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m ....x iiL -K cD u cm r.

The f i r s t  crude p r e p a ra t io n  o f  th e  * ilka lo id  

em etine was o b ta in e d  in  1R17 by P e l l e t i e r  (1) from  th e  

p la n t  s p e c ie s  C e p h a e lis  i i  ec icu m ha. S ince t h a t  day many 

w orkers have tu rn e d  t h e i r  a t t e n t io n s  to  th e  s t r u c t u r a l  

problem  p re s e n te d  by  t h i s  a lk a lo id ,  among them b e in g  such 

ffiraous c h e m is ts  a s  K a r re r ,  Pyman, % )âth , and R e ic h s te in .

T h e ir  f a i l u r e  to  com plete th e  e lu c id a t io n  o f  th e  

s t r u c tu r e  can n o t be a sc r ib e d  t o  a la c k  o f  tim e  o r  to  th e  

substciiice b e in g  u n in te r e s t in g  in  I t s e l f ,  f o r ,  d u r in g  th e  

c e n tu ry  o r  so t h a t  em etine h a s  been knovm, th e  s t r u c t u r e s  o f  

many a lk a lo id s  w ith  c o n s id e ra b ly  more complex m o lecu les  

have been  so lv e d . F u rth e rm o re , em etine h a s  alw ays a ro u sed  

c o n s id e ra b le  i n t e r e s t  because o f  i t s  unique p o s i t io n  as 

th e r a p e u t ic  a ^ e n t f o r  th e  tre a tm e n t o f  amoebic d y se n te ry  ( 2 ) .  

I t  seems more p ro b a b le  t h a t  th e  g r e a t  d i f f i c u l t y  e x p e rie n c e d  

by th e  e a r ly  w orkers o f  o b ta in in g  p u re  em etine  acco u n ts  

p a r t l y  f o r  th e  slow r a t e  o f p ro g re s s ;  th e  r e lu c ta n c e  o f  th e  

d e r iv a t iv e s  and d e g ra d a tio n  p ro d u c ts  o f  th e  a lk a lo id  to  

c r y s t a l l i s e ,  m ust a ls o  be ta k e n  in to  a c c o u n t. A gain , th e  

o x id a t io n  te c h n iq u e , so pow erfu l a  weapon w ith  ïnany o th e r  

a lk r i lo id a l  p ro b lem s, f a i l e d  to  c a s t  any l i g h t  on What m ight 

be c a l l e d  th e  co re  o f  th e  m o lecu le .

A knowledge o f  th e  s t r u c tu r e  o f  em etine  w i l l  

o b v io u s ly  be o f  c o n s id e ra b le  v a lu e  in  view o f  i t s

/p h a rm a c o lo g ic a l
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p h ariiiaco lo g ica l p r o p e r t i e s ,  and th e  p re se n t  r e s e a r c h e s  

have been p lan n ed  w ith  t î i a t  end in  v iew . The mode o f  

a t t a c k ,  d i f f e r e n t  from  th o se  p re v io u s ly  em ployed, w i l l  be 

d e sc r ib e d  in  t h i s  t h e s i s .  P a r t  o f  th e  author* s e a r ly  work 

on th e  em etine problem  was p re s e n te d  f o r  a  H ig h e r D egree 

(M .S c ., M a n c h e s te r) , m û  w i l l  be d e s c r ib e d  b r i e f l y  in  t h i s  

h i s t o r i c a l  su rv e y .



( a ) . M W I Q im  .SMlHfcffiSS-

The e a r ly  w orkers (3 ) in  t h i s  f i e l d  o b ta in e d  

a n a ly t i c a l  r e s u l t s  f o r  em etine and i t s  d e r iv a t i v e s ,  which 

co u ld  n o t  be b ro u g h t in to  agreem ent w ith  any one m o le c u la r  

fo rm u la  f o r  th e  a lk a lo id .  I t  i s  now q u i te  c l e a r  t h a t  th e  

c o n tro v e rs y  a ro se  because o f  th e  in ^ u r i ty  o f  th e  specim ens 

w hich were employed f o r  a n a ly s i s .  In  c o n t r a s t ,  th e  

ex e iq )la ry  r e s e a rc h e s  o f  C a rr  and Pyman (4) showed, beyond 

any d o u b t, t h a t  em etine p o s s e s s e s  th e  rml. r i i l a r  formula
. T h ese  w orkers c a r r i e d  o u t many anaüLyses on 

th e  a lk a lo id ,  i t s  s a l t s  and sim ple  d e r iv a t i v e s ,  an d , in  

a d d i t io n ,  t h e i r  m o le c u la r  w eigh t d e te rm in a tio n s  by  b o th  th e  

e b u l l io s c o p ic  and c ry o sc o p ic  m ethods le n d  su p p o rt to  th e  

above fo rm u la .

As w ith  th e  m o le c u la r  fo rm u la , th e r e  was d is p u te  

c o n c e rn in g  th e  fu n c tio n  o f  th e  fo u r  oxygen atom s in  e m e tin e , 

and i t  was once raox'e l e f t  t o  C a rr  and Pyman to  c o n s t r u c t  

o rd e r  ou t o f  c o n fu s io n . Mumei*ous anàyses by th e s e  a u th o rs  

gave c o n c lu s iv e  p ro o f  o f  th e  p re se n ce  o f  fo u r  le th o x v l p ro u p a ; 

th e  fu n c t io n  o f  a l l  th e  oxygen atoms i s  th e re b y  known.

The two n i t ro g e n  atom s in  th e  m olecu le  m ust now be 

c o n s id e re d , and th e  f i r s t  d e f i n i t e  ev idence a s  to  t h e i r  

f u n c t io n  was b ro u g h t fo rw ard  by K e lle r  (5) . He found t h a t  a  

s o lu t io n  o f  em etine in  h y d ro c h lo r ic  a c id  y ie ld e d  a  n i t r o saisine

/o n  tr e a tm e n t
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on t r e a tm e n t  w ith  sodium n i t r i t e . T h is  p ro d u c t gave a  

p o s i t iv e  L iebcrm ann r e a c t io n ,  w hich in d ic a te d  th e  p re se n c e  

o f  a t  l e a s t  one iuiino krounins-: in  th e  a lk a lo id .

K e l le r* s  work was fo llo w e d  by t h a t  o f  Pyman, vAio 

s tu d ie d  th e  a c t io n  o f  b en zo ic  an îiydride  on errte tine . The 

a n a ly s e s  o f  th e  a c y la te d  p ro d u c t ag reed  w ith  a m o le c u la r  

fo rm u la  , and th e re b y  showed t h a t  o n ly  one

b en zo y l r e s id u e  had e n te re d  th e  m o lecu le . F u rth e rm o re , 

t h i s  m a te r i a l ,  named Il-b e n z o v le m e tln e y proved  to  be  a  

m onoacid ic b a s e ;  th e  secondary  n i t ro g e n  atom m ust t h e r e f o r e  

have been b e n z o y la te d , w h i ls t  th e  o th e r  n i t r o g e n  atom , 

u n a f fe c te d  in  th e  r e a c t io n ,  m ust be in  th e  t e r t i a r y  s t a t e .

The view  t h a t  em etine c o n ta in s  one seco n d ary  and 

one t e r t i a r y  n i t ro g e n  atom , c o n v e n ie n tly  d e s ig n a te d  N (a) 

ana N(b) r e s p e c t iv e ly ,  was f u l l y  su p p o rted  by a  s tu d y  o f  

th e  ÎT -a lk y la tio n  o f  th e  a lk a lo id .  M é th y la tio n , w ith  

d im eth y l s u lp h a te  and sodium m ethox ide , y ie ld e d  th e  d i t e r t i a r y  

b ase  lT»metlivlir. le tin e  w ith  th e  in t r o d u c t io n  o f  o n ly

one m ethyl g ro u p . 'Ihe expected  r e s u l t  o f  com plete  

m é th y la tio n  o f  em etine was r e a l i s e d  by K e l le r  ( 5 ) ,  who h e a te d  

a su sp e n s io n  o f  th e  b ase  in  d i l u t e ,  aqueous sodium c a rb o n a te  

w ith  m ethyl io d id e ,  t o  y ie ld  a  q u a te rn a ry  d lm e th io d id e . The

m o lecu la r fo rm u la  o f  t h i s  s a l t ,  m .p . 225-6^ , was shown to  be 

C32%8G4! j2 l2  by  C a rr and Pyman ( 4 ) ,  and th e  norm al

/m eth y lim in o
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inethy lim ino  e s t im a tio n  proved t h a t  th r e e  m ethy l g roups 

were l in k e d  to  n itro g e n *  S in ce  th e  a c tio n  of* e x c e ss  

m ethyl io d id e  upon îî-m ethy lem etine  a f fo rd e d  th e  same 

q u a te rn a ry  d i io d id e  ( 4 ) ,  i t s  c o n s t i t u t i o n  was e s t a b l i s h e d  

a s  IlHQiethvlemetine d lm e th io d id e .

L a te r  work by one o f  th e  same a u th o rs  (6 ) h a s  

shovm t h a t  a  second N~m ethylem etine d lm e th io d id e , o f  

m .p . 262®, i s  formed in  th e  com plete  m é th y la tio n  o f  e m e tin e , 

iso m eric  w ith  th e  one a l r e a d y .d e s c r ib e d .  Fyman c la s s e s  

th e s e  tv/o s a l t s  a s  s te re o is o m e rs , d i f f e r i n g  o n ly  in  th e  

s i> a tia l c o n f ig u ra t io n  a t  th e  asym m etric , q u a te rn a ry  n i t r o g e n  

atom , t h a t  i s ,  a t  H (b ) . There can be no doub t t h a t  t h i s  i s  

th e  t r u e  e x p la n a tio n  o f  th e  o b se rv ed  f a c t s ,  a s  th e  l a t e r  

developm ent o f th e  survey w i l l  shov/. In  acco rd an ce  w ith  

th e  u s u a l  p r a c t i c e ,  th e  isom er w ith  th e  low er m e lt in g  p o in t  

i s  d e s ig n a te d  th e  o c - s a l t ,  and th e  o th e r ,  th e  /^-com pound.

One can re p re s e n t  th e  changes which have o c c u rre d  

in  th e  fo rm a tio n  o f tlie  se t o  Iso m e rs , by th e  fo llo w in g  

p a r t i a l  s t r u c tu r e s

4(CK3C-)

^26^27

h m e tin ^ .

C26H27
)tT-CH3

> ( a i 3 ) 2
4(CH30«) CgsKg? .1 “

^>r-cii3
«  -  and /-N -ia e th v le n ie tln e  

' n la e th lo d ld e s .

/A t  t h i s
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At t h i s  s ta ^ e  in  th e  I n v e s t lg a t I o n s , th e  way in  

w hich th e  n i t r o r ^ n  atoms a re  b u i l t  in to  th e  em etine m o lecu le  

was s t i l l  unknown, and s in c e  a lk y lim in o  gnrouplng^s were shown 

to  be a b se n t ( 4 ) ,  t h a t  v a lu a b le ,  in v e s t ig a t io n a l  t o o l ,  th e  

hofmann d e g ra d a t io n , v/as a p p lie d  to  em etin e ,

H esse (7) was th e  f i r s t  t o  s tu d y  t h i s  d e g ra d a t io n ,  

b u t  i t  was Pyman ( 8 ) ,  vÆio s a t i s f a c t o r i l y  c h a r a c te r is e d  th e  

p ro d u c t . I h i s  a u th o r  c o n v e rte d  <x- -m ethy lernetine  

d im e th io d id e  t o  th e  corresponding d iq u a tr in iary h y d ro x id e , by 
means o f  m o is t s i l v e r  o x id e , and th e n  decomposed i t  th e r m a l ly ,  

a s  in d ic a te d  by th e  p a r t i a l  fo rm u lae  be lo w . In  t h i s  way, he

o b ta in e d

CIÎ2 OH

4 (CH3C-) : —Clio 4 (CH30-)
C g lH g i OK Clio

-L. /Cli
C g lH g i

a  d i t e r t i a r y  b a s e ,  Wtiich was named H-»m ethvlem etinem ethine 

^ 3 2 ^ 6 ^ 4 %  •
The d i f f e r e n c e  betw een  th e  an d y ^H -m eth y lem etin e  

d iïïie th io d id e s  h as been  s a id  t o  l i e  on ly  in  th e  s p a t i a l  

a rrangem en t a t  th e  asym m etric n i t ro g e n  atom , and t h e r e f o r e ,  

b o th  s a l t s  shou ld  y ie ld  th e  sune me t h i n e ,  when th e  asymmetry 

i s  d e s tro y e d  in  th e  Kotbiann d e g ra d a t io n . Fym.an t e s t e d  t h i s  

ex p » erim en ta lly , and i t  was found t o  be th e  c a s e ;  h i s  

p ro p o sed  r e l a t i o n s h ip  f o r  th e  two s a l t s  was th e re b y  f i rm ly  

e s t a b l i s h e d .

/ I t  i s  o f
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I t  i s  o f  g r e a t  im portance t h a t  th e  îT -m ethyleirietlne- 

rae th lne  r e t a i n s  th e  two n i t ro g e n  atom s, f o r  i t  shows t h a t  

b o th  m ust have been l in k e d  in  c y c l ic  system s in  th e  a l k a l o i d .

K a r re r  c a r r i e d  th e  ex h a u s tiv e  m é th y la tio n  p ro c e d u re  

one s ta g e  f u r t h e r ,  by  c o n v e r tin g  N -m ethy lem etinem eth ine , by  

way o f  th e  d lm e th io d id e , to  th e  d im ethohyd rox ide , w hich was 

h e a te d  ( 9 ) .  The o i l  so formed was d i s t i l l e d ,  b u t  K a r re r  

f a i l e d  t o  i s o la x e  any c r y s t a l l i n e  s a l t s ;  how ever, th e  

a n a ly s i s  o f  th e  am om hous h y d ro c h lo rid e  in d ic a te d  a  m o le c u la r  

fo rm u la  . W h ils t th e  a n a ly s is  o f  an amorphous s a l t

ca n n o t be s a id  t o  e s t a b l i s h  a m o lecu la r fo rm u la , in  t h i s  c a se  

i t  d o es  show t h a t  one n itro g e n  atom h as  been s p l i t  o u t o f  th e  

m o le c u le . Two com plete  s te p s  o f  th e  Hofmann d e g ra d a tio n  a re  

th e r e f o r e  n e c e s s a ry  to  remove H (a ) ,  w h ils t  F (b ) i s  s t i l l  

l in k e d  to  th e  main s k e le to n  a f t e r  t h i s  t r e a tm e n t .  I t  fo llo w s  

d i r e c t l y ,  t h a t  K (a) m ust have been  p a r t  o f one r in g  in  th e  

em etin e  m o le c u le , w h i l s t  h (b )  m ust have been a  member o f  two 

h e te r o c y c le s .

The f i r s t  s ta g e  o f th e  Hofmann d e g ra d a tio n  m ust 

now be c o n s id e re d  f u r t h e r ,  in  th e  l i g h t  o f th e  knowledge so 

f a r  o u t l in e d .  R ing f i s s i o n  a t  N (a) could o cc u r in  two w ays, 

and a t  F (b )  in  th r e e  w ays, and th e r e f o r e  many d i f f e r e n t  

m e th in es  c o u ld  b e  fo rm ed . In  t h i s  c a s e , how ever, th e  

p r e s e n t  a u th o r  found t h a t  one su b s tan ce  makes up a t  l e a s t  90%

/ o f  th e  t o t a l
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o f  th e  t o t a l  me th in e  b ase  (see  p ,4 2  ) , and Pyman (8 ) vjas 

a b le  to  i s o l a t e  77^ o f  th e  same m a te r ia l  from  h i s  t o t a l  

p r o d u c t .  One d i r e c t io n  o f  f i s s i o n  must t h e r e f o r e  be 

s t r o n g ly  fav o u red  |  a c ircu m stan ce  o f  no mean in ç jo rtan ce  in  

th e  lo n g  s e r i e s  o f  d e g ra d a tiv e  r e a c t io n s  u sed  in  th e  

p r e s e n t  w ork.

The carbon  s k e le to n  now rem a in s to  be  c o n s id e re d , 

and in fo rm a tio n  re g a rd in g  th e  number o f  C -m ethyl g ro u p s  was 

a f fo rd e d  by a  s tu d y  o f  th e  Kuhn-Koth oxidation o f  th e  b a s e .  

A pprox im ate ly  one m o lecu la r p ro p o r t io n  o f  a c e t i c  a c id  was 

form ed (1 0 , 1 1 ) ,  vAiich su g g e s ts  th e  p re se n ce  o f  one C -m ethyl 

g ro u p in g , though  th e  p o s s i b i l i t y  t h a t  th e r e  a r e  two such  

g ro u p s  canno t be ru le d  o u t bn t h i s  ev id en ce  a lo n e ;  t h i s  

Im p o rta n t problem  h as  re c e iv e d  a t t e n t io n  in  th e  p r e s e n t  

a u t h o r 's  r e s e a r c h e s .  The a lk a lo id  i s  re c o v e re d  l a r g e ly  

unchanged , when re d u c t io n  i s  a ttem p ted  w ith  t i n  and 

h y a ro c h lo r ic  a c id ,  o r  w ith  sodium and e th a n o l ,  u s in g  v ig o ro u s  

c o n d i t io n s  ( 4 ) .  T h is  r e s u l t ,  and th e  r e s u l t s  o f  many 

c a t a l y t i c  h y d ro g e n a tio n s  o f  em etine  d e g ra d a tio n  p r o d u c ts ,  

c a r r i e d  o u t in  th e  p r e s e n t  w ork, a l l  le a d  t o  th e  c o n c lu s io n  

t h a t  th e  s t r u c tu r e  c o n ta in s  no o le  f i n i e  l in k a g e s .

S u f f i c i e n t  in fo rm a tio n  i s  now a v a i la b le  ab o u t th e  

g e n e ra l  f e a tu r e s  o f  th e  em etine m o lecu le , to  be  a b le  to  ap p ly  

th e  u su a l n u m erica l c o n s id e ra t io n  to  th e  fo rm u la  CgglT^qO^Tg. 

The s t r u c tu r e  must o b v io u s ly  in c lu d e  s e v e ra l  r i n g s ,  and a t

/ t h i s  s ta g e
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t h i s  Btaf^e i t  s u f f i c e s  to  say  t h a t  th e  p re se n c e  o f  f iv e  r i n g s ,  

w ith  two in  th e  a ro m atic  s t a t e , i s  th e  on ly  a rrangem en t w hich 

s a t i s f a c t o r i l y  ex j^ la in s th e  hydrogen c o n te n t  o f  th e  m o lecu le . 

The r e s e a r c h e s  d e s c r ib e d  in  t h i s  s e c t io n  have 

shown t h a t  em etine c o n ta in s  fo u r  m ethoxyl g ro u p s , and t h a t  

th e  two n i t r o g e n  atom s a re  sec o n d a ry , and t e r t i a r y ,  due to  

b e in g  members o f  o n e , and tw o , c y c l ic  sy s te m s , r e s p e c t i v e ly .  

F u rth e rm o re , th e  m olecule p o s s e s s e s  one C -m ethyl g ro u p , o r  

p o s s ib ly  tvjo such groups, and h a s  no o l e f i n i c  l in k a g e s ;  i t  

fo l lo w s  t h a t  th e  s t r u c tu r e  c o n ta in s  s e v e ra l  c y c l ic  sy s tem s .
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II* ( b ) .  üXimTIVüi UPECTROÙCCPIC i-V E S IIG àT im S .

o f  th e  many p ro c e a a e s  ueed  in  th e  s tu d y  o f  

a lk a lo i d s ,  th o s e  invo lv ing : o x id a t io n  have p ro b a b ly  b ee n  o f  

th e  g r e a t e s t  v a lu e • I t  i s  n o t  s u rp r is in g  th e n ,  t h a t  

s e v e r a l  v/oricers tu rn e d  t h e i r  a tx^entiona to  Hie o x id a t io n  o f  

Gi.îetiïie and i t s  d e r iv a t iv e s ?  th e  r e s u l t s  th e y  o b ta in e d  can 

c o n v e n ie n tly  be  c o n s id e re d  in  tv/o p a r t s .  F i r s t l y ,  t h e r e  

a re  th o s e  in v o lv in g  a  d e g ra d a tio n  o f  th e  m olecu le  t o  y i e l d  

e i a l l  f ra g ile  a t  s ,  and se c o n d ly , th o s e  in  4 .ic h  hydrogen  i s  

reciovecl and no f i s s i o n  o f  th e  s k e le to n  o c c u rs ,

C a rr  and pyman (4) \/e re  th e  f i r s t  v /o rkers t o  

s a t i s f a c t o r i l y  chai’a c te r i s o  any o x id a tio n  p ro d u c ts  from  

th e  a l k a lo i d ,  Uslni? p o ta s s iu m  perm anganate a s  th e  

o x id i s in g  a g e n t,  th e y  v/ere a b le  t o  i s o lu te  t%o c r y s t a l l i n e  

s u b s ta n c e s ,  one o f  \VhlcIi v/as a m p h o te ric , and th e  o th e r  a c id i c ,  

in  n a tu r e .  Tlje fc iiu e r  p roved  t o  be  6 :7 ~ ù ln e tb o x v - 

i s o iu in o l in c - 1 - c a ib o x v lic  a r id  ( I ) ,  w h ils t  th e  l a t t e r  Was

ac id  (%i) *

COM

" '° v A coh

T IT

/*Jliese r e s u l t s
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These r e s u l t s  were o f  g r e a t  im p o rtan ce , f o r  n o t  

o n ly  a id  th e  i s o l a t i o n  o f  the  su b s tan ce  ( I )  show t h a t  

em e tin e  beloni-S  to  th e  l a i ^ e  c l a s s  o f  iso  u in o l ln e  a l k a lo i d s ,  

b u t  a l s o ,  th e  p o s i t io n  o f  a t  l e a s t  two m ethoxyl g ro u p s  in  

em e tin e  i s  s e t t l e d ,  F u rth e rm o re , s in c e  th e  c a rb o x y l group 

i s  lo c a te d  a t  0% o f  th e  h e te r o c y c le ,  i t  i s  thi*ough t h i s  

p o s i t i o n  t h a t  l in k a g e  t o  th e  r e s t  o f  th e  m o lecu le  m ust have 

ta k e n  p la c e  in  th e  o r ig in a l  a lk a lo id .

T h is  work was closely fo llow ed  by t h a t  o f  w indaus 

and Hermanns (1 2 ) ,  who d e sc r ib e d  x h e ir  o x id a t io n  o f  em etine  

by ch rom ic  a c id ,  and by p o tassiu m  perm ang/m ate. U sing  th e  

f i r s t  r e a g e n t ,  th e y  i s o l a t e d  4 ; 6 -d im eth o xvph th iaon im ide  ( I I I )  

from  th e  r e a c t io n  m ix tu re , b u t th e  a c id  ( I )  was n o t  d e te c te d ;  

w ith  p o ta s s iu m  perm anganate , o n ly  raetohem ipin ic a c id  v/as 

o b t a in e d . I t  can be seen  t h a t  th e  i s o l a t i o n  o f  ( I I I )

c—I

E  TV

s u p p o r ts  th e  c o n c lu s io n s  o f md I ynon w ith  r e s p e c t  to

th e  o r i e n t a t i o n  o f  t" o o f  the M ethoxyl g roups i n  th e  a lk a lo id ,  

Mid i s  c o n s i s t e n t ,  a t  l e a s t ,  v .ith  t h e i r  view  r e g a rd in g  th e  

lin k f ig e  p o in t  to  th e  r e s t  o f th e  m o lecu le . I t  seems 

r e a s o n a b le ,  how ever, t h a t  ( I I I )  would he d e r iv e d  from  a

/ t e t r a h v d r o -
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te t r a h v d r o ls o a u in o l lue re s id u e  (IV) in  em etin e , r a th e r  

th an  from th e  arom atic  i s o o u in o lin e  r e s id u e ,  which i s  

sugg ested  by pyman*s i s o la t io n  o f  ( I ) . F o r tu n a te ly  th e  

s tudy  o f  ab so rp tio n  s p e c tr a  o f  a lK a lo id s  was s u f f i c i e n t l y  

advanced a t  t h i s  t im e , to  be o f  g r e a t  a s s is ta n c e  in  th e  

case o f  em etin e .

Dobbie and Fox (13) found t h a t  th e  e x t in c t io n  

curve f o r  c re o so l (4-hydroxy-3-raethoxyto luene) was 

s t r i k in g ly  s im ila r  to  th e  cu rv es  f o r  1 aud an o sin e , t e tra h y d ro -  

p a p a v e rin e , and c o ry d a l in e . S ince each o f th e s e  a lk a lo id s  

c o n ta in s  two c a te c h o l r e s id u e s ,  th e  r e s u l t s  g iven  by two 

m o lecu lar p ro p o r tio n s  o f  c re o so l were corai)ared w ith  th o se  

u sin g  one m o lecu lar p ro p o r tio n  o f  th e  a lk a lo id .  A t o t a l l y  

d i f f e r e n t  e x t in c t io n  curve was o b se rv ed , how ever, when th e  

iS û q u in o lin e  n u c leu s  was p re s e n t  in  th e  unreduced s t a t e ,  as  

in  p a p a v e r in e , f o r  e x a n ^ le . In  th e  case  o f  em etin e , i t  was 

xound t h a t  th e  curve was v e ry  s im i la r  to  t h a t  o b ta in ed  f o r  

two m o lecu la r p ro p o r tio n s  o f  c r e o s o l ,  W hilst t h a t  o f  ( I )  was 

e n t i r e l y  d i f f e r e n t .  Dobbie and Fox th e re fo re  su g g es ted , 

t h a t  em etine c o n ta in s  two 1 12 13 :4 - te t r a h y d ro is o q u in o lin e  

r e s id u e s ,  and t h a t  ( I )  a r i s e s  by a dehydrogenation  o f  one, 

o r b o th , o f th e se  r e s id u e s ,  in  th e  course  o f th e  o x id a t io n . 

These view s have stood  th e  t e s t  o f t im e , and o f  f u r th e r  

ex p e rim en t.

I t  now rem ains to  d e sc r ib e  how q u a n t i ta t iv e

/ch em ica l
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chem ical in v e s t ig a t io n s  gave v ery  s tro n g  su p p o rt to  th e  

su g g estio n s  o f  Dobbie and Fox; t h i s  work was c a r r ie d  ou t 

by Spilth and L e i th e ,  and was p u b lish e d  in  1927 (1 4 ) .

These w orkers s tu d ie d  th e  r e s u l t s  o f  a  m ild  

o x id a tio n  o f  em etine w ith  po tassium  perm anganate, and were 

w e ll rew arded , when qo rvda ld ine  (V) was i s o la te d  from  th e  

re a c t io n  m ix tu re . T'ot only  d id  th e  fo rm a tio n  o f  t h i s  

lac tam  ag ree  w ith  th e  r e s u l t s  o f  th e  e a r l i e r  w orkers (p . 10 ) ,  

b u t i t  cilso p rov ided  th e  f i r s t  d i r e c t  chem ical ev idence f o r  

th e  p resen ce  o f a t  l e a s t  one 1 :2 j3 :4 - te tra h y d ro is o q u in o lin e  

re s id u e  in  th e  a lk a lo id .  I t  cannot be assumed a t  t h i s  s ta g e ,

V g

how ever, t h a t  th e  n i tro g e n  atom o f (V) i s  th e  N(a) o f  em e tin e , 

s in ce  te tra h v d ro n a lm a tin e . in  which th e  n itro g e n  atom i s  

t e r t i a r y ,  s iffo rd s th e  same p ro d u c t (V) on o x id a tio n . The 

problem  had th e re fo re  to  be in v e s t ig a te d  f u r t h e r .

N -benzoylem etine was o x id ise d  by po tassium  

perm anganate and i t  was ex p e c te d , by analogy w ith  s im ila r  

o x id a tio n s  (1 5 ,1 6 ) , t h a t  f i s s i o n  o f th e  r in g  would o cc u r, to  

a f fo rd  th e  K-benzovlamlnn an id  (VI). Spath and L e ith e  

succeeded in  i s o la t in g  a c r y s t a l l i n e  compound, which gave

/ s u b s t a n t i a l l y  th e
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s u b s t a n t i a l l y  th e  c o r r e c t  a n a ly s i s  f o r  , and i t s

p r o p e r t ie s  were w e ll  r e p r e s e n te d  by  th e  s t r u c tu r e  ( V I ) . 

rhey o b ta in e d  a d d i t io n a l  su p p o rt f o r  t h e i r  view  re g a rd in g  

th e  s t r u c t u r e  o f  th e  o x id a t io n  p ro d u c t ,  by he&blng th e  

su b s tan ce  in  v ac u o , # ie n  b e n z o ic  a c id  was s p l i t  o f f .  t i t h  

t h i s  e v id e n c e  th e  a u th o rs  w ere s a t i s f i e d ,  and no s y n th e t ic  

specim en o f  (VI) was p re p a re d  f o r  co m p ariso n .

In  th e  o p in io n  o f  th e  p r e s e n t  a u th o r ,  th e  ev id en ce  

was n o t  s u f f i c i e n t ,  and i t  i s  f o r tu n a te  t h a t  th e  l in k a g e  o f  

M( a) i n t o  a  6 ;7 -d im e th o x y - l  22 : 3 ;4 - te tra h y d ro jja u q u in o lin e  r i n g  

system  was p ro v ed  c o n c lu s iv e ly ,  a t  a  l a t e r  d a t e ,  by  Ahl and 

Rt i c h s t e i n  ( 1 7 ) .  By c a r r y in g  o u t a  p a r t i a l  Hofmann 

d e g ra d a tio n  upon H ^ ace^ v lem e tln e , th e s e  w orkers  were a b le  to  

e l im in a te  th e  t e r t i a r y  n i t r o g e n  atom from  th e  m o le c u le , a s  

i l l u s t r a t e d  i n  th e  scheme b e lo w . I t  can  be seen  t h a t  th r e e  

coup le t e  a p p l i c a t io n s  o f  Hofmann’ s p ro c e d u re  were n e c e s s a ry  

to  remove 4 ( b ) , c o n f irm in g  t h a t  t h i s  atom i s  common to  two 

r i n g s .

In  th e  f i n a l  d e g ra d a t io n  o f  th e  m eth io d id e  o f  th e  

base ( V I I ) , c a r e f u l l y  c o n t r o l l e d  c o n d i t io n s  were n e c e s s a ry  

in  o rd e r  t o  av o id  a r a p id  d eco m p o sitio n  o f  th e  o rg a n ic  

m a te r i a l ;  t h i s  d i f f i c u l t y  was p ro b a b ly  due t o  th e  h ig h ly  

u n s a tu r a te d  n a tu r e  o f  th e  s u b s ta n c e s  in v o lv e d . The f i n a l

/p ro d u c t
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N — a.cetylfeinetiTig. (5ee p. 19 ).
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produc t (V III)  v/as o x itiis e d  w ith  a c id i f i e d  po tassium  

perm anganate, to  a f fo rd  m etahem ipin ic  a c id  ( I I )  and 

4;.'>-ciim ethoxyphthalonim ide ( I I I ) ,  in ce  th e  im ide ( I I I )  

was a ls o  o b ta in e d  by th e  o x id a tio n  ,1 th  chromic a c id  o f  

6 X7 -dim ethoxy-1 :2 :3 ;4 - te t r a h y d r o is o i u i n o l i n e , o r  i t s  

I i-a c e ty l d e r iv a t iv e ,  i t  fo l lo w s , u n e q u iv o c a lly , t h a t  H(a) 

i s  c o n ta in e d  in  a  6 ;7 - dim ethoxy-1 :2 :3 x4^te tr a h y d ro i s o q u in o lin e  

r in g  system , Kar^^er h as  r e c e n t ly  g iv en  added su p p o rt to  t h i s  

c o n c lu s io n , by th e  i s o l a t i o n  o f  b-methvt-fii^HIrf^^ffîTYlffîT’lTTfllTIft 

from th e  p ro d u c ts  o f th e  d i s t i l l a t i o n  o f  V III w ith  z in c  d u s t 

(11) .

/H ie  q u e s tio n
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The q u e s tio n  now a r i s e s ,  w hether em etine c o n ta in s  

a  second is o q u in o lin e  re s id u e  o r  n o t .  Spâth  and L e ith e  

found t h a t  th e  o x id a t io n  o f b a s e s  c o n ta in in g  on ly  one 

dim ethoxy is o Q u in o lin e  r e s id u e  y ie ld e d  abou t h a l f  th e  

q u a n t i ty  o f  m etahem ip in ic  a c id ,  which was o b ta in e d  when th e  

e q u iv a le n t  q u a n t i ty  o f  eToetine was o x id is e d . F o r exam ple, 

p a lm a tin e  a f fo rd e d  34% o f  th e  t h e o r e t i c a l  q u a n t i ty  o f  

m etahem ip in ic  a c id ,  and th e  o x id a t io n  o f  p a p a v e r in e , u nder 

th e  same c o n d i t io n s ,  gave o n ly  26% o f  t h i s  a c id .  The 

fo rm a tio n  o f  66% o f  tlie  t h e o r e t i c a l  amount o f  m etahem ip in ic  

a c id ,  by a  s im i la r  o x id a t io n  o f em e tin e , su g g ested  s t ro n g ly  

t h a t  tw o , d im e th o x y la ted  benzene n u c le i  a re  p re s e n t  in  th e  

a lk a lo id .

T h is s u g g e s tio n  g a in e d  s tro n g  su p p o rt when em etine 

was o x id is e d  m ild ly  to  c o ry d a ld in e  ( V ) , which was e s t im a te d , 

and th e  m other l i q u o r s  o x id is e d  f u r t h e r  to  m etahem ipin ic  a c id ;  

th e  e q u iv a le n t  o f  96% o f  t h i s  a c id  was i s o l a t e d  in  t h i s  way.

Spftthe and L e ith e  su g g ested  t h a t  th e  second benzene 

n u c le u s  was p r e s e n t ,  l i k e  th e  f i r s t ,  a s  p a r t  o f  a  1 :2 :3 :4 -  

t e t r a h y d r o iso q u in o l in e  r e s id u e ,  b a s in g  t h e i r  p ro p o sa l upon a  

c o n s id e ra t io n  o f  th e  a lk a lo id s  o f  known s t r u c t u r e . 

E x p e rim en ta l su p p o rt f o r  t h i s  p ro p o s a l was so u g h t, u s in g  a  

secondary  a lk a lo id  o f  Ip ecacu an h a , named ce p h a e lln e  

^28%8^4^^2» '’̂ i c h  p re v io u s ly  had been shown to  be a  p h e n o lic

/b a s e  (3)
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b ase  ( 3 ) .  The a i f f e r e n c e  o f  CKg betw een th e  m o lecu la r 

fo rm ulae  o f  em etine and c e p h a e lln e  su g g es ted  v e ry  s t ro n g ly  

t h a t  th e  two rdJca lo ids a re  c lo s e ly  r e l a t e d ,  and th e  n a tu re  

o f  t h i s  su sp e c te d  r e la t io n s t i ip  was e lu c id a te d ,  # ie n  C a rr 

and Pyman (4) made th e  iin p o rta n t d is c o v e ry , t h a t  em etine i s  

th e  C -m ethyl e th e r  o f  c e p h a e lln e  (X, p .2 0  ) .

W ith t h i s  know ledge, i t  can r e a d i ly  be se e n , t h a t  

by e th y la t in g  th e  f r e e  p h e n o lic  g ro u p in g  in  c e p h a e l in e ,  a  

p ro d u c t i s  o b ta in e d  h av in g  th e  carbon  s k e le to n  and g e n e ra l  

f e a tu r e s  o f  e m e tin e , w h i ls t  d i f f e r i n g  in  one iin p o rtan t 

r e s p e c t .  T h is  i s ,  t h a t  th e  two benzene n u c le i  now c a r ry  

d i f f e r e n t  s u b s t i t u e n t s .  I t  shou ld  be n o ted  t h a t  a lk y la t io n  

o f  th e  f r e e  p h e n o lic  g roup ing  in  c e p h a e lin e  was e s s e n t i a l ,  

in  o rd e r  to  p r o t e c t  b o th  a ro m a tic  n u c le i  a g a in s t  o x id a t io n ;  

in  th e  ca se  o f  c e p h a e lin e  i t s e l f ,  th e  a ro m atic  n u c le u s  

c a i r  in g  th e  p h e n o lic  group was co m p le te ly  d e s tro y e d  by 

o x id a t io n ,  a s  was e x p e c te d . In  t h i s  l a t t e r  e x p e rim e n t, 

th e  am ounts o f  c o ry d a ld in e  and m etahem ip in ic  a c id  which were 

o b ta in e d , were e q u iv a le n t  to  30% o f  th e  t h e o r e t i c a l  y i e ld  o f  

m etahem ip in ic  a c id ,  showing t h a t  o n ly  one benzene n u c le u s  

su rv iv e d  th e  o x id a t io n ;  f u r t h e r  chem ica l ev idence  th e re b y  

Was g iv e n  f o r  th e  view  t h a t  e m e tin e , and c e p h a e lin e  p o s s e s s  

two a ro m a tic  n u c l e i .

%hen C-e th v lc e p h a e l in e  (X I, p . 2 0 )  was o x id is e d

/u n d e r  th e
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u n d e r th e  same c o n d i t io n s ,  a p ro d u c t was o b ta in e d , v e ry  

s i t ï i i l  iT In  p r o p e r t ie s  to  c o ry d a ld ln e , b u t having a  lov /er 

m e ltin g  p o in t ,  ^.mich, fu r th e rm o re , was n o t ^ a r p .  llilB  

e d i t i n g  p o in t  was r a i s e d ,  # ie n  th e  o x id a t io n  p ro d u c t was 

taixed b o th  w ith  c o ry d a ld in e  and w ith  7-toe th v l»  A -e th v l -  

tinrcor\^d ild ln ey  co rresp o n d in g  d e r iv a t iv e s  o f  th e  th r e e  

su b s ta n c e s  sliowed t h i s  same ra e ltin g  p o in t  b e h a v io u r v/hen 

î i ix e d . These r e s u l t s  le d  S pâthe and L e i th e  to  th e  

c o n c lu s io n , t h a t  th e  c c ry d a ld in e - l i ic e  su b s tan ce  was 

couposed o f  c o ry d a ld in e  i t s e l f  and 7 -m o th y l-6 -e th y l-  

u o rc o ry d a ld in e , a c o n c lu s io n  which was co n fin a ed  by a  

v ig o ro u s  o x id a t io n  o f  tlie  supposed m ix tu re  • IlettaheLiipinic 

a c id  and 4 -iie thQ X V -l^ethoxv-r^h thalic  a c id  (X II p . 20) were 

i s o l a t e d  from  th e  p ro d u c ts  o f  t h i s  r e a c t i o n ,  and f u r t h e r  

q u a n t i t i e s  o f  th o se  two a c id s  were o b ta in e d  by an o x id a tio n  

o f  0 - e th y lc e p h a e l in e , u n d e r more d r a s t i c  c o n d i t io n s  th a n  had 

h i t h e r t o  been  em ployed.

I t  i s  q u i te  c l e a r ,  a t  t h i s  s ta g e ,  t h a t  th e  em etine  

L iolecule c o n ta in s  one sec o n d a ry , and one t e r t i a r y ,  n i t ro g e n  

atom , each  c o n ta in e d  in  a  G %7 - d l œ th o x y -1  : ̂  : 3 % 4 -te trah y d ro - 

iaoqu in o lin Q  n u c le u s ;  th e s e  n u c le i  a re  l in k e d  to g e th e r  by a  

carbon c h a in  a t ta c h e d  a t  t h e i r  l - p o s l t i o n s .  F u rth e rm o re , 

th e  vfork o f  Can"* and Pytaan, and K a r re r  ( p . 6 ,7 ) showed t h a t  

th e  t e r t i a r y  n i t r o g e n  atom i s  b u i l t  i n to  two r i n g s , w h i ls t

/o u r  work
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ou r w ork, and t h a t  o f  K a r r e r ,  h a s  shown th e  p re se n ce  o f  a t  

l e a s t  one C -tnethyl group (p .  8  ) • These f a c t s  can be 

re p re s e n te d  by th e  p a r t i a l  s t r u c tu r e  ( IX ) •

IX

MeO

On t h i s  b a s i s ,  th e  p rim ary  p ro d u c ts  o f  th e  m ild  

o x id a t io n s  o f  em e tin e , c e p h a e lin e  and C -e th y lc e p h a e l in e , 

d e sc r ib e d  sibove, can be  in  d i c a te d  in  th e  scheme on th e  

n ex t p a g e , in  Which th e  accep ted  p o s i t io n  o f  th e  p h e n o lic  

hydroxy l group in  c e p h a e lin e  h a s  been  u sed  f o r  s ic Q jl ic l ty .

I t  now rem ains to  c o n s id e r  th o se  o x id a t io n s  o f  

em etine and i t s  d e r iv a t iv e s .  Which remove hydrogen from  th e  

m o lecu le , b u t Which do n o t cause f i s s i o n  o f  th e  carbon 

S k e le to n ; th e s e  r e a c t io n s  a re  more c o r r e c t l y  term ed  

d e h y d ro g e n a tio n s . U sing aqueous f e r r i c  c h lo r id e ,  C arr and 

Fyman (4 ) o x id is e d  em etine hydro c h lo r id e  to  a  r e d ,  c r y s t a l l i n e  

s a l t  C2 9 K3 3 0 4 M2 C1 , vihlch v(as named ru b re ia e tln e  h y d ro c h lo r id e . 

