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The o x id a t io n  o f  o a r b a z o le  and i t s  

d e r i v a t i v e s  g i v e s  r i s e  t o  d io a r b a z y l s ,  and oompoands 

o f  h ig h e r  m o le o a la r  w e ig h t  whose s t r u c t u r e  i s  un­

known .

O arbazole i t s e l f ,  when o x i d i s e d  i n  a o id  

s o l u t i o n ,  g iv e s  d i f f e r e n t  compounds from th o s e  i s o ­

l a t e d  from o x id a t io n  i n  a l k a l i n e  s o l u t i o n .

In  a l l  th e  a c id  o x id a t io n s  o f  o a r b a z o le  

and i t s  d e r i v a t i v e s ,  b r i g h t l y  c o lo u r e d  gu in o n o id  

s u b s ta n c e s  a re  o b t a in e d .  The c o n s t i t u t i o n  o f  

th e s e  s u b s ta n c e s  w i l l  be d i s c u s s e d  l a t e r .

I t  i s  e v id e n t  th a t  th e r e  are  a g r e a t  number

o f  d i c a r b a z y l s  t h e o r e t i c a l l y  p o s s ib l e ;  but i f  we

b ea r  in  mind th a t  th e  r e a c t i v e  p o s i t i o n s  i n  o a r b a z o le

are th e  1, 3 ,  and 9- p o s i t i o n s ,
s  u 

u / N —

i  9 I

th e r e  are r e a l l y  o n ly  s i x  d i c a r b a z y l s  we need con­

s i d e r .
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In  1921 P e r k in  and Taoker ( J . 0 , 3 . ,  1921,

1 1 9 , 216) d e s c r ib e d  th r e e  p r o d u c ts ,  two c r y s t a l l i n e ,

A and B,and a t h ir d ,  C, amorphous, a l l  o b ta in e d  by 

th e  o x id a t io n  o f  o a r b a z o le  i n  a c e to n e  s o l u t i o n  w ith  

potassium  perm anganate. They d id  n o t  a s s ig n  

d e f i n i t e  c o n s t i t u t i o n s  to  any o f  t h e s e  compounds;but  

i t  was a p p a ren t ,  from the  a n a ly s e s  and m o le c u la r  

w e ig h t  d e te r m in a t io n s ,  th a t  A and B were d i c a r b a z y l s .
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TUe p ro d u ct ,  C, o b ta in e d  in  g r e a t e s t  y i e l d ,  was 

n o t  examined f u r t h e r ,  as  i t  cou ld  n o t  be o b ta in e d  

in  a c r y s t a l l i n e  s t a t e .

Three s e p a r a te  l i n e s  o f  exp erim en t were  

th en  s t a r t e d  i n  t h i s  la b o r a to r y ,  t h e  o b j e c t  o f  a l l  

th r e e  b e in g  to o b ta in  some in fo r m a t io n  w h ich  might  

h e lp  to  d eterm in e  th e  c o n s t i t u t i o n  o f  th e s e  d i -  

o a r b a z y l s .

I .  Tucker ( J . G . 3 . ,  1926 , 3033) s y n t h e s i s e d

3 : 3 * - d ic a r b a z y l  ( I I )  a c c o r d in g  to  th e  schem e:-

I I

T h is  d i c a r b a z y l ,  however, was d i f f e r e n t  from A, B, 

and G, and th e  o r i g i n a l  problem was s t i l l  u n so lv ed

I I .  M cLintock and Tucker ( p r iv a t e  com munication)

have shown i n d i r e c t l y  t h a t  th e  su b s ta n c e  A i s  

9 : 9 * -d ic a r b a z y l  ( I ) .  They t r e a t e d  th e  p o ta ss iu m  

d e r i v a t iv e  o f  3 ;6 -d ib r o m o -c a r b a z o le  w ith  i o d i n e ,  and 

o b ta in e d  a su b s ta n c e  ( V I I ) ,  w hich  was i d e n t i c a l  w i th
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th e  compound o b ta in e d  by b ro m in a tio n  o f  A«

K

vi(

They a l s o  o b ta in e d  ( VII /  by d i r e c t  o x id a t io n  o f  

3 :6  d ib r o m o c a r b a z o le , (a )  in  a l k a l i n e  s o l u t i o n ,  

(b) in  a o id  s o l u t i o n .

I I I .  S id e  by s id e  w ith  t h e s e  two l i n e s  the

p r e s e n t  r e s e a r c h  was d e v e lo p e d .  By o x i d i s i n g  

9 -m e th y l  o a r b a z o le ,

we made sure  t h a t ,  in  any d ic a r b a z y l  produced, th e  

two o a r b a z o le  n u c l e i  would be u n ite d  by a bond 

b etw een  two carbon atoms; i . e . ,  v/e e x p e c te d  to  g e t  

d e r i v a t i v e s  o f  ( I I j  or ( I l l j  or  (VIJ,  the  l a s t  

m entioned  b e in g  the most u n l i k e l y .

9 -m e th y l  o a r b a z o le  does n o t  o x i d i s e  a t  

a l l  i n  a c e to n e  s o l u t i o n  w ith  permanganate (P e r k in  

and T ucker’ s method fo r  o a r b a z o le ) ,  but when a
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m ix ta r e  o f  a c e t i o  and sa lp b u r io  a c id s  and sodlam  

diohrom ate i s  used (W ie la n d 's  method, B e r . ,  1913,

4 6 , 3 2 9 6 ) ,  a c r y s t a l l i n e  su b s ta n c e  i s  o b t a in e d .

I t  was hoped t h a t  e i t h e r  B or  0 would on m é th y l­

a t io n  y i e l d  a compound i d e n t i c a l  w i t h  t h i s  new 

d im e th y l  d i c a r b a z y l ,  but as  i t  i s  a c t u a l l y  i d e n t i c a l  

w ith  th e  m é th y la t io n  product o f  I I ,  i t  i s  e v i d e n t l y  

9 :9*-  d im eth y l 3 ; 3 * - d ic a r b a z y l  ( V I I I ) ,

Vjli

and th e  c o n s t i t u t i o n s  o f  B and C remain u n s o lv e d .

These r e s u l t s  were confirm ed by a n a lo g o u s  

e x p er im en ts  on 9- e t h y l  o a r b a z o le ,  9 :9 * -d i e t h y l -  

3 : 3 * - d ic a r b a z y l  b e in g  o b t a in e d .  In  b o th  o f  

t h e s e  o x i d a t i o n s  th ere  was no e v id e n c e  o f  th e  

fo r m a t io n  o f  any i so m e r ic  d ic a r b a z y l s ,  e . g . ,  

d e r i v a t i v e s  o f  1:1* d ic a r b a z y l  ( I I I )  o r  1:5* ( V I ) .

I t  i s  p e c u l i a r  th a t  no 5 : 3 * - d ic a r b a z y l  i s  

formed i n  P e r k in  and Tucker*s o x id a t io n  o f  o a r b a z o le .  

T h is  f a c t  l e d  us to a ttem p t the o x id a t io n  by o t h e r  

m e th o d s .

Tucker ( p r iv a t e  com m unication) found t h a t  

o x id a t io n  i n  b o i l i n g  a c e t i c  a c id  w ith  sodium d i ­

ohromate gave a p roduct c o n t a in in g  chromium. We
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th o a g h t  t h a t  the ohromiiim might be a t ta c h e d  i n  some 

way betw een th e  n i t r o g e n  atoms, and t h a t ,  i f  th e  

n i t r o g e n  were p r o t e c t e d ,  chromiara p r o d a c ts  m ight  

n o t  be formed. Two m ethods o f  p r o t e c t i o n  were  

t r i e d ,  (a )  by s u lp h u r ic  a c id ,  ( b) by a c é t y l a t i o n .

(a )  A lthough  no s u lp h a te  o f  o a r b a z o le  has  

b een  i s o l a t e d ,  we have o b ta in e d  e v id e n c e  f o r  i t s  

e x i s t e n c e  i n  s o l u t i o n ;  f o r  o x id a t io n  by W ie la n d 's  

method g i v e s  3 : 3 ' -  d ic a r b a z y l ,  uncontam inated  w ith  

any 9 : 9 '  ( I ) .

(bj  A ttem pts  to  p r o t e c t  th e  n i t r o g e n  w ith  

an a c e t y l  group were u n s u c c e s s f u l , f o r  e i t h e r

( i )  th e  compound proved to be e x tr e m e ly  s t a b l e  and 

was r e c o v e r e d  unchanged, or ( i i )  th e  a c e t y l  group  

was h y d r o ly se d  q u ic k ly ,  so  th a t  no p r o t e c t i o n  was 

o b t a in e d .

The mechanism o f  th e  a c id  o x i d a t i o n  o f  

o a r b a z o le  was th ou gh t  to be c l o s e l y  a l l i e d  to  th a t  

o f  th e  c o r r e sp o n d in g  o x id a t io n  o f  d iphenylam ine (IZ)  

to  d ip h e n y lb e n z id in e  ( Z ) , (W ieland, B e r . ,  1913, £ 6 ,  

3296) .

IX X
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Two t h e o r i e s  o f  th e  mechanism o f  the  d ip h en ylam in e  

o x id a t io n  have been  pat forw ard .

(1 )  That th e  b en zen e n a c l e i  u n i t e  d i r e c t l y ,  

w ith o u t  th e  form ation  o f  an in te r m e d ia te  p ro d u ct ,  

(W ieland) •

(2 ) That the  primary a t t a c k  o c c u r s  at th e  

group, w i t h  th e  fo rm a tio n  of an in te r m e d ia te

compound, w h ich  s u b s e q u e n t ly  un d ergoes  t r a n s f o r ­

m ation  (M arqueyrol and Muraour, B u l l .  S o c . Chim., 

1914 , 15 , 1 9 1 } .

(1 )  In  sup p ort o f  t h i s  a ssu m ption  W ieland

h as  shown t h a t  t e t r a p h e n y lb e n z id in e  (Z II )  i s  

formed by  th e  o x id a t io n  o f  t r ip h e n y la m in e  ( Z I ) .

M arqueyrol and Muraour, however, s t a t e  th a t  t h i s  

e v id e n c e  i s  n o t  c o n c l u s i v e ,  s i n c e  the  o x id a t io n  i s  

e f f e c t e d  i n  a c e t i c  a c id  s o l u t i o n ,  w h i l s t  i n  th e  c a s e  

o f  d ip h en y lam in e  th e  p resen ce  o f  s u lp h u r ic  a c id  i s
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î i e o e s s a r y .  They s t a t e  f a r t h e r  th a t  K -a o e ty l -  

d ip h en y lam in e  i s  n o t  o x i d i s e d  by sodiam  d iohrom ate  

and a c e t i o  a c id  to d i a o e t y l d i p h e n y l b e n z i d i n e .

In  ord er  to  e l im in a t e  any e f f e c t  caused by 

th e  in t r o d u c t io n  o f  th e  a c id  p h en yl r a d i c l e  i n t o  

d ip h en y la m in e ,  we o x id i s e d  th e  E -m eth y l  d e r i v a t i v e  ( X I I I ) ,  

i n  the p r e se n c e  o f  s u lp h u r ic  a c i d .  The f a c t  t h a t  

we o b ta in e d  d im e th y ld ip h e n y lb e n z id in e  (XIV) from  

t h i s  o x id a t io n ,

—>

xnj

su p p o rts  W ielan d *s  v iew , t h a t  a l l  th e s e  o x id a t io n s  

proceed  d i r e c t l y ,  and not v i a  th e  E:E* d e r i v a t i v e ,  

o r  any o t h e r  in te r m e d ia t e  compound, w hich  su b se ­

q u e n t ly  u n d ergoes  t r a n s fo r m a t io n .

(The c o n s t i t u t i o n  o f  d im e th y ld ip h e n y l­

b e n z id in e  (XIV) was proved by i t s  p r e p a r a t io n  by 

d i r e c t  m é th y la t io n  o f  d ip h e n y lb e n z id in e ) .

