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5 .

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

For many y e a r s  th e re  has been some c o n t ro v e rsy  on the  

r e l a t i o n  o f  Kekule s t r u c t u r e s  to  the  s t a b i l i t y  o f  

a rom a t ic  hyd roca rbons .

As e a r l y  as 19M-1 , i t  was p r e d i c t e d  by C la r 2 t h a t  no 

benzeno id  hydrocarbon ,  f o r  which th e r e  was no Kekule 

s t r u c t u r e ,  would e x i s t  i n  a  s t a b l e  form, th u s  im ply ing  

t h a t  Kekule s t r u c t u r e s  were of paramount importance i n  

c o n s i d e r i n g  the s t a b i l i t y  of  hyd roca rbons .

With the  in c r e a s e  in  our knowledge o f  t h e o r e t i c a l  

c h e m is t ry ,  and i n  p a r t i c u l a r  of  the  m o l e c u l a r - o r b i t a l  

and va lence -bond  t r e a tm e n t s  of  o rg an ic  m o lecu les ,  the  

o p in io n  grew t h a t  Kekule s t r u c t u r e s  were u n r e a l  and, a t  

the  m ost ,  of  s t a t i s t i c a l  s i g n i f i c a n c e  o n ly .  Indeed t h i s



t e n e t  has r ece iv ed  u n i v e r s a l  accep tance .

However, in  1950, Longuet-H iggins^  su p p o r ted  the  

importance of Kekule s t r u c t u r e s  from a quantum-mechanical  

s t a n d p o i n t .  He d id  not r e s t r i c t  h i s  o b s e rv a t io n s  to  

benzeno id  hydrocarbons ,  but co n s id e red  o th e r  hydrocarbons 

f o r  which no c l a s s i c a l  s t r u c t u r e  could  be w r i t t e n ,  and 

p o in t e d  out the  i n t e r e s t  which would be a t t a c h e d  to  

a t tem p ts  to  p rep a re  hydrocarbons of t h i s  t y p e .

C la r  and Stewart'*' a t tem pted  to  p re p a re  the  hydrocarbon  

t r i a n g u l e n e ,  which has no Kekule s t r u c t u r e ,  and found t h a t ,  

i n  suppor t  o f  C l a r ’s p r e d i c t i o n 2 th ey  were unable  to  

p r e p a re  the  p a r e n t  t r i a n g u l e n e  from i t s  hydrogenated  

d e r i v a t i v e s  by th e  u s u a l  methods o f  d eh y d ro g en a t io n ,  

s in c e  p o ly m e r i s a t i o n  occured  i n  the dehyd ro g en a t io n  due to

t r i a n g u l e n e  z e th r e n e

th e  i n t e r m e d ia t e  fo rm a t io n  of a r e a c t i v e  d i r a d i c a l  .
i ft

L a t e r ,  i n  1955 , C l a r ,  Lang, and Schultz -K iesow  

p re p a re d  the  hydrocarbon  4*-5-10 ; l l - d i b e n z t e t r a c e n e  , named



z e th r e n e  f o r  convenience.  Although t h i s  hydrocarbon  hae 

nine p o s s i b l e  Kekule s t r u c t u r e s ,  th e se  a l l  c o n ta in  the  

same two double-bonds i n  the  c e n t r a l  r e g io n  o f  the  

m olecu le .  In  o th e r  words,  z e th re n e  i s  a hydrocarbon 

which has only one Kekule s t r u c t u r e  in  a p a r t  o f  the  

m o lecu le ,  bu t  the  p r o p e r t i e s  of z e th re n e  are  t y p i c a l  

o f  a rom atic  hydrocarbons .

I t  would appear t h e n ,  t h a t  fo r  a benzeno id  hydrocarbon  

to  be t y p i c a l l y  a r o m a t i c , i t  must have a t  l e a s t  one 

Kekule s t r u c t u r e .

In  o rd e r  to  in c re a s e  our  e x p e r im en ta l  knowledge 

on th e  s i g n i f i c a n c e  of Kekule s t r u c t u r e s ,  a t tem p ts  were 

made to  p re p a re  two o th e r  hydrocarbons which have no 

Kekule s t r u c t u r e .  These were h : 5 -7 :8 -d ibenzpen tacene  and

•+ :7- d i b e n z t e t r a c e n e  •

h*‘5-7 :8 -d ibenzpen tacene  h : 5 - 6 :7 - d ib e n z te t r a c e n e



The work on h • 5-7 :8 -d ibenzpen tacene  d e r i v a t i v e s  

( d e s c r ib e d  in  P a r t  1 o f  t h i s  T h e s i s )  gave f u r t h e r  p ro o f  

t h a t  Kekule s t r u c t u r e s  do p lay  an im por tan t  p a r t  i n  

c o n s i d e r i n g  the  s t a b i l i t y  o f  an aromatic  hydrocarbon .

No s a t i s f a c t o r y  c o n c lu s io n  was reached  i n  th e  s tu d y  

o f  h : 5 “6 « 7 -d ib e n z te t r a c e n e  d e r i v a t i v e s  ( d e s c r ib e d  in  

P a r t  2 o f  t h i s  T h e s i s )  because o f  a. number o f  unexpected  

d i f f i c u l t i e s  which caused the  work to  be abandoned.

In P a r t  3 o f  t h i s  T hes is  i s  d e s c r ib e d  a  s t u t y  o f  th e  

u n u su a l  hydrocarbon d in a p h th o -a z u le n e .

d inap htho -azu len e  

Form erly ,  t h i s  hydrocarbon was thought to  be

z e t h r e n e ,  but  t h i s  was shown to  be e r ro n eo u s ,  by C l a r ,
iffLang, and Schultz -K iesow . The s tudy  of d in a p h th o -a zu le n e  

was I n i t i a l l y  t a k e n  up to  e l u c i d a t e  i t s  s t r u c t u r e ,  but 

some o th e r  i n t e r e s t i n g  p r o p e r t i e s  o f  th e  hydrocarbon  were



7 .

I n v e s t l g a t e d .

D inaph tho-azu lene  has only  one Kekule s t r u c t u r e  i n  

the  c e n t r a l  r e g io n  of the  molecule and t h i s  i s  s u f f i c i e n t  

to  r e n d e r  th e  hydrocarbon s t a b l e .  The hydrocarbon i s  

not e n t i r e l y  benzeno id ,  so t h a t  i t  i s  not s u r p r i s i n g  

t h a t  i t  i s  not a t y p i c a l  aromatio hydrocarbon .

oOo
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P A R T  1.

4 : 5-7 :8-DIBENZPENTACBNB.

INTRODUCTION.

4 :5-7 :8-Dibenzpentacene haa the  carbon  s k e l e t o n  ( I ) .  

I t  i s  not p o s s i b l e  to  w r i t e  a c l a s s i c a l  (Kekule)  s t r u c t u r e

( I ) ( I I )



9 .

f o r  the  p a re n t  hydrocarbon ,  and fo r  t h i s  reason  i t  i s  

e x p e c te d ,  l i k e  t r i a n g u l e n e  ( I l D ^ t o  be a d i r a d i c a l  

( e . g .  ( I I ) )  which may be s t a b l e  under  c e r t a i n  c o n d i t i o n s  

or  which, more l i k e l y ,  w i l l  be h ig h ly  r e a c t i v e  and

( I I I )

po lym erise  immediately on fo rm a t io n .

I t  was proposed  in  t h i s  work to  p re p a re  hydrogenated  

d e r i v a t i v e s  of  14:5-7 :S -d ibenzpentacene  and to  s tu d y  the  

b ehav iou r  o f  th e s e  hydrocarbons i n  dehydrogena t ion  

e x p e r im en ts ,  a t t e m p t in g  to  f in d  whether the  p a r e n t  

hydrocarbon  cou ld  be i s o l a t e d  i n  a s t a b l e  form o r  whether,  

as i n  the  case of  t r i a n g u l e n e ,  dehydrogena t ion  would 

l e a d  to th e  fo rm a t io n  o f  r e a c t i v e  d i r a d i c a l s  and hence 

to  p o ly m e r i s a t i o n .

These s t u d i e s  would give s t i l l  f u r t h e r  d a t a  on the  

g e n e ra l  a p p l i c a b i l i t y  of  C l a r ' e  p r e d i c t i o n 2 .

0 G0



DISCUSSION.

The ro u te  to  14:5-7 :8 -d ibenzpen tacene  d e r i v a t i v e s  

began  e i t h  th e  c h l o r i n a t i o n  of m-xylene , and the  

s e p a r a t i o n ,  from the  mixture o f  c h lo ro -  compounds, of  

h : 6-d io h lo ro -m -x y len e  ( IV ) 1*. Some d i f f i c u l t y  eas  

e x p e r i e n c e d  i n  the  r e p e t i t i o n  of the  l i t e r a t u r e  method 

f o r  th e  p r e p a r a t i o n  of t h i s  compound and s u i t a b l e  

m o d i f i c a t i o n s  had to  be in t ro d u c e d .  D ich loro-m -xy lene

KMnO^

(IV) (V)

(VI) (V II )



was o x id is e d  f i r s t l y  to  14:6 - d i c h l o r o - m - to lu i c  a c id  (V)^ 

u s in g  n i t r i c  a c id ,  and t h i s  i n  t u r n  was o x id i s e d  to  

h : 6 - d i c h l o r o - i s o - p h t h a l i c  ac id  (VI)^  w ith  a l k a l i n e  

perm anganate .  This ac id  was conver ted  to  the  c o r r e sp o n d in g  

ac id  c h l o r i d e  (VII)  by t r e a tm e n t  w i th  phosphorus 

p e n t a c h l o r i d e  .

The crude ac id  c h lo r id e  was d i s s o lv e d  i n  methylene 

c h l o r i d e  w i th  two m olecular  e q u i v a l e n t s  o f  n a p h th a le n e ,  

and by the  a d d i t i o n  of anhydrous aluminium c h lo r id e  at  

room te m p e ra tu r e ,  co n d en sa t io n  was b rough t  about very  

smoothly to  give 1 : 3 - d i c h l o r o - h : 6 - d i - ( l - n a p h t h o y l ) -  

benzene ( V I I I ) .  The use o f  methylene c h l o r id e  as s o lv e n t  

ensu red  s u b s t i t u t i o n  in  the 1 - p o s i t i o n  of n a p h th a le n e .

(V I I I )  (IX)

C y c l i s a t i o n  o f  t h i s  d ik e to n e  to  14:5~7 :8 -d ib e n z -  

p e n t a c e n e - 12 : lh -qu inone  (IX) was b e s t  achieved by 

b o i l i n g  the  d ik e to n e  i n  q u in o l in e  w i th  a s l i g h t  excess  of



a o l i d  po taaaium hydrox ide .  I f  a o l i d  aodiura hydroxide  

waa uaed in  t h i a  c y c l i a a t i o n ,  th e  time ta k e n  to complete 

th e  r e a c t i o n  inc reaaed  from e ig h t  houra t o  t h i r t y  h o u ra ,  

w i th  oo r reapond ing  loaa i n  y i e l d  becauae of  aome 

deconqpoait ion brought about by th e  a u a ta in ed  h ig h  t e m p e ra tu r e .  

Again, c y c l i a a t i o n  of the  d ik e to n e  (V I I I )  waa brought 

about ve ry  r a p i d l y  i n  b o i l i n g ,  a t rong ,  a l c o h o l i c  potaaaium 

hydroxide  a o l u t i o n ,  but th e  r e a u l t i n g  quinone (DC) was 

v e ry  e a a i l y  a p l i t  under th eae  ex t rem ely  a l k a l i n e  

c o n d i t i o n a  to  g ive a d i c a r b o x y l i c  a c id ,  which was one of 

t h r e e  p o a a ib le  iaomera ( X ) , ( X I ) ,  o r  ( X I I ) .

(X) (XI) (X II )

The quinone (IX) d id  not g ive a co lou red  v a t  on 

t r e a tm e n t  w i th  a l k a l i n e  aodium h y d ro a u lp h i t e  a o l u t i o n .  

Thia  waa aa e x p e c te d ,  a ince  i t  ia  im poss ib le  to  w r i t e  

a o l a a a i c a l  formula  fo r  th e  c o r r e sp o n d in g  hydroquinone



2
o f  (DC), and t h u s ,  by an e x t e n s io n  o f  C l a r ' s  p r e d i c t i o n  ,

no t r u e  va t  of  the  quinone (IX) would e x i s t  u nder  the  

e x p e r im en ta l  c o n d i t io n s  used to  produce a v a t .

Some d i f f i c u l t y  was ex p e r ien ced  i n  f i n d i n g  a 

s u i t a b l e  method fo r  reduc ing  th e  quinone (IX) to  a 

hydrocarbon .  I t  waa u n a f f e c t e d  by the  z in c  dus t  f u s i o n  

teohn ique  o f  E. C la r^ ,  and by r e f l u x i n g  in  xy lene  

a o l u t i o n  w i th  red  phosphorus and co n s ta n t  b o i l i n g  

h y d r io d ic  ac id  a t  atmospheric  p r e s s u r e .

However, by t r e a tm en t  w i th  red  phosphorus and 

h y d r io d ic  ac id  in  a s ea led  tube at 200° ,  th e  quinone (IX) 

oou ld  be reduced ( i n  poor y i e l d )  to a hexahydrod ibenz-  

p en tacen e  ( q :5 -7  : 8 - d i b e n z - l : 2 : 3 : 9 :10 :11-hexahydropen tacene  ) 

( X I I I ) .

( X I I I ) (XIV)

(XVI) (XVII)



The s t r u c t u r e  o f  t h i a  hydrocarbon waa proved 

c o n c lu s iv e ly  by an exam ination  o f  i t s  u l t r a - v i o l e t  

a b s o rp t io n  spectrum (page 17) . This  spectrum i s  v e ry  

s i m i l a r  to  t h a t  o f  1:114-7 :8 -d ib en z -2  :3 :h :9  :10 : l l - h e x a -
7

hydropen tacene  (XIV) , which s i m i l a r i t y  i s  expec ted  

by analogy w ith  th e  two isom er ic  d ib e n za n th ra ce n e s  (XVI) 

and (XVII) whose ab so rp t io n  s p e c t r a  are a l so  v e ry  

s i m i l a r ® *9 . The s t r u c t u r e  (XV) f o r  th e  new hydrocarbon  

i s  ex c lu d ed ,  s in c e  (XV) would show t e t r a c e n e - l i k e  

a b s o r p t i o n  bands w ith  a b s o rp t io n  t a k in g  p la c e  w e l l  in to  

th e  v i s i b l e  r e g io n .

2̂.

(XV)

The hydrocarbon d id  not form a m ale ic  anhydr ide  

adduct when i t  was r e f lu x e d  in  xy lene  a o l u t i o n  w i th  

m ale ic  anhydride nor when i t  was r e f lu x e d  i n  m ale ic  

anhydride a lo n e .

The s o l u t i o n  o f  the  hydrocarbon i n  t r i c h l o r o b e n z e n e



waa not d e c o lo u r i s e d  by r e f l u x i n g  f o r  s e v e r a l  hours  

i n  the  p resence  of 20# p a l l a d i s e d  c h a r c o a l ,  t h i s  implying  

t h a t  th e  b o i l i n g  po in t  of  t r i c h lo ro b e n z e n e  (213°)  i s  

not s u f f i c i e n t l y  h igh  to  dehydrogenate  the  hydrocarbon 

c a t  a l y t i c a l l y .

Attempts were then  made to  p re p a re  14:5~7 : 8 -d ib e n z -

pen tacene  ( I I )  from i t s  hexahydro-  d e r i v a t i v e  ( X I I I )  by

d eh y d ro g en a t io n  on 20#  p a l l a d i s e d  c h a rc o a l  at JIO0 . The

te ch n iq u e  c o n s i s t s  of  sub l im ing  the hydrogenated

hydrocarbon  th rough  the  hea ted  c a t a l y s t  at  reduced

p r e s s u r e  ( u s u a l l y  around 10“ ^ mm.) and in  a s t ream  o f

ca rb o n  d iox ide  ( a i r - f r e e ^ ) .  The method has been

s u c c e s s f u l l y  used  in  the  p r e p a r a t i o n  of  very  s e n s i t i v e

and r e a c t i v e  hydrocarbons l i k e  hexacene'*'1 or
121 :2-benzhexacene , and was p r e f e r r e d  f o r  t h i s  r e a s o n  to  

chem ica l  methods o f  deh y d ro g en a t io n .

S e v e ra l  samples of  the  hexahydro-  d e r i v a t i v e  ( X I I I )  

were sublimed in to  the  c a t a l y s t  but were adsorbed 

co m p le te ly  on i t ,  and no subs tance  cou ld  be sublimed out 

of  the  c a t a l y s t  even when th e  tem pera tu re  was r a i s e d  

to 9000 .

The e f f i c i e n c y  o f  the  c a t a l y s t  was proved b o th  

b e fo re  and a f t e r  each o f  th e s e  exper im ents  by th e



1 6 .

deh v d ro g en a t io n  of 9 :10 -d ih y d ro an th race n e  to pure

an th racene  in  good y i e l d .

S ince  a dimer of  d ibenzpentacene  would have sublimed

from the  c a t a l y s t  at l e a s t  i n  p a r t  a t  th e  h ig h  tem p era tu re

and low p r e s s u r e  used in  the  dehydrogena t ion  ex p e r im en ts ,

i t  was concluded t h a t  complete p o ly m e r i s a t io n  had

o c c u r e d , i n d i c a t i n g  the  in te rm e d ia te  fo rm a t io n  of a

r e a c t i v e  d i r a d i c a l  o f  the  type ( I I ) .

This  r e s u l t  b ea rs  out th e  f i n d in g s  o f  C la r  and

S te w a r t 1 i n  t h e i r  work on t r i a n g u l e n e  d e r i v a t i v e s ,  and
2

i s  t a k e n  to  be f u r t h e r  suppor t  to th e  p r e d i c t i o n  t h a t  

a hydrocarbon  hav ing  no Kekule s t r u c t u r e  w i l l  not e x i s t  

i n  a s t a b l e  form.

■oOo
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500 MOO lo g  £

wavelength  Crap)  *»•
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-------------  1 : lh -7  :8-dibenz-2:5:M-^9 :10 : l l -h e x ah y d ro p en ta ce n e

in  a l c o h o l .

 h :5-7 :8- d i b e n z - l  :2 :5 :9 :10 : l l -h e x a h y d ro p e n ta c e n e

in  a l c o h o l .  Banda:-  29M-, 509 , 550 , 5h6, 566, 586, M05*
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P A R T  2.

If :5- 6 :7 -DIBENZTETBACENE .

INTRODUCTION.

Thia p a r t  o f  th e  r e s e a r c h  fo l lo w s  d i r e c t l y  on those  

s t u d i e s  d e s c r ib e d  in  P a r t  1 . I t  concerned th e  a t te m p ts  

to  p rep a re  and s tudy  the hydrocarbon i f :5 -6 :7 -d ib e n z -  

t e t r a c e n e  which has no Kekule s t r u c t u r e  and which, i n  

consequence ,  was expec ted  to  be an u n s ta b le  d i r a d i c a l ,  

f o r  i n s t a n c e  (X V II I ) .

The o b je c t  was, as i n  P a r t  1 , t o  supplement our
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IX

(XVIII)

knouledge on the importance of Kekule structures to 

hydrooarbon s ta b i l i t y .

0O0
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DISCUSSION.

The proposed  ro u te  to  hydrogenated  d e r i v a t i v e s  of  

h : 5 - 6 : 7 - d ib e n z t e t r a c e n e  f e l l  n a t u r a l l y  i n t o  th r e e  

p r e p a r a t i v e  s t a g e s .  These were as fo l lo w s .

The f i r s t  s tag e  concerned th e  p r e p a r a t i o n  o f  th e  

d i c a r b o x y l i c  a c i d  d i - ( l - n a p h th y l ) -m e th y lm a lo n ic  a c id  (XXIII) 

and o f  some o th e r  compounds d e r iv e d  from i t .