The m o le c u la r  fo rm u la  shows, t h a t ,  w ith  th e  e l im in a t io n  o f  

e ig h t  atom s o f  hyd rogen , one n i t ro g e n  atom h a s  l o s t  i t s  b a s ic  

c h a r a c te r ;  th e  fu n c t io n  o f  th e  o th e r  n i t r o g e n  atom was n o t 

f u l l y  u n d e rs to o d . The b eh a v io u r o f  th e  r e d ,  d ehyd rogenation

/p ro d u c t
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p ro d u c t w ith  a l k a l i e s  s u g g e s te d . t h a t  t h i s  second n i t ro g e n  

atom i s  in  th e  q u a te rn a ry  s ta te *  a lth o u g h  th e  c o n tr a d ic to r y  

n a tu re  o f  th e  s ta te m e n ts  in  th e  l i t e r a t u r e  d ia  n o t a llow  any 

sound c o n c lu s io n s  to  be draw n. F o r in s ta n c e ,  F .a rre r (9) 

found t h a t  t r e a tm e n t  o f  a  s o lu t io n  o f  ru b rem e tin e  h y d rio d id e  

w ith  s i l v e r  o x id e , gave a h a lo g e n - f re e  s o lu t io n ,  W hich, on 

e v a p o ra tio n , y ie ld e d  an am orphous, ye llow  v a r n is h ,  r e a d i ly  

so lu b le  in  w axer, t o  g iv e  a n e u t r a l  s o lu t io n .  C a rr and Pyman 

(4 ) ,  on th e  o th e r  hand , observed  t h a t  th e  h a lo g e n - f re e  

s o lu t io n ,  p re p a re d  by th e  same m ethod, would n o t y ie ld  th e  

base to  e th e r  o r b en zen e , b u t ch lo ro fo rm  r e a d i ly  removed i t .  

E v ap o ra tio n  o f  th e  ch lo ro fo rm  gave ru b re m e tin e  hyd roc î i lo r id e , 

d e r iv e d  from  th e  decom position  o f  th e  ch lo ro fo rm  by th e  b a s e .

The e a r ly  r e s e a rc h e s  by th e  p re s e n t  a u th o r  (18) 

proved c o n c lu s iv e ly  t h a t  th e  re d  o x id a tio n  p ro d u c t i s  a  

q u a te rn a ry  s a l t .  By means o f  a  p o te n t io m e tr ic  t i t r a t i o n  

u s in g  0 -0 1 ÎÎ sodium h y d ro x id e , a  cu rv e  was o b ta in e d  f o r  

’‘ru b rem e tin e  h y d ro c h lo r id e ” , a lm ost i d e n t i c a l  w ith  t h a t  f o r  

an equ im o lar s o lu t io n  o f  p o tass iu m  c h lo r id e ,  w h i ls t  t h a t  f o r  

a s im i la r  s o lu t io n  o f  atimionium c h lo r id e  d i f f e r e d  c o n s id e ra b ly . 

F u rth e rm o re , th e  a lk a l in e  s o lu t io n  showed no f a l l  in  pH on 

s ta n d in g , in d ic a t in g  t h a t  no a p p re c ia b le  q u a n t i ty  o f  pseudo­

base i s  form ed under th e s e  c o n d i t io n s .

The re d  o x id a tio n  p ro d u c t can  th e r e f o r e  be c a l l e d  

rubrem etin lun i c h lo r id e ^  a s  sufrgeated  by B rin d le y  and Pyman (1 9 ),
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and th e  s a l t s  o f  th e  p a r e n t  b a s e ,  w ith  any o th e r  a c id ,  

named a c c o rd in g ly .

The a c t io n  o f  s i l v e r  ox ide upon a s o lu t io n  o f  

rubrem etin ium  c h lo r id e  was a ls o  r e - in v e s t ig a te d ,  a t  th e  

same tim e (1 8 ) ,  and th e  r e s u l t s  o b ta in ed  were a c o n f irm a tio n  

and an e x te n s io n  o f  tlio se  o f  C a rr  and Pyman. The r e s u l t i n g ,  

d e e p -re d , h a lo g e n - f re e  s o lu t io n ,  f i l t e r e d  from  s i l v e r  

c l i lo r id e  and ex c ess  s i l v e r  o x id e , was s t ro n g ly  a lk a l in e  in  

r e a c t io n ,  and by a c i d i f i c a t i o n  o f  a sample w ith  h y d ro c h lo r ic  

a c id  , th e  c h lo r id e  was re c o v e re d  in  8 8 % y i e l d .

When th e  s o lu t io n  was ev a p o ra ted  in  an atm osphere 

o f  n i t r o g e n ,  two p ro d u c ts  were o b ta in e d . One, a b r ig h t  

o ra n g e -re d , m ic r o c r y s ta l l in e  s o l id  was shown t o  be th e  

q u a te rn a ry  h y d ro x id e , s in c e  i t  d is s o lv e d  in  w a te r  to  g iv e  

an a lk : i l in e  s o lu t io n ,  from  which th e  c h lo r id e  was re c o v e re d  

by a c i d i f i c a t i o n .  The second su b s tan ce  was in s o lu b le  in  

w a te r b u t so lu b le  in  e t h e r ,  and was o b ta in e d , from  i t s  

s o lu t io n  in  th e  l a t t e r  s o lv e n t ,  a s  a  c l e a r ,  o ran g e-y e llo w  

gum. I t  d is s o lv e d  in  d i l u t e  h y d ro c h lo r ic  a c id ,  b u t 

c o n c e n tra t io n  o f  th e  d a rk  r e d  s o lu t io n  y ie ld e d  on ly  t a r r y  

p ro d u c ts ,  and no ru b re tie tin iu m  c h lo r id e  co u ld  be I s o l a t e d .  

These r e s u l t s ,  to g e th e r  w ith  th e  f a c t  t h a t  s o lu t io n s  o f  t h i s  

second su b s tan ce  r a p id ly  darken  and r e s i n i f y  on s ta n d in g , 

su g g es t t h a t  i t  i s  a  p seu d o -b ase  o r  a n h y d ro -b a se .

T urn ing  now to  th e  v a r io u s  a l t e r n a t i v e  m ethods f o r

/ t h e  p re p a ra t io n
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th e  p r e p a ra t io n  o f  rubrem etine*^, one f in d s  t h a t  tw o , v e ry  

i n t e r e s t i n g  b y -p ro d u c ts  can  be o b ta in e d . Em ploying io d in e  

as th e  o x id is in g  ag en t in  a lc o h o l ic  s o lu t io n ,  C a rr and 

Pyman (4) i s o la t e d  ru b re m e tin e , to g e th e r  w ith  a  b ase  h av in g  

one e th y le n ic  l in k a g e , and h av in g  th e  m o lecu la r fo rm u la  

^29^38^4^^2* 'Ib is  su b s ta n c e  a lre a d y  had been shown to  be 

one o f  th e  m inor a lk a lo id s  o f  C e p h a e lis inenr^ruanha and had 

been nrmed 0 -m e th v lp sv c h o tr in c  ( 8 ) 5 i t  w i l l  be d is c u s s e d  in  

some d e t a i l ,  in  a  l a t e r  s e c t io n .  At t h i s  s ta g e ,  i t  i s  

i n t e r e s t i n g  to  n o te ,  t h a t  s in c e  C -m eth y lp sy ch o trin e  I s  

dehydrogenated  to  ru b re m e tin e  In  good y ie ld  u s in g  brom ine in  

ch lo ro fo rm  ( 8 ) , t h i s  b a se  i s  an in te rm e d ia te  s ta g e  in  th e  

o x id a tio n  o f  em etine to  ru b re m e tin e .

B a tte r s b y  and Openshav/ (18) o x id ise d  em etine  w ith  

m ercu ric  a c e ta te  in  b o i l i n g ,  d i l u t e ,  aqueous a c e t ic  a c id  

s o lu t io n ,  t l ie  p r in c ip a l  p ro d u c t b e in g  ru b re m e tin e , i s o l a t e d  

in  46% y i e l d .  ï h i s  i s  th e  most co nven ien t method \4 iich  has 

been re c o rd e d  f o r  th e  prepau*ation o f  ru b re m e tin e , and m oreover, 

g iv e s  th e  h ig h e s t  y i e l d .  A second p ro d u c t o f  th e  o x ia a t io n  

was a  b ase  h av in g  th e  m o le c u la r  fo rm ula  w hich

in d ic a te s  th e  p re se n ce  o f  two e th y le n ic  l in k a g e s ;  t h i s  was

/c o n firm e d  by

irf I t  i s  o f te n  co n v en ien t to  use th e  g e n e ra l te rm  ru b re i.ie tin e  
in  p la c e  o f  rub rem etin ium  c h lo r id e ,  rub rem etin ium  b rom ide , e t c .
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co n firm ed  by m ic ro -h y d ro g e n a tio n . The su b s ta n c e  may 

t b e r e f o r e  be te rm ed  te tra d e h Y d ro e iiie tin e . T h is  b a se  i s  

v e ry  u n s t a b l e ,  and even in  th e  form  o f  a  s a l t ,  g r a d u a l ly  

t u r n s  p in k  on exposure  to  th e  a tm o sp h e re , a  change w hich i s  

a c c e le r a te d  by  s u n l ig h t .  Vhen s u b je c te d  t o  th e  f u r t h e r  

a c t io n  o f  m e rc u ric  a c e ta te ,  te tra d e h y d ro e m e tin e  was 

c o n v e r te d  t o  ru b re m e tin e , and th u s  r e p r e s e n t s  a  second 

in te rm e d ia te  s ta g e  in  th e  d eh y d ro g en a tio n  o f  e m e tin e .

I n  a r r i v in g  a t  any p ro p o sed  s t r u c t u r e  f o r  e m e tin e , 

due c o n s id e r a t io n  must be g iv en  to  th e  tv/o p a r t i a l l y  

d eh y d ro g en a ted  p ro d u c ts ,  d e sc r ib e d  in  th e  p re v io u s  p a r a g ra p h s .  

S t i l l  more Icq^jortant i s  the  re q u ir e m e n t ,  t h a t  any p ro p o sed  

s t r u c tu r e  m ust b e  capab le  o f a c c o u n tin g  f o r  th e  fo rm a tio n  o f  

ru b re m e tin e ,

I t  was a  re c o g n i t io n  o f  th e  im p o rtan ce  o f  t h i s  

l a t t e r  r e q u ir e m e n t ,  t h a t  le d  B r in d le y  and Pyman (19) to  make 

a  f u r t h e r  s tu d y  o f  th e  d eh y d ro g en a tio n  o f  em etine  and i t s  

d e r i v a t i v e s .  T hese w orkers found  t h a t  no su b s ta n c e  an a lo g o u s  

to  ru b re m e tin e  co u ld  be p re p a re d  from  îT -rae thy lem etine , a  

r e s u l t  w hich i s  o f  c o n s id e ra b le  s ig n i f i c a n c e ;  t h i s  m a t te r  

w i l l  be  d is c u s s e d  f u r th e r  in  th e  l a t e r  developm ent o f  th e  

p re s e n t  d i s s e r t a t i o n .

The s ta te m e n t made p r e v io u s ly  t h a t  e ig h t  atom s o f  

hydrogen a re  rem oved in  th e  change from  em etin e  h y d ro c h lo r id e

/ t o  ru b rem etin iu m
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to  rub rem etin ium  c h lo r id e ,  r e s t s  e n t i r e l y  upon th e  a n a ly se s  

o f  C a rr  and Pyman. \* h i ls t  th e s e  a n a ly se s  were u n d o u b ted ly  

c a r r i e d  ou t most c a r e i h l l y ,  th e  n e c e s s i ty  o f  d ry in g  h y d ra te d  

sam ples o f  rub rem etin ium  s a l t s  f o r  a n a ly s i s ,  th e  s l i g h t  

i n s t a b i l i t y  o f  th e s e  s a l t s ,  and t h e i r  h ig h  m o le c u la r  w e ig h t, 

le a v e  th e  t r u e  hydrogen c o n te n t  o f ru b re m e tin e  in  some d o u b t. 

B a tte rs b y  .and Openshaw (18) th e r e f o r e  in v e s t ig a te d  th e  

c a t a ly t i c  h y d ro g en a tio n  o f rub rem etin ium  c h lo r id e  in  an 

endeavour to  remove t h i s  u n c e r ta in ty ,  b u t  t h e  su b s tan ce  

r e s i s t e d  c o n ç le te  r e d u c t io n .  H ydrogenation  o f  

rubrem etin ium  c h lo r id e ,  in  th e  p re se n ce  o f  sodium a c e ta te  in  

GüLcohol, ceased  when cno m o lecu la r p ro p o r t io n  o f  hydrogen had 

been ab so rb ed ; th e  s o lu t io n  was Then a lm ost c o lo u r l e s s .

When a lc o h o l a lone  was employed as th e  s o lv e n t ,  th e  u p tak e  o f  

hydrogen was v e ry  slow , and ceased  vihen ab o u t 0 * 6  mole o f  

hydrogen had been ab so rb ed . The b e n e f i c i a l  e f f e c t  o f  th e  

sodium a c e ta te  on th e  re d u c t io n  su g g e s ts  t h a t  th e  q u a te rn a ry  

n i tro g e n  atom I s  in v o lv e d .

C l ------ ^  — N 4- HCl.

A ttem pts to  i s o l a t e  th e  r e d u c t io n  p ro d u c t p roved  

ab o irtiv e , a s  i t s  s o lu t io n  was r e -o x id is e d  t o  th e  o ra n g e - re d , 

s ta r t in g  m a te r ia l  by a tm o sp h eric  oxygen, p a s s in g  th ro u g h  an 

in te rm e d ia te  g reen  s ta g e .

/K a r r e r
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K a rre r  I E iag ste r and R U ttn e r (11) a re  th e  o n ly

jo rk e ra  t o  have had any succesG  w ith  th e  r e d u c t io n  o f

ru b re m e tin e  u s in g  ch em ica l m ethods; th e s e  m ethods,

u n f o r tu n a te ly ,  c a n n o t g iv e  d i r e c t  in fo rm a tio n  c o n c e rn in g

tl ie  amount o f  hydrogen  a b so rb e d . By r e d u c t io n  w ith  z in c

d u s t  and a c e t i c  a c id ,  th e y  o b ta in e d  a  c r y s t a l l i n e  b a s e ,

jh icn  was o p t i c a l l y  a c t i v e ;  i t  fo l lo w s  t h a t  ru b re m e tin e

m ust a ls o  p o s s e s s  a t  l e a s t  one asym m etric  c e n t r e .  The

s in g le  a n a ly s is  c a r r i e d  o u t on tiie  new b a se  was in  ag reem en t

w ith  th e  m o le c u la r  fo rm u la  t h i s  s u g g e s ts  t h a t

VI  c o n ta in s  fo u r  a%,oms o f  hydrogen  more th a n  ru b re m e tin iu m

c î i lo r id e .  Tlie new compound was n o t  red u ced  by hyd ro g en  in

th e  p re se n c e  o f  p la tin u m  b la c k ,  u n d e r m ild  c o n d i t io n s ,

vhich su g g e s ts  %,hat th e  two re m a in in g  doub le  bonds a re  
an

p r e s e n t  in /a ro m a t ic  r i n g  sy s tem , o r ,  a l t e r n a t i v e l y ,  a r e  

S t e r i c  a l l y  h in d e re d .  w ith  m ethy l io d id e ,  th e  r e d u c t io n  

p ro d u c t  y ie ld e d  a c i y s t a l l i n e  m onom eth iod ide.

On th e  b a s i s  o f  t h i s  w ork , K a r re r  and h i s  

c o l l a b o r a to r s  p u t  fo rw ard  th e  p a r t i a l  s t r u c t u r e s  (X II I )  and 

(XIV) f o r  ru b re m e tin e  and i t s  r e d u c t io n  p ro d u c t ,  r e s p e c t i v e l y .

lone

m

CH.
lOMC 

lone. .

/T h e se



— 27 —

These p ro p o s a ls  a re  open to  sto many s e r io u s  

o b je c t io n s  t h a t  th e y  a r e ,  w ith o u t any «doubt, I n c o r r e c t .

.^ost o r  th e s e  o b je c t io n s  v / i l l  be d is c u s se d  in  th e  

T h e o r e t ic a l  S e c t io n ,  and i t  i s  s u f f i c i e n t  h e re  t o  m ention  

tv /o . F i r s t l y ,  t h e r e  i s  no re a so n  why th e  s t r u c tu r e  (X III)  

sh o u ld  be deep  r e d ,  s in c e  iso g uinolinlUBn s a l t s  a re  c o lo u r­

l e s s  o r  p a le  y e llo w , and sec o n d ly , th e  n i t r o g e n  atom N (a) 

in  (X III )  m ust have th e  norm al b a s ic  c h a r a c t e r . In  

c o n t r a s t ,  th e  n o n -q u a te rn a ry  n itro g e n  atom in  ru b re m e tin e  

h a s  l o s t  i t s  b a s ic  fu n c tio n  co m p le te ly . The r e j e c t i o n  o f  

K a rre r* s  p ro p o s a l  r a i s e s  th e  problem  o f p ro v id in g  more 

a c c e p ta b le  s u g g e s t io n s ;  t h i s  problem  can be d is c u s s e d  o n ly  

when a l l  th e  in fo rm a tio n  co n cern in g  th e  s t r u c tu r e  o f  em etine  

h a s  b een  c o n s id e re d .

The d eh y d ro g en a tio n s  o f  em etine Which have been

rev iew ed  can  be r e p re s e n te d  by th e  fo llo w in g  schem e.

0-me th y lp  sy c h o tr  ine  .  One e th y le n ic
C2gH3gO#2 l i n k a g e .

E m e tin e . —^ ^  T e trad eh y d ro em etin e . Two e th y le n ic
^29% 6^4^2 l i n k a g e s .

R ubrem etinium  c h lo r id e .
C2 9 H3 3 O4 M2 CI
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I I I .  ( c ) .  Tim .CSISMXSPXiu^, o f
I L n Z o B s  o? i& C A c a

P a u l and Ccwnlej' ( 3 ) ,  and l a t e r  ly raan , vd.th C a rr  

and B r in d le y  ( 4 ,1 9 ) ,  a re  to  be  c r e d i te d  w ith  th e  th o ro u g h  

in v e s t ig a t io n  o f  th e  t o t a l ,  a lk a lo id a l  m a te r ia l  o f  C e p h a e lis  

ire c a c u a n h a . F iv e  b a s e s  v;ere found to  be p r e s e n t ,  o f  Which 

m ention  h a s  a lr e a d y  been  made o f  c e p h ae lin e  and

C -m e th y lp sy c h o trin e  C2 9 ÎÎ3 3 O4 ÎT2  > in  a d d it io n  to  th e  p r i n c i p a l  

a lk a lo id  em etine . ?he rem ain in g  two had th e

m o le c u la r  fo rm u lae  C2 8 H3 6 C4 Î'Tj:> and and were named

p s v c h o tr  in e  and e met am ine, r e s p e c t iv e ly .

p s y c lio tr in e  was found t o  re se rib le  c e p h a e lin e  in  

h av in g  one p h e n o lic  groux?, ’d i i l s t  i t  was s i m i l a r  to  

0 -m eth y lp  s y c h o tr  in e  in  hav ing  one o le f in  i c  l i n k a g e .

Emetamlne was sbovm to  c o n ta in  fo u r  w th o x y l  Xi^oups, a s  does 

e m e tin e , b u t  d i f f e r e d  from  th e  o th e r  b a se s  in  h av in g  two 

double b onds; i t  a lso  d i f f e r e d  in  being  a c i t e i ’t i a r y  b a s e ,  

as shown by  i t s  f a i l u r e  to  r e a c t  w ith  b e n so ic  an lrydride ( 8 ) .

S ince  th e  a lk a lo id s  i s o la t e d  from  one p l a n t  s p e c ie s  

a re  o f te n  c lo s e ly  I '^ la te d ,  Fyman and h i s  c o l l a b o r a to r s  ( 4 ,6 ,  

8 ,1 9 ) sough t to  e s t a b l i s h  th e  i n t e r r e l a t i o n s h i p  o f  th e  f iv e  

b a se s  from  1% ecacu an h a . In  t h i s  th ey  were h e lp e d ,  and 

sputrred o n , by  th e  c lo s e  r e la t io n s h ip  o f  t?ie f i v e  m o le c u la r  

fo rm u la e . Thus e ræ tin e  c o n ta in s  a Clip g roup  more th a n  does

/c e j> h a e lin e ,
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c e p h a e l in e ,  and i t  h as  been  s t a t e d  p r e v io u s ly  t h a t  em etine i s  

th e  0 -m e th y l e th e r  o f  c e p h a e l in e ;  th e r e f o r e  th e y  have th e  

same r e l a t i o n s h ip  a s  code ine  and moip)hine.

The m o le c u la r  fo rm ulae o f  p sy c h o tr  in e  and 0 -m e th y l-  

p s y c h o tr in e  su g g es ted  th e  r e l a t i o n s h i p  which i s  d is c lo s e d  by 

th e  naming o f  th e  l a t t e r  a lk a lo id .  In  t h i s  c a s e ,  n o t  o n ly  

d id  th e  m é th y la tio n  o f  th e  p h e n o lic  group in  psycho t r i n e  

y ie ld  C-me th y lp  s y c h o tr  i n e , b u t  p a r t i a l  d ém é th y la tio n  o f  th e  

n a tu r a l  O-me th y  Ip  s y c h o tr  in e  a f fo rd e d  psycho t r i n e , in  good 

y i e l d .

A s tu d y  o f  th e  r e d u c t io n  o f  p s y c h o tr  i n e , 0 -m e th y l-  

p s y c h o tr  in e  and e met amine com pleted  th e  netw ork  o f  r e l a t i o n ­

s h ip s .  When psycho t r i n e  was red u ced  w ith  sodium and e th a n o l ,  

a m ix tu re  o f  b a s e s  vias o b ta in e d , from  v/hich c e p h a e lin e  and a  

new su b s ta n c e  C2 8 ÎI3 8 D4 N2  were i s o l a t e d ;  t h i s  new b ase  i s  

iso m e ric  w ith  c e p h a e lin e  and i s  named is o c e p h a e l ln e  on t h i s  

a c c o u n t. By an a lo g y , 0-me th y lp  s y c h o tr  in e  would be ex p ec ted  

to  y i e l d  0 -m e th y lc e p h a e l in e , t h a t  i s ,  em e tin e , when red u ced  

in  th e  same way, and t h i s  was found to  be th e  c a s e .  M oreover, 

th e  b a se  c o r re s î  end ing  to  i s o c e n h a e lin e  was i s o l a t e d  from  th e  

Sfwie r e d u c t io n  p ro d u c t and was named is o e m e tin e . C g g ^ q O ^ g .

In  t h i s  c o n n e c tio n , m ention  m ust be made o f  K a rre r* s  r e c e n t  

work ( 1 1 ) on th e  c a t a l y t i c  h y d ro g e n a tio n  o f  0 -me th y lp  s y c h o tr  in e , 

which showed t h a t  em etine o r  i s o em etine  was o b ta in e d , a c co rd in g  

to  th e  c o n d i t io n s  em ployed.

/The r e s u l t s
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The r e s u l t s  d isc u sse d  so f a r  a re  sucrna rised  in  th e  

d iagram  b e lo w , which in c lu d e s  th e  a d d i t io n a l  f a c t  t h a t  

m é th y la tio n  o f  Iso c e p h a e lin e  y ie ld e d  i s c s iiie tin e .

P s y c h o tr  in e  --------  ^  O-me th y lp  s y c h o tr  in e

iR R

C ephae line  — ►Emetine

.  \
I  soc e n h a e lin e  ------------------------   >  Iso  em etine

R = R ed u c tio n - M -  M é th y la tio n ,

The fo rm a tio n  o f  two iso m eric  b a se s  by re d u c t io n  

o f  0-me th y lp  s y c h o tr  i n e ,  su g g e s ts  s t ro n g ly  t h a t  a  new 

asym m etric c e n tr e  i s  produced In  th e  m olecule by  th e  a d d i t io n  

o f  a  hydrogen  atom . I f  i t  be ta k e n  a s  a w orking h y p o th e s is ,  

t h a t  em etine  and i s o em etine d i f f e r  o n ly  in  th e  s p a t i a l  a r ra n g e ­

ment a t  a  newly form ed asym m etric c e n t r e ,  th e n  two ex p e rim e n ts  

to  t e s t  th e  h y p o th e s is  a re  a p p a re n t . F i r s t l y ,  one can  attenqpt 

to  c o n v e r t  em etine  to  is o  em etine o r  t o  b r in g  ab o u t th e  r e v e r s e  

change , and se c o n d ly , a ttem p t t o  dehydrogenate  b o th  em etine 

and I s o em etine  to  C-rae th y lp  sy c h o tr  in e  . In  th e  f i r s t

e x p e rim e n t, a  p o s i t iv e  r e s u l t  I s  s t ro n g  ev id en ce  in  fa v o u r  o f  

th e  h y p o th e s is ,  b u t  a n e g a tiv e  one i s  in c o n c lu s iv e ,  s in c e  many 

s te re o !s o m e r id e s  r e s i s t  a ttem p ts  a t  r a c é m is a t io n . Pyman (6) 

c a r r i e d  o u t th e s e  two experim en ts  and from th e  f i r s t  he 

o b ta in e d  no ev id en ce  o f  in te rc o n v e rs io n , u s in g  f a i r l y  d r a s t i c

/ c o n d i t io n s .
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c o n d itio n s*  The second e x p e rim e n tf  how ever| p roved  t h a t  

th e  h y p o th e s is  i s  t r u e ,  f o r  I s o em etine  gave r i s e  to  

0-m e th y Ip s y c h o tr in e , u s in g  th e  same c o n d i t io n s  u n d er which 

t h i s  l a t t e r  a lk a lo id  i s  form ed from  ernetine (p ,  2 3 )  .

The c o n c lu s io n  which h a s  been  d e r iv e d  f o r  O -m ethyl- 

p s y c h o tr in e  i s  e q u a l ly  v a l id  f o r  th e  r e d u c t io n  o f  p s y c h o tr  i n e , 

b ecause  o f  th e  c lo s e  r e l a t i o n s h i p  o f  th e  two b a s e s ;  i t  

fo llo w s  t h a t  o n ly  th e  r e l a t i o n s h ip  o f  emetamine to  any one o f  

tn e  o th e r  fo u r  a lk a lo id s  need  be known, in  o rd e r  t o  conç>lete 

our know ledge.

Wlien errtetamine was re d u c e d , u s in g  th e  method which 

was em ployed f o r  p s y c h o tr in e  (8) , a m ix tu re  o f  b a s e s  was 

o b ta in e d  c o n ta in in g  i s o e m e tln e ; t h i s  su b s ta n c e  was i s o l a t e d  

by means o f  i t s  b en zo y l d e r iv a t iv e *  A l l  attcTiqpts to  s e p a ra te  

em etine from  th e  r e d u c t io n  p ro d u c t p roved  a b o r tiv e *  The 

i s o l a t i o n  o f  i s o em etine i s  s u f f i c i e n t ,  how ever, to  b r id g e  th e  

gap betw een emetamine and th e  r e s t  o f  th e  a lk a lo id s ,  and t h i s  

work was t o  be f u l l y  con firm ed  by  th e  r e s e a r c h e s  o f  Ahl and 

R eich s t e i n  (17) . ^ % lls t  th e  ch em ica l d eh y d ro g en a tio n  o f  

em etine and C-me th y Ip  s y c h o tr in e  had  y ie ld e d  no t r a c e  o f  

emetamine ( 4 ,8 ) ,  th e s e  w orkers  d e te c te d  em etamine in  th e  

coTïqplex m ix tu re  o f  s u b s ta n c e s  form ed when em etine  i s  

dehydrogenated  c a t a l y t i c a l l y . I t  i s  o f  i n t e r e s t  t o  n o te  

t h a t  l-m ethy l-6 ;7 -d im ethQ X visQ G uinQ line  (XV) was i s o l a t e d  from  

th e  same r e a c t io n  m ix tu re ; t h i s  a f f o r d s  s t i l l  f u r t h e r  ev idence

/ i n  su p p o rt
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in  su p p o r t  o f  th e  p a r t i a l  s t r u c tu r e  (IX p. 1 9 )

tH CH
near i r ^  If '^Oie

•c<(.X>
5 2

A.ny p ro josG d  struc tu i*o  f o r  emetamine o u s t  acco rd  

j l th  th e  f a c t s  t h  i t  i t  can  be  red u ced  to  j ^ e m e t i n e , t h a t  i t  

i s  form ed by d eh y d ro g en a tio n  o f  e m e tin e , v /ith  th e  l o s s  o f  

fou r a to n s  o f  h y d ro g en , and a ls o  t h a t  i t  i s  a  d i t e r t i a r y  

b Lse, more f e e b ly  b a s ic  th a n  i s  0-me th y lp  s y c h o tr  i n e . The 

d i f f e r e n c e  in  b a s i c i t y  was shown by a  f r a c t i o n a l  e x t r a c t io n ,  

vJiih d i l u t e  a c id ,  o f  a  m ix tu re  o f  C-me th y  Ip  s y c h o tr  in e  and 

e ietam ine in  e th e r e a l  s o lu t io n ,  when th e  fo rm er base  was 

removed f i r s t  ( 8 ) ,

In  c o n s id e r in g  p o s s ib le  s t r u c tu r e s  f o r  em etam ine, 

r in d le y  and Pyman (19) d id  n o t b e n e f i t  by th e  work o f  Ahl 

and h e i c h s t e i n ,  s in c e  i t  v/as c a r r i e d  o u t many y e a rs  l a t e r ,  

b u t t h e i r  p ro p o s a l  was f u l l y  su p p o rted  by th e s e  more r e c e n t  

r e s e a r c h e s .  They su g g es ted  t h a t  emetamine c o n ta in s  one 

unreduced  6 ; 7 -d lm ethoxv ls o c iu in o lin e  r e s id u e ,  so t h a t  th e  

a lic a lo id  can  be r e p re s e n te d  by (X V I)w h ic h  i s  in  harmony 

w ith  a l l  th e  f a c t s  m entioned  in  th e  fo re g o in g  p a ra g ra p h , 

i t  i s  a ls o  in  agreem ent w ith  th e  r e d u c t io n  o f  emetamine to

/ i s o e m e tln e ,
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i s o e m e tln e , due to  th e  foi*m;ition o f  a  new asyain ietric  ca rbon  

itora a t  0%. On t h i s  b a s i s  |  em etine  and I s o em etlne  d i f f e r  

o n ly  i n  th e  c o n f ig u r a t io n  a t  t h i s  ca rbon  atom , and th e  

doub le  bond in  0 -m th y lp s y e h o t r in e  m ust l i e  betw een  th e  

caii)on  atom s 1 and 9 ,  o r  betw een  ca rb o n  atom 1 and n i t r o g e n  

atom 2 ; f u r t h e r  ev id en ce  w i l l  be p re s e n te d  r e l a t i n g  t o  

th e s e  m a tte rs*

I t  now rem ains to  d i s c u s s  th e  d o h y d ro g e n a tio n  o f  

em etam ine, v/hich was s tu d ie d  by l i r in d le y  and Pyman (1 9 ) .

These v/orKors t r e a t e d  eti*3tamlne w ith  two m o lecu lfir p ro p o r t io n s  

o f  b ro m in e , u s in g  tlie  c o n d i t io n s  u n d er v/hich t h i s  ag e n t had 

c o n v e rted  0 -m e th y lp sy c h o tr in e  and em etine  t o  ru b re m e tin e  (8 ,  

2D). ir© rübroT îietine co u ld  b e  i s o l a t e d ,  b u t  a  s n a i l  q u a n t i ty  

o f  a  r e d ,  u i i c r o - c r y s ta l l in e  s o l i d  was o b ta in e d , re se m b lin g  

ru b re i'ie tin iu m  brom ide in  c o lo u r  and s o l u b i l i t y  p r o p e r t i e s ,  

b u t d i f f e r i n g  in  m e ltin g  j o i n t .  K a rre r  (11) h a s  r e c e n t ly  

ccn fir taed  th e  n o n -id e  i t i t y  o f  t h e  t^ o  s a l t s ,  by  comj a r ln g  

t h e i r  l i g h t  e x t in c t io n  c u rv e s .

Any p ro p o s a ls  I 'c g a rd in g  th e  s t r u c tu r e  o f  ru b re m e tin e  

ra is t  t l ie r e f o r e  ta k e  in to  ac co u n t th e s e  r e s u l t s  on HiC 

d eh y d ro g en a tio n  o f  emeta;alrke, a  r e q u i r e r a n t  t o t a l l y  u n f u l f i l l e d  

by K a r re r  *s p ro p o sed  s t r u c tu r e  (1 1 1 1 ).

Havinp d is c u s s e d  th e  m ethods by v/iiich th e  f i v e  

^ ilk a lo ld s  \fe re  r e l a t e d  one t o  t h e  o th e r ,  i t  w i l l  be  c o n v e n ie n t 

to  suiam arise th e  r e s u l t s  in  d ia^ ra ia in a tic  fo rm .
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Peycho t r i n e

C ep h ^ ie lin e C-me th y lp  sy c h o tr in e  
C ggirsso^ig .

Is o c e p h a e lin e  
C g ^ l3 8 P # 2

Em etine
^29^4004^2

Iso em e tin e
^29^^4004^2

Emetamine
^29^*36^4^2

(1) 0 -m e th y la t io n  (3 ) Chem ical d eh y d ro g en a tio n
(2) R ed u c tio n  (4) D ém éthy la tion

(6) C a ta ly t ic  d eh y d ro g en a tio n
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I I I .  ( d ) .  THE FIRST COüPijalL rïX <Pü^.^a i ' ( ^  E iE  STKUCTliBKS CF
K.JETÆh .ùüj THE liUui^W  j^LÏjdjQÏUè'.

In  1927 , i t  was knovm how th e  atom s in  a la rg e  

p o r t io n  o f  th e  em etine Kioleeule were a r ra n g e d , th e  

d eh y d ro g en a tio n  o f  th e  a lk a lo id  to  ru b re m e tin e  had been  

examined in  some d e t a i l ,  and t h e o r i e s  repardin^; th e  b io g e n e s is  

o f  a lk a lo id s  were b e in g  advanced . The tim e was th e r e f o r e  

r ip e  f o r  s p e c u la t io n s  upon th e  com plote s t r u c tu r e  o f  em etine  

and I t s  c o n g e n e rs .

B r in d le y  and Pyman (1 9 ) ,  in  t h i s  y e a r ,  p u b lis h e d  an 

im p o rta n t p a p e r on th e  s t r u c tu r e  o f  th e  Ip ecacu an h a  a lk a lo id s ,  

in  Wliich th e y  su g g es ted  t h a t  em etine p o s s e s s e s  th e  s t r u c tu r e  

(X V II). T h is ,  th e y  d e r iv e d  by m od ify ing  R ob inson ' s p ro p o s a l  

(aVIIA) , which had  been  m:%ie on b io g e n e tIc  g ro u n d s , in  1926.

MCOj

Meol lone

YVÏÎ 7 VÏÏÂ

The s t r u c t u r e  (XVII) acco rd ed  w ith  a l l  th e  known c h e m is try  o f  

e m e tin e , and fu r th e rm o re , a f fo rd e d  a  n e a t  e x p la n a tio n  o f  th e  

fo rm a tio n  o f  ru b re m e tin e , No s a t i s f a c to r y  e x p la n a tio n  o f  

t h i s  k in d  was e v id e n t  on th e  b a s i s  o f  th e  s t r u c tu r e  (XVIIA), 

which can be  seen  to  d i f f e r  from  (XVII) o n ly  in  th e  p o s i t io n

/ o f  th e
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o f  th e  C -m ethyl ^ ro u p . I t  shou ld  be p o in te d  o u t ,  t h a t  th e  

C-!iiethyl group was p la c e d  on 63^4 (XVII) in  ana logy  to  th e  

coryd^dLine s t r u c t u r e ;  on t h i s  b a s i s ,  lo c a t io n  o f  th e  group 

a t  î^ o s it io n  9 i s  e q u a l ly  p ro b a b le .

v.hen em etine  h y d ro c îi lo r ià e  i s  dehydrogenated  to  

ru b rem etin ium  c h lo r id e ,  e ig h t  atoms o f  hydrogen  a re  removed 

from  th e  m olecu le  to  y i e ld  a  s a l t ,  in  which one n i t r o g e n  atom 

i s  lu a te m a r y  (1C) and th e  o th e r  i s  n o n -b a s ic . B r in d le y  

and i yuian sugg e s te d  t h a t  th e  change in v o lv e s  an o x id a t iv e  

r in g  c lo s u re  betw een carbon  atom 1 2  and n i t ro g e n  atom 2 , 

t o g e th e r  v /ith  a ro m a tis a t io n  o f  r i n g s  E and C, to  g iv e  (X V III). 

h e  l o s s  o f  b a s i c i t y  o f  one o f  th e  n i t r o g e n  atom s i s

c r
lOMClone

m s L  S I

a t t r i b u t e d  to  th e  am idine fo rm a tio n  in  (XVIII) .

E taub ( 2 0 ) p o in te d  o u t t h a t  t h i s  p rop o sed  s t r u c tu r e  

f o r  ru b re m e tin e  c o n ta in s  two atom s o f  hydrogen few er th a n  th e  

number r e q u ir e d  by  th e  a n a ly t i c a l  r e s u l t s .  I t  was m entioned  

e a r l i e r ,  how ever, t h a t  th e  d eg ree  o f  uns a tu r a t io n  o f  

ru b re m e tin e  i s  n o t  knov/n w ith  any g r e a t  c e r t a i n t y ,  and S ta u b *s 

o b je c t io n  d id  n o t  i n t e r f e r e  w ith  th e  g e n e ra l  acceptcince o f  

s t r u c tu r e  (>CVIII),
/On th e
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On th e  b a s i s  o f  t h e i r  p roposed  s t r u c tu r e  f o r  

e rn e tin e , B r in d le y  and Fyman were ab le  to  deduce a c c e p ta b le  

s t r u c tu r e s  f o r  th e  m inor a lK a lo id s  o f  Ip ecacu an h a . T h e ir  

p ro p o sa l f o r  emetamine h a s  been  re p re s e n te d  a lr e a d y  i n  th e  

p a r t i a l  s t r u c tu r e  (XVI p .  3 2 )  , v^iich now can be exrpanded to

The lo c a t io n  o f  th e  doub le  bond in  C -m eth y l- 

p s y c h o tr  in e  betv/een C% and C9  o r  C i and ITg h as  a ls o  been 

m en tio n ed , and B r in d le y  and Pyman chose th e  fo rm er p o s i t io n  

f o r  th e  fo llo w in g  re a s o n s .  I t  was founa t h a t  v/hen 

0 -m e th y lp sy c h o tr in e  was red u ced  to  em etine and i s o em etine 

( P * 2 9 ) f  & t h i r d  s u b s ta n c e , C2 8 H3 8 O3 IÎ2 , cou ld  be  i s o l a t e d ,  

v/hich c o n ta in e d  on ly  t l i r e e  m ethoxyl g rou p s. T h is  s u b s ta n c e , 

named 2 ase  G, was ta k e n  to  be  d e r iv e d  from 0-me th y lp  s y c h o tr  in e  

by th e  re p la c e m e n t o f one m ethoxyl group by a  hydrogen  atom , 

and s a tu r a t i o n  o f  th e  o l e f i n i c  l in k a g e .  The re p la c e m e n t o f  

alKoxy g ro u p s , in  t h i s  way, was known to  occu r a t  th e  p a r a  

p o s i t io n  o f  s ty re n e  d e r iv a t iv e s  (2 1 ,3 2 ) ,  and th u s  su p p o rt was 

g iv en  t o  th e  p ro p o sed  s t r u c tu r e  f o r  0-raethylp  s y c h o tr  i n e .  

B r in d le y  and Pyman c o n s id e re d  t h a t  th e  double bond co u ld  n o t  

l i e  betw een  and îîg , because  th e  a lk a lo id  y ie ld e d  a  raono-H- 

b en zo y l d e r iv a t i v e .  When t r e a t e d  w ith  benzo ic  a n h y d r id e , and 

i s  t h e r e f o r e  a p p a re n tly  a  s e c o n d a r y - te r t ia r y  b a s e .  K a r re r  (11) 

h a s  r e c e n t ly  p ro v id e d  f u r th e r  ex p e rim e n ta l ev id en ce  by  h i s

/ o x id a t io n  o f
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o x id a t io n  o f  îl-ben  zoyl-O^ine th v lp  sv ch o tr  Ine to  M -benzovl- 

c o ry d a ld in e  (XX). The su g g es ted  s t r u c tu r e  f o r  th e  a lk a lo id

IM€o/"Y^NCOC4H5

"XX 3 E

th e r e f o r e  c m be re p re s e n te d  by (}C\I).

B oth  K a r re r  and I’ynian, bo.^evt r ,  o v e rlo o k  th e  f a c t

t h a t  tautoineriSTii can o ccu r bet\veen — C=C— — and
R È

— , which would p e rm it a m i^^ration o f  th e

im s a tu ra te d  l in k a g e  from  th e  a l t e r n a t iv e  p o s i t io n  betw een 

and N g, a s  th e  'T -benzoyl d e r iv a t iv e  i s  fo rm ed , A sound 

d e c is io n  betw een  th e  two p o s s ib le  p o s i t io n s  f o r  th e  double 

bond can n o t be made a t  t h i s  s ta g e ,  and any argum ents by 

B r in d le y  and Pyman f o r  th e  s t r u c tu r e s  o f  th e  o th e r  a lk a lo id s ,  

b a se d  d i r e c t l y  upon th e  s t r u c tu r e  ( > x r ) , must be judged  

a c c o rd in g ly .

lU m in g  now to  th e  s t r u c tu r e  o f  c e p h a e l in e ,  i t  h a s  

been p o in te d  o u t t h a t  t h i s  a lk a lo id  y ie ld s  em etine by 

c - m é th y la t io n , and th e r e f o r e  on ly  th e  p o s i t io n  o f  th e  s in g le  

p h e n o lic  group r e q u i r e s  c o n s id é ra i,t e n , In  t h i s  c o n n e c tio n , 

e v id e n c e , v/Iiich had  been  o b ta in e d  in  th e  r e s e a rc h e s  o f  C a rr

/a n d  Pyman (4) ,
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and pyman (4) , was b ro u g h t fo rw ard  upon th e  o x id a t io n  o f  

c e p h a e lin e  by  f e r r i c  c h lo r id e .  Ko compound an a lo g o u s to  

ru b re m e tin e  was fo rm ed , b u t sm all æ aounts o f  two c r y s t a l l i n e  

h y d ro c h lo r id e s ,  I i 'QÜUQX A Ci8 %gC'3 ÎÎC l,HC1 and P ro d u c t B 

CooH270ÿTCl2«HCl, were i s o l a t e d .  Only th e  second p ro d u c t i s  

o f  v a lu e  in  d e r iv in g  th e  s t r u c tu r e  f o r  c e p h a e l in e .

