h yd razon e or  1 .b e n z o in  

h yd razon e m igh t r e a c t  more r e a d i ly  th a n  th e  o th e r  g iv in g  

a p rod u ct w h ich , i f  n o t  pure would a t  l e a s t  c o n ta in  a 

la r g e  p r o p o r t io n  o f  e i t h e r  d .b e n zo in -h y d ra zo n e-d .ca m p h o r  

su lp h o n a te  or 1 . b en zo in -h y d ra zo n e-d .ca m p h o r  s u lp h o n a te .

The o n ly  d i f f e r e n c e ,  h ow ever , in  th e



r e s u l t  was an in c r e a s e d  y i e l d  o f  th e  s u b s ta n c e  M .P t .2 0 2 ° .

B e n zo in  + 1 .m enthy 1-h y d r a z in e .

H euberg and F e d e r e r 1 b ro u g h t about th e  

r e s o lu t io n  o f  r .a r a b in o s e  by means o f  o p t i c a l l y  a c t i v e  

h y d r a z in e s .  I t  was now a ttem p ted  to  adapt t h e ir  m ethod  

to  th e  r e s o lu t io n  o f  b e n z o in  u s in g  l .m e n th y 1 -h y d r a z in e .

I t  was e x p e c te d  th a t  t h i s  w ould r e a c t  w ith  b e n z o in  a cco rd  

in g  to  th e  e q u a tio n ,

Ph.OH (OH) Ph.CH (OH )| + = |  + Es0.
P h .  0 : 0  HHgUHC^H^ P h .C :N .N H C MHw

The p rod u ct o f  t h i s  r e a c t io n  w ould , o f  

c o u r s e , c o n ta in  eq u a l q u a n t i t i e s  o f  d .b e n z o in -1 .m e n th y 1 -  

h yd razon e and 1 .b e n z o in -1 .m e n th y 1 -h y d r a z o n e . I t  was 

in te n d e d  to  s e p a r a te  t h e s e  su b s ta n c e s  as b e f o r e ,  by 

f r a c t i o n a l  c r y s t a l l i s a t i o n  and th en  to  r e c o v e r  th e  o p t ­

i c a l l y  a c t iv e  form s o f  b e n z o in  from th e  s e p a r a te  f r a c ­

t i o n s  by means o f  a c id  h y d r o ly s i s .

I t  was fo u n d , how ever, t h a t  t h e s e  s u b s t -  

-a n c e s  w ould n o t  r e a c t ,  th e  b e n z o in  b e in g  r e c o v e r e d  

u n ch an ged . 1 .Menthy 1 -h y d r a z in e  was u se d  in  th e  form

^ e u b e r g  & F e d e re r , B e r . 1 9 0



o f  th e  h y d r o c h lo r id e  and th e  r e a c t io n  was c a r r ie d  o u t  

u s in g  p y r id in e  as s o lv e n t .

B e n z o in  •+ d.cam phor h y d ra zo n e .

I t  was n e x t  a ttem p ted  to  make "benzoin 

r e a c t  w ith  d.cam phor h y d ra zo n e . I t  was hoped t h a t  t h e s e  

s u b s ta n c e s  w ould r e a c t  in  t h i s  way,

Ph.OH(OH) Ph.CH(OH)
| + = |  + H30 .

P h .0 :0  Ph.C :N .N : C .C0H» y 16 y io

The su b seq u en t trea tm en t o f  t h i s  su b s ta n c e

w ould th e n  f o l lo w  th e  co u r se  d e s c r ib e d  under th e  p r e v io u s

r e a c t io n .

B en zo in  and camphor h yd razon e w ere f i r s t  

h e a te d  to g e th e r  i n  b o i l i n g  a lc o h o l  f o r  9 h o u r s . I t  was 

fo u n d , how ever, th a t  under th e s e  c o n d it io n s  no r e a c t io n  

to o k  p la c e ,  th e  b e n z o in  b e in g  r e c o v e r e d  u n ch an ged . I t  

was d e c id e d , t h e r e f o r e ,  to  in c r e a s e  th e  r e a c t io n  tem p­

e r a t u r e  and n .b u t y l  a lc o h o l  was s e l e c t e d  as th e  new 

s o lv e n t .  At th e  b o i l in g - p o in t  ( l 17 0 )> d e c o m p o sit io n  

a p p a r e n tly  took  p la c e ,  ammonia b e in g  g iv e n  o f f .  On 

red u c in g  th e  tem p era tu re  to  100° ammonia was s t i l l  b e in g



20

e v o lv e d  and th e  m ethod was th en  abandoned.

B e n z o in  h yd razon e + H e l i o i n .

The n e x t  m ethod ad op ted  was th a t  u se d  by 

E rlen m ey er1 f o r  th e  r e s o lu t io n  o f  raoem io  am ines by 

c o n d e n sa t io n  w ith  an o p t i c a l l y  a c t i v e  a ld e h y d e . He 

found  th a t  iso -d ip h e n y lh y d r o x y e th y la m in e  r e a c te d  i n  t h i s  

way w ith  h e l i c i n ,

6H4 .CH0 
Ph.0H.NHa

Ph.OH (OH)
I + h 3o .

Ph.CH .B:CH.CeH4 .0 .C 6Hu0 a

I t  was hoped th a t  b e n z o in  h yd razon e w ould  

r e a c t  i n  a s im i la r  way w ith  h e l i c i n ,  th u s ,

Ph.CH (OH)
I + c 6h uo 6 . o . c 8h 4 .ch o

Ph.C:H.NHs

Ph.CH (OH)
| + H20 .

Ph.C:H.H:CH.C6H4 .0 .C aHu0 6

H owever, th e  p rod u ct o f  th e  r e a c t io n  o f  

b e n z o in  h yd razon e w ith  h e l i c i n  was o b ta in e d  in  a j e l l y -

1S ee  page 11 .

rh.GH vuH)
0 eHu0 „ .0 .0



- l i k e  form . A ttem p ts  w ere made to  c r y s t a l l i s e  i t  from  

many d i f f e r e n t  s o lv e n t s  and m ix tu r e s  o f  s o lv e n t s ,  b u t i t  

r e s i s t e d  a l l  such  tr e a tm e n t . In d e e d , a f t e r  s ta n d in g  f o r  

more th an  a y e a r  i t  s t i l l  r e t a in e d  i t s  j e l l y - l i k e  form .

A sm a ll q u a n tity  was u l t im a t e ly  o b ta in e d  i n  a s o l i d  form  

a f t e r  r e p e a te d  p u r i f i c a t i o n  u s in g  a b e n z e n e -a lc o h o l  m ixt- 

- u r e .  I t  was v ery  d i f f i c u l t  to  p u r i f y ,  h ow ever, and th e  

same m ethod a p p lie d  to  th e  b u lk  o f  th e  su b s ta n c e  proved  

a f a i l u r e .  Under t h e s e  c o n d i t io n s ,  f r a c t io n a t io n  by 

c r y s t a l l i s a t i o n  was im p o s s ib le  and t h i s  m ethod was 

t h e r e f o r e  abandoned.



22.

E X P E R I M E N T A L  .

P r e p a r a t io n  o f  b e n z o in  h y d r a z o n e .

B en zo in  hyd razon e was p rep ared  a c c o r d in g  to  

th e  m ethod o f  C u r tiu 3 and B lum er. I t  was found t h a t  a 

s l i g h t  m o d if ic a t io n  o f  t h i s  m ethod g a v e  im proved r e s u l t s 1 .

B e n z o in  h yd razon e + d.bromcamphor s u lp h o n ic  c h l o r i d e .

(a )  In  e t h e r ,  in  th e  c o l d .

The r e a c t io n  was t r i e d  f i r s t  u s in g  e th e r  as  

th e  s o lv e n t .  P y r id in e  was u se d  to  ta k e  up th e  h y d r o c h lo r ­

i c  a c id  w h ich  i s  l ib e r a t e d .  E q u im o lecu la r  q u a n t i t i e s  o f  

b e n z o in  h y d ra zo n e , d.bromcamphor su lp h o n ic  c h lo r id e  and 

p y r id in e  were u s e d .

B en zo in  h ydrazone was d i s s o lv e d  in  dry  

e th e r  and th e  r e q u i s i t e  q u a n tity  o f  p y r id in e  added . The 

bromcamphor su lp h o n ic  c h lo r id e  was d i s s o lv e d  s e p a r a te ly  

i n  e th e r  and th e  two s o lu t io n s  w ere th en  m ix ed . No h e a t  

was u se d  in  making e i t h e r  o f  t h e s e  s o lu t i o n s .  A f te r  

s ta n d in g  in  th e  c o ld  fo r  a day, a r e d , o i l y  s u b s ta n c e

13ee-^Appendix page 114.
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s e p a r a te d . T h is  su b s ta n c e  was in s o lu b le  in  w a te r , s o lu b le  

i n  a lc o h o l  or  b o i l i n g  e th e r  and in s o lu b le  i n  p etro leu m  

e t h e r .  I t  c o u ld  n o t  be c r y s t a l l i s e d  from  any m ix tu r e s  o f  

th e  common s o lv e n t s .

(b ) I n  b e n z e n e , in  th e  c o l d .

The r e a c t io n  was r e p e a te d  i n  e x a c t ly  th e  

same way e x c e p t  th a t  dry b en zen e was u se d  as th e  s o lv e n t  

in s t e a d  o f  e t h e r .  H ow ever, a f t e r  s ta n d in g  f o r  s e v e r a l  

days in  th e  c o ld  th e r e  was no e v id e n c e  o f  a r e a c t io n  

h a v in g  ta&en p la c e .

(c )  I n  b e n z e n e , a t  i t s  B .P t .

The s o lu t io n  u sed  in  (b ) was th en  h e a te d  to  

i t s  B .P t .  A f te r  b o i l i n g  f o r  about an h ou r a s o l i d  s u b s t -  

-a n c e  b egan  to  s e p a r a te .  T h is  was shown to  be p y r id in e  

h y d r o c h lo r id e . The s o lu t io n  was b o i l e d  f o r  5 h o u rs and 

th e  p y r id in e  h y d r o c h lo r id e  was th en  f i l t e r e d  o f f .  A f te r  

c o n c e n tr a t in g  th e  f i l t r a t e ,  and a llo w in g  i t  to  s ta n d  

o v e r n ig h t ,  i t  was found th a t  a y e llo w -b r o w n , c r y s t a l l i n e  

su b sta n c e  had s e p a r a te d . T h is  s u b s ta n c e  was s o lu b le  in  

a lc o h o l ,  in s o lu b le  in  e th e r  or  l i g h t  p e tr o le u m . On 

r e c r y s t a l l i s i n g  from a lc o h o l ,  i t  was o b ta in e d  as s m a ll ,  

y e llo w  c r y s t a l s .  The M .P t. was 2 0 2 ° .

C u rtiu s  and B lum er1 o b ta in e d  a y e l lo w

^ e e  page 14 .



su b s ta n c e  M .Pt* 2 0 2 ° , on h e a t in g  b e n z o in  hydrazone*

They g iv e  i t  th e  fo rm u la ,

Ph.CO OC.Ph
I I , C H aoOsH a .

P h .C = H -N = 0 .P h  as so  2  a

Found -  -  -  -  N = 7 . 0

° 38H2O0 3H3 r e q u ir e s  N = 6 . 737?

Sodium d e r iv a t iv e  o f  b e n z o in  h yd razon e + d.bromcamphor 

su lp h o n ic  c h l o r i d e *

The p r e p a r a t io n  o f  a sodium  d e r iv a t iv e  o f  

b e n z o in  h yd razon e was d e s c r ib e d  by C u r tiu s  and B lum er1 .

I n  t h i s  c a s e ,  h ow ever, th e  sodium  d e r iv a t iv e  was n o t i s o l*  

- a t e d ,  th e  r e a c t io n  b e in g  c a r r ie d  o u t in  t h i s  w ay.

1*5  gm s. o f  b e n z o in  h yd razon e was d i s s o lv e d  

i n  a b s o lu te  a lc o h o l ,  and an e q u im o lec u la r  q u a n tity  o f  

sodium  a ls o  d i s s o lv e d  in  a b s o lu te  a lc o h o l ,  was added.

T h is  s o lu t io n  was th en  m ixed w ith  a s o lu t io n  o f  2 gm s. o f  

d.bromcamphor su lp h o n ic  c h lo r id e  in  a b s o lu te  a lc o h o l .  In  

each  c a s e  th e  minimum q u a n tity  o f  a lc o h o l ,  n e c e s s a r y  to  

b r in g  about s o lu t io n ,  was u s e d .

A fte r  stan d in g  o v e r n ig h t, i t  was found th a t  

some sodium c h lo r id e  had sep arated  and t h i s  was th en

C u r t iu s  & Blum er, J * p r .12>9 5 > (2 ) , 5 2 , 12&.



f i l t e r e d  o f f .  The f i l t r a t e  was l e f t  to  s ta n d  f o r  some 

d a y s . N o th in g  se p a r a te d  and th e  a lc o h o l  was th e n  rem ov- 

-e d  i n  th e  vacuum d e s ic c a t o r .  The r e s id u e ,  w h ich  was 

s t i c k y ,  was p r e s se d  on a p orous p la t e  and a g a in  p la c e d  in  

an ev a cu a ted  d e s ic c a t o r ;  A f te r  two d a y s , th e  y e l lo w -  

brown s o l i d  w hich  rem ained on th e  p la t e  was scra p ed  o f f .  

T h is  s u b s ta n c e  was th e n  h e a te d  under r e f l u x  w it#  carbon  

t e t r a c h lo r id e  i n  w hich  i t  was s l i g h t l y  s o lu b le .  On 

c o o l in g  th e  s o lu t io n  o b ta in e d , and ad d in g  e th e r  , a s o l i d  

su b s ta n c e  came o u t o f  s o lu t i o n .

T h is  s u b s ta n c e , o f  w hich  th e r e  was o n ly  a 

m in u te  q u a n t i t y ,  s e p a r a te d  from th e  s o lu t i o n  in  th e  form  

o f  c o lo u r le s s  n e e d le s .  I t  was s o lu b le  in  a lc o h o l ,  s l i g h t ­

ly  s o lu b le  in  b en zen e , carbon  t e t r a c h lo r id e  and carbon  

d is u lp h id e ,  and in s o lu b le  i n  e th e r  and l i g h t  p e tr o leu m .

On h e a t in g ,  i t  d id  n o t g iv e  a d e f i n i t e  M .P t. b ut decom­

p osed  g r a d u a lly  as th e  tem p eratu re  approached  2 5 0 ° .  One 

o f  th e  d e c o m p o sit io n  p ro d u cts  o f  b e n z o in  h yd razon e i s  a 

su b s ta n c e  M .P t. 2 4 9 ° . A m ix tu re  o f  t h i s  su b s ta n c e  w ith  

th e  p rod u ct o f  t h i s  r e a c t io n  showed no d e p r e s s io n  o f  M .P t. 

The m ix tu re  m e lte d  g r a d u a lly  w ith  s ig n s  o f  d e c o m p o sit io n  

up to  2 4 9 ° .

However, th e  id e n t i t y  o f  t h i s  su b stan ce  was 

n ot e s ta b l is h e d . The q u a n tity  o b ta in ed  was n o t s u f f i c i e n t



to  a llo w  f u r th e r  p u r i f i c a t i o n  or  a n a l y s i s .  As t h i s  

m ethod was n o t  a t  a l l  p r o m is in g , i t  was abandoned a t  t h i s  

p o i n t .

B en z o in  h y d razon e + d.cam phor s u lp h o n ic  a c i d .

T h is  r e a c t io n  was c a r r ie d  o u t i n  a b s o lu te  

a lc o h o l  w h ich  had b een  c a r e f u l ly  d r ie d  by b o i l i n g  f o r  

two d ays w ith  m e t a l l i c  c a lc iu m . E q u im o lecu la r  q u a n t i t i e s  

o f  b e n z o in  h yd razon e and d.cam phor s u lp h o n ic  a c id  w ere  

d is s o lv e d  i n  t h i s  a lc o h o l  in  th e  c o ld .  As b e f o r e ,  th e  

minimum q u a n t ity  o f  s o lv e n t  was u s e d . T hese s o lu t io n s  

w ere m ixed and th e  m ix tu re  was l e f t  t o  s ta n d  o v e r n ig h t .  

N o th in g  h a v in g  s e p a r a te d , i t  was th en  ta k en  to  d ry n ess  

un d er red u ced  p r e s s u r e .  The r e s id u e  c o n s is t e d  o f  a 

y e llo w  s o l i d .  T h is  was found to  be a m ix tu r e  w hich  was 

se p a r a te d  in t o  i t s  com ponents by means o f  b e n ze n e . On 

sh a k in g  w ith  b en ze n e , p a r t  o f  th e  m ix tu r e  d is s o lv e d ,  

le a v in g  a pure w h ite  r e s id u e .  The b en zen e  s o lu t io n  was 

ta k en  to  d r y n e s s , and th e  r e s id u e ,  a f t e r  r e c r y s t a l l i s i n g  

from a lc o h o l ,  was found to  c o n s i s t  o f  y e l lo w  c r y s t a l s  

w hich  had a M .P t. 2 0 2 ° . T h is  su b s ta n c e  was shown to  be  

i d e n t i c a l  w ith  th e  " B isb e n z o y lp h en y la z im eth y len e"  

o b ta in e d  from th e  r e a c t io n  w ith  d.bromcamphor su lp h o n ic



c h lo r id e .

The w h ite  su b sta n c e  was d i s s o lv e d  in  a lc o h -  

o l-b e n z e n e  m ix tu r e  and p r e c ip i t a t e d  w ith  p etro leu m  e t h e r .  

I t  m e lte d  w ith  d ec o m p o sit io n  b etw een  2 6 5 - 2 7 0 ° .

F o u n d  H = 5*36 , 6 . 1 7 ^.

B e n z o in  h yd razon e camphor s u lp h o n a te , CJ2 4H3o0 4SN3

r e q u ir e s  N = 6 . 3 1 ^

An a ttem p t was made to  h y d r o ly s e  t h i s  sub ­

s t a n c e .  The su b s ta n c e  was b o i l e d  f i r s t  w ith  norm al 

h y d r o c h lo r ic  a c id .  A f te r  s e v e r a l  h o u r s , h ow ever, n o th in g  

had se p a r a te d  and th e  c o n c e n tr a t io n  o f  th e  a c id  was 

t h e r e f o r e  in c r e a s e d .  There was no o b v io u s  r e s u l t .

G rea te r  c o n c e n tr a t io n s  w ere u se d  t i l l  a t  le n g th ,  a p o r ­

t io n  o f  th e  s u b s ta n c e  was b o i le d  w ith  c o n c e n tr a te d  h y d ro ­

c h lo r i c  a c id .  Even t h i s ,  how ever, d id  n o t  produce b en ­

z o in  and i t  was th e r e fo r e  co n clu d ed  th a t  th e  b e n z o in  

h yd razon e m o le c u le  had undergone d ec o m p o sit io n  d u r in g  th e  

r e a c t io n .

The r e a c t io n  was r e p e a te d  u s in g  th e  s u b s t ­

a n ces  in  th e  p r o p o r t io n , two m o le c u le s  o f  b e n z o in  h yd ra­

zon e to  one m o le c u le  o f  d.cam phor su lp h o n ic  a c id .  The j , 

same su b s ta n c e s  w ere o b ta in e d  as b e f o r e ,  th e  o n ly  d i f f e r ­

en ce  b e in g  an in c r e a s e d  y i e l d  o f  th e  su b s ta n c e  M .P t .2 0 2 ° .



B en zo in  + 1 .menthy 1 -h y d r a z in e .

1 .M en th y 1 -h y d ra zin e  was p rep a red  a c c o r d in g  

to  th e  m ethod o f  K ish n e r 1 . Menthy 1 -h y d r a z in e  i s  o b ta in e d  

by t h i s  m ethod in  th e  form o f  th e  h y d r o c h lo r id e .

1 . 6  gm s. o f  m enthy1 -h y d r a z in e  h y d r o c h lo r id e  

and 1 . 2 3  gm s. o f  b e n z o in  w ere d i s s o lv e d  in  dry p y r id in e  

and th e  m ix tu re  was th e n  l e f t  to  s ta n d  f o r  14 d a y s . The 

p y r id in e  w h ich  was u sed  had p r e v io u s ly  b een  d i s t i l l e d  

o v er  s o l i d  c a u s t i c  p o ta s h . A f te r  s ta n d in g  f o r  14 d a y s , 

n o th in g  had s e p a r a te d  and th e  s o lu t io n  was th en  ta k en  to  

d ry n ess  u nder red u ced  p r e s s u r e .

The r e s id u e  was w ashed w e l l  w ith  w a ter  and 

th e  r e s u l t in g  red  m ass was th e n  d r ie d  in  an ev a c u a ted  

d e s ic c a t o r .  I t  was n e x t  t r e a t e d  w ith  p etro leu m  e th e r  to  

w hich  had b een  added a sm a ll q u a n tity  o f  e t h e r .  A la r g e  

p a rt o f  th e  su b s ta n c e  d id  n o t  d i s s o l v e  r e a d i ly  and rem ain ­

ed as a brown s o l i d .  T h is  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 a lc o h o l .  I t s  M .P t. was th e n  1 3 4 ° . T h is  

su b sta n ce  was shown by com parison  to  b e b e n z o in . As 

p r a c t i c a l ly  a l l  th e  b e n z o in  u s e d , was r e c o v e r e d , i t  was 

e v id e n t  th a t  no r e a c t io n  had ta k en  p la c e .

k i s h n e r ,  J .p r . 1901 ,6 4 ,1 1  3 .



29-

B en z o in  + d.cam phor h y d r a z o n e *

Camphor h yd razon e was p rep a red  by th e  

m ethod d e s c r ib e d  by K ish n e r 1 . Equal p a r t s  bf  w e ig h t ,  o f  

camphor and h y d r a z in e  h y d r a te  a r e  b o i l e d  f o r  170

h o u rs in  a l c o h o l i c  s o lu t i o n .  The a lc o h o l  i s  th e n  d i s t i l l ­

ed o f f  on th e  w a ter  b a th  and th e  camphor h yd razon e i s  

d i s t i l l e d  under red u ced  p r e s s u r e .

E q u im o lecu la r  q u a n t i t i e s  o f  b e n z o in  and 

camphor h yd razon e w ere d is s o lv e d  in  a b s o lu t e  a lc o h o l  and 

b o i le d  un d er r e f lu x  f o r  about 9 h o u r s .  I t  was fo u n d , on 

c o o l in g  a t  th e  end o f  t h a t  t im e , th a t  b e n z o in  s e p a r a te d  

from th e  s o lu t io n ,  no r e a c t io n  h a v in g  ta k en  p la c e .  I t  

was th e n  d e c id e d  to  t r y  th e  r e a c t io n  a t  a h ig h e r  tem p er­

a tu r e  and n .b u t y l  a lc o h o l  was ch o sen  as th e  s o lv e n t  f o r  

t h i s  p u rp o se . The a lc o h o l  was t h e r e f o r e  d i s t i l l e d  o f f  

and th e  r e s id u e  d is s o lv e d  in  n .b u t y l  a l c o h o l .  The 

r e a c t io n  m ix tu re  was th e n  h e a te d  to  th e  b o i l i n g  p o in t  o f  

th a t  s o lv e n t  (1 1 7 °)*  Some d e c o m p o sit io n  took  p la c e  a t  

th a t  tem p era tu re , h ow ever, ammonia b e in g  g iv e n  o f f .  The 

tem p era tu re  was th e n  red u ced  to  1 0 0 ° , b u t on h e a t in g  a t  

t h i s  tem p eratu re  fo r  some t im e , ammonia was s t i l l  b e in g  

e v o lv e d  and t h i s  m ethod was th en  abandoned.

k i s h n e r ,  J . R u ss .P h y s .-C h e m .S o c .4 3 , 5 ^2 - 5 9 3 .

c . 1 9 1 1 , 1 1 ,3 6 3 .



B en z o in  h yd razon e + H e l i c i n .

E q u im o lecu la r  q u a n t i t i e s  o f  b e n z o in  h y d ra ­

zon e and h e l i c i n  w ere d i s s o lv e d ,  th e  b e n z o in  h yd razon e i n  

a lc o h o l  and th e  h e l i c i n  in  aqueous a l c o h o l ,  and th e  s o l ­

u t io n s  w ere m ix ed .

A y e l lo w is h - w h it e  s u b s ta n c e  s e p a r a te d  a lm o st  

im m e d ia te ly . A ttem p ts to  p u r ify  t h i s  su b s ta n c e  by r e c r y s t ­

a l l i s a t i o n  from  a lc o h o l  gave a j e l l y - l i k e  s u b s ta n c e .  

P r e c ip i t a t io n  w ith  e th e r  or  p etro leu m  from b en zen e ga v e  

th e  same r e s u l t .  Many o th e r  s o lv e n t s  and co m b in a tio n s  o f  

s o lv e n t s  w ere t r i e d  b u t t h e s e  e f f o r t s  met w ith  l i t t l e  

s u c c e s s .  Aqueous a lc o h o l  (2 5% a l c o h o l ) ,  ga v e  s l i g h t l y  

b e t t e r  r e s u l t s ,  and a b e n z e n e -a lc o h o l m ix tu r e  was a l s o  

more s u c c e s s f u l  th an  m ost o f  th e  o t h e r s .  A sm a ll q u a n t ity  

was u l t im a t e ly  o b ta in e d  from th e  l a t t e r  m ix tu r e  as a 

w h ite  s o l i d  M .Pt.202>°. An e s t im a t io n  o f  n i t r o g e n  was 

c a r r ie d  o u t on a p o r t io n  w hich  was f i r s t  r e c r y s t a l l i s e d  

from aqueous a lc o h o l ,  th en  d r ie d  f o r  a c o n s id e r a b le  t im e  

i n  an ev a cu a ted  d e s ic c a t o r  and f i n a l l y  r e c r y s t a l l i s e d  

from b e n z e n e -a lc o h o l m ix tu r e . I t  i s  d o u b tfu l ,  h ow ever, 

w h eth er t h i s  su b s ta n c e  was p u re .