The second s tag e  d e a l t  w ith  the  a t tem pted  c y c l i a a t i o n  

o f  th e s e  compounds to  d e r i v a t i v e s  o f  1+ :5 - 6 :7 -d ib e n z -  

t e t r a c e n e  ( e . g .  (XXVI)), while th e  l a s t  s tage  waa the  

a t tem pted  r e d u c t i o n  o f  the  c y c l i a a t i o n  p ro d u c ts  th u s  

o b ta in e d  to  give hydrogenated d e r i v a t i v e s  o f  th e  

d i b e n z t e t r a c e n e .

While th e  f i r s t  s tage  was e v e n t u a l l y  c a r r i e d  out 

i n  f a i r l y  good y i e l d ,  the  l a s t  two s t a g e s  gave many 

u nexpec ted  p rob lem s,  as a  r e s u l t  o f  which the  work was 

f i n a l l y  abandoned as b e ing  n o n - s p e c i f i c  i n  i t s  outcome.



P r e p a r a t i o n  o f  d i - ( l - n a p h th v l ) -m e th y lm a lo n ic  ac id  ( X X I I I ) .

Uaing the  method of Schm id l in  and M aaain i1^ ,  

d i - ( l - n a p h th y l ) - c h lo r o m e th a n e  (XX) eaa p rep a red  from 

1-b rom onaph tha lene , v i a  1-naphthylmagneaium bromide and 

d i - ( l - n a p h t h y l ) - c a r b i n o l  (XIX):-

&

HCOgfft _____ ^

(XIX)

>
ij3D2Et 

BtOMg-CH
CO 2®^

ov

(XX) (XXI) (XXII)

H+Magneaio-malonio e a t e r  (XXI) was p re p a re d  and 

condenaed w i th  d i - ( l - n a p h th y l ) - c h lo r o m e th a n e  i n  benzene 

a o l u t i o n  to  g ive  th e  d i c a r b o x y l i c  e a t e r  (XXII). Thia waa



s a p o n i f i e d  i n  a l c o h o l i c  po tass ium  hydroxide a o l u t i o n

to  produce d i - ( l - n a p h th y l ) -m e th y lm a lo n ic  ac id  (X X II I ) .

(XXIII)

Thia d i c a r b o x y l i c  ac id  was th e  main s t a r t i n g  m a t e r i a l  

i n  the  a t tem pted  s y n th e s i s  of  : 5 - 6 : 7 - d i b e n z t e t r a c e n e .

The o v e r a l l  y i e l d  of  ac id  from bro mo naph tha lene  was 

8M>?S o f  t h e o r e t i c a l .

Two o th e r  compounds were u t i l i s e d  i n  the  a t tem p ted  

s y n t h e s i s ,  though to  a much l e s s  e x te n t  th a n  the  

d i c a r b o x y l i c  a c id .  The f i r s t  o f  th e se  was th e  a c id  c h l o r id e  

(XXIV), d e r iv e d  from th e  ac id  (XXIII)  by the  a c t i o n  o f

(XXIV) (XXV)



t h i o n y l  c h l o r i d e .  The second was the  d ih y d r ic  a lc o h o l  (XXV) 

which was o b ta in ed  by r e d u c t io n  o f  th e  a c id  (XXIII) w i th  

l i t h i u m  aluminium hydride i n  e t h e r  s o l u t i o n .

C v c l i a a t i o n s  and R e d u c t io n s .

Three main p ro d u c ts  are  t h e o r e t i c a l l y  p o s s i b l e  from 

th e  I n t r a m o le c u la r  r i n g - c l o s u r e  and o x id a t io n  o f  the  

d i c a r b o x y l i c  ac id  (X X III ) ,  depending on th e  p o s i t i o n s  

a t t a c k e d  i n  the  naphtha lene  n u c l e i  by th e  two ca rboxy l  

g ro u p s .  These t h r e e  p roduc ts  are  (XXVI), (XXVII), and 

(XXVIII).  However, i t  was expected  t h a t  r i n g - c l o s u r e

(XXIII)

XXVIII)(XXVII)(XXVI)

0  o



t o  the  indenone (XXVII), c o n t a in i n g  one five-membered 

r i n g ,  would be e n e r g e t i c a l l y  l e a s  favourab le  th a n  r i n g -  

o lo au re  to  the  r e q u i r e d  quinone (q. 15-6: 7 - d i b e n z t e t r a c e n e -  

11 : l 2 - q u in o n e ) (XXVI), because o f  the  p o s s i b i l i t y  o f  

s t e r i c  i n t e r f e r e n c e  between the  hydrogen atoms marked 

w ith  d o t s  i n  th e  formula (XXVII). The o t h e r  p o s s i b i l i t y ,  

th e  "double indenone" (XXVIII), c o n t a in i n g  two f i v e -  

membered r i n g s ,  i s  almost c e r t a i n l y  exc luded  f o r  t h i s  

same r e a s o n .

A v a r i e t y  of  a t tem pts  were made to  c y c l i s e  the  

d ic a r b o x y l io  a c id  and i t s  d e r i v a t i v e s ;  a number o f  

d i f f e r e n t  p ro d u c ts  were o b ta in ed  and s t u d i e d ,  some o f  

which were i d e n t i f i e d  as a r i s i n g  from decom pos i t ion  of  

s t a r t i n g  m a t e r i a l s .

C o n cen t ra ted  su lp h u r ic  a c id  d i s s o l v e d  th e  

d i c a r b o x y l i c  a c id  (XXIII) to  g ive  a g reen  s o l u t i o n ,  which 

on h e a t i n g  changed th rough  ye l low  ( a t  c a .  80°) to  r e d -  

brown ( a t  c a .  1 0 0 ° ) ,  th e se  c o lo u r  changes p ro b a b ly  be ing  

due to  su c c e s s iv e  r i n g - c l o s u r e s  t a k i n g  p l a c e ,  a l th o u g h  

s u lp h o n a t io n  may a lso  take  p la c e  s im u l ta n e o u s ly ,  s in c e  

n e i t h e r  d i l u t i o n  nor n e u t r a l i s a t i o n  o f  th e  s u lp h u r i c  a c id  

s o l u t i o n  made i t  p o s s i b l e  to  i s o l a t e  an y th in g  o f  va lu e  

from t h i s  r e a c t i o n .



The d io a rb o x y l i c  ac id  was u n a f f e c t e d  by po lyphosphor ic  

ac id  a t  f a i r l y  Ion tem pera tu re  ( 80° )  nor by s t a n d in g  i n  

l i q u i d  hydrogen f lu o r id e  at a tmospher ic  t e m p e ra tu r e ,  

s in c e  th e  unchanged d i c a r b o x y l i c  ac id  could  be reco v e red  

i n  each  c a s e .  With po lyphosphor ic  a c id  at h ig h e r  

t e m p e r a tu r e s ,  hoviever, (1 7 0 ° ) ,  th e  e x te n t  o f  decom posi t ion  

o f  the  d i c a r b o x y l i c  ac id  was judged by the  pronounced 

odour o f  naph tha lene  sub l im ing  from th e  r e a c t i o n  

m ix tu re ,  and by th e  f a c t  t h a t  p e r i  naphtha none (XXIX) was

(XXIII) (XXIX)

(XXX) (XXXI)
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i s o l a t e d  a f t e r  th e  r e a c t i o n .

Decomposition of  the  d ic a r b o x y l i c  ac id  to  naph tha lene  

and p e r i n aphthanone can be e a s i l y  e x p la in e d  by th e  

i n i t i a l  the rm a l  d ec a rb o x y la t io n  o f  the  d i c a r b o x y l i c  ac id

(XXIII)  v i a  the  in te rm e d ia te  (XXX), fo l lowed by e l i m i n a t i o n  

o f  naph tha lene  to  give (XXXI). This ac id  (XXXI) would 

t h e n  c y c l i s e  to  p e r i  nap ht he none (XXIX).

The d e c a rb o x y la t io n  ( (XX III)  __^  (XXX)) no doubt

t a k e s  p la c e  by the  c y c l i c  mechanism shown: th e  e l i m i n a t i o n  

r e a c t i o n  ((XXX) —^  (XXXI)) i s  a l so  p o s t u l a t e d  as 

fo l lo w in g  an e s t a b l i s h e d  mechanism.

P e r i n aphthenone was a lso  i s o l a t e d  a f t e r  t r e a tm e n t  

o f  th e  d i c a r b o x y l i c  a c id  c h l o r id e  (XXIV) w i th  anhydrous 

aluminium c h l o r id e  i n  benzene s o l u t i o n .  ( I n  n i t ro b en z en e  

s o l u t i o n  t h i s  r e a c t i o n  l e d  on ly  to  m a t e r i a l  of  h ig h  

m o le cu la r  w e igh t ,  in s o lu b le  in  x y le n e ,  and o n ly  s p a r in g l y  

s o lu b le  i n  n i t r o b e n z e n e ) .

When the  d ih y d r ic  a l c o h o l  (XXV) was t r e a t e d  w i th  

p o lyphosphor ic  a c id ,  decom posi t ion  ( w i th  g e n e r a t i o n  of 

n a p h th a le n e )  was aga in  obse rved ,  t o g e t h e r  w i th  the  

p r o d u c t io n  o f  po lym eric  m a t e r i a l  from th e  i n t e r m o l e c u l a r  

co n d en sa t io n  of  the  a l c o h o l .  Even w i th  th e  r e l a t i v e l y  

mild r ea g e n t  l i q u i d  hydrogen f l u o r i d e ,  t h i s  a l c o h o l
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s p l i t ,  y i e l d i n g  naphthalene  and a subs tance  which 

p ro b a b ly  had the  s t r u c t u r e  (XXXIII).

The mechanism o f  the  r e a c t i o n s  l e a d in g  to  

n aph tha lene  and (XXXIII) would no doubt be as i n d i c a t e d  

above. The h a l f - c y c l i s e d  a lc o h o l  (XXXII) mas not 

i s o l a t e d ,  but must c e r t a i n l y  have been an in te rm e d ia te  

i n  th e  r e a c t i o n  sequence.

When th e  d i c a r b o x y l i c  a c id  (XXIII) was h e a te d  f o r  a 

s h o r t  t ime i n  an aluminium c h l o r id e  -  sodium c h l o r i d e  

( 5 : 1 )  m e l t ,  th e  r e a c t i o n  p roduc t  was almost co m p le te ly

MOcH

(XXV) (XXXII)

(XXXIII)



2'3.

i n s o l u b l e  i n  benzene .  The b la c k ,  in s o lu b le  r e s id u e  was 

judged to  be decom posit ion  p r o d u c t s ,  vihile th e  benzene 

s o lu b le  f r a c t i o n  was chromatographed on a lumina,  but 

y i e ld e d  n o th in g  of  v a lu e .

The aluminium c h lo r id e  - sodium c h l o r i d e  melt  was 

r e p e a t e d  on the  d i c a rb o x y l ic  a c id ,  but  u s in g  an 

eq u im o lecu la r  mixture o f  the  tvio r e a g e n t s .  Using t h i s  

l e s s  v ig o ro u s  m e l t , th e re  was aga in  produced a l a rg e  

q u a n t i t y  o f  decomposit ion  p r o d u c t s ,  but  t h e r e  was a l so  

produced a sm a l l  amount o f  benzene so lu b le  m a t e r i a l  which 

was chromatographed on a lumina; i t s  behav iour  on 

chromatography in d i c a t e d  t h a t  i t  might have been a 

hydrocarbon .  To take  advantage o f  t h i s  most unusua l  

r e s u l t ,  the  f u s i o n  was r e p e a te d  w i th  th e  a d d i t i o n  o f  

a sm a l l  amount o f  z inc  d u s t .  This  l a t t e r  was added to t r y  

to  i n c r e a s e  the  degree to  which s im ul taneous  r i n g - c l o a u r e  

and r e d u c t io n  had taken  p l a c e .  Again t h e r e  was a g rea t  

d e a l  o f  decom pos i t ion ,  and a very sm all  amount o f  

n o n - c r y s t a l l i s a b l e , benzene s o lu b le  subs tance  p roduced .  

Although t h i s  subs tance  appeared to  be a hydrocarbon ,  i t  

was not found p o s s i b l e ,  even on rechrom atography ,  to  

p u r i f y  i t  s u f f i c i e n t l y  to  enable  any i n v e s t i g a t i o n  o f  i t s  

s t r u c t u r e  to  be c a r r i e d  o u t .  The amount o b ta in ed  ( im pure)
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was no more than  a few m i l l ig ra m s .

In an o th e r  at tempt to  o b t a i n  s im ultaneous  o y c l i s a t i o n  

and r e d u c t i o n ,  th e  d ic a rb o x y l ic  a c id  (XXIII) was t r e a t e d  

w i th  red  phosphorus and hyd r iod io  ac id  i n  a s e a le d  tube 

a t  200° .  Again, t h e r e  was c o n s id e r a b le  d a rk en in g  and 

decom pos i t ion  to  n aph tha lene ,  bu t  i t  was p o s s i b l e  to 

I s o l a t e  a sm al l  amount o f  o i l  which was almost c e r t a i n l y  

a m ix ture  o f  hydrocarbons ,  but  which could  not be 

induced to  c r y s t a l l i s e .  The crude o i l  was dehydrogenated  

w i th  20% p a l l a d i s e d  cha rcoa l  at  200° (a tm ospher ic  

p r e s s u r e )  and gave up approx im ate ly  t h r e e  moles o f  hydrogen. 

By sub l im ing  the  re s id u e  out o f  the  c a t a l y s t ,  a second 

hydrocarbon  was o b ta in ed  whose a b s o rp t io n  bands i n  

benzene s o l u t i o n  were a t  hhh and h i 6 mp .  These bands are 

very  c lo s e  to  th e  c h a r a c t e r i s t i c  a b s o rp t io n  bands of 

peropyrene  (XXXIV) (hh3.#5 and h l 5*5 i n  benzene^^)  and 

on t h i s  b a s i s  we cou ld  say t h a t  th e  de hydrogenated  

m a t e r i a l  d i d ,  i n  f a c t ,  c o n t a in  some of  t h i s  hydrocarbon .

It i s  f a i r l y  easy to e x p l a i n  th e  p r o d u c t io n  o f  a 

peropyrene  d e r i v a t i v e  in  t h i s  r e a c t i o n .  The d i c a r b o x y l i c  

a c id  (XXIII) i s  f i r s t l y  decomposed to  n a r i n aphthanone 

( s e e  pages 2h ,  25) which undergoes r e d u c t iv e  d i m e r i s a t i o n  

to  peropyrene  (XXXIV) ( C l a r 1^) and subsequent



o v e r - r e d u c t i o n  to i t s  hydrogenated d e r i v a t i v e  ( f o r  

example (XXXV))•

<£>
$

Up t i l l  now, we have o n ly  d i s c u s s e d  th o se  r e a c t i o n s  

which have l e d  to  more o r  l e s s  complete decom pos i t ion  

o f  s t a r t i n g  m a t e r i a l s .  We w i l l  non d i s c u s s  t h r e e  

d i f f e r e n t  c y c l i s a t i o n  p r o d u c t s ,  two of  which o f f e r e d  

i n t e r e s t i n g  p r o s p e c t s  and were t h e r e f o r e  i n v e s t i g a t e d  

to  some e x t e n t .

(XXXIV) (XXXV)



1 . By the  a c t io n  of benzoyl c h lo r id e  and a sm all  

amount o f  c o n c e n t r a te d  s u lp h u r ic  ac id  on the  d i c a r b o x y l i c  

ao id  (XXIII)  th e re  was p roduced ,  t o g e t h e r  w ith  

c o n s id e r a b le  decom posi t ion ,  an i n t e r e s t i n g  c y c l i s a t i o n

p r o d u c t ,  which was not c h a r a c t e r i s e d .  The crude p ro d u c t
6was reduced by the  z inc  d u s t  f u s io n  method o f  E. C la r  

and by r e p e a te d  chromatography on a lumina,  th e re  was 

o b ta in e d  a b r i g h t  yel low hydrocarbon,  (The

m olecu la r  formula o f  14:5-6:7- d i b e n z - l l  :12- d ih y d r o t a t r a c e n e  

(XXXVI) l a  a l so  0 2 ^ 5 ) .

(XXXVI)

S u r p r i s i n g l y ,  t h i s  hydrocarbon was i d e n t i c a l  w i th  a 

hydrocarbon  o b ta in e d  l a t e r ,  i n  th o se  s t u d i e s  r e p o r t e d  i n  

P a r t  3 o f  t h i s  T h e s i s .  The hydrocarbon  i s  t h e r e f o r e  

d i s c u s s e d  f u l l y  i n  P a r t  3 (page MO), where ev idence  i s  a lso  

g iven  from which i t  was concluded t h a t  t h i s  hydrocarbon 

c 2i4Hl 6 waa 0015 14:5-6:7 - d i b e n z - l l : 12- d i h y d r o t e t r a c e n e .



2 * The moat prom is ing  r i n g - c l o s u r e  method used  wag to  

t r e a t  a s o l u t i o n  o f  the  d ic a r b o x y l i c  ac id  (XXIII) i n  dry  

n i t ro b en z en e  w ith  phosphorus pen tox ide  a t  130° .  This  

y i e ld e d  a very  b a s ic  m a te r i a l  C2qH12° 2  9 g iv in g  a 

r e d - v i o l e t  s o l u t i o n  bo th  in  c o n c e n t r a t e d  s u lp h u r ic  a c id  

and c o n c e n t r a t e d  hy d ro ch lo r ic  a c id .  This  g r e a t  b a s i c i t y  

( s o l u b i l i t y  i n  co n c en t ra ted  h y d ro c h lo r ic  a c id )  was an 

ex pec ted  p r o p e r ty  o f  the  r e q u i r e d  4 :5~6 :7- d ib e n z t e t r a c e n e  

11 :12-quinone (XXVI) by analogy w ith  me ao -be nz ant hrone 

(XXXIX), which i s  s l i g h t l y  b a s ic  and s o lu b le  i n  

c o n c e n t r a t e d  h y d ro ch lo r ic  a c id .

The p roduc t  0 2 1 ^ 1 ^ 2  ( i so m e r ic  w i th  th e  r e q u i r e d  

d ib e n z te t r a c e n e - q u in o n e )  was not very  s t a b l e ,  and 

decomposed c o n s id e r a b ly  on s u b l im a t io n  and on 

chromatography on alumina.

I t  could  not be s a t i s f a c t o r i l y  reduced  by th e  z in c

0 0 O

(XXVI) (XXXIX)
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d u s t  f u s io n  te ch n iq u e ^ ,  nor by r e f l u x i n g  fo r  twenty 

hou rs  w i th  red  phosphorus and h y d r io d ic  a c id .

Vi/hen t r e a t e d  with red phosphorus and h y d r io d ic  a c id  

i n  a s e a le d  tube at 200°, and th e  r e s u l t i n g  dark  s o l i d  

e x t r a c t e d  w ith  benzene and chromatographed on a lum ina ,  

t h e r e  was o b ta in e d  a small amount o f  c o l o u r l e s s  s o l i d ,  

p ro b a b ly  h ig h ly  hydrogenated hydrocarbon .  This s o l i d ,  

however,  f a i l e d  to  sublime at 350° Qnd 10"^ mm. p r e s s u r e ,  

and cannot t h e r e f o r e  have had a m olecu lar  weight of  the  

o r d e r  300 ( th e  approximate m olecu lar  weight o f  a 

hydrocarbon o f  the  d ib e n z te t r a c e n e  s e r i e s ) .  I t  i s  

p o s s i b l e ,  from t h i s ,  to  say t h a t  i t  may have been 

polym eric  m a t e r i a l .

3 . I t  was found t h a t  u s in g  phosphorus p e n to x id e  in  

n i t ro b e n z e n e  s o l u t i o n  to c y c l i s e  the  d i c a r b o x y l i c  a c id  (XXIII)  

sometimes y i e ld e d  an isomer o f  the  p roduc t  o b ta in e d  in

2,  above (C2hHl2°2^ waa no* s o lu b le  i n

c o n c e n t r a t e d  h y d ro ch lo r ic  a c id ,  and gave a g reen  s o l u t i o n  

in  c o n c e n t r a t e d  s u lp h u r ic  a c id .  The e x p e r im en ta l  

d e t a i l s  o f  th e  experim ents  l e a d in g  to  th e s e  t o t a l l y  

d i f f e r e n t  isom ers  were, to  a l l  o b s e r v a t io n ,  a l i k e  in  a l l  

d e t a i l s .



