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FOREWARD TO PART I .

The nom enclature used In t h i s  work on

P o ly c y c l ic  Aromatic Hydrocarbons Is  th a t  o f

E. C la r ^ ^ , '^ a ^, where the terms Acene and

Phene are used to  denote condensed r in g  arom atic

compounds o f  l in e a r  and an gu lar  s tr u c tu r e

r e s p e c t iv e ly .

In the s e r i e s  o f  p e r i  condensed naphthalene

compounds, the term  Rylene i s  used and in  the

s im ila r  anthracene s e r i e s  the members are r e -
( 12 )fe r r e d  to  as A n th en esv ' .

A copy o f  a l e t t e r  to  !N atu ref on the Meso- 

Methy 1-Acene work Is  g iv en  in  th e  Appendix.



POLYCYCLIC AROMATIC HYDROCARBONS.

S y n th esis  and A bsorp tion  S p ec tra  o f Methyl-Acenes and 

some Pery lene and T erry lene  D e r iv a tiv e s .

The a n e l la t io n  p r in c ip le  o f  E. C la r shows a g rad u al 

change in  the p ro p e r tie s  o f  in d iv id u a l members in  ascending 

any arom atic  s e r i e s .  In  the o r ig in a l  p a p e r t h e  ab 

s o rp tio n  curves o f an th racen e , te tra c e n e  and pentacene are  

examined and th e  bands of lo n g e s t wave le n g th , which can be 

c o r r e la te d  w ith  the  me so carbom atom s, a re  compared. The 

d if fe re n c e s  of the square ro o ts  o f the  wave le n g th s  a re  found 

to  be c o n s ta n t ,  i . e . ,  J ~ X  (pentacene) -  / X  ( te tra c e n e )  *

/ X  ( te tr a c e n e )  -  XX (an th rac e n e ) . In  naphthalene and 

benzene a ls o ,  a re  found bands o f the  same form and in te n s i t y ,  

which a re  ex p la in ed  by the c o n tr ib u tio n  of the  Dewar 

s t r u c tu r e  of th e  resonance h y b rid .

In  the com plete s e r ie s ,  th e n , benzene -  pen tacene , 

we f in d  para  bands a t  the  fo llow ing  wave le n g th s : benzene

2083; naph thalene 2878; an th racene 3776; te tra c e n e  4735; 

and pentacene 5810&. An o rd e r no. K can be c a lc u la te d  fo r
fyorw .-------- .

each member o# th e  eq u a tio n , K *= 4  RpA where Rp i s  o b ta in ed  

from th e  co n s tan t value o f  th e  d if fe re n c e  o f X X  • K i s  

found to  be re p re se n te d  by the whole numbers 6 ,7 ,8 ,9 ,1 0  in  

th e  above-m entioned s e r i e s .

From o th e r  bands, known as o rth o  bands, a r i s in g  from 

th e  Kekule s t r u c tu re  of benzene, a s im ila r  eq u a tio n , R = J RoX



i s  o b ta in ed  and i t  i s  found th a t  K = 8 fo r  benzene, fo r

naph thalene and 9 fo r  an th racene  or phenan th rene, e t c .

In  subsequent papers  ̂ th eo ry  i s

developed and new hydrocarbons f i t t e d  in to  the  scheme. A 

d i r e c t  r e la t io n s h ip  between the  o rd e r n o s. o f the  hydrocarbons 

and th e  o x id a tio n  red u c tio n  p o t e n t ia ls  of t h e i r  quinones has 

a ls o  been shown

In a more re c e n t p u b l i c a t io n ^ 2  ̂ a new p r in c ip le  

i s  developed which in c lu d es  th e  p-polyphenyls and the  p e r i -  

condensed n ap h th a len es , i . e . ,  p e ry le n e , te r ry le n e  e t c .  (po ly - 

r y le n e s ) ,  and can be extended to  in c lu d e  the  peri-condensed  

an th racen es (p o ly an th en es) and so on. In  the polyphenyl 

s e r ie s  th e  d if fe re n c e  between the fre q u e n c ie s  of th e  a b so rp tio n  

maxima o f the  s in g le  broad bands is  ha lved  as we ascend th e  

s e r i e s ,  i . e . ,  (d ipheny l) - vT (P -te rp h en y l) -  2( (P-

te rp h e n y l)  -  vT (p -q u a te rp h en y l)) • In  the p o ly ry len e  s e r ie s  

th e  d if fe re n c e s  of the  freq u en c ies  of the p-bands a re  q u a rte red  

from member to  member in  the ascend ing  s e r i e s .  I t  is  th e re 

fo re  p o s s ib le ,  by m u ltip ly in g  the  frequency  d if fe re n c e  between 

th e  f i r s t  two members in  2 ( in  th e  polyphenyl s e r ie s )  or by 

4 ( in  the ry le n e s )  and adding the  f ig u re  o b ta in ed  to  the  

frequency  of th e  f i r s t  member, to  o b ta in  th e  frequency  of a 

h y p o th e tic a l  ze ro  member in  each c a s e . Extending th i s  

scheme, i t  may be assumed th a t  the d if fe re n c e  of the



frequency  o f  the p«*bands w il l  be d iv id e d  by 8 as we pass 

from an thracene to  b isan th en e  to  te ra n th e n e , bu t since only 

the f i r s t  two members a re  known, th e re  was no means o f p rov 

ing  th is *  However, by m u ltip ly in g  th e  frequency d if fe re n c e

[1 \) p form

of poly  

phenyls

p form p form

F i g . l

between th e  p-bands o f an th racene and b isan thene  by 8 , the 

frequency  of th e  zero  member o f th e  s e r ie s  may be found and 

i t  i s  observed th a t  the  d if fe re n c e s  of th e  square ro o ts  of 

the  f re q u e n c ie s  of th e se  ze ro  members a re  c o n s ta n t ,  and 

fu rth e rm o re , th e  f re q u e n c ie s  them selves a re  d i r e c t ly  p ro p o r tio n 

a l  to  the squares o f  the o rd e r nos* 6 , 7 and 8 . Thus we f in d  

th a t  K * vfRp"^T * fR p/^ * v^o/Rk, where J7 = th e  

frequency  o f the f i r s t  member o f the a e r ie s  and \J“0 = the  

frequency  o f the zero  member* Rp and Rk a re  co n s tan ts  and 

a re  1 ,712,800 chT^ and 1 ,829 .9  cm~^ r e s p e c t iv e ly .  I t  i s



4 .

therefor©  c o r re c t  to  assume th a t  the  frequency  d if fe re n c e s  

w i l l  be d iv id ed  by 8 on ascend ing  the polyanthene s e r ie s  and 

by 16, 32 etc*  in  the  s e r ie s  s t a r t in g  from te tr a c e n e ,  p en ta 

cene, e tc*  Thus, i t  i s  p o ss ib le  to  p re d ic t  where the p - 

ab so rp tio n  bands o f many p eri-co n d en sed  hydrocarbons should 

be .

I t  i s  th e re fo re  d e s ira b le  to  p rep are  new hydrocarbons 

and th e i r  horaologues and to  study  t h e i r  ab so rp tio n  cu rv es , 

th e reb y  f i l l i n g  up any gaps which may s t i l l  e x i s t  in  th e  

v ario u s arom atic  s e r i e s .

The p re se n t work may be d iv ided  in to  th re e  s e c t io n s : -

1* Meso m ethyl acen es.

2 . Benzologues of p e ry len e .

3 . 7 -8  b e n z te r ry le n e •

Meso m ethyl acen es .

I t  i s  w e ll known th a t  in  ascend ing  the  acene s e r ie s  

th e re  is  a tendency fo r  the meso r in g s  to  become le s s  ben

zene id  and more quinonoid in  c h a ra c te r .  The phenols a re  a 

good example of th is  phenomenon and in  th e  h ig h e r  members o f 

th e  s e r ie s  te n d  to  e x i s t  e n t i r e ly  a s  ketones o f the an throne 

ty p e .
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5 'ig .2 (17)

The in c re a s in g  s t a b i l i t y  of the quinones and a

stu d y  of th e i r  o x id a tio n  re d u c tio n  p o te n t ia ls  le ad s  us to

th e  same co n c lu s io n s^ ® ^ .

In  meso m ethyl acene s e r ie s ,  tautom erism  between

the  m ethyl acenes ( I ,  I I ,  I I I ,  IV and V) and th e  m ethylene

d ihydro  acenes ( la  -  Va) has been p o s tu la te d  to  e x p la in  s id e

ch a in  r e a c t i v i t y ,  b u t h i th e r to  no m ethylene dihydroacene has

been i s o la te d .  The sy n th e s is  o f  6-m ethylene-6 -13 -d ih y d ro -
(19)pentacene (Va) by E. C la r v 7 has removed th i s  weakness in  

th e  h y p o th e s is . Since th e  a n e l la t io n  p r in c ip le  r e q u ir e s  a



6 .

Fig* 2a.

g rad u a l change in  p ro p e r t ie s  in  the acene s e r i e s ,  i t  i s  

liloaly  th a t  IV, I I I ,  I I  and I  w i l l  a ls o  c o n ta in  d ec re a s in g  

p ro p o rtio n s  o f the m ethylene form .

The p o s s ib i l i t y  o f  I s o la t in g  methylene d ihyd ro 

benzene ( la )  or m ethylene d ih y lro n ap h th a len e  ( I la )  i s  r e 

m ote, b u t i t  seemed l ik e ly  th a t  th e  tau tom ers 9 -m ethy l- 

an th racene and 9 -m ethy lene-9-10-d ihydroan thracene ( I I I  and 

I l i a )  and the  correspond ing  te tra c e n e  d e r iv a t iv e s  (IV and IVa) 

m ight e x i s t  in  e c jii lib r iu m . 9-M ethy l-an th racene and 5 - 

methy 1- te tr a c e n e  were th e re fo re  p repared  and examined to  

see i f  th e  two methylene compounds were Indeed p re s e n t .

In  th e  ca se  o f  9-m ethy1-anthracene which was p re 

pared  by th e  a c tio n  o f m ethyl, magnesium io d id e  on an th ro n e ,
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fo llow ed  by th e  d eh y d ra tio n  o f th e  crude c a rb in o l^ 20^, a 

sm a ll amount o f  a compound which c r y s ta l l i s e d  in  sm all red  

n e e d le s  (m.p. 163-5°) was ob ta ined  among the yellow  p la te s  

o f  th e  main p roduct (m.p. 81°) (mixed m .p. 7 9 ° ) . The re d  

compound could n o t be i s o la te d  in  s u f f i c ie n t  q u a n tity  f o r  

c a r e fu l  exam ination , bu t from  i t s  co lou r alone i t  i s  un

l ik e ly  to  be the methylene compound. A pure homogeneous 

m&lelc anhydride adduct was o b ta in ed .

5 -M eth y l-te tracen e  was prepared  in  a s im ila r  manner 

from te tracen o n e  bu t no in d ic a t io n  o f a second compound or y *  
c r y s ta l l i n e  s t r u c tu r e  was observed, a lthough  P ie s e r  and 

H e r s h b e r g ^ ^  c laim  to  have ob ta ined  1 - 6-d im e th y l- te tra c e n e  

in  two r e a d i ly  c o n v e rtib le  m o d if ic a tio n s .

On trea tm en t w ith  m aleic an h y d rid e , 5 -m e th y l- te tr a 

cene gave two d i s t i n c t  adducts which were re a d i ly  sep a ra te d  

by th e  d i f f e r e n t  s o lu b i l i t y  o f t h e i r  sodium s a l t s  (see 

E x p erim en ta l, p . 3% f o r  com parison)* I t  was a t  f i r s t  thought 

th a t  th ese  might be VI or Via and V II^c^*22^, b u t s ince  b o th  

decomposed a t  t h e i r  m elting  p o in ts  to  re g e n e ra te  5-m ethyl- 

te tra c e n e  i t  seems more probable th a t  th ey  were VI and V ia. 

There i s  a lso  th e  p o s s i b i l i t y  th a t  th e  two compounds o b ta in ed

may be c l s - t r a n s  isom ers
C O

UHCO
■C H — C O

VI Via VII
P i g . 5 .
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A com parison of tike a b so rp tio n  curves of the two 

hydrocarbons (F ig .4 )  g ives some in d ic a t io n  as to  th e  a c tu a l  

s t ru c tu re  o f the compounds. Thus the  spectrum  of 9 -m ethy l- 

an th racene  i s  v ery  s im ila r  to  th a t  of a n th ra cen e , though 

th e  in te n s i ty  of the bands i s  somewhat g r e a te r  ( c f .  W illem ari^  

The p resence of a sm all p ro p o rtio n  of th e  m ethylene form 

which would only  have a v ery  fe e b le  a b so rp tio n  i s  n o t ex 

c lu d ed . In  the case o f  5 -m e th y l- te tra c e n e , an a b s o rp tio n  

curve resem bling  th a t  o f te tra c e n e  i s  ob serv ed , b u t h ere  th e  

in te n s i ty  o f th e  bands is  co n s id e ra b ly  low er th an  th a t  o f 

te t r a c e n e .  T his seems to  su g g est th a t  th e  %  o f th e  weakly 

ab so rb in g  m ethylene compound (IVa) i s  a p p rec iab ly  g r e a te r  

th an  in  the  case of m e th y l-an th racen e• The a b so rp tio n  curve 

o f the meso m ethyl d e r iv a t iv e  o f  pentacene i s  e n t i r e ly  d i f f e r 

e n t and i s  shown in  th e  f ig u re  fo r  com parison a lo n g  w ith  th e  

curve c a lc u la te d  fo r  6 -m ethy l-pen tacene by means of th e  

a n e l la t io n  p r in c ip le .  A s o lu t io n  of the pen tacene d e r iv a t iv e

in  1-m ethyl n ap h th a len e  a t  200°C gave a s im ila r  a b so rp tio n
(19)curve to  th a t  c a lc u la te d  . I t  i s  a ls o  shown in  F ig .4*

2 . Benzologues of P e ry len e .

In  the  pery len e  s e r ie s  the a n e l la t io n  e f f e c t  has so 

f a r  n o t been s tu d ie d  in  any g re a t d e t a i l .  Thus C lar^^4  ̂

compares the c o lo u rs  o f  p ery lene  (V I I I ) ,  1 -2 -benzpery lene  (IX ),
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1 -2 -11 -12 -d ibenzpery lene  (X) and 2 -3 -1 0 -1 1 -d ib en zp ery len e  (XI)
9 to

S 
9

it

9 __ 3
VliL I K

yellow orange v io l e t / r e d yellow

P ig . 5

He sa y s , ”A c a lc u la t io n  shows th a t  the two r in g s  in  X in c re a se  

th e  o rd e r  no . f o r  p ery len e  by u n i ty .  I t  i s  thus shown th a t  

the  maximum a n e l la t io n  e f f e c t  comes from  a l i n e a r  p a r a l l e l  

a n e l la t io n ."  This i s  s im ila r  to  th e  in c rease  found in  the 

s e r i e s ,  p h en an th ren e , ch ry sen e , 3 -4 -b e n z - te tra p h e n e , 

a n th ra c e n o -(2 * l 1- 1 - 2 ) -a n th ra c e n e .

A ca. sm o fl 
K„ -  Or m

+  - 6 M  -+■- d b o  •f- , 6 ’6 '3

(25)P ig . 6  (showing wave le n g th s  and o rd e r  n o s . f o r  p-bands ) .  

In  co n s id e rin g  th e  e f f e c t  of a n e l la t io n  on p y ren e ,
(2 )C la r 7 shows th e re  a re  th re e  s e r ie s  o f  bands which he r e f e r s  

to  a s  sym m .pyr., assym .pyr. and ©-bands as shown by th e  form s 

1 , 2 , and 3 .

3 £>bo fi
> ^ 3

Si5*o Pi 
^  'I W

f)
3

P ig .7 .



Likew ise p ery len e  i t s e l f  would appear to  be a chromo- 

phore whose ab so rp tio n  curve i s  n o t r e la te d  to  those o f
/ Q g  \

phenanthrene o r 1 -1 1 -d in a p h th y l , though C la r has r e c e n tly

shown corresponding  r e la t io n s h ip s  between benzene and d iphenyl

and between naph thalene and p ery len e  # An exam ination  o f

the  double bond d is t r ib u t io n  in  p ery len e  shows a rem arkably

r i g i d  s t r u c t u r e ,  and th e  p-form  probab ly  p lay s a

prom inent p a r t  in  de term in ing  the  a b so rp tio n
P ig .7 a .

c u rv e .

A r e la t io n s h ip  can be developed between th e  p-form s 

of d ip h e n y l, p ery len e  and b isa n th en e , a c a lc u la t io n  g iv in g  

Rp = 1 ,477,333 cm~^* Using the  form ula K * J  R  /\  we f in d  

th a t  K in c re a s e s  by two u n i t s  from d iphenyl to  p ery len e  and 

lik e w ise  by two u n i t s  from pery len e  to  b isa n th e n e . Benz- 

an th ren e  and the l in e a r  benzologues o f p e ry len e  (IX , X, X II, 

X III )  can be f i t t e d  in to  th is  scheme.

1-2-B enzperylene (IX ), 1 -2 -5 -6 -d ib en zp e ry len e  (X II) , 

and n ap h th o -(2* . 3 1 :1 .2 ) -p e ry len e  (X III) have been p rep ared  

and th e i r  p ro p e r t ie s  examined. T heir co lo u r  range i s  from  

orange to  v io le t  as shown. An a ttem p t to  p rep a re  1 -2 -b en z- 

n a p h th o -(2 f .3 * s5 .6 ) -p ery len e  y ie ld e d  an o liv e  g reen  s o lu t io n  

b u t a rough exam ination of the  spectrum  in d ic a te d  th a t  th e  

m olecule had been s p l i t .



1 1 .

The method o f s y n th e s is  of th e se  p ery len e  d e r iv a t iv e s

'which suggested  i t s e l f  was tre a tm en t o f  the  co rrespond ing

anthrone d e r iv a t iv e  w ith  1 -n ap h th y l magnesium bromide fo llow ed

by d eh y d ra tio n  o f the  crude c a rb in o l and a subsequent S ch o ll
(27 27a)r in g  c lo su re  w ith  aluminium c h lo r id e  in  benzene 9 , o r

w ith  a sodium c h lo r id e , aluminium c h lo r id e  m elt (28)

o o

I

Ino, I
CO

oSo cc6io
P ig . 8



The a ttem p t to  p rep are  IX by the method o u tl in e d  

was a f a i lu r e  a lth o u g h  i t  i s  s im ila r  to  th a t  o f K ro ll-

p f e i f f e r (29) fo r  the  p re p a ra t io n  of meso s u b s t i tu te d  a n th ra -  
(3D )cen es, and to  th a t  o f Cook' '  f o r  the  p re p a ra t io n  o f 9 -benzy l 

and 9-p h en y l-an th racen e . The main p ro d u c ts  from  the G rignard 

re a c t io n  were naph thalene and an thracji in o n e .

1-2-B enzperylene was o b ta in e d , how ever, a s  a b y 

product in  the p re p a ra tio n  o f 7 -8 -b e n z te rry le n e  by a p ro cess

s im ila r  to  the  above, b u t s t a r t i n g  from  an th raqu inone (see p»5^
(31) (31a)

C lar & Guzzi and C la r ) .
o

o
+

•OH

OH

m c \ 3
N ^ \

+ C O

F ig . 9

The r e s u l t in g  hydrocarbons from the AlCl^/NaCl fu s io n  were 

s u c c e s s fu l ly  se p a ra te d  on an alum ina column which was k ep t 

under COg in  th e  dark* Only by ta k in g  th e se  p re c a u tio n s  

was th e  p h o to -o x id a tio n  6f  IX p rev en ted .

The r e a c t io n  between te tra c e n o n e  and n aph thy l 

magnesium brom ide p re sen ted  no d i f f i c u l t i e s  and th e  r in g  

c lo su re  was r e a d i ly  c a r r ie d  o u t e i t h e r  w ith  AlCl^ in  benzene 

o r in  th e  A.lClg/N&Cl m e lt. On runn ing  a pe tro leum  e th e r  

s o lu t io n  o f the r e s u l t in g  m ix ture th ro u g h  an alum ina column



a la rg e  number o f  bands were observed . The r e a c t io n s  shown 

in  P i g .10 have probably  tak en  p lace  d u rin g  th e  AlCl^ tre a tm e n t.

y l ) - t e t r a c e n e  would tak e  p lace  m ainly In  th e  r e a c t iv e  meso 

o r 6- p o s i t io n  y ie ld in g  X II, and the  f a c t  t h a t  X III was p ro 

duced in  s l i g h t l y  b e t t e r  y ie ld  th an  XII could  be ex p la in e d  

by th e  f a c t  t h a t  the f r e e  hydrogen produced in  th e  i n i t i a l  

r in g  c lo su re  im m ediately a t ta c k e d  th e  6 - 1 1  p o s i t io n s  in  th e  

n ap h th y l te tra c e n e  g iv in g  5 - ( l - n a p h th y l ) 6 - l l - d ih y d r o te t r a -  

cene (XV) making f u r th e r  r in g  c lo su re  o n ly  p o s s ib le  to  th e  

4 p o s itio n *  The y e llo w  so lu t io n s  o b ta in ed  from  the chrom ato

gram column probab ly  co n ta in ed  m ix tu re s  o f  th e  d ih y d ro  com

pounds. U n fo rtu n a te ly  the  specimens o f 1 -2 -5 -6 -d ib en zp e ry l*  

ene and n ap h th o -(2 1 .3* :1 .2 ) -p e ry le n e  o b ta in e d  were found to

+ 31H

Y"ex + ccco
P ig .10

I t  was expected  th a t  t h i s  r in g  c lo su re  o f  5 - ( l-n a p h th -



be contam inated  w ith  te tra c e n e  from  which they  were n o t 

se p a ra te d  on the  alum ina column* The two in te n se  te tra c e n e  

a b so rp tio n  bands a t  4750& and 4450? were observed in  the 

e x t in c t io n  curve of th e  two p ery len e  d e r iv a t iv e s .  The 

te tra c e n e  i s  probably produced by a  s p l i t t i n g  o f th e  mole

cu le  ac ro ss  th e  pery lene nu c leu s in to  n ap h th a len e  and t e t r a -
(31)cene ( e f .  C la r and Guzzi ) .

In  th e  pen tacene s e r ie s  th e  y ie ld s  were sm a ll and 

only a few m illig ram s of pure n ap h th y lp en tacen e  were o b ta in e d .

A rough exam ination  o f the spectrum  o f  th e  o liv e  green  

s o lu t io n  o b ta in ed  by th e  tre a tm en t o f 6 - (1-n a p h th y l)-p e n ta c e n e

w ith  AICI3 d id  n o t show th e  expected  in te n se  p-band around
o 0 0

6700A, a lth o u g h  bands were observed a t  6050A, 5050A and
o

4685A. The 6050 band may be due to  1 .2 -benznaphtho-(2*  .3 1 :5 .6 )  

p e ry le n e , though the low er bands a t  5050 and 4685 a re  p robab ly  

due to  a s p l i t t i n g  o f  th e  m olecu le.

