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A B S T R A C T
s a s a a s s s s B s a s s s s s s a a s s

T h is  l i io s i s  d e s c r ib e s  th e  s tu d i e s  o f  c h lo r i n a t i o n  o f  n a p h th a le n e  

i n  d i f f e r e n t  s o lv e n t s ,  nam ely a c e t i c  a c i d ,  ch lo ro fo rm  and  ca rb o n  

to  t r a c h lo r id e  •

More th a n  50^ o f  th e  r e a c te d  n a p h th a le n e  3^ c o n v e r te d  i n to  th e  

s u b s t i t u t i o n  p ro d u c t ,  1—c h lo ro n a p h th a le n e , \’9hon tiie  c h lo r in a t io n  i s  

made in  a c e t i c  a c id *  Two n a p h th a le n e  t e t r a c h l o r i d e s ,  and  5" ,  a s  

w e l l  a s  an  a c e to x y t r i c h io r id e  a r e  a l s o  p ro d u c e d . The v a r i a t i o n  in  th e  

p r o p o r t io n  o f  th e s e  p ro d u c ts  i/^en added  e l e c t r o l y t e s  a re  p r e s e n t  in  

th e  s o l u t io n ,  a s  w e l l  a s  t h e i r  p r o p e r t i e s  and s t r u c t u r e s ,  have been  

s tu d ie d .

A t h i r d  n a p h th a le n e  t e t r a c h l o r i d e ,  th e  p r e v io u s ly  known y —is o 

m er, was i s o l a t e d  frcrni a  c h lo r in a t io n  o f  n a p h th a le n e  in  l i q u i d  c h lo 

r i n e .

The c h lo r in a t io n  o f  n a p h th a le n e  in  ca rb o n  t e t r a c h l o r i d e  u n d e r  

c a t a l y s i s  by  s u n l ig j i t  and  b en zo y l p e ro x id e  y i e l d s  m a in ly  th e  y —te —



t r a c h lo r id e  and  a  new iscaner, n o t  p r e v io u s ly  r e p o r te d ,  tix a t we de

s ig n a te  £ -n a p h th a le n e  t e t r a c h lo r id e *

The c h lo r in a t io n  o f  n a p h th a le n e  in  c h lo ro fo rm  y i e ld s  a l l  th e  p ro 

d u c ts  c h a r a c te r iz e d  from  th e  r e a c t io n s  in  a c e t i c  a c id  and in  ca rb o n  t e 

t r a c h lo r id e #

The c h lo r in a t io n s  in  a c e t i c  a c id  and  i n  c h lo ro fo rm  have a l s o  been  

s tu d ie d  k i n e t i c a l l y #  I n  th e  fo rm er s o lv e n t ,  th e  k i n e t i c  fo llo w s  th e  

u s u a l  s e c o n d -o rd e r  r e a c t i o n .  The k i n e t i c s  i n  c h lo ro fo rm  w ere com pli

c a te d  by  th e  f a c t  t h a t  tiie  hydrogen  c h lo r id e  p ro d u ced  in  th e  s u b s t i 

t u t i o n  c a ta ly z e d  th e  c h lo r i n a t i o n .  T rac es  o f  io d in e  had  a ls o  a  v e ry  

im p o r ta n t  c a t a l y t i c  e f f e c t  v iiioh  was d e te rm in e d  k i n e t i c a l l y .

The p * m .r . s p e c t r a  o f  tlie  compounds form ed in  th e  c h lo r in a t io n  o f  

n a p h th a le n e , k in d ly  re c o rd e d  and  exam ined by  D r. M. D. Jo h n so n , have 

l e d  to  know ledge o f  t h e i r  s te r e o c h e m is t ry  and  s t r u c t u r e .

To p ro v id e  b e t t e r  c h a r a o t e r i s a t i o n  o f  th e  n a p h th a le n e  t e t r a c h l o r i d e s ,  

t h e i r  i n f r a r e d  s p e c t r a  have been  re c o rd e d  and  t h e i r  d ip o le  moments de

te rm in e d .

F i n a l l y ,  th e  m echanism s o f  c h lo r in a t io n  a re  d is c u s s e d  in  o r d e r  

to  i n t e r p r e t  th e  fo rm a tio n  o f  tJrie d i f f e r e n t  p r o d u c ts ,  n o t  o n ly  f o r

he te  r o l y  t i c  rt^ a c t io n  in  a c e t i c  a c id  b u t  f o r  tlio h o rao ly tic  c h lo r in a t io n  

o f  n a p h th a le n e .
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1 . ABOmTIC COMPOUNDS >

1 2  31 .1 )  D e f in i t io n  * * .  I n  O rg an ic  C h em istry  th e  team "aa?omatic” i s  

u se d  apather lo o s e ly  f o r  th e  d e s ig n a t io n  o f  a  c e r t a i n  group o f  c h a ra o -  

t e r i s t i o ,  b u t  n o t  v e ry  p r e c i s e ly  d e f in e d , p h y s ic a l  and  ch em ica l p ro 

p e r t i e s ,  and a ls o  f o r  th e  d e s c r ip t io n  o f  th e  p a r t i c u l a r  ( a lm y s  cy

c l i c )  compounds A i o h  e x h ib i t  %.Gse p r o p e r t i e s .

T hus, benzene i s  s a i d  to  be a ro m a tic  because  i t  com bines a  h i ^  

deg ree  o f  a p p a re n t  u n s a tu r a t io n  w ith  b o th  a  h i ^  thezm oohem ioal s t a 

b i l i t y  ( i . e .  a  low  i n t e r n a l  e n e rg y ) and a  r e l a t i v e l y  sm a ll  ten d en cy  

to  e n t e r  in to  a d d i t io n  r e a c t io n s .  O r ig in a l ly  th e  term  a ro m a tic  was 

a p p lie d  o n ly  to  compounds c o n ta in in g  benzene r i n g s ;  o th e r  su b s ta n c e s  

w hich a re  l ik e w is e  s a id  to  be a ro m a tic  and w hich have s i m i l a r  p ro p e r 

t i e s ,  in c lu d e  a  la rg e  num ber o f  more ccanplox hyd rocarbons w ith  two o r

1 . "Resonance in  O rgan ic  C h e m is try " , G. W. W heland. John W ille y  &

S o n s , I n c .  New Y ork, 1955» C h a p te r 3 .

2 . “O rgan ic  C hem istry” ,  P .  G . B o rd w ell. The M acm illan CcKopany. New 

York, 1955. C h a p te r  14*

3 .  "The m odem  s t r u c t u r a l  th e o ry  o f  O rgan ic  C h em istry ” ,  L . N. F e rg u so n . 

P r e n t ic e  H a ll  I n c .  New J e r s e y ,  1963. P ages 53 , 379 and 489 f f .
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more i s o l a t e d ,  c o n ju g a te d  o r  condensed  benzene r in g s*

L a te r  i t  was re c o g n iz e d  t h a t  o th e r  compounds in c lu d in g  fu ra n ,  

p y r r o le ,  p y r id in e  and th io p h e n e , w ith  a  " f r e e "  s e x t e t  o f  e l e c t r o n s ,  

had  g r e a t e r  o r  l e s s e r  a ro m a tic  c h a r a c te r .

Nowadays m a ^  compounds, h y d rocarbons o r  h e te r o c y c l i c ,  a re  known 

to  have a ro m a tic  p r o p e r t i e s .

Ho g e n e r a l ly  a p p l ic a b le  j u s t i f i c a t i o n  f o r  th e  c o n ce p t o f  th e  a ro 

m a tic  s e x t e t  can be d e r iv e d  from th e  th e o ry  o f  re so n a n c e .

On th e  o th e r  hand , m o le c u la r  o r b i t a l  c a l c u la t io n s  showed t h a t  th e  

a ro m a tic  s e x t e t  c o u ld  be g iv e n  a  quantum m ech an ica l fo u n d a tio n . I n  

th e  p i c t o r i a l  r e p r e s e n ta t io n  o f  th e s e  m o le c u le s , th e  s i x  p a r a l l e l  

p - o r b i t a l s  a r e  g rouped  to g e th e r  to  form  a  com posite  m o le c u la r  o r b i t a l  

c o n ta in in g  s i x  T f -e le o tro n s .

The c a lc u la t io n s  n o t  o n ly  a cc o u n te d  f o r  th e  s t a b i l i z i n g  in f lu e n c e  

o f  th e  a ro m a tic  s e x t e t ,  b u t  a ls o  p r e d ic te d  t h a t  s t a b i l i z i n g  e f f e c t s  

would be p o sse se d  by  o o n ^ s i t e  m o le c u la r  o r b i t a l s  c o n ta in in g  

(4n  4  2) 'q - e le o t ro n s ,  where n  may be 0 , 1 , 2 , 3 . . .  H ydrocarbons w ith  

th e s e  numbers o f  T f-e le c tro n s  a r e  known to  be moro o r  l e s s  a ro m a tic . 

F o r exam ples n«0 , cyclopropenium  c a t io n ;  n » l ,  b en zen e , c y c lo p e n ta -  

d ie n y la n io n  and tro p y liu m  c a t io n .  C yo lodeoapen taone, ( lO -a n n u le n e ) ,
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w ith  n= 2 , and 14-anrrulene w ith  n»3 , c an n o t he p la n a r  because o f  t r a n s -  

a n n u la r  in te r f e r e n c e s  o f  th e  i n t e r n a l  hydrogens in  th e  p la n a r  m o lecu le  ; 

t h i s  p re v e n ts  th e  compounds from b e in g  a ro m a tic . 18-A nnulene, n=4# can 

be p la n a r  and i t  h a s  been  found  to  be a ro m a tic . A l th o u ^  H Ü ckol's r u le  

i s  n o t  s t r i c t l y  a p p l ic a b le  to  d i -  o r  p o ly - c y c l ic  compounds, how ever, 

m o le c u la r  o r b i t a l  c a lc u la t io n s  in d ic a te  t h a t  i s  g e n e r a l ly  a p p lic a b le  

to  such  compounds. F o r example? n«2 , n a p h th a le n e , a su le n e  and c y o lo o o - 

t a t e t r a e n y l  d ia n io n  (w hich i s  p l a n a r  and shows a ro m a tic  c h a r a c te r ) ;  

n« 3 , a n th ra c e n e  and  p h e n a n th re n e , e tc *

I t  i s  notew orH iy t h a t  arcana t i c  carb o n  atom s and  th e r e f o re  a ro m a tic  

r i n g s ,  have la r g e  n e g a tiv e  s t r u c t u r a l  p a ra m e te r  c o n s ta n t s ,  X »

P a s c a le s  e x p re s s io n  o f  th e  m ag n e tic  s u s c e p t i b i l i t i e s  X » T  n .x .  4» A  ?HI ^ 1 1

where n ,  i s  th e  number o f  atom s o f  s u s c e p t i b i l i t y  x , i n  th e  raoloculo  
1 i

and X  i s  a  s t r u c t u r a l  p a ra m e te r  (som etim es c a l l e d  e x a l t a t io n )  which 

depends upon th e  n a tu re  o f  th e  bond ing  betw een th e  a to m s. T h is  p ro v id e s  

ev id en ce  t h a t  th e  e le c t r o n s  c i r c u l a t e  a round  th e  r i n g  and th e re b y  

ex ec u te  la rg e  o r b i t a l  m o tions to  p roduce  r e l a t i v e l y  la rg e  d iam ag n e tic  

imjments (x^ and x^ a re  a lw ays n e g a t iv e  q u a n t i t i e s ;  X  i s  p o s i t iv e  

in  non-arom a t i c  b o n d s) .

A n o ther c h a r a c t e r i s t i c  o f  th e  a ro m a tic  r in g s  i s  found  i n  t h e i r
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s p e c t r a .  The m ag n e tic  a n is o tro p y  o f  an  a ro m a tic  r i n g  p ro d u ces 

an u n s h ie ld in g  o f  th e  r in g  p ro to n s .  Tlie m ag n e tic  f i e l d  in d u ce s  th e  

e le c t r o n s  to  flo w  a round  th e  r in g  in  a  c lo s e d  c i r c u i t  W iioh s e t s  up  a  

m ag n e tic  f i e l d  a t  th e  c e n te r  opposed  to  th e  a p p lie d  f i e l d  a t  th e  edges 

o f  th e  r in g  and th e re b y  p roduce  an  u n s h ie ld in g  e f f e c t  t h e r e ,  w hich lo a d s  

to  a  low  z  v a lu e  f o r  a ro m a tic  p ro to n s#

1.2)
The a ro m a tic  compounds can  c o n v e n ie n t ly  be d e s c r ib e d  a s  reso n an ce  

h y b r id s  o f  s e v e r a l  s t r u c t u r e s .  Resonance a lw ays h as trie  e f f e c t  o f  i n 

c re a s in g  th e  s t a b i l i t y ,  o r  i n  o th e r  w ords, o f  d e c re a s in g  th e  en e rg y  o f  

any  m olecu le  i n  w hich i t  i s  an  im p o r ta n t  f e a tu re #

The reso n an ce  en e rg y  h as i n  th e  p a s t  been  d e f in e d  a s  ü ie  q u a n t i ty  

o b ta in e d  by s u b t r a c t in g  th e  a c tu a l  e n e rg y  o f  th e  m o lecu le  from  t h a t  

o f  th e  nK)8t s t a b le  c o n t r ib u t in g  s t r u c t u r e ;  i t  i s  th e r e f o r e  alw ays p o s i 

t i v e ,  and h a s  scan©times been  re p la c e d  by  th e  e q u iv a le n t  term  " d e lo o a l i -

1 . "Resonance in  O rgan ic  Chemistry»», G . H. % heland, John W ille y  &

S ons, I n c .  New York, 1955* C h a p te r  3#

2 .  »*6!olecular o r b i t a l  "Wieory f o r  O rg an ic  Chemistry»*, A. S t r e i t w i e s e r  J r .  

John  W ille y  & S ons, I n c .  Hew Y ork, London, I 96I .  C h a p te r  9 .
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z a t io n  onorgy” ( i n  th e  M.O# th e o r y ) .

W ith th e  a io n ia tio  oompoimds th e  reeonanoo e n e rg ie s  a re  r e l a t i v e l y  

l a r g e ;  t h i s  r e s u l t  i s  to  b© e x p ec te d  s in c e ,  f o r  any  such compound, i t  

i s  alw ays p o s ib le  to  w rit©  two o r  more s t a b le  s t r u c t u r e s ,  v/hich a re  a t  

l e a s t  a p p ro x im a te ly  e q u iv a le n t  to  each  o th e r#

I t  h a s  been  su g g e s te d  t h a t  a  b e t t e r  term  f o r  th e  ©3q)eriinônt a l l y  

o b se rv ed  q u a n t i t i e s  i s  " s t a b i l i s a t i o n  e n e rg y " , s in c e  t h i s  q u a n t i ty  i s  

o f te n  a  com posite  in v o lv in g  c o n tr ib u t io n s  o f  s e v e r a l  k in d s ,  o f  W iioh 

one i s  s t r i c t l y  e n e ig y  o f  d e lo o a l iz a t io n #  F o r  ©xaHq)le •fâie fo llo w in g  

c y c le  shows th e  v a r io u s  reso n an ce  e n e rg ie s  o f  benzenes

Benzene

Cyolohexane

-3H,

4  8 5 .8  k o a l

4  4 9 .8  k o a l

4  27 k o a l

-63
k c a l

V e r t i c a l
H.E.

o r  D.B#

D is to r t io n  e n e rg y  

C yolohoxatrion©  ( a l t e r n a t i n g  bonds) Kekul© fo rm ula  (bond le n g th s  
e q u a l)

The v e r t i c a l  reso n an ce  en e rg y  co rre sp o n d s  more e x a c t ly  to  th e
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de l o c a l i z a t i o n  en erg y  b u t  in  d i f f e r e n t  t re a tm e n ts  i t  i s  a t t r i b u t e d

v a lu e s  from  13 to  112 k c a l .  A l l  th e  e m p ir ic a l  reso n an ce  e n e rg ie s  may

c o n ta in  « -b o n d  en e rg y  term s ( f o r  exam ple, i n  th e  h y d ro g e n a tio n  o f

e th y le n e ,  a  double  bond i s  c o n v e rte d  to  a  s in g le  bond and two C-H b onds,

b u t ,  in  a d d i t i o n ,  f o u r  C ^ -H bonds a re  c o n v e rte d  to  C 3 -H bonds) ;
sp  sp

to  em phasize t h i s  p o in t  th e  d e r iv e d  e n e rg ie s  a r e  c a l l e d  s t a b i l i z a t i o n  

e n e r g ie s .  As i t  h as  been  shown, e s t im a t io n  o f  th e  f a c to r s  w hich c o n t r i 

b u te  to  th e  s t a b i l i z a t i o n  e n e rg ie s  i s  s u b je c t  to  u n c e r t a in ty .

2 .  SD33SCTaUCTOH Al® ADDITION REACTIONS IN AROmTIC COMPWIŒS^.

The a ro m a tic  compounds a re  h ig h ly  u n s a tu r a te d  b u t  th ey  g iv e  s u b s t i 

t u t i o n  re a c tio im  because  th e  s t a r t i n g  m a te r ia l s  and  th e  p ro d u c ts  have 

an  im p o rta n t therm odynam ic s ta b i l i* ty  r e s u l t i n g  frcaa reso n an ce  betw een 

s e v e r a l  s t r u c t u r e s .

The r e a c t io n s  o f  s u b s t i t u t i o n  a re  o f  th e  g e n e ra l  typo?

A35Î 4  X-Y  ArX 4  H-Y

1 .  "A iom atio S u b s t i t u t io n " ,  P . B. D, de l a  Mare and  J .  H , R id d . B u t te r -  

w ortiis  S o ie  n t i f i o  P u b l ic a t io n s .  London, 1959» C h a p te r  1 3 .
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I n  many, b u t  n o t  i n  a l l  c a se s  i t  i s  s a t i s f a c t o r y  to  re g a rd  "Wiem a s

fo llo iT in g  th e  course?

Alii +  X»" ------ - ArX + H*

The new s u b s t i t u e n t  i s  bound in  th e  r e a c t io n  p ro d u c t by a  p a i r  o f

e le c t r o n s  i-diioh o r i g i n a l l y  be longed  to  th e  s u b s t r a t e ;  tîie re fo r©  t h i s

r e a c t io n  i s  an  e l e c t r o p h i l i c  s u b s t i tu t io n #

S u b s t i tu t io n  and a d d i t io n  p ro d u c ts  can  be p roduced  from  th e  same

in  te  m e d ia te  s t a t e  i n  d i f f e r e n t  p r o p o r t io n s ,  a c œ r d in g  to  th e  n a tu re

o f  th e  a ro m a tic  system #

Benzene does n o t  u s u a l ly  r e a c t  g iv in g  a d d i t io n  p ro d u c ts  b u t  th e

fo rm a tio n  o f  ih© l a t t e r  i s  therm odynam ica lly  l e s s  u n fa v o u ra b le  f o r  th e

h i ^ e r  p o ly o y c lio  hydrocarbons#

The r e s t i v e  e a se  o f  a d d i t io n  can be c o r r e l a t e d  w ith  th e  amount o f

s t a b i l i z a t i o n  en e rg y  " l o s t ” in  f o m in g  th e  ad d u o t w ith  an  e l e c t r o -  

4.
p h i l i c  r e a g e n t  X o r  X-Y ; a l l  th e  a ro m a tic  sy s tem s b u i l t  up by fu 

s in g  two o r  more r in g s  Ih rough  o r th o -c a rb o n  atom s have c o n s id é ra b le , 

a ro m a tic  s t a b i l i t y ,  w hich i n  g r e a t e r  o r  l e s s e r  p a r t  i s  l o s t  a c c o rd in g  

to  th e  system  a s  can  be seen*
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H X H X

H

’’Lost** en e rg y  in  foasaing th e  a d d u c t, i n  k o a l/m o le  t 

Benzene (36) -  Cyoloh©xa-l,3*-âien© (2 )  « 34

H aphthalene  ( 6 l )  — S ty re n e  (38 ) « 23

P h en an th ren e  (92) -  Two benzenes (7 2 ) « 20

A n th racene  (84 ) Twto benzenes (72 ) = 12

The h ig h e r  th e  h y d ro ca rb o n , th e  g r e a t e r  th e  therm odynam ic s t a b i l i t y
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o f  i t s  ad d u o t r e l a t i v e  to  th e  p ro d u c t o f  s u b s t i tu t io n *

3 . THE MOLECULE OP M Pim iAIM S*

1
3 .1 )  E x p erim en ta l d a ta .  Abraham s, E o b ertso n  and W hite d e te rm in ed  th e

s t r u c tu r e  o f  n ap h th a len e , by  X -ray  m easurem ents, and Ahmed and C ruiote- 

2shank  added some c o rre c t io n s *

33

A ' CC^

Robinson Ahmed A ngles

1 .363  A 1*369 BAB^ 1210 5"
1*421 1 .426 ABC 119» 35"
1 .420 1 .4 2 4 BCG* 1180 55"
1 .3 5 4 1*362 C'GB 1200 10^
1 .395 1 .404 GBB 119» 30"
1 .395 1*393 DEA* 120» 50"

The bonds A3 and PE a re  c h e m ic a lly  th e  same b u t  o r y s ta l lo g r a p h i -  

c a l l y  d i f f e r e n t*  F o r  ch em ica l re a so n s  i t  would s © ^  m ost l i k e l y  tdtiat 

t h i s  d i f f e r e n c e  i s  due to  e r r o r ,  j u s t  a s  th e  d e v ia t io n s  from  a  s t r i c 

t l y  o o p la n a r  s t r u c t u r e ,  ( a l s o  a b o u t 0*01 A ), may be due to  e r ro r*

On th e  o th e r  hand , i t  m i ^ t  be a rg u ed  t h a t  s t r u c t u r a l  d i s t o r t i o n s  

o f  ab o u t t h i s  o r d e r  o f  m agnitude c o u ld  a r i s e  from  th e  m anner i n  w hich 

th e  m o lecu les  a re  packed  to g e th e r  to  form  th e  c r y s t a l  l a t t i c e  even

1* S* G. Abraham s, J .  M onteath  and  J .  G . W hite* A cta  G ry s t .  1949 2 238

2 .  F . E . Ahmed and 3* W* J .  C ru ick sh an k , i b i d  1952 ^  582



20

a lth o u é ^  such  d i s t o r t i o n s  may n o t  be p r e s e n t  i n  f r e e  m o le c u le s , e .g *  

i n  th e  vap o u r phase* T here i s  some e v id en ce  to  su p p o r t  t h i s  v iew , d e r i 

ved  from th e  a n a ly s i s  o f  o t i ie r  s t r u c t u r e s ,  b u t  n o t  v e ry  d e f i n i t e  con

c lu s io n s  can  y e t  be draw n. I

The c h e m ic a lly  r e a c t iv e  bond, AB o r  BB, i s  th e  s h o r te s t*

3 .2 )  T h e o r e t ic a l  n r e d io t io z ^ ^ ^^*

The reso n an ce  en e rg y  o f  n a p h th a le n e  i s  g r e a t e r  th a n  t h a t  o f  b en zen e , 

b u t  i t  i s  d e f i n i t e l y  l e s s  th a n  tw ice  a s  g re a t*  B oth r i n ^  i n  th e  naph

th a le n e  m o lecu le  have two atom s i n  common and  so  a re  n o t  in d e p e n d e n t o f  

each  o th e r ,  th e  p o s s i b i l i t i e s  f o r  reso n an ce  b e in g  l e s s  th a n  i n ,  s a y , 

diphenylme-thane*

I t  may be shown by  quantum m echanics t h a t  th e  number o f  in d ep en d en t

o r  c a n o n ic a l s t r u c tu r e s  am ongst # i i c h  reso n an ce  can  o c c u r  i s  g iv e n  by  

n! vdtere n  i s  th e  m anber o f  n o n - lo c a l iz e d  e l e c t r o n s .
V 2  I ( n / s  + 1 ) I

1# "Resonance i n  O rg an ic  C h em istry " , G. H. W heland. John  W ille y  &

S ons, I n c .  New York, 1955* C h a p te r  3*

2* " S tru c tu re  o f  m o lecu les  and  th e  chem ical bond", Y. K* Syrfcin and M.E. 

B y s tk in a . B u tte rw o r th s , London, 1950* C h a p te r  5*
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N aph thalene  c o n ta in s  10 T f -e le c tr o n s ,  and  th e r e f o re  th e  number o f  

in d ep en d en t s t r u c tu r e s  which c o n tr ib u te  to  th e  f i n a l  s t a t e  o f  th e  

m o lecu le  i s  10Î /  5 î6 î » 42 #

The E rlenm eyer s t r u c t u r e .  I ,  v h ic h  i s  sym m etrioal and  th e  two 

Erdmann s t r u c t u r e s ,  I I  and I I I ,  w i l l  c o n t r ib u te  more to  th e  f i n a l  s t a 

t e  o f  ih e  m o lecu le  th a n  o t h e r  f o m s  because  o f  th e  g r e a t e r  number o f  

I t  —bonds*

I I I I I

A l th o u ^  th e s e  l a t t e r  s t r u c tu r e s  a re  n o t  e q u iv a le n t  to  th e  fo rm e r , 

i t  i s  custom ary  to  a s s ig n  them a p p ro x im a te ly  th e  same v g o i^ t ,  s in c e  

a l l ^ ^ o m  have ih e  same numbers o f  Ih© same k in d  o f  bonds and  so  a re  

o f  a b o u t th e  same s t a b i l i t y *

% e  Erlerem eyer and  Erdmann s t r u c tu r e s  a re  K eku le-lik©  fo rm u la e ; th e  

o i i i e r  39 a re  D ew ar-lik e  o f  ifdiioh 16 have one fo rm al bonds

©to
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19 have two and  4 have th r e e .

T here a re  a ls o  903 n o n o an o n ica l s t r u c tu r e s  w ith  d ip o la r  fo rm ulae  

w hich a re  n o t  independ  e n t  because  can  be deduced frcxn th e  c a n o n ic a l 

s t r u c tu r e s *

e t c

The T f-e leo tro n  problem  becomes v e ry  o caap lio a ted . N e g le c tin g  th e  

b r id g e d  and p o la r  s t r u c tu r e s  c o m p le te ly , i n  sp it©  o f  t h e i r  l a r g e  num

b e r s ,  Ih© bond 1 -2  p o s s e s s e s  tw o - th ird s  double  bond c h a r a c te r ,  and 

hence a  p r e d ic te d  le n g th  o f  1 .3 7  A, P e r e a s  a l l  th e  o th e r  ca rb o n -ca rb o n  

bonds have o n ly  o n e - th i r d  double  bond c h a r a c te r  and hence a  p r e d ic te d  

le n g th  o f  1 .4 2  A .

T h is  i s  a c c o rd in g  P a u lin g ^ s  m ethod o f  t r e a tm e n t  w hich c o n s id e r s  th e  

way in  w hich th e  bond le n g th  v a r i e s  w ith  th e  bond o r d e r .  The o rd e r s  

o f  th e  ca rb o n -ca rb o n  bonds in  © thane, g r a p h i t e ,  benzene, e th y le n e  and 

a c e ty le n e  a r e ,  by  d e f i n i t i o n  o r  by  c a l c u l a t i o n ,  1 .000  ,  1 .4 5  * 1 .623 ,  

2 .000  and 3 .000  A r e s p e c t iv e ly ,  w hereas th e  c o rre sp o n d in g  d is ta n c e s

a re  1 .5 4  ,  1 .4 2  , 1 .3 9  ,  1 .3 5  and 1 .2 0  A r e s p e c t iv e ly .
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S im i la r  t r e a tm e n ts ,  more d e ta i l e d  and b e t t e r  g rounded , have been 

c a r r i e d  t h r o u ^  by Penney , u s in g  th e  v a len ce -b o n d  m ethod, and  by C oulson 

who en^ lo y ed  in s te a d  th e  m o le c u la r - o r b i ta l  a p p ro a ch . These m ethods f o r  

t r e a t i n g  m o le c u la r  s t r u c tu r e  d i f f e r  i n  th e  quantum -m echanical a p p ro x i

m ations in tro d u c e d  in to  th e  t h e o r e t i c a l  c a lc u la t io n s  o f  th e  bond o r d e r s .  

The agreem ent o f  th e  two p ro c e d u re s  w ith  each  o th e r ,  w ith  th e  e x tre m e ly  

s im p le  c a lc u la t io n s  by P a u l in g ,  and  w ith  th e  e x p e rin m n ta l d a ta  i s  f a r  

from  p e r f e c t ,  b u t  i t  i s  p ro b a b ly  a b o u t a s  s a t i s f a c t o r y  a s  c o u ld  have 

been a n t ic ip a te d *

Bond o r d e r  Bond le n g th

Penney C oulson P a u lin g Penney C oulson P a u lin g

1-2 1 .690 1 .7 2 5 1 .666 1 .3 8 1 .3 7 1 .3 7
2-3 1 .530 1 .603 1 .333 1 .4 0 1 .40 1 .4 2
9 -1 1 .5 1 6 1 .5 5 5 1 .333 1 .4 0 1 .4 0 1 .4 2
9-10 1.433 1 .518 1 .333 1 .4 2 1 .4 2 1 .4 2

I n  any  e v e n t ,  i t  i s  g r a t i f y in g  t h a t  a l l  th r e e  m ethods o f  t re a tm e n t  

a r e  c o n s i s t e n t  w ith  th e  o b s e rv a t io n  t h a t  th e  1—2 bonds a re  c o n s id e ra b ly  

s h o r t e r  th a n  any  o f  th e  o t h e r s .
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1 2  33*3) P r o p e r t ie s  and  r é a c t io n s  *  ̂ .

N aph thalene  h as a  g r e a t e r  u n s a tu r a t io n  th an  benzene in s te a d

o f  0 ^ ^ ) *  I t  i s  more e a s i l y  o x id is e d  and  re d u c e d , and s u b s t i t u t i o n  

r e a c t io n s  o c c u r  much more r e a d i ly ,  p a r t i c u l a r y  in  th e  1 - p o s i t io n ,  th an  

in  benzene.

J u s t  a s  1 ,3 -b u ta d ie n e ’g iv e s  1 ,2 -  and  1 ,4 - a d d i t io n s ,  i n  scxne r e a c t io n s  

n a p h th a le n e  behaves s i m i l a r l y .  Thus th e  h y d ro g e n a tio n  o f  n a p h th a le n e  

w iih  sodium and e th a n o l  ta k e s  p la c e  r e a d i ly  to  g iv e  1 ,4 -d ih y d ro n a p h th a -  

le n e j  f u r t h e r  h y d ro g en a tio n  g iv e s  t e t r a l i n  e a s i l y  and  r a p id ly .  The 

h y d ro g en a tio n  w ith  sodium  in  l i q u i d  ammonia p ro d u ces  1 ,2 -d ih y d ro n a p h -  

th a le n e .

S u b s t i tu t io n  r e a c t io n s  o c c u r  more q u ic k ly  th an  in  benzene because  

th e  in te rm e d ia te  c a t io n  i s  more s t a b i l i z e d  by  re so n a n c e , h a v in g  Ihe 

p o s i t iv e  ch arg e  d e lo c a l iz e d  o v e r  two r i n g s ,  in s te a d  o f  o n ly  o v e r  o n e .

1 . "A rom atio S u b s t i tu t io n " ,  P . B. 3# de l a  Mare and J .  H. R idd . 

B i t te rw o r th s ,  London 1959. C h a p te r  1 3 .

2 . " S tru c tu re  o f  m o lecu les  and th e  chem ical b ond", Y. K. S yzk in  and 

M. E . D y a tk in a . B u tte rw o r th s , London 1950. C h a p te r  5*

3 .  "Advanced O rgan ic  C h e m is try " , L . P . F i e s e r  mid M. F i e s e r .  R e inho ld  

P u b l is h in g  C o rp o ra tio n , New York I 96I .  C h a p te r  27 .
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The s u b s t i t u t i o n  o c cu rs  m a in ly  in  th e  1 - p o s i t io n  because  th e  r e 

s u l t i n g  c a t io n  i s  more s t a b i l i z e d  by reso n an ce  th an  i s  t h a t  fo im ed by

a t t a c k  a t  th e  2 -p o s i t io n *  Thus i t  i s  p o s s ib le  to  draw f o u r  reso n an ce

4*s t r u c tu r e s  f o r  th e  c a t io n  l^XC. Hq ' m a in ta in in g  th e  ben zen o id  n a tu r e10 p
4

o f  th e  o th e r  r i n g ,  b u t  o n ly  two such  s t r u c tu r e s  f o r  th e  2—XC Eg s

H X H X

4-

H X

H X + H
H

X
X

E i t r a t i o n  and b ro m in a tio n  fo llo w  t h i s  ty p e  o f  r e a c t io n :

“ lo “ s  *  V s  *
L,

R e v e rs ib le  r e a c t io n s  s u b je c t  to  ste:gk h in d ra n c e  may u l t i m a t e l y  r e 

s u l t  i n  s u b s t i t u t i o n  in  th e  l e s s  h in d e re d  2 - p o s i t io n ,  to  an  e x te n t  

t h a t  in c r e a s e s  w ith  in c r e a s in g  r e a c t io n  tem p era tu re  b u t  v a r i e s  w ith  

th e  r e a g e n t  and  p e rh ap s  w ith  th e  b u lk in e s s  o f  s p e c i f i c  group com plexes. 

S u lfo n a t io n ,  n o ta b ly  s u b je c t  to  b o th  s t e r i c  and tem p era tu re  e f f e c t s ,
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can  be c o n t r o l le d  to  y i e l d  e i t h e r  th e  1— o r  2 - e u l f o n ic  d e r iv a tiv e *  

Ci^Hg + HgSO^ (lOO^j 0  to  60=)------------  - 96$ 1-C^^H^SO^H

CnjHg 4. HgSO^ (95$; 165®) ------------------------ - 85$ 2-C^qH^SO^H

The c o u rse  o f  F rie d o  1 -C ra f ts  a c y la t io n s  v a r i e s  more w ith  th e  n a tu re  

o f  the  r e a g e n t  and s o lv e n t  th an  w i# i th e  te m p e ra tu re . The hydrocarbon  

i s  c o n v e rte d  by a c e ty l  c h lo r id e  o r  a c e t i c  a n h y d rid e  in  carbon  d i s u l f id e  

s o lu t io n  in to  a  m ix tu re  o f  th e  1 -  and  2 -a o e to  d e r iv a t iv e s  in  th e  r a t i o  

o f  a b o u t 3 t l  , b u t  2 -a c e to n a p h th a le n e  i s  th e  c h i e f  p ro d u c t o f  a c y la t io n  

in  n itro b e n z e n e . S in ce  n itro b e n z e n e  i s  known to  form m o le c u la r  ocanplexes 

w ith  alum inium  c h lo r id e  and a c id  c h lo r id e s ,  th e  p r e f e r e n t i a l  2 - s u b s t i -  

t u t i o n  may be a t t r i b u t a b l e  to  an  avo idance  o f  th e  h in d e re d  1 - p o s i t io n  

in  th e  fo rm a tio n  o f  a  b u lk y  in te rm e d ia te  com plex.