I t  was not found p o s s i b l e  to  c h a r a c t e r i s e  t h i s  new 

isom er ,  p a r t l y  because i t s  p r e p a r a t i o n  was beyond 

p r e d i c t i o n ,  and thus  the  amount o f  m a t e r i a l  a v a i l a b l e  

was sm a l l .

General  Survey o f  the  Attempted S y n t h e s i s .

The d i c a r b o x y l i c  a c id  (X X III ) ,  b e in g  a s u b s t i t u t e d  

malonic  a c id ,  was r e a d i l y  d e c a r b o n y la t e d , and in  

p a r t i c u l a r ,  d i d  so under  most o f  th e  c o n d i t io n s  

n e c e s s a ry  to  produce normal r i n g - c l o s u r e , and to  an 

e x t e n t  beyond t h a t  expec ted .

VShere c y c l i s a t i o n  d id  o ccu r ,  i t  d i d  not p roceed  in  

one s p e c i f i c  d i r e c t i o n  ( t o  the  d ib e n z te t r a c e n e -q u in o n e  

(XXVI)) but r a t h e r  led  to  a t  l e a s t  t h r e e  d i f f e r e n t  

p r o d u c t s ,  on ly  one of which had the  expec ted  p r o p e r t i e s  

o f  the  quinone (XXVI). This compound, however,  was not 

v e ry  s t a b l e ,  and could  not be reduced  c o n v e n ie n t ly  to  a 

hydrogenated  d e r i v a t i v e  o f  h :5-6 : 7 - d i b e n z t e t r a c e n e .

For th e s e  r e a s o n s ,  b e a r in g  i n  mind t h a t  th e  p r im ary  

o b je c t  o f  the  a t tem pted  s y n th e s i s  was to  s tudy  a 

hydrocarbon  hav ing  no Kekule s t r u c t u r e ,  t h i s  s y n t h e s i s  

was abandoned i n  favour  o f  the  a t tem pted  s y n th e s i s  of



h :5-7 :8 -d ibenzpen t  acene (which a lso  has no Kekule 

s t r u c t u r e ) .  This  work has a l r e a d y  been d e s c r ib e d  in  

P a r t  1 o f  t h i s  T h es i s .

—0 O 0



THE GREEN HYDROCARBON C2M.HllT

INTRODUCTION.

Under c e r t a i n  c o n d i t i o n s ,  fumaryl c h l o r id e  (XL) 

condenses  viith naph tha lene  in  the  p re sen ce  o f  anhydrous 

aluminium c h l o r i d e  to  y i e l d  a d a rk  brown c o n d en sa t io n  

p ro d u c t  which can be reduced to  a b r ig h t  yel low 

hydrocarbon  C2h ^ l 6 * Dehydrogenation o f  t h i s  g iv e s  a 

g reen  hydrocarbon of  u n u s u a l ly  h ig h  b a s i c i t y ,



which g iv e s  a s a l t  w ith  even the  weak a c id ,  a c e t i c  a c id  .

A f t e r  len g th y  s tu d i e s  o f  t h i s  e x t r a o r d i n a r y  and 

h i g h ly  i n t e r e s t i n g  hydrooarbon1^* 1?,  i t  was as s ig n ed  

th e  s t r u c t u r e  : l l - d i b e n z t e t r a c e n e  (XLI) o r ,  f o r

conven ience ,  ze th ren e  (from i t s  Z - l i k e  arrangement o f  

a rom atic  u n i t s ) .

(XL) (XLI) (XLII)

In  o rd e r  to  v e r i f y  the  assignment o f  t h i s  fo rm u la ,  

however, C l a r ,  Lang, and S c h u l t z -K ie s o w ^  r e c e n t l y  

p r e p a r e d  the  hydrocarbon z e th r e n e  (XLI) from chrysene  (XLII) 

by a l e s s  ambiguous s y n th e s i s  th a n  the  o r i g i n a l ,  and found 

i t  t o  be a r ed  hydrocarbon ,  not u n u s u a l ly  b a s i c ,  and 

c e r t a i n l y  not i d e n t i c a l  i n  any way w i th  the  above 

mentioned g reen  hydrocarbon.  I t  th e n  became n e c e s s a ry  

to  a s s ig n  a new s t r u c t u r e  to  th e  green hydrocarbon ,  and 

t h i s  was the  c h i e f  o b je c t  o f  the  work d e s c r ib e d  in  the  

f o l lo w in g  pages .
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The problem wag a t t a c k e d  in  tvio main ways.

F i r s t l y ,  most o f  the  o r i g i n a l  work was r e p e a te d  and 

reviewed ( i n  some in s t a n c e s  le a d in g  to  d i f f e r e n t  

c o n c lu s io n s )  and the p ro d u c ts  o b ta ined  by th e  o r i g i n a l  

workers were subm it ted  to f u r t h e r  s t u d i e s  and a n a ly s e s .  

From t h i s  i t  was p o s s ib le  to propose a new formula fo r  

th e  g reen  hydrocarbon.  The new formula s a t i s f i e s  a l l  the  

main demands o f  the expe r im en ta l  ev idence .

Secondly ,  some p r e l im in a r y  a t tem p ts  were made to  

p rep a re  the  g reen  hydrocarbon (assuming i t  to  have the  

new s t r u c t u r e  proposed)  by a l e s s  ambiguous ro u te  th a n  

th e  o r i g i n a l .

0O 0



DISCUSSION.

Depending on the r e a c t i o n  te m p e ra tu re ,  fumaryl

c h l o r id e  (XL) condenses w ith  naph tha lene  in  the  p resence

o f  anhydrous aluminium c h lo r id e  t o  give two d i f f e r e n t
l6  17p r o d u c t s .  The o r i g i n a l  work on th e se  two compounds 1 l e d  

to  t h e i r  b o th  b e ing  assigned s t r u c t u r e s  r e l a t e d  to  

z e th r e n e  (XLI).

( a )  Low Temperature C ondensa t ion .

P re v io u s  Work.

I f  the  r e a c t i o n  between fumaryl c h lo r id e  and 

n aph tha lene  i s  c a r r i e d  out a t  around 0 ° ,  1 : 2 - d i - ( l - n a p h t h o y l ) -  

e th y le n e  (X L III )  i s  produced, which adds bromine t o  give
161 :2-d ib rom o- l  : 2 - d i - ( l - n a p h t h o y l ) -e thane  (XLIV) . R ing-  

c l o s u r e  o f  t h i s  dibromo- compound by sh o r t  t r e a tm e n t  i n  

an aluminium c h lo r id e  -  sodium c h lo r id e  (5»1) melt  y i e l d s  

a p roduc t  which can be e x t r a c t e d  w ith  a l k a l i n e  sodium



h y d ro s u lp h i t e  s o l u t i o n  as i t s  deep blue vat  . On

o x id a t io n  o f  the  vat  viith a i r ,  the  r e s u l t i n g  subs tance  i s

iso m er ic  w ith  ze th ren e -q u in o n e  (XLV), and was i n  f a c t
l6a s s ig n ed  t h i s  s t r u c t u r e

(X L III )  (XLIV) (XLV)

Recent S t u d i e s .

The above work was r e p e a t e d  and v e r i f i e d ,  the  only 

a l t e r a t i o n  b e in g  an improvement brought about i n  the  

y i e l d  i n  the aluminium c h lo r id e  -  sodium c h l o r i d e  m e l t ,  

by u s in g  an equ im olecu la r  m ix ture  o f  the  two c h lo r i d e s  

i n s t e a d  o f  th e  r a t i o  5 :1*

The r i n g - c l d s u r e  product  o b ta in ed  from t h i s  melt
6was subm it ted  to  C l a r ' s  z in c  dus t  fu s io n  te ch n iq u e  and 

t h i s  gave a hydrocarbon ^ 2 ^ 1 6  iaoraaric w i th  d ih y d ro -  

z e th r e n e  (XLVI) and with  th e  yel low  hydrocarbon mentioned 

i n  the  i n t r o d u c t i o n  (page ^ 6) .  I t  was d i s t i n c t  from th e se  

l a s t  two, but was i d e n t i c a l  w i th  th e  hydrocarbon C2hHl6
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o b ta in e d  in  th e  at tempted s y n th e s i s  o f  h :5-6 :7 -d ibenz -  

t e t r a c e n e  (page 30) from the  d i c a r b o x y l i c  ac id  (X X II I ) .

In  o rd e r  t h a t  the dibromo- compound (XLIV) and the  

d i c a r b o x y l i c  ac id  (XXIII) should  le a d  to  th e  same 

hydrocarbon ,  rearrangem ent must tak e  p la ce  d u r in g  the  

c y c l i s a t i o n  o f  one or  the o t h e r ,  o r  bo th .  The medium 

used  to c y c l i s e  the  d ic a rb o x y l i c  ac id  (benzoyl  c h l o r id e  - 

s u lp h u r ic  a c id )  mould seem l e s s  l i k e l y  to  induce 

m ig ra t io n  th an  t h a t  used to  c y c l i s e  the  dibromo- 

compound (aluminium c h lo r id e  - sodium c h l o r i d e  m e l t ) .

The nem hydrocarbon ^ 2 ^ 1 6  v#aa ^ Q̂ y^r °S0na^Q(̂  

over  p a l l a d i s e d  c h a rc o a l ,  and d id  not give th e  r e d  

z e th r e n e  o r  C l a r ,  Lang, and Schultz -K ieaow*8 and hence 

o y e l i a a t i o n  or  the  dibromo- compound (XLIV) d id  not  l e a d  

to  the  quinone (XLV) aa p r e v io u a ly  r e p o r t e d .  

D ehydrogenation  gave a new g reen  hydrocarbon (n o t  o b ta in ed

(XLVI) (XXIII) (XLIV)



p u re )  whose a b s o rp t io n  spectrum (page hh) was not 

t y p i c a l  o f  p o ly c y c l i c  aromatic  hydrocarbons c o n t a in i n g  

on ly  six-membered r i n g s . This  dehydrogena t ion  a l so

r e l a t e d  to  th e  b a s i c  green hydrocarbon .  (See i n t r o d u c t i o n ,  

page 36, and ( b ) , page 45 ) .

I t  i s  h ig h ly  u n l ik e ly  t h a t  the  hydrocarbon ^21^16  

was h : 5- 6 :7- d i b e n z - l l : l 2 - d i h y d r o t e t r a c e n e  (XXXVI) which,

i n  any c a s e ,  would be expec ted  to  dehydrogenate  to  an 

u n s t a b l e  d i r a d i c a l  (page 18) .

I t  i s  p o s s i b l e  th a t  t h i s  new hydrocarbon may have 

had the  s t r u c t u r e  (XLVII); t h i s  formula i s  c e r t a i n l y  not 

p rec lu d e d  by i t s  a b s o rp t io n  spectrum (page 43) which i s  

s i m i l a r  to  the  d in a p h th y le th y le n e  t y p e .  The dehyd rogena t ion  

p ro d u c t  would th e n  be (XLVIII).

No co n c lu s iv e  p roof  o f  th e se  formulae &as bean found.

e s t a b l i s h e d  t h a t  the  new hydrocarbon C-. Hn /  was not

(XXXVI) (XLVII) (XLVIII)



4-3.

200 400
wavelength  (nyi)

C2M.Hi,5 ( s t r u c t u r e  i n d e f i n i t e ) ,  in  a l c o h o l .  

B anda :-  265, 279, 288, 320, 330, 342, ( 383 , 393) .



500400200

wavelength (mu)

P ro d u c t  o f  dehvdrogena t ion  o f  (unimoving) I n

a l c o h o l .  Banda:-  265, 416. 440 .



Cb) Condensat ion  at c a .  80?

P re v io u s  Work.

When no t e n p e r a tu r e  c o n t r o l  i s  a p p l i e d ,  fumaryl

c h l o r i d e  condenses w ith  naphthalene  in  th e  p resence  o f

anhydrous aluminium c h lo r id e  to  give an approx im ate ly

5# y i e l d  o f  a brown condensa t ion  p ro d u c t ,  to  which
vl6was a s s ig n ed  the  s t r u c t u r e  ( IL )  . T h is ,  on r e d u c t io n

£
by C l a r ' s  z in c  d u s t  f u s io n  techn ique  l e a d s  to  a b r i g h t

140

( IL )  (XLVI): (XLI)
16

ye l low  hydrocarbon C214% £  (a ss ig n e d  th e  formula (XLVI)) 

which can be dehydrogenated over  p a l l a d i s e d  c h a rc o a l  to  

the  b a s i c  green hydrocarbon ( a s s ig n e d  the  s t r u c t u r e
■I ^

z e th r e n e  (XLI) ) the main s u b je c t  o f  th e s e  s t u d i e s .

The c h i e f  suppor t  f o r  the  s t r u c t u r e  (XLI) ( a p a r t  

from th e  method of  p r e p a r a t i o n )  came from two s o u rc e s ,
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one t h e o r e t i c a l ,  the  o t h e r  e x p e r i m e n ta l :-

Z e th re n e ,  aa w r i t t e n  in  the  formula (XLI) has nine 

Kekule s t r u c t u r e s ,  a l l  o f  which involve th e  two

co n ju g a ted  double-bonds i n  the  c e n t r a l  r e g io n  of  th e
16m o le cu le .  I t  was p o s t u l a t e d  th a t  the  unusual  p r o p e r t i e s  

o f  the  hydrocarbon thought to be ze th ren e  ( b a s i c i t y  e t c . )  

were b e s t  e x p la in e d  by the molecule (XLI) e x i s t i n g  in  

c l a s s i c a l  e q u i l ib r iu m  w ith  the  molecule (L ) ,  in  which 

two T t - e le c t ro n s  are l o c a l i s e d  i n  the  p o s i t i o n s  o f  th e  

d o ts  ( fo rm u la  (L))  and the  remainder o f  th e  molecule 

e x i s t i n g  as an 8-shaped aromatic  system. The b a s i c i t y

(XLI) (L) (LI)

of th e  hydrocarbon  could th en  be exp la ined  by th e  easy 

fo rm a t io n ,  i n  ac id  s o l u t i o n s ,  o f  the  c a t i o n  ( L I ) .

The second c h i e f  p iece  o f  ev idence d e r iv e d  from the



f u r t h e r  r e d u c t io n  of the d ihyd ro -  d e r i v a t i v e  

w i th  red phosphorus and h y d r io d ic  ac id  at  a tm ospher ic  

p r e s s u r e .  This  was rep o r te d  to  y i e l d  a hexahydroze th rene  

^ 2h**20» a s c r ib e d  th e  s t r u c t u r e  ( L I I ) ^ .  I t

can be seen t h a t  the hydrocarbon having  t h i s  s t r u c t u r e  

would have an a b s o rp t io n  spectrum v e ry  s i m i l a r  to  t h a t  

o f  ch ryssne  (X L II ) ,  and t h i s  was, in  f a c t ,  th e  case w i th  

the  newly found hydrocarbon ^21^23* t h i s  be ing  t a k e n ,  

t h e r e f o r e  to support  the ze th re n e  s t r u c t u r e .

( L I I ) (XLII)

Recent S t u d i e s .

The co n d e n sa t io n  of  fumaryL c h l o r id e  w i th  naph tha lene  

was r e p e a t e d ,  w i th  l i t t l e  change from th e  o r i g i n a l  method.

The con d en sa t io n  product  th u s  o b ta in e d  was i n s o lu b le  

i n  most o rg an ic  s o l v e n t s ,  but i t  could be r e c r y s t a l l i s e d



48.

(always w i th  some decomposit ion)  from 1 :2 : 4 - t r i o h l o r o - 

b an z a n e , when a n a ly s i s  gave the  m olecular  formula 

C24H1L|?2* a d i a c e t y l  d e r i v a t i v e  waa formed CCggH^gO^) 

by d i a a o l v i n g  the  condenaa tion  product in  b o i l i n g  

g l a c i a l  a c e t i c  a c id .

The moat important  expe r im en ta l  evidence con cern in g  

the  s t r u c t u r e  o f  theae  compounds waa d e r iv e d  from the 

r e d u c t io n  o f  th e  condenaa t ion  product  w ith  red  

phoaphorua and h y d r io d ic  ac id  i n  a aea led  tube a t  200°.

From t h i a  r e d u c t io n  th e re  waa o b ta in e d  a mixture o f  two 

h y d roca rbons ,  ^ 2 ^ 2 2  an<* ^ 2 ^ 2 6 *  Each of  theae  cou ld  be 

dehydrogena ted  over  p a l l a d i a e d  ch a rco a l  to  the  b a a ic  

g reen  hydrocarbon ,  thua e a t a b l i a h i n g  t h e i r  i n t e r - r e l a t i o n .  

The hydrocarbon C24H22 *aa t h e r e f o r e  an o c tah y d ro -  

d e r i v a t i v e ,  and £ 2 ^ 2 6  waa a dodecahydro- d e r i v a t i v e ,

S t e w a r t ^  r e p o r t e d  the fo rm a t io n  o f  a hexahydro-  

d e r i v a t i v e  (page 47)» flnd the p r o p e r t i e a  o f  h ia  hexahydro-  

and the  new o c tahydro -  d e r i v a t i v e  are compared in  Table 1, 

I t  can be aeen t h a t  they are w ithout doubt the  same 

hydrocarbon .  (Stewart r e p o r t a  the  r e s u l t s  o f  on ly  one 

m ic r o - a n a ly s i s  o f  h i s  hyd roca rbon ) .  The a b s o rp t io n  

spectrum o f  the  o c tah y d ro -  d e r i v a t i v e  i s  compared w ith  

t h a t  o f  chrysene  on page 50, and the  s i m i l a r i t y  between th e
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T A B L E  1.

S t e w a r t ’s 

C24H20

Oct ahydro- 

C2hH22

M e lt in g  P o in t
( u n c o r re c te d )

205-206° 208°

Colour i n  co n c e n t r a t e d  
s u lp h u r i c  acid

V i o l e t , orange 
f l u o r e a c e n c e .

V i o l e t , becoming 
r e d - v i o l e t , red  
f l u o r e s c e n c e .

A bso rp t ion  Maxima (mjx) 

( i n  a l c o h o l )

572 ,(561-5)  ,354 

(344). 355, 515,

300- 5 , ( 289), 277 , 

267 , 259

572 , 354 , 333*

3 1 3 , 3 0 1 , 2 7 6 ,  

267, 223.

C and H (£ )  Found. 9 3 .3 ;  6-9 l a t  :9 2 > 8 l ; 7*26 

2n d :93 -0 8 ; 7 .00

C a lc td . f o r  ^ 2 ^ 2 0  

93- 5 ; 6 .5

f o r  C24H22 

92 . 85 ; 7 .15



50 .

5 .

5.

l o g £

2 .
MOO200

w avelength  (mp)

Chrvaene in  d ioxan .
O c tahvdrod inaph tho-azu lene  in  a l c o h o l .

Banda:-  223, 266. 5 , 276 , 301, 313. 353, 354, 372.
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60 00 5000
^  wavelength  (2)

Phosphorescence spectrum of  o c tah v d ro d in ap h th o -azu len e  i n  

pe t ro le u m  e t h e r  at 77°A. Bands:-  (2 )  M-895, 49^0, 5150, 

5520 , 5750.

Phosphorescence spectrum of chrvsene  in  a lco h o l  a t  77°^* 

B ands:-  (2 )  4990 , 9060, 5105, 5570, 5485 , 5750 , 59MO.
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two s p e c t r a  i s  r e a d i l y  a p p a re n t .