The compounds IX, X II, X III and XIV a re  a l l  ex 

trem ely  s e n s i t iv e  to  l i g h t ,  e s p e c ia l ly  th e  naphtho d e r iv a 

t i v e s .  With m aleic anhydride in  b o i l in g  benzene, c o lo u r le s s  

a d d i t io n  p ro d u c ts  were form ed, n ap h th o -(2 f .3 * s i . 2 ) -p e ry len e  

being  d e c o lo u rise d  p a r t i c u la r ly  r a p id ly .  An exam ination  o f 

th e  a b so rp tio n  curve (P ig .19) o f th i s  a d d i t io n  p ro d u c t showed 

th a t  i t  was n o t the  expected  en d o cy c lic  adduct (X l l la )  which 

shou ld  have g iven  a curve s im ila r  to  th a t  o f  p e ry le n e . The



a c tu a l  curve i s  much more t h a t  o f an an th racen e  d e r iv a t iv e  

and would probably  co rrespond  c lo s e ly  to  th a t  o f th e  p ale  

yellow  1- 2 -b e n z - te tra p h e n e , in d ic a t in g  th a t  a d d i t io n  had 

taken  p lace  in  th e  6- 7  p o s i t io n  in  th e  pery lene  nucleus 

g iv in g  X IIlb  o r X IIIc .

d ib en z-p e ry len e  and n a p h th o -(2 1. 3 1 : 1 *2 ) -p e ry len e  a re  shown 

in  P igs* 16, 17 and 18 and the a n e l la t io n  e f f e c t  in  the  

P - s e r ie s ,  as p re v io u s ly  d e s c r ib e d , i s  shown in  P ig .13, p*17.

and we m ight expect th a t  1 -pheny l-naph tha lene  (XVII) and

1 -1 1-d in ap h th y 1 (XVIII) could  be in c lu d e d . The a b so rp tio n

curves o f th e se  compounds do n o t ,  how ever, have a p lace  in

th e  a n e l la t io n  scheme as the p-bond s t r u c tu r e  in  d ip h en y l

(XVIa) invo lves a p la n a r  m olecule which i s  s t e r i c a l l y

im possib le  in  1 -pheny l-naph tha lene  and l - l f -d in a p h th y l ,  th e

spectrum  of 1 -phen y l-n ap h th a len e  b e in g  s im i la r  to  th a t

o b ta in ed  from  an equ im o lecu lar m ix ture of benzene and
(32)n ap h th a len e  . There i s ,  however, a marked s im i l a r i t y  in  

th e  curves o f d ip h en y l (XVI), 9-10-d ihydrophenan th rene  (XIX)

>ojj>
X»l<a

F ig .11.

The ab so rp tio n  curves o f  1 -2 -b en zp ery len e , 1 -2 -5 -6 -

D iphenyl (XVI) i s  th e  chromophore in  t h i s  s e r ie s



16.

and 4 -5 -d im e th y len e -flu o re n e  (XX) (3 3 ) where the m ethylene

b r id g e s  h o ld  th e  m olecu le  in  a p la n a r  p o s i t i o n .  I t  i s  th e r e 

fo r e  c le a r  th a t  a r e la t io n s h ip  sh ou ld  e x i s t  between the  

cu rves o f  d ip h en y l and b en zanth rene (X X II). There i s  a l s o  

a marked s im i la r i t y  between th e  cu rves o f  5 - ( lm a p h t h y l ) -  

te tr a c e n e  (XXII, F i g .1 4 ) ,  9 -1 0 -d i- ( l -n a p h th y l) -a n th r a c e n e  

(X X III, F i g .24) and t h e ir  parent hyd rocarb on s, te tr a c e n e  

and a n th ra cen e . This i s  fu r th e r  ev id en ce  o f  the s t e r i c  

e f f e c t  p r e v en tin g  th e  form ation  o f  th e  p-bond forms XXIIa 

and X X IIIa. The bathochrom ic s h i f t  caused  by the 8 -n a p h th y l  

group in  5 -n a p h th y l-te tr a c e n e  i s  a lm ost id e n t i c a l  to  th a t  

cau sed  by th e  m eth yl group in  5 -m e th y l- te tr a c e n e  ( F i g . 4 ) .

Xv/t Xv/jo- Xj/m
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7 -8 -B e n z te r r y le n e .

OH

P i g .20
(3 1 )

The p rod u ct o b ta in ed  by C lar and Guzzi , by a

r in g  c lo s u r e  o f  9 - lQ -d i- l-n a p h th y l-9 -1 0 -d ih y d r o x y -9 -1 0 -

d ih y d ro -a n th ra cen e  (XXV) was c o n s id e r e d  to  be e i t h e r  1 -9 -5 -1 0 -

d i-p e r i-n a p h th a le n e -a n th r a c e n e  (XXVII) or  7 -8 -b e n z - te r r y le n e

(1 -9 -4 -1 0 -d i-p e r i-n a p h th a le n e -a n th r a c e n e ) (XXVI). (XXVII)

was p r e fe r r e d  on th e  r a th e r  s le n d e r  b a s i s  th a t th e  1 - 4 -

d im eth y l d e r iv a t iv e  o f  (XXV) gave no s im ila r  c o n d en sa tio n

p rodu ct on trea tm en t w ith  A1C1 • We have now ev id en ce  th a to
t h e ir  p rod u ct was 7 -8 -b e n z te r r y le n e .

To prepare a specim en o f  7 -8 -b e n z te r r y le n e  whose 

s tr u c tu r e  would be w ith o u t d o u b t, 1 -4 -d ic h lo ro a n th r a q u in o n e  

was t r e a te d  w ith  an e x c e ss  o f  1-n a p h th y l magnesium brom ide 

and th e  r e s u l t in g  d i o l  tr e a te d  w ith  a m elt o f  A lC l^/N aC l 

a t  110°G . R edu ction  o f  th e  d i o l  p r io r  to  r in g  c lo s u r e  

seem ed to  make l i t t l e  d i f f e r e n c e  t o  th e  f i n a l  p rodu cts*
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A part from  th e  f i s s i o n  p r o d u c ts , n a p h th a len e , 

a n th ra c en e , b en zp ery len e  and t h e i r  c h lo r o  d e r iv a t iv e s ,

1 !4 Td ic h lo r o -7 -8 -b e n z te r r y le n e  (XXVIII) and 7 -8 -b e n z te r r y le n e  

(XXVI) were th e  main su b sta n ces  o b ta in ed  from  th e  m e lt .  The 

d ic h lo r o  compound was g r ee n  and i t s  a b so rp tio n  spectrum  

showed an in te n s e  band a t  6600i?. The hydrocarbon answ ered  

th e  d e s c r ip t io n  o f  C lar and G u zzi! s 1 - 9 - 5 - 1 0 - d i - p e r i -  

n a p h th a le n e -a n th r a c e n e . I t  was a l s o  shown to  be i d e n t i c a l

w ith  a sam ple p rep ared  from anthraquinone in  th e  way 

d e sc r ib e d  by them .

For th e  r in g  c lo s u r e s  i t  was found t o  be much more 

e f f i c i e n t  to  u se  an A lC l^/N aC l m elt in  p la c e  o f  the fu s io n  

w ith  AICI3 in  p resen ce  o f  a sm a ll amount o f  p y r id in e  as  

d e sc r ib e d  in  th e  o r ig in a l  p a p er . The NaCl seemed to  have 

th e  same e f f e c t  as the p y r id in e  and p rev en ted  e x c e s s iv e



f i s s i o n  o f th e  d in a p h th y l an th racen e d e r iv a t iv e .

The fo l lo w in g  scheme ( P ig .22) g iv e s  an o u t l in e  o f  

th e  probab le  r e a c t io n s  ta k in g  p la c e  du rin g  th e  f u s io n .  I t  

i s  p u re ly  q u a l i t a t iv e  as th e  many v a r ia b le  c o n d it io n s  were 

n o t  s t r i c t l y  c o n tr o l le d .  G en era lly  sp e a k in g , th e  p ro p o r tio n s  

used  were -  ch lo ra n th ra cen e  d e r iv a t iv e  s A lC lg : RaCl : : 1 :

5 : 1 . The tem perature o f  th e  m elt was kept about 100-110°C  

and the tim e ta k en  was about f i v e  m in u tes . In  a l l  c a se s  

th e  ch lo ra n th ra cen e  d e r iv a t iv e  was added s lo w ly  t o  the  

A lC l^/N aC l m e lt .

A as i t  in v o lv e s  c o n d en sa tio n  w ith  th e  e l im in a t io n  o f  w ater  

as w e l l  a s  s e t t in g  f r e e  two atoms o f  hydrogen . A lthou gh  in  

A. r e a c t io n  2 r e le a s e s  fo u r  atoms o f  hydrogen , i t  i s  l i k e l y  

to  be secon d ary  to  1 and probab ly  th e r e  w i l l  be more n a sc e n t

R ea ctio n  2 ta k e s  p la c e  more r e a d i ly  in  B than in

-- 00
X  Xv/<U
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hydrogen a v a i la b le  in  B than in  A. T h is f r e e  hydrogen i s  

probab ly  r e s p o n s ib le  f o r  th e  s p l i t t i n g  o f  the d in a p h th y l-  

an th racen e m o lecu le  in to  v a r io u s  f i s s i o n  p ro d u cts  as shown 

in  r e a c t io n  3 .

The r e s u l t s  bear o u t t h i s  in t e r p r e t a t io n .  Thus, 

u s in g  the reduced (or  p a r t i a l l y  reduced) d i o l ,  a s in  A, a 

much la r g e r  p r o p o r tio n  o f  u n su b s t itu te d  hydrocarbon (XXVI) 

was o b ta in ed  than in  B. The p ro p o rtio n  o f  th e  c h lo r in a te d  

compound (XXVIII) appeared to  be much th e  same i n  b oth  c a ses

and th e  p r o p o r tio n  o f  f i s s i o n  p rod u cts was g r e a te r  in  B than
of

in  A* A part from v ery  sm a ll t r a c e s nc h lo r in e  c o n ta in in g  

compounds o b ta in e d  from th e  f i r s t  chrom atographic e lu t io n s ,  

a l l  the f i s s i o n  p rod u cts were u n s u b s t itu te d . A fte r  the r in g  

c lo s u r e  o f  th e  n o n -c h lo r in a te d  d in a p h th y l-a n th r a n o l, some 

o f  th e  h ig h e r  f r a c t io n s  from  th e  alum ina column gave im pure, 

lo w -m e lt in g , b lu e  c r y s t a l s .  On ru n n in g  a s o lu t io n  o f  th e se  

th rou gh  a secon d  alum ina colum n, no c le a r  s e p a r a t io n  was



observed  but th e  f i r s t  runn ings were found to  c o n ta in  sm a ll  

q u a n t i t ie s  o f  a n th ra c en e . The main body o f  M a te r ia l on 

th e  column was pure b e n z te r r y le n e , w h ile  the upper f r a c t io n s  

were a g a in  im pure.

I t  th e r e fo r e  seems l i k e l y  th a t  th e se  upper f r a c t io n s  

c o n ta in  a m olecu lar  compound o f  b e n z te r r y le n e  and a n th ra cen e .

The a b so r p tio n  curve o f  7 -8 -b e n z te r r y le n e  i s  th e
(31)same as th a t  g iv en  by C lar and G-uzzi fo r  th e ir  hydro

carbon ( P ig .2 4 ) .

A pure specim en o f  th e  m a le ic  anhydride adduct was 

prepared  by t r e a t in g  the hydrocarbon w ith  e x c e s s  m a le ic  

anhydride a t  c a . 200°C w ith ou t any fu r th e r  s o lv e n t .  An 

exam in ation  o f  th e  a b so r p tio n  curve o f t h i s  1 - 9 - 4 - 10 - d i -  

(p e r i-n a p h th a le n e ) - e n d o - 9 - 1 0 - (1 -2 - s u c c in ic  a n h y d r id e) -  

an th racen e (XXX) i s  fu r th e r  proof o f  th e  s t r u c tu r e  o f  7 - 8 -  

b e n z te r r y le n e  .

As w ith  d ip h e n y l, i t  i s  p o s s ib le  to  b u ild  up a 

l in e a r  a n e l la t io n  s e r ie s  from  p -te r p h e n y l (XXIX) and we f in d  

th a t  th e  m a le ic  anhydride adduct o f  7 -8 -b e n z te r r y le n e  (XXX) 

f i t s  in  v ery  w e l l .  I t s  b a s ic  arom atic  s tr u c tu r e  i s  th a t  

o f  2 -3 -2 * * 3 * * d lb e n z -p -te r p h e n y l w hich i s  h e ld  in  a p lan ar  

s t a t e  by the r e s t  o f  th e  m o le c u le . I t  i s  a l s o  c le a r  th a t  

had th e  7 -8 -b e n z te r r y le n e  (XXVI) been  1 - 9 - 5 - 1 0 - d i - p e r i -  

n a p h th a len e-a n th ra cen e  (XXVII), the a b so r p tio n  curve o f  i t s  

9 -10  m a le ic  anh yd rid e adduct (XXXI) sh ou ld  have shown
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a b so r p tio n  bands a t  ap p rox im ately  th e  same wave le n g th s  as 

benzanthrene w ith  tw ic e  th e  i n t e n s i t y .

X 2Mt>o 
K p  6-000 + 0 - T |0

6-9'?o

X X X

I. CjerT^Jt~-ĥ <r̂  BOt) Ovw~ 1

P i g . 23

The sy n th e se s  o f  many o f  the compounds used  in  

t h i s  work in v o lv e d  th e  use o f  c o n s id e r a b le  q u a n t i t ie s  o f  

te tr a c e n o n e . T his was prepared  by th e  method o u t l in e d

in  F i g . 2 6 . The y i e ld s  were good in  m ost s ta g e s  

though the r in g ,c lo s u r e  to  d ih y d r o te tr a c e n e  p r e sen ted  some 

d i f f i c u l t i e s ,  g iv in g  a y i e l d  o f  3 0 -4 0 $ . In  the f i n a l  

r e d u c tio n  o f  the quinone to  te tr a c e n o n e  c o n s id e r a b le  m o d if i

c a t io n s  were made to  P ie s e r * s  m ethod. (See p . 3 2 .) .
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Another method fo r  the p r e p a r a tio n  o f  te tr a ce n o n e

i s  o u t l in e d  in  F i g .2 7 . I t  was n ot s u c c e s s f u l ,  ho?.rever,

g iv in g  e i t h e r  su lp h on ated  m a te r ia l from th e  b o r ic  acid/HgSO^

r in g  c lo s u r e ,  or a ta r r y  p rodu ct from th e  a c e t i c  a n h y d r id e /
(42)ZnClg r e a c t io n .  Treatm ent o f  th e  k e to  a c id  w ith  PC1& 

a l s o  gave poor y i e l d s .

o  OH

0

o c c o ^ o X oCOOH
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The p rep a ra tio n  of p en ta een o n e , req u ired  fo r  the

6-n a p h th y l-p en ta cen e  s y n t h e s i s ,  i s  g iv en  in  F i g .2 8 .

ô ccô coooo
chva* j  '

/  -cutLr-C^

F ig .2 8

The p r e p a r a tio n  o f  th e  d ik e to n e  was c a r r ie d  ou t as
( f* "p /  7  \

d e sc r ib e d  in  th e  ex p er im en ta l p a r t , p*VT * •

In th e  E lb f s r in g  c lo s u r e ,  the experim ent was made,

o f  e a r r y in g  ou t th e  p y r o ly s is  in  th e  p resen ce  o f  z in c  d u s t ,

w ith  the o b je c t  o f  p r o v id in g  a sou rce  o f  hydrogen to  form

d ih y d r o -p e n ta c e n e , th e re b y  a v o id in g  e x c e s s iv e  d is p r o p o r t lo n a -
(44)t io n  o f  the p en tacen e  a s  d e sc r ib e d  by C lar and John .

The o x id a t io n  w ith  se len iu m  d io x id e  was c a r r ie d  

ou t In  n itr o b e n z en e  (4 1 ,4 5 )  and p r e se n te d  no d i f f i c u l t y ,  but 

th e  su b seq u en t r e d u c t io n  w ith  a lk a l in e  h y d r o su lp h ite  gave a 

poor y i e l d  (46^ , c f .  a l s o  3 7 ) .



The p r e p a r a tio n  o f  7 -8 -b en z  te r r y le n e  i s  o u t l in e d  

in  F ig .  9 . I t  was a l s o  prepared  from 1 -4 -d ic h lo r a n th r a -  

quinone (F ig .2 1 )  w hich was o b ta in ed  by method (c ) F i g .2 9 , 

m ethods (a ) and (b) b o th  g iv in g  poor y i e l d s .
O OH 0 ClnrV'i

, ,  O C lH-.SO» cr>*0 S? co? ir
CA C 1 O

OH
r - V 'OD'r^ Sw CX>- O OCJQ -rT

CA

O Cl
PC7*r

_

o
F ig i2 9

The r e d u c tio n  o f  the l - 4 - d i c h l o r o - 9 - 1 0 - d i - ( l -  

n a p h th y l)9 -1 0 -d ih y d r o x y -9 -1 0 -d ih y d r o -a n th r a c e n e  to  1 - 4 - d i -  

c h lo r o -9 -1 0 -d i- (1 -n a p h th y l)  an thracene was a ttem p ted  w ith

sodium  io d id e  in  a c e t i c  a c id  or in  a p y r id in e /a c e t ic  a c id
(50) (5 1 ,5 1 a )

m ixture but was n o t  v e r y  s u c c e s s f u l  . Formic a c id

gave an a lm ost com p lete  r e d u c t io n , a f in e  s lu r r y  o f  th e  d io l

in  a c e t i c  a c id  b e in g  u sed . To ensu re the com plete e x c lu s io n

o f  w a te r , a c a lc u la t e d  q u a n t ity  o f  a c e t i c  anhydride was

added to  take up the w ater p r e se n t  in  th e  fo rm ic  a c id  ( F ig .21)



27.

An a ttem pt to  p rep are  7 -8 -b e n z te r ry len e  from
52q u in iz a r in  ( c f .  E tienne  & Heymes ) y ie ld e d  mainly l - l 1- 

d in a p h th y l in  th e  G-rignard s ta g e ,  la rg e  q u a n t i t i e s  of 

q u in iz a r in  be ing  recovered  from the  r e a c t io n  m ix tu re .

A sm all q u a n t i ty  of m a te r ia l  was o b ta in ed , however, 

which on trea tm en t w ith  AlCl^ in  benzene gave a deep v i o l e t  

s o lu t io n  showing a b so rp tio n  bands a t  6305$ and 5490$. This

i s  p robab ly  7 -8 -b en z te rry len eq u in o n e  (XXVIa o r  XXVIb).

Treatm ent of the  impure d in ap h th y l w ith  AlCl^ in  

benzene gave a b lue s o lu t io n  showing ab so rp tio n  bands a t  

6450$, 5900$ and 5450$. I t  th e re fo re  probably  co n ta in s  

some l-4 -d ih y d ro x y -9 -1 0 -d i- (1 -n a p h th y l) -a n th ra c e n e  which 

shou ld  r e a d i ly  r in g  c lo se  to  g iv e  7 -8 -b e n z te r ry le n e .

0 OHcco0 OH

/Mq&v 
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E xperim en ta l.

P re p a ra t io n  o f  9-methyl an th racene  from an th raq u ln o n e .

Anthr a quinone ---------> Anthrene

By tre a tm e n t w ith  t i n  and HC1 in  a c e t i c  a c id  s o lu t io n ,

Meyer .

A nthrena ------------ > 9-methyl an th racene

c f .  S i e g l i t z  & M a r x ^ ^  .

To a co ld  Grignard s o lu t io n  of m ethyl magnesium 

io d id e  p rep ared  in  the  u su a l  manner, V 3 of th e  m olecu lar  

p ro p o r t io n  o f  an th rene  d is s o lv e d  in  dry benzene was added 

over a p e r io d  o f  about 20  minutes w ith  v igorous sh ak in g .

A green  co lo u r  was observed though the  s o lu t io n  g ra d u a l ly  

became y e llo w . Decomposition w ith  ic e  w ater p r e c i p i t a t e d  

a yellow  mass which went in to  s o lu t io n  on the a d d i t io n  of 

d i l u t e  HgSO^. The benzene e th e r  l a y e r  was s e p a ra te d  and 

shaken s e v e ra l  tim es w ith  a d i lu t e  s o lu t io n  of  NaOH con

ta in in g  NagSgO^ u n t i l  no re d  c o lo u ra t io n  was observed in  

the  aqueous l a y e r .  (This to  remove any an thraquinone 

which may be p r e s e n t . )

A f te r  d i s t i l l i n g  o f f  the  benzene, th e  methyl 

an th racene  was f i l t e r e d  from the aqueous l a y e r ,  washed and

r e c r y s t a l l i s e d  from 9 6 %  a l c o h o l .  Large yellow  n eed les  were
oo b ta in ed  mixed w ith  sm a lle r  red  n e e d le s .  M.P. 81 .



On r e c r y s t a l l i s a t i o n  from benzene,, la rg e  hexagonal 

p la te s  were o b ta in e d ,  again  a long  w ith  a co n s id e rab le  

q u a n t i ty  of th e  sm all re d d ish  n ee d les  from which they  were 

r e a d i ly  s e p a ra te d .

The yellow  p la te s  m elted  sharp  a t  81° and the  red  

n eed les  a t  163-165°. (Mixed M.P. 7 9 ° ) .

The maleic anhydride adduct o f  9-m ethy l-an th racene
oformed very r a p id ly  in  xylene s o lu t io n  and m elted  a t  274 

decomposing above 305°.

The ab s o rp t io n  curve of  9-m ethyl an th racene  i s  

shown i n  P ig .4 .

P re p a ra t io n  o f  2 - (5 -6 -7 -8 - te t r a h y d ro -2 -n a p h th o y l) benzoic 

a c id  and i t s  re d u c t io n  to  2 - ( 5 - 6 -7 - 8 - t e tra h y d ro -2 -n a p h th y l- 

methy1 ) -benzo ic  a c id .  ( P ig .26 .)

c f .  C l a r ^ 4 ^, a l s o  B a rn e tt  & Lowry

80 gm. p h th a l ic  anhydride and 80 gm. t e t r a l i n  were 

mixed in  ca .  240 c c .  te t r a c h lo r e th a n e  in  a l i t r e  f l a s k  and 

160 gms. o f  c a r e f u l ly  powdered AlCl^ was added f a i r l y  r a p id ly  

w ith  c o n s ta n t  shak ing . The HC1 gas was l i b e r a t e d  in  about 

h a l f  an h o u r .  A f te r  c o o l in g ,  th e  co n te n ts  o f  th e  f l a s k  

were c a r e f u l ly  poured in to  a 2 - l i t r e  d i s t i l l i n g  f l a s k  

c o n ta in in g  a co n s id erab le  q u a n t i ty  of ic e  to  which about 

30 cc .  co n cen tra ted  HC1 had been added. When h y d ro ly s is  

was com plete, th e  s o lv e n t  was removed by steam  d i s t i l l a t i o n ,



the a c id  s o l i d i f y i n g  when a l l  the so lv e n t  had been removed.

The l iq u id  m s  then decan ted  ( f i l t e r e d  i f  n ecessa ry )  and 

the  s o l i d  mass o f  a c id  washed w ith  h o t w a te r .  I t  was then  

d is s o lv e d  in  a s o lu t io n  of 120 gm. NaOH in  about 1 l i t r e  of 

w ate r  and subm itted  to  f u r th e r  steam d i s t i l l a t i o n  to  remove 

any f u r t h e r  so lv en t o r  t e t r a l i n .  A f te r  f i l t r a t i o n  the 

bu lk  o f  l i q u id  was made up to  3 l i t r e s  f o r  the r e d u c t io n .

This was c a r r i e d  out by adding 160 gm. z inc  d u s t 

and a t r a c e  of copper su lp h a te  to  the above a lk a l in e  s o lu t io n  

which was then  r e f lu x e d  w ith  s t i r r i n g  in  a 5 l i t r e  f l a s k  f o r

7-8  h o u rs .  (A sm a ll q i a i t i t y  of a y e l lo w ish  o i l  appeared 

a f t e r  about 4 h o u rs ,  b u t  d id  no t appear to  a f f e c t  the reduction). 

The s o lu t io n  o f  the  sodium s a l t  was then f i l t e r e d  ho t from 

the  z inc  r e s id u e  which was washed w e ll  w ith  very  h o t w a te r .

The mixed f i l t r a t e s  were then  poured w hile s t i l l  h o t  in to  

abou t 320 c c .  co n c en tra te d  HC1 (excess) when the a c id  s e p a ra te d  

ou t and was f i l t e r e d  when co ld  and washed w ith  a l i t t l e  warm 

wate r .

Y ie ld  from 80 gm. p h t h a l i c  anhydride and 80 gm. 

t e t r a l i n  was 154 gm. of th e  reduced a c id .

2 - (5 - 6- 7 - 8 - t e t r a h y d r o - 2 -n ap h th y l-m e th y l) -b e n zo ic  a c i d ;

------------ > 5 -1 2 -d ih y d ro te t ra c e n e . ( P ig .26 .)

c f .  C la r*34*.

150 gm. of the crude a c id  from th e  r e d u c t io n  

experim ent was c a r e f u l ly  d r ie d  and powdered and mixed in  a



500 cc . pyrex d i s t i l l i n g  f l a s k  w ith  100 gm. zinc c h lo r id e  

and 20 gm. sodium c h lo r id e .  The m ixture was fused  and 

h e a te d  t i l l  a l l  the  w ater was d riven  o f f ,  th e  tem perature  

of th e  m elt be ing  r a i s e d  to  300-310°.