(2 )  A lth ough  te tr a p h e n y lh y d r a z in e  (XV) can

be tra n sfo rm ed  i n t o  d ip h e n y lb e n z id in e  (X) by the  

a c t i o n  o f  c o n c e n tr a te d  s u lp h u r ic  a c id  (W ie la n d ),  

v e r y  l i t t l e  t r a n s fo r m a t io n  ta k e s  p la c e  under the
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o o n d i t io n s  o f  th e  d ip h en y lam in e  o x id a t i o n ,  where a 

4 0 :1  a c e t i c - s a l p h a r i c  ao id  s o l u t i o n  was used  

(M arqueyrol and Muraour),

and t h e r e f o r e  t e tr a p h e n y lh y d r a z in e  cannot be an 

in t e r m e d ia t e  product in  th e  o x id a t io n  o f  d ip h e n y l­

amine (IX) to  d ip h e n y lb e n z id in e  ( X ) .

M arqueyrol and Muraour f in d  t h a t  d ip h e n y l­

amine when d i s s o l v e d  i n  c o n c e n tr a te d  s u lp h u r ic  a c id  

r e s i s t s  th e  a t t a c k  o f  o x i d i s i n g  a g e n t s ,  w h i l s t  in  a 

more d i l u t e  s o l u t i o n  e x c e l l e n t  y i e l d s  o f  d ip h e n y l ­

b e n z id in e  a re  o b t a in e d .  They are  l e d  t h e r e f o r e  

to  th e  c o n c lu s io n  th a t  the primary a t ta c k  o c c u r s  a t  

th e  :SH group, th e  s u lp h u r ic  a c id  b e in g  o n ly  n e c e s s a r y  

in  th a t  i t  c a u s e s  the  t r a n s fo r m a t io n  o f  th e  in te r m e d ia te  

product ( th e  c o n s t i t u t i o n  o f  which i s  unknown). In  

c o n c e n tr a te d  su lp h u r ic  a c id  the ;M  group i s  so fa r  

p r o t e c t e d  t h a t  o x id a t io n  cannot o c c u r .

f i n a l l y ,  th ey  s t a t e  t h a t  i f  th e  su lp h u r ic  

a o id  p r o t e c t s  th e  n i t r o g e n  and d i r e c t s  para o x i d a t i o n ,  

by i n c r e a s in g  th e  amount, l e s s  unchanged d iphenylam ine
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sh o u ld  be o b t a in e d .  In  t h e i r  e x p e r im e n ts ,  how­

e v e r ,  more unchanged d iphenylam ine was o b t a in e d .

On r e p e a t in g  t h e s e  ex p er im en ts  o f  M arqueyrol 

and Muraour, we o b ta in e d  a v e r y  sm all amount o f  un­

changed d ip h en y la m in e .  I t  i s  q u i t e  p o s s i b l e  th a t  

th e y  a l lo w e d  t h e  tem p eratu re  to  r i s e ,  and th a t  s u l -  

p h on a tio n  to o k  p la c e  in  the 2- and 6- p o s i t i o n s ,  w ith  

co n seq u en t p r e v e n t io n  o f  th e  ch an ge, s in c e  th e  l i n k ­

in g  i n  d ip h e n y lb e n z id in e  i s  throu gh  t h e s e  p o s i t i o n s .

The s u lp h o n ic  groups would come o f f  i n  th e  sub seq u en t  

steam  d i s t i l l a t i o n ,  and t h i s  would e x p la in  why such a 

l a r g e  amount o f  unchanged d ip h en ylam in e was o b t a in e d .

These r e s u l t s  o f  ours t h e r e f o r e  d isp r o v e  

th e  th e o r y  o f  M arqueyrol and Muraour o f  th e  mechanism  

o f  t h e  d ip h en ylam in e  o x id a t io n ,a n d  support th a t  o f  

W iela n d .

In  t h e  an a lo g o u s  a c id  o x id a t io n  o f  o a r b a z o le ,  

to  g i v e  3 ; 2 * -d ic a r b a z y l  ( I I ) ,  the  e v id e n c e  i s  a g a in s t  

th e  in te r m e d ia t e  fo rm a tio n  o f  9 : 9 ’ - d ic a r b a z y l  ( I ) .  

M cLintock and Tucker have t r e a te d  9 : 9 * - d ic a r b a z y l  in  

v a r io u s  ways in  o r d e r  to  see  i f  i t  would be t r a n s ­

formed in t o  3 : 3 * - d ic a r b a z y l ,  but the r e s u l t s  have 

a l l  b een  n e g a t i v e .

The f a c t  t h a t  o x id a t io n  to  th e  c o r r e sp o n d in g  

d ic a r b a z y l  p r o c e e d s  e a s i l y  when th e  n i t r o g e n  o f  o a r b a z o le
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i s  p r o te c te d  by an a lk y l  group, s u g g e s t s  t h a t  th e  

two o a r b a z o le  n u c l e i  u n i t e  d i r e c t l y ,  w i th o u t  th e  

fo r m a t io n  o f  an in te r m e d ia t e  p r o d u c t .

We have a lr e a d y  s t a t e d  ( p . l )  t h a t ,  in  

a l l  the  a c id  o x id a t io n s  o f  o a r b a z o le  and i t s  d e r i v ­

a t i v e s ,  b r i g h t l y  c o lo u r e d  s u b s ta n c e s  are  prod u ced .

We s u g g e s t  t h a t  t h e s e  s u b s ta n c e s  p o s s e s s  a q u in on o id  

s t r u c t u r e ,  by a n a lo g y  w ith  th e  co rresp o n d in g  o x id a t io n  

o f  d ip h e n y la m in e .

In  h i s  o r i g i n a l  exp er im en t,  W ieland o x id i s e d  

d ip h e n y la m in e , in  a m ix tu re  o f  a c e t i c  and su lp h u r ic  

a c i d s ,  w i t h  a c o n c e n tr a te d  s o l u t i o n  o f  sodium dichrom -  

a t e  in  w a te r .  The i n t e n s e  b lu e  c o lo u r ,  which  

d e v e lo p e d  im m e d ia te ly ,  was removed by th e  a d d i t io n  o f  

z in c  d u st  to th e  s o l u t i o n .

W ieland has a c c e p te d  th e  e x p la n a t io n  o f  

Kehrmann and M icew iez ( B e r . ,  1912, 45, 2641 - 2 6 5 3 ) ,  

th a t  th e  b lu e  c o lo u r  i s  due to  th e  fo rm a tio n  o f  a 

g u in on o id  d e r i v a t i v e  o f  d ip h e n y lb e n z id in e  ( ZVI ) .

We s u g g e s t  form ulae (XYII ) ,  ( XVI I I ) ,  (ZIZ)
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f o r  th e  o o lo a r e d  s a h s ta n o e s  formed d u rin g  the  

o x i d a t i o n  o f  o a r b a z o le ,  I -m e th y ld ip h e n y la m in e  and 

9 - m e t h y lc a r b a z o le .

H SÔ3M

(XO
'CH3

X / X

In  a l l  th e  o x i d a t i o n s ,  w i th  one n o t a b le  

e x c e p t io n ,  t h e  c o lo u r e d  s u b s ta n c e s  were produced  

im m e d ia te ly  on t h e  a d d i t io n  o f  th e  o x i d i s i n g  a g e n t;  

t h a t  i s  to  s a y ,  th e  d ic a r b a z y l  o r  d ip h e n y lb e n z id in e ,  

or  d e r i v a t i v e s  o f  t h e s e  two, were formed f i r s t ,  but  

were im m ed ia te ly  a t ta c k e d  by th e  a c id  p r e s e n t ,  g i v i n g  

th e  gu in on o id  compounds. The e x c e p t io n  was in  th e  

c a s e  o f  E -m eth y ld ip h en y la m in e .  Bo c o lo u r e d  sub­

s ta n c e  was produced u n t i l  the  t h e o r e t i c a l  amount o f  

o x i d i s i n g  agent was e x c e e d e d .
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■ S Z P E H I M E U T A L .

L l

9-m m EYL  QARBAZQLS.

T his  s a b s ta n c e  remained unchanged when 

t r e a t e d  i n  b o i l i n g  a c e to n e  w ith  potass ium  p er­

m anganate. A s im i l a r  r e s u l t  was o b ta in e d  by the  

a c t i o n  o f  p o ta ss iu m  diohrom ate on a c o l d  a c e t i c  

a c id  s o l u t i o n .

OZIDATIOB WITH POTASSIUM PIGHROMATS IB  BOILIHG 

AOBTIC AOm.

To m ethy l o a r b a z o le  (1  gram) i n  a c e t i c  

a c id  (5 0  c o s . )  was added powdered p o ta ss iu m  d i ­

ohromate (E grams) and th e  m ix tu re  b o i l e d  f o r  

15 m in u te s .  The s o l u t i o n  tu rn ed  g r e e n ,  then  

brown and f i n a l l y  became g r e e n  a g a in .  The 

brown s t i c k y  m ass, o b ta in e d  on pou rin g  i n t o  w a te r ,  

was e x t r a c t e d  w i th  e t h e r  t o  remove unchanged m eth y l  

o a r b a z o le .  The r e s id u e ,  a f t e r  d r y in g ,  was d i s ­

s o lv e d  i n  b en z e n e ,  in  which i t  was v ery  s o l u b l e .

On a d d i t io n  o f  a l c o h o l  to  t h i s  s o l u t i o n  a brown 

amorphous powder, m. p .  228 - 280 was o b t a in e d .

A l l  a t te m p ts  a t  c r y s t a l l i s a t i o n  were f r u i t l e s s .

T h is  o x id a t io n  was r e p e a te d  sev en  t im e s ,  v a r y in g

th e  amount o f  d iohrom ate and a c e t i c  a c id ,  w ith o u t  

any b e t t e r  r e s u l t .



- 1 5 -

QZIDATIQB WITH POTASSIUM PERMABGAIJATË IB ACETIC AOID.

A fev/ e x p er im en ts  on th e  s m a ll  s c a l e  were  

perform ed h a t  t h i s  method o f  o x id a t io n  was to o  

v ig o r o u s ,  even  i n  t h e  c o l d ,  as  t a r s  w ere o b t a in e d .

OZIDATIOB BY WIBIAED'3 MSTHQI.

(a )  To m eth y l o a r b a z o le  (16 grams) d i s s o l v e d

i n  a m ix tu r e  o f  a c e t i o  a c id  (6^0 c o s . )  and s u lp h u r ic  

a c id  (16  C C S . )  was added d u r in g  one m in u te , under 

i c e ,  sodium d iohrom ate (6*5 g ra m s.,  l i  t im e s  th eo ry )  

i n  th e  s m a l l e s t  q u a n t i t y  o f  w a te r .  The s o lu t i o n  

tu rn ed  b l u i s h - g r e e n  im m e d ia te ly ,  and a p r e c i p i t a t e  

came down. A f te r  l e a v i n g  fo r  t e n  m in u te s ,  f i n e l y  

powdered z in c  was added. The b lu e  t i n t  d isa p p e a r e d  

q u ic k ly  but th e  s o l u t i o n  was s t i l l  c o lo u r e d  g r e e n .

A la r g e  amount o f  z in c  was added, and, a f t e r  some 

t im e ,  t h e  s o l u t i o n  became r e d d is h - y e l lo w ,  when i t  was 

f i l t e r e d .  The w h ite  f l o c c u l e n t  p r e c i p i t a t e , o b t a i n e d  

by p ou rin g  t h e  f i l t r a t e  i n t o  w a ter ,w a s  washed and 

d r i e d .  W eight, 6 *£ g ra m s.,  m. p.  150 - 200®. The 

z in c  r e s id u e  was washed w i th  co ld  w a te r ,  d r ie d  t h o r ­

o u g h ly ,  and e x t r a c te d  th r e e  t im e s  w i t h  b e n z e n e .  The 

benzene s o l u t i o n  on e v a p o r a t io n  gave a brown su b sta n ce  

(7*8 g ra m s.,  m.p.  188 _ 198®. )  (On p u r i f i c a t i o n  

t h e s e  two p ro d u cts  were shown to be t h e  sam e).  The 

m ixed p r o d u c ts  were c r y s t a l l i s e d  t h r e e  t im e s  from
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benzene w i t h  c h a r c o a l  p u r i f i c a t i o n , and s l i g h t l y  

p in k  n e e d le s  o f  9 : 9 * .  d im eth y l  5 : 3 ' - d ic a r b a z y l ,  

m.p.  200 - 202 °, were o b t a in e d ,  

fou n d : G, 86*4; H, 5*6; B,  7*8.