4 .  CHIOBIHATIOKS

H a lo g én a tio n s  a re  some o f  th e  e l e c t r o p h i l i o  s u b s t i t u t i o n s  udiioh o c c u r  

w ith  a ro m a tic  compounds# Among them , c h lo r in a t io n  h a s  p ro b a b ly  been

1 . "A rom atic S u b s t i t u t io n ” ,  P . B. D. de l a  ma,xe and  J .  E . R idd . 

B u tte rw o r th s , London 1959# C h ap te r 9 #
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th e  m ost e x h a u s t iv e ly  in v e s t ig a te d .

The re a g e n ts  w hich have been ^ ap lo y ed  in  c h lo r in a t io n  can be d iv id e d  

in to  two o la s e s :  p o s i t i v e l y  chazged and n e u t r a l .  Among th e  fo rm er, th e  

m ost im p o rta n t a re  th e  c h lo r in iu m  and hypo c h lo ro u s  aoid ium  io n s  (C l 

and ClOHg^) form ed in  aqueous s o lu t io n s  o f  hypoohlo rous a c id .  A lso io n s ,  

form ed by  p r o to n a t io n  o f  c h lo r in e  a c e ta te  and o f  K -oh loroam ines i n  

s o lu t io n s  o f  o h lo riifô  o r  hypoohlo rous a c id  in  a  h y d ro x y lic  s o lv e n t  i n  

p re se n c e  o f  a c e t i c  a c id  o r  o f  an  am ine , can p ro b a b ly  a c t  a s  c h lo r in a 

t i n g  s p e c ie s .

The m ost i s ^ o r t a n t  n e u t r a l  r e a g e n t  i s  m o le c u la r  cdalorine i n  anhydrous 

o r  n e a r ly  anhydrous s o lu t io n s  u s in g  a c e t i c  a c id ,  n i tro b e n z e n e , c h lo 

ro fo rm , carbon  t e t r a c h lo r id e  o r  o th e r  s o lv e n ts .

O rton  and B ra d f ie ld ^  were th e  f i r s t  to  d e te rm in e  th e  r a t e  o f  c h lo 

r i n a t io n  o f  some a ro m a tic  con^pounds, u s in g  c h lo r in e  i n  a c e t i c  a c id  

w ith  0 .1 4  to  1 .0 0 ^  o f  w a te r .  They found t h a t  th e  m o le c u la r  c h lo r in e  

was th e  e f f e c t iv e  e l e c t r o p h i l i o  r e a g e n t  and th e  r a t e  was shown to  have 

th e  k i n e t i c  form

- d  [ c ig ]  / a t  = kg [  AÆ] [ Gig]

1 .  K. J .  P .  O rton  and A. E . B r a d f ie ld ,  J .  Chem. Soo. 1927, 926 .
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I n  i t s e l f ,  t h i s  k i n e t i c  form c o u ld  be c o n s i s t e n t  w ith  e l e c t r o p h i l i o  

a t t a c k  by C l^ , ClOAc o r  ClOAcH^ form ed i n  a  p re -e q u i l ib r iu m  a c c o rd in g  

to  th e  fo llo w in g  seq u en ces :

Cl_ ----------------

Clg + H -

C lg 4  AcOH

C l 4  AoO~
2

Clg 4  AoOH 4  H

C l-' 4 C l
4AiH 4  C l ----- - p ro d u c ts

Cl'^ 4 HCl AiH 4  C l^ ---- p ro d u c ts

GlOAc 4 HCl AiH 4  ClOAo p ro d u c ts

ClOAo 4 Cl"" AiH 4  ClOAo —•-p ro d u c ts

GIOAcE'^ 4 HCl AiH 4  C lO A da^^produo ts

(HCl i s  n o t  much d i s s o c ia te d  in  a c e t i c  a c id ?  th e  d i s s o c ia t io n  does 
n o t  a f f e c t  th e  fo llo w in g  a rg u m e n t).

A ll  th e se  mechanims can  be e x c lu d e d , because  th e y  r e q u i r e ,  i f  th e  

k i n e t i c  form i s  to  be s a t i s f i e d ,  e i t h e r  p o w erfu l c a t a l y s i s  by a c id  and  

a n t i c a t a l y s i s  by base  o r  a n t i c a t a l y s i s  by c h lo r id e  io n s ^ .

No a n t i c a t a l y s i s ,  e i t h e r  by  a c e ta te  io n s ,  by c h lo r id e  io n s ,  o r  by 

hydrogen c h lo r id e  i s  o b se rv e d . I t  i s  c o n c lu d ed , t î i e r e f o r e ,  t h a t  mole

c u l a r  c h lo r in e  i s  th e  e f f e c t i v e  e l e c t r o p h i l i o  r e a g e n t .

A ll  e l e c t r o l y t e s  v h ic h  have been  s tu d ie d  a c c e le r a te  th e  r e a c t io n .

The sm a ll c a t a l y s i s  by e l e c t r o l y t e s  and  th e  in c re a s e  i n  r a t e  on  a d d in g  

w a te r  to  th e  s o lv e n t  p resum ab ly  r e s u l t s  from th e  f a c t  t h a t  th e  t r a n s i t i o n

1 . P . W. R o b e rtso n , J .  Chem. S oc. 1954$ 1267
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s t a t e  f o r  t)ie r e a c t io n  in v o lv e s  p o l a r i z a t io n  o f  b o th  th e  c h lo r in e  mole

c u le  and th e  a ro m a tic  con found . The t r a n s i t i o n  s t a t e  i s  th e r e f o r e  more 

p o la r  th a n  th e  s t a r t i n g  m a te r i a l s ,  and  th e  r e a c t io n  i s  f a c i l i t a t e d  b y  

in c re a s e  i n  th e  io n iz in g  pow er o f  th e  en v iro n m en t.

5 .  CTCL0HBXA3SIE DEKtmilVES

5 .1 )  Iso m e ria n  and o h a ra o te r i s  t i c s  o f  cy c lo h ex an e .
*

Cyclohexane h a s  been exam ined in  13ie v ap o u r phase  by e le c t r o n  d i f f r a c 

t io n ;  in  c o n t r a ^ /  to  b en zen e , w hich h as a  p la n a r  s t r u c tu r e  (v a le n c y  

a n g le s  120^; c a rb o n -ca rb o n  d is ta n c e  1 .4 0  A; carbon-hydrogen  d is ta n c e

1 .0 4  a ) ,  cyclohexane was found  to  e x i s t  i n  th e  c h a i r  f o m ,  in  w hich a l l  

th e  v a le n c y  a n g le s  a r e  109® 28*j *fâie ca rb o n -ca rb o n  d is ta n c e s  a r e  1 .5 4  A,

and th e  oarbon-hydrogen  d is ta n c e  i s  1 .10  A.

1 . E . D. O r lo f f ,  Chem. Reviews 1954 M  347

2 . *rProgress i n  s te r e o c h m iis t r y " ,  W. Klyne e d i t o r .  V o l. I ,  c h a p te r  2 .

3 .  "The modem s t r u c t u r a l  th e o ry  o f  O rgan ic  C hem istry” ,  L . N . F e rg u so n . 

P r e n t ic e - H a l l ,  I n c .  New J e r s e y ,  1963. C h a p te r  3 .
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N e i th e r  i n  cyclohexane n o r  in  any  o f  i t s  s im p le  d e r iv a t iv e s  h a s  th e  

p re se n c e  o f  th e  l e s s  s y m e t i i c a l  b o a t  form o f  th e  carbon  s k e le to n  been  

d e te c te d  by t h i s  p ro c e d u re .

The two bonds from each  ca rb o n  to  o th e r  s u s b t i t u e n t s  have d i r e c t io n s  

d i f f e r i n g  i n  "ü ie ir g e o m e tr ic a l  r e l a t i o n s h ip  to  th e  t r ig o n a l  a x i s  o f  

th e  r i n g .  The v e r t i c a l  b onds, p a r a l l e l  to  th e  t r i g o n a l  a x is  have been

d e s ig n a te d  a s  a x ia l  bonds (p ,  ç and a  i n  d i f f e r e n t  n o t a t i o n s ) ;  th e

o th e r  bond from  each  ca rb o n  a t m ,  h as a  d i r e c t i o n  such  # . a t  i t  makes 

an  a n g le  o f  109® 2 8 witâi th e  t r ig o n a l  a x i s ,  and i s  deno ted  a s  eq u ato 

r i a l  ( n o ta t io n s  e ,  and e ) ,

A r in g  c o n v e rs io n  w hW i changes a l l  th e  a x ia l  bonds i n to  e q u a to r ia l  

and  v ic e - v e r s a  was su g g e s te d  and a f te rw a rd s  c o n f im e d  (se e  s e c t io n  5 .3 )#  

(The t h e o r e t i c a l  b a s i s  f o r  r in g  c o n v e rs io n  had been s u s t a n t i a t e d  l a r 

g e ly  by  p h y s ic a l  e v id en ce  and by th e  f a c t  t h a t  th e  number o f  s t e r i c  

isom ers o f  cyclohexane d e r iv a t iv e s  a c t u a l l y  o b se rv ed  may be a cc o u n te d  

f o r  a d e q u a te ly  by t h i s  m ech an ian ). The cy o lo h esan e  r i n g  i s  q u i te  f l e 

x ib le  and th e  c h a i r  c o n fo rm a tio n  may i n v e r t  from  one c h a i r  in to  a n o th e r  

c h a i r  f o m  (page 3 l ) .

The e n e rg y  b a r r i e r  to  t h i s  t r a n s fo rm a tio n  i s  a p p ro x im a te ly  10 

k c a l/m o le  .
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Both ohaixB may o r  may n o t  be i d e n t i c a l  w ith  th e  o r i g i n a l  c o n fig u ^

r a t i o n  depending  on th e  n a tu re  o f  th e  s u b s t i t u e n t s  i n  th e  m olecule* % e -

t h e r  a  compound e x i s t s  e x c lu s iv e ly  i n  one f o m  o r  th e  o ü i e r ,  o r  a s  an

e q u il ib r iu m  m ix tu re , w i l l  depend on c o n s id e r a t io n s  o f  en e rg y  r e s u l t i n g

from s t e r i c  and e l e c t r o s t a t i c  f a c t o r s .  I n  a  m o n o su b s titu te d  c y c lo h ex an e ,

th e  s u b s t i t u e n t  n ay  occupy an  a x ia l  o r  an e q u a to r ia l  p o s it io n *

H

o r

A s tu d y  o f  s c a le  m odels shows t h a t  th e  a x i a l  s u b s t i t u e n t  i s  c lo s e r  

to  th e  a x i a l  hydrogens on th e  same s id e  o f  th e  r i n g  (1*3 in te r a c t io n s )  

th an  th e  e q u a to r ia l  s u b s t i t u e n t  i s  to  th e  a d ja c e n t  e q u a to r ia l  o r  a x i a l  

hydrogens (1*2 in te r a c t io n s ) *  E le c tro n  d i f f r a c t i o n  m easurem ents a ls o  

p ro v id e  e v id en ce  t h a t  th e  e q u a to r ia l  co n fo rm a tio n  o f  a  m o n o s u l^ t i tu te d  

cyclohexane i s  th e  more s ta b le *  However, i n  m ost monosubs t i  tu  te d  c y c le —
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hexanes th e  en e rg y  b a r r i e r  betw een th e  two o h a i r  con fo isnations i s  s m a ll ,  

and b o th  form s e x i s t  i n  a p p re c ia b le  p ro p o r t io n .

As a  conséquence o f  th e  s t r o n g e r  l i 3  d i a x i a l  r e p u ls iv e  f o r c e s ,  d i 

s u b s t i t u t e d  oyc lo h ezan es w i l l  p r e f e r a b ly  assume th e  fo llo w in g  c o n fo r

m a tio n s;

H X

r a t h e r  th an

H

r a t h e r  th an

rather than

H

H H

W ith more th an  two g roups on th e  cyclohexane r i n g ,  th e  a l l - e q u a t o r i a l  

iso rm r becomes in c r e a s in g ly  th e  more s t a b le  co n fo rm a tio n  because i t  

p la c e s  th e  groups th e  f a r t i i e s t  a p a r t*

I t  i s  p o s s ib le ,  o f  coui-so, t h a t  s t r o n g  p o la r  f o rc e s  o r  H -bonding 

may p r e f e r e n t i a l l y  s t a b i l i z e  th e  d i a x i a l  o v e r  th e  d ie q u a to r i a l  c o n fo r -
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raa tio n ; f o r  exam ple, t r a n s —1 .2 -d lh a lo c y c lo h e x a n e s .  o i s - 1 ,3—o yo lohexa- 

n e d io l ,  2 -ob lo rooyo lohexanone  e t c  e x i s t  a s  m ix tu re s  o f  th e  ^  and a a  

co n fo rm atio n s .

A l th o u ^  th e  e q u a to r ia l  con fo rm er o f  a  s u b s t i t u t e d  cyclohexane  i s  

thertaodynam ically  more s t a b le  th a n  th e  a x i a l  fo rm , th e  m o lecu le  may 

r e a c t  in  e i t h e r  c o n fo rm a tio n  s in c e  th e  is o m e r iz a t io n  b a r r i e r  i s  much 

lo s s  th an  th e  a c t iv a t io n  e n e rg ie s  f o r  m ost r e a c t io n s .  T h is  a ls o  a p p l ie s  

to  th e  b o a t  form , vdiioh i s  g e n e r a l ly  l e s s  s t a b le  because  th e  hydrogen 

atom s a t  iixe "ends"  o f  th e  b o a t  would come c lo s e r  to g e th e r  th an  in  

th e  d i a i r  form ; .

5*2) Numbor o f  isom ers and o o n fo im a tio n s  in  1 .2 .3 , 4 - t e t r a d i l o r o d e r i -  

y a t iv e s  .

same d e s c r ip t iv e  sym bols and th e  same e q u il ib r iu m  r e l a t i o n 

s h ip s  may be a p p lie d  to  th e  iso m e ric  1 , 2 , 3 , 4 - te tr a c h lo ro c y c lo h e x a n e s ,
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■benzene t e t i a c h lo r i d e s  and  n a p h th a le n e  t e t r a c h l o r i d e s ;  th e  shape o f  th e  

m olecu le  o f  n e c e s s i ly  w i l l  d i f f e r ,  depending  on w h e te r  a  double bond 

i s  o r  i s  n o t  p r e s e n t .

The te n  t h e o r e t i c a l l y  p o s s ib le  isom orio  form s are# 

e ee e  (a a a a )  e e e a  (aa ao )

eoae  (a a e a )  oaae  a ee a

e e a a  (« a a e e ,  i d e n t i t y )  o aea  (=» a o a e , i d e n t i t y )

However, on th e  b a s is  o f  r in g  c o n v e rs io n , th e  number c ap a b le  o f  

chem ica l s e p a ra t io n  i s  red u ced  1» s i x .  One would e x p e c t t h a t  Ihe  

b r a c k e t te d  f e m e  a r s  l e s s  s t a b le  owing to  la g 3 a  r e p u ls io n s .

The iscxaers e e e e , e e e a , e eae  and  a e e a  may e x i s t  i n  in d ep e n d en t mi— 

iT o r  image fo rm s; th e  en an tio m o rp h io  f o m s  o f  e e a a  and  e a e a  a r e  t r a n s 

form ed in to  each  o th e r  by r i n g  c o n v e rs io n  and  lience may n o t  be sepa

r a t e d  c h e m ic a lly .

I n  a  cy o lo h ex en e , th e  two carb o n s o f  Ihe  double  bond (1 and 2 ) ,  and 

th e  two carb o n  atom s a t ta c h e d  to  th ^ a  (3 and 6) m ust be i n  th e  same 

p la n e  (s e e  s e c t io n  5 .4 )#  The two rem ain in g  carb o n  atom s 4  and  5 t a 

ke up a  p u ck ered  o r  " h a l f - c h a i r "  conform ation#
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^ I c h  can  be d r a m  so h e m a tic a lly s

CL

The v a le n c ie s  o f  C-3 and C-6 axe i n  vyhat m igh t be c a l le d  " q u a s i— 

e q u a to r ia l ” (e'^) and " q u a s i - a x ia l "  (a ^ )  p o s i t io n s *  The v a le n c ie s  o f  

C-4 and C-5 a re  e q u a to r ia l  and a x i a l .

U n le ss  f ix e d  in  some way by fu s io n  to  o th e r  r i n g s ,  th e  two h a l f -  

c h a i r  co n fo ïm a tio n s  a re  i n te r c o n v e r t i b l e  l i k e  th e  two c h a i r  foim e o f  

a  oyclohezaneri r i n g .

5*3) 3 .4 # 5 .6 -T e tra c h lo ro c y c lo h e x a - l-e n e a  (Benzene t e t r a c h l o r i d e s ) .

The s t e r i c  s t r u c tu r e s  o f  th e  f iv e  known isom ers o f  benzene t e t r a 

c h lo r id e  have been e s t a b l i s h e d  by p h o to c h lo r in a t in g  th e  iso m ers in d i 

v id u a l ly  and a s c e r t a i n ig  w hich iso m ers  o f  benzene h e j^ c h lo r id e  a re
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fo rm ed^ .

2
The d ip o le  moments o f  th e  f i v e  iso m ers  w ere d e te rm in e d  and th e  

r e s u l t s  a r e  in  aooo rdance  w ith  th e  r e s u l t s  o f  c h lo r i n a t i o n .  The v a lu e s  

and  conform at io n s  a r e ;

0^-C^H^Cl^ 2 .3 4  D e e a a  2 .6 5  D a e e a js r  e a a e

D e e e a  5 - C ^ ^ C l ^  2 .3 0  D e e e e

€ -C .H ,C l^  2 .1 9  D eeae
o o 4

The c h lo r i n a t i o n  o f  ^  —benzene t e t r a c h l o r i d e  h as  p i w i d e d  d i r e c t  

c h em ic a l e v id e n ce  f o r  r i n g  co n v ersio n *

p - 0 ^ ^ 0 1 4  (8755 a e e a  13^ e a a e )  4  C l^  — -

—*  80^  o (-C ^ I^ C l^  (a a e e e e )  + 20^  ^-C gH ^C l^  (e e a e e a )

D e sp ite  th e  p redcm inanoe o f  th e  form  a e e a  i n  th e  i n i t i a l  m a t e r i a l ,  

80^  o f  th e  p ro d u c t  was o<-benzene h ex ao h lo rid © , p ro v id in g  t h a t  r i n g  

c o n v e rs io n  was p o s s ib le  e i t h e r  in  th e  o r i g i n a l  t e t r a c h l o r i d e  o r  i n  

th e  r e s u l t a n t  h e x ao h lo rid © .

1 .  O r lo f f  e t  a l ,  J .  Am. Chem. Soo . 1953, * 4243 .

2 .  0 .  B a s t ia n s e n  and  J .  M aifea li, A c ta  Chem. S cand . 1952, j6 ,  442 «
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5 .4 )  1 . 2 . 3 . 4 - T e t r a o h lo r o - l . 2 . 3 . 4 - t e trahydT O nanhtfaalenes (K aijh thalene  

t© t r a c h l o r i d e s •

A n a p h th a le n e  t e t r a c h l o r i d e  may he c o n s id e re d  to  he a  h e x a s u h s t i tu — 

te d  cyo lohexene  d e r iv a t iv e  i n  # i io h  a  benzene r i n g  i s  a t t a c h e d  to  th e  

o l e f i n i c  ca rb o n  a to m s.

As shown by  X -ra y  a n a ly s i s  th e  u n s a tu r a te d  and a l l y l i o  c a rb o n s  a re  

c o p la n a r ;  th e  two rem a in in g  ca rb o n s a r e  s i t u a t e d  on© above and one be

low  th e  p la n e  o f  th e  r i n g .

T hree o f  th e  s i x  p o s s ib le  iso m ers  have been  s e p a r a te d  and  an  a t t œ i p t  

h a s  been  made by S o M tz  and H ahn feld^  to  a s s ig n  s t r u c t u r e s  by s tu d y

o f  t h e i r  r a t e s  o f  d e h y d ro c h lo r in a tio n  w ith  a l k a l i .  (T hese a u th o r s  w ere

2 3
u n a b le  to  o b ta in  a g a in  a  f o u r th  iso m er d e s c r ib e d  in  th e  l i t e r a t u r e  * ) ,

4
Assum ing v i c i n a l  e l im in a t io n  o f  hydrogen  and c h lo r in e  th e  r a t e  m ust 

p a r a l l e l  th e  r a t i o  o f  p o s s i b i l i t i e s  o f  t r a n s - e l im in a t io n s .  From a  c o n -

1 .  P .  S c h a ts  and  K. H a h n fe ld , Chem. B e r.  1952 , ^  ,  131 .

2 .  B . F i s h e r ,  B er.  1878 , 11 ,  735 .

3 .  M, M a ile r ,  M o n a tsh e fte  1953, M  » 640 .

4 .  O r is  t o i  e t  a l ,  J .  Am. Chem. Soo .  1947, 336 and 1951 , H ,  676 .
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s i d é r a t i o n  o f  th e  e x p e r im e n ta l d a ta ,  th e  c o n f ig u r a t io n s  have narrow ed  

down a s  fo l lo w s ;

D eh y d ro o h lo rin a  t io n  o f  n a p h th a le n e  t e  t r a c h lo r i d e s  w ith  a l k a l i

Iso m er

m.p*

R ate  c o e f f i c i e n t s ;  Ô 
1 s t  s ta g e  
2nd s ta g e

Number o f  p o s s ib le  tra n a -  
- 1 , 2 - e l im in a t io n s

S u g g e s te d  o r i e n t a t i o n  o f  
c h lo r in e  atom s

P ro d u c ts  o f  
h y d r o ly s is

P ro d u c ts  o f  p y r o ly s i s

o<

l8 l - 2 «

3.00

e a e a  o r  
a e e a

1 ,3 — and  1 ,4 ~  
d io h lo ro n a p h th i

s
95-6»

5 .9
0 .0 9 4

e a e e  o r  
e e e a

60% 2 ,3 -  
isOTier

r
133-4»

0 .0 8 8

0

eeee  o r  
e e a a

80% 1 ,4 -  
ieom or

" ’3 -«1 oV ^ 2

(»  a t  20®, i n  m eth % io l-ao e to n e  8 0 -2 0 ^ , by volum e. R a te  c o e f f i c i e n t s  i n  
l .m o le * '.m in  ** ; 2nd s ta g e  o f  h y d r o ly s is  i s  f a s t e r  th a n  1 s t  f o r  b o th
o< and  Y -n a p h th a le n e  t e t r a c h l o r i d e s ,  hence o n ly  a  c o e f f i c i e n t  

i s  o b ta in e d ) .

One o f  th e  o o n f o m a t io n s ,  a e e a ,  s u g g e s te d  f o r  th e  —iso m er h a s  

been  c o n firm ed  by X -ray  a n a ly s i s ^  j

1 .  M. A. L asheoa , A c ta  G ry s t .  1952, ^  ,  593 .
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Bond le n g th s V alency  a n g le s

C l

Cl

P r o je c t io n  

o f  th e  m o lecu le

AB S3 1 .3 8 6  A ABC S3 1202

BC » 1 .407 BCD SB 1209

CD 33 1 .4 0 5 CDE SS 1202

DË ZC 1 .3 8 6 GDI 33 113»

BP S3 1 .5 4 9 EDI S3 127»

FG ta 1 .5 5 1 DICl^
4 105»

GH at 1 .5 4 5 DIH S3 1062

PCI S3 1 .8 0 8 Cl
4

SB 108»

GClg 1 .7 9 6 1HCI3 at 111»

IIÎG SS 117»

» benzene r i n g . CI3HG Bt 113»

These d i s ta n c e s  and a n g le s  may he ccmpaxed w ith  "Wiose o f  n a p h th a 

le n e  (s e e  s e c t io n  3 . 1 ) .  The a v e rag e  le n g tb  o f  th e  s i x  C-C bonds i n  th e  

a ro m a tic  r i n g ,  1 .4 0  A, i s  v e ry  c lo s e  to  th e  s ta n d a rd  v a lu e  (1 .3 9 )  f o r  

th e  a ro m a tic  bond l e n g th .  The bond common to  b o th  r in g s  h a s  tlie  le n g th  

1 .3 9  A, w hich im p lie s  t h a t  th e  a tta c h m e n t o f  th e  a l i o y o l i c  r i n g  h as 

n o t  changed th e  c h a r a c t e r  o f  th e  a ro m a tic  b o n d s.

The a v e ra g e  le n g th  o f  th e  o th e r  C-C bonds i n  th e  a l i o y o l i c  r i n g  i s  

1 .5 5  A ( s ta n d a rd  v a lu e  f o r  a l i p h a t i c  C-C bo n d s, 1 .5 4  A ).
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6 . S'EEEEOCirmaSTRY OP S®5B ADIITIOK HFACHOîîS

The a d d i t io n  o f  h a lo g e n s  to  o l e f i n i c  s u b s ta n c e s  may be p h o to o h e - 

m ic a l ly  p rom oted j th e s e  p r o c e s s e s ,  a s  t h e i r  h i ^  quantum e f f io e n q y  

show s, a r e  hcano ly tio  c h a in  r e a c t i o n s .

The a d d i t io n  o f  c h lo r in e  to  benzene i s  im p o r ta n t  b ecau se  one o f  

th e  f i v e  s te re o is c x n e r io  l ,2 ,3 f4 ^ 5 f6 -h e x a o h lo ro o y o lo h e x a n e s  o b ta in e d  

h a s  i n s e c t i c i d a l  p r o p e r t i e s .  The quantum y i e l d s  a r e  20 in  th e  v ap o u r 

p h ase  and 2500 i n  Ih e  l i q u i d  p h a s e . The r e a c t io n  in v o lv e s  th r e e  

s t e p s ,  and  th e  f i n a l  s t e p  (3 > 4 » 5 f6 - te tra c h lo ro c y c lo h e x —1 -en e  +

1 . " S t r u c tu r e  and Mechanism i n  O rg an ic  C h e m is try " , C . K. I n g o ld .

B e ll  & Sons L td , London 1953 . P ages 658- 676 .

2 .  "Mechanism and S t r u c tu r e  i n  O rg an ic  C h e m is try " , E , S . G ou ld .

H o l t ,  R in e h a r t  & W inston , I n c .  Hew York 1959 . P ages 489 f f .

3 .  "O rgan ic  C h em istry ” , D. J .  Cram and  G. S . Hammond, 2nd e d i t i o n .  ' 

Mo G ra w -H ill Boolt Company. Hew Y ork, London I 964 .  P ages 390-395#

4 .  "F ree  r a d i c a l s  in  s o l u t io n ” , C. W a llin g , Jo h n  W ille y  & S o n s , I n c .  

Hew York 1957 , 308 ,
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c h lo r in e )  h a s  been shown to  be d e f i n i t e l y  a  r a d i c a l - c h a in  p r o c e s s ,  

s in c e  th e  iso m ers  a r e  s t a b l e  to  c h lo r in e  in  th e  d a rk  b u t  r e a c t  r a p id ly  

on i l lu m in a t io n .  Each benzene t e t r a c h l o r i d e  y i e l d s  two o r  t l i r e e  s t e -  

re o is o m e r io  h e x a c h lo ro c y c lo h e x a n e s  |  so  r a d i c a l  a d d i t io n  o c c u rs  on 

e i t h e r  s id e  o f  th e  doub le  bond, and th e  f i n a l  r e a c t io n  wi.th c h lo r in e  

may be e i t h e r  c i s  o r  t r a n s .

The th e rm a l o r  "d a rk "  a d d i t io n s  o f  h a lo g e n s  ( o th e r  th a n  f lu o r in e  

\iho3B r e a c t io n s  s e ^  to  be e n t i r e l y  h o m o ly tic )  need  a  p o l a r  en v iro n m en t 

and  a re  h e t e r o l y t i c .  These a d d i t io n s  fo l lo w  a  tw o -s ta g e  mechanimn; 

t h a t  i s ,  th e y  p ro c e d  t h r o u ^  in te r m e d ia te s  i n  A i c h  o n ly  one o f  th e  

two h a lo g e n  atom s h a s  become a t t a c h e d  to  th e  o l e f i n ;  th e  seco n d  s ta g e  

can  be d iv e r t e d  by & so u rc e  o f  a c t iv e  f o r e ig n  a n io n s ,  f o r  exam ple:

CHg-CHg + BTg l î l .  *CHg-CHgBr + Br~ _ f ü i .

Cl

ClCIIg-CH^Br ICHg-CHgBr BO^CHg-CHgBr

A d d itio n s  o f  h a lo g e n s  have g e n e r a l ly  been  t h o u ^ t  to  be p red (x n i- 

n a n t ly  t r a n s .  Thus a d d i t io n  o f  h a lo g e n s  to  m a le ic  a c id  i n  h y d ro x y lic  

so lv en * ^  g iv e s  n o t  l e s s  th an  80^ o f  r a o e a io  d ih a lo g e n o su o o in io  a c id ,  

vdiioh i s  p re d o m in a tin g  t r a n s - a d d i t i o n .  The c o rre sp o n d in g  a d d i t io n s  to
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fb jn a rîc  a c id  g iv e  m eso -d ih a lo g e n o su o o in io  a c i d s ,  w hich a ls o  i s  t r a n s -  

a d d i t i o n .  The tw o-stag©  mechanism a llo w s  t r a n s - a d d i t i o n .  b u t  does n o t  

e n fo rc e  i t .  The f a c t o r  g e n e r a l ly  c o n s id e re d  to  be r e s p o n s ib le  f o r  th e  

p re v a le n c e  o f  t r a n s - a d d i t io n  i s  t h a t  th e  a l r e a d y  bound h a lo g e n  i n  th e  

in te rm e d ia te  a c t s  a s  a  c o n f ig u r a t io n - h o ld in g  g roup ;

X
'c  = 4  x^ 'c  -----  cC 4. X~" —  'C —  c '

^  ' ■ ' x '  X

When, in  th e  l a s t  s ta g e  o f  a d d i t i o n ,  a  h a l id e  io n  a t t a c k s  ih e  ca 

t i o n ,  i t  does so  ( e q u a l ly  o r  n o t ,  a c c o rd in g  to  th e  synanetry o f  th e  

fo rm er dcnible bond in  th e  o l e f i n )  a t  e i t h e r  ca rb o n  a tom , and  a lw ays 

p ro d u ces  an in v e r s io n  o f  c o n f ig u r a t io n  a t  th e  atom a t ta c k e d ;  p ro v id e d  

t h a t  th e  c o n f ig u r a t io n  o f  th e  c a t io n  h a s  been  f i r m ly  h e ld ,  such  in v e rv  

s i c k  le a d s  to  t r a n s - a d d i t i o n .

The c irc u la s tancG t h a t  t r a n s - a d d i t i o n  i s  a  p re d o m in a tin g , b u t  n o t  

a lw ays an  e x c lu s iv e ,  mode o f  r e a c t io n  may mean t h a t  c o n f ig u r a t io n s  

a r e  n o t  a lw ays f i r m ly  h e ld .
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7 .  P5BVI0PS WOHK IN S7STEM3 HELAÜED TO NAPHTHAIEHE

De l a  Mar© e t  a l .  have s tu d ie d  lii© c h lo r in a t io n  o f  some a ro m a tic  

hydrocarhonB  w ith  m o le c u la r  c h lo r in e  i n  anhydrous a c e t i c  a c i d ,  a t  25».

They found  a  c o n c u r re n t  fo rm a tio n  o f  s u b s t i t u t i o n  and a d d i t io n  

p r o d u c ts ,  a  r e s u l t  vdiioh had n o t  been  c l e a r l y  r e p o r te d  i n  p re v io u s  

w o rk s . I n  th e  a d d i t io n  p ro d u c ts ,  c h lo r in e  a d d u c ts  and  a c e to x y o h lo r id e  

a d d u c ts  w ere found :

P e rc e n ta g e s  o f  r e a c te d  c h lo r in e

H ydrocarbon S u b s t i t u t io n  C h lo r in e  a d d u c ts  A o e to x y o h lo rid e  a d d .

B ip h en y l 7 6 .5  1 7 .5  2
P h en an th ren e  44 42 14
F lu o re n e  80 11 5

S in c e , i n  th e  p re s e n c e  o f  added  c h lo r id e  i o n s ,  no l e s s  hydrogen  

c h lo r id e  i s  p roduced  th a n  i n  i t s  a b se n c e , a  scheme in v o lv in g  o n ly  

th e  carbonium  io n ic  in te rm e d ia te s  (s e e  s e c t io n  2) c an n o t a d e q u a te ly  

r e p r e s e n t  th e  r e a c t i o n .  The o b s e rv a t io n s  r e q u i r e  a  more e la b o r a te

1 .  P .  B. Dm do l a  Mare e t  a l . ,  J .  Chem. Soo. 1961 , 2749>

1961, 5285 and 1962 , 988 .
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— H
cr

The a n a ly s i s  o f  th e  r e a c t io n  m ix tu re  ( in  th e  exam ple o f  th e  p h e

n a n th re n e )  i s  ocanp lica ted  h y  th e  f a c t  t h a t  i t  seem s t h a t  c i s — and 

t r a n s —iso m ers  b o th  o f  th e  d ic h lo r id e  a d d u c ts  and  o f  th e  a c e to x y c h lo r id e  

a d d u c ts  a r e  p r e s e n t  ( s e e  p a r t  I I I ) ,

8 ,  PREVIOUS WBK m  IIAPHTHAUMÎ,

The c h lo r in a t io n  o f  n a p h th a le n e  h a s  been  s tu d ie d  o v e r  more th a n  

a  c e n tu r y .  U n fo r tu n a te ly  v e ry  l i t t l e  s y s te m a tic  work h a s  been  done» 

and  in  many c a s e s  th e  e x a c t  e x p e r im e n ta l  c o n d it io n s  a r e  d i f f i c u l t  to
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r e p e a t .

a )  B u o le a r  s u b s t i t u t i o n  p ro d u g ts .  F e r r e r o  and oow orkers^ s tu d ie d  th e  

c h lo r in a t io n  o f  n a p h th a le n e  b o th  i n  v a p o u r p h ase  and in  s o l u t io n s .

