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The p r o l i f e r a t i o n ,  o f  t l ie  c o n s t i tu e n t  c e l l s  o f  an im a l 

t is s u e  o ccu rs  u s u a l ly  i n  th e  no rm a l g ro w th  o f  th e  b o d y , i n  th e  

r e p a i r  o f  damaged t is s u e s ,  i n  th e  h y p e r tro p h y  o f  c e r t a in  o rgans, 

such as th e  h e a r t ,  and so on . I n  such cases, c e l l  p r o l i f e r a 

t i o n  occu rs  w i t h  a d e f in i t e  end in  v ie w , nam ely , th e  m a in te n 

ance o f  a h e a lth y  o rgan ism , and i t s  p ro g re s s  is  governed  

a c c o rd in g ly .  When, how ever, e x c e s s iv e  c e l l  d i v i s io n  o c c u rs  

w ith o u t  a p p a re n t p u rp o se , and when i t  p roceeds w a n to n ly , w i t h 

o u t re g a rd  to  th e  re q u ire m e n ts  o f  th e  o rgan ism , th e  p ro c e s s  

r e s u l t s  i n  th e  appearance o f  a tu m o u r.

Tumours may a r is e  fro m  any t is s u e  a t any s ta g e  i n  i t s  

de ve lopm en t, and a re , th e r e fo r e ,  re p re s e n te d  by a g re a t v a r ie t y  

o f  ty p e s *  On t h is  b a s is  a h is t o lo g ic a l  c l a s s i f i c a t io n  may be 

made, and t h is  is  u s e fu l i n  d e te rm in in g  th e  n a tu re  and o r ig in  

o f  a tu m o u r. I ’rom a c l i n i c a l  p o in t  o f  v ie w , how ever, tum ours  

a re  d iv id e d  in t o  two c la s s e s  - s im p le , o r  b e n ig n , and m a lig n a n t.  

The fo rm e r a re  composed c h ie f l y  o f  a d u lt  t is s u e s ,  a re  w e l l  

d e f in e d  and o f te n  e n c a p s u la te d , and do n o t i n f i l t r a t e  h e a lth y  

t is s u e .  The l a t t e r ,  w i th  w h ich  t h i s  w o rk  i s  co n ce rn e d , do n o t 

co rre s p o n d  to  an a d u lt  t is s u e ,  b e in g  e s s e n t ia l l y  c e l l u l a r ,  a re  

i l l - d e f i n e d  a t  t h e i r  m a rg in s , and in va d e  and d e s tro y  h e a lth y  

t is s u e  b o th  by- d i r e c t  in v a s io n  i n  th e  co u rse  o f  t h e i r  g ro w th , 

and b y  rem ote  m e ta s ta ses  o r  seco nd a ry  d e p o s its  o c c u r r in g  v ia  

th e  b lo o d  s tre am  o r ly m p h a tic  v e s s e ls .  Because o f  t h i s
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l a t t e r  p r o p e r ty ,  m a lig n a n t tum ours  have re c e iv e d  th e  c lo s e s t  

a t t e n t io n  s in c e  th e  e a r l ie s t  t im e s , and, w i th  th e  g ra d u a l 

a c c u m u la tio n  o f  s c i e n t i f i c  know ledge, i t  was in e v i t a b le  t h a t  

an approach be made fro m  th e  s ta n d p o in t o f th e  c h e m is t.

O c c u p a tio n a l c a n c e rs , because o f th e  r e g u la r i t y  o f  t h e i r  

o c c u rre n c e , p ro v id e d  th e  s t a r t in g  p o in t  fro m  w h ich  t h i s  approach 

was made. P e r c iv a i  P o t t ,  i n  1775, c o n s id e re d  t h a t  th e  oause 

o f  ch im ney sweep*s ca n c e r was th e  e f f e c t  o f  s o o t on th e  s k in .

A c e n tu ry  l a t e r  von Volkmann drew a t t e n t io n  to  th e  in c id e n c e  o f 

s k in  tum ours  among t a r  w o rk e rs .  I n  1876 B e l l  d e s o r ib e d  cases 

o f  c a n c e r i n  w o rk e rs  in  th e  S c o t t is h  s h a le - o i l  in d u s t r y ,  and a 

y e a r l a t e r  th e  f i r s t  case was re p o r te d  o f  s k in  ca n ce r among 

L a n c a s h ire  c o t to n  o p e ra t iv e s ,  a t t r ib u t a b le  to  c o n ta m in a t io n  

w i th  lu b r ic a t in g  o i l .

The a c c u m u la tio n  o f  e v id e n ce  encouraged in v e s t ig a to r s  in  

a tte m p ts  to  s im u la te  th e  e f f e c t s  o f  th e  suspected  a g e n c ie s , b u t 

i t  was n o t u n t i l  1915 t h a t  Yamagiwa and Ich ika w a *^  in d u c e d  

ca n ce rs  i n  th e  ea rs  o f r a b b i t s  b y  th e  re p e a te d  a p p l ic a t io n  o f  

c o a l t a r ,  a t t e s t  th re e  y e a rs  l a t e r  m o d if ie d  b y  T s u ts u i,  who 

produced ana lagous r e s u l t s  b y  s im i la r l y  p a in t in g  th e  s k in  o f  

m ic e .

T h e re a f te r  p ro g re s s  became r a p id .  A t Z u r ic h  i n  1921,
2)

B lo c h  J d e m on s tra te d  t h a t  th e  a c t iv e  c a n c e r-p ro d u c in g  su b s ta n ce  

i n  c o a l t a r  was c o n c e n tra te d  i n  th e  h ig h e r  b o i l i n g  f r a c t io n s ,  

and was a n e u t r a l  compound, f r e e  fro m  n i t r o g e n ,  a rs e n ic  o r
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s u lp h u r ,  and ca p a b le  o f  fo rm in g  a s ta b le  com plex w i t h  p i c r i c  

a c id .  Kennaway, i n  1924 ^  showed th a t  p o te n t c a rc in o g e n ic  

ag en ts  e x is te d  i n  th e  h ig h e s t  b o i l i n g  f r a c t io n s  o f th e  com p lex
a)

m ix tu re  o f  h y d ro ca rb o n s  p roduced b y  S c h ro e te r  '  b y  th e  a c t io n  

o f  a lu m in iu m  c h lo r id e  on te tra h y d ro n a p h th a le n e  , and a ls o  in  

s im i la r  f r a c t io n s  fro m  th e  p ro d u c ts  o b ta in e d  b y  h e a t in g  to  a 

h ig h  te m p e ra tu re  m ix tu re s  o f a c e ty le n e  and is o p re n e  i n  p resence  

o f  h yd ro g e n .

The f i r s t  d e f i n i t e  c lu e  was f i n a l l y  d is c o v e re d  b y

Mayneord in  1927 who n o te d  t h a t  a f a c t o r  common t o  a l l

c a rc in o g e n ic  ta r s  was th e  p o sse ss io n  o f  a c h a r a c te r is t ic

f lu o re s c e n c e  spectrum  w ith  th re e  bonds a t lo w  d is p e rs io n s .
5)

T h is  m ethod o f  i d e n t i f i c a t i o n  was deve lop ed  b y  H ie g e r  who, 

a f t e r  t e s t in g  a number o f  h y d ro c a rb o n s , fo u n d  th a t  1 , 2 -b e n z - 

an th ra ce n e  ( I )  gave a f lu o re s c e n c e  spec tm m  s im i la r  to  t h a t  o f  

th e  known c a rc in o g e n ic  t a r s .  1 , 2 -benz a n th ra ce n e  i t s e l f ,  how-
oe v e r, was found  to  have l i t t l e  o r  no c a rc in o g e n ic  a c t i v i t y  ,

and Cook '  s u b s e q u e n tly  s y n th e s is e d  a la rg e  number o f  i t s  

hom ologues i n  th e  hope o f  f in d in g  a compound v / i th  th e  same 

spectrum  as t h a t  o f  th e  c a rc in o g e n ic  t a r s .  A number o f  th e s e , 

e s p e c ia l ly  th o se  s u b s t i tu te d  in  th e  5 ,6 ,9 ,  o r  10 p o s i t io n s ,  

have been fo u n d  to  be c a rc in o g e n ic ,  a lth o u g h  none o f  them i s  

re s p o n s ib le  f o r  th e  c a n c e r-p ro d u c in g  p r o p e r ty  o f  th e  t a r s .

About t h i s  t im e  C la r  succeeded i n  s y n th e s is in g



1 , 2 , 5 , 6 - d ib en z  a n th ra ce n e  ( I I )  b y  a m ethod w h ich  made i t

0r e a d i ly  a v a i la b le ,  and Kennaway and H ie g e r  i n  1930 fo u n d

th a t  i t  was a b le  to  in d u ce  e p ith e lio m a s  in  th e  s k in  o f  m ice

when re p e a te d ly  a p p lie d  i n  d i l u t e  benzene s o lu t io n .  T h is

was th e  f i r s t  case o f  e x p e r im e n ta l c a rc in o g e n e s is  b y  a p u re

p o ly n u c le a r  h yd ro c a rb o n  whose s t r u c tu r e  was a c c u ra te ly  known.

S h o r t ly  a f te rv /a rd s , i n  1932, th e  a c t iv e  c o n s t i t u e n t  o f
9)c o a l t a r  was f i n a l l y  is o la te d  b y  Gook, H ew e tt and H ie g e r  7 , 

u s in g  f lu o re s c e n t  s p e c tro s c o p y  to  d i r e c t  th e  e x t r a c t io n  o f  

th e  p o te n t m a te r ia l .  I t  p roved  to  be a h y d ro c a rb o n , whose 

c o n s t i t u t io n  th e y  l a t e r  e s ta b lis h e d ,  b y  s y n th e t ic  m ethods, 

to  be 3 ,4 -b e n z p y re n e  ( I I I ) .

3'

M

i3
V

r
i n  in t e r e s t in g  deve lopm ent o c c u rre d  i n  1933, when, b y  

th e  d e h y d ro g e n a tio n  o f d e h y d ro n o rc h o le n e , a s im p ly -o b ta in e d  

d e r iv a t iv e  ^  o f  a n a t u r a l ly  o c c u r r in g  c o n s t i tu e n t  o f  b i l e ,  

d e o x y c h o lic  a c id ,  th e re  was o b ta in e d  s im u lta n e o u s ly  b y  two 

g roups o f  w o rk e rs  th e  compound m e th y lc h o la n th re n e  ( I V ) ,  

whose s t r u c tu r e  was e s ta b lis h e d  by Gook and Haslewood by
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,3) 14)d e g ra d a t io n  and b y  i? ie s e r and S e ligm an b y  s y n th e s is

The d is c o v e ry  i n  1935 t h a t ,  w i t h  i t s  p a re n t h y d ro o a rb o n , 

c h o la n th re n e  (V) i t  possessed th e  g r e a te s t  c a rc in o g e n ic

p o te n c y  o f  any compounds y e t in v e s t ig a te d  ,7  ̂ p ro ve d  o f  g re a t 

in t e r e s t ,  as th e  p re o u rs o r  i n  i t s  p re p a ra t io n  had been a 

n a t u r a l l y  o c c u r r in g  p ro d u c t.

ch*— cw*

E I

I t  became in c r e a s in g ly  obv ious t h a t  a s t r u c t u r a l  r e 

la t io n s h ip  e x is te d  be tw een  many o f th e  now numerous c a rc in o g e n ic  

h yd ro ca rb o n s  t h a t  had b y  t h i s  t im e  been p re p a re d , and as a 

r e s u l t  o f  th e  la rg e  amount o f  d a ta  th a t  had u l t im a t e ly  accum ula

te d ,  i t  became p o s s ib le  to  r e la t e  m o le c u la r  fe a tu r e s  and 

b io lo g ic a l  a c t i v i t y .  Many a c t iv e ly  c a rc in o g e n io  h yd ro ca rb o n s  

w ere  now p e rc e iv e d  to  f a l l  in t o  c e r t a in  g ro up s , n o ta b ly  th o se  

r e la te d  to  1 ,2 -b e n z  an th ra cen e  ( I ) ,  to  3 ,4 -b en zphe nan th rene  ( V I ) ,  

and to  ch ryse n e  ( V I I ) .
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1

C

B r ie f  m e n tio n  may "be made re g a rd in g  th e  o a rc in o g e n io  

p o te n c y  o f , th e s e  compounds, and o f  some o f  t h e i r  s im p le r  

homologu.es, as t h i s  assumes a c e r t a in  s ig n if io a n o e i,  w h ich  w i l l  

become a p p a re n t, re g a rd in g  th e  i n h ib i t o r y  power o f  some s im i la r  

compounds to  be d is c u s s e d  l a t e r .

I n  th e  1 ,2 -b e n z  an th ra ce n e  g ro u p , th e  p a re n t compound 

i t s e l f  ( I )  has l i t t l e  o r no c a rc in o g e n ic  a c t i v i t y  ^  , b u t th e  

s u b s t i t u t io n  o f  a l k y l  g roups i n  th e  p o s i t io n s  5 ,6 ,9  o r  10
I $)c o n fe rs  c o n s id e ra b le  p o te n cy  '  a lth o u g h  t h i s  depends on an

optimum c o m p le x ity  o f s t r u c tu r e .
/ . |(03 ,4 -b e n zp h e n a n th re n e  ( V I ) ,  f i r s t  s y n th e s is e d  b y  Gook ,

20)i s  i t s e l f  c a rc in o g e n ic  , and t h i s  p ro p e r ty  is  enhanced b y  

th e  s u b s t i t u t io n  o f  a m e th y l group i n  p o s i t io n s  1  o r 2 ; f o r
2 \)

exam ple, 2 - m e th y l- 3 ,4 -ben zp he n an th ren e , s y n th e s is e d  b y  H e w e tt '

has been fo u n d  t o  be a p o w e r fu l c a r c in o g e n 23̂ .

S p e c ia l ly  p u r i f ie d  s y n th e t ic  ch ryse ne  ( V I I )  has a ls o

been shown to  cause e p ith e lio m a  i n  mouse s k in  , and a lth o u g h

i t s  c a rc in o g e n ic  p o te n c y  is  o f a v e ry  low  o rd e r ,  s u b s t i t u t io n

o f  m e th y l g roups a t  p o s i t io n s  1  and 2 in c re a se s  i t s  a c t i v i t y ,
21)

and 1 , 2 - d im e th y l ch rysene  i s  w e a k ly , b u t  q u ite  re c o g n is a b ly  

ca rc  in o  g e n ic .



W o rk in g  on th e  p r in c ip le  th a t  a condensed benzene r in g  

i s  e q u iv a le n t  to  tw o  o -m e th y l groups i n  i t s  in f lu e n c e  i n  p ro 

m o tin g  c a rc in o g e n ic  a c t i v i t y ,  H ew ett l in k e d  th e se  th r e e  c la s s e s  

o f  compounds b y  th e  s y n th e s is  o f  1 ,2 ,3 ,4 - te t ra m e th y lp h e n a n th r -

C om parison o f  th e  s t r u c tu r e  o f  (V IE ) w i th  th e  fo rm u la 

t i o n  o f  m e th y l d e r iv a t iv e s  o f  1 ,2 -b e n z a n th ra o e n e , 3 ,4 -b e n z - 

a n th ra cen e  and ch ryse n e , s u b s t i tu te d  i n  th e  p o s i t io n s  in d ic a te d  

above to  ensure  enhanced c a rc in o g e n ic  a c t i v i t y ,  r e a d i l y  

i l l u s t r a t e s  H e w e tt*s  c o r r e la t io n .  T h is  p r in c ip le  m ig h t a ls o  

be extended  t o  th e  c h o la n th re n e  m o le cu le  (V ) ,  w here  re p la ce m e n t 

o f  th e  p e n t a c y c l ic  system  b y  a p a i r  o f m e th y l g roups i n  

c o rre s p o n d in g  p o s i t io n s  w ou ld  g iv e  5 , 1 0 - d im e th y l-1 ,2 -b e n z - 

a n th ra ce n e  ( X ) , w h ich  has been s y n th e s is e d  b y  I ' ie s e r  and

Uewman and i t s e l f  possesses a c a rc in o g e n ic  a c t i v i t y  com-

*7)p a ra b le  w ith  th a t  o f  c h o la n th re n e  .

ene ( V I I I )  'a n d  1 ,2 ,3 ,4 -d ib e n z iih e n a n th re n e  ( IX ) b o th  o f

w h ic h  p roved  to  be c a rc in o g e n ic
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The power o f c a u s in g  ca n ce r i s ,  how ever, n o t l im i t e d  

e n t i r e l y  to  th e  above c la s s e s  o f  p o ly c y c l ic  h y d ro c a rb o n s , and 

a few  ag en ts  o th e r  th a n  th e s e  may be m e n tio n e d . T r ip h e n y l-

benzene ( Z l ) ,  and te tra p h e n y lm e th a n e  ( Z I I )  b o th  appea r to

h y d ro c a rb o n s . A p a rt fro m  c e r t a in  p o ly n u c le a r  h e te r o c y c l ic  

sab s tan ces  m e n tion ed  l a t e r ,  i n  t h i s  I n t r o d u c t io n ,  i t  has been 

fo u n d  t h a t  th e  compound 2 - ( p - a m in o s t y r y l ) - 6 - ( p -a c e ty la m in o -  

b e n z o y la m in o ) -q u in o lin e  m e th o a ce ta te  ( Z I I I ) ,  o r i g i n a l l y  i n 

tended  as a try p a n o e id e , caused sarcomas i n  m ice  a t  th e  s i t e  

o f  i n j e c t i o n 1^ ,  w h ile  th e  p ro d u c t io n  o f  l i v e r  and u r in a r y  

b la d d e r  neoplasm s by  many azo-compounds such as o -am inoazo - 

to lu e n e  (Z IV ) ^ h a s  been re c o rd e d  on many o c c a s io n s  b y  

Japanese w o rk e rs .

possess th e  a b i l i t y  to  p roduce  m a lig n a n t tum ours i n  m ice  ^  

a lth o u g h  t h e i r  a c t i v i t y  is  o f  a lo w  o rd e r .

C a rc in o g e n ic  sub s tan ces , ho w ever, need n o t even be

w . nr



S in ce  i t  "had now "become p o s s ib le  r e g u la r ly  to  cause  

m a lig n a n t tum ours b y  th e  a p p l ic a t io n  o f c h e m ica l compounds, 

a tte m p ts  q u ic k ly  fo l lo w e d  to  cause t h e i r  re g re s s io n  and 

e v e n tu a l d isa pp e a ra n ce  b y  th e  same means, and t h i s  im p lie d  

th e  use o f agen ts  c a p a b le  o f d e s tro y in g  th e  c e l l s  o f  th e  

tum our w ith o u t  d e tr im e n t to  th e  a d ja c e n t h e a lth y  t is s u e s .

Such s e le c t iv e  a c t io n  i s  n o t easy to  a t t a in ,  s in c e  tum our 

c e l l s ,  as was m en tioned  p r e v io u s ly ,  a re  d e r iv e d  fro m  th o s e  o f 

th e  no rm a l t is s u e s  and show a marked s i m i l a r i t y  to  th e s e  i n  

t h e i r  g e n e ra l b e h a v io u r .

The e a r l i e r  w o rk  on th e  i n h ib i t i o n  o f  m a lig n a n t tum ours 

b y  ch e m ica l compounds was m a in ly  o f an e m p ir ic a l  n a tu re ,  s in ce  

i t  aimed a t a d e p re s s io n  o f  th e  g row th  r a t e  o f tum ours  b y  th e  

c r e a t io n  o f  an env iron m en t u n fa v o u ra b le  to  th e  m a lig n a n t 

p r o l i f e r a t i o n  o f  c e l l s ,  and b y  d i r e c t  in te r fe r e n c e  i n  th e  

m e tab o lism  o f th e  tum our.

The use o f  fo rm a ld e h yd e  i n  cases o f human u te r in e
3l)

ca n ce r has been re p o r te d  as b e n e f ic ia l  , b u t t h i s  appeared 

due to  th e  subsidence o f in f la m m a t io n . C e r ta in  a ld e h yd e s  

have a ls o  been te s te d  f o r  i n h ib i t o r y  p r o p e r t ie s .  P ro p io n ic  

a ld e h yd e , in je c te d  in to  m ice t r e a te d  w i t h  b e n zp y re n e , s l i g h t l y  

reduced th e  in c id e n c e  o f  tum ours ^  , and S tro n g  ^  

fo u n d  th a t  h e p ta ld e h y d e  caused th e  re g re s s io n  o f  spontaneous 

tum ours i n  m ice and d o g s , a lth o u g h  i t  had no e f f e c t  on tum ours
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in d u ce d  b y  m e th y lc h o la n th re n e , o r  i n  in o c u la te d  C rd c k e r mouse 
34-)

sarcomas

A tte m p ts  to  in t e r f e r e  w i t h  th e  r e s p i r a t io n  o f  m a lig n a n t

t is s u e s  le d  to  th e  use o f h yd ro g e n  c y a n id e , and t h i s  appeared

to  cause re g re s s io n  o f  c e r t a in  mouse c a rc in o m a s , a lth o u g h  th e

dose had to  he a lm ost l e t h a l  to  have any e f f e c t

An in t e r e s t in g  approach to  th e  p rob lem  was made i n

a tte m p ts  to  s ta in  cance rous t is s u e  p r e f e r e n t ia l l y  w ith  s u i ta b le

dye s , and th u s  a c h ie v e  a s e le c t iv e  a t ta c k  on m a lig n a n t c e l l s

th e m se lve s , le a v in g  th e  h e a lth y  t is s u e s  u n a f fe c te d .  I t  was

fo u n d  th a t  th e  cadmium s a l t  o f  a e r id in iu m  n i t r a t e  caused re -
3i)g re s s io n  o f  some mouse tum ours , and Isa m in e  b lu e  was

37)
c la im e d  to  have a b e n e f ic ia l  e f f e c t  on c e r ta in  a n im a l tum ours

38)
b u t  d id  n o t f u l f i l  t h is  p rom ise  i n  re s p e c t to  human neoplasm s . 

M e thy lene  b lu e  a d m in is te re d  p e r o r a l ly ,  how ever, has  been re -
33)co rde d  as b e in g  b e n e f ic ia l  i n  c e r t a in  cases o f  human ca n ce r 

W ork a lo n g  t h is  l i n e  seems, how ever, t o  have been abandoned 

i n  i t s  e a r ly  s tag es  i n  s p i te  o f  i t s  appa ren t p ro m is e .

The p ro fo u n d  e f f e c t  o f  many a lk a lo id s  on th e  an im a l 

o rgan ism  le d  to  a c e r t a in  amount o f  in v e s t ig a t io n  re g a rd in g  

t h e i r  p o s s ib le  a p p l ic a t io n  to  th e  i n h ib i t i o n  o f  tum our g ro w th , 

and one o f  them , c o lc h ic in e ,  was e s p e c ia l ly  n o ta b le  because 

o f  i t s  a b i l i t y  to  a r r e s t  c e l l  m ito s is  a t a c e r t a in  s ta g e  i n  

i t s  de ve lo p m en t. T h is  a lk a lo id  has been used i n  m a lig n a n t
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40)ly m p h o id  tu.mou.rs o f  m ice  w i th  some success  '  b u t  th e

dosage n e ce ssa ry  was fou nd  t o  be a lm o s t l e t h a l  •

Im provem ents i n  th e  m ethbd o f  a d m in is t r a t io n  r e s u l te d  i n
42)

re g re s s io n  o f  sane r a t  ca rc in o m a s  , and c e r t a in  human
43)neoplasm s showed a fa v o u ra b le  response  to  c o lc h ic in e  ^ a l -

44)though  in  o th e r  cases no e f f e c t  was obse rved  . A d is 

advantage i n  th e  use o f c o lc h ic in e  l i e s  i n  i t s  h ig h  t o x i o i t y ,  

and a sea rch  f o r  le s s  to x ic  d e r iv a t iv e s  m ig h t y ie ld  i n t e r e s t 

in g  r e s u l t s  i n  t h i s  f i e l d .

Of re c e n t y e a rs , one o f th e  m ost f r u i t f u l  approaches 

to  th e  chem otherapy o f  ca n ce r has been t h a t  o f  Haddow, who 

made th e  s u r p r is in g  o b s e rv a t io n  t h a t  c a rc in o g e n io  compounds

the m se lve s  have a s u s ta in e d  in h ib i t o r y  e f f e c t  on th e  g ro w th
45)

o f  tum ours and o f  young a n im a ls

I t  was fo u n d  th a t ,  i f  a r a t  b e a r in g  a g r a f te d  tum our, 

be g iv e n  an in t r a p e r i t o n e a l  in je c t io n  o f a c a rc in o g e n ic  

h yd ro c a rb o n , such as 1 , 2 , 5 , 6 - d ib  enzanthracene o r 3 ,4 -b e n z -  

py ren e , e i t h e r  i n  c o l l o i d a l  su sp e n s io n  i n  w a te r  o r d is s o lv e d  

in  o i l ,  th e  g ro w th  r a te  o f  th e  tum our was decreased  a p p re c ia b ly ,  

an e f f e c t  w h ic h  was n o t obse rved  when n o n -c a rc in o g e n ic  h y d ro 

ca rbons  w ere used, such as a n th ra c e n e , p h e n a n th re n e , p y ren e , 

o r  f lu o r a n th e n e . Compounds such  as ch ryse n e , w h ic h  a re  o n ly  

f e e b ly 'c a r c in o g e n ic , possessed a c o r re  sp o n d in g ly  le s s e r  degree 

o f  i n h ib i t o r y  a c t i v i t y .
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I n  th e  cou rse  o f  th e s e  e xp e rim e n ts  i t  was n o te d  t h a t  

a n im a ls  in je c t e d  w ith  c a rc in o g e n ic  h yd ro ca rb o n s  grew more 

s lo w ly  th a n  th o se  w h ic h  w ere  n o t so' t r e a te d ,  and th e  co n 

c lu s io n  was reached th a t  th e  r e d a c t io n  i n  th e  r a te  a t  w h io h  

th e  tamo o r s g rew  was th e  r e s a l t  o f a g e n e ra l i n h ib i t i o n  o f  

g ro w th  o f  th e  w ho le  o rgan ism , r a th e r  th a n  an i n h ib i t o r y  

e f f e c t  s p e c i f ic  to  ta m o a rs . T h is  o b s e rv a t io n  le d  to  more 

p a r t i c a la r  e x p e rim e n ts  a lo n g  th e s e  l in e s ,  and i t  was fo a n d  

th a t  i n  yoang r a t s ,  a s in g le  in t r a p e r i t o n e a l  in je c t io n  o f  a 

c a rc in o g e n ic  h y d ro c a rb o n , as b e fo re ,  r e s a lte d  i n  an im m ed ia te  

d im in u t io n  in  th e  ra te  o f  body g ro w th , so p ro lo n g e d  i n  i t s  

e f f e c t  t h a t  none o f th e  r a t s  so t r e a te d  re c o v e re d , and i t  

was f a r t h e r  de m on stra ted  t h a t  a lth o u g h  th e  h yd ro ca rb o n  

e v e n tu a l ly  c o u ld  n o t even be d e te c te d  in  th e  t is s u e s  b y  t h e i r  

f lu o r e s c e n t  s p e c tra ,  th e  i n h ib i t o r y  e f f e c t  m ig h t s t i l l  be 

m a in ta in e d . A g a in , t h i s  phenomenon was n o t observed when 

n o n -c a rc in o g e n ic  compounds, such  as p y re n e , were used, w h ile  

ch rysene  was o n ly  fe e b ly  e f f e c t iv e ,  as m ig h t be e x p e c te d  f o r  

th e  same reasons as b e fo re .

These r e s u l t s  have been in d e p e n d e n tly  c o n firm e d  b y  a 

number o f  o th e r  w o rk e rs , n o ta b ly  b y  L e e s ^ i n  re s p e c t o f  th e  

p ro lo n g e d  g ro w th  i©  i n h ib i t o r y  powers o f th e  c a rc in o g e n ic  

h yd ro ca rb o n s  as opposed to  th e  s im i la r ,  b u t  te m p o ra ry , e f f e c t  

o f  c e r t a in  sys tem ic  p o is o n s  such  as t h a l l iu m  a c e ta te ,  and
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4-7)
a g a in  by  the  same w o rk e r i n  re s p e c t o f  th e  i n h ib i t o r y  

e f f e c t  o f  th e s e  h yd ro ca rb o n s  on th e  g ro w th  r a te  o f  m a lig 

na n t tum ours i n  r a t s .  An in t e r e s t in g  c o r o l la r y  was
48)

fu rn is h e d  b y  th e  d is c o v e ry  o f  Mo re  H i  and D a n s i th a t  th e  

in je c t io n  o f  c a rc in o g e n ic  compounds in to  r a t s  b e a r in g  n e w ly  

im p la n te d  tum our g r a f t s  r e s u l te d  i n  th e  f a i l u r e  o f  th e  

g r a f t  to  ttta k e ,T. Once a g a in  i t  7/as fo u n d  th a t  non- 

c a rc in o g e n ic  compounds u s u a l ly  f a i l e d  to  cause t h i s  e f f e c t .

An in t e r p r e t a t io n  o f  these  im p o r ta n t f in d in g s  was g iv e n  

b y  Haddow, who c o n s id e rs  th a t  a c a rc in o g e n ic  compound a c ts  

p r im a r i l y  b y  in t e r f e r in g  w i th  th e  g ro w th  o f  no rm a l o e l l s ,  

w h ic h  th e r e fo r e  e v e n tu a l ly  undergo an i r r e v e r s ib le  change, 

e n a b lin g  them to  p r o l i f e r a t e  i n  an en v iron m en t in  w h ich  a 

no rm a l c e l l  w ou ld  f i n d  g ro w th  d i f f i c u l t  o r  even im p o s s ib le .  

T h is  new fe a tu r e  o f  th e  a l te r e d  c e l l s  i s  pe rm anen t, and con 

t in u e s  to  o p e ra te  even when th e y  have been rem oved, b y  

m e tas te s  o r  d e l ib e r a te  t r a n s p la n ta t io n  to  o th e r  h o s ts ,  fro m

th e  env ironm en t w h ich  p roduced them . A c o n s id e ra b le  volume
4*0o f  ev idence  has been c o l le c te d  i n  s u p p o rt o f  t h i s  th e o ry  '  .

A f u l l e r  e x a m in a tio n  o f th e  e f f e c ts  on tum our g ro w th  

o f  b o th  c a rc in o g e n ic  and n o n -c a rc in o g e n ic  compounds was n o t 

lo n g  d e la y e d , and i t  was fo u n d  b y  Haddow th a t  in  a n im a ls  

b e a r in g  spontaneous o r  t ra n s p la n te d  m a lig n a n t tum o u rs , 8 6 . Sfo 

o f  171 e xp e rim e n ts  u s in g  c a rc in o g e n ic  compounds showed
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i n h ib i t i o n  o f  tum o u r grow th ., w h ile  i n  79 e x p e rim e n ts  u s in g
*  5°)n o n -c a rc in o g e n ic  compounds, 7 9 .7 ^  in d ic a te d  no i n h ib i t i o n

Some c a rc in o g e n ic  compounds, how ever, do n o t show an

in h ib i t o r y  pow er, e . g . ,  2 1 -m e th y l- 1 , 2 , 5 ,6 - d ib e n z a n th ra c e n e ,

9 -m e th y l-1 0 -c y a n o - l,2 -b e n z a n th ra c e n e , and 1 0 -a c e to x y m e fh y l-

1 , 2 -b e n z a n th ra c e n e , w h ile  a fe w  n o n -c a rc in o g e n ic  compounds

do show t h i s  power, e .g . ,  2 * , 3 1-n a p h th a -3 ,4 - p y re n e , 4 '- h y d r o x y -

and 4 , -m e th o x y -3 ,4 -b e n z p y re n e , and l ^ ’ -a z o n a p h th a le n e .

However, i t  has been  fo u n d  th a t  th e  p o w e r fu l g ro w th  in h ib i t o r s

3 - and 7 -m e th y l- l,2 -b e n z a n th ra c e n e , w h ich  had n o t h i t h e r to

been fo u n d  c a rc in o g e n io  to  th e  s k in  o f  m ic e , a re  a b le  to  g iv e

r is e  to  sarcom as, and t h i s  in c id e n c e  o f  e x p e r im e n ta l e r r o r ,

w ith  th e  in d iv id u a l  v a r i a b i l i t y  o f  th e  an im a l used f o r  t e s t -
50in g ,  may a cco u n t f o r  many o f  th e s e  d is c re p a n c ie s .  Haddow y, 

i n  o rd e r  to  e x p la in  th e s e  a n o m a lie s , accoun ts  f o r  th e  la c k  o f  

c a rc in o g e n ic  p o te n c y  i n  c e r t a in  g r o w th - in h ib i t o r y  subs tances 

b y  suppos ing  th a t  t h e i r  e f f e c t  upon c e l l s  i s  n o t to  cause th e  

d is c o n t in u o u s  change i n  th e  g ro w th  ra te  n e ce ssa ry  f o r  th e  i n 

c e p t io n  o f  m a lig n a n t p r o l i f e r a t i o n ,  b u t t h a t  th e  change p r o 

duced may be i n  th e se  cases c o n tin u o u s  and g ra d u a l,  o r  t h a t  

such d is c o n t in u i t y  may be d i f f i c u l t  o r  im p o s s ib le  to  produce 

f o r  unknown re a s o n s .
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N e v e r th e le s s , a c o n s id e r a b le , i f  n o t  e x a c t, degree o f

c o r r e la t io n  betv/een c a rc in o g e n ic  and i n h ib i t o r y  a c t i v i t y

has been d e m o n s tra te d  to  e x i s t ,  and t h i s  th e o r y  may be

i l l u s t r a t e d  b y  re fe re n c e  to  th e  s im p le  hom ologues o f th e

m ain  groups o f  c a rc in o g e n ic  h yd ro ca rb o n s  m e n tio n e d  p r e v io u s ly *

I n  th e  1 ,2 -b e n z  a n th ra cen e  s e r ie s ,  th e  p o s i t io n s ,  5, 6 ,

9 and 10 have been shown to  be th o s e  m ost s u i ta b le  f o r  th e

in t r o d u c t io n  o f  a lk y l  groups to  g iv e  c a rc in o g e n io  compounds.
52.)

Haddow has shown th a t  th e se  compounds have an i n h ib i t o r y

e f f e c t ,  w h ic h , how ever, i s  decreased  by an in c re a s e  i n  th e

number o f  ca rbon  atoms in  th e  a l k y l  g ro u p .

3 ,4 -b e n z p h e n a n th re n e , a weak c a rc in o g e n , i t s e l f  shows

l i t t l e  o r  no in h ib i t o r y  pow er, b u t ,  ju s t  as i t s  c a rc in o g e n ic

a c t i v i t y  i s  in c re a s e d  by s u b s t i t u t io n  o f a m e th y l group i n

p o s i t io n  2, so 2 -m e th y l-5 ,4 -benzphenan th rene  shows an
53)

a p p re c ia b le  i n h ib i t o r y  pov/er , and t h is  is  even g re a te r  i n
5V)th e  case o f  2 - e t h y l -  and 2 - is o p r o p y l - 3 *4 -ben zph e na n th re ne  ' .

I n  th e  ch rysene  s e r ie s  o f  compounds, 1 ,2 -d im e th y l-  

c h ry s e n e , w h ic h  shoves pronounced c a rc in o g e n ic  a c t i v i t y ,  has 

been p rove d  to  have m arked g r o w th - in h ib i t o r y  p r o p e r t ie s  .

I n  th e  case o f  th e  compounds H ew e tt had used to  

dem onstra te  th e  c o r r e la t io n  be tw een th e se  th r e e  groups o f  

c a rc in o g e n s , th e  c a rc in o g e n io  1 ,2 ,3 ,4 -d ib e n z p h e n a n th re n e  

e x h ib i t s  pronounced g r o w th - in h ib i t o r y  pow er, b u t
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54)
1 ,2 ,3 ,4 - te tra m e th y lp h e n a n th re n e  i s  n e g a t iv e  i n  t h i s  re s p e c t  , 

b e in g  o n ly  a w e a k ly  c a rc in o g e n ic  s u b s ta n c e .

As in  th e  o as0 o f  c a rc in o g e n ic  su b s ta n ce s , compoands 

which, i n h i b i t  tum our g ro w th  noed n o t bo h y d ro o a rb o n s , b u t  

may e x h ib i t  t h i s  p ro p e r ty  i f  t h e i r  s t r u c t u r a l  r e la t io n s h ip  

w i th  a c a rc in o g e n ic  h y d ro c a rb o n  i s  c lo s e  enough, a c irc u m 

s ta n ce  w h ic h  o f te n  c o n fe rs  c a rc in o g e n ic  p o te n c y  i t s e l f .

Thus 1 ,2 ,5 ,6 - d ib e n z a c r id in e  (XV) and 3 , 4 , 5 ,6 -d ib e n z a c r id in e  

(X V I) ,  w h ich  s u p e r f i c i a l l y  resem b le  th e  c a rc in o g e n ic  h y d ro 

oa rbons 1 ,2 ,5 ,6 -d ib e n z a n th ra c e n e  ( I I )  and 1 , 2 , 7 , 8 - d ib e n z -
55)a n th ra cen e  ( X V I I ) ,  a re  the m se lves  c a rc in o g e n io  , and

1 ,2 ,5 ,6 - d ib e n z a c r id in e  has been fo u n d  to  possess c o n s id e ra b le  

i n h ib i t o r y  p r o p e r t ie s  56̂ .

Z2E m

I n  th e  same way, 1 ,2 ,5 ,6 -d ib e n z c a rb a z o le  ( X V I I I )  and

3 , 4 , 5 , 6 -d ib e n z c a rb a z o le  (X IX ) ,  s t r u c t u r a l l y  r e la te d  to  th e

c a rc in o g e n ic  h yd ro ca rb o n s  1 , 2 , 5 , 6 -d ib e n z f lu o re n e  (XX)
/ \ 5S) 59)and 1 ,2 ,7 ,8 -d ib e n z f lu o re n e  (X X I) a re  a ls o  c a rc in o g e n ic

53.60)
and b o th  have m arked g r o w th - in h ib i t o r y  powers
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X® XL m BT

I t  was fo u n d , how ever, t h a t ,  i n  th e s e  oases, th e  

c o r r e la t io n  betw een c a rc in o g e n ic  p o te n c y  and g r o w th - in h ib i t o r y  

a c t i v i t y  was n o t a lw ays as c lo s e ly  fo l lo w e d  as i n  th e  c a r 

c in o g e n ic  h yd ro ca rb o n s  w i th  w h ich  we have  d e a l t .  I n  v ie w  o f  

t h i s ,  i t  was c o n s id e re d  d e s ira b le  th a t  some n itro g e n o u s  

ana logues o f  ch ryse n e , 3 ,4 -b e n z p h e n a n th re n e , and pyrene  be 

exam ined, i n  th e  hope th a t  a p o te n t g r o w th - in h ib i t  o r  m ig h t 

be o b ta in e d  w h ich  w ou ld  y e t possess o n ly  th e  weak o r non

e x is te n t  c a rc in o g e n ic  power o f  th e  ana logous h y d ro c a rb o n .

The p re s e n t v /o rk  i3  conce rned , th e r e fo r e ,  w i th  th e  s y n th e s is  

o f  a number o f  the se  compounds w i th  w h ic h  th e  f o l lo w in g  

s e c t io n  d e a ls  more f u l l y .

Many compounds i n  th e se  s e r ie s  have been a lre a d y  p re 

p a re d , n o ta b ly  3 -a z a - 7 -a z a -62̂  aad 8 -a za ch ryse n e
64)

and a ls o  3 ,4 -b e n z -8 -a z a p h e n a n th re n e  , 3 ,4 -b e n z -1 0 -a z a p h e n - 

a n th re n e  ^  , and 4 -a zap y ren e  .

Some o f  th e s e  have been te s te d  f o r  c a rc in o g e n ic  p o te n c y , 

e . g . ,  Joseph ^  r e p o r ts  t h a t  3 ,4 -b e n z -8 ~ a za p h e n a n th re n e  la c k s
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c a ro in o g e n ic  a c t i v i t y ,  and Shear and L a i t e r  f i n d  1 -a z a - 

ch rysene  and 3 ,4 -b e n z -8 -a z a p h e n a n th re n e  un a b le  to  cause 

tum ours a t th e  s i t e  o f  i n j e c t io n .

I t  i s  o f  in t e r e s t  to  n o te  th a t  many o th e r  n itro g e n o u s  

ana logues o f  v a r io u s  c a rc in o g e n ic  h yd ro ca rb o n s  have been 

s y n th e s is e d , f o r  in s ta n c e ,  c e r t a in  a z a -c h o la n th re n e s  

a za -b e nza n th ra cen e s  and a z a -3 ,4 -b e n z p y re n e s  ,

b u t  th e se  a re  n o t im m e d ia te ly  concerned  w i t h  t h i s  w o rk , and 

a re  m e n tion ed  o n ly  i n  p a s s in g .

The g row in g  im p o rta n c e  o f  n itro g e n o u s  g r o w th - in h ib i t o r s  

i s  emphasised b y  th e  more re c e n t w ork o f  H addow 7^ ,  w h ich  

d e a ls  w i t h  two m a in  c la s s e s  o f  th e se  compounds; th o se  w i th  

h e te r o c y c l ic  s t r u c tu r e s  r e la te d  to  1 , 2-benz a n th ra c e n e , th e  

b e n z f lu o re n e s , and o th e r  p o ly c y c l ic  h yd ro c a rb o n s , and c e r t a in  

t r ia r y le t h y le n e s , some o f w h ich  may be re g a rd e d  as b e in g  

s t r u c t u r a l l y  r e la te d  to  1 ,2 - benz an th ra cen e  o r  3 ,4 -b e n zp h e n 

a n th re n e . I n  th e  fo rm e r group i t  i s  fo u n d  th a t  c e r t a in  

compounds, m a in ly  ph enaz ines  and in d o lo q u in o x a lin e s  c o n ta in in g  

one six-m em bered r in g  w ith  tw o n i t r o g e n  atom s, and a f i v e -  

membered r in g  w i th  one n i t r o g e n  atom, show o u ts ta n d in g  i n 

h i b i t o r y  p r o p e r t ie s  g r e a te r  th a n  h i t h e r t o  observed  i n  any 

o th e r  c la s s .

A lth o u g h  th e  more s p e c ta c u la r  approaches to  c a n c e r 

th e ra p y  have been made r e c e n t ly  u s in g  s y n th e t ic  a e s tro g e n s
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i n  c o m b in a tio n  w i t h  s u rg e ry  and th e  use o f  X - ra y s ,  th e  

tre a tm e n t o f  th e  d ise a se  i s  s t i l l  d i f f i c u l t  and i t s  o r ig in  

o b s c u re . The re c e n t v e ry  a c t iv e  in v e s t ig a t io n  o f  th e  

mechanism o f  g r o w t h - in h ib i t io n  and th e  compounds th a t  cause 

i t  may, how ever, le a d  to  a s u c c e s s fu l tre a tm e n t b y  c h e m ic a l 

means a lo n e , and a s te a d y  p ro s e c u t io n  o f  re s e a rc h  a lo n g  

th e s e  l in e s  i s  c e r t a in ly  in d ic a te d  i n  v ie w  o f  th e  s ig n i f ic a n t  

in fo rm a t io n  we have d is c u s s e d  above.
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INTRODUCTION TO BZPBRIMS3STTAL *

I n  v ie w  o f  th e  o b s e rv a t io n s  made in  th e  g e n e ra l 

I n t r o d u c t io n  re g a rd in g  the  e f f e c ts  on h e a lth y  and on m a lig 

n a n t t is s u e ,  o f  some p o ly c y c l ic  compounds c o n ta in in g  a 

h e te r o c y c l ic  n u c le u s , i t  was c o n s id e re d  th a t  a s e r ie s  o f  th e s e  

compounds, s t r u c t u r a l l y  r e la te d  to  p y re n e , c h ry s e n e , and 3 ,4 -  

benzphenan th rene , s h o u ld  be p re p a re d  f o r  b io lo g ic a l  t e s t in g .

The o b je c t  o f  t h i s  w ork was to  a cco m p lish  th e  s y n th e s is  o f  

some o f  th e se  compounds.

I t  was d e c id e d  f i r s t  to  ex tend  th e  c o n d e n s a tio n  o f
74)<*-h yd roxym e th y lene  ke to n e s  w i th  cyanace tam ide  to  th e  

p r e p a ra t io n  o f  p o ly c y c l ic  compounds c o n ta in in g  a fu s e d  p y r id in e  

n u c le u s , v i z . s -
y v  .r ll

^ y C H O H  cHa'CN I L L

Cu '0 , co  *  ^  0

2 -H yd roxym e th y le n e - c y a n a c e t-  D e r iv a t iv e  o f
l - k e t o - l , 2 , 3 , 4 - t e t r a -  amide a za ch ryse n e .
hy d r  0 ph e nan t  h r  ene

The a v a i la b le  in fo rm a t io n  c o n c e rn in g  th e  p ro d u c ts  o f  

t h i s  ty p e  o f  r e a c t io n  has been la r g e ly  c o n f l i c t i n g  f o r  two 

m a in  re a so n s .

The f i r s t  o f  th e s e  is  t h a t ,  i n  th e  p re p a ra t io n  o f  <*- 

hydroxym  e th y l  ene ke to n e s  b y  th e  a c t io n  o f  e th y l  fo rm a te  on 

open c h a in  ke to n e s  o f  th e  typ e
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R.CHg.CO.OHg .R1

th e  h yd ro xym e th y le n e  g roup may be in tro d u c e d  on e i t h e r  o f  th e

two r e a c t iv e  m e th y len e  groups a d ja c e n t to  th e  o a rb o n y l g ro u p .