G 2 ^ 2 0 ^ 2  r e q u ir e s  0 ,  86 - 7 ;  H, 5*6;  B,  7«8 .

M o le c u la r  W eight, f r e e z i n g  p o in t  i n  benzene;  

found  580, 375; th e o r y  3 6 0 .

(U sin g  e x c e s s  o f  sodium d ioh rom ate , one gram 

to  one o f  m eth y l o a r b a z o le ,  a s m a l l  q u a n t i t y  o f  w h ite  

c r y s t a l s ,  m. p .  280 - 2 8 8 ° was o b ta in e d ,  but t h i s  

su b s ta n c e  was not examined f u r t h e r )  .

(b) . M o d if ied  M ethod. 5 gram s, u se d .

A f te r  the a d d i t io n  o f  the o x i d i s i n g  agent  

and l e a v i n g  to  s ta n d  f o r  t e n  m in u tes ,  th e  s o lu t i o n  

was reduced  by pou rin g  in to  the same b u lk  o f  s tr o n g  

sodium b i s u l p h i t e  s o l u t i o n  in  w a te r ,  and h ea ted  on a 

w a ter  b a th  u n t i l  the  c o lo u r  d is a p p e a r e d .  The g r e e n  

p r e c i p i t a t e  o b ta in e d ,  a f t e r  w ash in g  and d r y in g ,  w e ig h ­

ed 5*2 grams and m e lte d  60 - 1 0 0 ° .  A f t e r  e x t r a c t i o n  

w ith  benzene a r e s id u e  ( 0*5  g r am. ) ,  which c o n ta in e d  

ohromium, was o b ta in e d .  The hot benzene s o lu t i o n  

was poured i n t o  tw ice  i t s  volume o f  h o t a l c o h o l .  The 

l i g h t  brown c r y s t a l l i n e  m ^ ass , d e p o s i t e d  o v e r n ig h t ,  

m e lte d  about 185®% I t  was d i s s o l v e d  i n  h o t  a c e t i c  

a n h yd rid e , a c e t i c  a c id  a d d ed , and th e n  z in c  d u s t .

A f t e r  b o i l i n g  f o r  te n  m in u t e s , t h e  dark-brown s o l u t i o n
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l i g h t e n e d .  A f t e r  f i l t r a t i o n , l t  was poured c a u t i o u s l y  

in t o  ammonia s o l u t i o n  ( c o n c e n tr a te d  ammonia d i l u t e d  

with, i t s  ovm b u lk  o f  w ater)  $ The s l i g h t l y  c o lo u r e d  

mass d e p o s i t e d  was r e c r y s t a l l i s e d  from b en zen e ( c h a r ­

c o a l )  .

I I .

9-STHYL QARBAZQLS.

A number o f  s m a l l  o x id a t io n s  were performed  

a t  t h e  b o i l  w i th  d i f f e r e n t  q u a n t i t i e s  o f  sodium d i ­

ohromate ^ d  a c e t i c  a c i d .  I n d e f i n i t e  brown powders  

m e lt in g  60 - 120®, 150 -  200®, and 200 -  260® were  

o b ta in e d ;  but a f t e r  i n e f f e c t u a l  a t te m p ts  a t  c r y s t a l ­

l i s a t i o n  th e  exam in ation  o f  t h e s e  p r o d u c ts  was d i s ­

co n t in u e d  .

OZIUATIOI BY WISLABU'S MBTHQI.

(a )  To e t h y l  o a r b a z o le  (5  gram s.)  d i s s o l v e d  i n

a m ix tu re  o f  a c e t i c  a c id  (250 c o s . )  and su lp h u r ic  

a c id  (5  c o s . )  was added d u r in g  one m in u te ,  under i c e ,  

sodium d iohrom ate (2*3 g ra m s.,  Ig t im e s  th e o r y )  i n  th e  

s m a l l e s t  q u a n t i t y  o f  w a t e r .  The procedure was the

same as  f o r  th e  m eth y l d e r i v a t i v e .  The f l o c c u l e n t  

p r e c i p i t a t e  w eighed  2*8 gram s.;  and e x t r a c t i o n  o f  the  

z in c  r e s id u e  w i th  benzene gave a brown su b s ta n c e ,  

m. p.  148 - 180® (2  g r a m s . ) .  The m ix tu re  was p u r i f i e d

from benzene ( c h a r c o a l ) .  O ream -coloured prism s o f
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9 ; 9 d i e t h y l  3 : 3 d i c a r b a z y l ,  m. p .  188 - 190®, were  

o b t a in e d .

(b) B th y l  o a r b a z o le  (20  g r a m s) .  A c e t ic  a c id

(1  l i t r e ) .  S u lp h u r ic  a c id  (25 c o s ) .  Sodium d i ­

ohromate (12*8  g ra m s) .

Ten m in u tes  a f t e r  th e  a d d i t io n  o f  th e  o x i d i s ­

in g  a g e n t , t h e  s o lu t i o n  was poured in  a l i t r e  o f  s tr o n g  

sodium b i s u l p h i t e  s o lu t i o n ,a n d  h e a te d  on a w ater  b a th  

t i l l  th e  c o lo u r  d isa p p e a r e d .  The brown p r e c i p i t a t e ,  

o b ta in e d  a f t e r  w ash in g  and d r y in g ,w eighed 19 grams and 

m e lte d  140 - 1 6 0 ° .  A f te r  e x t r a c t i o n  w ith  b en zen e a 

r e s id u e  (2 gram s), w h ich  c o n ta in e d  chromium, was o b t a in ­

e d .  The b en zen e s o l u t i o n  was c o n c e n tr a te d  and poured  

i n t o  h o t  a l c o h o l  (400  c c s )  . The brown c r y s t a l l i n e

mass d e p o s i t e d  o v e r n ig h t  (16 grams) m e lte d  174 - 1 7 6 ° .

I t  was p u r i f i e d  i n  th e  same way a s  d e s c r ib e d  under  

m eth y l c a r b a z o le  ( b ) .

found: 0 , 86*5;  H, 6 - 4 ;  B, 7*2;  M, by

E a s t ' s  Method, 342, 391  

2 ^ 2 4 ^ 2  r e q u ir e s  G, 86*6;  H, 6*2;  B,  7*2;  M, 3 8 8 .

In  t h e  p r e p a r a t io n  o f  th e  a lk y la t e d  d i c a r ­

b a z y l s  by o x id a t i o n ,  e x c e l l e n t  y i e l d s  o f  th e  crude  

p r o d u c ts ,  m e l t in g  o v er  a range o f  t e n  d e g r e e s ,  were ob­

t a in e d ,  but g r e a t  d i f f i c u l t y  was e x p e r ie n c e d  in  i s o l a t ­

in g  th e  pure d i c a r b a z y l s .  I t  was th ought th a t  a
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d ic a r b a z y l  p o s s e s s i n g  a l in k a g e  o th e r  than  the 3:3* 

m ight be p r e s e n t ,  and muoh tim e was sp en t  on t h i s  

p rob lem . f r a c t i o n a l  c r y s t a l l i s a t i o n  from b en zen e ,  

t o lu e n e ,  x y le n e ,  a c e t i o  an h yd rid e , p y r id in e ,  i n  which  

th e  d ic a r b a z y l s  are  v e r y  s o lu b l e ,  and a l s o  from a c e t i c  

a c id ,  a l c o h o l ,  a c e to n e ,  i n  w hich th e y  are s p a r in g ly  

s o l u b l e ,  was t r i e d .  Benzene was found to  be th e  

b e s t  s o l v e n t , b u t  the  pure prod u ct was o n ly  o b ta in ed  

a f t e r  many c r y s t a l l i s a t i o n s .  C r y s t a l l i s a t i o n  from 

m ixed s o l v e n t s ,  ben zen e  and a l c o h o l ,  benzene and a c e to n e ,  

was t r i e d  w ith o u t  a v a i l .  The d i e t h y l d i c a r b a z y l  was 

sub lim ed  i n  vacuum, b u t  the s l i g h t  c o lo u r  rem ained, and 

the  m e l t in g  p o in t  was n o t  r a i s e d .  S l i g h t  o x id a t io n  

o r  f u r t h e r  r e d u c t io n  o f  th e  crude prod u ct c le a n e d  i t  up 

somewhat. The o x i d a t i o n  was c a r r ie d  out i n  a c e to n e  

s o l u t i o n  w ith  p o ta ss iu m  perm anganate, and th e  r e d u c t io n  

w ith  z in c  i n  a m ix tu re  o f  a c e t i c  anhydride and a c e t i c  

a o i d .

In  no c a s e  d id  v/e en co u n ter  any i so m e r .

I I I .

QARBAZQLB.

O arbazole i s  d i f f i c u l t l y  s o lu b l e  i n  c o ld  

a c e t i c  a c i d .  I f  i t  i s  n o t  a l l  in  s o l u t i o n  b e fo r e  

adding th e  sodium d ioh rom ate , a l a r g e  amount rem ains  

unchanged. A huge volume o f  a c e t i c  a c id  had to  be 

u s e d .
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OXIPATIOB BY fIBLÂBD'S METHOD.

To 5 grams o f  pure o a r b a z o le ,  d i s s o l v e d  in  

a m ix tu r e  o f  a c e t i o  a o id  (1250  c c s . )  and s u lp h u r ic  

a c id  (30  c o s . )  was added, during  one m in u te ,  under 

i c e ,  sodium diohrom ate (3*2 grams, tw ic e  t h e o r y ) .

A deep green  c o lo u r  d ev e lo p e d  im m e d ia te ly .  A f t e r  

l e a v i n g  fo r  10 m in u te s ,  th e  s o l u t i o n  was poured in t o  

a c o n c e n tr a te d  s o l u t i o n  o f  sodium b i s u l p h i t e  (1  l i t r e ) ,  

and th e  w hole  h e a te d  on a w ater  b a th  u n t i l  th e  c o lo u r  

d is a p p e a r e d .  A f te r  f u r t h e r  d i l u t i o n ,  th e  s o l u t i o n

was l e f t  to stand  o v e r n ig h t ,  when th e  g r e a t e r  p a r t  o f  

th e  l i q u i d  was s ip h on ed  from th e  l i g h t  brown f l o c c u l e n t  

p r e c i p i t a t e .  A f t e r  f i l t r a t i o n  and w ashing w i th  w a te r ,

th e  p r e c i p i t a t e  was d r ie d  a t  160® ( 4 . 5  gram s). I t  

was th en  e x t r a c te d  w i th  a n i s o l e  (500 c c s . )  and th e  

g r e e n  i n s o l u b l e  r e s id u e  (1  gram) f i l t e r e d  o f f .  The 

dark brown f i l t r a t e  was b o i l e d  w i t h  a l a r g e  amount o f  

c h a r c o a l  and c o n c e n t r a te d ,  when 3 : 3 ' - d ic a r b a z y l  ( 1*7 grams) 

m. p.  o v e r  3 0 0 ° ,  was o b t a in e d .

The a c e t y l  d e r i v a t i v e  was p rep ared ,an d  shown 

to  be i d e n t i c a l  w i th  th e  a c e t y l  d e r i v a t i v e  o f  th e  sy n ­

t h e t i c  3 : 3 * - d ic a r b a z y l  prepared  by Tucker.

IV .

MBTHYLATIOI Of 3 : 3 * - IIQABBAZYL. (STBVBNS AKD TUCKER*S

EaTHOB, J . ,  1923 , 1 ^ ,  2 1 4 0 ) .

To th e  d ic a r b a z y l  (0*8 gram) suspended in
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a o e to n e  (4 0  c o s . )  was added m eth y l s u lp h a te  (2  c o s . )  

and th e n  powdered p o ta ss iu m  h yd ro x id e  (2  g r a m s) .

Water was added drop by drop u n t i l  the  p o ta sh  formed a 

l a y e r .  A f t e r  b o i l i n g  f o r  10 m in u te s ,  the s o l u t i o n  

was poured i n t o  w a te r ,  th e  p r e c i p i t a t e  w ashed, d r ie d  

and r e c r y s t a l l i s e d  from benzene th r e e  t i m e s .  W hite  

n e e d l e s ,  m. p .  198 -  2 0 0 ° .

I i

STHYLATIQI Of 3 : 3 ' -  DIGAEBAZYb.