T h e ir  i n t e r e s t  was c e n tr e d  i n  th e  m ain p ro d u c t  o f  s u b s t i t u t i o n ,  1—c h lo -  

zx )naph thalene .  They u se d  d i f f e r e n t  o a ta ly s - te  and  found  t h a t  th e  io d in e  

fa v o u re d  th e  fo im a tio n  o f  m o n o o ^ o ro n a p h th a le n e  b u t  th e  i r o n  t r i c h l o 

r id e  in c re a s e d  th e  p r o p o r t io n  o f  p o ly o h lo ro n a p h th a le n e s . They d id  n o t  

in v e s t i g a t e  th e  a d d i t io n  p r o d u c ts ,  \’d iic h  a re  u n s ta b le  u n d e r  m ost o f  

th e  e x p e r im e n ta l  c o n d i t io n s  c h o se n .

The in f lu e n c e  o f  th e  s o lv e n t  was s tu d i e d ,  c a r r y in g  o u t  th e  c h l o r i -  

n a t io n s  i n  CCl^, C^K^Cl, o - C ^ ^ C lg ,

S t^O , AcOH, AoOEt, GgR^Gl^ and C^HCl^.

ScKne o f  th e  s o lv e n ts  w ere n o t  c o n v e n ie n t  f o r  d i f f e r e n t  r e a s o n s i  

th e y  were more o r  l e s s  a t ta c k e d  by  c h lo r in e  (C^H^CH^, o r  i t

was d i f f i c u l t  to  s e p a r a te  th e  s o lv e n t  from  th e  p ro d u c ts  o f  c h lo r in a t io n  

(C^H ^Clg), o r  th e  r e a c t io n  was to o  s lo w  ( C ^ ^ C l^ ,  CgRCl^),

The e x p e rim e n ts  i n  AcOH p ro d u ced  64^  o f  1 -c h lo ro n a p h th a le n e  and

1 . P . P e r r e r o  e t  a l . .  B e l .  Chiro. a c t a  1928 , 11 ,  416 ; 1929 , 12

583 ; 1930 ,  13, ,  1009 .
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36jJ o f  d ic h lo ro n a p h th a le n e s  and  n a p h th a le n e  c h lo r id e s  ( n o t  in v e s t ig a ^  

t e d ) ,  a t  18D. The p r o p o r t io n s  a t  115^ w ere 80 and  20^ r e s p e c t iv e ly .

A  g r e a t  num ber o f  r e f e r e n c e s  related to  th e  c h lo r in a t i o n  o f  naph

th a le n e  have accu m u la ted  o v e r  th e  y e a r s ,  m ost o f  th e n  d e s c r ib in g  in 

d u s t r i a l  m ethods, u s e s  and  p r o p e r t i e s  o f  1 -c h lo ro n a p h th a le n e .

b) A dducts.  The f i r s t  d e s c r ip t io n  o f  th e  iso m ers  o f  n a p h th a le n e  t e t r a -

1 2  3c h lo r id e  was made l a s t  c e n tu ry  .  S t i l l  in  1952 th e  c o n f ig u r a t io n

4and know ledge o f  th e s e  iso m ers  was u n c e r t a i n ,  M ü lle r  d e s c r ib e d  a g a in

f o u r  iso m ers  ( in c lu d in g  th e  j i f  w hich was found  to g e th e r  w ith  a  n a p h -

2 5th a le n e  d ic h lo r id e  by  F i s h e r  ) ,  Tbut s im u lta n e o u s ly  S c h ü ts  and  H ah n fe ld

w ere u n su c c e sfU l in  p r e p a r in g  i t ;  th e y  p re p a re d  th e  O C -naphthalene 

t e t r a c h l o r i d e  by c h lo r in a t io n  o f  th e  h y d ro ca rb o n  in  ca rb o n  t e t r a c h l o 

r i d e ,  and th e  y  and  ^ ^ is o m e rs  by  r e a c t io n  b e tv ^ o n  th e  n a p h th a le n e  

and l i q u i d  c h lo r in e .  T h e ir  e x p e rim e n ts  a b o u t r a t e s  and  p ro d u c ts  o f

1 .  R. G rim aux, B u l l .  S o c . Chim. F ra n ce  1872, (2 )  18 205 •

2 . E . F i s h e r ,  ^  1878, 11 735 .

3 .  A. R . L ee d s , J .  Am. Chem. S oc , 1880, 2  205 ♦

4# M. M ü lle r ,  M o n a tsh e fte  1953 , ^  640 .

5 .  F .  S ch ü tz  and  H . H a h n fe ld , Chem. B e r.  1952 , 8 ^  131 .
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a lk a l i n e  h y d r o ly s is  and  th e  c o n f ig u r a t io n s  a s s ig n e d  to  them a re

d e s c r ib e d  in  s e c t io n  5*4 #

o) R e a c t iv i ty  m easu rem en ts.

1L au e r and  Oda d e te rm in e d  th e  r a t e  o f  c h lo r in a t io n  o f  bensene  and

n a p h th a le n e  i n  a c e t i c  a c id  n o t  v e ry  a c c u r a te ly  a s  i t  was p o in te d  o u t

2
by R o b ertso n  and  de l a  Mare • The l a t t e r  fo und  t h a t  = 6 .5  -  0 .5

—1 —1l .m o le  .m in  i n  AcOH w ith  1^ o f  w a te r ,  a t  24®* A s l i g h t  a u to c a ta -  

l y s i s  t l i o u ^ t  to  be th e  r e s u l t  o f  th e  fo rm a tio n  o f  HCl was d e te c te d .

Dewar and Mole^ im a su re d  th e  c h lo r in a t io n  r a t e s  o f  n a p h th a le n e  

a t  25®, in  AoOH and  in  AoOH-CCl ( i t 3 by volum e) ; th e  r e a c t io n  i s

f a s t e r  i n  th e  fo rm er s o lv e n ts

—2 —4 —1 —1k  » 6 .3  X 10 and  k  » 1 .9  x  10 l .m o le  . s e c  r e s p e c t i 

v e ly .

d) F i n a l l y  P . B. D. de l a  % r e ,  E . K o e n ig sb e rg e r  and  J .  S . Lomas be

gan to  s tu d y  th e  p ro d u c ts  o f  c h lo r in a t io n  o f  n a p h th a le n e  in  a c e t i c  

a c id .  T hree k in d s  o f  p ro d u c ts  w ere fo u n d : s u b s t i t u t i o n  ( l - c h lo r o n a p h -

1 . L au e r and  Oda, B er 1936, ^  1 0 6 l

2* P . W. R o b e rtso n  and P .  B. D. de l a  M are, J .  Ohem* Soo.  1943 , 279»

3 .  M. J .  S . Dewar and T . M ole , i b i d  1957 , 3 4 2 .
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t h a l e n e ) ,  a d d i t io n  ( o < -n a p h th a le n e  t e t r a c h l o r i d e  c o u ld  he c h a r a c te -  

r iz ie d , and  a t  l e a s t  o th e r  iso m er was p r e s e n t ) ,  and  an  u n i d e n t i f i e d  

naph th a le n e  ace  t o x y t r i c h l o r i d e .

9 .  AIMS Aim OBJECTS OF THE PRESKT INVESTIGATION.

The s tu d y  o f  th e  c h lo r in a t io n  o f  n a p h th a le n e  h a s  been  chosen  a s  a  

c o n t in u a t io n  o f  th e  s t u d i e s  on o th e r  h y d ro ca rb o n s c a r r i e d  o u t  i n  th e

D epartm en t o f  C h ^ i s t r y  o f  th e  B ed fo rd  C o lle g e .
\

The l i t e r a t u r e  d e s c r ib e s  many p ro d u c ts  o f  r e a c t i o n  o f  n a p h th a le n e  

w iih  c h lo r i n e ,  e s p e c i a l l y  p ro d u c ts  o f  s u b s t i t u t i o n .  The work d e s c r ib e d  

in  t h i s  t h e s i s  h a s  been  done to  e s t a b l i s h  a s  f a r  a s  p o s s ib le  th e  s t r u c 

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

r i n e .

The k i n e t i c s  o f  c h lo r in a t io n  have a ls o  been  lo o k ed  a t  i n  s o lv e n ts  

w ith  d i f f e r e n t  p o l a r i t y ,  nam ely  a c e t i c  a c id  and  o h lo ro fo im . I n  th e  

l a t t e r  c a s e ,  a s  th e  k i n e t i c s  found  w ere i r r e g u l a r ,  th e  in f lu e n c e  o f  

d i f f e r e n t  c a t a l y s t s  was s tu d ie d  and  th e  an o m a lie s  e x p la in e d .

However th e  s tu d y  o f  th e  p ro d u c ts  h a s  been  m q ah asized . The know-
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le d g e  o f  o f  ,  y  and f  —n a p h th a le n e  t e t r a c h l o r i d e s  i s  now much 

b e t t e r .  The a t te m p ts  to  o b ta in  th e  f o u r th  iso m er r e p o r te d  in  th e  l i 

t e r a t u r e ,  th e  p  - t e t r a c h l o r i d e ,  have been  u n s u c c e s f ü l .  However a  f i f t h  

iscHner, w hich we d e s ig n a te  th e  £ - t e t r a c h l o r i d e ,  h a s  been  i s o l a t e d  

and c h a r a c te r iz e d  f o r  th e  f i r s t  t im e .

A n o th e r h i t h e r t o  u n re p o r te d  a d d i t io n  conpound, a  n a p h th a le n e  a c e to -  

x y t r i c h l o r i d e ,  i s  a l s o  d e s c r ib e d ,  and  i t s  h y d ro ly s is  h a s  been  s tu d i e d .
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10* CIILOHIIIATiai^S m  a c etic  a c id *

1 0 .l )  D e s c r ip t io n  o f  th e  r e a c t i o n .

When a  s o l u t io n  o f  c h lo r in e  in  a c e t i c  a c id  i s  added  to  a n o th e r  o f  

n a p h th a le n e  in  th e  s a  e  s o lv e n t ,  a  f a i r l y  r a p id  r e a c t io n  o c c u r s ,  w ith  

fo rm a tio n  o f  a  m ix tu re  o f  p ro d u c ts*  The s tu d y  o f  t h i s  r e a c t i o n  and  o f  

th e  p ro d u c ts  o b ta in e d  i s  d e s c r ib e d  i n  s e c t io n s  10 to  15* The ex p erim en 

t a l  p ro c e d u re  i s  e x e m p lif ie d  i n  th e  fo l lo w in g  d e s c r i p t i o n .

N a p h th a le n e , 7 .6 8  g  (75 % #), p u r i f i e d  by  c r y s t a l l i s a t i o n  fx<m me

th y la t e d  s p i r i t ,  m .p . 8O-8 0 . 5®, was d is s o lv e d  i n to  50 ml o f  a c e t i c  

a c id  AnalaR (w hich was a lw ays u se d  e x c e p t  w here o th e rw is e  s t a t e d ) ,  

c o n ta in e d  in  a  c o n ic a l  f l a s k  p r o te c te d  from  th e  l i ^ t  ( to  a v o id  i t s  

c a t a l y t i c  e f f e c t  f a v o u r in g  h e m o ly tic  r e a c t i o n s ) .  A s o lu t io n  o f  c h lo r in e  

i n  a c e t i c  a c id  was p re p a re d  by  p a s s in g  th e  gas t n m  a  o o m e rc ia l c y l i n 

d e r  ( i c i )  th ro u g h  w a te r  ( to  rm iove hydrogen  c h lo r id e )  and  c o n c e n tr a te d  

s u l f U r ic  a c id  ( f o r  d ry in g )  i n to  a  volum e o f  thei s o lv e n t  c o n ta in e d  in  

a  f l a s k  p r o te c te d  from  th e  l i g h t  w ith  b la c k  p a i n t  o r  p a p e r .  A f t e r  a  

W iile  th e  p a ssa g e  o f  c h lo r in e  was s to p p e d , and  an  a l i q u o t  p a r t  was 

p i p e t t e d  i n to  an  aqueous s o lu t io n  o f  p o ta s s iu m  io d id e  and t i t r a t e d  by 

th e  c o n v e n tio n a l m ethod w ith  s ta n d a r d  sodium  t h i o s u l f a t e  (B M ) 0 .1  N, 

s t a r c h  b e in g  added tow ards th e  en d  o f  th e  t i t r a t i o n  f o r  d e te rm in in g  

th e  e n d -p o in t .

A c o n v e n ie n t  volum e, c o n ta in in g  75 to  100^ o f  th e  num ber o f  m oles 

o f  n a p h th a le n e , (60 ml in  th e  ru n  b e in g  d e s c r ib e d ) ,  was added  to  ü ie  

s o lu t io n  o f  h y d ro ca rb o n ; th e  m ix tu  1# was s to p p e re d  and  l e f t  o v e m i ^ t
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i n  th e  d a rk n e s s .

The r e a c t io n  p ro c e e d s  q u i te  s p e e d ly , w ith  e v o lu t io n  o f  h e a t ,  and i s  

com plete  in  some m in u te s . R em aining c h lo r in e  was n e v e r  fo und  when th e  

i s o l a t i o n  o f  p ro d u c ts  was s t a r te d *

I n  d i f f e r e n t  ru n s  th e  q u a n t i t i e s  o f  n a p h th a le n e  em ployed ran g ed  

from  75 to  200 mM. The c h lo r in e  added was a lw ays betw een  75 and  100^

( i n  m o les) o f  th e  h y d ro ca rb o n ; i t  was in te n d e d  t h a t  th e  h y d ro ca rb o n  

sh o u ld  be p r e s e n t  i n  e x c e s s  to  a v o id  th e  fo rm a tio n  o f  d i -  o r  p o ly - o h lo -  

ro n a p h th a le n e s*  ( i t  s h o u ld  be rem arked t h a t ,  a s  th e  a d d i t i o n  p ro d u c ts  

form ed by  ta k in g  up 2 m oles o f  th e  h a lo g e n  f o r  e v e ry  m ole o f  n a p h th a le n e  

a r e  an im p o r ta n t  p a r t  o f  th e  t o t a l  p r o d u c t s ,  th e  h y d ro ca rb o n  w i l l  be 

i n  e x c e s s  ev en  "vdien th e  m o la r  r a t i o  o f  h a lo g e n  to  h y d ro ca rb o n  i s  1 * 1 ) .

% e  t o t a l  volume o f  a c e t i c  a c id  was from I 50 to  500 ml i n  d i f f e r e n t  

r u n s .

10 . 2 ) I s o l a t i o n  and  c o m p o s itio n  o f  th e  p r o d u c ts .

The m ix tu re  o f  r e a c t io n  p ro d u c ts  was p o u red  i n to  700 to  1000 ml o f  

w a te r  and  e x t r a c t e d  th r e e  tim es w ith  e t h e r .  The e th e r e a l  e x t r a c t s  w ere 

o o H e o te d  and washed w ith  w a te r  to  remove th e  a c e t i c  a c id  (fxom  12 to  

14  w ash ings a r e  n e c e s s a ry ;  %dien th e  s t a b i l i t y  o f  th e  p ro d u c ts  had  been  

e s t a b l i s h e d ,  a  5^ aqueous s o lu t io n  o f  sodium  hydrogen  c a rb o n a te  was 

u s e d , and  1he num ber o f  w ash ings f e l l  to  6 o r  7)#

The s o lu t io n  was d r i e d  w ith  sodium  s u l f a t e  and  l a t e r  th e  s o lv e n t  

removed a t  room te n ^ e r a t u r e  u n d e r  red u ced  p r e s s u r e .  The r e s id u e  was a
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brown l i q u i d  w hich som etim es c o n ta in e d  a  sm a ll  q u a n t i t y  o f  c r y s t a l s .

T h is  l i q u i d  ( i f  some c r y s t a l s  w ere p r e s e n t ,  5 to  10 ml o f  benzene 

w ere added  to  d is o lv e  th%n) was a d so rb e d  o v e r  300 g  o f  s i l i c a  g e l  

c o n ta in e d  in  a  colum n, in  o r d e r  to  s e p a r a te  th e  p ro d u c ts  b y  chrom ato

g rap h y . The e l u t i o n  was s t a r t e d  w ith  l i g h t  p e tro le u m , b .p .  40-60®, 

( t h i s  and  a l l  th e  s o lv e n ts  u se d  f o r  ch rom atography  w ere conœ fârcia l 

s a i l l i e s  M&B w ith o u t  any  p u r i f i c a t i o n )  and  changed g r a d u a l ly ;  f o r  exam

p l e ,  in  th e  ru n  b e in g  d e s c r ib e d  th e  q u a n t i t i e s  em ployed were*

Volume (m l) b ig h t  p e tro leu m  4o-60® Benzene E th e r

600 100^ — -------

400 1% 2% —

250 50̂ 50̂ - —
250 25^ 1% —

200 — 100̂ —

100 — 50̂ 50̂
300 — — 100^

About 40 f r a c t i o n s  o f  50 ml w ere c o l l e c t e d ,  g iv in g  a  p e r f e c t  se 

p a r a t io n  f o r  th r e e  k in d s  o f  p ro d u c ts*  f r a c t i o n s  9 to  17 c o n ta in e d  

n a p h th a le n e  and  l - c h lo ro n a p h th a le n e  (5»4 g ) ,  v e ry  e a s i l y  d e te c te d  be

cau se  b o th  p ro d u c ts  show b lu e  f lu o re s c e n c e  u n d e r  u l t a r v i o l e t  l i g h t  

( th e  t e s t  i s  c a r r i e d  o u t  e v a p o ra t in g  a  d rop  on a  f i l t e r  p a p e r  and  e x a -  

m in ig  th e  s p o t ;  i t  can  a ls o  be done b y  u s in g  a  p l a t e  f o r  t h i n - l a y e r  

ch ro m a to g rap h y ). These f r a c t i o n s  have n o t  been  exam ined f u r t h e r .

F r a c t io n s  24 to  28 c o n ta in e d  a  m ix tu re  o f  n a p h th a le n e  t e t r a c h l o r i d e s  

( 3 .8  g ) ,  a p p e a r in g  u n d e r  u l t r a v i o l e t  l i ^ t  a s  a  s p o t  w ith  a  weak
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v i o l e t  f lu o r e s c e n c e .  The c o m p o s itio n  o f  t h i s  m ix tu re ,  and  th e  v a r i a t i o n  

o f  t h i s  w ith  c o n d it io n s  i s  d e s c r ib e d  i n  s e c t io n s  11 to  13#

F i n a l l y ,  f r a c t i o n s  35 to  38 c o n ta in e d  an  a c e to x y t r i c h lo r id e  (0 .9 g )  

and  c o lo u re d  m a te r i a l s  w hich made th e  t e s t  w ith  u l t r a v i o l e t  l i ^ t  

(w hich does n o t  u s u a l ly  show any  f lu o re s c e n c e )  n o t  n e o e s a ry . The p ro 

p e r t i e s  o f  th e  a ce  to x y  t r i c h l o r i d e  a r e  d e s o r ih e d  in  s e c t io n  14#

10#3) Q u a n t i t a t iv e  s tu d y  o f  th e  r e a c t i o n ; in f lu e n c e  o f  ad d ed  e l e c t r o 

l y t e s #

Knowing t h a t  th e  c h lo r in a t io n  o f  n a p h th a le n e  p ro d u ced  th e  th re e  

k in d s  o f  p ro d u c ts  d e s c r ib e d  a b o v e , we th e n  exam ined how tlie se  p ro d u c ts  

w ere a f f e c t e d  by th e  a d d i t io n  o f  some e l e c t r o l y t e s  i n  o r d e r  to  u n d e r 

s ta n d  b e t t e r  th e  m echanism  o f  th e  r e a c t io n  and  th e  in te r m e d ia te s  in v o l

ved*

The s tu d y  was done u s in g  a  te c h n iq u e  d e v is e d  in  th e s e  l a b o r a to r i e s  

by  Dr# R# K o e n ig sb e rg e r , W iioh red u c ed  th e  e r r o r s  to  a  minimum#

C o n s id e r in g  th e  d i f f e r e n t  p ro d u c ts  fo m ed *

C H C l + HCl (S )
*

“ io ” a  *  " 2  — -  = io " 8 “ 4  <*)

\
< ')
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and  r e a l i s i n g  t h a t  liie  m o n o ch lo io n ap h th a lo n e  an d  th e  a o e to x y tr io h lo io  

a d d u c t ( n o ta t io n  S and  C, r e s p e c t iv e ly )  a r e  form ed i n  th e  same num ber 

o f  m oles a s  th e  hydrogen  c h lo r id e  e v o lv e d , i t  was o n ly  n e c e s s a r y  to  

d e te rm in e  c a r e f u l l y  th e  i n i t i a l  c h lo r in e  (iiA ioh p ro d u ce s  b o th  k in d s  

o f  p ro d u c ts  and  th e  a d d u c ts  o f  c h lo r i n e ,  d e n o te d  A ), and  w ith  th e  same 

c a re  th e  h y d ro c h lo r ic  a c id  p ro d u ce d , to  have two e q u a tio n s  i n  a  sy stem  

w itli th r e e  unknowns# The t h i r d  e q u a t io n  comes from  th e  d e te rm in a t io n  

o f  th e  c h lo r id e  io n s  l i b e r a t e d  i n  an  a lk a l i n e  h y d r o ly s is  o f  a  sam ple 

o f  th e  p ro d u c ts*

C^^H^Cl 4- oh"" no r e a c t i o n

^  + ^ 2 °  +  2C1-

V l l ° 2 ^ h  *  4. 4HgO + CH^COg" + 2Cl“

The s u b s t i t u t i o n  p ro d u c t  does n o t  r e a c t  w ith  th e  a l k a l i  b u t  b o th  

k in d s  o f  a d d u c ts  l i b e r a t e  a  n ianber o f  e q u iv a le n t s  o f  c h lo r id e  io n s  

e q u a l  to  th e  num ber o f  m oles o f  c h lo r in e  u se d  up when th e y  w ere formed# 

Then th e  th r e e  e q u a t io n s  become:

I n i t i a l  c h lo r in e  • • • • * « •  S + 2A 4  2C

HCl e v o lv e d  i n  th e  r e a c t i o n  # # # S 4  C

C l l i b e r a t e d  in  th e  h y d r o ly s is  • # 2A 4  2C

To c a r r y  o u t  th e  q u a n t i t a t i v e  e x p e r im e n ts , sam ples o f  3*91 to  

5*86 boM o f  n a p h th a le n e  w ere d is s o lv e d  i n  40 ml o f  a c e t i c  a c id  p u r i f i e d

by  D r. J .  S . Lomas (se e  J .  S .  Lomas, P h .D . T h e s is ,  London I 9 65 ) w ith  

l e s s  th a n  O.OI5J o f  w a te r .
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A s o l u t i o n  o f  c h lo r in e  i n  th e  same s o l v e n t  was poÿg^ared an d  d i l u t e d  

to  g iv e  a  c o n v e n ie n t  c o n c e n t r a t io n  su c h  a s  10 m l h a d  a  num ber o f  mo

l e s  a b o u t  75^  o f  t h a t  o f  h y d ro ca rb o n #

The s o l u t i o n  o f  h y d ro c a rb o n  was a lw ay s p re p a re d  i n  a  Q u i c k f i t  c o n i

c a l  f l a s k  o f  50 m l,  p r o t e c t e d  from  th e  l i ^ t #

To a v o id  e r r o r s  p ro d u c e d  by  e v a p o r a t io n  o f  c h l o r i n e ,  4  f l a s k s  c o n 

t a i n i n g  aq u eo u s s o l u t i o n s  o f  p o ta s s iu m  io d id e  w ere  p re p a re d  s im u l ta 

n e o u s ly ;  i n  a  tim e  a s  s h o r t  a s  p o s s i b l e ,  Um  sa m p le s  o f  5 m l o f  th e  

s o l u t i o n  c o n ta in in g  c h lo r in e  w ere p i p e t t e d  i n t o  two f l a s k s  w i th  p o ta 

ss iu m  io d id e ;  a  t h i r d  sam p le  o f  10 m l m s  p i p e t t e d  i n t o  th e  f l a s k  

w ith  th e  h y d ro ca rb o n #  The f l a s k  was s to p p e re d  in m e d ia te ly #  F i n a l l y  

o t h e r  two sam p le s  o f  5 m l w ere  p i p e t t e d  i n t o  th e  re m a in in g  f l a s k s  w ith  

p o ta s s iu m  io d id e #  The f l a s k  c o n ta in in g  th e  r e a c t i o n  m ix tu re  was l e f t  

o v e m i # i t  i n  d a rk n e s s ;  t i ie  io d in e  l i b e r a t e d  i n  th e  o t h e r  f l a s k s  was 

in m e d ia to ly  t i t r a t e d  w i th  s ta n d a r d  t h i o s u l f a t e #  O n ly  i f  th e  f o u r  num

b e r s  o b ta in e d  w ere  i n  good  a g re e m e n t ( f o r  e x am p le , 2 4 .0  ,  2 3 .9  ,  2 3 .9  

an d  2 4 .0  ml i n  a  ru n )  was th e  d e te r m in a t io n  c o n s id e r e d  v a l id #

The f o l lo w in g  d a y  ( o r  l a t e r )  th e  f l a s k  c o n ta in in g  th e  r e a c t i o n  m ix

t u r e  was o p e n e d , t a k in g  m ea su re s  to  a v o id  a n y  lo s e  o f  h y d ro o h lo r io  

a c i d .  A r u b b e r  tu b e  was f i t t e d  ro u n d  th e  n e ck  o f  th e  f l a s k  a n d  f i l l e d  

w i ih  d i s t i l l e d  w a te r .  The s to p p e r  was th e n  c a r e f u l l y  f r e e d ,  so  t h a t  

Ih e  w a te r  f i l l e d  th e  d e a d -sp a c e  i n  t îie  f l a s k  b u t  no h y d r o c h lo r ic  a o id  

e sc a p e d  ( t h i s  sp a c e  i s  v e r y  s m a ll  b e c a u se  a  f l a s k  o f  a b o u t  50 m l i s  

u s e d  f o r  a  v o lu n ^  o f  j u s t  50 m l) .  The w hole s o l u t i o n  was p o u re d  i n t o  

a  m ix tu re  o f  e t h e r  a n d  d i s t i l l e d  m t e r  ( a l s o  u s e d  to  w ash th e  f l a s k )   ̂

a n d  e x t r a c t e d  c a r e f u l l y .
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The aq u eo u s l a y e r  w as e x t r a c t e d  t? /io e  more an d  a l l  th e  e t h e r e a l  ex

t r a c t s  w ere  p u t  t o g e t h e r .  The s o lv e n t  was e v a p o ra te d  w i th o u t  h e a t in g  

and  th e  s e m i- l iq u id  r e s id u e  c o n ta in ig  a l l  th e  o z ^ s n ic  p ro d u c ts  was d i 

s s o lv e d  i n  m e th an o l an d  made up  to  100 o r  250 m l i n  a  v o lu m e tr ic  f l a s k .  

Sanq)l0S o f  5 o r  10 ml w ere  th e n  b o i le d  u n d e r  r e f l u x  f o r  3 h o u rs  w i th  

a  s o l u t i o n  o f  sodium  m eth o x id e  i n  m e th a n o l;  u n d e r  th e s e  c o n d i t i o n s  th e  

a d d u c ts  a r e  c o m p le te ly  d e h y d ro c h lo r in a te d  and  th e  a l l c a l i  d oes n o t  

a t t a c k  th e  s u b s t i t u t i o n  p r o d u c t .  A f t e r  ih e  r e a c t i o n ,  th e  w hole  s o l u t io n s  

d i l u t e d  w ith  a c e to n e  w ere  a c i d i f i e d  w ith  d i l u t e  n i t r i c  a c i d ,  lacaao id  

b e in g  u s e d  a s  i n d i c a t o r ,  a n d  th e  Cl"" l i b e r a t e d  i n  tixe r e a c t i o n  was 

t i t r a t e d  p o t e n t i œ i e t r i c a l l y  w ith  0 .0 1  N s i l v e r  n i t e a t e  ( a  volum e b e t 

ween 6 an d  10 m l was u s u a l l y  r e q u i r e d ) .

M e a n ^ i le  lâ io ,aq u eo u s p a r t  d e r iv e d  from  th e  e x t r a c t i o n  and  c o n ta in in g  

th e  h y d r o c h lo r ic  a c i d  p ro d u c e d  d i r e c t l y  i n  th e  r e a c t i o n  betw een  d h lo -  

r i n e  an d  th e  l% rdrooarbon, w a s  d i s t i l l e d  p a r t i a l l y  to  e l im in a te  a b o u t 

10^  o f  w a te r  an d  th e  d i s s o lv e d  e t h e r  ( t h i s  d i s t i l l a t e  was shown to  

c o n ta in  no H C l) . The r e s id u e  was made u p  to  250 o r  500 m l w i th  d i s t i l l e d  

w a te r ,  an d  sam p le s  o f  5 to  10 ml w ere  added  to  e x c e s s  o f  a c e to n e  a n d  

t i t r a t e d  p o t e n t i o m e t r i c a l l y  w ith  0 .0 1  N s i l v e r  n i t r a t e .  Gar© was t a 

k e n  to  e n s u re  t h a t  a l l  th e  r e a g e n ts  w ere  f r e e  fzx m  c h lo r id e  i o n s .

T h ree  sam p le s  o f  e a c h  g roup  w ere t i t r a t e d ,  a n d  e v e ry  d ay  th e  s i l 

v e r  n i t r a t e  was s ta n d a r d iz e d  a g a i n s t  s t a n d a r d  h y d r o c h lo r ic  a c i d .

The m ethod was a p p l i e d  to  th e  c h l o r i n a t i o n  o f  n a p h lh a le n e  i n  p u re  

a c e t i c  a o id  w i th o u t  a n y  e l e c t r o l y t e ,  and  th e  d e t e m i n a t i o n  was c a r r i e d  

o u t  tw ic e .
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A fte rw a rd s  m ore ex p e rim o n l»  w ere  c a r r i e d  o u t  w ith  v a r io u s  a d d ed  

e le o tiR L y to s .

F i r s t ,  L iC l was i n v e s t i g a t e d  to  s e e  i f  th e  p re s e n c e  o f  c h lo r id e  

io n s  in c r e a s e d  Ih e  p r o p o r t io n  o f  a d d i t i o n  p ro d u c ts *  T hen , HaOAc was 

em ployed a s  a  b a s i c  s a l t  a b le  to  f i x  tlie  h y d ro g en  c h lo r id e  p roduced*  I t  

a l s o  p r o v id e s  a  s o u rc e  o f  a c e t a t e  i o n s ,  t lie  r ô l e  o f  x ^ ic h  i n  th e  form a

t i o n  o f  th e  a c e  to x y  t r i o h l o r o  a d d u c t  was to  be in v e s t ig a te d *

A new e l e c t r o l y t e ,  HCIO^ ,  known to  have  im p o r ta n t  e f f e c t s  i n  th e

c h l o r i n a t i o n  o f  o t h e r  h ;/d ro o a rb o n s , w as a l s o  ex am in ed ; a s  a  s t r o n g

a c i d  i t  rep3?ess©s th e  i o n i s a t i o n  o f  th e  s o l v e n t  an d  o f  h y d ro g en  c h lo 

r i d e  p ro d u c e d  i n  th e  r e a c t io n *

F i n a l l y  L iC lO ^ was u s e d  a s  a  s t r o n g  e l e c t r o l y t e  w i th o u t  a n y  io n  

com m n w ith  th e  s u b s ta n c e s  in v o lv e d *

The in f lu e n c e  o f  w a te r ,  a n d  o f  a c e t i c  a n l iy d r id e , on th e  c o u rs e  o f  

c h l o r i n a t i o n  i n  p r e s e n c e  o f  p e r c h l o r i c  a c i d  xgero a l s o  i n v o s t i g a t e d .

The r e s u l t s  a r e  sum m arized  i n  t a b l e  I ,  p a g s  59*
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TABLE I ,  I n f lu e n c e  o f  ad d ed  e l e c t r o l y t e s  I n  Ih e  c h l o r i n a t i o n  o f  

n a p h th a le n e ,  a t  room teinper a t u r e .

E l e c t r o l y t e  eM mM HCl 5? R e a c te d  n a p h te a le n e O th e r  subS'

mM nM e v o lv e d S A C ta n c e s

3 .9 1  2 .2 7 1 .4 1 6 6 .1 2 5 .5 8 .4 —

3 .9 1  2 .3 9 ------ 1 .4 5 6 4 .6 2 6 .6 8 .8 ------

5 .4 7  2 .6 7 L iC l 4 .7 7 1 .5 6 6 8 .9 2 7 .2 4 .0 ------

5 .4 7  3 .5 1 NaOAc 5 .0 2 .1 9 7 1 .2 2 4 .2 4 .5 ------

5 .4 7  3 .2 6 LiClO^
4

5 .0 2 .2 9 7 4 .2 1 8 .6 7 .1 ------

5 .4 7  3 .5 6 HGIO,
4

4 .7 2 2 .7 7 8 0 .8 1 3 .3 6 .0 11 hM ACgO,

5 .8 6  5 .3 0 rl 5 .0 4 .0 5 8 0 .8 1 3 .9 5 .2 ------

5 .4 7  2 .6 3 II 2 4 .0 2 ,2 1 8 3 .5 9 .2 7 .2 42  5 #  HgO

3 .9 1  2 .3 0 ti 2 5 .0 1 .9 3 8 6 .6 9 .0 4 .4 ——.I

R e a c tio n  volum e 50 m l .
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11*  Œ E t e t b a c h l q r id e *

The 0^ - l , 2 , 3 , 4~ t a t r a o l i l o r o - l , 2 , 3 , 4^ te tra b y d .ro n a p h th a le n ©  i s  th e  

m ain  com ponent o f  th e  m ix tu re  o f  a d d i t i o n  p r o d u c ts  o b ta in e d  by  c h lo 

r i n a t i o n  o f  n a p h th a le n e  i n  a c e t i c  a c i d ;  a s  was p o in te d  o u t  i n  s e c t i o n  

1 0 .2 ,  th e s e  p r o d u c ts  a r e  e lu t e d  by b e n z e n e , a f t e r  1 -o h lo ro n a p h th a le n e  

an d  b e fo r e  n a p h th a le n e  a c e to x y t r i c h l o r id e  an d  c o lo u re d  m a t e r i a l s .  

A f t e r  th e  s o lv e n t  h a d  been  e v a p o r a te d ,  i t  was p o s s i b l e ,  b y  o r y s t a l l i -  

z a t io n  from  l i g h t  p e tro le u m  ( b .p .  60- 8o® o r  80- 100® ), to  o b ta in  a  

c ro p  o f  c r y s t a l s  o f  0(—n a p h th a le n e  t e t r a c h l o r i d e ,  m .p . 181—2®, con>- 

p r i s i n g  90^ o f  th e  o r i g i n a l  m ix tu r e .  The re m a in in g  p r o d u c t  h a d  a  m el

t i n g  ra n g e  90-150® an d  f b r t h e r  chx 'om atography r e s u l t e d  i n  no p u r i 

f i c a t i o n .