T h is  p o s s i b i l i t y  re n d e rs  d o u b t fu l th e  s t r u c tu r e  o f  th e  p ro d u c t,

and hence t h a t  o f  th e  p ro d u c t o f  i t s  c o n d e n s a tio n  w i t h  cyan -

a ce ta m id e . I n  c e r ta in  oa se s , n e v e r th e le s s , th e  c o n s t i t u t io n

o f  th e  h yd ro xym e th y le n e  k e to n e  has been d e te rm in e d , e .g . ,  th e

a c t io n  o f  e th y l  fo rm a te  on m e th y l e th y l  ke to n e  has been p roved
75)

to  ta k e  p la c e  p r e f e r e n t ia l l y  on th e  m e thy len e  g ro u p .

The ke to n e  used i n  ou r s y n th e s is ,  how ever, c o u ld  g iv e  r i s e  to  

one p o s s ib le  h yd ro xym e th y le n e  d e r iv a t iv e  o n ly ,  as i t  o o n ta in s  

o n ly  one s u ita b le  r e a c t iv e  m e th y le n e  group a d ja c e n t t o  th e  

c a rb o n y l g ro u p , so th a t  i n  t h i s  case  th e  above p rob le m  does 

n o t a r is e .

The second d i f f i c u l t y  a r is e s  i n  th e  c o n d e n s a tio n  o f  

cyanacetam ide w i t h  -h y d ro xym e th y le n e  ke to n e s  o f  th e  ty p e

R.G.GO.R1
II
CHOH

when two r e a c t io n  mechanisms a re  p o s s ib le  j

fc. .CHOH CHx-CN
(f  I

£ v Q ^ CH>sCtf‘0U

K
I I

o r  ( i i )  ^CO
f i - C  +

II
0H0H M

ICo/

O H i’CW
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Ik e  f i r s t  o f  th e s e  i s  a M ic h a e l a d d i t io n  o f  th e  cyan - 

ace tam ide  to  th e  d o u b le  bond on th e  h yd ro xym e th y le n e  g ro u p , 

w h i le  th e  second i s  a Knoevenage l c o n d e n s a tio n  o f  the a c t iv e  

m e th y le n e  group o f  th e  cyanace tam ide  w i th  th e  c a rb o n y l g roup 

o f  th e  (/-h y d ro x y m e th y le n e  k e to n e ; and i n  b o th ,  r in g  c lo s u re  

i s  b ro u g h t about b y  means o f  th e  amino g ro u p .

The p ro d u c t o f  o u r r e a c t io n  m ig h t th u s  be a q u in o l in e  

( I )  o r  an is o q u in o l in e  ( I I )  d e r iv a t iv e ,  depend ing  on th e  

r e a c t io n  m echanism, i . e . ,

+ ,00 (M ic h a e l
e i t h e r  i f ' * 5!' "  UN C L j L / *  A d d it io n )

[ Y  + L

0 T °  w '

o r
CHOH NHt

+ /Co
C H tI
CM

I

on*
w

0 ^ ,'e o  ( Zno evenage l
1 (condensa tion ) 
CW

I t  i s  n o t proposed to  e n te r  h e re  upon a g e n e ra l re v ie w  

o f  th e  c o n s id e ra b le  l i t e r a t u r e ,  m a in ly  b y  In d ia n  w o rk e rs , as to  

th e  e x a c t n a tu re  o f  th e  c o n d e n s a tio n , as much o f  i t  i s  con 

f l i c t i n g ,  e . g . ,  Sen Gupta ( l o c . c i t . )  s ta te s  t h a t  th e  conden

s a t io n  o f  cyanace tam ide  and hyd ro xym e th y le n e  cyc lohexanone  i n  

p resence o f  p ip e r id in e  g iv e s  a q u in o l in e  d e r iv a t iv e ,  and th a t  

th e  same substance  r e s u l t s  fro m  th e  c o n d e n s a tio n  o f  c y a n a c e t ic
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e s te r  and am inom ethylene eye lo t i  exanone under th e  same c o n d i -
*77)t io n s ,  w h i le  Basu and B a n e rje e  '  m a in ta in  on th e  o th e r  hand,

th a t  th e  l a t t e r  c o n d e n s a tio n  g iv e s  an is o q u in o l in e  d e r iv a t iv e .

A few  re fe re n c e s , how ever, a re  s u f f i c i e n t l y  p e r t in e n t  re g a rd in g

th e  s y n th e s is  u n d e rta k e n .
79')B a ra t and Sen Gupta ( l o c . c i t . )  b e l ie v e  t h a t  th e  

r e a c t io n  ta k e s  p la c e  b y  means o f  a M ic h a e l a d d i t io n ;  t h e i r  

o p in io n  i s  s u p p o rte d  b y  th e  more r i g i d  e x p e r im e n ta l ev id en ce
7 o')

o f fe re d  b y  T ra c y  and B ld e r f ie ld  J who condensed cyanace tam ide  

w i th  th e  h yd ro xym e th y le n e  d e r iv a t iv e  o f  m e th y l e th y l  ke to n e  

to  o b ta in  3 - c y a n o -5 ,6 -d im e th y l-2 -p ip e r id o n e  ( I I I )  as th e  o n ly  

p ro d u c t o f  th e  r e a c t io n s -

CH3Nâ flt,W CHjfOU
I + I  > I I

o n /  y i /  ^

1

These w o rke rs  had p r e v io u s ly  p ro ve d  t h a t  th e  h y d ro x y 

m e thy len e  ke to n e  had th e  s t r u c tu r e  shown above, and gave a 

s a t is f a c t o r y  p ro o f o f  th e  s t r u c tu r e  o f  th e  p y r id o n e .

The same w o rke rs  f u r t h e r  s u p p o rte d  t h i s  v ie w  ^  b y  

con d en s in g  e th y l  p ro p io n y l p y ru v a te ,  th e  s t r u c tu r e  o f  w h ich  

th e y  had e s ta b lis h e d  p r e v io u s ly ,  w i t h  cyanace tam ide  i n  p resence  

o f  p ip e r id in e  to  o b ta in  3 -c y a n o -4 -c a rb e th p x y -6 -e th y l-2 -  p y r id o n e

( IV )  w i th  no t ra c e  o f  an is o m e r ic  p ro d u c ts -
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As b e fo re ,  th e y  gave a c o n v in c in g  p ro o f  o f  th e  s t r u c tu r e  o f  

t h i s  p ro d u c t b y  a s e r ie s  o f  d e g ra d a t iv e  e x p e r im e n ts .

However, a lth o u g h  th e re  was th u s  s u f f i c i e n t  re a s o n  f o r  

sup pos in g  th a t  o u r c o n d e n s a tio n  w ou ld  th u s  y ie ld  a q u in o l in e  

and n o t an is o q u in o l in e  d e r iv a t iv e ,  th e  c o n s t i t u t io n  o f  th e  

f i n a l  p ro d u c t was u l t im a t e ly  e s ta b lis h e d ,  as b e in g  a q u in o l in e ,  

b y  an a l t e r n a t iv e  s y n th e t ic  m ethod to  be d is c u s s e d  l a t e r .

The s t a r t in g  m a te r ia l  f o r  th e  s y n th e s is  was 1 - k e to -

1 ,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  (V ) ,  and t h i s  was p re p a re d  b y  

th e  m ethod o f  H a w o rth : -
v'CHtv

^rCHt\ Oh.Co I

u - QO -

-K  W . Z

HOOC CHx Hooc ,
Co  w. ay

SSL J& X
S u c c in ic  a n h y d rid e  was re a c te d  w i th  n a p h th a le n e  i n  p resence  o f

anhydrous a lum in ium  c h lo r id e ,  u s in g  d ry  n itro b e n z e n e  as a 

s o lv e n t ,  to  g iv e  ^ -1 -n a p h th o y lp ro p io n ic  a c id  (V I )  t h i s  

was th e n  c o n v e rte d  to  ^ - 1 - n a p h th y lb u ty r ic  a c id  ( V I I )  b y  a 

m o d if ie d  Olemmensen re d u c t io n  w h ich  p ro ve d  more c o n v e n ie n t 

th a n  t h a t  recommended b y  H a w o rth . The p ro d u c t was f i n a l l y  

c y c l is e d  to  l- k e to - l ,2 ,3 ,4 - te t r a h y d r o p h e n a n th r e n e  (V) b y
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A s l i g h t l y  s m a lle r  y ie ld  o f  ^ -2 -n a p h th o y l p r o p io n ic

a c id  ( V I I I )  was s im u lta n e o u s ly  o b ta in e d  fro m  th e  s y n th e s is ;  

t h i s  was c o n v e rte d  i n  a s im i la r  manner f i r s t  to  / - 2 - n a p h th y l

phenan th rene  (X) as b e fo re .  T h is  p ro d u c t was used f o r  s y n th e s 

es d e s c r ib e d  l a t e r  i n  th e  e x p e r im e n ta l s e c t io n .

The p r e p a ra t io n  o f  2 - h y d r o x y m e th y le n e - l- k e to - l ,2 ,3 ,4 -  

te tra h y d ro p h e n a n th re n e  (X I)  was th e n  c a r r ie d  o u t b y  th e  method

(V) i n  to lu e n e  s o lu t io n  w i th  e th y l  fo rm a te  i n  th e  p resence  o f 

a tom ised  sod ium . The substance  was c h a ra c te r is e d  as i t s  m e th y l 

e th e r ,  p re p a re d  by  r e a c t in g  some o f  i t  w i t h  e th e re a l d ia z o -  

m ethane, and a ls o ^ th e  am inom ethylene compound, p re p a re d  b y  th e  

a c t io n  o f  gaseous ammonia on i t s  s o lu t io n  i n  c h lo ro fo rm .

A t th e  same t im e , 3 -h y d ro x y m e th y le n e -4 -k e to - l,2 ,3 ,4 -  

te tra h y d ro p h e n a n th re n e  (X E I) was p re p a re d  f o r  fu tu r e  use b y  

th e  same m ethod fro m  4 - k e t o - l , 2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  ( X ) ; 

i t  was s im i la r ly  c h a ra c te r is e d  b y  means o f  i t s  m e th y l e th e r  as 

b e fo r e .  CHOH

b u t y r ic  a c id  ( IX )  and the n ce  to  4 - k e to - 1 , 2 , 3 , 4 - te t r a h y d r o -

o f  G la is e n  b y  a c t in g  on 1 - k e t o - l , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e

D e ta i ls  o f  th e  p re p a ra t io n  and p r o p e r t ie s  o f  th e  above
qa')

sub s tances  w ere p u b lis h e d  b y  Meyer and B e ic h s te in  some tim e
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a f t e r  th e  sub s tances  had been p re p a re d  b y  as, and, as t h i s  

p u b l ic a t io n  has now been made a v a i la b le ,  i t  m ig h t be o f  i n 

t e r e s t  to  n o te  th a t  th e  p re p a ra t io n s  w ere c a r r ie d  o u t by  

s im i la r  m ethods and c o n d it io n s ,  and th a t  th e  m e lt in g  p o in ts  

a re  in  good agreem ent w i th  o u rs , v i z : -

Meyer & O a rse lve s  
R e ic h s te in

M .p t .  o f  2 h y d ro x y m e th y le n e -1 -k e to -
1 ,2 ,3 ,4  - te tra h y d ro p h e n a n th re n e
(X I)

,f o f  2 -m e th o x y m e th y le n e - l-k e to -
1 . 2 . 3 . 4 - te tra h y d ro p h e n a n th re n e  

< ^ (X I)
w o f  3 -h y d ro x y m e th y le n e -4 -k e to -

1 . 2 . 3 . 4 - te t ra h y d ro  phenanth rene
( X I I )

,f o f  3 -m e th o x y m e th y le n e -4 -k e to -
1 . 2 . 3 . 4 - te t ra h y d ro  phenan th rene  

c f . (X II)

I t  may a ls o  be m e n tio n ed  he re  t h a t ,  as a b y e -p ro d u c t 

o f  th e  o x id a t io n  by  p e r io d ic  a c id  o f 2 -h y d ro x y m e th y le n e - l-  

k e t o - l , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e  ( X I ) ,  th e  same w o rk e rs  

o b ta in e d  1 -p h e n a n th ro  1 - 2 - a ldehyde (XXXV), w h ich  we o a rs e lv e s  

had p r e v io u s ly  o b ta in e d , as w i l l  be shown l a t e r ,  b y  th e  a u to 

o x id a t io n  o f  th e  same s u b s ta n c e . M eyer and B e ic h s te in  g iv e  

th e  m .p t .  o f  t h i s  substance  as 1 2 8 -1 2 9 °0 ; th e  su b s tan ce  fro m  

o u r p re p a ra t io n  m e lte d  a t  127°C . Whereas th e s e  w o rk e rs  

c h a ra c te r is e d  t h is  p ro d u c t as a m e th y l d e r iv a t iv e  p re p a re d  b y  

th e  a c t io n  o f  e th e re a l d ia zom e than e , we in s te a d  p re p a re d  i t s  

oxime f o r  th e  same p u rp o se .

86°C 84-65°C

97°0 96-97°C

41 °C 39-41°C

114 °C 110-112°C
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The c o n d e n s a tio n  o f  E -h y d ro x y m e th y le n e - l- k e to -1 ,2 ,3 ,4 -  

te tra h y d ro p h e n a n th re n e  ( Z I )  w ith  cyanace tam ide  was c a r r ie d  o a t 

i n  aqueous a lc o h o l ic  s o lu t io n  in  p resence o f  p ip e r id in e ;  th e  

y ie ld  o f  th e  p ro d u c t,  5 - h y d ro x y -4 -e y a n o - l ,2 -d ih y d ro - 6 - aza- 

ch rysene  ( Z I I I ) ,  w h ich  c r y s t a l l i s e d  fro m  g la c ia l  a c e t ic  a c id  

w i th  two m o le c u le s  o f  s o lv e n t  o f  c r y s t a l l i s a t i o n ,  was d is 

a p p o in t in g ,  a lth o u g h  s u f f i c i e n t  m a te r ia l  was o b ta in e d  f o r  th e  

c o m p le tio n  o f  th e  s y n th e s is .  A s im i la r  a tte m p t was made to  

condense 3 -h y d ro x y m e th y le n e -4 -k e to - l,2 ,3 ,4 - te tra h y d ro p h e n 

a n th re n e  ( Z I I )  w ith  cyan ace tam ide , b u t  t h i s  m e re ly  r e s u lte d  i n  

t a r s  w h ich  c o u ld  n o t be p u r i f i e d .

The re m a in d e r o f  th e  s y n th e s is  re s o lv e d  i t s e l f  in t o  . 

th e  c o n v e rs io n  o f  t h i s  c o n d e n s a tio n  p ro d u c t to  th e  f u l l y  a ro 

m a tic  azach ryse ne , and t h i s  was accom p lished  b y  th e  f o l lo w in g  

scheme j -
CooH

Cl



21

The h y d r o ly s is  o f  th e  n i t r i l e  ( X I I I )  to  th e  o a rb o x y lio  

a c id  ( 1 1 7 )  was acco m p lishe d  b y  h e a t in g  i t  w i th  fu m in g  h y d ro 

c h lo r ic  a c id  i n  a se a le d  tu b e .  By u s in g  a s l i g h t l y  h ig h e r  

te m p e ra tu re , d e c a rb o x y la t io n  was a lso  b ro u g h t a b o u t, and th e  

p y r id o n e  (XV) r e s u l te d .  T h is  p y r id o n e  c o u ld  a ls o  be p re p a re d  

b y  d e c a rb o x y la t in g  th e  a c id  (X IV ) b y  s im p le  fu s io n ,  b u t  

a tte m p te d  d e c a rb o x y la t io n  o f  th e  a c id  b y  b o i l i n g  i n  q u in o l in e  

s o lu t io n  w i th  copper b ronze  r e s u lte d  n o t o n ly  i n  d e c a rb o x y la 

t io n ,  b u t i n  d e h y d ro g e n a tio n  to  th e  f u l l y  a ro m a tic  p y r id o n e  

(X IX ) to g e th e r  w i th  th e  p ro d u c t io n  o f  much carbonaceous m a t te r .  

The method f i n a l l y  adop ted  f o r  th e  p r e p a ra t io n  o f  th e  p y r id o n e  

(XV) was th a t  o f  h e a t in g  a t  th e  h ig h e r  te m p e ra tu re  w ith  fu m in g  

h y d ro c h lo r ic  a c id .

The a c id  (X IV ) was c h a ra c te r is e d  by  r e a c t in g  i t  w i t h  

e th e re a l d ia zom e than e , r e s u l t in g  in  a d e r iv a t iv e  m e th y la te d  

n o t o n ly  i n  th e  c a r b o x y l ic  a c id  g ro u p in g , b u t a ls o  i n  th e  

ta u to m e r ic  fo rm  o f  th e  c a rb o n y l group i n  p o s i t io n  5 .

The p y r id o n e  (XV) was c h a ra c te r is e d  by  p re p a r in g  i t s  

a c e ty l  and b e n z o y l d e r iv a t iv e s  on th e  ta u to m e r is e d  c a rb o n y l 

group i n  p o s i t io n  5 . The subs tan ce  c o u ld  n o t be m e th y la te d  

b y  e th e re a l d iazom ethane, and m e th y l s u lp h a te  a c te d  on i t s  

sodium  s a l t  to  g iv e  a compound c o n ta in in g  s u lp h u r ,  f o r  w h ich  

no s a t is f a c to r y  fo rm u la  c o u ld  be fo u n d .
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An a tte m p t to  c o n v e r t th e  p y r id o n e  (XV) d i r e c t l y  to

th e  azachrysene  (X V II )  b y  fu s in g  i t  w i th  a m ix tu re  o f  z in c
85)d u s t ,  z in c  c h lo r id e ,  and sodium c h lo r id e  '  r e s u l te d  m e re ly  

i n  d e h y d ro g e n a tio n  to  th e  f u l l y  a ro m a tic  p y r id o n e  (X IX ) ,  

i d e n t i f i e d  b y  ta k in g  m ixed  m e lt in g  p o in ts  w ith  an a u th e n t ic  

sample o f  (X IX ) p re p a re d  as d e s c r ib e d  l a t e r .

Two l in e s  o f  approach were now open. The p y r id o n e  

(XV) c o u ld  be de hydrogena ted  a t p o s i t io n s  1 and 2 to  th e  f u l l y  

a ro m a tic  p y r id o n e  (X IX ) ,  and th e  p ro d u c t c h lo r in a te d  to  g iv e  th e  

compound ( X V I I I ) ;  o r  th e  p y r id o n e  (XV) c o u ld  be c h lo r in a te d  to  

g iv e  th e  compound (X V I) , th e  c h lo r in e  removed c a t a l y t i c  a l l y  to  

g iv e  an u n s u b s t itu te d  p y r id in e  r in g ,  and th e  p ro d u c t d e h yd ro 

genated  a t  p o s i t io n s  1 and 2 to  g iv e  th e  f u l l y  a ro m a tic  aza 

ch rysene  (X V II)  .

A c c o rd in g ly ,  f o l lo w in g  th e  f i r s t  m ethod, th e  p y r id o n e  

(XV) was dehydrogena ted  b y  d i r e c t  fu s io n  w i th  p a lla d iu m -b la c k  

i n  an atm osphere o f  ca rb o n  d io x id e  to  g iv e  th e  f u l l y  a ro m a tic  

p y r id o n e  (X IX ) ,  th e  volum e o f  hyd rog en  e vo lve d  c o rre s p o n d in g  

to  th e  lo s s  o f  two atoms o f  h yd ro g e n . The p ro d u c t was 

c h a ra c te r is e d  b y  p re p a r in g  th e  a c e ty l d e r iv a t iv e  o f  i t s  ta u to m 

e r ic  h y d ro x y  fo rm . The d e h y d ro g e n a tio n  was , how ever, te d io u s ,  

as i t  c o u ld  o n ly  be p e rfo rm ed  c o n v e n ie n t ly  on s m a ll q u a n t i t ie s  

o f  m a t e r ia l .

The second m ethod was th e re fo re  a d o p ted , and th e  p y r i 

done (XV) was re a c te d  v / i th  phosphorus p e n ta c h lo r id e .
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U n fo r tu n a te ly ,  th e  p ro d u c t o f  th e  r e a c t io n  was a m ix tu re  o f  

th e  f u l l y  a ro m a tic  p y r id o n e  (XEX), w h ich  was i d e n t i f i e d  h y  

a n a ly s is ,  and h y  ta k in g  m ixed  m e lt in g  p o in ts  w ith  an a u th e n t ic  

sam ple p re p a re d  as above, to g e th e r  w ith  a r a th e r  s m a lle r  

q u a n t i t y  o f  a compound fo u n d , on fu s io n  v / i th  sod ium , to  c o n ta in  

c h lo r in e .

The m a in  s to c k  o f  th e  p y r id o n e  (XV) was u l t im a t e ly  con

v e r te d ,  i n  good y ie ld ,  to  th e  c h lo ro  compound (X V I) b y  h e a t in g  

i t  v / i th  phosphorus o x y c h lo r id e  a t  a h ig h  te m p e ra tu re  i n  a
86)

se a le d  tu b e , a m ethod w h ich  has been a p p lie d  in  s im i la r  cases ; 

th e  r e s u l t in g  p ro d u c t was s u c c e s s fu l ly  c o n v e rte d  d i r e c t l y  to  

th e  azachrysene  (X V II)  by  p ro lo n g e d  h e a t in g  v / i th  p a lla d iu m -b la c k  

i n  b o i l i n g  t e t r a l i n ,  w h ich  removed n o t o n ly  th e  c h lo r in e  as 

hyd rogen c h lo r id e ,  b u t a ls o  two hyd rogen  atoms fro m  p o s i t io n s  1 

and 2 , th u s  g iv in g  a f u l l y  a ro m a tic  p ro d u c t .  The p ic r a te  o f  

th e  azachrysene (X V II)  was p re p a re d  i n  o rd e r  to  c h a ra c te r is e  i t .

A t th e  same t im e , th e  c h lo ro  compound o b ta in e d  above b y  

r e a c t in g  th e  p y r id o n e  (XV) v / ith  phosphorus p e n ta c h lo r id e  was 

exam ined more c lo s e ly .  I t  was o b ta in e d , u n fo r tu n a te ly ,  i n  

p r o p o r t io n s  to o  s m a ll to  w a rra n t th e  f u r t h e r  p re p a ra t io n  o f  an 

a n a ly t ic a l  sam ple. I t s  m e lt in g  p o in t  v/as d i f f e r e n t  fro m  th a t  

o f  th e  c h lo ro  compound (X V I) o b ta in e d  b y  th e  a c t io n  o f  phos

pho rus  o x y c h lo r id e  on th e  p y r id o n e  (X V ), and, on a d m ix tu re , 

th e  m e lt in g  p o in ts  o f  b o th  were dep ressed , show ing th a t  th e

two substances were d i f f e r e n t .  On p ro lo n g e d  b e a t in g  w i tb
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p a lla d iu m -b la c k  i n  b o i l in g  t e t r a l i n ,  bov/ever, i t  y ie ld e d  the  

same p ro d u c t as d id  th e  c h lo ro  compound (X V I) ,  nam ely th e  

azachrysene (X V T I) , w h ic h  was i d e n t i f i e d  b y  ta k in g  m ixed 

m e lt in g  p o in ts  w i th  th e  base i t s e l f ,  and o f  th e  p ic r a te  p re 

p a re d  from  i t .  The substance  was th e re fo re  presumed to  have 

been 5 -c h lo r o - 6 - azachrysene  ( X 7 I I I ) ,  r e s u l t in g  fro m  com bined 

c h lo r in a t io n  and d e h y d ro g e n a tio n  o f  th e  p y r id o n e  (XV) b y  th e  

a c t io n  o f  phosphorus p e n ta c h lo r id e .

I t  rem ained o n ly  to  p rove  f i r s t ,  t h a t  th e  aza chrysene  

(X V II )  p re p a re d  fro m  th e  d ih y d ro -c h lo ro  compound (X V I) was 

f u l l y  a ro m a tic ,  as i t  c o u ld  n o t be assumed th a t  th e  p a lla d iu m -  

b la c k  i n  b o i l i n g  t e t r a l i n  had n e c e s s a r i ly  removed th e  two 

hyd rogen  atoms i n  p o s i t io n s  1 and S, as w e l l  as th e  c h lo r in e  

atom i n  p o s i t io n  5; and se co n d ly  th a t  th e  azachrysene was th e  

q u in o l in e ,  6-a za ch ryse n e , and n o t th e  is o q u in o l in e , 5 -a z a - 

ch ryse n e , a p o s s i b i l i t y  w h ich  has been d iscu sse d  p r e v io u s ly .

Tha t th e  substance  was f u l l y  a rom a tic  was f i r s t  f o r m a l ly  

p ro ve d  b y  i t s  f a i l u r e  to  e v o lv e  any hyd rog en  w ha tsoeve r on 

p ro lo n g e d  h e a t in g  a t  a h ig h  te m p e ra tu re  w i th  p a lla d iu m -b la c k  

i n  an atm osphere o f  ca rb o n  d io x id e .  Had p o s i t io n s  1 and E 

been h yd ro g e n a te d , t h i s  tre a tm e n t s h o u ld  have s u f f ic e d  to  r e 

move th e  hyd ro g en , as u n s a tu ra te d  ch rysene  d e r iv a t iv e s  o f  t h i s  

n a tu re  a re  the m se lve s  s u s c e p t ib le  under th e se  c o n d i t io n s .

I n  o rd e r  to  d e te rm in e  th e  p o s i t io n  o f  th e  n it r o g e n  atom



i n  th e  sab s ta n c e , i t  was p ropo sed  to  p re p a re  th e  q u in o n e  fro m
g7)

th e  azachrysene  (X V II)  b y  o x id a t io n  w i th  ch rom ic  a c id  and, 

b y  subsequent com p le te  o x id a t io n  o f  th e  qu inone  to  a known 

p y r id in e  d ic a r b o x y l ic  a c id ,  to  d e te rm in e  w h e th e r th e  o r ig in a l  

subs tan ce  was 6 -azach rysen e  o r  5 - azachrysene

because o f  c h a r r in g  d u r in g  th e  r e a c t io n ,  and th e  m ethod was 

abandoned.

on 1 - ami no phenan th rene  ( X X ) ,  s in c e , ow ing  to  th e  p o s i t io n  o f  

th e  amino group on th e  compound, t h i s  r e a c t io n  c o u ld  g iv e  one 

p ro d u c t o n ly ,  nam e ly , 6 -a zach rysen e  ( X V I I ) j -

mone

,c a c id

uinone

c in ch o m e ro n ic
a c id .

U n fo r tu n a te ly ,  th e  qa inone c o u ld  n o t be p rep a red

I t  was th e re fo re  re s o lv e d  to  p e rfo rm  a Skraup r e a c t io n
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Two methods a v a i la b le  f o r  th e  p re p a ra t io n  o f  1 -a m in o -

phenan th rene  (XX) are  due to  Bdchmann; th e y  are  th e  Beckmann

re a rra n g e m e n t o f  th e  oxime o f 1 -a c e ty lp h e n a n th re n e  (X X I) ,  and

subsequent h y d r o ly s is  w ith  a lc o h o l ic  h y d ro c h lo r ic  a c id  o f  th e

r e s u l t in g  1 -a c e t  ami do phenanth rene (X X II)  to  g iv e  a 72$ y ie ld  o f

1 -am ino phenan th rene  (XX) ^  ; and a ls o  th e  re d u c t io n  o f  th e

oxime o f  l - k e t o - l ,  2 ,3 , 4 - te t ra h y d ro  phenan th rene  (V) w i th  sodium

amalgam and a lc o h o l to  th e  a l i c y c l i c  amine ( X X I I I ) ,  w h ich  i s

th e n  a c e ty la te d  and dehydrogenated w ith  p a l la d iu m -h la c k  to  th e

f u l l y  a ro m a tic  l~ a ce ta m id o p h e n a n th re n e  ( X X I I ) w h ich  i n  t u r n  i s
89)

h y d ro ly s e d  as b e fo re  to  1 -am inophenan th rene  ( X X )

The method e v e n tu a l ly  chosen, how ever, because o f  i t s

s im p l i c i t y ,  was a m o d i f ic a t io n  o f  th a t  due to  Langeribeck and
90)W e issenborn  , and i s  an a p p l ic a t io n  o f  S c h ro e te r f s m ethod •

89 92)The oxime o f  1 - k e t o - l ,  2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  ( 7 )  ’

i s  re a rra n g e d  b y  p a s s in g  d ry  hyd rogen  c h lo r id e  th ro u g h  i t s  

s o lu t io n  i n  g la c ia l  a c e t ic  a c id  c o n ta in in g  a t ra c e  o f  a c e t ic
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a n h y d r id e , when th e  amine (XX) i s  th ro w n  down as i t s  h y d ro 

c h lo r id e  (XXIY) : -

A s a t is f a c t o r y  y ie ld  o f  1 -am inophenan th rene  (XX) was

o b ta in e d , and th e  Skraup r e a c t io n  p e rfo rm ed  on i t  i n  th e  u su a l
64-)

manner u s in g  th e  te c h n iq u e  o f  M o s e tt ig  who c a r r ie d  o u t 

s im i la r  re a c t io n s  on 2- and 2 -a m in o p h e n a n th re n e s . The pu re  

6 -aza ch ryse n e  (X V TI) o b ta in e d  fro m  th e  r e a c t io n ,  and i t s  p ic -  

r a te ,  were r e s p e c t iv e ly  p ro v e d , b y  a n a ly s is  and b y  th e  method 

o f  m ixed m e lt in g  p o in ts ,  to  be id e n t i c a l  w i th  th e  azachrysene  

and i t s  p ic r a te  o b ta in e d  from  th e  p re v io u s  s y n th e s is ;  t h i s  

compound was th u s  fo r m a l ly  e s ta b lis h e d  beyond doubt t o  be 

6 -a z a c h ry s e n e .

I n  th e  rea rrangem ent o f  th e  oxime o f  1 - k e t o - l , 2 ,2 ,4 -  

te tra h y d ro p h e n a n th re n e  ( V ) , a v e ry  s m a ll q u a n t i t y  o f  a substance  

is o m e r ic  w i t h ,  b u t d i f f e r e n t  fro m  a p rep a red  sample o f  pu re

1 -ace ta m id o ph e na n th re ne  ( X X I I ) ,  was is o la t e d ;  an a tte m p te d  

h y d r o ly s is  o f  t h is  substance  u s in g  b o i l i n g  a lc o h o l ic  s u lp h u r ic  

a c id  r e s u lte d  m e re ly  i n  the  fo rm a t io n  o f  t a r s ,  and th e  q u a n t i t y  

o f  m a te r ia l  a v a i la b le  was to o  s m a ll to  p e rm it f u r t h e r  i n v e s t i 

g a t io n .  I t  i s  th o u g h t t h a t  i t  may have r e s u lte d  fro m  th e  

m ig r a t io n  o f  th e  a c e ty l g roup o f  1 -a ce ta m id o p h e n a n th re n e  (X X II)  

w h ich  m ig h t have been fo rm e d  d u r in g  th e  r e a c t io n  b y  th e  a c t io n



o f  th e  a c e t ic  a c id  s o lv e n t on th e  1 -am inoph enan th rene  (XX) •

4 -A m inophenan th rene  (XXV) has been d e s c r ib e d  on a t
93)le a s t  two o c c a s io n s ; Schm idt and H e in le  reduced  4 - n i t r o -  

p hena n th ren e  (XXVI) (o b ta in e d  i n  20$ y ie ld  b y  f r a c t i o n a l l y  

c r y s t a l l i s i n g  the  n i t r a t i o n  p ro d u c ts  o f  ph en a n th re n e ) b y  means 

o f  s tannous c h lo r id e  and g la c ia l  a c e t ic  a c id ,  and o b ta in e d  an 

amine m e lt in g  a t  105°C , w h ich  gave a b e n z o y l and an a c e ty l

m
94)Z ru e g e r and M o s e t t ig  n i t r a t e d  9 ,1 0 -d ih yd ro p h e n a n 

th re n e  and o b ta in e d  3-4$  o f  4 -n it ro -9 ,1 0 -d ih y d ro p h e n a n th re n e

(X X V II) ,  w h ich  th e y  reduced  to  4 - am in o -9 ,1 0 -d ih y d ro p h e n a n th re n e

( X X V I I I ) ,  d ia c e ty la te d  t h i s ,  dehydrogena ted  i t  to  g iv e  4 -a c e t-  

am idophenanth rene (XXIX) and h y d ro ly s e d  t h i s  to  th e  f r e e

4 -am inophenan th rene  (X X Y ); t h is  th e y  fo u n d  to  have a m e lt in g  

p o in t  o f  6 2 .5 -6 3 # 5 °C .

The d is c re p a n c y  betw een t h is  m e lt in g  p o in t  and t h a t  o f  Sobm idt

and H e in le * s  4 -am inophenan th rene  i s  b e l ie v e d  to  be due to  th e

e x is te n c e  o f  two d i f f e r e n t  fo rm s o f  th e  b a se .

However, th e  oxime o f  4 - k e t o - l , 2 ,3 ,4 - te tra h y d ro p h e n -
9i)

a n th re n e  (X) was re a rra n g e d  b y  th e  m ethod d e s c r ib e d  above
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to  g iv e  a much s m a lle r  y ie ld  o f  4 -am ino ph ena n th rene  (X X V ), and 

w i th  much g r e a te r  d i f f i c u l t y .

*  ay,B E

The amine we o b ta in e d  b y  u s in g  t h i s  m o d if ie d  m ethod o f  

la n g e n b e ck  and ’tfe is s e n b o rn  was fo u n d  to  m e lt  a t  63-64°C  i n  

agreem ent w i th  th a t  o f  K ru e g e r and M o s e t t ig ,  a lth o u g h  th e  com

pound p re p a re d  b y  Langenbeck and W eissenborn  the m se lve s  was 

s ta te d  b y  them to  m e lt  a t  55°C . The m e lt in g  p o in ts  o f  b o th

th e  b e n z o y l and a c e ty l d e r iv a t iv e s  o f  b o th  K ru e g e r and

M o s e t t ig 1s and o u r 4 -am inophenan th rene  (XXV) w ere , how eve r, i n  

agreem ent v / i th  th o se  o f  th e  c o rre s p o n d in g  d e r iv a t iv e s  o f  th e  

amine p re p a re d  b y  Schm idt and H e in le .  The base was p re p a re d  

f o r  use i n  th e  fo l lo w in g  s e r ie s  o f  s yn th e se s .

I t  was d e c id e d  to  c a r r y  o u t th e  Skraup r e a c t io n  on

4-am inophenan th rene  (XXV) in  o rd e r  to  p re p a re  3 ,4 -b e n z -5 -a z a -  

phenan th rene  (XXX) s-

OX123T

However, when th e  r e a c t io n  was c a r r ie d  o u t as i n  th e  

case o f  1 -am inophenan th rene  (X X ), com p le te  c h a r r in g  o c c u rre d , 

and n o th in g  c o u ld  be is o la te d  b u t carbonaceous m a te r ia l .

A f t e r  s e v e ra l such  a tte m p ts , i t  was d e c id e d  to  use sodium  

m -n itro h e n z e n e  s a lp h o n a te  as th e  o x id is in g  a g e n t, to g e th e r  w i th
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w a te r  as a d i lu e n t ,  th u s  re n d e r in g  unnece ssa ry  th e  use o f

fe r r o u s  s u lp h a te  as a m o d e ra tin g  a g e n t. The m ethod had “been
qs)

used s u c c e s s fu l ly  i n  s e v e ra l o th e r  cases , and p roved  u s e fu l 

i n  t h i s  one, th e  base 3 ,4 -b e n z -5 -a z a p h e n a n th re n e  (XXX) b e in g  

is o la t e d  from  th e  r e a c t io n  m ix tu r e , a lb e i t  i n  s m a ll y ie ld  and 

in  a v e ry  im pu re  s ta te .  I t  was p u r i f i e d  th ro u g h  i t s  h y d ro 

c h lo r id e  and c h a ra c te r is e d  by  means o f  i t s  p ic r a t e .

I t  was c o n s id e re d  p o s s ib le  t h a t ,  ow ing to  th e  p o s i t io n

o f  th e  amino group i n  4 -am inophenan th rene  (XXV) , i t s  a c y l and

a r o y l d e r iv a t iv e s  (XXXI) m ig h t be c y c l is e d  to  g iv e  2 - s u b s t i -

tu te d  1 -a za p y re n e s  (X X X II) , a m ethod ana lagous to  t h a t  used by
96)

Morgan and W a lls  to  o b ta in  p h e n a n th r id in e s  : -

The fo rm y l d e r iv a t iv e  o f  4 -am inophenanth rene  [ ( X X X I ) ;

R = hJ p re p a re d  b y  h e a t in g  th e  amine w ith  98fo fo rm ic  a c id ,

was th u s  c y c l is e d  to  g iv e  1 -azap yren e  £ (X X X II) ; R = h J b y

b o i l i n g  i t s  s o lu t io n  i n  x y le n e  w i th  p h o s p h o ric  o x id e . The

base o b ta in e d  was p u r i f i e d  th ro u g h  i t s  p ic r a te ,  w h ich  a ls o

se rved  to  c h a ra c te r is e  i t ,  and was fou nd  to  m e lt a t  1 5 7 -1 5 9 °0 .

I t  i s  in t e r e s t in g  to  n o te  t h a t  ,Tth e b e n id in e , ! , v /h ich  Yonge-
97)r ic h t e n  o b ta in e d  b y  d i s t i l l a t i o n  o f  th e  a lk a lo id  th e b e n in e  

w i th  z in c  d u s t,  i s  t h o u g h t  to  have th e  same s t r u c tu r e ,  and,
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a lth o u g h  i t s  m e lt in g  p o in t  i s  g iv e n  as 144-148°C , t h i s  does n o t

exc lu d e  i t s  i d e n t i t y  w i th  o u r compound, e s p e c ia l ly  as th e  range  

o v e r w h ic h  i t  appears to  have m e lte d  in d ic a te s  t h a t  i t  was 

p ro b a b ly  s l i g h t l y  im p u re .

b o th  bases b e in g  c h a ra c te r is e d  b y  t h e i r  p ic r a te s .  I n  th e  p re  

p a r a t io n  o f  4 -ben zam id o ph e na n th re ne , a s m a ll q u a n t i t y  o f  4 - d i 

b e n z o y l amino phenanth rene ( X X X I I I ) was is o la t e d .

made i t  d e s ira b le  th a t  some p o ly c y c l ic  compounds be s y n th e s is e d  

c o n ta in in g  a fu s e d  p y r im id in e  r in g .  A c c o rd in g ly ,  th e  f o l lo w 

in g  s y n th e s is  o f  a d e r iv a t iv e  o f  4 ,6 -d ia z a c h ry s e n e  (XXXIY) was 

a tte m p te d  b y  th e  c o n d e n sa tio n  o f  a ce ta m id in e  w ith  2 - k e t o - l -  

h y d ro x y m e th y le n e - l,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  (X I)  : -

The co n d e n s a tio n  was a tte m p te d  in  anhydrous e th a n o l,  

u s in g  sodium e th o x id e  as th e  condens ing  a g e n t, a m ethod w h ich
qo)

has been fo u n d  to  have been s u c c e s s fu l i n  o th e r  cases

The p h y s io lo g ic a l  im p o rta n ce  o f  th e  p y r im id in e  n u c le u s
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U n fo r tu n a te ly ,  c o n d e n s a tio n  c o u ld  n o t be in d u c e d  even 

a f t e r  num erous a t te m p ts .  Under m i ld  c o n d it io n s  th e  h y d ro x y - 

met h y le n e  ke to n e  underw ent a u to - o x id a t io n  to  l- p h e n a n th r o l- 2 -  

a ldehyde  ( Z X X Y )  , w h ich  was c h a ra c te r is e d  b y  th e  p r e p a ra t io n  o f  

i t s  ox im e .

CHOCHOCHOH

More v ig o ro u s  c o n d it io n s ,  w h ich  in v o lv e d  h e a t in g  on th e  steam 

b a th ,  r e s u l te d  i n  rem ova l o f  th e  h yd ro xym e th y le n e  group fro m  

th e  s t a r t in g  m a te r ia l  to  g iv e  1 - k e t o - l , 2 , 5 , 4 - te tra h y d ro p h e n 

an th re n e  (Y) .

I t  was th o u g h t,  how ever, t h a t  a s u i ta b le  d e r iv a t iv e  o f  

th e  h yd ro xym e th y le n e  ke to n e  m ig h t p rove  s u c c e s s fu l,  and i t  was 

re s o lv e d  to  p rB pa re  th e  c h lo ro m e th y le n e  d e r iv a t iv e  o f  th e  

k e to n e  w i th  t h i s  end in  v ie w .

C h lo ro m e thy len e  ke to n e s  o f  t h i s  ty p e  have been re c o rd e d  

on o n ly  two o c c a s io n s , and have n o t y e t  been em ployed f o r  b ro a d  

s y n th e t ic  p u rp o se s , a lth o u g h  a th o ro u g h  in v e s t ig a t io n  o f  t h e i r  

p o t e n t i a l i t i e s  i n  t h i s  d i r e c t io n  w ou ld  a lm o s t c e r t a in ly  p rove  

f r u i t f u l .

C la is e n ,  B ishop  and S in c la i r  a c te d  on ©C-hydroxy- 

m e thy len e  camphor (XXXYI) w ith  phosphorus t r i c h lo r i d e  and 

o b ta in e d  a s ta b le  <*-c h lo ro m e th y le n e  camphor ( Z X X Y I I ) j-



T h is  substance was u n a ffe c te d  by  b o i l i n g  w a te r ,  and was

o n ly  h y d ro ly s e d  to  i t s  p a re n t h yd ro xym e th y le n e  k e to n e  b y  warm

a lc o h o l ic  c a u s t ic  p o ta s h . M e th y l a lc o h o l ic  ammonia a t  100°G

y ie ld e d  oC-aminomethylene camphor (X X X V II I ) , and under c e r t a in

c o n d it io n s  th e  im id o -b is -m e th y le n e  c amphor (XXXIX) c o u ld  be

form ed b y  u s in g  a reduced q u a n t i t y  o f  ammonias- 
CH* ^  OH*

CH —  ls — CO o ° — C  C H t CH t— c — CO
V U , i  I I OHj.fc.CHj I

C= CH-NH-CH=“C— CH—0H» CHt— CH— C= CH'NH*
-t c t i t  s m u

S im i la r ly  w i th  a n i l in e  a t 160 C th e  a n i l id e  o o a ld  he p re p a re d , 

and under s im i la r  c o n d it io n s ,  th e  p - t o lu id id e ,  w h ile  th e  a c t io n  

o f  p o ta ss iu m  cya n id e  on th e  c h lo ro m e th y le n e  ke to n e  p rodu ced  th e  

cyanom ethy lene ke to n e  (XL) w i th  e l im in a t io n  o f  p o ta ss iu m  c h lo r 

id e .  By h e a t in g  w i th  th e  sodium  s a l t  o f  th e  h yd ro xym e th y le n e  

ke to n e  an a n h y d rid e  (X L I)  c o u ld  be fo rm ed w i th  e l im in a t io n  o f

sodium  c h lo r id e : -
0H3 °Hj OHj

OHi— 0  Co C O - G - - - - - C H i <rH‘— 1<\ 00
1 CHjtoHj I CHj'O'CHj | I

C=CH-0-CH=C — CH— CHt 0H»— CH C=0HCN

m  ZE
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Ih e  c o rre s p o n d in g  -b rom om ethy lene cam phor c o a id

s im i l a r l y  "be p re p a re d  b y  th e  a c t io n  o f  phosphorus t r ib ro m id e  

on o< -hydroxym ethy lene camphor (XXXYI) .

c h lo ro m e th y le n e  k e to n e s , and because th e  sodium c h lo r id e  p ro 

duced i n  t h e i r  p o s s ib le  c o n d e n s a tio n  w ith  a c e ta m id in e  i n  

p resence o f  a lc o h o l ic  sodium e th o x id e ,  w ou ld  be in s o lu b le  and 

in c a p a b le  o f  b a c k -re  a c t in g  ( u n l ik e  th e  sodium  h y d ro x id e  t h a t  

w ou ld  have been produced in  th e  p re v io u s  a tte m p t u s in g  th e  f r e e  

h y d ro x y  m e thy lene  ke to n e ) , th e  p re p a ra t io n  o f  2 -c h lo ro m e th y le n e -

1 - k e t o - l , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e  (X L I I )  was a c c o rd in g ly  

a tte m p te d . I t  was s u c c e s s fu l ly  c a r r ie d  o u t b y  a c t in g  on

2 -h y d ro x y m e th y le n e - l- k e to - l,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  (X I)  

w i th  excess t h io n y l  c h lo r id e  in  th e  c o ld ;  th e  r e a c t io n  p ro 

ceeded to  c o m p le tio n  i n  a v e ry  s h o r t  t im e ,  and th e  y ie ld  o f  th e  

r e s u l t in g  c h lo ro m e th y le n e  ke to n e  was fo u n d  to  be a lm o s t 

q u a n t i t a t i v e j -

Thus, because o f  th e  s t a b i l i t y  and h ig h  r e a c t i v i t y  o f

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

l i g r o i n  as m ass ive  a g g re g a te s  o f  c o lo u r le s s  p la te s .