No t r o u b le  was ex p e r ien ced  in  r educ ing  the

co n d e n sa t io n  p roduc t  to  the  d ih y d ro -  d e r i v a t i v e  $21^16

as o b ta in ed  by the  o r i g i n a l  w orkers .  (The a b s o rp t io n

spectrum o f  t h i s  compound i s  shown on page 67).  A new

method was u s e d ,  however, to  dehydrogenate t h i s  d e r i v a t i v e

to  the  p a re n t  c 2L|.Hl h # Thia me1:hoci invo lved  th e  use  of

iod ine  in  n i t ro b e n z e n e  s o l u t i o n ,  and an iod ine  complex

(C2l+Hll+I ^ )  o f  the  hydrocarbon was o b ta in ed  as an

i n t e r m e d i a t e .  This complex was sublimed e i t h e r  alone o f

from copper powder, when i t  d i s s o c i a t e d  to  g ive th e  green

C Hnil. Some i n t e r e s t  was a t t a c h e d  to the iod ine  complex,21+ 1M-
and i t  i s  d i s c u s s e d  more f u l l y  i n  the  Notes (page 6 l ) .

From a l l  th e  above evidence , i t  was p o s s i b l e  to  

propose the  fo l lo w in g  formulae f o r  the  b a s i c  g reen  

hydrocarbon and i t s  d e r i v a t i v e s .

I t  i s  p roposed  t h a t  the  p a r e n t  hydrocarbon  ^24.^14 waa 

a d in a p h th o -a zu le n e  , 1 : 3 - 5 : 7 - ( l 1 :8 ' - 1 "  :8M-)-d inaph tho-  

azulene ( L I I I ) .  I t s  d ih y d ro -  d e r i v a t i v e  was (LIV),

th e  co n densa t ion  p roduc t  (LV), and th e  d i a c e t y l  co n d e n sa t io n  

p ro d u c t  (LVI).  The p r o p e r t i e s  of  th e  o c ta h y d ro -  d e r i v a t i v e  

C24H22 v»erQ bQat ex p la in e d  by th e  formula  (L V II ) ,  and thus
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the  dodecahydro- d e r i v a t i v e  eaa (LVIXX).

OH

( L I I I ) (LIV) (LV)

(LVI)

Supporting Evldenca

(LVII) (LV III )

From th e  b ehav iou r  o f  the  d ln ap h th o -a zu le n e  

d e r i v a t i v e s  on chromatography and s u b l im a t io n ,  t h e r e  i s  no 

p o s s i b l e  doubt t h a t  th e y  c o n t a i n  214 carbon  atoms, and not 

12 o r  148.



C o n s id e r in g  the mods of  fo rm a t ion  o f  those  d e r i v a t i v e s ,  

(from fumaryl c h l o r id e  and n ap h th a len e )  i t  i s  r e a s o n a b le  

to  assume t h a t  the  molecule i s  made up o f  two naph tha lene  

m o le c u le s ,  w i th  th e  fou r  carbon  atoms of  the  fumaryl 

c h l o r id e  r e s id u e  arranged  between th e s e  two. The v a r io u s  

f e a s i b l e  ways i n  which t h i s  can be done would le a d  to  

th e  fo l lo w in g  h y d ro c a rb o n s : -  ( a ) ,  ( b ) , ( c ) ,  ( d ) ,  and ( L I I I ) .

( a ) (to) ( c )

(d) ( L I I I ) ( e )
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hydrocarbons (b )  and ( c )  would not show the  u n u su a l  p r o 

p e r t i e s  e x h i b i t e d  by the  b a s ic  green  hydrocarbon.  The 

d in a p h th o p en ta len e  (d )  would not d i f f e r  g r e a t l y  from th e  

d ib e n z p e n ta le n e  ( e ) ,  whose p r o p e r t i e s  are  q u i t e  d i f f e r e n t

e l i m i n a t i o n ,  th e n ,  the  s t r u c t u r e  ( L I I I )  would seem 

c o r r e c t ,  and t h i s  can be e x p la in e d  and suppor ted  i n  

s e v e r a l  p o i n t s .

F o rm a t io n .

fhe  mode o f  fo rm a t io n  o f  an azu lene  s t r u c t u r e  in  

th e  co n d e n sa t io n  r e a c t i o n  must be t h a t  th e  fumaryl 

c h l o r id e  does not a t t a c k  th e  naph tha lene  as i n  F ig .  1 , but 

fo l low s  the  r e a c t i o n  scheme shown i n  F ig .  2 .

19from th o se  o f  th e  b a s ic  g reen  hydrocarbon . By
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00 CO
Fig-  2.

B a s ic i ty .

Azulene i t s e l f  i s  b a s i c ,  and th u s  i t  i s  not 

unreasonable) to  expect  t h a t  th e  hydrocarbon ( L I I I )  would 

a l so  be b a s i c .  Two im portan t  d i f f e r e n c e s  a r i s e  i n  t h i s  

r e s p e c t .

F i r s t l y ,  a z u le n e  i s  s o lu b le  only  in  c o n c e n t r a t e d  

m ine ra l  a c i d s ,  and may be recovered  from th e s e  on 

d i l u t i o n .  The d in a p h th o -a zu le n e  ( L I I I )  g iv e s  s a l t s  w ith  

even aqueous a c e t i c  a c id .

S econd ly ,  the  widely  accepted  view on the  fo rm a t ion

o f  azulenium s a l t s  in v o lv e s  th e  c a t i o n  (LIX),  o r  b e t t e r ,
20(LX) , i n  a c id  s o l u t i o n s .  No c a t i o n  o f  t f t i s  type can be 

fo rm u la ted  f o r  th e  d in a p h th o -a z u le n e  ( L I I I ) ,  s in c e  the  

1- p o s i t i o n  of  the  azulene p a r t  o f  th e  molecule ( c a l c u l a t e d
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i n  azulene to  be th e  moat b a s i c )  i s  occup ied .  The 

a a l t a  o f  d in a p h th o -a z u le n e  may be of  th e  type (LXI) .

L

Anion

(LIX) CLX) (LXI) J

Absorp t ion  S p e c t r a .

The a b s o rp t io n  spectrum o f  th e  d in a p h th o -a z u le n e  ( L I I I )  

(page 69) cannot be r e l a t e d  to  t h a t  o f  ary known 

p o ly c y c l i c  arom atic  hydrocarbon ,  nor indeed does i t  even 

resemble any o f  th e s e  i n  t y p e .  The a b s o r p t i o n  spectrum 

of azu lene  a lso  d i f f e r s  markedly from th e  u s u a l  type of  

aromatic  hydrocarbon  spectrum , and a l th o u g h  t h i s  absence 

o f  t y p i c a l  spectrum may not be taken  as p o s i t i v e  p ro o f  

f o r  th e  s t r u c t u r e  ( L I I I ) ,  i t  n e v e r t h e l e s s  does not 

p re c lu d e  t h i s  s t r u c t u r e .  F us io n  o f  two naph tha lene  

r e s id u e s  to  the  azulene molecule  would produce a com ple te ly  

u n p r e d ic t a b l e  change in  the  a b s o r p t i o n  spectrum of  az u len e .



Hydrogenated D e r i v a t i v e s .

The a b s o rp t io n  spectrum of  the  o c tah y d ro -  d e r i v a t i v e  

(LVII) i s  c l o s e l y  r e l a t e d  to  t h a t  of  chrysene  . (These 

s p e c t r a  are compared on page 50) .  I t  w i l l  be noted t h a t  

th e  molecule o f  the  o c tah y d ro -  d e r i v a t i v e  has th e  same 

degree o f  c o n ju g a t io n  ( i n  formal doub le -bonds)  as the  

molecule o f  chrysene  (XLII) ,  and p rov ided  t h a t  th e

(LVII) (XLII)

molecule (LVII) i s  h e ld  approx im ate ly  p l a n a r ,  t h i s  could  

account f o r  th e  g r e a t  s i m i l a r i t y  i n  a b s o rp t i o n  s p e c t r a .

The phosphorescence  spectrum of  (LVII) i s  compared 

w ith  t h a t  o f  chrysene  on page 51. I t  c a n  be seen t h a t  the  

spectrum of  th e  o c tah y d ro -  d e r i v a t i v e  i s  a t  a lower 

wavelength  th a n  t h a t  of  c h r y s e n e , which would not be the  

case  in  a s u b s t i t u t e d  ch ry se n e ;  t h i s  t h e r e f o r e  e s t a b l i s h e s



t h a t  the  green  hydrocarbon  C2l+H ^  does not c o n t a i n  the

f o u r - r i n g  chrysene  system, as 1%, the  case i n  z e th ren e  (XLI).

Dehydrogenation of  th e  o c tah y d ro -  and dodecahydro-

d e r i v a t i v e s  to  the  pa ren t  C2hHli4 ( L I I I )  in v o lv e s  the

fo rm a t io n  o f  a ca rbon-ca rbon  bond, but  th i s  r e a c t i o n

f in d s  ana logy  i n  the  case o f  d i -m -x y ly len e  (L X II ) ,  which

on dehydrogena t ion  over  p a l l a d i s e d  c h a rc o a l  r e s u l t s  i n

the  fo rm a t io n  o f  a new ca rbon -ca rbon  bond to  y i e l d  
21pyrene (LX III )  . F u r th e r ,  cv c lo d eoane (LXIV) can be 

conver ted  to  azulene by t r e a tm e n t  w ith  hot a lum ina ,
op

fo l low ed by dehydrogena t ion  on  p a l l a d i s e d  c h a rc o a l  .

9
( L X I I ) ( L X I I I ) (LXIV)

The a b s o r p t i o n  spectrum o f  th e  dodecahydro-  

d e r l v a t i v e  (L V III )  l a  shown on page 68.



Maleic  Anhydride Adduot

Whan m ale ic  anhydride was added to  a s o l u t i o n  of 

d ih y d ro d in a p h th o -a zu le n e  i n  n i t ro b en z en e  and i n  th e  

p re se n ce  of  i o d i n e ,  t h r e e  m olecules  o f  m aleic  anhydride 

nere  combined w i th  one molecule of  d in a p h th o -a zu le  ne.

Two o f  th e  anhydride molecules  combined by a d d i t i o n  and 

subsequent  d ehydrogena t ion  ( to  g ive (LXV)) and the  t h i r d  

molecule added, g iv in g  the  en d o c y c l ic  t r i - m a l e i c  anhydride 

adduct (LXVI).

f t  z
-  HCi A

“fY
0

(LXV) (LXVI)

While a l l  th e  a v a i l a b l e  evidence in d i c a t e d  t h a t  the  

formula ( L I I I )  was c o r r e c t  f o r  th e  green hydrocarbon ,  

co n c lu s iv e  p ro o f  was c o n s id e re d  n e c e s s a ry .  Some a t tem p ts  

were made to  s y n th e s i s e  th e  hydrocarbon by an o th e r  r o u t e ,  

and th ese  a t tem p ts  are  d i s c u s s e d  below (page 614).
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N O T E S .

1 . The io d in e  complex 024^11413 •

By adding  io d in e  to  a s o l u t i o n  o f  d ih y d ro d in ap h th o -  

azulene (LIV) i n  b o i l i n g  n i t r o b e n z e n e , dehydrogena t ion  

occured and an i o d in e - c o n t a i n i n g  subs tance  C ^ L ^ iq ^  

o b t a i n e d .

From s t u d i e s  of  the  a b s o rp t io n  spectrum of t h i s  

subs tance  (page 70) i t  cou ld  be shown t h a t  the  io d in e  was 

complexed and not combined, s in c e  th e  a d d i t i o n  o f  an 

excess  of  io d in e  to the  s o l u t i o n  o f  caused  an

in c r e a s e  i n  th e  i n t e n s i t y  o f  th e  a b s o rp t io n  bands due to  

t h i s  s u b s ta n c e .  The excess  io d in e  se rved  t h e r e f o r e  to  

d i s p l a c e  th e  e q u i l i b r iu m  :-

2 C2I4H11+ + 3 12 2 C2M-H1i+I 5

2 . Param agnet ism .

Approximately one i n  e ig h ty  of the  m olecu les  o f
23d in a p h th o -a z u le n e  are param agnet ic  a t  room tem p era tu re  ,



as found by param agnet ic  micro-wave a b a o r p t i o n ^ . Thia 

unusua l  p r o p e r t y  i s  almost c e r t a i n l y  due to  the  

m o le c u le ' s  e x i s t i n g  to  some e x t e n t  i n  a t r i p l e t  s t a t e  

a t  room te m p e ra tu r e .  The i n t e n s i t y  o f  a b s o rp t io n  bands 

due to  s i n g l e t - t r i p l e t  t r a n s i t i o n s  i s  normally  o f  th e  

o rd e r  £=  1, and t h e r e f o r e  th e  h ig h  wavelength  

a b s o rp t io n  bands o f  d in a p h th o -a zu le n e  ( i n t e n s i t y  o f  th e  

o rd e r  £ -  1000) are more l i k e l y  c o r r e l a t e d  to  a 

t r i p l e t - t r i p l e t  t r a n s i t i o n .  The i n t e n s i t y  o f  th e s e  

bands f i t  very w e l l  w i th  the  f a c t  t h a t  one molecule i n  

eigh.ty i s  p a ra m a g n e t ic .

3« O ther  d i n a p h t h o - a z u le n e s .

Fumaryl c h lo r id e  condensed w i th  1 - m ethylnaphthalene  

i n  the  same way as w ith  n ap h th a len e .  By th e  u s u a l  

s e r i e s  o f  r e a c t i o n s ,  d im e th y ld in ap h th o -az u len e  (IXVII) was 

o b ta in e d .  I t  was hoped t h a t  the  d i r e c t i n g  in f lu e n c e  o f  the  

methyl groups would le a d  to  h ig h e r  y i e l d s  of  hydrocarbon ,  

and thus  f a c i l i t a t e  f u r t h e r  s t u d i e s .  The y i e l d  i n  the  

c o n d en sa t io n  r e a c t i o n  was indeed  h ig h e r ,  but d im e th y l -  

d in a p h th o -a zu le n e  was f a r  l e s s  s t a b l e  th a n  d in ap h th o -  

a z u le n e ,  and decomposed c o n s id e r a b ly  on s u b l im a t io n ,  so
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t h a t  no Height viaa a t t a c h e d  to  th e se  s t u d i e s .

C li

■OH

(LXVII) (LXVIII) (LXIX)

Under th e  u s u a l  ex p e r im en ta l  c o n d i t i o n s ,  fumaryl 

c h l o r id e  was condensed w i th  1- c h lo r o n a p h th a l e n e . I n s t e a d  

o f  th e  normal c o n d e n sa t io n ,  however, the  d ik e to n e  

(LXVIII) r e s u l t e d ,  co r re sp o n d in g  to  the  d ik e to n e  (XLIII)  

(page 3 9 )• Condensat ion  a t  h ig h  tem p era tu re  would be 

n ec essa ry  to  produce the  d ic h lo ro d in a p h th o -a z u le n e  

d e r i v a t i v e  (LXIX).

The i n t r o d u c t i o n  of two c h l o r i n e  atoms in to  th e  

d in a p h th o -a z u le n e  molecule should  produce an in c r e a s e  

i n  th e  p r o p o r t i o n  o f  molecules  e x i s t i n g  in  the  t r i p l e t  

s t a t e 21*, and hence i n  the  degree  o f  paramagnet ism.

0 O 0
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ATTEMPTED SYNTHESIS.

I t  it a* proposed to  a t tem pt  a s y n t h e s i s  o f  

d in a p h th o -a zu le n e  by a more s p e c i f i c  r o u te  th a n  th e  

o r i g i n a l  -  as i n d i c a t e d  in  the  r e a c t i o n  scheme

ot\ crt HOt c

(LXX) (LXXI) (LXXII)

( t  , LB na.tn CO — ■ ■>
a w *

(LXXIII)

Dibromoacenaphthene (LXX) was p r e p a r e d ^  from 

a c e n a p h th y le n e , and a t tem p ts  were made to  p re p a re  th e  

n i t r i l e  (LXXI) from i t .  H y d ro ly s is  would; g ive  the

O e t c .
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ac id  (LXXII) which could  be conver ted  to  i t a  ac id  

c h lo r id e  (LXXIII) .

Dibromoacenaphthene was t r e a t e d  w i th  po ta ss ium  

cyanide and w ith  cuproua cyanide under  v a ry in g  

c o n d i t i o n s ,  w ithout apy rep lacem ent  o f  bromine by n i t r i l e  

g roupa.  I n  the  aame way, l i t h i u m  m eta l  oould not be 

induced to  r e a c t  w i th  th e  two bromine atoma, i n d i c a t i n g  

u n u su a l ly  s t r o n g  carbon-bromine l i n k a g e s .

A second at tem pt was made, s t a r t i n g  from bromo-
o c.

m aleic  anhydride (LXXIV)^ . I t  was hoped th u s  t o  

s y n th e s i s e  1-n ap h th y lm a le ic  anhydride (LXXV), from 

which a c e n a p h th e n e -1 :2 -d ic a rb o x y l ic  ac id  (LXXII) cou ld  

be p re p a red  : -

(LXXV)

Naphthalene and bromomaleic anhydride (LXXIV) were 

d i s s o lv e d  in  t e t r a c h l o r o e t h a n e , and anhydrous aluminium 

c h lo r id e  added to  th e  m ix tu re .  I t  was found t h a t  the

(LXXIV)

(b)AlCl
e t c .
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anhydride group ing  r e a c te d  more r e a d i l y  th a n  the  bromine 

atom, and a c y l a t i o n  occured .  The k e to n ic ,  a c id i c  

m a te r i a l  o b ta in e d  d id  not c o n t a in  bromine (C ^ H ^ qO^) and 

had an e q u iv a le n t  weight (sodium hydroxide t i t r a t i o n )  o f  

around 220. This  in d i c a t e d  t h a t  i t  was p robab ly  a 

mixture o f  the  two n a p h th o y la e ry l i e  ac id s  (LXXVI) and 

(LX X V II)^ ,  formed from th e  F r i e d e l - C r a f t s  r e a c t i o n  by 

a c y l a t i o n  and subsequent removal o f  bromine.  No 

s a t i s f a c t o r y  mechanism can be advanced f o r  th e  bromine 

removal.

(LXXVI) (LXXVII)

oOo
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3
200

wavelength  (up)

D lh vdrod lnaph tho -azu lene  I n  a l c o h o l .  Banda:-  229 ,

270 , 291 , 304, 540, 360, 379, 400.
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j

400200

-  4

1
l o g  E

wavelength  (np)

D odecahydrodlnaphtho-azulene  i n  a l c o h o l .

B anda :-  239 , 267 , 297 , 308 , 328 , 355 •
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400

* 500

<—  l o g  k

D inaph tho -azu lene  I n  benzene .  Banda:-  284, 527* 342 , 

3 6 0 , 1 + 1 4 , 4 3 6 , 4 6 1 ,  5 7 3 , 6 2 2 .
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0

lo g  E

MOO 500 600
w avelength  (rap) ■ - »

D in a p h th o -a z u le n e / io d ln e  complex n^‘trol:)QnZ9n0 •

 2̂M- 1̂M- + °*3  atoms i o d i n e ,

---------------C2MH1M + 5 atoms io d in e .

--------------- ^2M̂ 1M- * ^ atoms io d i n e .

Bands:-  (peak  a t  M-62 due to  d in a p h th o -a z u le n e )  550. 590.
/  - L ±( A l l  s o l u t i o n s  were 1.99*10 M. w ith  r e s p e c t  to  C Hjn,

V

and lo g  £ was c a l c u l a t e d  on t h i s  b a s i s ) .
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B X P B R I M B N T A L
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All m e l t in g  p o i n t s  a re  u n c o r r e c t e d ,  and t a k e n  in  

s e a l e d ,  evacua ted  c a p i l l a r i e s .

1 . U :6 -P ich lo ro -m -xv lene  ( IV ) .

This was p re p a re d  by a method based  on t h a t  of 

Claus and B u r s t s r t 1*.

Iodine  (20 g . )  was added to  m-xylene (200 g . )  and 

th e  s o l u t i o n  coo led  to 0° and c h l o r i n a t e d  d i r e c t l y  at tha t  

tem pera tu re  t i l l  the  c o n te n t s  o f  th e  r e a c t i o n  v e s s e l  

formed a s e m i - c r y s t a l l i n e  mass ( c a .  8 h o u r s ) .  (Over

c h l o r i n a t i o n  occured  e a s i l y  at t h i s  s ta g e  to  give 

2 : 6 - t r i c h l o r o - m - x y l e n e ) . The mass was d i s s o l v e d  in  

ch loroform  (200 m l . ) ,  washed w i th  w ater  and d i l u t e



sodium t h i o s u l p h a t e  s o l u t i o n ,  d r i e d  (ca lc ium  c h l o r i d e ) ,  

and d i s t i l l e d .  The f r a c t i o n  d i s t i l l i n g  between 215 and 

21*0° c o n s i s t e d  almost e n t i r e l y  of  h : 6 - d i c h l o r o - m - x y le n e . 