The (X -iso m er i s  th e  m o st s t a b l e  an d  i s  r e l a t i v e l y  i n s o l u b le  i n  a  

v a r i e t y  o f  s o lv e n t s  in c lu d in g  b e n z e n e , a c e to n e  an d  m e liia n o l;  th e s e  

p r o p e r t i e s  a l lo w  i t s  e a s y  i s o l a t i o n .  I t s  i n f r a r e d  sp e c tru m  was re ç o is , 

ded  ( s e e  A ppend ix ) an d  com pared  w ith  t h a t  o f  th e  re m a in in g  m ix tu r e ,  

w h ic h , o f  c o u r s e ,  showed more p e a k s  b e lo n g in g  to  o t h e r  is o m e rs .

As a  t e s t  o f  p u r i t y  i t s  a l k a l i n e  h y d r o ly s i s  v ^ s  fo llo w e d  k i n e t i c a -  

l l y  i n  th e  c o n d i t io n s  em ployed b y  S c h ü tz  a n d  H a h n fe ld ^ . The h y d ro ly 

s i s  o f  I h i s  iso m e r  h a s  two s t e p s ,  a n d  l)ecause  th e  r e a c t i o n  fo l lo w s  

s e c o n d -o rd e r  k i n e t i c s  w i th o u t  a n y  o b v io u s  d i s t u r b a n c e s ,  th e  f i r s t

1 .  P .  S c h ü tz  and  K . H a h n fe ld , Chem. B e r .  1 9 5 2 , ^  ,  131 .
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stag©  i s  c o n s id e r e d  to  be r a te -d e te rm in in g *

— SLOW  —

 ^ ^ 1 o Y ^ 3  ^  ^
O H " /

S o " 6 " ^ 2  *  V  *

The r e s u l t s  c an  b e  s e e n  i n  t a b l e  I I  *

TABLE I I .  A lk a l in e  h y d r o ly s i s  o f  o c -n a p h th a le n e  t e t r a d b lo r id ©  i n  

a c e to n o - o e th a n o l  ( 20- 80^ ,  b y  vo lum e) a t  25* .

Run t(ffiin ) 1 0 0 (b -x )

A 0 1 .4 7

A 25 0 .3 8

A 50 0 .1 8

B 0 1 .6 3

B 10 0 .8 2

B 20 0 .5 0

B 30 0 .3 8

k  e , I n  > ( ) 4 S3 ,0#
^ 2 a (b - x )

) Ct «*

r i d e r e a c t e d  a t  tim e t  .  The

1 00 ( a - z )  lOOx k 2
1 .9 2 — —

0 .8 4 1 .0 9 4 .6

0 .6 4 1 .2 9 4 .4

1 .9 8 -

1 .1 7 0 .8 1 4 .6

0 .8 5 1 .1 3 4 .7

0 .7 3 1 .2 5 4 .3

—1 . —1

S o h ü tz  an d  H a h n fe ld  fo u n d  k ^  * 3 .0 0  a t  20 * .
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1 2 . JHffi >^-NAPHT^IAlfflE TETRACIILOBrPE.

1 2 .1 )  S y n th e s is  and  p r o p e r  t i e s .

B ecause  i t  was su p p o se d  t h a t  th e  r e s i d u e ,  m. ra n g e  90—150* (o b 

t a in e d  a f t e r  s e p a r a t i n g  p u re  ^ - n a p h t h a l e n e  t e t r a d h l o r i d e  from  th e  

a d d i t i o n  m ix tu re  o b ta in e d  i n  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  w h ich  

h a s  b e en  d e s c r ib e d  i n  th e  p r e c e d in g  s e c t i o n )  m i ^ t  c o n ta in  th e  ^  —i s o 

m e r, th e  s y n t h e s i s  o f  t h i s  compound^ w as a t te m p te d  fo l lo w in g  a g a in  

S c h ü tz  a n d  H a h n fe ld .

N a p h th a le n e , 7 g . ,  was s l o w l y  a d d ed  to  8o m l. o f  l i q u i d  c h l o r i n e ,  

th e  m ix tu re  b e in g  sh a k en  o c c a s i o n a l l y .  The e x c e s s  o f  c h lo r in e  (u s e d  i n  

a  m o la r  r a t i o  68*1) was a llo w e d  to  e v a p o ra te  a n d  th e  waxy r e s id u e  

was d i s s o lv e d  in  4  to  5 ® 1 *  o f  h o t  ben zen e  a n d  a llo w e d  to  c o o l .  A c ro p  

o f  Tidiite c r y s t a l s ,  2 g . ,  was o b ta in e d ;  r e c r y s t a l l i z e d  frran m e th y la te d  

s p i r i t ;  th e y  m e lte d  a t  123-150® .

The a t t e m p t  was r e p e a te d  th r e e  tim e s  w i th o u t  su c c è s*  C r y s t a l l i z a ^  

t i o n  frcan d i f f e r e n t  s o lv e n ts  f a i l e d  to  g iv e  a  p u re  s u b s ta n c e ;  f o r  exant- 

p l e ,  th e  m* ra n g e s  w ere  * 128-150* from  e t h a n o l ,  118-136* from  m e th a 

n o l ,  122-9* frcsa l i g h t  p e tro le u m  b .p .  80- 100®, a n d  122-130* from  ben

z e n e . A d s o rp tio n  on  a  colum n p ack ed  w ith  s i l i c a  g e l  fo llo w e d  b y  e lu 

t i o n  w ith  l i ^ t  p e tro le u m  ( b . p .  4 0 -6 0 * ) d id  n o t  g iv e  f a r t h e r  p u r i f i 

c a t i o n .  T h is  e x p e r im e n t l e d  to  th e  d is c o v e r y  t h a t  th e  ^ t k a l e n e  

t e t r a c h l o r i d e  show s a  y e llo w  f lu o r e s c e n c e  u n d e r  u l t r a v i o l e t  l i g h t ;  th e
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o t h e r  iso m e rs  show a  v e ry  weak v i o l e t  f l u o r e s c e n c e .

The e q u iv a le n t  w e ig h t  o f  th e  im pure was d e te rm in e d  by

a l k a l i n e  h y d r o l y s i s .  The v a lu e s  o b ta in e d ,  1 3 2 .0  an d  1 3 2 .1 ,  w ere  i n  

good a g re m ie n t  w ith  th e  t h e o r e t i c a l  v a lu e ,  1 3 5 , an d  show ed t h a t  th e  im 

p u r i t y  was a l s o  a  n a p h th a le n e  t e t r a c h l o r i d e .  When th e  h y d r o ly s i s  was 

fo llo w e d  k i n e t i o a l l y ,  i t  c o u ld  be  s e e n  t h a t  th e  p r o d u c t  was a  m ix lu re

o f  b o th  ùC an d  y - i s c x n e r s .  As t h e i r  r a t e s  o f  h y d r o ly s i s  a r e  v e r y
—1 —1

d i f f e r e n t  ( a t  20®, k^  « 0 .0 8 8  a n d  3 .0 0  l .m o le  .m in  f o r  th e  y  a n d  

^  ,  r e s p e c t i v e l y ) ,  an  a t t e m p t  w as made to  d e s t r o y  th e  0 < - t e t r a c h l o r id e  

by  p a r t i a l  h y d r o l y s i s .  T h is  m ethod  gave o n ly  v e r y  s m a ll  q u a n t i t i e s  o f  

p u re  Y  - i s o m e r .

F i n a l l y ,  t h i s  iso m e r c o u ld  be o b ta in e d  s u c c è s  f u l l y  an d  i n  r e a s o n a 

b le  y i e l d  b y  a  m o d if ic a t io n  o f  th e  same m eth o d . The r e a c t i o n  was made 

u n d e r  d i r e c t  s u n l i ^ t ,  i n  o r d e r  to  c a t a l y s e  a  h e m o ly t ic  r e a c t i o n ,  a t  

-34® , th e  b o i l i n g  p o i n t  o f  th e  c h l o r i n e ,  an d  a  d e v ic e  f o r  a d d i t i o n  o f  

n a p h th a le n e  w i th o u t  o p e n in g  th e  f l a s k  v^as enp loyed*  a  tw o -n eck ed  f l a s k  

was u s e d  f o r  th e  c h lo r i n e ;  a  se c o n d  f l a s k  co n n eo to d  to  i t  b y  a  r u b b e r  

tu b e  p e rm ite d  th e  h y d ro c a rb o n  to  be  ad d ed  w i th o u t  c o n d e n s a t io n  o f  m ois

t u r e ;  a  c a lc iu m  c h lo r id e  tu b e  f i t t e d  i n  th e  o t h e r  n e c k  a llo w e d  th e  

c h lo r in e  to  e v a p o r a te .  S t a r t i n g  w ith  10 g .  o f  n a p h th a le n e  an d  p ro c e e d in g  

a s  h a s  bem i d e s c r ib e d ,  3 g .  o f  y  - n a p h th a le n e  t e t r a c h l o r i d e  c o u ld  be* 

i s o l a t e d ;  a f t e r  c r y s t a l l i z a t i o n  frcxn m e th y la te d  s p i r i t ,  w h ite  n e e d le s  

m .p . 133-4* w ere o b ta in e d  an d  no f u r t h e r  p u r i f i c a t i o n  was n e c e s s a r y .

The p r o d u c t  was a n a ly s e d  by  D r . A. B e rn h a rd t  (who a l s o  h a s  made 

a l l  th e  o t h e r  a n a ly s e s  d e s c r ib e d  i n  t h i s  t h e s i s )  %
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C H C l
it

Pound 4 4 .3 6  3 .0 1  5 2 .6 1

C, HqC I .  r e a u i r e s ,  4 4 .4 4  2 .9 8  5 2 .5 9
10 o 4

The i n f r a r e d  sp e c tru m  was re c o rd e d  a n d  i t  c o u ld  be s e e n  t h a t  t h i s  

iso m e r  was n o t  p r e s e n t  i n  th e  m ix tu re  o b ta in e d  from  th e  c h l o r i n a t i o n  

i n  a c e t i c  a c i d .

1 2 .2 )  S tu d y  o f  th e rm a l d é c o m p o s itio n .

A sam ple  o f  0 .3 5  g# o f  p u re  t e t r a c h l o r i d e  was h e a 

te d  w i lh o u t  s o l v e n t ,  a t  220* d u r in g  90 m in u te s .  The compound became 

b la c k ,  a  g a s  (p ro b a b ly  HCl) was e v o lv e d  and  Ih e  r e s id u e  was c r y s t a l l i 

zed  fiom  m e th y la te d  s p i r i t  to  g iv e  a  s m a ll  q u a n t i t y  o f  w h i te  n e e d le s  

m .p . 178-180® , i d e n t i f i e d  b y  i t s  i n f r a r e d  sp e c tru m  a s  o C -n a p h th a le n e  

t e t r a c h l o r i d e ;  we h a d  no  s u c c è s  i n  a t t e m p t in g  to  i s o l a t e  th e  b u lk  o f  

th e  p r o d u c t ,  w h ich  s h o u ld  be 2 ,3 —d ic h lo ro n a p h th a le n e *

-C . H„C1. *■ h e a t

The is c x n e r iz a t io n  i n d i c a t e s  th e  s t a b i l i t y  o f  th e  5C-*isom©r,
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1 3 . OHE S-HAPHTHAIEME tbtrachloriie.

1 3 .1 )  A tte m p ts  o f  s y n t h e s i s  an d  p u r i f i c a t i o n .

As i t  h a s  been  p o in te d  o u t  i n  s e c t i o n s  11 a n d  1 2 , th e  m ix tu re  o f  

a d d i t i o n  p r o d u c ts  o b ta in e d  b y  c h lo r i n a t i o n  o f  n a p h th a le n e  i n  a c e t i c  

a c id  c o n ta in e d  m a in ly  (X -n a p h th a le n e  t e t r a c h l o r i d e  w ith  a  s m a ll  p ro 

p o r t i o n  o f  a n o th e r  iso m e r  w h ich  was n o t  th e  t r a o h l o r i d e .

I t  seem ed p ro b a b le  t h a t  th e  unknown p r o d u c t  was th e  ^ - i s o m e r ,  th e  

t h i r d  c l e a r l y  d e s c r ib e d  i n  th e  l i t e r a t u r e .

I n  an  a t te m p t  to  o b t a in  a  g r e a t e r  p r o p o r t io n  o f  t h i s  is o m e r , th e  

c h l o r i n a t i o n  o f  n a p h th a le n e  was r e p e a te d  w i th  tvjo d i f f e r e n t  e l e c t r o 

l y t e s  ad d ed  to  th e  s o l v e n t ;  a s  a  co n seq u en ce  o f  th e  q u a n t i t a t i v e  s t u 

d i e s  o f  c h l o r i n a t i o n  d e s c r ib e d  i n  s e c t i o n  1 0 .3 ,  L iC l a n d  HCIO^ w ere  

cho >sen a s  th e  e l e c t r o l y t e s  w ith  th e  m o st p ro n o u n ced  e f f e c t s  on  th e  

p r o p o r t io n  o f  a d d i t i o n  p r o d u c t s ,  t h in k in g  t h a t  a t  l e a s t  one o f  them 

c o u ld  in f lu e n c e  th e  m e c h a n ic  o f  th e  r e a c t i o n  an d  h en ce  m i ^ t  change 

th e  p r o p o r t io n  o f  th e  n a p h th a le n e  t e t r a c h l o r i d e s .

The r e s u l t s  o f  1he e x p e r im e n ts  u n d e r ta k e n  ccm firm ed  t h a t  th e  HCIO^ 

l e s e s n s  th e  p r o p o r t io n  o f  a d d i t i o n  p r o d u c t s ,  a n d  t h a t  L iC l h a s  a  

s m a l l e r  e f f e c t  i n  th e  same d i r e c t i o n .

The p ro d u c ts  o b ta in e d ,  ccm pared  w i th  th o s e  o f  tîie  ru n  d e s c r ib e d  in  

s e c t i o n  1 0 .2  ,  w i th o u t  e l e c t r o l y t e ,  c an  be s e e n  i n  T ab le  I I I  ( e x p e r i—
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m ents A, B a n d  C ) , p ag e  6T.

(X“-N ap h th a len e  t e t r a c h l o r i d e  was s e p a r a t e d  by  c r y s t a l l i z a t i o n  an d  th e  

i n f r a r e d  s p e c t r a  o f  th e  re m a in in g  m ix tu re s  showed p e a k s  a t  t h a t  tim e  

u n i d e n t i f i e d .

The a l k a l i n e  h y d r o ly s i s  o f  th e s e  m ix tu r e s  was fo l lo w e d  k i n e t i o a l l y

a t  25®, ( a s  h a s  b een  d e s c r ib e d  i n  s e c t i o n  11 f o r  th e  o(—t e t r a c h l o r i d e ) ,
—1 —1

v a lu e s  o f  k ^  a b o u t  7 .4  l .m o le  .m in  b e in g  o b ta in e d  f o r  tim e s  o f  

r e a c t i o n  o f  2 o r  3 m in u te s*  ( i n  f a c t  no co n s Ian  t s  w ere o b t a in e d ,  th e  

v a lu e s  r a n g in g  frcm  7 .7  a t  t  = 2  m in . to  0 .7  a t  t  » 160 m i n . ) .  The 

v a lu e s  g iv e n  by  S c h ü tz  and  H a h n fe ld  a t  20® w ere  t

1=2 - 3 - ' » !  1=2- “ -O ®

kg  ( f i r s t  s t a g e )  = 5*9 an d  k ^  (se c o n d  s t a g e )  « 0 .0 9 4  ♦

We have  fo u n d  k ^  « 4 .5 0  ( a t  25*) f o r  th e  0 ( -  t e t r a c h l o r i d e , th e r e 

f o r e  th e  S - i 8 ( m e r  ( o r ,  l e s s  p r o b a b ly ,  a  new is o m e r  a l s o  a b le  to  be  

h y d ro ly s e d  f a s t e r  ih a n  th e  ^ - t e t r a c h l o r i d e )  s h o u ld  be p r e s e n t .

Eaqperim ents B , E an d  P , w hich  c an  a l s o  be s e e n  i n  T a b le  I I I ,  w ere 

c a r r i e d  o u t  to  o b t a in  th e  ^ - i s o m e r .

The re m a in in g  3 .4  g .  o f  th e  a d d i t i o n  m ix tu re  i n  B ( a f t e r  c r y s t a l l i 

z in g  th e  o c - iso m e r)  w ere  re c h ro m a to g ra p h e d , l i g h t  p e tr o le u m , b . p .  4 0 -  

6o®, b e in g  u s e d  f o r  e l u t i o n  o f  f r a c t i o n s  o f  50 m l. w hich  g a v e ; from  

f r a c t i o n s  1 -1 0 , 0 .1  g .  o f  m .p . 115-123* (<^ 4  - t e t r a c h l o r i d e s ) ;  frcm  

f r a c t i o n s  11—1 8 , 0 .2  g .  o f  m .p . 182—4® (p u re  ^  —i s œ i e r ) ; from  f r a c t i o n s  

19- 4 8 ,  1 .1  g .  o f  m .p . 95-6® ( ^ - t e t r a c h l o r i d e ) ;  an d  f i n a l l y  from  

f r a c t i o n s  4 9 -5 6 , © lu ted  w ith  e t h e r ,  o n ly  c o lo u re d  m a t e r i a l s  ( t a r s ) .  T h is
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TABLE I I I *  C h lo r in a t io n a  o f  na-phth a le n e  in  a c e t i o  a o id ,

E x p erim e n t 

S t a r t i n g  m a te r ia ls *

A B C D E P

N a p h th a le n e , g . 7 .6 8 9 .6 9 .6 2 5 .6 2 5 .6 2 5 .6

C h lo r in e ,  g* 3 .8 6 4 .9 7 4 .5 6 1 1 .1 1 8 .6 1 7 .7

Added e l e c t r o l y t e Hone L iC l HOlO,
4

L iC l L iC l L iC l

C o n c e n t r a t io n ,  N — 0 .1 2 7 0 .1 2 7 0 .5 7 0 .4 0 0 .4 0

A c e t ic  a o id ,  m l. 

P ro d u c ts*

110 180 170 349 500 500

5 .4 1 0 .3 9 .0 2 7 .7 2 7 .0 2 6 .7

A d d it io n  m ix tu r e s ,  g . 3 .8 2 .8 0 .9 3 .6 7 .2 1 0 .5

0^ - i s o m e r  o r y a t a l i i z e d ,  g .3 * 2 0 .9 0 .5 0 .2 0 .3 5 2 .2

A oetom grb rich lo re  a d d , g . 0 .9 1 .2 1 .0 0 .9 3 .5 2 .0

/  s u b s t i t u t i o n 5 4 .0 7 3 .4 8 8 .4

% R e a c te d  IX  - i s o m e r 3 5 .0 9 .5 3 .6 -

I 5"—is c a io r 2 .9 9 .5 2 .0

n a p h th a le n e  1 a c e to x y a d d u o t 8 ,0 7 .6 6 .1

^ Y- is o m e r T r a c e s

I t  im ist be p o in te d  o u t  t h a t  th e  c h ro m a to g ra p h io  s e p a r a t io n  o f  
th e  c h lo r in e  an d  a c e to x y o h lo ro  a d d u c ts  was n o t  p e r f e c t  i n  e x p e r im e n ts  
E an d  F*

The p e rc e n ta g e s  o f  n a p h ti ia le n e  t e t r a c h l o r i d e s  ( i n  th e  a d d i t i o n  m ix
t u r e s )  w ere  e s t im a te d  p r e p a r in g  m ix tu r e s  o f  th e  iso m e rs  a n d  r e c o r d in g  
t h e i r  i n f r a r e d  s p e c t r a  f o r  ccxapa r i n g  w ith  th o s e  o f  t h e i r  o b ta in e d  
m ix tu re s *
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h a s  b een  th e  o n ly  tim e  t h a t  p u re  ^ - t e t r a c h l o r i d e  h a s  b een  i s o l a t e d .  

ĵVhen tlie  same m ethod was a p p l i e d  to  ih e  m ix tu r e s  from  e x p e r im e n ts  B 

and  Wf o n ly  im pure iso m e r  w as i s o l a t e d ,  w i th  a  m .p . 86—91® • We 

have  n o t  b een  a b le  to  c l a r i f y  th e  r e a s o n s  f o r  t h i s  i r r e p r o d u c i b i l i i y ;  

s e v e r a l  a t te m p ts  to  p u r i f y  th e s e  f r a c t i o n s  b y  r e  ch ro m a to g rap h y  w ere  

w i th o u t  s u c c e s s .

I t  i s  c o n c lu d e d  t h a t  a s  t h i s  is o m e r  i s  th e  m o s t s o l u b l e ,  a a a l l  

p r o p o r t io n s  o f  th e  o l h o r  is tx n e rs  w h ich  c a n n o t  be  rem oved b y  c r y s t a 

l l i z a t i o n ,  c an  in f lu e n c e  th e  m e l t in g  p o i n t  an d  p r e v e n t  ccxnplet© p u r i 

f i c a t i o n .

The e q u iv a le n t  w e i ^ t  o f  th e  s l i j ^ t l y  iizp u re  ^ t e t r a o h l o r i d e  was 

d e te rm in e d  by  a l k a l i n e  h y d r o l y s i s .  V a lu es  o f  134*0 an d  133*8 w ere  

o b ta in e d ;  n a p h th a le n e  t e t r a c h l o r i d e  r e q u i r e s  135*0 «

The a n a l y s i s  o f  th e  s l i g h t l y  im pure  sp ec im en  i?as*

C H C l

Pound 44*43 3 .1 6  5 2 .6 3

^ l o Y \  3?equires 44*44 2 .9 8  52*59

F u r t h e r  p u r i f i c a t i o n  vtas a t te m p te d  b y  v a r io u s  m e th o d s , w i th o u t  

s u c c è s ,  a s  f o l lo w s ;

a )  Slow  c r y s t a l l i z a t i o n  from  m e th a n o l , th e  s o l u t i o n  b e in g  s e e ^ ^ t h  a  

c r y s t a l  o f  th e  p u re  compound ( i n  t h i s  s o l v e n t  th e  d i f f e r e n c e s  o f  so 

l u b i l i t y  a r e  th e  g r e a t e s t ) ;  gave  c r y s t a l s  m .p . 90-3® .

b ) S u b lim a tio n  a t  100® and  re d u c e d  p r e s s u r e  (4  mm). C r y s t a l s  a p p a re n 

t l y  v e r y  p u re  b u t  w i th  a  m .p . 90-3® ; sa m p le s  ta k e n  a t  d i f f e r e n t  t i -
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mes o f  th e  s u b l im a t io n  gave  a lw ay s th e  same m e l t in g  p o i n t ,  

o ) Zone m e l t in g  (b y  c o u r t e s y  o f  D r . E . A . Jo h n so n  i n  th e  M e d ic a l Re

s e a r c h  C o u n c il  l a b o r a t o r i e s )  gave m a t e r i a l  m .p . 88-96® , n o t  im proved  

by  x e c i y s t a l l i z a t i o n .  The i n f r a r e d  s p e c t r a  o f  d i f f e r e n t  sa«q)l©s ta k e n  

from  d i f f e r e n t  p a r t s  o f  th e  colum n u s e d  f o r  1he zone m e l t in g  w ere 

i d e n t i c a l  an d  a l s o  c o in c id e n t  w i th  t h a t  o f  th e  s t a r t i n g  m a t e r i a l ;  o n ly  

a  v e r y  s m a ll  p e a k  m s  s l i ^ t l y  i n c r e a s e d .

1 3 . 2 ) S t a b i l i t y  an d  th e rm a l d e c o m p o s itio n .

I t  was su p p o sed  t h a t  th e  J ^ t e t r a o h l o r i d e  w as n o t  s t a b l e  to  th e  

h e a t ,  b e c a u se  o f  i t s  b e h a v io u r  i n  th e  a t te m p te d  p u r i f i c a t i o n  b y  zone 

m e l t in g ;  s o  th e  f o l lo w in g  t e s t  was c a r r i e d  o u t*  th e  w hole  sa m p le ,

1 .3  g .  m .p . 88- 96®, was h e a te d  f o r  some tim e  a t  a  c e r t a i n  te m p e r a tu re ;  

a f t e r  t h i s  p e r io d  i t s  i n f r a r e d  sp e c tru m  was r e c o rd e d  a n d  when no 

v a r i a t i o n  was o b s e rv e d , th e  sam ple  was h e ^ to d  a t  a  h i ^ e r  te m p e ra tu re  

and  th e  p r o c e s s  r e p e a te d ;  th e  r e s u l t s  fo u n d  were*

T em p era tu re  Time o f  h e a t in g  I . R .  sp e c tru m  show ed*

110® 3 h o u rs  No change

135* 5 h o u rs  No c&aoge

185* 3 h o u rs  No change

210® 4  h o u rs  T o ta l  d e c a a p o s i t io n
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I n  th e  l a s t  t e s t  a  b la c k  l i q u i d  r e s id u e  was o b ta in e d ,  w h ich  a f t e r  

c h ro m a to g ra p h ic  p u r i f i c a t i o n  gave  o n ly  a b o u t  0#1  g .  o f  a  c o l o u r l e s s  

l i q u i d ,  w ith  a  v e ry  c o m p lic a te d  i n f r a r e d  s p e c tru m . T h is  m a t e r i a l  w as 

su p p o sed  to  be  a  m ix tu re  o f  d l c h lo r o n a p h th a le n e s .

1 4 . HAHITHALENE ACETOXYTHICHLORiæ A I# KAHITHALENE HYDROXyTHICHLORIIMB.

D u rin g  a  p e r io d  o f  tim e  e x te n d in g  o v e r  9 m o n th s , w h ile  th e  naphm- 

•fâialene t e t r a o l i l o r i d e s  d e s c r ib e d  i n  s e c t i o n s  11 to  13 w ere  b e in g  i n 

v e s t i g a t e d ,  th e  i h i r d  g ro u p  o f  p r o d u c is  ( s e e  s e c t i o n  1 0 .2 )  was a c c u 

m u la te d  a n d  s t o r e d  from  many o h l o r in a t i o n s  i n  a c e t i c  a c i d .  VJhen t h i s  

s t o r e d  m ix h i r e ,  w e i r i n g  12 g . ,  was c r y s t a l l i z e d  frcwn l i ^ t  p e tro le u m  

( b .p .  80- 100® ), 5 g# o f  p u re  v h l t e  n e e d le s  w ere  i s o l a t e d ,  m .p . 124-5®*

I t s  i n f r a r e d  sp e c tru m  ( s e e  A p p en d ix ) show ed th e  c h a r a c t e r i s t i c
—1

a tre fc h in g  v i b r a t i o n  o f  a  C«0 bond a t  1740 cm .  A sam p le  gave  th e  fo 

l lo w in g  a n a l y s i s :

C H 0  C l

Found 4 9 .0 3  3*77 1 0 .6 8  3 6 .1 5

^12^11^2^^3 49*06  3 .7 5  1 0 .9 0  3 6 .2 9

The u n c r y s t a l l i z e d  r e s i d u e ,  w hich  made up  to  545  ̂ o f  th e  s t a r t i n g  
m ix tu r e ,  was a  c o lo u r e d ,  v e r y  v is c o u s  l i q u i d ,  w h ich  r e s i s t e d  a n y  f u r 
t h e r  a t te m p t  o f  c r y s t a l l i z a t i o n  o r  p u r i f i c a t i o n .  I t s  i n f r a r e d  sp e c tru m  
showed th e  p e ak s  o f  th e  pur© a o e t o s y t r i c h l o r i d e  a s  w e l l  a s  many o t h e r s .

I t  h a s  b een  fo u n d  i n  s e v e r a l  e x p e r im e n ts  c a r r i e d  o u t  i n  o t h e r  s o l -
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v e n ts  (w h ich  w i l l  he d e s c r ib e d  i n  s e c t i o n s  17 an d  18) t h a t  t h i s  co
lo u r e d  p a r t  e lu t e d  from  th e  c h ro m a to g ra p h ic  colum n w i th  e t h e r ,  h a s  
an  i n f r a r e d  sp e c tru m  w i th  p e a k s  w here  th e  v i b r a t i o n s  C=0 a n d  0-H  a r e  
e x p e c te d ;  t h i s  s u g g e s ts  th e  p re s e n c e  o f  n a p h th o ls  a n d  q u in o n e s ,  p a r 
t i a l l y  d e r iv e d  b y  o x id a t io n  s e q u e n c e s  a n d  p a r t i a l l y  b y  h y d r o ly s i s  on  
Ih e  co lum n, b e c a u se  *fâi© f i n a l  e l u t i o n  w i th  e t h e r ,  w h ich  c a n  c o n ta in  
w a te r ,  i s  s t r o n g l y  e x o th e rm iu . The w e i ^ t  o f  th e s e  r e s id u e s  i n  e x p e r i 
m en ts made i n  o t h e r  s o l v e n t s  i s  a b o u t  1 to  5^ o f  th e  t o t a l  p r o d u c t s .

The p u re  1 -a o e to x y -2  ,  3 , 4 - t r i c h l o r o - 1 ,  2 ,  3 , 4 - t e  t r a h y d ro n a p h th a le n e  

was shown to  have  t h i s  s t r u c t u r e  th r o u # i  i t s  a o id  a n d  a l k a l i n e  h y d ro 

l y s i s  î t h i s  r e s u l t  was c o n firm e d  b y  i t s  p r o to n  m a g n e tic  re s o n a n c e  

sp e c tru m  ( s e e  s e c t i o n  20 ) .

A sam ple  ( 0 .2  g . ,  m .p . 124—5®) was b o i l e d  i n  a q u eo u s a l c o h o l i c  so 

dium h y d ro x id e  d u r in g  th r e e  h o u r s .  The s o l u t i o n  became c o lo u re d  i n  

r e d ;  a f t e r  t h a t  tim e  i t  was a llo w e d  to  c o o l ,  a c i d i f i e d  a n d  e x t r a c t e d  

w ilh  e t h e r ,  an d  t h i s  s o l u t i o n  was exam ined  b y  t h i n  l a y e r  ch rom atogrsu - 

p h y . The p l a t e s  (made w ith  s i l i c a  g e l  M e rc k ) , w ere  d e v e lo p e d  w i th  ben

z e n e , an d  w ere  s p ra y e d  w i th  a  f r e s h l y  p r e p a r e d  m ix tu re  o f  p - n i t r o a n i -  

l i n e  h y d r o c h lo r id e ,  sodium  n i t r i t e  a n d  a q u eo u s sodium  c a r b o n a te .  Two 

s p o t s  o f  n a p h th o ls  w ere  v i s i b l e  a f t e r  th e  d e v e lo p m e n t p r o c e s s .  The 

f i ^ § ^  was l - o h lo r o - 4 - n a p h th o l ,  a s  was shown b y  c o m p a riso n  w i th  th e  

s p o t  d e r iv e d  from  an  a u t h e n t i c  sp e c im e n . T h is  r e s u l t  e s t a b l i s h e s  th e  

p o s i t i o n  o f  th e  a c e  to x y  group* o n ly  r e a s o n a b le  s t r u c t u r e  f o r  th e  

se c o n d  p r o d u c t  o f  h y d r o ly s i s  i s  t h e r e f o r e  2 - o h lo r o - 4 - n a p h th o l  ( 3 - c h l o -  

r o - l - n a p h th o l  ) ,

T h is  compound was s y n th e s i s e d  a s  i s  su n an arized  i n  th e  schem e i n  pfitgo 

7 2 ; when p u re  p ro d u c ts  w ere  i s o l a t e d ,  t îie  m e l t in g  p o i n t s  a n d  w e i ^ t s
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a r e  g iv e n .  The h r a o k e t t s d  num hers a r e  th e  m e l t in g  p o i n t s  g iv e n  i n  th e  
1 2

l i t e r a t u i e   ̂ (when d i f f e r e n t  from  th o s e  fo u n d )*

ACgO , AoOE

OTAo

60 g . ,  m .p* 50®

KÎÎÂ C
NO2

EtO H

OTâo

NO

NO

HO.

m

ÎÏO2
19 m .p . 190*

A oOH

A c ^ o

1 .  R . H . H odgson a n d  J*  W a lk e r , J .  Chem. S oo .  1 9 3 3 , 1205 •

2 .  H . H . H odgson a n d  B . L . E l l i o t ,  i b i d  1 9 3 4 , 1705 .



SHAc

HO2

BHO_ ,  EtOH

HO.