To th e  d ic a r b a z y l  ( 0*4 gram) suspended in  

a c e to n e  (3 0  c c s . )  was added e t h y l  s u lp h a te  (5  c c s . ) ,  

and p o ta ss iu m  hydrox ide  (10  grams) added i n  sm a ll  

q u a n t i t i e s  a t  th e  b o i l .  On p ou rin g  in t o  w a te r ,a n  

o i l  was o b ta in e d  (due to  th e  l a r g e  amount o f  p o ta sh  

a c t i n g  on the a c e t o n e ) .  A f t e r  steam  d i s t i l l i n g ,  

th e  s o l i d  r e s id u e  was r e c r y s t a l l i s e d  fo u r  t im e s  from  

b e n z e n e .  Sm all crea m -co lo u red  p r ism s , m. p.  186 - 188®

V I.

OZIDATIOB Of B-MBTHYLBIPHBBYLAMIBB.

B -m eth y ld ip h en y la m in e^ (5  grams) was d i s s o l v e d  

i n  e x c e s s  o f  d i l u t e  su lp h u r ic  a c id  (50^  ̂ w a te r  by v o lu m e ) .  

The p a le  y e l lo w  s o lu t i o n  was c o o le d  and a s o l u t i o n  o f

sodium d iohrom ate (1*4 gram) in  w a ter  (8  c . c . )  added .

A r e d d i s h - v i o l e t  c o l o r a t i o n  was produced, and a lm ost  

im m ed ia te ly  a w h ite  p r e c i p i t a t e  s e p a r a te d .  I t  was
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o n ly  when th e  l a s t  few drops o f  th e  diohrom ate  

s o l u t i o n  were added t h a t  the  mauve c o lo u r  p e r s i s t e d .

The c o lo u r  was removed by t r e a t i n g  the s o l u t i o n  w i th  

a few drops o f  aqueous su lp h u ro u s  a c i d .  The cream  

c o lo u r e d  compound o b ta in e d  on f i l t r a t i o n  was washed  

and d r ie d  ( n e a r ly  5 g r a m s) . C r y s t a l l i s a t i o n  gave  

l e a f l e t s  p o s s e s s i n g  a g reen  t i n t ,  which was v ery

d i f f i c u l t  to  rem ove. I t  was f i n a l l y  e f f e c t e d ,  w i th

c o n s id e r a b le  d im in u t io n  o f  y i e l d ,  by c r y s t a l l i s a t i o n  

from e t h y l  a c e t a t e  or  a c e t o n e , i n  b o th  o f  w hich i t  i s  

s p a r in g ly  s o l u b l e , g i v i n g  v i o l e t  f l u o r e s c i n g  l i q u i d s .  

W hite , n ùoreous p l a t e s ,  m. p.  167 -  168* o f  B : B ' - d i -  

m e th y ld ip h e n y lb e n z id in e .

fou nd ; 0 ,  85*9;  H, 6 . 8 ;  B,  7 . 9 ;  M, by

E a s t ’ s Method, 3 8 6 .  

r e q u ir e s  0 , 85 - 7 ;  ÏÏ, 6«6;  B, 7 . 7 ;  M, 3 6 4 .

The compound a l s o  c r y s t a l l i s e s  from carbon  

t e t r a c h l o r i d e ,  b e n z e n e ,  t o lu e n e ,  x y le n e ,  and a c e t i c  

a c id ,  but from th e  l a s t  th e  s e p a r a t in g  c r y s t a l s  are  

deep g r e e n .  I t  i s  s o lu b le  in  c h lo ro fo rm , i n s o l u b l e  

i n  a l c o h o l  or l i g h t  p e tr o le u m .

O x id a tio n  by means o f  an a c e to n e  s o l u t i o n  o f  

p o ta ss iu m  permanganate gave an o i l  from w h ich , on stand* 

in g ,  a sm a ll  amount o f  B ;B ’ - d im e th y ld ip h e n y lb e n z id in e  

was o b t a in e d .
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VII •
/  0  Uk-Cû  \

MSTHYLATIOB Of BIPHiSNYLBMZIDIIB.  ̂ V j

The d ip h e n y lb e n z id in e  (1  gram) was d i s s o l v e d  

i n  m eth y l s u lp h a te  (10  c o s . )  by warming on th e  w a te r  

b a th  f o r  15 m in u t e s .  A s o l u t i o n  o f  sodium carbon­

a t e  in  w a te r  (35  grams i n  200 c o s . )  was added d u r in g  

one hour, th e  tem p eratu re  b e in g  k ep t  betw een  5 0 °  and 

6 0 ° .  An o i l  se p a r a te d  and s o l i d i f i e d  on c o o l i n g .

A f te r  g a s h in g  and d r y in g ,  th e  s o l i d  was e x t r a c t e d  w i th  

b e n z e n e .  The c o n c e n tr a te d  benzene s o l u t i o n  d e p o s i t e d  

g r e y i s h  c r y s t a l s ,w h i c h  w ere o b ta in e d  a lm ost  c o l o u r l e s s  

by fu r th e r  c r y s t a l l i s a t i o n »  m. p.  165* .

V I I I .

OZIBATIOI Of 9 - ACETYL QABBAZQLB.

f i v e  e x p e r im e n ts  on the s m a ll  s c a l e  were p e r ­

form ed. The a c e t y l  c a r b a z o le  was d i s s o l v e d  i n  a c e t i o  

a c id  and o x id i s e d  a t  the b o i l  w i t h ,  f i r s t l y ,  sodium d i ­

ohrom ate, and s e c o n d ly ,  w ith  chromic a n h y d r id e .  The 

s t a r t i n g  p ro d u ct ,  s l i g h t l y  im pure, was r e c o v e r e d .

O x id a tio n  by W ie la n d 's  method was a l s o  t r i e d .

Ho c o lo u r  was d eve lop ed  on the a d d i t io n  o f  th e  o x i d i s ­

in g  a g en t;a n d  a l l  t h a t  c o u ld  be i s o l a t e d  from th e  s o l u t i o n  

was some c a r b a z o le ,  w hich  had been  formed by th e  a c t i o n  

o f  the s u lp h u r ic  a c id  on the  a c e t y l  c a r b a z o le .

T h is  paper has b een  s e n t  to th e  Chem ical S o c i e t y  

f o r  p u b l i c a t i o n .



P a r t  I I .

The GondLensation o f  f l a o r e n e  w i t h  A ôetohe»  

 ----------— oOo--------------



T h is  r é a c t i o n  was d i s c o v e r e d  d a r in g  

p r e l im in a r y  e x p er im en ts  on f l a o r e n e ,  w i t h  a v iew  

to  p r e p a r in g  d i f l a o r y l s ,  fo r  com parison  w ith  the  

d i o a r b a z y l s .
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^ li io re n e  ( I )  has been condensed  w i th  many 

arom atic  a ld e h y d e s  ( T h i e l e ,  B e r . ,  1900 , 851 -  853;

T h ie le  and H e a le ,  A nnalen, 1906 , 3^7, 290 - 3 1 5 ) •

The c o n d e n s a t io n s  were c a r r ie d  o a t  w ith  a l c o h o l i c  

sodiam  e th o x id e  or  a l c o h o l i c  a l k a l i  h y d r o x id e .  Water 

was a lw ays  s p l i t  o f f  in  th e  c o n d e n sa t io n  and t h e  an- 

s a t a r a t e d  compoand formed ( I I ) .  T h ie le  s t a t e s  t h a t  

f la o r e n e  d oes  n o t  r e a c t  w ith  a l i p h a t i c  a ld e h y d e s  or  

w ith  a l i p h a t i c  or arom atic  k e to n e s  ander t h e s e  c o n d i t i o n s .

h- s

3 r  ^■w
I I

S i e g l i t z  ( B e r . ,  1 9 2 0 , ( B) ,  1232 - 12^1) 

has shown t h a t  th e  i n t r e d a c t i o n  o f  two brom ine atoms 

i n t o  th e  f la o r e n e  m o le c a le  i n c r e a s e s  i t s  r e a c t i v i t y  

as r e g a rd s  c o n d e n sa t io n  w ith  arom atic  a ld eh yd es*

T h is  r e a c t i o n ,  l i k e  t h a t  o f  T h i e l e ,  i s  n o t  c a p a b le  o f  

e x t e n s io n  to  a l i p h a t i c  a ld e h y d e s  o r  to a l i p h a t i c  or  

arom atic  k e t o n e s .

We f i n d ,  how ever, t h a t ,  when powdered p o ta ss ia m  

h y d ro x id e  i s  added to  f la o r e n e  i n  a c e to n e ,  th e  s o l a t i o n  

t a r n s  brown, g o e s  throagh  red  to  b la c k ,  and f i n a l l y ,  a s  i t  

b o i l s ,  becomes a b r i l l i a n t  b l a i s h - g r e e n  i n  c o lo a r ,  a t  th e
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same tim e t h ic k e n in g  ap i n t o  a p a s t e ,  from which has  

b een  i s o l a t e d  a w h ite  c r y s t a l l i n e  p r o d a c t ,  w h ich  m e lt s  

74 -  78®, and which appears t o  be th e  o n ly  p ro d a ct  

form ed. This  s a b s ta n c e  h as  been s o b j e c t e d  to  a 

v a r i e t y  o f  r e a c t io n s  i n  o rd er  to d eterm in e i t s  con ­

s t i t u t i o n .  On V i g o roas  o x i d a t i o n  i t  gave  f la o r e n o n e  

( i l l ) ,  w hich proved t h a t  th e  s id e  ch a in  was a t ta c h e d  to  

th e  c e n t r e  carbon  atom.

I t  was th o a g h t ,  a t  f i r s t ,  t h a t  one m o le c a le  

o f  f la o r e n e  and one o f  a c e to n e  had undergone a l d o l  con­

d e n s a t io n  to y i e l d  ( I V) ;  b a t  a s ta d y  o f  i t s  s im p le  

s u b s t i t u t i o n  d e r i v a t i v e s  s u g g e s te d  t h a t  some more com­

p l i c a t e d  c o n d e n s a t io n ,  such  as  ( V) ,  had o c c u r r e d .

'•CO

t i l

CnO

Tv

Simple a n a l y s i s  d oes  n o t  c o n v in c in g ly  d i s ­

t i n g u i s h  b etw een  (IV) or  (V) ,  as t h e i r  a n a l y t i c a l  d a ta  

are v e r y  c l o s e .  The m o le c u la r  w eigh t d e te r m in a t io n s ,  

however, sup p ort ( V ) .
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The a c e to n e  was a c t u a l l y  in v o lv e d  i n  th e  r e a c t i o n ,  

f o r ,  i n  a s im i l a r  exp erim en t perform ed i n  a l c o h o l i c  s o l u t i o n ,  

the f lu o r e n e  was o b ta in e d  back unchanged.

There are  many p o s s i b l e  arrangem ents o f  th e  s id e  

c h a in  GgHjgO. These w i l l  be d i s c u s s e d  in  th e  c o n c l u s i o n .

In  th e  t a b l e  below  i s  s e t  down the  e v id e n c e  in

We s u g g e s t  t h a t  th e  conden­

s a t i o n  product i s  r e a l l y  CigHgoO, th e  d e r i v a t i v e s  o f  G|gH,gO 

b e in g  formed by the  s p l i t t i n g  o f f  o f  p art  o f  th e  s id e  c h a in .  

T his  a ls o  w i l l  be d i s c u s s e d  in  the c o n c l u s i o n .

fa v o u r  o f  G and G , 0 .
16 16 I 9 2 o

C' OH

jFound i

/85*7 "4
Gf85-8 H<7-5

( 8 5 - 7  ( 7-7

G,gH,gO r e q u ir e s

C, 85*7;  E, 7*2

M o lecu la r  w e ig h t  
J?ound, 259 , 2 6 2 .  
0 , _ E , _ 0  r e q u ir e s  

® ® 2 2 4 .

O H  0 r e q u ir e s
» 9 2 o

0 , 8 6 - 4 ;  H, 7 - 6

M o lecu la r  W eight  
jfound, 259, 2 6 2 .  
0,_H_ 0 r e q u ir e s  

® ® 2 6 4 .

found: found;

G.gH.^OH-IOa 
r e q u ir e s  H, 5*2 . r e q u ir e s  G, 73*8;

YL Vli
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{The r e a c t i v e  p o s i t i o n s  

i n  f lu o r e n e  are  th e  2 

and 7 p o s i t i o n s . )

jfo und :

0 ,  8 1 - 7 ;  H, 7 - 2 ;  IS, 5*2 .