Two o f  th e  oxygen atoms in  P ro d u c t B a re  c o n ta in e d  

in  m ethoxyl g ro u p s , and th e  two c h lo r in e  atom s were r e a d i ly  

e l im in a te d  by  th e  a c t io n  o f  c o ld , aqueous sodium  h y d ro x id e .

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

which was s o lu b le  in  w a te r ,  n e u t r a l  to  l i tm u s  and a n ^ h o te r ic  

in  c h a r a c t e r .  I t  l a  q u i te  clear* t h a t  th e  two c h lo r in e  atoms 

in  P ro d u c t B have been re p la c e d  by h y d ro x y l groi:^G , and s in c e  

th e  f i n a l  p ro d u c t was am j)h o te ric , a  m o le c u la r  rea rran g em en t 

was s u s p e c te d . S p e c tro sc o p ic  ev id en ce  (13) showed t h a t  

p ro d u c t B c o n ta in s  o n ly  one benzene r i n g ,  w hich m ust c a r r y  th e  

two m ethoxyl g ro u p s ; th e  n u c le u s  w hich c o n ta in e d  th e  p h e n o lic  

g ro u p in g  in  c e p h a e lin e  h a s  th e r e f o r e  been  d e s tro y e d . One o f  

th e  n i t r o g e n  atom s a ls o  hae been s p l i t  o u t o f  th e  m o le c u le , a s  

th e  a n a ly s i s  show s, and th e  o th e r  was shown t o  be t e r t i a r y ,  by 

i t s  f a i l u r e  to  y ie ld  a  n i t ro s a m in e .

These f a c t s  co u ld  be b ro u g h t in to  agreem ent on ly  

w ith  one s t r u c tu r e  (X X II, pa — CC.CHClg) f o r  P ro d u c t B , 

d e r iv e d  from  c e p h a e lin e  by th e  d e s t r u c t io n  o f  R ing  A, a s  shown

/b y  th e
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by th e  d o t te d  l i n e  in  s t r u c tu r e  ()CJlI I )  , The arrçihoteric 

s u b s ta n c e , which was o b ta in e d  from  i r o d u c t  D by t r e a tm e n t  

w ith  a l k a l i , was fo n a iu la ted  a s  (.JC II, — CH(Oil)COCH) , and

was c o n s id e re d  to  be p roduced  from  th e  g ly o x a l (X X II,

— CO.CHD), form ed i n i t i a l l y ,  by a  change an a lo g o u s to  th e  

t r a n s fo rm a tio n  o f  m ethyl g ly o x a l to  l a c t i c  ac id #  I t  fo llo w s  

d i r e c t l y ,  t h a t  th e  p h e n o lic  h y d ro x y l group in  c e p h a e lin e  i s  

ca iru led  by r in g  n ,  and p o s i t io n  6 was ta k e n  to  be  more p ro b a b le  

th a n  th e  p o s s ib l e ,  a l te im a t lv e  p o s i t io n  7 .

T h is  p ro p o s a l  was g iv en  s tro n g  su p p o rt by th e  

r e s e a r c h e s  o f  S p ë th  and L e ith e  (p .  1 3 )  , and a ls o  by  a s tu d y  

o f  th e  p a r t i a l  h y d r o ly s is  o f  C-me th y  Ip  s y c h o tr  in e  ; th e  

p r e p a r a t io n  o f  p s y c h o tr in e  by t h i s  h y d ro ly s is  h a s  been 

m entioned  p r e v io u s ly .  The r e l a t i o n s h i p  o f  p s y c h o tr in e  to  

c e p h a e lin e  le a d s  d i r e c t l y  t o  th e  r e s u l t  t h a t  th e  p h e n o lic  

h y d ro x y l group In  th e  fo rm er b ase  i s  s i t u a t e d  on R ing A.. 

P o s i t io n  6 i s  a g a in  fa v o u re d , s in c e  th e  s e l e c t i v e  h y d ro ly s is

/ o f  one
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o f  one e th e r  g roup ing  in  O-me th y lp  s y c h o tr  ine  c o u ld  be 

e x p la in e d  o n ly  on th e  b a s i s  o f  a c t i v a t io n  o f  th e  p a r a  

p o s i t io n  o f  (XXI) by th e  s u b s t i tu t e d  v in y l  r e s id u e .

A ll  th e  e v id e n c e , from  sev e red  ind ep en d en t 

e x p e r im e n ts , su p p o rts  th e  ch o ice  o f  p o s i t io n  6 f o r  th e  

p h e n o lic  h y d ro x y l group in  c e p h a e lin e  and p s y c h o tr in e ;  th e  

fo rm er b ase  was re p re s e n te d  by  (X X III) , and th e  l a t t e r  by 

(X X III, w ith  a double bond betw een  Ci and C g ), b ecau se  o f  i t s  

r e l a t i o n s h ip  to  0 -m e th y Ip sy c h o tr In e .

In  c o n c lu s io n , I t  can  be s t a t e d  t h a t  th e  p ro p o s a ls  

o f  jb rln d ley  and Pyman f o r  th e  s t r u c t u r e s  o f  th e  Ip ecacu an h a  

a lk a lo id s ,  have a c te d  as a valuable stimulus t o  f u r t h e r  

r e s e a r c h .  These d e ta i l e d  s t r u c t u r e s ,  how ever, r e s t  on 

s p e c u la t iv e  c o n s id e r a t io n s ,  and th e  f a c t s  which a re  known w ith  

c e r t a i n t y ,  in  th e  ca se  o f  e m e tin e , on ly  g iv e  r i s e  t o  th e  

p a r t i a l  s t r u c tu r e  ( IX ) .
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I I I .  ( e ) .  THE lï'jGEADATIOï: OF .

T h is  s e c t io n  d e a ls  b r i e f l y  w ith  th e  work o f  th e  

p r e s e n t  a u th o r , which ;/uw p re se n te d  to  th e  V ic to r ia  U n iv e r s i ty  

o f  M ancheste r in  1£>47| f o r  th e  D egree o f  M aster o f  S c ie n c e .

These re s e a i 'c h e s  were c a ri’ic d  o u t as  th e  f i r s t  p a r t  o f  a  

s e r i e s  o f  in v e s t ig a t io n s  p lanned  to  e s ^ a b iis î i  th e  s t r u c tu r e  

o f  e ra e tin e , and th e  new work, a  c o n tin u a t io n  o f  t h a t  d e s c r ib e d  

h e r e in ,  w i l l  be d is c u s se d  in  th e  i h e o r e t i c a l  S e c t io n .

In  o rd e r  to  avoid tn e  d i f f i c u l t i o s  e n c o u n te re d  by  

Aiil and R e ie n s te in  in  t n e i r  m u l t i - s ta ^ e  d e g ra d a tio n  o f  em etine 

(p .  14»), v/hich a re  p rooab ly  due to  th e  accu m u la tio n  o f  

e tn y le n ic  1  inmag e s  in  th e  m o lecu le , i t  was d ec id ed  to  

h y d ro g e n a te  tn e  p ro d u c t a t  each s ta g e  o f  th e  Hofmann d e g ra d a t io n . 

The f i r s t  s te p  was c a i 'r ie d  ou t on a  mimtui’e ofoC- and 

y^-II-i*methylemetine d im e th io d id c s , u s in g  th e  method d e s c r ib e d  by 

Pyman (8 ) .  The 1 -me th  v ie  me t  ineme th in e  (-tflV ) so o b ta in e d ,  was

«‘< A ch, ch,

lOTV XxV

h y d ro g e n a te d , u s in g  p la tinum  c a t a l y s t ,  to  :r - ra c th y le tie tln e -  

te tra h v d ro m e th in e  (X}CV) , c h a r a c te r is e d  as th e  s p a r in g ly

/ s o lu b le
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s o lu b le ,  c r y s t a l l i n e  p e r c h l o r a t e . The y ie ld  o f  t h i s  s a l t  

vjas 90% o f  th e  t h e o r e t i c a l  q u a n t i ty ,  and th e  c o n c lu s io n  o f  

i yman ( p .  S. ) ,  t h a t  th e  m eth ine OwwIV) c o n s i s t s  m a in ly , i f  

n o t e n t i r e l y ,  o f  one s u b s ta n c e , i s  th e re b y  co n firm ed .

The assig n m en t o f  th e  s t r u c tu r e  (XXIV) to  

■ -m eth y lem etin e rae th in e  r e q u i r e s  th e  assum ption  t h a t  th e  r i n g  

f i s s i o n  h a s  o c c u rre d  betw een th e  n i t ro g e n  atom and C3  i n  b o th  

i s o q u in o lin e  n u c l e i .  T h is  assum ption  was b a se d  upon th e  

known e a se  w ith  w h ic h ^ -p h e n y le th y la m in e  d e r iv a t iv e s  undergo 

such f i s s i o n ;  f o r  e x a n ^ le , th e  su b s tan ce  (XivVI) e l im in a te s  

s ty re n e  in  p re fe re n c e  to  e th y le n e ,  when decoviposed th e rm a l ly .

OH

AXYl YXVÏÏ

lU [ I o r t  f o r  th e  s t im c tu re  (:O.IV) a lso  i s  g iv en  by th e  f a c t  

t h a t  th e  d ib e n z te tra h y d ro p y r ro c o lIn e  (XXVII) undergoes r i n g  

f i s s i o n  betw een  th e  n i t ro g e n  atom and C3  o f  th e  i s o g u in o lin e  

r e s id u e  (P3) . A com plete  p ro o f  o f  tho  s t r u c tu r e  (ûCiiV) , by  

chem ica l m ethods, w i l l  be  d e s c r ib e d  in  th e  T h e o r e t ic a l  S e c t io n . 

Then th e  p r e p a r a t io n  o f  th e  d im e th io d id e  o f  th e

/te tra h y d ro m e th in e
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te trahydroracîtîiin®  (XI?vV) 'jüis ai»te:;^ to d  by ix*. îi*b* Openshaw 

(10) f u s in g  æ t i i y l  io d id e  in  b o t  a lc o b o lic  s o lu t io n ,  an

e c te d  uQcotOĵ  o s i t i o n  o c c u rro  . -b;, p ro d u c t o b ta in e d  v#a#

a ^ iix tu re  o i  trii:ie .tliv laiaiiio  œja M r.\ I -la a s in g ly

la i^ a tü i 'a te d  laoiio; ;e th io d id e , iiü.ieu : ( a) me t i n e -

.A, Lraii/di'OL^etliine :T  » I " )  . Ih c  y i e l d

aO tiio  w e th io d id e  (Iw .V llI, % ï">  av.,o n e t  good , no m v e r , 

v u H consido ra l> la  q u a n t i ty  o i  gu:u;:y r.:a‘s .o ri-d  ^ n s  for::i3d a s  a  

b 2*Oviuct. - Si a l t e r n a t iv ù  . â .a lau  b er ube p ro p a ra t io n  o f

tb i e  s o i t , tb e x 'e ic ro , 4/as invfcooj^ boa la  tViO p r e s e n t  

r<La.oLurches, Vl.on tiie  u ie tliy la tio n  o i  l i e  Lotx'aliydrornethi n # 

gŵ V> %/as c a r r io t i  o u t u i t h  ..lOtliyi io u i.io  l a  c o ld  etliei*©al

'bCH

rtcoi

XXVIII l^XlX

.s o lu t io n , th e  nonnal dliüethi^-iaitic b - — /as o b ta in e d , 

togetnei*  v /ith  an i n ju r e  mijccu ^ c:' î ii. \/:alch v/as tiio u g h t 

t o  c o n ta in  th e  rjonotaeth iodide (b  ..) t, xbc oütraliydroineth in e  # 

.. c o c p le to  in v e s t ig a t io n  o f  tn c  libu ir c t  t h i s  m ix tu re  o f  

B a lts  W ill be d e s c r ib e d  in  th e  b u o ro t ic a l  a c t io n .

TiiO s e p a ra t io n  o f  uhe i  .eibbc ’iu e  (X.biX) from  th e  

t o t a l  j ro d u c t o f  th e  m e tn y la t l  a ,  - a ■ b i c i l i t a t e d  Ijy th e  f a c t  

t h a t  (-w-vlX) fo rr is  a  c r y s t a l i i  ü ccr.i; l e x  J i'th  e th y le n e
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d ic î i lo r id e  ( a p p a re n t ly  .C ^ ^ C lg ) , v e ry  s p a r in g ly

s o lu b le  in  t h a t  s o lv e n t .  On h e a t in g  a s o lu t io n  o f  th e  p u re  

cU uiethiodide in  d ie th y l  o r  m ethyl p ro p y l ketone a t  1 0 0 ^ f o r  

t l ir e e  h o u r s ,  d eco m p o sitio n  occun*ed to  g ive  th e  m onom ethiodide 

(:JwV111, X" •  r " ) f  i n  81% y i e l d ,  and t r im e th y l  amine h y d r io d id e , 

.vr.ich was c h a r a c te r i s e d  by c o n v e r t in g  th e  v o l a t i l e  b a se  to  i t s

.CH . CH
M€0 N̂MCj Nrtc ^  NM& |

xxX~ xxxr

knovm p i c r a t e .

The p re se n c e  o f  th e  raonotuetliiodide (XXX) in  th e  

crude m é th y la tio n  p ro d u c t was su sp ec te d  a s  a  r e s u l t  o f  one 

exj>erim ent in  which th e  d eco m p o sitio n  o f  a  v e ry  in ju r e  

s]ec im en  o f  th e  d im e th io d ld e  was s tu d ie d .  In  a d d i t io n  to  

the m onom ethiodide (X X V lil, X" a  I “ ) ,  a sm all amount o f  a  

t e r t i a r y  b a se  v/as i s o l a t e d  a s  i t s  c r y s t a l l i n e  h v d r io d id e . 

l'hü c r y s t a l l i n e  s a l t  w ith  p e r c h lo r ic  a c id  was jfLso used  to  

c h a r a c te r i s e  th e  b a s e .  mien th e  m eth o ch lo rid e  (XXVIII,

;C" •  C l* ) ,  p re p a re d  from  th e  co rresp o n d in g  me th  io d id e  by 

vhe a c t io n  o f  f r e s h ly  p r e c ip i t a t e d  s i l v e r  c h lo r id e ,  was 

decomposed th e r m a l ly ,  i t  was found to  a f fo rd  t h i s  same b ase

/ i n  e x c e l le n t
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in  e x c e l l e n t  y i e l d .  M oreover, th e  b ase  was r e c o n v e r te d  t o  

th e  m e th io d id e  (XXVIII, X" » 1“ ) by  m ethyl io d id e  in  c o ld ,  

e th e r e a l  s o lu t io n ,  and f u l l  support,, t h e r e f o r e ,  i s  g iv e n  t o  

th e  r e p r e s e n ta t io n  o f  th e  b a s e , named d es-IT( a ) - e i je t in e -  

t e tra h y d ro m e th in e , by th e  s t r u c tu r e  (}OC>CI) . T h is  su b s ta n c e  

must have a r i s e n  from  th e  monomethiodide (.OCX) by a  s im i la r  

d eco m p o sitio n  to  t h a t  vAiich h a s  been  d e s c r ib e d  f o r  th e  norm al 

d im e th io d ld e  (XXIX),

The f a c i l e  decom position  o f  îT-meth y le m e tin e -  

te tra h y d ro m e th in e  d im eth io d ld e  (XXIX) 1b o f  g re a t  i n t e r e s t .

I t  i s  a lso  o f  c o n s id e ra b le  v a lu e ,  f o r  by t h i s  c irc u m s ta n c e  i t  

has been  p o s s ib le  to  e l im in a te  one n i t ro g e n  atom  from  th e  

m o le c u le , and to  le a v e  th e  o th e r  s t i l l  bound in  th e  s in g le  

n itro g e n o u s  r i n g  D. I t  can be seen  t h a t  th e  t e r t i a r y  b ase  

(XXXI) and i t s  m eth iod ide  (XXVIII, XT » I “ ) a re  s u i t a b l e  

s t a r t i n g  m a te r ia l s  f o r  th e  d e te rm in a tio n  o f  th e  s i z e  o f  t h i s  

re m a in in g  r i n g .

Two d e c o m p o s itio n s , t h a t  o f  th e  a lk a lo id  gram ine 

(84) and t h a t  o f  pav inetneth ine m eth iod ide  ( 2 5 ) ,  a re  an a logous 

to  th e  one vAiich h a s  been  d e s c r ib e d , and a c o n s id e r a t io n  o f  

th e s e  r e a c t io n s  In d ic a te d  t h a t  th e  decom position  o f  th e  

m eth io d id e  (XXIX) cou ld  be a t t r i b u t e d  to  th e  p re se n c e  o f  an 

a c t iv a te d  benzylam ine s t r u c tu r e .  T h is  th e o ry  was con firm ed  by 

a  s tu d y  o f  model su b s ta n c e s  ( 8 6 ) ,  S u b stan ces  o f  th e  ty p e

/C Q O a i ,
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(:X-CII, R » H o r  CÜ3 O, r'^ * CH3 G, R” n K o r  CIÎ3 ) were foim d 

to  be  u n s ta b le  in  b o i l in g  aqueous s o lu t io n ,  W h ils t th e

K a< CHi— CH —

k) )̂(ii KXXIII Xxxiv

su b s ta n c e s  which d i f f e r e d  by h av in g  H = TT .jnd -  H v/ere 

s t a b le  u n d er th e s e  c o n d i t io n s .  ?:ece-it work by I a i l e r  and 

b i l e k  ( 2 7 ) h a s  shown t h a t  th e  me th  io d id e s  o f  b a se s  c o n ta in in g  

th e  r e s id u e  (kX^wIII) decoa^ose a t  1 0 0 ^ to  t r i o e  th y  lam ine 

h y d r io d id e  to g e th e r  w ith  th e  u n s a tu ra te d  p ro d u c ts  (iOQCIV) , 

L ince an odo^or o f  v o l a t i l e  a ii.ae  was alw ays 

o b se rv ed  d u r in g  th e  h a n d lin g  o f  th e  te tra h y a ro m e th in e  (kkV) , 

a tte irp  s were made (1C) to  b riU ' about i t . -  d ecom position  to  

d e s - h ( a ) - e m e tin e te tra h y d ro m e th in e  , a r e a c t io n  ana logous

to  th e  decoïï5) o s i t io n  o f  th e  dim ethiocllde (-b-jlv) to  (^wiVIII,

X“ = I"*). Tîie b ase  (a-CY) was h e a te d  a lo n e , and u n d er a  

v a r i e t y  o f  a c id  and .a lk a lin e  c o n d i t io n s ,  b u t in  no case  was 

any a p p re c ia b le  amount o f  dinietriv lam ine l i b e r a t e d .  The 

s t a r t i n g  m a te r ia l  was u s u a l ly  re c o v e re d  unchanged, ex c e p t 

t h a t  p a r t i a l  d ém é th y la tio n  o f  th e  m ethoxyl g roups o cc u rred  

when s t r o n g ly  a c id  c o n d it io n s  ';s  r. em ployed. The model 

b a s e s  (ZODCIII) o f  ? a l l e r  and D ll  ok were found t o  be s ta b le

/ i n  m ethanol
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In  m ethanol a t  1 0 0 ®, a r e s u l t  w hich i s  in  agreem ent w ith  o u r 

f i n d in g s •

A f u r th e r  s tu d y  o f  th e  d e g ra d a tio n  o f  em etine by 

th e  Hofmann p ro c e d u re , and a ls o  by  o x id a t io n ,  form s th e  b a s i s  

o f  th e  r e s e a rc h e s  to  be d e sc r ib e d  in  th e  n e x t s e c t io n .
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I V .  Jj -C .I W  .

The p re s e n t  s e r i e s  o f  in v es t i [ a t iozm can  be d iv id e d  

in to  t h r e e  s e c t io n s ;  f i r s t l y ,  a s tu d y  o f  th e  p r e p a r a t io n  and 

p r o p e r t i e s  o f  N -m ethy lem etlnem eth ine , se c o n d ly , d e g ra d a t iv e  

.'orK, which h a s  co iap le ted  th e  e lu c id a t io n  o f  th e  s t r u c tu r e  o f  

e m e tin e , and l a s t l y  c e r t a i n  s y n th e t ic a l  i n v e s t i g a t io n s .

G.'- I h s : i .T i i IT l ,.

’.aeti th e  Hofmann d c p ra -a t io n  o f  c mo t i n e  was 

i  'V PStii a te d  by  H a rre r  (9) , ho m % .x’od " : 'l 1 ly lo n e tin e ra e th in e  

P im e th io d id e  (XOIV) in  th o  arnoryhous s ta te  • H is  p a p e r  g iv e s

M«0 NMc, 1 lOMC
M C O ^  X T -  I" A  J o n c

CH

xxXV

no in d ic a t io n  t h a t  t h i s  s a l t  i s  th e rm o - la b i le  in  th e  manner 

\Vhich h a s  been  d e s c r ib e d  f o r  i t s  te tra h y d ro  d e r iv a t iv e  

(>XEX p , 4 3  ) , I t  was co n s id e red  o f  i n t e r e s t , t h e r e f o r e , to  

p re p a re  a  sample o f  th e  d im eth io d ld e  (% In  o rd e r  to  t e s t  

i t s  s t a b i l i t y ,  and a c c o rd in g ly , ’̂ -T ie thy lenetinem eth ine  

(X-CLV p . 4 1 )  was t r e a t e d  w ith  ex cess  o f m ethy l io d id e  in  c o ld

/ e t h e r e  a l
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e th e r e a l  s o lu t io n .  The amorphous p ro d u c t c r y s t a l l i s e d  from  

e th y le n e  d i c h lo r id e .  Cn h e a t in g  in  d ie th y l  k e to n e  a t  lOC^, 

t h i s  d im e th io d id e  y ie ld e d  13^. o f  th e  t h e o r e t i c a l  q u a n t i ty  o f  

tr im e  th y  lam ine  ̂ c h a r a c te r is e d  a s  th e  p i c r a t e ,  \ # : i l s t  th e  r e s t  

o f  th e  m a te r ia l  was co n v e rted  t o  a  d ark  t a i ' ,  %:robahly due to  

th e  s e n s i t i v i t y  o f  th e  two d in ie th o x y la tcd  s ty re n e  r e s id u e s .  

T h is  r e s u l t  i s  in  sharp  c o n t r a s t  to  th o  de condos i t  io n  o f  th e  

c o rre sp o n d in g  tc t r a l iy d :^  d e r i v a t i v e ,  vl Ich  f i v e s  a h i£ h  y i e ld  

o f  th e  p u re  f i s s i o n  p ro d u c ts .

The s t a b i l i t y  o f T -m ethylevict1nei,jeth ine i t s e l f  

(XXIV p . 4:1) v/as ^ilso in v e s t ig a te d ,  th e  base b e in g  h e a te d  in  

aqueous e th a n o l .  In  th (  case o f  th o  rietliine (XXXVII) derived

OK"

Kxxvi xxxvn

from  1 -c a n a d in e  Tnetho-hvdrox3.de (X JiVT) , r e v e r s a l  o f  th e  

r in g  open ing  o ccu rred  under th e s e  c o n d i t io n s ,  t o  a f fo rd  th e  

o r i g i n a l ,  quatem ai*y hydrox ide  (2 8 ) .  . s t h i s  change

p ro g re s s e d , th e  s o lu t io n  g r a d u a l ly  became s t ro n g ly  a l k a l i n e , 

due to  th e  fo rm a tio n  o f (X Jf.TC) , in  c o n tr a s t  t o  th e  f a i n i ÿ  

a lk a l in e  c h a r a c te r  o f th e  o r i g i n a l  s o lu t ic n  o f  (:Cü{VII) .

/E m etin e
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Em etine i s  s im i la r  to  canad ine  i n  hav ing  th e  t e r t i a r y  n i t r o g e n  

atom common to  two r i n g s ,  and i t  i s  p o s s ib le  f o r  th e  f i r s t  

s ta g e  o f  th e  Hofmann d e g r ;^ a t io n  to  y ie ld  some, o r  a l l ,  o f

neo
Mco

+ /C H

T u -

th e  m eth ine  (-^wvViIl) ; when t h i s  work was ca i* ried  o u t ,  no 

d i r e c t  ch em ica l ev idence  was a v a i la b le  to  su p p o rt th e  

s t r u c tu r e  (XXIV) f o r  N -m ethy lem etinem eth lne. The aqueous 

a lc o h o l ic  s o lu t io n  o f  th e  1 T -m ethylem etinem ethine d id  n o t  

become s t r o n g ly  c ilk a lin e  vhen i t  was h e a te d , and fu r th e rm o re , 

e v a p o ra tio n  o f  th e  aqueous a lc o h o l ic  s o lu t io n  u n d e r red u ced  

p re s s u re  y ie ld e d  a  re s id u e  which d is so lv e d  r e a d i ly  in  e t h e r .  

T hus, th e r e  i s  no ev idence  f o r  any r e v e r s i b i l i t y  o f  th e  

Hofmann d e g ra d a tio n  in  th e  ca se  o f  th e  m ethine from  e m e tin e , 

Which i n d i c a t e s  t h a t  th e  base does n o t have th e  s t r u c tu r e  

(;\XXVII1) I t h i s  in d ic a t io n  was com plete ly  con firm ed  by 

l a t e r  v/ork.

The l a s t  problem  to  be  d isc u sse d  in  t h i s  s e c t io n  

co n cern s th e  Emde d e g ra d a tio n  o f  em e tin e . S pâth  and L e ith e  

(14) c a r r i e d  o u t t h i s  d e g ra d a tio n  upon îT-m ethylem etine 

d im e th o c h lo r id e  ()C\}J[X), b u t d id  n o t p re p a re  any c r y s t a l l i n e

/ d e r i v a t i v e s
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d e r iv a t iv e s  o f  th e  p ro d u c t.  They th e n  re p e a te d  th e  Eiade 

p rocedure  tv d ce  upon th e  crude  p ro d u c t from th e  f i r s t  s ta g e  | 

and o b ta in ed  a m ix tu re  o f one p a r t  o f n i t r o g e n - f r e e  m a te r ia l  

and th r e e  p a r t s  o f  b a s e .  The f i r s t  s ta g e  o f  t h i s  d e g ra d a tio n  

was re p e a te d  by th e  p re s e n t  a u th o r , in  o rd e r  to  d e te rm in e  

w hether o r  n o t th e  r in g  opening o ccu rs  a t  th e  same p o in t  a s  in  

th e  Hofmann d e g ra d a tio n . I f  th e  two m ethods do open th e  r in g  

a t  th e  same p o in t ,  th e n  th e  p ro d u c t from th e  Emde d e g ra d a tio n  

w i l l  be N -m eth y lem etine te trahyd rom etliine  (XXV) , which h a s  been 

w e ll c h a r a c te r is e d .  when H -m ethyleraetine d im e th o c h lo r id e , 

p re p a red  from th e  co rresp o n d in g  d i io d id e  by th e  a c t io n  o f  

s i l v e r  c h lo r id e ,  was t r e a te d  w ith  sodium fimalgam, th e  b a s ic  

p ro d u c t was found to  be u n s a tu r a te d .  The u n s a tu ra te d  m a te r ia l  

must a r i s e  by th e  occu rren ce  o f  th e  norm al Hofmann d e g ra d a tio n  

o f  th e  m etho ch lo rid e  under th e  a lk a l in e  c o n d it io n s  p r e v a i l in g .  

Ilic ro -h y d ro g en a tio n  o f  th e  t o t a l  b a s ic  p ro d u c t from  th e  

d e g ra d a tio n  showed th e  p re se n ce  o f  0 * 6 6  double bond p e r  m ole; 

some 3%  o f  th e  p ro d u c t from  th e  Hofmann d e g ra d a tio n  m ust be 

p r e s e n t ,  t h e r e f o r e ,  in  th e  m ix tu re . I t  can be seen  from  th e  

fo re g o in g  d is c u s s io n ,  t h a t  i f  th e  two r e a c t io n s  open th e  r in g  

a t  th e  same p o in t ,  th e n  th e  p r o d u c t ,a f t e r  h y d ro g e n a tio n , m ust 

be pu re  N -m eth y lem etin e te trah y d ro m eth in e  (XXV). T h is  was 

shovm n o t to  be th e  c a s e , f o r  th e  p e r c h lo ra te  o f  th e  

hydrogenated  m a te r ia l  was am orphous, and no c r y s t a l l i n e  s a l t

/c o u ld  be
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co u ld  be  o b ta in ed  from i t ,  even a f t e r  see d in g . The Emde 

d e g ra d a tio n  must th e r e f o r e  open th e  r in g  a t  a d i f f e r e n t  p o in t  

from  th e  Hofmann, p ro b ab ly  betw een and H in  each  r i n g .

DùGRADATIVE

In  re se a rc h e s  wliich were d e sc r ib e d  in  th e  

H i s to r i c a l  S e c tio n  ( p . 4 / . ) ,  th e  d e g ra d a tio n  o f  em etine  by 

th e  Hofmann p roced u re  was c a r r i e d  to  th e  p o in t  a t  which one 

n i t ro g e n  atom was removed from th e  m o lecu le . Tlie main 

p ro d u c t was des-TI( a) -em etine te trahyd rouK :th ine  m eth iod ide  

(XXVIXI, X” = I ~ ) , b u t a  sm all amount o f  de s-H ( a) -e m e tin e -  

te tra h y d ro m e th in e  (iOCXI) was o b ta in e d  as a b y -p ro d u c t.

c C[c, h, ( ch, ) ]^ ch

yyvTiï Tonrr

The u l t r a - v i o l e t  e x t in c t io n  curve f o r  th e  

m eth io d id e  (XXVIII, XT = I “ ) showed t h a t  th e  double bond i s  

c o n ju g a te d  w ith  th e  benzene n u c le u s , and s in ce  t h i s  s a l t  h a s  

been shown to  be th e  m eth iod ide o f  th e  base ()w ü(I), t h i s  

base  m ust have th e  double bond s im i la r ly  c o n ju g a te d .

T hat s t% e  o f  th e  d e g ra d a tio n  in v o lv in g  th e  

p re i o r a t io n  and decom position  o f  th e  me th  io d id e s  o f  ̂

/iT-m ethyl em etin e -
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N -m ethy lem etine te trahyd rom etîiine  was f u l l y  r e - i n v e s t ig a te d  

a t  th e  s ta i* t o f  th e  work to  be d e sc r ib e d  be low . S p e c ia l  

a t t e n t io n  was g iven  to  th e  problem  o f in c re a s in g  th e  y i e ld  

o f  th e  im p o rtan t t e r t i a r y  b a se  (XXXI), and i t  was e n v isa g e d  

t h a t  t h i s  cou ld  be r e a l i s e d  by t r e a t i n g  th e  te tra h y d ro m e th in e  

w ith  a l im i te d  amount o f  m ethyl io d id e , When t h i s  \7as 

c a r r i e d  ou t in  co ld  e th e r e a l  s o lu t io n ,  an amorphous m ix tu re  

o f  m e th io d id e 8  was o b ta in e d , Which was shown t o  c o n ta in  abou t 

30% o f  th e  d im eth io d id e  (XXIX), In  th e  ex p e rim e n ts  i^eported  

e a r l i e r ,  in  Wtiich a la rg e  ex cess  o f  m ethyl io d id e  was 

em ployed, a t  l e a s t  h a l f  o f th e  m eth iod ide m ix tu re  p ro v ed  to  

be th e  d im e th io d id e ; th e  amount o f  t h i s  p ro d u c t,  t h e r e f o r e ,  

i s  c o n s id e ra b ly  reduced  by u s in g  a  l i ro i te d  q u a n t i ty  o f  m ethy l 

io d id e .  The s e p a ra t io n  o f  th e  d im eth io d id e  was c a r r i e d  o u t 

u s in g  e th y le n e  d ic h lo r id e ,  a s  was m entioned p r e v io u s ly .

C o n sid e rab le  d i f f i c u l t y  was e x p e rie n c e d  in  p u r i f y in g  

th e  m eth iod ide  which was so lu b le  in  e th y le n e  d i c h lo r i d e ,  and 

which th e r e f o r e  rem ained in  th e  m other l iq u o r s  from  th e  

c r y s t a l l i s a t i o n  o f th e  d im e th io d ld e . T h is  c ru d e  m eth io d id e  

a f fo rd e d  sm^fLl c ro p s  o f  c r y s t a l s  from a lc o h o l ,  w hich m elted  

a t  w idely  d i f f e r e n t  te m i)e ra tu re s . A p a r t i a l l y  p u r i f i e d  

sample was a n a ly se d , hov^ever, and th e  r e s u l t  in d ic a te d  t h a t  

th e  c r y s t a l l i n e  m a te r ia l  was n o t th e  ex p ec ted  II-m eth v lem etin e - 

te trfihvdrom eth lne-M (  a l -m eth io d id e  (XXX.), b u t  was th e

/h v d r io d id e
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h v d r io d id e  o f  , p ro b ab ly  con tam inated  by tr iw e th y la m in e

Meo
neol

one
O M c.CXl'*T-- «oc;? ‘'"IX)

Xxix TKK

h y d rio d id e  and by i t a e l f . Hie h y d rlo d ic  a c id  o f  th e

s a i t  vjhich v/as a n a ly se d , zust bo d e r iv e d  from tr im s th y la m in e  

h y d r io d id e ,  t h i s  b e in [  d e r iv e d  i n  t u r n ,  from th e  s l i g h t  

d eco rq p o sitlo n  o f  th e  nie Hi io d id e  a o f  th e  te tra h y d ro a m th in e  

Vairing h a n d l in g .  î h i s  shov/s [u ite  c l e a r ly  vÂiy i t  was

p o s s ib le  to  i s o l a t e  on ly  s ra a il, impure c ro p s  o f  th e  m ethiodide* 

h y d r io d id e  i n  th e  e jq lo r a to r y  ex p e rim en ts . T liis  d is c o v e ry  

made i t  p o s s ib le  to  i s o l a t e  (XX-v) as  i t s  h y d rio d id e  q u i te  

r e a d i l y ,  by d is s o lv in g  th e  cn id e  m eth io d id e , from  tl ie  m other 

l i q u o r s  above , in  a lc o h o l o r  a c e to n e , and a c id i f y in g  w ith  

h y d r lo d ic  a c id ;  tho  ïïjotiiiodide h y d rio d id e  th e n  c r y s t a l l i s e d  

r a p id ly  in  a lm o st th e  pu re  s t a t e ,  and in  |_ood y i e l d .

A f te r  i s o l a t in g  th e  d im eth io d id e  (XiOLX) lay nieems o f  

th e  com plex w ith  e th y le n e  tlicV ilo ride , and th e  me t h  io d id e  (XXX) 

as th e  h y d r io d id e ,  th e  r e g a in in g ,  amorphous m a te r ia l  m s  

decomposed in  m ethyl rro j^y l k e tone  a t  1 1 0 ° ;  sm a ll amounts o f  

tiie  b a s e  (XXXI) and i t s  Tm thlodlde (X .V III , X* « r* )  were

/ o b t a i n e d .
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o b ta in ed #  In  t h i s  p u re  p ro d u c ts  Ytere o b ta in e d ,

e q u iv a le n t  t o  92/ o f  th e  m ix tu re  o f  m e th io d id es  o b ta in e d  

from  th e  te tra h y d ro m e th in e  and m ethyl io d id e .

I t  i s  in te r e s t in g  to  n o te ,  t h a t  w h ils t  th e  

m onom ethiodide (X-%X) could be i s o la te d  in  c o n s id e ra b le  

am ounts, no t r a c e  o f  th e  a l t e r n a t iv e  m onom ethiodide (XL) co u ld  

be d e te c te d .  T h is  in d ic a te s  t h a t  m eth iod ide fo rm a tio n  i s  more

 ̂CH ^  •

3 £

d i f f i c u l t  a t  N(b) th e n  a t  H (a ) , p ro b ab ly  due to  s t e r i c  

h in d ra n c e .

The r ~m ethylem etinetetrahydrom ethine-TT  ( a) -m e th io d id e  

(Â-Ov), a s  th e  h y d r io d id e , was decoii^osed by h e a t in g  in  d i e th y l  

o r aiethyl p ro p y l ketone under r e f lu x  f o r  th r e e  h o u rs . I t  

y ie ld e d  90,i o f  th e  t h e o r e t i c a l  q u a n ti ty  o f  des-îT( a )-e m e tin e -  

t e t r  ;diydi*otaBthine , i s o la te d  as  th e  p e r c h l o r a t e , to g e th e r

w ith  t r im e th y l  amine h y d r io d id e , which was c h a r a c te r i s e d  by 

co n v e rs io n  to  th e  p i c r a t e .  The c h a r a c te r i s a t io n  o f  th e  b ase  

(XXXI) was com pleted by c o n v e r tin g  a p o r t io n ,  re c o v e re d  from  

th e  p e r c h lo r a te ,  to  th e  m e th io d id e , v/hicli was i d e n t i c a l  w ith

/(X X V III,
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(XXVIII, XT » I * ) .  - h i s  ruethod o f  p io p a ra t io n  made i t  

p o s s ib le  to  o b ta in  th e  v a lu ab le  base  (,w\Xl) in  q u a n t i ty ;  i t  

was shovm to  be  o p t i c a l ly  a c t i v e .

C a ta ly t ic  hyiiroi e n a tio n  o f d es-!T (a )-em etin e - 

te tra h y d ro m e th in e  (-wuli;) p roceeded r e a d i ly  in  a c e t ic  a c id ,  

u s in g  p la tin u m  c a t a l y s t ,  to  y ie ld  th e  s a tu r a te d ,  c r y s t a l l i n e ,  

t e r t i a r y  b ase  (XLI) , n w  d des-?T( -i.ffie tinehexaiivdrom etb ine.

JW JUT

One m o le c u la r  p ro p o r t io n  o f  hydrogen wus a b so rb e d , ..h ich ac co rd s  

\ ; i th  th e  s t r u c tu r e  (XX̂ OL) f o r  th e  s t a r t i n g  m a te r i a l ,  and th e  

u l r r a - v i o l e t  e x t in c t io n  curve f o r  th e  h y d ro g en a ted  b ase  (XLI; 

showed th e  absence o f  st.yrcne r e s id u e s .

The m eth iod ide  (X L II), d e s - lT( a )- e rne tine -

m eth iod ide  ̂ co rre sp o n d in g  to  th e  s a tu r a te d  

b ase  (X L I), was o b ta in s  d by tv;o n a th o d s . Tlie f i r s t  was to  

c o n v e rt th e  u n s a tu ra te d  m eth iodide (.WvVIII, )T » I “ ) to  th e  

co rresp o n o in p  c h lo r id e  (-OCVIÏI, x“ -  Cl**), by th e  a c t io n  o f  

f r e s h ly  p r e c i p i t a t e d  s i l v e r  c h lo r id e ,  and to  h y d ro g en a te  t h i s  

q u a te rn a ry  c h lo r id e  usinp  p la tin u m  c a t a l y s t .  I s o l a t i o n  o f  th e  

r e d u c t io n  p ro d u c t was c a r r ie d  c u t by p r e c i p i t a t i n g  th e

/ c r y s t a l l i n e
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c r y s t a l l i n e  m eth iod ide  (.1 ,1 1 ). T h is  sarae m e th io d id e  was 

o b ta in e d  by ti ie  prolong cd a c tio n  o f  h o t  m ethyl io d id e  upon 

tl '(  s a tu r a te d  base  (X L l) . I t  i s  i n t e r e s t i n g  t o  n o te ,  t h a t  

uen th e  p i 'e p a ra t io n  o f  (-IjÏ I )  was atteni] t e d  by t r e a t i n g  a 

co ld  e th e r e a l  s o lu t io n  o f  th e  base ( IL I)  w ith  m ethyl io d id e ,  

on ly  a t r a c e  o f  th e  m eth iod ide  had s e p a ra te d  a f t e r  sev en teen  

h e u re , - h i s  i s  a  f u r t h e r  in s ta n c e  o f  th e  r e s i s t a n c e  to  

m é th y la tio n  snoim by h (b ) in  i t s  p re s e n t  env iro n m en t.

By d eg rad in g  f i f t y  g r s  o f  em etine h d ro c h lo r id e  

in  th e  manner \/h ich  h a s  been d e sc r ib e d  above, a s u f f i c i e n t  

q u an tity  o f  des-TT( a ) -ernetlnehexnhydrom eth lne m eth iod ide  (XüïX) 

/as o b ta in e d  to  en ab le  th e  d e g ra d a tio n  to  be p u rsu ed  f u r t h e r ,  

. h i s  me til  io d id e  ( IL I i )  was degraded  by th e  norm al Hofmann 

p roced u re  t o  y ie ld  a  m ix tu re  o f b a s ic  and n e u t r a l  s u b s ta n c e s . 

The main p ro d u c t was a  te r tia i* y  b a s e , which a f fo rd e d  a  

be a u t i f u l l y  c r y s t a l l i n e  p i c r a te  ; a n a ly se s  o f  th e  base  and th e  

j. i c r a t e  ag reed  w ith  th e  exj ec ed m o lecu la r fo rm ula  C3 iI:4 7 C4 lT.

