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INTRODUCTION ON PLANT SYNTHESIS AND TROPANONE

I t  i s  w e l l  e s t a b l i s h e d  t h a t  i n  many* p e rh a p s  i n  most* p la n t  a s  w e ll

a s  in  a n im a l c e l l s  th e  p ro c e s s e s  a r e  d i r e c te d  and governed  b y  enzym es.

The q u e s t io n  a r i s e s  w h e th er i n  a l l  ch em ica l p ro c e s s e s  o f  th e  l i v i n g  c e l l  

enzymes a r e  n e c e ssa ry *  Are t h e r e  n o t some i n  w hich  th e  r e a c t io n s  p ro *  

ceed  sp o n ta n e o u s ly  w ith o u t th e  a id  o f  enzymes?

I n  th e  an im a l c e l l  no  ev id en ce  f o r  such  a  sp o n tan eo u s s y n th e s i s  o r

d e g ra d a t io n  h a s  been  observed* I n  th e  p la n t  c o n d it io n s  a re  d i f f e r e n t  (1 ) 

T here  i s  th e  abundance o f  th e  m e ta b o lic  p ro d u c ts  o f  t h e  c e l l  w hich  ap ­

p e a r  i n  th e  t i s s u e s ,  such  a s  th e  c a rb o h y d ra te s , t h e  am inoac ids and th e  

l ip o id s *  The la r g e  number o f  a lk a lo id s  i n  p l a n t s  s ta n d s  o u t In  c o n t r a s t  

t o  th e  l im i te d  number i n  th e  an im a l c e l l*  I n  an im al a lk a lo i d s ,  t h a t  i s ,  

o rg a n ic  b a se s  o f  a n im a l o r i g i n ,  i t  i s  a lm o st a  q u e s t io n  e x c lu s iv e ly  o f  

t h e  am inoacid  p re c u rso r*  A nother s t r i k i n g  th in g  abou t th e  n a t u r a l  sub­

s ta n c e s  o f  t h e  p la n t  kingdom i s  th e  f a c t  t h a t  f r e q u e n t ly  a  n a tu r a l  p ro d ­

u c t ,  e*g* , a  c e r t a i n  a lk a lo i d ,  i s  found o n ly  i n  a  s in g le  s p e c ie s ,  w here­

a s  i n  c lo s e ly  r e l a t e d  s p e e ie s  d i f f e r e n t  a lk a lo id s  o r  none a t  a l l  a r e  

fo u n d ; o r ,  an  a lk a lo id  may be found i n  a  l im i te d  number o f  r e l a t e d  p la n ts  

One exam ple from  th e  many a v a i la b le  i s  lu p in in , found in  L upinus lu te u s  

and n ig e r  (legum inosae) and found  o n ly  in  th e s e  two L u p inus , and I t  i s  

a l s o  found i n  A n ab asis  a p h y l la  (G henopodiacea) •

I t  i s  n a t u r a l  t o  conclude  t h a t  a  c e r t a i n  d eg ree  o f  f o r tu i to u s n e s s  

a p p l ie s  h e re ,  t h a t  i n  J u s t  one p la n t  th e r e  sh o u ld  be found th e  sum o f  a l l  

t h e  c o n d it io n s  w hich le a d  t o  th e  fo rm a tio n  o f  a  d e f i n i t e  s u b s ta n c e , 

w hereas i n  r e l a t e d  s p e c ie s  one o r  more o f  th e s e  c o n d it io n s  sh o u ld  be 

m is s in g ,  so  t h a t  t h e r e  i s  a  change i n  th e  d i r e c t i o n ,  o r  even com plete



a b sen c e  o f  s y n th e s is *  T hus, one comes t o  th e  c o n c lu s io n  t h a t  a t  l e a s t  

f o r  t h e  p l a n t  c e l l  I t  I s  p o s s ib le  t o  d i s t in g u i s h  betw een two ty p e s  o f  

c h em ic a l p ro c e ss e s *  namely* th o s e  w hich  a r e  v i t a l  and c a ta ly z e d  i n  t h e i r  

s e v e r a l  s ta g e s  by  s p e c i f i c  enzymes and th o s e  w hich  a r e  f o r t u i t o u s l y  p ro *  

duced* The l a t t e r  may a l s o  be in f lu e n c e d  by  enzymes* But i t  i s  a l s o  

r e a s o n a b le  t h a t  a  n a t u r a l  p ro d u c t sh o u ld  a r i s e  from  in te r m e d ia te s  w hich  

a r e  form ed i n  c e l l  m etabolism * t h a t  th e s e  in te rm e d ia te s  a r e  so  r e a c t iv e  

t h a t  from  th e  v iew  o f  th e  o rg a n ic  chem ist*  and i n  th e  m ild  r e a c t io n  cond l~  

t i o n s  o f  th e  c e l l*  th e y  r e a c t  r e a d i l y  t o  form  a  c o n d e n sa tio n  p ro d u ct*

T h is  c o n d e n sa tio n  p ro d u c t m ust th e n  be s lo w ly  changed by  th e  c e l l  so  t h a t  

i t  a c c u m u la te s  and th u s  becomes i s o la b le *

The o p in io n  c o n c e rn in g  th e  s y n th e s is  o f  a lk a lo id s  u n d e r  p h y s io lo g ic a l  

c o n d it io n s  was e x p re sse d  i n  a  p a p e r  "The S y n th e s is  o f  A lk a lo id s  i n  and 

O u ts id e  th e  P la n t"  (E n tran ce  i n  Com m unications o f  th e  German P h a rm aceu tic ­

a l  S o c ie ty  5* 93 (1928) g iv e n  b e fo re  th e  German P h a rm a c e u tic a l S o c ie ty  a t  

B e r lin *  by  C a r l  Mannich* Be s a id :
tt

"Man w ird  m lld e  M ethoden suehen  nussen* w elche  ohne Anwendung 
b r u t a l e r  B eak tio n e n  von e in fa e h e n  G ru n d s to ffe n  zu k o m p liz ie r te r e n  
Bason fu h re n . E s s e h e in t  s t i r  n i c h t  r l c h t lg *  d ie  e r s ta u n l ic h e n  
chem ischen E finste  d e r  P f la n z e  n u r  d u rch  d ie  w u n d e r ta t ig e  W irkung 
d e r  Enzyme e r k la r e n  zu w ollen* M ln d esten s musz man versuchen*  
ehem ische P ro z e s s e  a u fz u fin d en *  w elche  auch  ohne Enzyme d ie  A lk a lo id -  
b ild u n g  v e r s t  and l i c h  machen*"

The q u e s t io n  o f  th e  p h y s io lo g ic a l  c o n d it io n s  and how th e  r e a c t io n s  

p ro c e e d  w hich acco u n t f o r  th e  b io g e n e s is  o f  n a tu r a l  p l a n t  p ro d u c ts*  e s ­

p e c i a l l y  th e  a lk a lo id s *  w i l l  now be c o n s id e re d . I f  one would d e te c t  th e  

fo rm a tio n  o f  a  p ro d u c t w hich  a p p e a rs  m om en tarily  in  th e  c e l l*  th e n  he can ­

n o t p ro ce ed  a s  i n  th e  fe rm e n ta tio n  p ro ce ss*  i n  th e  i s o l a t i o n  o f  th e  en«* 

zyms* Even i f  t h e  fo rm a tio n  o f  n a t u r a l  p ro d u c ts  cou ld  be o bserved  i n  t h e  

e x p re sse d  ju ic e s  (w hich h a s  n o t  been  o b se rv ed  th u s  f a r ) *  th e  method would 

be  im p r a c t ic a l  b ecau se  t h e  q u a n t i t i e s  o f  t r a n s i t i o n  m a te r i a l  a v a i la b le  a t
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an y  g iv e n  moment a r e  r e l a t i v e l y  s m a l l ,  a s  th e y  a r e  in v o lv e d  i n  f u r t h e r  

s y n th e s e s .

T here  re m a in s , th e n ,  th e  i n d i r e c t  m ethod. C o n s id e ra t io n s  w hieh  

come i n t o  v iew  a re  t h r e e :

1 . The c o n s t i t u t i o n  o f  th e  n a tu r a l  p ro d u c t*

2 * The f a c t  t h a t  th e s e  p ro d u c ts  a r e  form ed in  th e  c e l l  w ith o u t th e  

a id  o f  s tr e n u o u s  c o n d it io n s  su ch  a s  s t ro n g  a l k a l i e s ,  a e id s ,  e le v a te d  

t s o p e r a t u r e s ,  e tc * ,  w hieh  a r e  f r e q u e n t ly  r e l i e d  on i n  th e  l a b o r a to r y .

The fo rm a tio n  t a k e s  p la c e  a t  m o d e ra te ly  low te m p e ra tu re , a t  h ig h  d i l u t i o n ,  

and a t  a  pE w hich  d oes n e t  d e v ia te  f a r  from  7 . These a r e  c a l le d  th e  

" p h y s io lo g ic a l  c o n d i t io n s ."

3 . Our knowledge o f  th e  m e ta b o lic  p ro c e s s e s  i n  th e  c e l l ,  i . e . ,  th e  

d e g ra d a t io n  o f  a m in o ae id s , f a t t y  a e id s ,  e t c . ,  g iv e  u s  in d ic a t io n  o f  w hich  

o rg a n ic  compounds may be e x p ec te d  i n  th e  v a r io u s  p a r t s  o f  th e  c e l l  and 

th u s  may be c o n s id e re d  a s  in te rm e d ia te s  i n  th e  s y n th e s is  o f  n a t u r a l  p ro d ­

u c t s .

W ith th e s e  a s s u n p tio n s  i t  becomes p o s s ib le  t o  s e t  up h y p o th e se s  a s  

t o  t h e  b io g e n e s is  o f  th e  su b s ta n c e  s tu d ie d .  From th e  c o n s t i t u t i o n  o f  a  

s i n g l e  s u b s ta n c e , g e n e r a l ly ,  no e x te n s iv e  v a l i d  c o n c lu s io n s  may be drawn 

a s  t o  n a t u r a l  in te r m e d ia te s .  But from  num erous su b s ta n c e s  o f  r e l a t e d  

s t r u c t u r e  i t  becomes p o s s ib le  t o  e s t a b l i s h  c e r t a i n  c o n d i t io n s .

Once th e  h y p o th e s is  i s  e s ta b l is h e d  i t  m ust be p ro v ed . I t  I s  n o t 

p e rm is s ib le  t o  assume any  r e a c t io n  a s  p o s s ib le  i n  th e  c e l l  f o r  th e  b i o -  

g e n e s is  o f  a  n a t u r a l  su b s ta n c e ;  i t  m ust ta k e  p la c e  u n d e r p h y s io lo g ic a l  

c o n d i t io n s .  I f  i t  i s  assum ed t h a t  a  n a tu r a l  p ro d u c t i s  form ed from  th e  

r e a c t i v e  in te r m e d ia te s  i n  th e  c e l l ,  th e n  i t  m ust be shown t h a t  u n d e r 

p h y s io lo g ic a l  c o n d it io n s  th e  n a tu r a l  p ro d u o t i s  a c t u a l l y  form ed from  such
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h y p o th e tic & l in te rm e d ia te s *

I f  t h e  in te r m e d ia te s  o f  p o s tu la te d  c o n s t i t u t io n  do n o t  r e a c t  w i th  

one a n o th e r  u n d e r  b i o lo g i c a l  c o n d i t io n s « one may p e rh a p s  p o s tu l a t e  t h a t  

an  enzyme i n i t i a t e s  t h e  r e a c t io n *  But no ad v an tag e  i s  g a in e d  by t h i s  

a ssu m p tio n , n o t  u n t i l  su ch  a  b i o c a ta l y s t  i s  i s o la te d *

f i n a l l y ,  one m is t  be s u re  t h a t  th e  in te rm e d ia te s  f o r  b io s y n th e s is  

a r e  c a p a b le  o f  e x i s t i n g  i n  th e  c e l l ,  b u t i t  i s  n o t n e c e s s a ry  t h a t  th e  i n ­

te r m e d ia te s  be i s o l a t e d  a s  n a t u r a l  p ro d u e ts*  One m is t  a n t i c i p a t e  t h a t  

th e  a c t u a l  b u i ld in g  b lo c k s  f o r  t h e  b io g e n e s is  o f  n a tu r a l  p ro d u c ts  a r e  so  

r e a c t i v e  t h a t  th e y  th e m se lv e s  accu m u la te  i n  o n ly  r a r e  in s ta n c e s *

One o f  th e  m ost s t r i k i n g  c h a r a c t e r i s t i c s  o f  an  a lk a lo id - b e a r in g  p la n t  

i s  i t s  c a p a c i ty  t o  p roduce  a  number o f  c lo s e ly  r e l a t e d  bases*  E xam ina tion  

o f  a n y  s e r i e s  o f  a lk a lo id s  i n e v i t a b ly  s u g g e s ts  t h a t  th e  p l a n t ,  w ith  I t s  

p reem in en t s y n th e t i c  a b i l i t y ,  h a s  b u i l t  up  su ch  a  s e r i e s  from  consnon p a r ­

e n t su b s ta n c e s  th ro u g h  c o n d e n sa tio n , m e th y la t io n , d e c a rb o x y la tio n , and 

o x id a t io n  and r e d u c t io n  r e a c t io n s *  T h is  Id e a  was f i r s t  su g g e s te d  e a r l y  i n  

t h i s  c e n tu ry  by  P i c t e t  (2 ) and b y  W l l l s t a t t e r  (3)* The am in o ac ld s , o r  

t h e i r  t r a n s fo rm a tio n  p ro d u c ts ,  th e  amino a ld e h y d es  and am ines, w ith  form ­

a ld e h y d e , fo rm ic  a d d ,  and m e th an o l, u n d o u b ted ly  a r e  th e  c h ie f  b u i ld in g  

u n i t s  f o r  th e  s y n th e s i s  o f  a lk a lo id s *

The f i r s t  e x p e r im e n ta l  d e m o n s tra tio n  o f  th e  s im p l i c i t y  o f  m ethod by 

w hich  th e  p la n t  may s y n th e s iz e  a lk a lo id s  was R o b in so n 's  s y n th e s i s  o f  t r o ­

panone. from  s u c e in d la ld e h y d e , m e th y la sd n e , and a c e to n e d lc a rb o x y lio  a c id  (4), 

T ropanone, o r i g i n a l l y  o b ta in e d  by  th e  o x id a t io n  o f  t r o p ln e  ( tro p a n o l)  

(5 ,  6 ) from  ecgon ine  (7 ) ,  whose s t r u c t u r e  was e s ta b l i s h e d  by th e  

b r i l l i a n t  work o f  W l l l s t a t t e r ,  h a s  become th e  key compound i n  p o s tu la t in g  

th e  b io s y n th e s is  o f  t h e  a t r o p in e  g roup  o f  a lk a lo id s *  As shown below , i t  

may be re g a rd e d  a s  th e  n a tu r a l  s t a r t i n g  p o in t  in  th e  s y n th e t i c  p r e p a r a t io n
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o f  a  num ber o f  b a se s  o f  g r e a t  v a lu e  t o  m ed ic in e  and s u rg e ry .

Nae l e c t r o l y l i c

- 3

A tro p in e H om atropine

Tropanone

y/-Tro] iano l

COg
T ropanone- 
c a r  boxy l i e  a d d

S cgonlne

T ro p aco ca in e C ocaine

Numerous p la n t  a lk a lo id s  a r e  s t r u c t u r a l l y  d e r iv e d  from  tro p a n o n e . 

T ropanone does n o t  a p p ea r a s  such  i n  n a tu r e .  R a th e r ,  th e  n a tu r a l  p ro d u c ts  

a r e  d e r iv e d  from  red u ced  tro p a n o n e ; e s t e r s  o f  b o th  s te r e o is o m e r ic  a lc o ­

h o l s ,  t r e p a n o l  and p s e u d o - tro p a n o l ,  o c c u r  n a t u r a l l y .  S in c e  th e  r e d u c t io n  

o f  th e  c a rb o n y l g roup  and e s t e r i f i c a t i o n  o f  th e  r e s u l t i n g  h y d ro x y l g roup  

a r e  p o s s ib le  i n  th e  e e l l  an d , p e rh a p s , c a ta ly z e d  by  enzym es, th e  b io ­

g e n e s is  o f  th e s e  a lk a lo id s  may be r e f e r r e d  t o  t h a t  o f  tro p a n o n e . F o r 

t h i s  R ob inson  gave  th e  answ er i n  1917. He showed t h a t  by  b r in g in g  t o ­

g e th e r  su e c in d ia ld e h y d e  and a e e to n e d ie a rb o x y lle  a c id  i n  th e  p re se n c e  o f  

e x c e s s  m ethy lam lne , t h e  a ldehyde-audne  r e a c t s  w ith  th e  a c id  t o  form  t r o -  

p a n o n e d ic a rb o x y l!c  a c id  and t h a t  t h i s  b e ta - k e to - a c id  r e a d i ly  lo s e s  tw o 

m o le c u le s  o f  ca rb o n  d io x id e  w ith  th e  fo rm a tio n  o f  tro p an o n e  (8 ) .