Found -  = 5 . 0 5 ^.



The s u b s ta n c e  w h ich  i t  was hoped to  o b t a in  

h a s  t h i s  fo rm u la ,

P h . OH (OH)
I C37Hae0 7N3 .

P h .O :N .H jff l.O J  .0 .0  H „0, ,0 4 D ii O r

G 2 7 H 3 8 ° 7 N 2  r e ^ u i r e S  H =  5 - 6 9 ^ «

L i t t l e  im p ortan ce  can b e a t ta c h e d  to  th e  

r e s u l t  o f  t h i s  e s t im a t io n .

When t h e s e  m ethods o f  p u r i f i c a t i o n  w ere  

a p p lie d  to  th e  b u lk  o f  th e  su b s ta n c e  th e y  w ere found to  

b e q u it e  u n s u c c e s s f u l ,  th e  su b s ta n c e  b e in g  o b ta in e d  a g a in  

a s a j e l l y .  A f te r  s ta n d in g  f o r  a lm o st two y ea n s  in  an 

open f la s k  t h i s  s u b s ta n c e  s t i l l  r e t a in e d  i t s  j e l l y - l i k e  

form . A ttem p ts w ere made to  o b ta in  a rough f r a c t io n a t io n  

by b e n z e n e -a lc o h o l and aqueous a lc o h o l  b u t t h e s e  w ere  

soon  found to  b e q u i t e  h o p e le s s .
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PART II

I B I R Q D U O n  O S  .

The r e s o lu t io n  Of b e n z o in  by Hopper and 

W ilso n 1 ap p ears to  b e  th e  f i r s t  r e co rd ed  in s t a n c e  o f  an 

o p t i c a l l y  a c t iv e  se m ica rb a z id e  b e in g  u se d  f o r  th e  r e s o l ­

u t io n  o f  a racem ic  a ld eh y d e  or  k e to n e .  O ther o p t i c a l l y  

a c t i v e  se m ic a r b a z id e s  h ave b een  p rep a red , f o r  exam p le , 

ca m p h o ry l-^  - s e m ic a r b a z id e 8 , b u t th e r e  i s  no e v id e n c e  o f  

i t s  b e in g  u se d  f o r  th e  r e s o lu t io n  o f  ra cem ic  com pounds.

The sem ica rb a z id e  w h ich  was s u c c e s s f u l ly  

em ployed by Hopper and W ilson  f o r  th e  r e s o lu t io n  o f  b en ­

z o in  was o c -p h e n y le th y l)  s e m ic a r b a z id e ,

NH 3NH. GO.NHCH(Ph)OH s .

T h is  was p rep a red 3 by h e a t in g  a c e to n e  semi' 

carb azon e w ith  a -p h e n y le th y la m in e , form in g  a c e t o n e -  

S(oc -p h e n y le th y l)s e m ic a r b a z o n e  from w hich  a c e to n e  was 

su b se q u e n tly  removed by a c id  h y d r o ly s i s .  The f o l lo w in g  

e q u a tio n s  r e p r e s e n t  th e s e  r e a c t io n s .

1Hopper & W ilso n , J . 0 .S .1 9 2 $ ,2 4 ^ 3 .

2F o r s te r  & F ie r z ,  J .C .3 .1905 ,£> 7_ ,722 .

3W ilson , Hopper & C raw ford, J .C .S •1 9 2 2 ,1 2 1  ,£ 6 6 .



(CHs)aC:N.NH.CO.NHa + HH3CH(P1i)CH3 

= (CH3)aC:N.HH.CO.NH.OH(Ph)QH3 + NH3

(CH3)l3C:N.NH.C0.NH.CH(Pll)CH3 + Ha0 

NH3NH.CO.NH.CH(Ph)CH3 + (CH3)3C:0

I t  was found  p o s s ib l e  to  o b ta in  th e  h y d ro ­

c h lo r id e  o f  e i t h e r  th e  d . or th e  1 .m o d if ic a t io n  o f  

£ ( oc -p h e n y le th y l) s e m ic a r b a z id e  by u s in g  th e  a p p r o p r ia te  

a c t i v e  form o f  a -p h e n y le th y la m in e .

The obj e c t  o f  t h i s  work was to  f in d  w h eth er  

<T( 06 -p h e n y le th y l)s e m ic a r b a z id e  w ould r e a c t  in  a s im i la r  

manner w ith  some o th e r  compounds r e la t e d  to  b e n z o in . I t  

was hoped th a t  th e  r e s o lu t io n  o f  th e  ra cem ic  form s o f  

t h e s e  s u b s ta n c e s  m igh t th u s  b e  e f f e c t e d .



T H E O R E T I C A L  .

H eu b erg1 to o k  a d v a n ta g e  o f  th e  r e a c t io n  o f  

k e to n ea  w ith  h y d r a z in e  in  b r in g in g  about th e  r e s o lu t io n  

o f  racem ic s u g a r s .  Hopper and W ilso n  u t i l i s e d  th e  sim *

^ i l a r  r e a c t io n  o f  k e to n e s  w ith  s e m ic a r b a z id e  when th e y

r e s o lv e d  b e n z o in  by means o f  - p h e n y le t h y l ) sem i o a r b -  

a z id e .  T hese s u b s ta n c e s  r e a c t  in  t h i s  way,

Ph.CH (OH)
| + NH NH.CO.NH.CH (Ph)CH

P h.C :0

Ph.CH (OH)
I , , + h 3o .

Pli.C :H.HH.0 0 .MH. CH (Ph)CH_

B e fo r e  p ro ceed in g  w ith  th e  r e s o lu t io n  o f  

b e n z o in , Hopper and W ilson  fou n d , by e x p er im en tin g  w ith  

racem ic  Hoc -p h e n y le th y l)s e m ic a r b a z id e  and b e n z o in , th a t  

th e  r e a c t io n  to o k  p la c e  m ost sm ooth ly  in  p y r id in e  s o l ­

u t io n .  A lc o h o l was a ls o  u se d  b u t was n o t  so s a t i s f a c t o r y .  

T here are  fo u r  p o s s ib l e  s t e r e o - is o m e r ic  m o d if ic a t io n s  o f  

th e  p rod u ct o f  t h i s  r e a c t io n .  When p y r id in e  was u se d  a s  

s o lv e n t  th r e e  o f  th e  m o d if ic a t io n s  w ere i s o l a t e d .

1S ee  P a r t I ,  page 10 .



T h is  r e a c t io n  was th en  r e p e a te d  u s in g  

d e x tr o -r o ta to r y  oc - p h e n y le th y l) s e m ic a r b a z id e .  P y r id ­

in e  was u se d  as s o lv e n t  a 3 b e f o r e ,  th e  h y d r o c h lo r id e  o f  

th e  b a se  b e in g  u s e d . T h is  t im e , o n ly  one o f  th e  m o d if­

i c a t io n s  was o b ta in e d  in  a c r y s t a l l i n e  form , th e  o th e r s  

b e in g  o i l y  and very  s o lu b le .  T h is  s u b s ta n c e  was la e v o -  

r o ta to r y  and, on h y d r o ly s is  w ith  o x a l i c  a c id ,  l ib e r a t e d  

d .b e n z o in .

S im i la r ly ,  by com bining 1 . 5*( o c - p h e n y le t h y l ) 

se m ica rb a z id e  w ith  r .b e n z o in ,  a d e x tr o -r o t a t o r y  3 e m ic a r -  

b azone was o b ta in e d , w h ich  y ie ld e d  1 . b e n z o in  on h y d r o l­

y s i s .

The r e a c t io n s  d e s c r ib e d  h e r e  w ere c a r r ie d  

ou t under th e  same c o n d it io n s  a3 w ere found to  be s a t i s ­

fa c to r y  in  th e  c a s e  o f  b e n z o in .

The su b s ta n c e s  U3 ed w ere m e th y l-b e n z o in ,  

f u r o in ,  a n is o in  and p ip e r o n y lo in .  A s e r i e s  o f  exp erim ­

e n t a l  r e a c t io n s  was u n d erta k en  u s in g  ra cem ic  5 (oc -p h en y l' 

- e th y l) s e m ic a r b a z id e  h y d r o c h lo r id e . I t ..w a s  hoped th a t  

th e s e  r e a c t io n s  w ould f o l lo w  th e  c o u r se  r e p r e s e n te d  by 

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



R .O H ( O H ) . C O . R '  + HHaHH.CO.HH.OH(PH)CHs 

R .O H (O H ) .C (R ' ) :1 I .H H .C O .H H « G H (P 1 i )OH3 + H O .

The r e s u l t s ,  h ow ever, w ere d is a p p o in t in g

Methy 1 -b e n z o in  + $(<x - p h e n y le t h y l ) s e m ic a r b a z id e .

The f i r s t  su b sta n c e  u se d  was methy 1 -  

b e n z o in , Ph.CH(OGH3 ) .0 0 .P h . From t h i s  r e a c t io n  o n ly  

an o i l y  p rod u ct was o b ta in e d .

F u ro in  + S( a  -p h e n y le th y l) s e m ic a r b a z id e .

The n e x t  su b sta n c e  u se d  was f u r o in ,

^OH-CH
CH ^ > c . c h (oh) . co . c^ J^CH

T h is  r e a c t io n  gave a c r y s t a l l i n e  s u b s ta n c e  

w h ich , h ow ever, p roved  to  b e th e  d ik e to n e ,  f u r i l ,

^GH-CH /GH-GH.
CH J ^ c . c o . c o . c c f  ^JCH

I t  was shown th a t  th e  o x id a t io n  o f  th e  

f u r o in  to  f u r i l  was n o t  cau sed  by th e  p r e se n c e  o f  

£(<x -p h e n y le th y l)s e m ic a r b a z id e  s in c e  a s o lu t io n  o f  

f u r o in  in  p y r id in e  y ie ld e d  f u r i l  a f t e r  a sh o r t  ex p o su re  

to  th e  atm osp h ere.
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F is o h e r 1 showed th a t  f u r o in  i n  a l c o h o l i c  

s o lu t io n  c o n ta in in g  a t r a c e  o f  sodium  h y d r o x id e , i s  v ery  

r e a d i ly  o x id i s e d .  I t  h a s  n o t  b een  o b se r v e d  b e f o r e  th a t  

p y r id in e  h a s th e  same e f f e c t .

A n ia o in  + £ ( oc -p h e n y le t h y l) s e m ic a r b a z id e .

The th ir d  su b s ta n c e  u se d  was a n is o in ,

CH 30 CH (OH ) .CO OCH

A s o l i d  was o b ta in e d  w h ich , h ow ever, was 

r e s in o u s  in  c h a r a c te r .  I t  m e lte d  a t  about 51° b u t c o u ld  

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

P ip e r o n y lo in  + $(oc -p h e n y le t h y l) s e m ic a r b a z id e .

The n e x t  r e a c t io n  t r i e d  was th a t  o f  p ip e r ­

o n y lo in ,

CH^0X H5.CH(0H) .0° .C aH^ % H3

The f i r s t  tim e t h i s  r e a c t io n  was c a r r ie d  

c u t ,  a v ery  sm a ll q u a n tity  o f  a y e llo w -b r o w n  powder was 

o b ta in e d . The M .P t. was about 5 6 ° .  I t  d id  n o t  m e lt

^■Ber. 1g£o, 13,1  3 3 7 .



sh a r p ly  and co u ld  n o t  be p u r i f i e d  f u r t h e r .

The r e a c t io n  waa r e p e a te d  and t h i s  t im e  th e  

r e a c t io n  m ix tu r e  was l e f t  to  s ta n d  f o r  about tw e lv e  

m on th s. At th e  end o f  th a t  tim e  some c r y s t a l s  had s e p a r ­

a te d .  T h ese w ere shown to  b e  th e  d ik e to n e ,  p i p e r i l ,

QĤ o> e H3 -CO.C!O.CeHs CHa

T h is  su b s ta n c e  can b e o b ta in e d  by o x id a t io n  

o f  p ip e r o n y lo in  w ith  F e h l in g 's  s o l u t i o n 1 .

The rem a in in g  s o lu t io n  was worked u p , b u t  

y ie ld e d  o n ly  a s t i c k y  su b s ta n c e  w hich  c o u ld  n o t  b e  c r y s t ­

a l l i s e d .

xB i l t z  & W ienands, A .1 $ 9 9 ,3 0 $ , 11 .
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E X P B R I M B H T A L  .

M eth y 1 -b en zo in  + <?(cc -ph  eny 1 e t h y l )  sem i o a r b a z id e .

2 .7 5  gm s. o f  m e th y l-b e n z o in 1 was d i s s o lv e d  

i n  £ p a r ts  o f  p y r id in e  and m ixed w ith  2 . 5  gm s. o f  

6(oc -p h e n y le th y l)s e m io a r b a z id e  h y d r o c h lo r id e  d i s s o lv e d  i n  

about 5 p a r ts  o f  w a te r .

There was no e v id e n c e  o f  r e a c t io n  on m ix in g ,  

and th e  s o lu t io n  was l e f t  to  s ta n d  f o r  about £ d a y s . I t  

was th en  d ark er in  c o lo u r  b u t n o th in g  had s e p a r a te d .

On p ou rin g  in t o  a la r g e  volum e o f  w a te r , a 

brown, heavy o i l  was p r e c ip i t a t e d .  The v e s s e l  was th en  

c o o le d  in  i c e  in  o rd er  to  s o l i d i f y  th e  o i l  a s  much as  

p o s s i b l e .  The w a ter  was th e n  d e c a n te d . The o i l y  s u b s t ­

an ce was shaken up r e p e a te d ly  w ith  c o ld  w a ter  t i l l  m ost 

o f  th e  p y r id in e  and p y r id in e  h y d r o c h lo r id e  w ere rem oved. 

T h is  wa3 th en  r e p e a te d  s e v e r a l  t im e s  w ith  b o i l i n g  w a ter  

to  remove th e  f i n a l  t r a c e s .  I t  was found n e c e s s a r y  to  

c o o l  th e  v e s s e l  i n  i c e  each  tim e b e fo r e  d e c a n t in g  th e  

w ash in gs as th e  o i l y  su b sta n c e  becam e much more l iq u i d  

i n  th e  h o t w a te r . When th e  su b s ta n c e  had b een  w e l l

F i s c h e r ,  B er .1  # 9 3 ,2 6 ,2 4 1 3 .



w ashed, i t  was p la c e d  i n  a vacuum d e s ic c a t o r  and d r ie d  a s  

f a r  a s p o s s i b l e .  I t  rem ain ed , h o w ev er , in  an o i l y  s t a t e .

Many s o lv e n t s  and co m b in a tio n s  o f  s o lv e n t s  

w ere u se d  in  a ttem p ts  to  c r y s t a l l i s e  th e  s u b s ta n c e  b u t i t  

r e s i s t e d  a l l  such  tr e a tm e n t .

On c o o l in g  in  i c e  and s a l t ,  i t  s t i f f e n e d  

c o n s id e r a b ly  b u t d id  n o t  a c t u a l ly  becom e s o l i d .

F u ro in  + < ? (o c-p h en y le th y l)sem io a rb a zid e .

2 gm s. o f  f u r o in 1 was d i s s o lv e d  in  # p a r t s  

o f  p y r id in e  and m ixed w ith  2 gm s. o f  £ (< x -p h en y le th y l) 

sem ic a r b a z id e  h y d r o c h lo r id e , (1 m o l . : 1 m o l. ) ,  d i s s o lv e d  in  

about 5 p a r ts  o f  c o ld  w a te r .

I n  t h i s  c a s e  a p r e c i p i t a t e  appeared  a lm o st  

im m e d ia te ly . I t  was a y e l lo w , c r y s t a l l i n e  s o l i d  w h ich , 

in  th e  crude s t a t e ,  m e lte d  a t  159°» I t  was s o lu b le  in  

a lc o h o l  and h o t  w a te r . A f te r  r e c r y s t a l l i 3 in g  from h o t  

w a te r , i t  had M .P t. 163°* I t  was shown to  be th e  d ik e to n e  

f u r i l ,  by com parison  w ith  a specim en  o f  th a t  s u b s ta n c e .

Some fu r o in  was d is s o lv e d  in  s l i g h t l y  warm 

p y r id in e .  On c o o l in g ,  i t  was found to  h a v e  b een  o x id is e d

F i s c h e r ,  A.1 ##2 , 211 ,21 £>.



to  f u r i l ,  show ing t h a t  o x id a t io n  d u r in g  th e  r e a c t io n  had  

n o t  b een  b rou gh t about by th e  in f lu e n c e  o f  £ (< x-phenyl-  

- e t h y l) s e m ic a r b a z id e  h y d r o c h lo r id e .

A n ia o in  + $ (o c -p h e n y le th y l)s e m ic a r b a z id e .

The same m ethod was fo llo w e d  a s b e f o r e ,  

eq u im o le cu la r  q u a n t i t i e s  o f  a n i s o i n 1 and 3 (o c -p h e n y le th y l) 

se m ic a r b a z id e  h y d r o c h lo r id e  b e in g  d i s s o lv e d  i n  # p a r t s  o f  

p y r id in e  and 5 p a r ts  o f  c o ld  w a ter  r e s p e c t i v e l y .

A p r e c i p i t a t e  appeared  a s  th e  p y r id in e  

s o lu t io n  was poured in t o  th e  aqueous s o lu t i o n .  T h is  

d isa p p e a r e d , h ow ever, as more o f  th e  s o lu t io n  was added . 

A fte r  s ta n d in g  o v e r n ig h t ,  some o f  th e  a n is o in  had se p a r ­

a te d  o u t .  S u f f i c i e n t  p y r id in e  was added to  keep  i t  in  

s o lu t io n .

A f te r  s ta n d in g  fo r  15 d a y s , th e  s o lu t io n  was 

poured in t o  about #00 c c s .  o f  i c e - w a t e r .  A y e llo w -b ro w n  

o i l  was p r e c ip i t a t e d .  I t  was t r e a t e d  in  th e  same way as  

b e f o r e ,  b e in g  washed f i r s t  w ith  c o ld ,  th en  w ith  h o t  w a te r ,  

and d r ie d  in  an ev a cu a ted  d e s ic c a t o r .  A few  d rop s o f  dry  

e th e r  w ere added to  th e  su b s ta n c e  and th e  v e s s e l  was 

a g a in  e v a c u a te d . The r e s u l t in g  f r o t h  s o l i d i f i e d ,  a f t e r

1R o s s e l ,  A .1 #6 9 , 1 5 1 ,33*



s ta n d in g  f o r  some t im e , to  a v ery  p a le  y e l lo w  su b s ta n c e  

w hich  m e ite d  g r a d u a lly  a t  about 55°•

T h is  s u b s ta n c e , h ow ever, a lth o u g h  q u it e  

hard  appeared  to  b e r e s in o u s  in  c h a r a c t e r .  In  some 

s o lv e n t s  i t  d i s s o lv e d  and th en  came down a s  an o i l ,  in  

o th e r s  i t  seem ed to  becom e o i l y  im m ed ia te ly  i t  came in  

c o n ta c t  w ith  th e  s o lv e n t .  In  o rd er  to  b r in g  i t  back  to  

i t s  o r i g i n a l  s t a t e ,  i t  was n e c e s sa r y  to  remove th e  s o lv e n t ,  

dry th e  s u b s ta n c e , d i s s o l v e  in  a few  d rop s o f  e th e r  and 

le a v e  to  s ta n d  a s a f r o t h  in  an ev a c u a ted  d e s ic c a t o r  a s  

b e f o r e .

P ip e r o n y lo in  + 3 (« -p h e n y le th y l) s e m ic a r b a z id e .

P ip e r o n y lo in  was p rep a red  a cco rd in g  to  th e  

m ethod o f  P e r k in 1 .

The r e a c t io n  was c a r r ie d  o u t in  e x a c t ly  th e  

same way as b e f o r e .  T here was no ch ange o f  ap p earan ce on  

m ix in g  th e  s o lu t i o n s .  A f te r  s ta n d in g  f o r  s i x  w eek s, th e  

s o lu t io n  was d arker in  c o lo u r ,  b u t no s o l i d  m a tter  had  

se p a r a te d .

On p ou rin g  in t o  w a ter  m ixed  w ith  i c e ,  a 

l i g h t  brown c o lo u r e d  o i l  was p r e c ip i t a t e d .  T h is  was

xP e r k in , J . 0 *S. 1 # 9 1 >59»164 . See A ppendix page 116.



a llo w e d  to  s e t t l e  as f a r  as p o s s i b l e .  I t  d id  n o t  s e p a r ­

a te  o u t c o m p le te ly ,  b e in g  a p p a r en tly  v ery  l i g h t ,  and a  

q u a n tity  o f  i t ,w h ic h  rem ained  in  s u s p e n s io n , had to  be  

d eca n ted  w ith  th e  w a te r . I t  was w ashed w ith  c o ld  and h o t  

w a ter  as u s u a l .  On d r y in g , p a r t  o f  th e  o i l  had s o l i d i f i e d  

to  a brov/n s o l i d .

T h is  su b s ta n c e  was e a s i l y  s o lu b le  in  a lc o h o l ,  

s l i g h t l y  s o lu b le  in  h o t  e th e r ,  and in s o lu b le  in  b en zen e  

and p etro leu m  e t h e r .

A p o r t io n  was e x tr a c te d  w ith  h o t  e th e r  b u t  

was o b ta in e d  a g a in  as a red d ish -b ro w n  o i l .  T h is  was 

d is s o lv e d  in  a b s o lu te  a lc o h o l .  A f te r  ta k in g  o f f  m ost o f  

th e  a lc o h o l  in  a vacuum d e s ic c a t o r ,  a l i g h t - y e l l o w  powder 

was o b ta in e d . Only a v ery  sm a ll q u a n t ity  was o b ta in e d .

The M .P t .,  w hich was n o t  3harp, was about 5 6 °*

An a ttem p t was made to  r e c r y s t a l l i s e  t h i s  

su b s ta n c e  from v a r io u s  s o lv e n t s .  I t  was o b ta in e d  a g a in  

as a l i g h t  pow der. The M .P t. showed no r i s e  b u t was s t i l l  

i n d e f i n i t e .  T h is  su b s ta n c e  d i f f e r e d  in  s o l u b i l i t y  from  

th e  p rod u ct o f  s im i la r  M .P t. o b ta in e d  from th e  r e a c t io n  

w ith  a n is o in .

The r e a c t io n  was r e p e a te d . T h is  t im e  th e  

r e a c t io n  m ix tu re  was l e f t  to  s ta n d  f o r  about tw e lv e  

m onths. A f te r  about th r e e  m onths, a sm a ll d e p o s it  o f
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c r y s t a l s  was o b se r v e d . T hese in c r e a s e d  in  b u lk  v e r y  

g r a d u a lly  and, a t  th e  end o f  th e  y e a r ,  th e  c r y s t a l s  w ere  

f i l t e r e d  o f f  and th e  r e s t  o f  th e  m ix tu r e  t r e a t e d  a s b e f o r e .

T hese c r y s t a l s  w ere found  to  be s l i g h t l y  

s o lu b le  in  h o t  a lc o h o l .  A sm a ll q u a n t i t y ,  r e c r y s t a l l i s e d  

from  t h i s  s o lv e n t ,  m e lte d  a t  1 7 0 ° . The su b s ta n c e  c o u ld  

be r e c r y s t a l l i s e d  more e a s i l y  from b e n z e n e . A f te r  fu r th e r  

r e c r y s t a l l i s a t i o n  from th e  l a t t e r  s o lv e n t  i t  m e lte d  a t

1 7 1 . 5 ° .

T h is  su b sta n c e  was shown to  be th e  d ik e to n e ,  

p i p e r i l ,  by com parison  w ith  a specim en  o f  th a t  su b s ta n c e  

p rep ared  by o x id i s in g  p ip e r o n y lo in  w ith  F e h l in g Ts s o l ­

u t i o n 1 .

The s o lu t io n  rem ain in g  a f t e r  th e  c r y s t a l s  

had b een  removed was t r e a te d  as b e f o r e .  On p o u rin g  in t o  

i c e - w a t e r ,  a l ig h t-b r o w n , s t ic k y  m ass was p r e c ip i t a t e d .

I t  rem ained in  th e  same c o n d it io n  a f t e r  

w ash in g  and d ry in g  and a l l  a tte m p ts  to  im prove i t s  s t a t e  

w ere u n s u c c e s s f u l .

^ B iltz  & W ienands, A .1£9 9 ,3 0 # ,1 1 .



PART III

THE ACTIOS OF AMIHES OH 2-SUBSTITUTED SEMICARBAZONES •



P A R T I I I .

I N T R O D U C T I O N  .

The a c t io n  o f  am ines on s em it arbaz on es  was 

f i r s t  in v e s t ig a t e d  by B o rsch e  and h i s  c o l la b o r a t o r s 1 .

He u se d  o n ly  aro m a tic  am in es, and sem ica rb a zo n es  such  as  

a c e to n e  sem ica rb a zo n e . He found th a t  t h e s e  s u b s ta n c e s
i

r e a c te d  g e n e r a l ly  a cc o r d in g  to  th e  e q u a t io n ,

RRfC:N.NH.CO.NH3 + R”NH2 = RRf C :N.NH.CO .NHR" + NH8

T h is  p ro d u ct, RRfC:N.NH.CO.NHR", th en  

y i e l d s  on h y d r o ly s is  th e  se m ic a r b a z id e , NH„NH .CO .NHR". 