1  n ic ro -h y d ro g e n a tio n  o f  t h i s  b a s e ,  w hich had been  p u r i f i e d  

tn rough  i t s  p i c r a t e ,  showed fhe j r e s e n c e  o f  one e th y le n ic  

l in k a g e , Lind th e  u l t r a - v i o l e t  e x t in c t io n  cu rve in d ic a te d  t h a t  

t h i s  i s  co n ju g a te d  w ith  th e  benzene n u c le u s ,

":lie Kofmann d e g ra d a tio n  o f  th e  m eth iod ide  (XLII)

zOT' "(XZ !)0 ~
XOT XZW

/c o u ld
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cou ld  fcive r i s e  to  two b i s œ t l  in e s  (XLI'H) and (XLIV) , and 

th e  ev id en ce  a lre a d y  p r  sen ted  shows t h a t  th e  one Which was 

o b ta in e d  h a s  th e  s t r u c tu r e  (-<LIV), d e s ig n a te d  d e s -n ( a ) -  

ei^tinehexalivdrobisT Q icth ine. I l i i s  base  was shown to  be 

o p t i c a l l y  a c t i v e .  F u r th e r  su p p o rt f o r  th e  s t r u c tu r e  (XLIV) 

was so u g h t by p re p a r in g  th e  amorphous m eth io d id e  o f  th e  

bism e t h i n e . T h is  was r e a d i ly  c a r r ie d  ou t w ith  c o ld ,

e th e r e a l  m ethyl io d id e  and th u s ,  w ith  f i s s i o n  o f  th e  r i n g ,  

th e  h in d ra n c e  o f  m é th y la tio n  a t  N (b ) , which was m entioned  

e .a r l i e r ,  i s  rem oved. The r e th io d id e  so o b ta in e d , was s ta b le  

a t  1 0 0 0  o v e r a  p e r io d  o f th re e  h o u rs , me re  a s  th e  m e th io d id e  

o f  th e  p o s s ib le  a l t e r n a t iv e  b issaeth ine (M jII i)  would have 

decomposed to  trim e tliy lam in e  h y d rio d id e  and th e  n e u t r a l  

f i s s i o n  p ro d u c t (XLV), in  analogy  to  th e  d eco m p o sitio n s  o f

ÇH:[qĤ (CH5)]îC

“ ■ t  "■ -

th e  mono- and d i-m e th io d id e s  o f  T '-m ethylem etlne- 

te tra h y d ro m e th in e  (p .  4 :5 ) . Tlie two f i s s i o n  p ro d u c ts  were 

sough t by m ethods capab le  o f d e te c t in g  v e ry  sm a ll q u a n t i t i e s ,  

b u t no t r a c e  o f  e i t h e r  substance  v/as fo u n d . S upport i s

/ th e r e b y  g iv en
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th e re b y  g iv en  to  tlie  s t r u c tu r e  ( ^ I V )  f o r  th e  bism e ti i in e  * 

and f u r t h e r  ev idence  f o r  t h i s  s t r u c tu r e  i s  adduced below .

The m other l iq u o r s  from  th e  p i c r a t e  o f  th e  

b is rae th in e  (XLIV) c o n ta in e d  sm all q u a n t i t i e s  o f  a  b a s e , which 

e v e n tu a l ly  c r y s t a l l i s e d .  I t  was d i f f e r e n t  from  th e  

bism e th in e  (XLIV), s in c e  th e  p i c r a t e  would n o t  c r y s t a l l i s e ,  

even a f t e r  seed in g  w ith  th e  p i c r a te  o f ()\LIV) , and th e  

m e ltin g  p o in t  o f t h i s  new base su g g ested  i t s  i d e n t i t y  w ith  

des-N ( a) -ernetinehexsdiydrom ethine (XLI) T h is  was shovm to  

be so , vhen th e  tvm b a se s  c « l te d  s e p a r a te ly ,  and in  a d m ix tu re , 

a t  e x a c t ly  th e  saitie te i i^ e ra tu re  • T h is  b ase  (X ul) i s  

o b v io u s ly  d e r iv e d  from  th e  n jetho-hydroxide ( X l I I ,  i “ « o i r )  

by  lo s s  o f  m eth an o l, a  comuion s id e - r e a c t io n  in  th e  Hofmann 

d e g ra d a t io n , and th e  e x te n t  o f  th e  s id e - r e a c t io n  was found to  

depend upon th e  c o n d itio n s  which were em ployed. C o n s id e ra b ly  

more b y -p ro d u c t was o b ta in ed  Jiien th e  raetho-hydrox ide (X L II,

I "  * OH") was decomposed by d i s t i l l a t i o n  in  h ig h  vacuo a t  

140® j th a n  when th e  deco ioposition  was conduc ted  a t  1 0 0 ® and 

16 m.m. p r e s s u r e .  The f i n a l  s ta g e  in  th e  Hofmann d e g ra d a tio n  

o f  em etine to  g iv e  th e  n i t r o g e n - f r e e  m o lecu le , was found to  

behave in  th e  same way.

The fo rm a tio n  o f  n e u t r a l  m a tte r  in  th e  Hofmann 

d e g ra d a tio n  o f  des-N  ( a) -em etinehexahydrom eth ine m eth io d id e  

(X LII) h a s  been m entioned p re v io u s ly ,  and i t  was i s o l a t e d  in

/tv/o p o r t i o n s .
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two p o r t io n s *  One f r a c t io n  was i s o l a t e d  from  th e  p ro d u c t o f  

th e  d i s t i l l a t i o n  o f  th e  t o t a l  b a s ic  p ro d u c t from  th e  

d e g ra d a t io n , m û  th e re fo re  ap p ea rs  to  be d e r iv e d  from  one o r  

b o th  o f  th e  two p o s s ib le  b is me th in e  s  and (XLIV) • I t

i s  d i f f i c u l t , how ever, to  e x p la in  th e  fo rm a tio n  o f  t h e  n e u t r a l  

su b s ta n c e  from  e i t h e r  p o ss ib le  source*  The problem  was n o t 

s tu d ie d  f u r t h e r ,  because o f th e  ex trem e ly  sm a ll q u a n t i ty  o f  

t h i s  n e u t r a l  im ite ri i l .  A second p o r t io n  o f  n e u t r a l  su b s ta n c e  

rem ained  when th e  t o t a l  crude p ro d u c t from  th e  d e g ra d a tio n  o f  

th e  m etho-hydrox ide was f re e d  from  b a s ic  s u b s ta n c e s .  A c l e a r  

gum, w eigh ing  some 20C m gs,, was o b ta in e d  in  t h i s  way. The 

a n a ly s is  o f  th e  gum, d i s t i l l e d  in  a h ig h  vacuum, was in  ag ree ­

ment w ith  th e  m o lecu la r form ula , and th e  u l t r a - v i o l e t

e x t in c t io n  cu rve  showed th a t  one e th y le n ic  l in k a g e  i s  

co n ju g a te d  w ith  a benzene n u c le u s . These r e s u l t s  acco rd  w ith  

a  s t r u c tu r e  (XLV) f o r  th e  n e u t r a l  su b s ta n c e , b u t  m icro­

h y d ro g e n a tio n s  o f  th e  rem ain ing  n e u t r a l  m a t te r  d id  n o t  y ie ld  

c o n s i s te n t  r e s u l t s .  F u r th e r  ex p e rim en ts  upon l a r g e r  sam ples 

o f  t h i s  su b s ta n c e  w i l l  be n e c e ssa ry  b e fo re  any sound 

c o n c lu s io n s  re g a rd in g  i t s  n a tu re  can be draw n, and a t  t h i s  

s t a g e ,  s p e c u la tio n  upon p o ss ib le  mechanisms o f  i t s  fo rm a tio n  

wotild be o f  l i t t l e  v a lu e .

The two su b s ta n c e s , des-?J( a )-e m e tin e te tra h y d ro m e th ln e  

(]\XX1) and des-N ( a) -erietlnehexaüriydroblsm e th in e  (XLIV) , a re  o f

/ g r e a t  im portance
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g r e a t  im portance  f o r  f u r th e r  cLegr-\dative e x p e rim e n ts , becau se  

o f  th e  e th y le n ic  lin k a g e  which each c o n ta in s .  These 

u n s a tu ra te d  l in k a g e s  a re  p o in ts  o f  read y  a t ta c k  by o x id is in g  

a g e n ts ,  and th e  m o lecu les can be s p l i t  in to  two p a r t s  by t h i s  

m eans.

On th e  b a s i s  o f  th e  s t r u c tu r e  p roposed  by B r in d le y  

and Pyman f o r  em etine (kV II p .  3 5 ) ,  again  assum ing th e  one 

d i r e c t i o n  o f  r in g  f i s s i o n  in  th e  f i r s t  Tofmann d e g ra d a tio n  

w hich h a s  been  used  h i t h c i t o ,  th e  s tru c tu i* es  o f  th e  t e t r a ­

hydrom eth ine and th e  he xaliydrob i  sme th  in e  can be re p re s e n te d  

by (XLVI) and (XLVII) r e s p e c t iv e ly .  A p r o f i t a b l e  co tî^ a riso n  

m ight be m#de o f  th e s e  structures w ith  th e  p a r t i a l  s t r u c t u r e s

'Me
M e

Meo]
Meo

YÜ7Ï

(XXXI) and (XLIV), which have been used p re v io u s ly .  I t  m ust 

be s t r e s s e d ,  how ever, t h a t  w h i ls t  th e  em etine s t r u c tu r e  

p roposed  by B rin d le y  and Pyman was co n sid e red  to  be m very  

p ro b a b le  one in  i t s  e s s e n t ia l s ^  a t  t h i s  s ta g e ,  th e  lo c a t io n  o f  

th e  C -raethyl group a t  C9  i s  j u s t  a s  p ro b ab le  as  a t  th e  

p roposed  The im portance o f  th e  o x id a tiv e  d e g ra d a tio n  o f

/ t h e  two b a s e s
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th e  two b a s e s  tmd (y^uVII) i s  nov; ap p a ren t | f o r  n o t

o n ly  shou ld  t h i s  p rocedu re  y ie ld  d i r e c t  chem ica l ev id en ce  

upon th e  p o in t  o f  r in j  f i s s io n  in  th e  f i r s t  Hofmann d e g r a d a t io n , 

b u t  i t  shou ld  ;û so  c a s t  l i g h t  upon th e  p o s i t io n  o f  th e  

C -m ethyl g ro u p .

A cc o rd in g ly , t r i a l  exp erim en ts  were c a r r i e d  o u t upon 

C -m ethy leugeno l ()*LV1II) as  th e  model s u b s ta n c e , t h i s  b e in g

yiLww] y m  X

p re p a re d  from  eu g en o l by a m o d if ic a tio n  o f  th e  p ro ced u re  used  

f o r  th e  m é th y la tio n  o f  v a n i l l i n  (2 9 ) ,  The eugeno l which was 

em ployed, was shovm to  be f r e e  from  any a p p re c ia b le  q u a n t i ty  

o f  is o e u g e n o l, w hich i s  in se p a ra b le  by o rd in a ry  d i s t i l l a t i o n ,  

by th e  m e ltin g  p o in t  o f i t s  benzoy l d e r iv a t iv e  and by  i t s  

r e f r a c t i v e  in d e x ; th e  r e f r a c t i v e  index  o f th e  0 -m e th y leu g en o l 

p re p a re d  from  i t , a lso  in d ic a te d  th e  absence o f  0 -m e th y l-  

i s o e u g e n o l. Tv/o p ro d u c ts  were o b ta in e d  \/hen th e  p u re  

0 -m eth y leu g en o l (il> V Iîï) was o x id ise d  in  a c o o le d , aqueous 

s u sp e n s io n , by th e  g ra d u a l a d d it io n  o f d i l u t e ,  aqueous 

p o ta ss iu m  permang?jtnate ( c f .  3 0 ) . The tvain p ro d u c t p roved  to  

be th e  known, c r ^ / s ta l l in e  g ly c o l ,  1 - ( 3 ; 4 - dimethoxvTphenvl) -  

n ronane- 2 : 3 -d io l  (L) , and hom ovoratric  ac id  (-<LIX) was i s o l a t e d

/ i n  sm a lle r
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in  sm a lle r  q u a n t i ty .

From th e  e 3Q>erience g a in ed  in  th e s e  t r i a l  

e x p e rim e n ts , i t  was d ec id ed  to  s p l i t  th e  e th y le n ic  l in k a g e s  

in  th e  two d e g ra (îa tio n  p ro d u c ts  from  em etine  by a  one s ta g e  

o x id a t io n ,  r a th e r  th a n  to  a ttem p t to  i s o l a t e  th e  in te rm e d ia te  

g ly c o ls  f o r  f u r th e r  o x id a t io n .

The o x id a tio n  o f  des-II( a ) -e m e tin e te tra h y d ro m e th in e  

(XLVI) was c a r r i e d  o u t by  th e  g ra d u a l a d d i t i o n ,  o v e r many 

h o u rs , o f  c o ld ,  aqueous barium  perm anganate to  a  s o lu t io n  o f  

th e  b ase  in  aqueous a c e to n e , The q u a n t i ty  o f  th e  o x id is in g  

agen t which was added was e q u iv a le n t to  f o u r  atom ic 

p ro p o r t io n s  o f oxygen, and th e  i*ate o f  a d d i t io n  was so 

a d ju s te d ,  t h a t  no a p p re c ia b le  c o n c e n tra t io n  o f  u n re a c te d  

perm anganate was p re s e n t  a t  any t im e . B arium  perm anganate 

was employed in  p re fe re n c e  to  th e  more r e a d i l y  a v a i la b le  

p o ta ss iu m  s a l t ,  b e c a u se , w ith  th e  fo rm er r e a g e n t ,  i t  i s  r e a d i ly  

p o s s ib le  to  remove in o rg a n ic  ions  from  t h e  s o lu t io n s ,  a  

p ro p e r ty  o f  no mean iinportance when w a te r  s o lu b le  a c id s  o r  

am in o -ac id 8  a re  th e  expected  p ro d u c ts .

One, c r y s t a l l i n e ,  a c id ic  p ro d u c t from  th e  o x id a t io n  

was e x L ra e ta b le  by e th e r  from  th e  aqueous s o lu t io n .  I t  m elted  

a t  141®, was s o lu b le  in  h o t w a te r , and sub lim ed  r e a d i ly  in  

vacuoj fu r th e rm o re , th e  a n a ly s is  in d ic a te d  a  m o le c u la r  fo rm u la  

^1 1 % 4 ^4 * ^ e s e  r e s u l t s  l e f t  l i t t l e  doub t t h a t  th e  a c id ic

/s u b s ta n c e
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su b s ta n c e  was G-e th y lv e r a t r lc  a c id  ( L U I ) , 4 4 / o f  th e  

t h e o r e t i c a l  q u a n t i ty  be ing  i s o la t e d ;  a  s y n th e t ic  specim en 

was p re p a re d  by a p roced u re  which i s  a c o n s id e ra b le  im provement

M«0 |Meo
COMX

Et

• S  n r  C T

on th e  method d e sc r ib e d  by Shinoda and Sato  (3 1 ) .

4 - e th y l*5- a c e to v e ra tro n e  (L I l)  was f i r s t  p rep##ed  

from  4~e th y lv e r a t r o le  (L I) and a c e ty l  c h lo r id e ,  by  th e  

F r i e d e l - C r a f t s  r e a c t io n ;  th e  o r i e n ta t io n  o f  (LIT) had been 

p roved  by o x id a t io n  to  m etahem ipinic a c id  w ith  p o ta ss iu m  

perm anganate  (3 1 ) . The roethyl ketone (L II)  was th e n  

o x id is e d  t o  th e  r e q u ir e d  6 - e th y lv e r a t r i c  a c id  (L IU )  , in  v e ry  

h ig h  y i e l d ,  u sin g  a lk a l in e  sodium h y p o c h lo r i te .  T h is  s y n th e t ic  

specim en was i d e n t i c a l  in  ev e ry  way w ith  th e  a c id  from  th e  

d e g ra d a tio n  o f  em e tin e , and w ith  t h i s ,  th e  f i r s t  u n io n  o f  th e  

s y n th e t ic  and d e g ra d a tiv e  in v e s ti^  a t io n s  in  th e  p re s e n t  

r e s e a r c h e s  had  been made. The i s o l a t io n  o f  6 - e t h y l v e r a t r i c  

a c id ,  by o x id a t io n  o f  th e  base (XLVI), p ro v es  c o n c lu s iv e ly  t h a t  

th e  r i n g  c o n ta in in g  N (a) i s  opened betw een N and C3  in  th e  

Hoftaann d e g ra d a tio n  o f  em etin e . F u rth e rm o re , th e  s p e c tro s c o p ic  

ev id en ce  upon th e  p o s i t io n  o f th e  double bond in  th e  s t a r t i n g  

m a te r ia l  (XLVI) i s  c o ii^ le te ly  co n firm ed ,

/Two f u r t h e r
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Two f u r t h e r  p ro d u c ts  from  th e  o x id a t io n  o f  th e  

b a se  (>üiVI) were exam ined, th e  f i r s t  b e in g  th e  m ix tu re  o f  

su b s ta n c e s  i s o l a t e d  a s  th e  n e u t r a l  and b a s ic  f r a c t i o n . T h is  

m ix tu re  was found t o  c o n ta in  o n ly  a t r a c e  o f  b a s ic  s u b s ta n c e s ,  

Which s u g g e s ts  t h a t  th e  C-inethyl group i s  n o t  a t  Cq in  (XLVI) ; 

had i t  been t h e r e ,  a  c o n s id e ra b le  amount o f  th e  b a s ic  m ethy l 

ke to n e  would have been e:cpected from  th e  o x id a tio n *  The 

n e u t r a l  A baction was found to  a f f o r d  a sm all q u a n t i ty  o f  

6 - e t h y l v e r a t r i c  a c id  when i t  was o x id ise d  by hydrogen  p e ro x id e  

o r  by th e  a tm o sp h e re , d e r iv e d , w ith o u t d o u b t, from  th e  

c o rre sp o n d in g  G-e th y lv e ru tra ld e h v d e . The re m a in in g  n e u t r a l  

m a tte r  was f r a c t i o n a t e d  in  a m o lecu la r s t i l l ,  b u t  no p u re  

p ro d u c ts  co u ld  be i s o l a t e d .  I t  i s  i n t e r e s t i n g  t o  n o te ,  

how ever, t h a t  t h i s  n e u t r a l  m a te r ia l  c o n ta in s  n i t r o g e n ,  w hich 

i s  p ro b a b ly  p r e s e n t  as  an amide r e s id u e  — 0 0 — , form ed by  

o x id a tio n  o f  th e  carbon  atom a d ja c e n t  to  th e  t e r t i a r y  n i t r o g e n  

atom .

A se a rc h  f o r  amino a c id s  was made in  t h a t  rem a in in g  

f r a c t i o n  from  th e  o x id a tio n  o f (XLVI) Which c o n ta in e d  th e  

w a te r s o lu b le  a c id s .  By c a r e f u l  a d d i t io n  o f  s u lp h u r ic  a c id  

t o  th e  aqueous s o lu t io n ,  th e  barium  io n s  were rem oved, and th e  

s o lu t io n ,  now f r e e  from  in o rg an ic  m a t te r ,  was e v a p o ra te d  to  

d ry n e ss . A method was developed t o  e s t e r i f y  th e  crude  a c id s  

so o b ta in e d , w hich was an improvement upon many o f  th e

/p ro c e d u re s
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procedui*es d e s c r ib e d  In  th e  l i t e r a t u r e , m û  had th e  

a d d i t io n a l  advan tage  th a t  i t  was s u c c e s s fu l  w ith  v e ry  sm all 

q u a n t i t i e s  o f  a c id .  The e s t é r i f i c a t i o n  was c a r r i e d  o u t in  

anhydrous m e th an o l, u s in g  c o n c e n tra te d  s u lp h u r ic  a c id  a s  

th e  c a t a l y s t .  By pouring  th e  a c id  s o lu t io n  in to  d ry  

ch lo ro fo rm  and sh ak in g  w ith  ex cess  anhydrous barium  h y d ro x id e , 

th e  f r e e  e s t e r  was l i b e r a t e d ,  find was th e n  re co v e re d  from  th e  

ch lo ro fo rm  and d i s t i l l e d  in  h ig h  vacuim . Tlie s a l t s  o f  th e  

e s t e r  cou ld  n o t be induced to  c r y s t a l l i s e .  I t  was th e r e f o r e  

h y d ro ly sed  w ith  a  known q u a n ti ty  o f  aqueous barium  h y d ro x id e , 

and th e  s o lu t io n  f r e e d  from barium  io n s  by a  c a r e f u l  t i t r a t i o n  

w ith  s ta n d a rd  s u lp h u r ic  a c id .  In  t h i s  way, a  b e a u t i f u l l y  

c r y s t a l l i n e  amino a c id  was o b ta in e d , th e  e th y l  e s t e r  o f  w hich , 

p re p a re d  by th e  above p rocedure  from th e  p u re  a c id ,  a n a ly se d  

in  agreem ent w ith  th e  expected  moleculao* fo rm u la  .

S a t i s f a c to r y  a n a ly t i c a l  fig io res were n o t o b ta in e d  f o r  th e  a c id  

i t s e l f ,  th e  d i f f i c u l t y  p robab ly  b e in g  due to  t# k É c lo u s ly  h e ld  

w a te r o f  c r y s t a l l i s a t i o n .  On th e  b a s i s  o f s t r u c tu r e  (DOjVI), 

t h i s  amino a c id  cfm be re p re s e n te d  by (LIV) .

OMC 
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Since th e  o x id a tio n  o f  th e  te tra h y d ro ia e th in e  (XLVI)

y ie ld e d  6 - e th y l v e r a t r i c  ac id  and an amino a c id  ,

w ith o u t l o s s  o f carbon atom s, th e  e th y le n ic  l in k a g e  imist be o f
/

th e  ty p e  R —CH=CH—R 5 th e  C-inethyl gro\xp t h e r e f o r e  can n o t 

be s i tu a te d  a t  Cg.

The q u e s tio n  now a r i s e s  w heth e r o r  n o t  th e  C -raethyl 

group i s  s i tu a te d  a t  C1 4 , and an o x id a t io n  o f  th e  hexahydro- 

bisme th in e  (XLVII), s im ila r  to  t h a t  d e s c r ib e d  ab o v e , was 

c a r r ie d  o u t to  p ro v id e  an answ er. In  th e  f i r s t  e x p e rim e n t, 

th e  q u a n t i ty  o f  o x id is in g  agent added was e q u iv a le n t  t o  th re e  

atom ic p ro p o r tio n s  o f oxygen, s in c e  I t  seemed p ro b a b le  t h a t  

th e  C -raethyl group would be found a t  0 ^4 , s i f te r  i t  was known 

w ith  c e r t a i n ty  n o t to  be a t  C9 . The o x id a t io n  p ro d u c t was 

found to  c o n ta in  6 - e th y lv e r a t r l c  a c id  ( L l l l )  , i d e n t i c a l  w ith  

th e  s y n th e t ic  specim en o f  t h i s  a c id .

I t  seemed p o s s ib le ,  though  u n l ik e ly  in  view  o f  th e  

m ild  c o n d it io n s  employed in  th e  o x id a t io n ,  t h a t  th e  

6 - e th y l v e r a t r i c  a c id  m ight have a r i s e n  by f i s s i o n  o f  th e  

s a tu r a te d  le f t - h a n d  p o r tio n  o f th e  m o le c u le , a s  i t  i s  

re p re s e n te d  by (XLV II). The o x id a t io n  o f  4 -n -n r o n v lv e r a t ro le  y 

p re p a re d  by th e  c a t a ly t i c  h y d ro g en a tio n  o f  0 -m e th y le u g e n o l, 

was th e r e f o r e  s tu d ie d  under th e  c o n d it io n s  used  f o r  th e  

o x id a tio n  o f  th e  hexahydrob 1 sme th in e  (XLVII) , A t r a c e  o f  

v e r a t r i c  a c id  was i s o l a t e d ,  th e  q u a n t i ty  showing t h a t  in  th e

/a n a lo g o u s
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•malogous o x id a tio n  o f (iüLVII), l e s s  th a n  a  f i f t i e t h  o f  th e  

amount o f  6 - e th y l v e r a t r i c  a c id  v&iich was obtsdLned, co u ld  have 

gu’is e n  from  th e  s a tu ra te d  le f t - h a n d  p o r t io n  o f  th e  m o lecu le . 

T h is 6 - e th y l v e r a t r i c  a c id  must be d e r iv e d , t h e r e f o r e ,  from  

th e  r ig h t-h a n d  p o r t io n  o f  (XLVII), by a t t a c k  a t  th e  double 

bond. I t  fo llo w s  t h a t  th e  f i s s i o n  in  th e  is o a u ln o l in e

re s ld u e  c o n ta in in g  N(b) must occu r betw een H and C3  i n  th e

Hofmann d e g ra d a tio n  o f  em etin e , as i t  does in  th e  r in g

c o n ta in in g  N ( a ) .  Thus th e  s t r u c tu r e  (XXV p .  &Z) f o r

N -m ethy lerae tine te trahyd rom eth ine  is  f u l l y  p ro v e n , and th e  

p o s i t io n  o f  th e  double bond in  d es-H (a)-em etin eh ex ah y d ro - 

bisme th in e  (XLVII) i s  confirmed; t h i s  work a ls o  p ro v id e s  

independen t p ro o f  o f  th e  e x is te n c e  o f  two d ira e th o x y te tra h y d ro - 

i s o a u in o lin e  r in g  system s in  em e tin e .

Tlie o x id a tio n  p ro d u c t from th e  hexahydrobisme th in e  

(XLVII) c o n ta in e d  n e u t r a l  m a t te r ,  which y ie ld e d  a l i t t l e  

6 - e th y l v e r a t r i c  a c id  a f t e r  m ild o x id a tio n  w ith  hydrogen 

p e ro x id e . T h is  a c id  m ust be d e r iv e d  from  th e  co rre sp o n d in g  

6 - o th y lv e ra tra ld e h y d e . iU ia lysis  o f  th e  n e u t r a l  m a tte r  showed

th e  p re se n c e  o f  n i t r o g e n ,  \^ ic h  i s  p ro b a b ly  l in k e d  in to  th e  

system  — CX)—KM0 O.

On th e  b a s is  o f  s t r u c tu r e  (XLVII) f o r  th e  hexahydro- 

b ism e th in e , th e  o x id a tio n  p ro d u c t accompanying th e  

6 - e th y lv e r a t r i c  a c id  was expected  to  be a  m ethy l ke tone  (LV).

/T h is  su b s tan ce
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T h is  su b s tan ce  "Was sought in  th e  b a s ic  p ro d u c ts  from  th e  

o x id a t io n ,  which were f r a c t io n a te d  in  a m o lecu la r s t i l l ,  to  

y ie ld  fo u r  p o r t io n s .  In  o rd e r to  d e te c t  m ethyl k e to n e s  in  

th e s e  f r a c t i o n s ,  a m icro -sca le  p rocedure  f o r  th e  iodoform  

r e a c t io n  was worked o u t , which gave s u f f i c i e n t  iodoform  from  

5 rage, o f  l a e v u l in ic  ac id  to  allow  p u r i f i c a t i o n  and i d e n t i f i ­

c a t io n .  Each o f  th e  fo u r f r a c t io n s  from  th e  o x id a tio n  gave a  

n e g a tiv e  iodoform  r e a c t io n ,  which su g g ested  s t ro n g ly  t h a t  th e  

C -m ethyl group i s  n o t a t  0^4 .

Tlie amino ac id  f r a c t io n  from th e  o x id a t io n ,  was 

th e r e f o r e  examined by the  method which was d e s c r ib e d  f o r  th e  

i s o l a t i o n  o f  th e  c r y s ta l l in e  amino a c id  from  th e  te tra J iy d ro -  

m ethine (p .  6 6 ) ,  b u t no pure subst^m ce cou ld  be s e p a ra te d  from  

i t .  HoY/ever, i t  was mentioned e a r l i e r  t h a t  th e  double bond in  

th e  he xahydrob i  sme th ln e  was though t to  be o f th e  ty p e

C(CHg)=:CH— (see  XLVII), and th e  amount o f  o x id is in g  

ag en t employed was th e re fo re  only  th re e  q u a r te r s  o f  t h a t  

r e q u ir e d  f o r  H— . S ince th e  f i r s t  o x id a t io n  had

/show n t h a t
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shown t h a t ,  in  a l l  p r o b a b i l i ty ,  th e  double bond in  th e
/

hexahydrob ism eth ine  i s  o f th e  ty p e  R—CIi==CH—R , a  second 

o x id a tio n  o f  t h i s  base  was ccarried out u s in g  a  q u a n t i ty  o f  

barium  perm anganate e q u iv a le n t t o  fo u r  atom ic p ro p o r t io n s  o f  

dxygen. G re a te r  q u a n t i t ie s  o f  b o th  6 - e th y l v e r a t r i c  a c id  

and th e  amino a c id  f r a c t io n  were o b ta in e d  from t h i s  experim ent 

th a n  from  th e  p re v io u s  o n e , The amino a c id ,  p u r i f i e d  th ro u g h  

i t s  m ethyl e s t e r ,  cou ld  n o t be c r y s t a l l i s e d ,  b u t  th e  m ethyl 

e s t e r  an a ly sed  in  agreem ent w ith  th e  ex p ec ted  m o lecu la r fo rm u la  

C2 l î î3 5 0 4 h .  T h is  work shows t h a t  th e  C -m ethyl group i s  n o t 

s i t u a t e d  a t  C1 4  o r  a t  C9 , and as a  r e s u l t ,  th e  p a r t i a l  

s t r u c tu r e  f o r  em etine can be ex tended  to  (LV I); th e  p roposed

li€0 H OMe
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s t r u c tu r e  f o r  em etin e , p u t for*vard by B r in d le y  and Pyman, i s  

th e re b y  ex c lu d e d ,

Vvhilst t h i s  l a s t  o x id a tio n  was b e in g  conq)le ted , th e  

work o f  Sphth  and F a i l e r  (32 , 33) came a v a i la b le  to  u s .

These w orkers degraded em etine by a  s im i la r  p ro c e s s  to  t h a t  

d e sc r ib e d  in  th e  fo reg o in g  p a ra g ra p h s , to  y ie ld  a  p ro d u c t f r e e

/fro m  n i t r o g e n .
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from n itro g e n *  In  th e  f in a l  s ta g e  o f  th e  Hofmann d e g ra d a tio n ,

th e y  d id  n o t hydrogenate  the su b s tan ce  we have named d e s -N (a )-

euietinehexahydrobistnethine (XLÏV p , 5 8 )  and, as a r e s u lt ,  the

n i t r o g e n - f r e e  p ro d u c t con ta ined  two doub le  bonds. T h is  f i n a l

p ro d u c t was o b ta in ed  in  the  c r y s t a l l i n e  s t a t e ,  which was

f o r tu n a te ,  f o r  on ly  one in te rm e d ia te  d e g ra d a tio n  p ro d u c t v/as

i s o la t e d  in  th e  pu re  c r y s ta l l in e  s t a t e .  T h e ir  d e s c r ip t io n  o f
! lab t«r

tlie  p r o p e r t ie s  o f  th i s / s u b  s ta n c e , which was des-H ( a) -e m e tin e -  

te trah y c iro rae th in e  m ethiodide (X>wVIII, » I*  p . 4 ^ ) ,  i s  in  

com plete agreem ent w ith  our f in d in g s  (1 0 ) ,  The o th e r  

c r y s t a l l i n e  d e g rad a tio n  p ro d u c ts  Wliich have been  d e s c r ib e d  in  

t h i s  T h e s is ,  were e i t h e r  npt d e te c te d  by Spftth and P a l i e r ,  o r  

were o b ta in e d  in  th e  amorphous s t a t e  •

The method e%,loyed by th e s e  w o rk e rs , s t a r t i n g  w ith  

r-m e th y lem etin e iiie th in e , vAiich th e y  p re p a re d  by th e  method o f  

Pyman ( 8 ) ,  i s  shown in  th e  fo llo w in g  schem e. The nom encla tu re  

used  in  t h i s  T h es is  i s  co n tin u ed , and th e  in te rm e d ia te  and 

f i n a l  c rv s tc i l l ln e  substances a re  marked w ith  an a s t e r i s k .  

R e p e t i t io n  o f  th e  l a s t  two s ta g e s  upon th e  t e r t i a r y  b a se

C a ta ly t ic
N -m etliylem etinem ethine (X]{IV p .  4 2 )   ^

R e d u c tio n ,

H eat w ith
H -m ethy lem etinete trahydrom eth ine  (XXV p . 42) ------------------- ^

M el.
%

d e s -N (a )-e m e tin e te tra h y d ro \je tb in e  m eth io d id e  (XXVIII,X“  » I*
p . 4 4 )
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C onvert to  raethoclilo ride
---------------------------- — ----- >  de s-N (a ) -  erne t  Inehexahydrome th in e

and h y d ro g e n a te . lae th o ch lo rid e  (XLII I* a Cl"
p . 5 7 )

Hofmann
-------------------- des-H ( a)-em etinehexahydroh ism eth lne  (XL!V p .5 d )
d e g ra d a t io n ,

H eat w ith
■> des-M (a)-em etinehexahydroM 3Tnethine m e th io d id e .

Hofmann
------------------- >  N itro g e n - f re e  p ro d u c t and a  t e r t i a r y  haee.
d e g ra d a t io n .

y ie ld e d  a  f u r t h e r  q u a n t i ty  o f  th e  n e u tr? il p ro d u c t 5 t h i s  

su b stan ce  was shown to  co n ta in  two double bonds by  a  m icro - 

h y d ro g en a tio n  .

The o zo n o ly s is  o f  th e  n e u t r a l  p ro d u c t a f fo rd e d  v ery  

v a lu a b le  r e s u l t s .  6 - e th y lv e ra tra ld e h y d e  and a  ca rb o n v l

com^zound CigHggOg were i s o la te d ,  th e  l a t t e r  su b s tan ce  by means 

o f  i t s  c r y s t a l l i n e  sem icarbaznne. A c o n s id e ra t io n  o f  th e  

method by \Vhich th e  n e u t r a l  p ro d u c t was p re p a re d , shows 

c l e a r ly  t h a t  th e  6 -e th y lv e ra tra ld e h y d e  must be d e r iv e d  from 

r in g  F o f  em etine (LVI) , r in g  A b e in g  co n ta in ed  in  th e  ca rb o n y l 

comp ound. T h is  ca rbony l conq ound co n ta in ed  one double bond, 

as  shown by m icro -hydrogenation  to  a  d ihydro  d e r iv a t iv e  

^18^28^3» v/hich y ie ld e d  a c r y s t a l l i n e  sen icarbaa ione . On 

f u r th e r  o x id a tio n  by ozone, and by p o tass iu m  perm anganate , th e  

u n sa tu ra te d  ca rbony l compound y ie ld e d  m ethyl e th v l  k e to n e , and 

3t4-dii!K?t]aQxy-6-ethvllivdrQcinnamic a c id  (LVII) , r e s p e c t iv e ly .

/The i s o l a t i o n
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The i s o l a t i o n  o f th e se  s u b s t rinces le a d s  to  ttio  

p o s s ib le  s t r u c tu r e s  (LVIII) and (L Ia) f o r  th e  ca rb o n y l 

compound, w ith  th e  assum ption t h a t  th e  two double bonds in  

th e  n e u t r a l  p ro d u c t a re  con jugated  w ith  each o th e r  and w ith  a  

benzene n u c le u s . ITie p re se n t au th o r showed t h a t  th e  double 

bonds a re  so a r ra n g e d , as w i l l  be d e sc rib ed  l a t e r *

Sphth and P a i l e r  d id  n o t a t t e n ^ t  to  e l im in a te  one 

o f  th e  two p o s s ib le  s t r u c tu r e s  (L V III) and (LIX) by  showing 

t h a t  t h e i r  ca rb o n y l compound w as, o r  was n o t ,  an a ld eh y d e .

Which i s  r a t h e r  s u r p r is in g .  I n s te a d ,  r a l l e r  (33) argued  t h a t  

i f  (L V III) i s  th e  c o r r e c t  sx .ru c tu re , th e n  th e  n e u t r a l  p ro d u c t 

m ust be (LX), and th e  f u l l v  s a tu ra te d  n e u t r a l  p ro d u c t w i l l  have 

th e  s t r u c tu r e  (LX, w ith  th e  double bonds re d u c e d ) . The f u l l y  

s a tu r a te d  m olecule can be se n to  be sym m etrical ab o u t th e  

carbon atom marked w ith  an a s t e r i s k  in  (LX), and t h i s  le a d s  to  

an i n t e r e s t i n g  p o s s i b i l i t y .  I f  th e  r in g  A o f  em etine can be 

8%l i t  o f f  by a  s u i ta b le  d e p ra d a tiv e  p ro c e s s , th en  a  p ro d u c t 

shou ld  be o b ta in e o , which can be compared w ith  th o se  o b ta in e d

/ab o v e  by
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above by th e  e lii ii in a tio n  o f r in g  F . The s t r u c tu r e  d e r iv e d  

f o r  th e  f u l l y  s a tu ra te d  f i n a l  n e u tr a l  p ro d u c t , i f  (LIX) i s

et

\ A

F JoNe

LX

th e  t r u e  s t r u c tu r e  f o r  th e  carbonyl coto|>ound, i s  o b v io u s ly  

n o t sym m etrica l in  any way#

A cco rd in g ly , I a i 1 e r (33) re p e a te d  th e  p a r t i a l  

l ofmann d e g ra d a tio n  o f IT -acetylem etine (p . 1& ) ,  h y d ro g e n a tin g  

th e  p ro d u c t a f t e r  th e  f i r s t  and a f t e r  th e  t h i r d  Hofmann 

d e g ra d a t io n s ,  to  o b ta in  th e  f u l l y  s a tu ra te d  su b s tan ce  (LXl) 

w ith  th e  e l im in a t io n  o f  H (b ).

: : : w i
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/Two a p p l ic a t io n s
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Two ar j l i c a t i o n s  o f  ITofmmn* s p ro c e s s  upon (L X I), 

w ith  h y d ro g en a tio n  a f t e r  th e  f i r s t ,  s p l i t  o u t th e  n i t ro g e n  

atom N ( a ) , and a ffo rd ed  th e  s in f ly  u n s a tu ra te d  n e u t r a l  

p ro d u c t (UÜLI) . 'T’h is  su b s t vnce was o x id is e d  w ith  ozone to  

y ie ld  6 - e th y lv e r a t r  aldehyde and a ca rb o n v l compound 

CigHgsOsi ^ l i c h  proved to  be i d e n t i c a l  w ith  t h a t  o b ta in e d  by 

h y d ro g e n a tio n  o f  th e  u n sa tu ra te d  ca rbony l cotr^^ound (L V III) o r  

(LIX) • S in ce  th e  same s a tu ra te d  ca rb o n y l compound i s  

o b ta in e d  l)y f i s s i o n  o f  e i th e r  benzene n u c le u s  from  th e  

d e g ra d a tio n  p ro d u c ts , t h i s  ca rb o n y l compound must be (L X II I ) , 

and th e  corres^ooririing u n sa tu ra te d  su b stan ce  m ust be  (L V III) , 

and n o t  (LIX) ,

R ece n tly  P a i l e r  (34) h a s  sy n th e s is e d  th e  aldehyde 

(L X III) and h a s  shown th a t  i t  i s  i d e n t i c w i t h  th e  ca rb o n y l 

compound o b ta in e d  by d e g ra d a tio n . The s y n th e s is  was by

MtOi

CH.

Lxvr
TjOvT 
rw ~  = Me.

s ta n d a rd  m ethods and need n o t be re p o r te d  h e r e .

/ I t  i s
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I t  i s  rem arkable t h a t  Spëth  and P a i l e r  d id  n o t p u t 

fo rw ard  any p ro p o sa ls  fo r  th e  s t r u c tu r e  o f  em e tin e , a s  t h e i r  

work le a d s  to  th r e e  p o s s ib le  a l t e r n a t iv e  s t r u c tu r e s  (LXIV) ,

(LXV), and (I»XVX), th e  s t r u c tu r e  (LXVI) b e in g  th e  l e a s t  

p ro b a b le . Robinson has p o in ted  o u t (35) t h a t  th e  s t r u c tu r e  

(LXIV) i s  c o n s is te n t  w ith  c u n 'e n t  th e o r ie s  o f  b io g e n e s is ;  i t  

i s  d i f f i c u l t ,  how ever, to  re c o n c ile  th e  two a l t e r n a t iv e  

s t r u c tu r e s  (LXV) and (LXVI) w ith  th e s e  t h e o r i e s .

C-m ethyl d e te rm in a tio n s  upon si e t i n e , a lth o u g h  

c o n s is te n t  w ith  (i^XïV), do not r u l e  out th e  s t r u c tu r e s  (LXV) 

and (LXVI; because o f  th e  q u a n ti ty  o f  a c e t ic  a c id  o b ta in e d ; we 

o b ta in e d  0*94 m ol. (10) and K a rre r  1*1 mol. (1 1 ) .  The f u r th e r  

d e g ra d a tio n  o f em etine was th e r e fo re  p lanned  w ith  a  view to  th e  

f i n a l  e lu c id a t io n  o f  i t s  s t r u c tu r e .