^  r r
+  HgNCHg --------------.  j N-CHg

CHo-CHD CH2-CHOH
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CHg-CBOHI
y-CBg

CHg-CBOH

%

= 0

CHg-CH------------- CHg

Tropanone

S in c e  th e  in d ic a te d  in te r m e d ia te s  a r e  h y p o th e t ic a l  b u i ld in g  b lo c k s  

o f  th e  l i v i n g  c e l l ,  R obinson concluded  t h a t  t h i s  s y n th e s is  i s  a l s o  t h a t  

u se d  by  th e  c e l l  (8 )*
** « *A ccord ing  t o  S chopf ( 9 ) ,  s y n th e s is  in  th e  p la n t  c e l l  may ta k e  p la e e  

w ith  p a r t i c i p a t i o n  o f  s p e c i f i c  enzyme sy s te m s , a d ap ted  t o  th e  p ro d u c tio n  

o f  one d e f i n i t e  s u b s ta n c e , a s  f o r  exam ple, t h e  s y n th e s is  o f  s t a r c h  from  

carb o n  d io x id e ;  o r  u n s p e c i f ic  enzymes may ta k e  p a r t ,  e ,g » ,  enzymes a s  

h a re  a  g e n e ra l  f u n c t io n ,  a s  d e c a rb o x y la tio n , h y d ro g e n a tio n , dehydrogena­

t i o n ,  and  o x id a t io n ;  o r  f i n a l l y ,  n a tu r a l  p ro d u c ts ,  o r  th e  in te rm e d ia te s  

from  w hieh  th e y  a r e  d e r iv e d ,  may be form ed w ith o u t th e  p a r t i c i p a t i o n  o f  

enzym es, when s u f f i c i e n t l y  r e a c t i v e  u n i t s  o c cu r s im u lta n e o u s ly  in  th e  

c o u rse  o f  c e l l  m e tab o lism . T h is  l a s t  case  i s  s u s c e p t ib le  o f  s tu d y  i n  

th e  l a b o r a to r y .  E s s e n t i a l  c o n d it io n s  t o  be o bserved  a r e  p ro p e r  h y d ro -  

g e n - io n  c o n c e n tr a t io n s  and te m p e ra tu re s  com parable t o  th o se  u n d e r w hieh 

th e  p la n t  o p e r a te s ,  and th e  u se  o f  s t a r t i n g  m a te r ia l s  w hieh  th e  p la n t  

may be e x p ec te d  t o  have a v a i l a b l e .

T here  can  be no doubt a s  t o  th e  a b i l i t y  o f  th e  p la n t  to  red u c e  

k e to n e  g ro u p s t o  acco m p lish  e s t e r i f i e a t i o n ,  so  t h a t  th e  q u e s t io n  o f

HoC-COOH CHo-QH1 HCOOH

a c id
—2C0g
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t h e  p h o to ch e m ic a l s y n th e s i s  o f  t h e  a lk a lo id s  o f  th e  b e lla d o n a  group* th e  

tro p a n e  d e r iv a t iv e s *  I s  l a r g e l y  t h a t  o f  th e  s y n th e s is  o f  tro p a n o n e . Al«» 

th o u g h  s u c e in d ia ld e h y d e  (from  d e g ra d a t io n  o f  o r n i th in e ) *  m sthy lam ine* and 

a c e to n e d ic a rb o x y l ic  a c id  a r e  a l l  c e l l - p o s s i b l e  su b s ta n c es*  R ob inson ’s  

s y n th e s is *  a s  e o n f irm a tio n  o f  t h e  h y p o th e s is*  i s  open t o  o b je c tio n s *  be­

cau se  h i s  c o n d e n sa tio n  le a d in g  t o  tro p a n o n e d ic a rb o x y lic  a c id  was c a r r ie d  

o u t i n  s t r o n g ly  a lk a l i n e  s o lu t io n *  and th e  su b seq u en t d e c a rb o x y la tio n  

r e q u i r e d  p h y s io lo g ic a l ly  im p o s s ib le  c o n d i t io n s  w ith  r e s p e c t  t o  tem pera­

t u r e  and h y d ro g en -io n  c o n c e n tr a t io n .  When* however* th e  c o n d e n sa tio n  

was c a r r i e d  o u t i n  a  b u f fe re d  s o lu t io n  betw een pH 3 and pH 11 a t  25°* 

sp o n tan eo u s d e c a rb o x y la tio n  to o k  p lace*  and tro p a n o n e  was o b ta in e d  d i ­

r e c t l y  i n  e x c e l le n t  y i e l d s .  At pH 13* i n  agreem ent w ith  R ob inson’s  r e ­

s u l t s *  t h e  d ic a r b o x y l ie  a c id  was o b ta in e d .

The ex p e rim e n ts  and  r e s u l t s  on th e  p r e p a r a t io n  o f  tro p an o n e  by  

S chopf and Lehmann (10) su p p o r t th e  th e o ry  o f  b io s y n th e s is  a s  t h e i r  r e ­

s u l t s  g iv e n  i n  T ab le  I  show.
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TABLE I .  T ropanone from  S u c c in d ia ld e h y d e  (A) M ethylam ine H y d ro ch lo rid e  (B)
and A cetoned i c a rb o x y lic  A cid (C)

R e a c tio n  S e r i e s

I*  1$/45A* n /s5 B , b/20C* sy'lO b u f f e r ;  25° 6 .*  tim e  o f  r e a c t io n ,  3  days* 

XX* S$/45A, m /Z5Bf n^25C* w / l 2  b u f f e r ;  2 0 —2 2 °  C« f tim e  o f  r e a c t io n  3  days*

pH a t  b e g in n in g  o f  ex p erim en t 3*0 5*0 7.0 9*0 11.0 13.0

pH a t  end o f  experim en t I 3.0 5*1 7.0 8*6 11.0 12*6

I I 3*3 6.0 7.0 8.2 10.7 12*6

n u p . o f  tro p a n o n e  p i c r a t e I 205 211 211 213 214 200

n 215 212 210 205 204 210

p e r  c e n t y i e ld  o f  p i c r a t e i 47 54 65 66 86 3

i i 68 83 78 61 64 5

I t  i s  s e e n  t h a t  a t  pH ran g e  3 -1 1  tro p an o n e  i s  im m ed ia te ly  and d i ­

r e c t l y  o b ta in ed *  At pH 13* in  agreem ent w ith  R ob inson’ s  r e s u l t s ,  t h e  d i -  

c a rb o x y l ic  a c id  i s  o b ta in ed *  T hus, R ob inson’ s  th e o ry  o f  th e  b io g e n e s is*  

w ith  s m a ll  m o d if ic a t io n s  i s  s u b s ta n t ia te d *  n o t t h a t  th e  d ic a rb o x y lie  a c id  

i s  form ed f i r s t  b u t tro p a n o n e  i s  o b ta in e d  d i r e c t ly *

I f  one o f  th e  in te rm e d ia te s  w ere th e  m onoeste r o f  a c e to n d ic a rb o x y lic  

ac id*  th e  ex p ec ted  c o n d e n sa tio n  p ro d u c t would be th e  k e to n e  c o rre sp o n d in g  

t o  m e th y lecg o n in e  • R e d u c tio n  o f  th e  k e to n e  and e s t e r  i f  i c a t i o n  o f  th e  r e ­

s u l t i n g  c a r b in o l  w ould le a d  t o  compounds l i k e  c o ca in e  and th e  t r u x i l l i n e s .

E xcep t f o r  b e n zo y lecg o n in e  a l l  a re  e s t e r i f i e d  w ith  m eth y l a lc o h o l .

I t  been  shown e x p e r im e n ta l ly  t h a t  th e  m onom ethy lester o f  th e  d ic a rb o x — 

y l i c  a c id  condenses w ith  m sthylam ine and su c c in d ia ld e h y d e  a t  pH 5 to  form  

c a  r  b om e  t h o x y  t  r  op an  o n  e • B enzoylecgonine m ight th e n  r e s u l t  from  a
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se c o n d a ry  r e a c t io n  i n  which, th e  carbom ethoxy g roup  i s  h y d ro ly zed  and th e  
k e to  g roup  red u ced  b e fo re  th e
h y d ro x y l g roup  i s  b e n z o y la te d . I n  v i t r o  th e  h y d ro ly s is  o f  th e  -COOCH3  

p ro c e e d s  f a s t e r  th a n  t h a t  o f  th e  -O-CO-CgHg- g ro u p .

The r e s u l t s  i n  th e  tro p a n e  s e r i e s  may be a p p lie d  w ith o u t m o d if ic a -  

t i o n  t o  p s e u d o - p e l le t i e r in e *  a  r i n g  homolog o f  tropanone*  w hieh  a p p e a rs  

a s  su ch  i n  n a tu r e ,  R ob inson  (11) o b ta in e d  pseudo—p e l l e t i e r i n e  from  glu«* 

ta rd ia ld e h y d e *  m sthylam ine* and a c e to n e d ic a rb o x y lic  ac id *  and S chopf (13) 

w as a b le  t o  p re p a re  th e  same confound* u s in g  s o lu t io n s  b u f fe re d  a t  pH 7 

a t  2 5 ° , i n  n e a r ly  q u a n t i t a t i v e  y i e l d .

I n  th e  b a rk  o f  th e  S ou th  Am erican G a lip e a  o f f i c i n a l i s  a r e  found  a  

s e r i e s  o f  a lk a lo id s  w hich have been  in v e s t ig a te d  by  S p a th  and co -w o rk ers  

(IS )*  They a re  th e  fo l lo w in g :  Q p ino line*  q u in a ld in e , -n « am y lq u in o lin e ,

4 -m e th o x y -2 -n -a in y lq u in o lin e , g a l lp in e *  c u sp a rin e*  and g a l i p o l in e , A l l  o f  

th e s e  a r e  q u in o lin e  d e r iv a t iv e s  w ith  s u b s t i t u e n t s  i n  t h e  2 -and  th e  4 -  

p o a i t i o n s .  The q u in o lin e  n u c le u s  i s  n o t f u r t h e r  changed* b u t i n  th e  2 -  

p o s i t io n  a r e  found th e  s u b s t i tu e n t s *  H-* CHg-* CHgCGHg)^-* and 

GgH5 (0 H)g-CHgCHg-* T h is  r e g u l a r i t y  le a d s  t o  th e  assu m p tio n  t h a t  th e  

q u in o l in e  p o r t io n  o f  th e  a lk a lo id s  i s  alw ays form ed from  th e  same b u i ld ­

in g  b lo c k s  and t h a t  th e s e  combine w ith  d i f f e r e n t  o th e r  in te rm e d ia te s  t o  

fo rm  th e  rem a in d e r o f  th e  m olecu le*

The a lk a lo id s  c o n ta in in g  a q u in o lin e  n u c le u s  cou ld  re a so n a b ly  be 

supposed  t o  be form ed th ro u g h  a  F r ie d  la n d e r  ty p e  o f  sy n th e s is *  th e  conden­

s a t io n  o f  o -am inobenzaldehyde w ith  k e to n e s .  The o x id a t io n  p ro d u c t o f  

o«am inobenzaldehyde* nam ely a n t h r a n l l i c  ac id *  i s  found f r e q u e n t ly  i n  n a t ­

u re*  i s  o b se rv ed  a s  a  d e g ra d a t io n  p ro d u c t from  try p to p h a n . M ethyl 

k e to n e s  a re  p re s e n t  i n  many e th e r e a l  o i l s .  The b io g e n e s is  o f  th e  qu ino ­

l i n e  g roup  a p p e a rs  t o  have i t s  s t a r t i n g  p o in t  i n  su b s ta n c e s  t h a t  may be
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re g a rd e d  a s  th e  p r o g e n i to r s  o f  th e  m eth y l k e to n e s , nam ely th e  y # -k e to ­

ne i d s .

I f  o -am inobenzaldehyde i s  a llow ed  t o  r e a c t  9 i n  d i l u t e  s o l u t io n s 9 

w ith  a e e to a e e t ic  a c id  o r  e a p r o y la e e t lc  a c id  a t  v a r io u s  pH c o n d i t lo n s 9 i t  

i s  found  t h a t  a  pH 13 th e  3 -c a rb o x y  compound i s  form ed 9 b u t i n  th e  pH 

ra n g e  5 -1 1  e x c e l l e n t  y i e ld s  o f  th e  2 a lk y lq u in o l in e  a r e  o b ta in e d  (14)#

a lk a lo id s  a r e  sy n th e s iz e d  i n  th e  p la n t  from  m eth y l a n t h r a n i l a t e 9 o r  a n -  

t h r a n i l i c  a c id ,  and a  ^ - k e t o a c i d .  Thus th e  b io s y n th e s is  o f  e u sp a r in e  

would in v o lv e  m eth y l a n th r a n i l a t e  and an  a c ld 9 a  c o n d e n sa tio n  w ith  a  

s im u lta n e o u s  d e c a rb o x y la tio n  i n  th e  fo llo w in g  m anner:

S chop f and Lehman (14) advance th e  o p in io n  t h a t  some o f  th e  a n g o s tu ra

m e th y l
a n th r a n l l a t e

p ip e ro n y la c e to a c e t ic a c id  
^  - p ip e r o n y l -  &  - k e to b u ty r ic  a c id
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OCHg

A /\
-2H20 < life
-2C0g > CHgCHgK^ ^

C usparine

The m anner o f  th e  b io g e n e s is  o f  th e  i s o q u in o lin e  a lk a lo id s  h a s  n o t 

been  de term ined*  b u t s p e c u la t io n s  i n  t h i s  r e s p e c t  a r e  n o t la c k in g *  A 

g e n e ra l  m echanism  would in v o lv e  a  c o n d e n sa tio n  somewhat a s  fo l lo w s :

T h is  fo llo w e d  by  b io lo g ic a l  p ro c e s s e s  such  a s  o x id a tio n *  re d u c tio n *  etc**  

w ould acco u n t re a s o n a b ly  f o r  th e  fo rm a tio n  o f  th e  b a se s  such  a s  th e  mes­

c a l in e  compounds o r  th e  b e n z y lis o q u in o lin e  d e r iv a t iv e s *  A ldehydes a re  

known n a tu r a l  p ro d u c ts  and hence a re  r e a d i ly  ex p la in ed *  The n e c e s s a ry  

phene thy lam ine  in te rm e d ia te  may v e ry  w e l l  be d e r iv e d  by b io lo g ic a l  de ­

g ra d a tio n *  o x id a tio n *  e tc* *  from  p h e n y la la n in e *  E vidence f o r  such  a  

m echanism  i n  n a tu r e  may be presum ed in  th e  B ls c h le r« 2 ta p ie ra ls k i  re a c t io n *  

Here* however* th e  c o n d it io n s  a re  so  d r a s t i c  t h a t  b io lo g ic a l  c o n d it io n s  

can n o t d u p l ic a te  them* T h ere fo re*  t o  check th e  h y p o th e s is  u n d e r c o n d i­

t i o n s  a p p ro x im a tin g  n a tu r e  w ith  r e s p e c t  t o  pH ran g e  and tem p era tu re *  

S ehdpf and B a y e rle  (15) a llo w ed  a  s o lu t io n  o f  M/ 2 5  3*4«*dihydroxyphenyl- 

e th y la m in e  and 2^18*5 a c e ta ld e h y d e  t o  s ta n d  f o r  t h r e e  days a t  85° a t

0
fl
CH-B"
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pH 5 ; a t  t h e  end o f  t h a t  tim e  th e y  r e p o r te d  e x c e l le n t  y i e ld s  o f  

l - m e th y l- 6 *7 -d lh y d ro x y te tra h y d ro is o q u ln o lin e  *

HDV 7 vH IQ 
H

T h is  r e a c t io n  to o k  p la c e  sp o n ta n e o u s ly  and w ith o u t th e  a id  o f  

enzymes o r  c a ta ly s t s *  I t  i s  n o t  im p o ss ib le  t h a t  many n a tu r a l  p ro d u c ts

a r e  p re p a re d  i n  q u i te  an analogous manner* The m e th y la tio n  o f  h y d ro x y l 

g ro u p s  o r  o f  a  n i t r o g e n  atom  i s  a  p o s s ib le  c e l l  r e a c t  i o n * and* t h e r e f o r e » 

th e  above m entioned  is o q u in o l in e  d e r iv a t iv e  may be looked  upon a s  th e  

p r e c u r s o r  o f  th e  n a tu r a l  b a se s  G arnegine* S a ls o lin e *  and th e  anhalon ium  

a lk a lo id s  w hich  have been  i s o l a t e d  from  th e  m esca l b u tto n *  Anhalonium  

l e w in l i .  The s t r u c tu r e s  o f  th e s e  n a tu r a l  b a se s  a r e :

CHg

M esc a lin e A n h a lin in e A nhaline



Anhalamine Pellotine

CH
CHgCH3

C arneg ine S a ls o l in e

T hese c lo s e ly  r e l a t e d  c a c tu s  a lk a lo id s  s e rv e  a s  an e x c e l le n t  i llu a * -  

t r a t l o n  o f  th e  p r i n c i p l e  t h a t  t h e  p ro d u c ts  o f  b io s y n th e s is  in  th e  p la n t  

a r e  s t r u c t u r a l l y  v e ry  s i m i l a r .  T h is  h o ld s  t r u e  o f te n  n o t o n ly  f o r  a  

s in g le  s p e c i e s 9 b u t a l s o  f o r  c lo s e ly  r e l a t e d  o r  a l l i e d  sp e c ie s*

I f  one w ere t o  assum e th e  sixH sem bered r i n g  o f  tro p an o n e  opened by  

th e  a d d i t io n  o f  two atom s o f  hydrogen* th e n  one o b ta in s  th e  fo rm u la  f o r  

h y g r in e , i s o l a t e d  from  P e ru v ia n  cocoa* I n  a  s im i la r  m anner m e th y lis o -  

p e l l e t i e r i n e  c o rre sp o n d s  t o  p s e u d o p e l le t ie r in e *  H i r th e r , c lo s e ly  r e l a t e d  

t o  h y g r in e  i s  cuskohygrlne*

CBg C%

h y g rin e cu skohyg rlne
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IB2- !H-

IE------------ CHg

-Me <20

OHg

IH—

;«Me IHg

0

p s e u d o p e l l e t i e r in e m e th y li  s  o p e l l e t  1  e r in e

I t  i s  n a t u r a l  t o  assume f o r  th e s e  a lk a lo id s  an  o r ig in  i n  th e  e e l l  

j u s t  a s  f o r  tro p a n o n e  and p s e u d o p e l l e t i e r in e ,  A c tu a l ly ,  R obinson (16)