0 ,9 ^ 3  OH-HHj 
r e q u ir e s
C, 8 1 - 7 ;  H, 7*5;  JSi: 5 * 0 .

I'D and 1*0 and

r e q u ir e s

92"3 
0 92*1  

92*1

7-2  
H 7*2 

7*4

GUgH,g
r e q u ir e s
C, 92*7;  E,  7 ' 5 ,

CHj (H,

#ound;

Br 4 3 .1 6
43*26

G 16 E i^Br 2 
r e q u ir e s  43*71

(to
(C^«a0)

K/ l

2 hund;

0 , 65*6;  H, 5*7;  
Br,  23*5 .

OigHigOBr
r e q u ir e s  0 , 66*5;  
H, 5*5;  Br, 23*3

The c o n d e n sa t io n  product gave th r e e  bromine  

d e r i v a t i v e s  c o n t a in in g  (a )  23*5^ ( Z I I ) ,  (h)  34*2^,

( c) 48*l?i bromine r e s p e c t i v e l y .
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( 1 ) .  n i t r a t i o n  o f  th e  c o n d e n sa t io n  product gave a

most p e c u l i a r  r e s u l t .  At f i r s t  a n i t r o  compound, w h ic h ,

on a n a l y s i s ,  gave a n i t r o g e n  i n  agreem ent w ith  0 ,6E 2

(VI)  was o b ta in e d  in  v e r y  good y i e l d .  W ithout co n f ir m ­

in g  t h i s  r e s u l t  by perform in g  a carbon-hydrogen  e s t i m a t i o n ,  

p r e l im in a r y  ex p er im en ts  on th e  r e d u c t io n  to  th e  amine were  

c a r r i e d  o u t  w ith  i t .  On r e p e a t in g  th e  n i t r a t i o n  th r e e  

t im e s  the same n i t r o  compound v;as o b t a in e d .  The f o u r th  

t im e  a d i f f e r e n t  n i t r o  compound, w hich  on a n a l y s i s  gave  

ca rb on ,h yd rogen  and n i t r o g e n  in  agreement w i th  C^^E^gOE*EO^

( V I I ) ,  was o b ta in e d ,  a l s o  i n  v e r y  good y i e l d .  There was 

no s ig n  o f  t h e  fo r m a t io n  o f  th e  f i r s t  n i t r o  compound.

T h is  problem was a t ta c k e d  w ith  v ig o u r .  Each 

n i t r a t i o n  to o k  about one hour to  work up. Over s e v e n t y  

e x p e r im e n ts  were perform ed, v a r y in g  th e  c o n d i t i o n s ,  i n  an 

attem p t to h i t  upon th o s e  n e c e s s a r y  f o r  the fo r m a t io n  o f  

th e  f i r s t  compound. A l l  t h e s e  ex p er im en ts  gave th e  

second  n itro -co m p o u n d , and no s ig n  o f  th e  f i r s t  c o u ld  be 

d e t e c t e d .

Ï 2 ) .  The method o f  p r e p a r a t io n  o f  th e  o r i g i n a l  con­

d e n s a t io n  product was then  i n v e s t i g a t e d  f u l l y .  Modi­

f i c a t i o n s  were in tr o d u c e d ,  and th e  product i s o l a t e d  and 

n i t r a t e d ;  but the  f i r s t  n itro-com pound has n ev er  b een  

o b ta in e d  a g a in .

( 3 ) .  We a ttem p ted  to  p rep a re  th e  n i t r o - d e r i v a t i v e s
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by co n d en s in g  2 - n i t r o  f lu o r e n e  w i t h  a c e to n e  by means o f  

p o ta ss iu m  h y d r o x id e ,  but w ith o u t  s u c c e s s .

( 4 ) .  The n itro -co m p o u n d , C gave on r e ­

d u c t io n  t h e  c o r r e sp o n d in g  amine, G, , gOH'EHg ( V I I I ) .

At t h e  p r e s e n t  moment we are  a t te m p tin g  to  remove th e  

amino g ro u p .

( 5 ) .  In  an a ttem p t to  prepare an u n sa tu r a te d  compound

from th e  c o n d e n sa t io n  p r o d u c t ,  th r e e  m ethods were t r i e d ,

(a )  a c t i o n  o f  anhydrous z in c  c h l o r i d e ,  (b) a c t i o n  o f  

v a r io u s  s t r e n g t h s  o f  s u lp h u r ic  a c id ,  ( c )  a c t io n  o f  m o le­

c u la r  p o ta ss iu m  i n  b e n z e n e .  By th e  l a s t  method an un­

s a tu r a te d  compound, G igE ( IZ) was o b ta in e d ,  a lo n g  w i th  

30^ o f  f lu o r e n e .  The u n sa tu r a te d  compound absorbed  

bromine e a s i l y , a n d  gave a d e r i v a t iv e  G ^̂ E ,^Br % (%D *

( 6 ) ,  I f  th e  c o n d e n sa t io n  product p o s s e s s e s  an 0E 

group* i t  i s  a t e r t i a r y  a l c o h o l ,  and shou ld  t h e r e f o r e  

a c e t y l a t e .  The a c t i o n  o f  a c e t i c  anhydride ( i n  th e  p r e s ­

ence o f  c a t a l y s t s )  and o f  a c e t y l  c h l o r i d e  was t r i e d ,  b u t  

th e  su b s ta n c e  rem ained unchanged. An attem pt to  

m e th y la te  gave a s im i l a r  r e s u l t .  The su b s ta n c e  r e a c t e d  

w ith  t h i o n y l  c h l o r i d e ,  but no c r y s t a l l i n e  su b s ta n c e  c o u ld  

be i s o l a t e d .

( 7 ) .  The c o n d e n sa t io n  product d id  n o t  respond to  

any o f  th e  t e s t s  f o r  th e  0 :0  g r o u p ,o r  to any o f  th e  t e s t s  

f o r  th e  p r esen ce  o f  a double bond.
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( 8 ) .  The product r e a c t e d  w i th  hydrobrom ic a c id ,  and 

gave an u n s t a b le  s u b s ta n c e ,  which e v o lv e d  hydrobromic  

a c id  s p o n ta n e o u s ly .  By h e a t in g  t h i s  s u b s ta n c e ,  an un­

s a tu r a t e d  compound 0 H ( XI ) ,  f r e e  from brom ine, was
19 Is

o b t a in e d .  The fo r m a t io n  o f  t h i s  compound w i l l  be d i s ­

c u s se d  i n  th e  c o n c l u s i o n .

( 9 ) .  The p rod u ct was h e a te d  i n  ord er  to  s e e  i f  i t  

would d i s t i l ,  b u t i t  p a ssed  in t o  a t a r  about 200 ®. I t  

was a l s o  h e a t e d  a t  120© and 160® (when i t  b e g in s  to  

darken) i n  the  hope th a t  w a te r  would be e l im in a t e d  and an 

u n sa tu r a te d  compound form ed. The product was r e c o v e r e d  

unchanged.

( 1 0 ) .  By th e  a c t io n  o f  bromine on th e  c o n d e n sa t io n  

p rod u ct ,w e  have i s o l a t e d  t h r e e  compounds m e l t in g  83 - 85^,  

102 -  104» . and 173 - 175®,  and w hich  c o n ta in  23*5^, 3 4 - 3 ^ 

and 48-1^ hromine r e s p e c t i v e l y .  The l a s t  two b e in g  

rem arkably s i m i l a r ,  i n  m e l t in g  p o in t  and p e r c e n ta g e  o f  

brom ine, to  mono- and d ib r o m o f lu o r e n e ,  th e s e  d e r i v a t i v e s  

were p rep a red , but proved  to  b e  d i f f e r e n t .

Bromine d e r i v a t i v e  m. p .  102 - 104®, 34*3^ B r :

Bromine d e r i v a t i v e  m. p.  173 - 175®,  48-lJt B r .

Monobromofluorene m. p.  101 - 1 0 2 ° ,  32*5/^ Br:

D ib rom oflu oren e  m. p.  165®, 49*0^ B r .

Eone o f  th e  bromine d e r i v a t i v e s  o f  th e  conden­

s a t i o n  product a g r e e s  w ith  any bromine d e r i v a t i v e  o f



c ,gû ( I I I ) .  The f i r s t ,  however, i s  i n  f a i r  

agreem ent w i t h  a monobromo d e r i v a t i v e  o f  ( V) .

( 1 1 ) .  We a ttem p ted  to p rep are  th e se  bromine d e r i ­

v a t i v e s  by th e  c o n d e n sa t io n  o f  th e  brom ine d e r i v a t i v e s  

o f  f la o r e n e  w i t h  a c e to n e  in  the  p r e se n c e  o f  p o ta ss iu m  

h y d r o x id e ;  but Hodgkinson (1 8 8 5 ,  P .  36 - 37) has  

shown th a t  th e  bromine d e r i v a t i v e s  o f  f lu o r e n e  are  

a f f e c t e d  by p o ta ss iu m  h y d r o x id e ,  the  bromine b e in g  

s p l i t  o f f .  In  th e  a ttem p ted  c o n d e n sa t io n ,  th e

green  product he  d e s c r ib e s  was o b se r v e d ,

( 1 2 ) .  The bromo-compound m. p.  83 - 85° was reduced  

w ith  sodium i n  a l c o h o l i c  s o l u t i o n .  The m inute  

q u a n t i t y  o f  w h it e  c r y s t a l s ,  i s o l a t e d  from th e  s t i c k y  

mass o b ta in e d ,  m elted  about 90 ° ,  was f r e e  from brom ine,  

and was c e r t a i n l y  n o t  th e  o r i g i n a l  c o n d e n sa t io n  p r o d u c t .  

The s id e - c h a i n  o f  th e  bromo-compound, however, may have  

been reduced  a t  th e  same t im e .  T h is  problem i s  b e in g  

i n v e s t i g a t e d .

( 1 3 ) .  The i o d o - d e r i v a t i v e s  o f  the c o n d e n sa t io n  p ro ­

d u c t ,  w h eth er  o b ta in e d  b y  d i r e c t  s u b s t i t u t i o n ,  or by  

r e p la c in g  th e  bromine in  the  b r o m o -d e r iv a t iv e s  w ith  

i o d i n e ,  w ere  q u i t e  u n s u i t a b le  f o r  any com parative  p u rp oses
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( 1 4 ) .  C h lo r in e  was found to  have v e r y  l i t t l e  a c t i o n  

on th e  c o n d e n sa t io n  p r o d u c t ,  even  i n  the p r e se n c e  o f  

c a t a l y s t s .

( 1 5 ) .  An a ttem p t was made t o  s y n t h e s i s e  ( I I I )  

by means o f  th e  Grignard compound o f  f lu o r e n e .  G rignard  

and C ou rto t  (Comptes Rendus, 1911 , 1 5 2 , 1493 -  1496) i s o ­

l a t e d  f lu o r e n e  magnesium bromide ( Z I I I ) ,  and prepared  

v a r io u s  compounds from i t ,  th e  most im p o r ta n t ,  from q^r 

p o in t  o f  v iew , b e in g  the s u b s ta n c e  o b ta in e d  by th e  a c t i o n  

o f  b en zop h en o n e .

7

numerous a ttem p ts  to make a c e to n e  r e a c t  i n  th e  

same way h a v in g  met w ith  f a i l u r e ,  we t r i e d  many t im e s  to  

r e p e a t  G rignard*s work w ith  benzophenone, but w ith o u t  

s u c c e s s .  The a c t u a l  Grignard compound appeared to  be 

formed h ow ever .

( 1 6 ) .  In  the  o r i g i n a l  c o n d e n sa t io n  o f  f lu o r e n e  w i t h  

a c e to n e ,  th e  in t e n s e  g r e e n  c o lo u r  to o k  a few  m in u tes  to
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d e v e lo p ,  a f t e r  t h e  a d d i t io n  o f  t h e  p o ta ss iu m  h y d r o x id e .