3 g . ,  m .p . 99~ 10Sfi (1 0 5 » ) 

1s»%
HCl

C l

m

,  HgO

m
C l

NO2
5 .1  g . ,  K i.p . 249^

m

0 .5  g .
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C l

C l AcOH

NO

m .p . 234« (2 3 1 * )

The f i r s t  s i x  s t a g e s  o f  th e  s y n t h e s i s  gave  s a t i s f a c t o r i l y  p u re  i n 

to  m e d i a  t e s ,  b u t  th e  s e v e n th  gave  1—n i t r o —3 -o b lo ro n a p h th a le n e  i n  a  

s l i ^ t l y  irapu re  s t a t e ,  a n d  i t s  two—s ta g e  c o n v e r s io n  to  3-*ohloro—1— 

n a p h th o l  gave  t h i s  s u b s ta n c e  o n ly  a s  a  s t i c k y  s o l i d  (no  de te rm in a  t i o n  

o f  th e  m e l t in g  p o i n t  was p o s s i b l e ,  n o r  i s o l a t i o n  o f  a  b en sso a te) vÆiich 

gave  a  s p o t ,  i n  t h i n  l a y e r  c h ro riia to g rap h y j i d e n t i f i e d  w i th  *fâie unknown 

p r o d u c t  p ro c e d in g  from  ih e  h y d r o l y s i s  o f  th e  ao e  to x y  compound*
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No o t h e r  s p o t s  w ere  p ro d u c e d  by  th e  im pure  2 - c h lo r o - 4 - n a p h th o l ; "fâie 

im p u r i ty  th u s  i s  p r o b a b ly  n o t  a  n a p h th o l*

The i n f r a r e d  s p e c t r a  o f  p u re  l - c h l o r o - 4 ^ n a p h th o l ,  o f  im pure  

2 - c h lo r o - 4 - n a p h 1 h o l ,  a n d  o f  th e  c ru d e  p r o d u c t  o f  h y d r o l y s i s  o f  th e  

ao e  to x y  t r i c h l o r i d e  w ere  r e c o rd e d  a n d  ex am in e d ; th e  l a s t  c o n ta in e d  th e  

p e a k s  b e lo n g in g  to  th e  n a p h th o l s ,  t o g e t h e r  w i th  o t h e r s  ( p r o b a b ly  a t t r i 

b u ta b le  to  th e  c o lo u r e d  p a r t ) ;  when th e  c ru d e  p r o d u c t  o f  h y d r o ly s i s  

was c h ro m a to g ra p h e d  a n d  th e  i n f r a r e d  s p e c t r a  o f  two f r a c t i o n s  r e c o r d e d ,  

new p e a k s  w ere  p r e s e n t  udiioh w ere  n o t  i n  th e  c ru d e  m ix tu re *  T h is  con

f i r m s  t h a t  th e  c h ro m a to g ra p h y  c a n  r e s u l t  i n  some deoO T iposition*

As t h e r e  i s  no  d o u b t a b o u t  th e  p u r i t y  o f  th e  i n i t i a l  a o e to x y -o o m - 

p o u n d , an d  e s p e c i a l l y  s i n c e  th e  p*m*r* sp e c tru m  ( s e e  s e c t i o n  2 0 ) i s  

c l e a r  e n o u ^ ,  i t s  s t r u c t u r e  c a n  be  c o n s id e r e d  to  be  e s t a b l i s h e d  ad e 

q u a te ly *

To c h e c k  th e  i n f lu e n c e  o f  th e  e x p e r im e n ta l  c o n d i t i o n s  u p o n  th e  

p ro d u o l»  o f  h y d r o l y s i s ,  t h r e e  e x p e r im e n ts  im re  c a r r i e d  o u t ,  one  o f  them  

i n  th e  c o n d i t i o n s  p r e v i o u s ly  d e s c r ib e d ;

E x p e rim e n t 1 2 3

S o lv e n t MeOH MeOE EtOH-H 0 
2

A l k a l i NaOMe NaOMe NaOH

T e m p e ra tu re Room b . p . b .p *

H ours o f  r e a c t i o n 192 3 3

A p p earan ce C o lo u r le s s Y ellow Red

E ach  o f  th e  sa m p le s  show ed two s p o t s  on  t h i n  l a y e r  o h rcx n a to g rap h y ; 

p r o b a b ly  th e  d i f f e r e n c e  i n  c o lo u r  p ro c e e d s  from  s m a ll  am ounts o f
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q u in o n e s  o r  o t h e r  o x id a t io n  p r o d u c ts  vdiioh a r e  fo rm ed  e a s i l y  a t  

h i ^ e r  te m p e ra tu re s *

A c id  h y d r o l y s i s  o f  n a p h th a le n e  a o e t o x y t r i c h l o r i d e ♦

The p u re  ocmjpound ( l  g * , m *p. 124-5® ) w as b o i l e d  w i th  1*5 ml* o f

d im e th y l  s u l f a t e  i n  40 ml* o f  m e th a n o l ,  d u r in g  4 h o u r s ;  th e  m ix tu re

w as c o o le d ,  e x t r a c t e d  w i th  e t h e r  a n d  w ashed  w i th  d i s t i l l e d  w a te r*  The

o r g a n ic  r e s i d u e ,  a f t e r  e v a p o r a t in g  th e  s o l v e n t ,  was c r y s t a l l i z e d  frcan

l i g h t  p e tr o le u m , b * p . 80- 100®, a n d  g av e  w h ite  c r y s t a l s  m*p* 113-4® ,

su p p o se d  to  be l - h y d r o x y - 2 ,3 ,4 - t r i o h lo r o - l ,2 ,3 ,4 - t e t3 ? a h y d r o n a p h th a l e n e *

I t s  i n f r a r e d  sp e c tru m  show ed th e  c h a r a c t e r i s t i c  p e a k  o f  th e  0 - ^  s t r o t -
—1

c h in g  v i b r a t i o n  a t  3505  cm ( s e e  A p p e n d ix ) , th e  p e a k  o f  th e  a c e t a t e  

g ro u p  h a v in g  d ia s a p e a r e d  o ra n p le te ly .  The y i e l d  w as n e a r l y  t h e o r e t i o a l .  

The a n a l y s i s  o f  th e  compound gave*

C H O C l

Pound 4 7 .6 3  3 .4 8  6 .5 1  4 2 .2 6

CioH^OCl^ r e q u i r e s  4 7 .7 0  3 .6 0  6 .3 6  4 2 .2 1

The e q u i v a l e n t  o f  th e  a lc o h o l  ■ms d e te rm in e d  tw ic e  g i v in g  1 1 9 .7

a n d  1 2 0 .0  ; ^  H OCl r e q u i r e s  1 2 5 .7  .
10 y 3

I f  s u l f U r i c  a o id  i s  em ployed  i n s t e a d  o f  d i m e # y l  s u l f a t e ,  th e  h y d ro 

l y s i s  i s  s lo w e r  a n d  th e  y i e l d  o f  a lc o h o l  i s  p o o re r*

A sam p le  o f  th e  a lc o h o l  w as h y d ro ly s e d  w i th  sod ium  raethoxid©  i n  me—
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th a a io l ,  th e  p r o d u c t s ,  when ex am ined  b y  t h i n - l a y e r  c h ro m a to g ra p h y , 

w ere  th e  1 - o h lo r o -  a n d  2 - c h lo r o - 4 - n a p h th o l s  a l r e a d y  d e s c r ib e d #  The 

f o l lo w in g  schem e th u s  su m m arises  th e  r e a c t io n s #

H C l H
C l

C l

Me SO^ , MeOH 2 4

H C l
C l

C l
HO H

C l
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1 5 . KINETICS W  CHLORIWnON OF NAPHTOAI.iErTE IB ACETIC ACID.

A lth o u g h  th e  ra t©  o f  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  a c e t i c  a c i d  

h ad  b een  d e te rm in e d  p r e v i o u s ly  b y  o t h e r  a u th o r s  ( s e e  s e c t i o n  8 ) ,  i t  

seem ed d e s i r a b l e  to  r e p e a t  i t  i n  v ie w  o f  th e  d i s c o v e r y  t h a t  s u b s t i 

t u t i o n  i s  acco m p an ied  b y  a d d i t i o n .

S o lu t io n s  o f  n a p h th a le n e  a n d  c h lo r i n e  i n  a c e t i c  a c i d  ( p u r i f i e d  a s  

i n  s e c t i o n  1 0 .3 )  w i th  c o n v e n ie n t  c o n c e n t i a t i o n s ,  w ere  b ro u g h t  to  

th e r m o s ta t  t e m p e r a tu r e ,  25*$ e q u a l  v o lu im s  w ere  m ix e d , a n d  a t  i n t e r v a l s
' p

sa m p le s  o f  5 m l. w ere  p i p e t t e d  i n t o  aq u eo u s p o ta s s iu m  i o d i d e .  The io 

d in e  l i b e r a t e d  w as t i t r a t e d  w i th  sod ium  t h i o s u l f a t e .  A d e t e r 

m in a t io n  was ru n  s im u l ta n e o u s ly  to  e n a b le  c o r r e c t i o n  i f  n e c e s s a r y  

f o r  l o s s  o f  c h lo r i n e  b y  e v a p o r a t io n .

% e  v a lu e s  o f  th e  r a t e  c o e f f i c i e n t  o b ta in e d  b y  u s i n g  th e  u s u a l  s e 

c o n d -o r d e r  r a t e - e q u a t io n #
. 1 _ b ( a - x )

2 * t ( a - b )  a ( b - z )

w here  a  * i n i t i a l  c o n c e n t r a t i o n  o f  n a p h th a le n e ,  b  = i n i t i a l  c h lo r i n e  

a n d  X « r e a c t e d  c h lo r i n e  a t  tim e  t ,  i n c r e a s e d  s lo w ly  b u t  c l e a r l y  w ith  

th e  c o u rs e  o f  th e  r e a c t i o n .  T h is  e f f e c t  h a d  b e en  o b s e rv e d  b e f o r e ,  

a n d  h ad  b een  a t t r i b u t e d  to  a  s m a l l  c a t a l y s i s  b y  th e  h y d ro g e n  c h lo r i d e  

p ro d u c e d  i n  th e  r e a c t i o n .  B u t th e  e a p e r im e n ts  a n d  s t u d i e s  d e s c r ib e d  

i n  s e c t i o n s  10 to  14 e s t a b l i s h e d  th e  n e c e s s i t y  o f  u s i n g  p o t h e r  eq u a 

t i o n  vd iich  c o u ld  a l lo w  f o r  th e  im p o r ta n t  a d d i t i o n  p r o d u c ts  fo rm ed  b y  

t a k in g  u p  m ore c h lo r in e #
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^10^8  +  —

C ^ q B y C l +  H C l

O f o o u rse y  th e  f i r s t  s t e p  i s  s lo w e r  an d  th e n  r a t e - d e t e r m i n in g ,  

h u t  a s  th e  r e a c t i o n  i s  fo l lo w e d  h y  t i t r a t i o n  o f  th e  c h lo r i n e  w h ich  r e 

m ain s i n  th e  r e a c t i o n ,  i t  m u s t be c o n s id e r e d  how much i s  u s e d  u p  i n  

a l l  th e  s te p s *

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

l e n e  a n d  c h l o r i n e ,  2  ' ^  th e  n a p h th a le n e  r e a c t e d  a t  tim e  jfc, a n d  

J2L 1—Q< a r e  th e  p r o p o r t io n s  o f  n a p h th a le n e  r e a c t i n g  to  p ro d u c e

a d d i t i o n  a n d  s u b s t i t u t i o n  p r o d u c ts  r e s p e c t i v e l y ,  th e  r a t e  c a n  be 

e x p r e s s e d  a s ;

g g  -  k g  ( ^ y - K y )

w h ich  a f t e r  i n t e g r a t i o n  g iv e s  t

i r '  1 8 ( a - y )
2 ”  t (  ( l+ ex  )a ^ b )  a(lD -y-e< y)

F o r  n a p h th a le n e  w i th  no  ad d ed  e l e c t r o l y t e ,  tkie s u b s t i t u t i o n  p ro 

d u c ts  a r e  54»OJ? o f  th e  r e a c t e d  n a p h th a le n e ,  th e  t e t r a c h l o r i d e  a d d u c ts  

3 8 *05? ,  and  Ih e  ao e  to x y  t r i c h l o r o  a d d u o t 8*0^  ,  so  » 0*46 ,  

an d  th e  e q u a t io n  becom es 1
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V ' 1 1 -  b (a ^ y )
2 * t|i*4^a^b) a(b-i*4^yy

The r e s u l t s  a r e  shown i n  T a b le  IV  (p ag e  8 o ) .

V a lu e s  o f  show no  t r e n d  wi"Qi th e  i n i t i a l  o o n o e n t r a t io n s  o r  

w i th  th e  p r o g r e s s  o f  th e  r e a c t io n *

The volum e o f  t h i o s u l f a t e  i s  e q u iv a l e n t  to  th e  c h lo r i n e  w h ich  r e 

m ain s  i n  th e  r e a c t i o n ,  b  — x  o r  b  -  l* 4 6 y  ,  i n  e a c h  o f  th e  e q u a 

t io n s *
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TABLE IV . K i n e t i c s  o f  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  a c e t i c  a c i d ,  a t  25* 

N a p h th a le n e  C h lo r in e  Time (m in ) Sodium  t h i o s u l f a t e  . k  k '

0 .  050  M 0 .0 2 7  M

0 .050  M 0 .026  M

0 .0 5 0  M 0 .0 2 3 7  M

0 .0 1 4  M 0 .0 1 4

ml N

0 2 .4 0 .0 2 .......

5 1 .0 5 3 .8 2 .5
12 0 .2 5 3 .7 2 .3

0 5 .2 0 0 .0 2 — —

2 3 .7 5  ' 3 .6 2 .5
4 3 .0 0 3 .2 2 .1
6 1 .9 0 3 .8 2 .6
8 1 .4 0 4 .4 2 .7

10 1 .0 5 4 .4 2 .8
12 0 .8 5 4 .3 2 .6
14 0 .6 5 4 .4 2 .6
16 0 .5 5 4 .9 2 .5

0 4 .7 5 0 .0 2 — —

1 4 .0 5 3 .3 2 .2
3 2 .7 5 4 .2 3 .2
4 2 .4 5 3 .9 3 .3
5 2 .0 0 4 .2 3 .1
7 1 .8 5 4 .1 2 .9
8 1 .3 0 4 .2 2 .9
9 1 .1 5 4 .2 3 .0

0 5 .6 0 0 .0 1 — —

2 4 .4 5 4 .7 3 .4
4 3 .9 5 4 .0 2 .5
6 3 .2 5 4 .3 2 .7
8 2 .9 5 3 .9 2 .5

10 2 .4 5 4 .1 2 .6
14 2 .3 0 3 .2 2 .0
17 1 .6 5 3 .9 2 .4
18 1 .5 5 3 .9 2 .4
20

in " ^

1 .5 0 3 .6 2 ,2
_1

k .  a n d  k f  i n  l .m o le  2 2
A v erag e  k*  t 2 .4  ,  2 .5  » 2 .9  an d  2 .5  r e s p e c t i v e l y .
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16 . CHLORBÎATI® OP KAHITIIALfflE W  CHLOROPOM.

1 6 . 1 ) S tu d y  o f  th e  -produotB .

D i f f e r e n t  c h lo i^ in a t i e n s  h av e  b een  c a r r i e d  o u t  f o l lo w in g  a  m ethod  

s i m i l a r  to  I h a t  u s e d  w i th  a c e t i c  a o id .

A q u a n t i t y  o f  n a p h th a le n e  was d i s s o lv e d  i n  p u re  c h lo ro fo rm , f r e s h l y  

d i s t i l l e d  ( a f t e r  p u r i f i c a t i o n  b y  w a sh in g  w i th  c o n c e n t r a te d  s u l A i r i o  

a c i d  a n d  w a te r ,  an d  d r y in g  w i th  c a lc iu m  c d i lo r id e ) |  a  sam p le  o f  th e  

s o l v e n t  was s a t u r a t e d  w i th  c h lo r i n e  ( i n  a  f l a s k  p r o t e c t e d  from  th e  

l i g h t )  a n d  th e  h a lo g e n  was t i t r a t e d  w ith  sodium  t h i o s u l f a t e  a f t e r  p i 

p e t t i n g  a n  a l i q u o t  p a r t  i n t o  a q u eo u s s o l u t i o n  o f  p o ta s s iu m  io d id e  ; no 

s t a r o h  i s  n e e d e d  f o r  th e  e n d - p o in t  b e c a u se  th e  io d in e  re m a in s  i n  th e  

s m a l l  volum e o f  n o n -aq u e o u s  s o lv e n t*

C o n v e n ie n t volum es o f  ih e  s o l u t i o n s  o f  n a p h th a le n e  an d  c h lo r in e  

w ere  m ixed  a n d  th e  f l a s k  was l e f t  u n d e r  th e  c h o se n  c o n d i t i o n s ,  w i th  

o r  w i th o u t  a d d ed  c a t a l y s t *

A f t e r  one o r  two d a y s ,  t l ie  s o l v e n t  an d  th e  h y d ro g en  c h lo r id e  p r o -  

duoed  w ere  rem oved by  d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e , a n d  th e  

r e s id u e  was c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  a n d  e l u t e d  a s  u s u a l*

When i t  was p o s s i b l e ,  some p u re  n a p h th a le n e  t e t r a c h l o r i d e  was 

rem oved b y  c r y s t a l l i z a t i o n  b e fo r e  th e  c h ro m a to g ra p h ic  s e p a r a t io n *

I f  c r y s t a l l i z a t i o n  was em p lo y ed , th e  m o th e r  l i q u o r s  w ere  chrom a t o -
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g ra p h e d  t o g e t h e r  w i th  th e  u n c r y s t a l l i z a b l e  p a r t .

The r e s u l t s  c a n  be s e e n  i n  T a b le  V , page  83*

The tim e  w hich  was n e c e s s a r y  f o r  coK q>leting th e  c h l o r l n a t i o n s  v a 

r ie d . w id e ly ;  r e a c t i o n  B w as e x o th e rm ic ,  w i th  v i o l e n t  e v o lu t i o n  o f  

h y d ro g en  c h lo r id e  a n d  b o i l i n g  o f  th e  s o l v e n t ;  a l l  th e  h a lo g e n  r e a c 

t e d  i n  l o s s  th a n  th r e e  m in u te s*  R e a c t io n s  A , C a n d  D w ere  c a r r i e d  

o u t  i n  f l a s k s  p r o t e c t e d  from  th e  l i g h t ,  a n d  t h e r e f o r e  i t  was impo

s s i b l e  to  w a (0 /t^ th e  m ix tu r e s ;  h o w ev er, from  k i n e t i c  s t u d i e s ,  A sh o u ld  

be a  v e r y  s lo w  r e a c t i o n  an d  i n  *ttiis c a s e  no  h e a t in g  was o b se rv ed *  C 

an d  D s h o u ld  be  m ore r a p i d  an d  a c c o r d in g ly  i t  w as, n o t i c e d  t h a t  th e  

s o l u t i o n s  became w a rn .
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TABLE V* ProduQ-W o f  o h l o r i n a t i o n  o f  n a p h th a le n e  i n  c h lo r o f o m *

E x p e rim e n t A B C D

N a p h th a le n e  ( g . )  t 12.8 12.8 12.8 12.8

C h lo r in e  (g # )  s 7.1 7.1 5.3 5.3
C o n d it io n s  t Daifc l i g h t D ark Daifc

C a t a l y s t  ( c o n o .)  s --------- -------- Ig O.OOOIM HCl 0.14

Volume o f  s o l v e n t  (ml#)« 170 170 175 175
P r o d u c ts  i s o la te d *

3.1 1.15 — —

c h ro m a to g ra p h y  ( g .  ) *
10.6 12.7 11.6 11.1 »

A d d it io n  p r o d u c ts  a f t e r  
c h ro m a to g ra p h y  (g# )  *

4.8 4.3 5.3 5.0

E s t im a t io n  o f  p roductsftft*

U n re a c te d  n a p h th a le n e ,  g . 4.4 5.1 5 .2 4 .4  »

M o n o c h lo ro n a p h lh a le n e , g# 6.2 7 .6 6 .4 6.7

N# t e t r a c h l o r i d e s ,  g# 7.9 5.45 5.3 5.0

% R e a c te d  ( S u b s t i t u t i o n 56.6 69.4 69.1 66.8

n ap h  th a le n e  lA ddi t i o n 43.4 30.6 30.9 33.2

C o m p o sitio n r o (-.iscaner 50.6 32.8

o f i^ - is c m e r 6.5 13.9
a d d i t i o n S - i s o m e r 35.2 43.8 SBB

m ix tu re s  (^ ) g - i s o m e r 6.5 7.9
BAR 1.2 1.6

a) P e rh a p s  some n a p h th a le n e  was l o s t  b y  s u b lim a tio n #

ft») The d i f f e r e n c e  b e tw een  th e  c h lo r i n e  u s e d  u p  to  form  th e  a d d i t i o n
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p r o d u c ts  a n d  th e  i n i t i a l  c h lo r in e  was a t t r i b u t e d  to  s u b s t i t u t i o n ;  b y  

a l lo w in g  th e  m ix tu r e s  o f  u n r e a o te d  n a jd i th a le n e  an d  m o n o o h lo ro n ap h th a^  

le n e  to  l o s e  Ih e  h y d ro c a rb o n  b y  s u b l im a t io n  a t  room t m p e r a t u r e  du

r i n g  2 to  3 w e ek s , th e  w e ig h t  o f  th e  s u b s t i t u t i o n  p r o d u c t  c o u ld  be 

d e te i tn in e d  e x p e r im e n ta l ly  a n d  i t  w as fo u n d  i n  a  v e r y  good  a g re e m e n t 

w i th  th e  c a l c u l a t e d  num ber shown i n  th e  T a b le ,  th e  d i f f e r e n c e s  b e in g  

s m a l l e r  th a n  0 .1  g ,

»Bô) D r. M. D. Jo h n so n  ( s e e  s e c t i o n  20) made an  e s t im a t i o n  o f  th e  

d i f f e r e n t  iso m e rs  by  e x a m in in g  th e  p r o to n  m a g n e tic  re s o n a n c e  s p e c t r a  

o f  th e s e  m ix tu r e s .  Sam ples tram  e x p e r im e n ts  C a n d  D showed a  compo

s i t i o n  b e tw een  th o s e  o f  A a n d  B, b u t  u n f o r t u n a t e l y  th e y  a r e  n o t  r e 

p r e s e n t a t i v e  b ecau se  i t  was n o t  p o s s ib l e  to  d i s s o lv e  a l l  th e  o<-naph

th a le n e  t e t r a c h l o r i d e  p r e s e n t .  The £ -n a p h  th a le n e  t e t r a c h l o r i d e  and  

th e  n a p h th a le n e  p e n ta c h lo r id e  w i l l  be d e s c r ib e d  i n  s e c t i o n s  17 an d  

18.
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1 6 .2 )  K i n e t i c s  o f  o l i l o r i n a t i o n  o f  n a p h th a le n e  i n  c h l o r o f o i a  (w i th o u t  

C a t a l y s t ) a t  25* .

F i r s t ,  i t  vms n e c e s s a r y  to  a d o p t  a  new m ethod  o f  t i t r a t i o n .  The 

one em ployed  f o r  th e  k i n e t i c s  i n  a c e t i c  a o id  was u n s a t i s f a c t o r y  

b e c a u se  td ien  a  sam p le  i s  p i p e t t e d  i n t o  aq u eo u s s o l u t i o n  o f  p o ta s s iu m  

i o d i d e ,  th e  io d in e  l i b e r a t e d  g o e s  p r e f e r e n t i a l l y  to  th e  c h lo ro fo rm , 

c a t a l y s i n g  th e  o h l o r i n a t i o n  an d  p ro d u c in g  m e a n in g le s s  r e s u l t s .  F o l lo 

w in g  p r e c e d in g  m ethods th e  sam p les  w ere  p i p e t t e d  i n t o  aq u eo u s so 

l u t i o n s  o f  b u f f e r e d  sodium  a r s e n i t e ,  an d  tlie  re m a in in g  r e a g e n t  ( a f t e r  

d e s t r u c t i o n  o f  th e  c h lo r i n e  b y  v ig o ro u s  s h a k in g )  was t i t r a t e d  w ith  

s t a n d a r d  s o l u t i o n  o f  io d in e  i n  p o ta s s iu m  io d id e *

B lan k s w ere  ru n  to  o b s e r v e ,  a s  u s u a l ,  th e  b e h a v io u r  o f  th e  h a lo g e n  

i n  c h lo ro fo rm  an d  i t  was in m o d ia te ly  fo u n d  t h a t  i n  th e  l i ^ t  th e  c h lo 

r i n e  d is a p p e a re d  sp e ed ily  a c c o rd i j ig  to  Ih e  r e a c t i o n  s

CHCl 4  C l 4  l i g h t  --------- CCI 4  HCl

New s o l u t i o n s  o f  c h lo r i n e  k e p t  i n  f l a s k s  p r o t e c t e d  from  th e  l i ^ t  

re m a in e d  w i th  a  c o n s t a n t  c o n c e n t r a t i o n  o f  th e  h a lo g en *

The k i n e t i c  m easu rem en ts  w ere  made i n  f l a s k s  p r o t e c t e d  from  th e  

l i ^ t  a n d  i n  a  th e r m o s ta t  p la c e d  i n  a  d a rk  room w ith  a  r e d  b u lb  T ^ ic h  

gave  a  v e ry  weak i l l u m i n a t i o n .

1 .  P .  B . D . de  l a  M are , B . A. S c o t t  a n d  P .  W. R o b e r ts o n , J .  Chem* 

S e e . 1945* 509 #
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The r a t e  c o e f f i o i e n t  was c a l c u l a t e d  a s  i n  s e c t i o n  15* w i th  th e  

o r d in a r y  e q u a t io n
. 1 .  b ( a - x )  , X . _ _

2 * t ^ a - b )  ^  a ( b - x )  2 a t ( a - x y  ^

a n d  th e  m o d if ie d  one
k '  1 ,  b ( a - y )

2  “  t ( l . 4 3 a - b )  a ( b - 1 .4 3 y )

I n  -tiiis c a s e  a s  s u b s t i t u t i o n  « 5 ^ .6 ^  an d  a d d i t i o n  * 4 3 .4 ^  o f  th e  

r e a c t e d  n a p h th a le n e ,  th e  c o e f f i c i e n t  o<® 0 .4 3  .

The m ean in g  o f  th e  sym bols i s  th e  same a s  i n  s e c t i o n  15»

The t i t r a t i o n  was made p i p e t t i n g  sa m p les  o f  5 m l. i n t o  10 m l. o f

0 .1 0 4  N b u f f e r e d  aq u eo u s sod ium  a r s e n i t e ,  and  b a ck  t i t r a t i o n  w ith

0 .1 0 2  N io d in e  i n  p o ta s s iu m  io d id e ;  Ih e  volum e o f  io d in e  p lu s  t h a t  

o f  c h lo r in e  re m a in in g  i n  th e  r e a c t i o n  i s  a  c o n s t a n t  q u a n t i t y  e q u iv a le n t  

to  th e  volum e o f  sodium  a r s e n i t e ;  from  t h i s  num ber th e  c h lo r i n e  u s e d  

u p  (x  o r  l* 4 3 y  i n  e a c h  o f  th e  e q u a t io n s )  a n d  f i n a l l y  th e  r a t e  c o e f f i 

c i e n t s  c a n  be c a l c u l a t e d .

The r e s u l t s  a r e  i n  T ab le  V I , p ag e  8 7 .

B lan k s w ere  ru n  d u r in g  th e  f i r s t  e x p e r im e n ts ,  u n t i l  i t  was r e a l i z e d  

t h a t  th e  r e a c t i o n  was v e r y  s lo w  a n d  t h e r e f o r e  a  p o i n t  a t  t  » 1 o r  2 

m in u te s  g iv e s  th e  i n i t i a l  c o n c e n t r a t i o n ;  no  c h lo r in e  i s  l o s t  b y  e v a 

p o r a t i o n  d u r in g  a  w hole  r u n .

When th e  r a t i o  o f  c h lo r i n e  to  n a p h th a le n e  i s  s m a l l ,  b o th  e q u a t io n s  

g iv e  a  c o n s t a n t .  When th e  r a t i o  i s  n e a r l y  1 ,  th e  m o d if ie d  e q u a t io n  g i 

v e s  much b e t t e r  r e s u l t s  b u t  th e s e  a r e  s t i l l  f a r  from  p e r f e c t  c o n s ta n c y *  

The e x p la n a t io n  f o r  th e  v a r i a t i o n  o f  th e  c o e f f i c i e n t s  w i l l  be  d e s c r i 

bed  in  s e c t i o n  1 6 .4  ; a  s i m i l a r  anc«naly can  be  s e e n  i n  n e x t  s e c t i o n .
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TABLE VI « K in etic s  o f  o h lor in a tion  o f  nanhlhalene in  chloroform a t  25^

Naphthalene Chlorine Time (m in.) Iodine (m l.) k kjT

0.1 M 0.047 M

0 .1  M 0 .1  . M

0 .1  M 0 .0 3 7  M

0.1 M 0.0815

0 .0 5  M 0 .0 2 2 5  M

0 .0 5  M 0 .0 2 2 5

0
120
200
284

0
120
200
285

0
110
170
228

0
110
170
228

0
120
220
300
400

0
120
220
300
400

5 .7
8 .1 0 .0 5 6 0 .0 1 8
9 .2 5 0 .1 2 6 0 .0 7 9
9 .9 5 0 .1 2 0 0 .0 7 3

0 .4 5
6 .1 0 0 .1 1 1 0 .0 6 6
8 .1 0 0 .1 6 6 0 .0 8 2
9 .4 5 0 .3 3 4 0 .1 1 1

6 .7
8 .3 0 .0 5 7 0 .0 3 9
9 .1 0 .0 6 6 0 .0 4 7
9 .4 0 .0 6 9 0 .0 4 6

2 .2 5 ■ «
6 .6 o 0 .0 9 8 0 .0 5 9
8 .3 0 0 .1 3 7 0 .0 7 7
9 .3 5 0 .1 9 4 0 .0 9 7

8 .1 5
8 .8 0 .0 6 2 0 .0 4 2
9 .1 5 0 .0 6 0 0 .0 4 1
9 .4 5 0 .0 6 7 0 .0 4 4
9 .8 0 .0 8 4 0 .0 5 4

8 .1 5
8 .9 0 .0 7 4 0 .0 5 0
9 .3 5 O .08I 0 .0 5 4
9 .5 0 .0 7 3 0 .0 4 8
9 .7 5 0 .0 7 8 0 .0 5 1
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1 6 .3 ) K in etic s  o f  o h lo r in a tio n  o f  naphthalene in  chloroform , in  pre

sence o f  iod in e as c a t a ly s t .

The m ethod  u s e d  was ih e  same a s  i t  h a s  b een  d e s c r ib e d  in  th e  p r e c e 

d in g  s e c t i o n ,  b u t  i n i t i a l l y  a  s m a ll  c o n c e n t r a t io n  o f  io d in e  (o b ta in e d  

b y  c o n s e c u t iv e  d i l u t i o n s )  was p r e s e n t  t o g e t h e r  w ith  th e  h y d ro c a rb o n . T h is  

c o n c e n t r a t i o n  i s  so  s m a l l  t h a t  i t  does n o t  in f lu e n c e  th e  t i t r a t i o n .

Sam ples o f  5 m l. w ere  p i p e t t e d  i n t o  10 m l. o f  b u f f e r e d  sodium  a r s e 

n i t e  (O .O ll N ) ,  a n d  th e  e x c e s s  o f  r e a g e n t  b ack  t i t r a t e d  w i th  0 .0 1 1 8  H 

i o d in e .

A gain  k ^  and  k*  w ere  c a l c u l a t e d .  I n  I h i s  c a s e  a s  s u b s t i t u t i o n  »

6 9 . 15? and  a d d i t i o n  « 3 0 . 95? o f  th e  r e a c t e d  c h l o r i n e ,  th e  c o e f f i c i e n t  ^  

becom es e q u a l  to  0 .3 1  .

The r e s u l t s  c a n  be s e e n  i n  n e x t  p a g e ;  a l l  th e  sym bols i n  T a b le  V II 

a s  i n  T ab le  V I.

The f i r s t  v a lu e s  f o r  th e  r a t e  c o e f f i c i e n t s  a r e  in f lu e n c e d  b y  g r e a t e r  

e r r o r s  b e c a u se  th e  t im e s  o f  r e a c t i o n  a r e  v e r y  s m a ll  and  a b o u t  20 se c o n d s  

a r e  n e c e s s a r y  f o r  q u e n c h in g  th e  r e a c t i o n .

The o r d e r  o f  th e  r e a c t i o n  i n  io d in e  i s  1 ,  b e c a u se  vûieti i t s  c o n c e n tr a 

t i o n  was made 50 an d  2 5 ^ , th e  v a lu e s  f o r  th e  r a t e  c o e f f i c i e n t  d e c re a s e d  

a p p ro x im a te ly  i n  t h a t  p r o p o r t i o n .

The in c o n s ta n c y  o f  th e  r a t e  c o e f f i c i e n t s ,  fo u n d  a l s o  i n  th e  p r e c e d in g  

s e c t i o n ,  was a t t r i b u t e d  to  th e  c u m u la tiv e  e f f e c t  o f  th e  h y d ro g en  c h lo r id e  

p ro d u c e d  i n  th e  r e a c t i o n  an d  t h i s  w as p ro v e d  a s  i t  w i l l  b e  s e e n  i n  

n e x t  s e c t i o n .
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TABLE V II. K in etic s  o f  o h lo r in a tio n  o f  naphthalene in  ohlorofoitn a t

25^ 9 i£L presence o f  iod in e as c a t a ly s t .

N a p h th a le n e  0 .0 1  M i n  a l l ,  ih e  e x p e r im e n ts  

C h lo r in e  Io d in e  t ( m i n . )  m l. io d in e  .

0 .0 1  M 0 .0 0 0 0 8  M

0 .0 1  M 0 .0 0 0 0 4  M

0.00462M 0.00002

^ 2

0 0 .3 ----- —
2 1 .3 6 .8 5 .2
4 3 .1 1 1 .5 8 .4
6 4 .4 5 1 4 .3 9 .9
8 5 .4 5 1 6 .3 1 1 .1

10 6 .1 1 7 .9 1 1 .5
12 6 .4 5 1 7 .7 1 0 .9
14 7 .0 2 0 .2 1 1 .8
16 ■ 7 .2 5 2 0 .4 1 1 .6
18 . 7 .6 5 2 3 .7  . 1 2 .5

0 0 .3 — —

3 1 .1 3 .4 2 .7
6 2 .8 5 6 .6 4 .9
9 3 .8 5  . 7 .2 5 .1

.12 4 .8  ' 8 .2 5 .7
15 5 .4 8 .6 5 .7
18 5 .8 8 .5 5 .6
21 6 .2 5 9 .1 5 .8
24 6 .7 1 0 .0 6 .0
27 6 .9 5 1 0 .1 6 .1

0 5 .5 — —

5 6 .0 3 .0 2 .3
10 6 .5 5 3 .4 2 .5

.1 5 6 .9 3 .4 2 .5
20 7 .3 3 .6 2 .6
25 7 .6 5 3 .8 2 .8
30 7 .8 5 3 .7 2 .7
36 8 .1 3 .8 2 .8
40 8 .3 5 4 .2 3 .0
45 8 .5 4 .3 3 .0
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16.4) K inetlos o f ohlorination o f naphthalene in  ohlorofoim. in  pre-

senoe o f hydroohloric aoid as c a ta ly st.

S m a ll q u a n t i t i e s  o f  w a te r  w ere  shown i n  p r e l im in a r y  e x p e r im e n ts  to  

in f lu e n c e  th e  e f f e c t  o f  h y d ro g en  c h l o r i d e .  The k i n e t i c  m easu rem en ts 

w ere  t h e r e f o r e  made by  u s i n g  c h lo ro fo rm  w h ich  w as e i t h e r  d r i e d  o r  sa 

t u r a t e d  w i th  w a te r ,  an d  th e n  s a t u r a t e d  w i th  h y d ro g en  c h l o r i d e .

N a p h th a le n e  a n d  c h lo r in e  w ere  th e n  d i s s o lv e d  i n  i t  an d  th e  k i n e t i c s  

w ere  fo l lo w e d  a s  u s u a l ;  e x t r a  sodium  h y d ro g en  c a rb o n a te  was ad d ed  to  

th e  b u f f e r e d  sodium  a r s e n i t e  to  n e u t r a l i z e  th e  h y d r o c h lo r ic  a c i d .