The r e a c t io n s  w ith  a n i l i n e ,  t o lu id in e s  and n a p h th y l-  

am ines w ere s tu d ie d  by B o r sc h e .

T h is  work h a s b een  ex ten d ed  by W ilso n , 

Hopper and C raw ford3 to  in c lu d e  a l i p h a t i c  am ines and 

arom atic  am ines c o n ta in in g  th e  amino group in  th e  s id e  

c h a in . They found th a t  b en zy la m in e , o c -p h en y le th y la m in e , 

l.m en th y la m in e  and some e s t e r s  o f  a m in o -a c id s  r e a c te d  

n orm ally  g iv in g ,  f o r  exam ple, in  th e  c a s e  o f  oc-p h en y l-

'S e r .  1 9 0 1 ,3 4 ,4 2 9 7 :1 9 0 4 ,3 7 ,3 1 7 7  :19 0 5 ,3£ ,S31 •

3J . 0 . 3 . 1 9 2 2 , 1 2 1 , £ 6 6 : 1 9 2 5 , 1 2 7 , 1 0 3 .
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- e th y la m in e , a c e t o n e - &(a -p h e n y ie th y l)se m ic a r b a z o n ©  w h ich , 

on h y d r o ly s i s ,  gave £ (o c -p h en y le th y l)  s e m ic a r b a z id e . T h is  

i s  th e  sem ic a r b a z id e  u sed  in  th e  i n v e s t i g a t i o n s  d e s c r ib e d  

in  p a r t  I I  o f  t h i s  w ork.

When t h i s  work i s  ex ten d ed  to  in c lu d e  o th e r  

am ino-com pounds such  as h y d r a z in e  d e r i v a t iv e s ,  3ome 

e x c e p t io n s  a re  fo u n d . K n o p fer1 showed t h a t  p h e n y lh y d r a -  

z in e ,  w ith  th e  arom atic  a ld e h y d ic  sem ica rb a zo n es  r e a c te d  

i n  q u it e  a d i f f e r e n t  w ay. In  t h i s  c a s e ,  th e r e  i s  a 

m utual rep la cem en t o f  p h en y lh y d ra z in e  and se m ica rb a z id e  

g ro u p s, th u s ,

R , CH:N.3JH.C0.NHq + NH.NHR" = RfCH:N.NHRn + NH NH.CO.NH
3 2 2 2

W ilson  and S u th e r la n d 2 fo u n d , h ow ever, th a t  

w h ile  a c e to n e  seanicarbazone r e a c t s  w ith  p h en y lh y d ra z in e  

a cco rd in g  to  K n o p fer 's  schem e, benzophenone and a c e t o -  

phenone sem ica rb a zo n es  r e a c t  w ith  i t  a c c o r d in g  to  th e  

g e n e r a l scheme f o r  am ines propounded by B o r sc h e .

L i t t l e  i s  known o f  th e  r e a c t io n s  o f  sem i­

ca rb azon es h a v in g  a group s u b s t i t u t e d  i n  th e  2 - p o s i t io n  

and i t  i s  now p roposed  to  i n v e s t i g a t e  th e  a c t io n  o f  

am ines on th e s e  s u b s ta n c e s .

lM on atsh .1$10 , 3 1 ,£ 7 .

2j . c . s . 1 9 2 4 , 1 2 5 , 2 1 4 5 .



T here a re  two sy stem s u se d  i n  nam ing su b ­

s t i t u t e d  se m ic a r b a z o n e s . The n it r o g e n  atom s a re  d e s ig ­

n a te d  i n  t h i s  way,

BHoHH.C0.NH„« 2
«x p 8
1 2 4

The f i r s t  system  i s  th e  one more g e n e r a l ly  

u se d  in  d e a l in g  w ith  mono s u b s t i t u t e d  se m ic a r b a z o n e s .

The seco n d  sy stem , h ow ever, i s  a more c o n v e n ie n t  m ethod  

o f  naming d i - s u b s t i t u t e d  se m ica rb a z o n es .

The seco n d  system  h a s b een  ad op ted  th ro u g h ­

o u t t h i s  w ork.



T H E O R E T I C A L

I t  was e x p e c te d  th a t  th e  s u b s t i t u t i o n  o f  a 

group i n  th e  2 - p o s i t io n  o f  a sem ica rb a zo n e  would in  no 

way a f f e c t  i t s  r e a c t io n s  w ith  am in es, th a t  i s ,  th a t  i t  

w ould r e a c t  a cco rd in g  to  th e  g e n e r a l  e q u a t io n ,

RR1C :N *N (X) .  CO .NH + R"NH« 3
EE'0:H .N (X ) .CO.HHE" + HHa

I t  h a s  b een  fou n d , h ow ever , th a t  w h ile  t h i s  

e q u a tio n  r e p r e s e n ts  th e  r e a c t io n s  o f  c e r t a in  2 - s u b s t i t -  

u te d  sem ica rb a zo n es w ith  am in es, o th e r  sem ica rb a zo n es  

b ehave in  a d i f f e r e n t  m anner.

The f i r s t  r e a c t io n  w h ich  was i n v e s t ig a t e d  

was th a t  o f  a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  w ith  b e n z y l -  

am ine. A ceto n e  sem icarb azon e r e a c t s  in  t h i s  way w ith  

b en zy la m in e ,

(CH3)aC:H .NH.CO.NH2 + NHaGHaFh

(CH3)2C:N.NH.CO.NH.CH2Ph + NH3

Had th e  r e a c t io n  w ith  a c e to n e -2 -p h e n y l-  

3em icarbazone tak en  th e  same c o u r se  as t h a t  o f  a c e to n e  

sem icarb azon e w ith  b en zy la m in e , th e  p r o d u c ts  w ould h ave



b een  a c e to n e -2 -p h e n y l-4 -b e n z y l-s e m ic a r b a z o n e  and ammonia, 

th u s ,

(CH3)gC:N.N(Ph).CO.NH3 + NHa0HaPh 

(CH5)aC:N.N(Ph).CO.NH.CH3Ph + NH3

I t  was fou n d , h ow ever , t h a t  t h i s  d id  n o t  

ta k e  p la c e .  Ammonia was s p l i t  o f f  as in  th e  c a s e  o f  

n o n - s u b s t i tu t e d  sem ica rb a zo n es b u t th e  o th e r  p r o d u c ts  

w ere a c e to n e  p h en y lh yd razon e and sy m m etr ica l d ib e n z y l-  

u r e a .  The r e a c t io n  can  be r e p r e s e n te d  by t h i s  e q u a t io n ,

(CHs)a0:N .N (P h ) .C0.NH3 + 2 NH3CH3Ph

(pHz)sC :N.NHPh + CO(NH.CH3P h ) 3 + NH3

A c eto n e - 2 -p h e n y l-se m ic a r b a z o n e  ap p ears to  

r e a c t  e q u a lly  e a s i l y  w ith  arom atic  and a l i p h a t i c  a m in es. 

A n i l in e ,  p . t o l u i d i n e ,  b en zy la m in e , /S -p h e n y le th y la m in e  

and n .h e p ty la m in e  a l l  r e a c t  in  t h i s  w.ay, g iv in g  a c e to n e  

p h en ylh yd razon e and a sym. d i - s u b s t i t u t e d  u r e a .  The 

g e n e r a l  eq u a tio n  i s ,

(GH 3)a0 :N .11 (P h ) . GO .NH 2 + 2 HHSR

(GH 3)2C :N .HHPh + 00 (NHR) 3 + NH 3

In  th e  r e a c t io n  w ith  b en zy la m in e , a sm a ll  

q u a n tity  o f  m onobenzylurea was a ls o  p rod u ced . The



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

e q u a t i o n ,

(CH5)3C :N .N (P 1 i ) .C 0 .H H 3 + NH a GH 2P h

=  (OH ^ , 0  :N .N H Ph + HH 3 . CO .N H . CH g P h

T h i s  r e a c t i o n ,  h o w e v e r ,  r e q u i r e s  f u r t h e r  

e x p l a n a t i o n .  No s e m i c a r b a z o n e  h a s  p r e v i o u s l y  b e e n  s h o w n  

t o  r e a c t  i n  t h i s  way w i t h  a n  a m i n e .  I n  r e a c t i o n s  d e s c r i b  

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

a t i o n  o f  am m o n ia  w i t h  f o r m a t i o n  o f  a  4 - s u b s t i t u t e d  s e m i ­

c a r b a z o n e .  A c c o r d i n g  t o  t h i s  e q u a t i o n ,  a  r e a c t i o n  t a k e s  

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

l i b e r a t i o n  o f  a m m o n ia .  T h e  i n t e r m e d i a t e  s t a g e s  o f  t h i s  

c h a n g e  h a v e  b e e n  e l u c i d a t e d  b y  s u b s e q u e n t  i n v e s t i g a t i o n s .  

T h e s e  a r e  d e s c r i b e d  i n  som e o f  t h e  f o l l o w i n g  p a g e s .

No t r a c e  w as  f o u n d ,  i n  a n y  o f  t h e s e  r e a c ­

t i o n s ,  o f  t h e  n o r m a l  p r o d u c t ,  t h a t  i s ,  t h e  2 . 4 - s u b s t i t -  

u t e d  s e m i c a r b a z o n e .

T h i s  r e a c t i o n  o f  s e m i c a r b a z o n e s  a n d  a m i n e s  

t o  f o r m  s u b s t i t u t e d  u r e a s  ha3 b e e n  o b s e r v e d  b e f o r e .  

B o r s c h e 1 f o u n d  t h a t  c e r t a i n  s e m i c a r b a z o n e s  r e a c t e d  p r i m ­

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

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

•̂B o r . 1 9 0 1 , 3 M  2 9 7 : 1 9 0 4 , 3 7 . 3 1 7 7 -



-u te d  u r e a  and th e  Jiydrazone o f  th e  a ld eh y d e  or k e to n e .  

For exam ple, s a l io y la ld e h y d e  sem icarb azon e and a n i l i n e  

r e a c t  a cc o r d in g  to  th e  e q u a tio n ,

0 JI (OH)CH:N.NH.OO.NH + NHJPh
© 4  ' 2 2

= C6H4 (OH)CH:N. NH.CO .NHPh + NHS

On fu r th e r  h e a t in g ,  th e  p rod u ct o f  t h i s  

r e a c t io n  r e a c t s  w ith  a n o th er  m o le c u le  o f  am ine,

( i i )
CaH4 (OH)CH:H.NH.CO .NHPh + NH2Ph 

= CeH4 (OH)CH:N.NH3 + C0(NHPh)3

The method adopted  by B o rsch e  in  c a r r y in g  

o u t th e s e  r e a c t io n s  was to  b o i l  th e  sem icarb azon e in  a 

la r g e  e x c e s s  o f  th e  am ine. In  th e  r e a c t io n  o f  s a l i o y l ­

a ld eh y d e  sem ica rb a zo n e , th e  amount o f  a n i l in e  u se d  was 

f i v e  t im e s  by w e ig h t th a t  o f  th e  sem icarb azon e w hich  

r e p r e s e n ts  a m o le c u la r  p r o p o r tio n  o f  a p p ro x im a te ly  te n  

m o le c u le s  o f  a n i l in e  to  one o f  s a l io y la ld e h y d e  sem ica rb ­

azone .

In  th e  c a s e  o f  a c e to n e -2 -p h e n y l-s e m ic a r b -  

azone th e  r e a c t io n  appears to  be g e n e r a l  f o r  a l l  ty p e s  o f  

am ines and in  no c a s e  was any o f  th e  in te r m e d ia te  p rod u ct  

fou n d , th a t  i s ,  th e  p rod u ct from r e a c t io n  I .

T h is  was very  u n ex p ec ted , as in  t h e s e



r e a c t io n s  w ith  a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  th e  e x c e s s  

o f  am ine was n ev er  more th an  20^  o v er  th e  e q u im o le cu la r  

q u a n t i t y .  Even in  B o rsch e* s  r e a c t io n s ,  w here th e  amine 

was p r e s e n t  in  th e  p r o p o r tio n  o f  t e n  m o le c u le s  to  one o f  

th e  sem ica rb a zo n e , a q u a n tity  o f  th e  4 - s u b s t i t u t e d  sem i­

ca rb a zo n e was a lw ays found among th e  p r o d u c ts . In d ee d , 

in  th e  m a jo r ity  o f  th e  r e a c t io n s  b etw een  sem ica rb a zo n es  

and am in es, th e  4 - s u b s t i t u t e d  sem icarb azon e i s  th e  m ain  

p ro d u c t, or  in  o th e r  w ords, m ost o f  t h e s e  r e a c t io n s  s to p  

when th e  f i r s t  s ta g e  h as com p leted  i t s e l f ,

( i )
RRfG:N.NH.C0.NH3 + NHgR”

RR’OrH .NH.CO .NHR” + NH3

I t  i s  o n ly  on e x c e p t io n a l  c a s e s  th a t  th e  

seco n d  r e a c t io n  o ccu rs  to  any marked d e g r e e .

I f  we a c c e p t B o r sc h e ! s e x p la n a t io n  as b e in g  

a p p l ic a b le  a ls o  to  th e  c a se  o f  a c e to n e -2 -p h e n y 1 -se m ic a r b -  

a zo n e , th e  co rresp o n d in g  e q u a tio n s  w ould b e ,

d)
(OH3)aO:N.N(Ph).GO.NH3 + NHaR 

= (GH 3)2C :N .H (Ph) .  CO .NHR + NH3

( I I )
(CH 3)3C :N ,N (Ph) .  CO .NHR + NH2R 

= (CH 3)2C :H .NHPh + CO (NHR) a



We sh o u ld , t h e r e f o r e ,  h a v e  ex p e c te d  th a t  

th e  r e a c t io n s  o f  a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e , when 

c a r r ie d  o u t under th e  c o n d it io n s  s t a t e d ,  w ould h ave  

y ie ld e d  c o n s id e r a b le  q u a n t i t ie s  o f  2 . 4 . s u b s t i t u t e d  se m i­

c a r b a z o n e s .

The r e s u l t  o f  a th erm al d ec o m p o sit io n  o f  

a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  showed t h a t , th e  r e a c t io n s  

o f  th a t  su b s ta n c e  w ith  am ines do n o t  f o l lo w  e x a c t ly ,  th e  

scheme shown in  e q u a tio n s  I  and I I .  The f i n a l  r e s u l t  i s  

th e  same b u t th e  in te r m e d ia te  s ta g e s  a r e  a p p a ren tly  d i f f ­

e r e n t  .

I t  h as b een  shown by S c h o l t z 1, B o r sc h e 3 and 

o th e r s  th a t  such  sem icarb azon es as a c e to n e  sem icarb azon e  

decom pose on h e a t in g  in to  an a z in e  and h y d ra zo d ica rb o n -  

am ide. The g e n e r a l scheme fo r  t h i s  d ec o m p o sit io n  can  be  

r e p r e s e n te d  th u s ,

R R f C : ] J . H H . C O . N H a 

+

RR f C : N . N H . O O . H H g

A ssum ing, th e n , th a t  th e  p h en y l group in  

th e  2 - p o s i t io n  d oes n o t  a f f e c t  th e  c o u r se  o f  th e  decom p-

1B er .1 ^ 9 6 ,2 9 ,6 1 1  .

®Ber. 1901 ,3 4 ,4 2 9 7 -

RR 0 :N N H . C O .N H

R R f C : N  N H . C O .N H



—o s i t i o n ,  we sh o u ld  ex p ec t  a c e to n e —2 —p h e n y l-se m ic a r b a z o n e ,  

when h e a te d , to  g iv e  a c e to n e  k e t a z in e  and a s u b s t i t u t e d  

h y d ra zo d ica rb o n a m id e .

(CH 3^0 :N .N (Ph ) . CO .HH 2 

+

(CH 3)3c  :H .H (P h) .  CO .HH 2

(OB^O-.S 

pB j)3C :IJ

H (P h ).00 .K H s

N (P h ).00 .N H a

The r e s u l t  o f  t h i s  d e c o m p o s it io n , h ow ever, 

was found to  b e  q u ite  d i f f e r e n t  from  t h a t  o f  k e t o n ic  

sem ica rb a zo n es  w ith  no group s u b s t i t u t e d  in  th e  2 - p o s -  

i t i o n .

On h e a t in g  a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  

t o  a maximum tem p eratu re  o f  1&0°, a c e to n e  p h en ylh yd razon e  

and cy a n u r ic  a c id  w ere o b ta in e d . A c e to n e -2 -p h e n y l-s e m l-  

ea rb azon e i s  p rep ared  by th e  in t e r a c t io n  o f  a c e to n e  

p h en ylh yd razon e and c y a n ic  a c id .  I t  a p p ea rs , t h e r e f o r e ,  

t h a t  t h i s  r e a c t io n  i s  r e v e r se d  a t  h ig h  te m p e r a tu r e s .

The c y a n ic  a c id  w hich  i s  l ib e r a t e d ,  p o ly m e r is e s ,  o f  

c o u r s e ,  t o  form  cy a n u r ic  a c id .

3 (CH s)aG :H .HHPh + 3 HHCO

I
3 (CH ,)20 :N .H (P h) .  CO .HH 3

I
3 (CH ai2C :H .NHPh + (HNCO ) 3



D eco m p o sitio n  i n  t h i s  way h a s  n o t  b een

o b se rv ed  b e fo r e  in  th e  c a s e  o f  a s im p le  k e to n ic  sem icarb  

a zo n e , w h eth er s u b s t i t u t e d  or u n s u b s t i t u t e d .  An a n a lo g y  

i s  fo u n d , how ever, i n  th e  c a s e  o f  te tr a h y d r o in d a z o l-2 ~  

carb on am id e1 w hich lo s e s  c y a n ic  a c id  a t  about 2 2 0 ° , th u s

T h is  su b s ta n c e , t e t r a h y d r o in d a z o l-2 -c a r b -  

onam ide can be c o n s id e r e d  as a c y c l i c  sem ica rb a zo n e .

The r e s u l t  o f  t h i s  d e c o m p o sit io n  r e v e a le d  

a n o th e r  p o s s ib le  e x p la n a t io n  o f  th e  u n ex p e c ted  r e s u l t s  

o b ta in e d  i n  th e  r e a c t io n s  o f  a c e to n e - 2 -p h e n y l-se m ic a r b ­

azon e w ith  a m in es. I f  t h i s  d e co m p o sit io n  took  p la c e  a t  

a low er tem p eratu re  th an  th a t  o f  th e  r e a c t io n s ,  th e n  

t h e s e  r e a c t io n s  w ere n o t c h a r a c t e r i s t i c  o f  a c e to n e -2 -  

p h en y l-sem ica rb a z o n e  as su ch , but w ere r e a l l y  th e  r e a c ­

t io n s  o f  i t s  d eco m p o sitio n  p r o d u c ts . As we have s e e n ,  

t h e s e  p ro d u cts  are  a c e to n e  p h en ylh yd razon e and c y a n ic  

a c id .  C yanic a c id ,  h ow ever, r e a c t s  w ith  am ines to  g iv e  

s u b s t i t u t e d  u r e a s .  The p ro d u c ts , t h e r e f o r e ,  sh o u ld  

c o n s i s t  o f  a ce to n e  phenylh yd razon e and s u b s t i t u t e d  u r e a s

"^Auwers, Buschmann & H e id e n r e ic h , A. 1 9 2 3 ,^ 3 5 ,22>1 .

/ A ^ ch

+ CONH



and t h i s  a g r e e s  w ith  th e  r e s u l t s  o f  t h e s e  r e a c t io n s *

I t  became n e c e s s a r y ,  th e n , to  d e term in e  

more e x a c t ly ,  th e  tem p eratu re o f  d e c o m p o sit io n  o f  

a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e , or a t  l e a s t ,  to  a s c e r t ­

a in  w h eth er th a t  tem p eratu re  was h ig h e r  or low er th an  

th e  tem p era tu re  a t  w hich i t s  r e a c t io n s  w ith  am ines to o k  

p la c e .  T hese r e a c t io n s  u s u a l ly  r e q u ir e d  a tem p era tu re  

o f  about 1 6 0 ° . The lo w e s t  one was th a t  o f  p . t o l u i d i n e  

w h ich  commenced a t  145°•

A c e to n e -2 -p h e n y l-se m io a r b a z o n e  w hich  m e lts  

a t  140° was h e a te d  fo r  an hour to  1 4 0 -1 4 5 ° . Decompos­

i t i o n  took  p la c e  a t  t h i s  tem p era tu re , th e  p ro d u cts  

b e in g  th e  same as b e f o r e .

I t  i s  o b v io u s  from t h i s ,  th a t  t h e s e  r e a c ­

t io n s  do n o t  f o l lo w  th e  same co u rse  as th o s e  i n v e s t i g ­

a te d  by B o r sc h e . I n s te a d , a c e to n e -2 -p h e n y l-s e m ic a r b -  

azon e f i r s t  decom poses in to  a c e to n e  p h en y lh yd razon e and 

c y a n ic  a c id  w hich  th en  u n i t e s  w ith  two m o le c u le s  o f  th e  

am ine to  g iv e  a d i - s u b s t i t u t e d  u r e a .  T hus, ta k in g  th e  

r e a c t io n  w ith  a n i l i n e  as an exam ple, th e  c o u r se  o f  th e  

r e a c t io n  co u ld  be r e p r e se n te d  by t h e s e  e q u a t io n s ,

( l )
(OH ) Q :N *N (P h) .  CO .HH 3 — (OH 3)20 :N .HHPh + COHH
' 3 S ~

f i x )
COSH + 2 HH2Ph = 00 (NHPH) 3 + NH3



The f i r s t  r e a c t io n  a p p a r e n tly  ta k e s  p la c e  

about 145° and th e  secon d  a t  1 5 5 -1 6 0 0 .

The secon d  r e a c t io n  p rob ab ly  ta k e s  p la c e  in  

two s ta g e s *  Even a t  o rd in a ry  te m p e r a tu r e s , c y a n ic  a c id  

r e a c t s  w ith  am ines to  g iv e  m o n o -s u b s t itu te d  u r e a s .  T h is

i s  p rob ab ly  th e  f i r s t  s t a g e .

( H a )
CONH + NHaR = NHjjCO.NHR

The m o n o -su b s t itu te d  u r e a  w i l l  th en  r e a c t  

w ith  a n o th er  m o le c u le  o f  th e  amine to  g iv e  th e  d i - s u b s t i t ­

u te d  u r e a , th u s ,

( l i b )
HH300.N H R + NHaR = C 0(H H R )3 + h h 3

T h is  e x p la in s  th e  f a c t  th a t  no 2 . 4 . s u t o s t i t -  

u te d  sem ica rb a zo n es  w ere o b ta in e d  as t h e s e  su b s ta n c e s  

w ould n o t be formed a t  any s ta g e  o f  th e  r e a c t io n .

I t  a ls o  e x p la in s  th e  f a c t  th a t  a q u a n t ity  

o f  m onobenzyl u r ea  was o b ta in e d  in  th e  r e a c t io n  o f  

a c e to n e -2 -p h e n y l-se m ic a r b a z o n e  w ith  b e n zy la m in e . Mono­

b e n z y l u r ea  d oes n o t  r e a c t  as r e a d i ly  w ith  th e  amine as  

some o th e r  m o n o -su b s t itu te d  u r e a s .  In  t h i s  c a s e ,  t h e r e ­

f o r e ,  th e  e q u a tio n  ( l i b )  would n o t go to  c o m p le tio n .

T hus, a m ix tu re  was o b ta in e d , c o n ta in in g  m on ob en zy l-u rea  

and a ls o  sym. d ib e n z y l-u r e a .



The a c t io n  o f  h e a t  on b e n z a ld e h y d e -2 -b e n z y l-  

sem icarb azon e was a ls o  in v e s t ig a t e d .  I t  was e x p e c te d  

th a t  t h i s  su b s ta n c e  would decom pose in  th e  same manner 

a s a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  w ith  l ib e r a t i o n  o f  

b en za ld eh y d e  b en zy lh y d ra zo n e  and c y a n u r ic  a c id .  As 

b en za ld eh y d e  b en zy lh y d ra zo n e  i s  v ery  u n s t a b le ,  th e  

d e c o m p o sit io n  was c a r r ie d  ou t in  an atm osphere o f  carbon  

d io x id e .

H owever, a f t e r  h e a t in g  f o r  1% h o u rs a t  a 

tem p era tu re  o f  2 0 0 ° , a la r g e  p r o p o r tio n  o f  th e  su b s ta n c e  

was r e c o v e r e d  unch an ged . The o n ly  o th e r  p rod u ct o b ta in e d  

was a sm a ll q u a n tity  o f  a t h ic k ,  y e l lo w  o i l  s m e ll in g  o f  

b e n z a ld e h y d e .