This d i s t i l l e d  as a heavy o i l  which r e a d i l y  c r y s t a l l i s e d  

i n  l a r g e  p l a t e s  i n  the  r e d e i v e r .  I t  was r e c r y s t a l l i s e d  

from e t h a n o l ,  m.p. 67°. ( L i t e r a t u r e ,  6 8 ° ) .  Y ie ld ,  60 g .  

o r  17# t h e o r e t i c a l .

2 . U :6 -D ich lo ro - tn - to lu ic  a c id  (V).

h :6 -D ich io ro -m -xy lene  (50 g . ) was added to  a mixture 

of  water  (800 m l . ) ,  c o n c e n t r a t e d  n i t r i c  a c id  (1200 m l . )  

and manganese d io x id e  (C .5  g . ) ,  and the  whole re f lm xed  

f o r  7 d ays .  On c o o l in g ,  white  need les  of  the  t o l u i c  a c id  

c r y s t a l l i s e d  out from the s o l u t i o n ,  and some unchanged 

d ic h lo ro -m -x y len e  s o l i d i f i e d  on the  bottom of th e  f l a s k .  

The white n ee d le s  were f i l t e r e d  o f f  and the  unchanged 

d ic h lo ro -m -x y len e  r e  f luxed  w i th  f r e s h  d i l u t e  n i t r i c  ac id  

( a s  above) f o r  a f u r t h e r  1+ d ays ,  when c o o l in g  gave more 

white  need les  o f  d i c h l o r o - m - t o l u i c  a c id .  m .p .  l 6 8 ° . 

( L i t e r a t u r e  170° ) .  Y ie ld ,  5° 8* or t h e o r e t i c a l .

U:6- D l c h l o r o - l 30- p h t h a l i c  a c id  (V I ) .

1+:6 - D ic h lo ro -m - to lu ic  ac id  (50 8*) was d i s s o lv e d  i n

d i l u t e  sodium hydroxide  s o l u t i o n  (500 m l . )  and d i l u t e d



to  1.5  l i t r e s  w ith  w a te r .  The s o l u t i o n  was b o i l e d  i n  a 

l a r g e  enamelled i r o n  po t  w i th  e f f i c i e n t  mechanical  

s t i r r i n g ,  and po tass ium  permanganate (50 S*) added in  

10 g .  p o r t i o n s ,  each  p o r t i o n  be ing  added when the  c o lo u r  o f  

th e  p re v io u s  p o r t i o n  had been d i s c h a rg e d .  The s o l u t i o n  

was th e n  b o i l e d  f o r  a f u r t h e r  h a l f  h o u r ,  and excess  

permanganate d e s t ro y e d  by th e  a d d i t i o n  o f  a l i t t l e  e t h a n o l .  

The s o l u t i o n  was co o led ,  f i l t e r e d ,  and th e  re s id u e  o f  

manganese s a l t s  e x t r a c t e d  t h r e e  t im es  w i th  b o i l i n g  

water  (500 ml. each  t i m e ) .  The combined f i l t r a t e s  

were e v a p o ra ted  to  5°0 nil* Qnd a c i d i f i e d  w i th  

c o n c e n t r a t e d  h y d ro c h lo r ic  a c id ,  when white need les  of  

U :6 - d i c h l o r o - i s o - p h t h a l i c  a c id  were o b ta in e d ,  m.p. 255° • 

( L i t e r a t u r e  280° ) .  R e c r y s t a l l i s a t i o n  from e th a n o l  gave 

long  white n e e d le s ,  m.p. 280° .  Y ie ld ,  50 g- o r  85^  

t h e o r e t i c a l .

U. U : 6 - D i c h lo r o - i s o - p h t h a l i c  ac id  c h l o r i d e  ( V I I ) .

U :6 -D lc h lo ro - i s o - p h t h a l i c  a c id  (50 S*) was 

powdered and mixed dry w i th  phosphorus p e n t a c h lo r id e  

(90 g . ) .  A v igo rous  r e a c t i o n  s e t  i n  and on ly  

i n t e r m i t t e n t  s t i r r i n g  was n e c e s s a ry .  W ith in  1 h ou r ,  

the  r e a c t i o n  had s u b s id e d ,  and the  r e s u l t i n g  s o l u t i o n  was



h ea ted  on the s team -ba th  f o r  a f u r t h e r  h a l f  h ou r .  The 

g en e ra ted  phosphorus o xych lo r ide  was d i s t i l l e d  o f f  under  

reduced p r e s s u r e ,  and the  l a s t  t r a c e s  removed by 

d i s t i l l a t i o n  of  pe tro leum  e t h e r  ( b . p .  100-120°)  (100 m l . )  

from the m ix tu r e .  The crude,  gummy U :6 - d i c h lo r o - i a o -  

p h t h a l i c  ac id  c h l o r id e  (V II )  was used crude i n  the  

fo l low ing  r e a c t i o n .

5 . 1 :5 - D ic h lo r o - U : 6 -d i - ( l - n a p h th o y l ) -b e n z e n e  ( V I I I ) .

The a c id  c h l o r id e  (V II )  (from 5° fi* a c id  (V I ) )  was 

d i s s o lv e d  i n  methyle tB c h l o r id e  (150 m l . )  w i th  

naph tha lene  (55 6«), and anhydrous aluminium c h l o r id e  

(60 g . )  was added over l k  h o u r s .  During  the  v igo rous  

r e a c t i o n  the  s o l u t i o n  changed from brown to  r e d .  The 

mixture  was shaken o v e r - n i g h t ,  poured  in to  ic e  and 

h y d ro c h lo r i c  a c id ,  and the  s o lv e n t  and excess  

naphthalene  steam d i s t i l l e d  o f f ,  l e a v i n g  a brown o i l  

which s o l i d i f i e d  on c o o l in g  and cou ld  be ground i n  a m or ta r  

(58 g. c r u d e ) .

A sample was r e c r y s t a l l i s e d  from b e n z e n e : e t h a n o l : 

water  ( 2 :Lj.:l) as white n e e d le s ,  m.p. 157° • (Found:

C,  75 -92 ; H, 5 .6 9 ;  C l ,  15.74  C28H160^ I 12 r e q u i r e s  C, 75 -86 ; 

H, 5 .54 ;  C l ,  15 . 57# ) .  Colour i n  c o n c e n t r a t e d
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s u lp h u r i c  a c id ,  o range ,  and on h e a t i n g ,  y e l lo w .

6. h : 5- 7 :8 -D ibenzpen tacene -1 2 : lU-quinone ( IX ) .

( a )  P o tass ium  hydroxide i n  q u i n o l i n e .

The crude d ik e to n e  ( V I I I )  (10 g . )  was r e f lu x e d  in  

q u in o l in e  (50 m l . )  w ith  po tass ium  hydroxide p e l l e t s  ( 2 ,5  g . )  

f o r  8 hours and poured in to  d i l u t e  h y d ro c h lo r ic  ac id  

(L+00 m l . ) .  The aqueous l i q u o r s  were dec an ted  o f f ,  and the  

t a r r y  mass b o i l e d  w ith  water  (500 m l . )  th en  w i th  d i l u t e  

ammonia s o l u t i o n  (500 m l . ) ,  ag a in  u s in g  decant  at io n  to  

remove the  aqueous s o l u t i o n s .  On c o o l in g ,  the  d a rk  t a r  

s o l i d i f i e d  and was ground i n  a m o r ta r  w i th  e t h a n o l  (10 m l . ) .  

Y ie ld  ( c ru d e )  8 .5  g.

Chromatography on alumina u s in g  benzene and 

ch loroform  ( 1 :1 )  as e lu a n t  gave brown n e e d le s ,  which were 

sublimed twice at  500° and 10”^mm. p r e s s u r e .  This  gave 

orange need les  o f  the  quinone ( IX ) ,  s o f t e n i n g  at  280° ,  

m .p.  542° .  (Found: C, 87 .85 ;  H, 5.87 C28H14°2 r ®<lu i re3

C, 8 7 .94 ; H, 5 *69^ ) -  Colour i n  c o n c e n t r a t e d  s u lp h u r i c  

a c id ,  red  w i th  very  f a i n t  orange f l u o r e s c e n c e .

(b )  Po tass ium  hydroxide i n  a l c o h o l .

S t ro n g  a l c o h o l i c  po tass ium  hydroxide s o l u t i o n  was
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p rep a re d  by e v a p o ra t io n  of  a 10% s o l u t i o n  t i l l  the  

b o i l i n g  p o in t  rose  to  14.0° .

The dike tone (V I I I )  (5  g . )  was added to  t h i s ,  and 

h e a te d  f o r  |  minute at 11+0° . The m ix ture  was cooled  

and poured in t o  w a te r .  The i n s o l u b l e  m a t e r i a l  ( 0 .5  g.  

c rude)  was the  quinone (IX) and could  be washed w i th  

w ate r  and p u r i f i e d  aa above ( a ) .  The a l k a l i n e  s o l u t i o n  

was a c i d i f i e d  w ith  h y d ro c h lo r i c  a c id  and the  r e s u l t i n g  

white  s o l i d  f i l t e r e d  o f f  and r e c r y s t a l l i s e d  tw ice  from 

aqueous a c e t i c  a c id  ( 1 :1 ) .  White need les  o f  a 

d inaph thy lbenzene  d i c a r b o x y l i c  a c id ,  m.p. 153°•

(Found: C, 76.71+; H, 14.85 c 28Hl 80t4,H^° r e ^u i r e a

C, 7 7 *0 5 ; H, 14. 6 2 %).  Colour i n  c o n c e n t r a t e d  s u lp h u r i c  

ac id  v i o l e t ,  f a d in g  r a p i d l y  to  brown, and on h e a t i n g  

becoming p a le  r e d .

7 . 1+15-7 :8 -D ib en z - l  : 2 :*>:9 :1Q : l l -h e x a h v d ro p e n t  aoene. ( X I I I ) .

The quinone ( l X ) f ( l  g . ,  chromatographed) was 

ground t o g e t h e r  w i th  red  phosphorus (O.51+ g . )  and added 

to  c o n s ta n t  b o i l i n g  h y d r io d ic  a c id  (10 m l . )  i n  a l a rg e  

C a r iu s  t u b e .  The s e a le d  tube was h ea ted  at 200° f o r  8 

h o u r s .  The c o n te n t s  were e x t r a c t e d  w i th  benzene,  and the  

benzene s o l u t i o n  w ell  washed w ith  w ate r  and sodium
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h y d ro s u lp h i t e  s o l u t i o n ,  and d r i e d .  Chromatography on 

alumina, u s in g  petro leum e t h e r  ( b . p .  6 o - 8 0 ° )  c o n t a in in g  

30# benzene as e l u a n t ,  gave ye l low  need les  of the 

hexahydro-  d e r i v a t i v e  ( X I I I ) ,  s o f t e n i n g  at 197°» 

m.p. 215° • (Found: C, 93*85 ; H, 6.23 ^ 28^22 raclu i r 0 a  

C, 93*81 ; H, 6 . 19£ ) .  In c o n c e n t r a t e d  s u lp h u r i c  a c id  i t  

d i s s o lv e d  very  slowly g iv in g  a brown-grsen  s o l u t i o n  

w ith  red  f l u o r e s c e n c e ,  and on h e a t i n g  became o l i v e  green 

w i th  r ed  f l u o r e s c e n c e .

8.  Apparatus f o r  dehydrogena t ion  over h e a te d

p a l l a d i s e d  c h a r c o a l .

( a )  P r e p a r a t i o n  o f  c a t a l y s t .

A c h a rc o a l  b lock  was crushed  i n  a mortar  and 

s u i t a b l e  p i e c e s  (d iam e te r  c a .  2 -  h mm.) were 

s e p a ra te d  m anua l ly .  M e ta l l i c  p a l lad ium  was d e p o s i te d  

on th e se  by the  u s u a l  method of r e d u c in g  p a l lad ium  

c h l o r id e  w ith  fo rm a l in  .

(b )  Assembly.

The c a t a l y s t  thus p re p a red  was in t ro d u c e d  i n to  a 

long  g la s s  combustion tube ( c a .  3 f e e t  long by h inch  

b o re )  so t h a t  i t  occupied  the  c e n t r a l  9 inches  of the
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t u b e ,  be ing  he ld  t h e r e  by p luga  of  g la s s  wool. The 

c a t a l y a t  was h e a te d  in  th e s e  experiments  by an 

e l e c t r i c a l l y  h e a te d  wire wound in s id e  an aabea toa  

paper  a h e a th ,  and c o n t r o l l e d  by a r h e o s t a t  c a l l i b r a t e d  

to  give the r e q u i r e d  t e m p e ra tu r e s .

9 . Dehydrogenat ion of 4 :5-7 : 8 - d ib e n z - l  :2 :5 :9 :10 :11-

hexahvdropentacene ( X I I I ) .

The hexahydro-  d e r i v a t i v e  ( X I I I )  (30 rag.) waa
10sublimed in  a c u r r e n t  o f  a i r - f r e e  carbon d io x id e  in to  

the p a l l a d i s e d  c h a rc o a l  c a t a l y a t  at  ^10° and 10~^mm. 

p r e s s u r e ,  but  was com ple te ly  absorbed in  i t .  The 

tem pera tu re  was r a i s e d  to  500°, but no sub l im a te  was 

o b ta in ed  from the  c a t a l y a t .

The e f f i c i e n c y  of the  c a t a l y s t  was t e s t e d  b o th  

b e fo re  and a f t e r  t h i s  exper im ent  by the  dehydrogena t ion  

o f  9 :1 0 -d ih y d ro a n th race n e  to  an th racene  i n  good y i e l d .

The complete t e s t i n g  of  the  c a t a l y s t  and 

dehyd ro g en a t io n  o f  th e  hexahydro-  d e r i v a t i v e  ( X I I I )  was 

r e p e a te d  s e v e r a l  t imes w i th  i d e n t i c a l  r e s u l t s .

oOo
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1 . D l - ( l - n a p h th y l ) - c h lo ro m e th a n e . (X X )  .

£s p r e p a r e d  by Schm ldl in  and Magsin i ,  B e r . ,  U2 . 2381*

2 . D i - ( l - n a p h th v l ) - m e th y lm a lo n ic  a c id  (X X I I I ) .

D i -(1  -n ap h th y l ) -ch lo ro m e th a n e  (30 g*) i n  MOO m l.  of dry 

benzene mas added to  a s o l u t i o n  of  magnesio-malonic e s t e r  i n

benzene (200 m l . ) .  This  l a t t e r  mas p re p a red  acco rd ing  to  th e
1Umethod of Lund , from 7 .5  g. o f  magnesium.

The m ix ture  mas r e f lu x e d  f o r  30 h o u r s ,  c o o led ,  and excess  

magnesio-malonic e s t e r  d e s t ro y e d  by shaking  viith 500 m l.  of  

d i l u t e  s u lp h u r i c  a c i d .  The benzene s o l u t i o n  mas t h e n  shaken 

m ith  d i l u t e  sodium ca rbona te  s o l u t i o n ,  mashed m ith  mater  and 

d r i e d  over  magnesium s u lp h a t e ;  the  benzene mas d i s t i l l e d  o f t  

l e a v in g  a s e m i - c r y s t a l l i n e  mass mhich c o n s i s t e d  mainly of  

d i - ( l - n a p h th y l ) - m e th y lm a lo n ic  e s t e r .  ( B e c r y s t a l l i g a t i o n  of



a p o r t i o n  o f  t h i s  from e th a n o l  gave ivo ry  n e e d le s ,  m.p. 113°. 

A n a ly s i s :  Found: C, 78*7 7 ; H, 5 *76* C28H26°M> r0Clu i r e s

C, 78 .85 ;  H, 6 . 1 5 O .

The crude e s t e r  mas th e n  hyd ro lysed  by b o i l i n g  f o r  6 

hours  mith 500 ml.  of  15& a l c o h o l i c  po tass ium  hydroxide  

s o l u t i o n ,  a f t e r  mhich moat of  the  a lco h o l  mas removed by 

d i s t i l l a t i o n .  i+OO ml. of  mater mas added and the  rem ainder  

o f  the  a lco h o l  d i s t i l l e d  o f f  a z e o t r o p i c a l l y . The r e s u l t i n g  

aqueous s o l u t i o n  mas d i l u t e d  to  1 l i t r e ,  f i l t e r e d ,  coo led  

and a c i d i f i e d  mith  c o n c e n t r a t e d  h y d r o c h lo r i c  a c id ,  

p r e c i p i t a t i n g  mhite need les  of  the  r e q u i r e d  d i c a r b o ^ l i c  

ac id  (X X III ) ,  mhich mas th e n  f i l t e r e d  o f f ,  mashed mith  

mater  and d r i e d .  Y ie ld ,  32 g . , o r  81+̂  t h e o r e t i c a l .

The ac id  mas r e c r y s t a l l i s e d  from g l a c i a l  a c e t i c  a c id ,  

as mhite n e e d le s ,  m .p.  238° c o n t a i n i n g  one molecule  o f  

mater  o f  c r y s t a l l i s a t i o n .  (Found: C, 7M--30 ; H, 5 *35* 

r e q u i r e s  C, 7M-.21 ; H, 5 .1 9 ^ ) .

The d i c a r b o x y l i c  a c id  d i s s o lv e d  slomly i n  c o n c e n t r a t e d  

s u lp h u r i c  a c id  g iv in g  a b l u i s h - g r e e n  s o l u t i o n ,  mhich on 

marming to  80° became yellorn ,  and a t  100° changed to  r e d .

* I f  the  c o n d e n sa t io n  time mas much s h o r t e n e d ,  the  

u n r e a c t e d  d i - ( l - n a p h t h y l ) - c h l o r o  me thane remained i n  s o l u t i o n  

and r e a c t e d  m ith  e t h a n o l  i n  the  subsequent  h y d r o ly s i s



r e a c t i o n  to g ive a e a t e r  i n s o l u b l e  p r e c i p i t a t e  of

d i - ( l - n a p h t h y l ) - m e t h y l  e t h y l  e t h e r .  This  r e c r y a t a l l i s e d
15from e th a n o l  i n  fawn rhombs, m.p.  125° • (Found: C, 88 .26 ;  

H, 6 .6 3 .  C23H20° r0 o u i r0 a  c > 88 . 44 ; H, 6 .45^)*

5 . Attempted c y c l l a a t i o n  of  d l - ( 1- n a p h t h y l ) -m ethylmalonic  

a c id  (XXIII)  u s in g  l i q u i d  hydrogen f l u o r i d e .

The d i c a r b o x y l i c  a c id  (XXIII)  (0 .3 was added to  

l i q u i d  hydrogen f l u o r i d e  ( c a .  15 m l . )  i n  a p o ly e th y le n e  

v e s s e l  and allowed to  s tand  fo r  24 h o u r s .  The hydrogen 

f l u o r i d e  was th e n  allowed to  ev a p o ra te  and th e  r e s id u e  

washed out w i th  w a te r ,  f i l t e r e d ,  and r e c r y s t a l l i s e d  from 

g l a c i a l  a c e t i c  &.cid. White n e e d le s ,  m.p. 230° .  I t  was 

i d e n t i f i e d  as s t a r t i n g  m a t e r i a l  by mixed m e l t in g  p o in t  

d e t e r m in a t io n  w i th  an a u t h e n t i c  sample of  the  d i c a r b o x y l i c  

a c i d .

4 . Attempted c v c l i s a t i o n  u s i n g  po ly p h o sp h o r ic  a c i d .

P r e p a r a t i o n  o f  th e  po lvphoaohoric  a c id  s l u r r y .