B efore p roceed ing  w ith  th e  d e g ra d a tio n , i t  vms 

co n s id e red  p ru d en t to  show t h a t  th e  n e u tr a l  su b s tan ce  (LX) 

o b ta in e d  by Sphth and P a i l e r  (32) , does c o n ta in  a  3*4-dim ethoxy- 

p h en y lb u tad ien e  r e s id u e ,  as assum ed. A cco rd in g ly , th e  

hexahydrobism e th in e  (XLIV p . 58 ) was t r e a te d  w ith  m ethyl io d id e  

in  c o ld ,  e th e r e a l  s o lu t io n ,  and th e  amorphous m eth iod ide so 

o b ta in e d , degraded by Hofmann*s m ethod. The p ro d u c t was a  

m ix tu re  o f  b a s ic  and n e u tr a l  su b s ta n c e s , and th e  base  was shown 

to  be reco v e red  hexahydrob ism e th ln e . by co n v e rs io n  to  th e  

c r y s t a l l i n e  p i c r a t e ;  t h i s  base m ust a r is e  by  lo s s  o f  m ethanol 

from th e  in te i ia e d ia te  m etho-hydrox ide.
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The n e u t r a l  p roduct c r y s t a l l i s e d  from  p e t r o l  as 

c o lo u r le s s  n e e d le s  and i t s  p ro p e r t ie s  a re  s u b s t a n t i a l ly  th o se  

d e s c r ib e d  by  SpHth and P a i l e r  (3 2 ) .  I t s  u l t r a - v i o l e t

e x t in c t io n  curve showed th a t  th e  two double bonds a re  co n ju g a ted  

in  a p h en y lb u t ad iene  system , as shown in  (LX) . Spath and 

P a i l e r  d e sc r ib e d  t h e i r  p roduct as y e llo w , and th e  su b s tan ce  

o b ta in e d  by th e  p re se n t  au thor g ra d u a lly  became y e llo w  on 

exposu re  to  l i g h t ,  hhen a deep yellow  sample was a n a ly se d , 

th e  p ro p o r t io n  o f  carbon was found to  have d e c re a se d , p ro b ab ly  

due to  an up take  o f oxygen. Ouch a beh av io u r i s  e x p e c te d , 

when a su b s tan ce  o f  t h i s  tjTpe i s  h m id led .

The fu i’t h e r  d eg rad a tio n  o f  em etine was now p u rsu ed  

by r e p e a t in g  th e  hydrogenation  o f  des-N (a)-em etin eh ex ah y d ro - 

b i  sme th in e  (XLIV r . 5 8 )  on a macro s c a le ;  th e  q u a n t i t a t iv e  

m ic ro -h y d ro g en a tio n  o f  t h i s  base h as  been m entioned p r e v io u s ly .  

The p ro d u c t was th e  s a tu ra te d ,  t e r t i a r y  base  d e s -T̂ ( a ) -e m e tin e ­

rt n tahvdro b ism e th in e  (L i^ l l )  which was shov/n t o  be o p t i c a l l y  

a c t i v e ,
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Treatm ent o f  (LXVII) w ith  m ethyl io d id e  in  c o ld ,  e th e r e a l  

s o lu t io n  a ffo rd e d  an amorphous m e th io d id e . w hich , by  co n v e rs io n  

to  th e  m etho-hydroxide and on b e in g  h e a te d , underw ent th e  

Hofmann d e g ra d a tio n . The p ro d u c t c o n s is te d  o f  a  m ix tu re  o f  

n e u t r a l  and b a s ic  su b s ta n c e s , th e  base  p ro b ab ly  b e in g  

re co v e re d  o c tah v d rob i sme t h i n e . in  analogy to  th e  Hofmann 

d e g ra d a tio n  o f  th e  hexahydrobiame th in e  aoove. A d i r e c t  

coTïÇ)arison cou ld  n o t be made in  th e  case  o f  th e  o c ta h y d ro b ia -  

m e th in e , s in c e  t h i s  base  f a i l e d  to  y ie ld  c r y s t a l l i n e  s a l t s .

The amount o f  reco v ered  base  was c o n s id e ra b ly  g r e a t e r  when th e  

m etho-hydroxide was decomposed by d i s t i l l a t i o n  in  a  h ig h  vacuum, 

th a n  v/hen th e  decom position  Was c a r r i e d  out a t  IOC®, under 15 

m.m. p r e s s u r e ;  a s im i la r  o b se rv a tio n  h as  been  n o ted  p re v io u s ly  

(p .  é>o) .

A n a ly s is  o f th e  n e u t r a l  substance  su p p o rted  th e  

expected  m o lecu la r fo rm ula  , and m icro -h y d ro g en a tio n

showed th e  p resen ce  o f one o le  f i n i e  l in k a g e . F u rth e rm o re , th e  

su b s tan ce  was found to  be o p t i c a l l y  in a c t iv e  w ith in  th e  l i m i t s  

o f  ex p e rim e n ta l e r r o r .

T h is  n e u t r a l  su b stan ce  re a c te d  w ith  ozone a t  — 78o 

in  e th y l  c h lo r id e ,  to  y ie ld  an ozon ide  w hich, on decom position  

w ith  w a te r , a ffo rd ed  form alcebvde  ̂ i s o la te d  in  33% y ie ld  as  th e  

dimedone d e r iv a t iv e  . to g e th e r  w ith  an i n v o l a t i l e ,  v is c o u s  o i l .

In  t r i a l  experim en ts  upon C -n ^ th y leu g en o l as th e  model 

su b s ta n c e , 27^ o f  th e  t h e o r e t i c a l  q u a n ti ty  o f form aldehyde was 

i s o la te d  in  th e  same m anner. The y ie ld  of form aldehyde from
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th e  d e g ra d a tio n  p ro d u c t, t h e r e f o r e ,  compares fa v o u ra b ly  w ith  

t h a t  from  a known substance c o n ta in in g  %ZC=CIl2 , F o r t h i s  

work, a sm all g la s s  a p p a ra tu s , w ith  s ta n d a rd  j o i n t s ,  wa» 

d ev ised  and b u i l t  by th e  p re s e n t  a u th o r , which en ab led  th e  

p r e p a r a t io n ,  i s o l a t i o n ,  md deconçjosition  o f  th e  ozon ide to  be 

c a r r ie d  o u t in  th e  same a p p a ra tu s .

The in v o la t i l e  o i l  from  th e  decon ç îo sitio n  o f  th e  

ozonide was shown to  be a ca rb o n v l coppound. s in c e  i t  formed 

a  s p a r in g ly  s o lu b le , cimorphoua 2 :4 -d in itro p h e n y lh y d ra a o n e , when 

t r e a te d  w ith  2 s4 -d in itro p h e n y lh y d ra z in e . I t  d id  n o t ,  how ever, 

r e s to r e  th e  co lo u r to  S c h iff* s  r e a g e n t ,  no r d id  i t  reduce  

ammoniacal s i l v e r  n i t r a t e ,  and w ith  th e  d ia n is id in e  t e s t  f o r  

a ldehydes (37) i t  gave a n e g a tiv e  r e s u l t .  These r e s u l t s  show 

q u i te  c l e a r l y  t h a t  th e  subs-Lance i s  a  k e to n e . I t  fo llo w s  

t l i a t  th e  o p t i c a l l y  in a c t iv e ,  s in g ly  unsa tu i*a ted , n e u t r a l  

p ro d u c t, which on o zo n o ly s is  y i e ld s  forraaldehyde to g e th e r  w ith  

a  k e to n e , m ust have th e  s t r u c tu r e  (L X V III). T h is  i s  d e r iv e d  

from  (iiXiV) o r ,  l e s s  l i k e l y ,  from  (LXVI), b u t n o t  from  (LXV); 

th e  s t r u c tu r e  (LXV) i s  th e re b y  ex c lu d e d .

In sp e c tio n  o f  th e  two  ̂ rem ain ing  p o s s ib le  s t in ic tu re s  

f o r  em etin e , (LXIV) and (LXVI), shows t h a t  a  d e te rm in a tio n  o f  

th e  s iz e  o f  r in g  D v / i l l  d i s t in g u is h  between them . A s tu d y  

was th e re fo re  made o f  th e  c a t a l y t i c  d ehyd rogenation  o f  des-N (a)- 

em etinehexahydrom ethine (XLI, p .  ST') which i s  re p re s e n te d  by

/(LIX a)
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(LDva), d e r iv e d  from s t r u c t  lire (LXIV) , o r (j-.Xa)̂  d e r iv e d  from

( D o n ) .

“ X .

ÇH;
CH:
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he. N X  He N R
Me.

U^a. %X& IXTa.

In  th e  f i r s t  p la c e , i t  was dec ided  to  s e a rc h  f o r  a  

s u i ta b le  method f o r  th e  se p a ra tio n  o f  m ix tu re s  o f  a  

s u b s t i tu te d  p y r id in e  w ith  th e  co rresp o n d in g  IT -m eth y lp ip erid in e  

s in c e  t h i s  was expected  to  be th e  n a tu re  o f  th e  p ro d u c t from 

th e  dehyd rogenation  experim en ts . I t  was found t h a t  1 -m eth y l- 

2 - (p -tn e th o x y p h en y l)-p ip erid in e  (LXIII a) and 2 - (p-m ethoxyphenyl) -  

p y r id in e  (LXXVa) could  be sep a ra ted  q u a n t i t a t iv e ly ,  by shak ing

OMe OMe

LXIII 2L LXI V a.

an e th e r  s o lu t io n  o f  a m ixture o f  th e  tv;o b a s e s  w ith  a  b u f f e r  

s o lu t io n  o f  s u i ta b le  a c id i ty ,  TTie p ip e r id in e  was removed in to  

th e  aqueous p h a se , w h ils t  th e  pu re  p y r id in e ,  b e in g  w eakly b a s i c ,  

waa reco v ered  by ev ap o ra tio n  o f th e  e th e r  l a y e r ,  L r .  G. 

T Iorcross, U .S c ., k in d ly  su p p lied  th e  two b ases used  in  th e s e  

model e x p e rim e n ts .
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Tlie c a t a ly t i c  uc^aydâfogeaation o f  th e  iiexahydroiaethine 

(Ll>Aor LXa)waa tlie n  s tu d ie d ^  u sin t: p tillad iu m  c a t a l y e t ,  The 

r e a c t io n  p roceeded  ooootlily  a t  870^ , and th e  volume o f  gaa 

evo lved  waa 56»6CC o f  t h a t  t l i e c r e t l c a l  y  exp-ected f o r  tW  

change from  (LD to  th e  c o rre sp o n d in g , d e œ tl iy la te ô  p y r id in e  

d e r iv a t iv e  Alm ost a l l  th e  dehyd ro g en a tio n  p ro d u c t was

b a s ic  in  charac iuer, bu t a sm all amount o f  n eu d ro l m a tte r  was 

i s o la t e d  f Which gave an in te n s e  p u rp le  c o lo u r  i n  tliC c o ld  w ith  

' r l i c h ’ s  re a g e n t (p -d im otnylaainobeniso lclehydo), and a ls o  a  re d  

p in e  s p l i n t  r e a c t io n ,  3he n e u t r a l  m a tte r  must tlierefoi*© 

c o n ta in  a  subu tiince , o r  subu tm ices , in  Which th e r e  i s  a  i iv r ro le  

n u c le u s , o u t even i f  a l l  tlie  n e u t r a l  u a t \ e r  I s  composed o f  

s u b s t i tu te d  p y r r o l e s ,  ^x ich  seems u n l ik e ly ,  t h e  sm all amount o f  

t h i s  m a te r ia l  su g g e s ts  t h a t  i t  a r i s e s  by  a  rea rran g em en t o f  th e  

r i n g ,  r a t h e r  th^m by dehydrogenatloTi o f  a  s t r u c tu r e  uuch aa  

(LXa).

1^0 s e p a ra t io n  was a c h ie v e d , when an a tte m |) t was made 

to  remove th o  more b a s ic  su b a t m cee from  th e  debydrogenaticaa 

p ro d u c t, by shak ing  In  e t l ie r  w itli  th e  some b u f f e r  t h a t  was 

vUeeOiiSfUl i n  th e  model expuriioonte* T iiis  i s  p ro b a b ly  due to  

th e  f a c t ,  t h a t  tiie  b a s e s  from  em etine a re  moi*e so lu b le  in  e t h e r ,  

and much l e s s  s o lu b le  in  w a te r , th a n  a re  th e  model e u b s ta n c e e .

Ho e v e r ,  by  t r i a l ,  a  s u i ta b le  b u f f e r ,  more a c id ic  th a n  th e  

p re v io u s  o n e , was fo u n d , and t l ie  w eakly b a s ic  su b s ta n c e s

/ i s o l a t e d
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i s o la t e d  by i t s  use* T h is w eakly b a s ic  f r a c t i o n  a f fo rd e d  a  

c r y s t a l l i n e  p i c r a t e , which an a ly sed  in  agreem ent w ith  th e  

mole c u la r  fo rm ula  C2 9 H3 7 O4 ÎÎ *C(5Hij0 7 N3 , and th e  c r y s t a l l i n e  

base  reco v ered  f ro ti  i t ,  gave th e  c o r r e c t  a n a ly s is  f o r  *

In  t r i a l  ex p e rim e n ts , s i l v e r  a c e ta te  was found to  

dehydrogenate  th e  a c e ta te  o f  th e  base  (L-CEIla)j when h e a te d  w ith  

i t  a t  180® in  a  se iled  tube ( c f .  37) , t o  y ie ld  th e  co rresp o n d in g  

m ethy lpy rid in ium  a c e ta te *  T h is  p ro d u ce , by tre a tm e n t w ith  

h y d ro c h lo r ic  a c id ,  was converted  t o  th e  m ethochloricte o f  (LXIVa) 

which was decoTnposed th e rm ally *  In  t h i s  way, th e  p y r id in e  

base (LXIVa) was o b ta in ed  alm ost p u re ,  and in  q u a n t i ty  co rresp o n d ­

in g  to  50% o f  th e  t h e o r e t i c a l  y ie ld *  T h is  method h as  th e  

advantage over th e  c a ta ly t i c  dehyd rogenation  p ro c e d u re , in  t h a t  

th e  in te rm e d ia te  p ro d u c t i s  q u a te rn a ry  in  c h a r a c te r ,  and th u s  

i s  r e a d i ly  se p a ra b le  from th e  unchanged b a s ic  m a te r ia l .

The t o t a l  n o n -q u a te rn a ry  m a tte r  from  th e  

d eh y d ro g en a tio n , gave n e g a tiv e  t e s t s  f o r  th e  p y r ro le  n u c le u s  

w ith  b o th  E r l i c h ’ s r e a g e n t ,  and a  p in e  s p l in t*  I t  fo l lo w s , 

t h a t  a change in  r in g  s iz e  to  a s u b s t i tu te d  p y r ro le  does n o t  

o c c u r , even  to  a sm all e x te n t ,  u n d er th e  c o n d it io n s  o f  th e  

re a c tio n *

The s e r i e s  o f  r e a c t io n s ,  d e sc r ib e d  in  th e  l a s t  

p a ra g ra p h , was re p e a te d  s u c c e s s fu l ly  upon th e  hexahydrom ethine 

(LlX^or UW . The b ase  o b ta in ed  by th e  th e rm a l decom position

/ o f  th e
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o f  th e  in te rm e d ia te  m e th o ch lo rid e , formed a c r y s t a l l i n e  

p i c r a t e . i d e n t i c a l  v /ith  t h a t  from  th e  c a t a l y t i c  d eh y d ro g en a tio n  

e x p e rim e n ts . In  ?.\ddition, th e  n o n -q u a te rn a ry  s u b s ta n c e s , from  

th e  crude t o t a l  oehydrogenation  p ro d u c t, gave a  n e g a tiv e  t e s t  

f o r  th e  p y r ro le  n u c le u s  w ith  E r l i c h 's  re ag en t*

Tlie b a s e ,  reco v ered  from  th e  pu re  p i c r a t e ,  was a  

s ta b le  su b s ta n c e , and sliowed no tendency  to  r e s i n i f y  d u r in g  

h a n d lin g . I t  had th e  weakly b a s ic  p r o p e r t ie s  ex p ec ted  f o r  a

s u b s t i tu te d  pyi’id i n e ,  imd v/as s t a b le  to  d i l u t e  p o ta ss iu m

perm anganate in  c o ld ,  aciueous a c e to n e . I 'tir th e rm o re , r e d u c t io n

was v e ry  slow when th e  b a se , d is so lv e d  in  g l a c i a l  a c e t ic  a c id ,  

was shaken w ith  h\rdi*ogen in  th e  p re sen ce  o f  Adam's p la tin u m  

c a t a l y s t .  In  34 h o u rs  th e  up take o f hydrogen was e q u iv a le n t  

to  3»56 m ol, and was s t i l l  p ro ceed in g  When th e  experiu ien t v/as 

s to p p e d . T liis a rg u es  s tro n g ly  a g a in s t  th e  p re se n c e  o f  

i s o la t e d  double bonds in  the  s t r u c tu r e ,  -md su g g e s ts  t h a t  

a i'om atic system s a re  b e in g  re d u ced . These p r o p e r t ie s  a re  

th o se  ex p ec ted  f o r  a  substance v /ith  th e  s t r u c tu r e  (LXIa) W h ils t 

one v /ith  th e  s t r u c tu r e  (LXIIa), a co n ce iv ab le  though  i t  seems 

an u n l ik e ly  dehydrogenation  p ro d u c t o f s t r u c tu r e  (LXa), would 

n o t  be expecued to  behave in  t h i s  way. The s t r u c tu r e  (LXIIa) 

can  be seen  to  be an -u n s a tu ra te d  c y c lic  k e tim in e , and n o t

a  s t r u c tu r e  s t a b i l i s e d  by re so n an ce . I t  would n o t be

ex p ec ted  to  have th e  s t a b i l i t y  w hich th e  d eh y d ro g en a tio n

/p ro d u c t
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p ro d u c t show s, n o r  i t s  r e s i s ta n c e  to  o x id a tio n  and r e d u c t io n .  

T h is  ev id en ce  su g g e s ts  v ery  s t ro n g ly  t h a t  (LXIa.) i s  th e  

c o r r e c t  s t r u c tu r e  f o r  th e  dehyd rogenation  p ro d u c t and t h i s  

v/as shov/n to  be th e  ca se  by a  s tu d y  o f  a b so rp tio n  s p e c t r a .

I t  was found t h a t  th e  e x t in c t io n  curve f o r  th e  d ehyd rogenation  

p ro d u c t was s im i la r  t o  t h a t  f o r  th e  model su b stan ce  (LXIVa)

(p . 1 4 4 ).

The n itro g e n o u s  r in g  in  des-N (a)-em etin eh ex ah y d ro - 

m ethine i s  th e r e f o r e  shown to  be six-m ercbered, and t h i s  b ase  

can be re p re s e n te d  by th e  s t r u c tu r e  (LlXa). I t  fo l lo w s  t h a t ,  

o f  th e  two s t r u c tu r e s  f o r  eraetine (DtIV) and (LXVI) which 

were p o s s ib le  b e fo re  th e  s tu d ie s  on dehyd rogenation  v/ere c a r r i e d  

o u t ,  (LXVI) i s  exc luded  and (LXIV) i s  f u l l y  su p p o rte d .

NH

Et,

tXVa

The s t r u c tu r e  o f enietine can th u s  be re p re s e n te d  by 

(LXVa), and ex ^ c riia en ts  a ie  in  p ro g re s s  to  confirm  t h i s  

s t r u c tu r e  by s y n th e s i s .
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w B m i& im . m >  th e  m inor

The problem  o f  p ro v id in g  an e x p la n a tio n  o f  th e  

n a tu re  o f  ru b rem etin e  on th e  b a s is  o f  th e  s t in ic tu re  (LXVa) i s  

one t h a t  m ust be fa c e d . K arre r* s  p ro p o sa l (LXVIîx) was 

r e je c t e d  a s  cotiç>letely unsound (p . 2 7 ) , and to  th e  two 

o b je c t io n s  r a i s e d  in  th e  e a r l i e r  d is c u s s io n ,  th e  fo llo w in g  

can be added . The proposed s t r u c tu r e  can n o t e x p la in  th e  

c a t a l y t i c  re d u c t io n  o f  rubrem etine  w ith  th e  u p tak e  o f  one 

mole o f  hydrogen to  y ie ld  a p ro d u c t v^/hich r e s i s t s  f u r t h e r  

re d u c t io n  (p .  2 6 ) . A lso , i f  ru b rem etine  had K a r re r ’ s 

s t r u c t u r e ,  th e n  i t  would be formed r e a d i ly  from  emetamine

CHrkH:]

neof
Meok

lOMe
lone

M€0|
Meol

L X V Ia .  I X W i

(XVI p ,  3 2 ) ,  b u t t h i s  i s  known n o t to  be so (p .  3 3 ) .  L a s t ly ,  

K a rre r  e x p la in e d  th e  dehydrogenation  o f  0 -m e th y lp sy c h o tr in e  

(LXVIIa) to  ru b rem etin e  (LXVIa) by assum ing th e  m ig ra tio n  o f  th e  

e th y le n ic  l in k a g e  as shown, fo llow ed  by a ro m a tis a t io n  o f  r in g s  

B mid E . The p re se n t  au tho r found , how ever, t h a t  l - n - b u tv l~

3 :4 - d lh v d ro iso  lu in o lin e  was no t dehydrogenated  by m ercu ric  

a c e ta te  u s in g  th e  c o n d itio n s  under Which t h i s  r e a g e n t  r e a d i ly  

dehydrogenate  s em etine to  rubrem etine (3 8 ) .
/A s t r u c tu r e
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A s t r u c tu r e  (LXVIII a) was p u t fo rw ard  f o r  ru b re m e tin e  

by B a t te r s b y ,  Cpenshav/ and Wood (3 8 ) ,  which e x p la in s  a l l  th e  

kno\m ch e m is try  o f  t h i s  in t e r e s t in g  su b s ta n c e . T h is  s t r u c tu r e  

i s  formed from  em etine by th e  l o s s  o f e ig h t  atoms o f  hydrogen

one.
OMe

LX V llU

and on t h i s  b a s i s ,  rub rem etine  i s  a  resonance  h y b r id  s im i la r  

to  a  cyan ine dye , as  in d ic a te d  by th e  curved a rro w s . The 

in te n s e  c o lo u r  o f rubrem etinium  s a l t s  i s  th u s  accoun ted  f o r ,  

and l i k e  th e  cyanine d y es , one n i tro g e n  atom w i l l  be a p p a re n tly  

q u a te rn a ry  and th e  o th e r  n o n -b a s ic . The s t r u c tu r e  (LXVIII aO 

cou ld  n o t  be o b ta in ed  by the  dehydrogenation  o f  emetamine o r  

N -m ethy lem etine , ag a in  in  accordance w ith  th e  known f a c t s .

I t  seemed p ro b jb le  t h a t  th e  p r o p e r t ie s  o f  K a rre r* s  

re d u c tio n  p ro d u c t from rub rem etine  (p . 26) ,  which was r e s i s t a n t  

to  c a t a l y t i c  h y d ro g en a tio n , cou ld  be e x p la in e d  by th e  p re se n c e  

o f  an i n t a c t  p y r ro le  n u c leu s in  th e  s t r u c tu r e .  H r, H .C .S ,

Wood, B .S c . ,  re p e a te d  K arre r* s  re d u c tio n  o f ru b re m e tin e , and 

th e  crude p ro d u c t gave p y rro le  r e a c t io n s  w ith  E r lic h *  s  re a g e n t  

and w ith  a  p in e  s p l i n t .  F u rth erm o re , he re p e a te d  th e  c a t a l y t i c

/h y d ro g e n a tio n  o f
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h y d ro g e n a tio n  o f  rubrem etine  re p o r te d  in  t h i s  t h e s i s ,  to  

o b ta in  a b ase  which i l s o  gave p y r ro le  r e a c t io n s .  T h is  work 

p ro v e s  th e  p re sen ce  o f a rive-membered n itro g e n o u s  r in g  in  

ru b re m e tin e , and a f fo rd s  s tro n g  su p p o rt f o r  th e  s t r u c tu r e  

(LXVIIIzO.

T urn ing  now to  th e  minor a lk a lo id s  o f  Ip ecacu an h a , 

th e  t a s k  i s ,  in  th e  m ain, one o f d e r iv in g  t h e i r  s t r u c tu r e s  

from  (LXVa), u s in g  th e  in fo rm ation  which was a v a i la b le  b e fo re  

th e  e lu c id a t io n  o f  th e  s tru c tu re  o f  em e tin e . Thus th e  

s t r u c tu r e s  o f  cep h ae lin e  and emetamine can be r e p re s e n te d  by 

(LXIX) and (LXX) r e s p e c t iv e ly ;  in  th e s e ,  Pyman*s p ro p o s a ls  

(p .  3 6 ,4 0 ) have been m odified  to  accord  w ith  th e  em etine 

s t r u c tu r e  (LX\a). By t h i s  same method o f  d e r iv a t io n ,  th e

R0|
neo'

Et

LXIX R=H.

LXX! R = ne^ clouble bond C, to  Ccj.
7 XXIT R = Me, " " C, to

IXXÏÏÏ R = H ,  " " C, to

LXX

I  am m ost g r a te f u l  to  Tt'*, Wood f o r  h i s  p e rm iss io n  t o  r e f e r  to  
th e s e  r e s u l t s  in  o rd e r  to  make th e  account c o m p le te .
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s t r u c tu r e  o f  0 -m e th y lp sy ch o trin e  v^ould be re p re s e n te d  by 

(UQCI) , Hov/everi r e c e n t  work (39) upon th e  a b s o rp tio n  

s p e c tr a  o f  su b stim ces o f  th e  ty p e  (liXXIV, R » H o r  CgKg) h as

/O

cHrR ch- r

LXXIV Ixxv

shown t h a t  th e y  e x i s t  in  t h i s  fo rm , and n o t a s  th e  a l t e r n a t i v e  

s t r u c tu r e  (LXXV, R a H o r C6 H5 ) , even though th e  doub le  bond 

in  (LXX.V) when R = C6 H5 , would be con ju g a ted  w ith  two benzene 

n u c l e i .  Thus th e re  must be a s tro n g  tendency  f o r  th e  double 

bond to  be en d o c y c lic  as  in  (liXXIV), and i t  seems m ost 

p ro b a b le  t h a t  t h i s  i s  a lso  th e  ca se  f o r  0 -m e th y lp s y c h o tr in e ,

I t s  s t r u c tu r e  can th e re fo re  be re p re s e n te d  by  (LXXII) , and 

th e  c lo s e ly  r e l a t e d  p sy ch o trin e  by (LX X III), The u l t r a - v i o l e t  

a b s o rp tio n  spectrum  o f  0 -m e th y lp sy ch o trin e  w i l l  have to  be 

s tu d ie d  b e fo re  th e se  most p rob ab le  s t r u c tu r e s  (L»XX1I) and 

(WkXIII) can be f i rm ly  e s ta b l is h e d .

The u l t r a  v io l e t  a b so rp tio n  s p e c tr a  o f  some o f th e  

em etine d e r iv a t iv e s  which have been m entioned in  t h i s  T h e s is  

were m easured by D r, A ,E , G illam , to  whom th e  a u th o r  e x p re s se s  

h i s  s in c e re  th a n k s . The in t e r p r e ta t io n s  o f  th e  r e s u l t s  

c o l le c te d  h e re  were g iv en  in  th e  d is c u s s io n s  o f  th e  s u b s ta n c e s , 

and need n o t  be re p e a te d .

/Corgpound.
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COBPQUBfl. > f

De s-N (a ) -  emet ine te trahydrom e th in e  2666 15,900
m eth iod ide  (aXVXI1,X* = I " )  3030"" 7 ,240

Dee-N( a)-ernetinehexahydrom eth ine (XLI) 2840 6 ,900

D es-N (a)-ernetinehexahydroM sm eth ine ()iLIV) 2660 12,600
3030^ 3 ,660

Ileutr^ü. m a t te r  (XLV) from Hofmann
d e iira d a tio n  o f  des-N (a)-eraetlnehexahydro~  2656 16,100

me th in e  m eth io d id e . 3040^ 6 ,160

F in a l  doubly  u n s a tu ra te d  n e u t r a l  p ro d u c t (LX) 2280 24,800
2910 19,100

 ̂Inflexion

SYNTHETICAL INVESTIG^iTlOND.

In  th e  a u th o r ’ s e a r ly  work, a ttecq ^ ts  were made to  

s y n th e s is e  th e  sti*uctu re  (LXXVI) by v a r io u s  r o u t e s ,  and t h i s  

work was co n tin u ed  in  th e  p re s e n t  r e s e a r c h e s .  The s t r u c tu r e  

(LXXVI) can be  seen  to  be th e  main sk e le to n  o f  B rin d le y  and

NH CO

CxxvT IXXVII

Pyman* 8  p ro p o sa l (XVII p . 35) f o r  em etin e , and i t  was th o u g h t 

t h a t  a  s y n th e s is  o f  (LXXVI) cou ld  be m od ified  t o  g iv e  em etine 

i t s e l f ,  shou ld  (XVII) prove to  be c o r r e c t .  A com parison o f  

th e  p r o p e r t ie s  o f  (LI\XVI) w ith  th o se  o f  em e tin e , and th e  

p o s s i b i l i t y  o f  s tu d y in g  i t s  o x id a tio n  by m ercu ric  a c e t a t e .
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were a ls o  f a c to r s  which prompted th e  s t a r t  o f  th e  s y n th e s i s .

i l f t e r  two ro u te s  to  (LXXVI) had been  in v e s t ig a te d  

and abandoned (4 0 ) , a most p rom ising  one was fo u n d . I t  was 

b ased  upon th e  p re p a ra tio n  o f m ethvl p e n ta n e -l i 3 ;5 »  

t r i c a r b o x v la te  (LXXVIII) as th e  key s u b s ta n c e , M alonic e s t e r  

was condensed w ith  form aldehyde >mô. th e  r e s u l t i n g  e th v l  p e n ta n e . 

1 81 :3  ; 3 ; 5 Î arl?9XYlat,e, y ie ld e d  n e n ta n e -1 13 :5 - t r i e a r b o x v l ie

a c id  on h y d ro ly s is  and d e c a rb o x y la tio n , t h i s  a c id  b e in g  

e s t e r i f i e d  t o  p ive  (LXXVIII) (41) ,

côMe

LXXVIII

LXXIX

I t  W as envisaged  th a t  th e  tv/o p rim ary  c AirbornetJioxyl 

g roups in  (LXXVIII) would r e a c t  more r e a d i ly  w ith  

/^ -p h en y le th y lam in e  th a n  would th e  secondary  g ro u p . The 

t r i - e s t e r  was th e re fo re  hea ted  in  t e t r a l i n ,  and two m o lecu la r 

p ro p o r t io n s  o f  th e  amine dropped in  g ra d u a lly  o v e r many h o u rs ; 

in  t h i s  way I no ap p rec iab le  c o n c e n tra t io n  o f  u n re a c te d  amine 

was p re s e n t  a t  any t im e . From th e  r e a c t io n  p ro d u c t ,  th e  

diam ide (LXXIX) was is o la te d  in  th e  c r y s t a l l i n e  s t a t e ,  to g e th e r  

w ith  sm a lle r  q u a n t i t i e s  o f th e  mono- and t r i - a m i d e s , a lso  

c r y s t a l l i n e .
/T he d i  amide
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The d i  amide was to  have been su b je c te d  to  th e  

B isch ler* -L Iap iera lsk i r e a c t io n  to  b r in g  abou t r i n g  c lo s u re  to  

th e  b i s - 384-d ihydro isQ  .u in o lin e  (LkXX), which on re d u c t io n  was 

ex p ec ted  t o  y ie ld  (LXXVII), The l a s t  s ta g e  in  th e  s y n th e s i s ,  

th e  re d u c t io n  o f th e  lac tam  (LXXVII) to  (LXXVI), i s  one Which 

can be b ro u g h t about v e ry  r e a d i ly  by l i th iu m  alum inium  h y d rid e  

(4 2 ) .  However, b e fo re  th e  r in g  c lo su re  o f  th e  dijyaido had  

been f u l l y  in v e s t ig a te d ,  th e  B rin d ley  and Pyman p ro p o sa l f o r  

th e  s t r u c tu r e  o f  em etine was shown to  be i n c o r r e c t ,  and as  a  

r e s u l t ,  t h i s  s y n th e t ic  work was d is c o n tin u e d .



CEîiBRAL IKFOBiaTION

*Ilo te  1 . A nalyses marked were c a n 'ie d  o u t by î.tr. D .J .
L loyd and H iss  A. D o h erty , o f  Hanches t e r  
U n iv e r s i ty ;  and th e  rem ainder by  D rs . W eile r 
and S t r a u s s ,  O xford .

Ilo te  2 . A ll  s o l id s  were d r ie d  in  vacuo a t  room te m p e ra tu re  
o v er phosphoric  o x id e , u n le s s  o th e rw ise  s t a t e d .

Note 3 . S o lu tio n s  o f  p ro d u c ts  in  e th e r  o r  ch lo ro fo rm  were 
d r ie d  w ith  sodium s u lp h a te ,  u n le s s  o th e rw ise  
s t a t e d •
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(V) E^CFERII^iTAL SECTIQH.

Preparation of . -methvleiMtlnemathlne dlmethiodldfl (XXXV) .
The m ethine (:\XIV) (1 .3 3  g .)  was d is s o lv e d  In  

anhydrous a l k a l i - f l ^ e  e th e r  ( 1 2  c . c . )  and t r e a t é d  w ith  e x c e ss  

o f  d ry  m ethy l io d id e  (1 .5  c .c * ) .  A f te r  24 l i r a ,  a t  room 

te m p e ra tu re , th e  amorphous p r e c i p i t a t e  was c o l l e c te d  and washed 

w ith  anhydrous e th e r ,  (1 .73 g*) m .p . 132-135®, w ith  

e f f e rv e s c e n c e , a f t e r  s in te r in g  from  110®. A second crop  

( 8 6  mg*) was o b ta in e d  by adding m ethyl io d id e  ( 2 c . c . )  t o  th e  

f i l t r a t e ,  and a llow ing  to  s tan d  f o r  a  f u r th e r  84 h r  s . ;  o n ly  

42 mg. o f  re s id u e  remained when th e  f i n a l  f i l t r a t e  was 

e v a p o ra te d .

A p o r t io n  o f th e  f i r s t  crop  (1 .072  g . )  was d is s o lv e d  

in  e th y le n e  d ic h lo r id e  ( 4 c . c . )  and allow ed to  s ta n d . 

C r y s t a l l i s a t i o n  o ccu rred  a f t e r  s c r a tc h in g ,  and th e  s o l id  

(0 .366  g . )  was washed w ith e th y le n e  d ic h lo r id e ,  m .p . 137-138® 

d e c . w ith  e f fe rv e s c e n c e ;  the  c r y s t a l s  were seen  to  be 

t r a p e z o id a l  p rism s under th e  m ic ro sco p e . On r e c r y s t a l l i s a t i o n  

tw ice  from  a c e to n e , th e  m.p. o f  th e  c o lo u r le s s ,  s h o r t  p rism s 

so o b ta in e d , was 151-153®, a f t e r  s l i g h t  p re v io u s  s i n t e r i n g ,  to  

a  c le a r  m e lt which soon became c lo u d y . The m .p . was 

unchanged by a  f u r th e r  r e c r y s t a l l i s a t i o n  from  ace to n e  to  g iv e  

th e  a n a ly s is  specim en, which was d r ie d  f o r  2  h r s .  in  vacuo a t

/room  te m p e ra tu re
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room te m p e ra tu re  over phosphoric  o x id e . No f u r t h e r  l o s s  

o cc u rred  on re  d ry in g  th e  specimen to  c o n s ta n t  w e i ^ t  un d er 

th e s e  same c o n d i t io n s ,  b e fo re  a n a ly s is .

F o u n d f C ,4 8 .6 ; H, 6 .4 ;  N , 3 .1 .

r e q u ir e s  C ,4 8 .4 3 ; H, 6 .7 0 ; N ,3 .3 2 .

Thermal s t a b i l i t y  o f  H .m ethvlem etlnem ethlne d tm e th lo d ld a  (XXXV) .

(XXXV) (66 mg.) Was d is so lv e d  in  d ry  d ie th y l  ke to n e  

(5 c . c . )  and h e a te d  a t  100-110<^ f o r  3 h r s . ,  w h i ls t  n i t r o g e n ,  

d r ie d  by conc . su lp h u r ic  a c id ,  was bubb led  th ro u g h  th e  s o lu t io n .  

The n i t r o g e n  stream  was f re e d  from d ie th y l  ke tone  v ap o u rs  by a  

r e f lu x  co n d en se r, and v o la t i l e  b a s e s ,  c a r r i e d  th ro u g h  by th e  

n i t r o g e n ,  were tra p p e d  by a b u b b le r  c o n ta in in g  d i l .  h y d ro c h lo r ic  

a c id  (10 c . c . ) . A t th e  end o f  th e  h e a t in g ,  th e  a c id  from  th e

t r a p  was ev ap o ra ted  to  d iy n e ss , and th e  re s id u e  t r e a t e d  w ith

d i l .  sodium h y d ro x id e . A ir was a s p i r a te d  th ro u g h  th e  a p p a ra tu s  

and le d  in to  s a tu ra te d  e th e r e a l  p i c r i c  a c id ,  when a  sm all 

p r e c i p i t a t e  form ed. T h is  was c o l l e c te d ,  washed th o ro u g lily  

w ith  e t h e r ,  and d r ie d  in  vacuo (3 rag. » 13^) m .p . 213-218® 

a f t e r  s in t e r in g  from 160®; one r e c r y s t a l l i s a t i o n  from  e th a n o l 

r a i s e d  th e  m .p . to  217-218®, a lone  and in  adm ix ture w ith  

a u th e n t ic  trirae th y la ra in e  p i c r a t e .

The d ie th y l  ketone s o lu t io n ,  which had darkened  in  

c o lo u r  c o n s id e ra b ly  d u rin g  th e  h e a t in g ,  was d i lu te d  w ith  

a c e to n e , w a te r ( 3 c . c . )  added, and th e  o rg a n ic  s o lv e n ts

/b o i le d  o f f .
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b o i le d  o f f .  An aqueous suspension  o f t a r r y  m a tte r  was 

th e re b y  o b ta in e d , which was c o o le d , b a s i f i e d ,  and a i r  

a s p i r a te d  th ro u g h  i t  in to  e th e r e a l  p i c r i c  a c id ,  as  p re v io u s ly

d e s c r ib e d .  No p r e c ip i t a t e  formed in  th e  e th e r e a l  s o lu t io n ,
*

and th e  aqueous suspension  was th e r e fo re  warmed to  c a .  4 0 ^ ; 

a f t e r  10 m in s , a s p i r a t io n ,  th e re  was s t i l l  no p r e c i p i t a t e .

The d ie th y l  ketone  s o lu tio n  th e re fo re  co n ta in ed  no

trim e th y la m in e  h y d r io d id e .

s t a b i l i t y  o f  M -m ethvlem etlnem athlne (XXIV) .

The m ethine (0 .497 g .)  was d is s o lv e d  in  50;» aqueous 

e th a n o l (30 c . c . )  to  y ie ld  a s o lu t io n  which was a lk a l in e  to  

e re  s o l  r e d ,  b u t  n o t to  phenol p h th a le in .  A f te r  b e in g  h e a te d  

f o r  4 l i r e ,  u nder r e f lu x ,  tiie  s o lu t io n  s t i l l  f a i l e d  to  g iv e  th e  

" i l k a l in e " c o lo u r  w ith  phenol p h th a le in ,  and th e  s o lv e n t  was 

ev ap o ra ted  u nder reduced  p re s s u re .  The r e s id u e ,  f r e e d  from  

t r a c e s  o f  w a te r by re -e v a p o ra tin g  w ith  a b so lu te  e th a n o l ,  was 

a  p a le  y e llo w  gum. T h is d is so lv e d  r e a d i ly  in  e t h e r ,  save 

f o r  a t r a c e  o f  in s o lu b le  m a tte r , ( l e s s  th a n  1 mg:.) w hich m erely  

re n d e red  th e  s o lu t io n  f a i n t l y  c lo u d y .

The Emde det-yadatlon  o f H -iaethvlem etine d lm e th o eh lo rld e  (XXXIX) .

A s o lu t io n  o f N -m ethylem etine d irae th io d id e  (0 .6 2 4  g . )  , 

in  warm 50% aqueous e th a n o l (15 c . c . ) , was s t i r r e d  w ith  s i l v e r  

c h lo r id e  (from  0 .6  g .  s i l v e r  n i t r a t e )  f o r  1 h r .  The f i l t e r e d  

s o lu t io n  was ev ap o ra ted  to  10 c . c .  under reduced  p r e s s u r e ,  and

/5;r sodium
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6% sodium am^îlgam were added, and s ix  p o r t io n s  (10 g* each) 

were added o v er a  f u r th e r  p e r io d  o f  5 l i r s .  The b ase  was 

e x tr a c te d  w ith  th r e e  p o r t io n s  o f  e th e r ,  w ashing each e th e r  

l a y e r  once w ith  w a te r . The e th e r  was d r ie d  and e v a p o ra ted  to  

le av e  a c l e a r ,  p a le  yellow  gum (0 .2 2 3  g . ) . A p o r t io n ,  

d is s o lv e d  in  aqueous a c e to n e , was r e a d i ly  o x id is e d  by d i l u t e  

aqueous perm anganate .

The r e s t  o f  th e  gum was d i s t i l l e d  a t  160® (b a th )
c

3x10*" m.ra, and th e  d i s t i l l a t e  d is so lv e d  in  e t h e r ,  to  en su re  a  

tho rough  m ixing o f  th e  two conQ^onents. A f te r  e v a p o ra tin g  th e  

e th e r ,  th e  re s id u e  was f r e e d  from  t r a c e s  o f  s o lv e n t  by h e a tin g  

a t  1 0 0 ^ /1 0 ""^ .m. f o r  1 h r .  T\iro sam ples were m ic ro -h y d ro g en a ted .

1 . Wt. = 6 0 .2  mg. C a ta ly s t ,  30 mg. PtOg. T » 11®, p -  781 m.m.

Uptake o f  hydrogen » 1 .7 3  c . c .  T h e o re t ic a l  u p take  f o r  two

double bonds a t  above p /T  « 5 .2 3  c .c .

. • .  Amount o f  Hofmann p ro d u c t * 33.1^%

2 . Wt. -  3 6 .3  mg. C a ta ly s t ,  26 rag. PtOg. T » 12®, p * 776 m.m.