I n  v iew  o f  th e  f a c t  th a t  b e n z a ld e h y d e -2 -  

b en z y l-se m ic a r b a z o n e  was found to  be more s t a b le  when 

h e a te d  than  a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  i t  became 

i n t e r e s t i n g  to  in v e s t i g a t e  th e  r e a c t io n s  o f  t h i s  compound 

w ith  am in es. I f  i t  r e a c te d  a t  about th e  same tem p era tu re  

a s a c e to n e -2 -p h e n y l-s e m ic a r b a z o n e , about 1 6 0 ° , we sh o u ld  

e x p e c t  to  o b ta in  th e  norm al p r o d u c t, th a t  i s ,  a 2 . 4 . sub­

s t i t u t e d  sem ica rb a zo n e , 3 in c e ,  in  t h i s  c a s e ,  th e r e  w ould  

be no c y a n ic  a c id  l ib e r a te d  a t  th a t  tem p er a tu re . I f ,  

h ow ever, no r e a c t io n  took  p la c e  t i l l  a tem p era tu re  above  

2 0 0 ° was r ea ch ed , th en  i t  would appear th a t  sem ica rb a zo n es



h a v in g  grou p s s u b s t i t u t e d  in  th e  2 - p o s i t io n  w ere muoh 

l e s s  r e a c t iv e  tow ards am ines than  u n s u b s t i tu te d  sem ica rb — 

a z o n e s .  I n  t h i s  c a s e ,  we would ex p ec t  to  o b ta in  a sub ­

s t i t u t e d  u r e a  and b en za ld eh y d e b en zy lh y d ra zo n e  (o r  i t s  

d e c o m p o s it io n  p r o d u c ts )  s in c e  th e  r e a c t io n  would appar­

e n t ly  depend on th e  d eco m p o sitio n  o f  th e  b e n z a ld e h y d e -  

2 -b e n z y l-s e m ic a r b a z o n e .

The f i r s t  r e a c t io n  c a r r ie d  ou t was th a t  

w ith  a n i l i n e .  Ammonia was ev o lv ed  as u s u a l  a t  about 1 6 0 ° .  

I n  t h i s  c a s e ,  b e n z a ld e h y d e -2 -b e n z y l-4 -p h e n y l-s e m ic a r b a z o n e  

was o b ta in e d . I t  a p p ea rs , t h e r e fo r e ,  th a t  b e n za ld eh y d e -  

2 -b e n z y l-s e m ic a r b a z o n e  r e a c t s  a cco rd in g  to  th e  g e n e r a l  

schem e propounded by B orsch e fo r  th e  r e a c t io n s  o f  am ines 

and se m ic a r b a z o n e s . T h is eq u a tio n  r e p r e s e n ts  th e  r e a c ­

t io n  in  t h i s  c a s e .

Pb.OHsN .H (Ph.0H 3 ) .0 0  .NH2 + HHs Pli 

= Ptl.CH:N.N (Ph.0H 3 ) .0 0 .NHPh + HHS

I t  was found th a t  b e n z a ld e h y d e -2 -b e n z y 1 -  

sem ica rb a zo n e r e a c te d  in  th e  same way w ith  p . t o l u i d i n e .

The norm al p rod u ct was a ls o  produced in  th e  r e a c t io n  w ith  

b en zy la m in e  b ut in  t h i s  c a s e ,  some sym. d ib en zy  1 -u r ea  

was a l s o  p rod u ced . No b en za ld eh yd e b en zy lh y d ra zo n e  was 

o b ta in e d , b u t t h i s  was to  be ex p ec ted  as t h i s  su b s ta n c e



i s  u n s t a b le  even  a t  o rd in ary  tem p e r a tu re s . I t s  m ain  

d e c o m p o s it io n  p rod u ct i s  b en za ld eh y d e  and th e  p r e se n c e  o f  

t h i s  su b s ta n c e  was d e te c te d  by i t s  s m e ll in  th e  ta r r y  

r e s id u e s  from th e  m other l iq u o r .

The 2 . 4 . s u b s t i t u te d  sem icarb azon es o b ta in e d  

from  t h e s e  r e a c t io n s  have n o t b een  d e s c r ib e d  b e f o r e .

Both su b sta n ces are w h ite , c r y s t a l l in e  s o l i d s .  B e n z a l-  

d e h y d e -2 -b e n z y l-4 -p .to ly l-se m ic a r b a z o n e  m e lts  a t 172° , 

and b en za ld eh y d e-2 .4 -d ib en zy l-sem ica rb a zo n e  a t 123*5°.

The p ro d u c tio n  o f  sym. d ib e n z y l-u r e a  in  th e  

r e a c t io n  w ith  b en zy lam in e was s u r p r is in g  as b e n z a ld e h y d e -  

2 -b e n z y l-s e m ic a r b a z o n e  was r e co v ere d  unchanged a f t e r  

h e a t in g  to  a h ig h e r  tem p eratu re than  th a t  o f  th e  r e a c t io n .

The f a c t  th a t  sym. d ib en zy  1 -u r e a  and b e n z a l-  

d e h y d e -2 .4 -d ib e n z y 1 -se m ic a r b a z o n e  were produced in  th e  

same r e a c t io n  w ould appear to  fa v o u r  th e  v iew  th a t  th e  

form er su b s ta n c e  was o b ta in ed  by th e  in t e r a c t io n  o f  th e  

l a t t e r  su b s ta n c e  w ith  a fu r th e r  q u a n tity  o f  am ine. That 

w ould mean th a t  th e  r e a c t io n  fo llo w e d  th e  same c o u r se  as  

th o s e  in v e s t ig a t e d  by B o rsch e , th a t  i s ,  a cco rd in g  to  

t h e s e  e q u a t io n s ,

(i)
P k .C H :N .N (P h .C H 2 ).CO.HH3 + NH3 CH3Ph 

Ph .O H :H .K (P li.O H 3 ).CO.NH.CH3Ph  + NH3



( I I )
Ph.OHiN.N(Ph.OH3 ) .0 0 .NH.CHgPh + NH8 0H3Ph 

= Ph.CH :N*NH .GH2Ph + 00 (NH. CH3P h ) 3

The r e a c t io n s  o f  b e n z a ld e h y d e -2 -b e n z y l-  

sem ioarb azon e w ith  a n i l in e  and p . t o l u i d i n e  gave o n ly  th e  

2 #4#s u b s t i t u t e d  sem ica rb a zo n es , no s u b s t i t u t e d  u rea s  

b e in g  p ro d u ced . The r e a c t io n  w ith  b en zy la m in e , how ever, 

r e q u ir e d  a h ig h e r  tem p eratu re and, a lth o u g h  i t  seem s 

v e r y  u n l ik e ly  th a t  t h i s  co u ld  have happened, i t  m ight be  

argued  th a t  a t  t h i s  tem p eratu re th e  sem icarb azon e decom­

p o sed  s l i g h t l y  w ith  l ib e r a t io n  o f  cy a n ic  a c id  and sub­

seq u en t fo r m a tio n  o f  sym. d ib e n z y l-u r e a .

The n e x t  r e a c t io n  t r i e d  was th a t  o f  

a ce to p h e n o n e -2 -p h e n y l-sem ic a rb a z o n e  w ith  a n i l i n e .  I t  

was found  th a t  t h i s  sem icarb azon e behaved in  e x a c t ly  th e  

same way a s a c e to n e -2 -p h e n y l-se m ic a r b a z o n e , g iv in g  a c e t -  

ophenone p h en y lh yd razon e and sym. d ip h e n y l-u r e a .

No tr a c e  was found o f  a c e to p h e n o n e -2 .4 -  

d ip h e n y l-s e m ic a r b a z o n e . I t  seems p ro b a b le , t h e r e fo r e ,  

t h a t  t h i s  r e a c t io n  took  th e  same co u r se  as th o se  o f  

a c e to n e —2 -p h e n y l-se m ic a r b a z o n e , th a t  i s ,  th a t  a c e to p h en -  

o n e—2 —p h e n y l—sem icarb azon e f i r s t  decom posed in t o  a c e t o — 

phenone p h en ylh yd razon e and cy a n ic  a c id  w hich th en  com­

b in e d  w ith  a n i l i n e  to  g iv e  sym. d ip h e n y l-u r e a .



A d d it io n a l  e v id e n c e  in  fa v o u r  o f  t h i s  i s  th e  

f a c t  t h a t  a c e t  o p h en on e-2 -p h en y1-sem icarb azon e h as a lo w er  

M .P t. th a n  m ost members o f  i t s  c l a s s .  I t  m e lts  a t  126°  

( R o l la 1 s t a t e s  1 2 2 °) and i t  seems r e a s o n a b le  to  su p p ose  

t h a t  i t s  d e c o m p o sit io n  tem p eratu re m igh t a ls o  be low er  

th a n  th o s e  o f  th e  o th e r  2 - s u b s t i t u t e d  sem icarb azon es  

u s e d .

B e n z a ld e h y d e -2 -m e th y l-s e m ic a r b a z o n e ,,w hich  

was t r i e d  n e x t ,  gave w ith  a n i l in e  th e  norm al p ro d u ct, 

b enz a id  ehy d e - 2 -m e th y  1 -4 -ph  eny 1 -  s emi c arb az on e .

N e v e r t h e le s s ,  w ith  b en zy lam in e i t  gave  

m a in ly  sym. d ib en zy  1 -u r ea  and o n ly  a sm a ll q u a n tity  o f  

b e n z a ld e h y d e -2 -m e th y l-4 -b e n z y l-se m ic a r b a z o n e .

The r e a c t io n  w ith  a n i l i n e  r e q u ire d  a temp­

e r a tu r e  o f  1 $ 0 ° , w hereas w ith  b en zy la m in e , th e  tem p era t­

u r e  was o n ly  1 7 0 ° . As th e  r e a c t io n  w ith  a n i l in e  gave  

b e n z a ld e h y d e - 2 -me th y  1-4 -pheny 1 -s  emi c arb azone and no sym. 

d ip h e n y l-u r e a , i t  f o l lo w s  th a t  b e n z a ld e h y d e -2 -m e th y l-se m i-  

ca rb a zo n e  d oes n o t  decom pose w ith  e v o lu t io n  o f  cy a n ic  

a c id  a t  a tem p eratu re  o f  l £ o ° .  In  th e  r e a c t io n  w ith  

b e n z y la m in e , how ever, th e  tem p eratu re was o n ly  170  y s t  

sym. d ib en zy  1 -u re a  was o b ta in e d  as w e l l  as th e  norm al 

p r o d u c t , b en za ld eh y d e- 2 —me th y  1 -4 -b en zy  1 -se m ic a r b a z o n e .

’•R o lla , G .3 S , ( i ) , 3 2 7 -  See Appendix p . 112 .



Til© l a t t e r  su b s ta n c e , w hich  h as n o t  b een  

p r e v io u s ly  d e s c r ib e d , c r y s t a l l i s e s  from a lc o h o l  in  th e  

form  o f  p la t e s  m e lt in g  a t  I 0 6 --IO7 0 . I t  i s  e v id e n t ,  th e n ,  

t h a t  th e  sym. d ib e n z y l u re a  o b ta in e d  in  t h i s  r e a c t io n  i s  

n o t  produced in  th e  same way as th a t  o b ta in e d  in  th e  

r e a c t io n  o f  a c e to n e - 2 -p h e n y l-se m ic a r b a z o n e  w ith  b e n z y l -  

a m in e ., The o n ly  o b v io u s e x p la n a tio n  i s  th a t  i t  i s  p rod ­

u ced  in  th e  same manner as th e  u r e a s  and h yd razon es  

found by B o rsch e  in  h i s  r e a c t io n s  w ith  s a l ic y la ld e h y d e  

sem ica rb a zo n e . T h is  would mean th a t  th e  r e a c t io n  had  

gone in  two s ta g e s  a cco rd in g  to  th e  e q u a t io n s ,

( I )  ,Ph.OH :H.M (CH3 ) .CO .NH3 + NH3GH3Ph

Fh.CH:N.H(CHB).CO.HH.CH9Ph + NHB

( I I > Ph.CH:N.H(CH3 ).C0.NH.CH3Ph + NHaCHaPh 

= Ph.OH :H.HH (CH3 ) + CO (HH .CHaP h )a

I t  w i l l  be se e n  from t h i s ,  th a t  b e n z a ld e -  

hyde m eth y lh yd razon e shou ld  have b een  p rod u ced . T h is  

su b s ta n c e , h ow ever, was n o t o b ta in e d . The p ro d u cts  

c o n s is t e d  o f  b e n z a ld e h y d e -2 -m e th y l-4 -b e n z y l-se m ic a r b a z -  

o n e , sym. d ib e n z y 1-u r e a , ammonia and a q u a n tity  o f  

s t i c k y ,  o i l y  s u b s ta n c e s .  From th e s e  s u b s ta n c e s ,  m in u te  

q u a n t i t ie s  o f  two s o l i d s  w ere e v e n tu a lly  i s o l a t e d .
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One o f  th e s e  m e lte d  a t  6 3 °  and appears to  h ave th e  emp­

i r i c a l  fo rm u la , 0 17HaaOaNa . The o th e r  one m e lts  a t  2 0 7 ° 

and h a s th e  fo rm u la , (0 11Hla 0 3N3 )^ . In  each c a s e ,  th e  

q u a n tity  o f  su b sta n c e  o b ta in e d  was to o  sm a ll to  p erm it  

any fu r th e r  in v e s t i g a t i o n .

B en zald eh yd e m eth ylh yd razon e i s  d e s c r ib e d  

by H a r r ie s  and H aga1 as a c r y s t a l l i n e  s o l i d ,  L i.P t. 1 7 9 ° .
t

They s t a t e  th a t  when equim olecular q u a n t it ie s  o f  m eth y l-  

h yd razin e  and benzaldehyde are m ixed, t h i s  su b stan ce , 

normal benzaldehyde m ethylhydrazone i s  ob ta in ed  along  

w ith  another su b stan ce , tr ib en za lm eth y lh yd razon e . The 

in fo rm a tio n  about the normal benzaldehyde m ethylhydrazone  

i s  very  m eagre.

I t  was in ten d ed  to  p rep are b en za ld eh yd e  

m eth ylh yd razon e in  ord er to  f in d  w hether i t  would be  

s t a b le  under th e  c o n d it io n s  o f  th e  r e a c t io n ,  and i f  n o t ,  

t o  f in d  w h ether th e  su b sta n ce s  h av in g  M .P ts . 6 3 ° and 2 0 7 ° 

w ould be among i t s  d eco m p o sitio n  p r o d u c t s . .  I t  was fou nd , 

h ow ever, on c a r r y in g  ou t th e  r e a c t io n ,  th a t  th e  su b sta n c e  

M .P t. 17 9 0 was n o t o b ta in e d . Even when a s l i g h t  e x c e s s  

o f  m eth y lh y d ra z in e  was u se d , th e  o n ly  s o l i d  prod u ct was 

th e  su b sta n ce  d e sc r ib e d  as tr ib e n z a lm e th y lh y d r a z o n e .

1B er .12>92>,31, 6 2 .



A fte r  c a r r y in g  ou t th e  r e a c t io n s  o f  b e n z a l -  

d e h y d e -2 -m eth y l-sem ica r b a zo n e  w ith  a n i l i n e  and b en zy la m in e , 

i t  was d e c id e d  to  in v e s t i g a t e  th e  a c t io n  o f  am ines on 

c e r t a in  2 # 4 .s u b s t i t u te d  sem ic a rb a z o n e s . In  o th e r  w ord s, 

i t  was d e c id e d  to  ca rry  ou t s e p a r a te ly ,  th e  secon d  s ta g e  

in d ic a t e d  in  such r e a c t io n s  as th a t  o f  b en za ld eh y d e- 2 -  

m eth y l-sem ica rb a zo n e  w ith  b en zy la m in e .

B o r sc h e f s e x p la n a t io n 1 o f  th e  r e a c t io n s  o f  

am ines and sem icarb azon es req u ired  th a t  c e r t a in  sem ica rb ­

a zo n es  s u b s t i t u t e d  i n  th e  4 - p o s i t io n  sh o u ld  r e a c t  w ith  

am ines to  g iv e  a sym. d i - s u b s t i t u t e d  u r e a  and th e  h y d r a -  

zo n e o f  th e  a ld eh yd e or k e to n e . He showed th a t  t h i s  

a c t u a l ly  to o k  p la c e  w ith  some o f  th e s e  sem ica rb a zo n es .

The sem ica rb a zo n es  w hich  he u se d , h ow ever, were s u b s t i t ­

u te d  o n ly  in  th e  4 - p o s i t i o n .  , I t  has b een  shown th a t  th e  

p r e se n c e  o f  a group in  th e  2 - p o s i t io n  c a u se s  c o n s id e r a b le  

d i f f e r e n c e s  in  th e  c h a r a c te r  o f  th e  sem ica rb a zo n e, fo r  

exam p le, in  i t s  d eco m p o sitio n  p ro d u o ts . For t h i s  r e a so n ,  

i t  was th ou gh t a d v is a b le  th a t  some in v e s t ig a t io n  sh o u ld  

b e  made o f  th e  a c t io n  o f  am ines on sem icarb azon es s u b s t i t ­

u te d  b o th  in  th e  2 -  and th e  4 - p o s i t i o n s .  T h is  was p a r t ­

i c u l a r l y  th e  c a s e  s in c e  B orsch e c a r r ie d  ou t h i s  r e a c t io n s  

in  a much la r g e r  e x c e s s  o f  amine th an  was p r e se n t  in  th e

1S ee  p ages 5 0 -5 1 •



r e a c t io n s  d e s c r ib e d  h ere*  I t  was n e c e s s a r y ,  t h e r e f o r e ,  

t o  f in d  w h eth er th e  same r e a c t io n s  w ould ta k e  p la c e  un d er  

c o n d it io n s  n ea re r  th o s e  o f  th e  p r e se n t  work.

The r e a c t io n s  o f  b e n z a ld e h y d e -2 -m e th y l-  

4 -p h e n y l-se m ic a r b a z o n e  w ith  a n i l in e  and o f  b e n z a ld e h y d e -  

2 -m e th y l-4 ~ b e n z y l-se m ic a r b a z o n e  w ith  b en zy lam in e w ere  

c a r r ie d  o u t .  The r e s u l t s  o f  th e s e  r e a c t io n s  g iv e  v a lu a b le  

su p p o rt to  th e  th eo ry  th a t  th e  r e a c t io n  o f  b en z a ld e h y d e -  

2 -m e th y l-se m ica r b a z o n e  w ith  b en zy lam in e ta k e s  p la c e  in  th e  

two s ta g e s  s t a t e d .

B enz a id  ehy d e -2  -m e thy 1 -4 -ph eny 1 - s  emi c arb az on e 

was h e a te d  w ith  a n i l in e  to  1&0° fo r  fo u r  h o u r s . At th e  

end o f  t h i s  tim e th e  su b sta n ce s  w ere r e c o v e r e d  u n ch an ged . 

I n  th e  r e a c t io n  o f  b en za ld eh y d e-2 -m eth y l-sem ica rb a zo n e  

w ith  a n i l i n e ,  w hich  was a ls o  c a r r ie d  ou t a t  12>0 ° ,  b e n z a l -  

d eh y d e -2 -m e th y l-4 -p h e n y l-se m ica rb a zo n e  was produced , b u t  

no sym. d ip h en y 1 -u r ea . These r e s u l t s  a g ree  w e l l ,  s in c e ,  

a s b e n z a ld e h y d e -2 -m e th y l-4 -p h en y l-se m ica rb a zo n e  d oes n o t  

r e a c t  w ith  a n i l in e  a t  1^0 ° , th e  r e a c t io n  o f  b e n z a ld e h y d e -  

2 -m e th y l—sem icarb azon e w ith  a n i l in e  w i l l  s to p  a.t th e  

f i r s t  s t a g e ,  th a t  i s ,  when t h i s  r e a c t io n  h a s  com p leted  

i t s e l f ,

Ph.CH:N.N(CH3 ).CO.NH3 + NH3Ph 

= Ph.CH:N.N(CH3 ).C0.NHPh + NH3



Benz a ld eh y d e- 2 -me thy 1-4 -b en zy  1-sem i oarhaz one  

w ith  b en zy la m in e  gave  sym* d ib e n z y l-u r e a , a sm a ll q u a n tity  

o f  th e  sem ioarb azon e b e in g  reco v ere d  unchanged* T h is  

a ls o  a g r e e s  w ith  th e  r e s u l t s  o b ta in e d  b e fo r e  as b e n z a l -  

d eh y d e-2 -m eth y l-sem ica r b a z o n e  w ith  b en zy la m in e  gave  a 

m ix tu re  o f  b e n z a ld e h y d e -2 -m e th y l-4 -b e n z y l-se m ic a r b a z o n e  

and sym* d ib e n z y l-u r e a .  T h is  r e a c t io n  ta k e s  p la o e , t h e r e ­

f o r e ,  in  two s t a g e s ,  a cco rd in g  to  th e  e q u a t io n s ,

( I ) Ph.CH:H.N(CH3 ).CO.HH2 + HHaCHaPh 

Pb.dH:N.N(OHs ).OO.KH.CHaPh + NH3

( I 1 )
Ph.CH:N.N(CH3 ).C0.NH.CHaPh + NHaCHaPh 

Ph.CH:N.HH(CH3 ) + 00 (HH .CHaP li)a

I t  w i l l  be remembered th a t  one o f  th e  

o b j e c t s  o f  t h i s  in v e s t ig a t io n  o f  th e  a c t io n  o f  am ines on 

2 - s u b s t i t u t e d  sem icarb azon es was th e  p r e p a r a t io n  o f  new 

o p t i c a l l y  a c t i v e  sa m ica rb a z id es  h a v in g  a group s u b s t i t ­

u te d  in  th e  2 - p o s i t io n .  S u b sta n ces  o f  th a t  ty p e  co u ld  

o n ly  b e p rep ared  from 2 -su b 3 t i t u t e d  sem icarb azon es w hich  

r e a c t  in  th e  norm al manner w ith  am ines g iv in g  2 . 4 . sub­

s t i t u t e d  sem ica rb a zo n es . T hese 2 . 4 . s u b s t i t u t e d  sem ica rb ­

a zo n es  must n o t  r e a c t  to o  r e a d i ly  w ith  am in es, o th e r w ise  

s u b s t i t u t e d  u r e a s  and h yd razon es w i l l  b e  o b ta in e d .



I t  has b e 9n shown th a t  b enz a ld eh y d e- 2 -  

m ethy 1—sem icarb azon e r e a c t s  in  th e  norm al manner w ith  

a n i l i n e ,  w h ile  w ith  b en zy lam in e th e  m ain p rod u ct i s  sym. 

d ib e n z y l-u r e a  a lth o u g h  a sm a ll q u a n tity  o f  th e  norm al 

p ro d u ct i s  o b ta in e d  in  t h i s  c a se  a l s o .  I t  was d e c id e d  to  

t r y  th e  r e a c t io n  o f  b e n z a ld e h y d e -2 -m eth y l-sem ic a r b a z o n e  

w ith  oc-phenyl e t h y l  am ine. For th e  e x p er im e n ta l r e a c t io n  

th e  raoem ic form o f  th e  amine was u s e d .

A fte r  h e a t in g  to  175“ 'I£°° fo r  2 h o u r s , much 

o f  th e  b en z a ld e h y d e -2 -m eth y l-sem ica r b a zo n e  rem ained u n ­

ch a n g ed . The o n ly  p rod u ct w hich was i s o l a t e d ,  a p a rt from  

a s t i c k y  r e s id u e ,  was sym. d i(o c -p h e n y le th y l)u r e a . Had j
i

t h i s  r e a c t io n  b een  r e p e a te d  on a la r g e r  s c a le ,  i t  i s  p o s s ­

i b l e  th a t  a sm a ll q u a n tity  o f  b e n z a ld e h y d e -2 -m e th y l-4 -  

(oc-pheny 1 e th y  l) s e m i carbaz one m ight have b een  o b ta in e d .  

H ow ever, in  v iew  o f  th e  f a c t  th a t  sym. d i (oc-pheny 1 e t h y l ) 

u r e a  was o b ta in e d  w h ile  m ost o f  th e  b e n z a ld e h y d e -2 -m e th y l-  

sem icarb azon e rem ained unchanged, i t  i s  a lm ost c e r t a in  

t h a t  th e  y i e l d  o f  th e  b en za ld eh y d e-2 -m eth y l-4 -(o c -p h en y  1 -  

eth y  1 ) sem icarb azon e would be to o  sm a ll to  make t h i s  m eth­

od p r a c t ic a b le  as a means o f  p rep a r in g  an o p t i c a l l y  a c t i v e  

s e m ic a r b a z id e .

I t  was in te n d e d , a l s o ,  to  stu d y  th e  decom -
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p o s i t i o n  p r o d u c ts  of* a c e to n e -2 .4 -d ip h e n y l-s e m ic a r b a z o n e .  

T h is  s u b s ta n c e  i s  d e s c r ib e d  by Whybum and B a i l e y 1 as a 

c r y s t a l l i n e  s o l i d ,  M .P t* 19^°* On a tte m p tin g  to  p rep a re  

i t  from  th e  same s t a r t in g  m a t e r ia ls ,  b u t under s l i g h t l y  

d i f f e r e n t  c o n d i t io n s ,  a su b sta n ce  was o b ta in e d , M .P t. 138>°. 

T h is  p r e p a r a t io n  and th e  r e a c t io n s  o f  t h i s  su b sta n c e  a re  

d e s c r ib e d  i n  th e  A ppendix.

XJ  .  A .0 .3  .1 9 2 # , 50 > 912 •



C O N C L U S I O N

The s u b s t i t u t io n  o f  a group in  th e  2 - p o s i t -  

io n  o f  a sem icarb azon e a f f e o t s  i t s  b eh a v io u r  to  a g r e a t e r  

e x t e n t  th a n  was a n t ic ip a t e d .  The m ost s t r ik in g  d i f f e r ­

en ce  i s  in  th e  manner in  w hich i t  decom poses on h e a t in g .  

I t  h a s  b een  shown, fo r  in s t a n c e ,  th a t  a c e to n e - 2 -pheny 1 -  

sem ica rb a zo n e  decom poses on h e a t in g  in  an a l to g e th e r  

d i f f e r e n t  way from a c e to n e  sem ica rb a zo n e . The decom pos­

i t i o n  p ro d u cts  o f  a c e to n e - 2 -p h e n y l-se m ica rb a zo n e  a re  

a c e to n e  p h en y lh yd razon e and cy a n u ric  a c id .