Phosphorus p en tox ide  (3?w2 g . )  was added to  85^

p h o sp h o r ic  a c id  (24  m l . )  and the  m ix tu re  h ea ted  on the
28s te a m -b a th  f o r  2 hours
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( a )  Tha d i c a r b o x y l i c  ac id  (XXIII)  ( l . g . )  was added to  the 

po ly phospho r ic  a c id  a l u r r y  and the  m ix tu re  h e a te d  on the  

a team -ba th  f o r  two h o u r s ,  th e n  poured in to  w ate r  and 

e x t r a c t e d  w i th  benzene .  The benzene s o l u t i o n  waa e x t r a c t e d  

w i th  5£ sodium hydroxide  s o l u t i o n ,  th e n  evapora ted  to  

d r y n e s s .  There remained only a sm a l l  gummy r e s i d u e .  

A c i d i f i c a t i o n  o f  the  aLkaline e x t r a c t  gave 0 .8  g .  o f  

s t a r t i n g  m a t e r i a l ,  i d e n t i f i e d  by mixed m e l t in g  p o in t  w i th  

an a u t h e n t i c  sample.

(b)  The d i c a r b o x y l i c  ac id  (XXIII)  ( l . g . )  was added to  th e  

po lyp h o sp h o r ic  a c id  a l u r r y  and th e  whole h e a t e d ,  w i th  

s t i r r i n g , t o  100°. Ifflaen the  t e m p e ra tu re  waa f u r t h e r  r a i s e d  

to  190° ,  a g reen  c o lo u r  deve loped which changed to  brown 

a t  170° .  The m ix tu re  waa cooled  and poured  i n t o  w ater  and 

e x t r a c t e d  w ith  benzene aa b e f o r e .  ( F u r th e r  e x t r a c t i o n  o f  

t h i s  benzene s o l u t i o n  w i th  d i l u t e  a l k a l i  and subsequen t  

a c i d i f i c a t i o n  o f  the  a l k a l i n e  l a y e r  gave no p r e c i p i t a t e

o f  s t a r t i n g  m a t e r i a l ) .  The brown benzene l a y e r  waa 

ev a p o ra te d  to  d ryness  and th e  r e s id u e  r e c r y s t a l l i s e d  from 

b en z en e /p e t ro leu m  e t h e r  ( b . p .  60- 80° ) .  This gave a sm a l l  

amount o f  p a r i  naphtha none (m .p .  Ih 2 ° )  i d e n t i f i e d  by mixed 

m e l t in g  p o in t  w i th  an a u th e n t i c  sample.



84-.

5 . Attempted c v c l i a a t i o n  u s in g  an aluminium c h l o r id e  -  

aodium c h l o r id e  m e l t .

Powdered anhydrous aluminium c h lo r id e  (10 g . )  and 

sodium c h l o r id e  (2 g . )  were melted  t o g e t h e r  and co o le d .

The d i c a r b o x y l i c  ac id  (XXIII)  (1 g . )  was added and the  

whole rem e l ted  f o r  3 m inu tes ,  (maximum te m p e r a tu r e ,  l 6 o ° ) .

The cooled mass waa poured in to  ice  and h y d r o c h lo r i c  ac id ,  

f i l t e r e d ,  b o i l e d  w i th  d i l u t e  ammonia s o l u t i o n ,  and 

f i l t e r e d  ag a in .  The r e s id u e  was e x t r a c t e d  w i th  benzene ,  

bu t  moat f a i l e d  to  d i s a o l v e .  The benzene s o l u t i o n  was 

chromatographed on alumina, u s in g  benzene qs e l u a n t ,  but 

no c r y s t a l l i s a b l e  m a t e r i a l  was o b ta in e d .  A narrow dark  

band a t  the  top  o f  the  column was washed out by th e  

a d d i t i o n  of  ^  methanol to  the  benzene ,  but no c r y s t a l l i s a t i o n  

was o b ta in e d  from the  r e s u l t i n g  d a rk  s o l u t i o n .

6 .  Attempted c y c l i s a t l o n / r e d u c t i o n  by m o d i f i c a t i o n s  

o f  5 * u s i n g  an e u u im o le cu la r  m ix tu re  o f  aluminium 

ch lo r ide!  -  aodium c h l o r i d e  .

The d i c a r b o x y l i c  a c id  (XXIII)  ( 2 g . )  was fu sed  f o r  

3 minutes  i n  a m ix tu re  o f  anhydrous aluminium c h lo r id e  

( 1 7 .8  g . )  and sodium c h l o r id e  (4  g . ) ,  th e  raaximtito 

tem pera tu re  b e in g  140° .  The melt  was decomposed by p o u r in g
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in to  ic e  and h y d ro c h lo r i c  a c id ,  and the  r e s u l t i n g  s o l i d  

f i l t e r e d  o t t ,  b o i l e d  w ith  d i l u t e  ammonia s o l u t i o n ,  

f i l t e r e d  o f f  aga in  and d r i e d .  I t  was th e n  e x t r a c t e d  tho-. 

rough ly  w i th  benzene ( i n s o l u b l e  r e s id u e  remained,  l.M g . )  

and chromatographed on a lumina.  Using pe t ro leum  e t h e r  

( b . p .  60-80°)  c o n t a in in g  MO# benzene as e l u a n t ,  a sm all  

amount of  s t i c k y  yel low m a t e r i a l  was o b ta in e d ,  which, 

a l th o u g h  not o b ta in e d  c r y s t a l l i n e ,  was exp e c ted  to  be 

a hydrocarbon  from i t s  beh av io u r  on chromatography.

The melt  was rep ea ted  on a f u r t h e r  2 g .  of  

d i c a r b o x y l i c  a c id  w ith  the a d d i t i o n  of z in c  d u s t  (2  g . ) .  

A f te r  working up i n  the u s u a l  manner, a f u r t h e r  sm all  

amount of  hydrocarbon  was o b ta in e d .  The two samples were 

u n i t e d  and rechromatographed on alumina, but i t  was not 

p o s s i b l e  to  c r y s t a l l i s e  them. The y i e l d  ( c a .  0.01  g . )  

r en d e red  the  method of  no v a l u e .

7 . Attempted c.vcl i s  at  i o n / r e d u c t  ion  u s in g  h v d r io d ic  a c id

and r e d  phosphorus in  a s e a le d  tu b e .

The d i c a r b o x y l i c  ac id  (XXIII)  (1 g . ) ,  r e d  phosphorus 

(0 .2 1  g . )  and 55# h y d r io d ic  a c id  (10 m l .)  were h e a te d  i n  

a l a rg e  s e a le d  Car ius  tube a t  200° fo r  M h o u r s .  A f te r  

opening ,  the r e s u l t i n g  s o l i d  was f i l t e r e d  o f f ,  e x t r a c t e d
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w el l  w i th  e t h e r  and the  e t h e r  e x t r a c t  washed w ith  w ate r

and d i l u t e  aodium ca rbona te  s o l u t i o n ,  and d r i e d  over

ca lc ium  c h lo r id e *  The e t h e r  was th e n  ev a p o ra te d ,  l e a v in g

an o i l y  r e s id u e  which d i s t i l l e d  over  a wide range o f
- 2t em pera tu re  a t  10 mot. p r e s s u r e  g iv in g  a yel low 

f l u o r e s c e n t  o i l .  C o lo u r le s s  c r y s t a l s  i n  the  oondenser  

used to  d i s t i l  the  o i l  had the  c h a r a c t e r i s t i c  odour o f  

n a p h th a le n e ,  and were i d e n t i f i e d  as such  by comparison 

w i th  an a u t h e n t i c  sample*

The o i l  (0 .5  g*) *aa dehydrogenated  a t  200° 

(a tm o sp h er ic  p r e s s u r e )  by 20% p a l l a d i s e d  c h a r c o a l ,  and 

gave up th e  e q u iv a le n t  o f  6 atoms of  hydrogen p e r  molecule 

of  hydrogenated  d e r i v a t i v e .  The dehydrogena t ion  p ro d u c t  

was sublimed out from th e  p a l l a d i s e d  ch a rc o a l  as a s t i c k y  

yel low  s o l i d  which was washed w i th  a l i t t l e  e t h e r .  I t s  

a b s o r p t i o n  bands i n  the  v i s i b l e  r e g io n  o f  the  spectrum 

were a t  M4 U and i+l6 np ( i n  benzene)  , (pe ropy rene  has 

c h a r a c t e r i s t i c  a b s o rp t i o n  bands a t  hM-t* and 1416 in  

b en z en e ) .  There was i n s u f f i c i e n t  m a t e r i a l  ib r  f u l l  

c h a r a c t e r i s a t i o n ,  bu t  the  p resence  o f  th e s e  a b s o rp t io n  

bands i n d i c a t e d  t h a t  the  d eh y d ro g en a t io n  p roduc t  con ta ined  

some p e ro p y r e n e .
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8 .  P r e p a r a t i o n  o f  the  ac id  c h lo r id e  o f  d i - ( l - n a p h t h y l ) -

methvlmaIonic a c i d .

The d i c a r b o x y l i c  ac id  (XXIII)  ( 5 *S .)  waa r e f l u x e d  

w i th  t h i o n y l  c h l o r id e  (100 g . )  t i l l  th e  ac id  d i s s o lv e d  

(2  h o u rs )  th a n  f o r  a f u r t h e r  h o u r .  (T h is  l a rg e  ex cess  o f  

t h i o n y l  c h l o r id e  (6o t im es  t h e o r e t i c a l )  was n ec e s s a ry  to  

p re v e n t  s u p e r h e a t i n g ) .  The excess  t h i o n y l  c h l o r id e  was 

d i s t i l l e d  o f f ,  and the  l a s t  t r a c e s  removed by the  a d d i t i o n  

of  d ry  benzene and d i s t i l l a t i o n  of  t h i s ,  l a t t e r l y  under  

reduced  p r e s s u r e .  The r e s i d u a l  o i l  s o l i d i f i e d  on 

s t a n d in g  and was used crude i n  th e  fo l lo w in g  r e a c t i o n s .

9 » Attempted c v c l i s a t i o n  o f  th e  ac id  c h l o r id e  (XXIV).

( a )  Using  aluminium c h l o r i d e  in  n i t ro b en z e n e  s o l u t i o n .

The a c id  c h l o r i d e  (XXIV) ( from 5 g .  d i c a r b o x y l i c  

a c id  (X X III ) )  was d i s s o lv e d  in  n i t ro b en z e n e  (10 mlO and 

powdered anhydrous aluminium c h l o r i d e  (10 g . )  added. A 

v e ry  v ig o ro u s  r e a c t i o n  s e t  in  and c o o l in g  was a p p l ie d  to  

keep th e  tem p era tu re  below 100° •  The m ix ture  was poured  

i n t o  i c e  and h y d ro c h lo r ic  ac id  and th e  n i t ro b en z en e  

s t e a m - d i s t i l l e d  o f f  l e a v in g  a d a rk  green s o l i d ,  i n s o l u b le  

i n  b o th  xy lene  and n i t r o b e n z e n e , and judged to  be m a te r i a l  

of  h ig h  m o lecu la r  w e igh t .
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(b )  Using aluminium c h lo r id e  in  benzene s o l u t i o n .

The crude ac id  c h l o r id e  (XXIV) (from 2 g.  d i c a r b o x y l i c  

ao id  (X X III ) )  was d i s s o lv e d  i n  benzene (5  m l . )  and 

powdered anhydrous aluminium c h l o r id e  (3  g . )  added. The 

m ix ture  was shaken f o r  2 hours  a t  room tem pera tu re  , poured 

in to  i c e  and h y d r o c h lo r i c  ac id  and th e  benzene d i s t i l l e d  

o f f  as i t s  w ate r  a z e o t ro p e .  The s o l i d  waa f i l t e r e d  o f f ,  

d r i e d ,  e x t r a c t e d  w i th  dry  benzene and chromatographed on 

a lum ina .  A t r a c e  of  n o n - c r y s t a l l i n e  ye l low  m a t e r i a l  was 

washed th rough  w i th  benzene ,  and when £& methanol  was added 

to  the  benzene ,  a r ed  s o l u t i o n  was washed out of  th e  

column, which was ev ap o ra ted  to  sm a l l  b u lk .  This  cou ld  be 

e x t r a c t e d  w i th  h y d ro c h lo r ic  a c i d ,  and on s ta n d in g  o f  t h i s  

a c id  s o l u t i o n  t h e r e  was o b ta in e d  yel low n ee d les  o f  

pe r inaph thenone  , m.p.  138-11+2°, i d e n t i f i e d  by mixed m e l t in g  

p o in t  w i th  an a u t h e n t i c  sample.

The amount o f  benzene i n s o l u b l e  m a t e r i a l  o b ta in e d  

( 0 . 9  g«) r en d e red  th e  method u s e l e s s .

10 . P r e p a r a t i o n  o f  th e  d ih v d r i c  a l c o h o l  (XXV).

The d i c a r b o x y l i c  a c id  (XXIII)  (2  g . )  was d i s s o l v e d  in  

e t h e r  (300 m l . )  and added s low ly  to  l i t h i u m  aluminium 

h ydr ide  (2  g») in  e t h e r  (100 m l . ) .  No v igorous  r e a c t i o n
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ensued .  The m ix tu re  was r e f l u x e d  f o r  3 h o u r s ,  th e n  

e t h a n o l  (20 m l . )  was added, fo l low ed  by water  (MO m l . )  

th e n  d i l u t e  s u l p h u r i c  ac id  (6o m l . ) .  The e t h e r  l a y e r  

was s e p a r a te d  o f f  and the aqueous l a y e r  e x t r a c t e d  w i th  

e t h e r .  The u n i t e d  e t h e r  s o l u t i o n s  were washed w ith  

d i l u t e  sodium ca rbona te  s o l u t i o n ,  d r i e d  over  anhydrous 

sodium s u lp h a te  and ev a p o ra ted  to  d r y n e s s .  The r e s u l t i n g  

s o l i d  waa b e s t  r e c r y s t a l l i s e d  from benzene ,  m .p.  I380 . 

Y ie ld  1.3  g.  o r  7M-# o f  t h e o r e t i c a l .  (Found: C, 83*0 2 ;

H, 6 . 9M. C24H2202 r e q u i r e s ,  C, 814.17 ; H, 6 . 1*8# ) .

In  c o n c e n t r a t e d  s u lp h u r i c  a c id  the  a l c o h o l  d i s s o l v e d  

r e a d i l y  g iv in g  a green s o l u t i o n  which, on h e a t i n g ,  

ohanged th ro u g h  red  ( a t  80° )  to d a rk  green  ( a t  l 6 o ° ) .

11 . Attempted c v c l i s a t i o n  o f  th e  d ih v d r ic  a l c o h o l  (XXV).

( a )  Using p o lyphosphor ic  a c i d .

The d ih y d r i c  a lco h o l  (XXV) ( 0 .6  g . )  was added to  a 

s l u r r y  of po ly p h o sp h o r ic  a c id  (p re p a re d  from 13 g .  

phosphorus p en to x id e  and 8 ml.  85^ p hosphor ic  a c id )  end 

the  tem p era tu re  r a i s e d  s low ly  to  I3O0 , when a s t r o n g  odour 

of  naph tha lene  was d e t e c t e d .  The m ix tu re  was co o led ,  

poured  in to  water  and the r e s u l t i n g  s o l i d  f i l t e r e d  o f f .

I t  was i n s o l u b le  i n  benzene and f a i l e d  to  sublime a t  200°
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m a t e r i a l  from the  i n t e r - m o l e c u l a r  co n d en sa t io n  o f  the  

a l c o h o l  o r  i t s  decom posi t ion  p r o d u c t s .

(b )  Using l i q u i d  hydrogen f l u o r i d e .

The a lc o h o l  (XXV) ( 1 . g . )  was t r e a t e d  w i th  l i q u i d  

hydrogen  f l u o r i d e  f o r  24- h o u r s .  The hydrogen f l u o r i d e  

waa th en  allowed to  ev apo ra te  and th e  r e s u l t i n g  brown s o l i d  

sublimed (150° ,  0 . 5  mm. p r e s s u r e )  when two d i f f e r e n t  

p ro d u c t s  were o b t a i n e d .  The f i r s t  sublimed ex t rem ely  

q u ic k ly  and was i d e n t i f i e d  as nap h th a len e  by mixed m e l t in g  

p o i n t  w i th  an a u t h e n t i c  sample.  The second sublimed at  

280° and could  be r e c r y s t a l l i s e d  from benzene /pe tro leum  

e t h e r  ( b . p .  80-100°) in  sm a l l  white n e e d le s  m.p. 168- 

170° .  (Found: C, 83 .78 ;  H, 6.28  . C i ^ g O  r e q u i r e s  

C, 85 .68 ;  H, 6 .16%)

12 . C v c l i a a t i o n  o f  th e  d i c a r b o x y l i c  a c id  (XXIII)  u s in g

benzovl  c h l o r i d e .

The d i c a r b o x y l i c  a c id  (5  g*) was d i s s o l v e d  in  

beaazoyl c h l o r i d e  (30 m l . )  and n i t ro b en z en e  (20 m l . ) ,  and the  

mixture  h e ld  a t  100° .  C o n c en t ra ted  s u l p h u r i c  a c id  

( c a .  0 . 5  m l . )  was added d ro p w ise ,  and the  tem pera tu re
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allowed to  r i s e  to 200° .  When a l l  th e  su lp h u r ic  a c id  had 

been added, th e  m ix ture  waa evap o ra ted  to  30 ml* and 

60 ml. g l a c i a l  a c e t i c  ac id  added. This gave a p r e c i p i t a t e  

which waa f i l t e r e d  o f f ,  b o i l e d  i n  d i l u t e  ammonia s o l u t i o n ,  

f i l t e r e d  o f f  ag a in  and d r i e d .  The p roduc t  waa ex t rem ely  

s o lu b le  i n  x y le n e ,  and could  no t  s a t i s f a c t o r i l y  be 

o r y a t a l l i s e d  f o r  a n a l y s i s .  I t  was subm it ted  crude to  

r e d u c t i o n .  Y ie ld  ( c ru d e )  5 g .  or  65# t h e o r e t i c a l .

The method was re p e a te d  s e v e r a l  t im es on tw ice  t h i s  

s c a l e .

1*S. R educt ion  o f  the  co n d e n sa t io n  p ro d u c t  o b ta in e d  i n
612 above, bv z in c  dus t  m e l t .

The crude c y c l i s a t i o n  p ro d u c t  (5  g . )  from the  above 

c y c l i s a t i o n  was powdered w ith  7 g* z in c  dus t  and 5 6 * 

sodium c h l o r i d e .  Z inc c h l o r id e  (20 g . )  was added, 

fo l low ed  by 0 .2  m l.  w a te r .  The m ix tu re  was fused and the  

tem p era tu re  r a i s e d  to  a maximum o f  310°* On c o o l in g  to  

100° ,  d i l u t e  a c e t i c  a c id  (100 m l . )  was added, th e  mass 

broken up and f i l t e r e d  o f f .  The r e s id u e  was b o i l e d  w i th  

c o n c e n t r a t e d  h y d ro c h lo r i c  a c id  to  remove excess  z i n c  d u s t ,  

f i l t e r e d ,  washed w i th  d i l u t e  ammonia s o l u t i o n  and d r i e d .

The crude r e d u c t i o n  p roduc t  th u s  o b ta in e d  was
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u s in g  pe t ro leum  e t h e r  ( b . p .  60-80°)  p lu s  30^ benzene as 

e l u a n t ,  but f a i l e d  to  c r y s t a l l i s e .  I t  was always found 

n e c e s s a ry  to  rechrom atograph  th e  p roduc t  on a c t i v e ,  

methanol washed alumina, when a small  amount o f  yel low 

hydrocarbon was o b ta in e d .  From a t o t a l  o f  12 g.  o f  crude 

c y o l i s a t i o n  p ro d u c t ,  t h e re  was o b ta in e d  0 .0 2  g. ( c a .  0 .2% 

t h e o r e t i c a l )  of  yel low hydrocarbon ,  m.p. 228 -  229° •

(Found: C, 94 . 4 0 ; H, 5 .48  r e q u i r e s  C, 94*7 0 ;

H, 5 . 30*)-

This same hydrocarbon was o b ta in e d  in  th e  s t u d i e s  

d i s c u s s e d  i n  P a r t  3, (page 14O,experimental page W ) , as 

a  c o l o u r l e s s  compound. The r e p e a te d  chromatography to  

which t h i s  ye l low  compound was subm it ted  f a i l e d  to  remove 

th e  yel low  c o l o u r ;  a l so  th e  u l t r a - v i o l e t  a b s o rp t io n  

spectrum o f  th e  yel low sample showed two peaks i n  the  

v i s i b l e  ( a t  450 and 425 mp i n  a l c o h o l )  not  shown in  the  

spectrum o f  th e  c o l o u r l e s s  sample .  The a b s o rp t i o n  spectrum 

o f  th e  c o l o u r l e s s  sample was taken  to  be the  b e t t e r ,  and 

i s  i n  consequence the  one shown (page 4 3 ) .