As s u b s t i t u t i o n  « 6 6 .8 ^  a n d  a d d i t i o n  » 3 3 .2 ^  o f  th e  r e a c t e d  n a p h th a 

l e n e ,  th e  c o e f f i o i e n t  CK i s  0 .3 3  ; a l l  sym bo ls em ployed  i n  T a b le  V I I I  

(p ag e  91 ) a r e  th e  same a s  i n  th e  p r e c e d in g  o n e s .

Sam ples o f  5 m l. w ere  p i p e t t e d  i n t o  10 m l. o f  0 .1 0 0 5  N sodium  a r s e 

n i t e ,  an d  i t s  e x c e s s  t i t r a t e d  w i th  0 .0 9 8  N i o d in e .  I n  th e s e  e x p e r im e n ts  

o n ly  kg  h a s  b een  c a l c u l a t e d .

The s t a r t i n g  c o n c e n t r a t i o n  o f  h a lo g e n  w as d e te rm in e d  b y  s e p a r a te  

e x p e r im e n ts .
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TABLE V I I I .  K in e t i c s  o f  o h l o r in a t i o n  o f  n a p h th a le n e  in  o fa lo ro fo im .  a t  

25* ,  ^  p re s e n c e  o f  h y d r o c h lo r ic  a o id  a s  o a ta l .v s t .  

N a p h th a le n e  C h lo r in e  t f a i n . ) Io d in e  ( m l . ) 2  H ydrogen c h i .  W ater

0 .2  M 0 .0 7 0 4  M 0 ( 3 .7 2 )    0 .2 2 5  M S a t u r .

0 .1  M . 0 .0 5 5  M 0 ( 5 .2 5 )    0 .1 2 5  M 55^ o f
s a t u r a t i o n

0 ( 3 .7 2 ) — —
2 6 .5 5 1 .1 3
4 8 .0 0 0 .9 0
6 8 .8 5 0 .8 4
8 9 .7 0 .9 1

10 1 0 .0 5  , 0 .8 7
12 1 0 .3 5 0 .8 6
14 1 0 .4 5  , 0 .7 9
16 1 0 .8 0 .9 4
18 1 1 .0 1 .1 4

0 ( 5 .2 5 )  , -------
3 6 .3 0 0 .4 5
6 6 .6 5 0 .2 9
9 7 .2 0 .3 1

12 7 .6 0 .3 0
15 7 .8 5 0 .2 8
18 8 .1 0 .2 7
21 8 .7 0 .3 1
24 8 .8 0 .2 9
27 9 .0 5 0 .2 9

0 ( 8 .0 ) ——
5 3 .0 1 .0 3

10 5 .0 0 ,9 4
15 6 .2 5 1 .1 4
20 7 .0 5 1 .0 1
25 7 .6 5 1 .0 5
30 8 .1 1 .0 4
35 8 .5 1 .1 5
40 8 .6 5 1 .0 7

0 (9 .9 5 ) — -
2 5 .3 1 .3 5
4 6 .7 1 .0 9
6 7 .5 0 .9 6
9 8 .6 5 1 .0 0

11 8 .9 0 0 .9 3
13 9 .2 5 0 .9 5
15 9 .5 0 .9 9

0 .1  M 0 .1 2  M 0 ( 8 .0 )    0 .2 2 5  M None •

0 .2  M 0 .0 9  M 0  ( 9 .9 5 )    0 .2 2 5  M None •
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TABLE V I I I ,  (C o n t in u a t io n )

ft) I n  th e s e  two k i n e t i c  e x p e r im e n ts ,  d zy  c h lo ro fo rm  was s a t u r a t e d  

w i th  d r y  h y d ro g en  c h lo r id e #  IVhen th e  r e s u l t s  w ere  com pared  w i th  th o s e  

from  th e  f i r s t  e x p e r im e n t  i n  w h ich  c h lo ro fo rm  s a t u r a t e d  w i th  w a te r  

was s a t u r a t e d  w i th  h y d ro g en  c h l o r i d e ,  i t  was n o t i c e d  i m e d i a t e l y  t h a t  

th e  r a t e  c o e f f i c i e n t s  w ere  i d e n t i c a l ;  t h i s  l e d  to  d i s c o v e r  t h a t  Ih e  so 

l u t i o n s  o f  h y d ro g en  c h lo r i d e  i n  c h lo ro fo rm  a r e  so  h y g ro s c o p ic  i h a t  

th e y  become s a t u r a t e d  in m e d ia te ly  w i th  w a te r  .tak e n  from  th e  a tm o s p h e re . 

I n  th e  s e c o n d  e x p e r im e n t ,  th e  n a p h th a le n e  was d i s s o lv e d  i n  25 m l, o f  

c h lo ro fo rm  s a t u r a t e d  w i th  h y d ro g en  c h lo r i d e  ( i n s t e a d  o f  i n  45 ml* w h ich  

w ere  em ployed i n  th e  f i s r t ,  t h i r d  an d  f o u r t h  e x p e r im e n ts ) , a d d in g  l a t e r  

20 m l,  o f  p u re  c h lo ro fo rm *  The h a lo g e n  w s  a lw ay s  a d d ed  d i s s o lv e d  i n  

5 m l, o f  c h lo ro fo rm .

The v a r i a t i o n  o f  th e  r a t e  c o e f f i c i e n t  w i th  th e  c o n c e n t r a t i o n  o f

h y d ro g en  c h lo r i d e  a n d  o f  w a te r ,  s u ^ e s t s  t h a t  th e  k i n e t i c  o r d e r  o f  th e

r e a c t i o n  i n  e a c h  o f  th e s e  s u b s ta n c e s  i s  1 * I n  a l l  c a s e s  t h e r e  i s  no

t r e n d  o f  k *  w ith  th e  i n i t i a l  c o n c e n t r a t i o n  o f  c h lo r i n e  o r  w ith  .th e  
2

p r o g r e s s  o f  th e  r e a c t io n *
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17. CHLORINATION OP NAPHTHALENE IN CARBON TETRACHLORIDE AND ISOLATION 

OP £  -NAPHTHALENE TETRACHLORIDE.

N a p h th a le n e  ( 1 2 .8  g . )  was m ixed  w i th  c h lo r i n e  (14  g . )  i n  c a rb o n  t e 

t r a c h l o r i d e .  T h ere  was no  a p p a r e n t  r e a c t i o n  d u r in g  th r e e  h o u rs  b u t  

on  e x p o su re  o f  th e  s o l u t i o n  to  weak s u n l i ^ t ,  a  sm ooth r e a c t i o n  occu

r r e d ,  a n d  i n  l e s s  th a n  t h i r t y  m in u te s  th e  c o lo u r  o f  c h lo r i n e  h a d  d i— 

s a p p e a r d .  The s o l v e n t  was d i s t i l l e d  o f f  u n d e r  re d u c e d  p r e s u r e ,  an d  

a  m ix tu re  o f  c r y s t a l s  an d  l i q u i d  was o b ta in e d .  The c r y s t a l s  (3 g . ) ,  

s e p a r a t e d  b y  f i l t r a t i o n ,  gave  a  m .p . 133-4® , a f t e r  r e c i y s t a l l l z a t i o n  

from  m e th y la te d  s p i r i t .  They w ere  i d e n t i f i e d  a s  - n a p h th a le n e  t e t r a 

c h l o r i d e .  The re m a in in g  l i q u i d  was c h ro m a to g ra p h e d  a s  u s u a l .  The fo 

l lo w in g  f r a c t i o n s  w ere  o b ta in e d *

a )  U n re a c te d  n a p h th a le n e ,  t o g e t h e r  w i th  m o n o c h lo ro n a p h th a le n e  (1 6 .6  g . )

b) A m ix tu re  o f  te t r a c h lo r id e s  ( 3 .8  g . ) m .p . 85-115®* The p .m .r .  spec

trum o f  t h i s ,  k in d ly  examined b y  D r. M« D. Johnson (see  s e c t io n  2 0 ) ,  

showed c l e a r ly  th e  p resen ce  o f  a  new n ap h th a len e  t e t r a c h lo r id e ,  now 

d e s ig n a te d  th e  £ —te t r a c h lo r id e .  The r a t i o  o f  £  in  th i s  san g le  

was c a . 2*3 •

o ) C o lo u re d  t a r s  ( 0 .5  g*)*

A se c o n d  c h l o r i n a t i o n  was made w ith  0 .1  m ole o f  n a p h th a le n e  a n d  0 .1 5  

m o le s  o f  c h lo r in e  i n  125 m l. o f  c a rb o n  t e t r a c h l o r i d e .  An u l t r a v i o l e t  

lam p was u s e d  to  c a t a l y z e  th e  r e a c t i o n ,  b u t  i t s  e f f e c t  (p ro b a b ly  b e ca u 

s e  th e  f l a s k  was an  o r d in a r y  one made o f  g l a s s )  was s m a ll  and  th e

r e a c t i o n  v e ry  s lo w  a s  in  # ie  p r e c e d in g  c a s e .
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I n  a  t h i r d  e x p e r im e n t ,  n a p h th a le n e  (1 2 .8  g . )  was a llo w e d  to  r e a c t  

w i th  c h lo r i n e  (1 4  g . )  i n  c a rb o n  t e t r a c h l o r i d e  (200  m l . ) ,  i n  p re s e n c e  

o f  a  t r a c e  o f  b e n z o y l p e ro x id e  an d  u n d e r  d i r e c t  s u n l i ^ t .  The r e a c t i o n  

was v e r y  r a p i d  an d  e x o th e rm ic ;  th e  s o l v e n t  b o i l e d  an d  a l l  th e  c h lo r in e  

h ad  d is a p p e a r d  i n  l e s s  th a n  th r e e  m in u te s .  The s o l v e n t  was rm ioved  b y  

d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e .  The r e s i d u e  ( a  m ix tu re  o f  c r y s t a l s  

a n d  l i q u i d )  was c r y s t a l l i z e d  from  m e th a n o l a n d  gave c r y s t a l s  m .p . 133- 4® 

o f  p u re  Y  - n a p h th a le n e  t e t r a c h l o r i d e  ( 4 .2  g . ) .  C o n c e n tr a t io n  o f  th e  

m o th e r  l i q u o r  gave a  se c o n d  c ro p  o f  y  - i s o m e r  ( 1 .7  g . ) .  F u i ^ / ^ r  co n cen 

t r a t i o n  o f  th e  r e s id u e  gave a  c ro p  m .p . 65- 7 3 ® ( 5*9 g . ) ;  a f t e r  s e v e n  

r e c r y s t a l l i z a t i o n s  from  l i ^ t  p e tro le u m  ( b .p .  60- 8 0 ® and  80- 100») an d  

f i n a l l y  from  c y o lo h e x a n e , p u re  c r y s t a l s  ( 1 .8  g . ,  m .p . 85-7® ) o f  £ -n a p h 

th a le n e  t e t r a c h l o r i d e  w ere  i s o l a t e d .  T h is  m a t e r i a l  was c h a r a c t e r i s e d  

b y  i t s  i n f r a r e d  ( s e e  Api>endix) a n d  p .m . r .  s p e c t r a ;  th e  l a t t e r  show ed 

i t  to  be f r e e  from  is o m e r ic  i m p u r i t i e s .

A sam ple  gave  th e  f o l lo w in g  a n a ly s i s *

C H C l

Pound 4 4 .5 9  3 .1 1  5 2 .4 5

C. H^Cl^ r e q u i r e s  4 4 .4 4  2 .9 8  5 2 .5 9
10 o  4

The re m a in in g  u n c r y s t a l l i z e d  r e s id u e  ( a f t e r  s e p a r a t i n g  th e  t h r e e  

c ro p s  d e s c r ib e d )  was c h ro m a to g ra p h ed  a s  u s u a l  an d  9 .8  g .  o f  a  m ix la ire  

o f  th e  Y £ - t e t r a c h l o r i d e s ,  a n d  1 .8  g .  o f  im pure  S  —isc sn e r , 

w ere  i s o l a t e d .

I t  i s  n o te w o r th y  t h a t  i n  t h i s  r e a c t i o n  v e r y  l i t t l e ,  i f  a n y , s u b s t i 

t u t i o n  o c c u r r e d .
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1 8 . OTHER CIILORIIUTIONS.

C h lo r in a tio n  o f  n ap h th a len e  was examined in  o u t l in e  a ls o  u n d er c e r 

t a in  o th e r  c o n d i t io n s ,  a s  d e sc r ib e d  below .

The main purpose o f  th e se  experim en ts was to  a t t a n p t  to  e s ta b l i s h  

w h ete r o th e r  n ap h th a len e  t e t r a c h lo r id e s  a re  form ed.

1 8 .1 )  I n  n i trc x n e th a n e .

N a p h th a le n e  ( 1 2 .8  g . )  was a llo w e d  to  r e a c t  w i th  c h lo r i n e  (1 4  g . ) ,  

i n  a  t o t a l  volum e o f  250 m l.  o f  n i tro m e th a n e , i n  th e  d a r k .  The r e a c t i o n  

was e x o th e rm ic  and  p r o b a b ly  v e ry  f a s t *  The s o l v e n t  was d i s t i l l e d  u n d e r  

re d u c e d  p r e s s u r e  a n d  th e  p r o d u c ts  w ere  s e p a r a t e d  by  c h ro m a to g ra p h y  

a s  u s u a l .  T h ere  vjslq o b ta in e d *

a )  N a p h th a le n e  a n d  m onoch lo ronaph  th a le n e  ( 9 .5  g . )

b ) 1 ,4 -D ic h lo r o n a p h lh a le n e  ( 0 .4  g . ,  m .p . 6 4 -6 » )

o )  ^ - N a p h th a le n e  t e t r a c h l o r i d e  ( 0 .5  g . ,  m .p . 133—4»)

d ) The im pure  y - i s o m e r ,  m .p . 105-110»  (p e rh a p s  w i th  € ,- i s c x n e r ) ,  0 .9  g .

e )  0^-N a p h th a le n e  t e t r a c h l o r i d e ,  m .p . 181-3® (1*9  g . )

f )  U n i d e n t i f i e d  t a r s  ( 1 .3  g . )

1 8 .2 )  I n  h y d r o c h lo r i c  a o id  w i th  p o ta s s iu m  c h l o r a t e .
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T liis  k in d  o f  c h l o r i n a t i o n  was made to  a t t e m p t  to  r e p e a t  tlie  ex p e 

r im e n ta l  p ro c e d u re  d e s c r ib e d  by  F i s h e r ^  i?dio r e p o r t e d  th e  fo rm a t io n  o f  

^ - n a p h t h a l e n e  t e t r a c h l o r i d e ,  m .p . 116- 8 ®.

N a p h th a le n e  (1 2 .8  g .  ) an d  p o ta s s iu m  c h l o r a t e  (6  g . )  w ere  c a r e f u l l y  

pow dered  w i th  a  s m a ll  q u a n t i t y  o f  w a te r .  When th e  m ix tu re  was hcnno— 

g e n e o u s , i t  was a d d ed  in s m a l l  p r o p o r t io n s  to  c o n c e n t r a te d  h y d r o c h lo r ic  

a o id  ( 65  g . )  5 c h lo r i n e  was e v o lv e d  a c c o rd in g  to  th e  e q u a tio n *

KCIÔ  4  6 HCl -----» .  3 Clg 4  KOI 4  H^O

The r e a c t io n - m ix tu r e  was l e f t  o v e m i ^ t ,  a n d  th e  f o l lo w in g  d a y  was 

e x t r a c t e d  w i th  e t h e r .  The s o l v e n t  was e v a p o r a te d ,  a n d  th e  l i q u i d  r e 

s id u e  was c h ro m a to g ra p h ed  a s  u s u a l .  T h ere  was re c o v e re d  u n r e a o te d  naph

th a le n e  an d  m onoch lo ronaph  th a le n e  ( 6 .2  g . ) ,  a n d  o c -n a p h th a le n e  t e t r a 

c h lo r i d e  ( 3 .0  g . ) ;  b u t  no  o t h e r  iscxners o r  p r o d u c ts  c o u ld  be  d e t e c t e d .

A se c o n d  a t tc a a p t  was e q u a l ly  u n s u c o e s fU l;  a  s m a ll  q u a n t i t y  o f  mo- 

n o o h lo ro n a p h th a le n e  t e t r a c h l o r i d e  ( s e e  s e c t i o n  1 8 . 4 ) was a l s o  d e t e c t e d .

A m o d i f i c a t io n  was in t r o d u c e d  i n  a  t h i r d  a tte m p t*  n a p h th a le n e  ( 6 .4  

g . ) was d i s s o lv e d  i n  a c e t i c  a c i d  (200  m l . ) ;  c o n c e n t r a te d  h y d r o c h lo r ic  

a c i d  (37  g ,  ) was th e n  ad d ed  w i th o u t  p r e c i p i t a t i o n  o f  th e  h y d i 'o c a rb o n , 

and  fo l lo w e d  b y  p o ta s s iu m  c h l o r a t e  (4  g . ) .  The m ix tu re  becam e o ra n g e -  

c o lo u re d  an d  was t r e a t e d  a s  u s u a l .  A f t e r  th e  o h rcx u a to g rap h y , m onoohlo— 

r o n a jh th a le n e  (6  g . ) ,  a  m ix tu re  ( 1 .3  g . )  o f  oe a n d  t e t r a c h l o r i d e s  

an d  n a p h th a le n e  p e n  t a c h l o r i d e  ( i d e n t i f i e d  b y  i t s  i n f r a r e d  s p e c t r u m ) ,  

an d  a  m ix tu re  ( 2 ,8  g .  ) o f  n a p h th a le n e  a o e t o x y t r i c h lo r i d e  an d  t a r s ,

1 .  B . F i s h e r ,  B o r . 1 8 7 8 , 11 ,  735 .
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w ere i s o l a t e d .

A f o u r th  a t t e n ^ t  was made w ith  a  su s p e n s io n  o f  naph tk ia lene  (1 2 .8  g . )  

in  a c e t i c  a c id  ( I 65 m l .)  and  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  (65  g . ) ;  

p o ta ss iu m  c h lo r a te  (6  g .  ) was added  w ith  v ig o ro u s  s t i r r i n g .  The i s o l a 

t i o n  o f  p ro d u c ts  a f t e r  th e  ohrom atography  gave: m onochloronaph th a le n e  

( 1 1 .2  g . ) ;  a  m ix tu re  (0 .6  g . )  o f  C_^H_C1 and C._H„C1_ ; a  m ix tu re
10 f 10 f p

(0 .3  g .  ) o f  oc and  5 ^ - te t r a c h lo r id e s  to g e th e r  w ith  n a p h th a le n e  pen t a 

c h lo r id e ;  a  m ix tu re  (C .6  g . )  o f  oc and  ^ ^ t e t r a c h l o r i d e s  and  a o e to x y -  

t r i c h l o r i d e  and  t a r s  (0 .5  g , ) .

I n  a  f i f t h  e x p e r im e n t, n a p h th a le n e  (1 2 .8  g .  ) was d is s o lv e d  in  a c e t i c  

a c id  (200  m l . ) ,  and  b le a c h in g  pow der ( 47*3 g « , e q u iv a le n t  to  0 .2  m oles 

o f  c h lo r in e )  was added .T he m ix tu re  was v e ry  h e te ro g e n e o u s ; th e  p ro d u c ts  

w ere i s o l a t e d  by a d d in g  w a te r ,  e x t r a c t i n g  w ith  e t h e r ,  and ohrcanatographing 

th e  r e s id u e .  N ap h th a len e  and  m onochloronaph th a le n e  (9 g . ) ,  and  ^ —naph

th a le n e  t e t r a c h l o r i d e  ( I .5  g . )  w ere i s o l a t e d .

18 .3  W ithou t s o lv e n t  ( i n  l i q u i d  n a p h th a le n e )  •

N ap h th a len e  (2 5 .6  g . )  was m o lted  and  a  s lo w  flo w  o f  c h lo r in e  was 

p a sse d  t h r o u ^  i t .  A f te r  th r e e  h o u rs  th e  m ix tu re  was q u i te  v is c o u s  and 

th e  p ro d u ced  s o l i d s  made th e  flo w  o f  th e  h a lo g en  d i f f i c u l t .  The p a ssa g e  

o f  c h lo r in e  was s to p p e d , and  tlie  m ix tu re  was p o u red  i n to  l i ^ t  p e t r o 

leum (250  m l . ,  b .p .  40- 60» ) ;  th e  in s o lu b le  s o l i d  was b o i le d  w ith  l i ^ t  

p e tro le u m  (200 m l . ,  b .p .  80-IO O »), and  th e  s t i l l  in s o lu b le  r e s id u e  was 

f i l t e r e d  o f f .  The f i r s t  s o l u t io n ,  a f t e r  e v a p o ra t in g  th e  s o lv e n t ,  gave
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a  l i q u i d  r e s id u e  o f  1 - c h lo ro n a p h th a le n e ;  Ih e  se c o n d  gave a  c ro p  o f  

c r y î î t a l s  m .p . 130—170» (5*5  g . ) ;  and  th e  in s o lu b le  r e s i d u e ,  a f t e r  r e -  

c r y s t a l l i z a t i o n  from  b e n z e n e , gave p u re  o( —n a p h th a le n e  t e t r a c h l o r i d e *  

( 7 .2  g . ,  m .p . 1 8 8 -1 9 1 » ) , i d e n t i f i e d  b y  i t s  i n f r a r e d  s p e c tru m .

The m ix tu re  m .p . 130-170® c o n ta in e d  ^ - n a p h t h a l e n e  t e t r a c h l o r i d e  

and  a  m onoch loronaph  th a le n e  t e t r a c h l o r i d e .  By d i g e s t i o n  w ith  c h lo ro 

fo rm , i t  was p o s s ib l e  to  s e p a r a t e  t h i s  com ponen t; a f t e r  r e c r y s t a l l i z a 

t i o n  from  t h a t  s o l v e n t  i t  h a d  a  m .p . 127—130®. T h is  i s  e v i d e n t l y  th e  

m o n o o h lo ro n a p h th a len e  t e t r a c h l o r i d e  m .p . 129®, d e s c r ib e d  b y  S c h ü tz  

an d  I la h n fe ld ^ .

A sam ple  gave t h i s  a n a l y s i s :

c H C l

3 9 .6 0 2 .4 0 5 8 .1 6

3 9 .4 0 2 .2 9 5 8 .2 9

Found 

10®7^^5 ’

I t s  p r o to n  m a g n e tic  n s o n a n o e  sp e c tru m , r e p o r te d  b y  D r. M .D .Johnson , 

shows t h a t  i t  i s ,  a s  e x p e c te d ,  a  l , l , 2 , 3 , 4 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a -  

h y d ro n ap h  t h a l e n e . ,

1 .  F .  S c h ü tz  and  K . H a h n fe ld , B e r 1952 , ^  ,  131
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1 9 . BBTBRMIKATION OF SOME DIPOLE MOMENTS.

The u s u a l  m ethod f o r  d e te rm in in g  d ip o le  mcxaents from  d i e l e c t r i c  

c o n s t a n t ,  d e n s i ty  an d  r e f r a c t i v e  in d e x  m easu rem en ts  cm d i l u t e  s o lu 

t i o n s ,  h a s  b e en  a p p l i e d  to  some n a p h th a le n e  t e t r a c h l o r i d e s .  To b e g in

w ith  th e  d ip o le  mcanent o f  th e  o c -b e n z e n e  t e t r a o h l o r i d e ,  known to  be 
1

2 ,3 4  D 9 was r e d e t e m in e d  to  o lieck  th e  p ro c e d u re .

F o llo w in g  t h i s  d e te r m in a t io n ,  th e  d ip o le  moments o f  oC an d  ^  -naph- 

t h a l e  n e  t e t r a c h l o r i d e s  w ere  m e a su re d . I n  e v e ry  c a s e  f o u r  d i l u t e  s o lu 

t i o n s  o f  th e  compound to  be  s t u d i e d ,  i n  a b o u t  60 m l. o f  ben zen e  d r i e d  

o v o rso d iu m , w ere p r e p a r e d .  The s o l u t i o n s ,  e a c h  w ith  a  d i f f e r e n t  con

c e n t r a t i o n ,  w ere  u se d  a s  d i e l e c t r i c  to  f i l l  th e  e x p e r im e n ta l  c e l l ,  th e  

c a p a c i ty  o f  vdiioh was com pared w i th  t h a t  o f  a  c o n d e n se r  u s in g  th e  he

te ro d y n e  m eth o d .

I n  e v e ry  d e te r m in a t io n ,  th e  a p a r a tu s  was c a l i b r a t e d  w ith  th e  s o lv e n t  

and  th e  r e f  in a c tiv e  in d e x  o f  i t  a n d  th o s e  o f  th e  s o l u t i o n s  a s  w e l l  a s  

t h e i r  d e n s i t i e s ,  w ere  d e te rm in e d .

E ach  o o n p le te  d e te r m in a t io n  was done i n  d u p l i c a t e .  A vshole d e te rm i

n a t io n  was done i n  one day  to  a v o id  c o n ta m in a tio n  by  m o is tu r e  o r  l o s s e s  

b y  e v a p o r a t io n .  The te m p e ra tu re  was 25®. The e x p e r im e n ta l  v a lu e s  can  

be sum m arized  a s  fo llo w s*

1 .  0 .  B a s t ia n s e n  an d  J .  M a ik a l i ,  A o ta  Chem. S can d .  1952 , j6 ,  442 .
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^ - B e n z e n e  t e t r a c h l o r i d e

PhH 1 2 3 4

W e i ^ t  s o l u t e  g . — 0 .3 3 8 8 0 .5 9 0 6 0 .9 0 0 7 1 .1 1 8 5
W e i ^ t  s o l u t i o n ----- 52 .7 8 7 0 5 3 .0 4 4 5 53 .2 8 1 1 5 3 .6 0 3 5
100 w ------- 0 .6 4 1 8 1 .1 1 3 4 1 .6 9 0 5 2 .0 8 6 6
X 2 5 .0 0 19 .2 3 1 5 .7 9 1 1 .6 4 8 .7 3
A t ------ 0 .0 1 8 5 3 0 .0 3 1 4 1 0 .0 4 6 9 5 0 .0 5 7 8 4
n 1 .4 9 6 9 1 .4 9 7 0 1 .4 9 7 1 1 .4 9 7 2 1 .4 9 7 3
W e i ^ t  p y c . 7 .2 1 8 6 7 .2 3 8 1 7 .2 5 2 4 7 .2 6 5 2 7 .2 8 1 5

^ - î l a p h t h a l e n e  t e t r a c h l o r i d e  ( l e t  tim e )

W. s o l u t e ------ 0 .2 8 9 3 0 .5 3 9 7 0 .9 0 0 1 1 .0903
W. s o l u t i o n — 52 .7370 53 .0 0 2 6 53 .3233 5 3 .4 9 4 8
100 w ----- 0 .5 4 8 6 1 .0 1 8 2 1 .6 8 8 0 2 .0 3 8 1
X 2 5 .0 0 1 9 .6 9 1 4 .2 5 5 .9 5 1 .8 6

As. ------ 0 .0 2 3 3 9 0 .0 4 3 7 2 0 .0 7 4 7 3 0 .0 9 0 0 2
n 1 .4 9 7 9 1 .4 9 8 1 1 .4 9 8 5 1 .4 9 8 9 1 .4 9 8 9
W. p y cn o m et. 7 .2323 7 .2 5 1 0 7 .2 6 3 9 7 .2 8 4 6 7 .2933

^ - N a p h t h a le n e  t e t r a c h l o r i d e  (2nd  tim e )

W. s o l u t e ------ 0 .2 3 8 7 0 .5 1 4 7 0 .7 5 6 7 1 .0 2 9 5
W. s o l u t i o n — 52 .6953 5 2 .9 8 3 4 5 3 .4 0 1 6 5 3 .6 3 6 9
100 w ------ 0 .4 5 3 0 0 .9 7 1 4 1 .4 1 7 0 1 .9 1 9 4
X 2 5 .0 0 1 9 .7 3 1 6 .1 6 1 0 .3 5 4 .1 1
n 1 .4 9 8 0 1 .4 9 8 2 1 .4 9 8 4 1 .4 9 8 8 1 .4 9 9 1
A e ----- 0 .0 2 3 5 9 0 .0 3 6 9 8 0 .0 5 8 7 7 0 .0 8 2 1 7
W. p y c . 7 .2 3 3 0 7 .2 4 6 5 7 .2 6 2 9 7 .2 7 5 7 7 .2 9 1 8

- îîa p h th a lo n G  t e t r a c h l o r i d e  ( 1 s t  tim e )

W. s o l u t e ------ 0 .2 5 3 2 0 .5 2 1 0 0 .7 6 9 3 1 .0 1 3 7
* . s o l u t i o n ------ 5 2 .7 3 4 7 5 2 .9 9 1 5 53 .2 8 2 1 53 .4 9 4 1
100 w ------ 0 .4 8 0 1 0 .9 8 3 2 1 .4 4 3 8 1 .8 9 5 0
X 2 5 .0 0 2 1 .4 1 1 6 .9 5 1 1 .3 2 7 .8 8
As — 0 .0 1 5 1 9 0 .0 3 1 8 4 0 .0 5 2 8 5 0 .0 6 5 7 0
n 1 .4 9 7 9 1 .4 9 8 1 1 .4983 1 .4 9 8 6 1 .4 9 8 9
W. p y o . 7 .2 3 1 6 7 .2 4 6 1 7 .2 5 7 6 7 .2 7 4 7 7 .2 8 8 7



101

^ -N a p h th a le n e  t e t r a c h l o r i d e  (2nd  tim e )

PhH 1 2 3 4

W e i ^ t  s o l u t e — 0 .2 7 3 5 0 .5 2 7 7 0 .6 9 9 8 1 .0 9 5 0
W eigbt s o l u t io n ----- 5 2 .6 3 9 4 5 3 .8 8 4 0 5 3 .0 7 0 8 53 .5 1 7 9
100 w ------ 0 .5 1 9 6 0 .9 7 9 3 1 .3 1 8 6 2 .0 4 6 0
X 2 5 .0 0 2 0 .6 4 1 6 .3 5 1 3 .1 9 6 .6 8
A t ------ 0 .0 1 7 2 1 0 .0 3 3 4 0 0 .0 4 5 3 3 0 .0 6 9 8 9
n 1 .4 9 7 8 1 .4 9 8 0 1 .4983 1 .4 9 8 7 1 .4 9 8 9
W eigh t p y c . 7 .2 3 1 2 7 .2 4 5 2 7 .2 6 1 6 7 .2 7 0 7 7 .2 9 3 4

w, m o le c u la r  f r a c t i o n  o f  th e  s o l u t i o n s ;  x ,  r e a d in g  in  a  s m a ll  c o n d e n s e r ;  
n ,  r e f r a c t i v e  in d e x .

Two d i f f e r e n t  m ethods o f  c a l c u l a t i o n  w ere  u s e d  to  w oik o u t  th e  ex

p e r im e n ta l  v a lu e s »  #L0 f i r s t  one tiie  c o n v e n t io n a l  m eth o d , an d  th e  s e 

cond  one th e  s i m p l i f i e d  m ethod b y  D r . J .  W. S m ith ^ , i n  v h ic h  th e  den

s i t i e s  a r e  n o t  u s e d  ;

E x a c t  m ethod S im p l i f i e d  m ethod

[ + & -

( e .+ 2 ) ^

.  2
3 A î v

M

M

o

p .  .
(€*+2)

P -  R

I n  b o ü i  m ethods t « 0 .2 2 1 2  ^ ^  P a t  2 5 * . Symbols»

1 .  J .  W. S m ith , T ra n s a c t io n s  o f  The F a ra d a y  S o c ie ty .  19 5 0 , 4 6 .  5» 394,
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* s p e c i f i c  volum e o f  benzene

Bo * d i e l e c t r i c  c o n s ta n t  o f  benzene

n  = r e f r a c t i v e  in d e x  o f  b en zen e  
o

n  « r e f r a c t i v e  in d e x  o f  th e  s o l u t io n s

w » m o le c u la r  f r a c t i o n  o f  th e  s o l u t e

C o e f f i c i e n t s  o( an d  ( i  d e f in e d  b y  th e  e q u a t io n s  £  = and

V w v^  4- ,  v h e re  £. an d  v  a r e  th e  d i e l e o t r i o  c o n s ta n t s  an d  th e

s p e c i f i c  volum e o f  th e  s o l u t i o n s .

P a m o le c u la r  p o l a r i z a t i o n

R a m o le c u la r  r e f r a c t i o n  ( i n  c u b ic  c e n t im e t r e s )

yJP a o r i e  n t a t i o n  p o l a r i z a t i o n  

j j L «  d ip o le  moment, i n  D ebyes .

The v a lu e s  fo u n d  w ere»

1 s t  d e te r m in a t io n 2nd d e te r m in a t io n

Compound E x a c t  m ethod  S im p l i f i e d  E x a c t  m ethod S im p l i f i e d

--------- 2 .3 3 2 .3 4

3 .2 3 3 .2 3  3 .2 3 3 .2 3

2 .8 3 2 .8 3  2 .8 4 2 .8 4

 ̂̂ l o V ‘ 4
4 .1  *  0 .2  »

®) The d e te r m in a t io n  o f  t h e 'd i p o l e  moment o f  t h i s  iso m e r  was a  c o u r 

t e s y  o f  J .  J e n k in s .  The p u re  sp ec im en  a v a ib le  was o n ly  0 .2 6  g . ;  th e  de-
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t e u n in a t io n  was roade once  b y  s u c e s iv e  d i l u t i o n s  o f  a  f i r s t  s o l u t i o n .  

The r e f r a c t i v e  in d e x  o f  th e  f i r s t  s o l u t i o n  was e q u a l  to  t h a t  o f  ben

z e n e , and  h en ce  th e  m o le c u la r  r e f r a c t i o n  h ad  to  be c a l c u l a t e d .  The 

c o e f f i c i e n t  ^  was a  l i t t l e  g r e a t e r  th a n  e x p e c te d  ( a s  ccMnpared w ith  

th o s e  from  th e  o t h e r  i s o m e r s ) ,  h en ce  th e  a llo w a n c e  o f  0 .4  D ebyes f o r  

th e  v a lu e  o b ta in e d .

20- PROTON mONETIC RESONANCE SPECTRA AND STRUCTURES OF SOME NAPHTHA- 

CHIiQRODERIVATIVES.

D r. M. D. Jo h n so n  h a s  d e te rm in e d  in  th e  U n i v e r s i ty  C o l le g e ,  L ondon, 

th e  p .m . r .  s p e c t r a  o f  f o u r  n a p h th a le n e  t e t r a c h l o r i d e s ,  o f  a  n a p h th a le n e  

p e n ta o h lo r id e  an d  o f  n a p h th a le n e  a c e t o x y t r i c h l o r i d e .