I n  a  s i m i l a r  m anner cu sk o h y g rln e  would be form ed from two m o lecu le s

a c e to a c e t ic  ac id *

T here  can  h a rd ly  be any  doubt t h a t  th e  in d ic a te d  s y n th e s is  w i l l  

ta k e  p la c e  sm oo th ly . The d i f f i c u l t i e s  i n  c a r ry in g  o u t th e  e x p e rim e n ta l 

t e s t s ,  how ever, l i e  i n  th e  i n a b i l i t y  t o  o b ta in  th e  n e c e s s a ry  6 )-m eth y l- 

am in o ald eh y d es . R obinson (17) overcame t h i s  d i f f i c u l t y  by u s in g  

j^em in o b u ty ra ld eh y d e , o b ta in e d  by th e  o x id a t io n  o f  o r n i th i n e »

NH2 -(CH2 ) 3 CH(NHg) -C00H, w ith  a c e to a e e t io  a c id  and o b ta in e d  n o r-h y g rin e *  

S chopf (18) a tte m p te d  t o  p re p a re  th e  c o m p a ra tiv e ly  r e a d i l y  s y n th e s lz a b le  

d i e t h y l a c e t a l  o f  jf~enninobutyraldehyde, b u t th e  h y d ro ly s is  o f  th e  a e e ta l  

d id  n o t  form  th e  a ldehyde  in  a p p re c ia b le  am ounts. T h e re fo re , th e  a c e t a l

advanced  th e  h y p th e s is  t h a t  h y g rin e  i s  o b ta in e d  from

ty ra ld e h y d e  and a c e to a c e t ic  a c id .

aldehyde-am m onia h y g rin e

o f  J^m ethy lam inobu ty ra ldehyde  and a c e to n e d ic a rb o x y lic  a c id .  M e th y liso  

p e l l e t  i e r i n e  would th e n  d e r iv e  from cf-m ethy lam inovale ra ldehyde  and
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was h y d ro ly ze d  a t  pH 5 I n  t h e  p re s e n c e  o f  a c e to a c e t ic  acid*  w ith  th e  hope 

t h a t  th e  l i b e r a t e d  a ld eh y d e  would r e a c t  a s  soon a s  i t  formed* b u t th e  d e ­

s i r e d  r e a c t i o n  p ro d u c t co u ld  n o t be i s o la te d *  S u ccess  was a c h iev e d  o n ly  

when th e  c o m p a ra tiv e ly  u n s ta b le  a c e to a c e t ic  a c id  was re p la c e d  w ith  th e  

more s t a b l e  b e n z o y la e e t io  a c id *  U nder th e s e  c o n d it io n s  th e  fo rm a tio n  o f  

th e  k e to n e  C4 H4 N-CH2 -CO-C5 H5  was proved* w hieh fu n d a m e n ta lly  e s t a b l i s h e s  

th e  p o s s i b i l i t y  f o r  b io g e n e s is  a c c o rd in g  t o  th e  in d ic a te d  re a c t io n *

S t r u c t u r a l l y  r e l a t e d  t o  th e  a lk a lo id s  c a rn e g in e  and s a ls o l in e *  a l ­

re a d y  d isc u sse d *  a r e  th e  harm ala  a lk a lo id s *  -h a rm a lln e*  harm lne and h a r -  

man* By a n a lo g y  f o r  th e  b io g e n e s is  o f  th e  te tr& h y d ro lso q u ln o lin e s*  th e  

b u i ld in g  u n i t  m ust be t ry p ta m in e , d e r iv e d  from  try p to p h a n  by d e c a rb o x y la ­

t io n *  o r  i t s  6 -h y d ro x y  o r  6 -m ethoxy d e r iv a t iv e s *  I n  t h i s  a e r ie s *  too* 

th e  mechanism  h a s  been  s u b je c te d  t o  d i r e c t  in v e s t ig a t io n *  S chopf (19) 

condensed try p ta m in e  w ith  a c e ta ld e h y d e  u n d e r p h y s io lo g ic a l  c o n d it io n s  

and o b ta in e d  te trah y d ro h a rm an *  Hahn (SO) in d e p e n d e n tly  showed t h a t  

try p ta m in e  (!$ /l4 ) condensed w ith  a c e ta ld e h y d e  ( $ / 7) a t  pH 5  and S5° t o  

form  te trah y d ro h a rm an *  and th e n  by lo s s  o f  hydrogen form s dehyd rogenated  

p ro d u c ts*

H H

T etrahydroharm an

The r e a c t i o n  does n o t p ro ceed  s a t i s f a c t o r i l y  w ith  more c o m p lica ted  

a ld e h y d e s , b u t su c ce ed s  w ith  ^ • h e t o  a e id s ,  w hich a re  p ro b a b ly  th e  b io ­

c h e m ic a l p ro g e n i to r s  o f  th e  a ld e h y d es  (SO). T hus, th e  p o s s i b i l i t y  o f  th e

jJH D
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r e a c t i o n  ta k in g  p la c e  w i th in  t h e  c e l l  was dem onstra ted*  and t h i s  m ight 

w e l l  he  th e  r e a c t i o n  f o r  t h e  b io g e n e s is  o f  th e  harm ala  a lk a lo id s *

I n  num erous works* e s p e c i a l l y  th o s e  o f  S p a th  and h i s  co -w o rk e rs  (21) * 

t h e  c o n s t i t u t i o n  o f  T a s ie in e *  o r  peganine*  h a s  been  confirm ed  by sy n th e s is*  

I t  i s  s e e n  t h a t  t h e  m o lecu le  may be composed o f  two b u i ld in g  b locks*  name­

ly*  o*-em inobenzaldehyde and *^-hy&roxy- {j^em inobutyraldehyde#

b u ty ra ld eh y d e*  i n  th e  form  o f  th e  d ie th y la c e ta l*  i s  a v a i la b le *  and th e  

s y n th e s i s  o f  desozyw ascine  by  th e  u se  o f  t h i s  am inoaldehyde makes th e

ab o re  h y p o th e s is  o f  th e  b io g e n e s is  o f  v a s c in e  seem  re a so n a b le*  Schopf

d i e t h y l a c e t a l  u n d e rg o e s  r a p id  h y d ro ly s is  and th e  l ib e r a t e d  a ld eh y d e  con-* 

d e n se s  w ith  o-am inobenzaldehyde t o  th e  p seu d o -b ase  I*  The p seu d o -b ase  

is o m e r iz e s  t o  th e  c o lo re d  q u a te rn a ry  ammonium b ase  I I*  i n  w hich a  s h i f t  o f  

two hyd rogen  atom s ta k e s  p la c e  u n d e r th e  in f lu e n c e  o f  p a lla d iu m  and hy­

d ro g en  t o  form  d e so x y ra s ic in e *

OH

V a s ic in e

(18) found t h a t  i n  d i l u t e  s o lu t io n *  a t  pH 5* J^ -andnobuty ra ldehyde-
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ohcn

[OH

I*  P seu d o -b ase

* 2

Ed
%

XX. Ammonium b a se D e so x y v asic in e

T h is  shows t h a t  a  s t r u c tu r e  su ch  sls found I n  t h e  ammonium c o n f ig u r a t io n  

p o s s e s s e s  th e  te n d e n c y  t o  go o v er r e a d i l y  i n to  th e  more s t a b l e  c o n fig u ­

r a t i o n  o f  d e so x y v a s ic in c t  p ro v id ed  th e r e  i s  p re s e n t  i n  t h e  p la n t  a  

c a t a l y s t  t o  a id  th e  hydrogen  s h i f t #

H bat a p p e a rs  c e r t a i n  i n  th e  in v e s t i g a t io n s  d e sc r ib e d  i s  th e  p r i n ­

c ip l e  o f  a ldehyde-ssxoon ia  fo rm a tio n  and th e  c o n d e n sa tio n  o f  a ld e h y d es  and 

a ld eh y d e-am ao n ias w ith  b e ta - k e to - a c id s  i n  m an ifo ld  m anners f o r  th e  syn the­

s i s #  u n d e r  th e  m ild e s t  c o n d itio n s#  o f  num erous a lk a lo id s #  o r  t h e i r  p r e ­

c u r s o r s  • T here  may be a  d i v e r s i t y  o f  o p in io n  on th e  q u e s t io n  o f  th e  ex«* 

t e n t  t o  w hich  th e  p l a n t  employs th e  s y n th e s is  t r i e d  i n  th e  la b o ra to ry *

I n  v iew  o f  th e  f a c t  t h a t  th e  assum ed b u i ld in g  b lo c k s  a r e  c e l l - p o s s i b l e  

confounds and o f te n  y i e ld  p r a c t i c a l l y  q u a n t i t iv e  am ounts o f  p ro d u ct#  and 

f u r th e r #  s in c e  th e  r e a c t io n  ta k e s  p la c e  r a p id ly  and may ta k e  p la c e  con­

c u r r e n t ly  w ith  o th e r  t r a n s fo rm a tio n s  o f  th e  b u i ld in g  b locks#  such  a s  

o x id a t io n  and r e d u c t io n ,  t h e r e  sh o u ld  be no p a r t i c u l a r  o b je c t io n  t o  th e
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▼lew t h a t  th e  s y n th e s e s  d e s c r ib e d  ta k e  p la c e  i n  th e  p l a n t .  A d e f i n i t e  

in d ic a t i o n  f o r  th e  c o r r e c tn e s s  o f  t h i s  a ssu m p tio n  does n o t o th e rw is e  ap­

p e a r .  F in a l  p ro o f  w i l l  r e q u i r e  c o n t r o l le d  e x p e rim en ts  i n  th e  l i v i n g  

c e l l .  Such e x p e rim e n ts  w ould be d i f f i c u l t  and p e rh a p s  im p o s s ib le .

The m ethods o f  s y n th e s is  u n d e r  b i o lo g ic a l  c o n d it io n s  may i n  tim e  

d i s p la c e  th e  s y n th e t i c  m ethods u se d  u p  t o  th e  p r e s e n t .  They can n o t do so  

now b ecau se  t h e  p r e r e q u i s i t e  s t a r t i n g  m a te r ia ls  a r e  to d a y  s t i l l  r e l a t i v e ­

l y  u n a v a i la b le .  They w il l*  however* be p rov ided*  e s p e c i a l l y  when i t  i s  a  

q u e s t io n  o f  s y n th e s iz in g  o rg a n ic  compounds w hich  may be  d i f f i c u l t  t o  p r e ­

p a re  by  th e  u s u a l  p ro c e d u re s .

I n  s p i t e  o f  p r e s e n t  d isa p p o in tm en ts*  th e  su c c e s s  o f  th e  b io s y n th e t ic  

m ethods d e s c r ib e d  i s  i n s p i r i n g .  I t  can  be p r e d ic te d  t h a t  w ith  re f in e m e n ts  

o f  te c h n iq u e  and c h o ic e  o f  more s u i t a b l e  r e a c ta n ts *  sy n th e s e s  o f  t h i s  

ty p e  w i l l  be  ex ten d ed  t o  a f f o r d  a  g r e a t  d e a l  o f  a d d i t i o n a l  in fo rm a tio n  on 

th e  p ro b a b le  m echanism  o f  fo rm a tio n  o f  th e  a lk a lo id s  i n  th e  p l a n t .

METHODS OF FREP4BIHG> SOCCIBDIAISEHYDS

F o llo w in g  th e  w ork o f  B obinson  (4y and S chopf (12) on  th e  s y n th e s is  

o f  tro p a n o n e  and r e l a t e d  a lk a lo id s *  i n t e r e s t  i n  th e  p r e p a r a t io n  o f  

s u c c in d ia ld e h y d e  h a s  g r e a t l y  in c re a se d *

The f i r s t  m en tio n  o f  su c c in d ia ld e h y d e  i s  t h a t  by  S o y tz e f f  (22) i n  

1875* who c la im ed  t o  have p re p a re d  i t  by  th e  re d u c t io n  o f  s u c c in y l  c h lo r id e  

w i th  sodium  amalgam. I t  h a s  shown l a t e r *  however* by W is lic e n u s  (23) 

t h a t  S o y tz e f f  d id  n o t  have th e  d la ld e h y d e  b u t { -b u ty ro la c to n e .

I n  1884 C iam ic ian  and D em isted t (2d) p re p a re d  su c c in d ia ld o x im e  by  

p ro lo n g e d  h e a t in g  o f  an a lc o h o l ic  s o lu t io n  o f  p y rro le *  hydroxylam ine hy­

d ro c h lo r id e *  and sodium  c a rb o n a te .
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m CH

H

CBgCH-NOiH
+ SNHgOH*BCl + NagOOg ^  + N%  +2NaCl

uHgCH-NOH
+HgO +C02

I n  1901 H a r r ie s  and co -w o rk ers  (25» 26) c o n v e rte d  th e  d iox im e t o  th e  

d ia ld e h y d e  b y  a llo w in g  n i t r o n s  a e id  t o  a e t  cm th e  oxlme a f t e r  th e  method

u se d  b y  C la is e n  and H anasse  (27) t o  c o n v e rt iso n itro so c a n ip h o r  t o  camphor

quinone*

CHgCH^NOH CHgGHO
( +H gO g(or EHNOg) , , ^  | -p2HgO^HgO(or 2HgO)
CHgCH-HOH CHgCHD

N itro g e n  t r i o x i d e  f o r  th e  p r e p a r a t io n  was g e n e ra te d  b y  a r s e n ic  and 

n i t r i c  a d d  (Sp* O r. 1*3) (38)* The g a s  was bubb led  r a p id ly  th ro u g h  a  

w e ll- c o o le d  su s p e n s io n  o f  t h e  oxlme i n  w a te r  u n t i l  fumes o f  Ng0  w ere no 

lo n g e r  e v o lv e d  (29) • The s o lu t io n  was n e u t r a l i z e d  w ith  p r e c i p i t a t e d  

c a lc iu m  c a rb o n a te  and f i l t e r e d *  The f i l t r a t e  was c o n c e n tra te d  a t  r e ­

duced p re s s u re  i n  a  s tre a m  o f  ca rb o n  d io x id e  a t  30° C* The r e s id u e  was 

t r a n s f e r r e d  t o  a n o th e r  f l a s k  and th e  c o n te n ts  d i s t i l l e d  r a p id ly  a t  low 

p r e s s u r e  on an  o i l  b a th  u n t i l  th e  te m p e ra tu re  rea ch e d  120° C* The f o r e ­

ru n  c o n ta in e d  some d ia ld e h y d e  w hieh was p a r t l y  re c o v e re d  by  re p e a te d  

f r a c t i o n a t i o n  (30)* The a ldehyde  th u s  o b ta in e d  was a  g la s s y  polymer*

The monomer was l a t e r  o b ta in e d  by  d i s t i l l i n g  th e  polym er a t  a tm o sp h e ric  

p r e s s u r e  and f r a c t i o n a t i n g  th e  m idd le  f r a c t i o n  a t  red u ced  p re s su re *

The y i e ld  o f  d ia ld e h y d e  from  p y r ro le  was in c re a s e d  by  W l l l s t a t t e r  

H eubner (31) by  M annich and Budde (32)* The fo rm er w ere a b le  

t o  o b ta in  th e  d ioxim e from  p y r ro le  i n  g r e a t e r  y i e ld  by  in c r e a s in g  th e  

q u a n t i t y  o f  hydroxy lam ine  h y d ro c h lo r id e  t o  th e  t h e o r e t i c a l  am ount; th e
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l a t t e r  o b ta in e d  th e  d ia ld e h y d e  from  th e  oxlme u s in g  e th y l  n i t r i t e  in *  

a te a d  o f  n i t r o u s  acid*  T h is  m ethod o f  p r e p a r a t io n  rem oves th e  h a za rd  

o f  e x p lo s io n s  i n  t h e  u s e  o f  n i t r o u s  a c id  w ith  t h e  oxlme*

S u e e ln d ia ld o x im e  h a s  been  o b ta in e d  from  N «*ethylpyrro le  and hydroxyl** 

am ine (33) and fro m  th e  r e d u c t io n  o f  l * 4 - d in i t r o  b u tan e  (34 )•

H a r r ie s  (35) h a s  p re s e n te d  some ev id en ce  t h a t  fu ra n  r e a c t s  w ith  a  

m e th a n o l!c  hydrogen  c h lo r id e  s o lu t io n  t o  g iv e  su c c in d ia ld e h y d e  te tra -*  

m e th y la c e ta l*

I n  19D6 Wohl and S c h w e itz e r  (36) e le c t r o ly z e d  th e  p o ta s s iu m  s a l t  o f  

m a lo n ic  sem ia ldehyde  d i e t h y l a c e t a l  t o  o b ta in  su c c in d ia ld e h y d e  t e t r a ~  

e th y l a c e t a l  w hieh  was h y d ro ly zed  t o  th e  f r e e  a ld eh y d e :

Sugasawa (37) i n  1927 o b ta in e d  th e  d ia ld e h y d e  by  th e  method o f  Wohl 

S c h w e itz e r  (36) b u t  p re p a re d  th e  in te rm e d ia te  p o ta ss iu m  s a l t  o f  

m alo n ic  s e m la e e ta l  by  a  d i f f e r e n t  p ro c e d u re :

CHgCBJHD B t0H -  ClC%CH2CH(0*t) 2
H51

NaQH HDCHgCHgCH (OSt) g

e le c t r o ly z e  CHgCHjOEtJg BHgCBD
■

CHgCH(OSt)g h 2°  CHgCHO

CHgCOQEt + HCOOSt K*S HaOCH- CHCOOEt (BtO) gCHCHgCOQBt
e th e r  HOI

a 1
S t0H >  (EtO) gCHBHgCOOK 
KOH

e le c t r o l y z

CHsCH(QEfe)s H2O

K e in a tsu  and Yokota (38) i n  1927 u se d  a c e ty le n e ,  o rth o fo rm ic  e s t e r ,  

e thy im agnesium  brom ide fo l lo v o d  by  tlie  r e d a c t io n  o f  th e  s u b s t i t u t e d  

a c e ty le n e  o b ta in e d  t o  g e t  th e  t e t r a e t h y l a c e t a l  o f  su c c in d ia ld e h y d e  and
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h y d ro ly ze d  th e  p ro d u c t t o  t h e  d la ld e h y d e :

(EtO) CgBglSjgBr
CCH(GEt)g gg  CHgCHtOEtJg
I  : --------- -w*iOH(C®t)g pft ^  CH2CH(OBt)2I:

CHgCBO

H a r d i l y  and B la is e  (39) i n  1904 i s o l a t e d  a  sm a ll  amount o f  s u c c in -  

d ia ld e h y d e  among th e  o x id a t io n  p ro d u c ts  o f  c e r t a i n  u n s a tu ra te d  a c id s*
n

T urk (40) i n  1905 p re p a re d  th e  d ia ld e h y d e  by  h y d ro ly s is  o f  d i a l l y l  

d io z o n ld e .