The r e a c t io n s  o f  a 2 - s u b s t i t u t e d  sem ica rb ­

a zon e w ith  am ines appear to  depend on i t s  tem p eratu re o f  

d e c o m p o s it io n . Thus, a c e to n e -2 -p h e n y l-se m ic a r b a z o n e  

decom poses b e fo r e  th e  tem perature i s  rea ch ed  a t w hich  i t  

w i l l  r e a c t  w ith  am in es. In  t h i s  c a s e ,  t h e r e fo r e ,  no 

2 . 4 . s u b s t i t u t e d  sem icarb azon es are form ed a t a l l ,  th e  

p r o d u c ts  b e in g  a c e to n e  phenylhydrazone and sym. d i —sub­

s t i t u t e d  u r e a s .  The same th in g  o ccu rs  in  th e  c a s e  o f  

a c e to p h e n o n e -2 -pheny 1-sem i carbazone •

The h ig h e r -m e lt in g  sem ica rb a zo n es , b e n z a l-  

d e h y d e -2 -b en z y l-se m ic a r b a z o n e  and b e n za ld eh y d e -2 -m ethy1 -  

sem ica rb a zo n e  are  much more s t a b le  when h e a te d . T hese



s u b s ta n c e s ,  w ith  am in es, g iv e  th e  norm al p r o d u c ts , th a t  

i s ,  2 . 4 . s u b s t i t u t e d  sem ica rb a zo n es . T hese 2 . 4 . s u b s t i t ­

u te d  se m ica rb a zo n es , how ever, may r e a c t  w ith  sm other m ol­

e c u le  o f  th e  am ine. T h is  r e a c t io n  h as b een  o b serv ed  

b e f o r e  in  th e  c a s e  o f  sem icarb azon es s u b s t i t u t e d  in  th e  

4 - p o s i t i o n .  The r e a c t io n  appears to  ta k e  p la c e  much more 

r e a d i ly  in  th e  c a s e  o f  2 . 4 . s u b s t i t u t e d  sem icarb azon es  

th a n  o f  th o s e  s u b s t i t u t e d  on ly  in  th e  4 - p o s i t i o n .

I t  was th ough t th a t  t h i s  work m ight le a d  up 

to  th e  p r e p a r a t io n  o f  a new o p t i c a l l y  a c t iv e  se m ica rb a z id e .  

T hat i t  h a s  n o t done so i s  due p a r t ly  to  th e  low decomp­

o s i t i o n  tem p era tu re  o f  c e r t a in  2 - s u b s t i t u t e d  sem ica rb a z­

o n es  and a ls o  to  th e  sm a ll y i e l d  o f  2 . 4 . s u b s t i t u te d  sem i­

ca rb a zo n e  w hich  was g e n e r a l ly  o b ta in e d  when th e  r e a c t io n  

w ent in  th e  norm al m anner. I t  i s  p o s s i b l e ,  how ever, th a t  

a n o th e r  2 - s u b s t i t u t e d  sem icarbazone may be found , w hich  

w i l l  p ro v e  more s u i t a b le  as a s t a r t in g  m a te r ia l  f o r  th e  

p r e p a r a t io n  o f  o p t i c a l l y  a c t iv e  se m ic a r b a z id e s .



E X P E R I M E N T A L  .

A c e to n e -2 -p h e n y l-se m ic a r b a z o n e  + B en zy la m in e .

The r e a c t io n  was f i r s t  c a r r ie d  ou t in  t h i s  

w ay. E q u im o lecu la r  q u a n t i t i e s  o f  a c e to n e - 2 -p h e n y l-s e m i­

c a r b a z o n e 1 and b en zy lam in e were m ixed and h e a te d . Ammonia 

was e v o lv e d  a t  160° and th e  m ix tu re  was k ep t a t th a t  

tem p era tu re  f o r  about an h o u r . I t  was th en  poured In to  

a la r g e  b u lk  o f  ic e - w a te r  in  w hich i t  form ed a brown, 

v is c o u s  m a ss . On p u r i f i c a t io n ,  t h i s  y ie ld e d  th e  s o l i d

p r o d u c ts  d e s c r ib e d  b e lo w .

I t  was d e c id e d , how ever, to  a l t e r  t h i s  

m ethod to  some e x te n t  in  ord er  to  i s o l a t e  th e  more v o l ­

a t i l e  p r o d u c ts .  The fo llo w in g  method was ad op ted .

15 gm s. o f  a c e to n e -2 -p h e n y l-se m io a r b a z o n e  

and £ gm s. o f  b en zy lam in e were m ixed and h e a te d . Ammonia 

was g iv e n  o f f  b etw een  155 - 1 6 0 °* The m ix tu re  was k ep t a t  

160° t i l l  e v o lu t io n  o f  ammonia had a b a te d . The r e a c t io n  

l a s t e d  a lm o st an h o u r . The r e a c t io n  m ix tu re  was th en  c o o l ­

ed and h e a te d  a g a in  under 4 mm. p r e s su r e  in  o rd er  to  

d i s t i l  any v o l a t i l e  p r o d u c ts .

G o o d w i n  & B a i l e y ,  J  . A . C . S . 19 2 4 , 4(5 , 22>2 9 •

S e e  A p p e n d i x  p a g e  1 1 7 .



The f i r s t  d i s t i l l a t e  c o n s is t e d  o f  a few  

d rop s o f  an o i l  w ith  a p e c u l ia r  odour. T h is  o i l  was 

in s o l u b l e  in  a l k a l i ,  e a s i l y  s o lu b le  in  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id  and darkened on s ta n d in g  exp osed  to  th e  

atm o sp h ere .

At 110° and 4 mm. p r e s su r e  a c l e a r ,  s l i g h t ­

ly  y e l lo w  l iq u id  began to  d i s t i l  and s o l i d i f i e d  to  some 

e x t e n t  in  th e  r e c e iv e r .  T h is su b sta n ce  was i d e n t i f i e d  

as a c e to n e  p h en y lh y d ra zo n e . On r e d i s t i l l i n g ,  i t s  B .P t .  

u n d er 44 mm. p r e s su r e  was found to  be 1 6 0 ° w hich  a g r ee s  

w ith  th a t  g iv e n  by B lanksm a1. I t  was d is s o lv e d  in  

g l a c i a l  a c e t i c  a c id  to  w hich was th en  added p o ta ssiu m  

c y a n a te .  A su b s ta n c e  M .P t. 140° was o b ta in e d  and was 

shown by com p arison  to  be a c e to n e —2 -p h e n y l-se m ica r b a z o n e ~ . 

The y i e l d  o f  a c e to n e  p h enylhydrazone amounted to  6 gms.

N o th in g  e l s e  d i s t i l l e d  on r a i s in g  th e  temp­

e r a tu r e  -o f th e  b a th  to  1 6 0 ° , th e  p r e s su r e  b e in g  4 mm.

The s o l i d  r e s id u e  w hich  rem ained in  th e  

f l a s k  was d i s s o lv e d  ou t w ith  b o i l in g  a lc o h o l .  On c o o l in g ,  

f i n e ,  w h ite  n e e d le s  se p a r a te d . A fte r  r e c r y s t a l l i s i n g  

s e v e r a l  t im e s  from a lc o h o l and a ls o  from ch lo ro fo rm , 

t h e s e  m e lte d  a t  171°* T h is su b sta n ce  was i d e n t i f i e d  as  

sym. d ib e n z y l-u r e a .

1Q. 19 1 3 , 1 ,6 0 3 .

3S ee  A ppendix page 117*



Found -  -  -  N = 1 1 . 5 9 , 11.69jg.

° i6 Hx60Ns re q u ire s  N = 11 . 67 jg

The M .P t. o f  sym. d ib e n z y l-u r e a  h as been  

s t a t e d  in  v a r io u s  p ap ers e i t h e r  as 16 7 0 or  16 9 0 . A s p e c ­

im en was p rep a red , how ever, from u r ea  and b en zy la m in e1 . 

A f te 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  i t  m e lte d  a t 17 1 0 and 

was shown to  be i d e n t i c a l  w ith  th e  su b sta n ce  o b ta in e d  in  

th e  r e a c t io n .  The y i e l d  o f  sym. d ib en zy  1 -u rea  was 4 gms.

The m other l iq u o r  was ta k en  to  d ry n ess  and 

th e  r e s id u e  was d is s o lv e d  in  e th y l  a c e t a t e .  A c r y s t a l l i n e  

su b s ta n c e  ‘s e p a r a te d , w h ich , a f t e r  fu r th e r  r e c r y s t a l l i s ­

a t io n  from  th e  same s o lv e n t ,  was o b ta in e d  as c o lo u r le s s  

n e e d le s ,  M .P t. 1 4 9 ° . T h is su b sta n ce  was shown to  be

m on obenzyl—u rea  by a n a ly s is  and com parison  w ith  a 

p rep a red  specim en  o f  th a t  su b s ta n c e .

Found -  -  -  -  C = 63-77 ,  H = 7 -10 ,  N = 1 $ .4 5 fc-

C8H ON r e q u ir e s  C = 63-99,  H = 6 . 6 7 , N = 1 £ . 6 6 ^.

Found -  -  -  -  M ol. Wt. = 1 5 6 *

(By th e  e b u l l io s c o p ic  method u s in g  a c e to n e  a s s o lv e n t . )

C8H1o0N3 r e q u ir e s  M ol. Wt. = 150 .

The m other l iq u o r  was ta k en  to  d ry n ess  

1D a v is  & B la n ch a rd , J .A .C .S • 1923,45.> 1 ^19 •



a g a in  and l e f t  a ta r r y  r e s id u e  from w hich  no o th e r  pure  

s u b s ta n c e  was o b ta in e d .

I n  t o lu e n e .

The r e a c t io n  of* ace  to n e  -2  -p h e n y l -sem i ca r b ­

azo n e and b en zy lam in e was r ep ea te d  u s in g  to lu e n e  as a 

s o lv e n t .  Some h ig h - b o i l in g  p a r a f f in  was added to  r a i s e  

th e  B .P t .  The m ix tu re  was b o i le d  fo r  3 h o u r s . The tem p­

e r a tu r e  o f  th e  b a th  fo r  th e  g r e a te r  p a r t  o f  th e  tim e was 

b etw een  155” 1 6 0 ° . The h ig h e s t  tem p eratu re  reach ed  was 

1 6 3 ° .

No r e a c t io n  took  p la c e ,  th e  a c e to n e -2 -  

p h e n y l-sem ica r b a z o n e  b e in g  reco v ere d  unchanged .

Ac e t o n e - 2 -pheny 1 -sem i carbazone + A n i l in e .

10 gm s. o f  a c e to n e -2 -p h e n y l-sem ica rb a zo n e  

and 6 gm s. o f  a n i l in e  w ere m ixed and h e a te d .

About 105° a c le a r  l iq u id  d i s t i l l e d  up th e  

s id e  o f  th e  f la s k  b u t none o f  i t  came o v er  in to  th e  r e c ­

e iv e r  even  a f t e r  th e  tem perature had b een  in c r e a s e d  to  

160°.

At 155° e v o lu t io n  o f  ammonia began  and th e  

m ix tu r e  was k ep t betw een  155—160 ° t i l l  t h i s  had ab ated  to



some e x t e n t .  The r e a c t io n  la s t e d  about 40 m in u te s .

The m ix tu re  was th en  d i s t i l l e d  under red u ced  

p r e s s u r e .  The p r e s su r e  was reduced  to  15 mm. and th e  

m ix tu r e  was a g a in  h e a te d . Betw een 1 0 0 -1 1 0 ° , a c l e a r ,  

s l i g h t l y  y e l lo w  l iq u id  d i s t i l l e d  and s o l i d i f i e d  in  th e  

r e c e i v e r .  T h is  was shown to  be a c e to n e  p h en ylh yd razon e  

by a c t in g  on i t  w ith  p o tassiu m  cy a n a te  in  g l a c i a l  a c e t i c  

a c id  s o lu t i o n ,  when a c e to n e - 2 -p h en y l-sem ica rb a zo n e  was 

a g a in  o b ta in e d .

The tem p eratu re o f  th e  b a th  was g ra d u a lly  

r a is e d  to  1 6 0 ° b u t no o th e r  p rod u cts  were o b ta in ed  and 

th e  d i s t i l l a t i o n  was th en  sto p p ed .

The 3o l i d  r e s id u e  which was l e f t  in  th e  

f l a s k  was r e c r y s t a l l i s e d  from a lc o h o l .  A w h ite , c r y s t ­

a l l i n e  su b s ta n c e  was o b ta in e d  h av in g  M .P t. 2 3 7 °» T h is  

was shown to  be sym. d ipheny 1 -u r e a  by com parison w ith  a 

s to c k  sa m p le .

On c o n c e n tr a t in g  th e  s o lu t io n ,  a fu r th e r  

q u a n tity  o f  sym. d ip h en y 1 -u rea  was o b ta in e d . The a lc o h o l  

was f i n a l l y  removed co m p le te ly  under reduced  p r e s s u r e .

A c o n s id e r a b le  r e s id u e  o f  a b la c k , ta r r y  su b sta n ce  rem­

a in e d . T h is  was d is s o lv e d  in  b en zen e . On s ta n d in g  fo r  

some t im e , a sm a ll q u a n tity  o f  a s o l i d  was o b ta in ed  

w h ich , a f t e r  r e c r y s t a l l i s a t i o n  m elted  a t 133 • T h is



s u b s ta n c e  was n o t  o b ta in e d  in  s u f f i c i e n t  q u a n tity  fo r  

f u r th e r  p u r i f i c a t i o n .  The ta r  w hich was o b ta in e d  on co n ­

c e n t r a t io n  o f  th e  m other l iq u o r  y ie ld e d  no o th e r  pure  

p r o d u c t s .

A c e to n e -2 -p h e n y l-se m io a r b a z o n e  + p .T o lu ld in e .

12  gm s. o f  a c e to n e - 2 -p h e n y l-sem ica rb a zo n e  

was m ixed  w ith  3 gms. o f  p . t o lu id in e  and h e a te d . The 

c l e a r  l i q u i d  n o te d  in  th e  l a s t  r e a c t io n  was a g a in  

o b se r v ed  a t  1 1 0 ° .

E v o lu t io n  o f  ammonia began a t  1 4 4 ° . The 

m ix tu r e  was k e p t a t  145° fo r  h a l f  an hour and th e  temp­

e r a tu r e  was th e n  r a is e d  to  15° °  fo r  te n  m in u tes to  com­

p l e t e  th e  r e a c t io n .  During th e  r e a c t io n ,  a s o l i d  c r u s t  

form ed on th e  s u r fa c e  o f  th e  m ix tu r e .

When th e  r e a c t io n  was f in i s h e d ,  th e  m ix tu re  

was d i s t i l l e d  as b e f o r e .  A ceton e phenylhydrazone was 

o b ta in e d  and was i d e n t i f i e d  in  th e  same manner as b e f o r e .

The s o l i d  r e s id u e  was d is s o lv e d  in  b o i l in g  

a lc o h o l  from  w hich  a c r y s t a l l i n e  s o l i d  was o b ta in e d  

im m ed ia te ly  on c o o l in g .  A fte r  fu r th e r  r e c r y s t a l l i s a t i o n  

from  a lc o h o l  th e  M .P t. was 2 6 0 ° . T h is was shown to  be  

d i —p . t o ly  1-u r e a  by com parison w ith  a p rep ared  sam ple o f



t h a t  s u b s ta n c e 1 • About 4 gms* o f  d i —p . t o l y l  u r ea  was 

o b ta in e d .

The m other l iq u o r  was th en  tak en  to  d ry n ess  

l e a v in g  a d ark , ta r r y  su b s ta n c e . T h is  was e a s i l y  s o lu b le  

i n  b en zen e  from w hich  n o th in g  se p a r a te d  even  on c o o l in g  

i n  i c e .  The b en zen e  was th en  removed and an a ttem p t was 

made to  r e c r y s t a l l i s e  th e  su b sta n ce  from ch lo ro fo rm . A 

s t i c k y  su b s ta n c e  se p a r a te d  from t h i s  s o lu t io n .  A fte r  

p r e s s in g  o u t on a porous p la t e ,  i t  m e lted  about 1 6 0 ° .  I t  

was th e n  r e c r y s t a l l i s e d  from ch loro form  w ith  th e  a d d it io n  

o f  a few  drops o f  a lc o h o l .  I t  now m elted  about 162° but 

th e  M .P t. was n o t  y e t  sh a rp .

The q u a n tity  o b ta in ed  was i n s u f f i c i e n t  to  

a llo w  fu r th e r  p u r i f i c a t i o n .

A c e to n e -2 -p h e n y l-a em ic a rb a zo n e  + -P h en y le th y  la m in e .

# gm s. o f  a c e to n e - 2 -p h en y l-sem ica rb a zo n e  

and 6 gm s. o f  f l -pheny le th y  lam ine w ere h e a te d  t o g e th e r .

At 150° ammonia came o f f  f a i r l y  s t e a d i l y .  

The m ix tu r e  was k ep t a t  50—160° t i l l  th e  r e a c t io n  was 

c o m p le te d .

The m ix tu re  was th en  d i s t i l l e d  under r e d -

1M a n u e ll i ,  E ic c a - R o s e l l in i ,G .2 9 ,1 1 ,1 3 3 •



u ced  p r e s s u r e .  A ceton e p h en ylh yd razon e was o b ta in e d  and 

was i d e n t i f i e d  a s b e f o r e .

The d a rk -c o lo u r e d  r e s id u e  was d is s o lv e d  in  

a lc o h o l .  A 3m a ll q u a n tity  o f  a c r y s t a l l i n e  su b sta n c e  

had se p a r a te d  on s ta n d in g  f o r  12 h o u r s . A sm a ll q u a n tity  

o f  p e tro leu m  e th e r  was added and th e  s o l i d  w hich  s e p a r ­

a te d  was f i l t e r e d  o f f .  I t  was r e c r y s t a l l i s e d  f i r s t  from  

b en zen e  b u t i t  was found th a t  i t  c r y s t a l l i s e d  b e s t  from  

e t h y l  a c e t a t e  as c lu s t e r s  o f  c o lo u r le s s  n e e d le s ,  M .P t. 

1 3 6 -1 3 7 ° .

I t  was shown to  be i d e n t i c a l  w ith  sym. d i -  

( fi - p h e n y le t h y l ) u r e a f by com parison w ith  a p rep ared  s p e c ­

imen o f  th a t  s u b s ta n c e .

The m other l iq u o r  y ie ld e d  o n ly  a ta r r y  

su b s ta n c e  from w hich  no pure p ro d u cts  were i s o l a t e d .

Ac e t  one -2  -ph  eny 1 -  s emi c arb az one + n .H ep ty  la m in e .

5 gm s. o f  a c e to n e -2 -p h e n y l-se m ica rb a zo n e  

and 3 . 5  gm s. o f  n .h e p ty la m in e  w ere h e a te d  to g e th e r  in  

th e  u s u a l  w ay.

The m ix tu re  was h e a te d  t i l l  th e  amine was 

a lm o st b o i l i n g .  The tem p eratu re o f  th e  b a th  was 1 6 0 -1 6 2 ° .

The r e a c t io n  slow ed  down a f t e r  about 45



m in u tes*  The m ix tu re  was th en  d i s t i l l e d ,  under red u ced  

p r e s s u r e  and a c e to n e  pheny lh yd razon e was o b ta in e d  and 

i d e n t i f i e d  a s b e f o r e .

The r e s id u e  was r e c r y s t a l l i s e d  from a lc o h o l  

and g a v e  a c r y s t a l l i n e  s o l i d  m e lt in g  a t  9 1 ° .  T h is  i s  th e  

M .P t. o f  sym. d i-n .h e p ty  1 -u r e a 1 .

Found - - - - -  if = 1 1 . 0 5 ;̂.

O10H3sON2 r e q u ir e s  N = 1 0 . 9 4 *?.

On c o n c e n tr a t io n , th e  m other l iq u o r  y ie ld e d  

a ta r r y  s u b s ta n c e .

A c t io n  o f  H eat on Ace to n e - 2 -p h e n y l-se m i carbaz o n e .

At 1gQ° .

15  gm s. o f  a c e to n e -2 -p h e n y l-se m ica rb a zo n e  

was p la c e d  in  a d i s t i l l i n g  f la s k  and h e a te d .

At 160° th e r e  was s l i g h t  e f f e r v e s c e n c e  and 

a c l e a r  l iq u id  was ob served  to  d i s t i l  in s id e  th e  f l a s k .  

The tem p era tu re  was r a is e d  to  1$0 ° ,  how ever, in  o rd er  to  

b r in g  about co m p le te  d eco m p o sitio n . The m ix tu re  was k ep t

a t  t h i s  tem p era tu re  fo r  35 m in u te s . The t o t a l  tim e o f

h e a t in g  was about an hour and a q u a r te r . There was

^ a n u e l l i ,  R ic c a - R o s e l l in i ,  G .2 9 ,I I ,135*



s l i g h t  © v o lu tio n  o f  ammonia, a t  1S>0°. When i t  was th ou gh t  

t h a t  d e c o m p o s it io n  was co m p le te , th e  m ix tu re  was d i s t i l l e d ,  

u n d er  red u ced  p r e s s u r e .

A c l e a r ,  p a le -y e l lo w  l iq u id  d i s t i l l e d  when 

th e  h a th  tem p era tu re  was 1 3 5 ° and th e  p r e s su r e  15 mm.

T h is  l iq u id  was shown to  be a ce to n e  pheny lh yd razon e by 

r e c o n v e r s io n  to  a c e to n e -2 -p h e n y l- s © m icarbazone. The 

y i e l d  o f  a c e to n e  pheny lh yd razon e was 7 gm s.

I t  was a ttem p ted  to  d i s s o l v e  ou t th e  r e s ­

id u e  in  th e  f l a s k  w ith  h o t a lc o h o l .  I t  appeared to  be  

s o lu b le  to  a s l i g h t  e x te n t  o n ly . M ethyl a lc o h o l proved  

to  b e more s u i t a b le  and a q u a n tity  o f  th e  su b sta n ce  was 

r e c r y s t a l l i s e d  s e v e r a l  t im es  from th a t  s o lv e n t .

I t  was found th a t  th e  su b sta n ce  co u ld  be  

h e a te d  to  3 5 0 ° w ith o u t m e lt in g  or d ark en in g  in  c o lo u r .

The su b s ta n c e  was th ou gh t from i t s  p r o p e r t ie s  to  be  

c y a n u r ic  a c id  and a n a ly s is  confirm ed t h i s .

Found -  -  — ” N = 32.50^f.

C J I .O J f- r e q u ir e s  N = 32.55^*O o o o 9

No o th e r  p rod u cts  were i s o l a t e d .

At 1 4 5 ° .

12 gm s. o f  a c e to n e - 2 -p h en y l-sem ica rb a zo n e



was h e a te d  to  1 4 0 -1 4 5 °  fo r  one h o u r . At th e  end o f  t h i s  

t im e , th e  o n ly  change ob served  was a d arken ing o f  th e  

c o lo u r  o f  th e  l i q u i d .  No gas was e v o lv e d . I t  was th en  

c o o le d  and a g a in  h e a te d  to  14 5 °, t h i s  tim e under 10 mm. 

p r e s s u r e .  A p a le -y e l lo w  l iq u id  d i s t i l l e d ,  B .P t .  119JC , 

and s o l i d i f i e d  to  some e x te n t  in  th e  r e c e iv e r .

The d i s t i l l a t e  s o l i d i f i e d  in  th e  form o f  

p l a t e s ,  M .P t. 4 0 ° .  T h is  su b sta n ce  was shown to  be  

a c e to n e  p h en y lh y d ra zo n e . I t  was h y d r o ly se d  w ith  d i l u t e  

h y d r o c h lo r ic  a c id .  T h is  s o lu t io n ,  a f t e r  n e u t r a l i s a t io n  

w ith  3odium h y d r o x id e , gave th e  n it r o p r u s s id e  t e s t  fo r  

a c e to n e  and a ls o  reduced  F e h lin g f s s o lu t io n .  On t r e a t ­

ment w ith  p o ta ss iu m  cy a n a te  in  g l a c i a l  a c e t ic  a c id , i t  

g a v e  ac e t o n e -2 -pheny 1 - s  emic arb a zo n e .

The r e s id u e  in  th e  f la s k ,  c o n s is t in g  o f  a 

m ix tu r e  o f  s o l i d  and r e d , o i l y  l iq u id ,  was tr e a te d  w ith  

h o t  a l c o h o l .  A p o r t io n  was alm ost in s o lu b le *  I t  was 

b o i l e d  up w ith  b en zen e and a ga in  w ith  a lc o h o l to  remove 

c o lo u r in g  m a tte r .  I t  was th en  r e c r y s t a l l i s e d  from w a te r . 

The c o lo u r le s s  c r y s t a l s  which were o b ta in e d  d id  n o t m elt  

a t  3 3 0 °  and showed no s ig n s  o f  d eco m p o sitio n . T h is  

su b s ta n c e  was i d e n t i f i e d  as cy a n u ric  a c id .  With ammonia 

and cop p er  s u lp h a te  i t  gave th e  c h a r a c t e r i s t i c  a m eth y st-

c o lo u r e d  p r e c i p i t a t e .



Found -  -  N = 3 2 .4 6,  3 2 .4 9 fc.

C3H30 5H3 r e q u ir e s  N = 32 .55^ *

Ho o th e r  p ro d u cts  w ere i s o l a t e d .

A c t io n  o f  H eat on B e n z a ld e h y d e -2 -b e n z y l-se m io a r b a zQ n e1 .