When no f u r t h e r  steam escaped the  d ih y d ro te tracen e  

was d i s t i l l e d  from the melt under 10-15 mm. p r e s s u r e ,  the 

tem pera tu re  being  r a i s e d  to  about 280°. Care had to  be 

taken  t h a t  th e  s id e  arm of th e  d i s t i l l i n g  f l a s k  d id  n o t choke 

w ith  s o l i d  d ih y d ro te t r a c e n e . The d i s t i l l a t e  was then d i s 

so lved  in  the s m a l le s t  p o s s ib le  amount of xylene and allow ed 

to  r e c r y s t a l l i s e , be ing  washed on the f i l t e r  w ith  benzene 

and a lc o h o l .

The in te n s e  yellow co lou r of the product i s  due to  

sm all q u a n t i t i e s  of te t r a c e n e  and may be removed by t r e a t 

ment w ith  m aleic  anhydride .

O xidation  o f  5-12-d ih y d ro te tra c e n e  to  te tracen eq u in o n e  ( P ig .26) 

c f .  G ab r ie l  & L e u p o l d ^ ^ .

27 gm. o f  5 -1 2 -d ih y d ro te tra c e n e  was c a r e f u l ly  ground 

in  a m ortar w ith  a l i t t l e  a c e t i c  a c id  to  make a f in e  s l u r r y .  

This was then washed in to  a f l a s k  w ith  600 cc .  o f  g l a c i a l  

a c e t i c  a c id  and a s o lu t io n  of 36 gm. CrO^ in  a very  l i t t l e  

w ate r  was slow ly  run i n .  A f te r  b o i l in g  fo r  a s h o r t  time th e  

quinone was f i l t e r e d  o f f  and washed w ith  a c e t i c  a c id  and 

w a te r .



Reduction of Tetracenequinone to  te tra ce n o n e  ( F ig .26). 

c f .  F i e s e r ^ * ^ .

A m o d if ic a t io n  o f  F i e s e r !s r e d u c t io n  using  30 gm. 

Na25g0^ w ith  about 9 gm. o f  th e  quinone in  a s o lu t io n  of 

40 gm. NaOH in  250 cc .  w ater and 50 c c .  a lc o h o l y ie ld e d  a 

p r e c i p i t a t e  of impure te tra ce n o n e  which gave on ly  a d i r t y  

brown c o lo u ra t io n  in  su lp h u r ic  a c id  in s te a d  o f  th e  

c h a r a c t e r i s t i c  red  of the  pure compound.

On exam ination  i t  was thought th a t  some te tra ce n e

was p re se n t  though F ie s e r  s t a t e s  t h a t  red u c t io n  f u r t h e r  than  

the te tra cen o n e  s tage  i s  no t p o s s ib le  w ith  h y d r o s u lp h i te .

t e t r a c e n e - quinone te tra ce n o n e  t e t r a c e n e

F ig .3 1

The p roduct was th e re fo r e  d is s o lv e d  in  a c e t i c  a c id

and f i l t e r e d ,  te t r a c e n e  being  in so lu b le  in  a c e t i c  a c id .

The te t r a c e n e  thus o b ta in ed  was r e c i y 3 t a l l i s e d  from n i t r o 

benzene and was abou t 2 0 f 9 of the t o t a l  y i e l d  from the  r e 

d u c t io n .

The f i l t r a t e  was then  t r e a t e d  w ith  a sm a ll  amount 

of m ale ic  anhydride to  remove any rem ain ing  te t r a c e n e  and 

th e  te trace n o n e  p r e c i p i t a t e d  by a d d i t io n  of w a te r .  I t  was 

then re  c r y s t a l  U s e d  from a lc o h o l  a f t e r  r e f lu x in g  w ith  c h a r 

c o a l .  M.P. 175° dec . This p roduct gave th e  c h a r a c t e r i s t i c



red  co lour in  and the c h a r a c t e r i s t i c  v i o l e t  in  a lc o h o l

ic  NaOH due to  the  fo rm a tio n  o f  the sodium s a l t  o f  th e  5- 

t e t r a c e n o l .

A f u r th e r  q u a n t i ty  of te tra ce n o n e  was ob ta ined  from 

the mother l iq u o r s  of the r e d u c t io n  experim ent by a c id i f y in g  

w ith  a c e t i c  acid* This gave the c h a r a c t e r i s t i c  re d  w ith  

su lp h u r ic  ac id  b u t  only  a d i r t y  brown co lo u r  was o b ta ined  

w ith  a l k a l i .  A ttempts to  r e c r y s t a l l i s e  a f t e r  c h a rc o a l  r e -  

f lu x in g  in  a lco h o l gave f i r s t  a few w hite c r y s t a l s ,  M.P. 240° 

dec* These were a l s o  ob ta ined  among ch a rco a l w ith  the f i r s t

crop of c r y s t a l s  and may be th e  e t h e r ,  

which i s  formed from two m olecules of 

12-hyd roxy-5 -te tracenone  which i s  an 

o in te rm ed ia te  in  the  r e d u c t io n  of th e

P ig .3 1 a  quinone. P ie s e r  g ives  the  M.P. of

the  hydroxy compound as 230° (deep red  in  a l k a l i )  and of 

the e t h e r  as  295°.

Another w hite f l u f f y  compound was o b ta in ed  from the  

f i n a l  wash w ate rs  o f  the re d u c t io n  ex p e rim en t• This gave 

a g reen  colour in  co n cen tra ted  H^SO^ and is  p robab ly  5-12- 

d ih y d ro te t r a c e n o n e -5 -o l .

I t  was then  found to  be more s a t i s f a c t o r y  to  c a r ry  

out th e  r e d u c t io n  in  an aqueous medium w ithou t th e  a d d i t io n  

of a l c o h o l .  T e tracenone , however, i s  f a i r l y  so lu b le  in  

a lk a l i n e  s o lu t io n  and f a i r l y  la rg e  q u a n t i t i e s  o f  Impure



m a te r ia l  were s t i l l  o b ta ined  on a c i d i f i c a t i o n  o f  the mother 

l iq u o r s  w ith  a c e t i c  a c id .  This m a te r ia l  was b e s t  u t i l i s e d  

by r e - o x id i s in g  i t  w ith  CrO^ back to  th e  quinone.

The fo llo w in g  method was then  found to  g ive  the  

b e s t  y i e l d  o f  te t ra c e n o n e .

8 gm. of te tra ce n e -q u in o n e  was d is s o lv e d  in  con

c e n t r a te d  su lp h u r ic  ac id  and r e - p r e c i p i t a t e d  in  a very f i n e l y  

d iv id ed  s t a t e  by pouring  the s o lu t io n  in to  w a te r .  A f te r  

f i l t e r i n g  and c a r e f u l  washing w ith  h o t w ater  the quinone was 

p la ced  in  a 2 l i t r e  f l a s k  w ith  a s o lu t io n  of 20 gm. NaOH in  

500 cc . w ate r  and h ea ted  to  alm ost b o i l i n g .  About 12 gm. 

NagSgO^ was then  added, when the s o lu t io n  went a deep g reen . 

A f te r  s e v e ra l  m in u te s1 r e f lu x in g  l i g h t  c r y s t a l s  began to  

s e p a ra te  and th e  b u lk  of  th e  s o lu t io n  became a deep orange 

brown. Two f u r t h e r  4 gm. p o r t io n s  of NagSgO^ were added a t  

i n t e r v a l s  of 15 m inu tes , and the p r e c i p i t a t e  t e s t e d  w ith  W

A s e r i e s  o f  such  t e s t s  showed a gradual change 

from th e  deep crimson o f  the quinone to  th e  orange re d  of the 

t e t r a c e n o n e .

A f te r  b o i l in g  f o r  one hour the te tra ce n o n e  was 

f i l t e r e d  o f f  while s t i l l  ho t and washed w ith a s o lu t io n  of  

NaOH and NagSgO^ and a f te rw a rd s  w ith  h o t w a te r .

(N.B. I t  I s  im portant t h a t  th e  s o lu t io n  should be 

a lk a l in e  and s t i l l  have red u c in g  p ro p e r t ie s  when the f i l t r a 

t io n  i s  c a r r ie d  o u t .  A t e s t  w ith  l i tm u s  paper a l s o  showed



a white spo t in  the  c e n tre  of th e  purp le  a re a  showing t h a t

the Na^SgO^ had n o t been com pletely  u se d .)

The l i g h t  brown substance thus o b ta in ed  gave the

c h a r a c t e r i s t i c  red  w ith  c o n c e n tra te d  Ĥ SCL and the v i o l e t2 4
co lo u r  w ith  NaOH. I t s  M.P. was 175°d. I t  r e c r y s t a l l i s e d  

b e t t e r  from a c e t i c  a c id  than from a lco h o l and gave a M.P. of 

180° dec . ( F i e s e r ^ ^  g ives M.P. as  196° dec . but says i t  

v a r ie s  w ith  the  r a t e  o f  h e a t in g . )

Small q u a n t i t i e s  of te tra c e n e  which may be p ro 

duced become apparen t du ring  th e  a c e t i c  ac id  r e c r y s t a l l i s a 

t io n  and can be removed by trea tm en t w ith  a t r a c e  of m aleic 

a n h y d r id e .

C ry s ta ls  o f  te tracen o n e  from the a c e t i c  a c id

s o lu t io n  a f t e r  t r e a tm e n t  w ith  an excess of m aleic  anhydride
ogave a  m elting  p o in t  of 185-190 . The m aleic  anhydride even 

in  excess  does n o t appear to  r e a c t  w ith  the  te t r a c e n o n e .

Tetracenone ------> (5 -m ethy l-5 -hydroxy-5-12-d ihydro  t e t r a c e n e )

 » 5 m e th y l- te t ra c e n e  o r  5 -m ethy lene-5 -12-d ihydro -

t e t r a c e n e .

1 gm. te tra ce n o n e  was d is s o lv e d  In d ry  benzene and 

added to  a dry e th e r  s o lu t io n  c o n ta in in g  a co n s id e rab le  excess 

o f  methyl magnesium io d id e  p rep ared  in  th e  u su a l  way w ith  

a c t iv a te d  magnesium and m ethyl io d id e .  A p r e c i p i t a t e  which 

formed a t  f i r s t  went back in to  s o lu t io n  alm ost im m ediately



and f u r th e r  h e a t in g  was unnecessary . ( I t  may be n ecessa ry  

to  r e f l u x  fo r  a s h o r t  time hour) when la r g e r  q u a n t i t i e s  are  

being  em ployed.)

The Grignard complex was decomposed by pouring the  

s o lu t io n  on to  i c e ,  when a con s id e rab le  q u a n t i ty  of methane 

was g iven  o f f .  A f a i r l y  la rg e  q u a n t i ty  of  c o n c e n tra te d  HG1 

was then added to  a s s i s t  in  s p l i t t i n g  o f f  the  molecule of 

w ater and a f t e r  ev ap o ra tin g  th e  e th e r  and benzene, the aqueous 

p o r t io n  was b o i le d  v igo ro u s ly  f o r  some time and f i n a l l y  

f i l t e r e d ,  g iv in g  good re d  c r y s t a l s .

An a t te m p t to  vac. sublime the p roduct was no t v e r y  

s u c c e s s f u l ,  the  m elting  p o in t  being too low.

I t  re  c r y s t a l l i s e d  from benzene in  b e a u t i f u l  red  

r o s e t t e s  and from a c e t i c  a c id  in  f i n e r  red c r y s t a l s ,  M.P. 160° 

A s o lu t io n  in  conc. HgSO^ had a b r ig h t  green c o lo u r .

On trea tm en t of the  a c e t i c  ac id  s o lu t io n  w ith  

m aleic anhydride a white m ic ro c ry s ta l l in e  s o l i d  slow ly s e p a ra t  

ed ou t on c o o l in g  which was n o t r e a d i l y  r e s o lu b l e .  I t  was 

in s o lu b le  in  NaOH s o lu t io n  and was th e re fo re  thought n o t  t o  

be th e  ad d u c t.  I t  was n o t  r e a d i ly  so lu b le  i n  xylene and 

had a very  h igh  M.P. about 295° and d is s o lv e d  slow ly  in  conc. 

H SO , g iv ing  an o l iv e  g reen  co lo u r  on h e a t in g .
m 4b

The mother l iq u o r s  from the  a c e t i c  a c id  r e c r y s t a l 

l i s a t i o n  on s ta n d in g  f o r  s e v e r a l  days d e p o s i te d  some l i g h t  

p l a t e s  which were probably  th e  p h o to -o x id e .
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P ig .32

A d i lu t e  s o lu t io n  in  benzene had a b r ig h t  green 

f lu o re sc e n c e  which was com pletely  removed a f t e r  r a d ia t io n  

w ith  a 200 w a tt  lamp f o r  10 m inu tes .

The a b so rp t io n  curve o f  5-methyl te t r a c e n e  i s  

shown in  P i g .4 and d isc u sse d  on p.

A nalys is

G 94.16# G19H14 C 94#16^
H 5.67$ re q u ire s  H 5.82$

R eac tions  between 5-methyl te t ra c e n e  and malelc an h y d rid e .

See F i g .3 , p . 7.

The r e a c t io n  w ith  m aleic anhydride in  a c e t i c  a c id  

s o lu t io n  seemed to  g ive some in d ic a t io n  of p o ly m erisa t io n  of 

the  hydrocarbon (v iz .  the p ro d u c tio n  o f  a h igh  m elting  

substance  which was in so lu b le  in  a l k a l i ) .

In  benzene the white compound produced on coo ling  

a l s o  formed a r a th e r  in so lu b le  sodium s a l t .  F i l t r a t i o n  and 

p r e c i p i t a t i o n  of the a c id  from th e  f i l t r a t e  by means o f  con

c e n t r a te d  HC1 gave a white compound which appeared  to  lo se  

w ater a t  100° and f i n a l l y  m elted  a t  285° tu rn in g  dark  brown.

The re s id u e  which m ostly d is s o lv e d  in  a l a r g e r  

q u a n t i ty  of warm w ater was l ik e w ise  r e p r e c i p i t a t e d  w ith  HC1 *



I t  l o s t  w ater a t  100° and m elted  a t  1 3 5 ° .

P re p a ra t io n  of adduct In  xylene

For tim es , q u a n t i t i e s ,  s o lv e n ts ,  e t c . ,  c f .  Bachmann & 

K l o e t z e l ^ 5^  .

About .5 gm. methyl te t ra c e n e  was r e f lu x e d  in  xylene 

f o r  h a l f  an hour w ith  1 .2  gm. ( la rg e  excess)  of m aleic  an 

h y d r id e .  The in te n se  re d  co lour d isappeared  alm ost a t  once. 

A f te r  r e f lu x in g  a q u a n t i ty  of NaOH s o lu t io n  was added and the 

xylene d i s t i l l e d  o f f  in  steam.

As in  the  benzene experiment the r e s u l t i n g  compound 

appeared  to  be so lub le  only w ith  d i f f i c u l t y  in  w a te r ,  so was 

f i l t e r e d  o f f .

The p o r t io n  so lu b le  in  the  NaOH s o lu t io n  and the 

in so lu b le  re s id u e  were then  t r e a t e d  s e p a ra te ly  and the r e s u l t s  

a re  b e s t  shown in  the fo llo w in g  summary:

P o r t io n  so lu b le  in  NaOH 

s o l n .

P r e c ip i t a t e d  w ith  con

c e n t r a te d  HC1 f i l t e r e d  

and d r ie d

P o rt io n  In so lu b le  in  NaOH s o ln .

T rea ted  w ith  co n c e n tra te d  HC1 and 

taken  up in  aqueous KQH s o lu t io n  in  

which i t  was much more s o lu b le ,  a 

s l i g h t  re s id u e  was f i l t e r e d  o f f  and 

th e  a c id  p r e c i p i t a t e d  w ith  concen

t r a t e d  HC1, f i l t e r e d  and d r ie d .



P o rt io n  so lu b le  In In so lu b le  i n  NaOH (co n td .)

NaOH (c o n td .)

V ac .su b lim a tio n  gave 

w hite c r y s t a l s  w ith  

a s l i g h t  y e l lo w ish  

t in g e  l a t e r ,  le av in g  

only a l i t t l e  dark  

r e s id u e .

Sublim ate t r e a t e d  

w ith  aqueous KOH in  

which I t  was r e a d i ly  

s o lu b l e •

KOH s o lu t io n  p r e c i 

p i t a t e d  w ith  HC1 

gave M.P. 280°. Re- 

c r y s t a l l i s e d  from a c 

e t i c ’ an h y d rid e /x y len e  

M.P. 290-291°.

D isso lved  in  concen

t r a t e d  EgSO^ on h e a t  

Ing w ith  p r a c t i c a l l y  

no c o lo ra t io n *

Vac. su b lim atio n  gave l i g h t  yellow  

c r y s t a l s  and a yellow  g la s sy  sub 

s tance  le a v in g  only a s l i g h t  dark  

r e s id u e .

Sublimate t r e a t e d  w ith  aqueous KOH 

In which i t  was s o lu b le .

KOH s o lu t io n  gave a p r e c i p i t a t e  on 

s ta n d in g  b u t  re d is s o lv e d  on h e a t in g .

R e p re c ip i ta te d  w ith  HC1 and d r i e d ;

M.P. 139°. R e c ry s t .  a c e t i c  anhydride 

and xy lene . M.P. 200°.

2nd r e e r y s t a l l i s a t i o n  gave a product 

which so f ten e d  a t  205°, m elted  a t  250° 

and g ra d u a l ly  became r e d ,  decomposing 

above 305°.

D isso lved  in  c o n c e n tra te d  HgSO^ on 

h e a t in g ;  o l iv e  g reen  c o lo u r .



40*

A n a ly s is :

G 80.21 

H 5 .01

^23^16^3 re q u i r e s  
C 81.18

A n a ly s i s :

C 80.99 

H 4 .78

^23^16^3 retluir e s  
C 81.18
H If - ' l l

H 4 .71

Both adducts  on fu s io n  y ie ld e d  a y e l lo w ish  g la ssy  

su b s tan ce , g iv in g  a green s o lu t io n  in  HgSO^ and a yellow  

s o lu t io n  i n  benzene w ith  a g reen  f lu o re s c e n c e .  A rough 

exam ination  o f  the  s p e c t r a  of th e se  s o lu t io n s  showed the 

ab s o rp t io n  bands to be alm ost i d e n t i c a l  w ith  th o se  of  

5-m ethyl t e t r a c e n e .

T etracene  -  m ale lc  anhydride adduc t.

A sm all q u a n t i ty  of the  te t ra c e n e  adduct was p r e 

pared  f o r  the  purposes of comparison w ith  th e  m ethyl-
(55) (54)te t r a c e n e  a d d u c ts .  See C la r  , and Baehmann & K lo e tz e l

A sm all q u a n t i ty  o f  te t ra c e n e  was r e f lu x e d  f o r  about

h a l f  an hour in  xylene w ith  a f a i r l y  l a rg e  excess o f  maleic

an h y d rid e , th e  xylene p a r t i a l l y  ev ap o ra ted  and the product

a l l o w d  to  c r y s t a l l i s e .  A f te r  f i l t r a t i o n ,  th e  c r y s ta l s  were

washed w ith  benzene and d r i e d .  They were homogeneous and
o (55)m elted  w ithout f u r t h e r  r e c r y s t a l l i s a t i o n  a t  270 . (C lar 

g ives  273-282°).



On vac* su b lim a tio n  using a "Hyvac” pump the adduct 

sublimed w ith o u t decom position , though on h e a t in g  to  h ig h e r  

tem pera tu res  i t  decomposed to  te t r a c e n e  and m aleic anhydride .

Attempt to  p repare  9 - (1 -n a p h th y l) -an th ra cen e  from an th rone *

Cf* K r o l l p f e i f f e r  and B r a n s c h i e d ^ ^ .

1-Naphthyl-magnesium bromide was p repared  from 20 gms 

of 1-bromonaphthalene (d r ie d  over calcium  c h lo r id e ) ,  and 

2 .3  grams (roughly e q u iv a le n t)  of magnesium ^4iich had been 

a c t iv a te d  w ith  io d in e .  Only a very  small q u a n t i ty  of e th e r
Place

(ca . 50 cc*) was r e q u i r e d  and the r e a c t io n  took^sp o n tan eo u s ly , 

being  completed by h e a t in g .

The Grignard s o lu t io n  was decanted  from excess 

magnesium i n to  an ic e -c o o le d  s o lu t io n  of anthrone in  benzene. 

The r e a c t io n  m ixture was decomposed w ith  ic e  and a c e t ic  a c id  

and the  e t h e r ,  benzene and naph thalene removed by steam d i s 

t i l l a t i o n .  A f te r  much washing w ith  NaOH and h y d ro s u lp h i te ,  

in  an a t tem p t to  remove unchanged an th rone and a n th ra q u in o n e , 

the  r e s u l t i n g  t a r  was taken  up in  e th e r  and allow ed to  s ta n d  

f o r  s e v e r a l  months. A s o l i d  was o b ta in e d  which, a f t e r  

washing w ith  a petro leum  e t h e r / e t h e r  m ix tu re ,  had a pale  

yellow  c o lo u r ,  M.F. 262°C, a f t e r  c r y s t a l l i s i n g  from benzene. 

R e c ry s t .  x y le n e , M#F. 281-282°C.

The p a le  yellow  need les  gptve a yellow  s o lu t io n  in



HgS04 and a deep re d  v a t  in  a lk a l in e  h y d ro su lp h ite  s o lu t io n  

and were found to  be i d e n t i c a l  w ith  a specimen of a n th ra -  

qu inone .

PREPARATION OF NAPHTHYL TETRACENE, DIBENZPERYLENB AND

NAPHTHOPEKYLENE *

T etracene  ----- — ------- > 5 - ( 1 -n a p h th y l ) - te t r a c e n e .

1-Naphthyl-magnesium bromide was p repared  as f o r  the 

p rev io u s  experim ent. The Grignard s o lu t io n  was decan ted  from 

excess magnesium in to  a benzene s o lu t io n  of te tra een o n e  

(4 gm.) .  A deep re d  co lo u r  was immediately produced and the 

s o lu t io n  was re f lu x e d  f o r  h a l f  an  hour before  i t  was decom

posed w ith  ice  and a c e t i c  a c id .

The e th e r  and benzene were d i s t i l l e d  o ff  and excess 

bromonaphthalene and naph thalene  were removed by d i s t i l l a t i o n  

in  steam . The red  p roduct remained o i ly  and th e  aqueous 

la y e r  was f i n a l l y  decan ted  o f f ,  when th e  product s o l i d i f i e d  

on the a d d i t io n  of co ld  w a te r .  A fte r  washing w ith  w ater  i t  

was a g a in  subm itted  to  steam d i s t i l l a t i o n  to  remove f u r t h e r  

t r a c e s  o f  n ap h th a len e . A l i t t l e  HC1 was added to  promote 

c r y s t a l l i  s a t i o n •

The p roduct c r y s t a l l i s e d  from xylene in  s to u t  orange 

n eed les  which gave a d i r t y  green  s o lu t io n  in  HQSOA and had a



M.P. of 186-194°C. A benzene/petro leum  e th e r  s o lu t io n  

p u r i f i e d  on an alumina column gave c r y s t a l s  o f  M.P. 204°C; 

r e c r y s t a l l i s e d  from the  same so lv e n t  207°C. These formed 

a b r ig h t  g reen  s o lu t io n  in  HgSO^ and a benzene s o lu t io n  had 

a g reen  f lu o re s c e n c e .

The a b s o rp t io n  curve o f  5 - (1 -n a p h th y l) - te t r a c e n e  

i s  shown in  P i g . 14.

A n a ly s i s :

C 95.06$ C H C 94.88$2o J.O
H 5.13$ re q u i r e s  H _ 5.12J^.

S ch o ll  r i n g  c lo su re  o f  5- (1 -n a p h th y l) - t e t r a c e n e .