H a r r ie s  (41) i n  1908 o b ta in e d  i t  by  th e  h y d ro ly s is  o f  c y c lo o c tad le n e  

1*5 d io z o n id e  and i n  1913 by  t h e  h y d ro ly s is  o f  th e  o zo n id es o f  c e r t a i n  

b u ta d ie n e  po lym ers i n  th e  c o u rs e  o f  p ro o f  o f  s t r u c tu r e  (43)*

A p o o r y i e l d  o f  th e  d ia ld e h y d e  h as  been i s o l a t e d  from  dehydrogena~  

t i o n  p ro d u c ts  o f  1*4 b u ta n d lo l*  b u t ^ -b u ty ro la c to n e  i s  th e  c h i e f  p ro d u c t 

o f  t h e  r e a c t io n  (43)*

I n  1943 Y ourtee  (44) a t  th e  U n iv e r s i ty  o f  M aryland o b ta in e d  s u c c in -  

d ia ld e h y d e  in  7 - 1 0 #  y ie ld  by th e  c o n d e n sa tio n  o f  e th y l  s u c c in a te  w ith  

e th y l  fo rm ate  fo llo w ed  by h y d ro ly s is  and d e c a rb o x y la tio n  o f  th e  in ter** 

m e d ia te  <7f< < d ifo rin y lsu ec in ic  e s t e r  w hich  co u ld  n o t be i s o l a t e d  from  th e  

c o n d e n sa tio n  r e a c t io n  m ix tu re :

NaOEt
OHgOHOIHCHO

OOEt
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The d ia ld e h y d e  p re p a re d  was d i s t i l l e d  ixx vacuo u n d e r d ry  n i t r o g e n  g a s  

and th e  f r a c t i o n  b o i l i n g  61 -65° a t  10-12  mm was c o lle c te d *  The y i e ld  was 

9*8^ b ased  on e th y l  s u c c in a te  used*

I n  a d d i t io n  t o  monomeric su cc in d ia ld e h y d e*  a t  l e a s t  f o u r  p o ly m eric  

form s have b een  d e s c r ib e d  in  th e  l i t e r a t u r e  (45 , 2 5 ) , The monomer i s  a  

l i g h t ,  m o b ile  l i q u i d  o f  s w e e tis h  b u t s t in g in g  o d o r; b ,p * /? 6 Q 1 6 9 - 7 0 °  

( s l . a . ) ;  b . p . / l l  6 5 -7 ° ;  d4 8 1 . 0 6 9 ; a j ^ l ^ S 397, n 81! . 42617 , n®°1.42667 (28 , 

46) • I t  i s  e a s i l y  s o lu b le  in  a l l  th e  common s o lv e n ts ,  u n s ta b le  i n  d i l u t e  

a c id  s o lu t io n  and e x c e e d in g ly  u n s ta b le  in  d i l u t e  a lk a l in e  s o lu t io n ,  and 

i t s  v a p o rs  a r e  c o r ro s iv e  t o  th e  s k in  and mucous membranes (2 5 ). I t  p o ly ­

m e riz e s  r e a d i l y  on s ta n d in g ,  e s p e c i a l l y  u n d er th e  in f lu e n c e  o f  m o is tu re ,  

t o  a  g la s s y  form  b u t w i l l  rem ain  l iq u id  f o r  a  lo n g  tim e  in  th e  d ry , c o ld  

s t a t e  i n  a  w e l l- s to p p e re d  c o n ta in e r  (2 8 ). I t  g iv e s  an in te n s e  b lu e  c o lo r  

w ith  3 c h i f f t s  re a g e n t  (2 5 ) , re d u c e s  l f e h l in g 's  s o lu t io n  even in  th e  co ld  

(2 5 ) ,  and y i e l d s  d e r iv a t iv e s  w ith  a l l  th e  u s u a l  a ldehyde  r e a g e n ts  (4 5 ) . 

O x id a tio n  by EMnO  ̂ d e s t r o y s  th e  d ia ld eh y d e  (2 6 ), HNDg y ie ld s  s u c c in ic  

a c id  (2 9 ) , and BNOg y i e ld s  o x a l ic  a c id  (26)* Sodium amalgam in  m o is t 

e th e r  re d u c e s  th e  d ia ld e h y d e  t o  te tra m e th y le n e  g ly c o l  (26)*

W ith  w a te r  i n  a  s e a le d  tu b e  a t  180°, fu ra n e  i s  form ed; w ith  phosphor­

ous t r i s u l f i d e ,  th io p h e n e  i s  form ed; and w ith  ammonia and a c e t i c  a c id ,  p y r ­

r o l e  i s  th e  p ro d u c t (25) •

The s o - c a l l e d  " g la s sy *  form  (p ro b ab ly  p en tam erlc ) i s  a  to u g h  s t i c k y  

su b s ta n c e  w ith  b i t i n g  odor* I t  l i q u i f i e s  a t  65° and b o i l s  a t  169-70° a t  

760mm p r e s s u r e  t o  y ie ld  th e  monomer* I t  d i s s o lv e s  r e a d i l y  i n  a lc o h o l  b u t 

d i f f i c u l t l y  in  w a te r ,  e th e r ,  o r  benzene y ie ld in g  a  s o lu t io n  o f  th e  mono- 

m er. i t s  d 1 9  1 .8 3  and n ^ °  1.47849 (25 , 2 6 , 2 8 ) .

T h ree  o th e r  p o ly m eric  form s (26) a r e  s o lid s *  One, m*p« 6 4 ° , i s  p r e ­

p a re d  b y  d ro p p in g  th e  "m e lted "  g la s s y  form  i n to  w a te r  a t  5 0 ° . Evapora­
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t i o n  o f  a  benzene s o lu t io n  o f  th e  monomer y i e ld s  a n o th e r  form  m e lt in g  a t  

150-40°* i n  amorphous form* term ed  p a ra su c c in d ia ld e h y d e 9 i s  p rodueed  

when an  a e e to n e  s o lu t io n  o f  th e  a ldehyde I s  a llow ed  t o  s ta n d  w ith  anhy­

d ro u s  o x a l ic  a c id .  T h is  i s  a  w h ite  powder decom posing a t  90-100°•
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RESEARCH AIM

it
xhd s u c c e s s  o f  Schopf In  p ro v in g  th e  b io g e n e s is  o f  th e  t ro p a n e  a lk a ­

lo id s *  p a r t i c u l a r l y  th e  b io s y n th e s is  o f  th e  in te rm e d ia te  ke tone*  t r o -  

panone* i s  v e ry  in s p i r in g *  H is work gave p rom ise  t h a t  homologs o f  t r o -  

panone m ight be s y n th e s iz e d  a c c o rd in g  t o  th e  fo llo w in g  e q u a tio n :

a t  io n  o f  tro p a n o n e  hom ologs w ith  th e  v iew  i n  mind o f  s y n th e s iz in g  com­

pounds r e l a t e d  t o  a t r o p in e 9 cocaine*  and tro p a c o c a in e *  and t e s t i n g  them  

p h a rm a c o lo g ic a lly . I t  a t  once becomes a p p a ren t t h a t  su c h  an  in v e s t ig a ­

t i o n  m ust be concerned  f i r s t  w i th  th e  a p p ro p r ia te  in te rm e d ia te  w hich may 

be c o n v e rte d  i n to  th e  d e s i r e d  a lc o h o l  o r  hydroxy e a te r*  and th e n  e s t e r i f i -  

c a t io n  s tu d i e s  may be u n d ertak en *

The n e c e s s a ry  s t a r t i n g  m a te r ia l s  a re  r e a d i l y  a v a i la b le  w ith  th e  ex­

c e p t io n  o f  su e c in d ia ld e h y d e*  S in c e  no s a t i s f a c t o r y  s y n th e s is  t o  d a te  i s  

a v a i la b l e  f o r  th e  p r e p a r a t io n  o f  th e  d ia ld eh y d e*  c o n s id e ra b le  tim e  was 

s p e n t i n  a tte m p tin g  t o  f in d  a  new method o f  sy n th e s is*

T h is  d i s s e r t a t i o n  d e s c r ib e s :

(a) E x p e rim e n ta l work d e a l in g  w ith  th e  a tte m p te d  s y n th e s is  o f  

su c c in d la ld e h y d e *

(b) C o n d en sa tio n  ex p erim e n ts  le a d in g  t o  th e  fo rm a tio n  o f  sev ­

e r a l  tro p an o n e  homologs*

(c) A c a t a l y t i c  m ethod fo r  th e  r e d u c t io n  o f  tro p an o n e  t o  t r o -  

panol*

•HgCOQR (H)

‘HgCOQR (H)

The p r im a ry  a im  o f  t h i s  i n v e s t i g a t io n  was f i r s t *  t o  d u p l ic a te
tt

S c h o p f 's  r e s u l t s  and* second* t o  ex ten d  th e  in v e s t i g a t io n  t o  th e  p r e p a r -
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EXPERIMENTAL

StJCCrNDT ATr>Tcirg>E:

l a  v iew  o f  th e  d i f f i c u l t y  o f  p re p a r in g  su c c in d la ld e h y d e  by known 

p ro ce d u re s*  a s  p r e v io u s ly  d e sc r ib e d *  i t  was f e l t  t h a t  new m ethods de~ 

s e rv e d  c o n s id e ra tio n *  The fo llo w in g  h y p o th e t ic a l  r e a c t io n s  w ere care-* 

f u l l y  c o n s id e re d  and some o f  them  w ere t r i e d  i n  th e  la b o ra to ry *

1 # D ry  d i s t i l l a t i o n  o f  m ixed ca lc iu m  s u c c in a te  and ca lc iu m  fo rm a te :

d r y  f 0 * 0 0 0* * J z L * ^  I + 2CaC03
d i s t i l  CHsCHO

S in c e  th e  d i s t i l l a t i o n  o f  th e  c a lc iu m  o r  barium  s a l t s  o f  h ig h e r  a c id s  

w ith  th e  same s a l t s  o f  fo rm ic  a c id  I s  one g e n e ra l  m ethod f o r  th e  p r e p a r ­

a t i o n  o f  a ld eh y d es*  i t  was th o u g h t t h a t  th e  above r e a c t io n  m ight y ie ld

th e  d e s i r e d  d ia ld eh y d e*

When th e  m ixed c a lc iu m  s a l t s *  p re p a re d  i n  th e  u s u a l  m anner from  

eq u im o la r q u a n t i t i e s  o f  s u c c in ic  and fo rm ic  a c id s  w ere h e a te d  i n  a  d i s ­

t i l l a t i o n  f la s k *  c o p io u s  q u a n t i t i e s  o f  carbon  d io x id e  w ere evo lved  and 

no d i s t i l l a t e  was o b ta in e d  i n  th e  r e c e i v e r .  The c o n te n ts  o f  th e  f l a s k  

became v e r y  b la c k  and w ere v e ry  d i f f i c u l t  t o  rem ove. T h is  r e a c t io n  was 

r e p e a te d  tw ic e  w ith o u t su c c e ss  and was n o t  f u r t h e r  in v e s tig a te d *

2* The H t t i g  r e a c t io n  on b ro m o ace ta l t o  y i e ld  th e  t e t r a e t h y l -  

a c e t a l  o f  su c c in d la ld e h y d e :

CHgCHfOEfcJg
2 BrCHgCH(GBt) 3  +  2 K a  >2HaBr +

CH2 CH(0m ) 2

D ie th y la c e ta l  was p re p a re d  a c c o rd in g  t o  th e  d i r e c t i o n s  o f  O rganic

Ga +  Ca

11
 0 -----H

 C------H
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S y n th e se s  (47)« end was c o n v e rte d  i n t o  th e  bromo d e r iv a t iv e  by  th e  

m ethod o f  H artung  and Adkins (48)#

I n to  a  250 cc* f l a s k  f i t t e d  w ith  a  r e f l u x  co n d en se r w ere p la c e d  

75—100 ee* o f  anhydrous to lu e n e  and 5 gm* o f  sodium, w ire*  4 0  gmt o f  

b ro m o a e e ta l was added s lo w ly  th ro u g h  th e  e o n d e n se rf and when th e  a d d i t io n  

w as com plete  e f fe rv e s c e n c e  was n o t ic e d 9 th e  r e a c t io n  m ix tu re  becom ing 

l i g h t  g re e n  i n  c o lo r*  The r e a c t io n  f l a s k  was h e a te d  on a  h o t w a te r  b a th  

and t h e  m ix tu re  a llo w ed  t o  r e f l u x  f o r  th r e e  hours*  At th e  end o f  t h i s  

tim e  th e  m ix tu re  was brown i n  c o lo r  and a  p r e c i p i t a t e  s e t t l e d  I n  th e  

b o tto m  o f  th e  f la s k *  The c o n te n ts  w ere f i l t e r e d  and th e  f i l t r a t e  f r a c ­

t io n a t e d  u s in g  a  lo n g  column* A sm a ll  q u a n t i ty  o f  p ro d u c t d i s t i l l i n g  

a t  3 4 -5 6 °  was o b ta in e d  and i d e n t i f i e d  a s  v in y l  e th y l  e th e r*  T h is  r e s u l t  

was u n e x p e c te d , b u t  a f t e r  c o n s u l t in g  th e  chem ica l l i t e r a t u r e  i t  was 

found  t h a t  t h i s  r e a c t io n  had a l r e a d y  been  t r i e d  and t h a t ,  in s te a d  o f  

s u c c in d la ld e h y d e  t e t r a e th y l& c e ta l ,  t h e  p ro d u c t was v in y l  e th y l  e th e r  

(4 9 , 50)*

3* A Rosennnnd ty p e  o f  r e d u c t io n  o f  s u c c in y l  c h lo r id e s

One o f  t h e  g e n e ra l  m ethods f o r  th e  p r e p a ra t io n  o f  a ld e h y d es  d e ­

s c r ib e d  i n  t e x t  books c o n s i s t s  o f  th e  re d u c t io n  o f  a c id  c h lo r id e s ,  u s ­

in g  p a lla d iu m  a s  a  c a t a l y s t ,  a c c o rd in g  t o  th e  g e n e ra l  e q u a tio n :

A lthough  t h i s  r e a c t io n  i s  g e n e r a l ly  a p p l ic a b le  f o r  th e  a c id  c h lo r id e s  o f  

m onocarboxyU e a c id s ,  t h e  r e d u c t io n  o f  s u c c in y l  c h lo r id e  m ight be ex­

p e c te d  t o  ta k e  p la c e  i n  a  s im i la r  manner*

- t  2HC1

R-C0-C1 ^  R-CBO
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However, two s t r u c tu r e s  have been p roposed  f o r  s u c c in y l  c h lo r id e s

/ C l  
j5Hg-C«Cl

ch2« <
0

X I I

S in c e  fo rm u la  I  i s  t h e  m ost w id e ly  a c c e p te d  s t r u c t u r e ,  and s in c e  t h i s  i s  

th e  s t r u c t u r e  a s c r ib e d  t o  th e  s u c c in y l  c h lo r id e  a v a i la b l e  from  th e  

E astm an Kodak Company, i t  seemed re a s o n a b le  t o  assum e t h a t  th e  r e d u c t io n  

o f  t h i s  s u b s ta n c e , u s in g  p a lla d iu m  a s  a  c a t a l y s t ,  m ight y ie ld  th e  c o r r e s ­

pond ing  a ld e h y d e .

S u c c in y l  c h lo r id e  was p re p a re d  by  th e  d i r e c t i o n s  o f  Hartm an (51) 

a c c o rd in g  t o  th e  fo llo w in g  r e a c t io n

CHgCOOH CHgCOCl
I & SPClg  ^  | *  2POCI3  +  2HC1
CHgCOOH CHgCOCl

u s in g  1  m ole o f  s u c c in ic  a c id  and 2  m oles o f  phosphorus p e n ta c h lo r id e »

The y i e l d  o f  p ro d u c t d i s t i l l i n g  a t  82**65°/l5 nan* was 0 ,6 6 5  m ole (105 gm,) 

The p a lla d iu m  c a t a l y s t  was p re p a re d  a c c o rd in g  t o  th e  d i r e c t i o n s  o f  

H artung  (5 2 , 5 3 ) .  To 3 gm. N o r i te  o r  b lood  c h a rc o a l  was added 0 ,5  gm, 

p a lla d iu m  c h lo r id e  c r y s t a l s .  T h is  m ix tu re  was p la c e d  in  a  250 c c ,  f l a s k  

w i th  1 0 0  c c , d i s t i l l e d  w a te r  and shaken  i n  an  a tm osphere o f  hydrogen un­

t i l  s a t u r a t e d .  The s o lu t io n  was f i l t e r e d  and th e  p a l la d in lz e d  c h a rc o a l  

washed s u c c e s s iv e ly  w ith  d i s t i l l e d  w a te r  and e th y l  a lc o h o l .  The c a t a l y s t  

was d r ie d  i n  a  vacuum d e s ic c a to r  o v e r H2SO4  b e fo re  u s e .