About 3 gm s. o f  b en za ld eh y d e - 2 - b e n z y l- s e m i­

carb azon e was h e a te d  in  a d i s t i l l i n g  f l a s k  th rou gh  w hich  

was p a sse d  a s te a d y  c u r r e n t  o f  carbon  d io x id e .

The m ix tu re  was r a is e d  to  190° and k ep t a t  

t h a t  tem p era tu re  f o r  1% h o u r s . I t  was th en  d i s t i l l e d  

un d er red u ced  p r e s s u r e .  T h is  tim e  th e  tem p era tu re  was 

r a is e d  to  2 0 0 ° , th e  p r e s su r e  b e in g  6 mm. N oth in g  

d i s t i l l e d ,  h ow ever .

The v is c o u s  mass in  th e  f l a s k  was th en  

d is s o lv e d  in  h o t  a lc o h o l .  A w h ite ,  c r y s t a l l i n e  s o l i d  

was d e p o s it e d  on c o o l in g  w h ich , r e c r y s t a l l i s e d  from  

a lc o h o l ,  m e lte d  a t  1 5 9 °•

T h is  was shown, by com parison  and a n a ly s i s ,  

to  be unchanged b en z a ld e h y d e -2 -b e n z y l-s e m ic a r b a z o n e .

Found - - - - -  N -

0 igH ig ON g r eq u ire s  N = 1 6 .6 0 j£.

When th e  rem ain in g  m other l iq u o r  was ev a p -

1B o u g a u lt & Leboucq, 0 >r . 1 92&,1 ,937»



o r a te d , a t h ic k  y e llo w -b r o w n  o i l  was o b ta in e d  w h ich  had  

th e  s m e ll  o f  b e n z a ld e h y d e .

B e n z a ld e h y d e -2 -b e n z y l-se m ic a r b a z o n e  + A n i l in e .

5 gm s. o f  b e n z a ld e h y d e -2 -b e n z y l- s e m ic a r b -  

azon e was m ixed in  a f l a s k  w ith  2 gm s. o f  a n i l i n e  and 

th e  m ix tu re  g r a d u a lly  h e a te d  in  a g ly c e r in e  b a th . When 

th e  tem p era tu re  rea ch ed  1 3 5 ° sm a ll b u b b le s  o f  a g a s  w ere  

s lo w ly  e v o lv e d . H ow ever, t h i s  showed no s ig n s  o f  in c r e a s ­

in g  and th e  h e a t in g  was co n tin u ed  t i l l  th e  tem p era tu re  

was 1 6 3 - 1 7 0 ° .  A f te r  th e  m ix tu re  had b een  a t  t h i s  tem p­

e r a tu r e  fo r  about 20  m in u te s , ammonia was b e in g  s t e a d i l y  

e v o lv e d . A f te r  a fu r th e r  45 m in u te s , th e  r e a c t io n  ap p ear­

ed to  be n e a r in g  co m p le tio n  and th e  m ix tu re  was a llo w e d  

to  c o o l .  When i t  had reach ed  a tem p era tu re  o f  about 50°  

an a ttem p t was made to  d i s t i l  i t  u nder a p r e s su r e  o f  15 mm.

The tem p eratu re was g r a d u a lly  r a i s e d  and a 

sm a ll q u a n tity  o f  a c l e a r  l iq u id  d i s t i l l e d .  I t  was id e n ­

t i f i e d  as a n i l in e  by c o n v e r s io n  to  b e n z a n i l id e  and com­

p a r is o n  w ith  th e  l a t t e r  s u b s ta n c e . The q u a n tity  o f  a n i l ­

in e  j u s t  amounted to  a few  d r o p s . Ho o th e r  su b s ta n c e  

d i s t i l l e d  on r a i s in g  th e  tem p eratu re  o f  th e  m ix tu re  to  

th e  r e a c t io n  tem p era tu re , I 7 0 0 .



The r e s id u e  in  th e  f l a s k  was d is s o lv e d  in  

" b oilin g  a l c o h o l .  On c o o l in g ,  a w h ite ,  c r y s t a l l i n e  s o l i d  

se p a r a te d  from  th e  s o lu t i o n .  A f te r  r e e r y s t a l l i s i n g  s e v ­

e r a l  t im e s  from a lc o h o l ,  th e  M .P t. o f  t h i s  su b s ta n c e  was 

1 5 2 ° . T h is  i s  th e  M .P t. o f  b e n z a ld e h y d e -2 -b en zy  1 - 4 -  

p h e n y l-se m i carb az one w hich  was p rep ared  by B u sch , O p fer -  

mann and W a lth er1 by th e  a c t io n  o f  b en za ld eh y d e  on 

2 -b e n z y 1 - 4 -p h en y 1 - se m ic a r b a z id e  w hich  was o b ta in e d  from  

b e n z y lh y d r a z in e  and p h en y l i s o c y a n a t e .

A n a ly s is  con firm ed  th a t  th e  su b s ta n c e  

o b ta in e d  i n  th e  r e a c t io n  was b e n z a ld e h y d e -2 -b e n z y 1 - 4 -  

p h e n y l-s e m ic a r b a z o n e .

Found -  -  -  -  N = 12.£4^£.

0 31Hi e °H3 r e q u ir e s  N = 1 2 . 7 6 ^.

On ta k in g  th e  a lc o h o l i c  s o lu t io n  to  d r y n e s s ,  

a ta r r y  su b s ta n c e  was o b ta in e d . A fu r th e r  q u a n tity  o f  

b e n z a ld e h y d e -2 -b e n z y l-4  -pheny 1 -sem i carb az one was o b ta in e d  

b u t no o th e r  p ro d u cts  w ere i s o l a t e d .

B enz a ldehyd  e - 2 -b  en zy1 - s  emi c arb azone + p .T o lu ld in e .

4 . 5  gms. o f  b en za ld eh y d e- 2 -b e n z y l- s e m ic a r b -

^ e r  . 1 9 0 4 , 3 7 1 2327 •



azon e and 2 gm s. o f  p . t o l u i d i n e  w ere h e a te d  to g e th e r .

At 165° th e r e  was b r is k  e f f e r v e s c e n c e  and 

ammonia was g iv e n  o f f .  A l iq u id  was d i s t i l l i n g  in s i d e  

th e  f l a s k  b u t th e  tem p era tu re  was n o t  r a i s e d  h ig h  enough

t o  ca u se  i t  to  come o v e r .

The m ix tu re  was k ep t a t  I 6 5 - I 7 0 0 f o r  2 ’h o u r s .

I t  was th en  d i s t i l l e d  under a p r e s su r e  o f  15 mm.

When th e  b a th  tem p eratu re  was 140° a s u b s t ­

ance d i s t i l l e d  and s o l i d i f i e d  in  th e  c o n d e n se r . T h is  

was found to  be unchanged p . t o l u i d i n e .

The r e s id u e  in  th e  f la s k  was d is s o lv e d  o u t  

w ith  h o t  a lc o h o l .  A f te 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 t h i s  s o lv e n t ,  i t  m e lte d  a t  1 7 2 ° .

Found -  N = 1 2 .0 2 , 1 2 .1 3 ^ -

0 2aHs l °N 3 r e q u ir e s  N = 1 2 . 2 3 ^.

T h is  s u b s ta n c e , b e n z a ld e h y d e -2 -b e n z y l-4 -  

p .to ly l - s e m ic a r b a z o n e ,  i s  in s o lu b le  in  w a ter  and 

p etro leu m  e t h e r ,  s o lu b le  i n  h o t  a lc o h o l  and b en zen e  

and s l i g h t l y  s o lu b le  i n  h o t  e t h e r .



B e n z a ld e h y d e -2 -b e n z y l-se m ic a r b a z o n e  + B en zy la m in e .

Some b e n z a ld e h y d e -2 -b e n z y l-s e m ic a r b a z o n e  

was h e a te d  in  th e  same manner as b e fo r e  w ith  an e x c e s s  o f  

b en zy la m in e , about 1 5 ”2 0 ^ o v er  th e  e q u im o le c u la r  q u a n t i t y .

T h is  r e a c t io n  r e q u ir e d  a h ig h e r  tem p era tu re  

th an  th e  p r e v io u s  o n e . I t  was n o t  u n t i l  12>5° was rea ch ed  

t h a t  a s te a d y  stream  o f  ammonia was g iv e n  o f f .  The r e a c ­

t io n  appeared to  go q u ite  s t e a d i l y  fo r  about an hour when 

th e  e v o lu t io n  o f  ammonia ab ated  som ewhat. The m ix tu re  

was th en  c o o le d  to  some e x te n t  and an a ttem p t was made, 

as b e f o r e ,  to  d i s t i l  o f f  th e  v o l a t i l e  p r o d u c ts . In  t h i s  

c a s e ,  how ever, n o th in g  d i s t i l l e d  on ta k in g  th e  tem p era tu re  

o f  th e  b a th  up to  th e  r e a c t io n  tem p era tu re , 12>5 °> un d er a 

p r e s su r e  o f  14 mm.

The c o n te n ts  o f  th e  f l a s k  w ere th en  d i s s o l v ­

ed in  b o i l in g  a lc o h o l .  On c o o l in g ,  a c r y s t a l l i n e  s o l i d  

se p a r a te d  w h ich , a f t e r  fu r th e r  r e c r y s t a l l i s a t i o n  from  

a lc o h o l ,  m e lted  a t  171 ° . T h is  was shown by com parison  

and a n a ly s i s  to  b e sym. d ib e n z y 1 -u r e a .

Found ” “ ” ” * ~ 1 1 . 6 1 * .

0 l6 Hi6 OH2 r e q u ir e s  N = 1 1 .

On c o n c e n tr a t in g  th e  m other l iq u o r  a fu r th e r

q u a n tity  o f  s o l i d  s e p a r a te d . T h is  was found to  b e  a



m ix tu r e  o f  sym. d ib e n z y 1 -u r e a  and a n o th e r  s u b s ta n c e . A 

s e p a r a t io n  was b rou gh t about by th e  u s e ,  f i r s t  o f  c h lo r o -  

form  and th en  o f  b e n z e n e . I n  b o th  o f  t h e s e  s o lv e n t s  sym. 

d ib e n z y 1 -u r e a  i s  l e s s  s o lu b le  th an  th e  secon d  p ro d u ct o f  

th e  r e a c t io n .

The l a t t e r  su b s ta n c e  was th en  r e c r y s t a l l i s ­

ed s e v e r a l  t im e s  from a lc o h o l .  I t s  M. Pt .  was th e n  123«5°*  

T h is  su b s ta n c e  ap p ears to  be th e  norm al p ro d u c t , b e n z a l -  

d e h y d e -2 .4 -d ib e n z y 1 -se m io a r b a z o n e . I t  i s  s o lu b le  in  

e t h e r ,  a c e to n e  and ch lo ro fo rm  in  th e  c o ld ,  and in  h o t  

a lc o h o l  or  b e n z e n e . I t  i s  in s o lu b le  in  p etro leu m  e t h e r .

Found -  -  -  -  -  h = 1 2 .2 3 ^ -

Cs s H3 10N3 r e q u ir e s  N = 1 2 .2 4 ^ .

The m other l iq u o r ,  when f i n a l l y  e v a p o ra te d ,  

y ie ld e d  a ta r r y  su b sta n c e  from w hich  no o th e r  pure prod ­

u c t s  w ere i s o l a t e d .  I t  had a s tr o n g  s m e ll  o f  b e n z a ld e -  

h y d e .

On r e p e a t in g  t h i s  r e a c t io n  i t  was found  

p o s s ib l e  to  make i t  ta k e  p la c e  a t  a lo w er  tem p er a tu r e .

T h is  tim e th e  r e a c t io n  m ix tu re  was h e a te d  to  175°  f o r  

I / a h o u r s . I t  was th en  worked up in  th e  same manner a s  

b e fo r e  and a g a in  y ie ld e d  a m ix tu re  o f  sym. d ib e n z y 1 -u r e a  

and b e n z a ld e h y d e -2 . 4 -d ib e n z y 1 -se m ic a r b a z o n e .



A ceto p h e n o n e -2 -p h e n y l-sem ic a r b a z o n e  + A n i l in e .

7 gm s. o f  a c e to p h e n o n e -2 -p h e n y l- s e m ic a r b -  

azon e was h e a te d  s lo w ly  w ith  3 gm s. o f  a n i l i n e .

E f fe r v e s c e n c e  commenced v ery  s lo w ly  a t  135°  

and became s l i g h t l y  b r is k e r  a t  145°  when th e  s m e ll  o f  

ammonia f i r s t  became a p p a r e n t . The m ix tu r e  was k ep t a t  

t h i s  tem p era tu re  fo r  30 m in u te s . As th e  ammonia had b een  

com ing o f f  v ery  s lo w ly  th e  tem p era tu re  was th en  in c r e a s e d  

a g a in .  At 155°  th e r e  was a d e f i n i t e  in c r e a s e  in  th e  r a t e  

o f  e v o lu t io n  o f  th e  ammonia and th e  m ix tu r e  was k ep t a t  

t h a t  tem p era tu re  t i l l  th e  r e a c t io n  a b a te d . T h is  to o k  

p la c e  a t  th e  end o f  a fu r th e r  45 m in u te s .

The m ix tu re  was th en  c o o le d  and r a is e d  

a g a in  to  160° under 15 mm. p r e s s u r e .  A v ery  sm a ll quan­

t i t y  o f  a c l e a r  l iq u id  d i s t i l l e d  and s o l i d i f i e d  to  some 

e x te n t  in  th e  s id e - t u b e .  T h is  was n o t  i d e n t i f i e d .  No 

a n i l i n e  was o b ta in e d .

The s o l i d  r e s id u e  in  th e  f l a s k  was d i s s o lv e d  

in  b o i l in g  a lc o h o l .  A w h ite ,  c r y s t a l l i n e  su b s ta n c e  s e p ­

a r a te d  on c o o l in g .  T h is  was found to  b e a m ix tu r e  m e lt ­

in g  ov er  a w id e ran ge from 1 9 5 -2 2 5 °• I t  was t r e a t e d  w ith  

e th e r  and p a r t i a l l y  d i s s o lv e d .  The e th e r  e x t r a c t  was 

th e n  ta k en  to  d ry n ess  le a v in g  a s o l i d  r e s id u e .  T h is  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 a lc o h o l  a f t e r  w h ich  i t s  

M . P t .  was 104 ° . T h is  su b s ta n c e  was shown to  b e a c e t o -  

phenone p h en ylh yd razon e by com parison  w ith  a p rep ared  

specim en  o f  th a t  s u b s ta n c e .

The p a r t w hich  was in s o lu b le  or  l e s s  s o lu b le  

i n  e th e r  was a ls o  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  

a lc o h o l .  I t s  M . Pt .  was th en  23& °• T h is  su b sta n c e  was 

shown by com parison  to  b e sym. d ip h e n y l-u r e a .

No o th e r  p ro d u cts  w ere i s o l a t e d .

B en z a ld e h y d e -2 -m eth y l-se m ic a rb a zo n e  + A n i l i n e .

At 155~165°  f o r  *1 h o u r .

20 gm s. o f  b e n z a ld e h y d e -2 -m e th y l-se m ic a r b -  

a z o n e 1 and 13 gm s. o f  a n i l in e  w ere h e a te d  t o g e th e r  in  th e  

u s u a l  w ay. At 155° some ammonia was e v o lv e d . The temp­

e r a tu r e  o f  th e  m ix tu re  was k ep t a t  155-165°  f o r  one h o u r . 

I t  was th e n  c o o le d  and an a ttem p t was made to  d i s t i l  i t  

under red u ced  p r e s s u r e .  On r a i s in g  th e  tem p era tu re  some 

unchanged a n i l i n e  d i s t i l l e d .  10 gm s. o f  a n i l i n e  was 

o b ta in e d . No o th e r  p ro d u cts  d i s t i l l e d  on r a i s in g  th e  

tem p eratu re  to  1 6 5 0 under 4 mm. p r e s s u r e .

The s o l i d  r e s id u e  was th e n  d is s o lv e d  in

1Young & O a te s , J . C . 3 . 1 ^ 0 1 , [ ^ ,6 6 2 *



b o i l i n g  a lc o h o l .  On c o o l in g ,  a w h it e ,  c r y s t a l l i n e  s u b s t ­

an ce s e p a r a te d . T h is  was found to  c o n s i s t  o f  unchanged  

b e n z a ld e h y d e -2 -m e th y l-se m ic a r b a z o n e . The o n ly  o th e r  

p ro d u ct o b ta in e d , on e v a p o r a tio n  o f  th e  m other l iq u o r ,  

was a sm a ll q u a n tity  o f  a t h ic k ,  o i l y  s u b s ta n c e .

The r e a c t io n  was t h e r e f o r e  r e p e a te d  a t  a 

h ig h e r  tem p era tu re .

At 1 £>0° f o r  5 h o u r s .

The l a s t  r e a c t io n  was r e p e a te d  in  an a ttem p t  

to  b r in g  i t  to  c o m p le t io n .

9 gm s. o f  b e n z a ld e h y d e -2 -m e th y l-s e m ic a r b -  

azone and 6 gm s. o f  a n i l i n e  w ere h e a te d  t o g e t h e r .  The 

m ix tu re  was h e a te d  t h i s  tim e to  12>0 ° a t  w hich  tem p era tu re  

ammonia was b e in g  e v o lv e d  v ig o r o u s ly .  I t  was k ep t a t  

12>0 ° f o r  3 h ou rs when th e  r e a c t io n  a b a ted  to  some e x t e n t .  

I t  was th e n  d i s t i l l e d  as b e f o r e .  T h is  t im e  about 2 gm s. 

o f  unchanged a n i l in e  was r e c o v e r e d .

The s o l i d  r e s id u e  was d is s o lv e d  in  h o t  

a lc o h o l .  On c o o l in g ,  a w h ite  su b s ta n c e  c r y s t a l l i s e d  o u t .  

T h is  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 a lc o h o l  and 

th e n  from a sm a ll q u a n tity  o f  b en zen e w ith  th e  a d d it io n  

o f  p etro leu m  e t h e r .  I t  was o b ta in e d  from b o th  s o lv e n t s  

as c l u s t e r s  o f  sm a ll n e e d le s ,  M. Pt .  1 0 # ° .  T h is  i s  th e
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M .P t.  o f  b e n z a ld e h y d e -2 -m e th y l-4 ~ p h e n y l- s e m ic a r b a z o n e  

w hioh was prep ared  by B usoh , Opfermann and W a lth er1 by 

th e  a c t i o n  o f  b en za ld eh y d e  on 2 - m e th y l - 4  —p h e n y l - s e m ic a r b -  

a z i d e .  The l a t t e r  s u b s ta n c e  was o b ta in e d  from m e th y l— 

h y d r a z in e  and p h en y l i s o c y a n a t e .

Found -  -  - N  = 1 6 . 7 1 , 1 6 . 7 5 ^.

C18H i60H3 r e q u ir e s  N = 1 6 . 6 0 <fo.

I t  i s  e a s i l y  s o lu b l e  i n  e t h e r ,  b e n z e n e ,  

ch lo ro fo rm  and e t h y l  a c e t a t e ,  s o lu b l e  i n  h o t  a l c o h o l  and 

i n s o l u b l e  i n  p etro leu m  e t h e r .

B e n z a ld e h y d e -2 -m e th y l-se m ic a r b a z o n e  + B e n z y lam ine.

At 1 7 0 ° f o r  3 h o u r s .

20  gms. o f  b e n z a ld e h y d e -2 - m e th y l - s e m ic a r b -  

azone and 14 gms. o f  b en zy lam in e  were h e a te d  t o g e t h e r  i n  

th e  u s u a l  manner. T h is  sem icarbazone appeared  t o  be  

more s o lu b l e  i n  th e  amine than  any o f  th e  o t h e r s  p r e v ­

i o u s l y  u s e d .  I t  d i s s o l v e d  c o m p le te ly  b e f o r e  i t s  M .P t .  

was r e a c h e d .  There was no e v o lu t io n  o f  ammonia up to  

th e  tem p eratu re  a t  w hich  i t  had a l l  d i s s o l v e d .

The f i r s t  b u b b les  o f  g a s  were o b se rv ed  a t

^•Ber.1 9 0 4 ,3 7 * 2 3 2 4 .



153° but ammonia was n o t  g iv e n  o f f  s t e a d i l y  t i l l  about  

10° h i g h e r .  The m ix tu r e  was k ep t  a t  1 6 5 - 1 7 0 ° f o r  3 h r s .

I t  was th e n  c o o le d  and h e a te d  to  t h e  same tem p era tu re  

under 14 mm. p r e s s u r e .  N o th in g  d i s t i l l e d .  The r e s id u e  

i n  th e  f l a s k  was t r e a t e d  w ith  b o i l i n g  a l c o h o l .  On c o o l ­

in g ,  a s u b s ta n c e  c r y s t a l l i s e d  i n  th e  form o f  lon g  n e e d l e s .  

A f t e r  f u r t h e r  r e c r y s t a l l i s a t i o n  from a l c o h o l ,  th e  M .P t.  

was 171 ° .  T h is  was shown by com parison  to  be  sym. d ib e n ­

zy 1 -u r e a .

The m other l iq u o r  was c o n c e n tr a te d  b u t  

n o th in g  f u r t h e r  s e p a r a te d  and i t  was f i n a l l y  ta k en  to  

d ry n ess  under reduced  p r e s s u r e .  The r e s i d u e  was a red  

o i l .  T h is  was th en  d i s s o l v e d  i n  h o t  b en zen e  but i t  was 

e v e n t u a l ly  found n e c e s s a r y  to  remove t h i s  s o lv e n t  a l3 0 ,  

n o th in g  h a v in g  s e p a r a te d .  The a d d i t io n  o f  p etro leu m  

e th e r  r e p r e c i p i t a t e d  th e  o i l .  A f te r  th e  o i l  had b een  

l e f t  to  s ta n d  f o r  two d a y s ,  more s o l i d  s e p a r a te d  and was 

removed from th e  o i l  by f i l t r a t i o n .  T h is  was a f u r t h e r  

q u a n t i ty  o f  sym. d ib e n z y l - u r e a .

A p o r t io n  o f  th e  o i l  was d i s t i l l e d  u n d er  a 

p r e s s u r e  o f  2 mm. The d i s t i l l a t e  was a p a le  y e l l o w  o i l .  

The B . P t .  a t  t h i s  p r e s su r e  was about 125°* The tem per­

a tu r e  o f  th e  b a th  was I 7 0 0 . T h is  p o r t io n  o f  th e  o i l  

was r e d i s t i l l e d .  A f t e r  s ta n d in g  f o r  s e v e r a l  days i t



3howed s ig n s  o f  s o l i d i f y i n g .  The rem ainder o f  t h e  o i l  

was th e n  d i s t i l l e d  under a p r e s s u r e  o f  l e s s  th an  1 mm. 

up t o  a b a th  tem p era tu re  o f  12>5°» The d i s t i l l a t e ,  w hich  

was r e d i s t i l l e d ,  s o l i d i f i e d  i n  th e  r e c e i v e r .  A f t e r  

p r e s s i n g  out on a porous p l a t e  t h i s  s u b s ta n c e  was found  

to  h ave  a M .P t .  o f  6 0 ° .  I t  was r e c r y s t a l l i s e d  by d i s s o l v ­

in g  i n  a sm a ll  q u a n t i t y  o f  e th e r  and p r e c i p i t a t i n g  w ith  

p etro leu m  e t h e r .  A f t e r  r e p e a t in g  t h i s  s e v e r a l  t im e s ,  th e  

s u b s ta n c e  was o b ta in e d  as lo n g ,  c o l o u r l e s s  n e e d l e s ,  M .P t.  

6 3 ° .

I t  i s  e a s i l y  s o lu b l e  i n  th e  c o ld ,  i n  a l c o h o l ,

e t h e r ,  b en zen e ,  c h lo ro fo rm , e t h y l  a c e t a t e  and carbon

d is u lp h id e  and i s  i n s o l u b l e  i n  p e tro leu m  e t h e r .

A n a l y t i c a l  r e s u l t s  i n d i c a t e  as i t s  e m p ir ic a l  

fo rm u la , 0 17H3;l0 3N3 , b u t i t s  c o n s t i t u t i o n  h a s  n o t  b een  

d eterm in ed .

Found - - - - -  o = 7 1 -9 3 ,  H = 7 - 1 3 ,  N = 9 -6 3 ^ -

C17H310 2N3 r e q u ir e s  C = 7 1 H = 7-37> N = 9 -# 2 ^ .

Found -  -  -  M ol.W t. = 240 (By E a s t ' s  M ethod).

° i 7H3 i ° 2K3 r e q u ir e s  Mol.W t. = 2 # 5 .

The q u a n t i ty  o f  s u b s ta n c e  a v a i l a b l e  f o r  t h i s  

m o le c u la r  w e ig h t  d e te r m in a t io n  was n o t  s u f f i c i e n t  to



en su r e  an a c c u r a te  r e s u l t .

There was a r e s id u e  i n  t h e  f l a s k  a f t e r  

d i s t i l l i n g  up to  1#5° h u t  when a t te m p ts  w ere made to  

d i s t i l  t h i s  a t  a h ig h e r  tem p eratu re  i t  decom posed.

At 1 7 0 ° f o r  1 h o u r .

The p r e c e d in g  r e a c t i o n  was r e p e a te d  under  

s l i g h t l y  d i f f e r e n t  c o n d i t i o n s .

13 gms. o f  b e n z a ld e h y d e -2 r m e th y l- s e m ic a r b -  

azone and 1 0 . 5 gms. o f  b en zy lam in e  were h e a t e d  to  1 7 0 ° .  