Cf • S c h o ll  & W e i tz e n b o e k ^ ^
Zlncke & Dengg'S7a* P ig s .  8 and 10
F ie a e r  & Hershberg^®®)

T r i a l  experim ents o f  t r e a t i n g  naph thy l te t r a e e n e  

w ith  aluminium c h lo r id e  in  benzene and n itro b en zen e  were 

made. That in  benzene was q u i te  s u c c e s s fu l  g iv in g  a red  

s o lu t io n  w ith  an o ran g e /g o ld  f lu o re s c e n c e .  The n i tro b en z en e  

however pppeared to be reduced and a b lu e  mass from which i t  

was d i f f i c u l t  to  remove the aluminium s a l t s  was o b ta in e d .

A s t r a i g h t  fu s io n  w ith  aluminium c h lo r id e  y ie ld e d  

a maroon co loured  s u b s ta n c e ,  whose s o lu t io n  in  benzene showed 

s e v e ra l  bands when run  on to  an alumina column.

The most s a t i s f a c t o r y  method of c a r ry in g  ou t th e  

r in g  c lo s u re  was in  an AlClg/NaCl m e lt ,  a s  fo l lo w s :



1 gram o f  n ap h th y l te t r a c e n e  was h ea ted  f o r  one 

hour a t  150°C w ith  4 gms. AlCl^ and 1 gnu NaCl, the  hydro

carbon being  added to  a m elt o f  the s a l t s *  The m elt was 

then  decomposed by pouring in to  d i lu t e  HC1, f i l t e r e d  and e x 

t r a c t e d  w ith  benzene. A f te r  d i s t i l l i n g  o f f  the  so lv e n t ,  a 

s o lu t io n  was made in  pe tro leum  e th e r  and run through an 

alum ina column. An in c re a s in g  percen tage  of benzene was 

added to  the pet* e th e r  f o r  development and e lu t io n .

The whole column was kep t in  the  dark  as f a r  as

p o s s ib le  to  p rev en t  excess ive  p h o to -o x id a t io n  of th e  p ro d u c ts .

I t  g ra d u a l ly  developed as shown in  F ig .33.

C o lou rle ss  w ith  b lue f lu o re s c e n c e ;

on ev a p o ra tio n  y ie ld e d  l i g h t  o l iv e
ogreen  c r y s t a l s  of M.P. 226-230 C 

which were u n id e n t i f i e d .

Yellow w ith  a yellow  f lu o re s c e n c e :  

on ev ap o ra tio n  y ie ld e d  a y e l lo w ish  

t a r ,  which in  one case a f t e r  long 

s ta n d in g  y ie ld e d  a s in g le  red  

c r y s t a l  whose s o lu t io n  in  benzene 

gave an a b so rp t io n  curve co rrespond

ing  to  t h a t  from band 5.

Band 2 p robably  con ts i ns 5 -1 2 -d i-  

h y d ro -5 -6 -p e r i -n a p h th a le n e - 

t e t r a c e n e  (X lla)  (F ig*10) which

Band 1

Band 2

F i g . 33



should  be r e a d i ly  o x id ise d  to  1 -2 -5 -6 -d ib e n z p e ry le n e .

Band 3 . V io le t  w ith  a red  f lu o re sc e n c e ;  on e v a p o ra tio n  y ie ld e d  

dark  c r y s t a l s  g iv in g  a b lu e  s o lu t io n  in  HgSO^, M.P* 235-240°C 

( e v a c . c a p i l l . ) .

The ab so rp tio n  curve o f  a benzene s o lu t io n  i s  shown 

in  F i g .18 and from t&is i t  i s  apparen t th a t  the substance  is  

contam inated  w ith  about 20$ of t e t r a c e n e ,  th e  r e s t  o f  the 

curve being  c h a r a c t e r i s t i c  f o r  n a p h th o ^ -(2 f3 ' l - 2 ) - p e r y le n e  

(X I I I ) .

A benzene s o lu t io n  was d e c o lo u r ise d  extrem ely 

r a p id ly  i n  l i g h t  and by b o i l in g  w ith  m aleic anhydride .

A n a ly s i s :

C W r t  X I I I ,  CggK c  9 5 .4 5 $

H $  r e q u i r e s  H 4 .55$

80$ X III  + 20$ te t r a c e n e  C 95.35$

C130H76 pe^u i r e s  H 4 .65$
50$ X III  + 50$ te t r a c e n e  C 95.17$

C46H28 re<lu*re s  B 4 .83$ .
I t  i s  thus c l e a r  t h a t  i n  d e a l in g  w ith  such p o ly -

c y c l ic  hydrocarbons, a n a ly s i s  i s  o f  l i t t l e  v a lu e ,  w hile the

a b s o rp t io n  curves a re  d i s t i n c t i v e .  Examination of the

l a t t e r  has th e re fo re  been g iven  p r i o r i t y .

Band 4 . Y ellow /green  w ith  green  f lu o re s c e n c e .  A rough

exam ination  o f  th e  spectrum  of t h i s  band showed to  be

alm ost i d e n t i c a l  w ith  t h a t  o f  t e t r a c e n e .



46 *

Band 5. This dark band, when f a r t h e r  developed, produced a

l i g h t  red  s o lu t io n  which co n ta in ed  a m ixture of  te t ra c e n e  

and 1 -2 -5 -6 -d lb e n z p e ry le n e . The a b s o rp t io n  curve i s  shown 

in  P i g . 17 (M.P. 180°C). The te t r a c e n e  was p a r t i a l l y  r e 

moved by tre a tm e n t  w ith  m ale ic  anhydride , when th e  red  

c r y s t a l s  rem aining had a m elting  p o in t  of over 360°C (evac. 

c a p i l l . ) .

Experiments on the ab so rp tio n  s p e c t r a  of 1 -2 -benzpery lene , 

1 -2 -5 -6 -d ib en zp e ry len e  and n a p h th o l - (2*511 -2 ) -p e ry len e  and

t h e i r  a d d u c ts .

S o lu tio n s  of th ese  substances in benzene o r  

petro leum  e th e r  were orange, l i g h t  red and v i o l e t  r e s p e c t iv e ly *

The spectrum  of benzperylene appeared to  be normal 

b u t bo th  the  d ibenz and naphtho d e r iv a t iv e s  were contam inated 

w ith  t e t r a c e n e  which had no t been com pletely  se p a ra te d  by the 

chromatogram.

The te t r a c e n e  bands p e r s i s t e d  a f t e r  p h o to -o x id a t io n  

which took  about h a l f  an hour in  the case o f  th e  d ibenzpery lene 

and about two m inutes in  the  case o f  the  n ap h th o p e ry len e .

The fo rm ation  o f  m aleic  anhydride adducts in  benzene 

s o lu t io n  was a l s o  much slow er In the cases  o f  benz and d ib en z-  

p e ry lene  th a n  in  the case of th e  naphtho compounds.

The ab so rp tio n  curve o f  the m aleic anhydride  adduct 

o f  naph thopery lene  is  shown in  P i g . 19 and i s  d isc u ssed  on 

p . 14 *



PREPARATION OF PENTACENE DERIVATIVES 
( F ig .28)

P re p a ra t io n  of 4 -6 -d ib e n zo y il- l-3 -x y len e .

Cf. C la r  & John .

106 gm. (1 mole) of pure m eta-xylene was mixed w ith  

about 350 gm. (2J- moles) of benzoyl c h lo r id e  and a b o u t  300 gm. 

of powdered aluminium c h lo r id e  were added f a i r l y  r a p id ly .

The m ixture was th en  h ea ted  to  about 170°C u n t i l  e v o lu t io n  of 

HC1 had p r a c t i c a l l y  ceased . On co o lin g  below 100°C th e  

s e m i- l iq u id  mass was poured on to  ic e  and h y d ro ch lo r ic  a c id  

to  h y d ro l is e  a d d i t io n  p ro d u c t.  About 1 l i t r e  of xy lene was 

then  added and the  m ixture b o ile d  to  remove any aluminium 

s a l t s .  The xylene s o lu t io n  was se p a ra te d  and washed s e v e ra l  

tim es w ith  warm HC1 and f i n a l l y  w ith  NaOH to  remove excess 

benzoyl c h lo r id e  and benzoic a c id .  I t  was th en  c a r e f u l ly  

washed w ith  h o t  w ate r  and the f i n a l  wash w ate rs  made s l i g h t l y  

a c id  w ith  a c e t i c  ac id . I t  was d r ie d  over CaClg and f i l t e r e d  

th rough  a f l u t e d  f i l t e r  to  remove a l l  t r a c e s  of Ino rgan ic  

m a t e r i a l .

The xylene was d i s t i l l e d  o f f  and the t a r r y  m a te r ia l  

o b ta in ed  was used fo r  the n e x t  p a r t  o f  t h e  s y n th e s i s .

Pentacene and D ihydro -pen tacene .
(43,44)

C f. C la r  & John

The E lbs r in g  c lo s u r e  was c a r r i e d  out in  th e  p r e s 

ence o f  z inc  dust which seemed to  have the e f f e c t  o f  u n i t in g



w ith  w ater and p ro v id in g  hydrogen to  form the  d ihyd ro - 

pentacene w ithou t d i s p ro p o r t io n a t io n  of the p en tace n e .

The t a r r y  product from the  p re p a ra t io n  d ik e to n e ,  

w ithou t f u r th e r  p u r i f i c a t i o n  was h e a te d  to  400-420°C in  a 

500 cc* pyrex d i s t i l l i n g  f l a s k ,  th e  e q u iv a le n t  to  two moles 

o f  zinc d u s t  be ing  added in  th ree  p o r t io n s  d u ring  a p e r io d  

of about 90 minutes*

Xylophenone O C ^  O  and 2-methy 1 -an th racene

were o b ta in e d  and a sm all amount of water a ls o  passed  o v er . 

The b la ck  res idue  was sublim ed in vacuo and about 80 gm. of 

d i  hydropent a cene was o b ta in e d .

D lhydro-pentacene ------- >> Pentacene quinone

C f. B adger(41)
As t i n ,  Moulds & R i l e y '4 '5'

Dihydropentacene was d is s o lv e d  i n  n itro b en z en e  and

selenium  d iox ide  in  s l i g h t  excess was added to  th e  b o i l in g

s o lu t io n ,  which was b o ile d  f o r  about f- hour. The quinone

was f i l t e r e d  from the n itrobenzene  so lu t io n *

Reduction of Pentacenequinone to  pentacenone.

C f. Marsohalk^46^.

The red u c t io n  of th e  quinone to  pentacenone was 

c a r r i e d  o u t  by a method s im i la r  to  t h a t  employed f o r  th e  

re d u c t io n  o f  te t r a c e n e  quinone (p. 3H ) .  The y i e l d  was p o o r ,  

due ap p a re n tly  to  su lp h o n a tio n  which must have taken  p lace



befo re  the r e p r e c i p i t a t i o n  of th e  quinone from i t s  s o lu t io n  

in  H2S04 .

Pentacenone ----------> 6- (1-naphthy 1) -.pentacene .

This r e a c t io n  was c a r r i e d  out in  the  manner 

d e sc r ib e d  fo r  the  p re p a ra t io n  of n a p h th y l- te t r a c e n e  ( p * ^ ) .

A deep v i o l e t  substance was o b ta in ed  a f t e r  steam d i s t i l l i n g  

o f f  th e  excess naph thalene  e t c .

This su b s tan ce  w I as p u r i f i e d  by running  a p e t .  

e th e r  s o lu t io n  th rough  an alumina column and washing th rough  

w ith  benzene.

R e c r y s ta l l i s e d  from benzene or x y lene , M.P. 245°C. 

Naphthyl pentacene i s  ex trem ely  s e n s i t iv e  to  l i  g h t ,  

forming a pho to-ox ide very r a p id ly .

I t s  benzene s o lu t io n  has an orange f luo rescence  and 

a b s o rp t io n  bands were observed a t  5895A, 5430A, 5055A and a 

low i n t e n s i t y  band in  the  reg io n  of 4700A.

Ring Closure to  1 -2 -b en z -n ap h th o -(2*3!5 -6 )-p e ry len e  (XIV,

P i g .8 ) .

This was a ttem p ted  w ith  powdered aluminium c h lo r id e  

in  a benzene s o lu t io n ,  but owing to  the sm all q u a n t i ty  of  

n ap h thy l pentacene a v a i la b le  and i t s  extreme s e n s i t i v i t y  to  

l i g h t ,  no s a t i s f a c t o r y  r e s u l t s  were o b ta in e d .



PREPARATION OP 7-8-BENZ-TERRYLE'NE AND 1*4 *DICHL0R0-7-8-
BENZTERKYXENE PROM 1-4 -DICHLORANTHRAQUINONE.

(P ig s .  29c and 21}*

P h th a l ic  anhydride + p-Chlorophenol 
A1C13

--------------* Hydroxy-chloro-'benzoyl-benzolc ac id

flHS'o™—* 1-Hydroxy-4 -ch lo ro -an th raq u in o n e  *
Cf* Ullmann & C o n z e t t i ( 4 9 ) .

l-H y d ro x y -4 -ch lo ro -an th r  aqu lnone----* 1 -4 -D lc h lo ran th raq u ln o n e«
(Cf. 4 9 ) .

The hyd roxy-ch lo r-an th raqu inone  was r e c r y s t a l l l s e d  

from g l a c i a l  a c e t i c  ac id  and t r e a te d  w ith  phosphorus p en ta -  

c h lo r id e  as d e sc r ib e d  by U l lm a n n ^ ^ .  I t  was found n ec essa ry , 

however, to  use a tem pera tu re  of 180-200°C r a th e r  than  the 

155-160°C, as su g g e s ted .

1 -4-D ich lo ran th raqu inone  ----* l - 4 - D ic h lo r o -9 - 1 0 -d i - (1-naph
th y l)  -9 -1 0 -d lhyd roxy-9 -10 -d ihyd ro -an th racene  »

C f. Guyot & S ta e h l in g ^ 56^
Etienne & H eym esT 52).

A benzene s o lu t io n  o f  d ic h lo ra n th ra  quinone was

t r e a t e d  w ith  1-naphthyl-magnesium bromide (4 m oles) . A green

and then a brown compound were formed in  the  course  of about

15 m inu tes . A f te r  decom position w ith  ice  and a c e t i c  a c id ,

excess bromonaphthalene and naph thalene  were steam d i s t i l l e d

o f f  and the r e s u l t i n g  t a r  t r e a t e d  w ith  e th e r .  The d a rk



5 1 .

c o n s t i tu e n t s  o f  the t a r  d is so lv e d  leav ing  a l i g h t  brown 

powder. M.P. 283°C dec . R e c ry s t .  xylene M.P. 296°C dec . 

R e c ry s t .  n itro b en zen e  M.P. 313°C.

These c r y s ta l s  d is s o lv e d  in  g iv in g  a dark

green/brown c o lo u r .

A n a ly s i s :

C 77.38 C34H22°2G12 0 76*56
H 4 .39  re q u ire s  H 4 .1 3 .

Reduction to  l -4 -D lc h lo ro -9 -1 0 -d i - (1 -n a p h th y l) -a n th ra c e n e .

(a) With Potassium  Io d id e ,  Cf. H a l le r  & Guyot*50^.

Treatment of the  dihydroxy compound with potassium  

io d id e  in  a c e t ic  ac id  gave a substance which, on r e c r y s t a l l i s a 

t io n  from xylene or n itro b en z en e , gave the fo llo w in g  a n a ly s i s :

C 77.77 C34H2gC12 C 81.77

H 4«76 r e q u ire s  H 5.05

I t  th e re fo r e  seems t h a t  only a very p a r t i a l  r e d u c t io n  has 

taken  p la c e .

(b) With Formic A cid, Cf. Kovache
Schlenk & Bergmann

5 gm. of l -4 -d ic h lo ro -9 -1 0 -d i - (1 -n a p h th y l )9 -1 0 -  

dihydroxy -9 -10- dihydro -an th rac en e  were added to  a m ixture 

of 38 gm. of 9 0 %  form ic a c id  and 22 gm. of a c e t i c  anhydride 

and r e f lu x e d  fo r  th re e  to  s i x  hours . On f i l t e r i n g  a sub

s ta n ce  of M.P. 332°C was o b ta ined  which was more r e a d i ly



so lu b le  in  xylene than  the  hydroxy compound. R e c r y s ta l l i s e d  

from xylene M.P. 335°C ( d e c . ) ,  c o lo u r le s s  in  H SO , g ra d u a l lyw 4t
becoming g reen . Mixed M.P, w ith hydroxy compound 300°C. 

A nalys is  :

C 79.38$ C34H20G12 C 81*77^
H 3.86$ re q u ire s  H 4*01$.

A complete re d u c t io n  does n o t  y e t  appear to  have taken p la c e .

F u r th e r  t re a tm e n t  w ith  sodium io d id e  in  a p y r id e n e /  

a c e t i c  a c id  m ixture gave c r y s t a l s  which m elted  a t  342°C on 

r e c r y s t a l l i s a t i o n  from xy lene .

A nalys is  :

C 80.00$

H 3 .25$

Treatm ent of l -4 -D lc h Io ro -9 -1 0 -d l(  1 -n ap h th y l) -an th racen e  w ith  

an AlClg/NaCl m e lt .  (F ig s . 21 & 22)

1 gm. of th e  crude p roduct from the formic a c id  

r e d u c t io n  was t r e a t e d  w ith  excess of a 5 :1  m ixture of 

AlClg/NaCl a t  110°C and decomposed by pouring in to  d i l u t e  HG1. 

A f te r  c a r e fu l  washing w ith  HC1 and w ater th e  b lack  p roduct was 

d r ie d  and found to  be mainly so lu b le  in  benzene or p e t .  e t h e r .

A d i l u t e  s o lu t io n  was th e re fo re  made in  p e t .  e th e r  

and run  on to  an alumina column, being  developed w ith  a 

b e n z e n e /p e t .e th e r  m ixture and l a t e r  w ith  benzene a lo n e .  The 

fo l lo w in g  bands were o b ta in e d :



Band 1. C lear  w ith blue f lu o re s c e n c e ;  probably naph tha lene , 

an th racene and d e r iv a t iv e s .

Band 2. Y ellow /red  w ith  golden f lu o re s c e n c e ;  probably benz- 

pery lene  and c h lo r in a te d  d e r iv a t iv e s .

Band 3 .  In te rm ed ia te  g reen ;  n o t f u r th e r  in v e s t ig a te d .

Band 4 .  B lue/g reen  w ith  green f lu o re s c e n c e ;  on ev ap o ra tio n  

gave b lu e /g re e n  n eed les  having no ,M.P. below 360°C•

A s o lu t io n  of these  c r y s t a l s  showed no f lu o re sc e n c e  

and had a very in te n s e  a b so rp tio n  band a t  6600$.

They co n ta in ed  ch lo r in e  and were in s e n s i t i v e  to  

l i g h t  ex p o su re .

A n a ly s is :  C 80.31$ C34Hi6 G12 G 82*43^
H 3 .35$ re q u i r e s  H 3 .23$ .

Band 5 . Blue w ith  re d  f lu o re s c e n c e ;  on ev ap o ra tio n  gave

copper g l i s t e n in g  n e e d le s ,  M.P. 345°C ( e v a c . c a p i l l . ) .  

These need les  con ta ined  no c h lo r in e  and were i d e n t i 

c a l  w ith  th o se  ob ta ined  from the non c h lo r in a te d  

d inaph thy1-an th racene  experim ent. T h e ir  a b s o rp t io n  

curve in  benzene i s  shown in  F ig .2 4 .

Band 6. Produced v a r io u s  u n id e n t i f i e d  compounds.

Treatment of 1 -4 - d lc h lo r o - 9 - 1 0 - d i - ( l .n a p h th y l ) - 9 - 10-dihydroxy-

9 -1 0 -d ihyd ro -an th racene  w ith AlCl^/NaCl. (F ig s .21 & 22) 

This experim ent was c a r r ie d  ou t in  a s im i la r  

manner to  t h a t  j u s t  d e s c r ib e d ,  w ith  th e  reduced compound.



The bands on the chromatogram column were much th e  same, 

though th e  f i r s t  band conta ined  a h ig h e r  p ro p o rt io n  of un

s u b s t i t u t e d  an th racene  and band 5 was much sm a lle r .

PREPARATION OF 1 -2-BENZPERYLENE AND 7 -8 -BENZTERKYLENE FROM
ANTHRAQUINONE. ( P ig .9)

C f. Guyot & S ta h l in g ^ 56^
C lar & G uzzl' '
C ia r^31a>

9-10-D i- (1 -n a p h th y l) -9 -1 0 -d ih y d roxy -9 -10 -d lhyd ro -an th racene  .

About 30 gm. of an th r  a quinone in  benzene were 

t r e a t e d  w ith  aaphthy 1-magnesium bromide, p repared  from  100 gm. 

of bromonaphthalene and 12 gm. a c t iv a te d  magnesium (3 m oles) . 

A f te r  h e a t in g  fo r  a s h o r t  time th e  y e l lo w ish  green compound 

was h yd ro ly sed  w ith  Ice  and a c e t i c  a c id .  Some o f  the benzene 

and e th e r  was d i s t i l l e d  o f f  bu t i t  was unnecessary  to  steam 

d i s t i l  th e  naph tha lene  as the d e s ire d  p roduct appeared to  be 

only very s l i g h t l y  so lu b le  in  e th e r .  I t  was th e re fo re  a llow ed 

to  s ta n d  o v ern ig h t i n  e th e r  and f i l t e r e d .  (Some unchanged 

an th raqu inone c r y s t a l l i s e d  from th e  f i l t r a t e . )  I t  was th e n  

t r e a t e d  s e v e r a l  times w ith  NaOE/NagSgO^ s o lu t io n ,  to  remove 

f u r t h e r  an th raquinone as a v a t  and when a red  c o lo u ra t io n  was 

no longer  observed , the  rem aining  m a te r ia l  was washed and 

d r i e d .  Y ie ld  ca . 6 gm.



A la rg e  q u a n t i ty  of anthraquinone was recovered  

from the vat by o x id a t io n  and i t  appears t h a t  the low y ie ld  

i s  no t due to  s id e  r e a c t io n s  and could  be in c re a se d  probably  

by Improving the c o n d i t io n s  of the G rignard r e a c t io n .

Ring c lo su re  to  Benzperylene, B e n z te rry le n e , e t c . ^ ^ > ^ a ) .

6 gm. of 9 -1 0 -d i- (1 -n ap h th y l)9 -1 0 -d ih y d ro x y -9 -1 0 -  

d ihyd ro -an th racene  was f i n e l y  powdered and added to  a m elt 

of 9 gm. NaCl and 45 gm. AlCl^ fused  a t  ca . 100°G. The 

tem perature was k ep t a t  110°C during  th e  a d d i t io n ,  which 

took about f iv e  m in u tes , and th e  m elt was s t i r r e d  f o r  a 

f u r th e r  f iv e  minutes a t  t h i s  tem perature b e fo re  being  poured 

I n to  d i l u t e  HC1. A fte r  h y d ro ly s is ,  th e  b lue  b la c k  s ludge 

was f i l t e r e d  and c a r e f u l ly  washed with HC1 and w a te r .

I t  was then  d r ie d  and e x t ra c te d  w ith  a sm all 

q u a n t i ty  of benzene In  a s o x le t ,  i n  an atmosphere of C0Q.

About 1 gm. of r e s id u e  remained and the  benzene s o lu t io n  was 

added h o t  to  about a l i t r e  of warm p e t .  e t h e r .  On c o o l in g ,  

th e  whole s o lu t io n  was run  th rough  an alumina column, from 

which l i g h t  and a i r  were c a r e f u l ly  exc luded .

The f i r s t  runnings y ie ld e d  about 1 gm. o f  an th ra c en e ,  

fo llow ed  by 1 -2 -benzpery lene  which was c a r e f u l ly  kep t In the 

d ark  under C02 and evapcr a te d  down, g iv in g  a sm all q u a n t i ty  

of a red  c r y s t a l l i n e  p roduc t from p e t .  e t h e r ,  M.P. 172°C.

These c r y s t a l s  gave a green c o lo u r  in  HgSO^, 

tu rn in g  to  a brown/yellow.



With m aleic  anhydride the re d  co lo u r  g rad u a lly  

faded  to  a p a le  brown, though no c r y s t a l l i n e  m a te r ia l  was 

o b ta in ed .

The ab so rp tio n  curve of 1 -2 -benzpery lene i s  shown

In P ig .1 6 .