14 . C y c l i s a t i o n  o f  the  d i c a r b o x y l i c  ac id  (XXIII)  u s in g

phosphorus pen to x id e  i n  n i t r o b e n z e n e .

The d i c a r b o x y l i c  ac id  (XXIII) (5  g . )  waa d i s s o lv e d  in
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n i t ro b en z en e  (50 m l.)  and the  s o l u t i o n  h e a te d  to 1500 . 

With v igo rous  mechanical  s t i r r i n g ,  phosphorus p en tox ide  

(15 8 . )  was added i n  5 8* p o r t i o n s ,  the  c o lo u r  o f  the  

s o l u t i o n  changing  to  g r e e n ,  then  v i o l e t ,  then  brown.

The e n t i r e  r e a c t i o n  took  about 10 m inu tes .  The m ix ture  

was t r e a t e d  w i th  water (100 m l . )  and the  n i t ro b e n z e n e  

s t e a m - d i s t i l l e d  o f f .  The d a rk  r e s id u e  was f i l t e r e d  o f f ,  

b o i l e d  w ith  d i l u t e  ammonia s o l u t i o n ,  f i l t e r e d  o f f  aga in  

and d r i e d .  Weight o f  crude m a t e r i a l  o b ta in e d ,  4 .1  g .

R e c r y s t a l l i s a t i o n  o f  a p o r t i o n  tw ice  from xylene  

gave red-brown n e e d le s ,  m.p. 270 -  280° ( d ) .  The d a rk  

n a t u r e  o f  t h i s  compound d id  not enab le  a sharp  m e l t in g  

p o in t  to  be o b se rv ed .  (Found: C, 86 .77;  H, 3 .7 4 .

C24H12°2 re<*u i r e s  c > 86.74.; H, 5 *64^). Colour in  

c o n c e n t r a t e d  s u lp h u r i c  a c id ,  r e d - v i o l e t .

The p roduc t  was s o lu b le  i n  c o n c e n t r a t e d  h y d r o c h lo r i c  

a c i d ,  g iv in g  a r e d - v i o l e t  s o l u t i o n .

The method was r e p e a te d  s e v e r a l  t im es  on twice t h i s  

s c a l e .

The isom er ic  c 24^12°2 ^SQe d i s c u s s i o n ,  page 33) gave 

Found: C, 86 .99 ;  H, 4 .04 021^12^2  r e q u i r e s  C, 86 .7 4 ;

H, 5 m.p. 270 -  28Q°(d) .

Colour i n  c o n c e n t r a t e d  s u lp h u r i c  a c i d ,  g rean .
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15. Attempted r e d u c t i o n  o f  t h i s  c y c l i s a t i o n  p ro d u c t  ( 1 4 ) .

£
(a )  Zinc Dust M e l t .

Tha crude c y c l i s a t i o n  p roduc t  (5  g*) was pondered  w i th  

z i n c  dus t  (10 g . )  and sodium c h l o r id e  (10 g . )  Z inc  

c h l o r id e  (MO g . )  was added, fo l low ed  by 0 .3  ml. w a te r .

The m ix tu re  was fused  and the  t e m p e ra tu re  r a i s e d  to  a 

maximum o f  ^ 10° . On c o o l in g ,  the  mass was t r e a t e d  w i th  hot 

d i l u t e  h y d r o c h lo r i c  ac id  (100 m l . )  to remove ex c e s s  z i n c ,  

and f i l t e r e d  o f f .  The r e s id u e  was f u r t h e r  t r e a t e d  w i th  

b o i l i n g  d i l u t e  ammonia s o l u t i o n ,  f i l t e r e d  o f f ,  and d r i e d .

The r e s u l t i n g  p roduct  was o n ly  s p a r i n g l y  s o lu b le  in  

benzene ,  and gave a v i o l e t  s o l u t i o n  i n  c o n c e n t r a t e d  

s u lp h u r i c  a c id .  I t  was i d e n t i f i e d  as c o n s i s t i n g  almost 

e n t i r e l y  o f  s t a r t i n g  m a t e r i a l  by mixed m e l t in g  p o in t  

d e t e r m in a t io n  w i th  an a u t h e n t i c  sample.

(b )  Red phosphorus and h v d r io d ic  ac id  a t  a tm ospher ic

pr&JBMW*.

The c y c l i s a t i o n  product  (1 g . ) ,  r e c r y s t a l l i s e d  from 

x y le n e ,  was d i s s o lv e d  in  xy lene  (20 m l . ) ,  t h e n  red  

phosphorus (i+ g . )  and c o n s ta n t  b o i l i n g  h y d r io d ic  ac id  

(60 m l . )  added. The mixture was s e t  r e f l u x i n g  and a drop 

o f  the  xy lene  l a y e r  t e s t e d  from time t o  time in  c o n c e n t r a t e d
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s u lp h u r i c  a c id  to observe  th e  r a t e  o f  d isa p p ea ra n ce  o f  

s t a r t i n g  m a t e r i a l ,  mhich gave a v i o l e t  s o l u t i o n  in  the  

a c id .  A f te r  a t o t a l  of  20 h o u r s ,  the  m ix ture  mas co o led ,  

d i l u t e d  mith m ater ,  f i l t e r e d ,  and the  r e d  phosphorus r e s id u e  

e x t r a c t e d  mith  b o i l i n g  x y le n e .  The u n i t e d  xylene l a y e r  

and e x t r a c t  mere mashed m ell  mith  water  and a l k a l i n e  

sodium h y d ro s u lp h i t e  s o l u t i o n  to  remove io d in e .  The 

xy lene  mas ev ap o ra ted  to  sm a l l  b u lk ,  d i l u t e d  mith  benzene 

and chromatographed on a lumina.  Using benzene as e l u e n t ,  

a sm a l l  amount o f  n o n - c r y s t a l l i n e  c o l o u r l e s s  m a t e r i a l  mas 

o b ta in e d .  A d a rk  r e d  band a t  the  top o f  th e  column mas 

p a r t l y  mashed out (benzene c o n t a in i n g  fef methanol as 

e l u a n t )  and mas composed mostly  o f  s t a r t i n g  m a t e r i a l  

( i d e n t i f i e d  by comparison m ith  an a u t h e n t i c  sample) 

t o g e t h e r  mith decom pos i t ion  p r o d u c t s .

( c )  Red phosphorus  and h v d r io d ic  ac id  in  a s e a l e d  t u b e .

The crude c y c l i s a t i o n  p ro d u c t  (M-.75 £•)» r e d  

phosphorus (5 -35  &♦) and c o n s t a n t  b o i l i n g  h y d r io d ic  ac id  

(20 m l . )  mere h e a te d  to g e t h e r  i n  a l a r g e  s e a le d  C a r iu s  

tube fo r  12 hours  a t  200° .  A f t e r  opening  of  th e  t u b e ,  the 

d a rk  s o l i d  mas f i l t e r e d  o f f ,  d r i e d ,  and e x t r a c t e d  mith 

benzene .  This benzene s o l u t i o n  mas mashed mith a l k a l i n e
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aodium h y d ro a u lp h i t e  a o l u t i o n ,  d r i e d ,  ev apo ra ted  to amall  

b u lk ,  and chromatographed on a lum ina ,  when, u a in g  

pe t ro leum  e t h e r  Cb.p. 6 o - 8 0 ° )  c o n t a in i n g  20% benzene aa 

e l u a n t ,  th e re  waa o b ta in ed  c a .  0.07  g« o f  c o lo u r l e a a  

a o l i d ,  which on a t tem pted  a u b l im a t io n ,  formed a g laaa  and
n M O

f a i l e d  t o  aublime at  350 and 10~ mm. p r e a a u r e .

On f u r t h e r  e l u t i o n  o f  th e  column a t r a c e  of  brown 

a o l i d  waa o b ta in e d ,  which f a i l e d  to  c r y a t a l l i a e  and waa 

not i n v e a t i g a t e d  f u r t h e r .

-0O0
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P A R T 5 .

1 . 1 : 2 - d i - ( l - n a p h t h o v l ) - e t h y l e n e  CX LIII ) .

A m ix tu re  o f  naph tha lene  (110 g . )  anhydrous aluminium 

c h l o r id e  (120 g . )  and dry  benzene (200 m l .)  was cooled  t o  

0° i n  a 2 l i t r e  f l a s k .  Fumaryl c h l o r id e  ( 6 l  g . )  was 

added dropwise over  a p e r io d  o f  3 h o u rs ,  th e  tem pera tu re  

b e in g  r e t a i n e d  below 10°. A red  co lo u r  deve loped .  The 

m ixture  was poured  in to  i c e  and h y d r o c h lo r i c  a c id ,  and the  

whole b o i l e d .  The benzene and excess  n aph tha lene  were 

s t e a m - d i s t i l l e d  o f f  l e a v in g  a d a rk  o i l  w h ich  p a r t ly  

s o l i d i f i e d  on c o o l i n g .  The aqueous l a y e r  was decan ted  o f f  

and the  o i l  washed by dec ant at  io n  w i th  hot w a te r .  The 

t a r r y  r e s id u e  was shaken fo r  a few hours  w ith  350 ml. 

e t h e r ,  when i t  c r y s t a l l i s e d  and cou ld  be f i l t e r e d  o f f  and



washed w ith  e t h e r ,  g iv in g  brown-yellow n e e d le s ,  a p o r t i o n  

o f  which was r e c r y s t a l l i s e d  from g l a c i a l  a c e t i c  a c id  as 

ye l low  n e e d le s ,  m.p. 141-14.3° • Y ie ld ,  g. or  11$  

t h e o r e t i c a l .  F u r th e r  i d e n t i f i e d  by mixed m e l t in g  p o in t  

d e t e r m in a t io n  w i th  an a u t h e n t i c  sample s u p p l i e d  by 

Dr. E. C l a r .

2 . 1 :2-D ib ro m o - l :2- d i - ( l - n a p h t h o v l ) - e t h a n e  (XLIV).

1 :2- D i - ( l - n a p h t h o y l ) - e t h y l e n e  (X L II I )  (25 6 *) was 

d i s s o lv e d  in  g l a c i a l  a c e t id  a c id  (300 m l . )  at  80° .

Bromine (18 g . )  was dropped in  s low ly  w ith  s t i r r i n g ,  and 

the  s o l u t i o n  co o led ,  when the  dibrorao- d e r i v a t i v e  c r y s t a l l i s e d  

out as p a le  brown n e e d l e s .  These were f i l t e r e d  o f t  and 

washed w ith  e t h e r ,  m.p.  173 “ 175° •  Y ie ld ,  32 g .  o r  

87$ t h e o r e t i c a l .  F u r th e r  i d e n t i f i e d  by mixed m e l t in g  

p o i n t  d e t e r m in a t io n  w i th  an a u t h e n t i c  sample s u p p l i e d  by 

Dr.  E. C l a r .

3 . C y c l i s a t i o n  o f  (XLIV).

( a )  Using  3 aluminium c h l o r id e  t o  1 aodium c h l o r i d e .

Powdered anhydrous aluminium c h l o r i d e  (100 g . )  and 

sodium c h l o r id e  (20 g . )  were melted  t o g e t h e r  and al lowed 

to c o o l .  The dibromo- d e r i v a t i v e  (XLIV) (10 g . )  waa added
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and th e  whole rem el ted  (maximum tem p era tu re  190°) f o r  

3 m inutes  w ith  e f f i c i e n t  s t i r r i n g .  The mass was c o o le d ,  

decomposed by p o u r in g  in to  ice  and c o n c e n t r a t e d  h y d r o c h lo r i c  

a c id ,  and the  r e s u l t i n g  dark  s o l i d  f i l t e r e d  o f f ,  b o i l e d  

w i th  d i l u t e  ammonia s o l u t i o n ,  f i l t e r e d  o f f ,  and d r i e d .

The c y c l i s a t i o n  p roduc t  was e x t r a c t e d  from th e  crude 

r e a c t i o n  p ro d u c t  as i t s  v a t

The crude product  was b o i l e d  w i th  500 ml. w ater  

c o n t a in i n g  10 ml. c o n c e n t r a t e d  sodium hydroxide s o l u t i o n ,  

and sodium h y d ro a p lp h i t e  (5 g . )  was added g r a d u a l l y .  The 

s o l u t i o n ,  now deep b lu e ,  was f i l t e r e d ,  and th e  r e s id u e  

e x t r a c t e d  t h r e e  t im es  more as above. The combined b lue  

f i l t r a t e s  were the  s o l u t i o n  of th e  v a t .  Air  was blown i n  

t i l l  the v a t  was o x id is e d  and th e  b lue  c o lo u r  v a n i s h e d .

The p r e c i p i t a t e d ,  crude quinone was f i l t e r e d  o f f  and used 

th u s  f o r  r e d u c t i o n .  Y ie ld ,  0 .1  g .  o r  1 .7^  t h e o r e t i c a l .

(b )  Using an eq u im o lecu la r  r a t i o  o f  aluminium c h l o r id e  -

sodium c h l o r id e  .

Powdered anhydrous aluminium c h l o r i d e  ( 8.9  g . )  and 

sodium c h l o r id e  (14 g . )  were melted  t o g e t h e r  as above.

The dibromo- d e r i v a t i v e  (XLIV) (1 g . )  was added and the  

whole r e m e l te d ,  maximum te m p e ra tu r e ,  1500 , f o r  10 m in u te s .



The i n i t i a l  b r i g h t  red  c o lo u r  darkened to  brown. The 

c y c l i a a t i o n  p roduc t  waa worked up and e x t r a c t e d  aa above ( 3 a ) .  

Y ie ld ,  0.1  g .  o r  17% t h e o r e t i c a l .

4 .  Reduct ion  o f  the product  o b ta in e d  i n  5 u a in g  z in c
6duat m e l t .

The crude quinone ( 1.2  g . )  waa powdered w i th  z in c  

dua t  (2 g . )  and aodium c h lo r id e  (2 g . ) .  Anhydrous z in c  

c h l o r i d e  (8 g . )  waa added t o g e t h e r  w i th  0 . 1  ml.  w a te r ,  

and the  whole m elted  w ith  s t i r r i n g .  The maximum tem pera tu re  

waa 3100 . On c o o l in g ,  the  mass was t r e a t e d  w i th  hot d i l u t e  

h y d ro c h lo r ic  a c id  (100 m l . )  aa u s u a l ,  f i l t e r e d  o f f ,  b o i l e d  

w ith  d i l u t e  ammonia s o l u t i o n ,  and f i l t e r e d  o f f  and d r i e d .

The crude r e d u c t io n  p ro d u c t  was e x t r a c t e d  w i th  benzene 

and chromatographed on a lumina.  Uaing pe tro leum  e t h e r  

( b . p .  1+0-60°) c o n t a i n i n g  30# benzene aa e l u a n t ,  c o l o u r l e s s  

c r y s t a l s  were o b ta in e d ,  m.p. 228 - 23O0 , g iv in g  no co lo u r  

i n  c o n c e n t r a t e d  a u l p l u r i c  a c id .  (Found: C, 94 . 42 ; H, 5*35 

° 24Hl 6 reclu i r 9 s  c » 94 .7 0 ; H, 5 . 3050. Y ie ld ,  0 .0  3 g .  

o r  ca .  27% t h e o r e t i c a l .  This  hydrocarbon waa shown to  be 

i d e n t i c a l  w i th  ^ 2 ^ 1 6  o b ta in e d  i n  P a r t  2 ( s ee  page 40 ) by 

mixed m e l t in g  p o in t  d e t e r m in a t io n ,  and by comparison of 

t h e i r  a b s o rp t io n  s p e c t r a .



5 . Dehydrogenation  o f  t h i s  hydrocarbon C?2i4.% 6 *

The hydrocarbon C2ljH^6 (from 4 above) (6 mg.) waa 

sublimed i n  a c u r r e n t  o f  carbon d iox ide  th ro u g h  20# 

p a l l a d i a e d  ch a rc o a l  a t  JIQ0 and 0 . 5  mm. p r e s s u r e  g iv in g  

a g reen  hydrocarbon .  The amount o b ta in e d  ( e s t i m a t e d  

c a .  2 mg.) made i t  im p o ss ib le  t o  r e c r y s t a l l i s e  t h i s  hydro

carbon fo r  a n a l y s i s .  I t  was d i s s o l v e d  in  a l c o h o l  and 

i t s  a b s o rp t i o n  spectrum r e c o r d e d ,  ( a t  unknown 6 ) .

6« Condensa t ion  p roduc t  ( l e a d in g  to  d in a p h th o -a z u le n e ) ( L V ) .

Naphthalene (I30  g . )  was d i s s o lv e d  i n  d ry  

ch lorobenzene (300 m l . )  i n  a 2 l i t r e  f l a s k ,  and fumaryl 

c h l o r id e  (60 g . )  added. A yellow co lo u r  deve loped .

Powdered anhydrous aluminium c h lo r id e  (140 g . )  was added 

g r a d u a l ly  w ith  c o n s ta n t  s w i r l i n g  of th e  c o n te n t s  of the  

f l a s k  over  h a l f  an hour .  During  the  course  o f  the  v igorous  

r e a c t i o n ,  hydrogen c h l o r id e  was evo lved  and the  r e a c t a n t s ,  

though ve ry  d a rk ,  became brown w i th  g re en  t i n g e s .  The 

r e a c t a n t s  were h e a te d  f o r  a f u r t h e r  h a l f  hour on the  

w a te r - b a t h ,  al lowed to c o o l ,  and poured  in to  ic e  and 

h y d r o c h lo r i c  a c id ,  th e n  h ea ted  to  c a .  90°* The m ix tu re  

was d i l u t e d  w i th  one l i t r e  of  w ater  and t r a n s f e r r e d  to  

a l a r g e  (d iam e te r  20 cm.) Buchner fu n n e l  and th e  s o l i d



f i l t e r e d  o f f  and washed w i th  1 .5  l i t r e s  o f  warm x y le n e .

The r e s id u e  was f i n a l l y  washed w i th  e t h a n o l  and d r i e d .  

Y ie ld ,  from 11 to  15 g .  o r  c a .  7#  t h e o r e t i c a l .

R e c r y s t a l l i s a t i o n  of  a p o r t i o n  from 1 :2 :4 - t r i c h l o r o  - 

benzene gave red-brown n e e d le s ,  which d id  not melt  below 

450® bu t  the  d a rk  n a tu re  of th e  c r y s t a l s  d id  not enab le  

any decom posi t ion  p o in t  to  be ob se rv ed .  (Found: G, 8 5 .0 0 ;

H, 4.03  C2i4HlM.°2 r e ^u i r e a  c » 86-2 0 ; H> 4 . 22# ) .  Colour

i n  c o n c e n t r a t e d  s u lp h u r i c  a c id ,  deep b lue  w i th  b lood  red  

f l u o r e s c e n c e .

B o i l i n g  i n  the  minimum q u a n t i t y  o f  g l a c i a l  a c e t i c  

a c id  gave brown n e e d le s  o f  th e  d i a c e t y t  d e r i v a t i v e  (LVI).  

I t  a lso  d i f f i c u l t  to  de te rm ine  th e  exac t  decom posi t ion  

p o in t  o f  t h i s  compound because o f  i t s  d a rk  c o l o u r ,  but 

decom pos i t ion  t a k e s  p la ce  c a .  234° .  (Found; C, 80 . 98 ;

H, 4.19  r e q u i r e s  C, 80 . 4 0 ; H, 4 . 30# ) .  Colour

i n  c o n c e n t r a t e d  s u lp h u r ic  a c id ,  deep b lue w ith  b lood  red  

f l u o r e s c e n c e .