Uptake o f  hydrogen -  1 .0 3  c . c .  T h e o re t ic a l  u p take  f o r  two

double bonds a t  above p /T  » 3 .1 8  c .c .

. *. Amount o f Hofmann p ro d u c t * 32.4^- .

The so lv e n t in  each case  was ab so lu te  e th a n o l ,  p re v io u s ly  

d i s t i l l e d  from  Raney n ic k e l .

The two s o lu t io n s  were com bined, f i l t e r e d  f r e e  from  

c a t a ly s t  ( " F i l t e r c e l " ) , m û  ev ap o ra ted  to  d r jm e ss . On

/d i s s o lv in g  th e
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d is s o lv in g  th e  re s id u e  in  d i l u t e  h y d ro c h lo ric  a c id  and 

add ing  ex c e ss  o f  S055 p e r c h lo r ic  a c id , th e  amorphous p e r c h lo r a te  

o f  th e  hyd rogenated  p ro d u c t was p re c ip ita te d *  T h is  was worked 

up c a r e f u l ly  in  v a r io u s  s o lv e n ts ,  b u t c r y s t a l l i s a t i o n  co u ld  n o t  

be induced  even by seed in g  w ith  th e  p e rc h lo ra te  o f  

K -m eth y lem etin e te trah y d ro m eth in e  (XXV).

I  s o la t io n  o f  IT -iæ th v lem e tin e te trah  /drom ethine.N  ( b.) - m e t h ^ ^ ^ e

The te tra h y d ro m e th in e  base  (XXV, 4 ,837  g . )  was 

d is s o lv e d  in  anhydrous, a l k a l i - f r e e  e th e r  (150 c .c * )  and 

m ethyl io d id e  (1 .4  c . c . ; approx . 2 .6  mois) was added . A f te r  

40 h o u rs  a t  room te m p e ra tu re , th e  s o l id  p r e c ip i t a t e  (1 ,6 6  g ,)  

was c o l l e c te d  and washed w ith  e th e r .  T reatm ent o f  th e  

f i l t r a t e  w ith  f u r th e r  p o r t io n s  ( 1 .5 ,  2 .5  and 2 .5  c . c . )  o f  

m ethyl io d id e ,  and c o l l e c t io n  o f  th e  p ro d u c t b e fo re  each  f r e s h  

a d d i t io n ,  a t  i n t e r v a l s  o f  2 ,  3 and 2 d a y s , gave th re e  f u r t h e r  

c ro p s  (1 .5 4 , 2 .4 1  and 0 .9 3  g , r e s p e c t iv e ly ) .  The f i r s t  two , 

c rops were combined (3 .0 9  g .)  and c r y s t a l l i s e d  from  e th y le n e  

d ic h lo r id e  (26 c . c . )  to  y ie ld  th e  so lv a te d  d im eth io d id e  

(XXIX, 0 .6 9 8  g . ) ,  m .p , 131-1320 ( s in te r e d  a t  1 2 9 0 ), The 

m other l i q u o r  was ev a p o ra ted  to  d ry n ess  under red u ced  p re s s u re  

and th e  r e s id u a l  gum was c r y s t a l l i s e d  from acetone to  which a  

crop o f  c o n c e n tra te d  ^ y d r io d ic  ac id  was added. The c r y s t a l s  

(0 .643  g , )  Y/ere washed w ith  acetone and d r ie d  in  a  vacuum; 

m .p , 143-144® (c loudy  m elt) . Most o f  t h i s  m a te r ia l

/s u b s e q u e n tly
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su b seq u en tly  decoiiç)osed in  atte iE pted  p u r i f i c a t i o n , s in c e  i t s  

n a tu re  was n o t u n d ersto o d  a t  t h i s  t in ie . The t h i r d  and fo u r th  

c ro p s  o f  crude m eth iod ide g av e , on tre a tm e n t w ith  e th y le n e  

d ic h lo r id e ,  so lv a te d  d im e th io d id e  (2 .083  g . ) , m .p . 128-129®

(w ith  decom position  and p re v io u s  s i n t e r i n g ) . The m other 

l i q u o r s ,  t r e a t e d  as b e f o r e ,  gave a  c r y s t a l l i n e  s o l id  (0 ,3 0 6  g .)  , 

m .p . 164-166® (c loudy  m e l t ) . T h is  m a te r ia l ,  to g e th e r  w ith  a  

l i t t l e  o f  th e  e a r l i e r  crop  (0 .3 4  g .)  was suspended in  w a te r and 

made a lk a l in e  to  p h e n o lp h th a le in  w ith  c a u s t ic  so d a , when a 

c l e a r  s o lu t io n  was o b ta in e d . E x tra c tio n  fo u r  tim e s  w ith  e th e r  

removed on ly  a  t r a c e  (2  mg.) o f  non-quatem aa^y m a te r ia l .

A f te r  a s p i r a t io n  w ith  a i r  t o  remove e th e r  and a  t r a c e  o f  > 

tr im e th y la m in e , tlie  s o lu t io n  was e x tr a c te d  fo u r  tim e s  w ith  

ch lo ro fo rm . The e x t r a c t  was washed once w ith  w a te r ,  d r ie d  

and e v a p o ra te d  in  a vacuum belov; room te m p e ra tu re . The 

r e s id u a l  y e llo w  gum (0*336 g .)  was d is so lv e d  in  a lc o h o l (5 c . c . )  

and, on adding  two d ro p s  o f  c o n c e n tra te d  h y d r io d ic  a c id ,  

c r y s t a l l i s a t i o n  o c c u rre d . A f te r  c o l l e c t in g ,  w ashing w ith  

a lc o h o l ,  and d ry in g  a t  room te u q :e ra tu re , th e  p ro d u c t (0 .262  g .)  

had m .p . 159-160® (c loudy  m e l t ) ,  w ith  p re v io u s  s i n t e r i n g ,  A 

second crop  (13 m g.; m .p . 160-162® w ith  p re v io u s  s in te r in g )  

was o b ta in e d  by c o n c e n tra t in g  th e  m other l iq u o r  in  a  vacuum 

d e s ic c a to r .  The f i r s t  c rop  was r e c r y s t a l l i s e d  by d is s o lv in g  

as r a p id ly  as p o s s ib le  in  warm a lc o h o l ,  co o lin g  im m edia tely  to

/room  tem p era tu re
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room tem p era tu re  and f i n a l l y  t o  0'"^. The c r y s t a l s  (200 mg.) 

had m .p . 163-166® (cloudy n a l t )  . H a lf o f t h i s  crop  was 

d is s o lv e d  in  co ld  a lc o h o l, shaken w ith  c h a rc o a l and f i l t e r e d  

( " F i l t e r c e l " ) , and th e  f i l t r a t e  was c o n c e n tra te d  in  a  

d e s ic c a to r .  The h y d rio d id e  o f  (XXX, 63 mg.) form ed s h o r t ,  

b lu n t-e n d e d , c o lo u r le s s  p r ism s , m .p . 162-164® (c lo u d y  m e l t ) .

For a n a ly s i s ,  th e  substance was c r y s t a l l i s e d  ag a in  in  a  

s im ila r  f a s h io n ,  and d r ie d  f o r  2 h o u rs  over phosphorus 

p en to x id e  in  a  vacuum a t  room teuç^era tu re  (23 rag ., m .p . 163- 

1 6 4 ^ ) , c loudy  m e l t ) .

Found: C, 4 9 .8 ;  H, 6 .9 ;  N , 3 .2 ;  l i  3 1 .3 .

6331153041 1̂ 2 1 .1 1 1  r e q u ir e s  C, 4 9 .7 ;  H, 6 .8 ;  N , 3 .5 ;  I ,  3 1 .8 .

In  a f u r th e r  ex p e rim en t, th e  te trah y d ro m e th in e  

(36 .85  g . )  was t r e a te d  w ith m ethyl io d id e , in  th e  manner 

d e sc r ib e d  above, to  g iv e  a m ix tu re  o f  amorphous m e th io d id es  

(51 .72  g . ) . C r y s ta l l i s a t io n  was c a r r ie d  o u t in  fo u r  p o r t io n s  

(1 5 .2 2 , 1 7 .7 3 , 13 .88  and 4 .90  g .)  from e th y le n e  d ic h lo r id e  

(135 , 130 , 100 and 60 c .c .  r e s p e c t iv e ly )  to  y i e ld  th e  s o lv a te d  

d im eth io d id e  (30 .97  g .  in  a l l ) ,  m .p . 128-130® d e c . The' m other 

l iq u o r s  were evapo ra ted  to  d ry n e ss  under reduced  p r e s s u r e 'a t  

room te m p e ra tu re , th e  gummy re s id u e  d is s o lv e d  in  ace to n e  (100 

c . c . ) , and co n c e n tra te d  h y d rio d ic  a c id  added u n t i l  a c id  to  

l i tm u s .  C r y s ta l l i s a t io n  o cc u rred  r a p id ly ,  and a f t e r  b e in g  

washed w ith  acetone and d r ie d ,  th e  h y d rio d id e  o f  (XXX, 14 .45  g . )  

had m .p . 159-161® (cloudy m elt) .

/T he m other
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The m other l iq u o r  from  th e  m eth iod ide  h y d rio d id e  

was ev a p o ra ted  alm ost to  d ry n ess  und er reduced  p r e s s u r e , and 

th e  re s id u e  d is so lv e d  in  ch lo ro fo rm . By shak ing  f i r s t  w ith  

2N sodium c a rb o n a te , th en  w ith aqueous sodium t h io s u lp h a te , 

and f i n a l l y  w ith  w a te r , th e  h y d r io d ic  a c id  and t r a c e s  o f  

io d in e  were removed. The d r ie d  ch lo ro fo rm  s o lu t io n  was 

ev a p o ra ted  to  d ry n e ss  under reduced  p r e s s u r e ,  and th e  r e s id u e ,  

a  ye llow  r e s i n  was deconç)osed by b e in g  h e a te d  under r e f lu x  f o r  

5 h r s .  in  m ethyl p ro p y l ketone (ICO c . c . ) . E v ap o ra tio n  o f  th e  

ketone  l e f t  a  £um, vh ich  was d is s o lv e d  in  th e  minimum q u a n t i ty  

o f  e t l ia n o l ,  and poured in to  e x c e ls  o f  O.SN sodium h y d ro x id e .

The p r e c ip i t a t e d  base  was e x tra c te d  w ith  e th e r  (1x200 c . c . ,

3x100 c . c . ) , w ashing each e th e r  la y e r  once w ith  w a te r .  A f te r  

being  d r i e d ,  th e  e th e r  so lu tio n  was e v a p o ra te d , and th e  gumny 

base  (5 .6 0  g .)  converted  to  th e  p e r c h lo ra te  by b e in g  d is s o lv e d  

in  v e ry  d i l u t e  h y d ro c h lo ric  a c id  fo llow ed  by a d d i t io n  o f  ex cess  

o f  20^ aqueous p e rc h lo r ic  a c id . T h is  s a l t  was c r y s t a l l i s e d  

from  aqueous acetone to  y ie ld  th e  p e r c h lo ra te  o f  d e s -N (a )-  

em e tin e te trah y d ro m eth in e  (XXXI, 5 .9 6  g . ) , m .p . 131-133®.

The aqueous a lk a lin e  s o lu t io n  from  th e  e x t r a c t io n  o f  

th e  b a se s  by e t h e r ,  was shaken w ith  fo u r  p o r t io n s  o f  ch lo ro fo rm , 

to  i s o l a t e  th e  q u a te rn a ry  p ro d u c ts .  A f te r  w ashing th e  

ch lo ro fo rm  s o lu t io n  once with w a te r ,  i t  was d r ie d  and 

ev ap o ra ted  under reduced p re s s u re ,  t o  leav e  a y e llo w  r e s i n  

(2 .5  g . )  , By c r y s t a l l i s a t i o n  from  aqueous a c e to n e , th e

/m onom ethiodide
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îtîiiocüââ (}OCVXXI| X* IT) waa obtained (0»99 g#) $ 

m.p. 22Ô-231®.

The 8HK>unto o f the dliaethiodide (vüCEX) , the 
hvdrledlde o f the mooeaethl^M e . the bmee (î OQCC) #and the
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monomethiodide (XXVIII, X" “ X**) f is o la te d  in  the pure s ta te

above, are equivalent to 92% of the crude mirture of

methiodideB from the tetrahydrom eth ine. , , f :

PficomoaitiiQa q î  ( a)- ]\\\imÂthlmâïÂ# fXXX] . T  ~ j

A so lu tio n  of the s a l t  as the hydriodide (90 mge) 

in  d ie th y l ketone (4 CeC#) was heated in  a ba th  a t  100-*110^ 

fo r  3 hours I a slow stream  o f n itrogen  being passed thi^ugh 

th e  so lu tion  and then through a tra p  contain ing  d ilu te  

hydrochloric a c id . The con ten ts o f the  tra p  were evaporated 

to  d iy n ess , and the small c ry s ta l l in e  residue was id e n tif ie d  

as trim ethylam ine hydrochloride by conversion to  the p ic ra te  

in  the usual manner (9 mg., m.p. and mixed m.p. 216-218®).

The d ie th y l ketone so lu tio n  was evaporated under reduced ||j j |

p re ssu re , and the  residue was d isso lved  in  acetone (4 c .c .)
» .

and water (2 c .c . )  • By evaporation under reduced pressu re  !:f|

the acetone v/as removed, leav ing  the  product as a gum from ’ ' J -

Which the water warn decanted . The gum was d isso lved  in  a  f  î i
% .

l i t t l e  alcohol and the so lu tio n  poured in to  aqueous sodium !
< f .  '' '[ i"

hydroxide. The lib e ra te d  base was iso la te d  by thorough i
,1 '

ex tra c tio n  w ith e th e r ;  on evapora tion , the  base (64 mg.; '•
/'ii I

1 0 0 "/) remained as a c le a r  yellow gum, which was ch a rac te rised  

by conversion to  the p erch lo ra te  o f the base (IXXI), by the  

procedure used in  previous cases (64 m g.), m.p. and mixed m.p. 

128-130®. The base was recovered i'rom a p o rtio n  o f the , !
I-"'/p e rc h lo ra te  by ijilj!

- . '..h
   ,  .  : - /  -  .  .    . _________



-  U 0 2  -

perc lilo rü fte  by suspending i t  in  vfarm aqueous sodium h y d ro x id e , 

and e x tr je tin ^ ^  fo u r  t i o e s  w ith  e th e r*  A fte v  d ry in g  and 

e v a p o ra tin g  th e  e t h e r |  th e  re c o v e re d  b ase  was h e a te d  under 

r e f lu x  f o r  4  lire*  w ith  m ethyl io d id e  (0 .5  c . c . )  md aqueous 

sodium ca rb o n a te  (2 c . c . ) .  The e x c e ss  o f  m ethyl io d id e  was 

th e n  e v ^ o r a t e d ,  md th e  aqueous l a y e r  deccm ted from  th e  itmaay 

I>roduct. T h is  gum was d is so lv e d  In  th e  minimum volume o f  h o t  

e th a n o l 9 th e  s o lu t io n  poured in to  th e  aqueous 1  uyer d ecan ted  

above I and b a s ic  su b s tan ces  m re  removed by tw ic e  w ith

e t h e r .  Three e x t r a c t io n s  o f  th e  aqueous s o lu t io n  w ith  

ch lo ro fo rm  removed th e  qua te rn ary  s u b s ta n c e s , # i i c h  \w re  

reco v e red  by e v a p o ra tio n  o f  th e  ch lo ro fo rm  u n d er reduced  

p r e s s u r e .  Tvjo c r y s t  i i l i s a t i o n e  o f  th e   ̂ro d u c t fi*om ace tone  

y ie ld e d  tiie  pu re  m eth iodide (XXVIII, XT » I* )  m .p . £30-231^ , 

a lone  amd in  adi:iixture w ith  an a u th e n t ic  sqeeim en.

In  an experim ent c r r r ie d  o u t on a  l a r g e r  s c a le ,  th e  

m ctiiiod ide (XXX), a s  th e  h y d rio d id e  (14 .46  g . ) , was h e a te d  a s  

above in  m ethyl p ro p y l ketone (300 c . c . ) .  The p ro d u c t was 

worked up by e s s e n t i a l l y  the  same q rocedu re  a s  t h a t  u sed  on 

tlie  sm all s c a le ,  t o  y ie ld  a y e llo w  b a s ic  gum (8 .5 3  g . ) , \vhich 

was conv erted  to  th e  p e r c h lo r a te .  C r y s t a l l i s a t i o n  from  

aqueous cacetone ad'forded th e  q>erchlorate o f  th e  base  (XXXI),  

(9 .6 3  g . ) , m .p . 131-133°, to g e th e r  w ith  a  ^ c o n d  crop  (0 .2 0  g . ) , 

m .p . 129 -130°. T o ta l  y ie ld  was 9 .8 3  g .  « 9 0 ^ .

/ '- 'i-ec i-ic
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s en tflf t r o ta t io n  of des^N( a)
]:GrclilQrate (Perchlora-ue o f XXXI).

The p e rc h lo ra te , o f m .p. 131-133®, was d ried  in
_  •  '

vacuo over phosphoric oxide a t 78® fo r  3 h rs  • ; p rev ious

analyses (40) had shown th a t  t h i s  trea tm en t produces the

monohvdrate.

1 » 4 dm. c = 3 .492 . »+2.61®. Solvent « Acetone.

[«■]' » 4- 18.7° -  0 .2 ° .

Prei a ra tlo n  o f des-K(a)-emfitinehexalivdrooK!tiilne (X Ll).

i>es-N(a)-ei2etin e te trah y d ro m eth in e  (XXXI; 4 .37 f^.) , 

recovered as above from th e  p e rc l i lo ra te , was d isso lv ed  in  

g la c ia l  a c e tic  ac id  (30 c . c . ) ,  which had been d i s t i l l e d  from 

a chromic a c id . This so lu tio n  was shaken in  th e  presence o f 

p la t in ic  oxide (100 mg.) w ith hydrogen a t  17®/746 m.m.

Reduction ceased a f te r  20 m in e ., when 1.04 mol. o f hydrogen 

had been absorbed. A fte r  f i l t e r i n g  o f f  the  c a ta ly s t  

( " F i l te r c e l" )  and washing i t  w ith  a c e tic  a c id , the  so lu tio n  

was evaporated to  dryness under reduced p re ss u re . The re s id u e  

was d isso lv ed  in  w ate r, aqueous sodium hydroxide was added 

u n t i l  th e  so lu tio n  was lilk a lin e  to  phenol p h th a le in , and th e  

l ib e ra te d  base was e x tra c te d  v/ith fo u r p o rtio n s  o f e th e r .  

Evaporation o f th e  d rie d  e th e r  so lu tio n  l e f t  a c le a r  gum 

(XLI5 4 .38  g .)  , which c r j^ c ta llise d  from 4C-60® p e tro l  as 

r o s e t te s  of c o lo u rle ss  need les (3 .96 g .)  m .p. 78-79.5®. A 

sample was d i s t i l l e d  a t 140® (bath)/2xlO ~^ m.m. and the

/ d i s t i l l a t e
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d i s t i l l a t e  was c r y s t a l l i s e d  from  40-60® p e tro l*  A f te r  

d ry in g  a t  56® f o r  1 h r*  over phosp h o ric  oxide in  a  vacuum, 

th e  p ro d u c t, m.p* 79-80*6®, was an a ly se d .

Found C, 7 4 * 4 5 5  H, 9 .6 ;  N , 3*06, 2 .95*

030114504^1  r e q u ir e s  C, 74*47; H, 9*40; N, 2 .9*

o;: deg-N ( a)-om ctinehexahvdrom ethine m eth io d id e
( Ü 1 1 ) ,
(a ) From dca-W faW em etlnatetrtd ivdrom eth ine m a th o ch ln r id e
( i ^ v x i i ,  y r  •  C l" ) .

The co rrespond ing  m eth iod ide  (XXVIII, »  I " ;

4 .7 9  g . )  was s t i r r e d  in  waim 50f aqueous e th a n o l (300 c * c .)  

w ith  f r e s h ly  p r e c ip i t a t e d  s i l v e r  c h lo r id e  (from  4 .6  g* o f  

s i l v e r  n i t r a t e )  f o r  1 ^  h o u rs . A f te r  f i l t e r i n g  ( " P i l t e r c e l " ) , 

th e  s o lu t io n  was co n c en tra ted  under reduced  p re s s u re  u n t i l  

f r e e  from  a lc o h o l ,  and p l a t i n i c  ox ide (0 * 1  g .)  was added*

The su sp en sio n  was shaken w ith  hydrogen a t  18®/754 m*m*, and 

a b so rp tio n  o f  hydrogen ( 1 .0 0  m o l.)  was com plete in  80 ra ins. 

S ince th e  c a t a ly s t  had become p a r t i a l l y  c o l l o id a l ,  th e  

s o lu t io n  was a c id i f i e d  to  b r in g  about c o a g u la tio n , and th e  

p la tin u m  was th e n  f i l t e r e d  o f f  ( " F l l t e r c e l " ) . The f i l t r a t e

was c o n c e n tra te d  to  ICO c.c* u n d e r reduced  p r e s s u r e ,  and th e  

m eth iod ide  (XLII) was p r e c ip i t a te d  by th e  a d d it io n  o f  p o ta ss iu m  

io d id e  (4  g .)  in  a l i t t l e  w a te r . I t  c r y s t a l l i s e d  from  aqueous 

e th a n o l as p a le  yellow  sh o rt p r is m s , which were wabhed w ith  

th e  so lv e n t m ix tu re  and d ried  (4 ,4 3  g .)  m.p* 126-129®. A 

p o r t io n  o f th e  p ro d u c t was d r ie d  a t  1 1 0 ® in  a  vacuum o v er

/p h o sp h o ric
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p h o sp h o ric  oxide f o r  3 h r s * , and th e n  r e c r y s t a l l i s e d  from

d ry  a c e to n e , to  y ie ld  c o lo u r le s s  sh o r t  p rism s m.p* 169-170®.

A sample o f  t h i s  m ethiodide was r e d r ie d  a t  110® to  g iv e  th e  
t

MonohyüralG .

F oundf C, 5 8 . 0 5  H, 7 .7 ;  L oss  118®, 2 .6 .

C3 1 H4 8 O4 KI*H2 0  r e q u i r e s  C, 5 7 .8 ;  H, 7 .8 ;  HgP, 2 . 8 .

Found in  anhydrous substance C, 5 9 .1 ;  H, 7 .6 ;  K, 2 .1  

0 3 1 ^4 9 0 4 ^  r e q u i r e s  C, 5 9 ,4 ;  K, 7 .7 ;  N, 2 .2

(b) Frm,.dfi.8 -N( a ) -u a a t

T h is  base  (106 mg.) was d is so lv e d  in  m ethyl a lc o h o l 

( 1  c . c . ) , and m ethyl iod ide  ( 2  c . c . ) ,  and was h e a te d  under

r e f lu x  f o r  12 h o u rs . The m ethyl a lco h o l and ex c ess  o f

m ethyl io d id e  were th e n  e v a p o ra ted , and th e  r e s id u e  d is s o lv e d  

in  th e  minimum q u a n ti ty  o f h o t e th a n o l .  By p o u rin g  t h i s  

s o lu t io n  in to  aqueous sodium hydrox ide and e x t r a c t in g  t h r i c e  

w ith  e t h e r ,  a  t r a c e  o f b a s ic  m a te r ia l  was rem oved. The 

aqueous s o lu t io n  was then  e x tra c te d  th r i c e  w ith  ch lo ro fo rm , 

th e  th r e e  p o r t io n s  were combined, and v/ere washed once w ith  

w a te r . A f te r  b e in g  d r ie d , th e  ch loroform  was ev a p o ra ted  

under reduced  p r e s s u r e ,  to  leav e  a c o lo u r le s s  r e s i n  (137 m g .) . 

I t  was c r y s t a l l i s e d  from aqueous e th a n o l ,  washed w ith  t h i s  

s o lv e n t m ix tu re , and d r ie d  (132 m g.) m .p. 123-125®. T h is

/p ro d u c t
t

T h is  saxnple was p repared  by D r. II.T . Openshaw.
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p ro d u c t was d r ie d  a t  1 0 0 ® over phosphoric  ox ide  in  a vacuum 

f o r  2 h r s * ,  and th e n  a t  110® under th e se  c o n d i t io n s  f o r  3 

hours*  R e c r y s ta l l i s a t io n  o f  th e  d r ie d  saznple from  d ry  

ace tone  a f fo rd e d  th e  monohydrate o f (XLII) m.p* 169-170®, 

a lone  and in  adm ixture w ith  th e  p roduc t from  (a )  above.

Ilofmami d e g r ^ a t i o n  o f  des-N ( a)

T h is  s a l t  (4 .0 6  g .)  was s t i iT e d  in  warm 60% aqueous 

e th a n o l (100 c . c . )  v /ith  f r e s h ly  p r e c ip i t a te d  s i l v e r  ox ide 

(from  2 g . o f  s i l v e r  n i t r a t e )  fo r  45 mins* The s o l id s  were 

removed by f i l t r a t i o n  ( " F i l t ^ r c e l ”) , and th e  c l e a r  s o lu t io n ,  

shown to  be f r e e  from  io d id e  io n , v/as e v a p o ra ted  t o  d ry n e ss  

u nder red u ced  p re s s u re .  The re s id u e  was h e a te d  a t  100® f o r  

i j  h r s .  u n d er lo  m.m. p re s s u re ,  and th e  gum so o b ta in e d , 

p a r t i t i o n e d  betw een w ater and e th e r ;  i t  v/;is n o t  co m p le te ly  

so lu b le  in  e i t h e r  so lv e n t alone* A f te r  e x t r a c t in g  th e  aqueous 

l a y e r  once w ith  e th e r ,  i t  was evapora ted  t o  d ry n e s s ,  and th e  

re s id u e  was h e a te d  as above* The p ro d u c t was ag a in  

p a r t i t i o n e d  betw een w ate r and o th e r ,  and in  t h i s  ca se  th e  

aqueous l a y e r  was e x tra c te d  t l i r ic e  w ith  e t h e r .  A ll  th e  e th e r  

s o lu t io n s  were combined, d r i e d , and ev a p o ra ted  to  a f fo rd  a  ' 

c l e a r ,  ye llow  gum (3 .4 3  g . ) .

T h is  gum was t r e a te d  w ith  N h y d ro c h lo r ic  a c id  

(7 .5  c * c .)  and s u f f i c i e n t  w ater was added t o  d is s o lv e  th e  s a l t .

/E x t r a c t io n
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E x tra c t io n  tw ice  w ith  e th e r  removed a crude  brown i i a u t r a l  gum ‘ 

(97 m ? .) | v&iich was n o t f u r th e r  exam ined. The aqueous s o lu t io n  

was made a lk a l in e  to  phenol p h th a le in  w ith  sodium h y d ro x id e , 

and th e  l i b e r a t e d  b ase  taken  up by e x t r a c t io n  w ith  fo u r  

p o r t io n s  o f  e t h e r ,  washing each  e th e r e a l  l a y e r  once w ith  w a te r . 

E v a io ra tio n  o f  th e  combined d r ie d  e th e r  s o lu t io n s ,  l e f t ,  a  

ye llow  gum (2 .7 6  g . ;  "b asic  f r a c t i o n " ) . The aqueous s o lu t io n ,  

a f t e r  e th e r  e x t r a c t io n ,  was shaken w ith  fo u r  p o r t io n s  o f  

ch lo ro fo rm , th e  combined o rg a n ic  la y e r s  b e in g  washed once w ith  

w a te r , and th e n  d r ie d .  Removal o f  th e  ch lo ro fo rm  under 

reduced  p re s s u re  l e f t  a crude brown gum (0 .3 2 2  g .5  "ch lo ro fo rm  

e x t r a c t " ) •

The b a s ic  f r a c t io n  was d i s t i l l e d  a t  156-160^ ( b a th ) /  

6 x1 0 "^  m.m. to  g iv e  a c le a r ,  p a le  y e llo w , v is c o u s  gum, vAiich 

Was d is so lv e d  in  eth rm ol and p i c r i c  a c id  (1 .2 7  g .  ; 1 e q u iv .)  

was added . The p r e c ip i ta te d  s o l id  was r e d is s o lv e d  by h e a t in g  

and adding  moi*e e th a n o l;  on c o o lin g  th e  p i c r a t e  o f  d e s - î î ( a ) -  

em etinehexahvdrob is i iiethine (XLIV) s e p a ra te d  a s  r o s e t t e s  o f  

go lden  y e llow  n e e d le s  (3 .46  g . ;  74 0  m .p . 158-159®, a f t e r

s l i g h t  s i n t e r i n g .  Repeated r e c r y s t a l l i s a t i o n  from  e th a n o l 

r a i s e d  th e  m .p . to  169—160®, and th e  s a s ^ le  f o r  a n a ly s is  was 

d r ie d  a t  1 0 0 ® o v er phosphoric ox id e  f o r  2 h r s .  in  a  vacuum.

/Found:
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Found: C, 6 0 ,9 ; H, 6 .9 ;  N , 7 .6 ,

C33 Ĥ4 ?C4 Î î r e qui r e s  C, 6 1 ,1 4 ; H, 6 .9 4 ; N , 7 ,7 1 . 

The b a se  (XLÏV) v;as re co v e re d  by suspend ing  th e  

p i c r a te  (1 ,^ 2 3  g .)  in  aqueous sodium h y d ro x id e , and e x t r a c t in g  

w ith  fo u r  p o r t io n s  o f e th e r  ( 2 0 0  c . c ,  e a c h ) ;  t h i s  tr e a tm e n t  

e x t r a c te d  some p i c r i c  ac id  from  th e  aqueous s o lu t io n .  A f te r

c o n c e n tra t in g  th e  e th e r  to  2 0 0  c . c . ,  i t  was shaken fo u r  tim es

w ith  2 0 ^̂  aqueous sodium hydrox ide ( 1 0  c . c ,  p o r t io n s )  to  remove 

p i c r i c  su;i d ,  washed once w ith  w a te r ,  and th e n  d r i e d .

E v ap o ra tio n  o f  th e  e th e r  y ie ld e d  th e  base (XLIV) as  a  c l e a r  

ium (0 ,8 4  g , ;  100%). A p o r t io n  was d i s t i l l e d  a t  150® ( b a th ) /

10*^ m.m, f o r  a b so rp tio n  spectrum  m easurem ents (p ,  9 0 ) and f o r  

a n a ly s i s .

Found; C, 7 4 .6 ,  7 4 ,9 ;  H, 9 ,4 ,  9 .1 ;  N , 3 ,0 ,

C3 1 H4 7 0 4 TÎ r e q u ir e s  C, 7 4 .7 6 ; H, 9 .6 3 ;  N , 2 ,8 2 ,

The ch lo ro fo rm  e x t r a c t  above was p a r t i t i o n e d  betw een 

w ate r and e th e r ,  and th e  e th e r  s o lu t io n ,  a f t e r  b e in g  d r ie d  and 

e v a p o ra te d , l e f t  a  brown gum (0 ,2 4 4  g , ) , D i s t i l l a t i o n  a t  

140-150® (b a th ) /5x10"^  m.m. a i 'fo rd ed  a c l e a r ,  ye llow  gum 

(0 , 2 2 1  g . ) ,  v ^ ich  was d is so lv e d  in  e th a n o l ,  :md p i c r i c  a c id  

(0 ,102  g , ; 1 e q u iv .)  was added t o  i t .  Only a  l i t t l e  (26 mg.) 

o f  th e  p i c r a te  o f  (XLIV) s e p a ra te d , t h i s  b e in g , washed w ith  

e th a n o l and d r ie d ,  m .p . 154-156^, a f t e r  p re v io u s  s i n t e r i n g .

The m other l iq u o r  was c o n c e n tra te d  and poured  in to  d i l u t e  

h y d ro c h lo r ic  a c id ;  th re e  e x t r a c t io n s  o f  t h i s  s o lu t io n  w ith

/ e t h e r
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e th e r  removed th e  n e u t r a l  m a tte r  and most o f  th e  p i c r i c  a c id ,  

i^kfter making th e  aqueous s o lu t io n  a lk a l in e  to  pheno l p h th a le in  

w ith  sodium h y d ro x id e , th e  h a s e s  ( 1 0  mg.) were e x t r a c te d  by 

fo u r  p o r t io n s  o f  e th e r  fo llow ed  by fo u r  p o r t io n s  o f  ch lo ro fo rm . 

The e th e r  s o lu t io n  co n ta in in g  th e  n e u t r a l  m a tte r  was f r e e d  from  

p i c r i c  a c id  by b e in g  shaken w ith  fo u r  p o r t io n s  (15 c . c .  each) 

o f  30% aqueous sodium h y d ro x id e , and th e n  once w ith  w a te r .

T h is  tre a tm e n t gave a  c o lo u r le s s  s o lu t io n  ^Vhich was d r i e d ,  and 

th e  e th e r  d i s t i l l e d  to  leave a p a le  y e llo w , n e u t r a l  gnm 

(0 .1 9 8  g * ) j  aqueous potassium  perm anganate r a p id ly  o x id is e d  

t h i s  p ro d u c t in  s t a b i l i s e d  a c e to n e . The gum was h e a te d  a t  

80-100® (b a th ) /4 x l0 “*® m.m. in  a  s h o r t -p a th  d i s t i l l a t i o n  

a p p a ra tu s  to  remove any m odera te ly  v o l a t i l e  p ro d u c ts ;  o n ly  a

v e ry  sm all q u a n ti ty  d i s t i l l e d ,  and t h i s  was r e j e c t e d .

D i s t i l l a t i o n  was con tinued  a t  150-160® (b a th )/4 x lO ~ ^  m.m. to  

y ie ld  a  p a le  ye llow  gum, Wjtiich was r e d i s t i l l e d  a t  150® ( b a th ) /  

3x10**^ m.m. f o r  abso ip ;tion  spectrum  m easurem ents (p .  90 ) and 

a n a ly s i s .

Found; C, 7 6 .9 ; H, 9 .0 ;  N , None.

(XLV) re q u ire s  C , 7 6 .9 3 ; H, 8 .9 3 ;  N , None.

Two m icro -h y d ro g en a tio n s o f  t h i s  n e u t r a l  m a tte r  were 

c a r r ie d  ou t a t  room te n p e ra tu re  and p r e s s u r e ,  i n  p u re  e th a n o l 

u s in g  p l a t i n i c  oxide c a ta ly s t .  The f i r s t  sample absorbed 

0 .8 3  m ol. o f  hydrogen , and th e  second sam ple, 1 .3 8  m o l.;  i t

/seem s p ro b a b le
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seems p ro b ab le  t h a t  th e  n e u t r a l  substan ce  i s  n o t homogeneous.

The m other l iq u o r s  from  th e  p re p a ra t io n  o f  th e  

p i c r a te  o f  th e  hexahydrohlgm ethine (XLIV) were c o n c e n tra te d  | 

poured  in to  aqueous sodium h y d ro x id e , and th e  su sp en sio n  was 

shaken w ith  fo u r  p o r t io n s  (100 c .c« each) o f  e t h e r .  P i c r i c  

a c id  was removed from th e  combined e th e r  s o lu t io n  by b e in g  

shaken w ith  fo u r  l o t s  (15 c .c .  each) o f  2 0 :̂ aqueous sodium 

h y d ro x id e , and once w ith  w a te r . The eth? r  s o lu t io n  was shaken 

w ith  K h y d ro c h lo r ic  a c id  (1x20 c . c . , 3x10 c . c . ) , and a f t e r  

shak ing  th e  combined a c id  s o lu t io n s  once w ith  e t h e r ,  th e  e th e r  

s o lu t io n s  were com bined, washed once w ith  w a te r , and d r i e d .

On e v a p o ra tio n , a  yellow -brow n, n e u t r a l  gum rem ained (101 ra g .) . 

The a c id  s o lu t io n  was made a lk a l in e  to  pheno l p h th a le in  w ith  

sodium h y d ro x id e , and th e  b a s ic  m a t te r ,  a c l e a r ,  ye llow  gum 

(250 m g .) , was e x tr a c te d  w ith  fo u r  p o r t io n s  o f  e th e r  in  th e  

u su a l f a s h io n . A p o r t io n  (31 rag.) was co n v e rted  to  th e  

p i c r a t e ,  by b e in g  t r e a te d  w ith  p i c r i c  a c id  (16 rag. 1  e q u iv .)  

in  e th a n o l ,  b u t c r y s t a l l i s a t i o n  cou ld  n o t be in d u ced , even on 

seed in g  w ith  th e  p ic r a te  o f (XLIV), The r e s t  o f  th e  b a s ic  

m a tte r  g ra d u a lly  c r y s t a l l i s e d ,  and th e  s o l id  was found to  be 

very  so lu b le  in  a c e to n e , e th e r ,  and e th y l  a c e t a t e .  I t  was 

p o s s ib le  to  r e c r y s t a l l i s e  i t  from  40-60® p e t r o l  (c h a rc o a l)  to  

y ie ld  f e a th e ry  n e e d le s , ^^lich were washed w ith  p e t r o l  and 

d r ie d  (110 m g .) , m .p. 75-76®. A p o r t io n  was d i s t i l l e d  a t  

1 2 0 ® (b a th ) /lC " ^  m.ra. and th e  d i s t i l l a t e  was c r y s t a l l i s e d  from

/40-60®  p e t r o l .
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40-60® p e t r o l  I washed w ith  t h i s  s o lv e n t ,  and d r i e d ,  m .p . 78 - 

79.5® ; in  adm ixture w ith  des-K (a)-em etinehexahydrom eth ine 

(XLI) m .p . 79-80.5® p re p a red  above, th e  m .p . was 79-80® .

 a filh  ( a) (^Oiiv)

The pu re  b ase  was recovered  from th e  p i c r a t e  as  

d e s c r ib e d  above, and th e  £ura so o b ta in e d , was d i s t i l l e d  a t  

150® (b a th ) /2 x l0 * ^  m.m. ; th e  fo llo w in g  in v e s t ig a t io n s  were 

c a r r ie d  o u t upon th e  d i s t i l l a t e .

a) liicro-hydrofr g a d tig a g  *

\it^ 2 0 .2  mg. S o lven t*5  c# c .g lac ia l a c e t ic  a c id .C a ta ly s t» 2 0 m g , PtC^.

Uptake o f  hydrogen * 1 .0 2  c .c .  a t  16® and 754 m.m.( 1 .0 4  m ol.) 

T h is  up take  was coaç>lete in  2 0  m ins. and th e n  v e ry  slow  s te a d y  

a b s o rp tio n  o f  hydrogen o ccu rred , due to  a t t a c k  a t  th e  benzene 

n u c l e i .  I t  was known t h a t  benzene n u c le i  a re  reduced  by ‘

sarajjle o f  c a t a l y s t ,  from  th e  r e s u l t  o f  a re d u c tio n  o f  cinnam ic 

a c id  (2 9 .0  mg.) in  e th a n o l ( 6  c . c . )  c a r r ie d  o u t p re v io u s ly .

The up take  o f  hydrogen was complete in  7 h r s .  (1 8 .9 9  c . c . ;

4 .0 2  m o l . ) ,  th e  f i r s t  m o lecu lar p ro p o rtio n  b e in g  abso rbed  in  

16 m ins. The s o lu t io n  o f  the re d u c tio n  p ro d u c t was f i l t e r e d ,  

ev a p o ra ted  to  d ry n e ss , and the  re s id u e  d i s t i l l e d  a t  IOC® (b a th )

/ 0 .9  m.m. to  y ie ld  an o i l  n ^  -  1 .4642 ; Z e lin sk y  (43) g iv e s
2.0

Hj, » 1 .4634 f o r  2 - cyclohexylpyopion io  a c id .

b) S u e c lf lc  r o t a t i o n .

1 = 2 dm. C = 3 .1 9 4 . s + 0 .3 3 ® . S o lv en t = E th a n o l.
r  1^0M  a -(-5.20 Î  0 .3 0 ,
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c) ü l a b l i i t y  o,?; .

Tlie base  (123 mg.) was d is so lv e d  in  a l k a l i - f r e e  

e th e r  (5  c . c . ) ,  and ex cess  o f  m ethyl io d id e  (0 .5  c . c . )  was 

added. A f te r  94 h r s .  a t  room te m p e ra tu re , th e  amorphous 

m eth iod ide was c o l le c te d  and washed w e ll w ith  e th e r  (154 mg. ; 

98^»). A ttem pts to  c r y s t a l l i s e  t h i s  s a l t  from  a lc o h o l ,  a c e to n e , 

and e th y le n e  d ic h lo r id e  were a b o r t iv e .  A p o r t io n  o f  th e  

m eth iod ide (85 mg.) was h ea te d  under r e f lu x  w ith  w a te r (10 c . c . )  

f o r  3 h r s . , w h i ls t  n i t ro g e n  was passed* th rough  th e  s o lu t io n  and 

in to  a t r a p  c o n ta in in g  d i l u t e  h y d ro c h lo r ic  a c id  ( 1 0  c . c . ) . 

ilie  m e th io d id e , vAilch had d is so lv e d  in  th e  h o t  w a te r , se p a ra te d  

on c o o lin g , and th e  su sp en sio n  was e x tra c te d  t h r i c e  w ith  e th e r .  

A f te r  w ashing th e  e th e r  s o lu t io n  once w ith  w a te r , i t  was d r ie d  

and ev ap o ra ted  to  leav e  on ly  a t r a c e  o f  red-brow n gum ( 2  m g .) . 

The a c id  from  th e  t r a p  was evap o ra ted  to  d ry n e s s , and th e  

re s id u e  t e s t e d  f o r  tr im e th y la m in e  h y d ro c h lo rid e  in  th e  manner 

a lre a d y  d e s c r ib e d ;  i t  was found to  be a b s e n t. 

qX O -m etliv leufeno l ( c f .  29) .