The n e x t  band from  the  alumina column was thought 

to  be 1 -2 -benzpery lene-3 -10-qu inone , being a deep brown co lour 

w ith  a g reen  f lu o re s c e n c e .  I t  was very s o lu b le ,  y ie ld in g  

only a sm all q u a n t i ty  of c r y s t a l l i n e  m a te r ia l .  This gave 

no v a t  In  NaOE/NagSgO^ and d is s o lv e d  in  HgSO^ to  g ive a 

b r ig h t  v i o l e t  c o lo u r .  I t  Is  probably  p e ry le n e ,  formed by 

the  combination of two naph tha lene  r e s id u e s .

The next th r e e  f r a c t io n s  from the alum ina column 

(about 9 l i t r e s  of benzene s o lu t io n ) ,  a l though  d i f f e r i n g  

s l i g h t l y  i n  appearance in  s o lu t io n ,  a l l  y ie ld e d  copper 

g l i s t e n i n g  n eed les  o f  7 - 8 -b e n z te r ry le n e .

The re d  f lu o re sce n ce  o f  the  pure b e n z te r ry le n e  

g rad u a l ly  became l i g h t e r  in  the h ig h e r  f r a c t i o n s  and f i n a l l y  

a substance  having  a much lower m elting  p o in t  and a white 

f lu o re sc e n c e  i n  benzene s o lu t io n  was o b ta in ed . This was 

run  th rough  an o th e r  column and a sm all q u a n t i ty  o f  a n th ra 

cene was o b ta in e d ,  fo llow ed by pure b e n z te r ry le n e .



P re p a ra t io n  o f  Maleic Anhydride Adduct of 7 -8 -B enz te rry lene  

1 -9 -4 -1 0 .P i - (p e r i - n a p h th a le n e ) -e n d o -9 -1 0 -(1 -2 -su c c in ic  an

hydride  ) -an th racene  . (XXX) C f . (31*)

Small q u a n t i t i e s  o f  t h i s  adduct were prepared  in  

b o i l in g  x y len e , b u t  th e  b e s t  method was using  excess m aleic 

anhydride as s o lv e a t  as fo l lo w s :

A sm all amount of pure 7 -8 -b e n z te r ry le n e  was powdered 

in t im a te ly  w ith  a la rg e  excess of good q u a l i ty  m aleic an 

hyd ride  and the  two m a te r ia ls  fused  to g e th e r .  The blue 

co lo u r  d isap p ea red  alm ost immediately le av in g  a pa le  g re e n /  

brown l i q u i d .  A fte r  s e v e ra l  m in u tes ’ h e a t in g  a t  150/200°C, 

xylene was added and th e  s o l id  f i l t e r e d  o f f  from the s o lu t io n .  

This p a le  g reen  powder was washed w ith e th e r  and r e c r y s t a l l i s e d  

a x y le n e /a c e t ic  anhydride m ix tu re , M.P. 346° ( d e c . ) .

The a b so rp tio n  curve of  th e  disodium s a l t  i n  a lco h o l 

i s  shown i n  P i g . 25.

A n a ly s i s :

C 86.10$ C38H20°3 C 87.03$

H 3.37$ re q u ir e s  H 3.81$

0 9.16$

ATTEMPT TO PREPARE 7-8-BENZTERRYLENE FROM QUINIZARIN. (F ig .^ o  )

Q u in iza r in  was o b ta in ed  by p ass in g  a i r  th rough  a 

s o lu t io n  of 100 gm. of leuco  q u in iz a r in  in  c a u s t ic  soda.

A f te r  f i l t e r i n g ,  the  q u in iz a r in  was p r e c i p i t a t e d  w ith



hyd ro ch lo r ic  a c id ,  washed w ith  w ater  and d r ie d .

Treatm ent o f  Q u in iza r in  w ith  Naphthyl-magnesium, bromide •

Cf. E tienne & Heymes .

20 gm. of q u in iz a r in  in  b o i l in g  xylene (500 c c .)  

was t r e a t e d  w ith  a Grignard s o lu t io n ,  p repared  from 207 gm. 

1-bromonaphthalene and 20 .5  gm. magnesium (1 m ole :12).

A f te r  d i s t i l l i n g  o ff  a l l  the e th e r  the xylene s o lu t io n  was 

re f lu x e d  w ith  s t i r r i n g  fo r  about fo u r  hours and then  

h y d ro l is e d  w ith  Ice and a c e t i c  a c id .

The m ixture was f i l t e r e d  and se p a ra te d ,  t h e  xylene 

la y e r  b e in g  subm itted  to  steam d i s t i l l a t i o n  to  remove xy lene , 

n ap h th a len e , e t c .  The product was then  t r e a t e d  w ith  e th e r ,  

when a number of im p u r i t ie s  went In to  s o lu t io n .  The 

re s id u e  was b o ile d  w ith  a c e t i c  ac id  and f i l t e r e d .  About 

20 gm. o f  1 - 1 1-d in ap h th y l were ob ta ined  from the f i l t r a t e  

on c o o l in g , M.P. 154-5°C.

The re s id u e  from the  aceti-c a c id  trea tm en t (ca.

6 gm.) was thought to  be 9 - 1 0 -d i - ( 1 -n a p h th y l ) l -4 - a n th ra -  

quinone- This su b s tan ce , r e c r y s t a l l i s e d  from n i tro b e n z e n e ,  

m elted below 150°C. I t  was th e re fo r e  c a r e fu l ly  washed w ith  

e th e r  and found to  be about 80$ d in a p h th y l .  The rem ainder 

was re  c r y s t a l l i s e d  ag a in  from n itrobenzene  and gave o range/ 

red  c r y s t a l s ,  M.P. 364° dec.



Treatm ent w ith  Aluminium C h lo r id e .

The o ran g e /red  c r y s t a l s  from th e  prev ious e x p e r i 

ment were powdered and p a r t i a l l y  d is s o lv e d  in  about 25 c c . 

o f  benzene and t r e a te d  in  th e  cold  w ith  c a .  1 gm* of powdered 

A lC l^. The s o lu t io n  went alm ost im m ediately a deep r e d d ish  

v i o l e t  and th e n  b lu i s h  v i o l e t .  A f te r  s ta n d in g  fo r  some time 

the s o lu t io n  was r a i s e d  to  b o i l in g  and f i n a l l y  hydro lysed  

w ith  d i l u t e  HC1.

The benzene la y e r  became green on shak ing  w ith 

c a u s t ic  soda and the v i o l e t  co lour r e tu rn e d  on trea tm en t w ith 

hydro s u l p h i t e .

A bsorp tion  bands were observed in  benzene a t  6305$
o

and 5490A*

I t  i s  l i k e l y  th a t  t h i s  s o lu t io n  co n ta in s  e i t h e r  

7 - 8 -b e n z te r ry le n e -4 - l l -q u in o n e  o r  7 -8 -b e n z te r ry le n e -3 -1 2 -  

quinone *

Some of the crude d in a p h th y l ,  which p robab ly  con

ta in e d  1-4-d ih y d ro x y -9-1 0 -d i - (1 -n a p h th y l ) - a n th ra c e n e , gave a 

b lue s o lu t io n  on trea tm en t w ith  AlCl^ in  benzene, showing 

a b s o rp t io n  bands a t  6450$, 5900$, and 5450A* These would 

appear to  be due to  7 - 8 -b e n z te r r y le n e .

The e th e r  e x t r a c t  from the r e s id u e ,  l e f t  a f t e r  th e  

steam d i s t i l l a t i o n ,  y ie ld e d  a co n s id e rab le  q u a n t i ty  of 

q u in iz a r in .



ATTEMPTED PREPARATION OP TETRACENONE PROM PHTHALIC ANHYDRIDE

AND 1-NAPHTHOL BY THE BORIC ACID SYNTHESIS. (P ig .27).

P h th a l ic  Anhydride + 1-Naphtho1

Boric Acid  ̂ 6 -H y droxy-te tracene-qu inone .
% s o 4

This r e a c t i o n ,  though c a r r i e d  o u t  accord ing  to  the
( 3 8  n 54-8}method o f  D eich ler  and Weizmann 9 * y ie ld e d  alm ost 

e n t i r e l y  su lphona ted  p ro d u c ts .

P h th a l ic  Anhydride + 1-Naphthol 

Boric Acid
fu s io n

* ( l-H ydroxy-2 -naph thoy l)-benzoic  Acid

A good y i e ld  of t h i s  k e to  a c id  was ob ta ined  by the method of 

D eich ler  and Weizmann^^* P * 5 5 9 ) #

R eduction t o  2 - ( 1 . Hydroxy-2 -n ap h th y l)-m e th y l-b en zo ic  A cid .

Cf. C lar*3 4 ).

This re d u c t io n  was c a r r i e d  ou t w ith  z inc  d u s t  in 

an aqueous a lk a l in e  s o lu t io n  to  which a t r a c e  of copper 

su lp h a te  had been added. I t  was o c c a s io n a l ly  n ec essa ry  to  

add a few drops of s e c .  b u ty l  a lc o h o l  to  p reven t ex cess iv e  

f r o th i n g ,  b u t o th e rw ise  the  method i s  e x a c t ly  s im ila r  to  

t h a t  d e s c r ib e d  on p.3o

Ring Closure w ith  A c e tic  Anhydride to  T e t r a c e n y l - 5 - l l - d i a c e t a t e

C f . P ie s e r  & H e r s h b e r g ^ 9 ^
B licke & Warzynski 
Badger (41).

A m ixture  o f 20 gm* of the  reduced a c id ,  40 cc .



g l a c i a l  a c e t i c  a c id ,  16Q c c .  a c e t i c  anhydride and 1.6 gm. 

of anhydrous zinc c h lo r id e  was r e f lu x e d  f o r  one hour, 

du ring  which time the  s o lu t io n  became a deep brown c o lo u r .

I t  was d i f f i c u l t  to g e t  the p roduct out of s o lu t io n  and 

a d d i t io n  of w ater on ly  y ie ld e d  a substance  which was s t ic k y  

even a f t e r  washing w ith  sodium ca rbona te  s o lu t io n  to  remove 

any unchanged a c id .

R e c r y s t a l l i s a t i o n  y ie ld e d  sm all q u a n t i t i e s  o f  

ye llow  c r y s t a l s  (M.P. 196°C), but the y i e ld  was low and 

s in ce  t r i a l  experim ents on h y d ro ly s is  and r e d u c t io n  were n o t 

h o p e fu l ,  th e  s y n th e s is  was abandoned.

U nsuccessfu l Attempts t o  Prepare 1 -4 -D ich lo ran th raq u ln o n e . 

P ig .2 9 ( a ) .

Leuco q u in iz a r in  was t r e a t e d  w ith  a la rg e  excess 

o f phosphorus p e n ta c h lo r id e .  The r e s u l t i n g  t a r  was vac . 

d i s t i l l e d  b u t  the sm all q u a n t i ty  of re d  c r y s t a l l i n e  m a te r ia l  

o b ta in ed  was no t th e  d e s i r e d  compound.

(b) Cf. E gerer & M eyer^*^

The P r ie d e l - C r a f t s  co n d en sa tio n  between p -d ic h lo ro -  

benzene and p h th a l ic  anhydride  gave an a lm ost n e g l ig ib le  

y i e l d  o f  the d ic h lo ro -b en z o y l-b en zo ic  a c id ,  so t h i s  method 

o f  s y n th e s is  was abandoned.
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MOLECULAR REARRANGEMENTS



FOREWARD TO PART I I .

This work on Molecular Rearrangements 

was c a r r i e d  out before  the described  work on 

P o ly cy c lic  Aromatic Hydrocarbons. U nfo r tu n a te ly  

i t  had to  be abandoned in  th e  e a r ly  p a r t  of 1947 

when Dr. T*S. S tev en s , who was su p e rv is in g  th e  

work, was appo in ted  to  the s t a f f  o f  S h e f f ie ld  

U n iv e r s i ty .



MOLECULAR REARRANGEMENTS

S tu d ie s  in  the Mechanism of the Stevens Rearrangement.

The most l i k e l y  mechanism in  th e  m olecular r e a r ra n g e 

ment o f  q u a te rn a ry  ammonium s a l t s  i s  suggested  by Stevens 

to  be th rough  th e  z w i t te r io n  ( I )  and th e  subsequent removal 

o f  th e  m ig ra t in g  group as an an ion  b e fo re  i t s  a ttachm ent to

Ph.CO.CHg.N.Meg~j X" _____  ̂ ^Ph.CO.CH.N.Jfeg "J

CHgPh CHgPh

+
Ph.C0.CH-NMe2 . Ph.CO.CH.NMe , d

CHgPh CHgPh

the r e a c t iv e  methylene carbon atom in  th e  r e c e iv in g  group.

The p re s e n t  r e s e a r c h  i s  concerned w ith  the fo rm ation  

of th e  z w i t t e r io n  r a th e r  than the  subsequent rearrangem ent 

and might be s a id  to  be an a ttem pt e i t h e r  to  s t a b i l i z e  

compounds of the  type I  s u f f i c i e n t l y  to  make i s o l a t i o n  

p o s s ib le ,  or to  prove t h e i r  e x is te n c e  by subsequent r e a c t io n s  

Evidence of  t h e  ex is ten ce  o f  t h i s  "B eta ine11 type of 

z w i t te r io n  has been g iven by s e v e ra l  a u th o rs .

1. Ingold  and Jessop^2 ^. In the decom position of 

9 - f lu o r e n y l - t r im e th y l  ammonium hydroxide to  th e  re d  d i f lu o r -  

©nylidene by means o f  s i l v e r  o x id e , a s t ro n g  p u rp le  co lour 

was observed which the au th o rs  t e n t a t i v e l y  suggest was due 

to  the  z w i t t e r io n .



(3)2. The same au th o rs  , c o n s id e r in g  the  g r e a t e r

s t a b i l i t y  of d ia lp h y l  su lphox ides over t r i a l p h y l  amine 

oxides (O-oRg & O-NR^) were le d  to  in v e s t ig a te  the  f lu o re n y l

sulphonium compounds. They th e re fo re  prepared  9 - f lu o re n y l -  

d im ethy l sulphonium bromide by trea tm en t of 9-brom ofluorene 

w ith  d im ethyl su lp h id e  in  n itro m e th an e . Treatment o f  t h i s  

bromide w ith  NaOH o r  ammonia gave a yellow  c r y s t a l l i n e  p r e 

c i p i t a t e  which ana lysed  as the d im ethyl-su lphonium -9 - f lu o re n y l-  

i d e .

9 - f lu o ren y l-b en zy 1 -d im e th y l ammonium bromide to  9 -b en zy l-9 -  

f lu o reny l-d im ethy lam ine  a red  c o lo u ra t io n  was observed l a s t i n g  

f o r  about f iv e  m inu tes . This i s  probably  due to the  i n t e r 

mediate compound as shown.

Qf&r
+sr,ie2] f c

3 . Marrian and S te v e n s ^  . In  the  rearrangem ent of



(5)4* W itt ig  and F e l l e t s c h in  , having d isco v ered  th a t  

by trea tm en t o f  te t ra m e th y l  ammonium c h lo r id e  with phenyl 

l i th iu m , a m e ta l l ic  product and f i n a l l y  a m ethylide was

(CH,),3 )4f J  Cl + JPhLi ------  Li.CHg.N(CH3 )3 J C l — CH -N(CH3 )

o b ta in ed ,  were thus le d  to use phenyl l i th iu m  in  an attem pt 

to  p repare  th e  t r im e th y l-ammonium-9-flu o re n y lid e  th a t  Ingold 

and Jessop  had observed.

They ob ta ined  the d e s i r e d  compound by t r e a t i n g  the 

qua te rn a ry  ammonium bromide w ith  phenyl l i th iu m  in  an 

atmosphere of n i t ro g e n  and though no a n a ly s i s  r e s u l t s  a re  

g iv en , th e  r e a c t io n s  shown in the  fo llo w in g  scheme leave  

l i t t l e  doubt as to  i t s  c o n s t i t u t i o n .

J  ------
CH&/

CxrOCH
UL f t u

MW

C X
CM

N \ «oa/g.\

v/iTi

M&v

C~ c O  o
CM

-+

V

-ci
•+ N  M e -

/Ma_

(MevtA-n'
C v

N

CcO

rC-CH3

V/l

c x f y

CHflv



In  the  rearrangem ent of VII to  V II I ,  W itt ig  a lso  

r e p o r t s  the form ation  of th e  red  compound d esc r ib ed  by 

Marrian* Even working w ith  phenyl l i th iu m  in  an atmos

phere of n i t r o g e n  they f a i l e d  to  i s o l a t e  the  benzyl- 

dime thyl-aram onium -9-fluorenylide .

5* PInck and H i l b e r t h a v e  r e c e n t ly  re p e a te d  

Ingold*s p re p a ra t io n  of d im e thy l-su lphon ium -9-f lu o re n y lid e  

and have shown t h a t  i t  re a r ra n g e s  under the in f lu en c e  of 

a l k a l i  t o  m e th y l- l - f lu o re n y  1 -m ethyl s u l p h i d e ^ ^ .

C r p  — , C r p
. CĤ SCHj

•+  5  ^

They a lso  c la im  to  have p repared  th e  compounds X and 

X I, which th e y  name f lu o re n y lid e n e  pyrid in ium  and f lu o re n y l -  

idene -p ic o lin iu m  r e s p e c t i v e l y ^ .  In keeping w ith  

W i t t ig fs nomenclature i t  seems t h a t  pyrid in ium  or 

p ic o l in iu m -9 - f lu o re n y lid e  would be more s u i t a b l e .OcO Co3
The method of p re p a ra t io n  i s  s im p le ,  being  th e  t r e a t 

ment o f  9-bromofluorene w ith  excess  o f e i t h e r  p y r id in e  o r  

• ^ - p ic o l in e ,  fo llow ed  by a l k a l i  or l iq u id  ammonia t re a tm e n t .

(—s ivi OcO a^ L • cIjcOO c O , o  C "CHS, ^  v  ^o * o



The f lu o re n y l id e s  were deep b lue in  c o lo u r  and were 

no t s t a b le  enough to  be I s o l a t e d .  They g rad u a l ly  decomposed,
i

even in  se a le d  tu b e s ,  to  f lu o re n e ,  9 -f lu o ren y lim in e  and 

p y r id in e  o r  - p i c o l in e .  The au tho rs  suggest the fo llo w in g  

re a c t io n s  to account f o r  these  p ro d u c ts .

O r O  O cO  CrD coO'Cpo
C r f J  p  ^  t - ,  v  cu-

Q  p 3

The unusua l a c t io n  of 9 -fluoreny lam ine  as a reduc ing  agent

i s  s im i la r  to t h a t  d e sc r ib ed  by the  same au tho rs  In an e a r l i e r
(9) pape r  .

F lu o re n y l id e n e -9-ammonium f lu o re n e  or 9 - f lu o re n y 1- 

ammonium-9-flu o ren y lid e  (XII) i s  d esc r ib ed  a long  w ith  the 

py rid in ium  compound' 1. I t  was p repared  by th e  i n t e r a c t i o n  

of  9 - f  luoreny lamine and 9-bromof luorene in  a c e t o n i t r i l e  , 

fo llow ed  by trea tm en t w ith  l iq u id  ammonia.

pp pp x p
^  ^   5> N H l

* offi c&3 cCo
I t  i s  an ind igo  blue compound, b u t  l ik e  the pyrid in ium  and 

-p ic o lin iu m  compounds, was too u n s ta b le  to be i s o l a t e d .

Pinck and H i l b e r t 1 s l a t e s t  p u b l i c a t i o n ^  reco rd s  

the  p re p a ra t io n  of a ye llow  t r ip h e n y l-p h o sp h in e - f lu o re n y 1-  

id e n id e  ( t r ip h e n y l -p h o s p h in e -9 - f lu o re n y l id e ) .  I t  i s  p re 

pared  in  a s im i l a r  manner to  the o th e r  compounds m entioned,



but i s  a p p a re n t ly  s t a b l e ,  having been re f lu x ed  in  a n i l in e  and 

o th e r  so lv e n ts  w ithou t decomposition*

C a p  QyO zvh, CcG
 c(-|  ^  "<j-

+ PPk3 +PPk3

These papers of P inck and H i lb e r t  serve to  emphasise 

the  i n s t a b i l i t y  of th e  ammonium f lu o re n y l id e s  which W itt ig  

had o b ta in ed  only under very r ig o ro u s  c o n d i t io n s .

At th e  commencement of  the  p re se n t  re se a rch  (January , 

1946) n e i t h e r  ’W i t t ig fs nor P inck and H ilb e r t* s  papers were 

a v a i l a b le .  A l i th o g ra p h e d  copy of ’W ittig*s paper became 

a v a i la b le  in  June, 1946, when we had a l re a d y  s t a r t e d  on 

a t tem p ts  to  produce a more s t a b le  f l u o r e n y l id e .

S tevens has shown ̂  t h a t  quaternary  phenacyl 

ammonium s a l t s  w i l l  n e u t r a l i s e  a lc o h o l ic  po tash  (thymol- 

p h th a le in )  imm ediately and th a t  t h i s  r e a c t io n  i s  fo l lo w e d  by 

a slow rearrangem ent T/ftiich i s  ap p a ren tly  dependent on the  

s t a b i l i t y  of th e  z w i t te r io n .  Since s u b s t i t u t i o n  of NOg or 

halogen i n  the nucleus o f  th e  r e c e iv in g  group r e t a r d s  th e  

rearrangem ent , i t  seemed l i k e l y  t h a t  the in t ro d u c t io n  of 

bromine atoms in to  the  f lu o r e n y l  nucleus would s t a b i l i z e  

the compound s u f f i c i e n t l y  to  a l lo w  the  i s o l a t i o n  of th e  

z w i t te r io n .

Schemes sim ila r  to  t h a t  o f  W itt ig  were th e re fo re



6 8 .

drawn up w ith  th e  9 - f lu o re n y 1 r a d ic l e  rep laced  by 9 - (2 -7 -  

d ib rom o)-f  luoreny 1 o r  by p -pheny l-phenacy l, and l a t e r  some 

work was c a r r ie d  ou t on f lu o r e n y l id e n e - f lu o r e n y l - a lk y l -  

ammonium s a l t s .

F lu o re n y I id e n e -9 - f luorenyl-alkyl-ammonium S a l t s .

The in t ro d u c t io n  of the bromine atoms in to  the  

f lu o re n e  nucleus  has q u i te  a marked e f fe c t*  The m e ltin g  

p o in t  i® r a i s e d  from 104°C (9-brom ofluorene) to  196-7°C 

(2 -7 -9 - t r ib ro m o f lu o re n e ) and the s o l u b i l i t y  in  organic 

so lv e n ts  i s  c o n s id e ra b ly  red u ced . The tendency of two 

m olecules to  u n i t e ,  producing  te t r a b ro m o -d if lu o re n y l id e n e , 

seemed to  be g r e a t e r  and th e  p re p a ra t io n  of  quaternary  ammon

ium s a l t s  was co rresp o n d in g ly  more d i f f i c u l t .

Thus, working in  benzene, trea tm en t of 2 - 7 - 9 - t r i -  

bromofluorene w ith  benzy1-dime thylamine produced only  a very 

sm all amount of the  q u a te rn a ry  s a l t  and on a t te m p tin g  the

r e a c t io n  in  n itrom ethane ( c f .  Ingo ld  and Jessop^5 ^;
( 1 1 )Richardson and S o p er ' ' )  only the red  d if lu o re n y l id e n e  was

produced.

Reasonable y ie ld s  of the t r im e th y l  s a l t  were o b ta in e d ,  

however, by t r e a t i n g  tr ib ro m o flu o ren e  in  benzene w ith  an 

excess of tr im ethylam ine in  a t i g h t l y  s toppered  b o t t l e  a t  

100°C. The y ie ld  was l a t e r  improved by working in  c h lo ro -  

benzene •



Treatm ent of t h i s  q u a te rn a ry  s a l t  w ith  a l k a l i  p ro 

duced a yellow  p r e c i p i t a t e  which was n o t the hydrox ide , h u t

th i s  could  no t be f re e d  from a l k a l i  and unchanged bromide.

Attempts to  e x t r a c t  w ith  o rg an ic  so lv e n ts  r a p id ly  produced

the d if lu o re n y l id e n e  compound, r e le a s in g  tr im e th y la m in e .