To 7 ,7 5  gm, ( ,0 5  m ole) o f  s u c c in y l  c h lo r id e  w ere added th e  p a llad iu m  

c a t a l y s t  and 1 0 0  c c ,  o f  anhydrous benzene and th e  m ix tu re  hy d ro g en a ted  i n

CHg-C-Cl

-C -C l
" 0
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a  P ^ e s u r e  bomb o f  til© .American In s tru m e n t Company a t  10 atm ospheres*

The r a t e  o f  a b s o rp t io n  was fo llo w ed  by  o b se rv in g  th e  f a l l  i n  p r e s s u re  on 

a  gauge* p r e v io u s ly  c a l ib r a te d *  The e x p ec ted  h y d ro g en a tio n  d id  n o t ta k e  

p la c e  and a f t e r  s e v e r a l  u n s u c c e s s fu l  a tte m p ts  was n o t  f u r t h e r  i n v e s t i ­

g a te d .

4* The p a r t i a l  h y d ro g e n a tio n  o f  s u c c i n o n i t r i l e  t o  th e  d i- im in e  

w hich  on h y d r o ly s is  sh o u ld  y i e ld  th e  d ia ld e h y d e :

a )  f a 0 *  2H a  gHaO f **0 3 0
1 — ££&*- -r z ? ? . +  m s*

M  QHgCH'HH CHgCHO

b ) CHoCM S te p h e n ’s  CHgCH=HH*BJI „ CHgCHO
'  [I I +

>GN 2 CHgCH-HH#EGl CHgCHD

I t  i s  known t h a t  b en zy lcy a n id e  may* u n d e r p ro p e r  c o n d itio n s*  be re** 

duced t o  t h e  c o rre sp o n d in g  in line from  w hich e x c e l le n t  y i e ld s  o f  phenyl-* 

a e e ta ld e h y d e  may be i s o l a t e d  (54)* A nalogous r e a c t io n s  w ith  th e  d i n l t r i l e  

o f  s u c c in ic  a c id  sh o u ld  th e n  y ie ld  th e  c o rre sp o n d in g  d ia ld eh y d e*

S u c c in o n i t r i l e  was p re p a re d  a c c o rd in g  t o  th e  m ethod d e s c r ib e d  i n  

O rg an ic  S y n th e se s  (55) f o r  t h e  p r e p a r a t io n  o f  t r im e th y le n e  cyanide* The 

p ro d u c t d i s t i l l e d  a t  142-1470/ 12 bbh*» th e  y ie ld  b e in g  70-75% o f  th e  th e o ­

r e t i c a l *  The n i t r i l e  i s  r e p o r te d  t o  d i s t i l  a t  185°/60  m u *  and 158-60°/20  

mm* (5 6 )•

To 2 gnu (*025 m ole) o f  s u c c i n o n i t r i l e  were added f r e s h ly  p re p a re d  

p a lla d iu m  c a ta ly s t*  p re p a re d  a s  a lr e a d y  d esc rib ed *  and 1 0 0  cc* o f  commer­

c i a l  a b s o lu te  e th y l  a lc o h o l .  About 18 c c .  o f  a b s o lu te  a lc o h o l ic  BC1, 

c o rre sp o n d in g  t o  2  e q u iv a le n ts  o f  HC1  p e r  mole* was added and th e  m ix tu re  

h y d ro g en a ted  i n  th e  p r e s s u re  bomb a t  10 atm ospheres* Almost th e  th e o ­

r e t i c a l  amount o f  hydrogen was ta k e n  up i n  abou t 5 hours*  S haking  was
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c o n tin u e d  f o r  an  a d d i t i o n a l  2  h o a rs  w ith  no f a r t h e r  f a l l  i n  p re s su re *

The m ix tu re  was th e n  removed from  th e  bomb and f i l t e r e d  by  su c tio n *  th e  

c a t a l y s t  washed w ith  a  s m a ll  q u a n t i ty  o f  com m ercial a b s o lu te  e th y l  a lc o — 

ho i*  and th e  f i l t e r a t e  d i s t i l l e d  a t  red u c ed  p r e s s u r e  t o  remove a lm ost 

a l l  t h e  so lv e n t*  The r e s id u e  was ta k e n  up  w ith  a  sm a ll  q u a n t i ty  o f  ab ­

s o lu t e  a lc o h o l*  s a tu r a te d  w ith  e th y l  e th e r*  w ith  th e  i n t e n t io n  o f  i s o ­

l a t i n g  th e  im in e -h y d ro e h lo r id e * and a llow ed  t o  c r y s t a l l i z e  i n  th e  i c e ­

box* A p p rox im ate ly  1*3 gm* o f  ye llow  c r y s t a l l i n e  m a te r ia l*  m e ltin g  a t  

16 8 -9 °  d * was o b ta in ed *  A n i t r o g e n  d e te rm in a tio n  u s in g  th e  K je ld a h l  

p ro c e d u re  was c a r r i e d  out* and th e  p ro d u c t was found t o  c o n ta in  18*14% 

n itro g e n *  w hereas th e  c a lc u la te d  v a lu e  i s  17*83%* U sing  th e  Y olhard  

p ro c e d u re  th e  compound was found t o  c o n ta in  77*85% c h lo r in e *  w hereas th e  

c a lc u la te d  v a lu e  i s  o n ly  41*40%* I t  d id  n o t red u c e  I f e h l in g 's  s o lu t io n  

b u t a  s tro n g *  a m in e - lik e *  d is a g re e a b le  odor was evolved* When th e  hy­

d ro g e n a tio n  was c a r r i e d  o u t i n  70% e th y l  a lc o h o l  w ith o u t th e  p re s e n c e  o f  

EG1* u s in g  Haney n ic k e l  i n  p la c e  o f  th e  p a lla d iu m  c a ta ly s t*  th e  t h e o r e t i ­

c a l  amount o f  hydrogen was ab so rb ed  i n  4  hours*  A f te r  f i l t e r i n g  o f f  th e  

c a t a l y s t  and w ash ing  i t  w i th  70% e th y l  a lc o h o l*  th e  f i l t r a t e  was found 

t o  be  s t r o n g ly  b a s ic  and have a  pungen t a m in e - lik e  odor* S in c e  no t r a c e  

o f  su c c in d la ld e h y d e  r e s u l t e d  from  th e  h y d ro g en a tio n  p ro ced u res*  th e  m eth­

od o f  s y n th e s is  was abandoned*

I n  1925 S tep h en  (57) r e p o r te d  a  new method f o r  th e  s y n th e s is  o f  a l ­

dehydes th e  b a s i s  o f  w hich i s  th e  c o n v e rs io n  o f  a  n i t r i l e  th ro u g h  th e  

im in o -c h lo r id e  (which need  n o t be i s o l a t e d )  i n to  an  a ld eh y d e  w ith  th e  

ffaTTI*fc number o f  c a rb o n  atoms* The m ost s u i t a b l e  re d u c in g  ag en t i s  anhy­

d ro u s  s ta n n o u s  c h lo r id e  d is s o lv e d  i n  e th e r  s a tu r a te d  w ith  hydrogen c h lo ­

r id e *

A s im p le  m ethod o f  p re p a r in g  anhydrous s ta n n o u s  c h lo r id e  i s  t h a t  o f
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S te p h en  (58) by  t r e a t i n g  SnCls *2H20 ( 1  m ole) w ith  a c e t i c  a n h y d rid e  ( 2  

m oles) ,  The d e h y d ra tio n  i s  a lm ost in s ta n ta n e o u s*  nuch h e a t  i s  e v o lv e d , 

and th e  anhydrous s a l t  s e p a r a te s  im n e d ia te ly .  A l te r  b e in g  washed f r e e  

from  a c e t i c  a c id  w ith  d ry  e th e r*  i t  can be p re s e rv e d  i n d e f i n i t e l y  i n  a  

d e s ic c a to r*

S in c e  th e  r e p o r te d  m ethod i s  a p p l ic a b le  t o  a l i p h a t i c  and a ro m a tic  

n i t  r i l e s  and th e  y i e l d s  u s u a l ly  a lm o st q u a n t i t a t i v e ,  i t  was th o u g h t t h a t  

t h i s  m ethod o f  r e d u c t io n  sh o u ld  be t r i e d  on s u c c i n o n i t r i l e .

I n to  a  500 c c , round  bo ttom  f l a s k  c o n ta in in g  200 c c ,  o f  d ry  e th e r  

was suspended  3 5 ,6  gm. (,1875  m ole) o f  th e  f i n e l y  powdered anhydrous 

SnC lg. The m ix tu re  was s a tu r a te d  w ith  d ry  HD1 u n t i l  two la y e r s  form ed, 

th e  low er v is c o u s  l a y e r  c o n s is t in g  o f  SnClg d is s o lv e d  i n  e th e r e a l  BC1. 

Then 10 gm, ( ,1 2 5  m ole) o f  s u c c i n o n i t r i l e  d is s o lv e d  in  25 c c ,  o f  c h lo r o -  

form  was added and th e  m ix tu re  shaken  v ig o ro u s ly .  A f te r  a  few m in u te s  

th e  m ix tu re  became q ^ i t e  warm, th e  e th e r  l a y e r  began t o  b o l l ,  th e  low er 

l a y e r  became deep y e llo w  i n  c o lo r ,  and a f t e r  1 0  m in u te s  s o l i d i f i e d  t o  a  

gummy m ass. A ttem pted  h y d ro ly s is  o f  th e  r e s u l t i n g  p ro d u c t d id  n o t pro** 

duce any  t r a c e  o f  s u c c in d la ld e h y d e . R epea ted  a tte m p ts  gave s im i la r  r e ­

s u l t s .  Inasm uch a s  a  r e a c t io n ,  s im i l a r  t o  t h a t  d e s c r ib e d  by S tep h en , d id  

o c c u r ,  la c k  o f  tim e  p re v e n te d  a  th o ro u g h  in v e s t ig a t io n  o f  t h i s  re a c t io n *  

The p o s s i b i l i t y  o f  u s in g  t h i s  r e a c t io n  f o r  th e  s y n th e s is  o f  s u c c ln d ia l -  

dehyde was n o t r u le d  o u t by  th e s e  n e g a t iv e  r e s u l t s ;  th e  p ro p e r  c o n d it io n s  

f o r  th e  r e a c t io n  d e se rv e  t o  be more th o ro u g h ly  in v e s tig a te d *

5 ,  The fo rm a tio n  o f  th e  t e t r a e t h y l a o e t a l  by th e  r e a c t io n  o f  e th y l  

o r th o fo rm a te  w ith  th e  G rig n a rd  re a g e n t from  th e  a c e t a l  o fy9 -brom oprop ion- 

a ld e h y d e :
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BpCHjjCHjjCH( C®t ) 2  d r y  a t h a r  >  a^ feC ^C H g C H fO B tjg

gtOCH(OEt) P CHgCH(OEt)g ^  CHgCHO

CHgCH(OSt)g 355 CHgCHO

S in c e  a n o th e r  g e n e r a l  method Tor th e  p r e p a r a t io n  o f  a ld eh y d es  i s  th e

r e a c t i o n  o f  th e  G-rignard re a g e n t  w ith  an  a l k y l  form ate* o r  w ith  o r th o f o r — 

m ie e s te r*

^CMgX
B-Mg-X +  HOOCH' y  R-CH H)H ^

^ O R '

HO-MgX +  ROB -f- R-CHD

R-MgX ■+ HD(OEt)g --------------- H-GH(QEt)g ■+■ EtO«4SgX

R-CH(0Et) 2  ■+ HOH — -----^  R-CHO +  2EtOH

i t  was th o u g h t t h a t  th e  in d ic a te d  r e a c t io n  m ight y i e ld  su e e in d ia ld e h y d e •

^ ‘-B rom opropionaldehyde d i e t h y l a c e t a l  was p re p a re d  a c c o rd in g  t o  th e  

g e n e r a l  d i r e c t i o n s  o f  N ef (59) u s in g  a c r o le in  and a lc o h o l ic  HBr# I n to  a

500 cc* th re e -n e c k  f la s k *  su rrounded  by an  i c e - s a l t  h a th  k e p t a t  0 °  C .,

and f i t t e d  w ith  a  m ec h an ica l s t i r r e r *  r e f lu x  c o n d en se r, and a  s e p a ra to ry  

fu n n e l*  was p la c e d  2 1 2  gm* s a tu r a te d  e th a n o l ic  HBr; t o  i t  was added 

th ro u g h  th e  s e p a ra to ry  fu n n el*  ov e r a  p e r io d  o f  30 m inutes*  100 gm* a c ro ­

l e i n  (IS* K* & Co*)* A s h o r t  tim e  a f t e r  a l l  th e  a c r o le in  had been  added 

th e  m ix tu re  became v e ry  d a rk  brown in  co lo r*  The s t i r r i n g  was co n tin u ed  

f o r  an  a d d i t i o n a l  h o u r , a f t e r  w hich  tim e  an  o i l y  m ix tu re  was o b ta in ed *

T h is  was n e u t r a l i z e d  f i r s t  w ith  anhydrous sodium  c a rb o n a te ;  th e n  app rox ­

im a te ly  250 eco o f  e th e r  was added and th e  s o lu t io n  t r a n s f e r r e d  t o  a  sepa­

r a t o r y  fu n n e l  and washed w ith  a  s a tu r a te d  sodium  b ic a rb o n a te  s o lu tio n *
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The o rg a n ic  l a y e r  was d r ie d  over a  m ix tu re  o f  anhydrous sodium  s u l f a t e  

and p o ta s s iu m  c a rb o n a te  T o t  12 hours* I t  was f i l t e r e d  in to  a  C la is e n  

f l a s k  and a f t e r  rem oval o f  th e  e th e r  was d i s t i l l e d  u n d e r reduced  pressure*  

B ecause a  l a r g e  amount o f  d eco m p o sitio n  accom panied th e  d i s t i l l a t i o n *  

o n ly  2 0  gm* o f  t h e  a c e t a l  o f  ^  —brom opropionaldehyde d i s t i l l i n g  a t  

5 0 -600/ 5 mm. w as o b ta in e d . The p roduct*  s l i g h t l y  a c id  t o  l i t m s ,  was 

n e u t r a l i z e d  w ith  anhydrous p o ta ss iu m  c a rb o n a te . S e v e ra l  a t te m p ts  t o  form  

th e  G rig n ard  re a g e n t  in  th e  u s u a l  manner w ith  magnesium tu r n in g s  w ere un ­

s u c c e s s f u l .

B efo re  abandoning  t h i s  approach* th e  a c e t a l  o f  « C h lo ro p ro p io n a ld e -  

hyde was p re p a re d  by  th e  m ethod o f  Witzeman (60) and o f  Evans and B ass

(61) » b u t i t  p roved  e q u a l ly  u n r e a c t iv e  w ith  m e ta l l i c  magnesium*

T h is  n o n - r e a c t i v i t y  o f  th e  ^ - h a lo g e n o  d e r iv a t iv e s  o f  p ro p io n a ld e -  

hyde i s  s u rp r is in g *  f o r  o r d i n a r i l y  such  h a lo g en  atom s a re  c o n s id e re d  

l a b i l e  and q u i te  r e a c t i v e .

S in c e  th e  p roposed  m ethods f o r  th e  p re p a r a t io n  o f  su c c in d la ld e h y d e

from  a v a i la b le  in te rm e d ia te s  and by a d a p ta t io n  o f  e s ta b l i s h e d  p ro c e d u re s

p roved  d isa p p o in tin g *  a t t e n t i o n  w as n e x t tu rn e d  t o  th e  most a t t r a c t i v e

s y n th e s i s  d e s c r ib e d  i n  th e  ch em ica l l i t e r a t u r e *  namely* th e  c o n v e rs io n  o f

p y r r o le  i n to  th e  d ia ld eh y d e*  v i a  th e  dloxim e* The d loxim e was p re p a re d

a c c o rd in g  t o  th e  method o f  W l l l s t a t t e r  and Hhebner (62)* whose d i r e c t io n s

w ere a ls o  fo llo w ed  by  S chopf (12) • These in v e s t i g a to r s  c o n v e rte d  th e  
d ioxim e in to  th e
d ia ld e h y d e  by  means o f  NgOg. I t  was found* d u rin g  th e  p re s e n t  in v e s t ig a ­

t io n *  more advan tag eo u s t o  u se  HESTOg r a t h e r  th a n  i t s  s o - c a l le d  a n h y d rid e .