T hese m easu rem en ts have  e n a b le d  t h e i r  s t r u c t u r e s  to  be a s s ig n e d  

( o n ly  t h a t  o f  - n a p h th a le n e  t e t r a c h l o r i d e  vms p r e v io u s ly  know n).

T h e i r  p r o p o r t io n s  i n  d i f f e r e n t  m ix tu re s  have a l s o  been  e s t im a te d  

a s  s t a t e d  in  p r e c e d in g  s e c t i o n s .

I n  T ab le  IX , page 1 0 4 , cam be se e n  a l l  th e  r e s u l t s  fo u n d  f o r  th e  

compounds exam ined»
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TABLE IX . p ro to n  m a g n e tic  re s o n a n c e  s p e c t r a  o f  some n a p h th a le n e  a d d u c ts

Compound
0^ - t e t r a  t e t r a  $ - t e t r a  e —t e t r a  a c e to x y t x l -
c h lo r id e c h lo r id e c h lo r id e c h lo r id e o h lo r id e

m .p . 182® 134» 969 869 124»

S pec trum
ty p e V 2

ABC®
V a

ABC®

T -V a lu e s  (p .p .m .)»

A ro m atic 2 .4 8
S in g le

2 .2 6
S in g le

2 .2 - 2 .7
Unsymm.

2 .4
S in g le

Unsynsn.

1 -  H 4 .2 8 4 .4 8 4 .5 6 4 .5 3 4 .4 8  •

2 — H 4 .9 3 5 .4 2 5 .5 3 5 .0 8 4 .6 0

3 — H 4 .9 3 5 .4 2 5 .0 8 4 .9 6 4 .5 3

4 -  H 4 .2 8 4 .4 8 4 .6 0 4 .5 3 3 .5 6

A ce to x y . — — — — 7 .7 5

C o u p lin g  c o n s ta n t s  ( o /s e c ) :®

V *
3 .5 8 .0 3 .2  ‘ 5 .8 2 .9

" 2 ,3  •
1 1 .0  08 8 .0 1 0 .9 3 .5 1 1 .0

" 3 , 4 * 3 .5 8 .0 7 .6 5 .8 7 .0

C h lo r in e  p o s i t i o n s  ( i n  s o l u t i o n )  t

a 'e e a " e 'e e e ' a 'e e e * e S a a  = a 's e e
a é e e '
(AoO in  o ' )

8) A l l  v a lu e s  p lu s  m inus 0 .6  c . s e c  ^

8®) T h is  v a lu e  i s  f o r  t e t r a h y d r o f i r a n  a s  s o l v e n t ;  t h i s  i s s u e r  i s  v e ry  

i n s o lu b le  i n  d e u te ro c h lo ro fo rm  (u se d  f o r  a l l  th e  s p e c t r a ) .
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The s i x  p o a s ih le  s te r e o i s o m e r s  o f  n a p h th a le n e  t e t r a c h l o r i d e  ( s e e  

s e c t i o n s  5 .2  an d  5 . 4 ) ,  t h e i r  s t r u c t u r e s  and  c o n fo n n a tio r ra , a r e  »

Cl a  
I L _ T — t

Cl Cl

C l  C l  C l  a  C l  C l

I— I — I— J  L_j— ;—I •— I-
Cl Cl Cl Cl

"T"
Cl

Cl Cl Cl Cl 
J  I— I L

I
Cl

C f  C l  C l  C  I 
l _ l  I I

I I I I I I IV V VI

a /e e a * e é e e * a* aee* a* eee* e* aee* a'^eaeu ti II t; n II
e*&ae* a* aaa* eëa a* e ^ a a a ^ a ^ e a a ^ e 'a e a

The o(—n a p h th a le n e  t e t r a c h l o r i d e  v/as known to  have th e  s t r u c t u r e  I ,  

i n  th e  c o n fo rm a tio n  w ith  c h lo r i n e s  i n  p o s i t i o n s  a ^ e e a ^  i n  th e  s o l i d  

s t a t e  ( s e e  s e c t i o n  5*4)♦

% 8  ^ - is o m e r  c o u ld  be  I I  o r  I H  ( s e e  a g a in  s e c t i o n  5*4) 5 i t s  p .m . r ,  

sp e c tru m  shows t h a t  th e  e n v iro n m e n t o f  th e  h y d ro g en s  1 an d  4  (a n d  l i 

k e w ise  t lio se  o f  h y d ro g en s  2 and  3 )  a r e  Ih e  same (an  A X s p e c tru m ) ;  a l l
1

th e  c o u p l in g  c o n s ta n t s  a r e  l a r g e ,  K a ip lu s ^  r e l a t i o n s h i p  be tw een  

c o u p l in g  c o n s ta n t s  and  a n g le s  may be t a b u l a t e d  a s  fo llo w s»

D ih e d ra l  a n g le  0® 30® 60« 90® 120® 150» 180®

C o u p lin g  ( T h e o r e t i c a l  8 .2  6 .0  1 .7  - 0 .2 8  2 .2  6 ,9  9 .2
c o n s t a n t s  W ^ ^  ^  ̂ ^

( o / s e c )  2 to  4  5 to  8

I n  th e  Y""^^omer, t h e r e f o r e ,  t h e r e  m u st be a  l a r g e  a n g le  b e tw een

e a c h  p a i r  o f  h y d ro g en s  ( th e  p o s s i b i l i t y  o f  a  a a a l l  a n g le  be tw een  th e

1 .  M, K a r p lu s ,  J .  Chem. P h y s . 19 5 9 , 30 . 11 .
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C-H bonds can  be e x c lu d e d  by  e x a m in a tio n  o f  m o d e ls ) .  The o n ly  p o s s ib l e  

c o n fo rm a tio n  i s  t h a t  h a v in g  a l l  th e  f o u r  h y d ro g en s  a x i a l  o r  p se u d o -  

a x i a l ;  h e n ce  th e  s t r u c t u r e  i s  I I ,  an d  a l l  f o u r  c h lo r in e  a tom s a r e  i n  

e q u a t o r i a l  o r  p s e u d o - e q u a to r ia l  p o s i t i o n s ,  i n  s o l u t i o n .

The S - i s o m e r  o o u ld  have  th e  s t r u c t u r e s  IV  o r  V, The sp e c tru m  i s  

v e r y  u n sy m m e tr ic a l (w ith  O ), a s  i s  c o n s i s t e n t  w ith

e i t h e r  o f  th e s e  s t r u c t u r e s  b u t  w ith  no o t h e r .  The c o u p lin g  c o n s ta n t  

*^23 ^  v e ry  l a r g e ;  h y d ro g en s  2 an d  3 m u st t h e r e f o r e  b o th  be a x i a l ;  IV 

m u st t h e r e f o r e  be th e  s t r u c t u r e  and  th e  c o n fo rm a tio n  i n  s o l u t i o n  m ust 

be t h a t  w ith  c h lo r in e  atcans i n  a ^ e e e ^  p o s i t i o n s .

The p # ra ,r ,  sp e c tru m  o f  th e  new is o m e r , e - t e t r a c h l o r i d e ,  shows t h a t  

l i k e  th e  oc an d  y - i s a ï i e r s ,  th e  e n v iro n m e n t o f  h y d ro g en s  1 an d  4  (an d  

l ilc e w ise  o f  2 and  3 )  a r e  m a g n e t ic a l ly  e q u iv a l e n t .  O f th e  re m a in in g  po

s s i b i l i t i e s  h a v in g  t h i s  sym raetiy , VI an d  I I I ,  th e  fo rm e r  s h o u ld ,  i n  

e i t h e r  o f  i t s  p o s s ib l e  o o n f o m a t io n s , have low  c o u p lin g  c o n s ta n t s  f o r  

e a c h  p a i r  o f  p r o to n s .  T h is  does n o t  a c c o rd  w ith  th e  e x p e r l  e n t a l  d a t a ;  

th e  l a t t e r  s h o u ld  be an  e q u i l ib r iu m  c o n ta in in g  th e  c o n fo rm a tio n s
»

a ^ a e e ' = e * e a a *  i n  e q u a l  am o u n ts . E ach  o f  th e s e  s h o u ld  have  a  l a r g e  

c o u p lin g  c o n s t a n t  (n o te  th e  l a r g e  a n g le  b e tw een  and  bonds

i n  e ^ e a a ^ )  f o r  one p a i r  o f  th e  o u t e r  h y d ro g en s  an d  a  s m a ll  c o u p lin g  

c o n s t a n t  f o r  th e  o t h e r .  The r a p i d l y  e q u i l i b r a t i n g  m ix tu re  s h o u ld  have  

c o u p l in g  c o n s ta n t s  and  e q u a l  and  in te r m e d ia te  b e tw een  a  hlgÿi 

v a lu e  o f  a b o u t  8  o r  g r e a t e r  and  a  low  v a lu e  o f  a b o u t  3# % e  o b se rv e d  

v a lu e ,  5 ,8  ,  i s  c o n s i s t e n t  w ith  t h i s  an d  o n ly  t h i s  s t r u c t u r e .

The p .m . r ,  sp e c tru m  o f  th e  n a p h th a le n e  a c e t o x y t r i c h l o r i d e  shows
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t h a t  th e  m o st s t r o n g l y  d e s h ie ld e d  h y d ro g en  atom  i s  in  th e  4 - p o s i t i o n ,  

to  'vvhich th e  e le o tro n ^ w ith d ra w ln g  a c e to x y l  g ro u p  m u st t h e r e f o r e  be a t t a 

c h e d , The p a t t e r n  o f  c o u p l in g  c o n s ta n t s  th e n  e s t a b l i s h e s  f i r s t  t h a t  th e  

2 -  an d  3 -h y d ro g en  a tom s m u st be a x i a l l y  d is p o s e d ,  to  g iv e  th e  l a r g e  

c o u p lin g  c o n s t a n t ,  » 1 1 ; s e c o n d ly ,  t h a t  th e  L -hyd rogen  atcxn m u st 

be i n  th e  p s e u d o - e q u a to r i a l  p o s i t i o n ;  and  t h i r d l y ,  t h a t  th e  4 -h y d ro g en  

atom  m u st be p s e u d o - a x i a l l y  s i t u a t e d .

The s t r u c t u r e  i s

C l  C l  o f l c
I I___ ,— Ii.

a n a lo g o u s  w i th  t h a t  o f  ^ - n a p h th a le n e  t e t r a c h l o r i d e .
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2 1 . PREPARATIVE PROCEDURES FOR ISOIvlERIC NAPHTHALENE TETRACHLORIDES 

AND FOR NAPHTEIALBNE ACETOXYTRICHLORIDE.

P o u r  naph-fâialene t e t r a o h l o r i d e s ,  nom inated , w i th  th e  G reek  l e t t e r s  

^   ̂ P  T  ^  w ere  d e s c r ib e d  l a s t  c e n tu ry *  D e s p i te  t h i s  e a r l y

d e s c r i p t i o n ,  l i i e i r  s t r u c t u r e s  a n d  p r o p e r t i e s  w ere  a lm o s t  unknown up  

to  1952 .  The ^ - i s o m e r  i s  r e f e r r e d  many t im e s  a s  " n a p h th a le n e  t e t r a 

c h lo r id e "  w i ih o u t  f u r t h e r  d i s t i n c t i o n .  T h is  iso m e r i s  th e  m o st in s o 

l u b l e  a n d  s t a b l e  ( a s  o u r  e x p e r im e n ts  s u g g e s t ) ,  r e a s o n s  w hich  e x p la in  

i t s  f a c i l e  i s o l a t i o n .

I n  1952 ,  a  p a p e r  b y  S c h ü tz  a n d  H ah n fe ld ^ . r e p o r t e d  th e  p r e p a r a t i o n  

o f  t h i s  is o m e r , m .p . I 8 I® , by  p a s s a g e  o f  c h lo r i n e  t h r o u ^  a  s o l u t i o n  

o f  n a p h th a le n e  i n  c a rb o n  t e t r a c h l o r i d e ,  t o g e t h e r  w ith  a  n a p h th a le n e  

p e n ta o h lo r id e  m .p , 1 2 9 * , 1 , 4 - d io h lo ro n a p h th a le n e  m .p . 68 * , and  a  t r a c e  

o f  -^ -n a p h th a le n e  t e t r a c h l o r i d e ,  m .p . 133* . Vdien th e s e  a u th o r s  a llo w e d  

n a p h th a le n e  to  r e a c t  w i th  l i q u i d  c h lo r in e  ( r a t i o  1 : 6 8 ) ,  - t e t r a c h l o 

r i d e  ( y i e l d  5 5 ^ ) ,  l i q u i d  p ro d u c ts  n o t  i n v e s t i g a t e d  a n d  th e  5 " -iso m e r

1 .  F .  S c h ü tz  an d  K . H a h n fe ld , Chem. B e r . 1 9 5 2 , 8 ^  ,  131 •
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( y i e l d  1%) m .p . 96®, w ere  i s o l a t e d .  They d id  n o t  i s o l a t e  th e  |& -iso m er

m .p , 114®, d e s o r ib e d  by  F i s h e r ^ .

2
A y e a r  l a t e r  M il lie r  r e p o r t e d  a g a in  f o u r  iso m e rs  (h e  in v e r t e d  th e  

n o t a t i o n  f o r  th e  y  an d  S * - t e t r a c h l o r i d e s ) ,  p r e p a r in g  th e  |3 b y  ih e  

a c t i o n  o f  n a s c e n t  c h lo r in e  (p ro d u c e d  by  r e a c t i o n  o f  p o ta s s iu m  c h lo r a te  

w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c i d )  on n a p h th a le n e ,  and  ch eck ed  t h a t  

th e  f o u r  iso m e rs  p o s s e s e d  th e  f o u r  c h lo r in e  atom s in  th e  same r i n g  o f  

th e  m o le c u le .

We hav e  n o t  fo u n d  a n y  l a t e r  r e f e r e n c e s  to  p r e p a r a t i v e  p ro c e d u re s  

f o r  n a p h th a le n e  t e t r a c h l o r i d e s .

The s t r u c t u r e  o f  - n a p h th a le n e  t e t r a c h l o r i d e  i s  known from  X -ra y

d i f r a o t i o n  e x p e r im e n ts^  .  S c h ü tz  a n d  H a h n fe ld  h ad  g iv e n  two p o s s ib l e  

s t r u c t u r e s  f o r  th e  ^  a n d  ^ - i s m i e r s ,  deduced  from  e x p e r im e n ts

o f  a l k a l i n e  d e h y d r o c h lo r in a t io n .  N o th in g  i s  known a b o u t  th e  s t r u c t u r e  

o f  th e  p -  t e t r a c h l o r i d e  .

When we s t a r t e d  to  s tu d y  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  a  p o l a r  

s o l v e n t  l i k e  a c e t i c  a c i d  (w ith  a  l i m i t e d  q u a n t i t y  o f  c h lo r in e  vdiich 

n e v e r  w as g r e a t e r  th a n  1 00^ , in  m o le s , o f  t h a t  o f  h y d ro c a rb o n ) ,  we

1 .  E . F i s h e r ,  H e r. 1 8 7 8 , 11 ,  735 .

2 .  M. M ü l le r ,  M o n a tsh e fte  1953 , ^  ,  640 .
3 .  M. A . L a s h e e n , A c ta  C r v s t .  1 9 5 2 , ^  , 593 .
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fo u n d  among tlie  p ro d u c ts  l - c h lo r o n a p h th a le n e ,  o < -n a p h th a le n e  t e t r a c h l o 

r i d e  an d  n a p h th a le n e  a c e t o x y t r i c h l o r i d e  a s  h a s  b een  d e s o r ib e d  i n  p a r t  I I ,  

A s m a ll  q u a n t i t y  o f  a n o th e r  t e t r a c h l o r i d e ,  w hich  was i d e i i t i f i e d  a s  

th e  5^—is o m e r , was a l s o  fo u n d , When Ih e  r e a c t i o n  was made i n  p re s e n c e  

o f  l i t h iu m  c h l o r i d e ,  th e  s u b s t i t u t i o n  p r o d u c t  in c r e a s e d  s l i ^ t l y ,  Ih e  

a c e t o x y t r i c h l o r i d e  d id  n o t  change  and  th e  p r o p o r t io n  o f  o< an d  ^ - t e 

t r a c h l o r i d e s  changed  w ith  a  n o ta b le  in c r e a s e  o f  th e  l a t t e r .

P e r c h l o r i c  a c i d  p ro d u c e d  a  g r e a t e r  i n c r e a s e  i n  p r o p o r t io n  o f  th e  su b s 

t i t u t i o n  p r o d u c t ,  no  change in  t h a t  o f  th e  a c e t o x y t r i c h l o r i d e ,  and  an  

in c r e a s e  i n  th e  p r o p o r t io n  o f  - t e t r a c h l o r i d e ,  b u t  n o t  a s  n o ta b le  

a n  in c r e a s e  a s  i n  th e  p r e c e d in g  c a s e .

I t  m u st be « n p h a s iz e d  t h a t  th e  p r o p o r t io n  o f  a c e to x y t r i c h l o r id e  d id  

n o t  change  much ^cdien sodium  a c e t a t e  was p r e s e n t  i n  th e  s o l u t i o n .  I t s  

in f lu e n c e  on th e  p r o p o r t io n  o f  t e t r a c h l o r i d e s  h a s  n o t  b een  i n v e s t i g a t e d ,  

VVhen th e  c h l o r i n a t i o n  o f  n a p h th a le n e  was a t te m p te d  i n  l i q u i d  c h l o r i n e ,  

an d  y - t e t r a o h l o r l d e s  w ore i s o l a t e d ,  S c h ü tz  an d  H a h n fe ld  r e p o r t e d  

t h a t  t h i s  s im u lta n e o u s  fo is n a tio n  o f  b o th  iso m e rs  i s  a  f u n c t io n  o f  th e  

r a t e  o f  a d d i t i o n  o f  n a p h th a le n e .  We d id n o t  f i n d  a n y  in f lu e n c e  i n  t h i s  

d i r e c t i o n ;  h o w ev er, y^jhen th e  r e a c t i o n  was made u n d e r  th e  c a t a l y t i c  

e f f e c t  o f  B u n l i ^ t ,  th e  y - is o m e r  o o u ld  b e  i s o l a t e d  i n  p u re  c o n d i t i o n .
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We s t u d i e d  l a t e r  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  in  c h lo ro fo rm  w ith  

a  q u a n t i t y  o f  c h lo r in e  o f  a b o u t  100^ ( i n  m o le s )  o f  t h a t  o f  h y d ro c a r 

b o n . 1 -C h lo ro n a p h th a le n e , cX,  y  a n d  ^ n a p h l h a l e n e  t e t r a c h l o r i d e s  

w ere  f i r s t  c h a r a c t e r i z e d .

I n  c a rb o n  t e t r a c h l o r i d e ,  ch o sen  a s  a  n o n - p o la r  s o l v e n t ,  w i th  100 

to  200^ m o les  o f  c h lo r i n e  an d  u n d e r  th e  c a t a l y t i c  e f f e c t  o f  s u n l i g h t ,  

1 - c h lo r o n a p h th a le n e ,  th e  y - t e t r a c h l o r i d e  and  a  new iso m e r  lË iioh  we 

d e s ig n a te  £  ,  m .p . 85—7®, w ere i s o l a t e d .  When th e  r e a c t i o n  was made 

i n  p re s e n c e  o f  a  t r a c e  o f  b e n z o y l p e ro x id e  an d  w ith  s t r o n g e r  i l l u m in a 

t i o n ,  th e  y i e l d  o f  t e t r a c h l o r i d e s  was i n c r e a s e d ,  a  sanall q u a n t i t y  o f  

th e  5 - i s o m e r  was d e te c t e d  and  th e  am ount o f  1—c h lo ro n a p h th a le n e  f o r 

med was v e r y  m n a ll .

No X - t e t r a c h l o r i d e  h a s  b een  d e te c te d  i n  o u r  e x p e r im e n ts  i n  c a rb o n  

t e t r a c h l o r i d e ;  p ro b a b ly  i n  S c h ü tz  and  H ahnfeld"^s e x p e r im e n ts  i t  was 

fo im ed  by  a  darfc c h l o r i n a t i o n  w ith  e x c e s s  o f  c h l o r i n e .

Wè s t u d i e d  th e  c h l o r i n a t i o n  o f  m o lte n  n a p h th a le n e  by  p a s s in g  an  

e x c e s s  o f  c h lo r in e  o v e r  i t ;  t h i s  l e d  to  th e  i s o l a t i o n  o f  1—o h lo ro n a p h th a 

l e n e ,  - n a p h th a le n e  t e t r a c h l o r i d e  and  n a p h th a le n e  p e n ta o h lo r id e .  The 

e x c e s s  o f  c h lo r in e  p ro d u c e s  th e  a d d i t i o n  o f  two m o les o f  th e  h a lo g e n  

to  ih e  m o le c u le  o f  1—o h lo ro n a p h  t h a l e n e , a  r e a c t i o n  fa v o u re d  b y  th e
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h i ^ e r  te m p e ra tu re  an d  th e  lo n g e r  tim e  o f  r e a c t i o n .

By e x a m in in g  th e  p r o d u c ts  o b ta in e d  from  th e  r e a c t i o n  i n  c h lo ro fo rm  

b y  p .m . r .  s p e c t r o s c o p y ,  th e  p e n ta o h lo r id e  an d  th e  g - t e t r a c h l o r i d e  

c o u ld  be d e te c te d  to g e th e r  w ith  th e  ^ ^  an d  isc a n e rs , w hich 

w ere  a l s o  shown to  be p r e s e n t  b y  i n f r a r e d  s p e c t r o s c o p y .

The c h l o r i n a t i o n  o f  n a p h th a le n e  i n  n i tro m e lh a n e  w ith  200^ m oles o f  

c h lo r in e  l e d  to  th e  i s o l a t i o n  o f  1—c h lo ro n a p h  t h a l e n e ,  1 ,4 - d i o h lo r o -  

n a p h th a le n e ,  and  th e  ot  an d  S ^ - t e t r a o h l o r i d e s .

We have  b e e n  u n s u c c e s fU l i n  o u r  a t te m p ts  to  r e p e a t  th e  s y n th e s i s  

o f  ^ - n a p h t h a l e n e  t e t r a c h l o r i d e .  When th e  r e a c t i o n  was made f o l l o 

w ing  F i s h e r ,  o n ly  th e  c<—iso m e r  was i s o l a t e d .  I f  a c e t i c  a c i d  was ad d ed  

to  th e  h y d r o c h lo r ic  a c i d  to  h e lp  t o  d i s s o lv e  p a r t i a l l y  o r  c o m p le te ly  

th e  h y d ro c a rb o n , th e  ^ —t e t r a c h l o r i d e  was i s o l a t e d  w ith  th e  i~ - is o m e r  

( a s  w e l l  a s  a c e t o x y t r i c h l o r i d e ) ,  b u t  no ^  o r  o t h e r  iscm iers w ere  found, 

P ro b a b ly  th e  fo rm a tio n  o f  th e  iscxner was fa v o u re d  b y  th e  p re s e n c e  

o f  p o ta s s iu m  c h lo r id e  p ro d u c e d  b y  r e d u c t io n  o f  p o ta s s iu m  c h l o r a t e .

I n  a l l  o u r  e x p e r im e n ts ,  some q u a n t i t i e s  o f  u n i d e n t i f i e d  t a r s  w ere 

i s o l a t e d .  The a c e to x y t r io h lo r o  a d d u c t  i s  i s o l a t e d  a s  an  o i l  w hich  

c r y s t a l l i s e s  e a s i l y  w ith  a n y  s o l v e n t .  I n  o u r  e x p e r im e n ts  o n ly  a b o u t

50^ o f  ih e  p r o d u c t  w m  c o n v e r te d  i n t o  vÆiite c r y s t a l s ,  b u t  t h i s  r e s u l t
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c o u ld  be  p ro d u ce d  b y  th e  lo n g  s to r a g e  ( s e e  s e c t i o n  14 ) o f  i t s  m ix tu r e s .  

F r e s h ly  p r e p a r e d ,  th e  a c e  to x y  t r i c h l o r i d e  c r y s t a l l i z e s  in  g r e a t e r  p ro 

p o r t i o n s .  A t th e  m oment, a f t e r  new e x p e r im e n ts  b y  D r. J .  S .  Lomas, i t  

seem s p ro b a b le  t h a t  o t h e r  iso m e rs  o f  n a p h th a le n e  a c e to x y t r i c h l o r id e  

a r e  p ro d u c e d  a l s o .

Vi/hen we made c h l o r i n a t i o n s  i n  c h lo ro fo rm , c a rb o n  t e t r a c h l o r i d e ,  n i -  

tro m e th a n e  and  aq u eo u s h y d r o c h lo r ic  a c i d ,  d i f f e r e n t  p r o p o r t io n s  o f  t a r s  

w ere i s o l a t e d  an d  o o u ld  n e v e r  be  c r y s t a l l i z e d .  T h e i r  i n f r a r e d  s p e c t r a  

s u g g e s te d  th e  p re s e n c e  o f  n a p h th o ls  an d  q u in o n e s  (O-H and  0*0 v i b r a t i o n s )  

p a r t i a l l y  p ro d u c e d  b y  o x id a t io n  fa v o u re d  in  e x o th e rm ic  r e a c t i o n s ,  and  

p a r t i a l l y  a s  d e o can p o sitio n  p ro d u c ts  from  th e  p r o c e s s e s  o f  i s o l a t i o n .

The i s o l a t i o n  o f  n a p h th a le n e  t e t r a c h l o r i d e s  i n  p u re  c o n d i t i o n  i s  

q u i t e  t e d io u s  and  d i f f i c u l t  i n  some c a s e s .  The f a c t  t h a t  th e  iso m e r 

i s  th e  m ost i n s o lu b le  m akes f a c i l e  i t s  c r y s t a l l i z a t i o n  and  p u r i f i c a 

t i o n .  D e s p i te  t h i s ,  i t s  m e l t in g  p o i n t  i s  som etim es in f lu e n c e d  b y  t r a c e s  

o f  o t h e r  iso m e rs  an d  b y  th e  s o l v e n t  u s e d  f o r  th e  c r y s t a l l i z a t i o n .

The y - i s o m e r ,  i f  f r e e  o f  o C - t e t r a c h l o r i d e ,  d o es  n o t  o f f e r  d i f f i 

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

The 5  - i s o m e r  i s  m ore s o lu b le  th a n  i t s  y  and  o c - is o m e r s .  Any impu

r i t y  o f  th e s e  iso m e rs  makes v e ry  d i f f i c u l t  t o  o b ta in  a  good m e l t in g
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p o i n t .  S u b l im a t io n  does n o t  h e lp  b e c a u se  th e  v a p o u r  p r e s s u r e  o f  a l l  

th e  iso m e rs  m u st b e  s i m i l a r .  C hrom atography  and  zone m e l t in g  w ere  

u n s u c c e s fU l.  The i s o m e r ic  im p u r i t i e s  w ere p r e s e n t  i n  v e r y  s m a ll  p ro 

p o r t i o n  b e c a u se  th e y  c o u ld  n o t  be d e te c te d  b y  i n f r a r e d  s p e c t r o s c o p y .

The v e r y  good y i e l d  i n  th e  s y n t h e s i s  o f  y  a n d  è . - t e t r a c h l o r i d e s  

made p o s s ib l e  to  o b t a in  s m a ll  q u a n t i t i e s  c o m p le te ly  p u re  a f t e r  s e 

v e r a l  c r y s t a l l i z a t i o n s ,  b u t  th e  b u lk  o f  th e  r e a c t i o n  p ro d u c ts  c o u ld  

be i s o l a t e d  o n ly  a s  im pure  i s o m e rs .

2 2 . STRUCTURES OP NAPHTOALEf'IE TETRACHLORIDES AÎTD ACETOXYTRICHLORIDE.

As i t  h a s  b een  s t a t e d  i n  p a r t  I I  ( s e c t i o n  2 0 ) ,  th e  p .m . r .  sp e c 

t r a  o f  th e  a d d u c ts  i s o l a t e d  l e a d s  to  th e  e s t a b l i s h m e n t  o f  t h e i r  

s t r u c t u r e s ,  W iich  a r e  shown i n  n e x t  p a g e .

I n  a l l  th e  s c h e m a tic  fo rm u la e , th e  a ro m a tic  r i n g ,  n o t  d raw n , i s  

a t t a c h e d  to  th e  d o u b le  bond .

The s t e r e o c h e m is t r y  o f  th e s e  a d d i t i o n  p r o d u c ts  a l lo w s  d i s c u s s io n

o f  th e  p o s s ib l e  m echanism s o f  r e a c t i o n  be tw een  c h lo r in e  an d  n a p h th a 

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

( s o l i d  S t a t e  a n d  i n  s o l u t i o n )

y-naph thalene te trao h lo rid e  

( in  so lu tio n )

S  -naphthalene te tra c h lo r id e  

( in  so lu tio n )

H

H

Cl

Cl
£ -naphthalene te tra c h lo rid e m.

H

( in  so lu tio n ) Cl

W

W
OAc

HH

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

( i n  s o l u t i o n )
H
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2 3 . COURSE OF CHLOHIBATIOW OF HAPHTOALEHE IM ACETIC ACID (HETEROLTOIC 

REACTION.

2 3 .1 )  K i n e t l o s .

Wien th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  a c e t i c  a c i d  was fo llo w e d  k i — 

n e t i c a l l y ,  th e  r a t e  was fo u n d  to  o b ey  th e  e q u a t io n

1 2
E a r l i e r  s t u d i e s  '  fo u n d  a  s l i ^ t  i n c r e a s e  o f  w ith  th e  tim e  o f  

r e a c t io n *  i h i s  e f f e c t  was a t t r i b u t e d  to  s m a ll  c a t a l y s i s  b y  th e  h y d ro g en  

c h lo r i d e  p ro d u c e d  by  th e  r e a c t i o n ,  b u t  th e  e a r l i e r  i n v e s t i g a t o r s  ne

g l e c te d  c o m p le te ly  th e  a d d i t i o n  p ro d u c ts *  As o u r  e x p e r im e n ts  h av e  show ed, 

th e  p r o p o r t io n  o f  a d d i t i o n  p r o d u c ts  i s  q u i t e  im p o r ta n t ;  s in c e  th e y  a r e  

fo rm ed  b y  ta k in g  up  m ore c h lo r in e  (^d iich  i s  th e  compound e s t im a te d  i n

1 .  P* W* R o b e r tso n  an d  P* B* R* de l a  M are, J*  Chem* S e e * 19 4 3 , 279*

2 .  M* J*  S* Rew ar a n d  T . M ole , J*  Chem* Soc* 1 9 5 7 , 3 4 2 .
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f o l lo w in g  th e  p r o g r e s s  o f  th e  r e a c t i o n ) ,  a  c o r r e c t i o n  ( d e s o r ib e d  in  

s e c t i o n  15) was n e c e s s a r y  i n  c a l c u l a t i n g  th e  r a t e - c p e f f i c i e n t s .  W ith 

th e  m o d if ie d  e q u a t io n ,  th e  c o e f f i c i e n t  showed no m arked  t r e n d  w i th  

i n i t i a l  c o n c e n t r a t io n  o r  p r o g r e s s  o f  th e  r e a c t io n *

The k i n e t i c  e x p r e s s io n  s u g g e s ts  a  s lo w  f i r s t  s t a g e  f o r  th e  c h l o r i 

n a t i o n  ( r a t e - d e t e r m in in g )  w i th  one o r  m ore i n te r m e d ia te s  fo rm ed  by  

u n io n  o f  a  m o le c u le  o f  n a p h th a le n e  to  o n e , an d  o n ly  o n e , m o le c u le  o f  

o h lo r i r ^ *

I t  c a n n o t  be dem onstagated i f  t h e r e  i s  o n ly  one in te r m e d ia te  f o r  a l l  

th e  p ro d u c ts *  Some r e a s o n a b le  h y p o th e s e s  w i l l  be s e t  o u t  below*

23*2) The m echanism  o f  s u b s t i t u t i o n *

1 -C h lo ro n a p h th a le n e  i s  presum ed to  be th e  m ain  p r o d u c t  i s o l a t e d ,  

w i th o u t  f u r t h e r  i n v e s t i g a t i o n ,  from  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  

a c e t i c  a c id *  (See r e f e r e n c e s  i n  s e c t i o n  8 )*

The f a c t  t h a t  th e  c h lo r in e  a t t a c k s  th e  1—p o s i t i o n  o f  n a p h th a le n e  i s  

i n  good a g re e m e n t w i th  t h e o r e t i c a l  p r e d i c t i o n s  an d  e x p e id m e n ta l  r e s u l t s  

f o r  o t h e r  r e a c t i o n s  ( s e e  s e c t i o n s  1 ,  2 an d  8 )*
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H C l-C l H C l

"lO «8  +

C l

4. 01

4  HCl

On t h i s  m echanism , i t  i s  p o s s ib l e  t o  i n t e r p r e t  why added  e l e c t r o l y 

t e s  p rom o te  s u b s t i t u t i o n  a t  th e  e x p en se  o f  a d d i t i o n ;  i f  p i o t o n - l o s s  

i s  d e te rm in e d  a t  a  r e l a t i v e l y  l a t e  s t a g e  on a  r e a c t i o n  p a th  i n  w hich  

th e  t r a n s i t i o n  s t a t e  i s  m ore p o l a r  th a n  th e  r e a c t a n t s ,  th e n  added  e l e o -  

t r o l y t e s  may be e x p e c te d  to  f a v o u r  t h i s  p ro c e s s *

2 3 *3) The m echanism s o f  h e t e r o l y t i c  a d d i t i o n  in  a c e t i c  a c i d *

The m ain  p r o d u c t  o f  a d d i t i o n  o f  c h lo r in e  to  n a p h th a le n e  in  a c e t i c  

a c i d  in  th e  a b se n c e  o f  added  e l e c t r o l y t e s  i s  th e  - t e t r a c h l o r i d e  ( c h lo 

r i n e  a tom s i n  p o s i t i o n s  a ^ e e a ') .  When c h lo r id e  io n s  a r e  ad d ed  to  th e
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r e a c t i o n  m ix tu r e ,  h o w ev er, th e  p r o p o r t io n  o f  t h i s  i s o n e r  i s  s u b s t a n t i a 

l l y  d im in is h e d .  I t  seem s c l e a r  t h a t  t h i s  iso m e r i s  fo im ed  w i th o u t  th e  

i n t e r v e n t i o n  o f  e x t e r n a l  h a l i d e  i o n s .