I n  th e  same way a q u a n t i t a t iv e  y ie ld  o f  3 -c h lo ro m e th y l-  

e n e - 4 - k e to - l , 2 , 3 ,4 - te tra h y d ro p h e n a n th re n e  ( Z L I I I )  was o b ta in e d  

by  a s im i la r  r e a c t io n  c a r r ie d  o u t on 3 -h y d ro x y m e th y le n e -4 -k e to -

1 , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e  (2 Z I)  •

condense im m e d ia te ly  i n  th e  c o ld  w ith  a lc o h o l ic  s o lu t io n s  o f  

am id ine h y d ro c h lo r id e s ,  u s in g  sodium  e th o x id e  as th e  conden s ing  

a g en t, to  g iv e  a lm ost q u a n t i t a t iv e  y ie ld s  o f  th e  c o rre s p o n d in g  

p y r im id in e s .

hyd ro p h e n a n th re n e  ( Z L I I I )  was condensed w i t h  fo rm a m id in e  -
too)

p re p a re d  b y  th e  m ethod o f  P in n e r  -  and w ith  a c e ta m id in e  to  

g iv e  9 ,1 0 -d ih y d ro -3 ,4 -b e n z -5 ,7 -d ia z a p h e n a n th re n e  (Z L IY ) and 

6 -m e th y l-9 ,1 0 -d ih y d ro -3 ,4 -b e n z -5 ,7 -d ia z a p h e n a n th re n e  (ZLY) 

r e s p e c t iv e ly ;  and 2 - e h lo r o m e th y le n e - l - k e to - l ,2 ,3 ,4 - te t r a h y d r o 

phenan th rene  ( Z L I I )  was s im i la r l y  condensed w i th  a c e ta m id in e  to  

g iv e  5 - m e th y l- l ,2 -d ih y d ro -4 ,6 -d ia z a c h ry s e n e  (X L Y I) .  Bach o f  

th e se  bases was c h a ra c te r is e d  b y  th e  p re p a ra t io n  o f  i t s  p ic r a t e .

B o th  o f  th e se  c h lo ro m e th y le n e  ke to n e s  were fo u n d  to

By t h i s  means, 3 - c h lo ro m e th y le n e -4 - k e to - l , 2 , 3 , 4 - t e t r a 1

T in r m
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These compounds were th e n  de hyd roge na ted  h y  f u s io n  a t  

a h ig h  te m p e ra tu re  w i th  p a lla d iu m -h la c k  in  an atm osphere o f  

ca rbo n  d io x id e  to  g iv e  th e  f u l l y  a ro m a tic  p o ly c y c l ic  compounds

5 , 4 -b e n z -5 , 7 -d ia z a p h e n a n th re n e  ( Z L Y I I ) ,  6 -m e th y l-3 ,4 -b e n z -5 ,7- 

d ia za p h e n a n th re n e  ( X L V I I I )  and 5 -m e th y l-4 ,6 - d ia z a ch ryse n e  

(X L I2 ) r e s p e c t iv e ly .  Bach o f  th e se  bases was c h a ra c te r is e d ,  

as b e fo re ,  b y  th e  p re p a ra t io n  o f  i t s  p ic r a t e .

The f u l l  t e x t  o f  th e s e  e x p e rim e n ts , to g e th e r  w i th  th e  

r e le v a n t  a n a ly t ic a l  f ig u r e s ,  i s  g iv e n  i n  th e  E x p e r im e n ta l 

s e c t io n *
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(A) S y n th e s is  o f  6 -A za ch ryse n e , w i t h  a P ro o f o f  i t s  S t ru c tu re  b y  an

A l te r n a t iv e  S y n th e s is *

(1 ) 2 -H y d ro x y m e th y le n e - l- k e to - l , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e .

Sodium w ire  ( 7 .5  g . )  fo l lo w e d  b y  e th y l  fo rm a te  (27 

o c s * )  was added to  a c o ld  s o lu t io n  o f  l - k e t o - 1 , 2 , 3 ,4 - t e t r a 

h yd ro p h e n a n th re n e  (60  g . )  i n  d r y  to lu e n e  (300  c c s . )  p re v io u s -  

~ l y  d r ie d  o v e r sodium  w ir e .  A r e a c t io n  began a f t e r  a t im e  

w i th  e v o lu t io n  o f  hyd ro g en , and a brow n s o l id  s lo w ly  s e p a ra te d . 

A f t e r  b e in g  k e p t o v e rn ig h t ,  th e  r e s u l t in g  p a s te  was t r e a te d  

f i r s t  w i th  c o n c e n tra te d  c a u s t ic  soda s o lu t io n ,  and th e n  more 

c a u t io u s ly  w i t h  c o ld  w a te r .

The aqueous s o lu t io n  was s e p a ra te d  fro m  th e  to lu e n e  

la y e r ,  th o ro u g h ly  washed b y  s h a k in g  s e v e ra l t im e s  w i th  e th e r ,  

and a c id i f i e d  w i th  d i lu t e  s u lp h u r ic  a c id .  The p ro d u c t a t  

once se p a ra te d  as an o i l  w h ich  soon became a sandy brOY/n 

s o l id ;  t h i s  was f i l t e r e d  o f f ,  d r ie d  i n  a d e s ic c a to r ,  and re -

c r y s t a l l i s e d  fro m  m e than o l (c h a rc o a l)  as s tra w -c o lo u re d
o

c r y s t a ls ,  m .p t .  84 -85  0 .  The y ie ld  was 45 g .  The subs tance  

gave an in te n s e  g re e n  c o lo u r  w i th  f e r r i c  c h lo r id e  i n  m e th a n o l.

Eound: C, 8 0 .2 $ ; H , 5 .4 $ . ^ 1 5 ^ 1 2 ^ 2  r e q u ire s  C, 8 0 .3 $ ;

H , 5 .4 $ .
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2 -M e th o x y m e th y le n e - l- k e to - l, 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e  was 

p re p a re d  b y  m ix in g  an e th e re a l s o lu t io n  o f  th e  h y d ro x y m e th y l

ene ke to n e  w i th  excess o f  an e th e re a l s o lu t io n  o f  d ia zom e than e . 

A f t e r  k e e p in g  f o r  some days , th e  e th e r  was a llo w e d  to  e va p o r

a te , th e  gum l e f t  re d is s o lv e d  i n  e th e r ,  and th e  s o lu t io n  

shaken f i r s t  w i th  d i lu t e  c a u s t ic  soda s o lu t io n  to  remove 

unchanged hyd ro xym e th y le n e  k e to n e , and th e n  w i th  w a te r .

A f t e r  d ry in g  o ve r anhydrous sodium  s u lp h a te  th e  e th e r  was r e 

moved b y  e v a p o ra t io n , and the  r e a c t io n  p ro d u c t, re m a in in g  b e 

h in d  as a s t ic k y  s o l id ,  was c r y s t a l l i s e d  s e v e ra l t im e s  fro m  

m e thano l as c o lo u r le s s  p la te s ,  m .p t .  9 6 -9 7 °0 .

Bound: C, 80 *5$ ; H, 6 .0 $ .  Ci6 S14°2 re<l i;Li r0 s

0 , 8 0 .6 $ ; H, 5 .9 $ .

2 - A m in o m e th y le n e - l- k e to - l,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  was 

p re p a re d  b y  p a s s in g  d ry  gaseous ammonia in to  a s o lu t io n  o f

2 - h y d r o x y m e th y le n e - l- k e to - l , 2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  

(5  g . )  i n  d ry  c h lo ro fo rm  (50 c c s . ) .  The s o lu t io n  became a , 

t h i n  p a s te  as a y e llo w  s o l id  began to  s e p a ra te  a lm o s t a t  once, 

and s m a ll amounts o f  c h lo ro fo rm  were added fro m  t im e  to  t im e  

to  o f f s e t  e v a p o ra t io n  due to  th e  c u r re n t  o f  ammonia, th e  

e v a p o ra t io n  a ls o  s e rv in g  to  keep th e  m ix tu re  c o o l .

A f t e r  fo u r  h o u rs , passage o f  ammonia was s to p p e d , th e  

p r e c ip i t a t e  c o l le c te d ,  d r ie d ,  and b o i le d  up w ith  c h a rc o a l i n
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c h lo ro fo rm , and th e  s o lu t io n  f i l t e r e d  and c o n c e n tra te d  to  a 

s m a ll h u lk .  The re d  powder t h a t  d e p o s ite d  on c o o l in g  was 

c o l le c te d ,  and r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  benzene as 

t u f t s  o f  ca rm ine  n e e d le s , m .p t .  147~149°C.

Pound* C, 8 0 .9 $ ; H, 5 .6 $ . Cn J3L  „ OH re q u ire s  0 , 8 0 .7 $ ;
15 15

H, 5 .8 $ .

(2 )  5 -H y d ro x y -4 - cyano-1 ,2 » d ih y d ro -  6 -a z a o h ry s e n e .

A s o lu t io n  o f  cyanacetam ide  ( O rg .S y n th e s is , V o l . IX ,  

p . 36) (5 .4  g . )  i n  w a te r  (25  c o s .)  was added to  a s o lu t io n  o f

2 -h y d r o x y m e th y le n e - l- k e to - l ,  2 , 3 ,4 ~ te tra h y d ro p h e n a n th re n e  

(9  g . )  d is s o lv e d  in  ju s t  enough e th a n o l to  e f f e c t  s o lu t io n  o f  

th e  f i n a l  m ix tu re  a t  room te m p e ra tu re .

P req uen t a l te r n a te  a d d it io n s  o f  w a te r  and e th a n o l were 

n e c e s s a ry  to  secu re  th e se  c o n d it io n s ,  b u t i t  was fo u n d  t h a t  

th e  f i n a l  b u lk  m ig h t be a n y th in g  betw een 250 c c s .  and 500 o c s . 

w ith o u t  m a t e r ia l ly  a f f e c t in g  th e  f i n a l  r e s u l t .

P ip e r id in e  (1 .5  c c s . )  was th e n  added, and th e  w ho le  

m a in ta in e d  a t  40°C f o r  100 h o u rs . The brow n powder w h ich  had 

s e p a ra te d  fro m  th e  now deep re d  r e a c t io n  l i q u o r  was f i l t e r e d  

o f f  and washed w i th  e th a n o l.  More p ip e r id in e  (1 .5  c c s . )  was 

added to  th e  f i l t r a t e ,  a f t e r  i t  had been c o n c e n tra te d  under 

reduced  p re s s u re , and t h i s  was h e a te d  a t 40°c  f o r  a f u r t h e r  

100 h o u rs .  The second c ro p  o f  p ro d u c t t h a t  had th e n
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p r e c ip i t a te d  was c o l le c t e d ,  and th e  com bined c ro p s  c r y s t a l l i s e d  

s e v e ra l t im e s  fro m  g la c ia l  a c e t ic  a c id  (c h a rc o a l)  as f i n e ,  

b r ig h t  y e l lo w ,  m ic ro s c o p ic  n e e d le s , m .p t .  364 -366°C . The 

y ie ld  was 3 g .

tfound i G, 6 7 .6 $ ; H, 5 .0 $ . C H .o0 I o ,2C H .0 o re q u ire slo 12 2 2 4 2
0 , 6 7 .4 $ ; H, 5 .1 $ .

(3 )  5 -H y d ro x y -1 ,2 -  d ih y d ro  - 6 -  az ach rys  e ne - 4 - o arb o x y l ic  ao i  d .

5 -H y d ro x y -4 -c y a n o - l,2 -d ih y d ro -6 -a z a c h ry s e n e  (0 .5  g . )  

was h e a te d  f o r  3 h o a rs  a t 150°C i n  a s e a le d  tu b e  w i t h  fa m in g  

h y d ro c h lo r ic  a c id  ( d .  1 .1 9 ; 10 c o s * ) .  On c o o l in g  and open

in g  th e  ta b e , th e  brown n e e d le s  w h ic h  f i l l e d  th e  s o lu t io n  were 

f i l t e r e d  o f f ,  washed w ith  w a te r ,  and b o i le d  ap w i th  excess 

d i l a t e  sodium  c a rb o n a te  s o la t io n  f o r  some t im e .  The s o la t io n  

was f i l t e r e d  w h i le  h o t ,  c o o le d , and th e  aqueous sa sp e n s io n  o f  

th e  sodium  s a l t  o f  th e  p ro d u c t,  Tnfaich had now c r y s t a l l i s e d  o a t ,  

b e in g  o n ly  s p a r in g ly  s o lu b le ,  was a c id i f ie d  w i th  d i l a t e  h y d ro 

c h lo r ic  a c id  s o la t io n .

The p r e c ip i t a te d  p ro d u c t was f i l t e r e d  o f f ,  d r ie d ,  and 

r e o r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th y le n e  g ly c o l  m onom ethyl 

e th e r  as f i n e ,  f l u f f y  y e llo w  n e e d le s , m .p t .  324-325°C , w i th  

much f r o t h in g  (p ro b a b ly  ow ing to  ca rb o n  d io x id e  e v o lv e d  b y  

d e c a rb o x y la t io n  a t  th e  h ig h  te m p e ra tu re  o f  fu s io n )  .

ffound j C, 7 4 .5 $ ; H , 4 .5 $ ; JJ, 5 .5 5 $ . c ie H 1303U r e 

q u ire s  C, 7 4 .2 $ ; H, 4 .5 $ ; U, 4 .8 $ .
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M e th y l 5 -m e th o x y - l,  2 - d ih y d ro -6 - az a o h ry s e n e -4 - c a rb o x y l a te  was 

p re p a re d  b y  a d d in g  5 - h y d r o x y - l ,  2 - d ih y d ro -6 -a z a c h ry s e n e -4 -  

a a rb o x y l ic  a c id  (0 .2 5  g . )  to  a c o ld  s a tu ra te d  e th e re a l s o la t io n  

o f  d iazom ethane (2 5  c c s . ) ,  when a s low  e ffe rv e s c e n c e  a t  onoe 

began . A f t e r  b e in g  k e p t f o r  a week, th e  s o lu t io n  was f i l t e r e d  

f r e e  fro m  u n d is s o lv e d  m a te r ia l  and th e  e th e r  removed fro m  th e  

f i l t r a t e  b y  e v a p o ra t io n . The le m o n -y e llo w  c r y s t a ls  re m a in in g  

w ere c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l as t u f t s  o f  

c o lo u r le s s  n e e d le s , m .p t .  118-120°C .

fo u n d t C, 75.551; E , 5 .2 5 ft; I I ,  4 .5 $ . C20H17 °3H re_

q u ire s  C, 7 5 .2 $ ; H, 5 .3 $ ; H, 4 .4 5 $ .

Tha t t h i s  sub s tan ce  was n e i th e r  p h e n o lic  n o r a c id ic  was con 

f irm e d  b y  i t s  com p le te  i n s o l u b i l i t y  i n  h o t d i l u t e  c a u s t io  soda 

s o lu t io n .

(4 ) 5 -H y d ro x y -1»2- d ih y d ro  -  6 - az a o h ryse n e .

( a) By s im u lta n e o u s  h y d r o ly s is  and d e c a rb o x y la t io n  o f  5 -h y d ro x y - 

-  4 -c  y  a n o -1 , 2 - d i  h y d ro -6-az a o h ryse n e .

5 -H yd ro xy - 4 - c yano- 1 ,2 -  d ih y d ro -  6 -  az achrysene (0 .5  g . )  

was h e a te d  f o r  4 h o u rs  a t 170-180°C  i n  a se a le d  tu b e  w it f r  

fu m in g  HG1 ( d .  1 .1 9 ; 10 c c s . ) .  On c o o l in g  and o pen in g  th e

tu b e , th e  mass o f  t h ic k  brown p la te s  t h a t  f i l l e d  th e  s o lu t io n  

was f i l t e r e d  o f f ,  washed w i th  w a te r , d r ie d ,  and d is s o lv e d  i n  

h o t g la c ia l  a c e t ic  a c id  (25  c c s . ) .  The s o lu t io n  was th e n
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c l a r i f i e d  b y  b o i l i n g  w i t h  c h a rc o a l and subsequent f i l t r a t i o n ,  

and c o n c e n tra te d  to  a s m a ll b u lk ,  b y  d i s t i l l a t i o n ,  i n  o rd e r  

to  d r iv e  o f f  any hyd rog en  c h lo r id e  p re s e n t .  The c o n c e n tra te d  

s o lu t io n ,  on p o u r in g  in t o  c o ld  w a te r (500  c c s . ) ,  gave a b u lk y ,  

l i g h t  y e l lo w  p r e c ip i t a t e ;  t h i s  was c o l le c te d ,  d r ie d ,  and 

c r y s t a l l i s e d  fro m  a la r g e  volume o f  m e thano l as t h ic k ,  y e l lo w ,  

e lo n g a te d  p rism s  m .p t .  275-276°C . The y ie ld  was 90$ o f  th e  

t h e o r e t ic a l  q u a n t i t y .

Pound: C, 8 2 .4 $ ; H, 5 .0 $ ; H, 5 .8 $ . c i 72 i 3 ^  re q u ire s

0 , 8 2 .6 $ ; H , 5 .3 $ ; H, 5 .7 $ .

The compound d is s o lv e d  i n  h o t c o n c e n tra te d  c a u s t ic  soda 

s o lu t io n ,  b u t  n o t i n  h o t sodium c a rb o n a te  s o lu t io n ,  and th e  

s o lu t io n  on c o o l in g  d e p o s ite d  c o lo u r le s s  l e a f l e t s  o f  th e  

sodium  s a l t , m .p t .  526-528°C , w h ich  r e a d i ly  h y d ro ly s e d  i n  warm 

w a te r  to  i t s  p a re n t compound.

The m e th y l e th e r  o f  5 -h y d ro x y -4 -c y a n o - l,2 -d ih y d ro -6 -a z a c h ry s e n e  

c o u ld  n o t be o b ta in e d  e i t h e r  b y  r e f lu x in g  i t s  sod ium  s a l t  w i th  

d r y  m e th y l io d id e  i n  e th a n o l,  o r  b y  t r e a t in g  th e  f r e e  h y d ro x y -  

. compound i n  e th e r /d io x a n  s o lu t io n  w i th  e th e re a l d iazom ethane , 

as from  b o th  a tte m p ts  th e  s t a r t in g  m a te r ia l  was re c o v e re d  un

changed.

A compound was o b ta in e d  when th e  sodium  s a l t  (0 .2 5  g . )  was 

h e a te d  f o r  90 m in u te s  on th e  w a te r b a th ,  w i th  pu re  d ry  m e th y l 

s u lp h a te  (5  c c s . ) .  The c le a r  s o lu t io n  o b ta in e d  was f i l t e r e d



50

w h ile  h o t  and a llo w e d  to  s ta n d  o v e rn ig h t ;  th e  s i l k y  n e e d le s  

d e p o s ite d  were f i l t e r e d  o f f  and a f a r t h e r  o rop  o b ta in e d  b y  

c o n c e n t ra t io n  o f  th e  f i l t r a t e  under reduced p re s s u re . The 

com bined c ro p s  a f t e r  s e v e ra l c r y s t a l l i s a t i o n s  fro m  ace tone  

were o b ta in e d  as g re e n is h -y e llo w  rhombs, m .p t .  211 -212°C .

fo u n d : C, 6 0 .3 $ ; H, 4 .4 $ ; H, 4 .4 $ .

T h is  compound was v e ry  s o lu b le  i n  e th a n o l,  was in s o lu b le  i n ,  

and u n a f fe c te d  by  w a te r ,  and was fo u n d , b y  th e  m ethod o f  

sodium  fu s io n ,  to  c o n ta in  s u lp h u r .  As no a c c e p ta b le  fo rm u la  

c o u ld  be found  to  s a t i s f y  t h i s  d a ta , th e  n a tu re  o f  th e  compound 

was n o t in v e s t ig a te d  f u r t h e r .

5 -B e n z o y lo x y -1 ,2 -  d ih y d ro -  6 - azachrysene was p re p a re d  by  d i s 

s o lv in g  5 - h y d r o x y - l , 2 -d ih y d ro -6 - azachrysene (0 *1  g . )  i n  h o t  

d i lu t e  c a u s t ic  soda s o lu t io n  (125 c c s . ) ,  and b y  sh a k in g  t h i s  

w h i le  s t i l l  warm w i th  excess b e n z o y l c h lo r id e .  The p ro d u c t 

s e p a ra te d  as a w h ite  c lo t te d  p r e c ip i t a t e ,  w h ic h  was c o l le c te d ,  

washed w i th  d i lu t e  c a u s t ic  soda s o lu t io n ,  th e n  w a te r ,  d r ie d ,  

and r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l as s h o r t ,  

c o lo u r le s s  n e e d le s , m .p t .  209-210°C .

fo u n d ; C, 8 1 .9 5 $ ; E , 4 .7 $ ;  H, 4 .2 $ .  C ^ E ^ O g K  r e 

q u ire s  C, 8 2 .1 $ ; E , 4 .8 $ ; H, 4 .0 $ .

5 -Ac e to x y -1 ,2 -  d ih y d ro -6 - az aohrysene was p re p a re d  by d is s o lv in g

5 - h y d r o x y - l ,  2 -d ih y d ro -6-a z  ach rys  ene (0 .2 5  g . )  to g e th e r  w i th
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w ho le  was th e n  h e a te d  on th e  w a te r b a th , and l e f t  o v e rn ig h t .

On p o u r in g  th e  s o la t io n  in t o  c o ld  w a te r  (150 c c s . ) ,  th e  

p ro d u c t was th ro w n  down as a f lo c c u le n t  w h ite  p r e c ip i t a t e ,  

w h ich  was c o l le c te d ,  washed w i th  w a te r ,  d r ie d ,  and c r y s t a l l i s e d  

s e v e ra l t im e s  fro m  e th a n o l as lo n g , c o lo u r le s s  n e e d le s , m .p t .  

145-147°C , h a v in g  a v io le t  o r  b lu e  f lu o re s c e n c e .

Found: G, 7 8 .8 $ ; H, 5 .2 $ ; IT, 5 .0 $ . G19H1 502]ff r e "

q u ire s  C, 7 8 .9 $ ; H, 5 .2 $ ; I ,  5 .2 $ .

(b ) By d e c a rb o x y la t io n  o f  5 -h y d ro x y -1 , 2 - d ih y d ro -6 -a z a - 

c h ry s e n e -4 -o a rb o x y lic  a c id .

( i )  5 -H y d ro x y -1 ,2 -  d ih y d ro -  6 - az ach rys  ene- 4 - c a r b o x y l ic  a c id  

(0 .3  g . )  was h e a te d  i n  a te s t - tu b e  f o r  10 m in u te s  a t  340- 

350°C on a m e ta l b a th .  A c o n s id e ra b le  e ffe rv e s c e n c e  was ob

s e rv e d , and th e  e vo lve d  gas produced a t u r b i d i t y  i n  l im e  

w a te r  th ro u g h  w h ich  i t  was co n d u c te d , th u s  in d ic a t in g  i t  to  

be ca rb o n  d io x id e .

The d a rk  re s id u e  l e f t  i n  th e  t e s t - t u b e ,  a f t e r  e f f e r 

vescence had ceased, was scraped ou t and fo u n d  to  w e igh  

0 .2 2 5  g . ;  i t  was th e n  sub lim ed  a t  200°C and a t  0 .1 5 -0 .2  mm. 

p re s s u re . The s u b lim a te  was c r y s t a l l i s e d  fro m  m e than o l as 

lo n g  y e llo w  p r is m s , 275-277°G , w h ich  d id  n o t dep ress  th e  

m e lt in g  p o in t  o f  th e  p ro d u c t o b ta in e d  i n  (a ) b y  com bined 

h y d r o ly s is  and d e c a rb o x y la t io n  o f  5 -h y d ro x y -4 -c y a n o -1 , 2 - d i -  

h y d ro -  6-a z  a ch rys  ene .
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An e x c e e d in g ly  s m a ll q u a n t i t y  o f  s p a r in g ly  s o lu b le  

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

tb e  m a in  y ie ld ,  as l i g h t  y e l lo w  s h in in g  la m in a e , m .p t .  345- 

35 5°0 ; t h i s  was p ro b a b ly  5 -h y d ro x y -6 -a z a c h ry s e n e  (see  b e lo w )*

The i d e n t i t y  o f  th e  p ro d u c ts  o b ta in e d  by  m ethods (a ) 

and (b ) was f u r t h e r  e s ta b lis h e d  b y  th e  p re p a ra t io n ,  as b e fo re ,  

o f  th e  a c e ty l  d e r iv a t iv e  o f  th e  substance  o b ta in e d  b y  method

(b ) ; t h i s  was fo u n d , b y  m ixed m e lt in g  p o in ts ,  to  be i d e n t i 

c a l  w i th  th e  a c e ty l  d e r iv a t iv e  o f  th e  p ro d u c t o b ta in e d  b y  

method ( a) •

( i i )  5 -H y d r  o x y -1 , 2 - d ih y d ro - 6 - az aohrysene ( 0 * 2  g . )  was r e f lu x e d  

f o r  1 h o u r i n  p u re  d ry  q u in o l in e  (2 5  c c s . )  w i th  a t r a c e  o f  

co p p e r b ro n z e . The s o lu t io n  d a rken ed , and on c o o l in g ,  the  

co p p e r was f i l t e r e d  o f f ,  and th e  q u in o l in e  removed fro m  th e  

f i l t r a t e  b y  steam d i s t i l l a t i o n ,  le a v in g  b e h in d  a brown 

pow dery re s id u e .  T h is  was c o l le c te d ,  d r ie d ,  and c r y s t a l l i s e d  

fro m  m e tha n o l (c h a rc o a l)  as o ra n g e -y e llo w  n e e d le s , m .p t*  330- 

350°C . T h is  was p ro b a b ly  5 -h y d ro x y -6 -a z  ach rys  ene r e s u l t in g  

fro m  com bined d e c a rb o x y la t io n  and d e h yd ro g e n a tio n  b y  th e  

co p p e r b ro n ze  a t  th e  h ig h  te m p e ra tu re  used .

3Jo 5 -h y d ro x y -1 , 2 - d ih y d ro - 6 -  azachrysene c o u ld  be o b ta in 

ed b y  t h i s  m e thod .
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( 5) 5 -H y d ro x y -6 - a za o b ryse n e .

(a ) By d i r e c t  fu s io n  o f  5 -h y d ro x y -1 12 - d ih y d r o - 6 - aza- 

o liryse n e  w itH  p a l la d iu m -b la c k .

5 -H y d ro x y - l,  2 - d ih y d ro - 6 -az  aohrysene (0 .2 2  g . )  was 

fu s e d  i n  a h a rd  g la s s  tu b e  w i t h  p a lla d iu m -b la c k  ( 0 .0 2  g») 

a t  290-300°0  on a m e ta l b a th ,  any e vo lve d  hyd rogen  b e in g  

swept o u t b y  a c o n s ta n t c u r re n t  o f  ca rb o n  d io x id e  in t o  a 

m o d if ie d  in v e r te d  m easu ring  c y l in d e r  c o n ta in in g  c o n c e n tra te d  

o a u s t ic  po ta sh  s o lu t io n .  The ca rb on  d io x id e  was th u s  ab

so rb e d , le a v in g  th e  h yd rog en  b e h in d  to  be m easured.

I n  1 h o u r, 8 c c s . o f  hyd rog en  were e v o lv e d ; th e  

te m p e ra tu re  was th e n  ra is e d  to  350°C f o r  a f u r t h e r  75 m in u te s , 

and a f u r t h e r  11 c c s . o f  hyd rogen  were e v o lv e d . As th e  

t h e o r e t ic a l  amount o f  hyd rog en  th a t  w ou ld  be e v o lv e d  b y  

rem ova l o f  two atoms o f  hyd rogen  from  th e  compound was a lm o s t 

20 c c s -  a t  U .T .P .,  th e  a p p a ra tu s  was d is c o n n e c te d  and th e  

r e a c t io n  m ix tu re  a llo w e d  to  c o o l.

The c o lo u r le s s  c r y s t a l l i n e  mass in  th e  tu b e  was scraped 

o u t and r e c r y s t a l l i s e d  fro m  a la rg e  volume o f  e th a n o l as 

c o lo u r le s s ,  h ig h ly  r e f r a c t iv e  p r is m s , m .p t .  355-365°C .

The substance  was s o lu b le  i n  h o t d i lu t e  c a u s t ic  soda 

s o lu t io n ,  b u t  n o t i n  h o t sodium  c a rb o n a te  s o lu t io n ,  i n d ic a t 

in g  i t s  p h e n o lic  n a tu re ;  i t  was r e p r e c ip i ta te d  b y  a c i d i f i c a 

t i o n  o f  i t s  s o lu t io n  i n  d i lu t e  c a u s t ic  soda w i t h  d i lu t e  

h y d ro c h lo r ic  a c id  s o lu t io n .
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(b )  B y r e f l a t i n g  5 -h y d ro x y -1 ,2 -  d ih y d ro -  6 -  az aohrysene w i t h  

p a lla d iu m -b la c k  i n  x y le n e .

5 - H y d r o x y - l ,2 - d ih y d ro - 6 - azachrysene  (0 .2 5  g • ) was 

b o i le d  i n  pu re  s u lp h u r - f r e e  x y le n e  (2 5  c c s . )  u n t i l  s o lu t io n  

was a o h ie v e d . P a lla d iu m -b la c k  (0 .0 2 5  g . )  was th e n  added to  

th e  s o lu t io n ,  and th e  w ho le  re f lu x e d  f o r  24 h o u rs . A t th e  

end o f  t h i s  t im e  a y e llo w  s o l id  was obse rve d  to  have been 

d e p o s ite d ; t h i s  was c o l le c te d  and c r y s t a l l i s e d  fro m  e th a n o l 

as c o lo u r le s s ,  h ig h ly  r e f r a c t iv e  p r is m s , m .p t .  355-365°Q , 

w h ic h  d id  n o t de p re ss  th e  m e lt in g  p o in t  o f  th e  p ro d u c t ob

ta in e d  b y  method ( a ) ,  th e  two substances b e in g  th u s  id e n t i c a l .

Pound: 0 , 8 4 .0 $ ; H, 4 .4 $ ; H, 5 .5 $ . O ^ E ^ O S  r e 

q u ire s  C, 8 3 .3 $ ; H , 4 .5 $ ; H, 5 .7 $ .

(c )  By fu s in g  5 -h y d ro x y -1 ,2 - d ih y d ro - 6 - azaohrysene w ith  a m ix tu re  

o f  sodium  c h lo r id e ,  z in c  c h lo r id e ,  and z in c  d u s t .

5 - H y d r o x y - l ,2 - d ih y d ro - 6 - azaohrysene (0 .2 5  g . ) ,  sodium  

c h lo r id e  (0 .2 5  g . ) , m o is t z in c  c h lo r id e  (1 .2 5  g . )  and z in c  

d u s t (0 .2 5  g . )  were w e l l  m ixed  to g e th e r  and h e a te d  i n  a t e s t  

tu b e  a t 290-300°0  f o r  fo u r  h o u rs . On c o o l in g ,  th e  d a rk  mass 

was re p e a te d ly  e x tra c te d  w ith  b o i l i n g  w a te r ,  d r ie d ,  and 

f r a c t i o n a l l y  su b lim e d  a t 280°C i n  an o il-p u m p  vacuum.

The f i r s t  f r a c t io n ,  w h ich  d e p o s ite d  as y e llo w  f la k e s  

n e a r th e  to p  o f  th e  tub e  i n  th e  s u b lim in g  a p p a ra tu s , was 

c r y s t a l l i s e d  fro m  m e thano l and p ro ve d  b y  m ixed m e lt in g  p o in ts  

to  be unchanged s t a r t in g  m a te r ia l .
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The second f r a c t io n ,  w h ich  d e p o s ite d  f u r t h e r  down th e  

tu b e  as a c o lo u r le s s  s o l id ,  was r e c r y s t a l l i s e d  fro m  m e th an o l as 

c o lo u r le s s  s h in in g  n e e d le s , m e lt in g  be tw een  320°0 and 350°C ; 

th e s e  d id  n o t de p re ss  th e  m e lt in g  p o in t  o f  an a u th e n t io  sample 

o f  5 -h y d ro x y -6 - azachrysene p re p a re d  as i n  method ( a ) ,  w i th  

w h ich  th e y  were th u s  id e n t ic a l *  The y ie ld  was e x c e s s iv e ly  

s m a ll*

(&) By fu s in g  5 - h y d r o x y - l ,2 -d ih y d ro - 6 - azachrysene w i th  phosphorus 

p e n ta c h lo r id e .

See page 57 . The sam ple o f  5 -h y d ro x y -6 -a za ch ryse n e  

o b ta in e d  b y  t h i s  method as a b y e -p ro d u c t m e lte d  s h a rp ly  a t  

362-364°0 and gave a v e ry  good a n a ly s is .

5 -Ac e t  o x y -6 - az ach rys  ene *

5 -H y d ro x y -6 - azachrysene (0 *1  g . )  was d is s o lv e d  i n  h o t 

p y r id in e  (8  c c s . ) ,  and excess a c e t ic  a n h y d r id e  added. A f t e r  

h e a t in g  on th e  w a te r  b a th  f o r  an h o u r, th e  c le a r  s o lu t io n  was 

l e f t  o v e rn ig h t and poured in t o  w a te r  (250 c c s . ) .  A v /h ite ,  

f lo c o u le n t  p r e c ip i t a te  o f  th e  a c e ty l d e r iv a t iv e  was th ro w n  

down; i t  was c o l le c te d ,  d r ie d  a f t e r  w ash ing , and c r y s t a l l i s e d  

re p e a te d ly  fro m  e th a n o l as c o lo u r le s s  s i l i y  n e e d le s , m .p t .149- 

1 5 1 °0 . These depressed  th e  m e lt in g  p o in t  o f  an a u th e n t ic  

sample o f  5 - a c e to x y -1 ,2 - d ih y d ro - 6 -a za ch rysene  (m .p t .  145-147°C ) 

to  132°C .

Bound; C, 7 9 .4 $ ; H , 4 .3 $ . C^gH^gOgH req.a i.res 

0 , 7 9 .4 $ ; H, 4 .5 $ .
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[V I)  5 -C h io r o - 1 ,2 - d ih y d ro - 6 -a z a c h ry s e n e .

5 -H y d ro x y -1 , 2 - d ih y d ro - 6 -a za ch ryse n e  (2 *7  g . )  was h e a te d  

w i th  phosphorus o x y c h lo r id e  (1 1  o o s .)  i n  a s e a le d  tu.be a t  

175°G f o r  7 h o a rs . A f t e r  c o o lin g  and open ing  th e  tu b e , th e  

d a rk  s o la t io n  o b ta in e d  was poared on ic e ,  and th e  s o l id  th row n  

down was c o l le c te d ,  re p e a te d ly  washed w i t h  w a te r ,  d r ie d ,  and 

r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  g la c ia l  a c e t ic  a c id  as la rg e  

c o lo u r le s s  p la te s ,  m .p t .  115 -116°G . The y ie ld  was 2*1  g .

Found: G, 7 7 .0 $ ; H, 4 .4 $ ; H, 5 .1 $ . C17H1 2 H01 re q u ire s

0 , 7 6 .8 5 $ ; H, 4 .5 $ ;  U, 5 .3 $ .

( V I I )  5 G h lo ro -6 - a za ch ryse n e .

(a ) 5 -H y d ro x y - l,2 -d ih y d ro -6 -a z a c h ry s e n e  (1  g . )  was r e f lu x e d  w i th  

phosphorus p e n ta c h lo r id e  ( 1  g . )  i n  ch lo ro b e n ze n e  (6 0  c o s .)  f o r  

3J- h o u rs  on an o i l  b a th  a t  150°G . The s o lv e n t  and phosphorus 

o x y c h lo r id e  were th e n  removed un de r reduced p re s s u re  on th e  

w a te r  b a th ,  th e  la s t  t ra c e s  b e in g  removed by  a second e va p o r

a t io n  a f t e r  a d d i t io n  o f  benzene. The y e llo w  o i l  l e f t  q u ic k ly  

s o l i d i f i e d  on c o o l in g .

The s o l id  was d is s o lv e d  i n  b o i l i n g  g la c ia l  a c e t ic  a c id  

(2 0  c c s * ) ,  c l a r i f i e d  w i th  c h a rc o a l,  and f i l t e r e d  h o t .  A mass 

o f  c o lo u r le s s  p la t e le t s  d e p o s ite d  on c o o l in g ;  th e s e  w ere 

f i l t e r e d  o f f ,  and th e  f i l t r a t e  c o n c e n tra te d  to  a s m a ll b u lk  

and po ared  in t o  w a te r .  A s m a ll q u a n t i t y  o f  a y e llo w  p r e c ip i 

t a t e  was th ro w n  down; i t  was c o l le c te d ,  d r ie d ,  and c r y s t a l l i s e d
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fro m  m e than o l as y e llo w  p rism s  w h ich  d id  n o t  depress th e  m e lt 

in g  p o in t  o f  an a u th e n t ic  sample o f  5 - h y d r o x y - l , 2- d ih y d r o - 6 -  

a za ch ryse n e . T h is  substance  was th u s  unchanged s t a r t in g  

m a te r ia l  •

The c o lo u r le s s  p la t e le t s  f i r s t  o b ta in e d  were r e o r y s t a l -  

l i s e d  fro m  g la c ia l  a c e t ic  a c id  as ro s e t te s  o f  c o lo u r le s s  b la d e s , 

m .p t .  176-178°C$ th e se  were fo u n d  by  th e  sodium  fu s io n  t e s t  to  

c o n ta in  c h lo r in e .  The y ie ld  was 0 .2  g .  T h is  compound was 

b e l ie v e d  to  be 5- c h lo  r o - 6 - az a o h ryse n e , and , as i t  was a l l  used 

f o r  th e  p re p a ra t io n  o f  6 - az a o h ryse n e , none was a v a i la b le  f o r  

a n a ly s is ,  and no more was p re p a re d .

The a c e t ic  a c id  m o the r l iq u o r s  fro m  th e  above r e c r y s t a l 

l i s a t i o n  o f  th e  c o lo u r le s s  p la t e le t s  w ere c o n c e n tra te d  to  a 

s m a ll vo lum e, and on c o o l in g ,  a q u a n t i t y  o f  c o lo u r le s s  n e e d le s  

(0 .2  g . )  d e p o s ite d . These were re p e a te d ly  r e c r y s t a l l i s e d  fro m  

g la c ia l  a c e t ic  a c id ,  and f i n a l l y  m e lte d  s h a rp ly  a t  362-364°C 

w i th  d e c o m p o s it io n . S e v e ra l sod ium  fu s io n  t e s t s  on t h i s  com

pound f a i l e d  to  re v e a l th e  p resence o f  c h lo r in e .  I t s  m e lt in g  

p o in t  was n o t depressed b y  a d m ix tu re  w i t h  a sam ple o f  5 -h y d ro x y -

6 - azachrysene p re p a re d  as b e fo re  b y  th e  d e h y d ro g e n a tio n  o f

5 - h y d r o x y - l ,2 - d ih y d ro - 6 - azachrysene w i t h  p a lla d iu m  b la c k .  The 

i d e n t i t y  o f  t h i s  compound w ith  5 -h y d ro x y -6 -a za ch ryse n e  was con

f irm e d  b y  i t s  a n a ly s is  as fo l lo w s  : -

]?oand* C, 83.6$?; E , 4 .5 $ ; E , 5 .6 $ . C ^ H ^ O E  re q u ire s  

G, 8 3 .3 $ ; H, 4 .5 $ ; H, 5 .7 $ .
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(b ) 5 -H y d ro x y - l,  2 - d ih y d ro - 6 -a za ch ryse n e  (0 .2 5  g . )  was h e a te d  on an 

o i l  b a th  a t  150°C to g e th e r  w i th  phosphorus p e n ta o h lo r id e  (0 .2 5 g .  

and a few  d ro ps  o f  phosphorus o z y o fr lo r id e . The mass l i q u e f ie d  

w i th  e v o lu t io n  o f  much hyd rogen  c h lo r id e ,  w h ich  oeased a f t e r  

15 m in u te s . The h e a t in g  was c o n tin u e d  f o r  a f u r t h e r  15 

m in u te s , th e n  d is c o n t in u e d , and th e  phosphorus o x y c h lo r id e  r e 

moved on th e  w a te r b a th  under reduced p re s s u re .

The s o l id  re s id u e  re m a in in g  was f r a o t i o n a l l y  c r y s t a l 

l i s e d  fro m  a c e t ic  a c id  as i n  th e  exp e rim e n t p r e v io u s ly  d e s o r ib e d  

i n  ( a ) .  The p ro d u c ts  o b ta in e d , and th e  p r o p o r t io n s  i n  w h ic h  

th e y  were o b ta in e d , were fou nd  to  be s im i la r .

V I I I )  6 -A z a c h ry s e n e .

( a) ffrom 5 -o h io r o - 6 - a za ch ryse n e .

A s o lu t io n  o f  5 - c h lo r o - 6 -a za ch ryse n e  ( 0 .2  g . )  i n  b o i l 

in g  t e t r a l i n  (25 c c s . )  was b o i le d  under r e f lu x  f o r  19 h o u rs  

w i th  p a lla d iu m -b la c k  (0 .0 2  g . ) .  H ydrogen c h lo r id e  was e v o lv e d  

th ro u g h o u t .

The f i l t e r e d  s o lu t io n  was e va p o ra te d  unde r red uce d  

p re s s u re  on th e  w a te r  b a th ,  th e  re s id u e  re -e v a p o ra te d  a f t e r  

a d d i t io n  o f  benzene, and th e  l i g h t  b row n o i l  re m a in in g  t r i 

t u r a te d  w i th  l i g h t  p e tro le u m , when i t  fo rm ed a few  c lu s te r s  o f  

t h i c k ,  c le a r  p r is m s . A tte m p ts  to  c r y s t a l l i s e  th e  o i l  fro m  

l i g h t  p e tro le u m  r e s u lte d  m e re ly  i n  th e  d e p o s it io n  o f  gums and 

o i l s .
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A c c o rd in g ly  th e  b row n o i l  was d is s o lv e d  i n  h o t  e th a n o l 

(5 0  c c s . ) ,  and to  t h is  was added excess p i c r i c  a c id  i n  h o t  

e th a n o l (5 0  c c s . ) .  A y e llo w  c r y s t a l l i n e  p r e c ip i t a t e  o f  th e  

p ic r a te  o f  6 -a za ch ryse n e  began to  d e p o s it  i n s t a n t l y ,  and i t s  

fo rm a t io n  was h a s te n e d  b y  b o i l i n g  th e  s o lu t io n  under r e f l u x  f o r  

15 m in u te s . On c o o l in g ,  th e  p io r a te  was f i l t e r e d  o f f ,  and a 

second s m a lle r  c ro p  o b ta in e d  by  c o n c e n t ra t io n  and c o o l in g  o f  

th e  e th a n o l m o ther l i q u o r s .  The y ie ld  o f  th e  d ry  p ic r a te  was 

0 .23  g .  A s m a ll q u a n t i t y  o f  th e  p ic r a te ,  r e c r y s t a l l i s e d  s e v e r 

a l  t im e s  fro m  e th a n o l,  was o b ta in e d  f o r  a n a ly s is  as f in e  y e llo w  

n e e d le s , m .p t .  256-258°C w i th  d e c o m p o s it io n .

Found: C, 6 0 .4 $ ; H , 2 .9 $ ; E, 1 2 .2 $ . ^ 17% ^ , O ^ O y U g

re q u ire s  0 , 6 0 .3 $ ; H, 3 .1 $ ; H, 1 2 .2 $ .

The f r e e  base was o b ta in e d  fro m  th e  p ic r a te  b y  b o i l i n g  

i t  f o r  1 0  m in u te s  w i th  d i lu t e  ammonium h y d ro x id e  s o lu t io n  

(150 c c s . )  and s u b s e q u e n tly  a l lo w in g  to  c o o l o v e rn ig h t .  The

w h ite  in s o lu b le  powder re m a in in g  was f i l t e r e d  fro m  th e  y e llo w

s o lu t io n ,  washed w i th  w a te r ,  d r ie d ,  and r e c r y s t a l l i s e d  tw ic e  

fro m  aqueous ace ton e , and th e n  n -hexa ne , as s m a ll,  c o lo u r le s s ,  

s a w -to o th e d  la m in a e , m .p t .  137~138°G.

Found: 0 , 8 9 .3 $ ; H, 4 .6 $ ; U, 6 .1 $ . ^ 1 7 -^1 1 ^  re q u ire s

C, 8 9 .1 $ ; H , 4 .8 $ ; U, 6 .1 $ .

(b ) From 5 - c h lo ro - l ,2 - d ih y d ro - 6 -a z a c h ry s e n e .

A s o lu t io n  o f  5 - c h lo r o - 1 , 2 - d ih y d ro - 6 - azachrysene (2 .1 g .
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i n  "b o i l in g  t e t r a l i n  (150 c o s .)  was b o i le d  unde r r e f la x  f o r  

£0 "hours w i t h  p a lla d ia m -b la o k  (0 .3 3  g . ) .  H ydrogen c h lo r id e  

was e v o lv e d  th ro u g h o u t.

The f i l t e r e d  s o lu t io n  was e va p o ra te d  re p e a te d ly  under

reduced  p re s s u re  w i th  benzene as i n  ( a ) ,  and th e  p ic r a te  o f

th e  r e s u l t in g  o i l  p re p a re d  s a t i s f a c t o r i l y  i n  e th a n o l as b e fo re .  

A f t e r  d r y in g  i t  was fou n d  to  w e ig h  3 g . A s m a ll sam ple o f  

t h is  p ic r a te  was r e c r y s t a l l i s e d  re p e a te d ly  fro m  e th a n o l,  b e in g  

o b ta in e d  f i n a l l y  as f in e  y e llo w  n e e d le s , m .p t .  256-258°C , w h ic h  

on a d m ix tu re  d id  n o t depress th e  m .p t .  o f  th e  pa re  p ic r a te  o f

6 -a za ch rysen e  o b ta in e d  as i n  ( a ) ,  w ith  w h ich  i t  was th e r e fo r e  

i d e n t i c a l .