We th ough t t h a t , a t  f i r s t ,  th e  p o ta sh  m ight o x i d i s e  th e  

f lu o r e n e  to  f lu o r e n o n e  ( VI ) ,  and th a t  t h i s  s u b s ta n c e  

would th en  r e a c t  w i t h  th e  a c e t o n e .  T h is  l e d  us to  t r y  

th e  a c t i o n  o f  p o ta sh  on f lu o r e n o n e  in  a c e to n e  s o l u t i o n .  

The i n t e n s e  green  c o lo u r  d e v e lo p e d  im m ed ia te ly  on the  

a d d i t io n ,  but o n ly  a b la c k  t a r  co u ld  be i s o l a t e d .

( 1 7 ) .  In  o rd er  to  f in d  out i f  the c o n d e n sa t io n  pro­

ceed ed  v i a  th e  sodium compound o f  a c e t o n e ,  t h i s  compound 

was prep ared  (by the a c t i o n  o f  sodium on a c e t o n e ) , and 

th en  f lu o r e n e  i n  a c e to n e  added. Eo c o lo u r  d e v e lo p e d ,  

and th e  f lu o r e n e  was r e c o v e r e d .  I f ,  how ever, th e  

sodium i s  added d i r e c t l y  to  f lu o r e n e  i n  a c e t o n e ,  th e  

g reen  c o lo u r  d e v e lo p s ,  and a m inute q u a n t i t y  o f  th e  co n ­

d e n s a t io n  prod u ct may be i s o l a t e d  i n  t h i s  w ay.

( 1 8 ) .  M ethyl e t h y l  k e to n e  was condensed  w i th  f lu o r e n e  

under the  same c o n d i t i o n s  a s  i n  th e  o r i g i n a l  c o n d e n sa t io n  

w ith  a c e t o n e .  A g l u e - l i k e  mass was o b t a in e d .
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Q Q I  Q L Ü 3 I  Q I .

I t  i s  u n l i k e l y  t h a t  th e  p rod u ct o b ta in e d  by 

th e  c o n d e n sa t io n  o f  f lu o r e n e  w ith  a ce to n e  i s  a m ix tu re  

o f  t h e  compounds r e p r e s e n te d  b y  the e m p ir ic a l  form ulae  

C,^H,gO and Gj^EgoÛ. I f  i t  w ere ,  a q u a n t i t y  o f  each  

d e r i v a t i v e  w ould  be o b ta in e d  on n i t r a t i o n .  A c t u a l ly ,  

how ever, a v e r y  good y i e l d  o f  th e  one or th e  o th e r  

n i tro-com pounds was o b ta in e d .

I t  i s  th ou gh t th a t  th e  c o n d e n sa t io n  product  

i s  r e a l l y  0 , and th a t  t h e  d e r i v a t i v e s  o f  0 , g E , g 0

are formed by the rem oval o f  p a r t  o f  th e  s id e  c h a in .

The s u lp h u r ic  a c id  would ca u se  t h i s  i n  the p r o c e s s  o f  

n i t r a t i o n ,  and th e  m o le c u la r  p o ta ss iu m  in  the  p r e p a r a t io n  

o f  th e  u n sa tu r a te d  compound G i g H ( I X ) . I t  w i l l  be 

r e c a l l e d  t h a t ,  in  th e  l a t t e r  exp er im en t,  f lu o r e n e  i t s e l f  

was o b ta in e d  from t h e  c o n d e n sa t io n  p r o d u c t .  In  t h i s  

c o n n e c t io n  i t  i s  o f  i n t e r e s t  to n o te  t h a t  Skossarew sky  

( J .  R u ss .  P h y s .  Ghem. S o c . ,  1905 , 3^, 645 -  647)  has  

performed a s i m i l a r  c o n d e n sa t io n  o f  a c e to n e  wit& p h e n y l-  

a c e t y le n e  by means o f  s o l i d  p o ta ss iu m  h y d r o x id e ,  o b t a in ­

in g  from th e  r e a c t io n  p h e n y la o e ty le n y ld im e th y lc a r b in o l .

OE.G(GE,)J'G SG'GcE

He h as  shown t h a t  th e  bond betw een  carbon  

atoms 1 and 2 can be e a s i l y  broken by b o i l i n g  th e
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G o m p o a n d  w i t h  d i l u t e  c s a s t i c  p o t a s h  s o l u t i o n ,  t h e  r e ­

s u l t  b e i n g  t h e  r e g e n e r a t i o n  o f  p h e n y l a c e t y l e n e  a n d  

a o e t o n e .

Of the many p o s s i b l e  arrangem ents o f  th e  s id e  

o h a ln ,  we n eed  o n ly  c o n s id e r  two (A and B ) , f o r  th e  r e ­

m ainder p o s s e s s  e i t h e r  a 0 :0  group, an OH group, or  a 

d ou b le  bond, and t h e  c o n d e n sa t io n  prod u ct d o es  n o t  

respond to  th e  t e s t s  f o r  th e s e  two g r o u p s .o r  f o r  un­

s a t u r a t i o n .

CHt

x \

/  N .e«j /  \

A and B may be formed by the e l i m i n a t i o n  o f  

one m o le c u le  o f  w a ter  from the product o b ta in e d  by th e  

double  a l d o l  c o n d e n sa t io n  o f  two m o le c u le s  o f  a c e to n e  

w ith  one m o le c u le  o f  f lu o r e n e  (A* and B * ) .

I t  must be a d m itted ,  how ever, th a t  n e i t h e r  o f  

t h e s e  form ulae  r e a d i l y  e x p la in s  e v e r y  one o f  th e  r e ­

a c t i o n s  d i s c u s s e d  i n  the p r e v io u s  p a g e s .

The r e a c t io n  w ith  hydrobromic a c id  (8 )  i s  

b e t t e r  e x p la in e d  by ( A) .
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nn,-c-\&v

‘" t ' i -■■&:■
cnII

I  e i t h e r  fo rm u la  e x p la in s  th e  fo r m a t io n  o f  

th e  n i t r o  d e r i v a t i v e  o f  G,gH,gO,  u n l e s s  we assume t h a t  

f i s s i o n  o f  th e  p r o p y le n e -o x id e  r in g  t a k e s  p la c e  ( ( a )  and 

( b ) ) .

(<\)

CHj -  C -OH

«6,
0 3 3

c *0M
CHj' 'CHJ

OH °  H

Ç OH
/

The d i f f i c u l t y  h ere  i s  n o t  to  account f o r  th e  

b rea k in g  o f  th e  bond betw een  th e  carbon and th e  o x y g en .



- 3 9 -

but betw een  two carbon atom s, i n  a compound w h ich  has  

n e i t h e r  a 0 :0  nor a 0 - 0  l i n k a g e .

In  p h e n y la c e ty le n y ld im e th y lc a r b in o l  th e  b rea k ­

in g  o f  th e  bond i s  a ccou n ted  f o r  by th e  p r e se n c e  o f  

th e  "0:0» l i n k a g e .

f i n a l l y ,  n e i t h e r  form u la  g i v e s  any s a t i s ­

f a c t o r y  e x p la n a t io n  o f  th e  fo r m a t io n ,  by the a c t io n  

o f  f i n e l y  d iv id e d  p o ta ss iu m  on th e  c o n d e n sa t io n  pro­

duct i n  th e  ab sen ce  o f  w a ter ,  o f  th e  u n sa tu r a te d  

compound (IX)  and f lu o r e n e .



- 4 0 -

a Z P B R I M B N T A I ,  .

I .

OOEPmSAIIOB PRODUOT.

f la o r e n e  (20  g . )  was d i s s o lv e d  i n  o o ld  

a c e to n e  ( 240 c . c . )  i n  a l a r g e  b ea k er ,a n d  powdered  

p o ta ss iu m  h y d ro x id e  (80  g . )  was added d u rin g  one 

m inute w ith  v ig o r o u s  s t i r r i n g .  The s o l u t i o n  

tu rn ed  brown, went th rou gh  red to  b la c k ,  and f i n a l l y ,  

as the a c e to n e  b o i l e d ,  became b r i l l i a n t  g r e e n , and 

a lm ost im m ed ia te ly  th ic k e n e d  up. A f te r  l e a v in g

•for  t e n  m in u te s ,  w a ter  was added u n t i l  a g r e e n  o i l  

s e p a r a te d .  The lo w er  la y e r  c o n t a in in g  th e  p o ta ss iu m

h y d ro x id e  was run o f f  and d is c a r d e d .  The g f e e n  o i l ,  

on p ou rin g  in t o  w ater  c o n t a in in g  a few drops o f  s u lp h u r ic  

a c id ,c h a n g e d  to  a l i g h t  red d ish -b ro w n  o i l ,  w h ich  s o l i d i ­

f i e d  to  an o i l y  mass i n  i c e .  A f t e r  w ashing and r e ­

moving most o f  t h e  o i l ,  the  s o l i d  was c r y s t a l l i s e d  

tw ic e  from a lc o h o l  ( c h a r c o a l ) ,w h e n  i t  was d e p o s i t e d  a s  

w h ite  n e e d l e s ,  m. p.  74 - 78 °.  The o i l  was steam  

d i s t i l l e d , and more o f  th e  c o n d e n sa t io n  p rod u ct was ob­

ta in e d  from th e  r e s i d u e .  (The o i l  was formed by t h e  

a c t io n  o f  p o ta ss iu m  h yd rox id e  on a c e t o n e . )  The

product i s  v e r y  s o lu b le  i n  a l l  the  u su a l  s o l v e n t s ,  and 

c r y s t a l l i s e s  w e l l  from l i g h t  p e tr o le u m . from p y r id in e ,  

i t  c r y s t a l l i s e s  w ith  s o lv e n t  o f  c r y s t a l l i s a t i o n  i n
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b e a u t i f a l  h ex a g o n s , w h ich , how ever, g iv e  o f f  p y r id in e

on le a v in g  to  s ta n d  in  th e  a i r .  Y ie ld ,  15 g .

^ 8 5 - 7  f 7 - 4
found 0 < 8 5 . 8  ; H <7*5 ; M, 259, 2 62 .

( 8 5 - 7  (^7-7

C,gH,gO r e q u ir e s  0 , 8 5 «7 ; H, 7*2 ; M, 2 2 4 .

OigHaoO r e q u ir e s  0 ,  86*4 ; H, 7*6 ; M, 2 64 .

I I .

ACTIOB Of POTASSIUM HYDROXIDE Oh AOETONE.

Powdered p o ta ss iu m  h y d rox id e  (80  g . )  was 

added d u r in g  one m inute to  c o ld  a ce to n e  ( 2 4 0 , c . c . ) ,  and 

th e  m ix tu re  a l lo w e d  to b o i l  f o r  t e n  m in u te s .  The 

o i l y  l i q u i d  was poured o f f ,a n d  th e  a ceton e  rem oved.

The o i l  rem ain ing  was h e a te d  w ith  f lu o r e n e ,  a lo n e  a t  

f i r s t ,  and th en  in  the  p r e se n c e  o f  p o tass iu m  h y d r o x id e .  

Bo c o lo u r  d e v e lo p e d ,  and t h e  f lu o r e n e  was r e c o v e r e d .

I I I .

OXIDATION Of TEE CONDENSAT I OB PRODUCT.

P o ta ss iu m  permanganate in  a c e to n e  was found  

to  be to o  m ild ,  and th e  same su b s ta n c e  i n  g l a c i a l  

a c e t i c  a c id  to  b e  to o  v ig o r o u s  an o x i d i s i n g  a g e n t .

Sodium d ich rom ate  in  g l a c i a l  a c e t i c  a c id  was t h e r e f o r e  

u se d .

The c o n d e n sa t io n  product (5  g . )  was d i s s o l v e d  

i n  g l a c i a l  a c e t i c  a c id  (200 c . c . ) ,  sodium dichrom ate  

(40  g . )  added, and the s o l u t i o n  b o i l e d  fo r  f i v e  h o u r s ,  

a f t e r  which i t  was poured i n t o  w a t e r .  The c h l o r o ­

form e x t r a c t  was steam d i s t i l l e d ,  and a y e l lo w  s u b s ta n c e .
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which was proved to  be f lu o r e n o n e ,  came ,0 v e r .

IV .

BITRATIQB Of CONDENSATION PRODUQT.