The p u r i ty  o f  th e  eugenol employed was shown to  be 

h ig h , by i t s  r e f r a c t i v e  in d e x , n ^ , b e in g  1 .5432 (44 g iv e s  

n^^» 1 .5 4 3 9 ) , and by th e  m .p . o f  i t s  benzoyl d e r iv a t iv e  b e in g  

6 7 - 6 8 0 , unchanged by one r e c r y s t a l l i s a t i o n  from  aqueous e th a n o l 

(45 g iv e s  6 9 . 6 0 ) ^

Eugenol (82 g .)  was weighed in to  a f l a s k  f i t t e d  w ith

/ s t i r r e r ,
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s t i r r e r ,  two d ropp ing  fu n n e ls ,  and a r e f lu x  co n d e n se r, and 

h e a te d  on th e  steam  b a th  to  c a .  80® • % ith v ig o ro u s  s t i r r i n g ,  

a s o lu t io n  o f po tassium  hydrox ide (42 g . ,  1 .5  m oles) in  75 c . c . 

o f  w a te r was ru n  in  g ra d u a lly , so "üiat th e  # io le  a d d it io n  took  

00 m ins. About 00 s e c s , a f t e r  th e  a d d it io n  o f  p o tassiu m  

h yd rox ide  had been s t a r t e d ,  d im ethy l su lp h a te  (60 c . c .  ■ 79 g . , 

1 .2 6  m oles) was g ra d u a lly  added , a t  such a r a t e  t h a t  i t  was 

n e a r ly  f in is h e d  when a l l  th e  a l k a l i  had been added . B efore 

u s e ,  th e  d im ethy l su lp h a te  had been shaken w ith  ic e -w a te r  

(60 c . c . ) , and th e n  v /ith  co ld  s a tu ra te d  sodium b ic a rb o n a te  

s o lu t io n  (20 c . c . ) . A f te r  th e  r e a c ta n t s  had been added, th e  

h e a tin g  and s t i a r i n g  were con tin u ed  fo r  a  f u r th e r  15 m in s .,  

when th e  r e a c t io n  m ix tu re  was c o o le d . The aqueous la y e r  was 

made s tro n g ly  a lk a l in e  to  l i tm u s  by adding d i l u t e  sodium 

h y d ro x id e , and th e  two la y e r s  were shaken to g e th e r .  A f te r  

d i l u t i n g  th e  o rg a n ic  la y e r  w ith  a  l i t t l e  e t h e r ,  i t  was 

s e p a ra te d  and sliaken tw ice  w ith  d i l u te  sodium hydrox ide 

s o lu t io n  to  remove p h e n o ls . The aqueous s o lu t io n  was 

e x t r a c te d  t l i r i c e  w ith  e th e r ,  shak ing  th e  coribined o rg an ic  

s o lu t io n s  w ith  d i lu te  sodium hydrox ide ; th e  e th e r  s o lu t io n  

was th e n  d r ie d  and ev a p o ra ted . D i s t i l l a t i o n  o f  th e  re s id u e  

under reduced  p re ss u re  th rough  a s h o r t  colum n, y ie ld e d  pu re  

O -m ethyleugenol (83 .6  g . ,  94%.) b .p .  131.5-130® a t  14 m.m. 

n!^^a 1 .5 3 6 . (47 g iv e s  n^ * 1 .5 3 8 3 , n^° » 1 .5 3 2 ) .

/iiz lûaX iaxx
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Q x id a tio n  o f  0 -m e th v leu ren o l ( c f .  3 0 ) .

0 -iae thy leu£eno l (11 .46  g .)  wae s t i r r e d  v ig o ro u s ly  

w ith  w a te r (lOG c . c . )  below 5®, u n t i l  a  c o a rse  em ulsion  form ed. 

Aqueous p o tassiu m  perm anganate ( 6 . 8  g . in  700 c . c . , e q u iv . to  

one atom o f oxygen) coo led  to  below 1 0 ^ ,  was th e n  added d rop - 

wise over l i r s . ,  and a t  th e  end o f  t h i s  p e r io d  th e  r e a c t io n  ' 

m ix tu re  was h e a te d  to  coag u la te  th e  manganese d io x id e . The 

s o lu t io n  was f i l t e r e d  ( " F i l t e r c e l " ) , w ashing th e  cake tw ice  

w ith  h o t w a te r , to  g ive  a  f i l t r a t e  c o n ta in in g  a l i t t l e  

suspended o i l .  F in a l ly  th e  n;anganese d io x id e  was washed w ith  

4 X 60 c . c .  p o r t io n s  o f  b o i l in g  e th a n o l ,  th e  w ashings b e in g  

ev ap o ra ted  to  low b u lk  b e fo re  th ey  were added to  th e  main 

s o lu t io n ;  t h i s  was th e n  co n ce iitra tcd  under red u ced  p re s s u re  

to  i*emove th e  a lc o h o l .  A fte r  a c id ify in g  th e  s o lu t io n  to  

Congo Red w ith  d i l u t e  h y d ro c h lo ric  a c id ,  i t  was ev ap o ra ted  to  

d ry n ess  under reduced  p re s s u re ;  th e  d i s t i l l a t e  co n ta in e d  

suspended o i l  and was th e re fo re  reserved*

The d ry  re s id u e  was e x tra c te d  \ ^ t h  e th e r  e th a n o l ,  

ind f i n a l l y  w ith  e th a n o l a lo n e , c o n c e n tra tin g  th e  e x t r a c t s  to  

n e a r  d ry n e ss  b e fo re  d i lu t in g  w ith  e th e r .  A c id ic  m a te r ia l  was 

th en  exi»racted by shaking tw ice  w ith  d i l u t e  sodium c a rb o n a te , 

t i l l s  aqueous a lk a l in e  la y e r  bo ing  e x tra c te d  f o u r  tim e s  w ith  

e th y l  a c e ta t e .  A f te r  d ry in g  th e  combined e th y l  a c e ta te  and 

e th e r  s o lu t io n s  above, th e  so lv e n ts  were ev ap o ra ted  under

/re d u c e d  p r e s s u r e .
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reduced  p r e s s u r e .  The v isc o u s  re s id u e  (5 .8 6  g . ) , on 

d i s t i l l a t i o n ,  a ffo rd ed  m ainly th e  f r a c t i o n  176-182® a t  0*35 

m.m. (4 .9  g .)  , Wiiich v/as c r y s t a l l i s e d  from  anhydrous e th e r  and 

washed w ith  t h i s  s o lv e n t .  The c o lo u r le s s  p rism s o f  th e  g ly c o l 

(L) , (4 .6 9  g . ,  55 /) roelted a t  69-70®. The g ly c o l v/as r e a d i ly  

so lu b le  in  co ld  e th y l  a c e t a t e ,  e th a n o l ,  a c e to n e , and w a te r , 

s p a r in g ly  so lu b le  in  co ld  e th e r ,  b u t r e a d i ly  so in  th e  h o t .

The aqueous d i s t i l l a t e  above, c o n ta in in g  th e  

suspended o i l  aiTorded unchanged O -m ethyleugenol (3 .7 0  g .)

b .p .  132-134®, 14 m.m. by e th e r  e x t r a c t io n  and d i s t i l l a t i o n .

The p e rcen tag e  y ie ld s  o f  th e  p ro d u c ts  a re  based  upon th e  

w eight o f  un recovered  O -taethy leugenol♦

Ih e n  th e  aqueous sodium ca rb o n a te  e x t r a c t  above v/as 

a c id i f i e d  to  Congo Red and e x tra c te d  t h r i c e  w ith  e th e r ,  a 

c r y s t a l l i n e  a c id  was o b ta in ed  (1 .114  g . ) . T h is  was 

r e c r y s t a i l i s e d  from a b s o u s  e th a n o l (c h a rc o a l)  , to  a f fo rd  

s l i g h t l y  o ff -w h ite  c r y s t a l s  (0 .991  g .)  m .p. 76-78®; th e  a c id  

was d r ie d  a t  56® over phosphoric  ox ide f o r  3 h r s .  in  vacuo , 

when th e  m .p. ro se  to  92-93®, and by one r e c r y s t a l l i s a t i o n  from 

e t h e r ,  th e  anhydrous a c id  (XLIX) was o b ta in ed  m .p . 96-97.5®

(48 g iv e s  98®),

C x id u tio n  o f des-TU a)-em fitine_tetrahydroTnethlne (XXXI) .

The base  (0 .8 9  g . ) , regenerated  from th e  pure 

X>erchloratG, was d isso lv ed  in  ace tone  (30 c . c . ) ,  and water 

(30 c . c . )  Was added. Tlie m ix tu re  v/as cooled  a t  0® and s t i r r e d

/W h ils t  aqueous
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w h ils t  a iueous barium  perm anganate (122 .5  c . c .  c o n ta in in g  4 

atom ic p ro p o r tio n s  o f oxygen) waB g ra d u a lly  added, th e  r a t e  

o f  a d d it io n  being  c o n tro l le d  so t h a t  no a p p re c ia b le  

c o n c e n tra tio n  o f  u n re ac ted  perm anganate was p re se rrt a t  any 

tim e . A f te r  th e  a d d it io n  o f  th e  f i i* s t  q u a r te r  o f  th e  

s o lu t io n  (16 m inu tes) a  f u r th e r  q u a n ti ty  o f  ace tone  ( 2 0  c . c . )  

was added to  m a in ta in  hom ogeneity . ih e  t o t a l  tim e o f  

a d d it io n  was 7 h o u rs . A f te r  s t i r r i n g  f o r  a  f u r t h e r  h o u r,

'Æen th e r e  rem ained no unchanged perm anganate , th e  m ix tu re  

was ren d ered  a lk a l in e  to  p h e n o lp h th a le in  by th e  a d d it io n  o f 

barium  h y d ro x id e . The manganese d io x id e  was c o a g u la te d  by 

h e a tin g  and removed by f i l t r a t i o n  ( " P i l t e r c e l " ) . The f i l t e r -  

cake was th o ro u g h ly  e x tr a c te d  w ith  b o i l in g  w a te r ( t o t a l ,  360 

c . c . ) '  and b o i l in g  a lco h o l (400 c . c . ) . The a lc o h o lic  e x t r a c t  

on ev a p o ra tio n  l e f t  on ly  a sm all r e s id u e ,  which was added to  

th e  conibined aqixjus s o lu t io n s .  A f te r  c o n c e n tra t in g  to  150 

C . C . ,  a smaJ-l q u a n ti ty  o f in s o lu b le  m a te r ia l  was removed by 

e x t r a c t in g  f iv e  tim e s  w ith  e th e r  ( t o t a l ,  600 c . c . )  ; e v a p o ra tio n  

o f  th e  d r ie d  e th e r  s o lu t io n  l e f t  a brown gum (0 .247  £ . ;

“n e u t r a l  and b a s ic  f r a c t i o n ”) .

The aqueous s o lu t io n  was ren d ered  a c id  to  Congo re d  

w ith  hydrochloiic a c id  and e x tr a c te d  s ix  tim e s  v/ith  e t h e r .  

E v ap o ra tio n  o f th e  e x t r a c t ,  f i n a l l y  under reduced  p r e s s u r e ,  

l e f t  a re s id u e  '//hich la r g e ly  c r y s t a l l i s e d  on c o o lin g . On

/ r e c r y s t a l l i s a t i o n  f^om
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r e c r y s t a l l i s a t i o n  from  h o t w ater c o lo u r le s s  n e e d le s  (1*24 %og.) 

were o b ta in e d , m .p. 142^ a i 't e r  s l i g h t  p re v io u s  s i n t e r in g .

Sm all a d d i t io n a l  amounts were o b ta in ed  from  th e  m other l iq u o r s  

by e v a p o ra tio n  and su b lim a tio n  o f  th e  re s id u e  in  a vacuum, and 

from  th e  ^ n e u tra l  and b a s ic  f r a c t i o n ” where th e  a c id  v/as 

p ro b ab ly  formed by a tm ospheric  o x id a tio n  o f  th e  r e la te d  

a ld eh y d e . The t o t a l  y ie ld  was 172 tng. (44 ) .  A f te r  f u r th e r

p u r i f i c a t i o n  by su b lim a tio n  a t  0 .0 5  mm. from  a  b a th  a t  80-90®,

th e  m .p. was 140 .6-141 .5® , undepressed  in  adm ixture w ith  

s y n th e t ic  6 - e th y lv e r a t r i c  a c id  (L Ï I Ï )  o f  th e  same m .p . B efore 

a n a ly s i s , th e  a c id  was again  c r y s t a l l i s e d  from  w ate r and 

r e  sub lim ed .

Found; C, 6 3 .1 ; K, 6 . 6 6 .

C ii% 4 0 4  r e q u ir e s  C, 6 2 .8 ; H, 6 .7 .

Tlio n e u t r a l  and b a s ic  f r a c t i o n  was d is s o lv e d  in  e th e r  

and shaken w ith  th r e e  p o r t io n s  o f O.Sî Î h y d ro c h lo r ic  a c id  

(SC c . c .  each) to  remove th e  b a s ic  s u b s ta n c e s . These were 

reco v e red  from th e  a c id  s o lu t io n ,  a f t e r  i t  had  been e x tr a c te d  

th r ic e  w ith  e th e r ,  by making i t  a lk a l in e  to  pheno l p h th a le in  

w ith  sodium hydrox ide and e x t r a c t in g  fo u r  tim e s  w ith  e th e r .

The d r ie d  e th e r  s o lu t io n ,  on e v a p o ra tio n , l e f t  a brown gum 

(20 m g .). The combined e th e r  s o lu t io n s  from  th e  a c id  

s o lu t io n  above were washed once w ith  w ate r and th e n  shaken 

tw ice  w ith  22f sodium ca rb o n a te  ( t o t a l ,  40 c . c . ) .  A f te r  

d ry in g  th e  e th e r  s o lu t io n ,  i t  was ev ap o ra ted  to  y ie ld  a  brown

/gum
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gum (180 m g.; " n e u tr a l  f r a c t i o n " ) .

The a c id s  were reco v e red  from th e  aqueous a lk a l in e  

e x tr - ic t  a s  a  brown s e m i- c r y s ta l l in e  mass (72 mg.) , by 

re n d e r in g  i t  a c id  to  Congo re d  w ith  h y d ro c h lo r ic  a c id  and 

th o ro u g h ly  e x t r a c t in g  w ith  e th e r .  T h is  p ro d u c t was h e a te d  in  

a su b lim a tio n  a p p a ra tu s  a t  7 0 -8 0 ^ /0 .0 5  m.ra. f o r  15 h r s . ,  when 

a w hite  c r y s t a l l i n e  sub lim ate  was o b ta in ed  (37 mg.) m .p. 139- 

140^, a lone and in  adm ixture w ith  s y n th e t ic  6 - e th y l  v e r a t r i c  

a c id .

A L assa lgne  t e s t  Was c a r r i e d  o u t on a  p o r t io n  o f  th e  

n e u t r a l  f r a c t io n  and n i t ro f  en was found to  be p r e s e n t .  The 

rem ain ing  m a te r ia l  ( 1 0 0  mg.) was d i s t i l l e d  in  a  m o lecu la r s t i l l |  

th i 'e e  f r a c t io n s  (12 m g.$ 4 rag .| 7 rag.) b e in g  c o l le c te d  a f t e r  

6  and 13 h r s .  r e s p e c t iv e ly ,  a t  70-75® ( b a th ) /0 .1  m .m ., and 

one f r a c t io n  (32 mg.) a f t e r  h r s .  a t  110-115® ( b a th ) /0 .05 m.ra.

The i*esidue d id  n o t d i s t i l .  These f r a c t io n s  were worked up

in  v a r io u s  s o lv e n ts ,  bu t no pure su b s tan ce s  cou ld  be i s o l a t e d .

C o n sid erab le  d i f f i c u l t y  was ex p e rien ced  when a tte m p ts  

were made to  i s o l a t e  th e  amino a c id  from  th e  r e a c t io n  m ix tu re .

À second o x id a tio n  was th e re fo re  c a r r ie d  o u t upon tlie  b ase  

(XXXI, 1 .5  g . ) ,  re p e a t in g  th e  p ro c e ss  d e sc r ib e d  above a s  f a r  

a s  th e  i s o l a t io n  o f  th e  n e u t r a l  and b a s ic  f r a c t i o n .  I t  was 

th e n  m odified  by adding su lp h u ric  ac id  to  th e  aqueous s o lu t io n  

from t h i s  f r a c t i o n  u n t i l  i t  was ac id  t o  Congo r e d .  The 

p r e c ip i t a te d  barium  su lp h a te  was d ig e s te d  a t  1 0 0 ® f o r  h r . ,

/a n d  removed
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and removed by f i l t r a t i o n  ( “F i l t e r c e l " )  |  w ashing th e  pad 

th o ro u g h ly  w ith  b o i l in g  w ate r (400 c . c .  in  a l l ) .  A f te r  

c o n c e n tra tin g  th e  c le a r  f i l t r a t e  t o  200 c . c .  under reduced  

p r e s s u r e ,  i t  was e x tra c te d  f iv e  tim es w ith  e th e r  ( t o t a l ,  6C0 

C . C . ) ,  each  e x t r a c t  b e in g  washed once w ith  w a te r . The 

combined e x t r a c t s  were d r ie d  and ev ap o ra ted  to  y ie ld  a  brown 

c r y s t a l l i n e  s o l id  (0 .362  g . ) , v/hich was examined f o r  6 - 

e th y  1 v e r a t r i c  a c id  in  th e  manner d e sc r ib e d  above.

The a c id  s o lu tio n  from  th e  l a s t  e th e r  e x t r a c t io n  was 

t i t r a t e d  w ith  d i lu te  barium  hydrox ide u n t i l  a  sample showed 

t h a t  a  s l i g h t  ex cess  o f  was p r e s e n t .  T h is  s o lu t io n  was 

th e n  f re e d  from  barium  su lp h a te  as  d e sc r ib e d  p re v io u s ly ,  and 

th e  f i l t r a t e  ev ap o ra ted  to  d ry n e ss  under reduced  p r e s s u i^ ,  to  

y ie ld  a  ye llow  r e s in  c o n ta in in g  a  l i t t l e  c r y s t a l l i n e  m a te r ia l ,
4 I

E s t é r i f i c a t i o n  o f  th e  crude ac id  was c a r r ie d  o u t by d is s o lv in g  

i t  in  a b so lu te  m ethanol (30 c . c . ) ,  adding c o n c e n tra te d  

su lp h u ric  a c id  (1 c . c . ) ,  and heating : under in f lu x  f o r  2 h r s .

The s o lu t io n  was then  poured in to  d ry  ch lo ro fo rm  (150 c . c . )  

and shaken w ith  d ry , f i n e ly  pov#dcred barium  hyd rox ide  (6  g .)  

f o r  10 m ins .5  th e  barium  hydroxide had been d r ie d  a t  150® in  

vacuo over phosphoric  oxide fo r  6 h r s .  A f te r  f i l t e r i n g  o f f  

tlie  s o l i d s ,  and washing th e  pad th o ro u g h ly  w ith  b o i l in g  

chJLoroforra ( t o t a l ,  200 c . c . ) ,  th e  f i l t r a t e  was ev a p o ra ted  to  

d ryness under reduced p re ssu re  t o  y ie ld  a y e llo w , b a s ic ­

sm e llin g  gum (0 .671  g . ) . T his was t r e a t e d  w ith  e th e r ,

/ f i l t e r i n g  to
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f i l t e r i n g  to  remove a  ll% ,tle  in so lu b le  m a t te r ,  and th e  

s o lu t io n  e v a p o ra ted  to  dx’yness in  a s h o r t -p a th  d i s t i l l a t i o n  

a p p a ra tu s . By d i s t i l l a t i o n  a t  100-110® (b a th ) /2 x l0 " ’^ m ,m ., 

a  cleai^ , p a le  yellow  gum (577 mg.) was o b ta in e d .

A p o r t io n  o f t h i s  p ro d u c t was shown to  r e s i s t  

h y d ro ly s is  by b e in g  h ea ted  w ith  excess w a te r under r e f lu x  f o r  

16 h o u rs . A ll  th e  e s t e r  was th e r e fo re  combined and h e a te d  

u nder r e f lu x  f o r  6 h r s .  w ith  0.1IÎ aqueous barium  hydrox ide  

(20 c . c . ) . The e x a c t e q u iv a le n t o f 0.05N s u lp h u r ic  a c id  was 

th e n  added, and th e  p r e c ip i ta te d  barium  su lp h a te  d ig e s te d  a t  

100® f o r  1 h o u r . I t  was removed by f i l t r a t i o n  ("F i l  t e  r e e l " )  

and th e  pad washed tho rough ly  w ith  b o i l in g  w a te r ( t o t a l ,  200

c . c . )  . E th e r  e x t r a c t io n  o f  th e  c le a r  f i l t r a t e  removed on ly  

a  t r a c e  o f  gum (2  m g .) . i*he aqueous s o lu t io n  was c o n c e n tra te d  

under reduced  p re s s u re  to  y ie ld  th e  amino a c id  (LIV) as  

c o lo u r le s s ,  g l i s te n in g  p rism s (427 m g., 405:0 m .p . 218-221®, 

w ith  d i i ’k en in g .

B efo re  a n a ly s i s ,  the a c id  was r e c r y s t a l l i s e d  tw ice  

from  w a te r w ith o u t change in  m .p .; i t  was d r ie d  a t  110® f o r

2 h r6 . over phospho ric  oxide in  a vacuum.

found : C, 6 2 .1 ; K, 8 .1 6 ; H, 3 .4 7 .

re q u ir e s  C, 6 1 .6 ; H, 9 .0 ;  N, 3 .7 8 .

In  o rd e r  to  avoid d i f f i c u l t i e s  in  a n a ly s is  due to  

p a r t i a l  h y d ra t io n , th e  e tlr /1  e s te p  was p re p a re d  by d is s o lv in g  

th e  pu re  ac id  (74 mg.) in  ab so lu te  e th a n o l (6  c . c . ) ,  add ing

/c o n c e n tr a te d
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c o n c e n tra te d  su lp h u ric  a c id  (0 . 2  c . c . )  and h e a t in g  under 

r e f lu x  f o r  3 h o u rs . The e s t e r  was i s o la t e d  by th e  p rocedure  

d e sc r ib e d  above f o r  th e  m ethyl e s t e r ,  and th e n  d i s t i l l e d  a t  

120® (b a th ) /4 x l0 * ^  ra.m. B efore a n a ly s is  i t  was r e d i s t i l l e d  

to  a f fo rd  a c l e a r ,  c o lo u r le s s  gum.

Found: C, 6 9 .2 ; H, 8 .9 5 ; N , 4 .2 ,

^21%3^4^^ r e q u ir e s  C, 6 9 .3 6 ; H, 9 .1 6 ; N, 3 .8 6 . 

S yatiifia la  ,0 f  6 - e th y lv e r a t r l c  a c id  ( L I U ) .

(T h is  p re p a ra t io n  was c a r r i e d  ou t by l i l s s  M.L. 

D onaldson .) 4 -i»Jthy lvcratro le  (L I , 6  g .)  and p u re , anhydrous 

benzene ( 2 0  c . c . )  v/ere s t i r r e d  a t  room temĝ DSr a tu r e  w ith  

powdered aluminium c h lo r id e  (3 ,5  g . ) ,  and a  s o lu t io n  o f 

a c e ty l  c h lo r id e  (3  g .)  In  benzene (5 c . c . )  was added d u rin g  

th e  course  o f  an h o u r . A f te r  b e in g  h e a te d  under r e f lu x  f o r  

a f u r th e r  h o u r, th e  aluminium c h lo r id e  complex was decon^osed 

in  th e  u su a l m anner. The benzene s o lu t io n  o f  th e  p ro d u c t was 

e x tra c te d  tw ice  w ith  d i lu te  sodium hydrox ide s o lu t io n ,  and th e  

p h en o lic  m a te r ia l  th u s  removed was re m e th y la te d  by shak ing  th e  

a lk a l in e  e x t r a c t  v /ith  d im ethyl su lp h a te  ( 2  p o r t io n s  o f  2  c . c . ) , 

and e x t r a c t in g  th e  o i l  th u s  produced w ith  b enzene . The 

coni>ined benzene e x t r a c t s  were d r ie d  and d i s t i l l e d ,  g iv in g  

4 - e th y l - 5 -a c e to v e ra tro n e  (L Ï Î ,  4 ,8 8  g . ;  7 8 ^ ) ,  b ,p .  133-138®/

1 mm., as  a  c o lo u r le s s  o i l  Which r a p id ly  s o l i d i f i e d ,  A sam ple, 

r e c r y s t a l l i s e d  from  aqueous a lc o h o l, formed r o s e t t e s  o f 

co lo u rless*  n e e d le s , m .p. 62-63® (Shinoda and Sato  (3 1 ) ,  g ive  

m .p. 63®).
/The a lk a l in e
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The a lk a l in e  sodium h y p o c h lo r i te  s o lu t io n  o b ta in e d  

from  aqueous sodium hydroxide ( 4 .4 ,  g .  in  30 c . c . )  and 

c lilo r in e  (3 .2  g .)  was h ea ted  t o  65° and s t i r r e d , and tiie  

ketone (2 .0 8  g .)  was added. A f te r  r e a c t io n  s t a r t e d ,  th e  

te n ^ e ra tu re  was h e ld  a t  60-70° by o c c a s io n a l warming f o r  30 

m in u te s , and tlie  m ix tu re  was s t i r r e d  f o r  a  f u r th e r  30 m inu tes 

vidtiiout th e  a p p l ic a t io n  o f h e a t .  E xcess o f  h y p o c h lo r ite  was 

d e s tro y e d  by adding s u f f i c i e n t  sodium b i s u l p h i t e ,  and th e  

coo led  s o lu t io n  was a c id i f ie d  w ith  c o n c e n tra te d  h y d ro c h lo r ic  

a c id .  The p r e c ip i t a te d  6 - e th y l  v e r a t r i c  a c id  ( L l I I ,  1 .9  g . ;

9 0 ^ ) ; m .p . 141-141.5® a f t e r  s l i g h t  p re v io u s  s i n t e r i n g ,  was 

c o l l e c te d .  A f te r  su b lim a tio n  under red u ced  p re s s u re  i t  had 

m .p . 141 .5° (S hinoda and Sato  g iv e  m .p. 142®.)

O x id a tio n _ o f des-N ( a)-em etinehexahvdrob iam eth ine  (XLIV) .

The base  (0 .942  g .)  was d is s o lv e d  in  s t a b i l i s e d  

acetone (50 c . c . ) , to  which w a te r (30 c . c . )  was added, and th e  

s o lu t io n  was coo led  to  0 ®. ¥ i t h  s t i r r i n g ,  barium  perm anganate 

(103 .7  c . c .  o f  M/501 e q u iv . to  3 .2  atom ic p ro p o r tio n s  o f  oxygen) 

was run  in  g ra d u a lly  over h r s . , ace tone  ( 1 0  c . c . ,  2 0  c . c . )  

b e in g  added a f t e r  6 j- and 7^ h r s ,  r e s p e c t iv e ly ,  to  p re se rv e  

hom ogeneity . The o x id a tio n  p ro d u c ts  were examined by th e  

improved p rocedure  which was used  above, in  th e  o x id a tiv e  

experim en ts upon de s-N ( a) -em et in e te trah y d ro m e th  in e  . The 

n e u t r a l  and b a s ic  f r a c t i o n  (0 .757  g .)  was a  brown gum, w h ils t  

th e  a c id ic  m a tte r , e x t r a c t  ab le  by e th e r  from  th e  a c id i f i e d

/ s o l u t i o n ,  was
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s o lu t io n ,  was a brovm c r y s t a l l i n e  s o l id  (121 m g .) . T h is  

a c id ic  m a te r ia l  was h ea ted  v /ith  w a te r , a  brov/n t a r  which 

f a i l e d  to  d is s o lv e  was removed, and th e  s o lu t io n  was f i l t e r e d  

( c h a rc o a l) .  The s i lk y  n e e d le s  (61 mg.) Which s e p a ra te d  on 

c o o lin g , were c o l le c te d ,  washed w ith  w a te r , and d r ie d  m .p . 

140 .5-141 .5® , a l t e r  s in te r in g  a t  138®. A f te r  su b lim a tio n  a t  

lOC-llO® (b a th )Z O .l m .m ., a c o lo u r le s s  p ro d u c t was o b ta in ed  

m .p. 140 .5-141 .5® , alone and in  adm ixture w ith  s y n th e t ic  

6 - e th y l  v e r a t r i c  a c id .  A f u r th e r  q u a n ti ty  o f  t h i s  a c id  (10 

mg.) was i s o la te d  from  tiie " n e u tr a l  and b a s ic  f r a c t io n "  bly 

d is s o lv in g  t h i s  m ix tu re  in  e th e r  and shaking w ith  two p o r t io n s  

o f 2ÎÎ sodium c a rb o n a te . The a lk a l in e  s o lu t io n  was shaken 

tw ice  w ith  e th e r ,  th e n  combined w ith  th e  cxLkaline e x t r a c t  from 

th e  m ild  o x id a tio n  o f  th e  n e u t r a l  m a tte r  (see  b e lo w ), a c id i f i e d  

to  Congo re d  w ith  h y d ro c h lo r ic  a c id ,  and e x tra c te d  w ith  e th e r  

(4x100 c . c .  p o r t io n s ) .  On e v a p o ra tio n , th e  d r ie d  e th e r  

s o lu t io n ,  c o n ta in in g  th e  a c id ic  m a t te r ,  l e f t  a  gummy re s id u e  

(44 m g .) , which was h ea te d  in  a su b lim a tio n  ap p a ra tu s  a t  100- 

110® (b a th ) /0 .05 m.m. f o r  9 h o u rs . A p lerty su b stan ce  (32 mg.) 

was o b ta in e d  Which was c r y s t a l l i s e d  from  w ate r ( c h a r c o a l) ,  to  

a f fo rd  tlie  6 - e th y lv e r a t r i c  a c id  ( 1 0  mg.) m entioned above, m .p. 

137-139®, mixed m .p . w ith  s y n th e t ic  G -e th y lv e ra tr ic  a c id ,  139- 

141®.

The e th e r  s o lu t io n  o f  th e  " n e u tr a l  and b a s ic  f r a c t i o n " ,  

now f re e d  from a c id ic  su b s ta n c e s , was shaken w ith  0.26ÎT

/h y d ro c h lo r ic  a c id
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h y d ro c h lo r ic  a c id  (4xlC c . c .  p o r t io n s ) ,  shaking  th e  combined 

aqueous l a y e r  tv /ice w ith  e th e r .  A f te r  washing th e  combined 

e th e r  s o lu t io n s  once w ith  w ater and d ry in g , th e  s o lv e n t was 

removed to  leav e  th e  brown gummy n e u t r a l  m a tte r  (0 .2 7 1  g .)  .

The b a s ic  iq a tte r  (0 .432  g . ) , as a brown gum, was reco v e red  

from  th e  aqueous a c id  s o lu t io n  in  th e  .u sual way. The n e u t r a l  

m a tte r  was d is so lv e d  in  acetone (30 c . c . ) , and t r e a t e d  w ith  40 

v o l .  hydrogen p e ro x id e  (30 c . c . )  and s u f f i c ie n t  2N sodium 

ca rb o n a te  to  re n d e r  th e  s o lu t io n  s tro n g ly  a lk a l in e  to  l i tm u s .  

A f te r  48 h r s .  a t  room te m p e ra tu re , th e  s o lu t io n  was h e a te d  on 

th e  w a te r b a th  u n t i l  f r e e  from hydrogen perox ide  fand acetone ; 

i t  was th e n  ex tr;ac ted  t h r i c e  w ith  e th e r ,  washing each e th e r  

la y e r  once w ith  w a te r . The aqueous a lk a lin e  s o lu t io n  was 

combined w ith  one o f  a s im ila r  n a tu re  as no ted  above, w h ils t  

th e  d r ie d  e th e r  s o lu t io n  was evap o ra ted  to  le a v e  a  y e llo w - 

brown, n e u t r a l  gum (0 . 2 0  g .)  ; t h i s  was found to  c o n ta in  0 .94^  

o f  n i t ro g e n .

The b a s ic  m a tte r  was h ea te d  in  a s h o r t -p a th  d i s t i l l ­

a t io n  a p p a ra tu s , c o l le c t in g  two f r a c t io n s  (130 m g ., 27 m g.; 

yellow  o i l ) , a f t e r  3 and 9 h r s .  r e s p e c t iv e ly ,  a t  ICO® ( b a th ) /  

8x10*^ m .m ., a  t h i r d  f r a c t io n  (97 m g.; yellow  gum), a f t e r  8 . 

h r s .  a t  120® ( b a th ) / 8 x l 0 “^ m .m ., and a fo u r th  (157 m g.; y e llow  

g la s s )  , a f t e r  5 h r s .  a t  150® ( b a th ) / 8 xlC~® m.ra. A red-brow n 

r e s in  d id  n o t d i s t i l .  None o f  th e  f r a c t io n s  gave any 

p r e c ip i t a t e  When t r e a te d  w ith 2 s4 -d in itro p h e n y lh y d ra z in e

/s u lp h a te  in
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su lp h a te  in  s o lu t io n  in  m ethanol. Each f r a c t i o n  was t e s t e d  

f o r  th e  iodoforei r e a c t io n ,  u sin£  a m odified  form  o f  th e  

p rocedu re  recommended by Kamlet (49) . The fo llo w in g  

experim ent i s  a ty p ic a l  example o f th e  ones c a r r ie d  o u t . 

L a e v u lin ic  ac id  (5 .3  m i.) in  dioxan (15 d ro p s ; p u r i f i e d  by 

th e  method o f  Hess and Trahm, 60) was t r e a te d  w ith  10% aqueous 

sodium hydrox ide  ( 6  d ro p s ) . Iod in e  re a g e n t (1 g .  o f  Ig  in  a 

s o lu t io n  o f 2  g .  KI in  16 c . c .  o f  w ater) was th e n  added d ro p - 

wise u n t i l  a  brown co lo u r p e r s i s t e d ,  when th e  r e a c t io n  m ix tu re  

was warmed in  a w ate r b a th  a t  6 0 ® f o r  IX) s e c s . ,  add ing  one 

drop o f  th e  io d in e  s o lu t io n . A fte r  c o o lin g , th e  ex c ess  o f 

io d in e  was removed by adding a  few drops o f  1 0 % sodium 

h y d ro x id e , and on euiding w ater ( 1 . 5  c . c . ) , th e  iodoform  

s e p a ra te d . T h is  was c o lle c te d  and d r ie d  ( 6 . 8  rag.) m .p. 119- 

121®. A ll  fo u r  f r a c t io n s  o f b a s ic  m a te r ia l  from  th e  o x id a tio n  

gave com plete ly  n e g a tiv e  iodoform  t e s t s  when p o r t io n s  (app rox . 

2 0  mp:. o f  each  f r a c t io n )  v/ere examined in  th e  above m anner.

The aqueous s o lu tio n  from th e  o x id a t io n ,  c o n ta in in g  

th e  amino a c id s ,  was f re e d  from in o rg an ic  m a tte r  in  th e  way 

t h a t  was d e sc r ib e d  in  th e  second o x id a tio n  o f  th e  te t r a h y d ro -  

m ethine (XXXI) above. E vaporation  o f the  aqueous s o lu t io n  

l e f t  a p a le  brown gum (123 mj{.) , which was co n v e rted  to  th e  

crude m ethyl e s t e r  (84 rag .), by th e  p rocedure  p re v io u s ly  

d e s c r ib e d . A p o r t io n  o f t h i s  (18 mg.) was in s o lu b le  e th e r ,  

and th e  so lu b le  m a tte r  was se p a ra te d  from i t ,  and d i s t i l l e d

/ a t  1 1 0 -
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a t  110-120° (bath)/4xlD *“̂  m.m. ; a  p a le  yellow  gum was 

o b ta in e d  (56 m g .) . T h is was h ea te d  under r e f lu x  f o r  15 h r s .  

w ith  w a te r ( 6  c . c . ) ,  ;ind th e  e s t e r  v/hich had n o t been 

h y d ro ly sed  ( 2 0  mg.) was removed by th r e e  e x t r a c t io n s  w ith  

e t h e r .  E vapo ra tion  o f  th e  aqueous s o lu t io n  l e f t  a  c o lo u r le s s  

gum (38 m g .) , which could n o t be induced to  c r y s t a l l i s e .

The above o x id a tio n  o f  de s-N ( a) -em etinehexahydro- 

l^ism ethine (0 .867  g .)  was r e p e a te d , adding in  t h i s  ease  a 

volume o f barium  perm anganate e q u iv a le n t to  4 .1  atom ic 

p ro p o r tio n s  o f  oxygen, over 11 h o u rs . The p ro d u c ts  o f  th e  

o x id a tio n  were examined as in  th e  p re v io u s  c a s e .  When a n e u t r , J, 

f r t ^ t i o n  (0 .475  g . ;  brovm gum) and a n  a c i d i c  

f r a c t i o n  (0 .136  g . ; brow nish c r y s t a l s )  were o b ta in e d . 

R e c r y s ta l l i s a t io n  o f  th e  l a t t e r  from  w a te r , fo llo w ed  by 

su b lim a tio n  a t  i œ °  (b a th ) /0 . 1  m.m. gave a c o lo u r le s s  p ro d u c t 

( 8 6  ra g .) , m .p. 141-2®, alone and in  adm ixture w ith  6 - e th y l ­

v e r a t r i c  a c id .  The crude amino a c id  f r a c t io n  (280 mg») from 

th e  o x id a tio n  was converted  to  th e  m ethyl e s t e r  in  th e  u su a l 

way, and d i s t i l l e d  to  y ie ld  a  c l e a r ,  yellow  gum (181 m g .) .

A p o r t io n  (app rox . 110 mg.) was hyd ro ly sed  by b e in g  h ea te d  

u nder r e f lu x  w ith  O.IN barium  hydrox ide (20 c . c . )  f o r  9 h o u rs . 

The ac id  was th en  i s o la te d  in  th e  manner d e sc r ib e d  oh p .  1 2 0 , 

b u t a l l  a tten ç f ts  to  b r in g  about c i ^ / s t a l l i s a t io n  were a b o r t iv e .  

The r e s t  o f th e  m ethyl e s t e r  was th e r e fo re  d i s t i l l e d  tw ice  a t  

140® ( b a th ) / 8 xlO -^ m .m ., and subm itted  fo r  a n a ly s i s .

/Founds
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Found: C, 6 9 .1 ; H, 9 . 8 .

C2 XK3 5 O4 N re q u ir e s  C, 6 9 .0 ; H, 9 .6 6 .

O x id a tio n  o f  4 -n^L > ro i)v lveratro le .

The substance  re  lu lre d  f o r  t h i s  o x id a tio n  was 

p re p a red  by shak ing  O -ciethyleugenol (5 .02  g .)  , in  e th a n o l 

( 1 0  c . c . )  I w ith  hydrogen in  th e  p resence  o f  p la tin u m  oxide 

(160 mg.) ; v/hen 1 . 0 0  m ol. o f hydrogen was absorbed in  2 0  

m ins. A f te r  f i l t e r i n g ,  th e  s o lu t io n  was f r e e d  from  a lc o h o l 

under reduced  p r e s s u r e , and Hie re s id u e  d i s t i l l e d ,  a  f r a c t i o n

b .p .  119.6-121.6®  b e in g  c o l le c te d  a t  10 m.m. (4 .6 1  g . ;

1 .5 1 8 6 ).

4 -n -p ro p y lv e ra tro le  (1 .9 2  g .)  was d is so lv e d  in  60% 

aqueous acetone  ( 2 0 0  c . c . ) ,  and t r e a te d  dropw ise a t  0 ® w ith  

M/60 barium  perm anganate 5 th e  r a te  o f  a d d it io n  was such t h a t  

a  s l i g h t  ex c ess  o f  UnO^ was always p re s e n t .  A f te r  10 h r s . , 

th e  a d d it io n  was s to p p e d , 17 .6  c . c .  o f  the  perm anganate 

s o lu t io n  having been added. The a c id ic  m a tte r  from  th e  

o x id a tio n  was i s o la t e d  as  gummy c r y s ta l s  (17 m g .) , by th e  

method used on p .  116. S ub lim ation  o f  t h i s  p ro d u c t a t  70-80® 

( b a th ) /0 .03 m.m. y ie ld e d  a w h ite  p a s ty  s o l id  (9 m g .) , vAiich on 

c r y s t a l l i s a t i o n  from  w ate r gave impure v e r a t r i c  ac id  (5 rag .) , 

m .p . 173-177®; pu re  v e r a t r i c  a c id  has m .p. 181®.

■■ d e ( a)

A m o d if ic a tio n  o f th e  p ro c ess  d e sc r ib e d  by Spftth 

and P a i l e r  (32) was u se d . The base  (0.472 g .)  was d is so lv e d

/ i n  d ry
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in  d ry  e th e r  ( 1 0  c . c . )  and t r e a te d  w ith  d ry  m ethy l io d id e  

(1 C . C . ) .  A fte r  60 h r s .  a t  room te m p e ra tu re , th e  e th e r  was 

d ec an ted  from  th e  p r e c ip i t a te d  me th  io d id e , which was washed 

w ith  e t h e r .  The s a l t  was th e n  d is so lv e d  in  SO;, aqueous 

e th a n o l ( 2 0  c . c . ) ,  was h ea te d  t o  50®, and s t i r r e d  f o r  1  h r .  

w ith  s i l v e r  ox ide  (from  0 .5  g . o f  s i l v e r  n i t r a t e )  . The 

s o l id s  were removed by f i l t r a t i o n  ( “F i l t e r c e l ”) and th e  c l e a r  

f i l t r a t e ,  f r e e  from io d id e  io n , was ev ap o ra ted  to  d ry n e ss  

under red u ced  p r e s s u r e .  The r e s id u a l  raetho-hydroxide was 

decomi)osed by b e in g  h ea te d  a t  180-200® /0.1 m.m. f o r  1  h r . , and 

th e  p ro d u c ts  were th en  d i s t i l l e d  a t  180®/4xl0*^ m.m. A c l e a r ,  

p a le  y e llo w  d i s t i l l a t e  was o b ta in e d , which was d is s o lv e d  in  

e t h e r ,  and th e  s o lu t io n  was shaken tw ice  w ith  2 M h y d ro c h lo r ic  

a c id  (10 c . c .  p o r t i o n s ) . A fte r  washing th e  e th e r  s o lu t io n  

once w ith  w a te r ,  th e  t o t a l  a c id  s o lu t io n  was shaken w ith  

e t l ie r  (2x60 c . c . ) ,  w ashing each e th e r  la y e r  once w ith  w a te r .