The f r e e  base was s im i la r l y  o b ta in e d  b y  t re a tm e n t o f

th e  p ic r a te  w i t h  h o t d i la t e  aqueous anm onia, and was a ls o

c r y s t a l l i s e d  f i r s t  fro m  a ce to n e , th e n  tw ic e  fro m  n-hexane  as 

la r g e ,  c o lo u r le s s  p r is m s , m .p t .  137 -138°C . T h is  sub s tance  on 

a d m ix tu re  w i th  th e  pure  base o b ta in e d  i n  (a ) d id  n o t dep ress  

i t s  m e lt in g  p o in t ;  th e  two substances were th e re fo re  id e n t i c a l .

The s t r u c tu r e  o f  th e  supposed 6 -a zach ryse ne  o b ta in e d  b y

th e  fo re g o in g  s y n th e s is .

( i )  A tte m p te d  d e h y d ro g e n a tio n  w i th  p a l la d iu m -b la c k .

6 -A zaehrysene (0 .0 8  g . )  o b ta in e d  b y  th e  fo re g o in g  

s y n th e s is  was h e a te d  w i t h  p a lla d iu m -b la c k  ( 0 .0 1  g . )  a t  300°G

in  a s tre a m  o f  oa rbon  d io x id e ,  any hyd ro g e n  e v o lv e d  b e in g
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swept o u t b y  th e  oa rbo n  d io x id e  and c o l le c t e d  i n  a m o d if ie d  

in v e r te d  m easurin g  c y l in d e r  f i l l e d  w i tb  c o n c e n tra te d  c a u s t ic  

p o ta sb  s o lu t io n .  Here th e  ca rb o n  d io x id e  was absorbed , le a v 

in g  th e  hyd ro g en  u n d is s o lv e d  so th a t  i t s  volume c o u ld  be 

m easured.

D u rin g  c o n tin u o u s  h e a t in g  f o r  90 m in u te s  under th e s e  

c o n d it io n s ,  th e  fu s e d  mass was a t  no t im e  observed  to  e f f e r 

vesce , and no hyd ro g e n  was c o l le c te d  i n  th e  m easurin g  a p p a ra tu s .

A f t e r  c o o l in g ,  th e  fu s e d  mass was e x tra c te d  w i t h  b o i l 

in g  a ce to n e , th e  p a lla d iu m -b la c k  f i l t e r e d  o f f ,  and th e  f i l t r a t e  

d i lu t e d  w i th  a few  d rops  o f  h o t w a te r .  A gg rega tes  o f  c o lo u r 

le s s  o r y s ta ls  d e p o s ite d  on c o o l in g ;  th e se  were c o l le c te d  and 

fo u n d  to  m e lt a t  1 3 6 -1 3 7 °0 . On a d m ix tu re  w ith  a sam ple o f  th e  

o r ig in a l  6 -a za ch ryse n e  th e  m e lt in g  p o in t  was unchanged; th e  two 

su b s tan ces  were th u s  id e n t i c a l ,  th e  p ro d u c t b e in g  unchanged 

s t a r t in g  m a te r ia l .

( i i )  A tte m p te d  o x id a t io n  to  th e  q u in o n e .

6 -A zach rysene  (0 .1  g . )  fro m  th e  p re v io u s  s y n th e s is  was 

d is s o lv e d  i n  g la c ia l  a c e t ic  a c id  (E c c s . )  w h ich  had been p u r i 

f i e d  b y  r e f lu x in g  and d i s t i l l i n g  o v e r ch rom ic  a n h y d r id e . To 

t h i s  s o lu t io n  was added a s l i g h t  excess o f  th e  t h e o r e t ic a l  

q u a n t i t y  o f  sodium  d ic h ro m a te  (0 .1 5  g . )  d is s o lv e d  i n  a s im i la r  

q u a n t i t y  o f  pu re  g la c ia l  a c e t ic  a c id .
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The y e llo w ,  s p a r in g ly  s o lu b le  chrom ate  o f  th e  base 

s e p a ra te d  im m e d ia te ly , b a t re d is s o lv e d  q u ic k ly  on w a rn in g  th e  

s o la t io n ,  w h ic h  was th e n  b o i le d  un de r r e f l a x .

Ten m in a te s  a f t e r  b o i l i n g  had began, th e  s o la t io n  !

assamed a g re e n is h  c o lo a r  w h ich  deepened u n t i l  40 m in a te s  l a t e r  

i t  was p r a c t i c a l l y  b la c k .  A f t e r  b o i l i n g  under r e f l a x  f o r  a 

t o t a l  o f  23 h o a rs , th e  s o la t io n  was poared  in t o  c o ld  w a te r  

(250 c c s . ) ,  when a d a rk , c o l l o id a l  sa sp e n s io n  was fo rm ed w h ich  

was c o a g a la te d  b y  r e f r ig e r a t io n  and a d d i t io n  o f  sodiam  c h lo r id e . ;

The carbonaceoas p r e c ip i t a t e  was c o l le c te d ,  d r ie d ,  and 

e x tra c te d  w i t h  b o i l i n g  benzene (1 0 0  c c s . ) ;  th e  c o o le d  e x t r a c t  

was th e n  passed by  g r a v i t y  th ro a g h  a colam n o f  anhydroas 

a la m in a , and th e  s e g re g a tio n  o f  th e  adsorbed f r a c t io n s  was ob

se rve d  under u l t r a v i o l e t  l i g h t .

The benzene s o la t io n  th a t  passed th ro a g h  th e  co lam n

w ith o u t  a d s o rp t io n  o f  i t s  c o n te n t was eva p o ra te d  to  d ry n e s s .
o

The c o lo u r le s s  c r y s t a l l i n e  s o l id  l e f t  (0.^(5 g . )  had a m e lt in g  

p o in t  o f  132-134°G , w h ich  was n o t depressed on a d m ix tu re  w i th  a 

pa re  sam ple o f  th e  o r ig in a l  6 -a z a c h ry s e n e ; th e  two sub s tan ces  

were th e re fo re  id e n t i c a l ,  and t h i s  p a r t  o f  th e  p ro d u c t was hence 

unchanged s t a r t in g  m a te r ia l .

I n  th e  a la m in a  colam n i t s e l f ,  th e  m a in  band was a t  th e  

lo w e r  end and was e la te d  e a s i ly  w ith  benzene, le a v in g  adsorbed 

a band o f  t a r r y ,  carbonaceoas m a te r ia l  a t  th e  to p  o f th e
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co lum n, w ith  an e x c e s s iv e ly  na rro w  re d  band abou t an in c h  b e 

lo w  i t  to o  in c o n s id e ra b le  to  m e r i t  f u r t h e r  in v e s t ig a t io n .

The benzene s o lu t io n  o f  th e  e lu te d  m a in  band on e v a p o ra t io n  

l e f t  o n ly  an e x c e e d in g ly  s m a ll t r a c e  o f  a b r ig h t  re d  pow der, 

w h ich  was much to o  s m a ll to  be m a n ip u la te d .

( i i i )  A l t e r n a t iv e  s y n th e s is  o f  6 -a za ch ryse n e  fro m  1 -am inophen- 

a n th re n e .

The oxime o f  l - k e to - l ,£ ,3 ,4 - te t r a h y d r o p h e n a n th r e n e  was 

o b ta in e d  by  h e a t in g  on th e  w a te r b a th  a s o lu t io n  i n  e th a n o l o f  

l - k e to - l ,2 ,3 ,4 - te t r a h y d r o p h e n a n th r e n e , hydroxyfam ine h y d ro 

c h lo r id e ,  and p y r id in e ;  on e v a p o ra t io n  o f  th e  s o lv e n t  i n  vacuo 

th e  re s id u e  was washed w i th  w a te r  and th e  p ro d u c t,  o b ta in e d  i n

q u a n t i t a t iv e  y ie ld ,  c o l le c te d  and c r y s t a l l i s e d  fro m  e th a n o l as
oag g re ga te s  o f  c o lo u r le s s  p r is m s , m .p t .  168-170  C.

( a) 1 - Amino phenan th ren eTc.f. ̂

l -K e to - l ,2 ,3 ,4 - te t ra h y d r o p h e n a n th re n e  oxim e (1 0 .4  g . )  

d is s o lv e d  i n  a m ix tu re  o f  h o t g la c ia l  a c e t ic  a c id  (1 0 0  c c s . )  

and a c e t ic  a n h y d rid e  (6  c c s .)  was h e a te d  under r e f l u x  on th e  

steam b a th  w i th  c o n tin u o u s  passage o f  d ry  hyd ro g en  c h lo r id e  gas 

th ro u g h  th e  s o lu t io n .

The s o lu t io n  became a lm o s t b la c k ,  and, a f t e r  £0 m in u te s , 

a c o lo u r le s s  p r e c ip i t a t e  began to  s e p a ra te  r a p id ly .  H e a tin g  

and passage o f  hyd rogen  c h lo r id e  was c o n tin u e d  f o r  a f u r t h e r  

100 m in u te s , when th e  s o lu t io n  was a llo w e d  t o  c o o l .  The
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passage o f  h yd rog en  c h lo r id e  was th e n  d is c o n t in u e d ,  and th e  

p r e c ip i t a t e  was r a p id ly  f i l t e r e d  o f f  and washed s e v e ra l t im e s  

w i th  anhydrous e th e r .  I t  was th e n  d is s o lv e d  i n  1 l i t r e  o f  

h o t a c id u la te d  (HC1) w a te r ,  th e  s o lu t io n  c l a r i f i e d  b y  sh a k in g  

w i th  c h a rc o a l and f i l t e r i n g ,  c o o le d , and made a lk a l in e  w ith  

ammonium h y d ro x id e  s o lu t io n .  A w h ite ,  c lo t t e d  p r e c ip i t a t e  o f  

1 -am inophenan th rene  was th ro w n  down im m e d ia te ly , and was 

c o l le c te d ,  washed, and d r ie d .

A second c ro p  o f  1 -a m inophenan th rene  was o b ta in e d  by 

p o u r in g  th e  o r ig in a l  a c e t ic  a c id  r e a c t io n  l iq u o r s  in to  a la r g e  

volume o f  anhydrous e th e r  and c o l le c t in g  th e  brow n p r e c ip i t a t e  

th a t  a t  once d e p o s ite d ; t h i s  was e x tra c te d  w i th  h o t  a c id u la te d  

(H G l) w a te r ,  c l a r i f i e d  ( c h a rc o a l) ,  and made a lk a l in e  w i th  

ammonium h y d ro x id e  s o lu t io n .  The w h ite  p r e c ip i t a t e  th ro w n  was 

c o l le c te d ,  d r ie d ,  and added to  th e  m a in  y ie ld  o f  1 -am inophenan- 

th r e n e .

Ih e  com bined c ro p s  o f  1 -am inophenan th rene  w ere c r y s t a l 

l i s e d  fro m  b e n z e n e / l ig r o in  as c o lo u r le s s  p la te s ,  m .p t .  146°G . 

Ih e  y ie ld  o f  th e  pure base was 4 .5  g .

I n  th e  w o rk in g  up o f  th e  second c ro p  o f  1 -am inophenan

th re n e , a s m a ll p a r t  o f  th e  brow n p r e c ip i t a t e  rem a ined  i n s o l 

u b le  i n  h o t a c id u la te d  w a te r .  I h i s  b y e p ro d u c t was re -  

c r y s t a l l l s e d  s e v e ra l t im e s  fro m  m e than o l as c o lo u r le s s  n e e d le s , 

m .p t .  1 5 5 -1 5 5 °0 .
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Found! C, 81 .98^5  H , S.5fS; H, 6 . 8$ .  C16H1 3 H0 r e 

q u ire s  C, 8 1 .7 $ ; H , 5 .5 $ ; H, 6 .0 $ .

A s m a ll sam ple o f  a u th e n t ic  1 -a ce ta m ido ph e n an th ren e  was 

p repa red  b y  d is s o lv in g  a l i t t l e  1 - am inophenantbrene i n  a few  

cos . o f  d ry  p y r id in e ;  a s l ig h t  t h e o r e t ic a l  excess o f  a o e t io  

anhydride  was th e n  added, th e  w ho le  warmed on th e  w a te r  b a th  

f o r  50 m in u te s , k e p t a t  room te m p e ra tu re  o v e rn ig h t ,  and poured  

in to  a la rg e  volume o f  w a te r .  The w h ite  p r e c ip i t a t e  o f  

1 -ace tsm idophena n th rene  was c o l le c te d ,  washed, and d r ie d ,  and 

was r e c r y s t a l l i s e d  s e v e ra l tim e s  fro m  e th a n o l as la r g e ,  c o lo u r 

le s s  p la te s ,  m .p t .  221-225°C .

The m e lt in g  p o in t  o f  a pu re  sample o f  th e  above b ye - 

p ro du c t was dep ressed  c o n s id e ra b ly  on a d m ix tu re  w i th  t h i s  

1 -a ce ta m id op h en a n th re ne , th e  two compounds b e in g  th e re fo re  

d i f f e r e n t  i n  c o n s t i t u t io n .

Founds 0 , 81 *2/w; H , 5 .7 $ ; ST, 5 .6 $ . r e q u ire s

C. 81.7#5  H , 5 .5 $ ; 6 .0 $ .

fb )  6 -A z a c h ry s e n e .

C o n c e n tra te d  s u lp h u r ic  a c id  ( 1  c . c .J  was added, w i th  

s t i r r i n g ,  to  a m ix tu re  o f  1 -am inophenan th rene  ( 1  g . ) ,  powdered 

c r y s t a l l in e  fe r r o u s  s u lp h a te  ( 0 .2  g . ) ,  d r y  g ly c e r o l  ( 2  g . ) , and 

d ry  n itro b e n z e n e  ( l  c . c . )  and th e  w ho le  h e a te d  f i r s t  a t  145°C 

in  an o i l  b a th  f o r  one h o u r, th e n  f o r  two ho u rs  o v e r a f r e e
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f la m e  s u f f i c i e n t  to  ensure  g e n t le  b o i l i n g .  The d a rk  r e a c t io n  

m ix tu re  was th e n  c o o le d , f re e d  fro m  n itro b e n z e n e  b y  steam  d is 

t i l l a t i o n ,  f i l t e r e d  f r e e  fro m  carbonaceous m a te r ia l ,  b o i le d  

w i th  a t r a c e  o f  c h a rc o a l,  f i l t e r e d ,  and c o o le d .

The d a rk  aqueous s o lu t io n  o b ta in e d  (a b o u t 150 c o s * )  was 

pou red  in t o  c o ld  s a tu ra te d  b r in e  (500 c c s . ) ,  when th e  h y d ro 

c h lo r id e  o f  th e  base was th ro w n  down as a brown p r e c ip i t a t e ;  

t h i s  was f i l t e r e d  o f f  and b o i le d  up f o r  a s h o r t  tim e  w i t h  d i lu t e  

aqueous ammonia* The f r e e  base o b ta in e d  was f i l t e r e d  o f f  on 

c o o l in g ,  d r ie d ,  and d is s o lv e d  i n  h o t e th a n o l (150 c o s * ) ;  to  t h ia  

s o lu t io n  was added a h o t s o lu t io n  o f  p i c r i c  a c id  ( 1  g . )  i n  

e th a n o l (25  c c s . )  and th e  fo rm a t io n  o f  th e  y e llo w  c r y s t a l l i n e  

p ic r a te  t h a t  im m e d ia te ly  d e p o s ite d  was hastened  b y  b o i l i n g  th e  

s o lu t io n  f o r  a few  m in u te s .

On c o o l in g ,  th e  p ic r a te  was f i l t e r e d  o f f ,  and a s m a ll 

p o r t io n  r e c r y s t a l l i s e d  s e v e ra l tim e s  fro m  e th a n o l as f in e  y e llo w  

n e e d le s . These m e lte d  a t 25 8 -260°0 , and d id  n o t on a d m ix tu re  

de press  th e  m e lt in g  p o in t  o f  th e  pu re  p ic r a te  o f  th e  supposed

6 -a za ch ryse n e  o b ta in e d  b y  th e  p re v io u s  s y n th e s is .  The two sub

s ta n ce s  were th e re fo re  id e n t i c a l .

The m ain b u lk  o f  th e  p ic r a te  was decomposed b y  b o i l i n g  

f o r  a s h o r t  t im e  w ith  d i lu t e  aqueous ammonia, th e  f r e e  base 

b e in g  f i l t e r e d  o f f  as a w h ite  powder, w h ic h  was washed, d r ie d ,  

and c r y s t a l l i s e d  s e v e ra l t im e s  fro m  n-hexane as s to u t  c o lo u r le s s



p r is m s , m .p t*  1 3 7 -1 39°C . These on a d m ix tu re  d id  n o t dep ress  

th e  m e lt in g  p o in t  o f  a pu re  sample o f  th e  supposed 6 -a z a 

ch rysene  o b ta in e d  b y  th e  p re v io u s  s y n th e s is .  The two sub

s ta n ce s  were th u s  id e n t i c a l ,  and t h i s  was c o n firm e d  b y  a n a ly s is  

Found* G, 89 .2^5  H, 4 .7 j! ;  H, 6 . 1 j t .  ° i 7Hi i ^  re q u ire s  

C, 8 9 .1 $ ; H, 4 *8 # s U, 6 .1 $ .

B) S y n th e s is  o f  3 ,4 -b e n z -5 -a z a p h e n a n th re n e .

The oxime o f  4 - k e to - l ,2 ,3 ,4 - te t ra h y d ro p h e n a n th re n e  was 

o b ta in e d  i n  a s im i la r  m anner, u s in g  s im i la r  c o n d it io n s  and 

te c h n iq u e , as th a t  o f  l - k e to - l ,2 ,3 ,4 - te t r a h y d r o p h e n a n fh r e n e  

(see page 63 ) .  The y ie ld  was q u a n t i t a t iv e ,  and was r e c r y s t a l  

l i s e d  fro m  e th a n o l as c lum ps o f  c o lo u r le s s ,  d iam ond-shaped

p la te s ,  m .p t .  171-173°C .
90)

( i )  4 - Aminophenanthrene.oF.

4 - K e to - l ,  2 , 3 ,4 - te tra h y d ro p h e n a n th re n e  oxim e (5 .2  g . )  

d is s o lv e d  i n  a m ix tu re  o f  g la c ia l  a c e t ic  a c id  (2 5  c c s . )  and 

a c e t ic  a n h yd rid e  (3  c o s .)  was h e a te d  under r e f l u x  on th e  steam 

b a th  w i th  c o n tin u o u s  passage o f  d ry  gaseous hyd rog e n  c h lo r id e  

th ro u g h  th e  s o lu t io n .  A f t e r  1 h o u r ,  th e  s o lu t io n  became a l 

m ost b la c k  in  c o lo u r ,  and a f t e r  much s c ra tc h in g  o f  th e  w a l ls  o f  

th e  f l a s k  w i t h  a g la s s  ro d , a s o l id  began to  s e p a ra te . H e a tin g  

and passage o f  h yd rog en  c h lo r id e  was c o n tin u e d  f o r  a f u r t h e r  

two h o u rs , and th e  m ix tu re  was a llo w e d  to  c o o l .  Passage o f  

hyd rog en  c h lo r id e  was th e n  d is c o n t in u e d  and th e  p r e c ip i t a t e  was
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r a p id ly  f i l t e r e d  o f f  and washed s e v e ra l t im e s  w i t h  anhydrous 

e th e r .  I t  was th e n  d is s o lv e d  i n  h o t a c id u la te d  (HC1) w a te r  

(400  c c s . ) ,  th e  s o lu t io n  c l a r i f i e d  w i th  c h a rc o a l,  f i l t e r e d ,  

c o o le d , and made a lk a l in e  w i th  aqueous ammonia. The s o lu t io n  

became m i lk y  and d e p o s ite d  s lo w ly  a c lo t t e d  p r e o ip i t a t e  o f  

4 -a m ino ph en a n th re ne , w h ich  was c o l le c te d  and d r ie d  as a f a i n t l y  

p in k  pow der, m .p t .  63 -64°G . The y ie ld  was 0 .7  g .

Owing to  i t s  e xce ss ive  s o l u b i l i t y  i n  a l l  th e  s o lv e n ts  

t r i e d ,  th e  base was n o t r e c r y s t a l l i s e d ,  b u t was used as p re 

p a re d .

Ho f u r t h e r  c ro p s  o f  th e  base c o u ld  be o b ta in e d  b y  

f u r t h e r  h e a t in g  and passage o f  d ry  hyd rog en  c h lo r id e  th ro u g h  

th e  o r ig in a l  a c e t ic  a c id  r e a c t io n  l iq u o r s ,  and o n ly  o i l s  and 

t a r s ,  in s o lu b le  i n  d i lu t e  a c id ,  were o b ta in e d  when th e s e  

l iq u o r s  were poured in to  a la rg e  volume o f  d i lu t e  h y d ro c h lo r ic  

a c id  and th e  c l a r i f i e d  (c h a rc o a l)  and f i l t e r e d  s o lu t io n  made 

a lk a l in e  w i th  d i lu t e  ammonium h y d ro x id e .

( i i )  g , 4-Beng- 5 - azaph e na n th re ne .

(a ) S e v e ra l a tte m p ts  to  p e rfo rm  a Skraup r e a c t io n  on 4 - 

am inophenanthrene u s in g  s im i la r  q u a n t i t ie s ,  c o n d it io n s  and 

methods as used i n  th e  case o f  1 -a m inophenan th rene  (see  page 65 ) 

r e s u lte d  i n  com p le te  d e c o m p o s itio n  and th e  p ro d u c t io n  o f  c a r 

bonaceous m a te r ia l  o n ly .

(b ) A m ix tu re  o f  4 -  aminoph e n a n th r ene ( l  g . ) ,  sodium
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m -n itro -b e n z e n e  s u lp h o n a te  ( 2  g . ) , c o n c e n tra te d  s u lp h u r ic  a c id  

(2 *5  c c s . ) ,  w a te r  ( 2 .5  c c s . ) ,  and g ly c e r o l  ( 1 .5  c c s . )  was 

h o i le d  unde r r e f l u x  f o r  2 f  h o u rs *  A t th e  end o f  t h i s  t im e , 

s l i g h t  c h a r r in g  had begun, and th e  now deep re d  s o lu t io n  was 

pou re d  in t o  w a te r  ( 1 0 0  c c s . ) ,  c l a r i f i e d  b y  b o i l i n g  w i th  o h a r- 

c o a l and f i l t e r i n g ,  and th e  c o o le d  f i l t r a t e  ju s t  n e u t r a l is e d  

w i th  d i l u t e  ammonium h y d ro x id e , when a d a rk  p r e c ip i t a t e  was 

th ro w n  down. T h is  was c o l le c te d ,  d r ie d ,  and e x t r a c te d  w i t h  

l i g h t  p e tro le u m , w h ich  on e v a p o ra t io n  l e f t  a y e l lo w  o i l  t h a t  

soon s o l i d i f i e d ;  a tte m p ts  to  p u r i f y  t h i s  th ro u g h  i t s  p ic r a te  

f a i l e d ,  as th e  p ic r a te  i t s e l f  c o u ld  n o t be p u r i f i e d  b y  c r y s t a l 

l i s a t i o n .

A c c o rd in g ly ,  th e  s o l i d i f i e d  o i l  was d is s o lv e d  i n  d ry  

benzene th ro u g h  w h ic h  was passed d ry  gaseous hyd rog en  c h lo r id e .  

The w h ite ,  c lo t t e d  p r e c ip i t a t e  o f  th e  h y d ro c h lo r id e  th ro w n  down 

was f i l t e r e d  o f f ,  washed w i th  d ry  benzene, d r ie d ,  and d is s o lv e d  j

i n  a s m a ll volum e o f  d i lu t e  aqueous h y d ro c h lo r ic  a c id .  j
|

N e u t r a l is a t io n  o f  th e  r e s u l t in g  c o lo u r le s s  s o lu t io n  w i th  d i l u t e  , 

ammonium h y d ro x id e  s o lu t io n  p r e c ip i t a te d  th e  f r e e  base w h ic h  was !

c o l le c te d ,  d r ie d ,  and r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  m e th a n o l I
i

as c o lo u r le s s ,  re c ta n g u la r  p la te s ,  m .p t .  9 5 -9 6 °C . The y ie ld  o f  

th e  pu re  base was s m a ll.

JTound* C, 89.0tfc; H, 5.0$; N, 6.1^. ^I7^n^ requires
C, 89.1/1; H, 4.8?!; Jff, 6.1$.

A s m a ll q u a n t i t y  o f  th e  p u re  base was dissolved i n  B
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few  c o s . o f  h o t m e th a n o l, and to  t h i s  was added excess p i c r io  

a c id ,  a ls o  d is s o lv e d  i n  a s m a ll volum e o f  h o t m e th a n o l. On 

h o i i i n g  f o r  a few  m in u te s  and a l lo w in g  th e  s o la t io n  to  c o o l,  

th e  p ic r a te  o f  th e  hase c r y s t a l l i s e d  o u t ;  t h i s  was c o l le c t e d ,  

and a f t e r  s e v e ra l c r y s t a l l i s a t io n s  fro m  m e thano l was o b ta in e d  

as s m a ll,  t h i c k ,  sa w -to o th e d  y e llo w  p la te s ,  m .p t .  2 0 0 - 2 0 1 °C j

w i th  d e c o m p o s it io n . I

bounds G, 6 0 .1 $ ; H, 3 .0 $ ; .  C ^ H ^ ^ C g H g O y tfg re q u ire s  

C, 6 0 .3 $ ; H , 3 .1 $ .

C ) S y n th e s is  o f  some N itro g e n o u s  A na logues o f  P y re n e .
~ |
( i )  1 -A z a p y re n e . j

(a ) 4 -ffo rm am idophena n th rene .

4 - im in o p h e n a n th re n e  (1 .9  g . )  and fo rm ic  a c id  (9 8 -1 0 0 $ i 

0 .5  g . )  were to g e th e r  h e a te d  on th e  w a te r  h a th .  A t  th e  end 

o f  te n  m in u te s , th e  l i q u i d  had s o l i d i f i e d  to  a w h ite  c r y s t a l l i n e  

mass, and, a f t e r  h e a t in g  f o r  a f u r t h e r  1 0 0  m in u te s , t h i s  was 

c o o le d , g round up under c o ld  a c id u la te d  (H C l) w a te r ,  f i l t e r e d  

o f f ,  washed w i th  w a te r  and d r ie d .  I t  was th e n  c r y s t a l l i s e d  

s e v e ra l t im e s  fro m  e th a n o l as lo n g ,  c o lo u r le s s ,  s i l k y  n e e d le s , 

m .p t .  208-21Q°G. The y ie ld  o f  th e  pu re  fo rm y l d e r iv a t iv e  was

2*2 g .

Pound t C, 8 1 .4 f i;  H , 4 .9 $ ; H, 6 .2 $ .  r e q u ire s

C, 8 1 .4 8 $ ; H, 5 .0 $ ; H, 6 .3 $ .
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(b ) 1 -A za p y re n e .

4-Form am idophenanthrene (1 .8  g . )  d is s o lv e d  i n  d ry  

p u r i f i e d  x y le n e  (250  c c s . )  was be a te d  f o r  30 m in u te s  i n  an 

o i l  b a th  a t 160°C w ith  p h o sp h o ric  o x id e  (6  g . )  . The y e llo w  

s o l id  re s id u e  w h ich  rem ained a f t e r  d e o a n ta t io n  o f  th e  x y le n e  

s o lu t io n  was washed s e v e ra l t im e s  b y  d e o a n ta t io n  w i t h  p a re  

x y le n e  and d is s o lv e d  i n  c o ld  w a te r (250  c o s .)  .

T races o f  x y le n e  were removed fro m  th e  aqueous s o lu t io n  

b y  b o i l i n g ,  and th e  g ree n  s o lu t io n  l e f t  was f i l t e r e d ,  o o o le d , 

and made a lk a l in e  w i th  d i lu t e  ammonium h y d ro x id e  s o lu t io n ,  

when th e  f re e  base was th ro w n  down as a w h ite  p r e c ip i t a t e .  

F u r th e r  y ie ld s  o f  th e  base were o b ta in e d  i n  th e  same way b y  

s u c c e s s iv e ly  c o n c e n tra t in g  th e  o r ig in a l  x y le n e  r e a c t io n  l iq u o r s  

and b y  a g a in  h e a t in g  them w i th  f u r t h e r  q u a n t i t ie s  o f  p h o s p h o ric  

o x id e .

The com bined y ie ld s  o f  th e  base w ere c o l le c te d ,  washed 

w ith  w a te r ,  d r ie d ,  and d is s o lv e d  i n  h o t e th a n o l (25  c o s . ) .

T h is  s o lu t io n  was th e n  f i l t e r e d  and added to  a s o lu t io n  o f  

p i c r i c  a c id  (1  g .)  i n  h o t e th a n o l (25  c c s . ) ,  and th e  p r e c ip i 

t a t io n  o f  th e  y e llo w  c r y s t a l l i n e  p ic  r a t e , w h ich  commenced 

in m e & ia te ly ,  was com p le ted  by  b o i l i n g  the  s o lu t io n  f o r  a few  

m in u te s  and by  a l lo w in g  i t  to  c o o l.  The p ic  ra te  o f  th e  base 

was then  c o l le c te d  and r e c r y s t a l l i s e d  once fro m  g la c ia l  a c e t ic  

a c id ;  a s m a ll sample was c r y s t a l l i s e d  re p e a te d ly  fro m  t h i s
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s o lv e n t ,  b e in g  o b ta in e d  as a m ix tu re  o f  f i n e ,  y e l lo w  fro n d e d  

n e e d le s  and deep orange p r is m s , m .p t .  250-253°G a f t e r  s o f te n in g .

ffouna.1 C, 58 . 0$ ; H, 2 .7 $ ; S, 1 3 .0 $ . 015H9H,C6H3 07 ir3

re q u ire s  C, 5 8 .3 $ ; H, 2 .8 $ ; H, 1 3 .0 $ .

The m a in  b a lk  o f  th e  p ic r a te  was deoomposed b y  b o i l i n g  

f o r  a s h o r t  t im e  w i th  d i la t e  aqueous ammonia, and th e  re g e n e r

a te d  base was f i l t e r e d  o f f  as a w h ite  in s o la b le  pow der, washed 

w i t h  w a te r ,  and d r ie d .  I t  was c r y s t a l l i s e d  s e v e ra l t im e s  

fro m  n-hexane as c o lo a r le s s  n e e d le s , m .p t .  157 -1 59°C . The 

y ie ld  o f  th e  pa re  base was 0 .5 5  g .

Found: G, 8 8 . 6$ ; H, 4 .5 $ ;  H, 6 . 8$ .  r e q u ire s

G, 8 8 .7 $ ; H, 4 .4 $ ; H, 6 .9 $ .

( i i )  2 -M e th y l- l-a z a p y re n e .

(a ) 4 -A ce ta m id o p h e n a n th re n e .

4-A m inophenanthrene (1 .5  g . )  was d is s o lv e d  i n  p a re  

d ry  p y r id in e  (25 c c s . ) ,  and a c e t ic  a n h y d r id e  (1 *5  g . )  added to  

th e  s o la t io n ;  th e  w ho le  was h e a te d  f o r  30 m in u te s  on th e  w a te r  

b a th ,  c o o le d  o v e rn ig h t ,  and poured  in to  a la rg e  volum e o f  w a te r ,  

when th e  a c e ty l d e r iv a t iv e  was th ro w n  down as a w h ite  p r e c ip i 

t a t e .  T h is  was f i l t e r e d  o f f ,  washed w i th  w a te r ,  d r ie d ,  and 

c r y s t a l l i s e d  s e v e ra l t im e s  fro m  b e n z e n e / l i  g r o in  as b a l ls  o f  

lo n g , c o lo a r le s s  n e e d le s , m .p t .  198 -200°C . The y ie ld  o f  th e  

pa re  p ro d u c t was 1 .5  g .
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(b ) 2-M e th y l-1  -  az a p y re n e .

The c y c l i s a t io n  o f  4 -a ce ta m ido ph e n an th ren e  ( 1 .5  g . )  was 

c a r r ie d  o a t i n  a s im i la r  manner to  th a t  o f  4 -fo rm am idophenan- 

th re n e ,  a s in g  s im i la r  q a a n t i t ie s ,  c o n d it io n s  and methods o f  

i s o la t io n .  The p ic  r a te  o f  th e  f r e e  base was p re p a re d  i n  e th a n 

o l  i n  a s im i la r  m anner; a f t e r  s e v e ra l c r y s t a l l i s a t i o n s  fro m  

e th a n o l,  i n  w h ich  i t  was s p a r in g ly  s o la b le ,  i t  was o b ta in e d  as 

a m ix ta re  o f  lo n g , fro n d e d  o ra n g e -y e llo w  n e e d le s  and s h o r t ,  

s to a t  y e llo w  p r is m s , m .p t .  239-240°C v / i th  d e c o m p o s it io n .

F ound i C, 5 9 .3 $ ; H, 3 .2 $ ; II, 1 2 .7 $ . 0 . ,H  H .C .H -O JT .16 11 6 3 7 3
re q a ire s  C, 5 9 .2 $ ; H, 3 .1 $ ; Iff, 1 2 .6 $ .

The f r e e  base was re g e n e ra te d  fro m  th e  p a re  p ic r a te  b y  

tre a tm e n t w i th  h o t aqaeoas ammonia as b e fo re ;  a f t e r  c o l le c t in g ,  

w a sh in g , and d r y in g ,  i t  was c r y s t a l l i s e d  s e v e ra l t im e s  fro m  

n -hexane  as la r g e ,  c o lo a r le s s  rhom bic t a b le t s ,  m .p t .  13 9 -1 41° 0 . 

The y ie ld  o f  th e  pa re  base was 0 .6 5  g .

Found* G, 8 8 .7 $ ; H, 5 .0 $ ; U, 6 .4 $ . C H _ _ I r e q a ire s±o ±1
G, 8 8 .5 $ ; H , 5 .1 $ ; Iff, 6 .4 5 $ .

( i i i )  2 -P h e n y l- l-a z a p y re n e .

( a) 4 -3e n zam id oph e na n th re ne .

4 -A m inophenanth rene (0 .5  g . )  was d is s o lv e d  i n  p a re  d r y  

p y r id in e  ( 8  c c s . )  and a s l i g h t  excess o f  b e n z o y l c h lo r id e  

added to  th e  s o lu t io n ;  th e  w ho le  was h e a te d  f o r  30 m in a te s
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on th e  w a te r  b a th ,  coo lec l o v e rn ig h t ,  and poured  in t o  a la r g e

volum e o f  w a te r .  The w h ite  p r e c ip i t a t e  th ro w n  down was

c o l le c te d ,  washed w ith  w a te r ,  d r ie d  and c r y s t a l l i s e d  fro m  

b e n z e n e / l ig r o in  as t u f t s  o f  c o lo u r le s s  n e e d le s , m .p t .  216 -2 18°C . 

The y ie ld  o f  4 -benzam idophenanthrene was 0 .2  g .  :

4 -D ib e n z o y l amino phenant h r  ene was o b ta in e d  b y  c o n c e n t ra t-  ;

in g  and c o o l in g  th e  b e n z e n e / l ig r o in  m o the r l iq u o r s  o f  th e  ( f i r s t )  

c r y s t a l l i s a t i o n  o f  4 -benzam idophenanthrene p re p a re d  as above. ;

A f t e r  s e v e ra l c r y s t a l l i s a t i o n s  fro m  n-hexane t h i s  p ro d u c t was I

o b ta in e d  as hem ispheres o f  o lo s e -p a c k e d , c o lo u r le s s  t h i c k  p la te s *  

m .p t .  190-192°C , and on a d m ix tu re  d e p re s s in g  th e  m .p t .  o f  a pu re  j

sam ple o f  4 -benzam idophenanthrene to  175 -177°C . j

bounds C, 8 5 .9 $ ; H , 4 .9 $ ; N, 5 .6 $ . C28S19°2® r 0 (l i:Lir0S

C, 8 5 .8 $ ; H, 4 .7 $ ; I ,  5 .5 $ .

( b ) 2 - P h e n y l- 1 - az a p y re n e .

4-B enzam idophenanthrene (0 .2  g . )  was c y c l is e d  as i n  th e

p re v io u s  two e x p e rim e n ts , u s in g  s im i la r  q u a n t i t ie s ,  c o n d it io n s ,

and m ethods o f  i s o la t io n .  The f r e e  ba se , a f t e r  c o l le c t in g ,

w a sh in g , and d ry in g ,  was c r y s t a l l i s e d  d i r e c t l y  s e v e ra l t im e s

fro m  e th a n o l as t u f t s  o f  c o lo u r le s s ;  s i l k y  n e e d le s , m .p t .  145- 
o144 G.
20Emat C, 90.5$; H, 4.7$; H, 5.0$. 021H13H reqaires j

C, 90.3$; H, 4.7$; H, 5.0$.



The p io r a te  o f  th e  base was p re p a re d  b y  c o n c e n t ra t in g  

th e  e th a n o l l iq u o r s  fro m  i t s  c r y s t a l l i s a t i o n ,  and b y  a d d in g  to  

them a h o t  s o lu t io n  o f  excess p i c r i c  a c id  i n  e th a n o l.  The 

p r e c ip i t a t io n  o f  th e  y e llo w  c r y s t a l l i n e  p ic  ra te  t h a t  i n s t a n t l y  

appeared was com p le ted  b y  b o i l i n g  f o r  a 3h o r t  t im e  and sub

s e q u e n tly  a l lo w in g  th e  s o lu t io n  to  c o o l .  The p ic r a te  was 

th e n  c o l le c te d  and c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l as 

g o ld e n -y e llo w  b la d e s , m .p t .  256-258°C w ith  d e c o m p o s it io n .

Founds U, 1 0 .9 $ . c 2 1 % 3^ , G6H3 0 7 %  re q u ire s  TS, 1 1 .0 $ .

(D) S y n th e s is  o f  P y r im id in e s  r e la te d  to  Ohrysene and 3 ,4 -B e n z -

p h e n a n th re n e .

( i )  A tte m p te d  c o n d e n s a tio n  o f  2 - h y d r o x y m e th y le n e - l- k e to - l ,2 ,3 ,4 -  

te tra h y d ro p h e n a n th re n e  w ith  a c e ta m id in e .

( a) 2 -H y d ro x y m e th y le n e - l- k e to - l,  2 , 3 ,4 - te tra h y d ro p h e n a n th re n e  

(2 .5  g . )  (see  page4 4 )  i n  e th a n o l (30 c c s . )  was added t o  a 

s o lu t io n  o f  sodium (0 .2 5 5  g . )  i n  e th a n o l (5  c c s . )  and to  t h i s  

was added a s o lu t io n  o f  a ce ta m id in e  h y d ro c h lo r id e  (1 .0 5  g . )  i n  

e th a n o l (20  c c s . ) .  These w ere a l l  m o le c u la r  q u a n t i t ie s  o f  

re a g e n ts .

The s o lu t io n ,  a f t e r  k e e p in g  f o r  5 days , tu rn e d  d a rk  

b row n , and a w h ite  p r e c ip i t a t e  o f  sod ium  c h lo r id e  s e p a ra te d ; 

i t  was th e n  pou red  in t o  c o ld  w a te r  (1 0 0 0  c c s . ) ,  g iv in g  a d a rk  

re d  s o lu t io n  w i t h  a g reen  f lu o re s c e n c e .  A s m e ll o f  ace tam ide  

was ob se rve d .
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A f t e r  k e e p in g  f o r  a m onth i n  a co ve re d  b e a k e r, a re d -  

brow n s o l id  had d e p o s ite d  fro m  th e  now t u r b id ,  brow n c o l l o i d a l  

s o lu t io n .  T h is  was f i l t e r e d  o f f  w i th  c o n s id e ra b le  d i f f i c u l t y  

ow ing to  th e  c o l l o id a l  n a tu re  o f  th e  s o lu t io n ,  d r ie d ,  and con

t in u o u s ly  e x tra c te d  i n  a S o x h le t a p p a ra tu s  w i th  l i g h t  p e tro le u m , 

le a v in g  a t ra c e  o f  a d a rk  re d  re s id u e  and g iv in g  a y e llo w  

s o lu t io n ;  t h i s  s o lu t io n  on c o n c e n t ra t io n  and c o o l in g  d e p o s ite d  

a m ass  o f  d a rk - re d  n e e d le s , m .p t .  125 -1 26°C . The y ie ld  o f  

t h i s  substance  was about 1  g .

On re p e a te d  c r y s t a l l i s a t i o n  fro m  l i g h t  p e tro le u m , th e se  

n e e d le s  were tra n s fo rm e d  in t o  y e llo w  p la te s ,  m .p t .  125-127°C ; 

a d m ix tu re  o f  n e e d le s  and p la te s  d id  n o t dep ress  th e  m e lt in g  

p o in ts ,  p ro v in g  them  to  be isom orphous fo rm s  o f  th e  same sub

s ta n c e , nam ely, 1 -h y d ro x y -2 - p h e n a n th ra l dehyde.

bounds 0 , 8 0 .9 / i;  H, 4 .4 $ . ^15^10^2 r 0 ! 11̂ 08  C* 8 1 .0 $ ;

H , 4 •

M tr o g e n  was fo u n d  to  be absent i n  th e  compound on 

t e s t in g  b y  fu s io n  w ith  sod ium . The substance  was s o lu b le  i n  

d i l u t e  c a u s t ic  soda s o lu t io n .  

l-5 y d ro x y -2 -p h e n a n th ra ld e h y d e  o x im e .

1 -H y d ro x y -2 -p h e na n th ra ld e h yd e  (0 .2  g . )  and hydroxjasm ine 

h y d ro c h lo r id e  ( .0 7  g . )  w ere d is s o lv e d  i n  pu re  d r y  p y r id in e  

( 2 - 5  c o s . ) ,  th e  w ho le  h e a te d  on th e  w a te r  b a th  f o r  2  h o u rs  and 

l e f t  o v e rn ig h t a t  room te m p e ra tu re . The r e s u l t in g  s o lu t io n
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was poured  in t o  a la rg e  volume o f  w a te r ,  and th e  l i g h t  b row n 

p r e c ip i t a t e  th ro w n  down was c o l le c t e d ,  washed, d r ie d ,  and 

c r y s t a l l i s e d  tw ic e  fro m  aqueous m e th a n o l and tw ic e  fro m  l i g h t  

p e tro le u m  as faw n n e e d le s , m .p t*  188 -189°C .

Found! 0 , 7 6 .6 $ ; H, 4 .6 $ ; E, 6 .< $ . re q u ire s

0 , 7 6 .0 $ ; H, 4 .6 f ;  H, 5 .9 fo .

(b ) fo  a c e ta m id in e  h y d ro c h lo r id e  (0 .9 5  g . )  d is s o lv e d  i n  a 

c o ld  s o lu t io n  o f  sodium  (0 .2 3  g . )  i n  e th a n o l (5  c o s .)  was 

added 2 -h y d ro x y m e th y le n e - l- k e to - l  , 2 , 3 , 4 - te tra h y d ro p h e n a n th re n e  

(2 .2 5  g . )  i n  e th a n o l (25  c c s . ) ;  th e  w ho le  was th e n  t i g h t l y

co rke d  up to  exc lude  a i r .

A f t e r  k e e p in g  a t  room te m p e ra tu re  f o r  1 h o u r ,  th e  

s o lu t io n  had become y e llo w -b ro w n , w i th  a g re e n is h -y e llo w  

f lu o re s c e n c e , and a p r e c ip i t a t e  o f  sod ium  c h lo r id e  had d e p o s it 

ed . Ih e  s o lu t io n  was th e n  r e f lu x e d  f o r  2 h o u rs  on th e  w a te r  

b a th ,  when i t  became b lo o d - re d  i n  c o lo u r ;  i t  was th e n  c o rk e d  

up t i g h t l y ,  k e p t f o r  a week, and poured in t o  a warm aqueous

s o lu t io n  o f  c a u s t ic  soda (1 0 $ ; 300 c c s .)  to  remove unchanged

h yd roxym e th y le ne  k e to n e , and th e  c o ld  s o lu t io n  e x t ra c te d  w i t h  

fo u r  l o t s  o f  c h lo ro fo rm  (250 c c s .  e a c h ).

Ih e  c rim so n  c h lo ro fo rm  e x t r a c ts  were th e n  washed w i th  

d i l u t e  aqueous c a u s t ic  soda, th e n  w a te r ,  and f i n a l l y  d r ie d  o v e r 

anhydrous sod ium  s u lp h a te .  On rem ova l o f  th e  c h lo ro fo rm  b y  

d i s t i l l a t i o n ,  a d a rk  b row n, s e m i- c r y s ta l l in e  s o l id  re m a in e d .
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T h is  was c o n t in u o u s ly  e x tra c te d  i n  a S o x h le t a p p a ra tu s  w i t h  

l i g h t  p e tro le u m , g iv in g  a s o lu t io n  w h ic h  on e v a p o ra t io n  l e f t  a 

re d , c r y s t a l l i n e  mass, and t h i s  was r e c r y s t a l l i s e d  a f t e r  de- 

c a n ta t io n  fro m  th e  t ra c e s  o f  o i l  w h ich  se p a ra te d  f i r s t ,  once 

fro m  n -hexa ne , as l i g h t  orange h e m isp h e re s . A f t e r  s e v e ra l 

c r y s t a l l i s a t i o n s  fro m  e th a n o l ( c h a rc o a l) ,  th e  substance  was 

o b ta in e d  as c o lo u r le s s  l e a f l e t s ,  m .p t .  94 -96°C , w h ich  on ad

m ix tu re  d id  n o t dep re ss  th e  s im i la r  m e lt in g  p o in t  o f  a pu re  

sam ple o f  l - k e to - l ,2 ,3 ,4 - te t r a h y d r o p h e n a n th r e n e . The two 

sub s tan ces  were th u s  id e n t ic a l *

The same p ro d u c t was l a t e r  is o la te d  in  th e  p re v io u s  

exp e rim e n t (a ) b y  th e  e x t r a c t io n  w i th  l i g h t  p e tro le u m  o f  th e  

brow n powder p r e c ip i t a te d  b y  th e  a d d i t io n  o f  sodium  c h lo r id e  

s o lu t io n  to  th e  aqueous c o l l o i d a l  f i l t r a t e  o f  th e  w a te r - d i lu te d  

r e a c t io n  m ix tu re  o f  ( a ) .