(a) The c o n d e n sa t io n  product (E g . )  was d i s ­

s o lv e d  i n  g l a c i a l  a c e t i c  a c id  (8 c . c . }  and 12 c . c .  

o f  a m ix tu re  o f  c o n c e n tr a te d  n i t r i c  and s u lp h u r ic  

a c id s  ( 4  c . c .  : 1 c . c . )  was added during f i v e  m in u te s ,  

k eep in g  th e  tem p eratu re  down. One m inute a f t e r

th e  a d d i t i o n ,  th e  s o l u t i o n  was poured in t o  w a t e r .  The 

y e l lo w  s t i c k y  mass adhered t o  th e  g l a s s  rod and th e  

s i d e s  o f  th e  b ea k er  and was washed, by d é c a n t a t io n ,  

w ith  w a te r  and th en  c o ld  a lc o h o l ,a n d  c r y s t a l l i s e d  from  

a lc o h o l  t w i c e .  Y ellow  p l a t e s ,  m. p.  98 - 1 0 0 ° .

Y ie ld ,  1 -  7 g .

found N, 5 - 2 7 ,  5*27 .

OE'NQ  ̂ r e q u ir e s  N, 5*2 .

(b)  T h is  method o f  p r e p a r a t io n  now g i v e s  an e x ­

c e l l e n t  y i e l d  o f  a su b s ta n c e  c r y s t a l l i s i n g  i n  l i g h t  

y e l lo w  n e e d l e s ,  m. p.  110 -  114* .

found 0 , 74- 1  : H, 6"4 : N,  4 * 6 .  

OH'NO  ̂ r e q u ir e s  C, 72-8 ; ÏÏ, 6*1 : N, 4 - 5 .

L i

ATTEMPT TO PREPARE NITRO-DERIVATIVES fROM 2-NITRO-

fLUORENE.

2 - n i t r o f l u o r e n e  ( l  g . )  prepared  a c c o r d in g
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to  H odgkinson P . 1885^3 7 was d i s s o l v e d  in  o o ld  aoetone  

(1 0  0 . 0 . j and powdered p o ta ss ia m  h yd ro x id e  (4  g . ) 

added d u rin g  one m in u te .  The s o l u t i o n  beoame g reen  

i n  c o lo u r ,  and a f t e r  a few m in u tes  i t  was poured in t o  

w a t e r .  A d i r t y  green  o i l  s e p a r a te d .  On n e u t r a l i s ­

in g  th e  s o l u t i o n  w i t h  d i l u t e  s u lp h u r ic  a c i d ,  a r e d d is h  

f l o o c u l e n t  p r e c i p i t a t e  s e p a r a te d .  A l l  a t tem p ts  to  

o b t a in  t h i s  su b s ta n c e  i n  a c r y s t a l l i n e  form were un­

s u c c e s s f u l .

7 1 .

EBPÜCIIOK Qg HITBO-GOMPOOm. m. p .  110 -  1 1 4 ° .

R eduction  w i t h  z in c  in  g l a c i a l  a c e t i c  a c id  

gave a su b s ta n c e  c r y s t a l l i s i n g  i n  brow nish  p r ism s,  

m. p.  about 2 2 0 ° .  T h is  su b s ta n c e  was n o t  an am ine,  

and was thought t o  b e  t h e  a c e t y l  d e r i v a t iv e  o f  th e  

amine; but an a ttem p t to  h y d r o ly s e  i t  was u n s u c c e s s f u l .

The r e d u c t io n  w ith  t i n  and h y d r o c h lo r ic  a c id  

in  a l c o h o l i c  s o l u t i o n  proceeded  sm o o th ly ,  and gave a 

c o l o u r l e s s  s o l u t i o n ,  but a t i n - f r e e  product cou ld  n o t  be  

o b t a in e d .

The n itro -com p ou n d  (12  g . )  was d i s s o l v e d  i n  

a lc o h o l  ( 600  c . c . j  and sodium s u lp h id e  (60  g . j  i n

w ater  (150  c . c . )  added . The s o l u t i o n  was b o i l e d  f o r  

th r e e  h o u r s ,  more w a ter  b e in g  added o c c a s i o n a l l y  to  

p r e v e n t  bumping. The y e l lo w  s o l i d ,  o b ta in e d  on
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p o u r in g  i n t o  w a ter ,  was d r ie d  and d i s s o l v e d  in  a l c o h o l .

An eq u a l  b u lk  o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  was 

added, t o g e t h e r  w i t h  a few p i e c e s  o f  t i n ,  and th e  w hole  

b o i l e d  f o r  a few m in u te s .  The c l e a r  s o l u t i o n  o b ta in e d  

was d ecan ted  from the t i n  i n t o  e x c e s s  o f  s tr o n g  p o ta ss iu m  

h y d r o x id e .  The p r e c i p i t a t e  o b ta in e d 'w a s  r e d i s s o l v e d  

i n  c o n c e n tr a te d  h y d r o c h lo r ic  a c id ,  and aga in  poured in t o  

s tr o n g  p o ta ss iu m  h y d ro x id e  s o l u t i o n .  The l i g h t  c o lo u r e d  

s o l i d  was washed and d r ie d ,  and c r y s t a l l i s e d  t w ic e  from  

a lc o h o l  ( c h a r c o a l } . Cream c o lo u r e d  n e e d l e s ,  m. p .  140 -  

1 4 6 ' .  ï i e i a ,  8 g .

i’ound C, 8 1 .7  ; H, 7 *2 • II, 5*2

0 r e q u ir e s  C, 81*7 ; H, 7 . 5  ; I ,  5 * 0 .

7 1 1 .

UBSAIgKAIflll COMPOMl) 0

T h is  compound was i s o l a t e d  i n  a t te m p tin g  to  

prep are  a p o ta ss iu m  d e r i v a t i v e  o f  th e  c o n d e n sa t io n  

p r o d u c t .

f r e s h l y  cut p o ta ss iu m  (1«7 g . )  was m o le c u la r -  

i s e d  i n  b o i l i n g  dry benzene (250 c . c . ) ,  and th e  conden­

s a t i o n  prod u ct (10  g . ) ,  in  b en zen e , added. The 

s o l u t i o n  im m e d ia te ly  became r e d .  A f t e r  b o i l i n g  f o r  

16 hours i t  was f i l t e r e d  from th e  p o ta ss iu m  h y d r o x id e

form ed. The benzene vfas d i s t i l l e d  o f f ,  the  l a s t  

t r a c e s  b e in g  removed from  th e  brown s o l i d  by h ot a i r .
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Tbe r e s id u e  was s u b je c te d  t o  steam  d i s t i l l a t i o n  f o r  

th r e e  h o u r s .  The s o l i d  w hich  came over  was proved to  

be crude f l u o r e n e .  The r e s id u e  was e x t r a c t e d  w ith  

ch lo ro fo rm  in  ord er  to  s e p a r a te  i t  from th e  w a te r .

The c h lo ro fo rm  v/as d i s t i l l e d  o f f ,  and the s o l i d  rem ain­

in g  c r y s t a l l i s e d  tw ic e  from a l c o h o l ,  when i t  was o b ta in e d  

in  the form o f  y e l lo w  n e e d l e s ,  m. p .  110 - 114®. The 

c o lo u r  was removed b y  steam d i s t i l l i n g  th e  y e l lo w  n e e d l e s ,  

w h ite  n e e d le s  coming o v e r  e x tr e m e ly  s lo w ly .  m. p .  112 -  116^.

( 9Z- 18  ( e - 7
found G,) ; B , /

l 9 3 ' 0 5  (6«7

G IgH i4 ,requires  0 ,  93*2 • H, 6*8

G,gH,g r e q u ir e s  G, 92*7 • H, 7*3 .

P r e v io u s  to  the d i s c o v e r y  o f  t h i s  method o t h e r  

m ethods had been  t r i e d .

ACTION Of AMYDROUS ZING CHLORIDE ON THE CONDENSATION 

PRODUCT.

The c o n d e n sa t io n  prod u ct (1  g . )  was h e a te d  

w it h  the  same b u lk  o f  powdered anhydrous z in c  c h l o r i d e  

fo r  f i v e  m in u te s  about 200®. When c o ld  the  mass was 

tak en  up i n  a l c o h o l ,  and poured in to  d i l u t e  h y d r o c h lo r ic  

a c i d .  The o i l y  s o l i d  which came down o v e r n ig h t  was 

c r y s t a l l i s e d  th r e e  t im e s  from a lc o h o l  - n a creo u s  y e l lo w  

p l a t e s ,  m. p.  1 2 /  - 131®. The a l c o h o l i c  r e s i d u e s  d e ­

p o s i t e d  w h ite  c r y s t a l s ,  m. p.  80 - 9 / ®.  N e i t h e r  o f
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th o s e  s u b s ta n c e s  co u ld  be o b ta in e d  pure.

ACTION Of SÏÏLPHUHIO AQID.

The c o n d e n sa t io n  prod u ct rem ained unchanged  

when b o i l e d  w i t h  s u lp h u r ic  a c id  i n  w ater  (1 0 ^ , ZQff and

T i l l .

BROMINE DERIVATIVE Of

The pure u n sa tu r a te d  compound (0*7 g . )  was d i s ­

s o lv e d  i n  carbon d i s u lp h id e  (7 c . c . )  and bromine ( 0*54 g . )  

i n  carbon  d i s u lp h id e  (5*4 c . c . )  added g r a d u a l ly ,  k eep in g  

th e  tem p eratu re  down. A s m a ll  amount o f  hydrobrom ic a c id  

was e v o lv e d ,  but i t  was e v id e n t  t h a t  m ost o f  th e  bromine  

was a b so r b e d . The carbon d i s u lp h id e  was removed by a i r  

c u r r e n t ,a n d  th e  s o l i d  o b ta in e d  c r y s t a l l i s e d  tw ic e  from 

l i g h t  p e tr o le u m . S l i g h t l y  green  p r ism s, c r u sh in g  to  a 

w h ite  powder, and m e l t in g  126 - 127® to  a g reen  l i q u i d ,  

were o b t a in e d .

found Br, 43*16 , 43*26 .

0 H. Br„ r e q u ir e s  Br, 43*71 .16 14 2

IX.

ACTION Of HYDROBROMIC ACID ON THE CONDENSATION PRODUCT. 

The c o n d e n sa t io n  p rod u ct (5  g . )  was d i s s o l v e d  

in  g l a c i a l  a c e t i c  a c id  (5 0  c . c . )  and dry hydrobrom ic a c id  

(p rep ared  from bromine and t e t r a l i n )  was p a sse d  i n  u n t i l



th e  s o l u t i o n  s t a r t e d  t o  d e p o s i t  c r y s t a l s  (1  h o u r ) .

A f t e r  l e a v i n g  o v e r n i g h t , t h e  w h ite  c r y s t a l l i n e  mass was 

f i l t e r e d  o f f  and a m e lt in g  p o in t  ta k e n  im m e d ia te ly ,

80 - 104®. The su b s ta n c e  ev o lv ed  hydrobromic a c id  

s p o n ta n e o u s ly .  I t  was t h e r e f o r e  h ea ted  a t  100* to  

d r iv e  o f f  a l l  th e  g a s .  The r e s id u e  was steam  d i s t i l l e d ,  

when i t  came over  a s  w h ite  c r y s t a l s ,  f r e e  from brom ine.

On c r y s t a l l i s i n g  from a l c o h o l , i t  was o b ta in e d  as  w h i t e  

ro d s ,  m. p .  75 - 7 8 ° .

fou nd  G
1^92-Z ( 7 - 2

, { 9 2 . 1  ; H, {7*2
( 9 2 . 1  l j - 4

G I g  ,g r e q u ir e s  0 ,  92*7 ; H, 7*5 .

1 a

BROMINE DERIVATIVES.

(1 )  The c o n d e n sa t io n  product (10  g . )  was d i s s o l v e d

i n  carbon  d i  s u lp h id e  (1 0 0  c . c . )  and bromine (7 g . ,  t h e ­

o r e t i c a l  f o r  GjgHj^OH.Br) i n  carbon  d i  s u lp h id e  (70  c . c . )  

added during one m in u te .  A f te r  f i v e  m in u tes  th e  

s o l u t i o n  c le a r e d ,a n d  hydrobrom ic a c id  was e v o lv e d .  The 

s o lv e n t  was removed by a i r  c u r r e n t ,a n d  th e  r e s id u e  d i s ­

s o lv e d  i n  petroleum  e t h e r  (160 c . c . ) .  Large s t o u t  

rods (6 gi,) ,  m. p.  about 80° came down f i r s t , a n d  on r e ­

c r y s t a l l i s a t i o n  m e lte d  83 - 85®.  The f i l t r a t e  on c o n ­

c e n t r a t i o n  d e p o s i t e d  w h ite  n e e d l e s ,  m. p .  about 100® w h ich

were proved to  be i d e n t i c a l  w i th  th e  bromine d e r i v a t i v e
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prepared  by method (2) b e lo w .

i?oand C, 55"6 ; a ,  5-7 ; Br, 2 3*5 .