The .d r ie d  e th e r  s o lu t io n  was ev ap o ra ted  to  le a v e  a  p a le  

y e llo w , n e u t r a l  gum (0 .239  g . ) , vmich was c r y s t a l l i s e d  from  

40-60® p e t r o l ,  to  a f fo rd  r o s e t t e s  o f  n e e d le s  (LX, 142 mg.) 

m .p . 66-67 .5® , a f t e r  s in te r in g  a t  64®, r a i s e d  to  68-69® by 

one f u r t h e r  c r y s t a l l i s a t i o n  from th e  same s o lv e n t .  T h is  

p ro d u c t was c o lo u r le s s ,  b u t slow ly  became y e llo w . B efo re  

a n a ly s i s ,  i t  v/as d i s t i l l e d  a t  130-140® ( b a th ) / 8 xlC""® m.m. 

and c r y s t a l l i s e d  from  40-60® p e t r o l ;  th e  f i n a l  sample was 

d r ie d  a t  36® f o r  2 h r s .  over phosphoric  ox ide  in  a  vacuum,

/m .p . 69-70®



— 129 —

m .p . 69-70® a f t e r  s l i g h t  s in t e r in g .  T h is  sample was a lso  

used f o r  a b so rp tio n  sj^ectmim m easurem ents.

Found: C, 7 6 .2 ; H, 8 .9 .

0 2 9 1 1 4 0 ^ 4  r e q u ir e s  C, 7 6 .9 3 ; H, 8 .9 3 .

R epeat on deep yellow  sample C, 7 4 .6 ; H, 9 .2 .

The b a s ic  p ro d u c ts  (0 .137  g . ; c o lo u r le s s  ^nm) were reco v e re d  

from  th e  a c id  s o lu t io n  above in  th e  u su a l m anner, and a  

p o r t io n  (61 m .g .) was t r e a te d  w ith  p i c r i c  a c id  (24 m g., 1 

e q u lv .)  in  e tn a n o l .  The p ic r a té  was c o l le c te d ,  washed w ith  

e th a n o l ,  and d r ie d  (66 mg.) m .p. 158-9®, alone and in  

adm ixture v /ith  th e  p i c r a te  o f (XLXV).

Fcep-gcatiiQû anû.liofBann dafradaticn o f d@a-N(a)-

The hexahydrohism ethine ( ^ I V ;  3 .276 g .)  was

d is so lv e d  In  g l a c i a l  a c e t ic  ac id  (30 c . c . )  and shaken w ith  

hydrogen in  th e  p resence  o f p la tinum  oxide (80 mg.) a t  room 

tem p era tu re  and p r e s s u r e .  R eduction was cocçjle te  in  20 m in s . ,

when 1 .0 5  m ol. o f hydrogen had been  ab so rb ed . The c a t a ly s t  

was f i l t e r e d  o f f  (* * F ilte rc e l”) and th e  c l e a r  f i l t r a t e  was 

ev ap o ra ted  to  d ry n e ss  under reduced p re s s u r e ,  to  le a v e  a 

re s id u e  v/hich was d is so lv e d  in  w a te r . A fte r  re n d e r in g  th e  

s o lu t io n  a lk a l in e  to  phenol p h th a le in  w ith  sodium h y d ro x id e , 

th e  base  was e x tr a c te d  by th re e  p o r t io n s  o f  e th e r  (Ix lO C ,

2x50 c . c . ) , washing each  e th e r  la y e r  once w ith  w a te r . ‘ The 

d r ie d  e th e r  s o lu t io n s  were ev ap o ra ted , and th e  r e s id u a l  p a le  

yellow  pum (3 .2 6 5  g .)  was d i s t i l l e d  a t  180® (b a th ) /5 x l0 " ^  m.m.

/ t o  y ie ld
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to  y ie ld  a  c o lo u r le s s  A ttem pts to  p re p a re  c r y s t a l l i n e

s a l t s  o f  t h i s  base  (LXVII) w ith  p i c r i c ,  p e r c h lo r ic ,  and 

h y d r io d ic  a c id s  were u n su c c e ss fu l. = -  0 .49® , C » 2 .4 4 4 ,

1 - 4  dm ., — 5.0  ± 0,2® .

A ll th e  above p roduct, and a sm all q u a n t i ty  ft*om a  

p re v io u s  p r e p a ra t io n ,  were d is so lv e d  in  e th e r  (50 c . c . ) , and 

t r e a t e d  v /ith  excess  o f  dry methyl iod ide (3  c . c . ) .  A f te r  

46 h r s .  a t  room t enç>erature, th e  e th e r  was d ecan ted  from  th e  

th e  yellow  gum, which was washed w ith  f r e s h  e t h e r .  E v ap o ra tio n  

o f  th e  e th e r  s o lu t io n  l e f t  a n e g lig ib le  r e s id u e .  The 

m eth iod ide  was d is so lv e d  in  60% aqueous e th a n o l (60 c . c . )  and 

th e  s o lu t io n  was s t i r r e d  w ith s i l v e r  oxide (ffom  4  g .  o f  . 

s i l v e r  n i t r a t e )  f o r  §  h r ,  a t  50®. A fte r f i l t e r i n g  ( " F i l t e r c e l " )  

th e  s o lu t io n ,  f r e e  from iod ide io n , was ev ap o ra ted  to  d ry n e s s , 

and th e  re s id u e  h e a te d  a t  150® (b a th ) /0 .2  m.m. f o r  1 h r . ,  and 

th e n  a t  180® ( b a th ) / 2 xlO~^ m.m. u n t i l  d i s t i l l a t i o n  was co rap le te . 

A p a le  yellow  gum (3 .406  g .)  was o b ta in ed . T h is  was 

s e p a ra te d  in to  n e u t r a l  and b a s ic  f r a c t io n s  (0 .779  g . , 2 .685  g . 

r e s p e c t iv e ly ;  p a le  yellow  gums) as d e sc rib ed  on p .lZ S . The 

p ro c e s s  was re p e a te d  upon the recovered  b a s ic  m a t te r ,  b u t in  

t h i s  c a s e ,  th e  raetho-hydroxide was hea ted  f o r  2  h r s .  a t  1 0 0 ®/

15 m.m. b e fo re  be ing  d i s t i l l e d  a t  180-190® (bath)/2xl0"*®  m.m. 

to  g iv e  a  c l e a r  gum (2.606 g .)  . This was s e p a ra te d  in to  

n e u t r a l  m a tte r  (LXVIII; 1.237 g . , p a le  yellow  gum) and b a s ic  

m a tte r  (1 .339  g . , n e a r ly  c o lo u r le s s  gum) as  b e fo re .  A f te r

/h e a t in g  th e
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h e a tin g  th e  f i r s t  f r a c t io n  o f  th e  n e u t r a l  m a tte r  a t  50® 

( b a th ) / 1 0 - ^  m.m. f o r  ^  h r .  to  remove e th e r^  i t  was d is so lv e d  

in  e th a n o l (c  •  1 .874) fo r  a  d e te rm in a tio n  o f  th e  s p e c i f ic  

r o t a t i o n ,  u s in g  “Hg g re en ” ; * -H o .0 1 8 ~ 0.032®. The

second f r a c t i o n  o f  n e u t r a l  m a tte r  was d i s t i l l e d  a t  180® (b a th ) 

/ 2 xlO~^ m.m. and th e  p a le  yellow  d i s t i l l a t e  t r e a te d  as b e fo re  ; 

c •  2 .0 0 8 , (X.m —0 .0 2 8 -0 .0 2 ® . A f u r th e r  p o r t io n  o f t h i s  

d i s t i l l a t e  was r e d i s t i l l e d  a t  140® (ba th )/5x l0*®  m.m. and 

subm itted  f o r  a n a ly s is  ; a m icro -hyd rogenation  was a ls o  c a r r ie d  

ou t on t h i s  specim en.

Founds C, 7 6 .5 ;  H, 9 .1 6 ; No n i t ro g e n .

C2 9 l t i 2P4  r e q u ir e s  C, 7 6 .8 0 ; H, 9 .3 3 ; N •  Z ero .

Wt. f o r  h y d rogenation  •  30 .8mg. S o lven t •  6  c .c .  g lac ia l acetic acdd. 

C a ta ly s t  •  20 mg. P tO g. Uptake •  1.64 c.c. a t  m.m. (= 1,00 moL.)

QjSQUQlvais o f  _the f i n a l  n e u t r a l  m a tte r  (LXVIII) .

T h is  substan ce  (0 .862  g .)  was d is so lv e d  in  e th y l  

c h lo r id e  (15 c . c . )  and th e  s o lu t io n  was coo led  to  —78®. 

Ozonised oxygen (1440 c . c .  o f  3.51«^^, e q u iv . to  1 .2  m ol.) was 

le d  in  f o r  24 m in s . , th e  rem oval o f ozone b e in g  alm ost 

q u a n t i t a t iv e ,  a s  shown by p a s s in g  tlie  gas from th e  r e a c t io n  

v e s s e l  in to  a  t r a p  c o n ta in in g  aqueous po tassium  io d id e . The 

e th y l  c h lo r id e  was ev ap o ra ted  under reduced  p re s s u re ,  and th e  

gummy re s id u e  was t r e a t e d  w ith  w a te r (20 c .c . )  , to  Which 

s i l v e r  n i t r a t e  (15 mg.) and z inc  d u s t (0 . 2  g .)  were added.

T h is  supension  was h ea te d  under r e f lu x  f o r  6  m in s .,  w h ils t

/n i t r o g e n  was
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n i tro g e n  was bubbled th rough  i t  and in to  a  t r a p  c o n ta in in g  

an aqueous a lc o h o lic  so lu tio n  o f  diraedone ( 1 0 0  c . c ,  o f  a  

s o lu t io n  o f 1 .5  g , dime done in  200 c . c .  o f  w a te r and 40 c . c ,  

o f  e th a n o l ) . At th e  end o f t h i s  p e r io d , th e  r e f lu x  condenser 

v/as removed, and w ater was allow ed to  d i s t i l  slow ly  in to  th e  

dimedone s o lu t io n ,  w ith  th e  n i tro g e n  s tream  s t i l l  p a s s in g , f o r  

^  h o u r . More w ater (20 c . c . )  was th en  added to  th e  r e a c t io n  

m ix tu re , and th e  condenser was re p la c e d  to  a llow  th e  suspension  

to  be h e a te d  under r e f lu x  f o r  -J- h o u r. The condenser was 

removed and th e  slow d i s t i l l a t i o n  o f  w ate r was con tin u ed  f o r  

^  h r . ,  a f t e r  which, th e  s o lu t io n  o f  dim edone, now c o n ta in in g  

a  w hite  p r e c i p i t a t e ,  v/as allow ed to  s ta n d  o v e rn ig h t . The 

p r e c ip i t a t e  was c o l le c te d ,  washed w ith  w ate r and d r ie d  (184 

m g., 33^) m .p, ISO-184^, a f t e r  p re v io u s  s in t e r in g .  One 

r e c r y s t a l l i s a t i o n  from aqueous e th a n o l r a i s e d  th e  m .p, to  187- 

8 ° ,  and a second y ie ld ed  a p ro d u c t m .p. 188-9®, alone and in  

adm ixture w ith  th e  dimedone d e r iv a t iv e  o f  fo rm aldehyde, Which 

m elted  a t  t h i s  same te m p e ra tu re .

The aqueous suspension  o f  th e  n o n -v o la t i le  p ro d u c ts  

was e x tr a c te d  th r i c e  w ith  e th e r ,  and th e  e th e r  s o lu t io n ,  a f t e r  

be ing  f i l t e r e d  to  remove z inc  d u s t ,  was shaken t h r i c e  w ith  1 0 % 

aqueous sodium carbonate  (2C c . c .  p o r t io n s ) .  The aqueous, 

a lk a l in e  s o lu tio n  was shaken tw ic e  w ith  e th e r ,  w ashing each

/ e t h e r  la y e r
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e th e r  la y e r  once wrlth w a te r . The e th e r  la y e r s  v/ere th en  

combined and, a f t e r  be ing  d r ie d ,  were ev apo ra ted  to  le a v e  a  

yellow  gum (745 m g .) . D i s t i l l a t i o n  a t  140-150® (b a th )/5 x lC ^ ^  

m.m. a ffo rd e d  a  p a le  yellow  gum (63? mg.) which was c o l le c te d  

in  two p o r t io n s  (346 . and 292 m g .). A ttem pts to  p re p a re

th e  c r y s t a l l i n e  sem icarbazone, 2 :4 -d in itro p h e n y lh y d ra z o n e , and 

p -n itro p h en y lh y d razo n e  o f  p o r t io n s  o f th e  f i r s t  f r a c t io n  were 

u n s u c c e s s fu l , b u t th e  fo rm a tio n  o f sp a rin g ly  s o lu b le , amorphous 

p ro d u c ts  in  each case  showed t h a t  a carbony l compound was b e in g  

h an d led .

A sm all amount o f  th e  f i r s t  f r  ic tio n  (ap p ro x . 10 mg.) 

was added to  S c h iff* s  re a g e n t (d e c o lo rise d  0 , 1% aqueous fu s c h in ;  

0 .3  c . c . ) , b u t  a f t e r  ^  h r .  th e r e  was no p in k  c o lo r a t io n .  A 

f u r th e r  p o r t io n  was added to  a  so lu tio n  p rep a red  by adding  . , 

sodium hydrox ide (0 .3  c . c .  o f  2 M) to  s i l v e r  n i t r a t e  (0 .3  c . c .  

o f  2 r i ) , th e  p r e c ip i t a t e  j u s t  b e in g  re d is so lv e d  by th e  a d d itio n  

o f  d i lu te  amiionium h y d ro x id e . A fte r  being  warmed to  c a . 60® 

f o r  6  m in s .,  th e re  was no re d u c tio n  to  s i l v e r ,  n o r d id  any 

occur a f t e r  th e  so lu tio n  had stood  fo r  ^  h o u r . The l a s t  t e s t  

enç)loyed was t h a t  using  d ia n is id in e  (3 6 ), which was p u r i f i e d  

by d is s o lv in g  th e  h y d ro ch lo rid e  in  d i lu te  h y d ro c h lo r ic  ac id  

( c h a rc o a l) ,  f i l t e r i n g  h o t and adding c o n c e n tra te d  h y d ro c h lo r ic  

a c id  to  th e  f i l t r a t e .  T h is was re p ea ted  u n t i l  c o lo u r le s s  

c r y s ta l s  were o b ta in e d . A l i t t l e  o f t h i s  s a l t  (50 mg.) was 

d is so lv e d  in  a s a tu ra te d  s o lu t io n  o f  sodium a c e ta te  in  g l a c i a l

/ a c e t i c
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a c e t ic  a c id  (0 ,3  c .c . )  w ith  warmlnir, th e  o zo n o ly s ls  

p ro d u c t (10 added to  th e  coo led  s o lu t io n .  Only a  v ery

f a i n t  I yellow  co lo u r was produced a f t e r  ^  h r ,  a t  room 

te% q)erature § warming th e  s o lu t io n  brou^dit about no s ig n i f i c a n t  

change. The th r e e  re a g e n ts  etiç>loyeà above were shown to  be 

v ery  s e n s i t iv e  to  kno\m aldehydlc confounds,

H*m.tlivlT>lTiarldAiia fï»om the related

The l.-iiî0t l iy lp ip e r ld în e  (64 mg,) and th e  p y r id in e  

compound (79 mi;,) were m ixed, and d is s o lv e d  in  e th e r  (60 c . c , ) , 

By t r i a l ,  i t  was found t h a t  (iJCIIIa) was removed by shaking  

t h i s  e th e r  s o lu t io n  fo u r  t l ia s s  w ith  a  b u f f e r  s o lu t io n  o f  pH 

5 ,9  (SO c . c .  p o r t io n s ) .  The e th e r  s o lu t io n ,  a f t e r  w ashing 

w ith  w a te r , was d r ie d  and ev ap o ra ted  to  le a v e  a c r y s t a l l i n e  

base (LXI\&, 79 mg.) m .p . 62-53.6® , m .p . o f  p u re  (LXIV^) in  

th e  smae b a th  * 56-65.5® .

LelivdrQ^enatiQn oi dOB-Tlfa)-cïdetiiiehexahvdrQ m atliinfl (LIX^)

The c r y s t a l l i n e  b ase  (644 % . )  was mixed w ith  10% 

p a l la d is e d  c h a rc o a l (436 mg,) and h e a te d  w ith o u t s o lv e n t a t  

260-270® f o r  3 h r s . ,  w ith  a  stream  o f  p u re  carb<m d io x id e  

sweeping t î iro u fh  th e  r e a c t io n  v e s s e l  in to  a  n i t ro m e te r  

co n ta in in g ’ (5Ĉ / aqueous p o tassium  h y d ro x id e . The volume o f  

gas c o l le c te d  (4 6 .9  c . c . , a t  20®/7S0 m.m.) i s  56,6^ o f  t h a t  

t h e o r e t i c a l ly  e^qjected f o r  th e  change from  (LIXzO to  (LXIà)

/A second
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A second ex p erim en t, u sing  a  s im ila r  q u a n ti ty  o f  b a se  (599 

m g*), y ie ld e d  65 '̂ o f  the  q u a n t i ty  o f  g as  t h e o r e t i c a l l y  

expected* The two p ro d u c ts  were d is so lv e d  in  e th a n o l and 

f i l t e r e d  ( ”F i l t e r c e l ”) in to  th e  same f l a s k ,  w ashing th e  pad 

th o ro u g h ly  w ith  h o t so lven t*  E vap o ra tio n  o f  th e  c l e a r  

f i l t r a t e  under reduced  p re ssu re  l e f t  a  brown gum (883 rag*), 

which gave a p u rp le  co lo u r w ith  E r l i c h ’ s  re a g e n t;  th e  lo s s  

in  w eight i s  p robab ly  due to  f i s s i o n  o f th e  m olecule to  some 

e x te n t  ( c f .  1 7 ) .

T h is  gum was d is so lv e d  in  e th e r  (450 c . c . )  and 

t r i a l  showed th a t  a  ^tron. Iv  b a s i c  f r a c t io n  cou ld  be removed 

by shak ing  t h i s  s o lu tio n  w ith  H/50 c i t r i c  ac id  (1x160 c .c * ,  

2x75 c . c . )  . A f te r  shaking th e  e th e r  s o lu t io n  t h r i c e  w ith  N 

h y d ro c h lo r ic  a c id  (1x40 c . c . ,  2x20 c .c . )  to  remove th e  weak 

b a s e s , i t  was evaporated  to  80 c . c .  and shaken ag a in  w ith  N 

h y d ro c h lo r ic  ac id  (2x20 c . c . ) .  The e th e r  was th e n  washed 

once v /ith  w a te r , and once w ith  2 ÎÎ sodium c a rb o n a te , a f t e r  

which i t  was d r ie d ,  and evapo ra ted  to  leav e  th e  n e u t r a j  m a tte r  

as a  cloudy brown gura (164 m g .) . T h is  gave a  s l i g h t  p u rp le  

co lo u r w ith  E r l i c h ’s re a g e n t , b u t in  one e a r l i e r  ex p e rim en t, 

th e  n e u t r a l  m a tte r  was is o la te d  by d is s o lv in g  th e  t o t a l  

dehydrogenated p roduc t in  e t h e r ,  e x t r a c t in g  e x h a u s tiv e ly  w ith  

N h y d ro c h lo r ic  a c id , and e v a p o ra tin g  th e  e th e r  to  d ry n e s s , 

a f t e r  washing th e  e th e r  s o lu tio n  w ith  w ate r to  remove acid*

In  t h i s  c a s e , th e  n e u tra l  m a tte r  gave an In te n se  p u rp le  c o lo u r

/w i th  E r l i c h ’ s
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w ith  E r l i c h 's  re a g e n t;  e v id e n tly  any p y rro le  d e r iv a t iv e s  

which a re  p re se n t a re  s e n s i t iv e  to  h e a t in  th e  p resen ce  o f  

even t r a c e s  o f  m in era l a c id .

The aqueous e x t r a c t s  co n ta in in g  th e  s tro n g ly  b a s ic  

su b stan ces  above, were made a lk a l in e  to  phenol p h th a le in  w ith  

sodium h y d ro x id e , and e x tra c te d  w ith  e th e r  (1x200 c . c . , 2x100 

c . c . ) . A f te r  washing th e  e th e r  so lu tio n  once w ith  w a te r ,  i t  

was d r ie d ,  and evapo ra ted  to  leav e  a  p a le  brovm gura (349 ra g .) . 

T his was d is s o lv e d  in  40-60^ p e t r o l ,  the  s o lu t io n  f i l t e r e d ,  

and th en  seeded w ith  th e  s t a r t i n g  m a te r ia l  (EIX^* c r y s t a l l i s a ­

t io n  ensued , and th e  p ro d u c t (164 mg.) had m .p. 7 4 -7 ^ , W hils t 

th e  mixed m .p. w ith  pure (LIXa, m .p. 78-79.6®) was 76-9®.

The weakly b a s ic  su b stan ces  were reco v e red  from  th e  

a c id  e x t r a c t s  above by th e  a d d itio n  o f sodium hydroxide to  

re n d e r  th e  s o lu t io n  a lk a l in e  to  phenol p h th a le in ,  fo llow ed  by 

th re e  e x t r a c t io n s  w ith  e th e r .  Each e th e r  l a y e r  warn washed 

once w ith  w a te r , and th e  cotrbined s o lu tio n s  were d r ie d  and 

ev ap o ra ted ; a  c le a r  brow nish gum remained (358 ra g .) . T h is  

was d is so lv e d  in  m ethanol and p i c r i c  ac id  (178 rag ., 1 e q u iv .)  

was added. C r y s ta l l i s a t io n  occu rred  a f t e r  some tim e , and 

th e  p ro d u c t was c o l le c te d ,  washed w ith  m ethanol, and d r ie d  

( ^ 7  q g .)  m .p. 106-9®, a f t e r  s in te r in g  a t  104®. The s a l t  was 

d is so lv e d  in  e th y l  a c e ta te ,  the  so lu tio n  f i l t e r e d  h o t ,  and 

allow ed to  coo l when th e  p ic r a te  c r y s t a l l i s e d  a s  r o s e t t e s  o f  

yellow  n e e d le s  m .p. 121-30. Three f u r th e r  r e c r y s t a l l i s a t i o n s

/fro m  e th y l
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from e th y l  a c e ta te  r a is e d  th e  m .p, to  124,5-126®, th e  sanç>le 

f o r  a n a ly s is  b e in g  d r ie d  a t  1 0 0 ® over phosphoric  ox ide in  a  

vacuum f o r  S j h o u rs .

Found* C, 60 ,95 ; H, 6 ,0 ;  K, 8 ,0 .

C2 9 Î̂3 ?0 4 N.C6 H3 O7 N3  r e q u ir e s  C, 60 .66 ; H, 5 ,8 4 ; N , 8 ,0 9 .

The base  was reco v ered  from th e  p ic r a te  (388 mg.) 

by suspending i t  in  sodium hydroxide and e x tra c t in g  w ith  

e th e r  (l3t76 c . c . , 2x60 c . c . ) ,  wabhing each e th e r  l a y e r  once 

w ith  w a te r . P ic r i c  ac id  was th e n  removed from th e  e th e r  

s o lu t io n  by shak ing  i t  t l i r ic e  w ith  20% sodium hydroxide (15

c .c .  p o r t io n s ) ,  and washing once w ith  w a te r. The d r ie d  e th e r  

s o lu t io n  was ev apo ra ted  to  le av e  a c le a r  gum (260 rag ., 1 0 0 %) 

v/hich was d i s t i l l e d  a t  160-170® ( b a th ) / 8 x l0 *^ m.m, to  g iv e  a  

c le a r  c o lo u r le s s  gum. A p o r t io n  o f th e  d i s t i l l a t e  was s e n t 

f o r  a b so rp tio n  spectrum  measurements (p . , and a  second

p o r t io n  (1 3 ,4  mg,) was hydrogenated  in  g l a c i a l  a c e t ic  a c id  

(5  c .c , )  by shak ing  w ith  hydrogen a t  13^/762 m.m, in  th e  

p resen ce  o f  p la tin u m  oxide (20 m g .) . Uptake o f  hydrogen was 

slow , and 3 ,56  m ol. had been absorbed  a f t e r  34 h o u rs ; th e re  

was no a p p re c ia b le  change in  t h ^ a t e  o f a b so rp tio n  o f  hydrogen 

a f t e r  2 o r  3 m ol. had been ta k e n  up .

The pure b a se , o b ta in ed  above, e v e n tu a lly  c r y s t a l l i s e d ,  

and on r e c r y s t a l l i s a t i o n  from e th e r ,  i t  was o b ta in ed  a s  

r o s e t t e s  o f c o lo u r le s s  n eed le s  m .p . 101.5-102.5® , r a i s e d  to  

1 0 2 - 1 0 2 , 5 0  by two f u r th e r  c r y s t a l l i s a t i o n s  from  e th e r .  T h is

/sam ple  was
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sample was d r ie d  a t  78^ f o r  2 h r s ,  over phosphoric  oxide in  

a  vacuum and subm itted  fo r  a n a ly s is .

Found» ' * C, 7 4 .9 ; H, 8 .0 5 ; N, 3 .3 2 .

C29IÎ3704M re q u ir e s  C, 7 5 .1 7 ; H , 8 .0 6 ; N , 3 .0 2 .

A p o r t io n  o f t h i s  p ro d u c t, d is so lv e d  in  aqueous 

acetone a t  room teiopera tu r e   ̂ was com plete ly  s ta b le  to  th e  

a c tio n  o f  po tassium  penaanganatc o v er 30 m in u tes .

A ctim  .of. ailYur .upoa ~
ptefirAdiaft

The base  (0 .5  g .)  was mixed w ith  s i l v e r  ca rb o n a te  

(2 .19  g . ; 3 .2 6  moles) in  a C ariu s  tu b e ,  to  which was added

g l a c i a l  a c e t ic  a c id  (3 g .)  and w ate r (3  c . c . ) .  th e n  th e  

e v o lu tio n  o f  gas had ceased , th e  tu b e  was s e a le d , and th e n  

h ea ted  f o r  6 h r s .  a t  180-190^. The s o lu t io n  in  th e  tu b e  

was f i l t e r e d  ( " P i l t e r c e l " )  , and th e  pad was washed th o ro u g h ly  

w ith  h o t w a te r . A f te r  making th e  o ran g e-red  f i l t r a t e  

a lk a l in e  w ith  sodium hy d ro x id e , th e  n e u tr a l and b a s ic  p ro d u c ts  

were e x tra c te d  w ith  fo u r  p o r t io n s  o f  e th e r ,  each e th e r  la y e r  

b e in g  washed once w ith  w a te r . The d r ie d  e th e r  s o lu t io n  l e f t  

a  red-brovai gum (135 mg.) on e v a p o ra tio n , which was shown to  

be f r e e  from p y r ro le  compounds by th e  E r l ic h  and p in e  s p l i n t  

t e s t s .

The aqueous s o lu t io n  from  th e  e th e r  e x t r a c t io n  was 

a c id i f ie d  w ith  h y d ro c h lo ric  a c id ,  and a f t e r  f i l t r a t i o n ,  was 

evap o ra ted  to  d ry n ess  under reduced p re s s u re .  H ydroch lo ric  

a c id  (16 c .c .  o f  a  s o lu tio n  made by adding  30 c . c .  o f  conc.

/a c id
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a c id  to  70 c .c .  o f w ater) was added to  the  r e s id u e ,  and a f t e r  

ev a p o ra tio n  to  d ryness as  b e fo re , th e  o rgan ic  m a tte r  was 

e x tra c te d  from th e  sodium c h lo r id e  v /ith  e th a n o l. The f i l t e r e d  

a lc o h o lic  so lu tio n  l e f t  a th i c k ,  brov.n gum (441 tag.) v^en i t  

was evapo ra ted  under reduced  i^ re ssu re . A sm all p o r t io n  o f  

t h i s  p ro d u c t d is so lv e d  r e a d i ly  in  w ater and no c lo u d in e ss  

r e s u l te d  when sodium hydroxide was added, showing th a t  i t  i s  a  

q u a te rn a ry  c h lo r id e .  The r e s t  o f t h i s  s a l t  was decomposed, 

w ith  s tead y  e f fe rv e sc e n c e , by h e a tin g  a t  170-175° (b a th ) /3 6  m.m, 

f o r  ^  h r .  and th e  p roduc t was th e n  sublim ed a t  170® ( b a th ) /

0 .0 3  m.m. A c r y s ta l l in e  j^roduct was o b ta in ed , m .p. 4 7 -5 3 ° , 

a f t e r  s l i g h t  s im e r in g ,  t h i s  being  d isso lv ed  in  o th e r ,  and 

shaken once w ith  d i lu te  sodium h y d rox ide , and once w ith  w a te r , 

to  remove t r a c e s  o f q u a te rn a ry  su b s tan ce s . The aqueous 

e x t r a c t s  were shaken tw ice  w ith  e th e r ,  washing each e th e r  

l a y e r  once w ith  w a te r , and a f t e r  d ry in g , th e  e th e r  s o lu tio n  

was evaporated  to  a f fo rd  a c r y s t a l l i n e  base (LXIVa) 248 mg. ;

55%) m .p . 5 1 -3 ° . The m .p. was r a is e d  to  62-4^ by one 

r e c r y s t a l l i s a t i o n  from  40-60® p e t r o l ,  and to  54 .5 -55 .5® , alone 

amd in  adm ixture v/ith  th e  a u th e n tic  base  (LXIVa) o f m .p. 56- 

5 5 .5 ° ,  by one su b lim atio n  a t  70° (b a th ) /0 .0 2  m.m.

A c ^ o n  o f  s i l v e r  a c e ta te  unon dea-TT( a ) -e. ietinehexahvdrom ethine
(Lh\a).

î h i s  base (1 g .)  v/as mixed w ith  s i l v e r  ca rb o n a te  

(1 .7 2  g . |  3 moles) in  a  C ariu s  tu b e  as in  th e  p re v io u s

/ex p e rim en t



— 140 —

experim ent I th e  amounts o f  g l a c i a l  a c e t ic  a c id  and w a te r b e in g  

2 .4  g . and 16 c . c .  r e s p e c t iv e ly .  The sea led  tu b e  was h e a te d  

a t  180® f o r  7^ h r s . ,  and the  p roduc t examined in  th e  way 

d e sc rib e d  above. The n e u t r a l  and b a s ic  r ro d u e ts  (545 mg.) 

formed a dark  brown r e s i n ,  which gave no co lo u r r e a c t io n  w ith  

E r l i c h 's  r e a g e n t ,  and th e  crude q u a te rn a ry  c h lo r id e  (401 mg.) 

was o b ta in ed  as  a  dark  brown r e s i n .  This l a t t e r  substance  

was decomposed by b e in g  hea ted  a t  180® ( b a th ) /0 , l  m.m. f o r  ^  

h r .  I a  s tead y  e ffe rv e scen ce  occu rred  during  t h i s  p e r io d . 

D i s t i l l a t i o n  o f  th e  p roduc t a t  180^ (bath)/5xlO ~'^ m.ra. y ielded*  

a  yellow  g la s s ,  vÆiich was fre e d  from  t r a c e s  o f  q u a te rn a ry  

m a tte r  as  in  th e  p rev io u s  experim en t. The base  so o b ta in e d  

was a  c l e a r ,  p a le  yellow  g la s s  (162 m g .) , \Vhich was d is so lv e d  

in  m ethanol and t r e a te d  w ith  p i c r i c  ac id  (78 m g., 1 e q u iv . ) .  

C r y s t a l l i s a t io n  occu rred  slow ly to  g ive a crop  o f  yellow  

n ee d le s  (203 ra g .) , m .p. 110-112°, a f t e r  s in te r in g  a t  104®, 

r a is e d  by two r e c r y s t a l l i s a t i o n s  from  e th y l a c e ta te  to  124-126®, 

a f t e r  s in te r in g  a t  123®. The mixed m .p. w ith  th e  p i c r a te  

(m .p. 124.5-126®) from th e  dehydrogenation o f  (LlXa) w ith  

p a llad iu m , was 124-126.6® , a f t e r  s in te r in g  a t  123°.

The n e u t r a l  m a tte r (106 rag.; m ix ture o f  brown and 

c o lo u r le s s  gums) and th e  væak b a se s  (125 rag.; brow n-yellow  

gum) were sep a ra ted  from th e  n e u tr a l  and b a s ic  m a tte r  above, 

v/hich had been combined w ith  a f u r th e r  p o r tio n  (211 rag.) from 

a second, s im ila r  exi^erim ent, by th e  te c h n iq u e , u s in g  c i t r i c

/ a c i d ,



- 141 -

a c id ,  d e sc rib e d  in  th e  pa llad ium  dehydrogenation . No 

c o lo ra t io n  was ob ta in ed  when th e  n e u tr a l  m a tte r  was t r e a te d  

w ith  E r l ic h * s  re a g e n t .  The weak b a s e s ,  w ith  p i c r i c  a c id  

(63 rag., 1  e q u iv .)  in  m ethanol, gave a  c r y s t a l l i n e  p ic r a te  

(77 mg:.) m .p. 104-107°, a f t e r  p re v io u s  s in te r in g ,  r a is e d  to  

124-126.6® by two r e c r y s t a l l i s a t i o n s  from e th y l  a c e ta te .  

P r e p a r a t i o n  o f  th e  d l-^-rheT iv lettiv lam lde (LXXIX) .

M ethyl p e n ta n e - l î3 :5 - t r ie a r b o x y la te  (LXXVIII,6.82 g .)  

in  t e t r a i i n  (20 c . c . )  was h ea ted  in  a  b a th  a t  19 0 °, w h ils t  

y^-phe nyle thylam ine (7 .04  g . , 2 m o les), d is so lv e d  in  t e t r a i i n  

(40 c . c . )  was dropped in  over 6  h o u rs . The b a th  tem p era tu re  

was th en  r a is e d  to  2 1 0 ° fo r  1  h r . ,  a f t e r  v/hich th e  t e t r a i i n  was 

d i s t i l l e d  under reduced p r e s s u r e . W ater was added to  th e  

r e s id u e , and by steam  d i s t i l l a t i o n ,  th e  l a s t  t r a c e s  o f t e t r a i i n  

were removed. E x tra c tio n  o f  th e  aqueous suspension  th r i c e  

w ith  cliloroform  removed the  mixed am ides, which were f re e d  from 

a c id ic  and b a s ic  substances by shaking th e  ch lo ro fo rm  s o lu t io n  

tw ice  w ith  2 N sodium hydrox ide , th e n  tw ice  w ith  2 N 

h y d ro c h lo r ic  a c id ,  and f i n a l l y  once w ith  w a te r . The d r ie d  

ch loroform  so lu tio n  was evapora ted  to  leave  a  gum (1 0 . 1 0  g . ) ,  

which was se p a ra te d  in to  mono-, d i - , and t r i - a m id e s  by a  

p rocedure  worked out in  th e  t r i a l  ex p e rim en ts .

The gum was d isso lv ed  in  ch loroform  (26 c . c . )  and th e  

s o l id  vdiich se p a ra te d  was c o l le c te d ,  washed w ith  ch lo ro fo rm , 

and d r ie d  ; i t  v/as a  Irown waxy substance  (0 ,965  g .)  and two

/p ro d u c ts
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p ro d u c ts  were i s o la te d  from  i t .  One (0 .548  g .)  , 83 a r ln g ly  

so lu b le  in  co ld  a c e to n e , was i s o la te d  by r e c r y s t a l l i s a t i o n  

o f tliO WEUcy p roduc t from  a c e to n e -e th a n o l | and by re p e a te d  

c r y s t a l l i s a t i o n  o f t h i s  substance  from th e  same so lv e n t 

m ix ture  I th e  pure tr i-a m id e  m .p . 174-5® was o b ta in ed  as 

c o lo u r le s s  sh o r t i^rism s. The a n a ly s is  specimen was d r ie d  

a t  100^ f o r  3 l i r s .  over phosphoric  oxide in  a vacuum.

Found* C, 7 5 . 0 5  H, 7 .7 ;  N, 7 .9 .

C3 2 H3 9 O3 ÎÎ3  r e q u ir e s  C, 7 4 .8 ; H, 7 .6 6 ; N, 8 ,1 8 .

ilie  second substance was i s o la te d  from th e  m other 

l iq u o r s  from th e  t r i - a m id e ,  by ev a p o ra tin g  to  d ry n ess  under 

reduced p re ssu re  and d is s o lv in g  th e  re s id u e  in  e th y l  a c e ta te .  

A fte r  wasiiing th e  s o l id  vVhich se p a ra te d  w ith  e th y l  a c e ta te ,  

i t  was d r ie d  (94 mg.) m .p. 96.5-98® . The main q u a n ti ty  o f  

t h i s  p ro d u c t was i s o la te d  from th e  ch loroform  m other l iq u o r  

which had d e p o s ite d  th e  waxy s o l id .  E vapo ra tion  o f  t h i s  

m other l iq u o r  to  d ry n ess  under reduced p re ssu re  l e f t  a  

gummy r e s id u e ,  Which was d is so lv e d  in  e th y l  a c e ta te  (50 c . c , ) .  

C r y s ta l l i s a t io n  o ccu rred , and th e  s o l id ,  a f t e r  b e in g  washed 

th r i c e  w ith  e th y l  a c e ta te ,  was c o lo u r le s s  (3 ,4 2  g .)  m .p. 95-7®; 

s e v e ra l sm all c rops from m other l iq u o r s  r a is e d  th e  t o t a l  y ie ld  

to  3 ,67  g . (30%). One c r y s t a l l i s a t i o n  from benzene and two 

fl'om e th y l  a c e ta te  gave th e  pure  diam ide (LXXIX) m ,p, 9 7 ,5 -  

98.5®, as  sh o r t b lu n t-en d ed  p rism s . The * a n a ly s is  specimen 

was d r ie d  a t  78® fo r  3 h r s .  over phosphoric  oxide in  a  vacuum.

/Founds
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Founds C, 7 0 .7 5 ; K, 7 .6 5 ; .H , 6 .4 .

C gÿls^^N g re q u ir e s  C, 7 0 .7 0 ; H, 7 .6 1 ; N , 6 .6 0 .

The e th y l  a c e ta te  m other l iq u o r  from th e  main crop 

o f  th e  dlam ide was evapora ted  to  d ryness to  leav e  a  v isco u s  

brown o i l  (5 .26  g . ) , Which w.as f r a c t io n a te d  under reduced 

p re s s u re .  A f te r  c o l le c t in g  a f i r s t  f r a c t i o n ,  b .p .  128-132®/ 

0 .5  m.m. (0 .67  g .)  o f  unchanged m ethyl pentane -1:3% 5- 

t r i c a r b o x y la te , and an in te rm e d ia te  one, b .p .  170 -220^ /0 .5  m.m. 

(0 .6 2  g .)  , th e  main f ra c t io n  was o b ta in e d , b .p .  225-237®/

0 . 6  m.m. (2 .60  g .)  . Ihe re s id u e  in  th e  f la s k  a ffo rd ed  a

l i t t l e  o f the  d i amide (153 mg.) m .p. 84-94®, when i t  was

c r y s t a l l i s e d  from e th y l a c e ta te .

The h ig h  b o il in g  f r a c t i o n ,  c o n s is t in g  o f th e  mono­

am ide, was r e d i s t i l l e d ,  and th e  m iddle f r a c t io n  b .p .  196®/ 

3x10“ ^ m.m. was c o l le c te d ,  to  be r e d i s t i l l e d  in  a  s h o r t-p a th  

ap p a ra tu s  a t  140® (ba th )/10~ ^  m.m. f o r  a n a ly s is .

Found: C, 6 4 .3 ; H, 7 .5 ;  N, 4 .3 5 .

CisHggOgîT re q u ir e s  C, 6 4 .4 4 ; H, 7 .5 2 ; N, 4 .1 8 .

A f te r  long s ta n d in g , t h i s  substance  c r y s t a l l i s e d ,  

and from e th e r  was o b ta in ed  as  c o lo u r le s s  t r i a n g u la r  p l a te s  

m .p. 42-43®. A sample of t h i s  p roduct was converted  to  th e  

tr i-a m id e  in  72;^ y ie ld  by b e in g  h ea ted  w ith  ex cess  o f 

^ -p h en y le th y lam in e  in  a b a th  a t  180® f o r  2  h r s . , and th e n  act 

200® fo r  2 h r s .  The p roduct was f re e d  from a c id ic  and b a s ic

/s u b s ta n c e s
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sub stan ces as in  th e  p rev io u s c a s e ,  and was c r y s t a l l i s e d  

once from aqueous e th a n o l,  and once from ace to n e-e th an o l*  

The m .p. was th e n  172-5^, alone and in  adm ixture w ith  th e  

a u th e n tic  t r i - a m id e .

^c^ctrum  msamirements. (See p .  1 3 7 ).

Dehydi*ogenatlon p roduc t (LXIzi) 2490*' 12 ,9 1 0 ,
2860 11 ,260 .

2 - (p -tae thoxypheny l)-py rid ine  (LXIV&) 2600 14 ,490 .
2820 16 ,870 .

^ I n f le x io n .
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