( i i )  2 - G h lo r o m e th y le n e - l- k e to - l ,2 , g , 4 - te tra h y d ro p h e n a n th re n e .

To f i n e l y  powdered 2 -h y d r o x y m e th y le n e - l- k e to - l ,2 ,3 ,4 -  

te tra b y d ro p h e n a n th re n e  (6 .7  g . )  (see  page 4 4  ) was added 

t h io n y l  c h lo r id e  (6  g . ) . V ig o ro u s  e ffe rv e s c e n c e  ensued, and 

th e  s o lu t io n  was k e p t f o r  an h o u r a t  room te m p e ra tu re . The 

deep re d  s o lu t io n  was th e n  poured  in t o  ic e - c o ld  Z E  c a u s t ic  soda 

s o lu t io n  (500 c c s . ) ,  and a f t e r  two h o u rs , th e  p in k  s o l id  t h a t  

had in s t a n t l y  d e p o s ite d  was c o l le c te d ,  washed w i t h  w a te r ,  and 

d r ie d  i n  a vacuum o ve r s o l id  KQK.

The c ru de  c h lo ro  compound was th e n  c o n t in u o u s ly
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e x tra c te d  i n  a S o x h le t a p p a ra tu s  w i th  l i g h t  p e tro le u m , le a v in g  

a t ra c e  o f  a d a rk  re d  pow der, and g iv in g  a c o lo u r le s s  s o lu t io n ,  

w h ic h  on e v a p o ra t io n  l e f t  a c r y s t a l l i n e ,  a lm o s t c o lo u r le s s  

s o l id ;  t h i s  was c r y s t a l l i s e d  s e v e ra l t im e s  fro m  n -hexane  as 

ag g lom era tes  o f  t h io k ,  c o lo u r le s s  p la te s ,  m .p t .  1 0 6 -1 0 7 °0 .

The y ie ld  o f  th e  pu re  substance  was 5 .5  g .

Founds G, 7 4 .3 $ ; H, 4 .5?!. Gi 5Hn 0G1 re q u ire s  G» 7 4 .2 $ ; 

H, 4 .5 $ .

( l i i )  5 -Q h lo ro m e th y le n e -4 ~ k e to - l,2 ,3 ,4 - te tra h y d ro p h e n a n th rQ n e .

( a) 3 -S y d ro x y m e th y le n e -4 -k e to - l,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e .

4 -K e to - l,2 ,3 ,4 ~ te tra h y d ro p h e n s n th re n e  was c o n v e rte d  to  

i t s  hyd ro xym e th y le n e  d e r iv a t iv e  i n  e x a c t ly  th e  same manner as i n  

th e  case o f  l - k e to - l ,2 ,3 ,4 ~ te t ra h y d ro p h e n a n th re n e  u s in g  s im i la r  

q u a n t i t ie s ,  c o n d it io n s ,  and methods o f  i s o la t io n  (see page4-4*). 

The p ro d u c t,  p r e c ip i ta te d  by a c id i f y in g  w i th  d i l u t e  s u lp h u r ic  

a c id  th e  aqueous s o lu t io n  o b ta in e d  fro m  th e  r e a c t io n ,  w as, how

e v e r, an o i l .  T h is  was e x tra c te d  w i th  e th e r ,  th e  e th e re a l 

e x t r a c ts  washed w i th  w a te r ,  d r ie d  o ve r anhydrous sod ium  s u lp h a te ,  

and e va p o ra te d  to  a d a rk  y e llo w  o i l ;  t h is  was tw ic e  d i s t i l l e d  

a t  160°C under 3 m.m. p re s s u re  to  g iv e  a c le a r ,  l i g h t  y e l lo w  o i l  

w h ich  was an a lysed  d i r e c t l y ,  a lth o u g h  fo u n d  to  c r y s t a l l i s e  fro m  j 

l i g h t  p e tro le u m  as le m o n -y e llo w  t a b le t s ,  m .p t .  3 9 -4 1 °C .

Found: G, 8 0 .2 5 $ ; H, 5 .5 $ . ^ 1 5 ^ 1 2 ^ 2  re<l u^ re s  G» 8 0 .3 $ ;

H , 5 .4 $ .
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3-Me th o x y m e th y l ene - 4- k e t  o - 1 , 2 , 3 , 4 - t  e t  ra h y d ro p h e n a n th r ene 

was p re p a re d  fro m  th e  h yd ro xym e th y le n e  compoand b y  a c t in g  on i t s  

e th e re a l s o lu t io n  f o r  2 days a t  room te m p e ra tu re  w i th  excess o f  

an e th e re a l s o lu t io n  o f  d ia zo m e th a n e . On e v a p o ra t io n  o f  th e  

e th e r ,  th e  s t ic k y  y e llo w  s o l id  l e f t  v/as d is s o lv e d  in  f r e s h  e th e r ,  

and th e  s o lu t io n  shaken f i r s t  w i th  d i lu t e  c a u s t ic  soda s o lu t io n  

to  remove unchanged s t a r t in g  m a te r ia l ,  th e n  w i th  w a te r .  The 

e th e r  s o lu t io n  was th e n  d r ie d  o v e r s o l id  sod ium  s u lp h a te ,  th e  

e th e r  removed b y  d i s t i l l a t i o n ,  and th e  gum l e f t  c r y s t a l l i s e d  

s e v e ra l t im e s  fro m  ace tone  as t h ic k ,  s tra w -c o lo u re d  ro d s  o f  th e  

p ro d u c t,  m .p t .  1 1 0 - 1 1 2 °C .

i ’ound* 0 , 8 0 .7 $ ; E , 5 .8 $ . Ci 6 Hl4 ° 2  r e ^u ir e s  C» Q0 #7$»

H, 5 .9 $ .

(b ) 5 - C h lo ro m e th y le n e -4 - k e to - l ,2 ,5 ,4 - t e t  ra h y d ro p h e n a n th r en e .

3 -C hlo  ro m e th y le n e -4 - k e to - l,2 ,3 ,4 -1  e tra h y d  ro  phenan th rene  

was o b ta in e d  fro m  th e  hyd ro xym e th y le n e  compound i n  e x a o t ly  th e  

same manner as i n  th e  case o f  2 - c h lo r o - l - k e t o ~ l , 2 , 3 , 4 - t e t r a 

hyd rop hen an th re ne  , excep t th a t  th e  r e a c t io n  m ix tu re  had to  be 

warmed f o r  30 m in u te s  on th e  w a te r b a th  to  co m p le te  th e  r e a c t io n  

and to  p re v e n t the  p ro d u c t fro m  c r y s t a l l i s i n g  o u t .  O th e rw ise  

th e  q u a n t i t ie s ,  c o n d it io n s ,  and mode o f i s o la t io n  w ere a l l  

s im i la r .

The p a le  orange c r y s t a l l i n e  mass l e f t  a f t e r  e v a p o ra t io n  

o f  th e  l i g h t  p e tro le u m  e x t r a c t  was c r y s t a l l i s e d  s e v e ra l t im e s
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fro m  n-hexane  as lo n g ,  g re e n is h -w h ite  p la te s ,  m .p t .  94 -96 °G .

The y ie ld  o f  th e  pu re  p ro d u c t fro m  1 7 .7  g .  o f  th e  h y d ro x y -

m e th y len e  k e to n e  was a lm o s t 15 g .

Found: C, 7 4 .3 fo ; ' E, 4 .5 $ .  C H 0C1 re q u ire s  0 , 7 4 . 2 $ ;
15 11

H, 4 . b f- .

( i v )  9 ,1 0 -D ih y d ro -3 ,4 -b  enz-  5 ,7 - d i  a za p h e n a n th re n e .

3 -C h lo ro m e th y le n e -4 -k e to - l,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  

(4 .8 5  g . )  and fo rm a m id in e  h y d ro c h lo r id e  (P in n e r ,  B e r . ,  1883,
j

1 6 , 352, 1647) (1 .6  g . )  were d is s o lv e d  i n  e th a n o l (80  c c s . ) .

To t h i s  s o lu t io n  was added a s o lu t io n  o f  sodium  (1 *4  g * )  i n  j  

e th a n o l (40  c c s . ) t when a p r e c ip i t a t e  o f  sodium  c h lo r id e  was
j

in s t a n t l y  th ro w n  down and th e  s o lu t io n  a t once became ca rm ine  ! 

i n  c o lo u r .  The r e a c t io n  m ix tu re  was th e n  h e a te d  under r e f l u x  

on th e  w a te r  b a th  f o r  90 m in u te s , k e p t a t room te m p e ra tu re  

o v e rn ig h t ,  eva po ra ted  to  h a l f  i t s  volum e under reduced p re s s u re  

on th e  w a te r  b a th ,  and pou red  in t o  h o t a c id u la te d  (HG1 ) w a te r  

(2500 c c s .)  •

T h is  s o lu t io n  was th e n  shaken w h ile  h o t w i t h  c h a rc o a l,  

f i l t e r e d ,  c o o le d , and made a lk a l in e  w ith  aqueous ammonia; th e  

f r e e  base appeared as a d a rk  t u r b i d i t y ,  and was e x t ra c te d  w i th  j 

e th e r ,  th e  e x t r a c ts  washed, d r ie d  o v e r anhydrous sod ium  s u l-  ! 

p h a te , and e v a p o ra te d , le a v in g  a d a rk  g reen  o i l .

The o i l  was e x tra c te d  w i th  b o i l i n g  l i g h t  p e tro le u m , 

le a v in g  a s m a ll in s o lu b le ,  carbonaceous re s id u e ;  th e  e x t r a c t
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on e v a p o ra t io n  y ie ld e d  an o i l ,  w h ich  was p u r i f i e d  b y  b e in g  

f i l t e r e d  i n  d ry  benzene s o lu t io n  th ro u g h  a co lum n o f  d ry  

a lu m in a . On e v a p o ra t io n  o f  th e  benzene, th e  o i l  o b ta in e d , 

w h ich  had begun to  c r y s t a l l i s e  on s c ra tc h in g ,  was c r y s t a l l i s e d  

s e v e ra l t im e s  from  n-hexane as c o lo u r le s s ,  t h i c k  p la te s ,  

m .p t .  7Q -71°C . The y ie ld  o f  th e  p u re  base was 2 .8  g .

Founds 0 , 8 2 .9 $ ; H , 5 .4 $ ; I ,  1 2 .2 $ . G i6Hl 2 lr2 r e t i r e s  

G, 8 2 .7 9 $ ; H, 5 .2 $ ; N, 1 2 .1 $ .

A s m a ll q u a n t i t y  o f  th e  base was d is s o lv e d  i n  h o t 

e th a n o l,  and to  i t  was added excess p i c r i c  a c id ,  a ls o  d is s o lv e d  

i n  a m in im a l q u a n t i t y  o f  h o t e th a n o l.  The com bined s o lu t io n s  

were b o i le d  f o r  a few  m in u te s  and a llo w e d  to  c o o l,  when th e  

c r y s t a l l i n e  p ic r a te  th a t  had d e p o s ite d  was f i l t e r e d  o f f  and 

c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l as deep y e l lo w  p r is m s , 

m .p t .  2 3 8 -2 3 9 °0 , w i th  d e c o m p o s it io n .

Found: C, 5 7 .4 ^ ; H, 3 .1 $ . C ^ H ^ H g .C g H g O ^ g  re q u ire s

C, 57.3J;; H , '3 .2 S £ .

(v )  3 ,4 -B e n z -5 ,7 -d ia z a p h e n a n th re n e .

9 ,1 0 -B ih y d ro -3 , 4 -b e n z -5 ,7 - d ia za p h e n a n th re n e  (1 ,8  g . )  

was fu se d  a t  200°C w ith  p a lla d iu m -b la c k  (0 .2  g . )  i n  an atm os

phere  o f  ca rb o n  d io x id e *  V ig o ro u s  e ffe rv e s c e n c e  was o b se rve d , 

and a f t e r  4 h o u rs  th e  a p p a ra tu s  was d is c o n n e c te d  and c o o le d , 

and th e  re d  s o l id  l e f t  was g roun d  up, d is s o lv e d  i n  d ry  benzene 

ana f i l t e r e d  th ro u g h  a co lum n o f  d ry  a lu m in a  to  remove
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c o lo u re d  im p a r i t ie s .  The p a r i  f i e  d benzene s o la t io n  was th e n  

e va p o ra te d  to  d ryne ss  and th e  s o l id  re s id a e  sa b lim e d  a t 140°C 

under 0 . 3  m.m. p re s s a re ; th e  s a b lim a te  was r e c r y s t a l l i s e d  once 

fro m  e th a n o l and th e n  s e v e ra l t im e s  fro m  n-hexane  as s m a ll i

c o lo a r le s s  rhom bs, m .p t .  155-156°C .

Foand: C, 8 3 .3 $ ; H, 4 .5 $ ; N, 1 2 .2 $ . O ^ H ^ U g  re q a ire s  i
j

C, 8 3 .5 $ ; H, 4 .3 5 $ ; N, 1 2 .2 $ . j

A s m a ll q a a n t i t y  o f  th e  pa re  base was d is s o lv e d  i n  a 

l i t t l e  h o t e th a n o l,  and excess p i c r i c  a c id ,  d is s o lv e d  a ls o  i n  a j 

s m a ll q a a n t i t y  o f  h o t e th a n o l,  was added; th e  p r e c ip i t a t io n  o f ] 

th e  y e llo w , c r y s t a l l i n e  p ic r a t e , w h ic h  appeared a t once, was ! 

com p le te d  b y  b o i l i n g  th e  s o la t io n  f o r  a few  m in a te s  and th e n  

a l lo w in g  i t  to  c o o l .  The p ic r a te  o f  th e  base was th e n  c o l l e c t 

ed and c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l as b a l ls  o f  f i n e ,  j
i

y e llo w  n e e d le s , m .p t .  255-258°C , w i th  d e c o m p o s it io n . I

Found: C, 5 7 .5 $ ; H, 2 .9 $ . 0i6 Hi o 1I2»G6s 307ir3 re q a ire s

C, 5 7 .5 $ ; H, 2 . 8$ .

( v iJ  6 - M e th y l- 9 ,1 0 - d ih y d ro -3 ,4 -b e n z -5 ,7 -d ia z a p h e n a n th re n e . I

3 -G hl o rom ethy 1 ene -  4 -  he t  o - 1 12 , 3 4  - 1 e t  r  ahy dro ph e n a n th r ene 

(4 .8 5  g . )  and a ce ta m id in e  h y d ro c h lo r id e  (1 .9  g . )  were d is 

s o lv e d  i n  e th a n o l (80  c c s . ) .  To t h i s  s o la t io n  was added a 

s o la t io n  o f  sodiam  (1 .4  g . )  i n  e th a n o l (40  c c s . ) ,  when a p r e 

c ip i t a t e  o f  sodium  c h lo r id e  was in s t a n t l y  th ro w n  down th e  

s o la t io n  a t  once became ca rm ine  i n  c o lo a r .  The r e a c t io n
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m ix tu re  was th e n  h e a te d  under r e f lu x  on th e  w a te r  h a th  f o r

90 m in u te s , k e p t o v e rn ig h t a t room te m p e ra tu re , e v a p o ra te d  to

h a l f  i t s  volum e unde r re duce d  p re s s u re  on th e  w a te r  h a th  and 

poured  in t o  h o t a c id u la te d  (H C l) w a te r (2 ,5 0 0  c c s * ) .  The 

s o lu t io n  was shaken w ith  c h a rc o a l,  f i l t e r e d ,  c o o le d , and made 

a lk a l in e  w ith  aqueous ammonia; th e  f r e e  base appeared as a 

w h ite  t u r b i d i t y  th a t  became a g re y  p r e c ip i t a t e  o v e rn ig h t ,  and 

was f i l t e r e d  o f f ,  d r ie d ,  and c r y s t a l l i s e d  s e v e ra l t im e s  fro m  

n-hexane as t h ic k  c o lo u r le s s  p r is m s , m .p t .  102 -103°C . The 

y ie ld  o f  th e  pu re  base was a lm ost 4 g .

Pound: 0 , 8 3 .0 $ ; H, 5 .6 $ ; Iff, 1 1 .3 5 $ . ^ 1 7^ 4 %

re q u ire s  0 , 8 2 .9 $ ; H, 5 .7 $ ; Iff, 1 1 .4 $ .

The p ic r a te  o f  th e  base was p re p a re d  i n  e th a n o l as in  

p re v io u s  in s ta n c e s ,  and a f t e r  s e v e ra l r e c r y s t a l l i s a t io n s  fro m  

e th a n o l was o b ta in e d  as f in e ,  y e l lo w  n e e d le s , m .p t .  216-217°C , 

w i th  d e c o m p o s it io n .

Pound: 0 , 5 8 .3 $ ; K , 3 .6 $ ; Iff, 1 4 .8 $ . G17H1 4 ^ 2 .C gH gO ^g '

re q u ire s  G, 5 8 .1 $ ; H, 3 .6 $ ; Iff, 1 4 .7 $ .

( v i i )  6 -M e th y l-5 ,4 -b e n z -5 ,7 -d ia z a p h e n a n th re n e  ♦

6 -M e th y l-9 ,1 0 -d i h y d ro -5 ,4 -b e n z -5 ,7 -d ia za p h e n a n th re n e  

(1 .9 4  g . )  was dehydrogenated as b e fo re  b y  h e a t in g  w i th  p a lla d iu m  

b la c k  (0 .2  g . )  a t  200°C f o r  4 h o u rs  i n  an atm osphere o f  ca rb o n  

d io x id e .  A f t e r  c o o l in g ,  th e  orange c r y s t a l l i n e  s o l id  l e f t  i n  

th e  a p p a ra tu s  was d is s o lv e d  i n  h o t e th a n o l (4 0  c c s . ) ,  f i l t e r e d
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f r e e  fro m  p a lla d iu m -b la c k ,  b o i le d  up w itb  c h a rc o a l,  r e f i l t e r a d  

and e va p o ra te d  to  d ry n e s s ; th e  l ig h t - c o lo u r e d  re s id u e  was 

c r y s t a l l i s e d  s e v e ra l t im e s  fro m  n-hexane as lo n g ,  w h ite ,  s i l k y  

n e e d le s , m .p t .  1 3 3 -1 3 4 °0 .

Found* C, 8 3 .5 $ ; H, 5 .0 $ ; U, 1 1 *5 $ . re q .H ire s

C, 8 3 .6 $ ; H, 4 .9 $ ; U, 1 1 .4 $ .

She p ic r a te  o f  th e  base was p re p a re d  i n  e th a n o l as in  

p re v io u s  in s ta n c e s , and a f t e r  s e v e ra l c r y s t a l l i s a t i o n s  fro m  

e th a n o l was o b ta in e d  as f in e ,  y e l lo w  n e e d le s , m .p t .  217-219°C , 

w i th  d e c o m p o s itio n .

Found* C, 5 8 .3 $ ; H, 3 .4 $ ; U, 1 4 .8 $ . ^1 7 ^1 2 ^2 »^6^“3^7^3

re q u ire s  C, 5 8 .2 $ ; E, 3 .2 $ ; E, 1 4 .8 $ .

( v i i i )  5 - M e t ta y l- l . 2 - a ih y d r o -4 . 6 - d l a B a c h r y s e n e .

3 -C h lo ro m e th y le n e -4 -k e t o - l , 2 , 3 , 4 - t e t  ra h y d ro p h e n a n th r ene 

(4 .8 5  g . )  was re a c te d  w ith  a c e ta m id in e  h y d ro c h lo r id e  (1 .9  g . )  

i n  e x a c t ly  th e  same manner as in  th e  p re p a ra t io n  o f  6 -m e th y l -

9 , 1 0 - d ih y d r o - 3 ,4 -b  e n z -5 ,7 -d ia za p h e n a n th re n e  (see page S3 ) ,  

u s in g  s im i la r  q u a n t i t ie s ,  c o n d it io n s ,  and m ethods o f i s o la t io n .  

The c o lo u r le s s  p r e c ip i t a te  o f  th e  f r e e  base was f i l t e r e d  o f f ,

d r ie d ,  and r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  n-hexane  as t h in ,

c o lo u r le s s  b la d e s , m .p t .  1 4 2 -1 4 3 °0 . The y ie ld  o f  th e  pure  

base was a lm o s t 3 g .

Founds c, 8 3 .0 $ ; H, -5.5$; H, 11.2$. r e q u ir e s

0 , 8 2 .9 $ ; H . 5 .7 $ ; 5 ,  1 1 .4 $ .
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P ic  F a te  o f  th e  hase was p re p a re d  i n  e th a n o l as i n  

p re v io u s  in s ta n c e s , and a f t e r  s e v e ra l r e c r y s t a l l i s a t io n s  fro m  

e th a n o l was o b ta in e d  as h e m is p h e r ic a l c lum ps o f  y e l lo w ,  m io ro -  

c r y s t a l l i n e  fro n d s ,  m .p t .  225-227°C , w i t h  d e c o m p o s it io n .

Found* 0 , 58 .2 fo ; H, U, 1 4 .9 ^ .  Ĝ >7H^4 l l 2 »CgH2 0 i7l l 2

re q u ire s  0 , 58.155; H, 3 .6 fo - 2 , 1 4 .7 Jt.

i s )  5 -M e th y l-4 ,6 -d ia z a c h ry s e n e .

5 -M e th y l- l,2 ~ d ih y d ro -4 ,6 -d ia z a c h ry s e n e  ( 0 .5  g . )  was 

dehyd rogena ted  as b e fo re  b y  h e a t in g  w i th  p a l la d iu m -b la c k  

(0 .0 5  g . )  a t  200-250°0  f o r  15 m in u te s  i n  an atm osphere o f  oa rbo n  

d io x id e .  The re d  s o l id  l e f t -  a f t e r  c o o l in g  was d is s o lv e d  i n  h o t  

benzene (5 0  c c s . )  and f i l t e r e d  f r e e  fro m  p a l la d iu m -b la c k .  The 

f i l t r a t e  on c o o l in g  d e p o s ite d  a s m a ll q u a n t i t y  o f  a s p a r in g ly  

s o lu b le  re d  pow der, w h ich  was f i l t e r e d  o f f ;  th e  f i l t r a t e  was 

b o i le d  up w i t h  c h a rc o a l,  f i l t e r e d ,  and c o n c e n tra te d  t o  1 0  c c s .

A q u a n t i t y  o f y e l lo w  p la te s  (0 .2 5  g . )  c r y s t a l l i s e d  o u t ;  th e se  

w ere c o l le c te d ,  and a f u r t h e r  c ro p  o b ta in e d  by  f u r t h e r  concen

t r a t i o n  and c o o l in g  o f  th e  m o th e r l iq u o r s  o f  th e  c r y s t a l l i s a t i o n  

T h is  p ro d u c t was th e n  r e c r y s t a l l i s e d  s e v e ra l t im e s  fro m  e th a n o l 

as p a le ,  g re e n is h -y e llo w  l e a f l e t s ,  m .p t .  196-197°C , w h ic h  were 

fo u n d  to  be s o lu b le  i n  c o ld  d i lu t e  HG1 , b e in g  r e p r e c ip i t a te d  

b y  d i l u t e  aqueous ammonia.

Found i C, 83.4$:; H, 4 .8 $ ; H, 1 1 .5 $ . ° 17H1 2 K2 r e q u ire s

C, 8 3 .6 $ ; H, 4 .9 $ ; B , 1 1 .5 $ .
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t̂ a-Q P io ^ a te  o f  th e  “base was p re p a re d  i n  e th a n o l as 

i n  p re v io u s  in s ta n c e s ,  and a f t e r  s e v e ra l r e c r y s t a l l i s a t i o n s  

fro m  e th a n o l was o b ta in e d  as a m ix tu re  o f  orange sphe res  and 

clum ps o f  deep orange p r is m s , m .p t .  230-231°C , w i t h  decom

p o s i t io n .

Foundt C, 5 8 .3 $ ; H, 3 .1 $ ; H, 1 4 .9 $ . C17H1 2 H2 ,0 6Hg07Hg

re q u ire s  C, 5 8 .3 $ ; H , 3 .2 $ ; IT, 1 4 .8 $ .

l " : . ;



Summary o f P art I .

The syn th e se s  o f  c e r t a in  n itro g e n o u s  ana logues o f  

o h ry s e n e , p y re n e , and 3 , 4 -h  enz phenant h r  ene have been 

accom plished*.

6 -a za ch ryse n e  ( X I )  was p re p a re d  by condens ing  2 -h y d ro x y -  

m e th y le n e - l- k e to - l,2 ,3 ,4 - te t ra h y d ro p h e n a n th re n e  ( I )  w i th  

oyanace tam ide to  g iv e  5 -h y d ro x y -6 -o y a n o - l#2 -d ih y d ro -6 -a z a -  

oh rysene  ( I I ) ,  w h ich  was h y d ro ly s e d  to  5 -h y d ro x y -1 ,2 - d ih y d r o - 

6 -a z a c h ry s e n e -4 -c a rb o x y lio  a c id  ( I I I ) ,  d e o a rb o x y la te d  to  

g iv e  5 -h y d ro x y - l,2 -d ih y d ro -6 -a z a o h ry s e n e  (1 7 ) ,  and c h lo r in a te d  

to  g iv e  5 - c h l o r o - l , 2 - d ih y d r o - 6 -a za oh ryse n e  (V ) v /h ic h , by  

c a t a ly t i c  d e h y d ro g e n a tio n  and d e c h lo r in a t io n  gave 6 -a z a -  

oh rysene  ( 7 1 ) .

D e r iv a t iv e s  o f  these  substances 7/e re  p re p a re d  f o r  th e  

purpose o f  c h a r a c te r is a t io n .

cooH

oh

I i i



The s t r u c tu r e  o f  th e  6 -a z a c h ry s e n e , w h ic h  was open to  

d o u b t, was o o n firm e d  b y  i t s  a l t e r n a t iv e  s y n th e s is  fro m  1 - 

am inophenanthrene ( Y I I )  b y  a Skraup r e a c t io n .  The 1 -a m in o - 

pbenan th ren e  was o b ta in e d  by  re a r ra n g in g  th e  oxime o f  1 - 

k e t o - l f 2 #3 , 4 - te tra h y d ro p h e n a n th re n e  ( T i l l )  b y  th e  a c t io n  o f  

d ry  hyd rog en  c h lo r id e  on i t s  h o t s o lu t io n  i n  g la o ia l  ao e tiQ  

a c id .

1 -a z a p y re n e , 2 -m e th y l- l-a z a p y re n e  and 2 - p h e n y l- l - a z a ' 

pyrene ( ( 1 2 ) ;  R = H , CH^CgHg) were s y n th e s is e d  by  th a  

a o t io n  o f  p h o sp h o rio  o x id e  on th e  h o t x y le n e  s o la t io n  o f

4 - fo rm a m id o - , 4 -a c e ta m id o - , and 4 -benzam idophenan th rene

3 ,4 -b  enz - 5- az aphe nant h r  ene (2 1 ) was s y n th e s is e d  by  

means o f  a Skraup r e a c t io n  on 4- amino phen ant h r  one (2 11 ) 

p re p a re d  by  re a r ra n g in g  th e  oxime o f  4 - k e t o - l , 2 #3 ,4 - te t r a ~  

hyd ro p he n an th re n e  ( 2 I I I )  by  th e  a c t io n  o f  d ry  hyd rog e n  

o h lo r id e  on i t s  h o t  s o lu t io n  i n  g la c ia l  a c e t ic  a c id .

t u l nr

( ( 2 ) ;  R -  H,CH3 ,G6H5) .

ISX
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A tte m p ts  to  condense am id ine s  w i th  h y d ro x y m e th y le n e - 

k e to - te tra h y d ro p h e n a n th re n e s  f a i l e d ,  b a t e x c e l le n t  y ie ld s  

o f  p y r im id in e s  were o b ta in e d  on a s i ng o b lo ro m e th y le n e  

ke to n e s  in s te a d ,  p re p a re d  in  q u a n t i t a t iv e  y ie ld s  b y  th e  

a c t io n  o f  t h io n y l  c h lo r id e  on th e  c o rre s p o n d in g  h y d ro x y - 

m e th y le n e  k e to n e s .

H ence, b y  the  c o n d e n s a tio n , i n  p re sen ce  o f  sodium  

e th o x id e , o f  fo rm a m id in e  and a c e ta m id in e  w i t h  2 -o h lo ro m e th y l 

e n e - l- k e to -1 ,2 ,3 ,4 - te t ra h y d ro p h e n a n th re n e  ( X I V )  and 3 -c h lo ro  

m e th y le n e - 4 - k e to - l ,2 ,3 ,4 - te tra h y d ro p h e n a n th re n e  (XV) w ere 

o b ta in e d  9 , 1 0 - d ih y d ro -3 , 4 -b e n z - 5 , 7 - d ia za p h e n a n th re n e  (X V I) ,

6 - m e th y l- 9 ,1 0 -d ih y d  ro - 3 ,4 -b  enz- 5 ,7 - d ia z  aphenanthrene ( X V I I ) , 

and 5- m e th y l- 1 , 2 - d ih y d r o - 4 ,6 -d ia z a c h ry s e n e  ( X V I I I ) ,  w h ic h , 

b y  fu s io n  w i th  p a lla d iu m -b la c k ,  were dehydro gen a t  ed t o  th e  

f u l l y  a ro m a tic  p y r im id in e s .

OH'Cl

:0



jC-GH,



9Z

8

9

10

11
12

13

14

15

16 

17

BIBLIOGRAPHY,.

P a r t  I .

Yamagiwa and Ic h ik a w a , M i t t e i l .  med P a k a lta t  K a is e r  .U n iv .  
Tokyo, 15, 295 (1 9 1 5 ) .

B lo c h  and L r e i f f u s ,  S chw e iz , med. W sch r., 2 , 1033 (1 9 2 1 ) .
( O hem .Z en tr. ,  3 ,7 3 /1 9 2 2 )). *”

Kennaway, J .P a th .B ac  t e r  • , 27, 233 (1 9 2 4 ) ; B r i t .M e d .J . ,
I I ,  1 (1 9 2 5 ) .

S c h ro e te r , B e r . ,  57, 1990 (1 9 2 4 ) .

H ie g e r , B iochem . J . ,  24, 505 (1 9 3 0 ) .

Gook and o th e rs ,  P ro c .R o y .S o c . ,  B , 11 1 , 455 (1 9 3 2 ) ;
Shear and L e i t e r ,  J .U a tn l .C ancer I n s t . ,  2 , 241-58 (1 9 4 1 ) .

Cook, J . ,  1930, 1087; 1931, 2529; 1932, 456; 1933,
1408, 1592; 1937, 393; 1938, 505; 1939, 268; 1940,
16, 303.

C la r . ,  B e r . ,  62, 350 (1 9 2 9 ) .

Cook, H ew ett and H ie g e r , J . ,  395 (1 9 3 3 ) .

W ie la n d  and S c h l ic h t in g ,  Z ts c h r .  f .  p h y s io l .  Chem., 15 0 , 
273 (1 9 2 5 ) .

W ie land  and Lane, Z ts c h r . f .p h y s io l .C h e m . ,  219. 240 (1 9 3 3 ) .

Cook and H aslewood, C h e m .In d a s t., 38, 758 (1 9 3 3 ) .

Cook and Haslewood, J . ,  428 (1 9 3 4 ) .

P ie s e r  and Se ligm an, J .A .C .S . ,  57, 942 (1 9 3 5 ) .

Cook, Haslewood and R ob inson , J . ,  667 (1 9 3 5 ) .

P ie s e r  and S e ligm an, J -A -C .S .,  57, 2174 (1 9 3 5 ) .

B a r r y ,  Cook and o th e rs ,  P ro c .R o y .S o c . ,  B , 1 1 7 , 318 (1 9 3 5 ) , 
Cook, B e r . ,  69A, 46 (1 9 3 6 ), “
Shear, Am*J .C ancer, 26, 322 (1 9 3 6 ) .

1 8 ) .  Cook, 11 C h e m is try  and C ancer”  ( I n s t  .C h e m .P a b lc n .) , p . 8 .



93

1 9 ) .  Cook, J . ,  2524 (1 9 3 1 ) .

2 0 ) .  B a r ry ,  Cook and o th e rs ,  P roc  .R oy. S oc. ,  B , 1 1 7 , 318 (1 9 3 5 ) .

2 1 ) .  H e w e tt, J . ,  596 (1 9 3 6 ) .

2 2 ) .  Bachmann, Cook and o th e rs ,  P roc . R o y . S o o B ,  123, 345 (1937)

2 3 ) .  H e w e tt, J . ,  293 (1 9 4 0 ) .

2 4 ) .  H ew e tt and M a r t in ,  J . ,  1396 (1940) .

2 5 ) .  H e w e tt, J . ,  193 (1 9 3 8 ) .

2 6 ) .  P ie s e r  and Bewmann, J .A .G .S .,  58, 2376-2382 (1 9 3 6 ) .

2 7 ) .  P ie s e r  and o th e rs ,  Am .J .C ance r, 29, 264 (1 9 3 7 ) .

2 8 ) .  M o rto n , C lapp and B ranch , S c ie n ce , 82, 134 (1 9 3 5 );
Am .J .C ance r, 26 , 754 (1 9 3 6 ) .

2 9 ) .  B row n in g  and o th e rs ,  Proc .R o y .S o c . ,  B , 1 1 3 , 300 (1 9 3 3 ) ;
J .P a th .B a c te r . , 42 , 155 (1 9 3 6 ) . ““

3 0 ) .  S asak i and Y osh id a , V ircho w s A n n .f  .P a th  .A n a t. ,  295 , 175
(1 9 3 5 ) .

3 1 ) .  V .C ze rn y , A r c h . f  . k l i n . C h i r . ,  61 , 287 (1 9 0 0 ) .

3 2 ) .  R i le y  and W a lla c e , B r i t  .J  .H x p e r .P a th . , 2 2 ,  24 (1 9 4 0 ) .

3 3 ) .  L .C .S tro n g , A m .J .C ancer, 32, 227 (1 9 3 8 );
L .C .S tro n g , S c ie n ce , £ 7 , 144 (1 9 3 8 ); A m .J .C an ce r, 5 5 ,

401 (1 9 3 9 );
B .C .S tro n g  and L .P .W h itn e y , S c ie n ce , 8 8 , 111 (1 9 3 8 ) ;
C .D it tm a r ,  Z ts c h r . f .X r e h s fo r s c h ,  49 , E>X5 (1 9 3 9 ) .

3 4 ) .  B oy lan d  and Mawson, B io c h e m .J ., 32 , 1982 (1 9 3 8 ) ;
B o y la n d , B io c h e m .J ., 34, 1196 (l$£o) «

3 5 ) .  K arczag and Csaha, M e d .H lin . ,  23, 1413 (1 9 2 7 ) .

3 6 ) .  H iissy , Z e n t r a lb l . f  .C ynak, 42 , 479 (1 9 1 8 ) .

37) . M m u ra , T r .  Jap .P a th . Soc . ,  18 , 589.

3 8 ) .  Gr.A.Hrenzwendedich von dem B o rn e ; U e d e r l.  t i j d s c h r .  v .
geneesk, 1 , 3267 (1 9 3 1 ) .



39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

94

fC ho lew a, A c ta  G a n c ro l. ,  1 , 243 (1 9 3 5 );
J R o ffo ,  Z t s c h r . f  .K re b s fo rs c h , 37 , 1  (1 9 3 2 ) ; B o l . in s t . d e  
L m e d .e xp e r. p a ra  e l  e s ta d  y  t r a t . d . o ^ n c e r , 1 , 374* (1 9 3 2 )#

. L i t s ,  K irschbaam  and S tro n g , P roc .Soc .R xper .B io l  • and M e d ., 
38 , 555 (1 9 3 8 ) ; A m .J .C an cer, 34 , 196 (1 9 3 8 ) .

. A n d e rv o n t, J .H d tn l .C ancer I n s t . ,  1 , 361 (1 9 4 0 ) ;
B rae s , M arb le  and Jackson, An .J .C an ce r, 38 , 159 (1 9 4 0 ) .

. Gayer and C la a s , P roo .S oc .R x p e r .B io l• and M ed., 4 3 , 272
(1 9 4 0 ) .

. B riic ke  and H aeber, K L in .W chn sch r • , 1§» 1160 (1939) .

. Seed, S la a g h te r  and L im a rz i,  S a rg e ry , j/_, 696 (1940) •
''Haddow, l a t a r e ,  136, 868  (1 9 3 5 ) .

Haddov; and R ob inson , P roc .Roy .Soc . ,  B, 12 2 , 442 (1 9 3 7 ) ; 
/{Haddow and R ob inson , P roc .Roy .Soc . ,  | [ ,  1 2 ? , 277 (1 9 3 9 ) ; 

Haddow, S c o tt  and S c o t t ,  P ro c .R o y .S o c . ,T b7  122 , 477 (1 9 3 7 ) ; 
Haddow and o th e rs ,  P ro c .R o y .S o c . ,  B , 1 3 0 , 2^6 (1 9 4 2 ) .

. le e s ,  Q a a r t .J .B x p e r .P h y s io l. ,  27 , 161 , 171, 181 (1 9 3 7 ) .

. Lees, Q a a r t .J .R x p e r .P h y s io l . , 27 , 181 (1 9 3 7 ) .

. M o r e l l i  and D a n s i, Second I n t e m a t  .C ancer C ongress,
B ra s s e ls , 1936, Y o l . I I ,  p . 8 .

. Haddow, A c ta  a n io n  in t r . c o n t r e  c a n c e r, 2 , 376 and 3 , 342s 
J .P a th .B a c te r . ,  47 , 481 .

. Cook and Kennaway, Atn.J .C ance r, 39 , 558 (1 9 4 0 ) .

. B adger, B is o n , Haddow and o th e rs , Proc .R o y .S o c • ,  B , 1 3 0 ,
289 (1 9 4 2 ) . ~

. Haddow, J .P a th  and B a c te r . ,  4 7 , 581 (1 9 3 8 ) ; B a d g e r, Haddow 
and o th e rs ,  Proc .Roy.Soc . ,"^F, 1 3 0 , 255 (1 9 4 2 ) .

. Haddow and R ob inson , Proc .R oy.S oc. ,  B , 127 , 277 (1 9 3 9 ) .

. B adger, B is o n , Haddow and o th e rs , P roc .R oy .S o c . ,  B , 1 3 0 ,
255 (1 9 4 2 ) . ~

. Rondoni and C o r b e l l in i ,  P u ia o ri, 10 , 106 (1 9 3 6 ) .

. Haddow, J .P a th  .B a c te r . ,  47 , 567.



95

75) .
C la is e n  and M e ye ro w itz , B e r . ,  22 , 3273 (1 8 8 9 );
D ie ls  and I lb e r g ,  B e r . ,  49 , 158 (1 9 1 6 );
J o s h i,  Raashal a n d  Deshapande, J .Ind.Chem .Soo . ,  18 , 479

(1 9 4 1 ).

7 6 ) .  B ardhan, J« , 2223 (1 9 2 9 ).

7 7 ) .  B asil and B aner je e , A n n ., 516, 243 (1 9 3 5 ).

5 7 ) .  Bachmann, Cook and o th e rs , P r o c .R o y .S o c B ,  123. 3^-3 (1937)» 
Cook, B e r . ,  69A, 46 (1 9 3 6 ). “  ------

5 8 ) .  B a d g e r, Cook and o th e rs ,  Proc .R oy.S oc. ,  B , 129, 439 (1 9 4 0 ) .

5 9 ) .  B o y la n d  and B ra e s , Proc .Roy.Soc . ,  B , 429 (1 9 3 7 );
Cook, H ew ett and Kennaway, An.J .C ancer, 40 , 62-67 (1 9 4 0 ) . I

60) • B adger and o th e rs , P roc.R oy.Soc . ,  B, 130, 268 (1 9 4 2 ) . j

6 1 ) .  M o s e t t ig  and K ra e g e r, J.O rg.C hem ., 3 , 325 (1 9 3 8 );
J .A .C .S . ,  58, 1311-13 (1 9 3 6 ).

6 2 ) .  A n n ., 335, 127 (1 9 0 4 ).

6 3 ) .  A n n ., 336, 129 (1 9 0 4 ).

6 4 ) .  J .O rg .C h e m ., 3 , 324 (1 9 3 8 ).

6 5 ) .  J .Ind.C hem .Soc . ,  £ ,  316 (1 9 2 9 ).

6 6 ) .  A n n ., 240, 175 (1 8 8 7 ).

6 7 ) .  Joseph, P roc .Roy .Soc •, B xpm tl .B io l  .M e d ., 41 , 334 (1 9 3 9 ) .

6 8 ) .  Shear and L e i t e r ,  J .H a tn l .  Cancer . I n s t . ,  2 , 241-58 (1 9 4 1 ).

6 9 ) .  ‘P ie s e r  and H ershbe rg , J .A .C .S .,  .62, 1640 (1 9 4 0 ) .

7 0 ) .  P o s to v s k i,  J .Gen*Chem .Rass • , K ), 71-76 (1 9 4 0 );
B r i t  .Chem-Abs •, A l l ,  260 (194-0).

7 1 ) .  Jahoda, M o na tsh ., ,8 , 442; Volmann, B e cke r, C o r e l l  and
S tre e k , A nn ., 531, 1 (1 9 3 7 ).

7 2 ) .  B r i t  .P a t . ,  288, 985 ( A p r i l  16, 1 9 2 7 ).

7 3 ) .  A n n . R e p o rt B r i t  .Bmp.Cancer Campaign, 1943, p .1 9 .

7 4 ) .  Sen G apta, J . ,  1 0 7 (2 ) , 1347 (1 9 1 5 ).



96

78

79

80 

81 

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99 

100

. B a ra t ,  J . In d  .Chem .S oc. ,  8 , 801 (1 9 3 1 ).

* T ra c y  and E ld e r f ie ld ,  J.O rg.O hem ., 6 , 63 (1 9 4 1 ).

■ T ra c y  and E ld e r f ie ld ,  J .O rg.O hem ., 6, 70 (1 9 4 1 ).

. H a w orth , J . ,  1125-1133 (1 9 3 2 ).

► M a r t in ,  J .A .C .S . ,  .58, 1440 (1 9 3 6 ).

. O la is e n , i n n . ,  281 , 306 (1 8 9 4 ).

► M eyer and R e ic h s te in ,  Phramaceu.tica A c ta  H e lv e t ia © , 19 ,
127-151 (1 9 4 4 ). —

* O la r ,  B e r . ,  _72, 1645 (1 9 3 9 ), c f .  Amer.Ghem.Abs., 94 (1 9 4 0 ) .

* S tevens and B e u te l,  J .A .C .S .,  6£i, 449 (1 9 4 3 ).

. Bam herger and B t irg d o r f ,  B e r . ,  2 3 (2 ) , 2437 (1 8 9 0 ).

. Bachmann and B o a tn e r, J .A .C .S . ,  58(2) , 2097 (1 9 3 6 ),

» Bachmann, J .A .C .S .,  5 9 (1 ) , 420 (1 9 3 7 ).

► Langeribeck and W eissenborn, B e r . ,  728, 724-7 (1 9 3 9 ).

. S c h ro e te r ,  B e r . ,  6 3 (1 ) , 1316 (1 9 3 0 ).

. S c h ro e te r ,  M a ile r  and Haang, B e r . ,  6 2 (1 ) , 657,658 (1 9 2 9 ) .

. S chm id t and H e in le , B e r . ,  44, 1488 (1 9 1 1 ).

. M o s e tt ig  and K ra e g e r, J.O rg.O hem ., 3 , 340 (1 9 3 8 ).

. J .C .3 . ,  J a ly  1944, p . 311.

» Morgan and W a lls ,  J .G .S .,  2447 (1 9 3 1 ).

. V o n g e ric h te n , B e r . ,  34, 767 (1 9 0 1 ).

. W ill ia m s  and o th e rs ,  J .A .C .S . ,  59* 526 and 1052 (1 9 3 7 );
Todd and o th e rs , J«, 1601 (19367*

. C la is e n , B ishop  and S in c la i r ,  A n n ., 281 , 361 (1 8 9 4 ) .

. P in n e r ,  B e r . ,  16 . 352 and 1647 (1 8 8 3 ).



Syntheses I n  th e  n a p h th y r id in e  s e r ie s .

W ith  an append ix  on 

th e  e f f e o t  o f  d ia tom s thane on 3-h y d ro  x y -

4 -p h e n a n th r a ld e h y d e .
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IM O D U G IIO I.

1

She p r im a ry  purpose o f  t h is  w ork was to  in v e s t ig a te  

and im p ro ve  s y n th e t ic  methods f o r  th e  p re p a ra t io n  o f  1 ,8 -  and 

1 , 5 - n a p h th y r id in e s , and i t  was th e re fo re  c o n s id e re d  d e s ira b le  

th a t  a b r i e f  su rve y  be made o f the  m ain e x is t in g  methods o f  

s y n th e s is  i n  th e se  s e r ie s .