Treatm ent w ith  s i l v e r  oxide in  aqueous s o lu t io n  (cf* Ingold
( 2 )

and Jessop  ) ,  fo llow ed by slow e v a p o ra t io n ,  gave w hite  

c r y s t a l s  of the hydroxide, which on f u r t h e r  d ry ing  in  

vacuum gave the yellow  compound, bu t t h i s  was aga in  con

tam ina ted  w ith  the brom ide.

fo llow ed by a su lp h a te  p r e c i p i t a t i o n  w ith  a s ta n d a rd  b a ry ta  

so lu t io n *  The r e s u l t a n t  f i l t r a t e  was evapora ted  and d r ie d  

and a reaso n ab le  q u a n t i ty  of  th e  yellow  substance  was o b ta in ed  

The yellow  su b s tan ce  was n o t  p a r t i c u l a r l y  s o lu b le  in  

w ater  though HBr Immediately reproduced the quaternary  bromide 

Treatm ent w ith  methyl io d id e  gave a water so lu b le  

substance  g iv in g  an io d id e  p r e c i p i t a t e  w ith  s i l v e r  n i t r a t e .

I t  r e c r y s t a l l i s e d  from methyl a lc o h o l  b u t  appeared  to  s p l i t  

in to  two compounds, one of which i s  a lm ost c e r t a in ly  the

+ N  M«3

P r e c ip i t a t i o n  of the bromide Ion was then c a r r i e d  

out by means o f  an ex a c t  e q u iv a le n t  of s i l v e r  s u lp h a te ,

p e r io d id e



Attempts to  s y n th e s is e  2-7-dibrom o-9-m ethyl-9-

f lu o re n y 1 - t r im e th y 1 -ammonium bromide or iod ide were made 

th rough  2 -7 -9 - tr ib ro m o -9 -m e th y l-f lu o ren e  and 2-7-dibromo- 

9 -m e th y l-9 - io ao -f lu o re n e  by trea tm en t w ith  trim ethylam ine 

in  benzene or ch lo robenzene. Prom the tribrom o compound, 

only c r y s t a l s  of 2 -7-d ibrom o-dibenzfulvene were o b ta in ed . 

The r e a c t io n  fo llow ed  course 2 r a th e r  than course 1.

s ta n ce  g iv ing  an iod ide  p r e c i p i t a t e  w ith  s i l v e r  n i t r a t e  

and having a m elting  p o in t  of 96-97°G were o b ta in ed . The 

minute q u a n t i ty  o f  t h i s  substance made f u r t h e r  in v e s t ig a 

t i o n  im p o ss ib le .

P -Phenyl-phenacyl-trla lkyl-am m onlum  S a l t s .

was n o t so much to  i s o l a t e  the z w i t te r io n s  (p -phenyl- 

p h en a cy lid es ) as to  show t h e i r  e x i s te n c e ,  by the  fo llo w in g  

scheme

With the io d id e ,  c r y s t a l s  of a w ater  so lu b le  sub-

With the  p -pheny l-phenacy l compounds, th e  o b je c t
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R eac tions  1 - 3  went smoothly but in  r e a c t io n  4 the 

a t tem p t to  produce th e  phenacylide  r e s u l t e d  in  a red  com

pound which co n ta in ed  no n i t r o g e n .  A s tro n g  sm ell of t r i -

methylamine was n o t ic e d  d u ring  the r e a c t io n  which i s  p robab ly  
+ —

2RCH2N(CH3 )3 Br * 2HaOH —» 2NaBr + 2HgO + 2N(CH3 ) 3 + R.CH=CH.R

the  r e d  compound being  a p - p ’d ip h e n y l-d ip h en ac y lid e n e . The
(12)t r a n s  form of t h i s  compound has been p rep ared  by Oddy and 

i s  ye llow  w ith  a m e ltin g  p o in t  of 248°C. The red compound



o b ta ined  was obv iously  impure and may be a m ixture of 

iso m ers .

Carrying o u t th e  a l k a l i  trea tm en t in  presence of 

excess methyl iod ide  ( re a c t io n  5 ) ,  in  the hope th a t  the  

-ve carbon of the  z w i t te r io n  would r e a c t  w ith  the methyl 

g roup , was no more s u c c e s s fu l ,  the only product o b ta in ed  

being  the  p-phenyl-phenacyl-trim ethyl-am m onium  io d id e ,  as 

o b ta ined  from r e a c t io n  3a. This is  a p p a re n tly  produced 

as fo llow s ;-

CH30Na + CH31 ---------- » CH30CH3 + Nal

B.CH2 .N(CH3 )3 Br + Nal ----* R.CHgN(CH3 )3 J 1 + NaBr

A combination of r e a c t io n s  4 and 13 was a l s o  un

s u c c e s s fu l ,  y ie ld in g  no Morkable p ro d u c ts .

R eactions 6 ,7 ,8  and 8a were c a r r i e d  o u t w ith  

d i f f i c u l t y ,  though some d isc re p a n c ie s  in  the m elting  p o in ts  

g iven in  the  l i t e r a t u r e  fo r  bo th  p-phenyl-propiophenone and 

th e  -bromo compound (see ex perim en ta l p .^^o) were d is c o v e re d .  

R eac tion  15 l ik e w ise  p re se n te d  l i t t l e  d i f f i c u l t y .

The p re p a ra t io n  o f  p -p h en y l-phenacy l-benzy l-d im ethy l-  

ammonium bromide and i t s  subsequent rearrangem ent ( re a c t io n s  

9-11) was then c a r r i e d  o u t .  The rearrangem ent product 

r e a c te d  r e a d i ly  w ith  methyl io d id e  ( r e a c t io n  1 2 ) ,  the  same 

p roduct be ing  ob ta ined  when th e  rearrangem ent was c a r r i e d  

ou t in  presence o f  methyl io d id e .  S ev era l  a t tem p ts  were



7 3 .

made to  me thy l a t e  the carbon atom of the  phenacyl group, b u t 

the a lk a l in e  condensing ag en ts  n ec essa ry  always promoted the 

rearrangem ent of the  extrem ely  mobile benzy l group and r e 

a c t io n  14 was u n su c c e s s fu l .

2-7-D ibrom o-fluorenyl-tr ia lky l-am m onium  S a l t s .

ide z w i t te r io n  were in c o n c lu s iv e , and s ince  i t  does n o t seem 

p o ss ib le  to  hold up the rearrangem ent of benzy1-d im ethy l 

q u a te rn a ry  s a l t s  or the d eg rad a tio n  of t r im e th y l  s a l t s  

s u f f i c i e n t l y  to allow  the z w i t te r io n  to  r e a c t  w ith  a lk y l  

h a l id e s ,  i t  was thought t h a t  i f  an a l t e r n a t i v e  s e a t  could be 

found f o r  the -ve charge on the  carbon atom, a more s ta b le  

resonance s t r u c tu r e  could  be o b ta in ed . Thus the  decomposi

t i o n  of f lu o re n y l id e n e -9 - f lu o re n y 1-alky1-ammonium h a l id e s  

might give r i s e  to  zwit t e r  ions re so n a t in g  between the  two

Such sem i-p o la r  double bonds a s  are  used in  th e se  

formulae a re  assumed to  e x i s t  in  the amine o x id e s ,  and the

Since our a t tem p ts  to  i s o l a t e  the  d ibrom ofluoreny1-

and

( 13)" n i t r e n e s "  of S ta u d in g e r '  1 could a l s o  be fo rm ula ted  t h u s : -
+ (14)R2C -  N = though Taylor Owen and i lh i t ta k e r  give
R

evidence f o r  th e  c y c l ic  s t r u c tu r e

N1
R



In  a fo o tn o te  in  h i s  o r ig in a l  p ap er, S tau d in ger  

m entions a green  compound corresp on d in g  to  a n itr e n e  which 

he o b ta in ed  by treatm en t o f  r,G-raebefs Hydrocarbon” , d i -  

f lu o r e n y lid e n e  w ith  p h e n y la z id e .

c 6 h 5 . n ' «  +
6 5 "N <_> O  O  f ( j  \ - >  <6HfW

The l a s t  form ula w ith  a p e n ta v a le n t n itr o g e n  atom  

i s  S ta u d in g e r fs own fo r m u la tio n , w h ile  the in te rm e d ia te  

c y c l i c  s tr u c tu r e  corresp ond s to  th o se  su g g e s te d  by T aylor & Co. 

S tau d in ger  a l s o  prepared  the n itr e n e

which he c a l l s  d ip h e n y len e -d ip h e n y l-H -p h en y l- T^c.* N b

n itr e n e  and on th is  b a s i s ,  the compound

o b ta in ed  from th e  d if lu o r e n y lid e n e  would
d x~

presum ably be c a l le d  d i-p h en y len e-N -p h en y  1 -n itr e n e  . The

u se  o f  the term  f lu o r e n y lid e n e  seems to  be more d e s ir a b le ,  

the l a s t  m entioned compound thus becom ing d i - f lu o r e n y l id e n e -  

N -p h e n y 1 -n itr e n e •

So fa r  th e  p r ep a ra tio n  o f n it r e n e s  as c a r r ie d  ou t by 

S ta u d in g er  and r ep ea ted  by T aylor & Co. has been by h e a t in g  

the a d d it io n  produ ct o b ta in ed  betw een a k eten e  and a n i t r o n e .

*   f R
r 2C * N-*0 + RgC = CO Rg-C = N - 0 h e a t C02+RgC=N=CR2

RgC -  C » 0

The d eco m p o sitio n  o f quaternary  ammonium s a l t s  i s  

th e r e fo r e  a new and i n t e r e s t in g  approach to  the problem .

CfetfS'



The only q ua ternary  s a l t  of th e  type re q u ire d  which

could be found in  the l i t e r a t u r e  i s  the  b e n z y l id e n e -p - to ly l-

from b e n z a l - p - t o lu id e n e  and m ethyl i o d i d e .

Attempts were th e re fo r e  made to  p repare  the fo llow ing  

q u a te rn a ry  s a l t s  by the ro u te  shown.

1 . F lu o r e n y l id e n e - 9 - f lu o r e n y 1-methyl-ammonium io d id e

2 . F lu o re n y l id e n e -9 - f luoreny1-methyl-ammonium m ethosu lpha te . 

(As above u s ing  d im ethyl su lp h a te  in s te a d  of methyl

io d id e ) .

3 . F lu o re n y l id e n e -9 - f lu o re n y 1 -a l ly 1-ammonium io d id e ,  

u s in g  a l l y l  io d id e .
(16)The two methods used by Ingold  and Wilson f o r  the

condensation  of f luo renone  w ith  9 -fluorenylam ine to f lu o r e n y l -

id en e-9 -f lu o ren y lam in e  gave very  poor y ie ld s  and th e  use of

zinc  ch lo r id e  as  a condensing ag en t d id  n o t  Improve m a t te r s .
(17)(See R e d d e lien 's  p rep , of a n i l s  ) .

e q u iv a le n t  q u a n t i ty  of sodium ethoxide in  a p e r f e c t ly  d ry

methyl-ammonium Io d id e  of Decker and B e c k e r p r e p a r e d

Working w ith  the h y d roch lo ride  o f  the amine and an



a lc o h o l ic  s o lu t io n ,  improved y ie ld s  were o b ta in ed .

The f i r s t  a t tem p t to  produce a q u a te rn a ry  s a l t  y ie ld e d  

only a sm all amount of an u n id e n t i f i e d  io d id e ,  a f t e r  working 

w ith  methyl iod ide  in  a s e a le d  tube . F u r th e r  in v e s t ig a t io n  

of t h i s  r e a c t io n  was th e re fo re  co n s id ered  im p ra c t ic a b le .

None of the methy1-ammonium m ethosulphate was ob ta ined

a t  a l l .

The a l l y l  s a l t  has however been ob ta ined  and i t s  

s t r u c t u r e  proved by h y d ro ly s is  to  f luorenone and 9 - f lu o re n y 1- 

a l ly la m in e  h y d r io d id e .

ammonium iod ide  o b ta in ed  was n o t  s u f f i c i e n t  to  s tu d y  the

a lk a l in e  d eg rad a tio n  and as I  had a lre ad y  commenced work on

l!Aromatic Hydrocarbons” , i t  was no t p o ss ib le  to prepare

f u r t h e r  q u a n t i t i e s  of the a l l y l  s a l t .  In view of the very

s tro n g  tendency of th e se  s a l t s  t o  undergo h y d ro ly s is  ( c f .
( 15)Decker and B ecker' } and ex p e r im e n ta l ,  p . / o s ) ,  any degrada

t io n  would need to  be c a r r ie d  out w ith  a non-hydroxy lie  

r e a g e n t  such as sodamide or s i l v e r  o x id e .

(<?©k of

The q u a n t i ty  o f  f lu o r e n y l id e n e - 9 - f lu o r e n y 1 - a l ly l -
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In  the a t tem p ts  to  prepare  f lu o re n y l id e n e -9 - f lu o re n y l-

methy1 - ammonium m ethosulphate no r e a c t io n  took p lace  on r e -

f lu x in g  f lu o re n y lid e n e - f lu o re n y la m in e  w ith  dim ethyl su lp h a te

in  benzene. On analogy w ith  Ingold  and J e s s o p fs p re p a ra t io n
(3 )of f luo reny l-9 -d im ethy l-su lphon ium  bromide , i t  was decided  

to  t r y  the use of n itrom ethane  as  a so lv e n t  (see a l s o  R ichard 

son 8c Soper ) .

The r e s u l t i n g  p ro d u c ts ,  however, were f lu o re n y l id e n e -  

n itrom ethane and 9 - f lu o re n y 1-methylamine hydrom ethosulphate .

P luo ren y lid en e-n itro m eth an e  was a l s o  ob ta ined  by trea tm en t o f  

f lu o re n y lid e n e - f lu o re n y la m in e  w ith  n itrom ethane alone and a 

t r a c e  i s  b e l ie v e d  to  have been o b ta ined  by tre a tm e n t of 

f lu o re n o n e -a n i l  w ith  n i t ro m e th a n e . I t  was n o t ,  however, p ro 

duced from fluorenone and n itrom ethane in  the presence of 

sodium methoxide or z in c  c h lo r id e .

This seems to f u r n i s h  proof t h a t  the b a s ic  c a t a l y s t  

in  th e  Khoevenagel condensation f i r s t  combines w ith  th e  

k e to n ic  component b e fo re  th e  l a t t e r  condenses with the 

m ethy len ic  component.

Thus w ith  a primary amine where R^ or R  ̂ o r  bo th  a re  

a c t i v a t i n g  g ro u p s :-

Rv o R v /OH R v 2
.00 + R N H  > o r  C » NR

R1 d R1 NHR R1

i
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whereas

CTVOO —  Crr<0' VMH" ^  Nl^ V



Experim enta l.

P re p a ra t io n  of 2 -7-D ibrom ofluorenyl D e r iv a t iv e s .

F l u o r e n e  > Fluorenone

See Graebe 8c Rateanu^18^, , i g *
a l s o  H un tress , Herschberg 8c C l i f f '  .

The method of Graebe 8c Rateanu was l e s s  troublesome and gave 

a b e t t e r  y i e l d .

Fluorenone -------  ̂ F lu o re n o l

B achm ann^^  .
F lu o re n o l  --------> 9-Bromofluorene

Ingo ld  8c Je sso p ^ 2 ^.

9-Bromofluorene was l a t e r  p repared  d i r e c t  from f lu o re n e  w ith
(5 )H-bromo-succinimide

9-Bromofluorene -------^ 2-7-9-T ribrom ofluorene

Cf. Hodgkins on 8c Matthews .

9-Bromofluorene was d is s o lv e d  i n  warm chloroform  and 

t r e a t e d .w i th  an eq u iv a le n t  q u a n t i ty  o f  bromine. The r e a c t io n  

was f a i r l y  v io le n t  and g r e a t  clouds o f  HBr were given o f f .

Tribrom ofluorene r e c r y s t a l l i s e s  in  cream co loured  

need les  from chloroform  and m elts a t  196-197°C.

A n a ly s is :

C 38.73 C 38.71
H 1.99 C-.TtH7Br„ r e q u i r e s  H 1.74
Br 59.89 °  Br 59.55



Attempt to  p repare  2-7-dlbrom ofluoreny1-benzy1-dim ethy1-

ammonium Bromide.

(a) In Benzene.

1 gm. of 2 -7 -9 - tr ib ro m o flu o ren e  was d is s o lv e d  in

b o i l in g  benzene and .33 gm. of  benzyl-d im ethy  lamine added.

The m ix tu re  was re f lu x e d  fo r  about two h o u rs ,  when on

co o lin g  sm a ll  c o lo u r le s s  f la k e s  c r y s t a l l i s e d  o u t .  These

were f i l t e r e d  and r e c r y s t a l l i s e d  from a lc o h o l  w ith  th e

a d d i t io n  of a l i t t l e  e t h e r .  They were w ater so lu b le  g iv in g
oa p r e c i p i t a t e  w ith  s i l v e r  n i t r a t e .  M.P. 142 C.

The y ie ld  was very  sm all and most of the t r ib ro m o -  

f lu o re n e  was recovered  from the  mother l i q u o r s .

(b ) In  NItrome th a n e .

Equim olecular p ro p o rtio n s  of  tr ib rom ofluo rene  and 

benzyl-dim ethylam ine were re f lu x e d  in  a s o lu t io n  of n i t r o 

methane. Almost immediately the  co lo u r  darkened and as th e  

tr ib ro m o flu o ren e  d is s o lv e d  an o ran g e /re d  p r e c i p i t a t e  was formed 

This substance  gave no m elting  p o in t  below 250° and was found 

to  be mainly th e  te t ra b ro m o -d if lu o re n y l id e n e .

2 -7 -9 - tr ib ro m o flu o re n e  ----- )  2 -7 -d ib ro m o flu o ren y ltr im e th y l
ammonium brom ide.

This r e a c t io n  was brought about by h e a t in g  the  t r i 

bromof luorene a t  100° w ith  s l i g h t  excess o f  tr im ethylam ine 

in  a benzene s o lu t io n  in  a t i g h t l y  s to p p e red  b o t t l e .  A



p r e c i p i t a t e  of the q u a te rn a ry  s a l t  was g ra d u a l ly  d ep o s ited

as the  r e a c t io n  proceeded.

B e t te r  y i e ld s  were l a t e r  o b ta in ed  u s ing  c h lo ro -  

benzene as a s o lv e n t .

The q u a te rn a ry  s a l t  c r y s t a l l i s e s  from b o i l i n g  water 

in  two forms

(a) Prisms 

A nalysis

C 41.04 G 41.56
H 3.70 C H  NBr~ H 3.47
N 3.24 16 16 a n 3 .0 3
Br 52.38 r e q u i r e s  g r  5 ^ 9 5

(b) Needles

C 39.53 C 40.00
H 3 .78  C, «NBr, , .Ho0 H 3.75N 16 16 3 2 H 2<g2
Br 50.10 r e q u i r e s  Br 50.00
0 0 3.33

Attem pt to  p repare  Trim ethyl ammonium 9 - (2-7-dibrom o) -
f lu o r e n y l id e .

This was done by t r e a t i n g  the qua ternary  bromide w ith  

an e q u iv a le n t  q u a n t i ty  of s i l v e r  su lp h a te  and h e a t in g  on the 

w ater ba th  t i l l  no f u r t h e r  p r e c i p i t a t e  was o b ta in ed  w ith  

e i t h e r  AgHOg or HC1. The s o lu t io n  was then  t r e a t e d  w ith an 

e q u iv a le n t  q u a n t i ty  of b a ry ta  s o lu t io n .  The so lu t io n  was 

f i l t e r e d  and p laced  in  a vac . d e s ic c a to r  over NaOH s t i c k s .

A white p r e c i p i t a t e  f i r s t  formed which was probably  the 

q u a te rn a ry  hydrox ide . On f u r th e r  s ta n d in g  in  the  d e s ic c a to r



i t  became ye llow , probably  b e in g  converted  to  the  f lu o re n y l id e .

Attempts to  r e c r y s t a l l i s e  th e  yellow  compound g e n e ra l ly  

led  to  the rap id  fo rm ation  of the d i f lu o ry l id e n e  compound and 

the s p l i t t i n g  o f f  of t r im e th y l  am ine. I t  appeared to  r e 

c r y s t a l l i s e  from methyl a lcoho l b u t on f u r th e r  in v e s t ig a t io n  

i t  was found th a t  NMeg had aga in  s p l i t  o f f ,  the  rem ainder of 

the molecule being  ox id ised  to  dibrom ofluorenone.

Some of the f r e s h ly  p repared  yellow  compound was then 

t r e a te d  w ith  w ater and was found to  be only s l i g h t l y  s o lu b le .

On a d d i t io n  o f  HBr, however, the qu a te rn ary  bromide was 

immediately reproduced , m.p. 213°. On keeping in  a corked 

b o t t l e  f o r  a period  of time th e  supposed f lu o re n y l id e  appeared 

to  g rad u a lly  ox id ise  to  dibrom ofluorenone, aga in  s p l i t t i n g  

o f f  NMeg (recogn ised  by s m e l l ) .

A ttempts to  p repare  9 - (2 -7 -d ib ro m o -9 -m eth y l)f lu o ren y l-
t r lm e th y l  ammonium io d id e .

(a) Prom th e  f lu o re n y l id e .

A s o lu t io n  of fluorenyltrim ethylam m onium  bromide in  

MeOH was t r e a t e d  w ith  some s o l i d  NaOH, when a yellow  p re 

c i p i t a t e  was ob ta ined  (as in w a te r ) . A s l i g h t  excess of  Mel 

was added and th e  tube corked and l e f t  overn igh t a t  ca . 40°.

The orange p r e c i p i t a t e  formed was so lub le  in  water g iv ing  a

yellow  p r e c i p i t a t e  w ith  AgJJO^. I t  d id  n o t  m e lt  below 250°
othough a s l i g h t  redden ing  took place a t  190 .



83 •

On a t tem p tin g  the same r e a c t io n  using  MeONa in s te a d

of NaOH the same compound was ob ta ined  a long  w ith  a q u a n t i ty  

of t e t r a b ro m o d i f lu o ry l id in e .

d i l u t e  HG1 s o lu t io n  to  remove any f r e e  NMeg. I t  was then 

l e f t  s ta n d in g  w ith  excess methyl iod ide  f o r  a few days , when 

w ater was added and the excess Mel steam d i s t i l l e d  o f f .  A 

la rg e  q u a n t i ty  of the re d  te tra b ro m o -d if lu o re n y lid e n e  was 

f i l t e r e d  o f f  and the aqueous s o lu t io n  evapora ted  down in  a 

vac. d e s ic c a to r .  C ry s ta ls  were ob ta ined  which were pa le  

yellow  in  co lo u r  and a f t e r  r e c r y s t a l l i s a t i o n  from methyl 

a l c o h o l / e th e r  gave a m elting  p o in t of 150° dec.

The mother l iq u o r s  from the r e c r y s t a l l i s a t i o n  gave a

f u r t h e r  ye llow  p r e c i p i t a t e  on s ta n d in g  as w ell  as some dark

brown c r y s t a l s ,  M.P. 158°, mixed M.P. 140-150°. A nalysis

of these  brown c r y s t a l s  in d ic a te s  the  per io d id e ,  th e  h igh

value  f o r  carbon being due to  con tam ination  p ro d u c ts .

Found: C 28.77$ C17H18NBr2 l 3 C 26.25$
H 2 .44$  r e q u i r e s  H 2 .32$.

The y e llow  p r e c i p i t a t e  from the mother l iq u o r s  con

ta in e d  no n i t ro g e n  and may be a d i f lu o re n y l  compound, th e  

fo llo w in g  decom position being  p o s s ib le :

The yellow  compound was washed qu ick ly  w ith  a very



(b) D irec t  s y n t h e s i s .

F luorene ------- * Dibromofluorene
( 2 1 )Hogdkinson & Matthews

2-7-Dibrom ofluorene _____  ̂ 2-7-dibrom ofluorenone

as fo r  fluorenone p rep . Cf. (18).

R e c r y s ta l l i s e d  from g l a c i a l  a c e t i c  a c id ,  m .p. 200°.

2 -7 -Dibromofluorenone -----—} 2-7-dibrom o-9-m ethyl-
. x f lu o re n o l .

S i e g l i t z  & J a s s o y '* ^ ' .

P rep , o f  2 -7 -d ib rom o-9 -m ethy l-9 -ch lo ro fluo rene  

2 -7 -9 - tr ib rom o-9 -m ethy If luo rene  

and 2 -7 -d ib rom o-9 -m ethy l-9 -iodo fluo rene .
( 2 2 )Chloro compound prepared  as by S i e g l i t z  & Jassoy  .