T h ere  a r e  th r e e  p o s s ib l e  ways f o r  th e  « / - t e t r a c h l o r i d e  to  be p ro 

d u ced ;

a )  c i s - 1 $2 - a d d i t i o n  o f  a  c h lo r in e  m o le c u le  to  n a p h th a le n e  fo llo w e d  by  

a  s e c o n d  c i s —3>4—a d d i t i o n  on th e  o p ^ s i t e  f a c e  o f  th e  m o le c u le .

b )  t r a n s - l .  4 - a d d i t i o n  fo llo w e d  b y  t r a n s - 2 , 3 - a d d i t io n

o ) t r a n s - l .  2 - a d d i  t i o n  fo l lo w e d  b y  o i s - S ^ i  r e a r r a n g a e n t ,  fo l lo w e d  b y

t r a n s - 2 ,  3 - a d d i  t i o n  .

The f i r s t  s t a g e  i n  m eohan ians b  a n d  ^  c a n n o t  be fo im u la te d  a s  o n e -  

s t a g e  p r o c e s s e s ,  h en ce  r o u t e  a  seem s m ore r e a s o n a b le .

The se c o n d  s ta g e  i n  r o u te  a  ( o r  a l s o  in  b  o r  jo) i s  o b v io u s ly  v e r y

f a s t  b e c a u se  we hav e  b een  u n a b le  to  i s o l a t e  a  n a p h th a le n e  d io h lo r id e  

ev en  i n  c h l o r i n a t i o n s  w i th  e x c e s s  o f  n a p h th a le n e .  T h is  r e s u l t  a l s o  

a c c o rd s  w ith  th e  in te rm e d ia c y  o f  a  1 ,2 - d i c h l o r i d e  r a t h e r  th a n  w ith  

a  1 ,4 - d i o h l o r i d e .  (The 1 ,2 - a d d u o t  i s  th e rm o d y n a m ic a lly  m ore s t a b l e  tlia n  

t h a t  d e r iv e d  from  1 , 4 - a d d i t io n  b u t  i t  c a n n o t  be assum ed w i th o u t  q u es

t i o n  t h a t  1 ,2 - a d d i t i o n  w ould  be k i n e t i c a l l y  fa v o u re d  s in c e  i t  i s  known^

1 .  De l a  M are , Hughes an d  I n g o ld ,  J .  Chem. S o c . 1 9 4 8 , 17 *
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t h a t  k i n e t i c a l l y  c o n t r o l l e d  a d d i t i o n  o f  h a lo g e n s  o r  h y d ro g en  h a l i d e s  

to  c o n ju g a te d  sy s te m s  o f t e n  g iv e s  th e  th e rm o d y n a m ic a lly  l e s s  s t a b l e  

iso m e r  in  p re p o n d e ra n t  am ount)»

T h e o r e t i c a l l y ,  e l e c t r o p h i l i c  a t t a c k  on su c h  1 ,2 —d io h lo r o  a d d u c t  

s h o u ld  be i n i t i a t e d  a t  th e  3- p o s i t i o n  r a t h e r  th a n  a t  th e  4 - p o s i t i o n  

s in c e  th e  e l e c t r o n  m ovem ents! '
H C l

® C l

sh o u ld  be  th e  dom in an t d i r e c t i n g  in f lu e n c e »

The c h lo r i n e  i n  th e  2 - p o s i t i o n  w ould  be e x p e c te d  to  h i n d e r  a t t a c k  

on th e  same s id e  o f  th e  r t a g  p la n e ,  b o th  s t e r i o a l l y  an d  by  i t s  p o l a r  

e f f e c t ,  an d  th e  D C -t e  t r a c h l o r i d e  (a ^ e e a ^ )  i s  o b ta in e d  b u t  n o t  th e  

iso m e r a 'e a e ^ »

W ith  added  c h lo r id e  i o n s ,  Hie m o st m arked  change  i s  th e  d e c re a s e  

i n  Ih e  p r o p o r t io n  o f  th e  oc—t e t r a c h l o r i d e  and  th e  c o r re s p o n d in g  in 

c r e a s e  i n  th e  p r o p o r t io n  o f  th e  5 - i s o m e r  (a * e e e * )»  A p p a re n t ly  th e  

s te r e o c h e m is t r y  o f  th e  f i r s t  s t a g e  o f  th e  a d d i t i o n  h a s  n o t  been  in te rs»  

f e r e d  w i t h ,  b u t  t h a t  o f  th e  se c o n d  now i n  p a r t  in v o lv e s  a  t r a n s - p r o -  

c e s s ,  w i th  i n t e r v e n t i o n  b y  e x t e r n a l  io n s»  A gain  th e  a t t a c k  i n i t i a t e d
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a t  th e  3 - p o s i t i o n  m u st be in  th e  o p p o s i te  f a c e  o f  th e  m o le c u le ,  l e a d in g  

to  th e  5 - i s o m e r  an d  n o t  to  th e  t e t r a o h l o r i d e  w ith  th e  s t r u c t u r e  a 'e a a ^ ,  

T hese r e s u l t s  a c c o rd  w ith  th e  v ie w  d e v e lo p ed  in  e a r l i e r  s t u d i e s ^  o f  

c h l o r i n a t i o n  o f  p h e n a n th re n e ,  t h a t  o i s - a d d i t i o n  i s  d e te rm in e d  a t  an  

e a r l y  s t a g e  i n  th e  r e a c t i o n  p a th  a n d  i s  e s s e n t i a l l y  a n  i n t e r n a l  c a p tu 

r e  o f  c h lo r i d e  io n s  d u r in g  th e  c o u rs e  o f  a t te m p te d  d i s s o c i a t i o n  o f  a  

oœ nplex A rH .C lg  ; i f  th e  d i s s o c i a t i o n  becom es ccxnplete  to  g iv e  th e  c a r 

bonium  i o n i c  in te r m e d ia te  A ifiC l^ ,  t h i s  in te r m e d ia te  can  be c a p tu r e d  b y  

e x t e r n a l  n u c le o p h i l e s ,  b u t  th e n  t h i s  s t a g e  p ro c e e d s  i n  ih e  t r a n s —se n se »  

The n a p h th a le n e  a c e t o x y t r i c h l o r i d e  h a s  a  c o n f ig u r a t io n  v h io h  c o r r e s 

ponds w ith  t h a t  o f  th e  5 —t e t r a o h l o r i d e ,  an d  i t  can  be a l s o  p ro d u c e d  

b y  t r a n s - a d d i t i o n  i n  th e  se c o n d  s t a g e  o f  th e  r e a c t i o n ,  i n i t i a t e d  by 

a t t a c k  o f  c h lo r in e  a t  th e  3 - p o s i t i o n ,  a g a in  on  th e  o p p o s i te  f a c e  o f  th e  

m o le c u le  to  t l i a t  ta k e n  b y  th e  f i r s t  m o le c u le  o f  h a lo g en »  As th e  a c e t a t e  

io n s  o r  th e  p e r c h l o r i c  a c id  do n o t  a f f e c t  th e  p r o p o r t io n  o f  a c e to x y  

a d d u c t ,  i t  c an  be  su p p o se d  t h a t  o n ly  th e  m o le c u le s  o f  a c e t i c  a c i d  p l a y  

a n  im p o r ta n t  r ô l e  i n  th e  fo rm a t io n  o f  th e  a d d u c t»

The e f f e c t  o f  th e  p e r c h l o r i c  a c i d  i s  g e n e r a l l y  s i m i l a r  to  t h a t  o f

1» De l a  Mare e t  a l . ,  J»  Chem» S o c .  1961 , 5285 ; 1 9 6 4 , 5327 »
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c h lo r id e  i o n s j  th e  f i r s t  s t a g e  i s  n o t  i n t e r f e r e d  w i th ,  b u t  th e  m ore 

i o n i s i n g  c o n d i t io n s  f a v o u r  t r a n s —p r o c e s s e s  f o r  th e  se c o n d  s t a g e  and  th e  

^  - t e t r a o h l o r i d e  i n c r e a s e s  a t  e x p en se  o f  th e  - i s o m e r .

The 5 - n a p h th a le n e  t e t r a c h l o r i d e  an d  *ttie a c e  to x y  t r i c h l o r i d e  can  be 

a l s o  p ro d u c e d  t h r o u ^  o t h e r  p a t h s ,  f o r  exam ple t

d ) t r a n s - l ,  2 - a d d i  t i o n  fo l lo w e d  b y  c i s - 3 . / R e d d i t io n

e )  o i s - l , 4 - a d d i t i o n  fo l lo w e d  b y  t r a n s - 2 ♦ 3 - a d d i t io n .

R oute  jd c o u ld  be i n i t i a t e d  from  th e  same in te r m e d ia te  a s  th e  su b s

t i t u t i o n  p r o d u c t  ( s e e  schem e, n e x t  p a g e ) .

The -n a p h th a le n e  t e t r a o h l o r i d e  ( e ^ e e e ')  i s  p ro d u c e d  o n ly  a s  t r a 

c e s  when th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i s  c a r r i e d  o u t  i n  a c e t i c  a c i d .  

I t s  fo rm a t io n  i s  n o t  p o s s ib l e  t h r o u ^  th e  1 ,2 - n a p h th a le n e  d io h lo r id e  

in te r m e d ia te  p o s t u l a t e d  f o r  b o th  an d  S - t e t r a c h l o r i d e s ,  b u t  i t

c a n  be p ro d u c e d  from  r o u te  d  ( s e e  schem e)*
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Some meohanioms o f  ch lo r in a tio n  o f  naphthalene in  a c e t ic  a o id t

H C l-C l

10 8
A ttem p ted

d i s s o c i a t i o n
C om plete  d i s s o c i a t i o n

w ith

H C l i n t e r n a l

c a p tu r e

o f  C l

C a p tu re  by  
e x t e r n a l  C l

H C l

TEAKS-1,  2-I)ICHIiORIDg

Cla

e  e e e a 'e e e a  eo e a  e e a

A c OH

C IS -1 , 2-DICRLORII®
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2 4 . TPŒ MECHAI-yiSM OP HOMOLYTIC ADDITION IN CAEBW TETRACHLORIDB,

Wien th e  e x p e r im e n ta l  c o n d i t io n s  a r e  f a v o u r a b le  f o r  an  h o m o ly tio  

r e a c t i o n  ( d i r e c t  s u n l i ^ t ,  t r a c e s  p f  b e n z o y l p e r o x id e ) ,  th e  c h lo r in a ^  

t i o n  o f  n a p h th a le n e  y i e l d s  a d d i t i o n  p r o d u c ts  (\Ç and  E - t e t r a c h l o r i 

d e s )  an d  v e r y  l i t t l e ,  i f  a n y , s u b s t i t u t i o n .

T h is  r e s u l t  c o u ld  be  e x p e c te d ,  b e o au se  s u b s t i t u t i o n  p r o d u c ts  o f  a ro 

m a t ic  h y d ro c a rb o n s  b y  h a lo g e n s  a r e  n o t  u s u a l l y  p ro d u ce d  b y  h o m o ly tio  

r e a c t i o n ^ .  The h a lo g e n s  ad d  to  th e  h y d ro c a rb o n s  u n d e r  th e s e  c o n d it io n s #  

(T hey can  g iv e  s u b s t i t u t i o n  p r o d u c ts  w i th o u t  d i s s o c i a t i o n  o f  t h e i r  mo

l e c u l e s  t h r o u ^  h e t e r o i y t i o  m echan ism s; o n ly  a t  h ig h  te m p e ra tu re s  a n d  

in  p re s e n c e  o f  PeC l^ o r  o t h e r  h a l i d e s  a s  c a t a l y s t s ,  c an  th e  h a lo g e n  

h e m o ly t ic  s u b s t i t u t i o n  o c c u r ,  b u t  we have  n o t  em ployed  th e s e  e x p e r i 

m e n ta l  c o n d i t io n s ) #

The m ain  p r o d u c ts  i s o l a t e d  from  th e  c h lo r i n a t i o n  o f  n a p h th a le n e  u n 

d e r  th e  h o m o ly tio  c o n d i t i o n s  d e s c r ib e d  w ere  th e  y an d  th e  € - t e t r a 

c h lo r i d e s  p o s s e s s in g  th e  s t r u c t u r e s  e 'e e e *  an d  e ^ e a a ^ r e s p e c t iv e ly #  A

1# 'H o m o ly tio  A ro m atic  S u b s t i t u t i o n ” , B . H# W illiam s#  Pergam on P re s s #  

London I9 6 0 , page  120#
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s m a ll  p r o p o r t io n  o f  th e  ^ - is c x i ie r  ( a ^ e e e ^ )  was a l s o  found*

I t  seem s r e a s o n a b le  to  a t t r i b u t e  t iie  fo rm a t io n  o f  th e  m ain  iso m e rs  

to  two t r a n s - a d d i t i o n s . I n  a  f i r s t  s t a g e ,  common to  b o th  is o m e rs ,  a  

t r a n s - 1 , 2- a d d i t i o n  o f  a  m o le c u le  o f  c h lo r in e  w ould  l e a d  to  a  n a p h th a 

le n e  d i o h lo r id e  w ith  th e  c h lo r in e  a tom s i n  p o s i t i o n s  0 *̂0 , p ro b a b ly  

fo rm ed  b y  a t t a c k  o f  a  c h lo r in e  r a d i c a l  a t  th e  1- p o s i t i o n  o f  th e  h y d ro 

c a rb o n , fo llo w e d  b y  r e a c t i o n  o f  th e  r a d i c a l  w i th  a  m o le c u le

o f  c h lo r in e  ( o r  w ith  a  se c o n d  r a d i c a l  C l * ) .  The se c o n d  s t a g e  w ould  be 

a  t r a n s —3 , 4 - a d d l t i o n  o f  a  se c o n d  m o le c u le  o f  c h lo r in e  on e i t h e r  s id e  

o f  th e  m o le c u le  to  y i e l d  a  m ix tu re  o f  th e  two is o m e rs .  P e rh a p s  th e  

h o m o ly tio  d i s s o c i a t i o n  o f  th e  m o le c u le  o f  c h lo r in e  a l lo w s  to  i n i t i a t e  

th e  a t t a c k  a t  th e  4^ p o s i t i o n ,  th u s  a v o id in g  th e  s t e r i c  an d  p o l a r  i n t e r 

f e r e n c e  o f  th e  2- o h l o r i n e .

The s m a ll  q u a n t i t y  o f  S " - t e t r a c h l o r i d e  c o u ld  p ro c e e d  t h r o u ^  th e  

same 1 , 2- d i o h l o r i d e  p o s t u l a t e d  f o r  i t s  is o m e rs ,  fo l lo w e d  by o i s - 3 , 4-  

a d d i t i o n  s t a r t e d  a t  th e  f a c e  o f  th e  m o le c u le  o p p o s i te  to  th e  2- c h l o -  

r i n e  ( s e e  schem e, n e x t  p a g e ) .

O th e r  m echanism s in v o lv in g  t r a n s  o r  o i s - l . / ^ a d d i t i o n s  a s  th e  f i r s t  

s t a g e  w ould  n o t  a l lo w  e x p la n a t io n  o f  th e  fo rm a t io n  o f  y  and  e  - t e 

t r a c h l o r i d e s  from  th e  same i n t e i m e d ia t e ,  b u t  th e y  c a n n o t  be  r e j e c t e d  •
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M echanism  o f  h e m o ly tic  a d d i t i o n  o f  c h lo r in e  to  n a p h th a le n e ,  i n  c a rb o n  

t e t r a c h l o r i d e  ;

Gig 4 hp 2  C l*

H C l

V a

T ran s-. !  ̂  2 - a d d i t io n

H 01

(4. 0 1 ')

T ra n s -3  9 4 - a d d i t io n  
o f  c h lo r in e  
O p p o s ite  f a c e  to  2 -0 1

1

T r a n s - 3 , 4 - a d d i t i o n  
o f  c h lo r in e  
Same f a c e  a s  2 -0 1

1
£ -'ioV ‘4

C i s - 3 t 4 - a d d i t i o n  
o f  c h lo r in e  
Same f a c e  a s  2 -0 1

I
e ^ e e e e * e a a * e  e e a
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beoaw so v e r y  l i t t l e  i s  known a b o u t  h o m o ly tio  r é a c t i o n s  e x c e p t  t h a t  

th e y  u s u a l l y  p ro c e e d  th ro u g h  c h a in  r e a c t io n s #

The n a p h th a le n e  t e t r a c h l o r i d e s  r e q u i r e ,  i f  a  1 ,4 - d i o h lo r i d e  i s  

fo rm ed  i n  th e  f i r s t  s t a g e ,  th e s e  ro u te s *

Y  "^1 0 ^8 ^ ^4  * t r a n s - l  # 4 - a d d i t i o n  fo llo w e d  b y  t r a n s - 2 . 3 - a d d i t io n

^ " ^ 1 0 ^ 8 ^ ^ 4  * o i ^ l #4 - a d d i t i o n  fo llo w e d  b y  o t o - 2 ,3 - a d d i t i o n

S^-C_^H oCl. t  o i s - l . 4 ^ -a d d ltio n  fo l lo w e d  b y  t r a n s - 2# 3 - a d d i t io n  «10 o  4  —

I f  t iie  e x p e r im e n ta l  c o n d i t io n s  a r e  n o t  s t r o n g l y  h< xao ly tio  (weak 

s u n l l ^ t ,  no  b e n z o y l p e r o x i d e ) ,  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  

c a rb o n  t e t r a c h l o r i d e  fo l lo w s  b o th  h o m o ly tio  an d  h e t e r o i y t i o  p r o c e s s e s ,  

th e  l a t t e r  y i e l d i n g  th e  s u b s t i t u t i o n  p r o d u c t  ( 1 - o h lo ro n a p h ih a le n e )%

10 8

V 10 7

4



129

25* ^  ItBCHAHISMS MW  KBIETICS OF CÏÏLOBDTATIOH OP llAPîmiALENE W  

CEIX)ROFORM.

T h is  re & o tio n  p ro d u c e s  th e  w id e s t  v a r i e t y  o f  p r o d u c ts .  N o t  o n ly  th e  

s u b s t i t u t i o n  p ro d u c t  b u t  th e  f o u r  n a p h th a le n e  t e t r a c h l o r i d e s  a s  w e l l  

a s  a  n a p h th a le n e  p e n ta o h lo r id e  a r e  p ro d u c e d .

As th e  a b sen c e  o r  p re s e n c e  o f  l i ^ t  o n ly  changes a  l i t t l e  th e  p ro 

p o r t io n  o f  th e  t e t r a c h l o r i d e s  ( e s p e c i a l l y  th e  o < - iso m e r)^  i t  m u st be 

deduced  t h a t  in d e p e n d e n te ly  o f  th e  e x p e r im e n ta l  c o n d i t io n s  c h o se n , b o th  

h e t e r o i y t i o  and  h o m o ly tio  p ro c e s s e s  c o e x i s t ,  th e  fo rm e r  b e in g  p re d o m in a n t:

< = io Y *

'lo's * (inOHOlj)
' ( - ' 10Y 14

^ ■ ^ l o V ^ 4

°ioY *5

The daxk r e a c t i o n  i s  much s lo w e r  th a n  t h a t  i n  a c e t i c  a c i d ,  b e ca u se  

th e  s m a l l e r  p o l a r i t y  o f  th e  s o lv e n t  m ^ e s  d i f f i c u l t  th e  fo rm a tio n  o f
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a  p o l a r  t r a n s i t i o n  s t a t e  n e c e s s a r y  f o r  ih e  h e t e r o i y t i o  r e a c t io n *

The k i n e t i c  e x p r e s s io n  f o r  th e  r a t e  o f  r e a c t i o n  i s  n o t

a s  f o r  th e  r e a c t i o n  in  a c e t i c  a c i d ,  b e c a u se  th e  c o e f f i c i e n t  i n c r e a 

s e s  w ith  th e  tim e  o f  r e a c t i o n  an d  i t  i s  a l s o  in f lu e n c e d  by  th e  i n i t i a l  

c o n c e n t r a t io n  o f  c h lo r in e *

I f  a  t r a c e  o f  io d in e  i s  p r e s e n t ,  i t s  b ig  m o le c u le  m akes m ore f a c i l e  

th e  fo rm a t io n  o f  a  d i f f e r e n t  t r a n s i t i o n  s t a t e  w i th  a  m o le c u le  o f  e a c h ,  

n a p h th a le n e ,  c h lo r in e  an d  io d in e *  H ow ever, th e  e x p re s s io n

i s  n o t  C Œ oplete b e c a u se  k*  ,  W iich  i s  much g r e a t e r  th a n  k  ,  i n c r e a s e s
cL

w ith  th e  e x t e n t  o f  r e a c t io n *

H ydrogen c h lo r id e  an d  w a te r  ( o r  h y d r o c h lo r ic  a c i d  i f  p r e f e r r e d )  have  

a l s o  a  c a t a l y t i c  e f f e c t ,  b u t  a  r e l a t i v e l y  g r o a t  c o n c e n t r a t io n  i s  n e c e 

s s a r y  i n  o r d e r  to  in c r e a s e  th e  p o l a r i t y  o f  th e  so lu tic m *

I n  t h i s  c a s e  th e  c o r r e c t  e x p r e s s io n  f o r  th e  r a t e  i s

V -  k g " [ C^^Eg][Clg]fRCl.BgCj

a n d  no t r e n d  o f  k;!** w ith  th e  p r o g r e s s  o f  th e  r e a c t i o n  o r  w ith  th e  i n i —
2

t i a l  c o n c e n t r a t i o n  o f  c h lo r in e  was o b se rv e d *  The io d in e  i s  a  b e t t e r
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c a t a l y s t  tîia n  th e  h y d r o c h lo r ic  a c i d  ( s e e  b e lo w ) , b u t  th e  r e a c t i o n ,  

d e s p i t e  i t s  s p e e d , i s  s t i l l  u n d e r  th e  in f lu e n c e  o f  th e  HCl p ro d u c e d : 

K in e t i c s  o f  c h l o r i n a t i o n  o f  n a p h th a le n e  a t  25^

S o lv e n t  C a t a l y s t
—1 —1

O rd e r  R a te  c o e f f i c i e n t  (l.m ole"*  •min"* )

AcOH ------- 2
^2

S» 2 .6

CHCl^ -------- > 2
^ 2

St 0 .0 3  to  0 .1

CHCl^ I g  0 .0 0 0 0 8  M > 3 ss 1 1 .7

CHCl^ I g  0 .0 0 0 0 4  M >3 ^ 2
ss 5 .6

CHCl^ I g  0 .0 0 0 0 2  M >3 ^ 2
ss 2 .7

011C I3 HCl 0 .2 2  M B 3 «S 1 .0

c n c i HOI 0 .1 2  M B» 3 0 .2 9

^  W ater a b o u t  2fo ( s a t u r a t i o n ) .  W ater a b o u t  Ifc (5C^ s a t u r a t i o n )

1 2 
Sohonken e t  a l .  ,  an d  Andrews and  K e e fe r  fo u n d  s i m i l a r  e f f e c t s  f o r

th e s e  c a t a l y s t s  i n  th e  c h l o r i n a t i o n  o f  l i q u i d  h y d ro c a rb o n s , w i th  and

w i th o u t  s o l v e n t ,  a s  w e l l  a s  th e  f a c t  t l i a t  th e  o r d e r  o f  th e  r e a c t i o n

f e l l  to  2 i n  a c e t i c  a c i d  o r  o t h e r  p o l a r  s o l v e n t s  v h e re  n e i t h e r  io d in e

1 .  P .  S ohonken , J .  L . Page an d  J .  C . J u r g e n s ,  B u l l ,  s o c .  ch im . P ra n c e  

1 9 5 7 , 1  ,  1394 e

2 .  L . J .  Andrews an d  R . M. K e e f e r ,  J .  Am. Chem. S o c . 19 5 7 , 79* 51&9#
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n o r  h y d ro g en  c h lo r i d e  have  c a t a l y t i c  e f f e c t *

None o f  th e  c a t a l y s t s  we have  em ployed  ch an g ed  fu n d a m e n ta l ly  th e  

c o e x is te n c e  o f  h e t e r o i y t i o  and  h o m o ly tio  m echan ism s, th e  same p ro d u c ts  

b e in g  obt<%ined*

When tlie  r e a c t i o n  was c a t a ly z e d  b y  l i ^ t ,  a n d  h en ce  h o m o ly tio  m echa

nism  was fa v o u re d ,  th e  p r o p o r t io n  o f  ^ - t e t r a c h l o r i d e  d e c re a s e d  s l i g h 

t l y  b u t  th o s e  o f  ^  a n d  ^ - i s o m e r s  in c r e a s e d  i n  a  much s m a l l e r  p ro p o r 

t i o n ,  th e  S —t e t r a c h l o r i d e  an d  th e  s u b s t i t u t i o n  p r o d u c t  b e in g  fav o u red *  

T h is  r e s u l t  p ro v e s  t h a t  th e  h e t e r o i y t i o  r e a c t i o n  i s  s t i l l  p r e d o m in a tin g ;  

p ro b a b ly  th e  l i ^ t  c a t a l y z e s  th e  c h l o r i n a t i o n  o f  c h lo ro fo rm  a n d  th e  hy

d ro g en  c h lo r i d e  p ro d u c e d  f a v o u r s  t lie  h e t e r o i y t i o  r e a c t io n *

The s m a ll  q u a n t i t y  o f  o h lo ro n a p h th a le n e  t e t r a c h l o r i d e  d e te c t e d  i n  a l l  

th e s e  c a s e s  was p r o b a b ly  p ro d u c e d  by  a d d i t i o n  o f  two m o le c u le s  o f  c h lo 

r i n e  to  1 -c h lo ro n a p h  th a le n e  *

26* OTHER ATTEMPTED CHLORIHATIQNS*

W ith o u t a n y  d o u b t th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i s  a  v e r y  com pli

c a te d  r e a c t i o n  vdiioh can  o c c u r  th ro u g h  many m echanism s o f  w h ich  s e v e -
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r a l  have  b e en  s e t  o u t  above*

The f a c t  t h a t  p r o c e s s e s  d e s c r ib e d  i n  th e  l i t e r a t u r e  f a i l  t o  g iv e  

th e  e x p e c te d  p ro d u c ts  o r  l e a d  to  o t h e r s ,  a s  w e l l  a s  th e  enorm ous in 

f lu e n c e  o f  c a t a l y s t s ,  c o n firm  th e  p l u r a l i t y  o f  m echan ism s.

The f a c t s  a c c u m u la te d  b y  o u r  e x p e r ie n c e  recozm end to  be v e r y  cau

t i o u s  when t r y i n g  to  e x p la in  o r  to  d raw  p r a c t i c a l  c o n se q u e n c e s  o f  a  

r e a c t i o n  in f lu e n c e d  b y  s o  many f a c to r s *

We hav e  n o t  s t u d i e d  e x t e n s i v e l y  o t h e r  c h l o r i n a t l o n s  b u t  i t  m u st be 

em p h asized  t h a t  th e  c h l o r i n a t i o n  o f  n a p h th a le n e  i n  n i tro m e th a n e  ( s o l ^  

v e n t  m ore p o l a r  ih a n  a c e t i c  a c id )  g iv e s  a  b e h a v io u r  s i m i l a r  t o  t h a t  

fo u n d  i n  c h lo ro fo rm , w i th  fo rm a t io n  o f  1 -c h lo ro n a p h  t h a l e n e ,  t h r e e  o r  

f o u r  n a p h lh a le n e  t e t r a c h l o r i d e s  a n d  th e  o h lo ro n a p h tiia le n e  t e t r a c h l o r i d e .

When m o lte n  n a p h th a le n e  was c h lo r i n a t e d  w ith  e x c e s s  o f  c h l o r i n e ,  

1—c h lo m a p h th a le n e ,  o<—n a p h th a le n e  t e t r a c h l o r i d e  an d  o h lo ro n a p h th a le 

n e  t e t r a c h l o r i d e  w ere  p ro d u ced *  T hese e x p e r im e n ta l  c o n d i t io n s  w ere 

su p p o sed  to  l e a d  to  some h o m o ly tio  r e a c t i o n  b u t  no  ^  o r  £ - t e t r a c h l o 

r i d e s  w ere  d e te c te d *  The h i ^ e r  te m p e ra tu re  an d  th e  e x c e s s  o f  c h l o r i 

n e  a r e  r e s p o n s ib l e  o f  th e  fo rm a t io n  o f  th e  o h lo ro n a p h th a le n e  t e t r a c h l o 

r id e *  The 1 -c h lo ro n a p h  th a le n e  (much l e s s  r e a c t i v e  th a n  n a p h th a le n e )  

r e a c t s  by  a d d i t i o n  o f  two m o les o f  c h lo r in e  to  g iv e  th e  p e n ta o h lo r id e *
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2 7 . RBPROIÜCIBILITY OP MB EXPERUMTAL CONDITIONS EMPLOYED AND 

POSSIBLE TOPIUSMCE OF SEVERAL FACTORS.

As s t a t e d  l u  s e c t i o n  9 ,  o u r  o b j e c t  on c a r r y i n g  o u t  th e  i n v e s t i 

g a t io n s  d e s c r ib e d  i n  t h i s  t h e s i s ,  was to  s tu d y  th e  p r o d u c ts  o f  a d d i

t i o n  o f  c h lo r in e  to  n a p h th a le n e ,  i n  d i f f e r e n t  s o lv e n t s  a n d  e x p e r i 

m e n ta l  c o n d i t i o n s .

Many r e s u l t s  ( f o r  exam ple th e  q u a n t i t a t i v e  e s t im a t io n  o f  p r o d u c ts  ̂  

s e c t i o n  1 0 .3 ,  an d  th e  k i n e t i c  e x p e r im e n ts ,  s e c t i o n s  15  an d  16 ) have  

b e e n  repx*oduoed s e v e r a l  t im e s .  B u t th e  p r e p a r a t i v e  e x p e r im e n ts  can  

be in f lu e n c e d  (a n d  p ro b a b ly  a r e )  b y  f a c t o r s  Mdiose s tu d y  h a s  n o t  been  

y e t  m ade.

F i r s t  o f  a l l  i t  m ust be  c o n s id e r e d  t h a t  th e  q u a n t i t a t i v e  an d  k i n e t i c  

e x p e r im e n ts  have  b een  c a r r i e d  o u t  i n  h i ^ l y  p u r i f i e d  s o l v e n t s ,  i n  d i 

l u t e  s o l u t i o n s  an d  a t  t e n t e r a t u r e s  n o t  h i ^ e r  th a n  25*# The p r e p a r a 

t i v e  s y n t h e s i s  h av e  t e e n  made i n  s o lv e n t s  n o t  s o  p t r r i f i e d  ( f o r  exam ple  

g l a c i a l  a c e t i c  a c id )  w ith  g r e a t e r  c o n c e n t r a t io n s  o f  r e a c t a n t s .  As th e  

r e a c t i o n s  a r e  q u i t e  e x o th e rm ic , th e  te m p e ra tu re  r i s e d  w i th o u t  an y  

c o n t r o l .
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The in f lu e n c e  o f  weak i l l u m in a t io n  on  c h lo r i r u a t io n s  i n  a c e t i c  a c i d  

h a s  b een  n e g le c te d  w i th o u t  f u r t h e r  i n v e s t i g a t i o n  an d  p e rh a p s  i s  r e s 

p o n s ib le  f o r  th e  t r a c e s  o f  - t e t r a c h l o r i d e  p ro d u c e d .

The k i n e t i c  e x p r e s s io n s  a r e  in f lu e n c e d  b y  th e  f a c t o r  o< ( s e e  s e c t i o n s  

15 and  1 6 ) c a l c u l a t e d  from  p r e p a r a t i v e  e x p e r i i i ^ n t s .  I t  seem s t h a t  t h i s  

f a c t o r  does n o t  change n o ta b ly  u n d e r  v e r y  d i f f e r e n t  e x p e r im e n ta l  con

d i t i o n s  ( t h e  v a r i a t i o n  i s  from  I .4 6  f o r  a c e t i c  a c i d  t o  v a lu e s  be tw een  

1 .3 3  a n d  1 .4 3  i n  c h lo ro fo rm  a c c o rd in g  to  th e  c a t a l y s t  « n p lo y e d )  b u t  

p e rh a p s  th e  r a t e - c o e f f i c i e n t  v a lu e s  a r e  a f f e c t e d  b y  swne e r r o r .

-o O o -
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A P P E H D I X
as ais( as X3 38 ss St a  3  «  S  s  S  S
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UmiARBD SPECTRA OP SOME AD-UCTS PROM NAPHTHALENE

T hese w ere d e te rm in e d  b y  u s in g  a  G ru b b -P arso n s  D .E .^  g r a t i n g  in 

f r a r e d  s p e c tro p h o to m e te r .  The i - e s u l t s  a r e  shown b e lo w . They r e f e r  to  

N u jo l m u lls  and  th e  H u jo l a b s o r p t io n s  a t  1375 an d  1450 can"*̂  have  been  

o m it te d .

—1 —1
I n f r a r e d  a b s o r p t io n  b ands (cm ; ra n g e  650-2000 cm ) o f  some a d d u o ts

from  n a p h th a le n e .

T e t  r  a 0 h  1 0 r  1 d e 8 H ydroxytad— Aoetoxjrta

r 5 “ £ c h lo r id e c h lo r id e

597 m 6 o i m 697 m 606 600 603
611 613 618 620 8

633 m 642 m 667 sh 667 8h
686 v s 691 667 8 670 B 680 8 675 v s

706 S 713 8
736 723 v s 732 m 734 8

737 m 741 741 8
774 s 779 s  775 m 776 8 759 s 762 a
781 sh 795 8 787 8

802 794 m 805 m 817 808
832 m 835 m 826 sh
845 m 836 m 832 8 839 m 831 m

872 881 870 873
902 902 m 901 m 901 m 895 899
952 m 966 962 m 925

980 984 989 m
1020 m 1015 m

1037 1037 1050 1033 s
1062 1062 1071 m 1080

1089 1090 1095
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T e  t  r  a  0 h 1 o r  i d e s H y d ro x y tr i— A c e to x y tr i 

c / r F e c h lo r id e c h lo r id e

1110

' \

1112  m 1122 1117
1174 1158
1190 1189 1190  m 1176 1188

,1186
1202 1211  m 1214 1225 1205  m 1224  s

1212 1232 sh
1261 1235 m 1239 m 1256 1259

1263 1269 1287
1294 1295 1311 1294

1318 1307
1351 1342 1351 1339 1344

1488
1730 8

n 1745  ah

v s  « v e ry  s t r o n g * A lso  h a s  a  medium
S as s t r o n g a b s o r p t io n  band
m as medium a t  3540  cm“ ^ .
sh  as s h o u ld e r
A l l  o th e r s  weak