We s h a l l  d e a l i n  th e  f i r s t  in s ta n c e  w ith  th e  1 ,8 -  

n a p h th y r id in e  s e r ie s .

b y  d i r e c t  d i s t i l l a t i o n  o f  d i - (  jf-a m in o p ro p y l)  a o e t ic  a o id  ( I I ) ,

t e t r a h y d r o - 1 , 8 -n a p h tk y r id in e  ( I I I ) ,  th e  fo rm a t io n  o f  w h ich  was 

b ro u g h t about b y  re d u c in g  d i - ( o - n i t r o b  e n z y l)  a c e t ic  a o id  ( IV )  

w i th  z in c  and a lc o h o lic  h y d ro c h lo r ic  a c id ,  and b y  o y c l is in g  th e  

p ro d u c t w ith o u t  i t s  in te rm e d ia te  i s o la t io n .

s

1 ,8 -  n a ph t h y  r  i  d in e 1 , 5 -n a p h th y r id in e

R e is s e r t  'p re p a re d  an o c ta h y d ro - l ,8 -n a p h th y r id in e  ( I )

to  th e  p re p a ra t io n  o f  a d ibenzand extended  t h i s  method

I I
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3)
R e a sse rt l a t e r  c la im e d  to  have p repa red  th e  2 ,3-b enz-

1 ,8 -n a p h th y r id o n e  (7 ) by condensing o i1 - c h lo r o n io o t in ic  a o id  

w i th  a n t h r a n i l i c  a c id ,  g iv in g  th e  a c id  (7 1 ) ,  w h ich  on d e ca r

b o x y la t io n  y ie ld e d  (Y ) .

“0 0 0 - 0 0 0

i t

4 )S e id e , how ever, o b ta in e d  th e  aame oompoand '  b y  oon

d e n s in g  o -o h lo ro b e n z o ia  a c id  w i t h  2 -a m in o p y r id in e . b in d in g  

th a t  i t  possessed l i t t l e  o r  no c a rb o n y l a c t i v i t y ,  he o x id is e d  

i t  to  a known q u in a z o lin e  d e r iv a t iv e ,  th u s  in d ic a t in g  t h a t  i t  

had th e  s tro .o tu .re  ( Y I I ) ,  and d is p ro v in g  th e  1 ,8 -n a p h th y r id in e  

s t r u c tu r e  a l lo t e d  to  i t  b y  R e is s e r t .

crco - cco
5)

m

P a lazzo  and fa m b u r in i s ta te  th a t  a o e to a c e t-  2 - p y r id y l*  

amide ( Y I I l ) ,  o b ta in e d  fro m  a c e to a o e tio  e s te r  and 2 -a m in o p y r id 

in e ,  and b e n z o y la o e t-  2 -p y r id y la m id e  ( I Z ) ,  o b ta in e d  i n  s im i la r  

fa s h io n ,  may be c y o lis e d  to  th e  re s p e c t iv e  d e r iv a t iv e s  o f



1 ,8 -n a p h th y r id in e  (Z  and Z I )

Q J  0 0 ° CXre° qo*
M  ' X  I  31

Z h i t r i k  ' ,  however, f in d s  th a t  th e  o y o l is a t io n  o f  a o e to - 

a o e t-  2  -p y r id y la m id e  ( V I I I )  does no t r e s u l t  i n  th e  fo rm a t io n  o f  

a d e r iv a t iv e  o f  1 ,8 -n a p h th y r id in e ,  and th e  w ork o f  Sokov on 

th e  R e a c t io n  betw een b e n z i l  and 2 -a m in o p y r id in e , to  g iv e  d e r i 

v a t iv e s  o f  p y r im id a z o le ,  o a s ts  f u r t h e r  doub t on th e  assum ption  

o f  P a la zzo  and P a m b u rin i.

S e ide ^  f u r t h e r  m a in ta in s  th a t  th e  o y o l is a t io n  o f  ben- 

z o y la o e t-  2. -p y r id y la m id e  ( IZ )  ta ke s  p la o e  i n  th e  ta u to m e rio  

< * -p y r id o n e - im in e  fo rm , r e s u l t in g  i n  th e  p y r im id in e  d e r iv a t iv e  

( Z I I ) ,  th e  s t r u c tu r e  o f  w h ich  he th e n  p roved  by d e g ra d a t io n  to  

known com pounds:- ^ * dXjl
NH* CO-CH*. CO <f> J qo

Seide however, f a i le d  to oyolise methyl <<-acetyl-

a m in o n io o t in a te  ( Z I I I )  i n  th e  presence o f  sodium  ethoxLde to  g iv e

2 ,4 - d ih y d r o x y - l ,  8 -n a p h th y r id in e  (Z IV ) ,  o b ta in in g  in s te a d  th e

a n h y d r id e  o f  oO -am inon ico tin io  a c id  (ZV)
OH

CC-'CXX C C Q



A s u c c e s s fu l s y n th e s is  u s in g  a 3 - s u b s t i tu te d  2 -a m in o - 

p y r id in e  was l a t e r  deve loped b y  B ath  ^ , who oondensed th e  a o e ta l

o f  b ro m -a c e ta ld e h y d e  w ith  2 -am ino - 3 -m e tk y lp y r ia in e  (X V I) ,  

p re p a re d  b y  th e  a c t io n  o f  sodamide on /^ - p ic o l in e ,  and o b ta in e d  

1 , 2 - d i  h y d ro -1 ,8 -n a p h th y r id in e  (X V II)  i -

s y n th e s is ,  o b ta in e d  m e th y l 2 ,4 -d ih y d ro x y - l ,8 - n a p h th y r id in e - 3 -  

o a rb o x y la te  (X IX ) by condensing m e th y l <*-amino n ic o t in a te  

( X V I I I )  w i t h  m a lo n ic  e s te r  i n  presence o f  a lc o h o l ic  sodium 

e th o x id e . Ih e  m e th y l e s te r  g ro u p in g  o f th e  p ro d u c t was b e lie v e d  

due to  a lc o h o ly s is  by the  m e th y l a lc o h o l s e t f r e e  d u r in g  th e  r e 

a c t io n .  H y d ro ly s is  and d e o a rb o x y la t io n  o f  th e  p ro d u c t w i th  

d i l u t e  p o ta ss iu m  h yd ro x id e  re s u lte d  i n  2 ,4 - d ih y d ro x y -1 ,8 -n a p h 

t h y r id in e  (X X ), w h ich  c o u ld  th e n  be t re a te d  w i th  phosphorus 

p e n ta o h lo r id e  to  g iv e  2 ,4 - d ic h lo ro - 1 ,8 -n a p h th y r id in e  (X X I) i -

by  u s in g  a m o d if ic a t io n  o f  S e id e f s a tte m p te d



I n  a l a t e r  paper , th e  same a u th o r re p o r ts  th e  f a i l u r e  

o f  a number o f  re d u c in g  agents to  remove th e  c h lo r in e  atoms fro m

2 ,4 - d ic h lo r o - 1 , 8 - naph th y r id in e  ( X U ) ,  b u t s ta te s  t h a t ,  by  u s in g  

le a d  and h yd ro g e n , th e  compound reduces to  a d ih y d ro -1 ,8 -naph -
12)

t h y r id in e  w i th  g re a t d i f f i c u l t y ;  however, he f i n a l l y  succeeded 

i n  a c a t a l y t i c  re d u c t io n  o f  th e  compound to  a m ix tu re  o f bases 

fro m  w h ic h , w i th  d i f f i c u l t y ,  he is o la te d  1 ,8 -n a p h th y r id in e  

i t s e l f  (X X II )  .
13̂A f t e r  c o n s id e ra b le  in v e s t ig a t io n ,  Seide 7 conc luded  th a t

d e r iv a t iv e s  o f  1 ,8 -n a p h th y r id in e  c o u ld  n o t be p repa red  b y  th e

u s u a l q u in o l in e  syn theses a p p lie d  to  2 - amino p y r i  d in e , and to o k

advan tage  o f  th e  r e a c t i v i t y  o f  the  hyd rogen  atom in  th e  ^ - p o s i-
lOt i o n  o f  -d ia m in o  p y r id in e  7 to  execute  a s y n th e s is  o f  1 ,8 -  

n a p h th y r id in e .  c<oc*-d iam inopyrid ine ( X X I I I )  was condensed w i th  

a c e to a c e t ic  e s te r  b y  h e a t in g  to g e th e r ,  and th e  r e s u l t in g  2 -k e to -

4 -m e th y l-7 -a m in o  £  1 , 8 -n a p h th y r id in e - 1 ,2 -d ih y d r id e ]  (XXIV) was 

c o n v e r te d  t o  i t s  h yd ro xy  d e r iv a t iv e  (XXV) by  means o f  n i t r o u s  

a c id ;  t h i s  was ac te d  upon w i th  phosphorus p e n ta c h lo r id e  to  g iv e

2 , 7 - d ic h lo r o - 4 - m e th y l - l , 8 -n a p h th y r id in e  (X X V I), w h ich  was th e n  

reduced  w i t h  h y d r io d ic  a c id  to  g iv e  a compound w i th  a l l  th e  p ro 

p e r t ie s  o f  a te t ra h y d ro n a p h th y r id in e .



CHj ' 
Co,

T O T  3 S E  ~XSE

CHj ?Hs

; / O C X  O v

s e t  ® i r

CHtCt

3 g m r

15)
X o l le r  and E a n d le r g iv e  a f u l l e r  account o f  th e  r e 

d u c t io n  o f  2 ,7 - d ic h lo r o - 4 - m e th y l- l ,  8 -n a p h th y r id in e  (XXVI) u s in g
16)

sodium  and a lc o h o l.  Kataoka reduced th e  compound c a t a l y t i -

c a l l y  and o b ta in e d  a m ix tu re  o f 4 -m e th y l-1 ,8 -n a p h th y r id in e

(X X Y II)  and 4 - c h lo r o m e th y l- l ,  8 -n a p h th y r id in e  (X X V T II) .
17)a M a n g in i 7 extended th e  above s y n th e s is  b y  con den s ing  

*  ^ '- d ia m in o p y r id in e  (X X I I I )  v / i th  a c e ty l ace tone  in  presence o f  

z in c  c h lo r id e ,  and o b ta in e d  2 ,4 - d im e th y l-7 - a m in o -1 ,8 -n a p h th y r i

d in e  ( X X I X ) ;  t h i s  compound was l a t e r  c o n v e rte d  b y  O c h ia i and 

M iy a k i to  th e  h yd ro xy  oompound (XXX) by d ia z o t is a t io n ,  and 

th e n c e , b y  h e a t in g  w ith  phosphorus o x y o h lo r id e , to  i t s  c h lo r o -  

d e r iv a t iv e  ( X X X I ) ,  w h ich  was th e n  c o n v e rte d  t o  2 ,4 - d im e th y l- 7 - 

m e th oxy -1 ,8 -n a p h th y r id in e  ( X Z I I I )  by means o f  sodium  m e th o x id e j-



a
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j m  x f f i t t

h )L la n g in i and Colonna 1 more r e c e n t ly  r e p o r t  th e  conden

s a t io n  o f  ococf -d ia m in o p y T id in e  (Z X I I I )  w i th  b e n z o y la c e to a c e tio  

e s te r  to  g iv e  7 - a m in o -4 -h y d ro x y -% -p h e n y l-1 , 8 -n a p h th y r id in e

(X X X I I I )  o r  7 -a m in o -£ -h y d ro x y -4 -~ p h e n y l- l,8 -n a p h th y r id in e  ( XXXIV)
4>

4>‘ C o \
0 + ‘p 'Co)cn.caoel Hs i f ' T S

uu ty-eo j, or J L J ^ J - o h
"  " h  U lT 't* ^■ ts i »  mss

Two o th e r  methods o f s y n th e s is  a re  w o rth y  o f  n o te .

Mazza and M ig l ia r d i  condensed 2 -a m in o p y r id in e , p y ru v ic  a c id ,

and he nza ld ehyd e  b y  p ro longed  b o i l in g  in  a lc o h o l,  t o  g iv e  2 -p h e n y l

- 1 ,8 -n a p h th y r id in e - 4 - c a rb o x y lic  a c id  (X J X V )  w h ich  was d e c a rb o x y l-

a te d  b y  h e a t to  g iv e  2 - p h e n y l- l ,8 -n a p h th y r id in e  ( ZXKVI) : -  
C0OH ^o.'s, -  ca -  ca.

rm Sfflt

I n  a l a t e r  paper, M ig l ia r d i  '  extended t h i s  s y n th e s is



to  t h e  p re p a ra t io n  o f  v a r io u s  2 ~ s u b s t i tu te d - l ,8 - n a p h th y r id in e s

by  th e  use o f d i f f e r e n t  a ldehydes.
x i)

Sucharda , b y  fu s io n  o f  o C -a m in o -n ic o tin ic  a c id  w i t h

p h lo r o g lu c in o l ,  o b ta in e d  5 ,6 ,8 - tr ih y d ro x y b e n 2 5 o - lf 1 0 -n a p h th y r id in e  

(X X X V II) ,  w h ich  was th e n  o x id is e d  to  5 -h y d ro x y -1 ,8 -n a p h th y r id in e -  !

6 . 7 - d ie a rb o x y l ic  a c id  ( X X X V III) and d e ca rb o xy la te d  to  5 -h y d ro x y -

1 . 8 - n a p h th y r id in e  (X X X IX ); the  v e ry  s m a ll y ie ld  o f  t h is  p ro d u c t ! 

d id  n o t p e m i t  o f  i t s  c o n v e rs io n  in to  1 ,8 -n a p h th y r id in e  i t s e l f .

Much o f  th e  p re v io u s  w o rk  on th e  1 #5 -n a p h th y r id in e  s e r ie s  

has been p a te n te d , and d e ta i ls  a re  a c c o rd in g ly  d i f f i c u l t  o f  access 

How ever, th e s e  syntheses are m a in ly  e la b o ra t io n s  o f  the  Skraup 

r e a c t io n  on n o p y r id in e  « a re a c t io n  w h ich  c o u ld  n o t success"
is  z s )

f u l l y  be a p p lie d  to  the  p re p a ra t io n  o f 1 ,8 -n a p h th y r id in e s  

ow ing to  th e  a l ip h a t ic  n a tu re  o f  2 -  (and 4 - )  a m in o p y r id in e s , 

as th e y  te n d  to  re a c t  i n  th e  ta u to m e r ic  p y r id o n e - im in e  fo rm .



24-)
H a th  d e s c r ib e s  a Skraup re a c t io n  on 2 - c h lo r o - 3 -  

a m in o p y r id in e  (XL) b y  t r e a t in g  i t  w ith  g ly c e r o l  and s u lp h u r ic  

a o id ,  i n  th e  p resence  o f  o x id is in g  agents, to  g iv e  1 ,5 -n a p h - 

t h y r id in e  ( X L I ) ; i n  a l a t e r  p a te n t th e  same a u th o r extends 

t h i s  s y n th e s is  to  th e  p re p a ra t io n  o f  c e r ta in  h y d ro x y , a lk y l ,  

and a r y l  d e r iv a t iv e s  o f  1 , 5 -n a p h th y r id in e .

c c  - C O

By s u b je c t in g  3 -a m in o p y r id in e  i t s e l f  to  a Skraup r e 

a c t io n ,  and to  s im i la r  re a c t io n s  oommon'ly used f o r  th e  p re -
26)

p a r a t io n  o f  q u in o l in e s ,  y e t an o th e r p a te n t d e s c r ib e s  th e  

s y n th e s is  o f  1 , 5 -n a p h t l iy r id in e ;  th e  same p a te n t d e s o rib e s  th e  

s y n th e s is ,  by  s im i la r  methods o f o th e r  h yd ro xy  and a r y l

1 , 5 - n a p h th y r id in e s .

B o b ra n s k i and Sucharda /  a lso  d e s c r ib e  the  p re p a ra t io n  

o f  1 , 5 -n a p h th y r id in e  by means o f  a Skraup r e a c t io n  on 3-&minO' 

p y r id in e  b y  b o i l in g  i t  w ith  g ly c e r o l ,  a rs e n ic  p e n to x id e , and

s u lp h u r ic  a c id .

B in z  and von S ch ickh  ^  d e s c r ib e  the  c a t a ly t io  dehyd ro 

g e n a t io n  of 2 - c h lo r o - 3 - n i t r o - l , 5 - n a p h th y r id in e  (X L IX ) to  g iv e  

3 - a m in o - l , 5 -n a p h th y r id in e  ( X L I I I ) , b u t g iv e  no d e t a i l s  o f  how 

t h e i r  s t a r t in g  m a te r ia ls  v/ere o b ta in e d .

" x o  — x o
- g r  SBE
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f o l lo w in g  up t h e i r  p re v io u s  w ork on th e  1 ,8 -n a p h 

t h y r id in e  s e r ie s ,  K lis ie c k A  and Sucharda ^ a c h ie v e  a syn

t h e s is  o f  1 , 5 -n a p h th y r id in e  by fu s in g  ^ - a m in o p ic o l in ic  a c id  

w i th  p h lo r o g lu c in o l  to  g iv e  7, 9 ,1 0 - tr ih y d ro x y b e n z o -1 ,5 -n a p h -  

t h y r id in e  (X L IY ) , w h ich  was o x id is e d  w ith  fum ing  n i t r i o  a o id  

to  8 - h y d r o x y - l ,  5 -n a p h th y r id in e -6 ,7 - d ie  a rb o x y lio  a c id  (XLV) 

and d e o a rb o x y la te d  b y  h e a t to  g iv e  4 -h y d ro x y -1 ,5 -n a p h th y r id in e  

(X LY I) i  d i s t i l l a t i o n  o f  t h i s  compound w i th  z in c  d u s t gave an 

e x c e e d in g ly  s m a ll y ie ld  o f 1 , 5 -n a p h th y r id in e  ( X L l ) i -

000H
OH on OH

WV
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IITRQDUCEIOI TO KSPSRIMMfAL.

I n  th e  p re v io u s  s e c t io n ,  a g e n e ra l re v ie w  was g iv e n  o f  

th e  p r in c ip a l  methods a v a ila b le  f o r  the  s y n th e s is  o f  1 ,8 -  and

1 , 5 -n a p h th y r id in e s . Ih e  p a r t ic u la r  compounds i n  th e se  s e r ie s  

w i t h  w h ic h  t h i s  w ork  i s  concerned are those  w h ich  m ig h t b e s t 

le n d  th e m se lve s  to  th e  p re p a ra t io n  o f  p o s s ib le  p la s m o d ic id e s , 

i . e . ,  th o s e  in t o  w h ich  a b a s ic  a l ip h a t ic  s id e  c h a in  m ig h t be 

in t r o d u c e d  i n  a s u i ta b le  p o s i t io n  to  g iv e  them a s t r u c t u r a l  

r e la t io n s h ip  to  known p la sm o d ic id e s  such as p lasm oquine ( I ) .

A c c o rd in g ly  an in v e s t ig a t io n  was c a r r ie d  o u t on p o s s ib le  

new s y n th e t ic  m ethods, and im provem ents were made i n  th e  

m ethods a lre a d y  e x is t in g  f o r  s y n th e s is  i n  th e se  s e r ie s .

I t  was dec ided  f i r s t  to  ex tend to  th e  p re p a ra t io n  o f

1 , 8 -n a p h th y r id in e s  a s y n th e s is  o f  ( ju in o l in e  c a r r ie d  o u t b y  

K oen ig s  b y  p a ss in g  th e  vapour o f  a l l y l s n i l i n e  ( I I )  o ve r re d  

h o t  le a d  o x id e .  T h is  s y n th e s is  was deve loped from  th a t  o f  

A ronhe im  ^  , who syn th e s is e d  naph tha lene  b y  s im i la r  t r e a t 

ment o f  p h e n y l-b u ty le n e  ( I I I )  •

C H t'C H i-N  ( f o r t s ) .
I

t
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I t  was th o u g h t t h a t ,  by  a m o d if ie d  p ro c e d u re , an 

a n a l ago as c y c l is a t io z f *  o f  a l ly l- 2 -a m in o p y r id in e  ( I T ;  R = H) 

e o o ld  he b ro u g h t about to  g iv e  1 , 2 ,2 ,4 - te t ra h y d r o - l ,8 -n a p h -

th e  m ethod c o u ld  be extended to  th e  p re p a ra t io n  o f  s u i ta b ly  

s u b s t i t u te d  d e r iv a t iv e s  o f  1 ,8 -nax>h th y r id in e  (V) by  s im i la r ly  

c y c l i s in g  v a r io u s  a lk y l-2 -a m in o p y r id in e s  ( IV )  •

The s y n th e s is  o f  a l l y l - 2 - a m in o p y rid in e  was accom plished

by  a m o d i f ic a t io n  o f  a method o u t l in e d  i n  an in d u s t r ia l  p a te n t .  

Ih e  sod ium  s a l t  o f  2 -a m in o p y rid in e  was p repa red  b y  re a c t in g  

i t  w i t h  sodamide i n  d ry  to lu e n e , and th e  t h e o r e t ic a l  q u a n t it y  

o f  p u re  a l l y l  b rom ide was added to  the  re a c t io n  m ix tu re  to  

g iv e  th e  d e s ire d  a l l y l - 2 - a m in o p y rid in e  . A f te r  rem ova l o f  

th e  sodium  b rom ide  b y  f i l t r a t i o n ,  and o f th e  to lu e n e  b y  a 

p r e l im in a r y  d i s t i l l a t i o n ,  a tte m p ts  were made to  d i s t i l  the  

p ro d u c t f r a c t i o n a l l y  under reduced p re s s u re , as in d ic a te d  

b y  th e  p a te n t .  A p a rt from  rem oving from  the  r e a c t io n  p r o 

d u c t a q u a n t i t y  o f  lo w e r - b o i l in g ,  unchanged 2 -a m in o p y r id in e , 

no s e p a ra t io n  in t o  f r a c t io n s  c o u ld  be a ch ie ved , and th e  

re m a in d e r had to  be d i s t i l l e d  o ve r a la rg e  range o f  tem pera

tu r e  . ___________________________________________
*U s in £  ho w ever, th e  more modern n o n - p y r o ly t ic  methods o f  

c v c l i l a t i o n  in v o lv in g  a doub le  bond and a ro m a tic  n u c le u s , e . g . ,

t h y r id in e  (V ; R s H ) , and th a t., shou ld  t h is  p rove  s u c c e s s fu l,

OH
i

Dy s u i p n u r i c  a c i a  ^ c v r . ,  n o u x ia ,  w a v iu a o n  a n a  D O g e r t ,  J . A . U . S .  

12/ ______________
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The c ru d e  d i s t i l l a t e  was e v e n tu a lly  p u r i f ie d  by con

v e r s io n  i n  e th a n o l in to  a m ix tu re  o f  p ic ra te s  w h ich  were th e n  

f r a c t i o n a l l y  r e c r y s ta l l is e d  from  a la rg e  volume o f  h o t e th a n o l*  

On c o o l in g ,  th e  pure p ic ra te  o f  a l ly l- 2 -a m in o p y r id in e  sep a ra te d  

f i r s t  and was c o l le c te d  and conve rte d  to  th e  f r e e  base ( IV )  

b y  decom posing i t  w ith  a la rg e  volume o f  d i lu t e  ammonia* I t  

was fo u n d  to  d i s t i l  under reduced p re ssu re  a t a c o n s ta n t tem

p e ra tu re ,  u n l ik e  the  p ro d u c t d e s c rib e d  in  th e  p a te n t,  w h ich  

d i s t i l l e d  o v e r a range o f  s e v e ra l degrees.

The e th a n o l l iq u o r s  from  w h ich  the  p ic ra te  had been 

r e c r y s t a l l i s e d  d e p o s ite d , on c o n c e n tra t io n  and c o o lin g ,  a 

much s m a lle r  q u a n t i t y  o f  c r y s ta ls  o f  a n o th e r p ic r a te  d i f f e r e n t  

fro m  th a t  o f  a l l y l  - 2 - amino p y r id in e .  These, a f t e r  one r e 

c r y s t a l l i s a t i o n  fro m  e th a n o l, were co n ve rte d , by d e com p os itio n  

w i t h  d i l a t e  aqueous ammonia, in to  th e  fre e  base, w h ich  was 

a ls o  fo u n d  to  d i s t i l  a t a c o n s ta n t tem pera tu re  under reduced 

p re s s u re .  Uo m e n tio n  i s  made in  th e  p a te n t o f  th e  i s o la t io n  

o f  t h i s  p ro d u c t .  A n a ly s is  b o th  o f  th e  base and o f  i t s  

p ic r a te  showed i t  to  be a d i a l l y l  d e r iv a t iv e  o f  2 -a m in o p y r id -  

i n e , whose fo rm u la  m ig h t be one o f  th e  fo l lo w in g  (V I to  IX ) : -

% % ySL
57 151 M Q55M o r  a I l l i n ium c h lo r id e  ( c f * ,  Cook and H ew ett
7 7 c i : r i 9 3 3 r i o 9 8 % n d  1934, 3 6 5 ); compare a ls o  L ln s te a d ,  
A n n .R e p ., 33^ S IS , 13.936)). __________________________ __________ 
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Ih e  f i r s t  th re e  fo rm u la e  (7 1 , V I I , V I I I )  a re  p o s s ib le  

ta u to m e r ic  fo rm s o f  2 -a m in o p y r id in e  d ia l l y la t e d  on th e  . amino 

g ro u p * F o rm u la  IX , w h ich  ad m its  o f  s im i la r  ta u to m e ris m  

a lth o u g h  t h i s  has n o t been in d ic a te d  above, i s  a d i a l l y l  

d e r iv a t iv e  o f  2 -a m in o p y r id in e  r e s u l t in g  fro m  th e  f u r t h e r  

a l l y l a t i o n  o f  a l l y l - 2 -amino p y r id in e  ( IY )  • r e a c t in g  i n  th e  

ta u to m e r ic  p y r id o n e - im in e  fo rm  (X) •

I t  has been fo u n d , however 33) ,  th a t  compounds o f  th e  

l a t t e r  ty p e , n o ta b ly  l- a lk y l- 2 - p y r id o n e im in e s  ( X I ) ,  a re  

r e a d i ly  h y d ro ly s e d  to  th e  1 - a lk y l- 2 - p ip e r id o n e  ( X I I )  b y
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b o i l i n g  w i th  a lc o h o l ic  c a u s t ic  p o ta s h . The l i a l l y l a t e d  

p ro d u c t o b ta in e d  h e re  as a b ye p ro d u c t was, on b o i l i n g  f o r  

a p ro lo n g e d  p e r io d  w ith  a lc o h o lic  p o ta sh , re c o v e re d  unchanged 

i n  i t s  e n t i r e t y ,  b e in g  id e n t i f i e d ,  b o th  q u a l i t a t i v e l y  and 

q u a n t i t a t i v e ly ,  as i t s  p io r a te .  The ev idence  i s  th u s  i n  

fa v o u r  o f  i t s  h a v in g  one o f  th e  fo rm u la e  V I,  V I I ,  o r  V I I I ;  

b u t  w h ic h  p a r t i c u la r  one o f  these  i t  d id  possess was n o t 

in v e s t ig a te d  f u r t h e r .

A s im i la r  a lk y la t io n  o f  2 -a m in o p y r id in e  to  g iv e  mono-

and d i a l k y l - 2 - a m in o p y rid in e s  i s  a lso  re co rd e d  by  M agidson

and M ensoh ikov U s ing  s u b s ta n t ia l ly  th e  same te c h n iq u e ,

th e s e  w o rk e rs , by  a c t in g  on 2 -a m in o p y r id in e  i n  to lu e n e  w i th

sodam ide, and b y  subsequent a d d it io n  o f  excess is o a m y l io d id e

to  th e  re a c t io n  m ix tu re ,  o b ta in e d  b o th  mono- and d i- is o a m y l-

2 -a m in o p y r id in e  in  p ro p o r t io n s  dependent on th e  te m p e ra tu re

o f  th e  r e a c t io n  m ix tu re  a t th e  tim e  o f  th e  a d d i t io n .  As i n

t h i s  ca se , th e y  sep a ra ted  these  substances b y  th e  f r a c t io n a l
35)

c r y s t a l l i s a t i o n  o f  t h e i r  p ic r a te s .  S lo t t a  and F rancke  '  

b y  a c t in g  on th e  sodium s a l t  o f  2 -a m in o p y r id in e , n o t w i th  

a lk y l  h a l id e s ,  b u t w ith  a lk y l  e s te rs  o f  p - to lu e n e s u lp h o n ic  

a c id ,  a ls o  o b ta in e d  b o th  mono- and d i- a lk y l- 2 - a m in o p y r id in e s .

I t  may be no ted  th a t ,  i n  a s m a ll p r e l im in a r y  e xp e rim e n t 

on th e  p re p a ra t io n  o f  a l ly l - 2 - a m in o p y r id in e  u s in g  th e  same 

method as b e fo re ,  i t  was fou nd  th a t  a p ic r a te ,  w h ich  was n o t 

t h a t  o f  th e  d ia l ly l - 2 - a m in o p y r id in e  o b ta in e d  as d e s o rib e d
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p r e v io u s ly  bo.t w b iob ana lysed  as i f  i t  w ere , was is o la te d  

fro m  th e  © tb a n o l l iq u o r s  i n  w hich th e  p ic r a te  o f  th e  r e a o t io n  

p ro d a c t had been p re p a re d . The sabstance was n o t o b ta in e d  

i n  s u f f i c i e n t  q u a n t i t y  to  p e rm it i t s  co n v e rs io n  in to  th e  

f r e e  b a s e .

I t  i s  th o u g h t th a t  i t  may have been th e  p ic r a te  o f  a 

d i a l l y l a t e d  2 -p y r id o n e - im in e  w ith  th e  s t ru c tu re  ( IX ) ,  fo rm ed, 

as m e n tio n e d  p re v io u s ly ,  by  the fu r t h e r  a l l y l a t i o n  o f  a l l y l - 

2 -a m in o p y r id in e  ( IV )  re a c t in g  in  the  ta u to m e ric  p y r id o n e -  

im in e  fo rm  (X) . The sodamide used in  t h is  p re p a ra t io n  was 

o f  a v e ry  i n f e r i o r ,  u n re a c tiv e  q u a l i t y ,  and i t  i s  known th a t  

i n  th e  absence, and p o s s ib ly  by  u s in g  an in s u f f i c ie n t  amount, 

o f  sodam ide, 2 -a m in o p y r id in e  i n  to lu e n e  s o lu t io n  does re a c t 

i n  th e  ta u to m e r ic  fo rm  to  g ive  l- a lk y l- 2 - p y r id o n e im in e s  w ith

th e  s t r u c tu r e  (X I)

n e v e r th e le s s ,  in  th e  absence o f  e x p e r im e n ta l p ro o f ,  

th e  p o s s i b i l i t y  o f  th e  substance h a v in g  one o f  th e  s t ru c tu re s  

( V I ) ,  ( V I I ) ,  o r  ( V I I I )  cannot be exc luded ,, a lth o u g h  i t  m ust 

have a s t r u c tu r e  d i f f e r e n t  from  th a t  o f  th e  d ia l ly l - 2 - a m in o -  

p y r id in e  d e s c r ib e d  p re v io u s ly ,  as th e  p ic r a te s  were q u ite

d i f f e r e n t  fro m  one a n o th e r.

The eye l i  sa t io n  o f  th e  a l ly l- 2 - a m in o p y r id in e  ( X I I I )  

to  g iv e  1 , 2 , 3 , 4 - te t r a h y d r o - l ,8 - n a p h th y r id in e  (X IV ) was th e n  

a tte m p te d  u s in g  s e v e ra l w e ll-kn o w n  m ethods.
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C y c l is a t io n  was f i r s t  a ttem p ted  u s in g  s tro n g  s u lp h u r ic  

a c id  i n  th e  c o ld ,  b u t n o th in g  b u t s t a r t in g  m a te r ia l  c o u ld  be 

is o la t e d  fro m  th e  p ro d u c t;  as p ro g re s s iv e ly  more v ig o ro u s  

c o n d it io n s  were im posed, in v o lv in g  h e a tin g  on th e  w a te r b a th , 

i t  was fo u n d  th a t  a s m e ll o f  s u lp h u r d io x id e  de ve lop ed , and 

th e  t a r r y  p ro d u c t,  when examined, was fou nd  to  c o n ta in  2 -am ino

p y r id in e ,  th e  a l l y l  g ro u p in g  e v id e n t ly  h a v in g  been removed 

e i t h e r  b y  h y d r o ly s is  o r by o x id a t io n .  H e a tin g  a l l y l - 2 -am ino- 

p y r id in e  on th e  w a te r b a th  f o r  a p ro lo n g e d  p e r io d  w i th  a 
m ix tu re  o f  g la c ia l  a c e t ic  a c id  and s u lp h u r ic  a c id  gave no 

b e t t e r  r e s u l t s ,  as, once a g a in , th e  s t a r t in g  m a te r ia l  a lone  

was re c o v e re d  unchanged. Ho m a tte r  how th e  p rocedure  was 

v a r ie d ,  th e  r e s u l t s  were n e g a tiv e  i n  each case .

A c c o rd in g ly ,  a tte m p ts  were made to  in d u ce  o y o l is a t io n  

to  ta k e  p la c e  i n  th e  presence o f anhydrous a lum in ium  c h lo r id e .  

The s o lv e n t f i r s t  used was d ry  n itro b e n z e n e , b u t on w o rk in g  

up th e  p ro d u c t,  th e  s ta r t in g  u ia te r ia l  was re co ve re d  unchanged. 

D ry  ca rb o n  d is u lp h id e  was th e n  used as th e  s o lv e n t ,  and th e  

r e a c t io n  was encouraged by  p ro lo n g e d  b o i l in g  on th e  w a te r 

b a th .  A p a r t from  a m inu te  tra c e  o f  a waxy p o ly m e r, a l l  t h a t  

c o u ld  be is o la te d  from  th e  re a c t io n  m ix tu re  was unchanged
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a l ly l - 2 - a m in o p y r id in e .

I t  was d e c id e d , th e re fo re ,  to  use more d r a s t ic  m ethods 

o f  c y c l i s a t io n ,  b u t i n  v ie w  o f  th e  d e co m p o s itio n  p roduced, 

w ith o u t  r in g  c lo s u re ,  by us ing  h o t ,  s tro n g  s u lp h u r io  a c id ,  i t  

was re s o lv e d  to  p r o te c t  th e  secondary amino group by  a o e ty la -  

t i o n .  However, n e i th e r  p ro longed  b o i l in g  w ith  a c e t ic  an

h y d r id e  n o r  a c e ty l  c h lo r id e  had any e f f e c t  on a l ly l - 2 - a m in o 

p y r id in e ,  th e  substance b e in g  recovered  unchanged i n  each ca se .

I n  v ie w  o f  th e  s in g u la r  u n r e a c t iv i t y  o f  th e  compound, 

i t  was th e r e fo r e  de c ide d  to  in v e s t ig a te  i t s  s t r u c tu r e  by 

o x id a t iv e  d e g ra d a t io n  o f  the  a l ly l- a m in o  s id e  c h a in .  I h i s  

was q u a n t i t a t i v e ly  c a r r ie d  ou t u s in g  d i lu t e  aqueous po tass ium  

perm anganate i n  a lk a l in e  c o n d it io n s .

I f  th e  doub le  bond o f  th e  a l l y l  group were i n  th e  

no rm a l p o s i t io n ,  as i n  fo rm u la  (X V ), th e  p ro d u c t w ou ld  have 

been 2 - p y r id y lg ly c in e  (X V I) , b u t i f  th e  doub le  bond were i n  

th e  p o s i t io n  in d ic a te d  in  fo rm u la  (X V I I ) ,  th e  r e s u l t  o f  th e  

o x id a t io n  w ou ld  have been 2 -a m in o p y r id in e . Ih e  p o s s i b i l i t y  

o f  th e  substance  b e in g  an a n i l ,  as i n  fo rm u la  ( X V I I I ) ,  was 

exc lu d e d  because i t  was re cove red  unchanged i n  i t s  e n t i r e t y  

a f t e r  p ro lo n g e d  b o i l in g  w ith  d i lu t e  h y d ro c h lo r ic  a c id ,  w h ile  

an a n i l  w o u ld  have h y d ro ly s e d  r e a d i ly  under th e se  c o n d it io n s .
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The p ro d u c t o f  th e  o x id a t io n  was a c tu a l ly  2 - amino - 

p y r id in e ,  and th e  ev idence i s  th u s  i n  fa v o u r  o f  fo rm u la  

( X V I I )  . A tte m p ts  were a lso  made to  is o la t e  fro m  th e  o x id a 

t i o n  p ro d u c ts  th e  a c e t ic  a c id  t h a t  shou ld  have been p roduced . 

These, how ever, proved f r u i t l e s s  owing to  th e  f a i l u r e  to  r e 

move c o m p le te ly  a l l  o rga n ic  m a tte r  fro m  th e  a lk a l in e  aqueous 

l iq u o r s ,  and to  the  subsequent e x te n s iv e  d e co m p o s itio n  th a t  

a tte n d e d  th e  d i s t i l l a t i o n  w ith  s tro n g  s u lp h u r ic  a c id  o f  th e  

p a r t l y  o rg a n ic  re s id u e  o b ta in e d  on e v a p o ra tio n  o f  th e se  

l iq u o r s  to  d ry n e s s . A lthough  many a tte m p ts  were made, and 

s e v e ra l o x id a t io n s  c a r r ie d  o u t,  th e  r e s u l ts  were th e  same i n  

each case*

n e v e r th e le s s , i t  has thus  been dem onstra ted  th a t  the  

p o s i t io n  o f  u n s a tu ra t io n  in  th e  a lk y l  group o f  a l l y l - 2 -  

a m in o p y r id in e  i s  re p re s e n te d  by fo rm u la  (X V I I ) ,  w h ich  rende red  

c y c l is a t io n  im p o s s ib le  i n  th e  manner d e s ire d .
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A  s y n th e s is  o f  8 -b y d ro x y -1 ,5 -n a p h th y r id in e  ( X Y I I I ) ,

c a r r ie d  o u t by  X l is ie c k i  and Sucharda  ̂  ̂ has been d e s c r ib e d

i n  th e  In t r o d a o t io n  (p .  10 ) •  T h is  was c o n s id e re d  a s a ita b le

compound f o r  o u r pu rposes, as co n ve rs io n  in to  8 - o h lo r o - l , 5-

n a p h th y r id in e  (X IX ) and subsequent rep lacem ent o f  th e

o h lo r in e  atom b y  re a c t in g  t h is  w i th ,  say, S -d ie th y la m in o - <* -

m e th y lb u ty la m in e  w ou ld  g iv e  a compound (XX) b e a r in g  a

s t r u c t u r a l  r e la t io n s h ip  to  known p la s m o d ic id e s .

* *■
— *

m

(
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I t  was re s o lv e d , th e re fo re ,  to  in v e s t ig a te  th e  syn

th e s is  o f  X l i s ie c k i  and Sucharda, and to  im prove th e  methods 

and y ie ld s  o b ta in e d . B r ie f l y ,  th e  s y n th e s is  c o n s is ts  o f  th e  

fu s io n  o f  ^ -a m in o p ic o lin ic  a c id  (X X I) w ith  p h lo r o g lu c in o l

( X X I I )  to  g iv e  7 ,9 ,1 0 - t r ih y d ro x y b e n z o -1 ,5 -n a p h th y r id in e

( X X I I I ) ,  7/h ic h  i s  th e n  o x id is e d  w ith  fum ing  n i t r i c  a c id  to  a 

m ix tu re  o f  8 -h y d ro x y - l» 5 -n a p h th y r id in e -6 ,7 -d ic a rb © x y lic  a c id  

(X X IY ) and 8 -h y d ro x y - l,  5 -n a p h th y r id in e -7 -c a rb o x y lic  a c id  

(X X Y ). Ih e se  a re  th e n  s e p a ra te ly  d e c a rb o x y la te d  to  8 -h y d ro x y - 

1 , 5 -n a p h th y r id in e  ( X V I I I )  by  h e a t in g  a t  340°C.



fh e  s t a r t in g  m a te r ia l,  A a m in o p ic o lin io  a o id  (X X I) ,  

was o b ta in e d  by  c o n v e rs io n  o f  q u in o l in ic  a c id  to  q u in o lin im id e

(X X V I) , and b y  s u b je c t in g  t b is  to  a Hofmann re a c t io n  to  g iv e  

A  a m in o p ic o l in ic  a c id  (X X I) and <*-amino n ic o t in ic  a c id

(X X V II)

U i / m '  V c o o n

j m  3XL 2X01
Ihe q u in o l in ic  a c id  was p re pa red  b y  tb e  o x id a t io n  o f

37) . 3?)
8 -  b y  d r  0 xyq  u in o  l i  ne b y  fum ing  n i t r i c  a c id  • L in s te a d

recommends t b is  method, and s ta te s  tb a t  tb e  o r th o d o x  o x id a 

t i o n  o f  q u in o l in e  i t s e l f  i s  much i n f e r i o r ;  a m ethod, how ever, 

c la im in g  a 70$ y ie ld  o f  q u in o l in ic  a c id  b y  o x id is in g  q u in o lin e  

w i th  hyd ro g en  p e ro x id e  i n  p resence o f  s u lp h u r ic  a c id  and
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co p p e r s u lp h a te , has heen recorded by S tiles  and B u lgaeh .

C o n ve rs io n  o f  th e  q u in o l in ic  a c id  to  q u in o lin im id e  

was a c h ie v e d  b y  a m o d if ic a t io n  o f  th e  method o f  S u c h a rd a ^ ; 

th e  a c id  i s  f i r s t  co n ve rte d  to  i t s  anhydride  by th e  a c t io n  o f  

h o t  a c e t ic  a n h y d r id e , and thence to  th e  im id e  by  h e a t in g  th e  

q u in o l in ic  a n h y d r id e  w ith  acetam ide, u s in g  a c e t ic  an hyd ride  

as th e  s o lv e n t .  Suchardaf s o r ig in a l  method was f i r s t  

a tte m p te d , b u t  gave v e ry  p o o r y ie ld s .  Much b e t te r  y ie ld s  

w ere o b ta in e d  b y  u s in g  d ry  reagen ts  f r e s h ly  d i s t i l l e d ,  and by 

in te rm e d ia te  is o la t io n  o f th e  q u in o l in ic  a n h yd rid e  and 

a d d i t io n  o f  f r e s h  a c e t ic  anhydride  f o r  th e  c o n v e rs io n  to  

q u in o l in im id e .  T h e  q u in o lin im id e  was r e c r y s ta l l is e d  fro m  

g la c ia l  a c e t ic  a c id ,  in s te a d  o f  h o t w a te r as Sucharda r e 

commended, as t h is  caused v e ry  c o n s id e ra b le  h y d ro ly s is  and 

lo s s  o f  th e  p ro d u c t.

A f t e r  th e  p re p a ra t io n  o f  th e  /^ -a m in o p ic o lin ic  a c id  

(X X I) i n  good y ie ld  by  th e  a c t io n  on q u in o lin im id e  o f c o ld  

a lk a l in e  sodium  h y p o c h lo r ite  s o lu t io n   ̂ , i t s  fu s io n  w ith  

p h lo ro g lu c in o  1 (X X II)  was a ttem p ted  , and much im proved y ie ld s ,  

tho ug h  th e s e  were n e ve r good, were o b ta in e d  by  a l lo w in g  th e  

te m p e ra tu re  to  r is e  s lo w ly  ove r a c o n s id e ra b le  p e r io d ,  in s te a d  

o f  q u ic k ly  r a is in g  i t  to  th e  re q u ire d  te m p e ra tu re . I n  o th e r  

re s p e c ts  th e  p re p a ra t io n  fo llo w e d  th e  l in e s  suggested  b y
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K l is i e e k i  and Suetia rda.

The o x id a t io n  o f  th e  7 ,9 ,1 0 - t r ih y d ro x y b e n z o - l,5 -  

n a p h th y r id in e  w i th  fam ing  n i t r i c  a o id  was a lso  o a r r ie d  o a t
IQ)

b y  th e  o r ig in a l  method . The in d iv id u a l  a c id s  (XXV) and 

(XX IV ) w e re , how ever, n o t is o la te d  from  th e  a c id ic  p ro d u c t 

l e f t  a f t e r  e v a p o ra tio n  o f  th e  n i t r i c  a c id ; t h is  was in s te a d  

su b lim e d  d i r e c t l y  a t 350°0 a t a tm ospheric  p re ssu re  to  g iv e  

an e x c e l le n t  y ie ld  o f  8 -h y d ro x y - l,  5 -n a p h th y r id in e  ( X V I I I ) .

The c o n v e rs io n  o f  8 -h y d ro x y - l,5 -n a p h tb y r id in e  (X V I I I )  

to  th e  d e s ire d  8-c h lo ro -1 ,5 -n a p h th y r id in e  (X IX ) was th e n  

a tte m p te d , and was found  to  p re s e n t c o n s id e ra b le  d i f f i c u l t y .

GtOH
M

H e a tin g  w ith  phosphorus o x y c h lo r id e  i n  a sea led  tub e  

p rod u ced  m e re ly  a carbonaceous mass. T o ta l c h a r r in g  a ls o  

o c c u rre d  on h e a t in g  w ith  phosphorus p e n ta c h lo r id e  on th e  w a te r 

b a th ,  and no m a tte r  how th e  te ch n iq u e  was v a r ie d ,  th e  r e s u l t  

was a lw ays c a rb o n . H e a tin g  w ith  t h io n y l  c h lo r id e  in  a sea led  

tu b e  a t  120°C had no e f f e c t  w ha tsoever on th e  su b s ta n ce , b u t ,  

a f t e r  s e v e ra l a tte m p ts , i t  was found  th a t  c h lo r in a t io n  f i n a l l y  

o c c u rre d  a t  1 8 0 - 2 0 0 °C , and a s m a ll q u a n t i t y  o f  a c h lo r in a te d  

p ro d u c t was is o la te d  from  th e  expe rim e n t in  a pare c o n d i t io n .
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The re s t  o f  th e  r e a c t io n  p ro d u c t was an u n c ry s ta l 11 s a b le , 

gummy m ass.