P r e p a r a t io n  o f  su c c ln d ia ld o x im e . I n to  a  2 l i t e r  th r e e  neck  f la s k *  

f i t t e d  w ith  a  m ec h an ica l s t i r r e r  and r e f lu x  co n d en se r w ere p la c e d  1  l i t e r  

o f  9 S# e th y l  a lc o h o l .  67 gm* (1 m ole) f r e s h ly  d i s t i l l e d  p y r r o le  (Eastman*s 

p r a c t i c a l  g rad e )*  and 141 gm* (2  m ole-f e x c e ss )  o f  hydroxylam ine hydro­
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c h lo r id e .  A w a te r  ha th*  h e a te d  on a  h o t p la te *  was p la c e d  u n d e r  th e  r e ­

a c t io n  f l a s k  and th e  s t i r r i n g  began . As soon a s  th e  hydroxylam in© hydro** 

c h lo r id e  was c o m p le te ly  d is s o lv e d , 106 gm* { 1  m ole) o f  anhydrous sodium  

c a rb o n a te  w as added* i n  sm a ll  p o r t io n s *  t o  th e  c o lo r l e s s  s o lu t io n  a s  

r a p i d l y  a s  p o s s ib le *  and th e  m ix tu re  was re f lu x e d  f o r  24 h o u rs . D uring  

t h i s  tim e  th e  s o lu t io n  tu rn e d  from  c o lo r l e s s  t o  l i g h t  brown. The h o t 

a lc o h o l i c  m ix tu re  was f i l t e r e d  th ro u g h  a  s in t e r e d  g l a s s  fu n n e l and th e  

f i l t r a t e  c o n c e n tra te d  t o  d ry n e ss  u n d e r d im in ish ed  p r e s s u r e .  The l i g h t  

brown r e s id u e  was removed from  th e  d i s t i l l i n g  f l a s k  w ith  th e  s m a l le s t  

q u a n t i t y  o f  co ld  w a te r  and f i l t e r e d .  The p ro d u c t was d is s o lv e d  i n  th e  

minimum q u a n t i ty  o f  b o i l i n g  w ater*  d e c o lo r iz e d  w ith  c h a r c o a l ,  and a llow ed  

t o  c r y s t a l l i z e  i n  th e  ic e -b o x  o v e rn ig h t . A f te r  f i l t e r i n g  and c o n c e n tra t­

in g  th e  f i l t r a t e *  40 -44  gm. (35-38$) o f  su o c in d ia ld o x im e  was o b ta in e d , 

m e lt in g  a t  1 7 1 -1 7 2 ° .

Numerous a t te m p ts  w ere made t o  in c re a s e  th e  y i e l d .  The tim e  o f  r e -  

f lu x in g  was v a r ie d  from  18 t o  30 h o u rs ;  f r e s h ly  d i s t i l l e d  s y n th e t i c  p y r ­

r o l e  (Zastm an) was u se d  in  p la c e  o f  th e  p r a c t i c a l  g ra d e ;  th e  tim e  o f  

a d d i t io n  o f  sodium  c a rb o n a te  was v a r ie d  from  15 m in u te s  t o  ov e r a  p e r io d  

o f  8  h o u rs ;  and i n  a l l  c a se s  th e  y ie ld  o f  p ro d u c t was n o t a p p re c ia b ly  a f ­

f e c t e d .  However* when hydroxylam ine s u l f a t e  was u se d  a s  th e  so u rc e  o f  

hydroxylam ine* o n ly  a  few gram s o f  su c c in d ia ld o x im e  was o b ta in e d .

P re p a r a t io n  o f  su c c in d la ld e h y d e  from  su c c in d ia ld o x im e . 5 .8  gm.

( .0 5  m ole) o f  su c c in d ia ld o x im e  was p la c e d  in to  a  250 c c .  beaker*  54 c c .  

o f  10$ H2 SO4  was added , and th e  m ix tu re  coo led  to  0° C by means o f  an  

i c e - s a l t  b a th .  Then 7 gnu (0 .1  m o le + 0 .1  gm. e x ce ss)  o f  sodium  n i t r i t e  

was added i n  sm a ll  p o r t io n s ,  th e  te m p e ra tu re  o f  th e  m ix tu re  b e in g  k e p t 

q® c # Brown fum es o f  N0g in d ic a te  a  to o  r a p id  a d d i t io n  o f  NaNOg.

The d loxim e was c o m p le te ly  d is s o lv e d  a f t e r  a l l  th e  NaiNOg was added . The
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te m p e ra tu re  was a llo w ed  t o  r i s e  g r a d u a l ly  t o  15 -20° u n t i l  e f fe rv e s c e n c e  

c e a se d . The s o lu t io n  was a  lem on-yellow  c o lo r  a t  t h i s  p o in t .  I t  was 

th e n  n e u t r a l i z e d  t o  l i tm u s  by th e  a d d i t io n  o f  sm a ll  p o r t io n s  o f  BaCOg, 

th e  m ix tu re  f i l t e r e d  w ith  s u c t io n ,  and th e  r e s id u e  washed w ith  a  sm a ll  

q u a n t i ty  o f  w a te r .  The t h e o r e t i c a l  y ie ld  o f  su c c in d la ld e h y d e  i s  4*3 gm. 

(•0 5  m o le ) . I n  o rd e r  t o  d e te rm in e  th e  y ie ld  o f  d ia ld eh y d e  by  t h i s  p ro ­

c e d u re , a  p o r t io n  o f  th e  aqueous f i l t r a t e  c o rre sp o n d in g  t o  * 0 1  mole o f  

d ia ld e h y d e  was u se d  t o  p re p a re  th e  2 ,4 -d in itro p h e n y lh y d ra z o n e , a c c o rd in g  

t o  th e  p ro c e d u re  d e s c r ib e d  by  S h r in e r  and H tson (6 3 ) . The y ie ld  o f  c ru d e  

p ro d u c t a f t e r  w ash ing  w ith  a lc o h o l  and d ry in g  was 4#01 gm. (90$) and 

m e lte d  a t  268-270° (d e c .)  The r e p o r te d  m e lt in g  p o in t  o f  th e  d e r iv a t iv e  

i s  278-80° (d e c .)  (6 4 ) . T h is  su b s ta n c e  e x h ib i te d  u n u su a l e l e c t r i c a l  p rop­

e r t i e s .  When f r e s h l y  ru b b ed , th e  y e llo w  c r y s t a l s  would c l in g  t o  th e  w a lls  

o f  a  g l a s s  v e s s e l  and i t  was d i f f i c u l t  t o  g e t  them  in to  a  m e lt in g  p o in t  

tu b e .  When sp re a d  on a  p ie c e  o f  p a p e r  u n d e r w hich  rubbed ebony was moved 

th e  c r y s t a l s  a c te d  a s  do i r o n  f i l i n g s  in  a  m agnetic  f i e l d .  The s e m ic a r -  

b azo n e , pheny lhydrazone  and sodium  b i s u l f i t e  a d d i t io n  p ro d u c t w ere p r e ­

p a re d  by  th e  m ethod o f  H a r r ie s  (65 , 6 6 ) ,  and th e  m e lt in g  p o in ts  f o r  th e  

sem iearbazone  (187 -8°) and th e  d lp h en y lh y d razo n e  (125-6°) a g re ed  w ith  

th o s e  r e p o r te d .

I n  h i s  w ork on th e  s y n th e s is  o f  tro p an o n e  Schopf presum ably  u sed  th e  

p u re  d ia ld e h y d e . However, i n  t h i s  in v e s t i g a t io n ,  th e  aqueous s o lu t io n  o f  

th e  d ia ld e h y d e , r e s u l t i n g  from  th e  a c t io n  o f  HUOg on th e  d lox im e, was

u se d .

ACETONEDICARBQXILIC ACID:

T h is  m a te r i a l  i s  p re p a re d  from  c i t r i c  a c id ,  u s in g  fum ing s u l f u r i c

a c id ,  a c c o rd in g  t o  th e  e q u a tio n :
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HgSC>4
HOOCCH2CH(OH) (COOH)CHgCOOH H00CCH2C0CH2C00H+CQ+H20

S03

S a t i s f a c to r y  q u a n t i t i e s  w ere s y n th e s iz e d  u s in g  th e  d i r e c t i o n s  o f  O rganic 

S y n th e se s  (67)* The y i e ld  o f  l i g h t  g ra y  t o  w h ite  p ro d u c t was 75-80#*

As th e  a c id  i t s e l f  i s  u n s ta b le *  th e  m a te r ia l  was u sed  a s  q u ic k ly  a s  poss* 

i b l e  i n  th e  s y n th e s i s  o f  tro p an o n e  and i t s  homologs* However, W iig (6 8 ) 

o b se rv ed  t h a t  i f  th e  a c id  i s  p u r i f i e d  by r e c r y s t a l l i z a t i o n  from  e th y l  ace­

t a t e  t h r e e  t im e s  and th o ro u g h ly  d r ie d  i t  u n d e rg o es  no d eco m p o sitio n , a t  

l e a s t  o v e r  a  p e r io d  o f  seven  m onths, when k e p t a t  room te m p e ra tu re  i n  a  

d e s ic c a to r*  I n  t h i s  i n v e s t i g a t io n  th e  a c id  m ix tu re  was f i l t e r e d  th ro u g h  a  

l a r g e  s i n t e r e d  g la s s  f u n n e l ,  and a f t e r  th e  s u c t io n  and p r e s s in g  had r e ­

moved p r a c t i c a l l y  a l l  o f  th e  s u l f u r i c  a c id ,  th e  c r y s t a l s  were s t i r r e d  in  

th e  fu n n e l  w i th  s u f f i c i e n t  c o ld  e th y l  a c e ta t e  t o  make a  t h i c k  p a s t e ,  and 

th e n  sucked dry* T h is  w ashing  w i th  e th y l  a c e ta te  was re p e a te d  tw ic e ,  

th e n  once w ith  p e tro le u m  e th e r ,  fo llo w ed  by  two w ash ings w ith  a b s o lu te  

e th e r*  The p ro d u c t was th o ro u g h ly  d r ie d  and was k e p t w ith o u t n o t ic e a b le  

d eco m p o sitio n  f o r  s e v e r a l  weeks i n  an  ev acu a ted  d e s ic c a to r  ( 1  mm*) o v er 

HgS0 4 * Even though  th e  w ash ings d e c re a se d  th e  y ie ld  som ewhat, th e  p rod ­

u c t  cou ld  be k e p t s a t i s f a c t o r i l y  u n t i l  used* When W iig 's  method o f  r e ­

c r y s t a l l i z a t i o n  from  e th y l  a c e ta t e  was t r i e d ,  a  la rg e  amount o f  th e  a c id  

c o u ld  n o t  be recovered*

COMPENSATION REACTIONS:

S in c e  su c c in d la ld e h y d e  may be o b ta in e d  in  90# y i e ld s  o r  b e t t e r  from  

th e  d io x im e , a s  a lr e a d y  d e s c r ib e d , s o lu t io n s  o f  known c o n c e n tra tio n s  may 

th u s  be o b ta in e d  d i r e c t l y .  I n  t r i a l  c o n d e n sa tio n s , aqueous s o lu t io n s  o f
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t h e  d ia ld e h y d e  w ere p rep a red *  A t y p i c a l  r e a c t io n  was c a r r i e d  o u t a s  

fo l lo w s :

A tw e n t ie th  m ole (5 .8  gm .) su c c in d ia ld o x im e , p la c e d  i n  a  250 c c .  

b e a k e r ,  was t r e a t e d  w ith  54 c c .  o f  10# s u l f u r i c  a c id ;  t o  th e  m ix tu re , 

c o o le d  t o  0 ° ,  was s lo w ly  ad d ed , o v e r  th e  p e r io d  o f  abou t an  h o u r , 7 . 0  

gm. c r y s t a l l i n e  sodium  n i t r i t e  (0 . 1  m ole +  0 . 1  gm. e x c e s s ) ,  th e  tem per­

a tu r e  b e in g  k e p t a t  0 ° .  The te m p e ra tu re  was th e n  a llo w ed  t o  r i s e  slow** 

l y  t o  room te m p e ra tu re ,  and a f t e r  e f fe rv e s c e n c e  had c e a se d , th e  s o lu t io n  

was made n e u t r a l  t o  l i tm u s  by  th e  a d d i t io n  o f  BaCQg i n  sm a ll p o r t io n s  

u n t i l  carbon  d io x id e  was no lo n g e r  g iv e n  o f f .  The p r e c i p i t a t e d  Ba3 0 4  

was th e n  removed b y  s u c t io n  and washed w ith  a  sm a ll  amount o f  w a te r .

The volum e o f  th e  f i l t r a t e  and w ash ings was th e n  a d ju s te d  t o  100 c c .

An a l l g u o t  p o r t io n ,  o r  20 c c . ,  r e p r e s e n t in g  0 .0 1  mole o f  th e  o r i g i n a l  

d lo x im e , was w ith d raw n , t r e a t e d  w ith  2 , 4 - d in i t ro p h e n y lh y d ra z in e , and a  

y i e ld  o f  b i s  2 ,4 -d in itro p h e n y lh y d ra z o n e  o f  0 .009  m ole was o b ta in e d . I t  

was assum ed, t h e r e f o r e ,  t h a t  th e  rem a in in g  80 c c .  o f  s o lu t io n  c o n ta in e d  

0 .0 3 6  m ole su c c in d ia ld o x im e .

F i f t y  c c . o f  th e  a ld eh y d e  s o lu t io n ,  c o rre sp o n d in g  t o  0 .0225  m ole o r  

1 . 9 4  gm. o f  su c c in d la ld e h y d e , was d i lu t e d  w ith  about 2 0 0  c c . o f  w a te r  

p la c e d  i n  a  l i t e r  f l a s k .  To t h i s  was added 7 .3  gm. (0 .05  m ole) a c e -  

to n e d ic a rb o x y l lc  a c id  and 2 .7  gm. (0 .0 4  m ole) m ethylam ine h y d ro c h lo r id e  

(p re v io u s ly  r e c r y s t a l l i z e d  from  e th a n o l ) .  Then a  s a tu r a te d  s o lu t io n  o f  

XFagHPO  ̂ was added u n t i l  th e  pH, a s  m easured on a Beckman pH m e te r , was 7. 

The volum e o f  th e  s o lu t io n  was th e n  made up t o  a  l i t e r ,  w ith o u t a p p re c i ­

a b le  change i n  th e  pH. At t h i s  p o in t  th e  s o lu t io n  was c l e a r  amber c o lo r ,  

and e f fe rv e s c e n c e  was o b se rv ed . I t  was a llow ed  t o  s ta n d  a t  room tem pera­

t u r e  f o r  t h r e e  d a y s .

S in c e  tro p an o n e  i s  v e ry  s o lu b le  i n  w a te r , and s in c e  th e  y i e l d ,  even
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i f  t h e o r e t i c a l ,  would a t  b e s t  be 0*0225 mole o r  3 * 1  gm ,, i t  would be 

d i f f i c u l t  t o  i s o l a t e  a l l  o f  th e  p ro d u c t from  so  d i l u t e  a  s o lu tio n *  Con­

s e q u e n t ly ,  i n  th e  p r e l im in a ry  c o n d e n sa tio n  r e a c t i o n s ,  th e  y i e ld  o f  t r o ­

panone was d e te rm in ed  by  i t s  c o n v e rs io n  in to  an in s o lu b le  d e r iv a t iv e  

whose q u a n t i t a t i v e  fo rm a tio n  and p r e c i p i t a t i o n  cou ld  be r e l i e d  on , e i t h e r  

th e  p i  c r a t e  o r  th e  d lp ip e ro n y lid e n e  d e r iv a t iv e *

A f te r  c o m p le tio n  o f  th e  r e a c t io n ,  100 ee* o f  th e  s o lu t io n  was coo led  

t o  5 ° ,  s a tu r a te d  w ith  K^COg, and r e p e a te d ly  e x tr a c te d  w ith  e th e r*  The 

combined e th e r e a l  e x t r a c t s  w ere d r ie d  o v e r anhydrous NagS0 4  and th e  s o l ­

v e n t  v o l a t i l i z e d  on a  steam  b a th ,  t o  le a v e  a  r e s id u e  o f  about 25 cc*

To t h i s  was added a  s o lu t io n  o f  e th e r  s a tu r a te d  w ith  anhydrous p i c r i c  

a c id ;  a  y e llo w  p r e c i p i t a t e  formed im m ed ia te ly . A f te r  an  hour th e  s o l id  

was removed on a  t a r e d  s in te r e d  g l a s s  fu n n e l , washed w ith  anhydrous e th e r  

and d r ie d *  The s o l i d  w eighed 0*511 gm* r e p re s e n t in g  5*11 gm* f o r  th e  

t o t a l  re a c t io n *  S in c e  th e  m o le c u la r  f o r m  l a  f o r  th e  p i  c r a t e  i s  

c 14H160 8cr4 368) ( 1 2 ) t h i s  c o rre sp o n d s  t o  0*014 m ole , o r  a  y i e ld  o f

62*4£ The p i c r a t e ,  a f t e r  r e e r y s t a l l i z a t i o n  from  w a te r ,  m elted  a t  220°* 

T h is  a g re e s  w ith  th e  f ig u r e  quo ted  by  S chopf (10)*

A second  c o n d e n sa tio n  u s in g  1*94 gm* su c c in d ia ld e h y d e  (p rep a red  in  

s o l u t io n  a s  d e s c r ib e d  a b o v e ) , 7*3 gm* a c e to n e d ie a rb o x y lic  a c id ,  and 2*7 

gm* m ethylam ine h y d ro c h lo r id e , i n  a  l i t e r  o f  s o lu t io n ,  was c a r r ie d  o u t a s  

b e fo re*  The e x t r a c t iv e  from  100 cc* o f  th e  s o lu t io n  was c o n v e rted  i n to  

th e  d lp ip e ro n y lid e n e ,  d e r iv a t iv e  a c c o rd in g  t o  th e  fo llo w in g  e q u a tio n  (4 ) :
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The in s o lu b le *  c r y s t a l l i n e  p ro d u c t was removed* w eigh ing  0 .5 0  gnu* c o r ­

re sp o n d in g  t o  5 .0  gm* f o r  th e  t o t a l  r e a c tio n *  T heory  9 . 1  gnu* o r  5 5 % 

y i e l d .

T hese r e a c t io n s  showed t h a t  i t  was p o s s ib le  t o  d e te rm in e  th e  e x te n t  

o f  c o n d en sa tio n *  a t  l e a s t  f o r  co m p ara tiv e  pu rposes*  by i s o l a t i n g  a  t r o — 

panone d e r i v a t i v e  r a t h e r  th a n  th e  h ig h ly  s o lu b le  tro p an o n e  i t s e l f .