The above c o n d e n sa t io n  r e a c t i o n  cou ld  be r e p e a t e d  

between fumaryl c h l o r id e  and 1 -m ethy lnaph tha lene  , w i th  no 

v a r i a t i o n  i n  p ro c e d u re .  Y ie lds  however, i n c r e a s e d  to 15#  

t h e o r e t i c a l . Colour  i n  c o n c e n t r a t e d  s u l p h u r i c  a c id  was



deep b lue  w ith  blood red  f l u o r e s c e n c e .

Condensat ion  of fumaryl c h l o r id e  w ith  1- c h l o r o n a p h t h a l e n e , 

to  give 1 :2- d i - ( 5- c h l o r o - l - n a p h t h o y l ) - e t h v l e n e  (LXVIII) .

D i s t i l l e d  1 - c h lo ro n a p h th a le n e  (231 g . )  and fumaryl 

c h l o r id e  (105 g . )  were d i s s o l v e d  in  ch lorobenzene  (300 m l) .  

Anhydrous aluminium c h l o r id e  (240 g . )  were added g r a d u a l ly  

and the  tem p era tu re  al lowed to r i s e  to  ca .  90° .  A deep 

brown c o lo u r  developed and th e  r e a c t a n t s  were h e a te d  f o r  

1 hour on th e  h o t - p l a t e .  The mixture  was coo led  and 

decomposed by p o u r in g  in to  ic e  and h y d ro c h lo r ic  a c id ,  

and h ea ted  to  b o i l i n g  p o i n t .  Water (1 l i t r e )  was added 

and the  whole t r a n s f e r r e d  to  a l a rg e  Buchner fu n n e l  and 

th e  s o l i d  m a t e r i a l  f i l t e r e d  o f f  and washed w i th  x y le n e .  

R e c r y s t a l l i s a t i o n  of the  d a rk  m a t e r i a l  tw ice  from 

n i t r o b e n z e n e ,  and once more from g l a c i a l  a c e t i c  a c id ,  

gave p a le  yel low  n e e d le s ,  m.p. 226° .  (Found: C, 70 . 94 ;

H, 3 .5 8 ;  C l ,  17.71  C2i+Hli4°2c l 2 r e q u i r e s  C, 71 . 12 ;

H, 3 *4 8 ; C l ,  17 . 50# ) .  Colour i n  c o n c e n t r a t e d  s u lp h u r i c  

a c id ,  deep v i o l e t ,  which on h e a t i n g  became g reen .

7 . D ihyd rod inaph tho-azu lene  (LIV).

The crude co n d e n sa t io n  p roduc t  (LV) (10 g . )  was
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powdered w i th  z in c  duat (20 g . )  and sodium c h l o r i d e  (20 g . ) .  

Anhydrous z in c  c h l o r id e  (80 g . )  was mixed w i th  th e s e  and 

w a te r  (0 .3  m l . )  added. The r e a c t a n t s  were h ea ted  w i th  

o o n s ta n t  s t i r r i n g  to a maximum te m p era tu re  o f  310° at  

which te m p era tu re  t h e r e  was v igo rous  e f f e r v e s c e n c e ,  $nd 

th e  neck of  th e  f l a s k  was p lugged l i g h t l y  w i th  c o t t o n  

wool to  minimise l o s s  by s u b l im a t io n .  When th e  melt  had 

become t r a n q u i l ,  ( a f t e r  about 5 m in u te s ) ,  th e  r e a c t a n t s  

were allowed to  coo l  to  100°, when b o i l i n g  20# aqueous 

a c e t i c  ac id  (100 m l . )  was added to  d i s s o lv e  most o f  th e  

z in c  s a l t s .  The in s o lu b le  m a t te r  was f i l t e r e d  o f f  and 

t r e a t e d  w i th  c o n c e n t r a t e d  h y d ro c h lo r i c  a c id  to  remove 

z in c  d u s t ,  f i l t e r e d  again  and b o i l e d  w i th  d i l u t e  ammonia 

s o l u t i o n ,  and f i n a l l y  f i l t e r e d  o f f  and d r i e d .  Y ie ld  of 

crude p r o d u c t ,  from 8 to  12 g .

The crude r e d u c t i o n  p ro d u c t  was sublimed in  a c u r r e n t  

of carbon d iox ide  at  25°° and 0 . 5  nim. p r e s s u r e ,  and the  

d a rk  yellow sub l im ate  sc ra p e d  out  and washed w ith  a l i t t l e  

e t h e r .  The y i e l d  of  crude d ih y d ro d in ap h th o -a z u le n e  thus  

o b ta in ed  was v a r i a b l e ,  dependent on the  v a r i a b l e  com posi t ion  

o f  the  crude co n d e n sa t io n  p ro d u c t  (LV), and ranged  from 

1 g .  ( c a .1 0 #  t h e o r e t i c a l )  to  0 .2  g. ( c a .  2# t h e o r e t i c a l ) .

R e c r y s t a l l i s a t i o n  from benzene o r  x y le n e ,  o r



chromatography on alumina ( u s in g  pe tro leum  e t h e r  ( b . p .  60- 

80°) c o n t a in in g  30# benzene as e l u a n t )  gave b r i g h t  ye l low  

p l a t e s ,  m.p. 236 -  237° • (Found: C, 94 . 84 ; H, 5*21 

C24Hl 6 r e q u i r e s  C, 914.70 ; H, 5 .30# ) .  Colour in  

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

v i o l e t  on s ta n d in g  or h e a t i n g .

This r e d u c t i o n  method was r e p e a t e d  on the  co r re sp o n d in g  

d im e th y ld in ap h th o -az u len e  co n d en sa t io n  p r o d u c t , y i e l d i n g  

d ih y d ro d im e th y ld in a p h th o -a z u le n e , m.p. 214° .  Y ie ld  ( b e s t )  

15#  t h e o r e t i c a l .  Colour i n  c o n c e n t r a t e d  s u lp h u r i c  a c id ,  

v i o l e t .

8 .  D inaph tho-azu lene  ( L I I I ) .

D ihydrod inaph tho -azu lene  (LIV) (0 .2  g . )  ( su b l im ed ,  

e t h e r  washed m a t e r i a l )  waa d i s s o lv e d  i n  b o i l i n g  n i t ro b en zen e  

(10 m l . )  and io d in e  (5  g . )  added. The excess  iod ine  was 

d r iv e n  o f f  and the  s o l u t i o n  coo led  and f i l t e r e d .  The 

r e s id u e  was washed w e l l  w i th  e t h e r  and d r i e d ;  d e c .  above 

200° .  (Found: C, 44 *7 6 ; H, 2.50 ^ 24H14I 3 reclu i r 0 s

C, 42 .0 7 ; H, 2 . 35# .  I o d in e ;  Found, 53*28 . R eq u ired ,  55-58#) 

Colour i n  c o n c e n t r a t e d  s u lp h u r i c  a c id ,  v i o l e t .

The io d in e  complex was sublimed e i t h e r  alone o r  w i th

the  a d d i t i o n  of a sm all  amount o f  copper  powder a t  250° add



the  g reen  d in a p h th o -a zu le n e  sublimed o u t .  I t  was

r e c r y s t a l l i s e d  from xylene  o r  1 :2 :4 - t r i c h lo r o b e n z e n e  in

g l i s t e n i n g ,  d a rk  green  p l a t e l e t s ,  which decomposed c a .300°,

but the  decom posi t ion  p o in t  i s  i n d e f i n i t e  because o f  &he

d a rk  co lo u r  o f  the c r y s t a l s .  Y ie ld ,  0.07  g .  o r  30#

t h e o r e t i c a l .  I t  d i s s o lv e d  i n  s u l p h u r i c ,  h y d r o c h l o r i c ,

o r  a c e t i c  a c id  g iv in g  v i o l e t  s o l u t i o n s ,  which cou ld  be

c h a r a c t e r i s e d  by a very in te n s e  a b s o rp t io n  band at 
16,17

580 mp.

This dehydrogenat ion  method was r e p e a t e d  on 

d ih y d ro d im e th y ld in a p h th o -a zu le n e  , g iv in g  da rk  g reen  p l a t e s  

o f  d im e th y ld in a p h th o -az u le n e  (LXVI), ag a in  decomposing 

c a .  300° .  Colour  i n  s u l p h u r i c ,  h y d r o c h lo r i c ,  or a c e t i c  

a c i d ,  a l so  v i o l e t ,  w ith  an in t e n s e  a b s o rp t io n  baad at

C on s id e rab le  decom posi t ion  occured  on su b l im a t io n  

o f  d im e th y ld in a p h th o -a z u le n e .

9 . The o c ta h v d ro -  and dodecahvdro-  d e r i v a t i v e s

The crude co n d e n sa t io n  p ro d u c t  (LV) ( 2*5 g*) was 

ground t o g e th e r  w i th  red  phosphorus (0 .7  g . )  and 

in t ro d u ce d  in to  a l a r g e  C a r iu s  tube w i th  c o n s ta n t  b o i l i n g  

h y d r io d ic  a c id  (10 m l . ) .  The s e a l e d  tube was h e a te d  at



200° f o r  8 h o u r s ,  and on open ing ,  the c o n te n t s  were 

d i l u t e d  w i th  water  and the  dark  s o l i d  mass broken up and 

f i l t e r e d  o f f .  This  mass waa e x t r a c t e d  s e v e r a l  t im es  w ith  

dry benzene (200 m l .)  which was washed w i th  a l k a l i n e  

sodium h y d r o s u lp h i t e  s o l u t i o n ,  w a te r ,  and th e n  d r i e d .

The s o l u t i o n  was evapo ra ted  to  s m a l l  b u lk  and 

chromatographed on alumina.

( a )  Using pe t ro leum  e t h e r  ( b . p .  40-60°)  c o n td in in g  9#  

benzene as e l u a n t ,  c o l o u r l e s s  p l a t e s  of  th e  dodecahydro-  

d in a p h th -a z u le n e  (LVIII)  were o b t a in e d ,  m.p.  178 -  180° .  

The amount o b ta in e d  was 0 .02  g .  (Found: C, 91*7 2 ;

H, 8.13  c 24H26 r e q u i r e s  C, 9 1 .6 4 ;  H, 8 .3 5 # ) .  C o lo u r le s s  

i n  c o n c e n t r a t e d  s u lp h u r i c  a c id ,  and on h e a t in g  changed 

th ro u g h  g reen  to  red  w ith  r e d  f l u o r e s c e n c e .

(b )  Using p e t ro leu m  e t h e r  ( b . p .  40-60°)  c o n t a i n i n g  30#  

benzene as e l u a n t ,  c o l o u r l e s s  p l a t e s  o f  the  o c ta h y d ro -  

d in  apht ho -azu lene  (LVII) were o b ta in e d  (0 .06 g . ) ,

m.p.  208° .  (Found: C, 93*0 8 , 92 .8 1 ; H, 7 *0 0 , 7 *26 : 

c 24h 22 r e q u i r e s  C, 9 2 .8 5 ;  H, 7 *15# ) -  In  c o n c e n t r a t e d  

s u l p h u r i c  ac id  i t  d i s s o l v e d  s lowly  g iv in g  a c o l o u r l e s s  

s o l u t i o n  which on s ta n d in g  o r  warming changed th ro u g h  

v i o l e t  to  red  w i th  r e d  f l u o r e s c e n c e .

( c )  Using p e t ro le u m  e t h e r  ( b . p . 4 0 - 6 o ° )  c o n t a in i n g  50#



benasne as e l u a n t ,  ye l low  c r y s t a l s  o f  d ihydrod inaph tho  - 

azulene (LIV) were o b ta in e d ,  m.p.  237° ,  and i d e n t i f i e d  

by mixed m e l t in g  p o in t  d e t e r m in a t io n  w i th  an a u t h e n t i c  

sam p le .

10.  D shydrogenat ion  of  the  o c ta h y d ro -  and dodeoahydro-

d e r i v a t i v e s .

The o c tah y d ro -  d e r i v a t i v e  (LVII)  (0 .015 g*) was 

sublimed i n  a c u r r e n t  of  carbon  d io x id e  th ro u g h  20# 

p a l l a d i s e d  c h a rc o a l  at  310° and 0 .1  mm. p r e s s u r e .  The 

g reen  d in ap h th o -a zu len e  ( L I I I )  was produced and i d e n t i f i e d  

by i t s  c h a r a c t e r i s t i c  fo rm a t io n  o f  v i o l e t  s o l u t i o n s  i n  

common a c id s .  The amount of  d in a p h th o -a zu le n e  o b ta in ed  

was c a . 0 .007 g*

The dodecahydro-  d e r i v a t i v e  was dehydrogentated by 

the  s$ne method w i th  s i m i l a r  r e s u l t s .

11 . B a l e l c  anhydride adduct (LXVI).

D ihydrod inaph tho -azu lene  (LIV) (0 .1  g . )  was d i s s o lv e d

i n  b o i l i n g  n i t ro b en z en e  (10 m l . )  w i th  m a le ic  anhydride 

(5  g . )  and io d in e  (20 m g .) .  The s o l u t i o n  was r e f lu x e d  

f o r  1 h o u r ,  poured  i n to  ho t  xy lene  (20 m l . ) ,  and the  

p r e c i p i t a t e d  s o l i d  f i l t e r e d  o f f  and d r i e d .  The adduct



was r e c r y s t a l l i s e d  from n i t ro b en z en e  and washed w e l l  w i th  

benzene.  S o f te n s  220° , d e c .  ebove 250° •

(Found: C, 73 *9 9 , 72 . 98 ; H, 2 . 52 , 3*15 8 3 6 ^ 1 ^ 9  r e q u i r e s

C, 73 -4 7 ; H, 2*06#).

The e q u i v a l e n t  weight o f  the  adduct was de te rm ined  

by d i s s o l v i n g  i n  excess s t a n d a r d  a l k a l i  and back-  

t i t r a t i n g  w i th  s ta n d a rd  a c i d .  A pH m eter  ( g l a s s  e l e c t r o d e )  

was used to  fo l low  the  t i t r a t i o n ,  and a g raph was c o n s t ru c te d  

showing the  v a r i a t i o n  i n  pH th roughout  the  t i t r a t i o n .

The s lope  of th e  curve was f a i r l y  s t e e p ,  and the  

eq u iv a le n ce  p o in t  was taken  to l i e  nea r  the  s t e e p e s t  p a r t .  

B qu iva len t  w e ig h t ,  Found, 94*5 “ 98 . 5 : C a l c u l a t e d  f o r

the  t r i - a d d u c t  C^6Hi2p9» 98.06 .

12. 1 :2-Dibromoacenaphthene (DOC).

T h i s  w a s  p re p a re d  by the  a d d i t i o n  of bromine to  

acenaphthy lene  (Bluraenthal ,  B e r . ,  £ ,  1093*)

1 3 . Attempted p r e p a r a t i o n  o f  1 :2-d lcvanoaoenaphthene (LXXI).

( a )  Cuprous cyanide  (2 g . )  d r i e d  at 110° was added to 

dibromoacenaphthene (LXX) (3 g*) i n  75 nil. o f  s o lv e n t

(d ry  e t h a n o l ,  benzene ,  and xy lene  were used i n  s u c c e s s io n )  

and the  mixture  r e f l u x e d  fo r  one h o u r ,  a f t e r  which the  

s o l u t i o n  was f i l t e r e d  from cuprous cyanide and



e v a p o ra ted  to  d ry n e s s .  In  no caae waa th e r e  produced a 

n i t r o g e n - c o n t a i n i n g  m a t e r i a l .  The re a id u e  a f t e r  

e v a p o ra t io n  waa compoaed o f  a t a r t i n g  m a t e r i a l  and 

bromoacenaphthylene (produced by e l i m i n a t i o n  o f  hydrogen 

bromide from dibromoacenaphthene in  b o i l i n g  ao lv en ta  2-*).

( b )  Potaaaium cyanide r e p la c e d  cuproua cyanide in  the  

above, and no rep lacem ent  o f  bromo- by n i t r i l e -  occured  in 

benzene or x y le n e .  In  e th a n o l  a o l u t i o n ,  t h e r e  waa 

produced  a heavy o i l  which waa d i s t i l l e d  tw ice  ( b . p .  22h° 

a t  10”^mm. p r e a a u re )  . The a n a ly a ia  r e a u l t a  (C, 65.1+8;

H, h - 9 8 ; Br,  2U-.2 lfe) could not  a a t i a f a c t o r i l y  be a s c r ib e d  

to  any s t r u c t u r e .  No n i t r o g e n - c o n t a i n i n g  d e r i v a t i v e  waa 

i s o l a t e d .

1U. Attempted p r e p a r a t i o n  o f  d i l i t h i u m  acen ap h th en e .

Dibromoacenaphthene (LXX) (3  g*) was added to  l i t h iu m  

m e ta l  ( 0 .2  g . )  and 100 ml. dry s o lv e n t  ( e t h e r ,  benzene ,  and 

xy lene  were used  i n  s u c c e s s io n )  i n  a n i t r o g e n  a tm osphere .  

The m ix ture  waa r e f l u x e d  fo r  from h to  8 hours  i n  each  caee ,  

but  approx im ate ly  the  same weight of  l i t h i u m  waa r e c o v e re d ,  

t o g e t h e r  w i th  a t a r t i n g  m a t e r i a l .



15 . Bromomaleic anhydride (LXXIV).

Thia waa p rep a red  by a d d i t i o n  of bromine to  

maleic  anhydride g iv in g  d ibrom oauocin ic  anhydr ide ,

fo l lowed by dehydrobrom inat ion  (by t te  a c t i o n  of hea t  a t
26ca .  150°) to  bromomaleic anhydride

16.  Attempted p r e p a r a t i o n  o f  1 -n ap h th v lm a le ic  anhydride

(LXXV).

Naphthalene (26 g . )  and bromomaleic anhydride (LXXIV) 

(35  g . )  were d i s s o lv e d  i n  t e t r a c h l o r o e t h a n e  (100 m l . ) ,  and 

arbydrous aluminium c h l o r id e  (30 g . )  was added over  1 h o u r ,  

w ith  c o n s ta n t  shak ing  and c o o l in g  to  keep th e  tem pera tu re  

below 2 0 ° .  A f te r  shak ing  f o r  a f u r t h e r  h o u r ,  th e  

i n i t i a l l y  r ed  s o l u t i o n  became brown. The m ix tu re  waa 

poured  in to  ice  and h y d ro c h lo r i c  a c id  and the  so lv e n t  

and excess  naph tha lene  s t e a m - d i s t i l l e d  o f f ,  l e a v i n g  a 

dark  o i l  which s o l i d i f i e d  on c o o l in g  (10 g . ) .  I t  waa 

d i s s o lv e d  w ith  d i f f i c u l t y  in  a l a rg e  amount o f  benzene 

and on e v a p o ra t io n  of  th e  s o l u t i o n  to  sm a l l  b u lk ,  fawn 

p l a t e s  c r y s t a l l i s e d  o u t ,  m .p.  155 - 156° .  (Found: C, 7*4*27 ; 

H, 1+.5M- c a l c u l a t e d  f o r  C114.H19O3 C, 7*4 . 33 ; H,

E q u iv a len t  weight ( t i t r a t i o n  w ith  s t a n d a rd  sodium 

hydrox ide)  Found, 220 . C a l c u l a t e d  fo r  a monoaarboxylic
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a c id ,  226.

p - ( 2 - n a p h t h o y l ) - a c r y l i c  a c id ,  m.p. 166 - 167° .

^ - ( 1 - n a p h t h o y l ) - a c r y l i c  a c id ,  m.p. 148 - 149° ^ •

From the  above d a t a ,  i t  waa concluded t h a t  the  

a c id  waa p - ( 2 - n a p h t h o y l ) - a c r y l i c  a c id ,  t o g e th e r

w i th  a l i t t l e  o f  the  1 - n a p h th o y l -  iaomer.

-0O0
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