Bromo and iodo compounds p repared  in  a s im i la r  manner u s in g

HBr and HI s o lu t io n s .

Chloro compound, m.p. 180°

Bromo compound, m.p. 190-191° (from chloroform )

Iodo compound, m.p. 167° (from a lc o h o l) .

A nalysis  o f  Bromo compound:

C 40.49 p w C 40.29
H 2.28  °14h 9 b r3 H 2.13
Br 57.40 r e q u i r e s  Br 5 7 . 5 5 .

2 -7 -D lbrom o-9-m ethyl-9-lodofluorene ------- }  9 - (2-7-dibrom o-9-

m e th y l f lu p ry l ) t r lm e th y l  ammonium io d id e .

A sm all q u a n t i ty  o f  the  iodo compound was d is s o lv e d  

in  benzene and t r e a te d  w ith  a s l i g h t  excess  of a benzene



s o lu t io n  of tr im e  th y la m in e .

A w hite p r e c i p i t a t e  was produced on s tand ing  overn igh t 

which was so lu b le  in  w ater g iv in g  a yellow p r e c i p i t a t e  with 

AgNO^.

I t  m elted a t  96-97°.

9 - (2 -7 -d lb ro m o -9 -m e th y lf lu o ry l) t r lm e th y l  ammonium bromide.

Some o f  the 9 -m eth y l-2 -7 -9 - tr ib ro m o flu o ren e  was 

d is s o lv e d  in  chlorobenzene and t r e a t e d  w ith  NMe  ̂ in  a se a le d  

tube a t  100° f o r  f o u r  h o u rs .  Some brownish c r y s ta l s  were 

o b ta in ed  on co o l in g ,  which were p a r t i a l l y  so luble in water 

g iv in g  a p r e c i p i t a t e  w ith  AgNO^. They m elted slowly between 

205° and 220°.

This pa le  brown substance  r e c r y s t a l l i s e d  from benzene  

in  pale  yellow need les  of M.P. 205°. These were in so lu b le

in  w a te r  and co n ta in ed  no n i t ro g e n .

Some 2-7-d ib rom o-d ibenz-fu luene  was p repared  as by 

S i e g l i t z  and J a s s o y ^ ^ ,  M.P. 205°, mixed M.p. w ith  above 

substance  205°.

P-Phenyl-Phenacyl D e r iv a t iv e s .

R eac tion  nos . r e f e r  to  ta b le  on p .  7 /.

R eac tion  1.

Diphenyl -------  ̂ Diphenylme thy  Ike tone o r  parapheny l-
acetophenone

Cf. Drake & B r o n i t s k y ^ ,
(24)F e r r i s  & Turner



This r e a c t io n  was c a r r ie d  out in  CS2 w ith  anhydrous 

A1C1 and a c e t i c  a n h yd rid e . A fte r  h y d r o ly s is  the product  

was f i l t e r e d  from th e  CS  ̂ and w ater , but was found to  be 

s t i l l  contam inated w ith  the a d d it io n  compound. The CSg was 

steam  d i s t i l l e d  o f f  from the f i l t r a t e  and h y d r o ly s is  com

p le t e d  by r e -a d d in g  the product to  the warm w a te r .  A f te r  

r e f i l t e r i n g  i t  was d r ied  and e x c e s s  d ip h en y l e x tr a c te d  w ith  

4 0 -6 0  p etro leum  e t h e r ,  accord in g  to  the method o f  F e r r i s  & 

Turner (a b o v e ) .

The f i n a l  product was r e c r y s t a l l i s e d  from b o i l i n g  

a b s o lu te  a l c o h o l  w ith  a d d it io n  o f  a l i t t l e  c h a r c o a l ,  M .P.120°

R e a c t io n  2 .

p-P henylacetophenone --------> bromo p-phenylacetophenone
(25)Carpenter & Turner' .

This method seemed s im p le r  th a n  t h a t  o f  Drake & 

B ro n itsk y  .

R ea ct io n  5 .

-brom o-p-phenyl-acetophenone ------ > p -p henylp henacy l
t r im e th y l  ammonium brom ide.

1 gm. -brom o-p-phenyl-acetophenone was p la c ed  in

a s to p p ered  b o t t l e  w ith  a l i t t l e  benzene and .25  gm. o f

tr im eth y lam in e  (2 c c .  o f  .137  g m ./c c .  benzene s o l u t i o n )  added

On s ta n d in g  a t  normal tem perature f o r  a few  hours a w hite



powder was ob ta in ed  which was s o lu b le  in  h o t  water g iv in g  a 

p r e c i p i t a t e  w ith  AgNOg in  HNO^. I t  d id  n o t  m elt sh a rp ly  

but became d is c o lo u r e d  a t  190° and f i n a l l y  m elted  a t  2 16 ° ,  

tu rn in g  to  a dark red l i q u i d .

R e c r y s t a l l i s e d  from m ethyl a l c o h o l ,  M.P. 2 3 0 ° .

The p ic r a t e  was prepared by t r e a t i n g  the compound 

w ith  an e q u iv a le n t  o f  p i c r i c  a c id  in  MeOH. M.p. 178 ° .  

A n a ly s is  o f  Bromide:

Found:

C 6 1 .0 4  C 6 1 .0 8
H 5 .8 2  C17H?0ONBr H 5 .9 9
w 4 *25 r e a u ir e s  N 4 *19Br 2 3 .8 3  r e q u ir e s  Br 2 3 .9 5
0 0 4 .7 9

A n a ly s is  o f  P i c r a t e :

Found:

C 57 .4 3  C 57 .27
H 4 .5 2  C23H2208N4 H 4 *56
N 11 .50  r e q u ir e s  ^ 11 .62
0 ^ 0  2 6 .56

3 a .  p-Phenyl-phenacyl-trim ethylam m onium  i o d id e .

An aqueous s o lu t io n  o f  the bromide was t r e a t e d  w i t h  

e x c e s s  o f a warm aqueous KI s o l u t i o n .  There was an 

immediate p r e c i p i t a t i o n  o f  a pure w hite  su b stan ce  o f  M.P* 215* 

R e c r y s t a l l i s a t i o n  from MeOH gave M.P. 2 2 7 ° .  I t  was on ly  

very  s l i g h t l y  s o lu b le  in  w a te r ,  g iv in g  a y e l lo w  p r e c i p i t a t e  

w ith  AgiSO  ̂ and was much l e s s  s o lu b le  in  MeOH than th e  

corresp on d in g  bromide.



R ea ct io n  4« Attempt to i s o l a t e  trimethylamrrionium p-phenyl
p h e n a c y l id e .

An aqueous s o l u t i o n  o f  the quaternary bromide was 

t r e a t e d  w ith  a s l i g h t  e x c e s s  o f  2N NaOH as fo r  the r e -a r r a n g e 

ment (R eactions 10 & 1 1 ) .  On g e n t le  h e a t in g  the s o l u t i o n  

turned  deep r ed . The w ater was a llow ed  to  evaporate  s lo w ly ,  

when a red s o l i d  was l e f t  in  the f l a s k .  This turned  out to  

be m ainly unchanged batomide though, o b v io u s ly ,  o th e r  io n s  

were p r e s e n t ,  the  red c o lo r a t io n  b e in g  a lm ost c e r t a i n l y  due 

to  th e  p resen ce  o f  the  p h en a cy lid e  io n .

The above r e a c t io n  was r e p e a te d  and a f t e r  eva p o ra tio n  

the red  su b stan ce  was washed s e v e r a l  times w ith  hot w ater  

u n t i l  th e re  was no tr a c e  o f  bromide in  the f i l t r a t e .  A 

s t r o n g i s h  sm e ll  o f  tr im ethylam ine was n o t ic e d  during the r e 

a c t io n  and the  rem aining su b stan ce  was found t o  c o n ta in  no 

n itr o g e n  and m elted  a t  142° . I t  changed c o lo u r  from dark red  

t o  brown when l e f t  in  d a y l i g h t ,  and i s  p o s s i b l y  a m ixture of  

c i s  and tran s isom ers o f  p - p 1-d ip h e n y l -d ip h e n a c y l id e n e .

A few  w hite  c r y s t a l s  o b ta in ed  from the hot f i l t r a t e  

on c o o l in g  proved to  be the unchanged quaternary bromide.

R e a c t io n s  4 ,  5 & 13 .

-M eth y l-p -p h en y l-p h en a cy l  t r lm e th y l  ammonium io d id e  

or -B e n z y l-p -p h e n y l-p h e n a c y l  t r im e th y l  ammonium io d id e .

R ea ction  4 was r ep ea ted  i n  MeOH u s in g  a s l i g h t  e x c e ss  

o f  MeONa and a s l i g h t  e x c e s s  o f  Mel. The s o lu t io n  bad



8 9 .

turned red  s lo w ly  b e fo r e  the  Mel was added and th e  whole was

then r e f lu x e d  s lo w ly  f o r  s e v e r a l  h o u rs .  The s o l u t i o n  was

then c o o le d  s l i g h t l y  and an equal volume o f  e th e r  added, when

a pink p r e c i p i t a t e  was produced. This was f i l t e r e d  and

thorou gh ly  washed w ith  w a te r ,  MeOH and e t h e r ,  hut the  p ink

c o lo u r  p e r s i s t e d .  I t  was r e c r y s t a l l i s e d  from MeOH in  which

i t  was s p a r in g ly  s o lu b le  and came out in  pale  pink p l a t e s ,

M.P. 2 2 2 °d . These were so lu b le  in hot w ater  and gave a

d e f i n i t e  io d id e  p r e c i p i t a t e  w ith  AgNO in  HNO .o o
M ixtures w ith  the products o f  th e  r e a c t io n s  8a and 3a  

both  m elted  c a .  222° and were in c o n c lu s iv e .

The p ic r a t e  prepared m elted  a t  178° and was I d e n t i c a l  

w ith  th a t  from 3 and 3a and not w ith  th a t  from 8a.

A s i m i la r  r e a c t io n  c a r r ie d  out in  presence o f  benzy l  

io d id e  in s te a d  o f  m ethyl iod id e  y ie ld e d  no workable p r o d u cts .

R e a c t io n  6 .

D iphenyl --------- > p-phenylpropiophenone

Long & Henze

As in  the  p r e p a r a tio n  o f  the m ethyl k e to n e ,  i t  was 

found n e c e s s a r y  t o  warm the  i c e  m ixture to  com plete th e  

h y d r o ly s i s  o f  the a d d i t io n  compound. C r y s t a l l i s a t i o n  from  

benzene (h ot f i l t r a t i o n )  and from a l c o h o l  gave a product o f  

M.P. 9 6 -9 7 ° .

N.3 -  Long & Henze (above) and W illg ero d t & S c h o l t z i  

g iv e  M.P. as 8 9 ° .



C am pb el l  8c C h a t t a w a y ^ 8  ̂ g i v e  M.P. as  9 8 ° .

R eaction  7 .

Paraphenylpropiophenone ---- > ^ -brom o-p-phenylpropiophenone.

This was c a r r ie d  out a s  f o r  th e  p r e p a r a tio n  o f  the  

corresp on d in g  acetophenone compound acco rd in g  to  the method

the compound which c r y s t a l l i s e d  out on c o o l in g  had a M.P. o f  

101-102°  (mixed M.P. w ith  the unbrominated ketone  i s  8 8 - 9 0 ° ) .  

On r e c r y s t a l l i s a t i o n  from a lc o h o l  gave white p l a t e s ,  M.P. 102-

might le a v e  some doubt a s  to  i t s  c o n s t i t u t i o n ,  subsequent  

r e a c t io n s  8 and 8a in d ic a t e  th a t  i t  i s  ind eed  <  -brom o-p-  

p h en y l-p ro p iop h en o n e .

The f o l lo w in g  method o f  p rep a r a tio n  g iv e s  fu r th e r  

ev id en ce  t h a t  th e  p -p henyl propiophenone has been brom inated  

in  the  - p o s i t i o n .

o f  C arpenter 8c T u r n e r S l i g h t  e x c e s s  o f  bromine b e in g  

added to  an a c e t i c  acid  s o l u t i o n  o f  the ketone a t  about 50°

1 03° .

C o l l e t   ̂ g iv e s  M.P. as 7 9 -8 0 ° .

A n a l y s i s : 

Pound:

C 6 1 .6 6  
H 4 .4 2  
Br 2 7 .5 5 r e q u ir e s

C 62 .29  
H 4 .3 0  
Br 2 7 .6 8

Though a n a ly s i s  and m e lt in g  p o in t  o f  t h i s  compound



N-brom o-succinim ide i s  known to  brom inate u n sa tu ra ted  

compounds in  the a l l y l  p o s i t i o n .

( Z ie g le r ,  Spilth, S c h a f ,  Schumann and Winkle man ,
(31)Ruzicka e t  a l  ) .

We have a l s o  used  i t  to  brominate f lu o r e n e  in the  9 -  

p o s i t i o n  (p. I ? ) .  (W itt ig  and F e l l e t s c h i n ^  ) .

The method o f  brom ination i s  g e n e r a l ly  to  r e f l u x  the 

compound to  be  brom inated w ith  the N-brom o-succinim ide in  

carbon t e t r a c h l o r i d e .  p-Phenyl propiophenone was r ec o v er ed  

unchanged under th e se  c o n d i t io n s ,  so the f o l lo w in g  method 

was employed.

2 gm. o f  p -phenyl-propiophenone was mixed w ith  an 

e q u iv a le n t  q u a n tity  o f  N-bromosuecinimide and the  two sub

s ta n c e s  fu s e d  to g e th e r  on an o i l  b a th  a t  1 3 0 ° . C r y s ta ls  of  

su cc in im id e  soon appeared on the  c o o l  neck of the f l a s k .

A f te r  a few  h ou rs '  h e a t in g  ^ -brom o-p-phenyl-propiophenone was

e x tr a c te d  w ith  CC1 and r e c r y s t a l l i s e d  from a l c o h o l .  M.P.
4

101-1 0 2 °  (as b e f o r e ) .

A mixed M.P. w ith  the su b stan ce  ob ta in ed  by d i r e c t  

brom ination  was a l s o  1 0 1 -1 0 2 ° .

R e a c t io n  8 .

o<C-3romo-p-phenylpropiophenone --------* -m eth y l-p -p h en y l
p h e n a c y ltr im e th y l  ammonium brom ide.

1 gm. o f  the bromo ketone  was t r e a t e d  w ith  50/> 

e x c e s s  o f  NMe3 in  benzene s o l u t i o n  (3 c c .  o f  .104 g m /c c .



s o l u t i o n ) . The s o lu t io n  was s e a le d  in  a stop pered  b o t t l e  

and h e a ted  on th e  w ater bath  fo r  about an hour and the  w hite  

p r e c i p i t a t e  f i l t e r e d  and washed w ith  a l i t t l e  c l e a r  benzene.  

I t  look ed  very pure and had a M.P. o f  204°d .

R e c r y s t a l l i s e d  from MeOH/ether i n  b e a u t i f u l  w h ite  

n e e d le s ,  M.p. 218°d .

R e a c t io n  8 a .

Bromide o f  (8) ----------- > io d id e .

An aqueous s o lu t io n  o f  the  bromide was t r e a t e d  w ith  

e x c e s s  KI s o l u t i o n ,  when a w hite  p r e c i p i t a t e  was o b ta in e d ,  

M.P. 2 1 4 ° .  R ecr y a t .  M eOVether, M.P. 2 1 9 ° .  I t  was f a i r l y  

s o lu b le  in  w ater and gave a d e f i n i t e  io d id e  p r e c i p i t a t e  

w ith  AgNOg.

P ic r a te  prepared as  fo r  (3) and (3 a ) ,  M.Pp 1 8 6 ° .  

A n a l y s i s :

Pound:

G 5 8 .2 5
C24H2 4 ° # 4

C 5 8 .0 6
H 4 .8 6 H 4 .8 4
N 11 .1 6 r e q u ir e s N 11 .2 9
0 0 2 5 .8 0 .

R ea ct io n  9 .

o(-brom o-p-phenylacetophenone ------> p -p h e n y l-p h en a cy lb en zy l
d im eth y l ammonium brom ide.

(Gf. Carpenter & Turner

1 gm* o f  ^ -b rom o-p -p h en y lacetop h en on e  was d i s s o lv e d

in  warm benzene and .5  gm. o f  b enzy ld im eth y lam ine  added.



An immediate v ig o ro u s  r e a c t io n  took  p la c e  and a w h ite  sub

s ta n ce  se p a r a ted  out Tshich was s o lu b le  in  h o t  w ater , g iv in g

a bromide p r e c i p i t a t e  with AgNO , M-P. 1 9 6 -1 9 7 °d . Re-
3

c r y s t a l l i s e d  from MeOH/ether, M.P* 207 d .

A n a l y s i s :

c
H

6 7 .4 9
5 .6 9

C23H240NBr G
H

6 7 .3 2
5 .8 5

N r e q u ir e s W 3 .4 1
Br 1 9 .4 1 Br 1 9 .51
0 0 3 .9 0

R e a c t io n s  10 & 11*

Rearrangement o f  p -p h e n y l-p h en a cy lb en zy l-d im eth y l  ammonium

bromide to  p - p h e n y l - - b e n z y l - d i m e  thylam ine a ceto p h en o n e . 
(1 )(C f. S te v en s  ) .

1 gm. o f  the quaternary  bromide was d i s s o l v e d  in  h o t  

water and a s l i g h t  e x c e ss  o f  aqueous 2N.NaOH s o l u t i o n  added.

A r e a c t i o n  im m ediate ly  took  p la c e  and a y e l lo w  o i l  se p a r a ted  

from the  aqueous la y e r .  This became s e m i - s o l  id  on c o o l i n g ,  

was f i l t e r e d  and r e c r y s t a l l i s e d  from aqueous MeOH.

M.P. 1 0 3 -1 0 4 ° .

These y e l lo w  c r y s t a l s  had a p le a a a n t  h o n e y - l ik e  odour. 

A n a l y s i s :

Pound: C 8 3 .9 1  Cp~Hp~0N C 83 .8 9
H 6*83 M  H 6 .9 9
N 4 .2 1  r e q u ir e s  N 4 .2 6
0 0 4.86  

The above experim ent was th e n  r e p e a t e d  u s in g  MeONa 

(2H s o l u t i o n )  in  MeOH. On adding the m ethoxide In the c o ld



no v i s i b l e  r e a c t i o n  took p l a c e ,  but on g r a d u a l ly  h e a t in g  

the f l a s k  to  100° on the w ater b ath  the  s o l u t i o n  g r a d u a lly  

became y e l lo w  and then r e d .  On c o o l in g  orange r e d  c r y s t a l s

were d e p o s i te d .  M.P. 1 0 3 ° .

(Y ie ld  about #7 gm. from 1 gm. o f  s a l t ) .

R ea ct io n  1 2 .

p -P h e n y l-  < - b e n z y l -  o^-dime thylam inoacetophenone ------- ^

(p -p h e n y l-  c^-benzyl)phenacyltrImethylammoni\xm i o d i d e .  

About .6  gm. o f  the rearrangement product was d i s 

so lv e d  in  MeOH and a s l i g h t  e x c e s s  o f  Mel added and the  

mixture g r a d u a l ly  warmed t o  b o i l i n g  u n t i l  a l l  the e x c e s s  Mel 

had b o i l e d  o f f . Ether m s  th en  added to  the MeOH s o l u t i o n  

t i l l  the p r e c i p i t a t e  j u s t  remained permanent. Pale  y e l lo w  

f l a k e s  c r y s t a l l i s e d  o u t  on c o o l i n g .  M.P. 194°d.

The compound was s o lu b le  In water and gave an io d id e  

p r e c i p i t a t e  w ith  AgNOg.

A n a ly s is  :

Pound s c 6 1 .1 0 C24H2 6 0NI G 6 1 . 1 5
H 5 . 4 0 H 5 . 5 2
N r e q u ir e s N 2 . 9 7
I 2 6 .9 4 I 2 6 . 9 7
0 0 3 . 4 0

Attempt a t  R eaction  1 4 .

o<^-M eth yl-p -ph en yl-p henacy l-b en zy l-d im eth y l ammonium i o d i d e .

R eaction  10 was rep ea ted  i n  m ethyl a l c o h o l i c  

s o l u t i o n  as above w ith  t h e  a d d i t io n  o f  a s l i g h t  e x c e s s  o f



m ethyl io d id e .  On h e a t in g  the m ixture s lo w ly  on a water  

b ath  the same co lou r  changes took p la c e  as in  the  absence  

o f  the Mel. On c o o l i n g ,  however, no p r e c i p i t a t e  was ob

ta in e d  and the s o l u t i o n  g r a d u a l ly  changed from  red to  y e l l o w .  

On h e a t in g  and a d d it io n  o f  e th e r  p a le  y e l lo w  f l a k e s  were 

o b ta in e d ,  M.P. 1 9 0 ° .

R e c r y s t a l l i s e d  from MeOH/ether, M.P. 194-195°d .

Mixed M.P. w ith  product o f  r e a c t io n  12 , 194-195 °d .

I t  I s  th e r e fo r e  obvious th a t  the rearrangem ent  

( r e a c t io n  11) has a g a in  taken p la c e  in p re feren ce  to  r e 

a c t io n  14.

A fu r t h e r  attem pt to  in trod u ce  a m ethyl group in  the  

p o s i t i o n  o f  the  p h en acy l r a d ic l e  was made u s in g  e th y l  

a l c o h o l i c  sodium e th o x id e  as condensing a g e n t .  The r e 

arrangement aga in  took  p l a c e ,  however, and the  f i n a l  produ cts  

were the io d id e  o f  r e a c t i o n  12 and the unchanged brom ide.

R ea ct io n  15.

^-B rom o-p-phenyl-propiophenone  oC-miethyl-p-phenyl-
p h en a cy l-b en zy l-d im eth y 1 - ammonium b rom ide .

1 gm. o f  the bromo ketone was d is s o lv e d  in  m ethyl  

a lc o h o l  and about J  gm. o f  benzy l-d im eth y lam ine  added and the  

s o l u t i o n  heated  fo r  a s h o r t  t im e . C r y s ta ls  which were 

qb ta in ed  on c o o l in g  were found to  be m ainly  unchanged bromo- 

ke t o n e .



The experim ent was r ep ea ted  u s in g  benzene as a s o lv e n t .  

On h e a t in g  on the  water bath the  s o l u t i o n  g r a d u a l ly  turned  

red and a few c o lo u r l e s s  c r y s t a l s  were d e p o s i te d  on c o o l in g .  

These were s o lu b le  in  water and gave a bromide p r e c i p i t a t e  

w ith  s i l v e r  n i t r a t e .  Much of the s o lv e n t  was evaporated  

o f f  and on sta n d in g  fo r  s e v e r a l  days q u ite  a r e a so n a b le  

q u a n t i ty  o f  brownish c r y s t a l s  was o b ta in ed . R e c r y s t a l l i s a 

t io n  from m ethyl a l c o h o l / e t h e r  gave w hite  f l a k e s ,  M.P. 192-  

193° d e c .

F lu o r e n y l ld e n e - 9 - f lu o r e n y l  D e r i v a t i v e s .

Fluorenone  F luorenone Oxime.

This was c a r r ie d  out according to the methods u sed  f o r  the  

g e n e r a l  p rep a r a tio n  of oxim es.

Hydroxylamine h y d ro ch lo r id e  was d i s s o l v e d  In a 

minimum q u a n tity  o f  water and an e q u iv a le n t  q u a n t ity  o f  

f lu o r en o n e  was added f o l lo w e d  by an e q u iv a le n t  o f  NaOH a l s o  

d i s s o lv e d  in  a minimum q u a n t i ty  o f  w ater. S u f f i c i e n t  a lc o h o l  

was then  added to  j u s t  d i s s o lv e  the  f lu o r en o n e  on h e a t in g .

The s o l u t i o n  was a llow ed  to  r e f l u x  on the water bath  fo r  

about 4 h ou rs . The oxime c r y s t a l l i s e d  out In good y i e l d  

on c o o l in g  and was in  a r ea so n a b ly  pure s t a t e .

I t  was r e c r y s t a l l i s e d  from  a very la r g e  q u a n t ity  o f  

benzene or from a c e t i c  a c id .  M.P. 1 9 3 -1 9 4 ° .