T h is  c h lo r in a te d  p ro d u c t c o u ld  be c r y s t a l l i s e d  fro m  

benzene f o r  a n a ly s is ,  and th e  f ig u r e s  o b ta in e d  in d ic a te d  an 

a p p ro x im a te  e m p ir ic a l fo rm u la  CgHgHgOl^. As th e  substance  

was s o lu b le  i n  benzene, in s o lu b le  i n  w a te r ,  and u n a ffe c te d  b y  

c o ld ,  d i lu t e  aqueous ammonia, i t  was p ro b a b ly  n o t a h y d ro 

c h lo r id e ,  b u t a te t r a c h lo r o - 1 ,5 - n a p h th y r id in e  w i th  fo u r  h y d ro 

gen atoms re p la c e d  by c h lo r in e .  The gummy re m a in d e r o f  th e  

r e a c t io n  p ro d u c t,  w h ich  was fo u n d  to  c o n ta in  c h lo r in e ,  was 

p ro b a b ly  a m ix tu re  o f  1 , 5 -n a p h tb y r id in e s  c h lo r in a te d  i n  

v a r io u s  p o s i t io n s  and to  v a r io u s  e x te n ts .

B e fo re  th e  n a tu re  o f  th e  substance was a p p re c ia te d , an 

a tte m p t was made to  condense i t  w i t h  5-d ie th y la m in o -  <*-m e th y l- 

b u ty la m in e , b u t  a b a s ic  o i l  was o b ta in e d  w h ich  o o u ld  n e i th e r  

be c r y s t a l l i s e d  n o r p u r i f i e d  th ro u g h  e i t h e r  i t s  p ic r a te  o r

h y d ro c h lo r id e ,  as th e se  were b o th  o i l s  a t  room te m p e ra tu re .
40 )

M u e lle r  and H a m ilto n  re c o rd  th e  c o n d e n s a tio n  o f  

o x a lo a c e t ic  e s te r  w i th  A -n a p h th y la m in e  to  g iv e  d ie t h y l - 2- 

n a p h th y lim in o s u c c in a te  (2 X V II I )  w h ich  th e y  s u b s e q u e n tly  

c y c l is e d ,  by h e a t in g  in  m in e ra l o i l ,  to  1 - h y d ro x y -3 - c a rb e th -  

o xy -4 -a za p h e n a n th re n e  (X £ I2 ) . T h is  was. r e a d i ly  h y d ro ly s e d  

b y  d i l u t e  a l k a l i  to  th e  f re e  c a r b o x y l ic  a c id  ( X X X ) , w h ic h , 

on fu s io n ,  was d e c a rb o x y la te d  to  1 -h y d ro x y -4 - azaphenanthrene 

( X U  I ) .
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I t  was proposed to  e x te n d  t h i s  s y n th e s is  by  con d en s in g  

2 - ami n o p y r id in e  w ith  o x a lo a c e t ic  e s te r  to  g iv e  d ie t h y l - 2 -  

p y r id y l im in o s a o c in a te  (X X X I I ) , b y  c y c l is in g  t h i s  to  4 - 

h y d ro x y - 2 -c a rb e th o x y - l,8 -n a p h th y r id in e ,  and b y  a s im i la r  

h y d r o ly s is  and d e c a rb o x y la t io n  to  o b ta in  4 -h y d ro x y ~ l,8 -n a p h -  

t h y r id in e  (Z 2 2 2 II)  • I h i s  w ou ld  th e n  be c h lo r in a te d  

and condensed w i th  a s u i ta b le  base as p roposed i n  th e  p re v io u s  

case o f  8 - h y d r o x y - l# 5 -n a p h th y r id in e .

COOOtHs ^ ° ® tH sCHx
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f o l lo w in g  th e  methods used b y  M u e lle r  and H a m ilto n ,

w ith  s l i g h t  m o d if ic a t io n s ,  2-a m in o p y r id in e  was he a te d  on th e

w a te r  h a th  w i th  a m o le c u la r  q u a n t i t y  o f  o x a lo a c e t ic  e s te r ,

p re p a re d  p r e v io u s ly  b y  a c o n d e n s a tio n  o f  e th y l  a o e ta te  and
4l)

o x a l ic  e s te r  i n  p resence o f  m e ta l l ic  sodium  . She p ro d u c t,  

is o la t e d  b y  i t s  i n s o lu b i l i t y  i n  benzene, was o b ta in e d  as a 

homogeneous, c r y s t a l l i n e ,  h ig h  m e lt in g  s o l id ,  w h ich  was fo u n d  

to  g iv e ,  i n  e th a n o l s o lu t io n ,  th e  p ic  ra te  o f  2 - a m in o p y r id in e .

On h e a t in g  a t a few degrees above i t s  m e lt in g  p o in t ,  a 

q u a n t i t y  o f  2 - a m in o p y r id in e  d i s t i l l e d  from  i t  w i th  much 

e ffe rv e s c e n c e , le a v in g  b e h in d  a t a r .  H e a tin g  be lo w  100°C in  

a h ig h  vacuum, i t  aga in  gave a d i s t i l l a t e  o f  2 -a m in o p y r id in e , 

and l e f t  a c r y s t a l l i n e  re s id u e , w h ic h , a f t e r  p u r i f i c a t i o n  by  

c r y s t a l l i s a t i o n  fro m  e th a n o l,  p roved  to  be d i f f e r e n t  fro m  th e  

s t a r t in g  m a te r ia l ,  and gave a p ic  r a te  d i f f e r e n t  fro m  t h a t  o f  

2 -a m in o p y r i d in e .

The an a lyses  o f  b o th  th e  o r ig in a l  c o n d e n s a tio n  p ro d u c t 

and th e  substance  o b ta in e d  b y  h e a t in g  i t  d id  n o t c o rre s p o n d  

to  th e  compounds whose s y n th e s is  had been d e s ire d .  The 

h ig h  n it r o g e n  c o n te n t o f  th e  c o n d e n s a tio n  p ro d u c t im p l ie d  th e  

e x is te n c e  i n  i t s  m o le cu le  o f  a t le a s t  th re e  re s id u e s  o f  

2-a m in o p y r id in e  to  one o f  o x a lo a c e t ic  e s te r ,  and a t  le a s t  one 

o f  these  re s id u e s  w o u ld  have to  be lo o s e ly  a s s o c ia te d  w i t h  

th e  m o le cu le  to  accoun t f o r  th e  e v o lu t io n  o f  2 -a m in o p y r id in e  

on h e a t in g .
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A lth o u g h  a la r g e  number o f  p o s s ib le  s t r u c tu re s  w ere 

c o n s id e re d , o n ly  one approached th e  a n a ly s is  f ig u r e s  f o r  th e  

su b s ta n c e . T h is  was o x a lo a c e t ic  d i - ( 2 - p y r id y l) - a m id e  

( X X X IV ), a s s o c ia te d  by  v i r t u e  o f  i t s  a c id ic  m e thy len e  group 

m arked in  th e  d iag ram  be lo w , w i th  one m o le cu le  o f  2 -am ino - 

p y r id in e ,  and c r y s t a l l i s i n g  w i th  one m o le c u le  o f  w a te r ,  

o r ig in a t in g  p ro b a b ly  from  th e  h y g ro s c o p ic  2 - a m in o p y r id in e  

used i n  th e  r e a c t io n .

The p a r t i a l  h y d r o ly s is  o f  th e  substance  b y  i t s  m o le cu le  o f  

w a te r  o f  c r y s t a l l i s a t i o n  on h e a t in g ,  to g e th e r  w i th  th e  d is 

s o c ia t io n  o f  th e  a tta c h e d  2 -a m in o p y r id in e , w o u ld  accoun t f o r  

i t s  b e h a v io u r .

tfhen th e  co n d e n sa tio n  p ro d u c t had been he a te d  and th e  

2 - a m in o p y r id in e  d r iv e n  o f f ,  th e  substance  re m a in in g  b e h in d  

as a re s id u e  was a t f i r s t  th o u g h t to  be 2 - fo rm a m id o p y r id in e  

(22XV) fo rm ed b y  h y d r o ly s is  o f  th e  co n d e n s a tio n  p ro d u c t# , as 

in d ic a te d  by  th e  d o tte d  l i n e  i n  th e  d ia g ra m , by th e  w a te r  o f  

c r y s t a l l i s a t i o n .  However, a lth o u g h  th e  amount o f  n i t r o g e n

The a n a ly s is  f ig u r e s  a re  as f o l lo w s : -

Sound-. 0 , 55.9?!; H , 5 . Of!; H, 21 .7?!. cx9Hx 8 °3 H6 ,H2 °  

re q u ir s s  C, 5 7 .5 ^ ; H , 5.1?!; H, 21.2?!.
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i n  2 - fo rm a m id o p y r id in e  approaches th e  a n a ly s is  f ig u r e  o f  th e  

compound, i t  i s  exc lu ded  as a p o s s i b i l i t y  because i t  m e lts  

a t  71°C whereas th e  m e lt in g  p o in t  o f  th e  compound i s  

160-162°G .

I t  i s  now th o u g h t t h a t ,  a f t e r  some o f  th e  o r ig in a l  con

d e n s a t io n  p ro d u c t ( XXXIV) had h y d ro ly s e d , and a f t e r  th e  w a te r  

o f  c r y s t a l l i s a t i o n  had been removed th u s  and b y  th e  h ig h  

vacuum, th e  substance  re m a in in g  may have condensed w i t h  p a r t  

o f  th e  2 -a m in o p y r id in e  n o t y e t  removed by d i s t i l l a t i o n  to  g iv e  

th e  a n i l  o f  th e  d ia m id e  (XXXVI) . I t  i s  p o s s ib le  t h a t  t h i s  

compound c o u ld  be fo rm ed o n ly  a t  t h i s  s ta g e  because o f  th e  

presence  o f  w a te r  p r e v io u s ly ,  as a n i ls  are as a r u le  v e ry  

e a s i ly  h y d ro ly s e d . The n i t r o g e n  c o n te n t o f  (XXXVI) c lo s e ly  

approaches t h a t  o f  th e  substance o b ta in e d  b y  h e a t in g  th e  

c o n d e n s a tio n  p ro d u c t (X X X IV ).

OlNH100 'CHj' C • Co • NH
•XXxVT

The a n a ly s is  f ig u r e s  a re  as fo l lo w s s -  

JPound: I ,  2 3 .5 $ . Gi9 % 6 ^ 2 %  r0(l i;Lir<3S ^ ♦ 2 3 .3 $ .

A lth o u g h  th e  above s t r u c tu r e s  f o r  th e s e  sub s tan ces  a re  

th e  r e s u l t s  la r g e ly  o f  c o n je c tu re ,  no d e f in i t e  fo r m u la t io n  

b e in g  p o s s ib le  w ith o u t  s u f f i c ie n t  d a ta , i t  n e v e r th e le s s  

became a p p a re n t th a t  th e  above s y n th e s is  i n  i t s  p re s e n t fo rm  

c o u ld  n o t be a p p lie d  s u c c e s s fu l ly  to  th e  p re p a ra t io n  o f  

d e r iv a t iv e s  o f  1 ,8 - n a p h th y r id in e , and f u r t h e r  in v e s t ig a t io n  

was th e re fo re  abandoned.
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(A ) P re p a ra t io n ,  a tte m p te d  c y o l is a t io n ,  and s t r u c tu r e  o f  a l l y l - 2 -

amino p y r id in e .

( i )  A l l y l - 2-a m in o p y r id in e *

2-A m in o p y r id in e  (100 g . )  was d is s o lv e d  in  d r y  to lu e n e  

(200 c o s . ) ,  and f i n e l y  c ra shed  sodamide (4 1 .5  g . )  was o a r e f a l l y  

added to  th e  s o lu t io n .  A v ig o ro u s  r e a c t io n  ensued, and much 

ammonia was e v o lv e d , w h i le  th e  s o lu t io n  became p u rp le  i n  c o lo u r  

and th ic k e n e d  to  a p a s te , owing to  th e  s e p a ra t io n  o f th e  sodium  

s a l t  o f  2 - a m in o p y r id in e . When th e  r e a c t io n  had s u b s id e d , th e  

w ho le  was h e a te d  on th e  v /a te r b a th  f o r  two h o u rs .

A f t e r  c o o l in g ,  d ry  r e d i s t i l l e d  a l l y l  b rom ide  (130 g . )  

was added d ro p -w is e  to  th e  p u rp le  p a s te  w ith  c o n s ta n t c o o l in g  

and s h a k in g ; much h e a t was e v o lv e d , and fro m  th e  now b row n 

m ix tu re  a la r g e  q u a n t i t y  o f  s o l id  (sod ium  b rom ide ) s e p a ra te d .

The m ix tu re  was th e n  h ea ted  on th e  w a te r b a th  f o r  tw o h o u rs , 

c o o le d , and k e p t o v e rn ig h t .

The s o l id  was th e n  s e p a ra te d  from  th e  b row n  s o lu t io n  by  

f i l t r a t i o n ,  washed w i th  to lu e n e , and d is c a rd e d , and th e  f i l t r a t e  

f r a c t i o n a l l y  d i s t i l l e d  under reduced  p re s s u re . The y e l lo w ,  o i l y  

l i q u i d  t h a t  d i s t i l l e d  betw een 108-130°C  under 12 mm. p re s s u re  

was c o l le c te d  and fo u n d  to  w e ig h  1 3 0 .5  g .

The c ru d e  l i q u i d  f r a c t io n  was d is s o lv e d  i n  h o t  e th a n o l 

(150 c c s . )  and a s o lu t io n  o f  p i c r i c  a c id  (250 g . )  i n  h o t
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e th a n o l (600  c o s .)  was added to  i t .  The s o lu t io n ,  w h ic h  had 

in s t a n t l y  become a t h i c k ,  y e l lo w  p a s te  ow ing to  s e p a ra t io n  o f  th e  

p ic r a te  o f  th e  p ro d u c t,  was h e a te d  on th e  w a te r  b a th  f o r  15 

m in u te s , a llo w e d  to  c o o l,  and k e p t o v e rn ig h t .  The c ru d e  cake 

o f  p ic r a te  w h ich  was th u s  o b ta in e d  was c ru s h e d , f i l t e r e d ,  washed 

w i t h  a l i t t l e  e th a n o l,  and r e c r y s t a l l i s e d  once fro m  r e c t i f i e d  

s p i r i t s  (1 0 ,0 0 0  c c s . )  as lo n g  y e llo w  n e ed le s  o f  th e  p ic r a te  o f  

a l l y l -  2 - a m in o p y ri d in e .

A s m a ll q u a n t i t y  o f t h i s  p ic r a te  was c r y s t a l l i s e d  w e v& ra l 

t im e s  from  e th a n o l as lo n g ,  s i l k y  y e llo w  n e e d le s , m .p t .  146 -148°C .

]?ound: 0 , 4 6 .3 $ ; H, 3 *6 /-; 3J, 1 9 .3 ^ .  ^8 ^1 0 ^2 *^6 “̂ 3^3^7

re q u ire s  C, 4 6 .3 $ ; H, 3 .6 $ ; N , 1 9 .3 $ .

The m a in  b u lk  o f th e  p ic r a te  was decomposed b y  h e a t in g  

w i t h  d i l u t e  aqueous ammonia (5 ,0 0 0  c c s . ) .  The f r e e  b a se , a lth o u g  

somewhat s o lu b le  in  w a te r ,  se p a ra te d  as a y e llo w  o i l  as  th e  

p ic r a te  decomposed; i t  was e x tra c te d  fro m  th e  aqueous l iq u o r s  by  

s h a k in g  w i th  s u c c e s s iv e  p o r t io n s  o f  a la r g e  volum e o f  e th e r  

(3 ,0 0 0  c c s . ) .  The e th e re a l e x t r a c ts  w e re  com bined and washed 

w i th  s e v e ra l s u c c e s s iv e  p o r t io n s  o f v e ry  d i lu t e  aqueous ammonia 

(1 ,5 0 0  c c s . )  u n t i l  these  rem ained c o lo u r le s s ;  a f t e r  d r y in g  o v e r 

anhydrous sodium s u lp h a te  th e  e th e r  was removed by e v a p o ra t io n , 

anri th e  brow n o i l  re m a in in g  d i s t i l l e d  a t  th e  c o n s ta n t te m p e ra tu re  

o f  114°G under 12 mm. p re s s u re . The pu re  a l l y l - 2 - a m in o p y r id in e  

th u s  o b ta in e d  as a c le a r ,  c o lo u r le s s  o i l  w e ighed  68 g .  The



31

sub s tan ce  o b ta in e d  b y  p re v io u s  w o rk e rs  b o i le d  a t  124-129°C  under 

18 mm. p re s s u re , w h ich  i s  i n  a p p ro x im a te  agreement w i th  th e  above 

f in d in g s  •

A s m a ll p o r t io n  o f  th e  pu re  p ro d u c t was s u b je c te d  to

a n a ly s is

Found: C, 7 1 .4 $ ; E , 7 .4 $ ; E, 2 0 .7 # . C8H1 # 2  re q u ire s

0 ,  7 1 .6 $ ; E , 7 .5 $ ; E, 2 0 .9 $ .

P ia l ly l - 2 - a m in o p y r id in e  was o b ta in e d  as a b y e p ro d u c t i n  

th e  above p re p a ra t io n .  The e th a n o l l iq u o r s  fro m  b o th  th e  p re 

p a r a t io n  and r e c r y s t a l l i s a t i o n  o f  th e  p ic r a te  o f  a l ly l - 2 - a m in o 

p y r id in e  w ere  c o n c e n tra te d  and a llo w e d  t o  c o o l,  when a mass o f 

y e l lo w  p la te s  c r y s t a l l i s e d  o u t .  f u r t h e r  c ro p s  o f  th e se  w ere 

o b ta in e d  b y  s u c c e s s iv e  c o n c e n tra t io n s  and c o o lin g s  o f  th e  e th a n o l 

l i q u o r s .  The com bined c ro p s  w ere  th e n  c r y s t a l l i s e d  once fro m  

r e c t i f i e d  s p i r i t s  as clum ps o f  y e llo w  p la te s ,  m .p t .  95-970C .

T h is  p ic r a te  was th e n  g round  up and decomposed in  th e  

c o ld  b y  a la rg e  volum e o f  d i lu t e  aqueous ammonia; th e  l ib e r a t e d  

base was e x tra c te d  w ith  e th e r ,  th e  e x t r a c ts  washed w i th  v e ry  

d i l u t e  ammonia s o lu t io n ,  d r ie d  ove r anhydrous sod ium  s u lp h a te ,  

and th e  e th e r  removed by e v a p o ra t io n .  The y e llo w  o i l  l e f t  was 

d i s t i l l e d  a t  th e  c o n s ta n t te m p e ra tu re  o f  117°G under a p re s s u re  

o f  10 mm., and a f t e r  d i s t i l l a t i o n  w e igh ed  1 8 .3  g .

A s m a ll q u a n t it y  o f  th e  su b s ta n ce  was r e d i s t i l l e d  a t  

113°C under a p re s s u re  o f  8 mm. and s u b je c te d  to  a n a ly s is : -
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Found: B, 16 .4 ^ .  C ^ H ^ X  re q u ire s  B, 1 6 .1  }£.11 14 2
The p ic r a te  o f  th e  substance was p re p a re d  b y  d is s o lv in g  

a s m a ll q u a n t i t y  o f  i t  (0 .3 5  g . )  i n  h o t e th a n o l (15  c c s . )  and 

a d d in g  to  i t  a m o le c u la r  q u a n t i t y  o f  p ic r i c  a c id  (0 *46  g . ) ;  

th e  w ho le  was b o i le d  f o r  a few  m in u te s  and a llo w e d  to  c o o l ,  

when a mass o f  l i g h t  y e l lo w  p la te s  c z y s t a l l i s e d  o u t (0 .6 4  g . ) .  

These were c o l le c te d  and c r y s t a l l i s e d  re p e a te d ly  fro m  e th a n o l 

as b ro a d , le m o n -y e llo w  la m in a e , m .p t .  95 -97 °C .

B o te : -  I n  a p r e l im in a r y  p re p a ra t io n  o f  a l ly l - 2 - a m in o p y r id in e  
on a much s m a lle r  s c a le ,  th e  c ru de  o i l  o b ta in e d  b y ' d i s t i l l a t i o n  
o f  th e  f i l t e r e d  r e a c t io n  l iq u o r s  was c o n v e rte d  to  i t s  p ic r a te ,  
m a in ly  th a t  o f  a l l y l - 2 - a m in o p y r id in e , as d e s c r ib e d  p r e v io u s ly .  
The e th a n o l l iq u o r s  o f  t h i s  p re p a ra t io n ,  on c o n c e n t ra t io n  and 
c o o l in g ,  d e p o s ite d  a c r y s t a l l i n e  sub s tan ce  w h ich  was c o l le c t e d  
and c r y s t a l l i s e d  re p e a te d ly  fro m  e th a n o l as s to u t  orange ro d s , 
m .p t .  118-1£0°C .

Found: a , 5 0 .9 $ ; H ,„4 .3 $ ;  I ,  1 7 .2 $ . C ,.H , ,H p ,0 fiH „ jr ,0 7
re q u ire s  C, 50.6$!; H, 4 .2 $ ; H, 1 7 .4 $ .

T h is  substance  appeared to  be d i f f e r e n t  fro m  th e  p ic r a te  
o f  a i a l ly l - 2 - a m in o p y r id in e  de sc r i b  ed above, a s , on a d m ix tu re , 
i t  depressed i t s  m e lt in g  p o in t  to  83°G .

( i i )  A ttem p te d  c y c l i s a t io n  o f  A l l y l - 2 - a m in o p y r id in e  .

( a) U s in g  s u lp h u r ic  a c id .

( i )  W ith  c o o l in g .

T o , a l ly l - 2 - a m in o p y r id in e  (5  g . )  c o o le d  i n  m e lt in g  ic e  

was s lo w ly  added, w i th  s t i r r i n g ,  c o n c e n tra te d  s u lp h u r ic  a c id  

(10  g . )  d u r in g  th e  space o f  15 m in u te s . The m ix tu re  became

Found: 0 , 5 1 .1 $ ; H, 4 .2 $ ; H, 17 .2$

re q u ire s  0 , 5 0 .6 $ ; H, 4 .2 $ ; B, 1 7 .4 $ .



orange y e llo w , and a f t e r  a f u r t h e r  15 m in u te s  was removed from  

th e  ic e ;  s t i r r i n g  was c o n tin u e d , how ever, f o r  y e t  a f u r t h e r  

15 m in u te s , and the  w ho le  was removed to  th e  ic e -b o x  and k e p t 

th e re  f o r  45 h o u rs .

The c le a r  orange m ix tu re  was th e n  poured  in t o  c o ld  w a te r  

(£50 c c s . ) ,  and made a lk a l in e  w i th  aqueous ammonia* The 

aqueous s o lu t io n  was e x t ra c te d  w i th  e th e r ,  th e  e x t r a c ts  washed 

w i th  w a te r ,  d r ie d  w ith  anhydrous sodium  s u lp h a te ,  and th e  e th e r  

removed by e v a p o ra t io n , le a v in g  b e h in d  a y e llo w  o i l .

A p o r t io n  o f  t h i s  o i l  (0 .5  g . )  was b o i le d  up w i th  p i c r i c  

a c id  ( l  g . )  i n  a s m a ll volum e o f  e th a n o l;  on c o o l in g ,  y e l lo w  

s i l k y  ne ed le s  c r y s t a l l i s e d  o u t (1 .5  g . )  , m .p t .  151-152°C , 

w h ic h , on a d m ix tu re , d id  n o t depress th e  m e lt in g  p o in t  o f  an 

a u th e n t ic  sample o f  th e  pu re  p ic r a te  o f  a l l y l - £ - a m in o p y r id in e , 

w i th  w h ic h  i t  was th u s  i d e n t i c a l .

The q u a n t i t y  o f  th e  p ic r a te  (1 .5  g . )  o b ta in e d  fro m  th e  

p o r t io n  o f  o i l  (0 .5  g . )  in d ic a te d  th a t  the  o i l  c o n s is te d  a lm o s t 

e n t i r e l y  o f  unchanged a l l y l - 2 - a zn in o p y rid in e  .

( i i )  W ith o u t c o o l in g .

The p re v io u s  expe rim e n t ( i )  was re p e a te d  on a l l y l - 2 -  

a m in o p y r id in e  (1 .2 5  g .)  u s in g  c o n c e n tra te d  s u lp h u r ic  a c id  

(2 .5  g . ) ,  b u t w ith o u t  c o o l in g  in  m e lt in g  ic e ;  th e  m ix tu re  was 

in s te a d  a llo w e d  to  h e a t up to  100°G , when i t  had become q u ite  

d a rk  i n  c o lo u r .  On c o o l in g ,  i t  was s u b je c te d  to  th e  same



p ro ce ss  o f  w o rk in g  up b y  p o u r in g  in to  c o ld  w a te r ,  re n d e r in g  

a lk a l in e  w i th  aqueous ammonia, and e x t r a c t in g  w i th  e th e r ;  th e  

p ro d u c t was, as i n  ( i ) ,  e n t i r e l y  unchanged a l l y l - 2 - a m in o p y r id 

in e  w h ich  was i d e n t i f i e d  i n  c h a ra c te r  and q u a n t i t y  as i t s  

p ic r a t e ,  as b e fo r e .

( i i i )  W ith  h e a t in g  on th e  w a te r b a th .

The p re v io u s  e xp e rim e n t ( i i )  was re p e a te d , e xce p t t h a t

th e  r e a c t io n  m ix tu re  was no t a llo w e d  to  c o o l ,  b u t was th e n

h e a te d  f o r  4 h o u rs  on th e  w a te r  b a th ,  when i t  became d a rk  and 

a l i t t l e  s u lp h u r  d io x id e  was e v o lv e d . The w ho le  was th e n  

po u re d  in t o  w a te r  (250 c c s . ) ,  and th e  t r a c e  o f  brow n p r e c ip i 

t a t e  was f i l t e r e d  o f f  and d is c a rd e d ; th e  f i l t r a t e  was th e n  

made a lk a l in e  w ith  aqueous ammonia and a f u r t h e r  v e ry  s m a ll 

t r a c e  o f  a brown p r e c ip i t a t e  f i l t e r e d  o f f  and a ls o  d is c a rd e d .

The f i l t r a t e  was e x t ra c te d  re p e a te d ly  w i th  e th e r ,  th e  

e x t r a c ts  d r ie d  ove r anhydrous sodium  s u lp h a te , and th e  e th e r  

removed b y  e v a p o ra tio n , le a v in g  a sm a ll q u a n t i t y  o f  a c le a r ,  

b row n o i l .

The o i l  was d is s o lv e d  in  a s m a ll volum e o f  h o t e th a n o l,

and to  th e  s o lu t io n  was added excess p i c r i c  a c id ,  a ls o  d is 

s o lv e d  i n  a l i t t l e  h o t  e th a n o l.  The c o p io u s  y e llo w  c r y s t a l l i n e  

p r e c ip i t a t e  thrown- down a f t e r  b o i l i n g  f o r  a few  m in u te s  was 

c o l le c te d  and fo u n d  to  m e lt  a t  211-213°C . On a d m ix tu re  w i th  

an a u th e n t ic  sample o f  th e  p ic r a te  o f  2 - a m in o p y r id in e  (m .p t .  

215 -218°0 ) p re pa red  in  e th a n o l as b e fo re  fro m  p u re
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2 - a m in o p y r id in e , t h i s  m e lt in g  p o in t  was n o t d e p re sse d .

The two substances were th e re fo r e  id e n t i c a l ,  and th e  

r e a c t io n  p ro d u c t was th u s  i d e n t i f i e d  as 2 - a m in o p y r id in e .

( i v )  U s in g  g la c ia l  a c e t ic  a c id  w i th  s u lp h u r ic  a c id .

A l l y l - 2 - a m in o p y r id in e  (1 .5  g . )  was d is s o lv e d  i n  a m ix 

tu r e  o f  g la c ia l  a c e t ic  a c id  (25 c c s . )  and c o n c e n tra te d  s u l 

p h u r ic  a c id  (3  g . )  and th e  w ho le  h e a te d  on th e  w a te r  b a th  f o r  

5 h o u rs ; on c o o l in g ,  th e  s o lu t io n  was poured in to  excess 

d i l u t e  aqueous c a u s t ic  soda, and th e  s o lu t io n  re p e a te d ly  ex

t r a c te d  w i th  e th e r .  The e x t r a c ts  were washed w ith  d i l u t e  

c a u s t ic  soda s o lu t io n ,  th e n  w a te r ,  d r ie d  ove r anhydrous sodium  

s u lp h a te ,  and th e  e th e r  removed b y  e v a p o ra t io n .

A y e llo w  o i l  (1 .2 5  g . )  rem ained w h ic h  was d is s o lv e d  in  

h o t e th a n o l (50  c c s . )  and added to  a s o lu t io n  o f  p i c r i c  a c id  

(2 .5  g . )  a ls o  d is s o lv e d  in  h o t e th a n o l (5 0  c c s . ) .  On b o i l 

in g  f o r  a s h o r t  tim e  and a llo w in g  to  c o o l,  y e l lo w , s i l k y  

n e e d le s  c r y s t a l l i s e d  ou t (2  g . ) ,  m .p t .  1 5 2 -1 5 3 °0 , w h ic h  d id  n o t 

de p re ss  th e  m e lt in g  p o in t  o f  an a u th e n t ic  sample o f  th e  pu re  

p ic r a te  o f  a l l y l - 2 -a m in o p y r id in e , w i th  w h ic h  i t  was th e r e fo r e  

i d e n t i c a l .

The p ro d u c t was th u s  m a in ly  unchanged a l l y l - 2 - am ino

p y r id in e  .

»
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(b ) U s in g  anhydrous a lu m in iu m  c h lo r id e .

( i )  W ith  d r y  n itro b e n z e n e  as s o lv e n t .

A l l y l - 2 - a m in o p y r id in e  (1  g . )  was added to  a c o ld  s o lu 

t i o n  o f  anhydrous a lu m in iu m  c h lo r id e  (2  g . )  i n  d r y ,  r e d i s t i l l e d  

n itro b e n z e n e  (15  c c s . )  . The m ix tu re  in s t a n t l y  became d a rk  te d  

and grev; s l i g h t l y  w arm er. A f t e r  ke e p in g  o v e rn ig h t a t  room 

te m p e ra tu re  i n  anhydrous c o n d it io n s ,  th e  s o lu t io n  was pou red  

in t o  a m ix tu re  o f  ic e ,  w i t h  a s l i g h t  excess o f h y d ro c h lo r ic  

a c id  added, and steam d i s t i l l e d  u n t i l  f r e e  fro m  n itro b e n z e n e . 

The r e s u l t in g  s o lu t io n  was th e n  made s t r o n g ly  a lk a l in e  w ith  

s tro n g  aqueous c a u s t ic  soda, in  o rd e r  to  re d is s o lv e  th e  p re 

c ip i t a t e d  a lu m in ium  h y d ro x id e ; a m in u te  d a rk  p r e c ip i t a t e  was 

f i l t e r e d  o f f  and d is c a rd e d .

The c le a r  a lk a l in e  f i l t r a t e  was e x tra c te d  re p e a te d ly  

w i th  e th e r ,  th e  com bined e x t r a c ts  washed w i th  w a te r ,  d r ie d  o ve r 

anhydrous sodium  s u lp h a te , and th e  e th e r  removed by  e v a p o ra t io n , 

le a v in g  a sm a ll q u a n t i t y  o f  brown o i l  (0 .7  g . )  w h ich  was 

i d e n t i f i e d ,  b y  means o f  i t s  p ic r a te ,  as b e fo re ,  as b e in g  m a in ly  

unchanged a l l y l - 2 - a m in o p y r id in e .

( i i )  W ith  d ry  ca rb o n  d is u lp h id e  as s o lv e n t .

A l l y l - 2 -a m in o p y r id in e  ( l  g . )  was d is s o lv e d  i n  d r y  c a rb o n  

d is u lp h id e  (25 c c s . )  and r e f lu x e d  f o r  h o u rs  w i th  powdered 

anhydrous a lum in ium  c h lo r id e  ( Z  g * )  • A f t e r  a few  m in u te s , a 

b row n o i l  p r e c ip i ta te d  and rem ained u n d is s o lv e d , s lo w ly  

d a rk e n in g  as th e  h e a t in g  c o n t in u e d .
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The w ho le  was th e n  poured  in to  c o ld  d i lu t e  aqueous 

h y d ro c h lo r ic  a c id  (300  c o s .)  and th e  ca rb o n  d is u lp h id e  was r e 

moved b y  a s h o r t  d i s t i l l a t i o n ;  th e  s o lu t io n  was th e n  c l a r i f i e d  

w ith  c h a rc o a l,  f i l t e r e d ,  c o o le d , and made s t r o n g ly  a lk a l in e  

w i th  s tro n g  aqueous c a u s t ic  soda to  re d is s o lv e  the  a lu m in iu m  

h y d ro x id e .  A v e ry  s m a ll t ra c e  o f  a d a rk  p r e c ip i t a t e  was f i l 

te re d  o f f  and d is c a rd e d .

The f i l t r a t e  was re p e a te d ly  e x tra c te d  w i t h  e th e r ,  th e  

e x t r a c ts  washed w ith  w a te r ,  d r ie d  o v e r anhydrous sodium  s u l 

p h a te , and e va p o ra te d  to  a b row n o i l  (0 .6  g . ) ,  m ixed w i th  an 

e x c e s s iv e ly  s m a ll t r a c e  o f  a waxy s o l id ,  p ro b a b ly  a  p o ly m e r, 

t h a t  was in s o lu b le  i n  a lc o h o l .  The o i l  was d i lu t e d  w i th  

e th a n o l,  f i l t e r e d  fro m  th e  t r a c e  o f  wax, and c o n v e rte d  to  i t s  

p ic r a te ,  as b e fo re .  By t h is  means th e  o i l  was i d e n t i f i e d  as 

i n  p re v io u s  in s ta n c e s  as b e in g  a lm ost e n t i r e l y  unchanged 

a l l y l - 2 - a m in o p y r id in e .

( i i i )  A ttem p te d  a c e ty la t io n  o f  a l l y l - 2 - a m in o p y r id in e

(a ) U s in g  a c e t ic  a n h y d r id e .

A l l y l - 2 - a m in o p y r id in e  (1  g . j  was b o i le d  under r e f l u x  f o r  

one h o u r w ith  a c e t ic  a n h yd rid e  (3 -6  g . )  and th e  d a rk  s o lu t io n  

on c o o lin g  was poured in to  a s l i g h t  excess o f  ic e - c o ld  d i lu t e  

c a u s t ic  soda s o lu t io n  (400 c c s . ) * Ho p r e c ip i t a t e  was o b se rve d .

The c le a r ,  a lk a l in e  s o lu t io n  was r a p id ly  e x t ra c te d  

s e v e ra l t im e s  w ith  e th e r ,  th e  com bined e x t r a c ts  washed w i th  

w a te r ,  d r ie d  o ve r anhydrous sodium  s u lp h a te ,  and e va p o ra te d  to
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a s m a ll q u a n t i t y  o f  a l i g h t  y e l lo w  o i l .  By c o n v e rs io n  to  i t s  

p ic r a te  i n  e th a n o l,  th e  o i l  was i d e n t i f i e d ,  as i n  p re v io u s  

in s ta n c e s ,  as b e in g  a lm o s t e n t i r e l y  unchanged a l l y l - 2 - am ino

p y r i  d in e  .

(b )  U s in g  a c e ty l  c h lo r id e .

A l ly l - 2 - a m in o p y r id in e  (0 .5  g . )  was b o i le d  under r e f l u x  

on th e  w a te r  b a th  f o r  3 i  h o u rs  w i th  pu re  a c e ty l  c h lo r id e  (5  g . )  

excess a c e ty l  c h lo r id e  was th e n  removed by a s h o r t  d i s t i l l a t i o n  

The s m a ll q u a n t i t y  o f  brown o i l  re m a in in g  was c o n v e rte d  

to  i t s  p ic r a te  i n  e th a n o l and th u s  i d e n t i f i e d ,  as i n  p re v io u s  

in s ta n c e s ,  as b e in g  a lm ost e n t i r e ly  unchanged a l l y l - 2 - am ino

p y r id in e  .

( i v )  O x id a t io n  o f  a l l y l - 2 - a m in o p y ri d in e  w i t h  a lk a l in e  

po tass iu m  pe rm angana te .

( a) D e te c t io n  o f  2 -a m in o p y r id in e .

To a m e c h a n io a lly  s t i r r e d  and ic e -c o o le d  su sp e n s io n  o f  

a l l y l - 2 - a m in o p y r id in e  (2 g . j  i n  w a te r  (150 c c s . )  was added 

d ro p w is e , in  th e  space o f  45 m in u te s , a s o lu t io n  o f  p o ta s s iu m  

perm anganate (8 g . )  i n  c o ld  w a te r (150 c c s . ) .

The b a s ic i t y  o f  th e  a l l y l - 2 - a m in o p y r id in e  p ro v id e d  

s u f f i c i e n t l y  a lk a l in e  c o n d it io n s  to  s t a r t  th e  r e a c t io n ,  w h ic h  

proceeded s m o o th ly  to  i t s  c o n c lu s io n  w i th  fo rm a t io n  o f  

g e la t in o u s  masses o f  manganese d io x id e *

A f t e r  ke e p in g  o v e rn ig h t ,  th e  p r e c ip i t a te d  manganese 

d io x id e  was f i l t e r e d  o f f  and th e  f i l t r a t e  made ; ju s t a c id  to
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l i t m u s .  The w a te r  was th e n  removed fro m  th e  f i l t r a t e  by- 

e v a p o ra t io n  i n  vacuo on a luke -w arm  w a te r  b a th , le a v in g  b e h in d  

a y e llo w ,  s t ic k y  s o l id .

T h is  re s id u e  was b o i le d  up w i th  e th a n o l (250 o o s . ) ,  th e  

h o t  e x t r a c t  f i l t e r e d  and c o n c e n tra te d  to  about 75 o o s .,  and 

added to  a h o t s o lu t io n  o f  excess p io r io  a c id  i n  e th a n o l (7 5 o c s . 

A f t e r  b o i l i n g  f o r  a few  m in u te s , and a l lo w in g  to  c o o l,  a c o p io u s  

y e llo w  s o l id  d e p o s ite d , w h ic h  was o o l le o te d  and r e o r y s t a l l i s e d  

fro m  e th a n o l as a m a tte  o f  f in e  y e llo w  n e e d le s , m .p t .  21 8 -220°C . 

These on a d m ix tu re  d id  n o t depress th e  m e lt in g  p o in t  o f  an 

a u th e n t ic  sample o f th e  p io r a te  o f  2 - a m in o p y r id in e  (m .p t .  219- 

221°C) p re p a re d  i n  e th a n o l i n  th e  same w ay. The two sub s tan ce s  

were th u s  id e n t i c a l ,  and th e  p ro d u c t o f  th e  o x id a t io n  was th e r e 

fo r e  2 - a m in o p y r id in e .

( b ) D e te c t io n  o f  th e  a l ip h a t ic  a c id .

A s u ita b le  q u a n t it y  o f  a l ly l - 2 - a m in o p y r id in e  (10  g . )  was 

suspended i n  c o ld  v /a te r  (500 c c s . )  and to  i t  was added d ro p - 

w is e , w i th  m e cha n ica l s t i r r i n g  and c o o l in g  i n  ic e - w a te r ,  a c o ld  

s o lu t io n  o f  po tass ium  perm anganate (3 1 .6  g . )  i n  w a te r  (750  c c s . )  

e x a c t ly  s u f f i c ie n t  f o r  the  com p le te  o x id a t io n  o f  th e  a l l y l - 2 -  

a m in o p y r id in e  to  2 -a m in o p y r id in e . The r e a c t io n  p roceeded 

sm o o th ly  to  i t s  o o n c lu s io n  as b e fo re ,  and th e  p r e c ip i t a te d  

manganese d io x id e  was removed fro m  th e  s o lu t io n  by  f i l t r a t i o n .  

The f i l t r a t e  was th e n  ta k e n  c o m p le te ly  to  d iy n e s s  on th e  steam
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b a th  and a tte m p ts  made to  remove th e  b row n, o i l y  o rg a n io  

m a te r ia l  fro m  th e  gummy re s id u e  by b o i l i n g  i t  w i th  s u i ta b le  

i n e r t  non p o la r  o rg a n io  s o lv e n ts  such as benzene, to lu e n e ,

8c g » ;  th e s e , how ever, p roved  in e f f e c t u a l ,  and i t  was d e o id e d  

to  t r e a t  th e  subs tance  as i t  s to o d .

A c c o rd in g ly  i t  was a c id i f ie d  w ith  50$ s u lp h u r ic  a c id  

and steam d i s t i l l e d ,  th e  s l i g h t l y  a c id  aqueous d i s t i l l a t e  

n e u t r a l is e d  w ith  a l i t t l e  d i lu t e  sodium  c a rb o n a te  s o lu t io n ,  

eva p o ra te d  to  d ry n e s s , and th e  re s id u e  once more steam d is 

t i l l e d  w i th  s tro n g  s u lp h u r ic  a c id .

A tte m p ts  to  i s o la t e  an a l ip h a t ic  a c id  fro m  th e  d i s t i l l 

a te  as i t s  p -p h e n y lp h e n a o y l e s te r  i n  th e  u su a l manner f a i l e d  

e n t i r e l y ,  and, a lth o u g h  th e  e x p e rim e n t was re p e a te d  no le s s  

th a n  seven t im e s  w ith  w id e ly  v a ry in g  c o n d it io n s  and methods o f  

m a n ip u la t io n ,  no t ra c e  o f  an a l ip h a t io  a c id  c o u ld  be d is c o v e re d .

The p rob lem  i s  more f u l l y  d iscu sse d  i n  th e  p re v io u s  

s e c t io n .

(B ) P re p a ra t io n  o f  f f -h y d ro x y -1 ,5 -n a p h th y r id in e ,  and i t s  c h lo r in a t io n  

A s u ita b le  q u a n t i t y  o f  q u in o l in ic  a c id  was p re p a re d  b y  

th e  m ethod o f  S ucharda5^ ; 8 -h y d ro x y q u in o lin e  was o x id is e d ,  w i t h  

e x te rn a l o o o l in g ,  by  th e  d ro p w ise  a d d i t io n  o f  s u c c e s s iv e  lo t s  

o f  c o ld  n i t r i c  a c id  (d .  1 .5 ) ,  and th e  r e a c t io n  was c o m p le te d , 

betv/een a d d it io n s ,  by  o a u tio u s  h e a t in g  on th e  w a te r  b a th .  The 

r e a c t io n  m ix tu re  was th e n  e va po ra te d  to  s m a ll b u lk  on  th e  v /a te r
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b a th ,  when th e  c ru d e  p ro d u c t c r y s t a l l i s e d  o u t and was f i l t e r e d  

o f f ,  f u r t h e r  c ro p s  b e in g  o b ta in e d  by  su o o e ss ive  c o n c e n t ra t io n  

and c o o l in g  o f  th e  f i l t r a t e .  The com bined c ro p s , a f t e r  wash

in g  w i th  30$ aqueous n i t r i c  a c id ,  and th e n  w a te r ,  w ere re -  

c r y s t a l l i s e d  fro m  40$ aqueous a o e t ic  a c id  to  g iv e  a 70$ y ie ld  

o f  p u re  q u in o l in ic  a c id .

( i )  Q u in o l in im id e .

P ure , d r y ,  f i n e l y  g round  q u in o l in ic  a c id  (70  g . )  was 

he a te d  on th e  w a te r  b a th  w i th  p u re , f r e s h ly  d i s t i l l e d  a o e t io  

a n h yd rid e  (78 g . )  u n t i l  s o lu t io n  was a cco m p lish e d , c a re  b e in g  

ta k e n  to  e xc lu d e  m o is tu re .  The s o lu t io n  was th e n  e va p o ra te d  

to  d ryness  under reduced  p re s s u re  on th e  w a te r  b a th , and to  

th e  c o lo u r le s s ,  c r y s t a l l i n e  re s id u e  was added f r e s h ly  d is 

t i l l e d  a c e t ic  a n h yd rid e  (3 7 .3  g . )  fo l lo w e d  by  p u re  d ry  a c e t-  

amide (4 5 .6  g . ) ,  a ls o  f r e s h ly  d i s t i l l e d .

The m ix tu re  was th e n  b o i le d  g e n t ly  unde r r e f l u x  f o r  8 

h o u rs  on an o i l  b a th  a t 120-125°C , a g a in  u s in g  anhydrous c o n 

d i t io n s ,  and th e  c r y s t a l l i n e  mass th a t  r e s u lte d  on a l lo w in g  to  

c o o l o v e rn ig h t was c ru shed  up , f i l t e r e d  o f f ,  and washed w ith  

g la c ia l  a c e t ic  a c id .  iP u rth e r c ro p s  were o b ta in e d  by concen

t r a t i o n  i n  vacuo, and c o o lin g  o f th e  com bined f i l t r a t e  and 

w a sh in g s , and th e  oombined c ro p s  were c r y s t a l l i s e d  fro m  

g la c ia l  a c e t ic  a c id  (c h a rc o a l)  as c o lo u r le s s  c r y s ta ls  o f  

q u in o l in im id e , m .p t .  B 35°C . The y ie ld  o f  th e  pu re  p ro d u c t was 

4 7 .5  g .
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The e xp e rim e n t was s u c c e s s fu l ly  re p e a te d  u s in g  th e  same 

q u a n t i t ie s  and a s im i la r  y ie ld  was o b ta in e d  i n  th e  same s ta te  

o f  p u r i t y .
, x o 37)
( i i j  r -a m in o  p ic  o l i n io  a c id  and o < -a m in o n ic o tin ic  a c id

Q u in o lin im id e  was d is s o lv e d  i n  lOJt aqueous c a u s t io  soda 

and re a c te d  w i t h  an a lk a l in e  s o lu t io n  o f  sodium h y p o c h lo r i te ;  

th e  s o lu t io n  was th e n  h e a te d  f o r  some t im e  on th e  steam b a th ,  

c o o le d , and a c id i f ie d  w i th  50jt HcjSO^. The p r e c ip i t a te d  

< * -a m in o n ic o t in ic  a c id  was f i l t e r e d  o f f ,  washed w i th  w a te r ,  and 

r e c r y s t a l l i s e d  fro m  h o t w a te r  as faw n n e e d le s , m .p t .  308~309°C, 

w i th  d e c o m p o s it io n .