D ip ip e ro n y lid e n e tro p a n o n e  was p re p a re d  by  th e  method o f  B obinson (4 ) 

and i t s  p r o p e r t i e s  a g re ed  w ith  th o s e  g iv e n  by  him . An a l iq u o t  p o r t io n  

r e p r e s e n t in g  0 .00225 mole o f  t h e o r e t i c a l  tro p an o n e  from  a  c o n d en sa tio n  

m ix tu re  was e x t r a c te d  w ith  e th e r .  To th e  e x t r a c t iv e  was added 1 gm. 

p ip e r o n a l  i n  25 c c .  e th a n o l  and 0 .8  gnu BOH i n  5 c c .  w a te r .  The s o lu t io n  

was r e f lu x e d  f o r  15 m inu tes*  tu r n in g  red d ish -b ro w n  a lm o st im m ediately* 

and th e  y e llo w  d e r iv a t iv e  s e p a ra te d  d u rin g  t h i s  t im e . A f te r  th e  a d d i t io n  

o f  w a te r  and cooling*  th e  s o l i d  was c o l le c te d  i n  a  s in te r e d  g la s s  fu n n e l*  

washed w ith  w a te r  and a lc o h o l*  and c r y s t a l l i z e d  from  e th y l  a c e t a t e .  

B obinson  r e p o r te d  t h a t  a  p r a c t i c a l l y  q u a n t i t a t iv e  y ie ld  may be expected*  

an  o b s e rv a t io n  t h a t  was confirm ed when p u re  tro p an o n e  l a t e r  became a v a i l ­

a b le .

D ip ip e ro n y lld e n e tro p a n o n e  s e p a r a te s  from  e th y l  a e e ta te  i n  b r ig h t  

y e llo w  n e e d le s  m e lt in g  a t  214°* and i s  s p a r in g ly  s o lu b le  in  mOst o rg a n ic  

s o lv e n ts .  I f  i t  i s  rubbed  on  th e  s id e  o f  a  t e s t  tu b e  and H2 SO4  added* 

th e  su b s ta n c e  a c q u i r e s  a  coppery  l u s t r e  and th e n  p a s s e s  i n to  an  in te n s e  

r o y a l - b lu e  s o lu t io n .  T h is  becomes g ree n  and f i n a l l y  ye llo w  on d i l u t i o n  

w ith  w a te r .

S in c e  one o f  th e  aim s o f  t h i s  i n v e s t ig a t io n  was t o  r e p e a t  and check  

S c h S p f#s  r e s u l t s  on th e  s y n th e s is  o f  tro p an o n e  u n d e r b io lo g ic a l  c o n d itio n s*  

t h i s  t a s k  was n e x t u n d e r ta k e n . I t  was n e c e s sa ry  t o  spend c o n s id e ra b le
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t im e  in v e s t i g a t i n g  h i s  s y n th e s is  o f  tro p an o n e  and s e t t i n g  up " s ta n d a rd "  

c o n d i t io n s ,  because  h e  d id  n o t  p u b l is h  f u l l  e x p e r im e n ta l d e t a i l s  o f  th e  

r e a c t io n *

The fo llo w in g  w ere th e  " s ta n d a rd *  c o n d it io n s  adop ted  f o r  th e  sy n ­

t h e s i s  o f  tro p an o n e  from  s u c c in d la ld e h y d e , m ethylam ine h y d ro c h lo r id e , 

and a c e to n e d ie a rb o x y l ic  a c id  in  aqueous s o lu t io n :  S u c c in d la ld e h y d e  s o lu ­

t i o n  o b ta in e d  from  5*6 gm* d lox im e , a s  a lr e a d y  d e s c r ib e d , was made up  t o  

a  known e x a e t  volum e and d iv id e d  in to  two e q u a l  p o r t io n s *  One p o r t io n ,  

c o n ta in in g  1*94 gm* d ia ld e h y d e  based  on an e s ta b l i s h e d  c o n v e rs io n  o f  90# 

from  th e  d lo x im e , was p la c e d  i n to  a  l i t e r  f l a s k  c o n ta in in g  a p p ro x im a te ly  

200 cc* o f  d i s t i l l e d  w ater*  Then 7*3 gm* (*05 m ole) o r  5*64 gm, (*04 

m ole) o f  a c e to n e d ie a rb o x y l ic  a c id  and 2*7 gm, (*04 m ole) o f  m ethylam ine 

h y d ro c h lo r id e  w ere ad d ed , fo llo w ed  by th e  a d d i t io n  o f  a  s a tu r a te d  s o lu ­

t i o n  o f  ISTagHPÔ  u n t i l  th e  d e s i r e d  pH o f  th e  s o lu t io n ,  de te rm ined  by  th e  

Beckman pH m e te r ,  was ob ta in ed *  A f te r  a d ju s t in g  th e  volume t o  one l i t e r  

and t o  pH betw een 5 and 7 , th e  c l e a r  amber s o lu t io n  was a llow ed  t o  s ta n d  

f o r  3 d ay s  a t  room te m p e ra tu re . The y i e ld  o f  p ro d u c t was d e te rm in ed  by  

i s o l a t i n g  from  an  a l iq u o t  p o r t io n  e i t h e r  th e  p i c r a t e  o r  th e  d ip ip e r o n y l-  

dene d e r iv a t iv e *  These c o n d it io n s  c o n s i s t e n t ly  gave y ie ld s  o f  tro p an o n e  

t h a t  a g re e d  fa v o ra b ly  w ith  th o se  r e p o r te d  by Schopf (10)♦

The d i f f e r e n c e  in  y ie ld s  when th e  c o n d e n sa tio n  was c a r r i e d  o u t a t  

pH 5 t o  pH 11 was n o t  a s  g r e a t  a s  S chopf re c o rd e d , a s  shown i n  T ab le  I I*
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TABLE XX* Influence of pH on Yield of Tropanone

pH o f  Expft •

a t  b e g in n in g  a t  end y i e ld  observed  y ie ld  by  S chopf

5 .0 * 5*1 54$

5 ,2 0 5 .7 1 58*1$

7 ,0 7*0 65$

7 .0 5 7*46 6 2 .4 $

U . 0 1 0 .7 64$

1 1 * 0 2 9*65 60*3$

*Schopf d id  n o t  e x p la in  how he a d ju s te d  th e  pH w ith  th e  a cc u ra c y  t h a t  h i s  
f i g u r e s  in d ic a te *

I t  was e a r l y  found t h a t  f o r  0*0225 mole su c c in d ia ld e h y d e , th e  a c e -  

to n e d ie a r b o x y l ic  a c id  may be v a r ie d  from  0*04 t o  0*05 m ole w ith o u t a f ­

f e c t i n g  th e  y i e ld  o f  tropanone*

TJnder th e  " s ta n d a rd *  c o n d it io n s  th e  y ie ld  o f  tro p a n o n e , even a t  100$, 

w ould be 3 , 1  gm* Erom th e  m a n ip u la tiv e  a n g le  i t  would be d e s i r a b le  t o  

w ork w ith  s m a l le r  vo lum es, i* e * ,  h ig h e r  c o n c e n tr a t io n s .  A s e r i e s  o f  ex­

p e r im e n ts  showed t h a t  t h i s  i s  p o s s ib le .  By k eep in g  th e  r a t i o  o f  r e a g e n ts  

c o n s ta n t ,  nam ely ,

0 ,0225  mole su c c in d ia ld e h y d e  

0 ,0 4  mole a c e to n e d ie a rb o x y lic  a c id  

0*04 mole m ethylam ine h y d ro c h lo r id e  

th e  y ie ld  o f  tro p a n o n e  from  more c o n c e n tra te d  r e a c t io n  s o lu t io n s  a r e

shown i n  T ab le  I I I *
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taptib HI. Effect of Concentration on Held of Tropanone

Volume pH (has* P i  c r a te £  H e ld

1 0 0 0  cc# 7*1 5 .1 7 62*4

500 cc* 1 1 * 0 2 5 .0 6 0 .3

250 cc# 10*9 4*15 50*0*

*T h is f i g u r e  i s  to o  low b ecau se  soma o f  th e  p ro d u c t was l o s t  b e fo re  p r e ­
c i p i t a t i o n  a s  th e  p i  c r a t e .  Time d id  n o t p e rm it a  r e p e t i t i o n  o f  th e s e  
c o n d it io n s*  b u t i t  i s  b e lie v e d  t h a t  th e  a c t u a l  y i e ld  would be v e ry  n e a r ­
l y  t h a t  o b ta in e d  i n  th e  h ig h e r  d i lu t io n s *

When 23*2 gm# (0#2 m ole) o f  su cc in d ia ld o x im e  was c o n v e rte d  i n to  th e  

d ia ld e h y d e  by  th e  d e s c r ib e d  p rocedure*  u s in g  28 gm# o f  HaKTOg and 216 cc# 

o f  l& fc HgSO^* th e  aqueous s o lu t io n  o b ta in ed *  c o rre sp o n d in g  t h e o r e t i c a l l y  

t o  0 # 2  m ole su c c in d ia ld e h y d e *  o r  a c t u a l l y  0*18 mole* was a llo w ed  t o  re** 

a c t  w i th  21*6 gm# (0*32 m ole) m ethylam ine h y d ro c h lo r id e  and 46*72 gm# 

(0*32 m ole) a c e to n e d ie a rb o x y lic  a c id .  The pH was a d ju s te d  t o  5*5 t o  6  

w ith  a  s a tu r a te d  s o lu t io n  o f  Na2 HP0 4  i n  th e  u s u a l  m anner, and th e  volume 

o f  th e  s o lu t io n  was made up t o  2 l i t e r s #  A second r e a c t io n  was c a r r ie d  

o u t u s in g  th e  same q u a n t i t i e s  and c o n d it io n s  d e s c r ib e d  above# The c rude  

tro panone*  o b ta in e d  by com bining th e  e x t r a c t iv e s  from  th e  two r e a c t io n s ,  

was d i s t i l l e d  u n d e r d im in ish ed  p r e s s u r e ,  and th e  p ro d u c t d i s t i l l i n g  a t  

1 1 3 °/2 5  mm* was c o l l e c t e d .  The w h ite  c r y s t a l l i n e  m a te r ia l  was removed 

from  th e  r e c e iv in g  f l a s k  w ith  p e tro le u m  e th e r ,  th e  s o lu t io n  t r a n s f e r r e d  

t o  a  c r y s t a l l i z i n g  d i s h ,  and th e  s o lv e n t a llo w ed  to  e v a p o ra te , whereupon 

th e  w h ite  c r y s t a l s  re a p p e a re d . The l a s t  t r a c e s  o f  p e tro le u m  e th e r  w ere 

removed i n  an  e v ac u a ted  d e s i c c a to r ,  and th e  p ro d u c t was found t o  w eigh

27 gm#
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The t h e o r e t i c a l  y i e ld  o f  tro p an o n e  * assum ing 9Q$> c o n v e rs io n  o f  su e — 

c in d ia ld o i im e  t o  th e  d ia ld eh y d e*  was 0*36 m ole o r  50 gm. The y ie ld *  

b ased  on a ldehyde*  th e re fo re *  was 54$, On th e  b a s i s  o f  60 t o  65$ y i e ld s  

o f  tro p an o n e*  30 t o  32*5 gnu t o  be expected*  83 t o  90$ o f  th e  a v a i la b le  

tro p a n o n e  was i s o l a t e d  i n  p u re  fo rm ,

HOMOLOGS AND ANALOGS OF TROPMOME;

A f u r t h e r  aim  i n  t h i s  i n v e s t i g a t io n  was t o  d e te rm in e  w he ther t r o ­

panone w ith  th e  N -m ethy l re p la c e d  by o th e r  a lk y l  g ro u p s may be ob ta in ed *  

T hat i s *  i n  th e s e  c o n d e n sa tio n s  i s  i t  p o s s ib le  t o  r e p la c e  th e  m ethylam ine 

w i th  o th e r  p r im a ry  am ines t o  o b ta in  t h e  c o rre sp o n d in g  N - s u b s t i tu te d  t r o ­

panone hom ologs o r  a n a lo g s?  A ccord ing ly*  th e  * s ta n d a rd *  c o n d it io n s  f o r  

c o n d e n sa tio n  w ere r e p e a te d  b u t th e  m ethylam ine re p la c e d  by th e  fo llo w in g :

1 ) e th y lam in e

2 ) isq p ro p y lam in e

3) benzylam ine

4 ) e th an o lam in e

The p ro d u c ts  o f  th e  r e s p e c t iv e  c o n d e n sa tio n  r e a c t io n s  w ere i s o l a t e d  a s  

t h e  d lp ip e ro n y lid e n e  d e r iv a t iv e s  ex cep t f o r  th e  i s o p ro p y l  compound* w hich 

was i s o l a t e d  a s  th e  p i c r a t e .  The d a ta  a re  summarized in  T ab le  IT*
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TABLE IV. N-Homalogs and Analogs of Tropanone

D lp ip e ro n y lid e n e  D e r iv a t iv e

A n a ly s is

M ol. Form. m .p . Y ie ld  C a lc . N Found N

-C2H5

-CHgCHgOH

- c h (ch3 ) 2*

C25H23°5N 184-5°

°30H85°5N 194-5°

C25H23°6N 230-1°

71.9

30.0

65.4

51.6

3*34

2.89

3.23

3.18
3.12

2.89
2.85

3.06
2.98

♦ P roduct i s o l a t e d  a s  th e  p i c r a t e  and n o t a n a ly z e d . However, th e  b e h av i­
o r  o f  th e  c o n d e n sa tio n  r e a c t io n  and th e  n a tu r e  o f  th e  p ro d u e t encourage 
th e  b e l i e f  t h a t  N - iso p ro p y l-n o r- tro p a n o n e  was form ed.

The ap p ea ra n c e  o f  th e  c o n d e n sa tio n  r e a c t io n  a s  i t  p ro g re s se d  w ith  

th e s e  o th e r  p r im a ry  am ines was q u i te  l i k e  t h a t  when m ethylam ine was u se d . 

A lthough  th e  tro p a n o n e s  th e m se lv e s  w ere n o t i s o l a t e d ,  t h e i r  d e r iv a t iv e s  

behaved q u i te  a s  was e x p e c te d . The a n a ly s e s  c o n firm  th e  fo rm a tio n  o f  th e  

a n t i c ip a te d  p ro d u c ts .  Time d id  n o t p e rm it th e  f u r th e r  s tu d y  o f  th e s e  r e ­

a c t io n s ,  b u t i t  i s  c o n f id e n t ly  b e lie v e d  t h a t  th e y  do ta k e  p la c e ,  and th e re  

i s  no re a s o n  t o  doubt t h a t  th e  co rre sp o n d in g  tro p a n o n e s  may be o b ta in e d  

in  s a t i s f a c t o r y  y i e l d s  and t h a t  th e  k e to n e s  may be c o n v erted  i n to  th e  

c o rre sp o n d in g  t r o p a n o ls .  I t  may, how ever, be n e c e s s a ry , w ith  h ig h  molec-
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u l a r  w e ig h t o r  I n s o lu b le  am ines t o  m odify  somewhat th e  c o n d it io n s  t o  

f a c i l i t a t e  th e  p ro p e r  co n d en sa tio n *  lft>r exam ple, a  s in g le  experim en t 

w ith  p h e n y le th an o lam in e  , CgHgCHOHOHgNHg, was u n s u c c e s s fu l .  S in ce  o n ly  a  

s m a ll  amoun t  o f  t h i s  am ln o a lco h o l in te rm e d ia te  was a v a i l a b l e ,  i t  cou ld  

n o t  be  d e te rm in e d  w h e th e r th e  poo r r e s u l t s  w ere due t o  th e  p h y s ic a l  o r  

c h em ic a l c h a r a c te r  o f  th e  amine*

KSDCrCTION OF TROPANONE:

The r e d u c t io n  o f  tro p a n o n e  t o  e i t h e r  o r  b o th  o f  th e  s te re o !s o m e ric  

t r o p a n o l s ,  i n  w hich  th e  h y d ro x y l g roup  may be c i s  o r  t r a n s  w ith  r e s p e c t  

t o  th e  n i t r o g e n  b r id g e ,  h as been  m en tioned . G iven tro p a n o n e , th e  te c h ­

n i c a l  p r e p a r a t io n  o f  hom atrop ine  and tro p a c o e a in e  would be a co m p ara tiv e ly  

s im p le  m a t t e r ,  i f  th e  r e d u c t io n  o f  tro p an o n e  t o  t ro p a n o l  o r  p seudo- 

t r o p a n o l  c o u ld  be acco m p lish ed . W l l l s t a t t e r  (70) found t h a t  when t r o ­

panone was red u ced  e l e c t r o l y t i c a l l y  o r  by  z in c  d u s t in  h y d rIo d ic  a c id ,  a  

m ix tu re  o f  t r o p a n o l  and p se u d o - tro p a n o l was produced  and could  be sep a ­

r a t e d  by  f r a c t i o n a l  p r e c i p i t a t i o n  o f  th e  p i c r a t e s ,  t r o p a n o l  p i  c r a t e  bod­

in g  th e  l e s s  s o lu b le .

S in ce  a  c a t a l y t i c  method f o r  th e  r e d u c t io n  o f  tro p an o n e  a p p a re n t ly  

n o t  been  r e p o r te d ,  t h i s  ty p e  o f  r e d u c t io n  was in v e s t ig a te d .