Fluorenone oxime -------—̂ 9-Fluoryla.mine .

(C f. In g o ld  & W ilson^1 6 ! .

The y i e l d  o f  the  f r e e  amine obta in ed  by t h i s  method 

was poor and r e c r y s t a l l i s a t i o n  d i f f i c u l t ,  ap p a ren tly  due to  

carbonate  fo rm a tio n .

A good y i e l d  o f  the h y d roch lor id e  was o b ta in e d ,  how

e v e r ,  and was found to  c r y s t a l l i s e  w e l l  from hot water. I t  

was a l s o  found to  be more s u i ta b le  f o r  the n e x t  experim ent  

than the f r e e  amine.

P rep a ra tio n  o f  F lu o r e n y l ld e n e -9 - f lu o r y la m in e .

(C f. In g o ld  & W ils o n ^ ® )) .

Attem pts were made as su g g e s te d  by Ingold  & W ilson  

to  condense th e  ketone and amine

(a) by h e a t in g  to g e th e r  a t  100° f o r  4 h ou rs ,  

and (b) by h e a t in g  i n  b o i l i n g  a lc o h o l  f o r  7 h ou rs .

Y ie ld s  from both  o f  th e se  methods were very p oo r ,  

being  in  th e  r eg io n  o f

A f u r th e r  attem pt was made u s in g  z in c  c h lo r id e  as a 

condensing  a gen t  but th e r e  was no Improvement in  the y i e l d .  

(Cf. R e d d e l i e n ) .

The f o l lo w in g  method gave a s l i g h t l y  improved y i e l d .

.5  gm. o f  sodium was d i s s o l v e d  in  about 100 c c .  o f  

a b s o lu t e ly  dry a lc o h o l  (d r ied  over lim e and d i s t i l l e d  from  

sod ium ). 5 gm. o f  f lu o r y la m in e  h y d ro c h lo r id e  and 4 .1 3  gm.



f lu o r en o n e  were added ( t h e o r e t i c a l  q u a n t i t i e s ) .  The 

s o l u t i o n  was th en  r e f lu x e d  on th e  water b a th  for  6 -7  h ou rs ,  

a deep green co lou r  d e v e lo p in g  In the  heat b u t  fa d in g  to  a 

p a le  prim rose y e l lo w  on c o o l i n g .  The s o lu t io n  was f i l t e r e d  

hot and on c o o l in g  the f i l t r a t e  pale  y e l lo w  c r y s t a l s  o f  

f l u o r e n y l i d e n e - 9 - f luorylam ine  c r y s t a l l i s e d  o u t ,  M.P. 178°d.  

(In go ld  & W ilson^1 6  ̂ g iv e  M.P. as 1 7 5 ° d ) .

The y i e l d  was about 1 gm., b u t  fu r th e r  q u a n t i t i e s  o f  

the  compound were o b ta in ed  by evap ora tin g  the  a lc o h o l  from 

the f i n a l  f i l t r a t e  or by fu r th e r  e x tr a c t in g  the r e s id u e  

from the hot f i l t r a t i o n  w ith  benzene or petroleum  e th e r  and 

r e c r y s t a l l i s i n g  from benzene.

The f i n a l  r e s id u e s  were then  o x id is e d  back to  

f lu o ren o n e  by treatm en t w ith  NagCrgO^ in  g l a c i a l  a c e t i c  a c id .

Attempt to  prepare 9 - f l u o r y l i d e n e - 9-fluory1-m ethyl-am m onium
i o d i d e .

(C f. Decker & Becker^1 5 ^).

P rep a ra tio n  o f  benzy lidene-p -to ly l-m ethy1-am m onium  i o d id e .

N .B. In t h i s  and subsequent experim en ts grea t care  had 

to  be taken to  have r e a g e n ts  and s o lv e n t s  thorough ly  dry 

as any h y d r o x y l ie  su b stan ce  tends to  decompose the  quaternary  

s a l t .

F lu o r e n y l id e n e - 9 - f lu ory lam in e  was found to be r e a d i ly  

s o lu b le  in  m ethyl io d id e  and s e v e r a l  a ttem p ts  were made to



cause the two su b s ta n c e s  to  r e a c t  by h e a t in g  th e  former w ith  

a la r g e  e x c e s s  o f  th e  l a t t e r .  F lu o r e n y l id e n e - f lu o r y la m in e  

was re tu rn ed  unchanged, however.

S im ila r  r e s u l t s  were ob ta in ed  by r e f lu x in g  the two 

su b s ta n c es  in  benzene fo r  s e v e r a l  hours a lth o u gh  on c a rry in g  

out th e  experim ent In  benzene s o l u t i o n  i n  a t i g h t l y  s top p ered  

b o t t l e  a very sm a ll  amount of a su b stan ce  c r y s t a l l i s i n g  in  

sh o r t  y e l lo w  n e e d le s  was ob ta in ed  among the  hexagonal p l a t e s  

o f  f lu o r e n y l id e n e - f lu o r y la m in e .

The n e e d le s  were s o lu b le  i n  w ater and gave a d e f i n i t e

io d id e  p r e c i p i t a t e  w i t h  AgNO„.o
This experim ent was th e r e fo r e  rep ea ted  in  a s e a le d  

g l a s s  tube w hich was h eated  a t  100° f o r  about 3 h ou rs . A 

very  sm a l l  amount o f  a r e d d ish  product was o b ta in ed  w hich  

r e a c te d  w ith  w ater  to  g iv e  an io d id e  p r e c i p i t a t e  and had a 

M.P. o f  1 60° .

The y i e l d ,  however, was to o  sm a ll  to  be o f  any 

p r a c t i c a l  v a lu e .

Attem pt to  prepare F lu o r e n y l id e n e - 9 - f lu o r y l  methyl-ammonium
m eth o su lp h a te .

(1) In  benzene . F lu o r e n y l id e n e - f lu o r y la m in e  was r e f lu x e d

in  benzene fo r  s e v e r a l  hours w ith  d im eth y l s u lp h a te ,  the  

m ixture b e in g  k ep t v ig o r o u s ly  s t i r r e d .  Some s l i g h t  r e a c t io n  

took  p la c e  but g e n e r a l ly  sp e a k in g ,  the  f lu o r e n y l id e n e -  

f lu o r y la m in e  was r e c o v e r e d  unchanged.



1 0 0 .

(2) In nltrom e th a n e . The above experim ent was rep eated  

u s in g  n i t r o  methane as a s o l v e n t ,  the m ixture b e in g  s t i r r e d  

and h e a te d  on an o i l  bath  between 110° and 130° f o r  s e v e r a l  

h o u r s .  The s o l u t i o n  became very dark and a dark brown 

gummy su b sta n ce  was o b ta in ed  which on drying gave a M.p. o f  

2 0 5 -2 1 0 ° .  Other l i g h t e r  c r y s t a l s  which s e t t l e d  out on the  

s id e  o f  th e  f l a s k  gave a M.P. o f 2 1 5 -2 2 5 ° .  This substance  

gave a p o s i t i v e  su lph ur t e s t  and on fu s io n  w ith  NaOH gave  

o f f  e i t h e r  ammonia or m ethylam ine.

The n itrom ethane In the f i l t r a t e  was then  evap ora ted  

down under reduced pressu re  and on c o o l in g  some w e l l  formed  

very  dark c r y s t a l s  were o b ta in ed , M.p. 133° .

These r e c r y s t a l l i s e d  from nitrom ethane in dark 

p r ism s. M.P. 1 3 3 -1 3 4 ° .

R e c r y s t a l l i s e d  from benzene in  l e s s  I n t e n s e ly  c o lo u re d  

brown n e e d le s ,  M.P. 1 3 3 -1 3 4 ° .

An a ttem p t t o  h y d r o l i s e  t h i s  product w ith  95^ a lc o h o l

(a cc o rd in g  to  the method o f  Decker & B e c k e r o n  th e

assum ption t h a t  i t  was the req u ired  s a l t ,  s im ply y i e ld e d
ob e a u t i f u l  brown n e e d le s ,  M.P. and mixed M.P. 133 .

The a n a ly s i s  of t h i s  brown compound su g g e s te d  th a t  

f lu o r er iy l id e n e -n itro m e th a n e  had been  formed.

A n a l y s i s :

Pound C 7 5 .9 3  C H NO r e q u ir e s  G 7 5 .3 4  
H 4 .1 4  14 9 2 H 4 .0 4
N 5 .9 0  N 6 .27



The same brown c r y s t a l s  (M.P. 133°)  were o b ta in ed  by h e a t in g

f l u o r e n y l i d e n e - 9 - f luorylam ine in  CELNO w ith o u t  the m ethyl£  2
s u lp h a t e .

Further attem pts t o  e s t a b l i s h  the c o n s t i t u t i o n  o f  the brown 

c r y s t a l s  H^NO  ̂  ̂  ̂ as ^ uoreny lid -efle ~nitrom ethane . 

Attem pts were made to condense flu oren on e  w ith  

n itr o m eth a n e , (a) a lo n e ,  (b) u s in g  sodium m ethoxide , and 

(c )  z in c  c h lo r id e  a s  con d en s in g  a g e n t s .

(a) and (b) were u n s u c c e s s fu l  and (c) y i e l d e d  p r i 

m a rily  a red compound w hich was in o r g a n ic  and was probably  

the f lu o r e n o n e - z in c  c h lo r id e  complex. I t  decomposed on 

s ta n d in g  i n  CH^NOg.

Some f lu o r e n o n e  a n i l  was th en  t r e a te d  w ith  n i t r o 

m ethane, b e in g  r e f lu x e d  i n  i t  f o r  s e v e r a l  h ou rs . No c r y s t a l  

could  be ob ta in ed  on evsp o r a t in g  o f f  the  e x c e s s  CH^NOg, but 

on treatm ent o f  the  ta r  w ith  d i l u t e  HC1 a s o l u t i o n  o f  a n i l i n e  

h y d ro ch lo r id e  was o b ta in e d .  (D ia z o t i s e d  and c o u p le d  w ith  

n a p h t h o l ) .

The r e s id u e  l e f t  a f t e r  the HG1 e x t r a c t io n  was m ainly  

f lu o ren o n e  and not f lu o r y l id e n e -n itr o m e th a n e  . The dark

c o lo u r  o f  the impure p r o d u ct ,  how ever, in d ic a t e d  th e  p resen ce  

o f  a sm all amount o f  a su b sta n ce  s i m i la r  to  t h a t  o b ta in ed  

from the f l u o r e n y l i d e n e - f  luory lam ine  n i t r o  -me thane experim ent



Attempt to  prepare F lu o r e n y l id e n e - 9 - f lu ory l-a lly l-am m on iu m

i o d i d e .

A sm a ll  q u a n t i ty  o f  f lu o r e n y l id e n e - f lu o r y la m in e  was 

h e a ted  on an o i l  h a th  w ith  an e x ce ss  o f  a l l y l  io d id e  f o r  

s e v e r a l  h o u r s ,  the e x c e s s  a l l y l  io d id e  b e in g  f i n a l l y  d i s 

t i l l e d  o f f  under reduced p r e s s u r e .  A dark ta r r y  substance  

was o b ta in ed  w hich , a f t e r  washing w ith  e t h e r ,  hardened in to  

an a p p a r e n t ly  c r y s t a l l i n e  product w hich , however, gave no 

d e f i n i t e  m e lt in g  p o in t .

Attem pts to  r e c r y s t a l l i s e  the product from b en zen e ,  

carbon t e t r a c h l o r i d e ,  e t c .  , were u n s u c c e s s f u l .

H y d r o ly s is  w ith  95^ a lc o h o l  seemed to  in d ic a te  

d eco m p o sit ion  in t o  fluoren one and 9 - f l u o r y l - a l l y l - a m i n e -  

h y d r io d id e .

The r e a c t io n  between f lu o r e n y l id e n e - f lu o r y la m in e  was 

then  attem pted  in  x y le n e  which had been c a r e fu l ly  d r ie d  and 

d i s t i l l e d  from sodium.
oThe m ixture was r e f lu x e d  on an o i l  b a th  a t  about 140

f o r  s e v e r a l  hours and the x y le n e  and s l i g h t  e x c e s s  o f  a l l y l

io d id e  d i s t i l l e d  o f f  under reduced p r e s s u r e .  The r e s u l t i n g

b la ck  t a r  was washed w ith  dry benzene and a brown m icro-
o

c r y s t a l l i n e  su b stan ce  was o b ta in e d .  M.p. 210-215  d.

R e c r y s t a l l i s e d  from n itr o m eth a n e , M.P. 2 2 8 ° .

The p ic r a te  was prepared by trea tm en t w ith  an 

e q u iv a le n t  q u a n t ity  o f  p i c r i c  a c id  in  m ethyl a l c o h o l .  M.P. 23



(Mixed M.p. w ith  io d id e  1 8 0 ° ) .

A n a l y s i s :

A w aiting  R e s u l t s .  p. ioi*

H y d r o ly s is  o f  F lu o r e n y l id e n e - 9 - f lu o r y l  a l l y l  ammonium io d id e .

A sm a ll  amount of the s a l t  was r e f lu x e d  in  aqueous 

e t h y l  a l c o h o l .  I t  d id  n o t  appear to h yd ro ly se  so  r a p id ly  

as Decker & Becker*s b e n z y l id e n e - p - t o ly l - m e t h y l  ammonium 

i o d i d e ,  hut a f t e r  s e v e r a l  hours* r e f lu x in g  a y e l lo w  s o l u t i o n  

was o b ta in e d ;  the o r i g i n a l  s o l u t i o n  b e in g  dark brown. On 

a d d i t io n  o f  a sm a ll  q u a n t ity  of water a w h ite  p r e c i p i t a t e  was 

o b ta in ed  which r e d i s s o l v e d  on h e a t in g  and r e c r y s t a l l i s e d  out  

as f lu o r e n o n e .  ( I d e n t i f i e d  by M.P. and mixed M .p .) .

A f te r  p r e c i p i t a t i n g  a l l  the  f lu o ren o n e  by fu r th e r  

a d d it io n  of w ater th e  rem ain ing s o l u t i o n  was ev a p o r a te d  down 

under reduced p r e ssu r e ,  when a very sm all q u a n t ity  o f  a w a te r  

s o lu b le  io d id e  was o b ta in e d .

A fu r th e r  q u a n t ity  o f  t h i s  io d id e  was o b ta in ed  by 

b o i l i n g  the  f lu o r e n y l id e n e  s a l t  w ith  water, f i l t e r i n g  o f f  

the in s o lu b le  f lu o ren o n e  and e v a p o ra tin g  down the aqueous 

so lu t io n *

The io d id e  gave no d e f i n i t e  M.p. below 3 5 0 ° .

The p ic r a t e  was prepared by trea tm en t w ith  an e q u i-
ov a le n t  o f  p i c r i c  a c id  in  m ethyl a l c o h o l .  M.P. 172 .

A fu r th e r  q u a n t i ty  o f  the  io d id e  was then  prepared  

d i r e c t l y  t o  i d e n t i f y  th e  h y d r o ly s is  p rod u ct.



P rep ara tion  o f  9 -  F1 u o r y 1 -  a 1 l y  1- am in  e -  hy dr io  d i  d e .

E q u iva len t q u a n t i t i e s  o f 9 -f lu o r y la m in e  and a l l y l  

io d id e  were r e f lu x e d  to g e th e r  In a lc o h o l  fo r  s e v e r a l  h ou rs .

No so lid , was o b ta in ed  on c o o l in g ,  so  e x c e s s  a lc o h o l  

was removed under reduced p r e s s u r e .

The gummy m a te r ia l  l e f t  was washed w ith  b en zen e ,  

when a good y i e l d  o f  a m ic r o c r y s t a l l in e  s o l i d  was ob ta in ed .

I t  was very s o lu b le  in  w ater , g iv in g  iod ide  r e a c t i o n s ,  

but gave no d e f i n i t e  M.P. below 3 6 0 ° .

9 -F lu o r y l~ a lI y la m ln e .

On a d d it io n  o f  ammonia to an aqueous s o lu t io n  o f  the  

h y d r io d id e  a p r e c i p i t a t e  o f  the  amine was o b ta in ed . M.P. 4 4 ° .

P ic r a te  o f  9 -F lu o ry 1 - a 1 ly la m in e .

The p i c r a t e  was prepared by t r e a t in g  the h yd riod id e  

w ith  p i c r i c  ac id  in  m ethyl a l c o h o l .  R e c r y s t a l l i s e d  from  

m ethyl a l c o h o l ,  M.P. 1 7 5 ° .  Being a n a ly s e d ,  (y^

A mixed m e lt in g  p o in t  was then taken o f  the p ic r a t e  

(above) and the p ic r a t e  prepared from the h y d r o l i s i s  product  

and was found to  be 1 7 3 -1 7 4 ° .

CUa. CiJLoyXsO? J v C t U r o ,  S odds
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A P P E N D I X .

(1) On p . 22 th e  p o s s i b i l i t y  o f  th e  form ation  o f

a m olecu lar  compound o f  7 - 8 -b e n z te r r y le n e  and a n th ra 

cene i s  m entioned.

I t  seems l i k e l y  th a t  s im i la r  compounds may 

have been formed w ith  te tr a c e n e  and 1 - 2 - 5 - 6 - d ib e n z -  

p ery len e  or w ith  te tr a c e n e  and n a p h th o - ( 2 1- 3 1- 1 - 2 ) -  

p ery len e  (p p .14 and 4 6 ) .  This would account f o r  

the d i f f i c u l t y  o f  s e p a r a t in g  the t e t r a c e n e  from the  

p e r y le n e  d e r i v a t i v e s  and f o r  the f a c t  th a t  i t  i s  

found so w id e ly  spread on th e  alumina column.



Copy o f  L e t te r  to  ’M atu re” subm itted  November, 1948.

The E q u ilib r iu m  between M ethyl-acenes and 

M eth y len e-d ih y d ro acen es .
iI.

Tautomerism between m eth y l-a cen es  ( I ,  I I ,  I I I ,  IV, V) 

and m eth y len e-d ih yd roacen es  ( l a ,  I l a ,  I l i a ,  IVa, Va, r e s p e c t iv e ;
j

l y )  has o f t e n  been p o s t u la t e d  to  e x p la in  s id e - c h a in  r e a c t i v i t y  ■! 

o f  arom atic  compounds, b u t  h i t h e r t o  no m ethy lene-d ihydroacene  

has been i s o l a t e d .  T his weakness in  th e  h y p o th e s is  has now 

been removed by the s y n t h e s i s  o f  pure 6 -m e th y le n e -6 :1 3 -  

dihydropentacene (V a). The t!a n e l l a t i o n  p r i n c i p l e 11 ̂  r e 

q u ire s  a grad u a l t r a n s i t i o n  in  p r o p e r t ie s  in  the acene s e r i e s  

and i t  may be in f e r r e d  th e r e fo r e  th a t ( IV) ,  ( I I I ) ,  ( I I )  and 

( I )  w i l l  a l s o  c o n ta in  the  corresp ond ing  m ethylene form s, b u t  

in  d e c r e a s in g  p r o p o r t io n s .
Of,

jr

LJ <i->
H,

CM CM
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This view i s  supported  by study of the a b so rp tio n  

s p e c t r a  of the  hydrocarbons (see f i g u r e ) .  The spectrum of 

9-m ethy l-an th racene  ( I I I )  resembles very c lo s e ly  t h a t  of 

an th ra cen e , b u t  does no t exclude the p resence o f  a sm all p ro 

p o r t io n  of the methylene form ( I l i a )  which would have only 

fe e b le  a b s o rp t io n .  The orange 5 -m e th y lte tra cen e  (IV) shows 

an a b s o rp t io n  s im i la r  to  th a t  o f  t e t r a c e n e ,  but the  i n t e n s i t y  

of  the  bands i s  co n s id e ra b ly  lower than  In the case  of  t e t r a 

cene, whereas w ith  9-m ethylanthracene and an th racene  the 

re v e rse  r e l a t i o n s h i p  h o ld s .  This suggests  the  presence in  

(IV) of an ap p rec iab le  p ro p o rt io n  of a weakly absorb ing  

methylene form (IV a). When we come to the  pentacene s e r i e s  

we f in d  th a t  the spectrum  of the pale yellow  methylene 

d ihydropantacene (Va) shows no resemblance to th a t  to  be 

expected  from m ethylpentacene (V), which may be c a lc u la te d  

by a p p l ic a t io n  of the  a n e l l a t io n  p r i n c i p l e 1 . I f  the  pa le  

yellow  s o lu t io n  of (Va) in  1-m ethylnaphthalene i s  hea ted  

w ith  ex c lu s io n  of a i r  to  200° ,  the s o lu t io n  becomes v i o l e t -  

red  and shows th e  f i r s t  th re e  bands c a lc u la te d  fo r  m ethy l

pentacene (V). The co lo u r  fades slowly on co o lin g .

The f a c t  t h a t  m ethylpentacene e x i s t s  a t  room tem pera

tu re  almost e n t i r e l y  In  th e  methylene form (Va) i s  im portan t 

from the  s tan d p o in t o f  resonance in arom atic  compounds. As 

each member o f  the  p a i r 3 o f  s t r u c tu r e s  fo rm u la ted  above



co n ta in s  th e  same number of double bonds as the o th e r  member, 

the e n e rg y -d if fe re n c e  between the  methyl form and the 

methylene form must c o n s i s t  o f  the d i f f e re n c e  in  resonance 

energy. Wave mechanical t re a tm e n t p re d ic ts  a dec reas ing  

d i f fe re n c e  in  resonance energy of these  p a i r s  o f  hydro

carbons with in c re a s in g  numbers o f  r i n g s ,  u n t i l  the d i f f e r 

ence becomes zero  w ith  an i n f i n i t e  number o f  r i n g s H e n c e  

the  r a t i o  between methyl and methylene forms should never 

exceed 1 :1 .  This p r e d ic t io n  has thus  been shown to  be 

e n t i r e l y  e rro n eo u s , and the evidence now adduced may perhaps 

provide a new b a s is  f o r  the c a lc u l a t i o n  of the dec reas ing  

energy p er  r in g  in  the h ighe r  acenes .

9-M ethylanthracene ( I I I )  was prepared  as d e sc r ib e d  
•2

by S i e g l i t z  and Marx . 5 -M ethy lte tracene  (IV) was o b ta in ed

by d eh ydra tion  of the crude c a rb in o l  formed by i n t e r a c t i o n

of methylmagnesium io d id e  w ith  te t ra c e n o n e ,  p repared  by
4re d u c t io n  of 5 :12-te tra ce n eq u in o n e  w ith  a lk a l in e  sodium

h y d ro su lp h ite  s o lu t io n .  I t  formed o ran g e-red  prisms

(from benzene), m.p* 160°, and gp.ve a b r ig h t  green so lu t io n

In s u lp h u r ic  a c id  (found: C, 9 4 .2 ;  H, 5 .7 .  ^ 3.9^14 r e q u ires

G, 9 4 .2 ;  H, 5.8J6).

6 - Methyl-6  :15-d ihydropentacene (V) was s im i la r ly
5

prepared  from pentacenone and formed pale  yellow  need les  

(from x y le n e ) ,  which d is s o lv e d  in  su lp h u r ic  a c id  to  g ive a 

b lue s o lu t io n  which a f te rw ard s  tu rn e d  to  brown (found:



C, 94*4; H, 5 .65 . C23H16 reclu;^res  C, 94 .5 ; H, 5 .5 $ ) .

The m.p. was between 244° and 254°, and in  an evacuated 

c a p i l l a r y  the  melt was deep re d .  Oxidation w ith  selenium  

d io x id e  in  b o i l in g  n itrobenzene  gave pentacene-5  :13-quinone.

A sp a r in g ly  s o lub le  by-product from the Grignard condensation  

formed c o lo u r le s s  c r y s t a l s ,  m.p. 4 2 0 °(decomp.) which gave a 

g reen ish -y e llo w  s o lu t io n  in  su lp h u r ic  a c id  (found: C, 9 4 .2 ;

H, 5 .8 .  r e q u ire s  C, 94«5; H, 5 .5 $ ) .

We thank the D .S .I .R . fo r  a g ra n t  which enabled  one 

of  us (J.W.W.) to  p a r t i c ip a t e  in  the experim enta l s e c t io n  

of th i s  i n v e s t i g a t i o n .
E .C lar

( I .G . I .  Research F e l lo w ) ,

J.W. Wright.
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