The m ix tu re  was c o o le d  a t  th e  end o f  one h o u r .  I t  was 

th e n  d i s t i l l e d  up to  I 7 0 0 under 6 mm. p r e s s u r e .  From 

140° (b ath  t e m p .) ,  a c l e a r  l i q u i d  d i s t i l l e d  and s o l i d ­

i f i e d  i n  th e  c o n d e n se r .  I t s  B .P t .  was 9 0 ®. T h is  s o l i d
O

appeared to  be h y g r o s c o p ic  and i t s  aqueous s o l u t i o n  was 

a l k a l i n e  to  l i tm u s  a lth o u g h  n o t  s t r o n g ly  s o .  A f t e r  

p r e s s in g  on a porous p l a t e  and l e a v in g  i n  an e v a cu a ted  

d e s i c c a t o r  f o r  two d a y s ,  i t s  M .P t.  was found to  b e  2>2>-2>9 

A f t e r  t h i s  tr e a tm e n t ,  an attem p t was made to  c r y s t a l l i s e  

i t  from dry b e n z e n e .  On s ta n d in g ,  a s u b s ta n c e  M .P t.  204 

s e p a r a te d  from t h i s  s o l u t i o n .  A f t e r  f i l t e r i n g  t h i s  o f f ,  

t h e  f i l t r a t e  was c o n c e n tr a te d  b u t th e  o n ly  p rod u ct  

o b ta in e d  was a t h ic k  o i l  s m e l l in g  o f  b e n z a ld e h y d e .  The 

su b s ta n c e  M .P t .  2 0 4 ° ,  o f  w hich th e r e  was o n ly  a m inute



q u a n t i t y ,  was th e n  r e c r y s t a l l i s e d  from b e n z e n e ,  when th e  

M .P t.  r o s e  t o  2 0 7 ° .

A n a ly s i s  i n d i c a t e s  th e  e m p ir ic a l  fo rm u la ,  

nCc^H^^gOjjNg). The q u a n t i t y  o b ta in e d  was i n s u f f i c i e n t  

f o r  a m o le c u la r  w e ig h t  d e te r m in a t io n .

Found - - - - -  c = 5 9 -7 0 ,  H = 5 - 4 1 ,  N = 1 2 .6 6 ^ .

0 13LHl 8OsH8 r e q u ir e s  C = 6 0 .0 1 ,  H = 5 - 4 5 ,  N = 1 2 .7 3 ^ .

The r e s id u e  a f t e r  d i s t i l l a t i o n  was d i s s o l v e d  

i n  h o t  a l c o h o l .  On c o o l i n g ,  a c r y s t a l l i n e  s o l i d  was 

o b ta in e d  M .P t .  171°* T h is  was shown by com parison  t o  b e  

sym. d ib e n z y 1 - u r e a .

The m other l iq u o r  was th e n  c o n c e n tr a te d  on  

th e  w a ter  b a th .  A f t e r  s ta n d in g  f o r  some t im e ,  a s o l i d  

came ou t o f  s o l u t i o n .  T h is  was f i l t e r e d  o f f  and b o i l e d  

w ith  e t h e r .  I t  was p a r t i a l l y  s o l u b l e .  On c o o l in g  t h e  

e t h e r e a l  e x t r a c t ,  a c r y s t a l l i n e  su b s ta n c e  s e p a r a te d  o u t .  

A f t e r  r e c r y s t a l l i s a t i o n  th e  M .Pt. was 1 0 6 ° .  The p o r t io n  

o f  th e  su b s ta n c e  w hich  was i n s o l u b l e  i n  e th e r  was d i s s ­

o lv e d  i n  b o i l i n g  a l c o h o l .  On c o o l i n g ,  a m ix tu r e  was 

o b ta in e d  c o n s i s t i n g  o f  n e e d le s  and l a r g e  rhom boidal  

p l a t e s .  These p l a t e s  were v ery  la r g e  and were e a s i l y  

se p a r a te d  m e c h a n ic a lly  from th e  n e e d l e s .  The n e e d l e s  

were shown to  be sym. d ib en zy  1 -u r e a .  The p l a t e s  w ere



i d e n t i c a l  w i th  th e  s u b s ta n c e  w hich  had b een  e x t r a c t e d  

p r e v io u s ly  w i th  e t h e r .  T h is  s u b s ta n c e ,  M .P t .  1 0 6 ° ,  i s  

t h e  normal p rod u ct o f  t h e  r e a c t i o n ,  b© nzaldehyde- 2 -  

m e th y l -4 -b e n z y l - s e m ic a r b a z o n e .

Found -  -  -  -  0 = 71 . £ 5 , H = 6 . 1 3 ,  N = 1 5 -9 6 jg.

C1oH1701*3 r e q u ir e s  C = 7 1 - 9 1 ,  H = 6 . 3 6 , N = 15 -7 2 ^ .

The rem ainder o f  t h e  a l c o h o l  was e v a p o ra ted

from th e  m other l iq u o r  on th e  w a ter  b a th .  The r e s id u e

was a v ery  t h i c k ,  brown o i l .  T h is  was t r e a t e d  w i th  e t h e r .  

The e t h e r e a l  s o l u t i o n  c o n t a in in g  th e  more s o lu b l e  p a r t  o f  

t h e  o i l  was d eca n ted  and d r ie d  o v e r  sodium s u lp h a t e .  On 

a d d i t i o n  o f  p etro leu m  e t h e r ,  th e  o i l y  s u b s ta n c e  was 

o b ta in e d  once m ore. The e th e r  and p e tro leu m  w ere d i s t i l ­

l e d  o f f .  A f t e r  th e  o i l  had b een  l e f t  t o  s ta n d  i n  an 

e v a cu a ted  d e s i c c a t o r  f o r  s e v e r a l  d a y s ,  an a ttem p t was 

made t o  d i s t i l  i t .  On h e a t in g  i t  t o  1£0° under 2 ram. 

p r e s s u r e ,  a sm a l l  q u a n t i ty  o f  a c l e a r  y e l lo w  o i l  d i s t i l l ­

e d .  I t  was f i n a l l y  h e a te d  t o  2 0 0 ° under a p r e s s u r e  o f  

1 mm. but o n ly  a few more drops o f  t h e  o i l  were o b t a in e d .  

D eco m p o sit io n  commenced a t  t h i s  tem p era tu re  and t h e  

d i s t i l l a t i o n  was s to p p e d .

T h is  o i l  was s im i l a r  i n  ap pearance and had  

th e  same odour as  th e  o i l  from which was o b ta in e d  t h e  

s u b s ta n c e ,  M .P t.  6 3 ° .  A lthough t h i s  o i l  showed s i g n s  o f



g o in g  s o l i d ,  th e  s u b s ta n c e  M .P t .  6 3 ° h a s  n o t  b een  i s o l ­

a te d  from i t .

B e n z a ld e h y d e -2 -m e th y l-4 -p h e n y l- s e m io a r b a z o n e  + A n i l i n e .

3*5  gms. o f  b e n z a ld e h y d e - 2 - m e t h y l - 4 - p h e n y l -  

sem icarb azon e and 1 . 3  gms. o f  a n i l i n e  were h e a te d  t o g e t h ­

e r .  The m ix tu r e  was k ep t a t  1o0° f o r  4 h o u r s .  I t  was 

th e n  c o o le d  and d i s t i l l e d  under red u ced  p r e s s u r e  t o  1 7 0 ° .  

Some unchanged a n i l i n e  was th e  o n ly  d i s t i l l a t e  o b t a in e d .

The r e s i d u e ,  a c l e a r ,  r e s in o u s  su b s ta n c e ,  

was d i s s o l v e d  i n  h o t  a l c o h o l .  On c o o l in g  and a l lo w in g  to  

s ta n d  f o r  some t im e ,  a w h ite  c r y s t a l l i n e  s u b s ta n c e  s e p a r ­

a te d ,  M .P t. 1 0 7 ° .  T h is  su b s ta n c e  was shown by com parison  

t o  b e  unchanged b e n z a ld e h y d e -2 -m e th y l -4 -p h e n y l - s e m ic a r b -  j
;i

a z o n e .

A f te r  f i l t e r i n g  o f f  t h i s  s u b s ta n c e ,  th e  

m other l iq u o r  was c o n c e n tr a te d  on th e  w a ter  b a t h .  j

N o th in g  h a v in g  s e p a r a te d ,  th e  rem ain ing  a l c o h o l  was 

removed i n  an ev acu ated  d e s i c c a t o r .  The m ix tu r e  o f  s o l i d  

and o i l  w hich  remained was p r e s s e d  on a porous p l a t e  and 

l e f t  i n  an ev a cu a ted  d e s i c c a t o r  f o r  two d a y s .  A ttem pts  

were made to  c r y s t a l l i s e  t h i s  m ix tu re  from v a r io u s  

s o l v e n t s .  A f u r th e r  q u a n t i ty  o f  b e n z a ld e h y d e -2 -m e th y l -



-4 -p h e n y l- s e m ic a r b a z o n e  was o b ta in e d  b u t  a p a r t  from t h i s  

th e  p r o d u c ts  were o f  an o i l y  or  r e s in o u s  n a t u r e .

B e n z a ld e h y d e -2 -m e th y l-4 -b e n z y l- s e m io a r b a z o n e  + B e n z y l ­

amine .

E q u im olecu lar  q u a n t i t i e s  o f  b e n z a ld e h y d e -  

-2 -m e th y l -4 -b e n z y l - s e m ic a r b a z o n e  and b en zy la m in e  were  

m ixed and t h e  m ix tu r e  h e a te d  to  I 7 0 0 f o r  h o u r s .  At 

th e  end o f  t h i s  t im e ,  i t  was c o o le d  and th e n  h e a te d  under  

16 mm. p r e s s u r e .  N o th in g  d i s t i l l e d  on h e a t in g  th e  m ix t ­

u r e  to  17 0 0 under t h i s  p r e s s u r e .  The c o n t e n t s  o f  th e  

f l a s k  were th e n  d i s s o l v e d  i n  b o i l i n g  a l c o h o l .  On c o o l i n g ,  

a su b s ta n c e  c r y s t a l l i s e d  i n  th e  form o f  lo n g  n e e d l e s ,

M .P t.  171 ° .  T h is  was shown by com parison  to  be sym. 

d ib e n z y l - u r e a .

On c o n c e n tr a t in g  th e  m other l i q u o r ,  a 

sm a ll  q u a n t i ty  o f  unchanged b e n z a ld e h y d e -2 - in e th y l -4 -  

b e n z y l-s e m ic a r b a z o n e  was o b ta in e d .  The unchanged s u b s t ­

ance amounted to  l i t t l e  more than  a t r a c e .  When t h e  

rem ain ing  a l c o h o l  was removed th e  r e s i d u e  was found to  

c o n s i s t  o f  an o i l  from w hich  no o th e r  pure p r o d u c ts  w ere  

i s o l a t e d .



B en za ld e h y d e -2 -m eth y l-sem io a r b a z o n e  + Q g-P h en y leth y lam in e.

2>*7 gms. o f  b e n z a ld e h y d e -2 -m e th y l - s e m ic a r b -  

azone was h e a te d  w ith  7 gms. o f  racem io  o c -p h e n y le th y l-  

am ine. The m ix tu re  was h e a te d  to  175° f o r  45 m in u te s .  

Ammonia was e v o lv e d  a t  t h i s  te m p e r a tu r e .  On c o o l i n g ,  a 

s o l i d  s e p a r a te d  from th e  m ix tu r e .  T h is  was shown to  be  

unchanged b e n z a ld e h y d e -2 -m e th y l- se m ic a r b a z o n e  and th e  

m ix tu r e  was t h e r e f o r e  h e a te d  a g a in .  I t  was k e p t  a t  175” 

12>0o f o r  a f u r t h e r  l / 4 h o u r s .  I t  was th en  d i s t i l l e d

under reduced p r e s s u r e .  A few drops o f  a - p h e n y l e t h y l -

amine was o b t a in e d .

The r e s id u e  was d i s s o l v e d  i n  h o t  a l c o h o l .

On c o o l i n g ,  unchanged b e n z a ld e h y d e -2 -m e th y l- se m ic a r b a z o n e  

came out o f  s o l u t i o n .  On c o n c e n t r a t in g  th e  m other l iq u o r  

a n o th er  w h ite  c r y s t a l l i n e  su b s ta n c e  was o b t a in e d .  A f te r  

r e c r y s t a l l i s a t i o n  from a l c o h o l ,  i t  m e lte d  a t  179-1  ^0 ° • 

O h ls s o n 1 g i v e s  th e  M .P t. o f  sym. d i (o c -p h e n y le th y l )u r e a  

(from th e  racem ic  amine) as 1 # 0 ° .

Found -  -  -  ~ N = 1 0 . 7 4 ^.

0 17HsG°N3 r e q u ir e s  N = 1 0 .4 4 ^ .

F u rth er  c o n c e n t r a t io n  o f  th e  m other l iq u o r  

y i e l d e d  o n ly  an o i l .

xB e r . 1 9 1 6 ,4 9 ,1 3 4 1  •



A P P E N D I X  .

The A c t io n  o f  C arbonyl C h lo r id e  on A ce to n e  P h e n y lh y d r -

a z o n e .

A ttem pted  Form ation o f  A o e to n e -2 -p h e n y l- -4 -b e n z y l-a e m i-  

c a r b a z o n e .

T h e o r e t i c a l .

Y/hen i t  was found t h a t  t h e  r e a c t i o n  o f  

a c e t o n e - 2 -p h e n y l-se m ic a r b a z o n e  w ith  b en zy la m in e  d id  n o t  

go i n  th e  way a n t i c i p a t e d ,  i t  was th o u g h t  t h a t  some o f  

th e  p ro d u cts  o f  t h a t  r e a c t i o n  m ight b e  d e c o m p o s it io n  

p ro d u cts  o f  a c e t o n e - 2 - p h e n y l - 4 “b e n z y l - s e m ic a r b a z o n e .

I t  was t h e r e f o r e  p rop osed  to  a ttem p t th e  

p r e p a r a t io n  o f  t h i s  su b s ta n c e  by some o th e r  method and 

th e n  t o  study  i t s  d e c o m p o s it io n  p r o d u c t s .

Busch and W alth er1 found t h a t  c a r b o n y l  

c h l o r i d e  r e a c te d  w ith  b en za ld eh yd e  p h en ylh yd razon e  

a c c o r d in g  to  t h i s  e q u a t io n ,

Ph.OHsN.NHPh + COGlg = Ph.CH:H.N (Ph) .0001  + HOI.

The r e a c t i o n  was c a r r i e d  out i n  b en zen e

’B ar .  1903,36,133®.



s o l u t i o n ,  p y r id in e  b e in g  added to  ta k e  up th e  h y d r o c h lo r ­

i c  a c i d .

They a l s o  showed t h a t ,  i f  th e  prod u ct from  

t h i 3  r e a c t i o n  were d i s s o l v e d  i n  a l c o h o l  and a q u a n t i t y  o f  

a n i l i n e  r e p r e s e n t in g  two m o le c u le s  w ere added, and t h e  

m ix tu r e  warmed, b e n z a ld e h y d e -2 .4 -d ip h e n y l- s e m ic a r b a z o n e  

was o b t a in e d .

Ph.CH:N.N(Ph) .0001  + NH2Ph

Ph.GH :N .N (Ph) .00 .NHPh + H01

I t  was hoped t h a t  a c e to n e  p h en ylh yd razon e  

would r e a c t  i n  th e  same way w ith  c a r b o n y l  c h lo r id e  and 

t h a t  th e  product o f  t h i s  r e a c t i o n  m ight r e a c t  w ith  b e n z y l ­

amine to  g i v e  a c e t o n e -2 - p h e n y l -4 - b e n z y l - s e m ic a r b a z o n e .

I t  was found t h a t  th e  f i r s t  r e a c t i o n  took  

p la c e  i n  th e  same way as w ith  b en za ld eh y d e  p h en y lh y d ra zo n e .  

The product from th e  second  r e a c t i o n ,  how ever, was n o t  

a c e to n e -2 - p h e n y l -4 - b e n z y l - s e m ic a r b a z o n e .  The a n a l y t i c a l  

r e s u l t s  o b ta in e d  a g ree  f a i r l y  w e l l  w ith  th e  t h e o r e t i c a l  

f i g u r e  f o r  2 - p h e n y l - 4 - b e n z y l - s e m ic a r b a z id e .  I t  i s  p o s s ­

i b l e  t h a t  h y d r o l y s i s  took  p la c e  d u rin g  th e  second  r e a c ­

t i o n .  T h is  i n v e s t i g a t i o n  has n o t  b een  c o n t in u e d .



E x p e r im e n ta l.

When t h i s  r e a c t i o n  was c a r r i e d  ou t f i r s t ,  

th e  method u se d  by Busch and W alther f o r  a s i m i l a r  r e a c ­

t i o n  was f o l lo w e d  e x a c t l y .

10 gms. o f  a c e to n e  p h en y lh yd razon e  was d i s ­

s o lv e d  i n  150  c c s .  o f  b en zen e  and 7*5  gms. o f  p y r id in e  

was added. The m ix tu re  was th e n  added g r a d u a l ly  t o  60 

gms. o f  a 2 0 ^ s o l u t i o n  o f  phosgene i n  t o lu e n e  which was 

c o o le d  d u rin g  th e  a d d i t i o n .  On sh ak in g  up w i th  w a ter  to  

remove p y r id in e  h y d r o c h lo r id e  a s o l i d  began  t o  s e p a r a te  

from th e  b en zen e  s o l u t i o n .  The w a ter  was run o f f  and 

t h e  s o l i d  f i l t e r e d  from th e  b e n z e n e .  A f t e r  r e c r y s t a l l -  

i s i n g  from b e n z e n e - a lc o h o l  m ix tu re  and from e t h y l  a c e t a t e  

i t  m e lte d  a t  1 6 2 ° .  The y i e l d  was p o o r .

I t  was found t h a t  a b e t t e r  y i e l d  was o b t a in ­

ed by w orking up i n  t h i s  way. A f te r  adding t h e  s o l u t i o n  

o f  a c e to n e  phenylhydrazone e t c .  to  th e  c o o le d  s o l u t i o n  

o f  p h o sg en e , th e  m ix tu re  i s  l e f t  t o  s ta n d  f o r  some t im e .  

The l i q u i d  i s  th en  poured o f f  from th e  p y r id in e  h y d ro ­

c h lo r id e  w hich h as  s e p a r a te d .  The l a t t e r  i s  d i s s o l v e d  

i n  w ater  and th e  aqueous s o l u t i o n  i s  e x t r a c t e d  w ith  b e n ­

z e n e ,  th e  b en zen e  e x t r a c t  b e in g  a f te r w a r d s  added to  th e  

b e n z e n e - to lu e n e  mother l i q u o r .  T h i3 i s  th e n  ev a p o ra ted



t o  d r y n e ss  under red u ced  p r e s s u r e .  The' r e s id u e  i s  r e c r y s t  

a l l i s e d  as b e f o r e .

Found -  -  -  -  -  N = 13 • 56

C1oH i10N2C1 r e q u ir e s  N = 13*34^.

A ttem pted  Form ation  o f  A c e to n e -2 -p h e n y 1 - 4 -b e n z y 1 -s e m i-  

o a r b a z o n e .

About 0 . 5  gm. o f  th e  compound o b ta in e d  from  

th e  l a s t  r e a c t i o n  was d i s s o l v e d  i n  a l c o h o l .  0 . 5  gm. o f  

b en zy lam in e  was added and th e  m ix tu r e  warmed on t h e  w a te r  

b a th  f o r  about 10 m in u te s .  On s ta n d in g  o v e r n ig h t ,  a 

w h ite  s u b s ta n c e  had s e p a r a te d .  A f t e r  r e c r y s t a l l i s i n g  

from b en zen e  th e  M .P t.  was 1 1 4 ° .

The su b s ta n c e  i s  s l i g h t l y  s o lu b l e  i n  c o ld  

w a te r ,  e a s i l y  i n  h o t .

Found -  -  -  -  N = 17 • 20

2 - P h e n y l-4 -b e n 2 y l - s e m ic a r b a z id e  r e q u ir e s  N = 1 7 .4 2 ^ .



The A c t io n  o f  P o ta ssiu m  C yanate i n  G la c ia l  A c e t ic  A cid  on

( i )  A cetophenone P h e n y lh y d r a z o n e .

( i i )  Benzophenone P h en y lh y d ra zo n e .

T h e o r e t i c a l .

The number o f  2 - s u b s t i t u t e d  sem ica rb a zo n es  

w h ich  have been  d e s c r ib e d  i s  somewhat l i m i t e d .  I n  o r d e r  

to  ex ten d  t h e  sco p e  o f  t h i s  work i t  was d e s i r a b l e  to  

o b t a in  more o f  t h e s e  s u b s ta n c e s .

A c e to n e -2 -p h e n y l-s e m ic a r b a z o n e  i s  p rep a red  

by t h e  a c t i o n  o f  p o ta ss iu m  c y a n a te  on a c e to n e  p h e n y lh y d r ­

azone i n  g l a c i a l  a c e t i c  a c id  s o l u t i o n .  B en za ld eh yd e  

b en zy lh y d ra zo n e  a l s o  r e a c t s  i n  t h i s  w ay1 b u t  b en za ld eh y d e  

p h en ylh yd razon e w i l l  n o t  r e a c t  under t h o s e  c o n d i t i o n s 3 .

A ce to p h e n o n e -2 -p h e n y l-se m ic a r b a z o n e  i s  

known3 b u t was n o t  prepared  i n  t h i s  way. I t  was d e c id e d  

to  i n v e s t i g a t e  w hether acetophenone p h en y lh yd razon e  

would r e a c t  w ith  p o ta ss iu m  c y a n a te  i n  t h e  same way as  

a c e to n e  p h en y lh yd razon e .

The s u b s ta n c e  o b ta in e d  had ap p ro x im a te ly  

th e  same n i t r o g e n  c o n te n t  as a ce to p h en o n e-2 -p h en y 1 -s© m i-

xS ee  page 117*

aB a i l e y  & Read, J»A.C •S .  1 9 1 5 ,3 7 ,1  *

3R o l l a ,  G . 3 * , ( i ) , 3 2 7 .  See  p a g e 1 1 g .



carbazone* I t s  M .P t .  was 1^3°, how ever , w hereas t h a t  o f  

a c e to p h e n o n e -2 -p h e n y l-s e m ic a r b a z o n e  i s  g iv e n  by R o l la  as  

1 2 2 ° .  (I have  shown t h i s  to  be 1 2 6 ° ) .

A ce to p h en o n e-4 - p h e n y l - 3 em icarbazone m e l t s  a t  

1$7 ° hut a m ix tu re  o f  t h a t  s u b s ta n c e  w ith  th e  p rod u ct  o f  

th e  r e a c t i o n  showed, a d i s t i n c t  d e p r e s s io n  o f  M .P t.

A cetophenone was removed by h y d r o l y s i s  from  

th e  p r o d u c t ,  M .P t.  1^3 ° ,  and a c e to n e  was made to  r e a c t  

w it h  th e  r e s i d u e .  The product o f  t h i s  r e a c t i o n  m e lte d  

a t  156° w hich  i s  th e  M .P t.  o f  a c e t o n e - 4 -p h e n y 1 -s e m ic a r b -  

a z o n e .  However, i t  was shown by a d e p r e s s io n  o f  M .P t.  

th a t  th e  p roduct o f  th e  r e a c t i o n  was n o t  i d e n t i c a l  w ith  

t h a t  sub s t  anc e •

The a c t i o n  o f  p o ta ss iu m  c y a n a te  i n  g l a c i a l  

a c e t i c  a c id  on benzophenone p h en ylh yd razon e was a l s o  

t r i e d .  I n  t h i s  c a s e ,  t h e r e  was no r e a c t i o n ,  th e  b e n z o ­

phenone phenylhydrazone b e in g  r e c o v e r e d  unchanged .



E x p e r im e n ta l.

( i )  1 0 .5  gms. o f  acetop h en on e  p h en y lh yd razon e

was d i s s o l v e d  i n  about 3°  c o s .  o f  g l a c i a l  a c e t i c  a c id  

and 5 gms. o f  p o ta ss iu m  c y a n a te  was added to  th e  s o l u t i o n  

w hich  was w e l l  shaken d u r in g  th e  a d d i t i o n .  The m ix tu r e

was th e n  warmed to  about 6 0 ° f o r  15 m in u te s  and l e f t  t o

s ta n d .  On c o o l i n g ,  some unchanged a cetop h en on e  p h e n y l­

hydrazone s e p a r a te d .  S u f f i c i e n t  a c e t i c  a c id  was added  

to  keep  t h i s  i n  s o l u t i o n  and a f u r t h e r  5 gms. o f  p o t a s s ­

ium c y a n a te  was added. The m ix tu re  was h e a t e d  to  6 0 °  

f o r  1J/S h o u r s .  The tem p eratu re  was r a i s e d  to  2>0° and 

th en  a l lo w e d  to  c o o l .  On th e  a d d i t io n  o f  w a ter  to  a 

s m a ll  p o r t io n ,  acetop h en on e p h en ylh yd razon e was p r e c i p ­

i t a t e d .  However, on c o o l i n g  th e  s o l u t i o n  i n  i c e ,  a 

s o l i d  s e p a r a te d  w h ich , a f t e r  many r e c r y s t a l l i s a t i o n s  

from a l c o h o l ,  m e lte d  a t  12>3°«

Found -  -  -  -  N = 1 6 . 7 2 ^.

C^H-jgONg r e q u ir e s  N = I 6 . 6 0 jg.