C,  a  oa*Br r e q u ir e s  0 , 6 6 - 5  ; a,  5- 5  ; Br,  2 5 . 3 .
' 9 >8

( 2 )  The c o n d e n sa t io n  product (4 g . j  was d i s s o l v e d  

i n  carbon d i s u lp h id e  (40  c . c . )  and bromine ( 3 . 9  g . )  i n  

carbon d i s u lp h id e  (20  c . c . )  added g r a d u a l ly  a t  the b o i l .  

The s o l u t i o n  was s l i g h t l y  c o lo u r e d  w ith  bromine even  

a f t e r  b o i l i n g  f o r  h a l f  an h o u r .  A f t e r  e v a p o r a t io n  by 

a i r  c u r r e n t , t h e  oi^f r e s id u e  was ta k en  up i n  e x c e s s  o f  h o t  

a l c o h o l  (56  c . c . ) ,  w hich  p r e v e n ts  i t  from coming down as  

an o i l .  The s o lu t i o n  on s ta n d in g  d e p o s i t e d  a w h i t e  

s e m i - c r y s t a l l i n e  m ass, m. p .  80 -  100®. A f te r  th r e e  

c r y s t a l l i s a t i o n s  from a lc o h o l  i t  m elted  102 -  104®.

(The f i l t r a t e  on s ta n d in g  fo r  some weeks d e p o s i t e d  a s m a l l  

q u a n t i t y  o f  a w h ite  s u b s ta n c e ,  m. p.  1 / 4  -  148®, w hich  h a s  

n ot been  a n a ly se d  y e t )  .

found 0 ,  56"3 ; H, 4*8 ; Br, 3 4*3 .

(3)  The c o n d e n sa t io n  product (4 g . )  was d i s s o l v e d  

i n  carb on  d i s u lp h id e  (40  c . c . )  and bromine ( 10*5  g . )  in  

carbon d i s u lp h id e  (60  c . c . )  added. The a d d i t io n  was 

s t a r t e d  in  th e  c o ld ,a n d  the tem perature  was r a i s e d  a s  

th e  bromine became more d i f f i c u l t  t o  a b so r b . A f t e r  

b o i l i n g  f o r  an h o u r ,th e  bromine c o lo u r e d  s o l u t i o n  was 

evap o ra ted  by a i r  c u r r e n t .  The s t i c k y  s o l i d  o b ta in e d  

was c r y s t a l l i s e d  from a lc o h o l  ( 520 c . c . ) .  P l a t e s  came



- 4 9 -

cLowi f i r s t  and th e n  n e e d l e s ,  but t h e s e  were found to  

be the same s u b s ta n c e .  A f te r  two more c r y s t a l l i s a t i o n s ,  

the  su b sta n ce  w as o b ta in e d  in  th e  form o f  s t o u t  w h it e  

n e e d le s ,  m. p .  173 - 1 7 5 ° .

ji’ound, Br, 48*1 .

X I .

ATTBMPIS TO OBTAIB lOBIBE BBRIVAIIVË8.

(a )  By d i r e c t  i o d i n a t i o n .

Some tw en ty  e x p er im en ts  on th e  s m a l l  s c a l e  

were perform ed in  th e s e  a t t e m p t s .  In  th e  p o ta ss iu m  

io d id e - p o t a s s iu m  io d a t e  m eth o d ,ev en  by u s in g  h a l f  th e  

t h e o r e t i c a l  q u a n t i ty  f o r  a m o n o -s u b s t i tu te d  d e r iv a t iv e ,  

th e  io d in e  c o lo u r  c o u ld  n o t  be d i s c h a r g e d .  By means 

o f  th e  n i t r i c  a c id  method, how ever, th e  i o d in e  was e a s i l y  

tak en  u p ,b u t  an o i l y  product was o b ta in e d .  Other  

o x i d i s i n g  a g e n ts  were t r i e d  i n  p la c e  o f  n i t r i c  a c id  -  

hydrogen p e r o x id e ,  ammonium p e r s u lp h a t e ,  m ercu ric  o x id e  - 

but a l l  gave n e g a t iv e  r e s u l t s .

The c o n d e n sa t io n  product (0*9 g . )  was d i s s o l v e d  

i n  g l a c i a l  a c e t i c  a c id  (20  c . c . j ,  f i n e l y  powdered i o d i n e  

(0*5 g . )  added, and th e  m ix tu re  r a i s e d  t o  t h e  b o i l i n g  

p o i n t ,  when 1*5 c . c .  o f  a n i t r i c  a c id  s o l u t i o n  (2  c . c .  

n i t r i c  a c id  made up to  10 c . c .  w i th  g l a c i a l  a c e t i c  a c id )  

were added, a fev/ drops at a t im e ,  w ith  s h a k in g .  The 

i o d in e  c o lo u r  was j u s t  d i s c h a r g e d .  The h ot s o l u t i o n ,
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on c o o l i n g ,d e p o s i t e d  an o i l .  A f t e r  s e p a r a t io n  o f  

t h i s  o i l , t h e  r e s i d u a l  s o l u t i o n  was poured in t o  w a te r ,  

when a s t i c k y  mass was o b t a in e d .  A l l  a t te m p ts  a t  

c r y s t a l l i s a t i o n  from the u su a l  s o l v e n t s ,  and from m ixed  

s o l v e n t s ,  proved f r u i t l e s s .

(b) J'rom th e  bromine d e r i v a t i v e s .

The bromo compound (2 g . )  was d i s s o l v e d  i n  

h o t  a c e to n e  and a s o l u t i o n  o f  sodium io d id e  (6 g . j  i n  

a c e to n e  (40  o . c . j  added,and th e  m ix tu re  b o i l e d  f o r  

th r e e  h o u r s .  I o d in e  was d e p o s i t e d ,a n d  a w h ite  sub­

s ta n c e  came out o f  s o l u t i o n .  A f t e r  l e a v in g  to  s ta n d  

o v e r n i g h t , t h e  s o l u t i o n  was f i l t e r e d .  The hard p a le  

y e l lo w  su b s ta n c e  o b ta in e d  was washed w ith  h ot w a te r  to  

remove any sodium s a l t .  I t  m e lte d  210 -  220® w ith  

d e c o m p o s i t io n , and , a f t e r  c r y s t a l l i s a t i o n  tw ic e  from  

t o lu e n e ,m e l t e d  a t  226° to  a b la c k  l i q u i d , w i t h  f i r s t  

e v id e n c e  o f  c h a r r in g  at 2 2 0 ° .

The a c e to n e  f i l t r a t e  from above, w h ich  was 

s t r o n g ly  co lo u r e d  by i o d i n e ,  v/as evap orated  to  d r y n e s s .

The s t i c k y  mass o b ta in e d  was h ea ted  w ith  d i l u t e  c a u s t i c  

soda to  e x t r a c t  th e  i o d i n e ,  f i l t e r e d  and washed w ith  h o t  

w a te r .  A f te r  e x t r a c t i o n  w i th  a l c o h o l ,  i n  w hich  part  

o f  i t  was s o l u b l e ,  the  r e s id u e  m e lte d  about 210® ( d e c o m p . ) .  

A f t e r  c r y s t a l l i s i n g  t w ic e  from a c e to n e  i t  m e lted  a t  217,° 

w ith  e v id e n c e  o f  c h a r r in g  a t  2 0 0 ° .
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Both oompoands c o n ta in e d  h a lo g e n -  The sub­

s ta n c e  m. p .  226®cont a in ed  b o t h  bromine and io d in e  ; the  

o t h e r ,  io d in e  a lo n e .

The bromo-compound m. p .  83 - 85® was t r e a t e d  

i n  t h e  same way, but th e  product o b ta in e d  was n o t  homo­

g e n e o u s .

X I I .

RBDUGTIQlil BROMO-COMPQUIB m. p.  83 - 8 5 ° .

The bromo-compound (4  g . )  was d i s s o l v e d  i n  

a lc o h o l  ( 200  0 . 0 . )  and sodium added i n  sm a ll  p i e c e s  

u n t i l  th e r e  was no more a c t i o n .  The s o l u t i o n  was 

poured i n t o  w a te r .  A y e l lo w  o i l  was e x t r a c t e d  from  

the  r e s u l t i n g  m ix tu re  by means o f  c h lo r o fo r m . A s m a l l  

amount o f  w h ite  c r y s t a l s  m. p .  80 -  90°, f r e e  from b rom in e ,  

was o b ta in e d  from th e  o i l  by c r y s t a l l i s a t i o n  from a l c o h o l .

X I I I .

ATTEMPTS TO OB TAIE OEIORim PmiVATIVES.

The a c t i o n  o f  c h lo r in e  on th e  c o n d e n sa t io n  p ro ­

d u ct was t r i e d  u s in g  a c e t i c  a c id ,  c h lo r o fo r m , carbon  

d i s u lp h id e  and carbon  t e t r a c h l o r i d e  as s o l v e n t s .  The 

c h lo r in e  was p assed  in t o  th e  c o ld  s o l u t i o n  and a l s o  i n t o  

th e  b o i l i n g  s o l u t i o n .  A very  sm a ll  amount o f  h yd ro­

c h l o r i c  a c id  was e v o lv e d  in  e a c h  c a s e .  I o d in e ,  red

phosphorus, ir o n  f i l i n g s ,  aluminium c h l o r i d e , alum inium  

m ercury co u p le  and antim ony p e n t a c h lo r id e  w ere a l l  t r i e d
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as c a t a l y s t s .  The l a s t  named was found to  be th e  b e s t .  

When c h lo r in e  was p a ssed  through  a s o l u t i o n  o f  th e  c o n ­

d e n s a t io n  product i n  carbon t e t r a c h l o r i d e ,  v e r y  l i t t l e  

a c t i o n  to o k  p la c e ,  b u t ,  on th e  a d d i t io n  o f  antim ony  

p e n t a c h lo r id e ,  h y d r o c h lo r ic  a c id  was e v o lv e d .  G reat  

d i f f i c u l t y  was e x p e r ie n c e d  in  g e t t i n g  r id  o f  th e  antim ony  

p e n t a c h lo r id e .  S u c c e s s iv e  trea tm en t o f  th e  a l c o h o l i c  

h y d r o c h lo r ic  a c id  s o l u t i o n  w ith  s u lp h u r e t t e d  hydrogen  

gave an u n c r y s t  a l i i  s a b le  u n in v i t in g  p r o d u c t .

XIV.

QQKDMSATIQh 0̂ ' WITH mTHYl ETHYL XaTQIE.

J’lu o r e n e  (E g . j  was d i s s o lv e d  i n  warm m eth y l  

e t h y l  k e to n e  (24  c . c . )  and powdered p otass iu m  h y d ro x id e  

(8  g . )  added,and the m ix tu re  h e a te d  on a w ater  b a th  f o r  

h a l f  an h o u r .  An i n t e n s e  b lu e  c o lo u r  d ev e lo p ed  a few  

m in u tes  a f t e r  the  a d d i t io n  o f  the  p o ta s h .  Water was 

added u n t i l  a b lu e  o i l  s e p a r a te d .  The lo w er  l a y e r  

was run o f f  and d is c a r d e d .  The b lu e  o i l ,  on p o d r in g  

i n t o  w a te r  c o n t a in in g  a few drops o f  s u lp h u r ic  a c id ,  

changed to  a l i g h t  redd ish -b row n  o i l .  T h is  o i l  was  

steam d i s t i l l e d .  About 1 g .  o f  f lu o r e n e  came over  a lo n g  

w ith  some o i l .  The g l u e - l i k e  r e s id u e  i n  th e  f l a s k  

co u ld  n o t  be o b ta in e d  in  a c r y s t a l l i n e  s t a t e .
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