A tw e n t ie th  m o le , 6*95 gm*, o f  p u re  tro p an o n e  was d is s o lv e d  in  150 

c c . o f  b en zen e , 3  gm. o f  a c t iv a te d  p a lla d iu m  c a t a l y s t ,  made w ith  sodium  

a c e ta t e  (7 1 ) , was added and th e  m ix tu re  shaken  in  hydrogen a t  a tm ospher­

i c  p r e s s u r e .  O nly a  v e ry  sm a ll q u a n t i ty  o f  hydrogen was abso rbed  in  2  

h o u rs ,  so  t h e  c a t a l y s t  was f i l t e r e d  o f f ,  0 .1  gm, o f  PtOg was added t o  

th e  f i l t r a t e ,  and th e  m ix tu re  hyd rogena ted  a g a in . Over a  p e r io d  o f  9 

h o u r s ,  a p p ro x im a te ly  one—h a l f  o f  th e  t h e o r e t i c a l  amount o f  hydrogen was 

a b so rb e d . The re d u c t io n  m ix tu re  was th e n  t r a n s f e r r e d  to  th e  bomb and
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th e  h y d ro g e n a tio n  com pleted  u n d e r 10 a tm ospheres in  45 m in u te s . The m ix­

t u r e  wan removed from  th e  bomb and th e  benzene ta k e n  o f f  u n d e r d im in ish e d  

p r e s s u r e .  The r e s id u e  was ta k e n  up  w ith  a  sm a ll q u a n t i ty  o f  e th e r  and 

200 c c .  o f  s a tu r a te d  s o lu t io n  o f  p i c r i c  a c id  i n  e th e r  was added. The 

p i  c r a t e  o b ta in e d  was found  t o  w eigh 4 . 0  gm. and m e lted  a t  875-6° (d e c .)#  

The r e p o r te d  d eco m p o sitio n  p o in t  f o r  t r o p a n o l  p i c r a t e  i s  275° (7 2 ) .

Upon a d d i t io n  o f  more e th e r e a l  p i c r i c  ac id #  13 gm. o f  p i c r a t e  was o b ta in e d  

and found  t o  m e lt a t  215 -8° ( d e c . ) .  S in c e  th e  r e p o r te d  decom position  

p o in t  f o r  p se u d o - tro p a n o l  p i c r a t e  i s  258-9° (72) v and s in c e  th e  p i c r a t e  

decomposed a t  th e  same te m p e ra tu re  a f t e r  r e c r y s t a l l i z a t i o n  from  w ater#  a  

m ix tu re  o f  t r o p a n o l  and p s e u d o - tro p a n o l was in d ic a te d .

The o b s e rv a t io n  t h a t  th e  a b s o rp t io n  o f  hydrogen was r a p id  when PtOg 

was u se d  u n d e r p r e s s u r e  su g g e s te d  th e  u se  o f  t h i s  c a t a l y s t  f o r  th e  re d u c ­

t i o n  o f  t ro p a n o n e .

A second  r e d u c t io n  o f  6 .9 5  gm. (#05 m ole) o f  p u re  tro p an o n e  was 

c a r r i e d  o u t .  The k e to n e  was d is s o lv e d  in  150 c c .  o f  com m ercial a b s o lu te  

a lc o h o l ,  0 .1  gnu P t0 2  was added# and th e  m ix tu re  hyd rogena ted  i n  th e  

bomb a t  10 a tm o sp h e re s . The t h e o r e t i c a l  amount o f  hydrogen was ab so rb ed  

i n  one h o u r , ghairing  was c o n tin u e d  f o r  an a d d i t io n a l  h o u r. The m ix tu re  

was th e n  removed from  th e  bomb, f i l t e r e d  by s u e t io n ,  and th e  f i l t r a t e  d i s ­

t i l l e d  u n d e r red u ced  p r e s s u re  t o  remove th e  a lc o h o l.  The re s id u e  was d i s ­

t i l l e d  th e  f r a c t i o n  d i s t i l l i n g  a t  1 2 0 -5 ° / l5  mm. c o l l e c te d .  The d i s ­

t i l l a t e  was a  c o lo r l e s s  sy ru p y  l iq u id #  b u t on be in g  t r a n s f e r r e d  t o  a  

b e a k e r  and co o led  by an ic e -b a th #  i t  s o l i d i f i e d .  The h y g ro sco p ic  c r y s t a l s  

w eighed 6  g " - a  p o r t io n  o f  th e  m a te r i a l  was c o n v e rted  i n to  th e  p i c r a t e  

w h ich , a f t e r  r e  c r y s t a l l i z a t i o n  from  w a te r ,  was found to  m elt a t  275° (dec.)# 

i n d ic a t in g  t h a t  th e  r e d u c t io n  p ro d u c t was e n t i r e l y  t r o p a n o l .  S in c e  f u r ­
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t h e r  e v id e n c e  was d e s i r e d 9 th e  .rem a in d e r o f  th e  r e d u c t io n  p ro d u c t was 

c o n v e rte d  i n to  t r o p a n y l  b e n zo a te  h y d ro c h lo r id e  a cc o rd in g  t o  th e  method 

o f  C l i f f  and T ut in  (73) by add ing  an  e x ce ss  o f  ben zo y l c h lo r id e  t o  th e  

b ase  and h e a t in g  th e  m ix tu re  t o  th e  b o i l in g  p o in t*  An a d d i t iv e  compound 

o f  t h e  b a se  and a c id  c h lo r id e  appeared  f i r s t  t o  be form ed, b u t when th e  

te m p e ra tu re  was r a i s e d , t h i s  soon r e d i s s o lv a d , whereupon th e  h y d ro ch lo ­

r i d e  o f  th e  b e n z o y la te d  b ase  r a p id ly  se p a ra te d *  The co o led  m ix tu re  was 

th e n  d i lu t e d  w ith  e th e r  and th e  h y d ro c h lo r id e  c o lie o te d *  A f te r  b e in g  

once c r y s t a l l i z e d  from  conanercial a b s o lu te  a lc o h o l*  i t  m e lted  de­

composed a t  267-8° in  agreem ent w ith  th e  p ro d u c t d e s c r ib e d  by  C l i f f  and 

T ut i n .

D isc u s s io n  o f  D e s a l ts

The s u g g e s t io n  by  W il l s t  s i t te r  and R ob inson , more f u l l y  developed  

by S ch o p f, t h a t  many p ro d u c ts  may form  n a t u r a l l y  i f  th e  a p p ro p r ia te  i n ­

te rm e d ia te s  o c cu r s im u lta n e o u s ly  w i th in  th e  c e l l  i s  p h i lo s o p h ic a l ly  i n ­

t r ig u in g *  S ch o p f9 s  work shows t h a t  t h i s  id e a  i s  amenable t o  l a b o r a to r y  

p roo f*  The im p l ic a t io n s  a re  numerous*

I n  th e  c o u rse  o f  t h e  p r e s e n t  i n v e s t ig a t io n  th e  e x p e rim e n ta l co n c lu ­

s io n s  o f  Schopf have been  s u b s t a n t i a l l y  v e r i f i e d  so  f a r  a s  th e  b io g e n e s is  

o f  th e  tro p an o n e  a lk a lo id s  i s  concerned* Not o n ly  does t h i s  c o n firm a tio n  

shed  l i g h t  on th e  p o s s ib le  m echanism s employed by th e  p l a n t ,  t u t  i t  a ls o  

s u g g e s ts  new ap p ro ach es f o r  th e  c h e m is t9s c o n s id e ra tio n  i n  s y n th e s iz in g  

n a t u r a l  p ro d u c ts  o r  r e l a t e d  compounds*

F o r exam ple, cou ld  su c c in d ia ld e h y d e  be o b ta in e d  in  s a t i s f a c t o r y  

am ounts, and a t  a  re a s o n a b le  c o s t ,  th e  s y n th e s is  o f  tro p a n o n e  shou ld  

p ro v e  p r a c t i c a b l e  and econom ical. The re d u c t io n  t o  t r o p a n o l ,  o r  t o  

( ( /- tro p a n o l, and e s t e r i  f l o a t  io n  o f  th e  a lc o h o l  w i l l  th e n  g iv e  new so u rc e s
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o f  m e d ic in a l ly  Im p o rta n t p ro d u c ts*

Again* S ch o p f*3  s u g g e s t io n  t h a t  c o c a in e  a r i s e s  from  a  s im i l a r  con­

d e n sa tio n *  w here th e  monomethyl e s t e r  o f  a c e to n e d ic a rb o x y lic  a c id  i s  em­

ployed* p ro m ises  a l s o  t o  become a  p r a c t i c a b l e  s y n th e t ic  so u rc e  f o r  t h a t  

a lk a lo i d .  I n  t h i s  in s ta n c e *  assum ing t h a t  a  good so u rc e  o f  s u c c in d ia ld e — 

hyde becomes a v a i la b le *  th e  key  in te rm e d ia te  w i l l  p ro b a b ly  be th e  mono- 

m e th y l a c e to n e d ic a rb o x y la te * f o r  th e  co n v e rs io n  o f  th e  c o n d e n sa tio n  p ro d ­

u c t  t o  m eth y leeg o n in e  sh o u ld  o f f e r  no d i f f i c u l t y *  and th e  b e n z o y la tio n  o f  

m eth y lecg o n in e  t o  form  c o ca in e  i s  a n  e s ta b l is h e d  re a c tio n *

I t  h a s  been  e s ta b l i s h e d  t h a t  a  n in e —fo ld  in c re a s e  in  th e  b io lo g ic a ln 

c o n c e n tr a t io n  employed by S ch o p f d o es n o t a p p re c ia b ly  a f f e c t  th e  y ie ld  o f  

tropanone*  I t  i s  n o t presum ed t h a t  even t h i s  i s  th e  h ig h e s t  c o n c e n tra ­

t io n *  A s e r i e s  o f  ex p erim e n ts  sh o u ld  be u n d e rta k e n  t o  d e te rm in e  th e  b e s t  

c o n d it io n s  f o r  optimum y ie ld s  o f  tro p a n o n e .

I t  h a s  a l s o  been  e s ta b l is h e d  t h a t  n o t o n ly  m ethylam ine w i l l  condense 

u n d e r th e s e  c o n d it io n s  employed* O th e r p r im a ry  am ines r e a c t  q u i te  a s  w e ll  

t o  g iv e  th e  h ig h e r  homologs o r  a n a lo g s  o f  tropanone*  I t  r e q u i r e s  no imag­

i n a t i o n  t o  s e e  t h a t  th e s e  may a l s o  be reduced  to  th e  c o rre sp o n d in g  t ro p a n -  

o l  o r  l^ - tro p a n o l  compounds* w hich  on p ro p e r  e s t e r i f i c a t i o n  may be con­

v e r t e d  i n to  a t r o p i n e - l i k e  o r  t r o p a c o c a in e - l ik e  compounds. Or* i f  i n  th e  

c o n d e n sa tio n  a e e to n e d ic a rb o x y lic  a c id  i s  re p la c e d  by i t s  m o n o a lk y le s te r , 

th e  an a lo g o u s c o c a in e - l ik e  compounds may be expected*  The p h y s io lo g ic a l  

p r o p e r t i e s  o f  such  compounds m e r it  in v e s t ig a t io n *

The u s e  o f  an  a lk a n o la m in e * a s  shown by th e  r e s u l t s  w ith  e th a n o la -  

m in e , le a d s  t o  a  tro p an o n e  i n  w hich  th e  a lk y l  group on th e  N-atom  b e a rs  

an a lc o h o l ic  hydroxyl*  E s t e r i f i c a t i o n  w ith  an  a ro m a tic  a c id  w i l l  i n t r o ­

duce a  new a n e s th e s io p h o re  s t r u c tu r e  i n  a  c o c a in e - l ik e  m olecule* f o r  ex­

ample*
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9% ■CH

o=c

Or i f  i n  su ch  a  tropanone*  th e  ke to n e  i s  reduced  t o  th e  c a r b in o l  and 

b o th  h y d ro x y l g ro u p s a r e  r e p la c e d  by h a lo g en  atoms* th e  p ro s p e c t  o f  form** 

in g  a  s u b s t i t u t e d  q u im ic lid e n e  appears*  a s  fo llo w s :

? % <?H-

ch2-

:-CH2CH2- c i  o i H p

SHg
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summart

1® The p o s s i b i l i t y  o f  s y n th e s iz in g  su c c in d ia ld e h y d e  was i n v e s t i g a t ­

ed* The r e a c t io n s  t r i e d  w ares

a* The d ry  d i s t i l l a t i o n  o f  mixed c a lc iu m  s u c c in a te  and e a l -  

cium  form ate*

b* The H t t i g  r e a c t io n  on b ro m o ace ta l t o  y ie ld  th e  t e t r a e t h y l — 

a c e t a l  o f  su c c in d ia ld e h y d e . 

c* A Bosennnnd ty p e  o f  r e d u c t io n  o f  s u c c in y l  c h lo r id e *  

d* The p a r t i a l  h y d ro g en a tio n  o f  s u c c in o n i t r l le *  e i t h e r  c a t a l -  

y t i c a l l y  o r  by  th e  S tephen  Method* t o  th e  d i- im in e  w hich 

on h y d r o ly s is  sh o u ld  y ie ld  th e  d ia ldehyde*  

e* The fo rm a tio n  o f  th e  t e t r a e t h y l a c e t a l  by th e  r e a c t io n  o f  

e th y l  o r th o fo rm a te  w ith  th e  G rig aa rd  re a g e n t from  th e  a c e — 

t a l  o f  {2  -b rom oprop ionaldehyde •

A ll  r e s u l t s  w ere n e g a tiv e *  However* th e  S tephen  r e d u c t io n  o f  su c c in o ­

n i t r i l e  may m e r i t  f u r t h e r  a t te n t io n *

2 * The dioxim e o f  su c c in d ia ld e h y d e  was o b ta in e d  i n  y ie ld s  o f  35 to  

38J6 from  p y rro le *

3 * The d ioxim e was c o n v e rte d  i n to  th e  d ia ld eh y d e  i n  y ie ld s  o f  a t  

l e a s t  90$* and f o r  u se  i n  th e s e  in v e s t ig a t io n s *  th e  aqueous s o lu tio n *  a s  

o b ta in e d *  p roved  e n t i r e l y  s a t i s f a c t o r y .  T h is  o b v ia te d  th e  n e c e s s i ty  f o r  

i s o l a t i n g  an  e lu s iv e  and u n s ta b le  in te rm e d ia te *

4 ,  The sp o n tan eo u s c o n d e n sa tio n  o f  su cc in d ia ld eh y d e*  a c e to n e d ic a r -

b o x y lic  ac id*  and m ethylam ine t o  form  tro p an o n e  was in v e s tig a te d *  The 

y ie ld  o f  tro p an o n e  v a r ie d  from  60 t o  65$ when

a* The pH l im i t a t i o n s  and c o n c e n tr a t io n s  employed by Schopf
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w ere fo llow ed*

b* The c o n c e n tr a t io n  employed by  Schopf was m u l t ip l ie d  a s  nneh  

a s  n in e - fo ld *

c* The pH o f  th e  r e a c t io n  s o lu t io n  was v a r ie d  from  5 t o  11*

I t  w as p o s s ib le  t o  p re p a re  tro p a n o n e  in  la rg e  amounts by  th e s e  p ro ced u res*  

5* Homologs and a n a lo g s  o f  tro p a n o n e  may be p re p a re d  s im ila r ly *  r e ­

p la c in g  m ethylam ine w ith  an  e q u iv a le n t p o r t io n  o f  a n o th e r  p rim a ry  amine*

I n  t h i s  i n v e s t i g a t i o n  th e  fo llo w in g  w ere p re p a re d  and c h a ra c te r iz e d :  

a* N -e th y ln o rtro p a n o n e  a s  th e  d ip ip e ro n y lid e n e  d e r iv a tiv e *  

b* N - i so p r  o p y ln o r t  r  opanone a s  th e  p i  c ra te *  

c* N -b en zy ln o rtro p an o n e  a s  th e  d ip ip e ro n y lid e n e  d e r iv a tiv e *  

d* N -^ -h y d ro z y e th y ln o r tro p a n o n e  a s  th e  d ip ip e ro n y lid e n e  d e r iv ­

a tiv e *

6 * Tropanone was red u ced  c a t a l y t i c a l l y *  u s in g  p l a t i n l c  oxide* t o  

tro p a n o l*  No t r a c e  o f  th e  Iso m e ric  p se u d o - tro p a n o l was found*

7* The p o s s ib le  a p p l i c a t io n  o f  th e s e  r e s u l t s  f o r  th e  s y n th e s is  o f  

compounds h av in g  m e d ic in a l  i n t e r e s t  i s  d iscu ssed *
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EPILOGUE

B eeause o f  im pending in d u c tio n  in to  th e  Armed E o rces  o f  my C oun try  

on November 30 , 1944, i t  i s  im p o ss ib le  t o  c a r r y  ou t th e  ex p erim en ts  

w hich  so  l o g i c a l l y  su g g e s t th em se lv e s  from  th e  r e s u l t s  o f  th e  in v e s t ig a ­

t i o n  h e re  r e c o rd e d . I t  i s  r e g r e t t a b l e  t h a t  tim e  does n o t p e rm it th e  

co m p le tio n  o f  th e  fo llo w in g  in t r i g u in g  p r o s p e c ts :

1* The e s t e r i f i c a t i o n  o f  N -(^ 3 -h y d ro x y e th y l)-n o rtro p a n o n e  w ith  

a ro m a tic  a c id s  t o  y i e l d  compounds c o n ta in in g  th e  a n e s th e s io p h o r ic  s t r u c ­

t u r e ,

2 , The p r e p a r a t io n  o f  th e  N-homologs and t h e i r  co n v e rs io n  i n to  

a t r o p in e -  and t ro p a c o c a in e ^ l ik e  compounds f o r  p h a rm a co lo g ica l t e s t i n g .

3 ,  The s y n th e s is  o f  N -( |0 - c h lo r o e th y l ) - 3 «  c h lo ro tro p a n e  and i t s  

p o s s ib le  c o n v e rs io n , by  means o f  th e  Hftirtz r e a c t io n ,  i n to  a  q u in u c lid e n e  

d e r iv a t iv e *

LeRoy C u r t is  K eagle

B a ltim o re , M aryland 

November 21 , 1944