The su b s ta n c e  was th e n  h y d r o ly s e d  w i th  

h y d r o c h lo r ic  a c id  and th e  acetop h en on e was e x t r a c t e d  w i th  

e t h e r .  On t h e  a d d i t io n  o f  a c e to n e  and sodium a c e t a t e  

a s u b s ta n c e  was o b ta in e d ,  M .P t.  1 5 6 ° .  A m ix tu r e  o f  t h i s



su b s ta n c e  w i th  a c e to n e -4 -p h e n y l- s e m io a r b a z o n e  showed a 

d e p r e s s io n  o f  M .P t .

( i i )  17 gms. o f  benzophenone p h en y lh yd razon e  was

d i s s o l v e d  i n  about 175  o c s .  o f  h o t  g l a c i a l  a c e t i c  a c i d .

5 gms. o f  p o ta ss iu m  c y a n a te  was added g r a d u a l ly  t o  t h e  

warm s o l u t i o n  w hich was k ep t  a t  a s u f f i c i e n t l y  h ig h  temp­

e r a tu r e  t o  en su re  t h a t  th e  benzophenone p h en y lh yd razon e  

sh o u ld  rem ain  i n  s o l u t i o n .

A f t e r  t h e  a d d i t io n  o f  t h e  p o ta ss iu m  c y a n a te  

th e  m ix tu r e  was k e p t  a t  7 ° ~ 7 5 ° f o r  about 2% h ours and 

was th e n  c o o le d .  Benzophenone p h en y lh yd razon e  was 

r e c o v e r e d  unchanged .

More a c e t i c  a c id  was added as  benzophenone  

p h en ylh yd razon e i s  v ery  s p a r in g ly  s o l u b l e .  A f u r t h e r  

5 gms. o f  p o ta ss iu m  c y a n a te  was added g r a d u a l ly  and t h e  

s o l u t i o n  was warmed to  7 0 °  f o r  4 h o u r s .  Benzophenone  

ph en ylh yd razon e was a g a in  r e c o v e r e d  unchanged .



The A c t io n  o f  P h en y l I s o c y a n a te  on A ceto n e  P h e n y l­

hydrazone .

T h e o r e t i c a l .

Whybum and B a i l e y 1 h e a t e d  p h en y l i s o c y a n ­

a t e  and a c e to n e  p h en ylh yd razon e i n  a s e a l e d  tu b e  to  100°  

and o b ta in e d  a su b s ta n c e  M .P t.  I 9 I 0 w h ich  th ey  s t a t e  to  

b e a c e t o n e -2 .4 -d ip h e n y  1 -g em ica rb a zo n e .

On h e a t in g  t h e s e  s u b s ta n c e s  to  100° u n d er  

r e f l u x  i n  a sm a ll  q u a n t i ty  o f  b e n z e n e ,  t h i s  s u b s ta n c e  

was n o t  o b t a in e d .  Two p ro d u cts  were o b ta in e d ,  one m e l t ­

in g  a t  2 0$°  and th e  o th e r  a t  13^°* The l a t t e r  s u b s ta n c e  

was a n a ly se d  and gave  f i g u r e s  ap p rox im atin g  to  th e  t h e o r ­

e t i c a l  f i g u r e s  f o r  a c e to n e -2 .4 -d ip h e n y 1 - s e m ic a r b a z o n e .

On a c t i n g  on 2 . 4 .d ip h e n y l - s e m ic a r b a z id e  

w ith  a c e t o n e ,  a su b s ta n c e  was o b t a in e d ,  M .P t.  13^°,  

w hich  was shown to  be i d e n t i c a l  w ith  t h e  su b s ta n c e  o b t a in ­

ed from th e  above r e a c t i o n .

Thermal D e c o m p o s it ion o f  th e  S u b sta n c e ,  M .P t .1 3 # ° .

A ce to n e - 2 -p h en y 1 -sem ica rb a zo n e  decom poses  

on h e a t in g  to  g i v e  a c e to n e  p h enylhydrazone and c y a n ic  

a c id ,  th u s ,

■‘'Whyburn & B a i l e y ,  J .A .Q .3 .1 9 2 2 > ,50.,9 1 2 .



(CHj^O :N .N (Ph.) .CO »NHa = (CH3)3C :H .HHPh + CONH

I t  was e x p e c te d ,  t h e r e f o r e ,  t h a t  a c e t o n e -  

2 . 4 -d ip h e n y 1 -se m ic a r b a z o n e  would decompose i n  a s i m i l a r  

manner, g i v i n g  a c e to n e  p h en ylh yd razon e and p h en y l i s o ­

c y a n a t e .  I t  was found t h a t  th e  s u b s ta n c e  M .P t . 132>° 

behaved  i n  t h i s  way. A q u a n t i ty  o f  sym. d ip h e n y l -u r e a ,  

how ever , was a l s o  fo u n d . P h en y l i s o c y a n a t e  g i v e s  sym. 

d ip h e n y l  u r e a  w i th  a n i l i n e  or w a ter  b u t  i t  i s  d i f f i c u l t  

t o  e x p la in  how e i t h e r  o f  t h e s e  s u b s ta n c e s  c o u ld  b e  p r e s ­

e n t .  No aqueous s o l v e n t s  were u se d  i n  th e  p u r i f i c a t i o n  

o f  t h e  s u b s ta n c e .

The A c t io n  o f  A n i l i n e  on th e  S u b sta n ce  M .P t.  13&° •

A c e to n e -2 .4 -d ip h e n y  1 -se m ic a r b a z o n e  w i th  

a n i l i n e  would probab ly  g i v e  a c e to n e  p h en y lh yd razon e  and 

sym. d ip h e n y l -u r e a  i n  th e  manner o f  o th e r  2 . 4 - s u b s t i t u t e d  

sem ica rb a zo n es  w ith  am ines.

I t  was found t h a t  t h e s e  p r o d u c ts  w ere  

o b ta in e d  when t h e  s u b s ta n c e  M .P t.  13#° was a c te d  on w ith  

a n i l i n e .



i n .

E x p e r im e n ta l .

When t h i 3 r e a c t i o n  was c a r r i e d  out f i r s t ,  

i t  was done i n  t h i s  way. E q u im o lecu la r  q u a n t i t i e s  o f  

a c e to n e  and p h e n y lh y d r a z in e  were m ix ed . Benzene was th e n  

added and th e  s o l u t i o n  was d r ie d  o v er  anhydrous sodium  

s u l p h a t e .  T h is  was th e n  f i l t e r e d  o f f  and p h en y l i s o c y a n ­

a t e  was added to  th e  s o l u t i o n .  I t  was found , how ever ,  

t h a t  t h i s  d ry in g  tr e a tm e n t  was n o t  s e v e r e  enough. 

C a r b a n i l id e  was formed through th e  a c t i o n  o f  p h en y l  i s o ­

c y a n a te  w ith  w a ter  p r e s e n t .  The a c e to n e  p h en y lh yd razon e  

must be prepared  s e p a r a t e l y ,  d r ie d  o v e r  p o ta ss iu m  ca rb o n ­

a t e  and d i s t i l l e d  b e f o r e  u s e .

$ gms. o f  a c e to n e  p h en y lh yd razon e  and 5 gms. 

o f  p h en y l  i s o c y a n a t e  were mixed w ith  th e  a d d i t io n  o f  10 

c o s .  o f  b e n z e n e .  A f t e r  s ta n d in g  f o r  two d a y s ,  n o th in g  

had se p a r a te d  from th e  m ix tu re  w hich was th en  h e a te d  to  

75~&0° f o r  1y  h o u r s .  N oth ing  s e p a r a te d  on c o o l i n g  and 

i t  was a f te r w a r d s  h e a te d  to  i t s  B . P t .  f o r  a f u r t h e r  2 h r s .  

A s m a ll  q u a n t i ty  o f  p etro leu m  e th e r  was added and th e  

m ix tu r e  was c o o le d  i n  i c e  f o r  a few  h o u r s .  A c r y s t a l l i n e  

s o l i d  s e p a r a te d .  A f t e r  r e c r y s t a l l i s a t i o n  from b e n z e n e ,  

i t  m e lte d  a t  1 •

Found -  -  -  -  o = 7 2 .4 4 ,  H = 6 . 4 3 ,  N = 1 6 . 0 2 , 1 5 . 6 ^ .  

0 ,-H  „ 0N„ r e q u ir e s  0 = 71 .91 t H = 6 . 3 6 , N = 15»75fc»1 o 17 3



A s u b s ta n c e ,  M .P t .  2 0 g ° wag a lg o  form ed.

I t  i s  le a a  s o l u b l e  i n  b en zen e  th an  t h e  a u b sta n o e  M .P t .13# 

A b e t t e r  method o f  s e p a r a t in g  them, h ow ever , i s  by th e  

u s e  o f  ch lo ro fo rm  i n  w hich th e  s u b s ta n c e ,  M .P t .1 3 # ° ,  i s  

much more s o l u b l e .

R e a c t io n  o f  A ceton e  w ith  2 .4 - d ip h e n y l - s e m io a r b a z id e .

A s m a ll  q u a n t i ty  o f  2 . 4 -d ip h en y l* -3 e m ica rb -  

a z id e  was warmed w ith  an e x c e s s  o f  a c e t o n e .  The m ix tu r e  

w a s 'a l lo w e d  t o  b o i l  g e n t ly  f o r  h o u r s .  A f t e r  s ta n d in g  

o v e r n ig h t  i n  an open f l a s k ,  m ost o f  t h e  a o e to n e  had ev a p ­

o r a te d  and a s o l i d  c r y s t a l l i s e d  i n  sq u are  p l a t e s .  A f t e r  

* r e o r y s t a l l i s i n g  from b en zen e ,  i t  m e lte d  a t  13&°» T h is  

su b s ta n c e  was i d e n t i c a l  w ith  th e  one o b ta in e d  from  

p h en y l i s o c y a n a t e  and a c e to n e  p h en y lh y d ra zo n e .

Thermal D eco m p o sit io n  o f  S u b sta n c e ,  M .P t .  13^°«

6 gms. o f  th e  su b s ta n c e  was h e a te d  to  1 6 0 ° 

f o r  1 h o u r . I t  was th en  c o o le d  and d i s t i l l e d  under 10 mm. 

p r e s s u r e .

The f i r s t  few drops o f  d i s t i l l a t e  had th© 

s tr o n g  s m e l l  o f  p h en yl i s o c y a n a t e .  T h i3 p o r t io n  was 

warmed w ith  a n i l i n e .  The product was r e c r y s t a l l i s e d  from  

a l c o h o l .  I t  m e lte d  a t  23#° and was shown, by com parison ,  

to  c o n s i s t  o f  sym. d ip h e n y l-u r e a .



The rem ainder o f  t h e  d i s t i l l a t e  was a 

l i q u i d ,  B .P t .  120° under 10 mm. p r e s s u r e .  T h is  i s  about  

t h e  B . P t .  o f  a c e to n e  p h enylhydrazone a t  t h a t  p r e s s u r e .

I t  was h y d r o ly se d  and gave  th e  n i t r o p r u s s i d e  t e s t  f o r  

a c e to n e  and red u ced  F e h l in g * s  s o l u t i o n .

The r e s id u e  was e x t r a c t e d  w i th  b o i l i n g  

a l c o h o l .  On c o o l i n g ,  sym. d ip h e n y 1 -u r e a  was o b t a in e d .

R e a c t io n  o f  A n i l i n e  w ith  th e  S u b s ta n c e ,  M .P t.  13^°*

2 .2  gms. o f  th e  s u b s ta n c e  M .P t .  132>° was 

h e a te d  w ith  0 . 9  gms. o f  a n i l i n e  to  1 6 0 ° f o r  40 m in u te s .

On d i s t i l l i n g  under red u ced  p r e s s u r e ,  a 

l i q u i d  was o b ta in e d  h a v in g  th e  B .P t .  o f  a c e to n e  p h e n y l -  

h y d ra zo n e . On h y d r o l y s i s ,  i t  gave  th e  n i t r o p r u s s i d e  

t e s t  f o r  a c e to n e  and reduced  F e h l i n g ^  s o l u t i o n .

Sym. dipheny 1 -u r e a  was o b ta in e d  on t r e a t i n g  

th e  r e s id u e  w i th  b o i l i n g  a l c o h o l .



P R E P A R A T I O U S  .

P a r t  I .

B e n z o in  h y d r a z o n e .

O u rtiu s  & Bliimer, J . p r . 5 2 , ( 2 ) , 1 2 4 .

40 gms. o f  b e n z o in  i s  m ixed  w ith  11 gms. 

o f  h y d r a z in e  h y d r a t e .  A llo w  i t  t o  d i g e s t  on t h e  w a t e r -  

b a th  t i l l  i t  forms a homogeneous l i q u i d .  Heat f o r  4 h r s .  

and a l lo w  to  s ta n d  f o r  3 d a y s .  The p ro d u ct  forma a tough  

mass which i s  pounded i n  a m ortar and rubbed up w ith  

e t h e r .  There rem ains a powder which i s  washed w ith  e t h e r  

and r e c r y s t a l l i s e d  from as l i t t l e  a l c o h o l  as p o s s i b l e .  

The M .P t .  i s  7 5 °•

U s in g  th e  method o f  C u r t iu s  and Bliimer, i t  

was found t h a t  a red  j e l l y  was formed on ta k in g  up w ith  

e t h e r .  T h is  was r e c r y s t a l l i s e d  from a l c o h o l  and g a v e  a 

s o l i d  M .P t .2 4 9 ° .  More s a t i s f a c t o r y  r e s u l t s  were o b ta in e d  

by k e e p in g  th e  tem p eratu re  j u s t  be low  th e  B .P t .  and 

r e s t r i c t i n g  th e  t im e  o f  h e a t in g  to  3 h r s .  The s o l u t i o n  i s  

th e n  reduced  to  sm a ll  b u lk  and l e f t  t o  s ta n d  o v e r n ig h t .

I t  i s  p u r i f i e d  i n  th e  3ame way as b e f o r e .

Sodium d e r i v a t i v e * 3 gms. o f  b e n z o in  hydrazon© a re  d i s ­

s o lv e d  i n  as l i t t l e  a b s o lu t e  a l c o h o l  a s  p o s s i b l e  and to  

t h i s  i s  added th e  e x a c t  c a l c u l a t e d  q u a n t i t y  o f  sodium



a l s o  d i s s o l v e d  i n  a b s o lu t e  a l c o h o l .  The sodium d e r i v a t i v e  

i s  p r e c i p i t a t e d  w i th  dry e t h e r .

1 .M e n th y 1 -h y d r a z in e .

K ish n e r ,  J .p r .1 9 Q 1 ,6 4 ,1 1 3 .

20 gms. o f  l .m en th y la m in a  h y d r o o h lo r id e  i s  d i s s o l v e d  i n  

w a ter  and 13 gms. o f  p o ta ss iu m  h y d r a te  i s  added. I t  i s  

th e n  c o o le d  i n  i c e  and 20 gms. o f  brom ine i s  added g r a d ­

u a l l y  w ith  v ig o r o u s  sh a k in g .  The bromamine s e t t l e s  to  t h e  

b o tto m . A f te r  d e c a n t in g  th e  l i q u i d  and adding w a te r  a t  0°  

i t  i s  mixed w ith  Ag20 o b ta in e d  from 20 gms. o f  s i l v e r  

n i t r a t e .  Menthone m enthylhydrazone c r y s t a l l i s e s  from  

a l c o h o l  as p r ism s ,  M .P t .9 3 °*  Menthone m enthy lhydrazone i s  

b o i l e d  f o r  1 hour w i t h  d i l u t e  h y d r o c h lo r ic  a c id  and t h e  

m enthone l i b e r a t e d  i s  e x t r a c te d  w ith  b e n z e n e .  The aqueous  

s o l u t i o n  i s  th en  ev a p o ra ted  to  d r y n e s s ,  l e a v in g  l .m e n t h y l -  

h y d r a z in e  h y d r o c h lo r id e .

d.Camphor h y d r a z o n e .

K ish n e r ,  J .R uss .P h y s . -Ohem.Soc *43., 5^2-593•

200 gms. o f  camphor and 200 gms. o f  h y d r a z in e  h y d r a te  

( 5 0 ^) are  b o i l e d  f o r  170  h r s .  i n  750 gms. o f  a l c o h o l .

The a l c o h o l  i 3  th e n  removed on t h e  w a ter  b a th  and t h e  

camphor hydrazone i s  d i s t i l l e d  under red u ced  p r e s s u r e .  

B . P t .  143° a t  33 mm. p r e s s u r e .



P a r t  I I .

$ (« - P h e n y le t h y 1 ) se m ic a r b a z id e  h y d r o c h lo r id e  *

W ilso n ,  Hopper & Crawford, J . 0 . S . 1 922,121_,£66 and

Hopper, J . R o y .T e c h .C o l l . 1 9 2 7 ,4 ,5 2 .  

a-Pheny l e t h y  lam ine i s  prep ared  by th e  r e d u c t io n  o f  a c e t o -  

phenone ox im e. oc-Phenylethylam ine ( s l i g h t l y  more th an  one  

m o l . )  i s  h e a te d  w ith  a c e to n e  sem icarb azon e  (one m o l . ) .

The m ix tu r e  i s  h e a te d  a t  13&° f o r  3°  m in u te s  under r e f l u x  

and th e n  a t  142° f o r  20 m in u tes  w ith o u t  th e  c o n d e n se r .

The r e a c t i o n  m ix tu r e  i s  th e n  poured i n t o  c o ld  w a te r .  The 

a c e to n e -^  (<*-pheny l e t h y  1) sem icarbazone i s  c o l l e c t e d  and 

h y d r o ly se d  by h e a t in g  w ith  10 t im e s  i t s  w e ig h t  o f  N.HC1 

i n  a b o i l i n g  w ater  b a t h .  The s o l u t i o n  when c o ld  i s  e x t r ­

a c te d  w ith  e th e r  and t h e  aqueous p o r t io n  i s  th en  ta k e n  t o  

d r y n e s s .  The r e s id u e  i s  r e c r y s t a l l i s e d  from a l c o h o l .

M . P t .  1 6 5 °  w i t h  d e c o m p o s i t i o n .

P i p e r o n y l o i n .

P e r k in ,  J . 0 . 3 .1 ^ 9 1 ,5 9 J 6 4 .

5 gms. o f  p ip e r o n a l  are  d i s s o l v e d  i n  20 gms. o f  a l c o h o l ,  

(5 0 ^ ) ,  and 2 gms. o f  pure p o ta ss iu m  c y a n id e  i s  added. The 

w hole  i s  h e a te d  to  g e n t l e  b o i l i n g  under r e f l u x  f o r  3% 

h r s .  A f t e r  s ta n d in g  f o r  12 h r s .  th e  y e l l o w  mass w hich  

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

m eth y l a l c o h o l  and d r ie d  a t  1 0 0 ° .  The M .P t . i s  1 2 0 ° .



A f t e r  d r y in g  a t  100° i t  was found t h a t  th e  p ip e r o n y lo in  

had "been p a r t i a l l y  c o n v e r te d  to  a "brown s u b s ta n c e ,  M .P t.  

about 1 7 0 ° .  The d r y in g  tem p eratu re  was red u ced , th e  

p r o c e s s  b e in g  co m p le ted  i n  an e v a c u a te d  d e s i c c a t o r .
i  f ;
i  j

j  j j

P a r t  I I I . 1-------------------------------------------------------------------------------------------------------------------------------  hi
i
!  l i
j  |  l i

A c e to n e -2 -p h e n y l- s e m ic a r b a z o n e . | f
! 5:

Goodwin & B a i l e y ,  J .A.G .3 .1  9 2 4 ,4 6 ,2 ^ 2 9  • ||

To 50 gms. o f  a c e to n e  p h enylhydrazone i n  15° c o s .  o f  f

g l a c i a l  a c e t i c  a c id  and 50  o c s .  o f  w a te r ,  i s  added o v e r  a ]l 

p e r io d  o f  20 m in u te s ,  30 gms. o f  p o ta ss iu m  c y a n a t e .  A |!|

tem p era tu re  o f  6 0 ° i s  m a in ta in ed  f o r  3° m in u tes  t o  com- j|!
11;

p l e t e  th e  r e a c t i o n .  Most o f  th e  a c e to n e -2 -p h e n y  1 - s e m i -  I I I
| [ j

carb azon e  c r y s t a l l i s e s  and a d d i t i o n a l  y i e l d  i s  o b ta in e d  |]

by d i l u t i n g  and p r e c i p i t a t i n g  w ith  ammonia. I t  i s  r e c r y s t - V
* i

a l l i s e d  from w a ter  or e t h y l  a c e t a t e .  M .P t.  1 4 0 ° .  ||
II t  was found th a t  e t h y l  a c e t a t e  or f a i r l y  j£
fd i l u t e  a l c o h o l  gave  b e t t e r  r e s u l t s  th a n  pure w a te r .  I
I
I

B e n z a ld e h y d e -2 -b e n z y l- s e m ic a r b a z o n e . |

B ou g a u lt  & Leboucq, G . r . 192$, 1J>6, 9 37  . |

B e n z a ld a z in e  was reduced  w ith  sodium amalgam t o  benza2*r f

b e n z y lh y d r a z o n e . B e n z y lh y d r a z in e  was o b ta in e d  from t h i s  

and was c o n v e r te d  to  2 - b e n z y l - s e m ic a r b a z id e  w hich  was 

th en  t r e a t e d  w ith  b en za ld eh yd e  to  g i v e  th e  r e q u ir e d  j
t ; f

p r o d u c t . [r



I  have  fo u n d , how ever, t h a t  i t  i s  u n n e c e s sa r y  to  decompose  

th e  b en za ld eh y d e  b e n z y lh y d r a z o n e .  B e n z a ld e h y d e - 2 -b e n z y l -  

sem icarb azon e  can be p repared  by th e  same method as  

a c e t o n e - 2 -p h e n y 1 - s e m ic a r b a z o n e .

B en za ld eh yd e  b en zy lh y d ra zo n e  i s  d i s s o l v e d  i n  a m ix tu r e  o f  

3 p a r t s  o f  g l a c i a l  a c e t i c  a c id  and 1 p a r t  o f  w a ter ,  and 

to  t h i s  i s  added a 10^ e x c e s s  o f  p o ta ss iu m  c y a n a te .  I t  i s  

l e f t  to  s ta n d  f o r  12 h o u r s .  B e n z a ld e h y d e -2 - b e n z y l - s e m i -  

carbazone h a s  th e n  begun to  s e p a r a t e .  The y i e l d  i s  g r e a t l y  

in c r e a s e d  by c o o l in g  th e  s o l u t i o n  i n  i c e .  M .P t.  1 5 9 ~ 1 6 0 ° .

A c e to p h e n o n e -2 -p h e n y l-s e m ic a r b a z o n e .

R o lla ,  G.5$t ( i ) , 3 2 7 -  

This su bstance  i s  prepared by a c t in g  on 2-pheny 1-sem i c a rb -  

a z id e  w ith  acetophenone i n  aqueous a lc o h o l  as s o lv e n t .

The f o l l o w i n g  q u a n t i t i e s  a re  u s e d .

3 gms. 2 -p h e n y l- s e m ic a r b a z id e  h y d r o c h lo r id e .

2> gms. sodium a c e t a t e .

5 gms. a ce to p h en o n e .

40 c c s .  a l c o h o l .

16 c c s .  w ater .

R o l la  g i v e s  th e  M .P t. as 1 2 2 ° .

T h is  method o f  p r e p a r a t io n  was u s e d ,  t h e  2 - p h e n y l - s e m i-  

c a r b a z id e  h y d r o c h lo r id e  b e in g  o b ta in e d  by h y d r o l y s i s  o f  

a c e to n e -2 -p h e n y 1 -se m ic a r b a z o n e .  I t  was fou nd , how ever,



th a t  th e  M .P t. o f  th e  p ro d u ct was 126?

Found -  -  -  -  N = 1 6 . 7 4 ^.

O10HigON_ r e q u ir e s  H = 16 .6 0^ .

B en za ld eh y d e-2 -m eth y  1 - se m ic a r b a z o n e .

Von Braining, A . 1^6 9 , 2 5 5 ,  6 - 1 1 f and 

Young & 0 a t e 3 ,  J .0 .S .1 9 0 1  , 7 9 >662.

N itr o so -m e th y l-u r e a  i s  prepared accord ing  to  the  method 

o f  von B runing. 50 gms* o f  m ethy1-urea n i t r a t e  are d i s s ­

o lv ed  in  warm water to  which f i n e l y  d iv id e d  i c e  i s  then  

added t i l l  c r y s t a l l i s a t i o n  b e g in s .  To t h i s  i s  added th e  

c a lc u la t e d  q u a n tity  o f  s o l i d  sodium n i t r i t e .  N i t r o s o -

m ethy1-urea comes out as sm all y e l lo w  p l a t e s ,  M .Pt. 125“
[ j

124° w ith  d ecom p osit ion .

One part o f  n itro3 o -m eth y 1-u rea  i s  suspended in  6 p a r ts  

o f  water and to  t h i s  i3  added 2% p a r ts  o f  a c e t i c  a c id  in  

which the  urea  i s  not r e a d i ly  s o lu b le .  The tem perature i s  

kept between 5 - 15° and 4 p a r ts  o f  z in c  powder are added 

during 2 -5  hours w ith  continuous sh ak in g . More z in c  and 

a c id  are added i f  n ecessa ry  t i l l  the s o lu t io n  no lo n ger  

reduces F e h l in g 's  s o lu t io n .  The s o lu t io n  i s  then f i l t e r e d  

and th e  f i l t r a t e  i s  shaken up w ith  benza ldehyd e. The prod­

u ct  se p a r a tes  as a mass o f  w h ite  n e e d le s  which are r e c r y s t ­

a l l i s e d  from water and benzene. M .Pt. 159~ 160° .