To th e  f i l t r a t e  was added excess o f  an aqueous s o lu t io n  

o f  copper a c e ta te , and the  p r e c ip i t a te d  co p pe r s a l t  was f i l 

te r e d  o f f ,  washed w i th  w a te r ,  and decomposed b y  p a s s in g  h y d ro 

gen s u lp h id e  th ro u g h  i t s  h o t aqueous su sp e n s io n ; a f t e r  rem ova l 

o f  th e  p r e c ip i t a te d  co p p e r s u lp h id e , th e  s o lu t io n  was eva po r

a te d  t o  s m a ll b u lk  on th e  w a te r  b a th ,  when, on c o o l in g ,  t h i c k  

b row n t a b le t s  o f  /^ -a m in o p ic o lin ic  a c id  c r y s t a l l i s e d  o u t,  

m .p t .  210°G w ith  d e c o m p o s it io n .

jprom 4 1 .5  g . o f  q u in o lin im id e  was o b ta in e d  20 g .  o f  pu re  

/^ -a m in o p ic o lin ic  a c id  and 8 g . o f  pu re  * - a m in o n ic o t in ic  a c id ,

( i i i )  y -H y d ro x y -1 , 5 - n a p h th y r id in e .

(a )  7 ,9 , 1 0 - t r ih y  d r  o x y b e n z o -1 ,5 -n a p h th y r id in e  2<?̂ .

^ - a m in o p ic o l in ic  a c id  (1 8 .2 5  g . )  was f i n e l y  ground w i t h  

p h lo r o g lu c in o l (2 0 .2 5  g . )  and h e a te d  on a m e ta l b a th  i n  an open



43

f l a s k .  The te m p e ra tu re  was g r a d u a l ly  r a is e d ,  d u r in g  th e  space 

o f  30 m in u te s , to  205°G a t w h ic h  te m p e ra tu re  i t  was m a in ta in e d , 

w i th  c o n s ta n t s t i r r i n g ,  f o r  a f u r t h e r  30 m in u te s . D u r in g  t h i s  

t im e  th e  fu s e d  m ix tu re  e v o lv e d  much steam , s lo w ly  d a rk e n in g  i n  

c o lo u r  and becom ing s te a d i ly  more v is c o u s  in  c o n s is te n c y .

On c o o l in g ,  th e  d a rk  g la s s  was f i n e l y  g round i n  a m o r ta r  

and d is s o lv e d  i n  h o t 1C$ aqueous c a u s t ic  soda (75  o c s . ) .  The 

s o lu t io n ,  on b e in g  a llo w e d  to  c o o l,  d e p o s ite d  th e  sod ium  s a l t  

o f  th e  p ro d u c t as a mass o f  g o ld e n  l e a f l e t s ;  th e se  w ere  

r e c r y s t a l l i s e d  once fro m  a m in im a l volume o f  h o t w a te r ,  r e 

d is s o lv e d  in  warm w a te r ,  and a c id i f ie d  w i t h  a c e t io  a c id ,  

when th e  p ro d u c t was th ro w n  down as a g e la t in o u s  p r e c ip i t a t e .  

T h is  was f i l t e r e d  o f f  and r e o r y s t a l l i s e d  from  aqueous e th a n o l 

as l i g h t  brow n n e e d le s , m .p t .  o ve r 360°G . The y ie ld  o f  th e  

pu re  p ro d u c t was 5 .8  g .
Z°i)

(b ) O x id a t io n  o f  7 ,9 ,1 0 - t r ih y d ro x y b e n z o -1 ,5 -n a p h th y r id in e  

To ic e  c o ld  n i t r i c  a c id  (d .  1 .5 ;  47 g . j  was added

7 ,9 ,1 0 - t r ih y d ro x y b e n z o -1 ,5 -n a p h th y r id in e  (5 .8  g . )  i n  s m a ll 

p o r t io n s ,  and w ith  c o n s ta n t m e ch a n ica l s t i r r i n g  and e x te rn a l 

c o o l in g  i n  ic e - w a te r .  The m ix tu re  became a lm ost b la c k  i n

c o lo u r ,  and much n i t r o u s  fumes were e v o lv e d .

The r e a c t io n  m ix tu re  was th e n  he a te d  on th e  w a te r b a th  

u n t i l  th e  e v o lu t io n  o f  n i t r o u s  fum es had ce a se d , th e n  d i lu t e d  

w i th  h o t w a te r  (174 g . ) ,  and th e  t r a c e  o f p r e c ip i t a te d  n i t r o -  .



44

compound was f i l t e r e d  o f f  fro m  th e  h o t s o lu t io n .

The f i l t r a t e  was re p e a te d ly  e v a p o ra te d  to  d ryne ss  on 

th e  w a te r  b a th  w i th  s u c c e s s iv e  s m a ll volum es o f  w a te r ,  and th e  

r e s u l t in g  c o lo u r le s s  s o l id  was ground up and d r ie d  i n  a vacuum 

o v e r s o l i d  c a u s t ic  p o ta s h .

The w e ig h t o f  th e  d ry  s o l id  was 4 .5  g .

(o ) D e c a rb o x y la t io n  o f  the  m ixed a c id ic  p ro d u c t o f  (b ) to  

g iv e  g -h y d ro x y -1 , 5 - n a p h th y r id in e .

( i )  U s in g  co p pe r b ronze  i n  b o i l in g  q u in o l in e .

Q u in o lin e  was p u r i f ie d  by steam d i s t i l l a t i o n ,  d r y in g  

o v e r s o l id  c a u s t ic  p o ta s h , r e d i s t i l l a t i o n ,  f e f lu x in g  o v e r co p p e r 

b ro n z e , and subsequent r e d i s t i l l a t i o n .

The m ixed a c id ic  p ro d u c t o f  (b ) (0 .5  g . )  was d is s o lv e d  i n  

pu re  q u in o l in e  (10 o c s .)  and th e  s o lu t io n  v/as b o i le d  under r e 

f l u x  w i th  copper b ronze  (0 .5  g . )  on th e  m e ta l b a th  f o r  30 

m in u te s . The b la c k ,  carbonaceous s o lu t io n  was th e n  c o o le d  and 

f i l t e r e d ,  and th e  f i l t r a t e  steam d i s t i l l e d ,  a f t e r  a d d i t io n  o f  a 

l i t t l e  w a te r ,  u n t i l  f r e e  fro m  q u in o l in e .  A f te r  c l a r i f i c a t i o n  

b y  b o i l i n g  w ith  a t ra c e  o f  c h a rc o a l,  th e  aqueous re s id u e  was 

e va p o ra te d  to  d iy n e s s  on th e  w a te r b a th ;  b u t  n o th in g  rem ained 

a f t e r  rem ova l o f th e  w a te r .

The steam d i s t i l l a t e  was made a lk a l in e  v / i th  c a u s t ic  

p o ta s h  s o lu t io n  to  r e t a in  any h y d ro x y -1 ,5 -n a p h th y r id in e  

p re s e n t,  once more steam d i s t i l l e d  to  remove th e  q u in o l in e ,  

and th e  aqueous re s id u e  e v a p o ra te d  to  a s m a ll b u lk  on th e  w a te r
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b a th  and, on c o o l in g ,  a o id i f ie d  w i th  h y d ro c h lo r ic  a c id  s o lu t io n .

The s m a ll c o lo u r le s s  p r e c ip i t a t e  th a t  was th ro w n  down 

p roved  m e re ly  to  be s i l i c a  d is s o lv e d  by  th e  c a u s t ic  p o ta s h  fro m  

th e  g la s s w a re . The a tte m p t was abandoned.

( i i )  By d i r e c t  s u b l im a t io n .

The m ixed a c id ic  p ro d u c t o f  (b ) (4  g . )  was sub lim ed  a t  

350° C under a tm o sp h e ric  p re s s u re  to  g iv e  an a lm o s t o o lo u r le s s ,  

pow dery s u b lim a te , and le a v in g  b e h in d  a g ra n u la r  oarbonaoeous 

re s id u e  (0 .6  g . )  due to  d e c o m p o s itio n .

The s u b lim a te  was r e o r y s t a l l i s e d  (c h a rc o a l)  fro m  h o t 

w a te r  (150 c o s .)  as w o o lly  b a l l s  o f  f i n e ,  o o lo u r le s s  n e e d le s , 

m .p t .  325-327°C . The y ie ld  o f  th e  pu re  %-h y d ro x y -1 ,5 -n a p h 

t h y r id in e  waw 2 g .

( i v )  E f f e c t  o f  c h lo r in a t in g  agen ts  on h y d ro x y -1 , 5 - n a p h th y r id in e . i

( a) H e a tin g  w i th  phosphorus o x y c h lo r id e  i n  a se a le d  tu b e .

S -H y d ro x y -1 ,5 -n a p h th y r id in e  (0 .2 5  g .)  was he a te d  w i th  

phosphorus (1 .5  c c s .)  i n  a sea led  tu b e  a t 170°G f o r  7 h o u rs .

On c o o lin g  and o p en in g , a b la c k ,  e s s e n t ia l ly  carbonaceous 

mass v/as observed i n  th e  tu b e  under a o o lo u r le s s  s u p e rn a ta n t 

la y e r  o f  phosphorus o x y c h lo r id e ;  th e  w ho le  was t r e a te d  w ith  

c o ld  w a te r (75  c c s . ) ,  and c l a r i f i e d  b y  b o i l i n g  f o r  a s h o r t  

t im e  w i th  c h a rc o a l.

The d a rk  f i l t r a t e ,  on c o o l in g ,  gave, on re n d e r in g  ja s t  

a lk a l in e  w i t h  aqueous ammonia, o n ly  a f a i n t  d a rk  f lo c o u le n c e .
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As n o th in g  b a t carbonaceous m a te r ia l  c o a id  be is o la t e d ,  

th e  a tte m p t Y/as abandoned.

(b ) H e a tin g  w i t h  phosphorus p e n ta o h lo r id e . 

ff-H y d ro x y n a p h th y r id in e  ( 0 .1  g . )  was h e a te d , w i t h  phos

phorus p e n ta o h lo r id e  (0 .1  g . )  and a few  d rops o f  phosphorus 

o x y c h lo r id e ,  on th e  o i l  b a th  a t 140-150°C f o r  3 j  h o u rs .

The oarbonaceous mass l e f t  i n  th e  f la s k  v/as t r e a te d  

p r e c is e ly  as in  ( a ) ,  and w ith  th e  same n e g a t iv e  r e s u l t s .

(c )  H e a tin g  w i t h  t h io n y l  c h lo r id e  a t  12 0°0 . 

fr -H y d ro x y n a p h th y r id in e  (0 .1  g . )  and t h io n y l  c h lo r id e

(1 .5  c c s . )  v/ere h e a te d  a t 120°C i n  a s e a le d  tu b e  f o r  4 h o u rs .  

On c o o l in g ,  th e  s t a r t in g  m a te r ia l  was found  to  be u n d is s o lv e d  

and unchanged.

(d ) H e a tin g  w i th  t h io n y l  c h lo r id e  a t  180-2Q0°Q. 

fr -E y d ro x y n a p h th y r id in e  (2 .3 5  g . )  and t h io n y l  o h lo r id e

(3 7 .5  c c s . )  v/ere h e a te d  i n  se a le d  tu b e s  a t 175°G, r i s i n g  to  

18 5°0 , o v e r a p e r io d  o f  3 h o u rs , and th e n  a t 190-200°C f o r  

2if h o u rs . The in t e r v a l  ta k e n  f o r  th e  te m p e ra tu re  to  r i s e  

fro m  185° to  190°G was one h o u r.

On c o o l in g  and o p en in g , a h ig h  p re s s u re  o f  gas was fo u n d  

to  have deve loped  i n  th e  tu b e s , and th e  c le a r  y e l lo w  l i q u i d  

r e s u l t in g  was d i s t i l l e d  on th e  w a te r  b a th  to  remove excess 

u n re a c te d  t h io n y l  o h lo r id e .

The y e llo w  o i l  l e f t  soon s o l i d i f i e d ,  and was r a p id ly

ground up under v e ry  d i lu t e  aqueous ammonia to  remove th e
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l a s t  t ra c e s  o f  t h io n y l  o h lo r id e ,  th e n  washed w ith  w a te r  and 

d r ie d  i n  a vacuum o v e r s o l id  c a u s t ic  p o ta s h -

The l i g h t  y e l lo w  powder o b ta in e d  was d is s o lv e d  i n  h o t 

g la c ia l  a c e t ic  a c id ,  c l a r i f i e d  w i th  c h a rc o a l,  and a llo w e d  to  

c o o l a f t e r  f i l t r a t i o n .  T a f ts  o f  g re e n is h  y e llo w  n e e d le s  de

p o s ite d ;  th e se  were c o l le c te d  and c r y s t a l l i s e d  re p e a te d ly  

fro m  benzene as f i n e ,  g re e n is h -w h ite ,  s i l k y  n e e d le s , m .p t*  

27 6 -2 7 8°0 , w i th  d e c o m p o s it io n . fu s io n  w i t h  sodium  in  th e  

a s a a l manner re v e a le d  th e  p resence  o f  c h lo r in e  i n  th e  compound, 

b a t  th e  presence o f  s u lp h u r  c o u ld  n o t be d e te o te d . The y ie ld  

o f  the  substance  was 0 .7  g . I t s  p o s s ib le  s t r u c tu r e  i s  d i s 

cussed in  th e  p re v io u s  s e c t io n .

Bo and i 0 , 3 6 .7 ^ ; H, 1.3JP H, CX, 5 1 .3 jt .

The a c e t ic  a c id  c r y s t a l l i s a t i o n  m o th e r l iq u o r s  w ere  con

c e n tra te d  and a llo w e d  to  c o o l,  when a q u a n t i t y  o f  amorphous 

m a te r ia l  d e p o s ite d ; a c c o rd in g ly  th e y  were poured  in t o  a la rg e  

volume o f  c o ld  w a te r and th e  gummy p r e c ip i t a te  was f i l t e r e d  

o f f .  On d ry in g  in  a vacuum o ve r s o l id  c a u s t ic  p o ta s h , many 

a tte m p ts  were made to  p u r i f y  th e  s t i c k y  mass, b u t i t  was fo u n d  

th a t  i t  c o u ld  no t be c r y s t a l l i s e d .  I t  v/as p ro b a b ly  a com plex 

m ix tu re  o f  1 , 5 -n a p h th y r id in e s  c h lo r in a te d  in  v a r io u s  p o s i t io n s  

and to  v a r io u s  e x te n ts ,  as th e  m ethod o f  fu s io n  w i t h  sodium  

re v e a le d  th e  p resence  o f  c h lo r in e  i n  th e  im pure  re s id u e s .
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(y) C on de n sa tio n  o f  th e  c h lo r in a te d  p ro d u c t w ith  £ - d ie th y la m in o -  

p (-m e thy l b u ty la m in e .

S -d ie th y la m in o -  oi -m e th y l b u ty la m in e  (0 .5  g . )  and th e  

c h lo r in a te d  p ro d u c t ox ( i v ) ( d )  (m .p t .  276-278°C ; 0 .4  g . )

were to g e th e r  h e a te d  on an o i l  b a th  a t  140°C f o r  2-jjf h o u rs , and 

th e n  a t  160°C f o r  5 h o u rs .

The d a rk  re d  gam th a t  r e s a lte d  was d is s o lv e d  i n  d i l a t e  

aqueous h y d ro c h lo r ic  a c id , th e  s o la t io n  was c l a r i f i e d  w i t h  c h a r 

c o a l and made a lk a l in e  w ith  aqueous ammonia. fh e  m i lk y  p re 

c ip i t a t e  th a t  was th ro w n  down was e x t ra c te d  w ith  c h lo ro fo rm , 

th e  e x t r a c ts  washed w ith  w a te r ,  and th e n  shaken w i th  s e v e ra l 

l o t s  o f  5fo aqaeoas a c e t ic  a c id  (200 o c s . e a c h ).

The a c e t ic  a c id  e x t r a c ts  were made a lk a l in e  w i t h  aqaeoas 

ammonia and th e  m i lk y  p r e c ip i t a te  e x tra c te d  w i th  c h lo ro fo rm , 

fh e  com bined e x t r a c ts  were washed w i th  d i l a t e  aqaeoas ammonia, 

th e n  w a te r ,  and d r ie d  o v e r anhydroas sodiam  s a lp h a te . .  On re -  j. 

m ova l o f  th e  c h lo ro fo rm  by  e v a p o ra tio n  on th e  w a te r  b a th ,  th e  

p ro d a c t was l e f t  b e h in d  as a deep re d  gum; t h i s  was re p e a te d ly  

e x tra c te d  w ith  b o i l in g  l i g h t  p e tro le u m  and th e  com bined ex

t r a c t s  evapora ted  to  a v e ry  s m a ll t r a c e  o f  a y e l lo w  o i l  t h a t  

d id  n o t  s o l i d i f y  on f r e e z in g  and s c ra tc h in g .

As th e  p ic  r a te  form ed by  th e  subs tance  in  e th a n o l 

p roved  to  be an o i l  a t o r d in a ry  te m p e ra tu re , i t  was d e c id e d  

to  p e t r i fy  i t  th ro u g h  th e  h y d ro c h lo r id e ;  a c c o rd in g ly  i t  was
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d is s o lv e d  i n  d ry  benzene (2 0  c c s . )  and th e  s o lu t io n  s a tu ra te d  

w i t h  d ry  hyd ro g e n  c h lo r id e .  The h y d ro c h lo r id e  o f  th e  base 

im m e d ia te ly  p r e c ip i t a te d ,  b u t  t h i s  p ro ve d  to  be an o i l  a ls o ;  

th e  s u p e rn a ta n t benzene was th e n  decan ted , th e  h y d ro c h lo r id e  

washed w i th  d r y  benzene by d e o a n ta t io n , and d is s o lv e d  i n  o o ld  

a c id u la te d  (HG1) w a te r .  A f t e r  rem ova l o f  excess benzene by a 

s h o r t  d i s t i l l a t i o n ,  th e  s o lu t io n  was c o o le d  as f a r  as p o s s ib le  

w ith o u t  f r e e z in g  o c c u r r in g ,  and made a lk a l in e  w i th  o o ld  aqueous 

ammonia. A s m a ll q u a n t i t y  o f  a c o lo u r le s s  waxy p r e c ip i t a t e
■\

was th row n  down and f i l t e r e d  o f f ,  b u t n o t enough was o b ta in e d  1 

to  p e rm it  a p o s s ib le  p u r i f i c a t i o n  by  c r y s t a l l i s a t i o n .  Owing 

to  i t s  s t ic k y  v/axy n a tu re  i t  was fo u n d  im p o s s ib le  to  ta k e  th e  

m e lt in g  p o in t  o f  th e  su b s ta n c e .

(0 )  The c o n d e n s a tio n  o f  2 - amino p y r id in e  w ith  o x a lo a c e t io  e s te r .

A s u ita b le  q u a n t i t y  o f  o x a lo a c e t ic  e s te r  was p re p a re d  b y  

th e  method o f  C la is e n  ^ ; to  a s o lu t io n  o f  pu re  o x a l ic  e s te r
i

i n  anhydrous e th e r ,  c o v e r in g  the  a p p ro p r ia te  q u a n t i t y  o f  sodium  

w ir e ,  was added d ry  e th y l  a c e ta te  a t a r a te  t h a t  k e p t th e  r e 

a c t io n  p ro ce e d in g  b r i s k l y  w ith o u t  a l lo w in g  th e  e th e r  to  b o i l .

The sodium  s a l t  o f  th e  p ro d u c t th a t  s e p a ra te d  on s ta n d in g  

o v e rn ig h t  was c o l le c te d ,  washed w i th  e th e r ,  and d is s o lv e d  in  

c o ld  w a te r .  The aqueous s o lu t io n  was th e n  a c id i f ie d  w i th  

h y d ro c h lo r ic  a c id  s o lu t io n ,  and th e  l ib e r a te d  p ro d u c t e x tra c te d
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w ith  e th e r  and p u r i f i e d  b y  d i s t i l l a t i o n  a t  1 2 2 °C under a 
p re s s u re  o f  15 mm.

( i )  R e a c tio n  o f  2 - a m in o p y r id in e  w ith  o x a lo a c e t ic  e s te r .  j
: fi

To o x a l o a c e t i c  e s t e r  (46 g . )  Y/as added d ry ,  f i n e l y  pow der- j

ed 2 - ami no p y r id in e  (25  g . ) ,  w h ich  r a p id ly  passed in to  s o lu t io n  \ )
■[.]

w i th  th e  e v o lu t io n  o f  h e a t, so t h a t  th e  te m p e ra tu re  o f  th e  | I

s o lu t io n  ro se  to  about 8 0 °0 . it
i  ' ' | : ih|:

On c o o l in g  somewhat, th e  now d a rk  sy ru p  was k e p t o v e r-  | |

n ig h t  i n  a vacuum o ve r c o n c e n tra te d  s u lp h u r ic  a c id ,  and i n  th e  j i  i

m o rn in g  was he a te d  on th e  steam b a th  under reduced  p re s s u re  i n  [i-j 

o rd e r  to  remove any w a te r  p roduced i n  th e  r e a c t io n .  A f t e r  te n  

m in u te s , th e  m ix tu re  s u d d e n ly  s o l i d i f i e d  to  a semi c r y s t a l l i n e  

mass; h e a t in g  was c o n tin u e d  f o r  two h o u rs  and th e  m ix tu re  th e n  | 

a llo w e d  to  c o o l.  |

The s o l id  o b ta in e d  was f i n e l y  g round under benzene and 

f i l t e r e d  o f f  as a c o lo u r le s s  c r y s t a l l i n e  p ro d u c t .  A f u r t h e r  j| 

s m a ll c ro p  was o b ta in e d  b y  e v a p o ra tin g  th e  benzene fro m  th e  'j

d a rk  f i l t r a t e ,  h e a t in g  f o r  a f u r t h e r  p e r io d  th e  b la c k  o i l  t h a t  | 

rem a ined , and a g a in  d i l u t i n g  t h i s  w ith  benzene; f u r t h e r  

s im i la r  a tte m p ts  to  o b ta in  o th e r  c ro p s  o f  th e  m a te r ia l  f a i l e d ,  |

as th e  r e a c t io n  l iq u o r s  f i n a l l y  became a b la c k ,  in t r a c t a b le  - !
i

t a r .

The combined c ro p s  o f  th e  p ro d u c t were r e c r y s t a l l i s e d  ! |
: |

once fro m  e th a n o l as c o lo u r le s s  l e a f l e t s .  The y ie ld  o f  th e



Si

pure product was almost 25 g.

A small q u a n tity  of the substance was repeated ly  

c ry s ta ll is e d  fo r  analysis from ethanol as co lo u rless , shining  

le a f le t s ,  rn .pt. 20Q-201°G, w ith  . e ffervescence. I t s  possib le  

c o n s titu tio n  is  discussed in  the previous sec tio n .

Eound; G, 55.9$; H, 5 . 0 f h  I ,  21 .7#•

A small q u an tity  of the pure substance was dissolved  

in  a small volume o f hot ethanol, and to the so lu tio n  was 

added a so lu tio n  of excess p ic r ic  acid, also in  a l i t t l e  hot 

ethano l. The form ation o f the yellow  p re c ip ita te  th a t com

menced to deposit im m ediately was completed by b o il in g  the  

s o lu tio n  fo r  a short time and by allow ing i t  to c o o l. The 

p re c ip ita te  was c o lle c te d  and c ry s ta llis e d  several tim es from 

ethanol as f in e  yellow  needles, m .p t. 219-221°G. Admixture

w ith  an authentic sample o f the pic ra te  of 2-am inopyridine  

(m#pt .* 219-221°C) d id  not depress i t s  m eltin g  p o in t, and the  

two substances v/ere thus id e n t ic a l .

( i i j  E ffe c t of heat on the  product of ( i ) .

The product o f ( i )  (1  g .)  was heated at 200°C in  a sm all 

d is t i l l in g  f la s k  on the m etal b a th . Effervescence began as 

the substance m elted, and when the temperature was allowed to 

r is e  to 22G°G, a colourless o i l  began to d i s t i l ,  which soon 

s o lid if ie d  to a mass o f colourless c ry s ta ls , which v/ere proved, 

by the method o f mixed m elting  po in ts , to be id e n t ic a l w ith  

an authentic sample of 2-am inopyridine (m.pt# 56°G) .
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Hie pic ra te  o f the d is t i l l a t e  was prepared in  ethano l, as 

in  previous instances, and, a f te r  severa l re c ry s ta ll is a t io n s  

from th a t so lvent, was proved, by the method of mixed m elting  

p o in ts , to be id e n tic a l w ith  an authentic  sample o f the p io ra t©  

o f 2 -am ino pyrid in e .

She substance remaining in  the d is t i l l i n g  f la s k  was ab ou t 

h a lf  the b u lk  o f the o r ig in a l m a te r ia l, but could not be d e a l t  

w ith  as i t  consisted of a mass o f b lack t a r .

( i i i )  E ffe c t  o f heating  the product o f ( i )  in  a high vacuum 

a t a low tem perature.

The product o f ( i )  (1  g .)  was heated, by means of an a ir  

bath , in  a small C la isen  d is t i l l i n g  f la s k  at 80°0 under a 

pressure o f 0*1 mm. The substance darkened, bu t did not m e lt, 

and the temperature was allowed to r is e  to 100°C w ithout fu r th 

er apparent a lte r a t io n  in  i t s  appearance; at th is  tem perature, 

however, a co lourless o i l  began to d i s t i l ,  which la te r  became 

s o lid , and was id e n t i f ie d ,  as b e fo re , as 2-am inopyridine  

(m .p t. 56°C) .

To exclude the p o s s ib i l i ty  of the d is t i l l a t e  con ta in ing  

any oxaloacetic  e s te r , i t  was d issolved in  ether and shaken 

w ith  very d ilu te  hydrochloric acid s o lu tio n , then w ith  w ate r, 

and the ether so lu tio n  d ried  over anhydrous sodium sulphate  

and evaporated, when nothing remained. The o i l  was thus 

e n t ir e ly  basic or e x c e p tio n a lly  soluble in  w ater.

When the o i l  had ceased to d i s t i l ,  the apparatus was
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disconnected and allowed to coo l, and the dark, c ry s ta l l in e  

residue in  the f la s k  was scraped out and found to weigh 0*5 g« 

I t  was repeated ly  c ry s ta llis e d  (charcoal) from ethanol as 

colourless p la te le ts ,  m .p t. 160-162°C, which on admixture 

c o n s is te n tly  depressed the m elting  po in t of the s ta r t in g  

m a te ria l (th e  product ox ( 1 ) ,  m .p t. 2Q0-201°C) to 157°C. The 

possib le  c o n s titu tio n  of th is  substance is  discussed in  the  

previous sectio n .

i'ound: I T ,  23.45JI.

The pic ra te  o f th is  m a te r ia l was prepared in  ethanol as

b e fo re , and a f te r  repeated c ry s ta llis a t io n s  from th a t solvent

was obtained as f in e ,  yellow  needles, m .p t. 222°G, which on

admixture depressed the m elting  po in t o f an authentic sample

of the p ic ra te  of 2-am inopyridine (m.pt# 219 -221°0 ), prepared
o

in  a s im ila r  manner, to  204-206 C. The two substanoes were 

thus d i f f e r e n t .



A  P  P  E  I D  I  X t

fh «  a f f e o t  o f  d ia z  ©methane on 3 -h y d ro x y -4 -  

p h e n a n th r a ld e h y d e .
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INTRODUCE! OH.

The s t r u c tu r e  ( I )  a ss ig n e d  to  c o lc h ic in e  b y  W indaus 

i s  n o t e n t i r e l y  s a t is f a c t o r y  f o r  a number o f  re a s o n s . One 

o f  th e  d i f f i c u l t i e s  i s  concerned  w ith  th e  b e h a v io u r  o f  c o l -  

c h ic e in e  ( I I ) ,  w h ich  i s  e a s i ly  o b ta in e d  b y  th e  s a p o n i f ic a t io n  

o f  c o lc h ic in e ,  and fro m  w h ich  c o lc h ic in e  may be re g e n e ra te d  

b y  th e  a c t io n  o f  d iazom e th an e .

A lth o u g h  i t  m ig h t be e xp ec te d  th a t  th e  ta u to m e r ic  

a ro m a tic  o -h y d ro x y -a ld e h y d e  ( i l l )  w ou ld  be i t s  more s ta b le  

fo rm , c o lc h ic e in e  does n o t re a c t  w i th  k e to n ic  o r  a ld e h y d ic  

re a g e n ts , and behaves as i f  i t  were th e  h yd roxym e thy le n e  

k e to n e  ( I I ) .

NHCDCHj

5 s  CHjNj

:hoH

1I

S ince  s im p le r  h y d ro x y -a ld e h y d e s , o f  th e  s a lic y la ld e h y d e  

ty p e , do n o t e x h ib i t  t h is  b e h a v io u r ,  i t  seemed o f  i n t e r e s t  

to  exam ine an o -h y d ro x y -a ld e h y d e  o f  th e  phenan th rene  s e r ie s .

A c c o rd in g ly ,  an a tte m p t was made to  m e th y la te  3 -h y d ro x y -  

4 -p h e n a n th ra ld e h y d e  ( IV )  w i th  d iazom ethane in  o rd e r  to  

a s c e r ta in  w h e th e r th e  r e s u l t in g  e th e r  arose fro m  th e  

h y d ro x y -a ld e h y d e  o r  th e  h y d ro x y -m e th y le n e  ke to n e  fo rm . Ehe 

subs tance  o b ta in e d  fro m  t h i s  r e a c t io n ,  how ever, a lth o u g h  i t
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seemed s t i l l  t o  c o n ta in  a p h e n o lic  h y d ro x y l g ro u p , d id  n o t  

re a c t  w i th  2 ,4 - d in i t r o p h e n y lh y d r a z in e .  I t  i s  re g a rd e d  as 

b e in g  3 -h y d ro x y -4 -p h e n a n th ry le th y le n e  o x id e  (V ) ,  w h ich  

s t r u c tu r e  a cco u n ts  f u l l y  f o r  th e  b e h a v io u r o f  th e  compound 

to w a rd s  v a r io u s  re a g e n ts  d e s c r ib e d  in  th e  E x p e r im e n ta l 

S e c t io n , and w ith  w h ich  th e  a n a ly t ic a l  f ig u r e s  a re  i n  good 

ag reem en t.

F u r th e r  s u p p o r t f o r  t h i s  o p in io n  i s  g iv e n  b y  th e  w o rk  

o f  A rn d t and E is t e r t  ' ,  who, e x te n d in g  th e  w ork  o f  S o h lo t te r -  

be ck  '  on th e  e f f e c t  on a ldehydes o f  e th e re a l d iazom ethane, 

fo u n d  th a t  such a r e a c t io n  p roceeds m a in ly  i n  two d i r e c t io n s ,  

r e s u l t in g  c h ie f l y  in  th e  fo rm a t io n  o f  analdetyde and a sub

s t i t u t e d  e th y le n e  o x id e , th e  l a t t e r  te n d in g  to  be fo rm ed  in  

g r e a te r  y ie ld .

On h e a t in g  w i t h  a lc o h o l ic  h y d ro c h lo r ic  a c id ,  3 -b .yd ro xy - 

4 -p h e n a n th ry le th y le n e  ox id e  (V) passed in t o  an a l k a l i - i n 

s o lu b le  compound w h ic h  d id  n o t re a c t  w i th  2 ,4 - d in i t r o p h e n y l-  

h y d ra z in e ; t h i s  i s  b e l ie v e d  to  be 4 , 5 - ( l f , 2 * -n a p h th a )co u m a r- 

one ( V I I ) ,  w i th  ? ;h ich  s t r u c tu r e  th e  a n a ly t i c a l  f ig u r e s  a g re e .

These re a c t io n s  may th u s  be exp ressed  as f o l lo w s ,  th e  

fo rm a t io n  o f  th e  coumarone o c c u r r in g  p ro b a b ly  b y  d e h y d ra t io n  

o f  th e  p o s s ib le  in te rm e d ia te  ( V I ) : -
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A lth o u g h  t h i s  w ork  f a i l s ,  th e r e fo r e ,  to  be s ig n i f i c a n t  

re g a rd in g  th e  p o s s ib le  s t r u c tu r e  o f  c o lc h ic in e ,  i t  i s  n o t 

w ith o u t  in t e r e s t  on accoun t o f  th e  un usua l co u rse  ta k e n  b y  

th e  re a c t io n s  we have d e s c r ib e d  above .
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A s u i ta b le  q u a n t i t y  o f  3 -h y d ro x y -4 -p h e n a n th ra ld e h y d e
4)

was p re p a re d  “by th e  method o f  S m ith  3 - j.)h e n a n th ro l i n  o o ld ,  

d ry  benzene s o lu t io n ,  th ro u g h  w h ich  was passed a c u r r e n t  o f  

d r y  hyd rogen  c h lo r id e ,  was re a c te d  w ith  anhydrous l i q u i d  

hyd rog e n  c y a n id e  i n  th e  p resen ce  o f  anhydrous a lum in ium  c h lo r 

id e *  fh e  p ro d u c t was th e n  o b ta in e d  b y  e v a p o ra t in g  th e  d r ie d  

e th e re a l e x t r a c t  o f  th e  r e a c t io n  m ix tu re  a f t e r  i t  had been 

b o i le d  w i th  w a te r ,  and was p u r i f i e d  by  d i s t i l l a t i o n  in  an o i l -  

pump vacuum.

A tte m p ts  to  a v o id  th e  use o f  l i q u i d  hyd rogen  c y a n id e  b y

re a c t in g  anhydrous z in c  c ya n id e  and d ry  hyd rog en  c h lo r id e  i n
5)th e  p resen ce  o f  3 -p h e n a n th ro l d is s o lv e d  in  d ry  benzene y 

p roved  u n s u c c e s s fu l,  a lth o u g h  th e  method was t r i e d  and fou nd  

to  g iv e  good y ie ld s  o f  th e  s im p le r  h y d ro x y  a ld e h yd e s , such as 

^ -n a p h th o l-  -a ld e h y d e .

( i )  3 -H y d ro x y -4-p h e n a n th ry le th y le n e  o x id e .

To a s o lu t io n  o f  3 -h y d ro x y -4 -p h e n a n th ra ld e h y d e  (1 .6  g . )  

i n  d r y  e th e r  (25 c c s . )  was added a s o lu t io n  o f d iazom ethane 

( fro m  4 g . o f  n it ro s o m e th y lu re a )  i n  d ry  e th e r  (5 0  c c s . ) ,  and 

th e  m ix tu re  k e p t a t  room te m p e ra tu re  f o r  3 days and th e n  a llo w e d  

to  e v a p o ra te . fh e  deep orange o i l  l e f t ,  w h ich  s lo w ly  became 

s e m i- s o l id ,  was d is s o lv e d  in  e th e r ,  and th e  s o lu t io n  shaken 

s e v e ra l t im e s  w i t h  c o ld  d i lu t e  c a u s t ic  soda s o lu t io n  to  remove
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unchanged h y d ro x y -a ld e h y d e , th e n  washed w ith  w a te r ,  d r ie d  o v e r 

anhydrous sod ium  s u lp h a te ,  and e v a p o ra te d ; th e  l i g h t  y e l lo w  

gum l e f t  was "b o ile d  f o r  s e v e ra l h o u rs  w i th  l i g h t  p e tro le u m , 

w h ic h  was th e n  de ca n te d , le a v in g  a d a rk , g ra n u la r  s o l id .  T h is  

was r a p id ly  washed w ith  a l i t t l e  c o ld  "benzene in  w h ich  th e  d a rk  

im p u r i t ie s  d is s o lv e d  a lm o s t im m e d ia te ly ; th e  a lm o s t c o lo u r le s s  

s o l id  l e f t  was th e n  d is s o lv e d  i n  h o t benzene, b o i le d  w i th  c h a r 

c o a l,  f i l t e r e d ,  and th e  h o t f i l t r a t e  d i lu t e d  w ith  h o t l i g r o i n .

On c o o l in g , th e  c o lo u r le s s  c r y s ta ls  t h a t  d e p o s ite d  v/ere c o l le c te d

and c r y s t a l l i s e d  s e v e ra l t im e s  fro m  b e n z e n e / l ig r o in  as snow- |
o

w h ite  s h in in g  ag g re g a te s  o f  n a rro w  b la d e s , m .p t .  152-153 0 .

T h is  substance  was fo u n d  to  be s o lu b le  i n  c o ld  d i lu t e  

c a u s t ic  soda s o lu t io n ,  b e in g  r e p r e o ip i ta te d  unchanged b y  d i l u t e  

aqueous h y d ro c h lo r ic  a c id ;  i t  was in s o lu b le  i n  h o t d i l u t e  

sodium  c a rb o n a te  s o lu t io n ,  and r e s in i f i e d  on p ro lo n g e d  b o i l i n g  

w i t h  d i l u t e  aqueous c a u s t ic  soda . N itro g e n  was n o t fo u n d  to  be 

p re s e n t i n  th e  compound a f t e r  t e s t in g  b y  fu s io n  w ith  sod ium .

Found; 0, 8 1 .6 Je; H, 4 .9 5 ^ .  C162 12°2  r0<l i:Lir0s G» 8 1 *4 $ ; j

H , 5 .1 $ .

( i i )  4 , 5 - ( l 1, 2 1 -  Naphtha)coum arone".

3 -H y d ro x y -4 - p h e n a n th ry le th y le n e  o x id e  (0 .0 5  g . )  was 

d is s o lv e d  i n  e th a n o l (3 .5  c o s . ) ,  and to  th e  s o lu t io n  was 

added a s o lu t io n  o f  c o n c e n tra te d  aqueous h y d r o c h lo r ic  a c id  

(1  c c . )  i n  w a te r  (2  c c s .)  . The c o ld ,  f a i n t l y  t u r b id  s o lu t io n
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was th e n  b o i le d  un de r r e f lu x  f o r  two h o u rs ; th e  s o lu t io n  

was th e n  l e f t  o v e rn ig h t  to  c o o l,  and th e  c o lo u r le s s  l e a f l e t s  

t h a t  had c r y s t a l l i s e d  o u t Y/ere c o l le c te d ,  d r ie d ,  and, ow ing  to  

t h e i r  re a d y  s o l u b i l i t y  i n  a l l  s o lv e n ts  used, were p u r i f i e d  b y  

s u b lim a t io n  a t  95°G under 3 m.m. p re s s u re  to  g iv e  a m ic ro -  

c r y s t a l l i n e  pov/der, m .p t .  114-115°C , w h ich  on a d m ix tu re  de

p ressed  th e  m e lt in g  p o in t  o f  a pu re  sample o f  3 -h y d ro x y -4 -  

p h e n a n th ry le th y le n e  o x id e . I h i s  substance  was fo u n d  to  be

in s o lu b le  i n  h o t aqueous c a u s t ic  soda , and d id  n o t  g iv e  a 

2 ,4 -d in it ro p h e n y lh y d ra z o n e  i n  th e  u s u a l w ay.

ffound; 0 , 8 7 .7 $ ; H , 4 .4 $ .  Ci6 H1 0 ° r ®£a i * 0 S c » 8 8 .0 $ ;

H, 4 .6 $ .
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Summary of Part II

I n  tan in v e s t ig a t io n  o f  p o s s ib le  p la s m o d ic id e s , th e  

s y n th e s is  o f  d e r iv a t iv e s  o f  1 ,8 - n a p h th y r id in e . was 

u n d e rta k e n  b y  a t te m p t in g  to  c y c l is e  a l ly l - 2 - a m in o p y r id in e  ( I ) ,  

w h ic h  was i t s e l f  o b ta in e d  b y  th e  a c t io n  o f  a l l y l  b rom ide  

on th e  sodium  s a l t  o f  2 -a m in o p y r id in e , i n  tu r n  o b ta in e d  b y  

th e  a c t io n  o f  sodamide on th e  to lq p e  s o lu t io n  o f  th e  base .

The r e a c t io n  p ro d u c t was p u r i f i e d  b y  th e  f r a c t io n a l  

c r y s t a l l i s a t i o n  o f  i t s  p ic r a t e ,  and b y  t h i s  means a 

q u a n t i t y  o f  d ia l ly 1 - 2 - a m in o p y r id in e  ( I I )  was is o la te d  

s im u lta n e o u s ly .

The c y c l is a t io n  o f  a l ly 1 - 2 - a m in o p y r id in e , a lth o u g h  

a tte m p te d  b y  a v a r ie t y  o f  m ethods, w as, how ever, un succ

e s s fu l  because th e  p o s i t io n  o f  th e  d o ub le  bond in  th e  

u n s a tu ra te d  a lk y la m in o  s id e -c h a in  had been a l te r e d  b y  

ta u to m e ris m  to  a p o s i t io n  ( I I I )  w h ic h  re n d e re d  th e

d e s ire d  c y c l i s a t io n  im p o s s ib le .

The u n fa v o u ra b le  in c id e n c e  o f  th e  d o u b le  bond was 

de m o n s tra te d  b y  th e  o x id a t io n  o f  a l ly l - 2 - a m in o p y r id in e  

b y  a lk a l in e  p o ta s s iu m  perm anganate to  g iv e  2 -a m in o p y r id in e  ( I V ) • i

I I

M nr



The s y n th e s is  o f  8 - h y d r o x y - l ,5 - n a p h th y r id in e  (V) b y
2q)

th e  method o f  K l i s i e c k i  and Sucharda was in v e s t ig a te d  

and im p ro ve d . The y ie ld  o f  th e  s t a r t in g  m a te r ia l ,  q u in o l in  

im id e  ( V I ) , was c o n s id e ra b ly  in c re a s e d ; a f t e r  i t s  c o n v e r

s io n  to A a m in o p ic o l in ic  a c id  ( V I I )  b y  means o f  a Hofmann 

r e a c t io n ,  th e  p r e p a ra t io n  o f  7 ,9 ,1 0 - t r ih y d r o x y b e n z o - l ,5 -  

n a p h th y r id in e  ( V I I I )  b y  fu s io n  o f  t h i s  compound w i th  

p h lo r o g lu c in o l  was a cco m p lishe d  in  im proved  y ie ld .  O x id a t

io n  w i t h  fu m in g  n i t r i c  a c id  to  th e  m ix tu re  o f  a c id s  ( IX )  

and (X) was c a r r ie d  o u t as recommended, b u t  in s te a d  o f  

i s o la t in g  th e se  in d iv id u a l l y ,  th e  m ix tu re  was c o n v e rte d  

d i r e c t l y  b y  s u b lim a t io n  in t o  8 -h y d ro x y - l* ,5 -n a p h th y r id in e

( X I ) .  A tte m p ts  to  c o n v e r t  t h i s  to  8 - c h lo r o - l ,5 - n a p h th y r -  

id in e  f a i l e d  u s in g  phosphorus p e n ta c h lo r id e  o r  o x y c h lo r id e  

and t h io n y l  c h lo r id e  a t  180°C gave a te t r a c h lo r o - 1 ,5 -  

n a p h th y r id in e , w h ic h  on c o n d e n s a tio n  w i th  S -d ie th y la m in o -  

-o (-m e th y lb u ty la m in e  y ie ld e d  a b a s ic  wax n o t  amenable to

to  th e  u s u a l methods o f  p u r i f i c a t i o n .



An a tte m p t to  condense 2 -a m in o p y r id in e  w i t h  o x a lo 

a c e t ic  e s te r  to  g iv e  d ie t h y l - 2 - p y r id y l im in o - s u c c in a te

( X I I ) ,  w h ic h  was th e n  to  he c y c l is e d  to  4 -h y d ro x y -2 -  

c a r b e th o x y - l ,8 - n a p h th y r id in e ,  p ro ve d  u n s u c c e s s fu l.  The 

compound o b ta in e d  was b e lie v e d  to  be th e  d i - ( 2 - p y r i d y l ) -  

-am ide  o f  o x a lo a c e t ic  a c id  , a s s o c ia te d  w i t h  one m o le cu le  

o f  2 -a m in o p y r id in e  and one m o le cu le  o f  w a te r  ( X I I I ) .  A t  

100°C , t h i s  substance  decomposed in t o  2 -a m in o p y r id in e  

and a compound th o u g h t to  be an a n i l  fo rm ed b y  th e  

c o n d e n s a tio n  o f  2 -a m in o p y r id in e  w i t h  th e  d i - ( 2 - p y r i d y l ) -  

-am ide  o f  o x a lo a c e t ic  a c id  . (X IV ) .

The a c t io n  o f  e th e re a l d iazom ethane on 3 -h y u ro x y -  

-4 -p h e n a n th ra ld e h y d e  was examined i n  i t s  r e la t io n s h ip  to  

th e  re a .c tio n s  o f  th e  c o lc h ic in e  m o le c u le . I t  was fo u n d  

t h a t  th e  p ro d u c t was 3 -h y d ro x y -4 -p h e n a n th ry le th y le n e  o x id e  

(X V ), w h ic h  on b o i l i n g  w i t h  a lc o h o l ic  h y d ro c h lo r ic  a c id  

was c y c l is e d  to  4 , 5 - ( 1 ! , 2 ' -n a ph th a )-co u m a ro ne  (X V I) .

C ooC tH s
CHv

,^ .C «eo oC iH * fl̂ COOCiHs

- m
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